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Abstract

in order to study the influence of culture conditions on cell growth and lipid formation
by Mucor sp., various carbon and nitrogen sources, initial pH, and C/N ratio of medium were
investigated. Glucose was found to be suitable carbon source in terms of lipid yieid and y-
linolenic acid(GLA) content. When NH4Ci and (NH4)2S04 were used as nitrogen source,
lipid content was high(19~21%) but GLA content was low(15~17%). On the other hand,
when NaNO3z and KNO3 were used, lipid content was low{about 13%) but GLA content
was high(22~23%). The highest production of lipid was obtained at a C/N ratio of 40 using
glucose and (NH4)2504 as carbon and nitrogen source, respectively. It was found that lipid
yield was high at pH 4.6. Also-this fungus did not grow at 36T, and lipid yield was higher

at 15C than 25%¢.

Introduction

v-linclenic acid(6, 9, 12-cis, cis, cis-octadecatrie-
noic acid, GLA) showed some medicinal effects
on the cardiovascular diseases, tumor, hyperchole-
sterolemia, etc.!2,

0il containing this compound has been produced
from plant seeds(Oenothera sp. or Boraginaceas)
but GLA is also synthesized by some fungi®?.
Micrebial production of GLA may have certain ad-
vantages, and thus recently fungal oil containing
GLA has been produced commercially from Mor-
tierella sp. in Japan®.

Thus, in this paper, we report on the effects
of culture condition such as carbon and nitrogen
sources, initial pH, temperature, and C/N ratio on
growth and lipid formation of Mucor sp..

Materials and Methods

Microorganism
The fungal strain used in this study was Mucor
sp. FA-007 described .in the previous paper®.

Medium and culture conditions

Carbon sources were added to a concentration
of carbon equivalent to 3% glucose and nitrogen
sources were added to a concentration of nitrogen
equivalent to 0.3%{NHy)250,. C/N ratio was cont-
rolled by varying the amount of (NH,):S0y in the
medium keeping 3% glucose as carbon source. Dif-
ferent initial pH was adiusted with 0.IN NaOH
and 0.1 N HCL

The basal medium and culture condition was
the same as in the previous paper?.
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Analytical methods

Measurement of dry cell weight(DCW) and total
lipid{TL), and fatty aid analysis were performed
as described previousiv®!, Glucose concentration
of the culture broth was measured by the DNS
method”

All the presented data express average values
of three individual series of cultivation and analy-

tical experiments.
Resulis and Discussion

Change of dry cell weight, tota! lipid and fatiy
acid composition during incubation

As shown in Fig. I, DCW and TL were increased
up to 7th day and then decreased. Glucose as car-
hon source was consumed rapidly up to 5th day.
pH of culture broth was decreased to pH 2.3 on
3rd day, and then was maintained at pH 2.2 -2.3.
BCW on 5th day compared to 3rd day and DCW
on 7th day comapred to 5th day were increased
about 30M9 and 15M4, respectively. Also TL ine-
rease in the same periods were about 17mY and
8mg, respectively. From these results, we could

know that neutral lipid was significantly From
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Fig- 2. Change in faty acid composition of total
lipid in Mucor sp. FA-007 during incu-
bation.

Carbon source  Glucose, 309 /1
Nitrogen source | {NHs)2504, 39 /1

these results, we could know that neutral lipid

was significantly synthesized during the periods.

Table 1. Influence of carbon sources on cell gro-
wth and lipid formation by Mucor sp. FA-

0Q7
Carbon sources
Glucose Xylose Sucrose Lactose Soluble
starch
F
2 160 131 2064 147 = 18.6
i
t 1601 48 42 49 - 38
v
1810 43 79 50 - 78
a
C 181 335 360 338 - 4.7
i
d 182 175 118 142 -~ 128
(%) 18:3 156 137 164 - .17.6
DCWP(mg/100me) 355 285 350 4] 147
TLe{mg/100mé) 75 35 21 - 22
TL/DCW(%:) 211 123 6.0 - 15.0
pi! 2.2 23 2.3 - 2.3

a o y-linolenic acid, b Dry cell weight, ¢ | Total lipid
d - pH after cultivation, Carbon Nitrogen scurce - (NH

422504 39/1, C/N ratio © 188
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On the basis of DCW and TI., 7 days was suitable
as cultivation time. Thus we carried out 7 day-cul-
tivation for further studies.

Fig. 2 shows the change in major fatty acid com-
position of total lipid during incubation. GLA con-
tent was maintained as about 15~16% from 3rd
to 9th day. Interesting fact was that saturated fatty
acids(16 1 0 and 18 : 0) were increased after Sth
day but unsaturated fatty acids(18 : 3 and 16 : 1)
were decreased after 9th day.

Influence of carbon and nitrogen sources

DCW, TL and major fatty acid composition of
Mucor sp. FA-007 grown on different carbon sour-
ces were summarized in Table 1.

Among the carbon sources glucose showed the
highest cell growth and lipid content, which resul-
ted in the highest productivity of GLA. This resuit
was in good agreement with other reperts®®. Al-

though there are papers showing lactose to be used
for microbial growth™* Mucor sp. FA-007 did not
use lactose as carbon source.

Various nitrogen sources also affected the cel
growth, lipid content and GLA content of Muror
sp. FA-007(Table 2)

Nitrate type nitrogen sources such as NaNOs
and KNO; gave good cell growth, low lipid content
and high GLA content. On the other hand, ammo-
nia type nitrogen sources such as (NHy)»S0, and
NH;C! gave poor cell growth, high lipid content
and low GLA content. Among the nitrogen sources
tested, (NH,)2S0y and NaNOy, were found to be
suitable nitrogen sources in terms of lipid yield
and GLA production.

Influence of C/N ratio
Because C/N ratio is known to have profound
effects on cell growth and lipid accumulation in

Table 2. Influence of nitrogen sources on cell growth and lipid formation by Mucor sp. FA-007

Nitrogen sources

NaNOy KNOy NH;NO; (NH,):CO NH,Cl {NH43 ;50,4

F
a 160 12.1 125 10.5 15.4 17.1 13.1
t
t 161 115 109 119 33 3.4 4.8
v

180 7.1 6.2 58 76 6.4 4.3
4
¢ 181 16.9 187 19.9 16.3 325 335
i
d 1812 17.8 229 25.1 273 13.6 175
{%) 18 3 233 22.3 18.2 20.3 17.9 15.5
DCWP(mg/100mé) 545 475 570 450 340 355
TL (mg/100me ) 73 62 55 42 65 75
TL/DCW %) 134 13.1 96 ¢.3 19.1 211
pHA 7.4 7.2 6.2 6.0 2.2 22

a - y-linolenic acid, b’ Dry cell weight, ¢ @ Total lipid, d | pH after cultivation

Carbon source : Glucose, 309/1, C/N ratin . 188
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Tabie 3. Influence of C/N ratio on cell growth
and lipid formation by Mucor sp. FA-007

C/N ratio

188 40 80 120 160 200
"
a 160 131 189 213 210 185 1838
;
t 161 48 38 19 17 17 18
.

1810 43 43 66 63 54 56
a
¢ 1811 335 443 428 426 470 471
i
d 182 175 112 89 82 101 105
(%) 18:% 156 102 112 116 121 122
DCW'(me/100me) 355 430 300 260 180 105
TL:(mg/200me) 75 125 83 64 39 20
TLHCW{%) 211 291 276 246 217 190

pH? 22 24 28 28 30 30

a - y-linolenic acid. b Dry cell weight, ¢ Total lipid
d | pH after cultivation, Carbon source - Glucese, 3%9/1
Nitrogen source | (NHy S0y

microorganisms, we investigated the mfluence of
C/N ratio{ Table 3.)

The highest DCW and lipid yield were obtained
at a C/N ratio of 40, and their content were about
430mg/100m? medium and 125m9/100m¢ medium,
respectively. But the highest GLA content{about
15% of total fatty acids) was obtained at a /N
ratio of 18.8.

From these results, we could found that opti-
murs C/N ratio for GLA production using this fu-

ngus was between 188 and 80.

influence of initial pH and temperature

The intial pH of culture medium greatly affec-
ted cell growth and itpid formation of Mucor sp.
FA-007 as shown in Table 4,

As initial pH increased, DCW was increased and
the highest DCW was attained atr pH 5.6. But the

Table 4. Influence of initial pH on cell growth and
lipid formation by Mucor sp. FA-007

Initial pH
2.6 3.6 4.6 5.6

2 1610 142 136 131 126
{
t 161 33 68 48 81
v

18:0 - 45 43 34
a
¢ 1811 347 339 335 374
i
d 1812 94 178 175 143
(%) 1873 308 138 156 174
DCWS(mg/100me) 25 305 355 545
TLe(mg/100mE) g 61 75 62
TL/DCW(%) o 22 2223
pH! 24 22 22 23

a - y-linolenic acid, b : Dry cell weight,
¢ Total lipid, d° pH after cultivation

Carbon source . Glucose, 309/1
Nitrogen source : {NH{}.850,, 39/1

highest lipid vield was observed at pH 4.6. Thus
we thought that optimum pH for GLA production
by this fungus would be between pH 36 and pH
5.6.

Table 5 shows the influence of temperature, This
fungus did not grow at 35C. DLW, lipid vield and
lipid content were better at 15C than at 25C. From
this result, we thought that this fungus would be
psychrophile.
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Table 5. Influence of temperature on cell growth
and lipid formation by Mucor sp. FA-007
Temperature
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¢ . Total lipid, d * pH after cultivation

Carbon source . Glucose, 309/1
Nitrogen source © {NH)SC, 39/1
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