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以苯丙氨酰-tRNA 合成酶为靶点的新型抗结核 

药物高通量筛选模型的建立和应用 

张志明  孙莹  赵莉莉  王莉宁  魏玉珍  苏静  张玉琴  余利岩*
 

(      100050) 

 

 

摘  要: 【目的】建立结核分枝杆菌 PheRS 抑制剂高通量模型, 并运用此模型筛选化合

物和发酵液样品。【方法】克隆和表达结核分枝杆菌 PheRS 蛋白并优化其酶活测定方法, 在

此基础上建立结核分枝杆菌 PheRS 抑制剂高通量筛选模型, 并通过耻垢分枝杆菌作为检

定菌对筛选到的样品进行抗菌活性测定及细胞毒性评价。【结果】运用此模型筛选了化合

物样品 11 600 个, 发酵液样品 5 200 个, 筛选得到阳性化合物 9 个, 阳性发酵液 37 个。而

后通过耻垢分枝杆菌作为检定菌的抗菌活性测定及细胞毒性评价后, 得到了 6 个发酵液

阳性样品。【结论】建立的 PheRS 抑制剂模型可成功用于化合物和微生物发酵液的高效

筛选, 得到的 6 个发酵液阳性样品在酶水平和抗分枝杆菌方面均具有良好活性且毒性较

低, 值得进一步研究。 
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The establishment and application of a high throughput 

screening assay for inhibitors of Mycobacterium  

tuberculosis Phenylalanyl-tRNA synthetase 
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Abstract: [Objective] To establish a high-throughput drug screening model for screening in-
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hibitors of Mycobacterium tuberculosis Phenylalanyl-tRNA synthetase (PheRS). [Methods] In 

this work, Mycobacterium tuberculosis pheRS gene was cloned and overexpressed in E. coli, 

and then the purified recombinant enzyme was used to establish an high-throughput drug 

screening model. After establishment and optimization of the screening assay, a primary 

screening was performed with compounds library and microbial fermentation collection in our 

institute, and their anti-bacterial activity and cytotoxicity were assessed further. [Results] 9 

out of 11 600 compouds and 37 out of 5 200 microbial fermentation samples were identified as 

primary hits. [Conclusion] 6 microbial fermentation samples inhibited enzymatic activity of 

PheRS in vitro and growth of Mycobacterium smegmatis, and showed lower cytotoxicity.  

Keywords: Phenylalanyl-tRNA synthetase, Target, High-throughput drug screening model, My-

cobacterium tuberculosis 
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1.1  菌株和载体 

: DH5α, BL21 (λDE3)

 

: Raw264.7

 

: pGEM
®
-T Easy Vector, Promega
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, pET30a(+)  

1.2  主要试剂和仪器 

Pyrobest DNA T4 

DNA ( ) ; 

Sigma ÄKTA , GE Healthcare; 

PolarFluostar , BMG  

1.3  待测样品  

:  

: , 

, 

, , 

[15−16]

 

2  实验方法 

2.1  结核分枝杆菌苯丙氨酰-tRNA 合成酶基

因原核重组质粒的构建及其表达  

2.1.1  PheRS 基因的体外扩增: 

H37Rv

( H37Rv

RefSeq NC_000962.2), -tRNA

, 

pheT pheS, , 

, : 

pheS: : 5′-CCGCATATGTTGTCGCCGG 

AG-3′ (Nde I);  

: 5′-CCGAGATCTTCAGGCACCCAC 

C-3′ (Xba I)  

pheT: : 5′-GTGTGTGCCATATGCGGCT 

ACCCTA-3′ (Nde I);  

: 5′-CTTAAAGCTTCCAGCCACGCAG 

CAC-3′ (Hind III)  

H37Rv DNA , 

PCR  

1% , , 

, A

PCR pGEM-T Easy T4 DNA

, 

T-pheS T-pheT

DH5α, , 

 

2.1.2  原核表达载体的构建 : 

H37Rv -tRNA α

β (αβ)2

PheRS , 

α β pET30a-pheST

T-pheT pET-30a Nde I Hind III

pheT

pET30a, DH5α, 

pET30a-pheT Xba I Hind III , 

RBS ( ) pheT

T-pheS Nde I Xba I , 

pheS pET30a Nde I Hind III

, pET30a 3

, DH5α, pET30a- 

pheST  

2.2  重组质粒在大肠杆菌中的诱导表达及纯化 

pET30a-pheST

BL21(DE3), 50 mg/L 

Kanamycin LB 37 °C 200 r/min

OD600=0.8, 1 mmol/L 

IPTG, 20 °C 200 r/min

, SDS-PAGE

BL21

4 °C 12 000 r/min 30 min, 

0.45 µm ÄKTA

, 1 mL HisTrap
TM

 

HP , Elution 

Buffer (20−800 mmol/L), 

, , 
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−80 °C  

2.3  PheRS 活性的测定 

NADH 340 nm

, NAD
+

260 nm NADH NAD
+

, 340 nm

, 

PheRS

, , , 

340 nm

AMP , 

PheRS

100 mmol/L Hepes, 10 mmol/L MgCl2, 2.5 mmol/L

, 50 μg tRNA, 10 mmol/L ATP, 1 mmol/L

, 1 mmol/L NADH, 1.8 U

, 1.8 U , 1.8 U , 

PheRS 4 µg, 100 µL  

: 

PheRS+Phe+ATP→PheRS·(Phe-AMP)+PPi; 

PheRS·(Phe-AMP)+tRNA→PheRS+ 

Phe-tRNA+AMP; 
 

AMP      ADP; 

 

ADP+      

ATP+ ; 

 

+NADH+H
+  

    

NAD
+
+  

2.4  结核分枝杆菌 PheRS 抑制剂酶水平筛选

模型的建立、优化和应用 

2.4.1  筛选模型相关指标的测定: 

, 

, , Zhang

[17]
 

:   

S

N
=
正常酶反应体系光值

其他荧光值平均值
 

CV=
SD

X
×100% 

max max min min

max min

( 3 / ) ( 3 / )AVG SD n AVG SD n
Z

AVG AVG

  
 


 

, Z: , Z 0.4 ; 

AVGmax: ; AVGmin: ; 

SDmax: ; SDmin: ; n:  

2.4.2  待测样品的前处理: : 10 mg

1 mL DMSO , DMSO

, 500 mg/L : 

, DMSO  

2.4.3  待测样品对 PheRS 抑制作用的测定: 

, 

100 µL 1 µL

, PheRS (

), DMSO

( )  

IP (%)= 

m /min m /min

m /min m /min

OD OD

OD OD

  

  

阴性对照孔 样品孔

阴性对照孔 阳性对照孔
×100% 

2.4.4  假阳性结果的排除: : 

100 mmol/L Hepes, 10 mmol/L MgCl2, 2.5 mmol/L 

, 50 μg tRNA, 2 mmol/L AMP, 1 mmol/L 

, 1 mmol/L NADH, 1.8 U

, 1.8 U , 1.8 U , 

96 , 

37 °C , 5 min

OD340 OD340 ,

PheRS

3 ,  

2.4.5  平板法测定酶水平阳性样品的抗菌活性: 

(K-B)
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(Mycobacterium smegmatis mc
2
 155)

, 

1.5%

, ( 15 cm)

5.6 mm , 37 °C 24 h

 

: : 50 μg/ ;  

: 50 μg/ ;  

: 40 μL /  

2.4.6  MTT 比色法检测阳性样品的细胞毒性: 

MTT

- Raw264.7 , 

MTT [18]  

:   

(%)=
OD OD

OD OD





加药组 本底

空白对照组 本底

×100%  

3  结果 

3.1  原核表达载体的构建及表达 

3.1.1  pET30a-pheST 重组质粒的构建: 

H37Rv DNA PCR

, DNA -tRNA

pheS (1 026 bp) pheT (2 496 bp)

( 1) T

T-pheS T-pheT , 

RBS ( )

pheT pheS

pET30a , pET30a- 

pheST DNA pheST

 

3.1.2  结核分枝杆菌重组 PheRS 的表达和纯化: 

pET30a-pheST E. coli 

BL21(DE3) ( 2), IPTG , 

 SDS-PAGE , 

PheRS , 

, pheS α 35−40 kD, pheT

β 85−90 kD SDS-PAGE 

,  

 

图 1  pET30a-pheST 重组质粒酶切鉴定图 

Fig. 1  Digestion analysis of pET30a-pheST by 

restriction enzymes 

: M: DNA marker; 2: pET30a-pheST; Nde I

Xba I Hind Ⅲ . 

Note: M: DNA marker; 2: Recombinant plasmid pET30a-pheST 

digested with Nde I, Xba I and Hind Ⅲ. 

 

 

图 2  纯化后的目的蛋白 SDS-PAGE 图 

Fig. 2  The purification of PheRS expressed in E. coli 

: M: Protein marker; 2: ; 3: 

; 4: . 

Note: M: Protein marker; 2: Total cell lysates; 3: Supernatant 

fraction after centrifugation; 4: Purified recombinant PheRS. 
 

3.2  PheRS 的酶学性质测定 

3.2.1  重组 PheRS 蛋白比活力的测定: 

37 °C , 1 μmol/L ATP

AMP PheRS
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(U) ΔmOD340/min 15.675, 

ΔmOD340/min 3.925 ( 3), 

NADH 18.69 μmol/L, 

ATP 18.69 μmol/L, 

4 μg, PheRS

4 672.5 U  

3.2.2  反应速率与酶浓度的关系: 

, 

PheRS : 

, 

( 4)  

3.2.3  重组 PheRS 蛋白反应动力学研究: 

, PheRS ATP Phe

,  

 

图 3  PheRS 催化反应体系光吸收变化曲线 

Fig. 3  Experimental determination of the reaction rate 

: Control: ; Reaction system: 100 μL

4 μg PheRS. 

Note: Reaction system: Reaction system with the PheRS at 

4 µg/100 µL. 

 

图 4  反应速率与酶浓度的关系 

Fig. 4  The reactional rate as a function of the 

concentration of PheRS 

ATP Phe , 

PheRS ATP

Km 0.133 (mmol/L), 

Vmax 9.57 (ΔmOD340/min) ( 5), Phe

Km 0.062 (mmol/L), 

Vmax 27.02 (ΔmOD340/min) ( 6)

PheRS ATP Phe

 

3.2.4  温度对重组 PheRS 酶活性的影响: 

PheRS ( 7)

: 28 °C−43 °C , 

, 37 °C

, 37 °C  

3.2.5  反应时间对反应吸光值的影响: 

( 8)

, ΔmOD340

50 min , ,  

 

图 5  PheRS 对于底物 ATP 的米氏常数的测定 

Fig. 5  The curve of Michaelis-Menten equation 

 

图 6  PheRS 对于底物 Phe 的米氏常数的测定 

Fig. 6  The curve of Michaelis-Menten equation 
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图 7  温度对酶活性的影响 

Fig. 7  The effect of the temperature on fluorescence 

 

 

图 8  反应时间对吸光值的影响 

Fig. 8  The effect of the reaction time on absorption 

 

, 

, 

50 min  

, : 

37 °C; 50 min; 4 μg/100 µL; 

ATP 2 mmol/L; Phe

2.5 mmol/L  

3.3  药物筛选模型的评价 

3.3.1  DMSO浓度对酶活性的影响: 

0−6% DMSO, DMSO

( 9) , 

DMSO 3% OD340

DMSO 3%  

3.3.2  反应体系中各成分的影响: 

340 nm

( 10), =15/0.643 75=23.3, 

3  

3.3.3  孔板均一性和稳定性评价: 

 

 

图 9  DMSO 浓度对酶活性的影响 

Fig. 9  The effect of the concentration of DMSO on en-

zyme activity 

 

 

图 10  反应体系中各成分对酶活性检测的影响 

Fig. 10  The effect of single component to the assay 

: 1: ( ); 2: ( +

ATP); 3: ( + tRNA); 4: 

( + Phe); 5: ( + ); 6: 

( +DMSO); 7−8: (

+ ); 9: . 

Note: 1: Negative control (with reaction buffer); 2: Negative 

control (with reaction buffer and ATP); 3: Negative control 

(with reaction buffer and tRNA); 4: Negative control (with 

reaction buffer and Phe); 5: Negative control (with reaction 

buffer and PheRS); 6: Negative control (with reaction buffer 

and DMSO); 7−8: Negative control (with reaction buffer and 

ferment medium); 9: Positive control. 
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(CV) Z′, 

, 96 , 

( ) , 

, 3 d CV =0.769%<20%; 

CV =0.573%<20%; Z′=0.90>0.4

 

3.4  样品筛选结果 

30%

11 600 , 3

, 9

, 0.078%

5 200

, 3 , 

37 PheRS

, 0.71%

, 1

(C-1) 7

, 

1  

 

表 1  阳性样品的抑酶活性及抗菌活性 

Table 1  The inhibitory effect of positive samples 

 

Sample 

 

Inhibitory rate of    

PheRS activity 

(%) 

  

Inhibitory zone (mm) 

C-1 61.3 24.5 

I08AB-01310 34.1 8.5 

I09FA-00482 41.5 8.0 

I09FA-00484 47.5 8.0 

I09FA-00494 44.5 8.5 

I10AB-00614 48.6 8.5 

I10AB-00631 53.1 11.0 

I10AA-00733 35.4 12.5 

 

3.5  MTT 法检测细胞存活率结果 

MTT

- Raw264.7 

, 7 , I10AB- 

00614 , 

80% , ( 2)

6

, 

 

 

表 2  阳性样品作用下的 Raw264.7 细胞存活率  

Table 2  The survival rate of macrophage in the 

presence of the positive samples    

 

Sample 

 

The survival rate of macrophage in  

different ferment medium 

0.02% 0.05% 0.10% 0.20% 

I09FA-00484 100.52  99.48  98.15  86.12 

I09FA-00494 100.86  99.87  96.89  93.07 

I10AB-00614  30.34   9.39   6.76   6.33 

I10AA-00733  90.51  89.05  91.81  90.47 

I08AB-01310 110.68 100.99  94.05  96.03 

I09FA-00482 111.89 103.92 100.90 100.47 

I10AB-00631 104.82 105.73 104.48 102.02 

 

4  讨论 

-tRNA

, 

tRNA -tRNA

-tRNA , 

, 

-tRNA (PheRS)

-tRNA

, PheRS

, 

PheRS

 

PheRS

, , 



: -tRNA 1445 

 

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

, 

PheRS

11 600 , 

9 , 

, C-1 ( ), 

C-1 ( ) , 

[16]
, 

[19−21]
, 

, PheRS

, 

, 

PheRS

5 200 , 

, Mycobacterium smegmatis mc
2
 155

PheRS

, 6

 

-tRNA (PheRS)

, 

, , 

PheRS

, , 

PheRS
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稿件书写规范 

论文中计量单位的表示方法 

, 

GB3100-3102-93 ( ), 

,  

: d; h; min; s  

: mol/L, M ( ) N ( )  

: r/min, rpm  

: Pa kPa MPa  

: OD ( )  

: D kD, bp kb  

: , , : t (h) (

, ) : , (% ), : 

20 cm×0.3 cm, 20×0.3 cm; 3 °C−5 °C 3−5 °C; 3%−6% 3−6%  
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