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3 HCMV HLA-A * 0201 383
! T A2 IMGT/HLA HILA-
A %0201 5'-ATAT-
236 ACCATGGGCTCTCACTCCATGAGGTATTTC-3'
5'-AACCAGGGATCCTACACTTTACAAGCTGTGAG
MHC I - HLA -A * 0201 AG-3’ Bioasia PCR
50 pL 2 pL cDNA
HC- 94C 2 min
MV pp65 HLA-A * 0201 94°C 30s 55C 30s 72C 1.5 min
NLVPMVATV ' 35 37°C 10 min  PCR
) Nde I + BamH | QIAquick Gel Extraction
T Kit Nde | + BamH |
pET-3¢c E. coli DH5a
1
QIAprep Spin Miniprep
1.1 Kit ABI 377 DNA
1 . 1 . 1 DHSQ TaI<aRa
BL21 DE3 IysS BL21 DE3 1.2.3 Bm BSP HILA-
pET-3¢ Novagen Nde ]  BamH 1 T4 A %0201 &m
DNA DeepVent DNA Taq 5o
New England Biolabs TRIzol Ther- )
moScript RT-PCR Invitrogen QIAquick Gel 1275 Bird
. . . o . BirA substrate peptide BSP LHHILDAQKMVWN-
Extraction Kit QIAprep Spin Miniprep Kit
QIAGEN NY- HR ,
COMED Q-Sepharose  Fast Flow Amer- A2 > G/e

sham CD3-FITC CDS8-CyChrome HLA-A2-FITC ~ BD

Pharmingen Streptavidin-PE
DALTON MARK VII-LL  Sigma BirA
Avidity Denver www. avidity. com  IPTG
1.1.2 HCMV
pp65 HLA-A * 0201 HC-
MV pp65.s553 NLVPMVATV ’ NLV
Fmoc HPLC
98.2% NLV DMSO 10
mg/mL -20C
1.2
1.2.1 RNA cDNA
HLA-A2 HLA-A2-FITC
3 mL
PBMC
TRIzol RNA !
cDNA PCR
-20C
1.2.2 PCR HLA-A * 0201 HLA-A2

5'-TATACCATGGGTTCTCATTCTATGCGTTA
TTTTTTTACATCTGTTTCCCGGCCCGGCCGC-3'

5'-GCGCGGATCCTTAACGATGATTCCACACCA

TTTTCTGTGCATCCAGAATATGATGCAGAGAGCCCGGC

TCCCATCTCAGGGT-3' Gly-Ser
BSP  DNA A2
58C
A2 Nde | + BamH |
pET-3c¢ DH5a
1.2.4 HLA-A2 Bm  E. coli
" Bm
BI21 DE3 plLysS A2
BL21 DE3 IPTG
8
20 mmol/. MES pH6.0 8 mol/LL 0.1
mmol/L DTT 10 pL
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20

14.5% Ayy —0.74 x Ay =

mg/mL -
70°C
1.2.5 HLA-A2 NLV A2-NLV
A2-NLV 5
2 mg NLV
200 mL 100

mmol/L. Tris-HCl pHS8.0
2 mmol/l. EDTA 5 mmol/L. reduced glutathione 0.5
mmol/L oxidized glutathione 0.2 mmol/L. phenylmethyl-
sulfonyl fluoride PMSF 6 mg A2

400 mmol/I. L-arginine

0.5 mL 3 mol/L. Guandine-HCI pH 4.2
10 mmol/L sodium acetate 10 mmol/L. EDTA
26
5 mg B3m
4°C 3d
MWCO 10 000 200 mL
Amicon Millipore 5 mL 10
mmol/L. Tris-HCI pHS.0 0.2 mmol/L
PMSF 3h A2-NLV Ep-
pendorf 4°C 1300 r/min 10 min
1.2.6 A2-NLV
BirA Avidity Co A2-NLV
30C 40 min

0.2 mmol/L. PMSF

10 mmol/L. Tris-HCl buffer pHS.0
0.2 mmol/L. PMSF Q-Sepha-
rose 0 ~ 300 mmol/L NaCl Phar-
macia GradiFrac System fraction SDS-
PAGE
A2-NLV Amicon Ulira-4
MWCO10000 300 pL 4
mL PBS 0.2 mmol/LL PMSF 2 mmol/L. EDTA
300uL 4°C
1.2.7 A2-NLV A2-NLV
Streptavidin-PE~ 4:0.8 A2-NLV 10
5 ~ 10 min SDS-
PAGE
1.2.8 SDS-PAGE Laemmli
5% 12% 15%

R-250

1.2.9 HLA-A2 40
yrs 3 mL
PBMC 1 x10° 50 pl. PBS-2%
FCS CD3-FITC CD8-CyChrome 10
pL 4 pg A2-NLV Tetramer
Streptavidin-PE 1h PBS-
2% FCS 2 400 pL 4%
’ FACSCalibur
Becton Dickinson 50000
CellQuest
2
2.1 HLA-A * 0201
IMGT/HLA HLA-A * 0201
PB-
MC HLA-A2
RNA cDNA PCR
1100 bp DNA
1A lanes 2 3 4 DNA
pET-3c DH5«a 8
1A lane 6 7
1 1
3 HLA-A * 0201
GenBank AY191309
2 HLA-A * 0207
2.2 BSP HLA-A * 0201 HILA-A2
A2
Altman ~* PCR
HLA-A2 1-275 DNA
BSP Gly-Ser
HLA-A2 DNA
900 bp 1B lane 2
pET-3¢c 1B
lane 4
ATG pET-A2
2.3 A2 Bm E. coli
Bom  FE.coli BL21 DE3 plLysS
30%
POA2 E. coli BL21 DE3
pET-A2 BL21 DE3
A2 SDS-PAGE
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3 HCMV HLA-A % 0201
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VL PhotoCapt Verl1.01 4 SDS-PAGE | 18
35 kD A2 2 lane 3 B,m 3 lane 4 I 21-25
IPTG  37%C 4 h 35kD A2 A2-NLV
PhotoCapt 3 lane 5-9 11 3 lane 10
20% 2 lane 4 260 nm 280 nm A2-
NLV 22 23 24
2 lane 5
A2 3 lane 6 8
mmol/L 15 mg/mL
B,m
8
A 12 3 4
bp = bp
1000 —
600 — 1000— 2 BI21 DE3
600 — HLA-A % 0201 SDS-PAGE
200— 200 — Fig.2 SDS-PAGE analysis of extracellular domain
B of HLA-A % 0201 A2 heavy chain expressed

in E. coli strain BI21 DE3  BL21
1 MW markers 2 BI21 pET-3¢ induced with IPTG for4 h 3 BI21
pET-A2  before IPTG induction 4 BI21 pET-A2 induced with
IPTG for 4 h 5 supernatant of BI21 pET-A2  bacterial lysate
6 washed inclusion body

1 2 3 4 5 6 7 8§ 9 10

bp
1000—
600—
200—

kD
66—
ég: —— — e — — — -«—HC
HLA-A * 0201 %2: &=
BP A2 21—
Fig.1 Restriction enzyme digestion of the recombinant 12— “ - <—B,m
vector containing HLA-A * 0201 A2 gene and the expression 3 HLAA % 0201 NLV SDS.PACE
A % -
vector for A2 heavy chain fused with BSP sequence
) boce] ) Fig.3 SDS-PAGE analysis of HLA-A * 0201
at 1ts carboxyl terminus
NLV A2-NLV
A 1 6 200bp DNA ladder 2 3 4 RT-PCR products from 3 donors fronomer
. 1 MW marker 2 refolded A2-NLV monomer 3 biotinylated A2-NLV
5 pET-3¢/Ndel+ BamHI 7 8 vector for A2 heavy chain gene/ Ndel +
4~10 fractions no. 18 21 22 23 24 25
BamHI. B 1 3 200 bp DNA ladder 2 PCR product for extracellular fronomer ractions mo
o . . . 28 see Fig. 4  respectively. HC heavy chain ,m [3,-microglobulin
domain of A2 heavy chain 4 expression vector for A2 heavy chain gene/
Ndel+ BamHI 5 pET-3¢/ Ndel + BamHI. 2.5 A2-NLV
2.4 A2-NLV A2-NLV
A2-NLV 3 Streptavidin-PE Strep-
15% A2-NLV SDS- tavidin SDS
PAGE 35 kD
12 kD B,m 3 lane 2 SDS-PAGE
A GILG- A2-NLV
FVFTL A2-NLV 35kD 12 kD Bym
3 lane 3 Q- 5 lane 5 B,m
Sepharose NaCl
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10% ~ 15%
Streptavidin

5 lanes 5 6 85%

—0— Azgonm
NaCl gradient

NaCl concentration/(mol/L)

0 5 10 15 20 25 30 35 40
Fraction number

4 Q-Sepharose
A2-NLV

Fig.4 Purification of biotinylated A2-NLV monomer

with Q-Sepharose column 2 x 8 em  chromatography
The column was equilibrated with 10 mmol/L, Tris-HCl pH8.0 . The
sample dialyzed against the same buffer was loaded onto the column and
eluted with 0 ~ 300 mmol/L. NaCl linear gradient at a flow rate of 0.8 mL/
min. Fractions of 3 mL were collected. Fractions 22 ~ 24 containing pure

A2-NLV were pooled indicated by bar .

1 2 3 4 5

kD .

45—

36— c— —— : ¥ < HC
A . =
20.1— —
14.2— | .

-y < fB,m
5 HLA-A %0201 NLV SDS-PAGE

Fig.5 SDS-PAGE analysis of HLA-A * 0201 NLV  A2-NLV
tetramer under nonreducing conditions and without boiling
1 protein molecular weight marker 2 ~4 empty 5 A2-NLV monomer
4 pg 6 A2-NLV tetramer 4 pg A2-NLV monomer + 1 pg Streptavi-
din-PE 7 Streptavidin-PE 1 pg containing 1% BSA . HC heavy
chain B,m 3-microglobulin

2.6 A2-NLV CTL
A2-NLV CTL
HLA-A2 PBMC
CD3"
T gated
CD8* T CTL 6
CD8"~ CD4* T 6
A2-NLV HCMV
PPO5.05.503 CTL 6B
T 0.61% CD8" T
2.0% CDh4* T
CTL ~ CD8"™
cpg'm

10 10

A 0.01% B 0.61%

<
o
L
(=4
s

Streptavidin PE
>
~
Streptavidin PE
>
R

10" 100 100 10 10* 10" 10t 10t 100 10

CD8 CyChrome CD8 CyChrome

6 HLA-A % 0201 NLV
HCMV CTL

Fig.6  Flow cytometry analysis of the staining of HCMV-specific

CTL with HLA-A % 0201 NLVPMVATV  A2-NLV tetramer
PBMC from an HLA-A2 donor was stained with HLA-A * 0201
ppOS4905 - 503 tetramer. Data represent the percentages of A2-NLV tetramer
positive CTL within total T cells gated on CD3* cells . A Control

Streptavidin-PE B A2-NLV Tetramer.

Altman * 1996 TCR
pMHC
T
- limiting dilution
analysis LDA CTL
240100 Altman !
MHC 1
HLA-A2 15
BSP BirA
BSP Lys
Avidin Streptavidin

MHC TCR

? HLA-A2

B,m  HLA-A2

pMHC
4
HPLC ~ FPLC 2t Gar-
boczi HLA-A2
HPLC
HLA-A2
CTL
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3 HCMV
TCR  MHC -
MHC pMHC  TCR ' MHC
HLA-A * 0201
50%
12 HLA-A * 0201
50% CTL
HLA-A2
PBMC HLA-A * 0201
HLA-A * 0207 HLA-
A2 12
A2-NLV
HCMV pp65
CTL ! PPO3.405.503 NLVPM-
VATV  NLV HLA-A2
710 11 NLV
CTL NLV
HCMV  HLA-A2*
10 11 13 14 AZ-NLV
NLV CTL.  CD8*T
<0.1% ~11.3% HCMV
<0.1% ~ 5% 1314 A2-
NLV 1  HLA-A2* 2%
NLV CTL
CMV
T
13 14 10 11
CMV CMV CTL
CMV CMV
CD8* T CMV
HLA CMV CD8* T
T
CMV
10 11 13-15
T
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Preparation and Characterization of HLA-A * 0201 Monomer
and Tetramer Loaded with HCMV Antigenic Peptide

HE Xian-Hui' XU Li-Hui' > LIU Yi'* CAI Xiao-Chang’ ZENG Yao-Ying' "
' Key Laboratory of Tissue Transplantation and Immunology ~Ministry of Education  Jinan University ~Guangzhou 510632 China
% Institute of Bioengineering  Jinan University ~Guangzhou 510632 China
3 Department of Dermatology  the First Affiliated Hospital ~ Jinan University ~Guangzhou 510632 China
* " Department of Dermatology the First Affiliated Hospital ~Zhengzhou University ~Zhengzhou 450052  China

Abstract  Quantification of cytotoxic T lymphocytes CTL is extremely important due to the pivotal role they play in controlling
pathogen infection and anti-tumor actions. Previously used methods for detecting specific CTL are usually indirect. In recent
years tetramer technology has been developed to directly visualize antigen-specific CTL efficiently and become the critical ap-
proach in studying T cell immune responses. A simplified procedure for preparing tetramers is reported here in this paper and a
tetramer loaded with human cytomegalovirus HCMV  peptide was successfully obtained using this procedure which possessed
binding activity with specific CTL. The heavy chain of HLA-A * 0201 gene was cloned by RT-PCR from HLA-A2* donor. An
expression vector encoding the extracellular domain of HLA-A * 0201 heavy chain A2 fused with a BirA substrate peptide

BSP at its carboxyl terminus was constructed by PCR with cloned A2 gene as the template. The A2 heavy chain was ex-
pressed in Escherichia coli mostly in the form of inclusion body and purified by washing inclusion body. The monomer of soluble
A2 loaded with peptide was reconstructed by dilution from the heavy chain in the presence of light chain {3, -microglobulin and
HLA-A2 restricted HCMV pp65,95.503 peptide  NLVPMVATV NLV . Refolded A2-NLV monomer was biotinylated with a com-
mercial BirA and purified by low pressure anion exchange chromatography on a Q-Sepharose fast flow column. The tetramer
was then formed by mixing A2-NLV monomer with streptavidin-PE in a ratio of 4 0.8 leading to more than 85% multiplication as
revealed by SDS-PADE under non-reducing conditions without boiling the sample. Flow cytometry analysis indicated that this tet-
ramer could bind to specific CTL from HLA-A2* donor. In conclusion a simplified procedure is established to prepare HLA-A2
tetramer which may not only facilitate the application of tetramer technology for studying specific T lymphocyte immune response

but A2-NLV itself be applied clinically to monitor CMV-specific CTL in stem cell and organ transplantation.

Key words human leukocyte antigen tetramer cytotoxic T lymphocyte inclusion body human cytomegalovirus
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