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[2]
[31

[4-5]

[6]
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A5 Tn4371 bph
sp.) KKS102 bph

(Pseudomonas
bphSEFGA1A2BCDA4R

BphS [7-8] (Burkholderia
xenoborans) LB400 LysR
ORF10103"! (Pseudomonas
pseudoalcaligenes) KF707
bphR1A1A2A3A4BCX0X1X2X3 BphR1 BphR2
GntR LysR
[10-12]
(Rhodococcus sp.) R04
[13]
RO4 /
bph RHOGL007659
[14]
RO4 bph
RHOGL007659
RHOGL007659
RO4
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1 AAey ik
11

111 Rhodococcus sp. R04
R0O4ABphD E. coli DH5a E. coli BL21(DE3)
pK18mohsacB
1.1.2 (1) LB (g/L) 10
5 NaCl5 (2)LBP (g/L) 10
5 NaCl 10 (3) LBG (g/L)
10 5 NaCl5 10 (4)
(g/L) K,HPO,-3H,05.85 (NH.),SO4
5.00 KH,PO,2.93 MgSO,-7H,0 0.30 NaCl 0.20
CaCl,0.03 NiSO4-7H,0 6x10™*
200 pL (o/L) Nas-Citrate-2H,0
0.180 FeSO,-7H,0 0.034 CoCl,-6H,0 0.005
Na,Mo00O,-2H,0 0.005 CuS0O,4-5H,0 0.004
MnCl,-4H,0 0.002 ZnCl, 0.003 H;BO; 0.002""
1.1.3 FastPfu DNA Polymerase
pPEASY-T3 Cloning Kit

Oxoid
Hind 11
BamH |1 EcoR 1 Pstl
Nru [ ( )
T4 DNA Ligase Fermentas
(Amp) (Kan) Sigma-Aldrich
DYY-6C
EC250-90

Thermo Fisher UVv-201
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Hitachi Instruments
Delta Vision Deconvolution microscope
Delta Vision
Waters Thermo Hypersil GOLD Cyg
(4.6 mmx250 mm)

EasyScript One-Step gDNA Removal and cDNA
Synthesis SuperMix

(HRP) 1gG
« )
114 2 kg
1.2 RHOGLO007659
RHOGLO007659
NCBI (http://www.ncbi.nlm.nih.gov)
DNAMAN
HOGL007659
1.3 RHOGLO007659
1.3.1 RHOGL007659 RHOGLO007659
FI/RL( 1) RO4
PCR PCR 94 °C
5min 94°C20s 55°C30s 72°C90s 30
72 °C 5 min
1.3.2 pK18mobsacB
RHOGL007659 Hind III BamH [
Nru [
1.3.3 1.3.2
pK18mobsacB-A7659
R04 2.5 kv
25 uF 800 Q 8 ms
800 uL LBP 30°C 4h 400 pL
( 50 ug/mL) LB

x1 SKBETASIYMFS

Table 1.  Primer sequences used in this research

Primer Oligonucleotide sequence (5'—3')

F1 TAGGATCCGAGGTGAACAAGAAGAAA
ATCC

R1 TAAAGCTTCGAGCGTGACCGTTATCGC
CACC

F2 CGTGGTAGGGGCACTTGAAG

R2 CCAATACCTGGCTGTTTCTC

F3 CGGGTTCTTTCGGTTGC

R3 TGGGAGGGTCCACATCT

F4 ATGGCTTCGGATTCAAG

R4 CATACACAGGTCGTAG

F5 CGCTCGTTCTGCTCCAC

R5 CGCTCGTTCTGCTCCAC

16S rRNAF,, CACACTGGGACTGAGACACG
16S rRNA R, TCTCCCACTACCGTCACTTG

bphB F TCAGAATTCATGGGATGGCTCGATGGA
bphB R GCCCTGCAGTTCCTCACTTGGTTGTTT
30 °C 72h
3mL LBG 30 °C 24 h 20 pL
10% LBP 30 °C
48 h PCR
14 R0O4
141 RO04 RO4A7659 /
049 Ro4
RO4A7659 2
2 10 mmol/L
4h 2 ODgoo
142 RO04 RO04A7659 RO4ABphD ( bphD
R04) HOPDA (
2- 6 -6-  -24- )
3
HOPDA
4 h RO4 2
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OD600
1.5 R04 RO04A7659
151 R0O4 RO4A7659
30 °C
5h
2 min 1mL
(22000 r/min 10 min)
HPLC
15.2 ——HPLC (el
Thermo Hypersil GOLD Cyg (4.6 mmx
250 mm) o ( 9:1)
254 nm 1.0 mL/min

10 uL

153
3

t

1.6
R0O4
RO4A7659 RNA

cDNA 60 ng/uL 2

cDNA F2/R2 F3/R3 F4/R4 16S rRNA

F202/16S rRNA Rge( 1)
PCR PCR 95°C5min 95°C10s
60°C30s 40
G
C AAC; 2
StepOne
Software v2.2 (Applied Biosystems)

1.7 (BphB)
1.7.1 BphB RO4
BphBF BphBR( 1)

PCR PCR EcoR I
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Pst 1 pBV220 E. coli
DH5a PCR
1.7.2 BphB 1.7.1
pBV220-bphB E. coli BL21
(DE3) ( 50 pg/mL)
(
50 pg/mL) LB 30 °C
42 °C 5h
SDS-PAGE
(1% Triton X-100  Tris-HCI )
8 mol/L
Q-Sepharose 8 mol/L 0-0.5 mol/L
NaCl  Tris-HCI
Sephacryls-200
8 mol/L Tris-HCI
SDS-PAGE
24h -80°C
1.8 (BphD)
pBV220-bphD
E. coli BL21(DE3)
( 50 pg/mL)
( 50 pg/mL) LB
30°C 38 °C 5h
BphD

[16]

Q-Sepharose 0-0.5 mol/L NaCl  Tris-HCI
( 1 mol/L)
0.5-0 mol/L
SDS-PAGE

—80 °C
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1.9 BphB BphD SDS-PAGE
PVDF 1.9 BphB
191 BphD (1 :1000) HRP
IgG (1 :10000) ECL X
0.6 mg/
21 35 49d
57 d Protein A 2 %%%ﬁ*ﬁ
2.1 RHOGL007659
1.9.2
RO4 RHOGL007659
SDS-PAGE
(PVDF) BphB BphD 07 14)
(1 : 1000) (HRP) 1gG
(1 - 8000) Western blot RHOGL 007659
1.10 NCBI RHOGL007659
R04  RO4A7659
HOPDA 30°C 24 h ( 1 RHOGL007659
(20 mmol/L Tris-HCI pH 8.0) 96
2 VS...... AL DNA
CBB KF707 BphR1 21.50%
RHOGL007659 ~MIEPFAIFYVPRVYN. . .LVATPYREDQAV. . . .JB DKINA 43
BphR1 _KF707  SLIEVEFQRIRADEVEERLAAGERECVEDERER Y SLEVA 79
BphS_KKS102_  TAIESTYATWRDATLRESYPOSSREHIETIKSSTGYE TREIG 85
BphS Tn4371  LPSSPPYATWRDCITLRESHPOGSREHLETLKSSLGYE TRING 85
ORFO_LB400_  SIEEATFORMRADIVEGRLAAGSRLATEDLKSRYENE SLIVA 79

BphR1_KF707 ENINMOTQAQRGEHVTEM
BphS_KKS102_ CRIMVAEGOKGERVAPM
BphS Tn4371  CRIMVAEGOKGEKVAEM

RHOGL007659 HE%TLAAFDSLAKMKA
ORFO LB400  NNLWOTOAQRGEHVTEM

RHOGL007659  TIfAGER
BphR1_KF707  RIfSEEH
BphS KKS102_  QIRTSFR
BphS Tn4371  QLEISER
ORFO LB400  RWYSSYH

OATDBA . VASBINTHIGOTS. . .GDIOA 89
MREEAATRIATS SEALROSVINEDAEREA 129
LOBLTSARIMIESABLVESINLEGDGHED 135
LDBLTSARITHRTTA TVESINIGGGDWED 135
MRELAATRIALBCEATIROSVINGDAEWER 129

96

136
142
142
136

1. RHOGLO007659 &£ FF5 5
Figure 1. Analysis of the amino acid sequence of RHOGLO007659. Multiple alignment between RHOGL007659
(Rhodococcus sp. R04), BphR1 (Pseudomonas pseudoalcaligenes KF707), BphS (Pseudomonas sp. KKS102),
BphS (Tn4371 originally isolated from R. eutropha A5), ORFO (Pseudomonas sp. LB400).
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KKS102 BphS 17.14%
Tn4371 BphS 19.05%
LB400 ORFO 20.56%
RHOGL007659
2.2 RHOGLO007659
RHOGL007659
RHOGLO007659
R04 LBP
PCR 2 2
11 13 14 RHOGLO007659
11 F4 R4
( 1 PCR
RHOGL007659
11 RO4A7659
2.3 R0O4
R0O4 RO4A7659
3 R04  R0O4A7659

1234567 891011121314 M bp

5000
3000
2000

1000
750
500

250
100

B 2. MREEZEEMEE PCR HYIRARHE SRR Bk
Figure 2. Agarose gel electrophoresis of colony PCR
of deficient mutant strains. Lane 1: negative control,
lane 2: positive control; lane 3-14: suspected deficient
mutant strains; M: marker.
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Figure 3. Biomass of the wild-type strain and the
deficient mutant strain in different carbon sources.
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Figure 4. Biomass of the wild-type strain and the
deficient mutant strain in HOPDA.
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Figure 5. Transformation of biphenyl by wild-type
strain and deficient mutant strain.
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Figure 6. The gene expression relative quantity of
PCB degradation gene.
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v I —
BphD TS W e e

& 7. BXEFEMXHEEE BphB #1 BphD A9 Western
blot 4> #fr

Figure 7. Western blot analysis of key genes for biphenyl
degradation BphB and BphD. Lane 1: wild-type
strain/glucose; lane 2: deficient mutant strain /glucose;
lane 3: wild-type strainfHOPDA, lane 4: deficient mutant
strain/HOPDA,; lane 5: wild-type strain/biphenyl; lane 6:
deficient mutant strain/biphenyl.
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Figure 8. The positions of the RHOGL007659 gene
( BphD bphD1 in the genome.
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Physiological function of regulatory protein RHOGLO007659
involved in metabolism biphenyl/polychlorinated biphenyl in
Rhodococcus sp. R04

Xiuging Yang’, Lin Yang

Key Laboratory of Chemical Biology and Molecular Engineering, Ministry of Education, Institute of Biotechnology, Shanxi
University, Taiyuan 030006, Shanxi Province, China

Abstract: [Objective] The physiological function of regulatory protein RHOGL007659 in Rhodococcus sp. R04
and the metabolic properties of the mutant strain were investigated to explore its regulation mechanism of biphenyl
degradation. [Methods] The RHOGL007659 gene was knocked out by homologous recombination, and the growth
of the wild-type strain and deficient mutant strain in different carbon sources were compared. The transformation of
biphenyl by the wild-type strain and the deficient mutant strain was detected by HPLC. Total RNAs were extracted
from the wild-type strain and deficient mutant strain, and quantitative RT-PCR was carried out to analyze the
transcriptional variation of bphA, bphB, bphC and bphD between the wild-type strain and the deficient mutant
strain. BphB and BphD were expressed in Escherichia coli BL 21(DE3) and polyclonal antibodies were prepared
after purification. BphB and BphD expression levels in the wild strain and deficient mutant strains were detected by
Western blot. [Results] The deficient mutant strain R0O4A7659 of RHOGL007659 gene was obtained. The biomass
of the deficient mutant strain significantly reduced in biphenyl culture, and almost did not grow. HPLC analysis
showed that the deletion of RHOGL007659 gene resulted in inability to transform biphenyl by Rhodococcus sp.
R0O4. Q-RT PCR experiment disclosed that the key genes of biphenyl degradation were down regulated in different
degrees under biphenyl culture condition in the RHOGLO007659 deficient mutant strain, the same results were
obtained by Western blot. [Conclusion] RHOGLO007659 is a regulatory protein of the upper biphenyl degradation
gene in Rhodococcus sp. R04, and functions as a positive regulatory factor of the metabolism of biphenyl by
Rhodococcus sp. R04.

Keywords: Rhodococcus sp. R04, biphenyl/polychlorinated biphenyls, transcription regulation, regulatory protein
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