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Lihay A VARNIBT 284 D74 VAR, & I~ Ty T, TR R IR EOWHILEN
o= DA RS L, FHI - LTV - B - SRIERAE L ol BB ED | KRS
o TNHL FOTANADOHFT, EEEDEDLY HED B ZEINTWADIX, BRUGIER
SHE (LA X) %5 &I T MuEAEY 4 VA 1 Bl (Human immunodeficiency virus type 1: HIV-1)
THhbo HIV-1 13 CD4 [ T MR =7 17 7 — DI LB S 5720, T4 XBEIL%
FERVRHE L CIOICESL Z eSO ND . ZDOFIEEROMEB LIS PITT 5 &1L, FilzhibkE
BEBRT A 72OIBETHLDAL LT, BMIRICBIT2 20O L b1y £ )V ARBOIIER
Wz R 2 DI ObDEFEINS,

HIV-1 130 L b a7 A VAW E LT, T A VABEIZURETRWED DT 7 23
—EBEFE2HE L TW5D, FNHEEFEYD 1 DTHAS Vpr ik, ¥7 07 7 —IAD HIV-1 D
gk PR, F72 HIV-1 RRESIE O O A WAL ERT AERAEH Y, oA X
RRELEL Do TV ERREN TV, F72, 1) 7 BRRMIIRRICB WL, BB E Vpr
i3, HIRER % G, (gap2) HATEL GHI7LVAL) &8, ZOMKHEHEAMIR & b & FRRC,
A W ATELENEE B & LA ST B(1)e MEOHEIL. Vpr 4% HIV-1 Bl G, 117
LA R R, %A VAR E L DD S EICE 5T, T4 XAHET 5 £\ &k 4T
S5, o T, Vpr DHRER X DEEL (TS 2 2 LI THEETH S L Bbh s,

Vmu&K%ET%%Yi/@ﬁ§#6&5§ET§ﬁ%<55@FX{VﬁgL@%K%H
BN NS, Tk, Vpr DZRLEERIE, ZNENGHIO WAL VIRIF L ORISR D Z &8
5o TEL2,4,5, Vpr BHOED FAL YHGHIT VA MBS 50035 02T,
—%. vprBfEnFrEA LEEEM o BV, vpr 3R GEITT VAN A LR

{ZFOMIEEIHIT 5 2 EARE SN TBY3), Vpr \IBIOMFHIEIIRER I H 5 Z L bE 2
bbb, 20X LRGN, EREIR T G 7 VA MYETT 4720, BH LR L O
EBbND, Vpr DFFOLRRLRIREED, BIADF AL VIKIEL TWBZ L2285 L., GHIT
LA b2 OfIREIHIARIE R R B F AL VDN T A TRERA D 5, ZOKEEHE, Vpr
DEF AL Y ORREREFEH DL ZEIZE o TIFR A D ETFHREND, 22T, KFFETIE,
Vpr DEAERIGEFIA L Hela MIE THRBLSELR% Mo T, GHIT LA MR D KA L Ok
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FE GHT VA MO WHIFHETEDOIHIC OV T DT 4T 2 & & L7z,

#18 HIV-1 OCEBRERM Vpr BHIC L 2 G, 7 VA b 248 W BE5mE)

HIV-1 4l DNA 7 10— pNIA3 %#§6581X LT, PCR B2 LY vpor BIEFOEK N AL VO
FEFAREER L, & NFEZEIEHR Hela MEARICEA L (Fg 1) o VZAFZ 7y b
T Hela MIFENOREEEZ MR TELEEALET, InSLEA L-MEOMEL %2 Fow
cytometry SEIC X DIIEE L. GHAT LA MEEDH IOV THENT L 72(Fig. 2)o DNA &3 FACScan
2 & DR, GyM . G DM DO R (GM:G, Ht) % ModFit LT™ (Verity Software House, Inc.)
VAT LI DEE L7, BAER vorBEAMIETO GMG IEE 1.0 & Lzt &nay va— VR
UBREAE D2 E B L 72356, BEALLCETOREED G, 7 VA MEdE AR X I
BLTay ba—WRy ¥ — L EREICE TET L7z(Table 1)e ZOFERD S, Vpr OFEREEEDS
G TVAMNDFEBIZEETH DI DG o72 EHIC Vpr D G, 7 LA b LIS OBassEi]
BEICDW TS 5 72010, B FRONIRHEREIC RIT AR A 2 0 = — Rk & 0 T
U7zo BPAER vpri& 28 A L7z HeLa MBI 817 5 2 0 = — TR RHER % 100% & L7zE D,
FERETO a0 = —TURHESR(Table 2) 2 H I L7 & 25, C81 BEARD HASK 35% DT HEGHE
ISR EIR Lz SORERIE Vpr 12i3 G EIT LA N DS ORI BERE IR & A S B TR %
NETHLDTH 5,

Vpr DERERAFRERIEITIE Vpr O CHRBIMEIREST 204 ¥ v Vv 8—RE F X 4 ¥ OEEAYE
FENTNVABQ, 4, 5)0 £ZT, Vpr & C81 ASF5E S IR DMRER L A E T 5 729
(2. HIV-1 5RO Vpr DU A 3 V9 R—k R XA O T I BEFIOFRE D Y — %247
F2Eig 3o TA VYT —BER XA VD 60, 67, T4, 81 K70 Tie/Leu AT HIV-1 SMEARR TRl
B ENTW 2 s, BER vr BEUTC81 DU A L VT o=k R AL VD 60, 67, T4,
81 fL® TefLeu %4 PCR 2 & 1) Pro ICEH L 72 REMKREVEELL /2(Fig. 4)0 HAER vpr BL %
DEEFAREEA L7z HeLa A OMIFEEEI % Flow cytometry 12X D, SRR R E S A 0
O =B L VT Lz, CORER, O VP o= AL D74, 81D Tle % Pro 12
BT 52 L THAER vor iZE o THEENLS G 7 VA MIEE&ICHER L, FlCHEERE
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B oo lz(Fg. 5A. B)e —H. 60 KU 67T LD HERKIIZ A 17%D G 7 L X MexE
LTBY., 2u=—JBEE T BRI SNz SKIC C81 12 & ) FHE & N A KIIaHEsEi| o
BREFREZ B O PITT 5720, C81 DHAERMKFg. 4 ZIR)%EA L7: Hela MILIZHBIT 5PH]
thymidine DFIFZPINDILY ;AAE 2 I L, HIfSHERERE % FLEL L 72(Fig. 6)o 60, 67, 74 AL
FR% B A L7z HeLa fifd CTidPH] thymidine DAEANDI Y 5 AAIZ 2 Y PO — Ry & —%EA
L7 L B LU Cdh o 7245, 81 L0 MR CSI/ISIP Tid 0% S Nz DT END G,
7 VA POFEIIITA VD9 N—RER AL VD 74, 81D Ne 5, C81 & W FHEE LM
FaREFEEIRN I, 60, 67, T4 LD Te/leu HHFICEETH L Z AL L o7z

INHDRERP S, Vpr i3 G I 7 LA MRS B WEEEIGIEE DA L CWAWREEDH ) . Bl
IO RAEHINE TR Z A HIIBREFERIHIE Z OB DO ADTIEINL 720 TH S EEZ bNb T2,
Vpr & C81 DR ORFEIMHNEIHII A VIR R 2FEUEE L CRIESNAL Z 2D, 2000
FEmE AR I R AR A A L THEINA TSNS 5 = L AR E 7,

#2% HIV-1 DCKRMREB Vpr BHICX A G 7 VA P2 LETR T ADFHHE

BIEET Vpr @ C RMREZEEIR C81 13 G, BAT LA F IS ofsEIC X o CHllfggiE 2 55584 %
L RO LT &, TOBIEIEIEMEE & SIS 572010, $TC8L HoVid
AR Vpr SEERAAEIC BT A M ~ — 5 — @ BrdU OFFEANDOIY iAH % anti-BrdU AT
LR LBIR L7z TORR, Vpr & C81 ZEFHIIE T2 anti-BrdU SR THE S Mo HHA™a

F T — 2 & =AM S B L TR L TWe 2 b s, BEREIIHI R LT 5 2 & AWERR
EN7z(Fg. 7A) RIZ DNA BED 7 A AMLICEDAETTH S MCM EEHOBENBIEZHL
MCM Pife % iV 728t T 72 MCM ISHIRREIRD S HiEEA~G, #2727 T DNA 75
HEL. REEHAIC & o TP SBRICEE S N3, 2070, REGHANEL: S HH~G,
HAOMIKLIE, anti-MCM PURIC & o TEAGE SN2V, D MCM DM 2 FIH U CTHT L 72k
2. Vpr BEHIETIE G, BIOMIEEIS < R ozl L, C81 HEMIL TIIZAgf ST
LR, BlL G, BiTIZ R WHIREAS T > F - Ry ¥ —EAMIRE & 1T UfEZ R L 72 (Fig. 7B,
Table 3)o = DAEFD D, C81IC L AMEREHIHNIL G 7V A P T3\ L 2SEHERL &S L7z, C81
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M AR DMER % FACS 12 & o T L7-& 25, C81 EAMRED G/M:G, Hidar ho—
VD 032 & HARTHUEGIET L 0.04 127 o 72(Fig. 7C) ZHUid C81 DIEFEHIFRNEIL G, 7 L A
FCIERWE E, B LAGHIT VA N THAWEENEZRL T\ A,

GHEI7T VA LEEETBZHRL LTT RV AFEIEZ OND, £ T C81 I & Bl
FEHNHDERAST R b=V A TH BB OVWTRET Lize TR M-V AFEL T 52 L% H
B LT, TR MY AT— 1 —CdD anexin V V780004 547 0 720 BIETEAT—
— & LT GFP (green fluorescent protein) % 35&A L, GFP FEHHANZICBIT 5 7R +— 3 ZHlfg D&
EhREH LT, FORE, C81 BEHIFL Tt annexin V 12 & o THEENAMPEAST >~ I — X
7 & —% Vpr EAHIRBIC IR THEEICHEM L7 Fig 8A) o MO THHRIC X AHlUEREDEED
KR, 1 RBMBI T 7R — Y A/MEEZER L T 5 L BbAMfEsa » bO— Ry —
<2 Vpr BRI THEIN L TV 72(Fig. 8A)s 72, Hoechst 33258 % Fl\ 7458 5, C81 5
B T OBEED SR CHIZ SN/ zFig 8B)o X 51T, C8LEAMIICIB VT, 7RIV
ADFEATRF & L THIS NS caspase-3 DEE LGN AR 5N 72 Fig. 8C)e TN DFERD S,
C81 137 R+ =V AL & o GHllfgaiEiil 2 HE T 5 Z LAY L Ik o 72

X512, C81 AHIRERAZ GEICTT VA RTAZEHS, GHITLARETRIN—T A LDH
HEHEIZDOWTHRET L7z 27 FE—U T & — Vpr RN C81 #EA L7z HeLa flE® G:G/M I,
annexin V [P/l E B & UF caspase-3 {HIEDIERFE L 2 H7-(Fig. 9A-C)o ZDFER. C81 12X o
THESIND G HI7 VAP ETHR -V ABFERICEFES N, £5 5 b DNAEAT 36 Rl Tt
KEZRLTZ, COFERIL, C81 ICL o THEEINL GEI7 VAN E TR -V AR LS
AL THESNBL TR ERNR L TWb, ZOREHHMEICT 572012 Fig.4 O C81 HZEREZ Fv
C casapse-3 DIEHE B R OSSR 2 AT L 720 ZORER, 7R b— 2 AFEREL G T LA b
BEIL 60, 67 RUS 74 fLOFEAERIZE DIZTREITHEE L -DIZx L, 81 MOBRTIIETHE->T
W2(Fig 10)e 2D EHH, CBLIZL o THFEINL TR =T 2 & GHIT LR MEL I
B LT 5 Z EAREE S N7z,

DLEORERP S, C81 HFET 2 MfgEIEIE, G HITT R =V RA2ALTRIY, 20
PN A S P DN R XA VDR BFREIEKE L CRESNAZ 00, G T LR
FEZERDBHICL o THEINL LD EEZ SNA(Tabled)s =D Vpr BEIATE SN HER
D0, BPAER Vpr 1Zid, TR M= 2N LIRS IR S5 G HIT LA MERIRAE T 5
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b EHEREIND,

WA

HIV-1 7 7 &4 ) —E&EZTFEY Vpr (& HeLa Mlifgicxd U Gilifle B2 G EITEIES®A 2 &I
L o TRIBIESTE 2 01T 5 Z LSS TV AAS, Vpr @ C Kinx RIE LU7-EERMEK C81 1d, G,
7UVA MEEERE S TWAIC WD LT, 2B, MG A5 2 L2 Al L, BPER
Vpr i2& % GEI7 VA MIUITA LY T wS—fk R XA YD 74, 81 D Tle BEETH 5 DI
L. C81 SR X ARIFEHEEEIRICIER F A4 D 60, 67 BLU 74 (2D TefLeu DSLETH 5
Z a5, TEOHREEEIENEEIR 2 2 R THESND ZEAVNRENTZ, TDOREELIC
AT L. C81 284K G EITI3% <. G I THifEgiE 2 #IRI L. E O 7 A b — T A255E
BNTRIBZEEZHRIE LT, INSDOFERAS, Vprid, GEIT LA MIMZ, 7R M-V A%
P CHIFHE 2 IR S5 G EIT LA MiER DX TW5A Z & 2ABIZEIC L o THO THL D
IZL72
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FIG. 1. Construction and expression of mutant Vpr proteins.
Plasmids containing cDNA for the deleted mutant forms of Vpr
were generated by PCR from HIV-1y43. The positions of the
predicted first o-helical domain, second a-helical domain,
leucine zipper-like domain, and arginine-rich carboxy-terminal
domain are indicated. The regions of the Vpr generated by each
construct are shown in black; grey showing represents the Flag-
tag.

TABLE 1
Cell cycle arrest activity in HeLa cells expressing wild-type
and deletion mutant Vpr proteins?.

a?-helix { Argifie-fioh t;egion

Cell Number

Control Vpr C74 c81

0.34 3.91 0.22 0.04

T‘T'T A17-34 N17 N35

6 M 0.44 0.41 0.38
DNA content

FIG. 2. DNA content of HeLa cells that expressed Flag-
tagged wild-type Vpr and deletion mutant forms of Vpr.
HeLa cells were transfected with pME18Neo that encoded
Flag-tagged wild-type, C74, C81, A17-34, N17, N35 or the
control pME[8Neo-Flag together with a GFP expression
vector, pPEGFP-N1. Then, 48 h after transfection, cells
were harvested for analysis of DNA content and stained
with propidium iodide. Celis that were GFP-positive were
analyzed by flow cytometry using the Lysis II for
acquisition and ModFit LT for quantitative analysis of
DNA content. Arrows indicate peaks of cells at the G, and
G,/M phases. The G,/M:G; ratio is indicated at the upper
right of each graph.

TABLE 2
Proliferation of colony forming cells expressing wild-type
and deletion mutant Vpr proteins?

Mutant Relative G,/M:G; ratio G, arrest Mutant Relative number of coloniesb  Inhibition of growthc(%)
Control 0.29v —c
Control 527.7 +47.34 0+10
Wild type 1.00 + Vpr 40.8 + 7.1 100+ 1
C74 0.29 — C74 544.0 +£19.9 34+ 4
C81 0.04 - C81 3587+ 6.0 35+ 1
A17-34 0.38 - Al17-34 624.6 +37.0 20+ 8
N17 0.36 - N17 738.4 +£39.6 -44 4 8
N35 0.33 - N35 691.7 +83.6 -34 +17

8 Hela cells were transfected with pME18Neo that encodes
Flag-tagged wild-type Vpr, mutant or control pME18Neo- a
Flag together with the green fluorescent protein (GFP)
expression vector, pEGFP-N1. Then, 48 h after
transfection, DNA content of cells was determined as
described in Fig. 2.

Values were defined in each experiment by setting the
G,/M:G, ratios for cells that expressed wild-type Vpr to b

1.0. The results represent the mean of three independent
experiments of each mutant.

€+, Full G, arrest; -, no G, arrest.

HeLa cells were cotransfected with pME18Neo that encoded
Flag-tagged wild-type Vpr, C74, C81, A17-34, N17 or N35 or
the control pME18Neo-Flag together with a pSV-B-
galactosidase plasmid. Then, 48 h after transfection, cells were
harvested. Some cells were subjected to an assay of f3-
galactosidase activity, and the rest were replated in selective
medium that contained G418.
The data shown present the relative number of drug-resistant
colonies counted twelve days after drug selection. The relative
number of colonies was calculated as actual number of
colonies/ relative B-Gal activity.
¢ The blocking of colony formation by each mutant was normal-
ized by reference to parallel transfections with pME18Neo-Fvpr
or a control pME18Neo-Flag to 100 and 0% blocking,
respectively.
d Mean +SD.

b
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Leucine zipper-like domain
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Leucine zipper-like domain

a2 -0 Wild type I |
Y2 e B0--
RH - -0 Flag-tag ] & &7 74 &
o e Wild type ITRILOOLLFIHFRIGCRHSRI (81
= . C81/160P
VA = B C81/L67P
pos B C81/174pP
b R c81/181P
NY ———— -Q--
ca —— ———
HA ——— ——
D3 oo cs1 I
ND ————- -Q-= —
| mvp -T-Y -g» Flag-tag
r=— D2 F K- -RA-~L—-~A-=Q-~
O o
BE b XT--RA-~V-~-A--NR-
ve | B fomr
ca §-v--RA--T---A-N-- Fig. 4. The mutations introduced within the leucine zipper-like domain
s BN Ao of wild-type Vpr and C81. The sequences of the leucine zipper-like
L_sT - - -RA-LL---A--GR- domain (represented by dark shaded) are shown in the single-letter
142 o RA-—-o-§n5- amino acid code and the locations of four Ile/Leu residues are indlqated.
239 -==~RA--M---G=-I-~ The sequences of the mutant form of Vpr used in this study are indicat-
we B ed under the wild-type sequence, which was derived from HIV-1y 4.
H4 B .7 C—— A--S--
PBI  §--~-RA--=mmn G--R--
Siv s ————3—-:««-@--}:—-
M1 ~--=RA-=--—-§~=§--
s4 —m=~RA~—omm= S--A--
sp RS U Gmmm e
GAA wm~=RAm=mn o G---——
| caB SR N f

FIG. 3. Sequence alignment of leucine zipper-like domains of Vpr from various
isolates of HIV-1, HIV-2 and SIV. Peptide sequences of the leucine zipper-like
domain span amino acids 60-81 of Vpr of HIV-1, and the four Ile/Leu residues
whose arrangement conforms to that in a typical leucine zipper are indicated by
dots. Numbers denote positions of amino acid residues. Identical amino acids
are shaded. Most isolates of HIV-1 show strong conservation of the leucine zip-
per motif in Vpr.

A ] B
Control ] I60P ] 74P 0
0.34 0.65 0.30 2 800
1 ] S
E 3 E o
S 600
L 3 ] o
3 @
g k A o 400
2 g
3 ] Vpr L67P ] I81P £ on0
© 3.91 0.63 0.35 ®
1 1 b =
©
3 ] 3 D 0
] 3 o
DNA content

FIG. 5. Analysis of the cell cycle and the proliferation of colony formation of HeLa cells expressing the substitution mutant
Vpr proteins. HeLa cells were transfected with pME18Neo encoding Flag-tagged wild-type Vpr, I60P, L67P, 174P or I81P or
the control pME18Neo-Flag together with a GFP expression vector, pEGFP-N1 (A), or a pSV-B-galactosidase plasmid (B). (A)
At 48 h posttransfection, DNA content of the cells was determined by flow cytometry as described in Fig. 2. G,/M:G; ratios are
indicated at the upper right of each graph. (B) Twelve days later, surviving colonies were counted and then the relative number
of colonies was calculated as actual number of colonies/relative $-Gal activity as described in Table 3. Each column and error
bar represent the mean + SD. of result from three samples.
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Exp.1
mExp.2

Incorporation of {3H]thymidine(cpm x 104)

FIG. 6. Uptake of [*H]-thymidine by HeLa cells that expressed substitution mutant Vpr with site-specific. HeLa cells
were transfected with pME18Neo that encoded Flag-tagged wild-type Vpr, C81, C81/160P, C81/L67P, C81/174P or
C81/181P or the control pME18Neo-Flag together with a pSV-B-Galactosidase plasmid. Twelve hours after transfection,
some cells were assayed for B-Gal activity and the rest were replated at 1x105 cells/well in 24-well flat-bottomed plates.
After a 30-h incubation, cells were incubated for 12 h with 0.5 pCi of [?H}-thymidine and then harvested on glass fiber
filters. The incorporation of radioactivity was determined by liquid scintillation counting and incorporation of [3H]-
thymidine was calculated as radioactivity/B-Gal activity. Each column and error bar represent the mean + SD. of results
from four samples in two independent experiments.

A B C

DNA content Anti-BrdU  Anti-Flag (Vpr) Anti-MCM  Anti-Flag (Vpr)
' A
C81
Vpr
Control

Fig. 7. Cell cycle analysis of HeLa cells that expressed C81. (A) Analysis of DNA content. HeLa cells were transfected with
PME18Neo that encoded Flag-tagged wild-type Vpr or Flag-tagged C81 or with the control pME18Neo-Flag together with the
GFI'> expression vector pEGFP-N1. Then, 36 h after transfection, cells were harvested and stained with PL. Cells that were GFP-
positive were analyzed by flow cytometry. (B) Two-color immunofluorescence of cells that progressed through the S phase.
HeLa cells were transfected with pME18Neo that encoded Flag-tagged wild-type Vpr or Flag-tagged C81 or with the control
PME18Neo-Flag. Then, 36 h after transfection, cells were incubated for 15 min with BrdU to monitor DNA synthesis, stained
with anti-BrdU rat MAb followed by FITC-conjugated anti-rat IgG, and with Flag-specific MAb M2 followed by Cy3-
conjugated anti-mouse IgG for detection of cells that expressed Vpr. (C) Two-color immunofluorescence of cells that pro-
gressed through the very late S-to-G, phase. HeL.a cells were transfected with pME18Neo that encoded Flag-tagged wild-type
Vpr or Flag-tagged C81 or with the control pME18Neo-Flag. Cells were reacted with anti-MCM rabbit serum followed by
FITC-conjugated anti-rabbit IgG, and with Flag-specific MAb M2 followed by Cy3-conjugated anti-mouse IgG for detection of
cells that expressed Vpr. The stained cells were visualized by confocal laser scanning microscopy, and cells representative of
the population were photographed. Arrowheads indicate Vpr-positive cells.
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A B
GFP Hoechst

C81

Control

Fig. 8. The expression of C81 induced apoptosis in HeLa cells.
HeLa cells were transfected with pME18Neo that encoded Flag-
tagged wild-type Vpr or Flag-tagged C81 or with the control
pME18Neo-Flag together with the GFP expression vector pEGFP-
N1 (A and B) or without this vector (C). GFP was used as the report-
er molecule for discrimination between transfected and untransfected
cells. (A) Thirty-six hours after transfection, cells were stained with
annexin V-biotin and streptavidin-PE for identification of apoptotic
cells. (B) HeLa cells were fixed in 1% of formaldehyde and then in

1 | L 70% ethanol and stained with Hoechst 33258 to monitor the
0.0 o morphology. Apoptotic bodies were revealed by fluorescence
microscopy. (C) HeLa cells were harvested 36 h after transfection
and then caspase-3 activity was measured with a colorimetric kit.

"o

Caspase-3 activity(A405nm)

TABLE 3. Analysis of stage of the cell cycle of HeLa cells that expressed either C81 or wild-type Vpr.

% of cells stained with antibodies against cell cycle markers®

G,/M:G; ratio® BrdU (S-phase marker) MCM (late S-to-G, phase marker)
Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2
Cs81 0.01 0.02 20.1 121 72.0 75.6
Vpr 1.02 0.75 19.0 16.8 18.3 32.4
Control 0.17 0.27 335 44.5 80.0 77.1

a HelLa cells were transfected with pME18Neo that encoded Flag-tagged wild-type Vpr or Flag-tagged C81 or the control
pME18Neo-Flag together with the GFP expression vector pPEGFP-N1. Cells were harvested 36 h later and stained with PL
Cells were analyzed by flow cytometry. Data are presented after gating to eliminate cells in which GFP did not emit relative
fluorescence. Percentages of cells in the G,/M phase and G, phase were calculated. The G,/M:G; ratios were calculated by

dividing the percentage of cells at G,/M by the percentage of the cells at G,.

b HeLa cells were transfected with pME18Neo that encoded Flag-tagged wild-type Vpr or Flag-tagged C81 or the control
pME18Neo-Flag. To detect cells that progressed through the S phase, 36 h after transfection, cells were incubated with BrdU,
stained with anti-BrdU MAb followed by FITC-conjugated rat IgG, and an anti-Flag MADb followed by Cy3-conjugated mouse
IgG. To detect cells that progressed through very late S-to-G, phase, 36 h after transfection, cells were treated with PBS that
contained 0.05% Triton X-100, stained with anti-MCM rabbit serum followed by FITC-conjugated rabbit IgG, and an anti-Flag
MAbD followed by Cy3-conjugated mouse IgG. Results are expressed as percentages of positive cells that stained with each
antibody. Values in parentheses indicate Vpr or C81-positive cells/BrdU or MCM-positive cells.
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Fig. 9. Kinetics of changes in the G,:G,/M ratio, in the
number of annexin V-positive cells and in caspase-3 activi-
ty in HeL.a cells that expressed Vpr or C81. HeLa cells
were transfected with pME18Neo that encoded Flag-
tagged C81, Vpr or the control pME18Neo-Flag together
with the GFP expression vector pEGFP-N1 (A and B) or
without it (C). GFP was used as a reporter molecule for
discrimination between transfected and untransfected cells.
The G,:G,/M ratio (A), the number of annexin V-positive
cells (B) and the caspase-3 activity (C) were determined,
as described in the legend to Fig. 8, 12, 24, 36, 48, 60 and
72 h after transfection.
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Fig. 10. Analysis of the cell cycle and the caspase activity of HeLa cells
that expressed variants of C81. (A) Thirty-six hours after transfection
with pME18Neo that encoded Flag-tagged C81, C81/160P, C81/L67P,
C81/174P, or C81/181P or the control pME18Neo-Flag, cell lysates were
prepared and caspase-3 activity was determined as described in the legend
to Fig. 8. Each column and error bar represent the mean + standard devia-
tion of results from three samples in two independent experiments. (B)
Thirty-six hours after transfection with pME18Neo that encoded Flag-
tagged C81, C81/160P, C81/1.67P, C81/174P, or C81/181P or the control
pME18Neo-Flag together with the GFP expression vector pEGFP-N1,
cells were harvested for analysis of DNA content. They were stained
with Pl and cells that were GFP-positive were analyzed by flow cytome-
try as described in the text. Arrowheads indicate peaks of cells at the G,
and G,/M phases. The G,/M:G; ratio is indicated in the upper right of
each graph.

Effects of replacements of Ile/Leu residues within the leucine
zipper-like domain of C81 on the activities of the different variant proteins.

Activity
Protein G, arrest Apoptosis  Suppression of growtha
C81 ++b ++ ++
C81/160P - * -
C81/L67P - * -
C81/174P - * -
C81/181P + + +

2 Suppression of growth was analyzed by uptake of [3H]thymidine by HeLa cells .
b Extent of activity: -, negative; +, weakly positive; +, positive; -+, strongly

positive.
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IA XL, WEETH S MUEARET AV AHIV)A CD4 B THifge <2 07 v — I Ll
faREE % & 726 TR, MIRMERERIELJRTT 270010 E 2, LaL, MlBZEET 8FIC
DWTEHAHTH Y, ZORHIIBAN R GERECHLT 5720 ERTH S, HIV-15 2 L2t
R T & RERETFOMICEED 7 7 24 ) —BEFH - FERTVEY, i, Z0—2Thb
Vpr BIE T35 AL O W5l 2 SRR O G i CEINGIAT LA M SR iR O Z L b D
HEHENR TV,

RIFFEEIX, O Vpr ¥ X7 OFFIBEHIIFIFRREIC DO WT, 967 I JERDP LR AR Y Yy DK Tl
REDB L OHEREKEERL, 215 % HeLa Ml THRIL S5 2% AV TN L 720 KM
DGR, AR Vpr i3 G 7 L A M X A8EHHIER O -0 an -z E L HET 0K
U, HEFALVERELLERERIIGIIT VA MR RET L 2 LA MRENTZ, LL, CEIEF
AL YDIBT I ) BRERKLIZERKCSLIZBWTOM, % BH30%DMBLERINGNEEIBET 5 2
LR L7z,

D C81 ERADMBIMHBEAICOVWTELITHBEFE L, CRIF A YV ICHET 204V Yy
=k F A4 VI3 HIV-1 BAKRBTEEICREEINTEY, Vpr OREUREBRICEELEZ LML D
T, #D60, 67, 748 L USBINLD Ile/Leu % Pro (Z{E# L7-Z 8% C81 L B4R Vpr 2 HAERLL,
N0 OMIEIEIIHNEE WA 2ORR, BAER Vprild 2 G2 7 L A Md74B X UB1D
Ile #LHE LT 525, C81 LFMFIZ X HHHNIIETEIIHIIZI1360, 67, 74D Ile 7213 Leu 255 &
EAHB L7, ZOERAKREDECD S C81ERKIE, GHIT7 LA M EIZRL 2 MBnMmIpHI g%
HLTWAZ EHREENT,

C81 ZEFRMIC & 2 Mfarmsml ovke = 2 MBI % JM0 2 72012, BAOTuEFFF o) U
DY A & 4% DNA (2#54 % Minichromosomemaintenance ¥ > /%27 DIFFE & e E Rt k12
Lo THRMT L7RER, Ml GHI7 LA M ERILTWAZEPHLN ko7, TOGHITL AR
1%, #fL Annexin V iZ X 5 BSOS, Caspase-3 IETEDMIE, Hoechst3325 % FH\» B4 D&k
BRIZHTE, TRMN =A%) T L, C8LERGFOT A ¥V v —fEF AL Y DOER
ERETCEIGH7TVAMBELDIRXZTR IV RABEOOLNLZNI L9 h, MERRIIERICERL TR
2N AR L T R (WAL

PibEo & 9 2R FFRIE, HIV-1 O Vpr BIET-H7 RN — Y A% o7 GIT L A M2 X il 5H
MHEEE 2R TVAZ L2 WD THLMILZbDTH Y, FEE—RIIANEE CHLEFDE
NERSETLIETL D ERE L,
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