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Characterization of 2,3-dihydroxybiphenyl-1,2-dioxygenase BphC
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Abstract: [Objective] This study focused on gene cloning, expression and functional
characterization of 2,3-dihydroxybiphenyl-1,2-dioxygenase BphC encoded by bphC gene from
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Arthrobacter sp. strain YC-RL1 in the biodegradation process of polychlorinated biphenyls (PCBs).
[Methods] Cloning bphC gene using the whole genome of YC-RL1 as a template and then
transformed into Escherichia coli BL21(DE3) for prokaryotic expression. The recombinant enzyme
BphC was purified through Ni*" column based on affinity chromatography and its activity was
measured in different ranges of pH and temperatures using 2,3-dihydroxybiphenyl as a substrate. We
also assayed effects of different metal-ion on the enzyme and further detected the kinetic parameters
according to the Michaelis equation. [Results] The bphC gene, size of 930 bp, was cloned by PCR
and expressed in E. coli BL21(DE3). The 6-His tagged recombinant BphC was then purified and the
optimum pH and temperature were pH 7.4 and 30 °C in vitro, respectively. Effects of metal ions on
BphC differed from each other as Fe**, Cu*" and Cd** promoted the activity while others inhibited in
varying degrees. Kinetic parameters of BphC acting on 2,3-DHBP were measured as below: K,
8.67 mmol/L, Viax: 27.32 umol/s, ker: 15.55 s_l, kea/K: 1.79 L/(mmol-s), respectively, of which the
catalytic efficiency was much higher than some other homogeneous enzymes. [Conclusion] The
gene bphC of strain YC-RL1 is vital in the process of PCBs biodegradation and the encoded enzyme
BphC was revealed to be a very important aromatic ring lyase, which had high affinity to its
substrates and could efficiently degrade them in vitro. This study showed a very good applicable
value of bphC gene from Arthrobacter sp. strain YC-RLI.

Keywords: PCBs, Biodegradation, 2,3-Dihydroxybiphenyl-1,2-dioxygenase, Enzyme kinetics
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Figure 1 The upstream biodegradation pathway of biphenyl
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Note: The upstream biodegradation pathway of biphenyl was catalyzed by BphA, BphB, BphC and BphD under aerobic conditions while the
metabolites were 2,3-dihydrodiol-biphenyl, 2,3-dihydroxybiphenyl, 2-hydroxy-6-oxo-phenyl-2,4-hexadienoic acid, benzoic acid and
2-hydroxypenta-2,4-dienoate, respectively.
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1.1 #8
111 E#HRRIERFE: YC-RLI
pET32a(+) E. coli DH5a
E. coli BL21(DE3)
37 °C 100 mg/mL
YC-RLI 16S rRNA (Amp) LB (1]
GenBank EU266494!"7 YC-RLI 30 °C BM!"
YC-RL1 PCR 2,3- LB BM LB 15 g/L
-1,2- bphC 6 1x10° Pa
pET32a(+) 30 min
E. coli BL21(DE3) 1.1.2  EZRAFIFINEE: 2,3-
AKTA avant25 Sigma
BphC 2x10* mg/L 100 mg/mL 0.22 um
pH DNA
TaKaRa
2,3-DHBP Fisher
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PCR Bio-Rad
1200 Agilent
Nifinite 200 Tecan
AKTA avant25 GE
1.2 A&
1.2.1 bphC WERAZESEMERFN:
YC-RLI
DNA PCR

Primer Premier 6.0
PCR bphC-F
5'-GCGCGGATCCATGACTCACATCCGTGGAC

TT-3'  bphC-R  5'-GCGCCTCGAGGTTTGCCGC
GGCGAC-3' BamH 1

Xho 1 25 uL Premix

Tag™ 12.5 pL bphC-F/bphC-R (10 pmol/L)
1 uL 1 uL 25uL PCR
95°C3min 95°C30s 60°C30s

72°C 1 min 35 72°C5min PCR

DNA
BamH 1 Xho 1 DNA
pET32a(+) 16 °C
42 °C E. coli DH5a
C )
E. coli BL21(DE3) 100 mg/mL
Amp LB
BLASTp (https://blast.ncbi.nlm.nih.gov/)
MEGA 6.0 Neighbor-
Joining (201 Bootstrap 1 000

BphC 2zyq.1.A”Y 3D

SWISS-MODEL PyMOL
122 EEFRIES BphC EgRy&A{L: E. coli
BL21(DE3) 37°C 100 mg/mL Amp LB
ODgoo 0.8 1%

400 mL LB 37 °C 4 h

-B-D- (Isopropy-p-D-
thiogalactoside IPTG) 2 mmol/L
30 °C 4h 180 r/min

4°C 8000 r/min 10 min
(20 mmol/L

0.5 mol/L 30 mmol/L pH 7.4)

3

4 °C 14 000xg 30 min

His-Trap ™ HP (1 mL)
6

AKTA avant25

50 mL
10 mL
20 mmol/L
500 mmol/L pH 7.4
4 °C
48 h Bradford 1%

1 mL/min
1 mL
0.5 mol/L

BCA
SDS-PAGE (12% 5% )

R-250

123 EgESLI: BphC

2,3-DHBP 2,3-DHBP

HOPDA Amax=434 nm [

=13 200 L/(mol-cm)] [
30 °C 1 mL 50 mmol PBS

20 ng 30 °C
2,3-DHBP

(pH 7.4)
10 min
BphC
5 mmol/L
30 °C
HOPDA

2,3-DHBP 1 pmol
50 mmol/L pH
[HAc-NaAc (pH 3.6—4.5) Na,HPO,-KH,PO, (pH
4.2-6.6) PBS (pH 6.2-7.4) Tris-HCI (pH 7.0-8.8)
Na,CO3-NaHCO; (pH 8.0—10.5)]
pH pH
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250 —
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30 °C 1 mL 50 mmol/L Figure 2 Agarose gel electrophoresis of PCR amplification
of bphC gene
PBS (pH 7.4) 2,3-DHBP M Marker DL2000 5hphC PCR
0.5—10 mmol/L 1 min Note: M: Marker DL2000; bphC: The gene cloned by PCR.

10 pmol/L NaOH
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100|: Dioxygenase Nocardioides sp. Root140 (WP_082564024)
100 Dioxygenase Nocardioides sp. Soil796 (WP_057295147)

48 ——— Dioxygenase Nocardioides sp. Soil797 (WP_057323164)
0 1007 Dioxygenase Streptomyces A3(2) (NP_631553)

100

0.02

‘—Dioxygenase_Streptomyces sp. NTK 937 (WP_037881218)
Dioxygenase Microtetraspora glauca (WP_061258044)

100 Dioxygenase Saccharomonospora halophila (WP_028663145)
| Dioxygenase_Saccharomonospora paurometabolica (WP_007023531)

68[ BphC_YC-RLI (KLI89311)
Extradiol dioxygenase Arthrobacter sp. LS16 (NZ_CP012171.1)
Dioxygenase Paeniglutamicibacter gangotriensis (WP_007271303)

3 BphCHIRZ LB
Figure 3 Phylogenetic analysis of BphC

GenBank 1 000

Note: The numbers in the bracket denote the GenBank accession number; Numbers at branch points represent the confidence level of each

1 000 sampling analysis; Scale represents base substitution rate.

4 BphC Eg=# 45470 5 97
Figure 4 3D structure predicted and analysis of BphC
A BphC_2zyq.1.A BphC B

BphC Fe(ID) .
Note A: The 3D structure of BphC predicted using BphC_2zyq.1.A

as a template; B: The positions of Fe(Il) in the active site with
other secondery structures.

2.2 EEFRIES BphC BgRIZE{L

YC-RL1 bphC
6 pET32a(+) E. coli
BL21(DE3) 2 mmol/L  IPTG 4 h

AKTA avant25

SDS-PAGE

50-60 kD ( 5A)
34.14kD 6

SignalP 4.1 Server (http://www.cbs.dtu.dk/services/
SignalP/)

3 000 pg/mL
1.7
AKTA avant25 5B
280 nm
3A1-3A5 3B1-3C4
1 mL
3B3-3B4 280 nm
2 000 mAU 62.5%
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2.3 EBELR
2.3.1 BphCEgiEM&RIERL pH 5iR/E: BphC 2,3-DHBP
2,3-DHBP HOPDA BphC pH
( 6A) pH
HPLC pH
260 nm 2,3-DHBP HOPDA pH BphC
( 6B) 2,3-DHBP pH
1.41 min TA
HOPDA 2,3-DHBP pH
A B
kD M CL FT W EC El E2 mAU UV 1280 Chrom.1:20161223—BphC 001
200 —_ M 3200
1383 2800
—
18(5) F = 2400
ZgF - B e — 2000
50 e 1 600
40 1200
30 —
20 — 800
15 — 400 f
0 — 3 1 3 N
10 — -5 0 5 10 15 20 25 30 35 40 45 50 55 60
Column volume (mL)
5 BphC E§89 SDS-PAGE R 5E R AL RN B %
Figure 5 SDS-PAGE for BphC and online detection of protein purification from AKTA avant25
A BphC SDS-PAGE M Marker CL FT w EC El E2
1 2 5uL. B AKTA avant25 280 nm
3A1-3A5 3B1-3C4

Note A is SDS-PAGE for BphC. M: Protein marker; CL: Cell lysate; FT: Flow-through fraction; W: Wash fractions; EC: Extracellular
fraction; E1, E2: Elution fractions 1, 2; 5 pL of each fraction was loaded on to the gel. B is online detection of BphC from AKTA avant25 in
which blue curves are detection of protein at 280 nm while red ones are for the positions of collected fractions, where 3A1-3A5 are sampling
process and 3B1-3C4 are collections for elution fractions.

A B
mAU DADI C, Sig=260,16 Ref=360,100
2500+ 2
| .- 00| 2|
A 1500/ 2,3-DHBP
I « \
S E 1000 3
500 | JTOPDA } \
: 0 : . k .
0 1 2 3 4 min
6 BphC 5 2,3-DHBP = 725 5R & HPLC #& Bl i
Figure 6 Results of reaction for BphC and 2,3-DHBP and HPLC detection
A 2,3-DHBP BphC S E S+E
B HPLC

Note: A is for 2,3-DHBP turned to be yellow under BphC, where S is for substrate with buffer, E is for the enzyme with buffer while S+E is
for the complete system of the reaction; B is for the HPLC results for the incomplete reation.
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30 20 |
20 Cl 1 1 1 1 1 1 1 J 10 1 1 1 1 1 1 1 1 1 1
30 40 50 60 7.0 80 9.0 10.0 11.0 5 10 15 20 25 30 35 40 45 50 55
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7 BphC 5 2,3-DHBP /& [} pH #0135 & 33 B55E A 210
Figure 7 Effects of pH and temperatures on BphC activity
A 30°C BphC pH B pH74 BphC

Note A: The realative activity of BphC at 30 °C in different pH; B: The relative activity at different temperatures in pH 7.4.

BphC pH 7.4 Cu* Fe**  Cd*
pH 6.6-8.8 85% BphC 24-32 Fe**
pH 2,3-DHBP
pH 4.5 9.2 EDTA
pH 4.5 EDTA Fe(II)
9.2 BphC
FeZ+
pH 7.4 2,3-DHBP ( Ccu¥ cd )
BphC
30 °C
30°C z1 TREEEF C Eg/ERISZ I
. 3 “E €8 & FX BphC BiE B & 00
( 7B) 25-40 °C Table 1 Effects of different metal ions on
70% BphC activity
N . , Metal ions Relative activity (%)
23.2 ®REEFX BphC Eg/ERIR M- Fe& 322.87+7.62
Fe(Il) Fe** 98.56+10.43
Fe(ll) Cu* 178.72+4.32
Mg™ 71.15£1.25
Ca** 59.19+2.43
BphC Mn** 54.77+5.87
2 mmol/L Zn** 65.34+6.90
Ni** 62.14+0.95
100% cd 239.86+2.16
1 Co™ 49.09+4.58
Bt odt BphC EDTA 43.5246.02
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2.3.3 BphC EB{EEI HZF KL HOPDA YC-RLI
2,3-DHBP
HPLC 2,3-DHBP  BphC
HOPDA 2,3-DHBP
2,3-DHBP  BphC pH 7.4 30°C
1 min Lineweaver-Burk Fe*" Cu®t cd”
1/[S] 1/[v] BphC
BphC Fe(Il)
Kn  8.67 mmol/L
[S]
27.32 pmol/s YC-RL1  bphC
2,3-DHBP
15.55 kead Kin BphC
[25-26] b

F 2 BphC_YC-RL1 5EMEH s HFSE LR

Table 2 Comparison of kinetic parameters between
BphC_YC-RL1 and other enzymes

Km Vmax kcat kcat/ Km
Strains (mmol/L) (umol/s) (s))  (L/(mmols))
BphC_YC-RL1 8.67 27.32 15.55 1790
BphC_P6 29.40 - 9.80 330
BphC_R04 60.00 - 17.00 280
Note: —: No data given in the references.
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