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Summary

A potent intracellular-lipid-producing yeast, Rhodotorula glutinis var. glutinis SW-17,
-was screened out from a variety of arable soils, compost heaps, and fodders, and two

=strains of excellent extracellular-lipid-producing yeasts, Rhodotorula glutinis var. glutinis
SW-5 and Rhodotorula graminis SW-54, were screened out from the surface of many

.species of leaves. And then the intra- and extra-cellular lipid productions by those

. Rhodotorula yeasts were studied. The results were as follows:

1. During the shaking culture of 8 days at 24°C, both the intra- and extra-cellular
lipid accumulation started almost at the stationary phase of growth, when the nitrogen
-source in the medium was a little more than half used up. The intracellular lipid
~production by Rhodotorula glutinis var. glutinis SW-17 reached 58.42% (w/w) of dried
yeast, and the extracellular lipid production by Rhodotorula graminis SW~54 amounted to

72.62g per liter of the medium.

2. After the carbon and nitrogen sources in the medium were almost consumed, if the

_yeasts were shake-cultured further in a state of starvation, the yeast cells re-utilized the

already produced intra- and extra-cellular lipids and the lipids completely disappeared in

sthe medium in about 90 days.

3. The relative concentration of carbon and nitrogen sources in the media greatly



influenced both the intra- and extra-cellular lipid production. When the nitrogen source in-
the medium was almost used up for the growth of yeast, and excess carbon sources-
were still available, the lipid production vigorously proceeded. As long as the nitrogen
source concentration in the medium - was high, the lipid production. was greatly”
suppressed.

4. The optimum pH for both the intra- and extra-cellular 'lipid production by those-
yeasts was pH 5.0—6.0. ' :

5. The fatty acid components of the intracellular 11p1d of Rhadotorula glutinis var.
glutinis SW-17 were myrlstlc, pa‘hmt.tc, paﬁmntolexc, steanc, oleic, linoleic, and linolenic:
acids. The largest components of the fatty acids were palmitic acid ‘equivalent to 30—45%
of the whole fatty acids and oleic acid equivalent to 35—50%.

6. The fatty acid components of the extracellular ii{pid of Rhodotorula glutinis var..
glutinis SW-5 and Rhodotorula graminis SW-54 were ~myristic, palmitic, stearic, oleic,
linoleic, linolenic, 3-D-hydroxypalmitic, and 3+D-hydroxystearic acids. The largest compon--

~ents of the fatty acids were 3-D-hydroxypalmitic acid equivalent to 22—25% of the acids
and 3-D-hydroxystearic acid equivalent to 13—17%.
7.- The polyol companent of the intracellular lipids was. only glycerol, wheteas the

polyols of extracellular lipids were glycerol, mannitol, xylitql'ank_i arabitol.
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Table 1. Samples used for the isolation of yeasts producing intracellular lipid.
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“Table 2. Composition of the medium used for
the isolation of yeasts producing
intracellular lipid.

et A SEED BES Bk B % 2
& BBk tkalel 2 MEA RELERS B
H3 #% 2 IWELERC KREBE Bk 50%
glko]l J& WDE & WRel EHse BEH

«Glucose 20 g
Yeast extract 2.5¢ CHem gEmeEstelh
_KHzPO@ 1l g (2) MmN BEREEE SR BF
MgS0, « 7H,0 - 0.2g @ #: RS TREE SREESE Rhodo
.Sodium propionate 3 g torule B SEERET ME2E 234 2L &
Agar 20 8 g EpES EEFAS.
“Tap water 1000 ml ,
pH 5.8
Table 3. Plant leaves used for the isolation of yeasts producing extracellular lipid.
i1 7} % RESZHY
E 0 . TRER
Lo % g «/Eug R R & B
1 |d. = 3 5| Ficus elastica AEHARA BE  —
2 o %l u} ) ok | Dieffenbachia picta ScrorT 1974.4.21 1
3 71 = g2 | Gynura aurantiaca DC. 2
4 2 2~ © | Monstera dericiosa Ligpm 1
5 A 3t 3l | Bergenia crassiforlia Frirscu 3.
6 o A Nandina domestica Tuums 1
7 s & v} ~ | Phyllanthus nivosus BuiL 2
8 u} g} gl | Maranta bicolor Ker. 1
9 v £ 2 @ A~ | Nephrolepsis cordifolia Presi. 1
10 |AM W A | Senecio cineraria DC. 1
11 b S - S A Kalanchoe blossfeldiana Vox PorLLiriTy 2
12 B} o} o) 3 F3} | Hibiscus rosa-shinensis L. 1
13 2 A F 2 Au | Setocveasea purpurea 2
Bz g & 71 A = | Chlorophytum comosum Bax 2
15 W] 2] o & ~ | Begonia Rex Purz 1
16 # & v ¥ | Citrus aurantium L. 1
17 o & Wl o} | Aechmea fasciata Baxzrr —
‘18 | % ¥ Y ¥ Ardisia crispa A. DC. 1
19 T = | Hydrangea paniculata Sies 1
20 # 9l = u] o} | Peperomia hederifolia Hort 1
21 =} g 7+ | Marica northiana AR BE 1
22 7} 8 d o} | Calathea oppenheimiana var. tricolor Horr 1972.5.1 1
23 3 ZEF 27 v Tradescantia fluminensis 1
24 3] g o} | Pilea cadierei Gacnep 1
25 | B @l W 7] of | Muehlenbeckia platyclados Mrisn 1
26 a 2 E(A) | Codiaeum variagatum BLume 1
97 | E 9 A 5(]. ok | Euphorbia pulcherrima WrLLp 1
28 a & % | Crassula lactea _
129 vl 2 2 wk&el | Calathea argyraea 2
:30 A iz bl v ot | Jacobinia pehliama Benta 1
31 3 = 6l = % | Philodendron hastatum K. 1
132 5+ ¥l o} < | Dianthus caryophyllus L. 1




"33 A 8t . ¥ | Pelargonium zonale WiLLD 1
M M % % W | Camellia japonica L. var. rosacea Curtis 1
35 B B v F | llex crenuata Tuunsere [l 1
36 ol AN IR | Ilex cornuta LinpLey 1972.4.20 1
37 & W | Machilus thunbergii Sigg & Zuce 1
33 T owk o} B Magnolia sieboldii Kocu 2
39 | B | Aucuba japonica Tuuns 1
40 A} @3 Y} F | Masakia japonica Nakar 1
41 = o Camellia reticulata Linpt. 1
42 Z+ 1} - | Citrus nobilis Maxino 1
43 2 & o] | Fatsia japonica Drcaisne 1
44 7t A v 3| Cyclobalanopsis myrsinaefolia OrrsT 1
45 2 = =2 Matthiola incana R. Bg. 1
46 % w] 32 ] oF | Begonia semperflorens Link et Orro BEEARER 1
47 T Zu) Yo} Begonia tuberhybrida Voss BE 1
48 Z 9 g 4 Cordyline terminalis Kuntu 1972.6.11 1
49 & 9 HdE Hedera herix L. var. tricolor Hisserp 2
50 ot & 5} 8} 7k~ | Asparagus asparagoides Wicnt 1
51 AL Al v o] 8o} | Sansevieria lawrentii WiLpem -
52 % 7+ Yucca aloifolia L. -
53 3 Y & | Phoeniz canariensis Cuaus 1
54 o 4 & | Rhododendron mucronatum G. Dox. 2
55 A  F % | Ardisia japonica BLume ; 1
56 E & A v | Dracaena fragrans Kex-Gawr var.

Massanceana Horr 1
57 -3 a Ak | Fuchsia hybrida Voss 1
58 BE A A 2 % | Pelargonium zonale Arr 1
59 |# £ B | Rhododendron obtusum Prancu i
60 # v Y% x| Pandanus veitchii DarLL -
61 F @ A ot | Vriesia carinata Wawra 1
62 a =2 &2G39) Codiaeum variegatum var. picrum MuysLL 1
63 2 8 % | Coleus blumei Beytn 1
64 & v ® | Pinus densifiora S & Zuce —
65 Ak o+ 8| Camellia sasanqua Trums 1
66 =z o) 9o » Rhoeo discolor Hance 1
67 A A WV} R | Masakia japonica Nagar =FEEA £, -
68 w8 3 | Sazxifraga stolonifera Mzzrs PERD 1
69 = ey # Polygonatum japonicum Morgren 1972.6.17 1
70 2]l & 2 # £ | Arrhenatherum elatius Mert 1
71 X 7k | Juniperus utilis Konzumi -
72 o v + |Phyllostachys nigra Muxor var. henonis Stapr -
73 2 X Y 2| Sambucus williamsii Hance 1
74 A v % | Abies holophylla Maximowicz 1
75 = A 3} | Campisis grandifiora K. Scaum 1
76 & 5] 2 | Hedera heriz 2
77 Z oo Al A ot | Euphorbia pulcherrima WiLLp 1
78 A A & Cissus discolor BLume —
79 A Al Z | Passiflora racemosa Bgor -




80 = g = 3} | Strelitzia augusta Troms =fEHA e, 1"
81 ) 2 | Primula malacoides Francn | D 1
82 ] & g} | Izora chinensis Lam 1
83 ¢ & W = | Alnus japonica STEuDEL 1
84 A % g W 2| Quercus acutissima CARRUTHERS -
85 3 ok & | Buxus koreana Naxai -
86 2 w W % | Bioto orientalis EnpricuEr var. nepalensis
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Table 4. Composition of the medium used for

the isolation of yeasts producing extra-
. cellular lipid.

Glucose 20 g
KH,PO, 1l g
MgSO, « TH.0 ’ 0. 2g
Sodium propionate : 3 g
Agar . 2 g
Tap water 1000 ml
pH 5.8 -
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Table 5. Composition of the medium used both
for the intra- and extra-cellular lipid

production.
Glucose 40 g
Yeast extract 2.5g
KH,PO, : o 1.g
MgS0,-7H,0 0.2g
Tap water ) ' 1000 ml
pH _ 5.8
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“Malt extract @ YM EeHh(yeast extract 3g, malt
extract 3g, peptone 5g, glucose 10g, dist. water
1,000mD)E fEEste] 25°C o} A4 3EM HE|3he
5 R ey

(2) Colony 2| Fhse BE
Malt agar % Malt gelatin plate o} 17°C = 1{#
AR sl EEstadh
(3) Pellicle, Ring M Sediment 2} g
223 Malt extract 2 YM o] 25°C 2 3~
B0HM HEldA BEstd
(4) Pseudomycelium ¥ Arthrospore €| A
Potate glucose agar & {# f33to] 25°C o A slide
culture e} BRERRZFE ERERYS 2 BRI

(5) pEEREE
Durham BB (/4 190x19mm, RE 40x
emm)el] MEEEEFRERIGE R FEi(yeast extract 4. 5g,
peptone 7.5g, dist. water 1,000ml) 7ml &} 16%¢]
% BEW Inl & Y3 REY % RELKE 3E
Yo st BREERE 0.1ml & ZEstgc. A&
25°C o] A 1~2iH HRIDA REPRY gas Bl
REZ EEEEEY BEsiad.
(6) RERS T
FEAKE 3B KT HRES REXRER
4ml 9t 50°C Fi4be) YNB agar(yeast nitrogen base
+6.7g, bacto agar 20g, dist. water 1, 000mi) 16ml&
petri dish o] A EERIo 2 BT o2 25°CS) in-
cubator RB2oll A BEAES EBEAI = LEY HR
PRI R & o 2 M A 7] & Auxanograph
EY o m FERS R ¥ ST =&
YNB R e 115°C A 1550 BES 4 5l
B2 B L 3%y REERE KENo=
winste SRS gES e Hiks R 26°C
oA UER HEIAEA REBRS AL HEE
o= HErarg ov control 24 & BT WRINSHA
g F—EE @ERIGEA.
(7) Nitrate F{t&
YCB agar (yeast carbon base 11.7g, bacto agar
-20g, dist. water 1,000ml) 16ml &} fLEREHS] FEK
RV Aml & EENez BT 98 KRR
B E® A A% Auxanograph B¢ A
- KNO; 3 NaNO; R+ agslel gl o
control 241& (NH )80, 5 {HHE3 =t
(8) Vitamin B3R

" Vitamin ZER#EEH (Vitamin free bBase 1.7g,
.dist. water 100mD)E HEE 10ml4 HHE3S
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(9) Starch &£E#&
YNB agar & {FF3%te] Auxanograph #:o.2
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6. Thin Layer Chromatography(TLC)
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(Applied Science Lab. #BUADE B3
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H5H BAF BOSESS o FBE 0.5ml &
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(Baush & Lomb)%&
350mp 9 WRAA BRES WESAT. o= 2
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Fig.l. Standard curves of lipids used for analysis

" by thin layer chromatography.

Standard lipid components developed on
silica gel plates with n-hexane: diethyl
ether: glacial acetic acid=80:20:1, fol-
lowed by dichromate color reagent.

ES: Cholesterol or Cholesterol palmitate
TG: Tripalmitin or Palmitic acid
PL: Lecithin
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Free sterol 3} esterified sterol (S)

_ 100 4 _0.49 .
S="G.a9 A+ Gag FE A="qp0 S0.04
Phospholipid (P)

_. 100 ,, 2 4 _.0.27 5
P=" g7 At ggy F& A=y P-0.02

A: 4 Absorbance

7. Gas Liquid Chromatography 0} 4%
&t fmiaAs BEES #ERRsEsES o
57 .

ISR ES BRIEDEHS MetcalfV 9] s
o #eshe &t 2] EhistGch. JEE 12&
10m! £ 10% alcoholic sodium hydroxide %#F 2.
2 455M BEmAEA RS 8 SHEet
diethyl ether 2 JRig{biy& HHBRES o5 HCI
Z RS Etke = dx diethyl ether 2 JSHENR
WiEee M. o3 S IREE %9 100~
200mg o] 12.59 BFs-methanol 3ml& #nsl=
2471 boiling water bath Lo} A methylation A 71
2 FHEAE RS Al ether (b.p. 40-
60°C) 30ml ot K 20m! &) BEAWKSE HiHisH
Ak il ether J§ & SEES ¥ AU ether
T ABAA IR methyl ester & €] ©&
# 2o [EETl 4 gas liquid chromatography
(GLO) o2 Sl et th. relative retention
volume 3} retention time & EL4niERES EAERRHS
Fgester(AA Hr{bBT IR )9 H#¥E gas
chromatogram 3} HhE#Este] & FRIHERS WEER
P 4 chromatogram 9} EHE SEREE =
2k FrE3I ok

Instrument and operating conditions for gas
liquid chromatography.

Instrument Varian Aerograph Model 204
Detector Flame Ionization Detector
Column Polar type: 20ft X 1/8in., 5%

FFAP on chromosorb W (80/
100 mesh)
Non polar type: 5ft X 1/8in.,
3% SE-30 on chromosorb W
(80/100 mesh)
Column temp.(°C) Polar type : 55-225
Non polar type : 75-240
Programmed rate Polar type : 10
(°C/min.) Non polar type : 6
Injector temp.(°C) 210

Detector temp.(°C) 250

Nz, 30ml/min.
H,, 30ml/min.
Air, 350m/min.
10-11

Carrier gas & flow rate

Fuel gas & flow rate

Sensitivity range

8. #MEE4 BE'W #aY Polyol2l Rz

WS TREY HERSY polyold RER
Tulloch®® ¢} Deinema®” ) J5ko} #Ested &3t
Zo)] EHistaA .

wmiRs BEE 3 1g 2 3% HCl-methanol B #
15ml sie] A pnAKS AR w8 methanol & ZKEE
AA BES B IGA SES FEBKE e
diethyl ether 2 JBEME H52 Wl BREIA
. BF&d AgCOs 2 Cl& Wi BREAANAY
= jon exchange resin - {FHsd ety
o] polyol K¥EW2 # 2ml 7} = 7]74=] beaker ¢l
A FERE#EAA paper chromatography (PC) ¥
thin layer chromatography (TLC)e] &3+ BB
H stitz sl oh. PCE= Whatmann No.1 filter
paper S S n-butanol : ethanol : water=7:
2:29 BLE A TRikd 939 BEA
Az TLCE 0.02M sodium acetate A 95ml ¢
silica gel G 40g & 214 10Xx20cm glass plate-
o silica gel H/F-E WEx ERIA BHEAZ o
8- chloroform : glacial acetic acid : water=30:35:
59 BMBREES AT —& LRELE BREA
Zt}h. chromatogram 9 FFe PC, TLC oz
o] thg oMY WEFIES FASAH.

@ 0.1N AgNO; ¢t 5N NHOH 9 BEEBEE?
1:1)& MHES g 70°—100°C = Mz i
EE spot 2 RIS .

@ diphenylamine 1g 3 aniline 1ml & acetone
100ml o] EEs 2 85% HsPO, 10ml & judhed Mg
T %2 130°C 4 1058 m#Ekstd BAEAZ
o},

BRE EER

1. EFERAE BEo EBE

Hu, MR, #E S SEER 37EY Rhodo-
torula BEREYRS] Wil 2= MRAKE £4EES
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THAES o 3 64 B ule Fo] 1EAA &
WS % Ek(strain No. 17)e] Sleldl = FEEE

o) BpgREd ¥l 50%(HEEEA A=
T0%)H kel RAE FERSY BEET MRA BEEE
Bz BEdad. & WEdA SE o B
£} Deinema® 7} EFEHHz4] HEET Rhodo-
.torula graminis & 40% MER BELEEKE =2
o H% S8 RES A& A lH Enebo?
0] $4:3 Rhodotorula gracilis & 60-74%<] #
A BELAERNT BBEEAAE BESR BN
£+ Z2E Bkl .

90AES] BN SREE 82(HS Rhodo-
torula | BERVEMRS] Weld MM REAERS

REY ¥ 2 BRKPY BEEERC 2g/l10E
< BFY MKES BELE Bk 3%&(strain No.
5 54 9 26)& F 6914 RE ush 7o) 389
B myd A && S BERAL.

o] B # 6o A HE uisl Zo] MR FREL
EEE GHRENERY # 35%5 Ak 4£&E 8
T 9 BHREId Deinema®'3= Rhodotorula
graminis & Rhodotorula glutinis | At & 2g/l
o s BEAERES MET Aoz Bl Z W
g2o] A SrEES EE Rhodotorula [§ 3EHEE MR
SEEEEEDA A & g 4 o &
T Bk S ¢ F A

Table 6. The intra- and extra-cellular lipid production.

Strain No. Intra-cellalar | Extrarcellular Source
12 47.6 Trace Arable soil
17 58.3 Trace Arable soil
3 ' 1.19 Gynura aurantiaca Dc.
5 35.6 2.26 Bergenia crassiforlia FriTscH
8 1.95 Maranta 5icolor Kzr.
11 ' 1.17 Kalanchoe blossfeldiana Von PoriLriTy
26 34.7 2.13 Codiaeum variagatum Brume
37 : v 1.9 Machilus thunbergii Sigp & Zuce,
-49 . 1.24 Hedera heliz L. var. tricolor Hiserp
‘54 36.8 ' 2.62 Rhododendron mucronatum G. Dox.
62 1.83 Codiaeum variegatum var. picrum MugLL
76 1.44 Hedera heriz L.
82 1.27 Izora chinensis Lam .

2. AEBRTEKES AT
(1) $REEESH Strain No. 172] Fg

-No. 179] wthe] #iote] HimEEMY,

MR fRELEREC] EES A SHERER strain
TRRER 9
ATREBN e WED BR R 7% 24

Table 7. Morphological, cultural and physiological characteristics of the isolated strain No.17

and No. 5.

(1) Growth in malt extract:

After 3 days at 23°C cells are ovoidal to globose, (2.3-5.0) X (4.0-10)g. There is usually
a thin ring and a little sediment. After one month a medium to heavy pink to orange or

salmon-colored ring, and a heavy sediment are present.

(2) Growth on malt agar:

‘After one month the streak culture of strain No. 17 is coral red. and the one of strain No.

5 is yellowish red.

The appearances of both strains are glossy and the textures are mucous.

(3) Slide culture on potato-glucose agar:
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Pseudomycelium formation not observed.

(4) Fermentation:
Glucose-.—

(5) Assimilation of carbon compounds:

Glucose+, Galactose+, Fructose+, Mannose+, Sucrose+, Maltose+, Cellobiose—, Trehalose+
(weak), Lactose—, Melibiose—, Raffinose+, Melezitose-, Inulin—, Soluble starch—, Xylose+,
L-Arabinose—, Ribose+, L-Rhamnose+, Ethanol+, Glycerol+, Dulcitol—, Mannitol+, Sorbitol—,

Salicin+, Inositol—.

(6) Assimilation of nitrogen compounds:

Potassium nitrate+, Sodium nitrite+, Ammonium sulfate+, Urea+, Peptone+, Asparagine--.

(7) Growth in vitamin-free medium: Positive.

(8) Starch formation: Negative.

B9 8= 2o MEEKk strain No, 17 &
Rhodotorula glutinis var. glutinis SW-172. [E
3l et

(2) HHgBESH Strain No.52 BFE
s IEEAEERRC] EF S THRED stra-

3t strain No. 5& #Fkfolz HEAE $7k o
Ao+ Bintol Az 24, =e}A4 strain No. 5
= Rhodotorula glutinis var. glutinis SW-5Z ]
Estg o

(3) HBEEESH Strain No. 54 & 262 HE

in No.59 Btk Biote] Brmegy,

BN N SHEEESR strain No. 549 260]
Heled o BREREBN, TREEBEN 2 £HEYN At
£+ FEY ERE F= 83 2.

Ry 9
@y HHs FET £RE 279 2z
streak culture & f&0°) strain No. 172 FK#ldl

Table 8. Morphological, cultural and physiological characteristics of the isclated strain No. 54
and No. 26.

(1) Growth in malt extract:
After 3 days at 23°C the cells are globose to ovoidal, 2.5—4.0x wide and 4—8 long, single,
iin pairs and sometimes in short chains or clusters. A thin ring and a little sediment are
‘present. After one month there is a moderate pink ring and a heavy sediment are present.

(2) Growth on malt agar:
After one month at room temperature the streak culture is coral red, the surface is smooth
and glossy; texture somewhat mucous.

(3) Slide culture on potato-glucose agar:

Pseudomycelium formation not observed.

(4) Fermentation: Glucose—.

.(5) Assimilation of carbon compounds:
Glucose+, Galactose+, Fructose+, Mannose+, Sucrose+, Maltose—, Cellobiose—, Trehalose
-+ (weak), Lactose—, Melibiose—, Raffinose+, Melezitose—, Inulin—, Soluble starch—, Xylose“
+ (weak), L-Arabinose~—, Ribose+, L-Rhamnose+, Ethanol—, Glycerol—, Dulcitol—, Mannitol
-+, Sorbitol—, Salicin—, Inositol—.

:(6) Assimilation of nitrogen compounds:
Potassium nitrate-+, Sodium nitrite4+-, Ammonium sulfate+, Urea+, Peptone-+, Asparagine--.

(7) Growth in vitamin free medium: Positive.

(8) Starch formation: Negative.
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%= g9 B = Hol EFHIME strain No. 54%&
Rhodotorula graminis SW-54= strain No. 262
Rhodotorula graminis SW-262.2 £4% st
=

3. IEHEER RERR
() ERAHS RELEBL B

Rhodotorula glutinis var. glutinis SW-17,

Rhodotorula glutinis var. glutinis SW-5 %

Rhodotorula graminis SW-545 FRELERH

Btz 25°Co A EEERsdd EEEEC
Rl @2 REEERES BLst EREF
glucose 2 ERF VR #LE HAEZR R
R0, E 2¥ 2,349 Ao

Table 9. The production of intracellular lipid
and consumption of - glucose and N sour-
ce in the medium by Rhodotorula glutinis
var. glutinis SW-17. '

Wt. of | Wt. of |-Lipids { Wt. of | Wt. of
dry intra- | in dry | glucose |nitrogen
Date| yeast | cellular| yeast |((g/ - (mg/
(g/b | lipid | (%) 100mD)} 10ml)
(g/D
0 - — — 4.00 3.75
1) 0.48 — — 870 2.9
2 7.53 3.81 50. 62 2.32 1.84
3 8.91 4.84) 54.32 1.30 ; 1.04
4 9.99 5.66| 56.66 0.48 0.33
5 , 10. 84 6.14  56.61 0.14 0.
6-| - 10.59 6.13) - 57.89 0
7 10. 56 6.12] 57.91
-8 10. 45 6.11} 58.42
9 10.42 6.01| 57.62

WP B8E &EBY Rhodotorula glutinis var.
glutinis SW-179] EZ AR =& MEA BEE
BEY #LE =9 204 B4 A 1HE B

S ighEel WY e BEME »yow glucose o
ERE BEES HEg A 18 LgidE
ST WS BhE KBSt glucose 9 EHRIE
WHEE 283 Bhdes £ 5 4ddd. SEE
2] glucose HES HEEE 5AA &3
#3592 nitrogen & 4HAY 5323 WA Q.
BREEIES B2 glucose 7} 552:3] J8#EE 5H
10.84g/1 2 7} Bt 2 ol E 4 FadE
A%E 2. MER BEEEES 6.14/=
BRERES A9 WS Bmsti e 5HE

Weight

Weight

t. of ary yeest (g/1)
‘Wt. of intra-cellular lipid (&/1)
Wt. of glucese (g/100 ml)
Wt. of nitrogen (mg/10 ml)

b

12 L .

o 1 2 3 4 5 6 7 8 9 1
Time ( days )

Fig. 2. The production of intracellular lipid
and the consumption of glucose and N
source in the medium by Rkhodotorula:
glutinis var. glutinis SW-17.

e Wi, of dry yeast (g/1) .
. <o Wt. of intra-cellular lipid 25/1;
12 I e Wt. of extra-cellular lipid {g/1
44 ¥i. of glucose (g/100 ml)
10 & Wt. of nitrogen (rg/10 ml)

) Time { days )
Fig. 3. The production of intra- and extra-cellular.
lipids and the . consumption of glucose and.

N source in the medium by Rhodotorula.
- glutinis var. gutinis SW-5.

¢ Wi, of ary yeast (&/1) .
12 oo W, of intra-ceilular lipid 2{;/.;
B e gt. of extra-cellular lipid (g/1
A& i, of glucose (g/100 ml)
90 ¥i. of nitrogen (mg/10 ml)

Welght

Time ( days )

Fig. 4. The production of intra- and extra-
cellular lipids and the consumption of
glucose and N source in the medium by~
Rhodotorula graminis SW-54.

g 9H7AAE 6.14~6.01g/l & AL BEEel HAY
o}, o] Rz Mol HiEe B/} ¥4e glucose:
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Table 10. The production of intra- and extra-cellular lipids and the consumption of glucose and N
source in the medium by Rkodotorula glutinis var. glutinis SW-5.

Lipids in dry

Wt. of dry Wt. of Wt. of extra- Wt. of Wt. of
Date yeast (g/1) | intracellular yeast (%) cellular - lipid glucose nitrogen
lipid (g/D (g/D (g/100ml) (mg/10mD)
0 — — — — 4.00 3.75
1 0.26 — — — 3.49 3.04
2 4.48 0.82 18.32 — 2.56 2.31
3 6.85 1.83 26.71 0.77 1.53 1.65
4 8.10 2.48 30.39 1.83 0.69 0.90
5 9.14 2.99 32.77 2.22 0.07 0.48
6 9.49 3.28 34.53 2.26 0 - 0.19
7 | 9.21 3.28 35.62 2.26
8 | 8.94 3.16 33.28 2.15
9 8.89 3.10 . 34.91 2.13
10 8.87 3.09 34.90 2.10

Table 11. The production of intra- and extra-cellular lipids and the consumption of glucose and N
source in the medium by Rhodotorula graminis SW-54.

Wt. of dry Wt. of | Lipids in dry Wt. of Wt. of Wt. of
Date yeast (g/1) intracellular yeast (%) | extracellular glucose nitrogen
lipid (g/D lipid (g/bD (g/100ml) (ml/10ml)

0 — — — — 4.00 3.75

1 0.20 — — - 3.43 2.86

2 3.20 0.41 12.88 — 2.15 1.91

3 6.21 1.53 24.86 0.56 1.38 1.21

4 8.05 2.46 30.51 1.42 0.45 1.03

5 8.53 3.07 35.96 2.00 0.11 0.75

6 8.57 3.09 36.02 2.43 0 0.30

7 8.30 2.99 | 36.08 2.82 0

8 8.20 2.97 36.21 2.79
9 8.19 2.96 | 36.17 2.76
10 8.18 2.95 ‘ 36.09 2.75

% nitrogen °| Ffe] FWidol BEHE 2 KA

S EHE WE

Rhodotorula glutinis

var.

o AeRd FAE = Bl BES A3y o
M REREE BT ¢ 5 92 ERS
\hEo] REEWM glucose 9 nitrogen 8 #EE =
o Eis4 BEY Bie #FL3E 4 F 4
. &9 —H 5841 EpEoz EREANA K
B 28k 5EHLS nitrogen ©) HiBFAE 5—9H
Aol M E oA WEEA g9 2o F
2 vt

23 3,490 A S I8E £ERQ Rhodotorula
glutinis var. glutinis SW-55% Rhodotorula grami-
nis SW-54¢] #3lel o MR REEAERS g
Erae BN 2 MR REY AEC wE glucose

. glucose 6H 2T+ 1H #E

glutinis SW-179] A5t ¥l ¥ HRE 2AFH
o A Aoz WIEEmME Ik MER JE
BaEEE 34 AUt w Rhodotorula graminis
SW-54% nitrogen ©] 2% E#dE HEA THE
A9 ot olAgd=
nitrogen o] 53Z3 Wid el miREBES W
R REEEREC KEMES 29 FA%. & 8
Rhodotorula glutinis var. glutinis SW-59} Rhodo-
torula graminis SW-549] fEsL HEEe £ES
el MR BRER o ZERAIE 9 18 Ao
AV BREEES Rd FE BT RN IRE
TEA BB Fokx 2 MRS FRESY &&EL
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ZEEB-& Rhodotorula graminis SW-54¢]  glol &
2.8g/1 v+ = o] Deinema®’ 7} Rhodotorula graminis
CBS 30430 2 EEpste] 42 2/l 0.8g/1Y
W gl £E}E BHEKY S ¢ & 9o M
St BES ERER sEHA EE SHAdA o0 f8
PiRE ARz BEY 5 dgles 7~8HEH
E ARl 9% 2~3mm Q) BIHRE) ERRER
of LEHAE AL £ & . 2R IBBEEY
Asshd Wikt BEL Aol BN #atd
B 0B8R 223 BEIS BEY
F A9, e EEEY SHE yeast extract
0.5g/100ml =& (NH,);S0: 0.2g/100ml & jmsh
= A% REEESY EREFEME 258 LR
P BREl 5E&3 BEIS £ 5 A
RS s IBEol oW $ 4y B s
Z AeAE o #igd v govt wiE BB
Rell A& o] RERFO HBHNE W& oA
oA BERES) energy B H BEH AR Brmad
£ Aoz »el {iN BEE BRPERAY
#BELE k2 e Ae ¢ 5 A5 & BB
RS 3EHhY BT £ESE Mk ke
ol Ao el At glucose 7} e £ IR
E%7 BT Bl AY Bgted MK
FEEARE BEpFY @7 1/288 B9
&4 P8 A3 glcose s} gl Ao
RS QS MRS TREY EBREC) BEd
ol 2%k ©l& Deinerna®™ 7} SRRl HB®KS
9 glucose 4g7F 1geol WS Ad =R

MBS = RO 5wy Al o L8 Rt
BEAR AFdox Hidkg Ao Bol Dei-
nema® 7} SHES Bitke AERAN SWD W
ol Lhdtel ZHEY FALEECT wE fast growth
type & & ¢ A o] RREAA nlFo] HA
BN Wicl skEee SRES ¥ 8%
ERES AREWT & dE BEREAA £RT
E ol E RFEE Pok lomd olF KEHER
BAE Aol ofdst A,

F HRERAAE SHF) A 4 HEAY
49 RJBEE o BEEZ BEE A9 o B
EHEARAN T ®EE=9on Deinema®™s R

= EF7F o EEEd e A o s REES
B 3/49 BEF) Fol oA olw 38 o
BREAA MBisel 45ES BES Aolex &
B oz mlfo] Mol &REA RFER K
TR ERES THREN g BES o
EHe SRl HHWE M RiFe B £t
€ Aolstz 444,

(2) ¥ BERN REREES M2
2 &80 EREEN Qe I8

JEE H£EEC BFT Aoz Ewd 38 BER

E ZFRIEQ yeast extract BE HFEIEY glucose

8 BEE vtEA & 48 B £% BEse

BEE 0.1IN KOH Fi o 2 S8 ms 48 pH
& Ffist« SHME BB B BmEn
B AlRAs BELERS BMbE BER &2
= 3 12,13,149 et

Table 12. Effect of concentrations of nitrogen source and glucose in the medium on yeast growth
and intraceilular lipid production of Rhodstorula glutinis var. glutinis SW-17.

Nitrcge t. Dry yeast . Wt of ipids in dry.

e | NG| VGE PR | et | Y g
40 0.150 1.0 7.12 5.08 71.42
40 0.225 1.5 9.27 5.84 63.03
10 0.375 2.5 10.45 6.11 58. 42
40 0.525 3.5 110.15 1.32 12.63
20 0.375 2.5 4.41 1.38 31.32
30 0.375 2.5 6.79 3.28 48.28
40 0.375 2.5 10.45 6.11 £8.42
50 0.375 2.5 14.44 9.17 €3.53
60 ‘ 0.375 2.5 17.51 11.87 67.80
70 0.375 © 2.5 20.21 14.30 70.76

SR 12,18, 14904 BE vhe} Fol B3 glucose

o BEE 4%z BEEAAZL SRE yedst



Table 13. Effect of concentrations of nitrogen source and glucose in the medium on yeast growth
and intra- and extra-cellular lipid production of Rhkedotorula glutinis var. glutinis SW-5.

lucose Nitrogen Yeast ext. Dry ve . Wt of Lipids in dr Wt. of
G| Ve @ G |imtretar | 18t 57| extraceltar
40 0.150 1.0 5.63 2.65 47.14 4.38
40 0.225 1.5 8.28 3.39 40.92 3.63
40 0.375 2.5 8.94 3.16 35.35 2.15
40 0.525 3.5 8.95 0.85 9.50 ~0.14
20 0.375 2.5. 3.21 0.52 16.23 0.57
30 0.375 2.5 7.28 1.87 25.72 0.99
40 0.375 2.5 8.94 3.16 35.28 2.15
50 0.375 2.5 10. 57 4.06 38.38 3.31
60 0.375 2.5 11,87 5.11 43.02 4.39
70 0.375 2.5 12.43 5.81 46.75 5.21

Table 14. Effect of concentrations of nitrogen source and glucose in the medium on yeast growth
and intra-and extra-cellular lipid production of Rhodotorula glutinis var. glutinis SW-5.

Nitrogen Yeast ext. Dry veast . Wt. of Lipids 1 . Wt. of
St | Nt | ERY | T | el | RS TS| extracellulr

40 0.150 1.0 4.86 2.37 48.74 ) 4.06
40 0.225 1.5 7.87 3.23 4.10 | 3.24
40 0.375 2.5 8.20 2.97 36.22 2.79
40 0.525 3.5 8.21 0.78 | 9.5 0.33
20 0.375 2.5 4.17 0.57 13.78 0.84
30 0.375 2.5 6.73 1.59 23.65 1.23
40 0.375 2.5 8.20 2.97 36.21 2.79
50 0.375 2.5 10.15 3.97 39.10 } 3.52
60 0.375 2.5 11.04 5.42 45.36 4.15
70 0.375 2.5 13.10 6.40 48.84 ( 4.59

extract & BEE 1.0~3.5¢/l FiEZ HWmAZE
4 Wi BB LERl 3ERe]l HAFA
4= 9l or yeast extract ¢ ¥EEFST 0.525g/1 9
o= RA RES &8 10% UTE 433
= @9 ks BES 0.14~0.33g/l 2 4=
Aot MREBREREL SRBEELY H 4T
€ R dokgd dF U

olef R¥e WRRES 2.5¢//2 EEANA=
glucose ] WEE 20~70g/19] @WEE ®hnAZ
o MRS RELEERC AA A Binstd
%2 12014 2w Rkodotorula glutinis var. glutinis
SW-17¢1 ol A= HHIER MREEECl 70.76%7
A BWhnslE 2 #1373 144 8§18 Rhodotorula
glutinis var. glutinis SW-59 Rhodotorula glutinis

var. glutinis SW-549] #RES IRE4ES &%
5.21g/l & 4.59g/l74A] @0l .= A%l
B} HIRTIERE S glucose BIE 7 20g/l Lo
Btol 9 3~5fF HWh ek o HERE
Deinema®? ¢} Spotholz5® ] 29} v <=8 {HEY
< & F Ak

9 #ERE Hol BRY ddAE EHRES F
A3 BEEY 5] glucose & FUB =3 #IlA
M BEEY ARET BEMNSE o FolAdE A
€ ¢ F U F EHY Bol £HY R Rk
ol 4 BEHEARY 202 FiRdde A
2 glucose & 40g/l 2 BEREA 7| = LFES ¥
ARE R AL B BEY £REL
8 WA dE BREE 2 ¢ £ g oA

°]

[e]
7]%-'?_‘
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- BEtA gARE g

< Efge Aol WEax ¢& AL glucose 9
B RE ERFEST BEOEAR EAsVd=

ARFpsystr] wEoletx A}, yeast extract '

o BES EEANL glucose o BEE BMAZ
2 W= B B BEY LRl el &
ol A%E RE EHFEo =
BE] BEHES SReHEY LES RKbpe 25
A #d= REASKRD A2 4 & glucose
7F @otdls] HEel ohd s} LR

Foster® 9} Steiner®™ & FaRhol #RAY &Y
BolA gt o] £ £ARE BHEAR o4 #H
Mz AR AR AY Hikdsdd e | o F
Adz: syt zz BRHLAERE RS
glucose 8] JHzEso]l 1:200(w/w)d# BiFiELkol
He olnd Bl worl BHE AR ¥
TR Az sty e oA AERY £RE
R st FE Adelgtx & £ A

© () XK pHI BB &R BEREEN

AlxlE 2@
SEEED 3EHE pHE G218 & BRA

| EEEEHI(4% glucose, 0.259% yeast extract)e] 4B

3tz FZHES 0.1N HCl=} 0.1N KOH 2 pH &
et A SHI WEERGRed & pHol A
BEGRERY WAL REEERS 29 59
2

A¥omtm  Wi. OF dry yeast ( gf1 )
12 -eg---0--- Wt. of intra-eollular lipid % &f1 g
&—-—Aa~4 Wt. of exira-cellular 1lipid ( g/1
" /”’——’\" S¥-17
/—_-—\ (\"_
8 ) j 8454
61 T e o
, LT e gen o wme e ST
4 <’ '
...... . - g SW-94
2 ey TR e B &2
O Tl -
T == K-
? ~ Si-84
4 5 6 7 8

Fig.5. Effect of pH of the nutrient medium on
growth and lipid synthesis in Rhodotorula
glutinis var. glutinis SW-17, Rhodotorula
glutinis var. glutinis SW-5 and Rhodotorula
graminis SW-54.

23 5ol 2 ule} go) pH 5~6o) A B
IpEERE el MRS REY AR JbF B
= pH 56H T EAME mi BEEM ML B
BaEgo] 7rstgon MR BESES @k
A JeE AEBEY 8Mbl 4932 58 pH 74
A MR BBE SRR %7 M-St} pH 8
A A BinstE APl g '

o] #&Bx= Deinemad” s} pH 7HTdA HIEA
BB £EEC) £2%s H LTI 2o #HR
L Bfyo s £EE ¢l 21 Deinemad ¢} Spotholz
o FEgRES Ad 2L FHAE 2 Fx Y
o,

@) ExFe BE B8 £RN #iAA
IEH&EELN D= BE

JRE £E BWFe FEHRF o2 A yeast extract
2.5g/I(&H=A 0.375g/1), peptone 3.34g/I(EH
24 0.875g/D), (NH:S0, 2.12g/l(E#=2A
0.225g/1) 2 KNO; 1.62g/I(E®=24 0.2258/0)
& &% HEBSZ pH 644 8HMHE RBHFY
¥ BREBEBES SRR REEEEL 2
3 6% ot

1 : Yeast extract g3 wt. of dry yeast

2 : Peptone I Wt. of intra-cellular lipid
L 3 s (KEHg),S0 9 §t. of extra—cellular 1lipid
w2l 7 4
43 KNO3 .
10 K
5 8
= [
0
B4
2

Rhodotorula
glutinis var,
glutinis SW-17

Rhodotorsla
glutinis var,
glutinis SW-5

Rhadstorula
graminis SW-54

Fig. 6. Influence of types of nitrogen compounds
ot yeast growth and lipid synthesis.

28 6o A BE ule) o] EFEFE L2 A yeast
extract & (HF € HEEEES MRAN RE
EEREL 714 B9 §d peptone F (NH,)2504
E hEgel Az vxsgder KNOs& s
Qe S5 M WELER AASA Fx
seeh. 2 ol nitrate 7t BRS EEEAK
ol v IREAR FIEE A NO;7—NH* ¢ B
e Axok stlnz KNOE SREoR TE%
3t HERBZEHEE amino v &SR SR
ol NH,* nohe 2 o] "elAE Aol obdzt
478, .

4. TLCO| 23 MM BEES A5
s

SEEED WY AR SRR RES
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TLC ez BT #RE =28 73 23 TLC 9
A Y FBIEES Amenta iV o2 SHIEER
3 e K 159 2.

# 1504 nm SEREd Wk MR BE
+h triglyceride 8-S flEM BESY 824
10~12%7t Bl &h=e g #HiRA BE
+9] phospholipid 9] &&& Ml BBEF &
Brot 8~9%7t AA @hEe A Ao
2 Mlast RRES = MEARESAA 2 &
RS LAte BBl wol &A= Ao

@A ol e #HRE BEHTY free fatty
acid f&o] 4~8%< v b3t oA L 8~I2%Y
HAsd o7& MER BES HEdd SRS
0.3% HCl I5#&e] 918+ FehhBE ester 7} D& fnK
GrfRE o] free fatty acid 7} 2otz o] ofd 7}
A 74 o},

X EEE R Deinema®’ 7} Lipomyces starkeyi
A HET A 2T #EsAEES 914 pho-
-spholipid 7} 10% Ll E, sterol G &o] 2~3% %Tto]
EEH AT =3 WHETH BE B
‘o8 WRER, AT 9F Brown™ I New
‘mann®” 9] BHge, E3toe] I Oleott™9 FE,
S o] %E Heumann™ o] % 9 EEEEM o] =
@ Zimmerman®® 9] ge %] RS Hhgrsid
ifree fatty acid, phospholipid, free sterol & este-
rrified sterol & & &) 4 o] 4FH o oA
B KT BEARY BRES Rd F32 09
o] ERSIE BHEYL <okt )

o
»

eH ®
o&@
eP @

&
]

A B c D E F

Fig.7. Thin layer chromatogram of the intra-
and extra-cellular lipids.
A : Standard mixture(tripalmitin, palmitic acid,

ES

TG

FFra

PL

lecithin, cholesterol palmitate and cholesterol).

B : Intracellular lipid of Rhodotorula glutinis
var. glutinis SW-17.

C : Intracellular lipid of Rhodotorula glutinis
var. glutinis SW-5.

D : Extracellular lipid of Rhodotorula glutinis
var. glutinis SW-5

E : Intracellular lipid of Rhkodotorula graminis
SW-54.

F : Extracellular lipid of Rhodotorula gra-
minis SW-54.

Solvent system : n-hexane: diethylether : glacial
acetic acid=80:20:1 (v/v/v)

Table 15. The lipid components of the intra- and extra-cellular lipids of Rhodotorula glutinis var.
glutinis SW-17, Rhodotolula glutinis var. glutinis SW-5 and Rhodotolula graminis SW-54.

SW-17 SW-5 [ SW-54
" Intracellular |Intracellular Extracellular |Intracellular |Extracellular
Lipid components lipid lipid lipid lipid lipid
Triglyceride 84.44 82.91 72.11 | 82.53 73.61
Free fatty acid 10.03 11.46 7.98 11.85 7.88
“Phospholipid 2.21 2.62 11.77 2.43 10. 83
Esterified sterol 2.95 2.83 5.82 2.98 5.16
Free sterol 0.37 0.18 2.32 0.21 2.52

5. MMAN BEHTD WAl AT

Bl HAY 38 SMERE EEE 8% B
A ER ] Bl 24°C 9k 30°C oA 8HRM
HED % ARARES HBgbAs 2 BFs-
vmethanol W™ & = esterification A7 &+ 5%

FFAP column ¢ fERA3%te GLC ko2 HHd #
B 321657 #Fon 2% 4 Rhodotorula glutinis
var. glutinis SW-179] HIFEAIEEA & GLC 9
ERE 27 83 2= EEEJRIHEE methyl ester 9
GLC#FEyE =¥ 99 2ok o7& 24 °]F 3
EEREl MMPIRRES RARMEES palmitic acid
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Table 16.. Effect of temperature on the composition of fatty acids in the intracellular lipids of yeasts..

Rbhodotorula glutinis Rhodotorula glutinis Rhodotorula graminis 7
Fatty acid var. glutinis SW-17 var. glutinis SW-5 W-54
24°C. 30°C. 24°C, 30°C. 24°C. 30°C.
Myristic acid 1.57 0.97 2.39 1.02 2.62 1.07
Palmitic acid 31.30 24.80 43.90 23.02 44.90 24.10
Palmitoleic acid 1.92 3.09 4.19 1.66 4.16 1.38
Stearic acid 4.87 4.72 1.72 6.02 0.87 6.33
Oleic acid 47.80 56.20 35.70 26.50 35.70 56.00
Linoleic acid 11.40 10.20 11.30 27.25 11.00 9.89
Linolenic acid 1.60 — 0.79 14.52 0.73 0.76
<} oleic acid 24 28 IEBIMES 49 35 2 45%%  &FHd .
£%& X8z 9ov linoleic acide ¥ 10%7}
C
16 C18:1

x64 o
| X126
50°¢ 255°¢ |

€18

c’16:-1 ]

Fig. 8. Gas liquid chromatogram of methyl esters of the fatty acids in the intracellular lipid of”

Rhodotorula glutinis var glutinis SW-17.

SRR MRS BREGS RBFEARRS viEbd
# 168 29 24°C oA BE BN E A Hek
30°C o} 4 Y& = palmitic acid &e] 7+
& H Y93 K oleic acid 9} & TREgf flhEe]
B @At o2 EBE Deinema® s}
Rhadotorela graminis C,B.S. 3043& {#fHste] B

(5% FFAP on Chromosorb W).

HE PR —Fst2 Bass® /b @&l 9L
= Rhodotorula gracilis & BB HEIHL-
W AEd JEESS GRIRNE SRl st
iodine value 7} ZH4EH gohz & #RSE HxR
. ;

Holloway #%.& liver microsome o} Lo Al
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225°%¢

 Dimethyl
16 phthalate
as I «Se
C1g C18:2

C18;1

c

C20

¢18:3

Ju

Fig. 9. Gas liquid chromatogram of methyl esters of standard fatty acids. (595 FFAP on

Chromosorb W).
EEFIERAE S stearyl-CoA 7} ZREEFINRRIEES oleyl-
CoA 2 Wity o5 28 113 22 Bz 9
FolAda st
Stearyl - Co A

Enzyme _
Co A

Stearyl -~ E
NADPH + H'
02 ™ @droxylase]
- NADP* H20

Hydroxystearyl - E

20 ~¢—*”jf [Bydratase]

Oleyl - E

Co A
: Enzyme

Oleyl - Co A

Fig. 10. The conversion of stearyl-CoA to oleyl-
CoA.
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F EBRMARS 27 104 fkigsle] HEsld 1
= stearyl-CoA o 4] oleyl-CoA & #i{b3slE BREF
#:3] hydroxylase =& hydratasé 7; BRI B
fto] 9ol A activation energy(Ea)9] Ftol #BE 3]
ZolA BET & £F stearyl-CoA—oleyl-CoA
2o RRE#E welA s | el ohdrt 474
=

Rhodotorula graminis SW-545 24°C o) A 2%
ste] @& MEst BEES methyl ester & 5%
FFAP column & et 4iigd GLC 9 HEE=
a8 119 2 ,

o] chromatogram o] #3t= 3(HS FREHEE=
a,b,e,d 2 e 5 RIHHE peak 7t HEHE A
= R BUBREEES KaPE abced E
ed 2 T B4 HEL 40:60BERA K
aiEe] ¥ gol EH AU °lE Ra
& rhof] 4 peak ¢ & relative retention time o X
- carbon number 2 -9 stearic acid & Fu4y
Hol overlapH o] A& & F Uk olF XA
WES RS gt E-—-FEE 3% SE-30
column & A% SHd HEE 29 129 GLC
gmol 29w 7+e column & HRAH BB



X128 225°%

Fig. 11. Gas liquid chromatogram of methyl esters of the fatty acids in the extracellular lipid
of Rhedotorula graminis SW-54. (5% FFAP on Chromosorb W).

C18:1,2,3
& unknown
ﬂ
C16 © 4
LY BT
B x64 x28 225°%

‘Fig. 12. Gas liquid chromatogram of methyl esters of the fatty acids in the extracellatar lipid
of Rhodotorula graminis SW-54. (3% SE-30 on Chromosorb W),
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I.S.
12

.

018:1,2,2

C16

225°%

Fig. 13. Gas liquid chromatogram of methyl esters of standard fatty acids. (3% SE-30 on

Chromosorb W).

methyl ester 9 GLC 8+ =4 1354 2.

23 1290 Z2B chromatogram &  standard
chromatogram o] 4] carbon number & [#isld
B peak Cigjiy,3 & unknown & carbon number
7} 17.6°] =2 o] peak o] oleic acid, linoleic acid,
linolenic acid 7+ overlapHo] dE AYEL & 4
A=k

=3t Tulloch®® ¢} Van Ammers®® = Rhodotorula
glutinis CBS 46484 A= M IRIE
methyl ester & silicon oil column(SE-30 column)
+ @S GLC 2 4 #5 3-D-hydroxy-
palmitic acid (85%)%} 3-D-hydroxystearic acid
(15%) % HERSTY=d o] 59 relative retention
time o] % carbon number & %4 17.7 @ 19.5
drh =kl oA AEEY HEE s
-carbon number 17.6h7Ed] & ©] HEHEE 9A
overlap 5l o] #& 4ES] JEWEL] overlap 5o} Q)
AL ¢ 9% 2¥Ez 2EEEYS B
o] peak & BelA 5% FFAP columne] &3
chromatogram(=8 11)d} 4 EEH oleic acid,

linoleic acid, linolenic acid 9] ZE&ES H I

Table 17. Component fatty acids (wt. percent)
of the extracellular lipids of two yeast
species, grown at 24°C.

Rhodo- | Rhodo=
tora.la. torul.a .
Fatty acid glutinis greminis
glutinis
SW-5
Myristic acid 0.82 0.31
Palmitic acid 9.42 9.37
Stearic acid 3.78 3.50
Oleic acid 11.52] 19.27
Linoleic acid 3.38 7.90
Linolenic acid 3.65 2.81
3-D~Hydroxypalmitic acid 24.88 21.83
3-D-Hydroxystearic acid 17.30 12.80
Unknown 25.24; 22.21

3-D-hydroxypalmitic acid & EHI9h. =¥

126] A 2= 69} o] peak d & = carbon number
Z relative retention time o2 RE HEIN HEH
19.50] = 2 3-D-hydroxystearic acid 2} W+
A}k o] gtzko] 59 FFAP column 3} 3% SE-30
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column & #AE GLC ol k3l MHIsAEHE S 8
R BUBeEs A $RE R 175 2.
Wit BB B IBIEE-S palmitic acid ¢ oleic
acid 7 %% 9%+ 11—19%8HE &A= dg=
hydroxy fatty acid 7} 35~40%RBE SE= 3
Qed ki WEY 22~B%EE SHA A
t}, olgze HEL Deinema 3V - Tulloch®™ 9
s P 78 —3 54 ut 3-D-hydroxypalmitic
acid 8¢ 3-D-hydroxystearic acid &9 Izl
85 : 158k & Tulloch® 9l HaeiER Lestd &
KEy EE= 1.5~2:31#E=EA  3-D-hydroxy-
palmitic acid &ol. L& &FH Y&l HES
oz &zl et

6. MEASN EHS BESD Us
Polyol o} 782
SHEER B  Rhodotorula glutinis wvar.
glutinis SW-57} AES MEAS IRES BR
2 9 polyol & FHekol fkatel BMZ PCY

#EE 29 148 2. |
O DO

G X ia M Sin  Sex.
Fig. 14. Paper chromatogram of polyols in the
intra- and extra-cellular lipid of Rhodo-
torula glutihis var. glutinis SW-5.-
G : Glycerol, X : Xylitol, A : Arabitol,
M : Mannitol, | Sin: Polyols in the intra-
* cellular lipids,  Sex. : Polyols in the extra-
cellularlipids. |* Solvent system: n-Butanol:

" Ethanol: - Water=7:2:2

Z MBEPS BEERR polyol 24 glycerol ato]

e ol 2 JkEst IEEBE polyol 24 & glycerol,
arabitol, xylitol, mannitol o] #E= A}, L9
Rz FEBINA SHERET ExaELy £E4
WA BeE e BEFEE ester:= simple triglyceride

oI+ MR AZ Mt FEELS FRISEE ester
£ simple triglyceride 2} hydfoxy' fatty acid

pentitol 3} hexitol ester 2 K=l ULE W
et ,

Tulloch® = Rhodotorula graminis 2 58| £ &
9 Bt BRES) polyol® acetylation 14 GLC:
= S47eke] mannitol (76.9%), arabitol(15.6%),
xylitol (7.5%)°] &HA Jee WRAYL
o] & polyol 157Fel hydroxy f‘atty. acid 15F%
o] #E&Eglz = o] hydroxy & acetyl
7t #EE o glycerol & EFF A IA @
gtz @R o HRE KRRY R
—% & Foket.

3, #IE, @2 1H MRREES 2424
ol 2 A Rhodotorula glutinis var. glutinis:
SW-17¢ B = = EHEAA WIS BE
& LZEAESE 28GR R Rhodotorula.
glutinis var. glutinis SW-5 R Rhodotorula graminis:
SW-54% ZitFEstel =89 MRS BEEE
o B EENY WRE b Gd e BR
£ 99 )

1) 24°C ol 4 SERM IR HEI WHAMER
EFERRGo BE BEIUS d3H B
ARol AFAH o ol Rhodotorula glutinis
var. glutinis SW-172 BHEABES BEZE
dete] HE 58.42%71A =zl Rhodotorula.
graminis SW-54% fMlast IRES 2.62¢/1747 4

| maa=

2) BRWPY RBEF ERFCl 4~5H 2
i wEed ¥ gURREA 24°C 2 A% REHEE:
b BNARE MRS IHES 94 FESA
% 0HEC = REC & B

‘3) MEEAS IREY £EHRe REES ERE
o B RESH BES HR7T A ER11
BRG] AF FIAS £% JIBREAIA B
Fel BFEel J&H FRE dAAHA ARAR
o R¥E BERRY SREEE BnA/E K
BhERES QA A HA

O FLEREY BEEkY BB 2 REEK
5% pHE 5.0~6.09 9 :
5) AoMEEd BEEKkS MEA BHES
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myristic, palmitic, palmitoleic, stearic, oleic,
linoleic & linolenic acid & R ow o)k
palmitic acid 30~45%, oleic acid 7} 35~50% =
744 gkt

6) ASHEE BED BNEKY Mk BEY B
IR 2
linoleic, linolenic, 3-D-hydroxypalmitic 2@ 3-D-
hydroxystearic acid 2 R em o|f 3-D-
hydroxypalmitic acid 7} 22~25%, 3-D-hydroxy-
stearic acid 7} 13~17%2 713 ergteh.

7) AOEETY BAELRY WRA BE B
polyol & glycerol o] ¢lon Mt feEY &
B polyol & glycerol,mannitol, xylitol @ arabitol

o]

myristic, palmitic, stearic, oleic,

o}

BoE R WRE BITEA oA % B
BE e oA oA AekSi EFRE
FREFL, HESEL SEBEL. FEHIEL
A7 AHEE AH =SFA SAEEE, BR%E
Bt Q=84 FHez E#e =444
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