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1
Table 1 Strains and plasmids used in this work
Strains and Plasmids Characteristics Source
Strain
Rhodococcus DS-3 Wild dsz*  Cm" 8
E. coli BI21 DE3 F-ompT hsdSp rpry gal dem DE3 Novagen
E. coli DH5a hsdR17 rymji  recAl endAl lac-proAB  gyrA96 thi-1 relAl supE44 TaKaRa
F’ traD36 proAB lacl’Z M15
E . coli BL21-pBADD E . coli BL21 DE3 with pBADD This study
E. coli BL21-paD1 E . coli BL21 DE3 with paD1 This study
E. coli BL21- paN2 E. coli BL21 DE3 with paN2 This study
E. coli BL21-pBADD + paN2 E. coli BL21 DE3 with pBADD and paN2 This study
Plasmid
pET28a Expression vector Kan" lac promoter pBR322 ori Novagen
pBAD30 Expression vector Amp" arabinose promoter plSA or 9
pBADD dszD from Rhodococcus DS-3 in pBAD30  Amp" This study
paN2 dszABC from Rhodococcus DS-3 in pET28a Kan' This study
paD1 dszD from Rhodococcus DS-3 in pET28a  Kan" This study
paA2 dszA from Rhodococcus DS-3 in pET28a  Kan" This study
paB3 dszB from Rhodococcus DS-3 in pET28a Kan' This study
paC4 dszC from Rhodococcus DS-3 in pET28a  Kan" This study
Cm" Amp' and Kan' indicate resistance to chloromycetin 34pg/ml. ampicillin 50pg/ml  and Kanacillin  34pg/ml  respectively.
1.2 HPLC DBT U
DNA 11 DBT pamol
GenBank DBT dszABC dszD NADH  FRP NAD FRP
U08850 Az 3mL 20mmol/L
AY569038 pH8.0 10pmol/L DszD  500pmol/L
pABC1  5'-GACGCATACCATATG Nde | FMN  200pmol/L. NADH NADH
ACTCAACAAC-3'’ pABC2 5'-CTGAATTC €=6.22x 10 mol/L. ~'em™'
EcoR I ACTTGCGCACTAC-3’ pDl 5'- U NADH pmol
AAAAGATCT Xba 1 AGTAA GCGAGAGGAACTCC- 1.4 dszD
3’ pD2  5-AATGAATTC  EcoR [ pBADD E . coli BI21 DE3
AGCTTTTCACCTCTCCGA-3’ dszD E . coli BL.21-pBADD
ths  PCR M9 37°C
96°C 5min 94°C 45s 58°C 45s 72°C 60s dszD 2% 50mL 0.2%
3min dszABC 30 72°C 10min 4°C M9 37C ODg, 1.0
PCR TaKaRa 5000¢ 10min M9
GenBank DNA 0.2%
DNAman4.0  ClustalX1.8 NCBI
0.02% 0.2% M9 37C
1.3 SDS-PAGE
14000g 2min 1.5
1/10
50mmol/L. Tris-HCI pH8.0 10% 300mmol/L 0.2% arabinose 0.2mmol/L
NaCl 3mg/mlL 2h IPTG 16°C 5000g 10min
16000g 30min -20C 2 100mmol/L
3mL Smmol/L pH7.5 pH7.5 15000¢
10pmol/L. DszABC  50pmol/L. DBT  0.01pmol/L 30min
FRP 50pmol/L FMN  30umol/LL NADH 25C 2 x SDS 100°C Smin

10041 5pL

SDS-PAGE . .
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1.6 Western blot
palN2
DszA DszB  DszC Western pBADD BI21 DE3
blot 12 100mg/L 34mg/L
1.7 DBT LB
1.7.1 § DBT 2-HBP E . coli BIL21-pBADD + paN2 37°C
450uL 50l 80% PCR
paN2  pBADD
HPLC SpL paN2  pBADD
- LB
1.7.2 5000¢ 10min 1B
25mL pH7.4 20pmol/L. FMN LB
30pmol/L. NADH 75ml. 37°C
0.6wt%DBT  30°C 200r/min
1.5mL HPLC DBT
0
2 16h 10%
2.1
pBAD30  pET28a + 16h 85%
PI5A 4 85%
ColE1
FRP dszD  PCR 2.4
Xba T EcoR | SDS-PAGE 1
pBAD30 pHADD 48kDa 45kDa 38kDa  23kDa
dszD FRP dszD Western blot 2 48kDa 45kDa
DBT dszA dszB dszC dszABC ~ PCR 38kDa DszA DszC
Nde 1 EcoR 1 DsaB DszABC  DszD
pET28a + Phamacia master Imager DszD
paD1 paA2 paB3 paC4  paN2 M1 a4 s s
T7 kD = ; ; :
H6.0— = S S
2.2 dszD 56.2— 5 ;__ == a
. 45.0— — — Tl
E . coli BL21-pBADD 1o o— !—- g = < dyzh
Smin IPTG 50— — S — el
E . coli BL21- paD1 DszD 16.4—
Phamacia master Imager 20min 144— =
21.4%
) 1 SDS-PAGE
) Fig.1 SDS-PAGE of E. coli BL21-pBADD + paN2 induced by arabinose
E . coli B[Ql-pBADD DszD and IPTG. M. Protein molecular weight marker 1. E. coli BI21
DszD DE3 2. E. coli BI21- paA2 induced by 0.2mmol/L IPTG 3. E.
25 coli BL21-pBADD  induced by 0.2% arabinose 4. E. coli BL21- paC4
9 SSpmol/mJn/mg induced by 0.2mmol/L IPTF; 5. E. coli BLZI—[faB?: induced by
2.3 BL21 DE3 0.2mmol/L IPTG 6. E. coli BL21-pBADD + paN2 induced by 0.2%

arabinose and 0.2mmol/L IPTG at 16°C .
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Western blot

Western blot of E. coli BL21-pBADD + paN2 induced by

arabinose and IPTG. M. Protein molecular weight marker 1

. E.coli

BI21 DE3 induced by 0.2% arabinose and 0.2mmol/L IPTG at 16°C
2. E. coli BI21-pBADD + paN2 induced by 0.2% arabinose and

0.2mmol/L IPTG at 16°C .

2.5

100pL
1h IPTG
0.2mmol/L
20mg/L
2 dszD
dszABC
dszABC 4.4 E. coli
FMNH, 2 pBADD
paN2
IPTG
5.681U  6.219U IPTG
12.03U
2 DszABC DszD
Table 2 Activity analysis of DszABC and DszD
Strai lasmid Protein The production DszABC
fam. - plasm / mg/ml. of 2-HBP/pmol  activity/U
E.coli BI21 DE3
paN2 pBADD  induced
by 0.2%ara and 2.38 96.1 12.03
0.2mmol/L. IPTG
E.coli BL21 DE3
paN2 pBADD  induced 2.29 78.06 5.681
only by 0.2mmol/L. IPTG
E.coli BI21 DE3 paN2
pBADD  induced only 3.46 129.21 6.219
by 0.2% ara
E. coli BI21 DE3
paN2 pBADD  not induced 4.84 134.76 4.64
E.coli BI21 DE3 paN2
induced by 0.2% ara 2.56 34.01 2.214
and 0.2mmol/L IPTG
E.coli BL21 DE3
induced by 0.2% ara 3.511 0 0

and 0.2mmol/L. IPTG

T7 IPTG  37C
DBT
2.6
E . coli DBT
Resting Cells DBT
E. coli BIL21-
pBADD + paN2 E . coli M25 0.5mmol/L
DBT 2-
HBP E . coli BI21-paN2 E.
coli M25 DS-3
3
DS-3 12h 0.45mmol/L.  2-
HBP 100% E. coli M25
24h 100% E . coli
BL21-paN2 24h
20%
061
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Fig.3  Comparing of simulanted diesel oil desulfurization of E. coli M25

and DS-3 resting cells.

3
E . coli M25
paN2
FMNH,
DS-3

colit M25 ¢ v maysmme minsmimrin s sia s

E . coli BI21-
4.4
E . coli
FMNH,
E . coli M25 E.
ng 2

http://journals. im. ac. cn



Rhodococcus sp. DS-3 dszABC dszD Vi 2006 46 2 279

E . coli M25 derived material by Rhodococcus rhodochrous 1GTS8.  Biotechnol
Bioeng 1992 40 1107 - 1114.
DS-3 4 Gray KA Pogrebinsky OS  Mrachko GT et al. Molecular
mechanisms of biocatalytic desulfurization of fossil fuels. Nat
E . coli M25 Biotechnol 1996 14. 1705 - 17(;?9 . o
5 Matsubara T~ Ohshiro T  Nishina Y et al. Purification
characterization and overexpression of flavin reductase involved in
DBT dibenzothiophene desulfurization by Rhodococcus erythropolis D-1.
. Appl Environ Microbiol 2001 67 1179 - 1184.
E. coli 6 Reichmuth DS Hittle JL Blanch HW et al. Biodesulfurization of
dibenzothiophene in Escherichia coli is enhanced by expression of a
13 Vibrio harveyi oxidoreductase gene. Biotechnol Bioeng 2000 67
72-79.
FMNH, DBT 7 Galan B Diaz E Garcia JL. Enhancing desulphurization by
DBT engineering a flavin-reductase-encoding gene cassette in recombinant
biocatalysts. Environ Microbiol 2000 2 687 — 694.
8 . DS-3
. 2002 425 126-131.
9 Guzman LM Belin D Carson MJ et al. Tight regulation
modulation and high-level expression by vectors containing the
@ arabinose PBAD promoter. J Bacteriol 1995 177 4121 - 4130.
@ @ 10 Sambrook J Lasael DW.
. 2002.

11 Denome SA  Olson ES  Young KD. Identification and cloning of
genes involved in specific desulfurization of dibenzothiophene by
Rhodococcus sp. 1GTS8. Appl Environ Microb 1993 59 2837 -
2843.

12 Tanaka Y Yoshikawa O Maruhashi K et al. The chsmutant strain
of Rhodococcus erythropolis KA2-5-1 expresses high levels of Dsz
enzymes in the presence of sulfate. Arch Microbiol 2002 178 351

- 357.
1 Monticello DJ. Biodesulfurization and the upgrading of petroleum 13 Abhijeet PB Eric NK Matthew JG

distillates. Curr Opin Biotechnol 2000 11 540 - 546.

2 McFarland BL. Biodesulfurization. Curr Opin Microbiol 1999 2
257 - 264.

3 Kilbance JJ Jackowski K. Biodesulfurization of water-soluble coal-

© e

et al. Comparison of the
emulsion characteristics of Rhodococcus erythropolis and Escherichia
coli SOXC-5 cells expressing biodesulfurization genes. Biotechnol

Prog 2002 18 88-93.

Co-expression of Rhodococcus sp. DS-3 dszABC and dszD gene
with incompatible plasmids in Escherichia coli

LI Guo-giang MA Ting LI Jing-hao LI Hong LIU Ru-lin*
College of Life Sciences Nankai University Tianjin 300071 China

Abstract Biological dusulfurizaion of petroleum feedstocks and products may offer an attractive alternative to reduce sulfur oxide
emissions that cause serious environmental pollution. Dibenzothiophene DBT  a model of organic sulfur compound in petroleum

can be microbially desulfurized without degradation of the organic structure by 4S pathway. Three desulfurization enzymes DszA

DszB and DszC and flavin reductase DszD are involved in sulfur-specific DBT desulfurization. DszA and DszC are FMNH,-
dependent monoxygenases FMNH, is provided from the freely diffusible FMNH, pool in the cell and is replenished by DszD. So

co-expression of the desulfurization enzymes and flavin reductase can enhance the rate of sulfur removal. In the present work two
incompatible plasmids pBADD and paN2 were constructed. The paN2 allows Escherichia coli to liberate the sulfur of DBT and DBTs
and pBADD produces a flavin reductase. They were co-expressed in Escherichia coli BR21 DE3 . The soluble products of DszA

DszB DszC and DszD accounted for 7.6% 3.5% 3.1% and 18% of the total proteins in co-expressed system. The desulfurization
rate of lysate of E. coli BL21- pBADD + paN2 is 12.03#mol/ h mg Dsz protein and about 5.4-fold of that of E. coli BL2-paN2.
Experiment were also conducted using resting cell with the 0. 6wt% DBT in n-hexadecane as model diesel oil. After 24 hours
reaction 0.42mmol/L about 84% DBT was converted to 2-HBP by E. coli BL21- pBADD + paN2 however there was only
0.08mmol/L about 16% DBT was desulfurized by E. coli BL2-paN2. The maximum desulfurization rate of E. coli BL21-pBADD +
paN2 is about 67mol/h. The result shows that DszD enhances the rate of 2-HBP production when co-expressed in vivo with the
desulfurization enzymes.
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