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T g JEUPE ) VP, 3X A TR 56T HPVIL VLP ¥
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1 #RAe 7 &

1.1 ##y
1.1.1  FEZERFFICES : pMDI18-T #4401 1 TaKaRa
Al IR Tag B BR 12 D) T4 DNA %
BEYI I F TaKaRa A 7. 2 143 T & Marker 16 H
PIERCE 2w« AHFFEH Fr K H (1) FPLC JEHT R 48 2
R K 3 [ GE A W P4 . CENTRASETTE 5
DI RS PALL 2w 7= iy, AL 4y 730
30 kDa. DynaPro MS/X 28 3 7 Y HIUR A (55 il B 4%
128D 4 5 E Protein Solutions 2 & 7% e JEM2100
SR HAC L PR S 4E 7 b . EPICS XL 2
Wl A A 26 | BeckmanCoulter 2 7 7= fh e 314
S BT ) SPF 2% BAL B/e /N B W H JE TR 40
et
1.1.2 ok pTO-T7 J5Uk% 31k B i A 52 56 % 1
2. KA C Escherichia coli )DH5a ER2566 14
ARERAT . XS HPV6, 11, 16 FoA 26 1 R A7 11 5T
D9 i Christensen 18 1= 24, F-F HPV11 BUR 151
MR pl1L1hpl112h HH Schiller 243 # I
1.2 HPVII-L1 £KEEBBEK

Z:7% NCBI 1) GenBank 4% /%2, #R#8 AF335603. 1
JPA G B HPVLL-L1 A KR, SE R4 i A i
DR A AR AT R F) 56
1.3 3EREFRIEFK pTO-T7-HPV11-L1 HItg3E
1.3.1 519 R4 HPVIILL 2P F R ih. 1E
514 HIINF: 5'-AGTATCTCATATGTGGCGGCCTAG-
CGAC-3"; X I 5|4 H11CR: 5'-ACTGGTCGACTTAC-
TTTCTGGTTTTGGTACG-3" o HHIE & 171 514 43 3 5
N Ndel 1 Sal T BEUIAE RICLL R RIZE£ 7R
1.3.2 PCR ¥ H4: LLPT & 1) HPVI1-L1 & R4 K
HRERHAT PCR &34, 97 1 457 95°C TRAZ T 5 min
Ja JEN PCR MR, A 25053 51 249 : 95°CAEE 1 min,
57°CIE“K 1 min, 72°CEZEAH 1 min, 3£ 25 NMEIR; &5
T 72°CZEMH 10 mino
1.3.3  SCRERTNF: DL 29 TR B e fise H Ik 1] i
PCR Jv Bt Jf ¥ N pMDI18-T #k 1k w1, 3K 153 W o¢ &

pMDI8-T-HPV11-Ll. Nde 1/Sal 1 XU V] 4t ¥
pMDI8-T-HPV11-L1 313 HPVI1-L1 P v B, 6 3
FEN A FE AL BRIK) pTO-T7 4%, 3543 pTO-T7-HPV11-
L1 ARG R Bk, H B2y Rl
TOMNTE R
1.4 HPVII-L1 ®FRiE 5441

1 uL 18 pTO-T7-HPV11-L1 5iRLC0. 15 mg/mL)
oAt 40 pl B2 K AT B ER2566 #E4T ik, 24
ODg, 1 15 0.5 B, 0 AN PTG & £ W JE N
0.5 mmol/L,25°C K777 8 ho L 1/10 BiF# FEARN
(2R (20 mmol/L Tris ZZ I pH7.2, 150 mmol/L
NaClD 8k 20 W B 1) B A 3R A7 75 A Ak 2L, 2
RAF R L0 o AR B T g2 g i N
U PR 2 ML 30% , T 4°CTHE 4 h L b, B
WA DU . Ve TR 0.22 pum FLAR P8 I 1 98
J& s 7E AKTA explorer 100 2 PRd B AH (0 154 1 3EAT
CM Sepharose 4 Fast Flow PH &1 A& et alifh,, LA
500 mmol/L NaCl 2% M U i 2% 25 F15 800 mmol/L
NaCl i o e H 08 . el H & A 7
NaCl ZZUEA 2 mol/L, #AT Butyl Sepharose 4 Fast
Flow it K AH FLAE FH 1% 2l 4, BL7% 20 mmol/L NaCl
et H B . B Bk RIAaliAb i fE b i
HOFE i £ 4T SDS-PAGE Western-blotting 690, 7E
Western-blotting A& I = Jr 48 FH ¥) — $1 4 £+ % HPVe,
11, 16 A 21 =47 1 54T DI,
1.5 HPVI1 VLPs iR EHFBUR AI4E 5

{E HPV11-L1 240 HE S TP AN DTT R 29K 0
100 mmol/L, 37°C 73 fEH 2 h BL ko V)it R 4
CPALL 2 5] KA v (1) 28 il B 46 0y PBS, A # 44¢
FUAFE SRR 10 %, 7840 B 2246 &b 1 DT, A
3 H I E A BATHREN VIPs.
1.6 HPVI1 VLPs RIS F400
1.6.1  Zha& 6 HUM 48 #: HPVID VIPs £ i &
0.22 838 J5 , A8 2 2 06 U AT I =
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1.6.2 ZESF B W S HPVI1 VLPs & 2% Wi 49 1%
pH7.0 F gy, [ 1t i A ) F o 68 TBOK £ 36
h 25000 1, 7EHLBE N AL SERIRL .
1.7 HPVI11 VLPs B RZ R 45 #7
1.7.1 HPVI11 VLP "I BERAT I : LB 75
H R A R R R S BT PP A HPV L I 3 A b R A
JJo B 293FT 40 CInvitrogen) 4l T~ 96 FLAH 13 F7 R
H1(1.5x 10*/4L)- 5 h JadEAT RS2 56, 6 45 MY
Y5 FF 52350 10% DMEM JEAT 3% 8245 LU AR B, AR
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JEHL 50 pL 439 5 50 pd M BT 10% DMEM 11
HPV11 5% 559 Cmoi = 0. DR A HPVI11 5 75 il
HIES RS K LRIB AW ACHTE 1 h G
MM TG 293FT 4 U1 96 FL4H M 3 72 4
37°CHT TR 72 h J5 56 H 506 W82 0 5E 5 FF i KR 1)
eRORRG L, i A AR W5 L 4 B R R e =
T PR LIS R P RIS . e 4l
JRURE it 7 BH A DX P 1 4 B i v 20 Sk 2 AR e 1)
Xof FECAH R o 7 B DX B T A

TG Ze = (1 — BELWT AL 1) 86 G /oA BHL W £L
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PO PRI EE (052 X - 38 25 509% &4
TR KR . & 50 £ M e I ek 21 50%
DL F G 400 ) 22 1) B 0 ml 22 e B ok HA R g
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1.7.2 HPVII-L1 VLP %35 /N RS2 : (O /N 3L
AR (EDg )Wl € = LI 3 W) 28 EAR v F s 56
S g TP RIBE T 1 3 ~ 4 JE TRMEYE BAL B/c
/NEG HPVIL VLPs 5 F ) B 85 70 TR A, S 4R 77 &
20,100 pg/ 3, 3 R FEAGRE, 35 4 R4 R4
10 RN, S 75 KO8 SR I s i 5 5 A i il B Ak
JEVER I, 43 35 0003, $% R 7 iR AT A I, 100 £F
R R 1ML () B AT TR R RE ) R0 5 D BH A, 4% Reed-
Muench £ IEAT - 30 24057 & (EDy ) 5. (2)7)
BRI AR 2B KT T HPV6/11/16/18 P4 A8 X fE
W5E : SRS 0 46 bk rp RS2 56 % e 3 il 35 8 h
FIRE I 3 ~ 4 JEIS (PIMETE BAL B/e 7N Kl 2%
() HPV11 VLPs 555 54 [ 58 24 FTR A 24T 9K
Y8, 1 Ja H HPV1T VLPs 5 55 5oAm FoA 58 6 71TR
B IE s S, fe g 7 O KR R T BT
PERIE N 100 pg/H BJG 20900 1 244 J4 25 o —
U ISR AR 7 R 100 pg /5o i I, B3 F fl Y
A0 JE KL, 43 2 i G0 e S v R 4T A 2R i
BOVPAN /N B 2 13 X HPV6/11/16/18 DY R 95 75
() RTHE ST o
1.8 HPV6.11.16-18-33.45.52.58 /\NELF) L1 &
£ 5 By 3 10 5 4

FIH GCG 3K AF A9 (licensed No. 85852, Accelrys
Inc. )] CLUSTAL W F2/5£: 1] HPV L1 & E ¥4
TRAR o 16 5 F AT 6 2% TR A s o R L )
HPV 74 J51, #2 4% W F /5 41 HPV6 ( AF092932.1),
HPV11 ( AF335603.1), HPV16 ( AF472508.1),
HPV18 (AY262282.1), HPV33 (M12732.1), HPV45
( X74479.1 ), HPV52 ( X74481.1 ), HPV58

(D90400. 1), K 8 > HPV BLJ5 1) L1 45 1R 71
BEAT 22 P A EOoF, AR e 471 R 1) 285 SR SR FH i 9 K
5838 (distance methods) 12847 AH 1% ¥ (Neighbor-
joining) 4 FE ALY, K Kimura protein distance
TG TEBEAER 125, 10 J5 AR AL AR ik i EA B
AR R IR BCES N GCC KBNS HL, 4
PRI AR A AL EE B, BRI 100 20 AR 1R
R LA 2 R A

2 #X

2.1 HPV1I-L1 BiRIES4K

WKl 1 frR, WP ERIA M HPVIL L1 B2 20N
IR (Lane DATEEE(Lane 2P FIE R, K/NZ
N 55 kDa, BLIRAR I 08 =2 nf R ) 5 5 e
Fio T EMATE RS R RINTEL IR 257205 1 J5 41285 1k
M VLPs (R MARCEE R W), AWEFE 2L LAT]
W AT Ak, 20 1 B R B DUTE f5 H a4l
FEA I B A3 5 (Lane 3), FF4 00 FHES 128 #t ( Lane
5O K A B AE F 63 (Lane 6) 2040 )5, 46 KT
95% o AFALALAE i B A R U IR ik, v H T
W1 VLPs B 4155050 .
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'| HPV11-L1 K9 SDS-PAGE(A) 1 Western blot( B) 53
#r
Fig.1 SDS-PAGECA) and Western blot (B) analysis of expression and
purification of HPVI1-L1. A, 10% reduced SDS-PAGE; B, Western-
blotting with D9 monoclonal antibody; M, Protein Molecular Weigh marks;
1, Cell lysate precipitation; 2, Cell lysate supematant; 3> Ammonium
sulfate precipitation; 4> Sample for CM chromatography; 5; Interest
fracion of CM chromatography; 6, Interest fraction of Butyl

chromatography .
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2.2 HPVI11 VLPs IS FEN
SAVCEU AT 4 R B 2O B, B3N
HPV11 VLPs LA 54145, J0RE 1) 58 5 43 A1 LA
N 100% » A WL ICAh A 2H 2 (1) SR AR Bl ) 2 4 43, 7K
oy 78 D1 % 2422 0 30 nms 0 HUE R 17.7%

Radius Falyd

% Polyd E

#2785 HPVI1 L1 H 428 1) R 08 100% , Fikr 1)
—, K/IN5 HPV11 KR FE BORL IR A2 AH AT

75 R 5% 4 L LI 3, AT bR LK R
1249 50 nm 25 A7 1625 O BROIR JBURE, JB0RE K /N 5 R AR
HPV Jii 5 K/DAHAF, 295 — 3.
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Fig.2  Dynamic light scattering analysis of HPVI1LI VLPs.

3 HPV11-L1 VLP & 5f B IEIE (25000 x )
Fig.3 Transmission Electron Micrograph of HPVI1L1 VLPs (25000 x ).

2.3 HPVI1 VLPs &R D
2.3.1 HPVI1 VLPs HJFEA7 R00 0 - S50 25
R 1,0.100 pg 175 AT 41 80% 1 /) B b AT
PRBHIEE , 0.004 pug 75 R GBS A /) B R4 BH
$,0.011 pg F10.033 pug 75 BHEE 2353 514 6% A
60% > Reed-Muench V% 1 5[4 EDg, 164 0.031 pg» 12
INAHITFUIRAFIY HPV1T VLPs FAT BT (1) G 22 I 1k
2.3.2  HPVI1 VLPs ¥R/ B HUAR A K F B 2
A2 S A 43 H

W 4 Fros, eI % 4 J G, TR AR B D A
W T, e B R R G S, TP R 1)
B BB IA BB /KT, 36 7 A BB A K P Ik B e
SR AT R 10°,

%1 HPVI1 VLPs 7E/NRIKAIH & AR E BB

FHAME(ED,)
Table 1  Half-Effective Dose (EDs) of HPV11 VPLs in mice
Dos Rate of ED.
0se Positive Total ate 0, %0
Ipg Seroconversion/ % Ipg
0.100 8 10 80
0.033 6 10 60
0.011 1 10 6 0.031
0.004 0 10 0
0.000 0 10 —
B 7 [
a2 6f —e—mousel-6 average
S
E 3
2 2
en | |
&
o0 -

1 2 3 4 5 & 7 8
Immunization tinew
4 HPV11 VLP %9%/\fR 5 A 5 M B2 5 H #4048 i
E

Fig.4 Neutralizing antibody titers of antiserum after vaccination.

K rh RN BT AR S R e RN BROR B I AT
HPV16/18/6/11 PUFHBL I o R34 FE 43 47, 45 R an il 5
Ji7s, HPV11 HUIALE AT HPV6 4SO . L3 B 2
HPV18 X2, 1l HPV16 W58 %A & X R N.. 8 Ff
AU HPV(6+1116+1833-45.52-58 &) L1 WIERIT
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AR 23 AT 45 R W 6 iz, HPVIL 5 HPV6 1)
KGR FRmL, 5 HPVI8 IRZ, 5 HPVI6 ISR 4K
FRRIE, $E78 HPV11 VIPs 1753 th AP I A4S )R
I 5 B I 1 7 1 R PR A 0%

¥
= —e—HPVII
57t
g’ —a— HPV6
Z br —=—|IPVI6
X5 —e—upvig
E4r
g 3t /
eyl
i
1L
0 - - - s a
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Imwmization Gmew

'5 HPV11VLP i 1;5 % HPV6, HPV16, HPVIS 9 VLP
A9 32 X AR AR
Fig.5 Cross-neutralization titer of anti-HPV11VLP serum to HPV 6/16/
18 VLP.

3 itie

£E HPV VLP 2 17 (I G fe] LA g 5 5 o5 2%
{15 75 3 46 45 4 e 3 S B SR PE SR 1K) VP A2 BT AT 1)
UGS, Harc Bi i HPY 13 oh B R IA
RGPl LR Merck H Gardasil K FH T BRI 1%
BERIE R G0, GSK I Cervarix SR B BUFFAR % 5
RIERGD . R EMRIE RGP RIEK HPVLL

B TR U H R B T R AR A SR M, T DAAE A
W H KT VLP, AL J5 2L 1R 28 7 T 20T T
TR (RSN S -0 (B T R
FIKR G JAK, A2 77 AR A9 R Gk IR I
HPV J 1 A 5 B3, PR 7 040 28 =t L E b )
e N H

KI5 F 90 A doe 7N T FE R 24 1R 3 0A &R
g8, HAT 24 im0 OARR BRI RS il A RRE K
JAT o 38 RGN FH T HPV S i I A 7= v B Al 15
HPV T [ AR 77 AR R K B AIK. ABF S0 22 i e o
—BET KRR IE RFE M HPV VLP (530K 1k
At 12, 5 HPVIL Tis P 9 T A 29 Bkt K
WAt W I8 R G N H T HPV VP & 1 A 7 By 1 s
() EZE ) A T R A B PR IA I L A K2
AR TE AP AE, 2 T RIS, Toikids
SH XM RPUA. LTRSS M, Bk
WRAN LD IR, WK 43 85 1 VR S IE R 5
DRI, ATy 1 I8 B Rl 19 HPV-L1 28 1 R K
kT BRIk RGN T HPV 98 1 A2 7 (1 DB i) i
AHFFCRH T i R A Rl B A% R AR AR pTO-
T7 H R (25°C) KiK. pTO-T7 H AR 3% 17 51
MR Q AL R B3+ 17 B3+, L |
PN T A1) 5 3 S HE A, DT ORI 38 5 H 8 7
KI5 i ikt o AR AT Bh Fokhg H i &
FIR IR B, WA B 1 H & AT IE#iT &,
I RIS .

' ’— Human papillomasirus type 6(AF092932.1)

| IS

10.00 L Human Papillomavicus tvpe 1 1{AF333603.1)

Human Papillomavims type S2(XT4481.1)

Luman Papillomavirus type 18(AY 262282.1)

Human Papillomavirus type 45(X74479.1)

TTuman Papillomavirus ype | 6{AF472508.1)

TTuman Papillomavirus type 330M12732.1)

TTuman Papillemavirus type S]DS0400.1)

' 6 GCG 4&7HIA9/\EL HPV L1 FFHIEE L
Fig.6  Phylogenetic tree of L1 sequences of eight HPV types produced by GCG software .

The GenBank accession number of L1 sequences of HPV types in GenBank was shown in parentheses. The length of each branch indicates the evolutionary

distances between different 1.1 sequences. Bar, 10 substitutions per 100 residues.
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TR IR, JF A AL PR 35, SDS 25 i 24 1 AR 7, A
AL H SR AR T RRM S, b TR H I
AR T A R MK, AR TS S Al a4k
gyt alifh, H i e p ki B ik 959%, P A
T ALk T A A 25 R A R AR R AT P 7 2R R AR
Mg SRR o). ORI 41 2 ol B b, T W 2 0 2
FI 0%, S BERTF 0 HPV11-L1 VLPs 4544 5¢ 3%, Jivki
) — IXEealifh FN E 413 R S8 w M TBOKR, b
BRI R RS A P 3t T 2 2% 12, R
R P I HH T

HPV K[ 2/ A K AL, HPV 1) VLP 7
P 5 BRI TR0 1R 10 22 A IR 1 A4 )
=120 AR A VP G i K 22 I i A PR R 7R
TR G AR RS o AT 5T 0 180 25 P AR 56 45
AR, AWFFUAF RN HPV VLPs 0 76/ R 75
S R R TR A UK . AR OR HE— 2D R,
HPV11 VLPs 55 /7 2L M Hit 4% HPV6 A1 HPVI1S 1
i 2B 2 AT — o By A RE D, I BL HPVe B B
(IAS SXCH RIS P d o FH R0 B 20 AT 45 L el g,
HPV11 5 HPV6 [R5 PE =ik 909% , H = 1) VLPs
HEZ AR W h fL AL Bk, ABFST ) HPVIL
VLPs W 0] J] 28 SO R L AT 0T 5T, 9 HPV 28531
ZE RN 0) T R4 AT R 34 o
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Expression purification and immunogenicity of human papillomavirus type 11

virus-like particles from Escherichia coli

Chunyan Yang Shaowei Li Jin Wang Minxi Wei Bo Huang Yudi Zhuang Zhongyi Li Huirong Pan Jun
Zhang™  Ningshao Xia
National Institute of Diagnostics and Vaccine Development in infectious diseases Life Science School Key Laboratory of the

Ministry of Education for Cell Biology and Tumor Cell Engineering Xiamen University Xiamen 361005 China

Abstract Objective To produce human papillomavirus type 11 virus-like particles HPV11 VLPs from Escherichia coli and
to investigate its immunogenicity and type cross neutralization nature. Methods We expressed the major capsid protein of
HPV11 HPVI1-L1 in Escherichia coli ER2566 in non fusion fashion and purified by amino sulfate precipitation ion-exchange
chromatography and hydrophobic interaction chromatography sequentially. Then we removed the reductant DTT to have the
purified HPVI1-L1 self-assemble into VLPs in vitro. We investigated the morphology of these VLPs with dynamic light scattering
and transmission electron microscopy. We assayed the immunogenicity of the resultant HPV11 VLPs by vaccinations on mice and
evaluated by HPV6/11/16/18 pseudovirion neutralization cell models. Results We expressed HPV11 Ll in Escherichia coli
with two forms soluble and inclusion body. The soluble HPV11 LI with over 95% purity can self assemble to VLPs in high
efficiency. Morphologically these VLPs were globular homogeneous and with a diameter of ~ 50 nm which is quite similar
with native HPV11 virions. The half effective dosage EDsy of HPV11 VLPs is 0.031 pg and the maximum titer of neutralizing
antibody elicited is averaged to 10°. The cross neutralization activity against HPV6/16/18  of the anti-HPV11 serum was found
to have exact correlation to the inter-type homology in amino acid alignment. Conclusion We can provide HPV11 VLPs with
highly immunogenicity from prokaryote expression system which may pave a new way for research and development of
prophylactic vaccine for HPV11.
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