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ARTICLE INFO ABSTRACT
Affic{e history: A wide range of substances have been recognized as sensitizing, either to the skin and/or to the respira-
Received 15 October 2009 tory tract. Many of these are useful materials, so to ensure that they can be used safely it is necessary to
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characterize the hazards and establish appropriate exposure limits. Under new EU legislation (REACH),
there is a requirement to define a derived no effect level (DNEL). Where a DNEL cannot be established, e.g.
for sensitizing substances, then a derived minimal effect level (DMEL) is recommended. For the bacterial
and fungal enzymes which are well recognized respiratory sensitizers and have widespread use indus-

g?s/;’i‘;::;y allergy trially as well as in a range of consumer products, a DMEL can be established by thorough retrospective
Respiratory sensitization review of occupational and consumer experience. In particular, setting the validated employee medical
Enzymes surveillance data against exposure records generated over an extended period of time is vital in inform-
REACH ing the occupational DMEL. This experience shows that a long established limit of 60 ng/m? for pure
DMEL enzyme protein has been a successful starting point for the definition of occupational health limits for

sensitization in the detergent industry. Application to this of adjustment factors has limited sensitization
induction, avoided any meaningful risk of the elicitation of symptoms with known enzymes and pro-
vided an appropriate level of security for new enzymes whose potency has not been fully characterized.
For example, in the detergent industry, this has led to general use of occupational exposure limits 3-10
times lower than the 60 ng/m? starting point. In contrast, consumer exposure limits vary because the
types of exposure themselves cover a wide range. The highest levels shown to be safe in use, 15 ng/m3,
are associated with laundry trigger sprays, but very much lower levels (e.g. 0.01 ng/m?3) are commonly
associated with other types of safe exposure. Consumer limits typically will lie between these values and
depend on the actual exposure associated with product use.

© 2009 Elsevier Ireland Ltd. All rights reserved.
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6. Enzymes, REACHandthe DMEL...............ooiiiiiiiiiiiiiinnnn..
7. CONCIUSION. ..ttt e

1. Introduction

The potential for enzyme proteins to give rise to respiratory
allergy has been recognized for several decades, since the time of
the introduction of these materials into fabric washing products.
The subject and its history has been extensively reviewed else-
where, such that details do not need to be extensively repeated here
(Flindt, 1969; Pepys et al., 1969; Zachariae et al., 1981; Juniperetal.,
1977; Schweigert et al., 2000). The salient points are that initially,
the risk of the generation of respiratory allergy was not fully appre-
ciated when bacterial proteolytic enzyme was first introduced in
the 1960s, such that after period of about a year, an occupational
problem began to appear. It transpired that a substantial proportion
of the exposed workforce had developed specific immunoglobulin
E (IgE) antibodies against the enzyme, i.e. sensitization had been
induced. Furthermore, of this group a fair proportion also displayed
symptoms of respiratory allergy, including asthma, i.e. elicitation
had occurred. These aspects, exposure, the lag phase, induction and
then elicitation, are key characteristics of allergy. Once the prob-
lem had been identified, then substantial steps were taken over
the next few years to reduce the level of occupational exposure
until evidence of respiratory allergy could be shown to be absent
(Schweigert et al., 2000; Sarlo and Kirchner, 2002; Sarlo, 2003). In
essence, this is the situation that still pertains to this day.

Whilst the occupational situation was the most acute and widely
reported, and since the risk was not fully appreciated initially, con-
sumer exposure to the proteolytic enzyme being incorporated into
the fabric washing product was not sufficiently well controlled.
As would be expected, the consumer exposure was much lower
than that experienced occupationally, but nevertheless, a num-
ber of reports of adverse effects were published in the early 1970s
(Belin et al., 1970; Bernstein, 1972; Zetterstrom and Wide, 1974).
The efforts to limit occupational exposure were also relevant to
consumer exposure insofar as they involved encapsulation of the
enzyme which dramatically limited the level of dustiness of the
raw material. Consequently, since that time, as far as we are aware,
there have been no further reports of adverse effects in consumers,
whereas there has been some clear demonstration of the absence
of adverse effects (US SDA, 2005; Basketter et al., 2008).

In the present review, we have examined this historical experi-
ence from the perspective of the establishment of safe limits for
occupational and consumer exposure in order to make recom-
mendations for generically applicable levels which can be used
for both existing and new bacterial and fungal enzyme proteins.
Furthermore, it is suggested that this knowledge and the limits rec-
ommended should also be suitable for application to other enzymes
(including engineered enzyme proteins) unless there is additional
information which would suggest that a different limit would be
appropriate. However, it is also important to appreciate that the
DMEL values proposed represent a starting point for the definition
of a safe exposure level, since these will always depend on the char-
acteristics of occupational and/or consumer exposure associated
with a particular use scenario.

2. Induction versus elicitation
In toxicology, the expression of any adverse effect requires that

there is exposure. However, for allergy, the situation is a little more
complex and occurs in two distinct phases. Allergy requires that

the immune system is first exposed in a manner that enables it to
recognize the allergen (in this case enzyme protein) so that it can
proceed to develop a specific response (in this case, the produc-
tion of enzyme specific IgE). This is termed induction. The exposure
characteristics necessary for this to occur are not fully appreciated
(Thorne et al., 1986; Hillebrand et al., 1987; Jones, 2008). Once the
induction process is complete, an individual has become “sensi-
tized” and further exposure to a sufficient dose can give rise to the
second phase, the elicitation of clinical allergy symptoms.

There is no doubt that there exists a (complex) relationship
between exposure level, exposure duration, exposure interval, (i.e.
frequency) and of course individual susceptibility for induction and
for elicitation. Questions arise also about the relative importance
of peak exposures versus more chronic low level exposure. None
of these aspects have been well characterized, either by in vivo
experimentation or by interrogation of occupational health data,
not least since these would represent very substantial challenges
in their ownright. The limited information that is available has been
reviewed very recently (Jones, 2008; Basketter et al., submitted for
publication). Despite the limitations, what is quite certain though
is that ultimately, it has been the reduction in airborne expo-
sure which resolved the occupational and consumer problems of
approximately 35 years ago.

The induction of the sensitized state can be detected in a num-
ber of ways. Most commonly, the presence of (enzyme specific) IgE
antibody is assessed either by a skin prick test or by radioaller-
gosorbent test applied to a blood sample (Wide et al., 1967; Pepys,
1972). It is not appropriate to review the details of these and other
diagnostic tests here. What is important is that these tests, with
a considerable degree of accuracy, demonstrate the presence or
absence of IgE sensitization. What they do not do is to indicate
anything about whether the elicitation of allergy has occurred. The
existence of the clinical symptoms of allergy requires that a sensi-
tized individual has a sufficient degree of exposure to produce the
classic signs of respiratory allergy, these being rhinitis, conjunctivi-
tis, bronchoconstriction and asthma (Bernstein, 2007; Chan-Yeung
and Malo, 1999). Note that the sensitized state is required for elic-
itation, but does not mean that clinical symptoms are inevitable.

3. Thresholds

Given the above, it is evident that for allergy there are two gen-
eral thresholds that can be derived, one related to the induction
of the sensitized state and another for the elicitation of clinical
symptoms. This of course raises a number of questions, not least
which of these thresholds is the most important, relevant, practi-
cal and so forth. Before that though, it is worthwhile to consider
some background information on our current understanding of the
science in this area. In allergy, it is commonly stated that once sen-
sitized, an individual will react to much lower levels of exposure
(Chan-Yeung and Malo, 1999). Teleologically, this seems self evi-
dent in that the induction process involves a dramatic expansion of
the number of cells producing IgE antibody to allergen. Experimen-
tally, such an apparent increase in sensitivity is what has been seen
when guinea pigs have been sensitized experimentally (Thorne et
al., 1986; Hillebrand et al., 1987; Magnusson and Kligman, 1970;
Buehler, 1985) or when humans have been deliberately sensitized
(Friedmann, 2007), accepting of course that some of these studies
were with a different form of allergy. However, when it comes to
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the practical experience with enzyme allergy, this classic situation
does not seem to pertain and this will have an important impact
on the conclusions within this review. For enzyme allergy, when
occupational health problems were apparent in the 1960s and early
1970s, there was a preponderance of sensitized individuals over
those with clinical symptoms of allergy (Flindt, 1969; Pepys et al.,
1969; Zachariae et al., 1981; Juniper et al., 1977; Schweigert et al.,
2000; Sarlo and Kirchner, 2002; Sarlo, 2003). Clearly, if it was the
case that those with detectable IgE (i.e. the individuals who had
become sensitized) were now able to react to much lower levels
of enzyme exposure, then at least the numbers of sensitized indi-
viduals should have equalled those with symptoms. Furthermore,
as the reduction in factory exposure to airborne enzyme led to a
sharp fall in sensitization, symptomatic individuals also became
rarer, but, surprisingly, their number fell to zero even though a sig-
nificant percentage of the workforce had detectable IgE. Over the
following decades, the situation has remained very much the same,
such that even with further reductions in enzyme exposure, sen-
sitization induction can still occur, although all of the individuals
are free of symptoms. Currently, one large multinational company
has published its view that, using the best industry controls (SDA,
1995; IASD, 2002) then up to 3% of new sensitizations annually
amongst its workforce represents a pragmatically acceptable upper
limit, and one which is not associated with the generation of clin-
ical symptoms, either in newly sensitized workers or in those that
have been sensitized for some time (Peters et al., 2001).

Lastly in this section, let us just briefly consider what constitutes
a threshold. A practical working definition would probably refer
to the level of exposure which just failed to cause an effect, and
which, by such definition, would necessarily be close to the level
which would just cause an effect. Thus in establishing a safe limit for
exposure, where there are uncertainties, the threshold itself might
not be the best choice for a generic safe limit. What does seem clear
however is that for allergy, there are safe limits. These can be hard
to define in relation to induction, but are clear for the elicitation
of allergic reactions. Having said that, then it is also true that this
is easier to demonstrate in cell mediated allergy, notably allergic
contact dermatitis (Friedmann et al., 1983; Kimber et al., 1999),
but has also been done pragmatically in respiratory allergy, where
aninduction threshold for the halogenated platinum salts was indi-
cated by retrospective occupational survey (Merget et al., 2000) and
for the type of enzymes under consideration in the present paper
(vide infra).

4. Uncertainties

As just mentioned, where there are uncertainties, an appreci-
ation of these needs to be developed to permit a safe exposure
limit to be derived. In the particular case of respiratory allergy to
enzymes, uncertainty surrounds the measurement of exposure, to
a great extent because the exposure is assessed largely as a time
weighted average airborne concentration, such that it is not possi-
ble to determine individual exposure. This situation will not change
in the short term due to the technical difficulties in measurement
of personal exposure and the time required to develop a sufficient
body of data/experience. Other uncertainty arises from the impact
of interpersonal variation, but in the case of enzyme allergy, as with
other forms of occupational allergy, it is recognized that the most
significant risk factor that can be defined is smoking (Merget et al.,
2000; Barker et al., 1998; Cathcart et al., 1997).

Last, but not least in terms of the consideration of uncertainties,
there must be the question of the relative allergenicity of enzymes.
Considerable effort has been expended, notably with animal mod-
els, to try to find ways to measure this. They may have met with
rather limited success, particularly in terms of their more general

adoption, but they have served to show that while enzymes do
vary in their relative allergenic potency, that variation seems to
be within a fairly restricted window. The original enzyme allergens
used and on which the current occupational exposure limits are set
have turned out to be amongst the more potent substances tested
to date, giving some confidence that in reality it is unlikely that
enzymes of dramatically increased allergenic potency will arise.
Indeed, it seems quite possible in the opinion of these authors that
newer materials, either by chance or more likely by design, will
tend to be no more, or even less potent as respiratory allergens.

5. DMEL definition

Under REACH, a defined no effect level (DNEL) is the preferred
option for thresholded mechanisms such as sensitization. However,
itis also recognized that where there is insufficient data to reliably
determine a no effect level, then the DMEL route should be adopted
(REACH Technical Guidance Document refhere). Itis worth remind-
ing ourselves at this point that a DMEL identifies a level at which
exposure may result in a limited degree of response; it does not
define a no adverse effect level.

5.1. Occupational

Based on all of the above considerations, the point of departure
for the definition of an occupational derived minimal effect level
(DMEL) has been the knowledge of the exposure levels associated
with respiratory allergy problems (approximately 200 ng/m3and
above) set against a careful consideration of the extensive indus-
trial experience of safe use of enzymes for more than three decades.
The details of this approach are summarised in important industry
guidance documents (SDA, 1995; IASD, 2002) as well as in for-
mally documented risk assessments, which also contain the most
detailed overview of historical material relating to protease medi-
ated occupational respiratory allergy (Human and Environmental
Risk Assessment, 2007, 2005). In these documents, the exposure
limit of 60ng/m3 for pure enzyme protein suggested by an inde-
pendent body, the American Conference of Governmental and
Industrial Hygienists (ACGIH) (ACGIH, 2004) is endorsed as a sensi-
ble, pragmatic value, not least since its generic application has led to
decades of successful occupational control (Schweigert et al., 2000;
Sarlo and Kirchner, 2002; Sarlo, 2003; Cathcart et al., 1997). The
quality of this success is further established by the rare occasions
when an absence of adequate control has lead to the occurrence
of occupational enzyme asthma (Cullinan et al., 2000; Vanhanen et
al,, 2000; Brant et al., 2004; Van Rooy et al., 2009).

However, this successful history of occupational control should
not be adopted with any air of complacency. In reality, the working
limit in many factory locations is likely to be substantially below
60 ng/m?3. For example, a level of 15 ng/m?3, adopted to take account
of additional factors, such as the extent to which co-exposure
with surfactants may enhance the allergenic effect of the enzyme
(Schweigert et al., 2000; Sarlo, 2003). In the UK, an occupational
exposure limit of 40 ng/m?3 is required for proteases (UK Health
and Safety Executive, 2009). We also know that even where there
appears to be thorough control, very occasional problems can and
do arise (Vanhanen et al., 2000; Brant et al., 2004). Of course, this
can be argued to be consistent with the definition of a DMEL - see
above.

There have also been recent suggestions that long-term expo-
sure to proteolytic enzymes may result in a modest predisposition
to upper and lower airway disease (Brant et al., 2009). However, as
the authors themselves acknowledge, there are significant difficul-
ties regarding exposure estimation and many assumptions in their
work and several other possible explanations of their data and thus
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it would be inappropriate to use this perspective in establishing
DMEL value.

Guidance documentation within the detergent industry is worth
noting here. Although some manufacturers have adopted the limit
of 60ng/m3 set by the ACGIH, others have established internal
occupational exposure guidelines (OEGs) for each enzyme. The
ranges for internally defined OEGs (8 h time weighted average)
used by some of the major detergent manufacturers in Europe
are 8-20ng/m3 (proteases), 5-20ng/m3 (lipases), 5-15ng/m3
(amylases) and 8-20ng/m?3 (cellulases) (IASD, 2002). What this
demonstrates is that this wide range of enzymes is not particularly
varied in their relative allergenic potency but also, and significantly,
that these companies have taken the ACGIH value as an appropriate
starting point, not a conclusion.

Given the above considerations, it is suggested that an occupa-
tional DMEL of 60 ng/m3 is adopted and remains as the starting
point for new and existing enzymes which do not have a limit
and/or for which there is no other data to indicate that a differ-
ent value may be more appropriate. Where uncertainties exist, this
value may be reduced appropriately.

5.2. Consumer

Whereas employees might reasonably be expected to have
exposure up to the occupational limit for approximately 5 days per
week, 8 or 12 h per day, consumer exposure will generally be of a
very much lower order than this. In such a situation, it might be
argued that the occupational limit will be even more protective for
the consumer and that the occupational DMEL should be sufficient.
Set against that however, is that whereas occupational exposure is
controlled and monitored, and the workforce actively monitored
by occupational health, this is not true for the general consumer.
Here, and notwithstanding the use of enzyme encapsulation and
general formulation with low levels of enzyme, consumer exposure
is not subject to control, nor does specific health monitoring occur.
Furthermore, it has to be recognized that the control point for occu-
pational exposure is the induction of sensitization, which although
not an adverse health effect is evidence of immune activation. As
such, it provides opportunity for early intervention, whereas with
the consumer, only clinical disease symptoms would trigger inter-
vention. As a consequence, it would seem appropriate to adopt a
more cautious limit.

The levels of exposure which led to consumer problems in the
mid-twentieth century were not comprehensively characterized,
but as a consequence of the use of unencapsulated enzymes, clearly
were too high, being in the order of 200ng/m3 or more. When
consumer enzyme exposure subsequently was controlled by ensur-
ing that the enzyme was not dusty, then the exposure to enzymes
from laundry detergents fell to 1ng/m3 or even lower. In this sit-
uation, clinical symptoms of allergy were entirely absent as was
any detectable production of enzyme specific IgE. This latter aspect
is critical: occupationally, health monitoring of the workforce at
the level of IgE has proven to be a highly successful tool, but is of
course one which cannot be actively applied to consumers. For that
group, the most appropriate endpoint is an absence of IgE induc-
tion, which demands exposure is effectively reduced to a very low
level.

With modern detergent products, the reality of typical airborne
exposure to enzymes in association with fabric washing is of the
order of 0.01 ng/m3 (Human and Environmental Risk Assessment,
2007, 2005; UK Health and Safety Executive, 2009). This exposure
is not associated globally, over decades, with any evidence of the
induction or elicitation of respiratory allergy. Complementing this
absence of evidence, there are a variety of types of testing which
have been carried out in a number of geographic locations (North
America, Europe, Asia, Africa) which ensured that a broad range

of consumer habits had been taken into account. This work has
shown that allergic reactions do not occur in groups with widely
varying use habits and that there is no evidence of the production of
enzyme specific IgE (US SDA, 2005; Bannan et al., 1992; Rodriguez
et al., 1994; Sekkat et al., 1995; Sarlo et al., 1996; Cormier et al.,
1997). This provides evidence of the absence of an adverse effect.
In this context, it is very important to note that other published
work investigating different uses of detergent enzyme has found
evidence of potential problems and in each case this has led to a
cessation of the project prior to marketing (Johnson et al., 1999;
Kelling et al., 1998; Sarlo et al., 2004). Arguably, some of these tend
to indicate that longer exposure may be just as important as high
“spot” exposures, but as already mentioned, detailed understand-
ing of these variables is lacking.

A very recent survey including the information above together
with additional previously unreported data has been prepared for
publication (Sarlo et al., submitted for publication). A significant
observation within this work is that examination of several thou-
sand individuals demonstrates that there is an absence of evidence
of the induction of sensitization in consumers. These included new
employees being screened prior to starting work in detergent fac-
tories around the world as well as volunteers for various consumer
studies involving enzymes and who were tested at the outset of the
study to ensure they were not already positive.

So, past levels of airborne exposure to enzymes which caused
consumer problems of an allergic nature were over 4 orders of mag-
nitude higher than typical exposure from laundry products today.
In terms of trying to establish a DMEL, this leads to a key ques-
tion: where, between these levels, is exposure still safe for the
consumer? The highest reported safe consumer exposure level has
been in association with spot cleaning with a trigger spray device,
as reported in the documentation of the US Soap and Detergent
Association and elsewhere (UK Health and Safety Executive, 2009;
Weeks et al., 2001a; Weeks et al., 2001b). This value of approxi-
mately 15 ng/m3 was associated with a 30 sprays per day, daily
use of the product for a six month period, equivalent to the use of
about 2 product packs per month, so representing very heavy use.
The study demonstrated that this use gave rise to no adverse effects
over a 6 month period in a carefully monitored atopic population,
the 96 subjects who completed the study all being negative to skin
prick test at study termination. The exposure discussed here for a
trigger spray represents frequent, but nevertheless short duration
exposure. Where exposure is prolonged and/or more intimate in
nature, then experience shows that a careful risk assessment must
be undertaken and that such a high level of exposure could not
be tolerated (UK Health and Safety Executive, 2009; Johnson et al.,
1999; Kelling et al., 1998; Sarlo et al., 2004; Blaikie et al., 1999).

In drawing together the pieces of information which can con-
tribute to the establishment of a general consumer DMEL, it has
to be recognized that the available data is relatively limited and
that the types of exposure involved are varied. The occupational
evidence that a OEL (and thus a DMEL) of 60 ng/m? is acceptable
for daily 8 h workplace exposure during detergent production pro-
vides a useful backdrop, whereas the experience of decades of safe
exposure at very much lower levels is reassuring but not especially
helpful in determining a limit. So, taken together, and in particu-
lar with the evidence from a single but comprehensive study that
daily consumer exposure at 15 ng/m3 was not associated with any
induction or elicitation effects, then it is suggested that a consumer
DMEL of 15ng/m3 can be adopted as the starting point for new
and existing enzymes which do not have a limit and/or for which
there is no other data to indicate that a different value may be more
appropriate. However, it is important that, just as for the occupa-
tional limit, this value is not taken as assurance of absolute safety
in all conceivable exposure situations (Johnson et al., 1999; Kelling
et al.,, 1998; Sarlo et al., 2004).





D.A. Basketter et al. / Toxicology 268 (2010) 165-170 169

6. Enzymes, REACH and the DMEL

Within new European regulations commonly referred to as
REACH (Registration, Evaluation, Assessment and restriction of
Chemicals; (Commission of European communities, 2006), there is
the requirement to define acceptable exposure limits. For allergens,
including respiratory allergens such as the enzyme proteins which
form the topic of this paper, it has been proposed that a threshold
cannot be determined and hence a minimum effect level should be
established (ECHA, 2008). Key wording in this document is as fol-
lows: “assuming that there are data allowing it, the registrant should
develop a DMEL (derived minimal effect level), a reference risk level
which is considered to be of very low concern. DMEL derived in accor-
dance with the guidance should be seen as a tolerable level of effects
and it should be noted that it is not a level where no potential effects
can be foreseen.” The DMEL values proposed above in this document
have been developed on the basis of decades of practical experience
with enzymes in occupational and consumer settings. This experi-
ence is strongly indicative of thresholds below which (the adverse)
events associated with allergy no longer occur, or will do so only ata
very low level and not be associated with clinical allergy symptoms.
For the factory situation, this is based on the elicitation of allergy
and the highly effective minimization of clinical symptoms as there
is no significant data indicating where a threshold for the induction
of sensitization may be and it is abundantly evident that at such
exposure levels the presence of sensitization does not lead to a pro-
gression to clinical disease. In contrast, for the consumer, where the
patterns of exposure are such that the exposure burden is typically
far lower, then experience indicates that it is possible to derive an
exposure limit which should avoid even the induction of sensitiza-
tion (and thus, by definition, will eliminate any possibility of clinical
symptoms).

7. Conclusion

The enzymes of bacterial and fungal origin widely used in indus-
try and in consumer products represent an important hazard - they
are respiratory sensitizers. On the other hand, decades of experi-
ence demonstrates that enzymes can be used safely by ensuring
that the exposure is strictly limited. Occupationally, a DMEL of
60 ng/m?> provides an excellent starting point for safety assessment,
with experience showing that downward adjustment of this value
to take account of particular circumstances ensures safe work-
ing practice, a view supported by the observation where systems
which go out of control lead to problems (Cullinan et al., 2000). For
consumers, a DMEL of 15 ng/m?3 is proposed, but with the recogni-
tion that this is the highest tolerable value and is associated with
the situation where there is only short term, perhaps frequent,
exposure. Where there are circumstances which would lead for
example to prolonged intimate exposure, then a lower level would
need to be adopted (Human and Environmental Risk Assessment,
2007; Johnson et al, 1999; Kelling et al., 1998; Sarlo et al.,
2004).

Application of the above limits has lead to safe occupational and
consumer use of these substances and thus adoption of these values
as DMELs in the context of REACH would seem to be appropriate.
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In their raw state, enzymes of bacterial/fungal origin cause allergic reactions in
the lung. Proteolytic enzymes also cause irritation to skin, eyes and the respira-
tory tract. For 40 years, encapsulated enzymes have been used worldwide in
detergent products, especially laundry formulations, and have increasing impor-
tance due to biodegradability and functionality at low temperatures, offering
environmental benefits. Uniquely to the UK., for years it has been suggested that
the inclusion of enzymes in such products leads to adverse skin reactions, includ-
ing erythema, pruritus and exacerbation of eczema. In this review, we look at
the facts, asking whether there is evidence that the hazards identified for enzymes
translate into any risk for consumer health. By considering the actual exposures
in consumer use and exaggerated product usage, it is concluded that the irritating
and allergenic hazards of enzyme raw materials do not translate into a risk of
skin reactions, either irritant or allergic. Investigations of numerous individuals
with skin complaints attributed to laundry products demonstrate convincingly
that enzymes were not responsible. Indeed, enzyme-containing laundry products
have an extensive history of safe use. Thus, the supposed adverse effects of
enzymes on skin seem to be a consequence of a mythology. The important prac-
tical lesson is that when primary or secondary care practitioners are presented
with a skin complaint, it should not be dismissed as a result of using an
enzyme-containing laundry product as the diagnosis will certainly lie elsewhere.
Education for healthcare professionals could usefully be enhanced to take this on
board.

Processes for the cleaning of clothes (laundry) have been with
mankind for millennia, but the use of soaps and detergents
represents only a relatively recent step. ‘Sunlight’ soap (a sur-
factant made by alkaline saponification of long-chain fats),
usually recognized as one of the first to be subject to large-
scale production and marketing, was first manufactured in the
1880s, and heralded the new way to wash laundry, first in
the UK. and then over the next decades, in many countries in
the world." True soaps were then superseded by synthetic
detergents (a range of types of surfactant often made from
petrochemicals) during the mid-decades of the 20th century.
However, the next big step change in cleaning came in the
second half of that century with the introduction of proteo-
lytic enzymes into laundry detergent products. Once the large-
scale manufacture of enzymes which were stable in alkaline
wash solutions and which were also resistant to the combin-
ation of relatively high temperature, the presence of oxidation
systems and surfactants had been developed, this permitted

© 2008 The Authors

the removal of a variety of stubborn stains at increasingly low
temperatures.” In the most recent decades, other enzymes clas-
ses have been incorporated, notably amylases and lipases,
which further enhanced cleaning ability.?

The manufacturers of these enzyme-containing laundry
detergents contend that their products are safe for the con-
sumer; indeed, they should not place them on the market if
this were not the case. However, it has long been recognized
that the enzymes used in these products have the potential to
produce respiratory allergy during manufacture, thus requiring
very strict exposure control for the workforce.*® Additionally,
proteolytic enzymes, the type most commonly used, have also
been known to produce skin irritation, again occupationally.®
This is consistent with the observation of skin reactions to
enzymes in other occupational settings, although some of
these skin reactions may be urticarial as well as irritant.” In
the early period of marketing, some respiratory reactions were
very occasionally seen in consumers.® Particularly in the UK.,
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this background awareness of questions about allergy and irri-
tation has translated into concern among some consumers and
consumer groups that enzyme-containing detergents may be
related to a variety of consumer skin complaints.” Anecdotally
at least, a similar view appears to be held by a variety of
healthcare professionals. The purpose of this review is to
investigate whether there is any truth behind these concerns.
Are they factually based, or are they just fantasy?

Irritation

It has long been recognized that a combination of wet work
and detergent/surfactant exposure can lead in many individuals
to skin irritation, most often expressed as hand eczema. "% In
this section, the evidence that normal consumer use of
enzyme-based laundry detergents can lead to skin irritation is
considered. Special attention is paid to whether there may be
susceptible subpopulations who might be predisposed to the
development of this effect.

As with all toxicological effects, clinical skin irritation arises
from a combination of the hazardous properties of materials
and exposure, in this case, skin exposure. The surfactants in
laundry products are known to have the intrinsic ability to
cause skin irritation. This can occur as a consequence of
repeated exposures to the diluted solutions used during nor-
mal laundry procedure and can be simulated in suitable expos-

. 13,14
ure studies.'®

It is the authors’ view that nowadays
consumers do not normally experience this problem as they
are aware of the risk and tend to avoid repeated/prolonged
contact together with rinsing hands after any exposure. Typi-
cally, manufacturers provide guidance in this respect on their
packaging.

In an early and comprehensive study, 739 subjects took
part in several double-blind cross-over tests involving a range
of main wash and presoak detergent formulations, with and
without proteolytic enzymes.'* In their patch tests, detergent
formulations containing enzymes or enzyme concentrates
applied under occlusion were more irritating to the skin than
nonenzymatic controls. However, this type of exposure is
grossly exaggerated compared with normal consumer contact
and has been shown to lead to irrelevant results.'” With the
tests employing exaggerated use conditions, there was no sig-
nificant increase in skin irritation in any of the hand or arm
immersion assays that could be attributed to the presence of

15
enzyme.

To confirm that the increased irritancy of the
enzyme-containing formulations seen in patch tests would not
result in any adverse effects during normal use, further tests
were conducted. Products were used normally in a total of
5943 subjects and the hands examined by a dermatologist.
No differences were observed between the enzyme and con-
trol treatments. In the second (involving 360 infants), babies’
nappies were washed in the test and experimental products
and the nappies worn. There was no difference in the inci-
dence or severity of nappy rash between groups of infants
wearing nappies laundered in the products with or without

14
enzymes.

The direct effects of wash solutions under reasonably fore-
seeable use conditions were evaluated by Bolam and col-
leagues.'® Consumers were asked to use a laundry detergent
containing a proteolytic enzyme or an enzyme-free product
for 2-week periods for dishwashing and general household
cleaning as well as for hand-washing fabrics, in order to simu-
late extended consumer use, including uses not intended by
the product manufacturer. The results of this work showed
that the addition of proteolytic enzymes did not enhance irrit-
ancy. As other classes of enzyme are of lesser intrinsic irritant
hazard potential, then clearly they would also not induce skin
irritation reactions in practice.

In a rigorous series of investigations in Germany reported
in a pair of publications, the effects of enzyme-containing

detergents on the skin were examined.'”'®

Undertaking stud-
ies not only of normal but also of irritated, acid or alkali dam-
aged or tape-stripped skin, several days of skin contact with
enzyme dilutions were without effect (in total, 912 tests were
completed). As mentioned in the introduction to this review,
the authors concluded that any effects caused by laundry
detergents could not be due to the (proteolytic) enzyme con-
tent. In a second phase of the work, enzyme-containing and
enzyme-free formulations were employed in a study design
which intended to produce visible skin irritation; the formula-
tion with enzyme behaved in the same manner as the
enzyme-free formulation, confirming that the enzyme at the
product use concentration was not making a detectable contri-
bution to the skin irritation potential for the formulation.'®

There are also several published reports on the lack of irri-
tant effects of enzyme residues on fabrics.'”*® These studies
employed 2-day patch tests of fabrics containing detergent res-
idues and a variety of exaggerated exposure tests. In all the
studies, no evidence that residues in the fabrics caused irritan-
cy was obtained. Similar results were obtained by Rodriguez
and colleagues who used a variety of European detergents
under European washing conditions.”'

More recently than the above studies, but still completed a
decade ago, was the excellent work undertaken by a Danish
group.”” These workers completed a placebo-controlled
blinded study of some months’ duration, concluding that ‘it is
unlikely that consumers with “normal skin’ will experience
any skin discomfort when enzyme-enriched detergents are
used’. This conclusion was reached on the basis of a study
using 25 patients with atopic dermatitis, individuals com-
monly considered to be much more likely to experience
adverse skin effects,”> but who in fact showed no greater reac-
tion to the enzyme-containing products than to those without
enzymes.

Ultimately, the balance of all the evidence, much of which
is reviewed above, is that enzymes in laundry detergents are
not a cause of skin irritation in practice.

Allergy

As is the case with irritation, enzymes have long been recog-

nized as a potential cause of type I allergy of the respiratory

© 2008 The Authors
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tract.*” Within the European Union, enzymes are labelled as
potential respiratory sensitizers.”* Where there has been suffi-
cient exposure, individuals have developed allergic asthma,
a situation which did occur to a considerable extent occupa-
tionally in the early years of use of enzymes,*® but which is
now very largely under control.”**” However, it is still the
case that even though enzyme workers may be free of clinical
symptoms, a minority still does become sensitized.”®*” The
question to be addressed here is whether there is any risk that
any reasonably foreseeable consumer use of enzyme-based
products might present any risk of allergy, either for the lungs
or for the skin.

Both the induction and the elicitation of allergy require an
appropriate degree of exposure, with each of these compon-
ents of the allergic mechanism being subject to a threshold,
i.e. below a certain level of exposure there is no response. Evi-
dence from occupational exposure suggests that the threshold
for the induction of allergic reactions to enzymes may be
lower than that for elicitation, as a proportion of workers is
sensitized, but appears generally to be symptom free.?’+*®
Where exposure control is not sufficient, however, then
symptoms do occur.”**® The occupational exposure limits
applied to enzymes that relate to proper controls represent the
strictest airborne exposure limits for any material as far as we
are aware; typically the limits used are 60 ng m~> or less.”’
However, it seems reasonable to expect that in an uncon-
trolled consumer environment, then to be safe, exposure levels
should be well below these occupational exposure limits, and
such does appear to be the case.’® Industry guidelines on con-
sumer risk assessment for enzymes indicate that a 10-fold
lowering of the occupational limit should be appropri-
ate.””*!*? The primary point of control which enables such
strict limits to be achieved is encapsulation of the enzyme
(surrounding the enzyme with a robust inert barrier), so that
material cannot become airborne and is unlikely to deliver any
significant skin contact.

Industry information indicates that the probable consumer
exposure to enzymes is actually much lower than even one-
29-32 Ultimately, though, the
demonstration of the effectiveness of controlling enzyme

tenth of the occupational limits.

exposure arises not from estimations/measurements of the
exposure, but rather from a determination of whether the
immune system of exposed individuals has responded by
the development of IgE antibodies which would mediate the
allergic reaction. The seminal publication on this aspect came
from the work of Pepys et al.>* In this study, 2500 people
attending a hospital for allergic investigation of respiratory
disease were skin prick tested. Only two patients yielded weak
evidence of a positive response to proteolytic enzyme and nei-
ther had any suggestion of clinical sensitivity. A similar pro-
portion of individuals was found to have weak, but clinically
irrelevant, skin test reactions as part of a screening for a large
consumer test (unrelated to laundry products).®* It is inevita-
ble that when such random screenings are undertaken, then
there will be a modest number of inexplicable ‘false positives’
as the sensitivity and specificity of such tests are established in

© 2008 The Authors
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relation to the guided testing of clinical populations rather
than the general population.

Since the original publication, further work has been con-
ducted in other locations to try to confirm an absence of the
induction of type I and/or type IV allergic reactivity. For
example, a study of 2000 consumers in the Philippines, of
whom one third were described as atopic, found no evidence
of sensitization, despite a 6% prevalence of hand eczema.’®
This work was enhanced by later results from a long-term
follow-up study which had the same outcome.*® Quite
recently (2002), an independent group of investigators repre-
senting the North American Contact Dermatitis Group
reported on a substantial body of work which examined the
question of allergic contact dermatitis to laundry products (i.e.
not only to enzymes in such products). Their overall conclu-
sion was that the frequency of allergy to such products was,
at best, very low and in all probability presumed positive reac-
tions tended to arise from misinterpretation of skin responses,
i.e. they were false positives.*”

Ultimately, the most telling publication on potential adverse
skin reactions to enzyme-based laundry detergents arose from
a focused investigation of complainants. The launch of an
enzyme-containing washing powder was quickly followed by
numerous complaints from domestic users suggesting it was
responsible for an adverse skin reaction. Eighty of 255 indi-
viduals living in London (U.K.) postal districts who com-
plained to the manufacturer agreed to be investigated by patch
and prick testing, and to a use test involving the double-blind
wearing of vests washed with the product. The results showed
that the enzyme-containing washing powder was not respon-
sible for any dermatological problem, either irritant or allergic
in nature.*®

Such observations as those described above are consistent
with what we know of the (patho)physiology of skin allergy.
Substances must penetrate the outer skin barrier to reach the
viable epidermis and do so in a sufficient quantity and in an
appropriate antigenic form in order to activate the immune sys-
tem in such a manner as to lead to the development of allergic
reactivity. By virtue of their size, enzymes are unlikely to pene-
trate the skin to any great degree;* the encapsulation of
enzyme in the laundry product means that actual skin exposure
will be extremely low. Thus, the only occasions when there is
likely to be some degree of exposure is either to the wash solu-
tion (when the enzyme encapsulate has dissolved) and/or from
any enzyme residues on fabrics. As shown by the studies
already mentioned earlier, contact with wash solutions does
not lead either to irritation or to allergy; residues on fabrics are
also trivially low and do not give rise to any skin effects.'® ***®

On occasions, enzyme-containing laundry products may be
misused. Sekkat and colleagues investigated such a situation.
In a retrospective study of mechanics in Egypt who had used
enzyme-containing laundry granules for personal cleansing
(including showering) over at least a 12-month period, no
sensitization to enzymes was detected.*

As with skin irritation, the overwhelming direction of all
the evidence leads to the conclusion that enzymes in laundry
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detergents are not a cause of skin allergy. This outcome has
been confirmed by the prospective studies which have been
outlined above.

Urticaria

As enzymes are capable of triggering the formation of IgE
antibodies, then as with other proteins (e.g. natural rubber
latex proteins), skin contact with them could, in theory at
least, give rise to the potential risk of immunological contact
urticaria.*! Consequently, this aspect of enzyme safety must
be considered in relation to consumer exposures. Contact urti-
caria presents clinically as an immediate erythematous and
oedematous skin reaction, arising within minutes of skin con-
tact, peaking in 10-20 min and usually subsiding after about
1 h. In our experience, consumers do not report this type of
response to enzyme-containing laundry powders and such
reactions are not recorded in the literature as far as we are
aware. Consistent with this absence of any clinical evidence
for its occurrence in consumers is the general absence of
reports of such an effect in sensitized workers. The original
observations of enzymes as respiratory allergens described the
situation where many (even a majority) of the workforce had
antigen-specific IgE and a minority had respiratory symp-

4-6,42
toms.

A number of workers also experienced skin irrita-
tion due to the proteolytic nature of the enzyme and the
relatively high exposure concentration. However, even in this
situation, no immediate urticarial skin type reactions were
reported. In a very recent review of over 30 years’ experience
in the enzyme manufacturing industry with more than 1200
occupationally exposed individuals, of those sensitized only
about 1% showed urticaria symptoms.** As the exposure doses
are so much lower in consumers, where the enzyme has been
encapsulated, and/or where it has been very substantially
diluted in wash solutions, then it becomes unsurprising that
skin contact urticaria to detergent enzymes seems not to
occur.

From first principles, enzymes may have the potential to
cause urticaria, but there is no evidence, both occupationally
and in consumers, that this actually occurs in practice.

Conclusions

Enzymes were incorporated into fabric washing products to
assist in stain removal, but have attained an increasing impor-
tance due to their biodegradability and because they can
function at low washing temperatures, thus offering environ-
mental benefits. These matters appear to contrast, at least in
the minds of some, with perceived risks to human health,
notably concerning adverse skin effects such as allergy and
irritation. Despite the very clear recognition of the potential
risks associated with occupational exposure, an authoritative
German review concluded over 20 years ago that ‘biodeter-
gents in particular present no increased risk of skin damage
for the user’.** The weight of evidence is now convincing
that consumer use of enzyme-containing laundry detergent

products does not pose any greater risk of skin irritation than
that of their ‘nonbiological’ variants, that the potential for
respiratory allergy has been successfully controlled by limiting
exposure and that there is no evidence for enzymes leading to
contact dermatitis (allergic or irritant) or immunological urti-
caria from their use. The consequence of this is that healthcare
professionals should, in our view, avoid explaining rashes, on
adults, children or infants, as due to use of enzyme-containing
laundry products. Rather, they should seek more carefully for
the true causation of an eczema in order to come to a correct

diagnosis.
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AMFEP policy on classification of enzymes as “Respiratory Sensitisation Category 1” in accordance with the EU Regulation on classification, labelling and packaging of substances and mixtures (EC No 1272/2008, “CLP Regulation”)

1. Introduction

The Amfep Fact Sheet on Enzymes and the CLP Regulation (Amfep/09/73) contains general information on the harmonized classification of enzymes under the new EU Regulation on classification, labelling and packaging of substances and mixtures (Regulation (EC) No 1272/2008, “CLP Regulation”), which entered into force on 20 January 2009. 

The present paper extends the Fact Sheet, focussing on the classification of enzymes as Respiratory Sensitisation Category 1.


The CLP Regulation applies and implements the general principles of the United Nations Globally Harmonized System (GHS) of Classification and Labelling of Chemicals. The purpose is to align EU legislation with the GHS requirements to ensure that the same hazards will be described and labelled in the same way all around the world. The following link provides information on how the CLP classification works:


http://ec.europa.eu/enterprise/reach/ghs/index_en.htm

The CLP Regulation takes over and converts Annex I of the Dangerous Substances Directive (DSD; 67/548/EEC) to Annex VI of the CLP Regulation, hereby listing the existing harmonized classification and labelling of substances according to the GHS. Carcinogenic, mutagenic and reprotoxic (CMR) substances and respiratory sensitizers will be subject to harmonized classifications under CLP. There are at present 17 enzyme entries in Annex VI and they are classified as respiratory sensitizers H334: Hazard Category 1: May cause allergy or asthma symptoms or breathing difficulties if inhaled”. The thresholds for mixtures containing sensitizers – 1% hazard warning and 0.1% allergy warning – remain unchanged under the CLP Regulation. Subtilisin and other proteases may have additional skin/eye irritancy classifications.

According to the CLP Regulation (Article 40) and REACH Regulation (Article 113), a manufacturer or importer
 will have to notify substance identity and classification and labelling to the Agency, if a substance is:  

· subject to registration under REACH (≥ 1 tonne/year) and placed on the market

· classified as hazardous under CLP and placed on the market, irrespective of the tonnage

· classified as hazardous under CLP and is present in a mixture above the concentration limits specified in Annex I of CLP or as specified in Directive 1999/45/EC, which results in the classification of the mixture as hazardous, and the mixture is placed on the market

A hazardous substance placed on the market on its own or in a mixture:


· on or after 1 December 2010 must be notified within one month after being placed on the market. This includes hazardous substances which have already been placed on the market before 1 December 2010, but which have not been placed on the market on that date, but again afterwards

· before 1 December 2010 must be notified to ECHA by 3 January 2011 with regard to the classification and labelling of these substances. This includes hazardous substances which have already been placed on the market earlier and which are still or again placed on the market on 1 December 2010

Thus a manufacturer or importer of enzymes preparations will have to classify enzymes and notify classification to the Agency, if enzymes meet the above criteria
. 

If classification and labelling designations are submitted as part of REACH registration dossiers, they do not need to be separately notified.

A substance or mixture contained in packaging should be labeled according to CLP from 01 December 2010 and 1 June 2015 respectively. In addition, until 1 June 2015, the classification of a substance according to DSD must be provided in the Safety Data Sheet, in addition to the CLP classification. This will both apply to Safety Data Sheets for substances on their own and to Safety Data Sheets for mixtures containing these substances.

This Amfep policy on classification of enzymes in accordance with the CLP regulation focuses on respiratory sensitization potential of enzymes. Some enzymes have catalytic activities, typically proteolytic activities, leading to additional classification endpoints e.g. skin and eye irritation, and they are not in the scope of this policy. 


2. Enzyme identification under REACH


According to Guidance for identification and naming of substances in REACH (Section 4.3.2.3), enzyme substances are identified by:


a. the catalytic activity of the enzyme protein (IUBMB nomenclature) and

b. the other constituents from the fermentation.

a. IUBMB nomenclature 


IUBMB nomenclature is defined by the International Union of Biochemistry and Molecular Biology (www.chem.qmul.ac.uk/iubmb/enzyme/index.html). The primary criterion for establishing a REACH Substance Information Exchange Forum (SIEF) for the individual enzymes is the IUBMB nomenclature. Some enzyme entries on EINECS are either too broad or narrow, respectively, compared to the IUBMB classification. Thus, some of the enzyme pre-SIEFs will have to be merged/split primarily according to IUBMB. To facilitate this process, AMFEP made a list providing a systematic link between EINECS number and IUBMB number, please refer to Annex I of the AMFEP guidance on pre-registration.


b. The other constituents


The Enzyme REACH Consortium (ERC)
 policy document on “Safety evaluation of technical enzyme products with regards to the REACH legislation” describes
 how to document sameness of the other constituents based upon objective and transparent criteria. ERC will propose each member of a SIEF to adhere to this policy and to use these criteria in order to define sameness in a SIEF. 


3. Annex VI of the CLP Regulation and enzymes in EINECS


There are approx. 400 enzymes in EINECS. The 17 enzymes in Annex VI do not cover all enzymes in EINECS but only contains those enzymes that were already present on Annex I of the Dangerous Substances Directive (67/548/EEC). The naming of enzymes under REACH goes beyond the EINECS/CAS (Chemical Abstracts Service) entry and is, as mentioned in the above, based on the IUBMB nomenclature, where the catalytic activity is the key parameter. We linked the 17 enzymes in Annex VI to EINECS entries and the IUBMB nomenclature in Appendix I. 


The harmonized classification of the 17 enzymes is listed in Appendix II of the present document. 


4.  Potential respiratory allergens in the dry matter of the enzyme concentrate

Enzymes are in general considered to be of low toxicity with the exception of the allergenic potential by inhalation, and the limited irritation effects of some proteases at high concentration. The irritation potential is however not the scope of the present document as it is specific for each enzyme and this document focuses on the respiratory sensitization potential common to all enzymes.

All enzymes on Annex VI are classified as respiratory sensitizers. It is AMFEP’s opinion based on existing toxicological data (see e.g. HERA
) that enzymes not covered by the 17 enzyme entries should be classified as respiratory sensitisers by analogy.


According to REACH, the substance identification of enzymes is defined
 as “The enzyme protein together with the other constituents deriving from the fermentation or extraction process, but excluding any water, which may be separated without affecting the stability of the enzyme protein or changing its composition”. This ”dry matter” of the enzyme concentrate is composed of the following constituents present under normal fermentation conditions:

a. Active enzyme protein (aep)

b. Other proteins + peptides and amino acids


c. Carbohydrates

d. Lipids


e. Inorganic salts 


a.  Active enzyme protein (aep)


The active enzyme protein (aep) is a potential respiratory sensitizer characterized by the catalytic activity as the main identifier
.

In 1973 ACGIH proposed a TLV-CEILING (TLV = Threshold Limit Value) for Subtilisins, IUBMB number 3.4.21.62 (cf. also the example in the REACH Guidance for identification and naming of substances in REACH, section 7.11.1, Subtilisin) of 60 ng aep/m3. The aep was named ”100% crystalline active pure enzyme (CAPE)”. This workplace exposure limit was adopted by several national authorities, including EU authorities. In 2004 it was replaced by the UK authorities (Health & Safety Executive, HSE) by an 8-hour TWA (Time weighted average) limit of 40 ng aep/m3.


To our knowledge the Subtilisin exposure limit of 60 ng aep/m3 (for UK 40 ng aep/m3) is the only nationally regulated exposure limit for enzymes. It is important to notice, that this limit is defined for the active enzyme protein (aep) constituent of an enzyme concentrate as well as a finished formulated enzyme product. 

b. Other proteins + peptides and amino acids


In general, each individual protein within the “Other proteins” constituent will not be present in concentrations above 1%6. This constituent is mainly composed of: 

Denatured and inactivated enzyme proteins

Denatured and inactivated enzyme proteins typically origin from temperature- or pH- inactivation of the aep or by proteolytic autolysis (”self digestion”) in the case of proteases. In these cases, the tertiary conformation of the enzyme molecule is destroyed, leading to a (partially) random coil structure with insignificant (negligible) respiratory sensitization potential.

In general, these alterations in conformation are associated with changes in the antigenic reactivity in humans. Thus, the reactivity of globular proteins with homologous antibodies is usually destroyed or negligible after denaturation of the protein.


Denatured proteins are in the vast majority of investigated cases much less immunogenic than the corresponding native protein
. Further, heat-treated protein hydrolysates are often regarded as ‘hypo-allergenic’ in line with the above
. 


From in-house (Novozymes A/S) research on industrial enzymes, it is the experience that the antigenic activity of heat treated enzymes is reduced considerably compared to the native/active protein source. 

In conclusion, denatured proteins are not a risk factor under the exposure conditions of industrial enzymes.  


Peptides and amino acids

Peptides and amino acids typically originate from temperature- or pH-inactivation of the aep or by proteolytic autolysis (”self digestion”) in the case of proteases. This is the same situation as for the denatured and inactivated enzyme proteins described above. This part of the dry matter enzyme concentrate, also has only insignificant (negligible) respiratory sensitization potential. 

c.  Carbohydrates,  d. Lipids and e. Inorganic salts 


The carbohydrates, lipids and inorganic salts which are present in the dry matter of an enzyme concentrate are not respiratory sensitizing substances. 


5.  Executive summary

Enzymes possess respiratory sensitization potential regardless of the catalytic activities. Enzymes must therefore be classified as “R42: May cause sensitization by inhalation” in accordance with Dangerous Substances Directive (67/548/EEC) and “H334: Hazard Category 1: May cause allergy or asthma symptoms or breathing difficulties if inhaled” in accordance with CLP Regulation. The threshold concentration for classification & labelling with pictogram is 1 % (per individual enzyme), and for allergy warning is 0.1%, based on active enzyme protein (aep). 


In accordance with CLP Regulation, a manufacturer and importer will under certain conditions have to notify the Agency (ECHA, the European Chemicals Agency) if a substance is classified as hazardous - irrespective of the tonnage of substance imported or manufactured. Thus a manufacturer and importer of enzymes will have to notify the above enzyme classification and identity to the Agency. 


LEGAL NOTICE:

This policy is meant as guidance only. The policy is published by AMFEP in order to assist its members in their efforts to understand and comply with the CLP Regulation. Please be reminded, however, that the CLP Regulation is the only authoritative legal text and that this policy does not substitute legal or otherwise expert advice. AMFEP and its members do not accept any liability for use of this policy or for activities contemplated and carried out under this policy.


Appendix I: Enzyme entries on Annex 1 of Dir. 67/548/EEC versus enzyme identification under REACH
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Appendix II: Enzymes on Annex 1 of Dir. 67/548/EEC and Annex VI of EC Regulation No 1272/2008 

		Enzyme

		CAS no.

		EINECS No

		Present EU classification (Annex I) Directive 67/548/EEC,

		CLP classification (Annex VI)



		

		

		

		R-phrase

		S-Phrase

		Danger Symbol

		H-class/cat. code

		Hazard statement

		Pictogram

		Signal word



		Amylase, α-

		9000-90-2

		232-565-6

		R42

		S(2),S22,S24,S36/37

		Xn

		Resp. Sens. 1

		H334 

		GHS08

		Danger



		Amylases with the exception of those specified elsewhere in this Annex

		-----

		-----

		R42

		S(2),S22,S24,S36/37

		Xn

		Resp. Sens. 1

		H334 

		GHS08

		Danger



		Bromelain, juice

		9001-00-7

		232-572-4

		R36/37/38,R42

		S(2),S22,S24,S26,S36/37

		Xn

		Eye Irrit. 2
STOT* SE 3
Skin Irrit. 2
Resp. Sens. 1

		H319
H335
H315
H334

		GHS08
GHS07

		Danger



		Cellobiohydrolase, exo-

		37329-65-0

		253-465-9

		R42

		S(2),S22,S24,S36/37

		Xn

		Resp. Sens. 1

		H334 

		GHS08

		Danger



		Cellulase

		9012-54-8

		232-734-4

		R42

		S(2),S22,S24,S36/37

		Xn

		Resp. Sens. 1

		H334 

		GHS08 

		Danger



		Cellulases with the exception of those specified elsewhere in this Annex

		-----

		-----

		R42

		S(2),S22,S24,S36/37

		Xn

		Resp. Sens. 1

		H334 

		GHS08

		Danger



		Chymotrypsin

		9004-07-3

		232-671-2

		R36/37/38,R42

		S(2),S22,S24,S26,S36/37

		Xn

		Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1

		H319
H335
H315
H334

		GHS08
GHS07

		Danger



		Ficin

		9001-33-6

		232-599-1

		R36/37/38,R42

		S(2),S22,S24,S26,S36/37

		Xn

		Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1

		H319
H335
H315
H334

		GHS08
GHS07

		Danger



		Glucosidase, β-

		9001-22-3

		232-589-7

		R42

		S(2),S22,S24,S36/37

		Xn

		Resp. Sens. 1

		H334 

		GHS08 

		Danger



		Laccase

		80498-15-3

		420-150-4

		R42

		S(2), 23-45

		Xn

		Resp. Sens. 1

		H334 

		GHS08

		Danger



		Papain

		9001-73-4

		232-627-2

		R36/37/38,R42

		S(2),S22,S24,S26,S36/37

		Xn

		Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1

		H319
H335
H315
H334

		GHS08
GHS07

		Danger



		Pepsin A

		9001-75-6

		232-629-3

		R36/37/38,R42

		S(2),S22,S24,S26,S36/37

		Xn

		Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1

		H319
H335
H315
H334

		GHS08
GHS07

		Danger



		Proteases with the exception of those specified elsewhere in this Annex

		-----

		-----

		R36/37/38,R42

		S(2),S22,S24,S26,S36/37

		Xn

		Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1

		H319
H335
H315
H334

		GHS08
GHS07

		Danger



		Proteinase, microbial neutral

		9068-59-1

		232-966-6

		R36/37/38,R42

		S(2),S22,S24,S26,S36/37

		Xn

		Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1

		H319
H335
H315
H334

		GHS08
GHS07

		Danger



		Rennin

		9001-98-3

		232-645-0

		R36/37/38,R42

		S(2),S22,S24,S26,S36/37

		Xn

		Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1

		H319
H335
H315
H334

		GHS08
GHS07

		Danger



		Subtilisin

		9014-01-1

		232-752-2

		R37/38,R41,R42

		S(2),S22,S24,S26,S36/37/39

		Xn

		STOT SE 3
Skin Irrit. 2
Eye Dam. 1
Resp. Sens. 1

		H335
H315
H318
H334

		GHS08
GHS05 GHS07

		Danger



		Trypsin

		9002-07-7

		232-650-8

		R36/37/38,R42

		S(2),S22,S24,S26,S36/37

		Xn

		Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1

		H319
H335
H315
H334

		GHS08
GHS07

		Danger





*STOT = Specific Target Organ Toxicity

� Chemical companies cannot use their REACH ‘Only Representatives’ (Ors) or ‘Third Party Representatives’ (TPRs) to submit classification and  labelling notifications on their behalf to ECHA. Agency officials confirmed at ECHA’s third stakeholder day that this is the legal advice that they had been given by the European Commission on the grounds that the CLP Regulation does not mention ORs or TPRs. As a result, only manufacturers or importers can submit notifications. However, CLP allows for such companies to submit notifications in groups and there is no definition of such groups. For example, SIEF members, supply chains or even industry associations could  decide to submit a notification as a group, as long as the identity of all companies involved in the notification is provided.



� Some enzyme products are exempted from these requirements (CLP regulation Art. 1 and Art. 39).



� Manufacturers and importers of enzymes have created an open consortium, The Enzymes REACH Consortium (“ERC”) with the overall purpose of facilitating a smooth REACH implementation. Reference is made to �HYPERLINK "http://www.enzymes-reach.org"�www.enzymes-reach.org�.



� HERA risk assessment on Protease, � HYPERLINK "http://www.heraproject.com/RiskAssessment.cfm?SUBID=22" �http://www.heraproject.com/RiskAssessment.cfm?SUBID=22�, and HERA risk assessment on Amylase/Lipase/Cellulase, � HYPERLINK "http://www.heraproject.com/RiskAssessment.cfm?SUBID=38" �http://www.heraproject.com/RiskAssessment.cfm?SUBID=38�.



� ECHA, “Guidance for identification and naming of substances under REACH“, 2007, section 4.3.2.2



� ECHA, “Guidance for identification and naming of substances under REACH“, 2007, section 4.3.2.3



� i.e. Valenta, R., and D. Kraft. 2002. From allergen structure to new forms of allergenspecific immunotherapy. Curr. Opin. Immunol. 14: 718–727.; 



Valenta, R. 2002. The future of antigen-specific immunotherapy of allergy. Nat. Rev. Immunol. 2: 446–453.; Takai, T., et al. 1997. Engineering of the major house dust mite allergen Der f2 for allergen-specific immunotherapy. Nat. Biotechnol. 15: 754–758.



Takai, T., et al. 2000. Unlocking the allergenic structure of the major house dust mite allergen Der f 2 by elimination of key intramolecular interactions. FEBS Lett. 484: 102–107.



Nakazawa, T., et al. 2005. Multiple-mutation at a potential ligand-binding region decreased allergenicity of a mite allergen Der f 2 without  disrupting global structure. FEBS Lett. 579: 1988–1994.



Kikuchi, Y., et al. 2006, J. Immunol., 177: 1609-1617.



� Høst A,. and Halken S. 2004. Hypoallergenic formulas--when, to whom and how long: after more than 15 years we know the right indication!. Allergy 59 Suppl 78:45-52.
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EINECS-IUB-CLP


			CLP Annex VI Index Number			CLP Annex VI			EC #			CAS No.			EINECS Name			IUBMB No			IUBMB Name


			647-015-00-4			Amylase, α-			232-565-6			9000-90-2			Amylase, .alpha.-			3.2.1.1			alpha-amylase


			647-016-00-X			Amylases with the exception of those specified elsewhere in this Annex			232-567-7			9000-92-4			Amylase			2.4.1.161			oligosaccharide 4-alpha-D-glucosyltransferase


			647-016-00-X			Amylases with the exception of those specified elsewhere in this Annex			232-588-1			9001-19-8			Amylase, .alpha.-, Aspergillus oryzae			3.2.1.1			alpha-amylase


			647-016-00-X			Amylases with the exception of those specified elsewhere in this Annex			232-560-9			9000-85-5			Amylase, bacterial			3.2.1.1			alpha-amylase


			647-016-00-X			Amylases with the exception of those specified elsewhere in this Annex			232-742-8			9013-01-8			Amylase, fungal			3.2.1.1			alpha-amylase


			647-016-00-X			Amylases with the exception of those specified elsewhere in this Annex			232-877-2			9032-08-0			Amylase, gluco-			3.2.1.3			glucan 1,4-alpha-glucosidase


			647-016-00-X			Amylases with the exception of those specified elsewhere in this Annex			232-956-1			9067-73-6			Amylase, iso-			3.2.1.68			isoamylase


			647-016-00-X			Amylases with the exception of those specified elsewhere in this Annex			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.2.1.1			alpha-amylase


			647-016-00-X			Amylases with the exception of those specified elsewhere in this Annex			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.2.1.68			isoamylase


			647-005-00-X			Bromelain, juice			232-572-4			9001-00-7			Bromelain, juice			3.4.22.33			Fruit bromelain


			647-003-00-9			Cellobiohydrolase, exo-			253-465-9			37329-65-0			Cellobiohydrolase, exo-			3.2.1.150			oligoxyloglucan reducing-end-specific cellobiohydrolase


			647-002-00-3			Cellulase			232-734-4			9012-54-8			Cellulase			3.2.1.4			cellulase


			647-011-00-2			Chymotrypsin			232-671-2			9004-07-3			Chymotrypsin			3.4.21.1			chymotrypsin


			647-006-00-5			Ficin			232-599-1			9001-33-6			Ficin			3.4.22.3			ficain


			647-001-00-8			Glucosidase, .beta.-			232-589-7			9001-22-3			Glucosidase, .beta.-			3.2.1.149			beta-primeverosidase


			647-017-00-5			Laccase			420-150-4			80498-15-3			Laccase			1.10.3.2			laccase


			647-007-00-0			Papain			232-627-2			9001-73-4			Papain			3.4.22.2			papain


			647-008-00-6			Pepsin A			232-629-3			9001-75-6			Pepsin A			3.4.23.1			pepsin A


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-874-6			9031-94-1			Aminopeptidase			3.4.11.20			aminopeptidase Ey


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-874-6			9031-94-1			Aminopeptidase			3.4.11.22			aminopeptidase I


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-874-6			9031-94-1			Aminopeptidase			3.4.11.x			Hydrolases; Acting on peptide bonds (peptidases); Aminopeptidases


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-618-3			9001-61-0			Aminopeptidase, cytosol			3.4.11.1			leucyl aminopeptidase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-942-5			9054-63-1			Aminopeptidase, microsomal			3.4.11.2			membrane alanyl aminopeptidase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-981-8			9075-21-2			Aminopeptidase, pyroglutamate			3.4.19.3			pyroglutamyl-peptidase I


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			253-387-5			37189-34-7			Bromelain, stem			3.4.22.32			Stem bromelain


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			234-297-5			11075-17-5			Carboxypeptidase A			3.4.17.1			carboxypeptidase A


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-788-9			9025-24-5			Carboxypeptidase B			3.4.17.2			carboxypeptidase B


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-789-4			9025-25-6			Carboxypeptidase, glycine			3.4.17.4			Gly-Xaa carboxypeptidase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-934-1			9046-67-7			Carboxypeptidase, serine			3.4.16.5			carboxypeptidase C


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-881-4			9032-68-2			Cathepsin C			3.4.14.1			dipeptidyl-peptidase I


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-580-8			9001-09-6			Chymopapain			3.4.22.6			chymopapain


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-822-2			9028-00-6			Clostripain			3.4.22.8			clostripain


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-583-4			9001-13-2			Coagulase			3.4.21.x			Hydrolases; Acting on peptide bonds (peptidases); Serine endopeptidases


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-582-9			9001-12-1			Collagenase			3.4.24.7			interstitial collagenase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-582-9			9001-12-1			Collagenase			3.4.24.3			microbial collagenase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-582-9			9001-12-1			Collagenase			3.4.24.34			neutrophil collagenase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-791-5			9025-32-5			Dipeptidase, proline			3.4.13.9			Xaa-Pro dipeptidase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-670-7			9004-06-2			Elastase			3.4.21.37			leukocyte elastase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-670-7			9004-06-2			Elastase			3.4.21.36			pancreatic elastase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			254-453-6			39445-21-1			Elastase (pig pancreas)			3.4.21.36			pancreatic elastase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.115			equine arterivirus serine peptidase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.36			pancreatic elastase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.71			Pancreatic elastase II


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.70			Pancreatic endopeptidase E


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.34			plasma kallikrein


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.35			tissue kallikrein


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.4			trypsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-978-1			9074-87-7			Hydrolase, .gamma.-glutamyl			3.4.19.9			gamma-glutamyl hydrolase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-978-1			9074-87-7			Hydrolase, .gamma.-glutamyl			3.4.17.11			glutamate carboxypeptidase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-793-6			9025-41-6			Keratinase, Streptomyces			3.4.99.11			Deleted entry: streptomyces alkalophilic keratinase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-647-1			9002-01-1			Kinase (enzyme-activating), strepto-			3.4.x.x			Hydrolases; Acting on peptide bonds (peptidases)


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-917-9			9039-53-6			Kinase (enzyme-activating), uro-			3.4.21.31			Transferred entry: now EC 3.4.21.68 t-plasminogen activator and EC 3.4.21.73 u-plasminogen activator


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-795-7			9025-48-3			Pepsin B			3.4.23.2			pepsin B


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-738-6			9012-71-9			Pepsin C			3.4.23.3			gastricsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-875-1			9031-96-3			Peptidase			3.4.x.x			Hydrolases; Acting on peptide bonds (peptidases)


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-761-1			9014-74-8			Peptidase, entero-			3.4.21.9			enteropeptidase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-642-4			9001-92-7			Proteinase			3.4.x.x			Hydrolases; Acting on peptide bonds (peptidases)


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-642-4			9001-92-7			Proteinase			3.4.2x.x			Hydrolases; Acting on peptide bonds (peptidases); endopeptidases


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-933-6			9046-56-4			Proteinase, Agkistrodon serine			3.4.21.28			Transferred entry: now included with EC 3.4.21.74 venombin A


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			278-856-1			78169-47-8			Proteinase, aspartic			3.4.23.x			Hydrolases; Acting on peptide bonds (peptidases); Aspartic endopeptidases


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-796-2			9025-49-4			Proteinase, Aspergillus acid			3.4.23.18			Aspergillopepsin I


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-796-2			9025-49-4			Proteinase, Aspergillus acid			3.4.23.19			Aspergillopepsin II


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-977-6			9074-07-1			Proteinase, Aspergillus alkaline			3.4.21.63			Oryzin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			278-588-5			77000-13-6			Proteinase, Aspergillus neutral			3.4.24.39			deuterolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			254-422-7			39346-39-9			Proteinase, Aspergillus niger neutral			3.4.24.39			deuterolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-990-7			9080-55-1			Proteinase, Aspergillus oryzae neutral			3.4.24.39			deuterolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			254-418-5			39335-09-6			Proteinase, Aspergillus parasiticus neutral			3.4.24.39			deuterolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			306-090-0			95979-76-3			Proteinase, Bacillus alcalophilus serine			3.4.21.62			Subtilisin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-972-9			9073-77-2			Proteinase, Bacillus alkaline			3.4.21.62			Subtilisin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			279-361-3			79986-26-8			Proteinase, Bacillus licheniformis serine			3.4.21.62			Subtilisin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			278-547-1			76774-43-1			Proteinase, Bacillus neutral			3.4.24.28			bacillolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			255-914-4			42613-33-2			Proteinase, Bacillus polymyxa neutral			3.4.24.28			bacillolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			257-520-8			51931-23-8			Proteinase, Bacillus subtilis			3.4.21.62			Subtilisin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-991-2			9080-56-2			Proteinase, Bacillus subtilis metallo-			3.4.24.28			bacillolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			266-557-9			67051-83-6			Proteinase, Bacillus subtilis serine			3.4.21.62			Subtilisin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			235-390-3			12211-28-8			Proteinase, Bacillus subtilis, sutilain			3.4.21.x			Hydrolases; Acting on peptide bonds (peptidases); Serine endopeptidases


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-918-4			9039-61-6			Proteinase, Bothrops atrox serine			3.4.21.74			Venombin A


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			253-395-9			37205-60-0			Proteinase, Endothia aspartic			3.4.23.22			Endothiapepsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.28			Acrocylindropepsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.18			Aspergillopepsin I


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.19			Aspergillopepsin II


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.24			Candidapepsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.23			Mucorpepsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.20			Penicillopepsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.21.103			physarolisin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.30			Pycnoporopepsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.21			Rhizopuspepsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.26			Rhodotorulapepsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.25			Saccharopepsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.31			Scytalidopepsin A


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-863-0			50936-53-3			Proteinase, microbial alkaline			3.4.21.64			Endopeptidase K


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-863-0			50936-53-3			Proteinase, microbial alkaline			3.4.21.83			Oligopeptidase B


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-863-0			50936-53-3			Proteinase, microbial alkaline			3.4.21.63			Oryzin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-863-0			50936-53-3			Proteinase, microbial alkaline			3.4.24.40			serralysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			256-863-0			50936-53-3			Proteinase, microbial alkaline			3.4.21.62			Subtilisin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-966-6			9068-59-1			Proteinase, microbial neutral			3.4.24.28			bacillolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-966-6			9068-59-1			Proteinase, microbial neutral			3.4.24.39			deuterolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-966-6			9068-59-1			Proteinase, microbial neutral			3.4.24.31			mycolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-966-6			9068-59-1			Proteinase, microbial neutral			3.4.24.27			thermolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-975-5			9073-79-4			Proteinase, Mucor aspartic			3.4.23.23			Mucorpepsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			253-448-6			37288-76-9			Proteinase, Myxobacter .alpha.-lytic			3.4.21.12			alpha-lytic endopeptidase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			276-716-4			72561-05-8			Proteinase, Myxobacter AL-1, II			3.4.21.12			alpha-lytic endopeptidase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-992-8			9081-30-5			Proteinase, oryzin			3.4.21.63			Oryzin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-626-7			9001-72-3			Proteinase, pancreatic			3.4.21.70			Pancreatic endopeptidase E


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			253-431-3			37259-58-8			Proteinase, serine			3.4.21.113			pestivirus NS3 polyprotein peptidase


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			253-431-3			37259-58-8			Proteinase, serine			3.4.21.90			Togavirin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			253-457-5			37312-62-2			Proteinase, Serratia extracellular			3.4.24.40			serralysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			259-611-8			55354-32-0			Proteinase, Staphylococcus aureus serine			3.4.24.29			aureolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-909-5			9036-06-0			Proteinase, Streptomyces griseus			3.4.21.80			Streptogrisin A


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-909-5			9036-06-0			Proteinase, Streptomyces griseus			3.4.21.81			Streptogrisin B


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			279-893-6			82047-85-6			Proteinase, submandibular gland serine, A			3.4.21.40			Deleted entry: submandibular proteinase A


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			254-457-8			39450-01-6			Proteinase, Tritirachium album serine			3.4.21.64			Endopeptidase K


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			276-433-6			72162-96-0			Prothrombinase			3.4.21.6			coagulation factor Xa


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-973-4			9073-78-3			Thermolysin			3.4.24.27			thermolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			253-424-5			37246-64-3			Thermolysin (Bacillus thermoproteolyticus)			3.4.24.27			thermolysin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-650-8			9002-07-7			Trypsin			3.4.21.4			trypsin


			647-014-00-9			Proteases with the exception of those specified elsewhere in this Annex			232-651-3			9002-08-8			Trypsinogen			3.4.21.4			trypsin


			647-013-00-3			Proteinase, microbial neutral			232-966-6			9068-59-1			Proteinase, microbial neutral			3.4.24.25			vibriolysin


			647-009-00-1			Rennin			232-645-0			9001-98-3			Rennin			3.4.23.4			chymosin


			647-012-00-8			Subtilisin			232-752-2			9014-01-1			Subtilisin			3.4.21.62			Subtilisin








Enzymes on CLP


			Enzymes on Annex VI (CLP)


			Enzyme			CAS no.			EINECS No			Present EU classsification (Annex I) Directive 67/548/EEC,									CLP classification (Annex VI)


												R-phrase			S-Phrase			Danger Symbol			H-class/cat. code			Hazard statement			Pictogram			Signal word


			Amylase, α-			9000-90-2			232-565-6			R42			S(2),S22,S24,S36/37			Xn			Resp. Sens. 1			H334			GHS08			Danger


			Amylases with the exception of those specified elsewhere in this Annex			-----			-----			R42			S(2),S22,S24,S36/37			Xn			Resp. Sens. 1			H334			GHS08			Danger


			Bromelain, juice			9001-00-7			232-572-4			R36/37/38,R42			S(2),S22,S24,S26,S36/37			Xn			Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1			H319
H335
H315
H334			GHS08
GHS07			Danger


			Cellobiohydrolase, exo-			37329-65-0			253-465-9			R42			S(2),S22,S24,S36/37			Xn			Resp. Sens. 1			H334			GHS08			Danger


			Cellulase			9012-54-8			232-734-4			R42			S(2),S22,S24,S36/37			Xn			Resp. Sens. 1			H334			GHS08			Danger


			Cellulases with the exception of those specified elsewhere in this Annex			-----			-----			R42			S(2),S22,S24,S36/37			Xn			Resp. Sens. 1			H334			GHS08			Danger


			Chymotrypsin			9004-07-3			232-671-2			R36/37/38,R42			S(2),S22,S24,S26,S36/37			Xn			Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1			H319
H335
H315
H334			GHS08
GHS07			Danger


			Ficin			9001-33-6			232-599-1			R36/37/38,R42			S(2),S22,S24,S26,S36/37			Xn			Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1			H319
H335
H315
H334			GHS08
GHS07			Danger


			Glucosidase, β-			9001-22-3			232-589-7			R42			S(2),S22,S24,S36/37			Xn			Resp. Sens. 1			H334			GHS08			Danger


			Laccase			80498-15-3			420-150-4			R42			S(2), 23-45			Xn			Resp. Sens. 1			H334			GHS08			Danger


			Papain			9001-73-4			232-627-2			R36/37/38,R42			S(2),S22,S24,S26,S36/37			Xn			Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1			H319
H335
H315
H334			GHS08
GHS07			Danger


			Pepsin A			9001-75-6			232-629-3			R36/37/38,R42			S(2),S22,S24,S26,S36/37			Xn			Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1			H319
H335
H315
H334			GHS08
GHS07			Danger


			Proteases with the exception of those specified elsewhere in this Annex			-----			-----			R36/37/38,R42			S(2),S22,S24,S26,S36/37			Xn			Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1			H319
H335
H315
H334			GHS08
GHS07			Danger


			Proteinase, microbial neutral			9068-59-1			232-966-6			R36/37/38,R42			S(2),S22,S24,S26,S36/37			Xn			Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1			H319
H335
H315
H334			GHS08
GHS07			Danger


			Rennin			9001-98-3			232-645-0			R36/37/38,R42			S(2),S22,S24,S26,S36/37			Xn			Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1			H319
H335
H315
H334			GHS08
GHS07			Danger


			Subtilisin			9014-01-1			232-752-2			R37/38,R41,R42			S(2),S22,S24,S26,S36/37/39			Xn			STOT SE 3
Skin Irrit. 2
Eye Dam. 1
Resp. Sens. 1			H335
H315
H318
H334			GHS08
GHS05 GHS07			Danger


			Trypsin			9002-07-7			232-650-8			R36/37/38,R42			S(2),S22,S24,S26,S36/37			Xn			Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1			H319
H335
H315
H334			GHS08
GHS07			Danger








AMFEP-IUBMB


			Enzyme			IUBMB			Food			Feed			Tech			On EINECS?			CAS assigned to EINECS			EINECS no.			EINECS Name			IUBMB proposed			IUBMB Name			CAS assigned by BRENDA			Remarks			Similar to (EINECS no.)


			Glucose oxidase			1.1.3.4			Y			N			Y			Y			9001-37-0			232-601-0			Oxidase, glucose			1.1.3.4			glucose oxidase									232-971-3, 232-840-0, 232-932-0, 232-601-0, 232-842-1, 232-843-7


			Hexose oxidase			1.1.3.5			Y			N			Y			N			-			-			-			1.1.3.5			hexose oxidase			9028-75-5			If the enzyme has glucose oxidase activity, please see Glucose oxidase entry.


			Hexose oxidase			1.1.99.18			Y			N			N			Y			9035-82-9			232-907-4			Dehydrogenase			1.1.99.18			cellobiose dehydrogenase (acceptor)			54576-85-1						232-840-0, 232-824-3, 232-907-4


			Laccase			1.10.3.2			Y			N			Y			N			-			-			-			1.10.3.2			laccase			80498-15-3			ELINCS no. 420-150-4 as Laccase			232-653-4, 420-150-4, 232-852-6


			Catalase			1.11.1.6			Y			N			Y			Y			9001-05-2			232-577-1			Catalase			1.11.1.6			catalase									232-879-3, 232-577-1, 232-668-6, 263-659-5, 232-866-2, 232-749-6


			Peroxidase			1.11.1.7			Y			N			Y			Y			9003-99-0			232-668-6			Peroxidase			1.11.1.7			peroxidase									232-879-3, 232-577-1, 232-668-6, 263-659-5, 232-866-2, 232-749-6


			Lipoxygenase			1.13.11.12			Y			N			N			Y			9029-60-1			232-853-1			Oxygenase, lip-			1.13.11.12			lipoxygenase									232-853-1


			Sulfhydryl oxidase			1.8.3.2			Y			N			Y			Y			9029-39-4			232-851-0			Oxidase, thiol			1.8.3.2			thiol oxidase									232-851-0


			Transglutaminase			2.3.2.13			Y			Y			N			Y			9046-27-9			232-931-5			Glutamyltransferase, .gamma.-			2.3.2.13			protein-glutamine gamma-glutamyltransferase			80146-85-6						232-931-5


			Cyclodextrin glucanotransferase			2.4.1.19			Y			N			N			Y			9033-07-2			232-890-3			Glycosyltransferase			2.4.1.19			cyclomaltodextrin glucanotransferase.						Broad EINECS			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			Glucosyltransferase = Transglucosidase			2.4.1.24			Y			N			Y			Y			9033-07-2			232-890-3			Glycosyltransferase			2.4.1.24			1,4-alpha-glucan 6-alpha-glucosyltransferase						Broad EINECS			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			Esterase			3.1.1.1			Y			N			N			Y			9016-18-6			232-773-7			Esterase, carboxyl			3.1.1.1			carboxylesterase						If the enzyme has carboxylesterase activity, use EINECS 232-773-7			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			Pectin methylesterase = Pectinesterase			3.1.1.11			Y			Y			Y			Y			9025-98-3			232-807-0			Esterase, pectin			3.1.1.11			pectinesterase									232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			Arylesterase			3.1.1.2			?			?			Y			Y			9032-73-9			232-884-0			Esterase, aryl			3.1.1.2			arylesterase									232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			Tannase			3.1.1.20			Y			Y			N			Y			9025-17-2			232-804-4			Tannase			3.1.1.20			tannase									232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			Lipase monoacylglycerol			3.1.1.23			Y			N			N			N			-			-			-			3.1.1.23			acylglycerol lipase			9040-75-9


			Lipase triacylglycerol			3.1.1.3			Y			N			Y			Y			9001-62-1			232-619-9			Lipase, triacylglycerol			3.1.1.3			triacylglycerol lipase									232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			Phospholipase A			3.1.1.4			Y			Y			Y			Y			9001-84-7			232-637-7			Phospholipase A2			3.1.1.4			phospholipase A2									232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			Lysophospholipase			3.1.1.5			Y			Y			Y			N			-			-			-			3.1.1.5			lysophospholipase			9001-85-8			if enzyme has carboxylesterase activity, use EINECS 232-773-7


			Ferulic acid esterase			3.1.1.73			Y			N			Y			N			-			-			-			3.1.1.73			feruloyl esterase			134712-49-5			If the enzyme has carboxylesterase activity, use EINECS 232-773-7


			Phosphatase			3.1.3.2			Y			N			N			Y			9001-77-8			232-630-9			Phosphatase, acid			3.1.3.2			acid phosphatase									232-631-4, 232-612-0, 232-630-9, 232-820-1, 232-744-9


			-			3.1.3.x			Y			Y			Y			Y			9013-05-2			232-744-9			Phosphatase			-			-						Broad EINECS. Avoid using this entry unless there is no other choise			232-631-4, 232-612-0, 232-630-9, 232-820-1, 232-744-9


			Phytase			3.1.3.x			Y			Y			N			Y			9013-05-2			232-744-9			Phosphatase			3.1.3.26			4-phytase			9001-89-2			Broad EINECS			232-631-4, 232-612-0, 232-630-9, 232-820-1, 232-744-9


			Phytase			3.1.3.x			Y			Y			N			Y			9013-05-2			232-744-9			Phosphatase			3.1.3.72			5-phytase			37341-58-5			Broad EINECS			232-631-4, 232-612-0, 232-630-9, 232-820-1, 232-744-9


			Phytase			3.1.3.x			Y			Y			N			Y			9013-05-2			232-744-9			Phosphatase			3.1.3.8			3-phytase			37288-11-2			Broad EINECS			232-631-4, 232-612-0, 232-630-9, 232-820-1, 232-744-9


			Phosphodiesterase			3.1.4.1			Y			N			N			Y			9025-82-5			232-806-5			Phosphodiesterase			3.1.4.1			phosphodiesterase I									232-806-5, 232-869-9, 232-920-5, 232-638-2, 232-639-8


			Phospholipase D			3.1.4.4			?			?			Y			Y			9001-87-0			232-639-8			Phospholipase D			3.1.4.4			phospholipase D									232-806-5, 232-869-9, 232-920-5, 232-638-2, 232-639-8


			Organophosphorus acid esterase			3.1.8.1			?			?			Y			N			-			-			-			3.1.8.1			aryldialkylphosphatase			117698-12-1


			Organophosphorus acid anhydrolase			3.1.8.2			?			?			Y			N			-			-			-			3.1.8.2			diisopropyl-fluorophosphatase			9032-18-2


			Amylase (alpha)			3.2.1.1			Y			Y			Y			Y			9000-90-2			232-565-6			Amylase, .alpha.-			3.2.1.1			alpha-amylase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			X


			Dextranase			3.2.1.11			Y			N			N			Y			9025-70-1			232-803-9			Dextranase			3.2.1.11			dextranase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Maltogenic amylase			3.2.1.133			Y			Y			N			Y			9001-02-9			232-575-0			Carbohydrase			3.2.1.133			glucan 1,4-alpha-maltohydrolase						Broad EINECS			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			X


			Pectinase =Polygalacturonase			3.2.1.15			Y			Y			Y			Y			9032-75-1			232-885-6			Polygalacturonase			3.2.1.15			polygalacturonase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Lysozyme			3.2.1.17			Y			N			Y			Y			9001-63-2			232-620-4			Lysozyme			3.2.1.17			lysozyme									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Lysozyme			3.2.1.17			Y			N			Y			Y			12650-88-3			235-747-3			Lysozyme (chicken egg white)			3.2.1.17			lysozyme						Do not use this entry. Use EINECS 263-620-4			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Amylase (beta)			3.2.1.2			Y			N			N			Y			9000-91-3			232-566-1			Amylase, .beta.-			3.2.1.2			beta-amylase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			X


			Glucosidase (alpha)			3.2.1.20			Y			N			N			Y			9001-42-7			232-604-7			Glucosidase, .alpha.-			3.2.1.20			alpha-glucosidase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			Glucosidase (beta)			3.2.1.21			Y			Y			Y			Y			9001-22-3			232-589-7			Glucosidase, .beta.-			3.2.1.21			beta-glucosidase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			Galactosidase (alpha)			3.2.1.22			Y			Y			N			Y			9025-35-8			232-792-0			Galactosidase, .alpha.-			3.2.1.22			alpha-galactosidase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Galactosidase (beta) = Lactase			3.2.1.23			Y			N			N			Y			9031-11-2			232-864-1			Galactosidase, .beta.-			3.2.1.23			beta-galactosidase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Fructofuranosidase (beta) = Invertase			3.2.1.26			Y			Y			N			Y			9001-57-4			232-615-7			Fructofuranosidase, .beta.-			3.2.1.26			beta-fructofuranosidase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Amyloglucosidase = Glucoamylase			3.2.1.3			Y			N			Y			Y			9032-08-0			232-877-2			Amylase, gluco-			3.2.1.3			glucan 1,4-alpha-glucosidase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8			X


			Cellulase			3.2.1.4			Y			Y			Y			Y			9012-54-8			232-734-4			Cellulase			3.2.1.4			cellulase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Rhamnosidase (alpha-L)			3.2.1.40			Y			N			Y			Y			9025-56-3			232-799-9			Hemicellulase			3.2.1.40			alpha-L-rhamnosidase			37288-35-0			Broad EINECS			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Pullulanase			3.2.1.41			Y			Y			N			Y			9075-68-7			232-983-9			Pullulanase			3.2.1.41			pullulanase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			Arabinofuranosidase			3.2.1.55			Y			N			N			Y			9067-74-7			232-957-7			Arabinofuranosidase, .alpha.-l-			3.2.1.55			alpha-N-arabinofuranosidase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Glucosidase (exo-1.3-beta)			3.2.1.58			Y			N			N			Y			9073-49-8			232-968-7			Glucosidase, exo-1,3-.beta.-			3.2.1.58			glucan 1,3-beta-glucosidase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			Glucanase (beta)			3.2.1.6			Y			Y			Y			Y			62213-14-3			263-462-4			Glucanase, endo-1,3(4)-.beta.-			3.2.1.6			endo-1,3(4)-beta-glucanase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Glucanase (beta)			3.2.1.6			Y			Y			Y			Y			9074-98-0			232-979-7			Glucanase, .beta.-			3.2.1.6			endo-1,3(4)-beta-glucanase						Do not use this entry. Use EINECS 263-462-4			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Inulase			3.2.1.7			Y			N			N			Y			9025-67-6			232-802-3			Inulinase			3.2.1.7			inulinase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Mannanase (endo-1,4-beta)			3.2.1.78			Y			Y			Y			Y			37288-54-3			253-446-5			Mannanase, endo-1,4-.beta.-			3.2.1.78			mannan endo-1,4-beta-mannosidase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Xylanase			3.2.1.8			Y			Y			Y			Y			9025-57-4			232-800-2			Xylanase, endo-1,4-			3.2.1.8			endo-1,4-beta-xylanase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 253-439-7


			Arabinanase			3.2.1.99			Y			Y			N			Y			37325-54-5			253-463-8			Arabinanase			3.2.1.99			arabinan endo-1,5-alpha-L-arabinosidase									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			-			3.2.1.x			Y			Y			Y			Y			9001-02-9			232-575-0			Carbohydrase			-			-						Broad EINECS. Avoid using this entry unless there is no other choise			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Hemicellulase			3.2.1.x			Y			Y			Y			Y			9025-56-3			232-799-9			Hemicellulase			-			Use specific enzyme(s)									232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Pentosanase			3.2.1.x			Y			Y			N			Y			9025-56-3			232-799-9			Hemicellulase			-			Use specific enzyme(s)						Broad EINECS			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			Aminopeptidase			3.4.11.x			Y			Y			Y			Y			9031-94-1			232-874-6			Aminopeptidase			-			-						Avoid using this entry. Use specific enzyme(s) in the list.			232-618-3, 232-942-5, 232-874-6


			Xaa-Pro dipeptidase			3.4.13.9			?			?			Y			Y			9025-32-5			232-791-5			Dipeptidase, proline			3.4.13.9			Xaa-Pro dipeptidase									232-791-5


			Xaa-Pro-dipeptidyl-aminopeptidase			3.4.14.5			Y			N			N			Y			9031-96-3			232-875-1			Peptidase			3.4.14.5			dipeptidyl-peptidase IV


			Carboxypeptidase (serine-type)			3.4.16.x			Y			N			N			Y			9046-67-7			232-934-1			Carboxypeptidase, serine			3.4.16.5			carboxypeptidase C


			-			3.4.2x.x			Y			Y			Y			Y			9001-92-7			232-642-4			Proteinase			-			-						Broad EINECS. Avoid using this entry unless there is no other choise			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			72561-05-8			276-716-4			Proteinase, Myxobacter AL-1, II			3.4.21.12			alpha-lytic endopeptidase									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9002-07-7			232-650-8			Trypsin			3.4.21.4			trypsin									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			72162-96-0			276-433-6			Prothrombinase			3.4.21.6			coagulation factor Xa									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9014-01-1			232-752-2			Subtilisin			3.4.21.62			Subtilisin									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9081-30-5			232-992-8			Proteinase, oryzin			3.4.21.63			Oryzin									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9001-73-4			232-627-2			Papain			3.4.22.2			papain									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9001-33-6			232-599-1			Ficin			3.4.22.3			ficain									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9001-92-7			232-642-4			Proteinase			3.4.22.31			Ananain			119129-70-3			Broad EINECS			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			37189-34-7			253-387-5			Bromelain, stem			3.4.22.32			Stem bromelain									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			x


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9001-00-7			232-572-4			Bromelain, juice			3.4.22.33			Fruit bromelain									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			x


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9001-09-6			232-580-8			Chymopapain			3.4.22.6			chymopapain									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9028-00-6			232-822-2			Clostripain			3.4.22.8			clostripain									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9025-49-4			232-796-2			Proteinase, Aspergillus acid			3.4.23.18			Aspergillopepsin I									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9073-79-4			232-975-5			Proteinase, Mucor aspartic			3.4.23.23			Mucorpepsin									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9001-98-3			232-645-0			Rennin			3.4.23.4			chymosin									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9068-59-1			232-966-6			Proteinase, microbial neutral			3.4.24.27			thermolysin									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9080-56-2			232-991-2			Proteinase, Bacillus subtilis metallo-			3.4.24.28			bacillolysin									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Protease (incl. milkclotting enzymes)			3.4.2x.x			Y			?			Y			Y			9068-59-1			232-966-6			Proteinase, microbial neutral			3.4.24.39			deuterolysin									232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5


			Asparaginase			3.5.1.1			Y			N			N			Y			9015-68-3			232-765-3			Asparaginase			3.5.1.1			asparaginase									232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			Penicillin amidase			3.5.1.11			N			N			Y			Y			9014-06-6			232-753-8			Amidase, penicillin			3.5.1.11			penicillin amidase									232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			Aminoacylase			3.5.1.14			Y			N			Y			Y			9012-37-7			232-732-3			Aminoacylase			3.5.1.14			aminoacylase									232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			Glutaminase			3.5.1.2			Y			N			N			N			-			-			-			3.5.1.2			glutaminase			9001-47-2						232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			AMP deaminase			3.5.4.6			Y			N			N			Y			9067-84-9			232-959-8			Deaminase			3.5.4.6			AMP deaminase			9025-10-9						253-449-1, 232-892-4, 232-817-5


			Acetolactate decarboxylase (alpha)			4.1.1.5			Y			N			N			N			-			-			-			4.1.1.5			Acetolactate decarboxylase			9025-02-9


			Hydroxymandelonitrile lyase			4.1.2.37			?			?			Y			N			-			-			-			4.1.2.37			acetone-cyanohydrin lyase			112567-89-2			ELINCS no. 442-060-4 as Lyase, S-hydroxymandelonitrile			232-780-5, 232-781-0, 442-060-4, 444-400-7


			Aldolase			4.1.2.4			?			?			Y			N			-			-			-			4.1.2.4			Deoxyribose-phosphate aldolase			9026-97-5			ELINCS no. 444-400-7 as Aldolase, deoxyribose phosphate			232-780-5, 232-781-0, 442-060-4, 444-400-7


			Phosphopyruvate hydratase			4.2.1.11			?			?			Y			Y			9014-08-8			232-754-3			Hydratase, phosphopyruvate			4.2.1.11			phosphopyruvate hydratase									232-576-6, 254-441-0, 258-634-0, 232-754-3, 232-887-7


			Pectin lyase			4.2.2.10			Y			Y			Y			Y			9033-35-6			232-894-5			Lyase, pectin			4.2.2.10			pectin lyase									232-614-1, 253-430-8, 232-894-5, 232-766-9, 232-777-9


			Pectate lyase			4.2.2.2			N			N			Y			Y			9015-75-2			232-766-9			Lyase, pectate			4.2.2.2			pectate lyase									232-614-1, 253-430-8, 232-894-5, 232-766-9, 232-777-9


			Glucose isomerase			5.3.1.5			Y			N			N			Y			9055-00-9			232-944-6			Isomerase, glucose			5.3.1.5			Xylose isomerase									232-774-2, 232-944-6, 232-775-8, 232-603-1
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			EC #			CAS No.			EINECS Name			IUBMB No			IUBMB Name			Similar to (EINECS no.)			CLP enzymes


			232-870-4			9031-72-5			Dehydrogenase, alcohol			1.1.1.1			alcohol dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-825-9			9028-21-1			Dehydrogenase, l-iditol			1.1.1.14			L-iditol 2-dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-863-6			9030-87-9			Dehydrogenase, 15-hydroxyprostaglandin			1.1.1.141			15-hydroxyprostaglandin dehydrogenase (NAD+)			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-823-8			9028-12-0			Dehydrogenase, alcohol (nicotinamide adenine dinucleotide phosphate)			1.1.1.2			alcohol dehydrogenase (NADP+)			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-839-5			9028-56-2			Dehydrogenase, 3.alpha.-hydroxy steroid			1.1.1.213			3alpha-hydroxysteroid dehydrogenase (A-specific)			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-826-4			9028-26-6			Dehydrogenase, uridine diphosphoglucose			1.1.1.22			UDP-glucose 6-dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-828-5			9028-32-4			Reductase, glyoxylate			1.1.1.26			glyoxylate reductase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-617-8			9001-60-9			Dehydrogenase, lactate			1.1.1.27			L-lactate dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-769-5			9015-81-0			Dehydrogenase, .beta.-hydroxy steroid			1.1.1.278			3beta-hydroxy-5alpha-steroid dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-829-0			9028-36-8			Dehydrogenase, d-lactate			1.1.1.28			D-lactate dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-830-6			9028-38-0			Dehydrogenase, 3-hydroxybutyrate			1.1.1.30			3-hydroxybutyrate dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-831-1			9028-40-4			Dehydrogenase, 3-hydroxyacyl coenzyme A			1.1.1.35			3-hydroxyacyl-CoA dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-622-5			9001-64-3			Dehydrogenase, malate			1.1.1.37			malate dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-833-2			9028-46-0			Dehydrogenase, malate (decarboxylating)			1.1.1.39			malate dehydrogenase (decarboxylating)			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-961-9			9067-93-0			Dehydrogenase, malate (pig heart)			1.1.1.39			malate dehydrogenase (decarboxylating)			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-834-8			9028-47-1			Dehydrogenase, malate (oxalacetate-decarboxylating) (nicotinamide adenine dinucleotide phosphate)			1.1.1.40			malate dehydrogenase (oxaloacetate-decarboxylating) (NADP+)			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-835-3			9028-48-2			Dehydrogenase, isocitrate (nicotinamide adenine dinucleotide phosphate)			1.1.1.42			isocitrate dehydrogenase (NADP+)			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-635-6			9001-82-5			Dehydrogenase, phosphogluconate			1.1.1.43			phosphogluconate 2-dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-836-9			9028-53-9			Dehydrogenase, glucose			1.1.1.47			glucose 1-dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-837-4			9028-54-0			Dehydrogenase, galactose			1.1.1.48			galactose 1-dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-602-6			9001-40-5			Dehydrogenase, glucose 6-phosphate			1.1.1.49			glucose-6-phosphate dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			291-170-7			90342-33-9			Dehydrogenase, glucose 6-phosphate, 5H-dibenz[b,f]azepine-5-carboxamide conjugate			1.1.1.49			glucose-6-phosphate dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			291-171-2			90342-34-0			Dehydrogenase, glucose 6-phosphate, 5-ethyldihydro-5-phenyl-4,6(1H,5H)-pyrimidinedione conjugate			1.1.1.49			glucose-6-phosphate dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			291-172-8			90342-35-1			Dehydrogenase, glucose 6-phosphate, 5-ethyl-5-phenyl-2,4,6(1H,3H,5H)-pyrimidinetrione conjugate			1.1.1.49			glucose-6-phosphate dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-839-5			9028-56-2			Dehydrogenase, 3.alpha.-hydroxy steroid			1.1.1.50			3alpha-hydroxysteroid dehydrogenase (B-specific)			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-769-5			9015-81-0			Dehydrogenase, .beta.-hydroxy steroid			1.1.1.51			3(or 17)beta-hydroxysteroid dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-832-7			9028-42-6			Dehydrogenase, 20.beta.-hydroxy steroid			1.1.1.53			3alpha(or 20beta)-hydroxysteroid dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-824-3			9028-14-2			Dehydrogenase, glycerol			1.1.1.6			glycerol dehydrogenase			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			253-428-7			37250-10-5			Dehydrogenase, alcohol (nicotinamide adenine dinucleotide (phosphate))			1.1.1.71			alcohol dehydrogenase [NAD(P)+]			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-982-3			9075-65-4			Dehydrogenase, glycerol phosphate			1.1.1.8			glycerol-3-phosphate dehydrogenase (NAD+)			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-907-4			9035-82-9			Dehydrogenase			1.1.1.x			Oxidoreductases; Acting on the CH-OH group of donors; With NAD or NADP as acceptor			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-960-3			9067-92-9			Dehydrogenase, 2-hydroxybutyrate			1.1.1.x			Oxidoreductases; Acting on the CH-OH group of donors; With NAD or NADP as acceptor			232-870-4, 232-825-9, 232-863-6, 232-823-8, 232-839-5, 232-826-4, 232-828-5, 232-617-8, 232-769-5, 232-829-0, 232-830-6, 232-831-1, 232-622-5, 232-833-2, 232-961-9, 232-834-8, 232-835-3, 232-635-6, 232-836-9, 232-837-4, 232-602-6, 291-170-7, 291-171-2, 291-172-8, 232-832-7, 232-824-3, 253-428-7, 232-982-3, 232-907-4, 232-960-3


			232-986-5			9078-32-4			Dehydrogenase, lactate (cytochrome)			1.1.2.3			L-lactate dehydrogenase (cytochrome)			232-986-5, 232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.1.2.x			Oxidoreductases; Acting on the CH-OH group of donors; With a cytochrome as acceptor			232-986-5, 232-907-4


			232-971-3			9073-63-6			Oxidase, alcohol			1.1.3.13			alcohol oxidase			232-971-3, 232-840-0, 232-932-0, 232-601-0, 232-842-1, 232-843-7


			232-840-0			9028-67-5			Oxidase, choline			1.1.3.17			choline oxidase			232-971-3, 232-840-0, 232-932-0, 232-601-0, 232-842-1, 232-843-7


			232-932-0			9046-28-0			Oxidase, glycerol phosphate			1.1.3.21			glycerol-3-phosphate oxidase			232-971-3, 232-840-0, 232-932-0, 232-601-0, 232-842-1, 232-843-7


			232-601-0			9001-37-0			Oxidase, glucose			1.1.3.4			glucose oxidase			232-971-3, 232-840-0, 232-932-0, 232-601-0, 232-842-1, 232-843-7


			232-842-1			9028-76-6			Oxidase, cholesterol			1.1.3.6			cholesterol oxidase			232-971-3, 232-840-0, 232-932-0, 232-601-0, 232-842-1, 232-843-7


			232-843-7			9028-79-9			Oxidase, galactose			1.1.3.9			galactose oxidase			232-971-3, 232-840-0, 232-932-0, 232-601-0, 232-842-1, 232-843-7


			232-907-4			9035-82-9			Dehydrogenase			1.1.5.x			Oxidoreductases; Acting on the CH-OH group of donors; With a quinone or similar compound as acceptor			232-907-4


			232-840-0			9028-67-5			Oxidase, choline			1.1.99.1			choline dehydrogenase			232-840-0, 232-824-3, 232-907-4


			232-824-3			9028-14-2			Dehydrogenase, glycerol			1.1.99.22			glycerol dehydrogenase (acceptor)			232-840-0, 232-824-3, 232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.1.99.x			Oxidoreductases; Acting on the CH-OH group of donors; With other acceptors			232-840-0, 232-824-3, 232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.10.1.x			Oxidoreductases; Acting on diphenols and related substances as donors; With NAD or NADP as acceptor			232-907-4


			232-653-4			9002-10-2			Oxygenase, monophenol mono-			1.10.3.1			catechol oxidase			232-653-4, 420-150-4, 232-852-6


			420-150-4			80498-15-3			Laccase			1.10.3.2			laccase			232-653-4, 420-150-4, 232-852-6			Laccase


			232-852-6			9029-44-1			Oxidase, ascorbate			1.10.3.3			L-ascorbate oxidase			232-653-4, 420-150-4, 232-852-6


			232-907-4			9035-82-9			Dehydrogenase			1.10.99.x			Oxidoreductases; Acting on diphenols and related substances as donors; With other acceptors			232-907-4


			232-879-3			9032-24-0			Peroxidase, nicotinamide adenine dinucleotide			1.11.1.1			NADH peroxidase			232-879-3, 232-577-1, 232-668-6, 263-659-5, 232-866-2, 232-749-6


			232-577-1			9001-05-2			Catalase			1.11.1.6			catalase			232-879-3, 232-577-1, 232-668-6, 263-659-5, 232-866-2, 232-749-6


			232-668-6			9003-99-0			Peroxidase			1.11.1.7			peroxidase			232-879-3, 232-577-1, 232-668-6, 263-659-5, 232-866-2, 232-749-6


			263-659-5			62628-26-6			Peroxidase (horseradish protein moiety reduced)			1.11.1.7			peroxidase			232-879-3, 232-577-1, 232-668-6, 263-659-5, 232-866-2, 232-749-6


			232-866-2			9031-28-1			Peroxidase, iodide			1.11.1.8			iodide peroxidase			232-879-3, 232-577-1, 232-668-6, 263-659-5, 232-866-2, 232-749-6


			232-749-6			9013-66-5			Peroxidase, glutathione			1.11.1.9			glutathione peroxidase			232-879-3, 232-577-1, 232-668-6, 263-659-5, 232-866-2, 232-749-6


			232-907-4			9035-82-9			Dehydrogenase			1.12.1.x			Oxidoreductases; Acting on hydrogen as donor; With NAD or NADP as acceptor			232-907-4


			232-853-1			9029-60-1			Oxygenase, lip-			1.13.11.12			lipoxygenase			232-853-1


			232-853-1			9029-60-1			Oxygenase, lip-			1.13.11.45			linoleate 11-lipoxygenase			232-853-1


			232-841-6			9028-72-2			Oxygenase, lactate 2-mono-			1.13.12.4			lactate 2-monooxygenase			232-841-6, 263-359-4, 232-751-7


			263-359-4			61970-00-1			Luciferase (firefly luciferin)			1.13.12.7			Photinus-luciferin 4-monooxygenase (ATP-hydrolysing)			232-841-6, 263-359-4, 232-751-7


			232-751-7			9014-00-0			Luciferase			1.13.12.8			Watasenia-luciferin 2-monooxygenase			232-841-6, 263-359-4, 232-751-7


			253-474-8			37340-89-9			Diaphorase			1.14.13.39			nitric-oxide synthase			253-474-8


			232-751-7			9014-00-0			Luciferase			1.14.14.3			alkanal monooxygenase (FMN-linked)			232-751-7


			232-653-4			9002-10-2			Oxygenase, monophenol mono-			1.14.18.1			monophenol monooxygenase			232-653-4


			232-943-0			9054-89-1			Dismutase, superoxide			1.15.1.1			superoxide dismutase			232-943-0


			232-907-4			9035-82-9			Dehydrogenase			1.17.1.x			Oxidoreductases; Acting on CH or CH2 groups; With NAD or NADP as acceptor			232-907-4


			232-657-6			9002-17-9			Oxidase, xanthine			1.17.3.2			xanthine oxidase			232-657-6


			232-907-4			9035-82-9			Dehydrogenase			1.17.99.x			Oxidoreductases; Acting on CH or CH2 groups; With other acceptors			232-907-4


			232-609-4			9001-50-7			Dehydrogenase, glyceraldehyde phosphate			1.2.1.12			glyceraldehyde-3-phosphate dehydrogenase (phosphorylating)			232-609-4, 253-429-2, 232-844-2, 232-845-8, 232-846-3, 232-907-4


			253-429-2			37250-88-7			Dehydrogenase, succinate semialdehyde (nicotinamide adenine dinucleotide (phosphate))			1.2.1.16			succinate-semialdehyde dehydrogenase [NAD(P)+]			232-609-4, 253-429-2, 232-844-2, 232-845-8, 232-846-3, 232-907-4


			232-844-2			9028-85-7			Dehydrogenase, formate			1.2.1.2			formate dehydrogenase			232-609-4, 253-429-2, 232-844-2, 232-845-8, 232-846-3, 232-907-4


			232-845-8			9028-86-8			Dehydrogenase, aldehyde			1.2.1.3			aldehyde dehydrogenase (NAD+)			232-609-4, 253-429-2, 232-844-2, 232-845-8, 232-846-3, 232-907-4


			232-846-3			9028-88-0			Dehydrogenase, aldehyde (nicotinamide adenine dinucleotide (phosphate))			1.2.1.5			aldehyde dehydrogenase [NAD(P)+]			232-609-4, 253-429-2, 232-844-2, 232-845-8, 232-846-3, 232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.2.1.x			Oxidoreductases; Acting on the aldehyde or oxo group of donors; With NAD or NADP as acceptor			232-609-4, 253-429-2, 232-844-2, 232-845-8, 232-846-3, 232-907-4


			232-644-5			9001-96-1			Oxidase, pyruvate			1.2.3.3			pyruvate oxidase			232-644-5, 232-873-0


			232-873-0			9031-79-2			Oxidase, oxalate			1.2.3.4			oxalate oxidase			232-644-5, 232-873-0


			232-907-4			9035-82-9			Dehydrogenase			1.2.4.x			Oxidoreductases; Acting on the aldehyde or oxo group of donors; With a disulfide as acceptor			232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.2.7.x			Oxidoreductases; Acting on the aldehyde or oxo group of donors; With an iron-sulfur protein as acceptor			232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.2.99.x			Oxidoreductases; Acting on the aldehyde or oxo group of donors; With other acceptors			232-907-4


			253-474-8			37340-89-9			Diaphorase			1.3.1.74			2-alkenal reductase			253-474-8


			232-907-4			9035-82-9			Dehydrogenase			1.3.1.x			Oxidoreductases; Acting on the CH-CH group of donors; With NAD or NADP as acceptor			253-474-8


			232-907-4			9035-82-9			Dehydrogenase			1.3.2.x			Oxidoreductases; Acting on the CH-CH group of donors; With a cytochrome as acceptor			232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.3.99.x			Oxidoreductases; Acting on the CH-CH group of donors; With other acceptors			232-907-4


			232-847-9			9029-06-5			Dehydrogenase, alanine			1.4.1.1			alanine dehydrogenase			232-847-9, 232-607-3, 232-848-4, 232-907-4


			232-607-3			9001-46-1			Dehydrogenase, glutamate			1.4.1.2			glutamate dehydrogenase			232-847-9, 232-607-3, 232-848-4, 232-907-4


			232-848-4			9029-12-3			Dehydrogenase, glutamate (nicotinamide adenine dinucleotide (phosphate))			1.4.1.3			glutamate dehydrogenase [NAD(P)+]			232-847-9, 232-607-3, 232-848-4, 232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.4.1.x			Oxidoreductases; Acting on the CH-NH2 group of donors; With NAD or NADP as acceptor			232-847-9, 232-607-3, 232-848-4, 232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.4.2.x			Oxidoreductases; Acting on the CH-NH2 group of donors; With a cytochrome as acceptor			232-907-4


			232-564-0			9000-89-9			Oxidase, l-amino acid			1.4.3.2			L-amino-acid oxidase			232-564-0, 232-563-5, 232-623-0, 232-959-8, 232-613-6


			232-563-5			9000-88-8			Oxidase, d-amino acid			1.4.3.3			D-amino-acid oxidase			232-564-0, 232-563-5, 232-623-0, 232-959-8, 232-613-6


			232-623-0			9001-66-5			Oxidase, monoamine			1.4.3.4			amine oxidase (flavin-containing)			232-564-0, 232-563-5, 232-623-0, 232-959-8, 232-613-6


			232-959-8			9067-84-9			Deaminase			1.4.3.4			amine oxidase (flavin-containing)			232-564-0, 232-563-5, 232-623-0, 232-959-8, 232-613-6


			232-613-6			9001-53-0			Oxidase, diamine			1.4.3.6			amine oxidase (copper-containing)			232-564-0, 232-563-5, 232-623-0, 232-959-8, 232-613-6


			232-959-8			9067-84-9			Deaminase			1.4.3.6			amine oxidase (copper-containing)			232-564-0, 232-563-5, 232-623-0, 232-959-8, 232-613-6


			232-907-4			9035-82-9			Dehydrogenase			1.4.4.x			Oxidoreductases; Acting on the CH-NH2 group of donors; With a disulfide as acceptor			232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.4.99.x			Oxidoreductases; Acting on the CH-NH2 group of donors; With other acceptors			232-907-4


			253-474-8			37340-89-9			Diaphorase			1.5.1.29			FMN reductase			253-474-8, 264-772-2, 260-292-2, 232-907-4


			264-772-2			64295-83-6			Reductase, riboflavin (reduced nicotinamide adenine dinucleotide (phosphate))			1.5.1.29			FMN reductase			253-474-8, 264-772-2, 260-292-2, 232-907-4


			253-474-8			37340-89-9			Diaphorase			1.5.1.30			flavin reductase			253-474-8, 264-772-2, 260-292-2, 232-907-4


			260-292-2			56626-29-0			Reductase, riboflavin mononucleotide (reduced nicotinamide adenine dinucleotide phosphate)			1.5.1.30			flavin reductase			253-474-8, 264-772-2, 260-292-2, 232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.5.1.x			Oxidoreductases; Acting on the CH-NH group of donors; With NAD or NADP as acceptor			253-474-8, 264-772-2, 260-292-2, 232-907-4


			232-850-5			9029-22-5			Oxidase, sarcosine			1.5.3.1			sarcosine oxidase			232-850-5, 232-623-0


			232-623-0			9001-66-5			Oxidase, monoamine			1.5.3.11			polyamine oxidase			232-850-5, 232-623-0


			232-907-4			9035-82-9			Dehydrogenase			1.5.5.x			Oxidoreductases; Acting on the CH-NH group of donors; With a quinone or similar compound as acceptor			232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.5.8.x			Oxidoreductases; Acting on the CH-NH group of donors; With a flavin as acceptor			232-907-4


			253-414-0			37228-65-2			Dehydrogenase, sarcosine			1.5.99.1			sarcosine dehydrogenase			253-414-0, 232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.5.99.x			Oxidoreductases; Acting on the CH-NH group of donors; With other acceptors			253-414-0, 232-907-4


			253-474-8			37340-89-9			Diaphorase			1.6.2.2			cytochrome-b5 reductase			253-474-8


			253-474-8			37340-89-9			Diaphorase			1.6.5.2			NAD(P)H dehydrogenase (quinone)			253-474-8, 232-907-4


			253-474-8			37340-89-9			Diaphorase			1.6.5.5			NADPH:quinone reductase			253-474-8, 232-907-4


			232-907-4			9035-82-9			Dehydrogenase			1.6.5.x			Oxidoreductases; Acting on NADH or NADPH; With a quinone or similar compound as acceptor			253-474-8, 232-907-4


			232-988-6			9079-67-8			Dehydrogenase, reduced nicotinamide adenine dinucleotide			1.6.99.3			NADH dehydrogenase			232-988-6, 253-474-8


			253-474-8			37340-89-9			Diaphorase			1.6.99.3			NADH dehydrogenase			232-988-6, 253-474-8


			253-474-8			37340-89-9			Diaphorase			1.6.99.5			NADH dehydrogenase (quinone)			232-988-6, 253-474-8


			232-907-4			9035-82-9			Dehydrogenase			1.6.99.x			Oxidoreductases; Acting on NADH or NADPH; With other acceptors			232-988-6, 253-474-8


			232-655-5			9002-12-4			Oxidase, urate			1.7.3.3			urate oxidase			232-655-5


			232-587-6			9001-18-7			Dehydrogenase, lipoamide			1.8.1.4			dihydrolipoyl dehydrogenase			232-587-6, 232-608-9


			253-474-8			37340-89-9			Diaphorase			1.8.1.4			dihydrolipoyl dehydrogenase			232-587-6, 232-608-9


			232-608-9			9001-48-3			Reductase, glutathione			1.8.1.7			glutathione-disulfide reductase			232-587-6, 232-608-9


			232-907-4			9035-82-9			Dehydrogenase			1.8.1.x			Oxidoreductases; Acting on a sulfur group of donors; With NAD or NADP as acceptor			232-587-6, 232-608-9


			232-907-4			9035-82-9			Dehydrogenase			1.8.2.x			Oxidoreductases; Acting on a sulfur group of donors; With a cytochrome as acceptor			232-907-4


			232-851-0			9029-39-4			Oxidase, thiol			1.8.3.2			thiol oxidase			232-851-0


			232-907-4			9035-82-9			Dehydrogenase			1.8.5.x			Oxidoreductases; Acting on a sulfur group of donors; With a quinone or similar compound as acceptor			232-907-4


			232-586-0			9001-16-5			Oxidase, cytochrome			1.9.3.1			cytochrome-c oxidase			232-586-0


			232-916-3			9037-68-7			Methyltransferase, noradrenaline N-			2.1.1.28			phenylethanolamine N-methyltransferase			232-916-3, 232-727-6


			232-727-6			9012-25-3			Methyltransferase, catechol			2.1.1.6			catechol O-methyltransferase			232-916-3, 232-727-6


			232-886-1			9032-83-1			Formiminotransferase, glutamate			2.1.2.5			glutamate formimidoyltransferase			232-886-1


			232-625-1			9001-69-8			Carbamoyltransferase, ornithine			2.1.3.3			ornithine carbamoyltransferase			232-625-1


			232-625-1			9001-69-8			Carbamoyltransferase, ornithine			2.1.3.9			N-acetylornithine carbamoyltransferase			232-625-1


			232-759-0			9014-46-4			Transaldolase			2.2.1.2			transaldolase			232-759-0


			232-854-7			9029-90-7			Acetyltransferase, carnitine			2.3.1.7			carnitine O-acetyltransferase			232-854-7, 232-855-2


			232-855-2			9029-91-8			Acetyltransferase, phosphate			2.3.1.8			phosphate acetyltransferase			232-854-7, 232-855-2


			232-931-5			9046-27-9			Glutamyltransferase, .gamma.-			2.3.2.13			protein-glutamine gamma-glutamyltransferase			232-931-5


			232-931-5			9046-27-9			Glutamyltransferase, .gamma.-			2.3.2.14			D-alanine gamma-glutamyltransferase			232-931-5


			232-931-5			9046-27-9			Glutamyltransferase, .gamma.-			2.3.2.2			gamma-glutamyltransferase			232-931-5


			232-821-7			9027-96-7			Synthase, citrate			2.3.3.1			citrate (Si)-synthase			232-821-7


			232-737-0			9012-69-5			Phosphorylase b			2.4.1.1			phosphorylase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-878-8			9032-10-4			Phosphorylase a			2.4.1.1			phosphorylase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-904-8			9035-74-9			Phosphorylase			2.4.1.1			phosphorylase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.119			dolichyl-diphosphooligosaccharide-protein glycotransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.129			peptidoglycan glycosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.135			galactosylgalactosylxylosylprotein 3-beta-glucuronosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-567-7			9000-92-4			Amylase			2.4.1.161			oligosaccharide 4-alpha-D-glucosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8			Amylases with the exception of those specified elsewhere in this Annex


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.18			1,4-alpha-glucan branching enzyme			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.186			glycogenin glucosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.19			cyclomaltodextrin glucanotransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-767-4			9015-78-5			Glucanase			2.4.1.207			xyloglucan:xyloglucosyl transferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-889-8			9033-06-1			Glucosidase			2.4.1.219			vomilenine glucosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.219			vomilenine glucosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.222			O-fucosylpeptide 3-beta-N-acetylglucosaminyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.225			N-acetylglucosaminyl-proteoglycan 4-beta-glucuronosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.227			undecaprenyldiphospho-muramoylpentapeptide beta-N-acetylglucosaminyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.234			kaempferol 3-O-galactosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.24			1,4-alpha-glucan 6-alpha-glucosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.25			4-alpha-glucanotransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.27			DNA beta-glucosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.37			fucosylgalactoside 3-alpha-galactosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.40			glycoprotein-fucosylgalactoside alpha-N-acetylgalactosaminyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.56			lipopolysaccharide N-acetylglucosaminyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.71			arylamine glucosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-856-8			9030-19-7			Phosphorylase, maltose			2.4.1.8			maltose phosphorylase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-890-3			9033-07-2			Glycosyltransferase			2.4.1.85			cyanohydrin beta-glucosyltransferase			232-737-0, 232-878-8, 232-904-8, 232-890-3, 232-567-7, 232-767-4, 232-889-8, 232-856-8


			232-857-3			9030-21-1			Phosphorylase, purine nucleoside			2.4.2.1			purine-nucleoside phosphorylase			232-857-3, 232-858-9, 232-888-2, 232-890-3


			232-858-9			9030-25-5			Phosphoribosyltransferase, orotate			2.4.2.10			orotate phosphoribosyltransferase			232-857-3, 232-858-9, 232-888-2, 232-890-3


			232-888-2			9032-92-2			Glycosidase			2.4.2.29			queuine tRNA-ribosyltransferase			232-857-3, 232-858-9, 232-888-2, 232-890-3


			232-890-3			9033-07-2			Glycosyltransferase			2.4.2.29			queuine tRNA-ribosyltransferase			232-857-3, 232-858-9, 232-888-2, 232-890-3


			232-888-2			9032-92-2			Glycosidase			2.4.2.6			nucleoside deoxyribosyltransferase			232-857-3, 232-858-9, 232-888-2, 232-890-3


			232-959-8			9067-84-9			Deaminase			2.5.1.61			hydroxymethylbilane synthase			232-959-8


			232-571-9			9000-97-9			Aminotransferase, aspartate			2.6.1.1			aspartate transaminase			232-571-9, 232-859-4, 232-915-8, 232-561-4


			232-859-4			9030-44-8			Aminotransferase, glutamine-keto acid			2.6.1.15			glutamine-pyruvate transaminase			232-571-9, 232-859-4, 232-915-8, 232-561-4


			232-915-8			9037-67-6			Aminotransferase, aminobutyrate			2.6.1.19			4-aminobutyrate transaminase			232-571-9, 232-859-4, 232-915-8, 232-561-4


			232-561-4			9000-86-6			Aminotransferase, alanine			2.6.1.2			alanine transaminase			232-571-9, 232-859-4, 232-915-8, 232-561-4


			232-611-5			9001-51-8			Kinase (phosphorylating), hexo-			2.7.1.1			hexokinase			232-611-5, 232-633-5, 232-861-5, 232-862-0, 232-815-4, 232-616-2, 232-969-2, 253-400-4


			232-633-5			9001-80-3			Kinase (phosphorylating), phosphofructo-			2.7.1.11			6-phosphofructokinase			232-611-5, 232-633-5, 232-861-5, 232-862-0, 232-815-4, 232-616-2, 232-969-2, 253-400-4


			232-861-5			9030-55-1			Kinase (phosphorylating), glucono-			2.7.1.12			gluconokinase			232-611-5, 232-633-5, 232-861-5, 232-862-0, 232-815-4, 232-616-2, 232-969-2, 253-400-4


			232-862-0			9030-66-4			Kinase (phosphorylating), glycerol			2.7.1.30			glycerol kinase			232-611-5, 232-633-5, 232-861-5, 232-862-0, 232-815-4, 232-616-2, 232-969-2, 253-400-4


			232-815-4			9026-67-9			Kinase (phosphorylating), choline			2.7.1.32			choline kinase			232-611-5, 232-633-5, 232-861-5, 232-862-0, 232-815-4, 232-616-2, 232-969-2, 253-400-4


			232-616-2			9001-59-6			Kinase (phosphorylating), pyruvate			2.7.1.40			pyruvate kinase			232-611-5, 232-633-5, 232-861-5, 232-862-0, 232-815-4, 232-616-2, 232-969-2, 253-400-4


			232-969-2			9073-59-0			Kinase (phosphorylating), pyruvate (rabbit muscle)			2.7.1.40			pyruvate kinase			232-611-5, 232-633-5, 232-861-5, 232-862-0, 232-815-4, 232-616-2, 232-969-2, 253-400-4


			253-400-4			37211-65-7			Kinase (phosphorylating), polynucleotide 5'-hydroxyl			2.7.1.78			polynucleotide 5'-hydroxyl-kinase			232-611-5, 232-633-5, 232-861-5, 232-862-0, 232-815-4, 232-616-2, 232-969-2, 253-400-4


			283-495-8			84650-14-6			Kinase (phosphorylating), protein, cAMP-dependent			2.7.11.11			cAMP-dependent protein kinase			283-495-8


			232-818-0			9027-42-3			Kinase (phosphorylating), acetate			2.7.2.1			acetate kinase			232-818-0, 232-636-1


			232-636-1			9001-83-6			Kinase (phosphorylating), phosphoglycerate			2.7.2.3			phosphoglycerate kinase			232-818-0, 232-636-1


			232-585-5			9001-15-4			Kinase (phosphorylating), creatine			2.7.3.2			creatine kinase			232-585-5


			232-743-3			9013-02-9			Kinase (phosphorylating), adenylate			2.7.4.3			adenylate kinase			232-743-3, 232-812-8, 232-813-3, 232-814-9


			232-812-8			9026-50-0			Kinase (phosphorylating), nucleoside monophosphate			2.7.4.4			nucleoside-phosphate kinase			232-743-3, 232-812-8, 232-813-3, 232-814-9


			232-813-3			9026-51-1			Kinase (phosphorylating), nucleoside diphosphate			2.7.4.6			nucleoside-diphosphate kinase			232-743-3, 232-812-8, 232-813-3, 232-814-9


			232-814-9			9026-59-9			Kinase (phosphorylating), guanylate			2.7.4.8			guanylate kinase			232-743-3, 232-812-8, 232-813-3, 232-814-9


			232-883-5			9032-70-6			Adenylyltransferase, nicotinamide mononucleotide			2.7.7.1			nicotinamide-nucleotide adenylyltransferase			232-883-5, 232-810-7, 232-819-6, 232-964-5, 232-756-4, 232-741-2, 232-755-9, 232-811-2


			232-810-7			9026-21-5			Uridylyltransferase, hexose 1-phosphate			2.7.7.12			UDP-glucose-hexose-1-phosphate uridylyltransferase			232-883-5, 232-810-7, 232-819-6, 232-964-5, 232-756-4, 232-741-2, 232-755-9, 232-811-2


			232-819-6			9027-67-2			Nucleotidyltransferase, terminal deoxyribo-			2.7.7.31			DNA nucleotidylexotransferase			232-883-5, 232-810-7, 232-819-6, 232-964-5, 232-756-4, 232-741-2, 232-755-9, 232-811-2


			232-964-5			9068-38-6			Nucleotidyltransferase, deoxyribonucleate, RNA-dependent			2.7.7.49			RNA-directed DNA polymerase			232-883-5, 232-810-7, 232-819-6, 232-964-5, 232-756-4, 232-741-2, 232-755-9, 232-811-2


			232-756-4			9014-24-8			Nucleotidyltransferase, ribonucleate			2.7.7.6			DNA-directed RNA polymerase			232-883-5, 232-810-7, 232-819-6, 232-964-5, 232-756-4, 232-741-2, 232-755-9, 232-811-2


			232-741-2			9012-90-2			Nucleotidyltransferase, deoxyribonucleate			2.7.7.7			DNA-directed DNA polymerase			232-883-5, 232-810-7, 232-819-6, 232-964-5, 232-756-4, 232-741-2, 232-755-9, 232-811-2


			232-755-9			9014-12-4			Nucleotidyltransferase, polyribonucleotide			2.7.7.8			polyribonucleotide nucleotidyltransferase			232-883-5, 232-810-7, 232-819-6, 232-964-5, 232-756-4, 232-741-2, 232-755-9, 232-811-2


			232-811-2			9026-22-6			Uridylyltransferase, glucose 1-phosphate			2.7.7.9			UTP-glucose-1-phosphate uridylyltransferase			232-883-5, 232-810-7, 232-819-6, 232-964-5, 232-756-4, 232-741-2, 232-755-9, 232-811-2


			232-773-7			9016-18-6			Esterase, carboxyl			3.1.1.1			carboxylesterase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			232-807-0			9025-98-3			Esterase, pectin			3.1.1.11			pectinesterase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			232-808-6			9026-00-0			Esterase, cholesterol			3.1.1.13			sterol esterase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.1.1.13			sterol esterase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			232-884-0			9032-73-9			Esterase, aryl			3.1.1.2			arylesterase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			232-804-4			9025-71-2			Tannase			3.1.1.20			tannase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			232-619-9			9001-62-1			Lipase, triacylglycerol			3.1.1.3			triacylglycerol lipase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			258-659-7			53608-75-6			Pancrelipase			3.1.1.3			triacylglycerol lipase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.1.1.3			triacylglycerol lipase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			232-669-1			9004-02-8			Lipase, lipoprotein			3.1.1.34			lipoprotein lipase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			232-637-7			9001-84-7			Phospholipase A2			3.1.1.4			phospholipase A2			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			232-559-3			9000-81-1			Esterase, acetyl choline			3.1.1.7			acetylcholinesterase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			253-439-7			37278-89-0			Xylanase			3.1.1.72			Acetylxylan esterase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			232-619-9			9001-62-1			Lipase, triacylglycerol			3.1.1.79			hormone-sensitive lipase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			232-579-2			9001-08-5			Esterase, choline			3.1.1.8			cholinesterase			232-773-7, 232-807-0, 232-808-6, 272-915-5, 232-884-0, 232-804-4, 232-619-9, 258-659-7, 232-669-1, 232-637-7, 232-559-3, 253-439-7, 232-579-2


			232-912-1			9037-44-9			Nuclease, exodeoxyribo-, III			3.1.11.2			exodeoxyribonuclease III			232-912-1


			232-646-6			9001-99-4			Nuclease, ribo-			3.1.14.1			yeast ribonuclease			232-646-6, 255-913-9


			255-913-9			42613-29-6			Helicase			3.1.14.1			yeast ribonuclease			232-646-6, 255-913-9


			232-806-5			9025-82-5			Phosphodiesterase			3.1.15.1			venom exonuclease			232-806-5


			232-965-0			9068-54-6			Phosphodiesterase II			3.1.16.1			spleen exonuclease			232-965-0


			232-667-0			9003-98-9			Nuclease, deoxyribo-			3.1.21.1			deoxyribonuclease I			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.1.21.1			deoxyribonuclease I			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			253-473-2			37340-82-2			Nuclease, streptococcal deoxyribo-			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-474-8			80449-04-3			Nuclease, restriction endodeoxyribo-, BglI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-487-9			80498-17-5			Nuclease, restriction endodeoxyribo-, EcoRI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-719-9			81295-04-7			Nuclease, restriction endodeoxyribo-, AluI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-720-4			81295-09-2			Nuclease, restriction endodeoxyribo-, BamHI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-722-5			81295-12-7			Nuclease, restriction endodeoxyribo-, BglII			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-723-0			81295-15-0			Nuclease, restriction endodeoxyribo-, EcoRII			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-724-6			81295-17-2			Nuclease, restriction endodeoxyribo-, HaeII			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-725-1			81295-18-3			Nuclease, restriction endodeoxyribo-, HaeIII			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-726-7			81295-20-7			Nuclease, restriction endodeoxyribo-, HhaI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-727-2			81295-21-8			Nuclease, restriction endodeoxyribo-, HindII			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-728-8			81295-22-9			Nuclease, restriction endodeoxyribo-, HindIII			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-729-3			81295-23-0			Nuclease, restriction endodeoxyribo-, HinfI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-730-9			81295-24-1			Nuclease, restriction endodeoxyribo-, HpaI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-731-4			81295-25-2			Nuclease, restriction endodeoxyribo-, HpaII			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-733-5			81295-27-4			Nuclease, restriction endodeoxyribo-, KpnI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-734-0			81295-32-1			Nuclease, restriction endodeoxyribo-, PstI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-735-6			81295-33-2			Nuclease, restriction endodeoxyribo-, PvuI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-736-1			81295-34-3			Nuclease, restriction endodeoxyribo-, PvuII			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-737-7			81295-38-7			Nuclease, restriction endodeoxyribo-, SalI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-738-2			81295-40-1			Nuclease, restriction endodeoxyribo-, TaqI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-739-8			81295-42-3			Nuclease, restriction endodeoxyribo-, XbaI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-830-2			81811-55-4			Nuclease, restriction endodeoxyribo-, HincII			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-831-8			81811-56-5			Nuclease, restriction endodeoxyribo-, MspI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			279-944-2			82391-42-2			Nuclease, restriction endodeoxyribo-, SmaI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			280-504-7			83589-01-9			Nuclease, restriction endodeoxyribo-, ClaI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			286-569-8			85270-15-1			Nuclease, restriction endodeoxyribo-, SphI			3.1.21.4			type II site-specific deoxyribonuclease			232-667-0, 253-473-2, 279-474-8, 279-487-9, 279-719-9, 279-720-4, 279-722-5, 279-723-0, 279-724-6, 279-725-1, 279-726-7, 279-727-2, 279-728-8, 279-729-3, 279-730-9, 279-731-4, 279-733-5, 279-734-0, 279-735-6, 279-736-1, 279-737-7, 279-738-2, 279-739-8, 279-830-2, 279-831-8, 279-944-2, 280-504-7, 286-569-8


			232-801-8			9025-64-3			Nuclease, deoxyribo-, II			3.1.22.1			deoxyribonuclease II			232-801-8


			257-759-8			52227-85-7			Nuclease, bacteriophage T4 endodeoxyribo-, V			3.1.25.1			deoxyribonuclease (pyrimidine dimer)			257-759-8


			232-646-6			9001-99-4			Nuclease, ribo-			3.1.26.1			Physarum polycephalum ribonuclease			232-646-6, 272-915-5


			232-646-6			9001-99-4			Nuclease, ribo-			3.1.26.10			ribonuclease IX			232-646-6, 272-915-5


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.1.26.10			ribonuclease IX			232-646-6, 272-915-5


			253-438-1			37278-25-4			Nuclease, ribo- (non-base specific)			3.1.27.1			ribonuclease T2			253-438-1, 232-809-1, 253-394-3


			232-809-1			9026-12-4			Nuclease, guanyloribo-			3.1.27.3			ribonuclease T1			253-438-1, 232-809-1, 253-394-3


			253-394-3			37205-57-5			Nuclease, ribo- (purine-specific)			3.1.27.4			ribonuclease U2			253-438-1, 232-809-1, 253-394-3


			232-646-6			9001-99-4			Nuclease, ribo-			3.1.27.5			pancreatic ribonuclease			253-438-1, 232-809-1, 253-394-3


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.1.27.5			pancreatic ribonuclease			253-438-1, 232-809-1, 253-394-3


			232-646-6			9001-99-4			Nuclease, ribo-			3.1.27.6			Enterobacter ribonuclease			253-438-1, 232-809-1, 253-394-3


			232-631-4			9001-78-9			Phosphatase, alkaline			3.1.3.1			alkaline phosphatase			232-631-4, 232-612-0, 232-630-9, 232-820-1, 232-744-9


			232-612-0			9001-52-9			Phosphatase, fructose di-			3.1.3.11			fructose-bisphosphatase			232-631-4, 232-612-0, 232-630-9, 232-820-1, 232-744-9


			232-630-9			9001-77-8			Phosphatase, acid			3.1.3.2			acid phosphatase			232-631-4, 232-612-0, 232-630-9, 232-820-1, 232-744-9


			232-820-1			9027-73-0			Nucleotidase, 5'-			3.1.3.5			5'-nucleotidase			232-631-4, 232-612-0, 232-630-9, 232-820-1, 232-744-9


			232-744-9			9013-05-2			Phosphatase			3.1.3.x			Hydrolases; Acting on ester bonds; Phosphoric Monoester Hydrolases			232-631-4, 232-612-0, 232-630-9, 232-820-1, 232-744-9


			253-443-9			37288-25-8			Nuclease, single-stranded nucleate endo-			3.1.30.1			Aspergillus nuclease S1			253-443-9


			232-748-0			9013-53-0			Nuclease, micrococcal			3.1.31.1			micrococcal nuclease			232-748-0


			232-806-5			9025-82-5			Phosphodiesterase			3.1.4.1			phosphodiesterase I			232-806-5, 232-869-9, 232-920-5, 232-638-2, 232-639-8


			232-869-9			9031-54-3			Sphingomyelinase C			3.1.4.12			sphingomyelin phosphodiesterase			232-806-5, 232-869-9, 232-920-5, 232-638-2, 232-639-8


			232-920-5			9040-59-9			Phosphodiesterase, cyclic 3',5'-nucleotide			3.1.4.17			3',5'-cyclic-nucleotide phosphodiesterase			232-806-5, 232-869-9, 232-920-5, 232-638-2, 232-639-8


			232-638-2			9001-86-9			Phospholipase C			3.1.4.3			phospholipase C			232-806-5, 232-869-9, 232-920-5, 232-638-2, 232-639-8


			232-639-8			9001-87-0			Phospholipase D			3.1.4.4			phospholipase D			232-806-5, 232-869-9, 232-920-5, 232-638-2, 232-639-8


			232-888-2			9032-92-2			Glycosidase			3.1.4.45			N-acetylglucosamine-1-phosphodiester alpha-N-acetylglucosaminidase			232-806-5, 232-869-9, 232-920-5, 232-638-2, 232-639-8


			232-772-1			9016-17-5			Sulfatase, aryl-			3.1.6.1			arylsulfatase			232-772-1


			232-560-9			9000-85-5			Amylase, bacterial			3.2.1.1			alpha-amylase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			Amylases with the exception of those specified elsewhere in this Annex


			232-565-6			9000-90-2			Amylase, .alpha.-			3.2.1.1			alpha-amylase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			Amylase, α-


			232-588-1			9001-19-8			Amylase, .alpha.-, Aspergillus oryzae			3.2.1.1			alpha-amylase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			Amylases with the exception of those specified elsewhere in this Annex


			232-742-8			9013-01-8			Amylase, fungal			3.2.1.1			alpha-amylase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			Amylases with the exception of those specified elsewhere in this Annex


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.2.1.1			alpha-amylase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			Amylases with the exception of those specified elsewhere in this Annex


			232-889-8			9033-06-1			Glucosidase			3.2.1.10			oligo-1,6-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			262-402-4			60748-69-8			Mannanase			3.2.1.100			mannan 1,4-mannobiosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			262-402-4			60748-69-8			Mannanase			3.2.1.101			mannan endo-1,6-alpha-mannosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-600-5			9001-34-7			Galactosidase			3.2.1.102			blood-group-substance endo-1,4-beta-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			258-130-0			52720-51-1			Galactosidase, endo-.beta.-			3.2.1.102			blood-group-substance endo-1,4-beta-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-600-5			9001-34-7			Galactosidase			3.2.1.103			keratan-sulfate endo-1,4-beta-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.104			steryl-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.105			3alpha(S)-strictosidine beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.106			mannosyl-oligosaccharide glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.107			protein-glucosylgalactosylhydroxylysine glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-864-1			9031-11-2			Galactosidase, .beta.-			3.2.1.108			lactase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-803-9			9025-70-1			Dextranase			3.2.1.11			dextranase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.112			2-deoxyglucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			262-402-4			60748-69-8			Mannanase			3.2.1.113			mannosyl-oligosaccharide 1,2-alpha-mannosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.115			branched-dextran exo-1,2-alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.117			amygdalin beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-767-4			9015-78-5			Glucanase			3.2.1.120			oligoxyloglucan beta-glycosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.122			maltose-6'-phosphate glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.125			raucaffricine beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.126			coniferin beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			253-439-7			37278-89-0			Xylanase			3.2.1.136			glucuronoarabinoxylan endo-1,4-beta-xylanase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 253-439-7


			232-578-7			9001-06-3			Chitinase			3.2.1.14			chitinase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-888-2			9032-92-2			Glycosidase			3.2.1.143			poly(ADP-ribose) glycohydrolase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-600-5			9001-34-7			Galactosidase			3.2.1.145			galactan 1,3-beta-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.147			thioglucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-589-7			9001-22-3			Glucosidase, .beta.-			3.2.1.149			beta-primeverosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8			Glucosidase, .beta.-


			232-889-8			9033-06-1			Glucosidase			3.2.1.149			beta-primeverosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-885-6			9032-75-1			Polygalacturonase			3.2.1.15			polygalacturonase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			253-465-9			37329-65-0			Cellobiohydrolase, exo-			3.2.1.150			oligoxyloglucan reducing-end-specific cellobiohydrolase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			Cellobiohydrolase, exo-


			232-767-4			9015-78-5			Glucanase			3.2.1.151			xyloglucan-specific endo-beta-1,4-glucanase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-767-4			9015-78-5			Glucanase			3.2.1.155			xyloglucan-specific exo-beta-1,4-glucanase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			253-439-7			37278-89-0			Xylanase			3.2.1.156			oligosaccharide reducing-end xylanase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 253-439-7


			232-889-8			9033-06-1			Glucosidase			3.2.1.161			beta-apiosyl-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-620-4			9001-63-2			Lysozyme			3.2.1.17			lysozyme			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-954-0			9066-59-5			Lysozyme, hydrochloride			3.2.1.17			lysozyme			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			235-747-3			12650-88-3			Lysozyme (chicken egg white)			3.2.1.17			lysozyme			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-624-6			9001-67-6			Neuraminidase			3.2.1.18			exo-alpha-sialidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-566-1			9000-91-3			Amylase, .beta.-			3.2.1.2			beta-amylase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-604-7			9001-42-7			Glucosidase, .alpha.-			3.2.1.20			alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.20			alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-589-7			9001-22-3			Glucosidase, .beta.-			3.2.1.21			beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-865-7			9031-18-9			Linamarinase			3.2.1.21			beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.21			beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-600-5			9001-34-7			Galactosidase			3.2.1.22			alpha-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-792-0			9025-35-8			Galactosidase, .alpha.-			3.2.1.22			alpha-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-600-5			9001-34-7			Galactosidase			3.2.1.23			beta-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-864-1			9031-11-2			Galactosidase, .beta.-			3.2.1.23			beta-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			254-421-1			39346-28-6			Galactanase			3.2.1.23			beta-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			286-055-3			85186-71-6			Enzymes, com., Driselase			3.2.1.23			beta-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-794-1			9025-42-7			Mannosidase, .alpha.-			3.2.1.24			transferred entry now EC 3.13.1.3			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			262-402-4			60748-69-8			Mannanase			3.2.1.24			transferred entry now EC 3.13.1.3			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			256-778-9			50812-17-4			Galactomannanase			3.2.1.25			beta-mannosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			262-402-4			60748-69-8			Mannanase			3.2.1.25			beta-mannosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-615-7			9001-57-4			Fructofuranosidase, .beta.-			3.2.1.26			beta-fructofuranosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-605-2			9001-43-8			Glucosidase, 1,3-.alpha.-			3.2.1.27			Deleted entry: α-1,3-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-877-2			9032-08-0			Amylase, gluco-			3.2.1.3			glucan 1,4-alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8			Amylases with the exception of those specified elsewhere in this Annex


			232-889-8			9033-06-1			Glucosidase			3.2.1.3			glucan 1,4-alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-730-2			9012-33-3			Acetylglucosaminidase, .beta.-			3.2.1.30			beta-D-acetylglucosaminidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-606-8			9001-45-0			Glucuronidase, .beta.-			3.2.1.31			beta-glucuronidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-798-3			9025-55-2			Xylanase, endo-1,3-			3.2.1.32			xylan endo-1,3-beta-xylosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 253-439-7


			253-439-7			37278-89-0			Xylanase			3.2.1.32			xylan endo-1,3-beta-xylosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 253-439-7


			232-733-9			9012-47-9			Glucosidase, amylo-1,6-			3.2.1.33			amylo-alpha-1,6-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.33			amylo-alpha-1,6-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-890-3			9033-07-2			Glycosyltransferase			3.2.1.33			amylo-alpha-1,6-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-614-1			9001-54-1			Hyaluronidase			3.2.1.35			hyaluronoglucosaminidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			253-464-3			37326-33-3			Hyaluronoglucosaminidase			3.2.1.35			hyaluronoglucosaminidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-614-1			9001-54-1			Hyaluronidase			3.2.1.36			hyaluronoglucuronidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-797-8			9025-53-0			Xylosidase, exo-1,4-.beta.-			3.2.1.37			xylan 1,4-beta-xylosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			258-496-1			53362-87-1			Xylosidase, .beta.-			3.2.1.37			xylan 1,4-beta-xylosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-600-5			9001-34-7			Galactosidase			3.2.1.38			beta-D-fucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.38			beta-D-fucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-767-4			9015-78-5			Glucanase			3.2.1.39			glucan endo-1,3-beta-D-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.39			glucan endo-1,3-beta-D-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-927-3			9044-93-3			Glucanase, 1,3-.beta.-			3.2.1.39			glucan endo-1,3-beta-D-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-980-2			9074-99-1			Glucanase, endo-.beta.-			3.2.1.39			glucan endo-1,3-beta-D-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-734-4			9012-54-8			Cellulase			3.2.1.4			cellulase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			Cellulase


			232-767-4			9015-78-5			Glucanase			3.2.1.4			cellulase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			253-402-5			37213-47-1			Hesperidinase			3.2.1.40			alpha-L-rhamnosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.41			pullulanase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-983-9			9075-68-7			Pullulanase			3.2.1.41			pullulanase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.42			GDP-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-888-2			9032-92-2			Glycosidase			3.2.1.45			glucosylceramidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.45			glucosylceramidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-600-5			9001-34-7			Galactosidase			3.2.1.46			galactosylceramidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-600-5			9001-34-7			Galactosidase			3.2.1.47			galactosylgalactosylglucosylceramidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.48			sucrose alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-600-5			9001-34-7			Galactosidase			3.2.1.49			alpha-N-acetylgalactosaminidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-914-2			9037-65-4			Fucosidase, .alpha.-l-			3.2.1.51			alpha-L-fucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-730-2			9012-33-3			Acetylglucosaminidase, .beta.-			3.2.1.52			beta-N-acetylhexosaminidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.52			beta-N-acetylhexosaminidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-767-4			9015-78-5			Glucanase			3.2.1.54			cyclomaltodextrinase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-957-7			9067-74-7			Arabinofuranosidase, .alpha.-l-			3.2.1.55			alpha-N-arabinofuranosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-767-4			9015-78-5			Glucanase			3.2.1.58			glucan 1,3-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.58			glucan 1,3-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-927-3			9044-93-3			Glucanase, 1,3-.beta.-			3.2.1.58			glucan 1,3-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-968-7			9073-49-8			Glucosidase, exo-1,3-.beta.-			3.2.1.58			glucan 1,3-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-767-4			9015-78-5			Glucanase			3.2.1.59			glucan endo-1,3-alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			253-393-8			37205-50-8			Glucanase, 1,3-.alpha.-			3.2.1.59			glucan endo-1,3-alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			258-785-2			53801-47-1			Glucanase, .alpha.-			3.2.1.59			glucan endo-1,3-alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-979-7			9074-98-0			Glucanase, .beta.-			3.2.1.6			endo-1,3(4)-beta-glucanase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-980-2			9074-99-1			Glucanase, endo-.beta.-			3.2.1.6			endo-1,3(4)-beta-glucanase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			263-462-4			62213-14-3			Glucanase, endo-1,3(4)-.beta.-			3.2.1.6			endo-1,3(4)-beta-glucanase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.62			glycosylceramidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-929-4			9045-35-6			Polygalacturonase, exo-			3.2.1.67			galacturan 1,4-alpha-galacturonidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-956-1			9067-73-6			Amylase, iso-			3.2.1.68			isoamylase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			Amylases with the exception of those specified elsewhere in this Annex


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.2.1.68			isoamylase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			Amylases with the exception of those specified elsewhere in this Annex


			232-802-3			9025-67-6			Inulinase			3.2.1.7			inulinase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.70			glucan 1,6-alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			253-439-7			37278-89-0			Xylanase			3.2.1.72			xylan 1,3-beta-xylosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 253-439-7


			258-496-1			53362-87-1			Xylosidase, .beta.-			3.2.1.72			xylan 1,3-beta-xylosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-767-4			9015-78-5			Glucanase			3.2.1.73			licheninase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-767-4			9015-78-5			Glucanase			3.2.1.74			glucan 1,4-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.74			glucan 1,4-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			253-444-4			37288-52-1			Glucosidase, exo-1,4-.beta.-			3.2.1.74			glucan 1,4-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-767-4			9015-78-5			Glucanase			3.2.1.75			glucan endo-1,6-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-980-2			9074-99-1			Glucanase, endo-.beta.-			3.2.1.75			glucan endo-1,6-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			253-415-6			37228-69-6			Glucanase, 1,6-.beta.-			3.2.1.75			glucan endo-1,6-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			253-446-5			37288-54-3			Mannanase, endo-1,4-.beta.-			3.2.1.78			mannan endo-1,4-beta-mannosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			262-402-4			60748-69-8			Mannanase			3.2.1.78			mannan endo-1,4-beta-mannosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-800-2			9025-57-4			Xylanase, endo-1,4-			3.2.1.8			endo-1,4-beta-xylanase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 253-439-7


			253-439-7			37278-89-0			Xylanase			3.2.1.8			endo-1,4-beta-xylanase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 253-439-7


			253-447-0			37288-59-8			Carrageenanase, .kappa.-			3.2.1.83			kappa-carrageenase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			256-860-4			50936-37-3			Carrageenanase, .lambda.-			3.2.1.83			kappa-carrageenase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-767-4			9015-78-5			Glucanase			3.2.1.84			glucan 1,3-alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-889-8			9033-06-1			Glucosidase			3.2.1.84			glucan 1,3-alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			253-393-8			37205-50-8			Glucanase, 1,3-.alpha.-			3.2.1.84			glucan 1,3-alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			258-785-2			53801-47-1			Glucanase, .alpha.-			3.2.1.84			glucan 1,3-alpha-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-600-5			9001-34-7			Galactosidase			3.2.1.85			6-phospho-beta-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-889-8			9033-06-1			Glucosidase			3.2.1.86			6-phospho-beta-glucosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6, 232-889-8


			232-967-1			9073-41-0			Arabinogalactanase			3.2.1.89			arabinogalactan endo-1,4-beta-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			254-421-1			39346-28-6			Galactanase			3.2.1.89			arabinogalactan endo-1,4-beta-galactosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-767-4			9015-78-5			Glucanase			3.2.1.91			cellulose 1,4-beta-cellobiosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			253-465-9			37329-65-0			Cellobiohydrolase, exo-			3.2.1.91			cellulose 1,4-beta-cellobiosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-888-2			9032-92-2			Glycosidase			3.2.1.96			mannosyl-glycoprotein endo-beta-N-acetylglucosaminidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-776-3			9023-92-1			Protopectinase			3.2.1.99			arabinan endo-1,5-alpha-L-arabinosidase			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-575-0			9001-02-9			Carbohydrase			3.2.1.x			Hydrolases; Glycosylases; Glycosidases, i.e. enzymes hydrolysing O- and S-glycosyl compounds			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-799-9			9025-56-3			Hemicellulase			3.2.1.x			Hydrolases; Glycosylases; Glycosidases, i.e. enzymes hydrolysing O- and S-glycosyl compounds			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6			Is a mixture of enzymes (see column 'Similar to...' in tab EINECS-IUB Breakdown)


			232-962-4			9068-31-9			Naringinase			3.2.1.x			Hydrolases; Glycosylases; Glycosidases, i.e. enzymes hydrolysing O- and S-glycosyl compounds			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			258-495-6			53362-86-0			Xylosidase, .alpha.-			3.2.1.x			Hydrolases; Glycosylases; Glycosidases, i.e. enzymes hydrolysing O- and S-glycosyl compounds			232-560-9, 232-565-6, 232-588-1, 232-742-8, 262-402-4, 232-600-5, 258-130-0, 232-864-1, 232-803-9, 232-578-7, 232-589-7, 232-885-6, 253-465-9, 232-620-4, 232-954-0, 235-747-3, 232-624-6, 232-566-1, 232-604-7, 232-865-7, 232-792-0, 254-421-1, 286-055-3, 232-794-1, 256-778-9, 232-615-7, 232-605-2, 232-877-2, 232-730-2, 232-606-8, 232-798-3, 232-733-9, 232-614-1, 253-464-3, 232-797-8, 258-496-1, 232-927-3, 232-980-2, 232-734-4, 253-402-5, 232-983-9, 232-914-2, 232-957-7, 232-968-7, 253-393-8, 258-785-2, 232-979-7, 263-462-4, 232-929-4, 232-956-1, 232-802-3, 253-444-4, 253-415-6, 253-446-5, 232-800-2, 253-447-0, 256-860-4, 232-967-1, 232-776-3, 232-575-0, 232-799-9, 232-962-4, 258-495-6


			232-888-2			9032-92-2			Glycosidase			3.2.2.17			deoxyribodipyrimidine endonucleosidase			232-888-2


			232-888-2			9032-92-2			Glycosidase			3.2.2.20			DNA-3-methyladenine glycosylase I			232-888-2


			232-888-2			9032-92-2			Glycosidase			3.2.2.21			DNA-3-methyladenine glycosylase II			232-888-2


			232-888-2			9032-92-2			Glycosidase			3.2.2.22			rRNA N-glycosylase			232-888-2


			232-888-2			9032-92-2			Glycosidase			3.2.2.23			DNA-formamidopyrimidine glycosylase			232-888-2


			232-888-2			9032-92-2			Glycosidase			3.2.2.24			ADP-ribosyl-[dinitrogen reductase] hydrolase			232-888-2


			232-618-3			9001-61-0			Aminopeptidase, cytosol			3.4.11.1			leucyl aminopeptidase			232-618-3, 232-942-5, 232-874-6			Proteases with the exception of those specified elsewhere in this Annex


			232-942-5			9054-63-1			Aminopeptidase, microsomal			3.4.11.2			membrane alanyl aminopeptidase			232-618-3, 232-942-5, 232-874-6			Proteases with the exception of those specified elsewhere in this Annex


			232-874-6			9031-94-1			Aminopeptidase			3.4.11.20			aminopeptidase Ey			232-618-3, 232-942-5, 232-874-6			Proteases with the exception of those specified elsewhere in this Annex


			232-874-6			9031-94-1			Aminopeptidase			3.4.11.22			aminopeptidase I			232-618-3, 232-942-5, 232-874-6			Proteases with the exception of those specified elsewhere in this Annex


			232-874-6			9031-94-1			Aminopeptidase			3.4.11.x			Hydrolases; Acting on peptide bonds (peptidases); Aminopeptidases			232-618-3, 232-942-5, 232-874-6			Proteases with the exception of those specified elsewhere in this Annex


			232-791-5			9025-32-5			Dipeptidase, proline			3.4.13.9			Xaa-Pro dipeptidase			232-791-5			Proteases with the exception of those specified elsewhere in this Annex


			232-881-4			9032-68-2			Cathepsin C			3.4.14.1			dipeptidyl-peptidase I			232-881-4			Proteases with the exception of those specified elsewhere in this Annex


			232-934-1			9046-67-7			Carboxypeptidase, serine			3.4.16.5			carboxypeptidase C			232-934-1			Proteases with the exception of those specified elsewhere in this Annex


			234-297-5			11075-17-5			Carboxypeptidase A			3.4.17.1			carboxypeptidase A			234-297-5, 232-978-1, 232-788-9, 232-789-4			Proteases with the exception of those specified elsewhere in this Annex


			232-978-1			9074-87-7			Hydrolase, .gamma.-glutamyl			3.4.17.11			glutamate carboxypeptidase			234-297-5, 232-978-1, 232-788-9, 232-789-4			Proteases with the exception of those specified elsewhere in this Annex


			232-788-9			9025-24-5			Carboxypeptidase B			3.4.17.2			carboxypeptidase B			234-297-5, 232-978-1, 232-788-9, 232-789-4			Proteases with the exception of those specified elsewhere in this Annex


			232-789-4			9025-25-6			Carboxypeptidase, glycine			3.4.17.4			Gly-Xaa carboxypeptidase			234-297-5, 232-978-1, 232-788-9, 232-789-4			Proteases with the exception of those specified elsewhere in this Annex


			232-981-8			9075-21-2			Aminopeptidase, pyroglutamate			3.4.19.3			pyroglutamyl-peptidase I			232-981-8, 232-978-1			Proteases with the exception of those specified elsewhere in this Annex


			232-978-1			9074-87-7			Hydrolase, .gamma.-glutamyl			3.4.19.9			gamma-glutamyl hydrolase			232-981-8, 232-978-1			Proteases with the exception of those specified elsewhere in this Annex


			232-671-2			9004-07-3			Chymotrypsin			3.4.21.1			chymotrypsin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Chymotrypsin


			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.21.103			physarolisin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			253-431-3			37259-58-8			Proteinase, serine			3.4.21.113			pestivirus NS3 polyprotein peptidase			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.115			equine arterivirus serine peptidase			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			253-448-6			37288-76-9			Proteinase, Myxobacter .alpha.-lytic			3.4.21.12			alpha-lytic endopeptidase			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			276-716-4			72561-05-8			Proteinase, Myxobacter AL-1, II			3.4.21.12			alpha-lytic endopeptidase			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-933-6			9046-56-4			Proteinase, Agkistrodon serine			3.4.21.28			Transferred entry: now included with EC 3.4.21.74 venombin A			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-917-9			9039-53-6			Kinase (enzyme-activating), uro-			3.4.21.31			Transferred entry: now EC 3.4.21.68 t-plasminogen activator and EC 3.4.21.73 u-plasminogen activator			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.34			plasma kallikrein			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.35			tissue kallikrein			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-670-7			9004-06-2			Elastase			3.4.21.36			pancreatic elastase			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			254-453-6			39445-21-1			Elastase (pig pancreas)			3.4.21.36			pancreatic elastase			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.36			pancreatic elastase			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-670-7			9004-06-2			Elastase			3.4.21.37			leukocyte elastase			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-650-8			9002-07-7			Trypsin			3.4.21.4			trypsin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-651-3			9002-08-8			Trypsinogen			3.4.21.4			trypsin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.4			trypsin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			279-893-6			82047-85-6			Proteinase, submandibular gland serine, A			3.4.21.40			Deleted entry: submandibular proteinase A			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			276-433-6			72162-96-0			Prothrombinase			3.4.21.6			coagulation factor Xa			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-752-2			9014-01-1			Subtilisin			3.4.21.62			Subtilisin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Subtilisin


			232-972-9			9073-77-2			Proteinase, Bacillus alkaline			3.4.21.62			Subtilisin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			256-863-0			50936-53-3			Proteinase, microbial alkaline			3.4.21.62			Subtilisin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			257-520-8			51931-23-8			Proteinase, Bacillus subtilis			3.4.21.62			Subtilisin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			266-557-9			67051-83-6			Proteinase, Bacillus subtilis serine			3.4.21.62			Subtilisin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			279-361-3			79986-26-8			Proteinase, Bacillus licheniformis serine			3.4.21.62			Subtilisin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			306-090-0			95979-76-3			Proteinase, Bacillus alcalophilus serine			3.4.21.62			Subtilisin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-977-6			9074-07-1			Proteinase, Aspergillus alkaline			3.4.21.63			Oryzin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-992-8			9081-30-5			Proteinase, oryzin			3.4.21.63			Oryzin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			256-863-0			50936-53-3			Proteinase, microbial alkaline			3.4.21.63			Oryzin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			254-457-8			39450-01-6			Proteinase, Tritirachium album serine			3.4.21.64			Endopeptidase K			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			256-863-0			50936-53-3			Proteinase, microbial alkaline			3.4.21.64			Endopeptidase K			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-626-7			9001-72-3			Proteinase, pancreatic			3.4.21.70			Pancreatic endopeptidase E			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.70			Pancreatic endopeptidase E			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			272-915-5			68920-08-1			Enzymes, pancreatic, swine			3.4.21.71			Pancreatic elastase II			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-918-4			9039-61-6			Proteinase, Bothrops atrox serine			3.4.21.74			Venombin A			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-909-5			9036-06-0			Proteinase, Streptomyces griseus			3.4.21.80			Streptogrisin A			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-909-5			9036-06-0			Proteinase, Streptomyces griseus			3.4.21.81			Streptogrisin B			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			256-863-0			50936-53-3			Proteinase, microbial alkaline			3.4.21.83			Oligopeptidase B			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-761-1			9014-74-8			Peptidase, entero-			3.4.21.9			enteropeptidase			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			253-431-3			37259-58-8			Proteinase, serine			3.4.21.90			Togavirin			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-583-4			9001-13-2			Coagulase			3.4.21.x			Hydrolases; Acting on peptide bonds (peptidases); Serine endopeptidases			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			235-390-3			12211-28-8			Proteinase, Bacillus subtilis, sutilain			3.4.21.x			Hydrolases; Acting on peptide bonds (peptidases); Serine endopeptidases			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3			Proteases with the exception of those specified elsewhere in this Annex


			232-627-2			9001-73-4			Papain			3.4.22.2			papain			232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2			Papain


			232-599-1			9001-33-6			Ficin			3.4.22.3			ficain			232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2			Ficin


			253-387-5			37189-34-7			Bromelain, stem			3.4.22.32			Stem bromelain			232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2			Proteases with the exception of those specified elsewhere in this Annex


			232-572-4			9001-00-7			Bromelain, juice			3.4.22.33			Fruit bromelain			232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2			Bromelain, juice


			232-580-8			9001-09-6			Chymopapain			3.4.22.6			chymopapain			232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2			Proteases with the exception of those specified elsewhere in this Annex


			232-822-2			9028-00-6			Clostripain			3.4.22.8			clostripain			232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2			Proteases with the exception of those specified elsewhere in this Annex


			232-629-3			9001-75-6			Pepsin A			3.4.23.1			pepsin A			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Pepsin A


			232-796-2			9025-49-4			Proteinase, Aspergillus acid			3.4.23.18			Aspergillopepsin I			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.18			Aspergillopepsin I			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			232-796-2			9025-49-4			Proteinase, Aspergillus acid			3.4.23.19			Aspergillopepsin II			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.19			Aspergillopepsin II			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			232-795-7			9025-48-3			Pepsin B			3.4.23.2			pepsin B			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.20			Penicillopepsin			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.21			Rhizopuspepsin			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			253-395-9			37205-60-0			Proteinase, Endothia aspartic			3.4.23.22			Endothiapepsin			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			232-975-5			9073-79-4			Proteinase, Mucor aspartic			3.4.23.23			Mucorpepsin			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.23			Mucorpepsin			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.24			Candidapepsin			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.25			Saccharopepsin			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.26			Rhodotorulapepsin			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.28			Acrocylindropepsin			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			232-738-6			9012-71-9			Pepsin C			3.4.23.3			gastricsin			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.30			Pycnoporopepsin			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			256-862-5			50936-52-2			Proteinase, microbial acid			3.4.23.31			Scytalidopepsin A			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			232-645-0			9001-98-3			Rennin			3.4.23.4			chymosin			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Rennin


			278-856-1			78169-47-8			Proteinase, aspartic			3.4.23.x			Hydrolases; Acting on peptide bonds (peptidases); Aspartic endopeptidases			232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1			Proteases with the exception of those specified elsewhere in this Annex


			232-966-6			9068-59-1			Proteinase, microbial neutral			3.4.24.25			vibriolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteinase, microbial neutral


			232-966-6			9068-59-1			Proteinase, microbial neutral			3.4.24.27			thermolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			232-973-4			9073-78-3			Thermolysin			3.4.24.27			thermolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			253-424-5			37246-64-3			Thermolysin (Bacillus thermoproteolyticus)			3.4.24.27			thermolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			232-966-6			9068-59-1			Proteinase, microbial neutral			3.4.24.28			bacillolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			232-991-2			9080-56-2			Proteinase, Bacillus subtilis metallo-			3.4.24.28			bacillolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			255-914-4			42613-33-2			Proteinase, Bacillus polymyxa neutral			3.4.24.28			bacillolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			278-547-1			76774-43-1			Proteinase, Bacillus neutral			3.4.24.28			bacillolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			259-611-8			55354-32-0			Proteinase, Staphylococcus aureus serine			3.4.24.29			aureolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			232-582-9			9001-12-1			Collagenase			3.4.24.3			microbial collagenase			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			232-966-6			9068-59-1			Proteinase, microbial neutral			3.4.24.31			mycolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			232-582-9			9001-12-1			Collagenase			3.4.24.34			neutrophil collagenase			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			232-966-6			9068-59-1			Proteinase, microbial neutral			3.4.24.39			deuterolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			232-990-7			9080-55-1			Proteinase, Aspergillus oryzae neutral			3.4.24.39			deuterolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			254-418-5			39335-09-6			Proteinase, Aspergillus parasiticus neutral			3.4.24.39			deuterolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			254-422-7			39346-39-9			Proteinase, Aspergillus niger neutral			3.4.24.39			deuterolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			278-588-5			77000-13-6			Proteinase, Aspergillus neutral			3.4.24.39			deuterolysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			253-457-5			37312-62-2			Proteinase, Serratia extracellular			3.4.24.40			serralysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			256-863-0			50936-53-3			Proteinase, microbial alkaline			3.4.24.40			serralysin			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			232-582-9			9001-12-1			Collagenase			3.4.24.7			interstitial collagenase			232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			232-642-4			9001-92-7			Proteinase			3.4.2x.x			Hydrolases; Acting on peptide bonds (peptidases); endopeptidases			232-671-2, 256-862-5, 253-431-3, 253-448-6, 276-716-4, 232-933-6, 232-917-9, 232-670-7, 254-453-6, 232-650-8, 232-651-3, 279-893-6, 276-433-6, 232-752-2, 232-972-9, 256-863-0, 257-520-8, 266-557-9, 279-361-3, 306-090-0, 232-977-6, 232-992-8, 254-457-8, 232-626-7, 232-918-4, 232-909-5, 232-761-1, 232-583-4, 235-390-3, 232-627-2, 232-599-1, 253-387-5, 232-572-4, 232-580-8, 232-822-2, 232-629-3, 232-796-2, 232-795-7, 253-395-9, 232-975-5, 232-738-6, 232-645-0, 278-856-1, 232-966-6, 232-973-4, 253-424-5, 232-991-2, 255-914-4, 278-547-1, 259-611-8, 232-582-9, 232-990-7, 254-418-5, 254-422-7, 278-588-5, 253-457-5			Proteases with the exception of those specified elsewhere in this Annex


			232-793-6			9025-41-6			Keratinase, Streptomyces			3.4.99.11			Deleted entry: streptomyces alkalophilic keratinase			232-793-6			Proteases with the exception of those specified elsewhere in this Annex


			232-642-4			9001-92-7			Proteinase			3.4.x.x			Hydrolases; Acting on peptide bonds (peptidases)			232-642-4, 232-647-1, 232-875-1			Proteases with the exception of those specified elsewhere in this Annex


			232-647-1			9002-01-1			Kinase (enzyme-activating), strepto-			3.4.x.x			Hydrolases; Acting on peptide bonds (peptidases)			232-642-4, 232-647-1, 232-875-1			Proteases with the exception of those specified elsewhere in this Annex


			232-875-1			9031-96-3			Peptidase			3.4.x.x			Hydrolases; Acting on peptide bonds (peptidases)			232-642-4, 232-647-1, 232-875-1			Proteases with the exception of those specified elsewhere in this Annex


			232-765-3			9015-68-3			Asparaginase			3.5.1.1			asparaginase			232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			253-463-8			37325-54-5			Arabinanase			3.5.1.1			asparaginase			232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			232-753-8			9014-06-6			Amidase, penicillin			3.5.1.11			penicillin amidase			232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			232-787-3			9025-18-7			Amidase, aryl acyl-			3.5.1.13			aryl-acylamidase			232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			232-732-3			9012-37-7			Aminoacylase			3.5.1.14			aminoacylase			232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			232-959-8			9067-84-9			Deaminase			3.5.1.15			aspartoacylase			232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			232-959-8			9067-84-9			Deaminase			3.5.1.19			nicotinamidase			232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			232-736-5			9012-56-0			Amidase			3.5.1.4			amidase			232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			232-959-8			9067-84-9			Deaminase			3.5.1.4			amidase			232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			232-656-0			9002-13-5			Urease			3.5.1.5			urease			232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			232-888-2			9032-92-2			Glycosidase			3.5.1.52			peptide-N4-(N-acetyl-beta-glucosaminyl)asparagine amidase			232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			232-959-8			9067-84-9			Deaminase			3.5.1.x			Some enzymes in this IUBMB group			232-765-3, 253-463-8, 232-753-8, 232-787-3, 232-732-3, 232-736-5, 232-656-0


			232-786-8			9025-13-2			Creatininase			3.5.2.10			creatininase			232-786-8, 253-472-7, 232-628-8, 232-728-1, 232-970-8


			253-472-7			37340-59-3			Hydrolase, creatinine cyclo-			3.5.2.10			creatininase			232-786-8, 253-472-7, 232-628-8, 232-728-1, 232-970-8


			232-628-8			9001-74-5			Penicillinase			3.5.2.6			beta-lactamase			232-786-8, 253-472-7, 232-628-8, 232-728-1, 232-970-8


			232-728-1			9012-26-4			Cephalosporinase			3.5.2.6			beta-lactamase			232-786-8, 253-472-7, 232-628-8, 232-728-1, 232-970-8


			232-970-8			9073-60-3			Lactamase, .beta.-			3.5.2.6			beta-lactamase			232-786-8, 253-472-7, 232-628-8, 232-728-1, 232-970-8


			232-728-1			9012-26-4			Cephalosporinase			3.5.2.8			Deleted entry: cephalosporinase. Now included with EC 3.5.2.6 β-lactamase			232-786-8, 253-472-7, 232-628-8, 232-728-1, 232-970-8


			232-570-3			9000-96-8			Arginase			3.5.3.1			arginase			232-570-3, 253-471-1


			232-570-3			9000-96-8			Arginase			3.5.3.22			proclavaminate amidinohydrolase			232-570-3, 253-471-1


			253-471-1			37340-58-2			Creatinase			3.5.3.3			creatinase			232-570-3, 253-471-1


			253-449-1			37289-15-9			Deiminase, creatinine			3.5.4.21			creatinine deaminase			253-449-1, 232-892-4, 232-817-5


			232-892-4			9033-16-3			Deaminase, guanine			3.5.4.3			guanine deaminase			253-449-1, 232-892-4, 232-817-5


			232-817-5			9026-93-1			Deaminase, adenosine			3.5.4.4			adenosine deaminase			253-449-1, 232-892-4, 232-817-5


			232-959-8			9067-84-9			Deaminase			3.5.4.x			Some enzymes in this IUBMB group			253-449-1, 232-892-4, 232-817-5


			232-959-8			9067-84-9			Deaminase			3.5.99.x			Some enzymes in this IUBMB group			232-959-8


			232-784-7			9024-82-2			Pyrophosphatase, inorganic			3.6.1.1			inorganic diphosphatase			232-784-7, 232-569-8


			255-913-9			42613-29-6			Helicase			3.6.1.15			nucleoside-triphosphatase			232-784-7, 232-569-8


			255-913-9			42613-29-6			Helicase			3.6.1.3			adenosinetriphosphatase			232-784-7, 232-569-8


			232-569-8			9000-95-7			Apyrase			3.6.1.5			apyrase			232-784-7, 232-569-8


			232-782-6			9024-58-2			Decarboxylase, glutamate			4.1.1.11			Aspartate 1-decarboxylase			232-782-6, 232-783-1, 232-785-2, 232-652-9, 232-958-2, 232-745-4, 232-976-0


			232-782-6			9024-58-2			Decarboxylase, glutamate			4.1.1.15			Glutamate decarboxylase			232-782-6, 232-783-1, 232-785-2, 232-652-9, 232-958-2, 232-745-4, 232-976-0


			232-783-1			9024-76-4			Decarboxylase, lysine			4.1.1.18			Lysine decarboxylase			232-782-6, 232-783-1, 232-785-2, 232-652-9, 232-958-2, 232-745-4, 232-976-0


			232-785-2			9024-97-9			Decarboxylase, oxalate			4.1.1.2			Oxalate decarboxylase			232-782-6, 232-783-1, 232-785-2, 232-652-9, 232-958-2, 232-745-4, 232-976-0


			232-652-9			9002-09-9			Decarboxylase, tyrosine			4.1.1.25			Tyrosine decarboxylase			232-782-6, 232-783-1, 232-785-2, 232-652-9, 232-958-2, 232-745-4, 232-976-0


			232-958-2			9067-77-0			Carboxylase, phosphopyruvate (phosphate)			4.1.1.31			Phosphoenolpyruvate carboxylase			232-782-6, 232-783-1, 232-785-2, 232-652-9, 232-958-2, 232-745-4, 232-976-0


			232-745-4			9013-12-1			Carboxykinase, phosphopyruvate (pyrophosphate)			4.1.1.38			phosphoenolpyruvate carboxykinase (diphosphate)			232-782-6, 232-783-1, 232-785-2, 232-652-9, 232-958-2, 232-745-4, 232-976-0


			232-976-0			9073-94-3			Carboxykinase, phosphopyruvate (adenosine triphosphate)			4.1.1.49			Phosphoenolpyruvate carboxykinase (ATP)			232-782-6, 232-783-1, 232-785-2, 232-652-9, 232-958-2, 232-745-4, 232-976-0


			232-780-5			9024-43-5			Lyase, mandelonitrile			4.1.2.10			Mandelonitrile lyase			232-780-5, 232-781-0, 442-060-4, 444-400-7


			232-781-0			9024-52-6			Aldolase, fructose diphosphate			4.1.2.13			Fructose-bisphosphate aldolase			232-780-5, 232-781-0, 442-060-4, 444-400-7


			442-060-4			112567-89-2			Lyase, S-hydroxymandelonitrile			4.1.2.37			acetone-cyanohydrin lyase			232-780-5, 232-781-0, 442-060-4, 444-400-7


			442-060-4			112567-89-2			Lyase, S-hydroxymandelonitrile			4.1.2.39			Hydroxynitrilase			232-780-5, 232-781-0, 442-060-4, 444-400-7


			444-400-7			9026-97-5			Aldolase, deoxyribose phosphate			4.1.2.4			Deoxyribose-phosphate aldolase			232-780-5, 232-781-0, 442-060-4, 444-400-7


			232-740-7			9012-83-3			Lyase, citrate			4.1.3.6			citrate (pro-3S)-lyase			232-740-7


			232-576-6			9001-03-0			Dehydratase, carbonate			4.2.1.1			carbonate dehydratase			232-576-6, 254-441-0, 258-634-0, 232-754-3, 232-887-7


			254-441-0			39386-01-1			Dehydratase, carbonate (human erythrocyte B)			4.2.1.1			carbonate dehydratase			232-576-6, 254-441-0, 258-634-0, 232-754-3, 232-887-7


			258-634-0			53570-56-2			Dehydratase, carbonate (human erythrocyte C)			4.2.1.1			carbonate dehydratase			232-576-6, 254-441-0, 258-634-0, 232-754-3, 232-887-7


			232-754-3			9014-08-8			Hydratase, phosphopyruvate			4.2.1.11			phosphopyruvate hydratase			232-576-6, 254-441-0, 258-634-0, 232-754-3, 232-887-7


			232-887-7			9032-88-6			Hydratase, fumarate			4.2.1.2			fumarate hydratase			232-576-6, 254-441-0, 258-634-0, 232-754-3, 232-887-7


			232-614-1			9001-54-1			Hyaluronidase			4.2.2.1			hyaluronate lyase			232-614-1, 253-430-8, 232-894-5, 232-766-9, 232-777-9


			253-430-8			37259-53-3			Lyase, hyaluronate			4.2.2.1			hyaluronate lyase			232-614-1, 253-430-8, 232-894-5, 232-766-9, 232-777-9


			232-894-5			9033-35-6			Lyase, pectin			4.2.2.10			pectin lyase			232-614-1, 253-430-8, 232-894-5, 232-766-9, 232-777-9


			232-894-5			9033-35-6			Pectin lyase			4.2.2.10			pectin lyase			232-614-1, 253-430-8, 232-894-5, 232-766-9, 232-777-9


			232-766-9			9015-75-2			Lyase, pectate			4.2.2.2			pectate lyase			232-614-1, 253-430-8, 232-894-5, 232-766-9, 232-777-9


			232-766-9			9015-75-2			pectate lyase			4.2.2.2			pectate lyase			232-614-1, 253-430-8, 232-894-5, 232-766-9, 232-777-9


			232-777-9			9024-13-9			Lyase, chondroitin ABC			4.2.2.5			chondroitin AC lyase			232-614-1, 253-430-8, 232-894-5, 232-766-9, 232-777-9


			232-876-7			9032-05-7			Deaminase, formiminotetrahydrofolate cyclo-			4.3.1.4			formimidoyltetrahydrofolate cyclodeaminase			232-876-7, 232-778-4


			232-778-4			9024-28-6			Ammonia-lyase, phenylalanine			4.3.1.5			phenylalanine ammonia-lyase			232-876-7, 232-778-4


			232-959-8			9067-84-9			Deaminase			4.3.1.x			Some enzymes in this IUBMB group			232-876-7, 232-778-4


			232-959-8			9067-84-9			Deaminase			4.4.1.1			cystathionine gamma-lyase			232-959-8, 255-916-5, 232-891-9


			255-916-5			42616-25-1			Lyase, methionine			4.4.1.11			methionine gamma-lyase			232-959-8, 255-916-5, 232-891-9


			232-891-9			9033-12-9			Lyase, lactoylglutathione			4.4.1.5			lactoylglutathione lyase			232-959-8, 255-916-5, 232-891-9


			232-872-5			9031-76-9			Epimerase, aldose 1-			5.1.3.3			Aldose 1-epimerase			232-872-5


			232-774-2			9023-78-3			Isomerase, triose phosphate			5.3.1.1			Triose-phosphate isomerase			232-774-2, 232-944-6, 232-775-8, 232-603-1


			232-944-6			9055-00-9			Isomerase, glucose			5.3.1.5			Xylose isomerase			232-774-2, 232-944-6, 232-775-8, 232-603-1


			232-775-8			9023-88-5			Isomerase, mannose phosphate			5.3.1.8			Mannose-6-phosphate isomerase			232-774-2, 232-944-6, 232-775-8, 232-603-1


			232-603-1			9001-41-6			Isomerase, glucose phosphate			5.3.1.9			Glucose-6-phosphate isomerase			232-774-2, 232-944-6, 232-775-8, 232-603-1


			232-867-8			9031-36-1			Isomerase, steroid .DELTA.-			5.3.3.1			steroid DELTA-isomerase			232-867-8


			232-880-9			9032-62-6			Phosphomutase, glycerate (diphosphoglycerate cofactor)			5.4.2.1			Phosphoglycerate mutase			232-880-9, 232-634-0


			232-634-0			9001-81-4			Phosphomutase, glucose			5.4.2.2			Phosphoglucomutase			232-880-9, 232-634-0


			232-729-7			9012-31-1			Synthetase, acetyl coenzyme A			6.2.1.1			Acetate-CoA ligase			232-729-7, 232-747-5, 232-758-5


			232-747-5			9013-18-7			Synthetase, acyl coenzyme A			6.2.1.3			Long-chain-fatty-acid-CoA ligase			232-729-7, 232-747-5, 232-758-5


			232-758-5			9014-36-2			Synthetase, succinyl coenzyme A (guanosine diphosphate-forming)			6.2.1.4			succinate-CoA ligase (GDP-forming)			232-729-7, 232-747-5, 232-758-5


			232-770-0			9015-85-4			Synthetase, polydeoxyribonucleotide			6.5.1.1			DNA ligase (ATP)			232-770-0
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Microbial enzymes have been used in laundry detergent products for several decades. These enzymes
have also long been known to have the potential to give rise to occupational type 1 allergic responses. A
few cases of allergy among consumers using dusty enzyme detergents were reported in the early 1970s.
Encapsulation of the enzymes along with other formula changes were made to ensure that consumer
exposure levels were sufficiently low that the likelihood of either the induction of IgE antibody (sensitiza-
tion) or the elicitation of clinical symptoms be highly improbable. Understanding the consumer exposure

gflj;‘;vg::: to enzymes which are used in laundry and cleaning products is a key step to the risk management pro-
Allergy cess. Validation of the risk assessment conclusions and the risk management process only comes with
Asthma practical experience and evidence from the marketplace. In the present work, clinical data from a range
IgE antibody of sources collected over the past 40 years have been analysed. These include data from peer reviewed

Risk literature and enzyme specific IgE antibody test results in detergent manufacturers’ employees and from
Consumer products clinical study subjects. In total, enzyme specific IgE antibody data were available on 15,765 individuals.
Sensitization There were 37 individuals with IgE antibody. The majority of these cases were from the 1970s where 23
Exposure of 4687 subjects (0.49%) were IgE positive and 15 of the 23 were reported to have symptoms of allergy.
The remaining 14 cases were identified post-1977 for a prevalence of 0.126% (14/11,078). No symptoms
were reported and no relationship to exposure to laundry and cleaning products was found. There was
a significant difference between the pre- and post-1977 cohorts in that the higher rates of sensitization
with symptoms were associated with higher exposure to enzyme. The clinical testing revealed that the
prevalence of enzyme specific IgE in the population is very rare (0.126% since 1977). This demonstrates
that exposure to these strong respiratory allergens via use of laundry and cleaning products does not lead
to the development of sensitization and disease. These data confirm that the risk to consumers has been
properly assessed and managed and support the concept that thresholds of exposure exist for respira-
tory allergy. Expansion of enzyme use into new consumer product categories should follow completion
of robust risk assessments in order to continue ensuring the safe use of enzymes among consumers.
© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

In toxicological safety assessment, it is critical to differentiate
between the hazards presented by substances and the risk they
may present to human health. Whereas the hazard is an intrinsic
property of the substance, the risk to human health also depends
very heavily on exposure. While the bacterial/fungal enzymes used
in laundry detergent products represent a substantial respiratory
allergy hazard, the risk of this being expressed in consumers is

* Corresponding author at: The Procter & Gamble Company, Central Product
Safety, 11810 East Miami River Road, PO Box 538707, Cincinnati, OH 45253, United
States. Tel.: +1 513 627 2071; fax: +1 513 627 0583.

E-mail address: Sarlo.k@pg.com (K. Sarlo).

0300-483X/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.tox.2010.03.007

practically eliminated by appropriate control of the exposure (SDA,
2005). At the beginning of the use of such enzymes nearly 40 years
ago, the hazard was not adequately characterized and the exposure
was not properly controlled. The evidence then accumulated rela-
tively quickly that the hazard translated not only into a significant
occupational allergy problem (reviewed in Sarlo, 2003), but also
into a risk for consumers, albeit at a low level (Belin et al., 1970;
Bernstein, 1972; Zetterstrom and Wide, 1974). Rapidly, the indus-
try worked to reduce the occupational and the consumer risks, the
latter particularly by the encapsulation of enzymes and other for-
mulation changes which dramatically reduced the exposure level.
This resulted in a high degree of confidence that respiratory allergy
to enzymes in consumers should not occur (SDA, 2005). Occupa-
tionally, enzyme exposure is controlled using the strictest airborne
limits applied to any respiratory allergen, but while this ensures
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Table 1
Summary of sensitization data on consumer populations using enzyme-containing laundry and cleaning products: English language peer reviewed literature.
Size IgE? Enzyme Symptoms® Reference
N=3 +3/3¢ B. licheniformis +N=3) Belin et al. (1970)
protease
N=1645 +15/1645 B. licheniformis +N=8) Zetterstrom and Wide (1974)
protease
N=539 +4/539¢ B. licheniformis +(N=4) Bernstein (1972)
protease
N=2500 +1/2500¢ B. subtilis Koch-Light - Pepys et al. (1973)
protease; B. subtilis
amylase; B.
licheniformis protease
N=136 -0/136 B. licheniformis - Pepys et al. (1985)
protease
N=655 —0/655 B. lentus protease; B. - Cormier et al. (2004)

licheniformis amylase

Total pre-1977 N=4687
Total post-1977 N=791

Total IgE (+)=23
Total IgE (+)=0

2 IgE antibody detected by SPT and/or by serology and/or by passive serum transfer.

b Symptoms were self-reported or confirmed in the clinic in subjects with IgE antibody.

¢ SPT antigen concentration equal to or greater than 1 mg/ml.

exposure is below the threshold for the elicitation of allergy, never-
theless there is a limited degree of the induction of enzyme specific
IgE that is typically observed (Nicholson et al., 2001; Sarlo, 2003). In
the present paper, we have surveyed and critically reviewed all the
evidence available to us from directed clinical studies and other
related and relevant pieces of information which contributes to
our understanding of the status of the induction of enzyme specific
IgE amongst populations exposed to enzyme-containing cleaning
products. This information includes a review of published data
plus presentation of previously unpublished information from clin-
ical studies and the occupational medical surveillance program at
Procter & Gamble. The picture that emerges is that the absence of
respiratory allergy to laundry detergent enzymes in consumers is
complemented by an absence of the induction of IgE. These data
show that exposure to these strong respiratory allergens occur-
ring under the conditions of use in laundry and cleaning products
does not lead to the development of IgE or disease, and support the
concept that thresholds of exposure exist for respiratory allergy.

2. Materials and methods
2.1. Analysis of information from literature

A search of the English language peer review literature using combinations of
MESH terms that included enzyme, allergy, allergic antibody, sensitization, deter-

gent, skin prick test, clinical trial along with key author searches identified 603
papers of which 10 were selected for inclusion in this study. Adequate information

on the population studied, how the population was assessed, the enzymes used in
the testing, and the concentration of enzymes used in diagnostic testing was avail-
able in these papers (see Tables 1 and 2). Also, these studies met the criteria that
any indication of enzyme IgE antibody was confirmed by repeat skin tests, serology
or passive transfer tests. In addition, three abstracts that described consumer expo-
sure to enzymes in cleaning products were found in Soap and Detergent Association
industry trade association guidance documents (Weeks et al., 2001b; Troyano et al.,
2003; Sekkat et al., 1995). Enzyme specific allergic antibody data were available for
10,178 individuals.

2.2. Skin prick test (SPT) for enzyme allergic antibody

Assessment of enzyme specific allergic antibody in populations not included
in the published literature was done using the skin prick test. These populations
included clinic study subjects and detergent manufacturing employees in the med-
ical surveillance program. The enzyme SPT reagents were prepared by the Procter
& Gamble Co. from purified versions of the commercially used enzymes obtained
from Genencor International (Palo Alto, CA, USA) or Novozymes, A/S (Denmark).
These included the alkaline serine proteases from Bacillus amyloliquifaciens, Bacillus
licheniformis (Alcalase®) and Bacillus claussi, along with the alpha-amylases from
B. amyloliquifaciens and B. licheniformis. Fungal (Humicola lanuginosa) cellulase and
lipase made in Aspergillus oryzae and alpha-amylase from A. oryzae were also tested
in the occupational medical surveillance program. Solutions of 500 j.g protein/ml
and 50 p.g protein/ml were prepared using a 50% glycerin/saline solution. The nega-
tive control was the glycerin/saline vehicle and the positive control was 2.75 mg/ml
histamine phosphate in the glycerin/saline vehicle. Tests were performed using the
method described (Pepys, 1972). A drop of the test or control material was placed
on the volar surface of the forearm and a slight prick of the surface epidermis was
made using a sterile, 26-27 gauge needle. The test site was observed after 15 min
for the presence of a wheal and flare reaction. Resulting reactions were measured,

Table 2
Summary of sensitization data in test populations enrolled in clinical studies designed to assess safety of enzyme-containing products: English language peer review literature.
Size IgE? Enzyme Reference
N=65 0/65 Alcalase White et al. (1985)
N=400 3/400P B. amyloliquifaciens Bindslev-Jensen et al. (2006)
protease B.
licheniformis amylase
N=108 0/108 B. amyloliquifaciens Kelling et al. (1998)
protease
N=1325¢ 0/1325 B. claussi protease B. Cormier et al. (2004)
licheniformis amylase
N=2500 4/2500 B. amyloliquifaciens Sarlo et al. (2004)
N=519 (subset of 2500) 0/519 protease B. claussi
protease, B.
licheniformis protease
and B. licheniformis
amylase
Total N=4398 Total IgE (+)=7

2 IgE detected by skin prick test and/or by serology; antigen concentration <1 mg/ml.

b Subsequent tests to confirm IgE were negative.
¢ Population does not include the 655 test subjects reported in Table 1.
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and the sizes of the wheal and flare at the largest points were recorded. A test was
considered positive if the site exhibited a wheal of at least 3 mm larger than the neg-
ative control, together with a visible flare and a reaction to the positive control. Any
positive reactions to the enzymes were confirmed by repeat testing on the opposite
arm. Positive responses among test subjects in the clinical studies were verified by
repeat SPT at different skin sites on a separate day.

2.3. Procter & Gamble medical surveillance program

Male and female employees of the Procter & Gamble Company were enrolled in
amedical surveillance program designed to detect the development of IgE antibody
to enzymes used in the occupational environment (Schweigert et al., 2000). Partic-
ipation in the program was voluntary although enrolment was near 100%. The SPT
database from the P&G medical surveillance program was reviewed to identify pre-
viously unreported baseline (pre-occupational exposure) responses to 8 different
enzymes among 5156 employees in North America from 1972 to 2008.

2.4. Clinical study populations

Data from clinical study populations were evaluated. Population #1 consisted of
500 atopic, female subjects from North America, France and Germany. The subjects
were between the ages of 18 and 60 and in good health, participated in controlled
clinical trials of new enzyme-containing products and were part of a larger group
described in 1 of the 10 publications (Sarlo et al., 2004). These 500 test subjects were
tested with selected enzymes 6 months after their first evaluation (not reported in
Sarlo et al., 2004). Any subject who displayed a positive SPT response was asked
to return to the test laboratory for a repeat SPT and their serum was collected and
tested for circulating specific IgE antibody to the enzymes. These subjects were also
interviewed about potential enzyme exposure. Population #2 consisted of 208 test
subjects in the United Kingdom (UK), between the ages of 18 and 65 (Troyano et
al., 2003). Fifty percent were atopic (based on positive skin prick test response to
one common aeroallergen) and all were in good health. These test subjects were
asked to use a dishwashing liquid containing proteolytic enzyme along with their
regular laundry and cleaning products for 1 year. Subjects were assessed for IgE
antibody to the enzyme by SPT at the start and end of the study. Population #3
consisted of 406 test subjects in the UK and in North America enrolled in a human
repeat insult patch test of a protease enzyme in lotion (unpublished data). These test
subjects were assessed by SPT before and after the patch test study. One hundred
and eighty one (44.5%) of these test subjects were atopic (based on positive skin
prick test response to one common aeroallergen). Population #4 consisted of 76
Egyptian male mechanics that used enzyme-containing granule detergent to wash
their bodies (Sekkat et al., 1995). The wash was done with sponges and buckets of
water (no shower). Individuals were identified by interviews. In total, 1190 clinic
test subjects were evaluated. The Procter & Gamble Company Institutional Review
Board as well as the Ethics Committees of the different testing laboratories reviewed
and approved all clinical protocols. All subjects signed an informed consent. The
study was conducted in accordance with Good Clinical Practices (GCP) for Trial of
Medicinal Products and the ICH Guideline for GCP (CPMP/ICH/135/95).

2.5. Measurement of exposure to enzymes upon use of products

Laundry and cleaning products containing 1x to 100x the enzyme levels used
in marketed products were used to assess exposure upon simulation of consumer
usage. Air samples were collected using General Metal Works P-2000, Handi-Vol
high volume air sampler equipped with air flow meters and 4” round filter pad hold-
ers containing Whatman GFC grade glass microfibre filters. The sampler was placed
near the machine or sink so that it could capture aerosol in the breathing zone. Air
samples were collected during different phases of washing and drying tasks. These
tasks included pouring granule or liquid detergent into the washing machine, pour-
ing liquid dish soap into the sink, running water into the machine or sink, spraying
fabric with laundry pre-treat product, cleaning dryer vents, and washing and rinsing
dishes. The total air volume sampled during a trial was determined by measuring air
flow at frequent time intervals, and summing intermediate volumes [time elapsed
forinterval x airflow (m3/min) for that interval]. The amount of specific enzyme pro-
tein on the filters was measured by enzyme linked immunosorbent assay (ELISA),
as previously described (Miller et al., 1994). All samples were run in triplicate and
were not diluted unless they were expected to be above the detection range of the
assay. The detection range of the assay was 1.9-190+0.5 ng/m? at an air sampling
flow rate of 0.67 m3/min.

2.6. Statistical analysis

The Fisher’s exact test was used to identify differences between cohorts of popu-
lations identified in this review. All statistical analyses of the data were conducted in
StatXact 4 for Windows. Cohorts were treated as independent populations and eval-
uated for statistical significance by binary response methods. Confidence intervals
were calculated for the individual cohorts. Significance was defined at p <0.05.

3. Results

3.1. Peer reviewed literature: allergy and enzymes in consumer
populations

Table 1 summarizes the enzyme sensitization data described
in 6 published studies of consumer populations using laundry
detergent products. The presence of anti-enzyme IgE antibody and
symptoms upon exposure to enzyme was apparent in some pop-
ulations during the very early days of use of enzyme-containing
laundry products. These early products were dusty and were used
in machines as well as for hand washing of clothes. In Sweden,
3 patients with symptoms of type 1 allergy associated with use
of enzyme-containing powder (dusty) detergent were described
(Belin et al., 1970). The description of the 3 patients showed that
symptoms arose after 6 months to 2 years of use of product. Symp-
toms were noted with both hand and machine washes of laundry
items. Zetterstrom used serology and skin prick test to evaluate
clinic patients for IgE antibody to Alcalase (Zetterstrom and Wide,
1974). He evaluated 1523 serum samples in a radioallergosor-
bent test (RAST) and tested 122 subjects by skin prick test finding
that 15, or 0.91% (15/1645) were confirmed as consistently pos-
itive for IgE antibody to Alcalase. Laboratory-generated enzyme
aerosols from these dusty products showed enzyme levels greater
than 100ng/m3 (SDA, 2005). Bernstein (1972) studied a total of
539 individuals in the US and found 4 individuals that were sen-
sitized and symptomatic due to enzymes, confirmed by positive
results from skin prick tests, passive transfer of serum plus chal-
lenge, bronchoprovocation challenge and clinical symptoms after
product exposure. This experience, along with the manufacturing
experience led the industry to granulate the enzyme and detergent
products to reduce dust.

Pepys (1972) tested 2500 allergy clinic patients with Bacillus
protease enzyme using the SPT and concluded that 1 had allergic
IgE antibody that recognized the protease. A subset of 506 patients
was also tested to different protease and amylase enzymes; all
were negative. Approximately 2000 of the allergy clinic patients
had used enzyme-containing granulated detergent products for at
least 1 year with measured airborne exposure levels of 1ng/m3
or less. It was determined that the individual with the IgE anti-
body to enzyme had been exposed to a very dusty detergent
product similar to the those associated with allergy and asthma
among Swedish consumers, where airborne enzyme exposure was
believed to exceed 100 ng/m3 (Belin et al., 1970; Zetterstrom and
Wide, 1974). Several years later, Pepys et al. (1985) tested 136 clinic
patients; 88 of these patients were from the original pool of 2500.
None were SPT or RAST positive to protease enzyme.

Aretrospective examination of 655 atopic women in the Philip-
pines showed no SPT positive response to Bacillus protease or
amylase enzymes in individuals who used enzyme-containing
granule laundry detergents for hand laundering for at least 1 year.
A further 1300 atopic women who had sporadic exposure to these
enzymes via laundry product were also SPT negative to these
enzymes. Many of these women had compromised skin due to
mechanical abrasion associated with hand laundry habits used
in the region. It is notable that enzyme exposures were up to
0.18 ng/m3 and occurred for minutes to hours, daily (Cormier et al.,
2004). A 2-year clinic study of 581 of these women showed that no
IgE antibody to enzymes was found after use of enzyme-containing
granule detergent for hand laundry supplemented with an enzyme-
containing synthetic laundry bar. The women also used the bar for
daily personal cleansing. The highest exposure level from the bar
soap was 0.026 ng/m3 (Cormier et al., 2004).

Assessments of the development of IgE antibody to enzymes
were also done in populations that were not necessarily being stud-
ied for safety of laundry and cleaning products. Table 2 provides a
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Table 3
Summary of sensitization data from studies described in abstract; also unpublished studies.
Size IgE? Enzyme Reference
N=100 - B. claussi protease Weeks et al. (20014, 2001b)
N=151 - B. amyloliquifaciens protease Troyano et al. (2003)
N=406 - B. amyloliquifaciens protease P&G HRIPT studies (unpublished, post-1977)
N=76 - B. claussi protease Sekkat et al. (1995)
Total N=733 Total IgE (+)=0

@ IgE detected by skin prick test; antigen concentration <1 mg/ml.

summary of these data from the remaining publications found in
the peer review literature. In total, 4398 subjects were variously
assessed by SPT. Of these, only 7 (0.16%) were positive and 3 of the
7 could not be confirmed as positive by additional testing. Sarlo et
al. (2004) reported SPT results for 2500 atopic female test subjects
screened for participation in clinical trials. All subjects were tested
with the protease from B. amyloliquifaciens. A total of 4 women
were found to be SPT (+) to this enzyme but SPT (-) to the other
Bacillus enzymes. Only 1 of the 4 had detectable, low levels of IgE
antibody in serum. The results of a product use questionnaire plus
interview did not reveal an obvious source of exposure to the B.
amyloliquifaciens protease enzyme. Furthermore, these women did
not report any symptoms of allergy upon use of household clean-
ing products, including detergents. A subset of this group (N=519)
was tested with 4 other Bacillus enzymes; all were SPT negative and
remained SPT negative to these enzymes 6 months after their initial
test. Bindslev-Jensen et al. (2006) tested 400 clinic patients with a
variety of enzymes used in the food industry. The serine protease
enzymes and alpha-amylase enzymes from B. licheniformis and B.
amyloliquifaciens that are also used in laundry and cleaning were
included in the SPT antigen battery. Three individuals gave an ini-
tial positive SPT response but subsequent tests to confirm the IgE
antibody were negative. It is possible that these 3 were false posi-
tive responses. The other studies all generated negative skin prick
test data among 2498 test subjects (see references, Table 2).

Table 3 lists data from published abstracts or from unpublished
clinical studies that also describe the lack of IgE antibody to Bacillus
enzymes, albeit in small cohorts. The first study showed negative
SPT to B. claussi protease in 100 atopic, female test subjects were
asked to use a protease containing laundry spray pre-treater prod-
uct for 6 months on a daily basis (Weeks et al.,2001a,2001b). These
test subjects were SPT negative at the beginning and end of the
study. The work described by Troyano showed negative SPT results
to B. amyloliquifaciens protease in 208 subjects recruited to use pro-
tease containing dishwashing liquid or control product for 1 year.
The product was used at least once per day. All of the 151 sub-
jects that completed the study were SPT negative (Troyano et al.,
2003). The remaining 49 subjects dropped out of the study due to
non-health related reasons. Data on 406 test subjects recruited to
participate in human repeat insult patch tests (HRIPT) on a proto-
type body lotion containing B. amyloliquifaciens protease showed
that all were SPT negative before and after the patch test (unpub-
lished data). One hundred and nine of the 406 were atopic. Lastly,
a retrospective study of 76 male mechanics in Egypt who used
enzyme-containing laundry granules for daily personal cleansing
(the great majority for more than a year) showed that none of them
had enzyme specific IgE antibody (Sekkat et al., 1995). These expo-
sures occurred primarily via use of detergent products with buckets
of water to cleanse the body.

3.2. Unpublished SPT results from employees prior to enzyme
exposure

All new employees entering the detergent manufacturing
workforce are tested to obtain a baseline value for continued

occupational health monitoring. In addition, all employees are
tested prior to the introduction of new enzymes into the manu-
facturing site. Table 4 shows the SPT results of 5156 employees
(North America) tested from 1972 to 2008 prior to occupational
exposure to enzyme. The concentration of SPT antigen used from
1972 to 1992 was 500 p.g protein/ml. During this time there was
a prevalence of 0.137% baseline SPT positive results to the ser-
ine protease Alcalase among this cohort. The concentration of SPT
antigen used from 1993 to 2008 was 50 p.g/ml. The antigen con-
centration was dropped to improve specificity without a loss in
sensitivity (Bernstein et al., 1994). During this time there was a
prevalence of 0.135% SPT (+) to any enzyme. There was one SPT
(+) individual each to the serine protease and alpha-amylase from
B. licheniformis. There were 2 SPT (+) individuals to the fungal cel-
lulase. All 4 individuals were identified prior to 2002. Since 2002,
1341 new employees were tested and none showed baseline SPT (+)
responses. The results of the product use questionnaire given to 100
employees in North America showed that >80% of these individuals
were consumers of several types of enzyme-containing detergents
and used them regularly for their laundry needs.

3.3. Summary of population data

A total of 15,765 individuals were tested for IgE antibody to
enzymes. Of these, 37 were confirmed as IgE positive to enzyme
for a prevalence of 0.23%. In order to assess whether changes to
detergent plus enzyme formulations had an impact on this preva-
lence, the sensitization data were split into 2 pools representing IgE
positive subjects identified before 1977 and those identified after
1977. This year was chosen since there was a transition in expo-
sure to enzymes from high (>100 ng/m3) to low (<1 ng/m?3) in the
early 1970s and the papers published at this time included many
individuals who were exposed during this transition period. There
were a total of 23 0f 4687 individuals with enzyme specific IgE anti-
body pre-1977 (see Table 1, total pre-1977). There were a total of
14 of 11,078 individuals with enzyme specific IgE antibody post-
1977 (see Table 1, total post-1977, Tables 2-4). This difference is
statistically different at p=0.0001.

3.4. Exposure assessment: air sampling

Consumer use of detergent products was assessed by exten-
sive habits and practices surveys of consumer populations in North
America and Europe. Enzyme exposure associated with product use
was estimated in the laboratory by reproducing the tasks identified
in these surveys, using commercially available washing machines
and dryers and measuring the resulting concentrations of airborne
enzymes (SDA, 2005; HERA, 2007). Table 5 shows the measured
airborne enzyme levels during a variety of cleaning tasks. All of the
exposures were associated with tasks of short duration (seconds to
minutes) and occurred several times over a period of 1 week. The
highest exposure level was measured upon use of a trigger spray
laundry pre-treat cleaner. This exposure occurred when consumers
sprayed fabric held in a vertical position and there was opportunity
for the spray to bounce off the fabric and into the breathing zone.
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Table 4
SPT results of 5156 employees prior to occupational exposure to enzymes (unpublished data).
Enzyme SPT reagent 1972-19922 cohort 1993-2002" cohort 2002-2008" cohort Total
B. amyloliquifaciens protease 0/2192 0/1623 0/1341 0/5156
B. licheniformis protease 3/2192 1/1623 0/1341 4/5156
B. claussi protease 0/2192 0/1623 0/1341 0/5156
B. amyloliquifaciens amylase 0/2192 0/1623 0/1341 0/5156
B. licheniformis amylase 0/2192 1/1623 0/1341 1/5156
H. lanuginosa cellulase NT 2/1623 0/1341 2/5156
H. lanuginose lipase NT 0/1623 0/1341 0/5156
A. oryzae alpha-amylase NT 0/1623 NT 0/1623

2 SPT at 500 pg/ml.
b SPT at 50 pg/ml.

Table 5

Exposure measurements upon use of enzyme-containing laundry detergents (unpublished data).

Duration of task Frequency of task

Task Magnitude (ng protein/m?)
Pour liquid detergent into top-loader wash 0.012
machine

Pour granule detergent into top-loader wash 0.00022
machine

Addition of water to liquid or granule 0.7-2.9
detergent in top-loader wash machine

Addition of detergent to front-loader wash 0
machine

Detergent refill (pour granule from 6 kg sack) 0.5
Dryer vent (indoors) <0.5
Clean dryer lint trap 0.04-1.2
Spray pre-treat laundry items® 14.5

Hand wash dishes using liquid dish soap® 1-3 followed by <0.3

<30s 4-7 x [week
<30s 4-7 x [week
<30s 4-7 x [week
<30s 3-10 x week
<1 min Once/month
<30sto1h? <4-7 x |week
<30s <4-7 x |week
<1 min 4-7 x [week
<305 followed by several minutes Daily

2 Assume an individual remains in the laundry room for any length of time during the typical dry cycle.
b Measurement includes initial peak exposure as water and soap first mix followed by the exposure during the hand wash task.

¢ Weeks et al. (2001b).

This exposure was associated with negative SPT responses in a clin-
ical trial (see Table 3, Weeks study). Other high exposures occurred
when hot water mixed with liquid detergent product placed at the
bottom of a top-loading washing machine or hot water mixed with
liquid soap used to clean dishes. These peak concentrations lasted
for less than 1 min and the magnitude dropped as a surfactant layer
formed on top of the water. The exposure for the dishwashing lig-
uid was associated with negative SPT responses in a clinical trial
(see Table 3, Troyano study). Front-loading washing machines gen-
erated no airborne levels of enzyme based on the way product is
added to these machines. Enzyme levels on lint delivered into the
air upon indoor venting of dryers (estimated <5% of homes in North
America) is also low (<0.6 ng/m3).

4. Discussion

Enzyme-containing detergent products have enjoyed a safe
market history for nearly 40 years. While enzymes can cause
occupational asthma and allergy via an IgE mediated, type 1
hypersensitivity response, this response is rare among the general
population. The SPT data generated from evaluation of several pop-
ulations show that the prevalence of individuals with anti-enzyme
IgE antibody is very low. A total of 37 of 15,765 (0.23%) were iden-
tified as IgE positive to an enzyme since the original paper by Belin
was published in 1970. By splitting the population into pre- and
post-1977 we found a significant difference in the prevalence of
sensitization and reported symptoms. The majority of the pre-1977
cases were clinically relevant and were linked to high exposure
to enzyme in laundry products. None of the cases identified post-
1977 was clinically relevant and none could be linked to use of
enzyme-containing laundry and cleaning products. This is despite
the fact the enzyme-containing laundry and cleaning products are
used daily by many millions of consumers in most regions of the
world now and over the past 15-20 years (Houston, 1997). These

data tell us that intervention in the form of changes to product
formulations and hence lowered exposures eliminated the risk to
consumers. This information confirms the risk assessment that typ-
ical use of enzyme-containing laundry and cleaning products does
not lead to the development of enzyme specific IgE antibody among
consumers (SDA, 2005; HERA, 2007).

Since the 14 cases identified post-1977 could not be linked to
enzymes in laundry and cleaning products we can speculate that
there may have been other environmental exposures that led to
IgE antibody that recognized the enzymes. Bacillus organisms are
commonly found in soil and in decomposing plant products and
are considered non-pathogenic in humans (EPA risk assessment)
(USEPA, 1997). The subtilisin proteases are a superfamily of pro-
teases that are produced by almost all organisms (Kraut, 1977) and
some function as virulence factors (St. Leger et al., 1997). Therefore,
itis possible that some cross-reactivity exists among some of these
enzymes.

There are currently no quantitative risk assessment methods
that can be used to identify no adverse effect levels for type 1
allergy to enzyme. Rather, we have to compare exposure assess-
ment results to existing clinical data which associate the exposure
levels with the development (or lack thereof) of IgE antibody to
enzyme (benchmarks). These benchmark datasets tell us that there
are thresholds of exposure (defined by magnitude, frequency, dura-
tion and route) below which allergic antibody and subsequent
development of disease are not induced. We believe the exposures
listed in Table 5 represent a de facto threshold and can be used to
establish derived minimal effect levels (DMELSs) for the enzymes
(Basketter et al., 2009). These exposures do not necessarily trans-
late to other uses of enzymes since clinical testing of enzymes in
personal care products such as a bar soap and a body lotion led to
development of IgE antibody in a few of the test subjects (Kelling
et al., 1998; Sarlo et al., 2004).

The SPT is a very sensitive test for allergen specific IgE antibody
but it can be confounded by poor technique and inappropriate aller-
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gen concentrations. A report by Bernstein et al. (1994) showed that
increased concentrations of enzyme in the SPT can detect lightly
sensitized individuals but greater false positive responses could be
attained with enzyme concentrations greater than 500 p.g/ml. This
is consistent with the experience reported by Pepys et al. (1985). In
our hands, 500 p.g/ml is the highest non-irritating concentration of
enzyme that can be used in the SPT. Our investigation uncovered 37
individuals that were IgE positive to enzymes. Twenty-three of the
37 SPT positive individuals identified in this paper were described
by investigators in the early 1970s when exposure to enzymes was
not adequately controlled. We have confidence that these individ-
uals had true positive responses since their initial responses were
confirmed by repeat skin prick testing and/or with serology and/or
with passive transfer testing.

P&G has a well structured medical surveillance program to
detect the onset of enzyme specific IgE antibody amongst the
detergent manufacture workforce (Schweigert et al., 2000). All
employees must be assessed prior to exposure to enzyme at hire
and before introduction of new enzymes into the manufacturing
site. This has provided a well characterized population to evaluate
since we also know that these individuals are typical consumers of
laundry and cleaning products. From 1972 to 1992 the SPT enzyme
concentration was 500 pg/ml protein. The introduction of enzymes
derived from a fungal host organism in the early 1990s led to an
increase in false positive SPT responses due to the degree of purity
of reagents used in the program. Dropping the concentration to
50 wg/ml helped to reduce the false positive responses with these
reagents with a modest sacrifice in sensitivity (Bernstein et al.,
1994). Since employees are under active medical surveillance and
are tested on an annual basis, then some loss in sensitivity can be
accepted to improve the assay specificity, i.e., minimize false posi-
tive responses to the less pure reagents. Comparing the baseline IgE
responses amongst the 2 cohorts of workers (pre-1992, post-1992)
showed no difference in the prevalence of SPT positive responses.

It is fair to say that after the initial adverse reactions to enzyme-
containing products which occurred in consumers almost 40 years
ago, there is now an absence of evidence of respiratory allergy
problems. This is supported by the evidence of absence of any sig-
nificant induction of IgE antibodies in exposed consumers. Where
there is no IgE antibody to enzyme there can be no allergic reac-
tivity. Enzymes can be used safely in a range of consumer laundry
and cleaning products. This outcome has been predicted by prod-
uct safety assessments (SDA, 2005; HERA, 2005, 2007). However,
expanded use of enzymes outside of these typical laundry and
cleaning applications must be supported by a risk assessment and
in some cases clinical evaluation. The Soap and Detergent Asso-
ciation has published guidelines that manufacturers of consumer
products containing enzymes should follow when performing the
consumer safety assessment (SDA, 2005).

In addition to the question of respiratory sensitization, it is
worth mentioning that the issue of skin effects, including sensi-
tization, has been considered from theoretical, experimental and
clinical perspectives. This work has shown, over a 40-year period,
that there is no evidence of immunologically mediated adverse skin
affects associated with enzymes in detergent products (Basketter
et al., 2008).

In summary, after learning from the early cases of enzyme
induced consumer allergy, changes were made such that enzyme-
containing detergent products have enjoyed a safe market history
for over 35 years. While enzymes can cause occupational asthma
and allergy via an IgE mediated, type 1 hypersensitivity response,
this response is limited to detergent manufacturing and is very
rare among the general population. The SPT data generated from
employees prior to occupational exposure to enzymes and in atopic
female populations shows that the prevalence of individuals with
anti-enzyme IgE antibody is very low, is not clinically relevant and

cannot be linked to product exposures. Furthermore, levels of expo-
sure to enzymes that result in neither induction or elicitation of
respiratory allergy in consumers have been determined in the con-
text of laundry and cleaning products. Thus, the risk assessment
conclusion, that typical use of enzyme-containing detergent prod-
ucts should not lead to the development of enzyme specific IgE
antibody among consumers, is not only supported by an absence of
evidence, it is further confirmed by evidence of absence of such an
effect.
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Safe Use of Detergent Enzymes in the Workplace

Gordon Peters, Gary Q. Johnson, and Arlene Golembiewski

Procter & Gamble Co., Cincinnati, Ohio

This article gives a detailed description of a program to
control workplace exposure to enzymes during manufacture
of laundry detergents. We believe this same program could,
in large part, be re-applied to control exposure to enzymes
in other industries or to control exposure to other industrial
allergens. We chose to publish at this time because we be-
lieve enzyme use will increase in the future. The information
contained here could potentially help new users ensure safe
deployment of enzyme technology. Also, we have recently
acquired new knowledge to improve our management sys-
tem: this knowledge could help current enzyme users. We
offer two new approaches that greatly increase worker par-
ticipation and also improve understanding of the production
process. We also highlight limitations of traditional air sam-
pling. The new approaches are semi-quantitative tools to de-
tect, rank, and control sources of dust release and product
spillage. Our main conclusions are that detergent enzymes
can be handled safely in the workplace provided there is
no visible dust or spillage. Finally, we highlight the value of
prick testing as a safe, simple tool to objectively asses the
effectiveness of a hygiene program and to provide an “early
alert” in the event of outages in the management system.

Keywords Workplace Exposure, Enzymes, Laundry Detergents, Ex-

posure Control, Industrial Allergens

Enzymes are used in several industries—baking, beer mak-
ing, clothing manufacture, food processing, and detergent laun-
dry products. They act as catalysts to facilitate chemical pro-
cesses. Like other catalysts they are effective when present at
very low levels, usually <1 percent. This article focuses on con-
trol of exposure in workplaces manufacturing detergent laundry
products. Detergent enzymes catalyze stain removal. In so doing
they improve detergent product performance and reduce wash
temperature and cycle time required to achieve an end result
acceptable to the consumer.

Good industrial hygiene is necessary primarily because en-
zymes are potential respiratory allergens. Our company and the
detergentindustry in general have over 30 years successful expe-

rience in controlling exposure and protecting worker health.(-®
The reasons for the present publication are:

e In recent years, as we have introduced new enzymes,
we have acquired new learnings that have further im-
proved our already strong industrial hygiene manage-
ment system.

e We believe the controls described in this article, at least
in part, are potentially applicable to enzyme use in in-
dustries other than the detergent industry or to other
occupational airborne allergens.

o We believe the cost-effectiveness and potential energy
efficiency of enzymes will lead to other industries who
have not previously used enzymes finding uses for
them. This will bring in new users. Publication of our
experience will help ensure safe deployment.

In addition to the present article, Procter & Gamble is in the pro-
cess of publishing a review article which references the study of
enzyme toxicology in general and their past use in the detergent
industry in particular.

POTENTIAL HEALTH EFFECTS OF ENZYMES

Enzymes are proteins. They are no different from other pro-
teins such as pollen in their potential to be respiratory allergens.
Inhalation of a protein can trigger the body’s immune system
to produce antibodies that are specific for the protein inhaled.
The level of exposure that stimulates antibody production varies
from person to person and is allergen-dependent. The role of the
antibody is to bind and help remove the foreign protein. For the
purpose of this article a person who has developed antibodies to
an enzyme is said to be sensitized to that enzyme.

It is important to emphasize that sensitization is not anillness.
It is a subclinical condition, an asymptomatic response of the
body’s immune system. Sensitization indicates that there has
been exposure by inhalation. The presence of antibodies can be
demonstrated by a simple, safe technique called a prick test.®-+7

If a person sensitized to an enzyme is further exposed an-
tibody levels may increase. The interaction of the antibody-
enzyme complex can trigger release of substances such as his-
tamine. At sufficiently high levels these substances can cause
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hay fever like symptoms such as watery eyes, sore throat, runny
nose. In some cases continued exposure can lead to asthma.

Health effects are reversible on removal from exposure.®

In practice very few workers develop adverse health affects.
Our experience is that of 9000 workers in our detergent manu-
facturing plants world wide typically 0-2 workers per year ex-
perience adverse health effects. We do not change work assign-
ments based on becoming sensitized. We believe our controls
are adequate to prevent health effects. We handle the very few
health cases on a case by case basis. The practices for handling
sensitized workers and health cases are generally applied in the
detergent industry.??

Some enzymes are mild skin irritants. This class of enzyme
is called proteases because they act on protein based laundry
stains such as egg and chocolate. Because skin is a protein pro-
longed and frequent exposure can lead to skin irritation. In the
workplace, irritation is easily avoided by engineering and ad-
ministrative controls combined with good personal hygiene. In
practice the controls required for inhalation also help to prevent
skin contact. It is important to note that enzymes are not skin
sensitizers nor do they cause contact dermatitis. >

It is important to emphasize that this article deals with work-
place exposure. Assurance of consumer safety relative to res-
piratory sensitization and skin irritation is based on a body of
evidence confirming that enzyme containing laundry detergents
are safe for consumer use.*--14.20.21)

ENZYMES USED IN THE DETERGENT INDUSTRY
Enzymes are very specific in the reactions they catalyze. Con-

sequently there are four classes of enzymes widely used in de-

tergents. The classes are named for the stain types they work on

G. PETERS ET AL.

Exposure Limits for the Enzymes Used

The American Conference of American Governmental In-
dustrial Hygienists (ACGIH®) has established a threshold limit
value (TLV®) for low pH proteases of 60 ng/m> expressed as
total enzyme protein (60 ng/m> = 60 x 10~ g/m?). This TLV
is a ceiling value, that is, a value that should not be exceeded for
any part of the workday. Several detergent companies, including
our company work to a lower exposure limit of 15 ng/m3.1>)
This lower limit, also a ceiling limit, takes account of potenti-
ation by the detergent of the enzyme’s ability to sensitize. It is
believed that surfactant in the detergent is the main potentiating
component.

Ability to sensitize can be measured by a laboratory tes
As new enzymes classes were introduced we have learned that
not all are equally potent sensitizers. In our company we have
set the exposure guidelines based on potency relative to low
pH proteases as measured by bench tests.*!'> Our exposure
guidelines for each class of enzymes is contained in Table II.

t.(4"5)

IMPORTANCE OF CONTROLLING WORKPLACE
EXPOSURE TO ENZYMES

The critical importance of controlling inhalation exposure in
the workplace is illustrated by early experience when low pH
proteolytic enzymes were first introduced into detergents. The
detergent industry underestimated risk to worker health. Early
enzymes were powders and dust levels were typically in the
microgram per cubic meter range. As enzyme use increased so
did incidence of sensitization and respiratory illness.”’ Three
separate studies at different manufacturer’s plants during the
early 1970s indicated that, within 5 years of broad scale en-
zyme deployment, for every 100 workers, on average, 40 were

and are summarized in Table I. sensitized and 15 went on to develop clinical symptoms. ¢~
TABLE I
Commonly used detergent enzymes
Enzyme class Proteases low pH Proteases high pH Lipases Amylases Cellulases
Introduction date 1968 1986 1991 1993 1993
Stains acted on Proteins such as chocolate, Same stains as Fats, body soils  Acts on starch-  Acts on the
blood, egg, low pH proteases based stains surface of
such as rice garment
(cellulose)
Comments Performs stain removal Performs stain removal Had beenused  The intent is
best at pH 7 but most best at granular in 1980s but to leave
detergents are formulated detergent wash pH use increased garments
at pH 11-13. Low pH therefore they give significantly looking
enzymes are still used more effective since 1993. like new.

in liquid detergents
because they are
formulated at lower pH
than granular detergents.
A new low pH protease
was introduced in 1991.

proteases.

performance in
granular products
than do low pH






Downloaded By: [Novo Nordisk A/S] At: 14:12 13 December 2007

SAFE USE OF DETERGENT ENZYMES IN THE WORKPLACE 391

TABLE 11
Exposure limits for common enzyme classes
Enzyme class: Proteases Proteases
low pH high pH Lipases Amylases Cellulases
Exposure 15 15 5 5 7.5

limit (ng/m3)
expressed as
enzyme protein

These findings led to intense public concern which in turn led
to intensive study of consumer safety.*'# The results clearly
indicated that enzyme-containing laundry products were safe
for the consumer. Of particular note, a 1971 National Research
Council report'® concluded that consumers did not develop res-
piratory allergies. Also, a publication by Pepeys'*) reported that
more than 2500 patients in an allergy clinic (80% of whom used
laundry detergents) were prick tested and none were found to be
sensitized. A more recent study'® showed no sensitization in
700 women who used granular laundry detergent for doing hand
laundry for at least one year. Also a two-year study showed no
sensitization among 500 women who used enzyme-containing
granular detergent for hand laundry and supplemented the de-
tergent by use of a synthetic soap bar containing enzymes.?”

At the same time that consumer safety studies were being un-
dertaken in the 1970s the detergent industry improved its indus-
trial hygiene practices and enzyme manufacturers encapsulated
the powdered raw material by prilling with inert binders. Dust
levels, sensitizations, and number of health cases were reduced
considerably.®*21)

Nevertheless, public concern in the United States remained
high despite the assurance of consumer safety and improved
workplace controls. This led to the almost total withdrawal of
enzymes from United States laundry product from 1975-1986.
This is a very powerful example of the potential consequences
of poor industrial hygiene control.

The industry was able to continue enzyme use in all other
regions of the world. By the early 1990s the industry had over
30 years of safe experience. Our company’s experience has been
that when sensitization rates at our plants are less than 3 per-
cent per enzyme per year we very rarely incur health incidents.
Enzyme dust levels are typically 1 ng/m?. This is much lower
than the 60 ng/m> limit set by the ACGIH TLV Committee or
the 15 ng/m?3 upper limit adopted by our company and the Soap
and Detergent Industry Association (SDIA).?

METHODS

Prick Test to Determine if a Person is Sensitized

The prick test is a simple, safe test. It involves placing a di-
lute solution (50 ug/mL) on the person’s forearm and lifting the
epidermis with the tip of a gauge 25 or 26 needle. (50 ug/mL =
50 x 107® g/mL). A very small quantity of enzyme passes

through the epidermis. If antibodies are present in the person
being tested they will bind with the enzyme causing a small
wheal and a flare on the arm. A positive test is deemed to have
occurred if there is a flare and a wheal 3 mm or more greater than
that caused by a control solution that does not contain enzyme.
The test takes approximately 2 minutes to perform and then a
15-minute waiting period before assessing results. Prick testing
is a common long established procedure for detection of sensi-
tivity to naturally occurring allergens such as pollen. There is
no risk of causing sensitization by the act of prick testing.

Air Sampling

Air sampling as described in this article involves traditional
high volume (25 m3/hour) area sampling which has been used in
the detergent industry since enzymes were first introduced. 322
Samples are taken at locations where exposure is most likely,
usually at breathing zone height and about one meter from the
dust source. Key locations are: areas where enzyme raw material
receipts are opened and added to the detergent manufacturing
equipment, where enzymes are metered into the detergent prod-
uct stream, where bulk enzyme containing detergent is trans-
ferred from the making process to packing, at filler heads on
packing lines, and areas where off-quality packed product is
reclaimed.

In the period described in this article sampling time was one
hour and air samples were collected on glass fiber filters. Enzyme
content of the filters was measured by a very specific and very
sensitive (<0.1 ng/m? ) immunoassay technique. More detail on
sampling extraction and various methods of analysis of enzyme
content can be found elsewhere.?3-2%)

Treatment of Air Sampling Results

Individual results were compared with an exposure limit for
each enzyme. We target to have at least 99.7 percent of all results
at each sampling location below the exposure limit. Also, results
are treated statistically at each sampling location. This allows us
to compare location to location. Thus, at each sampling location,
the most recent 30 samples for each enzyme are analyzed as
follows:

CpK = ——— [1]
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Where:

EL = The relevant exposure limit from Table II.
M0y = Arithmetic mean of most recent 30 samples.
SD0) = Standard deviation of most recent 30 samples.

CpK = Capability ratio

The higher the value of CpK the better. If we have, say, 20 sam-
pling locations in a plant we rank them according to CpK and
direct our imporvement efforts accordingly. Admittedly from a
purely scientific viewpoint there is a flaw in our approach in
that it utilizes normal statistics whereas the actual distribution
of air sampling results at each location is log normal. Neverthe-
less it is adequate for comparative purposes and for directing
improvement effort. The approach is also readily understood by
the workers.

RESULTS

The data shared in this article represent our company’s global
experience during the period 1992-1998. During this time the
company had 30-35 detergent plants worldwide. The number
of enzyme classes used in the company varied over the time
period as shown in Table 1. Table IIT shows the total number of
health cases in the company per year. Table III also summarizes
the number of times we exceeded our internal target range of
0-3 percent new sensitization/enzyme/year/plant. The table also
records, for each exceedance beyond 3 percent, which enzyme
was involved and the actual percentage of new sensitizations at
the plant in question.

Air Sampling Results

In the years in question there were virtually no out of limit air
sampling results across 30 plus plants, each of which was sam-
pling multiple locations daily. Individual results were typically
in the range 1-3 ng/m3. We always met our target of having
at least 99.7 percent of air sampling results at each sampling
location below the exposure limit for the enzyme.

G. PETERS ET AL.

DISCUSSION

Enzyme Hygiene Management System in 1992—The
Beginning of the Period Studied

Our company’s enzyme hygiene management system at the
beginning of this period was very similar to Work Practices
published by Industry Associations in the United Kingdom®
and the United States.®) The specifics of our “base management
system” have been described in great detail elsewhere'" so only
abrief description will be given as a starting point for the present
discussion.

Management System Focuses on Four Areas
Equipment Capability

Manufacturing equipment is designed to minimize dust gen-
eration and to prevent spills outside of the equipment during
production. To remove low levels of dust that is generated we
follow current best practice for enclosure and local exhaust
ventilation.®>2) Having used best current design practices we
further check that equipment has been installed correctly. This
involves taking initial baseline measurements of static pressure
and airflow to ensure dust control equipment meets specifica-
tion. When equipment is accepted for routine operation we guard
against deterioration in performance over time by ongoing mon-
itoring of static pressure and airflow coupled with a preventive
maintenance program.

If operational requirements dictate modifications in manu-
facturing or dust control equipment we assess the proposed
changes to ensure they do not negatively impact enzyme hygiene
performance.

Importantly, we appoint and qualify a system owner at each
plant to ensure that the equipment capability program is func-
tioning effectively.

Training
We train all employees in safe practices for their specific
jobs and on general enzyme hygiene knowledge (health effects,

TABLE III
Sensitizations outside the 0-3 percent/enzyme/year range & health cases
1992 1993 1994 1995 1996 1997 1998
# Health cases 0 2 0 1 0 1 1
# Times that sens. >3% 3 7 6 5 4 0 0
Details of each time HP 3.0% HP 7.1% Am 4.4% LP5.4% Am 3.8%
sens. >3% Am 3.1% Am 6.2% LP 3.4% Lip 3.0% Lp 3.6%
LP8.7% Lip 5.8% Lip3.1% Lip 4.0% Lip 7.9%
Lip 3.0% Lip 3.0% Lip3.1% Lip3.1%
Lip 4.8% Lip4.1% Lip 4.3%
Lip 3.0%
Lip 3.3%

HP = high pH protease; LP = low pH protease; Am = amylase; Lip = lipase.
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routes of exposure, use of PPE, etc.). We retrain people annually
and verify knowledge by written tests or practical demonstration
of skills.

Ownership/Commitment/Behavior/Operational Guidelines

The heart of this part of our program is the Operational Guide-
lines which we expect our plants to follow continuously. These
are:

o No visible dust

o No recurring spills

e No gross skin contact

o Treat empty containers as full.

Ownership, commitment, and behavior are directed at achiev-
ing compliance with Operational Guidelines day in day out.

Tracking and Measurement

We monitor airborne dust levels and the number of prick test
conversions (sensitizations) in our plants. These data are used
to verify the effectiveness of the control program.

We also carry out assessments of plant programs. This in-
volves assigning a rating of 0-10 to each of the four program
components above. We expect our plants to achieve and maintain
an average overall rating >8/10. Assessments are done annu-
ally, sometimes this involves external resources and sometimes
it is done internally by qualified plant people.

Reasons for Some Plants Exceeding 0-3 percent New
Sensitization’s/Enzyme/Year

Table III shows that, despite our strong management Sys-
tem we exceeded our 0-3 percent target range for new sensiti-
zations on 25 occasions over a 6-year period. For perspective
exceedances were relatively rare given that we operated 30-35
plants worldwide and handled from 1-4 enzymes per plant dur-
ing the period. Nevertheless, even one exceedance is unaccept-
able to us and triggers the need for investigation of root causes.
The main root causes for the exceedances in Table III were:

Poor compliance with operational guidelines and lack of fo-
cus on operational guidelines. On every occasion when a plant
exceeded 3 percent new sensitizations its compliance with op-
erational guidelines was below company expectations (ie. was
<8/10) as measured by our site capability assessment tool. Com-
pliance with operational guidelines is the heart of our program.

How can it be that we did not meet our operational guideline
targets? A key reason is that the end point of our assessment was
focused on a single number that averaged all of the components
of the program. Each of the four program elements comprised
various sub-items. Each sub-item was rated on the 0-10 scale
to provide an average for the program element. For example,
the capital equipment rating was an average of individual rat-
ings for design, baselining, monitoring, and maintenance and
change management. Next, the ratings for the four program el-
ements (capital equipment, training, etc.) were averaged to pro-
vide a single overall rating for the plant program. In practice,

compliance with operational guidelines accounted for only one-
twentieth of a sites overall rating. Thus, it was very possible to
score >8/10 for the overall program but <8/10 for operational
guideline compliance. In four-fifths of the cases where a plant
exceeded 3 percent sensitizations the plant’s overall program
rating was >8/10.

Said another way, our assessment tool was flawed. It sent the
wrong signal. It encouraged us to respond to an overall average
that looked at about 20 things. We treated operational guideline
compliance as equal to the other things in the program. In fact
operational guideline compliance was the desired result that the
other things (training, etc.) were supposed to deliver.

Air sampling data did not show short duration peak exposure
sources. Using 60-minute air sampling we almost never had an
enzyme result above the exposure limits (<3 per 1000 results).
However, enzyme aerosols in detergent plants can be generated
by short-duration events that give rise to peak exposures. Often
these are less than two minutes duration.® For much of the
60-minute sampling period the air sampler is drawing in clean
air that is diluting the peak result. Add to this the fact that the
sampler has to be running at the time aerosol is generated: this
may not be the case for infrequent sources. Also, in order to
capture the aerosol the sampler has to be located within 1-2
meters of the source. This last point can be demonstrated by
a smoke tube, the high volume air sampler simply does not
capture the smoke if it is sited more than 1-2 meters away from
the source.

Overall, routine 60-minute samplings in fixed locations does
not provide an indication of the location, frequency, and mag-
nitude of peak exposure sources in the plant. It is thus not sur-
prising that 60-minute routine air sampling is not predictive of
sensitizations.

Reason Why Most Exceedances Involved the Lipase Class
of Enzyme

The Lipase class was the first “new” class of enzyme in-
troduced after proteases. It has greater allergenic potency than
proteases and it was used at higher levels in product than the
other new enzyme classes.

Follow-Up Actions Taken

Refined our site capability assessment tool. We increased
the contribution of operational guidelines to the overall rating.
Since 1997 operational guideline compliance has accounted for
33 percent of the sites overall rating, up from 5 percent before
1997.

Of course we could track operational guideline compliance
alone but we believe that, in the long run, the other elements
of the program are necessary to support operational guideline
compliance. The new design allows us to continue to focus on
one number easily communicated to management and it is now
much more difficult to score >8/10 in the overall program with-
out also scoring >8/10 for operational guideline compliance.
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TABLE IV
Severity rating of exposure sources

Severity > 1 2

3 4

(a) Exposure No dust or leak/  Intermittent leak Intermittent leak Continuous leak
magnitude spill observed or spill outside or spill in the or spill or dust
visibly or via breathing zone breathing zone visible by eye or
back lighting back lighting
(b) Frequency <1 per shift 1-4 per shift 5-8 per shift >0 per shift
(c) Number of 1 2 3 >3
people exposed
(d) Ability to Scheduled Adjacent exposure  Repetitive task Production
anticipate maintenance with exposure pressure for

potential, for example,
repetitive clean-up.

immediate response,
for example, clear jam

Empowered employees to assess operational guideline com-
pliance in their own work areas. Simply changing the assess-
ment tool is not enough. We recognized the need to help the line
operation to meet the operational guidelines on a day in, day
out basis. The original operational guidelines are very general,
for examples, “No visible dust,” can mean different things to
different people.

We devised a tool that broke the plant into small geographical
areas, for example, enzyme raw material addition, individual
packing lines, off-standard product reclaim. For each area we
defined 8/10 performance in visual terms. For example, we set
the standard that there shall be no more than two teaspoonfuls
of visible product on a packing line, no more than one cup of
visible product on a floor (area = 2000m?).

The work teams monitor their area and undertake problem-
solving investigations to remove sources of spillage and dust.
This has fostered tremendous worker involvement as opposed
to the program belonging to the plant safety leader. Also, fixes
for root causes of problems can often be re-applied within a site
or between sites.

We also recognized that some aspects of operational guide-
line compliance are dictated by behavior, for example, cleaning
spills immediately. We tied critical behaviors affecting opera-
tional guideline compliance with our long-established behavior
based safety sampling system.

Developed a tool to detect and rank peak exposure sources.
The starting point is the small geographical areas from the opera-
tional guideline tool. A single team is formed normally compris-
ing an IH&S leader, a medical resource, a person knowledgeable
about equipment design, and an operations person from the area
in question. In each area the team looks at process equipment
and work tasks to detect exposure sources. They would nor-
mally start in areas of the plant that have the highest number of
sensitizations.

The process of detecting the location of sources involves vi-
sual observation. If dust or spillage can be seen then that source
is generating aerosol above the exposure limit (remember, the

exposure limit is very low, 5-15 ng/m?). The process is then
repeated using a high intensity flashlight: this can detect aerosol
particles too small to be seen by the naked eye. Finally, line op-
erators are asked for their opinion of sources. This is particularly
helpful in identifying sources coming from infrequent tasks.

At the same time sources are listed the assessment team as-
signs a severity rating from 1-4 for each source in terms of (a) the
magnitude of exposure, (b) frequency, (c) number of people who
could be exposed, and (d) the ability of people to anticipate ex-
posure: planned maintenance can be anticipated, exposure from
an upset condition such as a carton jam can not. Table IV shows
the severity rating tool. Each source is assigned a numerical
overall severity.

SEVERITY =axbxcxd. [2]

Sources are ranked in terms of severity. Root causes are investi-
gated and fixed. Depending on complexity the investigation and
fix can be undertaken by the work team in the area in question
or by a specialist team with higher level skills.

An important benefit from the peak exposure and operational
guideline tools is that it helps operations people better under-
stand their equipment and process, for example, exposures can
be caused by cleaning and cleaning often requires shut down of
the equipment. When we understand why we need to clean we
can work on reducing the need to clean which in turn reduces
shut down time. In this way improved understanding provides a
positive impact on productivity as well as reduced exposure.

Implemented readiness reviews for new initiatives. A new
initiative could be introduction of a new enzyme, increase in
level of a currently used enzyme, or a process change. When a
new initiative is planned the plant does a risk assessment and
prepares a feasibility plan to ensure safe introduction. This is
usually done by a team comprising medical, industrial hygiene
people knowledgeable in equipment design and operations re-
sources. Prior to the initiative being launched, a readiness review
is undertaken to ensure that the feasibility plan is effectively
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implemented. Depending on the magnitude of the change this
can be done by the plant team who formulated the feasibility plan
or by corporate resources. Smaller companies implementing this
approach could use external consultants in place of corporate re-
sources.

Working with others. We are collaborating with suppliers,
competitors, and academia to develop a near real time measure-
ment tool for airborne enzymes. In the meantime we have very
recently reduced sampling time from 60 minutes to 15 minutes.
The intent is to better quantify short-duration peak exposures.
We see this as a short-term directional improvement in our air
sampling program and accept the real breakthrough will come
from real time measurement.

Value of Prick Testing

The history presented here clearly shows the value of prick
testing. Recall that prick testing is an early sub-clinical indica-
tion of exposure . Past experience® shows that when we are oper-
ating in the range 0-3 percent new sensitizations/enzyme/year
we very rarely have worker health incidents. By carrying out
routine prick testing we were able to identify that we sometimes
exceeded the 0-3 percent range, thus indicating increased risk
of worker health incidents. This early alert caused us to inter-
vene to make improvements to our management system before
health incidents occurred. Had we not employed prick testing or
another sub-clinical test the first indication of a problem would
have been a health incident.

Benefits from the Program: Comparing 1998 Experience
with 1970s Experience

We do not have complete records for 1970s experience in all
our plants. However, in Table V we have selected one of our
plants whose experience was typical of our and the industry’s
experience at the time. We have recorded number of health cases,
number of sensitizations, and dust levels in 1970. In the next row
of the table, we have “extrapolated” the single plant 1970 data to
33 plants, the same number of plants we have in 1998. If nothing
had changed since 1970 this is the number of sensitizations and

TABLE V
Improved results from 1970 to 1998
# of # of Dust level
sensitizations health cases  (ng/m?)
1 plant in 1970 44 17 100
Extrapolation of 1 1452 561 100
plant’s 1970
experience to 33
plants
Actual 1998 108 0 1-3
experience

across 33 plants

TABLE VI
Absolute number of sensitizations—all enzymes
company-wide

1996 1997 1998

232 194 108

health cases we would have across the 33 plants in our global
business today. In the final row of the table, we show actual
1998 experience across our 33 plants. The difference between
the “extrapolated” and actual data is a rough indication of the
benefits that have come from improved industrial hygiene since
enzymes were first introduced. In fact it is an underestimate of
the benefit because the actual 1998 data takes account of all four
classes of enzymes used today. The “extrapolated” 1970 data is
based on use of only one class of enzyme. Also, production vol-
ume and level of enzyme in product has increased substantially
since 1970. It is important also to acknowledge that enzyme
suppliers have worked continuously to improve the toughness
of encapsulates. Some part of the improved results illustrated in
Table V is due to this improved encapsulation of enzyme raw
materials.

Benefits from Our Recent Learnings

We introduced our new tools in 1997. These were the site as-
sessment tools putting more emphasis on operational guideline
compliance and tools to help the plants monitor compliance with
operational guidelines on a daily basis and detect and rank ex-
posure sources. Table IIT shows that the number of exceedances
from the 0-3 percent range have declined since 1996. Also, Ta-
ble VI shows that the absolute number of sensitizations company
wide for all enzymes has also continued to fall. We have approx-
imately 9000 employees worldwide in our laundry plants. The
conclusion from Tables III and VI is that the new tools are signif-
icantly reducing the number of sensitizations and are preventing
health incidents.

CONCLUSIONS

1. Enzymes can be handled safely in the workplace. Ongoing
compliance with operational guidelines is key to success. So
is detecting, ranking, and controlling exposure sources. An
important benefit of this effort is improved understanding of
the production process that helps productivity.

2. Prick testing is a vital tool because it confirms the effective-
ness of the control program and provides an early alert of
program outages.

3. Air sampling is of limited value. Semi-quantitative tools for
monitoring compliance with operational guidelines compli-
ance and detecting and ranking peak exposure sources are
much more effective in controlling exposure. This is partly
because of inherent limitations in air sampling and partly
because of increased worker involvement via the new tools.
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Occupational asthma and allergy in the detergent industry:

new developments
Katherine Sarlo and Donald B. Kirchner

This review highlights the latest developments in the control of
enzyme-induced occupational asthma and allergy (rhinitis and
conjunctivitis) in the detergent industry. The industry has
developed guidelines for the safe handling of enzymes in order
to reduce the risk of occupational allergy and asthma. Those
manufacturing facilities that follow all of the guidelines enjoy very
low or no cases of asthma and allergy among workers exposed
to enzymes. The key to the success of the management of
enzyme-induced allergy and asthma is prospective surveillance
for the development of enzyme-specific IgE antibody before the
onset of allergic symptoms. This allows for continuing
interventions to reduce exposures, so as to minimize or
eliminate those associated with symptoms. Workers with.IgE to
enzymes can still continue to work in the industry symptom-free
for their entire career. This indicates that exposures needed-to
induce sensitization are different and probably lower than
exposures needed to elicit enzyme allergic symptoms. The
experience of the detergent enzyme industry in controlling
occupational allergens can be applied to other industries. The
detergent enzyme story can be viewed as a model for the
control of type 1 protein allergens in the workplace. €urr-Opin
Allergy Clin Immunol 2:97-101. © 2002 Lippincott Williams & Wilkins.
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Introduction

Heat- and alkaline-stable enzymes were introduced into
detergents in the mid- to late-1960s as a cost-effective
approach to improve the performance of these products.
The development of enzyme-specific occupational
asthma and other allergic sequelaec was described by
Flindt [1] and Pepys er @/. [2] in 1969. Soon after, the
industry reduced exposure to enzymes with engineering
controls, changes in work practices, and changes to
formula (e.g. encapsulation of enzymes). In addition, the
industry adopted exposure guidelines that were de-
signed to protect against symptoms, and to reduce the
incidence of sensitization to enzymes. These efforts led
toa reduction in cases of occupational asthma and allergy
tosenzymes. Reports of occupational enzyme allergy and
asthma have surfaced only sporadically over the years.
Poor adherence to exposure guidelines led to numerous
cases of sensitization and occupational asthma to
enzymes in a detergent manufacturing site, recently
described by Cullinan and colleagues [3°,4°]. Similarly,
Finnish investigators [5] described an outbreak of
enzyme-specific occupational asthma and allergy at a
second detergent-making site that did not adhere to the
exposure guidelines.

Other industries use enzymes as cost-effective tools to
facilitate the manufacturing and processing of an end-
product. Enzyme-specific occupational allergy and asth-
ma haverbeen described in these industries, showing
that this problem has not been confined to the detergent
industry. Some recent citations of enzyme-induced
allergy and asthma were from a pharmaceutical site
producing lactase as a dietary aid [6], a textile facility
using cellulase to aid in handling fabric [7], in the
agriculture industry in which xylanases and phytases are
used as feed additives [8,9], and in the baking industry
in which amylases, gluconases and xylanases are used to
process baked goods [10,11].

The difficult lessons learned by the detergent industry,
along with the actions taken to control the problem of
occupational asthma and allergy, can be applied to other
industries using enzymes. In a recent review [12°°], a
model of industrial practice developed by the Procter
and Gamble Company was presented. The model
utilized pre-clinical, clinical and hygiene components
to control exposure to enzymes. The key to the success
of the model is a prospective medical surveillance
program that detects the development of IgE antibody
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to enzymes before the onset of symptoms. This ‘before
the fact” measure allows for the assessment of the
effectiveness of the hygiene program through an analysis
of all causes that could have contributed to the
sensitization, such as inadequate equipment design or
poor use of personal protective equipment. Action plans
are then designed to address these causes in order to
modify the environment to reduce exposure, and hence
reduce the risk of developing allergic symptoms. The
following provides an overview of the various aspects of
the model, along with some recent learnings that expand
our understanding of how occupational asthma and
allergy to enzymes develop.

Pre-clinical program

The pre-clinical program uses analytical methods and
animal models to characterize enzymes and assess
relative allergenic potency.

Analytical program

The goal of the analytical program is to ensure that
enzyme batches shipped to detergent manufacturing
sites have the same characteristics as the enzyme batches
tested in safety programs. Enzymes used in the majority
of laundry products are relatively pure proteins. An
analysis of protein content and contaminants is com-
pleted before safety tests are performed on the material.
Crossed immunoelectrophoresis is often performed to
assess the degree of cross-reactivity among enzymes of a
similar class. Understanding the degree of cross-reactiv=
ity among enzymes of the/same| class| (¢.g. scveral
bacillus alpha-amylases) helps in the management of the
medical surveillance program. Often, enzymes of the
same class (e.g. bacillus proteases) are immunologically
distinct proteins, and must be treated and handled as
separate allergens in the workplace.

Animal models

Animal models are used to assess the relative allergenic
potency of one enzyme versus another. The information
from these models is then used to set numerical
occupational exposure guidelines (OEG) for manufactur-
ing sites. A reference enzyme, Alcalase (serine protease,
subtilisin) is the ‘gold’ standard used in all animal
models, because exposure guidelines exist for this
enzyme. The difference between the dose-response to
a new enzyme versus Alcalase is used to judge its
relative allergenic potency. Because exposure guidelines
exist for Alcalase, then the potency difference is used to
assign an exposure guideline for the new enzyme.

The guinea pig intratracheal test and the mouse
intranasal test have been described [13,14]. Both models
deliver enzyme antigen via the respiratory tract, which is
the relevant route of exposure for occupational enzyme
allergy. No potent adjuvants are used (e.g. alum of

complete Freunds adjuvant) so as to minimize artificial
differences between different enzyme antigens. Enzyme
antigens are delivered in a saline vehicle or in a dilute
detergent solution in order to mimic occupational
exposure more closely.

Enzyme-specific IgG1 antibody is measured in both
guinea pig and mouse models. Enzyme-specific IgE
antibody is also measured in the mouse model. In the
guinea pig, immediate-onset respiratory symptoms are
scored for severity via a semi-quantitative scale. Re-
spiratory symptoms are seen in animals with IgGl
antibody, but not all animals with antibody will
experience symptoms. Although symptoms are not
assessed in the mouse, pathological findings indicative
of allergy (increase in eosinophils) have been noted in
the nasal passages of sensitized mice [15].

Both animal models have been used to rank enzymes as
more potent, less potent or equipotent to Alcalase.
These data have been used to set OEG for new
enzymes: T'he animal models have also been used to
demonstrate that the detergent matrix has a mild
adjuvant effect on the immune response to enzymes.
This may be one reason why occupational allergy and
asthma are more prevalent in the detergent industry as
opposed to enzyme manufacturing. "The adjuvant effect
of detergent matrix is one reason why exposure guide-
lines for "detergent sites are set lower than those for
enzyme manufacturers. Finally, the animal models have
demonstrated that active protease enzyme is an adju-
vant, and will enhance allergic antibody responses to
other enzymes under conditions of co-exposure [16].
"This final observation is important because the OEG for
enzyme mixtures are lower than the OEG for individual
enzymes!

"The true test of the usefulness of these animal models is
how well the experience among occupationally exposed
populations matches the predictive conclusions drawn
from the animal test. The prospective monitoring of
sensitization to various enzymes among the workforce
shows that the animal models can predict the allergenic
potency of enzymes and enzyme mixtures.

Medical surveillance

The medical surveillance program is used as a ‘before the
fact’ tool to identify those workers whose immune status
has changed (i.e. sensitized to enzymes), before these
individuals have the opportunity to develop symptoms of
enzyme-induced allergy or asthma. In addition, the
program assists in identifying problems with the integrity
of the enzyme industrial hygiene program.

Besides undergoing periodic pulmonary function testing
and the completion of respiratory questionnaires, all
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workers participate in a skin-prick test program designed
to detect the presence of enzyme-specific IgE antibody.
The testing is performed at regular frequencies in order
to detect conversions in a timely manner. An investiga-
tion of the workplace and the employee’s work practices
occurs when sensitization is detected. This often allows
for the correction of a work practice (e.g. change in
clean-up procedures) or a change in engineering controls
(e.g. ventilation) before the sensitized worker develops
symptoms. These corrections can also assist in minimiz-
ing exposure to non-sensitized employees, and thus
decrease their risk of becoming sensitized.

Our experience has shown that skin-prick test-positive
workers can continue to work with enzymes and remain
symptom free [12,17,18]. Whereas exposure control
measures are sometimes not sufficient to prevent
sensitization, they are sufficient to prevent the onset of
allergic symptoms. We have found that keeping' the
annual incidence of new sensitizations to less than 3%
per year will effectively eliminate the new' onset. of
asthma and greatly reduce allergic symptoms:="I'hese
practices have been applied in detergent sites around the
world with similar results. For example, there has not
been a single case of enzyme-induced occupational
asthma in North or Latin American detergent sites since
1992 [12°°].

If workers do develop allergic symptoms or asthma, they
are removed from the workplace until symptoms. resolye
and lung function returns to baseline. The' source of
exposure responsible for eliciting the symptoms is
identified and eliminated. The majority of these
employees can be reintroduced into the workplace and
can continue to work symptom free. These individuals
are then provided with more intensive medical scrutiny
in order to identify any possible early relapse.

Industrial hygiene program

Several detergent industry associations have developed
work practices designed to control exposure to enzymes
[19,20]. These guidelines can be obtained from the
respective association headquarters and can be re-
applied to other exposure scenarios with type 1
occupational allergens.

The operating guidelines were designed so that they can
be applied across detergent manufacturing sites located
in any region of the world [21]. These guidelines are
based on the following principles: no visible dust, no
temporary repairs to equipment, no recurring spills, no
gross skin contact with the product, and the treatment of
empty containers as if full of enzyme-containing product.
The use of ventilation, enclosure and spill containment
help to control exposure during normal operations and
peak exposure situations. Limiting the level of enzymes

in the product, along with changing the detergent
formula in order to minimize dust and aerosol genera-
tion, also helps in exposure control. Specific immunoas-
says are used to measure each enzyme in air, which helps
manufacturing sites to adhere to the OEG. Finally,
employee education and training are extremely impor-
tant in minimizing personal exposure to enzyme-contain-
ing products.

Adherence to all of the principles of exposure control is
key to the success of the hygiene program. The recent
cases of asthma and allergy to amylases in a detergent
manufacturing site was the result of an over-reliance on
the encapsulation of enzymes for the control of exposure
[3°,4°]. Whereas encapsulation is important for dust
control, it is ineffective if it is the only tool used.

The OEG for all enzymes are designed to keep the
incidence and prevalence rates of sensitization equal to
or lower than the rates to the reference allergen,
Alcalase. We would predict that an enzyme that is more
potent-than Alcalase in animal models would sensitize
more workers if the OEG for this enzyme were not lower
than the OEG for protease. Prospective monitoring for
sensitization among the workforce supports this predic-
tion: there were more sensitizations to the more potent
bacillus, amylase in the 1960s and 1970s, even though
less of this enzyme was used at detergent sites [12°°].
The establishment and adherence to lower OEG for the
amylases (versus Alcalase) has led to fewer sensitizations

Figure 1. A ‘model’ of the relationship among exposure (magnitude,
frequency, duration), sensitization and symptoms to enzymes used
in the detergent manufacturing industry
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This ‘model’ is based on 25-plus years of prospective evaluation of the
detergent enzyme-exposed workforce. The threshold of exposure for
symptoms is greater than the threshold for sensitization. Both thresholds
were exceeded in the 1960s when enzymes were first introduced into
the industry. Current conditions of control for exposure operate below
the threshold of exposure for symptoms.
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among the current workforce [12°¢,13]. The predictive
capability of the animal models was further reinforced by
the recent outbreak of asthma [3°,4°]. Although approxi-
mately two times less amylase than protease was used at
this site, 23% of the workforce was sensitized to amylase
compared with 19% sensitized to protease. In addition,
amylase-induced occupational asthma was diagnosed in
some workers from this site.

Figure 1 shows our view of the model of the current
state of sensitization and symptoms to enzymes in our
detergent manufacturing sites. Exposure is defined by
magnitude, frequency and duration. In the late-1960s,
exposure to enzymes was such that from 50 to 70% of
workers became sensitized to enzymes, and nearly 20%
of these individuals suffered from occupational allergy
and asthma. Clearly, exposure conditions exceeded the
thresholds for the sensitization and elicitation of
symptoms among the workforce. Currently, exposure
conditions are such that we have exceeded the threshold
for sensitization, but we are below the threshold for the
elicitation of enzyme-specific allergy and asthma:I'he
data we have collected prospectively from our detergent
workers strongly support the position that the amount of
enzyme needed to elicit symptoms among a workforce 1s
greater than the amount of enzyme needed to sensitize.

Conclusion

The model described (pre-clinical testing, industrial
hygiene standards and prospective. medical surveillance)
works to minimize occupational allergy and-asthma to
enzymes. The reapplication of this model or elements
from the model may prove useful in controlling
occupational allergy and asthma to other type 1 protein
allergens.

As we can prospectively monitor workers, we are: in the
position to understand better which personal risk factors
(e.g. atopy, smoking, haplotype) are important @to
sensitization. We are also in the position to understand
better how different exposure conditions affect sensiti-
zation, and how these risk factors interact with exposure
and lead to sensitization. One goal is to develop a
predictive model of allergy that can be applied to
different populations, different enzymes and different
protein allergens.

Science is also advancing, so that we can begin to
identify the molecular properties that make enzymes
such potent allergens. Although we know that enzyme
activity is not a prime driver for the allergenic profile of
proteases [22], we know that active protease enzymes are
adjuvants and can enhance immune responses to other
proteins. In addition, those epitopes important for 'T" cell
recognition of an enzyme as an immunogen/allergen are
being identified for subtilisin protease [23,24°]. Under-

standing how an enzyme interfaces with the immune
system may allow us to alter the protein, so that this
interaction is less likely and thus a reduction in the risk
of allergy and asthma will occur.
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Lack of type 1 sensitization to laundry detergent
enzymes among consumers in the Philippines:

results of a 2-year study in atopic subjects
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Background: Enzymes have been safely used in laundry products for many years. The risk of developing adverse responses to
enzymes in laundry detergents among consumers in countries where hand laundry predominates is expected to be low.

Objectives: To understand how consumers in hand laundry markets used detergent products; to show that use of enzyme-
containing detergents did not lead to sensitization in an atopic population with compromised skin; and to show that enzyme

detergents did not have an adverse effect on skin condition.

Methods: Women in the rural Philippines were chosen since they do hand laundry for several hours a day, every day. The skin
prick test (SPT) tested for the presence of IgE antibody to common aeroallergens and to enzymes in detergent product. Atopic
women used enzyme-containing laundry bars for hand laundry and personal cleansing. They also used enzyme-containing
laundry granules for hand laundry. All subjects were evaluated by SPT with enzymes over 2 years. Hand and body skin

conditions were also evaluated.

Results: None of the 1,980 subjects screened for eligibility into the 2-year study were SPT positive to enzymes, including 655
women who used enzyme-containing detergent for up to 1 year. None of the subjects in the study developed IgE to the enzymes.
Enzymes had no adverse effect on skin condition or on the development of erosions on the hands.

Conclusions: The 2-year study confirms that enzymes are safe for use in laundry products at or below levels tested in the study

even when used by atopic consumers under extremely harsh conditions.

INTRODUCTION

Enzymes are occupational allergens and have been safely
used in granulate and liquid laundry products for more than
30 years. The safe consumer exposure history comes from
regions of the world where machine wash is the common way
to clean laundry.'~* Less information is available on consum-
ers who use enzyme-containing laundry products exclusively
for hand laundry where the type and duration of exposure can
be very different. As these products expand into regions of
the world where hand laundry predominates, it is essential to
understand and evaluate the safety of this exposure.

In the Philippines, there is a high incidence of hand laundry
with vigorous scrubbing for several hours per day, 5 to 7 days
per week. This rigorous habit leads to some level of hand skin
irritation. Our survey showed that 20% of rural consumers
would use laundry bars for personal cleansing. Therefore,
incorporating enzymes into products that would come in
contact with compromised skin as well as use for personal
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cleansing needed to be evaluated for safety to be sure that this
exposure did not lead to the development of enzyme-specific
allergic IgE antibody or irritated skin.

A prospective, 2-year, safety-in-use study was conducted
using atopic women as the study subjects. They were divided
into 2 groups: group 1 received an enzyme-containing laun-
dry bar and group 2 received a no-enzyme bar. All of the
study subjects received enzyme-containing granulate laundry
detergent for their laundry needs. Subjects did their hand

. laundry with the bar and granulate detergent but were asked

to do their daily personal cleansing with the laundry bar. All
subjects wore garments and slept in bedding washed with
enzyme-containing laundry products. Subjects were exam-
ined for the development of allergic antibody to the detergent
enzymes and for potential adverse skin effects. After 12
months of uneventful in-home use testing, the group 2 sub-
jects were crossed over into group 1 and all the subjects were
asked to use enzyme-containing laundry bars for hand laun-
dry and personal cleansing for an additional 12 months. The
skin prick test (SPT) and dermal irritation results of the
in-home use study are reported here.

METHODS

Test Subjects

Test subjects were female volunteers from the rural regions of
the Batangas, Philippines. An individual was excluded if she
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was employed by the Procter & Gamble Company, partici-
pating in another panel, or employed as a professional wash-
erwoman or laundress. Subjects were eligible to enroll if they
were between the ages of 18 and 55 years, in good health with
no complicating medical conditions, SPT positive to 2 or
more common aeroallergens, SPT negative to enzymes, and
with acceptable skin evaluation. Subjects also answered a
questionnaire that evaluated how they did laundry and if they
ever used laundry bars for personal cleansing. Five hundred
eighty-one women were enrolled. Al protocols were re-
viewed by Procter & Gamble’s ethics committee and a panel
of allergists and dermatologists from the United States, Eu-
rope, and the Philippines. All subjects signed an informed
consent form.

Test Materials

Enzyme-containing granular detergents had been marketed
in the Philippines for approximately 1 year before the start of
the study. The granulate detergent used in the study contained
Bacillus-derived protease and amylase enzymes with total
enzyme material at less than 0.1% of the formulation. The
enzyme-containing laundry bar contained the same protease
and amylase enzymes with a total enzyme concentration of
less than 0.05%. The protease was derived from Bacillus lentus
and the amylase was derived from Bacillus licheniformis. The
laundry bar used by group 2 was identical in composition except
that it contained no enzyme. The stability of the enzyme in the
product throughout the duration of the study was confirmed
using standard activity assays. Other ingredients in both the
granular and bar products included anionic and nonionic surfac-
tants, sulfate, phosphate, bleach actives, and carbonate builders.
The detergent and laundry bars were prepared by Procter &
Gamble, Cabuyao, Philippines.

Study Design

Subjects were assigned to group 1 (n = 289) or group 2 (n =
292). The groups were balanced based on hand skin grade,
history of enzyme product use, the presence and severity of
hand skin erosions, hand laundry habits, self-evaluated dry
skin, and the number of subjects who were more than 44
years of age. Subjects were given premeasured packets of
enzyme-containing laundry granules to use for hand laundry
ad libitum. Group 1 used the enzyme-containing laundry bar
for hand laundry and for personal cleansing. Group 2 used the
no-enzyme bar for hand laundry and for personal cleansing.
In year 1, the study subjects did not know the type of laundry
bar they used. In year 2, all subjects were converted to use the
enzyme-containing laundry bar. Subjects were asked to hand
wash at least 10 to 15 garments a minimum of 5 times per
week. Subjects were instructed to make a soaking solution
using the granular detergent, soak the laundry for up to 1
hour, then scrub each garment by hand using the laundry bar
as needed. In addition, all subjects were instructed to use the

same laundry bar for all personal cleansing, including wash-
ing their hair.

All subjects underwent baseline hand grading, whole body
dermatologic examination, pulmonary function test, and SPT.
Subjects returned at weeks 1, 2, 3, 4, and 8 for hand skin
grading and at months 4, 6, 8, 12, 18, and 24 for hand skin
and whole body dermatologic examination. Skin prick testing
was conducted at baseline and at months 4,6, 8,12, 15. 18,
21, and 24. Subjects kept a daily diary recording product use
and any noticeable changes in health or skin condition. Each
panelist was visited at home once per week for the first month
and once per month for the remainder of the study to check
on product use and to monitor for the appearance of any
health problems. Subjects were given a 24-hour telephone
number to report any health effects. Any skin or health
concerns or complaints were referred to a study physician,
allergist, or dermatologist. The physicians recorded symp-
toms, diagnosis, and treatment for each individual as part of
the study records. The physicians and skin graders were
unaware of the subjects’ group assignments. Subjects could
withdraw from the study at any time. Subjects were dropped
from the study if they failed to comply with the conditions of
the test, if they were pregnant, or if the consulting physicians
judged it to be necessary based on health or other issues.

SPTs

The protease and amylase enzyme SPT reagents were pre-
pared by Procter and Gamble from purified versions of the
commercially used protease and amylase enzymes obtained
from Novozymes A/S (Bagsvard, Denmark). Solutions of 50
pg/mL of protein were prepared using a 50% glycerin/saline
solution. Test solutions were stored in refrigeration until
needed. The enzymes and enzyme concentrations were iden-
tical to those used in the current medical surveillance pro-
gram used at Procter & Gamble detergent manufacturing
facilities.’ Eight aeroallergens common to the Philippines®
were obtained from Miles Pharmaceuticals (West Haven,
CT). These included: Cynodon dactylon (Bermuda grass),
Paspalum notatum (Bahia grass), Sorghum halepense (John-
son grass), Aspergillus mix (A Jumigatus, A terreus, A niger.
and A nidulans), Penicillium mix (P digitatum, P expansum,
P glaucum, P roseum, and P notatum), cockroach mix
(American and German), and 2 house dust mite allergens,
Dermatophagoides farinae and Dermatophagoides pteronys-
sinus. These were reconstituted in the glycerin/saline vehicle
according to the manufacturer’s instructions. The negative
control was the glycerin/saline and the positive control was
2.75 mg/mL of histamine phosphate in vehicle. Tests were
performed using the method described by Pepys.” A drop of
the test or control material was placed on the volar surface of
the forearm and a slight prick of the surface epidermis was
made using a sterile, 26- to 27-gauge needle. The sizes of the
wheal and flare at the largest points were recorded after 15 min-
utes. A test result was considered positive if the site exhibited a
wheal of at least 3 mm larger than the negative control, with a
visible flare. Any positive reactions to the enzymes were con-
firmed by repeat testing on the opposite arm.
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Sera Analyses

Semiquantitative analysis of serum samples for the presence
of enzyme-specific IgE was conducted using the Pharmacia
CAP system radioallergosorbent test fluoroenzyme immunoas-
say (Pharmacia AB, Uppsala, Sweden). This analysis was per-
formed only with sera from subjects with equivocal SPT re-
sponses to enzyme. The method was carried out according to the
manufacturer’s directions and as previously described.??

Skin Evaluations

The general condition of the panelists’ hands was evaluated
using a modification of the method described by Carter and
Griffith.'® Subjects were asked not to use creams or lotions
for 24 hours before grading. The hands were graded by
trained skin graders with the aid of a low-power (7X) bin-
ocular microscope and scored on a numerical scale of 1 to 10
for overall condition based on dryness, skin flakes, erythema,
and edema, with 10 indicating perfect skin. The presence of
skin erosions on the hands and on the volar surface of the
wrists was noted separately. Erosions were defined as coni-
cally shaped lesions that penetrated through the epidermis
and were scored on a scale of 0 to 3 (0, nondetectable; 1, mild;
2, moderate; 3, severe). A score of 1 was assigned for pinpoint
erosions that were few in number. A score of 3 was assigned for
either large erosions or a large number of erosions of any size.
Individuals with a grade of 3 at baseline grading were excluded
from the study. A moderate score (ie, 2) was assigned to skin
showing an intermediate condition. A score of 0 was assigned to
skin showing no evidence of erosions. Whole-body dermato-
logic evaluation was performed by a dermatologist. Erythema
and dryness of the face, arms, hands, legs, feet, upper torso, and
scalp were graded on scales of 0 to 4. Zero score represented
no erythema; 1 was perceptible, mild erythema; 2 was moderate
erythema; 3 was pronounced erythema (bright red) with no
edema; and 4 was pronounced erythema with edema or other
findings. For dryness, O represented no flakes or dryness; 1 was
normal-looking skin with a scant amount of flakes; 2 was light
flaking; 3 was moderate flaking; and 4 was heavy flaking. The
examination also confirmed the absence of any active skin or
pathologic condition that could interfere with the conduct of the
test or compromise the panelists” health in any way.

Enzyme-Linked Immunosorbent Assay for Enzyme
Measurements

A modification of a previously described enzyme-linked im-
munosorbent assay (ELISA) was used to measure how much
enzyme was aerosolized during hand laundry or personal
cleansing and to measure how much enzyme could be ex-
tracted from the skin surface. Briefly, 96-well plates were
coated with 150 uL of affinity-purified rabbit antibody to
protease or amylase (in-house supply) in 0.015 M bicarbonate
buffer at pH 9.6 containing 2% bovine serum albumin. The
plates were washed with phosphate-buffered saline and 150
pL of the protease or amylase standards ranging in concen-
trations from 20 to 600 pg/mL, or the test solutions were
added to the wells and incubated at 37° C for 90 minutes.

After washing, 150 uL of alkaline phosphatase conjugate of
the affinity-purified rabbit antibody to protease or amylase
was added and incubated at 37° C for 90 minutes. After
washing with phosphate-buffered saline, the substrate, 2
mmoVl/L para-nitrophenyl phosphate (Kirkegaard & Perry,
Gaithersburg, MD) was added to each microwell, and the rate
of color development was determined on a V,,, microplate
reader (Molecular Devices, Sunnyvale, CA) at 405 nm. The
amount of enzyme in the test solutions was calculated from
the standard curves.

Exposure Assessment

The amount of enzyme protein aerosolized during hand laun-
dry or personal cleansing was evaluated by asking volunteers
to perform these tasks using product spiked with enzyme
levels 36X to 100X higher than normal levels. All personnel
involved in this testing wore protective equipment to mini-
mize enzyme exposure. Articles of clothing totaling approx-
imately 1 kg in weight were laundered in a manner simulating
the typical Filipino habit (defined by interviews, observation,
and videotape). Laundry detergent (15 g) was added to 5 L of
water, and clothes were washed by vigorous scrubbing by
hand for 10 minutes followed by scrubbing with the laundry
bar for 10 minutes. The laundry wash solution was discarded,
the basin was rinsed with fresh water and refilled with 10 L
of water, and the hand-washed garments were rinsed with
fresh water. This rinsing process took approximately S min-
utes. Testing was conducted in a 720-ft* room with little or no
air circulation. The air was sampled using a General Metal
Works type HV2000P high-volume air sampler (General
Metal Works, Inc, Cleves, OH) fitted with a GF/C glass fiber
filter and calibrated to a flow rate of 0.67 m¥min. The air
samplers were positioned at breathing zone height (15 inches
above the wash tub) behind 2 sets of angled miniblinds which
acted as splash guards.® Samples were taken during hand
scrubbing with the detergent solution, during scrubbing with
the laundry bar, and during rinsing. After sampling, the
enzyme was extracted from the filter pads, and the amount

- was measured by ELISA. The airborne protein levels were
. calculated by multiplying the ELISA result with the total

volume of extraction buffer, then dividing by the total volume
of air that flowed through the sampler during the sampling
interval. The ELISA and air sampling system had an effective
measurement range of 0.2 to 6 ng/m? for a 5-minute sampling
period. The airborne concentrations expected from the use of
test product were extrapolated from the values obtained with
the spiked bar and granular detergent solutions.

Nine volunteers used the enzyme laundry bar for personal
cleansing using wash habits simulating those common in the
Philippines (defined by interviews and videotape of Filipino
consumers using laundry bar for personal cleansing). They
washed with the laundry bar in a bathtub or open area using
ambient temperature water from a bucket to wet and rinse
their bodies. During this process, the air was sampled using a
Dawson high-volume air sampler (Dawson Associates, Law-
renceburg, IN) with a 37-mm Nuclepore air sampling cassette
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(Nuclepore Corp, Pleasanton, CA) with a Whatman GF/C
glass microfiber filter (Whatman, Maidstone, UK). These
devices have a maximum airflow of 0.02 m*min. The sam-
pling filter was positioned 4 to 6 inches from the subject’s
nose. Enzyme was measured as described above.

Dermal Deposition

Dermal deposition of enzyme was measured by using product
formulated with different levels of protease. For 3 consecu-
tive days volunteers were asked to conduct 2 sets of 3
lather/rinse cycles (ie, 6 cycles per day) with protease-con-
taining laundry bars. A lather/rinse cycle involved lathering
the volar surface of one forearm for 10 seconds, leaving the
lather on the skin for an additional 45 seconds, and rinsing
with 250 mL of water. A glass extraction ring (7.242 c¢m? in
area) was secured to the forearm using a rubber stretch band.
Extraction buffer (4 mL) was added to the area circumscribed
by the ring, and the skin surface was gently rubbed for 30
seconds with a flattened glass pestle. The buffer was removed
for analysis and replaced by an additional 4-mL aliquot of
buffer. This extraction step was done 3 to 6 times, depending
on the expected level of enzyme deposition. The total volume
of extraction buffer was recorded, and the solutions were
analyzed in the ELISA. The total amount of enzyme protein
deposited on the skin was calculated by multiplying the
ELISA result with the total volume of extraction buffer, then
dividing by the total area of the skin circumscribed by the
extraction ring. )

Statistical Analysis

For all comparisons of test vs control (except erosion scores),
the groups were compared using the 2-sample 1 test.!? Erosion
scores were compared using the Yates modification of the X
test.'? The baseline scores from the dermatologic evaluations
were always compared with the scores at each time point
collected for the test or control group using the 2-sample ¢
test. In addition, scores were compared between the test and

control groups. Covariate analysis and least squares estimates
were used to take into account the difference in the group
sizes. Significance was defined by P < .05. Age-related
effects on the response to each aeroallergen were evaluated
by generalized Cochran-Mantel-Haenszel statistical tests.!?

RESULTS

Characterization of the F. ilipino Test Population: SPT
Results

Of the 8,000 women screened for the study, 1,980 were
eligible for in-depth screening including SPT with aeroaller-
gens and enzymes. Table 1 shows the SPT data. None of the
1,980 women were SPT positive to the protease or amylase
enzyme. This included 655 women (33%) who routinely used
enzyme-containing granulate detergent for hand laundry for 6
months or longer. Thirty-four percent of this population (676
subjects) reacted to 2 or more environmental allergens. An
additional 13% (258 subjects) reacted to only 1 environmen-
tal allergen. Positive reactions were seen most frequently to
the 2 house dust mite allergens with an even distribution
of responses to D farinae and D pteronyssinus. The same
individuals were not necessarily positive to both allergens.
Cockroach mix produced positive reactions in 23% of the
1,980 test subjects and in 60% of the individuals sensitized
to 2 or more aeroallergens. Fewer individuals reacted to the
grasses and a small number of individuals reacted to the
Penicillium and Aspergillus mixes. There was a significant
association of younger age with sensitization to cockroach
(P <.001). Age-related responses to other aeroallergens were
not observed.

Characterization of the Filipino Test Population: Hand
Skin Condition of Eligible Test Subjects

Of the 1,980 subjects, 676 were eligible to participate in the
study. The condition of their hand skin before entry into the
study was evaluated by a trained skin grader using the scale

Table 1. Summary of SPT Responses to Aeroallergens and Detergent Enzymes among 1,980 Filipino Women

Subgroup SPT Subgroup SPT
_ positive to 2 or more positive to 1 allergent
Allergen Total {n = 1980) allergens* (n = 676) (n = 258)
No. % No. % No. %
Dermatophagoides farinae 648 32,7 556 82.2 92 35.6
Dermatophagoides pteronyssinus 633 31.9 553 81.8 80 31
Cockroach mix 465 23.5 405 59.9 60 23.2
Bermuda grass 110 5.5 95 14 15 5.8
Bahia grass 62 3.1 57 8.4 5 1.9
Johnson grass 53 2.7 52 7.7 3 1.2
Penicillium mix 19 0.96 16 2.4 3 1.2
Aspergillus mix 10 0.5 10 1.5 0 0
Protease 0 0 0 0 0 0
Amylase 0 0 0 0 0 0

Abbreviation: SPT, skin prick test.

* Individuals who reacted to 2 or more environmental aliergens were classified as eligible to participate in the 2-year clinical study.
1 Individuals who reacted to 0 (1,046 subjects) or 1 (258 subjects) environmental allergen were not eligible to participate in the 2-year clinical study.
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Table 2. Hand Skin Condition of Users of Enzyme- or No-enzyme-containing Laundry Products among the 676 Eligible Women before Entry

into the 2-Year Study

No. of Average hand dryness and  Average hand erosion  Erosion  Erosion Erosion  Erosion

subjects scaling scores (+ SD)* scores (x SD) score0 scorel1 score2 score3
No-enzyme users 478 7.92 (1.28) 0.05 (0.26) 388 16 3 0
Enzyme users 198 8.11 (1.3)t 0.07 (0.3)t 164 8 2 0

* Hand skin condition assessed by trained skin grader using the 1 to 10 grade scale.

+ Not significant, P > .05.

of 1 to 10. The baseline evaluation showed no significant
differences between the average grades of those using en-
zyme detergents vs those not using enzyme detergents with
regard to the grades for erosions or mildness. As shown in
Table 2, only a small portion of consumers showed skin
erosions: 19 (4.7%) of the no-enzyme users and 10 (5.7%) of
the enzyme users. There was no significant difference be-
tween the average scores.

Characterization of the Filipino Test Population: Survey of
Product Use

The data from the questionnaire showed that 65% of the
1,980 subjects used laundry bars for all their laundry needs.
The remainder (35%) used a combination of laundry bars and
granulate detergent. Laundry bars were commonly used for a
variety of cleaning tasks other than laundry, such as dish
washing and cleaning other household surfaces. The ques-
tionnaire confirmed that 20% of these consumers used laun-
dry detergent bars for personal cleansing (bathing and sham-
pooing). In contrast to the bars, laundry granules were rarely
used for tasks other than hand laundry.

Exposure Measurements

Airborne enzyme measurements showed that hand laundering
with enzyme-containing granular product produced levels of
0.05 to 0.18 ng/m’ of protease. Use of the bar for scrubbing
produced levels of 0.004 to 0.026 ng/m>. Personal cleansing
with the enzyme-containing bar produced airborne levels that
were below the detection limit of the assay (estimated levels,

0.005—0.007 ng/m?). Dermal deposition experiments showed
that topical exposure to the enzyme-containing laundry bar
resulted in enzyme levels on skin of 0.75 ng/cm? of skin.

SPT Results: Study Subjects

Results of the SPT with both the protease and the amylase
enzymes throughout the study are shown in Table 3, a and b.
Zero of 454 and zero of 405 subjects had a confirmed positive
SPT response after 1 or 2 years of product use, respectively.
One subject in group 1 showed an equivocal reaction to the
amylase enzyme at month 12. A confirmatory SPT was not
performed due to a protocol deviation. At the 15- and 18-
month visits, no SPT could be conducted on this subject due
to pregnancy. A serum sample was tested for allergic anti-
body to the protease and amylase enzymes. No IgE antibody
was detected by the ImmunoCAP assay (< 0.35 kU,/L). Skin
prick testing resumed on this subject after delivery. The subject
resumed use of the test products for several months and was SPT
negative to both enzymes at months 21 and 24. No other equiv-
ocal SPT reactions among the remaining subjects were observed
to either enzyme throughout the 2-year study.

Hand Skin Grading Results: Study Subjects

The overall hand skin condition of the study subjects was
evaluated by the trained skin grader using the 1 to 10 scale.
Group 1 showed significantly higher scores (indicating better
skin condition) than group 2 during the first 8 weeks of the
study (Fig la). This translates to less dryness, fewer skin
flakes, and less redness compared with the control group.

Table 3a. Skin Prick Test (SPT) Results of Subjects Using Enzyme Granular Detergent for Hand Laundry with or without Enzyme Laundry Bar

for Laundry and Personal Cleansing: Year 1

Baseline Month 4 Month 6 Month 8 Month 12
Group 1 0/291 0/265 0/260 0/252 1/228*
Group 2 0/290 0/256 0/250 0/243 07227

* One unconfirmed positive SPT result to amylase; confirmed negative on serology and retest at later ime points.

Table 3b. Skin Prick Test Results of Subjects Using Enzyme Granular Detergent for Hand Laundry and Enzyme Laundry Bar for Laundry and

Personal Cleansing: Year 2

Month 15 Month 18 Month 21 Month 24
Group 1 0/215 0/203 0/200 0/196
Group 2* 0/218 0/215 0/212 0/209

* Group 2 subjects started to use enzyme laundry bar at month 12.

__ 
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Figure 1. (a) Hand skin grades for dryness, flakes, redness, and edema of group 1 (@) and group 2 (O) subjects based on a scale of 0 to 10, where 10 is perfect
skin. * Group 1 subjects had significantly higher skin grades at weeks 1, 2, 3, 4, and 8. (b) Hand erosion scores of group 1 (@) and group 2 (O) subjects based
on a scale of 0 to 3, where 3 is severe erosions. There was no difference in scores among the 2 groups at any time point. There was no difference between the

baseline scores and the in-siudy scores for either group.

This difference was no longer evident by month 4. Compar-
ison of mean erosion scores showed no difference between

the 2 groups at any time point (Fig 1b). The scores for both _

groups were not different from the baseline scores.

Results of Dermatologic Evaluation: Study Subjects

The hands and body of the study subjects were evaluated by
a dermatologist using the 0 to 4 scale. The hands of group 1
subjects showed a significantly higher degree of redness at the

(a)

6-, 8-, and 12-month examinations compared with group 2
subjects (Fig 2a). The redness did not progress beyond the mild
erythema grade at later time points in the study (data not shown).
With the exception of higher levels of redness on the feet at
month 4 and the arms at month 6 in group 1, there were no other
differences in erythema scores between the 2 groups for any
other body site (data not shown). There were no significant
differences between the 2 groups in scores for dryness of the
hands (Fig 2b) or any other body site (not shown) at any time

(b)

2.0 - 20

1.8 1.8

16 ' 16
g 14 4 14 o
§ 12 . 12 ‘§ -

©

g 5 10 4 - 1.0 % %
T ] oT
27 os 0.8 s
E‘ *
LR 06 O

0.4 0.4

0.2 4 0.2

0.0 r r T T T T T T 0.0

12

Months on Study

Figure 2. (a) Hand erythema (redness) scores of group 1 (@) and group 2 (O) subjects based on a scale of 0 to 4, where 4 is pronounced erythema with edema
or other findings. * Group 1 subjects had significantly higher erythema scores at months 6, 8, and 12. (b) Hand dryness scores of group ! (@) and group 2 (0)
subjects based on a scale of 0 to 4, where 4 is heavy flaking of skin. There were no differences in scores among the 2 groups at any time point.
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Table 4. Number of Subjects Removed from the Study for Medicai and Nonmedical Reasons

Month4 Month6 Month8 Month12 Month15 Month 18 Month21  Month 24  Total
Nonmedical 35 3 1 17 12 7 5 2 82
Pregnancy 18 8 14 22 9 8 1 5 85
irritation* 2 1 3
URI/LRIY 2 1 3
Idiopathic hypokalemia 1 1
Surgery 2 2

Abbreviation: URI/LRI, upper respiratory tract incident/lower respiratory tract incident.

* Two from group 1 and 1 from group 2.
+ Two from group 1 and 1 from group 2.

Table 5. Number of Subjects Presenting with Symptoms: Clinical
Observations Made by Study Physicians*

Group 1 Group 2
Rhinitis 14 22
Sinusitis 3 2
Urticaria 1 1
Total allergy symptomst 17 24
Any symptom (not atlergy) 75 61

* Dermatologist, allergist, and general practitioner.
1 Individual subjects presented with more than 1 symptom.

point. Both groups showed an increase in redness and dryness
scores over time compared with baseline. These differences did
not reach significance.

Review of Reported Skin and Health Effects: Study Subjects -
Table 4 shows the medical and nonmedical reasons for re-
moval of subjects. Eighty-two subjects dropped out for non-
medical reasons: change in work status, new job, relocation,
or just an unwillingness to continue the study. Eighty-five
subjects dropped out due to pregnancy. A total of 9 panelists
were dropped from the study due to other medical reasons: 3 -
due to respiratory infections (pulmonary tuberculosis or
chronic bronchitis), 1 due to diagnosis with idiopathic hypo-
kalemia, 2 due to postsurgery recuperation, and 3 due to
persistent irritant dermatitis. Of these 3 subjects, one group 1
subject and one group 2 subject presented with high erosion
scores of 2 to 3 after only 1 to 2 weeks of product use. The
third subject (group 1) presented with recurring episodes of
irritant dermatitis on the face, back, arms, and body. This
panelist was taken off the study at month 12. The hand skin
examinations for this subject were unremarkable, with no
signs of skin erosions. The dermatologic evaluations showed
scores of 0 to 2 for both erythema and dryness. It was unclear
whether this reaction was product related.

Table 5 summarizes the number of visits to physicians
during the 2-year study. Almost one third (177) of the sub-
jects in the study visited medical personnel (study physician,
dermatologist, and/or allergist) at some point during the
study: 92 in group 1 and 85 in group 2. Often, subjects visited
one or more of the attending physicians on more than one
occasion: 136 had symptoms or illnesses unrelated to allergy
and their participation in the test. There were 17 subjects

from group 1 and 24 subjects from group 2 who presented
with symptoms consistent with type 1 allergy. Enzymes were
ruled out as the cause of these symptoms by subsequent
negative SPT results for these panelists. Further, these sub-
jects continued to use product, sometimes after a brief inter-
ruption of 1 to 2 weeks, with no recurrence of symptoms.

DISCUSSION

The results of this 2-year, prospective, safety-in-use study
show that exposure to enzymes under the described condi-
tions of use in granulate detergent and in laundry bars did not
lead to IgE antibody to the enzymes or to adverse skin effects
among test subjects using these products for hand laundry and
personal cleansing. Consumers in the Philippines have the
harshest hand laundry habits among all hand wash habits in
the world. Since this study was conducted with a population
we considered to be high risk (atopic subjects with compro-
mised skin due to the mechanical abrasion caused by hand
laundry), the risk of developing allergy to enzymes (at these
exposure levels) among consumers in this and in other hand
wash areas is expected to be very low.

There is a long history of safe use of enzyme-containing
laundry products by consumers who use washing machines.
The inhalation exposure to enzymes during addition of gran-
ulate detergent to washing machines has been measured and
calculated to be between 0.0067 and 0.067 ng/m’."* For hand
wash geographies, the airborne concentrations of enzyme
resulting from the use of products for hand scrubbing laundry
were found to be within or very near to the range of exposures
known to be safe for consumers using detergent in washing
machines. Although the exposure evaluation showed that
aerosolized enzyme levels generated by the hand laundry
habit were within a range normally considered safe for con-
sumers, we needed to evaluate the safety of these laundry
products due to the nature of the exposure of consumers to the
enzymes. Collection of product use data on rural Filipino
consumers showed that at least 20% would use the laundry
bar for personal cleansing, leading to dermal and mucosal site
exposures not normally encountered in laundry situations. A
previous clinical study showed that 6.5% of test subjects
developed IgE antibody to a Bacillus protease enzyme via use
of a beauty bar in the shower.® Although the enzyme expo-
sures were higher than those encountered in the Philippines
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and considered to be more intense, the nature of the exposure
(intimate contact) was similar. Also, the typical Filipino
consumer had transient compromised skin on the hands and
forearms due to mechanical abrasion caused by hand laundry
of clothes so that there was also exposure to enzymes via
damaged skin. Therefore, a long-term safety-in-use test was
considered appropriate.

Atopic status was evaluated by SPT with common aeroal-
lergens. The profile of allergen sensitivity among our test
groups was similar to the profile described for other Filipi-
nos.* We found an inverse, significant relationship between
age and IgE to cockroach with a higher proportion of indi-
viduals sensitized to cockroach among the younger age
groups. Recent demographic data show an increase in the
number of people working in sales and services along with an
increase in the educational and income levels in the rural
regions of the Philippines.!® Since cockroach is generally
considered an indoor allergen in westernized and urban re-
gions, one can speculate that a similar trend is occurring in
the Philippines as there is a move for the younger members of
the population to spend more time indoors.

The development of IgE antibody to enzyme was evaluated
by the SPT method. Serologic analysis was only used if there
was a questionable skin test result. With the one exception of an
equivocal response, the skin test reactions were negative for all
panelists in both groups throughout the study. Approximately
half of the test subjects in this study had used enzyme-containing
granulate laundry detergent for hand laundry for 6 months to 1
year before the start of the study. Therefore, some of the test
subjects had 3 years of exposure to enzyme via the hand laundry
task by the end of the study. Only 1 individual showed an
equivocal response to the amylase at month 12, and follow-up
work confirmed that it was a false-positive response.

The lack of IgE antibody to enzymes among this popula-
tion under the described conditions of exposure points to the
presence of thresholds for sensitization to the detergent en-
zymes. The intensity of exposure of the test population to
enzymes on hand Jaundry and personal cleansing is less than
the intensity of exposure to a similar enzyme (Bacillus pro-
tease) among a test population using an enzyme-containing
beauty bar in the shower.® The beauty bar exposure led to IgE
antibody in 6.5% of the test population after a short period
(4-6 months), whereas the hand laundry and laundry bar
exposures did not lead to sensitization after 2 years of expo-
sure. A similar story exists for enzyme-detergents used in
machine wash. The use of raw enzyme powder (Bacillus
protease) in dusty detergent products in the late 1960s led to
IgE antibody- and enzyme-induced symptoms of allergy
among detergent users in Sweden.'¢ The exposures to enzyme
were estimated to be in the hundreds of nanograms per cubic
meter (LA Smith, 1999, unpublished observations). Granula-
tion of detergents and encapsulation of enzymes led to a
dramatic decrease in exposure, and the symptomatic individ-
uals were able to use these detergents symptom-free.!” In
addition, population surveys showed that the use of the gran-
ulate detergents was associated with nil risk of sensitization

of consumers to the enzymes."'® Finally, the experience of
the detergent manufacturers show a clear relationship be-
tween lowered occupational exposure to enzymes and low
rates of IgE antibody with very low risk of allergy symptoms
in the workforce.! Taken together, the clinical data from the
consumer and occupational experiences show that there is an
exposure-response relationship between development of IgE
antibody and intensity of exposure to enzymes. These data
also indicate that thresholds of exposure for sensitization to
type 1 allergens (enzymes) exist. Although we cannot defin-
itively identify the threshold of exposure that is needed to
sensitize the subject to enzymes, we can use clinical data
from this study and others to perform comparative safety
assessments for new enzyme-containing products to judge the
risk for development of IgE antibody.

The short-term alleviation of hand skin dryness via enzyme
exposure reported in this study has been reported by oth-
ers”2L; that is, the smoothing effect of the skin resulted from
the removal of superficial scales of the stratum corneum. In a
study of more than 7,000 housewives in the United King-
dom,” panelists were asked to use detergents with or without
enzyme for all household cleaning tasks. Hand condition was
scored after 2 weeks of use, and panelists who were using
enzyme-containing product exhibited less irritation than those
using no-enzyme product.

The severity of erosions on the hands was not influenced
by the enzymes in the bar, since on-study scores did not
change from the baseline scores. This was consistent with the
prestudy evahiation of subjects who used enzyme-containing
detergent vs those that used no-enzyme detergents. These
data confirmed our belief that erosions were due to the
rigorous scrubbing of clothing during hand laundry.

The skin on other body sites was evaluated for redness and
dryness. There were no appreciable differences in the degree
of redness or dryness between the 2 groups on the face, arms,
legs, feet, upper torso, or scalp. Both groups showed small
increases in scores for dryness and redness at all body sites
throughout the study when the scores at individual time
points were compared with the baseline scores for that group.
We concluded that the laundry bar formulation was slightly
irritating when used for personal cleansing and that enzymes
did not contribute to this irritation. These findings are con-
sistent with clinical data showing that enzyme detergents do
not exacerbate dermatitis, even among subjects with atopic
dermatitis.?

CONCLUSION

To our knowledge, this is the first study conducted to eval-
uate the safety of enzyme-containing laundry products that
are routinely used for hand laundry and personal cleansing by
a segment of the population in hand wash areas. A study of
product use before introduction of the enzyme-containing
laundry bar into the market identified the exposure scenario
of personal cleansing. An exposure evaluation revealed a
very low exposure to enzymes, both via inhalation and der-
mal exposure. The clinical study showed that these low-level
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exposures to enzyme via compromised skin and intimate
contact from personal cleansing did not lead to sensitization
or to adverse skin effects, pointing to the existence of thresh-
olds for sensitization to these enzymes. Therefore, this 2-year
study in combination with the thorough exposure evaluation
supports the safety of these levels of enzymes in laundry
products used for hand laundry and for personal cleansing.
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In contrast to skin sensitisation, there are no accepted tests for the identification of chemicals or proteins
with the potential to cause sensitisation of the respiratory tract. Although progress has been made, the
assessment of respiratory sensitisation potential remains associated with significant challenges and
uncertainties. Nevertheless, there is interest in determining whether it is possible to assess the relative
potency of respiratory sensitisers. The second Adaptation to Technical Progress (ATP) to the EU Classifi-
cation, Labelling and Packaging (CLP) Regulation recently introduced changes to criteria for classification
and labelling of chemicals and preparations, bringing it in line with the 3rd revision to the UN Globally
Harmonised System of Classification and Labelling of Chemicals (GHS). Among other things, the second
ATP introduces sub-categories for respiratory and skin sensitisers, discriminating between strong sensi-
tisers and other sensitisers. Here we examine whether such categorisation of protein and/or chemical
respiratory allergens is realistic and/or feasible. For this purpose comparisons have been drawn with skin
sensitisation, where potency categorisation has now been widely accepted and successfully integrated
into the regulatory process. The conclusion drawn is that, on the basis of the currently available informa-
tion, potency categorisation for respiratory sensitisers is premature and could potentially be misleading.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

It is well established that certain chemicals and proteins have
the potential to cause allergic sensitisation of the respiratory tract
that may translate into respiratory allergy and asthma given suffi-
cient, and normally repeated, exposure. A wide variety of proteins
and certain classes of chemicals are associated with sensitisation of
the respiratory tract and respiratory allergy.

Therefore, the predictive identification of substances that are
able to cause respiratory sensitisation is one of the primary end-
points in regulatory guidelines and proposed regulations, including,
for example: Registration, Evaluation, Authorisation and Restriction
of Chemicals, Regulation Number 1907/2006 in EU (REACH), Bio-
cidal Product Directive 98/8/EC in EU (BPD), Occupational Safety &
Health Administration in USA, Health Canada, The Canadian Envi-
ronmental Protection Act (CEPA), General Rules for Preparation of
Precautionary Labels for Chemicals (GB 15258-2009) in China, the
Australian Safety and Compensation Council, The National Indus-
trial Chemicals Notification and Assessment Scheme in Australia
(NICNAS). Internationally, the trend is towards adoption of the Glob-
ally Harmonised System of Classification and Labelling of Chemicals
(GHS) that prescribes for all toxicity endpoints the test methods and
strategies available for their interpretation (United Nations, 2009).

* Corresponding author. Fax: +44 1234782944.
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For respiratory sensitisation the GHS text is very similar to that of
the Dangerous Substances Directive (DSD, Directive 67/548/EEC)
and REACH that followed (Commission of the European Communi-
ties, 2006). In 2009, the United Nations (UN) issued a third revised
edition of GHS and in 2011 the European Commissionissued the sec-
ond Adaptation to Technical Progress (ATP) implementing the 3rd
UN GHS revision (Commission Regulation, 2011). In the context of
the objectives of this article it is relevant to consider the related
GHS text from the 3rd revision of GHS and second ATP and this is pro-
vided below.

2. Classification criteria for substances
2.1. Respiratory sensitisers

2.1.1. Hazard categories

Respiratory sensitisers shall be classified in Category 1 where
sub-categorisation is not required by a competent authority or data
are not sufficient for sub-categorisation.

Where data are sufficient and where required by a competent
authority, a refined evaluation according to paragraph below
allows the allocation of respiratory sensitisers into sub-category
1A, strong sensitisers, or sub-category 1B for other respiratory
sensitisers.

Effects seen in either humans or animals will normally justify
classification in a weight of evidence approach for respiratory
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Table 1
Hazard category and sub-categories for respiratory sensitisers.

Respiratory sensitiser

Category 1 A substance is classified as a respiratory sensitiser

(a) If there is evidence in humans that the substance
can lead to specific respiratory hypersensitivity
and/or

(b) If there are positive results from an appropriate
animal test

Substances showing a high frequency of occurrence in
humans; or a probability of occurrence of a high
sensitisation rate in humans based on animal or other
tests. Severity of reaction may also be considered
Substances showing a low to moderate frequency of
occurrence in humans; or a probability of occurrence of a
low to moderate sensitisation rate in humans based on
animal or other tests. Severity of reaction may also be
considered

Sub-category 1A

Sub-category 1B

sensitisers. Substances may be allocated to one of the two sub-
categories 1A or 1B using a weight of evidence approach in
accordance with the criteria given in Table 1 and on the basis of
reliable and good quality evidence from human cases or epidemio-
logical studies and/or observations from appropriate studies in
experimental animals.

2.2. Human evidence

Evidence that a substance can lead to specific respiratory hyper-
sensitivity will normally be based on human experience. In this
context, hypersensitivity is normally seen as asthma, but other
hypersensitivity reactions such as rhinitis/conjunctivitis and alve-
olitis are also considered. The condition will have the clinical char-
acter of an allergic reaction. However, immunological mechanisms
do not have to be demonstrated.

When considering the human evidence, it is necessary for a
decision on classification to take into account, in addition to
the evidence from the cases:

(a) The size of the population exposed;

(b) The extent of exposure.

The evidence referred to above could be:

(a) clinical history and data from appropriate lung function
tests related to exposure to the substance, confirmed by
other supportive evidence which may include:

(i) In vivo immunological test (e.g. skin prick test);

(i) In vitro immunological test (e.g. serological
analysis);

(iii) Studies that may indicate other specific hypersen-
sitivity reactions where immunological mecha-
nisms of action have not been proven, e.g.
repeated low-level irritation, pharmacologically
mediated effects;

(iv) A chemical structure related to substances known
to cause respiratory hypersensitivity.

(b) Data from one or more positive bronchial challenge tests
with the substance conducted according to accepted
guidelines for the determination of a specific hypersensi-
tivity reaction.

Clinical history should include both medical and occupational
history to determine a relationship between exposure to a specific
substance and development of respiratory hypersensitivity.
Relevant information includes aggravating factors both in the
home and workplace, the onset and progress of the disease, family

history and medical history of the patient in question. The medical
history shall also include a note of other allergic or airway disor-
ders from childhood, and smoking history.

The results of positive bronchial challenge tests are considered
to provide sufficient evidence for classification on their own. It is
however recognised that in practice many of the examinations
listed above will already have been carried out.

3. Animal studies

Data from appropriate animal studies which may be indicative
of the potential of a substance to cause sensitisation by inhalation
in humans may include:

(a) Measurements of immunoglobulin E (IgE) and other specific
immunological parameters, for example in mice;

(b) Specific pulmonary responses in guinea pigs.

It is worth mentioning that a footnote to existing and older reg-
ulatory texts on respiratory sensitisation notes that no validated
in vivo models are available, whilst recognising that data from such
studies might provide useful information.

4. Potency and allergic sensitisation: some general
considerations

Materials that have an intrinsic capacity to induce sensitisation
(of the skin, or of the respiratory tract) are defined as representing
sensitisation “hazards”. This indicates that the material possesses
this particular intrinsic toxicological property. No human health
effect will occur unless there is sufficient, and normally repeated,
exposure of potentially susceptible individuals. However, it has long
been recognised that not only does the human population vary sig-
nificantly with respect to their susceptibility to sensitising materi-
als, and the likelihood that sensitisation will be acquired, but also
that those materials themselves display considerable heterogeneity.
Most commonly, that heterogeneity is manifest in terms of the rela-
tive potency of a sensitiser, and indeed in the case of contact aller-
gens it is believed that relative skin sensitising potency varies by
up to five orders of magnitude (Gerberick et al., 2005; Kern et al.,
2010). Relative potency, therefore, represents an important, and in-
deed vital, component of the risk assessment/risk management pro-
cess (Basketter, 2008). Thus, for a potent sensitiser, only relatively
low levels of exposure will be required for the acquisition of sensiti-
sation, whereas with a very weak sensitiser, much higher levels of
exposure will be necessary. Naturally, in this context “high” and
“low” are only relative terms that serve to describe the overall extent
of exposure with regard to volume, duration and maybe also
frequency.

Against this background it is relevant to consider briefly skin
sensitisation and what lessons have been learned from that form
of allergy regarding potency assessment.

5. Skin sensitisation potency — what have we learned?

Even in some of the earliest work on human and guinea pig
predictive tests for skin sensitisation, efforts were made to charac-
terise the potency of chemicals identified as skin sensitisers
(Kligman, 1966; Magnusson and Kligman, 1970). However, these
tests were not ideal for potency assessment due to the fact that they
were specifically designed for hazard identification, and the potency
categories used (weak, moderate, strong, etc) were largely arbitrary
and could not be validated against any existing well defined human
categorisation based on either experimental evidence or clinical
observation (Basketter et al., 2005a). Furthermore, such categories
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did not inform either regulatory toxicology, or safety assessment
more broadly.

The advent of the mouse local lymph node assay (LLNA) changed
this situation (Kimber et al., 2001). This method provides an objec-
tive and quantitative readout of skin sensitising activity that is
based on measurement of proliferation induced in draining lymph
nodes following topical exposure of mice to a test chemical. By
the end of the 20th century, the LLNA had been validated in terms
of hazard identification. A 3-fold or greater increase in proliferation
compared with concurrent vehicle treated controls had been shown
to be equivalent in predictive capacity to the guinea pig methods
which had preceded it (Gerberick et al., 2000; Dean et al., 2001).
However, the existence within the assay protocol of a sensitisation
induction dose response meant that it was also possible to interpo-
late the results to deliver a measure of the concentration of a sensi-
tiser required to give exactly a 3-fold stimulation. This was termed
the EC3 (estimated concentration causing a 3-fold increase) value
(Kimber and Basketter, 1997; Basketter et al., 1999). The robust-
ness, reproducibility and general utility of this assay and of this
readout over time, and between laboratories, has been well docu-
mented (reviewed in Basketter et al., 2007) Critically, however, it
is the extent to which the LLNA made it possible to compare this ro-
bust metric with measures of relative skin sensitising potency
based on human experience that has proven of greatest value
(Basketter et al., 2000; Ryan et al., 2000; Gerberick et al., 2001).

Initial considerations of differences between weaker and stron-
ger skin sensitisers was developed through an examination of the
EC3 values for hexylcinnamal (weak) and 2,4-dinitrochloroben-
zene (DNCB; strong) (Kimber and Basketter, 1997). For this pair
of skin sensitisers, EC3 values differed by more than two orders
of magnitude. When a larger dataset was examined it was found
that EC3 values covered almost five orders of magnitude, from
0.002% to 90% (Gerberick et al., 2005; Kern et al., 2010). Initial ef-
forts to compare LLNA EC3 values with human data made use of
extensive clinical expertise and experience, and showed that, as
expected, low EC3 values correlated well with sensitisers known
to be potent in man, whereas high EC3 values were usually only
associated with weakly sensitising effects in humans (Basketter
et al., 2000; Gerberick et al., 2001; Ryan et al., 2000). Subsequently,
LLNA EC3 values were compared with threshold levels from human
predictive testing (Griem et al., 2003; Schneider and Akkan, 2004;
Basketter et al., 2005b). Most recently, this approach has been ex-
tended to a comparison of mouse and human thresholds for just
over 100 known skin sensitisers (Basketter and McFadden, in
press). Collectively, the results indicate clearly that there is a
strong correlation between EC3 values derived from the LLNA
and skin sensitisation potency in humans that is sufficient to per-
mit derivation of a useful predictive system (Safford et al., 2011).
Certainly EC3 values offer the opportunity for the identification
and categorisation of those skin sensitising chemicals that are par-
ticularly potent and that therefore represent a significant human
health risk (Basketter et al., 2005b; Kimber et al., 2003; van Lover-
en et al., 2008; Loveless et al., 2010).

Given the above, perhaps the most important use of skin sensi-
tisation relative potency data, largely in the form of the LLNA EC3
value, is for quantitative risk assessment (Api et al., 2008). Detailed
discussion of this topic is outside the scope of the present article.
However, the opportunity has been acknowledged by regulatory
toxicology (United Nations, 2009). As described above, there has
been provision made under GHS for sub-categorisation of both skin
sensitisers and respiratory sensitisers. However, a key difference is
that in the case of skin sensitisation information is provided on
how to interpret results from guinea pig tests and from the LLNA
to facilitate this potency categorisation. For the LLNA, an EC3 value
of >2% leads to sub-category 1B, indicating weaker sensitisation; all
others are classified as 1A. Although the detail is not provided here,

even guinea pig test data are, in some circumstances, also capable
of providing a basis for sub-categorisation, although the approach
is somewhat more complex and more uncertain.

Before considering how lessons learned from skin sensitisation
serve as a basis for exploring opportunities for potency classifica-
tion of respiratory allergens it is relevant first to consider some
broader themes.

6. Some general toxicological perspectives

In any toxicological context, effective risk assessment demands
the accurate identification of hazards and an appreciation of
potency; this usually requires an understanding of what level of
exposure to a particular material is required to elicit adverse health
effects. As indicated above, the aim of this article is to consider
whether it is feasible currently to characterise and categorise
chemical and protein respiratory allergens on the basis of their rel-
ative sensitising potency. In reality, accurate estimations of
potency are best founded on the availability of tests or biomarkers
that are known to correlate causally and quantitatively with the
end point/toxic effect of interest. As described above, potency
assessments for skin sensitisation using the LLNA are based upon
an understanding that lymphocyte turnover in draining lymph
nodes correlates quantitatively with the acquisition of sensitisat-
ion. As this metric forms the endpoint of the LLNA the opportunity
exists, therefore, to deploy this assay for potency assessment as
well as hazard identification. The important point is that assess-
ment of relative potency often flows from the availability of well
characterised methods for hazard identification. In the context of
this article it is important, therefore, to acknowledge that there
are currently no widely endorsed predictive test methods for the
identification of either protein or chemical respiratory allergens.

The failure to develop an accepted test method for respiratory
sensitisation is in large part attributable to the fact that there re-
mains uncertainty regarding the important biological and bio-
chemical processes through which sensitisation is achieved. This
is true particularly with respect to chemical respiratory sensitisers.
For instance, although it is well established that sensitisation of the
respiratory tract by protein allergens is dependent upon IgE anti-
body responses, there is no general consensus about the require-
ment for IgE antibody for respiratory sensitisation by chemicals
(Kimber et al., 1998; Kimber and Dearman, 2002; Isola et al., 2008).

Given the different challenges posed by chemical and protein
respiratory allergens we will consider these two classes of sensitis-
er under separate headings.

7. Potency assessment of chemical respiratory allergens

There remains a general uncertainty and some confusion about
the exact nature of the immunological events and processes that
result in allergic sensitisation of the respiratory tract to chemicals.
By analogy with protein respiratory allergy the expectation might
be that IgE antibody will play a pivotal role. The difficulty is that it
has not been possible to establish a good correlation between the
presence of hapten-specific IgE antibody in plasma and signs or
symptoms of chemical respiratory allergy (Kimber et al., 1998,
2007; Kimber and Dearman, 2002, 2005; Isola et al., 2008). Thus,
although for all known chemical respiratory allergens it is possible
usually to identify some patients that have detectable IgE antibody,
the overall correlations are not strong. With some chemical respi-
ratory allergens, and in particular with the diisocyanates, it is com-
monly the case that only a fraction of symptomatic patients have
demonstrable plasma IgE antibody (Cartier et al., 1989; Cullinan,
1998; Tarlo, 1999; Tee et al., 1998; Vandenplas et al., 1993).
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It may be, however, that the association between symptoms of
chemical respiratory allergy and IgE antibody is much closer than
the evidence cited above would indicate. For instance, there are
very substantial technical hurdles to measuring accurately IgE
antibody specific for a hapten. Moreover, it is possible that there
may be more than one species of hapten-protein conjugate driving
sensitisation (Campo et al., 2007). Assay systems rely on the avail-
ability of appropriate hapten-protein conjugates as substrates, and
both the choice of protein, and the degree of substitution of that
protein by hapten, have important influences on specificity and
sensitivity. The result is that IgE antibody may be missed. In addi-
tion, it has been pointed out that very reactive chemicals (such as
the diisocyanates) may react rapidly and extensively with OH, SH
and NH; groups on proteins and that this will add further to the
difficulties of identifying specific IgE antibody (Kimber and Dear-
man, 2002). Overlaying those technical difficulties is the fact that
the levels of IgE antibody in plasma will decline steadily following
the last exposure to chemical, and therefore the timing of sample
collection will also impact on the ease with which IgE antibody
is identified.

The above considerations might lead to the conclusion that
there is, in reality, a much stronger correlation between chemical
respiratory allergy and IgE antibody than is acknowledged cur-
rently. The argument would then be that IgE antibody might repre-
sent a legitimate biomarker of sensitisation that could be used for
both the identification of chemical respiratory allergens, and deter-
mination of relative potency. This line of reasoning would suggest
that an animal model in which the ability of chemicals to provoke
hapten-specific Ig antibody would be an appropriate basis for
safety assessment. However, as described above, there would be
significant technical challenges to be negotiated to ensure provi-
sion of hapten-protein conjugates suitable for use as substrates
in the IgE antibody detection systems. Furthermore, for each chem-
ical tested there would be required one or more unique hapten-
conjugates. Even if those technical challenges could be solved,
and it were possible to identify chemical respiratory allergens as
a function of their ability to elicit in experimental animals IgE anti-
body responses, then that would not necessarily imply that the le-
vel of IgE antibody produced would serve as a measure of relative
potency. For that purpose it would probably be necessary to at-
tempt to define the level of exposure required for the induction
of a predetermined level of plasma IgE antibody.

While all of the above might be theoretically legitimate, in prac-
tice there is no general acceptance that IgE antibody is a universal
marker of sensitisation of the respiratory tract by chemicals, and
there remain important technical problems to solve in using hap-
ten-specific IgE antibody as a readout for either hazard identifica-
tion or relative potency.

In acknowledgement of problems associated with identifying
hapten-specific IgE antibody for chemical allergens, an attempt
was made to develop a mouse assay using induced changes in
the total serum concentration of IgE (rather than the presence of
specific IgE antibody) as a readout for respiratory sensitisation po-
tential. The assay was called the ‘Mouse IgE Test’ and was based
upon observations in BALB/c strain mice that topical exposure to
chemical respiratory allergens, but not to contact allergens, re-
sulted in an increase in total levels of serum IgE (Dearman et al.,
1992; Hilton et al., 1995, 1996). The belief was that, as well as
inducing specific IgE antibodies, chemical respiratory allergens
also caused non-specific adjuvant-like effects resulting in an eleva-
tion of total levels of IgE immunoglobulin (Dearman et al., 1992).
As a potential approach to hazard identification, this was attractive
because the same endpoint (total serum levels of IgE) could be
used for all chemicals, and there was no need for the preparation
of hapten-protein conjugates. In the event, it was found subse-
quently that the mouse IgE test was not without problems and,

in particular, did not travel well, insofar as some inter-laboratory
variations were recorded (Dearman et al., 1998). Nevertheless,
even if induced changes in total serum IgE had proved to be a ro-
bust and reliable endpoint for the identification of chemical respi-
ratory, there is no evidence to demonstrate that this metric would
show an association with relative sensitising potency.

While a universal mandatory role for IgE antibody in the path-
ogenesis of chemical respiratory allergy and occupational asthma
remains controversial, there is a more general consensus that
respiratory sensitisation to chemicals is associated with a selective
T helper 2 (Th2)-type immune response (Herrick et al., 2003). This
led to the speculation that it might prove possible in mice to iden-
tify chemical respiratory allergens, and to distinguish these from
contact allergens, on the basis of the quality of immune response
induced. More specifically, the hypothesis was that chemical aller-
gens of different types (contact and respiratory) would provoke
discrete patterns of cytokines (and antibody production) reflective
of the development of selective Th cell responses. This proved to be
the case and resulted in the design of a novel approach to hazard
identification that became known as cytokine profiling or cytokine
fingerprinting (Dearman and Kimber, 1991, 1992, 1999, 2001;
Dearman et al., 1997).

It is not necessary here to describe the procedural details of the
assay used for cytokine profiling. The important point is that fol-
lowing repeated exposure of BALB/c strain mice to a test chemical
the phenotype of induced cytokine production by draining lymph
node cells is characterised. The cytokines measured are Th1-type
(interferon vy and interleukin [IL]-12) and Th2-type (IL-4, IL-5, IL-
10 and IL-13). Specifically, the approach seeks to determine
whether a test chemical drives the development of either a selec-
tive Th1-type, or a selective Th2-type, immune response on the ba-
sis of the balance between type 1 and type 2 cytokine production.
Thus, for instance, in this approach chemical respiratory allergens
are defined as those where the elaboration of Th2 cytokines is
greater than that of Th1 cytokines.

In our hands cytokine profiling has proven to be an effective
method for the identification of chemical respiratory allergens,
and for distinguishing these from contact allergens. It is important
to emphasise, however, that the readout is comparative in nature,
rather than absolute, and for that reason it is not clear how this ap-
proach could be translated into a method for assessing relative po-
tency. It would not be feasible, for instance, to determine the
amount of chemical required for the production of a predeter-
mined level of expression of a specific cytokine because the meth-
od relies on interpretation of patterns of cytokine production,
rather than the absolute amount of any one molecule.

The conclusion drawn, therefore, is that mouse tests that have
been proposed for hazard identification of chemical respiratory
allergens, and that are predicated on characterisation of aspects
of induced immune responses, do not lend themselves currently,
at least in their standard configuration, to assessment of relative
sensitising potency.

It is relevant, therefore, to explore whether other proposed
strategies for hazard identification may be of any greater utility.
The other broad category of approach, that in fact pre-dated the
initiatives outlined above, is based upon the attempted sensitisat-
ion of test animals (guinea pigs or rats) followed some time later
by an inhalation challenge (or some other form of challenge to
the respiratory tract). In such assays the potential of a chemical
to induce respiratory sensitisation is assessed as a function of chal-
lenge-induced pulmonary reactions. Such methods may incorpo-
rate also consideration of other factors, such as for instance,
antibody production, but the main readout is the elicitation by
challenge of respiratory hypersensitivity reactions (Botham et al.,
1989; Karol, 1983; Karol et al., 1985; Pauluhn, 2003; Sarlo and
Clark, 1992).
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It is now well established that sensitisation of guinea pigs and
rats to chemical respiratory allergens, such that reactions can be
elicited following subsequent pulmonary challenge, can be effected
by intradermal or topical exposure (Botham et al., 1989; Pauluhn,
2003; Rattray et al., 1994). Simple topical exposure to the test
material is certainly easier and more straightforward than is
attempting sensitisation by inhalation that was the norm in earlier
models. Topical exposure would certainly facilitate the conduct of
dose response analyses at the induction stage of sensitisation in
such models. The difficulty, however, is the readout of measuring
challenge-induced pulmonary reactions. There remains a debate
about the most effective way of measuring pulmonary hypersensi-
tivity reactions in guinea pigs and rats. But even if a particular met-
ric were found to be the most suitable and most reliable, then the
direct comparison of chemicals with respect to their relative sensi-
tising potency would be a very substantial undertaking using
induction/respiratory challenge models. There would need to be
a systematic approach to comparisons between chemicals, keeping
constant a large number of important variables (including the age,
strain and sex of animals, and the methods used for atmosphere
generation and dosimetry). Specialised inhalation facilities would
be required, and the need for test substance and the costs would
both be very considerable. The view currently is that although dose
response analyses can be, and are, performed in these induction/
challenge models, they are not suitable for the routine character-
isation of the relative respiratory sensitising potency of chemical
respiratory allergens.

Thus far the relevance for potency assessment of proposed
animal models has been explored. For completeness, it is appropri-
ate also to question whether there are presently available any alter-
native approaches to hazard identification, based either on in vitro
systems or on considerations of structure activity relationships
(SAR), that might inform the relative potency of chemical respiratory
allergens. There are as yet no in vitro methods for hazard identifica-
tion that are of proven value (Roggen et al., 2008), and certainly there
are no models presently that address questions of potency. Similarly,
there has been interest in the development of SAR paradigms for the
identification of respiratory allergens, but none of these has found
wide application, or has yet been formally validated (Enoch et al.,
2010; Seed and Agius, 2010).

Before leaving considerations of what experimental approaches
might be available to provide information on the relative potency
of chemical respiratory allergens, there is one final avenue to
explore.

There is now available evidence that most, if not all, chemicals
that are able to cause sensitisation of the respiratory tract test are
positive in the LLNA (Dearman et al., in press). Thus, although among
human populations chemical sensitisers show some selectivity with
regard to the type of allergy that will be acquired by susceptible
subjects, both contact and respiratory allergens will elicit clear
positive results in the LLNA. This is, of course, a reflection of the fact
that both classes of allergens are able to cause the activation of T
lymphocytes and to provoke proliferative responses in draining
lymph nodes. This raises the question of whether, in common with
contact allergens, it might be possible to assess the relative potency
of respiratory sensitisers as a function of activity in the LLNA, and
specifically from derived EC3 values. In theory at least this appears
legitimate, insofar as the vigour of immune responses to chemical
respiratory allergens, and the extent to which sensitisation will be
acquired, is likely to be influenced by the degree to which T lympho-
cytes are activated and proliferate. However, although this approach
has some merit, it has to be acknowledged that in fact little is known
of correlative relationships between T cell activation and sensitisat-
ion of the respiratory tract. Nevertheless, of all the opportunities
explored above, and in the absence of anything better, it could be ar-
gued that potency classification of chemical respiratory allergens on

the basis of EC3 values derived from LLNA responses is the approach
best equipped to guide judgements about relative potency. It has to
be said, however, that the arguments in support of this strategy are
largely conjectural and are unlikely currently to gain traction within
the scientific community.

In the absence of experimental systems that are able to provide
information regarding the relative potency of chemical respiratory
allergens it is necessary to view what guidance may be available
from clinical experience.

In principle clinical experience of occupational asthma should
be able to inform an appreciation of relative potency. When EC3
values from the LLNA were being compared with clinical judge-
ments of the relative skin sensitising potency of panels of contact
allergens it certainly proved possible to derive some appreciation
from practicing dermatologists of rank order according to potency
based upon experience in the clinic (Basketter et al., 2000; Gerber-
ick et al., 2001). However, this is by no means an exact science.
When considering allergic disease in humans it is extremely diffi-
cult to disentangle sensitising potency from considerations of
prevalence and severity, both of which factors are determined at
least as much by conditions of exposure (the extent, frequency
and duration of exposure) as they are by the intrinsic potency of
the sensitising chemical. Thus, weak allergens can be common
allergens if there is sufficient opportunity for exposure of individ-
uals. In this respect the contact allergen nickel provides an illustra-
tive example. In predictive testing, nickel is a relatively modest
allergen in terms of its potency, but in many geographies, e.g. Wes-
tern Europe and the USA, it is the most common cause of allergic
contact dermatitis. The high incidence of nickel allergy is a reflec-
tion of ubiquitous contact with the metal rather than its intrinsic
potency. Similarly, even weak allergens can cause severe hypersen-
sitivity reactions if the conditions of exposure have been such to
permit the acquisition of a high level of induced sensitisation.
The most recent evidence (from the largest ever meta-analysis of
elicitation studies) indicates that although induction potency var-
ies very widely, the relative potency for elicitation varies little from
the weakest to the strongest contact allergens, as judged by the
minimum elicitation thresholds for a range of seven substances
(Fischer et al., 2011).

It is the case therefore that judgements of relative sensitising
potency predicated on either the incidence of allergy to that partic-
ular chemical, or the severity of reactions seen, can be extremely
misleading. This is not to suggest that it is not possible to inform
assessments of potency from clinical experience, but the important
point is that informed clinical judgements in this respect demand
some knowledge of the exposure conditions from which sensitisat-
ion resulted.

The conclusion is that there are presently no experimental sys-
tems or predictive tests suited to the characterisation of the rela-
tive potency of chemical respiratory allergens. Nor is clinical
experience likely to be informative because in many circumstances
an appreciation of exposure conditions will be lacking. For this rea-
son the position currently is that it is not possible to derive useful
assessments of relative potency that would support an informed
categorisation of chemical respiratory sensitisers.

8. Potency assessment of protein respiratory allergens

There is a wide range of proteins that are able to cause sensiti-
sation of the respiratory tract and occupational asthma. These
include proteins of bacterial, fungal, plant and animal origin that
are encountered in various work place settings (Sarlo and Baccam,
2007). Although the focus of our attention here is on respiratory al-
lergy it should be noted that proteins that have the ability to cause
allergic sensitisation may be associated also with allergy in other
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tissues and organ systems, one example being gastrointestinal
symptoms associated with allergy to food proteins.

In contrast to the position with chemical allergy, there is more
certainty about the mechanisms through which protein allergens in-
duce sensitisation. It is clear that in the case of protein IgE antibody
usually plays a pivotal role. However, it would be inappropriate to
assume that there is little to learn about protein allergy. There is
much that we do not yet understand and, for example, it is still not
clear why some foreign proteins are immunogenic but not allergenic
(that s able to elicit IgG, but not IgE antibody responses), while oth-
ers are both immunogenic and allergenic.

There have been two main strategies for the identification and
characterisation of protein allergens. The first is predicated on the
ability of protein allergens to elicit IgE (or equivalent) antibody re-
sponses, the second is to assess the ability of proteins to induce
and provoke respiratory hypersensitivity reactions. Often the two
approaches have been employed in tandem using guinea pigs or
mice (Hilton et al., 1994; Karol et al., 1989; Kawabata et al., 1986;
Ritz et al., 1993; Robinson et al., 1996, 1998; Sarlo et al., 1991; Sarlo
and Karol, 1994). There have been important developments and
achievements, but nevertheless there is, as yet, no formally
validated method, and there is no single approach that is without
drawbacks.

In the case of protein respiratory allergy the measurement of in-
duced IgE antibody responses is an attractive endpoint for hazard
identification. The ability of a protein to provoke a vigorous IgE
antibody response in an appropriate animal model should be re-
garded as a clear sign of the potential for allergenicity. Moreover,
and in contrast to the situation with chemical sensitisers, there is
of course no requirement for hapten-protein conjugates as sub-
strates for assessment of antibody responses to protein allergens.

There are, however, a number of potential problems with the use
of IgE responses as a readout for respiratory sensitising hazards. One
issue is that it has traditionally proven difficult to detect or measure
IgE antibody in guinea pigs, frequently a species of choice for studies
of respiratory sensitisation. A broader issue is the way in which spe-
cific IgE antibody is measured and evaluated. There is so far no con-
sensus regarding the specific design of such animal studies, or how
the induction route, time, dose and frequency of immunisation will
impact on the outcome. A classical approach, which in some ways re-
mains the gold standard, is passive cutaneous anaphylaxis (PCA). In
this method serum is prepared from the test (immunised) animal
and injected intradermally into a recipient of the same species.
The recipient is then injected intravenously with a solution of the
relevant antigen together with Evan’s Blue Dye. If the serum from
the test animal contained IgE antibody then this will associate, via
specific plasma membrane receptors, with mast cells in the skin.
The introduction of the antigen will cause membrane bound IgE
antibodies to cross-link which in turn will lead to mast cell activa-
tion and degranulation with the release of a variety of inflammatory
mediators, including vasoactive amines. The increased vascular per-
meability caused by the latter mediators will allow dye extravasa-
tion with a resultant bluing of the skin. The blue patches seen in
the skin of challenged recipients are indicative of the presence of
specific IgE antibody in the test serum.

It will be readily apparent that the PCA assay is demanding
technically. It is subject to significant variability and therefore re-
quires relatively large numbers of animals. Nor does PCA lend itself
readily to consideration of dose response or measurement of the
strength (titre) of IgE antibody responses. Indeed, practical experi-
ence has indicated that PCA in the guinea pigs requires that tripli-
cates are required (Dr. N. Berg, personal communication). Not
unexpectedly, therefore, there has been enthusiasm for replacing
the PCA with ELISA (enzyme-linked immunosorbent assay) meth-
ods for measuring specific IgE antibody. However, ELISA assays
for IgE are not easy to engineer and vary significantly in quality

and reliability. The main difficulty is that the provocation of IgE
antibody responses will almost always be accompanied by IgG
antibody production. The challenge from a technical perspective
is that normally IgG antibodies will be produced in substantially
larger amounts that IgE antibody, possibly by a factor of between
100 and 1000. In an ELISA assay IgG and IgE antibodies in the test
serum sample will effectively be competing for antigenic sites on
the protein substrate. There are, of course, potential solutions to
avoid or minimise these issues but they are frequently technically
challenging and can impact the sensitivity of the ELISA. Taken to-
gether, experience suggests that it is possible to measure specific
IgE antibodies, but that the methods used are frequently techni-
cally demanding.

Accepting that the elaboration of IgE antibodies is a clear indi-
cation of a sensitising hazard, and leaving aside questions of the
technical challenges inherent in the accurate measurement of such
antibodies, there is one further issue that warrants consideration
here. It is now well documented that the level of IgE antibody
found within the plasma of sensitised subjects does not necessarily
correlate closely with the clinical manifestations of allergy, or with
the severity of symptoms. Food allergy provides an example where
subjects with clearly demonstrable serum IgE antibody of the rel-
evant specificity may not mount clinical reactions to the food pro-
teins to which they are sensitised, and where in many instances
the severity of clinical reactions does not correspond with levels
of IgE antibody (Buck et al., 2010). This raises some questions
about the general utility of specific IgE antibody per se as a bio-
marker of overall clinical reactivity.

Despite the apparent lack of a clear quantitative relationship
between serum IgE antibody levels and likely clinical responsive-
ness to the relevant allergen, for the purposes of safety assessment
using experimental animals IgE antibody is probably the most
important metric. Thus, IgE antibody is the most reliable biomarker
of sensitisation, and probably also represents the only practical
readout for considerations of the relative potency of sensitising
proteins. Assuming that specific IgE antibody induced in an exper-
imental animal model can be measured accurately and reliably,
then the vigour of IgE responses and the titre of serum IgE antibody
levels, probably will give the clearest indication of potency,
although it has to be borne in mind that a single point measure-
ment of titre prohibits any consideration of the potentially impor-
tant role of the kinetics of the induced immune response. For a
systematic investigation of the relative potency of sensitising pro-
teins there would be a need to define, for a range of materials, the
level of exposure in a standardised experimental system required
for the elicitation of a predetermined titre of IgE antibody. That
is the theory; the practice would be considerably more challenging
and would require a substantial investment. There would be a need
to define a standard experimental system and to confirm that truly
accurate measurements could be made of IgE antibodies to a wide
range of proteins. This could be done, but it has not yet been
accomplished in a systematic way. It is worth noting how sharply
this contrasts with skin contact sensitisation to chemicals, where,
notwithstanding ethical concerns, a substantial body of human
experimental (i.e. not diagnostic) data on potency has been pro-
duced and used to calibrate potency predictions from the LLNA
(e.g. Basketter et al., 2005b).

It is unlikely that the measurement of challenge-induced respi-
ratory reactions would add anything of value (over and above IgE
antibody production) for the assessment of sensitising potency.
Nor, are there currently available any in vitro methods that could
inform relative potency. Although there is substantial clinical
experience of respiratory sensitisation to proteins, the same prob-
lems exist that were described above for chemical respiratory
allergens in translating that clinical experience into knowledge of
relative potency.
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9. Conclusions

The recent second Adaptation to Technical Progress (ATP) to the
EU Classification, Labelling and Packaging (CLP) Regulation intro-
duces sub-categories for respiratory and skin sensitizers, discrimi-
nating between strong sensitizers and other sensitizers. Such
categorisation seems feasible for skin sensitizers, where potency
categorisation has been accepted and successfully integrated into
the regulatory process. In contrast, for protein and chemical respi-
ratory allergens no models exist currently even to identify sensiti-
sation hazards, rendering sub-categorisation by this means
impossible.

At a research level, for determination of the relative potency of
respiratory sensitising proteins a practical approach (and probably
currently the only feasible approach) is assessment of the titre of
IgE antibody elicited in a standardised animal model. However,
while in theory this is presently the most attractive strategy, trans-
lating this into a technically viable solution is not an easy under-
taking and there are a number of important technical issues that
would need to be addressed and resolved. Perhaps chief among
these is the absence of human benchmarks, since there is no satis-
factory way of determining the intrinsic human respiratory sensi-
tising potency using clinical evidence.

Against this background it is premature to suggest that there is
a clear way forward to measure reliably the relative respiratory
sensitising potential of protein and chemical allergens.
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