KOR. JOUR MICROBIOL February, 1993 p. 72~78

Human cytomegalovirus S4{0 0jx|= cAMPS H&

XN - BFH - 0| as1

'ER0AD XIS 0|MEHT CMBUED EXI0/4SE ATME

Human cytomegalovirustHCMV)2] immediate early(IE) 3 #}2] promoter/enhancer 3-$] il
cAMP response element?} 2lths 210 2 HE cAMP7F HCMV2] Z4] o] 3@ #lo)2}z Az
F Qleh ol A4S Yoty ¢# 8-bromoadenosine 3',5-cyclic monophosphate(BrA)2}
papaverine 2 M ¥ cAMP F=& A7 & AE AH43td HCMVE Z4, DNA §4
2 IE #3824y o %S go} etk HCMV $45 DNA 42 papaverineo] 23
A€ wbd, Brax HCMVS] $4¢= & 98¢ F2) 93 DNA §4e 238 2AA9):
A& ¢ 4 AUk HCMV IE promotere] 98 #FsHE CAT #3AA4E 4% plasmid
pCMVIE/CATS M XU 3 transfection A& o), papaverined )% MEAME CAT £
B4=7 28 ubd BrAE A ¥ AXelMe Fr1slsdch. HCMVe) 3449 91E Hela
M EN A CAT A %71 454 A X HEL AT 4 B} 4] vJepd dba, Vero M XA
A Jehdel o] wieA MEM2) CAT BAEE BrA® ANesld 4% W 25 2
7ttt ol st e AAZRE cAMPE HCMV FA43# IE #34 e oj» A% #o

Vol. 31, No. 7

goht Zle ¢ 4 Aok

KEY WORDS [] human cytomegalovirus, cAMP, major IE gene

Human cytomegalovirustHCMV)2] §x2} 2
& A)7)el| wte} immediate early(IE), early(E) 12
i late(L)2 vz 5 ek o] Felld IE fxx}
AR olF] fAA el o)$ F43d d¥ge
sk Ao oA Qltk3, 13,16). WEkA IE §3
Aol g A= HCMVE) o} ojdd §-H2}o u)3)
@] Fd=Ax, 53] IE #§429 promoter/
enhancer 9]l thefgh 24 QA7) £3hEe] 9l
Aoz 423 QIrH2.4,520,22). HCMVY IE
promoter/enhancer -$]ofls= X% nuclear factor
(NF) 1, NF«B#} activator protein(AP)-1¢] 7§
T S 9P EARTR A glenid), 53
cyclic AMP response element(CRE) #-$|7}
HCMVE] 7ol S7d7} Eske Aoz oeld
At Cyclic AMPE= E. colis} 2& QA Z9 o
W] At BB 15 E4EE9 glycogen -3
o] 7R c A A4she How deiA glon
(1,12,18,23), cAMP-=4-4] chulde] Aglsle B
#Ae 89 dAT ANHATGACGTCAZ
somatostatin 3 2K11)2+ HCMV IE $3HzH22)
Tl A3z Aoz weA gich

#2712 HCMV®} cAMPS) #ai e g A7
© WH#E CRES &£xle} Fx& welz, CREE
cloning#}e] in vitrosl 4] chloramphenicol acetyl-
transferase(CAT)9} 22 9% f-Azlel] BoFqle
2] enhancing activity® B 7o £4& Fol
$tH8,19). o123 cAMP 52 & WA FUL o

72

HCMV ] Z2]o] Zrsl=x] ke 2bashex]d] o
g A A7 Ho) A gon, yolrl ol
HAuoze dabed 3t dT7% Ao ge AAel
FH cAMP7} Al glE 534 449 HCMV
ZAo g Fobd A fle AlRdAE oF
Aeg FeAo e dolhie AR e o
o]z} Aztelc), B AT cAMPY FE& wWslA)A
F& Wl HCMV £2]3} [E -§32} 2&d] oo g
B3l el =R 8 doliE g 2How stx
ok &, "lola|xe] FA1L njela|xe] H-AA B
o] Eaoagl Bi= Ao) ohel wlole| A 7hedel
ubE Alxe] WEE ol ol FoAL R 5
otk

Mz Wy

MZEeNF Y HX]|

HCMV Z41& $1&§ ZHA AE£2+ human
embryo lung(HEL) A& AMgslgiz, w)zkpA
A L2+ HelLa$t Vero MEE Ab&3)gdc) AlxA
Zoll=  Eagle’s minimum essential medium
(EMEM)el| 10%2] fetal calf serum(FCS)3% 0.22%2}
NaHCO; & #71% A A& o]g-3lo] 75cm?® Al
Ewfoks FepaelA] wiokslge. s ARt A
X AlEE(cell monolayer)d 387 ¢3}o
2% FCS7} &&= 5 ALgstac)
2fx|



Vol 31, 1993

Wl el A48 <FE F papaverine Eli Lilly
(Indianapolis, IN, US.A)elA Y& o 30
mg/m/2] FAREH e ¥ Fojrl Cyclic AMP
A9l BrA+ Sigma Chemical Co.(St. Louis.
MO, USA)elA Flshsich
=] %0] Fon Pt

BE AFe AR5 vle]g] 2 HCMY strain AD
1690]v]. o] wle]2] 2= University of Texas Medi-
cal Branch(Galveston, TX, USA)% Dr. T. Al-
brechtZ3 ¥ 3%tk HCMV stock-g & Wi}
plaque assayell &8+ A2 Lees}t Albrecht(9)
2} g whgic
ME 54 £5F

Mo o]4-1 UAEFS 5442 wuypan blue ex-
clusion el ojs) Axo) JE8S Aoy
ooty otet Al Fufekd 33 mm dHEgjrisjoA <
A3 #jet HEL Al¥shol ofe] Fx o] ofAlE A
2]gh4] 96A|7F Fofl EFIALE Aejsled AEg wiA
X35 04% trypan blue(Sigma Chemical Co.)oll
1110 Z4sleiel. Atolglds Al¥+ uypan blued
Freba] donmg dojgstfd e s =i
g 2 Axe Axete] gy osl wypan
bluer} FFEER Ao g wold sl s
o|-&-3lo] &r) sl 4] haemacytometer& B AL
o] & At
Plasmid

B A7) ol8% plasmidel pCMVIE/CAT:
HCMV IE promoterel]l CAT(chloramphenicol ace-
tyltransferase) 3 27} 2 &= 218 plasmid pUCIS
off "HAZ] 7o, o] plasmidi= University of
California Davis Medical Center(Sacramento, CA,
USA)Y Dr. P. BarryZ5¥ <glc} Plasmid &
FE87) sl E coli IM 10991 2 A3 2|20
™. 7] @& FAAg o R FEe] DNA 42
Sambrook 5(17)9] alkaline lysis 3-8 3l s}o]
ALg-gadc
Transfection®} CAT £

Plasmid pCMVIE/CATS HEL A %29 wgle
Staprans $(19)2) monolayer transfection ¥hy-&
wHaisle) pasigicd. Transfectiond}?] 72~964)7F
Hol] AEE IXI~2X10) FHEE 60mm HAE
ele]gfel] F-Fsted 37°C. 5% CO: 7)o 4] wioks}
Ark o)BA 22 AAE) Afele Mol caleium
phosphate-DNA §3 48 A7kgka] g A7E 3o
calcium phosphate-DNA 23 4% A 78} 1 phos-
phate buffered saline(PBS).e.& 33] |3k 5 4
Fol wiAlE Hristgdrh F 481 Hel AxE
Rol4 chloramphenicol acetyltransferase(CAT)<]
A4 BNEE SAsct

CAT ¥-4& Hruby 6)¢] WHe o] &sbeich
Plasmid?} transfection® HEL A|¥wr2g Egl4]
Aegh ¥ dABEE £ AEFE 01l mio 025M

CAMP and HCMY 73

Tris-HCl(pH 7.5)2 A detslaic} f A2l 5ol 3~4
3 d¥ EH9l& dbEEle] X5 A7 4
Felste] A43AS Fslgch 54 #42 FluoRe-
porter FAST CAT Gene Fusion Detection Kit
(Molecular Probes. OR. USA)E A}8-3lo] %4
gden] F4-8 Wil o wlei®l A&+ silica
gel thin-layer chromatography Hhell £s 74
Aok AIE EAEE7] H8te] Apelile] xAbE)s:
el A HFe FHEEieon] HgEAE 9l 7
spot-g F4 methanolel] %< Z1-& 490 nm 2}
FAHE W, 510 nmell A ks 3 EE fluore-
scence spectrophotometer(Hitachi. Tokyo, Japan.
model F-3000).2 Z33kgich
DNA &

upog) 2of iod¥l AEel 2} wlele} DNA 34
off ofgh ALl <dEkg olelw ] $lal4 HEL A
SEE 35 mm #Ejuisel wieksisich L7} S
A st wbolwi g MOLZE A5 3~5 ptu(pla-
gue forming unit)7} =A] 7bed 4] 715 ekx) 7} g%
AR S Hrskdoh okl Ay} 4847 F Fd
o) ofAl7} g5l w2 7hol 43 "H-thymidine
(Amersham, Arlington Heights, IL. U.S.A. specific
activity =25 Ci/mmol) & & F57F S uCifmie)
A AHzbaisdc) vlele s 7Hd 964 kel AlXE ~
20°Ceo] dedo g uh-g-g gk o5 5gl o
I m/2] v A e 006 mi2] protease(type XIV. 1% in
IXSSC), 0.03 m/ sodium sarcosine(2% in 0.IXSSC)
#0.03 ml EDTA0.02 M)E ol 37°Coll 4 12417
B3k wh3 Al gle] W e® 9 lysate 0.1 m/S
#3to] Whatman No.3 filter paperol 23 ¥ 5%
trichloroacetic acid@ 4 zpeflol] Hx 244371 ¥
AR liquid  scintillation  counter(Beckman,
Fullerton, CA, U.S.A.. model LS 5000TA)E o]-&
she] EAstoic,

o ¥ ng

ME =4 &1}

Bpoled o) galelis aol S AL} 0
Aojng ofal 7} #ro] Ate] ofg-g nlHciy u)
ojei o) Ao A Ehg Z)ak 2 glA W) mpele
kAl EE ARl 3o kAlv} Al e] Aol g
B 2 e FH39) FX(highest nontoxic con-
centration: HNC)# w17 Adsigch & Ao
papaverine®} BrA-; ol-8-8lod ofx] Hz] & 4979
HEAEE Fate] 4 Floie] dE HEpE o
A7} G{-= 2] ok ol xlell A o] Y& M FE ol
R 8 wAls) sfodviFig 1) o] Aglel Aufel 4
papaverines} BrA=2] HNC== el 10 yM3F 300
Mg o 5 sl
HCMV 4ol thdt cAMPL| Z&

oAl Ab4E okAlEel HCMV F4o digh



74  Jee Yoon and Lee

%\ N

120

100 F

80

60

40

Percent Survival

20 -

1 10 100 1000

Drug Concentration (uM)

Fig. 1. Effect of papaverine and 8-bromoadenosine 3',
b'-cyclic monophosphate (BrA) on the viability
of stationary human embryo lung cells.

HEL cell monolayers grown in 35 mm petri
dishes were fed with EMEM containing
various concentrations of drug for 96 hours
with changing medium after 48 hours. After
trypsinization, viable cells were identified by
trypan blue exclusion assay.
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Table 1. Effect of cAMP modulating drugs on
infectious HCMV yields

Concen- HCMV Fold
Drug tration yields= SD¢ inhibition®
(uM) (pfu/ml)
None 6.2+ 1.5)x10°
Papaverine 3 @7+ 13X 13

10 (89X 0.8)x10° 700
8-Bromoadenosine 100 (5.8+ 1.2)X10° 1
3.5 -cyclic 300 (e2f£ L9YX10°
monophosphate

Confluent HEL cells grown in 25 c¢m?’ flasks were
infected with HCMV (strain AD169) at MOl of 3.2
pfu/cell. Maintenance media containing the selected
concentrations of drug were added at 0 hr
postinfection (p..). Media and drugs were replaced
at 48 hr p.i. and the virus yields were determined
by plaque assay at 96 hr p.i.
“Standard deviation
* Fold inhibition

virus vields in the absence of drugs

virus viclds in the presence of drugs

Table 2. Effect of cyclic AMP modulating drugs on the
synthesis of DNA in HEL cell

Concentration . Percent of
Drugs (M) CPM=£SD control’
None 13991+ 396 100
Papaverine 3 8538=% 780 61
10 2642+ 98 19
8-Bromoadenosine 100 7256% 15 52
3".5"-cyclic 300 3948+ 95 38
monophosphate

HEL cells were grown to a confluency in 35 mm
petri dishes. Selected concentrations of the drugs in
maintenance media were added to HEL cell cultures
two days after confluency. Media and drugs were
replaced 48 hr after the drug treatment. At 48 hr drug
treatment, a small volume of concentrated ‘H-
thymidine (Amersham, specific activity=25 Ci/mmol)
was added to the medium supporting the cells to
make a final concentration of 5 ¢Ci/m/. Labeling was
stopped at 96 hr after the drug treatment.
“Standard deviation

" Percent of control

CPM in the presence of drugs
CPM in the absence of drugs

X100

%o ‘H-thymidine® #HZF Fx7} 5uCi/mie] B
2 Arle 35 74 96417 Fol] WS =) 5}
oJt{Table 3). Papaverine?] 73-%¢ 3 uM3} 10 uM
o A ok 7t Ha)E | ok N Eold FAE DNA
okz} wlaals] 74%9t 43% 2 DNA §HAdo] it
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Table 3. Effect of cyclic AMP modulating drugs on the
synthesis of DNA in HEL celfs infected with

HCMV
Concentration Percent of
+
Drugs (M) CPM*SD control
None 9758+ 85 100
Papaverine 3 72461 162 74

10 4214+ 63 43

8:Bromoadenosine 100 18665+ 14 191

3'.5"-cyclic 300 17731+ 16 182
monophosphate

HEL cells grown in 35 mm petri dishes were infected
with HCMV (strain ADI169) at MOI of 3~5 pfu/cell.
Media containing the selected concentrations of the
drugs were added to the dishes at 0 hr p.i. and
replaced at 48 hr pi. At 48 hr p.i.. a small volume
of concentrated 'H-thymidine (specific activity=23
Ci/mmol) was added to the medium supporting the
infected cells to make a final concentration of 5
#Ci/ml. Labeling was stopped at 96 hr p.i.
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Fig. 2. £ffect of cAMP modulating drugs on the
expression of pCMVIE/CAT in human embryo
lung cells.

The histograms illustrate the results of
transient CAT expression assays with various
concentrations of drugs. Each bar represents
the percent conversion of chloramphenicol to
acetylated forms by CAT in the presence of
drug relative to that in the absence of drug.

7P 22 A3 e Ak IE falAelna
4592 cAMP7} IE §3172} walo] ojujgt ofske

28 ¢
VIAEAE dolRgit). o]E $)a] pCMVIE/CAT
plasmidE transfectionA]7] HEL A)%oj papave-
rine = BrAE A8l 48417} Fol CAT #s
BAEE S4sle] okE Aesix ke HEL A
ol X2 CAT &% SH=Z 100%2 st9e wo)
A 4 BYE R JehlsitFig. 2). Papaver-
ine®] HF FE7b | uM, 3 uM 2813 10 yM 7} 57
H7bsted Fol& W CAT &4 F4xE Wr)sin
& Aol sl b 60%, 36%. 2ET 21%E o
okl 7 e® Mo} papaverine® HCMV IE pro-
moter®] 42 o) 4)5h olef3} o 4] 3= papaver-
ine®] Fxof wdEse AL o 5 ok wino)
BrAS Azlste] 918 ol 20 uM. 100 iMool 4]
i AREhA] sk Aol wis) 27 127%sh 173
%2 CAT &4 $4%7h 271shedok 200 uM o] 4]
= 2% 2 7hAstodo). Papaverine H2lel] 98] CAT
B4 X7} papaverined el Fx) ke 7
TR v v et 732 papaverinee] HCMV 7}
AdE Aol Aol cAMP % 2712 o7 A]7lg
B0l s 2He 5 gloh mak ALY cAMP
TEE ST Aoz edzl BrAS 2 elslod
TUE W CAT £4 ZYEr) Zrlsldals Alg
Ail= HCMVS [E §4x 23lo] cAMP7} 22
IS vepdohs 218 Aakgheh Teiy s e
X2 cAMPE HCMV [E §-43}2] 88 ¢ 3]a)



76 Jee Yoon and Lee

250

200

150 +

100 +

Relative CAT Activity

50

I

THnmnmn

B B

None BrA None BrA None BrA
HEL Hela Vero

Fig. 3. Expression of pCMVIE/CAT in various cells.
The histograms illustrate the results of trans-
ient CAT expression assays. Each bar represents
the percent conversion of chloramphenicol to
acetylated forms by CAT relative to that in
the absence of drug in HEL cells.
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ABSTRACT: Effect of cAMP on the Replication of Human Cytomegalovirus
Jee, Yong-Hoon', Joo-Hyun Yoon', and Chan-Hee Lee'®* (‘Department of
Microbiology, Chungbuk National University, Cheongju 360-763, and ’Re-
scarch Center -for Molecular Microbiology, Seoul National University, Seoul
151-742, Korea)

Since the promoter/enhancer region of the major immediate early (IE) éene of human
cytomegalovirus (HCMYV) contains the cyclic AMP (cAMP) response element (CRE)
consensus sequence, it was reasonable to hypothesize that cAMP might affect HCMV
replication. Cyclic AMP modulating drugs such as 8-bromoadenosine 3',5'-cyclic mono-
phosphate (BrA), and papaverine were used to affect the intracellular levels of cAMP, and
the effects of the drugs on HCMYV replication were studied. While papaverine effectively
inhibited HCMV multiplication and DNA synthesis, BrA exerted little effect on the
production of infectious HCMV yields. The synthesis of DNA in HCMV-infected cells
appeared to be stimulated by BrA. In order to understand the effect of cCAMP on the
expression of HCMV major IE gene, plasmid (pCMVIE/CAT) containing a reporter gene
driven by HCMV IE promoter was transfected into either permissive human embryo lung
(HEL) cells or nonpermissive cells. P:paverine, which has been reported to block the
HCMV-induced increase in cAMP, reduced the expression of pCMVIE/CAT in permissive
HEL cells. Treatment of transfected cells with BrA increased the expression of HCMV major
IE promoter not only in HEL cells, but also in nonpermissive Hela and Vero cells.
Therefore, it seems that the expression of HCMV major IE gene is regulated by cAMP.



