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8 E 2 n}o] 2] 29 §EAM (syncytia) A 713 ATE 4 &) TEA P& F=31= A 22 ecotropic vH-2F E
2 vlo] ¥ 2(Friend murine leukemia virus)¥ o] & A o] AL4-3191 . w23 E2ulolej e g ute] &)
e FiA 5 584 < A T 9 olv| AR Wi s Al71E FEAE FAY 5 Aol ofv W3
£ AFNME A = w2 E2ulo] 2 A 9o Fid] A & 713 pseudotype H| EZulo] A B2 3
E| X o] 2 & §-§ Aol dold 4 A=A ol Botd. vh§-2 M| 54l M. dunni o pseudotype 8} o] 8 2F- 7+
G217 A3} H Euto] g2 A g off o] ] g vlo] H A E3F §3 WAL Yol tA] ghsket ol A A}
+ REA YA o] ulelHA AV} Fe ¥ AN FE vl E2nlo] 2 Adul dojd S YeiT. =8
ecotropic PH{-A#| E2ulol A 4449 x4 o §3=e] AAAAE ¢t A= g3z
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P EZnlolg|2e] YL nlolg2 FH ] Fedo] sF4
X ®do e 484 (receptor)ol] AFFero 24 AlZHETH). #l
Ezvlolgxe] ofn} FdlAe HIR| (precursor molecule)E
Ao ) ZX)A oA MEHY proteasecl 233l surface (SU)
protein®} transmembrane (TM) protein®. 2 o]t} Surface
(SU) protein oligomerS B4d8HH glycosylation St Blo]
2= Bhe] upgZo]] 9)x|3}7] wiitel] &5 WY whg-9] FAo] |
. ™ F9ole = &3S =7/i8k= “fusion peptide””} FEA|
3t 27] 2hg5 AAAA 5 AT 2kl k).

&5 Axote] g3 98l vlolelze) ot §3 wulde] A
2502 Heuss Jdoyet Fesle g9 A eA

22 pHell =& E 02X dojur). o|ejgt 2] WSl &
o] QA fusion peptideZ BFEEO R =FAIA T Fo] Yo
UEE FE3ic) o] g3 oJ3) vlolg2ue] Exj8hs E20)
SFAER2 AgdE). of2g 7t §3 HA-L influenza virus®]
hemagglutinin  (HA)¥ human immunodeficiency virus type-1
(HIV-1)9] ojufgdehildox go] A+ Hojfed| vlola= o
HHO| EAze g gk 7§32 nloje] 9] Y-S
&85 2t o} Tt 23Sl A A E-MFEZHe] 58S vl
7h&ke] FHE A (syncytia: multinucleated giant cel)E HJ3HI(5).
FEA BAde kA Z1Fe Qs dojuke AR dBA 3
=d 3hte Hlgleo] 2719 AEet FAl §FE s
(fusion from without) H}o]8]2~0l] 7+ E]o] nlo]a|X el
AE NEFE 2= A2t TEEA &2 ol AXS}
| §3F=(fusion from within) 7-$-01TH17).
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o]t 717l 9Ja HIvell Z+EE lymphocyte™ ©] Hlo|2]X
9] 8% 715 CD4(+) lymphocyte®} §3HS 927 syncytium
< A% Aol p53-mediated apoptosis® {15} A7) A
g3 He ZoE g Jok 2 Ay doukgo] AgE F
FEA ¥ol A= ADDSO| ol2A Buhs). AEE Al gl
4] ]2}k helper T AXEF2] ZAE 7HH= 7|3 AR o
A Yot ofF dAFsop & Fio] Bt HIE o|zd
syncytium B/d0] thie] &4 Z2 o Foo A HA B
& X o} Azl A BaEE W) in viveol
A1) T ME2] 49 ddio] g AR FHH o] sith o]
23 syncytium DAL in viro dol A HEZnlo]2 A}
paramyxovirusE X338l theket vlole) 2] HQoA] BT o
FTHS).

Murine leukemia P}o|2]2~E HEZnlo]# 9] WY ATFE
At ol 83 =72 AMEEHAEH A 7] 8@ 2
oA} BlFT}, =89 153 Tt e A vlo)
Bl FAN-ge] A Ae] o &7 TS STMI7IE A
o2 gEFT12).

FZo)] vl EZnlo)#22¢) Moloney murine leukemia ¥}
o]2]2:9} Friend murine leukemia Hko]2]20] Fohuldre) &
S84, D86, W1022] 37} ofmi=dbe] 8|9} Al Ao
vl H o™ AF7HX9] AT A Friend murine leukemia B}O]
22=2] $84 9} W1029] oju]i=Al W31} syncytium FAdol T
o3he ASE B HUTK4, 8, 9, 14).

o] Ao} A#oA Friend murine leukemia B}o]&] 2 ¢] wild
type 77D M. dunni M|E9]| o}F-{l WIS doF|x| gdgkort
vlo|g)2 oju} Friuilol RBD (receptor binding domain)ol] =
ABlo]g 71 Hlol2l 2t syncytium® FAA 02 9) B 4
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FellXe olyd Edde] npolg2g] out gohulag izl
pseudotype Hlo|2) 25 ©]8-31<] syncytium B4 7128 AT 3}
312 3tET T3 AH 0 2 ecotropic murine leukemia B0
2o Jefrs ZAHA g QA7 AER vl E 2hlo)
B9l 89 mCAT-1 (mouse cationic amino acid
transporter 1)S WHAIA 4-8A2] ¥ 57} syncytium B4 713}
o G XA HHME I Sk

g

Hioj2j AL} MZEZF

Friend murine leukemia H}°]#2A 5 syncytumS A SHE
Fi57-S84A vlo] @29} o] nfolg|2o] ofut Jehmag 743
pseudotype HlolElZ, wild type 9 @ohias izl
pseudotype BFO]BAE ALE3EH T} Fr57-S84A HlolHAE
FrMLV clone 57 plasmid®] 5' env $-9] 84AA] o}9|=3} serine
£ alanine® 2 ExSite PCR-based site-directed mutagenesis kitE
o], X|gle] NIH3T3 M EZFO| transfectiondt o8 HojH T}
Pseudotype Blo]8] A& Fr57-S84A plasmid®] SU ¥-915 pCL-
Eco retroviral vector (Imgenex Co., San Diego, Calif, USA)°ll
X A F(pCL-S84A) 293 M XEZFo|| ansfectiondte] QolF
TH9). M. dunni, NIH3T3, 293 A|¥E ATCC (American Type
of Cell Collection, USA)IA &9 WSO Dulbecco's
Modified Eagle's Medium (DMEM, Hyclone, USA)%l 10% fetal
serum (FBS, Hyclone, USA), 100u/ml penicillin/
streptomycins H7Fste] 37°C, 5% CONAT ¥l 43+t

bovine

Syncytium &4

R XS M. dunni AFZE 60mm dishll (1x10° cells/
dish) ¥iFet3Tt. v polybrene (4 pug/mi)ys} H}o| 22 (mutant,
pseudotypeyE 7 HF3IAL XS nlro] ). 2o] A
% oY dishE AN syncytum F4 RS BFPu|Ho=z
353 A 2992 Nikon TS100 #P| 743 DXM 1200 T
Ad FeErE o833tk

mCAT-18 U= MZF &3

Syncytium &A4el| loiA Ao &g Aolry] Ha) 293
17t M|3EF=] ecotropic murine leukemia Blo)& 298] 284 F
HAE ¥ AT NIH3T3 ecotropic -84 §-24 3 dh
F-9]ol GFP F-327F 8= o] 0= pmCAT-1-GFP plasmidS
Dr. J. Silver (NIAID, Bethesda, MD, USA)Z5-E 2 wgprh
(10, 11, 13). M. dunnidll = mCAT-1 84 FAAS FE3}
< pmCAT-1-GFP plasmid®} X|8+gh0 25 pdCAT-1-GFPE L)
t}. ©] plasmidE FuGENE 6 transfection reagent (Roche Applied
Sci., Indianapolis, IN, USA)E ©]&3}o] 293 A3Ee] =Us &
800 ug/ml G418 AFAAE YERNE colonyE A3t
dCAT-1-GFP®] W@ HH= Zeiss 510 laser scanning confocal
microscope (Zeiss, Germany)Z &<15}5 .

v ERrlol 2o} 25 A HA 231

Pseudotype assay

293 M| XFo) pCL-S84A%} pCLMFG-LacZE: cotransfectionS
3l FEHE 4L F UEE 3] ecotrpic murine leukemia BF
olgx 84 E LHE 293 MEFE ZEATI=H) AHE3IA
o 15x10° 7He] MEE 6-well HIFFGANA %S & gy
ml 9] polybrenedlell 1 mig] Hlo]#| A2 3A7F Bt ZAAF L
AR F 2ml o] MEL HIAE HrEske] 2443t vt
HjoFe A XE 0.5% glutaraldehyde €94© 2 7433 5-bromo-
4-chloro-3-indolyl-B-D-galactopyranoside ~ (X-gal, 2mg/ml; ICN
Biomedicals, Aurora, Ohio, USA)E 7Y|3AZ AME3to B-
galactosidase B3 57831t} Zgd7be nlolel 4 1ml
Z blue colony A2 el ATt

27 o %

HEZnlo]#H2F RD-114 feline leukemia virus, mouse
mammary tumor virus, reticuloendotheliosis virus, avian virus,
human immunodeficiency virus, simian immunodeficiency virus
S0l syncytiums 3= Ro 2 4#A k7). 53] RD114
vlolgl2e WA feline F|EZBIO)2IAE A fusion from
without 7]2F2. 2 syncytium #4Jol] #<3}% RD114 EnvE 7}
%1 pseudotype retroviral vectors 248 AXE 3D 4 U
E 588 23 917] wlioll cytotoxic agent® H-HA} X2 Hok
= &= il UTh6). Ecotropic murine leukemia ®Fo|]2E
amphotericin B 37H15), protease #2|(2), 54 rat A EF ALE-
(18) T ®Hstd A3 ZANMT syncytiumE B3}, Friend
ecotropic murine leukemia Blo|#AE &)u} diul A x5l
Al 7Re] ofr|ato)(ss4, D86, W102) -84} Afsld 24
o Befshs ACE deA 0on 84w ofu|ito] serineol]
Al alanine® 2 HHAH oA MESFQ M. dunniol A syncytium
& PR AKo] WRHTHA, 9). Syncytium ] Hlol]
22N EZE §-FH(fusion from without) WE2IA] A E-ANETF §35
(fusion from within) B3&-21A] SobR 7] K30 M. dunni ATTE
B3R 7}53t(replication-competent) Fr57-S84A Hlo]z| 28} B
7} E7FsEHreplication-incompetent) S84A Env pseudotype Ble]
2122 ZEA AT Fr57-S84A vholj A 74+ 48417 Fo
syncytiums B/33h= o] #3} dr|Fez FHU o Fig
1A) S84A EnvE 7} pseudotype Blo|g|2o e AR ) &
SYTHFig. 1B).

o]2{gt AF= RD114-pseudotype retroviral vector7} syncytinms:
A3k 7™ th2A Fi57-S84A nlolBiAE A E A2
el J3iATt syncytiumo] FAJHTH=E ARS HAFET 2
replication-competent3+ Ho]e27} syncytium @A) Bast=
& UERATE

FEAS} AT 5 e Roz g A Al ohujak
102 A4 ofu=4ke] HW3T syncytium® AT 5 I A
E TR13 Hle]z|ze] o] Y& H ). Ecotropic mouse gammare-
trovirus 5= A|ZHHE Ve E ¥o)F7T Z=EA7 Friend:

=
K
o
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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 BFo]2l2: HolF7} syncytiums F4
e Aow A v, 9) AxE EElE AEEy
o]} TR1.3 ©]2h= neuropathic Friend murine leukemia H}
©]2]2~Z.A brain endothelial cell (BCEC)9 syncytiume U427
3 IS Uehlle 24 A7 ot BaEld VRA (variable
region A)9] 10241 ofw)i=itel] 91Xkt glg-o] WE A THI4).
HAdS Ve IAIE & syneytiumS FAEAE L& FB29
Friend murine leukemia B}o]2{22] 1029 o}u]=4t wyptophan
S TRL3 Env®] 1028 o}P:=4ke] elycineo. 2 W3}A|7|H
FB29 (W102G) H}O]#AE syncytum® Yo om ofe] 71
Wl o] TR13 wlol]zrt vehlle ¥4d FYskdvhae,
14). TR1.3& A3 HZ AFel 95hd TR1.39) Zehi s
F&A %Y Rsldo] FaFozH TRI3 3 TELY
(superinfection)ys *ENSIA] E31 syncytiums YOIE AR
B Eh(12). ©]2$ ZI= syncytium F4go] 829ke] 2
M FaAT)E o7 & Ay ofnst wshe) A A
AFBAVT Jo-2 29FH Fig. 1(A)°1A HAF syncytium 3

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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A% AR 712 o3 dolitE Ao g AJzbEth TR13 v}
olg|2=ol| ]3| YE|FSe] dERZnlely2rt ¥AL vele
T8 998 FEAY ol FELA] oA = M=
Aol GAA ] AYA] £33 AF 9 nlo]22: DNA7} 535
1 o] gt MY 9] DNAE <4 DNASHS] RAM] W] 5
E 799 A3 apoptosisS FEETHO).

Syncytium B4 712+ AF] 712 QQ1E0] Hosle Bgdt
A HA F= ol FE&AY =& AAVE /A
pseudotype BFO|#]227} syncytium B39 #oldhs Ao E HIL
o3, 16) & AFAME 5849 FTE9 syncytium HAI7}o]
AagAe tis) ol Bux} ek WA ecotropic retrovirus
F-gA) o) FE A=} F& 293 MEFS} e 293 NEFZ ¥
EXI FEA B J=E FACS9) Zeiss 510 laser scanning
confocal microscope (Zeiss, Germany) 2.2 2415} thFig. 24,
B). 293 MEZFo A LHH ecotropic Bl 8|7} 84
2A9 7)%5E A Gorry) 18 NIH3T3, M. dunni, 293
A, B8 FEE FEAE TS 293-dCATI-H AXE, W
FEE 84S W33k 293-dCATI-L AEd] wild type 27+
FAS 712 pseudotype BlOlE 22} $84A EnvE 7R
pseudotype Hlo|#| A2 A A oW ] Ay LA 5 was)
I QlE 293 AIEEL 78A WHAES Aold BA glo] 4=
LA 2AM 9 A%E 3 Th(Table 1). Pseudotype H}O)E 27}
syncytiums A=A Polry) g -8AE HEHI= 293
Mz AL ZE F 48A1te] A vhe- 38 Hv|
o= A A7 584 HE Ao} A ¢lo] syncytium §
‘go] BFE A etom syncytium®] A A 4SS X-gal &G
ALS BaldAE ER1EIHTHFig. 3A, B). o2l Aip= olntx
w2 MOI (5 Multiplicity of Infectiom)® ZFAAZ] Zo] 3 83)
o] 4 A& By ol} Fg. 1914 RAFE AAY wlolx
7h 228 BAY e 58] §l7] W0tk Transfections:
F35le ¥ pseudotype vlo)2)2E 108), 508, 1008) A==
A 02 FEste] o AMESHE 48Ae HE Hxot
syncytium @4 712l BASERE Welet] =38 & Aot}

ol%de] A A= Friend murine leukemia Hpo]2]2s Ho)Zo|
3t syncytium F-4712H nlolaizel] A AlEst ZAEA
e A} AEAET o) 23 dojd& yEei Qi
S 784 Fd A=} syncytium A= ABTACT Sl

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

Log,, titer of LacZ pseudotype®

Target cell LacZ (wild-type) LacZ (S84A)
NIH3T3 42 43
M. dunni 34 4.8
293-dCAT-1-H 4.2 49
293-dCAT-1-L 4.1 438
293 - -
“Titers are given as CFU per ml.

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



