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EUKARYOTIC MICROORGANISMS FOR PRODUCING LIPIDS AND
ANTIOXIDANTS

1. This-applieationelaims-the-benefit‘of andpriority to U.S. Provisional Application
No. 60/688,207, filed June 7, 20035, and U.S. Provisional Application No. 60/751,401, filed
December 16, 2005 which are both imncorporated by reference herein their entirety.

L. BACKGROUND

2. There 1s overwhelming scientific evidence that (n-3) highly unsaturated fatty acids
such as docosahexaenoic acid (DHA) have a positive effect on cardio-circulatory diseases,
chronic mmflammations and brain disorders. The (n-6) fatty acids on the other hand have been
noted as intermediate metabolites within the eicosanoid steroids, such as prostaglandins,
leucotrienes or the like.

3.  Currently, the main source of these highly unsaturated fatty acids is fish, with DHA
and eicosapentaenoic acid (EPA) noted within various blue fish (such as sardines and tuna) at
amounts around 20% and 10%, respectively. Yet, 1f one intends to use fish oil as the sole source
of these lipids, several disadvantages exist, such as problems with flavor taint, uncontrollable
tfluctuations in availability, natural fish oil content variability, as well as the potential to
accumulate harmful environmental pollutants. In addition, if one intends to obtain a highly
purified (n-3) or (n-6) oil from these sources, it is very difficult to preferentially separate and
purify.

IL. SUMMARY

4.  Dasclosed are compositions and methods related to a eukaryote of the order
Thraustochytriales and family Thraustochytriaceae which when cultured produce quantities of
unsaturated fatty acids, such as omega 3 (n-3) and/or omega 6 (n-6) oils, such as DHA, EPA and
DPA, capable of being purified and used as all such compositions are used and more, because of

their means of production.

111. BRIEF DESCRIPTION OF THE DRAWINGS

5.  The accompanying drawings, which are incorporated in and constitute a part of this
specification, 1llustrate several embodiments and together with the description illustrate the
disclosed compositions and methods.

6. Figure 1 shows a chart showing the results obtained from fatty acid methylation of
the lipids derived from ONC-T18.

7. F1 gure 2 graphically depicts a fatty acid methyl ester comparison between the
original ONC-T18 1solate collected at Advocate Harbor and that of the ONC-T18
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Thraustockhyriam sp. deposited with ATCC as PTA-6245. All peaks were identified by Gas
Chromatography and Mass Spectrometry.

&-  Figure-3-shows-a-scatterplot-graph of results from ONC-T18 biomass optimization
experiments performed. These experiments used a technique known as the Taguchi method 1
order to determine the optimal conditions for growth of ONC-T18 under various media
conditions.

9.  Figure 4 shows a bar graph of the fatty acid profile of ONC-T18, grown under
optimal conditions (example 4) over a nine day period.

10. Figure 5 shows a chart of oil producing organisms isolated as described elsewhere
herein.

11. Figure 6 shows a branched phylogenetic tree of the relationship between the 185
rRNA gene of ONC-T18 and other Thraustochytriales.

12. TFigure 7 shows lipid and DHA production of ONC-T18 under different conditions.

13. Figure 8 shows a modified graph with information about growth conditions on 1t
for the eukaryotes disclosed herein. (Modified from Ratledge, C. (2004), Lipid Technol. 16:34-
39).

14. TFigure 9 shows a proposed metabolic pathway for the production of PUFAs for the
disclosed eukaryotes.

15. Figure 10 shows a comparison of fatty acid production maxima and compositions

under various alternative, low-cost carbon sources.

16. Figure 11 shows a grouping of isolates collected based on their C20 and C22 PUFA

profiles. Results were compared to two reference strains: ATCC 20891 and MY A-1381.

17. Figure 12 shows a 18S rRNA Neighbour-joining tree of strain ONC-T18. The bar
represents genetic distance, while square brackets depict GenBank derived sequences used
within this phylogenetic tree.

18. Figure 13 shows the fatty acid profile of ONC-T18 grown in medium containing 2
o L yeast extract, 8 g ! L-glutamate, 6 g L sea salt and 60 g L™ glucose in 3 different types
of fermentation: agar plate (1.5% agar, 25°C, 27 days), flasks (50 ml in 250 ml flask, 120 RPM,
25°C, 3 days) and 5 L bioreactor (4 Ipm air, pO, 90%, 25°C, 3 days).

19. Figure 14 shows the HPLC chromatogram of carotenoid compounds 1solated from
Thraustochytrium sp. ONC-T18. For example, Astaxanthin, Zeaxanthin, Canthaxanthin,
Echinenone, and S-Carotene were isolated from Thraustochytrium sp. ONC-T18.

20. Figure 15 shows typical biomass, total fatty acid (TFA), DHA production and

olucose utilization of Thraustochytrium sp. ONC-T18 maintained in a 5 L bioreactor for 168 h

2
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with mredium composed of 60 g it slucose, 2 g L' yeast extract, 8 g L' glutamic acid and 6 g L
! salt (4 Ipm air, pO, 90%, 25°C, pH 7-9).

21. Figure 16-showspostulated pathwaysinvolved-in-the formation-of astaxanthin i
Thraustochytrium sp. ONC-T18.

IV. DETAILED DESCRIPTION

22. Before the present compounds, compositions, articles, devices, and/or methods are
disclosed and described, it is to be understood that they are not limited to specific synthetic
methods or specific recombinant biotechnology methods unless otherwise specified, or to
particular reagents unless otherwise specified, as such may, of course, vary. Itis also to be
understood that the terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting.

23. Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the method and
compositions described herein. Such equivalents are intended to be encompassed by the claims
below.

A. Definitions

24. As used in the specification and the appended claims, the singular forms “a,” “an”
and “the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to “a pharmaceutical carrier” includes mixtures of two or more such carriers,
and the like.

25. Ranges can be expressed herein as from “about” one particular value, and/or to
“about” another particular value. When such a range is expressed, another embodiment includes
from the one particular value and/or to the other particular value. Similarly, when values are
expressed as approximations, by use of the antecedent “about,” it will be understood that the
particular value forms another embodiment. It will be further understood that the endpoints of
each of the ranges are significant both in relation to the other endpoint, and independently of the
other endpoint. It is also understood that there are a number of values disclosed herein, and that
each value is also herein disclosed as “about” that particular value in addition to the value itself.

For example, if the value “10” is disclosed, then “about 10” is also disclosed. It 1s also
understood that when a value is disclosed that “less than or equal to” the value, “greater than or
equal to the value” and possible ranges between values are also disclosed, as appropriately
understood by the skilled artisan. For example, if the value “10” is disclosed then “less than or

equal to 10”as well as “greater- than or equal to 10” is also disclosed. It is also understood that

throughout the application, data is provided in a number of different formats, and that this data,

3
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represents endpomits and starting pomts, and ranges for any combination of the data points. For
example, 1f a particular data point “10” and a particular data point “15” are disclosed, 1t is
understood that greater than, greater than or equal to, less than, less-than-or equal to;and-equal to
10 and 15 are considered disclosed as well as between 10 and 15. It is also understood that each
unit between two particular units are also disclosed. For example, if 10 and 15 are disclosed,
then 11, 12, 13, and 14 are also disclosed.

26. By “reduce” or other forms of reduce means lowering of an event or characteristic.
It 1s understood that this is typically in relation to some standard or expected value, 1n other
words it is relative, but that it is not always necessary for the standard or relative value to be
reterred to. For example, “reduces phosphorylation” means lowering the amount of
phosphorylation that takes place relative to a standard or a control. It is understood that unless
specifically mndicated otherwise, a compound or composition or condition can be reduced
relative to another compound or composition or condition.

27. By “mhibit” or other forms of inhibit means to hinder or restrain a particular
characteristic. It is understood that this is typically in relation to some standard or expected
value, 1n other words it is relative, but that it is not always necessary for the standard or relative
value to be referred to. For example, “inhibits phosphorylation” means hindering or restraining,
the amount of phosphorylation that takes place relative to a standard or a control. It is
understood that unless specifically indicated otherwise, a compound or composition or condition
can be inhibited relative to another compound or composition or condition.

28. By “prevent” or other forms of prevent means to stop a particular characteristic or
condition. Prevent does not require comparison to a control as it is typically more absolute than,
for example, reduce or inhibit. As used herein, something could be reduced but not inhibited or
prevented, but something that is reduced could also be inhibited or prevented. It is understood
that where reduce, inhibit or prevent are used, unless specifically indicated otherwise, the use of
the other two words is also expressly disclosed. Thus, if inhibits phosphorylation is disclosed,
then reduces and prevents phosphorylation are also disclosed.

29. The term “therapeutically effective” means that the amount of the composition used
1s of sufficient quantity to ameliorate one or more causes or symptoms of a disease or disorder.
Such amelioration only requires a reduction or alteration, not necessarily elimination.

30.  The term “carrier” means a compound, composition, substance, or structure that,
when 1n combination with a compound or composition, aids or facilitates preparation, storage,

administration, delivery, effectiveness, selectivity, or any other feature of the compound or
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composition for 1t intended use or purpose. For example, a carrier can be selected to minimize
any degradation of the active ingredient and to minimize any adverse side effects in the subject.

31. Throughout the description and claims of-this-specification, the-word “comprise™
and variations of the word, such as “comprising” and “comprises,” means “including but not
limuated to,” and 1s not intended to exclude, for example, other additives, components, integers or
steps.

32. The term “cell” as used herein also refers to individual microbial cells, or cultures
derived from such cells. A “culture” refers to a composition comprising isolated cells of the
same or a different type.

33. The term “metabolite” refers to active derivatives produced upon introduction of a
compound imto a biological milieu, such as a patient.

34. When used with respect to pharmaceutical and nutraceutical compositions, the term
“stable” is generally understood in the art as meaning less than a certain amount, usually 10%,
loss of the active ingredient under specified storage conditions for a stated period of time. The
time required for a composition to be considered stable is relative to the use of each product and
1s dictated by the commercial practicalities of producing the product, holding it for quality
control and inspection, shipping it to a wholesaler or direct to a customer where it is held again
in storage before its eventual use. Including a safety factor of a few months time, the minimum
product life for pharmaceuticals is usually one year, and preferably more than 18 months. As
used herein, the term “stable” references these market realities and the ability to store and
transport the product at readily attainable environmental conditions such as refrigerated
conditions, 2°C to 8°C.

35. References in the specification and concluding claims to parts by weight, of a
particular element or component in a composition or article, denotes the weight relationship
between the element or component and any other elements or components in the composition or
article for which a part by weight is expressed. Thus, in a compound containing 2 parts by
weight of component X and 5 parts by weight component Y, X and Y are present at a weight
ratio of 2:5, and are present in such ratio regardless of whether additional components are
contained 1n the compound.

36. A weight percent of a component, unless specifically stated to the contrary, is based
on the total weight of the formulation or composition in which the component is included.

37. “lIsolating” and any form such as “isolate” refer to a situation where something is in
a form wherein it can be manipulated or further purified. Isolated and its forms indicates that

something 1s in a current state which is different than a previous state. For example, a ribosomal
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RNA molecule can be “isolated™ if'it is, for example removed from an organism, synthesized or

recombinantly produced. Often, the “isolation” of one thing is in relation to something else. For
example, a eukaryote as discussed herein can be.isolated.as.discussed herein, by, for example,
culturing the eukaryote, such that the eukaryote survives in the absepce of appreciable amounts
(detectable) of other organisms. It is understood that unless specifically indicated otherwise, any
of the disclosed compositions can be isolated as disclosed herein.

38. “Purify” and any form such as “purifying” refers to the state in which a substance or
compound or composition is in a state of greater homogeneity than it was before. It is
understood that as disclosed herein, something can be, unless otherwise indicated, at least 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
28, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% pure. For example, if a
given composition A was 90% pure, this would mean that 90% of the composition was A, and
that 10% of the composition was one or more things, such as molecules, compounds, or other
substances. For example, if a disclosed eukaryotic microorganism, for example, produces 35%
DHA, this could be further “purified” such that the final lipid composition was greater than 90%
DHA. Unless otherwise indicated, purity will be determined by the relative “weights” of the
components within the composition. It is understtod that unless specifically indicated otherwise,
any of the disclosed compositions can be purified as disclosed herein.

39.  “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where said event
or circumstance occurs and instances where it does not.

40.  “Primers” are a subset of probes which are capable of supporting some type of
enzymatic manipulation and which can hybridize with a target nucleic acid such that the
enzymatic manipulation can occur. A primer can be made from any combination of nucleotides
or nucleotide derivatives or analogs available in the art which do not interfere with the enzymatic
manipulation.

41. Throughout this application, various publications are referenced. The disclosures
of these publications in their entireties are hereby incorporated by reference into this application
in order to more fully describe the state of the art to which this pertains. The references
disclosed are also individually and specifically incorporated by reference herein for the material

contained in them that is discussed in the sentence in which the reference is relied upon.
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42. Disclosed are the components to be used to prepare the disclosed compositions as

well as the compositions themselves to be used within the methods disclosed herein. These and
other materials are disclosed herein, and it is understood that when-combinations, subsets,
Interactions, groups, etc. of these materials are disclosed that while specific reference of each
5  various individual and collective combinations and permutation of these compounds may not be
explicitly disclosed, each is specifically contemplated and described herein. For example, if a
particular species of the family Thraustochytriaceae is disclosed and discussed and a number of
modifications that can be made to a number of organisms including species of the famaly
Thraustochytriaceae are discussed, specifically contemplated is each and every combination and
10 permutation of these species from the family Thraustochytriaceae and the modifications that are
possible unless specifically indicated to the contrary. Thus, if a class of molecules A, B, and C
are disclosed as well as a class of molecules D, E, and F and an example of a combination
molecule, A-D is disclosed, then even if each is not individually recited each is individually and
collectively contemplated meaning combinations, A-E, A-F, B-D, B-E, B-F, C-D, C-E, and C-F
15  are considered disclosed. Likewise, any subset or combination of these is also disclosed. Thus,
tfor example, the sub-group of A-E, B-F, and C-E would be considered disclosed. This concept
applies to all aspects of this application including, but not limited to, steps 1n methods of making
and using the disclosed compositions. Thus, if there are a variety of additional steps that can be
performed 1t is understood that each of these additional steps can be performed with any specific
20  embodiment or combination of embodiments of the disclosed methods.
B. Compositions
43. Disclosed are eukaryotic microorganisms of the order Thraustochytriales,
preferably Thraustochytrium or Schizochytrium species, having the ability to produce lipids,
such as fatty acids, such as unsaturated fatty acids, such as omega-3 fatty acids, such as omega-6
25  fatty acids, and omega-9 fatty acids, such as the (n-3) series of docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA), (n-6) series of docosapentaenoic acid (DPA) and the (n-9) series of
palmitic and stearic acids. The disclosed eukaryotic microorganisms can also produce
antioxidants, such as but not limited to the carotenoid compound carotene, (for example 3-
carotene) and the xanthophylls compounds astaxanthin, zeaxanthin, canthaxanin, and
30  echinenone.
44.  Also disclosed are conditions for the isolation and growth of the eukaryotic
microorganisms. For example, herewith are heterotrophic growth conditions for production of
the disclosed lipids and antioxidants, for example, both individually and cumulatively.

Accordingly, it is possible through the use of this unique eukaryote, to etfectively produce the

7
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(n-3) series of DHA and/or the (n-6)'Series of DPA and/or the carotenoid series of antioxidant
compounds and/or the xanthophylls series of antioxidant compounds, which are useful as or
within nutraceuticals, food additives, pharmaceuticals or industry.

45.  Disclosed are compositions comprising a eukaryotic microorganism comprising or
consisting of a Thraustochytrium species, an example as disclosed herein being the ONC-T18
strain which has a deposit number of ATCC accession number PTA-6245.

46. It 1s understood that the eukaryotic microorganism and any clones, modified
organisms or genes isolated from said organism as set forth in ONC-T18 are also disclosed. The
disclosed organisms have the ability to produce unsaturated fatty acids, such as lipids containing
the omega-3 series of DHA and EPA, and the omega-6 series of DPA and various antioxidant
such as carotenoids, xanthophylls and phenolics.

47.  Also disclosed are processes for the production of biomass containing said
compounds. Further disclosed are processes for preparing omega-3, omega-6 and carotenoid
compounds utilizing the eukaryotic microorganism. Also disclosed are processes for the
production of microbial derived (or single celled) oils.

48.  In addition, disclosed are the fatty acids and carotenoids produced by the disclosed
eukaryotic microorganism and any progeny (genetically modified or otherwise), various
feedstuffs, nutraceuticals, pharmaceutical and food supplemented with the lipids and
antioxidants, as well as a process for utilizing these compounds as an additive for various
feedstuffs and foods.

49. U.S. Patent No. 5,130,242 to Barclay disclosed a collection and screening process
to 1solate strains of microorganisms with the following characteristics for the production of
omega-3 fatty acids: 1) capable of heterotrophic growth; 2) produce a high content of omega-3
fatty acids; 3) unicellular; 4) produce a low content of standard and omega-6 fatty acids; 5) non-
pigmented, white or colorless cells; 6) thermotolerant (e.g., ability to grow above 30°C); and 7)
eurhaline (e.g., ability to grow at a wide range of salinities, but preferably at low salinity).

50.  The 242 disclosure also describes a process for the heterotrophic production of
whole-celled or extracted microbial products with a high concentration of omega-3 fatty acids,
which can later be used in animal or human food products. This process uses mICroorganisms
identified by the collection and screening process disclosed thereof. These microorganism,
which are of the order Thaustochytriales, are cultured in ground grain. To enhance production of
omega-3 fatty acids, low temperature stressing and high dissolved oxygen are used, as well as
the addition of antioxidants, growth factors, vitamins, and phosphorous. The extracted products

contain high concentrations of omega-3 fatty acids (e.g., C20:5w3, C22:5w3; and C22:6w3) and
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low concentrations of omega-6 fatty acids (e.g., C20:4w6 and C22:5w6). Specifically, the ratios

of the C20:5w3 to C22:6w3 fatty acids run from 1:1 to 1:30. Ratios of C22:5w3 to C22:6w3
fatty acids run from 1:12 to only trace-amounts-of C22:5w3. Also, the microorganisms produce
from 0.6 to 0.72 % DHA, 0 to 5 % DPA, and 0 to 18.9 % EPA, by weight of total fatty acid.

51. U.S. Patent No. 6,451,567 to Barclay disclosed a process for growing
Thraustochytrium and Schizochytrium in a non-chloride medium (<3g/L) containing sodium
salts (e.g., sodium sulfate). The non-chloride medium results in cell aggregate sizes of less than
150 pm. The disclosed process produces microorganisms and extracts that are useful 1 food
products for aquaculture. Further components of the food products include flaxseed, rapeseed,
soybean, and avocado meal. The microorganisms can produce 1.08 g/L of medium per day of
omega-3 fatty acids. The 567 disclosure further describes various culture mediums, which
include sea water, glucose (1, 3, 5, or 10 g/L), yeast extract (0.01, 0.2, 0.4 and 5 g/L), additional
nitrogen sources such as protein hydrosylate (1 g/L), liver extract (1 g/L), glutamate (5 g/L),
MSG (3 g/L), and additional salts, trace vitamins and minerals (e.g., KH,PO4, MgS04, and
gelatin extract).

52. U.S. Patent No. 6,582,941 to Yokochi et al. discloses a Schizochytrium species, strain
SR21 and another Schizochytrium strain belonging to the same species that have the ability to |
produce fatty acid fractions having a high concentration of omega-3 DHA and/or omega-6 DPA
and a low concentration of EPA. Also, disclosed are methods of culturing such microorganisms
and isolating such fatty acids. The medium used contains sea salt, yeast extract (0.2, 1.0, or 10
/L), corn steep liquor (0.5, 1.0, or 10 g/L), glucose (10-120 g/L), plus additional salts (e.g.,
NH4OAc, phosphates). The fatty acid compositions contain about 15 to 20% DHA by weight of
biomass (about 28% by weight of total fatty acid). The compositions can be used 1n food
products (e.g., baby milk).

53. U.S. Patent No. 6,607,900 to Bailey et al. disclosed a process for growing eukaryotic
microorganisms (e.g., Schizochytrium sp. ATCC No. 20888) that are capable of producing at
least 20% of their biomass as polyunsaturated lipids (particularly omega-3 and -6 fatty acids).
The process involves culturing the microorganisms in a medium containing a carbon and
nitrogen source. Also disclosed is the use of low dissolved oxygen levels (less than 3%) and low
chloride ion levels (less than 3 g/L) to enhance production. The microorganisms have a lipid
production rate of at least 0.5 g/L/h. The lipid fraction is from 15 to 20 % DHA by weight oi
biomass (about 35% by weight of total fatty acid methyl ester).

54. U.S. Publication No. 2004/0161831 to Komazawa et al discloses a Thraustochytrium
strain (LEF1; ATCC No. FERM BP-08568) that has the ability to produce DHA. By culturing in
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conventional media, the microorganism can produce o1l with at least 50% by weight DHA. The
o1l can be treated with a lipase prior to isolation of DHA. The oil can be used in food or drinks
or the DHA can be hydrolyzed to produce behenic acid.

1. Fatty acids

55. Fatty acids are hydrocarbon chains that terminate in a carboxyl group, being termed
unsaturated if they contain at least one carbon-carbon double bond, and polyunsaturated when
they contain multiple such bonds. Long-chain polyunsaturated fatty acids (PUFA) or highly-
unsaturated fatty acids (HUFA), may be divided into the (n-3) and (n-6) series as a result of the
location of these double bonds. There is overwhelming scientific evidence that (n-3) highly
unsaturated fatty acids such as DHA have a positive effect on cardio-circulatory diseases,
chronic inflammation and brain disorders. The (n-6) fatty acids on the other hand have been
noted as intermediate metabolites within the eicosanoid steroids, such as prostaglandins,
leucotrienes or the like.

56. Polyunsaturated fatty acids can comprise 1, 2, 3,4, 5, 6, 7, 8, 9, or 10 double and/or
triple carbon-carbon bonds. For example, polyunsaturated fatty acids can comprise 3-8, 4-7, or
5-6 double and/or triple carbon-carbon bonds.

S7.  Currently, the main source of these highly unsaturated fatty acids is fish, with DHA
and EPA noted within various blue fish (such as sardines and tuna) at amounts around 20% and
10%, respectively. Yet, if one intends to use fish oil as the sole source of these lipids, several
disadvantages exist, such as problems with flavor taint, uncontrollable fluctuations in
avatlability, natural fish oil content variability, as well as the potential to accumulate harmful
environmental pollutants. In addition, if one intends to obtain a highly purified (n-3) or (n-6) oil
from said sources, it is very difficult to preferentially separate and purify. Specifically, a large
market 1s available within the neonatal supplement market for a highly concentrated form of
DHA. If fish o1l were to be the source of said products, then DHA would have to be
preferentially isolated in large quantities from EPA. Clearly an alternative source of highly
purified and production tailored source of these highly unsaturated tatty acids is needed.

58. In addition to fish oils, various microorganisms (mainly marine) are able to produce
and/or accumulate the (n-3) series of docosahexaenoic acid. Of particular interest is the fact that
microbial production is not subject to fluctuations caused by external variables such as
seasonality, weather and food supply. For example, the following microorganisms are known as
having the ability to produce DHA: the deep-sea derived bacterium Vibrio marinus (ATCC
15381), Vibrio sp. T3615, Photobacterium profundum SS9, Mortierella marina MP-1 and
Psychromonas kaikoae (ATCC BAA-363T); microalgal species such as Crypthecodinium
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connii, Cyclotella cryptica, awd Mortieralla alpina (1S-4); and the protists Thraustochytrium sp.

(ATCC 20892), Thraustochytrium aureum (ATCC 34304) and Thraustochytrium roseum.
According to a process utilizing these purified organisms, however, the amount of
docosahexaenoic acid produced per gram of biomass per liter is low, being within the range of
10 to 500 mg. Some examples and representative microbial oil producing organisms are shown
in Figure 5.

59. Omega 3s have been shown to have beneficial effects and the oils and compositions
disclosed herein can be used for anti-inflammatory effect on cystic fibrosis (Cochrane Database
Syst Rev. 3), rheumatoid arthritis (Drugs 63: 845-53), asthma (Ann Allergy Asthma Immunol
90: 371-7) and thrombotic stroke (Prev Cardiol 6: 38-1), cardio-protective, as well as a direct
etfect on artheriosclerosis and arrhythmia (Prostaglandins Leukot Essent Fatty Acids. 63:351-
62), inhibition of cancer proliferation in breast and prostate cancer cell lines and reduction in
animal experiments (Am J Clin Nutr 77: 532-43), anti-psychotic effect on schizophrenia (J
Neural Transm Suppl 64:105-17) and other psychiatric diseases (Can J Psychiatry 48: 195-203),
immunonutrient supplement used for normal neonatal development and in the treatment of
neonatal infectrons (Eur J Pediatr 162: 122-8), and pathological pain treatment by directly
attenuate the neuronal and ganglial processes that underlie neuropathic and inflammatory pain
(Prostaglandins Leukot Essent Fatty Acids 68: 219-24).

2. Thraustochytriaceae
a) ONC-T18

60. The marine organism ONC-T18, as disclosed herein, was collected as part of a
PUFA producing microbial isolation trip, with over 60 pure cultures isolated (see table 7 for
details). Further, ONC-T18 was isolated from the leaves of salt marsh grasses in the Advocate
Harbor, Bay of Fundy, Nova Scotia, Canada. Through microscopic examinations and serial
culture purification techniques, the strain was believed to be a single microorganism belonging
to the genus Thraustochytrium. All strains and two ATCC comparison cultures (ATCC 20891
& MYA-1381) were grown on 0.5% glucose, 0.2% peptone, 0.2% yeast extract in sea-water
(SW) and underwent GC (fatty acid methyl ester, FAME) analysis.

61. Figure 6 shows a proposed phylogenetic tree of the relationship between ONC-T18,
and other closely related organisms.

62. ONC-T18 was originally isolated as a single microbe using classic pine pollen

baiting techniques, followed by culturing on selective medium. Specifically, a nutrient medium
containing 5 g L™ glucose, 2 g L™ peptone, 2 g L' yeast extract to 1 L of 0.2 um filtered sea
water was prepared. The fatty acid profile of ONC-T18 was then determined using the Bligh
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and Dyer extraction method and PUFA gas chromatographic techniques. Chromato graphic

results demonstrated the ability of this strain to produce increased amounts of TFA, DHA, as
well as marked quantities of EPA and DPA...

63. The disclosed eukaryotic microorganism can be used in a process for preparing a
lipid or fat containing DHA, EPA and DPA, but is not limited to the above-mentioned ONC-T18
or PTA-6245 strain, but any derivation of said strain whether it be via genetic modification,
chemical mutagenesis, fermentative adaptation or any other means of producing mutants of the
strain, whereby the product of these modifications have genetic or morphological and functional
teatures such as the eukaryotic microorganism, as disclosed herein.

64. Disclosed are eukaryotic microorganism capable of producing a lipid composition
having distinctive lipid class properties, and the solution to the problem of maintaining a stable,
reliable and economical source for such a lipid having high functionality and additional value
according to the same. Therefore, wild-type strains producing the (n-3) series of DHA and the
(n-6) sertes of DPA to a greater degree as well as variant and recombinant strains designed to
produce these polyunsaturated fatty acids to a greater degree are disclosed herein. Such variant
or recombinant microorganisms include those designed to have a higher content of said lipids
than those produced by the original wild-type strain, when cultured using the same conditions
and media. In addition, microorganisms designed to produce a lipid containing similar amounts
of the (n-3) series of DHA, EPA and the (n-6) series of DPA can be selected, as compared with
the corresponding wild-type strains, effectively using substrates having a superior cost
performance, are also included.

65. Disclosed are compositions comprising a eukaryotic microorganism of the order
Thraustochytriales wherein the eukaryotic microorganism produces unsaturated fatty acids. The
polyunsaturated fatty acids can be, for example, omega 3 or omega 6 fatty acids, such as DHA
and DPA.

66. Disclosed are compositions comprising a eukaryote, wherein the composition
produces a lipid.

67. Also disclosed are compositions wherein the lipid comprises a lipid as disclosed
herein.

68. Also disclosed are compositions, wherein the eukaryote comprises a member of the
order Thraustochytriales.

69. Also disclosed are compositions, wherein the eukaryote has a 18S ribosome RNA
gene sequence having at least 80% identity to SEQ ID NO:1.

12



10

15

20

25

30

CA 02611324 2007-12-06
WO 2007/069078 PCT/IB2006/003977

70. Itis understood that atry form of characterization described herein, such as by
genetics or by the lipid signatures or by the classifications, for the eukaryotic microorganisms
can be used to characterize the microorganisms as disclosed herein. The eukaryotic
mMICrOOrganism can comprise one or more microorganisms from the family Thraustochytriaceae;
and examples are ATCC accession number 20888, 20889, 20890, 20891, and 20892. There are
a variety of characteristics that can be used related to the organisms and the unsaturated fatty
acids they produce. It is understood that these can be used in any combination or permutation to
define a set or sets of organisms or oils or antioxidants, for example. One characteristic is the
classification of the organisms themselves, the genetic identification of the organisms, the lipid
and antioxidant profiles of the organisms, and the growth conditions of the organisms, for
example.

b) Classification

/1. The eukaryotic microorganism can be from the phylum Labyrinthulomycota. The
eukaryotic microorganism can be from the class Labyrinthulomycetes. The eukaryotic
microorganism can be from the subclass Thraustochytridae. The eukaryotic microorganism can
be from the order Thraustochytriales. The eukaryotic microorganism can be from the family
Thraustochytriaceae. The eukaryotic microorganism can be from the genus Thraustochytrium.
The eukaryotic microorganism can be a Thraustochytrium sp. The eukaryotic microorganism
can be Thraustochytrium aureum. The eukaryotic microorganism can be Thraustochytrium
roseum. The eukaryotic microorganism can be Thraustochytrium striatum. The eukaryotic
microorganism can be from the genus Schizochytrium. The eukaryotic microorganism can be
Schizochytrium sp. The eukaryotic microorganism can be a modified version of any of the listed
eukaryotic microorganisms. The eukaryotic microorganism can also comprise any currently
unknown or isolated members of said prokaryotes class, subclass, order, family or cenus. A
combination of eukaryotic microorganisms can be any combination of any organisms disclosed
herein, including, one or more of the Thraustochytrium sp., Schizochytrium sp.,
Thraustochytrium aureum, Thraustochytrium striatum and T, hraustochytrium roseum.

72.  The eukaryotic microorganisms from the family Thraustochytriaceae can be any of
those disclosed above. The eukaryotic microorganism can comprise the organism having ATCC
accession number PTA-6245.

¢) Genetics
/3. The eukaryotic microorganism can have 18S rRNA sequence SEQ ID NO:1. The

eukaryotic microorganism can have an 18S rRNA sequence that, for example, has about 90%

homology, or any other identity disclosed herein, to SEQ ID NO:1. The eukaryotic
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microorganism can have an 188 rRNA sequence that hybridizes under stringent conditions, or

any other conditions as disclosed herein, to SEQ ID NO:1, or a portion of SEQ ID NO:1.

74. The sequence similarity/identity and nucleic-acid-hybridization of the nucleic-acids
of the organisms can be as described herein. Specifically, comparison of SEQ ID NO:1 with
nucleic acid sequences found in the genomic database, GenBank (National Centre for
Biotechnology Information, National Institute of Health, Bethesda, MD, USA) using the BLAST
(Basic local alignment search tool) algorithm 1dentified SEQ ID NO:1 as being related (91%
similarity) to several eukaryotic Thraustochytrid species, closely related to Thraustochytrium sp.
CHN-1 [AB126669] (94.5% similarnity) and Thraustochytriidae sp. N1-27 [AB073308] (95.5%
similarity), and most closely related to Thraustochytrium striatum [AF265338] (97.5%
similarity). ‘

3. (1) Sequence similarities

75. It 1s understood that as discussed herein the use of the terms homology and 1dentity
mean the same thing as stmilanity. Thus, for example, if the use of the word homology 1s used
between two non-natural sequences 1t is understood that this 1s not necessarily indicating an
evolutionary relationship between these two sequences, but rather 1s looking at the similarity or
relatedness between their nucleic acid sequences. Many of the methods for determining
homology between two evolutionarily related molecules are routinely applied to any two or more
nucleic acids or proteins for the purpose of measuring sequence similarity regardless of whether
they are evolutionarily related or not.

76. In generail, it 1s understood that one way to define any known variants and
dertvatives or those that might anise, of the disclosed genes and proteins herein, 1s through
defining the variants and derivatives in terms of homology to specific known sequences. This
1dentity of particular sequences disclosed herein is also discussed elsewhere herein. In general,
variants of nucleic acids and proteins herein disclosed typically have at least, about 50, 55, 60,
65,70, 71,72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 83, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, §6, 97, 98, or 99 percent homology to the stated sequence or the native sequence. Those of
skill in the art readily understand how to determine the homology of two proteins or nucleic
acids, such as genes. For example, the homology can be calculated after aligning the two
sequences so that the homology is at its highest level.

77. Another way of calculating homology can be performed by published algorithms.
Optimal alignment of sequences for comparison may be conducted by the local homology
algorithm of Smith and Waterman Adv. Appl. Math. 2:482, 1981, by the homology alignment
algorithm of Needleman and Wunsch, J. Mol. Biol. 48:443, 1970, by the search for similarity

14



10

15

20

25

30

CA 02611324 2007-12-06
WO 2007/069078 PCT/IB2006/003977
method of Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85:2444, 1988, by computerized

implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin
Genetics Software Package, Genetics Computer Group, 575 Seience Dr., Madison, WI), orby
inspection.

78. The same types of homology can be obtained for nucleic acids by for example the
algorithms disclosed in Zuker, M. Science 244:48-52, 1989, Jaeger et al. Proc. Natl. Acad. Sci.
USA 86:7706-7710, 1989, Jaeger et al. Methods Enzymol. 183:281-306, 1989 which are herein
incorporated by reference for at least material related to nucleic acid alignment. It is understood
that any of the methods typically can be used and that in certain instances the results of these
various methods may differ, but the skilled artisan understands if identity is found with at least
one of these methods, the sequences would be said to have the stated identity, and be disclosed
herein.

/9. For example, as used herein, a sequence recited as having a particular percent
homology to another sequence refers to sequences that have the recited homolo‘gy as calculated
by any one or more of the calculation methods described above. For example, a first sequence
has 80 percent homology, as defined herein, to a second sequence if the first sequence is
calculated to have 80 percent homology to the second sequence using the Zuker calculation
method even if the first sequence does not have 80 percent homology to the second sequence as
calculated by any of the other calculation methods. As another example, a first sequence has 80
percent homology, as defined herein, to a second sequence if the first sequence is calculated to
have 80 percent homology to the second sequence using both the Zuker calculation method and
the Pearson and Lipman calculation method even if the first sequence does not have 80 percent
homology to the second sequence as calculated by the Smith and Waterman calculation method,
the Needleman and Wunsch calculation method, the Jaeger calculation methods, or any of the
other calculation methods. As yet another example, a first sequence has 80 percent homology, as
defined herein, to a second sequence if the first sequence is calculated to have 80 percent
homology to the second sequence using each of calculation methods (although, in practice, the
different calculation methods will often result in different calculated homology percentages).

(2) Hybridization/selective hybridization

30. The term hybridization typically means a sequence driven interaction between at
least two nucleic acid molecules, such as a primer or a probe and a gene. Sequence driven
Interaction means an interaction that occurs between two nucleotides or nucleotide analogs or
nucleotide derivatives in a nucleotide specific manner. For example, G interacting with C or A

interacting with T are sequence driven interactions. Typically sequence driven interactions occur
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on the Watson-Ctick face or Hoogsteen face of the nucleotide. The hybridization of two nucleic
acids is affected by a number of conditions and parameters known to those of skill in the art. For
example, the salt concentrations, pH, and temperature.of.the.reaction all affect whether two
nucleic acid molecules will hybridize.

81. Parameters for selective hybridization between two nucleic acid molecules are well
known to those of skill in the art. For example, in some embodiments selective hybridization
conditions can be defined as stringent hybridization conditions. For example, stringency of
hybridization is controlled by both temperature and salt concentration of either or both of the
hybridization and washing steps. For example, the conditions of hybridization to achieve
selective hybridization may involve hybridization in high ionic strength solution (6x SSC or 6x
SSPE) at a temperature that is about 12-25°C below the T, (the melting temperature at which
half of the molecules dissociate from their hybridization partners) followed by washing at a
combination of temperature and salt concentration chosen so that the washing temperature is
about 5-20°C below the T,,,. The temperature and salt conditions are readily determined
empirically in preliminary experiments in which samples of reference DNA immobilized on.
filters are hybridized to a labeled nucleic acid of interest and then washed under conditions of
different stringencies. Hybridization temperatures are typically hi gher for DNA-RNA and RNA-
RNA hybridizations. The conditions can be used as described above to achieve stringency, or as
1s known in the art. (Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor, New York, 1989: Kunkel et al. Methods
Enzymol. 154:367, 1987 which is herein incorporated by reference for material at least related to
hybridization of nucleic acids). A preferable stringent hybridization condition for a DNA:DNA
hybridization can be at about 68°C (in aqueous solution) in 6x SSC or 6x SSPE followed by
washing at 68°C. Stringency of hybridization and washing, if desired, can be reduced
accordingly as the degree of complementarity desired is decreased, and further, depending upon
the G-C or A-T richness of any area wherein variability is searched for. Likewise, stringency of
hybridization and washing, if desired, can be increased accordingly as homology desired is
increased, and further, depending upon the G-C or A-T richness of any area wherein hi gh
homology is desired, all as known in the art.

2. Another way to define selective hybridization is by looking at the amount
(percentage) of one of the nucleic acids bound to the other nucleic acid. For example, 11 some
embodiments selective hybridization conditions would be when at least about, 60, 65, 70, 71, 72,
73,74,75,76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,

99, 100 percent of the limiting nucleic acid is bound to the non-limiting nucleic acid. Typically,
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the nion-limiting primer is in for example, 10 or 100 or 1000 fold excess. This type of assay can
be performed under conditions where both the limiting and non-limiting primer are for example,
10, 100 or 1000. fold below their ky, or where only-one-of the nucleic acid - molecules 1s 10, 100
or 1000 fold or where one or both nucleic acid molecules are above their k.

83. Another way to define selective hybridization is by looking at the percentage of
primer that gets enzymatically manipulated under conditions where hybridization 1s required to
promote the desired enzymatic manipulation. For example, in some embodiments selective
hybridization conditions would be when at least about, 50, 55, 60, 65, 70, 71, 72, 73,74, 75, 76,
77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100
percent of the primer is enzymatically manipulated under conditions which promote the
enzymatic manipulation, for example if the enzymatic manipulation 1s DNA extension, then
selective hybridization conditions would be when at least about 50, 55, 60, 65, 70, 71, 72, 73,
74,75, 76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88§, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100 percent of the primer molecules are extended. Preferred conditions also include those
suggested by the manufacturer or indicated in the art as being appropriate for the enzyme
performing the manipulation.

84. Just as with homology, it is understood that there are a variety of methods herein
disclosed for determining the level of hybridization between two nucleic acid molecules. It is
understood that these methods and conditions may provide different percentages of hybridization
between two nucleic acid molecules, but unless otherwise indicated meeting the parameters of
any of the methods would be sufficient. For example, if 80% hybridization was required and as
long as hybridization occurs within the required parameters in any one of these methods it is
considered disclosed herein.

85. It is understood that those of skill in the art understand that if a composition or
method meets any one of these criteria for determining hybridization either collectively or singly
it 1s a composition or method that is disclosed herem.

d) Composition of molecules produced

86. It is understood that the eukaryotes disclosed herein are capable of producing a
number of compounds and compositions. The compounds and compositions can be used as a
signature, a way of identifying the organism. For example, one way of characterizing an
organism is by the lipid profile that the organism produces. As disclosed herein these various
lipid profiles can be used to characterize the organism as well as be purified, manipulated, and

collected for a variety of reasons.
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(1) Lipids

&7. Itisunderstood that each organism can produce some profile of unsaturated fatty
acids, as disclosed herein. These profiles are characteristics-of-the-organisms. -Below -are sonie:
examples, of unsaturated and other lipid profiles for the organisms.

88. The eukaryotic microorganism can produce, for example a 1ipid or fatty acid
fraction of at least about 4 wt.% to 6 wt.% (e.g., about 5 wt.%), which comprises from about 0
wt. %o to about 2 wt. % myristic acid (e.g., about 1 wt.%), from about 16 wt.% to about 20 wt.%
(e.g., about 18 wt.% ) palmitic acid, from about 0 wt. % to about 2 wt.% (e.g., about 1 wt.%)
palmitolerc acid, from about 4 wt.% to about 8 wt.% (e.g., about 6 wt.%) stearic acid, from
about 30 wt.% to about 34 wt.% (e.g., about 32 wt.%) oleic acid, from about 40 wt.% to about
44 wt.% (e.g., about 42 wt.%) linoleic acid, and from about 0 wt.% to about 3 wt.% (e.g., about
2 wt.%) n-3 EPA per dried cellular biomass.

89. The eukaryotic microorganism can also produce, for example, a lipid or fatty acid

fraction of at least about 1 wt.% to 3 wt.% (e.g., about 1.25 wt.%), which comprises from about

-2 wt.% to about 4 wt.% (e.g., about 3 wt.% ) myristic acid, from about 50 wt.% to about 60 wt.%

(e.g., about 55 wt.%) palmitic acid, from about 2 wt.% to about 4 wt.% (e.g., about 3 wt.%)
palmitoleic acid, from about 16 wt.% to about 20 wt.% (e.g., about 18 wt.%) stearic acid, from
about 9 wt.% to about 13 wt.% (e.g., about 11 wt.%) oleic acid, from about 1 wt.% to about 3
wt.% (e.g., about 2 wt.%) eicosadienoic acid, and from about 6 wt.% to about 10 wt.% (e.g.,
about 8 wt.%) n-3 EPA per dried cellular biomass.

90. The eukaryotic microorganism, for example, such as ONC-T18, can produce at
least about 30 wt.%, 40 wt.%, 50 wt.%, 60 wt.%, 70% wt.% or 80 wt.% (e.g., about 80 wt.%) of
a lipid composition per dried cellular biomass. For example, the eukaryotic microorganism can
produce a lipid composition comprising from about 25% to about 40% of an omega-3 fatty acid,
such as n-3 DHA, (for example, at least 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55% or
60% by weight), and from about 0% to about 3% of the omega-3 fatty acid, EPA, (for example,
at least 1% or 2% by weight) and from about 4% to about 12% of an omega-6 fatty acid, such as
n-6 DPA, (for example, at least 4%, 5%, 6%, 7%, 8%, 9%, or 10% by weight).

91. Itis understood that the composition of the lipid produced by the eukaryotic
microorganism can be manipulated based on the growing conditions the eukaryotic
microorganism exists in. By changing various parameters, as disclosed herein, the compositions

can be manipulated to produce, for example a better yield of DHA or DPA. For example, the

manipulation may not produce more actual grams, but the manipulation, may produce a better
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ratio of DHA or DPA to EPA and other desired PUFAs, which may be desirable from a

purification standpoint. Varying conditions are discussed herein.

92.  Figure 10 shows a possible metabolic_pathway for the various PUFAsproduced by
the disclosed eukaryotic microorganism, consistent with tatty acid methyl ester metabolite
tracking. Proteins which can be identified within the pathways which as disclosed herein are
polyketide synthase, using for example a degenerative primer study, (Metz et al. (2001) Science
293:290-3 and Kaulmann & Hertweck (2002) Angew. Chem. Int. Ed. 41 :1866-9). Also
elongases and desaturases, using for example a hybridization probe study can be identified. Also
fatty acid synthases can be identified using, for example, a hybridization probe and/or a
degenerative primer study.

4. Growing and culturing

93. A phenotypic microplate study including carbon; nitrogen (peptide nitrogen);
phosphorus and sulfur; osmolytes, and pH was performed. ]

94. An Orthogonal array (Taguchi) method was used to determine optimum media
configurations and variations in nitrogen, carbon and salt concentration (Joseph J & Piganatiells
JR (1998) IIE Trans, 20:247-254).

95. If'you increase agitation or dO, you increase biomass production & TFA but
decrease DHA. If you decrease agitation or dO, you decrease cellular biomass (g) & decrease
TFA but increase DHA but also reduce C16:0, C16:1 & C18:1.

96. if you increase temperature you increase biomass production & TFA but decrease
DHA. If you decrease temperature you decrease cellular biomass (g) & decrease TFA but
increase DHA, but reduce C16:0, C16:1 & C18:1.

97. Cellular biomass derived from the disclosed eukaryotic microorganism can be
obtained by inoculating a suitable natural or artificial seawater medium, containing from about 2
70 to about 100% of seawater. This eukaryotic microorganism is able to utilize various
nutrittonal compo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>