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Abstract

Abstract

Since identified in 1981, AIDS is spreading all over the world. More people than
ever are living with HIV, which causes serious damage to people’ health and society.
Effective methods on control, defence and therapy to HIV are what people want
imminently. The most important epitopes of HIV are in HIV envelope glycoproteins,
which mutate with high frequency. As a hot spot of HIV, HIV envelope glycoproteins
are very significant to the study on HIV diagnostic reagent, antibody and vaccine.
However, HIV envelope glycoproteins are highly glycosylated and difficult to
secretion expression. Efforts to understand the molecular basis of HIV envelope
glycoprotein function have been hampered by the inability to generate sufficient
quantities of homogeneous material.

In this study, we have produced stable, soluble, secreted HIV envelope
ectodomain protein gp140 with His-tag by gene reformation of gp160. The protein
named gpl40b2-his is a gpl60 ectodomain lacking gp4l transmembrane and
cytoplasmic segments. Site-directed mutations are introduced in gpl40b2-his to
eliminate the gp120 cleavage site. A tPA leader sequence, which replacing the leader
sequence of gp160, and His-tag are also introduced to gp140b2-his.

As HIV envelope glycoprotein gp140 is heavily glycosylated, most recombinant
expression systems can not express it well. We choose mammalian cells HEK293-6E
as the expression cells, which have successfully produced heavily glycosylated
protein gpl40b2-his. After the optimization of HEK293-6E transient expression by
making the construct of gpl40b2-his in pTT5, using cheap medium and improved
transfection method, the high-quality protein gp140b2-his is produced at a higher
expression level.

Protein gpl40b2-his yields after purification by heat, Ni?* affinity
chromatography and ion exchange chromatography has reached the purity of more
than 85% and reacted with HIV positive serum well, offering some useful information

for the understand of the molecular structure and function of HIV envelope
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glycoproteins, and is advantageous to the study on HIV diagnostic reagent, antibody

and vaccine .

Key words: gp140; HEK293-6E; transient gene expression



A gt ]

45
AIDS
bp
BSA
cAb
cDNA
CHO-S
CMV
CTL
DMSO
DNA
ELISA
FBS
FDA
GAH
GFP
HA
HEK293
HIV
HRP
H&T
g

kD
LTR
MHC
MPER
mMRNA

48 i 7]

AR

Acquired Immune Deficiency Syndrome
base pair

Bovine serum albumin

Chimeric antibody

Complementary DNA

Chinese hamster ovary suspension cells
Cytomegalovirus

Cytolytic T lymphocyte

dimethyl sulfoxide

Deoxyribonucleic acid
Enzyme-linked immunosorbant assay
Fetal bovine serum

Food and drug administration

Goat anti human

Green fluorescence protein
hemagglutinin

Human embryo kidney cells 293
Human immunodeficiency virus
Horseradish peroxidase
Hypoxanthine & Thymidine
Immunoglobulin

kilo Daltons

Long terminal repeat

major histocompatibility complex
membrane proximal external region

Messenger RNA

A&
RAFIE S B G SR B AE
R0

1M AR A

SRR

H4 DNA

H T Bl O S 0 e i)
EL40 s 2
AR E T RN
ZUHAEAR

RN AL

IR Hf 22 TR B a6

ERA IR

6 [l B it 24 ot M B A )
HIES/UN

QLR i

RS

293 A JWR'FF 41

N s R B 155
AR I 2 A ) il

R B M D e A
G PR

T-18 /R
KRt 8 2 P4
HEMBENER A4
U AR IX
{51 RNA



A gt ]

MW Molecular Weight PANn

nt Nucleotide %

Ori Origin SR UR AL
PCR Polymerase chain reaction B = N
PEI Polyethylenimine R OIR W

PH Hydrogen ion concentration AR TIREETREL
RNA Ribonucleic acid R IR

SFM Serum Free Medium To ML B ek
SIv Simian immunodeficiency virus Tk G 2 TR 7
TGE Transient Gene Expression ok P 55 DRl S s
tPA Tissue Plasminogen Activator A 2R 2135 It D T 711
VCD Viable cell density TN
VLP Virus-like particle T TEAERIORE

WB Western blotting o 5 BN ZE S5
WHO World health organization 5 DA 2]



H %

B %
B e I
ADSTFACT. ... I
BRBBIR. ..o v
BB IR oo et 1
L AR RRBAIREE ..ot 1
DL HIVAEDL oo 1
L2 HIVIFI 3 T AR oo 3
L3 HIVIIATT R oo 6
2HIVEERIEE R ..ottt 9
2.0 gPL20. et e e ae e snn e ree s 9
2.2 QPA L nrae e 11
2.3 GPLAD. . ettt e e 12
SHIVEEEBIREIM .......oooviiiieeeee e 13
3L HIVIBGE PRI TT VS v 13
B2 HIVHURIFIRTI oo 14
AHIVEREBIFIREERR ..o 17
SHIVBEEBRIRBRLE ... 19
5.1 KA THRIE R DT oo 20
5.2 FERERIEZR DL oo 21
5.3 BRI HERIE R DT oo 21

VI



H %

5.4 FHMIZRIE ZRZ ooiveeeeeieeseeseesses st ss s st e s s n 22
5.5 WFLENMIANMIIZTE ZRZT oo 22
6 ZRFAFEEIE BUBEI oo 26
B E MRS E e, 28
L B et 28
(T OO 28
1.2 BTG IR s 29
1.3 PV ST FRIETC L oot 31
2 TTIE e e 33
2.1 B ERAE oo 33
2.2 AL S H R oo 37
2.3 HEETETERTIN S AEAET775 e 38
B RGO oo, 42
1gpl40 BIRIEE. RIEFABTEMELEETE oo 42
1.2 gp140 [ TE BT DL EIE oot 42
1.2 gPLA0 FIEIT BT oot 44
1.3 FREAGP14002 IR T TE LS TE e, 46
2 gP14002 FRIE K I B R R oo 49
2.1 gp140b2 BLAZ FIE AR B 4 S HiS-tag iR covvvvoececeve 49
2.2 HEK293-6E 4N JH % N R IE MDA e 52
3 gp140b2-NisBIZE L B TR TELE T ..o 56
3.1 gPLA0D2-NISHIZIAN, ....oceeeeeceeeeee e 56



H %

3.2 24 JE gpLA0D2-NiSHITETE L T oo, 60
BIOEE T8 e 63
1 GPLA0 BAIRER ...oooeeeeeeeeeee e 63

1.1 .gPLA0 PRI v 63

1.2 HBAFTIGDLAD FIZETE oo eeeeeeeeeeee e eeeees st 64
PR AN 27050, 2= 01 | A 64
39PLA0 BIZEL ... e 66
FBRE MEERE .o 69
BETLHR oo 70
4 OO 77

VIl



Table of Contents

Table of Contents
ADSEract IN ChINESE.......coiiiiiiiiece e I
ADSEract IN ENGHISN ..o ]
ADDIeVIAtIONS ... v
Chapter 1 INtrodUCTION..........ooiuiiieiie e e 1
L HIV e e e e 1
L1 The SUVEY OF HIV ..o 1
1.2 The biological properties of HIV .........cccoov i 3
1.3 The life CYCle OF HIV ..o 6
2 HIV envelope glyCOPIOtEIN.....cc.ociei et 9
2.1 GPL20. oottt er e 9
2.2 GPA Lo ettt 11
2.3 GPLA0. oottt 12
3 The detection Of HIV .....oooiii s 13
3.1 Detection Methods Of HIV ..o 13
3.2 The detection of HIV antibody .........ccccoeiieiieiiiiecece s 14
4 The research of HIV VACCINE..........ccooviiiiiiiiec e 17
5 The expression system of HIV envelope protein.........ccccccoceviveiviieivenesieseennnns 19
5.1 The E.coli eXpression SYSIEM..........ccovveieiiieieeie e e eee s se e sre e nae s 20
5.2 The Yeast eXPresSion SYStEM.......c.ciiueieerieiierieeeseeseeieseesieeeesreesseaneesseesees 21
5.3 Baculovirus-insect cell eXpression SYStEM..........ccccevveierieeiieresieesesie s 21

IX



Table of Contents

5.4 Plant eXPreSSioN SYSTEM .....c..eoiiiiiiieieeiesiee ettt see e e nee s 22
5.5 Mammalian cell eXpression SYStEM ...........ccocvveiiiiieniinieiieneee e 22
6 The purpose and meaning of this research............cccccoooviiniii s 26
Chapter 2 Materials and Methods .............ccooeeiiiiiiinieneeeeees 28
L IMAEEITAIS ... s 28
L INSEIUMENT ..o 28
1.2 Reagent and MaterilS........c.ccveieiieieeie e esie e aenee e e eee s 29
1.3 Solvents and MEATUM .........ccoiiiiiiiee e 31
2 IMIBENOAS. ... s 33
2.1 Molecular CIONING .....ccoveiecieciie e 33
2.2 Cell EXPIIMENL.....icii et 37
2.3 Protein identification and purification ...........c.cccvveieeiesieeni e 38
Chapter 3 Results and ANalySiS........cccceiiiiieiie i 42
1 Construction, expression and preliminary identification of gp140.................. 42
1.1 Construction and reformation of gPL40........ccccovieriiiiniieieee e 42
1.2 Transient expression Of gPLA0 ......cccooieiiriieie e 44
1.3 Preliminary identification of gpl40D2.........cccoooiiiiiiiiniieiee e 46
2 Improvement of the expression level of gpl40b2..........cccoviviiiiiii e 49
2.1 The replacement of the vector and introduction of His-tag in gp140b2........ 49
2.2 The optimization of transient expression in HEK293-6E cells...................... 52
3 Purification and identification of gpl40b2-hiS........cccoceiiiiiiiiiiie e 56
3.1 Purification of gpL40D2-NiS ......ccoviiiiiiiiiseeee e 56



Table of Contents

3.2 Identification of purified gpl40b2-hiS........cccceiiiiiiiniie e 60
Chapter 4 DISCUSSION .....cvieiiieiiieiiieie et siee ettt sreesreas 63
1 Construction OF GPLA0........oci e 63

1.1 Reformation Of gPLA0........coi i 63

1.2 Expression of gp140 of other HIV SUDLYPES.......ccovevveiieiieiice et 64
2 Improvement of the expression system of gpL40 .......ccccocevveiieiniinn e 64
3 PUrification OF gPLA0........cov it 66
Chapter 5 Brief summary and prosSpect.........cccccceveevievieiiesiessieennnn 69
RETEIENCES ... s 70
ACKNOWIEAGEMENT ... .o 77

Xl



3

=
T}

¥
ok
o
il

1 NEKRRRFERE

L1HIV #8E5R

KA B 9% £ (Human Immunodeficiency Virus,HIV) , J& T30 5 sk 25
F (Retroviridae) - 1595 )& (Lentivirus) ™M, HIV ({1 e 2 30— Ff)™ dsl b A
i R AL B, BSOS S e Bk FA 2R 5 AT (Acquired
Immune Deficiency Syndrome, AIDS) . 5] AIDS J& 7t 1981 4 [ 52 [F g 45 il
O RILE, LR N Y 4 B ol R B, LA
HIV JiiTE.  AIDS AABLLK, A FVEE A EGE, oy L kiR
WAVERI LG —,  H AT R Bk Z A 2506 8 0 3.
1.1.1 HIV M43

R I3 27 S AT BEA R 1 B 5 HIV-1 A0 HIV-2 2 HIV R
Y, AT A I A 45%01, 1T HIV-2 5 SIV RIS E R ()
1.1), SIV BI%E % i 7% (Simian Immunodeficiency Virus), tHJ& T igi%% sk
EERHEN TS, BErENLEET S S AIDS SREMRAE . HIV-1 752 Bk F N
WAT, B, S AIDS B E A, 2 H RTRFS R E N S T
HIV-2 JAE DS AEE ST, FLE0w AE B9, R4 1999 4 9 F & %1
(HIV-1 Wi 2 £, HIV-1 W) 4 25 41 (group) Y2 (subtype) . P2
(sub-subtype) Flii47 H4H 7 (circulating recombinant form, CRF) PUAN3 2557
$2 WA A LI 1 (¥ env B AR 2 A5 52 A 1 (1) gag B AP A1 A IRt HIV-1 ]
ve o 3 A4, M A (main, FZE41). O 4 (outline, AMHZ) & N A
(non-M-non-O group) 1, £ 1] A B B% 2 30-50%, Hirf M 29 5 6 A2
M i e T BB K, HAE R FNER N2 04T . % env X751, M
4 A4 % A~Dy F~H. J + K9 B (subtypes)® , LLJ CRFO1-CRF16 4t
16 FhifiAT EAIHL(CRFS)T , M 410 ] (5 A B8 %y 20-30%.
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Fig.1.1 Phylogenetic tree of the primate lentiviruses
K] Aok HIV sequence database

1.1.2 HIV BIRAT

HINV — B LI 253 ROk B85 217 995 75 11 40 B 1) T XA A T e A, &
LR PRy BESEE IR B FTA S 2 i i G 25 77 X e ARV TR A Tz AR 4
(] 1.2). H4Ek AIDS W4T 5 A 7™ T DXOZ a3 AR, 24075 67% 1)
HIV G AR TEIX X o ST I R S3E 0 R 38 A (2011 A 5 3L
WY BoR, A 1990 4E A 2010 4F, HIV EYes NBRFEE K (18 1.3),
A 2010 )i, AERLIAT 3400 J7 HIV YL, iZAE B HIV &G 270 TN,
11180 J3 NBEI AIDS MIAET:, HIV 7ERGE N AT AR 0.8% /4, Horph[H
(K] HIV AT 2 AE A BRA TR, (HIRE HIV B 4ot N ci4i 80
TN, TN =0, ALK TELE.

AIDS 7F A Bku [ ] IFRIR & AL, 25 NRAETERIAL S U >k T BRI
e, KEE X AIDS FFT CAEHE AT T, (H T HIV RS 2
JRAR 2R 52 2 HL i BER LA LA 18 5 1) B AR ek, H T A R BT 285
TEFIRGA HIV KR INE, 56 TRA S EhiltE dun s, whk HIV 2l
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