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64 SRKETLEFLME FI04E FE1TF 6477 (1995)

A V7N VT T AL AR TR D 5 T8

SRAPEFHAELH—ME EF BEE-HD)
= 2

4V IN=vFET LA ANTFHEOTHORE T, BATAK I Y 4 /L A% 7 4 RNA (virion RNA, vRNA) 28 U K
BEHE (virion ribonucleoprotein, vVRNP) D CHEA Y B - THRBENWZE I I 5, KiCHREOTR Ll TBE L,
TTNFHR, BIUHEWEZBEELDAT WD, EREOFHETIE VRNP 0D LB~ D#EIc DWW TR L.
FFEFAER (A/WSN/33) 10k » TRERNTAR iz 4 L 2 RNA 23, Z0HMERE EORCBET 50w BEMA 1 7
Y #4 2 -y g VETHAR. mRNA RREAH SHRENGR TR 50K L, »'/ & RNA EHH 2 BRIk
Fofr. FOBEMBE~BEHL, 6REKITHS0YSERECHT L. ACBREBABESYHOoSERIELRY 1
LA ts5] BOBN AT -7, EERFIBINZL D, ZOKRE TS/ ANHIC2 - FE3hsd Ml BRECE—DT I /BE
(T9BEHDT 2 =—AT7 5= vk VIEEL) RESERAALS LR oz, FHERET TO ts-51 BRBRR TR, BEEHY
(685R0) E7e-Th VRNA DOS%LI ERBICIEE o 7c 2 T Tho7c. Ml BEHEOHRASHC LRENRE LA KB VKR
WEFEL, FEEORCE, REO™AICSATAEIL ) 7. —F mRNA OB» SHRE~DEZRITITRT I,
Ml EHBECRERPERBC L RE I AM o7, X H Ml BEEES vVRNP-M1 HEBOBRE VI BELRET,
vRNP D bHIRE~DEECEBET 2 EIVRE I AL, ts51 O Ml RZ OEABHBIZT>ENTE A2, Zhxil
BT A LT, ARROBETIE, MIBRETOY A MV ANTFHEERICOWTEE L. v/ LV ABEEEARE
D12, NA BEEBEO N REES SHBERN (74 A ARTFTIIAEM CREHTED, ThicN FRRCHIFICEER
THBEELLNRTE. N RKRORMD 6 7 $ / BOES| FREHM) 2 ARSI VAMTRIELECRESILTED, K
CHEL 87 I BORS BEEERMY ORFEEDL IV ARV A ADIALZTALThOHME BEY A A AOHELTHHE
RCBH L ER NA BEFEEML, ThbkB 65 25HMETEIVANABBERENENEIDE LI VAT 27V g
VERIZ L DA, Zhd 2 00RO EY, BREEN TR NABAED Y A VAR FADER DAL, v 1 L ANTFH

B, HEFHRBEROVTFRA»OER) w LCEELBEY LTV AENREN, ELIhOOHMEOT ¢ / BEFZO
LODEBUNERINADOTIIRLL, ZOHSO-HEEN LOBENEETH A LLRINL.

Key words influenza virus, nuclear-cytoplasmic transport, matrix protein, neuraminidase,

reverse genetics

AVINZVFILNADY ) ML RIS Liz= A+
A& (negative strand) RNA mhich, &4 D% 7 » RNA
(virion RNA, vRNA) Sz 1L 2BEDO v A Vv AEAE
Fa—FLTWAE®, A LANTF (K1) +T, vRNA o8I
FAFABHCEEEE (nucleoprotein, NP) icE i (10538
EKbiob 15T NP IES), =21 VIROBEXHHL, &5
oo hiCit sl aA APERECTZES £ v &R
BT 5Y. ZOBEEDO—FOWMICIEY A A ARNAHRY 25—
+ (PBl, PB2, PA 3TN H#7T=2=y b7 3) BEELTWH
AONGEBETHREINTVEY, 94 L AN FREELET
50D vRNA CERBOEASEIT, YV ABEERHE (ribonucl
eoprotein, RNP) &iith, e &b 18U ED$K D vRNP
DEEMREROBE_ER, Thbbovr-ICQTh
TREMN FEEHTS. Z0=ve— A2 3BEDO v A
NAFRBEEAE, ThbbirmERBEEEENLE (hemaggluti-

PRk 6 F12A2TAZAT, PR T4 1 A30RXE

nin, HA), /1 5 § = £ — ¥ & EE (neuraminidase, NA), 8 X
CAHBEETAH< MY v 7 A2 (matrix2, M2) EREIEBEL
TEH, ZhHOEABO N K (NA) 7213 C Rim (HA,
M2) il EOMREEMKREH TS, =v e -k
vRNP Officiz v 4 M AR FC LS EBECHFET A~ MY o
2 A 1 (matrix, M1) EEENFELTV50, TOEHCEE
ZOWTIES A » Toisls. MLk vRNP /ST 5 Z & 44
BATED, —HTR=vRe—7DE> b TAL5HT
HBIATVAL57DT, VRNP E=v e~ ¥fi3&k
BEEABELYERZTHIHEY LTV AV ANTFHRICER
BElxHOEEL LR TERD

47N FTA N ATBRCEL, ST Y 7 L8
CHREL, VT2 —FAED=V FH9 14 b — R (receptor-
mediated endocytosis) THIRPIZBAL, = v ¥V — a2 EilX
ha. =v PV —sDBUERERTROZOOEREIS. —

Abbreviations : BSA, bovine serum albumin ; DEAE, diethylaminoethyl ; DMEM, Dulbecco’s modified Eagle’s
“medium ; DMSO, dimethylsulfoxide ; FCS, fetal calf serum; FITC, fluorescein isothiocyanate; HA,
hemagglutinin ; M1, matrix] protein ; M2 matrix2 protein ; MDBK, Madin-Darby bovine kidney ; MDCK,
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DI MZEABDOHEC LD, =V KV —aDTm b uitvg
NANTFRACRIAETEBE(LT A EC LY, Ml BHHEL
RNP, BIUV =R -7t DEEITIRI2ETHE. §5—
S HA ZREORBE(LIEE, TOBMECI v s rr=
vARBE—~F by Ny — ADFERMENE R, BFAD RNP #
HRERNBEIWAZETHS. Tiebd Ml OB
B> RNP 2MIErICHE 2 h, ZHARESICERRE &
DEAPDBEMCGEIEN S Z i 2O Lic ML 255
KEAPDBICABR, ZhiZ o4 VARBIZIZRETHS &
Ex2bHhTWwA). BA~NA -T2 RNP RIEEE, 8RN, v
NVAEHHEOAER AEE, I EHEERIETTE. AR
R NPEABEY A LA RNA HBY 25— LIXEBEEKICH
ETh (EhEhOBBEIFORME Y 7'+ 10 L B), Hit
&hiz vRNA L EAEEER L RNP ##T5. —F, w4
NAREERAE, HA, NA, M2 ZHE /I e ETAB IR
%, MRoBAEMXRRCRE > THEAE L L TliliEE:
Hith, KRIEH (apical region) iK%y FRIEHHTB. BHT
BB Ehiz RNP WEA» BB AL, MEEE T
D, VANAREBLBEXSHTHHMLCESATS. Ml BR
Bd, 2074 VANFHEFEED & riclaAhbhsd
RFCHD. FMREET~D RNP 0#E412it, HA »
NA BEHECHREMICREHAHS (ZOBMCXBEH AT
ISREFEEILT I VBRI A D2) NEELBEE LTV
LEZLRTVS. HBEBEET COESDH%, RNP-M] 4t
(nucleocapsid, X 7 L%+ 7> F) 1%, ZOWMHOKIES
BoTHIFIC I VAN~ S. ORI LTIERE-—ER
bhlzv A VANFRBR IS EExBATWS, Ll
RNP 2h bEX ST 5 £ TOBBIZ OV TiL, 2 &
AEDD o TRV, BT Martin 5% |36 B8k {L22m7e
BT, A VvIAZvHFy A LABRETO RNP OB~DEA,

BIUHE RNP OB LOMHEBBY BT L., HEORE
I, mMADEBIZE T Ml EHEAERCER&E
RICLTWAENREINS.

Virus proteins

- HA
(Hemagglutinin)
o NA

(Neuraminidase)

PB1
T PB2
PA 3
RNA pclymemserﬁ__J

NP

{Nucleoprotein)

(Matrix protein)
NS1
NS2

(Nonstructural protein)

Lipid bitayer

Fig.1. A schematic diagram of the structure of the
influenza virion. The virion particle contains vRNPs,
which contain the 8 genome segments separately. The
NSI1 protein is not incorporated in the virion.

AR T Ml EEEOEBRZH (temperature-sensitive,
ts) BREEY AL 2% Vs, RNP OBh biaE~ DX
Ml EHENED LS ICEET AN DWTHNEY. 351
ABYANVATERCISHEEER TS NABEHEDO N K
WEDT 2 BEF] (Z 05 IEOMBE I EE LT
B) B, T4 A AR FHBGERIC X DRICEET A OWT
WA X BIEE (reverse genetics) O FHEE® B TH%E L.

WHEE LU %

1. fEFH

v KD Madin-Darby 7 & (Madin-Darby bovine
kidney, MDBK) #IB8I1X10% 4 J4 )R f1 % (fetal calf serum,
FCS) &, RRBE 4 XD 2 3 v &Nk 7 Dulbecco % ¥k
Eagle 5541 (Dulbecco’s modified Eagle’s medium, DMEM) ©
JTCTHERELL. 1 BB AHRX DO Madin-Darby 1 % B
(Madin-Darby canine kidney, MDCK) #ifa, 3 X 0%k b B&IEH0
PR D 293482 10% FCS # M DMEM 54 T37°C T3
Lic.

I. RIS ILZ

ABSvILzsF YA LA WSN BEFHH (A/WSN/33)
10.2% 4 MmE7 /L7 ¢ v (bovine serum albumine, BSA) #Ein
BEEHARRER (8B4 4+ V&) (phosphate-buffered
saline without metal ions, PBSA) T##R L, MDBK #ijg k&
RAEEE (multiplicity of infection, m. o. 1.) 0.01 B304
& S+, PBSA T X< ¥~ 7c#0.2% BSA & DMEM B ih
RN % T3TC20BEMIREE Lz, + OBERIEY 5, 8,000rpm 4
CTIODRELL, TOLEY —80CTRELBREIZHFERL
7o. WON RO FEREFRER Y 1 1V A ts-5] HUTIBE 34T
TP TRBCERLE, EOLT-80CTHRELR.

AN AREDMOREIL YA L AEE % 0.2% BSA %D
PBSA € 1075 107 10 ICHFR LA DR I0% ERDEE
MDCK #ilaic ZiR0SHBE I Th L, FOLIK0.6%7
B —A (45C) & 02% BSA #in DMEM DR ER L
7. WSN & ts-51 oA 21, TR Fh37C 2 HE, 34C3 H
FEELSS - 78y xt.

A/PR/8/MBETANA(PNS VAT =27 3 VEERTHWS
TANATEAEOREREA), 3L WSN-HK #" v 1
NA(PF VAT =¥ a VERTHWAE~NLA~Z AL LR,
NA B{EFi3 HK/1/68 tkeak, fio '/ 24 fiiz 4T WSN
BREER) TSR - TI0R O SH{LBIRTITTC, 2
HfEssE L7,

0. 57 58vRNA OEEESSH

1. vVRNA D

TDOHECTRE ¥z MDBK MAIC50% LA EDZ MR
T o tohE, R L REMI R S THEERM (—80TC 155 M
E3TCI5HM) # =E#E VB L CHg% L, 8000rpm, 4 C
Tl RO Lz, £ 0 LiBw % 35,000rpm 4 C T45% fEi#EE
DU (m—2—: RP42, #B&0H8 : Hitachi 55P-72, B sr&ifF
B, ER), BhhiciBe 22y — S OEM % BT NTE &
g (150mM NaCl, 40mM Tris-HCI pH7.6, ImM EDTA) 22

Médin-Darby canine kidney; m.o.i, multiplicity of infection; NA, neuraminidase ; NP, nucleoprotein; PBSA,
phosphate-buffered saline without metal ions; RNP, ribonucleoprotein; ts, temperature-sensitive; VRNA,
virion RNA ; vRNP, virion ribonucleoprotein
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BERi. ZO®E @m) 220% (W) ¥y v r—AEET
NTE @8 D 7 v > 2 v (Iml) £C 35,000rpm, 4 CTC5045
&L (7 — 2~ RPSB0) LTy A A RKHBE R, 20
fifbE Rtz A 2% TMK 8% (10mM Tris-HCI pHT.5,
10mM KCl, 1.5mM MgClL) CR2#E X € CHREE (ODa &
ODws) #PELEH{EN 5—10mg/ml &7eH L5l ZD
Wiz SDS & 7w 77—+ K (Merk, Rahway, USA) PIENFE
#0.3% & 05mg/ml &7ch X5 W ME56C, 5oEMEL
#, 0.8% SDS, 0.0lM CH;COONa (pH5), 0.14M LiCl &L
F0 FIANZEEOT 2/ — AKX ML TS6C 5 HEEREL,
8,000rpm, 54 EHELLCABEEL. AT =/ —/V i
kb5 —EERELE, BRTEs/ 7 x L alhiiE L
o BHREKENS= & —AEW X H VRNA #EIRL,
Sug/ul & 7B Lk 5w TE %% (10mM Tris-HCL 1mM
EDTA) L.

2. 754 =—DEK

WEEE PCR WO Dbz 7 ¥/ s HHIOEERI 25
ZrLTR4ERTEO>R 2B SIS A <—, Tiabb
EcoM,, EcoM; &, EcoMs, EcoMy M L. 7514 <= —D
5 E#ENZIZ EcoRI T2 M L (TROBS). ThE
HOEERIIIKROLS>THA.

EcoM, (5GCGCGAATTCAGCGAAAGCAGGTAGATATTG3)
EcoM, (5GCGCGAATTCATTAGTTGTTGTCACCATTTGS)
EcoM; (5'GCGCGAATTCCTCCCAGCATCGGTCTCATASR)
EcoM, (5GCGCGAATTCAGTAGAAACAAGGTAGTTTTS)

“h DA EE DNA 45 (ABI 380B DNA Synthesizer,
Applied Biosytems, Foster City, USA) Tf7\», OPC-# —
y » ¥ (Applied Biosystems 400771, Applied Biosytems) T
B U7 TE SECE» LT 250uM & L1z,

3. MEE PCR HIZ L 55/ & RNA © cDNA DHIE, 8
LUT TR FOME

4 VRNA 88 L L THEEEREZT -, RIEK
(20u) Xk OB FD. Sug VRNA, E TR FZ 1 = —-&
50nmol, 200 = = » + (U) #EFEER (BRL Superscript™
RNaseH Reverse Transcriptase, BRL, Gaithersburg, USA), &
2mM @ dATP, dCTP, dGTP, dTTP, 50mM Tris-HCI
(pH8.3), 40mM KCI, 6mM MgCl,, 0.0IM 5 F A LA =/,
RIGII37TC, 1564 MT 7. 5l&8t% PCR 275w i
G 10XPCR RIG# (0.5M KCl 0.1M Tris-HCl pH8.3)
104l, 5U Tag £ Y # 3 — 4 (Amplitag DNA Polymerase,
Perkin Elmer-Cetus, Norwalk, USA), % X U8 H.0 m fn x
100ul & LT, 94°C30%, 50C 24, T2C 34D+ A 7 4%
0EAT » 7. RIGESY®1.2%7 5w -2 LVEKKE ToBE
L, ELW#ED A Y FeFanbER L EcoRl THIM L7z,
DK% pUCLI8 1o A LEscherichia coli DH5a kT 7
r—=vZ Lk

4. 77 A 3 ¥ DNA OFH

TABVEEEREC L VT,

5. HERFIRE T *E

4 OFETHE LT F 2 F DNA 225 RNA 2R oo
RNase % L, EFEEDCIBX RY) =+ L v 7 ) 3 -1-34M
NaCl B x Mz 75 A 1 F DNA #itBE €, LHECR- -
RNA BiE %7z, ZODNA 7=/ —A-Z8rR7 4L

A= 2 —A B L, TESERICE,» LT lug/ul & i
A X5 L7:. DNA 4pg % 0.08M NaOH-0.16mM EDTA ¥
DETER S TERIRTHLEERY YV v A THML, =24
J - 2B NIRL, XHI80% =/ — LT~ Te.
Tl 250 OREE»L, WABBRS T~ HLCT
dFL o Fo—VE—Ix—va VR I BEERIIRES
iz U7s. F¥E1L Applied Biosystems #ED = = o 7V IT
$€ - TH\, Model 370A ~ —# v+ — (Applied Biosystems)
THEEEFIZRE L.

V. BEMEENA T VA E— s LEICLDREMEAT

D4 LA RNA OHFHORIT

1. °H 73 o viEgugs DNA V= — 7 DOFE

BlEME N1 7V &4 € — 3 ¥ (in situ hybridization) D7
WO H F 3 U vEHES DNA (H-ssDNA) 7' v — 7L,
pUCL9 iz WSN ¥R 6 &/ 228D cDNA % fLRIAATT 7
A 3 F (pT3/WSN-NA)PDNA % #M] L LT PCR = THREL
fo. 754 =—L LTk, 7T AENADNA 7o -7 (65
# VRNA i+ 2) oKt MI3 ML 754 =%,
Fhw4 > 2 NA-DNA ' r—7 (86 08D mRNA &
CcRNA B3 2) DAEICIZMI3 Y A=A - 51 =%
FAu iz, 8% DNA Ing, 5uM 754 =—, &£HD dTTP ifk
% T [methyl, 1, 2°H] TTP (tiF#:, 120Ci/mmol, 7 < %
A Upty, B RBWRHME, T— 3 Tl FER

YA

Trypsinization Denhardt's solution
65 °C, 1h.
Cell harvest
Ethanol/acetic acid
Cytocentrifugation 20min
A7 Acetylation
[ =

-«

Acetone fixation, -20 °C, 20min
0.2N HCl, 20min

2 %S8SC washing, 70°C, 30min
Tug/mi Pronase K, 37 °C,15min

3H-ssDNA probe/hybridization mixture (HM)
25 °C, 3days

2 xSSC washing, 55°C, 30min
50% Formaldehyde washing, Thr
Emulsion, 45°C, 2sec

Exposure, 4°C, 3days
Development

Giemsa staining

Y . .
Fig. 2. The in situ hybridization method. See “Materials
and Methods” for the details. ’
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otz

2. vA4 A RNA OFFHOBN (K2)

WSN Bk, B L OEREK ts5] v 2% [ DHET
MDBK Mg BRI € (Ao LREBF X 1BHE), SEEERE
(37°C, 34T, 395T) THEE L. FiETHBCEH LR
PBSA T - 7-8120.1% + V 7> v-0.04M EDTA #inx, &
BECTSHSHARBELTCREMEELT + Yo b i@z
PBSA iz 7. 0.5X%10* D = O REYHI % (2Bl E %
B Model SC-2 (b 3 =T, E®R) HWT 1700rpm (410G)
SHMEOLTASA V75 ACABE S FEMEMTEE
¥, cytocentrifugation). ZDEFR Z A N 25 A DRTAEY
DETH %, ZOMBEY T+ b v Tt—20C 200BEEL
PBSA T¥-» TERI L. &z 0.2N EBT2045R4AE L,
S0RPREIAKEE Lctk, 2XSSC FTT0C305MimaEt L, 308 /K
Pl BI&FEE lug/ml 7w 5+~ K (37TC 304714
B) &ty 2XSSC fhT37C 155 MM Lo 30T RIA%E L
o, TOHT0%, 0%, 9.5% =%/ - L THARKLERI &
7.

KIZZDEBEFANTCASA FISALTOANL TV EAS
H— g vEFT-7. *HEH DNA v —7 5ng &4 1
TVELE—Y s VEEHMEK, TR)2ASA ¥ 75 A LD
FEDOLECELETAF 7 404 (lemXlem) TEY, 50% 7 #
NAT L FREPEHIRCLBHEER (20— =27 =) D
F25C, 3HEHFRELLE. HM BOEBIZKRD I 5 THAS.
10mM Tris-HCI (pH7.4), 0.6M NaCl, ImM EDTA, 1XDenha-
rdt ¥, 100pg/ml R Y A, Img/ml # 5+ YV 7 RNA (fF4F
RNA, Sigma TypelV, Sigma, St. Louis, USA) (0.1M
NaOH-2mM EDTA &C37C, S5OMHEMAE L-#EhfL, =&
J=niBELA-b D), Img/ml = 5 V7 DNA (FF4H g
DNA, Sigma) (BEHMABE L D), 0% FF A+ 5 VRE
(Na-#f, Pharmacia, Uppsala, Sweden), 50% 7 # L & 7 3 ¥
(i1 4> Lz D). Zd HM B#% 20u! & *H-DNA 7= —7
Sng wEE LT 30MMBRASBIE, ETRXLASA
FIAETON T Y X4 - g vicfit Lz,

N TV EL K-> g VEBOEEIIRDFETI T~ 1. Ul
B (WB) (50% 7 /L A7 3 F, 10mM Tris-HCl pH7.4,
0.6M NaCl, ImM EDTA) #Ef&Ef@ F LT H N —DXF 7 4 1
A&, "HDNA-HM B2V L. T WB B &
2XSSC IFNFN 2 —34HB L, 2xSSC FT55C 304/
IR L7850 % 7 4+ b 67 3 FORIZE LT IEEDP - b &
B, L5 —E50%7 + L 47 3 FORRMEREDE L.
2xSSC 2 4MDEEREDHT0%, 90%, 99.5% =% 7 —/\ THi
REJ IR, BHH 7 5 NR-M2 (IR, HE) 245C TR
S, KC2EIERLALD] AT 2B L, BT
— 2RI L4 CTIEMBX L. BREARRIFA
EFRAI=ZF =V ER—N—T T 4w 7 AT Tz, B 2EES
KEHEAS A ¥ 75 A O E A F i i L,

V. M\ ZEREOEREDOTE & BIMIERHFH

1. MMEHEDERE

V &R WSN Bpitkk & 7243 ts-51 #k¥ 1 A 2 % MDBK
MM (35mm 7 4 v o ) WRH X 2, Btk Ah39.5C Tl
BL, 0, 1, 2, 3RMBCEMYEE PBSA Tk o718,
AFF = VR DMEM 12 ¥S-2 F4 = v & &0 (10Ci/ml)
L7 sic B &% 72, 39.5C300RID L AEHA 1T » 7o

HEHZIRE, PBSA TF 4 v . hOMMBAHHE L=, ZOW
HTELRTEEEBR ., Fa4 v CHABHEE 0.1M
Tris-HCI pHE.8, 0.2M U+ A L4 b —, 4 % SDS, 0.2% 7
BRET =2/ —=ATN—, 0%V €Y ) 100 % 0% RS
TEN L2 - OERAYBELTHE—{ELTH»5100C, 34
fimnsi Lz, Z0RR (30u) % BuT Laemmli O HFED
57T10% SDS RV 727 VAT 3 FEALBRKE 200V, 3
B 21T -7, BBV FABF PV Y ARHALRT AL

Mock

2hpi

6hpi

Fig.3. Distribution of the vRNA in the WSN virus-infected
cells. MDBK cells were infected with WSN virus at a m.
0. i. of 50, and incubated in the medium at 37°C. At the
indicated times, the cells were trypsinized for 5 min at 37°C
and suspended in precooled PBS containing 0.2% BSA on
ice.  Aliquots of the 0.5-1%x10° cells were used for
cytocentrifugation. The cells on a glass slide were fixed
with acetone and used for the in situ hybridization as
described elsewhere'. Hybridization was performed for 3
days at 25 C using *H-labeled single-stranded plus-sense
DNA (2.2x10° dpm/ug) as the probe, which was prepared
by PCR using pT3/ WSN-NA'™ DNA as the template.
After the hybridization, the specimens were washed, and
exposed for 3 days at 4 'C, developed, and stained with
Giemsa's solution. For details, see Fig.2 and “Materials
and Methods”. . One grain represents approximately 20
copies of the minus-sense NA RNAs when the hybridizati-
on efficiency is 100%.



68

rRZ7T7 4 —ENICIY, REABEORMERETEE L.

2. MEtHAEIc s M BEREOREMBNRERE D
st

N AR UHETEMR, 743 ts-51 Bk 1 L A% MDBK
BIcRR R (TRFR moi, 3) 6B REMRELED
fz. 5X10' ORRZMERA NV, 20EEREB A1 TV X1 £ —
v g VOB ARBICEERRAERELETEREA T F T
ATEIR. BRIk, fEEREY T2 T-20C
204 FEIEE L, PBSA T¥EME L eI €/, PBSA THU
BT - B TR 5721941 PBSA wkE, Hiibic—
&R (YR M, [iE) (0.2%BSA #Hn PBSA T 1:50 1
R 50u wink, BETIBHEASA V772 L0RER
&, X< PBSA T L-BICHMBER L ZRkHiE (7
nAx Lt vfVFA+ T Fk— 1+ (fluorescein isothiocyanate,
FITC) g L= v ¥ v v+ IgG #i{k] (0.2% BSA #FHin
PBSA T 1:50 &) 50u 2inxC, BRT1IRERTLZE
T k< PBSA TUEMEL 0% 27V vV v L ER L,
AAR=FSATHA~ LTCHIBRECEE LR,

V. W4JLARNP SR 72723 kLD HEMER

fnEg

AVvIN=vH¥EI L LARNP VS VART =7 v g VEEPPIR
<4 A RNA YA L ATRUD TR LEERTHS. K
QI HEDOEMATRIATHE, ETUALA5 A RNAD
cDNA%7 > =S RNABRY AT —EDT B E— X —1TD70L
Er5AI FPRERTH. thigiliLlT, 7> —Y RNA
RY 25 —EXBURBERTY S A A EET RNA (R
EbvANLAY ) ALAUHEEYHOBRCTERLTHS) ¥ &
Bt a. #E DNA OFFNIATHCHBCE LA ZENTE
DT, FOGREENTHH A LAEETF RNA 07 E
HizEzbhs. 20RRERN RNA BERIZ, 77—V
RNA #Y 25 —EDfl, Y1 AZ27EAR, Titbb, 74

NARNA £V 25—¥L NPEABLAKICMZTEL &,
IALIRRBRERNTER &7 RNA &4 L RNP # BT
L. ZORNP #5560 L~ L= L ARBREELTH
AN ADHET IS VAT 22 v a5, ZOMBRT
WLy AL ADS B, ~Lo—0 4 L ZADMEBERT 5
I i HEREAWT, FSvAZ7 =273 v L RNP 24
LELTHEDY AL AREIRTS.

75 A 1 F pT3/WSN-NA* |2 WSN £ NAEEFxE = —
FLTRD, FOLEFKIKIZ7 7 —Y TIRNA KV 25 —-¥D
mE— 2 =%, FIICIZHEIREER KspB32l o FIMTHk L o B X
BTHB(K9). 2D DNA % KspRI(R—V v — + v v ~»
44 WZHW, ER) TUKHL, ZOUNRO—RERS %
Klenow B¢ (EiERE, ) TBEL-LDO%EE DNA L L
T, 75— T3RNA £V 25— ¥ TEETHE, WSN
65 7 248 (NABEFEI— FT5) L ¥ oK R UEER
Flek> RNA piEsh 5. BERGRCET DNA (L)
lug, 1 v 7r=v¥F oL AR RNA KU A5—-+¥& NP EH
BOESY (A/PR/8/34 w4 LA L b, Parvin ¥ OFETHE
L D) 104 (5T lug PEHERXEL), BLU
T3RNA £V 2 5 —+ (50U/pul, Strata-gene, La Jolla, USA)
2ul Bhix (&8 50u) 3TCTISHREE LA, ZORBK:
0.1% €5 Fv47% PBSA 100ul THERL, 22 b 05
B -T, P=F -7 i/ =F — ) (diethylaminoethyl,
DEAE)}F# A NS v - A F— )L AN T F F v F (dimethyl-
sulfoxide, DMSO) iz & » MDBK fifa~t S v A7 =22 v
vt ZOMENTE, HH U WSN/HK &7 1 v A2 Sk
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1 79 252
NH:[]. [ M2 ~JcooH
1 97
1 261 1027
(+) 5° e— s s 3
T
¥
C
EcoM1 EcoM2
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Fig.4. Mutation sites in the ts-51 virus M segment. The vRNA extracted from purified ts-51 virions was reverse transcribed to
cDNA, which was amplified by PCR using two primer pairs for the M segment, EcoM! and EcoM2, or EcoM3 and EcoM4, as
indicated in the figure.- Each primer carried the extra-sequences containing the EcoRI site. The PCR products were digested
with EcoRI and then cloned in the pUC118. Independent multiple clones were sequenced using a DNA sequencer, Model 370A

(Applied Biosystems). For details, see “Material and Methods”.

Nucleotide changes (shown in a plus sense) and an amino acid

change were indicated in comparison with wild-type WSN-M sequence®.
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Fig.5. Distribution of the virus RNAs in the ts-51 virus-infected cells. (A) Distribution of VRNA. MDBK cells were infected
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B ]

. BFEMBRMRRICHET 24/ LARNA OMBIASH
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L7z VRNA 21T EDRIC 13 2ok EEiE ~ 1 7
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2RV, B3ERO—FBER LA, €9 2 (mock) TRX

(B).
ts-51
cRANA

+
mRNA

39.5°C

ts-51
VRNA
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with the WSN or ts-51 viruses at a m. o. i. of 1, and incubated in the medium at 39.5C. At 6 hpi, the cells were trypsinized
for 5 min at 39.5C, and 0.5-1x10° cells were treated for the in situ hybridization as described in Fig. 3. (B) Distribution of the
plus-sense RNA at 39.5C and vRNA at 34 C in the ts-51 virus-infected cells. MDBK cells were infected with the ts-51 virus
at a m. o. i. of 1 and incubated in the medium for 6 hr at 39.5°C, or for 8 hr at 34'C. The infected cells were treated for the
in situ hybridization as described in Fig. 3. For the detection of the plus-sense RNA, *H-labeled single-stranded minus-sense NA

DNA (2.2x10° dpm/ug) was used as a probe.
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ts-51 12 Ml BHBWE—D7 I /VBERAYEZ LD TH
ALEwmanic.

0. ts-51 BERLMBRICISTB 4/ LRNA OMRRARD

& ts-51 HBRYPTD Y 14 A RNA O#IfaRS #%x BE S
BaAA TV XL E—v g VETHANT, K5 0OKRRTIZEHE
Bk, F7oiT ts-51 B% mod, 1 T MDBK iRt BREE €
B, 34°C, ¥701239.5C (ts-5] DIEHRIRE) THEZ®, K
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vEffotz. 39.5C, BPH MO ts-5] HRRBREMER TIZ
vRNA DOS%LIEABICBE - e EETHo72 (RIS A, T

WSN ts-51

[
Chase(r) 0 1 2 3 0 1 2 3

Fig. 6. Stability of the ts-51 virus M1 protein. MDBK cells
were infected with the WSN or ts-5] viruses at a m. o. i
of 5, and incubated in the medium at 39.5°C. At 5 hrpi,
the cells were labeled with labeling medium containing 10
#Ci/ml of [®S] methionine (1086 Ci/mmol) for 30 min at
39.5C. The cells were then chased for the indicated
times. Proteins were separeted by SDS-10% PAGE. For
other details, see “Materials and Methods”. Positions for
the viral proteins, NP, M1 and NSl were indicated on the
right side.

). —5, B U4&HETTEERTIZR 3 LR U< $950% 14
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DIFEN 72 (K5 B, TE).

V. ts-51 BREMEBETOMI BRHEOENE

s, ts-51 BRI T, Ml EREOFERERBREM
TECAMZ DO WT RN, 27, ToREEHBEORENIE
bh, MARNTEEENRI LTV 2EEYESS. K6 DER
T, BPdE#E, F/oitts-51 By MDBK MBI 2 ¥, BE
#39.5CIC LUER Lic. RRYEHE SEERIC ¥S 2 974 = v T30
SEEAEDERYT -, F=—ATHDETHEDHFE
B 2 4= vR iz (ZOHRME 0RM& L), 15
BRIz RE L, SDS KV 727V 7 3 FEABRKE
W, A= FFCHTSFT 4 -ED, YA NLABRAEAN
OIS OIWNARERRE . M BREOSRE, BEME D
FHC R, FERELRADOR eI 7.

WIERE M EREOHRAREEICRENEE T
EomuFANt. K TOERBRTIZ3.5CTDY A /L ARG 65

WSN

ts-51

Fig. 7. Distribution of the Ml protein in the virus-infected
cells. MDBK cells were infected with the WSN or ts-51
viruses at a m.o.i. of 3, and incubated in the medium at
395C. At 6 hrpi, the cells were trypsinized, applied to
cytocentrifugation, and fixed as described in Fig.3. The
M1 protein was detected by immunofluorescence with
rabbit anti-M1 serum, and then with goat anti-rabbit IgG
FITC. For details, see “Meterials and methods”.
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DANARBRINICLOTIIRFhRICER hiAE i NA &

Subtype Cytoplasmic Transmembrane
N1 MNPNQK IITIGS ICMVVGIISLILQIGNIISIWIS
N2 memeee e VSLTIATVCFIMQIAILVTTVTL
N3 meemee meees V VNTTLSTIALLIGVGNLVFNTVI
N emeee- -==~-- ASIVLTTIGLLLPITSLCSIWFS
NS ~ meeee— ------ ASLEIVIFNILIHIASIAIGTISVT
NE  —mmee- --C-SA TGMTLSVVSLLIGLANLGLNIGL
N7 —ee-e- LFALSG VAIALSVMNLLIGISNVGLNVSL
N8  mmeee - A--- ASLGILILNVILHVVSIIVTVLILNM
NG  -meee- ~LCTSA TALVITIAVLIGITNLGLNIGL
B/Lee/40 -L-STV QTLTLL LTSGGVLLSLYVSASLSYLLYS

Fig.8. - The amino acid sequences of the N-terminal region
of the NA proteins of various influenza viruses. The
sequences of the cytoplasmic tail and the transmembrane
region of the A-type viruses (N1-N9) and the B/Lee/40
virus are shown in the one-letter symbol. Bars indicate
the identical residues to those of the WSN virus.
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ChoDERBYMRFCREN # -k h RE I, ik
RECHB /15 =8 —wERPRELE. HFliZihbo
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PCR
Cloning of the PCR products
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Ksp632 | digestion
Virus core proteins
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NA-vRNP
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Culture 18hr. infected MDBK cells
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| Plaque formation on MDBK cells
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Fig.9. Rescue of the recombinant virus carrying the
chimeric NA gene by the RNP transfection technique.
See “Materials and Methods” for the details.

Table 1. Effect of mutations in the cytoplasmic tail and the transmembrane region of the NA protein

Amion acid sequence NA proteins®

NA mutants” NA activity” Res;ue NA ac.tivitya’ Virus?
Cytoplasmic tail Transmembrane region on cell surface of virus on virion growth
WSN (wild) MNPNQK IITIGS 1t Yes H t
w7 - LFALSG + Yes # 1
w/aB - ---- QTLTLL + No (na)® (na)
B/W -L-8sTV. = @ —----- 1 Yes + +
B/B -L-STV QTLTLL + Yes + +
M-WSN M-=-=-=-=- —e———- " Yes + +

1) The NA mutants were named as follows; for example, W/7 had the cytoplasmic tail from WSN/ the
transmembrane region from N7 virus. M-WSN had the cytoplasmic tail of WSN carrying an extra Met at the N
terminus and the WSN transmembrane region.

2) For designation of the amino acid sequences, see Fig.8. Bars indcate the identical residues to those of the WSN
virus.

3) For NA activities, + and 4+ mean 20-50% and 50-100% of those of the wild-type WSN virus, respectively.

4) + and 1 mean virus growth in MDBK cells at the level of one tenth and at the same level as the. wild-type
virus, respectively.

5) (na): not available, because virus was not rescued.
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Fig. 10. Predicted secondary structure for the WSN and
ts-51 virus M1 proteins. The secondary structure for the
WSN and ts-51 virus M1 proteins were predicted by the
Chou and Fasman method using a DNA analysis program,
DNASIS (Hitachi Software Engineering, Yokohama).
Regions around the amino acid positions 40-164 are shown.
Predicted A-trun generated by the mutation in the ts-MI
protein is indicated by an arrow. Predicted a-helixes
(YY) B-sheets (vaar), and  B-turns( T7F ) are
indicated.
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Fig. 11. Schematic presentation of the influenza virus growth.
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Abstract

In the early stage of virus assembly in influenza virus-infected cells, the virus genomic RNA (vRNA) produced in the
nucleus immediately associates with virus core proteins, and the ribonucleoprotein complex (VRNP) thus formed in the
nucleoplasm is transported through the nuclear pore into the cytosol, and then into budding virus particles on the plasma
membrane. In the first part of this paper, nuclear-cytoplasmic transport of vRNPs was studied by analyzing the distribution
of viral RNAs in the infected cells employing an in situ hybridization technique for detecting them directly. In the cells
infected with wild-type virus (A/WSN/33), vRNPs (more than 90%) stayed in the nucleus during the first 2 hr after the
infection (pi), in contrast to mRNAs, which were transported into the cytosol right after infection. VRNPs were then
transported into the cytosol, about 50% of them present in the cytosol 6 hrpi. The same analyses were then performed using
a temperature-sensitive(ts) mutant, ts-51, which was isolated from the WSN virus and contains a mutation in the M segment
(the 7th genomic segment), and has been considered to have a defect in the virus assembly process. The nucleotide sequence
analysis was performed to determine the mutation site in the M segment of the virus first. This M segment contained two
nucleotide changes of T to C. One of them gave rise to the amino acid change of phenylalanine to serine at amino acid
position 79, while the other nucleotide change was silent. It was thus concluded that the ts-phenotype of this virus was
attributable to this single amino acid change of the M1 protein. We then focused on the role of the M1 protein in the nuclear-
cytoplasmic transport of the vVRNPs. In the ts-51 virus-infected cells at a non-permissive temperature, more than 95% of the
VRNPs remained in the nucleus, even at 6 hrpi and thereafter. By contrast, the transport of mRNAs was not altered by this
mutation. This defect in vRNP transport was partially cured at a lower temperature. In addition, most of the ts-M1 protein
was also abnormally accumulated in the nucleus at a non-permissive temperature, whereas the wild-M1 protein was
distributed in the cytosol as well as in the nucleus. The synthesis and stability of the M1 protein were not altered by the
mutation. These observations together with those reported by Martin and Helenius (1991) indicated that the M1 protein
participated in the nuclear-cytoplasmic transport of the VRNPs. It was suggested that the M1 protein was associated with
VRNPs in the nucleus forming a possible M1-vRNP complex, which was then transported into the cytosol. The complex
could be formed by the mutant M1, but was defective in its transport from the nucleus to the cytosol. In the second part of
this paper, the virus assembly process in particular regions of the plasma membrane was investigated. One constituent in
these regions which has been considered to be important in the assembly process, is the cytoplasmic tail of the virus
membrane glycoproteins, the NA or HA protein. The sequences of the N-terminal first 6 amino acids (the cytoplasmic tail)
are conserved completely, and the next 6 amino acids (the transmembrane region) of the NA protein partially among 9 NA
subtypes of A-type viruses. The significance of these conserved sequences of the NA protein was analyzed by the reverse
genetic technique. Replacing these conserved regions of A/WSN/33 NA gene with those of the B-type gene, the chimeric
NA genes were constructed in vitro, and used in the transfection experiments to recover the recombinant viruses carrying
these NA genes. It was indicated that both successive regions played important roles in the formation of the infective virus
particles (in any processes including incorporation of NA into virions, virion assembly, budding, or infection). The structural
features of these regions required for the function(s) are not the strict location of each amino acid, but the overall (higher-
order) structure, which is shared by both A- and B-type NA proteins, and constituted by the cytoplasmic tail as well as the
transmembrane region.



