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ARACHIDONIC ACID AND METHODS FOR THE
PRODUCTION AND USE THEREOF
FIELD OF THE INVENTION
This invention relates to the production of arachidonic acid, to
compositions containing arachidonic acid and to uses thereof.
BACKGROUND OF THE INVENTION
Arachidonic acid (ARA) is a long chain polyunsaturated fatty acid

| (PUFA) of the omega-6 class (5, 8, 11, 14-eicosatetraenoic acid, i.e., 20:4).

ARA is the most abundant C,, PUFA in the human body. It is particularly
prevalent in organ, muscle and blood tissues, serving a major role as a structural
lipid associated predominantly with phospholipids in blood, liver, muscle and
other maJor organ systems. In addition to its primary role as a structural lipid,

ARA also is the direct precursor for a number of circulating eicosenoids such
as prostaglandin E, (PGE,), prostacyclm I, (PGL,), thromboxane A, (T,A,), and
leukotirenes B, (LTB,) and C, (LTC,). These eicosenoids exhibit regulatory

effects on lipoprotein metabolism, blood rheology, vascular tone, leucocyte

- function and platelet activation.

Despite its importance to human mc;.tabolism, ARA cannot be synthesized
in humans de novo. ARA is synthesized by the elongation and desaturation of
linoleic acid (LOA), an essential fatty acid. This process requires the presence
of the enzyme a6-desaturase, an enzyme present in the human body m low
levels, Burre et al., Lipids, 25:354-356 (1990). Accordingly, most ARA must
be provided in the diet, and this is especially important during times of very
rapid body growth, such as infancy. | |

During the first year of its life, an infant can double or triple its weight.

~ Consequently, elevated levels of dietary ARA are required. To satisfy this

increased demand, human breast milk contains high levels of ARA. Sanders et
al., Am. . Clin. Nutr., 31:805-813 (1978). ARA is the most prevalent C,,
PUFA in breast milk. Of those mothers, especially vegetarians, who do breast-
feed their infants, many would benefit from additional dietary ARA. However,
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many mothers do not breast feed their infants, or do not breast feed for the
entire period of rapid infant growth, choosing instead to utilize an infant
formula. . .

 No commercial infant formulas known to Applicant contain ARA in
triglyceride form. U.S. Patent No. 4,670,285 (Clandinin et al.), incorporated
herein by reference, discloses the infant's requirement for fatty acids including
ARA. To provide these fatty acids, Clandinin et al. suggest a blend of egg yolk,
fish oil or red blood cell phospholipids and vegetable oils as the fat component
of a proposed infant formula. However, fish oil contain high quantities of
eicosapentaneoic. acid (EPA).  EPA is known to depress ARA sy'nthesis in
infants. Carlson, et al., INFORM, 1:306 (1990). Thus, it would be desirable
to be able to provide ARA without also providing additional EPA. Furthermore,
egg yolks contain a relatively low concentration of ARA, such that Clandinin et
al.'s mixture is not economically viable.

Because ARA is present in animal, but not vegetable, oils, its production
in commercial quantities has remained a desirable, but elusive, goal. Shinmen, -
et al., Microbiol. Biotech. 31:11-16 (1989), have reported the production of
ARA by an isolated fungus, Mortierella alpina, using conventional stirred tank
fermentation. (See also Japanese Patent 1,215,245 to Shinmen et al.). After
culturing, the organisms are harvested, dried and their lipids extracted from the
fungal biomass with an organic solvent and the lipids chemically (covalently)
modified. For example, the.lipid mixture is hydrolyzed or converted to ethyl
esters and then combined with cyclodextrin prior to use as a dietary supplement.
Shinmen et al. do not disclose or suggest the administration of unmodified
microbial oils. :

Porphyridium cruentum, a red microalgae, can be grown in ponds in
large quantities and has a lipid content which can contain up to 40% ARA.
Ahern, et al. Biotech. Bioceng. 25:1057-1070 (1983). Unfortunately, the ARA
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is primaril.y associated with galactolipids, a complex polar lipid not present in
breast milk. Thus, not only is the total osable ARA prodhced a fraction of one
percent of the biomass, but the form of the ARA is _rtot suitable‘for use as an
additive to infant formula without further modification.

U.S. Patent No. 4,870,011 (Suzuki et al.) discloses a method for
obtaining lipids such as vy-linolenic acid from fungi of the genus Mortierella.
The y-linolenic acid is purified from the mixtre of lipids contained in the fungi.

DE 3603000A1 (Milupa) discloses a highly polyunsaturated acid fat
mixture and its use as the fat component of an infant formula. The fat mixture
has a high content of ARA and docosahexanoxc (DHA) acids i ina ratio of 2.5:1
respectlvely, as well as a high content of cholesterol Sources of the fatty acids
are listed as being certain types of macroalgae, fish oils, organ fats from beef
and pork or highly refined egg yolk oil. A source of the DHA and ARA is said
to be macroalgao of the phaecophyte and rhodophyte types. There is no
suggestion to use any microbes as a source _of oil. Algal and fish oils also
typically include EPA which depresscs ARA synthesis in vivo. Additionally,
hig_hly refined egg yolk oil is not an economical source of ARA. Moreover,
there is no disclosure therein of an ARA—conoentrated additive for supplementing
pre-existing infant formula.

Accordingly, there rema_ins.a need for an economical, commercially -
feasible method of producing ARA, preferably without concomitant production
of EPA. It is an object of the present invention to satisfy that need.

It is a further object of the inventioq to provide an additive, and a source

for that additive, for use in an infant formula such that the ARA levels in the

formuia approximate those levets in human breast milk.
It is an additional object of this invention to provide an ARA-containing
fungal oil for use in enteral, parenteral or dermal products.

This Sheet Has Been Replaced
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This invention miates to the production and use of arachidoric acid

. containing fungal oil (ARASCO) and to composmons contammg such oils. The
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oil can be referred to as a smgle cell oil. Fungl are cultlvated under oil-
producing conditions, harvested and the oil extracted and recovered. The oil,
without further chemical ‘modification, can be used directly to provide
supplemental ARA to pei'sons' réquirihg such, including Iiewbom infants,
pregnant or nursing women or persons exlubmng ARA-deficient pathologies.

Advantages of the mventxon include its ease of productxon, and hxgh punty,
lack of detectable amounts of EPA. - ~

"ARA" and "EPA" are also used herexn t0 refer to residues of
arachidonic' acxd and excosapemmeoxc acid, respecuvely, where the residues are

‘esterified to glycerol as part of a fatty acyl tnglycende or a phospholipid. As

used herein, a composxtlon is "essentxally free: of EPA" when the residual
amount of EPA in the composmon is less than the amount that would depress
ARA synthesis when the composmon is used as a nutritional supplement The
present invention succeeds in providing an economlcal source of arachidonic
acid (ARA). |

In one embodiment, this invention relates to a method for the production
of an arachidonic acld-eontalmng fungal oil (ARASCO) which is substannally

~ free of excosapentanemc acid (EPA). As used herem, "substantially free" means

thattheEPA1spresentmlessthanaboutoneﬁﬂhofﬂleamountofARAmthe
oil. This oil, a smgle cell oil, can be administered directly, in an unmodified
form. As used herein "unmodified" means that t'he'_chemical properties of the
fatty acids, or the oils themselves, have not been covalently altered. Thus, for
example, a temporary modification to the ARASCO or ARA which could be

- reversed following uptake of the oil would not be beyond the scope of this
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invention.
Unmodified fungal oils according to this invention provide triglycerides
in which a relatively high proportiori of the fatty acid residues are ARA
- (preferably at least 40% of the fatty acid residues are ARA, more preferably at
least 50% of the residues are ARA), and the ratio of ARA residues to EPA
residues is also high (at least 5:1, preferably at least 20:1, w/w). Such an oil
from natural sources has not been described prior to the present invention.
While triglycerides with such composition may be chemically synthesized (e.g.,
by esterifying free fatty acid mixtures high in ARA or transesterifying with ethyl

. 10 _esters of such a fatty acid mixture), the manipulation of the fatty acid mixture T

20

30

(e.g., purification, esterification, etc.) may introduce unwanted side-products.
In contrast, the method of this invention provides triglycerides having the
desired composition by extraction from natural sources.

15 Table 1. Fatty Acid Composition of Several Fungal Species

25

Mortierella aipina - 8.2 - 33.5 163 | 233 13.0 - 3.0
Mortierella elongta | 20 | 132 | - 26 J11.9 |132 138 |24 | a0
Mortierella isabellina | 0.3 15.7 0.8 55.8 11.1 9.0 - - 7.3
Saprolegnia 7.4 19.1 1.9 6.3 245 | 125 10.5 10.5 9.3
parasinca . .

Pythium catenulaum | 6.5 99 103 |22 18.5 3.5 13.4 10.9 5.0
Pythium coloratum 13.6 9.9 - 14.7 10.9 2.5 | 243 21.7 2.2
' Pythium. 14.7 9.1 22 | 148 12.6 36 | 221 5.7 45

gracile -

{ Pythium irregulare _ | 10.3 154 | 6.9 123 |20 3.9 10.6 12.4 11.9

} Pythium ultimum 9.5 16.7. | 105 17.1 207 | 13 9.0 6.9 13.3

L t insidiosum i 1.0
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Of those fungal species which preVionsly have had their fatty acids
characterized, it has been found that most do not make ARA. Weete, J.D.,
Fungal Lipid Biochemistry, Plenum Press, N.Y. (1974). Of those species which

do - make ARA, many, mcludmg all previously characterized Pythium species,
- produce significant quantities of eicosapentaenoic acid (EPA) in addition to

ARA. Table 1 sets forth the fatty acid profile of P. insidiosum as well as the
fatty acid profile of other species of fungi. Unexpectedly, it has been found that
P. insidiosum produces ARA without concomitant production of EPA. As with
fish oils, high EPA levels in dietary supplements result in a depression of the
ability to form ARA from dietary linoleic acid (LOA). Accordingly, while those’
fungal- species producing both ARA and EPA can be utilized in the process of
this invention, it is pieferable to use species which do not produce significant
quantities of EPA. Such preferred species inciude Pythium insidio.sum and
Mortierelia alpina. Both species are available commercially and are on deposit
with the American Type Culture Collective in Rockville, Marjland, 'haVing
accession numbers 28251 and 42430, respectively. ‘P. insidiosum and M. alpina
have been used as representative ﬁmg’al species throughout this disclosure. Of
course, other fungal species which produce triglyceﬁde containing ARA and
reduced EPA as described herein are also contemplated w1thm this invention.
One of the s1gmﬁcam problems which an embodlment of the present

invention overcomes, is the depression of ARA bxosynthems in infants caused

by the presence of enhanced dietary levels of EPA. Tlu_s problem' can be_

corrected by providing ARA for use in infant formula at levels substantially
similar to those found in human breast milk. Typically in human breast milk"
the ratio of ARA:EPA is about 20:1 respectwely The present mventxon

specifically contemplates any microbial oil which prov1des a sufﬁcxent amount

of ARA to overcome the negatlve effects of dletary EPA. Preferably, the use
of the ARA-containing oil will result in an ARA:EPA ratio of at least about 5:1.
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More preferably, the ratio will be at least about 10:1 and, most preferably, it
will be at least about 20:1. As can be seen, the higher the amount of ARA in
the end product, with respect to the amount of EPA.,'the more desirable is the
result.

In a process of the present invention, the fungi are cultivated under
suitable ARA-containing oil producing cultivating conditions. In general,
techniques of fungal cultivation are well known to those of skill in the art and

| those techniques can be applied to the present inventive process. For example,

cultivation of an inoculating amount of fungus can occur in submerged culture
in shake flasks. The flasks are provided with a growth medium, seeded with
fungal mycelium;- and grown on a reciprocating shaker for about three to four
days. _ B |
The composition of the growth medium can vary but _always contains
carbon and nitrogen sources. A pi'éferred carbon source is glucose, amounts of
which can range from about 10-100 grams glucose per liter of growth medium.
Typically about 15 grams/liter are utilized for shaker flask culture. The amount
can be varied depending' upoh the desired density of the final culture. Other
carbon sources which can be used include molassés, high fructose corn syrup,
hydrolyzed starch or any other low cost conventional carbon source used in
fermentation procesées. Additionally, lactose can be provided as a carbon

source for P. insidiosum. Thus, whey permeate, which is high in lactose and

- is a very low cost carbon source, can be used as a substrate. Suitable amounts

of these carbon sources can readily be determined by those of skill in the art.
Usually, additional carbon needs to be added during the course of the
cultivation. This is because the organisms use so much carbon that adding it all
in a batch mode could prove unwieldy. _

Nitrogen typically is provided in the form of yeast extract at a
concentration of from about 2 to about 15 grams extract per liter of growth
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medium Preferably, 'about'four grams per liter are proyided Other nitrogen
sources can be used, mcludmg peptone tryptone, corn steep liquor, soy flour,
hydrolyzed vegetable protem, etc. The amount to be added of these sources can
easily be determined by those of skill in the art. Nltrogen can be added in a
batch mode, i.e. all at one time prior to cultxvauon T

After cultivation for 3-4 days ata suttable temperature typrcally about
25-30°C, an amount of fungl has grown whlch is suffictent for use as an
inoculum in a convennonal stirred tank fermentor (STF) Such fermentors are
known to those of skill in the art and are commercially available. Fermentation
can be carried out in bateh fed-batch or eontinums'fermentation modes.

| Preferably, the STF is equlpped with a marine n'npeller although a Rushton—type
turbine impeller can also be used.

The fermentor is prepared by addmg the desu'ed carbon and nitrogen
sources. For example, a 1.5 liter fermentor can be prepared by mxxmg about

50 grams of glucose and about 15 grams of yeast extract per liter of tap water.

" As previously dlscussed, other carbon or nitrogen sources or mixtures thereof

can be used.

The reactor containing the nutrient solution should be sterilized by, for
example, heating prior to inoculation. After cooling to ‘about 30°C, the
inoculum can be added, and culuvanon initiated. Gas exchange is provided by
air spargmg The air spargmg rate can vary, but preferably is adjusted to from
about 0.5 to about 4.0 VVM (volume of air per volume of fermentor per
mmute) Preferably the dlssoived oxygen level is kept at from about 10% to
about 50% of the air saturation value of the solutxon Accordmgly, adjustments
in the sparge rate may be requn'ed dunng culttvatxon Agltatton is desirable. -
The agitation is provided by the 1mpeller Agttatton t1p speed preferably is set
within the range of from about 50 cm/sec to about 500 cm/sec, preferably from
about 100 to 200 cm/sec. |
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In general, the amount of inoculum can vary. Typically, from about 2%
to about 10% by volume of inoculum can be used. Preferably, in a fermentor
seed train about 5% By volume of inoculum can be uéed.

| Nutrient levels should be monitored. When glucose levels drbp below
5 g/1, additional glucose should be added. A typical cultivation cycle utilizes
about 100 grams of glﬁcose and about 15 grams of yeast extract per liter. It is
desirable to deplete the nitrogen during the course of the cultivation as this
enhances oil production by the fungi. This is especially true when M. alpina is
used as the production organism. |

~ Ina particularly preferfed embodiment, Mortierella alpina with high oil
content mcludmg higix levels of ARA may be cultured in a fermentor using very
high nutriént levels; It has been unexpectedly discovered that levels of nitrogen-
containing nutrient in excess of that provided by 15 grams/liter of yeast extract
may be added at the _Beginning of the fermentation, so long as the total amount
of -carbon-containing nutrient added during the fermentation is comparably high.
The total amount of carbon nutrient, preferably fed contimously or

 intermittently for the first 25-.50% of the fermentation time course, or in aliquots

at multiple time points over the same p_brtion of the time course, will preferably
be equivalent to 75-300 grams of glucose per liter of culture medium (C:N ratio
2 5.:1, expressed as w/w glucose:yeast extract). In an especially preferred
mode, the nitrogen nutrient is soy flour, added at a level of about 16 grams per
liter of medium, and the carbon nutrient is present initially at a level equivalent
to about 80 grams of glucose or greater. When using high levels of carbon and
nitrogen nuu'-ient.s,.. it is preférable to sterilize solutions containing the two
nutrient solutions separately. It has also been discovered that biomass yield may
be enhanced for fermentations containing high levels of carbon nutrients by
withholding part of the nitrogexi nutrient and.feeding the remaining nitrogen

nutrient continuously or in one or more aliquots during the course of the
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fermentation.

Occasionally, the culture will produce an excessive quantity of foam.
Optionally, an antifoaming agent such as those known to those of skill in the
art, e.g. Mazu 310® or vegetable oil, can be added to prevent foam

The temperature of cultivation can vary However those ftmgr which
produce both ARA and EPA tend to produce less EPA and more ARA when
cultivated at higher temperatures. For example, when Mortierella alpina is
cultivated at less than 18°C, it begins to produce EPA. Thus it is preferable to
maintain the temperature at a level which induces the prcfereuﬁal production of
ARA. Suitable temperatures are typically from about 25°C to about 30°C.

Preferably, cultivation continues until 4 desired biomass density is
achieved. A desirable biomass is about 25 g/1 of the organism. Such a biomass
typlcally is attained within 48-72 hours after inoculation. At this time, the

~ organisms typically contain about 5-40% complex lrpxds ie. 011 of which about

10-40% is ARA or preferably at least 40% ARA residues in the triglyceride
fraction, more preferably at least 50% ARA ir ﬂe mglycende fracuon, and can
be harvested.

Fungal fermentation for ARA producnm accordmg to tlus invention may
be carried out in fermentation medium with pH between about 5 and 8.

'However, yields of biomass, orl and ARA from cultiires of M. alpma can be

enhanced by profiling the pH of the medrum, rather than allowmg uncontrolled
pH rise. Yields may also be enhanced by mamtammg high oxygen levels during
the fermentation. These modifications of fermentation procedure are especially

~ effective when using lugh nutrient levels in the fermentor.

When the initial nitrogen nutrient level exceeds the equrvalent of about
15 grams of yeast extract per liter, and/or the carbon mutrient level exceeds the
equivalent of about 150 grams glucose per lrter growth of fungl may be
inhibited. This growth inhibition may be overcome by fed batch fermentation,
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for example by dividing the nutrient for the fermentation into aliquots which are
fed into the fermentor sequenti—ally-, once part or all of the nutrient supplied by
the previous ahquot has been metabolized. The beneﬁt of overcoxiimg growth
inhibition may be accomphshe_d by feeding only the carbon nutrient (see
Shinmen, et el.). It has been diecovered that this benefit may also be obtained
by dividing the total mutrient into aliquots and feeding the aliguots during the
fermentation, or by feedmg the nutrient solution continuously. Similarly,-it has. -
been unexpectedly been discovered that the Beneﬁt may be achieved by feeding
the nitrogen nutrient only to a fermentation in which the carbon nutrient is
present initially at a high 1evel | . :
It has also been unexpectedly d‘scovered that growth mhxbmon can be
mitigated by pH profiling of the fermentation, by maintaining high oxygen
tension in the fenhentor, or bbth. It has been discove_red that fermentation of
M. alpina in high nutrient media at low pH (pH = 5-6) results in enhanced
biomass growth (and also in increased oil yield). However, the oil produced
under these conditions has lower levels of ARA residues in the oil.
Contrariwise, fermentation at high.pH (pH = 7-7.5) results in increased levels
of ARA in the oil, but i)oorer growth. In a preferred mode, the fermentation
method of this inv_entio@ involves pH profiling wherein the pH is low during the
early stages ef the.fermen'tation and high during the late stages. Early stages
include periods of rapid (exponential) growth during which nutrients are rapidly
metabolized; late stages .includ_e the stationary phase, when cell division is

arrested, usixally due to insufficient amounts of one or more nutrients, and the

production of ARA-rich oil is enhanced. Profiling can be done by controlling

fermentor pH at levels that are adjusted in two or more steps spaced over the
fermentation period. |

It has likewise been qiscovered' that maintaining the dissolved oxygen
content of the medium (D.O.) ét high levels (e.g.; 240_% of air saturation level)
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will result in relief of the growth mhrbmon by hlgh nutnent levels and/or
mcrease the relative level of ARA’ res1dues m the oil. The D 0. may be
mamtamed at-a-high level by mcreasmg vessel pressure (forcmg more air into
the fermentor head space), mcreasmg agrtauon (e g increasing the unpeller tip
speed), and mcreasmg aeranon (1 e, mcreasmg ‘the amount of air passmg

through the fermentor in a gwen tlme, usually expressed as increase in VVM,

* Volames of air per fe-::éntor volume per mmute) and/or by i mcreasmg the O,

content of the sparge gas. Fermentation under these ‘conditions has been found
to increase carbon utilization, resulting in hlgher ﬁnal blomass concentratlon and
greater productivity of ARA-rich oil in the fermentor In. parucular
fermentations mcotporatmg of one or more of the above modlﬁcatlons result in
production of extractable triglyceride oil havmg at least 40% ARA resxdues and
preferably at least 50% ARA residues.

In a particularly preferred embodlment the fermentation medium
contains carbon nutrient equxvalent to 280 g/L glucose and mtrogen nutrient
equivalent to 216 g/L yeast extract, and the medmm is adjusted to pH between

~S5and 6 subsequent to sterilization. After moculatton the pH of the medlum is

controlled at or shghtly above its initial level. Once the carbon mutrient level

has dropped to <60 grams glucose equlvalent/hter (usually about 48 hours), the

set point for pH control is changed to about pH > 6. At or about the time when

~ the oxygen uptake rate (and/or the carbon dxoxlde evolutron rate, CER) reaches

its maximum (usually after about 72 hours), the setpomt is ralse_d _to pH between
6.5 and 7 (usually incrementally, e.g., at a rate of about 0.1 pH units per hour).

~ The pH is then controlled to. keep it below about pH 7-7 5 for the final stages

of the fermentation. _
For this embodiment, dissolved oxygen level in the medium (D.0.) is
mamtamed near or above 40% of air ‘saturation level, preferably by sequentially

. mcreasmg vessel pressure to 11 psr, mcreasmg agltatton to the equlvalent of
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about 300 cm/sec impeller tip speed, and increasing aeration to about 0.5

~ volumes of air per fermentor volume per minute. After a period of rapid growth
~ and high O, uptake by the fermentation, growth (and-O, uptake) will decrease.

Agitation/aeration can be reduced at this point, so long as D.O. is maintained

ata high level, usually above about 40% air saturation.

By optimizing the fermentation of M. alpina as described herein, it is
possible to obtain very high yields of biomass containing 20-60% oil in the
biomass, where 25-70% by weight of the oil is ARA residues in triglyceride
form. The biomass (and oil) may be harvested as described herein. Preferably,
biomass will be harvested from the fermentor within 48 hours of reaching
maximum productivity, measured as grams ARA/L/day.

Harvesting can be done by any suitable method such as, for example,
filtration, centrifugation, br spray drying. Because of lower cost, filtration may
be preferred. .

After harvesting, the mycelxal cake can be extracted. The mycelial cake
refers to the collection of biomass resulting after harvest. The cake can be loose
or pressed, crumbled or uncrumbled. Optionally, the cake can have any residual
water removed, as by vacuum drying, fluid bed drying, spray drying or
lyophilization, prior to extraction. If this option is selected, it is preferable to
use nonpolar solvents to extract the ARA-containing oil. While any non-polar
extract is suitable, hexane i is preferred

In a preferred embodlment oil is extracted from the dried biomass by
wet grinding or percolation with virgin hexane. Solvent is usually added at a
solvent-to-biomass ratio of about 5:1 (w/w). After wet grinding, solids are
separated from the extract by decanting or centrifugation. It is advantageous to
maintain the solvent-containing extract (miscella) anaerobically to avoid
oxidation of the unsaturated fatty acid residues in the oil. Miscella is

desolventized to produce a crude fungal oil.
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Crude oil extracted from fungal biom_"as's* with non-polar solvents can be
cloudy, particularly when the biomass is ground, because grinding may release
fine particles such as cell wall fragments and “soluble polysaccharides.
Clarification of such cloudy oil'may be accomplished by dissolving the crude oil
in more polar solvents, such as acetone or alcohol. In a preferred embodimient,
crude oil extract of fungal mycelia is -further clarified by acetone
extraction/precipitation. An acetone miscella is prepared by addihg acetone to
cloudy crude oil extract (preferébly to a level of about 20% oil; i.e., 'about 4
volumes of acetone per volume of crude oil), mixing thoroughly and allowing
the mixture to stand for a period sufficient for precipitation of the fine particles
(usually about an hour room temperature). The oil-containing acetone miscella

“is clarified by centrifugation and/or filtration, and then desolventized to produce

acetone-clarified fungal oil. Acetone-clarified fungal oil is preferred for further
processing (e.g., degumming, bleaching and deodorizing by q_onVentional
techniques) because the fines produced during extraction of the fungal biomass
will interfere with the refining processes if not removed in the acetone step.
Another preferred embodiment involves the counter-current extraction
of dry biomass, which, may be carried out in commercially available extraction
units, for example, those manufactured by Crown Ironworks (Crde Mark IV)
or French, Inc., that are not generally used to extract vegetable oils, but were
designed to extract dirt and soil. Although extraction efficiencies are not as high
without the regrinding of the biomass, the counter current extraction procedure
has the advantage of producing fewer "fines" thereby 'reducing the technical
difficulty in recovering a clear refined oil. | - .
Alternatively, the wet cake (which typically contains about 30-50%
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solids) can be crumbled and extracted directly using pblar solvents such as
ethanol or isopropyl alcohol, or supercﬁtical fluid extraction with soivents such
as CO, or NO. Preferably, the cakes are crumbled prior to extraction.

Advantageously, the present invention permits the economlcal use of
supercritical fluid extraction techniques. McHugh, et al., Supercritical Fluid
Extraction, Butterworth (1986). Such techniques are known to those of skill in
thé art and include those presently applied, for example, to decaffeinate coffee
beans.

A 'preferable method of aquebus extraction involves mixing the mycelial
biomass with the polar solvent isopropyl alcohol in a suitable reaction kettle.
Such kettles are imown. The use of three to six parts of solvent 'per part of
biomass is desired. Most preferably, the mixing is done under nitrogen or in the
presence of antioxidants to prevent the oxidation of the ARA in the lipid extract.
As used herein "lipid extract”, "011" "lipid complex” and "fungal oil” are used
interchangeably.

After extracting, the mixture can be filtered to remove the biomass from
the solvent containing the lipid extract. At this point, the biomass can be
recovered and used as a food supplement. As used herein, "food supplement”
means feed or an additive to be mixed with typical feed, such as grain, etc., that
can be provided to animals. '

The solvent is separated from the lipid extract and also can be recovered
for reuse, as by evaporation into a suitable collector, leaving what is referred to
herein as the "crude oil." Use of isopropyl alcohol as the solvent desirably
results m the removal of any residual water from the crude oil, as the
evaporation removes the water/isopropyl alcohol azeotropé which has
spontaneously formed.

While the crude oil can be used without further treatment, it also can be
further purified. Processes such as those used in the pfeparation of lecithin from
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vegetable products, and known to those of Sklll m the art can be used in this )
additional purification st5p Such processes do not ‘chemically or covalently

| modlfy the ARA-contauung hplds or the ARA 1tself

Yields vary, but typically are about 5 grzu_ns of ARA-containing -
phospholipid per 100 grams of dried mycelia. In the case of M. dlpina, an
additional 10-50 grams of tnglycende per 100 grams of dry mycella can be
obtained.  Either the crude oil or the refined product can be used for
admnnstrauon to humans Both shall be included w1thm the definition of
ARASCO as used herexn |

. A most preferred object of the mventxon is to provxde an addmve for use

 with human infant formulas, such that the concentration of ARA in such formula

closely approximates the concentration of ARA in human breast mxlk Table 2
compares the composmon of the fatty acids i m ARASCO w1th those in breast
milk and infant formula lackmg and containing ARASCO.
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Table 2. Fatty Acid Composition_ of Fungal Oil Products And Mother's Milk

Infant Formula @ Breast
Fatty Acid ARASCO Formula* +£ 0Oil = _Milk
5 _
8.0 -- 24.1 23.6 0.35
10:0 -- 17.7 17.3 1.39
12:0 -- 14.9 14.6 6.99
. 14:0 4.6 '5.8 5.8 7.96
10 16:0 16.0 6.8 7.0 19.80
16:1 3.2 0.2 0.3 3.20
18:0 - 2.3 2.3 5.91
18:1 26.4 10.0 '10.3 34.82
18:2n6 9.9 17.4 17.3 16.00
15 18:3n3 4.1 0.9 1.0 - 0.62.
" 20:1 2.2 0.1 0.14 1.10
20:2n6 ' -- ' -- g 0.61
20:3n6 1.4, -- 0.03 0.42
20:4n6 32.0 -- 0.64 0.59
20 20:5n3 -- -—- _ -- 0.03
22:1 _ -- -- -- 0.10
22:4n6 -- _ -- -- 0.21
22:5n6 -- L -- -- 0.22
22:6n3 -- - -- 0.19
25

As can be seen, the amount of ARA present in the infant formula

~ supplemented by ARASCO closely approxima'fes the ARA levels in human
breast milk. Additionally, the total fatty acid composition of the infant formula

has not been significantly altered by the addition of the ARASCO. Typically,

30" between about 50 to about 1000 mg of ARASCO per liter of infant formula can

be used. The specific amount of ARASCO required depends upon the ARA
content. This can vary from about 10 to about 70% of the fatty acids in the oil.
However, typically the ARA content is about 30-50%. Preferably the oil used

to supplement infant formula contains at least 40% of the fatty acid residues as

! Simopoulis, A., Omega-3 Fatty Acids in Health and Disease, pp. 115-156 (1990).
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ARA, more preferably at least 50% as ARA residues. When the ARA content
is about 30%, an especially preferred supplementation rate is about 600 to 700

mg of ARASCO per liter of mfant formula. Such a rate dilutes the pre-existing

fat components of an infant formula such as Similac® (Ross Laboratories,
Columbus, Ohio) by only one part ARASCO to fifty parts formula oils. Similar

dilution rates can be calculated for oils having higher ARA contents.

Preferably, the ARASCO is substantially free of EPA.

When Pythium insidiosum is used in the described process, the extracted
ARA-containing oil is predominantly phospholipid. However, it has been _
discovered that a significant amount of triglyceride which is hi_g_h in ARA
residues may also be recovered from P. irisidiosum cultured as described herein.
When Mortierella alpina is used in this process, the ARA-containing oil is
biedominantly triglyceride. Both forms of ARASCO are useful as additives to
infant fon_mxla. The former not only provides the formula with ARA, but also
with an emulsifier, i.e., phosphatidyl choline, which is commonly added to
commercial formulas. The oil from M. alpina is likely to be more economical
to produce. _ . _ .

The ARA-containing oil of the present inventioﬂ_ has many uses in
addition to its use as an additive for infant formula. As known to those of skill
in the art, there are many pathologies associated with ARA deficiencies, such as
marasmus (Vajreswari, etal., M;_tatmhsm 39:779-782 (1990)), atopic diseases
(Melnik, B., Monatsschr, Kinderheilta, 138:162-166 (1990)), liver disease,
phenyl ketonuria, schizophrenia, tardive dyskinesia or various peroxisomal
disorders. In one embodiment of the present invention, those pathologies are
treated by administering a pharmaceutically effective amount of the oil of the
present invention. Typically the pharmaceutically effective amount is the

‘amount required to normalize the serum level of ARA in the patient.

Particularly preferred for supplementation to treat such pathologies are the high
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ARA oils described above, e_spec_iaHy oils having at least 40% ARA, or more
preferably 50% ARA residues. The oil can be administered enterally, topically
or parenterally, as selected by the provider of health-care.

Encapsulation, as known by those of skill in the art, is an effective
method of enteral administration. Capsules containing the fungal oil can be
administered to those persons requiring or desiring dietary supplementation of
ARA. Such a method is particularly effective for administering ARA to
pregnant or nursing women. _

In instances where ARASCO is being administered to combat ARA
deficiency associated patl_mlogiés, a pharmaceutically effective amount should
be administered. This amount can be determined by those of skill in the art
without undue experimentation. Typically this amount is 0.5-2.0 g/day, which
will usually normalize the serum level of ARA. _ .

~ Another embodiment of the present invention entails cosmetic
compositions containing ARASCO, such as the high ARA oils described herein.
Cosmetic compositions refer to those compounds applied as cosmetics. A
preferred example of such a composition is a wrinkle cream. Such cosmetic
compositions provide an effective means of to;iically applying ARA to skin to
assist in niaintaining skin tone. ' '

The invention having been generally described, the following specific
non-limiting examples are set fofth to further illustrate the invention.
Example 1. Preparation of P. insidiosum lipid and addition to

infant formula | ’

In an 80 liter (gross volume) fermentor, 51 liters of tap water, 1.2 kg
glucose, 240 grams of yeast extract and 15 ml of MAZU 210S® antifoam were
combined. The fermentor was sterilized at 121°C for 45 minutes. An
additional 5 liters of condensate water were added during the sterilization
process. The pH was adjusted to 6.2, and approximately 1 liter of inoculum (at
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" a cell density of 5-10g/1) of Pythium insidiosum (ATCC #28251) then was

added. The agitation rate was adjusted to 125 RPM (250 cm/sec tip speed) and
the aeration rate was set at 1 SCFM (standai'd' cubic feet per mim'ite)L At hour

24 in the operation the aeration rate was iricreased to 3 SCFM. At hour 28 an

additional 2 liters of 50% glucose syrup (1 kg ghicose) were added. At hour 50

" the fermentor was harvested, resulting in a yield of about 2.2 kg wet weight

(approximately 15 g dry weight) per liter. Harvested biomass was squeezed to
a high solids cake (50%. solids) on a suction filter before freeze drying. The
dried biomass was ground with a mortar and pestle and extracted with 1 liter of
hexane per 200 grams of dry biomass at room tempeératire under continuous
stirring for 2 hours. The mixture then was filtered and the filtrate evaporated
to yield about 5-6 grams of crude oil per 100 grams of dry biomass. The
biomass then was reextracted with 1 liter of ethanol per 20 grams of dry biomass
for 1 hour at room temperature, filtered, and the solvent evaﬁ'orated yielding an
additional 22 grams of crude oil per 100 grams of dry biomass. The second
fraction wés predominantly phospholipids' whereas the first fraction contained
a mixture of phospholipids and triglycerides. The combined fractions produced
an oil containing about 30-35% arachidonic acid and no detectable EPA. This
oil was added dropwise to the commercial infant formula product Similac® (Ross
Laboratories, Columbus, Ohio) at a supplementation rate of 60 mg per liter of

prepared medium. _
Example 2. Preparation of M. alpina lipid and addition to infant
formula - o

Mortierella alpina (ATCC #42430) was grown in a 2 liter shake flask

 containing 1 liter of tap water and 20 grams of potato dextrose medium. The
flask was under constant orbital agitation and was maintained at 25°C for seven

days. After harvesting by centrifugation, the biomass was freeze dried yielding

about 8 grams of lipid-rich mycelia. The m&celia was extracted using hexane
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as in example #1 and about 2.4g of crude oil resulted. This oil contains about
23% arachidonic acid and was added to tﬁe commercial formula Similac®
dropwise in concentrations of 1000 mg per liter.
Example 3. Large Scale Production of Arachidonic Acid by M.
alping

Inoculation fermentor containing medium GYE (50 g/L dextrose and 6
g/L Tastone 154) is inoculated with M. alpina. Fermentation temperature is set
at 28°C, initial agitation at 130-160 cm/sec, initial vessel pressure at 6 psi, and
initial aeration rate at 0.25 VVM. pH is adjusted to 5.0 presterilization, and
initial fermentation pH is set to 5.5 post-sterilization. Medium is maintained at
pH 2 5.5 with 8N NaOH. Oxygen level is maintained at D.O. > 40% by
adjusting agitation/aeration in the following sequence: increase vessel pressure

to 11 psi; increase agitation to 175 cm/sec impeller tip speed; and increase

‘aeration to 0.5 VVM. Foaming is controlled by addition of Dow 1520-US

antifoam as needed. (Approximately 0.1 ml/L of the antifoam should be added
to the medium prior to sterilization to help prevent foaming.)
Transfer inoculum from seed fermentor to main fermentor within 12
hours after pH rises above 6.0. | |
| 'The main fermentor contai_ﬁs GYE medium (50 g/L dextrose and 6 g/L.
Tasione 154); glucose is sterilized separately and added to the main fermentor
after sterilization. Fermentor temperature is set at 28°C, initial agitation at 160

. cm/sec, initial vessel pressure at 6 psi, and initial aeration rate at 0.15 VVM.

Initial pH is set to 5.5 post-sterilization, and maintained at pH > 5.5 with 8N
NaOH. pH is allowed to rise during stationary phase (beginning about 24 hours
after inoculation), but mamtamed below pH 6.8 with H,SO, addition. Oxygen
level is mamtamed atD.O. > 40% by sequentially increasing vessel pressure to
11 psi, increasing agitation to 175 cm/sec impeller tip speed, and increasing
aeration to 0.5 VVM. Foaming is controlled by addition of antifoam Dow 1520-
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US, as needed. (Approxlmately 0.1 ml/L of the antifoam should be added to the
medmm prior to sterilization to help prevent foammg)

The culture is sampled every 12 hours for biomass and fatty acid
analysis, and harvest is initiated 3-4 days after pH rises to 6.5. Dry biomass
density should be > 8.5.g/L. Glucose concentration in the broth should have
dropped from 50 g/L to < 25 g/L. At harvest, the whole culture broth is passed
through a basket centrifuge to separate the mycelia from the: spent medlum, and
the blomass is dried.

" Examnlu! Improved yield of Blomass from M. aLuma . First Run
10

M. alpina was cultured in 20 L stirred tank fermentors, moculated from
shake flask culture, accordmg to the procedure i m Example 3. Culture of M.
alpma in 65 g/L glucose (Staleydex), and 6 g/L yeast extract (Tastone 154),

" - resulted in the productxon of 12 g/L biomass. The addition of an additional 6

15

20

25

g/L Tastone 154 at 16 hours, resulted in the production of 18 g/L biomass.
Example 5. Improved yield of Biomass from M. alpina - Second Run

EXpefiﬁi’ents were carried out in an attempt to increase the biomass
further by additional additions of Tastone 154. These experiments consisted of
2 X 20 L fermentations, of 168 hours residency. For both these fermentations,
the initial glucose concentra'tibn was 100 g/L (as compared to 65 g/L for
Example 4). One fermentor received 3 X 6 g/L additions of Tastone 154, and
the other received 4 X 6 g/L additions. ‘The };east extract was made up as a
concentrated solution, 'auteclaved, and added to the fermentor at various times
post-stenhzanon |

To prepare ‘the inoculum, workmg seeds a ml macerated mycehum)
were inoculated into 2 flasks, each contalmng 50 ml of GYE medmm_ (100 g/L
Staleydex, 6 g/L Tastone 154), and grown for 4 days at 28°C and 150 rpm.
After 4 days of gfoﬁvth, the broth contained pelleted biomass; pellets were 2-5

" mm in diameter. The growth in these flasks was slower than expected, possibly
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due to the higher concentration of glucose. The biomass was macerated for 2
X3 sccsinaWaringblend:r, and 25 mi ofmaceratevgasusedtoinoculateeach
of 2 X 2.8 L Fernbach inoculum flasks, 800 ml-net volume. (In earlier
experiments, 10 ml of macerate had been used. The amount of inoculum was
increased, because of .the lower biomass density in the seed flask, and because
it was expected that growth may be slower in the Fernbachs, due to the higher
glucose concentration.) The medium in the Fernbach flasks was dextrose
(Staleydex) 100 g/L and yeast extract (Tastone 154), 8 g/L.. The dextrose and
yeast extract were autoclaved separately for 40 min. Seed fermentation
temperature was mamtamed at 28°C and agitation at 100 rpm to 150 rpm.
After 44 hours culture in the Fernbach flasks, the inoculum was
transferred to 2 X 20 L fermentors. The inoculum was in the form of very loose
hyphal aggregates, and the biomass density was approximétely 5.2 g/L.
Fermentors at stations 14 and 15, containing 1.6 kg (10%) dextrose

(Staleyd_ex), and Mazu 204 antifoam (1.6 g, dissolved in 12.5 L R.O. H,0),

were sterilized for 45 min at 122° C. 800 ml of inoculum (5%) was then added
to each fermentor (at 0 hours). Fermentor operating parameters were:

temperature: 28°C,

pH: controlied at 5.5 with 2 N NaOH and 2N H,SO,,
aeration: 0.5 VVM,

back pressure: 0.2 bar,

agitation (initial): 80 cm/sec, and

D.O.: controlled above 40%.

Station 14: 3 X 6 g/L Tastone 154

Yeast extract (Tastone 154) was dissolved to a concentration of 96 g/L.
and autoclaved for 1 hr. Yeast extract feeds in 3 X 1 L amounts (1.8%), were
made at 0, 20, and 26 hours.

At 15 hours, the 'DO dropped below 40% and agitation was increased

~ incrementally to 175 cm/sec from 15 to 22 hours. DO was then controlled by

amending the airflow with oxygen; oxygen was added to the airflow from 23
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to 72 hours. Starting at 36 hours, the agitation was further increased to ensure

- proper mixing. By 48 hours, agitation had been increased to 200 cm/sec; by 72

hours, to 250 cm/sec; and by 80 hours, to 280 cm/sec. At 120 hours, agitation
was increased to 290 cm/sec to promote adequate temperature control. At 144
hours, agltatlon was reduced to 280 cm/sec | '

Station 15: 4X6 g/L Tastone 154_

Yeast extract (Tastone 154) 384 g was dissolved in 96 g/L, and
autoclaved for 1 hr. Additions of ywst extractin4 X 1L amounts 2. 4%) were
made at 0, 20, 26, and 32 hours.

At 16 hours, DO dropped below 40% and agitation was mcreased i
mcrementally to 175 cm/sec by 23 hours. DO was then controlled above 40%
by amendmg the airflow with oxygen; oxygen was added to the airflow from
23 to 72 hours. Starting at 36 hours, the agitation was further increased to
ensure proper mlxmg By 48 hours, agrtatxon had been increased to 210 cm/sec;
by 72 hours, to 260 cm/sec and by 80 hours to 290 cm/sec. At 90 hours, the
agitation was reduced to 280 cm/sec, and at 144 hours it was reduced to 260
cm/sec.

Observations: _

At inoculation, the biomass in both fermentors was in the form of very
loose, feathery, hyphal aggregates -By 24 hours, pellets began to form. The
pellets were small (1-3 mm), with small central cores and wide loose
peripheries. At 48 hours, the pellets were larger, and better defined. By 72

- hours, the peripheries were narrower, and the presence of many loose hyphal

fragments indicated that the pellets were fragmenting. By 168 hours, pellet
cores were 0.5 to 2 mm in diameter, the peripheries were reduced with the
hyphae aggregating into thick strands, and there were many condensed hyphal

' -aggregates. -

The fermentors foamed only slightly for the first 24 hours. 'The amount
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of foaming then increased, and was controlled by manual addition of antifoam
when the foam head was greater than 2-4 cm. Foaming had subsided somewhat
by 48 hours, alﬂxough there were sporadic outbreaks. . Both fermentors foamed
into the exit filters once during the course the fermentations. The fermentations
required approximately 150 mi of antifoam.

Both fermentors accumulated a considerable amount of accreated biomass
in the headspace. This is not an uncommon 'problem with mycelia fermentation
in small femicntors with large surface area/volume ratio. The amount of

accreated biomass in Stn 15 appeared to increase during the last 24 hours, when

10 the lowered volume level resulted in a considerable amount of splashing (the

15

liquid level was approaching . the top -impeller). The final volume in the
fermentors after 168 hours was approximately 13 L. |
Microscopic examination showed that, by 72 hours, much debris was
present in the culture broth, and there was some evidence of damaged and
atrophied fungal tips. The presénce of oil droplets in the cytoplasm was
demonstrated by nile red staining at 168 hours. The oil droplets were very small
a‘rid numerous, in contrast to the large oil drops sometimes seen. Biomass and

oil yield, along with carbon and nitrogen utilization are shown in Table 3.
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| oil content - .productivity
@ | mM | @D | (%dyw (%ofoil) | (goil/L/d)
0 105.0 3.0 0.4 : J|
24 974|509 33| 48% 23.5% 0.16 “
8| 7 0 183 | 7.9% 2.4% 0.72 :
72 60.3 0 210 | 14.4% 25.4% 1.01 “
96 | . 48.0 o} 223 183% 27.5% 1.02 I
120 40.0 252 | .21.1% 294% 106 “
144 34.7 -26.6. .- 21.8% ;] 30.9% - 0.97
ll 168 29.0 215 | 26.1% 31.3% 1,03 ll
|| - 4|
4):(6g/LYE
Log Hour Glucose | NH3 | Dy wt | oit coment ARAcoment ';::fodu.c.tivity ]
@l | @M | @D | Bdywy | (Bofoi) | (oilLig)
n o] 1s0] 29| o4 - | 4
24 103.0 5.1 3.4 4.3% 21.9% 0.15
“ 48 74.1 0.3 23.6 6.8% 23.1% 0.80<‘
) 51.4 0 29.8 10.3% 23.9% 1.02
I‘ 96 40.0 0 32.7 l
120 21.9 31.7 18.2% 26.6% 1.15

Example 6. Improved yield of biomass from M. alpina - Third Run

* This set of experiments attempted to further increase the amount of product
obtained by increasing the levels of phosphate and minerals. The procedure was
essentially that of Example 5, except that the dextrose and Mazu 204 antifoam
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were dissolved in 11.5 L of R.O. H,0, rather than 12.5 L, to leave room for the
salt solutions which were added at 30 hours. Stn. 14 received additional Fe, Zn,
and Cu; Stn 15 received additional phosphate, as well as Fe, Zn, and Cu.

Station 14: 3 X 6 g/L Tastone 154 -

Yeast extract was dissolved at 96 g/L, in 3 X 1 L amounts, and autoclaved
for 1 br. One liter aliquots of the yeast extract solution were added at 0, 22, and
28 hours. At 22 and 28 hours, the carbon dioxide evolution rate (CER, an
indication of the metabolic rate in the fermentor) was increasing exponentially,

~ and the fermentation had just started calling for base.

The salts feed contained: )
| FeCl,6H,0 4 8 0
mg
ZnSO, TH,0 2 4 0
mg | -
CuSO, 5H;0 1 | 6
mg |

The FeCl; was dissolved in 1 L of 5 g/L citric acid. The remaining saits
were added, and the pH adjusted with NaOH to 4.5. The solution was
autoclaved for 1 hour. The salts feed was added at 30 hours.

The initial agitation rate for the fermentor was 50 cm/sec, rather than 80
cm/Sec, as originally planned, because the initial level of liquid in the fermentor
(13 L) resulted in top impeller being just barely submerged, and the higher
agitation rate resuited in significantly more splashing. .At 16 hours, the D.O.
dropped below 40%, and agitation was increased incrementally to 175 cm/sec
by 28 hours. D.O. was then bonuolled above 40% by amending the airflow
with oxygen. At 46 hrs, the agitation was increased to 190 cm/sec to allow for
mixing. Agitation was further increased to 200 cm/sec by 48 hours, to 220
cm/sec by 51 hours, to 235 cm/sec by 53 hours, to 250 cm/sec by 56 hours, to
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' 260 cm/sec by 57 hours, and to 280 cm/sec at 70 hours. Even at this agitation _

rate (450 rpm), mixing was poor. While a minimal criteria of 'some movement'
was maintained; the turnover of biomass was very slow, and some areas
approached stagnation. The addition of a few 'dr'ops of antifoam reduced the
foam head, and removed stagnant pockets. At 116 hours, the agitation was

" reduced to 265 cm/sec; and at 120 hours, it was further reduced to 250 cm/sec.

The fermentor started to foam at aiii)rbxi'métely'ls hours. Foaming was
controlled by manual addition of antifoam. ~Antifoam was first added at 20
hours. By 24 hours, the fermentation was foaming significantly, and required
the regular addition of antifoam. By 72 hours, the foaming had, for the most
part subsided. However, the fermentation still required the occasional addition
of antifoam.

By 24 hours, the biomass was in the form of very loose pellets (1-2mm) |
and loose hyphal aggregates. There was a considerable amount of cellular
debris. By 48 hours, the biomass was in the form of very loose hyphal
aggregates, very small pellets (1-2 mm) with very small cores and loose
peripheries, and small compact pellets (1-3) without loose peripheries. By 96
hours, the biomass was in the form of compact round pellets (1-2 mm), needle

_shaped pellets (less than 0.5 mm), and loose hyphat aggrega_tes. Nile red

staining at 144 hours showed the presence of many, very small oil drops in the
mycelia. | | B

Station 15: 3 X 6 g/L Tastone 154 .

Yeast extract was dissolved ai_ 96 g/L, and autoclaved for 1 hr. The yeast
extract solution was added in 3 X 1 L amounts at 0, 22, and 26 hours. At 22
and 26 hours, the CER was increasing exponent:ally, and the fermentation had

' ]ust started calling for base
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A salt feed was prepared containing:
KH,PO, 7 7
g : o
FeCl, 6H,0 4 8 0
mg
ZnSO, TH,0 2 4 0
mg : .
: CuSO, 5H,0 : : 1 6
mg

The FeC1, was dissolved in 500 ml of 5 g/L citric acid. The remaining
salts were added, and the pH adjusted with NaOH to 4.5. The KH,PO, was
dissolved in 500 ml R.O. water. Both solutions were autoclaved for 1 houf, and
then cooled to 23 C, before being combined and added to the fermentor at 30
hours. | '

The initial agitation rate in the fermentor was 50 cm/sec, rather than 80 -
cm/sec, as originally planned, because the initial level of liquid in the fermentor
(13 L) resulted in top impeller being just barely submerged, and the higher
agitation rate resulted in significantly more splashing. At 16 hours, the D.O.
dropped below 40%, and agitation was increased incrementally to 175 cm/sec
by 27 hours. D.O. was then controlled above 40% by amending the airflow
with oxygen. At 41 hours, agitation was increased to 200 cm/sec, to allow for
at least a minimal amount of mixing. Agitation was further increased to 220
cm/sec at 42 hrs, to 230 cm/sec at 46 hours, at 235 cm/sec at 51 hrs, and to 240
cm/sec at 70 hours. At this agitation rate (410 rpm), mixing was only poor to
fair. A minimal level of biomass movement was maintained. At 80 hours,
agitation was reduced to 205 cm/sec. |

The fermentor started to foam at approximately 18 hours. Foaming was
controlled by manual addition of antifoam. Antifoam was first added at 17
hours. By 20 hours the fermentation was foaming significantly, and it required
the regular addition of antifoam. The foaming had largely subsided by 72 hours.
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However, the fermentation still required the occasional addition of antifoam.

By 24 hours, the biomass was in the form of very loose pellets (1-2mm)
and loose hyphal aggregates. There was a considerable amount of cellular
debris. By 48 hours, the biomass was in the form of very loose hyphal
aggregates, very small pellets (1-2 mm) with very small cores, and loose
peripheries, and small compact pellets (1-3) without loose peripheries. By 96
hours, the biomass was in the form of round pellets, 1-2 mm in diameter, many
with loose, hairy peripheries, and many loose hyphal fragments; Nile Red
staining at 144 hours showed the presence of many, very small oil drops in some
mycelia, and also the presence of very large oil drops throughout other mycelia.

Stn 15, which differed from Stn 14 only by the addition of phosphate,
showed better mixing throughout the fermentation, at generally lower agitation
rates. Stn 15 also exhibited a 'looser' biomass morphology. Biomass and oil
yield, as well as carboh utilization are shown in Table 4. Gréater glucose
utilization (82 g/L for Stn 15 compared to 64 g/L for Stn 14), higher biomass
accumulation, and presence of large oil drops in portions of the mycelia
characterized the fermentor containing higher phosphate.
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St 14
+ Salts 4
Log Hour Glucose Dry Wt oil content ARA content | productivity
5 @/L) | ®/L) (Bdryw) | (%ofoil) | (goil/Lid)
0 116.0 1.1 '
IL 24 101.0 1.8 | 1.2% 2.2% 0.02 “
|[ 48 84.0 14.3 | 6.2% %1% 0.44 Il
: 72 60.0 2.5 | 10.6% 24.2% 0.87
10 9 45.0 28.2 | 15.5% 25.3% 1.09° ll
120 34.0 28.9 | 18.1% | 26.6% s |
144 27.0 308 | 208% 27.2% 1.07 "
“ St 15 {l
15 + Salts + Phosphates
“ Hour Glucose Dry Wt pil éontent ARA content productivit;%l
@D ®/L) (Bdaywd | (Bofoi) | goil/lid)
" 0 113.0 0.4 | | “
24 101.0 2.1} 1.1% 24.0% 0.02
20 48 74.0 21.7 | 8.1% 24.7% 0.88 "
72 51.0 262 | 19.9% 26.5% 1.74
96 31.0 - 30.1 | 25.5% 28.6% | “
31.7% 31.4% 2.14

25

Example 7. Large Scale Production of M. alpina biomass containing
Arachidonic Acid | | |
A seed fermentor containing GYE medium (50 g/L dextrose and 6 g/L

30 Tastone 154) is inoculated from propagation fermentor. Temperature of 28°C
is maintained and initial agitation set to 130-160 cm/sec (about 43 rpm). Initial



WO 9621037 ' PCT/US96/00182

10

15

20

25

30

32

vessel pressure is 6 psi, and initial aeration rate set at 0.25 VVM. pH is

adjusted to 5.0 presterilization, then initial fermentor pH is set to 5.5 post-

sterilization. Oxygen level in the medium is maintained D.O. > 40% by the
following sequence: (I) increase vessel pressure to 11 psi, (ii) increase agitation
from 156 to 175 cov/sec impeller tip speed, and (i) increase aeration to 0.5
VVM. Foaming is controlled by addition of antifoam Dow 1520-US, as needed.

(Approximately 0.1 ml/L of the antifoam should be added to the medium prior
to sterilization to help prevent foammg) After moculatlon, the culture is

maintained at pH > 5.5 with 8N NaOH.

Within 12.hours after pH rises above 6 0, the contents of the seed
fermentor are transferred to the main fermentor. The main fermentor medium
contains

80 g/L dextrose (ADM)

16 g/L soy flour (ADM nutrisoy)

30 mg/L FeCl;*6H,0 (Sigma/Aldrich)

1.5 mg/L ZnSO,*7H,0 (Sigma/Aldrich)

0.1 mg/L CuSO,*5H,0 (Sigma/Aldrich)

1 mg/L biotin (Sigma/Aldrich)

2 mg/L thiamine®HCI (Sigma/Aldrich)

2 mg/L pantothenic acid (hemicalcium salt) (Slgma/Aldnch)
(Adjust to pH 4.8-5.0 pre-sterilization.)

Inoculate main fermentor with Seed fermentor (11.8%). Fermentor

temperature is kept at 28°C. Initial agitation is set to 162 cm/sec (ca. 23 rpm),
the initial vessel pressure to 6 psi, and the initial aeration rate to 0.15 VVM (ca.
300 scfh).

Oxygen level in the medium 1s mamtamed at D.O. > 40% by I)
mcreasmg vessel pressure to 11 psi, ii) mcreasmg agltatxon to 300 cm/sec
impeller tip speed (in i increments of ca. 30 cm/sec), and iii) i mereasmg aeration
to 0.5 VVM. |
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pH is profiled according to the following pH control protocol:

. Initial pH set to 5.5 post-sterilization. Maintain pH at >
5.5 with 8N NaOH. ' _
o At 24-36 hours after inoculation add the following:
5 2 g/L KH,PO, (110 kg in ca. 700 L H,0).
. At 48 hours, if dextrose concentration is < 60 g/L, change
pH set point to > 6.1.
. At 72 hours, begin to slowly raise the pH set point to >
6.6 at a rate of ca. 0.1 pH units per hour.
10 . Maintain pH below 7.3 with H,SO, addition if necessary.

Fermentor is sampled every 12 hours for biomass and fatty acid analysis,
and harvest is begun approximately 3 days after raising pH to > 6.6 (about 6
days after inoculation). Dry biomass density should be > 24 g/L. Dextrose
15 concentration in the broth should have dropped from 80 g/L to < 14 g/L.
© Harvest is performed by passing the whole culture broth through a rotary
vacuum filter to separate the mycelia from the spend medium.
The results of two typical fermentation runs according to the procedure of

this Example are shown in Tables 5 and 6.
20 |
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Table 5.  Progress of M. alpina Fermentation

l

|
J

Culture mediums = Giucose (80g/L) + Soy Flour (16g/L) + Salts + Vitamins

_ log Glucose | NH3 |drywt.  |oilcontent - | ARA content | Productivity
(g/L). | (mM) | (g/L) (% ofdry wt) | (% of oil) (g oil/L/d)
58.0 I |
43.0 126 |149%  |33.1% 0.68
330 170 l210% . aoox |17
Clmo | 206 |282%  |426%  |1fs
lie [0 171 [392%  |aam |13
165 | 9.6 215 | 415% 455% | 1.30
188 |52 | 198  |41.71%  |413% 1.0
215 17 | 232 | 46.0% 489% | 119

+ Salts + Vitamins + Antibiotics

log Glucose | NH3 |drywt. | oil content ARA content | Productivity
bour | @L) |@M) | @L) | (% ofdry wi) | (% of oil) (g oil/L/d)
0 1 | |
65 |36.0 13.0 8.2% 29.0% 0.39
% |23.0 12.0 18.0% 20%  |os8
‘ 115|150 14.0 30.0% 47.0% 0.88
139 9.0 150  |32.0% 51.0% 0.83
n 17 4.0 17.0 36.0% 55.0% 0.86
209 14 12.0 16.0% 57.0% 0.50
| 243 0 14 37.0% 60.0% 0.51
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CLAIMS: : _ o
1. An unmodified fungal triglyceride oil comprising at least about
40% ARA in the triglyceride and no more than one tenth as much EPA as ARA.
2. - An unmodified fungal triglyceride oil according to claim 2, the oil
5 comprising at least 40% ARA in the triglyceride and essentially no EPA.
3. The unmodified fungal triglyceride oil of claim 1 or 2, wherein the
oil contains at least 50% ARA. |
4. An oil in accordance with any one of claims 1-3, wherein the
fungus is Mortierella sp.
10 5. The 011 of claim 4, wherein the fungus is M alpina. . -
6. A method for the producnon of an arachidonic acld-contammg oil,
saxd oil containing triglycerides wherein at least 25% of the fatty acid residues
are ARA, and the amount of EPA residues in the oil is no more than one-fifth
the amount of ARA residues, comprising
15 (a)  cultivating Mortierella sp. in an aerated fermentor containing
culture medium wherein a carbon source in an amount equivalent to at least 80
g/L glucose and a nitrogen source in an amount equivalent to at least 15 g/L
yeast extract are added to the culture medium over the course of the
fermentation; _
20 (b) maintaining the pH between 5 and 6 at the beginning of the
cultivation; _
' (© mainining the pH between 7 and 7.5 at the end of the cultivation;
@ han)estirg biomass from the fermentor and recovering said
arachidonic acid-containing oil from said biomass. '
25 7. The method of claim 6, wherein the dissolved oxygen level in the
culture medium is at least 35% of the air saturation level.
8.  The method of claim 6, wherein the nitrogen source is divided into
two or more aliquots which are fed into the fermentor at different times, at least
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one ahquot being fed into the fermentor at a time different from the time the

- carbon source is placed into the fermentor.

10

15

20

9. . The method of any one of clalms 6-8 wherein the Momerella sp.
is M. alpina. = . N
10.  The method according to any one of claims 6-9, further wherein |

~ crude arachidonic acid-containing oil is recovered from the biomass by

extraction with a non-polar solvent and the crude oil is clarified by extraction
with a polar organic solvent. o

11.  The method of claim 10, wherein the non-polar solvent is hexane.

12.  The method of claim 10, wherein the polar solvent is selected from -
the group consisting of acetone, ethanol and 1sopropyl alcohol. .

13. A method of providing triglyceride containing ARA to an infant
formula which comprises adding an unmodified fungal triglyceride oil
comprising at least 40% ARA and comprising no more than one fifth as much
EPA as ARA to an infant formula in an amount sufficient to provide an ARA
content which corresponds to the amount of ARA in human breast milk.

' 14. A method in accordance with claim 13, wherein said oil is
produced by a species of Mortierella.

15. A method in accordance with claim 14, wherein said oil is
produced by Mortierella alpina. | R

" 16. A method in accordance with any one of claims 13-15, wherein
said oil comprises no more than one tenth as much EPA as ARA.’

17. A method in accordance w1th any one of clauns 13-16, wherein
said oil comprises essentially no EPA. '

18. A method in accordance with any one of claims 13-17, wherein
said oil comprises 50% ARA. o | -

19,  Infant formula comprising tnglycende contaxmng ARA in an

amount comparable to the amount in human breast milk _wherem the ARA is
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provided by adding to infant formula a sufficient amount of an unmodified

fungal oil comprising triglyceride containing at least 40% ARA and no more

than one fifth as much EPA as ARA.

20. Infant formula in accordance with claim 19, wherein the
unmodified fungal oil comprises no more than one tenth aé much EPA as ARA.

21.  Infant formula in accordance with claim 20, wherein said fungal oil
is essentially free of EPA.

22.  Infant formula in accordance with any one of claims 19-21, wherein
the unmodified fungal oil comprises triglyceride containing at least 50% ARA.

23. A method of providing a human with supplental arachidonic acid
(ARA) compnsmg administering to a human in need of supplemental ARA a
composition containing unmodified fungal oil contain-ing ARA in the form of
triglyceride, said oil containing at Jeast 40% ARA and no more than one fifth
as much éicosapemaenOic acid (EPA) as ARA, wherein said oil is present in an
amount effective to provide supplemental ARA to said human. 2 4.

The method of claim 23, wherein the oil contains at least 50% ARA.

25. The method of claim 23 or 24, wherein said composition is
administered to the human in an amount that supplies 0.2-0.8 g ARA/day.

26.  The method according to any one of claims 23-25, wherein said
composition is administered enterally.

27.  The method according to any one of claims 23-25, wherein said
composition is administered parenterally.

28.  The method according to any one of claims 23-25, wherein said
composjtion is administered topically.

'29.  The method according to any one of claims 23-25, wherein said

human is a pregnant Or nursing woman.

30. The method according to any one of claims 23-25, wherein said
human in need of supplemental ARA is suffering from a neurological disorder.

I
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31. The method accordmg to claun 30, wherein the neurologlcal '
disorder is tardive dyskmesla, sclnmphrema ora pei'oxlsomal dlsorder

32.  The method accordmg to any one of claims 23-25 wherein said
human in need of supplemental ARA is suffering from a disease condition

5 associated with reduced serum level of ARA. _

33.  The method according to claim 32, wherein the disease is a liver
disease, phenyl ketonuria or cystic fibrosis. |
' 34. . A cosmetic composmon compnsmg unmodxﬁed fungal oil
contaxnmg ARA i in the form of tnglycerlde, said oil contaxmng at least 40%

10 ARA and no more than one fifth as much elcosapentaenolc acid (EPA) as ARA,

wherem sald oil is present in said composmon m an amount eft‘ecuve to assist
in maintaining skin tone when said composmon is apphed topxcally 35,

The composmon of clalm 34, wherein the oil contains at least 50% ARA.

15
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