Dor>700//A

BAGEBH IR EME (BIFEARHEETT 53

t b TRIM5alZ & 5 HIV-1 FEEAFLEE MO FE M E 22 15 E R+ ORENT
(H22-BUR A3 -—f%-015)

TR 04 I RIEHF SR B

WHoeAREE - AR REX
FRERERRT EWFRER 714 ZHIEF0%  Bh#

YRk 25 (2013) 4 5 A



H X

1. REsEmEE
bt b TRIMboZ & B HIV-1 EEAE PR EE M O FHE I LB 258 £ R+ O fEdT
=AM BEX

Sy TR IEE
SyHRMTIERE L

III. W EOTFITICE T —%E%k

IV. BFZERR O TIATY - BRI

15

16



A 55 B AT S B B &
(RIREMEHEENIE R R (BURAIR~ v F > 7 5EHEX))
S A

t k TRIMbalZ & % HIV-1 EA R EFEOFE | LE 215 £ IR O M
(H22-BURAIZE-—fi%-015)

WroeERE AR BEX
FREMERRE EEFREER UA L H#E7SE  Bi#

MREE

L7,

(B L0178 ER 1 TRIMbold HIV-1 OE A L FEA O E % T E R 51
iz L v Acimfl4 5, —7F., & b TRIMbo. (HuTha) OHEFEETEMITZIES
IV, DI L b VA NAEADERBETREL TW\W5H, £ T, Wit HIV-1
EHEERT A0, 7H 7P TRIMbaXfEENTHIA L TV A EERF - 3
27 = A DFER, HaTbo~DIEAEZ BRI E LTW5, BEIZ RhTbha I L5 HIV-1
EEAMLEFICHERREFOEMEZRE L. EEROGEME IR L TR e it 217
720, RhTbhoiZ X2 HIV-1 EEAEICEDL 58 ER-F, KO HIV-1 OFERIcEE
RBEEFROBERFAHFEOLNTE, 205 LEHEOR IR L CEEM R T
PHEATERY . Fio, BEHERTHENDERIBIALETOVEZLPHRE 12 RE

FgEHEE - 2L

A BFRBEW

UTAE HIV-1 RYE IS HiaBE L LTE
#1 % O0FH9 5 HAART SR & 2 E % £
TWa, LaLads, HAART TRRARE
[TV % < DERNZER AT 72T id e
B, BERWOBICITERImE D A LR
DB EZHL<, BRI TRIMbo A8

HIV-1 OREGRZMEIT 22 LIXR< bR
TV, SFEREEIC L HHEITHIEL Y,
7 7 7Y TRIM5o. (RhT5a) 78 HIV-1
DB D BT b TS bIET 52 &8
Bl 5 2 I 72 » 7=, ( Nat Med.
2007;13(5):631-5) R AFREDOHE & 1T R %
D BREIFEHRSE- b TRIMbo (HuT5a)
i HIV-1 O#IEZHETE o2,

HIV-1 K F OB EZELE S FERH LN E



720 HuThaTH HIV-1 QI A PHE T X
B ATREMEAS R &7z, SIV 28 TRIMb5oe
APOBEC & \\©oiz [TEDEE] 23D BN Z T
Eh~EBoT&EREEEELAEL, B R
WTEMEDOFER Y TIEBR 172t D 4 L A
HWLEZ bR, ZO—ETH 5 HulbakFl
AL, HIV-1 BIYE~ORRETHZ LI
MEBIZEEZ bND, ABFETIEFRERAN
UTIEETA2FMNREREOLL LT,
AIDS FE F85 - HIV-1 YR OF5 IR
JICRAFRERMR A BN EB X DIV, £
DLBEHIIEWE T 2D, &2 TR T
i, RhTHalz & % HIV-1 DEREED A &
= XL ZREA L HuThah 728 HIV-1 O
WEATHETERVWONERALNCTEZ &
ZEHRME L, BicGoncamiic ko5&
HuTbsalZ & % HIV-1 EREEEEDFHE
R D,

B. B35 E:
DNA Transfection

R 60% confluent FREDEECTHEL.

FuGene 6 (Roche)# i\ 2V R7 =7 v 3
VB TEEBEFEA L, KR TIiThh
T2 TOBEITFEAERTIIDNAL ug d
72V 2.5 ul ® FuGene 6 M\ 7=,

HIV-1 @ F3 il &

U A VAR ORI E LT TZM-bl
JaZ fAviz, 48-well 7' L — NMIE LTz
5x104 @ TZM-bl HEfEIZ, 0.45 um D7 1
N —ZBLTRER LY A LA R 100
ul %Y 8| 48 IRFfE] B2 L2 Al AR fig il o o

N7 2T —BiEEERIE L,

SiRNA LK D —itE /) v 7 o v

SiRNAZZ7 A 77 v 7 DA T VAT ] —
ALV RETEDLDZBA LI, HDHW
i, XM EEFEOHDLbDEEM L. HH
L7, 22X K DNA & siRNA @
co-transfection (213 Lipofect AMINE 2000
(ZA7Tv7) RV,
¥/, 2 hr—/ siRNA & L T non-
target siRNA % =t A F - S 4 L W EA
LTHWE,

Nucleofection

MT4 fifa, SupT1 Mg~ DER B AT
AW Tl fuiEA L 72 Nucleofector-2B %
FIA LTz, £ 108 M8 2ug D75
AI RZEAL, MT4 fifaicid kit T %
SupT1 MIEIZIZ kit V 2 H Wiz,

VA A% ), oL VA
shRNA{ZSIGMA LV EE LTI T A b
ENELOEEALE, LYyF UL NVAN
7 Z— TR E A, # 2 B0
a—mvf YL DBRE R TEND
mRNA ORG AR LT,

RNA fhH

HIV-1 FEEA MRS 5 O RNA #iH 1 qiagen
#t® RNeasy mini kit ZfAVv>., RNase free
DNase kit & A& 08 THMA L7,

UL NI F I



10000000 T3
1000000
‘®100000 -

s
£
&
S 10000 +
H
-

1000

100 "
EF1a CMV

X 1SOCSIBRZERIINY T =T —EiEHIC
EgEZ 5220

293T #faiZ EFla” o £ — ¥ —{K7F Renilla
luciferase 77 2 K LIEICMV 7 o & —
X —{&1F Firefly luciferase ¥H 77 2 I K%
SOCS1 ¥H| 77 X I K (S1) & & bz
co-transfection L7, 2> ba—/L (Ct) LT
EGFP #H 77 A I R& /=, 48 FRE%ICHHAD
HHKREEIR L R BRE, Vo7 x2T7—F
EHEZRIELE, By 77 —FPiEHER
BRI ERET ) —~F A4 AL, WM L7 3 [E
DOEBREROFEHZBEREL L HITRLE,

& 547 RNA L superscript III (life
technologies) Z VT, v~ == 7 /LIiZHE -
TG L7,

D777 apr— gy

Qiagen 11 Cell compartment kit >
THERRE., B, &2, MBI 2T 7=,

HE YAl

293T #ifEic TRIMba ZRIKEH T T A I
RZEAL 48 FFfH#£1Z 4%PFA 12 THEE,
TritonX-100 THLEE L 721412, a-HA (3F10,
Roche) #HWTHE LZ, “KRHMEIX
FITC 7~ vank=Hmo v MulEx AV [

iF1Z Hoechst Z FHHWW TR &2 4l L 7=,

EE PCR ik
AHFFETIL SYBR Green % AV 7= q-PCR
EBRALE, ERALET 74 ~—0ES %

150 N 05 s

GAPDH :

S: 5-AAG GTC GGA GTC AAC GGA
TT-3

AS: 5- CTC CTG GAA GAT GGT GAT
GG-3

HIV-1 US-RNA

S:5-CTC TAG CAG TGG CGC CCG AAC
A-3

AS: 5- TCT CCT TCT AGC CTC CGC
TAG TC-3

SOCS1

S:5- GCA GCC GAC AAT GCA GTC T-3
AS: 5- GAA CGG AAT GTG CGG AAG
TG-3

S3

S: 5- CCT CCT TCT GTA GCA GCC
TG-3

AS: 5- CGC AGC TGT ACT CCA TGT
GG-3

C. HFRER

1. IEEETCOY~Y —

HFERVIEE (CERL 22 4£E) 12it, RhTha
At MERANTRHAL TWABEERFE - 3
AUz A DFEREHRE LIERREZBSL
L7z, dEREILMEIEIC X - T TRIMba & f
BT NI EDRGE, e, v AN
ARIFRE R BED R TEXRKEE A
WTHIHRRED 7 A L RRIFZF D H D E T
RHEEBRRETNTBLL, BEOER
Z R EEREE LT, WEE (PR 23 4
E) 3EMEes2E8ERFOI R M,




MG115 o
N° ¢
Ct ’\ng 'b“§ @C" Q’Z‘b

RS Rh RS

RS

RS Rh RS

TRIMSa: | -

SOCS1

GAPDH [

Rh : RhT5a
RS : RhT5a/SOC81

2 SOCS1 RX#EXE I3 RhT50DHRIZ S o
FTT7TY—LEEERNTHB

293T MifEIZ RhTha 77 2 I FEM (Rh) &
O RhThoZHE 7T A3 K& SOCS1 RR|T7F R I
N (RS) ZHA L, 24 BRI MG115 (15
mM, 30 mM) . MG132 (30 mM). & L < iZ NH4Cl
(10 mM)THLEE L7=, Over-night O SFIMIH%
Mifa% RIPA Ny 77 —TCHERL, Yo XZ T
o MM THEES © TRIM50, SOCS1 D&% %
WLz, 2B, ZUo_oBRERHEL, &L —
Y30 pg ERL, n—FT T aritae—nk
LT GAPDH ##H L7,

HIV-1 EAREE OBENFRINAHE T
DOHEREFEIT 21T > 7=, EATL TN 1T
7-H R EKS%OIEERS Cornin R
Vimentin OB ST REI N0 -
7=, SOCS1 28 TRIMbBadD#L T A /v A&
MOy ha—VICEEREREEZFF-oTn
HZE. ST IY—F LRI EHN HIV-1
DOPEFEICEE 2 X XV B THHI L %W
LnELTERE, REEL, TROREMAR
HEREMENT I 2. [REFE A DO BERRE R
HORYIAIZEITS T2,

2.850CS1 %> 37 &

AIAEE £ TOHEICL Y, RhThall L 5
HIV-1 EEAELZHETRT 5 293T Mia LY
LR L2y TE671 a5 28 R %

SOCS1 DFEBELANE N &, SOCS1
DOIBFHFICEL D 293T Mgz T 5
RhThs0® HIV-1 EAFEEMENEZ 672
BT EWRENT, £Z T SOCS1 @
REE - -FEHEZa s bo—ATHI LT
HuTs0D LV A NV A{EEEZ 2 b r— )L
TEDAEMEEE X, HIV-1 EAREICS
i7 % SOCS1 O&EI 2K LT,

2.1 SOCS1 @RFEEIZ L EEATHEN G Z
572 Ie B AN =X L DOKRET
SOCS1 W ED X 5L T RhThalZ & B
AHEEZT 7 LTWEONERFTT S
72912, RhTha, SOCS1 % & & (T
LTWs HIV-1 EEAMaRND % R0 B
i L= & = A, SOCS1 Di@FIFEIRIC
T RhT5o =D F# @B D, —F T
HuThoDFHBREIZEIZELS, CMV 7o
T—4%— EFloa/BEt—%—0nbn/L7
= 7 —EORFZEIE, -T2 (K 1),
H|Z SOCS1 T HIV-1Gag & T4 Y J— A
GFEND L AF 2 —F5 L ) WEDR
b D, SOCSI OBEFEFHRICL-T
RhTHaD & R EREEMITEERH Y |
SERNFEINTbDLE R, FIT
SOCS1 23 ED & 5 728 T RhThad 431

EFELTOLONERRLDITTnT
7V — ARLEH] (MG132) 1Z THLER L7228,

REEORBIIRO N7 (K 2),
FoTHTaT TV —LRTOHMHEHEET
HDENREINT,



ct NH,CI treatment

a2 3 4 2 3 4

Rh RS Rh RS Rh RS Rh RS Rh RS Rh RS Rh RS Rh RS

TRIMSa

socs1 ' . o @

X 3 TRIMbald MR ERSENbBREBI N

293T M A3 i RhThoa ¥ B 7 7 A I F %
Transfection L., 24 KFfE#2>5 overnight T
NH4Cl uB % 4T > 7= 1%, M@ % cell compartment
kit \z T, MERE (1. E (2), #% (3). #ia
B (4) SEICSTHIE U, Transfection I3
RhTHa #7523 NEM (Rh) K SOCS1 %
H7T A3 K& D cotransfection (RS) & 1TV,
SOCS1 D#REMT LT, 777 va vy EERT
WY EICREEERIOMEL., BENEICELT
D, FURIEREZBETHZ LN TER
Do lz o HEIRED 1/10, #53 L% 106 Mlasy o
B KB TV B,

2.2 TRIMb50D RTEIZ B3 D gt

RhT5ald 7 v s 7 J — LAFEKFEN 72 Gag
Do R % FHES 5, NHAC] TR 5 Z &
T RhThall#FE I L7z Gag DN IEE
STe X IR A 7c—7 T TRIMbadD /N R
DHEEZRD T, TNEMITT DD
NH4Cl DR RO MaD % )7 B %
Mg, . . MiagEo 47573
T CEE L, TRIMb5a® fRTE % i~
Tz, FORERE, NH4Cl LEIZL - THEX
7= & 9T R 2 Tz TRIMbal i B # 5y
B2 5 &, TRIMbak &0 Bl 1338
Honhole (K3), ZNHLDHRLY
TRIMba®D BIENF DHFL Y A )V ATEMEICE
BCTHDHI ENRBRENT, TRIMSa% 5
B L TR LIBE . MIRE Chiri&
DIEEZTBRTHZ R MbNTEY,
A RNTTXIvIRT 4 EIFEND, ZD
YA NT TR v IRT 4 DIRKAE L EA

FREDR OHEBEEZR~2 72dic, kLY
A NTIFTRXIvIRT 4 B L2NWER
BEER L, £, YA N TFF7XIv 7
AT 4 OFEIZIE TRIMbaH D U v H—2
PN EETHDZ ERHMLN TV D,
ZDE S E v Mu LI EREEH - 1o
L7co FRILEZEREIENY A N TF7X
TV IRT AN EEZ R LR, BRI
R L 25 bDE otz o, Z
O DOEREKTVT LS HIV-1 EA REFS
MER LTz, —HT. Vorh—2 @Ekre
NMb L7 KPETFP Tix# A h 77X
7 RT 4 IR T 5 b OO HIV-1 EATRE
EEERE o7 (K 4),

2.3 SOCS1 O ROFER EMEDBRFT
HuT50it b SOCS1 OBRIFEHRIC L 54y
fEFE L Z TR o, T ONETFHEMN
RhTha#Z bt MEEANTHWASHEIZ X 5EIK
BRIRTHDIONERTTH7DICT A
7%V sk FRhK4 g L v SOCS1 % 7 »
—=7 L, FOMRERF Lz, v K,
TATFALNTRO SOCS1T ZAWEEES
T RhTHaD 3558 & 41, HIV-1 EA
HIBNTD Gag DEDOHEMEZZTRD =2 Lo
5. AR CEIE S L TRIMbad 0 fEdh
T RhTSalixtd 2R EHNRRIETH D
Z e (M5),

3.83 %8

WEAEFE AR SEIC B W T HIV-1 OEAICEE
e EI R FFOEERT L LCRE S -
HEARA D S3 # /X7 B D HIV-1 FEEAITXf




TRIMS5a L2ZEREDHIV-1 E£EBEFME

L2 $E8
236-300aa

phiread
TRIMSq —CRINGD Cee )—< B30z >

cytoplasmic &

266~277aa body B¥
+*KPKTFHKNQRRV: - SWT o o
AAATFHKNQRRV : KPK x x
KPKAAAKNQRRV : TFH o] o)
KPKTFAAAQRRY : HKN o} o)
KPKTFHKNQAAA : RRV x x
KPETFPKNQRRV : KPETFP
KPETFPKNQRRV : KPE
KPETFPKNQRRV : TFP
C < N
& & & g gk
& & D woa
FEEEFLEEE e SEZEEE oo ,
zjee-_-s!* 100000 ———— oo R
- e - - - — - - 1
2 10000 HA 3 10000 -
1000 ﬂ 1000
: 100 i o M H B B N
) o R &

B 4 TRIMba} A4 I XI v I RT 4 HRELEABEDOHERE
(A) ABFZEICBWTIER L2 Y o —2 (L2) fEOER RhT5aDENK &7 I 7 @A 27 LTz,

FREXBMERESINTWEY A N T XI v IR T A REESIOFE L HIV-1 2 A%EEEN (REYE
E) LOFEERZFE LD, RETCEPNEERERT I Ay VEFFETENNZERMEITIE Me
SNTWBZ EETRT, B) ERLAEEZEERRICIDZYVA NTTXI v I RT 4 B EREREBTHRITL
Too B3RV EEPHARE COBEBGREY, TEN UV BEROBREREZRT, &2 FITC 7L Ihi-
T RHUEE AV TRIMbad fitH8 % F 7% Hoechst (2 & 2 e g T2 R d, (CandD) {ERIL7ZZER
BORBRTF v 7 & HIV-1 EAREEREZRT, 7720 A%y LICED L2 EEK (C) e MEEE
& (D) % 293T MH2IZ Transfection L T 48 BFf DR BERZ VT AZ T oy MITRH L, Zh
LERMKFEE T T A I F& pNL4-3 & co-transfection L., 48 BFfE#E DEA S N= 7 A LA E% TZM-bl
ToBAICTEE L, 77 713MSL L7z 3EIOERE RO A BHERFZE L & HITRT,

T HEREBNDENT 2 ED T, ZTCAROBEEMEIC L VTV T AilEBk
LEMIEEZAWTREORREZED Z &7
3183F L VB v I E Y DERDM TE 200 %Kit Lz, MT4 #ifaz A,
e ke A DR ET F MBI K A BIREEZRFTT A 7201,
RIEEE TOMERRLY S8 2/ v 7% 293T ML & FERICEEMRTH 5 Hela
VUt AZEICEVHIVIT VAT T AR HifE 2 V7o, MT4 A2 Tl siRNA EA
K RNA (US-RNA) OERBOTHZ N TIH S XUV EE) v I8 T52
BN E o T e, HIV-1 EALMia & EDRTET, £72 shRNA EHY A L AN
LT 293T filax AW RThH-7, £ 7 —DREETS /) v 7 Y U EBORN




NL4-3 + + + + o+ o+ + o+
RATSa-HA — + + — — + + —
SOCS1 ~ = HH -~ - RR

TRIMSa

p24

$0CS1
(A156)

GAPDH ﬁmﬂ**” -

5 SOCS1ick?2 RhTob OBBEOBERR
OB
293T #§al= pNL4-3, RhT5aHHE 7523 N, &
e b (H) bLLET7TAHFHF L (R) @ SOCS1
FIT 5 X I K& co-transfectio L., 48 FFf#%IZ
RhTha OHRBEL VT AZ T oy MITHEITL
Te. 2B, BWAFESLO SOCSL fifk (A156)
BT B 7Y SOCS1 T AN ARETH-
7=7=% SOCS1 121X RhTha & [EIFRIZ HA # 7 25t
MENTRBY HABRH Y ZRZ > Tay o T
EREBICBRHEERLTWS, £, ThFThor7 o
A2 REEEAR\Wa 2 b —/L® Transfection
(=) TIX pcDNA3.1 % i T Transfection DNA
DREBEEESDETCND,
- 77 .— 77 T Nucleofector # AV 7~ shRNA
KRBT TAIRDEAIZL-T S3 #
TED ) v I XTI L, AuniEge
TOHIIZINT 293T #AE & R DR R
B, S8 X7 ElX HIV-1 v
ANWABELAICEETHDZ LM ERFE
iz (XM6), 4E., SupTl Mgz HAuviz
BateR AN, AFRICHABELZ2To
shRNA {Z 5T transfection %12 S3 #
NI E mRNA L~ LD FRZEBDH 728,
ERIZCAWDZ ENTERhoTm, Fi-,
TEGTI MR TIX/ v 7 & U U ZECHITH

JapEATLEN, /vy 7 ¥y o Hifant

DITANAEREIT) Z ENTERPo T,

3.1LTR ' E—F —iEHMEICx3 5 2%
TSI FUNRIENR LTR O mE—4
—{EMEICBE ST SRt A mE Lc, £72.
LTRIZR & F— xR 285/ + & L T
TWAHAREMEEZE 2, CMV 7 aE—& —,
WX DB B RIFFIC
B L& L, LTR, CMV 7’12 E£—%
—. EFla”mE—% =D FRIINV T =5
—PEHBALLZLAR—FZ—TFT I R
3 1ZXxF¥ % siRNA % co-transfection LT
48 FFEIBIZ NV v 7 = T —BIEEZRIE L
feo AW LR—2—75 23 R LTR.
CMV 7> 5% Firefly luciferase %, EFla
725 (% Renilla Luciferase Z#5H 35,
Tho7eEt—4—2HWHETH, S3
D) ITT ML TNV T =T —EE
HEOFBERETEIRD N7 (HT),
PLEX Y US-RNA O/ TG RME%IC
BZAORGTH D Z LPRR SN,

EFle7 ot —4%—

3.2 Tat ITXf4 28 &

HIV-1 LTR %27 mE—4% — L3 5851
HIV-1 OFFHR -+ TH 5 Tat OE & THE
T 5, £Z T Tat OHREIZ S3 BLETH

LR E B 2 Tat MBEHR T TOLHR—F

—7 A BiTol, Tat I X AHERIG
PE=FZ—F57-DIZ LTR 7 HEEHREH

WHEHL, FERM, Nef 07 L— LIV T =
7—¥%2— K72 NLLuc %L HR—F—
ELTHWE, =3 he—)LsiRNA #
e, Tat OPRICLOINT T =2TF—F



A mRNA levels: $3/GAPDH B Hela shRNA stables
0.0012 120
0.001 100
0.0008 80
0.0006
3 60
0.0004 ®
a0
0.0002
20
0
Hela Hela Hela Hela Hela Hela 0+
LKO 205 206 207 208 209 LKO sh205 sh206 sh207 sh208 sh209
c 53 mRNA in MT4 D MT4 shRNA transient
120 250000
00 200000
20
e -, 150000
5 o0 E
* 100000
40
20 50000
0 0

LKO $h2055h2065h2075h2085h209 LKO sh205 sh206 sh207 sh208 sh209

HMeS3x v R_R2E /v 7 ¥y DHIV-1EA
B3 RoMBEREORR

(A) HeLa fifaz AW THISLL=83 /v o7 &
VHIBTHRBR LTS S3 AU EDL L E
BE LIz, Z 72083 2 o 0 el
BERPUEII AT LI22S, WFEMED S3 ¥ V37 B ik
BMHTERVWLDTH- 720, BREIX mRNA
BLLTRLE, S3 OmRNA RWiERE5E%, €2
PCR CHIE L. AUV 7 ilgdEhd GAPDH
OmRNA L~ ik »C/—<F A4 ALk, (B)
S3 /v 7 &1 HelLa M8z pNL4-3 %
Transfection L 48 BFf#% ICH5E EFEPICELE SN
A VAN E TZM-bl filaz AW TEE L=,
75 TIIMIL LTz 3RO EBREROEY & EER
EL L HIRLE, (C) MT4MRICBITS ) v o
A RO R, MT4 filg Tl shRNA ¥ 7
5 A3 F#% nucleofection 52 & T, —ifafko
S3 v EF TR LT, Nucleofection @ 48
BRI Total RNA # ., S3 #2387
ZOmRNA [T¥EzE%, £2 PCR THIEL., [
CH o7 izgEnsd GAPDH @mRNA L ~L
ko T/—=74 X L7, (D) Nucleofection (Z
XV S3 lxx+ 5 shRNA BB 7T 23 F ¢
pNL4-3 % co-trabsfectin L7z, 48 BFfil{%ic5z2 F
ERIZEA SN YA NV ADNEE TZM-bl #ia
W TCEELEREREZRT, B, (C) & D) &
FUESBMLEEY L FATHY . EHEOER
XYV REoEBRIELNLT W DA,
nucleofection DEHRIT L » TEBRZ L IZEHEDIE
HOTMKRENEDRENRT —FEFTH L,

HRBIIER LN, S3 X RIEE ) v
7 H T 5 E Tat ZREIHBEIE5HE
ThbNV V7 =7 —BiEWD Tat FEFET &
FREE Mz b (K8), LoTTat
DOHREICE B o LR ENT,

3.4 Rev OHEEIZB4 D%

HIV-1 US-RNA Z7 A1 L AHEROFHIRA
T Rev DB XL > TART T REFIT 72
WEFAA~REIND, Rev (T HIV-1
RNA Lk, Env ® ORF FIZIFET D rev
responsible element (RRE) #38#% L . RRE
> RNA OZEWE BT 52 LR/ b
nNTnwa, AMERCHAWELR—Z =772
I R BEEEN5 RNAICIE RRE B E %
NTN572%, Rev DFEL MRS 5 &
[ETERV, £ZT, Rev OBREBIET
B D VR —F —EBR 2 BEDOIME
S EITHE L Rev OBREICET % S3 #
PRI EOEEN T Lo, FRLIZ LR —
Z—X CMV 7' r£—4#—0 T HIV-1
Tatox= 7 V1. A bhry, =7V 2
ERL, AV bRrVORTIIN YT =T —
¥ &AL, £72.RRE Xt 4 HIV-1 Tat
DAY hrUHRICFEEL, TNEFALT
W5 (M9, ZTOLVR—F—REFHNS &
Rev JE/#7E F Cik Tat 83 L. Rev F1E
TTORNY 7 =T —ERERT D, Z0O
& & siRNA @ co-transfection (Z X - T S3
Z NI BEORBEEMAENTHE, VA
—H¥D Rev OB & 28 50 %FEE £ T
SNDHFENRGMY ., Rev OB ICEEZRA
T Th HARMEN TR I (9),

3.5 7o E—& —FKFHRIEA

S8 & XU B DREN Tat, Rev & HITR
SNy, TeE—%—, RNAEFI~D
KEEZBRETT A0, CMV 7’2 E—F —
O TRz HIV-1 ® RNA O K8 =2— K




LTR-luciferase
200
180
160 -

CMV-luciferase

EFla-Renilla
luciferase

140
g 120
= 4
% 100
® 80

60

40 m

46

0

siCt sil si2 si3

siCt sil si2 si3

K783 /v 78y ORI a®e—F—I
EKELZWL

293T #MiflZ LA R—Z—& LTLTR, CMV Yo%
— X —{R7F Firefly luciferase #H77 2 I F, b
L <% EFla 7 2 & — % —{&1F Renilla luciferase
BHASIAINRE, Frxz 72/ F—L LTS3 %
YR BIZH T B siRNA (sil, si2, si3) %
co-transfection L 7=, 48 BFfH1% 12 Transfection &
NIMEANOLVY 7 =T —BiEEERITE L, &
NN T T = T —BIEEITEmE RO 7 %
VEREFANCT /) —~TF7 A X L%, 2 b
— /L siRNA (siCt) ZHW=#ER% 100% & LT,
TeE—F—[ETORENTELLIICHEAEL
oo 7570 3 MOMSL L 7-EBRRE RO 2 1E
HERZE L & BHITTRT,

ENTANR=T T A Kb O Gag FEIHR
WCBITD S3 X RXIB) v FT DR
BAEFH~T7-, siRNAIC LA S3 ¥ "7&
D) T EDNCL ST, 7oA NAT
FAI Fb D Gag BHEMAIK T L, FEEIC
QFED~NIR—T T ZAI Kb D Gag HBH
DK TZ5BH7= (K 10), ZnbHDERK
VS8 % v XU BDEENIRNA OEFIZHK

F3 o2 LRI,

4. ZOMAFOEENRA I ) —= 7

EEEZTORAT U —= 7T k- THFA
EATHWBEERFOMIZ, KIFNEVE
DIIAER D DRV IABZITV, B2 D
BERYOREEZRART, (KE7 v 3T
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Currenthuman immunodeficiency virus type 1 pandemic is believed to originate from cross-
species transmission of simian immunodeficiency virus (SIV) into human population. Such
cross-species transmission, however, is not efficient in general, because viral replication is
modulated by host cell factors, with the species-specificity of these factors affecting viral
tropism. An understanding of those host cell factors that affect viral replication contributes
to elucidation of the mechanism for determination of viral tropism. This review will focus an
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INTRODUCTION

There is significant evidence that the ongoing worldwide acquired
immunodeficiency syndrome (AIDS) epidemic was caused by
cross-species transmission of simian immunodeficiency viruses
(SIVs) into the human population. Replication of primate
lentiviruses in their natural hosts is generally non-pathogenic;
however, cross-species transmission of these viruses can result
in highly pathogenic phenotypes. How and when this transmis-
sion occurred is still debated but it is now generally accepted that
HIV-2 originated from a sooty mangabeys strain of SIV (SIVsm;
Hirsch etal,, 1989; Chen etal., 1996) while HIV-1 appears to
have originated from a chimpanzee strain of SIV (SIVcpz; Gao
etal., 1999). Zoonotic transmission of SIVs, however, is not
common and is controlled by host factors that generally pro-
hibit SIV replication in human hosts and many human-derived
cell lines.

Viral replication is modulated by host cell factors, with the
species-specificity of these factors affecting viral tropism. Some of
these host factors can restrict viral replication and the anti-viral
systems mediated by such host restriction factors, termed intrinsic
immunity, play an important role in determining species-specific
barriers against viral infection. For instance, Fv-1 in mice isknown
to restrict replication of a murine leukemia virus (Rein et al., 1976;
Gautsch et al., 1978; Towers et al., 2000) and tripartite interaction
motif 5o (TRIM5a) recently has been found to be responsible
for restricting HIV-1 but not SIV infection in Old World monkey
(OWM) cells (Hatziioannou et al., 2004b; Keckesova et al., 2004;
Stremlau et al., 2004; Yap et al., 2004; Song et al., 2005; Ylinen et al.,
2005). Restriction of retroviral replication by these host cell fac-
tors takes place after viral entry, but before the integration step,
and the viral determinants for this type of restriction have been
mapped to the capsid (CA) protein (Gautsch etal.,, 1978; Kozak
and Chakraborti, 1996; Towers etal., 2000; Goff, 2004; Stremlau
etal., 2006). Two recent studies showed that the cellular protein
SAMHDI1 is myeloid-lineage cell-specific HIV-1 restriction factor

of the mechanism that may explain zoonotic transmission of retroviruses.

Keywords: HIV-1, SIV, APOBEC3G, TRIM5c, cyclophilin A, cyclophilin B

counteracted by Vpx proteins from HIV-2 and SIVsm (Hrecka
etal., 2011; Laguette etal., 2011). Restriction of lentivirus infec-
tion by SAMHDI is likely to take place at the reverse transcription
step. Another anti-retroviral protein, tetherin (also referred to as
BST-2,CD317,0r HM1.24) inhibits retrovirus release and is antag-
onized by HIV-1 Vpu protein, Nef protein of many SIVs, or Env
protein of HIV-2 (Neil etal., 2008; Le Tortorec and Neil, 2009;
Zhang etal., 2009). Understanding how host cell factors affect
viral replication, positively or negatively, would contribute to elu-
cidating the molecular mechanism that determines viral tropism.
Here, we discuss an anti-viral effect of ApoB mRNA editing cat-
alytic subunit (APOBEC), TRIM5«, and cyclophilins (Cyps) on
STV replication.

APOBEC: ENZYMATIC RESTRICTION FACTOR THAT

TARGET RETROVIRUSES

Replication of HIV-1 in primary CD4+ T cells, monocyte, and
some immortalized T cell lines depends on the presence of the
HIV-1 accessory gene product, Vif (standing for virus infectiv-
ity factor; Fisher etal., 1987; Strebel etal., 1987), and it works
in a host cell-specific manner. Vif is required for enhanced HIV-
1 replication in some cell types called non-permissive cells. In
contrast, HIV-1 replication is Vif-independent in permissive cells
(Akari etal., 1992; Fan and Peden, 1992; Gabuzda etal., 1992;
Blanc etal., 1993; Sakai etal., 1993; von Schwedler etal., 1993;
Borman etal., 1995). Recently, some cytidine deaminases were
identified as a new class of host restriction factors that target retro-
viruses such as HIV-1 or SIV (Harris and Liddament, 2004; Cullen,
2006). APOBEC3G (Apo3G), a member of the APOBEC family of
cytidine deaminases, is the first identified enzymatic restriction
factor and the determinant that makes cells permissive or non-
permissive. Apo3G is also a host factor that restricts replication
of human and simian lentiviruses in their respective target cells.
Unlike TRIM5a or Fv-1, Apo3G does not exert its anti-viral activ-
ity by targeting the viral CA protein, but it has to be incorporated
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into a newly synthesized virion during a production step, and then
inhibits virus replication by targeting single-stranded viral cDNA
during a subsequent infection step. HIV-1 counteracts Apo3G with
Vif expression. During the production of progeny virions, Vif
binds to Apo3G and induces Apo3G’s proteasomal degradation,
resulting in the decreased steady-state levels of human Apo3G
(hApo3G; Yu etal., 2003).

There are several anti-retroviral mechanisms of Apo3G against
HIV-1 infection. First, Apo3G-containing virus can accumulate
in a large number of substitutions that register as cytidine (C) to
deoxyuridine (dU) in a virus minus-strand during reverse tran-
scription, resulting guanine (G) to adenine (A) mutations in a
viral plus-strand, known as “G-to-A hypermutation” (Harris et al.,
2003; Lecossier etal., 2003; Mangeat etal., 2003; Mariani etal.,
2003; Zhang etal., 2003; Yu etal., 2004b). Second, Apo3G can
inhibit tRNA annealing or tRNA processing during reverse tran-
scription (Guo etal., 2006, 2007; Mbisa et al., 2007). Third, Apo3G
inhibits DNA strand transfer or integration (Li etal., 2007; Luo
etal., 2007; Mbisa etal., 2007). Although Apo3G has the most
potent anti-HIV-1 activity among the APOBEC family of proteins,
another member of the family, APOBEC3F (Apo3F) was shown to
inhibit HIV-1 infection in the absence of Vif (Bishop etal., 2004a;
Liddament etal., 2004; Wiegand etal., 2004; Zheng etal., 2004),
whereas APOBEC3B (Apo3B) can inhibit HIV-1 infection in both
the presence and absence of Vif (Bishop et al., 2004a; Doehle et al.,
2005; Rose et al., 2005).

Although we can imagine the broad range of anti-retroviral
activity of APOBEC family because APOBEC proteins from
non-human species can also inhibit HIV-1 infection (Mari-
ani etal., 2003; Bishop etal., 2004a,b; Wiegand etal.,, 2004;
Cullen, 2006), the Vif-Apo3G interaction is thought to be
species-specific (Simon et al., 1998; Mariani etal., 2003). Accord-
ingly, hApo3G is insensitive to SIVagm Vif while African green
monkey Apo3G (agmApo3G) is insensitive to HIV-1 Vif and
the determinant of this species-specificity depends on amino
acid 128 of hApo3G and agmApo3G (Mariani et al., 2003; Bogerd
etal., 2004; Mangeat etal., 2004; Schrofelbauer etal., 2004; Xu
etal., 2004).

However, such species-specificity is not strictly controlled,
for example, a report from the laboratory of Klaus Strebel
demonstrated that STVagm Vif supported replication of SIVagm
virus in the hApo3G-positive human A3.01 T cell line (Takeuchi
etal., 2005). Replication of vif-defective STVagm in A3.01 cells
was severely restricted, resulted in an accumulation of cyti-
dine deaminase-induced G-to-A mutations in STVagm genome
(Takeuchi et al., 2005).

Moreover, two independent groups showed that the differ-
ent APOBEC3 family members function to neutralize specific
lentiviruses (Yu etal., 2004a; Dang etal., 2006). One report from
the lab of Dr. Nathaniel R. Landau showed that APOBEC3B and
APOBEC3C were potent inhibitors of SIV (Yu etal., 2004a). Both
enzymes were efficiently encapsidated by HIV-1 and SIV. Another
report from the lab of Dr. Yong-Hui Zheng demonstrated that
APOBEC3DE blocked the replication of both HIV-1 and SIV but
not that of MLV (Dang etal., 2006) and APOBEC3H inhibited
the replication of HIV-1 by a cytidine deamination-independent
mechanism (Dangetal., 2008). These findings raise the possibility

that the various APOBEC3 family members protect against dif-
ferent lentiviruses and point to a possible role in the zoonotic
transmission of SIV.

TRIM5c:: FV-1-TYPE HOST FACTOR RESTRICTING

HIV-1 IN PRIMATE CELLS

The host protein which dictates Ref1 activity was identified as an
a-isoform of rhesus macaque TRIM5 protein by the laboratory
of Dr. Joseph Sodroski (Stremlau etal., 2004). TRIMS5 is a mem-
ber of the TRIM family of proteins, and has RING, B-box 2, and
coiled-coil as common and conserved domains among the family
and B30.2 (PRYSPRY) domain on its C-terminal region (Nisole
etal.,, 2005). Subsequently, the human and non-human primate
homologs of TRIM5a were shown to restrict retroviruses, such as
N-MLYV, and equine infectious anemia virus (Hatziioannou etal.,
2004b; Keckesova etal., 2004; Perron etal., 2004; Yap etal., 2004;
Song etal., 2005; Ylinen etal., 2005; Si etal., 2006). Rhesus mon-
key TRIM50 (rhTRIM5a) has strong anti-HIV-1 activity but only
modestly restricts SIV isolated from a macaque monkey (SIVmac)
and does not block MLV infection, whereas its human homolog
does not restrict HIV-1 infection.

TRIM5a recognizes incoming viral cores, but nota monomeric
CA protein, thorough its B30.2 (PRYSPRY) domain. B-box 2 and
coiled-coil domains are required for TRIM5a multimerization,
and both coiled-coil and B30.2 (PRYSPRY) domains are essen-
tial for viral core binding (Reymond etal., 2001; Stremlau etal.,
2006). TRIMS5a captures HIV-1 core at a very early step(s) after
infection, immediately after the release of the core into cyto-
plasm. To restrict HIV-1 infection and to recognize viral core,
TRIM5a must oligomerize through its B-box 2 and coiled-coil
domains (Mische etal., 2005; Li and Sodroski, 2008). Its RING
domain has E3 ubiquitin ligase activity. It self-ubiquitination
occurs TRIM5a is quickly degraded (Diaz-Griffero etal., 2006).
This rapid degradation of TRIM5a is not required for post-
entry restriction since replacement of TRIM5a RING domain
with the corresponding domain of TRIM21, which has lower
self-ubiquitination activity and a longer half-life than TRIM5a
did not alter the anti-viral activity (Kar etal., 2008). Recently,
the laboratory of Dr. Mark Yeager discussed a novel architecture
made with dimers of TRIM5-21R. TRIM5a-21R forms a dimer
through its B-box 2 and coiled-coil domains, and these dimers
form six-sided rings on CA lattices to promote rapid core disas-
sembly (Ganser-Pornillos et al., 2011). Overexpression of TRIM5a.
leads to the formation of cytoplasmic bodies and is believed to
be required for its anti-viral activity (Stremlau etal., 2006; Camp-
belletal.,2008). During TRIM5a-mediated post-entry restriction,
disassembly of viral cores is induced too quickly and the accumu-
lation of viral RT-products is reduced (Stremlau etal., 2006). On
the other hand, MG132 treatment inhibited quick-disassembly,
yet HIV-1 infectivity was still restricted. Two reports showed that
TRIM5a could block not only viral cDNA accumulation but also
the nuclear import of viral cDNA (Berthoux etal., 2004; Wu et al.,
2006). Thus, TRIM5a-mediated post-entry restriction is thought
to have at least two phases: (i) TRIM5a induces rapid disassembly
of viral core in a proteasome-dependent manner and (ii) TRIM5a
degrades HIV-1 ¢cDNAs in a proteasome-independent manner.
The determinant of specificity and magnitude of the post-entry

Frontiers in Microbiology | Virology

April 2012 | Volume 3 | Article 162 | 2



Sakuma and Takeuchi

Receptorindependent SIV tropism

restriction lies on B30.2 (PRYSPRY) domain. Previous report
showed that TRIM5a alleles did not cluster by species between rhe-
sus macaques and sooty mangabeys and none of the alleles from
either species restricted SIV, suggesting that there is little effect
of thTRIM5a on transmission of SIVsm within species (New-
man etal, 2006). Recently, Pacheco etal. (2010) reported that
New World monkey (NWM) TRIMS5q restricts foamy virus infec-
tion. Another consideration is the clinical significance of TRIM5a
against AIDS in human. Moreover, several reports showed that
the efficacy of TRIM5a-mediated suppression of HIV-1 replica-
tion might interfere with disease progression of AIDS in humans
(van Manen et al., 2008; Cagliani et al., 2010; Takeuchi et al., 2012).
Thus, TRIM5a-mediated restriction may be a multi-step process
in retrovirus replication with the relationship between other host
factor(s).

Recently, the lab of Dr. Yasuhiro Ikeda reported that rhesus
macaque TRIMS5a also inhibits HIV-1 production by inducing
the degradation of a viral precursor Gag protein (Sakuma etal,,
2007). To restrict HIV-1 production, amino acid residues in
B-box 2 and coiled-coil domains dictated the specificity of the
restriction. In the late restriction, the accumulation of HIV-1
RNA was not affected but the accumulation of precursor Gag
was inhibited in an ubiquitin—proteasome-independent man-
ner. This TRIM5a-mediated late-restriction is still controversial
(Zhang etal., 2008), yet it is conceivable that TRIM5a restricts
HIV-1 infection and production in two distinct mechanisms.
Although TRIM5a restricts HIV-1 infection in a broad range of
cells, its late restriction involved transient overexpression (Sakuma
etal.,2007).

Here is another notable class of the TRIM family called TRIM-
Cyp isolated from NWM. A report from the laboratory of Dr.
Jeremy Luban demonstrated that owl monkey cells express TRIM-
Cyp that restricts HIV-1 infection (Sayah etal., 2004). Although
TRIM-Cyp has a cyclophilin A (CypA) sequence in its C-terminal
region instead of B30.2 (PRYSPRY) domain that dictates the
specificity and the magnitude of post-entry restriction in OWM
TRIMS5a-mediated post-entry restriction, it recognizes incoming
core structure and restricts HIV-1 infection (Stremlau et al., 2006).
Recently, TRIM-Cyp mRNA was also detected in a rhesus macaque
cell, and overexpressed rhesus TRIM-Cyp restricts HIV-1 infection
and production (Newman et al., 2006; Brennan et al., 2008; Wilson
etal., 2008; Dietrich etal., 2010).

Unlike other restriction factors, there is no known accessory
gene product of HIV-1 to antagonize TRIM5a-mediated restric-
tions. Indeed, human TRIM5a has only a modest restriction
activity against HIV-1 infection. TRIMS5 proteins from several
NWM species restrict infection by SIVmac and SIVagm (Song
etal.,, 2005). This suggests that TRIM5a could be a key molecule
of the species-species barrier.

CYCLOPHILINS: HOST FACTORS INVOLVED IN

RETROVIRUS REPLICATION

Cyclophilins are ubiquitous proteins and first identified as the
target of cyclosporine A (CsA), an immunosuppressive reagent
(Takahashi etal., 1989). CypA has proline-isomerase activity that
catalyzes the cis—trans isomerization of proline residue (Fischer
etal., 1989). The binding of CsA to CypA inhibits this isomerase

activity (Takahashi etal., 1989). In retrovirus replication, CypA
was found to bind HIV-1 CA in the yeast two-hybrid system
(Luban etal., 1993). The sequence Ala88-Gly89-Pro90-I1e91 of
CA protein is the major fragment bound to the active site
of CypA (Franke etal,, 1994; Gamble etal, 1996; Zhao etal,
1997). Interestingly, The peptidyl-prolyl bond between Gly89
and Pro90 of the CA fragment has a trans conformation, in
contrast to the cis conformation observed in other known CypA-
peptide complexes (Zhao etal., 1997; Bosco etal., 2002), and
Gly89 preceding Pro90 has an unfavorable backbone formation
usually only adopted by glycine, suggesting that special Gly89-
Pro90 sequence but not other Gly-Pro motif is required for
the binding of CA protein to CypA. Therefore, CypA might be
likely to act as a molecular chaperone but not a cis—trans iso-
merase (Zhao etal., 1997). However, one report showed that
CypA does not only bind CA protein but also catalyzes effi-
ciently cis—trans isomerization of Gly89-Pro90 peptidyl-prolyl
bond (Bosco etal., 2002). The relationship between the Gly89-
Pro90 bond and catalysis of cis—trans isomerization by CypA
remains unclear.

It has been well established that CypA promotes an early step
of HIV-1 infection in human cells (Franke et al., 1994; Thali et al.,
1994; Braaten etal., 1996a,c; Franke and Luban, 1996; Braaten
and Luban, 2001; Sokolskaja etal., 2004; Hatziioannou etal.,
2005). CypA is efficiently encapsidated into HIV-1 produced
from infected cells through interaction with the CA domains
of the Gag polyprotein and disruption of CypA incorporation
into virions by CsA or HIV-1 Gag mutants caused a decrease
in replication efficiency (Franke etal., 1994; Thali etal., 1994;
Ott etal., 1995; Braaten etal., 1996a; Bukovsky etal., 1997; Ack-
erson etal., 1998; Braaten and Luban, 2001). It is still unclear
how CypA is efficiently packaged into HIV-1 virion, but several
reports showed that both dimerization of CA and multimer-
ization of CypA are required for efficient interaction (Colgan
etal., 1996; Javanbakht etal., 2007). Although CA-CypA inter-
action is required for infectivity, the important point is that
CypA interacts with incoming HIV-1 cores in newly infected
target cells rather than during HIV-1 budding from the virion
producer cells, indicating that target cell CypA promotes HIV-1
infectivity (Kootstra etal., 2003; Towers etal., 2003; Sokolskaja
etal., 2004).

CypA-dependent virus replication is only limited to retro-
viruses which encode CA that binds CypA. In fact, only those
retroviruses are dependent upon CypA for replication (Luban
etal., 1993; Franke etal., 1994; Thali etal., 1994; Braaten etal.,
1996¢; Franke and Luban, 1996). These observations suggested
that CA—CypA interaction might contribute tropism determinants
for retroviruses. HIV-1 infection in non-human primate cells is
blocked prior to reverse transcription after virus entry (Shibata
etal., 1995; Himathongkham and Luciw, 1996; Hofmann etal.,
1999; Besnier etal., 2002; Cowan etal., 2002; Munk etal., 2002;
Hatziioannou etal., 2003; Towers etal., 2003). This restriction
is thought to be the same step in the retrovirus life cycle where
CypA works (Braaten etal., 1996b). Indeed, analysis of CypA-
binding region of CA with chimeric viruses of HIV-1 and SIV
showed the viral determinant for species-specificity (Shibata etal.,
1991, 1995; Dorfman and Gottlinger, 1996; Bukovsky etal., 1997;
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