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#HZE : Human immunodeficiency virus-1 (HIV-1) % Bh & A 7E B AL f 30 ug s ko ik F il A5 AR 2 RIVE A
Regulator of expression of virion proteins (Rev) 1EX HIV-1 5iBiE 12—, TTLLARE S T mRNA HZ
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Abstract: HIV-1 auxiliary proteins play a critical role in both the infection of HIV-1 target cells and the morbidity of
AIDS. Rev, as one of the HIV-1 auxiliary proteins, is essential for the replication of HIV-1. As a membrane-shuttle
protein, it can regulate the transportation of HIV-1 structural protein’s mRNA. The rev gene from HIV-1 was transfected
into THP-1 cells. The Rev-stably-expressed cell model was generated by electroporation and then sorted and selected
with G418. The cell model was characterized at both mRNA and protein levels with an RT-PCR assay, fluorescent
observation, and flow cytometry analysis. The rev gene was successfully transfected into THP-1 cells and stably
expressed. This is a useful result for future research of the interaction between Rev and cells.
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/DHEER) Rev & FREAAINIRZ S H N o456,
AU B B ) mRNA AZ ALz, [\ B e
PIBYRERE L, AT R R4S 21 HIV-1 356 0 i 16 45
¥JEEH (Favaro, 1998; Perales, 2005). It4F, Rev
AT B I A1 7 2 A PR G A P A 0 R A
0 M gag-pol FIX HAR RS04 4L 40 i & I, HIV-1
A G 5 S 39 55 (simian immunodeficiency virus,
SIV) KT Rev & 1 HERHIN 2 RNA A5k PAT
o vy 20—70 £, W] ALHE RNA KL T[4
B, HHEAON 5 3R R & 2 IEAHOC (Brandt et al,
2007,

Rev 14— MU 5T 242 a1 AN B 11 52 161
A REAER, T HAE HIV-1 Bl FE ] Xt 1E
TG ) B HEA L R G E W . Bobbitt
et al (2003) WFFTUESE, Rev &% [ HIE XS T-40 iy
BT kg0 i R DhRe e v PEEH . oo
Rev & F 2R MR- ZIME VG VE TR, 410+ T Wk
T 40 L) R D Re ) Tl g T Gag M Env [P 1E
W IEAC; A TCRER 0 52 G MR 70 S 1K Rev
T AT TERAR, Gag KRR, MM T4t
Gag M40 J 55 T bk T2 40 M 1R 3 409 1 FH A R R
2.

BARAT K Rev AT TAECAE A T &
Mk, (H Rev X HAAE =400, w4

(macrophages) FIH SR 41l (dendritic cells) 5%
Wi H §EANE 2, Rev 8 -5 X S840 i [A] 1 AH HAF
FARNHRIE . ik, #@7—MieERiA Rev AN
S MOARY A7 6T b 6T 40 P ) 2 R R D e iR A T A
5T, AAT B Rev B AN 0] 1K L5 32 40 i 0F 47

P
1 #RFEZE

11 #HRFNIE

pHXBnPLAP-IRES-N+/Fif H 5 5] =33 K 24 4
INTHPZ B, pEGFP-N2 Jioki i/ K2 174
W2 5L T RS0 = s K IAT 1 DH-50 A A
S ARAE s THP-1 40 0 [ b B Ry B g 55 55
WIPRRZE 022 AN M s RPMI640 B5FR2E. i
A= i i AN G ) OPTI-MEM $4 32350 [ GIBCO 24
#]; Qiagen Endotoxin-free IR KEEAF G A G418
W 5 Invitrogen A 7]; 4mm HEEMIE H BIO RAD
A+); RNAprep #7841 RNA $EHGAF
TIANscript M-MLV 10 5% | Tiangen /A #];

1Taq S8 &« DNA Marker DL2000 Az HoA 4= 4k
RFN H Takara 23 7] o

LSM510 META #I'EHOGILER A B 1 Bl
BE0 4 [E Zeiss /A7) ; FACS Vantage SE i xU41 i
1 E BD 72 ; Steri-Cycle CO, 15 7846 - SW-CJ-IB
1 T AE 5 H Thermo /A 7] ; Gene Pulser Xcell TM
FLAAW 1 BIO RAD A .

12 EEY1E. RAGE. REFILE

1.2.1 rev ZXy 4% H pHXBnPLAP-IRES-N+i
B AR, F PR PCR 77235434 K rev 3
Ko 55— PCR (M5 [#) F1: 5’ -ATCAGAACA-
GTCAGACTCATCAAGCTTCTCTATCAAAGCAACC
CACCTCCCAATCCCGA-3'  (RHARILZ 7y Jy o
—HANE TR 40nt), KRG Rl: 5" -A
TTGAGCAAGCTAACAGCACTATTC-3' , § 1456
—HNB T AR A AR B SR
X PCR [ 54 F2: 5' -ATGGCAGGAAGAAGC-
GGAGACAGCGACGAAGAGCTCATCAGAACAGT
CAGACTCATCAA-3"  (RMARIZR 2 My 41 2111
3F 36nt) 5 RI1 ¥ 4K rev 741 PIIREAA
[: S0uL JRMNAKZR, 94°CHIANE 3min, 7HH 30
Ko PENFAL A 94°CANE 30s; 50CIRK 30s;
T2°CHEM 2 mine JEHEHS 72°C A 10 min; Kf
4K rev FERER S pMD-19T seldlifhk b, dr il
pMD-19T-REV, 7% 5.

LA pMD-19T-REV 1EN#EH, il 514 F3:
5-GAATTCATGGCAGGAAGAAGCGGA-3' (HH4k
R 25y 2 EcoRI MV D), JIm 514 R3: 5’
-GGATCC TTCTTTAGCTCCTGACTC CAA-3' (%}
RN 73 & BamHI BEDIA7 1), 978 245 : 50l
RIVAKZR, 94°CTIAYE 3min, 7HFF 30 K. fEIFS
24 94°CAE M 30s; 53°CIE-K 30s; 72°CHEAH 30s.,
MEIRG R G 72°CIEA 10min, F 397530 H K74
122 iR, A% e Wi EcoRl Al
BamHI BRI BN sk PCR =4l D) 5 1% AR
5%k pEGFP-N2, fiy#h pEGFP-N2-REV; 1
AL N K AW DH-5a #4797 14, A Qiagen
Endotoxin-free Jifir oK #2371 5 4 B ok, 15 H
EcoRI 1 BamHI B il 14: A D] g i U] FRLIK 565 5E o

THP-1 40 & 10%Ji5 74 113  100U/mL ()75
#7100 pg/mL MEEEE 2. 2 mmol/L ¥ L-23 2 Ik
[t , 1 mmol/L ¥ A i F 8 1¥) RPMI1640 56 485774,
37°C. 5% CO K FRAf 5 7%




41 JAE G54, R £IE HIV-1 5B A Rev 1) THP-1 41 Bl AY ik e 7 AL i 423

20 H A=K B E AR, 1000rpm/min B0 5min
WA, ] 500 uL f¥) Opti-mem &, I8
423X 10°A/mL, # N\ 4mm T HEAR T, I 20pg

(1pg/ul) pEGFP-REV-N2 Jfiki, JB%4), M4
PEREATHLZEFL: HJR 300V, HLZE 150uF. HLZEAL5E
EEJ5 FH RPMI1640 1575 HEk oyl 2 B 4 i Jy o 37
T\ 5% CO, BEFRATh 5 9% .

14 HMAHEBERABRIENE. RXMERIK
Rev B THP-1 A

¥y 24h Jo E R L A LI A AR AR B OGS
AR B PSR AL, 36h
Ja il M AT 733k, WSk EGFP &IA B 1)
AR LLERE TR . #EYL)S 48h JTFEAF] 500 pg/mL ¥
G418 BEATHFLLIRIE . M fERE — R, IR
PR IR N G418, 4ifF Ik 5l 500 ug/mL,
e A W9 A LA E . USEE 10° AN R, ) PBS wEiE,
B EOE A G S . EH Zeiss LSM Data
Server Al WinMDI29 % {143 5l % % 6 e 7 R =K
R E R AT 25 SR i
15 RT-PCR #&l rev £ E By FRIE
1.5.1 & RNA I 400K 1004 rev &R 14 3%
FEPE G4l i R A EL Y () THP-1 4102 1000 rpm/min
20 10min YA, % BiE, 1R AR A s
F RNAprep 557740 g 5 RNA $2BUR 57 & (10 7 vkt

1T RNA $200.

1.52 RNA s PRI S RNA $E5)
YE AR, 7E 0.2mL Eppendorf & H it AT 5%,
AT 4% cDNA #E: FEHLS 9 (0.5ug/ul) 2 pL,
& RNA10uL, dNTPs (DEPC /K¥#f#) 2uL, 70°C,
Smin; ¥ E1)5, I 5 X first strand buffer 2uL, DTT
1uL, 42°C, 2min; A TIANscript M-MLV i¥i#%
SKME 1L, SRV ARFN 20ul, 25°C, 10min; 42
‘C, 50min; 95°C, Smin £ 11NV, VKA H! Smin,
-80°C IR AT

1.53 PCR "1 Rev  H{ 3uL cDNA H]-F PCR § 14
Rev, GAPDH JELHAE NN S, 51 A N 45 1 [
1.2.1 TR R 5

2 & R

21 FTIEHEHE

rev &K 2K 351bp (F &L+ TAG), W
AT A AN A BT R OT . PRI PCR AR A
S BT AR KA T A E T I Rev 741, 25t
MFIESE Sy rev ZE K. pEGFP-N2 JFki 4 K: 4.7kb.
P14 rev JEREN pEGFP-N2 J5 (& 1), H EcoRI
AT BamHI A Fr e FORLEAT XU 1), 75 250 11 500bp
Z AT B4 B AR, UESE rev DN D) i
AT pEGFP-N2 Kk #Hfk (K 2).

B2 &in Ba1 B%1 L] £ EGFP
Mos LG AGC TCA AGC TTC GAA TTC TGC AGT CGA CGG TAC C6C 566 CCC GGH ATC CAC CGG CCG GTC GCC ACC ATE 616
Akl \ Himd 11 EcoR | Pstl Lall Kpel Apa | % BamH | L1

Sicl 1201 Xmas
Ehasll i Acel A”HSISM I.F'spl?ﬂl Smil f
A/ 777777771771

rev gene

K1 KX E pEGFP-REV-N2 (#4158 K B www.bdbiosciences.com)

Fig. 1

Construction of expression vector pEGFP-REV-N2
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Fig. 2 Double digestion of vector pPEGFP-REV-N2

with restricted enzymes ECORI and BamHI

1: 47 EbrE DL2000; 2: pEGFP-N2 #iA EcoRI Hl BamHI XU

PJ; 3: pEGFP-REV-N2 #ff EcoRI Fil BamHI X&)«

Lane 1: Marker DL2000; Lane 2: normal pEGFP-N2 vector digested

with EcoRI and BamHI; Lane 3: pEGFP-REV-N2 vector digested with

EcoRI and BamHI.

22 TERESFZFHER THP-1 AP MRE S
ERMFRIE

rev JEAIEE EcoRI A1 BamHI VI %N

pEGFP-N2 #fk, 5 i) EGFP )5 FE R AL [ —

I TS AE Hh e [R) FROA T i & B (. B4 THP-1 41

J& 240, HEAZAETCBAET T Al WL RS B )

FiL (B 3b), HYRLN 4.06% (K 4b). ik

oy JE AR IS EGFP 40, H & G418 myksF
FEREFEME A 3 RS LT . X 2O
T P UL 5% B 0K 2t £ 98 Y 2R 1 1) 4t B T L A1) 2
ZPm (B 30, bR BH 41 e Lk 97.07%
(K 4d).
23 FEHEFZTFER THP-1 fiiTE Rev B
MRNA HJ3RiE
1EH THP-1 41 LR 2 rev LR 5 28 0 1 1)
THP-1 4 i/ GAPDH ik KA AL, &
iR THP-1 4iffarb 438 2000 Wi &, KNS
Rev HI%F, (HIEH THP-1 41 INITE H i Fr BEAEAEC
5)0 RUITEFYLT rev SERIFETMIE G, THP-1 41

Mo F 5 Rev i) mRNA £ik.
3 it i

Rev & HIV-1 (1] 6 Mifilh it 2 —, ‘& AE HIV-1
RGN N S RN A b, EAE N AR AR, X
T HIV-1 B IR =21 mRNA 1S & A1)
SN &7 R d AR YA itk 2 R S N
BOER . R JLEF, W F Rev AL
94 1 %) T L Dl e S AL A OO R 2 R
WEPERIHERE o 5348, Rev Xf-T CDA+T 41 i (5% M ()

Bl 3 YR S Rev-EGFP @& B HRIRIA: HOE R EVOL B MBI S Rev-EGFP @l &4 EH

Fig. 3 Expression of Rev-EGFP fusion protein after 24hrs post-transfection and after one-month selection: Observation

under the laser confocal fluorescent microscopy

a: RFYLM) THP-1: b: Y5 24h: o FIE S5 ERIE Rev 1Y THP-1.
a: un-transfected THP-1 cells; b: transfected THP-1 24h post-tranfection; c: Rev-stably-expressed THP-1.

BT Z, 1RE Rev IhAEMI LS R AR A
CD4+T 4 JidH 3R A3 11 o {H L5 T A A 5 40 ke )
R SROPR A1 i A FL 475 5 17 A4 48 i %) AH HATE 8 AN
X, VP2 MEEA Ao . ARWFSCE I F A
Pk, HWIKEENL T Rev HEARERIEN THP-1
AL, n] LR AALL K G g i ) a R b o 8¢
Rev B 40 M A (FPIRAS, B ATHE Rev B FIERIA )
70 X 40 2 TR R T e TR A TR S AR AT 5

Rev f¥] mRNA 4 i P50 274U 2 18
env Ml vpu BT, T3 —4h 1 KA 7T6bp, ASK
Bosevh T AMCIIHT IR 51, 555 A AR )
S5 IIH K PCR 748, 345 T AT W& FIa K
Fedl, R DR QR AL RARIE S T 46 AT
WL LR — P R e g ik, A e
PR A UIVE MR O MGEAR L, A7 (3, RRAS IR,
TSR M Y. THP-1 40 AE A —Fhay7 41
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i 5 F-am ik LI B B G H iR . FL AL
RS Z MR EA G, WRLAiRE . 40 i A4
KAREFERE . RS A, AR
5 ¥ S H pEGFP-N2 JFURi % 4 THP-1, XfLL L& %)
AT TH R A L. H Qiagen Endotoxin-free Uk
KAL) G FEIUTORL e G HOW A K 4 e, HaF
BHA B LR, EFE 0.3kV. 150 uF. 17
A% 0 WP B e B 3R AT AR (A i A SR TE 10% LA

), ARk B g ST AR E A R BN T e .
KM TR X 0 A oy 1R ) 5k, ARG B R
BRI B s 5, FaS S G418 Tk, %k
KA NPUHESE R 40 M, AT D B 7 T AR e 3R
15 Rev M40 ARY . FOR A2 AR ERIA Rev 1
THP-1 AR R L HAT o R AeREE 705, 3L
SO ERILE AR FEE, B 1) RT-PCR 45
KM F] Rev 1) mRNA £k,

= 3
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o o)
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Fig. 4 Expression of Rev-EGFP fusion protein after 24h post-transfection and after long-term selection
ar RFEHLH) THP-1; b: ¥ YLS 24h; c: AR¥EHH THP-1; d: ik /SR %34 Rev i THP-1.
a: un-transfected THP-1 cells; b: transfected THP-1 24h post-tranfection; c¢: un-transfected THP-1 cells; d: Rev-stably-expressed THP-1.

(bp)
3 (5()

1 2
5 RT-PCR /-#rfiikJ5 rev B KKk
Fig. 5 Analysis of rev gene expression with RT-PCR assay
360bp 417 Fll 669bp 451173 %l Rev(ifif5 EcoRI Al BamHI) fil GAPDH
I RT-PCR 7#4. 1: KRFEEY THP-1; 2: Jik)5 1% THP-1.
360bp and 669bp straps were respectively represented for the product of

RT-PCR assay from rev primers and GAPDH primers. Lane 1 :
un-transfected THP-1; Lane 2: selected THP-1.

HIV-1 (1) 32 B0 M CD4+T 41, {H7E G
S, R S 1 A PR D A2 G 4 R AR SR 4
Jflo THP-1 s&—Ff A MR IE Y A A &R, &)
DU A B g M 44, 7e4i i BK- - GM-CSF. 1L-4,
TNF- a 25565 VE R, THP-1 40 ik o] LS S Rk
PSSR 41 U ( Carsten Berges et al, 2005) . &£ THP-1
AN HAE Ry e A A A, ST AR RIE rev LRI 14N
M, BEnT LA T H M S Rev 8 00 BG40 i 1
AT SR M FT A4 LAk B s R 8 (41 g
Kibric) MBI EN, X RS G I
PSRN MR S W40 S CD4+T 40 M [ (1) AH
YER . Rev & A ZhAE 1 40 i ) 4 34
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