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W OE HAZPBILAEMNFTE, ARSI HRE -SSR RBERE. ABES T (Saccharomyces eerevisiae ) £ 3-
W R ARAE (gpdl) 3 HBEYBEHELE b)) HUBNLEFRINESD T e O FH A d e BHTEH
BB ARk SR T EMAAE pSE-gpdl-hor2, HEFAAHEFARHITE BI2I AT, W EFH 6 €48 GuB-gh &£4F
DO Ad S, SRAFENTRCB-gh L HHBARYHTES Wik " F 4 d6.67g/L, HHHeTHLEH 2.87% .
RAANAIBEREA AT THAHOR L LA S RAF I3 H SO IRELTT RS ES.
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Abstract  Based on the principle of the pathway engineering, a novel pathway of producing glycerol was built in E . coli. The
gpd] gene encoding glycerol 3-phosphate dehydrogenase and the hor2 gene encoding glycerol 3-phosphalase were clened from
Saccharomyces cerevisize , respectivelv. The two genes were inserted into expression vector pSE380 fogether. A recombinant
plasmid pSE-gpd1-hor2 containing polycistron was constructed under the control of the strong trc promoter. Then it was
transformed into E. coli BI21. The result showed the recombinant microorganism GxB-gh could convert glucose to glycerol
directly. And the recombinant microorganism GxB-gh was incubated to produce glycerol from D-glucose in the fermentor. The
maximal concentration of glvcerol was 46.67g/L at 26h. Conversion rate of glucose was 42.87% . The study is about “green”
producing glycerol by recombinant microorganism and is also useful for further working in recombining microorganism of producing

1, 3-propanediol .
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THmEEERANES  ERNEEMRELTRE
RETEMTMEEEHENT Hild i EE B
HEMERRLEEE Y FERABELA A
BEELER BERTAEEIRTTEYE LS A
HimB = 5 2 E KRR FEE.
fERMAM S, AEH RN A O MAFIES
REWEESD, BRI VAHEIR—RZUER.
WS/ R RIER. £ WHEARFRREEN R
AT TR ENR Y &AHRA ATFERRREHN
Al YRSk $E (L BB W R R M R T R R R AR
BRI EM G RN RN AES, T HER
Mg, AEEFHSEREE. HMEYEAREHREAN R
@R ER N X TEARANAB T FEETS
MOTEE MRS . Hi BERERER R
A 3B W SRR (gpdl) 13-
B HWEEERE (hor2) FABKBHES AW
HRBFEIHBE-FHAAESEEREEAR
W8 RN E(DHAP) F £ 3-8 B H vl i S B A0 3-
B HmEEAERERER T RO HER. T
AEFHH KB ETHE - RN EEEEE
BH L RR . AAXR CEEE"EWAES
AT EA BAKE. RS Y ERE
Sip s R R e R, BA AR
MmN TERERM b E T — 6 S0E
RRBHEEACESEA 13N 2TENEETRE
. AmWETEEE MR METRERS
# E 4 A Dupont 1 Genencor 2 A i 7 # 3 iff
FEAEANTREREHEERE. FURNEBEGY
W gpd1” W ko2 HEH HEBPRTBEIHF e
EHEACRAREHEME FREBRE  AFFA
KB TR AR E A W RS .

1 #H# 57T *

1.1 EHSER

JiE ¥ B £} ( Saccharomyces cerevisiae ) [ Bk INVScl
W8 Invitogen 23 7, 50 M8 38 & pGEM-34( + ) B
Promega %% 7] , %15 & pSE380 1§ B Invitrogen A ],
KIGFFE BL21(E. coli BL21) AALRFRT.
1.2 BRE

YPD R B BEREY . 2% EAK.2%
HEas A TREMSER . IBERE 1% EH
B.0.5% BRI 1% NaCl) AT HE R #
T K& (5 F:30g KH,PO, .2.0g Fr & B2 .2.0g
MgSO, - 7H,0.2mL 98% H,S0, .0.3g 7 B B ¥k 4 .
0.2g CaCl, - 2H,0. 5z BB . 2.5% #H &,
Sml Modified Balch’s Trace-Element Solution’” . 100mg
Ampicillin,ﬁq NH,OH pH Z6.8,EAXE BT
MRS KRB B (FF:6.8g KH,PO, .2.0g

P8RS . 2.0g MgSO, - 7TH,0.2.0mL 98% H,50,.0.3¢g
FrEEM SR8 0.2 CaCl,*2H,0.2.5% HHEBE 4z 4
B 5g BB .0.2% NaCl,100mg Ampicillin, /i
NH,OH # pH % 6.7) BT KB 2B,
1.3 54PN

FR | B .DNA Marker 1 3 K% TaKaRa 23 7 ; Pfu
DNA &M T4 DNA EHEN.CIP L#H LM,
Protein Marker B F MBI 24 5] ; LR 1450 0 E 7™ 4+ o
s ARG LEETEYAFA AR
1.4 PCRH 1 gpdl BEHW hor2 BE

848 CenBank 4 70 M) AR I8 B &F Y 3-BE KR H
SR E (gpd ) T 3-BRER HBRE M B (hor2) IR 5
Witk F5#:

gpd] BEH F#s 9.
5'-AGACCATGGCTGCTGCTGCTGATAGA-3

gpdl R T#E5|9:
5'-CGAGGATCCCTAATCTTCATGTAGATCTAATTC-3

hor2 FEH FHE5D
5'-ATAGGATCCAGGAAA CAGACCATGGGATTGACTAC
TAAACC-3’

hor2 BeHH T 25147
5'-CGACTGCAGGGACTCTATCTGAGAATTATTACT-3
gpdl HEGS 255 AT Neo I #1 BamH I
A hor2 AW LHESI PG A BamH ] I S
BEURES 4 {2 21 (RBS) FF 31 AGGAAA, TSI #5I A
Pst T 105, VABREEEEE B DNA 8, B P DNA
BL&8 PCRIM apdl 1 hor2 £ A , 8K E 4 RO S
HEREBZ2 Sma | BEUTHT pGEM-32( + ).
1.5 MR TFTHEARNAOHE

B FRIE EFRMM AN RS RREE
pSE380 E#H MEBETFITFHIIW M EHNRE
MEBMKTF(RE 1. REFLIXBHTE IMI09,
MBS ESEMR FHEAMRE EHREGE A
pSE-gpd1-horl. MFEZIARF P gpdl F hor2 X
FATSMERHEASE X AR RBS AL R BREK
2 (L5 5, f 2 7 $HiF HH GPD1 A1 HOR2 X F AR IR

Neol
A PSE-gpdl-hor2
mp

Terminator

Pl hor2 gene

B & gpdl Fl hor2 HR FHIWE

Fig.1 Construction of polycistron containing gpdl and hor2
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B, s AR A RAER KA RE
240 1 ) 25 PR AL S B R SR8 ] o
1.6 EARNMNBEERN

¥ 8 4 B pSE-gpd1-hor2 #EALBI KB H
HBI2I % % GxBgh, BEMEBHEE S
100 pg/mL AmpBEIMEBEFRE E, AP iR EPRER @& 8
BT IBIEHREESE . ERSh I 12 EMBHERET
FE LB EP,ELEWF 2h, B h MHERRE
BT LAFRE IICHEF h S KEEZETH
EBS 100pg/mL Amp BEEFRE L . ZEFREE
KW%EHELEE.

BEE - (EKEBER/HEEED x100%
1.7 FAF¥H SDS-PAGE 5 #i

PRERE 4 B GxB-gh &M 3 LB B &t
$(100pug/mL Amp), L& pSE3R0 B K KGHTHEE
% BL21 Bitk{EW B 37T CHRGERITE K H
1% B#FB LB 5355 &+ (100pg/mL Amp),37CHs
FE 0Dy, 7 0.4~0.6 B, MFEIFH IPTC ZTRKE
H 1mmol/L, 30 C % S 10h /5 BX 1mL 35 3510 55 O W
E 5 B0 20pL ddH,0 1 2 x BH BB IK EHE
i, & Smin, RJF 10 000 /min B4 1min, B SpL
% #4T SDS-PAGE 4+ #7 -
1.8 REFHHOTEUSR

BsmL EHBEEFRY BOREREK.EET
100pL ddH, 0 1, F#E 75 o e B vl 1k, B0, WO AR BT,
BRI ERT 40pL ddH,0, 4+ FIE 0ul LiF
FULRE, S IA 2x ERSEMRIR A B E B Smin, 8.0,
&R 1500 1 8ul #4T SDS-PAGE 737,
1.9 EARBE GxBgh LHEABHIEDEBLE
H il

Y HEAAH GxB-gh REEEME LB BEHxREY
EEAR.F-RKU2S%BEMTHTESRESD
OCHEFEFEE ODpy 1 0.5~0.6 B , L 4% B
BTHEE SLEBEEFRENZRE® (B. Braun
Biotech. BioSTAT DL30) #1,37°C & BEH: 3 32h, R BF
8h J& FF 46 T 00 R AW 3 o R B R KR R
FEBMRBEPHHEE. BRIV InL ABBEEE
LB E W H#EFT HPLC, DA 1% 20 07 26 H o D 4R 6 30
WE g,

0 R VR B T R A - (5% : Waters 201DC &
A, A SR, W O KT5:25,
¥ :1.0mL/min, Y £ :RID.

2 £ %

2.1 gpdl EEHE RBS IR hor2 EENRER
HFRE
PIBRTE R S DNA ERT WA MEN , =~ WE

0.8% FFASPEBER Ik HTH 1.2kb #1 0.8kb FF R D"
1A, STUMAESF (B 2.8 3), % PCR =4 515
BB pGEM-3A( + )8R 4K b f5 3478 P 7, 1 45
FH GenBank AT K PIREAT LB, ZFIEE gpdl H
hor2 FFFI T2 5 , 71 FI T H R R A BB

M 1

bp

2 000—
1 000—

750—
500—

100—

B2 gpdl ZEK PCR T H
Fig.2 PCR product of gpd1 gene
M: Marker DL2000; 1: PCR produet.

M 1

B3 hor2 HHM PCRY ¥
Fig.3 PCR product of hor2 gene
M: Marker DL2000; 1: PCR product.

22 SEMEFHESARM pSE-gpdl-hor2 11
BHEE

BT IETRY gpd] BB M RBS T 51
hor2 AR5 Neo I .BamH 1 # BamH 1 . Pst [
MITREE K pGEM-34( + ) L N8 81 T 3k , [A] o % 4 B
£ Neo | Pst ] BEVIALFE A ik Bk pSE380 L. &
Nee 1 .BamH 1 B BamH 1 .Pst I B4 % F, 4 94
TRN4M1.2kb M 0.8kb B HBE(E 4) 5
BRI, B gpdl A hor2 REC B EED L
Fi R pSE380 |
2.3 EHEH GxB-gh NEFBESNTE

AT 3T 45 5t e W K 3k RBL pSE- gpd 1-hor2 A
HEES(BMEHRETZTE 100pg/ml Amp) FHET,
EHRELEAER BREXK. R BEAMK
HEARE 100pg/ml. Amp B9 LB 3% 35 & 3% 22 15 1035
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F , 58 B IORE I R A O B o

5 M26 7 8

M 1 2 3 4 9 10 M

B4 FiR pSE-gpdl-hor2 MIREYI Y E
Fig.4 Enzyme analysis of recombinant plasmid
pSE- gpd 1- hor2
M: Marker DL2000; M2: M Hind [1; 1~ 4: pSE-gpd1-hor2i Neo L +
BamH 1 ; $: pSE380/Neo 1 + BamH [ ; 6: pSE380/BamH 1 +
Pst 15 7~10: pSE-gpd1-hor2iBamH [ + Pst I .

%1 EAWMBEELBEXREPHREEM
Table 1 Stability of recombinant strain in LB-broth

Fermentation
Oh 8h L6h 24h 32h 40h 48h 56h 64h 72h

time

Recombinant
strain GxB-gh

150 150 149 150 150 148 150 148 147 142

2.4 JRH pSE-gpd1-hor2 & ik 7= ¥1 /) SDS-PAGE
SR

RESERGHEERMNBA ERRERKERIL
W RULTE 47 Bt 4T SDS-PAGE 2047 &5 R WE 5. &
AEAEMT T FREA 429kD M 27.8 kD ALHHR
MEAEIH . EOSFESHERFTTIER R
AN TR RVAMBEREMRI TH gpdl M
hor2 BAEXKBHHAETPHEZIIREX, HHES
AUEHFENEO T ERUTHEHEASE,

1 2 3 M 4

= kD
—116

B 5 pSE-gpdl-her2 # KB FF A BL21 P FRIK™HAY
SDS-PAGE 4+ 7
Fig.5 SDS-PAGE analysis of BI21/pSE- gpd1-hor2
1: BL21/pSE380; 2: BL21/pSE-gpd1-hor2/IPTG soluble protein; 3:
BL21/pSE-gpd 1-hor2/IPTG insoluble protein; 4: BL21/pSE-gpd1-hor2!
IPTG: M: Protein marker.

2.5 EAHBGBeh LEERAKDEERTD
Mo

E R A R 1L BURE, BT R BRI H
WER CHEEE HAEEERME REAERE
AR E ., SR WA 6 B 6 ULPA R B 26h, H &
WL 29708, Wtk H B B E , 5 46.67¢/L,

%50 5000
— r =]
E 40 4000 5
- 5 | &
T o~ E 30 2 3000 §
S &8 g
E x5 _ T 1 8
%’g§2o- dz2000 3
5 € % - T 8
% 2 1000 2
o Cc C 1 L]

s
m e x (gE— 0

0 10 20 30

th

Blo EAS GxBgh EABETRBHARNL

Fig.6 Time course of recombinant strain GxB-gh in fermentation

3 39 #

AR EA S ETREKBTHEPIIARRE
B 3-BEme H Th R S A (gpd 1) H1 3-BRER H T
RS (hor2) MTIEXBHETHE—RBH
HELHERETE RN R ANM(DHAP) B £
3B H A RS B R H MM A IR E AR AR
MHMAHES ERXREHMMKBHEREE
BERHEMm. AMANITEAOHEHT™RENR
46.67g/L, M tI B OB L B h 42.87% . HAf, B
FHHBFEFERES 200y, BN EMTEREE N
100g/L, XA KB EBRE RGN, MARE
REREMRNMAEFLENER. NRIEHMR
BRAANBESRE EIUTHBEAILESIRA
A e B A R B R (AR R SRR LA LR
HEBESEHTE EHREAR RESENEKE
EE),BitHmm B E KEEMRE ;X hor2
ERFEHENCEERHMmROICHE, hor2 &
A=Y EEAEE, LTDLBER hor2 ZREM
#EY B hor2 EHMEBRBREHBR XS4 THRK
ERE, BT meSR" Al BHE o2 R
WESFEHHEEAFYHE IR HTHRE >
B RS ey 3-8t b iSRG A 3-BE B H s
BEABAFETHEELES " wEEREMHEY
FERAMS HMAENMRREEKBFEMNA, WL
KBTET B HBE R AR AR S
R MAAEYEATEBHEXBERER(gpK M
gldA ) Bk BT A ZE B K A o AE H R BE
EWRLH MRS —SRE =] UKL
HEBOELEEHNEFHRESRNEE &
200g/L BEAKBATEBRBRNEAER), AN

© PERFREHMEDFRMATIRKSHESS http://journals. im. ac. cn



HEES . RAME gpdl 7

hor? BEA AT K ELR

389

BHUARERREETNEARNKBHER.

FERBA#—HWE—THAEEE™ 1,3
A BN TREEE F24M,

A AR R

EMRZETITERREOEFHR ™ EEH B LR
PERMEHEAGE, REMEREEE L TR A
EFRMARNY —F2R  EEERNE TR
SR AT
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