infection 2R3 8. CD4 OEETFICBWTIE, -

CD4-dependent infection ZRT ZEERLTY
5, iz, 283T @iz B 1T 6 x 10° pfu/ml,
TE671 MBIZHB T 2 x 10° pfuml &1 5 —
AR I hHt. Hela #MIBICHB LTI, 2 x 10
pfuiml @& 4 & —-LpgLEhaino/z, Hela
ALY TEST1 RICBVTHELXILD
CXCR4 FH A1, 203T #ARLIIBNTIHEL )L
> CXCR4 #HEMERINT-, ZO#HRE.
CXCR4 2@ L _INRBEHLTWDITENNEE
F HeLa ffif2lZ CD4-independent HIV-1 I
HTHESIENENI EEZRLTWVS,

2. MBCD iZ & % CD4-independent HIV-1 &3
DR E: NP2/CD4/X4 fifaizBiT5 HIV-1 NDK
BB L UUHIV-1 mNDK &3 MBCD Ik - T
HEEZU a7z, —H. NP2/X4 #iRa (Fig. 1) .
TE671 iR, 293T MALIZH1T 5 mNDK (CD4-
independent) HIV-1 i3, MBCD 2k - TH
#an, TOREDHEIR. 2L AFO0-ID
mmick->-TERBLE., ZOBRIX. CDs-
independent HIV-1 BB W T T 7 bORERK
DTHZ2IVATO-NHEBRIZBHEELTL
BT EERLTWS . MBCD 2L % CD4,CXCR4
OffaRTRBICBITAEE%E FACS XU
LA, AEfRLRUEHREEEREED
CD4, CXCR4 #HH L T\,

3.CXCR4 D {E: NP2 #iflizBWW T CXCR4
MNIES 7 FMEBIZGFEETA I EZ2HETILD.
C Fic HA T b—7E#E& & 87/ CXCR4
= NP2 il A L, 0.1 % Triton X-100 iZ&
> THElEHE 7 & RESE S ICHT. TR
ZH HA Hiffic koo 2y 70y 5q 27
o, FOE, HA-tagged CXCR4 3.
TEMESICEET &N . AR
D EARIR, ENES EAREE S OM A
KW TRIEENhE, ZO/KEIL. CXCR4 At
ST FMEBICHFELTVWS I EERLTVS,
4. BEE GM3 O 5. OV AF0—LUAD
57 N OEELKEES THDHEIEEA. HIV-1
Env S LEERZMITBIENHEINTHL
%, MBCD izX % CD4-independent HIV-1 B
OHEFM, 2VLAFO—EEbICEHEE B
HTB3ZEE-TRIAONEINEHNBD.
UToOERETZoF. BIEBHD 1 DTH 3
glycosphingolipid GM3 D38l % I L S #HERY
Tazw Mo EOEIRLE., TOE,. 293T &
B, TE671 HIAICH LT GM3 ORBIAHEH X
=A%, NP2 #ifa, Hela #iiRICHB W TIRH&EN
Ehlamol, GM3 DR HBI& CD4-independent
HIV-1 IZH 9 DEREZHIIAEEL Thi. LaL,

MBCD #LFEIL glycosphingolipid GM3 DItz
WEHZ Mo ln, TORRIZ. MBCD 1243
CD4-independent HIV-1 BFDEFEAN, GM3 @
ETickoTh 0TIV IEEZRLTH
5,

D. %

e OfERIZ. MBCD A%, glycosphingolipid
GM3 TiRA<<IVATEI—IOETICE-2T
CD4-independent HIV-1 B2 HETEZ L %
FLTW3, LML, NP2/CD4A/X4 #ikiz BT
% CD4-dependent HIV-1 &3, MBCD iZ&k->
TREXNANh27, BEICREZNTVWEED
2, BRRSEEEERELLARIZBVL T,
STHFWEELRS THZFEROESGMNERIC
BIal-dThdlEbh5, CXCRA %345
BT 58k BT CD4-independent HIV-1 &%
el MBCD Ik » THBEN/-H L. CD4-
independent HIV-1 & CXCR4 O #EFEMNE N
HEEZLGND,

—%4. EEEA HIV-1 B2 BT
ENMBEEINTED., RMEOWIRICBNTD
GM3 OFH & CD4-independent HIV-1 iIZ#x3 %
S HITHEBL T, COBRIE, GM3 A
CD4-independent HiV-1 B EEELT D&
ERELTWS, NP2 fifICBWTIE GM3 O
REIIRH I o0 TR OEEER
NEHELTWBAESELEZISNS, GM3 RE
AME SN D 293T MiaH LT TEE71 MRAICBL
TH MBCD iz & - T CD4-independent HIV-1 &
TFAZEZ=NS, LML, GM3 FEBliZ MBCD
k- TEELRZ T ahol, BIEHTIARL
ALVAFO—=INZ 7 b EEORR EHFFICE
ETHBIEMRENTED, EEAST7HD
WIS THBEEENHFEL T TH, MBCD
WEHRICB TS 7 P ERIMETLTNnS &
BAZLHND, N 5DfERIT. CDA-independent
HV-1 BRI WTH I 7 MREER@EZ 2L
TWaIZ LExRL TS, CD4-independet HIV-
1 Env 4% CXCR4 IZHS L% T 7 MCHBITY
HOMN, 7 FRHFEET S CXCR4 OHERH
TE2ONL, WEXRATHD.

E. &

NS OHRIT. CD4-independent HIV-1 &%
RIZBWTHI7 MR THH AL AT
—IMEERGHEELTNDLIEERLTNS,
CORER. 7 FEEOERTHERICEDS
ALRAFO-IOHEHOESRBLURBEIC
HETHWEN, HIV-1 BRMEICHT B8R
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(1) ARZEE., HBBEEH, CEOHE. UREH
CD4-independent HIV-1 B& $ i & ¢ 3
cyclodextrin DFAFERE. B5 1 BIHET AL
AZERMES 200 34E, FHE.

(2) ABREE., XBE: YYABMKE IR
BB BITBITRO—-TERHE R RTF

RUOTOEEN. £5 LEIRET IV A%ES
SEWIRAE, 200 34, WK

(3) XKiffg, KFWEE, ARIAH: vTALH
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9. HIV-1Vpr & ABEMEMT 2 MR T 0 FEAF

SHEMEE
s

BhF (B LFETCAT
cVpr AL HIV K ICIRDAFENDZT 229U —RIETFE D THY .

GFTANRERFT =y b))

HIV-1

Pre-integration complex(PICYD~v 27 a7 7 — Il B AEBITICEETHS, -1
ETH~L, Vpr A importine 2 LCHBITITAZ LM oMo LTE T, AR
Tk Vpr OEBITHEE S 5 importina @ isoform DI, FHEA 3 20 isoform (Rehl,

Qipl, NPI-1){Z

LEORESNDIFEEFHALMNCLE, WTRO isoform & v k Ik

BB LUHEIER CD4'T ML 0, BRSb~2r o7 »— U8 L O0EM(L CD4'T AL
BOWTEWERBRD b, o OMBUER S % A TEEBITRAT 21T - 7= 5 5
R BRI L OW LY CD4'T MR TIX, Vpr (I BE L Tho 158, &

ok~ o7 7 —UBIUTEMI CDA'T M CEBITARLED EMnG
ITOREZRIL, Rehl OBRELEH LTS
ERETEBITE RS ol &6,
T7—UlilVpr 2w A 00Vl iardhlBBTEmR LA,
IO Vpr EREZHT B HIV-1 =7 07 r— 28 L UEML CD4'T

a L DESHEET S -7 Vpr 2

e Uiz, [FERIC

O
AlREME M R I T, j;'i\ importin
ke f& sy k<27 o
ERETITHE

FHRRL A~ D EGME DTS U, BLEORERNS . AN O HIV-1 R8Iz s % HIv-

AL NS

A TR
HIV-17 734 ) —R{EFDO—2>Th
% Vpr BE®IT AIDS B o igd o K f
WCIEEL. AN ABBRGEO R B L
U HIV I RIRYHIRE N S D 7 A v ZFEA
EHEET DAY, AIDS BIED key factor
ELTHEBEATWA, Fi-. V38R
FHfa A G2 BT arrest A5 & s
Dorb, ZEEL, TR b— 22 5FH
?6*&%%6ﬁ‘totcﬂ%ﬁw“
WIRIT, Vpr BEEA IV RREE % 62
3@1’( arrest SEAFERLELT, va4
ADEMPHREFLLEDOL L, &b
IZHIEE{E Vpr |E %A HIV FEEEAAaIC IR
m4ae&, TR AREEENE D
EMFERH E N, WE-T, Vpr EADE
RIS BEHE DRI T DARIA N — A X HEIE
B EH DI T A DICENEATHA
LW A, E 7, Vpr B B2
preintegration complex (PIC) % J¢ ik
THIEIZEY, wouozyr—UhED
MM B N T A N AEREOMB
ITERRTZ ENEL M ST B,

BWT, Vpr OZBITEEO BEMNTE NI,

Vpr B 8%, o~helix, o4 0Py
IN—Fk, TAF=Z B RAA D
SR SN TR Y, HAEMERST M
NARFORELH D, FSIZ, Vpr X
DREITZ O3 RIEHELHELST B
faRETIc L > THIMEh T 5 &
D, WH>T, Vpr FEHEMRANE-
ERET DI L 2%, HIV-1 #HELL AIDS
RIEDHHBEOMB DD ICHAT
D, FZT, RIFIETHE, Fer LL
A RIZE L 7= Vpr mui’i}fﬂflﬂaljﬂ[il-ﬁ
Importina 24 L CHilfEH 5 Vpr @
H@ﬁ@%ﬁ%m@wm%ﬁon@r
WET 5,

B. #FEHiE

) HEREORE - X B Inportina %
NARIRIZGSTA2 FF oS H|EA & LTK
HIZH I XY, proteasel” TGST A
WibrE Uiz, Vpro® KA A B UF
NHDRERKE L NKEANIGST, C
KINZGFP 2 B oM&EA & LT
03 B



2) in vitrokKXFBITREAN : DigitoninflE LIATIZ 3k 2 12, Vpr HEEIZRE &£,
HeLa#ifd & AV TIT o 7=, importinae D@ EF T L VRN~ EBITT

3) pull-down assay : GST@&{ & importin A LEEFBHAEMNILE, TH¥SF—5F
aisoformB L UOBHARE NEETR importina @& %I L TREBITH{EIE X
BVprLGFPE DB EERZEM L7, NAEAHEIL Vor BEHTTHLH I &
T, BFAMEUSHEERMVrBE 6. Vpr OERITRECE G- 5 importin o
~R 7 H — % HeLafil B (28 A L 2415 fH] ? isoform Z ARt L7z, importina iZid
ek oM E B, I isoform BHFEET DM, bt

MR OFRE ¢ EES M — HRRHE ML 30o0Y T 77 IY—2ERLTEY,
Y L oRER A B CDATHIME A 43 B %, OKT3 FRENR 50%07 I EEMREMER S B,
ECD2BCRIFFICHIBN L. IN2E A EEH ¥9°, Vpr OEBITICHAEAE b isoform
THB IS L OETEH{ECOUTH % in vitro BEBITHEFTICI>THREL
E L7, MALS system®Z VT HLIER % 7= 3-20 isoform, Rchl, Qipl R (X NPI-1
SEL, w7877 — 1 dAB serum & OWNTHIZX > THLERITHEEINT,

GM—/M-CSF-& A B2 #h CrE3% L=, FOREIT Rehl D3 LEE- T,
4) EERT-PCRI: : A H & #RNA & [HIY WIZ. %42 isoform & Vpr & DES

% . Superscript preamplification % pull-down assay (X o THEHT L7-fE
system {Z L D cDNAZTEE L7-, 24ng BT isoform & Vpr & EHEHES L
DDA I % L T importin « 7o L E DR G Vprid 320 isoform,
isoform®& %7275 4 < — L SYBR  Rehl, Qipl RIS NPI-1 & DESHMA LT
Greenl# WA v —H L —13 HBT+5Z LdmmaEni,
Vi TCRT-PCRE 1T o 72,

5) Western blotiE : # R HREHR % (2) HIV-1 #ERYMiiRE T 5 importina
PiRchifiiEs & A W THRH L, isoform (DF%FE

6) EBITOWREA A — 7k GFPR TGO isoform Ak bR BEEK,
GNITCTA, BB WIENITICHAERE D REpglb~wrorzy—9, HLEMAB LW
BRI EEsbes07 EMEAE CDA'T MAICEB L TW A 1S Hh
77—V ORI 7 uf T ZTER RT-PCR {EIC L 0 74T Lo, B&#&
7 vay Li-iEggirh ceEE e s a7y — L TEM(E CDA'T #fE
EFEMEHL, HAY N EOE KM BEERE L OWFIER CD4A'T Hifa &
W2 d BT, MARRECCD A A g L CETORBAF -T2, EHIZ,
TR 155 8L LT, Rchl & 237 FHBIL mRNA SBEL L (7

7) RRYLZEER : NL43236 X USNF462 D vpril BiokEslt~vranzyr—2 LiEMI

CERFMAL, COS-IMIMICEA LT CD4+T IR TH < BB LT,
PANAEBELEAIEE, 2O UA LAl Z &b, Vpr OBEBITILER
N AR T p24 TR A T, COA+THEAY e sn7y—URB LU CA'T MMRICE
BLO=wora7y— @i xidi, LT, Rehl, Qipl, NPI-1-1Z X © {7z
BP0 AET, YA L AEEp2 (BESHIERMESEZLE,
ELISA{ECHIE L 7=,

(3) HIV-1 #ErMilaisiT 5 Vor OB

C. WEHE 1TAEHT
(1) Vor OBBITICHEE TS importin Wiz, Bl— Fh—Hkobe hRFmE
o® isoform OEELT B, kSt~ zyr—, fE#H

— 40 —



CD4'T #f@, J&EMEAL CD4'T #fa)H S o FHia
HE7 2 AT, Vpr OBEBITEE A~
Too FOREFE., KB ERS X U -1
Ch4'T #MATiL, Vpr (I BTEL - E
EThoted, E#kolb~vrarzy—v
BLUTEM CDA'T MRz T Vpr §T
BBATE2R Uiz, ZOEBITOMRER R
&, Rchl @FEELL & LefE| LT,

o, m¥ailb~ws a7y —UOHR
BE5YEI Vpr <A 204y g
YLt A, EBITET LI,

(4)Vpr OBITIZII Vpr & importinag
DFEESBHET

Vpr 1212 3 2 @o-helix FA A VHTF
TET B, FZT, FHORAAL ACHE
BABA L Vpr ZREZEML, GST
RREOBESEAEL LTHR L, Rehl %
Bz in vitro BIBITRIT 1T o7,
FOFRERE. N RAICTFEST D helix 4
EEHA L7 Vpr BRIK (olA) i Rehl
L > CRESNDEBITRERZERICHE
RLTWe, =7 FRIZAHFET S helix
WM AL Vpr AR (F)ik
T ORBITREERE L T,

wIZ, ZABO Vpor BRKE Rchl &
OHAEEREZEERT S92 pull-down
assay {T-~7z, Rchl (2 L AEEBITES
FERIZMHER L TUWv2alA iX Rehl & OF
A LR LTS, EBITERREL
TWIZFIEfaE LR L T,
Ebiz, RS sn 7y —YEBL
UYEHEAE CDA™T Hitha i S oD 40 Ra T 8 4y 4
BT, in vitro BABATREN %217 o 7=,
ERIK o LA 1T Rehl (T X AEBITHE T
Thad, ZThb0OMIEE I L DR
ITRELERICHE LT, £, B
b7y —COMRERRICER
Kalh ZvAraf s rariz
LA, EBIT LMo, —J7. F it
A bLOMREE I K AEBITIEL.
TAITRA LVl a sl L AERET
RELREFL Tz,

LLD#ER» | Kb~ o7 7
- URTEMEAL CDA'T #EREIZ 381 B Vpr @
BiF1TITIZ Vpr & Rehl & DS BME
ThdIEDNREINE,

(5) Ef#nlbvra7r—BEI0E
s 7 D FL L E

Rehl IZ L AEBITREEE2ICHIL T
Wioold BEUERERBITEESRFELTY
fo F % CD4'T MufiafsmtEmiiftt DNA 7 o
— 3 NL432 AW = 77— UM
PEEEY: DNA 27 12— pNE462 O vpr it
BT AR 2 COST MRl EA LT,
DA NWARESE ST, KRID, B
<z a7y —YBIONEMNL CD4'T HfR
O WY, oA AVAROEE R
EL. BER YA A ARUVEREKF %
BTA7 A NARBBSE-HE5C, B
E A L AFEE DR XL hi—
Rehl (I K BEBITELTTRICHEL TW
TeobA BLU Vpr RETANLATITDA
NADBEAERNREL HL LT,

D. %%

W2 E T, Hela MM % AV =4
L5/ 72 in vitro fEHT T Vpr OERIT
EHRAT LT & 48, A CiRl— FF
— 13 HIV-1 EER#IR % F T Vpr A8
importina CHIRFFRMAREF 24 LT
EBETERTZEER L, ZTOLDIZ
Vpr BSERE R ATHE & VT HIV-1 PIC
AR D RREMA B 2 b,

E. f&55m

HIV-1 MR THh HiEslb~r a7
7 — B L ONEMEL CDA'T HEAEAYIZ s
T, Vpr A importine X OMEE/ER %
CCHBITTAEE2RLE, 612,
IO Vpr (B L AEBITH HIV-1 @ik

CTHETHLIEETRLI,

F. WFSEfERiE® MEHIEAL L,
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B A N ESEMES - B, 2,
10 A, (2003).
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DA INAEREREBER - B, 5, 10
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9. %I (CHIF) @7, ssHEg, RS

W, MBS F, BBT - “HIV-l Bl
MR BT impontin all K D {EE X
N3 Vpr BERITOMEE , £ 17 @A
T A XERPIRES - B2, #F, 11
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k1 SFEBEAHYHIRE SEMRESS
10. HIV-1 c DNA OEMBITBIRICEIT 54 T4/ 5 —FOREENES
HMEMRE HE BX RREHENAFALRERFUOWREREARES

RRES

BLRITICHV-T ATV ENBNBRERERDILERELTELEY,. TOBBEL YT
o (NLS) ORIFEIZIIES TWVIWL, EZTEHETIE. HIV-T 94 JILRY /A (cDNA) OZRE;R
CBHBA T/ EDHENBSE 9/ ILR cDNA LORAHEET I A EREEZAL TR
LEHV-I A 2775 —HED0 4L A cONABEICBS T3 LE2 0N TVAT S /R (PYNP
142-145 {1) BLU=ZDDUV IV HE (KKK : 156,157,160 {i1) 272 /BBHFH I ITIET
REJALEFHLE HV-1 A 75— FYOEREEERLE, HV-1 4077 5—FEBROELRY
HBHRL Y, TANRcDNA EDESHENBLET (BERA L TF/S5—HHT 10%LUT) 3%
F£& (APYNP, N144Q, KKK>AAA) 257, CASOEREKD AL ASHURRBRIANS, 91442
BRMETRE (RBILLT1 %UT) CETIE2ERE (APYNP, N144Q, KKK>AAA) %87, &5
2, BRMRBOERSERDOUAIINAcDNA DERBIFS LY HIV-1 4386 PNA FO-T72 65\
FISH ik U ChSOERBO DAL A c DNA ORBABTRENAEIN TS I LEHRLE, L
TOERBATIS—EMOVANRYT S AOBRBTARICBSTIFTEISNILARTTHAHILE

TTODLEEZISND,

A BIREMN

HIV-1 3o no7—YERRETIESTERIC
LYELCBRAERTILBS, ZOBHRELT HIV-
1T DAVRT/ AEERHBRBAICHX
TOMNMBDLEHEEZONTNASHN, BHEIIT
BTHD, BAILHETIZ, HV-1 47455 —
THEWVEBEEES O LERELTES. L
LIBKG., TOBBELZFIL (NLS) ORIZEICIE
EoTWWEWL, EITERRTIE. HV-1 9140
T ADERBRIZBIT RS TS —FOBEN
AU NA cDNA LDORSELZETES TR
EERAOWTHRELE

B. iR AX

1 OHERE O AN ZAEUADEE

HV-1 £ 2775 —EDw1JLA cDNA #8128
BE5LBALONTVATI/MEBE (PYNP:
142-145 fi1) BLUZD2O UV EBE (KKK :
156,157,160 fiI) 72/ BMBRHEDZVIRET
REBALEFEG HV-1 4 0 F S5 —-FOERE
EERILAE, BFRO HV-1 OBROIEBIEADR
BELARSATOAINRIZED single-round FEiRk
RICLUFELE, ¥200ILRY/ ADREER
B »oH2AHBRIIVFILIAAPCRIEICL

YRR EITo /=,
2) RHRRIIOT A LR c DNA DIRNETE :
EERAOCBRLMBLUESEEHREL. Y1
X cDNA OEBRBIFFT-7. £~ HV-1 RN
PNA 7R—7&# b5V FISH 8L Y ChS5DE
REO DA IR cDNA DERABEEE~L,
3) HIV-1 4 > F Y5 —VEADELFEMRE
BA TS PERGEAOHBAREMEA~AD
HE%E GFP-A 7 /5 —EREBARERIC THM
Lz, £, VaYEF PGS T—AVFH5—
FREEBEHV. 2fEEAR MSEIRLED 4
JLX cDNA &EDREBEEADRBE BT,
(REE~ORRE : ZNFTIFEL)
C. HRER
1) ZREOERE VA ARBDRE .
DANABRYEEEE (FHLLTI %LUT) (CE
TEHSERE (APYNP, N144Q, KKK>AAA) £i8
7z (Fig. 1), BERKBRREDVAINRYS ) LDP
EERE. pOoHlBAHKBEEVIZINSAAPCR
BCLUVEBRBIRLAER., ThosoERED 94
WNAT/ LAOBEEMRLERTHEH (Fig. 2A).
HARABE DA ILR DNA BBREBELTOLARLT
#Hol (Fig.2C), BRABITHAOELLAMBIEEE
T—h—T#> 2LTR DBENA TS5 —YB%R




EMTRHE (D116G) SLHBLTHFICENZ L
M5 (Fig.2B) Ch5DOERE (APYNP, N144Q,
KKK>AAA) (374 JLA cDNA D#RETAENE
BEhTWA I EXT—EENLE,
2) BHBRO YA IR c DNA DHBAEIE .
BALCTFHYS—CTR HV-1 2BRZHAHEEES
UGB LEBESETD AR cONA 2EBL &
Z A, APYNP LT KKK>AAA FR&ZIIHHE (WT)
EEENRT~15%LUTFTH-E (Fig.3A), F/.
HIV-1 4528 PNA 70~ 7% /= FISH BifICk
Y, B2 sBHEOBNICHEETS VML RC
DNA RiZAPYNP § & 2K KKK>AAA ZER&KIFH (W
T)EERTENFN 30.1% and 26%TH - 1= (Fig.
3B).
3) HV-1 4 TS5~ REDE{LFEIRH
ATV S—CERGEAOHMBRBELEE GFP-
ATV —CREEARRRICTHMLAL =S,
WIFNDERGA L FV/—YOBBERICIRER
Lizmors (Fig.4A), YaAYEFFGST—A
YFUS—VYREBALAL. 2UBRBR,SE
RLIEDALINAcDNA EDESREA~OEEZ pull-
down EIC L YR~/ & TS, APYNP, N144Q,
KKK>AAA ZERA T /5 ~-FEARVANRC
DNA LDEEHEISEBLET (FEEA 75—
YEHT10%LT) LTWHERE%2EL (Fig.4B),

D.EE

HIV-1 o 55— EHBETEREEZRTSM, oA
ARG/ LDBERBTICEAEL S SMEMNIRET
BETH5., FARLU VAR cDNA LDESHEE
ETZHE HV-1 A F/5—CERGLENER
[CRERR. DANRY S/ ADHEEBRE (DAL
cDNA &R ICIEEBLEWS, D1 NLATY /LD
BRBTAERMBESES NI E2RWVELE, BE
OERBIEA FII—EHIALNAT S ADBRB
TRIEICHSTAEEVAINARATTHAZ L &M
(TRETE. EREERESEOVAILRAT /LD
BERBTARICHST3EBEETFOREEA 7Y
S—¥EHEHRRATAIRIAFTFERSY—= 0T
32ATOBRMERLGIBDEEXD,

E. & %

DA CDNA EDESENBELIETLEL Y
FYS-CERGIIHEBICEREE. VIR TS /A
DOEEEIRRE (U1 A cDNA &R%) ICIIREL A

WA, DAINR cDNA REARBRITRIEMNEERZNS
CEEHNELE, KERE. AT —EHND
ANAY ADOEABTRAEICBESTIEETAN
ARATFTHZ_EETT.
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Fig. 1. Effects of HIV-1 IN mutations on the viral
infectivity., Viruses were prepared by cotransfection of
COS-7 cclls with pNL43lucAeny vector containing either
wild type IN or a mutant IN together with an ampho-tropic
Moloney MuLV envelope expression vector (pJD-1) or an
HIV-1 macrophage-tropic envelope vector (pJR-FL) using
Lipofectamine (Invitrogen). At 48 hr posttransfection, the
culture supernatants of transfected COS-7 cells were
harvested. The DNase
inoculated into 1x10° RD cells, PLs and MDMs. At 4 days

I-ireated  supematants  were

postinfection, the cells were washed with PBS and lysed
with 200 ul of celt lysis buffer (Promega). Ten g of each

cell lysate was subjected to the luciferase assay.
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Fig. 2. Analysis of viral cDNA synthesis and proviral

formation. At one day postinfection, total DNAs were
extracted from infected RD cells. Each DNA sample was
subjected to real-time quantitative PCR analysis using
specific primer pairs for early (R/U3), late (R/gag}, 2-LTR
circlular (2-L.TR), or integrated (Alu) forms of viral cDNAs.
The estimated copy number of each viral cDNA (R/US3,
R/gag, 2-LTR, Alu) per 1x1Q° cell equivalent is shown. For
estimation of integrated viral cDNA {Alu), each DNA
sample subjected to PCR with the Alu/gag primer pair.
Serial dilutions of each PCR product (Alu/gag) were
subjected to real-time quantitative PCR with the R/gag
primer pair. Values were calculated as the relative copy
number (R/gag) of each mutant to the level of the WT taken
as IOd.
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Fig. 3. Properties of HIV.1 IN mutant proteins. (A)
Confocal microscopic analysis of GFP-IN fusion proteins.
Hel.a cells were transfected with plasmids expressing GFP
only, GFP fused to full length IN (WT), or IN carrying the
mutations APY NP, N144Q, KKK>AAA, or V165K/R166L
using Lipofectamine (Invitrogen). At 24 hr posttransfection,
the cells were fixed and examined with a confocal
fluorescent microscope. (B} Interactions of IN proteins with
HIV-1 cDNA. Viral cDNA (~ 1x10" copies) extracted from
a crude PIC fraction (see Materials and Methods) was
incubated with 200 oM of each GST-IN protein (WT,
N144Q, APYNP, KKK>AAA}
Glutathione-Sepharose beads in binding buffer (20 mM
HEPES, pH 7.3, 7.5 mM MnCl,, I mM DTT, 10% PEG).
The beads were then washed five times with wash buffer
(1.0% TritonX-100 in 1x PBS) and eluted with elution
buffer. The viral cDNA bound to cach GST-IN protein was

immobilized on

extracted by phenol-chloroform treatment followed by
ethanol precipitation. The resulting DNA pellet was
resuspended with ddw. The amount of viral ¢eDNA in each
preparation was measured by a real-lime PCR system using
a specific-primer pair for the late product {R/gag) of viral
¢DNA. The values shown are the percentage relative copy
number (R/gag) of each mutant to the level of the WT taken
as 100% after subtracting the background level bound to
GST only.
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Fig. 4 Localization of HIV-1 viral cDNA after infection
of each mutants. (A) Quantification of HIV-1 viral cDNA
in the nuclear fraction. 5x107 RD cells were infected with
each virus (WT, APYNP or KKK>AAA). At 2 days
postinfection, nuclei were isolated from the infected cells
as described in the Materials and Methods. A DNA sample
from each nuclear fraction pre-teratment with Sac/ at 37°C
overnight. The Sacl-digested DNA sample were subjected
(o real-time quantitative PCR assays using the MOG6T/AASS
(R/US5) (open bars) or Rigag (black bars) per 1x10" nucleis.
(B) FISH with an HIV-1 PNA probe. 4x10' Hel.a cells were
sceded on the silanized glass slides. Celis were infected
with each IN mutant, APYNP, KKK>AAA or WT (~70 ng
of p24). At 24 hr postinfection, cells were fixed with 4%
paraformaldehyde and subjected to FISH analysis using a
FITC-labeled HIV-1-specific PNA probe corresponding o
nt 2878 to 2994 of the pal region of pNL43. The signals
were observed under a confocal microscope (Olympus,
Tokyo, Japan). Representative medial sections  were

mounted using the Adobe Photoshop software,



JEAE BB E R S (D1 A RIFAEH)
S FRRFZE R 3
11, R HIV OBREREIZEHS NF-xkB QU 74 bF2 28Ty — - 25
IC L AEMHALEBEIZET 25T :

s AT BT K F R IR TR R 0 T 2
o i N

iR,
WHE

R EE HIV MRS L)V THIE L TWa NF-xB BB AN TERBRL TH
57O NANSOIANAORBICHEREHZHETWS, U274 hE2 2032
K N EBOREL EICHEHBRYA FAACTHY, RO T FIEERICMS T
NF-kB ZEHATAERZH D, AET. BLF) 71 hF itk B 25 FINE
#IZ IKKBIcE 59 IKKaitikfE L, NF-kB @ pb5 4721w FNOEEER{IE R A1 >

D5 36BEDEY VEEMETHILEMDTHLMIL .,

A, IHFTEBY

HIV BEHE T ) A RN 28 Ji ke
o077 —2, BIOEIEN CD4 B
T fifR7s SRR L T3, R,
[zmailova 5 (Nat. Med. 9:191-197, 2003)
. BRIRZESEMIICER LTS HIV »n
5{E531% Tat A IRF7 732 EORSET%
FEEHL, MCPI-3 REDTEHNA 2EE
L. JERRIE T Ml =R USEs 2 &icdk-
TR EH AL TWAB I EE2HSMIULE,
HIV EEEHR M TO U1 ) Ol ET
REWE NF-kB ITIKELTWaHH, F0L
TFENWEEER) 74 b F BT
—(LTBRIZIKET B, 723, LTBR M5 D
HEFIAT 2K INEBOB LI E G
PMEICBNLTHIRERBHEE L TS,
LTBR M50 ZF)lick s NF-xB &%
EDANZ L LI DWTIHEENS MCIE
o TWwigho=h, NFxB inducing
kinase (NIK)B LU IxkB kinase o (IKKo)
ENTHIEN ) v I T NI AGEDE
BMhSHEIRBENDS, FITC, A0f5ET
13 LTBR > &V &/ ThH NF-xB {&Hik
BEICBITA NIK & IKKeD EEiZDONWT
i A Y A

B. Wzg ik

(1) ¥R TS5AZy ROER : BT 5
A 2w F pM-p65. pM-p65(1-286) .
pM-p65(286-551) . pM-P65(286-551;
A443-476) . pM-p65(286-520) . pM-
p65(431-551), pM-pB5(521-551) . pM-
p65(521-651:5529A) . pM-p65(521-551:
S536A) . pcDNA3.1(-)-FLAG-p65 .
PCDNAS-NIK . pcDNAS-NIK{KM) .
pcDNA3-IkBAN pcDNA3-1xB

_ 49 —

(S32A/836A). pPCR-2FL-IKKa, pCR-2FL-
IKKo(KM) . pCR-2FL-IKKB $ & 7X pCR-
2FL-IKKB(KM)Y D {E KIS BEIC # i U 7m ik

(Jiang et al, J. Biol. Chem. 278:919-928,
2003) iz 7=,

) HilaskB LV NI AT 3
293 Mifn & LTBR # R 9 2 HT29 Mk #
Bnk, 7523y REMIEADOE AT
FuGENEG6 transfection reagent(Roche
Molecular Biochemicals) & U
LipofectAMINE(Invitrogen) & H 7z,

(3) Luciferase B# : Luciferase(Luc)
BETFIH T2 AZIy REL 75—
ZAZ v REMA~EAL, 48 Rk,
MlamsEQZME, LuciEdEz e L.

(4) RIGHERLEREE  p65 OBBETT
2T 578, HT29 #ifg%* 10ng/ml
REDO TNEF T 15 4ricER 2ug/ml #B3)%
@ L'TBR agonistic HL&T 40 12 HIB L .
Mlo 2z e L. p6b I2xid B4k (Santa
Cruz Biotechnology) T#E L7, :

(5) DI RAEF Ty bk IR
DERBEIVPTTAY Ty MEFZEEIC

H L= ¥iE Uiang et al, J. Biol. Chem.
278:919-926, 2003) icfl- 7=,

(6) SLGEIHRE  p6d @ LTRR 4
Uik D3BELE) B EERT S
7=, HT29 i3Iz FLAG ££5& L 7= p6b

(FLAG-p65) ZR#E L%, FLAG (Txf
T 3 B & (anti-FLAG M2 affinity gel
(Kodak)) TIGEEiLML. iR NiE
H% pob @ 536 HE D) AEEIZEE
T ARENFLE (anti-phospho—p65 NF-
kB (ser536) antibody (Cell Signaling))
HBWToT Ay r7uy METRETL,



C. HHFEkE!

(1) LTBR ¥ %31 > 7/ TD NF-xB ik
i IkB U B LB LT pbd DEREITIC
LW 293 & HT29 HifEiCkEEA~ D
NF-kB #&PEEF (TNF., LTBR. NIK. IKKa,
IKKB84 &) #H AL, IH6DHEFITX
DNIEHINcB GEBFREAZEDA,
TNF, LTBR 3£ X NIK 13xB &EEM %
B L s, IKKoE - IKKBEM TidkB
B RFET R IETERNWI EAD
Mmolz, 512, TNF, LTBR &+ >
TIBWT IkB O CB{bEIIAY T
Ow FETHRANEEZA, TNF d IkB @
Yo {bEFELAM, LTBR >4 >
ST kB ) CEHEEBEE LW D
o le, MG ERAET pob O
EBITEFT LR, LTRR 73U >
izBlr B NF-xB EHbIcB LTI pbh
DOEBITE DI WT NF«B KEEERE
RiEMHILT A EMbho .

(2) NF-kB {EMHCicEH 2 BT O/ EE
2293 & HT29 MlEIZkk 4 @ NF-xB ji§
MR FETH S5 O dominant negative
LRARAEA L, Luciferase assay TE®D
ERZRE L, TNFiIzXDEGZaN-
NF-xB {&tEid NIK, IKKaFE/ IKKBD
dominant negative 2 RAKIZ X o THHH
Shi. LAL. LTBR 791 > Fick
DN anm NF«xB M T2 NIK &
IKKe D ZERAEIZL > TMA SN =AY,
IKKPZRETIIMA SNiah o7/, K
T, IS OETOHFIER A& A,
TNF {3 NIK, IKKB& O THFEEM A
SN H, IKKo& TldAashianiz, —
A, LTBR 77310 Y A3 IKKB TR <,
[IKKaHB LN NIK &0 THRREERANHS
N, LEO#ERMS, TNF & 591 >
FEE IKKB. T7bs IkB U ik
cascade #fHE54, LTBR 7+ > Jid
Iz NIK, IKKo cascade i~ T3 I &
Mbhhoaf, 5. NIK THEEL -
NF-kB {EMHic BT 5 [KKa, IKKBE %
DOERAEDIER 2 i L /2. NIK 12 [KKa,
IKKBMI 4 & H3LFE A &z, i,
NIK T#EHZ L7~ NF-xB &3 IKKoZ R
iz > THH NN, IKKBIZXK-> T
Fdl sz, CTNSDOEREMS NIK
OERIE IKKB TR E I IKKa &gl
TWwA I EHREN,

(3) NIK-IKKa®{EH Ao« NIK-
IKKeDIERBEEE S S5ICHEZET IR0,
p65wild-type & kA OZRMAED Gald @

BHEAUDORE S A3 REFE/RLE, IR
57523 REMIZE AL, Luciferase
assay Toihd Gald @EERO NIK IC&
DAL INARBEIEERIEE L. 08
B, p6b O TAl EEETNHEENL
Gald-TAl REEAR NIK Il T—%
ORI ERLE, 512 TAD HEO
529 HE L36 B ET T ITEMS
L= B AR EAL, NIK ITX03E
BxhsimeintaskmLizE A, TAL
O EEMIL 536 ) D OERICE-T
BHomniciiflcns (1), 2hsD
BNS p65 @ C-FKiun TAL wls, FiczY)
2 536  NIK & IKKoDfERITHSH T &
AR E NIz,

(4) LTBR &+ ITHBIT5 p6d @
536 /U o) L #lfEic FLAG £
@ L7 p6d (FLAG-p65) ZHE L. LTER
HF) I THEELE ps Y 2 536
DV R E LRI T ped EILREL
DIAY 7Oy NET pbd 21 2 536
Db e THELE (8 2),
ZDY T NIK, [KKoeZEREE -
kB OB - Tk Nz, LLEXD,
LTBR > &1 > FIizBiT % NF-«B {ifif
{bid p6s 21 > 536 @ NIK XU IKKa
EHLEU CBIEICKEFELTNnS Z &AH
sz iro i,

D. %%
SEOPFEM S, LTBR ¥ 5+ 1 > i

PV BH NF-«xB iEHALIE p65 &1 2 536 @

NIK B& IKKaZ MLz BB
LTWaIZ EMgEEsNE, V74 0F
NS DL FINE HIV R R 2 E
W TOIA N ABRETHREOHE ST,
D RO E HIV k> TR S
N B OBREIIODESESLT
W5, ZOIFFILAEL AEER T HIk
ZNEORZFR, HIV B OREEIZEH > T
LAl AH HD T, LTBR ¥ I Dk
REGMTNE AIDS DOiERER IOz
B ED, BB, BUEORENS,
LTBR & F 1) > Fid 3 4 ML EHFFE xR
E L7z NIK-IKKa#ZE L7z p6s @V
{b cascade LAIAiZ, © 5V & DD cascade.
T bt NIK-IKKe# ft L7 plo0-ps2
processing, ZFHET LI EMBHSMIR
o7, TO—HOWIEM S, BIREH: HIV
DRIFEHTH & AIDS SHEDERIZBIT S
NIK-1KKoacascade @M S THEE
s,
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1. Involvement of Ser536 located in p65 TAl in the NIK-mediated transcriptional activation.
Effects of mutations of Ser529 and Ser536 in TAl domain of p65 were examined on the NIK-
mediated induction of the transcriptional activity of Gald-p65 TA1 fusion protein. 293 cells were
transfected with Gald-fuc, pcDNA3-NIK, and various pM-p65 TAl constructs including pM-
p65(521-551) (A), pM-p65(521-551: S529A) (B), and pM-p65(521-551: S536A) (C). Effects of
IkBAN were also examined. Lower panels show the results of Western blotting using anti-Gal4
antibody indicating that equivalent amounts of pM-p65 TAI and its mutants were expressed in each
transfection irrespective of the cotransfection with pcDNA3-NIK or pcDNA3-1xBAN.

LTER Ab . . + + .

Flag-p65 + + + + +

NIK(KM) ; . . ) .

Flag-1K Ko(KM} - - . .

Myc-IxBoSS32 36AA - - - - .

IP: FLAG

WB: Anti p65 S536-F ;| #pB555%6-P

WB: Anti NIK w = NIK{KM)

WB: Anti FLAG - Flag-IK Kee{KM)

“% Flag-p6S

WB: Anti Myc Rt St T | | ¢ MycixBos

R . ] 5532 36AA

2. Phosphorylation of p65 at Ser 536 during the LTBR signaling.

Phosphorylation of p65 at Ser536 by the LTPR signaling. HT29 cells were co-transfected with
various combinations of plasmids expressing Flag-tagged p65 (Flag-p65), NIK(KM), Flag-tagged
IKKo(KM) and Myc-tagged IxBa(SS32.36AA).  After stimulation with agonistic anti-LTBR mAb
for 40 min, cell extracts were prepared and immunoprecipitated with anti-Flag M2 affinity gel. The
immunoprecipitates were fractionated by SDS-PAGE and immunoblotted with anti-phospho-p65
NF-kB (Ser536) antibody (upper panel). Lower panels show the immunoblotting detection of
NIK(KM), p65, IKKo(KM), and IkBauSS32.36AA) proteins by respective antibodies.



12. THaY 7+ & HIV-1 b’ X A

PIREE  AIDS WEEITE & BT, HIV-1 BEEO CD38+ T MilaoEkE i iEETE & bic
B3 Z EARMBRTWA, F7obit, fAEO PBMC (ZH¥KT D CD4+ T #ifes CD38 +
T MO, FRENSREENETRT HIV-D b ER AL OWTRET LT E T, F0f
B CD38+ENT X4 HIV-L \CEEESEM A9 2 8, ZOMBSIECIIE 5FET 5 114 231
o TWAZ L, X4 HIVEL O - B, A 7 7 b—2a W E TORBITEY 7 v M
TRERBODBRD LN 0T, FIT, KIFERAS 77— a ALUROBRICKIT S
ERAEPUNIRE L., TORE, BEORET, W7ty METEERERPAEL WD
Z &, EEETELTD AP-1 A% CD38+H 7 v MT L4 {EIECE S TR Y . CD38-
Y7z MIZZOEEESERD AN T &, —JF. NFxB X STAT-6 OFFMALFRE IS -

H7 y MHTERIEED bR -T,
SHEpEE MR
(RIRAEEORA SRS - %)
AT Bk, EHESER, A AR,
Jiranan Warachit, ZEREE,
THEERER
OB AR ST

A WFEAM
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