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Dr. Paulette Gaynor

Office of Food Additive Safety (HFS-255) GRN 0005719
Center for Food Safety and Applied Nutrition RS
Food and Drug Administration EE:?B] E@ YAvALS
5100 Paint Branch Parkway . e
College Park, MD 20740-3835 R R
OFFICE OF
FOOD ADDITIVE SAFETY

RE: GRAS Notification - Exemption Claim

Dear Dr. Gaynor,

Pursuant to the proposed 21 C.F.R. § 170.36 (c) (1) Danisco US Inc. (operating as DuPont Industrial
Biosciences) hereby claims that Lactase enzyme preparation produced by Bacillus subtilis expressing the
gene encoding lactase from Bifidobacterium bifidum is Generally Recognized as Safe; therefore, it is
exempt from statutory premarket approval requirements.

The following information is provided in accordance with the proposed regulation:

Proposed § 170.36 (¢)(I)(i) The name and address of the notifier

Danisco US Inc.

925 Page Mill Road

Palo Alto, CA 94304

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

Lactase enzyme preparation from Bacillus subtilis expressing the gene encoding the BIF917 lactase from
Bifidobacterium bifidum.

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

The lactase is used in the production of galacto-oligosaccharide (GOS) for infant formula and in
the production of fresh dairy products

Proposed §170.36 (c)(I)(iv) Basis for GRAS determination

This GRAS determination is based upon scientific procedures.
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A notification package providing a summary of the information that supports this GRAS determination is
enclosed with this notice. The package includes a safety evaluation of the production strain, the enzyme
and the manufacturing process, as well as an evaluation of dietary exposure. The 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.

Proposed § 170.36 (c)(1)(v) Availability of information

If you have questions or require additional information, please contact me at 650-846-5861 or fax at 650-
845-6502.

Sincerely,

(b) (6)

Vincent Sewalt, PhD

Senior Director, Product Stewardship & Regulatory
Danisco US Inc.

(operating as DuPont Industrial Biosciences)
650-846-5861 / vincent.sewalt'@dupont.com

Enclosures (3 binders)
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Bifidobacterium bifidum lactase produced in Bacillus Subtilis
DuPont Industrial Biosciences

1. GENERAL INTRODUCTION

The lactase enzyme preparation under consideration is produced by submerged fermentation of
Bacillus subtilis carrying the lactase gene from Bifidobacterium bifidum encoding the wild-type
truncated lactase enzyme (hereafter named BIF917 Lactase).

The enzyme product is intended for use in the production of galacto-oligosaccharide (GOS) for
infant formula and in the production of fresh dairy products. In these applications, the B.bifidum
BIF917 Lactase will primarily be replacing lactase from one of the other available commercial
sources. |n these applications, lactase will either not be present in the final food or will be
present in insignificant quantities as inactive residue, having no function or technical effect in the
final food.

Other lactases currently in use include lactase from other microorganisms, most notably Candida
pseudotropicalis, Kluyveromyces marxianus, Aspergillus niger, Aspergillus oryzae and
Kluyveromyces Lactis. BIF917 Lactase was determined to be GRAS by DuPont Industrial
Biosciences in 2014.

The accepted name of the principle enzyme activity is B -galactosidase, lactase; B-lactosidase; B-
D-lactosidase; lactozym,; trilactase; f-D-galactanase.

The enzyme hydrolyzes of terminal non-reducing B-D-galactose residues in f-D-galactosides.

The EC number of the enzyme is 3.2.1.23 and the CAS number is 9031-11-2.

The information provided in the following sections is the basis of our determination of GRAS
status of this BIF917 Lactase enzyme preparation.

Our safety evaluation in Section 7 includes an evaluation of the production strain, the enzyme
and the manufacturing process, as well as a determination of dietary exposure to the preparation.

The safety of the production organism must be the prime consideration in assessing the safety of
an enzyme preparation intended for food use (Pariza & Johnson, 2001; Pariza & Foster, 1983).
The safety of the production organism (B. subtilis) for the BIF917 Lactase is discussed in
Sections 2 and 7. Another essential aspect of the safety evaluation of enzymes derived from
genetically modified microorganisms is the identification and characterization of the inserted
genetic material (Pariza & Johnson, 2001; Pariza & Foster, 1983; IFBC, 1990; EU Scientific
Committee for Food, 1991; OECD, 1993; Berkowitz and Maryanski, 1989). The genetic
modifications used to construct this production organism are well defined and are described in
Section 2. The safety evaluation described in Section 7 shows no evidence to indicate that any of
the cloned DNA sequences and incorporated DNA code for or express a harmful toxic substance.
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Bifidobacterium bifidum lactase produced in Bacillus Subtilis
DuPont Industrial Biosciences

1.1 Exemption from Pre-market Approval

Pursuant to the regulatory and scientific procedures established in proposed 21 C.F.R. 170.36
(Appendix 1), DuPont Industrial Biosciences has determined that its lactase enzyme preparation
produced by Bacillus subtilis expressing the gene encoding lactase from Bifidobacterium bifidum
is a Generally Recognized as Safe (“GRAS”) substance for the intended food application and is,
therefore, exempt from the requirement for premarket approval.

1.2 Name and Address of Notifier
Danisco US Inc.
(operating as DuPont Industrial Biosciences)

925 Page Mill Road
Palo Alto, CA 94304

1.3 Common or Usual Name of Substance

The lactase enzyme preparation is from Bacillus subtilis expressing the gene encoding the lactase
from Bifidobacterium bifidum (BIF917 Lactase).

1.4 Applicable Conditions of Use

The lactase is used as a processing aid in the production of galacto-oligosaccharide (GOS) for
infant formula and in the production of fresh dairy products.

1.5 Basis for GRAS Determination
This GRAS determination is based upon scientific procedures.
1.6 Availability of Information for FDA Review

A notification package providing a summary of the information that supports this GRAS
determination is enclosed with this notice. The package includes a safety evaluation of the
production strain, the enzyme and the manufacturing process, as well as an evaluation of dietary
exposure. The complete data and information that are the basis for this GRAS determination are
available for review and copying at 925 Page Mill Road, Palo Alto, CA 94304 or will be sent to
the Food and Drug Administration upon request.
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DuPont Industrial Biosciences

2. PRODUCTION ORGANISM

2.1 Production Strain

The production organism s a strain of B. subtilis (strain JL47), which has been genetically
modified to over express a gene for the production of the Bifidobacterium bifidum BIF917
Lactase. Bacillus subtilis has been used for decades for the production of food enzymes with no
known reports of adverse effects to human health or the environment (de Boer and Diderichsen,
1991). The US Food and Drug Administration reviewed the safe use of food-processing enzymes
from well-characterized recombinant microorganisms, including B. subtilis (Olempska-Beer et al.
2006). An extensive environmental and human risk assessment of B. subtilis, including its history of
commercial use has been published by the US Environmental Protection Agency (1997). It was
concluded that B. subtilis is not a human pathogen nor is it toxigenic. It is also considered as Good
Industrial Large Scale Practice (GILSP) worldwide and meets the criteria for a safe production
microorganism as described by Pariza and Johnson (2001). The complete pUB110 derived
expression plasmid is introduced into the host strain, containing the lactase gene and the
endogenous alanine racemase gene used as marker gene.

2.2 Host Micoorganism

The initial host microorganism B. subtilis BG125 is a laboratory strain, previously described by
Dedonder ef af., (1977), which was obtained as B. subtilis strain 1A10 from the Bacillus Genetic
Stock Center, Ohio State University, Columbus, Ohio. This strain was developed into a host strain
by Genencor (a division of Danisco), now known as DuPont Industrial Biosciences. It is derived
from the well-known B. subtilis type strain 168 via classical genetics as described in Dedonder et
al., (1977).

Several genomic genes have been deleted from the host strain as well, resulting in the final
parent strain BG3934.

An intermediate strain in this construction, B. subtilis BG3594-3 was recognized by the Dutch
authorities as Risk Class 1.

2.3 BIF917 Lactase Expression Plasmid

The genetic modification of the B. subtilis host involved recombinant DNA techniques to
introduce multiple copies of the gene encoding the wild type truncated B. bifidum lactase, into
the B. subtilis host.

The modification employed a method by which a pUBI 10 derived expression plasmid,
containing the gene encoding a wild type truncated Bifidobacterium bifidum lactase and the
endogenous alanine racemase gene used as marker gene with B. subtilis aprE promoter and
Bacillus licheniformis LAT terminator is introduced into the host strain. Plasmid pUB110 is not
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Bifidobacterium bifidum lactase produced in Bacillus Subtilis
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self-transmissible, but can be mobilized in the presence of self-transmissible plasmids.
Mobilization requires an intact mob-gene (also called pre) encoded by pUB110. However, in the
current expression plasmid the mob gene has been removed resulting in 2 non-mobilizable
genotype (Selinger ef al., 1990).

The entire genome of B.subtilis strain JL47 has been sequenced to verify its construction.

2.4 Stability of the Introduced Genetic Sequences

The production strain is completely stable after industrial scale fermentation as judged by lactase
production using the production organism containing the integrated expression plasmid.

2.5 Antibiotic Resistance Gene

No antibiotic resistance genes were used in the construction of the production microorganism.
2.6 Absence of the Production Organism in the Product

The absence of the production microorganism is an established specification for the commercial
product at a detection limit of 1 CFU/g. The production organism does not end up in food and

therefore, the first step in the safety assessment as described by IFBC (1990) is satisfactorily
addressed.

3. ENZYME IDENTITY AND SUBSTANTIAL EQUIVALENCE

3.1 Enzyme Identity

IUB Nomenclature  f3-D-galactoside galactohydrolase
IUB Number: 32123
CAS Number: 9031-11-2

Reaction catalyzed:  Hydrolysis of terminal non-reducing f-D-galactose residues in f-D-
galactosides

Other names: B -galactosidase, lactase; [-lactosidase; [-D-lactosidase; lactozym;
trilactase;  f-D-galactanase..
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3.2 Amino Acid Sequence

The amino acid sequence of B. bifidum BIF917 Lactase enzyme is shown in Appendix 2. The
BIF917 gene from the strain B. bifidum DSM 20215 encodes a lactase enzyme. The enzyme has
been described by Mgller ef al. (2001), and the complete nucleotide sequence of the gene is
available in GenBank under accession number AJ224435. The coding sequence of BIF917 was
optimized for expression in Bacillus. BIF917 Lactase is similar to various other lactases isolated
from commercially relevant bacteria, e.g., it is 99% homologous with the Bifidobacterium
bifidum NCIMB 41171 beta-galactosidase. Bifidobacterium bifidum NCIMB 41171 beta-
galactosidase expressed in E. coli was affirmed by FDA as GRAS in 2014 (GRAS GRN 485).

4. MANUFACTURING PROCESS

This section describes the manufacturing process for the lactase enzyme which follows standard
industry practice (Kroschwits, (1994); Aunstrup ef al., 1979; Aunstrup 1979). For a diagram of
the manufacturing process, see Appendix 3. The quality management system used in the
manufacturing process complies with the requirements of ISO 9001. The enzyme preparation is
manufactured in accordance with FDA’s current Good Manufacturing Practices (“cGMP”) as set
forth in 21 C.F.R. Part 110,

4.1 Raw Materials

The raw materials used in the fermentation and recovery process for this lactase concentrate are
standard ingredients used in the enzyme industry (Kroschwits, 1994; Aunstrup et al,, 1979;
Aunstrup, 1979). All the raw materials conform to the specifications of the Food Chemicals
Codex (FCC), 9th edition, 2014 (US Pharmacopeia, 2014), except for those raw materials that do
not appear in the FCC. For these not appearing in the FCC, internal requirements have been set
in line with FCC and JECFA requirements and acceptability of use for food enzyme production.
DuPont industrial Biosciences uses a supplier quality program to qualify and approve suppliers.
Raw materials are purchased only from approved suppliers and are verified upon receipt.

The antifoam used in the fermentation and recovery is used in accordance with cGMP per the
FDA cotrespondence to ETA acknowledging the listed antifoam dated September 11, 2003. The
maximum use level of the antifoam in the production process is < 0.15%.

Glucose (produced from wheat) and soy flour will be used in the fermentation process which will
be consumed by the microorganism as the nutrient. No other major allergen substances will be
used in the fermentation and recovery processes.

4.2 Fermentation Process

The lactase enzyme is manufactured by submerged fermentation of a selected, pure culture of the
genetically modified strain of B. subtilis described in Section 2. All equipment is carefully
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designed, constructed, operated, cleaned and maintained so as to prevent contamination by
foreign microorganisms. During all steps of fermentation, physical and chemical control
measures are taken and microbiological analyses are conducted periodically to ensure absence of
foreign microorganisms and confirm production strain identity.

4.2.1 Production organism

A new lyophilized stock culture vial of the B. subtilis production organism described in
Section 2 is used to initiate the production of each batch. Each new batch of the stock culture
1s thoroughly controlled 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 microscopically. Samples are taken
from each fermentation stage (inoculum, seed, and main fermentor) before inoculation, at
regular intervals during growth and before harvest or transfer. These samples are tested for
microbiological contamination by plating on a nutrient medium.

If a fermentation batch is determined to be contaminated, it will be rejected if deemed
appropriate. If the contamination is minor and determined to be from common non-
pathogenic environmental microbes, the fermentation may be processed.

4.3  Recovery Process

The recovery process is a multi-step operation, which starts immediately after the fermentation
process.

The enzyme is recovered from the culture broth by the following series of operations:
1. Primary separation —centrifugation or filtration;

2. Concentration - ultrafiltration;

3. Addition of stabilizers/preservatives;

4. Polish filtration.

4.4 Formulation/standardization

The ultrafiltered concentrate is stabilized by final formulation to contain up to 70%
maltodextrin and 3% potassium sorbate at pH 4.5-7.5. The remaining is water.

Quality control of finished product

The final BIF917 lactase liquid concentrate from B. subtilis is analyzed in accordance with
the general specifications for enzyme preparations used in food processing as established by
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the Joint FAO/WHO Expert Committee on Food Additives (JEFCA) in 2006 and the Food
Chemical Codex (FCC), 9" edition (US Pharmacopeia, 2014). These specifications are
described in Section 5.

5. COMPOSITION AND SPECIFICATIONS

5.1 Quantitative Composition

The liquid concentrate is stabilized with the formulation ingredients listed below and tested to
demonstrate that it meets the specifications.

Various commercial formulations exist, with a range of enzyme activities. The following is a
representative composition:

Enzyme activity: ~4000 LAU/g
Maltodextrin 30-70%
Potassium sorbate 0.1-3%
Remainder is water (with minor % of fermentation components)

pH 4.5-7.5

5.2 Specifications

BIF917 Lactase meets the purity specifications for enzyme preparations set forth in the FCC 9™
edition (2014). In addition, it also conforms to the General Specifications for Enzyme
Preparations Used in Food Processing as proposed by JECFA in the Compendium of Food
Additive Specification (2006),

The results of analytical testing of the 3 lots of product is given in Appendix 4 verifying that
meets FCC 9" edition (U.S. Pharmacopeia, 2014) and JECFA (2006) specifications for enzyme
preparations.

6. APPLICATION

6.1 Mode of Action

Lactase is able to catalyze a trans-galactosylation reaction in which lactose serve as galactosyl
acceptors.

Lactose is a p (1-4) linked B-galactoside consisting of a galactose and a glucose. Lactases
function by a double displacement mechanism in which the enzyme cleaves the substrate and
becomes covalently attached to the galactose moiety. The enzyme-substrate complex is then
separated by the nucleophilic attack by either water (yielding glucose and galactose as products)
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or by another lactose molecule (yielding glucose and DP3 GOS). The amount and composition
of the GOS fraction formed can be influenced by a number of factors, including enzyme source,
pH and temperature (Ruiz-Matute et al., 2012). The BIF917 lactase shows a low degree of
hydrolysis and a high degree of transgalactosylation.

6.2 Uses and Use Level

The BIF917 lactase will be used as a processing aid in the production of diverse dairy products
and in the production of GOS for the infant formula industry.

GOS has been used in foods since the late-1990s, especially in infant formula. In Europe, infant
formula can contain up to 8g oligosaccharide per liter with 90% being GOS and 10% being
Fructo Oligo Saccharides (SCF 2003). GOS is a non-digestible fiber which is part of the
prebiotic family.

6.2.1 Uses

In the production of dairy products, the enzyme will convert lactose into GOS and glucose. The
use of lactases to deplete lactose from milk is extensive in the dairy industry as a response to the
commonly occurring lactose intolerance. However, lactases have not been widely used for GOS
production in situ in dairy products mainly due to the fact that higher lactose content is needed to
generate GOS. Their use in milk whey permeate has been more common than in fresh milk
products (Rodriguez-Colinas ef af., 2014). Non-digestible fibers added to fresh dairy have
primarily been chicory root derived inulin or fructooligosaccharides (Charalampopoulos &
Rastall, 2012; Meyer ef al., 2011). BIF917 lactase will be able to generate GOS in sifu in raw
milk and whey even with low lactose content (5% lactose content in milk), with as benefit to
provide 1) a low lactose/lactose free dairy product with reduced caloric content in the final dairy
product and, 2) enable dairy products containing prebiotic fiber.

The enzyme will also be used in the production of purified GOS for the infant formula industry.
GOS is primarily used in infant formula to mimic the effect of the human milk oligesaccharides
(HMOs) on babies.

GOS are present in both human milk and bovine milk, but in low concentration especially in
human milk (Kunz and Rudloff, 2006; Urashima ef al., 2013). Due to the fact that the BIF917
lactase shows a low degree of hydrolysis and a high degree of transgalactosylation that is not
dependent on the initial lactose concentration, the GOS yield in dairy products is directly
increased in comparison to other lactases available on the market.

In these applications, the enzyme product will be used in raw milk, whey, or lactose, where,

upon heating, the enzyme is not active in the final food, with any remaining inactive protein
having no function in the final food.
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6.2.2 Use Levels

The BIF917 lactase enzyme preparation is used at the minimum level required to achieve the
desired effect and in accordance with the principles of current Good Manufacturing Practice
(GMP).

e The use level for fresh milk products is around 100 ppm active enzyme protein
corresponding to 2.13LAU/ml. The maximum use level is 400 ppm active enzyme protein
corresponding to 8.52 LAU/ml or 1.1l mg TOS/g.

¢ The use level for whey products is around 150 ppm active enzyme protein corresponding to
3.20 LAU/ml. The maximum use level is 400 ppm active enzyme protein corresponding to
8.52 LAU/ml or 1.11 mg TOS/g.

¢ The use level for GOS production intended for use in infant formula is around 3.4 LAU/g
GOS. The maximum use level is 10 LAU/g GOS or 1.30 mg TOS/g.

6.3 Enzyme Residues in the Final Foods

As noted above, BIF917 lactase 1s expected to be inactivated or removed during the subsequent
production processes for all applications. In the production of dairy products, the enzyme is
added in the milk before heat treatment and will therefore be thermally denatured and
irreversibly inactivated during the heat treatment step (e.g. pasteurization, UHT treatment, etc.).
In the production of GOS, the enzyme is added to the lactose (substrate) and will be inactivated
during a heat treatment (80-95°C for 5-15 min) before the purification step.

7. SAFETY EVALUATION

7.1 Safety of the Production Strain

The safety of the production organism must be the prime consideration in assessing the safety of
an enzyme preparation intended for use in food (Pariza and Foster, 1983). If the organism is non-
toxigenic and non-pathogenic, then it is assumed that foods or food ingredients produced from
the organism, using current Good Manufacturing Practices, are safe to consume (IFBC, 1990).
Pariza and Foster (1983) 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.” Bacillus subtilis strains used in enzyme
manufacture meet these criteria for non-toxigenicity and non-pathogenicity.

7.1.1 Safety of the host
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B. subtilis is a known safe host for enzyme production and is widely used by enzyme
manufacturers around the world for the production of enzyme preparations for use in human
food, animal feed, and numerous industrial enzyme applications. B. subtilis is considered to be a
benign organism that does not possess traits that cause disease. This also applies to the DuPont
Industrial Biosciences (legacy Danisco) B. subtilis host strain, which has been demonstrated to
be non-pathogenic, non-toxigenic and not cytotoxic.

The potential risk associated with the use of this bacterium in fermentation facilities is low (US
EPA, 1997).

Recently scientists with the US Food and Drug Administration reviewed the safe use of food-
processing enzymes from recombinant microorganisms, including B. subtilis (Olempska-Beer et al.,
2006). An extensive risk assessment of B. subtilis, including its history of commercial use has been
published by the US EPA (1997). It was concluded that B. subtilis strains used for enzyme
manufacture are neither pathogenic nor toxigenic to humans. It is, however, prudent to ascertain the
safety of the production strain as certain food-borne illness related strains may produce surfactin, a
membrane spanning lipopeptide and amylolysin, a heat-stable toxin regarded to be a virulence
factor (Apertroaie-Constantin ef al., 2009; Logan, 2012).

Despite the documented safety of Bacillus, strains derived from the B. subtilis safe strain lineage
and comparable to the current production strain were tested for pathogenicity and toxicity by
DuPont Industrial Biosciences (see Appendix 5). The conclusion of the research was that no
toxic substances were produced by the strain, i.e. that it is non-pathogenic and non-toxigenic.

The production organism of the lactase enzyme preparation, the subject of this submission is a
strain of B. subfilis, JLA7, which has been genetically modified to over express a gene for the
production of the Bifidobacterium bifidum BIF917 lactase.

All the B. subtilis are derived from the Bacillus subtilis subsp. subtilis strain 168 (Burkholder
and Giles, 1947), the basic laboratory strain which has been completely sequenced (Kunst ef al.,
1997). The parent strain BG125 derived from strain 168 carries three auxotrophic mutations:
trpC2, hisA and thr5, and was described as QB917 (Dedonder ef al., 1977). This strain can be
obtained from the Bacillus Genetic Stock Center, Ohio State University, Columbus, Ohio, as
strain 1A10.

BIF917 Lactase produced by this specific production strain has been determined to be non-
toxicogenic through the following toxicology tests: 1) acute dermal irritation study in rabbits, 2)
acute eye irritation/corrosion study in rabbits 3) acute oral toxicity in rats 4) bacterial reverse
mutation — Ames assay, 5) In vitro mammalian chromosomal aberration test performed with
human lymphocytes, and 6) 13-week oral (gavage) toxicity study in rats. In addition, all of the
food/feed grade products produced by the lineage to which this strain pertains were determined
to be safe for their intended uses, and are the subject of numerous GRAS determinations.
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From the information reviewed, it is concluded that the production organism B. subfilis strain
JL47 provides no specific risks to human health and is safe to use as the production organism of
BIF917 Lactase. The strain is non-pathogenic and non-toxigenic.

7.1.2 Safety of the Donor Organism

The donor strain is Bifidobacterium bifidum DSM20215. The strain was not used as such but
only the published DNA sequence of the lactase gene was used to synthesize the coding region
of interest,

The safety of selected species from Bifidobacterium for use in food was evaluated by EFSA using
the QPS process. Following a review of the available information relevant to the safety of
B.bifidum, EFSA concluded that its use in food does not present any safety concern. B.bifidum was
granted QPS status in 2007 without qualification on use (EFSA, 2007).

No pathogenic strains of B. bifidum are described in the Bergey Manual or in the ATCC and other
catalogs. The species B. bifidum does not appear on the Proposal for a Council Directive amending
the "Directive 90/679/EEC on the protection of workers from risks related to exposure to biological
agent at work" and is also not present on the European Guideline 93/88/EEG, the list of pathogens
from the Dutch Guidelines for Genetically Modified Organisms (COGEM), the German
“Berufsgenossenschatt der chemischen Industrie”, or the Belgian “VLAREM 11”. B. bifidum is
accepted as a safe host for the construction of Risk Group | GMMs in several countries, like
Germany. Bifidobacterium spp. is classified as Risk Group 1 microorganisms, with the exception of
B. dentium (previously called Actinomyces eriksonii) which is classified as a human pathogen of
Risk Group 2.

The safety of B.bifidum in traditional food uses has been reviewed with the conclusion that typical
consumption patterns of B.bjfidum from traditional food uses is safe (Holzapfel et al., 1998;
Vanderhoof and Young, 1998; Saarela et al., 2002; Borriello ef al., 2003; Picard ef al., 2005; Boyle
et al., 2006).

7.2 Safety of the Manufacturing Process

The manufacturing process for the production of BIF917 Lactase is conducted in a manner
similar to other food and feed production processes. It consists of a pure-culture fermentation
process, cell separation, concentration and formulation. The process, described in Appendix 3 is
conducted in accordance with food Good Manufacturing Practice (GMP) as set forth in 21 CFR
Part 110. The resultant product meets the general requirements for enzyme preparations of the
FCC, 9th edition (US Pharmacopeia, 2014} and JECFA (2006) enzyme specifications.

000016

13 of 53



QPN

Bifidobacterium bifidum lactase produced in Bacillus Subtilis
DuPont Industrial Biosciences

Although glucose from wheat and soy flour are used in the fermentation process, as they will be
consumed by the microorganism as the nutrients, they will not pose any allergy risk in the final
product.

7.3 Safety of Bacillus subtilis Lactase

7.3.1 Allergenicity

According to Pariza and Foster (1983), there have been no confirmed reports of allergies in
consumers caused by enzymes used in food processing. Lactase has been used in food processes
for many years and has generated no known safety concerns.

In 1998 the Association of Manufacturers of Fermentation Enzyme Products (AMFEP) Working
Group on Consumer Allergy Risk from Enzyme Residues in Food reported on an in-depth
analysis of the allergenicity of enzyme products. They concluded that there are no scientific
indications that small amounts of enzymes in bread and other foods can sensitize or induce
allergy reactions in consumers, and that enzyme residue in bread and other foods do not
represent any unacceptable risk to consumers. Further, in a recent investigation of possible oral
allergenicity of 19 commercial enzymes used in the food industry, there were no findings of
clinical relevance even in individuals with inhalation allergies to the same enzymes, and the
authors concluded “that ingestion of food enzymes in general is not considered to be a concern
with regard to food allergy (Bindslev-Jensen et al., 2006).

Despite this lack of general concern, the potential that BIF917 Lactase could be a food allergen
was assessed by comparison with sequences of known allergens. Based on the sequence
homology alone, it was concluded that the B. subtilis BIF917 Lactase is unlikely to pose a risk of
food allergenicity.

‘The most current allergenicity assessment guidelines developed by the Codex Alimentarius
Commission (2009) and Ladics ef al. (2011) recommend the use of FASTA or BLASTP search
for matches of 35% identity or more over 80 amino acids of a subject protein and a known
allergen. Ladics ef al. (2011) further discussed the use of the “E-score or E-value in BLAST
algorithm that reflects the measure of relatedness among protein sequences and can help separate
the potential random occurrence of aligned sequences from those alignments that may share
structurally relevant similarities.” High E-scores are indicative that any alignments do not
represent biologically relevant similarity, whereas low E-scores (<107} may suggest a
biologically relevant similarity (i.e., in the context of allergy, potential cross reactivity). They
suggest that the E-score may be used in addition to percent identity (such as > 35% over 80
amino acids) to improve the selection of biologically relevant matches. The past practice of
conducting an analysis to identify short, six to eight, contiguous identical amino acid matches is
associated with false positive results and is no longer considered a scientifically defensible
practice.
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The Codex Commission states:

“A negative sequence homology result indicates that a newly expressed protein is not a
known allergen and is unlikely to be cross-reactive to known allergens.”

The Bifidobacterium bifidum BIF917 Lactase expressed in B. subtilis is given below in FASTA
format, without its secretion signal.

VEDATRSDSTTQMSSTPEVVYSSAVDSKANRTSDFDANWKFMLSDSVYQAQDPAFDDSAWQQVDLPHD
YSITQKYSQSNEAESAYLPGGTGWYRKSFTIDRDLAGKRIAINFDGYYMNATVWFNGVKLGTHPYGYSPF
SFDLTGNAKFGGENTIVVKVENRLPSSRWYSGSGIYRDVTLTVTDGVHVGNNGVAIKTPSLATQNGGDVT
MNLTTKVANDTEAAANITLKQTVFPKGGKTDAAIGTVTTASKSIAAGASADVTSTITAASPKLWSIKNPNLY
TVRTEVLNGGKVLDTYDTEYGFRWTGFDATSGFSLNGEKVKLKGVSMHHDQGSLGAVANRRAIERQVEI
LOKMGVNSIRTTHNPAAKALIDVCNEKGVLVVEEVFDMWNRSKNGNTEDY GKWFGQAIAGDNAVLGGD
KDETWAKFDLTSTINRDRNAPSVIMWSLGNEMMEGISGSVSGFPATSAKLVAWTKAADSTRPMTY GDNK
IKANWNESNTMGDNLTANGGVVGTNYSDGANYDKIRTTHPSWAIYGSETASAINSRGIYNRTTGGAQSS
DKQLTSYDNSAVGWGAVASSAWYDVVQRDFVAGTYVWTGFDYLGEPTPWNGTGSGAVGSWPSPKNS
YFGIVDTAGFPKDTYYFYQSQWNDDVHTLHILPAWNENVVAKGSGNNVPVVVY TDAAKVKLYFTPKGST
EKRLIGEKSFTKKTTAAGYTYQVYEGSDKDSTAHKNMYLTWNVPWAEGTISAEAYDENNRLIPEGSTEGN
ASVTTTGKAAKLKADADRKTITADGKDLSYIEVDVTDANGHIVPDAANRVTFDVKGAGKLVGVDNGSSPD
HDSYQADNRKAFSGKVLAIVQSTKEAGEITVTAKADGLQSSTVKIATTAVPGTSTEKT

The search for 80-amino acid stretches within the sequence with greater than 35% identity to
known allergens using the Food Allergy Research and Resource Program (FARRP)
AllergenOnline database (http://www .allergenonline.org/index.shtml) containing 1897 (version
released Jan 12, 2015) peer-reviewed allergen sequences (listed in
http://www.allergenonline.org/databasebrowse.shtml) revealed no match to allergens by identity
across 80 amino acids exceeding 35 %.

FASTA alignment of the sequence with known allergens revealed no match (using E-value <0.1
as the cut-off) to sequences in the data base using the full sequence search capabilities.

Although cautioned against in Codex (2009), researched by Herman er al. (2009) and further
elaborated by Ladics ef al. (2011} and on AllergenOnline.org that there is no evidence that a
short contiguous amino acid match will identify a protein that is likely to be cross-reactive and
could be missed by the conservative 80 amino acid match (35%), this database does allow for
1solated identity matches of 8 contiguous amino acids to satisfy demands by some regulatory
authorities for this precautionary search. Performing this search produced no sequence matches
with known allergens.

In conclusion, based on the sequence homology alone, Bifidobacterium bifidum Lactase is
unlikely to pose a risk of food allergenicity.

As for all enzyme products, an MSDS for the Galactosidase product would include a
precautionary statement that inhalation of enzyme mist/dust may cause allergic respiratory
reactions, including asthma, in susceptible individuals on repeated exposure.

000018

16 of 53


http:AllergenOnline.org
http://www.allergenonline.org/databasebrowse.shtml
http://www.allergenonline.org/index.shtml

QUPONT

Bifidobacterium bifidum lactase produced in Bacillus Subtilis
DuPont Industrial Biosciences

7.3.2 Safety of use in food

In addition to the allergenicity assessment described above, the safety of this lactase has also
been established using the Pariza and Johnson (2001) decision tree, see Appendix 6. Although
the Pariza and Johnson evaluation resulted in the conclusion to accept the enzyme preparation as
safe without new toxicology testing, the safety of the enzyme preparation was further confirmed
through unpublished toxicological testing as described below. The toxicology testing was
conducted to be able to use the results in countries where toxicology testing is required for
enzyme preparation approval.

7.3.3 Safety Assessment

A review of all toxicology studies conducted with enzyme preparations produced by different
strains of the DuPont Industrial Biosciences B. subtilis safe strain lineage indicates that,
regardless of the production organism strain, all enzyme preparations are not irritating to the skin
and eyes, are not skin sensitizers, are not mutagenic, clastogenic or aneugenic in genotoxicity
assays and do not adversely affect any specific target organ. Due to the consistency of the
findings from enzyme preparations derived from different B. subtilis strains, it is expected that
any new enzyme preparation produced from B. subtilis strains would have a similar toxicological
profile. (Appendix 3)

In addition, DuPont Industrial Biosciences has conducted six studies on BIF917 Lactase enzyme
produced from B. subtilis JL47. The results are evaluated, interpreted and assessed in this
document. The test material, an ultra-filtrate concentrate (UFC) used in all toxicology
investigations, has the following characteristics:

Lot No.: 20138117

Physical: Fermentation liquid, brown
Enzyme activity: 1369 LAU/g

pH: 7.21

Specific gravity: 1.058 g/m]

Total protein: 133.13 mg/ml

TOS: 17.83 %

The studies include:

A. Acute dermal irritation study in rabbits
B. Acute eye irritation/ corrosion study in rabbits
C. Acute oral toxicity in rats

D. Bacterial reverse mutation assay — Ames assay
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E. In vitro mammalian chromosomal aberration test performed with human lymphocytes

F. 13-week oral (gavage) toxicity study in CD rats

All safety studies were conducted in accordance with internationally accepted guidelines
(OECD) and are in compliance with the principles of Good Laboratory Practices (“GLP™)
according to the FDA/OECD.

Summaries are included below.
1) Acute dermal irritation study in rabbits (sequential approach) (PSL, 2013a)

a. Procedure:

The objective of this study was to assess the local irritant effect of BIF917 Lactase. This study
was conducted according to the method recommended in the OECD Guideline No. 404, April
2002.

This study was conducted in a stepwise manner. Initially, 5/10 of a milliliter of the test
substance was applied to the skin of one rabbit for 4 hours. Since no dermal irritation was noted
in this rabbit, a confirmatory test was completed with two additional healthy rabbits.

Approximately 24 hours prior to application, all animals were prepared by clipping the dorsal
area and the trunk. Five tenth of one milliliter was applied to one 6 cm? intact dose site and
covered with 1 inch x 1 inch, 4-ply gauze pad. The pad and entire trunk of each animal were then
wrapped with semi-occlusive tape. Elizabethan collars were placed on each rabbit. After 4 hours
of exposure, the pads and collars were removed and the test sites were cleansed of any residual
test substance. The grade of skin reaction was scored according to the Draize’s scoring system
immediately following patch removal and at 30-60 minutes, 24, 48 and 72 hours after patch
removal.

b. Resulits

No deaths or overt signs of toxicity were observed in this study. No effects on feed consumption
and weight gain were recorded. No dermal irritation was observed at any dose site during the
study.

¢. Evaluation
According to the provisions of Directive 67/548/EEC amended by Commission Directive
2001/59/EC of 6 August 2001, Annex VI, classification is not required.

According to the United Nations Globally Harmonized System of Classification and Labeling of
Chemicals (GHS), under the conditions of this study, classification is not required

2) Acute Eye Irritation/Corrosion Study in the Rabbit (PSL, 2013b)
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a. Procedure

The objective of this study was to assess the ocular irritation potential of BIF917 Lactase. This
study was conducted according to the method recommended in the OECD Guideline No. 405, 24
April 2002 and evaluated according to the Commission Directive 2001/59/EC of 6 August 2001,

The study was conducted in a stepwise fashion. Initially, 1/10 of a milliliter of the test substance
was instilled into the conjunctival sac of the right eye of one rabbit. The left eye remained
untreated and served as control. The grade of ocular reaction was recorded at 1, 24, 48 and 72
hours post instillation and evaluated by the method of Draize et al. At the 24-hour reading,
fluorescein was instilled and then rinsed with 0.9% NaCl. The eye was then examined with an
UV-Iight to detect corneal damage. Since there was no significant ocular irritation noted in this
rabbit, the test was repeated on two additional rabbits by the same procedure.

b. Results
No ocular irritation was noted in all three rabbits.

¢. Ewvaluation
According to the provisions of Directive 67/548/EEC amended by Commission Directive
2001/59/EC of 6 August 2001, Annex VI, classification is not required.

According to the United Nations Globally Harmonized System of Classification and Labeling of
Chemicals (GHS), under the conditions of this study, classification is not required.

3 Acute Oral Toxicity in Rats — Up and Down Procedure (DuPont Haskell, 2014a)

a. Procedure

The objective of this study is to determine the oral toxicity of BIF917 Lactase given by a single
administration using the Up and Down procedure. The study was conducted according to OECD
Guideline No. 425 (2008). A single dose of 5000 mg/kg was administered by oral gavage to
fasted female rats. Since the first animal survived, two additional animals were dosed
simultaneously after a minimum of 48 hours. All rats were observed for mortality, body weight,
and clinical signs for 14 days after dosing. All rats were necropsied at the end of the 14 day.

b. Results

No incidents of mortality, body weight loss, or clinical signs were observed. No gross lesions
were noted at necropsy. Under the conditions of this assay, the oral LDsp for BIF917 Lactase in
female rats was greater than 5000 mg/kg bw/day.

¢. Evaluation
According to the provisions of Directive 67/548/EEC amended by Commission Directive
2001/59/EC of 6 August 2001, Annex V], classification is not required.

According to the United Nations Globally Harmonized System of Classification and Labeling of
Chemicals (GHS), under the conditions of this study, classification is not required.
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4) Bacterial Reverse Mutation Assay — Ames assay (Bioreliance, 2014a)

a. Procedure:

The objective of this assay was to assess the potential of BIF917 Lactase to induce point
mutations (frame-shift and base-pair) in four strains of Salmonella typhimurium (TA 98, TA 100,
TA 1535 and TA 1537) and Escherischia coli strain WP2 uvrA. The test material was tested
both in the presence and absence of a metabolic activation system (Aroclor 1254-induced rat
liver; S-9 mix). The assay was performed in two phases using the plate incorporation
methodology for the positive control, 2-aminoanthracene, with £. coli and the treat and plate
methodology for the all remaining strains and assays.

A screening (dose range) test was performed first to select the dose levels for the confirmatory
assay. Vehicle control, positive control and 8 doses of the test article were plated, two plates per
dose, with overnight cultures of all four strains of Salmonella typhimurium and E. coli WP2
uvrA in the presence and absence of S-9 mix. In the confirmatory assay, 6 doses of the test
article along with appropriate vehicle and positive controls were plated in triplicate in the
presence and absence of S-9 mix. All dose levels were expressed in terms of total protein (TP).
The highest dose level tested was 5000 pg TP/plate, which is the maximum dose required by the
OECD guideline. The positive controls used for assays without S-9 mix were 2-nitrofluorene, N-
methyl-N-nitro-N-nitrosoguanidine (MNNG) and ICR-191. For assays with $-9 mix, the positive
control was 2-aminoanthracene. Vehicle control plates were treated by the addition of sterile
deionized water.

This assay was conducted in accordance with OECD guideline No. 471 (1997).

b. Results:

In the screening assay, BIF917 Lactase was not toxic to the test bacteria up to and including the
highest dose level tested (5000 pg TP/plate) in both the absence and presence of S-9 mix. No
positive mutagenic responses were observed with any of the tester strains in the presence of §-9
mix or with tester strains TA1535, TA1537 and WP2 uvrA in the absence of §-9 mix. Toxicity
was observed beginning at 1500 pg TP/plate with strains TA98 and TA 1537 in the absence of S-
9 mix. Based on the findings of the screening assay, 5000 pg TP/plate was selected as the
highest dose level for the confirmatory assay.

In the confirmatory assay, six dose levels (15, 50, 150, 500, 1500, and 5000 ng TP/plate) were
tested. Neither precipitate nor toxicity was observed. No positive mutagenic responses were
observed with any of the tester strains in either the presence or absence of metabolic activation.

Statistical increases in the number of revertant colonies were noted with the positive controls in
both the presence and absence of metabolic activation substantiating the sensitivity of the treat

and plate assay and the efficacy of the metabolic activation mixture.

¢. Evaluation
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Under the conditions of this assay, BIF917 Lactase has not shown any evidence of mutagenic
activity in the Ames assay in both presence and absence of metabolic activation.

S) In vitro Mammalian Chromosomal Aberration Test Performed with Human
Lymphocytes (Bioreliance, 2014b)

a. Procedure

The objective of this assay was to investigate the potential of BLF917 Lactase to induce
numerical and/or structural changes in the chromosome of mammalian systems (i.e., human
peripheral lymphocytes). In this assay, human lymphocytes were stimulated to divide by the
addition of a mitogen (e.g., phytohemagglutinin, PHA). Mitotic activity began at about 40 hours
after PHA stimulation and reached a maximum at approximately 3 days.

BIF917 Lactase was mixed with cultures of human peripheral lymphocytes both in the presence
and absence of metabolic activation (Aroclor 1254-induced rat liver; S-9 mix). This assay
consisted of a preliminary toxicity (dose range finding) assay and two main assays. Ten
concentrations of BIF917 Lactase were used in the preliminary assay and at least 4 dose levels
were then selected for the definitive assay with the highest dose level clearly inducing a toxic
effect (50% reduction in mitotic index). Cytotoxicity is characterized by the percentage of
mitotic suppression in comparison to the controls. In the absence of cytotoxicity, the highest dose
selected would be 5000 pg TP/ml, as recommended by the OECD guideline. All dose levels
were expressed in terms of total protein.

In the preliminary assay, all cultures with or without S-9 mix were treated for 4 hours and
continuously for 20 hours in the absence of S-9 mix. In the definitive assay, cultures with and
without 8-9 mix were exposed to the test article for 4 hours, and continuously for 20 hours in the
absence of 8-9 mix. For the preliminary and the definitive assays, cells were collected 20 hours
(1.5 normal cell cycles) after initiation of treatment. Two hours prior to harvest, Colcemid was
added to the cultures at a final concentration of 0.1 pg/ml to arrest mitosis.

Cells were collected by centrifugation, treated with 0.075 M KCl, washed with fixative, capped
and stored overnight or fonger. To prepare slides, the cells were re-suspended in fixative and
then collected by centrifugation. The suspension of fixed cells was applied to glass microscope
slides and air-dried. The slides were stained with Giemsa, permanently mounted and scored.

1. The mitotic index was recorded as the percentage of cells in mitosis per 500 cells
counted, From these results, a dose level causing a decrease in mitotic index of 50%
was selected as the highest dose in the main assays.

ii. Metaphase analysis (i.c., evaluation of chromosomal aberration) was conducted on at
least 200 metaphases for each dose level (100 per duplicate treatment).

iii. Cells were scored for both chromatid-type and chromosome-type aberrations.

iv. Mitomycin C and cyclophosphamide were used as positive controls for cultures
without §9 and cultures with 59, respectively.
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This assay was conducted in accordance with OECD guideline No. 473 (1977).

b. Results

in the preliminary assay, the dose levels ranged from 0.5 to 5000 pg TP/ml. Exposure period was
4 hours for both cultures with and without S9 mix, and continuously for 20 hours in the absence
of §-9 mix. All cells were harvested after 20 hours after treatment initiation. Visible
precipitation of the test material in the culture medium was observed at 5000 pg TP/mL. At the
conclusion of the treatment period, hemolysis was observed at dose levels > 1500 pg TP/mL in
the 5-9 mix activated 4-hour and the non-activated 20-hour treatment groups. Substantial
toxicity (at least 50% reduction in mitotic index relative to the vehicle control) was observed at
any dose levels > 1500 pg/mL in the non-activated 4-hour exposure group and at dose levels >
150 pg TP/mL in the non-activated 20-hour exposure group. Based on those findings, dose levels
ranging from 100 to 1500 pg/ml were used in the definitive assays for the non-activated 4-hour
treatment group, from 2 to 550 pg TP/mL for the activated 4-hour treatment group, and from 10
to 200 pg TP/mL for the non-activated 20-hour treatment group.

In the definitive assay, at the conclusion of the treatment period, precipitate was observed in the
5-9 mix activated 4-hour exposure group at dose levels > 450 pg TP/mL and at dose levels > 100
ug TP/mL in the non-activated 20-hour treatment group. Based on these findings, the doses
chosen for microscopic analysis ranged from 100 to 500 pg TP/mL for the S-9 mix activated 4-
hour exposure group, from 200 to 850 pg TP/mL for the non-activated 4-hour exposure group
and from 25 to 100 pg TP/mL for the non-activated 20-hour exposure group.

The test article did not induce any statistically significant increases in the frequency of cells with
aberrations in either the presence or absence of $-9 mix. No increase in polyploidy metaphases
was noticed. Significant increases in aberrant metaphases were demonstrated with the positive
controls demonstrating the sensitivity of the tests and the efficacy of the $-9 mix.

¢. Evaluation

Under the conditions of this test, BIF917 Lactase did not induce chromosomal aberrations (both
structural and numerical) in this in vitro cytogenetic test using cultured human lymphocytes cells
both in the presence and absence of metabolic activation. All of the vehicle control cultures had
frequencies of cells with chromosomal aberrations within the expected range. The positive
contro] items inducted statistically significant increases in the frequency of cells with
aberrations. BIF917 Lactase is not considered as clastogenic.

6) REPEATED ORAL (GAVAGE) TOXICITY STUDY
A 13-week Oral (Gavage) Toxicity Study in Rats (DuPont Haskell, 2014b)

a. Procedure

The objective of this study was to investigate the potential of BIF917 Lactase to induce systemic
toxicity after repeated daily oral administration to Crl:CD(SD) rats of both sexes for 90
continuous days. Groups of 10 animals per sex were treated by oral gavage with 0 (deionized
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water), 100, 300 or 1000 mg total protein (TP)/kg bw/day. The dosing volume was 10 ml/kg
bw/day.

Animals of the same sex were housed in groups of two to three in solid floor polypropylene
cages with stainless steel mesh lids and softwood bedding (non-aromatic) with access to water
via an automatic system and feed ad libitum. For environmental enrichment, the animals were
provided a supply of wooden chew blocks and cardboard fun tunnels. All groups were housed
under controlled temperature, humidity and lighting conditions.

All animals were observed daily for mortality and signs of morbidity. Body weight and feed
consumption were recorded weekly. Water consumption was recorded twice weekly for each
cage. Ophthalmologic examination was performed on all animals prior to study initiation and in
the control and high dose groups at study termination. Urinalysis, clinical chemistry and
hematology were conducted at study termination. A functional observation battery consisting of
detailed clinical observation, reactivity to handling and stimuli and motor activity examination
was conducted during week 12 for the control and all treated groups. All animals were sacrificed
at the end of the 13-week study. After a thorough macroscopic examination, selected organs
were removed, weighed and processed for future histopathologic examination. Microscopic
examination was initially conducted on selected organs from control and high dose animals.

This study was conducted in accordance with OECD guideline No. 408 (September 1998).

b. Results

No treatment-related deaths were noted during the 13-week period. One control and one mid
dose male died following sublingual bleeding for clinical pathology parameters. One mid dose
male was found dead on day 55 but was not considered as treatment related. There were no
biological or statistical differences between the control and treated groups with respect to clinical
observation, feed consumption, water consumption, ophthalmologic examinations, body weights,
and body weight gains. There were no treatment-related changes in hematology and clinical
chemistry at the end of week 13. There were no differences in the functional observation battery,
grip strength and locomotor activity assays between treated and control animals,

At necropsy, there were no treatment related findings on organ weights, macroscopic findings
and histopathologic examinations. All microscopic findings were considered to be within the
background incidence of findings reported in this age and strain of laboratory animals.

c. Evaluation and conclusion

Daily administration of BIF917 Lactase by oral gavage to rats at doses of 0, 100, 300 or 1000 mg
TP/kg bw/day for 90 consecutive days did not result in treatment-related effects on clinical
observations, feed consumption, body weight changes, hematology, clinical chemistry,
urinalysis, organ weights, functional observation, grip strength or locomotor activities. No
macroscopic or microscopic changes could be attributed to treatment. Under the conditions of
this assay, the NOAEL (no observed adverse effect level) is established at the highest dose
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tested, 1000 mg TP/kg bw/day equivalent to 1416.4 mg TOS (total organic solid)’kg bw/day in
male and female rats.

CONCLUSION

The safety of BIF917 Lactase is assessed in a battery of toxicology studies investigating its
genotoxicity and systemic toxicity potential. Under the conditions of the mutagenicity assays
BIF917 Lactase is not a mutagen or clastogen.

Daily administration of BIF917 Lactase by gavage for 90 continuous days did not result in overt
signs of systemic toxicity. A NOAEL is established at 1000 mg TP/kg bw/day corresponding to
1416.4 mg TOS/kg bw/day.

7.4 Overall Safety Assessment and Human Exposure
7.4.1 ldentification of the NOAEL

In the 90-day oral (gavage) study in rats, a NOAEL was established at 1000 mg TP/kg bw/day
(equivalent to 1416 4 mgTOS/kg bw/day). The study was designed based on OECD guideline
No. 408 and conducted in compliance with both the FDA Good Laboratory Practice Regulations
and the OECD Good Laboratory Practice. Since human exposure to beta-glucanase is through
oral ingestion, selection of this NOAEL is thus appropriate.

NOAEL = 1000 mg TP/kg bw/day
= 1416.4 mg TOS/kg bw/day
7.42 Human Exposure to BIF917 Lactase

B Dairy products (milk)

The proposed application rate of BIF917 Lactase in dairy product is 8.52 LAU/ml corresponding
to .11 mg TOS/g since 1 mg TOS equals to 7.678 LAU. A specific gravity of | is used for ease
of calculation.

Based on the information provided by the USDA (www ers.usda.gov), the 2011 per capita
consumption of whole milk (plain and flavored) was 46.9 lbs

Annual consumption = 46.9 Ibs x 0.454 kg =21.293 kg
Daily consumption = 21.293 kg : 365 days = 58.34 g

Daily consumption based on body weight = 0.97 g/kg bw/day
(using 60 kg as default body weight)
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Estimated daily intake of BIF917 Lactase from dairy products (milk) =
0.97 g/kg bw/day x 1.11 mg TOS/g = 1.08 mg TOS/kg bw/day

2) Yoghurts (frozen, liquid, etc.)

The proposed application rate of BIF917 Lactase in yoghurt is 8.52 LAU/mI corresponding to
1.11 mg TOS/g since 1 mg TOS equals to 7.678 LAU.

Based on the information provided by the USDA (www.ers.usda.gov), the 2011 per capita
consumption of yoghurt (frozen, liquid, etc.,) was 13,7 Ibs

Annual consumption = 13.7 lbs x 0.454 kg = 6.219 kg
Daily consumption = 6.219 kg : 365 days = 17.05 g
Daily consumption based on body weight = 0.28 g/kg bw/day

Estimated daily intake of BIF917 Lactase from yoghurt =
0.28 g/kg bw/day x 1.11 mg TOS/g = 0.31 mg TOS/kg bw/day

3) Whey-derived products

The proposed application rate of BIF917 Lactase in whey-derived product is 8.52 LAU/ml
corresponding to 1.11 mg TOS/g since 1 mg TOS equalsto 7.678 LAU.

Based on the information provided by the USDA (www.ers.usda.gov), the 2011 per capita
consumption of dry whey was 1.4 lbs

Annual consumption = 1.4 {bs x 0.454 kg = 0.636 kg
Daily consumption = 0.636 kg : 365 days=1.74 g
Daily consumption based on body weight = 0.03 g/kg bw/day

Estimated daily intake of Milky Whey from whey protein =
0.03 g/kg bw/day x 1.11 mg TOS/g = 0.03 mg TOS/kg bw/day

4) GOS production

The proposed application rate of BIF917 Lactase in GOS production is 10 LAU/g corresponding
to 1.30 mg TOS/g since 1 mg TOS equals to 7.678 LAU. GOS will be used in the production of
infant formula. In the European Union (Commission Directive 2006/141/EC), a combination of
90% GOS and 10% fructo-oligosaccharides (FOS) may be added to infant formulas and follow-
on formulas such that their total content does not exceed 8 g per L; this maximum concentration
is equivalent to 7.2 g GOS per L infant formula. Several GOS have been affirmed as GRAS for
use in infant formula in the US (GRN No. 233, 236, 285, 286, 334 and 485) with use level
ranging from 2 to 7.2g/L infant formula. For the calculation, it is assumed that GOS will be used
at the maximum use level of 7.2g/L infant formula.
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Based on the information provided by UNICEF, the daily intake of infant formula for babies until
the age of 6 months varies between 150-200 ml/kg bw/day (UNICEF, 2012). This daily intake of
200 ml/kg bw/day is used in this risk assessment to represent a worst case scenario.

Daily consumption based on body weight = 200 g/kg bw/day

Estimated daily intake of BIF917 Lactase from infant formula:

1.30 mg TOS/g GOS x 7.2 g GOS/1000 g infant formula x 200 g =

1.87 mg TOS/kg bw/day
EXPOSURE ASSESSMENT
I) Exposure Assessment for Dairy products, Yoghurt and Whey
BIF917 Lactase is intended for uses as a processing aid in dairy products (milk - flavored and
plain), yoghurt (frozen, liquid, etc.,) and whey protein at the application rate of 8.52 LAU/mI
corresponding to 1.11 mg TOS/g. The exposure to BIF917 Lactase is estimated as:

1.08 mg TOS (dairy) + 0.31 mg TOS (yoghurt) -+ 0.03 mg TOS (whey) =

1.42 mg TOS/kg bw/day
2) Exposure Assessment for Infant Formula
BIF917 Lactase is intended for use as a processing aid in the production of GOS, which will be
used in the manufacture of infant formula at the application rate of 1.30 mg TOS/g GOS. Using
the worst case scenario that intake of infant formula is 200 g/kg bw/day, the maximum intake of
BIF917 Lactase is estimated as 1.87 mg TOS/kg bw/day.
3) Exposure Assessment — All Applications
Under the worst case scenario, assuming that infants consume both the normal amount of
formula as well as dairy products (milk, yoghurt and whey) prepared with lactase, the maximum

cumulative daily exposure resulting from all applications of BIF917 Lactase is =

1.42 mg TOS/kg bw/day + 1.87 mg TOS/kg bw/day = 3.29 mg TOS/kg bw/day

Determination of the margin of safety

The margin of safety is calculated by dividing the NOAEL obtained from the 90-day oral
(gavage) study in rats by the human exposure (worst case scenario). If the margin of safety is
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greater than 100, it suggests that the available toxicology data support the proposed uses and
application rates.

Margin of Safety =  NOAEL (mg/kg/day) from 90-day
Human cumulative exposure (mg/kg/day)

e Margin of Safety for applications in dairy products, yoghurts and whey

Margin of Safety =  1416.4 mg TOS/kg bw/day
1.42 mg TOS/kg bw/day
= 997

e Margin of Safety for applications in infant formula

Margin of Safety =  1416.4 mg TOS/kg bw/day
1.87 mg TOS/kg bw/day
= 757

e Margin of Safety for all applications (assuming dual exposure)

Margin of Safety =  1416.4 mg TQS/kg bw/day
3.29 mg TOS/kg bw/day

Margin of Safety = 431

CONCLUSION

The proposed uses of BIF917 Lactase from B. subtilis in the production of galacto-
oligosaccharide (GOS) for infant formula and in the production of fresh dairy products at the
maximum recommended application rates are supported by existing toxicology data. The margin
of safety is calculated as 431 based on a NOAEL of 1416.4 mg TOS/kg bw/day and the
cumulative maximum daily exposure of 3.29 mg TOS/kg bw/day. Based on a margin of safety
far greater than 100 even in the worst-case, the uses of BF917 Lactase in the production of
galacto-oligosaccharide (GOS) for infant formula and in the production of fresh dairy products
are not of human health concern.

7.4.3  Conclusion
The safety of BIF917 Lactase is assessed in a battery of toxicology studies investigating its

irritation, acute ingestion, genotoxic and systemic toxicity potential. BIF917 Lactase is not an
eye and skin irritant (Note: these studies were done as part of assessing worker safety). BIF917
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Lactase is not acutely toxic by ingestion. A battery of genotoxicity assays was conducted and
under the conditions of these assays BIF917 Lactase is not a mutagen, a clastogen, or an
aneugen.

Daily administration of BIF917 Lactase by gavage for 90 continuous days did not result in overt
signs of systemic toxicity. A NOAEL is established at 1416.4 mg TOS/kg bw/day (equivalent to
1000 mg Total Protein/kg bw/day).

Even under the worst case scenario that BIF917 Lactase is applied at the maximum rate and the
enzyme is not destroyed and/or removed during processing, the use of BIF917 Lactase in the
production of galacto-oligosaccharide (GOS) for infant formula and in the production of fresh
dairy products is not expected to result in adverse effects to humans. Under the conditions of
these safety/toxicology studies, a margin of safety of at least 430 exists between the systemic
NOAEL of 1416.4 mg TOS/kg bw/day and the estimated maximum daily human cumulative
exposure level of 3.29 mg TOS/kg bw/day.

8. BASIS FOR GENERAL RECOGNITION OF SAFETY

As noted in the Safety sections above, B. subtilis and enzyme preparations derived there from,
including alpha-amylase, cellulase, beta-glucanase and protease enzyme preparations, are well
recognized by qualified experts as being safe. Published literature, government laws and
regulations, reviews by expert panels such as JECFA, as well as DuPont Industrial Biosciences’
(legacy Danisco) own published and unpublished safety studies and GRAS determinations,
support such a conclusion.

B. subtilis is widely used by enzyme manufacturers around the world for the production of
enzyme preparations for use in human food, animal feed, and numerous industrial enzyme
applications. It is a known safe host for enzyme production.

Analysis of the safety based on Pariza and Johnson decision tree indicates that BIF9!17 Lactase is
accepted, even without new toxicology data (Appendix 6).

Based on the available data from the literature and generated by DuPont Industrial Biosciences,
the company has concluded that BIF917 Lactase from B. subtilis (JL47) is safe and suitable for
use in the production of galacto-oligosaccharide (GOS) for infant formula and in the production
of fresh dairy products.

000030

27 0153



GRN UU DUNTs

Bifidobacterium bifidum lactase produced in Bacillus Subtilis
DuPont industrial Biosciences

9.  LIST OF APPENDICES

Appendix 1. 21CFR170.30

Appendix 2. Amino Acid Sequence of BIF917 Lactase

Appendix 3. BIF917 Lactase production process

Appendix 4. Certificates of Analysis, 3 representative lots

Appendix 5. Bacillus subtilis safe strain lineage and toxicology summary
Appendix 6. Analysis of Safety Based on Pariza and Johnson Decision Tree

Appendix 7. GRAS Concurrence Letter from Dr. Pariza

000031

28 of 53


http:21CFR170.30

GRN

Bifidobacterium bifidum lactase produced in Bacillus Subtilis
DuPont Industrial Biosciences

10. LIST OF REFERENCES

Aunstrup, K., Andersen, O., Falch, E. A., and Nielsen, T. K. (1979) Production of Microbial
Enzymes in Microbial Technology, 2nd ed., Volume 1. Eds. Peppler, H.J., and Perlman, D.,
Chapter 9, pp. 282-309.

Aunstrup, K. (1979) Production, Isolation, and Economics of Extracellular Enzymes in Applied
Biochemistry and Bioengineering, Volume 2, Enzyme Technology, Eds. Wingard, L..B.,
Katchalski-Katzir, E. and Golsdstein, L. pp. 28-68.

Apertroaie-Constantin, C., Mikkola, R., Andersson, M A, Teplova, V., Suominin, 1., Johansson,
T. and Salkinoja-Salonen, M. (2009) Bacillus subtilis and B. mojavensis strains connected to
food poisoning produce the heat-stable toxin amylosin. J. Appl. Microbiol. 106: 1976—1985.

Berkowitz, D. and Maryanski, J. (1989) Implications of biotechnology on international food
standards and codes of practice. Joint FAO/WHO Food Standards Program, Codex Alimentarius
Commission, Eighteenth Session, Geneva, July 3-12.

Bindslev-Jensen, C.; Skov, P.S.; Roggen, E.L.; Hvass, P.; Brinch, D.S. (2006) Investigation on
possible allergenicity of 19 different commercial enzymes used in the food industry. Food Chem.
Toxicol 44:1909-1915.

BioReliance (2014a): H-30869: Bacterial reverse mutation assay; Report No.
ADSTWY.507001.BTL; DuPont No. 20510-513. (unpublished)

BioReliance (2014b): H-30869: [n vitro mammalian chromosome aberration test in human
peripheral blood Iymphocytes; Report No. AD81WY.341.BTL; DuPont No. 20510-544.
(unpublished)

Borriello SP, Hammes WP, Holzapfel W, Marteau P, Schrezenmeir J, Vaara M. & Valtonen, V.
(2003). Safety of probiotics that contain lactobacilli or bifidobacteria. Clin. Infect. Dis. 36:775-
780.

Boyle RJ, Robins-Browne RM, Tang ML (2006). Probiotic use in clinical practice: What are the
risks? Am. J. Clin. Nutr. 83:1256-1264.

Burkholder, P. R., & Gites Jr, N. H. (1947). Induced biochemical mutations in Bacillus subtilis.
Am. J. Bor. 34,345-348,

Charalampopoulos D., Rastall R.A. (2012) Prebiotics in food. Curr. Opinion Biotechnol. 23:187-
191,

Codex Alimentarius Commission. (2009) Joint FAO/WHO Food Standard Programme, Codex
Alimentarius Commission, Rome, Ttaly

000032

25 of 53



QPNY

Bifidobacterium bifidum lactase produced in Bacillus Subtilis
DuPont Industrial Biosciences

De Boer, A.S. & Diderichsen, B. (1991) On the Safety of B. subtilis and B. amyloliquefaciens: a
Review., Appl. Microbiol. Biotechnol. 36: 1-4

Dedonder, R.A. et al (1977) Construction of a Kit of Reference Strains for Rapid Mapping of B.
subtilis 168., Appl. Environ. Microbiol. 33: 989-993.

DuPont Haskell Global Center (2014a): H-30869 — Acute oral toxicity in rats — Up and Down
Procedure Report No. 20510-834. (unpublished)

DuPont Haskell Global Center (2014b): H-30869: Subchronic toxicity 90 day oral gavage study
in rats; Report No. 20510-1026. (unpublished)

EU Scientific Committee for Food. (1991) Guidelines for the presentation of data on food
enzymes. Reports of the Scientific Committee for Food, 27th series.

Herman, R. A., Song, P., & ThirumalaiswamySekhar, A. (2009) Value of eight-amino-acid
matches in predicting the allergenicity status of proteins: an empirical bioinformatic
investigation. Clin. Mol. Allergy, 7: 9.

Holzapfel WH, Haberer P, Snel J, Schillinger U, Huis in't Veld JH (1998). Overview of gut flora
and probiotics. Int. .J. Food Microbiol. 41:85-101.

JFBC (International Food Biotechnology Council). (1990) Chapter 4: Safety Evaluation of
Foods and Food Ingredients Derived from Microorganisms in Biotechnologies and Food:
Assuring the Safety of Foods Produced by Genetic Modification. Regul. Toxicol. Pharmacol.
12: S1-S196.

JECFA (2006) General specifications and considerations for enzyme preparations used in food
processing. In: Compendium of food additive specifications, volume 4. Analytical methods, test
procedures and laboratory solutions used by and referenced in the food additive specifications.
pp. xxi-xxv. FAO/JECF A Monographs 1. Rome.

Kroschwitz, J.I. (1994) Enzyme Applications in Encyclopedia of Chemical Technology, 4th
edition. Volume 9, pp. 567-620.

Kunst, F., Ogasawara, N., Moszer, 1., Albertini, A. M., Alloni, G. O., Azevedo, V. et al. (1997).
The complete genome sequence of the gram-positive bacterium Bacillus subtilis. Nafure, 390

249-256.

Kunz and Rudloff, (2006), Health promoting aspects of milk oligosaccharides. Int. Dairy J. 16:
1341-1346

000033

30 of 53



QP

Bifidobacterium bifidum lactase produced in Bacilius Subtilis
DuPont Industrial Biosciences

Ladics, GS, RF Cressman, C Herouet-Guicheney, RA Herman, L. Privalle, P Song, JM Ward, S
MecLain. (2011) Bioinformatics and the allergy assessment of agricultural biotechnology
products: Industry practices and recommendations. Regul. Toxicol. Pharmacol. 60: 46-53

Logan, N.A. (2012) Bacillus and relatives in foodborne illness. J. Appl. Microbiol. 112: 417—
429.

Meyer D., Bayarri S., Tarrega A., Costell E., (2011) Inulin as texture modifier in dairy products.
Food Hyvdrocol. 25: 1881-1890.

Maller PL, Jargensen F, Hansen OC, Madsen SM, Stougaard P. (2001), Intra- and extracellular
beta-galactosidases from Bifidobacterium bifidum and B. infantis: molecular ¢loning,

heterologous expression, and comparative characterization., Appl. Environ. Microbiol. 67:2276-
2283.

Olempska-Beer, Z. S.; Merker, R. I.; Ditto, M. D.; DiNovi, M. J. (2006) Food-processing
enzymes from recombinant microorganisms--a review., Regul. Toxicol. Pharmacol. 45:144-158.

OECD (Organization for Economic Cooperation and Development) (1993). Safety Evaluation of
Foods Derived by Modern Biotechnology.

Pariza, M.W. and Foster, E.M. (1983) Determining the Safety of Enzymes Used in Food
Processing. J. Food Prot. 46: 453-468.

Pariza, M. W. and Jjohnson, E. A. (2001) Evaluating the Safety of Microbial Enzyme
Preparations Used in Food Processing — Update for a New Century. Regul. Toxicol. Pharmacol.
33: 173-186.

Picard C, Fioramonti J, Francois A, Robinson T, Neant F, Matuchansky C (2005). Review
article: bifidobacteria as probiotic agents — physiological effects and clinical benefits. Aliment.
Pharmacol. Therap. 22:495-512,

PSL (2013a): H-30869 Primary skin irritation in rabbits; Report No. 37515 — DuPont No. 20510-
603. (unpublished)

PSL (2013b): H-30869 Primary eye irritation in rabbits; Report No, 37514 — DuPont No.
20510-602. (unpublished)

Rodriguez-Colinas B., Fernandez-Arrojo L., Ballesteros A.O., Plou F.J., (2014).

Galactooligosaccharides formation during enzymatic hydrolysis of lactose : Towards a prebiotc-
enriched milk. Food Chem. 145: 388-394.

000034

31 of 53



QU PONT

Bifidobacterium bifidum lactase produced in Bacillus Subtilis
DuPont Industrial Biosciences

Ruiz-Matute A L., Corzo-Martinez M., Montilla A., Olano A., Copovi P., Corzo N. (2012).
Presence of mono-, di- and galactooligosaccharides in commercial lactose-free UHT dairy
products. J. Food Comp. Anal. 28: 164-169,

Saarela M, Miitt J, Mattila-Sandholm T (2002). Safety aspects of Lactobacilius and

Bifidobacterium species originating from human oro-gastrointestinal tract or from probiotic
products. Microb, Ecol Health Dis, 14:233-240.

Selinger LB, McGregor NF, Khachatourians GG, Hynes MF., (1990) Mobilization of closely
related plasmids pUB110 and pBC16 by Bacillus plasmid pX 0503 requires trans-acting open
reading frame beta., J. Bacteriol. 172: 3290-3297.

Urashima, Taufik, Fukusa, Asakuma, (2013) Recent advances in studies on milk
oligosaccharides of cows and other domestic farm Animals. Biosci. Biotechnol. Biochem, 77:
455-466,

US EPA (1997) Biotechnology Program Under Toxic Substances Control Act (TSCA) Bacillus
subtilis Final Risk Assessment, available at: http;//www.epa.gov/biotech rule/pubs/fra/fra009.htm

U.S. Pharmacopeia (2014) Monograph: Enzyme Preparations. In: Food Chemicals Codex, 9"
Fdition. Washington, D.C,

Vanderhoof JA, Young RJ (1998). Use of probiotics in childhood gastrointestinal disorders. J.
Pediatr. Gastroenterol. Nutr. 27:323-332.

000035

32 0f 53


http://www.epa.gov/biotech

QUPONT

Bifidobacterium bifidum lactase produced in Bacillus Subtilis
DuPont Industriat Biosciences

Appendix 1: 21 CFR 170.30

[Code of Federal Regulations]

[Title 21, Volume 3]

[Revised as of April 1, 2005]

From the U.S. Government Printing Office via GPO Access
[CITE: 21CFRI170.30]

[Page 13-15]

TITLE 21--FOOD AND DRUGS

CHAPTER I--FOOD AND DRUG ADMINISTRATION, DEPARTMENT OF HEALTH AND
HUMAN

SERVICES (CONTINUED)
PART 170_FOOD ADDITIVES--Table of Contents
Subpart B_Food Additive Safety
Sec. 170.30 Eligibility for classification as generally recognized as safe (GRAS).

(a) General recognition of safety may be based only on the views of experts qualified by
scientific training and experience to evaluate the safety of substances directly or indirectly added
to food. The basis of such views may be either (1) scientific procedures or (2) in the case of a
substance used in food prior to January 1, 1958, through experience based on common use in
food. General recognition of safety requires common knowledge about the substance throughout
the scientific community knowledgeable about the safety of substances directly or indirectly
added to food.

(b) General recognition of safety based upon scientific procedures shall require the same
quantity and quality of scientific evidence as is required to obtain approval of a food additive
regulation for the ingredient. General recognition of safety through scientific procedures shall
ordinarily be based upon published studies which may be corroborated by unpublished studies
and other data and information,
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(c)(1) General recognition of safety through experience based on common use in food prior to
January 1, 1958, may be determined without the quantity or quality of scientific procedures
required for approval of a food additive regulation. General recognition of safety through
experience based on common use in food prior to January 1, 1958, shall be based solely on food
use of the substance prior to January 1, 1958, and shall ordinarily be based upon generally
available data and information. An ingredient not in common use in food prior to January 1,
1958, may achieve general recognition of safety only through scientific procedures.

(2) A substance used in food prior to January 1, 1958, may be generally recognized as safe
through experience based on its common use in food when that use occurred exclusively or
primarily outside of the United States if the information about the experience establishes that the
use of the substance is safe within the meaning of the act (see Sec. 170.3(1)). Common use in
food prior to January 1, 1958, that occurred outside of the United States shall be documented by
published or other information and shall be corroborated by information from a second,
independent source that confirms the history and circumstances of use of the substance. The
information used to document and to corroborate the history and circumstances of use of the
substance must be generally available; that is, it must be widely available in the country in which
the history of use has occurred and readily available to interested qualified experts in this
country. Persons claiming GRAS status for a substance based on its common use in food outside
of the United States should obtain FDA concurrence that the use of the substance is GRAS.

(d) The food ingredients listed as GRAS in part 182 of this chapter or affirmed as GRAS in
part 184 or Sec. 186.1 of this chapter do not include all substances that are generally recognized
as safe for their intended use in food. Because of the large number of substances the intended use
of which results or may reasonably be expected to result, directly or indirectly, in their becoming
a component or otherwise affecting the characteristics of food, it is impracticable to list all such
substances that are GRAS. A food ingredient of natural biological origin that has been widely
consumed for its nutrient properties in the United States prior to January 1, 1958, without known
detrimenta] effects, which is subject only to conventional processing as practiced prior to January
], 1958, and for which no known safety hazard exists, will ordinarily be regarded as GRAS
without specific inclusion in part 182, part 184 or Sec. 186.1 of this chapter.

(¢) Food ingredients were listed as GRAS in part 182 of this chapter during 1958-1962
without a detailed scientific review of all available data and information relating to their safety.
Beginning in 1969, the Food and Drug Administration has undertaken a systematic review of the
status of all ingredients used in food on the determination that they are GRAS or subject to a
prior sanction. All determinations of GRAS status or food additive status or prior sanction status
pursuant to this review shall be handled pursuant to Sec. Sec. 170.35, 170.38, and 180.1 of this
chapter. Affirmation of GRAS status shall be announced in part 184 or Sec. 186.1 of this chapter.
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(f) The status of the following food ingredients will be reviewed and affirmed as GRAS or
determined to be a food additive or subject to a prior sanction pursuant to Sec. 170.35, Sec.
170.38, or Sec. 180.1 of this chapter:

(1) Any substance of natural biological origin that has been widely consumed for its nutrient
properties in the United States prior to January 1, 1958, without known detrimental effect, for
which no health hazard is known, and which has been moditied by processes first introduced into
commercial use after January 1, 1958, which may reasonably be expected significantly to alter
the composition of the substance.

(2) Any substance of natural biological origin that has been widely consumed for its nutrient
properties in the United States prior to January 1, 1958, without known detrimental effect, for
which no health hazard is known, that has had significant alteration of composition by breeding
or selection after January 1, 1958, where the change may be reasonably expected to alter the
nutritive value or the concentration of toxic constituents.

(3) Distillates, isolates, extracts, and concentration of extracts of GRAS substances.
(4) Reaction products of GRAS substances.

(5) Substances not of a natural biological origin, including those for which evidence is offered
that they are identical to a GRAS counterpart of natural biological origin.

(6) Substances of natural biological origin intended for consumption for other than their
nutrient properties.

(g) A food ingredient that is not GRAS or subject to a prior sanction requires a food additive
regulation promulgated under section 409 of the act before it may be directly or indirectly added
to food.

(h) A food ingredient that is listed as GRAS in part 182 of this chapter or affirmed as GRAS in
part 184 or Sec. 186.1 of this chapter shall be regarded as GRAS only if, in addition to all the
requirements in the applicable regulation, it also meets all of the following requirements:

(1) It complies with any applicable food grade specifications of the Food Chemicals Codex, 2d
Ed. (1972), or, if specifically indicated in the GRAS affirmation regulation, the Food Chemicals
Codex, 3d Ed. (1981), which are incorporated by reference, except that any substance used as a
component of articles that contact food and affirmed as GRAS in Sec. 186.1 of this chapter shall
comply with the specifications therein, or in the absence of such specifications, shall be of a
purity suitable for its intended use. Copies may be obtained from the National Academy Press,
2101 Constitution Ave. NW., Washington, DC 20418, or at the National Archives and Records
Administration (NARA). For information on the availability of this material at NARA, call 202-
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741-6030, or go to: http://www.archives.gov/federal--register/code--of--federal--regulations/ibr--
locations.html.

(2) It performs an appropriate function in the food or food-contact article in which it is used.

(3) It is used at a level no higher than necessary to achieve its intended purpose in that food or,
if used as a component of a food-contact article, at a level no higher than necessary to achieve its
intended purpose in that article.

(i) If a substance is affirmed as GRAS in part 184 or Sec. 186.1 of this chapter with no
limitation other than good manufacturing practice, it shall be regarded as GRAS if its conditions
of use are not significantly different from those reported in the regulation as the basis on which
the GRAS status of the substance was affirmed. If the conditions of use are significantly
different, such use of the substance may not be GRAS. In such a case a manufacturer may not
rely on the regulation as authorizing the use but must independently establish that the use is
GRAS or must use the substance in accordance with a food additive regulation.

(§) If an ingredient is affirmed as GRAS in part 184 or Sec. 186.1 of this chapter with specific
limitation(s), it may be used in food only within such limitation(s) (including the category of
food(s), the functional use(s) of the ingredient, and the level(s) of use). Any use of such an
ingredient not in full compliance with each such established limitation shall require a food
additive regulation.

(k) Pursuant to Sec. 170.35, a food ingredient may be affirmed as GRAS in part 184 or Sec.
186.1 of this chapter for a specific use(s) without a general evaluation of use of the ingredient. In
addition to the use(s) specified in the regulation, other uses of such an ingredient may also be
GRAS. Any affirmation of GRAS status for a specific use(s), without a general evaluation of use
of the ingredient, is subject to reconsideration upon such evaluation.

(I) New information may at any time require reconsideration of the GRAS status of a food
ingredient. Any change in part 182, part 184, or Sec. 186.1 of this chapter shall be accomplished
pursuant to Sec. 170.38.

[42 FR 14483, Mar. 15, 1977, as amended at 49 FR 5610, Feb. 14, 1984; 53
FR 16546, May 10, 1988]
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Bifidobacterium bifidum lactase produced in Bacillus Subtilis
DuPont Industrial Biosciences

Appendix 2: Amino Acid Sequence of BIF917 Lactase

VEDATRSDSTTOMSSTPEVVYSSAVDSKQNRTSDFDANWKEFMLSDSVQAQDPAFDDSAWQQV
DLPHDYSITQKYSQSNEAESAYLPGGTGWYRKSFTIDRDL AGKRIAINFDGVYMNATVWFNGVK
LGTHPYGYSPFSFDLTGNAKFGGENTIVVKVENRLPSSRWYSGSGIYRDVTLTVTDGVHVGNNG
VAIKTPSLATONGGDVTMNLTTKVANDTEAAANITLKQTVFPKGGKTDAAIGTVTTASKSIAAG
ASADVTSTITAASPKLWSIKNPNLYTVRTEVLNGGKVLDTYDTEYGFRWTGFDATSGFSLNGEK
VKLKGVSMHHDQGSLGA VANRRAIERQVEILQKMGVNSIRTTHNPAAKALIDVCNEKGVLVVE
EVFDMWNRSKNGNTEDYGKWFGQAIAGDNAVLGGDKDETWAKFDL TSTINRDRNAPSVIMWS
LGNEMMEGISGSVSGFPATSAKLVAWTKAADSTRPMTYGDNKIK ANWNESNTMGDNLTANGG
VVGTNYSDGANYDKIRTTHPSWAIYGSETASAINSRGIYNRTTGGAQSSDKQLTSYDNSAVGWG
AVASSAWYDVVQRDFVAGTYVWTGFDYLGEPTPWNGTGSGAVGSWPSPKNSYFGIVDTAGFP
KDTYYFYQSQWNDDVHTLHILPAWNENVVAKGSGNNVPYVVVYTDAAKVKLYFTPKGSTEKRL
IGEKSFTKKTTAAGYTYQVYEGSDKDSTAHKNMYLTWNVPWAEGTISAEAYDENNRLIPEGSTE
GNASVTTTGKAAKLKADADRKTITADGKDLSYIEVDVTDANGHIVPDAANRVTFDVKGAGKLV

GVDNGSSPDHDSYQADNRKAFSGKVLAIVQSTKEAGEITVTAKADGLQSSTVKIATTAVPGTSTE
KT
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Appendix 3;: Manufacturing process of the BIF917 lactase

Fermentation Process

Shake flask
B. subtilis JL47

Seed fermentation
B. subtilis JL47

Main fermentation

B. subtilis JL47 <

Glucose feed

000041

38 of 53




GRN

Bifidobacterium bifidum lactase produced in Bacillus Subtilis
DuPont Industrial Biosciences

Recovery and Formulation Process

Harvest Tank
cooled to 10-20 °C

h 4

Cell separation
Filter press

Biomass
Inactivation with
heat

h 4

UF concentration

A
Formulation

Polish filtration

h 4
Final Formulation

h
Sterile filtration

000042
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Appendix 4 — Certificates of Analysis, 3 representative lots
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DuPont Industrial Biosciences

1700 Lexington Avenue
Rochester, New York 14606

CERTIFICATE OF ANALYSIS

PRODUCT: BIF917 lactase enzyme preparation
BATCH: 20138117
ASSAY UNIT FOUND
ENZYME ACTIVITIES
Alpha-amylase LAU/mI 1311
PHYSICAL PROPERTIES
pH 7.2
Specific Gravity 1.06
Appearance Brown liquid
Total Organic Solids % 17.8
MICROBIOLOGICAL ANALYSIS
Total Viable Count CFU/ml <1
Total Coliforms CFU/mI <1
E. coli f25ml Negative
Salmonella f25ml Negative
Staphylococcus aureus CFU/miI <1
Anaercbic Sulfite Reducing CFU/m 0
Bacteria
Production Strain iml Negative
Antibacterial Activity fml Negative
OTHER ASSAYS
Mycotoxins
Total Aflatoxin mg/kg <5
T-2 toxin mg/kg <25
Zearalenone mg/kg <50
Ochratoxin mg/kg <10
Sterigmatocystin mg/kg <100
Fumonisin mg/kg <50
Heavy Metals, as Pb mg/kg <30
Arsenic mg/kg <3
Cadmium ma/kg <0.5
Mercury ma/ky <0.5
Lead mg/kg <b
15-Apr-2014 Kelly A. Altman
Date Manager, Quality Assurance

This certificate of analysis was electronically generated and therefore has nof been signed.
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DuPont industrial Biosciences

1700 Lexington Avenue
Rochester, New York 14606

CERTIFICATE OF ANALYSIS

PRODUCT:; BIF917 lactase enzyme preparation
BATCH: 20130884
ASSAY UNIT FOUND
ENZYME ACTIVITIES
Alpha-amylase LAU/ml 748
PHYSICAL PROPERTIES
pH 6.9
Specific Gravity 1.04
Appearance Light brown liquid
Total Organic Solids % 11.0
MICROBIOLOGICAL ANALYSIS
Total Viable Count CFU/ml <1
Total Coliforms CFU/ml <1
E. coli f25m| Negative
Salmonella f25ml| Negative
Staphylococcus aureus CFU/ml <1
Anaerobic Sulfite Reducing CFU/m!| 0
Bacteria
Production Strain /mi Negative
Antibacterial Activity fm| Negative
OTHER ASSAYS
Mycotoxins
Total Afiatoxin mg/kg <5
T-2 toxin mg/kg <25
Zearalenongé mg/kg <50
Ochratoxin mg/kg <10
Sterigmatocystin_ mg/kg <100
Fumonisin mg/kg <50
Heavy Metals, as Pb mg/kg <30
Arsenic mg/kg <3
Cadmium mg/kg <0.5
Mercury mg/kg <0.5
Lead mg/kg <5
15-Apr-2014 Kelly A. Altman
Date Manager, Quality Assurance

This certificate of analysis was electronically generated and therefore has not been signed.
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DuPont Industrial Biosciences

1700 Lexington Avenue
Rochester, New York 14606

CERTIFICATE OF ANALYSIS

PRODUCT: BIF917 lactase enzyme preparation
BATCH. 20130885
ASSAY UNIT FOUND
ENZYME ACTIVITIES
Alpha-amylase LAL/mI 795
PHYSICAL PROPERTIES
pH 6.8
Specific Gravity 1.04
Appearance Light brown liquid
Total Organic Solids % 106
MICROBIOLOGICAL ANALYSIS
Total Viable Count CFU/m! <1
Total Coliforms CFU/ml <1
E. coli f25ml Negative
Salmonelia /25mi Negative
Staphylococcus aureus CFU/ml <1
Anaerobic Sulfite Reducing CFU/mi 0
Bacteria
Production Strain /mi Negative
Antibacterial Activity /mi Negative
OTHER ASSAYS
Mycotoxins
Total Aflatoxin mg/kg <5
T-2 toxin mg/kg <25
Zearalenone mg/kg <50
Ochratoxin  mg/kg <10
Sterigmatocystin mg/kg <100
Fumonisin mg/kg <50
Heavy Metals, as Pb mg/kg <30
Arsenic mg/kg <3
Cadmium mg’kg <0.5
Mercury mg/kg <0.5
Lead mg/kg <5
15-Apr-2014 Kelly A. Altman
Date Manager, Quality Assurance

This certificate of analysis was electronically generated and therefore has not been signed.
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Appendix 5: Bacillus subtilis safe strain lineage and toxicology summary
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Safe Strain Lineage: Bacillus subtilis

The donor organism for each individual strain is
presented in the respective hoxes.

B. subtilis 168 Wild-type
The QOrigins of 168, W23, and Other Bacillus subtilis Legacy
Strains
Zeigler DR, Z Pragai, S Redriguez, B Chevreux, A Muffler, T
Albert, R Bai, M Wyss, JB Perkins
J Bacteriol. 2008 190{21): 69836995,

'

GICC 1251
Starting BG125
Construction of a kit of reference strains for rapid
genetic mapping in Baciflus subitilis 168.
Dedonder RA, Lepesant JA, Lepesant-Kejzlarova J, Billault A,
Steinmetz M, KunstF.
Appl Environ Microbiol. 1977 33(4):989-93.

B. subtilis Host Strain 1 >3 B. subtilis Host Strain 2
{BG3594-3) (BG3934)
B. subtitis
| m— (heterol. rDNA) B. subllis
sublilisin strain — ™| (homol. rDNA)
beta-glucanase strain
B. sublilis
— (heterol. rDNA)
subtilisin strain B. subtilis (Z)
> {heterol. rDNA) B
B. sublilis iactase strain LL
—- (heterol. rDNA)
mailiotetrac-hydrolase
strain

Most enzymes derived from this Safe Strain Lineage were determined to be GRAS for their intended use.
The subject strain of this submission is the lactase producing strain indicated by the yellow border,

The safety of the lactase enzyme is fully supported by repeated testing of other enzymes produced by members of
this Safe Strain Lineage. The orange-colored boxes indicate strains for which we conducted toxicclogy tests.

The NOAEL for this lactase is used to calculate its safety margin in the intended uses.
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Toxicology Test Summaries

The safety of 6 Genencor Bacillus subtilis strains and 5 enzyme preparations derived from recombinant

production strains were assessed in a number of toxicology tests as shown in the table below. All strains tested
were found to be non-cytotoxic/pathogenic and all enzyme preparations were found to be non-toxic, non-
mutagenic and not clastogenic.

(homol. rDNA)
Protease strain

ovary

PRODUCTION ENZYME TOXICOLOGY TEST RESULT
ORGANISM PREPARATION
B. subtilis Protease Cytotoxicity study, Chinese hamster Non-cytotoxic

90-day subchronic study, rats

No adverse effects detected:

(heterol. rDNA)
Subtilisin Strain

B. subtilis Host strain Cytotoxicity study, Chinese hamster Non-cytotoxic
Host Strain 1 ovary
(BG3594-3)
B. subtilis Maltotetrao- Acute oral toxicity in rats No signs of toxicity at 2000 mg total
(heterol. rDNA) hydrolase protein/kg bw
Maltotetrao-
hydrolase 91-day subchronic study, rats No adverse effects detected at highest
Strain dose _
Ames test Non-mutagenic
In vitro chromosome assay, human Non-clastogenic
lymphocytes
B. subiilis Protease 90-day subchronic oral study, rats NOAEL established at highest dose

(heterol. rDNA)
Lactase Strain

B. subtilis Beta-glucanase | Dermal irritation Non-irritant
(homol. rDNA)
Beta_glucanase Eye Irritation Non-irritant
Strain
Ames assay Non-mutagenic
Chromosomal aberration Non-clastogenic
90-day subchronic study NOAEL established at highest dose,
1000 mg TOS/kg bw/day or 977.5 mg
total protein/kg bw/day
B. subtilis Lactase Dermal irritation Non-irritant

Eye Irritation

Nomn-irritant

Acute oral toxicity in rats

No signs of toxicity at 5000 mg total
protein‘kg bw

Ames test

Non-mutagenic

In vitro chromosome assay, human
lymphocytes

Non-clastogenic

90-day subchrenic oral study, rats

No adverse effects detected, NOAEL
established at highest dose, 1000mg total
protein/kg bw/day or 1416.4mg TOS
(tota] organic solid)/kg bw/day
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Bifidobacterium bifidum lactase produced in Bacillus Subtilis
DuPont Industrial Biosciences

Appendix 6: Pariza & Johnson Decision Tree on Bifidobacterium bifidum BIF917 Lactase
expressed in Bacillus subtilis

1. Is the production strain' genetically modified™"?
Yes— goto 2.

2. Is the production strain modified using rDNA techniques?
Yes —» go to 3a.

3a. Does the expressed enzyme product which is encoded by the introduced DNA*’
have a history of safe use in food®?

Yes, lactase from safe species has history of safe use in foods. Although lactase
isolated from Bifidobacterium bifidum does not have extensive history of safe use,
this species is extensively used as probiotic in human nutrition, with no known
safety concerns. In addition, the enzyme will be inactivated in the food
manufacture process. Finally, the safety of the enzyme in the intended use was
supported by thorough investigation of the BIF917 Lactase protein sequence,
identifying no potential risk for food allergenicity . — go to 3c.

3c. Is the test article free of transferable antibiotic resistance gene DNA'?
Yes, no antibiotic resistance genes were used in the construction — go to 3e.

3e. Is all other introduced DNA well characterised and free of attributes that would
render it unsafe for constructing microorganisms to be used to produce food-
grade products?

Yes, inserted DNA is well characterized and free of unsafe attributes. Go to 4.

4. 1Is the introduced DNA randomly integrated into the chromosome? No. Go to 6.

Production strain refers to the microbial strain that will be used in enzyme manufacture, It is assumed that the production strain is
nonpathogenic, nonloxigenic, and thoroughly characterized;steps 611 are intended 1o ensurc this

% The term “genctically modified” refers 1o any modification of the strain’s DNA, including the use of traditional methods (e.g., UV or
chemically-induced mutagenesis) or rDNA technologies.

¥ If the answer to this or any other question in the decision Iree 15 unknown, or not determined, the answer is then considered fo he NO.

4 IntroducedDNArefers to allDNAsequences introduced into the production organism, including vector and other sequences incorporated during
genetic construction, DNA encoding any antibiatic resislance gene, and DNA encoding the desired enzyme product. The vector and other
sequences may inciude selectable marker genes other than antibiotic resistance, noncoding regulatory sequences for the controlled expression of
the desired enzyme product, restriction enzyme sites and/or linker sequences, intermediate host sequences, and sequences required for vector
maintenance, integration, replication, and/or manipulation. These sequences may be derived wholly from naturally occurring organisms or
incorporate specific nucleotide changes intreduced by in vitro techniques, or they may be entirely synthetic

* Ifthe genetic modification served only 1o delele host DNA, and if no helerologous DNA remains within the organism, then proceed to step 5.

Engineered enzymes are considered not 1o have a history of safe usc in food, unless they are derived from a safe lineage of previously tested
engineered enzymes expressed in the same host using the same modification system.

Antibiotic resistance genes are commonly used in the genetic construction of enzyme preduction strains to identify, select, and stabilize cells
carrying introduced DNA. Principles for the safe use of antibiotic resistance genes in the manufacture of food and feed products have been
developed ([FBC, 1990; “FDA Guidance for [ndustry: Use of Antibiotic Resistance Marker Genes in Transgenic Plants
(http:/Awww. fda gov/Food/GuidanceRegulation/Guidance DocumentsRegulatory Inforination/Biotechnology fuemi961 35 him )
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6. Is the production strain derived from a safe lineage, as previously demonstrated by
repeated assessment via this evaluation procedure™? Yes. The B. subrilis BG125 safe
lineage is established as presented in Appendix 6. Its safety as a production host and
methods of modification are well documented, and their safety have been confirmed
through repeated toxicology testing (see Appendix 6).

Conclusion: Article is accepted.

Based on the publicly available scientific data from the literature and additional supporting data
generated by DuPont, the company has concluded that Bifidobacterium bifidum BIF917 Lactase
expressed in Trichoderma reesei strain JLA47 is safe and suitable for use in the production of
galacto-oligosaccharide (GOS) for infant formula and in the production of fresh dairy products
and is Generally Recognized as Safe (GRAS) for those uses.

8 In determining safe strain lineage one should consider the host organism, all of the introduced DNA, and the metheds used to genetically

modify the host {see text). In some instances the procedures described by Pariza and Foster (1983) and IFBC (1990) may be considered )
comparable to this evaluation procedure in establishing a safe strain lineage. 000 05 1
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Appendix 7: GRAS Concurrence Letter from Dr. Pariza
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Michael W. Pariza Consulting LLC
7102 valhalla Trail
Madison, Wi 53719

(608) 271-5169
mwpariza@gmail.com

Michael W. Pariza, Member

June 13, 2014

Vincent Sewalt, PhD

Senior Director, Product Stewardship & Regulatory
DuPont Industrial Biosciences

Genencor / DuPont US, Inc.

925 Page Mill Road

Palo Alto, CA 94304

RE: GRAS opinion on the intended uses of DuPont’s BIF917 lactase preparation derived
from a genetically modified strain of Bacillus subtilis

Dear Dr. Sewalt,

| have reviewed the information you provided on DuPont's BIF317 lactase enzyme
preparation, which is expressed in Bacillus subtilis JL47 (GICC20006659), a production
strain that has been genetically modified to over express a synthetic version of the
Bifidobacterlum bifidum BIF317 lactase gene. The intended uses of the BIF917 lactase
enzyme preparation are to produce lactose-reduced fresh dairy products, and galacto-
oligosaccharide (GOS) for addition to infant formula. In these applications, the enzyme
will be used as a processing aid where the enzyme protein is not present in the final
food or present in negligible amounts with no function in the final food.

In evaluating the safety of BIF917 lactase, | considered the biology of Baciljus subtills and
Bifidobacterium bifidum; information on the BiF917 lactase and the safety of lactase
enzymes in food manufacture; information that you provided regarding the cloning
methodology that was utiiized; information pertaining to the safe strain lineage within
which 8. subtills 1L47 (GICC20006659) was developed; and other relevant information
available in the peer-reviewed scientific literature.

Bacillus subtilis is a ubiquitous gram positive spore-forming bacterium that is rarely
associated with opportunistic infections or food poisoning outbreaks. Many non-
pathogenic, non-toxigenic strains of this species are utilized by enzyme manufacturers
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worldwide to produce enzymes and other products for industrial applications, including
human food and animal feed uses. Carbohydrase and protease enzyme preparations
derived from B. subtilis have been affirmed as GRAS by the U.S. FDA per 21 CFR
184.1148 and 184.1150, respectively.

DuPont’s safe lineage of non-pathogenic, non-toxigenic B. subtilis production strains,
which indudes 8. subtilis IL47 (GICC20006659), was developed from the wild-type B.
subtilis 168 via a series of modifications that included classical mutagenesis, as well as
rDNA and protein engineering utilizing techniques and reagents that are appropriate for
the development of a safe lineage of food ingredient production microorganisms. The
safety of the enzymes from these production strains have been evaluated with various
fn vitro genetic toxicity tests, as well as oral toxicity tests in rats (90-day, 28-day, or
acute oral toxicity). Strains within this safe lineage are used to manufacture many food
and feed enzymes, including proteases, arylesterase, maltotetrachydrolase, xyianase,
cellulase, and B-glucanase. Published literature, government laws and regulations, and
DuPont’s unpublished safety studies, all support the conclusion that the lineage to
which these production strains belong is safe and suitable for use in the development
and manufacture of food-grade and feed-grade enzymes. Positive GRAS determination
expert opinion letters were received for the following enzymes produced by other
strains within this safe lineage: Multifect P300 protease for food and feed (Dr. Pariza to
G. Mercer 18 May 1994, and to A. Caddow 1 October 1994), maltotetrahydrolases (SAS
1, 2, & 3 amylase; 27 May 2004, 17 October 2005, & 29 August 2006, respectively from
Drs. Pariza, Borzelleca, and Blumenthal) from three strains for baking, xylanase for
baking {Dr. Pariza to A. Caddow, 28 September 2006); and BglS B-glucanase to facilitate
hydrolysis of beta-glucans and related carbohydrates in brewing and potable alcohol
manufacture (Dr. Pariza to V. Sewalt, 10 January 2013).

Bifidobacterium spp. are Gram-positive, non-spore forming, anaerobic, pleomorphic
bacilli that comprise dominant microbial residents of the colonic microbiota. The
Bifidobacterium genus does not contain pathogenic or toxigenic species. Bifidobacteria
were discovered in the feces of breast-fed infants and are regarded as a primary reason
for the greater resistance of breast-fed infants to disease. Bifidobacteria and their
metabolites also appear to play key positive roles in the intestinal health of humans
throughout life. Accordingly, one may reasonably conclude that the intestinal tracts of
humans, beginning in infancy, typically contain lactase from Bifidobacteria, and that this
exposure does not induce adverse events.

The BIF917 lactase gene, which is expressed by Bacillus subtilis 1L47 (GICC20006659), is
identical to the lactase gene of Bifidobacterium bifidum DSM 20215. However the
BIF917 lactase gene was not isolated from the strain, but rather was synthesized by
using the published DNA segquence of the Bifidobacterium bifidum DSM 20215 lactase
gene as a template. It was incorporated into production strain by means of a pUB110
derived expression plasmid, using reagents/methods that are appropriate in the
construction of production strains for food-grade ingredients.
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The synthetic BiF917 lactase gene sequence was compared against databases of known
allergenic and toxigenic proteins, and found to contain no matches. The BIF917 lactase
enzyme product from Bacillus subtilis IL47 {GICC20006659) was evaluated for acute oral
toxicity in female Crl:CD (SD) rats, for genotoxicity in human peripheral blood
lymphocytes, and for dermai and eye irritation in rabbits. All test results were negative.

Safety information from DuPont’s safe lineage of non-pathogenic, non-toxigenic B.
subtllis production strains, which includes Bacilflus subtilis JL47 (GICC20006659),
supports the conclusion that this lineage is safe and appropriate for use in the
production of food grade ingredients. Given the extensive database of safety
evaluations, and established history of safe use of enzymes manufactured using
DuPont’s safe lineage of non-pathogenic, non-toxigenic B. subtilis production strains, it
is appropriate to extrapolate safety data for enzyme preparations from other strains
within this lineage to the BIF917 lactase enzyme preparation (MW Pariza and EA
Johnson, Regulatory Toxicol. Pharmacol, 33: 173-186,2001). In this consideration, the
production straln within the lineage that is most closely related to B.subtilis JL47
(GICC20006659) is B. subtilis CF 624B-1 {GICC 03426), the production strain for BglS
beta-glucanase, which | previously reviewed (letter to V. Sewalt of 10 January 2013,
updated in 13 June 2014},

Based on a 13-week oral {gavage) study in CD rats, the NOAEL for the BglS beta-
glucanase enzyme preparation is 1000 mg TOS/kg bw/day, equivalent to 977.5 mg total
protein/kg bw/day. The 'worst case' consumer exposure to the BIF917 lactase enzyme
preparation is calculated to be 1.42 mg TOS/kg bw/day from processed dairy products,
and 1.87 mg TOS/kg bw/day from GOS in infant formula. These levels of consumer
exposure are below the 100-fold safety factor that is typically applied to food
ingredients. Accordingly, i conclude that the required elements for evaluating the safety
of DuPont's BIF917 lactase enzyme preparation, which is produced by Baciflus subtilis
JL47 (GICC20006659), are met.

The manufacturing process including the ingredients used for fermentation, extraction
and concentration of DuPont's BIF317 lactase enzyme preparation, and the
specifications for the BIF917 lactase enzyme preparation, are appropriate for a food
ingredient.

Based on the foregoing, | concur with the evaluation made by DuPont that the B. subtilis
JL47 {GICC20006659) production strain is safe and appropriate for use in the
manufacture of food-grade BIF917 lactase. | further conclude that the BIF917 lactase
enzyme, manufactured in a manner that is consistent with current Good Manufacturing
Practice {cGMP) and meeting appropriate food-grade specifications, is GRAS {Generally
Recognized As Safe} for use as a processing aid to produce lactose-reduced fresh dairy
products, and galacto-oligosaccharide (GOS) for addition to infant formula, where the
enzyme protein s not present in the final food or present in negligible amounts with no
function in the final food.
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It is my professional opinion that other qualified experts would also concur in this
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conclusion.

Please note that this is a professional opinion directed at safety considerations only and
not an endorsement, warranty, or recommendation regarding the possible use of the
subject product by you or others.

Sincerely,
(b) (6)

Michael W. Pariza

Member, Michael W. Pariza Consulting, LLC
Professor Emeritus, Food Science

Director Emeritus, Food Research Institute
University of Wisconsin-Madison
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