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OlfAEZH0[2A0 ofst gf=H M 7|5 &4
HHS3) - BHAIEt - MSER*
Ciarhetm HEksitiet DJMSSHT 3 7|ADE s

Y E 2 nlo) 2| A9 FF A (syncytia) A 7] 2t A T2 98 FxA) 3§

A& FE38l= A -2 ecotropic P12 E

2 n}o] 3 2 (Friend murine leukemia virus)¥ o] 5 A § o] A1-4-3}5 o}, vl-$-2 8 E2nlo] | A9] 2]qte]] &4
3l G Al F 84 9 Agsle F-919 ofvu| xS W3 Al71H FEAE JA T 5 9lo] oln] w3 .
E dFNME FEA fr= v E2ulo] g2 o1 Fhw] A S 713 pseudotype H EZvlo]H A W E 2 F
Bl % o] gt 5 dAdo] deold & ALA dol Boket v M 591 M. dunni °| pseudotype Wlo] 2 ~F 3
A7 A3} g EZuto] g2 W w7l o] & 3k vlo] B A-M EZH §-3 A Ao A okt o] e A A}
= FEA YA o] utelF A EAV} 7sd FEA = vh¢2d ER o] Ao Aol g vehd el =3
ecotropic "I EZ2nlol gl A £ 449 w9 ¢ AAFAE g A2 g

Key words [] ecotropic mouse retrovirus, envelope, mCAT receptor, M. dunni, syncytium

HEZulole]2o] MY vlo|u]2 FH Frhilgo] a4
¥ ¥ A= 83 (receptor)oll AFgRo 24 AJZHETH(1). @
EZulo]g]29] ofuf gkl e A (precursor molecule)Z
o] FHm FA|A oA AEWS] proteasedl] 23} surface (SU)
protein®} transmembrane (TM) protein®. & U)Xt} Surface
(SU) proteine oligomerS- F43}H glycosylation F+=4] vlo|#
2~ o] npgZe] R3] wFol &5 WA wkg-o] :Ao] @
ot ™ 9ol= 2 3L il “fusion peptide””} A
b 7] 253 AR oX &5 Azt Al Fok(7).
S AlEote] §9S flal ulolE o] o 9 whildo] 4
A o2 Fests oyl Feshe 7849 AgEtA

2 pHoll =& o2 ojdtt, o]t 29| ¥iske &
o] AW fusion peptideE HPEZEOE =FA|A T §o] Hof
UES =gt o] g3l oaf vlolg]z=ujd] EAsk= =2 0]
SFAEE Agdrt oldd o §3 792 influenza virus®]
hemagglutinin (HA)#} human immunodeficiency virus type-1
(HIV-1)9] eetdhdex] go] A7 =ojxl=d| ulolgf2 gt
x| EAlske d e ogt vt g3 ulolgxe] IYS
3188 Wt o} ohofst ZAsIA M E-HEZe 7S vl
N8k FAEA| (syncytia: multinucleated giant cell)E FAJSH}(5).
F2A| FAL 271 717l gt dojue Aeg A 3l
= sk wliglo] 271 AlxEe} FAY S SHAY
(fusion from without) BFo|2]2~0]] 7+ E|o] nlo]g|s ejuhgdthul
AS AEEH FHsh= M2t AAFHA &2 o] AEe}
|- 3F8l=(fusion from within) 73-%-°]TH(17).
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olglgt 71&el &J3) Hivell ZH9E lymphocytew ©] Hlo]2] 2
9] 8A1E 712 CD4(+) lymphocyte®} 832 L OA syncytium
S A3laL Aol p53-mediated apoptosis® <13l AIXE7} AF
3l He A= dEA ot 1 A7 HeRkgo] AgE 2}
THA] ol At AIDSO o]2A] Hrk(s). AEE FAlel o]
A ©]#3}F helper T XS] ZAAE 7HALE 7152 A 8
SR 1 Qo) ofA AFs|or & Fito] Bt HE ol
syncytium o] tiFto] &4 Ao FolojlA A T
< HA] o AlEngol A dzkEs W10l in vivooll
A T Alze] 7hAs} Ao] s ASE F= o] gitt. o]
23 syncytium FAAAAL in viro’dol A B EZulo]g] 29}
paramyxovirusE E3Sh= ThFsh ulo|]2=9] 7Ho A s o]
HTHS).

Murine leukemia HFo|2]2= HEZufo|g]2o] B AT
g o} 783 == ARREEE oY 7HA] 821@]E B
T o] W Z7), S8 eke] sk UL, <lueu e vlo)
g2 AR QP Aol Bt g3 5EHE STMITI= A
o2 dEHTH12).

ol -2 EZuo]#| 229 Moloney murine leukemia B}
o]#]2=9} Friend murine leukemia BFo]2]2~9] Gl zaro] =
S84, D86, W1029] 37] ofmjicito] =849k Agslhe Ao=
o XF7kA] A+ A3} Friend murine leukemia H}O|
2 2=9] S84 o} w1029 opn]:=4t WMl7} syncytium B30 &
ofgh= Ao Bl FITh4, 8, 9, 14).

o] 9] A& oA Friend murine leukemia B}o]#] 2] wild
type B2 M dunni M3 o} WIS do7|A] kot
nlolg| X out gduld o] RBD (receptor binding domain)oll &
AHO|E 7R nlo]H 22 syncytiumS FAJsIH o EZ(9) E 4
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AollM= ole2ldt EAWe] nlole]2e ou Fad S 74zl
pseudotype HFO]|E 225 ©]-83}4] syncytium A 712HS A S}
A} SFATE. g YREH O Z ecotropic murine leukemia HFO]H
2o o= AR &= AT AEF| rRe-FEZ O]
#229]  FEA0 mCAT-1  (mouse amino  acid
transporter 1) WHAIA F-8A2] F=7} syncytium FA 714}
o Jake X EA ) i = AT skTt.

cationic

T
ol 2 A2t M ZF

Friend murine leukemia W}O]#]2~ F syncytium= 34
Fr57-S84A Hjo]eig} o] njojeixo) ojut gt s 7}
pseudotype HFOl2]Z wild type 9% JHEHES 7}
pseudotype BFO]# 25 A3} TE Fr57-S84A mlo] 2~
FrMLV clone 57 plasmid®] 5' env 9] 84HA| o}0|%=2} serine
S alanine® 2 ExSite PCR-based site-directed mutagenesis kitS-
o]-&, X3+3F] NIH3T3 AMEF9 transfectiondro&E Ao]Z T}
Pseudotype BFO]#] 2= Fr57-S84A plasmide] SU H#-$15 pCL-
Eco retroviral vector (Imgenex Co., San Diego, Calif, USA)ol
X8 AlZ] 3 (pCL-S84A) 293 A|FEF) transfectiond}e] HoH
OH9). M. dunni, NIH3T3, 293 AM|3Z+= ATCC (American Type
of Cell Collection, USA)oIA] < HEO ™ Dulbecco's
Modified Eagle's Medium (DMEM, Hyclone, USA)%l 10% fetal
USA), 100u/ml
streptomycing 37181 37°C, 5% CO,014] g3t

o

]_

N, N o

e e Xorr

bovine serum (FBS, Hyclone, penicillin/

Syncytium &

v MEFC M dunni AIEZE 60mm disholl (1x10° cells/
dish) B3t} 22 polybrene (4 pg/ml)yd} B}o]#2~x(mutant,
pseudotypeyS Al FEtaL wiAIE vuHro] Fvk 2de] At
< wid dishE 7ol syncytium A AH-E5 Fstn|F oz
BEETE AR -2 Nikon TS100 P72 DXM 1200 U
A 7HH| g o8-kt

mCAT-12 L8t MEF &g

Syncytium B/gol| JoJA] F8-A|9] J&-S Yolr 7] 9J3) 293
O1ZF M3 ecotropic murine leukemia BFO]2229] =83 £
AAE 9 AJZ Y NIH3T3 ecotropic -84 244} 3 wek
2ol GFP FAAF §3= o] A= pmCAT-1-GFP plasmidS
Dr. J. Silver (NIAID, Bethesda, MD, USA)Z%-8 o @it
(10, 11, 13). M. dumni®| V= mCAT-1 T84 F-AAS ZZ3}
o] pmCAT-1-GFP plasmid®} ]85S 24 pdCAT-1-GFPE 4
t}. 9] plasmidE FuGENE 6 transfection reagent (Roche Applied
Sci., Indianapolis, IN, USA)E- ©]-83}a] 293 M3t =3t &
800 ug/ml G418l A 345 UYERE colonyS Aestgdtt.
dCAT-1-GFPS] & JH = Zeiss 510 laser scanning confocal
microscope (Zeiss, Germany)Z &<213}3 T}

nhe-2g ERulole]zo) ofjh kAl ¥4 231

Pseudotype assay

293 M| EZFo|| pCL-S84A%} pCLMFG-LacZZ cotransfectionS-
slo] AFdlS AL & FEE 314 ecotrpic murine leukemia B}
olg 2 $8A1E A= 293 NEFE TAAZIEH ARSI
o 1.5x10° 7Re] AEE 6-well BlFEANA oSt & 8 g/
ml 9] polybrenedtell 1 mle] wlo]2=Z 3A17F FF ZHAAIFHTH
T T 2ml 9 AR AE 7] 244120 ST
W3 MEE 0.5% glutaraldehyde 8210 2 31783}3L 5-bromo-
(X-gal, 2mgml; ICN
Biomedicals, Aurora, Ohio, USA)S 7|Z=Z A}&3}o] B-
galactosidase &3S SAIAY. 7= vlold A5 1ml

3 blue colony A2 YERY AT

4-chloro-3-indolyl-B-D-galactopyranoside

L Nk

Y EZnlo]2]22F RD-114 feline leukemia virus, mouse
mammary tumor virus, reticuloendotheliosis virus, avian virus,
human immunodeficiency virus, simian immunodeficiency virus
ol syncytums sk Ao delA Qth(7). 53] RD114
o] 2= WA feline HEZHO]e]AZ A fusion from
without 7]2FO 2 syncytium F4do] &SP RD114 EnvE 7}
Z pseudotype retroviral vector= 2222 AXE FFAZL 5 U
= 58S 2k 7] Wil cytotoxic agentZ A} X]FEH-oF
A& $8%3 AT6). Ecotropic murine leukemia B}O]2i2ae=
amphotericin B 37}(15), protease *12](2), 54 rat A|EZF AL
(18) 5 W3ld A% ZHAAMTE syncytiumS FAJST}. Friend
ecotropic murine leukemia BFo]#]2e 92 Fdwl Ao ZA)5h=
Al 7he) olw]isto] (S84, D86, W102) S=8-x19t AFstd 74
o #date AoR deA Jor s4HA] ofw|=Ato] serined]]
A alanine® 2 vFAH w92~ AEZFR M dunniolA] syncytium
& Prke ARo] IBHATHA, 9). Syncytium BA0] Bjol2]
22|37 g3 (fusion from without) WIF-Q1R] M| E-H ¥ g%
(fusion from within) W]F-21%] &olR 7] s M dunni AETE
BA| 7}53Hreplication-competent) Fr57-S84A Hlo]e]2:9} -4
7} E7Fs3H(replication-incompetent) S84A Env pseudotype H}©]
Y22 ZFAAZATE Fr57-S84A vlo]H e 7 48413 o
syncytiums B/38h= Zlo] 38} v oz AFEU o (Fig
1A) S84A EnvE 7} pseudotype Hlo]&|ol M= T A] oF
SITh(Fig. 1B).

o]#3l Ax}i= RDI114-pseudotype retroviral vector”} syncytium=-
PAshs 712 ERs ThEA Frs7-S84A nloleizas MM EZE
Sl AT syncytiumo] BB T AHLS HAFET =
replication-competentd+ B} 21227} syncytium FAdol H Q3=
A& UERdT

TEAI% A = e AoR Az Al A ot F
102 WA oAk M3lE syncytiums AT 4= e AL
2 TRI1.3 "lo]g2~ol] 25 813 Th. Ecotropic mouse gammare-
trovirus & AERHES Ueh= o3t EEXTRS Friend9}:
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Fig. 1. Syncytium formation in murine M. dunni cells. M. dunni cells
incubated with Fr57-MLV(S84A) developed many multi nucleated
cells (A), but M.dunni cells incubated with pseudotype virus did not
form syncytia (B). Cells were photographed under a light microscope.
Objective lens magnification was x20.

Moloney murine leukemia H}o]2|2x ¥Ho]F7} syncytiums 343
&g e ZoE g A, 9) xR EEE AEd
Ho]F7} TR1.3 ©]2}= neuropathic Friend murine leukemia H}
o]2]2~ZX] brain endothelial cell (BCEC)®]l syncytiume U207
L oS vehls 28R 2e F e E VRA (variable
region A)9] 1029 ofi=Abe] 9Jx|8kar lFo] W TH14).
HAdS YERAE &Il syncytiumS FAJSHA T 22 FB29
Friend murine leukemia B}o]2]222] 1028 o}w]:=AF tryptophan
S TR1.3 Enve] 102 o}r|:=2FQ] glycine. 2 WA 7|H
FB29 (W102G) Hlo]# & syncytiums Yo7 o™ o7 714
Helidel TR1.3 ulel#27F U= 33 FLstathiz,
14). TR1.3S ARESF HZ Aol oahd TR1.39] Fohi g
F&AIoke] iAol Ao wA TRI3Y 93 TR
(superinfectionyS ¥33}R] F3}] syncytiumsS LO7]= Ao =
BHFACK12). o33 A= syncytium o] =8A|949] 3
S A ]": ot g gl ot wiste} Z]Xdl‘]"]
AT/IAA 7} IS BHAFH Fig. 1(A)NA HAFE syncytium &

Fig. 2. Cell Surface expression of GFP-tagged dCAT-1 detected by
confocal microscope. 293-dCAT-1-H cell line which express high
levels of ecotropic receptor (A) and 293-dCAT-1-L cell line which
express low levels of receptor (B) were observed under a laser
scanning confocal microscope with a filter set suitable for fluorescein
detection. Magnification, X630.
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AT FrARgE 717l el dolwks Zlo s AZETh TR1.3 vt
olgizol| 23) ¥l HSo| P EZno]H 27}t HAAS YeEhlE
T8 8%1L FEAA witoly FEE] doluA =W AlE
Adjel] Al APEA] & AF 9] vtel2 DNAZE 52

3L olef gk 18 9] DNAS &40 —8— DNAS}e] ALY wjio] &
B 9% AIEZ9] apoptosisE FESHTH9).

Syneytum 24 7148 ofe] 7 felze] Belshe Bele
Hgele A4 ww olde +8As we 29U s
pseudotype H}O]# 227} syncytium gl A= AR
Ho@3, 16) & AT = 8419 FE9} syncytium A 7}2]
A gl go}l Byl sk WA ecotropic retrovirus
FEA19) I Anrt =L 293 AEFe} B 293 MEFE T
E93 84 3 A== FACSS} Zeiss 510 laser scanning
confocal microscope (Zeiss, Germany)2-2 &-Q13} 33 THFig. 2A,
B). 293 /‘ﬂE—?Oﬂ’\‘] WA E ecotropic HFo|E 2 4=8-A|7} 48-A)
29 7S 3=A golry] 3l NIH3T3, M. dunni, 293
ME, =& OEE FEAE W= 293-dCAT1-H AHZ, B
TEE F8AS Fsk= 293-dCATI-L A X wild type 941#
FANAE 7H pseudotype Hlo]E 229} S84A EnvE 7HR
pseudotype HFo|2|=g ZAAIZ o 749 A3 &A1 5 Tt
3L SIE 293 AIESS 84 WA= Zfolol] BA §lo] &
Sz el d8S 31 tH(Table 1). Pseudotype BFo]E]2~7}
syneytiums FASH=A] golir] 98l 8415 Hse 293
Ao ZHAA 7] 7 T 48A17to] A v B8 dv|A
O WET Ay} 84 I Aot 4 glo] syncytium @
Ao] BATA] ko syncytiumo] FAEA] WSS X-gal &
As Bt E FRI8HATHFig. 3A, B). ol&|g Z¥= ojvie
S8 MOI (5 Multiplicity of Infection)® ZFaA1Z] Ao] 3+ 291
o] & & 9J& vk olz} Fig, 1914 HAFE AAY ulo|g]x
7} 2222 BAE = 9= Fgo] §17] wlEelt). Transfections
B3t D& pseudotype HFO|H 25 108, 508, 1008] A==
A o2 FESt] el ARgehd 8AY Il ATt
syneytium B4 71200 BolSR=AE WS B0 2 Aolt).

o]xto] A AT= Friend murine leukemia BFO] 2|2 ¥Ho]F0
,]tﬂ— syncytium B43712He njolg| 2ol 7+H ,q] (EEARSEEPY

e AT AT §H ) Lolde Lehi ek

§_ T84 I =9} syncytium FAAT= FAIAVT gle

E

Table 1. Virus titers of MLV variants in different cell lines

Log,, titer of LacZ pseudotype®

Target cell LacZ (wild-type) LacZ (S84A)
NIH3T3 a2 43
M. dunni 34 4.8
293-dCAT-1-H 42 49
293-dCAT-1-L 4.1 48

293 - -

Titers are given as CFU per ml.

-, no plaques were detected in cultures infected with 1ml of undiluted
virus stock.




Vol. 42, No. 3

A

Fig. 3. Susceptibility of dCAT-1-GFP expressing 293 cells to Fr57-
MLV (S84A) pseudotype virus. 293 cells with high-level expression
of dCAT-1-GFP (panel a) and 293 cells with low-level expression of
dCAT-1-GFP (panel b) were inoculated with pseudotype virus. Two
days after inoculation, the cells were fixed and stained with X-gal.
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ABSTRACT : Analysis of Syncytium Formation Mechanism induced by Ecotropic Murine Retrovirus
Eun Hye Bae, Sung-Han Park, and Yong-Tae Jung* (Department of Microbiology and Insti-
tute of Basic Science, College of Advanced Science, Dankook University, Cheonan-si, 330-714,

Korea)

To study the mechanism of syncytium formation, novel syncytia-inducing ecotropic murine retrovirus was used.
Our previous result showed that amino acid substitutions at the RBD (receptor binding domain) of envelope gly-
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coprotein contribute to syncytium formation. In this study, we have investigated if this fusion phenomenon
could occur with retroviral vectors pseudotyped with the novel syncytia-inducing ecotropic murine leukemia
virus Env. We have found that these vectors were not able to mediate virus-to-cell fusion in M. dunni murine cell
lines. These findings indicate that syncytia-inducing ecotropic murine leukemia virus is capable of generating
syncytia during its replication. There was also no correlation between the level of ecotropic murine leukemia
virus receptor (mCAT-1) and the fusogenic effect.



