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expression pattern of C4-dicarboxylate binding protein coding gene dctP in nitrogen fixing bacterium
Pseudomonas stutzeri A1501. [Methods] We constructed the nonpolar dctP mutant. The nitrogenase
activity and growth curve between the wild type and mutants were assayed in minimal medium
supplemented with different C4-dicarboxylates (succinate, malate or fumarate) as a sole carbon source
were measured. The dctP-lacZ fusion vector was constructed and transformed to wild type A1501, dctB
mutant, poN mutant and nt#rBC mutant, respectively. The B-galactosidase activity was detected to
analyze the expression of dctP gene in recombinant strains grown with different C4-dicarboxylates as a
sole carbon source. [Results] It was found that dczP mutant lost the ability to utilise C4-dicarboxylates
and its nitrogenase activity was much lower than the wild type. The analysis of B-galactosidase activity
indicated that the succinate, malate or fumarate induced expression of the dctP gene. In comparison
with wild type, the expression level of dctP gene was significantly decreased in the deletion mutants for
dctB, rpoN or ntrBC. [Conclusion] The DctP protein played an important role in the C4-dicarboxylate
utilization of P. stutzeri A1501. C4-dicarboxylates (succinate, malate or fumarate) induced the
expression of dctP gene. The DctP transcription was RpoN-dependent and under the control of DctB
and NtrBC.

Keywords: Pseudomonas stutzeri A1501, C4-dicarboxylates, DctP

[12]

A1501 Dct
- dctB dctD dctP dctQ
(Dicarboxylic acid transport system Dct ) detM [13]
. A1501 detB Det
DctB
DctA 4 A1501 DctPQM
DcuAB DcuC CitT ATP
TRAP TRAP DetP
3 dctP detP
detQ  detM 4
Dct 3 dctA
dctB detD
dctA [5-7]
DetA 1 MRSk
DcuA DcuB DcuC  CitT (8-11] 1.1 ##Y
L11  BE#RFABRL: 1
1.1.2 5|4: PCR
2
A1501 (Pseudomonas stutzeri 1.1.3 EFEMIEER: A1501
A1501) Al5 3130 °C E coli LB
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Table 1 Strains and plasmids

Strains and plasmids Relevant characteristics Source
P. stutzeri A1501
E. coli DH5a
AntrBC P, stutzeri A1501 ntrBC Km"
AdctB P, stutzeri A1501 dctB Km'
AdctP P, stutzeri A1501 dctP Km'
ArpoN P, stutzeri A1501 rpoN Km"
C. AdctP P, stutzeri A1501 dctP Tc" Km'
ntrBC (dctP-lacZ) dctP-lacZ ntrBC Tc" Km'
A1501 (dctP-lacZ) dctP-lacZ A1501 Tc" Km'
dctB (dctP-lacZ) dctP-lacZ dctB Tc" Km'
rpoN (dctP-lacZ) dctP-lacZ rpoN Tc" Km'
pUCAKIXX Km'
pGEM-T Easy Amp' Promega
pRK2013 Km'
pK18mob Km'
pK18mobF dctP Tc"
pGD926 lacZ Tc"
dctP-lacZ dctP lacZ Tc"
Table 2 Primers for PCR amplification
Primers Primers sequence (5'—3’) Usage
Pp-F GCGGGATCC AGCATCGCTGGTCTGGCCCACGC -
Pp-R GCGAAGCTT CTTGCTGGAAGCGGTCGACC
YP-F GCCGATTCATTAATGCAGCGGGCAC s
YP-R CATGAACGCCCTCTGGCGGC
P-F CTCAAGCTTCGTAAGACACTGCATGACAA - A
P-R CCTGGATCCATTGATGTTTCCTCTTGTTGTG
C-F CGGGATCCTGGCATTGCAGGGAGG s R
C-R CCAAGCTTACCAGGCTAACTAA
(g/L 10.0 5.0 (Amp) 100 mg/L (Te) 12 mg/L
NaCl 5.0) 37 °C 1.1.4  FEZRXFIFANE: NEB
(NH4),S04  AlS TaKaRa DNA
50 mmol/L Magen
(Km) 50 mg/L PCR Bio-Rad
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1.2 77
121 =¥E%4E (
) ( )
pRK2013
LB pRK2013

37 °C 220 r/min
30 °C 220 r/min

2% LB
200 r/min ODgyy  0.6-1.0
1 mL pRK2013
4°C 4000 r/min 10min  0.85%
NaCl 2 3
100 uL 0.85%  NaCl
10 pL LB
30 °C 48 h
0.85% NaCl 100 pL
Al5 30 °C
1.2.2  detP FERIERTIREIMIE: daP DNA
PCR A1501 DNA Pp-F
Pp-R PCR dctP
DNA  ( 350 bp) PCR

DNA (200 ng/uL) 1 uL Pp-F  Pp-R (20 umol/L)
0.5 uL dNTPs (2.5 mmol/L) 2 uL  10xBuffer 2.5 pLL
Tag DNA (5U/uL) 0.5 uL  ddH,0 18.0 uL
PCR 95°C 5min 94 °C 1 min 55 °C
30s 72°C2min 30 72 °C 10 min
dctP  DNA
pK18mob
PCR (
YP-F  YP-R 827 bp)
dctP PCR
95°C 10 min 94 °C 1 min 55°C30s 72°C 2 min
30 72 °C 10 min
1.2.3 HERKEZAINE:
LB 30°C 220 r/min

4 °C 4000 r/min 10 min
0.85% NaCl 2
Al5
ODgyo 0.1 30°C 200 r/min
2 h ODgoo (h)
ODsoo
1.2.4 EREEERINE:
0.85%  NaCl
2 AlS
ODgyp 0.1
10 mL 4 min
0.5%
10% 5 30 °C 220 r/min
2 h
250 pL (SP-2305 )
[nmol C,H4/(mg protein-h)]=
x( /
)/1 nmol X X

1.2.5 dctP-lacZ EHFHRIAIHE: A1501 DNA
P-F PR PCR
430 bp dctP DNA
PCR pGEM-T Easy
E. coli DH5a.
Hind1ll  BamH 1
DNA Hind 111
BamH 1 pGD926
E. coli DH5a PCR
dctP-lacZ
A1501
ntrBC rpoN dctB

A1501 (dctP-lacZ) ntrBC (dctP-lacZ) rpoN
(dctP-lacZ)  dctB (dctP-lacZ)
1.2.6 B-FFLHEEEE(P-galactosidase) & AT E :
ONPG

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



A1501 DctP 829

LB 30 °C 220 r/min ) dctP
ODgop 0.6 ODgo I mL 4°C RpoN
5 000 r/min 5 min 2.2 detP JEIRIER TR R E I BERIFMRRIAE
2 Buffer Z dctP A1501
1 mL 2-3 37°C dctP
40 min 30 °C 5 min 200 pL (4.0 g/L) A1501  DNA Pp-F Pp-R
-B-D- (ONPG) 30 °C PCR
350 bp  dctPp (dctP )
500 uL 1 mol/L  Na,COs 2( 24 2 ) PCR
PCR pK18mob BamH 1
ODso  ODsso p- Hind 111
Units=1 000X(OD4y~1.75%ODss5)/ BamH1  Hind 11l
%V ODggo (T % ) pK18mobF 2( 2B
2 ) pK18mobF
2 %%Qﬁﬁ A1501 Km'
2.1 daP EEREMERFESH DNA
NCBI A1501 dctP YP-F YP-R PCR 2( 2C
12 3 )
(P. aerugniosa PAOL1) (Azotobacter DNA
vinelandli CA) dctP 100%
93% 86% A1501 dctP AdctP
Dct P. aerugniosa PAO1  A. vinelandli CA AdctP PCR
()] ( CF CR ) 1.3 kb
dctP dctP DNA
RpoN (GG-N;(-GC 1 2( 2D 1 ) C. AdctP
dctB (75%)  dctD (83%) dctP (93%) dctQ (79%) dctM (84%)
Pseudomonas aeruginosa PAO1 ] > T
dctB (80%)  dctD (84%) detP (86%) dctO (81%) detM (88%)
Azotobacter vinelandli CA | )> TR
dctB dctD dctP dctQ detM

Pseudomonas stutzeri A1501

ACCGGATGGATCGAGTCGCGATCGTGCATCGCATCCAGGCCA

1 HECIRERME A1501 R Dot R4EH9E F HEAFELR bbxd
Figure 1 Genomic organization of A1501 Dct system and comparison with equivalent clusters from different bacteria
RpoN .
Note: The conserved binding sites of RpoN are boxed in black.
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bp Ml bp Ml

C
bp bp

M2 1 bp

3530
2027

925 1904
1584
1375 1300
947
831
564

B2 detP ERIEREVRFITIRE R AMRRIITR
Figure 2 Construction of nonpolar dctP mutant strain and function complementary strain
A Ml GeneRuler™ 1 kb DNA ladder 1 2 dctPp .B Ml GeneRuler™ 1 kb DNA ladder 1 pK18mob
2 pK18mobF 3 pK18mobF. C M1 GeneRuler™ 1 kb DNA ladder 1 2 dctP
PCR 3 .D M2 ADNA/EcoR I+Hind III marker 1 C.AdctP PCR

Note: A: M1: GeneRuler™ 1 kb DNA ladder; 1, 2: dctPp-fragment PCR product. B: M1: GeneRuler™ 1 kb DNA ladder; 1: Digestion of
pK18mob; 2: Digestion of pK 18mobF; 3: Plasmids of pK18mobF. C: M1: GeneRuler™ 1 kb DNA ladder; 1, 2: Identification of the nonpolar mutant
AdctP by PCR; 3: Negative control. D: M2: ADNA/EcoR 1+ Hind 11l marker; 1: Identification of the function complementary strain by PCR.

23 detP RET3T A1501 ik B F) A R E2 I DctP A1501
dctP AdctP
A1501 dctP AdctP
C. AdctP A1501  AdctP C. AdctP
Al5
3 A1501  C.AdctP A1501 dctP
dctP DctP 1.69%
A1501 1.32% 1.08%
( 3) ( 3) dctP
2.4 dctP RTX A1501 EEREE S EIR 0 DctP

A1501
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A C 045
0.40 045, -
—o—A1501 040l —*—Al1501 040F —e— A1501
035} —— AdctP 83(5) —a— AdctP
030 -
£025] —o— C. AdetP s 025l o C.Adcp
S 020} 8 020
0.15 0.15
0.10 0.10
0.05 0.05
0.00 0.00
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
t(h) t(h) t(h)

B3 EFFER A1501. detP REVRFITNREEIAME C. AderP TEIRIARR(A). FEREL(B). EHARER(C)h ME—BIRAT YK
:iiE54
Figure 3 Growth properties of wild type A1501, dctP mutant strain and function complementary strain C. AdctP in medium
supplemented with succinate (A), malate (B) or fumarate (C) as the sole carbon source

2.5 detP ERRBIFH I RFRIESFNE

F=3 FHHZE A1501. AdctP F0 C. AdctP TERREIERE

FESEHTHEREENE dctP
Table 3 Nitrogenase activities of the wild type A1501,
AdctP and C. AdctP grown with different carbon sources lacZ pGD926
(nmol C,H,/(mg protein-h), X +s) P-F PR PCR 430 bp
dctP DNA dctP
Strains Malate Succinate Fumarate dctP-lacZ (  4)
A1501 390.70£12.70  509.80+16.00  460.60+23.00 A1501 AntrBC
AdctP 4.03+0.30 4.47+0.80 2.70+0.40 AdctB ArpoN PCR
A1501(dctP-lacZ) ntrBC(dctP-lacZ) dctB
C.AdctP 389.30£10.00  510.60+15.40  456.00+18.20 (dctP-lacZ)  rpoN(dctP-lacZ)
A B
bp bp bp M2 1 2 bp bp M21 2 3 4 5 6 bp
3530
2027
1904
1584
1375
047
831
564
430

4 FELHFIK detP-lacZ HIHIE

Figure 4 Construction of recombinant vector dctP-lacZ

M2 ADNA/EcoR I+Hind lll marker. A 1 2 3 PCR dctP 4 .B 1 Hind 11I/BamH 1
2 Hind 11I/BamH 1 pGD926.C 1 2-5 6 dctP-lacZ

Note: M2: ADNA/EcoR 1+ Hind Il marker. A: 1, 2, 3: dctP fragment PCR product; 4: Negative control. B: 1: Digestion of dctP by
Hind 11I/BamH 1; 2: Digestion of pGD926 by Hind I1I/BamH 1. C: 1: Positive control; 2—5: False positive strains; 6: The confirmation of
recombinant strains containing dctP-lacZ by RCR.

dctP
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dctP
dctP
A1501 (dctP-lacZ)
(
) p-
dctP dctP
dctP )
dctP
ntrBC dctB rpoN B-
AntrBC  AdctB
ArpoN  dctP (95 dctP
RpoN
(GG-N;p-GC)
dctP RpoN
NtrBC/DctB
3 Wi
1600
1400 O A1501(dctP-lacZ)
51! e
2 21000 h W dctB(dctP-lacZ)
£% s
2600
23 400
200
0 M;! Suc;:—i%z% i}?Fumarate m

Carbon source

5 HEXERER. RIAK. THRRIEAERESSFY
T detP-lacZ HEF £ BRI FR TP BIFRIE

Figure 5 p-Galactosidase activities were measured in
wild-type strain A1501 and mutants carrying dctP-lacZ
transcriptional fusions grown with malate, succinate,
fumarate or glucose

A1501
( )
Dct dctBD
dctPOM el
dctB Dct DctB
(Rhodobacter
capsulatus) TRAP (Tripartite ATP-independent
periplasmic)
TRAP 3
dctP
detQ  dctM 17
A1501 DctP
dctP
[18-19] (Rhizobium
leguminosarum)
A1501
dctP
A1501
DctPQM
RpoN  DctB/DctD (201
RpoN dctA  dctPOM
[21-26]
rpoN dctP
dctP RpoN
A1501 dctP
rpoN dctB
dctP dctP
DctB
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