RASMEFPIAENEDES (BRE - EREBETL a5 by -4 T2 AFRTHR) HI6 FERRGSESE

LI Lo THEPITEDL2L Z &R, population 2L
ML LT ORISR ZWVEREERSH S,
T, SRAHEHETHEMIBRI LTI L E, SO EHEOHE - SR

ERHD, 3. FRTHUG
7L

D. e 4. EMHRIE

1. WFsese#k L

2L 5. % Ot

2. Rk REIRR L

20



RO E A2 RRAE (EED - BREETLF2 7 ) —S1 T AREATR) HI6 FEFRRSS

DO FOoREHROREREICHT MR

SrprTE  CHZmIA

REELIFE R £MEAR B

BAMAE KREZE REEDLR R EWMEFE 2NN —-T IxIv—
WA E EIFK RARLI¥E ) EWERE 95— —7 IxVv—

BRES KLAVZ Ty, RLAVIFURUBER AET 7 F RSN Y
ANAKED [—Fay NRT L] BADT-SORHEToTz, F9I7F v
ANAZBTIHEHENPLDAF —— FU AL ZAOHREEZ, RLAYA
VAT CEF7 ff, BLLAYZ A VAT RKS . BlSb< VA NVAT CEF &
LTERETAIEWCRD, TANARLFUTE, AT —— KA LR% |
BRI L THERT AT =% 0 7y — F U A NV R EESLRBRYMERFAT 2 Y08
BEICBRBRTIZENBE LWERDbND, Y= FUVA AV ATERTERD D
OXEREMFL. BITE2 AL HERMRUCEREATRATIZ L Toic %
BMELTWEY, FEFEE LTOREREERURRIEIZ SV TIS B ORME

LB,

A. HFEBAY

FARBR TR LAMENHE SR T
B0ANAICRAELEZRLAT ZF 0, A
LAT I FrERBRELESHED I F U,
THETEL ORI LERE S WRBYWET
BHicHE S5 L TWna, LhLiis, £U95F
YuANABE, REMICER LT VWIER
EHLTWAZ L LY, BARBRTHERASH
TUANAKERUSGHOD 7 F 2 REH
By 3oz, BEoRNERY BT
TENEBEL RS,
ZOSBEERFET IO, BEREKTERA
Eh, 1986 FICHHBAEKGED 7 F U RER
TEBRLRAShTHS [o—Fay bvX
T BV FoREHECEATS LR
Hihe LT, ERSL - EFSESTL¥27 |
U—thf = AREMRFHETY A NV AKD
BRFEOBMRCEAFECOWTHRITE

21

nazZkkizot,

B. Bl

THET, Bf 50~52 Ely—Fry prX
7 AT 5 AR RUTER 6~8 &
(GHHETANLRAD I FrORTERIZET
BMEINIBNT, KYATLEADDHO
REAfTbh T,

AREL TR, T —Fay bR F A)
HAOROOREELT, (D—F7AN2R
KA AR 7 B 3)
= FUANVABROSEHE, H—Fuin
ARERHEUXELRE, O)Y—Fuan
AEARRIZOVTHRE B L F 2 LI
WTHET S,

U7 FoDRHFHEN D, 5%, BHE
AW ERBLBEL 2556, BOCEY
BRI L TIT D,

DERE. > —



RENMERFRARMSE (ERL - ENMBSL Y2 S ) -9 T AR HI6 £EMAERES

C. BIR&EER
1) ¥—Fo4NZAONE
HEOCY—FUALAROEBERSER, LA,
B LARCGEES PEOVTRLE-1 IR
T, BEEREU I FUERMNERLT
B LU 7 FURRO—BEREREDY A
NARELTRIELTWS, U7 F U BN
BREn-EBEC, RTFLEREREYA LR
1 RSB LTD 2 F U RBER K OR
EREVANVAOEEETo T, JEK
RUZFrDLRUMEN 4 KEBBIXARVI SR
EENTWS,
2) = EoA LRI BR

= R ANRAYF L TIZONTIE, &
EEROBEFICLVMRRELHGE NS LO
TR, FHRAL Y THARRIC D%
B ¥ % 7o HBUEFT OIS, B RRETR
itz DA TABRET S L iRE
LnEBbhd,

= RFOANRAL LT, RERRZEDOH
ENB =% T — R A VAR THE

ThHLEBEbhE, DMBERE~D 0%
YRBL, FIEORE - RERE - THEE
Ha EORERSHEORIFNEEL 23,
(3) ¥—FI4 LARROEH
ERLEEBD, = FUA N ZAOHNK,
HERBET I F v (AVPFATIF2) h
LREERAS 4 REEZRWEERN, bbb,
TR =L FiE 3 B, U—%r S
Fit 4 RENTERT 2 Lick s, —F
By AT LAEMETDIO0, EWFEHR
FRERETREERR U 7 F LR 4 K%
BXRWEETY X —FOf VAD
BERSLTEL LD, HEICRVWI U h
BOMH(GERFES 0218004 Bk Y, £V 70
F o OHFEH BB DV — R0 A L A
P ToEEY i3,
BLAZANA (322N FF-8 )
HREHEEZ 0t Lint &, =DV MUE
HICERN T 6 R H L bOR< R
H—— N A NVACEFT), ZEFEIZ 1
R LIE RSB L bRV —F 0 Y
— KO ALA(CER) L LTRET D iz
35,
BLADANLR (T0-336 #)
HZEREE 0 (RELELE, v XFHM
FIRK)T 4 R LI b OB REZ—
= FU7ANVX(RKS), THEEIC 1 Rk
RLERERLEZLOET—F T —F

VA NVARKE E LTRETHI LT 5,

3tz AN LA

Y IFA—F
!
0 BLERRD 7 T
M | mmmmeo sz | = | vrromm
28 | wpmmosaz | = | vrFonm

HEFFE 0 e LI e &, =V 1Y IEE
MUCERT 5 RAKRIEHE LT b ORsw 2 5 —

-1 REONSAE YA LV AOEAE

22



REHBBRENARMNE (EHD - ERRETL¥a S b =01 T ZPTTHE) HI6 SENRED

= RFUANVA(CEFS)., “hEFEIiZ | ik
RLEBABEELZbDEY X ¥ —F
A NVA(CEF6)E LTRETHZ &I/ 3,
@) Y—FoANABREARRERUXERRS
= FOA LAOBETRRIZOWTIE, 2
fERlsE, NERNERERESTOv 2T
RRMERICAV D FIET R UEREE
ERLHETLZEERELTNS,

i, REFHOLAFHEE LTEETHE
F.ORESE, RERE, REEE. REFD
MR, REFHEHEE, AFBOMELLETE
OFIRFELERT DL EbIT, EHRE&E:
UM TE RS HMEERITO L OHE
THLEEFBELTWS,
5 P—Fo14LZARRER
BEFTFELTNARY—FUA VAR, B
FOREEEERL., £HrREIEE TR
EENTOIHERRY 7 F o h DKL 4
REGXRWHEETERENhDZ LY, £
PR EAEDE T 7 F o OEEE D
., vANRARHERCFEOE TR CRE
ENTVWOIRBREUBRICHERL, FHT5
TLNBEEERD,

L, REIBRTHESL TV AER
RE BRLAT I FrO8EMERSR, AL
ARUBRBELESPET 2 Fr OMBRENHA
) X, ikt s BoUsFroy MIonT
BEEEENTWD o — FU A NVAREKRIZOWTH,
COMEEGRIRTHZENTEL B A,
THEGEL LTOLITRBEVRBRIEOR
oW TRSEORIRE L 2D,

Flo RERBEY 7 FUn0 8 (EIVET,
BLADA/LRE N, PV, C, M, F. H i

23

i, BL\LA YA A XX NS, C. E2, El 481,
Bleb HETVAL VR TH N, P, VP, M,
F, SH, HN SO EFIEEEL L 510
NOHBERINCERDRNZ L, ZhET
DR TOMERR L LTHIEBSIL TV S,
s EURAE L AT, v — R A L2 DY
WEBARYF—ar b LT, BLAV—F
TANATHIRERZERBLLTOTYA L
AR, RLAY—FOA NATEALT Y
FRUG O EERWz-——HEB, Bih
<RV —FUANVATRTF—2 %4 ik
BRIV A MR 2 L—va VDETERL
DHERNFEAEA L LTELDND,

D. RREfaRFH

2L,

. BrfEsERR

. R
2L,

. FRRR

2L,

. A ERE O - RERI
(FEERE L)

. FREFHAG

2L,

. ERHERR

Lol P

. EOfh

2L,



BAEFMERFRERTDE (KB - ERRET

LHa T b=t T AMRTR) HIG FREARRSY

S—EAY FURFLARADESOET Y F U HERORTERIZONT

SEBTRE F OB
BARRE fEaX F
wAhHREE RIS (AE

LR AMRABIER #hk
ALEMRA EVRAERS Bk
ACBErFRET AMRBEIRRT HPREE

MREEE: [BHEREVANVATIFUADY—Fry bVATLABEADT-DHIT,
DI F ORI~ — FRRT—% 27— FOREXHRMN L, BELA
U7 AIK-C #it, AV SFHADIFy QRBU ZF U ACAWEREE) XY
18R, BLATZ Frafitkiza) OorarvrFr o 2 kR, Bls
ST ZFUERKRIITV VAT ZF LY SR LEREO—R %<
AB—— RELTEREL. T/, = FoAAR0EHETRFEICSWNT
BHEMZT=OT, TOERREOYWTHEHET S,

A. TFREH
BHRETANAVIFrOY—FrYy PR
FAHEAHT= 2T, WHO DEHRIFIELRE
EEIL TR = —FRUPT—F T —
FofRe, TTIEDRGEERFELRE
L7,

B. #fFRMR
1. FUSFLIOFY (REXRBH) %

BRALLETRE—V—FRUT—F

Y= FOBREIZ2WT

1) BLAD ZF v AK-C HDIERD 2
F Lot #TV-12 DFEEZ Y CFNT 7 F
vEL, T TR LTHERLER
Wh~<AF——F Lot #0-1 LRELE,
TDT AL ——F Lot #0-1 75 1 {RRHYE
LCO—F Iy —FEERTITETH
5o

2) BRLAV 7 FrafkoisRY 7 F
¥ Lot 4TV-5 DRBEEAY VIV D 2 F
EL. FRED 2R L TR LULRR
PvAH——F Lot #0-2 LEREL,
DvARE——F Lot #0-2 25 1AL
TU—%r 7 — FERERTITETHD,

24

3 BlESHEVIFEBKROIGER
U2 F 2 Lot #TV-3 OFEEEZ Y PFNT 2
Fril, ThIY SRBRLTERLLEE
BE~vAZ——F Lot #0-3 LRELT,

-
N

D= AH—=i—F Lot #0-3 26 1ML LT
D= F—FEERTOITFETH D,

2. Y—EYSLADORRICONT

) DIVFUrREOVANRE, AU
FAT 2 F U bLRRENRSRUNEHEX
NTWaDT, vAF—¥— FOMNRITAY
AT I F b RN, T-F Sy
— FORRIEA Y AT T F e 4L
NEEXLRD,

2) = FoAL NADRKI K D4ME
AR OEER CREAELE D RT B
HiZ, Y~ Fuy FOBRRETEIETED
BWE S U—% v o— RERBIZERT 2,

3. MRABROEHERIIONT

SEENTITFEDO—FrA LA, B
ERREFRWRREFENHE SN BET
JEZEOFEMAF T, UToORICER L TRRELT

-

2o



REZFBAFFRARGY R (KES - BRRETFLLa9 M =31 T2 AT HI6 £Emans s

) = FoANAORIMEETIEL.
FIEULDRERRMETHDZ L EHELTHER
T %,

2) Y= FUANAE—EHBO moi.
THHEY 5,

3) IFREBE, BRYMME—EORHET
79,
4. V—FOMLAOREITONT
1) ¥— Ko AL ZDRERE (R515
. REHE, RERE, TREARY) 28
EL., FEY B,

2) V= FOANARE)RISHMOBE
T, BU2HEBEICAERE (RrFry)
%,

3) Y= FOAARDERTHE LM
BREER L, BT 5,

5. DOFUBROBKRERIZONT

1) y—Foy bOSTHRERZAY
FHRAZEORRORE (WL EEARI
MFOEEE L7z 5 BORBICEB W THENRE
RahiHaicix, ARRE2ERS) 2HAT
HIEBBEHTRTRHRNNEEZLNS,

2) RLAT 75 AIK-C BRo#RICE
15— FoAAZOMER (BERSEME. 7
Z oot X HERY) oREKR, BE
BREERVGT I v 7 ¥A4 AV o s
Frinb 5 RETCKETH-72. BiThiR%
EHD L, BERZIMEI7TRAEBLITG 10 &
B CRFBERZET A L AOMAEEHER
., BlelLr, 779274 X3 10 RET

BEREEBBED LR, FY DTN

25

DoFryrhb2fBE 10 RED YA LR
2WT, N, P, M, F, H, L OREHKZD
BERSICREMDR B ol, TNHOKBER
b, AIK-C ZROBRICEIT 2 MEERIZ,
BERZMERRAEYLELOND,

3 BLAY 7 FraBkoficis
BY—FUA V20t (BRI, WL
B3 OEEME. RKI3 HIBTOIAL AR
W ORERSENRZAY PFAD I Fohg
10 RETKETH-7. £, 2/KB& 10
RKBDOTANVRIZ2WT, El & NS4 fHiKD
WERSICRB R b oiz, BLADZF
i, BNVE Y PRUT RIS T B R0ER
HOETE2HBEEO>—I—L LTHEALT
WDOT, EEROMIITIT 2R EEBIE,
ZD=—A—FHEBEMEVL in vitro DIRER
ZHRRVEY L EXLNB,

1) Bleb hET 7 F L BEFHROMKR
TBTHY— FOALADER (75 v 2+
A X, HIERF)) OREER, AV AT
Frhb 3 HKBOTA AL Small size @
77 v 7, 11 {f£BIX Median size DFF v ¥
DORENEESIKE, £, AV PFAD Y
Frrb3fRBE 1 KBOUAARIZHN
T. F-SH-HN $HOBEERFNITE LR
>f, ERROMRICBITIHEERIZ, 7
Fy YA XRBRBEETHIPRNILE
Thd,

C. Fas#
1. AXRE
%L,

e



HEFHEREHRRMGS (EXEL - BEFRRTLF 25 M-S ARRTFHR) HI6 SERARES

FWH, PEM, FLUER, £ ARE
T BEERBU I F UL VRGBT

OREHICETAHE HIBALTD Y
Fofte . 1999 4F

F. MESMEROHE - B&IRIR

(FEZEL,)
1. FFEFHUS

26

72 L,

. RAHRHE

2L,

. Foih

2L



FREZGMERERELNY S (EED - ERNETLE1S MU —9 1 L2 RPN HI6 EEHsas S

DI FoHERORRERICHAT IHR

SERRE KE AKX () LEROEIETINT S—NEs fE

BAMRE ik BE
WABRE LM k=

() {LFRMIEHGERERT H—MEDE % RE
() (LFERMIEPEFTE E~BEE R

HARE HHOBBETANATIFY (LA, Bl-sHME) 2o0nT, &
=Ky b RTAHACOWTORBEEARIEL, ~AF¥—L— FRURT—% 2
P FOERR EOHIG~FF LI, SHRLERR~ORIG AR L CERT S,

A. TRERH
SHETANAD 7 FLDOREULSEC BT, o—
Fay b A7 AREETHD I ERNHTHD, HFF
DEETLFREVANVATANAD 2 F Tt #ith
SRARLAY 75 (RIER) | ESEEAR L T
Vo ry (BFEE) RUERMBEEREES T sF
(LCl6m8 ) #3%f&Th D, FMETIHALARUE
TSP EEOWT, —FKay AT AHADED
IRAERAIL, TOMIIEFELE,

B. WFhE

BEATORRIERRIT 1969 FEORRTHY . HREET 1970
EOMRETH D, HARUROMBIRUTIE» S, BEE
TCOXIED 7 F AR « HETORREREE L,

RiZ, BCHEEE Q004 £ 1 A 11 B) CoREETT
WEENLORREFEEZ T, LLFO4EBIZOWTO
BRIHIAGF LIS,

1) TRF—— FRRT—F 7 — FOEE « $5
E. 2) BESROASU RS 3) UA L ARG,
4) LEMOIHE (SHRR)

C. TR
1) RRE—I—FRUT—%2 80— FoEk - HE
PAZE SRFOFIR ER b, BEE TCONZED 2
FUERE « WWNOFRERE 2, T2, FEHA%CO
HREPEZ T, AV CFALTIFo F Y SFAs—
FUANR, v AE——RRUD—F L 7i—RIZD
WTRRTE Uiz, BEERGEINER K OMEIIRIZ L4 3
ZEMh, BEIZOWTOR TR L,

27

BLA (R

FVOFATIF o (BRIZANET 7 F2) Ofkt
B3 RKI12 fATHD, -7, FSHTOIRAR (WHO it
#HE728) WWHLLT, RKI2 834 ) SHNToFobia
B ,

FVIFA—FIA AT RKIL R, e RE——
F (I &e—Foyb) iIRKI2 &L, U—%02 00—
F Q@ &i—Foy b, 85EA—F) X RKI3 {&, U2
F R RKI4 R & 725,

T OOFERIIBETA Z I E CHIRT L7 SR 0gE s
i L, EEROECLREET &2 5,
BlSH < (B

FYFNT T ERIZEHNET I F2) Ok
R CB27 (RTh D, fE-T, BESHTORE (WHO &
LX) IKBLLT, CR27 B4 SFATIF L Lh
B,

FVIFN— KA NAL CR6 R, =AY ——
F A4 &—Fayb) 7 REL, 9—Fsi—
FQ&—Foy b, 8ER—F) 12 s & U2
FURRICR9 e 23,

Z DOFEFIISEERA S E CHTT L B0 RER I 5
1EME 220, ERMOERETHRLEHESTHL A
&2 HHAETHD SALALIGE LTS,

2) NERORL LY

U2 FURERE VOREMEN G, B Y ostisD
e, YR BHOBENL O F L FONEMITIX
PR 5, %t RETHEHRL— (54348
B, CELRRROTEERE) OBERLELEL B,

3) A ILAR R
BUEAGRMIHICE 3%, B LA L L F—nE



HAESBEREFARMBE (ERD - ERRBTL X235 U —1 T2 ARRTRN) HIS EENREGE

BT T, RREEHBLTE TS, 4%, mol, 1558 A%k, ER1) ICTER LT RE—— Kb,
eSS ¥ OB R Y OB E L £ X B, 2) LUOIER ORERAMEGEL T,
4) TERMOFE (BREW

BRSO, AWEERORE-=AE E. &%
SERBRRERET S, BT, WEREE, 77— FizaEL,
T B NBEE L~ COHEEE X 2,

F. GEsRfaldia

D. ##% HHZEEL,

BB LI DR UTEE b, BIEE COYBET 7
F AR - WEFOESRHELL., RSB TONES - G, DRERR
FEREE DS ORREEE 2T, UTFO4FRKDH BATIEL,

TORIHIFF LS _
1) =R F—i— FRU—%L 7 — FOEH - H. SREOHEE - ERH
E. 2) BEERRDAVF Y, 3) U VARG FHIIEL,

4) LEEOHE (WERED

28



REZGBERFRARNGE (KX -

EHFRETLYas M) — 4 T 2HRT R HI6 SERLEES

DO F o OEEHROSAEEICET 55N

SRR EINMEE [EuEAnT REMEiRE v —
ENE . SRR ENSERRTT RMENRE Ly —

TFARRE

RITOTFUHETEERIBUGRE R GUNT TR EHRNAE L 0, S Sh BRI,
FUHEFRZBIUGHREIC LT, SELRENESIIIRTEL LI RF—F AT 7 A V&
1ERR Lic, PRABEEMEHRRRAEIZ DWW T, B 8-14 ERERBILTU 7 F U ailicieieim
OEHEE ST Lis, FIHERRIRISHEIT VT, ATHER LT —F _—R 7 7 AV EFAWS
ZEIZkY, U7FURL vy MCRIRISERE R RS, ARATRE S A2 Y, TR LA Ty
FEERT DI EICL Y| ATERIE UIERFRV AT LAOERRER & ot 5% —Fry
ho AT LDBEASH Y, BITOTUREERIBICHRED 5\ L, JIDEES AT AR L
TRIBSENEL, ZO77AMIAITHZEICLY, ZRETOD 2 Fo Lol UM
LD 7 F ORISR D L E 2 b,

A. BFEE

FRCEOTEAEEEREICL 0. FHBEAA ML THHE
TREAEHERTREDS, RS0 A A b TR EE RIS
HEHRLERMTEREN TS, Thb e TFohH
fR%iciE 2 > iR oL, BIRIGE2ENICHE
THLDT, IBEFED T 7 FATSER TV,

HEEERTARSETSH L H REERRIRGREZ -
PiEaiY. WHEEICRSE TEEARSIEE S E)
AEAFEEICEN SN, EESEBEICFEALEIC
bANh - EORBEEI A UG, Afhdikid
MEBIEZER LR L h 0T, FORGHEET
TRYARIZ D) | BEEEENAE Ui aiE, EERER
HRR SR ATV, ENETEL R UL, REF
HLLE T, ToRBEEECH L TRERMTEhI MY
SHNREENB,

—Foy bR T AORRIZHED, BRETRSL
=V 7 F o ORBEEETERT D0, EEERR
ISR S ERET DMEN S D, TOHITIL, BT
OEIFUEREIZOWTERET L. SHBTE LV BIcE
MTEDVATAEERLTEL ZEMRDLNE, &
PR CIERITORISUGSRE 2 E L DFT LV AT LEA
#iT, RSSO RIGIC - THET S Z
LEEHETD,

29

B. BfFLHY:

HI7E, EMERICHAShTWE D7 F L ORIRGIC
VVTHL, PRAEEFRARINISHRE 72 & NS TR HERRR S
R L FIESh TS, —Foy AT A
BRI DD 7 F L ORIV TIRERNT A7 HIC
., BT 7 F AT WTHT L, a3 -2
FAREFLLTELLENRS S, FOlD, BERES
TS TGRS EEN LT —F =27 7
ANVEFRL., BIRUSET 2 F2 51, vy BRI EETIL
BOWTIV I LV BSIIRTEART T D VAT AL
1B B, T—F_—2 7 7 A MERRIZIZIFE Y 7 MEile
Maker Pro) &0/ Uiz, Fi-, FHEFRAI AR
L DS SHIEREOTE T OV TR 8 A5 14
SOWETNL T 2 FURNEH L, BITOV I F A48
HBEoERiRE T Lk,

C. BRoTkER

FRBEN O 14T E TOTIHARE RIS R
EARESN TS EENLR 1ITT LT,

BUHE PR RHBIRISREEN OB 1ITRL X 31z,
F—F =R 7 p A NEFR LI, T—Fi3Y L INTF
—FEHARRT 7 F %L {RE LTS ASMERL, #
ELTHERLI, BT 7ANERAWBI LY, —K
Fr B@2), v7FUEs (®3), vy FREE



BENSERERARNIS (BEEL  ERSEFL a5 M) —41 T RWF TR HI6 FENTHESE

E4)., BEfEL?2y., FHEVAT U M EERTR L
X RBELAVIARICSE—BR E UTERRWREICA

oY oA

D. B

BIE RSB S DI I EIEE SR ATH 558, B
ITOF AR I3 BIFUSHE DI T TH D,
BUTO I F o DF—F_—REER LTI EILLD,
FHEA ST AEEHERRO Y 7 F U RIRIG & sk
MIBZENER LD, WRBIRISERBMT A0
X, EEMICAMSTOARE AT AENATLZ
EMBETHY, FINMCAWVBLERHLRBEAT A
ZHERLTECZEIRED, BEITHENFTREIIR S b
DEEXD,

E &5ha

BATORIRCSHERY R, BRETF—FN—27 7
ANEER LT, —Fay R AT AEAETIZ, B
fTORIRIGE T —# ~— 2L L TR, FHEAZN
P BLERRDRIFUG L BITOU 7 F o L R HERNT 5 T
LAEREL Ao,

F RSBt

oL

G IFEFER
1 BaCTER
1} Hashimoto S, Kawado M, Seko R, Kato M, Okabe
N. Bias of vaccimation coverage in a household

30

questionnaire survey in Japan. J Epidemiol.
2005;15(1):15-9.

2) HYEE, MEEE EMoBT S FHHEED
BoRD@hm WHO OB KED
THEES o /5 ANREDZHET % 11 &
Page1819-18272004. .

3 BWEE. Mo TRELVWEE THHEE
(CPORHEAESIED /NREE27 % 12 5 Pagel569-
15732004,

4) [EHEE, FiHE. AARMR T 7 F v R LK
31 254 5 Page343-3472004.

5) ZEET. ENEE RIRE/NREH2T &
12 & Pagel609-16152004.

6) ZEET OBREORS - ABOHIR & XK
OIS Y 7 F Lk BER L pEm 3L &
5 5 Pagodd6-4472004.

T ZERT EFERECT A TR ESE
F53 #6 5 Pagel886-18902004.

2FLRE

1) FEMEE. vA VARBUMEORTR -ied
BYSEDT A ~DFRIS B RT LU —2282004

2) BRBF.UVIFUCETAIBEDTEE T
PAEOBRNRE vaccine preventable disease P[]
PRRAEIRIRL B ARBEDR 7 A /L RS2 2004,

H. siiereotiiE « BRRGL
AT L



BRESFMERFRRINGDS (EED - ERMETLF25 b ) —41 T2 APEELE) HI6 SEHRs s

RlER1
TR EIRIGHREE
HEHE B |
B & B 2 A
wpms |58 | BRIVE 2x|FR) en 2w & B A4
am BEE=
RBERE]
% @ Z|E8 &%
B 7 BRES

RRBMAIBRA 2Rk 3EEM 428 SARE 6 F0# | )
B & &H|E:E&EH '

L IRIEE 2ER IFARREE 4 TOM( }

& & -
mEORR|E ® B ¥m & A B M- fE B 5
57 F C|HARE oy rEs
0 B SEESL BE% &
EENOHE| ©
X B E BEAE PETA
FERTOEEA 1T &L 2 3
(FLA¥— - BRES - BEW - BE1 5 BLHAO7 2 F2ROHaY)
BE BREERmA YR & A B MGk B 5
? B BEE Gh-af GAe8 Bn 5D
ORMOFREE s
X F &|1 RC BRHA )
2 EEGEEORRSY)
3 AR(ERS ABE bE )
s i
| 5 T | )
XEEKR 1 BELTWS 2 FLEEELTOVIL 3 FEf
AEER1 RN 2 ®oR 3 momLE
FEHEAN '

B ¥ A H B 4 |ZH&EESA|

CORSRL, FHEEOEAR. NITHERECHUTIELENMULIL2(C, VERELIE
- Qb BECTOEDOFEMEETRISTMARIRNTIC &, 2720, XWICONTE, BRI
TikOHE (H2W) THLELIALWI L
<EHLOZIE> 1 REOXEZIATNIBI-TECL,
2 Z7OETHFOHIEEE, BUTINFLEOTCHBL oL,
3 BE&ERTR. AROREEELBMOI L.

31



BEEBERFAERBDS (EEL - EREERSLFa S5 M —9 1 2 MREE HI6 FENTRRES

21 FPREEESRMERRIBE[TRSE (f Y 7IULERIME) ~14ERH]BERLYRE"Y : DR
AR SN TLVELAE

375- 385 | BERIS| Vv | MEE | TR | &E | ER | RS | VN | BE | 28| B R

BAC |C LAl BOG : | ha K | & gk | B | R
£ {2 ' &

DIT | 56% 84% | 138% |00% |33% | 53% | 146%

151

DPT |354% 80% 1296% |01% |33% |74% |193%

1352

DPT | 53% 87% | 223% |02% |33% | 73% | 188%

1483

DPFT | 60% 77% | 413% |01% |35% | 63% | 210%

1B

BOG | 00% 00% | 09-19% | 00% 04-08%

0-35%

BCG | 0% 0% 1{2931% | 00% 0406%

s

BOG | 0% 0% 11-15% | 0% 08%

:F

RY A | 55% 63% 0.1% | 44% | 130%

1

FY | 54% 98% _ 02% | 49% | 129%

2

s | 89% 136% | 44% 04% 29% | 88%

RZ | 44% 68% | 25% 01% 14% | 30% | 10% 05%

AM | 35% 55% | 96% 00% 13% | 12%

180

AR [ 33% 57% | 114% |[01% 09% | 1.1%

182

BRY | 32% 49% | 110% 01% 08% | 10%

148

BRg | 19% 14% | 137% | 0% 09% | 04%

24 '

AR | 09% 04% | 117% | 0% 07% | 06%

344

DT 16% 10% | 280% |00%|08% |17% |52%

A4v7]|09% 01% | 73% 02% 02% 21% | 15%

%

BCG/ : ZN1 — 2 0BG, BOGH : 11— 200B0G, HE. BAARZ%, 4270 i A 7P
*DPT. BRZ. B, AR, DT, A > 7AiXEsE# 2 8 BRI, RY 113 5 HEA, BOG 114 A BIAOsRERR
HRETH S,

32



BEFBAHZFHARMNE (BEER - EMREEL¥2 5 )91 L 2AMATHR HI6 EETRASES

B1 T—4R—RT7AILBE

«mmzooam&am TpS TEAETE

ek e - Ha-m--- CEMRTwD i A
¢ u“ﬂ ?.-omv_h,. RO \mm:f‘?'_}f-" 3 WA T e e

o | migmmen : ; OB T S g
Pl P it .
|

tobwE
N ‘_’l :

N

X ::)l.r'l-

ﬁﬁ*oﬁ! IR L
LR

2 —RERT

= IS 3 20040 2 = =

yIm) axt fa]s] %69 {AE] BECEEDEE | # ] I axrh pang]

WAL 3 BONGES 1 BAEE BY o DIEITRRERR e o e o R

CLOEY 1N BE MRy YD e T B T Rl
Talls S;cm.m + BaQLit) B ) R T T TY 7 v [ R 1
i 3“:02.8.253 AORE - AR E{: AT OREER o o o s ERE

URe S WA 6 ABRE, BIAE IJE&JF'E‘ L R mmﬂmmv?ﬂu#w*-. RS -

SLnN:
]

b

33



RERMERLHRRHSE (EER - ERERSLFa 5 )3 T -HARTR) HI6 FERRERES

79 F R8s

frm:
| i

|

X 4

B B TR s T
U Rl TR T T [T
i 0§ Wi WoaE R
CUUEE s sew W s RmE
b

B E NIRRT B YT R B

By MRS

= MEEEE20048

- we bEIEA
m_:._:.:f;:::; ey

34



REHZBEFLMELRMIE (XKD RERBTEL¥a T ) -0 TP HI6 EEHTEES

II1. WFERBEOTITIZE T3 R

<>

1.

Kato, A., C. Cortese-Grogan, S. A. Moyer, F. Sﬁgahara, T. Sakaguchi, T. Kubota, N.
Otsuki, M. Kohase, M. Tashiro, and Y. Nagai. Characterization of the amino acid
residues of Sendai virus C protein that are critically involved in its interferon antagonism
and RNA synthesis down-regulation. J Virol. 76:7114-7124 (2004).

Nagai, Y., and A. Kato. Accessory genes of the Paramyxovidae, a large family of

nonsegmented nagetive strand RNA viruses, as a focus of active investigation by reverse
genetics, in press, In Y. Kawaoka (ed.), Biology of Negative Strand RNA Viruses: The
Power of Reverse Genetics, Springer-Verlag GmbH and Co. KG, Curr. Topic Microbiol,
Immunol 283:198-248 (2004)

Hashimoto S, Kawado M, Seko R, Kato M, Okabe N. Bias of vaccination covérage ina

household questionnaire survey in Japan. J Epidemiol. 15(1):15-19. (2005)

<fa3e>

INEE £ BRAKZBICHATIREV IS UL NVABAE TANMA  54:179-188
(2004)

I & TANARBPLAVE—Tzua AT ANLOERE RS
41:611-616 (2004)

HPERE, MIMEE. BRI 5 THEROREOBIR WHO O -TFRiEfE:
RETEEARKBOTFHER 27 A RELH. 67 % 11 B Pagel8lo-
1827 .(2004).

HHEE. Mo TRELWEIER THERECTIERHNE)/NEEHE27 % 12
7 Pagel569-1573.(2004).

FEEMEE, FHE . AARME T 7 F o Fsk & 4. 31 % 4 5 Page343-347.2004.
ZERET. TEHEE BIRS/NEEE. 27 % 12 5 Pagel609-1615.(2004).
ZRES LB EORKE - BBORK LR ZOKICEORBY 7 F o % BE
LTRAE. 31 5 5 5 Pagedd6-447.(2004.)

ZRET EREREICHT I TFHERFEAEREK. 53 % 6 B Pagel886-
1890.(2004).

35



JournaL oF VIROLOGY, July 2004, p. 7443-7454
0022-538X/04/$08.00+0 DOI: 10.1128/JVI.78.14.7443-7454.2004

Vol. 78, No. 14

Copyright © 2004, American Society for Micrabiology. All Rights Reserved.

Characterization of the Amino Acid Residues of Sendai Virus C

Protein That Are Critically Involved in Its Interferon
Antagonism and RNA Synthesis Down-Regulation

Atsushi Kato,!* Case Cortese-Grogan,? Sue A. Moyer,?2 Fumihiro Sugahara,’
Takemasa Sakaguchi,® Toru Kubota,! Noriyuki Otsuki, Masayoshi Kohase,*
Masato Tashiro,! and Yoshiyuki Nagai*

Department of Virology 3, National Institute of Infectious Diseases, Musashi-Murayama, Tokyo 208-0011,* Department
of Virology, Graduate School of Biomedical Sciences, Hiroshima University, Minami-ku, Hiroshima 734-8551,2
and Toyama Institute of Health, Kosugi-machi, Toyama 939-0363,* Japan, and Department
of Molecular Genetics and Microbiology, University of Florida,

College of Medicine, Gainesville, Florida 32610*

Received 12 January 2004/Accepted 25 February 2004

Sendai virus (SeV) encodes two accessory proteins, V and C, in the alternative reading frames in the P gene
that are accessed transcriptionally (V) or translationally (C). The C protein is expressed as a nested set of four
C-coterminal proteins, C’, C, Y1, and Y2, that use different initiation codons. Using HeLa cell lines constitu-
tively expressing the various C proteins, we previously found that the smallest (the 175-residue Y2) of the four
C proteins was fully capable of counteracting the antiviral action of interferons (IFNs) and inhibiting viral
RNA synthesis and that the C-terminal half of 106 residues was sufficient for both of these inhibitory functions
(A, Kato et al., J. Virol. 75:3802-3810, 2001, and A. Kato et al,, J. Virol. 76:7114-7124, 2002). Here, we further
generated HeLa cell lines expressing the mutated C (Cm) proteins with charged amine acids substituted for
alanine residues at either positions 77 and 80; 114 and 115; 139 and 142; 151, 153, and 154; 156; or 173, 175,
and 176. We found that only the mutations at positions 151, 153, and 154 abolished IFN antagonism. All the
Cm proteins lost the ability to bind with STAT1 under our assay conditions, regardless of their ability to inhibit -
IFN signaling. On the other hand, the Cm proteins that altered the tyrosine phosphorylation and dephos-
phorylation of STAT1 and STAT2 always retained IFN antagonism. Thus, the abnormality of phosphorylation
or dephosphorylation appeared to be a cause of the IFN antagonism by SeV C. Regarding viral RNA synthesis
inhibition, all mutants but the mutant with replacements at positions 114 and 115 greatly reduced the
inhibitory activity, indicating that anti-RNA synthesis by the C protein is governed by amino acids scattered
across its C-terminal half, Thus, amino acid sequence requirements differ greatly between IFN antagonism and
RNA synthesis inhibition. In addition, we confirmed that another SeV accessory protein, V, does not antagonize

IFN.

Sendai virus (SeV) is an enveloped virus with a linear, non-
segmented, negative-sense RNA genome of 15,384 nucleotides
and belongs to the genus Respirovirus of the subfamily
Paramyxovirinae. SeV contains six genes in the order 3'-(lead-
er)-N-P-M-F-HN-L-(trailer)-5' on the genome. The monocis-
tronic mRNAs are transcribed by the viral RNA polymerase
composed of L and P proteins (16). However, the P gene is
exceptional in that it gives rise to multiple protein species by a
process known as RNA editing and by the use of an overlap-
ping open reading frame (ORF). The P protein is translated
from the unedited mRNA, which is the exact copy of the P
gene, while the V protein is translated from the edited mRNA,
in which one nontemplated G residue is cotranscriptionally
inserted to the editing position. The P and V proteins, there-
fore, have a common N terminus but have different C termini
because the reading frame for V changes by +1 relative to the
P frame (for a review, see references 33 and 38). The V protein

* Corresponding author. Mailing address: Department of Virology
3, National Institute of Infectious Diseases, Gakuen 4-7-1, Musashi-
Murayama, Tokyo 208-0011, Japan. Phone: 81 42 561 0711, ext. 530.
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is encoded by almost all viruses that are members of the sub-
family Paramyxovirinae. The unique C-terminal region of V
contains seven cysteine residues highly conserved among
paramyxoviruses, forms zinc finger-like motifs, and, indeed,
binds Zn** (7, 20, 35, 44, 51).

The C protein is translated from the —1 reading frame
relative to the frame common to P and V. The SeV P and V
proteins are initiated at the AUG codon at position 104,
whereas the SeV C reading frame produces a nested set of C,
C, Y1, and Y2 proteins initiating, respectively, at a non-AUG
(ACG) codon at position 81 and at AUG codons at positions
114, 183, and 201 (4, 15, 45). The C', C, Y1, and Y2 proteins
are terminated at the same position 726 and are collectively
called C proteins. Among them, the C protein is the major
species expressed in infected cells, at a molar ratio severalfold
higher than that of the other three proteins (32). The C pro-
teins are expressed by the viruses belonging to three genera,
Respirovirus, Morbillivirus, and Henipahvirus, and by Tupaia
paramyxovirus-like viruses, but they are not expressed by the
viruses belonging to two genera, Rubulovirus and Avudavirus of
Paramyxovirinae (reviewed in reference 37). The amino acid
sequence of the C proteins is well conserved within each genus



7444 KATO ET AL.

but poorly conserved (less than 20%) between different gen-
era. The C proteins are all relatively small (150 to 220 amino
acids [aa]) and highly basic, with an isoelectric point of around
10 (38).

Both the V and C proteins of SeV are categorized as acces-
sory proteins that may not always be essential for the viral life
cycle, because there is at least one virus which does not have or
does not express these proteins in its close relatives (the genus
Respirovirus) (33). We have employed two complementary ap-
proaches, SeV reverse genetics to delete the V and C proteins
and plasmid-based expression of these proteins, to address
how these proteins contribute to actual viral replication and
pathogenesis (reviewed in references 37, 38, and 39). The C
proteins are indeed dispensable for SeV replication in cultured
cells, but the lack of C proteins profoundly affects the viral life
cycle. Compared with the wild type, mutant SeV with the four
C proteins (C'/C/Y1/Y2) knocked out produced nearly 1/10* of
the progeny virus in ovo, 1/10° in tissue cultured cells, and an
undetectable level in mouse lungs (32). The SeV C protein is
extremely versatile. The first finding about the role of SeV C
proteins involves the inhibition of viral RNA synthesis; C pro-
teins supplied from the plasmid inhibit minigenome RNA syn-
thesis in a dose-dependent manner in vitro (3). A larger quan-
tity of viral RNA is synthesized in cells infected with the four-C
knockout SeV than in the parental wild-type SeV-infected cells
at the late stage of infection (17). Moreover, all the C-, Y1-, or
Y2-expressing cell lines suppress SeV multiplication at the
transcriptional level (24). Analysis of the stable transformants
constitutively expressing various C-truncates from the N and C
termini indicated that the 106-residue C-terminal half of the C
proteins is sufficient for viral RNA inhibition (23). In the cells
constitutively expressing SeV C protein, SeV growth is signif-
jcantly suppressed because of the inhibition of viral RNA syn-
thesis. This growth inhibition by SeV C proteins is also found
in closely related human parainfluenza virus type I (hPIVT) but
not in the more distantly related hPIV3 and measles virus,
Based on these findings, C proteins are thought to down-
regulate viral RNA synthesis specifically. This inhibition is
suggested to occur via binding of the C proteins with the L
protein (14, 19).

The second finding about the role of SeV C proteins con-
cerns the promotion of viral assembly and/or budding. SeV C
proteins are expressed abundantly in infected cells but are
incorporated in trace amounts in the virions and, thus, are
practically considered to be nonstructural proteins having
nothing to do with virion assembly (34, 46). However, as de-
scribed above, production of the progeny viruses was ham-
pered greatly in the cells infected with the four-C knockout
SeV even enough viral genomic RNA and proteins were accu-
mulated in the cells. More surprisingly, in the culture super-
natant of cells infected with the SeV mutant with the four C
proteins knocked out, there were many noninfectious particles
with a sedimentation profile distributing widely from light to
heavy fractions in the sucrose gradient centrifugation and with
a highly anomalous morphology in the electron microscope
observation (17). The role of the C proteins in this process
remains to be clarified.

. The third finding about the role of SeV C proteins is that
they counteract the antiviral activity of interferons (IFNs).
Studies performed in the 1960s showed that preinfection or
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persistent infection of cells with SeV or hPIV3 enhanced the
growth of heterologous postinfecting IFN-sensitive viruses,
such as Newcastle disease virus and vesicular stomatitis virus
{VSV), suggesting that preinfection with SeV and hPIV3
somchow rendered cells unresponsive to autocrine IFNs (18,
36). The anti-IFN capacity of these viruses was recently estab-
lished (5, 13). HeLa cells preinfected with the parental wild-
type and C'/C-, C'/C/Y1-, and V-knockout SeVs circumvented
the anti-VSV action of IFN-B, whereas the virus with the four
C proteins knocked out lost this IFN antagonism (13). The C-,
Y1-, or Y2-expressing cell lines were all capable of circumvent-
ing the activation of IFN-stimulated genes (ISGs) and the
induction of an antiviral state by IFN-a or -B and IFN-y (24).
These observations suggested that IFN signaling was somehow
blocked by the SeV C', C, Y1, or Y2 protein without the aid of
other viral proteins, An analysis of the stable transformants
expressing vatious truncates from the N and C termini indi-
cated that the 106-residue C-terminal half of C protein was
sufficient for IFN antagonism (23). The C protein with a spon-
taneous mutation at residue 170 of phenylalanine to serine
(CF'79%) (22), within the 106-residue region, neither antago-
nized IFNs (10) nor, compared to the effect of the parental C
in vitro, inhibited viral RNA synthesis (14). IFN antagonism is
fully generated even in cells expressing trace amounts of the C
proteins, in which the inhibition of viral RNA synthesis is no
longer observed.

The fourth finding about the role of the SeV C proteins is
that they suppress apoptosis. The parental wild-type SeV grows
without any significant cytopathic effect in Hep-2 cells, and
infected cells tolerate the apoptotic stimulus caused by VSV
(29). Though cells infected either with C'-, C/C'-, or C'/C/Y'1-
knockout viruses tolerate the apoptosis signals as do the wild-
type SeV-infected cells, cells infected with the four-C knockout
SeV clearly showed the condensation of nuclei and the frag-
mentation of chromosomal DNA, indicating that SeV C pro-
teins had antiapoptotic activity (28).

In this report, we attempted to determine which regions of
the SeV C protein were responsible for IFN antagonism and
for the down-regulation of viral RNA synthesis by using cells
expressing the wild-type C protein and several mutant C (Cm)
proteins with charged amino acid substitutions for alanine res-
idues, most of which were within the C-terminal half. A sub-
stitution at positions 151, 153, and 154 of the C protein abol-
ished the anti-IFN and RNA synthesis-inhibiting activities
simultaneously, but all of the other substitutions except the
mutation at positions 114 and 115 abolished only the RNA
synthesis-inhibiting activity. From these results, we conclude
that the amino acids scattered throughout the C-terminal half
of the C protein govern the down-regulation of viral RNA
synthesis, while more limited residues are critical for playing a
role in IFN antagonism. Using the various Cm proteins, we
further found that SeV C proteins participate in the inhibition
of IFN signaling through the unusual phosphorylation and
dephosphorylation of STAT1 and STAT?2, which play key roles
in an IFN-a/B system.

MATERIALS AND METHODS

Plasmids and stable fransformants, A plasmid, pKS-C, expressing C protein
but not Y1 or Y2, was described previously (24), The plasmids encoding the
mutated C proteins pTMI1gstC’2, pTMilgsiC'3, pTM1gstC'4, pTMIgstC'5,
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pTM1gsiC*6, and pTM1gstC'8 (14), all with charged amino acids substituted for
alanine residues, were used as the PCR templates to obtain a DNA fragment
with the suitable restriction enzyme sites in both termini. Briefly, two primers, CF
(5'-GAATTCHIMMAAGCTTGCC! "ATGCCTTCATTCTTAAAG-3" ) and
CR (§-GAATTC®*™HIGGATCCCTA™TTACTCTTGCACTATGTG-3" ),
were used for the amplification. In the primer sequences, the initiation and
termination codons are underlined and the positions from the cap site of P/V
mRNA are numbered (see below for restriction sites), A three nucleotide-region
(italicized) upstream of the initiation codon was modified to optimize for the
translation according to Kozak’s rule (30}.

DNA fragments corresponding to V, V/P common, and V unique regions were
prepared by PCR using a template, pSeV*-4C~,which has disrupted ORFs of all
of the four C proteins without changing an overlapping P ORF (32). Two
primers, VF (5-TGAGH™MUAAGCTTGGTACC'™ATGGATCAAGATGC-
3) and WPR (5'-ATCCGATP™MIGGATCCITAGCCCTTTTTTGTTGA-3 ),
were used for the amplification of the 5' terminal half of the V ORF encoding
the V/P common domain. For the ¥ ORF, fragments of the 5' half and 3’ half
were individually amplified by using primers to insert a G residue at the editing
site of the genomic cDNA ORF, The primers VF and Vedit (5'-GACTCAAC
AAAAAAGGGGCATAGGAGAGAA-3') were used for the 5 half of the frag-
ment, and VeditC, a complementary primer of Vedit, and VR (3-ATCGA
TBmHIGGATCCTTACGAGCGGAAGATTTC-3' ) were used for the 3° half of
the fragment. The two fragments were purified and mixed and were further
combined at the overlapping site by PCR using both termini of primers VF and
VR. For the V unique domain, fragments were amplified by PCR with primers
MycF (5°-TCAGH"IAAGCTTGGTACCATGGAGCAGAAGC-3') and VR.
In the primer sequences, the initiation and termination codons are also under-
lined (see below for restriction sites).

These fragments were cut with HindII and BamHI (shown as superscripts in
the primers) and cloned into the same sites of the pKS5336 plasmid (GenBarnk
accession number AF403737). The plasmids encoding C proteins with the
charged amino acids substituted for alanine residues at the indicated positions
were as follows: 77 and 80 (pKS-Cm2); 114 and 115(pKS-Cm3); 139 and 142
(pKS-Cm4); 151,153 and 154 (pKS-Cm5); 156 (pKS-Cm6); and 173, 175, and 176
(pKS-Cm38). Each position was numbered from the first amino acid of the C
protein. The plasmids encoding the V, V/P common, and V unique regions were
named pKS-V, pKS-V/F, and pKS-Vu, respectively, Furthermore, the plasmid
encoding the mutant V protein with the two substitutions in the cysteine residues
(C3625 and C365R) was named pKS-Veys. This mutation reduced zinc-binding
capacity to 30% and impaired virus virulence to mice to 1/25 (7, 20). After the
verification of the sequences, stable transformanis expressing the designed pro-
teins were established as described previously (24).

Immunoprecipitation, Parental HeLa cells and the wild-type or mutated C- or
V-expressing HeLa cells were inoculated to a density of 5 X 10® cells per plate
in the 35-mm plates 1 day before the labeling. The next day, cells were washed
once with phosphate-buffered saline (PBS) and replaced in 0.5 ml of Dulbecco’s
modified Eagle’s medium (DMEM) without methionine. After 30 min for the
starvation, 0.74 MBq (20 n.Ci) of L-[**S]methionine (43.48 TBg/mmol; ICN Ine.,
Aurora, Ohic) per plate was added. Cells were incubated at 37°C for 2 h in 5%
C0, and then washed twice with ice-cold PBS. The harvested cells were then
lysed with 0.5 ml of radicimmunoprecipitation assay buffer on ice for 5 min and
spun at 14,000 x g for 5 min at 4°C. Immunoprecipitations were performed as
deseribed previcusly (26), and the precipitates were analyzed on a 4 to 12%
acrylamide~Bis-Tris gradient gel (NuPAGE; Invitrogen Corp., Carlsbad, Calif.),
which was subsequently treated with Enlightning reagent (Perkin Elmer Life
Sciences NEN, Boston, Mass.) for 30 min, dried, and visualized by fluorography.

Western blotting. Cytoplasmic cell extracts in radioimmunoprecipitation assay
buffer were run through 4 to 12% acrylamide—Bis-Tris gels (NuPAGE; Invitro-
gen Corp.} and electroblotted onto hybond enhanced chemiluminescence nito-
rocellulose membranes (Amersham Pharmacia Biotech Inc., Piscataway, N.J.).
The membranes were biocked for 1 h in 3% skim milk in 10 mM Tris-HCI {pH
7.4), 150 mM NaCl, and 0.1% Tween 20 and probed with anti-STAT1a/B {s¢-348;
Santa Cruz Biotechnology, Santa Cruz, Calif.), anti-pY-STAT1 (9171; Cell Sig-
naling Technology, Beverly, Ma.}, anti-STAT2 (sc-476; Santa Cruz Biotechnol-
ogy), anti-pY-STAT2 (07-224; Upstate Biotechnology, Lake Placid, N.Y.}, anti-
PKR (sc-707; Santa Cruz Biotechnology), or anti-SeV C serum. The viral
proteins synthesized in the cells were probed with anti-SeV or anti-V3SV serum,
which was kindly supplied by B. Gotoh {Fukui School of Medicine). Immuno-
reactivity was detected by the peroxidase-based electrochemiluminescence
method using an enhanced chemiluminescence detection reagent (RPN2109;
Amersham Pharmacia Biotech} according to the manufacturer's instructions.
The reacted bands on the membranes were detected and incorporated digitally
by a luminescent image analyzer (LAS-1000 plus; Fuji Photo Film Co., Ltd.,
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Tokyo, Japan). The dendrograms of each band were achieved by using the
National Institutes of Health Image software and were used for calibrating the
relative intensity.

Antiviral activity of IFNs. Parental HeLa cells and the wild-type or mutated C-
or V-expressing Hela cells plated at a density of § X 10* cells per well in 24-well
plates were treated with human IFN-8 or IFN-« at & concentration of 0, 10, 100,
or 1,000 TU/ml for 24 h in serum-free DMEM. The cells were washed once with
PBS and infected with VSV at a multiplicity of infection of 2 per cell in 0.1 ml
of serum-free DMEM for 1 h at 37°C. After removal of the virus-centaining
media, cells were further incubated in the same medium without IFN until
significant cytopathic changes developed in the parental HeLa cells (12 to 24 h).
For viral cytopathic effect assays, cells were fixed and stained with Amid Black
10B.

Reporter gene-expressing activity of rSeV, The strain Z of recombinant SeV
harboring the luciferase gene (r$eV/luci) was inoculated into parental HeLa cells
and the wild-type or Cr-expressing HeLa cells at a multiplicity of infection of 5
per cell in a 6-well plate (25). The infected cells were maintained in serum-free
DMEM. The luciferase activities and the protein quantities in rSeV/luci-infected
cells were measured at 0, 2, 4, and 6 h postinfection by using a dual luciferase
assay kit (Promega, Madison, Wis.) and a protein assay kit (Bio-Rad Laborato-
ries, Hercules, Calif ), respectively.

Sucrose density-gradient centrifugation of cell lysates. Cells (107 in 2 175-cm?
tissue culture bottle) were harvested from the culture bottle by trypsin and
collected by centrifugation at 270 X g for 10 min. The pellets of cells were lysed
on ice with 2 ml of lysis buffer (£0 mM sodium phosphate [pH 7.2], 100 mM
NaCl, 1% Triton X-100). The resulting cell lysates were centrifuged at 3,000 X
g for 15 min to pellet nuclei and cellelar debris. One milliliter of supernatants was
layered on the top of a4 5 10 35% sucrose density gradient in 10 mM sodium
phosphate (pH 7.2), 100 mM NaCl, and 0.1% Triton X-100 and uliracentrifuged

* with an 3W42 (Beckman Coulter Inc., Palo Alto, Calif.) rotor at 38,000 rpm for

16 h at 4°C. The gradients were fractionated from the top to bottom of the tube
into 16 fractions of (.75 ml each.

RESULTS

Anti-IFN activity of SeV accessory proteins. In previous
studies it has been shown that SeV C proteins have the ability
to inhibit the signal transduction of IFNs (13, 24). On the other
hand, many viruses belonging to the subfamily Paramyxovirinae
have been shown to antagonize IFN(s) via the activity of the V
protein. Among them, simian virus § (5, 6), mumps virus (31),
hPIV2 (40, 42), and Newcastle disease virus (21, 43) do not
have the C protein. Even in the measles virus (41, 52, 54) and
Nipah virus (47), which have both C and V proteins, a contri-
bution of V protein to IFN antagonism has been reported. The
unique C terminus of V proteins is the most conserved protein
in the paramyxoviruses and is reported to be required for the
antagonism of IFN in simian virus 5 (2), mumps virus (31), and
hPIV2 (40). We therefore revisited the SeV V protein to de-
termine whether or not it can antagonize IFNs. Four Hela cell
lines expressing the entire SeV V protein, the V protein with a
modified cysteine motif (Veys), the V unique C terminal region
(Vu), or the V/P common region were established (Fig. 1A).
The V and Veys proteins could be immunoprecipitated by both
anti-V and anti-P sera. The Vu protein could be precipitated
by the anti-V serum but not by the anti-P serum, while the V/P
protein could be precipitated by the anti-P serum but not by
the anti-V serum. The expression levels of these proteins were
almost comparable to that of V protein in the early stage (<12
h) of growth of SeV-infected cells.

To observe the effect of V protein and its derivatives on the
establishment of an antiviral state, cells preincubated with
TEN-8 at a concentration of 0, 10, 100, or 1,000 1U/ml for 24 h
were challenged with VSV, As shown in Fig. 1B, IFN-§ alone
did not cause any apparent cytopathogenicity in any cells
tested under these conditions, All of the cells cultured in the



7446 KATO ET AL,

A

J. ViroL.

FIG. 1. Establishment of HelLa cell lines expressing the native, mutated, and truncated forms of the SeV V protein and their responses to
exogenously added IFN-P. (A) The HeLa cell lines expressing the SeV native V protein of 384 aa, P/V common region of 316 aa, V unique frame
region of 68 aa (Vu), and a mutant V protein (Veys) in which two of the seven cysteine residues at positions 362 and 365 were replaced by serine
and arginine, respectively, are generated. The individual protein expressions were confirmed by immunoprecipitation by anti-V and anti-P sera.
(B) Each cell line was pretreated with various amounts {0 to 10° TU/ml) of IFN-B for 24 h and then challenged with VSV or left unchallenged
(Mock). Anti-V8V action is assessed by the presence of cells attached to the plates. C, cells stably expressing the SeV C protein; None, the parental

Hela cell line expressing none of the SeV proteins.

absence of IFN-B were detached from the plates by subsequent
VSV infection. The parental HeLa cells were protected from
the VSV-induced cytopathic effect by IFN-f pretreatments at
concentrations of 100 and 1,000 IU/ml. In contrast, HeLa cells
expressing SeV C protein were totally detached by VSV infec-
tion even after pretreatment with IFN-f at a concentration of
1,000 U/ml, as indicated previously (24). However, all cells
expressing V, Vcys, Vu, or V/P were protected from VSV
infection at IFN-B concentrations of 100 and 1,000 U/ml, as
seen in the parental HeLa cells. These results confirmed that it
was the SeV C protein, but not the V protein, that could
antagonize the IFN-B. However, the possibility that the SeV 'V
protein would enhance IFN antagonism in combination with
the C protein was not excluded.

Establishment of cell lines expressing the C proteins with
the charged amino acid-to-alanine replacements. We demon-
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strated previously that not only the C protein but also the
smaller Y1 and Y2 proteins had the ability to both counteract
the antiviral effect of IFNs and inhibit viral RNA synthesis
(24). Furthermore, the regions responsible for conferring these
abilities were mapped to the carboxyl terminal 106-aa region
(residues 99 to 204) of the C protein, named Y3, which was
common to all C proteins (23). To identify the amino acids in
the C protein that are important for counteracting IFNs and
for inhibiting viral RNA synthesis, the DNA fragment encod-
ing substitutions of charged amino acids for alanine residues in
Cm proteins, which were previously shown to have various
L-binding activities and RNA synthesis-inhibiting activities in
vitro (14}, were subcloned into a mammalian expression vector
and used to obtain HeLa cell transfectants that constitutively
expressed each Cm protein.

The resulting HeLa cell lines were named Cm2, Cm3, Cm4,



