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Abstract: Objective To establish a rapid high-throughput screening model with positvive transcription elongation factor (p-TEFb) as
target for screening the inhibitors of HIV. Methods Double cross plasmid of BD-Tat and AD-CyclinT1 was established and transformed
into yeast AH109 and Y187, respectively. AH109/pGBKT7-Tat was mated with Y187/pGADT7-CyclinT1 and the diploids were subjected
to autoactivation, toxicity test, and reporter gene assay. The screening model based on double hybrid system was established. Results
Two out of 20 kinds of Chinese materia medica possessing immunity-enhancing effects were identified as primary hits, the anti-HIV
activity of these two positive drugs was already demonstrated by other researchers through detecting the suppression effects on HIV
duplication in vitro. Conclusion The system established in this paper can be used for rapid high-throughput screening anti-HIV chemicals
or herbs. Further research for the obtained two positive Chinese materia medica, Cibotii Rhizoma and Coptidis Rhizom should be carried
out to isolate the effective component for disrupting the interaction between HIV Tat and CyclinT1.
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¥4 9 (cyclin-dependent kinases 9, CDK9), 1
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B W IR ¥+ (transcriptional activator, Tat) ¥
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RSO Tat 53OS N2 R (transactivating
responsive factor, TAR) AHH i ™, thw] 55
p-TEFb % HIV-1 J35) 11X, 4l DISF #1 NELF 4§
G2 S DR 73 P A3 233 5 TR 4 e s i A ), i
HREEHU, Huk, — B 453 A 3
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KW A % DHSo. % W Saccharomyces
cerevisine AH109/Y187 « SD I 8t [f3 B5 % 3& |
pGBKT7. pGADT7-T #f& & X-a-Gal (Clontech 2~
Al, J2[); PCR X7, TagDNA %451 TADNA

N, BREIMEAN DI (Takara A#, HA); i
FrEEHGA A& DNA FIK IR SO & (A6 R AR
AR IRAF]D; MRS DNA (ISR EYE
AREBRAFTD. PCR X, HIKIY (Bio-Rad A7), 3%
); TEVEKAE . THIESRIR. pEGFP-Tat Hidbat Tl
K2R B2 22 B 10 Wk B % B . pCDNA3-
CyclinT1 804 T 1 YT K 2% ks DR TR TR 2T 9 S5
BB AT, (8L F0E, 125, HE,
FOERL YIMUEE. SR, ML SR, ATOR
MR B3R BAEL, HR T 4. FERL. 3
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21 HBYEE PCR #7718

7f GenBank #% %] Tat 1 CyclinT1 ff] mRNA 5
H1), HFFTBORBEHESE 73701 4 219 bp H12 178 bps 1R
PP AL X ) b R R G s 1R
HERATRS 1Y), N CyclinT1 2£K (hCyclinT1-2178)
E51#): 5>-NNNNGTTACGTAATGGCTCGTCAT-
GGAAAA-3’, [ [ 5|4): 5>-NNNNCGACGCGTAA-
TTCTTTTCGACATGTA-3’, 5IANT EcoR 1 F1 Sal 1
FREIPERG )67 ;. HIV Tat JERTBE (Tat-219) iF
754 : 5>-NNNNCCATGGAGCCAGTAGATCCTA-
GACT-3’, [ [ 5|#): 5>-NNNNCTCGAGTTGCTTT-
GATAGAGAAGCTT-3’, 5|\ T Nco I #l Xho 1 B
PERGUIA, 2o PCR 4 1Y S NiAA &R (50 uL): AR 2.0
uL, 5% 10 umol/L %% 0.8 L, 2 mmol/L dNTP 5.0
pL, 10X Buffer H 5.0 uL, MgSO4 2.0 uL., KOD-Plus
0.5 pL, DL ddH,O #h7fA R % 50 uLo VAt
94 CHiA: 5 min, 94 CA2E 30's, 59 CAME 30s,
72 CHyIZEAH 2. 1 min, 30 MEFF; 72 CLEH 10
min; H{ 5 uL PCR 438 =) EAT T IR B B I HL VK
2.2 EYHFA pGBKT7-CyclinT1 #1 pGADT7-Tat
HIMEREE

FH BRI E N VI B EcoR T A1 Sal 1 L)
pGBKT7 #I A CyclinT1 [#] PCR /=4, HLIKK[HHL
BB FNEAE Fr B, 1E 42 )5 Ak DHS o 552 2541 e,
PEHUTRIEAT EcoR T A1 Sal 1 XU % 5E . i Tat
K] PCR 7“#J A1 pGADT7-help4 31T Neo 1 F1 Xho 1
WYY, UKL RSO P BRI B4 B, 1R I
1 DH5 o JESZ AL,  $RIUSTREHAT Neo 1R Xho 1
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M) %58 o B pGBKT7-CyclinT1 £l pGADT7-Tat
2 AR T AEY TR BRA R .
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K 2018 B0 4k 10 8wl pGBKT7-
CyclinT1. pGBKT7 ! pGADT7-Tat. pGADT?7 435
I 50 uL & IBOGEE (4) {HA 0.4~0.5 )%
Z AWRERE AH109 2 Y187 H1; SD/~Trp 8% SD/~Leu
SRR I A
24 BWEPCRETHNMEREZSETE AHI09F0
Y187 B E LA R AL

TEHAG AR EFRIUR R (HAR>2 mm), T
2.5 uL KH,PO4 A 0.5 pL 41 S fidt il b 78 7018 5J - 37
CH¥E 1h, 100 ‘Cii# 3 min, K% 1 min, 4 C{#
e M. PCRYHG, KRMNAAZR (50 uL): HI¥ DNA
AbFWE 2.5 pL, Taq M5 0.5 pL, 10 X PCR Buffer 5.0 pL,
25 mmol/L MgCl, 3.0 uL, 2.5 mmol/L dNTP 1.0 uL,
5141 10 pmol/L % 0.5 pL, ddH,0 37.0 pL. 94 CTHii
APE 5 min, 94 ‘CAZPE30s, 60 CAME30s, 72 C
GEAH 30's, 35 AMIEFR; 72 “CHEfH 10 min. 774 4 °C
TRAFH, 0.8%IEIEREREI Kk, SKERTEL 3 K.
2.5 EARAI pGBKT7-CyclinT1 #1 pGADT7-Tat
MEEEENEHERS BIRIERIE

$% M Clontech #& 1F 6 B, ¥ | 4] it ki
pGBKT7-CyclinT1 FI"##4& pGBKT7.pGADT7-Tat
M AR pGADTT 7 ml K2 & AH109 i
Y187, # SD/-Trp Al SD/-Leu iEFEA_E 23 5l HkEL
pGBKT7-CyclinT1 #I pGADT7-Tat 4k 15 7 [
(AfAKT 2mm) #M 4 SD/~Trp. SD/~Trp/—His.
SD/-Trp/~Ade « SD/-Trp—Ade/~His Y SD/~Leu «
SD/~Leu/—His. SD/~Leu/~Ade. SD/~Leu/—Ade/—His,
MGG, R BB [FRIEE Bk
W R AL T HE AT 50 mL ) SD/~Trp/+Kan B¥
SD/~Leu/+Kan (20 pg/mL) AR FERT, 30 C,
250 r/min $55% 16 h, WGE Aeoor R IFFIESE
26 BEXREEBENRAZLETE

I3 BRI 422 2 mm 75 pGBKT7-CyclinT1
) AH109 FiI pGADT7-Tat ) Y187 suf, JL[H|$%
FiE 0.5 mL YPDA H5383 11 1.5 mL B0,
WITERY 1 min, AR AMRITHORS): 30 C. 30~
50 r/min PEFHHEFE 20~24 h; BL 100 L 52008001
SD/~Trp/~Leu V4%, 30 ‘CHEIERTFE 3~5d JG I E
229 2 mm ) AFAA R TORE T 100 uL K AZK
RA, B S pL MFET SD/~Trp/~Lew-His/~Ade/

+X-0-Gal AR |, 30 CHI'ERIESd, MWELER.
2.7 R R ATRIE

IR R 2y (20 FfD % 100 g, - illiE /KR
M1 h, sKE G SO 30 min, JEH 259 2
T PO K UK W FE 30K 30 min,  JEH 25U
HIFPIRIER T IR Z4E 4 100 mL, AR5 HE K
W, HEREMAYTFAELRE 1 gmL. AL
SD/~Trp/~Leu/~His/~Ade [l /455753, HMRAT, N
NTCW 2535, LA 0. 5.0%.
7.5% 10.0%- 12.5%. BKEUEAEH 2~3 mm [
AR TERE, ¥R T 10 mL ) SD/~Trp/~Leu/—His
RFEWH, 250 r/min. 30 ‘CH;IRE 16~20h, KL
Bk V1 R 1 T R R OB P R T AR L
3 #R
3.1 CyclinT1 #0 Tat B PCR # 1%

PL pCDNA3-CyclinT1 Fl pEGFP-Tat JFii A 5
B, PCRA™ I IFHLIK 5 =) K /N2 24 2 178 bp #1219
bp, SRS RVE, AR R %, W 1.

CyclinT1 Tat

Marker PCR =4 Marker PCR =4

E 1 A CyclinT1 51 HIV Tat £X& PCR =43 BE HEERAR
Fa 7k &
Fig. 1 Agarose gel electrophoretogram of human CyclinT1
and HIV Tat gene amplified by PCR

3.2 EAERRMEBTIEERNF
pGBKT7-CyclinT1 Fl pGADT7-Tat fif] <335
JERE vk 4 R WL 2, BoREEDI4E RS UK Y)
4o FHYE pGBKT7-CyclinT1 A pGADT7-Tat Jit iz il
P BRI SEA I, TOIRIE RS,
3.3 ELHFA pGBKT7-CyclinT1 #1 pGADT7-Tat
BT SEEE AH109 1 Y187
P74 PCR VA% € 2 P4k, 76 2 178 bp #1219
bp Ab53 HIAREIH 451, SRR .
3.4 AH109 REHFRRAEF AN R BiBiELRH
Iy WAL pGBKT7-CyclinT1 #1 pGBKT7 [
AH109 1& SD/-Trp K H R HA T f (A2 >1 mm)
B AL, 205k 39 F1 42 4 43 AL pGADT7-Tat
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A-EcoR 1 1 Sal 1 I pGBKT7-CyclinT1 415tk B-Neo 1
Fl Xno 1 XUEFYI pGADT7-Tat ALK  1-DNA Marker A-EcoT-14
2-#1 7.3 kb [f) pGBKT7 #AARIZ 2.1 kb ) CyclinT1 X A B
3-2410.0 kb ) pGADT7 # A% 0.2 kb FJ Tat HEPK F Bt
A-recombinant plasmid pGBKT7-CyclinT1 restricted by EcoR 1 and
Sal 1 B-recombinant plasmid pGADT7-Tat restricted by Nco I and
Xho1 1-DNA Marker A-EcoT-14 2-about 7.3 kb pGBKT7 vector
and 2.1 kb CyclinT1 gene fragments 3-about 10.0 kb pGADT7

vector and 0.2 kb Tat gene fragments
2 EHRHKI pGBKT7-CyclinT1 (A) #1 pGADT7-Tat (B)
HIBEYIYEE
Fig. 2 Digestion analysis of pPGBKT7-CyclinT1 (A)
and pGADT7-Tat (B) recombinant plasmids
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F1 pGADT7 ] Y187 7£ SD/—Leu “T-Hi K H ) ¥ 70
(HA>1 mm) HEALL, 505000 46 F1 52 4 H
 pGBKT7-CyclinT1 ] AH109 ([ 3-A) FI{%
pGADT7-Tat [ Y187 (& 3-B) 43 Jjll U n] 71 HLdifeds
FEd SD/~Trp M SD/-Leu 4K, ANREE B, =
BRERFRAE BAEC, W] A 0 B OS E A AR
o TES 20 ug/mL Kan FVRAAREFREEH, 30 °C,
250 r/min 5% 16 h ) Agoo34>0.8, 7~ HxHEER]
K ToEEE . KA E ) pGBKT7-CyclinT1 F
pGADT7-Tat W] Fl T BEXU AL AT S 56
3.5 CyclinT1 #1 Tat E{ERIEE B R HIETE

% pGBKT7-CyclinT1 [F] AH109 F! pGADT7-Tat
(1) Y187 He o i) 54 B £ 0 BT ARAE. SD/~Trp/
—Leu/~His/~Ade/+X-0-Gal “FA_EAE KRG LK 4.
4 LA AHRTERE (B 4-B-31 4) [RIFHYEXS RS
(K 4-A-3. 4), ¥R #E®, pGBKT7- CyclinTl 5
pGADT7. pGADT7-Tat 55 pGBKT7 (] AH109 3444k,
PR (B 4-B-1. 2) FIBHHEXTE-—FE (K 4-A-1. 2),

SD/~Leu/~His/~Ade

3 XWZHIKZFRL pGBKT7-CyclinT1 444 AH109 E#k (A) #1 pGADT7-Tat ¥4 Y187 E#k (B) BIBMIELE
Fig.3 Autoactivation experiments of pGBKT7-CyclinT1 transformed AH109 (A) and pGADT7-Tat transformed Y187 (B)

A-1-FTEXTE, 2 pGBKT7-p53 Hil pGADT7 ] AH109 JLHE40RK; A-2-BAMEGIIR, 4 pGADT7-T 5 pGBKT7 w#ft AH109 JLi4btk; A-3. 4
FHTERTIE, 24 pGBKT7-p53 Al pGADTT-T [ AH109 $t#£4kbk; B-1-pGADT7-Tat Al pGBKT7 ] AH109 3%k #k; B-2-pGBKT7-CyclinT1 5 pGADT7
If) AH109 JL44b#k; B-3. 4-pGBKT7-CyclinT1 [ AH109 #4LT 55 pGADT7-Tat [f) Y187 AL T4 5 11 A5 PR B #E

A-1, 2-AH109 co-transformed of pGBKT7-p53 and pGADT7 (1), pPGADT7-T and pGBKT?7 (2) used as negative controls; A-3, 4-AH109 co-transformants of
pGBKT7-p53 and pGADT7-T used as positive controls; B-1-AHI09 co-transformants of pGADT7-Tat and pGBKT7; B-2-AH109 co-transformants of
pGBKT7-CyclinT1 and pGADT?7; B-3, 4-Diploids of AH109 tranformants of pPGBKT7-CyclinT1 and Y187 transformants of pPGADT7-Tat

4 CyclinT1 5 Tat E{ERERIE SRS
Fig. 4 Detection of specific interaction between CyclinT1 and Tat through yeast double-hybrid system
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ik, BRUZEERERUR SR R AT, o T T4k
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1M EEEALREAE RGN 20 T 25 3E 71
W, SR 5. I S A, SRR B
AT R A B (¥ DY SR 9 1B P b 2B K

%, (EZWER At i R R Bt R A
RPN SR U AR 73 20N 10.0%E8 12.5%); 3%
TR EAE 10.0%E8 12.5% I 0] A 159
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5.0%
O-/F KT AR M2 0] ISR b1 AR RE s 5.0% 7.5%- 10.0%- 12.5%-2E KT & ARMAFU S0 & h 2K BRI (1 g/mL) [RI7#%
SEAR L A AT R

0-diploids grown on four-drop out plates without herbs as control; 5.0%, 7.5%, 10.0%, and 12.5%-diploids grown on four-drop out plates with water

extracts of herbs at different concentration

10.0% 12.5%

5 H)A%E 5 MRS R

Fig. 5 Screening results of Angelicae Sinensis Radix and other drugs
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SERL BB R 28, S AP IR AR B,
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fapfd, T enlEimk, AHIENA Oy, 5
W LB AT V22 SL 1R ) AE AL, LI 4 A A7
TERCTRT AR IE R, wIRH HIV 575 40 M A
HAER], DI PRk 25 ) e AR 55—,
RERATHM0EE, 40 Mt 5L ah Pt s, (AdL4n i
BEANBH /NP S NI, HOGH o> RS 1E N T
RERI 2590t REE N ARG ML .
4.2 iR PHRERERIFELE RS

REE X HIV it g, o249t HIV 2

Y B, BRI B A (R i e
HEH, ZEARRMHBHUAR) TR IIRE, TS0
AR ATAT IE DR 98 Tl e 7™ B2 10T A8 T L 25 PR Ik
gy, PR B AL S LA 598 7 2 1697 S
ANASOTERER T T, i el Ao, AR
b GIREN AR L NI

ARSI TERENT 20 FhAh it 23 A A R RE R 1)
PP AR o W R AE REAR kA Bh M T 4t Mo 34 A=
s T RE, v CD4Y/CD8 W EL I, #i| CD4”
A0 AE, I AEITEE NK s, $emplik
(SRR D RE s X I 55 ] 14 I A M ) st 408
B 384 8 o R 40 A A PP Stk LA T A
SE RN, SR IE KBRS HU A AT 2 B
Tat 5 CyclinT MIAHEAER, S2md & 3L R IA,
NI A B A DY Sl s e Pl B ARG, 7
IR B 3 10.0%8 12.5% I Rk H BLEL
PRI s AT T SS IFIRIAE T o PR B 2%
P BAAPIH HIV S E 2, P4 3% 8 Pt
HIV 8 (R P A2 RSN HIV 9 28 256 ot
AT IR, R R B HIV iR, = A
el I 29iR97 AIDS I, AW IE M. ik
RV, ASEIGWHE R =F P HIV 05— Pl
i, BIE TR EBHAM CyclinT1 Al HIV Tat 4 (11
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FHEAEH, 52M Tat.p-TEFb R-SWITERG, i)
il HIV 1.
43 ZFERFRI A EME

DR 92 0 3 7 10 R AR R A v e S, HoAht
HIV 2541 FHHE 534k HIV 3508 S5 L 2 (K g
A WEEEANSE, WL T CyclinT1/Tat 1.
PENEE AT, BR BuE, BRI 2 25147 Bt
HIV K, S g 5 T4 R0 B 4 259 %6 b DA AIE
ZRGMITTHENE . ASEE 2 BT AR LG UF, &
DR A SEE B A58 FH e 2R Ge b A TR 07 T B R 1 20 i 24
EP, @J%ﬁjé[zz, 24]\ z@ﬁm]‘ ﬁ'ﬁi?m%]\ 72%[27—28]\
RS ) ) — 2 2L 2P HIV 3 T
Sz, HA R ROR B8 8. ikt <2955y
KB, P TP INBERSAN L S T R HIV-1 S
T S BETE P , FEECso 707l A2 63.1 11 44.52 pg/mL;
XF HIV-1 55 C8166 4 ¥ 1 & H At A7 il
J, ECso 232 6.45 F121.38 pg/mL. % T153I1
PRRRBH PR 245 (0BT HIV 35 PE OB LA A 705 Uk 5k,
WARBHMTES, 2T iess k254, Hie
W EATIASBETE I T4 Tat/CyclinT1 A 1M & 3% A4
H, IFANREHERR S ok JL AR 25 A A FH el e . DA
HIV G R ahdr . Wi, #4.
Besk. BUVE. RIS, R RN ER
Bynr R ILPT HIV S5, WA I 1245020 (1 B 1 2549 5¢
A 0] el A SURFEDT HIV 3T P21
IKEE PRI RSP RN HIV 384 BRI e St
TR, SR RS A7 HIV 3
SRR GR35 S oo T AE p24 Pl BRI,
T4 41 A EFED s FR T AR 22 B A 3] HIV-1
WO S L MBS PES HA i ¢ pEe T
MUHL HEL RS EAREL, S, A R A
WAIF S HTHIV 3 ER 2, (H A IR B B 05 75
ST E 1 p-TEFb VEHISKEET, [MCHEH
EFXF HIV A5 10 R B850 R KRS
ANTEI A R i e R GE L, AV I ek 2 ] v
HIV A8 S ais SR 1 2P ) . 47 5 JLAh i 1k R4
HAH, RIATEN 2 AT, TERE T,
I W v IRIRAT B S 2T A eI e LRE . A
B B BRI BRI o ANURBALKG S5 3 — 20 0L 0 B 19 21 1)
BHAE s 2534 T R85y 4 B9, LASAS 290 —
T HAERALEY), FER T HIV SR,
— PP IR R ] SR

FI i FDA JILHERIPT HIV 254 A 1005 S5 i

T A N A R, RS TVEA

RESE 4T SO RE, (AT R N R, H2y

Yitks east, RERIVEI RSB K251, BF K

Ry, 15255 s HIV IR AR 5 AT 755

TSR R AT oG SO K 5

O 3 4RT HIV FT 25 RET #E A, ARSI 37 1)

LL p-TEFb Sy (T HIV A58 m] -5 L%

TP AL S YRR mE R, R 2

Yy Al i T3 sk B K Tat/CyclinT1 HAEHI] p-TEFb

VEFHBET BT HIV 527]; p-TEFb 240 MiA £ =4,

PRI T 25 e wT BB 22 5200, ] ERAERS
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