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Purification and crystallization of 6-hydroxy-3-succinoyl-pyridine
monooxygenase

HU Chuan-Ming YU Hao TANG Hong-Zhi® WU Geng XU Ping

(State Key Laboratory of Microbial Metabolism, School of Life Sciences & Biotechnology,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: [Objective] AspB, the gene of the key monooxygenase in nicotine degradation from
Pseudomonas putida S16, was cloned and expressed in Escherichia coli; protein HspB was purified,
and the crystal condition of HspB was studied. [Methods] The gene AspB was amplified from the
genomic DNA of Pseudomonas putida S16. Then recombination plasmid pET28a-AspB was
expressed in E. coli BL21. Ni*'-NTA His-Bind and gel filtration were used to purify HspB. The
preliminary crystal of HspB was screened and optimized by using hanging drop diffusion method.
[Results] pET28a-AspB plasmid was successfully constructed and the protein HspB was purified to
crystalline purity. Crystal condition of HspB was obtained and the culture condition is 0.2 mol/L
NaCl, 0.1 mol/L HEPES pH 7.5, 1.1 mol/L (NH4),SO4, 4 °C, Seeding. [Conclusion] The
construction of the HspB purification system and the study of preliminary crystal of HspB lay a
foundation for the research of structure-function relationship and improvement of HspB catalytic
efficiency by directed evolution of gene manipulation.
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[1-6]
3 [7-10]
16!
[12-14]
S16

6- (HspB)
6-Hydroxy-3-succinoyl-pyridine ( HSP)  2,5-
Dihydroxy-pyridine ( DHP) FAD

NADH (1] HspB
pET28a-hspB HspB
HspB
HspB HspB
1 RS
11 #rR}

1.1.1  FRALFNEFP:
S16 E. coli DH5a

pET28a
E. coli BL21(DE3)

1.1.2 EFEiKLF: KOD T4 DNA
TaKaRa (Nco 1/Xho 1)
NEB GenClean DNA
LB
OXOID
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Hampton

1.1.3 FEFHF: PCR
Ni"-NTA

(EDC 810)
Qiagen

AKTAprime Plus GE
Labscale Millipore

UV 2550 Shimadzu

12 A&
1.21 5l4&%it. PCR ¥ 5BM R EBEIK:
(D S16
PCR KOD-Neo-plus DNA
(1.0 U/uL) 1.0 pL 10xKOD plus buffer 5.0 pL
dNTPs mixture (2 mmol/L each) 3 pL 2 uL
(10 nmol/L) 1.0 uL  ddH,O 50 uL
:94°C5min 94°C30s 58°C30s 68°C
I min 30 68 °C 10 min 4 °C 10 min
1.2.2 E4HFRK pET28a-hspB BYHIE:  PCR
pET28a Nco 1l Xho 1
DNA pET28a
E. coli DH5a
PCR )
pET28a-hspB
123 HspB EERIESFRKIL:  pET28a-hspB
E. coli BL21(DE3)

3 mL
LB 50 mg/L
220 r/min 37 °C ODgyo 0.8
500 pL 2 uL 200 mmol/L
IPTG 500 uL
IPTG
3h 12000 r/min 4 °C 2 min
SDS-PAGE
500 mL LB 220 r/min
37 °C ODgoo 0.8
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Table 1 The primers used in this study

Primer names

Primer sequences (5'—3)

Restriction sites

5'hspB1-393-F ATACCATGGTGAGCATGAAACAGCGCGTAA Neol
3'hspB1-393-R GTGCTCGAGAAAGGTTTCCATAGTCTCTGGAA Xho 1
Note: Restriction sites ar;: underlined.
0.2 mmol/L  IPTG 180 1/min 16 °C 20 h NADH NADH 340 nm
4200 r/min 4 °C 25 min [NADH =6 220/(mol-cm)]
lg 10 mL Ni UV 2550 NADH HspB
25 mmol/LpH 8.0  Tris-HCI 300 mmol/L NaCl 1.0 mmol/L. HSP
5 mmol/L ) Lysozyme ( 0.25 mmol/L NADH 10 pmol/L FAD 50 mmol/L
) Leupeptin ( ) Aprotinin ( ) pH 8.0  Tris-HCI 25 °C HspB
100 mg/L 250 mg/L PMSF 1 Kat ls
( ) 4°C 30 min 1 mol NADH (131
124 $EFEEFIRHT ( 3s 127 HRFHWGE:
5s 16 °C 20 min) 16 000 r/min 14 000 r/min 4 °C 5 min
4 °C 30 min 0.45 pum (6]

Ni**-NTA His-Bind

(25 mmol/L pH 8.0  Tris-HCI
300 mmol/L NaCl 20 mmol/L )
5 mL

(25 mmol/L pH 8.0  Tris-HC1 300 mmol/L NaCl

50 80 200 500 mmol/L )
12% SDS-PAGE
1.2.5 Superdex 200 ¥ ZE#f:

(25 mmol/LpH 8.0  Tris-HCI 300 mmol/L

NaCl 2 mmol/L EDTA 5 mmol/L DTT)
Superdex200 ( 0.5 mL/min

1x10° Pa) Ni

(
22 mL)
SDS-PAGE
5000 r/min 4 °C
(Bradford ) 12 g/L

—80 °C
1.2.6 HspB BEg/EMEF%: HspB

Crystal Screen 1 2 Index PEGRx
SaltRx PEG/Ion (7 48
80 uL
I pL 1 pL

14 °C

128 LE@RFMHMMAL:

pH
[18-21] 1.0-2.0 mol/L
11 0-1.0 mol/L
11 pH Sodium HEPES Kit
(pH 6.8-8.2) HEPES Buffer Kit (pH 6.8-8.2)
pH
80 uL EP
9 uL ( 9 )
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4 8 28 °C Seeding
22]
2 R 54h0
2.1 pET28a-hspB RiEH KRS ELEE
PCR
1 000-1 500 bp
(1 179 bp) ( 1A) pET28a-hspB
(5320bp 1179 bp) ( 1B)
100%
2.2 HspB &HWIFRIEE AL
43 kD
HspB-His6
( 2A)
Ni*"-NTA His-Bind SDS-PAGE
( 2B) Superdex200
( 20 SDS-PAGE
( 2D)
A B
bp bp
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Figure 1 Construction of pET28a-hspB plasmid
A hspB PCR B M
DNA marker DL2000 1 /AspB 2 pET28a-hspB
3 Nco l/Xho 1 pET28a-AspB

Note: A: Electrophoresis results of PCR amplification of AspB
fragment; B: Restriction analysis of recombinant plasmid. M:
1 kb-II DNA marker; 1: hspB fragments, 2: pET28a-hspB
plasmid; 3: pET28a-AspB digested by Nco I/ Xho 1.
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Figure 2 Purification of HspB protein
A HspB B HspB Ni

C HspB Superdex200 D
Superdex200 HspB .M Marker
s IPTG c IPTG 1 2

3 pET28a-hspB 4
Ni 5 50 mmol/L 6 80 mmol/L
7 200 mmol/L 8 500 mmol/L

9  Superdex200 HspB
Note: A: Expression detection of HspB protein in small-scale; B:
Ni*" affinity chromatography of HspB protein; C: Spectrum of
HspB protein by molecule sieve chromatography on Superdex200
column; D: Identification of purified HspB protein on Superdex200
column by SDS-PAGE. M: Standard protein marker; s: Induced by
IPTG; c: Without IPTG; 1: WC; 2: Precipitate; 3: Supernatant of
induced pET28a-hspB after sonication; 4: Wash by Ni*" column
balance fluid; 5: Elution by 50 mmol/L imidazole; 6: Elution by

80 mmol/L imidazole; 7: Elution by 200 mmol/L imidazole; 8:
Elution by 500 mmol/L imidazole; 9: Purified HspB protein.

2.3 HspB BgENEL R

(
) NADH
NADH ( 3
HspB HspB
(Specific Activity) 227 nkat/mg
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HspB (212 nkat/mg)[ls]
2.4 HspB &H% & HVH
Crystal
Screen 2 32
0.1 mol/L NaCl 0.1 mol/L. HEPES pH 7.5

1.6 mol/L (NH,);S0, 14 °C 4 HspB B{K(A)VIHSEIM HspB B 1k(B) % & & 14

( 4A) X- AL F 1538 HspB & ik

25 HspB ERHmEHMKL

Crystal Screen 2 32
0.2 mol/L NaCl pH 7.5 0.1 mol/L
HEPES 1.1 mol/L (NH4),SO, 4 °C
Seeding

( 4B)

—&— Experimental group
L1} — Control (without HspB)

8 —e— Control (without HSP)

= 1.0 .

f 09 mmrtxmw,wmw-mé
§ L

= 0.8

2

= 0.7

2
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0.5
1 357 91113151719212325272931
1(s)
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Figure 3 Enzymatic assay of recombinant HspB protein
- 1.0 mmol/L HSP  0.25 mmol/L

NADH 10 pmol/L FAD 50 mmol/L Tris-HCI pH 8.0 20 pg HspB
25 °C & ( ) 1.0 mmol/L HSP

0.25 mmol/LNADH 10 pmol/L FAD 50 mmol/L Tris-HCl pH 8.0
25°C —eo— ( ) 0.25 mmol/L NADH

10 pmol/L FAD 50 mmol/L Tris-HCI pH 8.0 20 pg HspB 25 °C.
Note: ——: Experimental group, the assay mixture is composed of
1.0 mmol/L HSP, 0.25 mmol/L NADH, 10 pumol/L FAD,
50 mmol/L Tris-HCI pH 8.0, 20 ng HspB, 25 °C; —-a—: Control
(without HspB), the assay mixture is composed of 1.0 mmol/L
HSP, 0.25 mmol/L NADH, 10 umol/L FAD, 50 mmol/L Tris-HCI
pH 8.0, 25 °C; —e—: Control (without HSP), the assay mixture is
composed of 0.25 mmol/L NADH, 10 pmol/L FAD, 50 mmol/L
Tris-HCI pH 8.0, 20 pg HspB, 25 °C.

Figure 4 Crystal of HspB (A) Crystal of HspB screened
by Crystal kits (B) Crystal of HspB by optimizing
S50 um A 0.1 mol/L NaCl
0.1 mol/L pH 7.5 HEPES 1.6 mol/L (NH4),SOs 14°C B
0.2 mol/L NaCl 0.1 mol/L HEPES pH 7.5 1.1 mol/L

(NH4),SO4 4 °C
Note: Scale length is 50 um; A: Culture condition is 0.1 mol/L
NacCl, 0.1 mol/L pH 7.5 HEPES, 1.6 mol/L (NH4),SOs4, 14 °C; B:
Culture condition is 0.2 mol/L NaCl, 0.1 mol/L pH 7.5 HEPES,
1.1 mol/L (NH4);SO4, 4 °C, seeding.

seeding.

3 Wie
(S16)
HspB
pET28a-hspB
HspB
HspB
Mono Q
HspB
DTT
DTT
4 °C
HspB 2
HspB
Crystal Screen 2 32

http://journals.im.ac.cn/wswxtbcn



1784

A=Yy~ 8 Microbiol. China

2014, Vol.41, No.9

0.2 mol/L NaCl 0.1 mol/L pH 7.5 HEPES 1.1 mol/L

(NH4),S04

4 °C Seeding
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