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WBE  AFLL%9% 75 (human papillomavirus, HPV)SEHIEEN E7 J2 B0 I CEEIE N, H 2RI TE B 300 41 A e AR BEFE B 4t 9 40
ik S R T R R AR, QRO B SR IR I EAR RS, HAT, 5T HPVI6 E7 BTSN T T 9k EL40 A (cytotoxic
lymphocyte, CTL)Z A 1 2 JIK B 1 & BT SR 187 R I I 7 0], (HRIR CTL FRALIRIF i 77 40 A 3 - 38 0 . WOk
CTL RRCREARAEG S, B, AW TR HPV6 E7 HUJs CTL RALKE IR, 458 2 IR scit &8 5, BT
TR )RR S A BB, VPRI T 3 &R BEIUIK. A T & BUAE KGR IR A7 Mk, FER A T2 40 ikl e %5 ik 5
HLA-A2 73 TINEG ). TIREIREN], 3 SR BRI DB i 52 78R AR HPV6 ETHUJR CTL RALIKIAT I 5, LA(d)
RAHYNIVTF AT BAL L 280 R 5 A W . 4k, (d)RAHYNIVTE R BRUIK 5 HLA-A2 4r T 454 1A g i (98O &
$oh 2.06). LA EgEREFH, HT HPV16 E7 HUR CTL A BRIIKIAT G B 20 7 S0 17 88 1 1 1 1 B0 Rl

%A AR, CTL &AL, S Hfst
FRHKS RI2, Q51
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BRYG 2 51 SRR, 2120 JIAET:. fEh
H, [ELH 135 5 AP S o, Sk
R NEH) 1302, KR ST s N S Sk R 1
(human papillomavirus, HPV) & & 2 S0 1) 1 %
KB, [T R I HPV W Z047 120 Fh, Hrp
KA CLTERCT 2 2R P, R s HPV i 8 15
B B BE . AT gy b AR e A (LR-HPV) Hil v fe Y
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H ALK HPVA3, 16, 18. 19. 52, 58 %, wnl 5|z
EOE . BE . kAU . NLT RS fEAZE
HPV WA, HPV16 WAL 70% LA b 1¥ 5 50
FYIMK. HPV B K IX(E [X) 32 24 i E1~
E7 BWIEA, WA HE DNA &, #at. BIEA
ARG AL SR, BT ARy Sl i e,
JEBUE I SCHEIEIN, AR HPV M G K 2B R
HOREREZEM, TR HPV BYAH I e
TR BLAL RO,
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55 49~ 57 A7 Z IR TR I UIR(RAHYNIVTF) /2 3
HLA-A2 FRIIME CTL A7, A P 4h o J2 2% 0 I
B KRR CTL RAL KBRS — @ g
WORPUHPV g N2, (HRCRRERAR. gY R A
g 1% KSR HPVI6 B E7 Hi 7 CTL £ A7 fik
RAHYNIVTF 5 HLA-A2 43 T [F5E ) AN 2 2,
HRER CTL R ALIKALE AR A 55 Bl 2 Pl K T B A

PR, LR AR IO CTL RNV AR H A B
AR Sk, A ST AR T B HPVL6 E7 Bt i
CTL A7 % ihhh b, PSR UM AE KRR AR
W RAER CTL R AT IR 58 A7 B 11 28 JE R AT B
5B AMBER 7 BN AF 04T 31 8 J) 5 R 2
HEHBETHE, WA 245G H B AR R I I ok
AR SR S AR RARE AL R HPV16 B E7 Hi it
CTL BRI A A BB A A K CTL A7
KUY, HEATARSP SRR St . RS A IR A I
Krp ko thses, Ak PG LL HPV16 Y E7
PR A SEFRFE T CTL AR P 1 T B4 KLl

1 MR57E

1.1 Z|EARFS

HLA-A2 /i 44 45 £ . PDB(Protein Data Bank at
Brookhaven National Laboratories) £ #) %4 /% (http://
www.rcsb.org/pdb) 1 3REL, 25 A 3TO2.
1.2 FAERIRRENIZIT 5 5 F 3 1 F4EH

AWFFE4E ] sybyl 2.1 1) biochem b1 28 &
TRRAL, FEETRIRBALIR S GRAAADNE, I 3RET
JEKR AR R I E AW . E ] Amber 11.0 2547 4
TENIFEA, AP SebiR R, fx)
EERTH, B a e PR AU — BUst |]. Pif ik
RRE 3 LSRR, JihtR
JRFK Sy 75 FRRR R s 28, oA s B sl
B, PURIKNUK 7 BJEAIAETIRE], At s
MEZR. BN LR Tleap #/7 W E & WMA,
AW 108 5t TIP3PBOX /K 43¥, JEn
AP, mAIMAT 84 Nat PREFR R ML
PE. FEATEFT Amber [F14RHE 13 ff 99SB T34k
T X a2 415> v 2%, PME (particle
meshewald) /7 V2 THE AR R I Ef EAH BAE . SR &
BE N P& V% (steepest descent) A1 3t g Bh JE ik
(conjugate-gradient) 4T fig & fe Mk, HEH B2 L
B B T IS AN G B A, A TARR P+
A L2k > BRI, A SE S, Rl 0 K
TFE] 300 K Jf-4E R 300 K #EAT 8 ns 1)) 71 24454l

BB KA 2 fs, BERE 2 ps HEAT—VREURE,  BXAE
HIEM BOP I GAE A B S Y R % 50
A% KT MM-PBSA J5 ik 150 AR 2 11 (32 4K)
G RAR AT IR B AR A2 A7 K (AL A4) 2 TR] R 5 45 1 #R
fE(AG).
1.3 ZHBIEHK. k. 2REE

A SEB v ] 22 Ik R I Fn e Fmoe T %, 1E
R RGO A ARG Al i R E.
BREIRE TR, L1 gL REw TlaiKh, &
T=70°C A7 25 H.
14 RARMBRRFAIEIBAAE M 3R P2 E 1K

¥ 25% A I3 B T 37°C 14k 30 min. B )5 £E
50 pl RAR AT K S R AT AR v R FE 2 1 g/L)
WA 250 wl YEARJE F I, TR RN
500 pl TEA(KIKIZ N 1%) K10 N, & T 4C JiCE
30 min J5, 12 000 r/min &0 30 min, HEUH V.
F LC/IMS/MS(ESI: 135V, Analystl.4) % RP-HPLC
(JHERE 10 pl, WA A: 0.1% TFA £, #ish
A B: 0.1% TFA —Z8/K. WANAHAIE: 0.4 ml/min,
Kyl K. 220 nm)sEAT 2047
1.5 HHREtR R B FE IR

TAP [ T2 40 M 5 h 2 — 428 K28 )T B U%
S, T2 40 M RE IR T & 10% /1 2 i (FBS 1
Hyclone 7 ) ) 1640 15 7% 3k (16 T Hyclone /A #])
W, RiIR4ME A 37T L 5% CO,. WA, &EF
2~3 RAAR 1K, FITC #xidiHit A HLA-A2 BB7.2
Piik, T BD A
1.6 FROERIERS HLA-A2 BIEF A S

RENERAL KA ERE S HLA-A2 e 45 A1 il
N AR S VT A AR AR BUR. I,
T FH 21 R0 77 92 36 K PE AN R R AT AR . A
T:oa. T2 kAR, T2 4184t PBS YLk 2
Wi, Lh 1x10% fLEEFT 24 FLARH, LA 100 mg/L
WREE N R AT BAUR B RIRE ALK, &AL A
3l mg/L) B2 TUERER T, ¥ T2 4/ T 37°C . 5%
CO, MR E 4 F 8592 18 h J5, AR 41 L it
A AARI. b, T2 418K HLA-A2 4y 1 KIE
Al ARSI . K5 2 KL E 18 h 5 1)
T2 401 1 000 r/min. 5 min B5.0, WA 40 e JF
PBS Pk, [FIFEAME 05, H PBS &40 M.
FEBITIE N 2 wl FITC #7121 BB7.2 e Jsifi
A HLA-A2 FiAR¥E W, 4°C BEGHE T 30 min, [T
A1) PBS WE¥k 3 W, 7E i gl M A
%GR (mean florescence intensity, MFI). 4535 LA
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P65 % (florescence index, FNAE M AT EFEbr, it

HAKXWT:

> Hdbe =L
3468 (pr)= A MFITS 5L MFI

55 MFI

FI>L5 Mo Z kS HLA-A2 4y T4 &,
1.0<FI<15 WA hE5E454 77, 05<FI<1.0 NR4 5.
17 FitZEHR

Bl vk o b R R 2= 7 E TR R,
P<0.05 BAgiil24 5 X, FIH SPSS13.0 # 56 .

2 #FR5WE

2.1 DFIHNFEULER

KA IS 53T 80 1 F AU R IR R ALK SR AT
B S HLA-A2 7y 7454, Rl 5dsi &
HAERE R G GRS, RIRE KR B
R R IR I &5 5 B PR S AR, HRAE5Y)
BIREAR Pk 2 R P Ffeoe (B 1, 2). AT R AR
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RE, RO EZAELEEGB NG, 15 3 FBAL
BB R N 538 5 Glue3 Hh i 3 TE ik
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Fig. 1 Dynamics simulations of epitope peptides energy versus time

Table 1 Characteristics of candidate epitope bound to the modeled HLA-A2 molecule

No. Peptide Distance/A H-bond number AG/(KJ*mol?)
1 RAHYNIVTF 20.62 8 -51.18

2 (d)RAHYNIVTF 20.46 5 -44.59

3 RAH(d)NIVTF 19.58 10 -58.15

4 (d)RAH()YNIVTF 22.10 6 -60.96
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RAHYNIVTF RAHYNIVTF

RAH(NIVTF

Fig. 2 Computer models depicting the association of each candidate epitope peptide with the HLA-A2 molecule
Left: Averge conformation of epitope peptide determined by molecular dynamics simulation. Right: The binding models for epitope peptide and

HLA-A2. Red double helix as epitope peptides' binding site, purple as epitope peptides' secondary structure.
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Al 2 e e SRR U, ARSI IR HT I
2 IR L SORH v S80RAH 8 3% (RP-HPLC) 43 B e 4 15
FAEFH PO e A Ay 1 . BESTRERW]: £
Jk &t 3 KT 95%, AR o 7 B E A S iR
TEHEAART, WA e BT 6 2 KR A i 2l 2 H Ik
(i WP S1, S3~S5), w5 s seut Al .
2.3 RAFRNMBAERAAZHIPRAE MR FRITEE M
I3 A RARRALIE S RAT BRI IEAT AR S e
PEWEFT, 4R W 3 frox. fE 0 min B, Al 2
&R o — A, SRR R ALK & 2l
(4l >95%), HAHX i 11193, ks R

(K S2) o, i bt (mlz) A 561.0(M+2). RAIRFKAL
JRAE M2 rhAeA AR, SRS T 2~ 4 min,
76 16 min LS, w2 B R A IR K Mg L
ZA0TE N 4 675 5 A2 18], BRI RAHY- NIVTF. fE
HRAARLK A (K 4), (d)RAHYNIVTF LK )
PUBGAR AE 7 5ol ARSI T 1 h. RAHY
()NIVTF BLRUUIK 5 RAR KA KA L, HoAR AR5
WIS T 4 4% (> 8 min), {H L5 (d)RAHYNIVTF
BCAD IR AE b, FE BT M A 8 0 T3 A AL g . UK
A% (d)RAH (d) YNIVTF B30Ik 4k 4b - 32 1 1 7
30 min.
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Fig. 3 The total ion chromatogram of the native epitope peptide RAHYNIVTF reaction
in plasma at different times (0, 15, 30, 60 min)
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Fig. 4 The residual amount of epitope peptide in plasma at different time
O: RAHYNIVTF; @: (d)RAHYNIVTF; B: RAHY(dNIVTF; §: (d)RAH(d)YNIVTF.
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2.4 RNMEMKS HLA-A2 D FEMODER
T FH L 2 0 ARSI AR 367 K B 3 (o7 AL AU i
5 HLA-A2 5 T4 510, A& E 3N
fL. SR irimCa R K 5, & kS HLA-A2
S FEA IO I 6, =ik g
EHA TR 2. SRER: RRRAIKATAE T2 41
K HLA-A2 7 F3RIE i, 58098 6 250k

®on, HOFIEN 114, FFE SRR ) & 1.
()RAHYNIVTF #ERLIK FTE A 2.06, i & T R4
RAIRMIG AR ). YOI AT DUR G Hb A T2 4h
JF )77 8 HLA-A2 3 1456, THRIAE TR
TR AT R 55 A0 4 KA SERATR
HLA-A2 AR5 7.

RAHYNIVTF ()RAHYNIVTF RAH(d)NIVTF (d)RAH(d)YNIVTF
uvl“.
\ \-. !
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Fig. 5 FACS analysis of HLA-A2 expression on T2 cells induced by individual peptides
80 3 W it
60r F 20 tH 20 90 4 AX 1 K % i Y E7 49-57
= 10 (RAHYNIVTF)Jy CTL RAZIKE, P CATIE 2 05T
= YT Y AN N > — W
IF S %R AE S HUSUHERAT 20k, Harro, Chen 4ta
20¢ M HVP16 E7 &G4 g bk b L T E7 49-57 ik, JF
0 ESE HPVI6 £ B AL 40 1L i v 3R K9 REAH K H
Control 1 2 3 4 AR AR PUR K E7 49-57 ¢ 2 T Al ek . WFA

Peptide

Fig. 6 Mean florescence intensity of individual
peptide bind with HLA-A2
Data were expressed as the mean + SD from three independent
experiments (**P < 0.01). I: RAHYNIVTF; 2: (d)RAHYNIVTF;
3: RAHY(d)NIVTF; 4: (d)RAH()YNIVTF.

Table 2 HLA-A2 binding affinity to
each candidate epitope peptide

No. Peptide MFI FI
Control - 17.16+0.15 -
1 RAHYNIVTF 36.64+0.17 1.14
2 (d)RAHYNIVTF 52.53:5.33 2.06
3 RAHY (d)NIVTF 19.59+5.12 0.14
4 (RAH()YNIVTF  20.27+2.37 0.18

BAHEBRITZ R IR CTL FRALIEAE A 4 Hh o i 24 5%
IR B, I SR A IR B BEAE — o R ROR BT
HPV e i, HACR KA. HRR 2. 1%
KAHR HVP16 E7 $iLJ& CTL F# A7k RAHYNIVTF 5
HLA-A2 73 73R M ANy, ELAEAR N 2 B ik Bl o
fift . PREMIRL, MAEARBEOR CTL RNV K
e HET, 6T CTL B A7 1 97k 32 3R B
IR A B 41 A K 7329, {H i i
LRI RIREBA Z K, ABEMAA L5 il R IR
CTL A K 2 ke I it 7 it i 32 7 G 4 P9 ~F 368 30
JLIRD e 5L, K DA I B BARLY) CTL BRI AT

Parker 55PU S 43X 2 28 N- 4 R AR k| 4
58 CTL F A7 AEIRELIU4 (non-peptide mimetics) 7t
RPN CTL RNV IIRE . RV BT ot 21 1) A Ik
B PR N 32 R K $e v, B AR AR N IOK
CTL M BE Sy ENA IR R AR CTL & A, XA g
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J2 H T W 80 BT SR A 0 A IR ARE FA A7) S 88 sk PRI
FTE. BA N R0 A s s B R AT & 1 (a0
HOEAL . BB A6 Sk i it CTL Bl R AL, (H
A RATFSE CTL R4S MHC 1 284 4
HAF I8 T 401052 446 (TCR) TR B (1 45 Hy ki, 1%
Tl by o aet EL AT — g Jmy B, o DA 2804 2K v
SEAPE CTL B4R AL, X2 H arE W o 2%
CTL 400 A 05 3 35 i A7 E ¥ ) . 6T Bk )
W, B I R AR R ALK RAHYNIVTF 1) 45
Fo) J i 2 S5 45 Ay B, e LS SRD 4 47 R
REIK Gy KRBT . AEAE FH AR RSR IR AT 1 o A5 AN
407 AT OO G, RIRRAL AR SRS 8 A e
Hs o BLARAHYNIVTE S22 W 5, A4 38
EB%@LT 1h. A, DR AL, %R
PUKEE S HLA-A2 7y T s 4, HLIA 2 woR
Rk, POCRE FIE N 2.06, i T RAE
PERRIISE GRS, UIHARE AR 0 B, 1EH
AR BSE L  AE W TE EIREAT (2208 A, WFR L
MBRFR, AT R ESRIEEY),
¥ B Z A ER R B F B 2 —, NH
B V6T PR )T B A
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HPV16 E7 CTL Epitope Antigen Peptide Design and Activity Evaluation®
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Abstract Human papillomavirus E7 gene is the key to cancer, which expressed in most HPV-contains cervical
cancers. E7 plays an important role in the induction and maintenance of cellular transformation, and it was
regarded as the ideal target in cervical cancer treatment. An important development direction of cervical cancer
therapy is based on HPV16 E7 antigen CTL epitope peptide vaccine design, but Short half-life in vivo and poor
stimulation effect are the major therapeutic obstacles for native CTL epitope peptide. In this study, three epitope
peptides were screened by molecular dynamics simulations with MM-PBSA method, associated with previous
research results and polypeptide enzymolysis experiment. These predicted peptides were synthesized, examining
the affinity between HLA-A2 molecule and each peptide by T2 cell line. The result showed synthesized peptides
had a great improvement on enzyme-resistant ability comparing with natural HPV16 E7 CTL epitope antigen
peptide, and (d)RAHYNIVTF was the most obvious epitope peptide. Meanwhile, the affinity was improved
between (d)RAHYNIVTF and HLA-A2 (fluorescence indexes was 2.06). The method of structural modification in
this study is expected to lay the foundation for cervical cancer therapeutic vaccine design.
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(a) HPLC Analysis Report

Structure : RF-9

Number  : 0200056

Column  : Symmetrix ODS-R, 4.6*250 mm, 5 pm
Solvent A : 0.1% trifluoroacetic in 100% acetonitrile
Solvent B : 0.1% trifluoroacetic in 100% water

Gradient A B
0.0l min  22% 78%
25 min 47% 53%
25.1min  100% 0%
30.0 min STOP

Flowrate  :1.0 ml/min
Wavelength : 220 nm
Volume: 10 pl

2 § N , 2 < 3z

Peak No. Ret Time Conc. Area Height

1 5.132 0.1186 4188 639

2 6.113 0.1051 3712 581

3 7777 0.9235 32605 3526

4 8.442 98.28 3469795 216829

5 8.963 0.5786 20428 1134

Total 100 3530728 222709
(®) MS Analysis Report
26-Dec-2011 Probe: ESI Capillary:3.00KV
08:59:23 Cone: 50v Extractor: Sv
P111220-XP051582 MW:1120.29 Desovation Temp: 350 Gas Flow: 350
111226-RF-9 9 (0.751) Scan ES+
1004 112084 3.48e7
[M+H}+

1122.10
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1120.15|

1123.36
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72751 110655
ol425,80 52641 580.43 _ 625.56 /587 85510 93749 1049.73 N | jA144.08 123509 129454136436 148132 150128 169569 1724.92 188394 193087
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Fig. S1 Purity analysis and MS analysis of RAHYNIVTF antigen peptide
(a) Purity analysis of RAHYNIVTF antigen peptide (b) MS analysis of RAHYNIVTF antigen peptide.
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Table S1 Basic information of synthetic peptide

No. Peptide Main peak retention time/min Purity/% mlu
RAHYNIVTF 12.18 95.09 11195
(d)RAHYNIVTF 13.24 95.39 11195
RAHY (d)NIVTF 11.72 98.91 11195
(d)RAH(d)YNIVTF 11.95 99.70 1119.5
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Fig. S2 MS analysis of RAHYNIVTF antigen peptides in the blood plasma
(a) The MS analysis of RAHYNIVTF antigen peptides in the blood plasma at 0 min. (b) The MS analysis of RAHYNIVTF antigen peptides in the blood
plasma after 15 min. (c) The MS analysis of RAHYNIVTF antigen peptides in the blood plasma after 30 min. (d) The MS analysis of RAHYNIVTF
antigen peptides in the blood plasma after 60 min.



SN FESE IR THR

*S1127.3¢ Prog. Biochem. Biophys.

2015; 42 (12)

(@)

EPRPERPEREENNNDNNDW
ONBOOONDVO
[elslololololololole)e)

Intensity/mV

r.; 090

o I—
1234567 8910111213141516171819202122232425
t/min

28-Apr2012 Probe: ESL

(b)

Cone: sov
Desovation Temp 350 ___GasFlow: __¥

2 iz 0

[M+H e

% %

hrze
w2081 jra TS0 TEITE 15433
PR el R O
et i . 125784 PO S R ismse  woisd

400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
z

Fig. S3 Purity analysis and MS analysis of (d) RAHYNIVTF antigen peptides
(a) Purity analysis of (d)RAHYNIVTF antigen peptides. (b) MS analysis of (d)RAHYNIVTF antigen peptides.
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Fig. S4 Purity analysis and MS analysis of RAHY (d) NIVTF antigen peptides
(a) Purity analysis of RAHY (d)NIVTF antigen peptides. (b) MS analysis of RAHY (d)NIVTF antigen peptides.
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Fig. S5 Purity analysis and MS analysis of (d) RAH (d) YNIVTF antigen peptides
(a) Purity analysis of (d)RAH(d)YNIVTF antigen peptides. (b) MS analysis of (d)RAH(d)YNIVTF antigen peptides.



