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Cloning, expression and characterization of a short-chain
dehydrogenase from Pseudomonas fluorescens

Qun Xue, Xiangxian Ying, Chi Yang, and Zhao Wang
College of Biological and Environmental Engineering, Zhejiang University of Technology, Hangzhou 310014, China

Abstract: To explore the physiological role and biocatalytic properties of short-chain dehydrogenases from Pseudomonas
fluorescens GIM1.49, we cloned the structural gene pfd and characterized its over-expressed product. The length of gene pfd
was 684 bp encoding a short-chain dehydrogenase with 227 amino acid residues and calculated molecular mass of 24.2 kDa.
The recombinant plasmid pET28b-pfd was constructed and functionally expressed in Escherichia coli BL21(DE3), resulting in
the over-production of recombinant short-chain dehydrogenase PFD with a size of 28 kDa. The enzyme could oxidize alcohols
including 4-chloro-3-hydroxbutanoate ester and reduce 4-chloro-acetoacetate ester using either NAD(H) or NADP(H) as
coenzyme. The enzyme showed the highest activity against 4-chloro-3-hydroxbutanoate ester as substrate, with K, of
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186.40 mmol/L and V. of 89.56 U/mg. When catalying the oxidative reaction, its optimal temperature was 12 °C and optimal
pH was 10.5, in contrast to the values of 24 °C and pH 8.8 in the reductive reaction. The enzyme had high solvent tolerance
and its activity was improved by the addition of Ca®" (1 mmol/L) or EDTA (5 mmol/L). These results indicated that the enzyme
from Pseudomonas fluorescens GIM1.49 was a novel short-chain dehydrogenase and might play a role in oxidative

degradation of halogenated secondary alcohols.
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Fig. 1  Structural modelling of recombinant short-chain
dehydrogenase from Pseudomonas fluorescens.
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Fig. 2  SDS-PAGE analysis of recombinant short-chain
dehydrogenase from Pseudomonas fluorescens. 1: E. coli BL21;
2: E. coli BL21 with pET28b; 3: E. coli BL21 with pET28b-pfd
and IPTG; 4: protein ruler; 5: purified recombinant PFD after
nickel affinity chromatography.
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Table 1 Substrate specificity of recombinant short-chain dehydrogenase from Pseudomonas fluorescens

Alcohols Relative activity (%)
Ethyl-4-chloro-3-hydroxybutyrate 100.0
Ethyl-3-hydroxybutyrate 0.0
Isopropanol 0.0
1-butanol 0.0
2-butanol 4.7
1,3-butanediol 0.0
Cyclohexanol 3.3
Phenyl methanol 1.8
1-phenylethanol 4.1
Methyl mandelate 0.0
Ethyl lactate 0.0

Ketones Relative activity (%)
Ethyl 4-chloroacetoacetate 100.0
Ethyl acetoacetate 0.0
Ethyl 4,4,4-trifluoroacetoacetate 0.0
Acetophenone 0.0
2-bromoacetophenone 12,5
4-bromoacetophenone 125
2,2,2-trifluoroacetophenone 15.0
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Fig. 3 Effect of pH on activity of recombinant short-chain
dehydrogenase from Pseudomonas fluorescens.
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Fig. 4 Effect of temperature on activity of recombinant
short-chain dehydrogenase from Pseudomonas fluorescens.
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Table 2 Kinetic parameters of recombinant short-chain dehydrogenase from Pseudomonas fluorescens

Substrate Km (mmol/L) Vinax (U/mg) Kear (57 Kea/ K (L/s:mol)
Ethyl-4-chloro-3-hydroxybutyrate 186.40 89.56 41.73 2.24x10°
Ethyl 4-chloroacetoacetate 106.93 3.58 1.68 1.57x10"
NAD* 0.09 38.38 17.89 1.99x10°
NADP* 0.18 32.44 15.09 8.38x10*
NADH 0.10 2.28 1.06 1.03x10*
NADPH 0.23 9.89 4.61 2.02x10*

180 =
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T 1ot B
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S 120
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Z
5 100 [ & \@
Q
4
80 \
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60 |
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B 5 R[EHEERE X E LRk 5 4 iR SBeE S B2 0
Fig. 5 Effect of methanol concentration on activity of
recombinant short-chain dehydrogenase from Pseudomonas
fluorescens.
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Table 3 Effect of metal ions on activity of recombinant
short-chain dehydrogenase from Pseudomonas fluorescens

Concentration Relative activity

Compounds (mmol/L) %)
None 0 100
NaCl 10 48
MgCl, 1 52
MnCl, 1 80
ZnCl, 1 44
CaCl, 1 128

5 116
10 52
EDTA 1 108
5 156
10 112

3 Wik

B BB G 27 4 SDR Sty Ze KB 2 i
TE RN 53 J 4% M S 1) — > R BB R . SO0 R
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AT, A O A Y e B e Y 3R
W o DGR M RIS A KR EE7E 25 'C~30 'C, HLhE
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FEALRRAE , 306 B 2 (R P L P A, T A0 Ay I v it 14

PGB BN EA PR B R e 77, W H
FE K SARIRIREE T A s e S E B, Eal
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LR CBRIE TS T 1.87 A%, D2 8 A6 i 9 i 4K
AR 5 i AR B AL A A O . S v AR
YIMIE, T IE R U Y o T A W25 A5 B 4
Rz, FEDH pfd AR R 98 O B B AR
WESHE L,

AL H, fE IPTG i5F T, #47 pET-pfd 1)
E. coli BL21(DE3) #iksrT =4k 28 kDa & .
M T E TR A EE S I T ANR R B, PR o
KNy 28 kDa, 5HUMIAIAE . IR 410 % iR
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