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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. J. 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,



The invention relates to a television (TV) receiver conprising an
arrangenment for processing internediate frequency television signals (TV I F
si gnal s) woN¥Gbssar r angement has a dual synchroni sation | 0oppétiNsdtis:

US- A- 4, 146, 843 di scl oses a receiver for television'signals conprising a
radi o frequency section and a m xer stage coupled to a tuni ng osm | I at or

whi ch provides an internedi ate frequency signal. Thi Imtet .u:u. ar-e
frequency signals is supplied to a first and a second .B'Hﬁsiﬂ ck% BEBN{] vi a
an internedi ate frequency section. The phase- | ocked IoopsREHk//ﬁJED co n
controll able oscillator. Under out-of- phasez condition the second

phase-1 ocked | oop functions to forcibly sweep the frequency of the
control | abl e os&anyzmethers do not breast feedrtheiramfants.cor do Mot Freagt fred for the
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processi ng i nt efgmpstilat e frequency television signals (TV IF signals).

No commercial infant formulas known to Applicant contain ARA in

5 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

10 eicosapentaneoic acid (EPA). EPA is known to dépress 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.

15 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

20 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

25 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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The arrangenment conprises an internediate frequency (IF) section, a
synchronous detection device, a frequency-locked |oop (FLL) and a

phase-| oc¥@862W3DH (PLL). The phase detector of the PLL andPCRAISP6Y8%ncy
detection device-of the FLL, are coupled to the internedi ate frequency

section. The phase detector and the frequency detection device are comonly

coupled to a loop branch which the PLL and the FLL have
branch incorporates a controllable oscillator and a | oo

carrying a control signal to the controll aple oscill atodq.

oscillator provides a l.ocal in-phase carrier and a | ocal
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guadrature carrier

to the synchron@yﬁrﬂﬁhgﬁasseaaée\mﬂﬁ aa W Gomiplee pelak ﬂbld ﬁcﬁiﬁ%@hﬂ mely.

The | ocal in-phase carrier and oca rature carriter wll generally
further be ref eMMa&MtMEmepwleMpMMmmm and

the | mass ‘but the form of | Shitahle use:3s

PLL, as in the known a{ra enent, will_furth r;Br teferred.t'a as frequency

and phase- | ocke®¥E8LO

device a TV IF S4gRRE 1 &fﬁﬂt%ﬂﬁ@lﬁ%ﬁio‘(n further modification.
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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_hl}r 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 remains 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 invention 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.
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detected, which results in a baseband TV signal. For a correct”’
synchronous detection the local IF carrier should be equal in frequency and

ghase&egmsfai n carrier frequency of the TV IF signal ,P&%s%mfsaer.

4
. .
~ This invention relates to the producnon and use of arachidonic acid
. containing fungal oil (ARASCO) and to composmons contammg such oils. The
oil can be referred to as a smgle cell oil. Fungl are cultlvated under oil-
5 producing conditions, harvested and the oil extracted and recovered. The oil,
without further chemical 'modiﬁc'ati'on, can be used directly to provide
supplemental ARA to persons requmng such, meludmg newbom infants,
pregnant or nursing women or persons exlubmng ARA-deficient pathologies.
Advantages of the mventxon include its ease of producnon, and hxgh punty,
10 lack of detectable amounts of EPA. o

"ARA" and "EPA" are also used herexn to refer to residues of
arachidonic acxd and excosapemmeoxc acid, respectn_rely, where the residues are
‘esterified to glycerol as part of a fatty acyl triglyceride or a phospholipid. As
15 used herein, a composrtlon is "essentlally 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 suceeeds in providing an economrcal source of arachidonic

acid (ARA). |
20 | 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 excosapentaneorc acid (EPA). As used herem, "substantially free" means
thattheEPA1spresentmlessthanaboutoneﬁﬂhofﬂleamountofARAmthe
oil. This oil, a smgle cell oil, can be administered directly, in an unmodified
25 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



bflefly referred to as the actual |IF carrier frequency. In practice this
requi rement means that the PLL should have a conparatively narrow band.
The FPLL is mainly enployed to establish a frequency and phase
synchr oni WQ26e10%f the local 1F carriers on the actual |F EGYVPEE00I8Y { he
case of frequency deviations between the l'ocal and actual |F carriers
within the capture range of the FLL, the FLL brings the frequency of the
local IF carriers sufficiently close to that of the actual IF carrier so as
to enable the PLL to lock in. The PLL subsequently realises a phase
synchrOnization bet ween the actual and the local IF carrier.

IS an obj ct of the invention to provide a TV receiver which conprises
an arrange (s processing TV I F signals as descri bed above, and which
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in which a relatxvely high proportion of the fatty acid residues are ARA

- (preferably at least 40% of the fatty acid residues are ARA, more preferably at

5 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

(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

20 Mortierella alpina - 8.2 - 33.5 16.3 23.3 13.0 - 3.0
Montierella elongata | 20 | 132 | - 26 J19 |132 |38 |24 | a0
Mortierella isabeilina | 0.3 15.7 0.8 55.8 11.1 9.0 - - 7.3
Saprolegnia 74 19.1 1.9 6.3 245 | 125 10.5 10.5 9.3
parasinca . .

25 Pythium catenulatum 6.5 9.9 | 103 | 21.2 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 103 15.4 6.9 12.3 21.0 3.9 10.6 12.4 11.9

30 } Pythium ultimum 9.5 16.7 10.5 17.1 207 | 13 9.0 6.9 13.3

L t insidiosum i 1.0




processing in such a TV receiver in a sinple manner. ‘To
realise the first-nmentioned object, the invention provides a TV receiver" as

def i naglgiografasmi m 1. For a correct si gnal 0&9‘?@%}“@&2 not abl y
al'so

in the IF section, the actual |IF carrier frequency shoul e equal to
the intermedi ate frequency to which the IF section is tuned, hereinafter
briefly referred to as the correct internediate frequency. In the

i nvention, the frequency of the tuning oscillator is controlled at a val ue
by which the i ntermedi ate frequency deviates fromthe carrier frequency of
the desired RF TV reception si.gnal. 6

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,

5 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

10  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 in&idibsum and
Mortierelia alpina. Both species are available commercially and are on deposit

15 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.

20 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. This problem' can be_
corrected_ by providing ARA for use in infant formula at levels substant_iallj
similar to those found in human breast milk. Typically in human breast milk,

25 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. |



Wien the neasure according to the invention is used, the FPLL has a dual
functicon: not only is the FPLL used for-realising a frequency and phase
synchr oni 24@P6/RA1088t ween an actual |F carrier and a |ocal | FPEAUSPEVOIRE ¢ hin
a conparatively large capture range, but it is also used for generating an
automatic tuning control signal for the tuning oscillator so as to contro
the actual IF carrier frequency at the correct internedi ate frequency.
Since the control of both the controllable oscillator and the tuning
oscillator is F 9 R

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 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. |

10 ~ Ina particularly preferfed embodiment, Mortierella alpina with high oil
g comnmﬁnduﬁhgh@ﬁhﬁmhcfﬁdU\nmybgcdhnedhxaﬁnnwmmfﬁdngvay
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
15 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

20 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
25 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



reali sed by neans of the output signal of the loop filter of the FPLL, a
sui tably chosen derivation of the tuning control signal fromthe

| ast - output signal may easily lead to a tuning h%% %/ recei ver .
at .a T %drdalﬁ%tter frequency in the follow ng manner: %ﬁq a‘g of a
tuning variation in which the actual |F carrier approaches the free
runni ng frequency of the controllable oscillator over:-a value whi ch
is smaller than the capture range of the FLL of the FPLL, the FLL

controls the frequency of the local IF carrier to that of the actual IF
carrier. If the frequency of the |ocal" & carrier has approached that of

t he actual | F carrier to such an extent that -the frequency

di fference bdevpenttiotese two |F carriers is smaller than the capture

range of the PLL. 0 sionatty, o WllilWil Bhodibe Wl exblbivk iy’ S G

control will be gr
Optionally, an anufoammg 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

5 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 temperamre at a level which induces the preferentlal productnon of

10 ARA. Suitable temperatures are typicaily from about 25°C to about 30°C. -

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

~ organisms typically contain about 5-40% complex hpxds ie. orl of which about

15 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 productmn accordmg to tlus invention may

~ be carried out in fermentation medium with pH between about 5 and 8.
20 'However, yields of biomass, oxl 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.

25 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 llter growth of fungl may be
inhibited. This growth inhibition may be overcome by fed batch fermentation,



of "the FLL and the PLL realises a frequency and phase synchroni zation
between the | ocal and actual IF carriers. At that nonent the synchroni zing
si gnal of MORS2I8B7t ransnitter signal can al ready be rRCHYSA600182
al though the local and actual |F carriers deviate in frequency from
the correct IF carrier. Subsequently a correct tuning to the RF carrier
frequency of the. relevant’ TV program.signal is effected by neans of
the tuning control | oop, . followed by a freguency and phase
synchroni zation of the localiF carrier 11 at the correct IF carrier,
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
5 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
10 present initially at a high 1evel | . o
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
15 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 thlS mvenuon involves pH profiling wherein the pH is low during the
20 early stages of the fermentation 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, usﬁally due to insufficient einounts of one or more nutrients, and the
production of ARA-rich oil is enhanced. Profiling can be done by controlling
25 | 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)



4 This tuning behaviour provides the possiblity of recognizing the
presence of a TV transmtter frequency, even if the tuning is not

compl @igder16A' rect. Since the period required by the FPLEnkgg i se a
frequency and phase synchronization of the actual IF carrier a er
capturing the actual IF carrier is conparatively short with respect to the
period required for subsequently controlling the tunimg—escillator at the
correct tuning frequency, the neasure according to the invention results,
inter alia, in the possiblity of a fast recognition of a TV transm tter.
Thi s :

will result in relief of the growth inhib‘ition: by hlgh nutrient levels and/or
mcrease the relative level of ARA" resrdues m the oil. The D O. may be
mamtamed at-a-high level by mcreasmg vessel pressure (forcmg more air into
the fermentor head space), mcreasmg agltauon (e g increasing the unpeller tip
5 speed), and mcreasmg aeranon (1 e., mcreasmg ‘the amount of air passmg
through the fermentor in a gwen ume, 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. memmmnonun&nthwecomhnomsMnlmenﬂnmd
touumameemﬁonuuhznmn,nmmmnguﬂmﬂwrﬁnﬂtmnmwsanmmnnmmnaml.
10 greater productivity of ARA-rich oil in the fermentor In. pérticular
fermentations mcorporatmg of one or more of the above modlﬁcatlons result in
1nomxmmnofmunmmbktngbuuukcmlmwngamkmn40%uARArmmhmszuﬂ
preferably at least 50% ARA residues.
In a particularly preferred embodrment the fermentation medium
15 contains carbon mutrient 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 moculatlon the pH of the medlum is
controlled at or shghtly above its initial level. Once the carbon nutuent level
has dropped to <60 grams glucose equlvalent/hter (usually about 48 hours), the
20 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 evolunon rate, CER) reaches
nsnmxmmnnamwnbwdkmammu72hmn9,mcmﬂmnmnsnmﬁntopﬂtwmmml
6.5 and 7 (usually mcrementally, e. g at a rate of aboutO 1 pH umts per hour).
- The pH is then controlled to. keep it below about pH 7-7 5 for the final stages
25 of the fermentation. _
For this embodiment, dissolved oxygen leuel 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 agltatron to the equlvalent of



i s inportant, for exanple, for fast search tuning.

obt ai.n an unanbl uous behavi our of the FPLL wi-.th respect to thegﬁhase | ock
of. the | o®@ ghrrler with the actual IF carrier, a TV r eREeYY “HHBordlng
to the |nvent|on i+s preferably characterized in that.the closed | oop gain
of the PLL is larger than that of the FLL within the | ocki ng range of the
PLL. _ : A further preferred enbodinent is characterized in
that the phase detector also fornms part of the freéquency detection device,
whi ch frequency detection device conprisesig first multiplier circuit
coupled to the I'F section, followed by a lowpass filter and a second

mul ti pli er ci roubbour! U0 LRk iibeilionp HBLd, ffd BRicaingDRAiA PaBRLD.S1 1 St

multiplier circurt fromthe con | e oscillator and salid second
mul tiplier circuvolumes n@ampqdendemurvnhmelpemmxmte thﬁer;dmmddﬁnmdgrqwthn

output of the Segﬁ)d]gigﬂ%ztdp%(ie%r tfxe rfecrlrjrIxetntatlorl,n gr wih in%dOZt t?pt;l?e wnﬁod%crcelaslsé. er-
Agitation/aeration can be reduced at this point, so long as D.O. is maintained
5 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,

10 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. .

15 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

20  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

25 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.



When using this nmeasure, the phase detector is not only active in the PLL

but also in the FLL,

t hus econom zing on one nmultiplier circuit as conpared

W th tyg honed state of the art. The,56seRlnn iz, COMP! €x
second- or eirw’Sal len & Key | owpass filter type as a Iowq’pass 9%‘1’@& can be
avoi ded by nmeans of a signal limtation between the | ow pass filter and the

second nultiplier circuit, and a sinple integrable first- order |ow pass

filter may suffice.

shoul d not -be any delay tine difference

For a correct signal processing there
bet ween the actual |IF signal to be

detected and applied to the synchronousfﬁet ector and the local IF carrier
generated in the FPLL. Hence, iin the known TV. receiver a delay circuit is

i ncorporated in tHetudegilaxtracted from fingal hiemass wish nar-pelas salvents ¢an det ect or .

15

20

25

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 (Crown 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 riot 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%



5.°

To avoi d such delay tine differences, a further

preferred enbodi nent of a TV receiver according to the invention is
char act er WR¥/1P3% hat t he synchronous detection devi ce and PCRURGHIIS2
have a mutually substantially equal gain.

det ect or
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15
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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



Since the signal processing in the synchronous detector is linear, which is.
required for a synchronous detection, the phase detector also has a |linear

sign sing when using this measure, and in the PLL unwanted -
anpl ?*VL?SJ@&B@% conversions and del ays due to signal |iRFVESMNNSE n ¢ he

phase detector are prevented when generating the |ocal |F detection
carrier. A further preferred enbodinent, in which the
circuit for generating the tuning control signal is incorporated in a
search tuning circuit, is characterized in that the circuit for generating
the tuning control signal varies the tule ng frequency step-w se-until the
out put signal of the loop filter corresponds to a.reference value within a

gi ven step vazbgaableqirddwwarandadnbwnheimqsesnfedkilbintheem tdan beaged ietliange of
t he FLL. i nproye the audi o si.gnal processing wth
respect to tnﬁéxt@mkmlﬁqmw r Sugh pracessgs gy @sﬁm&alnc%cﬁoa ¥ o the

Invention i's ,ﬁ&ﬁﬁ%&%&%&aﬂuﬂg lipids or the ARA itself.

Yields vary, but typically are about 5 grzu_ns of ARA-containing -
5 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
admuustranon to humans Both shall be included wnhm the definition of
ARASCO as used herexn | | :
10 . A moét preferred object of the inventinn 1s to provxde an additiwie 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 m_ARASCO w1th those in breast
milk and infant formula lacking and containing ARASCO.
15



that the loop filter has a current signal input and a grounded series RC
menber” conprising a series resistor and-a series capacitance, said series
resi stor b¥PP§28¥int ed by a shunt capacitance, said shunt cRSTEIVEAGE2bei ng
-of the order of 2% to 15% of the series capacitance. When
using this nmeasure, an adequate suppression of phase perturbations on the

| ocal in-phase IF carrier due to, inter alia, picture signal conponents is
obt ai ned. The invention will be described in greater detai
with reference to the Figures given by way @f non-limtative exanples in
the draw ng. Correspondi ng el enents have identical reference indications.

Fig. 1is a blockrs#ia@! pasf Adid Compsftiotrst AERar Oil Foduted Afid MOtBE's Miik

Infant Formula @ Breast
Eatty Acid ARASCO Formula' +0i1 = _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).



Fig. 2 is a flow chart of a search node for use in the TV receiver of Fig. .
1. Fig. 1 shows a television (TV) receiver according to

t he _ L
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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,
5 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 _
10 discovered that a significant amount of triglyceride which is hi_g_h in ARA
residues may also be recovered from P. insidiosum cultured as described herein.
When Mortierella alpina is used in this process, the ARA-containing oil is
predommantly triglyceride. Both forms of ARASCO are useful as additives to
infant fon_mxla. The former not only provides the formula with ARA, but also
15 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-contammg 011 of the presem mvennon has many uses in
addition to its use as an additive for infant formula. As known to those of skill
20 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. Kinderheiita, 138:162-166 (1990)), liver disease,
phenyl ketonuria, schizophrenia, tardive dyskinesia or various peroxlsomal
disorders. In one embodiment of the present invention, those pathologies are '
25 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



6. ‘invention, having an RF input | for coupling a TV antenna device ANT

t hereto and, successively coupled te I, a radi.o’'frequency (RF) section RE,
a _m xer sWO®62MB7 an internediate frequency (I'F) section | PCTAISYSNQI8E ONOUS
det ection device SD and a si gnal processing device SP, outputs of which are
coupled to a picture display device P and a sound reproduci ng device S. A
frequency-tunabl e oscillator mxing signal is applied froma tuning
oscillator TOto the nmixer stage M5 for mixing a desired TV RF receptlon
signal to a TV IF signal. After internedi ajg frequeficy sel ection and.- )
anplification in the |IF section IF, the TV baseband nodul ation signal is

Lot SoARH i s 96 caneuny ol Stigl Sy 4Py SRl ete
phase of the detpgreferably 66% ARA residues. €The il cdﬂ'besadmmqstemd 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
5 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 particillarly effective for administering ARA to
pregnant or nursing women. .
In instances where ARASCO is being administered to combat ARA '
10 deficiency associated patl_mlogges, 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
15 compositions containing ARASCO, such as the hxgh ARA oils described herein.
Cosmetic compositions refer to those compounds apphed 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 maintaining skin tone. ' |
20 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
25 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



shoul d be equal to the carrier of the TV IF signal applied to the R
synchronous detection device SD, which signal is hereinafter referred to as

the agyoiddziosy carrier. The detection carrier, hereinaft gerhib g,g §8s to as
the local in-phase IF carrier, is suppl i ed from a frequency an
phase-1 ocked | oop circuit FPLL. In the baseband si gnal

processi ng device SP the detected baseband TV nodul ation signal is baseband
signal processed, which results in a baseband video signal which is

di spl ayed by neans of the picture disphﬁx devi ce P and a baseband audi o
signal which is reproduced by neans of e sound reproduci ng device S.

An i nput of the frequegﬂyﬁand phase- | ocked | oop FPLL is connected to an

output of the ¢l dersiyorf $0sM ot Pahivan insidiomm KATEG §283d) thespwapL L

??gglrjleﬁgf/ ?o%ﬁ | oop@%bﬁwe%ﬂﬁ%%w iﬁgyr(};&&%e{‘ﬁﬂ &f&) allq’he

the aeration rate was set at 1 SCFM (standard cubic feet per minute). At hour
24 in the operation the aeration rate was iricreased to 3 SCFM. At hour 28 an
5 additional 2 liters of 50% glucose syrup (1 kg glucose) 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

10 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
15 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
20 Laboratories, Columbus, Ohio) at a supplementation rate of 60 mg per liter of

prepared medium.
Example 2. Preparation of M. alpma hpld and addition to infant
formula

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

25  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



pﬁa’se-l ocked |l oop PLL conprises a phase detector PD an input of which is
connected to an output of the IF section |F . and an output of which is
successi v¥Q9¢2i¥dtcted to a first vol tage-current convert er POTS960018e A
functioning as a sunming circuit, a loop filter LF and a controlled
oscillator VCO The controlled oscillator VCO has an in-phase and a
quadrature out put, which quadrature output is coupled to the phase detector
PD. The frequency- |ocked |oop-FLL conprises a frequency detection device
(M, LPF, LIM M, PD), a second voltage-cugyent converter V12 and the |oop
filter LF and the

as in example #1 and about 2.4g of crude oil resulted This oil contams about
23% arachidonic acid and was added to the commercial formula Similac®
dropwise in concentrations of 1000 mg per liter.
Example 3. Large Scale Production of Arachidonic Acid by M.
5 alpina
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
10 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
15 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.
20 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
25. 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-



7 controlled oscillator VCO via the node Ain a conmmon | oop branch with
the phase-| ocked Ioop PLL. The frequency detection device conprises a first

mul ti cuit ML inputs of which are coupled to an gutput of the IF
section :e!{lgi 'ng:{} sai d in-phase output, respectively, of th%cyﬁﬁ?“/‘mﬁed

oscillator VCO and, successively coupled to the first nultiplier circuit
ML, a | ow pass filter LPF, alimter LIM a second multiplier circuit M

and the above-nentioned phase detector PD. The controlled .
oscillator VCO supplies via its in- phasenout put the

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
5 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. _
" Examplu! Improved yield of Blomass from M. alpina - 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
g/L Tastone 154 at 16 hours, resulted i in the productton of 18 glL biomass.
15 ExampleS. Improved yield of Biomass from M. alpma Second Run
Experlments were carried out ml 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
20 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-stenhzatxon | |
To prepare ‘the inoculum, workmg seeds a ml macerated mycehum)
'25  were inoculated into 2 flasks, each containing 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 gfot;vth, the broth contained pelleted biomass; pellets were 2-5
' mm in diameter, The growth in these flasks was siower than expected, possibly



afore-mentioned local |IF in-phase carrier to the synchronous detection
device as well as to said frequency detection device and a local IF
quadr at urwosie33r to the phase detector PD via the quadr atROTUSGMS2. | n
the | ocked state-of FPLL the phase and hence the frequency of the |ocal

I n-phase | F carrier corresponds to that of the actual IF carrier and the

| ocal quadrature IF carrier differs 90 degrees in phase fromthe actual IF
carrier. The | oop filter LF has a“second-order | ow pass
characteristic and conprises a grounded sepges RC nenber (R d) mhich
consists of a series capacitance Cl in series with a series resistor R

\gi?lgeat ﬁgugﬁlaggp@%g’g@o % Qﬁbﬁﬁﬁﬁasegﬂgﬁed oo%ﬁﬁggﬁc@m part ' of

the frequency deXKeXsecoin 2lWaring blédder lanf 25LohiNf rviterdivas tised tb ddcalatensath onl y
SUPPITes @ COntr O o O 1" ferabach Snooahins Hasks. 800w bt Volume, (I earter
experiments, 10 ml of macerate had been used. The amount of inoculum was
5 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
10 temperamre 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
15 (Staleydex), 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,,
20 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
25 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
30 amending the airflow with oxygen; oxygen was added to the airflow from 23



di fference between the actual |IF carrier at the output of the IF section I F-
and the local IF carrier. After a frequ?ancyI slygchronl zati 02| hsf ;Zgﬁgﬁgy

et wee ' tual IF carrier and the |oca carrier, s

tc}et ect %ﬂ%\‘/’?‘ge (M, LPF, LIM M, PD) supplies a phaseﬂ%’ﬂi%ﬂl&gnal

whi ch i s dependent on the phase di fference bet ween these_ two carriers. The
use of such a frequency-I|ocked |oop for a phase. control is known fromthe
article "Frequency and Phase Lock Loop" by R Citta, published in | EEE
Transactions on Consuner Electronics, Vol. CE- 23, No. 3, August 1977, pp.
358-365. Reference is made to this artic4e for a further el aboration on the

control action of the frequency-I|ocked | oop_FLL. shown in Fig. |.
As is known fit‘bmhﬁm’éi Atarting et gﬁ heurk; the agitatjorl wak finttHed ditrédskd b énsure

- 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
5 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. '

10 - 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, agltatxon had been increased to 210 cm/sec;

15 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

| 20 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 presen'ce of many loose hyphal

fragments indicated that the pellets were fragmenting. By 168 hours, pellet

25 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



two' stabl e phase | ock points, creating a phase anbiguity in generating the
| ocal. I F carrier. This renders the frequency-1| ocked |l oop FLL less suitable
for the i YO P37 synchronl zation of the local IF carrier wWPCHUSSE00482 ual
‘I F carrier, In the TV receiver according to the invention
the frequency- |ocked |loop FLL is therefore only used for frequency control
and not for phase

25

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
-5 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
liquid level wa§ 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

15 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.



control. For a phase control and phase | ock between the local IF carrier :
and the actual |IF carrier use is made of the phase-locked | oop (PD, VI1, A,
LF, TQ_real i se an unanbi guous phase coupling solely at the phase |ock .
poi nX’@W}?g’ phase-1 ocked | oop PLL, the loop gain in tk?e‘yws?“@ﬂ’@al d be

| arger than that in the FLL. This can be achi eved by choosi ng the signal
gain in the frequency detection device to be smaller than the signal gain
in the phase detector PD. In practice it is sufficient to adjust the signal
gain of the second nultiplier stage M to a smaller value than that of the
phase detector PD, for exanple, to 0.826f the gain of the phase detector

PD. Unli ke said known TV receiver, the phase detector is
adjusted in such a way that ILﬂ&QS §$ &LTRLQpessing takes place and the I|IF
signal applied to the frequency and phase- ocﬁ@ﬁ-loop-FPL. is not |limted.
Consequent | y=prese=pertors BT OISOt A BCAAC iR B Ee S Slaic s aca ==emrrre] due to

anpl i tude-p Stn 14
3X 6g/L YE
5 Dry Wt | oil content - | ARA content
@D | @M | @ | Bayw) | (Bofoi) | oL

o] 1050 3.0 0.4 - J|
24 974|509 33| asn | 25w . 0.16 “

i8] 13 o] 13| 795 | 2zam 0.72
10 7 03] ol 210] 1448 | 2sa% ™ “

| 9% | . 48.0 ol 223|83% |uwsg | 1.
120 aw00| - | 252]211% 29.4% _106 "

144 | 347 ). -26.6. |.- 21.8% ] 30.9% . 0.97

168 29.0 215 261% 313 | 103 ll
15

@l | @M | @D | Bdywy | (Bofoi) | (oilLig)
0] 1090 291 o4} — . 4
24| 1030] i 34 | a3m | 219m 0.15

48] 71| 03] 236 6.8% 23.1% 0.80<'

7] 51.4 0 29.8 103% | 23.9% 1.02
96 00| o 2.7 l
1.15

20

25

i Stn 15
- 4 X 6 glL YE
Log Hour | Glucose | NH3 | Dry Wt | ol coment | ARA content | productivity ]

30 Example6. 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



and/ or signal delays of the | ocal

act ual

I n-phase IF carrier with respect to the
| F carrier are avoided and a del-ay conpensation at the input of the
- synchr onoW® %21&xt i on devi ce need not be carried out.

To t HRCGI/ESSE/00182e

phase detector and the synchronous detection device are preferably realised
by neans of two nutually corresponding multiplier circuits forned on one

and the sane substrate.

In the TV recei ver shown an active

|l oop filtering is chosen prOV|d|ng t he possi bility.of adding the output
signal s of the phase detector and of the fpequency det ecti on device by
means of a sinple node such as.the node A and of selecting the control

i fouit such as TR fesoRRyin FE3 L PRI H:

asalt sehitions evhicheweré addddhit 30 hiouyso Sen.i 14 mwmmwmm

converters Vil

AL RR 2 Lo s o ol B

phase-| ocked | oop FPLL, which converters are |ncorporated bet ween t he phase

det ect or PD and

&8¢l and Chie

en the

andGueSm ¥ received addjtional phesnhatcs gs wiel as e,
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.

10

15

20

25

The salts feed contained:
| FeCl, 6H,0 4 8
mg
- ZnSO, TH,0 2
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



9 In a practical enmbodi ment the natural frequency fn of
t he frequency and phase-locked | oop  FPLL was approximately 15 kHz and the.

Ioop on -was ([err]) 2, resultlng in a |l oop band
appr OXI p:;)z 60 kHz. ch'hg9880182

28
260 cov/sec by 57 hours, and to 280 cmy/sec at 70 hours. Even at this agitation
nne@ﬁmrpnn;nﬁﬁMgvmspmnz‘Wmﬂéaﬁﬁnhmncﬁwﬁmdf%mﬁmﬂxwenmnf
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
5 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
10 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
15 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 comipact, round pellets (1}2 mm), needle
_shaped pellets (less than 0.5 mm), and loose hyphal aggregates. Nile red
20  staining at 144 hours showed the presence of many, very small oil drops in the
" mycelia. | | |
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
25 and 26 hours, the CER was increasing exponent:ally, and the fermentation had
' ]ust started calling for base



The first series capacitance ClL of the loop filter LF was of the order of
100 nF, the series resistor R was of the order of 400 Chns and the shunt
capaci t an®OBR3% of the order of 2 to 15 nF. The series RETENSONPR d)
is connected between said node: A and ground. The loop filter LF is of the
second order due to the use of the shunt capacitance C2. At said

di mensioning of the loop filter LF and nore generally at a value of the
shunt capacitance C2 of the order of 2 to 15% of that of the series
capacitance C, an effective video signal sgppression is obtained in the
control signal path of the controllable oscillator VCO This prevents
frequency and/ or phase perturbgfi I é'(?lﬂaih' ﬁ,gt he | ocal IF carrier
which is applied to SD. Conseq?éhénge,eagﬁ)p st'a do pi cture signal
conponents in the audio signal is prevent ewcfo er, the extra phas§
shift introduced by the shunt capacitance 4he loop is small enough to
| eave the | oop stability unharied and to keep the capture 'pe8r-i od of tf(])e

FPLL within 5 FeCl1, 6H,0 4
mg
ZnSO, 7H,0 2 4 0
mg : .
- | - CuSO,5H0 - 1 6
10 - 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

15 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

20 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

25 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

30 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.



acceptable limts.

The operation of the frequency and

phase-| ocked | oop FPLL can be explained with reference to Fig. la. This .
Fi gur g, g%\ﬁ he variation of the signal energy (E) of tl,@g :
of the éon rgflabl e oscillator VCO at the output of the’l o"‘&aFM‘%r

function of the frequency difference between the | ocal

si gnal
LF as a

|F carrier on the

one hand and the actual IF carrier on the other hand. Curve 1 shows this
for the phase-locked |oop PLL (PD, VI1, A LF,~ VCO, curve 2 shows

t he frequency-I| ocked | oop FLL (M,

this for

LPF, LIM M, PD, V12, A LF, VCO. As

I's apparent fromthis Figure, nost ener?t?y occurs in the FLL | oop when the
difference frequency in the |oop corresponds to the 3 dB point of the

| ow- pass fi | Howeves the fermegtagipn still requited the eecasionabadditiomef antifoam3 MHz in a
practical enbodi In a,c arativel y. wi.de frequency ran round this 3
dB point the freﬁ%{’o%hwgﬂgwsﬁﬁﬁsm%g{ivﬁﬁ??% H‘ﬂ%‘%gé%&m ocked -

10

15

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.



| 60p FLL. However, the contribution of the phase-|ocked |oop PLL to the
_frequency control increases with a decreasing frequency difference and

- exceeds tWa9%@037he FLL when said frequency difference has REUUM%Oe82bel ow
"the point of ' ' 10

31

.Table 4 Fermentation Time Course

St 14
+ Salts 4
Log Hour Glucose Dry Wt oil content ARA content | productivity
5 @&/L) | ®/L) (% dryw) | (%ofoil) | (goil/Lid)
0 116.0 1.1 '
IL  u 101.0 1.8 | 1.2% 2.2% 0.02 “
|[ 48 84.0 14.3 | 6.2% %1% 0.44 Il
S 60.0 2%.5 | 10.6% 24.2% 0.87
10 96 45.0 28.2 | 15.5% 25.3% 1.09° u
- 120 34.0 28.9 | 18.1% | 26.6% s |
144 27.0 308 | 208% 27.2% 1.07 "
“ Sm 15 {l
15 + Salts + Phosphates
“ Log Hour Glucose Dry Wt pil éontent ARA content productivit;%l
_@L) ®/L) (% drywt) | (%ofol) | (goil/Lsd)
" 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 - 26.2 | 19.9% 26.5% 1.74
96 31.0 - 30.1 | 25.5% 28.6% _ “
120 18.0 33.8 | 31.7% 31.4% 2.14
2.07
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



I ntersection of the curves 1 and 2, i.e. below the value [err]F1l. The
phase-| ocked | oop PLL is active at frequency differences below this val ue.
[err]EL and ensures a further frequency control until a phase control in
the pRR210%%ed 1 oop PLL occurs after a frequency syncRCEAISIEN0IE? at
[err]F1 = 0, followed by a phase |ock of the local IF carrier with the"
actual IF carrier. The loop filter LF supplies a DC signal
which is applied as a control signal to the controllable oscillator VCO as
well as to a conparison circuit C. In this circuit the control signal is
conpared with a threshold or reference 3gal ue REF. The conpari son may be
carried out in a digital or analog form for which purpose said control

signal in anvedsel peesSuredisds pail, andifiitiab aHiidA QAL Véttdl (DS AMVRY pH igli gi tal
reference value REF. An output of the conparison circuit Cis Coupled to a
m cr opr ocessadjusedita A presterilizationg thesninitial fermenor pHristsatta 65 post- |

oscillator TQ S 980" Bhgen v RhE Satunt B Mhalnisined D.0. > 40% by the
following sequence: (I) increase vessel pressure to 11 psi, (ii) increase agitation
5 from 156 to 175 cm/sec impeller tip speed, and"_('iii) increase aeration to 0.5
VVM. Foaming is controlled by addition of annfoam Dow 1520-US, as needed.
(Approximately 0.1 mI/L of the antifoam should be added to the medium prior
to sterilization to help preveh; foaming.) After inoculation, the culture is
maintained at pH > 5.5 with 8N NaOH. = o
10 .  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)
15 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) | S
20 2 mg/L pantothenic acid (hemicalcium salt) (Sigma/Aldrich).
(Adjust to pH 4.8-5.0 pre-sterili_zation.) ' :
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),
25 ' the initial vessel pressure to 6 psi, and the initial aeration rate to 0.15 VVM (ca.
300 scth). .

Oxygen level in the medium is mamtamed at D.O. > 40% by I)
increasing vessel pressure to 11 psi, ii) increasing agitation to 300 cm/sec
impeller tip speed (in increments Qf ca. 30 cm/sec), and iii) incrgiasing aeration

30 t0 0.5 VVM. B o



relrati ve value of the control signal wi'th respect to the reference val ue.
An output of the synchronous detection:device SDis coupled to a

synchr oni WQ9621037dent i fication circuit Sl with which the prREEH§/08182
synchroni zi ng pul-ses and hence the presence of a TV program si gnal can be
detected at the output of the synchronous detection device SD. This is
possi bl e when the phase of the local in- phase IF carrier of the FPLL
corresponds to the actual |F .carrier. The synchronization identification
circuit SI then supplies an identification3ggnal to the mcroprocessor M.
The m croprocessor M receives control signals for controlling or setting,

nter alia the tuningH ipFolbcuesiig ' e KildWind pH conftel FRAGRIL V oper at ed
ow C

by a user. Fig. 2 shows a f art of a search tuning
node for use in the TV recei verlnitial pHyset 10 5 Bpost-sterilifationni Mgintain pkbatt 2d by
means of a start signal to 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.
o 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 |



.be supplied by the user to the m croprocessor MP via the operating section -

TC. The m croprocessor MP then assumes its start phase (step 1) in whi ch-
the tunabl e oscillator TOis possibly set ‘at an initial tuning frequency.

The nj [ 2B essor MP realises a variation, for exanple e of the |
”b&;f Iﬁgdﬁgg pEfrusskio

tunin ncy of the tuning oscillator TOin frequency steps of 250 kHz
.in a given TV RF reception band. After each frequency step the
m croprocessor MP retains the tuning

34

Table 5.  Progress of M. alpina Fémemﬁm

| Culture mediums = Glucose (80g/L) + Soy Flour (16glL) + Salts + Vitamins

E
_ log Glucose NI-_I3 dry wt. oxl content - | ARA content | Productivity
5 hour (/L) | (mM) (gLIL) (% of dry wt) (% of oil) (g oil/L/d)
* 0 58.0 R |
1 6 | 43.0 126 | 149% _1339% _ |oes
{ o4 330 | J170 |270% - l400% = |117
o lus  fzo0 | f26 |24  |se% |1
10 (12 |60 171 [392%  |aam |13
l16s | 96 215 |4a1.5% 455% | 130
\ 188 | 52 s lat1m | 413% 1.05
125 |12 | 232 | 46.0% 489%  |119
15 |
Culture medium = Glucose (65gIL) + Soy Flour (lﬁgIL)
+ Salts + Vitamins + Antibiotics
log Glucose | NH3 | drywt. | oil content ARA content | Productivity
20 fhowr | @L) |@M) | @L) | (% ofdry wn | (% ofoil) (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
25 130 | o0 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




fiequency for 20 nsec in step 3. This wa nsec i s
suffi.ciently large to cause the frequenci m'"' mﬂzm}EE d loop FPLL to
capture tW@96:210321 | F carrier at the out tll’éﬁ'/llsﬂ,ilﬂqlﬂz '
present. If the latter is true, the FPLL supplies a |ocal in-phase IF

carrier to the SDwithin said waiting tine, which carrier is frequency and

phase-synchronous with the actual IF carrier and the presence of a TV
program signal is detected by Sl in block 4. A correct tunipe q.“\S]BEEN
necessary, i.e. it is not necessary for thgsfrequency of th‘B'\§(§ 5‘ @gpl

o th&

hence that of the local in-phase IF carrier to correspond
I nternmedi at e freﬂms To realise the latter, the search eontinues with
step 5. it is ascertained in block 4 that there have
been no synchroni zi ng. pul Ansmnnodxﬂed furigalitrigifceride mycmhpmnglat teaseabiouon

device SD wthin
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 fermemtor 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

This Sheet Has Been Rep

AN m [



the waiting time of 20 nsec, s to the above-nentioned step
2, followed again by step 3 & mm&mn”‘ﬂmm det ects the presence of " a
TV prag égmeszonal at the out put wg{ step 5 |
the m croprocessor MP varies the frequency of the tuni ng OSCI or TO by ‘a
frequency step of 62.5 kHz in the direction of the search, i.e. in the

gi ven exanple MP raises the tuning frequency by this frequency step. After

this step a waiting tine of 20 nsec follows in bIoclﬁ-l_ﬁs o %%B%I/\ﬁl time
ACED,

the frequency and phase-|ocked | oop-FPLL can realige phase
synchroni zati on between the actual |F rrier and e In arrier. In
bl ock 7 the control -signal of the controllable oscillator VCOis conpared

with the refeprealiguetheing fedrintonthefermemonat a Himecdifferent from thei time dhgpar i son
signar of e%é‘f@@*ﬁfﬁﬁ%ﬁ@? Cines et s bocome equal o the o
' 9. . The method of any one of clalms 6-8 wherein the Momerella sp.
is M. alpina. . .
5 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. -

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

10 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

15 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
20 produced by Mortierella alpina. | o
" 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. '

25 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 _where‘m the ARA is
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di st ut bances,

REF wi t hout receiving a TV RF reception signal.
to such di sturbances,

direction of the search, i.e. in the last-nentioned exanpl

reset, in step 8, over a frequency difference of 250 kHz o Wﬂﬁeﬂélﬁr HAE BEEN
i s decreased by 250 kHz. Subsequently, the37uning of the tlning
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To reduce the sensitivity
the tuning frequency of the tuning oscillator TOis
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TOis retained in step 9 for
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provided by adding to infant formula a sufﬁcxent 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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Is raised by 62.5 kHz, followed by the 38ore-nentioned step 9. Thrs
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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
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%
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.
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International Patent Classification (IPC) or national classification and [PC -
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Applicant .
MARTEK BIOSCIENCES CORPORATION et al.

1.  This international preliminary examination report has been prepared by this International Preliminary Examining
Authority and is transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of é -_ sheets, including this cover sheet.

This report is also accompanied by ANNEXES, i.e., sheets of the description, claims andfor drawings which have
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consists of 2 total of 8 sheets.

3.  This report contains indications and corresponding ﬁa.ges relating to the following items:

I Basis of the report
1 [] Priority
I EI Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
1v [_] Lack of unity of invention ,
v Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
VI D Certain documents cited
VIL [ | Certain defects in the international application
Vit Certain observations on the international application

Date of submission of the demand Date of completion of this report
02/08/1996 _
11 0.9
Name and mailing address of the [IPEA/ Authorized officer, |
TS\ European Patent Office %/9 OCMQ—?
,_Q))) fﬂ?ﬁiﬁ?}’%ﬂn, Tx: 523656 epmu d K. Douschan
(+49-89) 2399-4465 Telephone No.
Form PCT/IPEA/409 (cover sheet) (January 1994) - (1071071996)
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an automatic tuning control of the actual IF carrier at the correct
intermediate frequency, i.e. at the frequency to which tHeeinFapHcationo.| F i s
tunedy ATR0NAS! PRIETAMTRGARY SlANATON Tiba( Y, | o7 sReOMgs /diie A O

anbi ent tTactors such as tenperature variations or as.a resul't of "agel ng.

This automatic tuning control nmay also realise autonatic tuning to offset
channgl Basishf ¢ke W@pwrt ate from t he nornmal channel franes over a given

frequency di stance Ihe iﬁventi on i s not limted to the
enbodi nﬁnt s descr.i bed - herejnbefore. icult to those
ski | | &dThis TepexE; hag been; dzavp up, or-the basisof; @%Hﬁ%‘?‘\‘;éhee#sr‘@{ﬂ’ th%"e G%ef‘ H‘Q}’"’Fl’?é to Hho &preiving

i dea. Ffticekmregionse to tn imsitptdensindek @rtiode 14dirs pefersed todih hhis ineporsyam Cérighual Ly liedrand are
i dent i { fof anbfal 128 rlyre] 420 bhel Yo fot cREANRbhAR. AT COrrect Tuning by vay of

the anplitude of VCO con signal 1tsel is also

[ ] the international application as originally filed.

[x] the description, pages 1, 4-34 , as originally filed,
pages , filed with the demand,
pages 2, 3, 3a , filed with the letter of 21.01.97,
pages , filed with the letter of -y
[x] the claims, Nos. , as originally filed,
Nos. - _, as amended under Article 19,
Nos. _, filed with the .demand,
Nos. 1-35 , filed with the letter of 21.01.97,
Nos. ' , filed with the letter of '
[ ] the drawings, sheets/fig | , as originally filed,
 sheets/fig : , Filed with the demand,
sheets/fig , Filed with the letter of __
sheets/fig : ; filed with the letter of

2. The amendments have resulted in the cancellation of:
[ ]the description, pages
{ ] the claims, Nos.
[ ] the drawings, sheets/fig

3. [ ] This report_hé.'s been established as if (some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c}):

4. Additional observations, if necessary:

Form PCT/IPEA/409 (sheet 1) (January 1994)
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13 possible to omt the limter LIMand use a frequency detection circuit
of dnother type, for exanple, a differentiator instead oflnterMappiisatdeniier ,
the ShHRFRRGPRFONAY) COREETHENARE ELANTRATION RIBSORPOP il tpéTiss8dosee? a

first-order lToop filter, or a _passive loop filter can be used, precluding

the use of the voltage- current converters VIT and VIZ. Under cIrcunstances
t he clVoReasoned stiteent wnderiAntii¢le 35(2) with regard to novelty, inventive step and industrial applicability;

citations and explanations supporting such statement

1. STATEMENT
Novelty (N) Claims 6-12__ : YES
' Claizs 1-5, 13-35__ - Xo
Inventive Step (IS) Claims - . YES
Clains 1-35 NO
Industrial Applicability (IA) Clains 1-35 YES
Clains NO

2. CITATIONS AND EXPLANATIONS

1). From the documents mentioned in the international search
report, the following are cited: '
D1 = WO-A-92 13086,
D2 = DE-A-36 03 000 and
D3 = Kyle D. et al: "Ind. Appl. Single Cell 0ils", 1992,
AOCS, Champaign, Ill., p. 118-138.

2). Discussion of the Prior Art and evaluation of Novelty
and Inventive Step of Claims 1-35 (Art. 33(1), (2) and

3 :

D1 discloses mainly the same process as claimed in
claims 6-12 of the present patent application, the only
difference being the specified pH-value given in the
present application. Although in the claims of D1 only
Pythium is mentioned, p. 7 says that Mortierella is also
a preferred fungus and that Pythium is used as the rep-
resentative fungal species, which means that Mortierella
is also embraced by the teaching of D1. Consequently, as
long as no surprising effect has been shown which is

Form PCT/IPEA/409 (sheet 2) (January 1994)
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to be incorporated between the IF section and the frequency and

phase-1 ocked | oop FPLL and a del ay conpensation circuit tloteine apphicatigndbat ed

bet we gt T | FeRiTNARY SKOGRHRNPLEN d8kftity 0" deViser/usee /00182

based on the specific pH-range used in the present proc-
ess, D1 renders the process of claims 6-12 obvious and
is therefore an obstacle to the inventive step of claims
6-12. _

With regard to the other claims, the product claimed in
claims 1-5 and its use is also suggested by D1 (cf. p.7,
example 1 and claims of D1 - Mortierella alpina is dis-
closed as a preferred microorganism which produces ARA
and no EPA). Nevertheless, even if it can be shown by
the Applicant of the present patent application that the
product of claims 1-5 is clearly distinct from the one
disclosed in D1 and would therefore be novel, no inven-
tive step can be acknowledged for claims 1-5 and 13-35
vis-a-vis D1. . |

Therefore, in the absence of any surprising effect, in
the light of D1 an inventive step cannot be acknowledged
for the subject-matter of claims 1-35."

After careful consideration of the arguments submitted
in the answer-letter to the written opinion, dated
21.01.97, D2 is considered as being no relevant prior
art.

D3 discloses a fungal triglyceride oil containing more
than 40% ARA, and, dependent of the fermentation tem-
perature, EPA was absent in the product. A process for
the production of the said ARA-containing composition by
fermenting Mortierella is also mentioned in D3, the spe-
cific pH-range as mentioned in the present application
is not disclosed in D3.

The arguments submitted by the Applicant with the letter
dated 21.01.97 that D3 is not an enabling disclosure is
not agreed.

As a consequence, D3 destroys the novelty and the inven-
tive step of claims 1-5 and 13-35 by explicit or im-
plicit disclosure, and is an obstacle to the inventive
step of claims 6-12.

Form PCT/IPEA/409 (sheet 3) (January 1994)
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Intern. application Ho.
. INTERNATIONAL PRELIMINARY EXAMINATION REPORT PCT/US96/00182

Summarising what was said above, claims 1-5 and 13-35
lack novelty in the light of D3 (and eventually in the
light of D1) and lack an inventive step in the light of
D1 and D3.

Claims 6~12 lack an inventive step in :the light of D1
and D3. :

Porm PCT/IPEA/409 (sheet 4) (January 1994)
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VIII. Certain observationms on the intermational application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
clains are fully supported by the description, are made: -

a) For the assessment of the present Claims 23-33 on the
'~ gquestion whether they are industrially applicable, .-no

unified criteria exist in the PCT. The patentability can
also be dependent upon the formulation of the claims.
The EPO, for example, does not recognize as industrially
applicable the subject-matter of claims to the use of a
compound in medical treatment, but will allow, however,
claims to a known compound for first use in medical
treatment and the use of such a compound for the
manufacture of a medicament for a new medical treatment.

© b) Céntrary to Art. 6 PCT, there is a discrepancy between
claims and description concerning the species of the
used microorganism. Whereas the description discloses
the use of both Mortierella and Pythium, in the clainms
only Mortierella is mentioned. It should therefore be
clarified that the microorganisﬁ Pythium is mentioned
only for comparative purposes.

Form PCT/IPEA/409 (sheet 5) (January 1994)
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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 infanf
formula. However, fish oil contain high quantities of
eicosapentaneoic acid (EPA). EPA is known to depress ARA
synthesis in infants. Carlson,7e£ al., INFORM, 1:306 ¢(1990).
Thus, it wouid be desirable to be able to provide ARA without
also proﬁiding 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., in JP-aA-

01304892, have reported the production of ARA by an isolated
. fungus, Mortierella alpina, using conventional stirred tank

fermentation. (See alsc JP-A-01215245 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 1lipid 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. Biocendg.
25:1057-1070 (1983). Unfortunately, the ARA is primarily
associated with galactolipids, a cbmplex polar 1lipid not
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present in breast milk. Thus, not only is the total usable

produced a fraction of one percent of the biomass, but

the form of the ARA is not suitable for use as an additive
to infant formula without further modification.

5
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 mixture of lipids contained in the fungi.
10

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 docosahexanoic (DHA) acids in a.ratio.of

15 2.5:1 fespectively, 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 nﬁcroalgae of the phaecophyte and rhodophyte

20 types. There is no suggestion to use any microbes as a
source of oil. Algal and fish oils also typically include

- EPA which depresses ARA synthe51s in wvivo. Additionally,
highly refined egg yolk oil is not an economical source of

- ARA. Moreover, there is no disclosure therein of an ARA-
25 concentrated additive for supplementing pre-existing infant

formula.

W092/13086 describes the preparation and use of fungal
oils from Pythium Insidiosum as additives for infant formula.
30 The oils contain 30-35% of arachidonic acid and no

detectable eicosapentaenoic acid.

H. Yamada et al. in "Industrial Applications of Single

Cell 0Oils", D. Kyle et al. eds., A0OCS, Champaign; IL, Pages

35 118-138 (1992)'describe'the use of fungal microorganisms,

especially Mortierella Alpina for the production of ARA, EPA

and other polyunsaturated fatty acids. ‘Fungal oils
containing up to about 65% of ARA are described. '



intermedi ate frequency section, (IF), a synchronous detectlon device (SD), a
frequency- |ocked |oop (M, LPF, LIM M, PD, V12, S, LF,.VCO -and - a .
phase-1ocked |l oop (PD, VI1, A LF, VCO, said |nterned|ate fxequency SERTTENS
section (IF) being coupled to a phase detectgy (PD) of the ‘phast-| 8¢ked*" -
| oop and to a frequency detection device (M, LPF, LIMM, PD) of the
frequency-| ocked | oop, said phase detector and frequency detecti on device

bei ng commonly coupl edckeraineay, brt@aré% lema i¥ie0a WHidd) £de dNOebORRRLERYE

in commbn and whi ch | qop .branch L BF g; a_ control | abl e oscill ator
(VOO . 58 o coRPPBRERHA 36 oF FRat BLSbBRRGOGo U dBT POSEHETs Himm OPBRESTably
Flet ef:t! on ﬂe\“ et thBit arshdamitwentheseduket Hot oof(m f o tappd yamgpﬁjtecftelt@fa
ocal in-phase r er, respectively,
said | oop br angﬁ% Ex’ %hée?&goqu?p‘lreﬁ{s?lngrptﬁoo%&?% %Lé?é%%r carrying a

control sigal to the controllable oscillator (V(I» wherei n an out put of
the loop filter ('-F)'ftcﬂgpéefufehér%i:fé'éé(ﬁ £104 ﬂ?@é’z‘i@ibﬂg?é bt {8e an
control signal, which circult conprises a conparison circuit_tor deriving a
t uni ng controlagﬂ@ﬁéwer and a source for that additive, for use in an

infant formula such that the ARA 1levels in the formula

approximate those levels in human breast milk.

10 '
It is an additional object of this invention to
provide an ARA-containing fungal oil for use in enteral,

parenteral or dermal products.
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for the tuning oscillator (TO fromthe f"ﬂl “ﬂ lmﬂﬁn the val ue of the
control signal for the controllable oscil Lues,.

said controll able oscillator (VCO supplylng an osci Il at or I eagqgggwmﬂtqhqg]
is equal to said internediate frequency whegsthe control sigpal—fer—the
controllable oscillator (VCO is equal to substantially the fefergence

val ue. 2. A receiver as clainmed in daim1, wherejfn|t ﬁg1pﬂﬂ$§n7
detector (PD) akagmisqrns part of the frequency deteection devicé (ML, LPF,
LIM M, PD), which frequency detection device conprises a f§rst nultiplier
circuit (M) coupled to the internedi ate frequency section (
by a | ow pass fi.lter (LPF)Aandnmodefmad fruhgapl teigkycenitie(dR), camprisnng

D Chas. . ; |
the cont ol | abrs Seert 4 B‘J‘CG%"&%J%%%%E?&#J Bl ifi E6Y ridiostfl
bei ng coupl &d aodam@umpme drr qmeoma%naét@ﬁdnufem)almanﬁwrmm hecid
second nul tipliepa§i helidrddBaditidhEnat)to the toop filter (LF).

2. An unmodified fungal triglyceride oil according
to claim 2, the oil comprising at least 40% arachidonic acid
10 (ARA) in the triglyceride and essentially no eicosapentaenoic

acid (EPa).

3. The unmodified fungal triglyceride oil of claim
1 or 2, wherein the oil contains at least 50% arachidonic .

15 acid (ARa).

4, An oil in accordance with any one of claims 1-
3, wherein the fungus is Mortierella sp.

20 s. The oil of claim 4, wherein the fungus is M.
alpina.
6. A method for the production of an arachidonic

acid-containing o0il, said o0il containing triglycerides
25 wherein at least 25% of the fatty acid residues are
arachidonic acid (ARA), and the amount of eicosapentaenoic
acid (EPA) residues in the o0il is no more than one-~-fifth the
amount of arachidonic acid (ARA) residues, comprising
(a) cultivating Mortierella sp. in an aerated
30 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;
35 (b) maintaining the pH between 5 and 6 at the
beginning of the cultivation;
(c) maintaining the pH between 7 and 7.5 at the end

of the cultivation;
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(d) harvesting biomass frbm the fermentor and
recovering said arachidonic acid-containing oil from said

biomass.

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 aliguots which are'feﬁ
into the fermentor at different times, at least one aliguot
being fed into the fermentor at a time different from the
time the carbon source is placed into the fermentor.

9. Thé method of any one of claims 6-8, wherein the

Mortierella sp. is M. alpina.

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.

- 11. The method of claim 10, wherein the non-polar sol&ent

is hexane.

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

isopropyl alcohol.

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

vy
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3 “ A receiver as clai med | Ilmﬁmm Wlﬂm

(LPF) is coupled to the second nultip p vi a all --_f PTA:
device (LIM. 4. A receiver as cl'ainmed’in any one:jof thd: JAN 1997
precedlng cl ainms, wherein t he cl osed Iogg gain of the ph s¢:1otRed **" *

lloop(PD, VI, A LF, VCO is larger than that of the frequengy-Ilocked Ioop

(M, LPF, LIM M2, PD VI2, LF, VCO wi thin the |ocking range—of the

phase-locked 1qQR. 5.3 method in AcESFEANEE WAXIF A 130 aRL-@96 8hikhei1
precedi ng clai n5 wherein the synchropous detectjon device (SD) and the

phase det ect or 1€DP)r‘%¢é’xFéeda Rt RPN 17 tRA gain. 6.

A receiver as clainmed in any one of-the preceding clains, wherein the
Cearch tum ng. dRrcur (e CRPA "1 RS i §lBin T HPRGR. Bty oL
step-wi se urii st lperoduntad|by Mortierella alpina.
16. A method in accordance with any one of claims 13-15,
wherein said oil comprises no more than one tenth as much
eicosapentaencic acid (EPA)- as arachidonic acid (ARA).

10 17. A method in accordance with any one of claims 13-16,
wherein said oil comprises essentially no eicosapentaencic

acid (EPA).

18. .. A method in accordance with any one of claims®13-17,
15 wherein said oil comprises 50% arachidonic acid (ARA).

19. Infant formula comprising triglyceride containing
arachidonic acid (ARA) in an amount comparable to the amount
in human breast milk wherein the arachidonic acid (ARA) is

20 provided by adding to infant formula a sufficient amount of
an unmodified fungal oil comprising triglyceride containing
at least 40% arachidonic acid (ARA) and no more than one
fifth as much eicosapentaenoic acid (EPA) as arachidonic acid
(ARA) . '

25
20. Infant formula in accordance with claim 19, wherein

the unmodified fungal o0il comprises no more than one tenth
as much eicosapentaenoic acid (EPA) as arachidonic acid

(ARA) .

30
21. Infant formula in accordance with claim 20, wherein
said fungal oil is essentially free of eicosapentaenoic acid
(EPA) .

35 22. | Infant formula in accordance with any one of claims

19-21, wherein the unmodified fungal oil comprises
triglyceride containing at least 50% arachidonic acid (ARA).
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si'gnal  for the controllable oscillator (Vﬁwm ﬁ!ltlmmmljﬁml vep

fromthe reference value, said step val ue fr_nquency st eg
which is smaller than the capture range of the frequency | ockpd! I @op JAN 199 i
A Teceiver as clainmed in any one of the preggding clainms, wheleln the I'6op

filter (LF) has a current signal input and a grounded seri es RCnenmber (R,
Cl) conprising a series resistor (R) and a series capacitancel(Cl)said

series resistohs(R) bl nﬂeEBBRt esfb»pxaom capagihanCcewiCR) . s8phUefONEA1

capaci tance ( ‘bei n the,order of 2%tqQ 15 % of the serjes capaC| t ance
(a). 8 2 rachA R VAP 180 (RRA) nEAMPR ST AR ST okf o human

clainms, wherei i hedd W@Wpﬂmﬂ aﬁacnﬁdonlieseclmc KﬁRAboapcbﬂyGSltlon
nat ural frequenci e{\: of. the ordf Jf5 HZ.L an tt.enuation 8 he ordeé .

of two containing unmo 1f1ed unga 01 con alnilng arac 1don1c acl

S (ARA) in the form of triglyceride, said oil containing at

least 40% arachidonic acid (ARA) and no more than one fifth

as much eicosapentaenoic acid (EPA) as arachidonic acid

(ARA), wherein said oil is present in an amount effective to

provide supplemental arachidonic acid (ARA) to said human.

10
' 24, The method of claim 23, wherein the o0il contains at

1eaét 50% arachidonic acid (ARA).

25. The method of claim 23 or 24, wherein said camposition
15 is administered to the human in an amount that supplles 0.2-

0.8 g arachidoniq acid (ARA) /day.

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

20
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 ciaims_ 23-25,
25 wherein said composition is administered topically.

29. The method according to any one of claims 23-25,
wherein said human is a pregnant or nursing woman.

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

31. The method according to claim 30, wherein the
35 neurological disorder is tardive dyskinesia, schizophrenia,

or a peroxisomal disorder.

32. The method according to any one of clainms 23;25,
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wherein said human 'in need of supplemental arachidonic ‘acid

(ARA) is suffering from a disease condition associated with
reduced serum level of arachidonic acid (ARA).

33. The method according to claim 32) wherein the disease
is a liver disease, phenyl ketonuria or cystic fibrosis.

34. A cosmetic. composition comprising unmodified fungal
oil containing arachidonic acid (ARA) in the form of
triglyceride, said oil containing at least 40% arachidonic
acid (ARA) and no more than one fifth as much
eicosapentaenoic acid (EPA) as arachidonic acid (ARa),
wherein said oil is present in said composition in an amount
effective to assist in maintaining skin tone when said

composition is applied topically.

35.  The composition of claim 34, wherein the oil contains

at least 50% arachidonic acid (ARA).
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