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Fig. 1. Schematic representation of the extraordi-
nary diversity of SeV P gene expression. RNA edit-
ing with the addition of one G nucleotide at the
editing site produces an mRNA that encodes the V
protein. The SeV P mRNA encodes not only the P
protein but the C protein in a shifted frame inde-
pendent of editing status. There are four C-related
proteins, designated C, C’, Y1 and Y2, with alterna-
tive translational start codons.
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SeV (M30202)  318-HRREHIIYERDGYIVDESW@NPVESRIRIIPRRELGVEKTEPKVEKLERDD-368
BPIV3  (Y00114)  348-HRREHSIYREGDYIITESWENPIfSKIRPVPRQESEVEGEEPKOPGYHIED-398
Tupaia (AF079780) 230-HRREYSMVWSNDGVFIESWENPMEARIRPLPIRE IFVEGREPLKESKELLD-280
Salem (AF237881) 252-HRREYSIIWDSEGIQIESWENPVESKVRSTPRREKEREGKEPARESEFGDD-302
HeV (AF017149) 406-HRREVSICWDGRRAWVEEWENPVESRITPQPRKQEEYBGEGPTERSOPCHE-456
PDV (D10371)  232-HRREVSLTMNDDRCWIDKWENPIFTQVNWGVIRAKGIEGERPPVEDDEKDD-282
PDPRV  (AJ298897) 231-HRRELSLIWNGDRVFIDKWENPSEARVOMGVIRAKEVEGEEPOIBEEEKDD-281
DMV (z47758)  232-HRREISLIWDGDRVFIDRWENPTESRIKMGIVRVKETHGESPPVEDESRED-282
MeV (M90469)  232-HRREISLIWNGDRVFIDRWENPMESKVTLGTIRARSTHGEHPRVEEQERTD-282
RPV (230697)  232-HRREIDLIWNDGRVFIDRWENPTESKVTVGTVRAKEINGERPRVEEQEITD-282
HPIV4A (M55975)  178-HRREYSISWVNGRTTISEWENPCEAPVKSTASVEKETEGREPKIBELEIRD-228
HPIV4B (M55976)  178-HRREHSISWVNGRTTISEWENPCHAPVKSIASVEKNTHGREPKIFELFRDD-228
NDV (X04274)  177-HRREHSISWTMGGVTTISWENPSESPIRAEPRQYSHTHGSEPATHRLEAGD-227
MuVv (AF338106) 170-HRREWSLSWVQGEVRVFEWENPIESPITAAARFHSHKEGNEPAKEDOBERD-220
SV5 (AF052755) 171-HRREYSIGWVGDEVKVTEWENPSESPITAAARRFEFTEHOEPVTESEGERD-221
sv41 (X64275)  174-HRREWSIAWVGDEVKVYEWGNPTEAPVTATDRKFSETHGTEPDREGEFEGD-224
HPIV2  (X57559)  174-HRREWSIAWVGDQVKVFEWENPREAPVTASARKFTETHEGSHPSIEGEREGD-224

Fig. 2. Multiple amino acid sequence alignment of the V unique regions of the Paramyxovirinae subfamily

viruses. The Vu regions of selected members of the Paramyxovirinae subfamily were aligned using the
CLUSTALW program (DNA Data Bank of Japan). The sequence of SeV is at the top, and sequences closer to that
of SeV were aligned from top to bottom. Conserved amino acid residues are in boldface and marked by asterisks,
and cysteine residues in the conserved residues are further shaded. DDBJ/EMBL/GenBank accession numbers are
shown in parentheses. SeV, Sendai virus; BVIV3, bovine parainfluenza virus type 3; TPMV, Tupaia paramyx-
ovirus; SLMV, Salem virus; HeV, Hendra virus; PDV, phocine distemper virus; PPRV, Peste-des-petits-ruminants

virus; DMV, dolphin morbillivirus; CDV, canine distemper virus; MeV, measles virus; RPV, rinderpest virus;

HPIV4A, human parainfluenza virus type 4A; HPIV4B, human parainfluenza virus type 4B; NDV, Newcastle dis-

ease virus; SV5, simian virus 5; SV41, simian virus 41; MuV, mumps virus.
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Fig. 3. Schematic representation of mutations of the SeV V protein. Mutations were introduced into the con-

served amino acids in the V unique region (shadowed) so as not to change any amino acids of the overlapping P-

coding frame.
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Fig. 4. Western blotting of the mutant GST-Vu
proteins and their zinc-binding capacities. (A)
Mutant GST-Vu proteins as well as GST were
resolved by SDS-PAGE and transferred onto a
membrane. The blot was probed with ZnCls in a
reducing condition to detect zinc binding and
processed for autoradiography (85Zn-binding). The
membrane was then stained by amido black 10B to
detect blotted proteins (Amido Black). (B) The rel-
ative ratio of zinc binding of the GST-Vu mutants to
that of the wild-type GST-Vu was calculated using
data obtained from three independent experiments.

Bars indicate standard deviation.
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Fig. 5. (A) Protein synthesis of SeV V mutants in
cultured cells. LLC-MK> cells were infected with
SeV V mutants as well as SeV WT at an m.o.i. of 20.
Proteins were labeled with [35S] cysteine-methion-
ine for 30 min at 7h post-infection and immunopre-
cipitated with either anti-V serum (« V), anti-SeV
- serum ( « SeV), or anti-C serum ( a C). Proteins
were analyzed by SDS-PAGE and processed for
autoradiography. (B) Quantification of the V pro-
tein. Radioactivity of the V protein was standard-
ized with that of the P protein in the same lane and
compared with that of SeV WT, which was set at
1.0. The mean and standard deviation from three

experiments are shown in the graph.
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Fig. 6. Limited primer extension. Total RNA was
extracted from SeV-infected cells, and DNA frag-
ments spanning the RNA editing site were amplified
by RT-PCR to prepare a template for primer exten-
sion. (A) Oligonucleotides were primed by an assay
primer (arrow), synthesized by incorporation of
dexyadenosine (A), deoxycytidine (C), and 32P-
labeled deoxyguanosine (G*), and terminated by
incorporation of dideoxythymidine (ddT). +0G is
an oligonucleotide synthesized from the non-edited
colinear transcript, and +1G is that from the edit-
ed, one-nucleotide-inserted transcript. (B)
Oligonucleotides synthesized were analyzed using
an 8% sequencing gel and radioautography. The
SeV V mutants employed include SeV V (—), in
which the editing site is destroyed by two-base sub-
stitutions and no RNA editing occurs!®. Percent
ratio of radioactivity of +1G against the sum of +
0G plus +1G is shown below the lane.

36%), SeV V-HsisN D +1G /85> FOMx HIZ10% L
WMo 72, THAUE HasN 258212 & - T RNA editing
DMBRPRERTLAZZEEZRLTWA, —F, SeVV
(—) BEHIREATIE+1G Ny FABEHORT, 20
BERVEEETHLI L #RLTWS (Fig 6B),

6) IBEMIZICH TS VEE SeV DiEHE
BALEREISEFMICBIT B Y 40 AHI2t
LTEDEIHWEET LN ERFTA72012, LLC-
MK: fifgicZ NS DEE Y £ L A% m.oi 0.01 Tk
Fe&dl, BTOLEEIANVAFEEH2HETIE
SeV WT & h RR# i L7225, 3 HHIZIZIZIZM
BOBEYAM & o7 (Fig. 1o INOLORERIZ VE
F SeV PETEAMBLAITHERD SeV WT & [FIREIZ 3458
TAHIERRLTEBY, VEHOINS DERIIH®
ML TOTANVAMBEEEE L e EZ 57,
7) 2 RBHICHTD VER SeV DighE
RIZEFED VR SeV oW T=w AffilcBiT 5
TANVAMEEEZRRET L7z, 3D ICR v 7 A2107
ClU @ V ZH SeV 2 Rg &, w7 AMRNDOT AL
ABEFE OB HEIAF A & ARET L7 (Fig. 8)o SeV V-RsigW
g% 1 H BT SeV WT & RIAE 1458 % 7~ L 7255,
ZOH—ENLE Y- 25 AEIIRLZL DD, B
P WT LY EEIZey A0 SHEBR SR,
SeV V-Eg1K 1& SeV V-Ry1oW & SeV WT o th [l 1458
Px R L 720 SeV V-PyyoT 131 %#% 3 HH £ T SeV
WT (ZIZIRICHT A1 2 R LA 5 HHOE —
fE(Z WT DU/10LVT T L D@ HER S /e, EIT &
BHI O HEEDRERY A N ARFNFNEL 572
BN ™ A v A SEFERERE L REsEm 2 R Lz — K, &
74V SeV CysI, SeVCysll, SeVCysIll 1 ~
SHHOBEIIRRENIDOD WT 2T hEb%
WY, 5 HHLEE WT IZHREEIZEAD L7 (Fig. 8) o
VATAVER SeV Y AfICBWTHEN LY
AN ABEFEDSSH R W EEZ ST,

8) VER SeV D~V iR/EAM

—HESILD ICR ¥ 7 AIER SeV D& HER LM
LT, BER2AMBEOHKR, SERIAIVAD
50% D A %L EE HE (50% mouse lethal dose
(MLDso)) & #RiE L7z #REMEE MLDsy O3 T& L
7o SeV V-H3isN, SeV V-Ra1gW , SeV V-Rus0G, SeV
V-Ws336G & SeV V-PaseT DIREMEIL, #NFh SeV
WT OFFEHEIZHH L T4%, 4%, 1%, 10%, 1%
64% TH o7 TNHLDTANVADHEREBEE <Y A
BN T AL AR L IXIZIFHE L 72 (Fig. 8),
BRI EEBIDO 1 D07 I /BB L VAR
SeV (d SeV V-Py3oT A& £TELLGHFILL TW
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Fig. 7. Replication of SeV V mutants in cultured cells. LLC-MK: cells were infected with each of the SeV V
mutants at an m.o.i. of 0.01 and incubated in Dulbecco’s modified MEM in the presence of 10 x g/ml trypsin. A

part of the culture medium was sampled daily and infectivity was measured.
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Fig. 8. Replication of SeV V mutants in the mouse lung. Mice were infected with 107 CIU/mouse of each of the

SeV V mutants as well as SeV WT, and two or three mice infected with each of the viruses were sacrificed on days

0,1,2,3,5,7, and 9. The lungs were removed from each mouse and homogenized in 1ml of MEM, and then infec-

tivity was measured. Each point represents the mean infectivity in the mice. The lungs of mice that died on day 8

were removed on that day.

720 SeV Cys I, SeV Cys II, SeV Cys III OREM:D
WT 7ANVAD2 %5 4%THY (Table 1), Zh
LOERYANAD WT EHERTHHFLL Tz,

x =
VEBBRNEBOREINLT I JEBOEEIL SeV

e AN TRIER R Z W X ) RIREZ B
&, ZOREIANADOT YT AT HREEAMET
L72e L7250 T, TALDBEFEENTT I VBRI~
v AFHETD T A IV AEIER T 4V AREEZRET S
EWV) VEHOKEBICEELEZ O, VRS
DOBEIZ V BHAOEEALZE D HTOT, ThbH
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Table 1. MLDso of SeV V mutants?
MLDso (relative pathogenicity)

Virus
Expt.1 Expt.2

SeVWT 7.9X10° (1.00) 3.2X105 (1.00)
SeV V-Hs1sN 2.0X107 (0.04) ND

SeV V-R319W 2.0X107 (0.04) ND

SeV V-Ra20G 1.3X107 (0.01) ND

SeV V-E32 1K 7.9X106 (0.10) ND

SeV V-W336G 1.3 X107 (0.01) ND

SeV V-P33T ND
SeV V-Cys I ND
SeV V-Cys II ND 1.3 X107 (0.02)
SeV V-Cys III ND 7.9X106 (0.04)
aValues are MLDso values of SeV V mutants

5.0X 105 (0.64)
7.9% 106 (0.04)

(CIU/mouse) in two experiments. Relative pathogenici-
ty (reciprocal relative ratios of MLDs¢ values) com-
pared with SeV WT, which is set at 1.0, is shown in
parentheses. ND, not done. Cys [: C337S +Cs41S, Cys II:
Css3R+ CassR + CassS, Cys III: Cz62S+ CaesR.

DT I/ EEETV EHOHBEEFICES LTS
WEEMEDSH B o

SeV LRI/ I 7V AV AERIZET S SVSE
DV EHIIFTH0 204+ 2iEET
BIEDIRENTD, FUTANVAEFROKRE Y 1V
AR NDV O GST & EH b ES EFHET H182), &
512Fk 4 ORFFEZE D Huang 5704, SeV @ GST-Vu &
FALHEREFHET AL ERLT, Ca3rS Xid CsalS,
HEVRHHEDL AT A VIERE L OEBIOER
GST-Vu EHOHES#ESIIFNEFN WT D50%, 70%
Td o 7=h, #HBIO GST- 8 Vu £H, CassR,
CassR, CssS F 7213 CaesR D HEEE &1340% »#F1LLL
TTHolD, 40, AT A rFRELFRICERE
-0, Huang 5D70O|METII I A7 1 VRE
DEHIE L HFORTH 72720, HEROEEET LR
LRGSO IIRELEEFHNAZ L FRL
=D THb, LaL, SHEOFHERIIFEIOZN E—FH
L, B X 74 VBREZEWBRL-GELITILAY
Thbohhrolz, BIb, FHBI D C3:S & CsuS BF
* AT 5D GST-Vu & (V-Cys ) 13#80% DFEE % 7~
L72A%, SR CseeS & CassR O GST-Vu &H (V-
Cys 1) DHEEEEITH0%TH o720 L7H T, V
EHOHSFESREIIEIERIO Y A7 4 ViR
STHRIY, TOFEBO—D2DL AT A P EREDOER
BEBOBREOER EASOMENELET V &OL
D726 F E#EZ 5N 5, zinc-finger-like motif &% z
LNTWBIATAYORN, #HEID2 2D AT A4

VREREIEBROHEMSESICEHETVEE L TuiEnE
Bbhsb,

Cysl, Cysll, CyslIl DVWTHOERYV 2HFT S
SeV 7 A L TEEICEHEILL T, Z0&
Bl C3nS (FEEID) Xt CsesR (FEIEI) D L9 7%
12DV AT A VEREOEBE; T ANV AFESEZET
SR L) LFIORE L BT 5.aTR O T,
A ZEMAE G V EHOHEE & BEEICBRL T
WD ERER LD, S54RI OFEMAE,S, #
FINTETDYATA VEREITANVAFHEEICE
ETHBA, HBIDOL A7 4 I 3EEHE SR & R
X VEHDOEREIZES LTwbhtEL LN,

Editing &} 3-UUUUUUCCC-5 O TFHD G %
U (CEH# L 72 SeV V-HaisN @ RNA editing 5 135
DT LTwize Lzd > T, SeV V-HaisN D
FEHIZ, ERICL->TELLZ VEOOBEREDT
REMEIZINA T, editing O L B V HE DI
Pz X AU EEMEAD S B, Hausmann 556, editing
WREBASNREXZLAF FOBERAHS TS P &
{ZF-H D cis-acting signal %7t L 72#5%, 3-UUUU-
UUCCC-5 BEH 0§ C LD X 7 LA F FASGHAD
FAMICEETHL L HmE L7z, o7 VEE
BHETOF > 7FL— =R A5 —-EEGERDOEE
AT editing I(CEETHLEHELL, L2L, D
I3 editing ZBOL FHDOIEEEICOWTET 2 IT-o TV i
WV, SROFEBRERITITROX 2 LAF L T
editing IR *AH L THWBEILERLTWVSE, 2D
e, 7 7L — bMid RNA editing 5L O Tifi % & A
TS DPOFEELETR L T B REENH S,

NG ITZITANADV EHITVANS LGS
HE 5B, VELKIE NDV 3 EM R EFBIPAT
LA VD, ZHICKH LT SeV @V EHE in
vivo ICBWVWTHORLIETH B9, SV5 O V &EHIE
STAT 1 OO B2 RIT I LI TA s —T 2
O OEREIZ 5318, B RS A T NI U2
B (HPIV 2) & STAT2 2 AKENTHILIZE-T
A vy —7zua MERERTI2202D, ZOHA ~
¥ —7 280 MAERIE PV ORBEBOT I EROHE
HYREND29, FioV HFEMNEBIKTFEL Tk
ZHEEZLNTWVE, 26DV EHDOKEEDE
Wi, VAFRENEECESIBTEINTYEIET 3/
B ETIISHHETE LW, Lo T, ZOHERNS
Bt V ENERAOFERET I/ BRIZL L LE
oMb, TNIZFLT, RESNAET I VBTV
EADOKAEELHELTVEDTHA ),

SeVV EHIZX % in vivo TDOI A )V A O{E#
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AAZALEFRHTH S, SV5V EHIE damaged
DNA-binding protein (2#5& LT, MAFa/E = HRE
51610, FOFE, 1EOREI NIV AT A V3R
DERIZLY) ZOMEMERAI R B2 N6, VE
FOE L BRIZ Y A7 4 VREIVRFEL TS LE
oMb, AR, VEAOKELEELZY ANV
AHBEWS F7, VAFA CRERMOT I BIZK
FLTWBZLEERL, SeVV EBIIRFEENLT
IBBRECLI o TER SN EBABELX AL TEE
HTLEEAL, YOATOY AN AEELEET S &
Bbhb, 5%, SeVV ZEHLHEMERT 2EERT
ERET AMEIPLETH 5,

RERZAIIHIY, RIBE, HREAZEYILLZ
BRI A i i T R IR R % 53
BErBPEd, /-, ERIHRER D I LFEER
ORI IEBh#%, BIREERO TIREEL W2 T L
LREAREEMCECHILBL EIFET, 3561,
cDNA 25 D SeV BRI A7 L OME % 5572
72&F LoMBEE A Lk FEZE (LR
280 ICHEERLET, LEKFEEFROERT T
BHEEHR KA ORI TIERERRE Y AT AR OFAICS
T ELTFOEREDFAIZHFEH I LET,

2 £ X ®
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Mutational Analysis of the Sendai virus V Protein: Importance of the conserved
residues for virus pathogenesis and efficient RNA editing

Noriko FUKUHARA

Department of Bacteriology, Hiroshima University school of Medicine
(Director: Prof. Tetsuya YOSHIDA)

The V protein of Sendai virus (SeV) is nonessential for virus replication in cell culture but indispensable
for viral pathogenicity in mice. In the unique region of the V protein, the amino acid residues conserved
among the members of the Paramyxovinae subfamily are clustered in three regions: region I, just down-
stream of the RNA editing site; region II, the middle of the V unique region; and region III, the cysteine-rich
zinc-finger-like region. In the present study, we introduced mutations into the conserved amino acids and
generated nine mutant viruses. All of the viruses had impaired virus replication in mouse lungs and attenu-
ated virulence in mice. One mutant, SeV V-Hsi;gN, had inefficient RNA editing, showing that histidine at
position 318 is conserved for the RNA editing machinery. Mutations in regions I and II did not inhibit zinc-
binding capacity of the V unique polypeptides, while those in region III severely inhibited the zinc-binding
capacity. These results demonstrate that the conserved amino acids in regions I and II are important for
both V protein function, probably via protein conformation independent of zinc binding. The results also

show that the histidine in region I is necessary for efficient RNA editing.
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