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Purification and crystallization of 6-hydroxynicotinic acid
3-monooxygenase NicC

GUO Li-Hua TANG Hong-Zhi WU Geng'

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

Abstract: [Background] N-heterocyclic aromatic compounds (NHACs) are one of the important
environmental pollutants. Long-term accumulation in the human body can lead to diseases. The
degradation of N-heterocyclic aromatic compounds by microorganism is an effective approach.
[Objective] The 6-hydroxynicotinic acid 3-monooxygenase gene nicC was cloned and expressed in
Escherichia coli, the NicC protein was purified and the crystallization conditions were studied. [Methods]
The nicC gene was amplified from the genomic DNA of Pseudomonas putida KT2440 and a recombinant
expression vector pET28a-nicC was constructed and expressed in E. coli BL21(DE3). Affinity and gel
filtration chromatography were used to purify NicC. The preliminary screening and optimization of
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crystals were done by using hanging drop diffusion method. [Results] The pET28a-nicC was constructed
successfully and the purified NicC protein was obtained. Through preliminary screening of crystallization
conditions and orthogonal optimization experiments, the optimal crystallization conditions were 0.2 mol/L
NH,4CI, 0.01 mol/L CaCl,-2H,0, 31% PEG4000, 0.05 mol/L Tris-HCl pH 8.0, 4 °C for NicC, and
0.2 mol/L NH4Cl, 0.01 mol/L CaCl,-2H,0, 0.05 mol/L Tris-HCI pH 7.9, 31% PEG3350, 4 °C for
SeMet-NicC and cocrystals of NicC and 6-HNA. [Conclusion] The construction of NicC protein
purification system and study of crystallization conditions provided favorable conditions for the final
analysis of the three-dimensional structure of NicC protein. The results laid a foundation for revealing the

molecular mechanism of the pyridine ring to P-position monooxygenase to recognize the pyridine
ring-containing substrate and catalyze the hydroxylation of B-position on the pyridine ring of the substrate.

Keywords: NicC, Recombinant expression, Protein purification, Preliminary crystallization, Crystal
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Figure 1 The transformation of 6-hydroxynicotinic acid to
2,5-dihydroxypyridine catalyzed by NicC
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1.1.2 EEZRAFFUERIEFE

KOD-Neo-plus DNA E47#l 1 TOYOBO 4%
a5 BRI YING Xho 1 /Nde 1 W | NEB /A ; T4
DNA JEFERFI F TaKaRa /AF]; Ni*'-NTA HDRFI
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1F (5'- GCGCATATGATGCGGGGTAGGCAGAAA-3")
1 1149R (5'-CGCCTCGAGTCATGCCGCCTCCCC

GCT-3)# 17 PCR §# . PCR W {AZR: ddH,0
30 uL, b, FHSIPA0 pmol/L)#5 1.5 pL, it
(100 mmol/L) 2 pL, MgSO; (25 mmol/L) 4 uL,
dNTPs (2 mmol/L) 5 pL, 10xBuffer 5 pL, KOD
plus f(1.0 U/uL) 1 pL. PCR JZR4514: 94 °C
10 min; 94 °C30s, 60°C30s, 68°C40s, 32/
PG5 68 °C 10 min, 4 °C {f47.
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B0 45 min, BCEIET Ni7-NTA SEFEHHE, 2R
JEFH NPT-NTA S8 s skt 7, fem FVE
WUERE A, 10 uL #F47 SDS-PAGE ¥l K5t
HUFE AR 2 mg A/ U REHH], %L
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BL19U1 &3l .
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nicC N3 PCRYIEZ G, H 1%MBEHE
BERCHL VKRN, PTLLFE HAE 1 000—1 500 bp Z[HAT
— 25K/ 149 bp) MRS (F 2A)., B
PLEKBCE- M b 5% b T E1 TR 7% PCR Al 4.
5.7, 8.9 SEALTFY R A B BHM X K
IS, ARAE 1 000—1 500 bp Z[E](Kl 2B), Hilif /s
RO, B S B s sekE pET28a-nicC.
2.2 NicC EEMIFIES4

Ni?*-NTA ZEFUZHTHY SDS-PAGE il il LI F
(I 3A), 7E40. 60, 80. 110, 200 mmol/L kM
Ve 45 kD A 45, 5 HINEE M (42.7 kD) K
JNEEIE, 110 mmol/L F11 200 mmol/L BKMESER 7
NicC 4, ARIWHEIH, FrL 110 mmol/L
F1 200 mmol/L PRMEPENE WL G IF . FIEEMBFIIRR N
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Figure 2 Construction of pET28a-nicC plasmid

W A: nicC ZEFM PCR §14; B: EHZIA pET28a-nicC 1
Bi7% PCR %5%E. M: 1 kb-1I DNA ladder; 1-3: nicC F Bt; 4-9:
pET28a-nicC #{b¥; NC: [HMEXTHIE; PC. BHM:XIHE.

Note: A: PCR amplification of nicC gene; B: PCR identification of
colony of recombinant vector pET28a-nicC. M: 1 kb-II DNA

ladder; 1-3: nicC fragments; 4—9: pET28a-nicC transformants; NC:
Negative control; PC: Positive control.
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500 mmol/L WKMRYEEM A28 D, Frilig
Wk . FHEEMNAFYIRR N ¥ 6xHis-Tag, RV)
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JeE X e T LB A B, WYL S Ik EE R A
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Figure 3 The expression and purification of NicC protein

YE: A: NicC 2T NP-NTA SERUZHESE; B: BEMLEGREYI
NicC 9 6xHis-Tag 525 C: NicC BEIAL U2 HT I £2 S MR IS U6 5
D: FELINEMETXRN ) SDS-PAGE RrilZ5 . M: #EH
SyFrekRifE; 40, 60, 80, 110, 200, 300, 500: PEARW Pk
MEH E (mmol/L); BC: FEUIEIFEN:; AC: BEUIGHE; 65-73:
SEHMR SIS IO (VR IBEAEEL

Note: A: Ni*"-NTA affinity chromatography results of NicC protein.

B: The result of 6xHis-Tag of NicC digested by Thrombin. C: The
UV absorption peak of NicC gel filtration chromatography. D: The
SDS-PAGE result for the main UV elution peaks. M: Marker; 40,
60, 80, 110, 200, 300, 500: The concentration of imidazole (mmol/L);
BC: The sample before digestion; AC: The sample after digestion;
65-73: The number of elution tubes corresponding to UV
absorption peaks.

—Z&AF, T EAH YIRS/, 1
B SeMet-NicC #E 1 N ¥iift) 6xHis-Tag #{HEY]5E 4
(Kl 4B), N TiE—LBrZ4, 1% SeMet-NicC M1 15E
et e 2T, BEBUATRTE 105-123 mL (R BERR A
K 6775 AT —~ B 5 S A s, 0
330 mAu ity , WRISCIBEIRAXTFR, o W SCIEe Xt 1 1)
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Figure 4 The expression and purification of SeMet-NicC
T: A: SeMet-NicC [T Ni*-NTA ZEHIZHT45H; B: HEMAE
HiF) SeMet [ 6xHis-Tag 453 ; C: SeMet-NicC BEBTUEIZHT I
SN s Dy TSI XT ) SDS-PAGE K%,
HM: EFASTRRE; 40, 60, 80, 110, 200, 300, 500:
VEMLHR P BRIA M B (mmol/L); BC: BBUIRIAESL; AC: BEU)G
Fidhs 67-75: SRHMCIERT I A PR

Note: A: Ni*-NTA affinity chromatography results of
SeMet-NicC protein. B: The result of 6xHis-Tag of
SeMet-NicC digested by Thrombin. C: The UV absorption peak
of SeMet-NicC gel filtration chromatography. D: The
SDS-PAGE result for the main UV elution peaks. M: Marker;
40, 60, 80, 110, 200, 300, 500: The concentration of imidazole
(mmol/L); BC: The sample before digestion; AC: The sample

after digestion; 67-75: The number of elution tubes
corresponding to UV absorption peaks.
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Ve A SDS-PAGE HLyk Kl (5] 4C #i1 4D), 1] LA
B AR B & e HAl A
24 ERERS X FHETH

2 b ik, BFAEMY NicC 2 FA7E Natrix 1 45 48
ek iR R R, BRI EAW
BE 175 mg/mL, 0.2 mol/L NH,Cl, 0.01 mol/L
CaCl,2H,0, 0.05 mol/L Tris-HCI pH 8.5, 30%
PEG4000, 4 °C. HihfinZ, dumranstde, 5
oAy BCAESS A, ANEA X ST AT, W
AT

48 900 6 2% 4 i — 20 T 45 fRalR) TP ot
VER A BEFN pH A, 7ERE MR 17.5 mg/mL
0.2 mol/L NH,Cl, 0.01 mol/L CaCl,-2H,0. 31%
PEG4000. 0.05 mol/L Tris-HCI pH 8.0, 4 °C &/
AR, M TR AR, AR B R
A EEARR, B HAHLFRR(E 5A).

Wt AW Y PEG4000 el PEG3350,
AaAZEXT SeMet-NicC & H T4 AL, HIEAWER
17.5 mg/mL . 45 ¥ WA 02 mol/L NH4CI.

0.01 mol/L CaCl,2H,0. 0.05 mol/L Tris-HCl pH
7.9. 31% PEG3350. Z55hiEH 4 °C W153] 8
T, SRIARREDEN, 2R, R, 3R
SRR 5C).

FH A2 4T NicC il 6-HNA IR B VE R 745
M, RIIEEAWE N 17.5 mg/mL . 455 AR
0.2 mol/L NH4Cl . 0.01 mol/L CaCl,-2H,0 .
0.05 mol/L Tris-HCI pH 7.9. 31% PEG3350. %44
BN 4 °C BT AR K, diACh A, 2l
KIFER, R A A SE).

BALI) NicC ffA . SeMet-NicC ffA . NicC
5 6-HNA ry3tfh7e i RIEERSHGIE BL19UT i
17 X FAinsgt, fintE A WE 5B, 5D, SF.
3 wihE4w

5 40 18l Ak S 0 5% L4548 R ) RE 1
P&, MR YT A R AT RS . ARSI )
TE pET28a-nicC AT, 48 F Ni*-NTA £ A
JE BT R T 2ot 08 2 M I 6 T AR B 1 A Ty S
fb, BREEAER NicC/SeMet-NicC #HH .

Bl 5 NicC/SeMet-NicC 1 NicC 5 6-HNA HRHY @A F 0 X GHELITHER

Figure S The photographs and X-ray diffraction results of NicC crystals, SeMet-NicC crystals and cocrystals of NicC and 6-HNA
fE: A: NicC dhAM 5 B: NicC B X FEATHHEH; C: SeMet-NicC #h{AIE )13 D: SeMet-NicC Y X FEATHEEH; E: NicC
5 6-HNA HFHRAE R F: NicC 55 6-HNA Fhh i X SHEATHEE R

Note: A: The photograph of NicC crystals; B: The X-ray diffraction results of NicC crystals; C: The photograph of SeMet-NicC crystals; D:
The X-ray diffraction results of SeMet-NicC crystals; E: The photograph of cocrystals of NicC and 6-HNA; F: The X-ray diffraction results

of cocrystals of NicC and 6-HNA.
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NicC & 414 N 3 His-Tag AR 2 500 5 1 e AR
fge M, E IS ) AR P O, I A It D)
B N %509 His-Tag, AIRESHE M IR HER, Xt
AR A — 2 S HME, X FEATGHE S
H A b 8 1 AR S M i B i, O S
T R R AR RS . A ST 2o S A
FAAAL, B T NicC 2B [0 il 45 b 41
(0.2 mol/L NH4CI, 0.01 mol/L CaClL-2H,O, 31%
PEG4000, 0.05 mol/L Tris-HCI pH 8.0, 4 °C). H
F NicC BRI RLEA R B A AT, Joikimad o
T BT EISE] NicC By =4ug5H, 22k
A SeMet-NicC HYHg,, DIfEN S %
KM . B2 AL Z 3 SeMet-NicC
IR AR SE f 45 R: 0.2 mol/L NHLCI, 0.01 mol/L
CaCl,2H,0, 0.05 mol/L Tris-HCl pH 7.9, 31%
PEG3350, 4 °C,

EASKYESWILRAREX THERAEN
Thfg oA w4k &
B, 7F 0.2 mol/L NH4Cl. 0.01 mol/L CaCl,-2H,0 .
0.05 mol/L Tris-HCI pH 7.9. 31% PEG3350. 4 °C
2 F AT 3R45 NicC 5 6-HNA fy3t 5.

AHIFFE XA BR R A e A6 v ) S Bl NicC 0BT
ThrEmaith, 152 7 &L NieC M
SeMet-NicC [, 4 fb At 43055
Y NicC., SeMet-NicC AJHLER AT NicC 5 6-HNA
MIFEA, HIET NicC B = ZEghi It R Hab i 5
The = el A 6 R B4E T JErt,
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