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B E. T4 HLA-1 X5 T/3BKASY (pHLA A44) EARAL T @Ies b %57 5 55
PHEZFR., pHLA A 405 & AR TRAZ O RIMEEI & A A H L, EKINE
MARAFEH HLA- 1 AT EAITE, FESRBRKRERLLY. AFRELT —FHRBE-ZHK
Al &bk (RIE-HPLC %) T &40 T2 pHLA A6 P Rk, LEAT Y B4& 4 F
TR A, BT EE HLA- 1 £ 5 TR RMAR L WHE Fiky, T4 HLA-1 £5F
#9F 45 (heavy chain, HC) 54%24% (B2m) A MIrE, 5482 RAM VYF LR K4S & pHLA
A4, 2REXRRESVHEBIERIK VYE MR8 A 64, RE4 pHLA 464 % B AL 38 5% 3R
HA8 ZAE A A m B IR AR, FAZIJEIE VYF #LR K347 HPLC 420, PTmliF49 VYF /R Ak
PPAELH HLA- 1 5T EH5RBRKRAMEERA &SRR, £RET, #1 &0 E4 pHLA 264
A% HLA- [ 2 FH) 245 74k W6/32 125, X HL F40 HLA- 1 RoTIH EMEEH, TET
) pHLA 5 4-%; M #2 % -HPLC % 45T 4 2] pHLA 244 F 44 3R Ik VYF, B %48 8 -HPLC
& T AW pHLA B 6444 7 57T 47. 5 Western blotting k488, A2 JE-HPLC % & 24 N/ Ak
RETEE A 0-9 ug/mL, TARIEL M P 250 RIKERKARRE L4654, 5 HLA- 1 £
5 F ¥ BAEFALE HLA- | £ 5 F AR, L THIE pHLA A4 M A RIKS S E A
MAR & P s pHLA 244695 &% . B P A& 5 698 JE-HPLC 55T B T pHLA £ &M% %
WG EES, BT @BFEFRELEEMT. ALIRE S @A BAF 5t va BARIEAT &R I &
7 & AR A

TR MIE;, HRRAMEE; F40 HLA-LE 5T wEK, FEEH
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Detection of the antigenic peptides in pHLA complexes by
ultrafiltration-high performance liquid chromatography

YING Ting, CHENG Qiaozhen, CHEN Chun, LIAO Xuejun, HU Huajun

College of Life Sciences, China Jiliang Universtiy, Hangzhou 310018, Zhejiang, China

Abstract: Recombinant HLA- I molecules/antigenic peptide complexes (pHLA complexes) are
applied in the research of human T cell-specific immune responses. The preparation of pHLA complex is
based on genetic engineering and protein in vitro dilution and folding-refolding technology. In an in
vitro refolding system, recombinant HLA- I molecules correctly fold and bind with antigenic peptides
to form complexes. In this study, ultrafiltration-high performance liquid chromatography
(ultrafiltration-HPLC) was used for quantitative determination of the antigenic peptides in recombinant
pHLA complexes, especially for those in a small amount of prepared products. By adding the
recombinant HLA- I molecules and antigenic peptides into the refolding buffer, the heavy chain (HC)
and light chain (B2m) of recombinant HLA- I molecules were refolded and bond with the VYF
antigenic peptide containing anchor residues to form a pHLA complex. The unbound free antigenic
peptide VYF was removed by ultrafiltration to retain the complex. Finally, the pHLA complex was
treated by acid to destroy its interaction, thus releasing the antigenic peptide. The results showed that the
prepared recombinant pHLA complex was recognized by HLA- I molecule specific antibody W6/32,
which indicated that the recombinant HLA- [ class molecule had correct folding and was identified as
pHLA complex. The antigen peptide VYF contained in the pHLA complex was also detected by
ultrafiltration-HPLC, so it is feasible to apply ultrafiltration-HPLC for determination of pHLA complex.
Compared with Western blotting, the concentration of antigenic peptides detected by ultrafiltration-HPLC was
0-9 pg/mL. The binding conditions can be optimized according to the amount of antigenic peptides bound in
the complex in order to improve the folding efficiency of HLA- I molecules and promote the binding of
HLA- I molecules to antigenic peptides. The production rate of pHLA complexes in the refolding system can
also be calculated according to the content of antigenic peptides bound by pHLA complexes. Therefore,
ultrafiltration-HPLC in this study can be used for the quality control of the preparation process of pHLA
complexes, and may facilitate the research of T cell-specific immunity, artificial antigen-presenting cells, and
development of specific tetramer probe applications.

Keywords: ultrafiltration; high performance liquid chromatogra (HPLC); recombinant HLA-I molecules;
antigen peptide; refolding

HLA- I 2843 (human lymphocyte antigen P4 HT /L 28 Bt Jii 28 522 4 6 (antigen presenting
class I molecules) J& M5 B 2 A i) B 4% 15 I cells, APCs) #b¥j5, y74Y5 HLA-1 284144
Wi 1 (heavy chain, HC) B2 fEK&E 1 (beta AWPUEK (XFRPLE CTL FALAK), it
2-microglobulin, B2m) ZH AR — AN Py APCs ¥ it 2AEM, # CDS™ T 4iffibi sz
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N (T cell receptor, TCR) e, S IE
B4R M EE T O 4n i
lymphocyte, CTL) oo [ 7= A= 5% i &%), HLA-T
KT HC 1Y ol Fl 02 G538 RS, &
T PR RES S R RERA 6 T/IMERMIFE (A—F
pocket), H:H A pocket il F pocket | AR 2
HREHZIK N RKunz M C RimREIE A
B, XS A BT E IR 2 [ AR D W—4%
A HLA-T 2850 il iR 5 2 k74 e
B R FERFR L (anchor amino acid residues),
A LAZE A 2R PR RS ik AR RS HLA-T
ForFHEAERTE B HLA-T 2857 7RIk
&Y (peptide/HLA, pHLA) WBF5EA B F A&
B CTL RARK, XTFEB] CD8" T 4y
SR PUNBL B 22 kg% i B R e S
UM G AT AR A B O, i HAE pHLA
SEhlt bR R HLA PUSRMEOAR MRS CTL f%F
SR ST R B . ARkl
PG pHLA E-5 Y H 782 50 i E A
F3k HC F B2m, 7ER MG vpil th 45 B Hile ik
SR pHLA &G W RN TR VE R 2 S G2 ol
WK RIS HC. p2m. P KB EERECZ L .
pH B . it B DA HL A BT 45 A 52 ), 25 ) i Il
BYERCORA il . FEpT, HAEZIER HC
TIRURRI AR E S 3 HLA A7 fr
DAFE ] A 1o i v i S 0 i) £ 7 W AR A 7 A D A
AL Z M55, 2t HC ., B2m IEMIT & NS
PrE IR Z BIA B AEFIE B pHLA B &Y. Ak
HT HLA Bm L2 80E, ARBDIA HLA-I
253 AL ik U 22 R B R A5 A 2 R
ik, e bR OCEOR pHLA K254 ik
5 HLA-1 287> 7 M BAE TR PTEIK F 58 pHLA
BEWEY =6 . B85 RE pHLA E 5
A, AR BN E S R SRR,
AMUEAARTT H 5 THRAE

(cytotoxic T

&B: 010-64807509

HATSIE ] % pHLA &2 &9 2 5 75 1) %
FHJ7 4 Western blotting. ELISA i & JZHr 4>
B AR, ] HLA-I 50 TS 4 51k
Puik We/32 11T Western blotting, ELISA %57
PRI R /D il £ pHLA 2 AW h 5 % i
w7, Hidh We/32 241 HLA-1 28 Ty B
TERER PR, BEIRG HC . p2m Hr& 5 SR
JRZEGIE K HC-02 X AYHFE RN, )
B2m REELE G, HHM Y HC (A M i g A1,
HETFT W REPUA W6/32 HE4T Western
blotting . ELISA %5777 H e kil pHLA &
HEYREIER, JFAReE kil pHLA 254
S G PR IK . 1B A VR RRIMG R R
PEIRTHAY pHLA 597l RE HA AR 4
HEA M A EEEN XM LSS
Al RE LI A R R SRR W6/32 F Uil
TS B0 R 25 R FLAT AN e M, IR AS: I pHILA
BEYIRTTEFRIA T, TR 451
PR b 2 b b i A R R E
HLA-A*24 J2 PN B 5 DL HLA 853 3 [H
z—2 HY5 HLA-A24 # % HA 5 [FJEE,
90%I7) HLA-A24 J& T HLA-A*2402 W54, (R
WIS HLA-A*2402 YKL X ok & 4 3 i
HLA-1 2540 T HC .p2m K Fl & 1 p2m/HC,
It % pHLA BEW . SRS EBIED 5 &SR0
I TEDLE AN R pHLA E-AYIE R,
A — PR IE- R RO AR (3 B UE-HPLC) H
K m A/ E B pHLA 259 HPTE
Jik, %2 pHLA &2 & WIITE

WL

1.1 #MRI5EE

% HLA-A*2402 HC. p2m & p2m-HLA-
A*2402 HC T 4 & ik ik 9 K B #F W
(Escherichia coli) BL21 (DE3) ¥k A SLIG 2=

B<: cjb@im.ac.cn
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FIAR 2, HLA-A*2402 BRHIHE 0 A B0 K05
A PE B K gp100-intron 4 (44 3 R /7 41
NH,-VYFFLPDHL-COOH, fif% VYF Hilifik)
1l NH,-IRAWVAWRNR-COOH (fiifk IRA Jik)
FH BT T30 AR DR A R w5 B, SRR R
T 98%; PATEHEPIIAR W6/32 Il [ Abcam 23 F] ;
BioBasic™ 18 LC il T 2880 Gt /R Bl K
(hE) AR HE; HPLC Grade Z 5T
Spectrum Chemical; HPLC Grade =3 LR T
A SO AR PR A F o

FEALAF G4 LC-10AT R0 AH (.58
(H A B HY) ;s SPD-20A (= SO AR I A (H A< 5
H; #HIEELE (Millipore, MWCO:3 kDa).
1.2 $RRRAVIRHEE

HLA-A*2402 7342 5 BT IR 28 — A4
B 7B BRI B A I AR MR R , C R Im
SEFRILAT WA RN AR K se i, A
FEREPE X N A SR IR VYF BRI Ry 2
AR, AEHEETREER IRA BRAE A ARSE &K
1.3 HC.p2m FfAREEE R p2m/HC BYFRIE

X5 B FRIK TR E. coli BL21 (DE3)
PRI PR A AT S 3808 . PRI TR 7% 2 R
FPUMEMR LB Kigrdbh, 37 Cal ki ks
Fio RIGWETEI 10 100 HERDT 57 6 i B 52 ik
W, 37 CHIREEE IR A2 ODeoo M 0.6 B, WA IPTG
BEAWE N 0.5 mmol/L TFHRIFESFRERE., B5E
ik 5 hJE, EOWERKTIE. WARDIRE
A1) PBS H A, HAMN, 20K IARE
o ALK TR P17 T 8 mol/L JRZ R W, Hl
A Ni-NTA ERUZPTA Bk f7alifh, gifhssf
i )R 0 O e 12 2 o B P A U v ) R R R
M, E A 80 CURAF £ H -
1.4 VYF #JERLFN IRA BRKAY#BIE-HPLC
SER

HPLC X C18 3% F: (4.6 mm»250 mm,

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

5 um), LA 0.1% TFA ZHE% W : 0.1% TFA K%
Woh 31069, REahtd, WEA 1 mL/min, £
WA 35 °CL, R R 214 nmo X PSR i
VYF Ul iR 52 122 ol i IRA RS VES2 vhilk
PR SR AP BEA TR , 3 € VYF BUELIK AT IRA
FRIGFAENE . FEORECHIERE 250 0, 2. 3. 4.
5.6. 7. 8. 9ug/mL ) VYF H kAT IRA Ik
VST, AR IES T HPLC M5E o AT AU AL PR,
JRHEE (ng/mL) WiEAbR, ZhilbniErhk . Bodl
2 pg/mL FRARAE SRS R s S b T 22
R, e S0 O B BT IR R TRIAR, ST BAR X AR
W7 (relative standard deviation, RSD), KiiFi%
TFERREEE . ¥ VYF 5 IRA K451
FeHl A 1. 5. 9 pg/mL ¥ EEAIPRIEVS IR, —2H5E
BSHL 20 pL AR RERERTIN 55 A — 2 S0
PRIET RS IS B I 20 pL #5177 HPLC £
I, AR AN 285 SR AR R s AR ISR
1.5 pHLA EE¥IRIVEHI&

¥ HC. p2m. VYF FrEAK (EE/REL AR
1020 10) % BEFBEER ik H 4 pHLA &
AP % 20 ug VYF FitJE KT EHAH) 2 mL
EEZ i, 10 TRk RS 30 min, A
J5 BREURE N 50 pg B9 p2m, 10 CEEIRGIRS)
1 h, ®JE4 3 WA 60 ug i HC, &Ik
12h, 10 CIRGEME R WL K. FAfZE HC
FVYF $i 5K K p2m Al VYT B K R Xt B4
T3 AME T IRA KA N AR GE S BRIk, 7 [FIAE
PR MR, MAEN B2m/HC. VYF HlEik
(BEJRELEA R 1 2 10) E M4 pHLAZ &9,
AFEIA B2m, HALATRF .
1.6 pHLA E&Y1%I&~¥rI#8IE-HPLC
SER

{1 1% BSA FIRAHEE 73124 3 kDa iy
FEIEE AT IR Bk . S AL M= o A T A
—UHBUE, ARG FHAPEGE IRk L 2 500 uL, §%



R %3 EARASILER pHLA 581 R Rk

BRRATIR AT G PRGBS, 12 3 IR LARBR RS Ik
HBCHC . B2m 43515 VYF HrEAK & IRA BRE HEPT
B WA TAR AR R VIR T SR UK, RS R
THIREFAERIE b , MRS —3T We6/32 4l
N7, WEIEEREE R S A3 500 pHLA
AV I 3% =R O RIE WA 2 2
100 pL, #'E 20 min, @4k pH B38 HLA 43
T 5P B AR AR AN, R g A
U, FEBCE R 20 pL #E4T HPLC A
1.7 pHLA E&1RYH & &G MK

itk — SR A A S, MU MG
() pH B R SCUAE 52 VR 1A R v St R g vk B (52 1k
1K Z pH 2» BIEE K 8.0, 7.5 )2 7.0, HUJFkHE
JEAHI 5. 10, 20, 40 pg/mL), 435K HC .
B2m. VYF PHisfikFIF 581 p2m/HC, VYF
PUREIKFE I 1.5 PR RS 1k il & pHLA
BAEY), ¥R IE-HPLC %A pHLA B4
R NS W e o N s 1 N N
WREXT pHLA &5 YIRS G & 52

2 BEREAW

2.1 HC.p2m #0 p2m-HC @& EAKRIES
“hifk

2 IPTG % S1E 1, HLA-A*2402 HC . 2m
& p2m-HC 7£ E. coli BL21 (DE3) H K& #Hik,
RIAWRE A AR G, 155
LA R T AEE M KA . ik
JIE 11 DR 28 V5 VR S A R R DUV I 2R 4T Ni-NTA
SEAZHTAiAk, 43 B 5 AS R v 3 R s 1) o6 Aot
WA B T S el H A8 1. HLA-A*2402
HC. p2m %% B2m-HC (& 1),
2.2 HPLC %4 VYF #REBAF0 IRA Bk
RiBE e EE R

HPLC M &s R Bon, VYF HUEIKAE T
2% MRTE 14-15 min A FHIERIIE (8] 24),

B: 010-64807509

HEPEPE 14-15 min BYIRZULIES VYF HTEK; IRA
JKTE 8-9 min A FFENILIE (K] 2B).

kDa M 1 2 304
Q

63 &

48 £
o
[cnly

35

17
11

g
I
I

1 HLA-A*2402 HC. p2m % p2m-HC Rk K
4i{LHy SDS-PAGE %R
Figure 1 SDS-PAGE analysis of HLA-A*2402 HC,
B2m and B2m-HC. Lane M: protein marker; Lane 1:
washed inclusion body of the p2m-HC-BL21 (DE3);
lane 2: f2m-HC after ultrafiltration; lane 3: washed
inclusion body of the HC-BL21 (DE3); lane 4: HC
after ultrafiltration; lane 5: washed inclusion body
of the P2m-BL21 (DE3); lane 6: PB2m after
ultrafiltration.
A

35
30 |
251
20 |
15|
10 |

5
0
-2

<« VYF

mV

1 1 1 1 1 1 1 1 1
4 6 8 1012 14 16 18 2
¢ (min)

W W
S W
T 1

20} < IRA

mV

1 1 1 1 1 1 1 1 1
4 6 8 10 12 14 16 18 20
¢ (min)

B2 VYF fiERK K IRA fKE7 HPLC 12 &
Figure 2 Chromatogram of refolding buffer
solution of VYF (A) and IRA (B).
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TE 0-9 pg/mL YE[E N, VYF Frls ikl IRA Ao -
FRARE M R Lt RAF (& 3), 1045 #4551 o g }(2)8 i
y=13.031 Ox, R*=0.996 3; y=9.491 3x, R*=0.992 1. X 80
HARHELE R, VYF UG IRA Tkl § o[
{5 S ] R T AR RSD B8 T 2% (36 1), J7 i gop o~

KR AT 0 2 4 6 8 10
VYF concentration (pg/mL)
VYF HLls i E mfe 0 96.91%-98.14%,

B
IRA KR UE [BISCE A 95.10%-98.48% (K 2). 5K s 122 ’
WL AN | IR AT B R, AT =l
PSS VYF BUEKA IRA k5 HLA 4T R g
HIT RS g~
2.3 HC. f2m. VYF JERK#I&Z pHLA 0 2 3 : ; L
& &) 80 18 % -HPLC 3% @ M B Western VYF concentration (ug/mL)

blotting 5 i 3 VYF MR IRA BRSO
et W 25 il sk ; N LI A N BY A7/ Z
R PG AL HLA-T 2803 5 Ry T Figure 3 Standard curve of VYF control (A) and

HC 584k 2m WS, S5EE LMD IRA control (B).

&1 RP-HPLC JZ4&7 VYF /R AK K IRA BREYHEE 1L IELE R
Table 1  Verification of precision of RP-HPLC for determination of VYF and IRA

Peptide Retention time (min) Peak area

X SD RSD (%) X SD RSD (%)
VYF 14.97 0.098 0.651 32.48 1.241 0.764
IRA 8.41 0.027 0.326 19.46 1.419 1.458

&2 VYF R IRA BREJEIY R E 5
Table 2 Ultrafiltration recovery of VYF and IRA

Peptide Concentration (ug/mL) Peak area before Peak area after Recovery (%)
ultrafiltration ultrafiltration
VYF 1 14.57 14.12 96.91
5 64.15 62.96 98.14
9 120.62 117.73 97.60
IRA 1 9.79 9.31 95.10
5 48.65 47.91 98.48
9 83.32 80.19 96.24

JEK VYF 77 A A B AR TR B pHLA 2597, #£ VYF HUJF R ZE T HPLC A, Firi £5 i it S5
ZEUR PR AL G R BURIK VYF MR K VYF & B b 8 20 HLA-12E 50+ 5505 AR B
BEY, ®IE¥ pHLA E8WAmREgE ks ERTEGPURIR R . BT IRA IR S E
PR SR AN B AR R R BT ISR, PR uEl  BREL, ULARES HLA-1 KO T456 . 45R 5

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



RIS /A8 BRORIEEIEEEN pHLA EAM PR R

/8 HC. B2m Al VYF i J5 &2 P il £ 1) pHLA
AR EER VYF SRR E B85 T 1
A L4 (P<0.01) (& 4), Western blotting %% 5
WK, 456 VYF BrEIKR pHLA & &9 nl 4
HLA-1 7 PR HEPUA Wo/32 1 5] (&5),
UL EE 41 HLA-1 2853 F 45 & VYF 3R AOE s E
Wi S5, nl%E pHLA B SWA7LE. [t
HEUE-HPLC AT 5) pHLA B 5Wh & F
PURIK VYF, ULHPKE UE-HPLC 32 A F A4t
JR k5 HLA-1 2550 455 T2 L pHLA B 591
HEAAT .
24 AREIFHHIE pHLA EE4I8Y tti?z
Xl % pHLA B &Y E ST

*%

Kl |

sk
30

[

S +

320 @ IRA
3 O VYF
210

%

Qq: 0 1 -l-I_l ]

HC+P HC+[32m+P B2m+P

4 MEFYH RP-HPLC 547
Figure 4 RP-HPLC analysis of refolding products.

< <
X@? O X@? &

. l .

5 pHLA BYIE T 4 Bk 27
Westerning blotting £ (B)

Figure 5 The Native-PAGE analysis (A) and
Western blotting (B) of pHLA.

(A) #A

B: 010-64807509

k., TEE PEZE ik pH 7.0-pH 8.0 JEFIN, HC.
B2m. VYF Hilsfikifil % 1 pHLA E 59+ VYF
PUE IR & B pH R T B, {H p2m/HC .
VYF His k4509 pHLA &S89 VYF His
R & REBEE pH FEALM BT FEE MR R D
PRI MR, A BT &) pHLA &
P VYF St IR & a2 E I, Ytk
WelEH 5 pg/mL B9 % 20 pg/mL B, Frifil 45y
pHLA E AW VYF HUI RN I8 i 0 i 7
BEVE ETE (P<0.01); (HAT ) AR BE M 20 ug/mL
Hhn# 40 pg/mL B, il &R pHLA Z 59+
VYF HU i BRI i e AR A 22 SR (B 6).

HR Y& VY F Bt J5 kv B vl 1155 pHLA &
YRR, &S R=HLA 0 T45a Mt
JE R B R B/ R B P R HLA A (R
>x100%. 7E R TESAMERIN, HC. p2m.

A ko
50 ok
S 40| -Hc+[52m
Z 30
8 20 F BZm/HC
< +VYF
EA H
(]
=9 O J
70
pH
B k% ko
80 I
[
S 60 | % *% E HC+HB2m
= || | +VYF
= 40 F
2 0O p2m/HC
1N
& O 1 1 1 J
5 10 20 40

Concentration (ug/mL)

6 TEEMFZFHTHE~YH HPLC 517

Figure 6 HPLC analysis of refolding products
under different pH of refolded buffer (A) and
different concentrations of peptide (B). **: P<0.01.
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VYF $i 5 ikl 45 19 pHLA & 490 i fe A 58 1k 4%
£k pH 8.0 IR 20 pg/mL, AR
gEGTRN 0259 pg, XPAEE/RECA 0.225 nmol,
BI#k45 pHLA Z5¥°8 0.225 nmol, Hifil &%
250 14.6%; p2m/HC @A E TS VYF HrE AL
il 2% 1) pHLA &2 & Wi fe A 2 M 551424 pH 7.0,
WINARH S 20 pg/mL, HprJR kg & &>
0.490 pg, XFNEE/REK 0.426 nmol, Bi#T&E
P3RS 0.426 nmol HL i AK-HLA & A4, Il %
RN 36.9%. MK 7 A, B2m/HC @G &1
5 VYF s ik il 25 pHLA &5 9 1 il 4 23 %
& T HC. p2m SRR R & Wi i 45 %
(P<0.01),
3 9tk

HLA-I 280 F 54U kA AR & CTL
21 6 AR S e L) P 0 1 oy - S . R ERE A
HLA-I K53 FAEEER R P IE# T &IF 5P
keh &l 4 pHLA Z&Y, WTHTHRAL
APC Hili# CTL 20l 05 vk o4k, DUKTT &
S DO SRR R ET T CTL 4 B 4 S 4 fk 4
FEURE ARSI o R SR S Ao O B TR SN BT S
VAR AR RARF N N dtSCT 4
AU e HLA-T 8 F45 A bRk . #25
pHLA & &Ml &xc  me gtk r %, H
JETE 5 AR R oL B2 P X D i il 46 7 0 i A

80

s

2 OIRA
= 60 EVYF
X

: 40

20

3

£ 0

ﬁ2m/HC+P HC+ﬁzm+P

E7 A pHLA EEYMRESELR
Figure 7 Comparison of the amount of HC, f2m
and B2m/HC binding peptides. **: P<0.01.

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

s 7 AT B — R R vk . RS R 57
P HLA-L > F G R S b ik we/32 7
Western blotting 7] L T30 pHLA il & 2 1%
B, AR FORE MR pHLA 65,
AR E RN pHLA & &9 b 454 st s ik
i, LR pHLA ZaWil&%. mTX
PER R B AL IR pHLA ZAWITE R, 2
SEPIAT pHLA &5 Wil 28 3o P 110 o o 428 o il
B AT DU e I B A R
AR, RER LA pHLA 454 k& 128 4k e A
M5, LIRS pHLA MO &R, AT
58 BT A7 R 8 -HPLC 35 F TR pHLA & &
SRS N O K= NS E 7Y i SR
HLA-1 K F45GMPTIRK, 3%k ff e i il
£ pHLA &4 W 25 e $2 4 — Fh o 20y
Bio TEATT LR, 5 UGHUR L TRIE bR oR 2,
B HFE USRI, 2 2 WO IE R IE pHLA &
A 0 4 iR Ak PR VR AR AR FE D T R e S ik
FEFFR, PG IER H AR

Bifi % % HLA-T 2K ﬁ%%m@%mﬁwmm
TRAWEFE, 100 45 5 SR A1 2% 1 g 1 22 Ik W] fig
AR AN R AR S CTL T EW]E%L
HLA-I 2553 5 Bk S8 F0 B — o R LA
mmcEA%T%%%ﬁfMW%%ﬁﬁﬁﬁ

S CTL, [FMEZAKE HLA-1 KT Z )ik
%%%ﬂﬁ%ﬁﬁﬁmAJéﬁ%%%mﬁﬁ
B, XTEAR KRR b AT T8 3% A1 Bt JE Rk pg
R R N 3 2 A 5T 2 7 B I -HPLC
BAM TR A, WS pHLA B4
YIRTE AR, JUILLL B A B a A 2Rk 10
F HLA-1 284> T 456 B Ik 68 1 K 4
m, EARMTER pHLA E45Y). % T pHLA
3G WIHE AR R VR YT 5 12 W 4 3 1) 1o
B &, AHESE B &7 ) U8 -HPLC 340 HF
pHLA &AWl &L B0 45 Hl, 78 HLA-I



R %3 EARASILER pHLA 581 R Rk

PO T YU A EAE RIS . AT APC DK
R S P DU SRR R B I IO 7 T #B B A L H
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