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B E RGN EEAEEENS T KRB HERS +— B8 IR & BRIy K S 8B/ B (Aeromonas
hydrophila Y ¥k AAKA MBS # BT EA - BERBOHV) R AN RELBHREN M EY AN, YEAE
ERRAEEREAS TR ESHEN FEE A, hydophila AAKS R EH I BE TR A SREH phaa
fl phaB BIEH A, hydrophila 4AK4 (pTGOL) BEF A 3-B R TE(3HB) 5 3HY WL R Y, MR ERHERHN Y
+_BBEAN I HEN FARE KM PHA MR E, YERABEBNT - REAREGKEN, A, hydophila
JAK4 BEE S L SHB3RV SR EECHOH)WARY BHFROBET - BRI BN, A, hydophila
4AK4 5 AT PHA %P 3HV &9t 01 40, 70 3HB HT 3HHx &9 H RIREE

XBTE EELIEWMAE, PHA, "IKSHERE
FHESEES (939.97 TRARINE A

¥ ¥ % 8 B ® A8 (Polyhydroxyalkanoate &) 5 4
PHA)R M A i M MEMSRMEDRE"Y,
1926 4F Lemoigne B 6 7E Bacillus megaterium R
B p-F 5 TReBE (T 7% PHB)™ , AR BT 2 , & Fh F A
f9 PHA BEBHSEIRIE. PHB A 3-BE TMY 3-8 %
WAL R Y (PHBY) & PHA HEf 5T R E MMM E
&Y. Ralstonia eutropha (JR R TR A Alcaligenes eutro-
phus) , Alcaligenes latus H1 Azotobacter vinelandii FRREGE
FIFI PR 25 fn U R Bk I B 2 /7 PHB K& PHBV K &
R

g 7K S B B B ( Aeromonas hydrophila ) BB & W 3-
BETREEXCRMIEEY (PHBHHx), T
HEAHTEREKEN - EECROGHE) A, H
TR B B A, SRR AN, B A9 0T 40 L
#e HEHERAITRORAEY >, A. hydrophila
4AK4 BILFH 538 PHBHHx A RE I M — Bk, A.
hydrophila & i, PHBHHx FT 7 % I BT i (U 8 F
Rl AR A9 -S4 BB FeE A A I M 4t
BHE(MEA )50 PHBHHx, BBIHEI VI A ®H
%(F A. hydrophila A BHRE T HHIGH B A
EMAM PHA MIRE. MR UL H AR BKE K
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EHHEBRETFENEHRINBELSIAERIED
H[FIEF A. hydrophila 4AK4, AR THERESHT
PO F Rk PHA BB .

KR ETE A. hydrophila AAK4A B3| AT p-M
EFEBER (phadA) MBI MHEB ALEBE
H.-HEBMEEREEMALR I ZHERASBESE
MZBZBHM A LRI A S ERESE
BB RS AL N - BB TR A(3HB-
CoA)!"" X Z B BIRME 3HB-Coa R MR RMHEE
# A. hydrophila 4AK4 W LAFIF p- AL R B MR
R EFE LN ZBMA A 5 3-BE T8 (3HB)
ik, FEHEREFREEHESY P HB B
AR .

1 MR fuF &

1.1 Bk

Aeromonas hydrophila 4AK4 N KM EWE
BEWE.
1.2 EEWEKNHE

H# A phbA F phbB B W FikL pTGOI #1E I ik
EREHEXR[4], BT ESHRLK T AR RN
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Fig.1 Plasmid map of pTGO1

1.3 BREFEREF&RHE

A. hydrophile 4AK4 B9 35 5F B H W (g/L):
(NH, ),S0, 2, MgS0, *+ TH,0 0.41, Na,HPO, - 12H,0
9.0, KH,PO, 1.5, Fe ( [ )-NH,-Citrate 0.05, CaCl, -
2H,0 0.2 I BTRER 1 mL/L, METRER
&4 (g/L): CuSO, + 5H,0 0.01, MnCl, - 4H,0 0.03,
ZnS0, *7H,0 0.1, H,BO, 0.3, CoCl, *6H,0 0.2, NiCl, -
6H,0 0.02 1 NaMnO, -2H,0 0.03, F#§ % & 50pg/mL
BATFRERNMNEE. SHREMHBLER.

phbB

A. hydrophila 4AK4 (¥) 35 35 & 1 41 : 30°C, 24h,
R ¥ 3 N 2000/min (NBS Series 25D, New Brun-
swick, NJ, ZH),

1.4 oWMAE

YR T F ( Cell Dry Weight) CDW .PHA S R &

TrE k151, g m 3 M TATHRIRSE.

2 % %

£n

2.1 A. hydrophila 4AK4 ET T HHKE FHE
Rl LA EKE PHA IR R

WFA B A. hydrophila 4AKA R R R Z M %
Mgk HeE R R2R B PHB, Y H A B HERHH
FRIBE TR BERIEHRIE LD HTE
. ERRVBEHAARAREFEDT 11 HFEK
M EA K M4 R HRMA A+ — kKN
BAREPEKFAAT KRR IIEY S K PHA,
HAKARD - BERBOEV A E(E D, 8FHR
B 3HB Bk,

%1 A. hvdrophila AAKA EREHBEANFRATHNRETHEDB LA EKE PHBY PR R
Table 1 PHBV Production by A . hydrophils 4AK4 in different fatty acids with odd carbon number

Carbon source Conc./{g/L}

CDW/{g/L}

(PHA/CDW )/ (w1% ) (3HV/PHA )/ (w1 %}

Gn + PA 2+12

Gn + VA 2+2

Gn + HA 2+2

Gn + NA 2+2

Gn + UA 2+2

NG
NG
NG

NG

1.14+0.14

61.41+3.12 98.62x0.11

“NG”Not growth; “ - "Nat detected ;

I'A : Propionic acid: VA: Valeric acid; HA: Heptanoic acid; NA: Nonanoic acid; UA: Undecanoic acid; Gn: Gluconate

2.2
4AK4 (pTGO1 ) EW XN+ —BBBEERELDE
% PHA IR

EHGEATE A. hydrophila 4AK4 PS5 AT p-M8
HHRMEHE (phaA) ML B Z BEFHEE A X0 7 B A
B (phaB), M1 T E A. hydrophila 4AK4(pTGO1),
P+ —BEAERAR N EMRANRSREEF
BAEMEARE . SRER . ARRBRR K LBk
WS THEE RIS M PHA MR, CDW K PHA
KEgRHEdER. IXEAEmNS, HEREN
FHEHERK, B PHA R BRREHUBEE (X
2)a

FRBEENHFAEEw PHA I ERNWEER
E MR 2PHERTH B IHAERRGEE

A. hydrophila 4AK4 BB % A. hydrophila

MRS+ RS R4 BN RA T pHA AR,
M HE LN 1:3 3 E 3:1 6f, MR R PHA W
B> BRIE R R0 5 b B 20 R L Bl
H—EEM  TRER YRR gORRA ST+
—BRERM H B 1:1 B, & ALK PHBV & 3HB .44
KEREK BREEHSETEDNT 2%, MHAELH
W 1:3 3 3:1 0, AR PHBV F 3HB A&
BHEA%UE, BREMNMS, CHHHMRBEHHE
B S+ - BMOP IR S W ER G 880 PHBY T35
3HV kR £,

HEHETE, YHA 11 MR AER
M S+ — B yRES, 4 H K PHBV & HB
PR AEHBRE, B TRAOBUBTHE 4.
hydrophila AAK4 PR B R HH A+ — KR

© PERFREEDHRMATIRSHED http

journals. im. ac. cn



5% P 7 K SRR AR A 3 L 0 0 R A R R 81

RS e 7 L ) SR A 4A B B BN PHA MIRE N BA
HEER HEAMABLABELER., SLIHS
- WEECH IR, & K PHBY  3HB BAK B
BAE RN 34.41%, i 7 2 0K 5 JE YA 3HB Hfk
MEEE>IHEN 29.26%.
2.3 A. hydrophila 4AK4 E+— BB AE® L
MEKE PHA BHER
FAAEMRA+ - REMAERRESREEFR 4.
hydrophila 4AK4,78 3| T 3HB.3HV fl 3HHx =Ffh &

HHEEY(ERNEI RE3). HERTAES
F2uh /5 HERSKEP+ —HRBEUS BN,
A. hydrophila 4AK4 WA KB E MR T EAEH
. MPHA WS BEAZREELATLME W
RKo

B3 HHEREAEERSRE S I —REMN
SR, A. hydrophila 4AK4 & R4 PHA & 3HV
B H B 8, T 3HB A1 3HHx (9 B BB , 3% 35 B ]
EFMAKMHR P TR EER,

F2 A. hydrophila 4AK4 F1 A. hydrophila 4AK4 (pTGOL ) EREN T —RBESHBLNEKE PHARRR
Table 2 PHBYV Production by A. hydrophila 4AK4 and A, hydrophila 4AK4 (pTG01) in undecanoic acid and glucose/gluconate

Strains Carbon source Conc.!(gIL) CDWJ’(g/L) {PHA/CDW )/ ( wt % } (3HV/PHA )Y (w19 )
A. hydrophila 4AK4 1+3 0.68+0.06 6.49+1.00 94.5:3.44
Glu + UA 242 0.80:0.21 42.216.43 98.3£0.06
3+1 1.35£0.10 2.91£0.95 948£1.12
1+3 0.53£0.02 11.4£0.18 95.3+0.21
Gn +UA 242 1.140.14 61.413.12 98.6£0.11
3+ 1.48 £ 0.03 1.37£0.16 92.451.74
A. hydrophila 4AK4 (pTGO1)  Glu + TUA 2+2 0.90£0.06 34.8+1.90 70.7+1.40
Cn +UA 2+2 0.65+0.04 35.242.49 65.6£2.85

UA: Undecanoic acid; Cn: Gluconate; Clu; Glucose

£33 A. hydrophilc AAKA B+ —BRNMAERESRE LMNEKE PHABRAR
Table 3 PHBV Production by A. kydrophila 4AK4 in undecanoic acid and lauric acid

Carbon source Caonc . /{g/1) t/h CDW/(g/L) (PHA/CDW)H{wt% )
LA + UA 3+1 24 1.58+0.30 47.26 + 2.65
2+2 24 1.02+£0.02 49.52+0.79
1+3 24 0.36£0.04 43.32+2.07
UA: Undecancic acid; LA: Lauric acid
8 r WHB/PHA 116 3 ‘L“j’ ‘yﬁ
P ;zf:; BF4K) A. hydrophila 4AK4 BERETE F EERR bR
% :z : 12 £ A K R PHBHEX™ | iy T PHA & M
Ml 1 EOEHRARE, B 3HB A 30Hx FUR
>l L ABMMRY, A hydophila 4AKs EEHHB BR
§ »} 4 E L B4 PHA & BURI T 4K, 3HB H 3HHx Rk K
lg‘ MEHkETFAER(TZKER)-HeWbhmm™

1-3 22 31
UA-LANg/L)

B2 A. hydrophile AAKA TEA BB+ —REIRS
B AR PHA PGk R 8 Lkl )
Fig.2 PHA monomer composition produced by A. hydrophila

4AK4 when grown in undecaneic acid and lauric acid

Yo EBCHER a0 R A A RO E T RIS A e,
AREREGE A A MEBKIE TR R R AR R A
ZPHA R, BF4A R A hydrophile 4AK4 TEMER S 3
MEMRE F4Ke EER RHEEMN PHB. YHAH
4 0 AR 1 F0 S IRl T ) AT OBk IR B MR AR D 3t
JEMIIE IR A hydrophila 4AK4 B, Z5 R BN A, hy-
drophila 4AK4 R REFEBK IR 7 BT 11 M9 & BB
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e LK SR TEHMEIRMAEHES
ERRM &, AEL T —RKEIRKYNEREE
(BEABR) MEHNBHENN T —HKENIES
BEREKRTHEGSHA T —RBRIEY SR
PHA,HBEARUIHYV A E (£ D), FERLPEN
3HB Mk, X — R A, hydrophila 4AK4
SR PHA MRTE SRR TR 8 p-Hibix 2l
i EEAACH R PHA S RATIRAIRE RS

A. hydrophila 4AK4A F RS MR B H B KM I
AKBRE, M+ —KMRE—FEE R A. hydrophila
4AK4 {24t PHA 4 RLAT IR BB . X BRI BRIRIE RN
LIPS SR A hydrophila 4AK4 B, BB R 5 H AL,
AR HER LIFAENERAE, M+
— R E A HEM PHA ST AEANBIR. &
TR — B AR R L BT T A A
HIBERR S R 25 R IR XF PHA & WA A R R 1A LA
E MBS RO AR # S E PHA M-S BB EWE,
MERTLUEL AMKENLFA2Zm PHA R A
ENEERE YUAHMNEERENS + KR
B HBIA 1:1 (S RF T PHA BB R, SR A LB R
3EE3: I, ARBEHPHAMHEE LY, BT
WA PR MR B- R AR B AR — Il
FI-', 490 25 B UR ok HE K F Bl O o8R0 B TR 9k FE A
ErEMAMERRREER AR, BOA BN
MBI R E - R BEAEEK, AmiB i g- 21k
TR A PHA S HLATE R  PHA MR B L E
. MHBARBMEREN F—HBEREEN,
HAETEAA T —RBERENERK AWAKRTE
I PHA MO BB ERK, WA, BRIR A BT 3L 38
PR AR R A —EEw, B NE W
HEMMS T WA LLFA 11 &, & W PHBV
FIHB RAM S BRI MAEMNELH A 1:3 HH
3:1 6,4 M PHBV F 3HB 8K/ & B 194 4% U1
Fo BRI A bb AR AN [ 2 B2 e B £ I % 45 ARG T M -
E A E R R RS IEHE, W E AR B A T 8
p-Efbix R R # PHA & S AT R B 8E /7 10 °F (97 &9 f
WHRETAMRER AmMsANWERY P EELH
¥y NG

AFRATE A. hydrophila 4AK4 5| AT B-B
BB ER (phaA) IZBZBEE AR FHE
B (phaB) . PhaA BESMEILF N Z B A WA
BB BB A;PhaB fEB I 2B Z BB A B
i 3-BRETRAEME AGHB CA) . XAFHE
fit 3HB-CoA RO EEEE R A. hydrophila 4AK4

AUAABEUEBRELERMRRE LN IR
B ASKIHBRIE,FH 11 NE RS HEERNM
5+ —%BRABBHEFEMN A, hydrophila 4AKA
(pTGO1) i, H: & i B9 PHBV & HB S {ki MBS
B TFEFER A. hydrophile 4AK4, HH LW HBH
BEAT T —BREIRARBELFERES 4.
hydrophila 4AK4(pTGO1) Kt , 4B & i PHA W 1B
FHBEY . BEREANEARKPIRAEER. LIHS
WA et , & LR PHBY ¥ 3HB iAW R R
AASEETUESH KD 3HB LEAMAR
BAEE. XUREH THERAERHRAT A.
hydrophila 4AK4 FEIR i £ R E R K, A F B RTE
BHET A. hydrophile R M T R TN RE
Mg, KRR ERMAKILFHNTHA 28
.

AR AR BB — R R A HRE
B53% A. hydrophile 4AK4,18 %] T 3HB.3HV # 3HHx
RBAMILEY HHERTKEY T —HKME
SEMIN, A. hydrophila 4AK4 4 AL #) PHA $ 3HV
BT Eb 4 18 A0, 1T 3HB AT 3HHx & o B RE 1, i B &
EERYSHEAMENBREN A, BETAT
RABMBEMLAXR, TUER =Y & FaEkn
HR .

EXARAAGTEEI N EERANE &
M AHEMS T —BEMAIBRARBEHETHEREE K
EAKSEREAPIRTSHHY AN ERE
B RENREY SR, AXRY P EAM L FHT
PLEZ AT RBEPEMREAEEmMEE.
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Studies on Synthesis of Polyhydroxyalkanoate Consisting of
3-hydroxyvalerate by Aeromonas hydrophila

LU Xiao-Yun WU Qiong ZHANG Wan-Jiao JIAN Jia CHEN Guo-Qiang”
( Department of Bivlogical Science and Bivtechnology . Tsinghun University, Beijing 100084, China)

Abstract  Polyhydroxyalkanoates ( PHA) is a family of microbially synthesized polyesters consisting of various 3-hydroxyalkano-
ate monomers. Aeromonas hydrophila 4AK4 could be able 10 synthesize PHA copolymer consisting of 3-hydroxybutyrate (3-HB)
and 3-hydroxyhexanoate (3-HHx) . No data has been reported about the ability to synthesize the PHA with other monomers in A.
hydrophila . Tn this study, propionic acid, valeric acid, heptanoic acid, nonancic acid and undecanoic acid were used together
with gluconate to find out whether A . hydrophila 4AK4 could synthesize the PHA consisting of odd carbon atom number mono-
mers. The result showed that A. hydrophila 4AK4 could not growth when supplied with propionic acid, valeric acid, heptanoic
acid and nonanoic acid and only undecanoic acid could be used to synthesize PHA. Wild type and recombinant A . hydrophila
4AK4 harboring phad ( B-ketothiolase) and phaB{acetoacetyl-CoA reduetase) were cultivated with undecanoic acid and glucose
or undecanoic acid and gluconate served as carbon scurces. PHA consisting of 3-HB and 3-hydroxyvalerate {3-HV)} could be
produced by both wild type and recombinant A. hydrophila 4AK4 and the latter could produce PHA with more 3-HB monomer.
When the ratio of glucose or gluconate to undecanoic acid was 1:1, the cell dry weight (CDW) of A. hydrophila 4AK4 reached
1.14 g/L and PHA content was 60% of the CDW after cultivation for 24 h. When lauric acid and undecancic acid were served
as co-substrate, A. Aydrophile 4AK4 could produce copolyester consisting of 3-HB, 3-HV and 3-HHx. Along with the increase
of undecaroic acid proportion in the mixed carbon source, the 3-HV content of copolymer was increased while the 3-HB and 3-
HHx content were decreased. In all cases, the CDOW decreased along with the increase of undecanoic acid concentration, which

indicated that undecancic acid was not very good for A hydrophila 4AK4 growth.

Key words polyhydroxyalksnoates, PHA, Aeromonas hydrophila

Received : 01-16-2004
This work was supporied by Grant from the National Science Fund for Distinguished Young Scholars (No. 20334020).
* Corresponding author. Tel:86-10-62783844 ; Fax:86-10-62783844; E-mail: chengq@ mail . tsinghua. edu. cn

© HERFERMEMFARAATIKS@wEST http://journals. im

ac. cn




Vol.20 No.5
September 2004

£ » T B8 ¥ #
Chinese Journal of Biotechnology

0% 5 H
2004 £ 9 A

Influence of Phospholipid Fatty Acid Composition of
Plasma Membrane on Sensitivity of Plasma Membrane
ATPase of a Self-flocculating Yeast to in vivo Ethanol

Activation and its Relationship to Ethanol Tolerance

HU Chun-Keng" BAI Feng-Wu® AN Li-Jia’

' Department of Bicengineering, Huagiso University , Quanzhou 362011, China)
*( Departmens of Bioscience and Biotechnology , Dalian University of Technology, Dalisn 116024, China)

Abstract  Although alterations in fatty acid composition of phespholipids in plasma membranes had no effect on activities of plasma
membrane ATPases of a self-flocculating fusant of Schizosaccharomyces pombe and Saccharomyces cerevisiae cells grown in the absence
of ethanol (basal enzymes) , they significantly affected the susceptibilities of the enzymes 1o in vivo activation induced by ethanol: the
maximal values for the activated enzymes in cells pregrown with 0.6 mmol/L palmitic, linoleic or linolenic acid respectively were 3.6,
1.5 and 1.2-fold higher than their respective basal levels {in cells grown without ethanol) , whereas the corresponding value for cells
pregrown in the absence of falty acid was 2.3-fold, with the concentrations of ethanol for the above maximal in vivo activation of en-
zymes being 7% , 6% , 6% and 7% { V/ V) respectively. The K, values for ATP, the pH profiles, and the sensitivities to orthova-
nadate of the basal and the activated plasma membrane ATPases were essentially identical; however, the v, values of activaled en-
Zymes increased significantly. It was found that the characteristics of phospholipid fatty acid composition of plasma membrane leading
to the enhanced ethanol tolerance of this strain, were also efficacious lo increase the percentage of activation of plasma membrane
ATPase per unit of ethanol. These data support a close correlation between the ethanol tolerance of this strain and the sensitivity of its

plasma membrane ATPase to the in vive ethanol-induced activation.

Key words ethanol tolerance, phospholipid fatty acid composition, plasma membrane ATPase

The proton-pumping ATPase in the plasma membrane of Saccha-
romyves cerevisige couples ATP hydrolysis, consuming up to 50% of
total cellular ATP, to the expulsion of protons across the membrane,
thus generating a transmembrane proton electrochemical gradient
which drives active transport of nutrients' - 21
ATPase maintains the intracellular pH of Saccharomyces cerevisiae be-
tween 6.0 and 7.0 even when large vanations in extracellular pH
oceur} | regulating the activity of some pH-sensilive intracellular
enzymes'!! , Near-maximum ATPase activity is rare, because it is ener-
getically expensive to maintain, and activity is usually much
lower!'2! | For instance, when cells of Saccharomyves cerevisiae were
incubated in vive with glucose, the plasma membrane ATPase activity
increased as much as 10-fold"* . Growth at acid pH also resulied in
an increase in ATPase activily, which appeared te constitute a mecha-

[s)

nism for intemal pH modulation'”’ . Furthermore,. the enzyme is a

Received: 03-15-2004

. The plasma membrane

major compenent of the plasma membrane ( accounting for 15% ~
20% of the plasma membrane protein) and seems to play a significant
role in maintaining the structural integrity of the cells, as evidenced
by the altered cell morphology present in some ATPase mutants'® ,
The plasma membrane ATPase is not only essential for, but also rate-
limiting to, cell growth of Saccharomyces cerevisine'® .

It has been shown that the plasma membrane ATPase activity of
Saccharomyces cerevisiae is activated in vivo by ethanol at concentra-
tions that affect growth and fermentation rates, which counteracts the
deleterious effects of ethanol' ™’ . However, little is known about a cor-
relation between this enzyme and other components ( such as faity
acids) of plasma membrane in the development of ethanol tolerance of
yeast. Thus, the aim of the present work is to investigate the impact
of alterations in phospholipid fatty acid composition of plasma mem-

brane on plasma membrane ATPase activity of yeast cells, and its re-

This work was supporied by Grant from the State “863” High Technology Research and Development Project of China (Neo. 2002 AAG47060) .
* Corresponding author. Tel: 86-535-2693508; Fax: 86-595-7375826; E-mail: chkhu0600@ sina.com
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lationship to ethanol tolerance. The data obtained demonstrate for the
first time that phospholipid fatty acid composition of plasma membrane
can significantly influence sensitivity of yeast plasma membrane
ATPase to in vive activation by ethanol and thus ethanol tolerance.
The results reported here may also help to understand the interaction
between lipids and proteins in plasma membranes in the development
of yeast ethanol tolerance, which is highly needed to explore.

1 Materials and Methods

1.1 Strain, media and culture conditions

The strain SPSC used in this work was a self-flocculating fusant
of Schizosaccharomyces pombe and Saccharomyces cerevisiae , which
was construcled using protoplast fusion techrology and preserved by
our laboratory[s‘gl .

Agar slope medium for culture maintenance contzined {g/L):
glucose 10, yeast extract 3.85, peptone 3, agar 20. Growth medium
for yeast aggregates formation was compased of (g/L): glucese 30,
yeast extract 3.85, peptone 3. To form yeast aggregates, a Joopful of
cells from agar slope were used 1o inoculate 100 ml. volumes of growth
wedia and the cultures were incubated orhitally at 30°C for 18 b.

The above growth medium was used as a basal medium, to which
0.6 mmal/L of palmitic, linaleic or linolenic acid, and an emulsifier,
0.1% bovine serum albumin defatted by Chen’ s methed™ , were
added. Then the 18-h prepared cell aggregates were inoculated into
the medium to a final cell density of 50 mg {dry wi)/L and the culti-
vation was caried out statically at 30°C for 20 h. Cells were then
harvested and inoculsted into the growth medium supplemented with
increasing concentrations of ethanol (0% ~ 10% , V/V) to give a
cell density of 100 mg (dry wi)/L and the cultures were incubated or-
bitally at 30°C. for 18 b.

1.2 Preparation of plasma membrane

Exponential phese cells were harvested . washed twice with dis-
tilled water and then twice with 1.2 mol/L serbitol solution. Cells
were converted to sphetoplasts essentially as described by Dickinson &
lsenberg["] - Spheroplasts were then harvested by low-speed centrifu-
gation (700 ~ 800 g} and washed twice with 1.2 mol/L sorbital. The
total membrane fraction was obtained as a pellet after osmotic lysis of
the spheroplasts in 0.9% NaCl and centrifugation at 29 000 g for 20
min at 4°C . Then, the plasma membrane fraction was forther isolated
according to the method of Schibeci et al (2] Protein concentrations
in the plasma membrane fraction were determined by the method of
Bradford using bovine serum albumin as a standard! " |
1.3 Fatty acid analysis

Plasma membranes were put into a chloroform/methanol solution
(2:1. V/V) and stimed for 2.5 h. The extracts were washed with a
0.88% ( W/V) KCl solution and allowed to separate overnight. The
lower phase was removed, dried on 8 rotary evaporator and the residue
immediately dissolved in &2 minimum of chloroform. Phespholipids
were separated from other lipid classes by thin layer chromatography

according to the method of Cartwright et al'™*) . To determine the fatty
acid composition of phospholipid classes, bands were scraped off to
prepare fatty acid methy! esters by heating {88°C, 60 min) the silica
gel with 14% ( W/ V) BF;/methanol solution. The fatty acid methyl
esters were analyzed by gas chromatography ( Agilent 6890A GC,
USA, eqmipped with flame ionization detector, injector temperature
270°C, detector temperature 250°C) .
1.4 Plasma membrane ATPase assay

The ATPase activity of plasma membrane fraction (30 ~ 60 g of
protein per 500 pL of the assay mixture)} was determined in a assay
mexdium containing 50 mmol/L MES (pH 5.8, adjusted with Tris)
10 mmol/L MgS0, - 7H, 0, 50 mmol/L KCl, 5 mmol/L sodium azide,
0.2 mmol/L ammonium melybdate and 100 mmol/L KNO, . After 6
min of incubation of the assay mixture at 30°C for the thermostabili-
zation, the enzyme reaction was started by the addition of ATP (final
concentration, 2 mmol/L) , with a reaction time ranging from 6 to 9
min. Then, the reaction was stopped by mixing the contents with 1.5
mL of a solution containing 2% { ¥/V) H,S0,, 0.5% ( W/V} SDS
and 0.5% ( W/V) ammonium molybdate. The membranes were then
separated by centrifugation, and 20 pL of 10% ( W/ ¥} ascorbic acid
was added to the supematant and the mixture was incubated for 5 min
at 30T . The absorbance of the solution was measured at 750 num and
the value related to Pi concentration by a standard curve. One unit
(1) of enzyme activity is defined as the amount of the membrane pro-
tein needed to release | nmol Pi per min under the conditions de-
senibed abave.
1.5 Characterization of basal and activated plasma membrane
ATPases

The kinetic properties of plasma membrane ATPase in the plasma
mcembrane fraction extracted from cells grown with or without ethanol
were compared with respect to K, for ATP, pH profile and sensitivity
to orthovanadate (a specific inhibitor of plasma membrane ATPase) .
The K_ for ATP was calculated by a least-squares fitting to the Lin-
eweaver-Burk plot of ATPase aclivily versus ATP concentration. The
pH profile was drawn in the range of 4.3 to 8.3. To examine the inh-
ibition of plasma membrane ATPase by orthovanadate, the plasma
membrane fraction was preincubated for 10 min in an assay medium
containing inereasing concentrations of Na; ¥O, © 14H,0 (0 ~ 300
pmol/L) at pH 5.8 and 30°C, and the enzyme reactions were started
as described above.
1.6 Effect of ethanol on it vitro activity of plasme membraoe
ATPase

To evaluate the impact of ethanol on the in titro activity of this
enzyme, the plasma membrane fraction exiracted from cells grown
with or without ethancl was incubated in the ATPase assay mixture, at
30°C and pH 5.8, in the presence of increasing concentrations of eth-
anol (up t0 12%, V/V), for 50 min before initiating the enzyme re-
action by the addition of ATP.
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[.7 Statistical methods

In this work, all cxperiments were performed ot least in dupli

cate and all determinations were done in triplicate with mean values

given .

Table 1 Fatly acid composition of phospholipids in plasma membranes of fusant SPSC grown with or without exogenously supplemented fatty acid”

Fatty acid composition/ %

Culture condition®

Unsaluration index { AMmol)®

14:0 14:1 16:0 16:1 18:0 18:1 18:2 18:3
1 1.4 3.2 48.6 20.8 8.6 17.3 0 0 0.41
2 3.5 2.6 28.3 17.4 11.5 16.6 20.4 ] 0.77
3 2.7 3.0 25.0 15.5 12.0 16.0 U] 25.7 1.12
4 3.2 1.6 33.6 26.8 12.0 22.6 0 0 0.5

* Fatty acids are denoted Ly the number of carbon atoms: the number of unsaturated linkages;

1, 2 and 3 represent cells grown with 0.6 mmol/L palmitic scid

(16:0), linoleic acid (18;2) or linolenic acid (18:3)respectively while 4 represents cells grown without any of these fatty acids { control) ; “Afmol = {1 x (%

monoene) + 2 x ( % diene) + 3 x ( % triene) 5/100
2 Results and Discussion

2.1 Effect of phospholipid falty 2¢id composition of plasma
membrane on cell growth activity tolerant io ethanol

As shown in Table 1, when grown with different supplemental
fatty acid, such as palmitic, linoleic or linolenic acid, cells were en-
riched with the kind of added fatty acid in the phospholipid fatty acid
curcposition of the plasma membranes. On the other hand, cells
grown in the absence of exogenously supplemented fatty acid { control)
had an intermediary contenl of palmitic acid in the plasma mem-
branes, which was higher than linoleic or linolenic acid-enriched cells
but was lower than palmitic acid-ennched cells. Moreover. there was
a significant difference in the degree of fatty acid unsaturatien among
them, which increased with decreasing palmitic acid content in their
plasma membranes.
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Fig. 1 Maximal specific growth rate of fusamt SPSC grown in the presence
of increasing eoncentrativns of ethanol
Svmbols <>, C and ] represent cells pregrown with 0.6 mmol/L palmitic
acid, linoleic acid or linolenic acid respectively, whereas 2> represents
cells pregrown without any of these fuity acids ( control)

Measurement of growth in the presence of ethanol is the fre-
quently employed method for determining ethanol tolerance- ¥ Fig.1
illustrates growth activity tolerant to ethanol of fusant SPSC cells pre-
grown under different conditions. Although alterations in phospholipid
fatty acid composilion of plasma membrane did not affect the specific
growth rale of cells grown in the absence of ethanol, they markedly

affected it when cells were grown with ethanol. At each initial con-

centration of ethanol(1% ~ 10% , V/V} added 10 growth medium,
the specific growth rate of palmilic acid-enriched cells alwavs rema-
ined higher than thal of linoleic or linolenic acid-enriched cells or the
control . This indicates thal an increase in the content of palmitic acid
in phospholipid fatty acid composition of plasma membrane results in

the enhanced ethanol tolerance of this strain.
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Fig. 2 ATPase activity of plasma membranes extracted from cells of fus-
ant SPSC grown with or without Increasing concentrations of cthanol
The definition of each symbol regarding cell pregrowth conditions is identi-

cal to that described in Fig. 1

2.2 Effect of phospholipid fatty acid composition of plasma
membrane on sensitivity of plasma membrane ATPase to in vive
ethanol activation

Fig. 2 shows the plasma membrane A'lPase activity of fusant
SPSC cells pregrown under differemt conditions, which were subsequently
grown in the absence or presence of increasing concentrations of etha-
nol. Alhough alterations in phospholipid fany acid composition of
plasma membranes had no influence on activities of plasma membrane
ATPases of cells grown in the ahsence of ethanol (basal enzvmes),
they significantly affected the susceptibilities of the enzymes to in vivo
activation by ethanol: the maximal values for the activated enzymes in
cells pregrown with 0.6 mmol/L palmitic acid, linoleic acid, linclenic

1.2 and 2.3-

fold higher than their respective basal levels (in cells grown withoul

acid or without fatty acid respectively were 3.6. 1.5,

ethanol) , with the concentrations of ethancl for the above maximal in
tive activation of enzvmes being 7% , 6%, 6% and 7% (VI re-

spectively. This is the first lime 1o report that phos;pholipid fany acid
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composition of plasma membrane can markedly alter the sensitivity of
yeast plasma membrane ATPase to ir vivo ethanol-induced activation.
Furthermore, the characteristics of phospholipid fatty acid composition
of plasma membrane resulting in the increased ethanol tolerance of this
etrain {Fig. 1), were also effective to enhance the percentage of acti-
vation of plasma membrane ATPase per unit of ethanol (Fig. 2).
These results support a close relationship between the ethanol toler-
ance of this strain and the sensitivity of the plasma membrane ATPase
to the in vivo aclivation by ethanol.
2.3 Comparison of characteristics of basal and activated plasma
membrane ATPases

The above experimental data show that ir #ive ethanol activation
of plasma membrane ATPase occurs in fusant SPSC cells, irrespective
o disparities in phospholipid fatty acid composition of plasma mem-
brane. In order to understand the mechanism underlying the in vivo
¢thanol activation of this enzyme, investigation was conducted to com-

ey
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pare some characteristics of the basal and the activated plasma mem-
brane ATPases, with the results shown in Fig. 3, 4 and Table 2. For
each kind of fusant SPSC cells with different fatty acid composition of
plasma membrane, although the V_,_ values differed significantly, the
K, values for ATP, the sensitivities io orthovanadate, and the pH
profiles of the basal and the activated enzymes were essentially identi-
cal. Moreover, the activated state of enzyme was conserved after the
extraction of the plasma membrane fraction despite the reduction or
elimination of the ethanol incorporated inte the plasma membrane.
These suggest that the basal and the activated enzymes might be the
same enzyme instead of a modified protein and the presumable stimu-
lation of ATPase biosynthesis caused by ethanol could not be ruled
out. In fact, enhancement of the ATP gene iranscription via the TUF
transeription factor binding to upstream activator sequences, has ever
been reponed[“] .
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COnthovanadate/( pmol/L)

0 100 200 300

Remaining ATPase activity/%
s
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Remaining ATPase activity/%
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Fig. 3 Effect of orthovanadate on ATPase activity of plasma membranes extracted from cells of fusant SPSC pregrown and grown under different conditions
Remaining ATPase activity (% } = ( E/Ey ) x 100% , where £ and Eg represent ATPase activity in the plasma membrane fractions which were incubated

with or without increasing concentrations of orthovanadate respectively . Symbols representing conditions for cell pregrowth ( with or without fatty acid} and growth

{with or without ethanol) : #{16:0, 7%).0(16:0, 0% }; @(18:2, 6% },0(18:2, 0%); w(18:3, 6%).0(18:3, 0% ); & (7%), o(0%)
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Fig. 4 Effect of pH on ATPase activity of plasma membranes extracted from cells of fusant SPSC pregrown and grown under different conditions
The denotation of each symbol regarding cell pregrowth and growth conditions is identical to that described in Fig. 3

Table 2 Kinetic parameters of plasma membrane ATPase of faosant SPSC pregrown and grown under different culture conditions
Cells pre, n with or without Cells grown with or
m: a:::?(ﬂ.ﬁ mmol/L) without eui‘ﬁlm. 172%) Ko/ (mutol/L) Viu/ (ool Pivin ™" - mg ")
16:0 Without 0.64 1200
16:0 7 0.60 3900
18:2 Without 0.66 1250
18:2 [} 0.63 1990
18:3 Without 0.67 1230
13:3 6 ) 0.63 1330
Without Without (.66 1310
Without 7 Q.61 2550

*16:0. 18:2 and 18:3 represemt palmitic. linoleic and linolenic acids respectively
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However, some authors emphasized that, in Seccharomyces, the
overexpression of plasma membrane ATPase was detrimental for the
cell and the regulatory mechanism should be based on modulating cat-

[17]

alytic activity and not the amount of the enzyme ' . Difference oh-

served for some characteristics of basal and activated ATPases induced
by acid pH were, in fact, in accordance with this notion!™! . Of
course, there might be disparities in the mechanism undetlying in vivo
activation of the enzyme by ethanol or by acid pH. Nevertheless, fur-
ther investigation is needed in order to understand the precise mecha-
nism involved in the in vive ethanol activation of plasma membrane
ATPase of fusant SPSC.

2.4 Invifro ethanol inhibition of plasma membrane ATPase

Remaining ATPase activity/%

0 2 4 6 8 10 12 14
Ethanoli(%,V7¥)

Fig. 5 Inhibition of plasma membrane ATPase by incubation with increas-

ing concentrations of ethanol, of plasma membrane fraction extracted from

cells of fusant SPSC grown with 7% (V/V) (O, &) or 6% (VWV}

(©.0) ethanol

The denotation of each symbol regarding cell pregrowth conditions is identi-

cal to that described in Fig. 1. Remaining ATP activity (%} = (E'/E," )}

x 100% ., where E' and E’; represent ATPase activity in the plasma

membrane fractions which were incubated with or without incressing con-

centrations of ethanol respectively

While activating the plasma membrane ATPase of fusant SPSC in

vive , ethanol inhibited the same enzyme in vitro (Fig. 5). This re-
sult is consistent with that previously reported by Rosa er al'’! . Both
the basal and the activated ATPases were inhibited by ethanol, and
the susceptibilities of the basal ATPases to in vitro ethanol inhibition
were virtually identical { data not shown) . However, a novel pheno-
menon was observed: the resistance of the activated ATPase to in viro
inhibition by ethanol varied with phospholipid fatty acid composition of
plasma membrane (Fig. 1 and 5}, i.e., the characteristics of fatty
acid composition of phospholipids in plasma membranes leading to the
increased ethanol tolerance of cells also effectively enhanced the ca-
pacity of the enzyme to resist the in sitro ethancl inhibition .
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