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Y EZnpo] gl At ulo] & o3 SFA| 22 §-3te] & & Al U] 2 Fo] 7k Moloney -2 E 2 1} o
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HEZnlo]e]2o] 3L nlole| 2 st Pt o] A2
gl glolgismt Alo]e] §3HE FAFoZ dojdti(l, 12, 26).
HEZnto|ai~e] Ut FriwlEo A (precursor molecule)Z
Aol = o] o] g (heterodimer)7} 33 (trimer)= A3}
ofe} gehld A7 AEe] Z2EjobAle] ojs) s v
A(SU: surface protein)@} = (TM: transmembrane protein)=.
wrolzith sue 489t Afehs #9131 TMS e ds
ool 314 Al7)E HEs FH2, 7).

ot upole] o] AE the g3t 71Xl el ST
2} vlolg 2 2 A9e 22 pH7l 8 X Al7lE A
ojthy. BlEREnlolg2E F4 pHOllA g8t dojv=tl 718
T3 FXRMA = A 9ke] Ajtolt). 8- 9e] A 2
g gkl el 5 Wl AZle R o] Q19 fusion peptide
E o R wF AJA 9 §Ho] YoUES FEgth4).

nlelE 2 2 Fo] ERehs S o3 2F 32 nfo]
21229 39S 1.8 Wt o} thekst 27istol A AlE-HE
7t &3S vliZlske] A (syncytium: multinucleated giant
cel)ES FA3the, 18, 20). U2 HEZHFo]Z 2] Moloney
murine leukemia B}0]2]229} Friend murine leukemia B}o]2]2~2]
AR F S84, D86, W1022] 37) ofm|icate] =89}
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Agste oz g om g7 AT A Friend
murine leukemia B}o]212~9] $849} W1029) o}w|:=4t Wslr} g
ZA| FA #odte BoE KBl Flon, o gk
EdHo] B ofUe} &A1 Ut FEA B TS
w|zITkaL 2 A UTH3, 8, 9, 24, 27).

AxA FAe 271A 71Fel oate] dojue Aoz A
e el Hlgo] 27)9] MEe} FAl §8-S AU
(fusion from without) H}o]2]2~ol] ZdE] o] nlo|a]x el
AS AEFH TEsh= AE7F A e o] A}
S &3l=(fusion from within) 73-$-°]th21). & fusion from
without& Blo]#]2=9] Byl HQ ¢l ¥HHo| fusion from
within 712k Blo]8]229] Env 327} W= oo} g},

ojd FE=ZnloleroME §R7IZMS FEA 2] AFFo=zrt
ARsh7dle S3sA &t vz gERutole] =] B9 7§
Ao} Agtstrlel 9 R SEto] =7} G Eolok dHrh(14, 22).
R JEPo|=v rle-2HEZnfo|g oA X3 #F=A oM 1}
olg|2 ZREJolA|d o3l HuE= TMS] 7I25A] TE 1671
ol ks XA datE= 9ol AR ZES Ao s
A A== R HElol=r) gl AZS MLV o2 ehilds o
2 nlojg]x vl glo] F8AE 71 Ao wdshH &
AZAE FAg o]Z 0= R JEo]=r) gle oY Thld e
R o] =5 7F o9 phA R v §3ksE o] F71E o] 9l
o= 2S¢ F Atk S R Jelol=rt 2 g9k elshe
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(15), §35o] gl ozt whuldo] FEAE Bl Hlole)
22 A= AEE APEA 7)) e A
ZE WaiA o §3 592 A Aol st
& o 3tk R JElo| == nlolg2e] s 3 F1t 50% ©]
ste] a&% dused doE TMS MuLve] HlgeA 1
AL R e == core BRHA|SF AjtE o] AlEA
= Aoz 4HA o D-type BlEZHIo]2| Q] Mason-Pfizer
monkey virus, equine anemia virus, gibbon ape leukemia virus,
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spleen necrosis virus, porcine endogenous retrovirus 52| ]2}
Tl Ao M %z R FElo]= Edo] §9& FX A7 Zlow v
3 TH22).

HEA AT slet gaido) wjolelz gl 7oiSol
ZF wjo] R Jefol= Aok H9jol] EAJslE ofn|=Ake] 7)5-S
B18)7] 915 Sdwold ook Bula e BEAY R Hejol=r}
AgE W o] o A AEAZ 90 g A7} o)Fo]
AL ATk(13, 23). HZ AgollA= R FEo|= "] Su-
™ 23] 5.5 2% ol4AsHE 2510 lole)zg] 9ot}
SR §3ol Bolahs Ao R HTHIG, 25)
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A §4 1t voldsg] W) e Aa mhesl S5t
7] 918 sue] PRR #-9ol EGFP (Enhanced Green Fluores-
cence Protein)E 7}A|3l 913 R SEFo]=7} gl full length
molecular cloneS TFER12 ™ R JElo]=7} gl= o9 TS
7H vlglo] ofd WAoo E AXAE AT 5 J=AE W
3] 31} 3HT.
Mz ey

Plasmid

MoMLV full length molecular coneS 7}2 pMoMLVS} R 3
Elo]=7} A Moloney envelope T3 dhe Z}Am|=9]
pCEETRS Dr. J. Silver (NIAID, USA)ZX-E F-ofurorr}.
pCEETRS] PRR (proline rich region)oll EGFPE Atds= A&
pEGFP-N1 (Clontech) ®E]e Al EGFP f3AE S35
PCEETR®] Sgrdl 91x]ol S2J&ATHS5).

o

EGFPZ 7% full length molecular clone M=

pBR322 ¥WEo] ZFZYEH MoMLV full length clone2]
envelope] EGFP -2 4343171 918 WA pcDNA3.1(-)
E{(Invitrogen)®ll MoMLVS] pol BH-9} env FAAES EEsh=
Hind-Hind 2778 22931594

pCEETR ®E}2] MoMLV env PRRY| EGFPE A3t &
(pCEETR-EGFP) Hpals& *8|3l] EGFPE 3 3Sh= Hpal-Hpal
Z7}S peDNA3.1(-)0 E2HE env 3L Z2}3} ulto] 3=
St o] plasmidE Sacll®} EcoRIE ©]83td full length
molecular clone 7} pBR3229] -2 Agtast F-2]9} x5}
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S SHpBR322MLV-EGFP).

gERZntolg|xo] T2 R W} I CMV ZEREE 7}
Z full length molecular cloneS THE7] $13)] FEZnfo|2|2~ H]
EJQ] pCLXSN (Imgenex)S EaglS 2|3t & packaging Al1d
< 7FA3L )= Moloney HIO|#1229] Eagl Z7}0 2 nlto] F:%]
o}, o] plasmidE SallZ} Nhel& %2134 EGFPE 713 envelope
o2 Y3t cMV ZZEEHE 7}F replication competent
molecular clone (pCLXSN-MLV-EGFP)S- A= 3}53t}.

R-peptide? | ZEHE full length molecular clone2| X =

FEA BFFS 98] pCLXSN-MLV-EGFP] envelopedll 4] R
selo| =2 2| Askaral 1tk pCEETR-EGFPS] R JElo] =7}
AARD FEERGH)S pCLXSN-MLV-EGFPY 4Fist7] 93l
pCEETR-EGFPZ EcoRI-BglllS 2|31l EcoRI-Bglll Z7+S-
pIRES2-EGFP #E](Clontech)oll 44314t} ] plsamidS Nsil}h
Nhel& %83+ & pCLXSN-MLV-EGFP2] Nhel-Nsil =22} 1l
A 33 THpCLXSN-MLV-EGFP-R(-)).

Syncytium &4

4d¥ DNAQ &¥o & FEAE FEF3] $ls5)
transfection 1 & 6 well plate] NIH3T3 AXZE(1x10° cells/
dish)y WIsT ¥
(Clontech)9} polyfect (Qiagen)Z AFE-31 transfections A3}
At 29do] At F vl dishS Ao} A FA RS &
Z &Fe™ transfectiono] oJ3f A w22l o5k FEA)
A H= 293 A|EFo] transfectiondt - 24 Ao AEH-S
Aol A=l 1 mlz} polybrene (Hexadimethrine bromide, Sigma)
20 pl (10 pg/mhS A E-$ NIH3T3 A=l 7+ XA 33t &)
A7 g A BE AREsl A A 755 B S

CalPhosTM mammalian transfection kit

L Nt

2 FEAC At 5 AlEe
I} Fsh=d AR 93 slal 9o ulol# e My
Aol o] FemAe] oake ulwA ApAEA BRI, L
gy oyA|gta oz Beldt ukgel &5 g npoleis g A}
ol AF &7 71He Fag JESE Hol gtk MoMLV
T™MY] 7F2EA] et 167)] o}u]i=Aik(617-632%; @]9t Thald A
A opm=at A= 632 /M)ye R HERI=RE oA 9=t R
Fefo]=o] Hrto] o]u} Gl o) o5} ulo]efxe] el I
FZo|t}. R HEPo|=7) B3 AAlBhs 713 & gEA
AA] ko 6161 ofr] =AKleucine)d} 617 o}v] =AKvaline)©]
R JElo|= Ak 9jx]olc}, o] Hek 91X Fel] Q= opu)=gt
% ojwl ojmjicato] w3t oAlo] Pofsl=A] HEl7) Sl &
A oh=2ke EHO] Al7E A9} R HElo|=rt HuE &
ol = T™ME] B 77k AlEAZ 3-9](598-6161 o]t
o] Gt gigh A7 3] Y= Th23). HE Al
A= SU-TM B3| 9] Ulf-Aathe] 2t o33} Agte] o) dAs)
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Fig. 1. Syncytium formation in murine NIH3T3 cells. NIH3T3 cells
were transfected with an envelope expression vector encoding the
truncated ecotropic envelope (pCEETR-EGFP). Cells were photo
graphed under a fluorescence microscope. Objective lens magnification
was % 20.
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7}A R(-) envelopeS YHEXITE EGFPE vlo]#2~o] o9} it
o] AdetAY F8AlCl §AIA o S Ayt -84
o] A3t 712 wslaa) sk A WL 7180l FeEo] 9l
oS, 10, 17, 19). w&fA B AG9A= envelope?] PRR
(proline rich region)oll $1XI3F EGFP7} QFY8HAl W&ol Hof 3
A A4S G4A BFEE 5 =R golRr] 918l Fig. 1004
R vke} o] NIH3T3 M5 pCEETR-EGFPE transfection
3to] 48417 Fol] TS TE A MEFELE 43S Ty
e P UeERNA] ol A TEo] 71Ee] WHRET 4l
& AgsA B 7hssitke s Wilo™ EGFPE 717 env
FAATE A FEE I 55 & 5 AR 9] AFE vt
go = nlole2r) HYshe oA R HEle|=7) FEA ¥
Al Bzl 712s A3 $18l EGFPS} R(-E EF3te
replication competent full length molecular cloneS YHE%1 0.
] clone= NIH3T3 A3 transfection 3}3=S W] AJte] A]
UHA A 34 A solwal v B2 o] do] FaEA|
Al A SHATHFig. 2). ]2l Fd2 ©] cloneo] HAIE
3PEA O B2 lole|ag vhEo] FEA e Bty W
Y Aoz AAHAT. AH2ol= replication competent full
length molecular clone® 2 pBR322MLV-EGFPE A3} o4
FPS oFatA wo] cMvV Z2REE 7} pCLXSN-MLV-
EGFPE A|Z3I3itt.

FFE A (syncytium) BAJo] vlo]#2-A 27 §F(fusion from
without) W&-Q1A] MEZ-AEZF g3 (fusion from within) Wil
A ol 7] 93] replication competent full length molecular
clone (pCLXSN-MLV-EGFP)E- 293 A|3X3=9] transfections 1]
48A|ZE Fol| AT s Aglom o] FFHOF NIH3T3 AlEF
S 79 AFHS o B3 AvFo FEAE Fse AL &
Z A0 U(Fig. 3A) o] AEFE FF Av)HFo= B 39S
= FFS =X ZUTHFig. 3B). o3 A+ A= nloly]
22A|EZF G (fusion from without)ol] ]34 A7} A=
= AL Z R() envelopes 7F nlo]g| 2 YA} 7ES Ho7]

(B)

Fig. 2. Generation of replication-competent GFP-Env(R-) bearing viruses. NIH3T3 cells were transfected with pCLXSN-MLV-EGFP-R(-)
encoding GFP in its truncated envelope. Transfected NIH3T3 cells showed multi nucleated giant cells (A). In passage 3, more extensive syncytia
were observed (B). Cells were photographed under a fluorescence microscope. Objective lens magnification was x 20.
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(B)

Fig. 3. Viruses fuse cells by virus-cell fusion mechanism (fusion from without). Supernatants of full length molecular clone transfected 293 cells
was transferred onto NTH3T3 cells. Two days after inoculation, the cells were photographed under a light microscope (A). and a fluorescence

microscope (B). Objective lens magnification was X 20.
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ABSTRACT : Construction of a Fluorescently Labeled Infectious R Peptide-Less Moloney MLV Molec-

ular Clone for Analysis of Syncytium

Yong Jin Lee, Jin Woo Park, Kyu Jun Lee, Eun Hye Bae, Sung-Han Park, Ji Hyun Lim,
Sae Ro Mi Kim, and Yong-Tae Jung* (Department of Microbiology and Institute of Basic Sci-
ence, College of Advanced Science, Dankook University, Cheonan 330-714, Republic of Korea)

Retroviruses enter host cells by membrane fusion between the viral Env proteins on the virus membrane and a
virus receptor on the cellular membrane. The envelope protein of the ecotropic Moloney murine leukemia virus
is synthesized as a gp85 precursor and is proteolytically cleaved into an extracellular surface unit (SU) and the
transmembrane protein (TM). The cytoplasmic tail (16 amino acid; R peptide) of the TM protein is further
cleaved by the viral protease during virion maturation. Unlike the wild type Env protrin bearing the R peptide, R
peptide-truncated Envelope induces syncytia in susceptible cells. To understand the mechanism of R peptide-
truncated Env in syncytium formation, R peptide-truncated Env expressing full-length molecular clone con-
taining EGFP in PRR (proline rich region) of Env was constructed. This molecular clone induced syncytia in
transfected NIH3T3 cells, fluorescence was detected in the cytoplasm and at the plasma membrane, while the
nuclei did not stain and appeared black by fluorescence microscopy. Interestingly, virions with truncated enve-
lope produced from transfected NIH3T3 cells induced syncytia in NIH3T3 cells, but fluorescence was not
detected in the same infected cells. It is believed that cell-free viruses direct the fusion of neighboring cells with-
out infection. Our data suggests that use of EGFP-tagged envelope for monitoring syncytium is a sensitive and
convenient method. We also found that virion incorporated the R peptide-truncated Env is able to induce the for-

mation of syncytia by fusion from without.



