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摘   要 : 【目的】在原核表达体系中实现大肠杆菌来源的喹啉酸磷酸核糖转移酶

(Quinolinic acid phosphoribosyl transferase, QPRT)和烟酸磷酸核糖转移酶(Nicotinic acid 

phosphoribosyl transferase, NaPPT)的表达与纯化，并利用酶的生物催化作用实现 2,3-二羧

酸喹啉的 2 位选择性脱羧得到烟酸。【方法】 通过 PCR 扩增分别得到编码 QPRT 和 NaPPT

的基因片段, 构建成原核表达质粒 pET28a-NadC 和 pRSETB-PncB, 在 Escherichia coli (E. 

coli)中对其进行表达，在体外对目标蛋白进行纯化并利用高效液相色谱法(HPLC)检测酶

催化反应的发生。【结果】成功表达纯化得到 QPRT 和 NaPPT, 检测结果表明在这两个酶

的生物催化作用下可实现喹啉酸的 2 位选择性脱羧。 
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Abstract: [Objective] The expression, purification of quinolinic acid phosphoribosyl transfe-

rase (QPRT) and nicotinic acid phosphoribosyl transferase (NaPPT) from Escherichia coli (E. 

coli) were undertaken in prokaryotic expression system and activity detection of QPRT and 

NaPPT in vitro. [Methods] The NadC encoding QPRT and PncB encoding NaPPT were cloned 

and then ligated into pET28a and pRSETB to generate the expression plasmid pET28a-NadC 

and pRSETB-PncB, respectively. The plasmids were expressed in E. coli BL21(DE3) and en-

zymes were purified in vitro. Enzymes activity were detected by analyzing the reaction mixture on 

a high performance liquid chromatography (HPLC) system. [Results] QPRT and NaPPT were ex-

pressed and purified, the results indicate that quinolinic acid can be transformed into nicotinic acid 

through regioselective decarboxylation catalyzed by recombinant QPRT and NaPPT sequentially. 

Keywords: Biocatalysis, Quinolinic acid phosphoribosyl transferase, Nicotinic acid phospho-

ribosyl transferase, Protein purification, Protodecarboxylation, Nicotinic acid 
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1  材料与方法 

1.1  材料 

1.1.1  质粒、菌种及培养基: pET28a, 

pRSETB, DH5α, BL21(DE3)

LB : 1.0%, 

0.5%, NaCl 1.0%, pH 7.0, 

2.0%  

1.1.2  主要试剂及仪器: 

TaKaRa , DNA marker Taq DNA 

, (Ethidium 

Bromide, EB) Aldrich

; 

; 

Aldrich HPLC Merck

PCR

: SCR20BA

, HiTACH ; Genernap

, Bio-Rad ; LC-20AT , 
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Shimadzu; Platisil ( ) ODS , Dikma 

Technologies  

1.2  方法  

1.2.1  大肠杆菌 DH5α 总 DNA 的提取: 

DNA
[9]  

1.2.2  喹啉酸磷酸核糖转移酶基因(NadC)和烟

酸磷酸核糖转移酶基因 (PncB) 的克隆 : 

GenBank NadC (Gene 

ID: 948869) PncB (Gene ID: 946648) , 

(F, R)

NadC 5′ EcoR I , 3′

Hind III PncB 5′

BamH I , 3′ Hind III  

NadC : 

NadC-F: 5′-TAAGAATTCCATATGCCGCCT 

CGCCGCTATAACCC-3′;  

NadC-R: 5′-TTAAAGCTTTTACTCGAGGCG 

AAAACGCATTGAAAGGT-3′  

PncB : 

PncB-F: 5′-GAAGGATCCGATGACACAATT 

CGCTTCTCC-3′;  

PncB-R: 5′-GCGAAGCTTTTAACTGGCTTT 

TTTAATATGCG-3′  

, DH5α

DNA , PCR : 98 °C 15 s, 

64 °C 15 s, 72 °C 95 s, 35 ; 72 °C 10 min

1% , , PCR

 

1.2.3  重组表达质粒 pET28a-NadC 的构建: 

EcoR I Hind III pET28a

NadC PCR , 1%

, GenClean DNA

T4 DNA

pET28a-NadC, 

DH5α , LB

( 50 mg/L) 20 h, 

, 2 mL

, 

DNA

EcoR I Hind III , 

1%

, 

, 

BL21(DE3)  

1.2.4  重组表达质粒 pRSETB-PncB 的构建: 

pET28a-NadC

, pRSETB, 

BamH I Hind III  

1.2.5  蛋白的小量表达: 

pET28a-NadC pRSETB-PncB BL21

50 mL LB (

50 mg/L 50 mg/L) , 37 °C

OD600 0.4, 16 °C , OD600

0.6, IPTG ( 0.1 mmol/L)

16 °C 20 h, , 

(50 mmol/L NaH2PO4, 500 mmol/L NaCl, 

10 mmol/L , pH 8.0) , 10 mL

, (

1 mg/L), 30 min

10 min ( 10 s, 50 s, 200− 

300 W) 40 μL SDS-PAGE , 

40 μL, 12 000 r/min 4 °C 10 min

SDS-PAGE , 

40 μL , SDS-PAGE

SDS

 

1.2.6  蛋白大量表达与亲和层析纯化: 

, 

LB 50 mL

500 mL , 4 °C 12 000 r/min

60 min, 50 mL EP ,  
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Ni
2+

-IDA , 2 h

4 °C 3 000 r/min 5 min, , 15 mL

(50 mmol/L NaH2PO4, 500 mmol/L 

NaCl, 25 mmol/L , pH 8.0) , 

, 20 mL

50 mmol/L 20 mL (50 mmol/L 

NaH2PO4, 500 mmol/L NaCl, pH 8.0, 50 mmol/L

) , 

300 mmol/L 6 mL

SDS-PAGE

 

1.2.7  蛋白的脱盐: 

(4 °C 5 000 r/min ) 2.5 mL, 

PD-10 , , 

(10% , 1 mmol/L DTT, 10 mmol/L MgCl2, 

50 mmol/L Tris-HCl, pH 7.5)

, , , 

, −80 °C  

1.2.8  蛋白的活性鉴定: (QA) 5-

-1- (PRPP) , 

(QPRT)  

(NaMN), 25 °C 1 h

10 min , 

5 min
[10]

, 

(NaPPT) 5- -1-

(PRPP) , 25 °C 1 h

10 min, 5 min, 

10 000 r/min 5 min , , 

HPLC 2,3- (QA)

(NA)

, , 

1
[4,11]

HPLC ( 1‰

)/ (98:2, V/V), 1.0 mL/min, 

265 nm, 12.5 min QPRT

[7]
: 50 mmol/L , pH 7.8, 

4 mmol/L , 1 mmol/L 5- -1-

(PRPP), 1 mmol/L (QA), 

QPRT , 100 μL NaPPT

[3]
: 50 mmol/L , 50 mmol/L 

Tris-HCl, pH 7.8, 15 mmol/L , 4.5 mmol/L 

ATP, 1.5 mmol/L PRPP, NaPPT , 

120 μL  

 

 

图 1  从喹啉酸生成烟酸的生物合成途径 

Fig. 1  The biosynthetic pathway from quinolinate acid to nicotinic acid 
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2  结果与分析 

2.1  重组表达质粒的构建  

DH5α DNA , 

NadC PncB PCR , 

890 bp 1 100 bp

pET28a-NadC pRSETB-PncB , 

DH5α , 

, 1%

PCR ( 2), 

pET28a-NadC

pRSETB-PncB

pET28a-NadC pRSETB-PncB

GenBank NadC (Gene ID: 

948869) PncB (Gene ID: 946648)

, pET28a-NadC

pRSETB-PncB  

2.2  蛋白的表达与部分纯化  

, 

  

 

 

图 2  重组质粒的双酶切鉴定 

Fig. 2  Identification of recombinant plasmid by double 

digestion 

: 1: DL5000 ; 2: pET28a-NadC

; 3: pRSETB-PncB .  

Note: 1: DNA marker DL5000; 2: pET28a-NadC digested by 

EcoR I and Hind III; 3: pRSETB-PncB digested by BamH I and 

Hind III.  

, (12%), 

QPRT 40 kD, 

NaPPT 44 kD, 85% 

( 3) NaPPT (44 kD)  

 

 

 

图 3  蛋白的电泳图(12% SDS-PAGE) 

Fig. 3  SDS-PAGE (12%) analysis of the proteins 

: A: QPRT ; B: NaPPT . 1: 

; 2: ; 3: ; 4: 

; 5: .  

Note: A: SDS-PAGE (12%) analysis of QPRT; B: SDS-PAGE 

(12%) analysis of NaPPT. 1: Protein marker; 2: Total pro-

tein; 3: Inclusion body; 4: Soluble extraction; 5: Purified 

protein. 
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QPRT  

(35 kD)

, SDS

, , 

 

2.3  蛋白的活性检测 

(QPPT)   

(NaMN) , 

(HPLC) , 

(NaPPT)

, (QA)

(NA) (HPLC)

, ( 1), 

(QA) (NA)

 

 

 

图 4  HPLC 检测结果 

Fig. 4  HPLC analysis of the reaction 

: A: ; B: ; C: ( QPRT 2 μL); D: ( NaPPT 4 μL); E: PncB

( ); F: NadC ( ). 

Note: A: The first reaction without substrate (control); B: The first reaction without enzyme (control); C: The first reaction (add 

QPRT 2 μL); D: The second reaction (add NaPRT 4 μL); E: PncB buffer + Nicotinic acid (product); F: NadC buffer + Quinolinic acid 

(substrate). 
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4 HPLC : 

4.75 min ( ), 5.75 min

( ) , 5.75 min

, , 

; 4.75 min , 

, 

(QPPT)

(NaPPT)  

3  讨论 

( ) , 

, 

, 

, 

, 

(QPRT)

(NaPPT) 2,3-

 PCR

(QPPT)

(NaPPT) NadC

PncB, pET28a-NadC

pRSETB-PncB, BL21(DE3)

, , 

85% , (HPLC)

(QPPT)

(NaPPT) , 

(QPPT)

(NaPPT) , 

, (2,3- ) 2

, 
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