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Production of Eicosapentaenoic Acid by Mortierella Fungi 
Sakayu Shimizu*, Hiroshi Kawashima, Yoshifumi Shinmen I, Kengo Akimoto 2 and Hideaki Yamada 
Department of Agricultural Chemistry, Kyoto University, Sakyo-ku, Kyoto 606, Japan 

Mycelia of arachidonic acid-producing fungi belonging 
to the genus Mortierella were found to be rich sources 
of 5,8,11,14,17-cis-eicosapentaenoic acid (EPA). Produc- 
tion of EPA by these fungi was observed only when 
they were grown at low temperature (6-16 C). EPA 
comprised 5-20% of the total extractable mycelial fatty 
acids in most strains tested. No significant accumula- 
tion of EPA was observed on incubation at high tem- 
perature (20-28 C), at which the other major mycelial 
C-20 fatty acid, arachidonic acid, was still efficiently 
produced. In a study on the optimization of the culture 
conditions for EPA production by a selected fungi M. 
alpina 20-17, a medium containing glucose and yeast 
extract as major carbon and nitrogen sources, respec- 
tively, was found to be suitable. Periodic feeding of 
glucose during growth of the fungus and cultivation 
at high temperature (20 C) during the early growth 
phase followed by temperature shift to 12 C were found 
to be effective at increasing mycelial yield and reduc- 
ing cultural period, respectively. Under the optimal 
culture conditions, the EPA production reached 0.49 
mg/ml of culture broth (29 mg/g dry mycelia). This 
value accounted for 13.5% of the total fatty acids in 
the extracted lipids. Other major fatty acids in the 
lipids were palmitic acid (6.0%, by weight), stearic acid 
(5.3), oleic acid (6.2), linoleic acid (3.0), y-linolenic acid 
(3.5) and arachidonic acid (60.0). 

5,8,11,14,17-cis-Eicosapantaenoic acid (EPA) is a rare 
C-20 polyunsatura ted  fa t ty  acid of potential  pharma- 
ceutical value. This fa t ty  acid has been shown to be 
effective in prevent ing blood platelet aggregation {1). 
I t  has also been demonstra ted to be useful for blood 
cholesterol reduction, thus reducing the risk of athero- 
sclerosis (2). Several marine fish oil products  have be- 
come available recently as lipid sources relatively rich 
in EPA.  For practical purposes, however, these con- 
ventional sources are not  satisfactory, due to their low 
EPA contents  and the presence of other fa t ty  acids 
with less desirable properties. A marine alga, Chlorella 
minutissima (3), a freshwater alga, Monodus subterra- 
neus (4), a moss, Lepotobryum pyriforme (5), and 
Euglena gracilis (6), have been suggested as alterna- 
tive sources of EPA. But,  again, they are not so advan- 
tageous because of their poor growth rates and low 
lipid contents .  To obtain more suitable sources for 
large-scale preparat ion of EPA,  we have s tar ted screen- 
ing lower classes of microorganisms, i.e., bacteria and 
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fungi, as to the ability to accumulate lipids containing 
EPA. No at tent ion has been paid so far to such micro- 
organisms as sources of EPA.  

In previous papers (7,81, we reported that  several 
fungi accumulate large amounts  of arachidonic acid 
when grown in usual media containing glucose as a 
major carbon source. We have now found tha t  these 
arachidonic acid producers, especialy strains belong- 
ing to the genus Mortieretla subgenus Mortierella, spe- 
cifically accumulate E PA in their mycelia when grown 
at low temperature  (9). In this work, the potential  of 
various arachidonic acid-producing fungi as sources 
of EPA, and the environmental  and nutri t ional condi- 
tions under which maximum E P A  product ivi ty  can be 
obtained, were studied. 

MATERIALS AND METHODS 

Chemicals. Fat ty  acid methyl  esters were purchased 
from Funakoshi Chemicals, Tokyo. All other reagents 
used in this work were of analytical grade and commer- 
cially available. 

Microorganisms, media and cultivations. All fun- 
gal strains used were from our stock cultures (AKU 
Culture Collection, Facul ty  of Agriculture, Kyoto Uni- 
versity}. Medium GY contained 2% glucose and 1.0% 
yeast  extract,  pH 6.0. Medium YM was described pre- 
viously (7). Each  fungus was inoculated into 50-ml 
shaking flasks containing 10 ml of either medium GY 
or YM and then incubated at 12 C for seven days with 
reciprocal shaking {120 strokes/min), unless otherwise 
stated. 

Extraction and determination of fatty acids. Fun- 
gal cells were harvested by suction filtration, washed 
with 50 ml of water and then dried at 100 C overnight. 
The dried cells were suspended in five ml of methylene 
chloride-10% methanolic HC1 (1:1, v/v) for three hr at 
50 C. As an internal standard, n-heptadecanoic acid 
(0.5 mg) usually was included in the methanolysis  mix- 
ture. After extract ion with 20 ml of n-hexane, followed 
by evaporation, the fa t ty  acid methyl  esters were dis- 
solved in 0.05-0.1 ml of acetonitrile and then analyzed 
by gas liquid chromatography (GLC). The conditions 
for GLC were the same as those described previously 
(7) except for the following changes: glass column (3 
mm • 2 m} packed with 5% Advans DS on 80/100 
mesh Chromosorb W (Shimadzu, Kyoto); column tem- 
perature,  190 C, and injection port  temperature,  240 
C. Mycelial fa t ty  acid composition values are given in 
weight percent. 

Isolation of the EPA methyl ester from fungal my- 
celia. The mycelia from two separate cultures of Mor- 
tierella alpina 20-17, each of which was grown in 50 
ml of medium GY in a 500-ml flask under the optimal 
conditions as described below, were collected by suc- 
tion filtration and then washed with 200 ml of water. 
The procedures used for t ransmethylat ion and purifi- 
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TABLE 1 

Comparison of EPA Productivities and Changes in Mycelial Fatty Acid Composition 
in Mortierella Fungi Grown at 12 and 28 or 24 C a 

Strain 

Productivity 
Mycelial Total EPA EPA 

mass FA c content yield 
Temperature (C)/ (mg/ml of (mg/g (mg/g (~g/ml of 
cultivation period culture dry dry culture 

(days)/medium medium) mycelia) mycelia) medium) 
Fatty acid composition (%)b 

16:0 18:0  18:1 18:2  18:3 20:3 20:4 20:5 others 

M. hygrophila 12/7/GY d 5.5 94 9.8 54 16.3 3.8 30.7 8.9 11.3 2.5 13.6 10.4 2.5 
IFO 5941 28/6/GY d 7.0 183 0 0 24.7 2.9 37.4 9.5 5.5 1.6 17.9 0 0.5 
M. zychae 12/10/GY 10.0 166 4.4 44 15.5 15.1 31.9 6.4 5.0 5.9 15.0 2.7 2.5 
CBS 652.68 28/7/GY 7.7 120 0 0 23.2 12.6 29.3 8.7 6.0 3.3 16.3 0 0.6 
M. elongata 12/10/GY 10.0 189 9.6 95 14.3 15.4 35.8 5.1 4.4 3.8 12.6 5.0 3.6 
CBS 121.71 28/7/GY 8.1 61 0 0 15.4 14.0 30.3 6.7 6.0 3.8 21.7 0 2.1 
M. elongata 12/7/YM 5.8 76 6.0 35 15.5 4.2 31.6 8.9 7.6 2.9 15.5 7.9 5.9 
1S-5 AKU 3999 24/6/YM 6.9 166 0 0 14.5 8.0 34.0 7.6 6.0 2.6 23.6 0 3.7 
M. parvispora 12/7/YM 3.0 77 8.4 25 8.8 2.2 24.5  15.3 13.8 2.4 14.4  10.9 7.7 
2S-13 AKU 3994 28/6/YM 8.0 201 0 0 7.8 9.0 56.3 5.3 6.9 1.9 9.8 0 0 
M. schmuckeri 12/7/GY 10.4 219 4.9 51 24.6 11.6 39.1 5.3 3.2 4.0 5.8 2.3 4.1 
NRRL 2761 28/5/GY 8.0 205 0 0 19.9 12.4 37.1 7.4 4.9 4.9 12.4 0 1.0 
M. alpina 1 S - 4  12/7/GY 3.5 59 8.1 28 8.7 2.2 16.8  14.4  10.1 3.0 28.4 13.9 2.9 
AKU 3998 28/6/GY 9.5 318 0 0 17.9 5.9 11.3 9.8 4.1 3.3 47.7 0 0 
M. alpina 20-17 12/7/GY 4.6 71 12.1 55 7.6 1.2 9.2 11.0 11.2 3.6 38.7 17.1 1.7 
AKU 3996 28/6/GY 9.4 277 0 0 15.8 5.3 12.0  18.2 4.8 2.3 39.6 0 0.7 
M. alpina 12/10/GY 8.8 109 6.8 60 13.6 5.4 24.2 11.4 7.2 5.4 21.0 6.2 5.6 
CBS 250.53 28/7/GY 6.2 124 0 0 14.5 5.9 27.8 11.4 7.4 4.0 27.1 0 1.9 
M. alpina 1 - 8 3  12/7/GY 3.8 58 11,6 44 9.2 1.3 15.7 14.1 11.4 1.8 24.2 19.8 2.5 
AKU 3995 28/6/GY 9.4 300 0 0 18.6 4.8 12.3 8.9 4.1 3.4 47.9 0 0 
M. alpina 12/10/GY 9.7 187 7.1 69 16.9 12.0  17.8 7.4 6.6 10.1 22.3 3.8 3.1 
CBS 219.35 28/7/GY 5.5 139 0 0 11.2 4.0 30.5 14.4  10.9 4.1 22.4 0 1.7 

aEach strain was grown under conditions described in the text except for growth temperature and cultivation period as indicated. 
b16:0, palmitic acid; 18:0, stearic acid; 18:1, oleic acid; 18:2, linoleic acid; 18:3, ),-linolenic acid; 20:3, dihomo-y-linolenic acid; 20:4, 
arachidonic acid; 20:5, EPA. a-Linolenic acid and other polyunsaturated fatty acids of the n-3 series were not detected. 
CFA, fatty acid. 
dMedium GY and medium YM contained 2% glucose and 1% yeast extract (pH 6.0), and 1% glucose, 0.5% peptone, 0.3% yeast extract 
and 0.3% malt extract (pH 5.0), respectively. 

ca t ion  of E P A  were essen t ia l ly  the  same as descr ibed 
p rev ious ly  (7). 

Other methods. F u n g a l  g rowth  was  measu red  by  
d e t e r m i n i n g  the  mycel ia l  weight  af ter  d r y i n g  at  100 C 
overn ight .  Glucose concen t r a t i ons  in media  were meas-  
u red  wi th  a commercia l ly  avai lable  k i t  (Blood Sugar-  
GOD-Per id-Tes t ,  Boehr inger ,  M a n n h e i m ,  Federa l  Re- 
publ ic  of Germany)  essen t ia l ly  accord ing  to the  me thod  
of Werne r  et  al. (10). Mass  and  1H N M R  spec t ra  were 
m e a s u r e d  wi th  a Hi t ach i  M-80 and  a Nicolet  NT-360, 
respect ively.  

RESULTS 

Screening of fungal strains capable of producing EPA.  
Two h u n d r e d  and  f i f teen s t r a ins  of Mucoraceae  were 
a s sayed  as to their  E P A  p r o d u c t i v i t y  at  a low g rowth  
t e m p e r a t u r e  (12 C), because  several  a rachidonic  acid- 
p roduc ing  Mortierella s t r a in s  had been  found  to accumu- 
la te  de tec tab le  a m o u n t s  of E P A  in their  mycel ia  only  
when  g rown  at  low t e m p e r a t u r e  (9). Such s t r a ins  were 
found  in the  genus  Mortierella at  a h igh frequency.  All  
of t h e m  (105 s t ra ins)  p roduced  arachidonic  acid as an- 
o ther  major  C-20  p o l y u n s a t u r a t e d  f a t t y  acid. Th r ough  

this  test ,  we selected the 11 s t r a ins  l i s ted in Table  1, 
the  E P A  produc t iv i t i e s  a t  12 C of which were com- 
pared  wi th  those at  28 or 24 C. In  every  case, E P A  
accumula t i on  was observed  only  at  12 C, regardless  of 
the m e d i u m  used  (i.e., m e d i u m  GY or m e d i u m  YM). 
The  d a t a  in Table  1 show t h a t  these  E P A  producers  
fall roughly  in to  two groups  as to their  cellular  f a t t y  
acid profiles. One group  inc ludes  mos t  s t r a in s  o ther  
t h a n  M, alpina. They  a c c umul a t e d  oleic acid as the  
m o s t  p r e d o m i n a n t  cellular  f a t t y  acid (20-60 %). M. alpina 
s t r a in s  are un ique  in  t h a t  a rachidonic  acid is one of the  
m o s t  p r e d o m i n a n t  ce l lu lar  f a t t y  acids  (20-50%).  I n  
par t icular ,  a rachidonic  acid compr i sed  nea r ly  50% of 
the  to ta l  cellular  f a t ty  acids in M. alpina 1S-4  and  
1-83 at  28 C. On the  o ther  hand,  there  was  no t  such a 
clear difference as to E P A  c o n t e n t s  be tween  these  two 
groups.  We selected M. hygrophila and  M. alpina 20-  
17 for the  fol lowing exper iments ,  because  of their  my- 
celial yields, l ipid c o n t e n t s  and  E P A  conten ts .  

Effects of the growth temperature on the produc- 
tion of EPA.  Both  the  s t r a in s  grew well a t  low tem- 
pe ra tu re  (6-16 C), a l though  the  g rowth  ra tes  were some- 
w h a t  lower t h a n  those  a t  h igher  t e m p e r a t u r e  (20-28 
C). The mycel ia l  yields ob ta ined  af ter  five to seven  
days  of cu l t i va t i on  in m e d i u m  GY were comparab le  to 
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TABLE 2 

Effect of the Growth Temperature on the  Product ion  of EPA a 
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Content of Yield of 
Mycelial Total 

yield FA b EPA Ara b EPA Ara b 
Temperature (C}/ Img/ml of (mg/g Img/g Img/g (mg/ml of (mg/ml of 
cultivation period culture dry dry dry culture culture 

(days} medium} mycelia) m y c e l i a }  m y c e l i a }  m e d i u m }  medium} 

% in 
total FA b 

EPA Ara b 
M. hygrophila IFO 5941 
6/11 7.7 148 15.3 11.1 0.12 0.09 10.3 7.5 
12/6 9.7 163 14.6 16.3 0.13 0.16 6.5 8.1 
16/6 8.7 220 6.9 26.8 0.06 0.23 3.1 12.2 
20/6 7.7 167 6.2 31.6 0.04 0.24 3.7 18.9 
28/6 7.4 133 0 75.6 0 0.17 0 17.6 

M. alpina 20-17 
6/11 6.9 168 13.8 59.3 0.09 0.49 8.2 35.3 
12/7 9.7 200 11.2 104.0 0.11 1.01 5.6 52.0 
16/6 9.2 201 7.2 102.3 0.06 0.94 3.6 51.2 
20/6 8.7 260 2.9 142.4 0.02 1.24 1.1 54.8 
24/4 8.9 247 1.0 130.1 0.01 1.16 0.5 52.6 
28/6 10.1 215 0 112.9 0 1.14 0 52.5 

aEach strain was grown at various temperatures for 4 to 11 days, as indicated. Other conditions are given in the text. 
bFA, fatty acid; Ara, arachidonic acid. 

those on cul t iva t ion  at  higher t empera tu re  for four to 
six days.  In both  cases, the max imum E P A  contents  
were obta ined with mycel ia  grown at  6 C, as shown in 
Table 2. The max imum E P A  product ion was, however, 
obta ined  at  12 C. Fu r the r  elevation of the growth  tem- 
pera ture  b rought  about  marked  decreases in their  E P A  
conten ts ,  a l though  E P A  accumula t ion  was s t i l l  ob- 
served up to 20 C. Conversely,  their  arachidonic acid 
contents  increased with elevation of the growth tem- 
perature .  The E P A  content  of M. hygrophila mycelia  
grown at  28 C was seven t imes  higher than  t ha t  at  6 
C. I t  also should be noted tha t  hi. alpina is excellent 
in accumula t ing  arachidonic acid. The arachidonic acid 
product ion  reached 1.24 mg/ml of culture medium (142.4 
mg/g dry mycelia) when cul t iva ted  at  20 C for six days.  
The arachidonic acid comprised  more than 50% of the 
to ta l  mycelial  f a t t y  acid. A t empera tu re  shift  from 28 
to 12 C also induced E P A  production.  This occurred 
at  any phase  of growth,  even when washed mycel ia  
were allowed to s tand  at  12 C. When the t empera tu re  
was shif ted to 28 C af ter  cul t ivat ion for four days  at  
12 C, no fur ther  increase in E P A  accumulat ion was 

observed.  More t han  85% of the  accumula t ed  E P A  
dur ing growth  at  12 C remained unchanged on incuba- 
tion of M. hygrophila for a fur ther  five days  at  28 C. 
On the contrary,  the E P A  in M. alpina rapid ly  disap- 
peared  with the t empera tu re  shif t  (data not  shown). 

Other factors affecting EPA production. (i) Carbon 
sources. Various carbon compounds,  including sugars ,  
organic acids, alcohols, f a t t y  acids, n-alkanes and oils, 
were tes ted  as carbon sources in place of glucose in 
medium GY. Glycerol  and maltose,  and fructose were 
found to be effective carbon sources for M. hygrophila 
and M. alpina, respect ively,  producing a lmost  the same 
mycelial  yields and E P A  contents  as those  with glu- 
cose. The E P A  content  of M. hygrophila grown with  
n-octadecane was double tha t  with glucose, but  the 
mycelial  yield was poor (4.3 mg/ml). The op t imum con- 
cent ra t ion  of glucose at  a fixed concentra t ion of yeas t  
ex t rac t  (1%) was 2%, with which M. hygrophila and 
M. alpina accumula ted  0.08 and 0.10 mg of E P A / m l  of 
culture medium (11.1 and 11.3 mg/g dry mycelia), re- 
spectively.  A fur ther  increase in the  glucose concentra- 
t ion repressed the growth  of both  fungi. 

TABLE 3 

Effect of Glucose Feed ing  on the Product ion  of E P A  by  M. hygrophila I F O  5941 a 

Mycelial Total EPA EPA 
yield FA b content yield 

Cultivation (mg/ml of (mg/g (mg/g (mg/ml of 
period Day of culture dry dry culture 
(days} feeding m e d i u m }  mycelia) m y c e l i a }  medium) 

10 7.8 298 21.0 0.16 
11 5,7,9 14.1 298 19.4 0.27 
10 4,6,8 14.2 259 19.4 0.28 
10 6,8 15.2 305 20.4 0.31 

aM. hygrophila was grown in medium GY as indicated. Glucose was fed to maintain a 
level of 2% on the indicated days of cultivation. Compositions of medium GY and 
other conditions are given in the text. 
bFA, fatty acid. 
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TABLE 4 

Effect of a Temperature Shift and Glucose Feeding on the Production of EPA a 

M. hygrophila M. alpina 
Mycelial Total EPA EPA Mycelial Total EPA EPA 

yield FA b content yield yield FA b content yield 
Cultivation (mg/ml of (mg/g (mg/g (mg/ml of (mg/ml of (mg/g (mg/g (mg/ml of 

period Glucose culture dry dry culture culture dry dry culture 
(days) feeding medium) mycelia)  mycelia)  medium) medium) mycelia)  mycelia)  medium) 

Exp. I (20 --" 12 C) 

A 3 no 7.8 219 4.6 0.04 9.2 100 1.5 0.01 
B 7 no 8.8 159 8.3 0.07 9.9 276 4.1 0.04 
C 7 yes 8.0 388 17.8 0.14 6.7 96 29.1 0.20 
D 7 yes 10.0 198 14.9 0.15 11.1 272 25.3 0.28 

Exp. II (12 ~ 20 C) 

A 5 no 8.2 164 9.7 0.08 9.3 112 5.7 0.14 
B 9 no 9.3 188 23.3 0.22 9.9 204 13.7 0.14 
C 9 yes 7.1 610 40.9 0.29 7.1 308 25.0 0.18 
D 9 yes 10.1 184 14.0 0.14 10.5 216 12.3 0.13 

aIn Experiment I, cultivation as performed in 4 flasks at the same time at 20 C. One of the flasks was analyzed on the 3rd day (A). The 
other three flasks were shifted to 12 C on the same day with (C and D) or without (B) glucose feeding to maintain the level of 2%; then, 
the cultivations were continued for a further 4 days. In D, yeast extract {0.2 mg/ml) also was added on the 3rd day. In Experiment II, 
the cultivations were started at 12 C. On the 5th day, one flask was analyzed (A). The other three flasks were shifted to 20 C with (C 
and D) or without (B) glucose feeding to maintain the level of 2%, and then the cultivations were continued for a further 4 days. In D, 
~east extract (0.2 mg/ml) also was added on the 5th day. Other conditions are given in the text. 

FA, fatty acid. 

(ii) Nitrogen sources. Various organic and inorganic 
compounds and natural nutrients were tested by add- 
ing each of them to medium GY to a final concentra- 
tion of 0.5%, and by replacing the yeast  extract  in 
medium GY with 0.5% of each of them. Generally, the 
mycelial yields increased significantly on the addition 
of organic nitrogen sources such as tryptone, casamino 
acid, meat extract, etc., but  the E P A  contents of the 
two fungi decreased markedly.  Only bactopeptone  
(Difco, Detroit, Michigan} was effective in increasing 
the mycelial yields without decreases in the E P A  con- 
tents. In the replacement test, no nitrogen source su- 
perior to yeast  extract  was found, so far as tested. The 
opt imum concentration of yeast  extract  at a fixed con- 
centration of glucose (2%) was 1%. 

(iii) Glucose feeding. Because the glucose in me- 
dium GY was consumed during the first four to five 
days of cultivation, and the presence of a high level of 
glucose at the initiation of the cultivation repressed 
the fungal growth, glucose was fed periodically to main- 
tain a level of 2%. The data in Table 3 show that  the 
mycelial mass increased about two-fold without a sig- 
nificant decrease in E P A  content on feeding of glucose 
in every case tested. The maximum production of E P A  
(0.31 mg/ml, 20.4 mg/g dry mycelia) was attained on 
cultivation of M. hygrophila for 10 days with two suc- 
cessive feedings of glucose on the sixth and eighth 
days. 

(iv) Combination of a temperature shift and glucose 
feeding. To reduce the growth period without any de- 
crease in E P A  production, each strain was grown un- 
der the conditions (with glucose feeding and a tempera- 
ture shift) shown in Table 4. The maximum E P A  pro- 
duction with M. alpina {0.28 mg/ml) was obtained when 
the fungus was grown at 20 C for three days and then 

at 12 C for a further four days with feeding of glucose 
and yeas t  extract. This value was about seven times 
higher than that  obtained under the conditions with- 
out feeding. More than 11 days were required to obtain 
essentially the same value when the fungus was grown 
without a temperature shift (data not shown). In the 
case of M. hygrophila, the maximum E P A  production 
{0.29 mg/ml) was obtained when it was grown at 12 C 
for the first five days and then for a further four days 
at 20 C with glucose feeding. However, feeding of yeast  
extract  led to decreased production of EPA. 

EPA production under optimum culture conditions. 
Based on the above results, M. alpina was cultivated 
in medium GY supplemented with 0.5% bactopeptone 
for 11 days at 12 C with two successive feedings of 
glucose (1% each) on the seventh and nineth days. The 
E P A  product ion reached 0.49 mg/ml of culture me- 
dium (29 mg/g dry mycelia). This value accounted for 
13.5% of the total  extractable  mycelial f a t ty  acids. 
Other major fa t ty  acids were palmitic acid (6.0%), stearic 
acid {5.3), oleic acid (6.2}, linoleic acid (3.0), y-linolenic 
acid (3.5} and arachidonic acid {60.0}. Essentially the 
same results were obtained when the cultivation was 
carried out at 20 C for the first three days followed by 
cultivation for a further six days at 12 C with two 
successive glucose feedings (1% each; fifth and sev- 
enth days}. 

Isolation of the EPA. The E P A  methyl  ester (6.7 
mg) was isolated from the lipids extracted from 15 g 
of wet mycelia of M. alpina grown under op t imum 
culture conditions. The mass spectrum of the isolated 
methyl  ester showed a molecular ion peak at m/z 316 
(relative intensity, 7%) and intense fragment ion peaks 
at m/z 201, 180, 175, 173, 93, 91, 79 and 67 {relative 
intensity, 65, 100, 87, 52, 54, 74, 100 and 58%, respec- 
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tively). The ~H NMR spectra in CDC13 with tetrameth-  
ylsilane as an internal s tandard showed signals at 0.97 
(t, 3H, CH3), 1.72 (m, 2H, CH2), 2.10 (m, 4H, CH2), 2.33 
(t, 2H, CH2), 2.82 (m, 8H, CH2), 3.67 (s, 3H, CH3) and 
5.38 ppm (m, 10H, C=C). These da ta  corresponded 
well to those of authentic E P A  methyl  ester (Funako- 
shi Chemicals, Tokyo). 

DISCUSSION 

The results reported here show tha t  fungal mycelia are 
rich sources of EPA.  In particular, M. a lp ina  20-17 
was found to accumulate about 0.5 mg of EPA/ml of 
culture medium (29 mg/g dry mycelia). There has been 
no report  showing the possibility of fungal microor- 
ganisms being potential  sources of it, before this work. 
These fungi are thought  to be much more advanta- 
geous than the algal, moss and protozoal sources previ- 
ously reported {3-6), because of their higher EP A  con- 
tents,  their higher growth rates in simple media and 
the simplicity of their  manipulat ion.  These features  
would make the use of these fungi as sources of E P A  
very  promising. 

All the EPA-producing strains found here accumu- 
lated polyunsatura ted  fa t ty  acids of the n-6 series (i.e., 
y-linolenic acid, dihomo-y-linolenic acid and arachidonic 
acid) in their  mycelia. However ,  no n-3 polyunsatu-  
rated fa t ty  acid other than E P A  was detected. This 
suggests  tha t  an n-6 PUFA may be a precursor of 
EPA.  If this is the case, an enzyme(s) or enzyme sys- 
tem catalyzing the methyl-end directed desaturat ion 
(6,11) of one of these polyunsatura ted  fa t ty  acids, prob- 
ably arachidonic acid, may be formed or activated on 
cold adaptation. The resul tant  E P A  may be necessary 
for maintaining a proper membrane fluidity in a low 
tempera ture  environment.  The mechanism underlying 

this cold-induced formation of E P A  is now being stud- 
ied (9). 

For practical purposes, however, low tempera ture  
is disadvantageous because of low growth rate and 
high energy cost for cooling. The data  in Table 4 and 
those obtained under optimal conditions suggest  tha t  
combination of the tempera ture  shift and glucose feed- 
ing during the growth of the fungi may be one of the 
effective ways of obtaining enough mycelia with high 
EP A  content  in a short  cultivation period. 
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