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C. glycerinogenes

3-
(&1 C. glyc-
erinogenes 3-
CgGPD M
C. glycerinogenes

S. cerevisiae gpdl/gpd2
CgGPD
L MHAT
11 ##
1.1.1 C. glyc-
erinogenes WL2002-5 Escherichia coli
IM109

YSH642(W303-1A gpd1A::TRP1 gpd2A::URA3)
YSH392 (W303-1A gpdl1A::TRP1)

YEplac181 Goteborg Hohmann
S. cerevisiae W303-1A
pYX212 Stelllenbosch Prior
pGEM T-Vector Promega pYX212
YEplac181 pGEM
T-Vector
1.1.2
Ex Taq LA Tag DNA CIAP T4 DNA
TaKaRa
Zymolyase 20" SEIKAGAKV RNase
Sigma AMRESCO
PCR  : Eppendorf
5332 PCR : BIO-RAD pulse con-
troller (Gene PulserTM) SBA-40B
HPLC
Aminex HPX-87H Bio-Rad MSE

SONICS MATERIALS

1.2 EEFEH

1.2.1 LB E. coli IM109
37 YEPD C. glycerinogenes
WL2002-5  S. cerevisiae
YNB S. cerevisiae W303-1A
LB YNB YEPD
[10]
1.2.2 YEPD
30
1.4 mol/L NaCl  YEPD 30
GPD
10/mL 107"
1072 107 10* 107 4 uL
NaCl YEPD
1.2.3
ODgop  0.7~0.9 1%
10% YEPD
30 150 r/min
1.3 DNA #1E
C. glycerinogenes S. cerevisiae
DNA [10]
[11]
14 FRizFEaiE
1.4.1 YEplac-CgGPD
CgYE-F  CgYE-R 1
57 HindllI  Kpn
LA
Tag DNA PCR CgGPD
3.2kb 32kb PCR
HindIll  Kpn
YEplac181
YEplac-CgGPD
14.2 pYX212-CgGPD
CgpYX-F CgpYX-R 5%
EcoRI Sal C. glyc-
erinogenes DNA Ex Tag DNA
CgGPD 1.17 kb
1.2kb PCR EcoRI  Sall
pYX212

pYX212- CgGPD
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Table 1  Oligonucleotide primers used in this chapter and its location
Primer name Sequence (5'-37T Primer location* Length/mer Restriction sites introduced
CgYE-F CCCAAGCTTATGCCGTCGAAAAACAGTATC -1957~ 1937 30 Hind
CgYE-R CGGGGTACCAAGTGGAAATGCAGCTAAAGG 1268~1288 30 Kpn
CgpYX-F CCGGAATTCAAAATGGTGTCCCCTGCTGAA -3~17 30 EcoR
CgpYX-R CGCGTCGAC ATGCCAAAGTTCTCCTTGAGG 1172~1192 30 Sal
CgpYt-F ATTCCTGAGGCAGTTCCCGTTTTCCATTTC —955~-935 30 Bsu36
CgpYt-R CGCGGATCCAAGTGGAAATGCAGCTAAAGG 1172~1192 30 BamH
* indicates the fisrt letter of ATG in the open reading frame for CQGPD as +1
1.4.3 pYXtpi-CgGPD 12 min 12000xg
CgpYt-F CgpYt-R 5% 15 min
Bsu36 BamH 12000xg 15 min
CgGPD Ex Tag DNA HPLC
PCR 2.1 kb Bio-Rad Aminex HPX-87H 60
Bsu36l  BamHI 5 mmol/L 0.6 mL/min
pYX212 RI Dionex 0.2 pym
0.6 kb  TPI
PCR 155 SBA-40B
pYXtpi-CgGPD 15.6 10 mL 1860xg
[10] 15 min
15 HWAZE 80 DCW
15.1
2 %
[6] Y
21 BEERAHAEE
100 mmol/L pH 7.5
I mmol/L DTT 2 mmol/L MgCl, CgGPD
3
1. 8~10 4 TPI
MSE Is 3s 15 min CgGPD
4 10000 r/min 20 min
150 pYXtpi-CgGPD
.5. 3- tGPD
. ¢ CgGPD
Blomberg [
pYX212 Bsu36l  BamHI
20 mmol/L -HCl buffer pH7.0 1 mmol/L DTT 06kb  TPI
1 mmol/L MgCl, 0.09 mmol/L NADH  0.67 mmol/L oLk ' CaGPD
DHAP 30 DHAP O ’ o g
> min 340 nm 30s 90 s S. cerevisiae W303-.1A
I umol/L YEplac181 HindIII  Kpn
NADH 3 3.2 kb
CgGPD S. cerevisiae
153 Bradford [12] YSH642  YSH392
BSA gpdl/gpd2  gpdl CgGPD
154 10 mL
2.2 CgGPD #RE xizize B BRI HIME KBt
2 mL pYX212 pYX-CgGPD pYXtpi-CgGPD
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S. cerevisiaeW303
wt (pYX212) wt (pYX-CgGPD)  wt
(pYXtpi-CgGPD) 3 11% [6. 131
YEPD YEplac-CgGPD YSH642
1 S. cerevisiae
1-A 3 W303-1A 107
wt (pYX-CgGPD) 0.6 mol/L NaCl
wt (pYXtpi-CgGPD) YEPD 25% YEPD YEPD
wt (pYX212) 3~4 d 2
24% 4.1% 5.9% W/V YEPD
CgGPD YEplac181  gpdl/gpd2
3 CyGPD
1-B
0.6 mol/L NaCl
1-C 3
wt (pYX-CgGPD) 10
2.5% wt (pY Xtpi-CgGPD)
CgGPD
2%
1.1% wt (pYX-CgGPD) 25 2 N
CgGPD gpdl/gpd2 (YEplac-CgGPD) S. cerevisiae
CyGPD W303-1A gpdl/gpd2 (YEplac181)
. -3
23 CoGPD EEESEESRRTH gpdlgpd2 ks 10
GPD1 GPD1/GPD2 107
—— w1 (pYXipi-CgGPD) —a— wi (pY X-CgGPD)—o— wi (pYX212)
12 10-
A B 25, C
Z 104 )
g ‘; 81 Z 20
< 8 z
2 2 61 SEE
S 6 - =)
= g % 1.0
Qo 4 E 41 B
< T 2 )
2 T 05
2 21
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
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Fig. 1 Time courses of transformants of glucose consumption (A), cell growth (B) and lycerol production (C) in YEPD with high
concentration glucose, respectively.
YEPD YEPD+0.6 mol/LL NaCl YEPD+25% Glucose
gpdl/gpd2 (YEplac-CgGPD) (

wt (S. cerevisiae W303A) ‘ . @

gpdl/gpd? (YEplacl81)

B 2 7 gpdl/gpd2 REHk P RIE CgGPD MMM 55 EE &L N HIF M
Fig.2 Effect of expression of CJGPD in wild type S. cerevisiae and isogenic osmosensitive mutant on osmotolerance in 0.6 mol/L
NaCl YEPD and 25% glucose plate. Serial dilutions (10™'-107%) of the exponentially growing cells of the strains were spotted (4 uL)
onto YEPD plates containing sodium chloride at the concentrations indicated and incubated at 30 for 3-4 days.
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2.4 CgGPD £REZ ZBEEMEBIFFRIX HOG
CgGPD gpd1/gpd2
0.7 mol/L NaCl
GPD 60 min 90 min
2 143 11.7 (mg/g dw) GPD
60 min 90 min 347.1 1843
0 min GPD
GPD 10 6 2
2 CgGPD

®2 SBEEMEEHGT CgGPD ERRFFMMAHMMRAR"
Table 2 The induction of CgGPD expression and accumulation of intracelullar glycerol content in S.
cerevisiae gpd1/gpd2 mutant under high osmotic stress condition

GPD specific activities (mU/mg protein) Intracellular glycerol content (mg/g dw)

Strains
0 min 30 min 90 min 0 min 30 min 90 min
YEplac181 3.9 6.4 5.5 1.4 4 4.2
YEplac-CgGPD 32 327.1 184.3 5.5 14.3 11.7

*Equal volume YEPD containing 1.4 mol/L NaCl was added to precultured samples in YEPD and then incubated. Samples were withdrawn at
indicated time points and specific GPD enzyme activity and intracellular glycerol was detected.

gpdl/gpd2 YEplac-CgGPD GPD1
3
wt (pYX212) 1 161
(. 13l S. cerevisiae
3.3% W303-1A CgGPD
1.7% CgGPD CgGPD
GPD1
—u—Glucose concertration, —e—cell growth, wt (pYX-CgGPD)
—n—glyeerol production
12 72 1-C CgGPD
1.6 &
= s
g _ =]
2% 12 & CgGPD gpd1/gpd2
=2 %
2= o
8 B 0.8 ES
3, C GPD1
v 0.4 161 6
[16]
0 0
Z. rouxii ZrGPD1
(17
B3 $LF gpdligpd2 (YEplac-CeGPD) BikEHEME  Z'CPD?
% B H T R S. cerevisiae gpdl/gpd?2
Fig. 3 Growth profile, glucose consume and glycerol produc- ZrGPD1 [18]

tion of S. cerevisiae gpdl/gpd2 mutant expressing CgGPD in N
10% glucose YEPD medium. D. hansenii

3 W "
GPD1 HOG DhGPD1
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Characterization of glycerol-3-phosphate dehydrogenase gene (CgGPD) from the
glycerol producing Candida glycerinogenes

Xianzhong Chen'”, Huiying Fang®, Zhiming Rao'?, Wei Shen'?, Bin Zhuge'”,
Zhengxiang Wang'%, Jian Zhuge L3*

('Key Lab of Industrial Biotechnology, Education Ministry, “Center of Bioresource and Bioenergy, School of Biotechnology,
*Research Center of Industrial Microbiology & Bio-process, Jiangnan University, Wuxi 214122, China)

Abstract: [Objective] Candida glycerinogenes, an excellent glycerol producer, has been used for commercial scale glyc-
erol production. Recently, we cloned and sequenced the gene encoding NAD'-dependent glycerol 3-phosphate dehydro-
genase (GPD) from C. glycerinogenes and this gene was named CgGPD, which plays an important role in glycerol pro-
duction. However, compared with GPD1 and GPD2 from S. cerevisiae, the function of CgGPD was unclear to date.
[Methods] In this study, a functional charaterization of CgGPD was undertaken, using S. cerevisiae and its isogenic
gpd1l/gpd2 mutant as expression host under high osmotic stress. [Results] Expression of CgGPD in wide type S. cerevisiae,
using either TPI promoter from S. cerevisiae or upstream regulatory sequence of CJGPD accelerated glucose consumption
rate and improved glycerol production signifcantly. In osmosensitive mutant, expresion of CgGPD including regulatory
sequence increased cells osmotic tolernace and growth profile of transformants restored similar to wide type strain under
the high osmotic stress condition. Furthermore, mutants harbouring CgGPD accumulated the intracellular glycerol content
markedly and GPD specific enzyme activity increased abruptly when exposed to high osmolarity medium. [Conclusion]
CgGPD from C. glycerinogenes compensate the GPD1 in S. cerevisiae functionally.

Keywords: Candida glycerinogenes; NAD -dependent glycerol 3-phosphate dehydrogenase; osmotic stress; glycerol production
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