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B ( Klebsiella pneumoniae) WP 45 H H- I B & B & A
gldA 5L &= K #T B ( Escherichia coli) H, 3k 15 T
FEW E. coli-WT,528 T gldA WA KA. 15
filt b, ABIF ST B UK B B AR R SR L T gldA
() 5 IR I8, X gldA 1y DB 3E4T AT & & ry itk , ik
AR 2.5 .6 AL AL T 4 A BREE, Ol AR
ARG E T PCR 3515 H I SEH gldA-4 #y
HTAEW E. coli-4, I3 5 gldA £ E. coli BL21
(DE3) rp i 8 g R 3k, i i DL 19 R AR A= 7
il £ 55 S

L At %

L1 ##
1L.1.1 55k E. coli DHS« FJE 1] K2 A
Flg g B 2 B R HAR B E. coli BL21(DE3) i 3
B MR 1 L 2 5 pET-32a ( + ) I A Novagen. Inc;
E. coli BL21 (DE3) /pET-gldA [ [5] 52 i 22 5K f f fii
T pMDI18-T W B K% F YR ARGRA A
11,2 20 AL : ExTag DNA F 45 T BR
PEWNYIEE BamH [ Xho | T, i# 4 .DNA marker,
i H marker ¥ B KIEFT AW ARG R A F 5 2B
JERL B B [ W a5 B X W BT M AR B A ) R
HRAT ., ETALLA PCR L (Thermo 2 A ) | #E
AR F Ge (R AE S W) A AT UL 43006 BE 1t
(B CIBAaRA BR A W) ) R 75 40 M w4 (77 i
W ZHEMBEAR B ARAF) .
1.2 BHWEHR gldA-4 FJFREX

R 4l 28 1R 1) 35t A% 5 0 R gld A BE R 0T 90
B AT 28 o AR X R T el — 2 BRI £
AR SRS AR e R AT & o A
MY IR, A 15 2.5 .6 RS R Yy 4 AN B
2 h gldA-4, gldA W55 1-6 (7% 15 ¥ B B 7 51 .57 -
ATGCGCACTTATTTGAGG-3"; gldA-4 (45 1-6 fi %
5 1 3 5 %1 : 5'-ATGAGAACTTATTTAAGA-3' (R
RN 2 7L ) o MR8 gldA-4 )7 51{F
BRI primer premier 5 335190, 519 R
A 3 HE A W B H A IR A W] S R, Primer 1:5-
CGTCGGATCCTACATGAGAACTTATTTAAGAGTGAA
AGGAAT-3" (RIZHE 43 7251 A By BamH 1 P U il 1Y
Wi 1 f7 45 ) ; Primer 2: 5'-AATGCTCGAGCGAAT
TAACGCGCCAGCCAC-3" (R &5 &5 A1 Xho 1
NI ) B DD A2 53) o BA primerl Fl primer2 iy 5

Yy, RS % O 1 pET-gld A UKL i BEAR , 4T
PCR #E 17 R A~ 14, LA 15 8] gldA-4, 9" 34 5 1.
94°C 5 min; 94°C 1 min, 63°C 1.5 min, 72°C
1.5 min, #4730 MEFH ;72°C 15 min,

1.3 mfE#{k pMD-gldA-4 Wi

¥ gldA-4 ToRE % pMD-18T 44K I # bz 3
() E. coli DH5 o 4l , Z5 328 W B 07 356 , Bk PH 1 e
FEF H AR Y IG5 . $REUTRL, BamH 1 Fl Xho
T XUV, 35 N5 W 6 e F, UK 48 0
1.4 FRiEF{K pET-gldA-4 HIH9 %

K XU D) i B o1 W i) gld A-4 55 [m) A A B et 1Y
pET-32a( + ), 76 T, %8 09 V5 0 T 247 3% 4, A
3] KB ALK pET-gldA-4, AL & Z 35 E. coli
DHSo i, /N B2 HUBORE , Bl U1 58 5 (B )5, % 1k
ERIBHER E. coli BL21 (DE3) , 13 3] T i, fir 44
K E. coli-4, ¥ E. coli-4 3% % w5 4 Wi d = W) Bl H2
A R /1 o
1.5 ITHRBEMNRX

W E. coli4 I FRIGAE, MRS
75 wg/mLE R H R RN LB g, 2 h 5, fEH;
T IMAGE TR ZL 0 2 AW 2 mg/mL, 4k 2k b5
Feo S hgE, B OWERK, Lt 1 g 40 TS
T 5 mL pH 7. 4 254 2 vl (4 L 451 b 345 240 ., 45 )
R .

1.6 GDH gj#giE 71 E

Vo TR ER YR KV T T A A R R R L
Ja ,4CELO UL RBR AR 7o s W ED R
PV o T — % S0 A v H vl G 1Y il T
1o 5% Ahrens K77 g I3d s, H b
AW 00 P E BN R R AL FE: 30 mmol/L
(NH4),80,.0.2 mol/L 1 fi.2 mmol/L NAD"
1 wmol/L Fe(NH4),(S04),.0.1 mol/LK,CO, 2 ph
W (pH 12.0) , 52 N i 9 SR BN 3 mL, 78 I
PRIFTEAS CRYTEOL T, T A S & 77 U B f
SR, I . FH AN O BETHAE 340 nm I
R E WO LI 1 min, BRFE 6 s 2 HUEHE
MG (1) THA BN 71 (€340mnapn = 6.3 L/m NADH/
em) o HIM LA BE O BEE )2 X R EIREMT,
BArah iR 1 pmol HMAEE A 1 4~ U,
_ VTgxxAz;S/At (1)

Hor B, FoRMEE J1, 07 U/mLs V, RoR
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WLV AR, Vo R SRR SRRV, LV B
¥ mL; AA/ A 375 453 Bl WO BE AR A AR
1.7 EERRENBHNE

L2 1L 35 2 11 A B E R 11, R Bradford 3%
I REL T Y ) 1 o
1.8 5279 6 Bt A ik X R ik

Xt E. coli BL21 (DE3) \E. coli-WT F1 E. coli-4
= WML, 2R T 10% 53 85 A 3% 2L 1 7 M
K, % WAL S R-250 Yefn MR AE R G
1.9 FEEERZEMLLE

AHTR 3G 95 R BE 5 % E. coli-WT Fil E. coli-
4 B R PEAT I, A RS 1.5 h.3
h 4 h.5 h 6 h 235 BORE 0 HOH B 0 BES ) . &6
TR, 25 1 A 15

2 HXR
2.1 BHEE gldA-4 #3ELA 44 B 310K 40 B 47

PR G 4 DAL Y gldA-4
FEH KR 1133 bp, PCR P12 1% 1Y By N6 0 58 e v
VKA, H 19 2574 78 1000 - 2000 bp Z [8], 55 5] A1
fF o G WG Y 5 14 5 B 20K pMD-gld A4 15 ik
AR pET-gld A-4 3 50 HE 47 B B W &8 I i Uk o FRLIK
45 L R 0 450 B0 AL B R G R . R,
WPy 45 S 2 B H A R B ) %5 5 - S0 i), ke
WAL T I P gld A-4 (1) 323K 2K IE 1 .

2.2 WEAFEMEMNUEF SDS-PAGE £ 1]

Xt E. coli-WT Fl E. coli-4 FFAT4E 555, L bE
55 Je 0L T W 53 o) 2E AT S 0 RN B 1 = R U
E LB TS T AR 1 TR .

R1 gldA 5 gldA-4 MRZEFYEENSLFEANILE
Table 1

Comparison of the expression product

of E. coli-WT and E. coli-4

. Protein Specific
- Enzyme activity . ..
Type /(U/mL) concentration activity
/(mg/mL) /(U/mg)
E. coli-WT 48.3 2.21 21.9
E. coli-4 191.3 2.971 67.4

b B U A 23 5 5 290 34 kDa, fin b B 69
B4 E M T2 20,4 kDa, ) F 35 MRS 5H AW
oy g BV % 54 kDa, WA 1 BroR, SDS-
PAGE H H HIKZ R KW ML T gldA , gldA-4 ik

M 1 2 3
kDa == —
[ e - -i
972 — - - -— - -u
- = =
- - L
64— - . -
-— — W <54kpa
. = =
= .
el IR BRI
' - -

1 {HEFM ) SDS-PAGE 4 #7

Fig.1 SDS-PAGE analysis of the crude extracts. M: protein
marker; 1:product of E. coli BL21 (DE3); 2: product of E.
coli — WT with gldA; 3 :product of E. coli —4.

Fh A 25 B e BEORL, B Rk I B R
2.3 FFEREERRITLE

e E. coli-WT 1 E. coli-4 39 h , in A%
FHER 1.5 h 3 h 4 h5hH6 h 5 HiEdT G )
A 25 R I 2, EES RN TR 1.5 h
DI, PR I S 0 LT 80 R A7 e, 3K BB, T & 2
FEIMAFE A 1.5 h J5IF R R ik, &35 FF 46 19 B )
NZoE— M. B R RB S, MEr 1.5 h Z
W, gldA-4 323k 1) H I 0B ) 5 55 78k Ltk gldA
FEVES 6 A/INBF 5 OGS ) o 4 B B AL B[R] P
it 2 A BG n, SOR RCN R AR R B gld A4 BIE AR

R 5
250
—a—gldA
200+ —e—gldA-4
(=)
E
< 1504
z
z
g
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Fig.2 Comparison of the speed of producing the GDH of
E. coli-WT and E. coli-4.
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3 b

S AR BE P R IR KOE R R AR £ B T 55
MR JTPEAN B A B0 g )7 30 P b 5 A 0%
B R IRIKTA I CHE B o ST R
M RS H L — o X I AL R 0 %S T i
X (DB) ()% %1, i 40, Stenstrom 257 % 9, 78
E. coli ", {5y 3R FE R 56 2 00 %% % v 23 3 i 75
A RRIENS (A) o FEE. coli St 75 1) DB 45 1
ZE 6 (LT 5 MR 16S rRNA 1) 1469 -
1483 o7 AR 1 2 IX S s 1 1 4h L B AT 9 DB
fff mRNA 5 16S rRNA (14 3% F1 J) 505 , DT 55 4%
RS G B B RIGE EWNRCR T & . XFE
T RHE I RS G B B 2 v T RE R R, A Y S A
FKFERE,

TEAS R AR G LR 5 90 )15 0 R, AR BIF 5 % H 3
Wi E R gldA BY%5 2 2 6 B AT & &t ik
T 7A@ i K519 PCR ¥E X} B A4 AU gldA 345
S RUBRAE RAS TR BN gldA-4 ST SR =
AR, St IR 5 PO R B, AT (04 TS )
H191.3 U/mL, [R5 FMT , AL ECHWHE E.
coli-WT 5 3 R K Ja, M M W 8w 71 h
48.3 U/mL'"™', MIHLZ T, B HRE T 3 £,
1995 4F, Daniel”’ 28 A ¥ i 19 gldA 7 E. coli
ECL707 v 3 ik () R W (4 i EL 7% 1k 6. 67 U/mag;
2006 4F, Yamada-Onodera' "’ %5 A £ E. coli HB101
rh R 3K 1 H T B Sl AE 4l Ak BT RS S 0,55 U/mg,
AR U5 gld A-4 (¥ 3 35 7™ 4 REL 1 W 1) LG 3% 00 2R
67.4 U/mg, LLHT P 192 357K 43 51 & th 10 4% A
100 4% AR FELE R R, X gldA 1) DB H AT
T AT AL, B A R I B S AE E. cold
H ) % 35 B, Nishikubo ™ 28 A X o 5 T Thermus
thermophilus ) Nudix 7K fift fiff 1) JE A ndx3 BY%5 3 £ 6
LB T AT & i 5 R A, B3 AT &
BN 8.3% I THZE 41.7% J5 ,ndx3 1€ E. coli )32
RKOFRE % £ L 10 £%, AR BFSE, DB g AT
Fm M 53.3% ETEET 80. 0% | R FF REME A R &
H RS B R B AKF, i — Ul B, & AT & &1

DB Xt H 43 A ) 2 1k A7 %5 T 2L

FHAh I E. coli-WT Fl E. coli-4 B 7= il 3 R
TR B Mo B, RO DB R AT 5 2 I
o 48 1 BRI, 3R 0 B 4l 2 () A5 I ) I R
Til: Y00 TR 155 1 ) g o 7 T R 0 4R R, T L >
P 247 8 A T BF TR, 3 249 AR 33k 36 oR o Toll B A4
A B R U, A TR I B R

5 Xk

[ 1] Zhao L, Zheng Y, Ma X, Wei DZ. Effects of over-
expression of glycerol dehydrogenase and 1, 3-
propandediol oxidoreductase on bioconversion of glycerol
into 1, 3-propandediol by Klebsiella pneumoniae under
micro-aerobic conditions.  Bioprocess and Biosystems
Engineering ,2009,32(3) :313-320.

[ 2] Menzel K, Ahrens K, Zeng AP, Deckwer W. Kinetic,
dynamic and pathway studies of glycerol metabolism by
Klebsiella pneumoniae in anaerobic Continuous Culture:
IV. Enzymes and fluxes of pyruvate metabolism.
Biotechnology and Bioengineering, 1998, 60 (5): 617-
626.

[ 3] Lee W,Dasilva NA. Application of sequential integration
for metabolic engineering of 1,2-propanediol production
in yeast. Metabolic Engineering,2006,8(1) :58-65.

[ 4] Shams Yazdani S, Gonzalez R. Engineering Escherichia
coli for the efficient conversion of glycerol to ethanol and
co-products. Metabolic Engineering,2008,10 (6) : 340-
351.

[ 5] Kawashima K,Itoh H,Chgate J. Nonenzymatic browning
reactions of dihydroxyacetone with amino acids or their
esters. Agricultural and Biological Chemistry, 1980, 44
(7) :1595-1599.

[ 6] BREse, RMEL, RR4E, Rl $ 52, sHMFF
BEH O U 1Y S B A Al KPR B R TR
i (Journal of Wuxi University of Light Industy) ,2005,
24(1):1-5.

[ 7] Daniel R, Stuertz K, Gottschalk G. Biochemical and
molecular characterization of the oxidative branch of
glycerol utilization by Citrobacter freundii. Journal of

bacteriology 1995 ,177(15) :4392-4401.



508

Longpan Tang et al. /Acta Microbiologica Sinica(2011)51(4)

[8]

[10]

(11]

[12]

Ruzheinikov SN, Burke J,Sedelnikova S, Baker PJ, Taylor
R, Bullough PA ,Muir NM, Gore MG ,Rice DW. Glycerol
Dehydrogenase ; Structure , Specificity, and Mechanism of
a Family III Polyol Dehydrogenase. Structure,2001,9
(9) :789-802.

Malaoui H, Marczak R. Separation and characterization
of the 1, 3-propanediol and glycerol dehydrogenase
activities from Clostridium butyricum ES wild-type and
mutant D. Journal of Applied Microbiology, 2001, 90
(6):1006-1014.

Katrlik J, Mastihuba V, Vostiar I, Seféovitova J, Stefucaa
V, Gemeiner P. Amperometric biosensors based on two
different enzyme systems and their use for glycerol
determination in  samples  from  biotechnological
fermentation process. Analytica Chimica Acta,2006,516
(1):11-18.

Gonzalez R, Murarka A,Dharmadi Y, Yazdani SS. A new
model for the anaerobic fermentation of glycerol in enteric
bacteria ; trunk and auxiliary pathways in Escherichia coli.
Metabolic Engineering ,2008 ,10(8) :234-245.

Zhao L, Zheng Y, Ma X, Zhang J, Wei GD, Wei DZ.
Over-expression of glycerol dehydrogenase and 1, 3-
propanediol oxidoreductase in Klebsiella pneumoniae and
conversion into 1, 3-

their effects on

of glycerol s
propanediol in resting cell system. Journal of Chemical

Technology and Biotechnology ,2009 ,84(4) :626-632.

Sprengart ML, Fuchs E, Porter AG.. The downstream

box: an effcient and independent translation initiation
1996,15(3):

signal in E. coli. The EMBO Journal.

[14]

[15]

[18]

[20]

665-674.
Etchegaray JP, Inouye M. Translational enhancement by
initiation codon in

an element downstream of the

Escherichia coli. The Journal of Biologic Chemistry,
1999,274(15) :10079-10085.

detgtg AL, FEK, R S EAAAT I A
i hE iy sEBE RIS S Ak, Y TR (Chinese
Journal of Biotechnology) ,2008 ,24(3) :495-499.
EREEY. EABSAR T M. Ja: B s o,
2000.42-47.

Gonzalez EI, Isaksson LA. A codon window in mRNA
downstream of the initiation codon where NGG codons
give strongly reduced gene expression in Escherichia coli.
Nucleic Acids Research,2004,32(17) :5198-5205.

Qing G, Xia B, Inouye M. Enhancement of translation
initiation by A/T-rich sequences downstream of the
initiation codon in Escherichia coli. Journal of Molecular
Microbiology and Biotechnology,2003,6(3-4) :133-144.
Yamada-Onodera K, Nakajima A, Tani Y. Purification,
cloning  of glycerol

characterization, and  gene

dehydrogenase from Hansenula ofunaensis, and its
expression for production of optically active diol. Journal
of Bioscience and Bioengineering, 2006, 102 (6 ) : 545-
551.

Nishikubo T, Nakagawa N, Kuramitsu S, Masui R.
Improved heterologous gene expression in Escherichia coli
by optimization of the AT-content of codons immediately
initiation  codon.

downstream of the Journal  of

Biotechnology ,2005,120(4) :341-346.



JEJE B A - Tl S DR T R AT P BT T LR R/ A W e 4R (2011)51(4) 509

Expression of glycerol dehydrogenase gene in Escherichia
coli by codon optimization
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Abstract ;[ Objective ] To improve expression level of glycerol dehydrogenase gene gldA in Escherichia coli by means of
codon optimization. [ Methods] For immediately downstream region of initiation codon in gldA, we designed optimized
sequence by choosing higher AT-content synonymous,in order that this region’s AT-content was increased without changing
the corresponding amino acids. Then we had wild gene gldA-WT site-directed mutagenesis depending on mega-primers
PCR, so that physically optimized gene gldA-4 was acquired. We cloned gldA-4 into pET-32a( + ) to construct expression
plasmid pET-gldA-4 ,which was transformed into Escherichia coli BL21(DE3) for gaining engineering bacteria E. coli-4,
by contrast engineering bacteria involved gldA-WT named E. coli-WT. After E. coli-4 and E. coli-WT were fermented in
shake flasks,we measured enzyme activities of expression products with glycerol as substrate. [ Results] Four gldA-4’s
bases in the second, fifth and sixth codon were different with gldA-WT, so AT-content of the optimized gene was up to
80.0% higher than the wild gene’s 53.3% . Furthermore, enzyme activity of E. coli-4’s crude extract was 191.3 U/mL
more three times than E. coli-WT’s 48.3 U/mL. [ Conclusion] This optimization scheme was quick and easy,but indeed
increased dehydrogenase’s activity. It possible becomes a universal method to improve heterogenous expression level of
target genes.

Keywords: glycerol dehydrogenase (GDH) ,AT- content, heterologous expression,codon optimization , Escherichia coli
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