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Mechanism of Anti-Interferon-a Action of VA RNA Synthesized Late
in Adenovirus Infection

Kenichi Mori

The effects of the VAI RNA and VAII RNA of adenovirus type 2 on the
expression of the chloramphenicol acetyltransferase (CAT) gene was studied in
interferon-a (IFN-a) treated human KB cells by a transient expression assay. CAT
activity was determined in extracts prepared from cells co-transfected with respec-
tive clones of VAT or VAII RNA and the CAT gene.

We showed that VAT RNA increased CAT activity 67% in the control ; i. e.
normal cells without transfection of VAI RNA and approximately two-fold in IFN-
a treated cells. VAII RNA increased CAT activity by 31% in normal cells, but no
significant increase was observed in IFN-« treated cells. The level of CAT-mRNA
was decreased by IFN-« treatment, but it was not affected by either VAT RNA or
by VAII RNA, indicating that VA RNA has its effect at the translational level. It
was concluded that VAT RNA exhibits anti-IFN-« action through translational
stimulation of CAT gene expression. VAII RNA also mediates translational stimula-
tion, but the level of accumulation is too low ; that is, 1/30-1/50 of that of VAI
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RNA, to demonstrate anti-IFN-a action. This awaits future investigation. (Accepted
on February 22, 1991) Kawasaki Igakkaishi 17(1) : 65—76, 1991 ;
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RNA) 33| 24 & 75 - THIlN CHE AR S 1
294 MAIATHY, FWICEY cytotoxic &
R E B R AR O ZIZT . IFN 25
MEOV 278y —%2A4LUTIEAT % &, 68 kDa
@ ds-RNA K774 protein  kinase (ds-RNA
activated inhibitor (DAI) % % \» 1% eukaryotic
initiation factor-2 (elF-2) kinase?® & 3 W2 b
n3)BELETS. elF-2 kinase 1% ds-RNA @
FETIKEHDY VB L TiEER elF-2 kinase
ERY, ROX S RIERA%RITS .2 (DEHRE
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EXRPITERWRSIE, FREEL LB TE
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2 kinase DEHT Y YEMLEHET 2 HER, M
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L, VAT RNA ZBLCEEEICR - 72 elF-2
kinase (eIF-2 kinase-®) OfFf %M%Y 5 =
EMTER.Y —F5, VAIL RNA R
BEARPELTEEL L LERSRT, VAIL
RNA 2RLEEY A VA RZHEIECEESA SN
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5 VAT RNA OKREZHIBENH L &
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IFN-« 13 cytotoxic ZEhRE BB 72 <,
L VBRI Y X7 ERERET 5. KR
TR BHIN TRV IFN-a ZWT,
VAT RNA o IFN /ER#E O 23 A7 .
t b MEEERE RS O KB #fifidiz chloramphenicol
acetyltransferase (CAT) i&{5F'? % reporter
ELTBAL, IFNEBEREZ/2D, IFNPVA
I RNA 2z 2RA% 2 2 %72 £ OFEM 228
BT 2TV, VAT RNA OBFET TR IFN
DY 7 ERREENHS MICERL TWw3 Z
ERFEHT-. £7- VAII RNA OfEA b ik
SUIER, EEMIETIRVALEETIRZW
B, BERREEZR 2R L 72, IFN-o AE T
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IO IZERE TR o7z. VAII RNA D
HEEFB L~V VAL RNA Of1/50TH 2
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ZEx#E2 %L VAII RNA OfsEwcBIL Tk
e sivy, VAI RNA 2 mRNA 2Z &1L
THAEREHE LU SN TWB W M [FN-« 4L
HIZEDET L7 CAT-mRNA V~Lix VAT
RNA BEFOEB ALV ERCEEL TWR
W ENLLBENTHS.
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1. | CAT assay'?'®

@) HBA (VUEBHIVY T LK)

KB#i g 1210% > ¥ B R MM (fetal calf
serum ; FCS) % &t Eagle’s minimum essen-
tial medium (MEM) TH#kR L, #£BADHIH
CHETEREEDORWH D E60 mm 7T 4 v ¥ a2 il
2 X10°%cells % A%, M H, HBAD 3 KHE
ATIC 3 ml OFF L\ EEH T H19% . SLRBAEER
X Gorman 52 OFEESECLT, ROLD
WZiTo 7z,

¥ ) —VikEBE L7210 ug D77 A 2 F DNA
%174 u1 10 mM Tris-HCI, pH 7.5 L,
26 ul ®2M CaCl,%#finz %. Z® DNA-CaCl,
VR %200 x1 @ 2 X HBS (50 mM Hepes, 280
mM NaCl, 15mM Na,HPO,, pH 7.10) %
ESUREBE % vortex THEHAELZBSFHETL
20~303ET 5. 5 F<HBLIzDNA-) ~
&4 vy o A ORRIETR ® KB fMifg iz
THHEL, COM v Far—y—ZbET.

b)) ZVea—eyavr

HEEA 4 R, R 7 AL —5 — TR
WDk, 2 mlDls% 7V va—)v  HBS %
Mz CIEREW 1 2HEBET 2. BEbK7 Uk
O—VHEET AL —5—TkRE, 3 ml DI
B3 EES . 5 ml OMEESLH LB
HEMZTCOA Y Far—F—ZbET.

(c) HfEHHIR OFAE

H B ALBKEE £ 1c, M % PBS (137 mM
NaCl, 2.7mM KCI, 8.1 mM Na,HPO,,
1.5mM KH,PO,) T3 E¥&E> /2%, 1mlD
TEN (10 mM Tris-HCI, pH 7.8, 1mM EDTA,
2.5mM NaCl) 2inz, Z7/8—&YV A< > TH

faz sy, filger~4 702 —71CHL,
7,000 rpm, 54MELLTLEERKRL . Ml
%150 1 00.25 M  Tris-HCI, pH 7.5-0.1%
Triton-X IEE L, HKenz205 @ Cilliaz
WS 5. 0%, 12,000 rpm, 1043 [ L
U, B ik & 2 B S ¥ /e B OMIE
R LB .

(d) CAT BRKIG

R HE W 150 111210 1]l D10 mM  Acetyl
CoA (Sigma #81) EHBEIZ 4 ul (29.6 KBq)
@ (**C) —chloramphenicol (New England Nu-
clear ; NEN #&) %0z % . 37°CT 2 RfEX
JBEE, 300 ul OB = F NV EHNZ T vortex T
B, ROV EERVCERY 2 ER T
WVE (BB w2, Bz F VEE <A
saFa—7kBL, BoKE£200 xl OFE
BrF NV THBMET 2. BLINKLY—F—T
Fa—T7REGHRESE, WEREEU 20 ul OFFRT
FNEEP LI, YV A7V TLC v — g
(Merk ##4, Silica gel 60, 0.25mm) Z >,
5% 7 TaaRNVL s 5% R ) —IVOBHFRT
rav b7 74—%175. BTV — %
R, 74NVALEDIXBRTANLDE
v NZEEL, BRTA - IV T I T 4 —
2179 .

2. HIRE RNA O

77 A3 FDNA ZHBA (1D @), b)EMFE
BROBME) L7 KB #ifd %, 48[z PBS T
3@V, 1 ml® TEN 20z CHIRE 2 1303
. 4°C O T CHifdzE L LT EEZRE,
RNase inhibitor (Takara #:%4) %1 unit,/ul
% &% Iso-high-pH #Ef#E¥ (10 mM Tris-HCI,
pH 8.5, 0.14M NaCl, 1.5 mM MgCl,, 0.5%
(v/v) Nonidet P-40) %150 pl finz , KAz
10BN CHldEZhbT. EELEE, 5P
MIZHE® T 5. 3,000 rpm, 4°C, 5ofE=EOL
T, BEAPES SR X S EE I EE %2 B
T5. THRPIC, EFEICI5 ul D10% (v/V)

'SDS Kk U150 ul DIRFEH (TM Urea, 0.35

M NaCl, 10 mM EDTA, 20 mM Tris-HCI,
pH7.5) ZMZEETS. SHLKKEEDT =/
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=)l Z7aaRNVA LAY T INVTNIT—IVE
B (241241 1FEH) 2MAFET25H
B% T 2. 12,000 rpm CELMEEBEREINL,
b —EIONEEED RS . FEO BRI 2
FEROWHI LY / —LEINZ, —20°CT—HuES
B3 5. 20O, 12,000 rpm, 4°CTI543E L
LCEsnlcy /—0LikE %, RQ 1 DNase
" (Promega #:%#!) 2 units & RNase inhibitor
12 units #3212 41 ® DNase KISHEEWR (40
mM Tris-HCI, pH 7.9, 10mM NaCl, 6
mM MgCL) i2&» L, 37°C, 150MKEE ¥
T DNA 252 kgE L 2%, IRD Northern
blot analysis 2175 .

3. Northern blot analysis!®» 78

(@) Nick translation

Nick translation kit (Takara ##1) &10 xl
(3.7MBq) ® (a-3?P)-dCTP (NEN #-84) #»
FAWwT, 0.5~1 ug ® DNA(CAT #&f=F, VA
RNAEEF) 27~V 3. 15°C, 2 EBEBNKG
U7e#, 5ul OKIEIER (0.5 M Tris-HCI,
pH 7.5, 0.25M EDTA) %0z, 70°CT10%
B L CRIEZIED 2. 208, £28%1
cmX5cm @ Sephadex G 50 (Pharmacia ft
B AHIZLAZBLT, BUDIEHT S void H
SEEFHDNA Ya—7 L L.

b)) 7Ha—A—Fknv) vESREBB LU

Northern transfer

Davis & DA D&%V, VA RNA
R 131.5%, CAT-mRNAKRHI12131.2%
7AW —=A—16.5% KV Y 2TV E R,
morpholine-propanesulfonic acid (MOPS) pk
EEER (20 mM MOPS, pH 7.0, 0.5mM
NaOAc, 1mM EDTA) TEZWXREI 2175 . ¥k
ik, 710> 7 4% — (Schleicher and
Schuell #8L ; R 7 44 X 0.45 2m) 1210 X SSC
BEW (150mM NaCl, 15mM sodium
citrate M10f%#K) T—Mk transfer #&, HZ24 —
7y RWT80°C, 2, A v FaN—1F
5.

() "NATVF4¥—varv

RNAZF A 0> 7 4 vy —ZFEEHR, Pre-

i

EGE17E F15 199

=11
>4

hybridization ¥ % (20xXSSC 12.5ml, 1M
KH,PO,, pH 6.5, 2.4ml, formamide 20
ml, 50X Denhardt 5ml, &Y 7 F DNA
(10mg/ml) 2ml, BWEFEHAK6ml) T42°C,
4 FERY, RIALEE$ 2. 2L T, hybridization ¥
¥ (20xSSC 6ml, 1M KH,PO,, pH 6.5,
0.6 ml, formamide 14.4 ml, 50X Denhardt
0.5ml, ¥4 7 FDNA (10 mg/ml) 0.5
ml, 50% (w/v) dextransulfate 6 ml, JREZE
k2. 4ml 2 LU TEMEL 2 [32P] 7 v D
DNA v —7 (50075 cpm)) T42°C, —Hk, AL
By 5. HFH, 7405 —%242°C, 200ml DA L
DYEIFBI 1T (2XSSC, 0.1% (v/v) SDS) T
2 ¥\, 56°C, 200ml A E 0¥ a1
(0.1XSSC, 0.1% (v/v) SDS) T3E®HS .
Ve L7127 4 vy —%55°C, 1653 [Eszgtk, —
80°C, —Brl LA -V VXTI T4 —%1TS.

& R

XUz CAT #EIETD transient expression
assay DEEZZHWTIFN-a £ VA RNA ©
TR ZHT . BEARFEREM & U CHEMiass
#% BT KB #ilans SAAERIC IFN-a %
2,000 international units (IU)/ml D& 12
5 U, % D24FF [ # < pSV2CAT & F VA
RNABEFI7u— 2B AL, T2RRZICH
faz B LT CAT EEEEEL 2. ZhuckEx
DOXFER B WAT S TEBRET, X L
52k, IFN-a XU VA RNA © CAT
BILTFRBRICE 2 2282~ (Fig. 1 0(1),
(2). F9Figure 2007 L {No. 1 ~4 #IFN-
a 2000 IU/ml LB, No. 5~8 2 IFN-«
RAWLEEE L L, No.1, 5 & pSV2CAT &
pAd2 VAI %, No. 2, 612 pSV2CAT & Xt
7Z A8 K pUCYORHALN:. ZZ2TWwS CAT
1EMEIX, 4 chloramphenicol 23§42 7€ F L
1t chloramphenicol DEI& %2 % TERL, ZDHE
DEWIZYE CAT BEFORE--FRR 2 &0 14
—N—F—VOFEBRBENZ L 2EWRT 2. pSV2
CAT oA (No. 2, 6) Tix60% D CAT IHH
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(1)

Seeding Co-transfection: Harvest
(pSV2CAT + pAd2VA)
24 hr 48 hr
(2) IFN -0 ; 2,0001U/ml
Seeding Co-transfection Harvest
v v :
24 hr 48 hr
(3) IFN-0; 2,0001U/ml
Seeding Co-transfection Harvest
v v
24 hr 24 hr 24 hr
Fig. 1. Effect of interferon-« treatment before or after

cotransfection of KB cells with pSV2CAT and pAd2VA
RNA

Monolayer culture of KB cell was treated with IFN-«
before or after cotransfection. (1) Control without IFN-«
treatment, (2)IFN -« treatment 24 hr before cotransfe-
ction, (3) IFN-a treatment 24 hr after cotransfection

IFN-a . Interferon-a
CAT . Chloramphenicol acetyltransferase
VA RNA : Virus associated RNA

3, IFN-a LB X D 24% 1 HIE 2 iz, —
75, pSV2CAT iz pAd2VA I 245 A (No. 1,
5035 &, IFN-a 2 & D 86% 25 73% Iz HIE] &
N3 g 572, IFN-a JUE Iz & 5 CAT E%
DIET 2 pAd2VATL 2h12 % Z & THS »IZEE
BonTws, %72, pSVOCAT (pSV2CAT »
TUE—F — « TN BB EROE TS
AIF) ZRAWEEE (No. 3, 4, 7, 8) %, #
BAZITO% v KBMilatHy o s 08 (No.
9, 10) T, BROBEHEZED - 1.

ZDEBRTIX, OVAI RNA it IFN-q« 4L
B RN ER DT CAT EMER2EET 2. O
IFN-a& 2000 IU/ml O Iz X > Tefkizc CAT
EEBSIIFI S5, VAT RNA 2 X Y H4%1%h
RIIFOOENBZZENE 2 3.

Wiz (Fig. 10(1) (2) RO HET, IFN-
a JLERERE %2000, 200, 20 IU/ml & EERERYIC
ETFIETRLEOEE LB L. 2LT, @

VAT RNA i7> XHHR & FE_ T IFN AL R 1z
Btk < CAT iEME 2T 2. @IFN-a i
CAT EEF DA —N—F — NV OFRREIEH T .
ZOMMFHEIWER 13 IFN - JBBEE SN 213
D 6ND. @IFN-a #EIZ Lk 2 CAT EtED
PHEE X, VAI RNABEEFRBARE L H~xt
BOHHEE (VAT RNA 33 IFN fEF % 3
D), BREDHEBHEhE R 5T,

Wiz, VAT RNA & VAII RNA O#REH,
BEEHB L UGl 8o 2175 2. IFN
ALEEYERE (2,000 IU/ml) OMHRELA 75 - FFEA

"IN DR — iz LT, IFN LR OB

%252 C CAT assay #1T7-> 7 (Fig. 1). #L
T, IFN-aRALEFE O (S EDNA + pSV 2
CAT)D CAT iEME2100E L7-HEHE2HL 7
EOEEFER O R MERFEZEH L CE
A N7 A2 LIzD Figure 3 Th 2. CAT
WML, IFN-a RO EE T (pAVAT +
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Fig. 2. Effect of VAT RNA on the expression of chloramphenicol acetyltransfer-
ase gene fused with SV40 promoter, pSV2CAT in interferon-a treated KB cells

pSVOCAT : Plasmid deleted of SV40 promoter out of pSV2CAT

pAd2VAT : Plasmid with VAT RNA gene sequence of adenovirus type 2
inserted

pUCH : Plain vector to serve as blank

Bl vALRNA
+VAI RNA
I:' Control

(%)
175

140
S
I§ 105 -
g
o
g 10 Fig. 3. Effect of length of interferon-a
treatment on the VA RNA stimulated
expression of chloramphenicol acetyl-
35 .
transferase gene in KB cells

IFN -o treatment IFN-a treatment No IFN-a
24 hr after 24 hr before treatment
co-transfection co-transfection
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Fig. 4.

Northern gel blot analysis of VA RNA expression

The experimental procedure was essentially the same as described in the

legend to Fig. 1.
1

3:pAd2VAI +pSV2CAT
4 pAd2VAIl + Vi
5:pUCI18 + n
6 : pAd2VAI +pSV2CAT
7 pAd2VAIl + Vi
8 : pUC18 + Vi

9:pAd2VAI +pSV2CAT
10 : pAd2VAII + n
11 : pUC18 + Vi

} RNA from Ad? infected KB cells

} IFN-a treatment 24 hr after cotransfection
} IFN-« treatment 24 hr before cotransfection

} No IFN-« treatment

Hybridization probe : [32P] labelled (VA I +VA II) gene restriction fragment

pSV2CAT) 164%, (pAd2VAII+pSV2CAT)
131%, Ot DNA+pSV2CAT) 100% 725 7z
2, AR B ICIFN-a LE 3 2 &
(pAd2VA T +pSV2CAT) 183%, (pAd2VA
II+pSV2CAT) 107%, (xf B DNA+pSV2
CAT) 90%Tdh v, L A24FFRIFT DML T
(pAd2VA 1 +pSV2CAT) 107%, (pAd2VA
II+pSV2CAT) 37%, (& B DNA+pSV2
CAT)36% L%5%. WTFhOMHEEETS CATIE
#i1Z VAT >VAII =B OIERF T, EU IFN-
o ALERREE T b UBEFHALN R 20 2 L CAT M
bEZ 5T 3. IFN-a RO TIZVAI
RNA 2352% D CAT BIZFHRBEEEZ R 2R
T. IFN-a MUY 2 £ CAT EH 3G %221
35, MR EERIRAEE L 2o 7. VAII

RNA & R T31%D CAT iE MR ELNE %
RTHDDIFN-a ML T2 &, ZOXRIZED
T35,

iz, EBALZKB#MilENTO VAL KU
VAII RNA OoFHDOEE %, Northern blot
hybridization THEREL 72 (Fig. 4). F& (10
1g) O VA RNABETF 7 u— > 2ififlaNicE
ALTH, VAI RNA & VAII RNA TiZ#fa
NOEREDS0: 1 & KELERS. IFN-a 4L
HL7-KB#ETH VARNA W d FHKR
LTBY, BbDEVEboR\.

P CAT EHEOFHBEEFARDL I L2k,
VAI RO VAII RNA & IFN-« & OHEERA
EMREILIZOBDTHS. LIzt T, OIFN-a
3 CAT BIEFOES -BIERO &5 & 2 HIHIL T
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Fig. 5. Effect of VA RNA on the level‘ of mRNA synthesized in interferon-a

treated KB cells

RNA from KB cells cotransfected with pSV2CAT and pAd2VAT or pAd2
VAII was extracted and subject to Northern gel blot analysis as described

in Materials and Methods.

1 : Negative control

2 :pAd2VAI1 +pSV2CAT
3 :pAd2VAIl + Vi
4 :pUCI18 + Vi
5:pAd2VAI +pSV2CAT
6 : pAd2VAII + Vi
7 :pUC18 + Vi

} without IFN-« treatment

} treated with IFN-a, 2,000 IU/ml

Hybridization probe : [3?P] labelled CAT gene restriction fragment

W30h? @VAI RNA KUY VAII RNA 28
CAT B TFOEE-FROESL & 2 {E£L T
2007 LS ZOORERFMAICDOVTIE,
SETOERRTIZb» SR,

NS DS REL 1D =D DEBREST
o7z, EESZMFZ Figure 1 L[FEUT, #£f A48
B2 1c RNA #i & CAT assay %[ ICIT
vy, IFN-o ALEEEE (2,000 1U/ml) & RALEEEE
® CAT-mRNA &% Northern blot # THERR
L 72(Fig.5). IFN-a L ¥ 3 % & CAT -
mRNA &%, »WIh b RLEDOL~LD1/301C
ETLTWwie, Akl td, IFN-o LBk >
T CAT-mRNA E2EA T 2 DIXHEITH S .
FIFNALE - KRB B b 5 3, VAI
RNA - VAII RNA -control® 3 Ff2 iZCAT-

mRNA 2OFEEBEZEZ 2ROV, CAT EHI
BEHSRENDHL. 2O &L, VAI KUTVA
[I RNA 28 CAT BEFOEE L VI ITHE
¥, ThUBROFREECES L Tws L
BRBT 5.

1 -

CAT assay 13’824F Gorman 52 12 X D HE~T
& N7z transient expression assay #ETH Y,
CAT &{EF % reporter gene [ZAWTIEEIL 72
KB ¥ —EEEARNCEALT, 20K
B FEREEE2BEZCHMEZENTES. bh
b CAT FIR77 A 2 N & LT Gorman 5'?
BREE L 72pSV2CAT 2 B w, Zh & VA
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RNABMEF 7 v — > (pAJ2VAIL, pAd2VA
II) % KB fifa iz £ A LT CAT FEiE~DE
BEMRET L. VAI RNADBCATEM ICE
2 5B D w T, B Svensson &
Akusjarvi'® 288 & LT \w 3. 2L TCAT-
mRNA VRV EETL, VAT RNA 38R0
HERLTVE EERITTI TS, ZhiZ7 T
ST AN AR & F S T RER DERE L [F]
CTH%. LU IFN ME U 7-#f % vz,
VAT RNA & VAII RNA oOisgE s B x
L T CAT assay 21T 728R&E 133w, A v ¥ —
7xua YV IVAEEBERT L L TR
Mo Tw2h, FEREENE &S B
5. bhbihix, £ NIFN-a¢ Lt FHED
KB #ifd % v, Orita 52 OELEFEICL T,
% 9 IFN-o MUEEE 2,000 IU/ml I8 E L
7.

Adenovirus

IFN ALEIC & 2 B b e Ml iz id
FREDDORED2008HD, 55Dt ds-
RNA#F M DelF-2 kinase (DAI ; 68 kDa)
EREE L TWw3 %2229 = () e]F-2 kinase 1358
W, NEEE L UCHIENICEET 548, ds-
RNA Zfilir LCHC Y VBIL LIS &
5. 2L T, 1EHA elF-2a (37kDa) 2V >
CUREEIC LT, YA VRS v 87 OFIFRE
WMEHET 3.

—71, 7T/ AN DRBPBICERICE
B 1 % VAT RNA X, 7% M 5 elF -2
kinase (DAI) ® ds-RNA binding site Z 4
FICHEE L, elF-2 kinase HSEMERC 72 2 3BFE
ZFHET 2 (Fig. 6) .10 Z DFER, 1EHEEelF-
2a OV VEALEHE L TR IFN OFiv 4
WAERZEET 2. L L, BRLVIHGE%
BLTIKOTrOHEEELHERINEL VA

infection
Cell Cell
r Adenovirus genome )
Pol 1 ¥ Pol Tl
ds *RNA
IFN (paracrine route) V)__ .
’ '(autocrine
elF-2 Kinase (DAI) route)
(inactive) <_l—‘ —(
1<3%= VA RNA
elF-2 Kinase -®
(active)
elF-20 == elIF-2 0 -®
phosphatase
Viral Viral
mRNA translation Protein
Fig. 6. Scheme for mode of action of VA RNA
Pol II : RNA polymerase II
Pol I : RNA polymerase III

ds-RNA : double stranded-RNA

IFN . interferon

elF-2 kinase : eukaryotic initiation factor-2 kinase
DAI . double stranded-RNA activated inhibitor
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II RNA x2WwTid, VAI RNA OFIFR{EE
HEREICHEPNRESETRT LI RERZDH DL B
DDA F I > 1129

¥ 95 —>o0 elF-2 kinase DIEA & LT, &
7 RNase L (endonuclease) % & LL ™~ A
WAS 7 2% mRNA 253U CEE RG] %
BY 5. 20 RNase L IIZRRMENRL,
%4 VA D mRNA b #iffid mRNA b3
3. 2Dk, IFN-o LEEE L FUEF D
CAT-mRNA E# s 2B, LM
fa %% —E 1 LT RNA #i 247\, North-
ern blot BEAVTINA TV F L ¥ -y a i
XY CAT-mRNA 2&%&L7:. IFN-a LEH%Z
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