wo 2012/109563 A1 I} ] A1 0O OO 0 AR R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/109563 A1l

16 August 2012 (16.08.2012) WIPO I PCT
(51) International Patent Classification: Center, 4417 Lancaster Pike, Wilmington, Delaware 19805
BOID 3/12 (2006.01) (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2012/024687 kind of national protection available). AE, AG, AL, AM,
) T ional Filine Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: 10 Feb 2012 (10.02.2012 CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
ebruary (10.02.2012) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(25) Filing Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
L. ) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(30) Priority Data: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
61/441,842 11 February 2011 (11.02.2011) US SE, G, SK, SL, SM, ST, 8V, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): E. 1. DU
PONT DE NEMOURS AND COMPANY [US/USI; (84) Designated States (uniess otherwise indicated, for every
1007 Market Street, Wilmington, Delaware 19898 (US). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(72) Inventors; and UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
(75) Inventors/Applicants (for US only): LIANG, Shu-Chien TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
[US/US]; 4 Point Avenue, Newark, Delaware 19711 (US). DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
ORLANDI, Robert, D. [US/US]; 310 Newark Road, PO LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Box 513, Landenberg, Pennsylvania 19350-0513 (US). SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
(74) Agents: CHRISTENBURY, Lynne, M. et al;; E. I. du GW, ML, MR, NE, SN, TD, TG).

Pont de Nemours and Company, Legal Patent Records

[Continued on next page]

(54) Title: PURIFICATION OF TRIGLY CERIDE OIL FROM MICROBIAL SOURCES USING SHORT PATH DISTILLATION

(57) Abstract: Disclosed is a process for reducing the amount of sterol in a

Micr obiol
fermentation

sterolcontaining microbial oil composition, including distilling, under short
path distillation conditions, a sterol-containing microbial oil wherein said

distillation produces a distillate fraction containing the sterol an a triacylgly -

“"Unirealed microbiol biomass™
containing ot least one PUFA

| FIG. 1

{Dptional} Mechanical
processing of untreated microbial
biomass {e.q., drying, disrupting,

pelietizing, etc.)

0 extroction

“Extracted oil" compriging TAGS
comprising ot leost one PUFA ond sterols
{oplionally, o "refined lipid composition)

Distillation, under short path
distillation (SPD) conditions

“Residuol
biomass"

"SPD purified ail",
compriging the purified TAG
fraction ond having reduced

sterols

Distilote froction,
comprising sterols

cerol-containing fraction having a reduced amount of the sterol when com-
pared to the amount of sterol in the sterol-containing microbial oil composi-
tion that has not been subjected to short path distillation.



WO 2012/109563 A1 |IIWAT 00V 0 00 O

—  with sequence listing part of description (Rule 5.2(a))

Published:
—  with international search report (Art. 21(3))



WO 2012/109563 PCT/US2012/024687

10

15

20

25

30

TITLE
PURIFICATION OF TRIGLYCERIDE OIL FROM MICROBIAL SOURCES
USING SHORT PATH DISTILLATION
This application claims the benefit of U.S. Provisional Application No.
61/441,842, filed February 11, 2011, which is hereby incorporated by
reference in its entirety.
FIELD OF THE INVENTION

The present invention is directed to the purification of lipids containing

polyunsaturated fatty acids (PUFAs). In particular, processes are provided for

reducing the amount of undesired sterols (e.g., ergosterol) from microbial oil

compositions enriched in triacylglyercols and comprising at least one PUFA using

short path distillation (SPD).
BACKGROUND OF THE INVENTION
Microorganisms such as filamentous fungi, yeast and algae produce a

variety of lipids, including fatty acyls, glycerolipids, phospholipids,
sphingolipids, saccharolipids, polyketides, sterol lipids and prenol lipids. It is
advantageous to extract some of these lipids from the microbial cells in which
they are produced, and thus a variety of processes have been implemented.

One class of lipids commonly extracted from microbes is glycerolipids,
including the fatty acid esters of glycerol ("triacylglycerols" or “TAGs”). TAGs
are the primary storage unit for fatty acids, and thus may contain long chain
polyunsaturated fatty acids (PUFAs), as well as shorter saturated and
unsaturated fatty acids and longer chain saturated fatty acids. There has
been growing interest in including PUFAs, such as eicosapentaenoic acid
[“EPA”; omega-3] and docosahexaenoic acid [‘DHA”; omega-3], in
pharmaceutical and dietary products. Means to efficiently and cost-effectively
extract, refine and purify lipid compositions comprising PUFAs are therefore
particularly desirable.

Many typical lipid isolation procedures involve disruption of the
microbial cells (e.g., via mechanical, enzymatic or chemical means), followed

by oil extraction using organic or green solvents. The disruption process
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releases the intracellular lipids from the microbial cells, which makes them
readily accessible to the solvent during extraction. After extraction, the
solvent is typically removed (e.g., by evaporation, for example by application
of vacuum, change of temperature or pressure, etc.).

The resulting extracted oil is enriched in lipophilic components that
accumulate in lipid bodies. In general, the major components of lipid bodies
consist of TAGs, ergosterol esters, other sterol esters, free ergosterol and
phospholipids. PUFAs present in lipid bodies are mainly as components of
TAGs, diacylglycerols, monoacylglycerols and phospholipids, but can also be
in the form of free fatty acids. The extracted oil may be subsequently refined
to produce a highly purified TAG fraction enriched in PUFAs. Final
specifications concerning the purified TAG fraction may be application-
dependent, for example, depending on whether the oil is to be used as an
additive or supplement (e.g., in food compositions, infant formulas, animal
feeds, etc.), in cosmetic or pharmaceutical compositions, etc. Acceptable
contaminant standards are either self-imposed (wherein a particular
contaminant results in an undesirable property, e.g., haziness/cloudiness,
odor) or determined by external nutrition councils (e.g., A Voluntary
Monograph Of The Council for Responsible Nutrition (Washington, D.C.),
March 2006, specifies the maximum acid, peroxide, anisidine, TOTOX,
polychlorinated dibenzo-para-dioxin and polychlorinated dibenzofuran values
for omega-3 EPA, omega-3 DHA and mixtures thereof).

U.S. Patent 6,166,230 (GIST-Brocades) describes a process for
treating a microbial oil comprising PUFAs (e.g., from Mortierella alpina) with a
polar solvent to extract at least one sterol (e.g., desmosterol) that is soluble in
the solvent and then separating at least some of the solvent containing the
sterol from the oil, wherein the oil has a sterol content of less than 1.5%.

U.S. Patent 7,695,626 (Martek) describes a process for recovering
neutral lipids comprising PUFAs from a microbial biomass (e.g.,
Schizochytrium), said process comprising the steps of contacting the biomass

with a nonpolar solvent to recover lipid in an extraction process, refining
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and/or bleaching and/or deodorizing the lipid composition, adding a polar
solvent to the lipid composition, cooling the mixture to selectively precipitate
at least one other compound (e.g., trisaturated glycerides, phosphorus-

containing materials, wax esters, saturated fatty acid containing sterol esters,
sterols, squalene, hydrocarbons) and then reducing the amount of this
undesirable compound from the lipid composition.

Previous methods have not utilized techniques of short path distillation
as an effective means to avoid exposing PUFAs, specifically highly

unsaturated fatty acids, to high temperatures and reduce the amount of
ergosterol (ergosta-5,7,22-trien-33-ol; CAS Registry Number 57-87-4)
contaminants from microbial oils.

SUMMARY OF THE INVENTION

In a first embodiment, the invention concerns a process for reducing

the amount of sterol in a sterol-containing microbial oil composition, said
method comprising:
a) distilling, at least once under short path distillation conditions, the
sterol-containing microbial oil wherein said oil comprises:
(i) triacylglycerol comprising one or more polyunsaturated fatty
acids; and,
(i) a sterol fraction of at least 300 mg/100 g of oil;
wherein said distillation produces a distillate fraction comprising
the sterol and a triacylglycerol-containing fraction having a reduced
amount of the sterol when compared to the amount of sterol in the
sterol-containing microbial oil composition that has not been
subjected to short path distillation; and,
b) optionally, recovering the triacylglycerol-containing fraction.
In a second embodiment, the short path distillation conditions comprise
at least one pass of the sterol-containing microbial oil at a vacuum level of not

more than 30 mTorr and a temperature of not more than 300 °C.
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In a third embodiment, the sterol fraction comprises one or more sterols
selected from the group consisting of: stigmasterol, ergosterol, brassicasterol,
campesterol, B-sitosterol and desmosterol.

In a fourth embodiment, the reduction in the amount of sterols in the
triacylglycerol-containing fraction is at least 40% when compared to the
amount of sterols in the sterol-containing microbial oil composition.
Preferably, the reduction in the amount of sterols in the triacylglycerol-
containing fraction is at least 70% and more preferably at least 80% when
compared to the amount of sterols in the sterol-containing microbial olil
composition.

In a fifth embodiment, the triacylglycerol-containing fraction having a
reduced sterol fraction has improved clarity when compared to the sterol-
containing microbial oil composition that has not been subjected to short path
distillation.

In a sixth embodiment, the sterol-containing microbial oil composition is
obtained from yeast, algae, euglenoids, stramenopiles, fungi, or a mixture
thereof. Preferably, the sterol-containing microbial oil composition is obtained
from oleaginous microbes from a genus selected from the group consisting of
Mortierella, Thraustochytrium, Schizochytrium, Yarrowia, Candida,
Rhodotorula, Rhodosporidium, Cryptococcus, Trichosporon, and Lipomyces;
more preferably, the sterol-containing microbial oil composition is obtained
from microbial biomass of recombinant Yarrowia cells engineered for the
production of a polyunsaturated fatty acid(s).

In a seventh embodiment, the distilling step may include two or more
consecutive short path distillations of the microbial oil composition. Each
consecutive short path distillation may be at a temperature that is higher than
the temperature of the immediately preceding short path distillation.

BIOLOGICAL DEPQOSITS
The following biological materials have been deposited with the

American Type Culture Collection (ATCC), 10801 University Boulevard,
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Manassas, VA 20110-2209, and bear the following designations, accession

numbers and dates of deposit.

Biological Material Accession No. Date of Deposit
Yarrowia lipolytica Y8412 ATCC PTA-10026 May 14, 2009
Yarrowia lipolytica Y8259 ATCC PTA-10027 May 14, 2009

The biological materials listed above were deposited under the terms
of the Budapest Treaty on the International Recognition of the Deposit of
Microorganisms for the Purposes of Patent Procedure. The listed deposit will
be maintained in the indicated international depository for at least 30 years
and will be made available to the public upon the grant of a patent disclosing
it. The availability of a deposit does not constitute a license to practice the
subject invention in derogation of patent rights granted by government action.

Yarrowia lipolytica Y9502 was derived from Y. lipolytica Y8412,
according to the methodology described in U.S. Pat. Appl. Pub. No. 2010-
0317072-A1. Similarly, Yarrowia lipolytica Y8672 was derived from Y.
lipolytica Y8259, according to the methodology described in U.S. Pat. Appl.
Pub. No. 2010-0317072-A1.

BRIEF DESCRIPTION OF THE DRAWINGS AND SEQUENCE LISTING

FIG. 1 provides an overview of the processes of the invention, in the

form of a flowchart. Specifically, a microbial fermentation produces untreated
microbial biomass, which may optionally be mechanically processed. Oil
extraction of the untreated microbial biomass results in residual biomass and
extracted oil. Distillation of the extracted oil using short path distillation (SPD)
conditions then reduces the amount of sterols in the purified triacylglyceride
(TAG)-fraction (i.e., the SPD-purified microbial oil).

FIG. 2 provides plasmid maps for the following: (A) pZKUM; and, (B)
pZKL3-9DP9ON.

The following sequences comply with 37 C.F.R. §1.821-1.825
(“Requirements for Patent Applications Containing Nucleotide Sequences

and/or Amino Acid Sequence Disclosures - the Sequence Rules”) and are
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consistent with World Intellectual Property Organization (WIPO) Standard
ST.25 (1998) and the sequence listing requirements of the EPO and PCT
(Rules 5.2 and 49.5(a-bis), and Section 208 and Annex C of the
Administrative Instructions). The symbols and format used for nucleotide and
amino acid sequence data comply with the rules set forth in 37 C.F.R. §1.822.

SEQ ID NOs:1-8 are open reading frames encoding genes, proteins
(or portions thereof), or plasmids, as identified in Table 1.

Table 1. Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description Nucleic acid Protein
SEQ ID NO. | SEQ ID NO.
Plasmid pZKUM 1 -
(4313 bp)
Plasmid pZKL3-9DP9N 2 --
(13565 bp)
Synthetic mutant delta-9 elongase, derived from 3 4
Euglena gracilis (‘EgD9eS-L35G”) (777 bp) (258 AA)
Yarrowia lipolytica delta-9 desaturase gene 5 6
(GenBank Accession No. XM 501496) (1449 bp) (482 AA)
Yarrowia lipolytica choline-phosphate cytidylyl- 7 8
transferase gene (GenBank Accession No. (1101 bp) (366 AA)
XM_502978)

DETAILED DESCRIPTION OF THE INVENTION

The disclosures of all patent and non-patent literature cited herein are

hereby incorporated by reference in their entireties.

When an amount, concentration, or other value or parameter is given
as either a range, preferred range, or a list of upper preferable values and
lower preferable values, this is to be understood as specifically disclosing all
ranges formed from any pair of any upper range limit or preferred value and
any lower range limit or preferred value, regardless of whether ranges are
separately disclosed. Where a range of numerical values is recited herein,
unless otherwise stated, the range is intended to include the endpoints
thereof, and all integers and fractions within the range. It is not intended that
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the scope of the invention be limited to the specific values recited when
defining a range.

As used herein, the terms “comprises”, “comprising”, “includes”,
“including”, “has”, “having”, “contains” or “containing”,or any other variation
thereof, are intended to cover a non-exclusive inclusion. For example, a
composition, mixture, process, method, article, or apparatus that comprises a
list of elements is not necessarily limited to only those elements but may
include other elements not expressly listed or inherent to such composition,
mixture, process, method, article, or apparatus. Further, unless expressly
stated to the contrary, “or” refers to an inclusive or and not to an exclusive or.
For example, a condition A or B is satisfied by any one of the following: Ais
true (or present) and B is false (or not present), A is false (or not present) and
B is true (or present), and both A and B are true (or present).

Also, the indefinite articles “a” and “an” preceding an element or
component of the invention are intended to be nonrestrictive regarding the
number of instances (i.e., occurrences) of the element or component.
Therefore, “a” or “an” should be read to include one or at least one, and the
singular word form of the element or component also includes the plural
unless the number is obviously meant to be singular.

As used herein the term “invention” or “present invention” is intended
to refer to all aspects and embodiments of the invention as described in the
claims and specification herein and should not be read so as to be limited to
any particular embodiment or aspect.

The following definitions are used in this disclosure:

“Carbon dioxide” is abbreviated as “CO;".

“American Type Culture Collection” is abbreviated as “ATCC”.

“Polyunsaturated fatty acid(s)” is abbreviated as “PUFA(s)".

“Phospholipids” are abbreviated as “PLs”.

“Triacylglycerols” are abbreviated as “TAGs”. Herein the term
“triacylglycerols” (TAGs) is synonymous with the term “triacylglycerides” and

refers to neutral lipids composed of three fatty acyl residues esterified to a
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glycerol molecule. TAGs can contain long chain PUFAs and saturated fatty
acids, as well as shorter chain saturated and unsaturated fatty acids.

“Free fatty acids” are abbreviated as “FFAs”.

“Total fatty acids” are abbreviated as "TFAs".

“Fatty acid methyl esters” are abbreviated as “FAMESs”.

“Dry cell weight” is abbreviated as “DCW”.

“Millitorr” is abbreviated as “mTorr”.

The term “reduced” means having a smaller quantity, for example a
quantity only slightly less than the original quantity, or for example a quantity
completely lacking in the specified material, and including all quantities in
between.

As used herein the term “microbial biomass” refers to microbial cellular
material from a microbial fermentation comprising TAGs comprising PUFAs.
The biomass may be in the form of whole cells, whole cell lysates,
homogenized cells, partially hydrolyzed cellular material, and/or disrupted
cells.

The term “untreated microbial biomass” refers to microbial biomass
prior to extraction with a solvent. Optionally, untreated microbial biomass
may be subjected to at least one mechanical process (e.g., by drying the
biomass, disrupting the biomass, or a combination of these) prior to extraction
with a solvent.

As used herein the term “residual biomass” refers to microbial cellular
material from a microbial fermentation comprising TAGs that comprise
PUFAs, which has been extracted at least once with a solvent.

The term “lipids” refer to any fat-soluble (i.e., lipophilic), naturally-
occurring molecule. Lipids are a diverse group of compounds that have many
key biological functions, such as structural components of cell membranes,
energy storage sources and intermediates in signaling pathways. Lipids may
be broadly defined as hydrophobic or amphiphilic small molecules that
originate entirely or in part from either ketoacyl or isoprene groups. A general

overview of lipids, based on the Lipid Metabolites and Pathways Strategy
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(LIPID MAPS) classification system (National Institute of General Medical

Sciences, Bethesda, MD), is shown below in Table 2.

Table 2. Overview Of Lipid Classes

Structural
Building Block

Lipid Category

Examples Of Lipid Classes

Derived from
condensation
of ketoacyl
subunits

Includes fatty acids, eicosanoids, fatty

Fatty Acyls esters and fatty amides
Includes mainly mono-, di- and tri-

Glycerolipids substituted glycerols, the most well-known
being the fatty acid esters of glycerol
(triacylglycerols)

Glycero- Includes phosphatidylcholine,

phospholipids or
Phospholipids

phosphatidylethanolamine, phospha-
tidylserine, phosphatidylinositols and
phosphatidic acids

Sphingolipids

Includes ceramides, phospho-sphingolipids
(e.g., sphingomyelins), glycosphingolipids
(e.g., gangliosides), sphingosine,
cerebrosides

Saccharolipids

Includes acylaminosugars, acylamino-sugar
glycans, acyltrehaloses,
acyltrehalose glycans

Includes halogenated acetogenins,
polyenes, linear tetracyclines,

Polyketides polyether antibiotics, flavonoids,
aromatic polyketides
Includes sterols (e.g., cholesterol), C18
Derived from steroids (e.g., estrogens), C19 steroids
condensation Sterol Lipids (e.g., androgens), C21 steroids (e.g.,
of isoprene progestogens, glucocorticoids and mineral-
P ocorticoids), secosteroids, bile acids
subunits . . . .
. Includes isoprenoids, carotenoids, quinones,
Prenol Lipids

hydroquinones, polyprenols, hopanoids

The term “sterol-containing microbial oil composition” refers to a lipid

substance that is liquid at 25 °C and comprises (i) at least one sterol; and (ii)

triacylglycerides (TAGs) comprising one or more PUFAs. More specifically,

the sterol-containing microbial oil composition derived from a microbial

biomass has a sterol fraction of at least 300 mg/100 g of oil, comprising one

or more sterols.

Sterols, which function in the membrane permeability of cells, have

been isolated from all major groups of living organisms, although there is
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diversity in the predominant sterol isolated. The predominant sterol in higher
animals is cholesterol, while R-sitosterol is commonly the predominant sterol
in higher plants (although it is frequently accompanied by campesterol and
stigmasterol). Generalization concerning the predominant sterol(s) found in
microbes is more difficult, as the composition depends on the particular
microbial species. For example, the oleaginous yeast Yarrowia lipolytica
predominantly comprises ergosterol, fungi of the genus Morteriella
predominantly comprise cholesterol and desmosterol, and stramenopiles of
the genus Schizochytrium predominantly comprise brassicasterol and
stigmasterol. A summary of sterols often found in sterol-containing microbial
oils is shown below in Table 3; in contrast, these sterols are not typically
found in fish oils. When present in sterol-containing microbial oils, the sterols
of Table 3 tend to precipitate out of the microbial oil due to high melting points
and reduced solubility at lower storage temperatures, which result in a cloudy
oil. It is highly desirable to minimize undesirable cloudiness in the microbial
oil by reducing the concentration of these sterols.

Table 3. Sterols In Sterol-Containing Microbial Oils

Common Name Chemical Name CAS Registry No.
Stigmasterol Stigmasta-5,22-dien-3-ol 83-48-7
Ergosterol Ergosta-5,7,22-trien-33-ol 474-67-9
Brassicasterol Ergosta-5,22-dien-3[3-ol 57-87-4
Campesterol (24R)-Ergost-5-en-3-ol 474-62-4
B-Sitosterol Stigmast-5-en-3-ol, 83-46-5
Desmosterol Cholesta-5,24-dien-3-ol 313-04-2

Preferred sterol-containing microbial oils have a sterol fraction of at least 300
mg/100 g of oil, comprising one or more sterols.

The sterol-containing microbial oil composition also preferably
comprises about 25% PUFAs in the total lipids, preferably at least about 30%
PUFAs in the total lipids, more preferably at least about 35% PUFAs in the
total lipids, more preferably at least about 40% PUFAs in the total lipids, more
preferably at least about 40-45% PUFAs in the total lipids, more preferably at
least about 45-50% PUFAs in the total lipids, more preferably at least about

-10 -
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50-60% PUFAs, and most preferably at least about 60-70% PUFAs or greater
in the total lipids.

The sterol-containing microbial oil composition is derived from a
microbial biomass typically provided by microbial fermentation. Thus, the
sterol-containing microbial oil composition useful in the invention may include
water. Preferably the oil has a moisture content of less than 10 weight
percent, more preferably a moisture content of less than 5 weight percent,
and most preferably a moisture content of 3 weight percent or less.

In oleaginous organisms, oil constitutes a major part of the total lipid.
“Oil” is composed primarily of triacylglycerols (TAGs) but may also contain
other neutral lipids, phospholipids (PLs) and free fatty acids (FFAs). The fatty
acid composition in the oil and the fatty acid composition of the total lipid are
generally similar; thus, an increase or decrease in the concentration of
PUFAs in the total lipid will correspond with an increase or decrease in the
concentration of PUFAs in the oil, and vice versa.

“Neutral lipids” refer to those lipids commonly found in cells in lipid
bodies as storage fats and are so called because at cellular pH, the lipids
bear no charged groups. Generally, they are completely non-polar with no
affinity for water. Neutral lipids generally refer to mono-, di-, and/or triesters
of glycerol with fatty acids, also called monoacylglycerol, diacylglycerol or
triacylglycerol (TAG), respectively, or collectively, acylglycerols. A hydrolysis
reaction must occur to release FFAs from acylglycerols.

The term “extracted oil” refers to an oil that has been separated from
cellular materials, such as the microorganism in which the oil was
synthesized. Extracted oils are obtained through a wide variety of methods,
the simplest of which involves physical means alone. For example,
mechanical crushing using various press configurations (e.g., screw, expeller,
piston, bead beaters, etc.) can separate oil from cellular materials.
Alternatively, oil extraction can occur via treatment with various organic
solvents (e.g., hexane, iso-hexane), enzymatic extraction, osmotic shock,

ultrasonic extraction, supercritical fluid extraction (e.g., CO; extraction),

-1 -
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saponification and combinations of these methods. Further purification or
concentration of an extracted oil is optional.

The term “refined lipid composition” refers to a microbial oil
composition that is the product of a supercritical carbon dioxide (CO,)
extraction as disclosed in U.S. Pat. Pub. No. 2011-0263709-A1. The refined
lipid composition may comprise neutral lipids and/or free fatty acids while
being substantially free of phospholipids. The refined lipid composition
preferably has less than 30 ppm phosphorous, and more preferably less than
20 ppm phosphorous, as determined by the American Oil Chemists’ Society
(AOCS) Official Method Ca 20-99 entitled “Analysis for Phosphorus in QOil by
Inductively Coupled Plasma Optical Emission Spectroscopy” (Official
Methods and Recommended Practices of the AOCS, 6" ed., Urbana, IL,
AOCS Press, 2009, incorporated herein by reference). The refined lipid
composition may be enriched in TAGs relative to the oil composition of the
microbial biomass. The refined lipid composition may undergo further
purification, such as via short path distillation as described herein, to produce
a “purified oil”.

Thus, a preferred sterol-containing microbial oil composition for the
process described herein is a refined lipid composition derived from
supercritical CO; extraction, the refined lipid composition comprising TAGs
comprising at least one PUFA and comprising at least one sterol.

The term “distilling” refers to a method of separating mixtures based on
differences in their volatilities in a boiling liquid mixture. Distillation is a unit
operation, or a physical separation process, and not a chemical reaction.

The term “short path distillation” (abbreviated as “SPD”) refers to a
separation method operating under an extremely high vacuum, in which the
SPD device is equipped with an internal condenser in close proximity to the
evaporator, such that volatile compounds from the material to be distilled after
evaporation travel only a short distance to the condensing surface. As a
result, there is minimal thermal degradation from this separation method.

12 -
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The term “SPD-purified oil” refers to a microbial oil containing a
triacylglycerol-fraction comprising one or more PUFAs, said oil having
undergone a process of distillation at least once under short path distillation
conditions. The distillation process reduces the amount of sterol in the SPD
purified oil, as compared to the sterol content in the oil prior to short path
distillation.

The term “total fatty acids” (TFAs) herein refer to the sum of all cellular
fatty acids that can be derivatized to fatty acid methyl esters (FAMEs) by the
base transesterification method (as known in the art) in a given sample, which
may be the biomass or oil, for example. Thus, total fatty acids include fatty
acids from neutral lipid fractions (including diacylglycerols, monoacylglycerols
and TAGs) and from polar lipid fractions (including the phosphatidylcholine
and the phosphatidylethanolamine fractions) but not FFAs.

The term “total lipid content” of cells is a measure of TFAs as a percent
of the dry cell weight (DCW), although total lipid content can be approximated
as a measure of FAMEs as a percent of the DCW (FAMEs % DCW). Thus,
total lipid content (TFAs % DCW) is equivalent to, e.g., milligrams of total fatty
acids per 100 milligrams of DCW.

The concentration of a fatty acid in the total lipid is expressed herein
as a weight percent of TFAs (% TFAs), e.g., milligrams of the given fatty acid
per 100 milligrams of TFAs. Unless otherwise specifically stated in the
disclosure herein, reference to the percent of a given fatty acid with respect to
total lipids is equivalent to concentration of the fatty acid as % TFAs (e.g., %
EPA of total lipids is equivalent to EPA % TFAs).

In some cases, it is useful to express the content of a given fatty
acid(s) in a cell as its weight percent of the dry cell weight (% DCW). Thus,
for example, eicosapentaenoic acid % DCW would be determined according
to the following formula: (eicosapentaenoic acid % TFAs) * (TFAs %
DCW))/100. The content of a given fatty acid(s) in a cell as its weight percent
of the dry cell weight (% DCW) can be approximated, however, as:
(eicosapentaenoic acid % TFAs) * (FAMEs % DCW)]/100.
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The terms “lipid profile” and “lipid composition” are interchangeable
and refer to the amount of individual fatty acids contained in a particular lipid
fraction, such as in the total lipid or the oil, wherein the amount is expressed
as a weight percent of TFAs. The sum of the individual fatty acids present in
the mixture should be 100.

The term “fatty acids” refers to long chain aliphatic acids (alkanoic

acids) of varying chain lengths, from about C,, to C,,, although both longer

22’
and shorter chain-length acids are known. The predominant chain lengths
are between C, . and C,,. The structure of a fatty acid is represented by a

simple notation system of “X:Y”, where X is the total number of carbon ["'C"]
atoms in the particular fatty acid and Y is the number of double bonds.
Additional details concerning the differentiation between “saturated fatty
acids” versus “unsaturated fatty acids”, “monounsaturated fatty acids” versus
“‘polyunsaturated fatty acids” (PUFAs), and “omega-6 fatty acids” (“w-6" or “n-
6”) versus “omega-3 fatty acids” (“o-3” or “n-3”) are provided in U.S. Patent
7,238,482, which is hereby incorporated herein by reference.

Nomenclature used to describe PUFAs herein is given in Table 4. In
the column titled “Shorthand Notation”, the omega-reference system is used
to indicate the number of carbons, the number of double bonds and the
position of the double bond closest to the omega carbon, counting from the
omega carbon, which is numbered 1 for this purpose. The remainder of the
Table summarizes the common names of omega-3 and omega-6 fatty acids
and their precursors, the abbreviations that will be used throughout the
specification and the chemical name of each compound.

Table 4. Nomenclature of Polyunsaturated Fatty Acids And Precursors

Common Name | Abbreviation Chemical Name Shorthand
Notation
Myristic - tetradecanoic 140
Palmitic Palmitate hexadecanoic 16:0
Palmitoleic - 9-hexadecenoic 16:1
Stearic - octadecanoic 18:0
Oleic - cis-9-octadecenoic 18:1
Linoleic LA cis-9, 12-octadecadienoic 18:2 omega-6

-14 -



WO 2012/109563 PCT/US2012/024687
Gamma- GLA cis-6, 9, 12-octadecatrienoic | 18:3 omega-6
Linolenic

Eicosadienoic EDA cis-11, 14- eicosadienoic 20:2 omega-6
Dihomo- DGLA cis-8, 11, 14- eicosatrienoic | 20:3 omega-6
Gamma-

Linolenic
Arachidonic ARA cis-5, 8, 11, 14- 20:4 omega-6
eicosatetraenoic
Alpha-Linolenic ALA cis-9, 12, 15- 18:3 omega-3
octadecatrienoic
Stearidonic STA cis-6, 9, 12, 15- 18:4 omega-3
octadecatetraenoic
Eicosatrienoic ETrA cis-11, 14, 17- eicosatrienoic | 20:3 omega-3
Eicosa- ETA cis-8, 11, 14, 17- 20:4 omega-3
tetraenoic eicosatetraenoic
Eicosa- EPA cis-5, 8, 11,14, 17- 20:5 omega-3
pentaenoic eicosapentaenoic

Docosa- DTA cis-7,10,13,16- 22:4 omega-3
tetraenoic docosatetraenoic

Docosa- DPAN-6 cis-4,7,10,13,16- 22:5 omega-6
pentaenoic docosapentaenoic

Docosa- DPAN-3 cis-7, 10, 13, 16, 19- 22:5 omega-3
pentaenoic docosapentaenoic

Docosa- DHA cis-4,7,10, 13, 16, 19- 22:6 omega-3
hexaenoic docosahexaenoic

10

15

The term “high-level PUFA production” refers to production of at least
about 25% PUFAs in the total lipids of the microbial host, preferably at least
about 30% PUFAs in the total lipids, more preferably at least about 35%
PUFAs in the total lipids, more preferably at least about 40% PUFAs in the
total lipids, more preferably at least about 40-45% PUFAs in the total lipids,
more preferably at least about 45-50% PUFAs in the total lipids, more
preferably at least about 50-60% PUFAs, and most preferably at least about
60-70% PUFAs in the total lipids. The structural form of the PUFA is not
limiting; thus, for example, the PUFAs may exist in the total lipids as FFAs or
in esterified forms such as acylglycerols, phospholipids, sulfolipids or
glycolipids.

The term “oleaginous” refers to those organisms that tend to store their
energy source in the form of oil (Weete, In: Fungal Lipid Biochemistry, 2nd
Ed., Plenum, 1980). Generally, the cellular oil of oleaginous microorganisms
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follows a sigmoid curve, wherein the concentration of lipid increases until it
reaches a maximum at the late logarithmic or early stationary growth phase
and then gradually decreases during the late stationary and death phases
(Yongmanitchai and Ward, Appl. Environ. Microbiol., 57:419-25 (1991)). ltis
not uncommon for oleaginous microorganisms to accumulate in excess of
about 25% of their dry cell weight as oil.

The sterol-containing microbial oil composition may be derived from
microbial host cells selected from the group consisting of yeast, algae,
euglenoids, stramenopiles, fungi, and mixtures thereof. Preferably, the
microbial host cells are oleaginous and can be a member of a genus selected
from the group consisting of Mortierella, Thraustochytrium, Schizochytrium,
Yarrowia, Candida, Rhodotorula, Rhodosporidium, Cryptococcus,
Trichosporon, and Lipomyces. The term “oleaginous yeast” refers to those
microorganisms classified as yeasts that can make oil. Examples of
oleaginous yeast include, but are by no means limited to, the following
genera: Yarrowia, Candida, Rhodotorula, Rhodosporidium, Cryptococcus,
Trichosporon and Lipomyces.

In general, lipid accumulation in oleaginous microorganisms is
triggered in response to the overall carbon to nitrogen ratio present in the
growth medium. This process, leading to the de novo synthesis of free
palmitate (16:0) in oleaginous microorganisms, is described in detail in U.S.
Patent 7,238,482. Palmitate is the precursor of longer-chain saturated and
unsaturated fatty acid derivates, which are formed through the action of
elongases and desaturases.

A wide spectrum of fatty acids (including saturated and unsaturated
fatty acids and short-chain and long-chain fatty acids) can be incorporated
into TAGs, the primary storage unit for fatty acids. In the methods and host
cells described herein, incorporation of long chain PUFAs into TAGs is most
desirable, although the structural form of the PUFA is not limiting (thus, for
example, EPA may exist in the total lipids as FFAs or in esterified forms such

as acylglycerols, phospholipids, sulfolipids or glycolipids). More specifically,
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in one embodiment of the present method, the at least one PUFA is selected
from the group consisting of LA, GLA, EDA, DGLA, ARA, DTA, DPAn-6, ALA,
STA, ETrA, ETA, EPA, DPAN-3, DHA and mixtures thereof. More preferably,
the at least one PUFA has at least a C,, chain length, such as PUFAs

selected from the group consisting of EDA, DGLA, ARA, DTA, DPAN-6, ETrA,
ETA, EPA, DPAN-3, DHA, and mixtures thereof. In one embodiment, the at
least one PUFA is selected from the group consisting of ARA, EPA, DPAN-6,
DPAnN-3, DHA and mixtures thereof. In another preferred embodiment, the at
least one PUFA is selected from the group consisting of EPA and DHA.

Most PUFAs are incorporated into TAGs as neutral lipids and are
stored in lipid bodies. However, it is important to note that a measurement of
the total PUFAs within an oleaginous organism should minimally include
those PUFAs that are located in the phosphatidylcholine,
phosphatidylethanolamine and TAG fractions.

The SPD-purified oil comprising at least one PUFA, such as EPA (or
derivatives thereof), and having a reduced amount of sterol (relative to a
composition not subjected to distillation, as described herein) will have well
known clinical and pharmaceutical value. See, e,g., U.S. Pat. Appl. Pub. No.
2009-0093543 A1. For example, lipid compositions comprising PUFAs may
be used as dietary substitutes, or supplements, particularly infant formulas,
for patients undergoing intravenous feeding or for preventing or treating
malnutrition. Alternatively, the purified PUFAs (or derivatives thereof) may be
incorporated into cooking oils, fats or margarines formulated so that in normal
use the recipient would receive the desired amount for dietary
supplementation. The PUFAs may also be incorporated into infant formulas,
nutritional supplements or other food products and may find use as anti-
inflammatory or cholesterol lowering agents. Optionally, the compositions
may be used for pharmaceutical use, either human or veterinary.

Supplementation of humans or animals with PUFAs can result in

increased levels of the added PUFAs, as well as their metabolic progeny. For
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example, treatment with EPA can result not only in increased levels of EPA,
but also downstream products of EPA such as eicosanoids (i.e.,
prostaglandins, leukotrienes, thromboxanes), DPAn-3 and DHA. Complex
regulatory mechanisms can make it desirable to combine various PUFAs, or
add different conjugates of PUFAs, in order to prevent, control or overcome
such mechanisms to achieve the desired levels of specific PUFAs in an
individual.

Alternatively, PUFAs, or derivatives thereof, can be utilized in the
synthesis of animal and aquaculture feeds, such as dry feeds, semi-moist and
wet feeds, since these formulations generally require at least 1-2% of the
nutrient composition to be omega-3 and/or omega-6 PUFAs.

Although the present invention is drawn to a process to produce a
SPD-purified oil comprising a TAG-containing fraction having a reduced
amount of sterol, via distillation of a sterol-containing microbial oil composition
using short path distillation conditions, one will appreciate an overview of the
related processes that may be useful to obtain the sterol-containing microbial
oil composition itself. As diagrammed in FIG. 1 in the form of a flowchart,
most processes will begin with a microbial fermentation, wherein a particular
microorganism is cultured under conditions that permit growth and production
of PUFAs. At an appropriate time, the microbial cells are harvested from the
fermentation vessel. This untreated microbial biomass may be mechanically
processed using various means, such as drying, disrupting, pelletizing, etc.
Oil extraction of the untreated microbial biomass is then performed, producing
residual biomass (e.g., cell debris) and extracted oil. Distillation of the
extracted oil (which contains sterols and triacylglycerides [TAGS] comprising
PUFAs) using short path distillation conditions then reduces the amount of
sterols in the purified TAG-fraction (i.e., the SPD-purified microbial oil). Each
of these aspects of FIG. 1 will be discussed in further detail below.

The sterol-containing microbial oil useful in the invention is derived
from a microbial biomass, typically provided by microbial fermentation. The

microbial biomass may be from any microorganism, whether naturally
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occurring or recombinant, capable of producing a lipid containing a desired
PUFA(s). Preferably, the microorganism will be capable of high level PUFA
production.

As an example, commercial sources of ARA oil are typically produced
from microorganisms in the genera Mortierella (filamentous fungus),
Entomophthora, Pythium and Porphyridium (red alga). Most notably, Martek
Biosciences Corporation (Columbia, MD) produces an ARA-containing fungal
oil (ARASCO®; U.S. Patent 5,658,767) which is substantially free of EPA and
which is derived from either Mortierella alpina or Pythium insidiuosum.

Similarly, EPA can be produced microbially via numerous different
processes based on the natural abilities of the specific microbial organism
utilized [e.g., heterotrophic diatoms Cyclotella sp. and Nitzschia sp.

(U.S. Patent 5,244,921); Pseudomonas, Alteromonas or Shewanella species
(U.S. Patent 5,246,841); flamentous fungi of the genus Pythium (U.S. Patent
5,246,842); Mortierella elongata, M. exigua, or M. hygrophila (U.S. Patent
5,401,646); and eustigmatophycean alga of the genus Nannochloropsis
(Krienitz, L. and M. Wirth, Limnologica, 36:204-210 (2006))].

DHA can also be produced using processes based on the natural
abilities of native microbes. See, e.g., processes developed for
Schizochytrium species (U.S. Patent 5,340,742; U.S. Patent 6,582,941);
Ulkenia (U.S. Patent 6,509,178); Pseudomonas sp. YS-180 (U.S. Patent
6,207,441); Thraustochytrium genus strain LFF1 (U.S. 2004/0161831 A1);
Crypthecodinium cohnii (U.S. Pat. Appl. Pub. No. 2004/0072330 A1; de
Swaaf, M.E. et al., Biotechnol Bioeng., 81(6):666-72 (2003) and App!.
Microbiol. Biotechnol., 61(1):40-3 (2003)); Emiliania sp. (Japanese Patent
Publication (Kokai) No. 5-308978 (1993)); and Japonochytrium sp. (ATCC
#28207; Japanese Patent Publication (Kokai) No. 199588/1989)].
Additionally, the following microorganisms are known to have the ability to
produce DHA: Vibrio marinus (a bacterium isolated from the deep sea; ATCC
#15381); the micro-algae Cyclotella cryptica and Isochrysis galbana; and,
flagellate fungi such as Thraustochytrium aureum (ATCC #34304; Kendrick,
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Lipids, 27:15 (1992)) and the Thraustochytrium sp. designated as ATCC
#28211, ATCC #20890 and ATCC #20891. Currently, there are at least three
different fermentation processes for commercial production of DHA:
fermentation of C. cohnii for production of DHASCO™ (Martek Biosciences
Corporation, Columbia, MD); fermentation of Schizochytrium sp. for
production of an oil formerly known as DHAGold (Martek Biosciences
Corporation); and fermentation of Ulkenia sp. for production of DHActive™
(Nutrinova, Frankfurt, Germany).

Microbial production of PUFAs using recombinant means is expected
to have several advantages over production from natural microbial sources.
For example, recombinant microbes having preferred characteristics for oil
production can be used, since the naturally occurring microbial fatty acid
profile of the host can be altered by the introduction of new biosynthetic
pathways in the host and/or by the suppression of undesired pathways,
thereby resulting in increased levels of production of desired PUFAs (or
conjugated forms thereof) and decreased production of undesired PUFAs.
Secondly, recombinant microbes can provide PUFAs in particular forms
which may have specific uses. Additionally, microbial oil production can be
manipulated by controlling culture conditions, notably by providing particular
substrate sources for microbially expressed enzymes, or by addition of
compounds/genetic engineering to suppress undesired biochemical
pathways. Thus, for example, it is possible to modify the ratio of omega-3 to
omega-6 fatty acids so produced, or engineer production of a specific PUFA
(e.g., EPA) without significant accumulation of other PUFA downstream or
upstream products.

Thus, for example, a microbe lacking the natural ability to make EPA
can be engineered to express a PUFA biosynthetic pathway by introduction of
appropriate PUFA biosynthetic pathway genes, such as specific combinations
of delta-4 desaturases, delta-5 desaturases, delta-6 desaturases, delta-12
desaturases, delta-15 desaturases, delta-17 desaturases, delta-9

desaturases, delta-8 desaturases, delta-9 elongases, C14/16 €longases, Cis/1s
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elongases, Cqs20 €longases and Cyp22 €longases, although it is to be
recognized that the specific enzymes (and genes encoding those enzymes)
introduced are by no means limiting to the invention herein.

Several types of yeast have been recombinantly engineered to
produce at least one PUFA. See for example, work in Saccharomyces
cerevisiae (Dyer, J.M. et al., Appl. Eniv. Microbiol., 59:224-230 (2002);
Domergue, F. et al., Eur. J. Biochem., 269:4105-4113 (2002); U.S. Patent
6,136,574; U.S. Pat. Appl. Pub. No. 2006-0051847-A1) and the oleaginous
yeast, Yarrowia lipolytica (U.S. Patent 7,238,482; U.S. Patent 7,465,564; U.S.
Patent 7,588,931; U.S. Pat. 7,932,077; U.S. Patent 7,550,286; U.S. Pat. Appl.
Pub. No. 2009-0093543-A1; and U.S. Pat. Appl. Pub. No. 2010-0317072-A1).

In some embodiments, advantages are perceived if the microbial host
cells are oleaginous. Oleaginous yeast are naturally capable of oil synthesis
and accumulation, wherein the total oil content can comprise greater than
about 25% of the cellular dry weight, more preferably greater than about 30%
of the cellular dry weight, and most preferably greater than about 40% of the
cellular dry weight. In alternate embodiments, a non-oleaginous yeast can be
genetically modified to become oleaginous such that it can produce more
than 25% oil of the cellular dry weight, e.g., yeast such as Saccharomyces
cerevisiae (Int'l. Appl. Pub. No. WO 2006/102342).

Genera typically identified as oleaginous yeast include, but are not
limited to: Yarrowia, Candida, Rhodotorula, Rhodosporidium, Cryptococcus,
Trichosporon and Lipomyces. More specifically, illustrative oil-synthesizing
yeasts include: Rhodosporidium toruloides, Lipomyces starkeyii, L. lipoferus,
Candida revkaufi, C. pulcherrima, C. tropicalis, C. utilis, Trichosporon pullans,
T. cutaneum, Rhodotorula glutinus, R. graminis, and Yarrowia lipolytica
(formerly classified as Candida lipolytica).

Most preferred is the oleaginous yeast Yarrowia lipolytica; and, in a
further embodiment, most preferred are the Y. lipolytica strains designated as
ATCC #20362, ATCC #8862, ATCC #18944, ATCC #76982 and/or LGAM
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(2002)).

In some embodiments, it may be desirable for the oleaginous yeast to
be capable of “high-level production”, wherein the organism can produce at
least about 5-10% of the desired PUFA (i.e., LA, ALA, EDA, GLA, STA, ETrA,
DGLA, ETA, ARA, DPA n-6, EPA, DPA n-3 and/or DHA) in the total lipids.
More preferably, the oleaginous yeast will produce at least about 10-70% of
the desired PUFA(s) in the total lipids. Although the structural form of the
PUFA is not limiting, preferably TAGs comprise the PUFA(s).

Thus, the PUFA biosynthetic pathway genes and gene products
described herein may be produced in heterologous microbial host cells,
particularly in the cells of oleaginous yeasts (e.g., Yarrowia lipolytica).
Expression in recombinant microbial hosts may be useful for the production of
various PUFA pathway intermediates, or for the modulation of PUFA
pathways already existing in the host for the synthesis of new products
heretofore not possible using the host.

Although numerous oleaginous yeast could be engineered for
production of preferred omega-3/ omega-6 PUFAs based on the cited
teachings provided above, representative PUFA-producing strains of the
oleaginous yeast Yarrowia lipolytica are described in Table 5. These strains
possess various combinations of the following PUFA biosynthetic pathway
genes: delta-4 desaturases, delta-5 desaturases, delta-6 desaturases, delta-
12 desaturases, delta-15 desaturases, delta-17 desaturases, delta-9
desaturases, delta-8 desaturases, delta-9 elongases, C14/16 €longases, Cis/1s
elongases, C1g20 elongases and Cap22 elongases, although it is to be
recognized that the specific enzymes (and genes encoding those enzymes)
introduced and the specific PUFAs produced are by no means limiting to the

invention herein.
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One of skill in the art will appreciate that the methodology of the present
invention is not limited to the Yarrowia lipolytica strains described above, nor to
the species (i.e., Yarrowia lipolytica) or genus (i.e., Yarrowia) in which the
invention has been demonstrated, as the means to introduce a PUFA
biosynthetic pathway into an oleaginous yeast are well known. Instead, any
oleaginous yeast or any other suitable microbe capable of producing PUFAs will
be equally useful in the present methodologies.

A microbial species producing a lipid containing the desired PUFA(s) may
be cultured and grown in a fermentation medium under conditions whereby the
PUFA is produced by the microorganism. Typically, the microorganism is fed
with a carbon and nitrogen source, along with a number of additional chemicals
or substances that allow growth of the microorganism and/or production of the
PUFA. The fermentation conditions will depend on the microorganism used, as
described in the above citations, and may be optimized for a high content of the
PUFA(s) in the resulting biomass.

In general, media conditions may be optimized by modifying the type and
amount of carbon source, the type and amount of nitrogen source, the carbon-to-
nitrogen ratio, the amount of different mineral ions, the oxygen level, growth
temperature, pH, length of the biomass production phase, length of the oil
accumulation phase and the time and method of cell harvest. For example,
Yarrowia lipolytica are generally grown in a complex media such as yeast
extract-peptone-dextrose broth (YPD) or a defined minimal media (e.g., Yeast
Nitrogen Base (DIFCO Laboratories, Detroit, Ml) that lacks a component
necessary for growth and thereby forces selection of the desired recombinant
expression cassettes that enable PUFA production).

When the desired amount of PUFA has been produced by the
microorganism, the fermentation medium may be treated to obtain the microbial
biomass comprising the PUFA. For example, the fermentation medium may be
filtered or otherwise treated to remove at least part of the agueous component.
The fermentation medium and/or the microbial biomass may be pasteurized or
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treated via other means to reduce the activity of endogenous microbial enzymes
that can harm the microbial oil and/or PUFA products.

The microbial biomass may be mechanically processed for example by
drying the biomass, disrupting the biomass (e.g., via cellular lysing), pelletizing
the biomass, or a combination of these. The untreated microbial biomass may
be dried, e.g., to a desired water content, granulated or pelletized for ease of
handling, and/or mechanically disrupted e.g., via physical means such as bead
beaters, screw extrusion, etc. to provide greater accessibility to the cell contents.
The microbial biomass will be referred to as untreated biomass, even after any
mechanical processing, since oil extraction has not yet occurred.

As described in U.S. Provisional Application No. 61/441,836 (Attorney
Docket Number CL5053USPRYV, filed on February 11, 2011) and U.S. Patent
Application No. XX/XXX, XXX (Attorney Docket Number CL5053USNA (co-filed
herewith) (each,incorporated herein by reference), a preferred method of
mechanical processing involves twin-screw extrusion of dried yeast with a
grinding agent (e.g., silica, silicate) capable of absorbing oil to provide a
disrupted biomass mix, followed by blending a binding agent (e.g., sucrose,
lactose, glucose, soluble starch) with said disrupted biomass mix to provide a
fixable mix capable of forming a solid pellet, and subsequent forming of solid
pellets (e.g., of ~1 mm diameter X 6-10 mm length) from the fixable mix.

Following optional mechanical processing, the microbial oil is separated
from other cellular materials that might be present in the microorganism which
produced the oil via extraction. Means to extract microbial oils from untreated
biomass are well known in the art. These processes will result in residual
biomass (i.e., cell debris, etc.) and extracted oil; preferred methods rely on
solvent extractions.

In a more preferred embodiment, supercritical CO- extraction is performed,
as disclosed in U.S. Pat. Pub. No. 2011-0263709-A1. This particular
methodology subjects the untreated microbial biomass to solvent extraction to

remove phospholipids and residual biomass, and then fractionates the resulting

extract to produce an extracted oil having a refined lipid composition comprising
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at least one PUFA, the refined lipid composition enriched in TAGs relative to the
oil composition of the untreated microbial biomass.

In some embodiments, the extracted oil may undergo further processing
steps, such as degumming (e.g., using phosphoric acid), bleaching (e.g., with
silica or clay), and/or deodorization, to result in a refined lipid composition.

According to the invention herein, the extracted oil or refined lipid
composition then is subjected to a distillation under short path distillation
conditions. Specifically, the distillation step includes at least one pass of the
sterol-containing microbial oil through a short path distillation (SPD) still.
Commercial SPD stills are well known in the art of chemical engineering.
Suitable stills are available, for example, from Pope Scientific (Saukville, WI).
The SPD still includes an evaporator and a condenser. A typical distillation is
controlled by the temperature of the evaporator, the temperature of the
condenser, the feed-rate of the oil into the still and the vacuum level of the still.

As one of skill in the art will appreciate, the number of passes through a
SPD still will depend on the level of moisture in the sterol-containing microbial oil.
If the moisture content is low, a single pass through the SPD still may be
sufficient.

Preferably, however, the distillation is a multi-pass process including two
or more consecutive passes of the sterol-containing microbial oil through a SPD
still. A first pass is typically performed under about 1 to 50 torr pressure, and
preferably about 5 to 30 torr, with relatively low surface temperature of the
evaporator, for instance, about 100 to 150 °C. This results in a dewatered oil, as
residual water and low molecular weight organic materials are distilled. The
dewatered oil is then passed through the still at higher temperature of the
evaporator and lower pressures to provide a distillate fraction enriched in the
sterol and a TAG-containing fraction having a reduced amount of the sterol, as
compared to the oil not subject to short path distillation. Additional passes of the
TAG-containing fraction may be made through the still to remove further sterol.
With each additional pass, the distillation temperature may be increased relative

to the temperature of the immediately preceding distillation. Preferably, sufficient
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passes are performed such that the reduction in the amount of the sterol fraction
is at least about 40%-70%, preferably at least about 70%-80%, and more
preferably greater than about 80%, when compared to the sterol fraction in the
sterol-containing microbial oil.

Preferably, the SPD conditions comprise at least one pass of the sterol-
containing microbial oil at a vacuum level of not more than 30 mTorr, and
preferably not more than 5 mTorr. Preferably, the SPD conditions comprise at
least one pass at about 220 to 300 °C, and preferably at about 240 to 280 °C.

The SPD process results in a TAG-containing fraction (i.e., SPD-purified
oil) having a reduced sterol fraction that has improved clarity when compared to
the sterol-containing microbial oil composition that has not been subjected to
SPD. Improved clarity refers to a lack of cloudiness or opaqueness in the oil.
Sterol-containing microbial oil becomes cloudy upon storing at temperatures
below about 10 °C, due to reduced solubility of the sterol in the oil at lower
temperatures. The distillation process acts to remove substantial portions of the
sterol fraction, such that the resulting TAG-containing fraction has a reduced
amount of sterol present, and thus, remains clear, or substantially clear upon
storage at about 10 °C. A test method that may be used to evaluate the clarity of
the oil is the American Oil Chemists’ Society (AOCS) Official Method Cc 11-53
(“Cold Test”, Official Methods and Recommended Practices of the AOCS, 6™ ed.,
Urbana, IL, AOCS Press, 2009, incorporated herein by reference).

Surprisingly, reducing the amount of sterols in the distillation process can
be accomplished without significant degradation of the oil, which is rich in highly
unsaturated fatty acids such as EPA. The degradation of the oil may be
evaluated based on the PUFA content and chromatographic profiling (as
demonstrated in Example 3, infra).

Recovering the TAG-containing fraction may be accomplished by diverting
the fraction, after completion of a pass through the evaporator, to a suitable

container.
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EXAMPLES

The present invention is further defined in the following Examples. It
should be understood that these Examples, while indicating preferred
embodiments of the invention, are given by way of illustration only. From the
above discussion and these Examples, one skilled in the art can ascertain the
essential characteristics of this invention, and without departing from the spirit
and scope thereof, can make various changes and modifications of the invention
to adapt it to various usages and conditions.

The following abbreviations are used: “C” is Celsius, “mm” is millimeter,
“‘um” is micrometer, “uL” is microliter, “mL” is milliliter, “L” is liter, “min” is minute,
“‘mM?” is millimolar, “mTorr” is milliTorr, “cm” is centimeter, “g” is gram, “wt” is
weight, “h” or “hr” is hour, “temp” or “T” is temperature and “i.d.” is inside

diameter.

EXAMPLE 1A
Preparation Of Untreated Microbial Biomass Comprising EPA From Yarrowia
lipolytica Strain Z1978
This example describes recombinant Yarrowia lipolytica strain Z1978,

engineered for the production of EPA, and means used to culture this strain
using a 2-stage fed-batch process. The microbial biomass was pretreated to
result in a dried, untreated microbial biomass, having 56.1 EPA % TFAs.
Genotype Of Yarrowia lipolytica Strain Y9502

The generation of strain Y9502 is described in U.S. Pat. Appl. Pub. No.
2010-0317072-A1, hereby incorporated herein by reference in its entirety. Strain
Y9502, derived from Yarrowia lipolytica ATCC #20362, was capable of producing
about 57.0% EPA relative to the total lipids via expression of a delta-9 elongase/

delta-8 desaturase pathway.

The final genotype of strain Y9502 with respect to wildtype Yarrowia
lipolytica ATCC #20362 was Ura+, Pex3-, unknown 1-, unknown 2-, unknown 3-,
unknown 4-, unknown 5-, unknown6-, unknown 7-, unknown 8-, unknown9-,
unknown 10-, YAT1::ME3S::Pex16, GPD::ME3S::Pex20, YAT1::ME3S::Lip1,
FBAINm::EgD9eS::Lip2, EXP1::EgD9eS::Lip1, GPAT::EgD9e::Lip2,
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YAT1::EgD9eS::Lip2, FBAINm::EgD8M::Pex20, EXP1::EgD8M::Pex16,
FBAIN::EgD8M::Lip1, GPD::EaD8S::Pex16 (2 copies),
YAT1::E389D9eS/EgD8M::Lip1, YAT1::EgD9eS/EgD8M::Aco,
FBAINm::EaD9eS/EaD8S::Lip2, GPD::FmD12::Pex20, YAT1::FmD12::Oct,
EXP1::FmD12S::Aco, GPDIN::FmD12::Pex16, EXP1::EgD5M::Pex16,
FBAIN::EgD5SM::Pex20, GPDIN::EgD5SM::Aco, GPM::EgD5SM::Oct,
EXP1::EgD5SM::Lip1, YAT1::EaD5SM::Oct, FBAINm::PaD17::Aco,
EXP1::PaD17::Pex16, YAT1::PaD17S::Lip1, YAT1::YICPT::Aco,
YAT1::MCS::Lip1, FBA:MCS::Lip1, YAT1::MaLPAAT1S::Pex16. The structure
of the above expression cassettes are represented by a simple notation system
of “X::Y::Z”, wherein X describes the promoter fragment, Y describes the gene
fragment, and Z describes the terminator fragment, which are all operably linked
to one another. Abbreviations are as follows: FmD12 is a Fusarium moniliforme
delta-12 desaturase gene [U.S. Pat. No. 7,504,259]; FmD12S is a codon-
optimized delta-12 desaturase gene, derived from Fusarium moniliforme [U.S.
Pat. No. 7,504,259]; ME3S is a codon-optimized C1¢/18 €longase gene, derived
from Mortierella alpina [U.S. Pat. No. 7,470,532]; EgD9e is a Euglena gracilis
delta-9 elongase gene [U.S. Pat. No. 7,645,604]; EgD9eS is a codon-optimized
delta-9 elongase gene, derived from Euglena gracilis [U.S. Pat. No. 7,645,604];
EgD8M is a synthetic mutant delta-8 desaturase gene [U.S. Pat. No. 7,709,239],
derived from Euglena gracilis [U.S. Pat. No. 7,256,033]; EaD8S is a codon-
optimized delta-8 desaturase gene, derived from Euglena anabaena [U.S. Pat.
No. 7,790,156]; E389D9eS/EgD8M is a DGLA synthase created by linking a
codon-optimized delta-9 elongase gene (“E389D9eS”), derived from Eutreptiella
sp. CCMP389 delta-9 elongase (U.S. Pat. No. 7,645,604) to the delta-8
desaturase “EgD8M” (supra) [U.S. Pat. Appl. Pub. No. 2008-0254191-A1];
EgD9eS/EgD8M is a DGLA synthase created by linking the delta-9 elongase
“‘EgD9eS” (supra) to the delta-8 desaturase “EgD8M” (supra) [U.S. Pat. Appl.
Pub. No. 2008-0254191-A1]; EaD9eS/EgD8M is a DGLA synthase created by
linking a codon-optimized delta-9 elongase gene (“EaD9eS”), derived from
Euglena anabaena delta-9 elongase [U.S. Pat. No. 7,794,701] to the delta-8
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desaturase “EgD8M” (supra) [U.S. Pat. Appl. Pub. No. 2008-0254191-A1];
EgD5M and EgD5SM are synthetic mutant delta-5 desaturase genes [U.S. Pat.
App. Pub. 2010-0075386-A1], derived from Euglena gracilis [U.S. Pat. No.
7,678,560]; EaD5SM is a synthetic mutant A5 desaturase gene [U.S. Pat. App.
Pub. 2010-0075386-A1], derived from Euglena anabaena [U.S. Pat. No.
7,943,365]; PaD17 is a Pythium aphanidermatum delta-17 desaturase gene [U.S.
Pat. No. 7,556,949]; PaD17S is a codon-optimized delta-17 desaturase gene,
derived from Pythium aphanidermatum [U.S. Pat. No. 7,556,949]; YICPT1 is a
Yarrowia lipolytica diacylglycerol cholinephosphotransferase gene [U.S. Pat. No.
7,932,077]; MCS is a codon-optimized malonyl-CoA synthetase gene, derived
from Rhizobium leguminosarum bv. viciae 3841 [U.S. Pat. App. Pub. 2010-
0159558-A1]; and, MaLPAAT1S is a codon-optimized lysophosphatidic acid
acyltransferase gene, derived from Mortierella alpina [U.S. Pat. No. 7,879,591].

For a detailed analysis of the total lipid content and composition in strain
Y9502, a flask assay was conducted wherein cells were grown in 2 stages for a
total of 7 days. Based on analyses, strain Y9502 produced 3.8 g/L dry cell
weight [*"DCW?], total lipid content of the cells was 37.1 [“TFAs % DCW?], the
EPA content as a percent of the dry cell weight [‘EPA % DCW”] was 21.3, and
the lipid profile was as follows, wherein the concentration of each fatty acid is as
a weight percent of TFAs [“% TFAs”]: 16:0 (palmitate)—2.5, 16:1 (palmitoleic
acid)-- 0.5, 18:0 (stearic acid)-- 2.9, 18:1 (oleic acid)-- 5.0, 18:2 (LA)—12.7,
ALA—0.9, EDA—3.5, DGLA—3.3, ARA--0.8, ETrA--0.7, ETA—2.4, EPA—57.0,
other—7.5.
Generation Of Yarrowia lipolytica Strain Z1978 From Strain Y9502

The development of strain Z1978 from strain is described in U.S. Pat.
Applications No. 13/218591 (Attorney Docket Number CL4783USNA, filed
August 26, 2011) and No. 13/218708 (Attorney Docket Number CL5411USNA,
filed on August 26, 2011), hereby incorporated herein by reference.

Specifically, to disrupt the Ura3 gene in strain Y9502, construct pZKUM
(FIG. 2A; SEQ ID NO:1; described in Table 15 of U.S. Pat. Appl. Pub. No. 2009-

0093543-A1) was used to integrate an Ura3 mutant gene into the Ura3 gene of
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strain Y9502. Transformation was performed according to the methodology of
U.S. Pat. Appl. Pub. No. 2009-0093543-A1, hereby incorporated herein by
reference. A total of 27 transformants (selected from a first group comprising 8
transformants, a second group comprising 8 transformants, and a third group
comprising 11 tranformants) were grown on 5-fluoroorotic acid [“FOA”] plates
(FOA plates comprise per liter: 20 g glucose, 6.7 g Yeast Nitrogen base, 75 mg
uracil, 75 mg uridine and an appropriate amount of FOA (Zymo Research Corp.,
Orange, CA), based on FOA activity testing against a range of concentrations
from 100 mg/L to 1000 mg/L (since variation occurs within each batch received
from the supplier)). Further experiments determined that only the third group of
transformants possessed a real Ura- phenotype.

For fatty acid [“FA”] analysis, cells were collected by centrifugation and
lipids were extracted as described in Bligh, E. G. & Dyer, W. J. (Can. J. Biochem.
Physiol., 37:911-917 (1959)). Fatty acid methyl esters ["FAMEs”] were prepared
by transesterification of the lipid extract with sodium methoxide (Roughan, G.,
and Nishida I., Arch Biochem Biophys., 276(1):38-46 (1990)) and subsequently
analyzed with a Hewlett-Packard 6890 GC fitted with a 30-m X 0.25 mm (i.d.)
HP-INNOWAX (Hewlett-Packard) column. The oven temperature was from 170

°C (25 min hold) to 185 °C at 3.5 “C/min.

For direct base transesterification, Yarrowia cells (0.5 mL culture) were
harvested, washed once in distilled water, and dried under vacuum in a Speed-
Vac for 5-10 min. Sodium methoxide (100 ul of 1%) and a known amount of
C15:0 triacylglycerol (C15:0 TAG; Cat. No. T-145, Nu-Check Prep, Elysian, MN)
was added to the sample, and then the sample was vortexed and rocked for 30

min at 50 "C. After adding 3 drops of 1 M NaCl and 400 ul hexane, the sample
was vortexed and spun. The upper layer was removed and analyzed by GC
(supra).

Alternately, a modification of the base-catalysed transersterification
method described in Lipid Analysis, William W. Christie, 2003 was used for
routine analysis of the broth samples from either fermentation or flask samples.

Specifically, broth samples were rapidly thawed in room temperature water, then
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weighed (to 0.1 mg) into a tarred 2 mL microcentrifuge tube with a 0.22 ym
Corning® Costar® Spin-X® centrifuge tube filter (Cat. No. 8161). Sample (75 -
800 ul) was used, depending on the previously determined DCW. Using an
Eppendorf 5430 centrifuge, samples are centrifuged for 5-7 min at 14,000 rpm or
as long as necessary to remove the broth. The filter was removed, liquid was
drained, and ~500 pul of deionized water was added to the filter to wash the
sample. After centrifugation to remove the water, the filter was again removed,
the liquid drained and the filter re-inserted. The tube was then re-inserted into
the centrifuge, this time with the top open, for ~3-5 min to dry. The filter was then
cut approximately 2 way up the tube and inserted into a fresh 2 mL round bottom
Eppendorf tube (Cat. No. 22 36 335-2).

The filter was pressed to the bottom of the tube with an appropriate tool that
only touches the rim of the cut filter container and not the sample or filter
material. A known amount of C15:0 TAG (supra) in toluene was added and 500
ul of freshly made 1% sodium methoxide in methanol solution. The sample pellet
was firmly broken up with the appropriate tool and the tubes were closed and
placed in a 50 °C heat block (VWR Cat. No. 12621-088) for 30 min. The tubes
were then allowed to cool for at least 5 min. Then, 400 pl of hexane and 500 pll
of a 1 M NaCl in water solution were added, the tubes were vortexed for 2x 6 sec
and centrifuged for 1 min. Approximately 150 ul of the top (organic) layer was
placed into a GC vial with an insert and analyzed by GC.

FAME peaks recorded via GC analysis were identified by their retention
times, when compared to that of known fatty acids, and quantitated by comparing
the FAME peak areas with that of the internal standard (C15:0 TAG) of known
amount. Thus, the approximate amount (ug) of any fatty acid FAME [‘ug FAME”]
is calculated according to the formula: (area of the FAME peak for the specified
fatty acid/ area of the standard FAME peak) * (ug of the standard C15:0 TAG),
while the amount (ug) of any fatty acid [“ug FA”] is calculated according to the
formula: (area of the FAME peak for the specified fatty acid/area of the standard
FAME peak) * (ug of the standard C15:0 TAG) * 0.9503, since 1 ug of C15:0
TAG is equal to 0.9503 nug fatty acids. Note that the 0.9503 conversion factor is
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an approximation of the value determined for most fatty acids, which range
between 0.95 and 0.96.

The lipid profile, summarizing the amount of each individual fatty acid as a
weight percent of TFAs, was determined by dividing the individual FAME peak
area by the sum of all FAME peak areas and multiplying by 100.

In this way, GC analyses showed that there were 28.5%, 28.5%, 27.4%,
28.6%, 29.2%, 30.3% and 29.6% EPA of TFAs in pZKUM-transformants #1, #3,
#06, #7, #8, #10 and #11 of group 3, respectively. These seven strains were
designated as strains Y9502U12, Y9502U14, Y9502U17, Y9502U18, Y9502U19,
Y9502U21 and Y9502U22, respectively (collectively, Y9502U).

Construct pZKL3-9DPON (FIG. 2B; SEQ ID NO:2) was then generated to
integrate one delta-9 desaturase gene, one choline-phosphate cytidylyl-
transferase gene, and one delta-9 elongase mutant gene into the Yarrowia
YALIOF32131p locus (GenBank Accession No. XM_506121) of strain Y9502U.
The pZKL3-9DP9N plasmid contained the following components:

Table 6. Description of Plasmid pZKL3-9DP9N (SEQ ID NO:2)

RE Sites And Description Of Fragment And Chimeric Gene Components
Nucleotides
Within SEQ ID
NO:2
. 884 bp 5’ portion of YALIOF32131p locus (GenBank Accession
Ascl/BsiWi No. XM_506121, labeled as “Lip3-5” in Figure)
(887-4)
Pacl/Sphl 801 bp 3’ portion of YALIOF32131p locus (GenBank Accession
(4396-3596) No. XM_506121, labeled as “Lip3-3” in Figure)
Swal/BsiW|
(11716 - 1) YAT1::EgD9eS-L35G::Pex20, comprising:
o YAT1: Yarrowia lipolytica YAT1 promoter (labeled as “YAT” in
Figure; U.S. Pat. Appl. Pub. No. 2010-0068789A1);
o EgD9eS-L35G: Synthetic mutant of delta-9 elongase gene
(SEQ ID NO:3; U.S Pat. Appl. No. 13/218591), derived from
Euglena gracilis (‘EgD9eS”; U.S. Patent 7,645,604);
o Pex20: Pex20 terminator sequence from Yarrowia Pex20 gene
(GenBank Accession No. AF054613)
Pmel/Swal GPDIN::YID9::Lip1, comprising:
(8759-11716) e GPDIN: Yarrowia lipolytica GPDIN promoter (U.S. Patent
7,459,546);
e YID9: Yarrowia lipolytica delta-9 desaturase gene (GenBank
Accession No. XM_501496; SEQ ID NO:5);
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e Lip1: Lip1 terminator sequence from Yarrowia Lip1 gene
(GenBank Accession No. Z50020)

Clall/Pmel EXP:YIPCT::Pex16, comprising:

(6501-8759) e EXP1: Yarrowia lipolytica export protein (EXP1) promoter
(labeled as “Exp” in Figure; U.S. Pat. 7,932,077);

e YIPCT: Yarrowia lipolytica choline-phosphate cytidylyl-
transferase ["‘PCT"] gene (GenBank Accession No.
XM_502978; SEQ ID NO:7);

e Pex16: Pex16 terminator sequence from Yarrowia Pex16
gene (GenBank Accession No. U75433)

Sall/EcoRI Yarrowia Ura3 gene (GenBank Accession No. AJ306421)
(6501-4432)

The pZKL3-9DP9ON plasmid was digested with Ascl/Sphl, and then used
for transformation of strain Y9502U17. The transformant cells were plated onto
Minimal Media [“MM”] plates and maintained at 30 ‘C for 3 to 4 days (Minimal
Media comprises per liter: 20 g glucose, 1.7 g yeast nitrogen base without amino
acids, 1.0 g proline, and pH 6.1 (do not need to adjust)). Single colonies were re-
streaked onto MM plates, and then inoculated into liquid MM at 30 ‘C and shaken
at 250 rpm/min for 2 days. The cells were collected by centrifugation,
resuspended in High Glucose Media [*HGM”] and then shaken at 250 rpm/min
for 5 days (High Glucose Media comprises per liter: 80 glucose, 2.58 g KH2PO4
and 5.36 g KoHPO4, pH 7.5 (do not need to adjust)). The cells were subjected to
fatty acid analysis, supra.

GC analyses showed that most of the selected 96 strains of Y9502U17
with pZKL3-9DP9N produced 50-56% EPA of TFAs. Five strains (i.e., #31, #32,
#35, #70 and #80) that produced about 59.0%, 56.6%, 58.9%, 56.5%, and 57.6%
EPA of TFAs were designated as 21977, 21978, 21979, Z1980 and Z1981
respectively.

The final genotype of these pZKL3-9DP9N transformant strains with
respect to wildtype Yarrowia lipolytica ATCC #20362 was Ura+, Pex3-, unknown
1-, unknown 2-, unknown 3-, unknown 4-, unknown 5-, unknown6-, unknown 7-,
unknown 8-, unknown9-, unknown 10-, unknown 11-, YAT1::ME3S::Pex16,
GPD::ME3S::Pex20, YAT1::ME3S::Lip1, FBAINm::EgD9eS::Lip2,
EXP1::EgD9eS::Lip1, GPAT::EgD9e::Lip2, YAT1::EgD9eS::Lip2,
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YAT::EgD9eS-L35G::Pex20, FBAINm::EgD8M::Pex20, EXP1::EgD8M::Pex16,
FBAIN::EgD8M::Lip1, GPD::EaD8S::Pex16 (2 copies),
YAT1::E389D9eS/EgD8M::Lip1, YAT1::EgD9eS/EgD8M::Aco,
FBAINm::EaD9eS/EaD8S::Lip2, GPDIN::YID9::Lip1, GPD::FmD12::Pex20,
YAT1::FmD12::0ct, EXP1::FmD12S::Aco, GPDIN::FmD12::Pex16,
EXP1::EgD5M::Pex16, FBAIN::EgD5SM::Pex20, GPDIN::EgD5SM::Aco,
GPM::EgD5SM::Oct, EXP1::EgD5SM::Lip1, YAT1::EaD5SM::Oct,
FBAINmM::PaD17::Aco, EXP1::PaD17::Pex16, YAT1::PaD17S::Lip1,
YAT1:YICPT::Aco, YAT1::MCS::Lip1, FBA::MCS::Lip1,
YAT1::MaLPAAT1S::Pex16, EXP1::YIPCT::Pex16.

Knockout of the YALIOF32131p locus (GenBank Accession No.
XM_50612) in strains Z1977, 21978, Z1979, Z1980 and Z1981 was not
confirmed in any of these EPA strains produced by transformation with pZKL3-
9DPON.

Cells from YPD plates of strains Z1977, Z1978, Z1979, 21980 and Z1981
were grown and analyzed for total lipid content and composition, according to the
methodology below.

For a detailed analysis of the total lipid content and composition in a
particular strain of Y. lipolytica, flask assays were conducted as followed.
Specifically, one loop of freshly streaked cells was inoculated into 3 mL
Fermentation Medium [“FM”] medium and grown overnight at 250 rom and 30 °C
(Fermentation Medium comprises per liter: 6.70 g/L yeast nitrogen base, 6.00 g
KH2PO4, 2.00 g KoHPO4, 1.50 g MgS0O4*7H20, 20 g glucose and 5.00 g yeast
extract (BBL)). The ODsoonm Was measured and an aliquot of the cells was
added to a final ODggonm Of 0.3 in 25 mL FM medium in a 125 mL flask. After 2
days in a shaker incubator at 250 rpm and at 30 °C, 6 mL of the culture was
harvested by centrifugation and resuspended in 25 mL HGM in a 125 mL flask.
After 5 days in a shaker incubator at 250 rpm and at 30 °C, a 1 mL aliquot was
used for fatty acid analysis (supra) and 10 mL dried for dry cell weight [‘DCW”]

determination.
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For DCW determination, 10 mL culture was harvested by centrifugation for
5 min at 4000 rpm in a Beckman GH-3.8 rotor in a Beckman GS-6R centrifuge.
The pellet was resuspended in 25 mL of water and re-harvested as above. The
washed pellet was re-suspended in 20 mL of water and transferred to a pre-
weighed aluminum pan. The cell suspension was dried overnight in a vacuum
oven at 80 °C. The weight of the cells was determined.

Total lipid content of cells [“TFAs % DCW?”] is calculated and considered in
conjunction with data tabulating the concentration of each fatty acid as a weight
percent of TFAs [“% TFAs”] and the EPA content as a percent of the dry cell
weight ['EPA % DCW”].

Thus, Table 7 below summarizes total lipid content and composition of
strains 21977, 21978, 21979, 21980 and Z1981, as determined by flask assays.
Specifically, the Table summarizes the total dry cell weight of the cells [*'DCW?],
the total lipid content of cells [“TFAs % DCW?], the concentration of each fatty
acid as a weight percent of TFAs [“% TFAs”] and the EPA content as a percent of
the dry cell weight [‘EPA % DCW”].
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Fermentation Of Yarrowia lipolytica Strain Z1978

Inocula were prepared from frozen cultures of Yarrowia lipolytica strain
Z1978 in a shake flask. After an incubation period, the culture was used to
inoculate a seed fermentor. When the seed culture reached an appropriate
target cell density, it was then used to inoculate a larger fermentor. The
fermentation was a 2-stage fed-batch process. In the first stage, the yeast were
cultured under conditions that promoted rapid growth to a high cell density; the
culture medium comprised glucose, various nitrogen sources, trace metals and
vitamins. In the second stage, the yeast were starved for nitrogen and
continuously fed glucose to promote lipid and PUFA accumulation. Process
variables including temperature (controlled between 30-32 °C), pH (controlled
between 5-7), dissolved oxygen concentration and glucose concentration were
monitored and controlled per standard operating conditions to ensure consistent
process performance and final PUFA oil quality.

One of skill in the art of fermentation will know that variability will occur in
the oil profile of a specific Yarrowia strain, depending on the fermentation run
itself, media conditions, process parameters, scale-up, etc., as well as the
particular time-point in which the culture is sampled (see, e.g., U.S. Pat. Appl.
Pub. No. 2009-0093543-A1).

After fermentation, the yeast biomass was dewatered and washed to
remove salts and residual medium, and to minimize lipase activity. Drum drying
followed, to reduce the moisture to less than 5% to ensure oil stability during
short term storage and transportation.

Characterization Of The Dried And Untreated Yarrowia lipolytica Strain 21978

Biomass

The fatty acid composition of the dried and untreated yeast biomass was
analyzed using the following gas chromatography [“GC”] method. Specifically,
the triglycerides were converted to fatty acid methyl esters [*FAMES”] by
transesterification using sodium methoxide in methanol. The resulting FAMEs
were analyzed using an Agilent 7890 GC fitted with a 30-m X 0.25 mm (i.d.)
OMEGAWAX (Supelco) column after dilution in toluene/hexane (2:3). The oven
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temperature was increased from 160 'C to 200 C at 5 ‘C/min, and then 200 'C to
250 "C (hold for 10 min) at 10 "C/min.

FAME peaks recorded via GC analysis were identified by their retention
times, when compared to that of known methyl esters [‘MESs”], and quantitated by
comparing the FAME peak areas with that of the internal standard (C15:0
triglyceride, taken through the transesterifcation procedure with the sample) of
known amount. Thus, the approximate amount (mg) of any fatty acid FAME [‘mg
FAME"] is calculated according to the formula: (area of the FAME peak for the
specified fatty acid/ area of the 15:0 FAME peak) * (mg of the internal standard
C15:0 FAME). The FAME result can then be corrected to mg of the
corresponding fatty acid by dividing by the appropriate molecular weight
conversion factor of 1.042-1.052.

The lipid profile, summarizing the amount of each individual fatty acid as a
weight percent of TFAs, was approximated (to within + 0.1 weight %) by dividing
the individual FAME peak area by the sum of all FAME peak areas and
multiplying by 100.

The dried and untreated yeast biomass from Yarrowia lipolytica strain
Z1978 contained 56.1 EPA % TFAs, as shown in Table 8.

Table 8. Fatty Acid Composition Of Dried And Untreated Z1978 Biomass

Fatty acid Weight Percent Of Total Fatty Acids
C18:2 (omega-6) 14.2
C20:5 EPA 56.1
C22:6 DHA non-detectable (<0.05)
Other components 29.7
EXAMPLE 1B

Preparation Of A SPD-Purified Microbial Oil Having Reduced Sterol Content
From Untreated Yarrowia lipolytica Strain Z1978 Biomass

The present Example describes means used to disrupt the dried and
untreated Yarrowia lipolytica strain Z1978 biomass of Example 1A via extrusion

and pelletization, extract the oil using supercritical fluid extraction [“SCFE"], and
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reduce the sterol content of the oil by distillation, using short path distillation
conditions.

Disruption and Pelletization Via Extrusion Of Dried, Untreated Yeast Biomass

The dried and untreated Yarrowia lipolytica strain Z1978 biomass of
Example 1A was fed to a twin screw extruder. Specifically, a mixture of 84
weight percent yeast (containing approximately 39% total microbial oil) and 16%
diatomaceous earth (Celatom MN-4; EP Minerals, LLC, Reno, NV) was fed to a
40 mm twin screw extruder (Coperion Werner Pfleiderer ZSK-40 mm MC,
Stuttgart, Germany) at a rate of 23 kg/hr. A water/sucrose solution made of
26.5% sucrose was injected after the disruption zone of the extruder at a flow
rate of 70 mL/min. The extruder was operated with a 37 kW motor and high
torque shaft, at 140 rom. The % torque range was 17-22. The resulting
disrupted yeast powder was cooled to 35 °C in a final water cooled barrel. The
moist extruded powder was fed into a LCI Multi-Granulator Model No. MG-55
(LCI Corporation, Charlotte, NC) assembled with a 1 mm hole diameter by 1 mm
thick screen and set to 80 RPM. Extrudate was formed at 27 kg/hr with a steady
2.2 amp current draw and was dried using conventional drying equipment. Dried
pellets, approximately 1 mm diameter X 6 to 10 mm in length, had a final
moisture content of 1.7%, as measured on a Sartorius MA35 moisture analyzer
(Sartorius AG, Goettingen, Germany).

Extraction Of The Extruded Yeast Biomass

The extruded yeast pellets were extracted using supercritical fluid phase
carbon dioxide (CO2) as the extraction solvent to produce a triglyceride-rich
extracted oil containing EPA. Specifically, the yeast pellets were charged to a
320 L stainless steel extraction vessel and packed between plugs of polyester
foam filtration matting (Aero-Flo Industries, Kingsbury, IN). The vessel was
sealed, and then CO2 was metered by a commercial compressor (Pressure
Products Industries) through a heat exchanger (pre-heater) and fed into the
vertical extraction vessel to extract the triglyceride-rich oil from the pellets of
disrupted yeast. The extraction temperature was controlled by the pre-heater,

and the extraction pressure was maintained with an automated control valve
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(Kammer) located between the extraction vessel and a separator vessel. The
CO2 and oil extract were expanded to a lower pressure through this control valve.
The extracted oil was collected from the expanded solution as a precipitate in the
separator. The temperature of the expanded CO; phase in the separator was
controlled by use of an additional heat exchanger located upstream of the
separator. This lower pressure CO; stream exited the top of the separator vessel
and was recycled back to the compressor through a filter, a condenser, and a
mass flow meter. The extracted oil was periodically drained from the separator
and collected as product.

The extraction vessel was initially charged with 150 kg of the extruded
yeast pellets. The triglyceride-rich oil was then extracted from the pellets with
supercritical fluid CO, at 5000 psig (345 bar), 55 °C, and a solvent-to-feed ratio
of 32 kg CO, per kg of starting yeast pellets. A total of 39.6 kg of extracted oil
was collected from the separator vessel, to which was added about 1000 ppm
each of two antioxidants: Covi-ox T70 (Cognis, Ontario, Canada) and Dadex RM
(Nealanders, Ontario, Canada). The extracted oil contained 661 mg
ergosterol/100 g of oil, as determined by GC analysis (infra).

Specifically, ergosterol content was determined by high-performance liquid
chromatography (HPLC) with ultraviolet (UV) detection. Extracted oil samples
(100 mg) were diluted with 14 mL of 9:10 2-propanol:1-heptanol and mixed well.
Calibration standards of 96% pure ergosterol (Alfa Aesar, Inc., Ward Hill, MA)
were prepared in the range of 10 to 300 ug/mL in 2-propanol. Samples and
standards were chromatographed on a XDB-C8 HPLC column (4.6 mm id., 150
mm length, 5 ym particle size, Agilent Technologies, Inc., Wilmington, DE) using
an 0.02% ammonium carbonate in water — acetonitrile gradient from 65 to 100%
acetonitrile in 12.5 min. The injection volume was 5 L, the flow rate was 1.2
mL/min and the column temperature was 50 °C. The UV (282 nm) response of
the ergosterol peak was compared with those of the calibration standards
analyzed under the same conditions.
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Distillation Under SPD Conditions

The extracted oil was degassed and then passed through a 6” stainless

steel molecular still (POPE Scientific, Saukville, WI) using a feed rate of 12 kg/hr
to remove residual water. The surface temperatures of the evaporator and
condenser were set at 140 °C and 15 °C, respectively. The vacuum was
maintained at 15 torr. Approximately 3 wt. % of the extracted oil was removed as
water in the distillate. The dewatered, extracted oil was substantially free of
phospholipids, containing 0.5 ppm of phosphorous. Upon visual inspection, the
dewatered, extracted oil was cloudy at room temperature.

The dewatered, extracted oil was passed through the 6” molecular still at a
feed rate of 12 kg/hr for a second time. The vacuum was lowered to 1 mtorr, and
the surface temperatures of the evaporator and condenser were maintained at
240 °C and 50 °C, respectively. Approximately 7 wt. % of the dewatered,
extracted oil was removed as the distillate; this fraction contained mainly free
fatty acids and ergosterol. A triacylglycerol-containing fraction (i.e., the SPD-
purified oil) was also obtained, containing 284 mg ergosterol /100 g oil (a ~57%
reduction in ergosterol content, when compared to ergosterol content in the
extracted oil). The SPD-purified oil was clear after being stored at 10 °C for
several days.

EXAMPLE 2
Preparation Of A SPD-purified Microbial Qil Having Reduced Sterol Content
From Untreated Yarrowia lipolytica Strain Y9502 Biomass

The present Example describes means used to disrupt dried and
untreated Yarrowia lipolytica strain Y9502 biomass via extrusion, extract the oll
using supercritical fluid extraction [“SCFE”], and reduce the sterol content of the
oil by distillation, using short path distillation conditions.

Preparation Of Dried And Untreated Yarrowia lipolytica Strain Y9502 Biomass

Yarrowia lipolytica strain Y9502 (Example 1A) was cultured in a 2-stage
fed-batch process and the resulting microbial biomass was dewatered, washed
and dried, according to the methodology set forth in Example 1A.
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Disruption Via Extrusion Of Dried, Untreated Yeast Biomass

The dried and untreated Yarrowia lipolytica strain Y9502 biomass was fed
to a twin screw extruder. Specifically, the yeast biomass (containing
approximately 37% total microbial oil) was fed to a 70 mm twin screw extruder
(Coperion Werner Pfleiderer ZSK-70mm SCD, Stuttgart, Germany) at a rate of
270 kg/hr, in the absence of diatomaceous earth.

The extruder was operated with a 150 kW motor and high torque shaft at
150 rpm and 33 percent of the total amp range. The resulting disrupted yeast
biomass was cooled to 81 °C in the final water cooled barrel. The moisture
content of the disrupted biomass was 2.8 wt. %, as measured on a Sartorius
MA35 moisture analyzer (Sartorius AG, Goettingen, Germany).

Extraction Of The Extruded Yeast Biomass

The extruded yeast biomass was mixed with diatomaceous earth to
prevent bed compaction and extracted using supercritical fluid phase carbon
dioxide (COy.) as the extraction solvent to produce a crude triglyceride oil
containing EPA (i.e., “Extracted oil”). Specifically, a total of 82.7 kg of the
extruded yeast biomass was mixed with 41 kg of diatomaceous earth (Celatom
MN-4; EP Minerals, LLC, Reno, NV) and charged to a 320 L stainless steel
extraction vessel, configured in a manner identical to that described in Example
1B, with the following exceptions: (i) the extraction temperature was controlled to
40 °C by the pre-heater; (ii) the extraction pressure was maintained at 4500 psig
(310 bar); (iii) a solvent-to-feed ratio of 44 kg CO, per kg of starting yeast was
used for the extraction. In this way, 23.2 kg oil was extracted from the disrupted
yeast. The extracted oil contained 774 mg ergosterol /100 g oil, as determined
by GC analysis according to the methodology of Example 1B.

Distillation Under SPD Conditions

The extracted oil was passed through a 2” glass molecular still to provide

a dewatered, extracted oil. The flow rate was maintained at approximately 480
g/hr. The vacuum, evaporator and condenser temperatures were 0.2 mm Hg,
130 °C and 60 °C, respectively. The dewatered, extracted oil was then passed

through the still three times at different temperatures at a vacuum of 1 mtorr, as
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shown in the Table below. After each pass, the ergosterol level, EPA content (as
a wt. % of TFAs) and total Omega-3 content (as a wt. % of TFAs) in the
triacylglycerol-containing fraction (i.e., the SPD-purified oil) were determined, as
previously described.

Table 9. Erqgosterol And PUFA Content In SPD-Purified Qil

Pass 1 Pass 2 Pass 3
Temperature (°C) 210 240 270
Ergosterol (mg/100 g) 110 52.8 1.21
C20:5 EPA (wt. % TFAs) 54.9 55.2 55.4
Total Omega-3 (wt. % TFASs) 57.51 57.92 57.18

Thus, at 210 °C, the ergosterol level in the SPD-purified oil was 110 mg/100 g of
oil and it was reduced to about 53 mg/100 g of oil at 240 °C. The ergosterol was
almost completely removed to 1 mg/100 g of oil when the temperature was
further increased to 270 °C. This corresponds to a ~57%, ~86% and ~99.8%
reduction in ergosterol content in Pass 1, Pass 2 and Pass 3, respectively, when
compared to ergosterol content in the extracted oil.

With respect to the PUFA content in the SPD-purified oil, the data of Table
9 demonstrate that no significant degradation of EPA or total Omega-3 content
occurred, even when the oil was passed through the SPD still at 270 °C.

The SPD-purified oil of Pass 3 was further analyzed for the appearance of
unexpected components and contaminants using chromatographic profiling.
Specifically, testing was done by: (i) gas chromatography with flame ionization
detection (GC/FID); (ii) thin-layer chromatography (TLC); and, (iii) liquid
chromatography with mass spectrometric, light scattering and ultraviolet
detection (HPLC/MS/ELSD/UV). The GC/FID profile was run on the methyl
esters of the SPD-purified oil sample. The TLC and HPLC/MS/ELSD/UV profiles
were run on the SPD-purified oil directly. In all cases, the SPD-purified oil profile
was compared with a reference oil prepared with Yarrowia lipolytica strain Y4305

biomass.

- 45 -



10

15

20

25

30

WO 2012/109563 PCT/US2012/024687

Specifically, the reference oil was produced from dried and untreated
Yarrowia lipolytica strain Y4305 biomass, according to the methodology set forth
in Example 1A. Strain Y4305, capable of producing 55.6 EPA % TFAs, is
described in U.S. Pat. Appl. Pub. No. 2009-0093543 A1. The dried and
untreated biomass was mechanically disrupted using a media mill with an oil to
iso-hexane solvent ratio of 1 to 7. The residual biomass (i.e., cell debris) was
removed using a decanter centrifuge and the solvent was evaporated to yield an
extracted oil containing triglycerides. The extracted oil was degummed using
cold acetone with an extracted oil to solvent ratio of 1 to1.5, followed by acid
degumming with 50% aqueous citric acid. The degummed oil was then bleached
with an acid-activated clay and deodorized at 210 °C for 30 min to yield the
reference oil sample.

None of the chromatographic profiles of the SPD-purified oil of Pass 3
contained any peaks that were not seen in the profile of the reference sample.
Both samples were run on the same day under the same conditions.
Additionally, there were no unidentified peaks in of the SPD-purified oil that had
significantly higher responses than the corresponding peaks in the profile of the
reference sample. Also, none of the peaks in the SPD-purified oil of Pass 3 had
higher responses than the corresponding peaks in the SPD-purified oil of Pass 1
or Pass 2, which were produced at lower temperatures (i.e., 210 °C and 240 °C,
respectively). These analyses show that the removal of ergosterol at high
temperatures using SPD does not lead to the appearance of degradation
products in the oil; thus, it is hypothesized that no significant degradation of the
PUFAs occurs by application of this processing technique.

EXAMPLE 3
Preparation Of A SPD-purified Microbial Qil Having Reduced Sterol Content

From Untreated Yarrowia lipolytica Strain Y8672 Biomass

The present Example describes means used to disrupt dried and
untreated Yarrowia lipolytica strain Y8672 biomass via mechanical disruption

using a media mill, extract the crude oil using iso-hexane solvent, and reduce the
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sterol content of the acetone-degummed oil by distillation, using short path
distillation conditions.
Genotype Of Yarrowia lipolytica Strain Y8672

The generation of strain Y8672 is described in U.S. Pat. Appl. Pub. No.
2010-0317072-A1. Strain Y8672, derived from Yarrowia lipolytica ATCC #20362,

was capable of producing about 61.8% EPA relative to the total lipids via

expression of a delta-9 elongase/ delta-8 desaturase pathway.

The final genotype of strain Y8672 with respect to wild type Yarrowia
lipolytica ATCC #20362 was Ura+, Pex3-, unknown 1-, unknown 2-, unknown 3-,
unknown 4-, unknown 5-, unknown 6-, unknown 7-, unknown 8-, Leu+, Lys+,
YAT1::ME3S::Pex16, GPD::ME3S::Pex20, GPD::FmD12::Pex20,
YAT1::FmD12::0ct, EXP1::FmD12S::ACO, GPAT::EgD9%e::Lip2,
FBAINm::EgD9eS::Lip2, EXP1::EgD9eS::Lip1, YAT1::EgD9eS::Lip2,
FBAINm::EgD8M::Pex20, FBAIN::EgD8M::Lip1, EXP1::EgD8M::Pex16,
GPD::EaD8S::Pex16 (2 copies), YAT1::E389D9eS/EgD8M::Lip1,
YAT1::EgD9eS/EgD8M::Aco, FBAIN::EgD5SM::Pex20, YAT1::EgD5SM::Aco,
GPM::EgD5SM::Oct, EXP1::EgD5M::Pex16, EXP1::EgD5SM::Lip1,
YAT1::EaD5SM::Oct, YAT1::PaD17S::Lip1, EXP1::PaD17::Pex16,
FBAINmM::PaD17::Aco, GPD::YICPT1::Aco, and YAT1::MCS::Lip1. Abbreviations
are as defined in Example 1A.

For a detailed analysis of the total lipid content and composition in strain
Y8672, a flask assay was conducted wherein cells were grown in 2 stages for a
total of 7 days. Based on analyses, strain Y8672 produced 3.3 g/L dry cell
weight [*"DCW?], total lipid content of the cells was 26.5 [“TFAs % DCW?], the
EPA content as a percent of the dry cell weight [‘EPA % DCW”] was 16.4, and
the lipid profile was as follows, wherein the concentration of each fatty acid is as
a weight percent of TFAs [“% TFAs”]: 16:0 (palmitate)—2.3, 16:1 (palmitoleic
acid)-- 0.4, 18:0 (stearic acid)-- 2.0, 18:1 (oleic acid)-- 4.0, 18:2 (LA)-- 16.1, ALA--
1.4, EDA--1.8, DGLA--1.6, ARA--0.7, ETrA--0.4, ETA--1.1, EPA--61.8, other--6.4.
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Preparation Of Dried And Untreated Yarrowia lipolytica Strain Y8672 Biomass

Yarrowia lipolytica strain Y8672 was cultured in a 2-stage fed-batch
process and the resulting microbial biomass was dewatered, washed and dried,
according to the methodology set forth in Example 1A.

Disruption And Extraction Via Media Mill And Iso-Hexane Solvent Of Dried,

Untreated Yeast Biomass To Produce Extracted Qil

The dried and untreated Yarrowia lipolytica strain Y8672 biomass was
mechanically disrupted using a media mill with iso-hexane solvent. The residual
biomass (i.e., cell debris) was removed using a decanter centrifuge and the
solvent was evaporated to yield an extracted oil containing triglycerides.

The extracted oil was analyzed using the methodology of Example 1B.
The microbial oil contained 58.1 EPA % TFAs, as shown in Table 10.

Table 10. Fatty Acid Composition of Extracted Y8672 Microbial Qil

Fatty acid Weight Percent Of Total Fatty Acids
C18:2 (omega-6) 15.6
C20:5 EPA 58.1
C22:6 DHA non-detectable
Other components 26.3

A portion of the extracted oil was degummed using cold acetone with a
extracted oil to solvent ratio of 1 to 1.5. The acetone-degummed oil contained
880 mg ergosterol/100 g oil and 74.5 ppm of phosphorous.

Distillation Under SPD Conditions

The acetone-degummed oil was subjected to short path distillation,

according to the methodology of Example 1B (except the evaporator temperature
was set at 255 °C). Almost no distillate was collected during the first pass since
there was very little water in the acetone-degummed oil. During the second
pass, roughly 12 wt. % of distillate was collected. The final ergosterol level in the
triacylglycerol-containing fraction (i.e., the SPD-purified oil) was 106 mg/100 g (a
~88% reduction in ergosterol content, when compared to ergosterol content in
the acetone-degummed oil); the SPD-purified oil contained 66 ppm of

phosphorous.
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CLAIMS

We claim:

1. A process for reducing the amount of sterol in a sterol-containing microbial
oil composition, said method comprising:

a) distilling, at least once under short path distillation conditions, the sterol-
containing microbial oil wherein said oil comprises:

(i) triacylglycerol comprising one or more polyunsaturated fatty acids; and,
(i) a sterol fraction of at least 300 mg/100 g of oil;

wherein said distillation produces a distillate fraction comprising the sterol and a
triacylglycerol-containing fraction having a reduced amount of the sterol when
compared to the amount of sterol in the sterol-containing microbial oil
composition that has not been subjected to short path distillation; and,

b) optionally, recovering the triacylglycerol-containing fraction.

2. The process of Claim 1, wherein the short path distillation conditions
comprise at least one pass of the sterol-containing microbial oil at a vacuum level
of not more than 30 mTorr and a temperature of not more than 300 °C.

3. The process of Claim 1 wherein the sterol fraction comprises one or more
sterols selected from the group consisting of: stigmasterol, ergosterol,
brassicasterol, campesterol, (3-sitosterol and desmosterol.

4. The process of Claim 3 wherein the sterol fraction comprises ergosterol.
5. The process of Claim 1 wherein the reduction in the amount of sterols in
the triacylglycerol-containing fraction is at least 40% when compared to the
amount of sterols in the sterol-containing microbial oil composition.

6. The process of claim 1 wherein the triacylglycerol-containing fraction
having a reduced sterol fraction has improved clarity when compared to the
sterol-containing microbial oil composition that has not been subjected to short
path distillation.

7. The process of claim 2 wherein the temperature is not more than 280 °C.
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8. The process of Claim 1 wherein the sterol-containing microbial oil
composition is a refined lipid composition having less than 20 ppm phosphorous
as determined with inductively coupled plasma optical emission spectroscopy.
9. The process of Claim 1 wherein the sterol-containing microbial oil
composition is obtained from yeast, algae, euglenoids, stramenopiles, fungi, or
mixtures thereof.

10.  The process of Claim 9 wherein the sterol-containing microbial oil
composition is obtained from oleaginous microbes from a genus selected from
the group consisting of Mortierella, Thraustochytrium, Schizochytrium, Yarrowia,
Candida, Rhodotorula, Rhodosporidium, Cryptococcus, Trichosporon, and
Lipomyces.

11.  The process of Claim 10 wherein the sterol-containing microbial oil
composition is obtained from microbial biomass of recombinant Yarrowia cells.
12.  The process of Claim 11 wherein the recombinant Yarrowia cells are
engineered for the production of at least one polyunsaturated fatty acid selected
from the group consisting of: linoleic acid, gamma-linolenic acid, eicosadienoic
acid, dihomo-gamma-linolenic acid, arachidonic acid, docosatetraenoic acid,
omega-6 docosapentaenoic acid, alpha-linolenic acid, stearidonic acid,
eicosatrienoic acid, eicosatetraenoic acid, omega-3 docosapentaenoic acid,
docosahexaenoic acid, eicosapentaenoic acid, and mixtures thereof.

13.  The process of Claim 1, wherein said distilling comprises two or more
consecutive short path distillations of the microbial oil composition.

14.  The process of Claim 13, wherein each consecutive short path distillation
is at a temperature that is higher than the temperature of the immediately
preceding short path distillation.
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