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B OE FARETERAMEISBUMAAHRIGSHLLAENY, BLRSPCEAAFARBAAHT T RAAIRE
AT ERT0C £ 18% (W) BHdE ThOEEES A 52%.37%+9%. mEESBEESMRERFHAA HAER
BB RARSPCAIALAREF T RBOERARATH YA LTRSS (RAM T LFR)HHE, o A5 18 i & Ao AR &
LFHERTFEE. FLAB. B FRSEFARATHTHRSAGEN(FHERCABAA AR ERAKELY,
EmA LRSS SRR TR AE NS aRN A T I S R RS AN L RASFTLRH
A R E LR R ERBES A GM AR AR A AR TH EHSBESFERRORIESE. BEERRT
RS ELHRENHBEREI SR MRS R RS Y £ F R AR e AR £

XA WA, FESNE, #REHARMAA
FESES 93 TR A T EHE 1000-3061{2005)01-0123-06

Abstract Investigation was undertaken for the purpose of examining any possible correlation between flocculence of a self-floc-
culating fusant of Schizosaccharomyces pombe mutani and Saccharomyces cerevisize mulant { called fusant SPSC for shon) and the
tolerance of this strain to ethanol. When exposed to 18% ( 1/17) ethanol for 7 h at 30°C, 52% . 37% and 9% of viability lev-
els remained for the cells of fusant SPSC and its two parental strains, Sch. pombe mutant and §. cerevisice mutant respectively.
Analysis of phospholipid falty acid composition of plasma membrane showed that the content of palmitic acid of each {locculating
veast { fusant SPSC or Sch. pombe mutani) was around 2-fold higher than that of free S. cerevisige mutant, with remarkably
lower contents of palmitoleic and oleic acids than the latter. When 0.1 mol/L sodium citrate was initially included in the medium
in which cells of each flocculating veast were grown, free cells rather than aggregates were finally obtained. Furthermore, the
content of palmitic acid in the phospholipid fatty acid composition of the plasma membranes of the free cells of each flocculating
veast was found 1o decrease significantly, with a marked increase in the contents of palmitoleic and oleic acids. As a result, the
characteristics of the phospholipid fatty acid composition of the plasma membranes of the free cells of each flocculating yeast were
similar to those of §. cerevisice mutant. Meanwhile, the disappearance of flocculence of each flocculating veast caused by the
action of sodium citrate brought ahout a steeply decreased tolerance of the free cells to ethanol, thus being equivalent to that of
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8. cerevisiae mutant. These data suggest that the stronger ethanol tolerance of each flocculating yeast is related to the higher con-

tent of palmitic acid in the phospholipid fatty acid composition of the plasma membranes. Thus, the enhancement by flocculence

on the tolerance of veast cells to ethanol as well as its mechanism are first reported in this work .
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FEXTRMERENS ' & BHOENEER—1F
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BEERE TR TR O R 0 R IE R
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1 #HHE5F%

1.1 E#

o Bk SPSC A i B T8 W 7 BF B ( Schizosac-
charomyces pombe ) 5 5 ¥f H1 BR B B £ ( Saccharomyces
cerevisine ) B R P EAZIFARKBEEREFTM

B ORENEBEGTREAREBEERN. BT
METRHEEA LR KEE LB, B4t SPSC
MEAREMEM AR YR AR RERFE.
1.2 ExFE

Bt Atk SPSC AE KBS B (/L) - & 30 . B 5
BEEISS, BRI, RFEHNERITREER
BHEE(gL) HAE 10K 30(R 1.3.2), BREN
FHS,EZFRUEEI.EOKI. BABGEREER
BHE (/L) . BHEN . ERERES. EFELE
3, BB 3.
1.3 EEFAE
1.3.1 FRE# SPSC 2 B ¥x /T8 i« B Mo o (8
A REFET 30°CERFE K (150 o/min) b 1
F 18 h.
1.3.2 EEXEMSTRKEEEMAOER . ME
BAEAST 10 gL HEENERERE, TIOCE
BEFE MK (150 vmin) F R, B RXEHL 1 KFFHF
HA4-5dERNESGE R ZEETNEA B HFM
TR B EEWENEFENEE,. L seMERE
(FAARPE/EFREEPDEBEAS O gL EHBENAE
KEFERF.
1.3.3 BESTREROER - MHEEEAERK
B fv & T 30°CAEREF U4 K (150r/min) b 35 3% 20h -
1.4 BEREERAT THEAETENNE

HEERESE FKRFE 2R, 5T 30CH 18%
CVAV) g &G T T sh 50, T ORI R
FRIEMIR SR . B IRA T R EE O L T 2 (Via-
bility) #& 7/, Viability (%) = (€/Cy) x 100%, C, #
C. 5w s w8 A7 0 R NI TR 45 AR A I
B
1.5 4RAE AR A9 5 55 1R BX AN AR R b A 40 A Y &

HEEHEEFRKBEER 2K, AERH 1.2 mol/L
INRIBEERER 2 K EXEi 4 REN T EH &
HEE, BELE T 0.9% (W/V) NaCl IER #1738
EHE VKRR RIS RERN FETE
M MTRE . 4l MOBE B R & &K Bradlond HIE 69
B EITER.

B — B REERY AEH -FE2:0,
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VIVBERIZER, REEERY. A 0.88% (W/
V) KB, EAEARILEET4Ccd®H . &/
B FHIE TR A A4 Db fT THRA 4, ik H
R EIE TP RANG FEEQ: L, WVERN, RHE
EEHE" +EAREBESHEEERS. R
G R LB S ER AR 2T
BBk f iy D A Tl P RE R VS H0AS A
TP BERAEH B R S G T (3
AL 6890A MGG, MAEEHE T,
HERE IR 270°C R I 45 8 & 250C , iR K A&
RS .
1.6 HEEEEZFHNME

BEAERFE PR %S BFERE 260 nm 4
VR AT LS. RS KRR AISZ (VY)Y
BEMAT HELE TERARINERKXER
(309C) &, &2 H1 43 50 K6 90 75 ¥ 7E 260 nm 711 280 nm 4k
MRKEEE S0P THE. AREEERK
(POHETRKRE"
In(Cr = C)=l{C] - C) -1+ VIV AV )IPe,
H ¢ FeonitE) (h), €, F R M % BRI E ( mol/
em’ ) A ETARBESEFEREH (en’), V. ZERBAR
BB em), V,ERBABEEER (en'), C
HC BRER =0/ 1= BH C..
1.7 R ATPEFRIHAE

Bk 71690 5E % Serrano H R " E -
THFEFEN S0 LHERHMT. ZEREHE - EE
TR (EE S & & 30 ~ 60 1g) 50 mmol/L MES
(F Tris i pH & 5.8), 10 mmol/L MgS0, * 7H. ), 50
mmol/L KC,5 mmol/L & & {L44 ,0.2 mmol/L 51 A% %,
100 mmol/L KNO,. A H T 30CHEHBKIFERE 6
min, %5 DA ZAE E 4 2 mmol/L 1 ATP I3 2 BE {2
R, WA 6 ~9 min. FFAIA 1.5 mL 2% (V/
V) H, S0, 0 & 0.5% (W/V) SDS 1 0.5% (W/V)
B AR R R R . RESE.CVRE EBER.
A20 pL 10%(W/V) HAE C,F 30CHRE S min,
WEE AR T 750 nm R A EEE LU ES
R my B A LB . 1 AR AT BgiE (e
ENHEEREGT .88 978 /K (nmol)
VLR ENEEO R

2 HERHAM

2.1 MEBKRSPSCEREEMBEBENNLLLE
mE LR, &7 hody BER R SPSC.ER

HUR BT RGHRBERS TR RNEFEEL N
52% 37% M 9% , F B Rl Bk SPSC A H 7 4% 5 J1 B8
PETWMFEALA. HEEEMNE BERES(BSK
SPSC B A MBI TR MPRKENHEF
STHEES(RARSERHK).

x1 TRAMSGECARKEBREEHRARNLR
Table 1 Fatty acid composition of phospholipids

in plasma membranes of different yeast cells®

Fatty acid composition/ %
Yeast cells® Mmol”
14:0 14:1 16:0 16:1 18:0 18:1

5PSC 3.2 1.6 336 2.8 12.0 22.6 0.5
(SPSC) 0.9 0.7 156 41.1 8.6 330 075
P 0.8 1.3 363 231 11.3 21.3 0.52
(spy’ 0.6 0.3 18.3 321 6.6 44020 074
SC 1.0 0.5 16.5 355 7.8 86 0.75

a:Fatty acids are denoted by number of carbon atoms: number of unsat-
urated linkages;

b:SPSC, $P and 8C represent cells of fusant SPSC. Sch . pombe mutant
and 8. cerevisize mutam respectively,

whereas { SPSC}” and { S5P)' represent free cells of fusant SPSC and
Sch . pombe mutant respectively;

¢: Unsaturation index { Mmol ) = |1 x (% monoene) + 2 x ( % diene)

+3x {% triene) |/100

100

75

50
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B AR T 30CTE 1I8% (V/V) W
wrady T YA TR E H
Fig. 1 Viability of different veast cells subjected to
18% (/1) ethanol at 30°C

— O cells of fusant SPSC; — & — cells of Sch.

pombe mutant + —(C — cells of §. cerevisiar mutant;

— @ — free cells of fusant SPSC; — & — free cells of Sch. pombe mutant

2.2 MESHSPSCERFELEAMBEHERERRA
X B EE B
o, mRElRBEEENEFNERZEMH A7
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HTAREEEN T SEIENEEEEXRE
Y- I, B S4BT R A bk SPSC 5 R R A A 4E M
REIERE A A A LR AR . TR A K
SPSC T S 24 78 W5 £ 4 57 B 19 490 P T8 % O T Al R
AR AL, A A R BEAS I ER R AR (16:0) &
EXYABREEGEREN 2 M5, MiEHEHRA06:
DHBROISDEEHARMTEE, A, PG
BB nRAERER E|TirE8, X
S RER EMARROINES T AESTHE
SEMHaREsRERERITEENA X

£2 BMEKSPSCHRREHNERGERGRMATPRE N
BoEFNCELBR (V/V) BERAETHRRBEES
Table 2 Plasma membrane permeability coefficients( P’ )

of cells subjected to 15% ( V/V) ethanol at 30°C, and plasma

membrane ATPase activities, of fusant SPSC
and Sch. pombe mutant

ATPase
Yeast cells' P’ 1{cm/h)
(w’mg pmtein)
50 2.05x10°¢ 680
sp 3.03x10°° 410

*The denctations of SPSC and SP are identical to those described in Ta-
hle I.

2.3 BERABSMNFERAKSMEMGERKT
i SE HE RE A0 4B B AR B4 B BE R MG 4B AL 5 BT AU EL
LHRERH EAKEREERIN —ERE
(0. 1mol/L) FrEEEE £, TF BH AL RE & ¥k SPSC FI RN 3
MR TERRER IR P REANER, S RKE
Tilfsr e, b B TR, 0 s RN
EHESHBR TS M EEE MERL TRE
BERTRENAKT. 11BN 58A0NREEE
b, —EWNEE KA RER M (16:0) & 2
BEFHE, MizEmAE(6: DMmRO8:1)ZEH
BN R, BN EH KK ARSI ARA
A S ERERA L R AL
2.4 MEKSPSC HERENSETREREARS
TRENEREE
MESRGHNMERENYEES TREES
TR (E ) FE, B 5 B SPSC BT BN 68 1 &
em T EHANARSEREE ), T2, &N
MBS RIS RS A B A A, B A HE REE
FwE —HEMMEREGES . mR2 WL, S SP-
SCHMMEEHRTRAENABETRH®, X5
ITME RN LB KESE A R ER SN

£3 CHEBBRNEKPOHEERR AT BONEEHRRE
BEG T NCEL% (VV) BRAGTARBEENAN
Table 3 Inhibition of plasma membrane ATPase activities of
growing cells by stilbestrel and the concomitant increase
in plasma membrane permeability of respective
cells subjected to 15% ( V/V) ethanol at 30°C

ATPase

Yeast cells® Culture condition® P’ i(em/h)
{u/mg protein)

SPSC + 480 3.12x10°¢

- 680 2.05x10°°

sp + 320 4.33x10°°

- 410 3.03x10°°

*The denotations of SPSC and SP are identical to those described in Ta-
ble 13
b 4 "and “ - 7 represent cells grown in the presence and absence of

25 pmol/L stilbestrol respectively.

L

POAD emi)

SPSC sp sC (SPSCY (SPY
Strain
B2 FEBGHART 0CHEIS% (V) BEFET
MpmEEANER

Fig. 2 Plasma membrane permeability coefficients of different
veast cells subjected to 15% ( V/V} ethanol at 30°C
The denotation of each kind of cell is identical to

thai described in Table 1.

MM EH YA . R, f4 Ek SPSC Fi
ATPEEFE DA ARERBESTRERMN 1.7 &,
LZVEF _FBBELENETHEE ATP Bi5 1M E
BEFXR? HTHERXTAE, £ HWEKERESP
G ERIN 25pmol/L .46 ME By (BT ATP B30 %R,
HE&BAI,RIEEE T H KA 915 5% £ 0
B ATP RS DA BRALFEI. TR, MG
Bk SPSC MISEE AR & 7 vk AR ATP B§i5 )
A BB ) 20 % F1 229 , T 4A MO R B 4 B B4 B
1§ 52% F1 439 , B BTG 79I A B 1 B AR A
LA PE AR A0, X L BH JR B ATP B X 4 B R B
HEESYRE — Tk, Bk, 85t SPSC
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FHRE R O R 8T I A R TR AL -

HEARMEASTRENEBRES TR, TSR
HEEHRE ATP BE AR ERMUERES
HAH X

3 it i

B B ER e X B B 5 W R AE L B9 R
i A RBIME. ACEHRIREERELERHG
HREAEE IR RIS . AR, E88
£ (F &8 SPSC RISE T %4 78 B £ 1 57 bk ) T T 4 BE
NETHBER(REETEAFK) TS HAERE
RIS R T SHE S LA FRERER(16:0) A
AL L R AR A (16:1) B BE (18:1)F K (& 1
MELD ;M- SHAEH YL EERPH
T Fr 0 AR ) £ T O o) B (R RO AL i LA 357 2 4
K EEN, LAEEEEFERSEEE R,
G MM BTG R AT S S RIE R B L Rk
FU(GED; MBEREN EEHFENHAERE
KRHEEEANER TR, TESMRBEES TR
BAKFHEYS(E L), A2 hEARAB(RERNAR
TR EMREESTRE) IR RHREEES
(FEEHANEEHEER)NESESREBKPE T
R EEN SR APAREREERAMRS &
(R DA ERREAERRENFHETH
o0 0 B A, TR B 0 BRI S T R e D AR R
e E(E 1.

M R RE S B SPSC ORISR R BE BT iR
R RN, R ATPES AT ABEE
AR, A ECE R R A —E R
kLT E., B BE ATP A5 5 Wi 40 M RR % 5 i S & 16 R
AT TREPRWEE (F4): B 80 H
33% M S B ME R BOHE  S59% X R m B ATP
AR THREEY LA - ERENTE X .

KOG E """ R EBTHEE T
TR R R i B R 2 R T
EZEAHEROTERE N AR RHERESR
0 5 1A 4 i Bl RS S R A B L I W I A B AR
A SR MANESE(E 2), [, RE ATP
Bt 2 go o g R 4, 1 — e A M B A
HEAHBEREENTEEREST. SRR B
Sk SPSC MBI TMERFS S XA RE
WRHBERTSEEN. S AR LN ERE R
BATPBEMES FUFARAERITRHROR
ST ABR RN AREREEEE S 8 IR
BMATPMEMHAETESHEWMBEREDEA F

F4 CHEBBMERTNRERSERKEBE ATP B
MEFAREREERT 0TCE15% (viv) BRWET
A E R
Table 4 Inhibition of plasma membrane ATPase activity of
growing cells of §. cerevisice mutant by stilbestrol
and the concomitant increase in membrane permeability of
cells subjected to 15% ( V/V) ethanol at 30°C

Culwure ATPuse

P/ em/h)

condition® (u/mg protein)
+ 470 8.63x10" ¢
- 700 5.55x 107"

4" and ¥ - 7 represent cells grown in the presence and absence of 25

ppmol/L stilbestrol respectively .

0. B, BhGbk SPSC TERARE B TR AL
EHg 4 TR EAMERNRAEHRSERX.
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