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M7} stress’d A=
stress protein®] Wdo] Z7}s1A] FHed), WHo] F713F stress
protein stress?ll 23t M ¥.2] damageE
Al =t} Stress protein EA}EF| ol hsp60 (2F 60 kDa),

Mz2 AEH A cHEol VISP M=ELH $|X]

o] 2] 97 A3} o] F rhabdovirusol] 3+ & 4] X ollA virus-inducible stress protein (VISP)£] 8 o] F71%-&
Fldtgd. & A Fo| M= VISP M X $1X] & Yelslgl o, =3 X ¢ Ao Fad ¢S @2
%= VISPS] 3818 ¥l 3tg . WA endogenous VISP | X 91X & #<1317] $38}« CHSE-214 A X &
VISPe]| o 8 -2 &8 & A1-8-3te] 948 F confocal microscope2 A 3}g o} 2 A3} VISP7H A X9 ] F
o) AFEE YAl Pl Held. o] F <l 8}7] 98l VISP enhanced green fluorescent protein (EGFP)
o] ¥-& fusion gene® WH 3= plasmidE A3} EGFP-VISPE 'U3H= plasmid WE|S A Eo]
transfection A]Z] ¥ confocal microscope 2 HA 8t A3 & F o) FFE YA Fo] fel= gl VISPY o}v]
XA MY F 43 P E YA o] Fe s F-E-S B8] 91381 VISPE ThekEl deletion mutantE-& A
£33 2. o] mutantE A1-8F transfection A ¥ 2 3 VISPY C-terminal 3-$](aa 612-710)7} ¥3H o] 7=
Ao 8% 982 23] FA=gon, o] X2 functional motif 24 A} 691-TLTSLLL-697 F-$]
nuclear receptor binding motif7} & 3e] ¥l =gl o] ¢} Z-& AAE-S TS, VISP o F o) &35}
® VISPE| C-terminal F$]7} 8 54| B-X o] F88 98L& 3L 4 4 Ui o] 2] d7F24¥ VISP
g ZQIEWPIHNVQ Aol v A= o] =W IHNV H U4 8] N 2-¢-7]3S W= Fo 8 A&7}

Key words [] EGFP fusion protein, subcellular localization, VISP
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w3 = chaperone 84S AUE
HE E2FY &8s EJA7129) Aol
9} Afsl] virus particle®] disassemblyS:

replicase®} AgEte] nholeg 2

fA7)E AEE 3}

(18), Hsp70:2 polyomavirus2] large T antigen®} 23} RbE
Z+E3t polyomavirus
SZoH(7), virus9]

$A79) BA)g FA)E A

hsp70 (2F 70 kDa) 28] hsp90 (2F 90 kDa)e] Al 78] family
2 FHE3lA ATk (23).
Stress protein<- heat shock, GE A8, oxygen radical, THA}

Al B4, 55 59 22 stress 0]l npo]g 9] ZAA ol
= o] FUtEe Ze® HuEch o Z4, paramyxovirus

(8), adenovirus (27), herpesviruses (20, 25), papovavirus (17),
rhabdovirus (10, 31), vaccinia virus (33), 59 njo]a2 7HEA]
ANZ2] hsp70 % hspo0e] F&o] F7IEAT. F&o] F7I8 stress
proteinS-2 viral polypeptidesS3 ZAEsro] @2 ==, M=
of Z+&E3¥F adenovirus (24), vesicular
stomatitis virus (12, 13), I3 sindbis virus (26) 59
polypeptides?l| stress protein®] ZAF3IAL 2US-0] <1 =) o]
9} Zo] viral polypeptide®] ZHE3I stress proteinS S viral
polypeptide?] folding & assemblyol) Fdslo] nlojz|2e] Z4
S EoFE Aog I#A ok HZA Hspd0S HIVE] Nef
il Ao Agste] HIVY S48 E9FE 30 E By

vaccinia virus (16),
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= FUH3TH34).

Stress proteinE-2 AlZUe] B4 X0 &Al5h chaperone
&S 4831t} Heat shock cognate protein 70 (Hsc70)2] 73
Hsc70 <Foll nuclear export signal (NES) 2 nuclear 1oca1ization
signal (NLSYE “&Aloll AYL 10™36), o1 o83t HEA
= 3 A}o)E ©1F31HA] chaperone GTE Fsls Aow &
HA ATh11, 22). Hsp90S: F& A|EA] EAsh= AeE &
22 =ul(37), Hsp902] C-terminal F-917} HEZ X 5
83 9Es FFee Ao dEA Arh29).

E A7z o)A 7 A rhabdovirus®] Y% infectious
hematopoietic necrosis virus (IHNV)ll 7445 o] F-AMEol A 90
kDa Al g d o] W o] F7igte] FRIE k2L, o] il

£ niolg]: 24 o]2]oll heat shockell &J3te] E¥e] Fulap,
3 oF AT o))l mouse, rat, AP 59 AEAE EA5=

Ao 7 AT} oo} Ze Ail= 90 kDa @A o] siress
protein®] AL AL WHETHS). o)} 2L ES ulgto
2 o] thilzle] olZ-2 virus-inducible stress protein (VISP)E}iL

WHE 3T VISPE 7]1&90 EA)3R= stress proteins (hsp60,
hsp70, hsp90, grp98, 121l grp9h)d BAtek 2 Ao 9o
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Al O 5AS Ado] IRIEATHS). TEgE o] TlA Y] cDNA
€ cloningdtd 7] ME H ot LS GenBankoll £
e o FAAER va E4% A3 7S] Bid
mammalian geneE3= A& fFAHgo] 131 prokaryote F-3#}
% peptide-binding protein¥} 2% FAMIE AH-E FR18HS
Th6). 283 VISP denaturation® THYA-S- renaturation A7)
£ chaperone activity® AU3  glSo] <l EHIATHe).
Chaperone activitySr AU+ VISP7} THNVS] 72A] @hgo] &
7HchE £ 973 A5 AF=HE VISP IHNVE] F4d
88 e & 7heAe] B85S F58 & I oA 2
AT A= chaperone activityE AUw VISPZ} nlojal2 74¢
Al ojd Agg faEA|of] it ARE AA}; VISPZE Al Eu]
9] o= o YAEE A FRIsh] g A+-E skt
2 A3} VISPZF % o)l HFEE A% EA4TE g
slgom, ool z+2 Bl VISPS] C-terminal region®| 223t
AgS TS FsIA

Be ¥
M zZuf 2t & Hio[2{A
THNVS] 45432 A] CHSE-214 (Chinook Salmon Embryos)
cell lineS AFE3FSITH M= fetal bovine serum®] 10% 71
minimum essential medium (MEM)S ARS-3}ed 18°Col Al wlj ks
Ak [HNVE HZF3 A2 29 16°Coll A vl 84T

Plasmid construction

VISPS] full-length % truncated formE-& PCRE AH&-3)cd
cloningd}Ht}. PCRE 913} template= pET-VISP (6)5 A1-8-3159
o, PCR primersE VISP sequence (GenBank accession
number AF527060) 71Z:8te] #2619t PCRE AME-gF 31
A} ZZ A} PCR primer?} 5' end | Xhol A$EA2] sequence
£ Ho|3 3 end 9l BamHI A|3HEAL] sequenceS B FH
AZATH. PCR AHEE-E pGEM-T vector (Promega)®ll cloning &
%, B Xhol , BamHIE ©]8-38ke 37°Co| A E-EA]A
A U2 pEGFP-N1% pEGFP-C1 (Clontech)oll subclonings}
At

Transfection

Full-length VISP9} <12 truncated deletion mutantS-& & Al
7171 $13t] CHSE-214 M|EE AE-3H T}, Transfection Lipo-
fectamine-2000 (Invitrogen)y2 AH&-8}ed 42388} t}. Transfection
24A1ZF Aol 35 mm culure flaskoll AHEE  transferdt$ATh,
Lipofectamine-2000 1002} DNA 4% Qug)S 27 Opi-MEM
25080 ol 8AAZ] & oA 58 Tl 1 %, siMe
Lipofectamine 20003} DNAE 412 & “d-2olA] 308 ¥-&A171
F Aol A 3 B AT AEE 37°C, 5% CO,
A A 24~48A13F Bl S £ confocal microscope (FluoViewTM
500, Olympus)=. #2H3}93}.
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Immunohistochemical staining

VISPY] MIE We] $IXIE #R1sly| ¢18t VIspel gt @&
A @E AHE3 immunohistochemical B A4S 43§}k
A CHSE-214 M¥Z PBSE AAH3F £ 3% paraformaldehyde
2 aAZAANHOH, 7)ol permeabilization solution (0.1% triton
X-100 in 0.1% sodium citratey& 2] § PBSE A|¥ 33t
1% PBS-BSAZ #2)3 th3 VISP thdt BE24AE X3}
I gecol A 1A1ZE 9H-EAI A PBSE MHEE Thg FITC7}
conjugation®]©] 3= anti-mouse IgG (Sigma) A E A3ty
4°Co) 4 1717 ¥+8-A171 ¥ confocal microscope (FluoView™ 500,
Olympus)E 475 a5t}

HIIMY BN

DNA 97144 £42 HAAIFAE 9] automatic DNA
sequencer (Applied Biosystems, Inc., USAYE Al8-3td =831
=3

tal
-

Az o

x 1%

Endogenous VISP2| M ZLH 2|X|

HA VISP MEU FE} AAE RIS et Avt
AU endogenous VISPE] AFU) $1XE #1695} 0|5 9
ato] B d7lo] A& vispell tigk dEEFH eDE AHES
immunohistochemistryS =33} Th 71 A Fig. 16149} 7o)
VISP= 2 3 2o J F2E ggsiy EA)go] Sl=d
=3

VISP-EGFP fusion protein2| MZLH £|X|

Fig. 1914 Yehd 2yt 2 Ago) AL v &3k 9f v
Eolzoz A 2 g Axy AxY 7FeE% Stk
wZhA] VISPl GFP &34 @il ag 2<1 & VISP-GFP fusion
whil o) 9Ix)E Ao 2 A FRIskaAt syt ol& Sisted
VISPE] full length ORFell 31%33lc ¢cDNAE pEGFP-NI 2
pEGFP-C1 expression vector®l] cloningdl 2}z} VISP-EGFP 2
EGFP-VISP fusion protein®] ¥8E ¢ U=EE 3t o]e} 2+
o] A|Z3%} plasmidE CHSE-214 A3 transient transfectiondt

Isotype control AB7

Fig. 1. Immunohistochemical staining for endogenous VISP. CHSE-
214 cells were incubated with monocional antibody, AB7, raised
against VISP and then with FITC conjugated rabbit anti-mouse IgG.
The location of the green fluorescence was observed with confocal
microscope.
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Fig. 2. Subcellular localization of full-length VISP fused with EGFP. (A) Full-length VISP was subcloned into pEGFP-N1 and pEGFP-C1 vectors.
(B) CHSE-214 cells were transfected with pEGFP-N1, pEGFP-C1, pEGFP-N1/VISP, and pEGFP-C1/VISP and the location of the green

fluorescence was observed with confocal microscope.

o B#HAZ] T confocal microscopeE %%3}9&‘3}' 2 A3
VISP-EGFPE pEGFP vector$} 220] M| Ao ned 23X
W EGFP-VISPE AT 9jollA H72E &4t EAgo]
NHNTHFig. 2). o9} 2ol 5 ZFFH fusion protein®] AE
Y71 thE AL EGFP7} VISP2] N-terminaloll ZHE3F 7-9-
(EGFP-VISP)$} C-terminalo] 233y 73-9-(VISP-EGFP)Q] 33}
27} GEbA vERG 843 7hsdol 1 £ a7 AnflAe
EGFP”7} VISP®] N-terminalol] ¥-& EGFP-VISPS] %-¢-, G&&
A2 AHE-3F endogenous VISP MEY] 9)X]e} Zo] af=t 3=
$9) TS B3 ¥hA, EGFPY} VISPY C-terminaldl] £-&
VISP-EGFP9] 79 A|XU] 4 $Jx|dl Bxshe= F5Ao] ABA
Tt o] AFRZFE VISP AXY 9XE AH3}= T4t
VISPS] C-terminaloll |8 7FaAde] w21 VISP-EGFPY] 73
% EGFP7} VISPS} fusion proteind AJ8}H A VISPY C-
A el 929 o]Fo] wobilE /e

terminal F-#& 3
o] AL FE 4= T} pEGFP-C1 vectordll subcloning3}

o} AJX]= EGFP-VISP7| endogenous VISPS} M3Euje] FUTH
Aol Zapglo] 1o o] 9] VISP AXuU Xl A9
ol AM8-51%ATt.

VISPS} mutant form M| =
%] AT A3 VISPZL U F=9)ol FFEE EXFe] gl
HA=l, VISPY o= Jigo] oo} -2 MEu] Hx]of s}
A= glstaal st ol& 98l Fig. 3A%F o] VISP
2] t}eF3l deletion mutant form$ A 2354t}

VISP2| MIZLH $|X|E 2 5= region &2
ol A9} o] A=t VISPY deletion mutantS-S CHSE-214
M) transfection A7) TS AlZU) 912 FHolalgch WX

VISPE C-terminal® N-terminal 39| 3338} deletion

mutants<] VISP(1-350)% VISP(351-730)& Wldo= Ay &
TE RIS A3} VISP(1-350)2 control vectors} 2] ME A
Aol H2 EA3ro] BlFa, WAl VISP(351-730) 379
o EA)go] BAR1EATHFig. 3B). ©] ZHAZHE VISP & F
Yol 231719080 -= Cterminal F-80] F923hS &3 4=
JAt. VISPS] C-terminal 5 o= F}o] 3 o] Exo) I
o3t RS #918}7] 8k C-terminal F-29] T3 mutant
E& AE transfection A171 5 AXEU X E A3
21 A3} VISP 730 amino acid sequence % C-terminalQ] aa
612-710 Fio] e 919 H F2= Ao ToFE AT
T AUAATHFig. 3A). kel 4 AFFg. 2014 VISPY C-
terminalol] EGFP7} 233t VISP-EGFP fusion protein®] 3% 34
o 29lo] WT2E S sl el ol2ie Wy

o] vehd o4& EGFP7} VISP-EGFP fusion @A) -
terminal®l] EA)3H= aa 612-710 -2 TobA vehd @YU
7Fs7d0] &t olA7A] VISP aa 612-710 F-ito] ofm &
2 #YsEA REG o R AV dZ3] Asho]
eukaryotic proteinE9] functional siteE #2J3|5-= ELM server
(http://www.elm.eu.orgN(30)YE AFE3F] VISPY] aa 612-710 H3&-
o] &A= functional motifE EA3FHTE 1 AR 691-
TLTSLLL-697 o nuclear receptor$} ZATo] HA3}=
functional site”} SR Eo] ATt o}2] 2 At A VISPS]
691-TLTSLLL-697 5--0] nuclear receptorQ}Q] o] Feddl =

A], 123l nuclear receptore}e] Ato] ol H Fx YA
3 o FAZE deA FskA] EstAem ol gk 71
77+ dasitt

Nuclear receptore ligand A¥el oste] @Ao] 2=
transcription factoreS @3}, AZ7k4] 180FF ©)4+9) nuclear
receptors°] B EH e, olE A= ligandEE steroid
retinoids, vitamin D3, prosta-

hormones, thyroid hormones,
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A Perinuciear
localization
PEGFP-C1/VISP-1ull [ = 730 *
PEGFP-C1/VISP(} -350) (= 1 360 -
pEGFP-C1/VISP(361 - 730) %1 ] 730 +
pEGFP-C 1/VISP(540-730) B4 —————— 1730 +
pEGFP-C1/VISP(61 2- 730} 612 C————"3 730 +

pEGFP-C1/VISP(711-730}
pEGFP-C1/VISP(B1 2-710}

71t 3730
612 T3 70 +

pEGFP-C1/VISP(1-611) 1=

1 611

B

pEGFP-C1/VISP(1-360)

c

REGFP-C1/VISP(361-730)

612-NTYSDTLDNVYKAAASTFYNYSDVNYAGRNDDF
DRITAAFEAALLDEMMQFSGASLLSDLCSGAGS
RSGLPSVULWVGQTLTSLLLCLGAGYRWATCLE-710

Fig. 3. Determination of the region of VISP responsible for the subcellular localization. (A) Various kinds of truncated forms of VISP were
constructed and were transfected into CHSE-214 cells. The location of the green fluorescence in the cells was observed with confocal microscope.
The numbers in the parentheses and above the bars represent VISP residues. Cells showing perinuclear localization of green fluorescence were
catagorized as positive. (B) Confocal microscopic observation of CHSE-214 cells transfected with pEGFP-C1/VISP(1-350) and pEGFP-C1/
VISP(351-730). (C) Predicted functional motif within the C-terminal region of VISP. Amino acid sequences of the C-terminal region of VISP (aa
612-710) was analyzed for functional motif by using ELM server (http://www.elm.eu.org/). White box, possible candidate for the nuclear receptor

binding motif.

glandins, fatty acids, Z12]3L bile acids §-°] I ITh(15).
-2 nuclear receptor=- NES9} NLSE FAld AU ed),
ligand®} ZAF3HA] % Adefolire AMEFA SASHt7} ligand
7} Aspshd Fog olFdt] thFdt target AN WHE
H=d A A A, B3 2 apoptosisE E3ITH19). ©]
gt |3yt vloje] 9] Ao FEFE F 5 Y, "ol
ARE FF AE = YT HHHd A = Qe AeR
Rt 94 nuclear receptor® £3+ 4187} nlolg|29] 4%
< £ Al7le A= o5 Eth Hepatitis B virus (HBV)<]
73-9- nuclear receptor®! RXRa 9} peroxisome proliferator-activated
receptor o (PPARc)2} #7938} 23} Uep = HgE nlole]2=9]
Azo) o] gdth3s5). 1l HIve - vlojy 8] Nef
protein®} PPARYSHS] A%rE B3t nloje]x A& A2
t}H28). o= HHHZ nuclear receptors EF 41&7} HlojE A
o] AL <Aditli= X% ). Respiratory syncytial virus
RSV)oll Z+E8 Aol PPARY agonistsS 2|31 nlo]ei2e)
FHA wo] A4 Frh2). 28lil HBVE A% estrogen A2

o &Jsted Ao} A"k Zazt lvk(). A4l HBVe ©]&}

ko] 7§ estrogens ¥RIEHE ofAde] ) WY
Eol YRT Wk Eago] SIthd, 38). o|ZFE estrogen
o] 2J3} estrogen receptor®] &3} A&7t HBVE| AL #H
£ ¢ 4 =Y, HBVE HBxE AME3H estrogen receptor @
(ERw)S} N & E =hS-0 Z A estrogendl] 23} njo)2)2 A <A
AIE Ahls A0 R Raudvh14).

AuFE 2 2 nuclear receptordl = ligand Y27+ o2} ChE vl
HEE A3 nuclear receptord] S ZAHEA) FH=v), 11
% 3PIE stress protein®] YF?1 Hspo07} Atk M3EAe] Ex)
3= Hsp90L ligand®} AESHA) &8 nuclear receptorst 235}
o EA8t Yt ligand’t 1A = nuclear receptorS}
ligand®}e] AFE =30 2M nuclear receptord] &/44-8 2d
ks Ao @A k3, 32). VISPE d7IME 8 oprli=it
A1go] Hsp90t Th2A)9H6), AF] °F 90 kDa o™ (5)
o2 A9 foldingE =9 chaperone &4 AU )
ThE(6) oA Hsp90st FAFSE 5738 AL 3lth. o] 25
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VISP7} nuclear receptors} AT 1 AT Hspo0T Ak
3 9 O 2 nuclear receptor®] 48 A 7FeA0] &4
o} VISPZ} nuclear receptor®} A3 o]2lg F o]
HNVE] Aol ol® J3kg E717 oA AF3 AT 2ol
nuclear receptor® 3 A5V} wholg) 2] FAol Tgo) 2 5
= Q3 g A &2 BY F% ok B d7Ke] oA
R w29 [NVl ZEE AXA vispy @dlo] F13)
Qon vispel BEe] FUIRT HNVS o] BdHes
o) 2R THS, 21). ©|2RE VISPY] Wde] F718t nuclear
recptors} ZFFTHA ol IHNVY F4& =95FE FAE U
ehd 7hsAdol &oh
AEHo T B AFdAe [HNVY TEA] Hdo] F7kh=
stress protein¢] VISP7} #1599 H72E AA3H EAS
ol stgen o9 e AFY HFEE A VISPY C-
terminal F$1%) aa 612710 ¥-2-°] F83S & k¥t ©] F
Bol| nuclear receptor®t AR motif’} EAITE A=
d], o] ¥%-o] A nuclear receptors} AFtsh= A, AT
ohel £29) nuclear receptord} AR3= A, 1T oo} T
Agro] NV Aol oldl FFE F= Rld| st F7+ A7
7} AEE HNVS] AZU A 2 o] wjeleiart Bole 8
A4 73S A8 o)AE 4 AE T AT H AR
ATt

LAt 2

H gt 2003 d NSk Al & Qe o)sle] 48= %]

o0 ojol 7A=Y,

S|
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ABSTRACT : Subcellular Localization of Novel Stress Protein VISP
Chang Hoon Moon, Wen Joon Yoon, Myoung Seok Ko, Hyun Ju Kim', and Jeong Woo
Park (Department of Biological Sciences, University of Ulsan, Ulsan 680-749, Korea and
'Division of Molecular and Life Sciences, Pohang University of Science and Technology

(POSTECH), Pohang 790-784, Korea)

Previously we demonstrated that virus-inducible stress protein (VISP) is induced in fish cells by the infection of
a fish rhabdovirus. In this paper, we investigated the subcellular localization of the VISP and determined the
region of VISP responsible for the subcellular localization. The CHSE-214 cells were stained with monoclonal
antibody raised against VISP and observed with confocal microscope to detect the endogenous VISP. The
results showed that the VISP localizes to the perinuclear region as spots. A plasmid expressing VISP fused to
enhanced green fluorescent protein (EGFP) was constructed. The transient expression of full-length VISP fused
to EGFP in CHSE-214 cells confirmed the spot formation of the VISP at perinuclear region. To determine the
region responsible for the perinuclear localization of the VISP, we constructed a series of deletion mutants and,
by using these deletion mutants, we found that C-terminal region of the VISP (aa 612-710) is essential for the -
perinuclear distribution of VISP and that this region contained nuclear receptor binding motif (691-TLTSLLI.-
697). Our results suggest that VISP localizes to the perinuclear region and C-terminal regions are important for
this localization. Further studies on the role of the perinuclear localization of VISP in IHNV growth may reveal

the novel mechanism of IHNV pathogenecity.




