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The study was attempted to change the fatty acid composition of triglyceride
accumulated in Lipomyces starkeyt IAM 4753 by varying cellular growth conditions
such as concentrations of medium constituents, initial pH values, degree of airation,
or growth temperature. Cells were harvested at the early stationary phase of
growth and fatty acid compositions of the total lipids (TL) and triglyceride (TG)
fractions were analyzed by gas-liquid chromatography.

Major fatty acids of both TL and TG were palmitic acid and oleic acid
throughout experiments. Linoleic acid content in TL increased considerably in
the cases that the cells were grown under one tenth of standard concentration of
potassium ion or under a hundred times as high as that of chloride ion. When cells
were grown at 15°C or 20°C, linolenic acid was deteted in TL (but not in TG)
and linoleic acid content in TG increased a little.

These data suggest that, at least in the strain, there is no effective physio-
gical factor which can enrich poly-unsaturated fatty acid content in TG.
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Table 1. Composition of media used in this study.

Semi-defined medium

Defined medium

Glucose 30.0 g/1 30.0 g/1
(NH4)280, 3.5 5:3
KH,; PO, 1.0 1.1
MgSOy4- 7 H,0 0.5 0.5
NaCl 0.1 0.1
CaCl;- 2 H,0 0.1 0.1
Fe** — 500 #g/1
Zn** — 75
Mn** — 22

G ** — 7.0
Na;MoO4- 2 H,0 — 3.2
KI — 13.0
H3BO3 — 42.9
Biotin — 0.2
Yeast extract 1.0 —

** Standard solutions for atomic absorption analysis were used.
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Table 2. Fatty acid compositions of total lipid and trigryceride of L. starkeyi
grown in different concentration of major cations.

g/l analyzed  Cu4:0 C16:0 Cie:1 Cig:o C18:1 Ci8:2  fatty acid

Element Amount Lipid Fatty acid comosition (%) Total unsaturated

I} K 0.032 TL 0.1 32.3 2.6 1.8 43.4 18.9 64.9
\ (as K*) TG 0.5 2.9 3.0 3.0 45.7 48 53.5
| 0.105 TL 0.1 30.8 5.8 15 54.5 7.1 67.5
| TG 0.2 4.2 4.0 0.8 51.2 2.5 57.3
| 0.316%x TL 0.1 27.7 3.2 2.6 59.0 7.2 69.6
\ TG 0.2 39.0 L5 2.2 54.9 2.2 58.6
1.56 TL 0.1 28.0 2.6 3.7 58.8 6.6 68.2
| TG 0.4 37.4 2.3 3.6 54.4 1.8 58.6
| N 0.11 TL 0.1 36.5 1.9 3.6 53.9 4.0 50.8
‘ (as NH}) TG 0.3 45.9 1.6 5.5 4.5 2.1 8.2
‘ 0.37  TL 0.1 29.9 1.8 2.9 59.0 6.2 67.1
“ TG 0.2 34.2 2.4 2.9 58.9 1.2 62.5
| 112+ TL 0.2 26.0 2.5 L7 63.0 6.7 72.1
“ TG 0.2 33.4 2.2 3.2 59.4 1.2 63.0
3.3 TL 0.2 26.9 3.9 1.8 59.4 7.8 1.2
| TG 0.3 32.1 4.0 2.0 56.2 5.3 65.5
‘ Mg 0. 001 TL 0.2 28.8 2.6 3.4 59.7 5.3 67.6
& (as Mg? ) TG 0.4 36.0 2.6 3.6 54.4 3.0 60.0
0.049% TL 0.2 28.0 2.6 3.1 59. 4 6.5 68.6
TG 0.3 34.4 2.6 3.1 55.4 4.0 62.0
Na 0.008 TL 0.2 27.9 3.3 2.3 60.0 7.3 69.7
(as Na* ) TG 0.2 39.1 2.0 2.1 52.2 4.3 58.4
0.039% TL 0.1 25.5 3.9 11 64.2 — 1.8 76.2
TG 0.2 40.0 2.2 1.9 53.8 5.0 60.9
0.197 TL 0.1 21.1 4.4 0.8 65.3 8.1 7.9
[ TG 0.2 3.8 2.9 1.6 57.8 5.6 66.3
0.390 TL 0.1 25.9 3.4 1.9 6.3 7.3 72.0
TG 0.6 4.2 1.8 3.2 6.5 3.5 51.8
Ca 0.000 TL 0.2 315 2.0 3.4 56.6 6.4 69.9
(as Ca?) TG 0.5 36.9 2.4 41 54.7 1.3 58.4
0.005 TL 0.2 30.7 2.8 3.7 55.5 6.9 65.4
TG 0.4 34.6 3.1 3.6 57.8 0.4 61.3
0.027%« TL 0.2 20.8 3.3 3.3 56.5 6.7 66.7
TG 0.4 35.7 3.1 2.9 54.0 3.8 60.9
0.14 TL 0.2 29.2 4.1 2.3 58.5 5.5 68.2
- R TG 0.3 33.3 4.4 1.9 59. 1 0.8 64.4
e 0.27 TL 0.2 28.1 4.3 2.1 59.9 5.2 69.6
TG 0.6 32.6 45 2.0 59.9 0.4 64.7
1.09 TL 0.2 28.6 4.4 2.0 59.6 5.2 69.2
i TG 0.5 32.4 4.9 2.1 59. 1 0.8 64.8

‘ Cells were harvested by centrifugation at the early stationary phase of growth,
{ and total lipids of the cells were extracted by shaking the cells with glass beads
in the mixture of chloroform-methanol (2:1, v/v). Triglyceride fractions were
separated from the total lipids by thin-layer chromatography with the solvent
system of petroleum ether-ether-acetic acid (80:20:1, v/v/v). Methylation of fatty

| acids was carried out by heating lipids with HCl-methanol at 90°C, and was
| completed by the addition of diazomethane-ether. The methylated fatty acids
were quantitatively anlyzed by gas-liquid chromatography. Values quoted are
\ each the mean of three independent analyses.
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Table 3. Fatty acid compositions of total lipid and triglyceride of L. starkeyi
grown in different concentration of minor cations

Element Amount Lipid Fatty acid composition (%) Total unsaturatec
g/1 analyzed  Cy14:09 C16:0C16:1C18:0 C18:1C18:2 fatty acid

Fe 0 TL 0.2 380 20 68 486 4.4 55.0
(as Fe®) TG 0.3 48.1 1.5 53 435 1.4 46.3
40 TL 0.2 3.9 21 53 536 3.8 59.5
TG 0.2 4.5 1.7 52 500 15 53.1
500  TL 0.1 293 33 31 569 7.0 67.2
TG 0.3 37.2 2.4 2.9 533 3.8 59.4
5, 000 Ty 0.1 3.0 23 34 5.4 6.8 65.5
TG 0.5 382 1.8 35 5.9 4.0 57.6
50, 000 il 0.2 31.8 25 3.4 548 1.3 64.8
TG 0.4 37.6 2.2 42 500 5.5 57.7
7n 0 TL 0.2 2.7 82 0.8 557 7.0 70.8
(as Zn?") TG 0.3 3.6 85 15 528 57 67.0
25 TL 0.1 3.7 58 15 549 58 66.5
TG 0.7 5.5 3.2 1.8 396 2.9 45.7
5%  TL 0.1 30.6 30 31 5.6 6.5 66.0
16 0.5 49.3 1.5 3.6 40.9 4.2 46.6
750 TL 0.2 291 20 31 562 9.2 67.4
TG 1.1 5.3 06 7.0 321 2.7 35.3
7,500 TL 0.2 327 1.3 44 531 81 62.5
TG 0.4 4.1 1.2 50 466 6.1 53.9
Mn 22 TL 0.2 349 15 54 446 13.1 59.2
(as Mn?") TG 0.4 4.0 1.3 68 389 66 46.8
2% TL 0.1 3.0 27 35 556 6.8 65.0
TE 0.3 3.5 24 25 502 5.0 57.6
220 TL 0.2 308 34 27 554 7.4 66.2
TG 0.2 39.6 2.6 25 49.2 58 57.5
2, 200 L 0.2 297 3.4 26 566 7.4 67.3
TG 0.3 454 2.2 1.9 456 4.6 52.3
Cu 0 TL 0.1 27.8 32 19 60.1 6.7 70.2
(as Cu?") TG 0.7 48.2 1.4 2.4 441 3.0 48.5
7« TL 0.2 271.2 37 14 60.9 6.6 71.3
TG 0.3 47.2 1.8 2.0 452 3.3 50.3

Analytical methods were as in Table 2.
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Table 4. Fatty acid compositions of total lipid and triglyceride of L. starkeyi
grown in different concentration of major anions.

Element Amount Lipid Fatty acid composition (%) Total unsaturated
g/l analyzed Cy4:q Cig:0Ci6:1 C18:0 Cig:1Cig:g  fatty acid
s 0.04 TL 0.2 328 19 4.0 539 7.1 63.1
(as S0°7) TG 0.3 38.4 1.8 4.0 54.4 0.9 57.2
1.28% TL 0.2 2.0 2.5 1.7 63.0 6.7 72.1
TG 0.2 33.4 2.2 3.2 59.4 1.2 63.0
6. 08 TL 0.1 248 1.4 5.3  59.3 8.9 69.8
TG 0.3 33.6 3.3 AT 59.1 1.0 63.4
P 0.025 TL 0.1 3.1 22 3.9 575 5.2 64.9
(as PO’7) TG 0.2 34.4 2.4 2.0 59.2 1.6 63.2
0.08¢ TL 0.1 269 3.1 1.5 60.7 1.5 71.5
TG 0.2 39.7 1.9 1.7 53.1 3.6 58.3
0.5« TL 0.1 30.3 3.1 2.9 56.8 6.7 66.7
TG 0.2 35.7 2.4 1.9 56.3 3.5 62.2
1.25 TL 0.1 27.9 4.5 2.0 580 7.4 69.9
TG 0.3 34.1 3.9 1.9 57.7 1.9 63.4
Cl 0.0090 TL 0.1 3.4 2.7 3.7 539 81 64.8
(as C17) TG 0.2 38.9 2.0 1.6 54.0 3.1 59. 2
0.09% TL 0.1 321 24 3.3  53.8 8.0 64.4
TG 0.3 37.2 2.4 2.9 53.3 3.8 59. 4
0.9 TL 0.1 30.6 2.5 3.2 554 81 66. 2
TG 0.2 37.7 1.9 1.8 55.5 2.8 60.3
9.0 P 0.1 388 2.7 3.4 325 22.3 57.6
TG 0.7 49.2 2.7 5.9 35.6 5.7 4.0

Analytical methods were as in Table 2.
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Table 5. Fatty acid compositions of total lipid and triglyceride of L. starkeyi
grown in different concention of minor anions.

Element Amount Lipid Fatty acid composition (%) Total unsaturatec
g/1 analyzed Cyy:g Cig:g Cig:1 Crgzo Cig:q Crgrg  fabty acid
Mo 0.13 TL 0.1 245 3.5 1.4 61.8 85 74.0
(as TG 0.1 42.0 1.4 1.8 526 2.0 56.0
MoO?") 1.3% TL 0.1 201 41 20 575 7.0 68.8
TG 0.2 390 24 1.7 545 2.1 59,0
13.0 TL 0.1 24.8 4.1 1.0 61.5 8.2 74.1
TG 0.2 371 2.3 1.7 544 4.2 60. 9
I 0.0 T 0.1 29.8 2.4 2.5 58.7 6.3 67.6
(as TG 0.2 371 2.2 2.4  57.4 0.6 60. 2
I) 1.0 T L 0.1 29.5 3.0 2.7 57.5 7.1 67.8
TG 0.1 37.3 1.8 2.3 551 3.4 60.3
10 * TL 0.1 29.1 3.1 31 57.4 7.0 67.7
TG 0.1 3.3 2.2 2.6 584 1.3 61.9
100 TL 0.1  29.2 238 2.7 583 6.8 68.0
TG 0.1 386 1.8 2.7 543 2.5 58.6
1,000 TL 0.1 277 2.5 2.5 61.0 6.1 69.7
TG 0.1 40.7 1.4 2.3 528 2.8 57.0
B 0.75 TL 0.2 3.7 3.2 2.3 558 6.5 65. 7
(as TG 0.2 384 22 1.9 526 47 59. 4
BOY) 7.5% TL 0.1 290 29 2.8 57.8 1.1 68.0
TG 0.2 384 23 1.8 5.9 L3 59.5
75 TL 0.1 283 28 2.3 59.2 7.0 69. 2
TG 0.1 37.8 1.9 .9 539 4.3 60. 1

Analytical methods were as in Table 2.
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Table 6. Fatty acid compositions of total lipid and triglyceride of L. starkeyi
grow in different glucose concentration, different carbon source, and
different nitrogen source.
Carbon Amount Lipid Fatty acid composition (%) Total unsaturated
| RouEes g /1 analyzed Cy4:0Ci6:0 C16:1 C18:0 C18:1 Cig: 2 ey 2o
| Glucose 10 T L 0.2 329 35 23 435 17.2 64.5
TG 0.5 39.0 3.4 2.5 42.4 11.6 57..3
20 T L 052 33.9 4,2 2.4 48.1 10.3 63.1
TG 0.4 35.6 4.8 1.9 49.2 7.0 61.0
‘ 30 * TL 0.3 35.6 3.6 2.8 48.9 8.2 60.9
TG 0.5 36.7 4.0 3:3 49.1 5.9 59.0
40 TL 0.4 36.5 ) 4.6 47.8 7.8 58.2
TG 0.6 40. 4 3.8 3.8 50.0 0.7 54.5
50 TL 0.4 37.2 3.3 4.0 46.3 7.9 57.17
TG 0.6 39.7 3.4 4.5 46.6 4.5 54.5
100 TL 0.3 36.0 3.4 4.4 48.1 7.2 58.9
TG 0.6 46.7 2.5 5.6 39.6 4.4 46.5
Glucose 30 * TL 0.3 35.6 3.6 2.8 48.9 8.2 60. 9
‘ TG 0.5 36.7 4.0 3.3 49.1 5.9 59.0
i Xylose 30 T L 0.2 35.8 2.9 4.2 50.8 5.9 59.7
M TG 0.3 37.1 3.1 3:5 51.8 4.1 59.0
|  Maltose 30 TL 0.1 332 35 34 5.5 8.2 63.2
‘ TG 0.3 32.6 4.1 2.2 54.6 5.9 64.6
Starch 30 T L 0.2 33.0 3.2 3.7 49.3 10.3 63.0
TG 0.3 34.8 3.6 2.1 54.7 4.2 62.5
Nitrogen
source
! (NH4)2S04 5.3« TL 0.2 30.3 3.5 3.1 56. 4 6.3 66. 2
Ul TG 0.6 36.8 3.6 3.2 54.9 0.7 59.2
1 NH,Cl 5.3 TL 0.2 30.3 2.2 3.4 57.6 6.3 '66. 1
TG 0.4 34.0 3.0 3.7 58.0 0.7 61.8
(NH4), HPOs 5.3 TL 0.2 29.3 5.5 1.3 56. 1 7.8 68.9
: TG 0.3 34.3 5.3 1.7 57.7 0.5 63. 4
. Urea 53 TL 0.3 303 69 15 548 58 67.4
1 TG 0.4 33.6 7.6 1,52 55.1 1.6 64. 4
‘ Analytical methods were as in Table 2.
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Table 7.

Fatty acid compositions of total lipid and triglyceride of L. starkeyi

grown under different initial pH value.

Initial Lipid Fatty acid composition (%) Total unsaturated
pH analyzed Ci14:0 C16:0 C16:1 C18:0C18:1 Cig:2  fatty acid

1.9 TL 0.1  32.3 .1 3.6 530 87 63.7

TG 0.5 384 23 54 508 2.4 55. 6
3.8 TL 0.1. 29.5 4 3.4 586 6.0 67.0

TG 0.1 329 21 2.3 588 3.6 64.5
5.3% T 0.3 295 26 27 589 6.0 67.5

TG 0.2 326 24 24 581 43 64.8
6.0 TL 0.1  28.9 B 3.0 57.0 8.6 67.8

TG 0.4 329 3.0 26 5.7 4.4 64. 1

Analytical methods were as in Table 2.
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S EEHMEL, EEHicTCiciznal® co &
&0 TG HOfEiEkic Cis:e B2V EIF, &
BB sNiziEh 00 TG DB &, #
FECEES 0 TG DIEMBRAE K o RS ic 4858 5
HBHEEERLTVES.

REFEORER, ERFEOBHEAELsSETH, 5l
BRAHRIC I R X (LI 5 72

KD W pH W pH »1.9» 56.0F
TORITHER L 72D, IENTBRMHRR ICZ LD hs - 12
(Table 7).

BREH S500mlAET7 7 X 3ic Ah B A
SRFTICONT, TG D Cig:0 AL, Cisii
DD Ui, Fleifnkt e =—VETE-> Tl
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|
‘\ Table 8. Fatty acid compositions of total lipid and triglyceride of L. starkeyi
‘ grown under different airating condition.

\
[
‘ Volume Stopper Lipid Fatty acid composition (%) Total unsaturated
» of medium analyzed Ci4:0 C16:0 Ci16:1 Ci18:0C18:1 Cig:2  fatty acid
(ml/flask)
25 Cotton TL 0.1 33.4 2.1 3.2 53.9 7.3 63.3
TG 0.3 37.6 2.2 2.9 56. 6 0.3 59.1
50 Cotton TL 0.1 32.5 3:1 2.8 55.0 6.5 64.6
TG 0.4 42.8 2.4 2.1 47.17 4.5 54.6
100* Cotton TL 0.1 25.3 3.1 2.4 61.8 7.2 72.2
TG 0.8 49.2 1.7 4.1 41.3 2.7 45.7
% 200 Cotton TL 0.1 27:7 3.5 2.8 59.8 5.9 69.4
\ TG 0.9 60.5 0.1 5.4 30.7 1.3 32.9
“ 100 Cotton TL 0.4 38.4 2.4 9.0 38.3 11.3 52.0
covered TG 0.6 42.8 1.9 12.2 34.6 6.4 42.8
by vinyl
film
100* Cotton TL 0.2 30.5 3.3 3.2 56. 6 6.2 66.1
TG 0.3 35.5 2.6 3.9 54.1 3.3 60.1
100 Rubber TL 0.1 31.6 3.8 2.5 555 6.3 65. 6
force- TG 0.2 36.7 4.1 1.7 52.4 4.7 61.2
fully
airated

Analytical methods were as in Table 2.

Table 9. Fatty acid compositions of total lipid and triglyceride of L. starkeyt
grown under different growth temperture.

Temperature Lipid Fatty acid composition (%) Total unsaturated

(¢ analyzed ~ Cy4:0 C16:0 Ci16:1 C18:0C18:1 Cig:2 Ci8:3  fatty acid
15 TL <0.1 25.3 4.3 1.6 45.6 19.5 3.8 73.2

TG 0.2 30.0 4.3 3.1 56.3 6.1 <0.1 66.7
20 TL 0.1 24.0 2.0 2.3 60.7 9.7 1.2 73.6

TG 0.2 28.1 2.2 3.5 63.0 2.9 <0.1 68.1
25 TL <0.1 25.1 2.0 3.3 63.7 6.0 <0.1 68. 6

TG 0.1 26.6 1.8 3.5 64.9 3.0 <o0.1 69.7
30 TL 0.1 30.0 2.7 3.3 57.1 6.7 <0.1 66.5

TG 0.5 36.2 2.6 3:7 54.9 1.9 <o0.1 59.4

Analytical methods were as in Table 2.
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Table 10. Fatty acid compositions of total lipid and triglyceride of L. starkeyi
grown under different growth temperature.

Lipid Fatty acid composition (%)  Total unsaturated
analyzed Ci4:0 C16:0C16:1 C18:0 Ci8:1 C18: 2 fatty acid
Total
lipid 0.2 29.4 3.1 2.7 57.6 7.0 67.8
Standard 0.1 2.1 0.5 0.7 3.8 0.6 3.5
deviation
Triglyceride 0.3 37. 5 2.5 245 53.2 3.6 59.2
Standard 0.2 5.2 0.6 0.7 5.3 1.8 5.5
deviation

Analytical methods were as in Table 2.

ZEPRL TS, BUEBEES . TOBRPS.

BEEOFIH T 2B AR EREITE OIENBRIK R &,

REFEDOWH ICEBEBEZT0WABE L Ehbhr -1
(Table 8).

1#FBE  Table 9 iR Lz ki, BERE
%15C, 20Cicd 5 &, TL FicfhDEHERTIEI K
HEniiwy Cusbobhic. Ehzhictl-T
TL 1D Cig:p D5HAL, Cie0 DA L. TG
FUTIE Cig: 5 (TREBE LIS o 7o hs, FEERBE 20
C, 25°CTi} Cig:1 DKL, 15°CTE Crarz 48
A LT, MAeEYHOEIRE, BROGEME—E
ICRD 2D ICHERIBE MK T 5 IC >N TREgFIAET
B kdszinbhTns? ERIEED TG
THE CEAIC X > TREFIIEIBO KT 5 L F X
5N 5.

Table 2 5 Table 9 $ TA2@EL T, LEHE
HELTELEDONAERERET 5 ELITD 4IHIC
35.

1) TL, TG HicFHEEH BT C]g;n B LU
Cig;1TH5.

2) Cigi2 (& TL %155 &7!75‘350’(‘(), T
G ILZL 5D/ TH 5.

3) TL T Clg';z ﬁ)§< fiﬁfl&%‘i C]s:] N
BYd 5.

4) TG T C]s:o i)i&i.f:&%‘i, Cm;] 7530&9\
T5.

Table 2 7> 5Table 9 OREFT*HI TR LK

BB RD OIS EL22240h &, NEii B AL
SEE S AERERZEAFTE L C Table 10 21E- 72
2IEEOIEEBMEEE ) 77 ) & ) FOZh & g
L&, NWIFVEEHBDL, AvA VEREY) S — v
BESZ TS . [BERMEROEERZICOVTL 5
5L, 2IEEOZNA, b)Y RY FOZh LD
IV, SFicht L BRI EEOO D TR b
s, ERROET L, EFRHEBEIC—EIC LTE
THCERTET, £ FHBEBRRA I L
IVTREREEEREE. 2hwx. Hcxoxkico
TAHNL, EERICET NSRS -t & ABRETH2
—7%, Table 6 OfERIF, BEERPICERE BB S
EHE, EEERATEIICEBLTOLLO MY 7
+ ) Foofsligfakicid, fhofEmeERr i
XREND -T2, Licdi->T, b)Y 7)) FOIE
BfER I B 3 L RS BRI, RBE LT
WEEOEBFHHOTNIUKET 2 EEZL 605

L. starkeyi OsHERBE I REESM, Bk
MRk > TRESENTZ0ID EfRank T
DIETIBBHRIC I R & BB S ot Licds
T, L. starkeyi = {f-> CTARMMIEHBREEDOS
TG DHEETE 3AREMR, BHAELZTD & T AEL

E:3 =1
HlsE Rk D—FE Lipomyces starkeyi 1AM 47
RIS EE, pH, B5E, BERS SO ELHE
FHEZLSETREEL, EFHIHOLERIE
(TL) RO MY 7V &Y F (TG) DRI
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W& L. TL, TG HicEEBRIEHEE L/ v v 2
F VB (Ciero), A LA vE (Cig;1) Thoto.
Bin A ) o L4 & VIEEAEFEOL050 1icLicD,
A A VIBEAEEOI00EICT 510 E, iRk
A2ELLEEFTBE, FELTTL iy /7 —w
# (Cis:2) MHEEALE. L2L, BLEHETE,
TG DY) / —VEBEEIF TL ozhidLicid
BALEMP 7. BEEISC, 20CTHEELLESI
B>, TL tic) 7 v 8 (Cis:3) PRSI N
7. COEBETFT TG thici3 ) / —vEBBOLT »
A L. ThoDERM D, AR CTIRETOEH
HEHAEZILEETH, BRRNICERsN S TG
OF ERERNEEE % £ A RFiEIERIC 3 5 C L3N
®rEZI oM.
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