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i B AN HRESOHRREAEEET TR A HBRLESRALH
WMEE NS, L RWEREAEXERFAEERNES RN E N MR M2 3R
MERARES RHEEARAEE, EHHEARLIRY “HHBELRIRE IBET®
BEBMEL TR KT HEI LT O EBARBEERSE LD E KM EREAKER
ErHNREeEGHTRCRAHEEKTY A MEEBR RS -48h) H M4 K g
HRRES. AHMER 1I8—48h A 3 B H MR BEABEL TR AR, 7 36h 5 H 3
BEGE L TRABHEWRERMRAN 8~720 4, 3- BB T mEME & TFRATERE, A,
IBMHMEEI R AT HES RN REEE, "HHELEY R SRR R ERE -8
R ESBEEN AN R3S IS THRAY S BRI X — %
EHEHMBERE,

KSR M, P TR A B SRR PR 3B AR A, B 3-SR AR BN, 3B
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RESES:Q939.5 XMARIRES A ESHE 0001 - 6209 (2000} 02 - 0180 - 87

HEREEBRRANRESENEATIRR AR T HEARR _SHE, &8

MM R #E A Z IR EMP 12, R E A NAD"R#itE 3- M H dl IR S s (b F
EREDIBRREM EAEATRGERSXELTHNE - SBERN., -HBEHTHEE
SHMHMEBNERN TESRREMELER, LY HHARIRIPHE SRR
— SRR, B NAD B E BRI WK EMBE K EEER R R E2E
FRTH i o -G BR O (R] B A B O S EC B, A O L P A A K T 3-BERR H i R
W £ B 7 2K VR B S Tk RE H I A AR K T, 3 R e A S K G OKE O
FRANEEAGE, -3 W EARAS RE FAD REi 4 3-8 82 H i b = n 4
HREAARE BN, ENAAZRRERREMPER., FEEM LY, BIB®K
“HRAEERN 3-SR Y M NAD ' RE Y 3-8 R H WK SRE S T AR D, R L B
PR HER 3-BEmR H h I SRR 3- 2% AR H o B A8 (ctGPD) s M 3-BR B H IR 8 b B ik
TREANMA FAD " KB 3-BE AR H AR SRR TR P, WOH BRI B O R Rk 3B R
HMARE 8 (mGPD). MM RE K E xm, ERE B 8 ( Saccharomyces cerevisiae ) H
ctGPD 1 3-# M H MBS B (GPP) # E 4 H A W 4 [F L&, 4 54 Gpdlp. Gpd2p #
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Gpplp-Gpp2p, & Gpd2p 1 Gpplp HHRE ,Gpdip Ml Gpp2p HBERFE TR, 4 M P
4 ctGPD #1 GPP 35 # L Gpdlp.Gpplp & U4, =4 M & & B & ( Candida glycerol-
genesis ) — PREEHE LL 60% LA | % AL A AT %A 56 0 O H i R ML IR R F A 120 g/L
ol B H R T R A AR A SCE I R R IR & M F 8 meGPD, ctGPD 1
GPP BBiE K ERI 44T , MBBE T C. glycerolgenesis B H LB,

1 #EfayE
1.1 W#

P 4B 42 BE 5B  Candida glycerolgenesis), IR B RBEH B R O RHDL
1.2 EFxRE
1.2.1 RERFE.BEGEL6.7g, HHHE 20g, BEZ 1L,
1.2.2 BEEHFE. EEAERL DN 0.5mol/L K 1.0mol/L # KCl L H B8,
1.2.3 FfhFiEF . AW 100g, TRE 10mL, R¥E 2¢, €F 2 1L,
1.2.4 SEEFRE HEH 2508, RE 2g, EXR¥ SmL, EEZE 1L,
1.3 EELE

E250mL SABEPE A OmL BB FHE, EAMNFEFE T 31C,110 W /min #
¥, 8% 72 96h R%,
1.4 MBS

FEMFARETHE L RERHE T RE 30mL #&AEHFREN 250ml =FHR+b, T
31T, 110 ¥ /min TIEIEFE 18h, W 1.5mL FFFEFBREA KA 30mL BWERBEE S
B9 250mL = AR, B IE A B, ER IR, R B 5000r/min B 4> Smin, $5 & kA
FERATREERE.
1.5 BFHARANERABIOHE

BEY0.25~0.5¢ MAKE T 0.5mL 5 R 2L o ¥ (10mmol /L = Z. MR, 1thmol /L
DTT,1mmol/L EDTA,0.2mmol/L PMS,pH7.5)# , A ig A& X 0.5mm WEEHK T
~70C WBEBHKE NHERBKFE T 4CT% Smin, WHES KR, B 0.5mL SEEWH
W PR B R, MR R W, S ). ¥R T 18,000 x g FTH AL 15min, EFMBA G-25
BB, EARSEBAEDNEREENE, UFNHEHERNESBITES, H§
BHWBEES lmg/mL BEESE o BT EE RN,
1.6 WEIBBREEMEREEUREZEY

Mo 3-8 R H o B A0 B 0% kA0 R MM 7E K2 28 v 3 (20mmol /L BK ME-HCL, pH7.0,
Immol/L DTT, Immol/Ll. MgCl, 0.67mmol/L. DHAP ( Sigma ), 0.09mmol/L. NADH
(BIB) ) %347 , LB LA A DHAP % 0 B 2 ¥ B 2min, MEERMNERE N 30C. X
NADH €M A, M b E S F KA R 0.05~0.5mg/mL ME KN, 7 340nm 48
S 30s 1 90s B 9% 6B, NADH 8% % & ¥ 8 6.2 < 10° /mol-emo — {7 B % = XN
—r%h ¥ #E 1umol NADH iR BB E .
1.7 3B nEREENES D

R B 5 09 3k B 29 1me/mL B9 B SOuL, B0 A 0.2mol/L DL-o 8 88 H i (Sigma)
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10puL, 1mol /LpH7.0 Bk#% 10pL,0.25mol /L $ALEE 10ul, BN A 201 @K, #8 R K
A0 ImL, E3CHERKBFREBAFENEAEMA 2L S WA IR IR
R, ERE VB0 (10000 r/min) 10min, IR FEBRW H EHNRSE, &£ 30C,pH7.0 9%
BT, A 3R E MR lumol I ITFHEE N 1 MM (U).
1.8 £tk 3-BEReH A% E RIS BRI E

¥ Sprague 1 Cronan A 5 00 7 ok A e 00 £k ok {k 3-B% R H ol B = B ( mtGPD) B8
EWE RN R H MK :0.5mol/L Tris, pH7.6,0.05mol /L. DL-o-8% B¢ H # ( Sigma),
Img/mL MTT,1mg/mL PMS, B{ERREE X 30C. & 550nm &8 F MTT if 5=
WA IX1I0M lem ' EERE R ABEHAROEMAER, - TRUMBTELN -4
i I 1lpmol MTT,
1.9 EitZHAEE

HMzE NGy AT aRE#T. AFRBENEHE RN RyEH R
MR s 1T .

2.t HEzElR
W 8 R OB A KRR
FED, R AF M, E R
B, ARMA 1 Fr, &8
MER2ESHMRELRE AR
AAN=21THR,MEERRE
(0—48h). 218 T R (48 ~
27 32 W0 48 56 6 72 B0 88 9% 104112130 72h) HFEM(72h~) , ERESS
o R B8
H1 Huh4dREEHEESEBERBXR 2.2 BEIEDEE IRRY
Fig.1 Time course of glycerol produced by C. giycerolgenesis T R 3 R G
hEIZhE s
250mL RIS ML OmML ZBHEAE, U 0% BHEBRAH T . ERAR. EHK
B LERNEEME F B E ooGPD 1 GPP WS HERLE 1. AR1TTLUE
BLOEENHMWABLEP, C. glywerigenesis ‘B B H B EH KK oGPD W i% 4 36h A
60h S BB U B TG %18 ; C. glwerolgenesis £ 18— 4A8h M LI B B R EM R Hh, i 48
~72h B H A BEBEH BRI, HMWARME 72h 25, tGPD # A AT B B, A 4k
HMWmRESEEFHA., WAEHMARMN 18-48h A, GPP MEEL TR KT, FE
36hFt MBI EME . 5 otGPD RAM 2 ,GPP RE R LB K REBMHE, AR - FKik
YIES C. glycerolgenesis B HEE R R MR S B, ZEHMEBENTH
BrBeay 48h A, 8 TR+ &) GPP 5t & F «GPD, £ B H B R MBR —_BER
A ctGPD WA T Z RN 3- BB H M, BEWE GPP W4 40T 3k 4E W H
W,HEE GPD S — K BIE AN MM b E R ERRA(ELD) ., EX—HER,BE

5T
=

5

¢ Glucose) A(g/L)
2
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N & 2
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#,ctGPD BiR C. giycerol-
genests H a4 e R E N,
ctGPD X — B B Y% N1 K
Y E C. glwerolgenesis W]
Hma R mRRAKF, mit
TEBHMHRHrBH 48
~7T2h {&) , GPP & 4 F KK
F&ik, B8 otGPD B & B
AEAEFRA RS EN
HfE.H GPP B E B LK ¥
HHB®E T tGPD I BE T
K, 3-BEMH W AH AL
A AV P A T #AR
X, —%Ho-HREM R
# ARG B A R A A 3-8

MHEmER, eX—HB, UMK AERERCCHBREMRK(E D, Bk, #X B &,

1

HhaRtEPHhSRXRBRF NN E Bk ENER

Table 1  Specific activities of key enzymes and specific rate

of glycerol formation in C. glycerolgenesis

Specific activity of

Time/h

ctGPD/(tmU/mg Pr) GPP/{mU/mg Pr)

Specific activity of

Specific rate of

glycerol formation

/g/L/h/OD biomass}

12
18
24
30
36
42
48
34
60
66
72
78
84

29.1
41.8
43.2
58.8
68.0
64.7
60.5
80.6
94.7
76.1
48.0
49.8
42.5

180.9
200.1
241.5
280.3
310.8
258.6
163.5
69.8
36.6
56.3
48.6
47.5
45.4

0.089
0.199
0.428
0.446
0.273
0.253
0.035
0.038
0.021
0.020
-1.161
-1.159

GPP M AR 9 H & B A9 PR 2 A8 o

2.3 WHRBXEE HMEHREEHN - RRERERREAOEN
#2 WEEETIEY BB MK W - R R
Table 2 Sepcific activities of ¢tGPD and GPP under osmotic stress

WEEFHEFE LRI
A 1ISh WARALT
- 0.3g) B AR R R R BE B9

Treatment by high

Specific activity of ctGPD  Specific activity of GPP

R I T I T osmolarity it fme T Aob/me P
E,30CHE 1.3h 5,45 0 201.5 110.4 181.1 150.0
m‘ﬁ‘l&ﬁﬁﬁi,&tﬁﬁﬁ 0.5mol/L KCl 247.2 220.8 160.0 226.7
1.0met/L KCl 250.5 250.8 157 .4 187.1
M & tGPD il GPP K& &, 0.5mol/L Mannitol 224.0 168.9 175.7 143.9
%%mﬁ ) 1.0maol/L Mannitol 249.7 160.8 168.4 148.2
M2 LR, AREEEEMBA
T, C. ghyverolgenesis 1y GPD %1 GPP 38 ¥ 10 —o- g 1
APRESE, EUKAEYSEERR 3 sl —e— meGPD {80
BVER F,aGPD I GPP B R B K, B nig: lo
GPP % P 59 B3k 8 oGFD ;U H I E .
BERNBEEBRMEERET ,«GPD G K .E gof} lan
T BERETI GPP HHBENRE. E o 1,
24 BETESEAIBEEHEN E 20 |
ﬁiggwmﬁwﬁmm § ST e e
0 t
R R AT R A A B2 AR ERR SR b R

BE ] miGPD B G K F S5 R IE 2 Fiw,

Fig.2 Sperific activity of mtGPD during glycerol fortnation
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W LIE W, C. glycerolgenesis £ HMEBN E MR THILP L nuGPD E , EXBEE
WHERT 40e/LUATHFHBERET. E iGPDH S, EBRANHHSETHTE,
SIREAMBNERKEZRAMN, HHMEE S — 5B, iikit s mGPD BECRE, |
B - MATRENEEEEMEmMIEL SR B EP RS T,
2.5 HAZ-BiMHmx &k - SRt iRENXEREINESEA

K3 24h B C. glycerolgenesis B 0>
WRE AXHEEHE KRR, BEAL
100g/L Hh h M — BRI X AR
FIH 20g/L B8 #1 100g/L H # A&
ABEFEF, F 30C,250r/min F #1T
BSR4 8T 4h,8h,12h,240 BUEE
S mtGPD BBEAKFE, SR WA 3 R
Incubation time/h o BIUEH, HMM mGPD £EH &

IR L peon———— e I S R
i o of i AR R 4 6, (U H N

Fig.3 Induction of different substences to mtGPD

Specific activity of
etGPD/ (ml/mg. Pr)
[-RE L =T S L L =]

[J100g/L glycerol a sole carbon source - ﬁﬁ M & f‘t 24h E » mtGPD E& ?% j- E
# 100g 7L glucose and 20g/L glycerol as carbon sources g E %E s % 3~ ﬁj ﬁ ﬁ ﬁ E B‘J , 2 6h
20g-/L glycerol-3-phosphate as a sole carbon source MiESE ., miGPD iS5 B35 B,

I-BMEHMM mtGPD MR AR A BN ASEN, S3-BBE T MEBT 405, 250 H
mtGPD &K EHERA(E 3),

3 it

ERREREEHHBEMNED, TER S. cerevisiae IHRH R, ABWH
REB G TFTRERBOEFHBESARSENTHENSRARA TR -1 F
. HEEREXEE aGPD MIE DK ¥ B ER S, IR 3 -6 %, 8 Z 30 51U
L0781 R — 98 R B A S B9 ctGPD A RE TSR ERME AR, ZER
RRHBENE oGPD REA B, A A EBHMMS KT BB HEFM, Faxs
HERARE AV BENARERZEEHETSHERIRLILESH GPD LA R TLH
Hillo REMMIRERR , ARMBEEBEREN S. cerevisiae 1535 K i £ &8 #n
EFRMAEER, B, S. cerevisiae B EEBERBHBL A B ELE 3B B ERT
BREE. A —BGARNIAREHRE LN ERI RN FHSEENNIRS S48
PR A9 8 5 0 48 ], 53— 9 TS D 4 R R T B PR W BT B mh R % & 2 (High Osmolarity
Glycerol Response Pathway, f8l Bk HOG #&42)12~ 2 HOG 2 h EEMMEH O 3 g
K% GPD1™ STT1™f GPP2'), B +h GPD1 M1 GPP2 ER N HMERBE FHHS
B 7 . HTEX i £k BE R Debarvomyces hansenii WIBRSE R M %, D, hansenii 7538
AT HEK - BME MR EHEEY 144 27.0mU, 24§ T0g/L ML EHRE
PREFE AR REASEEREER 256 5.6mU, MEU#RE 0.7 2,7
X 0 — B Zygosaccharomyces rouxii MFR B E ZH, 2 Imol/L MILHIBES
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5,3 ctGPD BE {042 0.5 B, AR F, C. glycerolgenesis FifE R A M tGPD &
ABERCET EHRANANEBREN S. cerevisiae MIMBBEN Z. rouxii FHES .,
MBI WA N C. glycerolgenesis B «tGPD IR W 5 D. hansenii M Z. rouxii
bl B, FE% AR, C. glycerolgenesis K I B R 5 1 «tGPD % 15 2 B 3 B 1 GPP
BELET aGPDX—BIEREBFHMRENE. B4, 5AWRBIERS. cerevisiae &
RE R, C. glycerolgenesis{ 0¥ D. hansenii, 7. rouxii) 7E B B AT K «GPD MiE
BEFU S. cerevisive 1B, BFHMRZEBRSARBEENR IR RN R M
SHAEHBEESR,
FEMmEPHEANHTMAGEAK, AEXZ BT KB HAFMWIA D @K
oA RAEERRAR MMM ERTHHBRBLRIMRHEMN, BEIBRH
HREEEARELTREERBER _BFRS SEEAN. SHEBETHARRS,3-%
BHMBREMEEEED P THRBEE FEEEYPRATEMEARE, XTAHE
HEHEM SRR, SRR AN S 2 H MRS, AEEHEY
mE A AL R R 3B B H T AR RR N, R kR A LAY 2Rk A 3-
BEHMREEBARETEARR 2R, BHE A (LARELREN GIP F
W), fi FLBARIE LA 3-8 M H Wi S8 0 FAD fRRmi bk,
EEBSEEPHAEE AR MO — KTk, XX ETHRRL THREEARE
TR K DNA & 4 %755 R A2 FLE R (R I b 9 3-80 B H i B B A6 VA 7 KR
BREE HAEAFMAH MO EEEEB MK . C. glycerclgenesis 7 K M5 B B ok BE %
F20~30g/L o, FHABEHM. X C. glycerolgenesis B mtGPD #1758 R EH,
mGPD S H MK FA S, HEX - ESEREUHMI - REHERFA+ 2R, R
C. glycerolgenesis MH MBI FELE IR E, X —HRWHASR C. glycerolgenesis B H ¥
MENMBESE _HHRMSERAZENASRERRE, HiB REHER HHRE
FESgEENBEEMRYTREEREMEERB ™ ATP TAHH MK BRRAERMY
DEGERETRE, AN KEETHEENSABAE YL AI AN KK I BRERHMRE
MEE-EEBER,FEEHHHAE T EN 3- BRI miGPD #ERE T4
BANESER. XTNEINERERHEAH#—HBIUEE, C. glycerolgenesis B miGPD
MEXTES IHM UMK ES, X5 & Bacillus subtitis WEBKWERFFE, # B.
subtilis M E I BIMH BB EM T RABESEAD, EXL AHBERNADE
8, C. glycerolgenesis B B 3-BE B H it F GPP B8 7 /K ¥ BT b 48 X i R & (R
DA FHASERM B EATSE miGPD R BEL FREM K. SHE
EARAE Y MM RERNEBE, mGPD F 3 MR MM ERNME RS AR EE
B -RMEMEEEREREFFAIHMN BN, AL, FREREZEREH C.
glycerolgenesis UM 3-BMH MM I E - T ETUEM BB SR BFATRE 4
AEHEMN=R, MERAX S 3HRHEEEEHARERERETYNE R
EXEEMN., YR, ATERSEEIBREHBEEBAPDEEN MMM ETEERR
TR LGSR LCEEHER C. glyerolgenesis TEH i X B 5 BFR4AH WM 1EH.
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THE KEY ENZYMES OF METABOLISMS OF GLYCEROL IN
CANDIDA GLYCEROLGENESIS ’

Wang Zhengxiang Zhuge Jian Cao Yu Chen Jun Fang Huiying
{ Research Center of Microorganisms, School of Biotechnology, Wuxi University of Light Industry, Wuri 214036)

Abstract: The specific enzymes for glycerol formation and dissimilation in Candida givc-

erolgenesis were studied. C. glycerolgenesis hardly assimilated glycerol without glucose and a
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little amount of glucose remarkably stimulated this dissimilation pathway and the activity and
expression of mitochondrial glycerol-3-phosphate dehydrogenase was induced strongly by
glycerol-3-phosphate and repressed by glucose metabolism. During glycerol production fer-
mented by C. glycerolgenesis, the activity of cytoplasmic glycercl 3-phosphate dehydroge-
nase maintained at a higher level and existed two peaks of activity, which appeared at 36h
and 60h, respectively. The activity level of the first activity peak determines glycerol pro-
ductivity and becomes a key enzyme of glycerol formation. The activity of glycerol 3-phos-
phatase maintained at a higher level just between 18h and 48h and appeared on pack activity
at 36h. In that period, the activity of glycerol 3-phosphatase was up to more than two times
of cytoplasmic glycerol 3-phosphate dehydrogenase and that was inosculated with the phase of
rapid accumulation of glycerol during glycerol production by C. glycerolgenesis. In the phase
of slowly accumulation of glycerol between 48h and 72h, the activity of glycerol 3-phos-
phatase decreased below that of cytoplasmic glycerol 3-phosphate dehydrogenase. So, cyto-
plasmic glycerol 3-phosphate dehydrogenase is a key enzyme of glycerol formation in the
phase of rapid accumulation of glycerol and glycerol 3-phosphatase becomes a more effective
factor after glycerol fermentation reached into slowly accumulation phase. In a conclusion, it
is a fundamental for C. glycerolgenesis over-producing high level of glycerol that its cytoplas-
mic glycerol 3-phosphate dehydrogenase maintains at high activity and the activity of glycerol
3-phosphatase is much higher than that of cytoplasmic glycerol 3-phosphate dehydrogenase.
Key words: Glycerol; Candida giycerolgenesis ; Mitochondrial glycerol-3-phosphate dehy-
drogenase; cytoplasmic glycerol 3-phosphate dehydrogenase; glycerol 3-phosphatase
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