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1 HHESFE

1.1 %

HEEBT NSS4 % SPSC R H
Schizosaccharomyces pombe F Saccharomyces cerevisive P
¥AZREKAMEET MR HEATRER
#

1.2 EFEMIEFLHE

1.2.1 BFE-HmERERE (gL #HEH 10,
BORNE 385, EAK3, WK 20, A KEFH
(/L) : BT 88 30, BB 3.85, A MKk 3.

1.2.2 BHFEFE-BEEEFESIHEMO.6
mmol/L (R HB BN EKR =T ARH, §1
REAFNEMO% 6% 9% (V/V)BHEWKEN
BH=1TX3, SMAKKEHN1%FMELE
HAERFLAEN, & & A E A A Sowk[12] 7 g
REEE BEAER N 18 h R Ak SPSC BE BN,
5 1 B B (dry wO) BEE DR 50 mg/L, T 30°CH5 5 20 Lo
1.3 REEAWMAPE TEAGTEEHNE

Wik 122 FERFOEKE HEE T KKK ?2
WLRE, F330CH20%(V/V) BERGTHTN
HiRR, EHRERNRRERREE. HiEMN
WA BE S LLTT 38 3 (Viability) R , Viability (%) =
(C/C,) x100% , C, 0 C, 5 Bl e Wit g (6] 4 0 A1
U R AR TE R T,

1.4 RSMEEFRFEENARRELERE( P HRE

Wi 1.2.2 FEEFENEEREZETFKERE
EEWAE 260 nm AL RMCAT LA 2R . RS BT
BALBB(VIV) BREENBRHBETEER IR
FRMEG0T) L, 84 5 M WAL 260 nm HI
230 nm SR A B Z —E W ERVHH-

FUAM A Bk B ot T X : Nucleotide (pgf
mL) = (11.87 A,y — 10.40" Ay} - 100/9;

M EENE AR (P )HTFARE™ m(Cr -
CH=In{C> -C2) ~(1+ VIVI(AIVIP, H ¢
FaetE(h), C, FRMIMNEE B E (mol/em’ ), A
FrRAEBERTE (em’), V, Fm KN B & S &
Blem’),V, RS BEEEER ('), €A C
NHFER: =0f: = o BHC.,

1.5 4ARBEATS BRI

RS BT £ B TR 1.2 moVL (ARSI

BEBER 2K, EXRMOSI R ERER, B
A>(750 ~ 800 ) W AKIRIEK, ) 1.2 mol/L LI BEIR

BB 2K BT 0.9%(W/V) NaCl W BEAT
BERE. ST 4CEL (29 000 g.20 min) KRR
B4y, # Schibeci FHEMFE" M EAME,  BE
(& B Bradford BB &,
1.6 20 P 8% B s s e 4L B B9 43 #R

B —EEMEERRY (MY 600 mg T
HRESEHSETE), A 60 mL 45 FRE(2:1.
V/IV)RRBLEE A, B A - K P B (R BE R
1mmol/L), B TERMI*EI L. RF . TEEK
WL EEBMIA 0.88% (W/V) KCL W, R4 8
SEFA4CHEH. K5 B TH,BTREHES
RETHREE SHEFYREFTLERN M
2:1, viV) 5, RAMZEETE 5541 e
RS HMIEXRR Y. R . BEERKER L#EREAE
[l o i 7 — A # T L 5 B R R R Y LA R
JeWi B R BENE , S H G AR, IR R
K F S A B A A (35 16 T RS 6890A SAHAE
. MEBEFAERME AHDEE 270C, &
FEE 250C, HERMEFARER) .
1.7 LREHELBRLZE

FEXREE IR, 8TMURELER 2K.B
RERUTFHHEER.
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2.1 EKTRAMFMERRNENKGETHEE
ARRRIEEGRASNTL
R1IABFTRMEMBHRIEERTTS
R TFRMBEMIS B & 4T MBS H SPSC M
PRPRIE IR M A B AF sl MY OB . 5 I B iR i M
(16:0)HIH., R B0 #5240 i E B AR = R
SRUIEE M, RUIER Y 2R MR A 4
R SRS, oF 56 48 B RE 8% g o- 1+ DU B BR (14
1) FRHBHER(16: ) FIMBR(18: 1) F RT3
R B (18: 2 IFFTE, X T HEHAR.
ERMERSRE A9 IS ERME  EEX
ERFZHT, RERABIEBRMEEMBRANE, T
AR e R R Y T G R 2 4 8RR 0 T2 3 AR 0 3K
FRIE'™ o oy T B0 0 O kA 0 e Y A R K
B h 8 (S 1), R, R O 8 7 5 ) G 4 e
PRAE T AR T AL S TR A A K
HEMmEmE MR (18:2) MLk, [F i 5 0w
ASIRAMBHRE T MRS B S 4, RUER
AHBRAELMEHA —FHAHEE, BB K
BATIRARBSENRO8:1) SRS, 3
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PEBE O-+ MARRIERE (14: 1) N THER (16: 1) 4% M B(16:0)F BHM D,

X1 EFTFRRFEMERBRSERSRENREEGNHME B SPSC 4 M BRI 8 5 A H B
Table 1 Fatty acid compesition of phospholipids in plasma membranes of fusant SPSC grown on
different fatty acid supplements in the presence or absence of ethanol®

Fasty acid Ethanol added Fatty seid composition/ % Unsaturation
added (%, VIV) 14:0 14:1 16:0 16:1 18:0 18:1 18:2 18:3 index{ A/mol}*
0 1.4 3.2 4.6 20.8 8.6 17.3 0 0 0.41
16:0 6 0.9 0.9 75.5 8.5 5.6 5.3 3.2 0 0.21
9 0.5 0.3 82.3 4.8 6.0 4.2 1.8 0 0.13
0 3.5 2.6 28.3 17.4 11.5 16.6 20.4 ] 0.77
18:2 6 3.3 0.5 22.2 8.8 9.2 33.0 23.1 0 0.89
9 3.0 0.5 24.0 7.6 13.0 31.3 20.8 0 0.81
0 2.1 3.0 25.0 15.5 12.0 16.0 0 25.7 1.12
18:3 6 0.9 0.2 20.6 6.1 13.2 39.0 1.6 18.3 1.03
9 1.5 0.3 20.1 5.3 9.3 42.0 3.6 17.8 1.08

* Falty acids are denoted by the number of curbon atoms: the number of unsaturated linkages;

bA/mal = [1 x { % monoene} + 2 x { % diene) + 3 x (% iriene) /100

S Em W REER (18:3) M b, Rl B il A
Sl B AE EKEe S B ok, MR (18
NERSEEN MBRIBEHXHRELEE SR
7 1 IF wh B R E R A R B A TR L A L, (B SRR
HiEEK. B R FEMEREAEE QI EH
FRBEBEAE o- T PUB B (14:1) AFEMAR(16:1) H
BERER(6:O)ARMNE,, ABRNE. AREDH
W WE, R T Eh S TS REEX B,
TE 520 75 0 SV R 8 4 AR R W L T AR, 1R B
BRI AR T MEERE N T MER. Steels
S ARERGTHEMERRIEFMARESH K
WOEEE R AR B A K 65% LA b TR R,

R FERE MR, RAEERENERREER

L= % YL

ERGREH, RREMAHENR ERKTH
M MATEE ARG TRRESERTRME
Bk 7 R A T B0 B e A R R B AR AR BT R A |
HFEHBEN, KA EKTEMBHRFTHE
i B AR IR B MR T B Al (%
D BRERNEBRMELREMERMRE? BT
X A 1) 4B, %5 2% 85 5 T 6] B 35 A I B A0 RS
AUTHEASERTFREFMENRASTHE
R EEEIREFEE.
22 4KTEAMEMEHRNABFKETORE
WEMENPER

B 1 B R o 3 5% T 1R e O oo s i R T O A 1F

THEASEFETARRMRHREAGTHEET
30CFE 20% (V/V) B THERNLE, &
1 AR T =4~ E8FA

()X F M —HEHBTE, £ K TR
IS MAEE ARG THEEARESEIHE
BTEKTRBMEMBEHR A THOEEK, KNS
ERFREMIEHRAG THEEHEIL, £EKTH
B 35 OV A8 2% 1 T % T 4 4 P 8% s s oy R 4L L
My ERTR(E DM EERERREE A, ZX
TR R RAE R ER B . (2) KT [Fn &gk
o TR AR 1 T A T A 0 W R 6 ) B O T R O
AR, (3) M FRMEM - FFEERE
(6% ~9% , VIV)TaE , F & i 8 aE o e = B4R
IR - AREE SRR AREE X T
MAAREESERE, H=E0OR B8 0 25
BE XEFAESEKTRMBMBHRAMGTH
EAARAAE . B ME AFRE MR E
SR BR 45 B ) 0 K T 40 R R B B B B R A R AL
ERAEAE, M TFEMHRAHREAHEERE, =
EHAREREETRARTFERAREN, XEE
RENMNBERENFEUEZ RO,
23 4£KTFRANFEMEHBRNERRETHORE
A ESENEL

2 BAEK TREHEMEREABAERGT
MEESE K TRBEMEFR&AGTRREET
30°CHE 15%(V/V) B b T A MSME HREWE R
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Fig. 1 Viability of fusant SPSC cells exposed to 209 ( ¥/ V) ethanol at 30°C
Symbols and lines denote; Cells grown with .6 mmol/L palmitic acid (16:0) (¢,@.m), lincleic acid (18:2)

(o.0,0) or linolenic acid (18:3) (-0, -0
{ ¥/V) initial ethanol respectively,

.0

-+ ) in the presence of 0% (A), 6% (B), or 9% (C)
were incubated with 20% ( V/ V) ethanol at 30°C
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Fig. 2 Extracellular nucleotide concentration in cell suspension of fusant SPSC exposed to 15% ( V/ V) ethanol at 30°C
The denotations of symbols and lines are identical 10 those described in Fig. 1 except that the concentration
of ethanol with which cells were incubsted was 15% (V/V)

(1) 3 FEIMLAT—Fh IS B W 5, 4 & TRl af
T B B R AR R T R R R IR A BRI
WTFERKTHRMBMEL BESTHEEKAKTE,
BXUEBH A= K T ) B RS R A T 0 8 T T
HHREBE DSHERRERS T RAARE
MR EEREEENHE Q) EKTHEEEM
R B R AT RS 15 T A0 1 4 0 LS 42 T R ok FE B
Ke PR mEmg i E A & i )% TE
I — RS E (6% ~ 9%, VIV)Ti & , A
BB B /BB HEFIR A F - 4 BRI & 5 A
MOMMEE S EmBRMAREE S TR, X85
FHEHBIAMKMKHTIINFEL—H(A 1), XA
BT RS AR N B4R B 5 LR A R T RV B B RE K
BUMHE, XA SERTRRBMEN 8 &
T ke AL

E2RHAERKFENBENEHRAIEE&FESE
KT mmis M &40 E & T 30C # 15%
(viv) BN THRREEM LR, oW,
BEHABRNTELESS DRI TR N
HEBHEL A K TR ENEHBRAEE &G T

®: BERTYREMERRSFAMNENANKIEREN
M&# SPSC T 30°C#H 15% (v/V) AMAET
HARINE R EIL®
Table 2 Plasma membrane permeability coefficient ( P') of
fosant SPSC grown on different fatly acid supplements in
the presence or absence of ethanol before exposure to
15% (V/V) cthanol at 30°C

Culture condition

P'{cm'h)
Fatty acid added*  Ethanol added/{ % , ¥/ V)

0 1.22x10°°

16:4 6 5.16x 1077
9 3.25x1077

0 3.28x10°°

18:2 6 1.48x 10°¢
9 g.63x10°7

] 6.04x10"°

18:3 6 2.89x10°*
9 1.95x10°*

*0.6 mmol/L Palmitic acid (16:0), lincleic acid (18:2) or linolenic
acid (18:3), was added 1o the medium in which fusant SPSC was grown,
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Impact of Exogenous Fatty Acid on Ethanol-induced Alterations in Phospholipid Fatty
Acid Composition of Plasma Membranes of a Self-flocculating Yeast

HU Chun-Keng'®  BAI Feng-Wu® AN Li-Jia®

' { Departmers of Bivengineering, Huagiso University, Quanthou 362011, China)
2( Department of Biostience and Biotechnology . Dalian University of Technology . Dalian 116024, China)

Abstract  Fthanol-induced alterations in phospholipid falty acid composition of plasma membranes of a self-flocculating fusant of
Schizosaccharomyces pombe and Saccharomyces cerevisige grown in the presence of exogenously supplemented fatty acid were
investigated. The addition of palmitic acid (0.6 mmol/L) 1o the medium containing 6% ~ 9% { V/V) ethanol resulted in a
marked increase in the palmitic acid content and decreases in the contents of myristoleic, palmitoleic, and oleic acids in the
phospholipid fatty acid composition of piasma membranes, as compared with their contents in the absence of ethanol. On the
other hand, the addition of both linoleic acid (0.6 mmol/L} and ethanol (6% ~9% , ¥/ V) to the basal medium resulted in a
striking increase in oleic acid and corresponding decreases in mytistoleic, palmitoleic and palmitic acids, while the linoleic acid
content was slightly increased. Moreover, the addition of both linelenic acid (0.6 mmol/L) and ethanol {6% ~9% , V/¥) also
resulted in a significant increase in oleic acid and corresponding decreases in myristoleic, palmitoleic and palmitic acids,
however, the linolenic acid levels were decreased. All tt;;ese alterations ( especially increases in palmitic acid and oleic acid)
were confirmed to be the adaptive responses of cells to ethanol because cells grown with both fatty acid and ethanol acquired a
pronounced increase in viability and a corresponding decrease in plasma membrane permeability when they were subsequently
exposed 1o high concentration of ethancl. These data suggest that beth palmitic acid and oleic acid are able 1o enhance the
tolerance of the self-flocculating yeast to ethanol by strengthening plasma membrane permeability barrier of this strain subjected to
ethanol stress. This is a novel phenomenon because enhancement by unsaturated and saturated fatty acids on ethanol tolerance

occurs in the same strain.

Key words ethanol tolerance, phospholipid fatty acid composition, plasma membrane permeability barrier, viability
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