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Construction and fermentation of a recombinant Candida
glycerinogenes strain with high glycerol production

Ailing Liu, Zhiming Rao, Zheng Ma, Bin Zhuge, Huiying Fang, and Jian Zhuge

The Key Laboratory of Industrial Biotechnology of Ministry of Education, Research Center of Industrial Microbiology, School of Biotechnology,
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Abstract: Candida glycerinogenes WL2002-5 (C.g) is an important industrial strain for glycerol production. To further improve
glycerol production, we reconstructed a binary vector pPCAM3300-zeocin-CgGPD1, introduced it to Agrobacterium tumefaciens
LBA4404 by electroporation, and then transformed the T-DNA harboring the CgGPD1 to Candida glycerinogenes by Agrobacterium
tumefaciens-mediated transformation (ATMT). After 96 h fermentation with glucose as the substrate, we screened a transformant
named C.g-G8 with high glycerol production. Compared with the wild strain, the glucose consumption rate of C.g-G8 and the
glycerol production were 12.97% and 18.06% higher, respectively. During the fermentation, the activity of glycerol-3-phosphate
dehydrogenase of C.g-G8 was 27.55% higher than that of the wild strain. The recombinant Candida glycerinogenes with high
glycerol production was successful constructed by ATMT method.
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(Candida glycerinogenes)WL 2002-5
(Agrobacterium tumefaciens)LBA4404

: 50 (=4l pCAMBIA3300-zeocin ,
s pMD18-T
Candida glycerinogenes WL2002-5 11.2
, Tag DNA ;
250 g/L 120 g/L
, 50%, (DHAP) Sigma
(Zeocin)
(mmol/L):
, 3. KH,PO, 10; K,HPO, 10; EDTA 2, pH 7.5
(ct GPD) 3- (GPP) 2 (mmol/L): KH,PO4 100; K,HPO, 100; DTT 1,
Gpdlp Gpd2p Gpplp Gpp2p, MgCl, 2; EDTA 2
Gpd2p  Gpplp ,Gpdlp  Gpp2p 1.1.3
, ct GPD GPP LB YPD
Gpdlp Gpp2p O Remize 1 LBA4404
YEB (g/L): 1, 5,
3- GPDH Gpdl 5, 5, MgS0O, - 7H,0 493(mg/L), pH 7.2, 30°C
MM (g/L): 6.7, 20,
CgGPD1 pH 5.3; IM (g/L): 6.7, 20,
(Accession No. EU186536), 1 0.54, MES 7.807, 200 pmol/L,
ATMT ., pHS5.3;SM (g/L): 6.7, 20,
4 5 200 pmol/mL, Zeocin 150 pg/mL, pH 6.0;
ATMT (1] (g/L): 15; 2;
) 100; (g/L): 10; 2;
) ) 250
, 1.14
, 100 pg/mL , 200 pg/mL
, 100 pg/mL , 100 pg/mL ,
-20°C
1 M4 iz 115
11 CgGPDI
1.1.1 , 1(
(Escherichia coli)JM109 )
#£ 1 MTEMA CgGPD1 #0 zeocin 3 1E /1314
Table 1 primers used for CgGPD1/zeocin genes amplification
Gene Primer sequence (5'-3") Product length (bp) Restriction site
Cggpd1F: CCCAAGCTTCAGTTCCCGTTTTCCATTTC Hind TIT
Cggpd/ Cggpd1R: CCCAAGCTTAAGTGGAAATGCAGCTAAAGG 2147 Hind T1I
Zeocin F: CGCGAATTCCCCACACACCATAGCTTC EcoR I
Zeocin ZeocinR: GGAGAGCTCAGCTTGCAAATTAAAGCC 1200 EcoR I
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1.2 RBARITFE LBA4L04 NIt iA pCAM3300- zeocin ,
zeocin-CgGPD1 M3 zeocin 1.2 kb
1.2.1 DNA 1.3.3
DNA YPD 24 h
;51 YPD
1.2.2 PCR CgGPD1 10 , SM , YPD
50 puL : 10xEx Taq Buffer 5 pL, , SM
2.5 mmol/L dNTP 4 pL, 1 pL, ,PCR
DNA2 uL, ExTaq 1 pL, ddH,O 36 pL
94°C 5 min, 94°C 90 s, 55°C 90 s, 72°C 120 s, 35 1.4 B FRES KBTS
, 72°C 10 min, 15°C 10 min 1.4.1
1.2.3 pMD18-T-CgGPD1 ,
PCR pMD18-T vector 30 mL 250 mL
30°C 200 r/min 18 h 5%
1.2.4 pCAM3300-zeocin-CgGPD1 50 mL 500 mL ,
pMD18-T-CgGPD1 pCAM3300- 30°C 200 r/min 96 h
zeocin, Hind III s CgGPD1 , 3,
Hind III pCAM3300-zeocin,
1 1.4.2
Hind Il T-Border (right) ’ > mL
, 8000 r/min 5 min,
CegGPDI _— )
Hind 111
EcoR 1 ] 143
pVSI rep YPD
; 2 h ; ODsoo
EcoR 1
CaMV35S promoter . pBR322 ori 1.4.4
ar
kanamycin(R) [16]
T-Border (left) 145
1 Fr#i pCAM3300-zeocin-CgGPD1 AI#93E [171, SBA
Fig. 1 Construction of plasmid pCAM3300-zeocin-CgGPD1.
13 IRERFENTSEAFHBRLES 1.4.6
1.3.1 10 mL ,
[15] 2, 80°C ,
1.3.2 (DCW)
SM 24d, 1.4.7
SM , 30°C, 24 h [11]
, 1.4.8 3-
3- (ct GPD)
DNA ,  zeocin Blomberg  !'* ,
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1 umol NADH (19
Bradford [,

2 #XR
2.1 CgGPD1 #[FH#) PCR ¥ &
DNA .
CgGPDI PCR ,
PCR 2.1kb
, CgGPD1 ,
2 2
bp
23130
6359
bp 4361
2322
2000 2027
1000
750
500

2 CgGPD1 #y PCR #1 R fi pMD18-T-CgGPD1,
pCAM3300-zeocin-CgGPD1 gy 1]

Fig. 2 PCR amplication of CgGPD1 and restriction enzyme
digestion analysis of pMDI18-T-CgGPD1 and recombinant
pCAM3300-zeocin-CgGPD1. 1: DL2000 marker; 2: CgGPD1
gene of PCR; 3: pMDI8-T-CgGPD1 digested by Hind III;
4: pCAM3300-zeocin digested by Hind III; 5: pPCAM3300-zeocin-
CgGPD1 digested by Hind III; 6: ADNA/Hind III marker.

2.2 FiEH K pCAM3300-zeocin-CgGPD1 R

CgGPD1 pCAM3300-zeocin Hind III

, Hind IIT

9.6 kb 2.1 kb 2 ,
pCAM3300-zeocin CgGPD1 ,
2 45 pCAM3300-

zeocin-CgGPD1
23 FEHmIRLE B L TRSR PCRIIE
SM
C. glycerinogenes-

CgGPD1(  C.g-G) PCR 3

1.2 kb zeocin
CgGPD1 T-DNA
ATMT CgGPD1
10 , SM
; 10
, PCR 3 ( ); 10
(
) 10
2.4 SrEHIMAMR L FRITEIE
50 (C.g-G) ,
72h 8 h 96 h
Cyg ,
5%
, 1 C.g-Go,
C.g-G8, C.g-G18 96 h
120 g/L , 10% ,C.g-G8
25 FHLFAKMERNE
C.o , C.g-G8 YPD
Cg,
C.g )
26 C.g-G8 AEESHMKFT
CgGPD1 C.g-G8
bp
2000
1000 1200 bp
500

3 [HME{LF PCRIGIE

Fig. 3 PCR identification of the transformants. 1: DL2000
marker; 2, 3, 5, 6: the amplication of gene zeocin from C.g-G;
lane4: the amplication of gene zeocin from C.g.

Journals.im.ac.cn



950 ISSN1000-3061 CN11-1998/Q Chin J Biotech June 25, 2009 Vol.25 No.6

2 HILFCgGHE250g/LMEEKHETHEARBRSH

Table 2 Fermentation results of C.g transformants at initial glucose concentration of 250 g/L

No. of strains

Concentration of glycerol (g/L)

Glycerol increase rate (%)

Residual sugar (g/L)

Conversion rate of sugar
(%)

C.g 115.52 (90 h) 0 18.08 49.81
C.g-G6 129.83 (84 h) 12.39 11.69 54.48
C.g-G8 136.38 (84 h) 18.06 5.06 55.68
C.g-G 12 120.67 (84 h) 4.46 34.17 55.91
C.g-G 13 123.67 (84 h) 7.06 30.84 56.43
C.g-G 16 126.29 (84 h) 10.77 12.26 53.12
C.g-G 17 125.38 (84 h) 8.54 31.87 57.48
C.g-G 18 129.61 (84 h) 12.20 22.13 56.88
B C
r — —n = — —m -3 — g —m -3
?g [ —Cg —C.g-G8 250 o—Cg —C.g-G8 160 o—Cg —C.g-G8

= ~ S 140

w16 = )

e & 200 = 120

3 5 150 g 100

2 z 2 80

g 3 5

% g 50 g 40

fa 5 20,

0 24 48 72 96 120 0 24 48 72 96 120 0 24 48 72 96 120

t(h)

t(h)

t(h)

4 C.g-G8 RE:HMIIESHMER EAYET L

Fig. 4 Time courses of C.g-G8 glycerol fermentation concentrations. (A) Growth curve of C.g-G8. (B) Curve of sugar consumption.

(C) Glycerol cumulative curve.

, Cg C.g-G8 250 —— Cg —=— Cg-Gg
.E
S 200}
4 ,C.g-G8 Cug o
=
17 g/L 24 h , 24 h EISO-
, C.g-G8 £
= 100 +
Cg . , 8
2
84 h 5 50|
136.38 g/L, 1.62 g/(L'h); C.g =
90 h 115.52 g/L, 0 ' '
12 24 36 48 60 72 84
1.28 g/(L-h) ¢ (h)
2.7 C.g-G8 XfiI#2 " GPDH BiFRIZT (L
5 AEIEPIELT Gpdlp BEEEATL
s C.9-G8 Fig. 5 The Gpdlp activity of C.g-G8 in fermentation process.
GPDH )
5 ,C.g Gpdlp 27.55%; 30 h 60 h 2
98 mU/mg, 30h  60h 2 ,60h 60 h 202 mU/mg
, 170 mU/mg C.g-G8 C.g-G8 C.g Gpdlp
Gpdlp 125 mU/mg,
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ATMT CgGPD1
C. glycerinogenes DNA
CgGPD1
( 4A), CgGPD1 C.
glycerinogenes
, 30%
ATMT C. glycerinogenes , -DNA
CgGPD1 ;
C.g-G8 136.38 g/L,
CgGPD1
, C.g-G8
) 6 h,
C.g-G8
, Gpdlp
3- (Gpp) ,
Gpdlp  Gpp
REFERENCES
[1] Nickson WIJ, Carrol WR. On the metabolism of

(2]

(3]

(4]

Zygosaccharomyces. Arch Biochem Biophys, 1945, 7(2):
257-271.

Spencer JF, Sallans HR. Production of polyhydric alcohols
by osmophilic yeasts. Can J Microbiol, 1956, 2(2): 72-79.
Spencer JF, Shu P. Polyhydric alcohol production by
osmophilic yeasts: Effect of oxygen tension and inorganic
phosphate concentration. Can J Microbiol, 1957, 3(4):
559-567.

Vijaikishore P, Karanth NG. Glycerol production by

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

immobilised cells of Pichia farinosa. Biotechnol Lett,
1986, 8(4): 257-260.

Wang ZX, Zhuge J, Fang HY. A new specie of yeast that
tolerant to  high  hypertonic  pressure-Candida
glycerinogenes. Acta Microbiol Sin, 1999, 39(1): 68-74.
AR, R, 7RO M s e o — MR
22 P B P — R 22 BEBE . BAR AR, 1999,
39(1): 68-74.

Liu YQ, Liu DH, Ma ZG, et al. Main factors affecting
preparation of glycerol in repeated batch fermentation. J
Chem Ind Eng (China), 2002, 53(11): 1139-1142.

Xk, e, K, &5 SOt R e % T
R R R, T %A, 2002, 53(11):
11391142.

Liu HJ, Liu DH, Zhong JJ. Novel fermentation strategy for
enhancing glycerol production by Candida krusei.
Biotechnol Prog, 2003, 19(5): 1615-1619.

Xie DM, Liu DH, Zhang Y, et al. Enhancement of
fermentative glycerol yeild with heat shock treatment.
Chin J Biotech, 2000, 16(3): 384-386.

WA, X, gks, & NG AL R RS
R, A ) TREZEHR, 2000, 16(3): 384-386.
Norbeck J, polman AK, Akhtar N, et al. Purification and
characterization of two isoenzymes of DL-glycerol-3-
Saccharomyces cerevisiae:
Identification of the corresponding GPP1 and GPP2 genes

phosphatase from
and evidence for osmotic regulation of GPP2 expression
by the osmosensing mitogen-activated protein kinase
signal transduction pathway. Biol Chem, 1996, 27(1):
13875-13881.

Ansell R, Granath K, Hohmann S, et al. The two
NAD"
glycerol-3-phosphate dehydrogenase encoded by GPD1

isoenzymes for yeast dependent
and GPD2 have distinct roles in osmoadaption and redox
regulation. EMBO J, 1997, 16(5): 2179-2197.

Albertyn J, Hohmann S, Thevelein JM et al. GPD1, which
encodes glycerol-3-phosphate dehydrogenase, is essential
in Saccharomyces

cerevisiae, and its expression is regulated by the high-

for growth wunder osmotic stress
osmolarity glycerol response pathway. Mol Cell Biochem,
1994, 14(3): 4135-4144.

Remize F, Barnavon L, Dequin S. Glycerol export and
glycerol-3-phosphate dehydrogenase, but not glycerol
phosphatase, are rate limiting for glycerol production in
Saccharomycese cerevisiae. Metab Eng, 2001, 3(2):
301-312.

Chen XZ, Fang HY, Rao ZM et al.
NAD-dependent
dehydrogenase

Cloning and
characterization of a glycerol-3-
phosphate Candida
glycerinogenes, an industrial glycerol producer. FEMS
Yeast, 2008, 8(3): 725-734.

Sugui JA, Chang YC, Kown-Chung KJ. Agrobacterium
tumefaciens-mediated of  Aspergillus

fumigatus: An efficient tool for insertional mutagenesis

gene  from

transformation

Journals.im.ac.cn



952

ISSN1000-3061 CN11-1998/Q

Chin J Biotech

June 25, 2009 Vol.25 No.6

[15]

[16]

[17]

and targeted gene disruption. Appl Environ Microbiol,
2005, 71(2): 1798-1802.

Rao ZM, Ma Z, Shen W, et al. Transformation of
industrialized strain Candida glycerinogenes with resistant
gene zeocin via Agrobacterium tumefaciens. Curr
Microbiol, 2008, 57(1): 12-17.

Tianjin Institute of Light Industry. The analysis of
industrial fermentation. Beijing: Chinese Light Industry
Press, 1997: 16—18.

Rt T2 e . TN RRE i, dbnt: PR LT
Ak AL, 1997: 16-18.

Ning ZX. The handbook of food analysis. 1st Ed. Beijing:
Chinese Light Industry Press, 2001: 50-55.

[18]

[19]

[20]

2001: 50-55.

Blomberg A, Adler L. Roles
glycerol-3-phosphate dehydrogenase (NAD") in acquired
osmotolerance of Saccharomyces cerevisiae. J Bacteriol,
1989, 171(2): 1087-1092.

Gancedo C, Gancedo JM, Sols A. Glycerol metabolism in

of glycerol and

yeasts: Pathways of utilization and production. Eur J
Biochem, 1968, 5(2): 165-172.

Bradford MM. A rapid and sensitive method for the
quantitation of microgram protein utilizing the principle
of protein-dye binding. Anal Biochem, 1976, 73(2):
248-254.

REOREOMREIRIDOREDREDRELDIREREDIREODREDIREDIREDREDIR DR LR HEDIR DR LR EDIOR DR LR KD

2009 = (4T IE5IR) £ BIKAE

Reviews

Mini-review

/ Perspective

Animal and Veterinary
Biotechnology

Marine Biotechnology

Environmental
Biotechnology

Industrial Biotechnology

Agricultural Biotechnology

Food Biotechnology

Systems Biotechnology

Medical and Immunological
Biotechnology

RNAi

Tissue Engineering and
Cell Cultivation

Methods in Biotechnology

Journals.im.ac.cn



