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HIV-1 Tat down-regulates expression of mitotic centromere-associated kinesin through inhibiting promoter

activity
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[ Abstract | Objective To investigate the regulatory effect of HIV-1 Tat on mitotic centromere-associated kinesin
(MCAK) expression and the related mechanism. Methods Tat-expression TE671 cell model and purified prokaryotically
expressed Tat protein were used to verify the down-regulated expression of MCAK using Northern blotting and Western blotting
analysis. Various DNA fragments in the promoter region of the MCAK gene were amplified with PCR, linked to the luciferase
reporter plasmid, and then transferred into TE671 cells. Luciferase activity analysis was performed to measure the promoter
activity of various DNA fragments. so as to determine the active promoter region of MCAK gene. Moreover, HIV-1 Tat protein
was co-incubated with TE671 cells, and the promoter activity was detected to analyze the modulating effect of Tat on promoter
activity in vitro. Results The results of Northern blotting and Western blotting analysis indicated that the mRNA and protein
levels of MCAK were strongly decreased by Tat protein. The core region of MCAK promoter was located in -399+1 bp region,
and the promoter activity was strikingly inhibited by Tat protein. Conclusion HIV-1 Tat has a marked inhibitory effect on
MCAK expression, which might be related to the decreased promoter activity caused by Tat protein.
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Tat & HIV-1 Tat FER G909 —Fhfe st KRB, 058 HIV E18 B AR N 0916 7 3 E , AT
AT, Tat A AR RSB /EH T RNA 5 /e e ifl i Diae ™ . Tat MAKRES 5 2N
3G S B X (transactivation responses TAR) , i 20 0 4 =5 AR 1 AH B A T S v 20 i 5 A R O T o
i HIV-1 mRNA 8% 53¢ 38 05, fe gk HIV-1 s &V, i T Tar EAWECR LA 552 2%, B AT
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FLAf U0 AR PR AN VE 2

VI 22 B 5% 35 W1 448 B o] S99 A 2 2 4 )& DNA (1Y)
S T RIVIH IR G €0 0K 1Y) 3 8 55 SRS i 0 IR L R RE 1Y
i 24 23 {1 41 i 28 Dy 25 DR 2R A L e A b R & R
BT, HA MBS KRR E N (mi-
totic centromere-associated kinesin, MCAK) J& F
KIN T W55 2l 2 Hy ik 85 A, e 5 At 3K 2y 26
F RS2 1 45 A ORI RS A SR AR IR O M K
MEEE B YT KRS R ATP i 1 1
.2 50508 R R 7 B AR BT R e £
A 5325, DT 9 5 A 22 4 4 R0 40 e JR 30, o ol
MCAK I 7] DL B2 B 3l -3 BiE 2 BB L 4
MCAK TE T By F1 24 1F 45 252 14 3h s 508 [ & 7 1A
HER IR,

FEAT A F A ST N — T B HIV-1 &g 8 & 1
JREEME TP S BE T Tat KK, @i Tat %%« TE671 4
ML, AT IO A B & B . % G4 Tat 5, Tat 3R
k8 MCAK 3 T 8 (5 oKk % 9% 40 M A 1L,
MCAK RIEREAL T 25 )Y, {A5&F HIV-1 Tat
X MCAK 2 3k 41 1l 75 FT 6% A 56 43 7 HL B i 8 A
A, AR R L BRI Tac 1 40 i AR B
(pCI-Tat) fJF A% RIL AL B Tat FH L # S 5F 4
Y2 F BOR I Tat X MCAK % 5% 8 28 K F 19 93
WL IUE T Tat X MCAK 28 ik 5 Z1 09 30 1 £ H 5 4%
Je o R T2 G4 S BB A I R 48 40 A MCAK BYAZ L
JA B X LL R AE Tat AA7E RSO0 T 8 8 716 vtk 2,
BT Tat 3F MCAK B91E AL

1 M E

1.1 miaf s ARSI JE 40 i CTE671) Al
Fik Tat B9 TT2 4000 iy b 2 B35 K %% Chang L f#
TR, AMAE 10 %8 A 4 Y B DMEM K5 57 )
(WEHFHEE 100 U/ml. 8% E 100 pg/mD i &EF
37CHEMR AL R IG A G 98 . Rk Tat 19 pCl-
Tat FIXF I pCI-NC 4 Ji & 81 il TE671 41 M 9 ) %
Y Tat 06 BEFOR. DNA, A0 = g,
PET22b.pGL3-basic, pGL3-control, pTK i $i F X}
P I ST RG34 K Promega /A Wl = i .

1.2 Tat #&F @8 REEFREALL  FIH]T
Wit i pET22b-Tat JFUkL, # 1k Rosetta J5Z 25 40
L PRHU M s e s E S R R F R R O RIBE R UK
FABRNUBN LB R FR . 27°CHR 5 1 77 £ 05K
HOb] s A S S B -R-D-B AR FUBE T (IPTG) &K
B 0.6 mmol/L 5, 27°C 4k 238 S 3% 35 A [6] 55} ]
(0.1.3 h)4°C AR = O R TR B 40 pg FE
UUWEAT 10% SDS-PAGE, % I 17 5% 5 e (o, UL 52 ¢

SRIRTYEW BN, SN PBS R
B pET22b-Tat Rosetta & i 77K | 30 min,
FH 6 mm (45K A BERE 20 min 2 H IR ETH, 5.0
Wi B Tl £ A TR 2L A BT R A e T R B s AR 2R R
EMAE4ifk pET22b-Tat £,

1.3 RT-PCR ## MCAK mRNA # %3 9%,
JH TRIzol(Gibeo 23 H]) i 1) #% H i W £ B TE671 .
pCI-NC.,pCI-Tat fil TT2 40 & RNA, L5 pg i
RNA R, Oligo (dT) s K 51 9 #1725 5%, H
MMLV 5% 5 f 7 5% sk i, bR 18S RNA
fERWZ., MCAK 51974, 1E X5E. 5'-GAG
ATA GGC ATT GTC AGA CTA-3", & X%k, 5'-
CGC GTT TCT ATC ATT GGT ATC AT-3', &
WA 94°C 30 s, 56°C 30 s, 72°C 60 s, 32 M
W, PCR P=WiEAT 2 Y BB WEEE I FL UK L S8 AT R
LTk S T 4k PCR 724,

1.4 Northern ¥ i 3% ¥ i€ MCAK mRNA # &
ik Aifbiy MCAK PCR 7=, FIH Klenow fiff A bty
P EFRC [P P]-dCTP & M ZHE, XTI S
X GAPDH, i TRIzol ¥ HEHUAN I & RNA , il
P& RNA 5 A8 PE 43 006 BEF Tl Fouk e,
RNA il FH 1 %0 B A5 1 Byt g Al o e H UK 43 25 5 Fl
WG R e Je B 1, BT A s B L 1 200 ]/
em” S8 B 5 A T A% 58 W (50 %% WY Ik B L 10 V0 i IR
EHE. 1 mol/L NaCl, 100 pg/ml 25 ¥ i o & [
DNA) 589 42°C W44 58 3 h A% A AH I i
SRR TR 19 2% S MR (L3 5 T4 38 AR [R)) AR 8
AW L 42°C L Z A8 1L 5 AR A 252 5 4 6O
AT E BT,

1.5 EayiExiaa MCAK Zaw kit SRy
TR T %, 1 1% NP-40 2R
W B EL pCI-Tat, pCI-NC, TT2, TE671 41 Jig 2. 2
FI ok & 28 Tat AL H AR pCI-NC LB ;%5 5
Wk T ERE RG] 60 pg HEMZA 10%
SDS-PAGE 77 & , 18 X B % £ 15 (100 V, 80 min) ¥
B 3 il R 41 4 2 I 15 % B AR 05 8 & 1 s H Bt
MCAK #i {& (Sigma 24 ®]) 3 N £ B-actin $T 14
(Santa Cruz A ) F 25°CIRE 90 min ; FHHR 3 4&
W bR i 50 G B A AD ZIRIEF 90 min;
TBST Ek )5 ECL G A RHE 2w 81843
i A SmartView2001 ER 0T R4 (Ll HE
ERR/NEIDES RN SR E S 2 T

1.6 BT RETHEEIN

1.6.1 34t H Primer5. 0 {4k, %3 MCAK
BEHE s R Bgl W, 78 B R ST &
Xho I Ml Hind [l B YIA7 85, WLFR 1,
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Tab 1 Upstream and downstream primers for PCR amplification of promoter region DNA fragments

Primer Site Length (bp) Sequence (with enzymic restriction site)
Auw) -1 064—1 043 21 5'-GACTCGAG TCT GCC CGG CTG CCC CAT TTG-3'
B(w -601--581 20 5'-GACTCGAG TGA GGC AAC ATG CTT CTC AC-3’
C(w -472--451 21 5'-GACTCGAG CGA GCG ATC ACT CCC ACC TCT-3'
D(w -399--379 20 5'-GACTCGAG CCA ACT TGC TCG AGG TCA CT-3’
E(w -337-316 21 5'-GACTCGAG AGG ATC CCA GAG CCC TCA TTG-3'
F(d) -580--599 20 5'-CTAAGCTT TGC AGA AGC ATG TTG CCT CA-3’
G(d) -447--466 20 5'-CTAAGCTT GAA GGG AGA GGT GGG AGT GA-3'
H(dD -232—-252 21 5'-CTAAGCTT TCT GGG GCT CCC ATT TCT GGT-3'
I(d) +1--18 20 5'-CTAAGCTT TCA ATT TCG CTA ACC CTA CT-3'
J(d +81-+62 20 5'-CTAAGCTT GCG GGC CTG AAG CGA CGA GT-3'

u: Upstream; d: Downstream. CTCGAG: Restriction site for Xho | ; AAGCTT: Restriction site for Hind|ll

1.6.2 RAEFXBEEMEI2N  $EH pCI-NC,pCI-Tat
0 M 5L P 2H DNA AR g B, # A E 3k 51 4 i 47 i
XL PCR U 3440 DNA R B 9738 B Bl i Xho |
Fl Hind [l B Y1 4k, 2R J5 36 A 21 W A B U) )5 1
pGL3-basic 75 A (BRAA 5 20N 7 B R Pk HE B A
PECR B FE D ; il & oKL 9 TE671 4 g, 48
h J5 R 5 3 B

1.7 it sam® SimeR A &, S 4ol
75 FR KA SPSS 11. 0 8% 41 6] 2 53 k47
2 208, P<<0.05 HERAGII¥EX,

2 & B

2.1 Tat@&®RaFFEREPLEL FERERX
R LE R F W AW E 0. 6 mmol/L ) IPTG i T
13 hA s AR OER 55 1 A% 3R I B9 Tat 2 A X 43
TR 2R 12 000, 4lifb ™= ¥y 28 ot ik % 2 A R
Tat 25 M, 2 EE IR 95 %, I &2 8 [ BN 43 B 95 91F 1F
(& 1),

1 2 3 M

Me(x10°%)
- — 175

~— 100
¥

Bl 1 IPTG %5 Rosetta 41 & 1 Tat EAM KX
Fig 1 Expression of Tat protein
in Rosetta induced by IPTG
M: Protein marker;1-3: 0,1,3 h induced by IPTG

2.2 RT-PCR #= Northern FF if 4 #7 4 52 MCAK
mRNA &k 34 KN TE671 & TT2 41k

SRR KRG M 2 7,45 R B R MCAK W &5 1E
TT2 M BT, S 7k se H Rk M, 3 A
fFi 2 E RT-PCR 1 Northern ENiB 2381 7 2 4>
LT Tat B BAMIR (TT2 A pCIl-Tat) 7E mR-

NA /KF MCAK B £k, g5 R A 2,
1 2 3 4 M

MCAK —

18S RNA —

Tat —

1 2 3 4

owor— Eaw
; B

2  RT-PCR(A)ZFA Northern E[lifi (B)
# i MCAK mRNA #)3% i%
Fig 2 MCAK mRNA level by RT-PCR(A)
and Northern blotting(B) analysis
1.TE671;2. TT2;3: pCI-NC;4. pCI-Tat; M: DNA marker

2.3 EQiEEIE Tat 3 MCAK & & & &k K
4 AE pCl-Tat 40, MCAK A9 2 3K 7K -t B
BARF pCI-NC & 3) . 55 35 PR I 45 S A0 4% ; i 3
Tat A Tat 555 G AT HIL 5. 45 R L0,
Tat 2 H B 5 . MCAK A9 3 35 7K -t B g %11
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HLA B 5 s (K 4), pCI-Tat 40 i 9 15 37
FVWEERT pCINC 4 ff, 7E4EFH 4 h J§ MCAK 1Y
Fib Az FHE (B 5) L B Tat A BEM pCl-Tat
YA oy Ok, R REHE A pCI-NC 41 & 84
il MCAK ik Difg .

1 2 3 4

| o — — « — MCAK

P— PRp—p——. -

B3 ZEQSEEHEN MCAK EBHRRIZ
Fig 3 MCAK protein expression by
Western blotting analysis
1. TE671;2. pCI-NC;3. TT2;4. pCl-Tat

— s — MCAK

— a— a— S S S -actin
|

4 AEFETat EELE 24 0 5
MCAK & B R ix
Fig 4 MCAK protein level in TE671 cell after
treatment with various concentrations of Tat protein
1-5: Cells treated with 0, 2, 4, 8, and 16 ug/ml Tat protein, re-
spectively; 6. pCI-Tat cell
1 2 3 4 5 6

s — MCAK

[ A ——  — — —— 3-actin

B 5 pCI-Tat HiEiEHF LFAER
A E B E & MCAK B &%
Fig 5§ MCAK protein levels after treatment with
pCI-Tat culture supernatant for different periods
1-6: Treatment with pCI-Tat culture supernatants for 0, 2, 4, 8,

12, and 24 h, respectively

2.4 RBIHTFREMERRELREEEN X
MCAK 3 371X-1 220+81 bp X B, #4753 8 7 X 4
WG B BE T Chetp ./ /thr. cit. nih. gov/molbio/
proscan) , G KN MCAK ZH JE 3l [X-37 bpfi &
A WAL TATA  box 45, JA 3 X F8 & & GC. A £
A~ Spl 56 7 a5 S A 5% 45 & A s . CREB,
SIF,GCF,EATF1,AP-2 NF-«B %, 4% 0 )5 3 X
£ F-73-323 bp X,

2.4.1 PCR ¥ # MCAK B# K K & WK 6 fF
S F AR AR 5198 38 1 MCAK 33l F i

&E’JEE/KI’EI

53 A1 W 9 MCAK Ji 31 X DNA A

B, I3 52 W0 1 3 A He RS i 40 7 0 e 91 R AR A

Al Al AH AG AF M DI EJ] DJ CI BJ

Bl 6 MCAKEHEXFEKR PCRIMEER
Fig 6 DNA fragments of MCAK
promoter region amplified by PCR
AJ-BJ: The primer pairs used for PCR amplification; M: DNA marker

2.4.2 B FEMELN APESHTH MCAK B
HIX KA BE-1 064+81 bp 19 A] H B, 3T
WEYE M8 R K 7 s, &% DICH X4 F-399+1 bp
FBO X DNA BTG TS A W PEH Y, 5
RO S . BHA R E s FiEME R BLaHE AL

AIBL.CL.DI. s/ B Bl DI, A & DI R
B RS IRt R AT A A BE HOE M T
X IR FORE A9 ) 3 T35 MK, 428 DI X 3T fiE
FETE MCAK #0 R 8 F. 54 W15 B2 iras R
MFE, WAEMA Tat & FJG 5 3016 M B 8 g
il (E 7B), i B Tat & [ X MCAK B9 8 T 16 P
AIEER .

450
400 F
350F
300F
250F
200
150F

3 1 _allafn .

pGL3- pGL3 AH Al AJ BI DI EI EJ
basic control

Relative activity

180

160 b O Tat~
l M Tat*

140

120 f
100 F
80
60 |
401
201

0

Relative activity

Al Al BI CI DI

B7 RHREBIREERRZERN MCAK
B FBRMEXEEHFENYE
Fig 7 Relative activity of MCAK promoter
region as detected by luciferase report gene system

A'; Promoter activity of various DNA fragments; B: Promoter activi-
ty of DNA fragments with/without Tat(Tat™ /Tat ) protein treat-
ment. AH-EJ: Various DNA fragments of MCAK promoter region.
* % P<C0.01 vs Tat
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NEYM S 46 A YLk, A7 o 2, &G
MY ERZMMEN 2 B aKES AEE 24
SR R [ % R R N o o N W I v K 7 = R N =
GBI [A) — 4 Y o 5 f L T 1 BB SR R ) A,
MCAK TE#& 2240w 5 15 3l ) 8 a0 £ 30
RBHF N TREKNEN LEEELEN., 4
T 5 Y o R 8 45 A i MCAK BV G A6 I B B 45
AARR IS, L, MCAK 2 1E 55 5% 09 30
Ly RS A L 4R 40 3 4 0 R P R A i 4y
P IE R BT A R X, S A O i T
A AR A BIF 5 B A T N A (B, A0 i 4y 2
B, Aurora A fgif of B R fb MCAK 77 — 1) 2 4
I L, Aurora B #2 MCAK LIBEIREE & 58
B H AT B2 IR N Aurora I %
SERERIK,

Tat % [ BEE 1 2 Fik 18 5 45 Fh 28 AL 1 41 i
T 32 2R R B P G R A A
B8 R W P R B R R 22— I A B ORHIE S, TE
HIV-1 YL J5 WIHLAR 2 B0 45 Rl O IE , W45 R 58
e . FRATHAF TS5 R R W, TE671 # 4L TRk IR
T HIV-1 RGO FR B2 AR 1Y Tat 2 5 . MCAK
Feik i E

FEHT A A 5T L FRATTIESE T Tat Al LL A il
MCAK 25", Tat Fl# AT LS8 MCAK mR-
NA FUEE [ R K KF B BEAC . H 3 36 4 il i AL
il i AN VE R, ARBIESEAE SE T ANIE A R e Y A0 1Y
HMEPER IR Tat 382 A R IX AL E) Tat 8 H, X
MCAK 1 15 #B LA B 8 00 30 61 16 1 5 8O 3
FVRH AT i 35 B A, O HL B AT BH 58 19 591 3 R Ja)
RO, dl AR B 7 R AT, KB MCAK B0 5
BT XA F-399+ 1 bp X3, Tat 53 3 X A1 3
DNA A BtE G . MCAK J3 3h 1 3% 1 52 21 i 25 11
#il, XHER Tat 0l g5 MCAK 3 W F S 80 X AR
R BUR 307 3% PERRAR, AT £ ff MCAK (1 & 3k
P, MCAK Ja g T EREIRZE D 2 Tat IEE MW
MCAK FREMHIWIEFZ —, BT MCAK M £k
SEH 2R S 0N I 4y 20 97 AR R 25 A RN 3 BE ) S
W5 0 M A 38 S RO A A O IR LA
WELEL X Tat, MCAK )75 5 5 Ji RE 09 AH S& Mk E 1T
ik — 5T
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