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Human Cytomegalovirus -3-A2} #l& o] 3l Cyclic GMP2] <&k

=Abstract=

Effect of Cyclic GMP on Human Cytomegalovirus Gene Expression
Joo-Hyun Yoon, Gyu-Cheol Lee, Byung-Hak Song, Young-Jin Kim and Chan-Hee Lee”

Division of Life Sciences, College of Natural Sciences, and Research Institute for Genetic
Engineering, Chungbuk National University, Cheongju, Chungbuk, Korea

The relationship between second messenger ¢cGMP and human cytomegalovirus (HCMYV)
replication was investigated. First, the intracellular level of cGMP ([cGMP]i) in HCMV-infected
cells was measured. The [cGMP]i increased at early times after HCMV infection, reached maximum
level at 12 hr and retuned to basal level at 24 hr after virus infection, while [cGMP]i in mock-
infected cells remained relatively unchanged. Increasing [cGMPJi resulted in enhanced transcription
of HCMV major immediate early gene. For early gene expression, cGMP had varying effect.
Expression of 1.2 kb RNA decreased and 2.2 kb RNA increased with increasing cGMP, while 2.7
kb RNA gene expression was not affected. HCMV early genes are regulated by immediate
early gene, and the effect of cGMP on the regulatory effect of major immediate early gene on
early genes was investigated. In the absence of cGMP, major immediate early gene repressed 2.7
kb RNA gene expression, while 1.2 kb RNA and 2.2 kb RNA early genes were not significantly
affected. In the presence of 1 uM cGMP, however, major immediate early gene stimulated the
expression of three early genes.
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#F8 5: cGMPS} HCMV §-3 %} o+d

F 2L E@ol whet vho) 2] 2 DNAS) 247} A)
ZEE 7] FAA 2o dojuhA "rt. 37
FAAE F2 PEVNAS Bk Belgo
o] 43 Z& HCMV §AAle Bd e And =
e PEd 71 e a7 9o 9 584
<+ major immediate early (MIE) 77 &}o] o}

MIEE #4272 kd 92 & o5 815} = MIE1
L9} 86, 55 kd A& A5 3}EkE MIE2 &
A2 75 o5& FEo promoter (IEP)
ol oJa) 2@uh=t). MIEPLS 2829 I3 =4
9 02 Jyo] o7 thatdt cis-acting ele-
mentE o] EA . ARG 1o & 13709 F7)
Hor 9 HEFRE JHA 1, 2HEY Hoe
16, 18, 19, 21 G7]4 o] Wiz Zro vhoks =
A7 £ gl Aoz A Y (2
4,52324) 2HFQ 19 13 971 HELZE pu-
clear factor (NF) 1/CAAT binding protein (CBP) A 3}
ek SR Sk =M 19 18 G%
WHE7EE NFB 2852971 288 & e %
A7y s, 21 G714 R 7 2o = Sp-1 4
FHEAZL EA T 19 4715 NHET 2= cAMP-
response element (CRE)9} ATF A 329 & ¥ 33}
3 e} [7,20). £3], CREE 25 ZF2] CMVe
EAB}L o, HOMVS] 230 5 287 2
e Ao YA Ax FAN27] FEA 2
o 2 AL ol oz Yzl of
Hel= ZHEY Il activator protein (AP)-1
AR} EAD.

27) fAAe FRE FX25] fRA 2
Z2%3 it FA)27] {827 HCMV genome
o vnA A4E eo] TR EAse A%
= 98 27 fdAe By A 22ty 3
om 2 7)) oA B4 YA A RE A
E% @) obg Jl5ol B FUHA e
27] AR} FollE 27 kb, 22 kb, 18] 7 1.2 kb
RNAZ ¢35 glets f4AE0] Stk MIE 442
2] promoter/enhancer ¥-¢| ¢t o] 0|5 Z7] §A
A& 2] promoter 9o & t3F8 2HAR7) T
o] ol Aoz YA UG [11,12.21,25). 2.7
kb RNA %A 2}2] promoter X9 o) = ATF/CREB
core sequence, TFIID Z 9] 2} upstream stimula-
tory factor/adenovirus major late transcription factor
AFH 7} &2)8l3 2.2 kb RNA §-A z}9] pro-
moter 29l oll:= ATF 2297} A8} 1.2 kb
RNA A A2} promoter 29 o)) = AP-1 32 9]

9} TFIID 233971 EA 3.

ol A3} Z+e thoFel cis-acting 2H K F CRE
£ cAMP-dependent protein kinase (PKA)ol| 2}3f &
A 3459 NFcBSF AP1¢] @42 Ca’*-calmodulin-
dependent protein kinasel} protein kinase C (PKC)oll
& gAdstEot. o] 2 g kinaseE-2 AT H |
A5 o8 49 2d& w3 gl uebA
MIE f-Axg 27] FAR & thddt A5
HolAatgoe] #AY Aolgtzn F5T U,
o] & cAMPY} Ca®, PKC activator 5°] HCMV
MIEP 842 £33t} B Q748 G2 A7
Ao e B o3 YFHAT [7.9,10]. AT
HMelo] glolA o] cGMPe} e 2Ry st ot
% = smooth muscle2] ©] &+o]1} macrophage] &
8o nitric oxide2} 7)ol B X3 o) = AE
cGMP 522] F5l % Aolehe Ao WA
cGMP7} A 3ol A2 A 9] 7]%%& st 3l
o Zlo] B A [1,18] HCMVY| HE € Al X
oA cAMP [13]v} Ca* {10,16]9] =7} Z7}8t
a1 o]efl 9] HCMV MIE 7%} #&o] £3i5
i, cGMP =% cAMPUY Ca®, = protein ki-
naseo)) ]3] @9 F Slvh [14]). & dFAME
AZ A olAZ A 9] cGMPS] FZ7F HCMVel 2+
FE M ZoA B A W3y, o] = HCMV &
Az L@ ol JETL Fi=x] o) thate A

Bk},
| R
1. M=Z 2 glolg{A

HCMV F2 & 9% #2544 A EZ+= human
embryo fibroblast (HEF) Al & Al&3lg o) A X
) #}ll = Eagle's minimum essential medium (EMEM)
ol 10%¢} fetal calf serum (FCS)¥} 0.22%¢] sodium
bicarbonate (NaHCQ:)E 3 7} 3+ A A e} R & o)-&3}
o 75 cm® A Eu) F & Feraol A v FAT
FA 5] Ak A £ 2] A EEE (cell monolayer)S
FrA38t7) fete] 2%2] FCS7t &h-8 FAMAl &
ARgetith Al el A M EE FA A
A z=7] 98 5% CO, Y71 sE7 A HEE
37C CO: M7 2 o] &3t RE A& A}
|9 nvlolgAE HCMV strain AD1690)th. HCMV
stock-S A7) 4] 80 cm’ A EWj UL BetaA
o)A =g+ HEF A £¢H2) 0.01~0.05 plaque for-
ming unit (PFU)/cell2 v}o) g} 28 H E3}3 155
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Aoz A EE Fo] 370N 14T 5
S FHANA vholHx 49 4~59 F ATH
¥ AR} o= FE bt WA S AHS %
AMAZ ZolF 3 vtold) 2 79 8~109 ¥ %
kel AHg SR,

2. Plasmids

£ a7 AH4-E plasmid2 HCMV MIE §-A
A 2EE dotry) 9% probe DNAZ A}8-3F A
< pCMV/HindllIEE. ©)= HCMV genomic DNAZ
AFELR HindlIZ AH3lYL u) Aojx:= E
HYE TFIT HCMV 27] §314 B e &
oFE7] 98] A}-8-3 plasmidE 2.7 kb, 2.2 kb, 1.2
kb RNAZ <¢+% 318t £ 219] promoters] CAT
(chloramphenicol acetyltransferase) &4 2} 7} -g-& 9l
p705WOCAT, p358-CAT, p456-CAT2.Z Dr. D.H
Spector (University of California, San Diego, U.S.A)
E5EH Atk MIE R AR} 27] 82 24
o vlA= AFE Folr 7] 98 A3 plasmid
DNAE pEQ3363} pEQ276°.% ©] 5L pGEM1

promoter ¥ MIE 7 Z{-AXNE % 233
plasmido| t}. o] & plasmid DNAS] ZZ o &SR

2] & Sambrook 5 [17]9] WY & uw}elic},
3. MZL} cGMP 55 £X

AENFE B2z (fFAA 75 cm?)o) ¢
3] 2 HEF A 3E o) niolE@ A E MOI (multipli-
city of infection)7} 3 PFU/cello] =} Al 7+A A7) 2
0.5, 6,12, 24,48, 72, 28] 31 96A]7to] A3 =
WA E A At PBSE AH Aol FAch Ax =
5 ml®] 0.1 N HCLE “F2o) A 14]7F E<t )&}
o #2391, F2EE-L 17x100 mm polypropy-
lene tubeol] A AFAZX Hhgo R E2AF)
AZx T2 A4S 279 bufferz AFGT &
Gilman {6]¢] WMol 243 radicimmunoassay o)
o3l cGMP =& AR ettt

4. Transfection

Plasmid DNA2] A 1 % & Staprans 5 [21]
2] monolayer transfection < ¥ 8 5}o] =33}
At Transfection 8}7] 72A17F A o) A ZZ 60 mm
HEH o BFate] 37T, 5% CO, th7) oA
Hj &3}l o}, Calcium phosphate-DNA 24 &2 o}
+3 7o) £8|8t% o). Plasmid DNA €4 022 ml

c¢GMP and HCMV

o] 0.25 mle] 2X HEPES-buffered saline (280 mM
Na(Cl, 10 mM KCl, 1.5 mM Na,HPO42H;0, 12 mM
dextrose, 50 mM HEPES, pH 7.05)-2- 4} & ¥, 0.031
ml9] 1 M CaCLE A A13] H7bstod, mlA gk A3
=°] 3448 w7tA Ao B@AI G A EI}
W Fd 60 mm HEHH ] WA E AAL H
calcium phosphate-DNA & g9l -2 A £ o] H7}a}t
o 1A ZE B 37TAA ¥gAIFTh & A7
ol calcium phosphate-DNA & €42 4 A5t D-
PBSZ 33 A3 g H WA F H7}stod 37Tl A
vl e A th L F 48 A3t Holl A EE Kol
chloramphenicol acetyltransferase (CAT)S] &4 A
=& 3%
5 CAT &4

Sml
A Z
5%

Plasmid”} transfection® A Eh=-2
PBSE A3 F EFJAN AHE T H
ol A AR FH SFHTH o1&
AR F 5 0.1 mlel 0.25 M Tris-HCI (pH
Adgsr At QA AL 3~43] A
WHEate] A EE B A A7) 2 g Bl st A
NE #H3H Y. CAT 4 &4 -2 FluoReporter
FASTCAT Gene Fusion Detection Kit (Molecular
Probes; Eugene, OR, US.A)E Al43te =431
o o] e g A& HE FZ9 60 uel 10
ple] 712 3 4 mM acetyl CoAE H71sle] & &3
g H 37TelA 1243 ¥-EAIA D 3710 1 ml
9} ice-cold ethyl acetate® 3 7}5te] WHE-& W&
9 QAR sl 42ae Aok &uE Az
Al 5 7+ sample-2- 10 pl9) ethyl acetate = 2| & &
3t A& silica gel thin-layer chromatography (TLC:
Kodak Company, Rochester, NY, U.S.A.) Fhof] % A
3} t}. Chloroform/methanol (9:1)0} 3§ ¥ chro-
matography tankel] TLC -2 ¥ 1 HANAIAD 2
HE HEF7] 98 TLC & 333 o)A Al
& Holon, FEAE 3 7 spotd FolA
0.6 ml2] methanolef] o] 2+ o] & g SE
Q¥ S AT 714 22 H3)ed 490
mm=z A2AR-E o, 510 nmol| A LAE = FH 3
% & fluorescence spectrophotometer@ &7 3153t}
CAT &4 9] 4 =+ percent (%) conversion & &
BAEH 2 o] & acetylationo] H chlorampheni-
col 27} H ) chloramphenicol 9F¢] ¥ 2&1)ojt}.
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6. Total cellular RNA &2] 2! A A

SA27] AR FHE B A A3
A A XA Zo] HCMVE MO} 30] HA 7H4E
Al713 ZEEA 6A17HA o] RNAE 2319
A EFZ0 2 XE] w|A & A A8 7 DPBSZ 23]
A& 8l 600 w2 solution D (4 M Guanidine thio-
cyanate, 25 mM sodium citrate, pH 7.0, 0.5% Sarko-
syDE AT H AEE Fo] v|AdAER F
Hol &7t} 7)o 60 ule 2 M sodium acetate
(pH 4.0), 600 pl19] water saturated phenol (pH 4.0),
120 pi®] chloroform-isoamyl alcohol (49:1)& =] ]
3} 12,000 rpme 2 1587 A Balsie] Q.2
A5l el 750 wle] isopropyl alcohol-d 7}38led =
AR o] & Y4l E sl A& RNAE thA] 4
Sl 300 ple} solution D2} 600 ple) ethanolS
Aelete] 20CAA FAA AT Al G4 E2)8
o 42 RNAE 01% diethylpyrocafbonate%— 2] 3t
F5goll &3l A A

7. Dot blot assay

1) Probe DNA2S| FEX|

MIE 347} &3 o2 2188 HCMV DNAS]
Hindlll E 2 ¥ o] 285 o] 3l+= plasmid DNAS
TR A, AFE L HindlllZ Adstgo).
o] & 0.7% agarose gel 2 A 7] F (70 Vo A 34
78 5 21.5 kbpe] Hindlll E A8 29| ¢] aga-
rose gel& Zehjo] 353ttt o] probe DNAL:
PhotoGene Labeling Kit (BRL; Gaithersburg, MD,
U.S.A)ZE A}-&5td A A S nick-translation ' o))
2] &} biotin-14-dATP= ¥ X| A| Z th.

2) Dot blotol] 2|8t DNA-RNA hybridization

PhotoGene Nylon Membrane (BRL)S 10X SSC
o 1583 241 5 dot blot FX| o] YU} F&
¥ RNA+ formamide, formaldehyde (37% solution),
10X MOPS buffer& # 7} & 65C A 5587 7}
9% % membraned] F2A)FTh 7] denatu-
ring solution (1.5 M NaCl, 0.5 M NaOH)< 5%,
neutralizing solution (1.5 M NaCl, 1.0 M Tris-HCI,
pH 7.5)& 28 2] % % 80°C vaccum dry ovend]
A 2217y 391t} ©] membraneS- plastic hybridiza-
tion bagel] 2 31 prehybridization buffer (50% forma-
mide, 0.9 M NaCl, 60 mM NaH;PO4, 6 mM Na;
EDTA, 0.1% ficoll, 0.1% polyvinylpyrrolidone, 0.1%
bovine serum albumin, 1% SDS, 200 pg/ml freshly

denatured sheared herring sperm DNAYE 3 7}-3F F
42°C shaking incubatorol] A} 12X} ¥+-g-A) Z o). Pre-
hybridization bufferZ ¥ i1, probe DNA7} &°}
91+ hybridization buffer (50% formamide, 10% dex-
tran sulfate, 0.9 M NaCl, 60 mM NaH,PO., 6 mM
Na;EDTA, 0.1% ficoll, 0.1% polyvinylpyrrolidone,
0.1% bovine serum albumin, 1% SDS, 200 ug/ml
freshly denatured sheared herring sperm DNA)E &
8 5 42ceA 2443 WA 5 AN
t}. A3 ¥ membrane-g blocking sloution (3% bo-
vine serum albumin, 0.05% Tween 20, 150 mM NaCl,
100 mM Tris-HCJ, pH 7.5)2.2 65Col| 4] 6023} vk
§A]7) 31 TBS-Tween 20 (0.05% Tween 20, 150 mM
NaCl, 100 mM Tris-HCI, pH 7.5)9]] 1:1,0002. 2 3
2 A7) streptavidin-alkaline phosphatase conjugate
(SA-AP; 1 mg/ml in 3 M NaCl, 1 mM MgCl, 0.1
mM ZnCls, 30 mM triethanolamine, pH 7.6)% 4 &
oA 1083 AEAZ k. SA-AP7 A€ mem-
brane-& TBS-Tween 202 1583t 23] A1 23 5 1
X final washing buffer® 60¥-27} #) 2 3} % t}. What-
mann No. 3 MM filter ¢ o] membrane2 &2 Eo}
ZA2A)17] H membraneS PhotoGene Development
Folderol] 27 =%tth. Detection reagentZ ¢ & &
H e F 1 23T ~25T oA X-ray filmol] 2083+
=EAFAT

2 I

1. HCMV Ztedol 2 MZL cGMP S£9
Bis}

HCMVE| 9ol oJsfiA Al £ cGMP &=
([cGMPi)7} 1B A W3lex] Lot 7] H&) ut
olg] 2o 7+ 8 HEF AL & A7t 4= 55
3} radioimmuno assaydl] 2}8] [cGMPli& &4
3tith HCMVel ZHd® Al F= A2kl wdat A
X AL A ER ol & Atstd AEAAE
248100}, Figure 19] Lhebal 2133 2o [oGMP
 wole = 39 F 27ka] Alehel 7Y 6
A ZHR ol = 10° M £ 61.3 femtomole 2. Z7}15+51
1, 12X 35 ol = 104 femtomole 2 & th7} H AT}
o] & HCMVel| g€ Al EolA <] [cGMPlie 7
Asla] 7+ 24A)1 7} 0] F o= 40 femtomole A 3
o] $XZ B mock ZFEH A XA [cGMPli
o Hlg] F xte]E Holx A} gt oo v
mock Z+EH A LA 9] [cGMPiE FEE ¥ =
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Figure 1. Change of intracellular concentration of
c¢GMP in HCMV-infected HEF cells. Cells were in-
fected with HCMV (MOI = 3 PFU/cell) and samples
were collected at the times indicated. The cGMP con-
centration was determined as described in Materials
and Methods. (A ), [cGMP}i in mock-infected cells;
(w), [cGMP]i in HCMV-infected cells. The data are
representative of three independent experiments.

Fold activation

Br-cGMP(uM)

Figure 2. Stimulation of HCMV MIE gene tran-
scription by bromo-cGMP. HEF cells grown in 60
mm petri dishes were infected with HCMV (strain
AD169) at MOI of 3 PFU/cell. Media containing
the indicated concentrations of bromo-cGMP were
added to the dishes at 0 h p. i.. Total cellular RNA
was extracted at 6 h p. i. and hybridized with labe-
lled HCMV HindIll E fragment. The histograms illu-
strate the densitometric scanning of autoradiograph.
The data are averages of four independent experi-
ments.

of W37t BEH A ekt
2. HCMV M X} 2t ol CHst cGMP2| st
HCMVel| 7+ HEF 4| o)A 2] cGMP 5%
7V F7vetrl A ztste AV AE F 6AIMA R
olmel= HCMVe] SA|27] §1427} 2s) o
g5 & A7)0t} oA HCMV MIE 83 2} wt

2.5
s 2
©
2z
51571
4]
2]
C
5 1}
o
€ o5t
0
0 1
Br-cGMP{uM)

Figure 3. Effect of bromo-cGMP on HCMV early
gene expression. Fold transactivation was expressed
as MIE1+2 + Early gene/MIE promoter + Early
gene ratio. ([J), 2.7 kb RNA; (/2), 2.2 kb RNA,;
(E8), 1.2 kb RNA. The data are averages of four
independent experiments.

o] cGMPel| 28] oju] g dakg WA Lot
B 7] 98] cGMP analog2 A Al 222 F3}3)] A
F oto g Eojzt 4 9+ bromo-cGMPE A}-&-3F
At} glola] 2o g Al Eol bromo-cGMPZE
0,1, 10 pMe] FA A et 4d F 6A]3ke] F
731998 ) RNAE F&3le] HCMV MIE 57
22 E8El= &3 DNAYS] hybridizationg 4
A&k oh 4@ A 7} Figure 20 VA vhel o]
bromo-cGMP= HCMV MIE transcription< 1 uM
ol A} 7.59), 10 uMell A 258 F71A Z T

HCMV Z7] f-Ax & o) tl gk cGMPe] o 3
< golr7) Y3l &7] FHAEA 2.7 kb RNA,
22 kb RNA, 18} 17 1.2 kb RNAE & 3}3l= &
Z2}+e] promotere]] CAT -FA 27} 34 plasmid
9] p70SWOCAT, p358-CAT=} p456-CATS: HEF 4]
L of} transfectiondt F 24A17F Z o) bormo-cGMPE
2] €] 8} 10, transfection 48A) 7F Foll Al LB 4-8 5}
o] CAT B4 EA L =435} (Table 1). 22 kb
RNA H-Axte] #HLZ b omo-cGMP ) g]ol <}sh
o wek 718 W, 1.2 kb RNA -3 21¢]
$H 2 Zraskin L‘aoﬂ 7 kb RNA -7 28]
e MRl Sl 2 I B ke

HCMV z7] 84 38L& MIE f3 Al 9
o 2890 wekA MIE £ }91 27] 5A%
o] U@ cOMP] Y Polur) Siate] =
7] -4 A<] promoterel] CAT -F#AA7F AFHH re-
porter DNAS} MIE -#-7 #H2] promoterh& 712 =
pEQ336 W= MIE promoters} 727425 714
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Table 1. Effect of bromo-cGMP on HCMV E gene
expression

E gene [Bromo-cGMP] CAT activity
M) (percent conversion
=+ standard deviation)
27 kb 0 39 £ 55
RNA 1 33 + 47
10 38 + 4.1
22 kb 0 20 £ 25
RNA 1 27 £ 32
10 31 £ 33
12 kb 0 48 + 39
RNA 1 35 4+ 52
10 25 £ 27

HEF cells in 60 mm dishes were transfected with
plasmids containing E gene promoters fused with
CAT gene. Transfected cells were treated with the
selected concentrations of bromo-cGMP 24 hrs after
transfection. CAT assay was done 24 hr after bromo-
¢GMP treatment using FluoReporter FASTCAT
Gene Fusion Detection Kit from Molecular Probes.

= plasmid?] pEQ276< 7 M E = transfection
st A7) 3, AAE 559 bromo-cGMPE
A2lste] CAT A4 BAHEES 2H 3} o) A
ol A pEQ2763 A UL W 7] FAR}
promoter]] 2]t CAT A3 v] &< pEQ3363} o
A & wWe] 27 §4 A} promoterol] 2] & CAT
A ¥E&2 Y¥F g2 739 fold-transactivation
& THYD ol MIE 4847} 27 f2E
24371 =2 JERdTh Figure 394 2
& 1 Bh9} o] 2.2 kb RNA A9} 1.2 kb
RNA #7374z MIE 3213 243819 & w ol =
719 FE H =l Apojrt g e, cGMPIL &
A gol = FAAA oA fz LR o
Z7F ok vbE 2.7 kb RNA §A=1e] wryg e
MIE ko] 98] AAHT, o] oA mabe
cGMPol| oj&] o] FJ & FEE = A o F Vel
o A MIE f-- 2o 98 27] §ARE)
T2 cOMP] EA)3tol M A AT T e

o A& AMEWE st A3 wE 7HA
2=, o8 BEA WA E vslste Fo) Al
FUie] o] xAH B cAMPS} cGMP 22 cy-
clic nucleotide®} Z4, diacylglycerolo]Tt}. o} x4
d EZES AxYe = ¥ie AEUe pro-
tein kinase S| A4S Z4%tx lom &Ad3td
protein kinase5 - nuclear factor kB (NF¢B)$} CRE-
binding protein (CREB)3} Z+-2 transcription factor-}
e SHREE Ausksel ATWe) T 4
04 WelE bAoA ak welei2g 348
FaME 4FAES A en Besng, &
FAZU A2 AQ WSE /A 2 o) FA
2R} vhol2) 20} B4 BE §407 Feno)
B & olalsh R e vholzize) 24714 A
T} wolel o) 9@ AWl AR E FoE
g2 & oz YZtE . HOMVel oj & 7y
B EFAFTAHZ AEU e o]xAH 3l
cAMPS} ZH45) diacylglycerol®] ¥ =7} £t
EHA U [7,9,10,13], o] & o]|AHH EAEL
Mz 2 FSAAE 7EA 7] W Eol o] AAH

3 AR AAE 2Absle BT

o] & 95 WA HCMVd] ZEd M XA c
GMPY] sx7} o2 7 WatexE AHHEgith 4
B2 cGMPO] Al XY T ([cGMPJi)2] ¥ 3l=
vtol gl = ZHE 6| A E F7HsHr] Al Fsly
12712 o) vt H3, 27] 32 2de] 2+
A3t 24X AR = AL A XY oz E
olA A% FAHE AL ¢ F AU} o) 2
< HCMV 31dol] w2 [cGMPlio] W3t ¢/
[cAMPlivt Al W) §21 2% 55 ([Ca” J)2] W3}
F&d T2k 2ol 7t itk HCMVel ZHE | A
¥ A [cAMPlie 7 2 FHE F718kr] AlF
sl 2+ 6AI M) Ayt 3 1 3 FHAaske
7+ 1241245 o)) = mock 229 A A E 9} v) =%
FFo] 90} [13]). &9 [C” Jie whol2 A g &
A& Z7hete] 249G 24213k o] Fol| & [Ca i 7}
7F A% FA=a 3loh [10]. o] ¢ o] HCMV
+A ¥ HEF A E oA 2] cAMP, cGMP, Ca®* 22
ZAHJAAES Tx w3l zh7] S50 A A
stati Atk HOMV o] 9] 9] o} nlolg)x 744
o] g 215 o)A AE S FE W3t herpes sim-
plex virus (HSV), Epstein Barr virus, measles virus,

N

X >

human immunodeficiency virus, rotevirus 5ol X
TFH o] ot [(GMPE &3 3 A& HSVe 7
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S g A ok [19]. HSVY] 7€ HEF A %
A& [cAMP)i7} 74 S= whaA [cGMPis X &
QA F7ME Holm gt upabA nlolgxe 2
ol @} cyclic nucleotide?] &%= W 3le] akAto]
GE RS ¢ F lon, o)HE g ol
Hho] 2l & F2) 7] 2ol Zlojol A 7)Q1g Aoz A
zagii=3

HOMV 24 % cOMP 557} F3ialA) Z7he
£ A7 G 2N o WOk ol A2
7] #A8 (@) 2BA) 62130sh 27 §H A}

A FHA7] 1242h7F F&A s Aol o
2kA ¢cGMP7} HCMV &A1 27] 2 27 A=}
LA LG #Ae) UG Aol n Y4 5
ATt olo] w}t cGMP7} HCMVE] ZA27] &
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