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HPV-16L1 #E# R A HEKNE R HPV-16L1
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"AERERFEMPNFESUAREEMETRT ARSKEAXERATHEATRE, BHE  710061)
HEEMEAFLEARER, AL 710062)

B E FAPRERZEALLEBEREHPY-16 L1 EARBEN HHEHA T pUCuT # pBlI21 B, HE S
HPV-16L1 %M E P W oC RSB pBLL1, L1 A CaMV 35S B FERER, FAMNBREETEEREET
B 5 5k 1k 1 B ( Nicotiana tobacum L.}, 3818 HPV-16L1 S EEME K. £ PCR & Southem %% 3 547 , HPV-16L1
RAYCBEAERA Y ; Western blot M ELISA H B M E RS ERBEMT FEAW S HPV-16 LI B R HLASF
RHERMN, BT sskD i, HEREAB S HEHF S TEREM 0.076%. /SR HAREERSR (HA) KRR
AHREEDH AR (HADRTHEREEG FEQUSIE/MEBORKEE, ZREZUSHIE T HPV-16LL
PMEYBocRIARE FEL TS EEHEAYE® ER N HPV-16L1 EE.MRENH L B 6 RFHH

FHRFEAAIROHARBENEDER.

XWMA ANHARRE, BRAENN, FEEMAY, AWEN, RERTrE

fEAXE RITB.2;RI4.33 LREFEIRB A

¥ AFE 3R, AL 3k % 8 (Human papillomavirus,
HPV)BRREHEHELHYE, HEl HPY, L HE
HPVII6 ER FTESRFTERAZ -8 336 2
A, B H HPV BB 58 0 #0396 77 11 588 1 A X
—F@EMRE"T ., AT HERE R RA
KA HPV-16 L1 | A, 77 76 4k 50 41 5 8 0
HHEBOR(VLPs), P BEZEME WA EARS
BRRY, HAXRERHEELREE™ HPV T
AR HAREZAAN AR, AEHATEmMB#
EHARERRPEXR. FUAf—-EEZRE
RENBENOREREFENEYHAERE, FREEM
MEHANRNBZEHNERTIEREONRMNE. B
HEREY IR AP NEERNAYERE
WREMEANAE HPV-16 LI RAWR THY X
BEEBAIRBERIFAAFSHZLIFEREELEA
RELHN, B FE HPV-16 L1 EONEERAE
W, @ FRRME TR HPV-16L1 Y EH &
HTEZEMR &,

1 #Efyk

1.1 #¥%
1.1.1 R ¥ IRBRITE LBA4M BB R
HOR H A : 2004-04-13, 88 H 3 : 2004-08-16. ’

ELWH: BEXKHMPEEE T (No. 30070848)
= WX,

I 452 1000-3061 (2004 )06-0827-05

AR 2B R pGEM-HPVI6 & HPV-16L1 &
A K [ #F 5 8 #k DHS«. TOP10 . XT84 pBI121 i &
ZEHAHFRE pUCoT(HLE A TEWHERAE),
1.1.2 FERLA:. FFH T ABM A TaKaRa M
Promega %% 7] ; PCRbeads B H Amersham Pharmacia 2%
7} ; PAGE H ¥ £ 7 & PVDF ¥ ¥ % AMRESCO H!
Sigma PR A MER.KBBER. M T HFM(AS)
MEYHEE 6BANAMAMAREAYHEARAL A,
HPV-16 L1 TR & H Neomarkers 22 BIF= & ; B4R
T E AL YR (HRP) 4510 49 /b B 418 DAKO 2 /] ™=
fho b B 4RI X K Wi Fl & M A Boehringer
Mannheim %% 5] ,

1.1.3 FFHE . IB.YEBEEHER MS B H#RES
EX M ERASY., B g5 5. MS, + AS
(400pmol/L) , AS FEBR LTI A . SLEEIEE . MS +6-
BA(1mg/L) + NAA(0.1 mg/L) + AS(400pmol/L), i%
B H . MS + 6-BA(Img/L) + NAA(O.1 mg/L) +
Kanamycin(100 mg/L) + 3k % # (200 mg/L),

1.1.4 HYHH 8% B 40 B ( Nicotiana tobacum L .
Cutivar Xonthi ) LA B T 5 Z B iE R 1it.

1.2 F&E

1.2.1 PCR ¥"# HPV-16L1 2 H: # {8 GenBank i
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HPV-16 £ F 7, %t L1 A ET#H5I W, HE
L TFTHS5IHPARBIA Xba ] Sma 1 BEHIRL A,
Ll L#51¥ A Ll BIBHE M T ATG(5637nt) &
5’- GAC TCT AGA ATG TCT CTT TGG CTG CCT- 3', F
¥3147:5'- CCA CCC GGG TTA CAG CTT ACG TIT
TITG- 3 (5P EFAEREVHEHARLFAGH) .
Ll pGEM-HPVI6L1 N #E4 PCR ¥ 3 L1 R\ EH,
P& 444 :95C 4 5min;94°C30s, 55C30s, 72C
90s, 34 A ;72CHEMP 10min .

1.2.2 {98 HPV-16L1 EAMA YR ERIE:PCR =
W EIWUS , E T 8 F & pUCKT, #% 1k DHSa, ¥ 1%
FREBER, 25 Xba ] . Sme ] Y% ¥, IEE
NEME pUC-LL )5, W F, E4H pUC-LI RHEPE
ik pB21 55 Xba 1/S5Sma 1 WEEYD, % HPV-
16L1 B EFEE M B4 T HEYEEH K pBI-L1, 3%
:vg5 g . 20 P ST (fS AT

1.2.3 FEHAMYRARMK pBI-L1 HFARBRITE:
HEHAMYEARE pBLL, HEFAESARBER
FPEE LBAOd BRZ AW, R T SHE X (100
mg/ L) R R % % (50mg/L) 19 YEB it H 7 5, %)
MHEEELZ PCR AMIEER A THY R,
1.2.4 HEH4L. 28 Homsch T HF &, XA
/HFREHRTHAERBEREL. HUHREEN
FHSEFE MG BTSAEARENREKRTE
LBA4404/ pBI-L1( 0Dy, = 0.3 ~0.4) BB P EH
2~5min, TSR F BT 3 ~ 4d. RN TR
AT LBA4MOA B R Rk B Yext i, ¥ F
REEFEHRFRBEXTFERE L, §HEHE 16h,
FEHERE 40001k, 25 CHE FF. HAGHAK B F A
Fot T AFEBRAFNERERE FEKE 4em
B AR EHBER (100 myL) RELMEE (200
mg/ LYK MS B f . BR2ALEFER—-KREFRE,
M RS, FEKES~ 10cm B, BRT L,
1.2.5 #ERMEEMN PCR &8 B 200mg i # H
A RRS R T BRSBTS 6 A, CTAB B2 B8
DNA, T # )5 B T 100pL TE . B 1pL £ DNA,
i HPV-16L1 LT #5514, £z 6i & H & # 7 PCR
i,

1.2.6 HFPFFAE K Southemn blot 247 : MR 1.2.5
B E PCR BEPEA #E 23 DNA,F Xba | /Sma [ T
BT, ] i ok #% L 48 4% DNA A4 BA #E X5 #8 5 DNA
PR Markero 0.8% BEARFERLIK, RIKSFE . Bk
ZR 5 HE F4RiC HPV-16L1 B EH 4258, IT kb
%R B B NBT-BCIP B 6., 5 3 B 6 bR i K 4438

TR AN RS E IR,

1.2.7 #HEEHBEH Western blot 747 B ER
AR A RN A% L:2(W/ VA
EOERBE, Tk R ETEG, 4C, 12000
r/ming L 20min, ¥ FIEBEBSF TR E5E
F 110 KA. BORHESERE & 20pL, MR L
HEZE M, 1T SDS-PAGE, HLEL E) £ PVDF B, { ki
A HPV-16 L1 B BHi &k (HRP 2 /MR ZH
IeG, /S DAB R 2,

1.2.8 HEFEMES LI EEM ELISA BN L
REORBANEREGTLSEQERS, B 50uL
1 S0uL BREEEREE PP (pH9.6) 0 B B4R 4R, [ i %
LI HREEAH#TRERBOQAMKER 7 5% KK
FEHA S, K 5 HPV-16 L1 554K  HRP IFid
HRIR 1:C XEF.&/GH ™B B, ABENT
450nm K% 0D fH.

1.2.9 /MEAMMEE XK (HA): C57BL/6 /MEIR
BRIGHUIL, FF R @13 8 ,0.1% BSA PBS Bk 4000 5
WiG, Fc 1:100 4 B 1 #3540 B & W ]
Western blot %5 5 2 BB ¥4 i B 8 4 it v B R IO
100 oL, 0A 96 FLEER TS BB, HmA
100pL FE /R A, 4CHHE 3h, DGR R -
FRFEERAMW UPV-16VIP EE R A ELHEY
FEANBAERAHSM R, MEERE,

1.2.10 /] 520 40 fa 42 30 1 U 38 (HAD R 8 /DB
AAMBEERREREERENY FEOEE R
5 4pl. HPV-16 L1 BB Hi AR A ZE /DM 16, RF
BB ROHRERIES,4CHE 30, LIXRHE
@R A B AT, HAIE L RER,

2 #R

T 21 HWRAHUMHHE

LA pGEM-HPV16L] A # 4 PCR ¥ % i HPV-
16L1(5637 — 7154m ) B B, i Bt & #4934 1500bp, ¥§ %
F BB T8 g K pUCmT JE W pUC-L1, 2R %
ERBERNSTBERAMS, MFIES L EELEER
B, EmEAIRGHHEYRILEMT pBLI-L1, IR
ZPCREMYEEXLR, FH—-LRFHEIL. ZH
VMEFIBEZIEFRBEEFHREE npll .CaMV35S 3
BF EHFR 25bp A FH(A 1), '

HEAYRERE pBl-L1I ARFILLEAR
JEAHT B LBA4404 J5,PCR W] ¥ 1% 3] HPV-16L1 B H
F B ESE pBI-LI EE&FARBAITE D, SREK
RSP T BRI R B &R DTk,
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- Xbal  Smal LB
W.WH@;%H CaMv35§ |_ HPVI6-L1 -I NOS—T:H
an R Pro
le—1.5 kb —>]

1 pBLLI YN EREBRHLHEAE
Fig.1 Structure of the T-DNA region of pBI-L1 binary vector
RB and LB, the right and left borders. NPTLI, to confer kanamycin
resistance to plants. CaMV 358, Cauliflower mosaic virus 355 promoter.
HPV16-L1, HPV16-LI cDNA gene

2.2 HPV-I6L1 E¥H{LBEPE SN S

F&% pBI-LI MBI RFRABREEH .2
I~4 FMEEERE A FRABENSGES LS
AEF. MATHRBERFE LBAMMUMBERR AR
PHEHARLERGALAEE R o 24
BREFHIAEMRE, B EE S DNA, 1T PCR, iE
325 RELAL MR U 1500bp HBE, 5 L1 A K
h—3, Xt PCR FH¥ERE L % 19 & DNA F Xba 1/
Sma | B8], 4T Southemn 24325047 , B R ER LI B
HeB AR EREEAAA S (A 2),

2.3 HEAMERE LI EANEN

BB NEQRBOEA HPV-16 L1 A Bk
HAT Westem blot KW , R B AR AREELT S
HPV-16 L1 B33 R i {k %% 5 4k i i, H @ L T 55kD
4b. WEEH HPV-16L1 EHC A EHNME PR,
BffRE® LI EARGFREMIIFEEE3). &
ELISA ¥ ik, AR REEAMAREEKS LI BEAMN
FixB 4 & WEM RS A% % B (total soluble
protein, TSP) i 0.034% ~ 0.076% .

A

1.5kb—

2 HPVI6-L1 £ B A ¥ ) Southern blot 53 H7
Fig.2 Souther blot analysis of HPV16-L1 transformed plants
1: positive control pBI-L1{digested with Xba I /Sma [ };

2: genomic DNA of untransformed tobacco plant;
3-~9: genomic DNA of transformed tobacco plants
(digested with Xba | /Sma [ )

E == —55kD

3 HEEHTA Western blot 747
Fig.3 Westem blot analysis of transformed
plants HPV16-L1 proteins
1,4,6: protein of transformed plants leaf tissue
2: protein marker { RPN8OO Marker, red 160 kI} , green 105 kD,
yellow75kD}, purple 50 kD, blue 35 kD, orange 30 kD) ;

3,5: protein of untransformed plants leaf tissues

24 MNROPARBEXBERENH R
HARRBEAHEERA@EHFEAOTSEDNER

MBS, MR AWEN FEAREIENR
AAMIEEE. HAL KRB R HERAMETREA
i[5 HPVI6L1 RS R G &, Ml B
A dEsE  MARAHEY FRANAEDH /R
THMEBEE(E 4),

B

4 PROAREESR KK (HA) RBER W 5K (HAD
Fig.4 Hemagglutination assay( A)and Hemagglutination inhibition assay{B)
Al: HPV-16 VLP positive control ; A2-A4: protein of transformed plants leaf tissue; A5, protein of untransformed plants leaf tissue. B1, B2:
protein of transformed plants leaf tissue; B3: protein of untransformed plants leaf tissue; B4: HPV-16 VLP positive control
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B ¥ # 20 %

3 it

HPV &3 55 B i & & % Y48 %, B i el
HEE LIl HPV MR hEE ., HPV B #
N TERMELT L RO AHESRE L2
EHERAER VP BN EARAGY. CF
TN ESNPER FEERBEANRTIHS
R ANMEBEREART TAR, HF
LIVIPER S # AKKRR, A ARG E~F
A, EREXMENMAFEREERHER, BIF
2@ H R FZ PR H . Mason 2 A C A& ThuF) F A
B OEM SRESFHWAEIET HBsAg . Norwalk virus
EHEES EEFEZNRBRTEARAER
VLPs, [6i A i 88 18 89 O R 45 F HPVLI HLJR W)
FHSH WA EE A AL 5G""" ., T
&1 (o I 25 {5 ) LT-B 5 HPV-16VLP .58 /)
R.EZiE LT-B o] B i 335 P B /R i 5L HPV-
16L1 R R, Bitt, FMH L HERHEYESE
IR N HPVVLP sl R A B — 1
BAARERN®RE.

BRIIFFHEE HPV-16L1 Y X BEK B A
EEMHMPEZIRABELOH, DARBVEI T
CaMV3S S EHYMEBRERLDNRFH .S
EHEPH T B RERBREY TR LK,
IRPEPT 5 HEEHNERNHEEEB, 23N
RATH RN Y DT R R S A TR E
FHHEWEL, O - PHHEA L EHY A
ETRE,

Al Westemn blot 23#7 L1 AR EHEABEHEPEH
ik BN RBRARREEORR, REE
AT S5kD 4, 5 LI EQ B AN —B. @RiE
8 HPV VLP W3R/ PR MM gEE™  Hmags R
SEEHBT HPY VLP AW R KB Gt R &0,
A, PRAHRBEERBRCEH N EE HPVLL &
AEYEENTREREE AR, AR HA A0
HAL R S iE I B AR MBS R M E S B3R R
MR R AE A Y RIEK HPVISL HE T
fEEA S HPVI6VIP EAM R MR M EYIE
.

NBEAHEYPRHRIKERZLHATER
H0.01% ~0.4%2Z@", RIWMEBREREH
HERHEDP LI EASBEFE X 0.076% TSP, #
Gerber 5 AR 8 , A 0.3ug ) HPV-16VLPs /MR
RESIRBANERGERE", BEMN XEH

JUBEZE S HPV-16L1 L WA Y, B ol LU Bidh
HPV-16 By &Y, nl LAAE &, 55 2L ] HPVIe Wi #
HyEfHEI 2R KARWER Y. hi—F
EE L BEAMNERIR, AR —ERE/HEE
B 7E A8 P e M B R SRR, IR AL B R B IF A
FRAAERARGS B THAKARFESFHE
m[lsl o

REFERENCES( 3 % ik )

[ 1] Lehtinen M, Malm C, Apter D et al. Preventive vaccines against
papillomavirus and cervix cancer will soon enter clinical practice.
Lakartidringen , 2003,100(43) ; 3408 - 3412

[2] Osen W, Jochmus I, Muller M et a/. Immunization against humsn
papillomavirus infection and associated neoplasia. J Clin Virdl,
2000,19(1 ~ 2):75- 78

[3] De Bruijn ML, Greenstone HL, Vermeulen H et a!. Li-specific
protection from tumor challenge elicited by HPY16 virus-like
particles. Viralogy , 1998,250{2) :371 - 376

[ 41 Schiller JT, Lowy DR. Papillomavirus-like particle vaccines. J
Natl Cancer Inst Monogr , 2001, 15(28) :50 - 54

(5] WANG GL(F %#k),FANG HJ{F £ %) . Principle and methods
of plant bictechnology { #1 %7 3 8 T. &8 JR B M 7 % ) . Beijing:
Science Press, 1998, pp. 464 - 446

[6] Sambrook J, Fribsch EF, Maniatis T. Molecular Cloning: a
Laboratory Mannal. 2™ ed. New York : Cald Spring Harber
Laboratory Press, 1989

{71 Mason HS, Lam DM, Amizen CJ. Expression of hepatitis B surface
antigen in Iransgenic planis. Proc Natf Aced Sci U S A, 1992.99
(24):11745 - 11749

[8] TRochaZavaleta L, Alejandre JE, Garcia-Camanca A. Parenteral
and oral immunization with a plasmid DNA expressing the human
papillomavirus 16-L1 gene induces systemic and mucosal antibodies
and cytotoxic T lymphocyte responses. J Med Virol , 2002, 66(1}:
86 - 95 '

[9] SunX, SiL, Cao Z & al. Immune response to plasmid DNA
encoding HPV16-L1 protein. Chin Med J ( Engl), 2000,113(3}:
277 - 280

[10] Mason HS, Warzecha H, Mor T e of. Edible plant vaccines:
applications for prophylactic and therapeutic molecular medicine.
Trends Mol Med, 2002,8(7):324 - 329

{117  Mason HS, Ball JM, Shi JJ et al. Expression of Norwalk virus
capsid protein in transgenic tobacco and potate and its oml
immunogenicity in mice . Proc Noil Acad Sci U 5 A, 1996,93(11):
5335 - 5340

[12] Wang){ E£#),Li LL(ZEM M), Zheng J(F B ) ez ol High
efficient expression , purification of recombinant LTB protein and is
activity of mucosal immunoadjuvant by nasal immunization. Chin
Med JOPEBEEZEE ), 2003, 116(7): 1115 E117

[13] Roden RB, Hubben NL, Kimbauer R er al. Papillomavirus L!
capsids agglutinale mouse erythrocytes through a proteinaceons
recepior. J Virol, 1995,69(8): 5147 - 5151

© HERFRHMEMHRAATIKSHEES  http

//journals. im. ac. cn



¥ AL H% HPV-16L1 PR X EMEMARE HPV-16L1 K EAREP R AR ETE 831

[14] Koprawski H, Yusibov V. The green revolution: plants as with Escherichia coli heat-labile enterotoxin mutant R192G or CpG
heterologous expression vectors. Vaceine, 2001, 19(17 - 19): DNA. J Virol, 2001,75; 4752 - 4760
2735 - 2741 [16]  Francesco SM, Manuela R, Alessandra B. Vaccine antigen
[15] Gerber S, Lane €, Brown DM et ¢!. Human papillomavirus viras- production in transgenic plants: stralegies, gene construcis and
like particles are efficient oral i gens when co-administered perspectives.  Vaccine 2003 ,21:803 - 805

Construction of HPV-16L.1 Plant Expression Vector and Expression
L1 Protein in Transgenic Tobacco Plants

LIU Hong-Li' CHENG Hong-Wei' LI Wen-Sheng' LEI Ting' WANG Zhe-Zhi* WANG Yi-Li'  SI Li-Sheng'”
' ( Instisuse for Cancer Research School of Life Science&Technilogy , Xi'un Jiaoiong University, Xi’an 710061, China )
%{ Shannxi Normal University, Xi'an 710062, China)

Abstract Infectious with the Human papillomavirus (HPV) are related to the development of cervical cancer. It’ s very
important to develop of an HPV prophylactic vaccine. Transgenic plants is a highly-profitable bioreactor, in this experiment, it
was planning to establish HPV16-L1 transgenic plants, producing large amount of HPV16-L1 L1 major capsid protein. The
HPV16-L1 coding sequence was amplified by PCR with specific pimers and plasmid pEGM- HPV16 used as a templete,
subcloned into middle vector pUCMT and binary vector pBI121 to obtain plant expression vector pBI-L1. On the T-DNA regions
of the pBI-L1 binary vector contained constitutive Cauliflower mosaic virus (CaMV) 35S promoter, nopaline synthase terminator,
and neomycin phosphotransferase npt Il gene, which allows the selection of transformed plants against kanamycin. The tobacco
( Nicotiana tobacum L. Cuttivar Xonthi) plants were transformed by co-cultivating leaf dises method via Agrobacterium
tumefaciens LBA4404 harboring the plant expression vector. The regenerated transgenic tobacco plants were selected by
kanamycin , and confirmed by PCR, Southern blot and Western blot. PCR and Southern blot analyses confirmed stable integration
of the HPV16-L1 gene into the transformed tobacco plants genome. Western blot verified the expressed protein of interest being
reactive with the antibody against IIPV16-L1, showed that the protein was about 55 kD, consistent with the of HPV16-L1
protein, implying that the given protein was HPV16-L1. The levels of L1 expression were up 10 0.076 % of total soluble tobacco
leaf protein by ELISA assay. Expressed protein of transgenic tobacco plants was analyzed by mouse erythroeyte hemagglutination
assay{ HA) and hemagglutination inhibition assay( HAI), which had the same bio-activity as the natural HPV-16L1 protein,
causing murine erythrocyte agglutination and forming VLP by self-assemble in vitro. These results indicate clearly that transgenic
HPV16-L1 tobacco plants were generated, and HPV16-L1 protein was expressed effectively in transgenic tobaceo plants. This

result is an important step close to developing an edible vaccine, which will contribute to the prevention of HPV 16 infectious.

Key words Human papillomavirus, virus-like particles, transgenic tobacco, plant vaccine, Agrobacterium tumefaciens, L1

major capsid protein
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