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Fig. 1 The schematic pathways of glycerol production and
NADH consumption in S. cerevisiae under the anaerobic
culture condition
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A A H LT AT TIRARIREST, HX
SERIFT A AR R TR YRR R B 1] £ L A 1) 23 1
R, IR oPD RN MFRIL S ¢PD1/6PD2
B D e L ARE B b, BT

7= H R 22 B BE (Candida glycerinogenes) & L
R H A W RE, S RS T A H i
W, FIEAESEOX) C. glycerinogenes 15 A L H
AR, A0 s v e e S R
FABIG, I HAEH i g A R 0], MR 3- BER
B S T A O G BE FR . B, AT
B v TR T C. glycerinogenes 3R ZH ¥ i
X 3- BERR T S AL K (CgoPD), e iR 7
IR A BB EAT B 5 BREE, VD DR
JERW] CaGPD J2 3533 75 3 EW,  (H 2 5k
T 8. cerevisiae 1] GPD1 1 GPD2 H:KAH L CgGPD
RN EREREE LD Wk, AU
S. cerevisiae X 15 3% s UK LW gpdl/gpd2 T
gpdl RAZKE A 15 1, B T ORI T
C. glycerinogenes 1] CgGPD & ERUFI SR Y T~ BR 1P I8 B
(1 GPD1 M GPD2 FEN, AEAN R AR BRHMA 261 R 11
AR VAL A T B BE D s, S5 SRR,
CgGPD WA Z BB R ERRIE, 5541
IUEERERZYZR TR TR e
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1.1 ##

L1 BRE. FORL ARG IRAAT. 7 i 22 1 B
(C. glycerinogenes)WL2002-5 FIK#T 14 (Escherichia
coli)IM109 4 FH AL 2 Rk BRTGE%BE YSH642
(W303-1A gpdlA:TRP1 gpd2A::URA3) M YSH392
(W303-1A gpdl A::TRPI) H % #t Goteborg K %
Hohmann #{ #2 1t W4 5 R WY B BF (S. cerevisiae)
W303-1A A F- 2 [ G5 1) 2 B FURE Y Eplac181
i 4 9F Stelllenbosch K %% Prior (% 1504 ; pGEM
T-Vector I T 5& DA (1) 3. 5 [ A 00 o, 1 A

Promega A 7). LB 5 FREEM T E. coli IM109 142
K, R 9% B 37C . YEPD ¥ % T
C. glycerinogenes WL2002-5 F1 S. cerevisiae [FE57%
TR s WS AH Y. 20 55 8 1 YNB 85 37 35 T
S. cerevisiae W303-1A ¥4k T 1% ik; LB, YNB
U YEPD 1537 55 1A 41 e Fn i 1 L 2% SCHR[9].

BIE R ALY 41 {E YEPD 5 33 1
RPN HAEKEL, ISR 30C
1.4 mol/L NaCl [f] YEPD, 7& 30°C %R 4k 4L 1% 7%,
PAAINN i ER5E FRBE I VR A B, 20 A ¥ N [
SCBORE S AT B 9 H-ih 7% =281 GPD i

RA K 95 . YNB K37 36 o 4h 78 22 ff (8] 2
(10 mg/L)A1H i 80(420 mg/L)!, 250 ml H. &% [
AT 50 ml, T 30°C PRARIRIMAR s
I, GEINTHURE. 22 Ah IR AR 80 ANRe KA, %
T K OEEF L 0.2 wm 5L IE Bt 98 BR 3 )5 %
. BT A S BRI BU B, R SR
FukEAE 7 5%

112 FESAFUR TR, S50 A &R R EIE
DIM A1 LA Tag DNA F 4 1L & CIAP. T4 DNA
TR AR AV TREOOGE)ARA R Frki/hE
PR S I GRS A AR R e AR )
H R EHARH R 22w Zymolyase 20" W H H A<
SEIKAGAKV /A #]; RNase 172 ff [ B %) [ Sigma
AT AL 1 AMRESCO 2wl Hi4 k H
et

1.2 A&

1.2.1 DNA #4E. C. glycerinogenes 1 S. cerevisiae
P RERE N2 DNA 480 S 2% SR8 1E, HR
WIS THRAE I 4% 2 2% SCBR[11]2361T. DNA
FEHIINE B2 T AR R AT B W) 58 k.

122 RILEARREE.

HOA W BE R Gk B K Yeplac-GPD1 Al
Yeplac-GPD2 IR E IS FE 5 Sl

& % K YEplac-GPD1 I #) 2 . ¥
GenBank A i ] GPDI %5 A [ 51 ¥ b — X 51 )
GPD1U Ml GPDIR(AHFFT T H 519134 41 T 3% 1),
AL BT 0 535043 50 51N Hind ITAT EcoR 1

Table 1 Oligonucleotide primers used in this study

Primer name Sequence in 5’ to 3’ orientation

Primers length

PCR product length ~ Restriction sites introduced

GPDIU CCCAAGCTTGAACATAGCTGAAAATACTTC
GPDIR CCGGAATTCGAGAAATGACATAATGCTAAT
GPD2U CGCGTCGACCGCCTGATCGTGACCTAGAC

GPD2R CGGGGTACCGCCCATGTGGAGAATTACTGC

30-mer Hind Il
3.21kb

30-mer EcoR 1

29-mer Sal 1
2.73 kb

30-mer Kpn 1
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PRI BT A, PABRIEEBE S. cerevisiae W303-1A 3
R4 R #5E AR PCR 934 GPD1 JE R J H bR 42
Fe). PCR N4t K. A LA Taq DNA &
filg, %% 95C Mk 4 min; SRJ5 94°C &1 50s, 56C
1Bk 2.5 min, 72°C 4EAH 3 min, HEAT 30 PMEH
i 72°C EAH 10 min. B[R 3.2 kb (1) PCR =4
Ja 43 M HindL A1 EcoR 1 WY, SR G54 FFE
PR BIBEAE 204K YEplac 181 BHATHERE. #4k, 3k
13 A M 44 YEplac-GPDL.

40 4K YEplac-GPD2 HIFEE . Wit — x5
¥) GPD2U #1 GPD2R, Jf-7r b N 5| ¥ 5 b 73
SGIN Sal T F1 Kpn T FRIEEAL A0, DLRR P 797 B
S. cerevisiae W303-1A F& [X 41 24 £ #ie PCR ¥~ 44
GPD2HE R S BRIP4, PCR NV 45 h «
FH Ex Tag DNA 45, 56 95C A 5 min; 48
Ji 94°CAEPE 508, 56C iRk 90's, 72°C 4LAH! 2 min,
HEAT 30 AMIEFS; )5 72°C ZEAP 10 min. BRI
2.7 kb ¥ PCR /W5 43 5l FH Sal 1 F1 Kpn 1 BEY)
alifl, AR5 5 IS [FIRE BRI AE FH ) BRIk 2 A
YEplac181 HHATEHE:. Fitk, A HEM R A4 R
YEplac-GPD2. 4] % £} % ik 4K YEplacCgGPD
CLE S 5 OR8] A i Tl B BFG A 4% 5 2% S
HR O FH s At g vk A T
1.2.3  dNMOR BRSO 15, FHBEER I IR 2%
ZIOCHR[12]FF IS A Bl 4 R REORE il 35D R
BRI, BRRSEZ A (1 AH [F2 I3 H (1) 35 57 56 i i
e PR VRV — W, T OE BT RE 2% b i
(100 mmol/L pH 7.5 (M B IE EhZZ P, % 1 mmol/L
DTT. 2 mmol/L MgClL,) ™. ¥k & 1) B AR 34 B 1k
WHE: BRIFARU 1 8~1: 10 [ ELF] il a2
MBETE, T T 4°C AR (MSE ZO)BEECTAE 1s,
(B 3 s)15 min. AL T 4°C AU 0L
#1110 000 r/min £5:0» 20 min MRS, LIHEWREADA
FH T T 00 5 () R R )

1.24 .

2% 3- B H e e SR (ctGPD) BTG I 5« 4%
Blomberg S5 [1) 753, FFME A2, SOV AE &
20 mmol/L BK M -HCI 2% /' # (pH 7.0)s 1 mmol/L
DTT. 1 mmol/L MgCl,. 0.09 mmol/L NADH FI
0.67 mmol/L DHAP Zj%. 7 30°C ¥ e N &, LA
I\ DHAP 24 0 Itf, ZetE7GHICh 2 min, 7F 340 nm
AW 5E 30 s F1 90 s I IR G BE . — A BT il T
N 75 30°C R R R N AR FR A —
¥ 1 wmol NADH FIT 5 (1 .

AP R W E: KA Bradford ¥,
DA BSA Wb .

P H e B 43 S 5 1Y 10 ml B R
OSCEEANL,  FHAH R 3G R e d i 2 ok, drp
— A TARTEINE. 5—mEFT 2ml L
BKH, Al /K 25 12 min, 12 000 r/min
O 15 min, BB T8 B H .

JELAR Tt s G R IR 12 000 r/min (5
B0 15 min J5, B RE WA T 00 M A H
. Hm S ® A HPLC W % (3% #+, Bio-Rad
Aminex HPX-87H; ik 60°C; JizhAH, 5 mmol/L
MR Yk 0.6 ml/min; K345, RI, Dionex), Pt
AFERSEL 0.2 wm 2 4E R FLIERL JE A3

I 2 A FE T AE ) A2 A SBA-40B NI .

AR RIE: B 10 ml K EE T 4 000 r/min
B0 15 min, AR 2B FOKIEG:. B0 2 Ik, T
T-80C T A HE, WS FH AT EDCW).

2 & R

2.1 CgGPD. GPDI #1 GPD2 ERHBERAFTI
BEMERFILER

TEXT L 3E BE IR CgGPD HEDK 3 41 43 A I R IR AF
TEAE PAAEE S (W I B e, 3L 22 AN AE N i AH
72 27 N B E . MR Kozak B & 21 1 5t
4 1 U /NI DNA T 41 2k 12 5 DAL IR T8 32
HE, [ Iy 2 Je S5 560 UE 12 0 2 1 LA 4 v TR TP P
BEG CH MR RE 0, SRR A, 7 BRI P B
GPD2 BN R HAT FIRE LS, RIFE GPD2 3 [A
HAELEAE I S ) B AE, (/5 N SigAH 22 48 4
SRR AL, WK 2 Prow. BN R R G i HE 2
F, BIFFUE M M0 5 A7 AE L 2 B 4 PSORT T
(http://psort.nibb.ac.jp/form2.html) A1 MIPS MitoProt [l
(http://ihg.gsf.de/ihg/mitoprot.htm]) " Fil| & T, £
A 432 ANEIEIRIY GPD2 H A N 34 17 ek
PR IR LT A SRR A T A7, RERE B DI HI 1k
PUNZR R ARTIHT S, R LA GPD2 &K 5 3l 1 il
G SR (0 HR 11 (GFP) 2 PR EAT 85 11 50 48 i s 7
W — PR, R PO 2 LR T Y A
TEKRARIM, EE LA 384 N LRI GPD2
AT, 85 RAR W B T A T IR
H RIS, SRYE T H AR 22 B BRI CgGPD
BE DRI T G T E 2 AN [R] PR/ 2 PO B A 23 BT 3R A5 T
TS B, Ik 2 k. B4 CeGPD 3E:IA
5 ¢pPp2 B D)GE R 17 HAT — & BIAH P ARAE A3 0T
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FL. GiAh, P ETR M, TR GPD2 FEDAI A
P2 7 5 S AL P AN 0B B TC A (stress response

element, STRE), {HAFFFRBIIZIER R LHFFA
TBIEEG RIS

Table 2 Comparison of amino acid sequences encoded by C¢gGPD; GPDI and GPD2,

respectively and prediction for subcellular localization

Genes ORF  Amino acid residues ~ STRE No.”  Cleaved site? PSORT score for cytoplasmic® MitoProt score for mitochondrial®
CgGPD" 1187 388 4 21 0.478 0.129
CgGPD? 1248 415 4 48 0.217 0.995
GPDI1 1176 391 4 23 0.435 0.233
GPD2Y 1155 384 2 0 0.652 0.005
GPD2? 1323 432 2 17 0.043 0.993

"The shorter ORF by sequence analysis; *The longer ORF by sequence analysis; “Stress response element numbers within 1.5 kb upstream

regulatory sequence in the indicated gene; ¥The prediction length of target sequence splitted with mitochondrial in the indicated gene by MitoProt

programme; “The prediciton reliability in cytplasmic for protein subcellular localization by PSORT programme; ®The probability score of protein as

mitochondrial presequence by MitoProt programme.

2.2 EYH K YEplac-CgGPD-. YEplac-GPDI #A
YEplac-GPD2 B4 B Fik & KM E

Y25 5 A T 3 A B 41 BE R IS Ak
YEplac-CgGPD~ YEplac-GPD1 ! YEplac-GPD2 Lk
LA LEAN S8 4 F T CeGPD~ GPDI1 F1 GPD2 %
DRI PG 1 B 40 B b A 45 ) D e

R4 GenBank A1 GPDI DN P 41 e it
19, HT985 3.2 kb (1) GPDI BEPRALHE il 1.9 kb
KIGRzErs, SR YIRS, 5 YEplac181 i
e, EUUTORIA 4 M YEplac-GPD1, JFURIBET) %52
3 0L 2. HE GenBank LA 1K) GPD2 R Y
eG4, TP 2.7 kb (1) 6Pp2 FEH, o
0B g AE B 1.1 kb KRR, 2038 B
BEVEF R, 5 YEplac181 ¥E8;, 3KAG A FkL iy 44
N YEplac-GPD2, EEZFRIKEARMIEGE )4 0 Hr i
3 . EA ki 444 YEplac-CgGPD™.

Fig. 2 Restriction analysis of YEplac-GPD1
I: YEplac-GPD1 EcoR 1 /HindIll; 2: PCR product of GPDI;
3: YEplac181/EcoR 1 /HindIll; M: N/Hind I DNA marker.

Fig. 3 Restriction analysis of YEplac-GPD2
1: YEplac181/Sal 1 /Kpn 1 ; 2: YEplac-GPD2 Sal I /Kpn1; 3: PCR
product of GPD2; M: MHind lll DNA marker.

2.3 TEFRIX CgGPD-. GPDI A GPD2 B R 33
TS EE B T E K ENT

W BRI 3 AN R (1) EE 2L IORL 20 Sl 5 N B
WA RE gpd1/gpd2 FE7LRE Y, 0 16 3R A3 19 B 4 4k
T K4l B4R %8 YEPD F1 45 1 mol/L NaCl
ff] YEPD ¥; =& ip AT R 9%, AL T IAEK
FEAE 3 Fos. EARINERMRFRIET, BiEE
USRS & A AN FIE R (WA 72 TR), AR
JERAE KR DU A KA &A% ER
(¥ 4a). 2R B 4b WTLLEH, fE% A 1 mol/L
NaCl 1] YEPD i F Sk rh, &b & &1k cgGPD
GPDI FEN A gpd1/gpd2 5L R FRAR KIS I K
(PR, B s Al B X208 e e & N e g, JF
HEM, &4 6PDI IR SRR AE K GE ) B —
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Fig. 4 Growth pattern of gpdl/gpd2 cells harboring CgGPD, GPDI and GPD?2 respectively in the osmotic condition
m—n: YEplac-CgGPD; e—e: YEplac-GPD1; A—A: YEplac-GPD2; ¥—¥. YEplac181. (a) YEPD. (b) YEPD + 1 mol/L NaCl.

2.4 CgGPD. GPDI 1 GPD2 B R K& 3 R #k
EEEEME T HimE AL BRI

S GPD2 R RIS A T =13 15 R V. 2%
1& 2 (high osmolarity glycerol, HOG) i #:8, {H
SEATRERY, A ERSPEBREN, W
BEAR B2k oPDI AT GPD2 IRAT AT —ANJE A I,
TRERIE Sy A — AN SE R A REAE — e FREE b T MR
RIEPRI Dy RE. LA BT T 40 S A CeGPD-
GPDI 1 GPD2 3R (WS ABRAEIBE IR 4140
JEL P H 9 A RN AR R R LR 3- i I vl ot S
MRILTEOL. B S R T 0 AR A 3 AN
gpd1/gpd2 FE7EREANMIAE VBB RS NP H &
AR I GPD BTG R IS B 7R3 1% Ty
HEHRBCT, gdl/gpd2(YEplac-CgGPD) Fl gpdl/gpd2
(YEplac-GPDI) ¥4k 1 Mo H il 75 (&l 5a)F1 GPD

(2)

— — ) N
(=) W S W

W

Intracellular glycerol (mg/g dry mass)

.

YEplac- YEplac- YEplac- YEplac181
CgGPD  GPDI  GPD2

B (& Sb) g puad b7, I H = s ia it
I3 ML, gpd1/gpd2 (YEplac-GPD2) ¥ g 4 H il F1
GPD BT 7K ARS8 e i 4 T — & e &,
AR A T P8 S8 I i P D e B A 1, 10 BT
P gpd1/gpd2 (YEplac181) & & 1EH 41 Nk 213
3% b 44 N L ORI GPD RS BB A W
Ak, I HIAE AR, gk, 712
% R BUR R AR gpdl/gpd2 s CgGPD F1 GPDI 3
PRI (6 1 52 BIVE03 I (R U5 3 4%, BRAS R AN T) Py
i) U RE MR A NPT AR IFA) -V O C (T SN 7 el
HERIL GPD2 FEPMLRERS IR 73 vR kb S ALK A 1 H
THAREI IR, (HEABETEA T AN GPDI BT
fE, X HERR gpdl/gpd2 (YEplac181) 1 H & il fE
DI AR BB R 155

(b)

— = NN W W
wn o W © W © W
S O o o o o o

GPD specific activities (mU/mg protein)

oL
YEplac- YEplac- YEplac- YEplac181
CgGPD GPDI  GPD2

Fig. 5 The accumulation of intracellullar glycerol content(a) and osmotic induction of indicated genes expression(b) in
S.cerevisiae gpd1/gpd2 mutant expressed of CgGPD, GPD1 and GPD2, respectively under high osmotic stress conditions
Vertucak bars represent the standard deviation of each data point (r=3). [J: 0 min; [@: 30 min; H: 90 min.
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25 RREEFEZMHT CgGPD. GPDI 1 GPD2 £
E A3 BT KRS
KEMFRY], 76 RESAT NI BE0 B Hh
A BOL RS NAD AR T2y S ZE IR R0 819, Jf
H B GPD2 FE NG tith 1v) 3- IR T i Bt Ui & 15
A RGEVE R . oPD2 FEDR IR 2k T B AR Ml
WA DA S5 i AR 52 BB A, 1T gpd 1/gpd2
BRI SRR K T8 A 2 BN, 40 3Rk
CgGPD W TEAE AL IRAE S A T B AT il 5 ik
R Z B EMNE? ik, %% T RIEH CeGPD-
GPDI A1 GPD2 3N gpd1/gpd2 5E7EREAN gpdl 5%
AIRAE RAESAT FIAE KNS UL, 4 w5 Bk,
TERASE TR B, RIEH Cg6PD S gpdl/
pd2 R EWAK, HAEKERYS gd/

Aecrobic
04+

8 16 24 32 40 48
t/h

gpd2(YEplac GPD2) A TAHLLIE W 2815, 5 K4
AWM ZEE, H25 gdl/gpd2(YEplacGPD2)%¥%
FAHLG,  TE VR R AR 8 3 A2 41 i A= ) B
T A (K 6a). HZERATH, Rk GPDI
BN Re— @ 28 B A oPD2 FEIMThRE, it
HRIL CgePD BN RS ¢Pp2 KAL)
BB DRI B8 7 A PR TR IR BR gpd 1/gpd2
(YEplac18 ) A, HJ& A7 AL B8 20 IF 405
PR REAT Br IR I, 40 a0 AE 8 PR T A KB
(K 6a). HIIE 6b A4, gpdl ZEARKKAE RAEA T
RElg IEH A, A Kie 5 RIEH CgGPD-
GPD1 5% GPD2 K58 () % BE A 7 8 A W & 22 00,
KWW T 5 eopp2 BERAHEL, GPDI FEDA IRk 2k
X} PR R A A RS AT B R AR A I S PR

5 10 15 20 25 30
t/h

Fig. 6 Growth pattern of gpd1/gpd2(a) and gpdl(b) mutant harbouring
CgGPD, GPDI and GPD?2 respectively under anaerobic conditions
Arrow indicated the time point to transfer aerobic condition.m—m : YEplac-CgGPD; e— e: YEplac-GPD1; A—A: YEplac-GPD2; ¥—V¥. YEplac181.

AN [ e B AL 1 R 97 o R K P S
YRURE U0 52 R R H ol 75 BRI GPD g i% . |
K3 WA, fEREAKM NRIEH CgGPD 1 GPD2
FEDR 0 S AR AR H il 2 je AN 3- IR H i Jd Sl 0 )
KW = T RIE A GPDI 5L R R 5 A8 bk K] TR A

gpdl TR A T REW I AR, H
7= H B8 F1 GPD WG B T E AL bR, iR R
IR gpd 1/gpd2 18 PRARFG IR 36 I A K )32 31 58 4
. Ikl DU — P RE T 6PDI FERAZHIR
AR 40 M R S A S

Table 3 Comparison of glycerol production and GPD specific activity of the gpdl/gpd2 and gpdl

mutants employing CgGPD~ GPDI and GPD2 under anaerobic conditions

Total glycerol content /(g+L™)

GPD specific activities/(mU+*mg™)

Strains

gpdl/gpd?2 gpdl gpdl/gpd?2 gpdl
YEplac181 ND 1.12 £0.23 ND 26.8 £3.6
YEplac-CgGPD 2.31 +£0.17 249 +0.14 553 +55 64.7 +8.3
YEplac-GPD1 1.15 £0.32 1.77 £ 0.15 254 +43 382 £10.0
YEplac-GPD2 2.74 +0.81 3.26 £0.28 769 +7.4 753 +5.4

ND: not determined. Data are means of triplicate determinations (x + s in parentheses).
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B, RSN FIE gpdl/gpd2 S KK CgGPD
3 i it HE DR R A I8 25 4 e A0 M 2R KRR 0 AT H A R

R TP 7 B 40 AN AN B A B A A A N P AR
RIS 56 4% PDRAE A5 LB 7008 o 1) 22 A [ e
ANV U R AR B 1E 2B K B0, s H o
B TR RN AR AR A i R . AR
IFi) FRT 5 7 45 A1 BB A% L3 40 P P 4 SO A R e 1A
B, RIS A BT R B, I REAE i i
RSN B RASM FREFRIN 251 4 i i 41k
F o FRR YA T e, Horh W] e i e 2 —
FIL T AR A S IR 1 R AR (1 A 2o,

M GPDI FERIG R G, FERES AR RRR I w5 i
(B35 R UEE, E R IE R IR P AN BE IR
A, [ 0 M H TR A e ) B R B, T
GPD2 FE DA (1l 2R 0 4 B (1) T V232 s e ) NS 3% T
3 A R H I R AT W R . MR
b T IRAIAET I, ePD2 FEPA 2k S 84
JAE PRARASE i A5 B A i A K i 0 B
SR, T GPDIT HE DA )RR R 40 A DR AR S
TG AR A e, RSN, 6PD2
FER )5 IR A A0 A s H i, [ Bl i
S 111k i NADH P4 NADS, 4y 0 75 1
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Comparative Characterization of Genes Encoding Glycerol 3-phosphate
Dehydrogenase From Candida glycerinogenes and Saccharomyces cerevisiae®
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Abstract NAD'-dependent glycerol 3-phosphate dehydrogenase (GPD) are rate limiting for glycerol production
in Saccharomyces cerevisiae. Recently, the gene CgGPD encoding glycerol 3-phosphate dehydrogenase
homologous to GPD genes in other yeasts was cloned from Candida glycerinogenes WL2002-5, an excellent
industrial glycerol producer. However, the knowledge about CgGPD expression regulation, especially difference
with GPDI and GPD2 from S. cerevisiae is so less. A functional comparison of CgGPD from C. glycerinogenes with
GPDI and GPD2 from S. cerevisiae was undertaken, using S. cerevisiae gpdl/gpd2 and gpdl osmosensitive
mutants as expression systems. The functions of three indicated genes in S. cerevisiae was characterized for
osmoregulation under high osmotic stress and redox regulation under anaerobic condition with various
transformants. The results showed that gpd1/gpd2 mutants harbouring CgGPD and GPD] can restore osmotolerance
and increase glycerol production ability under hyperosmotic stress but mutant expressed GPD2 can not. When cells
were cultured under the anaerobic condition, the growth pattern of mutants harbouring CeGPD and GPD2 are
smilar, however the mutant harbouring GPD1 grows slowly and the growth of the controll supresses thoroughly.
Furthermore, gpdl/gpd2 mutant employing either CgGPD or GPD2 can increase glycerol production ability and
improve GPD specific enzyme activity in anaerobic incubation, but gpdI/gpd2 mutant expressed GPDI has no the
similar results under the same condition. This indicated that CgGPD may involve in both osmoregulation and redox
balance and can complement GPD/ and GPD?2 in gpd1/gpd2 mutant.

Key words Candida glycerinogenes, NAD"-dependent glycerol 3-phosphate dehydrogenase, glycerol production,
osmoregulation, redox balance
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