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Herpes Simplex Virus Type-1 (HSV-1) Z¢j0f| [FE MI=LH
2| Ca*'sEol Hs}

=&Y - O[THE - O|&tE| *

SSOSR Xiuteitfst MHREHe, 'SRoisn fu3seiTs

Herpes simplex virus type-1 (HSV-1)2] ZHoll w2 M E 2] dgreso] Widel gt APS 43 A,
HSV-1¢] Vero A Zoj] 2143t F 4 A0 X Z5Srt U2 7H48 AL Yoo o2 MEy S
TEe e ot 7194 vlolgag] ool wlel A A|n], 421 L dA)A e Mt vlo|aire) Bay sl o4
SESGS. webA wlelgjag] FAzPEE o] AEY f8] BEEEY Fao] F83 JTL o= AL o 4 Qg
=3} Vero M| Zoj ulo]HAF A 7|3 v]H AT eBA Q) taxokd AE]sha 4 AR 2) A XY 4] AgrTe)
ZHot SEESE AR 2 RE vlolaag) Al 839 o) Folli= rladte] BBl AL o 4 gl o]t
&2 AY AAZHE Vero AEs|A HSV-19] 98] 2= AXY falgds T 4 HSV-1 243 wye

#7% 7S 429
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Herpes simplex virus type 1 (HSV-D2| £-2x= di=k 150
kbpe] A¥ o]F L}l DNAR TAH01(5), ¢k 80 oJ29]
e orslsla 9Urk24). 183 HSV-1 532 W
= A7) wegt A 27) FHAE (immediate early genes, o
genes), 7] RS (early genes, Bgenes), L83l 7] £
ZFE (late genes, y-genes)E WE  dow fAAx wye
cascade HEZ A 3tA] Z2HHHe). Hlolel2r) AE <)
o7k Mol ofe] Az)H HEE doH ol wWah=
npo]g 2o FAe) ulg- Z2% Aoz ddA ot o)} o
Aol Aeiishs FAE (G, )2 AESC] o EF
o] ARIAY sEY o3 B43E o) Jehis Bkl 4
zAE Halel Aol AR

HSV-1-2 T& Herpesviridaeol] &35} nlolg]2] 353 ¢]
E421 257 A (latent infection)S el HSV-12 S1A|e] A
ol $2 7<d3e AN AT WS Yo, Aol upet
A AR Bt A Hekdg dey|rx Frt
CEE AR oz RE o] ALAde 53 Hor)so] o
slEl AMgEo A Fog 2A B3 At i viveoll A HSV-
o] 27171 ¥ #HEgd o= nlolg2e] HEA} vl £
< FE AAAE] MESelvh29). 18H A EE NEF
1o} vlA EAEAEE QIXBT o] Ulgdhe 713HS Au1
e olgl @G 2EHoe] 7|7 Fo YR Hgoz ojg
St Qlvk. & ARAEIE 9358 sty a1 A% A
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ARGEHo| EulgozN NAMETY AE o] HEy)
o] W Ca’o] o|AHPEHE A&l vk Ao|th4). u}
A B APE i ovitreol A HSV-10] ZFEE A XA UEe
e ARy 3 AXd fe8 Ze vxo dss) blo)ga
oke] FAE golR AL &1, o) upo|g) 1)) 23k Al A
FoA 9 AEg3sle] w2= 4744 A¥71Ee E o ols)st
o G AT HoA9}Y] BAS dolHENE =80 H Ao
2} gzt

Mg W

MIZHHQF 34 B X|

African green monkey kidney M|EQ! Vero A|FE H A%
AHE5FE AL, A Aol Eagle’s minimum essential medium
(EMEM)ll 10%2] newborn calf serum (NCS)3 0.075%%]
sodium bicarbonate (NaHCO)E 713t AAujAE o] &8}
75 om® ZA S Fek2aFol A vl FstiT). Ml En) o] AE
HiFE- HAlO A o] oA o= 0.22%9) sodium bicarbonate
7} ¥ EMEMS ARl o $A3] Algh AEe T
2 fA87] ¥+ 2% NCS7F 3-8 SR RS AREsHa
o} A xufekel HHE MYEE FAAA F7] Yl 5%
CO, W71E=r}t FAEHEE COo, Y7 E o838t

2FX|

2 Aol AR k% & RNA FAAAAS cordycepinth
Tz A AAI9! cycloheximide= Sigma Chemica Co. (St.
Louis, US. Aol 8 tt. vA|lAae] Ha) o) daks
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W)= taxol® Molecular Probes (Fugene, U.S.A)IA 7438153
o}, wlele{ el DNA AT HojHoz AASHE acyclovire:
Burroughs Wellcome (Research Triangle Park, U.S.A)C EHE]
FAHE uE TRIskr,

Hloj{ A

28 Ao A5 nlelglE HSV-1 strain Mclntyre©] ™,
&=t gheh Aghh (@WE)e] of Tt MRALERE] AT HSV-
stocks 7] HafiA] M FuiUE ZeFAA (75 em’Y] Bl A
T75)0A1 AF2F Vero AIE2] w5l 2F 0.01-0.05 plaque forming
unit (pfuycell® vlo])22E HEA 7] 2L 37°Col M 1 ARMESH &
2 & owlo| g AAS FH FAAE FHrtste] wfoFstE
nlol# 22kl 2.3 A % aé‘r*i AAE —65'CAA Y] nto)
) 20] ZAS A3 §F F 37°celA] 2SHEAF &gt o)
A AL plole] 2 stock- 2 ml I 5 mid U0l BA8)ke]
—65°Ce] Kot g ).

E213 (Plaque) 24

ntole) 28 2ollA 107 BNt BMe) % (02 mhE
35 mm AMERjeRE HAlol wigst Vero MEWEo] HE3) o,
37°CollM 1 AIZE B9k FEAIR] R overlay mediumS: W AT
EMEM® 2% NCS, 0.225% sodium
bicarbonate, 1% carboxymethylcellulose (CMC), 40 ug/m!
(FAAek, A 18]3 1 pg/ml Fungizone
(Biological Ind., Israc)2 HolE Zolth npol#AaE 3HE3X
2436413 B 0% FEEHOE MIE uAAHAG gad
overlay mediumS AAAZ F 0.03% AEd EF2 A3t
sEEm g oz Fefao 78 Ak

Overlay medium->

gentamycin

#eld Hiolajao] My

oFA Sl ol3k HSV-12] 4 A &3 WA o
em™? Leighton tubeol|A] A&t Vero M| EtHEoA] F2]
vpolei g YaFgro s AYstAt Vero MET
(multiplicity of infection)”} 1-3 pfivcelle] %A Hjo]2]2
A2 Hhele)zae] FaF 37°CAA 1 ARhel Bt ﬁr
HHP e FAA ol Hol Feick. o M 2436
A F e 650N G Moz TS T
At ol e 37°CAlA] 511 et L
S g9 i vholelzol Pape Feh Aol o)

Aastaint.
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:EZ“LZURJE
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= 30% Fol 2
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HSV-10] %l Vero Azoll 4] A2 T"rrﬂ sy lL}:_
(intracellular free calcium concentration: [Ca’ & SASH d|
B AA A9l Fura-2/AM (Molecular Probes)S- A :
mm A EZHjEE Ao A S E MES}F HES soi/\é };” sha
HlolH 2E MOIZF 3 pfucelle] HA HEska 1| A)E B9 &
2kA1Z1 F D-PBS (w/o Ca™", Mg*, KC(l, KHZPO4. Na(l,
NaH,PO,H,0)2 Al#3ti 2% NCS7F =3hel {RaAE 7}

HSV 73 2 307

d F o AR St T F 0,4, 8 F
Cheofl ztzke] MEE D-PBSE A3t H
Fura-2/AM-& 0.5 m/2] loading buffer (10 mM Hepes, pH 7.4,
130 mM NaCl, 5 mM KCL, 1 mM MgCl,, 2 mM CaCl,, 10
mM glucose, 10 mM sodium pyruvate, 0.02% Pluronic F-127)
o 3 uMo] A WolFE F 370ColA 408 E<h viokalsct wy
ofo] Bt B4l Aol ofs) AEE dMEsisix 52
5, 001%9] EYA A9AA(Sigma, US.AF E3HE loading
buffer® 18] AHATH17). 2 th3ofl G4 <! loading buffer®
23] M# 3+ & fluorescence spectrophotometer (Model F-3000,
Hitachi, Tokyo, Japan)Z B%2] =& A3t HIl /Y
4y T8 Yol dth Excitation®) emission 3742 7F2E 340
nm2} 500 nme- AMS-sHE .

staict. o] W #

= 12 ARkl At

T

2 =

HSV-1 ZtYol thE M ZLH R2| EEsTe ¥l

HSV-10] Vero Ml¥ol #98k & HEe fel ZgsErt
of Al W3h=AE dolr7] $Ja) wiolel s ML) 7EA)
I (MOI=3 pfuwcell), 83247241712 Fura-2/AMS Mo
UAIT B gzl e =Adte] dolrgitt nlole]A 7] & ¢
ATVl 12 AlZAR] 4 A TR0 R BFEhE SAEA] vlo)
g2 e ] kS X (mock-infected cel)l ¥4zt v
wal 2 A wlolels T F o4 AR ko] oF 25%
AE TAEHaL, 2L o]2)e] A7iel M 53 wigls 745
S5FATHTable 1).

HSV-19] ZIH Mo MEZ /2| AEsTel Hale| 2t

Table 164 B vlole] o] 1hedol oft A3 4 Altx|e]
sl 43 gadido] e vlo)gje] gl 93 A
HRIA| golr 7| 93l tha-2] YA AFE 3pHTh DA who]
)25 ape)il 2ARe) 550l M el dxjelel] gla] nlolyi el &
3 glolE F, Vero AlEel 217150 YA 4 Al Fura-
2AMe] kol 23 M) kel ok Z4sled FAkEQl
vlole]Ag 7vdAz] A vlmske] Bch A An Palzel

T 11

Table 1. The calcium response of Vero cells to HSV-1 infection

Hours Fluorescence + SD* -
postinfection  Mock-infected ~ HSV-I-infected Ratio
0 110.9 + 1.04 104.8 £ 0.48 0.95
4 119.4 + 0.69 85.9+094 0.72
105.3 + 0.65 103.4 + 1.01 0.98
12 109.3£045 1129+ 0.89 1.03

“Standard deviation.

PFluorescence in HSV-1-infected cells/fluorescence in mock-infected
cells.

Confluent Vero cells grown in 60 mm petri dishes were infected with
HSV-1 at MOI of 3 pfu/cell. At selected time after infection, cells were
loaded with Fura-2/AM (3 pM) and the fluorescence was measured.
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Table 2. Effect of UV and heat treatment on intracellular free calctum
concentration in HSV-1-infected Vero cells

Kor. J. Microbiol

Table 3. Effect of different MOI on intracellular free calcium concen-
tration in HSV-1-infected Vero cells

Treatment Fluorescence + SD* Ratio” % of change MO!I  Fluorescence + SD* % of control % of change
Mock 80.2£0.31 0 109.1 £ 1.12 100

HSV 62.2+0.63 0.78 0.3 1056124 96.8 =32
HSV/Heat* 76.5+0.94 0.95 +17 1 88.3+2.52 80.1 -199
HSV/UV! 82.9+0.94 1.03 +25 3 78.8£0.71 72.2 -27.8
“Standard deviation. 10 65.8+2.37 60.3 -39.7

PFluorescence, HSV-1/Mock-infected cells.

“Incubated for 1 hr at 55°C.

4Irradiated for 1 hr at 366 nm.

Vero cells grown in 60 mm petri dishes were infected with infectious
HSV-1 (MOI=3 pfu/cell) or infected with UV- or heat-inactivated
virus. At 4 hr p.i., cells were loaded with Fura-2/AM (3 pM) and the
fluorescence was measured.

nolg] 27} g M M= FFgho] 22% Axsigen B
33l nvlol] o] 7o) mock-infected AMFEL}F Aol HlS
3k o] FBghs YEMATHTable 2). &, 84319 blolgix
= AEY 2 ZF o] Wl ¥uE JS ulx|x] ¥
Hes L 5 AT

502 vloj#)x gl 23k AEW fel Zawre] W3t
9} 74994 mlol Aok ofH BAAI7} JERE dolr ] sl
7494 e vlelg29] & MOP| 0| AE-E 30717 H3HA
H F0] Vero A2 AT 5 BHEsTY TAZe] AY &
4 A AEY o] S E3Yk Mot 0194 1,
3, 1088 Z718o) wab SFFZE 32, 199, 278, 181
39.7%2 11 7HAZEo] HY AXE AL & 4 UATH Table 3).

HSV-1 X} Wai MEZEL RE| sz ¥El

794 e Hlel# 2ol ax] NEW f2] Zesee Wl
7} dofutth= RAs ko] o8] AP FaA dopasith o
o= o]yl W7} W] nlole{ el A xete] Af el o A
91A] ofy mlelg2 FALe Wy #Bde] e ZAJAS
ol 12} ATk WA HSV-19] HEjo]5ol] Badal= 14
7] HalHAs dASE A taxolE BlolE T &
FAIR ) doFar 3 5 4 AZERle) 8 AR AlE R
A e s s 2439t AAE FAAe o8] 4 A7 U
Ehbs deeme] At SR EIeH 8 AR A

Standard deviation.

Vero cells grown in 60 mm petri dishes were infected with HSV-1 at
various of MOL At 4 hr p.i., cells were loaded with Fura-2/AM (3 uM)
and the fluorescence was measured.

Table 5. Effect of metabolic inhibitors on intracellular free calcium
concentration in HSV-1-infected Vero cells

Fluorescence + SD* . % of
Treatment : : io®
Mock-infected HSV-1-infected change
None 1198092 86.54+1.39 0.72
Cordycepin® 1123+3.18 113.6 £0.50 0.93 +21
Cycloheximide!  122.2+0.85 118.7£0.28 097  +25
Acyclovir® 113.8+ 141 91.9+347 0.81 +9

“Standard deviation.

bFluorescence, HSV-1/Mock-infected cells.
‘Inhibitor of RNA synthesis, 20 ug/ml.

9Inhibitor of protein synthesis, 10 tg/ml.
“Inhibitor of HSV-1 DNA synthesis, 0.225 ug/m.

JEfe] Axe] AeEmel & Ao)7} §IUTHTable 4). 18 2=
4 A dojve AFEEe] Huzhhe dloleise] §3)
AT Ak B¥o] e RS & 5 U

U SARE vloli s 3 F {3 B3-S AAlEE oF
AE A2aiFar 4 A o] S 59315t o] Adol
AFEEE QA2 RNA $H3-S HAISR= cordycepin, T2 $H4
AAAQ] eycloheximide, 28] 31 vFo]#22] thymidine kinase™
S Eol3lAl AR acyclovirfith. Table 50| LFERA nle} 7+
©] cordycepin & cycloheximideZ A e|dlE AH-Foll= FFHA
Hlole|zo) o8t A2y f8] derre] AR} A 55

Table 4. Effect of taxol on intracellular free calcium concentration in HSV-1-infected Vero cells

Fluorescence + SD*

Hours " Treatment Ratio” % of change
postinfection Mock-infected HSV-1-infected
4 None 145.8 £2.69 115.2+1.27 0.80
Taxol* 132.0+0.57 133.7+0.57 1.01 +26
8 None 119.2+5.02 117.5+297 0.99
Taxol 116.2+5.16 112.1 £1.98 0.97 -2

#Standard deviation.
bFluorescence, HSV-1/Mock-infected cells.
“Concentration, 0.1 (M.
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# 9k acyclovir®] 7-$-olle ofte] Aaade S5

&

K

ol A=tol] gk vk B2 AT Tl WA viskE
Ueh Y, 53] (g ol Todste oAb EE Ca™,
cyclic nucleotide (cAMP, ¢cGMP), diacylglycerol (DG)™ b2 <1
AEe] Wals 2l o2gh W3l dES 2 533 vjo)
222, human cytomegalovirus (HCMV)ell ZF3El Aol A &
o] Yehir lem o] 2L Hlojei zjale] FAEhv]o] B
oo F& 338 A sk o R olFlEar Ut
Ht o] o]¥] BHNA  HiolH{ a9} sAdEete] #AE A
Hotaal gy 1 Ay g AFdnEe] Beol s
o} E3] ujole|el S0 Cal'mhe] Ja Aol 93k ofef |
AEo] Bol BHITEATHI0,1621,2527). HE herpes simplex
virus type ! (HSV-1)}& etz oA dalgd Foll A ZAIEQ)
dorsal root ganglia®| A FEZFAE stohvh, AlAle] 4w A Wil
A& 5 2Ef A HAY)F 93} Sofl Aledo] LA
Ay, AAZAZEAM ] 7154 Ca¥'o] vl Fa3F «Ehs o
ATz A2 ojv) e Aot whEbk] Catoll FEE
W= AR EANX B R EA st AR sk HSV-I
AA| Ca 3} ofEl Aol gloefe} AzhE)

ol e S AZFs) R A8 HSV-12 Vero 4|30l 7t
A7 5 ARIEE X G2 derss S3E A
Al FoA g MEY fe] BEFert 343 gAasHes o
4 ek 146 HSV-13 28 S A% HOMVE] 34
AFghe] fibroblast Al Eo) 7FASHAl EH MR 2 RE]9] T
9 #YE 380 Aol MEW #8 daessE Z77)
™(22,27), HIVAl ol8] F=¥ T-cell®] hyporesponsiveness”}
Ca” ¥} protein kinase C9} ¥ o] = Halw 1.2w(26),
Epstein-Barr virus (EBV)7} ZF4 ¥ B JZ oM A F F2
eyt 7= R7F dvk(i1). 35 Chinook salmon
embryo (CHSE) 4|3l 738} Infectious pancreatic necrosis
virus (IPNV)2] 9ol Ml 29 #e] ZaFert dadrh:

1% UTk17). oo} Zo] o] F5e] nlolefv) MaEe] 7H
Ag H dolvle AEU Rl ZE w9 ik A v
Bz A& ofuar wlola 2y} AU Sl 5] 98t Ao
opdz} AZhETE 4 HSV-13 2hikEl= HOMVE: Z9E A
X o] DNATHIE HE38h1L(33,34), fos, mve, 12T junst 28
A ZW proto-oncogene®] WS FHdh=(7) 5 AE B3t
off #dsl= A2 wlolziAg dEA Uth3). A7 A2
2437} o] ol A Mo fe) A T 27hEa o)y
& HCMVZ} of7[317] wiioll ME f8] Zg s5rt =
7¥etarhal Azt ey diFEe] RNA HRol#{2u= 4Ty
T2 A AAse o2 deld AL IPNVE o]¢ 4
of e vAER MEW fe] AgEErt dag glolet &
= vk 26 HSV-10] A3 7+AsHH HSV-19] virion host
shut-off (vhs) -F-&A} Aol o3l 3] DNA §Hide] Ham
(31), duize] o] AAErk19,30). o]¥1 &2 HCMVel

HSV i 25 309

o3k A|are] @Agstele Aglrl Hal 238 IPNVS} Blssict
wetd HSV-10] Aol 7edsld Mz f8 2 sevt
s Aol ot AlZtEg 583 S gick

A HSV-19] {34} W SHcA Bopd of-3-0) go] A
H& 4= 9lth Harbison 5(14)°] 28+ human immunode-
ficiency virus (HIV)®] LTR (long terminal repeat)®] &3o]
verapamilg- *2]3)5 YaptA|EA A 2k skt A2
el Aeeert e = S AWl ER8E5L s NF-
kB (nuclear factor)®] wlol}2 LTR F214+2] promoterel] 2%
sl ylo] Y] Wit ulolr] o] fodz) Wae) Z21H
k= Blolok HSV-1 7 & 4 A7ao] MF fe8) dess
7t skl of wo wlolels f3AL BwHe 7] A}
R = Al7]9F A2l Wit s Lee(20)0ll 28bA 2 &
A AAAIR) verapamild HSV-1 o] g A2 2 gjs) FH
nlo]e]2:0] FAlo] AT SlT) o9} 2 AR HSV-1
o] AIE 7Y T Axd F8) eyl dAEY 3
7Vehe #goll GEE 7137] wiFel] dojdt dHAtolat MHe
g Atk A vlojeize] fdx) B MEW 8 A =
o} 77} AEE v Aol obdrt ke

EE439 vtol o XY 8] 2 TR T
Zdol YERFA skt o] A8 @A nleleiart derRe
Hglol] 21 o g Fofsichs 418 deFy, A4 vlolgla
ol F7VErE AE f8] AEEY il ARt B
el A7t o] & SiRbdETE RNA 4 JAAR] cordycepin
7} cycloheximide®™ Hlo]#)2x ZWMEo] A2 4ES Fapyo
B AA3rH 7] Wil wpole] 2ol {3} HhEo] o]fto]z]x] ¢
U T AT AR F T v A R A
ZEW PNV M o9} gk ARt duy). &%
acyclovir®] 7-§-oll= vloj]Z=o] DNA A7} 71 kel o
ofubar A7) wiitel Z=RkEe) {1z} W] WuE ¢Jgks v
A FRA A9 Mxd fe] 2 s da de =
BahA] Bgoelst ARy Gy o] 28 4= glut shuvkshd
AlEEe mE XY f2 2 s5o HIS doprz 2
7] wjf-olct, vl ekAle) 5} Zvksi) striels AlEuy
Frel 2 B9 gAadge] FEE R ek=thE acyelovird] 9
g 9%l kel Sk vlEe|F o Qo A $5
17} wjZo)t) B3 Kristensson 5(18)T Sodeik $(32)9) X1
off =T HSV-19] 83} o) 8] v 4To] #od3irtsr 5HY
o, ohi FH vloleiz: FH4 B2 o)Fol % AT E A o)
gtk Bt 91vk2,9,23). VM ATS AldR o A 9
Hafj#ge] dojufar =dl 949 o] A dEkS T ulo)
g2=e] fat Edo] AR e 9wl 7] wjo) u}
olejze] FHHAL AL ot ¢k Aoy, wbA HSV-1
el w2 qEy fi desee] Wabrh dour &e A
olg} Azt Taxol HElE 3 23 QY 8 2% B
o W7t Qv AR 2 RE ol e] FHAL o) ol mlA
Zde] Aot A& 9 4= ATk 2eht o] o v}
A AP ARES TR nloliizg] FAA wEla ATy
ol Aewse] wslels U948 dde] ol A 2

Rl
-
v

HT e

e

o

A

T

-
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HSV-100] &t Azl F2 Zeere A8 Tadhe 7
Zhof] s e s ¢ & glov R VHA] 5 5 Ut
gutA o 7 M EFe] ZFEEE 7H4A7E 718 AE
FggozRE 2 FUS dABs A5, Azl )
& Na/Ca> antiportertt Ca’*-ATPased] EAdslol] 9Js] M 3ufjo]
At Aol RE WEHe AT AT /8 ZEe] &
ZAY v EZ=go}l 242 AXuURe AFAFAR o)lFHE
7-%(8), 28|31 ulelaxe] B weigoe] Mxuie] {8 2
7 Agshs 4971 drk12,16). A3 HSV-10) 2%k AEZW &
g ZEEse g4 V15 B o 843 osdlr] site
o] 7}A)e] dFEo] S Eojor s} Azt

o

28
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ABSTRACT : The Change of Cytosolic Free Calcium Concentration Following Herpes Simplex Virus
Type-1 (HSV-1) Infection

Youn-Jeong Nam', Gyu-Cheol Lee', and Chan-Hee Lee'**('Division of Life Sciences, Col-
lege of Natural Sciences, and “Research Institute for Genetic Engineering, Chungbuk National
University, Cheongju 361-763, Korea)

Infection of Vero cells with herpes simplex virus type-1 (HSV-1) resulted in a series of changes in intra-
cellular free calcium concentration ([Ca®],). A significant and maximal decrease [Ca? ], was observed at 4
hours postinfection (hr p.i.) in HSV-1-infected in Vero cells. Inactivation of HSV-1 with UV irradiation and
heat treatment abolished HSV-1-induced decrease in [C az’]l at 4 hr p.i. in Vero cells. And the degree of the
decrease in [Ca”'], was dependent on the amount of input virus. Taxol, which stabilizes the polymerization of
microtubule blocked HSV-1-induced decrease in [Ca®'], at 4 hr p.i., suggesting that microtubule may mediate
the transport of HSV-1 nucleocapsid to the nucleus of infected cell. Treatment of HSV-1-infected Vero cells
with metabolic inhibitors such as cycloheximide, cordycepin, or acyclovir partially reversed the decrease in
[Ca®'], at 4 hr p.i.. Thus, it is suggested that HSV-1 induced decrease in [Ca’"], at 4 hr p.i. in Vero cells may
play an important role in the multiplication of HSV-1.



