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% SH R DO EFECT D= & LN 13 10 RO
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2% BEE, DEO 2FEED genotype 23 T L TWd
73, 1998 £EEED 513 G, H BEOWATVHRE ST
%2,

LY TATALNWARTANVARLTOIRER E L
THIEREEESR . / 1 7 3 =% —¥HEH (hemagglutinin-
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(fusion: F) (F £W§9) OPEEHEZHEL TWwb, HN
EHIZS T 7480 kd OFFEHT. EEMiO V¥
Ty —tiEa T AEATH S, HABEHERUSF L
VAR s & RS % Y514 20 S5 neuraminidase Y
ERio T3, FEAK., FEHTRESENTZ O
HIERIR Fy & L ARSI 7 a7 7 —€ic & D
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N RO BUK A R EE M RE T H 5, 71 )V
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T2 MDD, FEFRMEHIEDK 5-6%FE B AT
TIREPEE T2 b Tnd, LrL, % TA
T AEREG D & 7 A v ASBEEDIRE 3EmD TR
Ve X, ZDTANAEROFEIZHE IS TWiE
Vo GlEl —FK 3 ADEERER SF L 7ERD S 538 L
7o A NZADMIRE  EHEDL Y T ABED» SR
Nz A VAR E OWIRERET LT D CHiE 3 2,

MEtEHE

L 74 JLR¥k

ALY A NVAZEFY 79 e LTKO-3,
B4 SRR & U C 80-1, 89-0, 93-OK ® 4 #k% AW
72, KO-3137 7 F 2 ¥ — NERT 1972 FRIC AMEE TR
KD B 43S N7 BPAERE 2 R R AR T 22 (AR
L7295 7 7 F R TH 59, 80-1 I3 HEH MEREE A D
FEBI. 89-O TR FIRR DIEFI & Z €4 1980
L1989 FICHBEI NI R TH B, X, B FERR ICHE
T2 A 0F U 7ER 2> & 438 L 72 93-OK 2 L 72,
Fig. 1 CZ DERREREZR LTz, 3AFKBEEEN L >V
7 AREGNT KD ZEFEEHERE R R U THER D & 43 HE L
TeETH B, BIRRORERIZL > 7 AR U EIR
DR EFfilnsdp v | Hefilds 16 H B iR RHIE
TERERR. HEIOBEISY | SEHTREREESHE L, £
OHHBICHHOHTER R Uiz, REROFE 3 HikI
EIRDNMEN:, AR BT RREL 2 0 L BADKIEHS
HE LTz, Rl EIRIEHE TIER IR o T,
BIROFEIE 2 BRI 1 ACE IO B FRRERR. R
OHIED | HTREEFEPSHE L, 20 1| BR%ICH
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FEolE Hl2e

AOHRE 2R U7z, BIR, BB 38D LY 7R IgM
EIA HUAMfIZEME T, OB QMR S WP S LV 7
AT ANWAPGEEZ L, ZE 93-0OK fk & L4 ElE
M L7z, Vero g CHBEMIIC 7 A VAR 2 HAEL |
HOFEZE ESh SR (cytopathic effect : CPE) (LLF CPE &
W9) A3 50%LL EHEER L 727 A )V AR AR L W
A 4 A THRBRIC W79,

2. BT IRI NiEE

INEDLY T AT A IV ADEERE 200 xl 205
RNA ZHiH L. [A]&#®D Lysis Buffer (4M guanidinium
thiocyanate, 25 mM sodium citrate, 0.5% sarcosyl, 0.1%
2-mercaptoethanol, 0.5% Nonidet P-40) %1z . RNA
\& phenol chloroform & THuH L. 10 p] OFZEEIKIC
VR L 72%, BRICHREG L7z HERIC & DO MpM+(5-
CTCCATGGAGTCCATTCAGGAAGT-3) » H v
T F D cDNA 25 L HN #iEIE Mp F4-+ (5~
ACCCATGGATTTGTAGCACTGGATG-3) * H
WTHRL 7% TR IEH 72 i EE L Tz F-ATG(S-
TCCTGGTACCTTGATCAGTAATCATGAAG G-
3), F-TAA(Y-GCCGGAGCTCTTAGTACCTAAT-
GAGAT-3)T F E H BRI O DNA % HifF L 72,
HN #8852 B U T ik HN-ATG(5-CTTTGGTACCT-
GCTCGA AAGATGGAGCC-3), HN-TGA(5-
CCTAGAGCTCAAGTGATGGTCAATCT-3) = A
Wiz, 7743 —0 5 KimlZ XTSRRI Kpn 1,
Sac 1 OFIREERACY 2 (AL 725 F & HN O2FR
TR D PCR EY) % Kpn 1, Sac 1 TYHIWT L pBluescript
II SK (=) X7 ¥ — (STRATAGENE Cloning Sys-
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Fig. 1 Clinical background of the 93-OK strain.
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tems, La Jolla, CA, USA) @ T7 promoter O FHiZfiz
&35, Kpnl & Sac 1 @ multicloning site I8 A 9
BILIEIDHBWSTAS NREEL, BELLT
T A 2 R OHEHEFF)IE dye terminator T ABI 377A
% F TR L 729,

3. FIHEER

recombinant vaccinia virus T7 FHIHS X7 A & D
72 A & R % Vero fllfd. HeLaffifglcFEIH & 7z,
HeLa iz 24 /X7 v — dicHf@iEs L, T7 RNA
polymerase %5 9 % recombinant vaccinia virus, v-
TF73 (Dr. B.Moss & V435 %%1J7:7) % moi=I
TREYex & fiffa% Opti-MEM (GIBCO BRL, Life
Technologies, Grand Island, NY) 2 &£ D ¢35t L FLHN
FH175 A 3 K% DMRIE-C (GIBCO BRL,Gaithers-
burg, MD) % T4 02 ug % co-transfection &
720 Vero i IC FI S ¥ 2 7o 1 ld. TT RNA
polymerase % F£ ¥ 9 % recombinant vaccinia  virus,
MVAT7 pol. (Dr.G.Sutter &k Y 35 %% 7)) %
moi=10 TRt x ¥, F, HN HH 7 772A I N %
SuperFect Transfection Reagent (QIAGEN, Germany)
% F > T co-transfection & ¥ 728, 3 [Rf ] £ 12 Opti-
MEM TP L. MEMS5% FCS 85380 2 L 72, —
Mukse U7cge, Ml EEE L ¥ Ay Rtz o7z,

4. PB-galactosidase JEIEDAIE

HfaRL S OB LD 72 D OFERMINE & LT 24 K7
L— MZEEEE L 72 5X10° O Vero flifZic. T7 RNA
polymerase O I > ks 71— ) [ IZ B-galactosidase % ¥
42575 A3K (pGEBgal) D & % transfection &
B, —Wh BEEER. M) YTy — o H L,
PBS (—) T2 [E¥EH# 1X105/03 ml 2 L7z, F,
HN $#3H 75 X 3 K % co-transfection & 7z Vero #ll
feic Hermifa 2 asin U 7z, B 4 IR 2 i) % 2
Lk, fBaRME E OBl B L. -
galactosidase 23FEHI & 5, [-galactosidase 15 15
B & LT 4MU-B-galactoside % v >72 H % ELISA
& DHIE U729, X FEHIRE & e BT 4 KFiE
Bk B f 1 7o 2 0  BE %& E ¥E L 200 kel @ 0.05%
Nonidet P-40 #% A 72 PBS (—) T&EREL 720 20 ul D
fH ¥ ¥ % W6 %2 0.2 mM - 4-methylumbelliferyl- -
galactoside (Sigma Chemicals, St Louis, MO) 80 1 &R
BEE, 3TC, S TGS/, BERNGE1ED
%728 0.1 mM Glycine Buffer (pH 9.6) % 100 z! [F]#&
WL 7z, BOEEEREE~ A 7 a L — ) —5—
(Fluoroskan II, Labsystems) Z & 0 #lI5E L 7219,
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5. IMERIRFERE & neuraminidase ;EM4EDEIRE

HN ¥l 75 2 & K% Vero fllfdicBHuzd L < 1Z
F #7757 A 3 F &2 transfection & ¥, —WfikssE
#%. PBS (—) Ty 0.5% EIVE v b IRIIBR 2 I
L., 4°C i@ L, 1 REEc e U BEEs TR
BRINE 2 1% U7z, Transfection 1 0D fHfd % fH e
¥ (0.05% Nonidet P-40, PBS) 200 p| IZ¥EfEL . i
VIR (50 ul) &2 96 X7 v — Mgz, A& 0.1
mM  4-methylumbelliferyl
(Sigma Chemicals, St Louis, MO) ZFE Kt & LT
Iz 7z, 37°C ¢ 2 BFE 6. 0.1 mM - Glycine
Buffer (pH 9.6) % il 2. K s % H 1k U 7z, Neur-
aminidase JE M X~ A4 20 FLr—h V) —%—
(Fluoroskan II, Labsystems) CHIGHRE 2 HIE L7z,

& R

1. fEfRtEREDEEER

KO-3. 93-OK. 80-1, 89-O /oA L7z F ¥E 7
Z A S R, pMp-KO-3-F, pMp-93-OK-F. pMp-80-I-
F. pMp-89-O-F Dl HE 2 #ET L7z, HN FEH
FIAIRNEKOIEHY 7 F U S5REEL T
pMp-KO-3-HN & LT, &7 A WA L T2
F 3377 A 3 K % Vero fiiiid 1 co-transfection L 2
Hio ¥ A5t U fE8R 2 Fig. 2 O LBIOR LTz, &
FEAFIR 7 A 2 F i pMp-KO-3-HN & co-trans-
fection 9~ % Z & THifuRl& %7~ L. pMp-93-OK-F %
FEAXKE 77 AINELTHALLEEICKRER
MRS 28D T, FABLTZ A S F % pMp-KO-3-
FIZHEEL TR 7 ANV ARD SHEE L 72 HN F3R 7
Z A & K% co-transfection LU7z#EH % Fig. 2 TBUIR
L7zo & HN FH 7 Z 2 & R OMERAEE 1ZHE S 2
REIIFRD SN Iro T,

F, HN 77 X 3 FOffifEs&rEOfEE e LT
RN @ Neuraminidase iEME 2 HIE L. Z DFEHE %
Fig. 3 127k L7z, Fig 3 @ B2 pMp-KO3 HN S35,
FIAI R ERMEELILFRIL ST A3 F &co-
transfection L 7z 4PN ¢ Neuraminidase 754 % 75 L
7o HOYEIREE X pMp-KO-3-F 2 F R 77 A R &
LT L7z i 371FU, pMp-93-OK-F Z{# ] L
Jz & &1 766FU, pMp-80-1-F Tl 431FU, pMp-89-
O-F T 13 494FU T & -7z, Neuraminidase Ji§ 14 1&
pMp-93-OK-F # FHRH 77 A FE LTHA L
RRCEREICEEE R LIz, —/7. TEIZ pMp-KO3-F
FH ST AN ERBELIHNREH 7 A P2

N-acetylneuraminic acid
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Fig.2 Cell fusion inducibility of F, HN protein expression plasmids in Vero cell. The plate was stained with Giemsa’s solution
and visualized with an Olympus microscope. All panels are at X 80.
2-A) The plasmids expressing F protein were constructed from KO-3, 93-OK, 80-1, and 89-O. Panels show the cell
fusion in Vero cells co-transfected with pMp-KO-3-F, pMp-93-OK-F, pMp-80-1-F, and pMp-89-O-F, using pMp-
KO-3-HN as the HN expression partner.
2-B) The plasmids expressing HN protein were constructed from KO-3, 93-OK, 80-1, and 89-O. Panels show the cell
fusion in Vero cells co-transfected with pMp-KO-3-HN, pMp-93-OK-HN, pMp-80-1-HN, and pMp-89-O-HN, using
pMp-KO-3-F as the F expression partner. As a negative control, pBluescript I SK - vecter was transfected after the cells
were infected with recombinant vaccinia virus.
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Fig. 3-B
Fig.3 Neuraminidase activity as a quantitative assay of cell fusion of each protein expression plasmids in Vero cells.
3-A) Neuraminidase activity was measured after co-transfection with F protein expression plasmids, using pMp-KO3-
HN as an expression partner for the HN protein.
3-B) Neuraminidase activity was measured after co-transfection with HN protein expression plasmids, using pMp-KO3-
F as an expression partner for the F protein.
As a negative control, pBluescript II SK ~ vecter was transfected after the cells were infected with recombinant vaccinia
virus.
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co-transfection L 7z il N @ Neuraminidase &4 % 7~
L7z, pMp-KO-3-HN, pMp-80-I-HN, pMp-89-O-
HN % HN #7772 3 N & LA LZRRziE, 3
SETREE 1344 . 402FU., 343FU. 337FU . pMp-93-
OK-HN %l L 7z FRpIC IXBOBIRAE 13 485FU L AR
EIFRO oIz, DIk & D ilEEEE: F A
TIAI NIKIFEL TWb Z DR 5T,
pMp-KO-3-F 56375 2 £ F & pMp-KO-3-HN
FHIHTTAI NE FIBABELL FRET7AIF
L RS 7 HN FE3] 75 A £ F % co-transfection
S TCHINERES 2B LR % Fig 4 O BRI
L 720 pMp-93-OK-F, HN % co-transfection & 7zKf
WA E e HifER G =BT, TRICIE ERICR U7/
AEDETEFHI 77 A3 K% 37°C, 39°C T co-tran-
sfection &8 72D D B-galactosidase FEHE D
2R LTz, pPMp-KO-3-F & pMp-KO-3-HN %*co-

pMp-KO3-F ~ PMp-93-OK-F

pPMp-KO3~-HN

BRH 1 £ LY AT AV ABESERROMIREE

PMp-93-OK-HN
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transfection & ¥ 7zl ix, 37CIZ B 2 Hifa N D g-
galactosidase {54 13 B G IR 457FU, 39°C iI2 BT
453FU T B o720 pMp-80-1-F & pMp-80-1-HN %
co-transfection & ¥ 7z HF %, 37°C T 317FU, 39°C T
206FU., Z 7z pMp-89-O-F & pMp-89-O-HN % co-
transfection & -7z BFix. HIFTN B-galactosidase 354
1% 37°C T 272FU. 39°C T 165FU & 39°C O3+
MR AT/ S L 72 2 EA 23D 5 iz, pMp-93-
OK-F & pMp-93-OK-HN % co-transfection & ¥ 7z
EElX. 37°C iz B A O B-galactosidase JE M 13
HOGHRE 778FU. 39°Cl2 B W T 436FU LR &
MR EREDE 2D T2, NS DFEE L D pMp-93-
OK I 37ClcBWT FFHE T A3 N, HNFHH 7
Z A & R % co-transfection & & 7z RF 12 il @& BE S
BN DA E 0T,

pPMp-89-O-F

PMp-80-1-HN  pMp-89-O-HN

Fig. 4-A
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Fig. 4-B
Fig. 4 Appearance of cell fusion and S-galactosidase activity as the index of cell fusion.
4-A) Different extent of the cell fusion after co-transfection with a homologous set of the F and HN protein expression

plasmids in Vero cell.
the control of T7 polymerase.

All panels are at X80. A set of F and HN expression plasmids was transfected in Vero cells under

4-B) p-galactosidase activity of expression of the F and HN proteins at 37°C or 39°C.  Vero cells were co-transfected
with a homologous set of the F and HN protein expression plasmids.
As a negative control, pBluescript 11 SK-vecter was transfected after the cells were infected with recombinant vaccinia virus.
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2. BMTIRINDT I /B D=

FEEE L 72 HN R 75 2 3 F OB EES I, & H
EE3NDT7 I/ BOEWE Fig. 50 FERIZRL T2,
pMp-KO-3-HN & Lt LT, pMp-93-OK-HN (3 21
ZH®D Val 23 1lu (V-HN21-1) 122kl Tuwaiz, filz
R-HNI119-C, V-HN345-1, V-HN395-1 @ 4 Sz
WTEREZFED Tz, pMp-80-1-HN Tlx V-HN21-1. I-
HN46-M. Q-HN62-R, R-HN119-C @ 4 ATz 5B\
TEREBD T2, pMp-89-O-HN Tix V-HN2I-1, S-
HN39-T, A-HN42-S, M-HN58-L, R-HN119-C, N-
HN385-S. Q-HN401-R, T-HN438-1 ® 8 Iz B>
TERZRDI,

BREE L7 PR o A 3 N OEEEY ) o HEE
ENDT I /BOEVEFig S5O TEICRL 2,
pMp-KO-3-F & [b# L T, pMp-93-OK-F T % G-
F10-S. L-F14-F, V-FI8-A_ I-F49-V_ L-F79-S. S-
F261-A. S-F318-G. H-F330-R. Q-F383-L ™ 9 &
WKBWTERZFHD T, pMp-80-1-F Tt Y-F8-C.
L-F14-F N-F297-H. Q-F383-L O 4 fHpTic B\ (&
HEHDTz, pMp-89-O-F Tlix Y-F8-C., G-F10-S.
L-Fl4-F, S-F15-T, I-F353-V, Q-F383-L. I-F505-
VO TERICBWTEREZAD T,

3. FASFEBRRT IR I FOEECHIEE

L8k
= BE

pMp-93-OK-F TFE® 67K & Wilifugh &k, F
EHWCERT % £E2 5iz, pMp-KO-3-F £ D
WICBIT 27 2 VBOEEL 9 ETHFEE L, 0

21 39 4246 58 62 X9

BolE HE25

THINRGREDORE L MET 27 S VBERET 5
7oz, FIREREAVWTE FEARE A3 K,
pMp-93-OK-F, pMp-80-1-F, pMp89-O-F D[H T
HREZ, FATTT AL N EEE USRS RE DL
R L. #EHR % Fig 6 10~ L7z, F&EE 698 fllcfz
16 % Pst 1547 T pMp-93-OK-F & pMp-80-1-F
DEITHF X777 A2 KN pMp-OK/1 Pst 1. pMp-1/
OK Pst | #FEZE 7=, PMp-OK/I Pst I iZ pMp-1/OK
Pst 112 HEARBA S Iz K & Ao ffifaREs 2580 7z, & D%
F &M 95N HFEAES % Hine  11ERAL T pMp-OK/I
Pst 1 & pMp-89-O-F DI T+ 27 7F A & ¥ pMp-
O/OK/I, pMp-OK/1/0 ZH#5 1}z, pMp-KO-3-F,
HN & HENFERRE OMfURtG 2 mLizcb D%+, LD
REWHDE++HTRLIZ, FATTTAI RORT
pMp-OK/I Pst 1, pMp-OK/I/O TK & 2G4 %
Tz, TS DFER L D MITEEEEDOKA & & 2HE
2D FEAFIRTI A2 FD 330470 R, 3531
DI, S05MDID3DDT S /BEEZ sz, 353
f2D 1, 50570 1 1% pMp-80-1-F, pMp-1/OK Pst 1 =
bHBEL TEHEENT WS, pMp-80-1-F, pMp-1I/OK
Pst 1% pMp-KO-3-F & g U MIIum& X EfRE T
bHotzo LIbE& D HIRIBIAREDOR & 2 2 FIWCHIEL T
WB DI, 330D R THS LHEES LTz,

% %

— R PR TR X A > T 2 DB |
PIIFED S, A2 7RI K 2 HRZIER M TH 2

345 385395401 438

PMp-KO3HN [V SAIMQ R vV NVQ T |

PMp-93-OK-HN [ [ C I ]

PMD-80-I-HN | I M R C |

PMp-89-0-HN [ 1 TS L C S R I \
Fig. 5-A

8 10 141518 49 79
pMp-KO3-F

pPMp-93-OK-F

pMp-80-I-F

PMp-89-O-F

261 297318 330 353 383 505

Fig. 5-B
Fig.5 Difference in the amino acids deduced from nucleotide sequence of the HN (5-A) and F. (5-B) regions in comparison with

the results of the KO-3 vaccine strain.
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cell fusion

261 318 330 353 505

pMp-93-OK-F |yssA Vv s

A G RI

1] 4 4

DPMp-80-I-F +
698
Pst 1
PMp-OK/Ipst I + +
pMp-I/OKpst]l [ySSA V S -
pMp-0/0K/I EES Ve i +
pMp-OK/1/0 + +
Hincll
975

Fig. 6 Construction of chimerical plasmids and their cell fusion inducibility. ~Chimerical plasmids were constructed using pMp-
93-OK-F (__]), pMp-80-1-F (Hllll), and pMp-89-O-F (@), after digestion with Pst I and Hinc 1. We depicted
the different amino acids among three F expression plasmids. The chimerical plasmids were co-transfected in Vero cells
together with pMp-KO-3-HN as the HN expression plasmid and the degree of cell fusion extent: + -+ means extensive

cell fusion larger than the cell fusion observed in the wells transfected with pMp-KO-3-F and HN plasmid.

-+ means

similar to the cell fusion as observed in the wells transfected with pMp-KO-3-F and HN plasmid.

o HER b/NERIC b EEZERTDH
%o INR D R EIEZERMEEDIRR & LT A Y 7T AR
HonTBh., EFHMHIEOK 5-6% EECTITHEE
TIRANEST 2 EwbhTwb, HIEDOZ < 13|l
HECH FIREDIRRBZICKR D L FINE L  MTIEd %
DE TFIREDIEREFRD T, MIEFERNC L > 7 ARG
DSEFHAE NS L Y T A D A SND . &Y 7T AHEE
EHNE»S YA VA ES N RjED DD L
SEYANVADHEBREEEZ 6D, SF T, H#IK
Bl & DY A N AFRVZBRIZAITON TR, TD
B L L CHEE L 2 s e & S Bkl =
BWETEY A NVADEESHER NI EBDHIT oh
2. 3 ANFBEEER L v 7T ABRIC X D R x
KUIFEGID» S 7 A NVABSEET 5 ENTER, 5
EOFEFICBWTH LAY FAFKEN SHELET 5
F CIIEORSENH D | BIR» S D7 A NV A5
Bl Thotz, BIRFERICRED L Y T AR
L. KB HHEE R X 72 U, KikREEVRE LEEZ
DT LS T A VARG 21T 5 T2 IR
RS D EIA TO ALY 7 A IgM Fifsfliid BT,
REDURTERA WD H A Y T AT A IV ADGHES
M. 20D 93-OK BEDMHER % gt L7z,

LY T AT A IV AL paramyxovirus IZJ& L Vero ff
faz B 7 CPE 2R3 Z EBHISNTE D . EfM
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Different cell fusion inducibility of wild—type mumps virus strains
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Abstract

Aseptic meningitis and deafness are known as serious complications in mumps virus infection. To identify the
characteristics of mumps virus isolated from the patients with hearing loss after mumps infection, we constructed fusion (F)
and hemagglutinin-neuraminidase (HN) protein expression plasmids. We examined three wild strains: 93-OK strain was
obtained from a patient with deafness, 89-O from a patient with parotitis, and 80-I from a patient with aseptic meningitis.
For the control, we use KO-3 Hoshino vaccine strain. A set of F and HN protein expression plasmids was transfected in
Vero cells under the control of T7 polymerase. Extensive cell fusion was observed when Vero cells were transfected with a
set of protein expression plasmids constructed from pMp-93-OK. There was no significant difference in cell fusion
inducibility among HN protein expression plasmids. Extensive cell fusion was observed when pMp-93-OK-F protein
expression plasmid was co-transfected with pMp-KO-3-HN as an HN expression partner. We suppose the extensive cell
fusion depended upon the F protein expression plasmid (pMp-93-OK-F). By comparing the sequence results of pMp-93-
OK from the other strains, we constructed chimerical plasmids and investigated their fusion inducibility. It was demostrated

that Arg. at the position of 330 of the HN protein is responsible for large cell fusion inducibility of the 93-OK strain.

{Key words> Mumps virus, Fusion protein, Deafness, Cell fusion, Vero cell.




