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5100 Paint Branch Parkway

College Park, MD 20740-3835

RE: Whole Chlorella protothecoides S106 Algal Protein GRAS Notification

Dear Dr. Gaynor:

In accordance with proposed 21 CFR § 170.36 (notice of a claim for exemption based on
a GRAS determination) published in the Federal Register (62 FR 18937-18964), I am
submitting, as the agent of the notifier, Solazyme, Inc., 225 Gateway Blvd. South San Francisco,
CA 94080 a GRAS notification for the use of whole Chlorella protothecoides S106 algal protein
as a dietary protein, analogous to soy- and animal-based proteins, in the diet at a maximum
consumption level of 5562 mg/day. A GRAS expert panel dossier, setting forth the basis for the
GRAS determination, as well as curriculum vitae of the members of the GRAS panel, are
enclosed.

Best regards,
(b) (6)

Nancy J. Szabo, Ph.D.
Senior Toxicologist
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1. GRAS Exemption Claim

Mg

A. Claim of Exemption from the Requirement for Premarket Approval Pursuant to
Proposed 21 CFR § 170.36(¢c)(1)

Solazyme, Inc. has determined whole Chlorella protothecoides S106 algal protein,
derived from a non-toxigenic strain of Chlorella protothecoides, to be generally recognized as
safe (GRAS) as a food ingredient and therefore, exempt from the requirement of premarket
approval and from environmental impact, under the conditions of its intended use as described
below. The common name for this ingredient is Whole Algal Protein (WAP). WAP is to be used
as a protein source, analogous to soy- and animal-based proteins, in a variety of conventional
foods,' none of which have a standard of identity.” The basis for this finding is described in the
following sections.

Signed,

(b) (6)

Date OT 1 A 2o (Y

— Nancy J. Szabo, Ph.D.
Senior Toxicologist
Burdock Group
859 Outer Road
Orlando, FL 32814

! Baked goods and mixes, breakfast cereals, meal replacements, cheeses, milk products, dairy and nondairy

products, egg products, fish products, meat products, poultry products, plant protein products, grain products and
pastas, gravies and sauces, salad dressings, margarines, processed vegetables and vegetable juices, fresh and
processed fruit juices, nonalcoholic beverages, gelatins and puddings, frozen dairy, soups, nut products, snack foods
and soft candy.

% All food categories designated by Solazyme have been utilized in the estimated dietary intake calculations as
appropriate; however, certain categories designated by Solazyme may contain foods for which a standard of identity
exists. We note that an ingredient that is lawfully added to food products may be used in a standardized food only if
it is permitted by the applicable standard of identity. Solazyme confirms that WAP will be added only to foods for
e which a standard of identity does not exist.
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(i) Name and Address of the Notifier

Solazyme, Inc.
225 Gateway Blvd
South San Francisco, CA 94080

Agent of the Notifier:

Nancy J. Szabo, Ph.D.

Senior Toxicologist

Burdock Group

859 Outer Road

Orlando, FL 32814

Telephone: 407-802-1400
Facsimile: 407-802-1405

Email: nszabo@burdockgroup.com

(ii) Common Name of the Notified Substance

The common name of whole Chlorella protothecoides S106 algal protein for the
purposes of this GRAS Notification has been defined as:

Whole Algal Protein (WAP)"
" Synonyms: Algal powder, Algal protein, Algalin protein, Whole algalin protein

(iii) Conditions of Use

WAP may be used as an ingredient in the food groups shown in Appendix 1 in order to
provide dietary protein, analogous to soy- and animal-base proteins, for consumption levels up to
5562 mg per day, by individuals who desire an increase of non-animal-based protein and/or a
reduction of animal-based protein in their diet.

(iv) Basis of GRAS Determination

Pursuant to 21 CFR § 170.3, the use of WAP as an ingredient in food categories shown in
Appendix 1, at an intended maximum 90" percentile consumption of 5.56 g per day, has been
determined GRAS by scientific procedures for its intended conditions of use. The safety of WAP
for this use is supported by publicly available information including, but not limited to, a 13-
week dietary toxicity study in the rat and two genotoxicity studies (in vitro bacteria reverse
mutation assay and in vivo chromosome aberration assays) (Szabo et al., 2013), as well as a 28-
day repeated dose study on the similarly composed ground yellow, high-lipid C. protothecoides
biomass (Day et al., 2009; FDA, 2012) and a 13-week dietary toxicity study in the rat and two
genotoxicity studies (in vitro bacteria reverse mutation assay and in vivo chromosome aberration
assays) on the closely related High Lipid Algalin Flour (HLAF) from dried milled C.
protothecoides (Szabo et al., 2012; FDA, 2013). This determination is based on the views of
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experts who are qualified by scientific training and experience to evaluate the safety of
substances used as ingredients in food.

(v) Availability of Information

The data and information (i.e., published articles, unpublished reports and referenced
communications) that serve as a basis for this GRAS determination are available for FDA review
and copying during conventional office hours at:

Burdock Group

859 QOuter Road

Orlando, FL 32814

Telephone: 407-802-1400
Facsimile: 407-802-1405

Email: nszabo@burdockgroup.com

Alternatively, data and information that serve as a basis for this GRAS determination
may be sent to FDA upon request.
2. Detailed Information about the Identity of the Notified Substance

A. Identity

WAP is a pale yellow to green® high protein powder composed of the dried biomass of C.
protothecoides S106. The general descriptive characteristics of WAP are presented in Table 1.

Table 1. General description of WAP

Appearance Pale yellow to green powder/flake

Packaging Food grade, poly-lined, 3-ply heat-sealed Kraft bags (15-25 kg)

Storage Closed package in a cool, dry place (< 25 °C)

Stability 12 months

Intended use Dietary protein, analogous to soy- and animal-based proteins

Functionality in food Source of macronutrients as a dietary protein, analogous to soy- and animal-based
proteins

WAP = Whole Algal Powder

As a species, C. protothecoides is currently assigned to the genus Chlorella in the phylum
Chlorophyta. Widespread in fresh and salt water, soil and air (Wu ef al, 2001), the green
microalgae Chlorella spp. are nonmotile, unicellular eukaryotes that are spherical in shape and
typically have diameters from 2 — 10 pm (Kay, 1991; Becker, 2007). The cell walls are
hemicellulosic, rigid, and account for approximately 10% of the algal dry weight (Becker, 2007).

3 WAP is not added to food with the intention of acting as a color. Although WAP (which is naturally light yellow to
green) can modify the color of pale foods in the same way that adding chocolate or tomatoes can alter color, the
ingredient will be used in such a way that any color imparted is clearly unimportant insofar as the appearance, value,
marketability or consumer acceptability is concerned in bulk amounts. WAP is, therefore, exempt from the
definition of a color additive and from FDA premarket approval requirements for color additives [FFDCA §201(t)
and 21 CFR§70.3(g)].
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Chlorella spp. also characteristically have membrane-bound organelles (Kay, 1991). Axenic*
cultures of Chlorella spp. are easily established, in part because replication under optimum
conditions tends to be rapid, often requiring less than two hours (Kay, 1991). Protein and lipid
content and the fatty acid profile are known to vary widely with the species, the stage of cell
growth (exponential or stationary), and with environmental conditions (e.g., available nutrients,
temperature, and light intensity) (Kay, 1991). The protein contents of Chlorella spp. have been
reported to range from 15 — 60 % on a dry weight basis (Kay, 1991; Becker, 2007).

Although the strains are all unicellular and morphologically similar, the species grouped
into the genus Chlorella have recently been recognized to be phylogenetically divergent (Ferris
et al., 2005) and not necessarily related (Tiberg and Einarsson, 1989; Huss et al., 1999).
Nomenclature and taxonomic assignments based on traditional identification methods are being
re-examined — and when necessary, reclassified — using data from genetic sequence analysis
(Ferris et al., 2005). Because species comprising the Chlorella genus are a taxonomically
complicated group, chemotaxonomic character, DNA’ base composition and DNA/DNA
hybridization are all used to distinguish the morphologically similar species from one another
(Huss et al., 1999; Ferris et al., 2005). For example, based on comparative analyses of 18S
ribosomal RNA gene sequences, Huss ef al. (1999) has recommended that only four species
remain in the Chlorella genus: C. vulgaris, C. lobophora, C. sorokiniana, and C. kessleri.

Solazyme obtained C. protothecoides UTEX 250 from the University of Texas (UTEX)
Culture Collection of Algae in Austin, Texas and assigned the Solazyme internal strain number
“S8106”. UTEX 250 had, in turn, been obtained by UTEX as C. protothecoides CCAP211/7C
from the Culture Collection of Algae and Protozoa (CCAP), Scottish Association for Marine
Science, Argyll Scotland, United Kingdom, where the strain was originally deposited sometime
between 1952 and 1955 by A.J. Kluyver® as the third isolate of C. vulgaris (“3 C. vulgaris™)
taken from freshwater in Delft, Netherlands. Other deposits of this strain include the Meyer 34
and SAG211-7C accessions in the Sammlung von Algenkulturen Gottingen (SAG, Albrecht-
von-Haller-Institute for Plant Science, University of Gottingen, Gottingen, Germany).’
Additional designations by which this strain is known include C. protothecoides var. communis
Shihira & Krauss (1965),) C. protothecoides Kriiger, and Auxenochlorella protothecoides
(Kriiger) Kalina & Puncocharova (1987). Based on accepted designations, UTEX 250 (S106)
may be appropriately considered a strain of C. protothecoides or Auxenochlorella
protothecoides. All C. protothecoides (A. protothecoides) strains held at the American Type
Culture Collection (ATCC, Rockville, Maryland) are preserved under Biosafety Level (BSL) 1
conditions which indicate the microorganisms are not recognized to cause disease in
immunocompetent adult humans.’

The ecophysiological and biochemical characteristics of C. protothicoides include the
inability to utilize nitrate as a substrate, the need for thiamine but not for vitamin By, the lack of
secondary carotenoids (most strains) and a tolerance for high temperatures (28 — 34 °C upper

* Cultures containing a single strain (i.e., not contaminated by or associated with other microorganisms).

 DNA = deoxyribonucleic acid

6 <http://web.biosci.utexas.edu/utex/algaeDetail.aspx?algaelD=2779>; site accessed March 31, 2014.

7 < http://sagdb.uni-goettingen.de/detailedList.php?str number=211-7c>; site accessed March 31, 2014.

§ <http://web.biosci.utexas.edu/utex/algaeDetail. aspx?algaelD=2779>; site accessed March 31, 2014.

? <http://www.atcc.org/Search_Results.aspx?dsNav=Ntk:PrimarySearch%7cchlorella+protothecoides%7c¢3%7¢,Ny:
True,Ro:0,N:1000552&searchTerms=chlorella+protothecoides&redir=1>; site accessed March 31, 2014.
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limits), acidic conditions (3.5 — 4.0 pH) and high salt concentrations (3 — 4%) (Huss et al., 2002).
Morphology for the species includes the absence of pyrenoids, but the presence of a tri-laminar
layer within the cell wall (Huss et al., 2002). Reproduction is by endosporulation, an asexual
internal process through which two to twelve sporangiospores are produced and released by each
parental sporangium during vegetative growth (Ramirez-Romero et al., 2010). Under nitrogen
depleted conditions, the cell begins to synthesize and store copious amounts of oil (Day et al.,
2009). When glucose is available as a carbon source and inorganic nitrogen is not restricted, the
cells produce high levels of protein (Day et al., 2009).

Although similar in appearance, morphology, and composition to other Chlorella species,
such as C. vulgaris and C. pyrenoidosa' (Robinson and Guzman-Juarez, 1978; Kay, 1991;
Brown and Jeffery, 1992; Tokusoglu and Unal, 2003; Ravishankar et al., 2006; Day et al., 2009),
C. protothecoides alone has the ability, when exposed to glucose, to etiolize (i.e., ‘de-green’).
Genetically, C. protothecoides strains (with the single exception of C protothecoides var
Acidicola'') have been shown to be closely related to species in the achlorophyllous genus
Prototheca. Gene-based phylogenetic trees developed from nuclear 18S rRNA", plastid 16S
rRNA, SSU" and LSU" rDNA", and 26S rDNA domain sequences have repeatedly
demonstrated that 4. protothecoides UTEX 25 (S485), the type strain for A. protothecoides, is
closely related to the Prototheca species (Huss et al., 1999; Tartar et al., 2003; Ueno ef al., 2005;
Satoh et al., 2010). At least one protein-based phylogenetic tree also confirms these assessments
(von Bergen et al., 2009). The relationship is sufficiently homologous that comparative analysis
of the phylogeny of the related A. protothecoides UTEX 25 (S485) and twelve strains of
Prototheca were found to form a monophyletic clade (Ueno et al., 2005).

Corroborative Genotypic Information

Delineation of microalgal species based on morphology is problematic due to potentially
strong morphological and physiological similarities among genetically diverse species.
Molecular indicators such as plastidic 23S rDNA sequence homology are more reliable
indicators of strain relatedness. As an example, the plastid 23S rDNA sequences shown in Figure
1 demonstrate that C. protothecoides S106 (UTEX 250 (Solazyme source); also known as (aka)
SAG 211-7C and CCAP 211/7C; original deposition CCAP(1952-5)) possesses a genotype
identical (i.e. having 100% homology) to that of Solazyme designated strain C. protothecoides
S485 (UTEX 25 (Solazyme source); aka, SAG 211-7A, CCAP211/7A, and ATCC 30407). Strain
S485 is known formally as Auxenochlorella protothecoides (Kriiger) Kalina & Puncocharova
(1987) and is the type strain for A. protothecoides. C. protothecoides S106 is also shown to share
approximately 87.5% homology with another C. protothecoides strain, S102 (UTEX B 25
(Solazyme source); aka original deposition CCAP (1952-5)) which is called C. protothecoides
Kriiger (1892) and A. protothecoides. In summary, based on plastid 23S rDNA sequencing, C.

' Many of these stains have been reclassified as C. sorokiniana or C. fusca var. vacuolata.

"' Analysis of 188 RNA gene sequences has demonstrated only a weak phylogenetic relationship to C.
protothecoides var. acidcola which is no longer considered a variety of C. protothicoides (Huss et al., 2002; Ferris
et al., 2005).

"2 fRNA = ribosomal ribonucleic acid

* §SU = small subunit of ribulose bis-phosphate carboxylase-oxygenase

' LSU = large subunit of ribulose bis-phosphate carboxylase-oxygenase

!5 IDNA = ribosomaldeoxyribonucleic acid
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, protothecoides S106 is identical (i.e. 100% homology) to 4. protothecoides S485 (type strain of
St Auxenochlorella protothecoides) and only somewhat closely related (approximately 87.5%
homology) to C. protothecoides S102.

[Remainder of this page is blank]
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S102 23S TGTTGAAGAATGAGCCGGCGACTTAGAARAACGTGGCAAGGTTAAGGAAACGTATCCGGAG
S106 23S TGTTGAAGAATGAGCCGGCGACT TAGAAAAAGTGGCGTGGTTAAGGAARAAT-TCCGAAG
S485 23S TGTTGAAGAATGAGCCGGCGACT TAGAAAAAGTGGCGTGGTTAAGGAARAAT~-TCCGRAAG

S102 23S CCGAAGCGAAAGCAAGTCTGAACAGGGCG————————— === e ———— —— ATTAAGTCA
S106 23S CCTTAGCGAAAGCGAGTCTGAATAGGGCGATCAAATATTTTAATATTTACAATTTAGTCA
S485 23S CCTTAGCGAAAGCGAGTCTGAATAGGGCGATCAAATATTTTAATATTTACAATTTAGTCA

$102 23S TTTTTTCTAGACCCGAACCCGGGTGATCTAACCATGACCAGGATGAAGCTTGGGTGACAC
5106 23S TTTTTTCTAGACCCGAACCCGGGTGATCTAACCATGACCAGGATGAAACTTGGGTGATAC
S485 23S TTTTTTCTAGACCCGAACCCGGGTGATCTAACCATGACCAGGATGAAACTTGGGTGATAC

S102 23S CAAGTGAAGGTCCGAACCGACCGATGTTGAAARATCGGCGGATGAGT TGTGGTTAGCGGT
S106 23S CAAGTGAAGGTCCGAACCGACCGATGTTGAAAAATCGGCGGATGAGTTGTGGTTAGCGGT
S485 23S CAAGTGAAGGTCCGAACCGACCGATGTTGAAARAATCGGCGGATGAGTTGTGGTTAGCGGT

S102 23S GAAATACCAGTCGAACTCGGAGCTAGCTGGTTCTCCCCGAAATGCGTTGAGGCGCAGCGG
S106 23S GAAATACCAGTCGAACCCGGAGCTAGCTGGTTCTCCCCGAAATGCGTTGAGGCGCAGCAG
S485 23S GAAATACCAGTCGAACCCGGAGCTAGCTGGTTCTCCCCGAAATGCGTTGAGGCGCAGCAG

$102 23S TTCATA-AGGCTGTCTAGGGGTAAAGCACTGTTTCGGTGCGGGCTGCGAAAGCGGTACCA
S106 23S TACATCTAGTCTATCTAGGGGTAAAGCACTGTTTCGGTGCGGGCTGTGAAAACGGTACCA
S485 23S TACATCTAGTCTATCTAGGGGTAAAGCACTGTTTCGGTGCGGGCTGTGARARAACGGTACCA

S102 23S AATCGTGGCAAACTCTGAATACTAGATATG-CTATTTATGGGCCAGTGAGACGGTGGGGG
S106 23S AATCGTGGCAAACTCTGAATACTAGAAATGACGGTGTA-GT---AGTGAGACTGTGGGGG
S485 23S AATCGTGGCAAACTCTGAATACTAGAAATGACGGTGTA-GT---AGTGAGACTGTGGGGG

S102 23S ATAAGCTTCATCGTCGAGAGGGAAACAGCCCAGATCACTAGCTAAGGCCCCARAAATGATC
5106 238 ATAAGCTCCATTGTCAAGAGGGAAACAGCCCAGACCACCAGCTAAGGCCCCAAAATGGTA
S485 23S ATAAGCTCCATTGTCAAGAGGGAAACAGCCCAGACCACCAGCTAAGGCCCCARAATGGTA

5102 238 GTTAAGTGACAAAGGAGGTGAGAATGCAGAAACAACCAGGAGGTTTGCTTAGAAGCAGCC
S106 23S ATGTAGTGACAAAGGAGGTGAAAATGCAAACACAACCAGGAGGTTGGCTTAGRAGCAGCC
S485 23S ATGTAGTGACAAAGGAGGTGARAATGCAAACACAACCAGGAGGTTGGCTTAGRAGCAGCC

S102 23S ACCCTTTAAAGAGTGCGTAATAGCTCACTG
5106 238 ATCCTTTAAAGAGTGCGTAATAGCTCACTG
S485 238 ATCCTTTAAAGAGTGCGTAATAGCTCACTG

Figure 1. Plastid 23S rDNA sequences for Solazyme designated C. protothecoides strains $102, S106
(Solazyme strain of interest) and S485 (duxenochlorella protothecoides type strain)

In similar fashion, Solazyme’s C. protothecoides S106 strain was compared using partial
plastidic 23S rDNA sequencing against 21 C. vulgaris strains obtained from five different
depository collections. As indicated below, each test strain is identified by its Solazyme
designation, common name and strain source; identical strains and other current or previous
names are included as parenthetical information for ease of reference:

(1) S183: C. vulgaris, UTEX 395 (formerly C. pyrenoidosa (Starr and Zeikus
1987));
000009
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(2) S184: C. vulgaris (type strain), UTEX 259, (CCAP 211/11B; aka Chlorella
candida; Chlorella miniata, Chlorella vulgaris var. vulgaris f. vulgaris;
original deposition CCAP 1952-5);

(3) S185: C. vulgaris, UTEX 1809 (formerly C. salina (Starr and Zeikus
1987));

(4) S187: C. vulgaris, UTEX 2714 (Chlorella vulgaris Bashan);

(5) S188: C. vulgaris, UTEX 30 (CCAP 211/12; SAG 211-12; ATCC 16487;
aka C. vulgaris Beijerinck f. viridis ((Chodat) Fott and Novakova)));

(6) S190: C. vulgaris, UTEX 396 (formerly C. vulgaris var. viridis (Starr and
Zeikus 1987));

(7) S191: C. vulgaris, UTEX 26 (formerly Chlorella pyrenoidosa (Starr &
Zeikus 1987); aka C. photophila (Shihira & Krauss 1965); C. emersonii; C.
fusca var. vacuolata);,

(8) S192: C. vulgaris, UTEX 265 (CCAP 211/11J; SAG 211-11J; Chlorella
vulgaris Beijerinck 1890 (Rodhe); aka C. simplex (Shihira & Krauss 1965)
and Chlorella vulgaris var. vulgaris f. vulgaris; original designation CCAP
1630);

(9) S246: C. vulgaris, SAG 30.80 (Chlorella vulgaris Beijerinck (Senger
1965); formerly C. saccharophila ),

(10)8257: C. wvulgaris, SAG 211.11T (Chlorella vulgaris Beijerinck
(Ruschmann));

(11) S300: C. vulgaris, CCAP 211/19 (Chlorella vulgaris Beijerinck 1890 (von
Witsch 1946/7)),

(12) S301: C. vulgaris, CCAP 211/11S (Chlorella vulgaris Beijerinck 1890
(Pirson));

(13)S302: C. wvulgaris, CCAP 211/11Q (Chlorella vulgaris Beijerinck
(Czurda));

(14)S303: C. vulgaris, CCAP 211/11P (SAG 211-11P; Chlorella vulgaris
Beijerinck (Algéus 1942 Strain B);,

(15)S344: C. vulgaris, CCAP 211/81 (Chlorella vulgaris Beijerinck 1890
(Krienitz 1979); original designation CCAP A36);

(16)S345: C. vulgaris, CCAP 211/80 (Chlorella vulgaris Beijerinck 1890
(Krienitz 1979); original designation CCAP A35);

(17)S410: C. vulgaris, CCALA' 263 (C. vulgaris Beijerinck (Hindak
1967/61));

(18)S412: C. wvulgaris, CCALA 266 (C. vulgaris Beijerinck (Marsalek
1985/57));

(19) S413: C. vulgaris, CCALA 268 (C. vulgaris Beijerinck (Gaffron/Bethesda
C1.3.1.);

(20) S497: C. vulgaris, CAUPY H1993 (C. vulgaris Beijerinck (Puntochafovd
1981/22)); and

' Culture Collection of Autotrophic Organisms (CCALA), Institute of Botany, Academy of Sciences of the Czech
Republic, Tteboii, Czech Republic: <http://ccala.butbn.cas.cz/en/type-classis-order/algae>; site accessed March 31,

2014.
' Culture Collection of Algae of Charles University in Prague (CAUP), Praha, Czech Republic;
<http://botany.natur.cuni.cz/algo/caup-list. html>; site accessed March 31, 2014.

2014 May 08
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(21)S498: C. vulgaris, CAUP H1996 (C. vulgaris Beijerinck f. globosa
(Andreeva 1961); C. vulgaris var. vulgaris f. globosa).

Distance values (D values; a numerical metric used to indicate genetic relatedness) were
generated from the sequence data; lower D values indicate sequences that are more closely
related with ‘0.000° indicating identical sequences (i.e., 100% homology). Higher values, on the
other hand, indicate more divergent sequences. Isolates with minor genetic variation (high
homology) are generally accepted as varying by a value of only about 0.005 (Rawat, et al.,
2005). For perspective, strains having less than 95.5% homology (based on 16S rRNA sequence
identity) are routinely regarded as different species (Stackebrandt and Goebel, 1994). Based on
an evaluation of the numeric metric used to assess relatedness (Table 2), the partial plastidic 23S
rDNA sequence for Solazyme strain S106, the C. protothecoides strain of interest, had D values
> 0.080 relative to the 21 C. vulgaris strains examined. To place this in context, when the D
values for Solazyme strain S184 (the type strain for C. vulgaris) are considered, S184 is seen to
be (1) identical to 15 of the other 21 C. vulgaris strains tested (D value = 0.000 for all)," (2) very
closely or reasonably closely matched to three strains (D values from 0.002 to 0.034),"” and (3)
more distantly related to the remaining three strains (D values > 0.090).”° S106 is counted among
this last group, that is, it is more distantly related to the type strain for C. vulgaris. An additional
comparison of the 23S sequence of C. protothecoides S106 using nBLAST analysis to that of
GenBank accession No.*' 143357 C. vulgaris Beijerinck (NIES?-2170, formerly in the IAM?®
collection as C-27; formerly classified as C. ellipsoidea Gerneck) determines homology of 87%
(FDA, 2012). In summary, C. protothecoides S106 is distantly related to many of the C. vulgaris
strains tested, including S184 (UTEX 259), but it is also notable that the C. vulgaris type strain
S184 is more closely related to S106 than to some C. vulgaris isolates (e.g., S412 and S498).

[Remainder of this page is blank]

5183, S185, S188, S190, $192, S246, S257, $300, S302, $303, $344, S345, $410, S413, and S497
18187, 8197, and S301
205106, S412, and S498 .
2! No. = number 000011
** National Institute for Environmental Studies, Tsukuba, Japan.
¥ Institute of Applied Microbiology, Center for Cellular and Molecular Research, Institute of Molecular and
Cellular Biosciences University of Tokyo, Tokyo, Japan.
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Table 2. Tabulated Distance values for 23S rDNA sequences of C. protothecoides S106 (Solazyme strain of interest) compared to S183, S184 (C. vulgaris
type strain), S185, S187, S188, S190, S191, S192, S246, S257, S300, S301, S302, S303, S344, S345, S410, S412, S413, S497, and S498. (Lower values
indicate sequences that are more closely related, with <0.000° indicating identical sequences. Higher values indicate more divergent sequences.)

5106 235 SRS SBNS 515235 SPS SRS SH023S SHIBS SBs Q2% Q1B RNBS SDNIB5 GBS BEBS S GB35 SNBSS RS MBS SIS S4B

5106 235 006 om0 (o0 (om0 looo (oo (o0 (o0 om0 jom0 (0% (002 (000 (00%  [00% o0 (000 oS oo o0 g
SH3 255 10,090 0006 (0000 [0 jooi0 |00 ooz (0000 0000 (0000 oo [0 (8000 (000 (8000|0000 (0000 |06 [0m0 (000 [04%2
SIB4ZS | 0090 0,000 0.000 003 0.000 0,000 0002 6.000 0.000 0,000 0000 0.034 6.000 0000 0000 0,000 0.000 0.0 0.000 0.000 8192
S5 235 | 0090 0.000 0,000 0.0% 0.000 0,000 0002 0,000 0.000 000 0.000 0.0 0,000 0.000 0000 6,000 0000 0.106 0.000 0,000 0.5
S BS oo om0 [0l |oon 00 [oom  [o0m |03 oo oo (00w |oos  [00% (8031 (0030 |00 (000 oMo 000 jom0 (04
SI88235 | 0,090 0,000 0.000 0.000 s 0.000 000 0.0 0,00 0.0m 0.0M 004 0.000 0.000 0,000 0,000 0,000 0,106 0.000 0,000 0%
SIS 000 0000 (0000 0000 000|000 000z 0000 (0000 0000 {0000 [00% OG0 (8000 (0000 (8000 (0000 (BAG6 |0000 0000 jodSe
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Solazyme’s C. protothecoides S106 strain was also compared to eight strains in
Solazyme’s collection that had previously (prior to 1992) been classified as C. pyrenoidosa. As
C. pyrenoidosa, these strains had been the subject of several published nutritional studies. With
the advent of modern molecular methods of identification, the species in the Chlorella genus
have undergone significant taxonomic revision. In 1992, many C. pyrenoidosa strains were re-
evaluated and reclassified as C. sorokiniana (Kessler and Huss, 1992) or C. fusca var. vacuolata.
As indicated below, each test strain is identified by Solazyme designation, current classification
and strain source; previous names and identical strains and/or other current or former names are
also included as parenthetical information:

1 S129: C. sorokiniana, UTEX 1230 as C. pyrenoidosa (formerly C. pyrenoidosa
(Starr & Zeikus 1987); C. vulgaris fo. tertia and C. vulgaris group; ATCC 22521,
CCAP 211/8K as C. vulgaris f. tertia; CCAO 259 as C. sorokiniana; SAG 211-
8K as C. sorokiniana; originally designated Tx 7-11-05);

(2) S134: C. sorokiniana UTEX 1666, (formerly C. pyrenoidosa);

(3) S135: C. sorokiniana UTEX 1670 (formerly C. pyrenoidosa (Starr & Zeikus
1987); originally designated B1E-B2P);

4) S140: C. sorokiniana UTEX B1810 (formerly C. sorokiniana var. pacificensis
(Starr & Zeikus 1987));

5 S167: C. fusca var. vacuolata UTEX 251 (formerly C. pyrenoidosa, SAG 211-8B;
CCAP 211/8B; CCAUP H 6401; ATCC 11469);

(6) S168: C. fusca var. vacuolata UTEX 252 (formerly C. pyrenoidosa, aka
Scenedesmus sp.; Chlorella emersonii var. emersonii; SAG 211-8C as C. fusca;
CCAP 211/8C as Chlorella emersonii var. globosa (Shihira & Kraus 1965));

@) S545: C. sorokiniana UTEX 1664; and

®) S547: C. sorokiniana UTEX 1668 (formally C. pyrenoidosa (Starr and Zeikus
1987).

Evaluation of the D values generated from partial plastidic 23S rDNA sequencing (Table
3) indicate that Solazyme strain S106, the C. protothecoides strain of interest, has D values >
0.076 (< 88% homology), which shows slightly greater homology to five of the strains
previously classified as C. pyrenoidosa than was seen between S106 and the 21 previously
examined C. vulgaris isolates. In addition, Solazyme strains S129, S134 (UTEX 1666), S135
(UTEX 1670), S545 (UTEX 1664), and S547 (UTEX 1668) are seen to be identical (D value =
0.000 for all), which is not surprising, considering that UTEX strains 1664 through 1671 are
mutants of UTEX 1663, a sub-isolate of Tx-7-11-05 (aka, UTEX 1230 or S129). As with the C.
vulgaris isolates examined above, strain S106 is less closely related to most of the strains
previously classified as C. pyrenoidosa than they are to one another. The exception is strain
S168, whose 23S sequence shows less homology to the other strains in this set than S106 shows
to the other strains.

In summary, partial plastidic 23S rDNA sequences were used to assess the genetic
relatedness between S106, C. protothecoides and two genera of Chlorella previously studied and
used as foods or dietary supplements, namely C. vulgaris and C. pyrenoidosa. Algal strain S106
is less closely related to these isolates than to S485 (type strain for A. protothecoides), against
which S106 demonstrated 100% homology.
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Table 3. Tabulated Distance values for 23S rDNA sequences of C. protothecoides S106 (Solazyme strain of
interest) compared to other Chlorella strains S129, S134, S135, S140, S167, S168, S545, and S547. (Lower
values indicate sequences that are more closely related, with ¢0.000° indicating identical sequences. Higher
values indicate more divergent sequences.)

$10% 238 S129 238 S134 235 S136 235 $140 238 167 238 S8 275 £845 235 S847 235
siens| oo looe  oove  loss oo lotee  looe  oors
SB4BS 0076 0000 1 000 10022 0049 10458 (0000 0000
SS2S 0076 10000 Jo000 10022 004 0458 0000 0
$10235 0086 002 002 002 | 00 0de 002 002
5167 235 ?0090 L N L. L S ,, 49 qpost ez 10049 10049
S%47 235 . 0,076 ;0.000 0.000 0.022 0.049 0.158 0.000

Common or Usual Name:

The common name of WAP has been defined as “Whole Algal Protein”. Synonyms
include Algal Powder, Algal Protein, Algalin Protein, Whole Algalin Protein.

B. Regulatory status

WAP from the dried biomass of C. protothecoides S106 has not been approved for use in
food by FDA,* FEMA,” USDA,* or EU. In Australia, however, consultation has indicated that
WAP is not considered a Novel Food according to Australian Regulation (Lobeau, 2013). In the
U.S., algalin oil from C. protothecoides S106, to be used as a food oil in a variety of foods
excluding meat and poultry products, holds GRAS status and was notified to FDA as GRAS
Notification 000384.” High Lipid Algalin Flour (HLAF), also from C. protothecoides S106
(cultured under nitrogen depleted conditions), to be used as a partial replacement for cream,
milk, eggs/egg yolks, and/or butter/shortening in baked goods, beverages, dairy and egg
products, sauces, gravies, margarines, salad dressings, and soups, holds GRAS status and was
notified to FDA as GRAS Notification 000469.%

C. Composition

The chemical composition of WAP is summarized in Table 4. WAP is a mixture of fiber,
ash, protein, fat, and sucrose.

* FDA = United States Food and Drug Administration
3 FEMA = Flavor & Extract Manufactures Associations
2 USDA = United States Department of Agriculture
7 <http://www.accessdata.fda. gov/scripts/fcn/fenDetailNavigation. cfm?rpt=grasListing&id=384>; site accessed
March 31, 2014.
2 <http://www.accessdata.fda.govi/scripts/fen/fenDetailNavigation.cfm?rpt=grasListing& id=469>; site accessed
March 31, 2014.
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Table 4. Typical analysis of the major components of WAP
Batch Analysis Results (n =3)

Analysis Range Average
Moisture (%) 48-8.0 6.1
Fiber (%) 10.3-20.3 16.3
Ash (%) 7.5-8.7 7.9
Protein (%) 50.0-56.4 524
Fat (%) 15.0-16.6 15.8
Sucrose 39-6.3 54

WAP = Whole Algal Protein

D. Method of Manufacture of WAP

WAP is manufactured by fermenting and harvesting cultures of C. protothecoides S106.
A pure, clonally isolated culture is initially used to prepare a master seed bank from which
working seed vials are prepared. Three samples from the master and each working seed bank are
characterized by molecular genotyping to demonstrate that they are genetically identical (i.e.,
100% homology between the six chromosomal footprints and 100% homology between their 23S
ribosomal deoxyribonucleic acid (DNA) sequences).”” For a production lot, a cryo-preserved
working seed vial is thawed and the contents used to inoculate a flask culture, which is
transferred into larger flasks at mid-log phase, and then to standard, industrial seed fermenters.
Throughout the aseptic fermentation process, pH, temperature, agitation and aeration rates are
controlled, and glucose (carbon source) and nutrients are added. Protein production is induced
during fermentation by ensuring that glucose is available as the carbon source and inorganic
nitrogen is not restricted. Following completion of fermentation, the cells are washed to remove
the medium and other non-biomass related materials and concentrated. The cells are inactivated
by pasteurization and separated from the culture broth by centrifugation. After concentration, the
pH is adjusted to neutral and food-grade antioxidants are added. The biomass, primarily whole
cells, is then dried, optionally milled, and packaged. If needed, food grade flow agents may be
added to assist processing through drying and packaging; at present the use of such agents is not
part of the standard process. All ingredients used during manufacture are safe and suitable.” A
graphical depiction of the manufacturing process is presented in Figure 2.

The final product, WAP, is available in quantities of 15 — 25 kg packed in a product bag
(food-grade, poly-lined, 3-ply heat-sealed Kraft bag) and stored at temperatures < 25 °C,
protected from direct sunlight.

% When tested, the six 23S ribosomal DNA sequences also demonstrated 100% identity to the 23S reference
sequence for the original C. protothecoides S106 isolate.

30 Regarding labeling concerns related to the eight major food allergens, two of the antioxidants that may be added
to the finished product were derived from soy. All manufacturing ingredients are presented in the attached Dossier
in Support of the Generally Recognized as Safe (GRAS) Status of WAP as a Food Ingredient.

2014 May 08 Page 14 of 54
fusing science and compliance www.burdockgroup.com

000015



S

Bosigoft

T

2014 May 08
Jusing science and compliance

Ferment Culture

U

L ]

*
*

Wash and Concentrate

Dilute in-line with
filtered RO water
Concentrate

Cool

pema——

U

Inactivate
Pasteurize
Cool
Store

U

Adjust pH
Adjust to peutral pH
Add antioxidants

O

Dry
Dry
Optional milling

234

Package
15-25 kg product bag

Figure 2. WAP production schematic

Page 15 of 54

www.burdockgroup.com

000018



S
gz

E. Specifications for Food Grade WAP

Specifications provided in Table 5 for bulk WAP include appearance, lead, arsenic,
mercury, cadmium, chromium, cobalt, bacteria, yeast and mold, and the absence of Escherichia
coli, Salmonella and Pseudomonas aeruginosa.

Table 5. Specifications for WAP

Batch Analysis Results (n =3)

Analysis Method Specification Range Average
Appearance C-M-00023-000 Pale yellow to Conforms Conforms
Appearance * green powder/flake
Moisture (%) AOAC 930.15 <10 4.8-8.0 6.1
Fiber (%) AOAC 991 .43 5-25 10.3-20.3 16.3
Ash (%) AOAC 942.05 <10 7.5-8.7 7.9
Protein (%) AOAC 990.03 40-175 50.0-56.4 524
Fat (%) AOAC 954.02 5-25 15.0-16.6 15.8
Sucrose (%) AOAC 980.13 0-10 39-6.3 54
Heavy metals
Lead (ppm) EPA 3050/6020 <0.5 <0.01 - 0.039 0.026
USP 730
Arsenic (ppm) EPA 3050/6020 <0.2 0.031-0.24 0.101
USP 730
Mercury (ppm) EPA 3050/6020 <0.1 < 0.005 < 0.005
USP 730
Cadmium (ppm) EPA 3050/6020 <0.1 <0.001 - 0.003
USP 730 0.005
Chromium (ppm) EPA 3050/6020 <2 0.044 - 0.367 0.174
USP 730
Cobalt (ppm) EPA 3050/6020 <0.1 <0.01 - 0.046 0.032
USP 730
Microbiological Limits
Aerobic Plate Count AOAC 990.12 < 5,000 <10-2,700 907
(cfu/g)
Coliform (cfu/g) AOAC 966.24 <5 <3 <3
E. coli(in 10 g) USP 32, NF 27, Negative Negative Negative
2009
Staphylococci (in 10 gy ~ USP 32, NF 27, Negative Negative Negative
2009
Salmonella (in 25 g) AOAC 2004.03 Negative Negative Negative
Pseudomonas USP 32, NF 27, Negative Negative Negative
aeruginosa (in 10 g) 2009
Yeast (cfu/g) Chapter 18, <100 <10 <10
FDA-BAM, 7*
ed.
Mold (cfu/g) Chapter 18, <100 <10to 10 <10
FDA-BAM, 7*
ed.

# C-M-00023-000 Appearance (Solazyme, internal method)
AOAC = Association of Analytical Chemists; cfu = colony-forming units; EPA = Environmental Protection
Agency, FDA-BAM = Food and Drug Administration Bacteriological Analytical Manual; g = gram; #n = number;
ppm = parts per million; USP = United States Pharmacopeia; methods available upon request; WAP = Whole

Algal Protein
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3. Self-Limiting Levels of Use

The quantity of WAP used as a dietary protein, analogous to soy- and animal-based
proteins, would be self-limiting due to potential unpalatability.

4. Estimated Daily Intake

The intake profile (amount and frequency) by individuals in USDA’s What We Eat in
America (WWEIA) Continuing Survey of Food Intakes by Individuals 2003-2004 (Dwyer et al.,
2003)’' was used to calculate the estimated daily intake (EDI) of WAP for individuals consuming
the food groups selected for the addition of WAP as described below, and in the attached Dossier
in Support of the Generally Recognized as Safe (GRAS) Status of WAP as a Food Ingredient.
The individual foods selected for addition of WAP are provided in Appendix 1 of this document.
WAP will be added only to foods for which a standard of identity does not exist.

The means and 90™ percentile EDIs were calculated only for WAP intake following
addition of WAP to the selected food groups. The means and 90™ percentile EDIs were not
calculated for current WAP intake from natural sources as no information regarding current
intakes of WAP from natural sources was discovered during a comprehensive search of the
published literature. WAP added to the selected foods at the levels specified in Appendix 1
would provide a mean and 90™ percentile WAP consumption of 2.32 and 5.56 g/day,
respectively (Table 6).

Table 6. Predicted intake of WAP following supplementation of selected foods at the
indicated levels (Appendix 1) for individuals consuming selected supplemented foods

Per User (mg/day)
WAP intake from: Mean 90" Percentile
Possible maximum consumption with WAP as an
added ingredient to food 2,319 5,562

WAP = Whole Algal Protein

5. Absorption, Distribution, Metabolism and Elimination (ADME)

The proteins,” lipids, and carbohydrates found in WAP (a whole Chlorella
protothecoides S106 algal protein) are expected to be digested, absorbed, metabolized and
excreted through the same normal physiological processes by which plant materials common to
the human diet are digested.

6. Basis of GRAS Determination

The determination that WAP is GRAS is on the basis of scientific procedures, as
described below and in the attached Dossier in Support of the Generally Recognized as Safe
(GRAS) Status of WAP as a Food Ingredient. On the basis of the data and information described

3 USDA (2006) What We Eat In America, NHANES 2003-2004; Documentation and Data Files. U.S. Department
of Agriculture, Agriculture Research Service; http://www.ars.usda.gov/Services/docs.htm?docid=15044; site visited
October 17, 2013.
32 Protein biocavailability from the whole cell WAP product was demonstrated to be 87.4% in an unpublished study
using a dynamic gastrointestinal (GI) model simulating the upper GI tract (TNO, 2012).
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below and in the attached dossier and other publicly available information, there is consensus
among experts qualified by scientific training and experience to evaluate the safety of substances
added to food, that WAP is GRAS under the intended conditions of use.

6.1. Acute studies

No acute toxicity studies related to C. protothecoides or A. protothecoides were
discovered in the scientific literature.

6.2. Short term repeated-dose studies

In a 28-day repeated-dose toxicity study (Day et al., 2009) HSD:SD® rats (n =
10/sex/group) were each provided diets ad libitum containing O ppm (placebo control), 25,000
ppm (low-dose), 50,000 ppm (mid-dose) and 100,000 ppm (high-dose) ground yellow, high-
lipid* C. protothecoides S106 biomass. The test diets for the Day et al. (2009) study were
formulated using the AIN-93G Rodent Diet (Research Diets, Inc., New Brunswick, NJ) as the
basal diet, to which sufficient test substance was added to achieve the target concentrations and
to ensure comparable fat, protein and carbohydrate content across dose groups. The low-, mid-,
and high dose diets were equivalent to 1794, 3667, and 7557 mg/kg bw**/day, respectively, in
males and 1867, 3918, and 8068 mg/kg bw/day, respectively, in females. Following the
treatment period, the rats from each group were terminated on Day 31 (males) or Day 32
(females). This study was performed in compliance with OECD* Guidelines for the Testing of
Chemicals, Section 4 (Part 407): Health Effects, Repeated Dose 28-day Oral Toxicity Study in
Rodents (1995) and with Good Laboratory Practice (GLP) in accordance with OECD Principles
of Good Laboratory Practice (as revised in 1997)*° and US FDA GLP: 21 CFR 58, 1987.

The daily administration of the ground yellow, high-lipid C. protothecoides biomass
material at dietary concentrations up to 100,000 ppm in the feed was well-tolerated by the rats.
Consumption did not affect health or growth as measured by viability, appearance, behavior,
body weight, body weight gain, food consumption, or food efficiency. No treatment-related
effects were identified in the ophthalmology, urinalysis, hematology, clinical chemistry, gross
pathology, organ weights, or histopathology of animals in any group. Although statistical
significance was shown for several parameters, none were attributable to ingestion of the test
substance because the changes were noted only sporadically, did not demonstrate a dose-
response relationship, were within the ranges historically observed in the age and strain of rats
used in this study, and/or were also observed in the control group. These observations are
summarized below:

(a) One control female died from suspected accidental overdose of anesthesia on Day 29
during orbital sinus bleeding. This mortality was an isolated incident and not related to the test
substance. (b) Incidental findings during clinical observation included a scab on the head of one
mid-dose male (Days 2-6) and an abrasion on the nose of one low-dose female (Day 3). (c) A
minor unilateral observation was also made in one control female during ophthalmologic
examination on Day 25. This finding was confined to a single individual and not associated with

33 48% lipid; 6% protein

** bw = body weight

3> OECD = Organisation for Economic Co-operation and Development

% OECD Environmental Health and Safety Publication, Series on Principles of Good Laboratory Practice and
Compliance Monitoring — Number 1. Environment Directorate, Paris 1998.

2014 May 08 Page 18 of 54
Susing science and compliance www.burdockgroup.com

000019



S

g

the test substance. (d) A minimally significant increase in food consumption was observed in
high-dose males during Week 2 (P < 0.05) compared to the control group. Although food
consumption by high-dose males did not differ significantly from the control group during the
other three weeks, overall food consumption (Days 0-28) was also statistically higher for high-
dose males compared to the controls (P < 0.05). Because increased consumption was slight and
not accompanied by corresponding changes in body weight or food efficiency, the finding was
not toxicologically significant and not necessarily related to the test substance. (€) A statistically
significant decrease in mean food efficiency was reported in mid-dose males during Week 3 (P <
0.05) compared to control males. This decrease was short term and, therefore, judged to be
incidental and not related to the test substance. (f) Statistically significant decreases in mean
corpuscular hemoglobin concentration (MCHC) and absolute basophil concentrations were noted
for the males of the high-dose and low-dose groups, respectively, compared to the control group
(P < 0.05 for both). Because these Day 29 hematology findings were not accompanied by any
other clinical or histopathologic change and no dose-dependent relationship was demonstrated,
the findings were judged to be not attributable to treatment. (g) A significant increase in the
absolute large unstained cell concentration in mid-dose group females compared to the control
group (P < 0.05) was not found to be toxicologically relevant because the change was sporadic
(not present at Day 29) and did not demonstrate a dose-dependent relationship. (h) Clinical
chemistry results revealed statistically significant increases in creatinine in mid-dose males and
triglycerides in high-dose males on Day 15 and blood urea nitrogen in mid-dose males on Day 29
compared to the control group (P < 0.05 for all). Cholesterol in high-dose females was
significantly elevated compared to the control group (P < 0.05) on Day 15. Because these
findings did not present with consistency, dose-response relationship, or corresponding clinical
or histopathological changes, they were not related to the test substance. (i) Clinical chemistry
results from Days 15 and 29 revealed statistically significant increases in alkaline phosphatase in
high-dose group males (P < 0.05 for both). These findings did not demonstrate a dose-response
relationship and were not present in females, nor were they accompanied by corresponding
clinical or histopathologic change, nor were there corresponding changes in liver or kidney
weight; they were, therefore, judged not to be toxicologically relevant. (j) Findings for Day 29
urinalysis included a statistically significant increase in specific gravity and a decrease in urine
volume in mid-dose females compared to controls (P < 0.05 for both). These changes were not
dose-related nor were they accompanied by clinical or histopathologic change, nor were liver or
kidney weights affected. The changes were judged not to be treatment related. (k) Macroscopic
observation revealed a statistically significant increase in absolute adrenals (P < 0.05), adrenals-
to-body (P < 0.01) and adrenals-to-brain (P < 0.05) weights in the mid-dose males compared to
the control group values. Due to the absence of clinical or histopathological changes, these
observations were incidental.

Under the conditions of this study, the no-observed-adverse-effect level (NOAEL) for
ground yellow, high-lipid C. protothecoides biomass in the diet was 100,000 ppm, the highest
dietary concentration provided in the study, which corresponded to a dietary NOAEL of 7557
mg/kg bw/day in male rats and 8068 mg/kg bw/day in female rats.

The findings of an unpublished 28-day trial of dietary C. protothecoides (strain not
specified) in the Syrian golden hamster (sex not specified; n = 15/group) (Harding 