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INTRODUCTION 

Gamma-Jinolemc acid (GLA), cn-6,cH-9,cis-12-octadecatrienOIC acid, 

or 18 3(n-6), ts an mtermed1ate m the metabolic pathway of (n-6) essential 

fatty acid from lmolc1c acid mto arachtdomc ac1d, the precursor of 2-senes 

1cosanoids (prostaglandms (PG ), thromboxanes, and leukotrienes ), whtch 

play vital roles m the human body Further, GLA 1s the d1rect precursor of 

d1homo- r -lmolentc actd (DGLA), 20 3(n-6 ). the precursor of antl-

mflammatory 1-scnes 1cosanotds[ I] as shown 111 Figure l. The 

effectiveness ofGLA supplementation derives from the facts that activity of 

~ 6 desaturasc, that converts hnole1c ac1d mto GL r\, has been found to fall 

raptdly m the testes and more slowly 111 the ltver m aging an1mals. Other 

factors which mh1b1t ~ 6 desaturase are d1abetes, alcohl, radiat1on, htgh 

carbohydrate d1et. low protem d1et. Delta-6-desaturasion is the rate

hmltmg step in the metabolic pathway of (n-6) essential fatty ac1d even m the 

young animals, wh1ch causes dev1at1on of 1cosano1ds profile, espec1ally 111 

the case of symptoms above mentioned[2-5]. D1etary GLA was also 

shown to cause stimulation of ~ 6 desaturase both in (n-6) and (n-3) 

essential fatty aclds[6,7]. This stnnmulation as v.ell as supplemented GLA 

1tself cause h1gher level of DGLA. wh1ch has antt-thrombogemc. anti

atherosclerotic mcluding hypocholesterolic, anti-mflammatory[8-I OJ, and 

other effects[6, II, 12]. These are the rationale that GLA will be used as 

functional foods and pharmaceutical products. On the other hand, 1t 1s 

not easy for us to take in some level of GLA from conventional foods \\ h1ch 

in many case contains little GLA. Gamma-linolenic acid or lipid 

containing GLA is obtained conventionally from several plant seeds, such as 

those of evening primrose ( Oenothera htenms L. )[ 13 ], wh1ch contains about 



8% of GLA and is available commercially as a health food. 

The author has studted the production of fats and otis by fungt, m 

order to develop new sources of fats and oils. In Japan. the maJOr sources 

of fats and otis, such as soybean. palm. rape. sunflower, tarrow. lard, 

groundnut cotton. coconut. are mostly tmportcd from other countnes. 

Therefore, research on mtcrobial productton of oils and fats would be 

indispensable m tem1s of natiOnal securit~ and global resource preservation. 

Many studies on lipid productton wtth oleagtnous yeasts have been 

perfonned smce the 1940s[ 14-18]. However. not many researches on 

ltpid productton by fungi have been earned out[ 19]. whtch \vas caused by 

the dtfficulty of realizing cultures at higher cell concentration and ltpid 

productivity compared wtth yeasts. In 1965. Sha\\-[20] reported the 

existence of GLA only in the Phycomycetes (including Oomycetes and 

Zygomycetes), but not m other classes such as the Ascomycetes and 

Basidtomycetes. Tyrre11[21] also reported that some Oomycetes and 

Zygomycetes contain DGLA and arachidonic acid. 

Recently, research on the microbtological production of GLA and 

other polyunsaturated fatty acids (PUF As). difficult to obtain from plant or 

animal oils, has been acttvely performed, based on those early studtes. 

However, almost all these researches have not been extended to practtcal 

productton, because of thetr low PUF A contents as well as the low 

productivities. Shimtzu et a/. found }vfortierellu alpmu among 

Zygomycetes fungi, isolated from soil, produced a considerable amount of 

arachtdonic actd[22,23]. They also reported the production of DGLA, 

icosapentaenoic acid and some other PUF As by the stram and tts mutant 

strai ns[24-26]. 

The author has developed a method for the production of GLA or a 
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lipid containing GLA by the culture of a particular fungal strain in a liquid 

culture medtum wtth markedly mcreased effictency, whtch was eventually 

advanced to practtcal production 

In chapter I. the author describes mvesttgation of cell growth, liptd 

productton. ltptd dtstnbutton and ltpid producttvtty among members of the 

order Mucorales in the Zygomycetes. This chapter deals with the search 

for a fungus exhibttmg htgh productivity of liptds or GLA. 

In chapter II . the author describes investigation of the influence of the 

cultural conditions on cell growth, lipid composition and liptd accumulation, 

m order to mcrease m the liptd productton by ,\lfortJerella J.\abellma, the 

selected strain in chapter I. 

ln chapter III, the author descnbes the production of GLA by the 

genus Morllerella resultmg in a high cell mass and a high concentration of 

GLA-containing lipids. 

(n-6)routc 

~COOH 
~ Linolcicacid 

+ 6.6 desaturase 

( ~OH I ~Unolcnicadd I 
+ 

~OOH.~OOH+ 

Dihomo- y -linolenic acid Arachidonic acid 

+ + 
PG 1 group PG 1 group 

(n-3)routc 

~OOH 

a -Linolenic acid 

+ 
+ 

~OOH 

Icosapentaenoic acid 

+ 
PG 3 group 

Figure 1. Pathways for the b10synthes1s of prostaglandin ( PG) groups 

3 



CHAPTER I 

Lipid Production and 'Y -Linolenic Acid Content of 

Genus Mortierella 

Section 1 Lipid composition of 6 species of order Mucorales in class 

Zygomycetes 

Many microorgamsms have been charactenzed with respect to the1r 

cellular fatty acid compos1t10n, mainly from a taxonomic view point[27 ,28] 

Fungus class Zygomycetes 1s characteristic of having r -linolemc acid (us-

6,cl\-9 ,us-12 octadecatnen01c ac1d, GLA) for a fatty acid mstcad of a -

linolen1c ac1d ( Cl\-9 ps-12. C/,\-15 octadecatrien01c acid), therefore, many 

researches were done regarding its lipid. In 1965, Shaw[20] proved the 

existence of GLA in the Pycomycetes (mcluding Oomycetes and 

Zygomycetes) only, but not m other classes such as the Ascomycetes and 

BasidiOmycetes. Tyrrellf29] also descnbed that Zygomycetes fungi of 

Entomophera contain arach1donic acid. Therefore, Zygomycetes fungi were 

expected to be useful source for a productiOn of polyunsaturated fatty acids 

(PUF As), owmg to their characteristiC fatty ac1d composition. Based on 

these early study, several workers started the research on lipid production by 

Zygomycetes fungi[30,3l ]. However, very few research on lip1d production 

and especially the effects on cultural conditions on cell growth and lip1d 

accumulatiOn by fung1 has been performed[ 19], compared \\ ith lip1d 

productiOn by oleaginous yeast( 14, 16-18,32) The reason why research on 

lipid production by fungi has not been performed are that the culture of fungi 

is more difficult than that of yeast, and that the lipid content is lower in 

fungi. Recently, research on microbial product JOn of some PUF As has been 

actively performed, based on these early studies. However, almost of these 
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researches have not been extended to practical production, because of the 

low PUF A content as well as low productivity. 

Thts section deals wtth the investtgatJOn on fatty actd composition, hptd 

dtstnbutton and hptd productl\>lt) of 6 species, 1 I strains of order 

Mucorales in Zygomycetes. 

Materials and Methods 

JH1Croorgan1sms. Order Mucorales 6 spectes (II strams), Ahrmba 

cotymh1lere. ( 'hoanephora cm:mans, Morllerella ISahellma. Mucor 

amh1guus. Rr::opus my:ae and !3yncephala\'lrum rac:emosum were obtamed 

from the Culture Collectton ofthe Institute ofFermentat10n, Osaka 

\fedw and culture c:ondlfiom. The microorgamsms were grown in 

500 mL erlenmeyer flasks, containing 200 mL medmm The flasks were 

mcubated at 20 or 30°C under stationary conditions Liquid culture medium 

conststed of 30 g glucose, 3.0 g KH2P04, 3.0 g NH4N03, 0.3 g MgS04 • 

7H
2
0, 0.2 g malt extract, 0.2 g yeast extract, 10 mg FeS04 • 7H20, 1 2 mg 

CaCI
2 

•2H
2
0, 0.2 mg CuS04 • 5H20 and 1.0 mg ZnS04 •7H20 per liter (pH 

4.6). 

Analyst 'I of cell growth and lip1d content. Mycelia v .. ere harvested at a 

statiOnary growth phase and separated from the medmm by filtration. The 

cell growth was detem1ined by dry cell weight (DC) in an oven at 11 O"C to 

a constant weight using a portion of the filtrated mycelium. Lipid was 

extracted from filtrated mycelium with homogenation tn 

chloroform/methanol solution (2 1 by vol.) with glass beads and purified 

according to the methods ofFolch[33). The totallip1d (TL) production was 

measured by weight The extracted lipid was fractionated into neutral lipid 

(NL) and polar liptd (PL) by silicic actd chromatography, as described by 

Vance and Sweeley[34]. 
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AnalysiS of lipid Distribution of NL and PL were analyzed by thin 

layer chromatobrraphy (TLC) according to the method of Suzuki 

et.al. [35,36) with a slight modification using silica gel-precoated TLC plate 

(Merck 5721, 20 X 20 em, 0.25 mm thickness). The solvent system used 

for NL analysis \\as (a) benzene'diethyl ether ethanol/28°/o ammon1a water 

(50:40:2:0.5 b} vol) and (b) n-hexane d1eth}l ether (94 6 b} vol.) . The 

plates \\-ere, first, developed from ongm to a level of 12 em high usmg 

solvent (a), after drying, secondly developed to a level of 17 em high using 

solvent (b). The solvent system used for PL analysis was chlorofonn/ 

acetone/methanol/acetic acid water (50:20 10:10:5 by vol.)[37). The plates 

were then sprayed \\ith 13°·o H2S04 and 2°/o CuS04 • 5H20 solution, and 

heated in an oven at 140°C for 10 mm. The lipids were identified with 

authentic standards or with some spec1fic coloring reagents such as 

ninhydrin for free amino groups, molybdic-blue for phospholipids, 

Dragendorff reagent for choline and !-naphthol for glycolipids. Quantitative 

analysis of NL distribution was performed by a densitometric method, using 

a TLC scanner (Shimadzu, Model CS-910) with a zigzag scanning mode. 

Each fraction of phospholipids separated from PL on the TLC plate was 

scraped from the plate, and the scraped sample was then analyzed by the 

method of Bartlett[38]. 

Fatty acids were analyzed as methyl esters prepared by using a 7% 

BF3/methanol solution after saponification with 0.5 N methanolic NaOH. 

Then the fatty acid methyl esters were analyzed with a gas chromatograph 

(GC) equipped with a flame ionization detector (Shimadzu, model GC-

4CPF) using glass column (3 mm ID X 2 m) packed with 20°io diethylene 

glycol succinate on 60/80 mesh chromosolb WAW (Shinwa Chemicallnd.)~ 

column temperature, 190 oc; and He flow rate, 40 mL/min. Each peak of 

fatty acid methyl esters was identified with authentic standards or analyzed 
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with a GC-mass spectrometer (Hewlett Packard, model HP-5900) usmg 

1.25 m glass column packed with 2% OV-101 on 60/80 mesh uniport HP 

(Gaskuro-kogyo); column temperature, 150°C; He flow rate, 30 mL/min~ 

and ionization voltage, 70 eV (EI mode). r -Linolenic acid methylester 

obtamed from the lipid of Morllerella ftmgus was also 1denttfied with 
1 
H 

NMR (Hitachi, model R-40, 90 Mz) and 13C NMR (Varian, model FT-80, 

25.2 Mz), and also a -linolenic acid methylester obtemed from linseed oil 

and linoleic acid methylester (Funacoshi Chemicals) were used in these 

analysis for comparison. 

Results and Discussion 

Cell growth and Lipid content The cell growth and lipid content of 6 

spectes ( 11 strains) of the order Mucorales in the class Zygomycetes are 

shown in Table 1. Each species showed a variety of cell growth and lipid 

content. Especia11y two strains of Mortierella isabel/ina were observed to 

have more than 50% TL content in the cells. Cultivations at 20 oc gave 

higher TL contents than those at 30 OC, although the cell growths at 20 OC 

were less than a half of those at 300C in most strains. The TL amount of M. 

Hahellma IFO 7884 cultivated at 20 oc was 86.1% of the dry ce11 weight. 

However, the highest production of lipid, 1.9 giL was obtained at 30oC with 

the same strain. 

Neutral lipid content was almost in proportion to TL content, and in case 

of high TL content, more than 90% of TL was occupied with NL. 

Compared with NL content, PL content was varied. Polar lipid content 

were in a range from 3 to 6% of dry cell weight, comparatively constant 

values. 
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Table I . Lipids in fungi of order Mucorales in Zygomycetes 

E\p. IFO Culture Temp. oc TL TIJOC ~L/DC PLIOC 
\o. Or_g_amsm ~0:._ Days (:C) (giL) {mg/L) {~) _t\) {~) 
I Abisidi<J cor.rmbdcre 4410 17 30 I. 41 154 10. 9 9. 6 1.3 
2 ~b1s1dm con·mblfc:·c 8084 14 30 3. 18 8~3 26.5 22. i 3. 8 
3 Choam:phora c i rc j nc1nS 5991 15 30 5. 53 337 6. I 5. 2 0. 9 
4 Vorl it•rL'l Ia i sabcll ina 782~ 18 30 I. 59 865 54. 4 48.9 5. 5 
5 Vonh•rclla lsabcllina 7824 19 20 0.66 508 76.9 68. I 8. 8 
6 tlorl ivrclla isabcllina 7884 19 30 3. 03 I. 918 63.3 59. 8 3. 5 
7 llortivn..'/la isubd I uw 7884 17 20 I. 31 1. 128 86. 1 80. 2 5. 9 
8 Vucor ambiguus 6742 26 30 0. 72 il 9.9 i. 7 2. 2 
9 .llucor wnbiguus 8092 26 30 0. 97 133 13. i 7. 0 6. 7 
10 Ri zopu.<; oryzat' 4734 13 30 1.42 216 15. 2 12 1 3. 1 
II Rizopus oryzat:> 5418 12 30 I. 90 600 31. 6 29.2 2. 4 
12 RIZopu.<; on·zac 5418 15 20 I. 16 661 57. 0 50. 3 6. i 
13 S.rncepha leiS t rum racemosum 4816 21 30 2. 12 242 II. 4 5. 8 6. 6 
14 c;ynccphal as I ru111 racemosu11 4828 18 30 3. 15 290 9.2 6. I 3. I 

DC: Drv cell ~etght TL. Total I iptd \L: \t•ut ra I I iptd PL: Polar ltpid 

Table 2. Neutral lipid distribution of order \1ucorales 
Exp. IFO \cut raJ l!pid d 1st rlbut ion(\) -
\ o. \ o. TG I, 2 DG I. 3 DG VG FF\ SE FS [k 

I 4410 62.5 5. 3 7.5 5.4 3. 5 9. 5 5. 3 1.3 3 8084 71. 4 13.2 7. 9 2. I 4. 6 Tr 0. 4 0. 4 4 7824 75. 9 7. 5 5. 9 o. 7 7. 8 0. 2 1.9 0. 2 6 7884 87. 9 3. 4 3. 7 0. 5 3. 7 0. 5 0.4 0. 0 9 8092 76. 6 4. I 5. I 7. 8 4. 3 0.8 0. 5 o. 9 II 5418 83.9 3. 2 3. 2 5. 4 1.5 o. 9 0. 6 1.2 13 4816 74. 3 5.6 8. I 7. 7 2. I Tr 0. 6 I. 8 14 4828 74.9 4 8 6. 8 2. 6 8. 8 o. 1 1.0 1.1 
TG·Tnaq·Jgl ~cerol DG:IJ,ac' lghc•·rul I C· V-~noaC) l;rhccrol H\ :f'rct' 
fatt) ac1d !'E Sterol ester f'S Fr~~ sterol l'k:Lnkno•n substance lr. lracc 

~·eutra/ ltpid and pho'>poltp!d dH·tnhw ion. Neutral lipid di stribut ion of 

8 strains is shown in Table 2. Neutral Jip1d fraction was consisted of 

tnacylglycerol, 1 ,2-diacylglycerol, I ,3-dJacylglycerol, monoacylglycerol, 

free fatty acid, sterol ester, free sterol, and unknown substance whose Rf 

was between free sterol and monoacylglycerol m TLC analys1s The most 

prominent NL was triacylglycerol, content of which was in a range of 62 _ 
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88% of total NL. Triacylglycerol content was varied considerably 

depending on the cell growth and TL content. The strain, which accumulate 

large amount of lipid, showed high content of TG. The content of 

diacylglycerol and monoacylglycerol were in wider range by strains 

compared with the content of triacylglycerol. 

Table3. Phospholipid distribution of order Mucorales 

Exp. 
No,_ 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 

iro Temp. Pospholipid d1stribution (~) 
]Q,_ {_o_Q_ PC PE ~ _li_ PG LPC CL _ _p..:_GL 
4410 30 26. I 10. 1 o. 0 1.9 0. 0 57.5 o. 0 
8084 30 74. 8 6.8 4.2 5. I 9.0 o. 0 o. 0 
5991 30 42. 5 40. 6 3. 5 3.3 6. 6 o. 0 3. 4 
7824 30 58. 3 20.5 3. 6 1.8 5.4 1.4 3. 0 
7824 20 62. 6 21. 3 2.8 2. I 4.0 1.1 5.0 
7884 30 53. 2 15.2 11. 0 20.6 o. 0 0. 0 0. 0 
7884 20 38.5 14.9 5. 5 27.6 0. 0 4.6 6.4 
6742 30 5. 9 29. 9 2. 9 0.0 2. 3 28. I 13. 9 
8092 30 37. 5 49.9 3. I 2. 0 3. 5 1.0 3. 2 
4734 30 53. 8 5. 0 13. I 5. 5 8. 0 18. 8 1.0 
5418 30 52. I 3. 2 8. 9 8.8 0. 0 10. 1 8. I 
5418 20 52. 2 3. 4 17. 2 1.3 o. 0 22.6 3. 3 
4816 30 18. 2 49. I 8. 9 8. 7 o. 0 3. 4 II. 6 
48_28 3.L 22. 4_42. 7 __ 4. 7 .l!l:..L 3. B._5~. 4 

PC:I'I¥lsphatldylchol ine PE: l'l¥lspha tidylethanolaaioe PS: l'l¥lsphatid> !serine 
PI :l'l¥lsphatldylinosi to! PG:PI¥lsphatidylglycerol LPC Ly~ophosphat1dylchol1ne 
CL:Cardiolipllle p·GL:Phosphorus conta ining glycolipid 

0. 0 
0.0 
0.0 
4. I 
1.0 
o. 0 
2. 3 

17. 1 
3. 2 
0.0 
0.0 
0. 0 
o. 0 
2_,_L 

Phospholipid distribution of 11 strams is shown in Table 3. Phospholipid 

fraction was consisted of phosphatidylcholine (PC), phospatidyl

ethanolamine, phosphatidylserine, phosphatidyhnositol, lysophosphatidyl

choline (LPC), phospatidylglycerol, and cardiolipin. The polar lipid also 

included phosphorus glycolipid (p-GL) as unknown structure. In these 

strains, PC was principal ingredients, however, phospholipid distribution 

were divergent with respect to strains and growth temperature. In the 

strains of IFO 4410 and IFO 6742, high content of LPC as well as low 

content of PC were shown. In the present study, it is not clarified that, the 

diversity of NL distribution and phospholipid distribution depended upon 

strains or cultural conditions. 
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Fatty ac1d composl/lon. The fatty actd composition of NL and PL of 

II strains is shown in Table 4. The linolenic acid (18:3) included m these 

strains was identified as GLA by the GC-mass spectra and NMR analysis as 

shown by Shaw[20]. Namely, linolenic acid methyl of Af Habel/ma IFO 

7824 and a -linolenic actd methyl showed the same molecular ion peak of 

m/e 292 with GC-mass analysis, though they showed dtfferent retention 
tune in GC analysts. And also spectra with 1 H NMR and I 3c NMR proved 

that the lmolenic acid obtained from these strains was the octadecatrienoic 

acid which had c/.\-6, Cls-9, c1s-1 2 double bonds. 

Table 4. Fatt) acrd compositions of lrprds in fungi of order ~ucora les 

Exp. IFO leap. L1p1d Fall) aud coapoSlllotl t\J 
\o. \ o. ('Cl 14•0 15:0 lti 0 16•1 17 0 17:1 IIi: 0 IB: I lH:.2 16;1* 20·0 20·1 .20:t 20:4 

! 1010 30 \L 0 7 o. 2 24 0 o. 'i O. I 0. 2 6. 7 45 7 7 8 10. 4 0 5 0 I 0 I 0 0 Pl. I!! 0 1 21 5 0. 6 0 I o. 0 'J. 0 42 4 10 7 16 3 0 4 0.4 0 .. (I 0 
2 8084 30 \ L 1 0 0 1 12 8 0 7 0-1 0. 0 19. 1 26. 0 18 8 2. 7 0 2 0 3 0 0 0 0 PL 5 0 0 2 15 7 I. 6 0 0 0 .. 3 7. b 20. 5 :1·1. 7 3 2 o. :1 o. 0 0 0 0 I 3 ~991 30 \l I I 0 5 25 0 2. 0 0 0 0.0 I-I 2 33.9 16.5 2. 8 0 ,J o.o 0 I 0 I Pl. o.' 0. 3 15.4 2. 4 0 0 0. 4 4 -~ :18. 4 29 ::; 5 9 0 2 0 0 o. 2 o. 0 4 782·1 30 \ L 0 6 o. I 21 ~ 0 0 I 4 0 I ·1 I 49 0 10.3 10 7 0 I 0 0 lr 0 0 Pl. 0 5 0 0 13 2 o. 0 1.6 0 2 I :1 ·10. 9 18.6 21.5 0 0 0 0 0 6 0 0 5 7824 20 \ l 0 9 0 3 26 3 2. 0 o. 0 o. 3 4 I ·15. 4 10. 6 8. 2 0 0 0 1 l r o.o PL 1.2 0 'i 17 6 3. 6 0 0 1.2 2. 1 -12 0 13.8 10. 'i 0 0 0 2 0 0 0 0 6 7884 .30 \ l I. 5 0 I h9 5.8 0 0 o. 0 2. 8 -II ' 7 3 4.2 Tr o. 0 0 0 0 0 Pl. 0. ~ 0 I '0 9 6 6 0 0 o. -1 I. 0 39. 'i 21. 3 ]:J. 0 0 0 o. 0 0 0 0 0 7 7884 20 \ L I , 0 I 31 5 ~. 7 0 0 0 I 2 0 ·13. 9 8 8 3 5 0 I Tr o. 0 0 0 Pl I 2 o. 1 26 3 6. I 0 0 o. 3 I 7 44. 2 13.2 'l-1 0 2 Tr 0. 0 0 0 8 6742 30 \L 7 9 0 5 ):1 2 9. 2 0 0 0 2 1'i 'i 23.8 12. I 7. 7 0 2 0 0 0 1 0 0 Pl. 2.0 o. 2 J3. 0 9. 3 0. 0 0 3 7 -16.6 li 5 8. 7 0 3 0 0 0 !i 0 0 9 8092 30 \ L 8. 8 0 5 •• 0 5. 3 o. 0 0 2 Ill 26 5 9. I 1.9 0 6 l6 0 t 0 2 PL 2. 9 0 1 I 6 8.2 o. 0 0 4 6 2 37 0 15 .. 1 10.4 o. 0 0 I 0 :1 0 0 10 4734 30 \ L o. 7 0 7 20 :1 1.4 0. I o. 2 II 4 36 9 17 I 4.9 o. 2 0. I 0 'i 0 0 PL 1.0 0 6 hO 2. I 0 0 0 4 ·1 I 37 2 18.7 5. 4 o. ~ o. 0 0 0 0 0 II 5·1l!i JO \L 0 ;; o. 2 20 ' 1.9 0 0 0 1 8. 0 -18.9 10.~ 6 3 0. I 0 0 0 0 0 0 Pl. I 6 0 :j 16 2 1.5 0 0 0 6 3 s n 3 21 1 15.3 0 3 0 0 0 ·1 0 b 12 5H8 20 \ L 0 5 0. I 22.2 1.1 0 0 0 0 7 I 'il 3 7 8 5 6 Tr 0 0 0 I 0 0 PL 0 6 o. 3 l'i.9 1.2 o.o 0 4 2. o :Js 9 21 s ~~- 1 0 0 0 0 0 2 0 0 13 4816 -10 \ L 1 2 o. 0 17.4 1.0 o.o 0 0 7 'i 11 6 14 3 12.5 0 0 0 2 0 0 0 0 Pl. 0 I o. 0 20 3 ). 2 o. 0 o. 0 4 5 49 7 1..3 10.8 0 0 0 ,J 0 2 0 0 14 48211 30 \L 0 ;; 0. I lls. I 0. 6 0 0 o. 6 17 0 40.9 9 0 9 I 0 0 0 2 0 I 0 I PL 0 5 Tr 12.8 o. 6 0 0 o. I 6.5 164_10~ 15. L 0.0 0. I 0 6 0 0 

\ L: \ eut ral llp1d PL:Polar lipid lF.~ : Total unsatura ted fatty acids lr. Trace * r LlnOlcrnc <JCtd 

r -Linolenic acid content was higher in PL than in NL with almost all 

strains. The strains of A. corymbifera IFO 4010, M. /Sabel/ma IFO 7824, S 

racemosum IFO 48 16 showed more than I 0% GLA content in both NL and 

PL fractions. The two strains of Mucor amb1guus showed higher levels of 

10 

myristic acid and palmitoleic actd than the other strains. Polyunsaturated 

fatty acids with 20 carbon atoms were not detected in these strains. 

It ts well known that GLA ts an intennedtate in the transformation of 

linoletc acid mto arachidonic acid, principle precursor of prostaglandins, 

whtch play very important roles in the human body. On the other hand, 

GLA dose not occur in general plant oils. Therefore, Morflerel/a 

1.mbel/ma which has high lipid productivity and relatively high content of 

GLA IS expected to be excellent source for production of GLA. 

Summary 

The lipid productiVlties of 6 species ( 11 strains) of the order Mucorales 

in the class Zygomycetes were investigated. Furthennore, the distribution of 

lipid and fatty acid composition were determined. The maximum lip1d 

content, 86.1 %, was obtained with Morllerella rmbel/ma IFO 7884 at 20°C. 

However, the highest lipid production of 1.9 giL, was obtained at 30oC w1th 

the same strain. Linolenic acid included in the strain was estimated as c1s-6, 

cls-9, c/s-12 octadecatrienoic acid ( r -linolemc acid, GLA) with the GC

mass and NMR spectra. From the point of GLA content, the strains of A. 

coryrnb~(era IFO 40 I 0, M. /Sabel/ma IFO 7824, and S racernosum IFO 

4816 produced showed more than 10% GLA content in both NL and PL 

fractions. Mortierella isabel/ma which has high lipid productivity and 

relatively high content of GLA is expected to be excellent source for 

production ofGLA. 
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Section 2 Lipid composition of genus Mortierella grown on glucose 

and 11-decane as carbon source 

Some microorgamsms can utilize n-paraffin as carbon source as well as 

glucose. There are many reviews or studtes on usability of n-paraffin as 

carbon source for microorganisms by lizuka or Fukui et.al [39,40]. There 

are many microorganisms \\ hich can use hqllld n-paraflins \\ tth carbon cham 

lenh'th from C5 to C 19. The study on usability of n-paraffins as carbon 

source for microorgamsms was started in 1960's to produce microb1al 

protems, and later to produce amino acid, organic actd, fatt) acid, and 

intenned1ate of vi tamms[ 41-44] . Mtsatm ethereal [45,46) exammed 

production of lip1d usmg n-paraffins by yeast of Candid, and they descn bed 

the changes of lipid and fatty acid composttions. Iizuka et a/.[47], applied a 

patent on arachidonic acid production by a Mucor fungus 

The author searched fungi \\ hich have high lipid productivity for the 

purpose of production of hpid by rmcroorgamsm, and found that the two 

strains of MortJerella l.'iahellma, IFO 7884 and IFO 7824 have high ltptd 

productivity and relatively high content of GLA grown on glucose as 

carbon source as descnbed m the prev10us section. 

Th1s section deals w1th the investtgat1on of the cell growth, lipid 

production, fatty acid composition and lipid distribution of 33 strains of the 

genus Morflerella which was not investigated so far, using glucose or n

decane as carbon source at a purpose of search for a stram suitable for lip1d 

or GLA production. 

Materials and Methods 

M1croorgam5ms and cultural cond1flons Morflerella genus fungi, 33 

strams, were obtained from the Culture Collection of the Institute of 

12 

Fennentation, Osaka. The liquid culture medium using glucose as carbon 

source contained the followings; 30 g glucose, 3.0 g KH2P04, 3.0 g 

NH
4
N0

3
, 0.3 g MgS0

4
•7H20, 0.1 g NaCl, 10 mg FeS04· 7H20, 10 mg 

CaC1
2 

• 2H20, 0 2 mg CuS04 • 5H20, 1.0 mg ZnS04 • 7H20, 1.0 mg 

MnS04 •4H20, 2.0 mg Thiamin-HCl and 0.02 mg 0-Biotin in 1000 mL of 

distilled water. n-Decane medium contained the followings; 9.1 g n-decane, 

2 0 g K.H2P04, 0.91 g NH4N03, OJ g MgS04 · 7H20, 0.1 g NaCI, 10 mg 

teS04 •7H20, 10 mg CaCI2 •2H20, 0 2 mg CuS04 • 5H20, 1.0 mg ZnS04 • 

7!-1
2
0, 1.0 mg MnCt2 • 4H20, 2.0 mg Thiamin-HCI, 0.02 mg D-Biotin and 

0 2 mL Tween-20 in I 000 mL of d1stilled water. Initial pH of each medium 

\\ere adjusted to 4 6 The microorganisms were grown in 1000 mL 

erlenmyer flasks contammg 400 mL liquid medium at 20 oc or 30 "C under 

rotary shaking ( 150 rpm) for 10 days. 

Analytical rnethods. Analytical methods were perfonned as described 

previously in the section 1 of this chapter. The cell growth was detennmed 

by dry cell we1ght. Lipid was extracted from the mycelium, and the total 

lipid production was measured by weight. The total lipid was fractionated 

into neutral lipid (NL) and polar lipid (PL) by silicic acid chromatography. 

Fatty acid compositiOn of each hp1d fraction was analyzed w1th gas 

chromatograph equipped with a flame IOnization detector. Neutral lipid 

distribution was analyzed by TLC as described m the previous section. 

Polar lipid distribution was analyzed by high-perfonnance liquid 

chromatography (HPLC) (Simadzu, model LC-3A) using UV detector 

(absorbance 203 nm) with intemal standard as descnbed by the authors[48]. 

The chromatot:,rraphy was perfonned on a system combined with two 

columns (Zorbax CN and Zorbax ODS) using acetonitrile/water/phosphoric 

ac1d (100:2:0.1 by vol. ) as eluent. 
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Table l. Cell grov;th and lipid formations from glucose in 33 strains of 
genus Morltere/la 

Mortterel!a grown on glucose as carbon source is shown in Table 1. Many 

Exp. Organtsm IFO Temp. DC TL TL DC \L DC I'Ll DC strains of M. tsabeflma showed high cell growth on the glucose, and there 
'lo. \ o. rc (g 1.) (g L) (\ (_\) (_\) 
I If. alpwa 8568 30 Tr lipid content were as high as 40%. Two strains of IFO 8183 and IFO 8308 
2 If. b;J j /) j IJI"l 8569 30 Tr 
3 If. c1 onga I ;1 8570 30 0. 15 reached particularly high lipid production of more than 3 giL total lipid. The 
4 If. c\igua 8571 30 Tr 
5 IJ. hu!IIIColu 8I88 30 l.I5 max1mum cell growth of I 0.10 giL and the maximum lipid production of 
6 If. hU:tJICO)U 8288 30 I. 35 
7 II. hu!JIC:Olu 8289 30 o. 75 5.03 giL were obtained w1th the strain of IFO 8308 at 20 C, whose value 
8 w. h1·grophil11 59~1 30 Tr 
9 II. i subc 1 lJ nil 6739 30 3. 33 I. 12 33.6 31. 3 2.3 
10 II. isabdl wa 7873 30 5.45 2. I9 ~0. 2 37. 2 3. 0 

were larger than that value obtamed from the strain of IFO 7884 as well as 

II If. isab<.'ll1m1 7873 20 6. 18 I. 55 25. I 21. 8 3. 3 
12 If. isabel l1na 7874 30 4. I3 I. 49 36. I 33. I 3. 0 previOusly mvestigated. The other strains which showed relatively high cell 

13 If. i sabt'll !nil 8183 30 9.08 3. 38 37. 2 36. I 1.1 
14 If. i SCI be lJ WEI 8183 20 9.63 3. 55 36.9 34. 7 2. 2 growth were M. vmacea IFO 6738, M. nana IFO 8794, and two strains of 
15 If. 1sabd /wu 8572 30 2. 54 I. 25 49. I 47.5 1.6 
16 If. Jsabcl 1 im1 8286 30 2. 73 0. 93 34.0 32.0 2.0 M ramanmana var. angu!tspora IFO 8186 and IFO 8187 . The cultural 
I7 If. I'Wb<.'J }lOll 8309 30 5.25 I 30 24. 7 22.9 1.8 
18 If. I.sabd 1 in<l 8308 30 6.28 2. 55 40. 7 38.8 1.9 temperature ~ hich gave high hpid accumulation was varied among a strain. 
I9 II. isabel lim1 8308 20 10. 10 5. 02 49. 7 48. I I. 6 
20 II. l'inac<.'<l 6738 30 5.03 I. 85 36.8 33. 7 3. I Total hp1d content differed from 10°o to 50% by a strain Contents of PL 
21 If. l'ln<ICL'il 6738 20 3. 03 o. 61 20.0 17. I 2. 9 
22 II. l'i nan.><! 7875 30 I. 58 o. 21 13. 6 I I. 8 I. 8 ranged from 1.2°o to 3.3°·o, relatively constant. 
23 If. 111inut 1 ssim;1 8573 30 Tr 
24 II. nanu 8190 30 o. 78 Table 2. Cell growth and lipid fo rmations from 11-decane in I 2 strains of 
25 IJ. nana 8794 30 4. 53 2 32 51. 3 49. 2 2. I 
26 IJ. nanu 8794 20 3. 30 o. 90 27. 3 25. 4 1. 9 

genus Moruerella 

27 IJ. nam1 8795 30 o. 20 Exp. Organtsm IFO Tt•mp. DC TL TL!DC \ L. DC PL DC 
28 II. pan 1spora 8574 30 Tr \ o. ~ (). {.C) ~giLl (ill (_\ ) ('-) C'-2 
29 II. polvcepc1 h1 6335 30 Tr 
30 II. ramann i llnll 7825 30 I. 05 

42 IJ. humicola 8288 30 o. 23 
43 IJ. humicola 8289 30 0.48 

31 1/. ralflann i anll 8184 30 2.68 o. 97 36. 2 34. 5 1.7 44 1/. isablcllina 6739 30 2.38 0. 75 31. 5 26. I 5.4 
32 If. mmunniana 8185 30 2.45 0.87 35. 6 33. 7 1.9 45 II. Jsablcll ina 6739 20 I. 75 o. 35 19.9 II. 6 8. 3 
33 1/. ramannianc1 8287 30 3.65 1.49 40. 9 39. 4 1.5 46 1/. Jsablellina 7873 30 I. 63 0. 28 17.3 10.3 7. 0 
34 V. ram<mn wnu 8287 20 I. 98 o. 71 35.8 33. 4 2. 4 47 II. ISablcllina 7873 20 0.50 
35 II. ramannian;J 5426 30 2.80 0.38 13.6 10. 7 2. 9 48 II. ISablellina 7874 30 I. 45 o. 25 17.5 10.8 6. 7 

1·ar. angul!spora 
36 II. ram;mn i .1na 6744 30 3. 20 0. 43 13.4 II. 0 2. ·1 

49 If. Jsablellina 787~ 20 I. 45 0. 22 15. I 8. 7 6. 4 

1•ar. anguli spora 50 IJ. 1 sablellina 8183 30 2. 38 0.47 19.8 12.5 7.3 

37 II. ramann i ana 8186 30 2.43 o. 84 34. 8 31. 7 3. I 51 II. Jsablcllina 8183 20 I. 80 0. 34 18.9 12.7 6. 2 
1•ar. angu I i spora 52 1/. l'inacea 6738 30 o. 85 0. II 13. 5 9. 4 4. l 

38 II. ramann i <ln<l 8186 20 6.33 2. 23 35. 2 34. 0 1. 2 53 .If. vinacea 6738 20 o. 60 0. 05 8. 9 4. 9 4. 0 
1·ar. angu 11 spora 

39 II. ramanniana 8187 30 3. 80 o. 71 18. 8 l7. 4 1. 4 
54 1/. nan a 8I90 30 0. l8 

l'a r. angu I i spora 55 1/. nan a 8794 30 I. 53 0. 31 20.6 12.7 7. 9 

40 II. ramann i ana 8187 20 7.45 I. 82 24. 4 21. 8 2. 6 56 If. nana 8794 20 o. 65 
1·ar. angul ispora 57 If. ramanniana 7825 30 0. 50 

41 1/. rert ic:i 1 latH 8575 30 Tr 58 1/. ramanniana 8184 30 0. 48 
DC:Dry cell weight TL:Total lipid L:Neutrallipid PL·Pnlar lipid Tr:Trace 59 1/. ramanniana 8187 30 0.50 o. 13 26. 3 17. I 9. 2 

~ar angulispora 

Results and Discussion 
60 If. ramanniana 8187 20 0. 90 o. 21 23. 4 II. 3 12. I 

~;lr. anguli SJX!ra_ 
DC: Dry cell ll'eight TL:Total I ipid \L: \eut ral lipid PL: Polar l! ptd 

Cell growth and !tptd production of genus Mortterel/a using glucose and n-

de cane. Cell growth and lipid formations of 33 strains of genus 
Cell growth and lipid formations on n-decane of 12 strains which grew 

well on glucose is shown in Table 2. On n-decane culture, 4 strains of M. 
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tsabellma also grew well similar to the glucose culture. M. 1\·ahe//ma IFO 

6739 gave the htghest cell growth and lipid production Growth on n

decane showed higher content of PL, ranged from 4 0 to 12.1 %, than those 

on glucose by the same strains. 

Table 3. Fatty ac1d composition of neutral lipid and polar lipid of genus Morllerel/a 
grown on glucose as carbon source 

hp. I FO T.:ap. L.p1d Fall~ ,lctd composnwn (\) LF\ 
\o. \o. (.'Q__ 14:0 15:0 16:0 16:1 17:0_17:1 18 :0 18:1 18:2 18:3 • ('-2 

9 6739 30 \L 0. 9 0. 3 22. 0 3. 0 0. 3 5. I 55. 8 7. 8 3 8 70 -

10 7873 30 ~t :: i : i :: : ;: 0 6 
o. 

5 i: ~ :: : ,:; l. i :: l 
11 7873 20 0. 5 0. I II. I I. 7 0. I I. 6 43. -1 27. 0 l·t. 0 86. I 

12 787-1 30 ~t ~: ~ ~: T n: ~ T: ~ ~: l t ~ ~k ~ ~~J 2~: ~ ~~J 
Pl. I. 5 0. 3 33. 3 I. 0 5. -1 -16. 0 9. 0 3. 5 59. 5 

13 8183 30 \L I. 7 0. 4 25. 4 2. 3 I. 2 0. 6 3. ·, 44. 4 15. I ·L 2 66. 6 
I. I 27. 6 2. 0 5. 0 52. 4 8. 0 3. 9 66. 3 

Pl 0. 3 9. 6 2 2 0. 7 43. 9 26. 9 16. 5 89. 5 
1-1 8183 20 \ L 0.9 Tr 24.2 1.8 5.4 55.0 7.9 4.5 69.2 

PL 0. 5 0. I II. 7 I 9 0. I I. 5 38. 2 23. 8 22. 3 86. 3 
17 8309 30 :oil 0. 4 0. I 15. 9 I. 9 4. 0 58. 4 8. 1 9. 4 77. 8 

PL 0. 2 0. I 8. 4 I. 3 I. 0 55. 8 17. 4 14. 5 89. 0 
18 8308 30 ~r ~· ~ ~· ~ ~Q· ~ ~- 4 0. 4 5. I 53. 2 4. 3 3. 2 63. 1 
19 8308 20 \L . . t. . -1 I. 6 0. 8 4. 0 46. I 9. 4 3. 8 62. 5 

PI ~-~ 0.1 n~ j·4 0.2 3.6 47.5 6.3 3.4 61.8 

20 6738 30 
" 

0
· · .7 0.2 o.5 34.5 33.5 15.6 81. 5 

PL I·J ~-~ ~~-~ ~-3 ~-2 12.7 48.0 5.9 3.6 57.8 
21 6738 20 ,.1 o· . . . . 4 . 6 o. 5 a. s 46. 7 7. 7 3. 3 58. 6 

PL .7 0.127.8 0.4 - 12.142.6 :o. 5.4 585 
25 8794 30 ~L ~· 4 0. I 13. 9 I. 3 0. I 3. I 25. 2 36. 8 19. I 82: 5 

PL 
0
· ~ - n ~ ~- I 16. 6 44. 4 8. 5 4. 6 57. 6 

26 8794 20 
,
1 0

· - · · 7 2. 8 40. 4 30. 1 13. 8 85. 6 
Pl. 

0
· J 0. I n- ~ ~- 2 Tr 11. 2 43. 2 II. 6 5. 4 60. 4 

33 8287 30 \L . . . I 3. 2 36. 0 28. 8 12. I 78. 0 

PL 
11. 61 00.21 2195.-4, I. 9 0 5. 4 47.0 8. 5 5. 4 62. 8 
. . . 1.7 .4 1.9 48.1 19.0 11.8 80 6 

34 8287 20 P\IL I. 3 0. I 30. 8 I. 7 5. 3 45. 7 8. 8 6. 3 62: 5 
0. 6 It 4 0. 9 I. 3 19. 7 34. 7 28. 4 83. 7 

37 8186 30 ~t ~- ~ ~- ~ ~~· ~ I. ~ 0. 4 7. 8 53. 9 8. 3 5. 2 68. 7 
38 8186 20 \L 0. . . I I. 5 0. 5 7 -1 44. I I 0. 9 4. 8 61. 9 

PI 
0
· ~ n- ~ I. 4 4. 3 56. 7 9. I 5. 8 73. O 

39 8187 30 ' L. 0. . I. 2 0. I I. 9 19. 6 37. 7 24. 4 83. 0 
PL . 8 - 30. 0 0. 2 9. 0 42. 7 9. 6 7. 7 60 2 

40 8187 20 NI ~-4 12.3 0.8 1.8 33.0 27.3 23.6 84:7 Pl o" ~ o. I n 0 0. 4 7. 8 44. 4 8. 2 6. 5 59. 5 
* L · 

1 
· d l:F T · I I. I 0. I I 6 40. 6 2-1. 5 19. 7 85. 9 

r tno en~c act \. otal unsaturated fatty actd \L:~cut ral l1p1d 
PL:Polar ltpld Tr Traer 

Fatty actd composuions of neutral and polar liptd of genus Morlterella. 

Fatty acid compositions of NL and PL grown on glucose as carbon sources 
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are shown in Table 3. The mam fatty acids occurred were palmitic acid, 

stearic acid, oleic acid, lmoleic acid and GLA. Polar lipid had higher 

degree of unsaturat10n and especially high content of GLA. The content 

of GLA differed from 3.2% to 9.4% of NL and from 3.4 to 28.4% of PL. 

Among the strams of M. tliabellma, content of GLA m NL dtffered from 

3 2°/
0 

wtth IFO 8308 to 9.4°~o wtth IFO 8309. Three strams of M 

ranwnmana and M. ramanmana var angltspora showed relatively high 

content of GLA, above 5% in NL. 

Table 4. Fatty acid composition of neutrallip1d and polar lipid of genus Moruerella 

grown on 11-decane as carbon source 

Exp. IFO leap. LJpld FattY actd compos• t ion (\) [f.\ 
~o. ~o. (C) 14:0 15:0 16:0 16:1 17 :0 17:1 18:0 18:1 18:2 18:3 * ('-2 
4~ 6739 30 \L 3. 1 0. 8 42.2 3. 0 0. 8 I. 0 6. 4 20.6 7. 4 14. 5 46. 5 

PL 2.1 0.5 18.3 4.2 0.7 1.3 34.4 19.2 17.5 76.0 
~5 6739 20 \L 2. 3 I. 1 34. 6 3. I 0. 6 0. 4 -1. 7 24. 0 9. 9 19. 3 56. 7 

PL 1.2 0.5 17.0 3.0 0.6 1.4 22.3 19.8 33.4 79.1 
46 7873 30 \L 4. 8 I. 3 38. 4 2. I 0. 4 0. 2 6. 9 18. 8 8. 2 19. 0 48. 3 

PL 2.4 1.7 24.6 2.1 0.4 0.8 2.619.817.128.5 68.3 
~8 7874 30 \L 1.5 0.9 30.2 3.8 0.6 0.4 5.3 34.5 11.5 II 2 61.4 

PL I. 0 0. 9 17. 0 3. 3 0. 3 I. 3 36. 4 20. 2 19. 2 79. 4 
49 7874 20 \1. 2. 0 I. 0 32. 8 4. 8 l. I 6. 4 22. 0 8. 9 20. 9 57. 7 

PL I. 2 I. 0 25. 7 4. I 0. 6 2. 7 20. 4 13. 8 30. 4 69. 3 
50 8183 30 \L I. 8 I. 5 32.8 4. 5 l. I 4. 3 23. I 7. I 23.7 59.5 

PL !. 5 I. 3 22. 5 4 7 0. 6 I. 2 30. I I 0. 6 27. I 73. I 
51 8183 20 \ L 2.1 0.7 29.8 5.0 3.8 26. 7 6.4 24.9 63.0 

PL I. 5 I. 4 18. 8 3. 9 0. 7 I. 5 22. 6 I 0. 9 38. 3 76. 4 
52 6738 30 \I 2.2 0.8 32.7 3.5 0.6 0.7 3.9 27.8 9.9 17.7 59.6 

PL 3. 7 0. 9 29. 0 3. I 0. 6 0. 9 2. 5 22. I II. 5 25. 6 63. 2 
53 6738 20 ~L 2.6 1.2 45.2 0. 5 4.6 18.6 6.9 19.2 45.2 

PI 2. 6 0. 9 24. 5 2. 3 0 9 I. 2 2. 5 II. 4 13. 0 40. 3 68. 2 
55 8794 30 'iL I. 6 I. 6 32. 8 4. 0 3. 6 3. 0 4. 2 19. 0 9. I 20. 3 55. 4 

Pl. 1.7 1.2 18.5 3.8 1.4 2.-1 20.8 17.3 328 76.1 
59 8187 30 \ L 3. 0 I. 5 39. 3 0. 4 0. 7 0. 2 7. ~ 19. 2 8. 2 20. 2 48. 2 

PI. 4. 7 2. 0 25. 8 2. 7 I. I I. 0 2. 4 18. 3 I 0. 5 30. 6 63. I 
60 8187 20 \1 3. 4 1.4 32. 3 I. 8 0. 6 0. I 6. I 20. I 5. 8 28. 3 56. 4 

PL 2. 9 I. 3 24. 6 I. 5 0. 4 0. 4 2. I 21. 2 9. 0 3~ 9 68. 0 
* r Ltnolrntc ac•d t:FA:Total unsaturated fatty acid \L :~cutral l1pid 
!'!.:Polar liptd Tr :Tract' 

Fatty acid compositions of NL and PL grown on n-decane as carbon 

sources are shown in Table 4. n-Decanc culture showed higher content of 

GLA ( 14.5°'o to 28.2%) and palmttic acid in NL than those with glucose 

culture. Fatty actd compositiOn of PL showed high level of GLA (17 5% to 
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40.3%) but lower level of ole1c acid, resultmg in the highest content of GLA 

in many strains. Contents of linoleic ac1d, on the other hand, were lower 

than those in glucose culture, indicating that n-decane culture has some 

acceleration of ~ 6 desaturase activity wh1ch converts hnoleic ac1d to GLA 

compared \\ith glucose culture. l'vf. ramanmana \ar. anj._'ltlispora \\hlch 

showed high content of GLA in glucose culture also showed GLA content in 

n-decane culture. The strains \\hich showed IO\\ content of GLA on glucose, 

also showed low GLA content on n-decanc Content of GLA seems to be 

dependent of the stram more than carbon source. 

Neutral and polar llprd drstrrhutrons o( genu\ \fortrerel/a. Neutral 

hpid d1stribut1on of glucose and n-decane culture are shown in Table 5 and 

Table 6, respective)) Tnacylgl) cerol content 111 glucose culture and n-

decane culture ranged from 80.0% to 96.7% and from 48.1% to 84.1 %, 

respectively. Culture on n-decane v .. as charactenstic of h1gher contents of 

diacylglycerol and free sterol It showed that the lipid accumulated as 

triacylglycerol was lower in n-decane culture. 

Table 5. eutral liptd distribution of genus ~forlterellu grown 
on glucose as carbon source 

Exp. !Fd Temp. ~<.>utral lipid (\ ) 
~0. \o. {.'C'I TG I, 2 DG I. 3 DG '4G FF\ SE FS 
9 6739 30 Sl5 s. 2 5. 4 0.3 0. 9 0. 2 0.6 
10 7S73 30 so. 0 5. 7 3. 2 2. I 5.6 1.5 1.2 
11 i873 20 Sl. 9 9. 2 2. 8 1.5 o. s 2. 4 1.2 
13 8183 30 92.0 3. 2 o. 5 1.0 1.3 1.3 0. 7 
14 SIS3 20 94. 2 2. 6 0. 6 0.3 o. 3 1.5 o. 7 
IS S30S 30 93.S 3. 0 2. 5 Tr 0. 4 o. 2 o. 2 
19 S30S 20 95.4 1.6 1.3 0. 2 0. 3 0. 6 o. 5 
20 6738 30 S6. 2 7. 7 4.3 Tr 1.0 0. 2 0. 6 
21 673S 20 86. 9 S. I 1.6 o. 2 o. 7 1.0 1.5 
25 S794 30 91. 8 3. 6 1.5 0.3 1.5 o. 2 I. I 
26 S794 20 S9. 2 4.2 5. 0 o. 3 o. 2 o. 7 o. 5 
34 S2S7 20 86. 7 9. 7 1.5 0. I o. 2 o.s 1.0 
3S SIS6 20 96. 7 1.1 o. s 0.2 0. 3 o. 5 0. 4 
39 S1S7 30 so.s 5. 0 5. s I. I 4. 6 1.5 1.2 
40 SIS7 20 90 I 3. I 2. 8 0. 7 2. 0 0.9 0. 4 

TG:Triacylglyccrol DG:Diacylglycerol VG: '4onoacylglyccrol 
FF\:Fr<.>e fatty acid SE:Sterol ester FS:Free sterol Tr:Tracc 
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Table 6. Neutral lipid distribution of genus Morflerella grown 
on n-decane as carbon source 

Exp. 
~0. 

44 
45 
48 
49 
50 
51 
52 
53 
55 
59 

IFO 
~0. 

6739 
6739 
7874 
7874 
8183 
8183 
6738 
6738 
8794 
8187 

Te~;:p. 
(_'C) 
30 
20 
30 
20 
30 
20 
30 
20 
30 
30 

\eutral !Ip1d 
TG I, 2 DG I, 3 DG MG 

SO. I 12. S 3. 5 
54. 2 30. 6 5.6 0.4 
79. 0 12. 4 2. 5 I. 8 
67. 6 22. 9 I. 4 3. 0 
4S. I 30. 7 4. 9 3. I 
72. 4 15. 2 2.5 2.0 
73. 4 15. 0 3. 9 
60. s 21.7 5. 3 0.4 
S4 . I 6. 3 2. 2 Tr 
63. 7 21. 7 5. 4 

'- > Fn 
1.2 
I. I 
0. 2 
1.2 
1.1 
2. I 
1.5 
3. 9 
1.1 
3. 6 

SE FS 
0. 3- 2. 0 
0. 9 6. s 
o. 6 3. 4 
o. 3 3.5 
o. 9 10.7 
O. 6 5. I 
o. 4 5. 6 
0. 4 7. 2 
0. 7 5. 2 
0.6 4. 6 

TG :Tr 1acylgl ycerol DG: Diacy lglycero I ~G: ~onoacylgl ycer~l 
FF\ Free fattv acid SE:Stcrol ester FS:Free sterol Tr.Trace 

Polar lipid distribution of glucose and n-decane culture are shown m 

Table 7 and Table 8, respectively In each stram on both glucose and n

decane, dominant components were phosphatidylcoline and phosphatidyl

ethanolamine. These two components reached 60° o in PL. 

Table 7. Polar lipid distribution of genus \tfortterella grown on glucose as 
carbon source 

IFO Temp. Polar Ilp1d <'-) TPL 
Exp. GL " ~0. \o. '~C ' PC PE PS PI LPC LPE .P Q~ 

6.0 4.6 1.0 79. 3 
10 7873 30 45.0 21. 6 I. I 

5. 5 76. 5 
II 7S73 20 35. 0 25. 3 2. 3 4. 4 o. 2 3. 8 
13 Sl83 30 37. 2 17.2 2. 3 6. I 4. 9 II. 3 79.0 

1·1 S183 20 45. 7 23. 5 4. 9 1.8 3. 2 43 83. 4 

21 673S 20 36.0 24.6 o. 8 2.0 1.4 3. 7 3. 2 71. 7 

25 S794 30 50. 6 19. 0 1.5 4. 6 2. 6 s. 9 S7. 2 

34 S287 20 25.0 37. I I. 5 3. 3 1.0 5. 0 5.S 7S. 7 

38 81S6 20 34. 3 21. 0 2. 7 4.0 3. 6 6. 3 71. 9 

39 Sl87 30 31. 3 29. 3 \.5 s. s 5. 8 12. s 89. 5 

40 8187 20 27.9 2\. 9 o. 8 3. 7 10. I 3. 0 7. 8 75. 2 

PC Phosphaudvlchol 1 ne PE. Phosphat 1dylethanolamwe PS:Phosphatld~ I senn<.> P! 
Phospha udyl 1nos1tol LPC: Lysophosphat idylcholtne LPE: Lysophospha t1dylrha~olc 
p GL:Phosphorus contaimng glycoliPid GL:Glycollp1d TPL.Total polar 1p1 s c 
by IIPLC us1ng internal standerd 
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Table 8. Polar lipid distribution of genus Wortwrella grown on n-decane as 
carbon source 

Exp. IFO Temp. Polar lipid ( \ TI'L 
\ a. ~0. { C) PC PE PS I' ! LPC LI'E _p GL GL (._\ ) 
44 6739 30 34.3 16.2 I. 4 9.0 4 9 9. 2 75. 0 
45 6739 20 45.8 18.0 3. 2 9. 9 4. I 3. 6 84.6 
48 7874 30 41.4 22.0 2. 4 6.9 3. 7 8. 0 84.4 
49 7874 20 42.5 23.4 o. 7 7. 5 0.8 3. 7 4. I 82. 7 
50 8183 30 25. 3 15. 5 1.3 5. 2 3. 0 5. 6 55. 9 
51 8183 20 40. 4 22. 0 2. 9 7.0 2. 4 4. 3 79. 0 
52 6738 30 40. 7 16.3 2. 9 6. 0 o. 2 2. 9 8. 6 77.6 
53 6738 20 48.5 21. 0 o. 5 4. 0 o. 2 2. 6 6. 8 83. 6 
55 8794 30 36. 8 24.8 1.3 tO o. 2 2. 3 5.5 7·1. 9 
59 8187 30 44.9 25. I o. 8. 9. 5. 4 3 5. I 89 7 

PC: Phospha t i dy 1 cho 11 ne PE: Phospha t JdylethanolamJnr PS: Phosphat idyl seri nt• PI 
PhosphatJdvl JOOSi to! LPC :Lysophosphat idylchol inl' LPE l.vsophospha udvlethanol< 
p GL.Phosphorus containing glycolipid GL :Glycollptd TI'L:Total polar lip1ds c 
by IIPLC us1ng in tN nal s tandrrd 

Summary 

DeterminatiOn of the hpid production and hpid distribution of 33 strains 

of genus Mortierella grown on glucose and n-decane as carbon sources 

were carried out. The maximum accumulation of lipid, 5.03 giL-medium 

and 49.7% of lipid content were obtained in the stram of M. l.whellma IFO 

8308 grown on glucose as carbon source at 20°C. Fatty acid compositions 

and liptd distributions of NL and PL were determined Neutral lipid on n

decane culture showed higher content of GLA ( 14 5% to 28.2%) compared 

wtth those in glucose culture. Fatty acid compositton of PL showed high 

content of GLA (17.5°'o to 40.3°/o) but lower content of oletc acid, 

consequently, GLA became the fatty actd of the htghest content in many 

strains. The content of GLA in the strain of M. ramanniana var 

anguli.\pora lFO 8187 was htgh value under each cultural condition using 

etther glucose or n-decane as carbon source. The strams which sho~ed low 

content of GLA on glucose , also showed low content it on n-decane 

Content of GLA seems to be dependent of the strain more than carbon 

source. 
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CIIAPTER II 

Influence of Cultural Conditions on Lipid Composition and 

Lipid Productivity 

Section t Influence of cultural conditions on lipid compositions 

of the two strains of Mortierella isabel/ina 

The cultivatton factors, especially carbon source, nitrogen source, and 

culture temperature affect the cell growth, lipid accumulation, lipid 

distributton, and fatty actd compositiOn. However, the research of lipid 

production using Zygomycetes has been few compared with the research of 

Jiptd production using oleaginous yeast[ 19,30,31]. Zygomycetes fungi 

contains some polyunsaturated fatty acids like r -hnolemc actd (GLA), 

dihomo- r -linolenic acid and arachidonic acid[20,21 ], and was expected to 

production of polyunsaturated fatty acids owing to its characteristic fatty 

acid composition . The author searched for a fungus which have high lipid 

productivity for the purpose of lipid production by microorganisms. On the 

screening of fungi, 'vforllerella 1mhel/ina was found to accumulate a large 

amount of lipid and relatively high content of GLA among the Zygomycetes 

fungi was described previously[Chapter I, section 1]. 

This sectton deals with the investigation of the influence of cultural 

conditions, especially the ratio of carbon to nitrogen atom \o\eight (C/N ratio) 

in a medium, nitrogen source, and cultivation temperature on cell growth 

and lipid accumulation in the mycelium of M. l'iahellina. 

Materials and Methods 

M1croorgamsms and cultural condlliom·. Two strains of MortJerella 

isabellma IFO 7884 and 7824 were used in this study. Basically, the 
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liquid culture medium contained the followings; 30 g glucose, 3.0 g 

KH2P04, 3 0 g NH4N03, 0 5 g MgS04 •7H20, 0 1 g NaCI, 10 mg FeSQ
4 

• 

7H20, l 0 mg CaCI2 •2H20, 0.2 mg CuS04 • 5II..,O l.O mg 7nSO · 7H 0 
~ ' 4 2 ' 

1.0 mg MnCI2 •4H20, 2.0 mg Thiamm-HCl and 0 02 mg 0-Btotin in 1000 

mL of dtshlled water. Initial pH of each medium \\as adjusted to 4.6. The 

CIN ratio of the medium was 11.4 . Mediums of the different C/N ratio at 

5 7, 114 and 343 were prepared by the addition of 6 0 g, 0.3 g and 0 . I g 

NH4N03, respective!} Med1a wtth dtfferent nttrogen source v.as prepared 

by adding 2.3 g of urea, 3.1 g of ammonium sulfate or 4.0 g of potassium 

nitrate at 11.4 of C/N ratio The mtcroorgamsms \\ere grown 111 1000 mL 

erlenm}er flasks contammg 400 mL hqmd medtum at various temperatures 

under rotary shaking ( 150 rpm). 

Analyllcal methods. Analytical methods were performed as described 

previOusly m the sectton I, Chapter I. The cell t,rrowth \.vas detennined b} 

dry cell weight. Lipid was extracted from the myceltum, and the total lipid 

(TL) production was measured by weight. The TL was fracttonated into 

neutral lipid (NL) and polar lipid (PL) by silicic acid chromatograph}. 

Neutral lipid distribution was analyzed by TLC. Polar lipid distnbution was 

analyzed by IIPLC with internal standard as described by the authors[48]. 

Fatty acid composition of each hptd fraction was analyzed with gas 

chromatograph equipped with a flame ionization detector. 

Results and Discussion 

Cell growth and hp1d accumulatiOn. Time course of the cell growth and 

lipid accumulation at 30oC and at 11.4 of CIN ratio using ammonium nitrate 

as a nitrogen source b} M rwbellma IFO 7884 are shown 111 Figure 1. 

The maximum dry cell wetght was obtained at 7th day of incubation period. 

The amount of lipid increased in parallel with the cell growth and reached 
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the maximum of 2.43 giL-medium at 8th day. Lipid content in dry cell 

wetght were around 40 % at any incubation penod except the begmnmg. 

0 

0 1>1') cell weight 
0 'lcutrallipd 
Ill Pnlar lipid u 

5 I 0 
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Figure I. Grov.1h curve and lipid production oL\forlutrella 1.\ahe//ma IFO 

7884 grown at 30 C 

Figure 1 also shows the hpid fracttons ofNL and PL. Most lipid, 95°o 

of TL was composed of NL. Polar liptd content decreased from 

approximately 4% at the early stage of cultivation phase to 2% at the 

stahonarJ phase. Most hpid in mycelium was sh0\.\11 to be stored as 

accumulative hpid as triacylglycerol. The major fatty acid composition of 

NL, oleic acid of 45%, palmitic acid of 35% and linoleic acid of 7%, did not 

change almost through the incubation periods. Fatty acid composition of 

PL, on the other hand, changed greatly accompanied by cell growth, that is, 

linoleic acid and GLA levels decreased, from 25 to I 0% and from 30 to 

I 0°·o, palmittc acid and oleic acid levels increased, from 30 to 50% and 

from 15 to 25%, respecttvely. 

l~f.fects f?/'C N ratiO and incubation temperature on lipid accumulation. 

The effect of mcubation temperature, C/N ratio of the medium on the cell 

t,rrowth and lipid accumulation of the two strains of M. ISabel/ma (IFO 7884 

and IFO 7824) are shown in Table 1 and Table 2. Period of 10 days was 
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chosen as a common incubation penod in comparison with data of various 

cultural condition. 

Table 1. Influence ofC'N ratio and incubation temperature on cell 
growth and liptd forrnatton of Morllerel/a nabellma IF07884 

c ~ T(•mp. DC TL TL DC ~L DC PL DC 
..ratio (<C) (g L (giL) ( \ ) ( \ ) ~\) 
5. 7 20 3. 94 I. 38 35. I 32.6 2. 5 

30 5.58 2.02 36. 2 34. I 2. I 
35 o. 90 0.28 31. 8 28.9 2. 9 

II. 4 15 4.09 I. 62 39.5 35. 7 3. 8 20 7. 30 3. 12 42.8 39. 8 3. 0 
30 5.55 2. 22 39. 9 37. 7 2. 2 
35 .o. 79 0. 27 34. 7 32. l 2.6 

114 20 2. 99 I. 92 64.2 62.3 1.9 
30 3. 31 2. I~ 64. 6 62. 3 2. 3 
35 I. 58 _0. 81 51. I 47.4 3.] 

343 20 I. 42 I. 19 83. 5 80. I 3. 4 
30 I. 53 I. 15 75. 2 72.~ 2. 8 
35 1..5.-!. I. 08 70. 5 67.4 3. I 

~ 1 l rogen source ~mmon1um mtralt' 
TI.:Total l1p1d production 
PL: polar I ip1d fract1on 

DC:Dry ct'll ~e1ght 
~L :~rutral lip1d fraction 

Table 2. Influence ofC/N ratio and mcubation temperature on 
cell growth and lipid formation of Mortwrel/a 1.mhellma IFO 7824 

C X Tel:'p. oc TL TL DC .\1. oc PL DC 
ratio ('C) {g'L) {g~L2 ( \ )_ ( \ 2 (.\ ) 
5. 7 20 2. 92 I. 06 36.3 33.8 2. 5 

30 2. 35 0. 80 34. I 32. 3 1.8 
35 0.22 

II. 4 15 3. 01 I. 17 38. 8 35.~ 3. 4 
20 4.05 I. ~2 35.2 32. 2 3. 0 
30 4. 38 2. 01 45.8 43. 6 2. 2 
35 Q.20 

114 20 2. 80 I. 62 57. 7 55 8 1.9 
30 3. 34 2. 05 61. 4 59. 3 2. I 
35 o. 19 

343 20 o. 79 0.6~ 80. 3 76.8 3. 5 
30 I. 16 0. 74 63. 6 60. 2 3. 4 
35 0. 19 

~itrogen sourer .\mmon 1 um nitrate 
TL :Total lipid production 
PL:polar ltpid fraction 

OC:Dry crl I 1eight 
.\L:.\'eutra l lip1d fraction 

The two strains of IFO 7884 and 7824 resulted m the highest cell 

growth at C/N ratiO of 11.4 Cultural temperature of 30°C mostly showed a 

higher cell growth except the culture of IFO 7884 at C/N ratio of 11.4. The 

strain of IFO 7824 appeared to have lower temperature requirement since 
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little growth occurred at 35°C The lipid content did not depend on cultural 

temperature but was strongly mfluenced by C/N ratio. The highest hpid 

content, 83 5% was obtained at 343 C/N ratio with IFO 7884, and that more 

than 70°/o of TL content was shown at any temperature condition at the C/N 

ratio. In case of IFO 7824, it also obtained high value of 80.3% and 63.6% 

of lipid content was obtained 30 'C and 20 oc, respectively Although the 

higher C/N ratio gave the higher lipid content, slower growth at these higher 

C 'N ratios resulted in a lower overall ltpid productivity. The highest hpid 

accumulation was given at CIN ratio of 11.4 and 20 C by the strain of IFO 

7884. Chester et a/ [6] also examined that high C/N ratiO gave high lipid 

accumulatiOn but lov .. er cell growth than that of lov:er CIN ratio m M. 

vmacea. These result showed higher C/N ratio was not necessarily 

suitable condition for hpid accumulation owing to lower growth rate in spite 

of higher lipid content. When lipid production was aimed using M. 

nabellma, it is necessary to choose the conditions for a high lipid content as 

well as cell growth. 

I~ffect (?lnitrogen wurce on ltpid accumulation. The effects of various 

mtrogen source on cell growth and lip1d accumulation of the two strains, 

IFO 7884 and IFO 7824 were also examined (Table 3 and Table 4). 

Nitrate-N was not assimilated as nitrogen source by these cultures of each 

strains. Urea gave a higher cell growth but lower ltpid production compared 

to ammonium sulfate in both strains. The highest cell growth reached more 

than 11 giL-medium when urea was used as nitrogen source at 20 oc 
cultivation of lFO 7884. However, the highest lipid production of 4.20 giL

medium 'has observed when ammonium sulfate was used as mtrogen source 

at 20 oc cultivation. Ammonium sulfate shown to be the best source of 

nitrogen for production of lipid by these strains. Neutral lip1d content is in 
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proportion to TL content, but PL content were a comparatively constant 

(2 .2° 'o to 4.4°o). 

Table 3. Influence of nitrogen source on cell growth and lipid 
formation by Morl/erella isabellma IFO 7884 

.\ 1 l rogt•n sou rcc Te~rp. DC TL TL DC \L ·oc 
('C) (g/L) (g/L) ( \ ) \ 

(\112)2(0 20 II. 20 2. 82 25.2 22. I 
30 10. 06 2. 88 28.6_ 24.8 

( \11~ )2S04 20 8. 83 4. 20 47. 6 43. 2 
30 6.60 2.52 38, 2 34. 9 

\ II~ \03 20 'i. 30 3. 12 ~2.8 39. 8 
30 5-55 

\ a\03 20 0. 22 
2.22 39,_9_ 37. 7 

K'i03 

Cl \ ra1 10 l l. ~ DC:Dry cell ~e1 ght TL:Tota l I ipid 
.\L: \ t•u tral l ipld PL:Polar l1p1d 

Table 4. Influence of nitrogen source on cell growth and lipid 
formation by ,\,fortwre/la lsabe/lma IFO 7824 

\ 1trogen source Tt•mp. DC TL TL/DC ~L/DC 
( C l ( g i L) ( g i L) ( \ ) (~) 

C'III2)2CO 20 9. 70 I. 88 19. 4 15. 7 
30 6.14 o. 55 8. 1 :t. 6 

' '114 2so~ 20 5. 20 I. 9~ 37. 3 3~. 6 
30 a. 64 1. 94 53. 3 50. 7 

~114\03 20 4. 05 I. 42 35. 2 32. 2 
30 4. 38 .2. 01 45.8 43. 6 

~a'io3 20 o. 26 
30 Q. 28 

K\03 20 0.26 
30 0. 28 

C1'i rat1 0 II. 4 DC.Dry cell weight 
'iL:'\eutral lipid PI.: Polar 11 pid 

TL:Total lipid 

I'L 10C 
( \ ) 

3. I 
_u 

4. 4 
3. 3 
3. 0 
2. 2 

PI./ DC 
(~) 

3. 7 
a. 5 
2. 7 
2. 6 
3. 0 
2...1 

Fatty acid compositions of the tvvo strains, IFO 7884 and 7824 cultured 

on urea or ammoniwn sulfate as nitrogen source are shown in Table S. The 

fatty acid compositions of NL did not influenced by nitrogen source so 

strongly as that of PL in both strains. Fatty ac1d compos1ttons of PL 

showed the increase of GLA but decrease of palmitic acid when urea was 
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used as nitrogen source. Nitrogen source affected more strongly to PL as 

cell membrane hpid than to NL as accumulative hpid 

Table 5. Fatty acid compositions of two strains of Morllerella lsahellma IFO 
7884 and 7824 incubated with urea and ammonium sulfate as a nitrogen source 

IFO \ tlfO;(o:ll ltptd Fatn .. ~1d ~~•po~llton ''' LF.\ 

\o. .source 1·1·0 l'i 0 16 .o 16: I 17:0 17: I lb:O 18: I 18:2 18::.1• (\) 

7884 (Mi z>zCO \ L I 4 0 2 28.9 •I. 2 0 0 0 I 34 ~; 0 3. I :!2 6'i 9 

~L 0 5 u 10 1 I 5 0 I o. 3 0 6 ·16 5 2H 18 I 86 8 
< '114 >2S04 \ L !.'> 0. I 12. 6 .32 0 0 0. 2 2. 9 ~2. 2 I 2 2. 7 62.5 

Pl. 0 8 lr 23. I 4.2 o.o o. 4 2. 2 'il.b II 2 5 8 73.2 

1524 (.\ H2JzCO \ L 0 8 0 3 II. 3 ·I 6 o.o o. 2 0 b ~9. ~ 12 5 10 I !!6 9 

11 0 I a a 10 0 I 5 0 2 o. ~ 0 9 IZ· I 20 0 18, ·I 81.4 

(.\114)2S04 \L 0 5 0 I 17.5 I 7 0 0 o. 2 2. 7 i7 1 II 3 8 2 81 8 
PL 0 :1 0 4 14 5 I 'i 0 ;j o. 8 I I .11 I :12. 0 II 7 83 I 

j: r Ll nolt•n1c acid LF'A.Total unsatura ted fal!y ac1d Tr: Tracc 

Changes (?f l1pid distnhut/On at vanous C N rat1o and mtrogen source. 

Neutral lipid distributions of the two strains of IFO 7884 and IFO 7824 at 

\larious cultural condition are shov.:n m Table 6 and Table 7. At higher 

temperature, decrease in TG content as well as increase in diacylglycerol 

and free fatty acid contents were observed compared with temperature. 

Content of sterol ester and free sterol became the highest value at C/N ratio 

of 11.4, whose condition gave the highest cell growth. Using urea as 

nitrogen source, increase in diacylglycerol and free sterol content as well as 

decrease in TG content were observed compared with ammonium nitrate as 

nitrogen source. Ammonium sulfate as a nitrogen source, showed a similar 

NL composition to that with ammonium nitrate in both strains. Content of 

TG resulted mostly in proportion to the NL content However, in case of 

IFO 7884, TG content was lower, even though lipid content was high. The 

phenomenon may be influenced by other cultural conditions, which is to be 

solved. 
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Table 6. Neutral lipid distributions in Mortie rei/a 1.\llhe//ma IFO 7884, 
mcubated at various C~ ratio and nitrogen source 

\1trugl'n c \ TPrnp .\cutral I iptd d1str1but ion (\) 
source rat to c TG I. 2-DG I. 3 DG WG FF\ SE FS 
~114 \03 5. 7 20 89. I 7. 3 1.6 Tr 0. 7 o. 5 0 8 

30 87. I 5. 7 2. 3 2. I 1.7 Q..J._JU 
11.4 15 95.2 2. 7 Tr Tr Tr o. 9 1.1 

20 90.2 5. 7 I. I 1.1 0. 4 0. 7 o. 7 
30 85. 3 4.8 3. 3 3. 5 1.4 0. 8 0.6 
35 H-3 10. 5 6. 1 Tr 7. Q__Q,_3 1.0 114 20 90. 2 4.6 1.7 2. I 0.5 0.3 0.4 
30 87.0 5-3 2. 3 2. 9 0. 9 O ... LJ)~ 

343 20 93. 8 3. 2 0.8 1.3 0. 2 0. 3 o. 5 
30 86. 4 4. 6 2. 8 3. 5 1.3 0.6 0.6 

( ~II2 )2CO I I. 4 20 84. 7 7. I 1.4 2. 7 0.9 0.9 2. I 
30 58. 0 35. 0 1.3 0. 8 0. 2 0. 9 3. 5 

(\114 )2S04 ll. 4 20 75.8 17.0 1.0 1.1 3. 3 o. 8 0. 7 
30 76. 8 15. 4 3. 6 Tr 2.9 0. 7 o. 4 

TG :Tr tacy I gl )'eNol DG.DtacylglycNol ~G. ~onoacy I g I Ycl'fo I 
f'F,\:Fn•t• fattv actd SE:Sterol ester ~:Free stt•rol Tr:Tract· 

Table 7. Neutral lipid distributions in !vlortlerel/a 1.mhellma IFO 
7824, mcubated at various C/N ratio and nitrogen source 

\ttrogcn c .\ Temp ~eutral l1p1d d1str1butiun (\ ) 
source rat10 ('C) TG I. 2 DG I. 3 DG ~G FF\ SE FS 
:\114.\03 5. 7 20 91. 6 4. l 3. 2 0. 3 0. 2 Tr 0. 7 

30 94.1 2-8 o. 9 1-3 0. I Tr o. 6 II. 4 20 91. 6 4.3 2. 5 o. 7 0. I Tr 0. 8 
30 96. I 2. 0 Tr o. 9 0-3 Tr 0.6 114 20 95. 7 2. 6 0. 8 0.4 0. I Tr o. 4 
30 Ul 2- 6 1-4 1. 2 Q.l__Tr o. 5 343 20 93. 5 4. I 1.8 Tr Tr Tr 0.6 
30 85. 7 7. 2 3. 6 2. 3 o. 2 Tr 0. 9 

( .\112 )2CO II. 4 20 56.4 28. 5 1.2 2. 2 7. 7 o. 6 3. 0 
30 55. I 27. I 3. I 3. 0 1.3 1.4 8. 7 

( ~114)2S04 II. 4 20 93. I 2.9 0. 4 1.3 0. 4 1.0 o. 8 
30 85. 6 8. 2 1.5 1.3 1.6 1.0 0. 7 

TG:Triacylg lycerol DG:DiacylglycNol VG: ~onoacylg l vcerol 
FT\:f'n•c fatty acid SE:Sterol ester FS:Frce stcrol Tt :Tract• 

Table 8 shows the PL distribution of the stram IFO 7824 incubated at 

vanous C/N ratio and nitrogen source. Phosphattdylcholme (PC) and 

phosphattdylethanolamine (PE) were the major substance of the PL, and the 

content of both hp1ds was over 60% of PL at various conditions. The 

dtfference of nitrogen source did not affect polar ltpid distributiOn but C/N 
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ratio affected on it As mcrease in C/N ratio, 11.4 to 343, PC content was 

decreased and PE content was increased. High value of phosphattdyl

inositol content >was also showed at C/N ratioof 343. There were small 

dtfferences of glycoltptd and phosphorus containing glycoltpid at vanous 

condttton. 

Table 8. Polar !Jp1d distributiOns m Mort/erel/a 1.\abe//ma IFO 7824 
mcubated at various C~ ratio and nttrogen source 

\1 t ro~wn C''i Tt•mp Polar ltpld dtstrtbulton (\) TPL 
sou ret• ratao' Cl PC PE p~ PI LPC LPE p GL GL ( \ ) 

.\114,03 II. 4 20 42. 2 20. 2 6. 8 4. 4 1.5 2. 4 8. 8 4. 4 90. 7 
30 ~8- j 14- 8 5- 4 2. 0 2. 2 1- I 9. 9 8- 4 93. 4 

343 20 41.9 17.0 I. 2 II. 4 0. 0 1.1 5. 6 5. 3 83. 5 
30 36. 2 17.0 o. 4 7. 8 2. 5 o. 8 6. 5 7. 9 80. 3 

U-.11 2J2CO II. 4 20 -t2. 9 21. I 7. 4 2. 5 3. 5 2.5 4. 2 2. 7 86. 3 
30 40. 4 23.6 5. 9 Tr Tr 3. 6 4.8 6. 3 84.6 

< ~114 2so4 11. 4 20 41. 2 21. 7 2. 3 5. 8 1.4 1.5 8. 0 5.2 87. 2 
30 32. 4 25. 9 0. 9 5. I 0.0 Tr II. 0 16.0 91. 3 

PC:Phospha t ldylchol1nc PE :Phosphat 1dylethanolam1ne PS:Phosphat 1dvl 
St'fl m• PI: Phospha t1dyl1nos1 to I LPC: Lysophosphat id~ lcholtnc LPE. 
LysophosphatJdykthanolamlne p GL:Phosphorus contaimng glycolipid 
GL:Glvcol ip1d TI'I.:Total polar lipids detected by HPLC us1ng 1nternal 
standerd Tr:Trace 

Summary 

The mfluence of cultural condttions, especially CIN ratio of medtum, 

cultural temperature, and mtrogen source, on the cell !:,'TOwth and 

accumulation of lipid in the mycelium of the two strains of MortJerella 

J.whellma (IFO 7884 and IFO 7824) were investigated. It was found that 

the contents of lipid in the mycelimn of the strains increased with increase of 

C!N ratio. The highest lipid content of 83.5% was obtained at C/N ratio of 

343 at 20 C wtth the strain of IFO 7884 using NH4N03 as nitrogen source. 

The maximum accumulation of lipid, 4.20 giL-medium, on the other hand, 

occurred at C'N ratto of 11.4 and 20"C using (NH4hS04. Ammonmm 

sulfate \\as the best nitrogen source for production of lipid by these strams 

Fatty acid composttion of NL and PL were detennined. Fatty actd 
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compositions of NL did not influenced by nitrogen source so strongly as that 

of PL in both strains. The influence of the cultural conditions on NL and 

PL distribution were also investigated. At higher temperature, decrease m 

TG content as well as increase in diacylglycerol and free fatty acid contents 

were observed. 
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Section 2 Influence of cultural conditions on lipid compositions of 

Mortierella isabel/ina using 11-paraffin as carbon source 

Some microorganisms can utihze the n-paraffins with carbon chain 

length of C5 to C 19 as carbon source, as well as glucose. The author 

examined the lipid and y -linolenic acid (GLA) production by various fun&rtls 

using glucose as carbon source, Morllerella rwhellma was found to 

accumulate a large amount of lipid intracellulaly among the members of the 

order Mucorales. Moreover, relatively high contents of GLA was obteined 

under the cultural conditions with n-decane as the carbon source[Chapter I, 

section 2]. 

This section deals with the investigation of the influence of cultural 

conditions on lipid production, lipid distribution and fatty acid composition 

using n-paraffins as carbon source by the two strains of M. isabellma JFO 

7884 and 7824. 

Materials and Methods 

Mu:roorganisms and cultural condrtrons. Two strains of Morllerel/a 

rsahellma IFO 7884 and 7824 were used in this study. Basically, the liquid 

culture medium contained the followings; 9.1 g n-decane, 2.0 g KH2P04, 

0.91 gNH4N03,0.3gMgS04 •7H20,0.1 gNaCl, 10mgFeS04 ·7H20, 10 

mg CaCI2 • 2H20, 0.2 mg CuS04 • 51120, 1.0 mg ZnS04 • 7H20, 1.0 mg 

MnCJ2 •4H20, 2.0 mg Thiamin-HCI, 0.02 mg 0-Biotin, and 0.2 mL Tween-

20 in 1000 mL of distilled water. Initial pH of each medium were adjusted to 

4.6. The C/N ratio of the medium was 24.1. Medium of the different C/N 

ratio were adjusted by the addition of NH4N03. Nitrogen source varied by 

adding at 24.1 of C/N ratio instead of ammonium nitrate. The 
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microorgamsms were t:.rrown in 1000 mL erlcnmyer flasks containing 400 

rnL liquid medium at various temperatures under rotary shaking ( 150 rpm) 

Analytf(:a/ methoch Analytical methods were performed as described 

previously in the section I and 2 of Chapter I. The cell growth was 

detennined by dry cell weight. Liptd was extracted from the mycelium, and 

the total lipid (TL) production was measured by wetght. The total liptd was 

fractiOnated into neutral lipid (NL) and polar lipid (PL) b} stltctc actd 

chromatograph}. Neutral lipid dtstnbutton \\as analyzed by TLC Polar 

lipid distribution was analyzed by HPLC wtth intemal standerd. Fatty acid 

composition were analyzed as meth} I esters with gas chromatograph 

equipped with a flame ionization detector. 

Results and Discussion 

Cell growth and /ipf(f accumulatwn. Tune course of the cell growth and 

lipid accumulation at 30oC and 24.1 of C!N ratio using ammonium nitrate as 

nitrogen source by M. 1.mhellma IFO 7884 are shown in Figure 1 The 

maximwn dry cell weight of 2.65 g/L-medtum was obtained at 13th day 

The lipid content m dry cell weight mcreased from l2.5°1o at 4th day to 

maximum of value of 35°/o at 13th da}, and the amount of liptd reached to 

0.93 giL-medium The value was about one fourth ofthat on glucose culture. 

In n-decane culture brrowth rate was slow compared with glucose culture as 

shown in section I of Chapter II. 

Figure 1 also shows the lipid fractions of NL and PL . The main lipid 

fraction in TL was NL, and it increased from 70% at 6th day to 90% at 13th 

day. Amount of polar ltpid remained almost constant value m 75 mgt L, 

throughout incubation period from 6th day to I 5th day. Content of polar 
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lipid, therefore, was decreased at the logalithrnic phase to the stationary 

phase. 

Fatty actd composition of these lipid were analyzed. Palmitic acid 

showed the htghest content of neutral lipid at 35 to 45%, and increased at 

logalithmtc phase, but decreased at stationary phase. Oletc acid and linoleic 

actd contents were almost constant m NL except 6th da} r -Lmolenic acid 

content was also almost constant value of 8°'o m NL throughout the 

cultivation penod. Changes of fatty acid composition in PL were 

followmgs~ GLA content increased from I 0% (6 day) to 15% (9th day) at 

the logalisttc phase to stationary phase, oleic acid also increased, but 

palmitic actd and linoleic actd decreased at same incubation penod. 
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Fi~ure I. Growth curve and liptd production of Morlrerella rsahellma IFO 
7824 grown at 30 C using n-decanc as carbon source. 

l:J.rec:t\· of' C N ratio and mtrogen source on l1p1d accumulatwn. The 

effects of C'N ratio and nitrogen source on cell growth and lipid 

accumulation of the two strains, IFO 7824 and IFO 7884 at 20 'C and 30oC 

of culttbation temperature were examined. For the companson of various 

cultural condition, I 0 days was chosen for standard incubation period. 
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Table 1 shows the cell growth and hptd production of the stratn of IFO 

7824. The max1mum cell growth was obtained at C/N ratio of 24.1 and 30 

oc among the culture of various C/N ratio with ammonium nitrate. Culture 

at lower C/N ratio of 6.0 resulted in higher cell growth at 20 oc of lower 

temperature. The highest value of 937 mg/L was obtained at C/N rat1o of 

24.1 and 30 oc, and the second highest was CfN ratio of 6 0 and 20 "C 

Compared wtth glucose as carbon source, n-decane culture resulted m 

relatively constant lipid content at vanous C/N ratio. Cultures using 

ammonium sulfate as nitrogen source gave a similar growth and lipid content 

to those using ammonium nitrate as nitrogen source. Urea as a nitrogen 

source resulted m the highest cell grov.th, but liptd content was IO\\, less 

than I 0°'o, compered with 20 to 30% w1th ammonium nitrate or ammomum 

sulfate. 

Table 1. Influence of C/N ratio and nitrogen source on cell growth and lipid 
formation by Mortutrel/a isabel/ina IFO 7824 using n-decane as carbon source 

~itrogcn CI'J Temp. DC TL lVDC ~LlDC PL 'DC 
source ratio c·c) (giL) (giL) (~) (~) (~) 

\H4 '\0.3 6. 0 20 2.48 0. 64 25.9 20. 7 5.2 
30 Q. 89 Q. 15 16.9 12.4 4- 5 

24. I 20 I. 16 0. 23 20.0 13.0 7. 0 
30 2-15 0-9~ 3~. I 30-6 3. 5 

96. 6 20 0. 93 0. 26 28. 2 23. I 5. I 
30 1-H 0-36 31. I 28-0 3. I 

241 20 0. 36 o. 08 23.8 16.8 7. 0 
30 0.49 0. 12 23. 5 20. 0 3. 5 

( XH2 2co 24. I 20 2. 10 0. 17 8. 2 3. I 5. I 
30 3. 16 o. 28 9. 0 4. 3 4. 7 

( '\114 )~4 24. I 20 o. 73 o. 13 18.4 10.9 7. 5 
30 2. 23 0.93 41. 6 35.6 6.0 

DC.Dry cell 11e1ght TL:Total lipid \L \t•utral 1 ipld PL:Polar I ipid 

Table 2 shows the result ofthe strain ofiFO 7884. Cell growth and lipid 

content were smaller than those with the strain of IFO 7824. The highest 

cell growth was only 2 giL at C/N ratio of 24.1 and 30°C, and the highest 

lipid production was only 336 mg!L at C/N ratio of96.6 and 30°C. 
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These results were compared with the glucose culture of previous section. 

The most prominant difference was IFO 7884 showed a higher cell growth 

and lipid accumulation than JFO 7824 with glucose culture, but vice versa 

with n-decane culture. Furthermore, n-decane culture did not result in so 

much liptd accumulation as glucose culture at high C/N ratio (80%-lipid 

content). n-Decane seems to have some limitation 111 tenns of carbon 

source for lipid accumulation Polar lipid content with n-decane were 

approximately 2 times higher than that with glucose. Urea as nitrogen 

source resulted in high cell growth but low lipid content with both n-decane 

and glucose. These results seemed to come not only from the different 

dependency of the two strains on nitrogen source, but also different pH 

value during there culture period. Effects of cultivation pH on cell growth 

and lipid accumulation are to be solved. 

Table 2. Influence of C/N ratio and nitrogen source on cell growth and lipid 
formation by Mortierel/a lsabellma lFO 7884 using n-decane as carbon source 

\1trogcn C/~ Temp. DC TL TLIDC ~L/DC PLIDC 
source ratio c·c) (giL) (g/L) (\) ('-) (~) 

\11,\0:J 6. 0 20 o. 71 o. 10 13.4 7. 2 6. 2 
30 Q. 50 Q. II 23-0 17-8 5.2 

24. I 20 I. 65 o. 15 9. 0 6. I 2. 9 
30 L 91 Q. 23 II- 8 1- Q 4. 8 

96. 6 20 0. 94 o. 23 24.6 19.9 4.7 
30 1- 18 Q. 3~ 28.5 23- 9 4.6 

241 20 0. 40 0. 12 29. I 23.3 5.8 
30 o. 64 o. 19 29. 5 23.4 6. I 

( ~112 )2CO 24. I 20 I. 80 o. 24 13. I 7. 7 5. 4 
30 o. 98 o. 13 12. 8 4. 8 8. 0 

( 'Ill., )2SOI 24. I 20 l. 21 0. 17 14. I 8. 8 5. 3 
30 I. 43 o. 14 9. 8 5. I 4. 7 

OC:Dry cell weight TL:Total I ipid '\L: '\eut ra I I ipid PL:Polar I ipid 

Change of l!p1d and fatty ac1d compositions at vanous C N ratio and 

mtrogen source. Neutral lipid distribution of the strain of IFO 7824 

incubated at various C/N ratio and nitrogen source is shown in Table 3. 

Triacylglycerol content changed from 40 to 90%, in accordance with neutral 
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lip1d content. The culture of high lipid content usmg ammonium nitrate at 

CIN rat10 of 24 I and 30"C gave high TG content of 88 7°-
0

, and the culture 

of lov.·er hp1d content with urea gave lower TG content. In the case of urea 
, 

It showed htgh level of free sterol content In tennes of the content of free 

sterol, hov.cver, s1m1lar values were obtained among all cultures 

Table J. "Jeutrallipid distributions in ,\fortterdla twthcllma IFO 7824 incubated 
at various C/N ratio and nitrogen source using n-decanc as carbon source 

S1tro~:l•n Cl~ Temp \eutral I ip1d d1stnbut1on \ 
('C) TG 1.2 DC 1..1 DG VG FF\ Sf FS suorce rat 10 

\111\0~ 6.0 

24. I 

96. 6 

241 

( \112 J2Co 24. I 

( \Ill )2'\()1 24. I 

20 83. I I 0. 4 I. 3 0. 8 0. 5 I. 6 2. I 
30 76.5 16.9 I. 3 _Q_L 0..5 OL9 3...1 
20 57.0 9. 2 7.4 o. 7 19.5---0.3---5.6 
30 88.7 3.2 1.4 0~---~0 0. 2 2. 7 
20 84.6 &4 I. 7 ~ 6 1.2 1.0 2. 3 
30 78. 4 14. 4 I. 7 !. I !. 5 0,_3_2,_2 
20 77. 5 12. 7 I. 8 I. 7 2. 0 o. 5 3. 5 
30 71. 8 20. 2 2. 6 I. 0 !. I 0. 6 2. 6 
20 38.6 9.1 7.216.4 8.8 0.218.6 
30 58. I 4. 8 I 0. 6 4. 6 5. 9 0. 3 15. 1 
~~ 59.3 7.2 4. 2 5.8 17.0 0.2 5.9 

88. 3 0. 9 4. 2 0. 9 2. I 0. 3 3. 2 

TG:Tnacylglycerol· DG.Dlacvlglycerol VG Vonoacvlglvce
1
ol 

FF.\:fn·e fatty acid SLStcrol ester FS.Free st~rol. Tr:Tracl' 

!able 4. Polar. lipid distnbutions in Mortterel/a t.\ahell11w IFO 7824 
mcubated at vanous Cfr\. ratio using n-decane as carbon source 

t 'f \ Tnmp p 
" ~ olar ltpid dtstributwn \ \ ) TPI. 

rat1o (C) PC PE PS PI LPC LPE p Gl. Gl. ( \ ) 

11.4 20 37. 5 8. 9 5. I 8. I 3. 0 2. 2 6. 5 8. 7 80. 0 
30 52.2 13.4 !. I 7. 0 !. I 0. 9 7. 6 L6. 5-D.lL..B 

24. I 20 44.7 14.0 0. 2 4. 3 Tr 1.4 &2 a 1 8~9 
~~ 41. 7 6. 9 3. 4 7. 6 0. 0 T.r____lk U5....3--17 Jl 

96.6 43.5 8. 9 0.4 4. 6 Tr I. 0 8.2 7. 0 73.2 

241 ~~ 46. 8 9. 8 2. 6 8. 0 Tr Tr BJ-.2.2:...0 aL Q 
43. 7 14. 3 3. 7 9. I 0. 0 0. 7 8. 3 7. 8 87 6 

30 32.9 l 2 4. 0 11.2 ~ 0 Tr 117 114 82.4 

I'C: Phosphat idylchol ine PE: Phosphat idylethanolami ne l'S: l'hospha t tdvl 
senn(' PI :Phosphat idyl inos1tol LPC:Lysophosphat id~·lcholtnt• I.PE : · 
Lysophosp~at Idyl ethanolamine p GL:Phosphorus contaimn~: glycol iptd 
GI.:Glycoltpld TPL:Total polar I ipids detected by IIPLC us1ng lnll'rnal 
standerd Tr:Trace 
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Polar Jiptd distribution of the strain oflFO 7824 incubated at vanous C/N 

ratio is shown in Table 4. At any condition, phosphaty1ylcholme and 

phosphatidylethanolamin were also the principle constttuent. Smaller 

mfluences on PL d1stnbutton by the difference of CIN ratio was obserbed 

Cultivation at 30 C gave htgher value of phosphorus glycohp1d and 

glycolipid content than those at 20~C. 

Table 5. Influence of carbon number of n-paraffin on cell growth and fatty actd 
composition of Mortterella t.\ahel/ma IFO 7824 and 7884 incubated with ammonium 
nitrate as nitrogen source at C/N ratio of 24 I 

IFO Paraff10 DC 11. 11./0C Fatty OCJd COII)OSi liOn (\) 
\o. (g/I. J ( •g/1. ) (\) 10:0 12:0 11:0 Ji:O 16:0 16:1 17 :0 17:1 18:0 18: I 18 2 18::1* 

7824 Octane OM 
Dec an~ 2. 75 9:18 :J.1. I 0. I 0. I 1.8 1. I 41. 2 3. 4 I. 4 1.7 l4 27. I 10 3 7 R 
Dodecanc 0 '12 bl In 0.~ 2. 2 :1 ~ 2 5 15.0 7 5 1.6 1.5 3. 0 ~5. 4 4 6 15.3 
Tetradecant.' 0 0·1 
Hexad.,canc 0 0·1 

71!84 Octane· 0 O'i 
Decane I 97 2:12 I:. 8 o. 0 o. 0 3.2 0843.0 2. 7 0 2 o. 0 2. 9 21 2 6 0 IH 9 
Dodecane 0 20 42 21. 4 2. 0 o. 6 o.:; I 2 14.0 4.0 3.4 4. 4 2. 9 29 8 26 7 4 2 
Tetradecane 0. 16 b 1.6 0 0 0. 2 II 1 0 9 12 4 5. ·1 0 8 0. 6 2. 2 39.6 8 6 14 9 
Hexadecane 0 20 13 6.7 0 0 o. 0 1.9 I 2 18.9 5 0 I 3 2. 9 2. 7 40.2 R.8 li I 

• 1 ltooll'lliC 8Cid tF.\ :lotal unsaturated fatt} ac1d lr:Trace 

Influence of cat·hon numher of n-paraffin on cell growth, ilpul 

product/On and fatty ac1d composlllon. Table 5 shows the influence of 

carbon number of n-paraffins on cell growth, lipid accumulation and fatty 

acid composition of the two strains IFO 7824 and IFO 7884. Their ability to 

consume of n-paraffins was quite limited in terms of carbon number. n

Decane supported the maximum cell growth among n-octane to n

hexadecane. The strain of JFO 7824 were able to use only n-dodecane, 

except n-decane. In case of strain of IFO 7884, it was able to use n

dodecane to n-hexadecane, though their usability was only I 0°/o of n-decane. 

When n-tetradecane and n-hexadecane were used, rnirystic acid and palmitic 

acid contents were increased, respectivery. which was md1catmg that both 
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carbon source were taken in and transformed to fatty acid directly. As for 

GLA content of TL on n-decane 7.8 and 18.9°'o with IFO 7824 and IFO 

7884, respectively, were obtained. These value were reratively higher than 

those on glucose culture. 

Summary 

Using n-paraffine as carbon source, influence of cultural conditions, 

especially C/N ratio of medium, growth temperature, nitrogen source, and 

chain length of n-paraffins on the cell growth and lipid production in the two 

strains of M. /Sahellma, IFO 7884 and IFO 7824 were investigated. n

Decane supported the maximum cell growth among n-octane to n

hexadecane. The maximum accumulation of lipids, 937 mg/L-medium, was 

obtained with the strain of IFO 7824 at C!N ratio of 24 I and 30 oc using 

ammomum nitrate as nitrogen source. n-Decane culture did not result in so 

much lipid accumulation as glucose culture at high C/N ratto(80°~o-lipid 

content). It resulted in relatively constant liptd content at various C/N ratio. 

n-Decane seems to have some limitation in terms of carbon source for lipid 

accumulation. Polar lipid content were approximately 2 ttmes higher than 

glucose culture. 
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Section 3 Influence of cultural conditions on lipid productivity of 

Mortierella isabel/ina 

The culttvation factors and medium composition affecting the cell growth 

and lipid accumulation. It is well known that CIN ratio (ratio of carbon to 

nitrogen source) of culture medium affects greatly on a lipid content in cell 

mass[49). In the study of oleaginous yeasts, Candida and Rhodotorula, 

quantity of lipid accumulated was increased by restricting a nitrogen 

source(50-53]. Varying pH also might play a role in altering lipid 

accumulation and lipid composition in oleaginous yeast(54). The author 

searched for fungi which have high lipid productivity for the purpose of lipid 

production by microorganism, and found that the strain of Morllerella 

1sabellma had not only high lipid productivity but some amount of r -
linolenic acid (GLA) as shown in the previous chapter. Furthermore, 

influence of cultural condttions, especially nitrogen source, C/N ratio, and 

culture temperature, on cell growth, lipid accumulation, and ltpid 

composition in flask culture were investigated[Chapter II, section 2]. In M. 

1sabellma also, lipid content of mycerium varied extremely from 30% to 

80% according to CIN ratio of culture medium. Though, higher C/N ratio 

gave higher lipid content, it gave lower cell growth and consequently lower 

overall lipid production. We tried to realize both high cell growth and high 

lipid content simultaneously for a efficient lipid production. But the results 

above required more detailed examination. 

Tlus section deals with the investigation of the influence of cultural 

conditions, especially C/N ratio, culture pH, and temperature on cell growth 

and lipid accumulation of M. 1mbe/lina using stirred tank fermenter. 
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Materials and Methods 

Mtcroorganwns and cultural condtllom Three strams of M. ISabellma, 

IFO 7884, IFO 8308, and IFO 8183 were used in this study. Basically, the 

liquid culture medium contained the followings; 25 g glucose, 3.0 g 

(NH4hS04, 3.0 g KH2P04, 0.3 g MgS04 •7H20, 0.1 g NaCI, 0.2 g yeast 

extract, 0.2 g malt extract, 0.1 g pepton, 10 mg FeS04 •7H20 , 10 mg 

CaCl2 • 2H20, 0.2 mg CuS04 • 5H20, 1.0 mg LnS04 • 7H20 and 1.0 mg 

MnS04 • 4H20 in I 000 mL of disttlled water Initial pH of medium was 

adjusted to 4.6 except the experiment on effect of pH. The C/N ratio of this 

medium was 15 .7, and the various C'N ratio of 7 9, 31 4 47. 1 and 62.9, 

respectively, were adjusted by the adding 6.0 g 1.5 g, 1.0 g and 0.75 g of 

ammonium sulfate. 

A 10 L stirred tank fennenter (Kanto-rikaki Seisakusyo, model CRUD 

II) system was employed m this study. The operation conditions were, 6 L 

working volume, 300 rpm agitation speed, and I 0 vvm air flow rate The 

cultural pH was controlled at 4.5 with 2N NaOJ I except the experiment on 

effect of pH. Inoculmn was grown in 1000 mL erlenmyer flasks containing 

400 mL liquid medium under rotary shaking (150 rpm) for 3 days, and 50 

mL culture broth of which was transfonned to the fennenter. Samples of 

I 00 mL were taken out for analysis at various cultivation time. 

Analytu:al rnethod'i. Analytical methods were perfonned as described 

pre\10usly in the section 1, Chapter I. The cell growth \~as detennined by 

dry cell weigh. Lipid was extracted from the mycelium, and amount of total 

hpid (TL, giL-medium) was measured by 'A-eight. Fatty acid composition of 

TL was analyzed as methyl esters 'A-ith gas chromatograph equipped with a 

flame ionization detector. Lipid coefficient, lipid produced from 100 g of 

glucose, was also used to compare the lipid productivity[55). 
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Results and Discussion 

Tune course of M. 1.wbe/lma m the basal cond1110ns. A time course of 

the cultivation of M. ISabel/ina lFO 7884 using the basal medium and 

temperature at 30 oc is shown in Figure l. The pH was maintained at 4.5 

with alkali addition until nearly the end of the logarithmic growth phase and 

then allowed to increase to 5.5 without control. Level of dissolved oxygen 

was also decreased at loganthmic growth phase At 48 h, dry cell weight 

reached 13 giL, which was 30% higher than those in flask cultures shown in 

the section I , Chapter II. Lipid content, on the other hand, remained 

relatively low ( 15°/o of dry cell weight). 
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30 ~,....... 
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L.__ __ __,..,__ __ ___,"::--------::=--' 0 ...J ~ 

24 48 72 
lncubaiion time (h) 

(Air flow ratio: 1.0 vvm. Agitation speed: 300 rpm) 

Figure l. Growth curve of Morllerel/a 1.mhel/ma IFO 7884 grown at 30 C 

Culture of IFO 7884 at 20 C and two other strams of M. lsahe/lma 

(IFO 8308 and IFO 8183) grown under the same conditions are shown in 

Figure 2. Two strains of IFO 8308 and IFO 8183 also reached more than 

10 giL of dry cell weight at 48 h. Lipid contents of these culture were 23% 
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and 21%, respectively, similar to that of IFO 7884 shown in Figure 1, and 

those value \\ere lower than those in flask culture. At lower temperature of 

20 C culture of IFO 7884 resulted in less cell growth but h1gher hpid 

content of26°~o. When we compare those results WJth those m flask[section 

l , Chapter II), largest difference was observed in lip1d content In flask 

culture at C/N ratio of 11.4, more than 40°/o of hp1d content was obtamed. 

These values were enough high to compensate the1r low growth and resulted 

in higher lipid production than those of the fermenter. Though C/N ratio 

were not the same in flask and fennenter, it was thought that influence of 

CIN ratio were small. A change of pH during the culture period, therefore, 

seemed to influence lipid content greatly, because pll was lowered to 

around 2 in the flask culture. 
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Figure 2. Growth curve and lipid content of M. 1sahe/lma, 3strains 

Influence of cultural pH on fiptd accwnulattOn. The influence of 

cultural pH on cell growth and lipid accwnulation of the strain IFO 7884 
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was then examined (Figure 3). The cultures were started at initial pH of 

4.6 and pH control were started at about 30 h when pH values reached to 

2.5 or 3 0 usmg alkah The cell grow1h of pH 3.0 was lower than that of 

pH 4.5 (Figure 1) but hp1d content of pH 3.0 reached more than 50°-o, 

which resulted in 2 times larger lipid production than that of pH 4.5 In the 

culture of pH 2 5, cell growth was not only depressed but lipid content also 

remained at a low value. It showed that condition of pH 2.5 was 

unfavorable for both growth and lipid accumulation. 

o 6 pH controlled at 3.0 
e A pH cnntrollcd at 2.5 

~ 
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(Incubation temperature: 30"C. Initial pH: 4.6.) 

Figure 3. Influence of controlled pH on cell growth and lipid content 

of M 1.mhe/lma IFO 7884 

Influence of cultural pH on cell growth and lipid content is shown in 

Figure 4. When the pH was controlled from the beginning at 6.0 showed 

almost the same growth curve and lipid content as those of pH 4.5 (Figure 

1). Although pH 3.0 resulted in a decrease in growth rate, the lipid content 

was nearly doubled to that of the pH 6.0. These results showed that a 

cultural condition at lower pH ranged from 3.0 to 4.5 promoted lipid 

accumulation. 
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Figure 4. Influence of cultural pH on cell gt0\'.1h and lip1d content 

Effect of C N rat1o on lip1d accumulauon The effect of C/N ratio \<\as 

examined with M 1sahelfma IFO 7884 in the stirred tank fermenters at pH 

4.5 and 30 oc by adjusting of arnmomum sulfate concentration Figure 5 

showed the effect of cell growth, lipid production and lipid content, cultured 

at various concentration of ammonium sulfate. Cell growth and lipid 

content were not affected by the enough amount of nitrogen source, that is, 

ammonium sulfate concentration between 3.0 and 6 0 giL. However, 

ammonium sulfate concentration affected greatly on cell growth and lipid 

content at lower concentration The h1ghest lipid production of 5 5 giL and 

lipid content of 67% in dry cell weight were given with the ammonium 

sulfate concentration at 0.75 giL. In this ammonium sulfate concentration 
' 

lipid production was two times lager than that of ammonium sulfate 

concentration at 3.0 giL, but it resulted in the lowest dry cell weight among 

the conditions examined. In ammonium sulfate concentration range from 

0.75 to 3.0 giL, lipid productiOn decreased and dry cell weight increased 

with an increase of ammonium sulfate concentration. These results showed 
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the strain has the w1de range of hpid content from 20 to 70% according the 

nitrogen source concentration. In flask culture, 50% of lipid content was 

obtained at 15 of C/N ratio as shown in sectiOn I, Chapter II. In the present 

result, however, 40 to 50% of lipid content were given at C/N ratio of 30 to 

50. It was thought that the difference of C/N ratios wh1ch gave a lipid 

content around 50% between flask culture and fermenter culture was 

derived from difference of pH profiles in both culture. 

The highest lipid coefficient of 2 2 was obtained at 0.75 giL of 

ammomum sulfate concentration (C/N ratio of 62.9). This value exceeded 

the highest values reported in oleagmous yeast or fungi[ 56,57], and that this 

fungal strain is a promismg resource for microbial lip1d production. 
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Figure 5. Influence of ammonium sulfate concentration on cell growth 

and lipid content 

Change offatty ac1d compO.\'It/On at vanous condition. Fatty acid 

composition of TL harvested at stationary phase in each culture was 

determmed. The composition of the princ1pal fatty acids is shown in Table 
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l . Compared with the fatty acid compOSition v.tth the culture at higher pH, 

culture at lower pH gave higher content of saturated fatty acid and lower 

content of oleic acid and GLA Culture at lower nitrogen concentration 

gave less GLA content than that at higher nitrogen concentration. 

Table 1. Influence of various cultural conditions on fatty acid 

composition of M t.mhellma IFO 7884 

Cultural cond1t10n 
\~ pll 

g L lnt Cant 
3. 0 4. 6 4. 5 
3. 0 4. 5 3. 0 
3. 0 4. 5 2. 5 
3. 0 6. 0 6. 0 
3. 0 3. 0 3. 0 

o. 75 4. 6 4. 5 
6. 0 4. 6 4. 5 

Fatty ac1d coa:pos!l10n (,.) LF\ 
16:0 16: I 18:0 18: I 18:2 18:3• (,.} 
20. 4 3. 5 2. 6 55. 5 I 0. 9 5. 7 75. 8 
2t0 4.7 1.8 47.5 15.3 2.2 70.0 
25. 5 3. 5 2. 9 51. 4 12. I 3. 7 70. 7 
22. 2 3. I 3. 0 52. 0 12. 6 5. 5 73. 9 
3 I. 0 4. 8 3. 0 47. 3 I 0. 2 l. 4 63. 9 
29. 5 3. 8 2. 4 45. 6 13. 5 3. 9 67. 0 
23. I 3. I 3. 0 50-7 12. 5 6. 6 73. 0 

\S· \ !IDloniUID sulfat(' as nitrogen sourer lnt: Initial pll Cont : 
Controllt•d pll l'F\ : Total unsaturated fatty acid * 7 Linolcm• 

Summary 

A study was made of how cultural conditions, especially culture pi I and 

CIN ratio, influence the cell growth and lipid production in a stirred 

fermenter of Moruerella Jsabellma, three strains. Cell growth and lipid 

content were found to be influenced strongly by culture pH and the quantity 

of available mtrogen source. Culture of low pH, hp1d production increased, 

but the cell growth decreased. The maximum lipid production of 5.5 giL 

was obtained with the strain of [fO 7884 at C/N ratio of 62.9 and pH 4.5. 

Lipid content in M. isahel/ma was increased from 19 to 67% according to 

increase in C/N ratio from 7.9 to 62.9. The highest lipid coefficient of 2.2 

was obtained at C/N ratio of 62.9. This value exceeded the highest values 

reported in oleaginous yeast or fungi, and that this fungal strain is a 

promising resource for microbial lipid production. 
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Section 4 Effect of cultu ral conditions on lipid productivity of 

Mortierella isabel/ina with a culture at high cell mass 

In order to realize the efficient lipid production by microorganisms, 

selection of a suitable strain which is capable of lipid accumulation in its cell 

is most important. The optimum culture conditions for lipid production 

should be next performed. Two Important criteria for the expenment were 

higher cell mass per unit volume of the culture broth and higher lipid content 

in the cell. Higher concentration of glucose in the culture medium was a 

direct way to obtain higher cell mass in unit volume of the culture broth. 

Concentration range from 20 to 60 giL of glucose, however, has been 

commonly used owing to inhibit1on of higher glucose concentration to fungal 

growth[ 16,30]. In fungal culture, according to its growth phase, hypha! 

stretclung often leads to entanglement which causes increase in viscosity of 

culture broth and decrease in rate of oxygen transport(58). Therefore, 

higher cell mass in the culture is difficult to realize, and there have been very 

few reports which succeed in a culture at high concentration of glucose( 59]. 

In the previOus section of th1s chapter, the author descnbed the cultural 

cond1t10ns, especially culture pH and C/N ratio for the purpose of lipid 

production with Mort1erella Jsahellma. In the study, it was found that the 

M. Jsahellma has high level of lipid coefficient defined as gram of lipid 

produced/gram of glucose consumed, and that this fungal strain is a 

promismg resource for microbiallip1d production[Chapter II, section 3). 

This section deals \\-ith the mvestigation of the mfluence of cultural 

condittons on cell growth and lipid accumulation at a high concentration of 

glucose and molasses in the medium in order to mcrease in the lipid 

production of M. i.~·abellina lFO 7884. 
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\laterials and Methods 

Cultural condwons. The medium used for flask culture contamcd the 

followings; 30 g glucose, 0.7 g urea, 1.5 g KH2P04, 0.3 g MgS04 • 7fi20, 

0.1 g NaCI, 0.2 g yeast extract, 0.2 g malt extract, 0.1 g pepton, I 0 mg 

FeS04 · 7H20, I 0 mg CaCI2 • 2H20, 0.2 mg CuS04 • 5H20, I 0 mg ZnS04 • 

7H20, 1.0 mg MnS04 • 4H20 and 1000 mL of d1st1lled water (C N rat1o of 

the medium was 40). In case of the cultures changmg glucose concentration, 

concentration of the other components were changed to have the same ratio 

to that of glucose. The medium vanous phosphate concentration was 

adjusted by the amount of KH2PO 4 added. 

The medium used for stirred tank fennenter, which was basrcally 

determined by the optimization from flask culture, contained the followmgs. 

200 g glucose, 3.7 g urea, 4.5 g (NH4hS04, 5 Og KH2P04, 1 0 g MgS0
4 

· 

7H20, 0.3 g NaCI, 0.6 g yeast extract, 0.6 g malt extract, 0.3 g pepton, 30 

mg FeS04 · 7H20, 30 mg CaCI2 · 2H20, 0.6 mg CuS04 · 5H20, 3.0 mg 

ZnS04 ·7H20, 3.0 mg MnS04 · 4H20 and 1000 mL of distilled water (C/N 

ratio of the medium was 40). The various C/N ratio ranged 10 to 40 was 

adjusted by the amount of urea added. In case of the cultures changmg 

glucose concentration, also, concentration of the other components were 

changed to have the same ratio to that of glucose. The nitrogen sources 

were sterilized separately with other components. In case of the cultures 

using molasses instead of glucose, heat sterilization of medium was done 

under the condition of pH 3.0 in order to promote hydrolysis of sucrose 

The medium optimization were performed using 1000 mL erlenmyer 

flasks containing 300 mL liquid medium at 30 C under rotary shaking at 180 

rpm. A 30 L stirred tank fermenter system (Marubishi Rikasouchi, model 

MSJ-U2) was also employed in this study. The operation condit1ons were; 

20 L working volume, 400-500 rpm stirrer agitation speed, and 1.0 vvm air 
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flow rate . The cultural pH was controlled at 4.0 with 2N NaOH. Culture 

was stopped when glucose concentration became zero 

Analytu .. :al method. Glucose concentration in culture broth was 

analyzed using a glucose analyzer (Yellow spring Instmment Co. Ltd., 

model 27). In the culture using molasses as a carbon source, sugar 

concentration 111 culture broth was analyzed using HPLC equ1pped with 

refractrve index detector (Sh1madzu, model LC-3A and RID-2A). The 

chromatography was performed w1th Unisil Q NH2 column (4.0 X 250 mrn) 

using acetone/water (7:3 by vol.) as eluent. 

The other analytical methods were performed as described previously in 

the section I, Chapter I. The cell growth was determined by dry cell 

we1ght. L1pid was extracted from the mycelium, and amount of total lipid 

(TL, giL-medium) was measured by we1ght. Fatty acid compos1t10n of the 

lip1d was analyzed as methyl esters with gas chromatograph equipped with a 

flame ionization detector. 

Lipid coefficient, gram of lipid produced from I 00 g of glucose, and 

hpid productivity, gram of lipid produced/incubation time, were also used to 

compare the efficiency of lipid production[55]. 

Results and Discussion 

Producuon of hrgh cell mass m flask culture. In order to increase the cell 

growth and lipid production, high concentration of glucose in the range of 30 

to 420 g., 'L were examined In thrs experiment, urea was used for nitrogen 

source 111stead of ammonium sulfate used in the prev10us study 111 order to 

avoid decreased of pH. Figure 1 shows the influence of mitial glucose 

concentration on cell growth and lipid content. The maximum cell growth 

and lipid production were obtained at 180 giL of glucose concentration. In 

spite of the same C/N ratio, lipid content increased from 35% to 45% in the 
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culture at 30 to 180 giL of glucose concentration . Cell growth and lipid 

production decreased at higher glucose concentration than 200 giL. 

Though growth of cell was still observed at glucose concentration higher 

than 300 giL, no growth was observed at 420 giL of glucose concentration. 

These results showed that M. isabellma is extremely tolerant to high 

concentration of glucose. No reports have been published on fungal culture 

which obtained enough cell growth and lipid production 111 the culture using 

glucose at higher concentration than 100 giL. 
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20 g 
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100 200 300 
Glucose concentration (giL) 

(Incubation time : 7d) 

Figure l. Influence of glucose concentration on cell growth and lipid 

production in flask culture. 

Effect of phosphate (KH2P04) concentration was examined usmg a 

medium at 180 giL of glucose concentration (Figure 2). Little change of 

cell growth and lipid production were observed in the range of about 5 to I 0 

giL. Phosphate concentration of 5.0 g, a half concentration of the basal 

medium was proved to be enough. Subsequent experiment culture in the 

stirred tank ferrnenter, therefore, was perfonned at 5.0 giL of KH2P04 with 

200 giL of glucose, and the other minor component of the medium were also 

lessened to a half concentration of the basal medium. 
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Figure 2. Effect of phosphate source concentration on cell growth and 

lip1d production in flask culture 
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Figure 3. Effect of glucose concentration on cell growth and lipid 

production in stirred tank ferrnenter 
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l!.ffect of glucose concentratiOn and C N ratw. Effect of glucose 

concentration on cell growth and lipid production was examined m the 

stirred tank fermenter at pH 4.5 and 30 C (Figure 3) Glucose 

concentratiOn \\as used in the range from 60 to 240 giL. Both of urea and 

ammomum sulfate were used as nitrogen source, m order to control the pH 

easily, and C/N ratio of each medium \\as adjusted to 40. Cell growth and 

lipid production were increased according to the increase of glucose 

concentration. With a stirred tank fermenter, no inhibition of high glucose 

concentration was observed even at higher concentration than 200 giL. 

Longer incubation time was required according to increase in initial glucose 

concentration. Compared with flask culture, the glucose concentratiOns that 

gave the highest cell growth and lipid production in stirred tank fermenter 

were m excess of 200 giL. Lipid content also increased with increase in 

glucose concentration, in spite of the same C/N ratiO. Increase m hpid 

content was the same phenomenon of in flask culture, and It was thought 

that high concentration glucose in the mediUm accelerated ltpid 

accumulation. 

The effect of C/N ratio on cell growth and lipid production was exammed 

with 220 giL glucose concentration (Figure 4). An increase in the C/N 

ratio in the range from 10 to 40 resulted in an increase in the lipid content 35 

to 55%, but also an increase in incubation time required. It seems that the 

culture at high lipid content dose not necessarily obtain a high lipid 

productivity. The lipid content under high glucose concentrations were 

about l 0 to 15% higher than those cultured at lower glucose levels as shown 

in the section 3 of this chapter. Taking into consideration of shorter 

incubation time, C/N ratio of 20 seems to be optimum for high lipid 

productivity 
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Figure 4. Effect of Cf'.l ratiO on cell growth and lipid production in 

stirred tank ferrnenter 

Cell grm .. 'lh and hp1d productivity m the med1um at h1gh carbon wurce 

concentratum Using glucose and molasses at higher concentration as 

carbon source than previOusly, cell growth and lipid productivity were 

examined (Table 1 ). The glucose and molasses concentration were used in 

the range from 270 to 390 giL and 180 to 300 giL, respectively, but C/N 

ratio were controlled at 20. 

At a very high glucose concentration (390 giL), maximum cell ~:,rrowth of 

156 giL and lipid production of 83.1 giL were obtained at 168 h of 

incubation time. The highest lipid coefficient of 21 .3 was also obtained in 

the culture. The highest lipid productivity, however, was found to be 0 69 

g!L/h in culture with a glucose concentration at 270 giL. The maximum 

value of lip1d productivity, 0.69 was more than 10 times higher than that in a 
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oleaginous yeast Rodotorula[51] or in M. lsahellma, shown in perviously in 

the section 3 of this Chapter. 

Table l. Lipid production and producti\lt~ by M Tsahel/ma gro~n in high 

concentration of carbon source (C/N rat10 20) 

Carbon Concent- IT DC TL TUDC Coeffictcnt Producth it) 
source ration (giL) (h) (giL) (giL) (%) 

Glucosl' 270 72 103. 5 49.4 47.7 18.3 0.69 
390 168 156.4 83. I 53. I 21. 3 0.50 

Vol asses 180 68 59. 9 25.6 42. 7 15.5 0. 38 
280 108 104. 2 53. I 51. 0 19.0 0.49 
300 128 113. 3 47. 6 42. 0 15.9 0.37 

IT Incubation time. DC DC\ cell \\eight. TL Total hptd. Coeffictcnt Total liptd 
\\Ctght produced I 100 g of sugar (%). Productl\ It) Total hptd \\Ctght produced I 
tncubatlon time (giL/h) 

In the culture of molasses as carbon source, sugar content of which was 

approximately 20% of glucose, 20% of fructose and 60% of sucrose, the 

strain showed diauxic t:,rrowth with glucose and fructose, but very little 

growth with sucrose. After sucrose was hydrolyzed during heat sterilization 

of the medium at lower pH, molasses as carbon source mdicated a similar 

growth to those of glucose. Though a little longer incubation time was 

needed, cell growth reached more than I 00 giL and lipid production around 

50 giL. These result showed that molasses was also applicable as carbon 

source, an increased economic feasibi lity of this method. 

Figure 5 shows the time course of cultivation with 270 giL glucose 

medium. Agitation speed was raised to 500 rpm at 24 h into the operation in 

order to increase oxygen transport. Large increase in dry cell weight and 

large amount of glucose consumption were observed at the incubation time 

from 24 h to 48 h. At 72 h, residual quantity of glucose became zero and 

dry cell weight exceeded I 00 giL. The value of dissolved oxygen and pl I 

were lowered with increase in dry cell weight, during the incubation time 

from beginning to around 48 h. During the same period, the value of cell 
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weight without lipid, (DC-TL), was increased. The period of lipid 

accumulation seemed to be later than period of cell growth. An increase in 

dry cell weight, during mcubation ttme from 48 to 72 h, derived from 

mcrease m lipid production. It was thought that very high lipid content of 

thts fungus was owing to the capacity of consuming glucose and 

accumulating lipid after the complete consumption of nitrogen source in the 

late logarithmic growth phase. 

-,::) 

= .., 
~ ,...,. 
-...; -,..., 
~ ~ 

500 
Aguauon (rpm) 

0 14 48 72 
Incubation time (Il),(h) 

( 
C N ratio: 20, (OC-TL): The , ·aJue of cell ) 
weight without lipid, DO : Dissol"ed oxygen 

Figure s. Time course of cultivation with 270 giL glucose medium in 

stirred tank fermenter. 

Figure 6 shows the microphotograph of M. 1.mbe//ma grown on 270 giL 

glucose medium at incubation times of 24, 48, 72h. The shape of the cells 

becomes round after the late logarithmic growth phase, from 48 to 72h. At 

the growth phase when lipid content was high, hypha! stretching was not 

observed and the fungal shape became yeast-like. This shape was 

considered to be beneficial to an mcrease in a fungal cell growth without 
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mcrease in viscosity and without decrease of oxygen transport in culture 

broth. 

A c 

• 

0 I mm 

Figure 6. Microphotograph of M t.mbellma grown on 270 giL glucose 

medium. Incubation time was A 24h, B 48h, and C 72h, respectively. 

Fatty acid composition of TL from the culture at high concentration of 

carbon source were detennined. The compositiOn of the principal fatty 

acids is shown in Table 2. AJthough difference of compositions between 

each cultural conditions was small, culture at higher concentration of carbon 

source gave higher linoleic and GLA content than that at lo~er concentratiOn 

of carbon source. 

Table 2. Fatty acid composition of the lipid cultured at high concentration 
of carbon source 

Carbon source Fatt~ ac1d composition (%) l FA Dll 
(g/ L) 16:0 16: I 18:0 18: 1 tR:2 L8::l* (%) 

Glucose ~70 30.8 1. 7 2. 7 ·16. 1 I I. 7 2. 5 72.5 89.2 
390 2n.8 4.6 2. 8 1·1. 7 15.5 4. !i 69. :l 93. 8 

~to lasses 180 27.6 5. 7 2. 2 50.3 8.9 2.5 67. I 81. 3 
280 2R.3 ·1. 3 4.4 ·16. 7 II. 5 3.2 6::;. 7 83.6 
300 29.5 3.8 2. ·I 15. 6 13. 5 3. 9 66. 8 88. I 

• y -Lmolemc acid (GLA). UFA Total unsaturated fatt~ acid. DU Degree of 
unsaturat1on (Double bonds I 100 molecules) 
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Summary 
The mfluence of cultural cond1t10ns, especially glucose concentration, 

C/N ratio, and high concentration of molasses on cell growth and lipid 

accumulation of Mortlerella /Sabelltna IFO 7884 was investigated. The 

fungus was possible to grow at higher glucose concentration than 200 giL 

glucose medium without deceleration. The high concentration of carbon 

source also accelerated lipid accumulation. The hpid content in the culture 

at high concentration of carbon source exceeded that at lower concentration 

of carbon source at the same C/N rat1o. The max1mum dry cell weight and 

total hpid production of 156 4 and 83. 1 g/L, respectively, were obtained in 

the culture at 390 g/L of glucose concentration (C/N ratio = 20). The 

highest hpid productivity, 0.69 g!Lih, was obtained in the culture at lower 

glucose concentration, 270 g/L of glucose concentration. At the growth 

phase when hpid content was high, hypha! stretching was not observed and 

the fungal shape became yeast-like This shape was considered to be 

beneficial to an increase in a fungal cell growth without increase in viscosity 

and w1thout decrease in oxygen transport in culture broth. 
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CHAPTER III 
Production of y -Linolenic acid 

Section 1 Production of y -linolenic acid by genus A-f ortierella 

Recently, research on tmcrobiological production of y -linolenic acid 

(GLA) and other polyw1saturated fatty acids (PUFAs), difficult to obtain 

from plant or animal oils, has been actively perfonned. However, all these 

researches have not been extended to practical production, because of their 

low PUFA content as well as low cell growth and low lipid productivit} 

As a method to raise cell mass concentration, fed-batch culture, in \\-hich 

carbon source was fed continuously during the culture, was also used by 

oleaginous yeast[ 61]. Repeated batch culture ts also a kind of fed-batch 

culture, a portion of culture broth was taken out and the same amount of 

medium was replaced intennittently. In the pre .. ious chapter, the author 

made the cultural conditions of Morllerel/a /Sahel/ma clear and developed 

the possibility of single cell oil productiOn[ 60] using the fungus of 

Mort1erel/a[Chapter II, section 4]. 

This section deals with the investigation of influence of the cultural 

conditions at extremely high concentration of carbon source on GLA 

production by genus Mort1erel/a. The culttvatton mode of repeated batch 

culture was also investigated to increase in productivity of the lipid including 

GLA. 

Materials and Methods 

M1croorgamsms and cultural condttions. Genus Mortierel/a 6 species (9 

strains), M. isabel/ina IFO 7824, 8183, 8308, and 8309, M. vmacea IFO 

6738. M nana IFO 8794, M. ramanmana IFO 8287, and M. ramanmana 
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angu11spora IFO 6744 and 8187 were obtained from the Culture var. 

Collection of the Institute of FennentattOn, Osaka. 

Basically, the culture mediwn contained the followmgs~ 200 g glucose, 

4 0 g urea, 2.25 g (NH4hS04, 5 Og KH2P04, 1.0 g MgS04 · 7H20, 0.3 g 

NaCl, 0.6 g yeast extract, 0 6 g malt extract, 0.3 g pepton, 30 mg FeS04 · 

?H
2
0, 30 mg CaC12 · 2H20, 0.6 mg CuS04 · 5H20, 3.0 mg ZnS04 · 7H20, 

3.0 mg MnS0
4

. 4H
2
0 and 1000 mL of distilled water The C/N ratio of 

the medium was 34, and the various value of C/N ratio of 17 to 43 was 

adjusted b} the amount of urea added. ln case of the cultures changing 

glucose concentration, concentration of the other components were changed 

to have the same ratio to that of glucose. The mtrogen sources were 

sterilized separately with other components. 

A 30 L sttrred tank fennenter (Marubishi Rikasouchi, model MSJ-U2) 

system was employed in batch culture. The operation condttions were; 20 

L working volwne, 400-500 rpm agitation speed and 1.0 vvm air flow rate. 

The cultural pH was controlled at 4.0 with 2N NaOH. Culture was stopped 

when glucose concentration became zero. In cultural mode of repeated 

batch culture, double stage culture system (Kanto Rikaki Seisakusyo, model 

KRS- 1 0-20) as shown in Figure 1 was used. 

Medium reservor 
1st stage 
fermenter 
( 1 0 liter) 

Figure 1. Double stage repeated batch culture system 
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Anafyttcal method. Analytical methods were the same as described 

prevtously m the sectiOn 1, Chapter I. The cell growth was determined by 

dry cell weight. Lip1d was extracted from the mycelium, and amount of 

total lip1d (TL, g/L-med1mn) was measured by weight. Fatty acid 

composition of TL was analyzed as methyl esters with gas chromatograph. 

Glucose concentration in culture broth was analyzed usmg a glucose 

analyzer (Yellow spring Instrument Co. Ltd., Model 27). 

Content of GLA in the lipid was used as the value as GLA content in the 

fatty acid composition. A yield of GLA of the medmm was used as the 

value of multiplied with the GLA content in TL and TL production of the 

medimn. A productivity of GLA was evaluated by }leld of GLAcultunng 

time 

(GLA content 6.8"'1:) 

Urea adduct 
(Urea 400g, \1ethanol :!.OL) 

Adduct fraction 
Recovery 91.8CC 
GLA content 1.4~"n 

Nonadduct fract1on 

Adduct fraction 
Recovery 60.6"?: 
GLA con1en1 45.0"'o 

Recoven 8.:!~"c 
GW.\ co~lcnt 69.5"(; 

Urea adduct 
(Urea 16g, Methanol 160mL) 

Nonadduct fract ion 
Recnvel) 39.4'1 
GLA conrcnt 97.5% 
GLA recovCI)' -l6.3<'io 

Figure 2. Concentration of y -linolenic acid (GLA) methyl ester by 
the urea fractionation process 

lsofallon of GLA. The mixture of the fatty acid methyl esters obtained 

by the esterification from extracted fungal lipid was subjected to the urea 

fractionation process[62]. The condition of re-crystallization of urea broth 
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is shown in Figure 2 with results on recovery and GLA content of each 

fractions 

Results and Discussion 

Companson ofGLA productivity among genus Morllerefla Y -Linolenic 

acid production at high glucose concentration was examined using 9 strams 

of the genus Morllerella (Table 1). The table contains the results obtained 

w1th M. tsaheflma IFO 7884 described previOusly in the section 4, Chapter 

II. As shown in Table 1, the cell growth of these strains were very h1gh 

even at h1gher concentration of glucose more than 100 giL, yielding from 40 

to 156 giL of dry cell weight and from 13 to 83 giL of TL. A lipid contents 

were also very high (37 to 58°'o) for all the strain in Table l. 

Table 1. Production oflipids containing y- linolenic acid (GLA) by genus 

Mortterella 

IFO Glu. Time DC TL TLIOC GLA Ill Ycu 
Strain 

~o. (g/L) (h) (g/1) (g/L) (\) Tl. (%) (g/U 

If. sabell inlt 'i8RI* 390 16R 156.4 83. I 53. I 4. 5 3. 7 

II 7881* 270 72 103.5 49.4 47.7 2.4 1.2 

" 7821 200 72 76.3 31.9 15.8 6.6 2.3 

II 8183 165 72 68.4 24. I 3·1. 7 I. 2 1.0 

II 830S 200 i2 i:\.2 35. •I 18.3 3.5 1.2 

II 8309 140 57 -13.2 15.9 36. 7 10.0 1.6 

1/. l'it18f"l'll 6738 200 9fi 79. 7 29.6 37. I 7.8 2.3 

If. 8791 200 96 72.5 :~3. I -15. 6 7. 5 2.5 
118118 

If. rar.;;uu: i arm 828i 200 96 69.8 27.6 39.5 5.8 1.6 

If. rama1111iarJfl nw. 
II. 2 I. 1 

ar:gul ispor.1 6711 100 5fi 10.4 12.8 31. 8 

II 81S7 200 81 77.6 31.2 10. 2 6.8 2. I 

Glu : Glucose concentration ns a carbon source Tirol' : Incubation tunc 
[)(:Or} rPll wt'ighl TL: Total lipid production YGt.A:Gl·\ pl'ld 
* The cell ~rowth data were sho~Acd in the senionl, Chapter II. 

The content of G LA in TL was as h1gh as 4 to l I% and was comparable 

with the content in the plant seeds of evening primrose. Further, the GLA 

yield on the culture medimn was 1.2 to 3.7 giL, and five strains of genus 

Mort1erefla, IFO 7884, IFO 7824, IFO 6738, lFO 8287, and IFO 8187, 
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attamed GLA yield exceeding 2 giL. Among these strams, M. ramanmana 

var. angult~;pora H·O 8187 had relatively high ltpid producti\tt} and high 

amount of GLA. Subsequent experiment of cultural condtttons, therefor, 

v.·as performed b} the stram of.\11. ramanmana var angult\pora lFO 8187 

o GlA in TL 

Glucose concentration (g. L) 

Figure 3. Effect of initial glucose concentration on cell 
growth, total lipid and GLA production 

hf.lect <?( cultural condll10ns on ltp1d and (i!,A product/On. The 

cultivation factors affecting the lipid and GLA production from glucose by 

the strain of M. ramanmana var. angu!tspora IFO 8187 were examined in 

detail. Figure 3 shows the influence of glucose concentration on cell 

growth, lipid production and GLA yield. Both cell growth and lipid 

production were increased with the increase in glucose concentration up to 

200 giL. Increase in lipid production was not, however, observed at 

glucose concentration more than 200 giL. The content of G LA in the TL 

was over 8°'o, at 90 giL of glucose concentration and decreased, then, to 

6.4°1o with the increase in glucose concentration up to 190 giL. The GLA 
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content were almost constant at 6.5% with medium of glucose concentration 

more than 200 giL GLA yield showed a plateau in the culture at glucose 

concentration more than 190 giL. 

Effect of C 'N rat to and mcubation temperature on cell gro~ th, lipid 

production and GLA yteld were examined using medmm at 200 g/L of 

glucose concentration (Figure 4). Culture condition at 34 of C/N ratio and 

30 c of incubatton temperature gave the largest lipid production, but the 

content of GLA was the lowest instead. However, GLA yield became the 

highest value owing to the higher lipid production. 
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Figure 4. Effect of C/N ratio(a) ~nd incubation temperature(b) on cell 

growth, total lipid and GLA productiOn 

Time course of the dry cell weight, lipid production, GLA yield and 

glucose consumption of the culture under the above conditions are shown in 

Figure s. As shown in the figure, glucose was consumed accordingly as 

the dry cell weight increased. Total lipid started to accumulate almost at 

40 h incubation time, later than increase of cell growth. The content of 

GLA in TL was over 13o~0, at 44 h when the lipid production was still low, 
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then decreased to 7% according with the accumulation of lipid. However, 

yield of GLA became the highest valueof 2.2 giL at 84 h owing to the higher 

lipid productiOn. 
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Figure 5. Time course of cell growth, total lipid, and GLA production 

Lipid product10n wl/h a repeated hatch culture. Two types of 

repeated batch cultures with single and double stage culture system were 

exammed to obtain higher lipid and GLA productivity by M. ramanmana 

var. angulispora IFO 8187. Culture condition of a higher GLA content in 

the lip1d generally gave a lower lipid productivity, and eventually lower 

GLA yield. Culture to obtain higher GLA yield was, consequently, 

attainable m a culture of high lipid productivity rather than high GLA 

content. The culture shown in Figure 5 was used as a basis for 

companson with repeated batch cultures. The lip1d and GLA productivities 
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of batch culture, reference operatwnal mode, were 8.9 g/L/d and 25 mg/Lih, 

respectively. 

In a single stage repeated batch culture, a port1on of culture broth was 

taken and replaced with an equivalent volume of new medium once a day . 

A series of expenments were undertaken to optimLle the dllution rate (D), 

defined as replaced volume/working volume per day ( d- 1 ), and glucose 

concentratiOn ofthe feed medium. Table 2 shows the results of the culture 

comparing with a batch culture. The maximum cell mass productivity of 

35.0 g/L/d was obtained at a dilution rate of 0.67 d- 1 and 200 giL glucose 

concentration of feed med1um. The maximum lipid productivity of 11.7 

g/L/d was, however, observed at dilution rate of 0.33 d- 1 and 300 giL 

glucose concentration of feed medium. The content of GLA in the fatty 

acids of the TL obtained were comparable with the content of that obtained 

by batch culture. Under these conditions the maximwn GLA productivity 

was 35 mg/L/h. 

Table 2. Effect of glucose concentration of feed medium and dilution ratio on cell 
gro'W1h and lipid productivity with the single stage repeated batch culture 

Feed medium Dilution DC TL Tl./OC Product i vi t y (g / 1./h) 
~lucose (~/U nnio (d- 1) ((1./ L) (~ /L) ('tO) Pc fj 

200 0. !'0 61. 6 22. 2 36. 0 30.8 II. I 
200 0. tl7 52. 6 15. 4 29.4 35. 0 10. 3 
300 o. :n 89. 8 35.2 39.2 29.9 II. 7 
300 0. 50 65. 7 20.8 31. 7 32.8 10.-1 
300 0. 67 47. 8 10. 7 22. 1 31. R 7. I 

(Batch culture*) 77. 6 31. 2 40. 2 22. 2 8. 9 

lJ(: Dq ce1l weight in thP- culture broth at stationan· phase in repl'ated hatch 
culture, Tl. : Total lipid ~~o e 1 ght in the rultut·e broth at stationar y phase in 
I'I'IH'ated ha t ch cultun•, ~~:Produc t ivity of cell mass, Jt: Li p id produc t ivity 
* Incubation tirnP : 3. 5 d 

A double stage culture system was set up as shown in Figure 1. The 

working volumes of the first and second stage fennenters were 6.0 and 14.0 

L, respectively. The first tank was intended for cell growth and the second 

tank for lipid accumulation. The volume of the second tank was made lager 
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in order to have a longer residence time for lipid accumulation. A typical 

time course of this operatiOn tS shown in Figure 6. 
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Figure 6. Time course of cell growth and lipid production in the double stage repeated 
batch culture Working volume of the I st tank 6L. the 2nd tank 14L Each day, 3L of 
culture broth \vas removed from the 2 nd tank and the same amount of culture broth was 
transferred from the I st tank and 3L of fresh med1um (glucose 300g!L) \\as fed to the 
I st tank After 4 days incubation, volume of removed from the 2nd tank was mcreased 
to 6L and 3L of fresh medium was fed to the 2nd tank at arrows 

In a standard operation, 3 L of culture broth was removed from the 

second tank on day two of mcubation time, and replaced by 3 L culture 

broth transferred from the first tank to the second tank and 3 L of fresh 

medtum was fed to the first tank. On day four, 6 L of culture broth were 

removed from the second tank and transferred 3 L of culture broth from the 

first tank as before, plus 3 L of fresh medium was also fed to the second 

tank The same operation was continued once a day unttl the terrnmation of 

the experiment. The maximum lipid productivity with the method was 13.9 

g/L/d, which was 20% and 50% larger than that of single stage repeated 
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batch culture and batch culture, respectively. y -Linolenic acid productivity 

of repeated batch culture usmg double stage culture system was improved to 

42 mg/Lih, 50% larger than that of batch culture. 

Isolation olGLA. In order to obtain a purified GLA, urea fractionation 

process was earned out using mixture of fatty acid met h) I esters obtamed by 

the esterification of ftmgal ltpid. Its procedure is shown in Figure 2 with 

recovery and GLA content. From the mixture of 1 OOg fatty acid methyl 

esters containmg 6 8°'o of GLA, 15 g final product, GLA content of which 

was 97 .5%, was obtained. Recovery of GLA was about 50%. Palmitic and 

oletc acid, whose amount was 30% and 45%, respectively, in the ltpid, were 

completely separated out into urea adduct fraction. Relative lov. content of 

linoleic acid was convenient in punfication like urea fractionation. 

Compared with evening primrose oil, which contams more than 70% of 

linoletc acid, much lower content of lmoletc acid of the fungal liptd, 12%, 

was 6rreatly beneficial to obtam purified GLA. This is superior point of the 

fungal oil obtained from Morllerella to evening primrose oil as a source of 

punfied GLA, though GLA content of the fungal oil itself is simtlar to that of 

evenmg primrose oil. 

Summary 

Nine strains of genus Morllerella were cultivated batchwise at high 

glucose concentration for the purpose of improved GLA production. The 

cell growth of these strains were very raptd even at glucose concentration 

more than 100 giL. As a result, five strains, including M ISahellma IFO 

7884 and M. ramanmana var. angullspora IFO 8187, attained GLA yield 

exceeding 2 giL-medium. Among these strains, M. ramanmana var. 

angullspora IFO 8187 had relatively high lipid productivity and high amount 

of GLA. Using M. ramanmana var. angulispora IFO 8187, the effect of 
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vanous cultural conditions on GLA productiVIty were investigated. Culture 

condition at 34 of C/N ratto and 30 cC of incubation temperature gave the 

largest lipid production, but the content of GLA was the lowest value at this 

condition. However, yield of GLA became the highest value owing to the 

higher lipid productiOn. Two types of repeated batch cultures with smgle 

and double stage culture S) stem also were exammed to obtain higher hp1d 

and GLA productivity. The maximum hp1d productivity of 13.9 gtL'h was 

obtained with the double stage repeated batch culture, which was 20°/0 and 

50% larger than that of single stage repeated batch culture and batch culture , 

respectively. y -Linolenic acid productivity of the double stage repeated 

batch culture was improved to 42 mg/Lfh. In order to obtain purified GLA, 

urea fractionation process was carried out usmg fatt) acid meth) I esters 

mtxture of fungal lip1d. The GLA content was finally concentrated up to 

97°/o with the recovery of about 50%. 
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Section 2 Increase in the r -linolenic acid content by solvent 

winterization of fungal oil extracted from Mortierella 

genus 

The author searched fungi for purpose of production of 'Y -linolenic acid 

(GLA) by microorganisms, and found that Mortterella ramanmana var. 

angulnpora IFO 8187 had relattvely htgh lipid productivtty and high amount 

of GLA[Chapter III, section 1 ). Some trials of increasing GLA content for 

extracted fungal oil have been perfonned using adsorption to zeolites[63] or 

supercritical fluid chromatography[64,65). Solvent winterization is one of 

the methods to separate oils and fats usmg the difference of melting point. 

Solvent wmterization of sunflower seed oil[66,67) and effect of operational 

variables on the performance of the winterization[68) have been reported. 

This section deals with increase in GLA content in fungal oil by solvent 

winterization, and also clarify the effect of solvent, oil concentration in 

solvents and temperature on various type of triacylglycerol (TG) and 

diacylglycerol (DG) and the separation efficiency for GLA ( TJ GLA) and TG 

types. 

Materials and Methods 

Fungal ot! and solvents. The fungal oil extracted from Morlierefla 

ramanmana var. angulispora lFO 8187, grown under the cultural conditions 

as described in the section 1, Chapter III, was used throughout the study. 

The solvents utilized for wintenzation were n-hexane, petroleum ether 

(boiling point 30 to 60 oc ), acetone, ethanol and chloroform, a11 of the 

analytical grade. 

Winterrzalwn procedure. A fixed amount of the fungal oil was mixed 

with the appropriate amount of solvent in centrifugal tubes to make 5 %, 10 
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%, 20 % and 40 % oil in solvent by weight and cooled to 4 oc or -20 "C for 

24 h or more until crystallization was complete. Separation of the 

crystallized fraction (CF) from the liquid fractiOns (LF) was carried out in 

Kubota Centnfuge KR.t200A previously cooled to the same temperature. 

Centrifugation was done at 8,000 rpm {6,000 g) for I 0 min followed by 

decantation of LF. The amounts of each resulting oil fraction was 

detennined gravimetrically. 

H1gh performance hqwd c.hromatography (HPLC) Separat1on and 

analysis of the TGs and DGs were carried out with HPLC using a Shimadzu 

Liquid Chromatograph LC-3A containing a I 0 /.L L loop injector with a 

reverse phase column (Zorbax ODS, 250 mm x 6.2 mm I D , DuPont Co.). 

The separated components were detected usmg a refractive mdex detector 

(Shimadzu, RID-3A). To detennine the best separation of the TGs and 

DGs, combination of acetone/acetonitrile at a ratio of 4: 1 (by vol.) as mobile 

phase v.:as used. Samples of chlorofonn solution were inJected and the 

HPLC \Vas run isocratically at a flow rate of 1.0 mL/min. Tnacylglycerol 

and DG standards, tripalmitin, triolein, tnlinolein and 1 ,2-dJOiein, were 

obtained from Serdary Research Laboratories Inc., Ontario, Canada. 

Evening primrose oil, soybean oil and palm oil were used as fG mixture 

standards and their retent1on volume served as basis for the plots of Jog 

retention volume vs. theoret1cal carbon number (TCN)[69-72]. 

Analys1s (?f lipid compo.Wwn. The lipid composition and fatty acid 

composition were detemuned with TLC and GC by the methods as 

described previously in the section I, Chapter I. The lipid distributions of 

the fungal oil and its separated fractions (CF, LF) were detennined with 

TLC usmg the one-dimensional double development procedure. 

Quantitative analysis of the hpids separated on TLC were measured with a 

densitometer (Shimadzu CS - 91 0). Fatty acid composition of fungal oil 

70 

-

and its separated fractions (CF, LF) were also analyzed as fatty acid methyl 

esters (FAME) with gas chromatograph equipped with a flame ionization 

detector. 

Results and Discussion 

L1p1d composition (?f the fungal oil Analysis of the fungal oil from 

Morllerella ramanmana var. anguli\pora by TLC (Table 1) showed that 

the oJI cons1sted mamly of TGs and 1 ,2-DGs. 

·1 f Analysis of the fatty ac1d Table 1. Lipid distributio of fungal 01 o 

M ramamuana var angulf.,pora composition revealed the presence of 
L•p•d class ComP<ISitlOn (\ ) 

Tnacylglycerol 81.8 
I. 3 D•acylglycerol 3.4 
1.2 Otacvlglycerol 13.7 
Free fat tv actd 0. 6 
Sterol ester O. 4 
Frt•t• stt"rol 0. I 

Table 2. Fatty acid compositions of 
fungal o1l of M. ramamuana var an
gu!J.\pora analysed with GLC and HPLC 

FattY acid GLca IIPLCb 
( \ ) Vl•an so \ ) 

16:0 31. 9 32. 7 o. 7 
16: I 1.2 \Od 

18:0 4. 5 5. 4 ~ o. 2 
18: I 46.0 47. 3 o. 8 
18:2 9. 2 9. 3 o. 7 
18: 3c 5. 7 4.9 o. 4 

a GLC anal) sts of fall) acid compos1110n 
b The compostuons obtatned b) calculauon 
from HPLC anal) SIS ofTG and DG compost
lions of separated fracuon after "mten,.auon 
process (number of samples 20) 
c· y -Ltnolenic acid. d: Not de1ec1ed 

ole1c and palm1t1c acids in major 

components as shown in the left 

column of Table 2. Content of GLA 

was 5.7%, based on total fatty acids. 

Triacylglycerol and DG com

position were analyzed by HPLC. 

The solvent mixture of acetone/ 

acetonitrile at a ratio of 4: I (by vol.) 

gave a good separation of TG mixture 

standards as well as fungal oil. The 

critical pairs with the same partition 

numbers (PN, in Table 3), such as 

000 (54:3), POO (52:2) and POP 

(50: 1 ), were clearly separated with 

the present method using the TG 

mixture standards (L: linoleic, 0: oleic, S: stearic, P: palmitic. The 

des1gnation LOP, POP etc., does not imply the TG LOP but a mixture of all 

isomers: LOP, OLP, and OPL.). Identification of each TG was based on 
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comparison of retention volume and TCN[70] of both the TG of the mixture 

standards and the TG of the fungal oil. The theoretical carbon munber was 

calculated from the following formula: 

TCN = PN - ( 2: ui) 
where Ui: a factor determined from several standards or TG mixture and was 
found to be. 0 65 for 0, 0.85 for L, 0.2 for GLA and 0 0 for saturated acyl 
groups, L Ui· the total Ui of individual fatty acids present in the TG 

17 

18 

13 16 

0 10 20 30 
Time (min) 

Figure 1. HPLC chromatogram of the fungal oil from M. ramanmana var. 
angulispora Column, Zorbax ODS (250 mm X 6.4 mm I.D); and solvent 
system, acetone/acetonitrile (4:1 by vol.) at a flow rate of 1.0 mL/min. 
Peaks were identified as 4 diacylglycerols and 17 triacylglycerols; I, GLAO; 
2, OL, 3, 00; 4, PO; 5, GLALL; 6,GLALP; 7, LLO; 8, GLAOO; 9, GLALS, 
10, GLAOP; 11 , LOO; 12, LLS; 13 , LOP; 14, LPP; 15, GLASP; 16, 000; 
17, POO; l8, POP; 19, SOO; 20, SOP; and 21 , SOS. 

The peaks of chromatogram of fungal oil shown m Figure 1 were 

identified as follows. Coincidence of retention volume of major peaks such 

as peak 13 and peaks 16 to 20 between TG mixture standards and fungal oil 

gave identification of these peaks, from which TCN relation was obtained 

(Figure 2A, Table 3). Other peaks from peak 5 to peak 21 were, then, 

identified using the TCN relation. Peak 5 to peak 21 were identified as 17 

TGs, GLALL, GLALP, LLO, GLAOO, Gl:ALS, GLAOP, LOO, LLS, LOP, 

LPP, GLASP, 000, POO, POP, SOO, SOP, and SOS in the order of elution. 
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Table 3. Partition number (PN) and 
theoretical carbon number (TCN) of 
triacylglycerol and diacylglycerol 

Triacy 1 glycerol 
GLALLe 54:7 40 38. I 
GLo\LP 52:5 42 41.0 

LLO 54 :5 44 41.7 
GLAOO 54:5 44 42.5 
GLALS 54 :5 44 43.0 
GLAOP 52:4 44 43. 2 

LOO 54 :4 46 43. 9 
LLS 54:4 46 44.3 
LOP 52:3 46 44. 5 
LPP 50: 2 46 45.2 

GLASP 52:3 46 45.8 
000 54:3 48 46. I 
POO 52:2 48 46.7 
POP 50:1 48 47.4 
soo 54:2 50 48.7 
SOP 52:1 50 49.4 
SOS 54: I 52 51. 4 

Diacylglycerol 
GLAO 36:4 28 27.0 

LO 36:3 30 28.5 
00 36:2 32 30.7 
PO 34:1 32 31.4 

a: Total carbon number. b: Number of double 
bonds per molecule. c : PN = TC - 2 x DB. 
d: TCN = PN - L Lo (Ui: 0 = 0 .65, L = 0.85, 
GLA = 0.2). e: GLA. "f -linolenate: L, 
linolcate: 0. oleate: S, stearate: P. palmitate 
The order of designation docs not indicate the 
separation of positional isomers. 

Peak 1 to peak 4 deviated from the 

line in Figure 2A and also peak 3 had 

the same retention volume as standard 

DG of 1 ,2-diolein. Retention 

volume and TCN of peaks of 1 to 4 

also showed the same relationship as 

TG as shown in Figure 2B. The 

peaks of 1 to 4, therefore, were 

identified as DGs, that is, GLAO, OL, 

00, and PO in the order of elution. 

Glycerides composition of the 

fungal oil and its CF and LF are 

shown in Table 4. The predominant 

species were POO, POP, and LOP, 

whose contents were 24.4, 22.9, and 

9.4%, respectively, of the total TG. 

In the right column of Table 2, the 

fatty acid composition from HPLC 

analysis 1s shown, indicating the 

companson with that from GLC 

analysis ofF AME. 

The fatty acid composition from HPLC was obtained by calculation 

from TG and DG compositions of the fungal oil and of CF and LF in various 

conditions (number of samples 20) and expressed as mean ± SD. 

Analysis by HPLC gave a good agreement with that by GLC, which 

indicated validity of the identification of each TG and DG by HPLC 

analysis, though separation of each peak in Figure 1 was not necessarily 

good because of many types ofTGs. 
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Table-'· Comparat1\ e glyceride composiuon of the fungal 011 and separated fraet1ons \\ llh \\ 1ntcrw lt1on process 

Sol\ent l~r.;.. C3 lnaC) ;g;\ ~erul ( \ , D1aq l;:hccrol ( \1 
( 'C ) ( \ ) Fb f;L.\U.c tl.\ ll' 1.1.0 Gl.~OO ti .. \I.S GL.~OP 1.00 U.S 1.01' ll'l' GI..~Sf' 000 1'00 1'01' SOO SOP SOS GI..~O 01. 00 1'0 

FunK<li 
oil 2.7 1 7 2.5 1.5 1.:1 5.6 I 0 2.7 9. 4 :u 2.0 'i 8 24 4 22. 9 2 6 55 1. 2 6.3 12 5 27 I 54.1 

n llcxanc 20 5 n 0 b 0 7 2 0 3. 4 0 H n 6:1 2 19 I 4. l 23. 8 76. 2 
I.F 2. 5 1 7 l . 7 1. 2 'd 7. 0 I 2 J 6 1·1.7 3. 5 I 4 R. 2 31.2 9. 0 :> 0 i 1. 0 15 8 3: 6 f5 6 

10 CF 0. 6 0 9 1. 9 3 I 0. 9 5. 5 63. 6 18 1 4 I 18. 2 ~I 8 
LF 2 4 2. I 3 2 I. 6 5. 6 7. 5 1 ~ I. I 15. 0 :1 . 5 I 3 8. 6 ~~. 3 ·1 8 ·1 4 0 7 8. 8 14 0 31. 6 15 6 

20 CF 0. 5 0.9 0 2 1.8 3.1 4. 3 1.1 8.6 !iH. I 1. 1 16.5 3.3 25.8 16.1 .i8.1 
I.F 2. 5 2. 2 3 I 1. 2 6. 0 8. 8 I •I 4. 4 20.6 8. 8 31. 8 :1.9 ·1. 8 0. ~ 8. 3 15. 0 30 0 46 7 

40 CF 09 08 .2. :1 3. 1 10 3.7 i . 5 2. 610. 717. 1 30135 2. 7 98. 0 
l~· 2.l 2 5 3.6 1.7 5.7 8. 0 1. 6 1. 3 20 7 8.9 31. I '3.7 4.7 1. 3 1.1 148 2U iLl! 

40 CF 0 7 I I 0 ;, 2. i 3. I 0 .1 0. 8 2. 0 0 6 U 16 IS 17. 3 I. 9 16.8 I 0 32. 0 6ii. 0 
I.F I 6 I 9 2. 9 J..1 5. I 7. I I ·I 38 13. 5 :1.8 Z ' ll . 0 30 0 10. 5 3. 4 .3 . ·1 8. 6 1:1. 8 29.3 ·18. 3 

l'ctrolcua 20 5 Cl-' 0. I 0. 9 0 ~ 1. 7 0. ~ 0. 9 Z 8 0. 'l 2 Z 6:1 6 21 4 4 6 99. 9 
cthcrc 1.1' 2. 6 2. I l 6 z. I :i. 2 6. 8 I 6 l S (:J.Z •I l Z 4 7 5 28 I II. 0 3 I 1.7 7. 4 14 8 29. 6 48 2 

10 CF 0 2 U 1 0 7 0 2 1. 3 I 7 2 9 0. 2 I. I !\ . 0 61. 3 0. 6 20. 2 3. 7 99 9 
lf I 5 2 0 2 5 I. I 5. 0 6. 3 0 ~ 3. 2 I2. 9 ·1. I I B 1. 4 :10. :1 12. :; Cl 2 9 5. :J 14. 0 33 3 17. ·1 

20 CF 0 3 0 6 2 .. 1 0 6 0. 9 !. 4 0 3 0 5 I. 9 2. 6 3 I I 6 7. 9 54.5 0 1 17 2 34 :JO 8 25 6 H 6 
LF I 7 2 1 l6 I. 6 ti . 0 7. I I 6 3 8 13. h 2 7 I. 7 6. 9 27 5 12 8 3 7 2. 5 5. 8 13 4 30 8 50. 0 

40 CF 0 1 0 7 O. 7 I. 6 2 6 0 8 1 3 4. I 2. 11 3 S 2. 4 II. 5 49. I I . . J 13. 7 :J . 5 39. I 60. 9 
I.F 2 6 I 'l 2. 7 I. I .j , 8 6. 8 I 0 l 2 IU 7.9 :!0. 9 J:l. 4 :1.8 3. 0 6. 7 13 3 26 7 5:1..1 

\ cctonc ·20 5 1V-- 0. 9 l.7 07 03 U 2. :1 2.' 1.7191 ')I'> 2. :1 1·17 36. 4 63.6 
LF I 7 3. I ·1.2 2. I 6. 9 8. 9 I 2 4. 4 17 i 0.' 10.0 29.8 3 6 4 :J 6. 8 12. :J 28. 8 52 I 

10 Cf 0 I 0. 7 I. 3 2 0 0 9 I. 0 6 7 .J.7 3. 5 2 I Ill 9 .J3 b I 9 II ·I 0 3 38. 5 61 . 5 
LF 2.1 2.9 3.8 1.5 7. 3 92 08 5.018.9 0.810.9 30. 6 0.7 ·19 ~. 9 12. 9 30.6 50.6 

20 CF 0 5 0. 9 0. 4 2. 8 3 9 I 2 I. 6 6. 3 ·1 . 6 2. 8 :!.3 23. 3 35. I .1. 2 9 6 0 4 38. 5 61.5 
LF 2 .. 3 3 7 1. 8 I. 8 8. 2 9 6 0 7 5 I 16. 3 12. ;; 2~. 6 I. 2 3. 7 8. 7 7. 8 30. I 53. 1 

40 Cf' 0 9 I 9 0. 5 3. 8 4 8 0 6 L 3 6 1 I 4 6 0 28 2 29 b 4. :1 9 0 0 7 16. 1 30. 0 .i3 3 
I.F 2. 7 ! . l U 2. 6 8. 2 10. 3 7. 0 1&. 0 I ., II. 3 2J 0 .Ll.__L.8_ . 7. 3 1;. 4 32 0 45 , 3 

5 CF 0. b 0. 9 0. 5 2. I 2. 7 0 7 I. 4 ·1.6 U 2.!! :1.2 l'i.l 4·1 :1 I 9 1.1 0 2. 0 12. 0 32. 0 16. 0 
I.F 2. 4 2. 8 3. 4 I. 3 b. 3 8. 0 12 3. 7 15.11 3 I I. ·I II . 7 .32. 9 3 7 4 6 6. 0 14. 9 31. I 47. II 

I 0 CF 0. 8 1.Z 0. 8 2. ·1 2 9 I. 0 I. 4 4. 3 1 3 3 0 :l. 0 J:l . 9 41-:l I 7 12. 7 2. 0 17. 4 30. 4 52. 2 
LF 2 5 2. 5 J. 6 I. 4 b. I 8 2 I 5 ·1 2 IS 7 I 6 9 ll H 6 2. ; 4 3 E. ;; 14. I 29. 6 47. 9 

20 Cf 0 7 1. 0 0. 6 2. 5 32 08 18 b. 7 3 8 3 0 4.5 18 5 39 5 2.·1 lOb 16.0 32. 0 52. 0 
LF 2. l 2. 2 3.2 I. 5 6. 5 8. 8 I. 3 1.6 Ill . 9 I. I 9. 6 32. 6 I 9 ·I ·1 7. 3 IS ~ 29 3 47. 6 

40 CF 0. I I. 0 I. 1 0. 8 3. :3 5 0 I 2 2. ·1 8. 5 2. 9 2. 4 ·1. 8 20. 2 n I 2. 7 9 9 0. 9 13 9 30 6 5'i.5 
U 2.8 2. 4 :l . 3 1.4 6. 0 7 7 I 2 4. 0 18. 9 1.0 ~ . 0 335 31 H I 0 9.7 17.1 29.3 43.9 

Fth<mol ·I 5 Cf 0. b I. 5 0. 7 2. 7 3 9 I I I. 4 9. 6 ·1 3 2. S :l. 5 27. 0 29 8 l. 7 7 ~ I 0 25 0 33 3 41.7 
I.F 2. 5 ~ . b 5. 5 3.1 10:3 10 6 9. 6 14 .5 16.·1 16 2 I 6 .13 8. 6 15.1 20.3 56. 1 

Ch)IJrofora 20- 40 tl U ~ I. 3 2 2 l . l :J. 6 1. 2 5 a I I 5 I 4. 4 II 1 4J 'I I I 9 34. 6 6~ ·I 
I.F 2 I 7 21 5 50 64 1 6 12 3 1. ·I 2 0 - I 19 6 I J. 2 .l 9 :1 0 9. !i S 2 31 'iO 9 
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Table 5. Yields. lipid distribution and y -linolenic acid content of the winterized 
fraction of the fungal oil 

Sohcnt Temp. ca ro yfc Lipid distribution(\ ) Lnd y l' 

( <.: ) ( \ ) ( \ ) TG I. 3 DG I. 2 DG 
GL\ 

( \ ) ( \ ) 

n Heaxnc 20 5 CF 24.8 87. 2 2. 7 10.0 1.7 7. 3 
LF 75.2 75.5 4.3 18.4 7. I 92. 7 

10 Cf 31. 8 88.4 2. 8 8. 6 1.8 10. I 
LF 68. 2 75. 3 4.2 19.0 7. 5 89. 9 

20 CF 36.0 87. 6 3. 4 8. 8 2.0 12. 9 
LF 64.0 75. I 3. 9 19.2 7. 6 87. I 

40 Cf 41. 6 84.9 4. 0 10. I 3. 0 22. 2 
Lf 58. ~ 13.1 fi. 5 18- 3 j. 5 u.s 

~ 40 CF 27. 5 86. 9 4.4 8. 3 3. 5 15.9 
LF 72.5 79. 5 5. 4 14. 7 7. 0 84. I 

Petroleum 20 5 CF 19. 9 93.0 1.4 5.6 1.4 4. 8 
ether LF 80. I 80.0 3. 7 15. 4 6. 9 95. 2 

10 CF 21. 4 87. 9 2.9 9. 2 2.0 7 2 
LF 78.6 78.3 4.0 16.7 7. 0 92. 8 

20 CF 20. 7 88. 3 2. 9 8. 8 2. 4 8. 4 
LF 79.3 78. 0 4. 2 16. 6 6. 8 91.6 

40 Cf 27.0 86. 4 2. 6 II. 0 3. 0 13.9 
LF 73.0 79. l 3. 9 15.7 6. 9 86. I 

ketone 20 5 CF 44.4 92. 4 2. 3 5.0 2. 7 21. 0 
LF 55. 6 72. l 4.4 21. 9 8. I 79. 0 

10 CF 49. 7 89. l 2.0 8.4 2. 7 24. 3 
LF 50. 3 73. 3 5. 2 19. 6 8. 3 75. 7 

20 CF 63.8 90.9 o. 8 8. 0 3.6 39.6 
LF 36. 2 70. 7 5. 9 20. 7 9. 7 60.4 

40 CF 81. 7 87.6 2. l 10.0 4. 7 67.6 
LF 18-3 62.5 6. 9 29-5 IQ. I 32.4 

4 5 Cf 46. 4 92.5 I. I 6. 0 3. 7 29.9 
LF 53.6 73. 5 5. 7 18.8 7. 5 70. I 

10 Cf 46.8 90.5 2. 3 6. 9 3. 5 29. I 
Lf 53.2 76. 9 4. 2 17. 4 7. 5 70.9 

20 CF 56.8 88. 6 2. 3 8. 7 4. 2 40.8 
LF 43. 2 73. I 4. 9 19. 8 8. 0 59. 2 

40 Cf 67. 3 84. 5 3. 5 II. 5 4. 8 55.6 
LF 32. 7 74. 2 4. 6 19. 7 7. 9 44. 4 

Ethanol 4 5 CF 73. 7 92. 3 2. 0 4. 9 3. 9 51. 0 
LF 26. 3 53. 5 7. 8 30. 5 10. 5 49. 0 

Chloroform 20 40 CF 33. 4 86. I 2.8 10. 3 4. 0 25. I 
LF 66. 6 78. 7 2.5 17.8 6.0 74. 9 

a Conccntrauon of 011111 sol,cnt (%w) b: The fracuon separated \\lth \\ 1ntentauon 
(CF. crystalh1cd fracuon. LF. hqu1d fracuon) c· Y1eld of each separated fracuon 
d: Content of -v -hnolemc ac1d b\ GLC anal) SIS. c. Y1eld of y -hnolcmc ac1d 

In order to evaluate the effectiveness of separation including GLA yield, 

separation efficiency for the substance S into fraction LF [( TJ s) defined as 

the following equation] is introduced: 
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TJ s (Y LFxl I I OOxf)- (Y LF(l - x1 I 1 00) I (1 00- xr)) 

- (xf- xc)(x1 - xf) I xf{ l - xf l l OO)(x1- xc) 

where Y LF • Yield of fraction LF (%), Xr = Content of S in fungal oil (%). 

x
1

- Content ofS tn fraction LF (%); xc- Content ofS in fraction CF (%) . 

Figure 3 shows the dependence of TJ GLA on oil concentration in solvent 

Higher wintenzauon temperan1re decreased TJ GLA and oil concentration of 

40 % showed the least TJ GLA except petroleum ether. Effect of 

winterization temperature on TJ GLA revealed that lower temperature was 

advantageous for concentration of GLA. The highest TJ GLA (0.27) was 

obtained with acetone at -20 oc and at l 0% oil concentration in the solvent. 

Acetone, at -20 oc and at less than 20% of oil concentrations, indicated 

comparably higher TJ GLA· In case of lower oil concentration (5 - 20°-'o), 

generally, TJ GLA showed higher in the following order: acetone ( -20 C) > 

n-hexane (-20 C) - acetone (4 C) > petroleum ether (-20 oc ). Otl 

concentration at 5°o, ethanol (4 C) showed high value of TJ GLA, mdtcattve 

of the effect of lower solubtlity of TG without GLA than TG with GLA. 
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Figure 3. Effect of oil concentration in solvent on separation efficiency for 

y -linolenic acid ( 11 GLA) 

Among the mam TG mentioned above, disaturated TGs (Sa2U: Sa, 

saturated fatty acid, and U, unsaturated fatty acid; POP, POS, SOS, etc.) 
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were concentrated into CF, whereas diunsaturated TGs (SaU2, OOP, LOP, 

LLS, etc.) and triunsaturated TGs (U3, GLALL, LLO, 000, etc.) were 

concentrated into LF. These results indicated that the winteri.lation was 

effective for the separation of Sa2U and SaU2. As for the concentration of 

GLA, most TGs containing GLA were separated into LF. 

0.6r-

·"'OAr 

~:i: 
0.2r 

Figure 4. Effect of oil concentration in solvent on separation effic1ency 

( 11 ) for tnacylglycerol type of Sa2U, SaU2, and U1 Condition of each bar 

was same as Figure 3. 

Figure 4 shows the separation efficiencies for Tl Sa2U into CF, Tl sau2 

and n u3 into LF, respectively, vs. oil concentration 111 solvents. 

Separation efficiency for Sa2U showed high value (0.7-0.8) with n-hexane 
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throughout the oil concentration examined, and n sa2u showed relatively 

high values ( > 0.5) with all the solvents examined in the range of oil 

concentration less than 20°•o. Disaturated TGs, Sa2 U and especially Sa20 

such as POP, POS and SOS are the mam components of cocoa butter wh1ch 

has a melting point near at 35 oc [73]. The present method, therefore, 

revealed to be an excellent one to obtam a cocoa butter like fat into CF. 

Higher n Sau2 was obtamed with n-hexane than with any other solvent. In 

case of U3, hov,:ever, lo"- oil concentration 111 acetone ( -20°C) and ethanol 

showed high n 03 which was correlated to the high n GLA with the solvent. 

Summary 

The fungal oil extracted from M ramanmana var angulispora IFO 

8187, G LA content 5. 7%, was used in order to raise the content of GLA by 

solvent winterization. Effects of winterization conditions (solvent, oil 

concentration in the solvent, and temperature) and vanetJes of glycende 

compositions were discussed. The fungal oil was separated into 4 DGs and 

17 TGs with HPLC. The predominant species were POO, POP, and LOP, 

whose contents were 24.4, 22.9, and 9.4%, respectively, of the total TG. 

Ethanol at 4 oc gave the highest GLA content of 10.5° o m spite of lower 

yield than with acetone at -20 oc. The highest separation efficiency for 

GLA ( n GLA) was 0.27 with acetone at -20T and I 0% oil concentration, 

resulting in 8.3% GLA. In case of lower oil concentration at 5 to 20%, n 
GLA showed higher in the following order· acetone ( -20 C) > n-hexane ( -20 

oC) '> acetone ( 4 °C) " petroleum ether ( -20''C). The wmterization process 

also proved to be effective for the separation of TG type, Sa2U (Sa: 

saturated fatty acid, U: unsaturated fatty acid) into the crystallized fraction 

and SaU2 into the liquid fraction. Acetone at -20 C showed higher 

separation efficiency for triunsaturated TG than the other solvents. 
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Section 3 Production of Lipid containing r -linolenic acid by 

continuous culture of Mortierella ramanniana 

A higher productivity of cell mass and pnmary metabolite are generally 

expected m continuous culture than batch culture. In case of microbial hpid 

productiOn, however, continuous culture has not been estimated better than 

batch culture, because lipid accumulative phase is sttuated at later 

logantlumc gro\vth phase or at stationary phase. Cont111uous culture of a 

lipid accumulative yeast, genus Rhodotont!a, 111 fact, resulted in a low lipid 

productivity (PL) owing to lo~er lipid content even if htgher dilution rate 

(D) close to its maxunum grov.1h rate gave htgher producttvity of the cell 

(P c)[ 51 ,52, 7 4]. Culture conditions of nitrogen limitation as well as lower 

D are to be chosen for higher PL in continuous culture. These conditions, 

however, are unfavorable for growth, which resulted in lower PL than that of 

batch culture. In case of r -linolenic acid (GLA) production using genus 

Mucor, Hansson et a1.[75] used a medium at high concentration of nitrogen 

source and resulted m a low PL owing to lower growth as well as lower ltp1d 

content. The author has obtained a high GLA productivity as well as high 

cell mass in batch culture after investigation of the effect of culture 

conditions using Morllerel/a ramanmana as described previously 111 the 

section J of this Chapter. 

This section deals with the investigation of the effect of continuous 

operation on lipid and GLA productivity and compares with the data of 

batch operation. 

Materials and Methods 

Microorgamsms and cultural condttions. The strain of Morttere//a 

ramanmana var. angultspora IFO 8187 was used in this study. Basically, 
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the liquid culture medium contained the followings; 100 g glucose, 5.0g 

(NH4hS04, 5.0 g KH2P04, 0.5 g MgS04 •7H20, 0 15g NaCl, 0.3 g malt 

extract, 0.3 g yeast extract, 0.15 g pepton, 15 mg FeS04 • 7H20, 1.8 mg 

CaCI2 • 2H20, I .5 mg CuS04 • 5H20, 1.5 mg ZnS04 • H20 , and 1.5 mg 

MnCI2 • 4H20 m I 000 mL of distilled water. In case of the cultures 

changing glucose concentration, concentration of the other components were 

also changed to have the same ratio to that of glucose. In the culture 

changing concentrations of malt extract and yeast extract or C/N ratio, 

however, only concentration of these extracts or (NH4hS04 was changed. 

Continuous culture were perfonned using 1.25 L continuous stirred tank 

reactor (Ne~ Brunswick Sctence Co. Ltd , Model C-32). New medtum 

was fed at a constant flow rate and the volume of culture medium was kept 

constant with over flow exit. Dilution rates ranged from 0.05 to 0.20 h-1 . 

Value of pH was kept at 4.0 using 1 N NaOH, culture temperature at 30°C, 

impeller speed at 600 rpm, and aeration rate at 1.0 vvm. 

Analytical methods. Culture broth of 25 mL were taken out to analysis 

of cell mass and ltpid accumulatton. The cell mass was detennined by dry 

cell weight. Glucose concentration in culture broth was analyzed using a 

glucose analyzer (Yellow Spring Instrument Co. Ltd., Model 27). Several 

samples at 3 to 4 h's intervals were taken out and measured to make it 

certain whether the culture reached to steady-state conditions at given 

culture conditions. Samples at steady-state condition, then, were subjected 

to ltptd extraction and lipid analysis by the methods as described previOusly 

in the section 1, Chapter I. Lipid was extracted from the cell, and the total 

lipid production was measured by weight. The extracted lipids were 

fractionated mto neutral lipids (NL) and polar lipids (PL) by stltc1c acid 

chromatography. Lipid distributions ofNL and PL were perfonned by TLC, 
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and fatty acid compostttons of each lipids were perfonned b} GC after 

methanolysis. 

Productivltys of P c and PL were calculated from cell mass (giL) and 

total lipid production (giL), respecttvely, multtplied by /). Product yield, or 

lipid yield, was the percentage of (lipid produced).'(glucose consumed). 

Result and Discussion 

hffect of dilutwn rate on cell ma'is and lipid productivity. Continuous 

culture with mlet glucose concentration (G1) at 60 giL and various D from 

0.05 to 0.20 h- 1 were conducted (Figure 1 ). 
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"0 
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~~o7.o';~o~t~o~o~t;~~o~2o~~o 
D (h.J ) 

<J Figure 1. Effect of dilution rate (D) 

on cell mass productivity (P c), lipid 

productivity (P L), lipid content, and 

glucose concentration at steady-state 

(Inlet glucose concentration, G1 = 60 giL) 

Glucose concentration at steady-state (Gs) increased and cell mass 

decreased according to D. Lipid content, however, indicated a 

comparatively constant value. At 0.15 of D, both P c and PL resulted in the 

maximum values . Though wash-out point was not directly checked, 0.20 

of D was sufficiently estimated to be very near to the wash out point owing 
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to low cell mass and high Gs at f)= 0.20 h- 1. From the point of both Pc 

and P L> 0.15 h- 1 of D was chosen as the optimum D at 60 g of G1. 

I~f.fect of mlet glucose concentration and dilutwn rate. In order to 

find further the optimum conditions for P c and PL, continuous cultures at 

various inlet glucose concentrations from 60 to 210 giL and at J) from 0 05 

to 0 20 h- 1 were exammed. Figure 2 shows the result. The highest PL 

was obtained at 0.10 of D and at 180 giL of G1. Dilution rates for higher 

PL were 0.10 for more than 150 giL of G1, but were 0.15 for less than 120 

giL of G1. It is natural for the fungus to reqwre a longer residence time, or 

smaller D, to utilize htgher concentration of glucose This is also attributed 

to be an mhtbition by high concentratton of glucose. Effect of this 

inhibition was indicated by abntpt drop of PLat higher G1. 

Curves of Gs had a turning point at about 100 giL (shown as dotted hne 

in Figure 2), over whtch point increment of Gs was increased, or growth 

efficiency was decreased. Though the meaning of thts turning point at 90 

giL was not clear, some factors other than glucose concentration was 

thought to fonn growth-limiting step. Without growth-limiting nutrient, 

further, P C• or PL, should have been fairly proportional to D, or growth rate. 

But that is not the case with the culture as shown in Figure 2, suggestive of 

growth-limttmg by some nutrient other than glucose again. 

ConcentratiOn of yeast and malt extracts. In order to find the growth 

limiting factor, cultures at elevated concentration of yeast extract and malt 

extract at the constant G1 ( 100 giL) were perfonned, whose result is shown 

in Figure 3. Increase in yeast and malt extracts resulted in increase in PL, 

indicating of some limiting factor m these extracts. Though PL increased 

according to increase in those extracts' concentrations, increment of PL 

increase from 0.6 giL to 0.9 giL was smaller than that from 0.3 giL to 0.6 

giL. The values of Gs at 0.6 and at 0.9 giL, further, resulted in the very 
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stmtlar value, indicating no more increase in lipid yteld between 0.6 and 0.9 

giL of extracts concentration. Subsequent experiment, therefore, was 

performed at 0. 6 giL of the extracts concentration. 

(l L------7,6<"> -----.l-t.2<"> __.-tvo----' 
G1 (gLl 

Figure 2 Change of ltptd producttvtty 
(P1) and glucose concentratton at steady 

state ( 0<;) at vanous glucose con

centratiOn (G1 ) and dtlutton rate (D) 

100..------------, 

Figure 3. Effect of extracts concentratton 
on ltptd producttvtty (PL) and glucose 
concentralton at steady-state ( Gs) at 
"'anous dtlutton rate ([)) Inlet glucose 
concentratton ''as I 00 g, L Yeast extract 
and malt extract contents \\ere 0 3 giL l o ), 
06g,L (e) and09g,L 6 ) 

I~ffect of C N ratio. Effect of C/N ratio was checked by changing 

(NH4hS04 concentration at 100 giL of G1, 0.6 giL of both extract 

concentration and 0.15 of D, whose result is shown in Figure 4. The 

values of Pc started to decrease at the range of CIN ratio higher than 23 4, 

showing limiting of nitrogen source on cell growth. Lipid content increased 

from about 20% to 30% according to increase in C/N ratio as shown in 

many case. The maximum PL of 1.08 g/L/h was obtained with the culture 
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at 23.4 of C/N ratio. After optimization of nitrogen and extracts content, 

higher P L was obtained at 100 giL of G1 than that at 180 giL (about 0.99 as 

shown in Figure 2). Under this condition, Gs was 20 giL, which also gave 

higher lipid yield of 10 .0%. Comparing with batch culture, described in 

section 1 of this Chapter, in whtch the maximum PL was obtained at 34 of 

CIN ratio, the maximum PL was obtamed at lower CIN ratio (23.4) in 

continuous culture. 
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Figure 4. Effect of C 'N ratio on cell mass productivity (P c), lipid 

productivity (PL), lipid content, and glucose concentration at steady-state 

(Gs) Inlet glucose concentratton was I 00 g/L Yeast extract and malt 

extract concentration was 0 6 giL Dilution rate was 0 15 h- 1 

Culture effect on lipid content andfally ac1d compos1t10n. Effect of D 

on lipid distribution and fatty acid composition were also examined for the 

culture at I 00 giL of G1 and 0.6 giL of extracts content. Table 1 shows 

the effect of D on hpid content and lip1d distribution. Increase in D resulted 

in decrease in lipid content. Mam contribution of the decrease of lipid 

content came from the decrease in NL content, but not from PL content. 

Growth in continuous cultures at lower D and higher D, respectively, can 

correspond to early and late !,'TOwth phase of batch culture. In batch culture, 
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lipid accumulation occurred mainly at and after logarithmic growth phase 

Th1s result, therefore, md1cated the coincidental tendency of the continuous 

culture w1th batch culture. As for each lipid distribution of NL and PL, 

mam cause of the decrease existed in triacylglycerol, the most abundant 

component. Free fatt) acid and I ,2-diacylglycerol, on the other hand, 

increased !:,l'featly, mdJCating inhibition of triacylglycerol fonnat1on at h1gher 

D Content of the mam polar lipid distribution, phosphatid) lcholme and 

phosphatidylethanolamine, did not substantially changed. 

Tablet. Effect of dilution rate (D) on lipid content and lipid distribution of neutral 

and polar lipid 

L1p1d d1str1but100 
D ~iLl DC PLIDC \cut ra I lipid (~ Polar l1p1d (~) 

( h I) (\l ( \ ) TG !:JDG!ZDG FF\ SE FS PC I'E PS I' I 

0. 05 28. 3 2. 9 84. 4 2.6 1.8 1.7 1.8 7. 7 ~9.3 40. 4 4. 0 o. 6 
o. 10 24.9 3. 3 80.9 o. 7 6. 2 4. 7 1.6 5. 6 51. 2 38. 7 2. I 0.9 
o. 15 20. 5 3. 3 76. 3 1.7 8. 2 4.0 1.3 6. 6 49. 7 39. 3 ~ . 9 0. 8 
0. 20 17.6 4.0 76. 4 1.2 10. I 5. 0 1.2 6. I 47. 6 41. 6 6. 0 o. 7 

NL'DC ~eutral hp1d content PLJDC Polar hp1d content TG Tna~lglyccrol DG D1ae)lghcerol 
FF A Free fatt' ac1d SE Sterol ester FS Free sterol PC· Phosphalld~ lchohne PE: phosphalld~ 1-
ethanolamine PS Phosphalld' I serine PI Phosphaud~ hnosuol 

Table 2. Effect of dilution rate (D) on neutral lipid and polar lipid fatty acid composition 

D \l•ut ra I 
FattY acid compos1t ion 

liPid ( \ ) . Polar l1p1d ( ~) 
( h 1) 16:0 16.1 18:0 18: l 18:2 18:3* 16:0 16: I 18:0 18: l 18:2 18:3* 

0.05 30. 4 2. 6 5. I 44. 6 9. 4 6. 6 13. 7 2. 0 1.2 23. 5 34. l 2-1. 2 
o. 10 28. l 1.9 4. 3 43. 5 13.6 6. 9 13. 3 1.8 2. 7 23. 2 33. 3 25.0 
0. 15 30. l I. I 4. 8 44.6 10. 6 7. 6 13. 7 1.4 0. 3 22. 3 3·1. 9 26. I 
o. 20 29. 2 2. l 3. 5 45.5 9. 9 7.4 13. 7 1.8 o. 9 33. I 26. 8 21. 7 

• y -Lmolcmc ac1d 

Table 2 shows the fatty acid composition of each lipid fraction Major 

fatty acids in NL were palmitic and oleic acid, the content of which were 

affected little by the change of D Higher content of linoleic acid was 

obtained at 0.1 h· 1 of D, and increase in D showed the tendency of decrease 

from 13.6 ~/o to 9. 9 °-~. Content of GLA increased instead accordmg to 
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increase in D In PL, there seems to be no substantial change of fatty ac1d 

composition except a little mcrease in GLA according to increase m D. At 

0.20 h- 1 of D, there occurred l 0% higher content of oleic ac1d as well as 

10\ver lmole1c ac1d and GLA, presumabl) related to be very near to wash out 

pomt. Kendnck and Ratledge[76) reported main factor for changmg 

polyunsaturated fatty ac1d composition was temperature in contmuous 

culture of oleagmous fungus (l;ntommphthora exllalls) Increase in linoleic 

acid content according to increase m D was reported with a thermotolerant 

yeast (Hansenula polymorpha)[77] and a oleaginous yeast (Trtchosporon 

pullulans)[78]. 

Effect of C/N rat1o on fatty acid composition is shown in Table 3. 

Content of linole1c acid as well as GLA showed a little increase according to 

the increase m C/N rat10 from 15 .1 to 27.8. In this region ofC/N rat10, Cis 

decreased (Figure 4). At h1gher C/N ratio when growth was repressed, 

content of linole1c ac1d and GLA m total lipid decreased due to mcrease 111 

NL content. The ma-x1mum GLA productivity was calculated to more than 

100 mg/L/h m the condtt1on at 23.4 ofC/N ratio which gave the highest PL 

Table 3. Effect of C/N ratio on total lipid fatty acid composition 

c \ Fatty ac1d compos1t1on (~) LF\ 
rat 10 16:0 16: l 18:0 18: I 18:2 18:3* (~) 

15 l 28. 3 3. 2 2. 6 42. l 12. 7 9. 0 68. l 
18. 8 27. l 2. 8 3. 2 42. 7 13. I 9. 6 68. 6 
23. 4 24. 7 1.5 2. 7 44. 9 13. 7 9. 7 70. 7 
27. 8 26. 9 3. 2 2. I 42. 9 13. 9 9. 8 70. 6 
33. 8 25. 7 1.2 3. 8 47. 7 12. 5 8.4 70. I 
46 0 25. 8 1.9 4. l 47. 8 12. 6 6. 8 69. I 

D1lu11on rate 0 15 hI • y -Lmolcmc ac1d UFA. Total unsaturated fatt) ac1d 

Characten.\flc.'\" of thefimgus' growlh and !Jp1d accumulallon. In most 

cases of oleagmous yeasts, lower /J was chosen for lipid production, in sp1te 

of lower growth rate, O\-\ mg to higher lipid content. In the fungus of the 

present work, \-anatJon of lip1d content has appeared to be relatively small 
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Graphic design for continuous culture from the growth curve of batch 

culture at 90 giL of G1 and 34 of CIN ratio is shown in Figure 5, where 

growth rate (dx/dt) vs. dry cell weight (x) is depicted[79]. 

o dx dt 

~ 
20 g 

u 

~----~,~o ----~2~0-----J~-0--~--- o 

Dry cell " eight (X, giL) 

" Q. 
.J 

Figure 5. Graphic design for continuous culture from the growth curve of 

batch culture. Initial glucose concentration was 90 giL. C/N ratio was 34. 

Two points, A and B, correspond to 0 .10 and 0 .03 of D, respectively. 

At 0.10 of D (point A), dry cell weight is to be 20 giL and lipid content is to 

be 27 %, resulting in 2.0 of Pc and 0.54 of PL. At 0 .03 of D (point B), dry 

cell weight is to be 30 giL and lipid content is to be 38 %, resulting in 0.9 of 

P c and 0.34 of PL. From this design, higher PL was to be obtained by 

higher D (point A), which was coincident with the result of continuous 

culture (Figure 1 and Figure 2) . In this fungus, therefore, operation of 

high D, or high growth rate, resulted in high PL. Summing up, the 

maximum lipid productivity of 1.08 g/L/h was obtained in continuous culture 

at 100 giL ofG1, 23.4 ofC/N ratio and 0.15 h-1 of D, whose value was 2.9 

times as great as that in batch culture (that is 0.37 giL/h), though lipid yield 

in continuous culture was 2/3 of that in batch culture. The ideal system 

for GLA production using Mortierella ramanniana var. angulispora can be 

a two-stage continuous culture to separate growth phase with lipid 

accumulative phase. In case of oleaginous yeast (Candida 107), however, 
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two-stage continuous culture was reported to have no practical advantages 

over a single-stage system[80]. 

Summary 

Effect of various cultural factors (dilution rate, nutrient concentrations 

and C/N ratio) on lipid productivity (PL) and lipid content were examined in 

a continuous culture of Mortierelfa ramanniana var. angulispora IFO 8187 . 

Cultural optimization lead to the maximum PL of 1.08 g/L/h at 100 giL inlet 

glucose, 0.15 h-1 of dilution rate and 23.4 of C/N ratio. Under these 

conditions the GLA productivity was reached to more than l 00 mg/L/h. 

The value of PL was 3 times higher than that in a batch culture (200 giL of 

initial glucose concentration, 34 of CIN ratio and 3.5 days of culture). 

High PL in continuous culture may possibly be related to lower glucose 

concentration in the culture medium, lower C/N ratio and relatively small 

decrease in lipid content at a higher dilution rate or growth rate. 
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Section 4 Production of phospholipids containing y -linolenic acid by 

Jtlortierella ramanniana grown on 11-decane as carbon source 

As for hpid class in microbial lipid production, maJOr products were 

triacylglycerols. Increasing recognition of phospholipids as biologically 

active mediators and source of liposomes lead us to the search of 

microorgamsms as a source of phosphohpid[81] Contents of phospholipid 

m microbial cells are usuall) lower than 5°·o of df) cell weight. When a 

methane utihzing anaerobe was used, the highest phospholipid content was 

reported as 17 5°/o of cell \veight[82]. Hov .. e\er, the gro\\1h rate of it was 

vef)· slO\\. The author observed the content of phospholipid m the cell and 

r -lmolemc acid (GLA) in phospholipids increased when genus Morllerella 

!:,'TOwn on n-decane instead of glucose as shown in the sections 2, Chapter I 

and the section 2, Chapter II. It was also reported that higher phospholipid 

contents in some microbes gro\\11 on n-alkane than those on glucose[45,83] 

with their mductton of intracytoplasmic membrane[84]. No extensive 

!:,'rowth optimization of fungi using hydrocarbon as carbon source, though, 

has been reported. 

This section deals \vith the mvestigation of the influence of cultural 

conditions for production of phospholipids with high GLA content of genus 

Morllerella using n-decane as carbon source and the separation of GLA 

containing phospholipids into molecular species 

Materials and Methods 

Microorgamsms and culture condlllons. Morllerel/a ranwnmana var. 

angulispora IFO 8187 was used 111 this study. The fungus was cultivated 

m the medium with n-decane as carbon source V\hich combined (giL): n

decane, 18.0; (NH2hCO, 1.0; KII2P04, 3.0; MgS04 •7H20 , 0.3; NaCI, 0.1, 
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malt extract, 0.2; yeast extract, 0.2; pepton, 0.1; FeS04 • 7H20, 0.0 I 0, 

CaCI2 • 2H20, 0.00 12; CuS04 • 5H20, 0.000 12; ZnS04 • 7H20, 0.00 I 0; 

MnS04 • 4H20, 0.00 I, and Tween-80, 0 2 mL. In flask culture, 200 mL 

media 111 500 mL balled erlenmeyer flasks \\ere used at 180 rpm of rotating 

speed and at 30 oc. Culture periods was usually for 7 days. In a stirred 

tank fermenter, 3.0 L of media in 5.0 L fermenters (Sakuraseiki Co., model 

LS-5 ) were kept at 23 C, pH 4.0 and agitatiOn at a speed of 400 rpm. In 

the fermenter culture, higher concentration of Tween-80 ( 1.0 mL/L) \\as 

used and 1.0 giL of com steep liquor and 1.0 giL of linoleic acid were 

further added as a result of medium optimization. In order to prevent n

decane loss by aeration, n-decane fed continuous!) at 14.4 g.'L d. Aeration 

rate was 1.0 vvm. 

Analytu.:al Method'!. Analytical methods were perfonned as described 

previously in the section I of Chapter I Culture solution was taken out 

intenn1ttently and dry cell we1ght (DC) was measured gravimetrically 

Samples at steady-state condition, then, were subjected to hpid extractiOn 

and lipid analysis. Lipid was extracted from the cell, and total lipid (TL) 

was measured by weight. The TL was fractionated into neutral lipid (NL) 

and polar hpid (PL) b) Silicic acid column chromato!:,rraphy Polar hptd 

fraction was further separated into glycolipids, phosphatidylethanolamme 

(PE) and phosphatidylcholine (PC) by stepwise gradient chromatography. 

Glycolipids was eluted with acetone, PE was eluted with chlorofonn/ 

methanol (l: l by vol.), and PC was eluted with chloroform/methanol (14 by 

vol.), respectively. Fatty acid compositions of each lip1d was analyzed by 

gas chromatography after methanolysis as previously described. 

Samples ofPE and PC were separated into molecular species on a 4.6 x 

250 mm Inertsil ODS-2 column (GL Sciences Inc.) v\lth mobile phase of 

acetonitrile/chlorofonn/methanollwater (380: 150:450:20 by vol.) by HPLC 
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(Shimadzu, model LC-3A) equipped with refractive index detector (Showa 

Denko Co., model SE-61 ). For identification of molecular species, each 

retention time was compared with standard PCs and developed a graphic 

relationship with the theoretical carbon number (TCN) for phospholipid 

[69,70,85] as will be shown in Figure 4. Standard PCs of dilinolenoyi-PC, 

dilinoleoyl-PC, dioleoyi-PC , dipalmitoyi-PC, 1-palmitoyl-2-oleoyl-PC, and 

distearoyl-PC (Serdary Res. Lab. Inc.) were used. 

Positional distribution of fatty acid in PE and PC were analyzed after the 

selective hydrolysis by phospholipase A2. Five mg of PE and PC were 

dissolved in 5 mL of diethyl ether/methanol (98:2 by vol.) and 1 mg of 

phospholipase A2 (from porcine pancreas, Sigma Co.) was dissolved in 0.5 

mL of 0. 1 M borate buffer (pH 7 .0) including 1.6 mg potassium acetate. 

Reaction was started by mixing two solutions and the mixture was shaken 

for 2 h at room temperature. Product of hydrolysis was extracted with 

chloroform/methanol ( 1:1 by vol. ). The extract was separated by TLC into 

free fatty acids and lysophospholipids. Fatty acid compositions of which 

fractions were also analyzed as mentioned above. 

Results and Discussion 

Medtum optimization in flask culture. The effect of concentrations of 

nitrogen source (urea), phosphate (K.H2P04) and surfactant (Tween-80) on 

growth and lipid production were investigated (Table 1). Increase in urea 

concentration did not affect cell growth nor lipid accumulation. Under the 

difficulty of incorporation of hydrophobic carbon source, nitrogen source 

did not seem to be a limiting factor. The subsequent cultures were, then, 

performed at 1.0 giL of urea. Increase in phosphate concentration up to 

3.0 giL, on the other hand, resulted in the increases in both DC and TL 

contents. Decrease in DC and TL values at lower concentration of 
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KH2P04 seems to be derived from not depletion of phosphate but the lack 

of buffering capacity which caused 

increase in pH. Consequently, 3.0 
Table l. Effect of nitrogen source, 
phosphate and surfactant on growth and 

giL of KH2P04 was used in the lipid production 

subsequent cultures except those I ngrcd i en t Content DC TL TL ' DC 
(g L) (giL) ( ~ ) 

with fatty acids (2.0 giL). 
lrea o. 5 2. 25 0. 44 19.6 

Addition of surfactant was (g/L) 1.0 2. 40 o. 45 18.8 
2.0 2. 42 0. 43 17.8 

revealed to be indispensable for the 3. 0 2. 27 0.47 20. 7 

KH2P04 1.0 I. 42 0. 26 18.3 
growth on n-decane. Surfactant (giL) 2.0 2. 40 0.45 18. 8 

3. 0 3. 71 0. 75 20. 2 
seems to help contact of cells with 4.0 a. n 0.75 18. 9 

n-decane. Cell growth and TL T11een 80 o. 0 o. 57 
CmLIL) 0. 2 2. 40 0. 45 18. 8 

value increased by increasing the 0. 5 2. 78 o. 59 21. 2 
1.0 3. 94 I. 00 25. 4 

concentration of Tween-80 up to 1.5 4. 02 0. 94 23.4 
2. 0 3. 88 o. 97 25. 0 

1.0 mL/L. This value was used for Flask culture. 7 d. DC: 01) cell ''eight 

the subsequent cultures. 
TL: Total lipid TL/DC: Lipid content 

As for growth factors, com steep liquor and several fatty acids were also 

investigated (Table 2). The values of DC and TL increased by the 

addition of com steep liquor, but decreased when the added amount was 

higher than 1.0 giL. Lipid content (TL/DC) was kept at about 20 % ( 18.3 -

21.5 %) in·espective of concentration of com steep liquor, indicative of its 

little effect on lipid accumulation. Ingredients of com steep liquor such as 

amino acids seemed to act as a kind of growth factor rather than as a 

nitrogen source. At 1.0 giL of com steep liquor, higher ammmt of yeast 

extract than 0.2 giL did not increase DC value, indicating that the amount of 

com steep liquor was sufficient. Concentration of 1.0 giL com steep liquor 

was added in the subsequent cultures. 
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Addition of free fatty acids was intended to supply an mtennediate of 

longer carbon chain moieties than n-decane as well as to mcrease m GLA 

content Effect of fatty acid addition 

on !:,trowth and lipid IS shown in 

Table 3 No acceleratmg effects on 

!,'TO\\ th were observed with carbon 

number from I 0 to 12 . From carbon 

number of 14, myristic acid, to 18s, 

oleic and linoleic acid, DC value was 

increased and reached more than 1.2-

folds of control DC. Addition of 

lmole1c ac1d, particularly, resulted in 

the h1ghest DC, 8 05 g/L, about 2.0-

folds of control DC Linoleic acid 

seems to be related strongly to its 

grov.th but not to hpid accumulation. 

The growth acceleratmg effect of 

linoleic acid JS to be made clear. 

Table 2. Effect of corn steep hquor on 
cell grO\\th and lipid production 

Cvrn steep liQUOr 

content ( g / 1.) 

{control ) 0.0 
o. 5 
1.0 
2. 0 
3. 0 

Flask culture. 7d 

5. 78 
6.88 
8. 27 
8. 00 
5. 80 

Tl. TL DC 
( ~ 1,) ( \ ) 

o. 98 17. 0 
I. 26 18. 3 
I. 78 21. 5 
I. 6~ 20. 5 
I. 22 21. 0 

(T\\CCn-XO I 0 mLfl I\.H ~P0.1 1 0 giL) 

Table 3. Effect of addtttons of se\eral 
fatt~ acids on cell growl h and hpid 
product tOn 

FattY ac1d Content DC Tl. TL DC 
(gil.) (gi L) (g L > ( \ ) 

(control) 0. 0 3.94 I. 00 25. 4 
Decan01 c ac 1 d o. 5 3.56 0.76 21. 3 
Launc ac1d 0. 5 3.82 I. 05 27. 6 
Vyr1st1c ac1d o. 5 5. 26 I. 27 24. 2 
Palmitic ac1d 0.5 I. 28 I. 33 27. 7 
Ole1c ac1d 0. 5 4. 78 1.10 22. 9 
Ltnolcic ac1d 0.3 4. 15 0.96 23.2 
L1noleic actd o. 5 8.05 I. 97 24.5 
Linol('IC ac•d 1.0 8.96 2. 31 26. I 

Flask culture. 7 d. 
(T\\ecn-80 1.0 mL..IL KII2P04• .'l 0 giL) 

Table 4. Time course of lipid content and distribution in the culture with and without 

linoleic acid (LA) 

CuI t urc• Control L.\ add i t 1011 

pc ri od TL DC ),il2HUli li.tri]Jutl on ~t\ in DC TL ' DC I<..J.P tQ... d 15 1 r 1 !lu! 1 Qn 11 t \ i IL DC 
(d) ( \ ) TG DG FF.\ FS PC PE ( \ l TG DG FF\ rs PC PE 

5 13. I 6.0 O. I o. 3 1.6 3. 0 2. I 17.8 5.6 0. I 5. I 2. 7 2.5 1.8 
7 17.3 9. 8 o. 2 0. 3 2. 9 2. 7 1.4 22.5 12.7 0.5 I. 3 4. 0 2.6 1.4 

10 25. 3 17.3 0. 4 0. I 3. 8 2.5 1. 2 26. 6 17.5 0. 5 0. I 4. 4 2. 8 1.3 

TL: Total hp1d DC OJ! cell TG Tna~ I glycerol DG D1a~ lgl~cerol FF A Free fall~ ac•d FS. Free 
~terol PC Phosphaud' lchohne PE Phosphaud~ lethanolammc 

Ltptd content of flask culture with linoleic acid additton was compared 

\\ith that of control at three culture periods (Table 4). Values of TL/DC 
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increased accordmg to the mcrease in culture period At 7 days, TL DC 

with linoletc ac1d addtt1on was 30% higher than that of the control but 

resulted m the stmilar values at I 0 days. Increase in TL denved mamly 

from tnacy !glycerol, or stored ltptd. With lmoleic acid addition, a 

remarkably htgh value of free fatt} acid (5 1 °to) was anal):Zed at 5 days, 

whtch seemed to be related to the added linoleic acid. The content of free 

fatty acid was raptdly decreased and no difference was observed at I 0 days 

indicative of assimilation of linoleiC acid by the cell. Value of PLIDC on n

decane was usually higher than that on glucose, but there was little 

difference in PL (mainly PC and PE) between linoleic acid addition and the 

control 

c 

u 
::w 

Control 
'iL 

Fatty acid 

(Culture period D 5d, ~ 7tl. • lOti) 

I.A addition 
NL 

Figure l. Fatty acid composition of neutral lipid ( L) and polar lipid 

(PL) fraction in control and linoleic acid (LA) added flask culture. 

Time course of fatty acid composition in NL and PL IS shown in Figure 

1. At 5 days, ltnoletc ac1d contents in both fractions increased (6 0-fold in 

PL and 4.0-fold in NL) by the addition of linoleic acid. But fatty actd at 10 

days resulted 111 stmilar profiles. Content of GLA in PL increased by the 
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addition of linoleic acid at 5 and 7 days owing to higher substrate (linoleic 

acid) content of 6. 6-desaturase to GLA. In NL fraction, no differences in 

GLA content were observed except at 5 days, and early stage of growth. 

Addition of linoleic acid was not, consequently, effective for increase in 

GLA content. 
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Figure 2. Time course of cell growth, total lipid and lipid content 

in fed-batch culture. 14 g/L/d n-decane was fed from 3 to 8 days. 

Fed-batch culture w1th a stirred-tank fermenter. A batch culture in a 

stirred-tank fermenter resulted in lower growth than that in flask culture. 

Low growth in the fermenter was attributed to the loss of n-decane by 

aeration, though the n-decane concentration in the culture solution was not 

determined. To prevent the loss of n-decane, n-decane was continuously 

pumped into the culture broth at 14.4 g/L/d, whose operation was called 

fed-batch culture. Moreover operational temperature was lowered to 23 oc 
to decrease the evaporation loss of n-decane. Time course of the culture in 

fermenter is shown in Figure 2. At seven days, 22 giL of DC and 8 giL of 

TL were observed and those values were almost 3 and 4-fold higher than 
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those obtained in the flask culture, respectively. Higher DC in the stirred

tank fermenter is likely to be attributed to the agitation and pH control. 

Agitation together with high concentration of Tween-80 must facilitate 

contact between cells and n-decane. The fed-batch operation of n-decane 

made it possible to keep relatively high concentration of n-decane at late 

logarithmic growth phase or stationery growth phase when lipid was 

accumulated without cell division, which should result in high TL/DC. 

Table 5. Lipid content and their fatty acid compositions with positional 

distribution of fatty acids in PC and PE 

Lipid Content / Fatty ac1d composit1on (~) !:FA Dl.: 
class DC (~ ) 16:0 16: I 18:0 18: I 18:2 18:3* (~ ) 

:-;L a4.a 40. 4 4.5 a. 2 2a. 8 a. 4 14.8 51. 9 89. 9 
GL o. 1 a2.6 a. o 5. a 40. 6 10.1 10. a 65.0 96.a 
PC 2. 4 23.0 3. 0 1.6 12. 2 23. 7 31. 2 70. 4 156.5 

cl 45.6 1.4 5. 2 8. 7 9. I 21. I 40.3 91. 6 
~2 6. 5 3. 1 o. 5 16. 5 az. 4 a5. 2 92.8 200. 6 

PE 1.3 30. l 3. 7 o. 9 18.8 13.8 28. 8 65. 3 136.7 
cl 49. I 1.8 4.5 10. 8 6. 0 17. 0 35. 6 75.6 
c2 10. 1 3. 5 0. I 32. 0 19. 4 34. 5 89. 4 177.8 

Culture in the fcrmenter at 7 days PC: Phosphatidylcholinc PE: Phosphatidyl-
ethanolamine NL: Neutral lipid GL: Glycohpids UF A: Total unsaturated fatty acids (%) 
DU: Degree ofunsaturation (number of double bonds/100 molecules) * y -Linolenic acid 

Table 5 summarizes lipid profile of the culture in fermenter at 7 days. 

The ratio of PL to DC was 5.1% and major lipid class of PL were PC 

(2.4%), PE (1.3%) and glicolipids (0.7%). Nearly 1/3 of GLA existed in 

PC and PE, whereas about 10% in glicolipids. Oleic acid content in 

glicolipids was much higher than those in PC and PE. Degree of 

unsaturation was higher in PC than that in PE due to high content of linoleic 

acid. Linoleic acid was concentrated at position 2, three times more than 

position 1, while saturated acids (16:0, 18:0) were concentrated at position 1. 

Monoenoic acids ( 18:1, 16:1) were also higher at position 2, though degree 

of positional specificity of monoenoic acid was not so strong as those of 
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saturated acids and linoletc acid. Distribution of GLA was also inchned to 

position 2, which ~as not so evident compared w1th linoleic acid. 

10 

3 

g9 

0 5 10 15 :o :s 
Retention time (min) 

Figure 3. HPLC chromatogram of 

molecular species of phosphatidylcholinc 

Column, lnenstl ODS-2 (4 6 mm X 2SO 

mm), and solvent system. acetomtnle 

chloroform methanol water ( 380 I "iO 

450 · 20) at a flow rate of I 0 mLmm. 

Peaks were tdenttfied as. I. 18.3-18·3. 

2, 18 3- 18 2. 3. 18 2-18 2, 4. 18 3- 18 I, 

5, 18 3-16 0, 6. 18 2-18 l , 7, 18 2-16 0, 

8. 18 3-18 0, 9, 18 1-18 I. and 10, 18 1-

16 0, the order of designation does not 

mdtcate the separation of posntonal 

isomers 

Phospholrprd separatron rnto molecular specre\. Molecular spec1es of 

each PC and PE fraction was further analyzed with HPLC. Figure 3 

shows HPLC chromatogram of PC fraction . Each peak was assigned 

usmg the concept of TCN for triacylglycerol as shown in F igure "'· 

From the standard PCs to 18:3-18:3-PC and fatty ac1d composition of the 

PC sample, each peak 111 Figure 3 was ass1gned as shown in Figure 3. A 

good linear relationship between TCN and log(RRT) indicates the valid1ty 

of the assignment. The values of RRT for both PC and PE were identical. 

Table 6 summarizes the content of molecular species of PC and PE. Main 

species were 18:3-16·0, 18·3-18:2, 18:3-18.3, 18 1-16·0, and 18:3-18·1. As 

the cell grov.1h, content of oleic acid increased but that of GLA decreased in 

PC molecules. Contents of 18:3-18:3 and 18:3-16:0 were higher in culture 

on n-decane than that on glucose, while those of 18:3-18:2 and 18:3-18: I 

were lower. Contents of molecular species including GLA were more than 
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60% of PC class and 46°/o of PE. Productivities of PC and PE contammg 

GLA were estimated to be about 300 and 125 mg/L, respectively. 

3 

182182 

....,.___ 18:3 · 18 '3 

Figure 4. Theoretical carbon numbers (TC~) of phosphatidylcholines and 

phosphatidilethanolamines vs their relative retention times (RRT) 

RRT - Retention time of each PC molecule/( retention time of 18 3/18:3-PC) 

TCN (TC-2 x DB) - LUi 

where TC total carbon number, DB number of double bond, 

Ui - (Oleate 0 65. linoleate. 0 85. linolenate 0 2) 

Table 6. \1olccular species of phosphatidylcholtne (PC) 

phosphatidylethanolamme (PE) in several culture cond1110ns 

~olecular PC PC PE PC 

and 

SPl'CL('S ( \ ) (3d ) (7d ) (7d ) (gro~n on glucose) 

18:3 18:3 17.2 II. 7 6. 5 6. 8 
18:3 18:2 16.8 16.2 5. 4 20. 5 
18:3 18: I 3. 0 12.0 IU 16. I 
18:3 18:0 2. 3 2. 3 
18:3 16:0 29.3 18.8 22. 6 15. 0 
18:2 18:2 6. 2 4. l 17. 6 3. 5 
18:2 18: I u 5. 9 4.0 9. 5 
18:2 16:0 6.8 7. 4 5. 6 9.0 
18: l 18: I 1.7 9. 6 
18: I 16:0 10. 6 13.6 22. 6 10. 0 
GU PL* 68. 6 6!. 0 45. 9 58. 4 

• Total percentage of molecular spcctcs containing y -hnolcmc actd (%) 
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Summary 

The influence of cultural conditions on production of GLA containing 

phosphohptds of genus Aiorllere/la using n-decane as carbon source and the 

separatton of GLA containmg phosphohptds into molecular species were 

investigated. Addition of linoleic acid resulted in the highest cell growth, 

8.05 giL, about 2.0-folds of control cell growth in flask culture. Linoleic 

acid seems to be related strongly to its f:.'TO\\th but not to liptd accumulation. 

The fed-batch culturing resulted in 22 giL of dry cell weight and 8 giL of 

total lipid at 7 days. The content of PC and PE in the cell was 2.4% and 

1.3°-o, respectively. Molecular species of each PC and PE fraction was 

further analyzed by an HPLC About 30% of the esterified fatty acid was 

GLA, and more than 60°1o PC as well as 46°/o PE contained GLA. The 

productivities of PC and PE containing GLA were estimated to be about 300 

and 125 mg/L-medium, respectively. 
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CONCLUSION 

In this thesis, the author described the productiOn oflipids and GLA 

contammg ltp1ds by cultures of Morlterella fungt. M tsabe//ma and M 

ramanniana var. angult.~pora were selected, and the effects of the cultural 

conditions, especially the carbon source, nitrogen source, C/N ratio, culture 

temperature and pH, on the ltp1d and GLA product1v1t1es were exammed. 

Culture at a h1gher glucose concentration than I 00 gt L resulted m an 

increase in ltpid content as well as cell growth. The max1mum lipid 

productivity of0.69 g/L/h in a batch culture was obtained by M t.wbellma 

IFO 7884. Ftve strains of the genus Mortterella , includmg M 

tsabellma IFO 7884 and M ramanmana var. angultspora IFO 8187, 

attained GLA yields exceeding 2 giL-medium. In the operational modes 

of repeated batch culture and continuous culture, both lipid productivity and 

GLA productivity mcreased in companson V\lth those in a batch culture. 

In a continuous culture of A1. ramanmana var. angultspora IFO 8187, a lipid 

productivity of I. 1 g/Lih and a GLA productivity of 106 mg/Lih were 

obtained. The value of lipid productivity was 3 times higher than that in a 

batch culture. Furthermore, the production of phospholipids containing 

GLA was exammed usmg n-decane as a carbon source. In a n-decane 

culture, higher polar lipid content and higher GLA content in the lipid were 

observed. 

CHAPTER I 

The results in each chapter can be summarized as follows. 

In the screening of fung1 wh1ch produce GLA as well as ltp1d, 

Mortierella isabelma was found to accumulate a large amount of lipid 

intracellularly among the members of the order Mucorales. The content 

of GLA of M. ramanmana var. angult.spora IFO 8187 was relatively htgh 
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among the members of the genus Morlierel/a under the cultural conditiOns 

with either glucose or n-dccane as the carbon source. 

CHAPTER II 

In a tlask culture, the h1ghest lipid content more than 80°o of dry cell 

we1ght, was obtained at high C/N ratio of 343 with glucose as the carbon 

source. The maximum production oflipid, on the other hand, occurred at 

a lower C 'N rat1o of 11.4. In a culture at low pH. hp1d productiOn 

mcreased, but cell gro\\1h decreased. Culture on n-decane gave lower lip1d 

content than that of glucose culture w1th h1gh C.'N rat10. A culture on n

decane, however, gave a h1gher polar ltp1d content and h1gher GLA content 

in the hp1d compared to the culture on glucose 

Furthem10re, in order to mcrease the hp1d productivit), a culture \\ith a 

high concentration of the carbon source was performed. !vi. 1.mbellma 

IFO 7884 was able to grow at glucose concentrations higher than 200 giL 

\\'lthout decrease of grov\1h rate. The max1mum dry cell we1ght and 

hpid production of 156 and 83 g' L, respectively, were obtamed m a culture 

with 390 giL glucose. The highest ltp1d productivity, 0.69 g/L/h, was 

obtained in a culture with the lower glucose concentration of 270 giL. 

CHAPTER Ill 

Five strams, including A/. Jmbellma IFO 7884 and lvf. ramanmana var. 

angu!Jspora IFO 8187, attained GLA yields exceeding 2 giL-medium in high 

glucose concentration medium. The culture conditions with a C/N ratio of 

34 gave the htghest lipid production and GLA y1eld by ,'vi. ramanmana var. 

anguh\pora IFO 8187. L1pid productiVIty and GLA productiVIty 

increased in repeated batch cultures and continuous cultures. In a 

continuous culture of M ramanmana var. angu!J.~pora IFO 8187, a lip1d 

productiVIt) of 1.1 ~ Lrh and a GLA productivity of I 06 mg/L h were 
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obtained. The solvent winteri.~:ation process was effective to mcrease in 

GLA concentration m the fungal 011, resulting in 8.3°o of GLA from the 

ongmal 011 at 5 7°·o GLA, w1th acetone as the solvent. Furthem1ore, the 

culture cond1t1ons to obtam phospholipids conta1nmg GLA were clanfied 

usmg n-decane as a carbon source. The productiv1t1es of GLA

containmg spec1es of PC and PE were estimated to be about 300 and 125 

mg/L, respectively, in a n-decane culture. 

Lately, m1crobial hp1d production. espec1ally PUF A production, has 

become of general Interest. In Japan, the maJOr sources of fats and oils 

arc dependent on those from other countries. Microbial lipid production is 

unportant not onlv as a method of product1on of fatty ac1ds d1 fficult to 

obtam from plant or ammal mls, but also m tem1s of nat1onal secunty and 

global resource preservation. The industnal production of GLA

conta111ing 011 from the genus !vfortJere/fa has been already begun 111 Japan, 

as the first "Smgle Cell Oil". The GLA-contammg oil 1s used as a food 

add1t1ve, as a health food 111 the form of dnnks and tablets, and m1xed 111 

cosmetic to keep the sk111 mo1st. The reasons why microb1al GLA 

production by the Mortierella fungus was industrialized first in the world 

ltes 111 low occurrence of GLA 111 conventional plant resources and the 

realization of extremely high productivities of lipids and GLA. 
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