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January 9, 2003

-~ JAN 1T 2003
Linda S. Kahl, Ph.D. N | | OFFIC‘F N
Regulatory Policy Branch, HFS-206. . . FOOD ADDHTE e

Center for Food Safety and Applied Nutrition ‘ e e
Food and Drug Administration ‘ ’

200 C Street, S.W.

Washington, D.C. 20204

Dear Dr. Kahl,

We are .hereby submitting, in triplicate, a generally recognized as safe (GRAS)
notification, in accordance with proposed 21 C.F.R. § 170.36, for Novozymes’ laccase
enzyme preparation produced by laccase preparataons produced by submerged
fermentation of Aspergillus oryzae expressing the gene encoding a laccase from

‘ Myceliophthora thermophila. The laccase enzyme preparation is intended for use in the
food industry as an ingredient in breath-freshening products such as breath mints,
chewing gum and other food products:

Please contact me by direct telephone at 919 494-3152 or direct fax at 919 494-3420 if
you have any questions or require additional information.

Sincerely,

Denise Bernstein
Senior Regulatory Specialist

Enclosures (3 binders)

' . Novozymes North America, Inc.
77 Perry Chapel Church Road
P.O. Box 576
Frankiinton, North Carolina 27525

Tel: 9138-494-3000 Fax: 919-494-3450 Internet: www.novozyrmes.com
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RE: GRAS Notification - Exemption ¢laim OFFICE OF
Dear Sir or Madam: FOOD ADDITIVE SAFETY

Pursuant to the proposed 21C.F.R.§ 170.36 (c){(1) Novozymes North America Inc. hereby claims that
laccase preparations produced by submerged fermentation of Aspergillus oryzae expressing the gene
encoding a laccase from Myceliophthora thermophila are Generally Recognized as Safe; therefore, they are
exempt from statutory premarket approval requirements. )

The following information is provided in accordance with the prdpoéed regulation:
Proposed § 170.36 (c)(1)(i) The name and address of the notifier.

Novozymes North America Inc.
77 Perry Chapel Church Rd., Box 576
Franklinton, NC 27525

Proposed § 170.36 (c)(1)(ii)) The common or usual name of notified substance.

Laccase enzyme preparation produced by Aspergillus oryzae expressing the gene encoding a laccase
from Myceliophthora thermophila.

Proposed § 170.36 (c)(1)(iii} Applicable conditions of use.

The laccase is intended for use in the in the food industry as. an ingredient in breath-freshening products
such as breath mints, chewing gum and other food products. The enzyme preparation is used at
minimum levels necessary to achieve the desired effect and according to requirements for normal
production following Good Manufacturing Practices.

Proposed §170.36 (c)(1)(iv) Basis for GRAS determination. - - .
This GRAS determination is based on scientific procedures.
Proposed § 170.36 (¢)(1)(v) Availability of information.

A notification package providing a summary of theé information which supports this GRAS determination
is enclosed with this letter. The package includes a safety evaluation of the production strain, the
enzyme, and the manufacturing process, as well as an evaluation of dietary exposure. A published article
on the safety of laccase from Myceliophthora thermophila expressed in A. oryzae is also included. in the
notification package. Complete data and information that are the basis for this GRAS determination are
available to the Food and Drug Administration for review and copying upon request. )

(O Japsvary 2007
{John Carroll Datd
Director, Regulatory Affairs

Novozymes North America, Inc. ) ' 0 @ G @O 3

77 Perry Chapel Church Road
P.O. Box 576
Franklinton, North Carolina 27525

Tel: 919-494-3000 Fax: 919-494-3450 Internet: www.novozymes.com
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LUNA No. 2003-01638-01

GRAS NOTIFICATION

LACCASE

" A laccase produced by Aspergillus oryzae
‘ expressing the gene encoding

a laccase from Myceliophthora thermophila

Date: January 2003

‘ Denise Bernstein, Regulatory Affairs, Novozymes North America, USA

Rie Tsuchiya, Safety and Regulatory Affairs, Novozymes A/S, Denmark
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1. INTRODUCTION

The Laccase enzyme is produced by submerged fermentation of Aspergillus oryzae
carrying a gene encoding a laccase from Myceliophthora thermophila. The enzyme
preparation is to be used in the food industry as an ingredient in breath-freshening
products such as breath mints, chewing gum and other food products.

Laccases are widely distributed among fungi and plants. Laccases (E.C. 1.10.3.2) are
oxidases that catalyse the oxidation of a wide range of phenols and other substrates
with the concomitant reduction of oxygen (O,) to water. Reactions between laccases
and phenols are commonly found in nature. One prominent example is the oxidation
of phenols in fruits and vegetables by laccases to form brown polymers, which is
known as the “bruising or enzymatic browning” of fruits and vegetables. Since
laccase has the capability of catalyzing the oxidation and the polymerisation of
phenols and other substances, laccase is receiving increasing interest in various
applications such as in wine clarification and to improve the storage of beer (i.e,,
reduce or eliminate the development of off-flavours during storage).

The applications of the present submission are directed to breath-freshening
products such as breath mints, chewing gum, toothpaste, and mouthwash that
contain laccase enzyme that facilitate a reaction of naturally-occurring polyphenolic
compounds existing in food and food extracts to form reactive compounds that
interact with odor-causing compounds located in the oral cavity. Laccase oxidizes a
phenolic compound to form a quinone that reacts with volatile sulphur compounds
that can cause bad breath. In essence, the laccase facilitates the formation of
compounds that bind to compounds responsible for the bad breath, which creates a
deodorizing effect.

The safety of the production organism must be a prime consideration in assessing the
probable degree of safety of an enzyme preparation intended for use in food (Ref. 2,
3). The production organism for this laccase, Aspergillus oryzae, is discussed in
Sections 2 and 7. Sections 4, 5, and 6 describe the production process, the product
specification and application of the laccase. Section 7 outlines the safety evaluation of
the product including the toxicology program, which has been carried out confirming
the safety of the product for its intended use.

it should be noted that in some reports, the laccase is described as batch “PPX
5720,” “Novozym 809,” ”SP 966,” or Novozymes 18043. SP 966 and Novozym 809
are internal names used before marketing. PPX 5720 is the internal code of the test
batch used for safety testing. Novozymes 18043 is a trade name.

o
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2. PRODUCTION MICROORGANISM
2.1 Production Strain

The Aspergillus oryzae strain, designated Mt-3, was constructed by transformation
of the recipient strain, designated HowB711/RaMB17.WT, (see Section 2.2), with a
purified DNA fragment. This genetically modified production organism complies
with the OECD (Organization for Economic Cooperation and Development) criteria
for GILSP (Good Industrial Large Scale Practice) microorganisms (Ref. 1). It also
meets the criteria for a safe production microorganism as described by Pariza and
Foster, Pariza and Johnson, and several expert groups (Ref. 2-9).

The DNA fragment used in the strain construction contains strictly defined fungal
chromosomal DNA fragments and synthetic DNA linker sequences. The specific
DNA sequences include a laccase enzyme gene from Myceliopthora thermophila
strain E421 (CBS 117.65); an Aspergillus nidulans selectable marker gene, amdS
(acetamidase) (Ref. 10); well-characterized non-coding regulatory sequences
including the Aspergillus niger strain BO-1 terminator (Ref. 11), the TAKA-amylase
promoter from Aspergillus oryzae strain HW325 (Ref. 12), and a fragment from a
well known sequence from Escherichia coli plasmids pUC19 and pUC18 (Ref. 13).

2.2  Recipient Organism

The recipient microorganism, designated How B711/RaMB17.WT, used in the
construction of the laccase production strain is a genetically modified derivative of
A. oryzae A1560 by means of site-directed gene disruption to cause interruption of
the three resident TAKA amylase genes. The obtained strain A. oryzae How B711 is
a derivative of the fully characterized, well-known industrial production strain of A.
oryzae (Ahlburg) Cohn. The strain was obtained from the Institute for
Fermentation, Osaka, Japan (IFO) and is designated strain IFO 4177 (synonym
A1560).

The taxonomic characteristics of the host strain of A. oryzae A1560 are the
following:

Name: Aspergillus oryzae

Class: Blastodeuteromycetes (Hyphomycetes)
Order: Phialidales (Moniliales)

Genus: Aspergillus

Species: Oryzae

This classification has been confirmed by the Centraalbureau voor
Schimmelculutres, Baarn, Holland (Ref. 16).

006000/
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2.3  Laccase Gene Isolated from Myceliopthora thermophila

2.3.1 Taxonomy

Myceliophthora thermophila (Apinis) van Oorschot belongs to the hyphomycetes
fungi. It is a true thermophilic fungus and a common component of decaying
manure, silage, wood chips and pulp etc. in Europe and North America (Ref. 79).

Classification:

Basionym: Sporotrichum thermophilum Apinis. Teleomorph: Corynascus heterothallicus
(van Klopotek) von Arx.

Ascomycota, Pyrenomycetes, Sordiales (Sphaeriales (Ainsworth)), Corynascus (Thielavia)

It was originally described as Sporotrichum thermophilum (Ref. 80). Sporotrichum
is a hyphomycete genus with basidiomycetous teleomorphs. Therefore, when von
Klopotek described the ascomycetous teleomorph Thielavia heterothallica (Ref. 81),
S.thermophilum was transferred to the genus Chrysosporium. The fungus was examined
by van Oorshot (Ref. 82), who reintroduced the genus Myceliophthora as a segregate of
Chrysosporium, based on different conidial structures. Finally, the teleomorph of
Myceliophthora thermophila was re-examined by von Arx (Ref. 48), and transferred to
the genus Corynascus as C. heterothallicus (van Klopotek) von Arx.

2.3.2 Cloning of the Enzyme Gene

An M. thermophila genomic DNA library was constructed in the bacteriophage
cloning vector lambda-EMBL4. The library was screened by hybridization with a
radiolabel Neurospora crassa laccase DNA fragment using non-stringent conditions.

Eight plaques were identified that hybridized strongly to the N. crassa laccase gene
probe. A 3.2 kb Nhel-Bglll segment harboring the entire laccase gene was sub-
cloned into pUC119.

2.4 Construction of the Expression Vector and the Selection Plasmid

The laccase expression plasmid pRaMB17.WT was constructed through the
following steps: 1) Isolation of 1.5 kb M. thermophila laccase gene resulting in the
plasmid pint2.22; 2) Isolation of A. oryzae TAKA-amylase promoter resulting in the
plasmid pint1; 3) Isolation of A. niger glucoamylase terminator resulting in the
plasmid pUC::AMGTerm; and 4) The expression plasmid pRaMB17.WT was constructed
with the 1.5 kb fragment containing the laccase gene which is under transcriptional
control of the TAKA-promoter by a three part ligation.

000008
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Structure of the expression vector pRaMB17.WT.

pRaMB17.WT consists of the following elements:

_Ptaka

s

ampR

/pUC18
pRaMB17.WT

ORI
Laccase

Position Size Element Origin

(bp) (bp)
1-1143 1143 Ptaka A. oryzae hW325
1144-1146 3 Linker Synthetic
1147-3584 2438 Laccase M. thermophila
3585-3591 7 Linker Synthetic
3592-4176 585 Tamg A. niger BO1
4177-4198 22 Linker Synthetic
4199-6833 2635 PUC18 E. coli
6834-6846 13 Linker Synthetic

Ptaka is the TAKA amylase promoter of A. oryzae.

Laccase is the genomic laccase gene of M. thermophila.

Tamg is the amyloglycosidase terminator of Aspergillus niger.

pUC18 is a general E. coli vector (Ref. 18) that features an origin of replication (ORI,
position 4615) and the ampicillin resistance gene (ampR, position 6234 - 5377, size
858 bp).

0006003
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Structure of the selection plasmid pToC90

pToC90 consist of the following elements:

__Xbd (424)

,Pamds

R ‘amdS
/
Xbd (3149)

Position © Size Element Origin

(bp) (bp)
424-1072 649 Pamds A. nidulans.
1073-2972 1900 amds A. nidulans.
2973-3148 176 TamdS A. nidulans.
3149-423 2686 pUC19 E. coli.

Pamds, amdS and Tamds are the promoter, coding sequence and terminator of the
Aspergillus nidulans amdS gene.

pUC 19 is a general E. coli vector (Ref. 18) that features an origin of replication (ORI,
position 3592) and the ampicillin resistance gene (ampR, position 5211-4354, size
858 bp).

2.5 Construction of the Recombinant Production Organism

The recombinant DNA molecule was introduced into the recipient A. oryzae How
B711 by incubating protoplasts with pRaMB17.WT (laccase expression vector) and
pToC90 (selectable marker). The selection of transformants was achieved by
growing on a medium with acetamide as the sole nitrogen source and screening for
co-expression of the M. thermophila laccase. A single colony of transformant
HowB711/RaMB17.WT was selected.

006010
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The production strain is obtained from transformant HowB711/-RaMB17.WT
following mutation with nitrosoguanidine (NTG) and screening for high yield of the
Myceliophthora thermophila laccase.

2.6 Stability of the Introduced Genetic Sequences

The presence and configuration of the introduced DNA sequences were determined
by Southern hybridization to assess the stability and potential for transfer of
genetic material as a component of the safety evaluation of the production
microorganism (Ref. 4-9). The transforming DNA is stably integrated into the A.
oryzae chromosome and, as such, is poorly mobilizable for genetic transfer to other
organisms and is mitotically stable (Ref. 1).

2.7 Antibiotic Resistance Gene

A gene coding for resistance to ampicillin has been introduced into the production
organism as a result of the genetic modification. However, since the expression
signals for the resistance gene are not present in the construction, the gene is not
expressed in the production organism.

2.8 Absence of Production Organisfn in Product

The absence of the production organism is an established specification for the
commercial product as specified in Section 5.2. The production organism does not
end up in food and therefore the first step in the safety assessment as described by
IFBC (Ref. 3) is satisfactorily addressed.

000011
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3. ENZYME IDENTITY

- 3.1 Enzyme ldentity

Key enzyme and protein chemical characteristics of the laccase are given below:

Classification: Laccase (generic name)

IUB nomenclature: Urishiol oxidase; urushiol oxidase; p-diphenol oxidase
Systematic name: Benzenediol: oxygen oxidoreductase

IUB No.: 1.10.3.2

CAS No.: 80498-15-3

Molecular weight: 85 kDa

Amino acid sequence: The total nucleotide and amino acid sequences have

been determined; the enzyme has 3 internal disulfide
bonds and 4 copper atoms

Laccase is a polyphenol oxidase, which belongs to the family of blue multi-copper
oxidases (Ref. 74). The substrate oxidized by laccase is regarded as an electron
donor. “Oxidase” is used only where O, is an acceptor. These enzymes catalyse the
oxidation of a wide range of diphenols and other substrates with the concomitant
reduction of dioxygen (O,) to water. In general, there are two types of phenol
oxidases found in plants and fungi. The first type is a laccase (EC 1.10.3.2), which
oxidizes o-, p-diphenol to their corresponding quinones in the presence of
molecular oxygen (Ref. 45, 47). Laccases as phenol oxidases are widely distributed
in fruits and fungi. Since laccase has the capability of catalyzing the oxidation and
the polymerisation of phenolic substances, the laccase is receiving increasing interest
in various applications (see Section 6). The second type comprises catechol oxidase
and monophenol monooxygenase (EC 1.10.3.1 and EC 1.14.18.1) that oxidizes o-
diphenols to their corresponding quinones in the presence of molecular oxygen.

The enzyme protein is well characterized (Ref. 18, 30). The first report of the
cloning and heterologous expression of a thermostable laccase was published in
1997. This article characterizes a gene encoding an extracellular laccase of
Myceliopthora thermophila and the analysis of a recombinant laccase as expressed
in A. oryzae (Ref. 30).

3.2 Enzymatic Activity

A typical laccase product has an estimated activity of 250 LAMU/g. LAMU is an
acronym for LAccase Myceliophthora Unit.

Definition of laccase activity unit: 1 LAMU is the amount of enzyme which under
the given analytical conditions catalyses the conversion of 1 micromole
syringaldazine per minute.

000012
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Appendix A shows Novozymes’ method to determine the enzyme activity (LAMU).

®
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4. MANUFACTURING PROCESS

This section describes the manufacturing process for the laccase, which follows
standard industry practices (Ref. 21-23). The manufacturing process is composed of a
fermentation process, a purification process, a formulation process, and finally a
quality control of the finished product (Ref. 23). This section describes the processes
used in the manufacturing of the Novozymes 18043 laccase.

The laccase is manufactured in accordance with current Good Manufacturing
Practices, Food. The quality management system used in the manufacturing process
complies with ISO 9001. The raw materials are Food Grade Quality and have been
subjected to appropriate analysis to ensure their conformity with the specifications.

4.1 Raw Materials

All raw materials used in the fermentation and recovery process for the laccase
enzyme concentrate are standard ingredients used in the enzyme industry (Ref. 21-
23). The raw materials conform to Food Chemicals Codex specifications except
those raw materials which do not appear in the FCC. For those not appearing in
the FCC, internal specifications have been made in line with FCC requirements. On
arrival at Novozymes A/S, the raw materials are sampled by the Quality Control
Department and subjected to the appropriate analyses to ensure their conformance
to specifications.

The antifoam used in fermentation and recovery are used in accordance with the
Enzyme Technical Association submission to FDA on antifoams and flocculants
dated April 10, 1998. The maximum use level of these antifoams in the Laccase
product is less than 1%.

4.2 Fermentation Process

Novozymes 18043 is produced by submerged fed-batch pure culture fermentation of
the genetically modified strain of Aspergillus oryzae, described in Section 2. All
equipment is carefully designed, constructed, operated, cleaned and maintained so as
to prevent contamination by foreign microorganisms. During all the steps of
fermentation, physical and chemical control measures are taken and microbiological
analyses are done to ensure absence of foreign microorganisms and confirm strain
identity.

%

4.2.1 Production Organism 000014

Each batch of the fermentation process is initiated with either a lyophilized stock
culture or in glycerol at —-80°C stock culture of the production organism, A. orzyae,
described in Section 2. Each new batch of the stock culture is thoroughly controlled
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for identity, absence of foreign microorganisms, and enzyme-generating ability
before use.

4.2.2 Criteria for the Rejection of Fermentation Batches

Growth characteristics during fermentation are observed both macroscopically and
microscopically. Samples are taken from both the seed fermentor and the main
fermentor before inoculation, at regular intervals during cultivation, and before
transfer/harvest. These samples are tested for microbiological contamination by
microscopy and by plating on a nutrient agar followed by a 24-48 hour incubation
period.

The fermentation is declared “contaminated” if one of the following conditions is
fulfilled:

1. Infection is observed in 2 or more samples by microscopy; or
2. Infection is observed in two successive agar plates at a minimum interval
of 6 hours.

Any contaminated fermentation is rejected.
4.3 Recovery Process

The recovery process is a multi-step operation that starts immediately after the
fermentation process. The process is designed to separate the desired enzyme from
the microbial biomass and partially purify, concentrate, and stabilize the enzyme.

4.3.1 Purification

The enzyme is recovered from the culture broth by the following series of
operations:

The steps of this process involve a series of unit operations:

1. Pretreatment - pH Adjustment: Inorganic acids and bases are used for pH
adjustments.

2. Primary Separation — Vacuum Drum Filtration: The cell mass and other solids
are separated from the broth by well-established techniques such as pre-coat
vacuum drum filtration or centrifugation. The pre-coat used in the filter and the
filter aid used in the process is diatomaceous earth. O

3. Concentration — Ultrafiltration and Evaporation: A combination of
ultrafiltration and evaporation is applied for concentration and further purification.
The ultrafiltration is applied to fractionate high molecular weight components from
low molecular weight impurities and is used to increase the activity/dry matter

Novozymes GRAS Notification — 4. oryzae expressing M. thermophila laccase Page 12 of 41
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ratio. Evaporation is used to increase the activity. The pH and temperature is
controlled during the concentration step, which is performed until the desired
activity and activity/dry matter ratio has been obtained.

4. Germ Filtration: Germ filtration is performed for removal of any residual
production strain organisms and as a general precaution against microbial
degradation. The filtrations are performed at well-defined pH and temperature
intervals, and results in an enzyme concentrate solution free of the production
strain and insoluble substrate components from the fermentation.

5. Stabilization: The enzyme concentrate is blended with water, sodium
chloride, and sucrose and, if necessary, adjusted to the desired pH.

6. Final Concentration: The product is standardized according to the product
Specification (see Section 5). Evaporation is conducted if enzyme concentration is
too low to reach target yield.

4.4 Micro Granulation Process

A salt such as NaCl is sprayed with the liquid concentrate in a fluid bed process. A
binder such as maltodextrin is added during the process when necessary to reach a
specified activity. The product is discharged continuously after sieving.

4.5 Quality Control of Finished Product

The final products are analyzed according to the specifications given in Section 5.2.

%
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5 COMPOSITIONS AND SPECIFICATIONS

5.1 TOS and Composition

The laccase will be available as a Food Grade Micro Granulate formulation with a
typical activity of 250 LAMU/g.

The laccase has the typical composition:

Enzyme solids (TOS) approx. 1-5%
Dextrin or maltodextrin approx. 0-10%
Sodium chloride approx. 85-99%

TOS = Total Organic Solids, defined as: 100% - water - ash - diluents

5.2 Specifications

The laccase conforms to the general and additional requirements for enzyme
preparations as described in Food Chemicals Codex, 4% edition, 1996 (Ref. 24). In
addition, the laccase also conforms to the General Specifications for Enzyme
Preparations Used in Food Processing as proposed by the Joint FAO/MWHOQO Expert
Committee on Food Additives in Compendium of Food Additive Specifications (Ref.
25).

The established Novozymes’ specifications are set forth in the table below. All final
laccase preparations must conform to the following complete specification:

_Composition Analyses of Final Product.| Gl Contents. Y

Enzyme activity According to declaration

Heavy Metals (excluding Cu) Not more than 30 ppm

Lead Not more than 5 ppm

Arsenic Not more than 3 ppm

Total viable count/g Not more than 1 x 10°

Total coliforms/g Not more than 30

Enteropathogenic E. coli/25 g Negative by test

Salmonella/25 g Negative by test

Antibiotic activity Negative by test

Production organism Negative by test

Mycotoxins Negative by test -
Heavy metals = sum of Ag, As, Bi, Cd, Hg, Ni, Pb, Sb, Sn 0{}0@17

The heavy metals and lead specifications meet FCC and exceed JECFA
requirements. The arsenic, total viable count and E. coli specifications meet JECFA
requirements and are not included in FCC. The total coliforms and Sa/monella
specifications meet both FCC and JECFA. The antibiotic activity and mycotoxins
specifications meet JECFA and are not included in FCC (although FCC mentions
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mycotoxins but has not established tolerances). The production microorganism
specification is a Novozymes' specification and is not mentioned in FCC or JECFA.

The activity of this enzyme is measured in Laccase Myceliopthora Units (LAMU/g)
using Novozymes Laccase Activity Determination Manual Method (SOP No. EB-SM-
0506.02/01). One Laccase Myceliopthora Unit (LAMU) is defined as the amount of
enzyme which degrades 1 pmol syringaldazine per minute forming tetrametoxy-azp
bis-methylene quinine (see Section 3.2 and Appendix A).

000018
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6 APPLICATION
6.1 Technological Function & Uses
6.1.1 Summary

The applications of the present submission are directed to breath-freshening
products such as breath mints, chewing gum, toothpaste, and mouthwash that
contain laccase enzyme that facilitate a reaction of naturally-occurring polyphenolic
compounds existing in food and food extracts to form reactive compounds that
interact with odor-causing compounds located in the oral cavity.

The basic concept involves the laccase directly catalyzing a reaction of diphenols to
create highly reactive quinones, which is followed by a non-enzymatic second
reaction where quinones interact with odor-causing compounds. More specifically,
in the first reaction the laccase catalyzes the oxygen-dependent oxidation of
phenolic substrates such as o-diphenols and p-diphenols to form their
corresponding quinones; and then in the second reaction these quinones quickly
react with odor causing compounds such as sulfides, thiols, and amines to eliminate
odors in the oral cavity (Ref. 14, 67).

6.1.2 Naturally Occurring Compounds

Laccase enzymes and phenolic compounds are naturally occurring components
common in the human diet as they are found in abundant sources of foods such as
fruits, vegetables, fungi, herbs, spices, teas, and coffees (Ref. 17, 52, 55, 56, 64, 75,
and 79). Bananas exhibit high levels of laccase activity throughout growth and
ripening processes (Ref. 59). Reports show that the laccase in bananas, tea leaves,
tobacco leaves, and peaches have exclusive activity on o-diphenols and no ability to
hydroxylate mono-phenols. Foods such as potatoes and apples, for example, have
both types of activity. Nuts, tea and coffee beans are some examples of rich sources
of polyphenols. Teas vary in amounts of polyphenols from about 33,000 to 270,000
ppm and nuts have an estimate of 140,000 ppm.

The fermentation of many foods or beverages such as coffee or tea by their
endogenous enzymes, polyphenoloxidases, allows for the monomers, catechins, to
form the polymeric materials, which is described more fully in Section 6.1.3. It is
these materials that give rise to the astringent properties of tea and the brown or
copper colors for coffee and black tea. Fresh tea leaf is especially rich in catechins,
which is a flavanol group of polyphenols. Catechins may constitute up to 30% of
the dry leaf weight. Another polyphenol, which is unique to tea, is theogallin (3-
galloyquinic acid). Other flavanols and their glycosides and depsides are also
common in other foods (Ref. 60). Such tea catechins and other polyphenolic
compounds or o-quinones are well known for their deodorizing activity against
methyl mercaptan (CH;SH) (Ref. 14, 67).
00060193
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Interactions involving laccase and phenolic substrates are responsible for the well
known browning of freshly peeled or bruised fruit and vegetables (Ref. 65, 69). The
reaction is initiated when endogenous laccase is released from bruised tissue.
Laccase oxidizes phenols in the presence of oxygen to produce dopachromes which
are polymerized to melanins as a final product (Ref. 58). In some cases, the
attributes of browning are highly desirable. Browning is important for flavor and
color development, for example. Browning produces a higher quality palm dates,
prunes, raisins, cocoa, and tea. Browning also has a beneficial role in the curing of
tea, coffee, and tobacco (Ref. 57).

6.1.3 Laccase

Laccases are single chain “blue” proteins that contain three or four copper ions and
thus are often called multi-copper enzymes or (blue) copper oxidases. Laccases
catalyze the oxidation of a variety of phenolic substrates with the concomitant
reduction of O, to H,O as shown in the laccase enzyme reaction depicted in Figure 1
(Ref. 30, 61).

Figure 1: The Laccase Enzyme Reaction

OH 1 polyphenoloxidase o
+ 7 +
on | ¢ Oz > o H,O
Catechol o-guinone

The reaction converts catechol (a polyphenol) to an oxidized form with the aid of a
polyphenoloxidase (e.g., laccase). In this depiction, atmospheric oxygen is reduced
to oxygen in 1 molecule of water, liberating 4 electrons, without hydrogen peroxide
produced as an intermediary step. Laccase catalyses the oxidation of a range of
reducing substances (especially phenols and aniline derivatives) associated with a
concomitant reduction of oxygen. The reaction involves the removal of hydrogens
from the o-diphenol to' give an o-quinone. The reaction may then further proceed
leading to a polymerisation of the reaction products as seen with the soluble
polyphenols naturally occurring in extracts of plants and fruits, eventually leading
to a precipitation as depicted in Figure 3 below.

Although the specificity for the electron donor is low, the specificity for the
acceptor is essential. The acceptor has to be oxygen. Peroxides are not produced in
the reaction. The reactions catalyzed by laccases proceed by bimolecular phenoxy
radical coupling - see Figure 2 below:

%
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Figure 2: Mechanism for oxidation catalysed by laccase.

Laccasegy
4 Cu(ll)

4 Cu()
Laccasered

Substrate oxidation by laccase is a one-electron reaction generating a free radical.
The initial product is typically unstable and may undergo 1) a second enzyme-
catalysed oxidation converting phenol to quinone 2) non-enzymatic reactions such
as hydration or disproportionation 3) and/or may partake in a polymerisation
reaction giving an amorphous insoluble melanin-like product as shown below. As
one-electron substrate oxidation is coupled to four-electron reduction of oxygen
the reaction mechanism must be rather complicated enabling the laccase to store
electrons from the intermediate reactions.

The typical laccase reaction is summarized in Figure 3 below. A diphenol such as
hydroxyquinone undergoes a one-electron oxidation to form an oxygen-centered
free radical. This species can be converted to the quinone in a second enzyme-
catalysed step or by spontaneous disproportionation. Quinone and free radical
products undergo polymerisation. The semiquinone product may react further
either enzymatically or non-enzymatically.

006021
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Figure 3. Typical Laccase Reaction.
OH f
: e- i e-
OH OH

Polymerization

The action of phenol oxidases upon polyphenolic substrates resulting in the
formation of highly reactive o-quinone species then reacts with nucleophilic
malodorous materials (sulfides, thiols, amines) to produce covalent complexes of
extremely low volatility. This process effectively removes the volatile, malodorous
sulfides, thiols, and amines from the headspace thereby effecting deodorization
(Ref. 41). The proposed mechanism of action of a laccase enzyme and a phenolic
compound is illustrated in the scheme in Figure 4 below.

0]
/©/ o HaCS
Phenol R CH3SH SCH3;

Oxidases (PO) SCH3

Figure 4.

Action of the appropriate enzymes such as laccase upon these polyphenols in food
residue in the oral cavity accelerates the formation of the requisite o-quinones, and
since this first step is the rate limiting step in the entire deodorization process, this
results in much more rapid and efficient capture of volatile malodorous materials.

The processes discussed above represent a very rapid and efficient method for the
sequestering of sulphur and nitrogen containing molecules to form covalent

complexes of low volatility and, hence, low odor. The end result is the effective
removal of those chemical species responsible for the vast majority of malodors.

000
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6.1.4 Other Industrial Uses

The ability of laccase to oxidize polyphenols makes them particularly valuable as
potential industrial enzymes (Ref. 18, 43). These industrial uses illustrate the
extremely versatile nature of laccases, although these specified uses are not a
subject of this Notification. Laccases are useful in the stabilization of fruit juices
(Ref. 54), dough improvement for the production of bread (Ref. 80), ethanol
production (Ref. 63), drug analysis to distinguish morphine from codeine (Ref. 53),
wine, beer, and juice clarification (Ref. 73), and bioremediation such as the
degradation of environmental pollutants (Ref. 66, 70, 81). Fungal laccases are used
to speed up the polymerization of polyphenols in the production of beverages such
as beer, wine, and apple juice. In wine clarification, laccase is used to remove
phenols from white grape must (Ref. 62, 73). An example of an oxygen scavenging
application is the prevention of the formation of off-flavor precursors in beer (Ref.
83, 84). Thus, a potential application of laccases can be oxygen scavenging during
processing of foodstuffs. Low levels of oxygen, especially when processing foods at
elevated temperatures, prevents oxidation of sensitive substances while preserving
aromatic compounds or preventing the formation of off-flavours.

6.2 Use Levels

The enzyme preparation is used at minimum levels necessary to achieve the desired
effect. The recommended use level of the laccase would be:

up to 40 LAMU per stick of chewing gum.

up to 100 LAMU per g of mouthwash.

up to 20 LAMU per breath mint tablet.

up to 20 LAMU per application of toothpaste.

on oo

6.3 Enzyme in Final Food

The enzyme is added to the chewing gum, mouthwash, breath mint tablets, and
toothpaste. Estimates of the enzyme exposure are set forth in Section 7.6.

600
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7 SAFETY EVALUATION
7.1 Safety of the Production Strain

The issues relevant to a safety evaluation of an enzyme preparation are the safety
of the enzyme source, the enzyme component, the manufacturing process, and a
consideration of dietary exposure (Ref. 2, 3, 19, 20). The safety of the production
organism must be the prime consideration in assessing the probable degree of
safety of an enzyme preparation intended for use in food (Ref. 2, 3). If the
organism is non-toxigenic and non-pathogenic, then it is assumed that food or food
ingredients produced from the organism, using the current Good Manufacturing
Practice (cGMP) Regulations, is safe to consume (Ref. 4). Pariza and Foster (Ref. 2)
define a non-toxigenic organism as “one which does not produce injurious
substances at levels that are detectable or demonstrably harmful under ordinary
conditions of use or exposure” and a non-pathogenic organism as “one that is very
unlikely to produce disease under ordinary circumstances.” A. oryzae meets these
criteria for non-toxigenicity and non-pathogenicity. In addition, A. oryzae is not
considered pathogenic by JEFCA (Ref. 26).

Barbesgaard et al. reviewed the safety of A. oryzae and describe it as having a very
long history of safe industrial use, being widely distributed in nature, and being
commonly used for production of food grade enzymes (Ref. 27). A. oryzae is
accepted as a constituent of foods (Ref. 26). A. oryzae has been used to produce
soy sauce in the United States since before 1958 (Ref. 4, 27). Therefore, A. oryzae
meets the criterion of “common use in foods in the US before 1958" and derived
products can be considered “generally recognized as safe”, GRAS (Ref. 4, 36).

A GRAS petition, 3G0016, proposing affirmation that enzyme preparations from A.
oryzae are GRAS for use in food was submitted to FDA in 1973 (Ref. 28), and
subsequently converted-in-part to a GRAS notice (GRN 000090) (Ref. 46) in

o

accordance with the agency’s proposed regulation, proposed 21 CFR 170.36 (Ref.

36). GRAS Notice No. GRN 000090 includes carbohydrase and protease from A.
oryzae, and carbohydrase from Rhizopus oryzae. Each of the enzyme preparations
described in GRN 000090 meets the general and additional requirements as set
forth by the Food and Chemicals Codex (Ref. 24). Further, enzyme preparations
from A. oryzae have been marketed in the U.S. as GRAS by Novozymes and other
companies since that time. Therefore, enzyme preparations from A. oryzae are also

considered GRAS (Ref. 2, 3, 26). @@@{)24

An evaluation of the genetically modified production microorganism for the
laccase, embodying the concepts initially outlined by Pariza and Foster in 1983 (Ref.
2), and further developed by IFBC in 1990, the EU SCF in 1991, the OECD in 1992,
ILSI Europe Novel Food Task Force in 1996, FAO/WHO in 1996, JECFA in 1998, and
Pariza and Johnson in 2001 (Ref. 3) demonstrates the safety of this genetically
modified production microorganism strain. The components of this evaluation: the
identity of the host strain, a description of the plasmids used, the sources and
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functions of the introduced genetic material, an outline of the genetic construction
of the production strain, and some characteristics of the production strain and the
enzyme derived from it are given in Section 2. Since the genetic modifications are
well characterized and specific, and the incorporated DNA does not encode and
express any known harmful or toxic substances, the laccase enzyme preparation
derived from the genetically modified A. oryzae is considered safe (Ref. 2-4, 29). To
confirm the safety of the enzyme, safety studies were performed on the enzyme
preparation and are described in Section 7.6.

7.2 Safety of the Laccase Enzyme

Enzyme proteins themselves do not generally raise safety concerns (Ref. 2, 31-32).
As indicated in Section 3, the laccase is an Urishiol oxidase (benzenediol: oxygen
oxidoreductase), IUB EC 1.10.3.2, which is a group of multi-copper proteins of low
specificity acting on both o- and p-quinols, and often acting on aminophenols and
phenylenediamine. The semiquinone may react further either enzymatically or
non-enzymatically.

A typical reaction is: 4 Benzenediol + O, = 4 Benzosemiquinone + 2 H;0.

The laccase enzyme is approved for brewing in Denmark (Ref. 85). In the brewing
industry the storage stability of the beer is a growing concern as the major producers
want to sell world wide. By applying laccase during the mashing process precursors
for trans-2-nonenal will not be produced, and the resulting beer will not develop off
flavour when stored.

7.3 Safety of the Donor

The donor for the laccase gene is Myceliophthora thermophila strain E421.
Opportunistic infections in humans caused by Myceliophthora thermophila have
been reported. In recent years, three different cases of human infection caused by
this species have been reported (Ref. 49-51). However, this species is not regarded
as a true pathogen and it is not related to any known pathogenic fungi.
Myceliophthora thermophila does not present any risk to healthy persons. An
infection only proceeds in severely debilitated patients subsequent to a traumatic
inoculation. The literature does not contain any information about toxic
metabolites produced by Myceliophthora.

%

7.4 Laccases 000025

Microbial enzymes have been used in food production since 1952 (Ref. 33, 34).
Laccases are naturally occurring in a wide variety of fruits, vegetables, fungi, coffee,
and tea as discussed in Section 6. As discussed above in Section, 7.2, the laccase is
approved for the brewing industry in Denmark (Ref. 85). Laccase has also been
used for wine clarification. Laccase immobilized on a copper-chelate carrier was
used successfully to remove phenols from white grape must (Ref. 47).
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7.5 Safety of the Manufacturing Process

The laccase meets the general and additional requirements for enzyme
preparations as outlined in the monograph on Enzyme Preparations in the Food
Chemicals Codex. As described in Section 4, the laccase preparation is produced in
accordance with current Good Manufacturing Practices using ingredients that are
acceptable for general use in foods, and other conditions that ensure a controlled
fermentation. These methods are based on generally available and accepted
methods used for production of microbial enzymes (Ref. 21-23).

7.6 Safety Studies

This section describes the studies and analyses performed to evaluate the safety of
the use of Novozymes 18043.

7.6.1 Description of the Test Material

The safety studies described below were conducted on the batch of laccase, PPX
5720, comprising a mixture of three test batches that are produced in the same
manner as in the production scale (see description given in Section 4), omitting
stabilization and standardization. Key characteristics of the test batches, including
the composition of batch PPX 5720, are described in a published safety paper
entitled “Toxicological studies on laccase from Myceliophthora thermophila
expressed in Aspergillus oryzae” (Regulatory Toxicology and Pharmacology, June
2002; Appendix B) and in the Summary of Toxicity Data (Appendix C) (see Section
7.5.2).

7.6.2 Laccase Safety Studies
The following studies were performed:

Acute oral toxicity in rats.

Acute inhalation toxicity in rats.

Acute dermal toxicity in rats

Acute toxicity, skin irritation in rabbits.

Acute toxicity, eye irritation in rabbits.

skin sensitization: delayed contact hypersensitivity in guinea pigs.
Human skin sensitization.

Subacute/subchronic toxicity: two week oral dose range finder in rats.
Subacute/subchronic toxicity: 13 week oral toxicity in rats.

Gene mutation (Ames test with S. typhimurium/E.coli).

Chromosome aberrations (in vitro cytogenetics with human
lymphocytes).

- s OoOONOTUTEA WN -
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The safety paper summarizes the safety studies and evaluates the safety in use of
the laccase enzyme preparation produced by submerged fermentation of
Aspergillus oryzae that contains a laccase gene originating from Myceliophthora
thermophila (Appendix B). This paper concludes that there are no safety concerns
when using this laccase enzyme preparation from the selected strain of A. oryzae
expressing the gene encoding the M. thermophila in different oral care products.

The main conclusions of the safety studies can be summarized as follows:

» Oral administration to rats of up to 10.0 ml/kg body weight/day, which is
equivalent to a total organic solids dosage of 1.72 g/kg body weight/day, for
13 weeks did not cause any adverse effects related to treatment, and this
dosage represents the No-Observed-Adverse-Effect-Level (NOAEL) in this
study.

» Laccase (PPX 5720) was not found to be mutagenic in the Salmonella
typhimurium reverse mutation assay and did not cause chromosomal
aberrations in cultured human lymphocytes. Thus, it was concluded that
Laccase batch PPX 5720 is not genotoxic as no mutagenic activity was found
in either Ames test or the human lymphocyte test.

» There was no evidence of inhalation toxicity or skin and eye irritation.

» There was no evidence of possible skin sensitization in a human skin
sensitization test when laccase was tested at 10% (w/v). Thus, Laccase would
appear to have a low skin sensitization potential.

> Laccase was tested in @ Human Repeat Insult Patch Test (HRIPT) and it was
concluded that Laccase has a low sensitization potential.

7.7 Estimates of Human Consumption and Safety Margin

The laccase enzyme product has an activity of 250 LAMU/g and an approximate
content of 1.33% TOS (Total Organic Substances from the fermentation, mainly
protein and carbohydrate components).

The laccase enzyme is an ingredient of chewing gum, mouthwash, breath mints,
and toothpaste. The examples provided below serve to illustrate estimates of
human consumption and safety margin for each application.

%
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7.7.1 Estimated Human Consumption
7.7.1.1 Chewing Gum

The average human intake of chewing gum is estimated from the following
references:

Market Research Corporation of America
Market Research Corporation of America, 14-Day Food Diary Data, 1991-1992.

USDA

USDA, Household Food Consumption Survey, Food Intake and Nutritive Value of
the Diets of Men, Women and Children in the United States, 1969.

Based upon the Market Research Corporation of American survey in conjunction
with the USDA survey, the mean intake of chewing gum per person per day is
estimated to be 0.2 g.

21 CFR §101.12
According to 21 CFR §101.12, Reference amounts customarily consumed per eating
occasion (Table 2), consumption of chewing gum per person per eating occasion is

3gq.

Forbes, November 8, 1993 (p. 208)
According to Forbes, U.S. per capita consumption of chewing gum was 215 sticks in
1978, 168 sticks in 1986, and 183 sticks in 1992,

Average Chewing Gum Consumption:

Assumptions used to determine average chewing gum consumption in grams per

person per day and its equivalence of chewing gum sticks per day:

i) Itis assumed that all chewing gum products are produced using laccase, which
contains the highest recommended dosage of Laccase.

ii) The calculation is made assuming that all TOS is released from the chewing
gum product. That is, all the material in the gum is consumed.

iii) Chewing gum serving size varies from about 2 g to about 3 g. For calculation
purposes, 1 stick of chewing gum weighs 3 g.

iv) Average consumption of chewing gum in g per person per year assuming 3 g

per stick of chewing gum « 215 sticks per year (Forbes, 1993) is 645 g.

v) Thus, as a result of the assumptions given above, then an average consumption
of chewing gum in g per person per day (645 g chewing gum per person per
year / 365 days per year) is 1.77 g or 1.8 g chewing gum per person per day,
which is equivalent to 0.6 sticks of chewing gum per day for the average
consumer.

o
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95™ Percentile Chewing Gum Consumption:

In order to demonstrate a worst case calculation, the 95% percentile is determined
based on the average consumption determined above and these following
assumptions:

It is assumed that the heavy users of chewing gum are at approximately the 95th
percentile. For instance, some smokers may be considered to be heavy consumers of
chewing gum and would fall into this category. Examination of food frequency
and other types of food consumption surveys conducted in the U.S. show that the
95" percentile is roughly four times the mean intake (www.cfsan.fda.gov/~dms/opa-
cg8.html). Therefore, the 95" percentile corresponds roughly to 7.2 g chewing gum

per person per day (1.8 g chewing gum per person per day * 4 = 7.2 g), which is
equivalent to 2.4 sticks of chewing gum per day.

These are exaggerations since:

e A significant amount of the TOS may remain in the gum matrix. The worse
case scenario used assumes ingestion of the gum product and/or 100% release
of the TOS.

e Not everyone chews gum and those who do use chewing gum will not always
choose to use breath freshening chewing gum products. For example,
according to analyzed consumption habits in Georgia, approximately 42% of
respondents consumed chewing gum (Institute for Polling and Marketing, IPM
Group Newsletter, May-June 2000).

The maximum dosage of laccase per stick of chewing gum is 40 LAMU, which
corresponds to 0.16 g of laccase. Laccase contains 1.33% TOS. This gives a
theoretical TOS exposure of content of 2.1 mg TOS per stick of chewing gum.

Based on the highest daily intake of 2.4 sticks of chewing gum per person per day,

the daily intake per person of laccase corresponds to 2.1 mg + 2.4 = 5.0 mg TOS per
day.

For an average person weighing 60 kg this corresponds to 8.3x10° g TOS/ kg body
weight per day.

o
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7.7.1.2 Mouthwash

The average human intake of mouthwash is estimated from the following
reference:

ECETOC
ECETOC, Centre for Ecotoxicology, Monograph No. 20, Percutaneous Absorption,
Appendix B, August 1993, (http:/www.ecetoc.org) .

In accordance with the ECETOC, the expected frequency of mouthwash use is 1-3
times per day and the average quantity per application is 12 g.

In order to demonstrate a worst case calculation, an exaggerated human intake is
estimated using the following assumptions.

i) It is assumed that all mouthwash products contain laccase at the highest
recommended dosage.

i) The calculation assumes that all the mouthwash is swallowed and that all
the TOS is ingested.

iii) It is assumed that the maximum frequency of use will be 3 times per day,

which corresponds to 36 g mouthwash per person per day.
These are exaggerations since:

e According to the manufacturer’s label, users of mouthwash are advised not to
swallow the mouthwash.

The maximum dosage of laccase per mouthwash application is 100 LAMU, which
corresponds to 0.4 g of laccase. Laccase contains 1.33% TOS. This gives a
theoretical TOS exposure of content of 5.3 mg TOS per mouthwash application.

Based on the highest frequency of 3 daily uses, the daily intake per person of
laccase corresponds to 5.3 » 3 = 15.9 mg TOS per day.

For an average person weighing 60 kg this corresponds to 2.7x10™ g TOS per kg
body weight per day.

0008030
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7.7.1.3 Breath Mints

The average human intake of breath mints is estimated from the following
references:

Market Research Corporation of America
Market Research Corporation of America, 14-Day Food Diary Data, 1991-1992.

USDA

USDA, Household Food Consumption Survey, Food Intake and Nutritive Value of
the Diets of Men, Women and Children in the United States, 1969.

Based upon the Market Research Corporation of American survey in conjunction
with the USDA survey, the mean intake of breath mint per person per day is
estimated to be 0.6 g per day.

21 CFR §101.12
According to 21 CFR §101.12, Reference amounts customarily consumed per eating
occasion (Table 2), consumption of breath mint tablets per person per eating
occasion is 2 g.

Average Breath Mint Consumption

Assumptions used to determine average breath mint consumption in grams per

person per day and its equivalence of breath mint tablets per day:

i) Itis assumed that all breath mint tablets are produced using laccase, which is
used at the highest recommended dosage.

ii) The calculation is made assuming that all TOS is released from the breath
mint tablet. That is, all the material in the breath mint is consumed.

ili) Breath mint tablet serving size varies from about 0.4 g to about 2 g. For
calculation purposes, 1 breath mint weighs 2 g.

iv) Half of breath mint consumers eat between two and five rolls of breath mints
per month. A roll of mints contains 12 mint tablets. Thus, half of all breath
mint consumers eat between 24 and 60 mints per month or between 0.8 to 2
mint tablets per day.

v) Thus, for calculation purposes, it is assumed that the average consumption is
2 breath mint tablets per day for the average consumer.

95™ Percentile Breath Mint Consumption
In order to demonstrate a worst case calculation, the 95" percentile is determined
based on the average consumption determined above and these following

assumptions: 000031

It is assumed that the heavy users of breath mint tablets are at approximately the
95" percentile. Examination of food frequency and other types of food
consumption surveys conducted in the U.S. show that the 95" percentile is roughly
four times the mean intake (www.cfsan.fda.gov/~dms/opa-cg8.html). Accordingly,
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the 95" percentile corresponds roughly to 2 breath mints per person per day » 4,
which is 8 breath mints per day.

These are exaggerations since:

e Not everyone consumes breath mints. An estimated 63% of Americans
consume breath mints on a monthly basis.

The maximum dosage of laccase per breath mint tablet is 20 LAMU, which
corresponds to 0.08 g of laccase. Laccase contains 1.33% TOS. This gives a
theoretical TOS exposure of content of 1.1 mg TOS per breath mint.

Based on the highest daily intake of 8 breath mints per person per day, the daily
intake per person of laccase correspondsto 1.1 mg = 8 g = 8.8 mg TOS per day.

For an average person weighing 60 kg this corresponds to 1.5x10* g TOS/ kg body
weight per day.

7.7.1.4 Toothpaste
The average human intake of toothpaste is estimated from the following reference:
ECETOC, Centre for Ecotoxicology, Monograph No. 20, Percutaneous Absorption,
Appendix B, August 1993, (http://www.ecetoc.org).

In accordance with the ECETOC, the expected frequency of toothpaste use is 1-2
times per day and the average quantity per toothpaste application is 1.5 g.

In order to demonstrate a worst case calculation, an exaggerated human intake is
estimated using the following assumptions.

i) It is assumed that all toothpaste products contain laccase at the highest
recommended dosage. '

ii) The calculation is made assuming that the toothpaste is swallowed and
all the TOS is ingested.

iii) It is assumed that the frequency of use will be 2 times per day, which
corresponds to 3 g toothpaste per person per day.

These are exaggerations since:

e According to the manufacturer’s label, users of toothpaste are advised not to
swallow the toothpaste after brushing.

60060632
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The maximum dosage of laccase per toothpaste application is 20 LAMU, which
corresponds to 0.08 g of laccase. Laccase contains 1.33% TOS. This gives a
theoretical TOS exposure of content of 1.1 mg TOS per toothpaste application.

Based on the highest frequency of 2 daily uses, the daily intake per person of
laccase corresponds to 1.1 «» 2 = 2.2 mg TOS per day.

For an average person weighing 60 kg this corresponds to 3.7x10° g TOS/ kg body
weight per day.

7.7.2 Safety Margin

The safety margin is calculated as dose level with no adverse effect (NOAEL) divided
by the estimated human consumption.

The NOAEL dose level in the 13 weeks oral toxicity study in rats was 10 ml/kg/day
corresponding to 1.72 g TOS/kg/day.

The estimated human consumption is:

Chewing Gum: 8.3x10° g TOS/kg/day
Mouthwash: 2.7x10"* g TOS/kg/day
Breath Mints: 1.5x10* g TOS/kg/day
Toothpaste: 3.7x10° g TOS/kg/day

The safety margin can thus be calculated to be:

Chewing Gum: 1.72/8.3x10”° = 2.1x10*
Mouthwash: 1.72/2.7x10™ = 6.4x10°
Breath Mints: 1.72/1.5x10* = 1.1x10*
Toothpaste: 1.72/3.7x10° = 4.6 x10*

S ®
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7.8 Copper

7.8.1 Laccase and Copper

Laccase contains 4 Cu atoms per molecule. Copper sulphate is added to the
fermentation broth to provide sufficient amounts of this essential co-factor (see
Section 4). The safety studies described in Section 7 were all performed on the
enzyme batch PPX 5720. This batch was obtained by mixing of 3 sub batches, each
produced according to the description given in section 3, omitting stabilization and
standardization.

The following chemical analyses have been established for the Laccase batch PPX
5720:

“Composition' analyses of |
PPX 5720 " ;. + S Ty
MtL Laccase Activity LAMU/g 3130
Heavy Metals ppm 233
Pb ppm <1
As ppm <0.3
Cd ppm <0.05
Hg ppm <0.05
Cu ppm 229

Heavy Metals = Sum of Ag, As, Bi, Cd, Cu, Hg, Ni, Pb, Sb, Sn.

The concentration of Heavy Metals as defined above is an unusually high value for
heavy metals in the batch concentrate analysis. This is due to the elevated copper
content.

The laccase batch PPX 5720 has a copper content of 229 ppm for a laccase activity of
3130 LAMU/g. When the concentrates are formulated and standardised the copper
content is 18.3 ppm for a 250 LAMU/g product.

7.8.2 Copper - An Essential Nutrient

Copper is a metal that has a role in the activation of molecular oxygen. Copper is
an active participant in oxidoreductase enzymes such as laccase. Copper is an
essential nutrient required for a number of metalloenzymes involved in
hemoglobin function, carbohydrate metabolism, catecholamine biosynthesis, and
cross-linking of collagen, elastin, and hair keratin. As a result of copper’s
involvement in these biochemical processes, adequate copper is an essential
requirement of a diet for good health. Many foods naturally contain copper; foods
rich in copper include liver, potatoes, seafood, grains and cereal products. The
copper concentration of various foods ranges from 20 to 400 ppm (Ref. 68).
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According to International Programme on Chemical Safety, copper is an essential
element for good health (Ref. 31). Adverse health effects are related to deficiency
as well as excess. The main source of copper for humans is their diet. However,
particularly in Europe and the Americas, there is greater risk of health effects from
deficiency of copper intake than from excess copper intake. Most dietary surveys
show that humans consume about a milligram of copper everyday through food
and drink. In the U.S., the median intake of copper from food is 0.93-1.3 mg/day
for adults (0.016-0.021 mg Cu/kg/day using a 60-kg reference body weight).
Although copper balance studies conducted on human volunteers suggest a
minimum requirement of 1.0-2.6 mg/day, many people run a greater risk from a
deficiency of copper intake than its excess. The Recommended Daily Allowance
(RDA) has been set at 1.5-3 mg/day. The lower limit of the acceptable range of oral
intake (AROI) is 20 pg Cu/kg body weight per day.

The greatest potential source of copper exposure is though drinking water such as
water consumed from copper piping that sits overnight. EPA has established that
drinking water should not contain more than 1.3 mg copper per liter of water.
Copper concentrations in drinking water vary from a few ppb to 10 ppm.
Biochemical mechanisms exist for controlling uptake and excretion of copper.

7.8.3 Current Regulations

> The standard specification for heavy metals (cited above as 233 ppm) is for
safeguarding against the toxic metals Hg, Cd, Pb and As.

> The international body, JECFA, Fifty-third meeting, Rome, 1-10 June 1998,
Summary and Conclusions, Annex 1 p. 18 (http://www.fao.org/ es/esn/ jecfa/
report53.pdf) has decided to replace the heavy metal limit test with specific
limits for individual metals of concern, that is lead, cadmium, mercury and -
when needed - arsenic. Limits for copper have not been indicated by JECFA,
probably because there is no need for it.

» The United States of America’s Code of Federal Regulations, Title 21 - Food
and Drugs, Chapter | -- Food and Drug Administration, Department of
Health and Human Services, Part 101-- Food Labelling, Sec. 101.9 Nutrition
labelling of food, states a recommended daily intake (RDI) of 2 mg Cu to
safeguard against copper deficiency.

> The European Council Directive 98/83/EC, 3 November 1998, states that the
quality of water intended for human consumption stipulates a upper limit of
2 mg per litre drinking water to protect human health against toxic effects.

» The United States of America’s Code of Federal Regulations, Title 21 - Part

184, Sec. 1261 - Direct food substance affirmed as generally recognized as
safe when used as a nutrient supplement or as a processing aid.
Q008033
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7.8.4 Other Commercial Products Containing Copper

Two examples of commercial products containing copper gluconate are Certs®

Cool Mint Drops® and Listerine’s ListerinePocketPaks® — Oral Care Strips. Certs
containing Retsyn® (a combination of partially hydrogenated cottonseed oil,
copper gluconate, and flavouring) was introduced in 1960.

7.8.5 Estimated Human Consumption of Copper from Laccase Containing
Breath Freshening Products

In order to illustrate “worst case” situations of copper exposure from laccase
containing breath freshening products for chewing gum, mouthwash, breath mints,
and toothpaste, the following calculations and conditions are set forth.

Assuming a use level of laccase corresponding to 100 LAMU per mouthwash
application, 40 LAMU per stick of chewing gum, 20 LAMU per breath mint, and 20
LAMU per toothpaste application, the copper content is as follows:

Conditions:
Laccase Activity: 1 g of laccase = 250 LAMU
Cu Content/250 LAMU: 0.0183 mg Copper (Cu)
Assumption: 100% release of the copper.

Application LAMU Weight | Cu Exposure/ Number of Maximum Maximum
Dosage of Application Applications/ Cu Cu Exposure
Laccase Day Exposure/ (mg Cu/
(9 (95" Day kg/day)*
Percentile)

Chewing 40/stick 0.16 0.0029 mg Cu 2.4 sticks | 0.007 mg Cu 0.0001

Gum

Mouthwash | 100/appl. 0.40 0.0073 mg Cu 3 appl. 0.022 mg Cu 0.0004

Mint 20/mint 0.08 0.0015 mg Cu 8 mint 0.012 mg Cu 0.0002

tablets tablet tablets

Toothpaste | 20/appl. 0.08 0.0015 mg Cu 2 appl. 0.003 mg Cu 0.00005

*Based on a 60-kg reference body weight
One gram of a representative enzyme product contains 0.0183 mg Cu and 250
LAMU. A breath mint tablet is expected to contain up to 20 LAMU and 0.0015 mg

Cu per tablet, therefore it would take 1,333 breath mint tablets/day to achieve
FDA's recommended daily intake (RDI) of 2 mg Cu.
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Based on the results shown in the table above, the maximum copper exposure {mg
Cu/ kg/day) for the 95™ percentile user is 0.0001 mg Cu/kg/day for chewing gum,
0.0004 mg Cu/kg/day for mouthwash, 0.0002 mg Cu/kg/day for breath mints, and
0.00005 mg Cu/kg/day for toothpaste.

Based upon the information presented above, we conclude that the copper content
in laccase-containing breath-freshening products is insignificant.

7.9 Results and Conclusion

The basic conclusions and guidelines for determining the safety of enzymes used in
foods as stated by Pariza and Foster in 1983 (Ref. 2) and reiterated by FDA (Ref. 36)
can be applied to laccase. In particular, enzyme preparations derived, using cGMPs,
from a non-pathogenic and non-toxigenic microorganism, which does not produce
antibiotics, would not ordinarily present a basis for a safety concern and will be safe
to consume at the low levels encountered in processed foods.

The information presented in the previous sections and the safety evaluation
discussed in this section demonstrate that laccase, a laccase enzyme preparation
from a selected non-toxigenic strain of Aspergillus oryzae expressing the gene
encoding a laccase from Myceliophthora thermophila, meets these criteria and is
safe for use in the breath-freshening products.

%
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8 LIST OF APPENDICES

A. Standard Method: LAMU - Laccase activity determination manual method.
SOP No. EB-SM-0506.02/01.

B. Safety Paper: Brinch, D.S., and Pedersen, P.B. Toxicological Studies on

Laccase from Myceliopthora thermophila Expressed in Aspergillus oryzae,
Regulatory Toxicology and Pharmacology, 35:296-307, 2002 (June).

C. Summary of Toxicity Data (File 2000-02845-02).
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STANDARD METHOD SOP No.: EB-SM-0506.02/01
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1.  APPLICATION FIELb

Finished goods samples.

2. PRINCIPLE

Laccase (E.C. 1.10.3.2), p-diphenol: O2 oxidoreductase, containing copper in
the prosthetic group, uses molecular oxygen as a final electron acceptor.
Atmospheric oxygen is directly reduced to 2 H20, during liberation of 4 elec-
trons, without hydrogenperoxide being an intermediate step.

Laccase will under aerobic conditions catalyse the oxidation of syringaldazine
forming tetrametoxy-azo bis methylene quinone. See reaction principle below.

2 Ho«-{/j;;»«cl:sn——mc‘:—@—ou +0, — H,CO_ 'f T r;o{i:m
»: g AT
Syl:n:aldazine Kinetic measurement H,cO ocH,
2.1 REACTION MIXTURE CONDITIONS
Substrate : Syringaldazine, 6 mg/L
Buffer : Tris, 23 mM
pH : 7.50
Temperature : 30°C
Time of reaction : 120 sec.
Enzyme working area : 0.0011 - 0.0068 LAMU/mL
Wavelength : 530 nm

3. DEFINITION OF UNITS

Laccase Myceliopthora Unit, LAMU is defined relatively to an enzyme standard
under the conditions described in this method. :
One LAMU was originally defined as the amount of enzyme which degrades 1
pmol syringaldazine per minute.
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6.1

6.2

SPECIFICITY AND SENSITIVITY

Limit of detection LOD: ' 0.007 LAMU/mL

Limit of quantification LOQ: 0.05 LAMU/mL

Range: 0.05 - 0.30 LAMU/mL

APPARATUS

Spectrophotometer, cuvette thermostable e.g.: Shimadzu UV-1601 PC
Thermo stable water bath e.g.. Heto

Automate diluter e.g.. Hamilton

Analytical balance e.g.: Mettler, AT200

pH meter e.g.: Radiometer, PHM 82
REAGENTS/SUBSTRATES |

Maleic acid, 1.0 M

Maleic acid 37% paM ~’ 800380 ........... et e e e ee et e ee 23.2g
Milli-Q water or similar quality ...........cccoveeieeneiiiiniiiee ~ up to 200 mL

Maleic Acid is weighed out and added 150 mL water in a 200 mL volumetric
flask. Stir until dissolved. Add up to the mark with water.

The reagent should be contained in a dark bottle properly labelled: reagent
name, producers initials, production date, expiry date and safety label: none.

Storage stability at room temperature: 1 month.

" pro analysi Merck

Tris, 1.0 M
Tris[hydroxymethyllaminomethane Sigma T-1378...........cccccvvevenenne. 121149
Milli-Q water or similar quality ........cccccooveiiiiiiiiiiei e, up to 1000 mL

Tris is weighed out and added 800 mL water in a 1000 mL volumetric flask. Stir
until dissolved. Add up to the mark with water.

The reagent should be contained in a bottle properly labelled: reagent name,
producers initials, production date, expire date and safety label: none.

000048



STANDARD METHOD SOP No.: EB-SM-0506.02/01

. PAGE 4 OF 17

Storage stability at room temperature: 1 month

6.7 Triton X-100, 10%
Triton X-100 Sigma T-9284 ...t s 250¢9
Milli-Q water or similar quality .........ccccoeiiiiiiiiiri e up to 250 mL
Weigh out 25.0 g Triton X-100 and add 150 mL water in a 250 mL volumetric
flask. Stir until dissolved under weak heating. Add up to the mark with water.
Storage stability at 1-10°C: 1 month

6.4 Buffer, pH 7.50
Tris, 1.OM(6.2) e 25.0 mL
Maleic acid, 1.0 M (B.1) e e 10.0 mL
Triton X-100, 10% (6.3)  coeereeeereeeeeee e 5.0mL

. Milli-Q water or similar quality ..........cccoiviiiiiiii e, .. up to 1000 mL

Pour 25 mL Tris 1.0 M into a 1000 mL volumetric flask and add about 700 mL
water. Now add 10.0 mL Maleic acid, 1 M and 5.0 mL Triton X-100, 10%. Adjust
pH to 7.50 £ 0.05 and add up to the mark with water. (pH may not be adjusted
with HCI, because of CI' inhibiting effect on the laccase enzyme.)
The reagent should be labelled: reagent name, pH, producers initials, production
date and safety label: none.
Prepare fresh daily.

6.5 Diluent (PEG 6000 solution 50g/L)

PEG 6000 paM 807491 ..ot 25009
Milli-Q water or similar quality ............cccoooeiiiiiiiiiieeee i, up to 5000 mL

PEG is weighed out and added 4500 mL water into a 5000 mL volumetric flask.
Stir until dissolved. Add up to the mark with water.

The reagent should be labelled: reagent name, producers initials, production
date and safety label: none. ' .

Prepare fresh daily.

0006043



STANDARD METHOD SOP No.: EB-SM-0506.02/01

PAGE 5 OF 17
6.6 Syringaldazine, 0.56 mM
Syringaldazine anh Sigma S-7896...........cccccccciiiiiiiiiiiiii 10.0 mg
Ethanol 96% ..o, up to 50 mL

Rinse a 50 mL volumetric flask by Milli-Q water and ethanol to avoid traces of
soap. Weight out 10.0 mg syringaldazine and add ethanol up to the mark. Stir
until dissolved (app. 3 hours).

The reagent should be kept in a dark bottle properly labelled: reagent name,
producers initials, production date, expire date and safety label: very
flammable.

Storage stability at 1-10°C: 5 days.

6.7 Syringaldazine, 0.25 mM

Syringaldazine, 0.56 MM (6.6) ........c.cviviimiieire s 440 mL
Milli-Q water or similar quality ... up to 10 mL

Rinse a 10 mL volumetric flask by Milli-Q water and ethanol. Transfer 4.40 mL
syringaldazine, 0.56 mM and add up to the mark with Milli Q-water.

The reagent should be kept in a dark bottle properly labelled: reagent name, pro-
ducers initials, production date, expire date and safety label: very flammable.

Storage stability: up to 2 hours at room temperature.

7. SAMPLES AND STANDARDS

7.1 Standard curve

An enzyme standard dilution series in diluent (6.5) is used for calibration of each
series of the assay. Six dilutions of 0.05-0.10-0.15-0.20-0.25-0.30
LAMU/mL were applied.

000050
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STANDARD METHOD SOP No.: EB-SM-0506.02/01

PAGE 6 OF 17
Batch no.: 61-1100 (= 00HMJ0004)
Laccase activity: 276 LAMU/g
Weighing: 0.9056 g £ 0.0009 g
Flask: 50 mL
Solvent: Diluent (reagent 6.5)
Enzyme Solvent Concentration
Dilution no. solution (reagent 6.5) | Dilution factor of Laccase
[uL] [muL] [LAMU/mL]
1 10 990 100 0.05
2 20 980 50 0.10
3 30 970 33.33 0.15
4 40 960 25 0.20
5 50 950 20 0.25
6 60 940 16.67 0.30

7.2 Level Control

A stable, homogeneous sample that is representative for the product is assayed
as level control.

7.3 Unknown samples

The Laccase samples are diluted to an expected activity of 0.25 LAMU/mL with
the diluent (6.5).

Working range: 0.05 - 0.30 LAMU/mL.

For best precision limit the range to 0.2-0.3 LAMU/mL.

8. PROCEDURE

Reagents and the samples: standards, level control and unknown samples are
prepared. Each weigh out is analyzed in duplicate.
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STANDARD METHOD SOP No.: EB-SM-0506.02/01

o PAGE 7 OF 17
Syringaldazine, 0.25 mM (reagent 6.7) 240 pl
30°C
Sample (7.1, 7.2 and 7.3) 80 pL

Mixed by diluter pipetting with
Buffer, pH 7.5 (reagent 6.4) 3.20 mL
Reading 60-120 sec at 530.am

Table.1 LAMU procedure

Place buffer (6.4) in thermo state bath for preheating to 30 + 1 °C. Transfer
240pL syringaldazine, 0.25 mM (6.7) to a cuvette. Place the cuvette ina 30 £ 1
°C thermo stated cell. Add by dilutor direct into the cuvette 80ul. sample
simultaneous mixed with 3.20 mL buffer, pH 7.5 (6.4), preheated to 30 + 1 °C.
This mixes the entire reaction mixture. Avoid air in the cuvette. The absorption is
followed at 530 nm, and the linear absorption increase per minute from 60-120
sec is calculated.

. Alternatively the reaction mixture is mixed in the same proportions outside the
cuvette and aspirated into a 30 £ 1 °C thermo stated photometer cell.
The detection might be simplified to reading off the absorbances at 60 and 120
sec only, followed by subtraction of the 60’ from the 120'.

If 530 nm absorbance is >1.0 at 60 sec {against a blank where sample is
replaced by diluent (6.5)} the sample should be diluted further and re-analyzed.

9. CALCULATION

The, almost linear, standard curve polynomial 2.order fit is calculated. The
absorbance increase per minute of the sample reaction is entered and the
LAMU/mL is read off from the standard curve. This is entered into further
calculations as shown below:

Example:
A-V -D
LAMU/g = =W = 287 LAMU/g
W 0.8673
Where:
. A: result from standard curve [LAMU/mL] 0.2489
V: dissolving volume [mL] 100
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STANDARD METHOD SOP No.: EB-SM-0506.02/01
® PAGE 8 OF 17

further dilution of dissolved sample [mL/mL} .10
weighing out [g] 0.8673

3=

10. ACCURACY AND PRECISION

The accuracy is 99.7% and reproducibility is 5%.
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1. ABSTRACT

‘ The enzyme, laccase (IUB No. 1.10.3.2) is an oxido-reductase catalysing the oxidation
of phenolic substrates by oxygen to quinones. In this summary “Laccase” means the
enzyme produced by submerged fermentation of Aspergillus oryzae containing a
gene coding for laccase from Myceliophthora thermophila. In the following, toxicity
studies carried out with Laccase are summarised. '

All animal studies were carried out in accordance with current EU and OECD
guidelines and in compliance with the OECD principles of Good Laboratory Practice
(GLP). The studies were carried out at Huntingdon Life Sciences, UK, in-house at
Novo Nordisk or at TNO Nutrition and Food Research Institute, Delft, The
Netherlands during the period September 1996 to August 1998. The Human Repeat
Insult Patch Test was performed in compliance with the OECD principles of Good
Clinical Practice (GCP) at IS Consultancy Ltd., Scotland, in the period from August
1999 to February 2000.

The main conclusions of the safety studies can be summarised as foll ows :

Laccase is non-toxic, given as a single orally administered dose of up to 12 ml/kg
body weight (~ 39,025 LAMU/kg or 2.07 g TOS/kg) to rats.

The LCs, in rats after 4 hours inhalation of an aerosol of Laccase is in excess of 5.16
mg/l (~ 16.12 LAMU/I or 0.85 mg TOS/i).

The acute percutaneous median lethal dose (LDsp) of Laccase to rats was greater than
‘ 12 mli’/kg body weight (~ 39,025 LAMU/kg or 2.07 g TOS/kg).

Laccase can be classified as non irritant to both rabbit skin and to the rabbit eye.

Oral administration to rats of up to 10 ml/kg body weight/day (~ 32520 LAMU/kg/day
or 1.72 g TOS/kg/day) for 13 weeks has not revealed any significant toxic effects -
attributable to the test substance Laccase.

Laccase has shown no mutagenic activity in either Ames’ test or the human
lymphocyte test.

Laccase is non-toxic to Daphnia magna.

Laccase was not tested in a skin sensitisation test in guinea pigs, please read section
about skin sensitisation for explanation.

Laccase was tested in a Human Repeat Insult Patch Test (HRIPT) and it was concluded
that Laccase has a low sensitisation potential.

2. TEST SUBSTANCE 0000692

2.1 Production of test substance
The batch of Laccase, PPX 5720, used for the present toxicological programme
was a mixture of 3 sub-batches and was produced by submerged fermentation
‘ of Aspergillus oryzae containing a gene coding for laccase from Myceliophthora
thermophila.
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2.2 Characterisation (cf. table 1)
One batch was used in the toxicological studies and the characterisation is
presented in table 1.
Batch PPX 5720 was a dark brown liquid.
The various dose levels are mostly given in Total Organic Substance (TOS = 100%
+ water % + ash % -+ diluent %) per kg body weight (bw).

Table 1. Characterisation of the Laccase batch used in the ioxicological‘studies.

St S o oo Batch.NOvPRXI5720 -7 %
Activity, LAMU/g' 3130

Ash (600°C) 0.3%

Water (Karl-Fisher) 83.1%

Diluents None

TOS 16.6%

Specific gravity (g/m!) 1.039

! Laccase units/g (LAMU/g). LAMU is the amount of enzyme which under the
given analytical conditions catalyses the conversion of 1 umol syringaldazine
per minute. The laccase specific activity is 80 LAMU/mg pure active enzyme
protein.

3. TOXICITY DATA
3.1 General toxicity
3.1.1 Acute toxicity

3.1.1.1 Acute Oral Toxicity (Limit Test) in Rats _
in accordance with OECD guidelines No. 401, a limit test was
performed with one group of rats consisting of 5 females and 5
males.

The dose was administered by gavage in a total volume of 12 ml
undiluted Laccase, batch PPX 5720/kg bw (equivalent to 39,025
LAMU/kg or 2.07 g TOS/kg).

The animals were observed 12 and 4 hours after administration and -
subsequently every day during the entire 14-day observation period.
After the observation period, the animals were sacrificed and
examined pathologically.

Neither body weight, clinical signs nor gross pathological 00070
examination revealed any treatment related effects.

In conclusion Laccase causes no toxic effects, given as a single orally
administered dose of up to 12 ml/kg bw (equivalent to 39,025
LAMU/kg or 2.07 g TOS/kg) to rats.
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3.1.1.2 Acute Inhalation Toxicity (Limit Test) in Rats
In accordance with OECD guideline No. 403 and EEC B2, a Limit Test
was performed with one group of rats consisting of 5 females and 5
males.

The animals were exposed by snout only exposure for 4 hours to air
containing aerosolised Laccase, batch PPX 5720, at a concentration
of 5.16 mg/l (equivalent to 16.12 LAMU/I or 0.85 mg TOS/I).

Particle size measurements revealed that the respirable fraction (%
of aerosol mass < 7 um) was 90%. The mass median aerodynamic
diameter was 2.7 um, in total a very high respirable fraction. The
animals were observed during exposure, immediately after exposure
and also with half hourly intervals during the first 2 hours after the
exposure and then every day in the subsequent 14-day observation
period. After the observation period, the animals were sacrificed .
and examined pathologically.

Immediately following exposure, the rats exhibited a wet and
unkempt appearance. All rats showed recovery within 2 h of
exposure. Reduced food consumption and body weight gain were
recorded for 1 day following exposure. No animals died during the
observation period, and the pathological examination revealed no
abnormalities related to th e exposure.

In conclusion, Laccase causes only minimal evidence of toxicity in
rats after 4 hours of inhalation of a concentration of 5.16 mg/l (~
16.12 LAMU/I or 0.85 mg TOS/I). The LCs, for Laccase is in excess of
5.16 mg/l of air.

3.1.1.3 Acute Dermal Toxicity (Limit Test) in Rats
In accordance with current EU guidelines, a limit test was performed
with one group of rats consisting of 5 females and 5 males.

The dose was applied to the closely clipped dorsum of each animal
in a total volume of 12 ml undiluted Laccase, batch PPX 5720/kg bw
(equivalent to 39,025 LAMU/kg or 2.07 g TOS/kg), and was covered
by an occlusive dressing for 24 hours.

The animals were observed after dosing and subsequently every day
during the entire 14-day observation period. After the observation
period, the animals were sacrificed and examined pathologically.

No deaths occurred and no clinical effects were seen relating to the
test substance, however, weight loss was observed in one female
and a very low weight gain was observed in another female, for
which there was no explanation. There was no abnormal findings at
necropsy.

Under the conditions of this study, the acute percutaneous median
lethal dosage (LDso) of Laccase, batch No. PPX 5720, was greater
than 2070 mg TOS/kg. Go0074
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3.1.1.4 Acute Toxicity, Skin Irritation
In accordance with the current OECD and EU guideline, a primary
skin irritation test in rabbits was performed with Laccase, batch PPX
5720.

On the intact skin of the clipped back of each the 3 rabbits, 0.5 ml
of the test substance was applied under a patch of gauze (2.5 x 2.5
cm). A semiocclusive bandage was utilised and the adjacent areas of
untreated skin served as control.

After 4 hours exposure the patches and the remaining test
substance were removed by gentle washing, and the skin reaction,
erythema-, eschar- and edema formation was evaluated after 2-1,
24, 48 and 72 hours after application. None of the rabbits exhibited
any dermal reactions at the test side.

In conclusion, Laccase can be classified as non-irritant to the skin
according to the criteria of EU.

3.1.1.5 Acute Toxicity, Eye Irritation
In accordance with current OECD and EU guidelines, a test for eye
irritation in rabbits was performed with Laccase, batch PPX 5720.

The eyes of each animal were checked for defects or irritation
before instillation and only animals without defects were used.

0.1 ml of batch PPX 5720 was placed in the conjunctival sac of the
left eye by pulling the lower eyelid away from the eyeball. The lids
were gently held together for about one second after instillation.
The untreated eye served as control.

The ocular reactions were recorded at 12-1, 24, 48 and 72 hours after
instillation according to the specified guidelines. Additionally, one
rabbit was read 96 hours after instillation. Only slight reactions on
conjunctiva were observed after instillation of the test substance
with no reactions on cornea or iris. The conjunctival reactions were
fully reversible within 96 hours after instillation.

In conclusion Laccase can be classified as a “non irritant” to the
rabbit eye according to the criteria of EU.

3.1.1.6 Skin Sensitisation, comment to guinea pig models
Enzymes are recognized to be potential respiratory allergens and
should be classified as R42 "may cause sensitisation by inhalation” in
the context of the Dangerous Substances Directive (92/32/EEC).
However, enzymes are not regarded as skin sensitisers. A review by
the Association Internationale de la Savonerie et de la Détergence/
Association of Manufacturers of Fermentation Enzyme Products
(AIS/AMFEP) AD-hoc group in 1995 concluded that enzymes should
not be classified as skin sensitisers i n the context of the Dangerous
Substances directive.

036072
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There is no animal model that has been developed or validated for
assessing proteins as skin sensitisers. it is clear that any foreign
protein has the abil ity to cause an immune response, largely by the
formation of a specific antibody. Thus to assess the potential to
cause a T-cell mediated response, it is vital to ensure that the model
is not biased towards B-cell responses. It has been the experience of
the AIS/AMFEP that all foreign proteins, e.g. enzyme preparations,
can be made to generate skin reactions in suitably treated animals,
including the OECD/EU recognised guinea pig maximization test and
the Buehler test. The predominance of the antibody response in the
guinea pig makes it impossible to discern to what extent, if any, a T-
cell mediated type IV hypersensitivity reaction takes place.
Therefore it is necessary to rely heavily on risk assessment and
human experience.

Therefore, since there is no animal model developed or validated
for assessing proteins as contact skin sensitisers and enzymes are
well documented to not be skin sensitisers, we consider testing

enzymes in guinea pig sensitisation models as unnecessary and a
guinea pig sensitisation study has therefore not been performed.

According to the AIS/AMFEP document, there has not been a case of
allergic contact dermatitis in the enzyme production industries and
in a period of 25 years, billions of consumers have been exposed to
enzymes through detergent and other cleaning products without
any evidence of skin sensitisation.

3.1.1.7 Human Skin Sensitisation
A total of one hundred and four volunteers took part in the human
repeat insult patch test (HRIPT), of whom one hundred fully
completed the study.

Laccase, batch PPX 5720, was applied at a concentration of 10.0%
w/v in distilled water in aliquots of 0.50 ml to each occlusive
Webril® / Blenderm® patch (2 ¢cm x 2 cm). In the induction phase, all
test subjects had 9 induction patches (occlusive) applied, each for 24
hours, on a Monday-Wednesday-Friday schedule lasting for 3 weeks.
As induction progressed a gradual build-up of mild erythema was
seen. Two weeks after application of the final induction patch, each
subject had one patch soaked with the present test material at a
concentration of 10% w/v in distilled water applied to each arm,
removed after 24 hrs and graded after 48 and 96 hrs.

There was evidence of possible skin sensitisation observed on three
of the one hundred subjects who completed the study (D440, D1005,
D1032). In all three subjects there were similar responses to one or
both of the other two enzymes tested at the same time in this study.
A consultant dermatologist was present to confirm the reactions

observed at the 96 h challenge stage.
000073

Three subjects were re-challenged at two concentrations (10% wi/v
and 1% wi/v) after approx. one month to conclude on reactions at
the first challenge.
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The re-challenge patch test confirmed that none of these subjects
(D440, D1005, D1032) gave any evidence of skin sensitisation to the
Laccase test material, when tested alone at both 10.0% w/v and
1.0% wiv.

It can be concluded that on the evidence of the present study the
enzyme Laccase would appear to have a low sensitisation potential.

3.1.2 Subacute / Subchro nic Toxicity

3.1.2.1Two Week Oral Dose Range Finder in Rats
A subacute toxicity study in rats with a duration of two weeks
served as a dose range finding study to the 13-week study. The
study was performed according to the current guideline in EU.

Groups of 5 male and 5 female CD rats were dosed for 2 weeks with
Laccase, batch PPX 5720, orally via gavage at dose levels of 0, 0.17,
0.57 and 1.72 g TOS/kg body weight/day, at a constant dose volume
of 10 ml per kg body weight.

At the end of 2 weeks treatment, all animals were killed and
subjected to necropsy.

There were no adverse effects on mortality, clinical signs, body
weights, food and water consumption, necropsy findings or organ
weights.

In conclusion there were no obvious effects of treatment with
Laccase at dose levels up to 1.72 g TOS/kg bw/day.

3.1.2.2 13 Week Oral Toxicity in Rats
A subchronic toxicity study in rats with a duration of 13 weeks was
performed at dose levels chosen from the results in the 2 week dose
range finder. The study was conducted in accordance with the
current guideline in OECD.

Groups of 10 male and 10 female CD rats were dosed for 13 weeks
with Laccase, batch PPX 5720, orally via gavage at dose levels of 0,
17, 172 and 1720 mg TOS/kg body weight/day, at a constant dose
volume of 10 ml per kg bodyweight.

During week 13 of the study blood samples were taken from all
animals for laboratory investigations.

At the end of 13 weeks treatment, all surviving animals were killed
and subjected to necropsy. All animals were given a detailed post
mortem examination with major organs being weighed and placed

in fixative. ‘
006074

There were no effects of treatmen t on clinical signs, body weight,
food and water consumption, food conversion efficiency,
ophthalmic findings, haematology and clinical chemistry profiles, or
on organ weights and macroscopic or microscopic findings.
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In conclusion administration of Laccase at dosages of up to 1720 mg
TOS/kg body weight/day to CD rats orally via gavage for 13 weeks
was well tolerated and without toxic effects. The no-observed-
adverse-effect level (NOEAL) was 10 mL or 1720 mg TOS per kg body
weight per day.

3.1.3 Mutagenic Potential

3.1.3.1Testing for Mutagenic Activity (Ames Test)
Laccase, batch PPX 5720, was examined for mutagenic activity in
four histidine-dependent strains of Salmonella typhimurium, strains
TA98, TA100, TA1535 and TA1537 using the “treat and plate”
procedure, and the tryptophan-dependent strain Escherichia coli -
WP2uvrA using the direct plate incorporation method.

The study was conducted in accordance with OECD Guideline for
testing of chemicals, No. 471 : “Bacterial Reverse Mutation Assay”
(July 1997), European commission Annex V. Test Method B14, and
the Japanese guideline : “Concrete Operation Procedure of
Mutagenicity Study Using Bacteria. Ministry of Labour, 1988",
concerning the general specifications of the test. But the exposure
of test bacteria in liquid culture (“treat and plate”), as it is applied
in this study with strains of Salmonelia, is not specifically described
in any guidelines.

The study was conducted in the presence and absence of an
activating system derived from rat |l iver (5-9 mix). All tests included
solvent (purified water) and positive controls with and without S-9
mix.

Each test with each strain, was conducted on two separate ,
occasions. In both these experiments bacteria were exposed to 6
doses separated with bi-sections. The highest dose level applied was
5 mg per ml with Salmonella strains and 5 mg per plate with the E.
coli strain (5 mg test substance is equivalent to 0.83 mg TOS).

Marked increases in the number of revertant colonies were induced
by the standard mutagens when examined under similar conditions
as the test substance, confirming the sensitivity of the test.
Treatment of bacteria with Laccase, batch PPX 5720 in the absence
and the presence of 59 did not result in significant and dose related
increases in mutation levels compared to those seen in concurrent
solvent controls.

It was concluded that Laccase did not induce gene mutations in
bacteria in either the absence or presence of 59, when tested under
the conditions employed in this study.

3.1.3.2Human Lymphocyte Cytogenetic Assay
The study was designed to follow the current guidelines of OECD

and EU. 000075

Chromosomal aberration assays were performed with duplicate,
human peripheral blood incorporating a preliminary and 2 main
tests. The tests were conducted with and without 5-9 mix.
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Cultures, established approx. 48 h before testing, were treated for 3
h in the presence or continuously for 19 or 43 hrs in the absence of
5-9 mix. Cultures were harvested after 19 and 43 hours.

The tests were performed using a range of concentrations of
Laccase, PPX 5720, to cover the appropriate range of toxicity :

¢ 19 hour sampling time, without 5-9 mix : 25, 50 and 100 ug TOS/ml

with S-9 mix : 1000, 3000 and 5000 ug TOS/ml
¢ 43 hour sampling time, without S-9 mix: 100 ug TOS/ml

with S-9 mix : 5000 ug TOS/mi

Small, but statistically significant increases in the frequency of
metaphases with chromosomal aberrations were observed at several
test points, compared to the solvent control values. These increases
were not considered to be biologically significant for the following
reasons:

» When gap-type aberrations were included in the analysis, four
cultures had frequencies of aberrant metaphases which narrowly
exceeded the historical control range at this laboratory (0-9%).
However, gaps were of questionable significance.

¢ When gaps were excluded, only one culture had a frequency
value (5%) which exceeded the historical control range (0-4%).

» The increases, excluding gaps, were poorly reproducible between
the two main tests.

The results fit the stated criteria for a negative response.

It was concluded that Laccase under the conditions of test, did not
show any evidence of clastogenic activity.

3.1.4 Ecotoxicology

3.1.4.1 Acute Toxicity for Daphnia (Limit Test)
The acute toxicity of Laccase, batch PPX 5720, to the fresh-water
crustacean Daphnia magna was determined according to the current
OECD and EU Guideline. ‘

A limit test at a concentration of 100 mg TOS/l was carried out with
20 Daphnia divided in 4 batches with the same number of Daphnia
in the controls. The test duration was 48 hours.

The test solution was clear throughout the test. The results of the
test were as follows :

48 h EC50 (mobility) | > 100
48 h EC100 (mobility) > 100
48 h NOEC (condition) > 100
In conclusion, Laccase is not toxic to Daphnia magna. @Q{}@?ﬁ
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