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  : 恒河猴是研究人免疫缺陷型病毒(HIV)感染与获得性免疫缺失综合征(AIDS)疫苗研制的最为重要的动物模型 ,

其组织相容性复合体(MHC)结构的解析将有助于了解 HIV 免疫逃逸机制。本研究克隆了 1 个恒河猴 MHC-I 类分子

Mamu-A*02 轻链 (β2m)基因并插入到 pET21a(+)原核表达载体中 , 成功构建了重组表达质粒 pET21a(+)-Mamu-β2m。

pET21a(+)-Mamu-β2m和之前构建好的恒河猴 Mamu-A*02 重链(α)重组质粒 pET21a(+)-α分别转入 BL21(DE3)大肠杆菌表

达体系中, IPTG 诱导表达。Mamu-A*02 重链和猴 β2m 目的蛋白在 BL21(DE3)中以包涵体形式表达。重链、轻链的包涵

体蛋白和 Mamu-A*02 限制的猴免疫缺陷病毒(SIV)Nef 表位多肽(YY9)通过稀释法共复性。高纯度的复合物蛋白经分子

筛层析和阴离子交换层析纯化后获得。复合物晶体利用悬滴法筛选并优化 , 并在 0.1 mol/L BIS-TRIS (pH 5.5)、2.0 mol/L 

(NH4)2SO4 条件下收集一套 2.8 Å 分辨率的 X-射线衍射数据。晶体属于正交空间群 P212121, 其晶胞参数为 a=128.99 Å, 

b=129.01 Å, c=129.03 Å, α=β=γ=90°。该数据可通过分子置换法解析。 

: 猴免疫缺陷病毒 (SIV), Mamu-A*02-Nef_YY9 复合体 , 蛋白表达与纯化 , X-射线晶体学  
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Abstract: Rhesus macaque (Macaca mulatta) is the best model to study of human immunodeficiency virus (HIV) infection and to 

develop acquired immunodeficiency syndrome (AIDS) vaccine. The crystal structure of its major histocompatibility antigen complex 

(MHC) is helpful to understand the mechanism of HIV immune evasion. In this study, we cloned the light chain (β2m) of MHC class I 

allele of rhesus macaques, Mamu-A*02, and inserted it into pET21a(+) vector. We transfected the recombinant plasmid 

pET21a(+)-Mamu-β2m and pET21a(+)-Mamu-α into BL21(DE3). Mamu-A*02 and β2m were expressed in the form of inclusion 

bodies in BL21 (DE3). We co-refolded the inclusion bodies of Mamu-α and Mamu-β2m with SIV nonapeptide YY9 and obtained the 
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correct refolded protein complex. Then we purified the protein complex by the gel filtration and anion-exchange column. With 

hanging-drop method, we screened and optimized for the protein crystal. We managed to collect a X-ray diffraction with the 

resolution to 2.8 Å in the condition of 0.1 mol/L BIS-TRIS (pH5.5), 2.0 mol/L(NH4)2SO4. This crystal belong to perpendicular space 

group P212121, with unit-cell parameters a=128.99 Å, b=129.01 Å, c=129.03 Å. This data is available for the structure determination. 

Keywords: simian immunodeficiency virus (SIV), Mamu-A*02-Nef_YY9 complex, protein expression and purification, X-ray 

crystallography 
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1  材料与方法 

1.1  材料 
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[14]

, 

Mamu-A*02 pGMT7-human-β2m

pET21a(+)

Novagen SIV Nef159-167: 

YTSGPGIRY( YY9) , 

HPLC , >90% Hiload16/60 

Superdex75 GE Healthcare , 
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Resource Q Amersham Bioscience

Index kit (HR2-144) Hampton 

Research (BCA Protein Assay 

Kit) Pierce , SDS-PAGE

 

1.2  Mamu-A*02 重链、Mamu-β2m 蛋白的克隆、

原核表达 

 pET21a(+)-Mamu-α

MHC Mamu-A*02 1~276

β (GenBank 

Accession No. AAR01874.1), β2m

pGMT7-human-β2m 9

, pET21a(+)

pET21a(+)-Mamu-β2m, 

1~99 , 

Xho I Nde I pET21a(+)-Mamu-α

pET21a(+)-Mamu-β2m  

pET21a(+)-Mamu-α pET21a(+)- 

Mamu-β2m BL21(DE3), 37
o
C 1 mmol/L 

IPTG 4 h , 20 000 g

, SDS-PAGE

 

20 mmol/L Tris-HCl 100 mmol/L NaCl     

1 mmol/L EDTA 1 mmol/L DTT  0.5% Triton 

X-100 3

pH 8.0 8 mol/L

10 mmol/L Tris-HCl , 20
o
C 

 

1.3  Mamu-A*02-Nef_YY9 复合物蛋白的共复性

和纯化 

Mamu-A*02-Nef_YY9

Garboczi
[15]

, 

[16]
: 4

o
C Tris-HCl L-Arg 

HCl (GSH) (GSSG)

(100 mol/L Tris-HCl pH 8.0 400 mol/L 

L-Arg HCl 2 mol/L EDTA 5 mol/L GSH 0.5 mol/L 

GSSG 0.5 mol/L PMSF) Mamu-A*02

Mamu-β2m (3 mol/L 

Guanidine-HCl, 10 mmol/L NaAc, 10 mmol/L EDTA), 

SIV-Nef_YY9 DMSO Mamu-A*02

Mamu-β2m 1:1:1

3 , 

8 h , 

Mamu-A*02- Nef_YY9  

Hiload16/60 Superdex75

Resource Q Mamu-A*02- 

Nef_YY9 C[20 mmol/L 

Tris-HCl (pH 8.0) 50 mmol/L NaCl]; 

A 10 mmol/L Tris-HCl (pH 8.0) 10 mmol/L NaCl, 

B 10 mmol/L Tris-HCl(pH 8.0) 1 mol/L NaCl

Amicon Ultra-15 10 kD

(Millipore) , C, 

SDS-PAGE(15% )

BCA , 

( 80
o
C), 

 

1.4  Mamu-A*02-Nef_YY9 复合物的晶体生长 

, 

Hampton Research Index 

C (45 kD)

5 mg/mL 10 mg/mL 15 mg/mL 20 mg/mL,    

1 L 1 L , 200 L

, 18
o
C

pH

,  

1.5  X 射线衍射、数据收集和初步处理 

 (Loop) , 

30% 30 s, 

173
o
C 

[17]
Rigaku 

Micromax007HF X- (40 kV,   

30 mA; λ=1.5418 Å) R-AXIS IV++

HKL2000
[18]

  

2  结果 

2.1  Mamu-A*02 重链、β2m 基因克隆产物的鉴定 

Xho I Nde I pET21a 

(+)-Mamu-α pET21a(+)-Mamu-β2m, 1%

Mamu-α 830 bp, Mamu-β2m

300 bp( 1)

DNA , Blast , 

GenBank

,  
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图 1  大肠杆菌 Mamu-α 重链、Mamu-β2m 表达质粒的双

酶切鉴定图谱 

Fig. 1  Digestion of Mamu-α and Mamu-β2m expressing 

plasmid of E. coli with double restriction enzymes. M: DNA 

marker; 1: pET21a(+)-Mamu-α/Nde I & Xho I; 2: pET21a(+)- 

Mamu-β2m/Nde I & Xho I. 
 

2.2  Mamu-A*02 重链、恒河猴 β2m 包涵体形式的

表达和纯化 

IPTG

pET21a(+)-Mamu-α pET21a(+)-Mamu-β2m

pET21a(+)-Mamu-α/BL21(DE3) pET21a(+)-Mamu- 

β2m/BL21(DE3), 200 r/min 37
o
C 4 h

, , SDS-PAGE

, , 

33 kD , 12 kD

( 2)

, 80%  

 

图 2  SDS-PAGE 分析 Mamu-A*02 重链和恒河猴 β2m 的

表达 

Fig. 2  SDS-PAGE analysis of Mamu-A*02 heavy chain and 

Mamu-β2m. M: low molecular weight protein markers. (A) 

Determination of the Mamu-A*02 heavy chain expression. 1: 

non-induced BL21(DE3); 2: supernatant of IPTG induced 

pET21a(+)-Mamu-α/BL21; 3: pellets of IPTG induced 

pET-21a(+)-Mamu-α/BL21; 4: inclusion bodies of Mamu-A*02 

heavy chain protein. (B) Determination of the Mamu-β2m 

expression. 1: non-induced BL21(DE3); 2: supernatant of IPTG 

induced pET21a(+)-Mamu-β2m/BL21; 3: pellets of IPTG 

induced pET-21a(+)-Mamu-β2m/BL21; 4: inclusion bodies of 

Mamu-β2m protein. 

2.3  Mamu-A*02- Nef_YY9 复合物蛋白的纯化 

Mamu-A*02

β2m YY9

, 

Hiload16/ 

60Superdex75 , 3 (

3A) 15% SDS-PAGE

, 1 , 2

(45 kD), 3

β2m 2 2

, Resouce Q , 

1 ( 3B), 15~25 mol/L

NaCl 15% SDS-PAGE , 

Mamu-A*02-Nef_YY9 , 

95%  

2.4  Mamu-A*02-Nef_YY9 复合物蛋白的晶体

生长  

Index 96

, 7 d ,            

0.1 mol/LBIS-TRIS (pH 5.5), 2.0 mol/L(NH4)2SO4

, ( 4), 

5 10 15 20 mg/mL, X-

, 

BIS-TRIS pH  (NH4)2SO4

, 2 L 15 mg/mL  

2 L , 3 d , 1

(0.15 mm0.15 mm0.1 mm), X

 

2.5  Mamu-A*02-Nef_YY9 复合物晶体衍射数据

的收集和初步处理与分析 

Mamu-A*02-Nef_YY9

Rigaku X- , 

5 1 2.8 Å

, 99.6%, Rsym 0.074

P212121, 

a=128.99 Å, b=129.01 Å, c=129.03 Å

3  ( 45 kD), Matthews

3.22Å
3
Da

-1
, 69.08%

[19]

Mamu-A*02-Nef_YY9

 ( Mamu-A*01 , 

PDB ID 1ZVS)  
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图 3  Mamu-A*02-Nef_YY9 复合物蛋白复合物蛋白纯化 

Fig. 3  Purification of the refolded complex of Mamu-A*02 heavy chain with Mamu-β2m and Nef_YY9 peptide by FPLC Superdex 

75 16/60 gel filtration and Resource-Q anion-exchange chromatography. The peaks were collected and determined by reduced 

SDS-PAGE. (A) The gel filtration profile of the refolded product. Peak 1 represents aggregated heavy chains; Peak 2 represents 

correctly refolded complex (45 kD); Peak 3 represents abundant Mamu-β2m . Lane 1, lane 2, lane 3 represent the SDS-PAGE results 

for their corresponding peaks. (B) Anion-exchange profile of further purification of the refolded complex (peak 2 in (A)). Peak 1 

represent the Mamu-A*02-Nef_YY9 complex with its elution NaCl concentration between 1525 mol/L. Lane 1 represents SDS-PAGE 

results for peak 1. 

 

 

图 4  Mamu-A*02-Nef_YY9 复合物蛋白晶体 

Fig. 4  Crystals of Mamu-A*02- -Nef_YY9 complex grown at 

291 K using the vapor diffusion method in hanging drop mode. 
 

3  讨论 

MHC-I 3 : I

β2m

, 

, , 

, 

, 

Mamu-A*02

1~276 DNA

β 2 m  1 ~ 9 9 Y Y 9 

(YTSGPGIRY) SIV Nef 159~167 , 

 

图 5  Mamu-A*02-Nef_YY9复合物蛋白晶体X-射线衍射图 

Fig. 5  X-ray diffraction image of Mamu-A*02-Nef_YY9 

complex. 
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表 1  Mamu-A*02-Nef_YY9 复合物晶体衍射数据 

Table 1  Data-collection and processing statistics of the 

Mamu-A*02-Nef_YY9 complex 

Unit-cell parameters (Å) 
a=128.99, b=129.01, c=129.03 
α=β=γ=90° 

Space group P212121 

Resolution (Å) 50.02.8 Å (2.92.8 Å)* 

No. of reflections 376798 

Unique reflections 53070 

Completeness (%) 99.6 (100)* 

Average I/σ (I) 37.2 (4.75)* 

Rsym 0.074 (0.074)* 

Redundancy 7.1 (7.0)* 

* Numbers in parentheses correspond to the highest resolution shell. 
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SDS-PAGE

, 

, MHC-I

, 

80
o
C pMHC-I

, (Tetramer)

Mamu-A*02 T

, -Mamu-A*02
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