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Sequence Analysis of the 3’-End of Feline Calicivirus Genome
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The nucleotide sequence of the 3’-end of the Japanese F4 strain of feline calicivirus (FCV) RNA was determined from
a cloned cDNA of 3.5 kbp. We found three open reading frames (ORFs). The fargest ORF encoded a 668-amino acid
protein of 73,588 Da, which was presumably the capsid precursor protein of FCV and had significant amino acid
sequence homology with the VP3 of picornaviruses. A small ORF at the extreme 3’-end was compared with that of the
F9 strain of FCV, a vaccine strain originally from the U.S. Highly conserved amino acid sequences were shown,
suggesting that this ORF might be functional and encode a putative 106-amino acid protein of 12,153 Da. The other
ORF in the 5'-flanking region of the cDNA had consensus amino acid sequences conserved among the RNA-dependent

RNA polymerases. © 1991 Academic Press, inc.

Caliciviridae is a family composed of single-
stranded, positive-sense RNA viruses whose spherical
virions are 35—-40 nm in diameter and consist of a sin-
gle major capsid protein of 60-70 kDa (7). Members
belonging to this group are feline calicivirus (FCV), ve-
sicular exanthema of swine virus (VESV), and San Mi-
guel sea fion virus ( 7). Although the caliciviruses had
been provisionally classified as a genus of the family
Picornaviridae (2), they were reclassified as a new fam-
ily Caliciviridae because of, in addition to their distinct
morphology of the virion (3, 4) and possession of a
single capsid protein (5-7), the presence of a subge-
nomic RNA found in calicivirus-infected cells (8, 9).

Relatively few studies with regard to the molecular
biology of the caliciviruses have been carried out. Neill
and Mengeling {70) first cloned cDNAs from the CFl
strain of FCV, which was isolated in the U.S. (77), and
analyzed the FCV-specific RNAs formed in the virus-in-
fected cells using the cDNAs as probes. They indi-
cated that an 8.2-kb genomic RNA and three subgeno-
mic RNAs of 4.8, 4.2, and 2.4 kb synthesized in the
cells were nested, coterminal transcripts with common
3-ends. Carter (72) reported the sequence of the
3’-terminal 505 nucleotides (nt) of FCV RNA using the
F9 vaccine strain whose origin was the U.S. (73). The
cDNA was used as a probe in Northern blot analyses to

Sequence data from this article have been deposited with the
DDBJ and EMBL/GenBank Data Libraries under Accession No.
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confirm and extend the observations of Neill and Men-
geling (70). Recently, Neill (74) has determined the
nucleotide sequence of the central region of the FCV
genome and found a large open reading frame (ORF)
which terminated 2.4 kb from the 3’-end of the ge-
nome. The deduced amino acid sequence of the re-
gion was shown to encode three picornavirus-like non-
structural proteins, RNA-dependent RNA polymerase,
cysteine protease, and 2C polypeptides. Although the
data were not published, Neill { 74) also mentioned the
existence of another large ORF in the 3'-terminal 2400
bases of the genomic RNA, which was entirely en-
coded by 2.4-kb subgenomic RNA.

Previously, we have identified seven neutralizing epi-
topes of the F4 strain of FCV, the prototype strain of
FCV in Japan, with the aid of an extensive pane! of
neutralizing monoclonal antibodies and neutralization-
resistant variants (75, 16). Four of the seven epitopes
were shown to exist on the capsid protein of the virus
by immunoblot analysis (76). To further understand
the antigenic structure of FCV, it is important to ana-
fyze the nucleotide sequence of the gene for the capsid
protein.

In this paper we report the molecular cloning and the
sequence analysis of a cloned cDNA representing the
3"-end of FCV F4 RNA. Within the sequence of the
3'terminal 3516 nt we found three ORFs. The de-
duced amino acid sequences of the two ORFs at the
extreme 3-end and in the 5'-flanking region of the
cDNA were compared with those of other FCV strains
reported previously by Carter (72) and Neill (74). The
other ORF which located between the two ORFs was
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suggested to encode the capsid precursor protein
having significant amino acid sequence homology with
the VP3 of picornaviruses.

Crandell feline kidney (CRFK) cells were grown in
Dulbecco’s modified Eagle’'s medium supplemented
with 8% fetal calf serum and antibiotics. The FCV F4
strain (77) was propagated in CRFK cells and plague-
purified to prepare working stocks of the virus without
defective interfering particles. Following adsorption for
90 min at 37°, CRFK monolayers infected with the FCV
F4 strain were further incubated for 24 hr, and the cell
culture fluid was harvested. The cell debris was re-
moved by centrifugation at 8000 rpm for 30 min at 4°
(Sorvall GS-3 rotor, U.S.}. The resulting supernatant
was layered over 25% (w/w) sucrose in phosphate-
buffered saline containing 0.1% Triton X-100 (PBS-TX)
and centrifuged at 24,000 rpm for 3 hr at 4° (Hitachi
RPS25-2 rotor, Japan). The pellet was resuspended in
PBS-TX, layered on a 5 to 35% (w/w) sucrose density
gradient, and centrifuged at 24,000 rpm for 2 hrat 4°C
(RPS2B-2 rotor). Fractions were collected from the
bottom of tubes. Infectivity and optical density at 260
and 280 nm of the fractions were measured. The peak
fractions were pooled and then SDS was added to a
final concentration of 0.5%.

Genomic RNA was extracted with phenol-chloro-
form from the pooled fractions and precipitated with
ethanol. The RNA was placed on 15-30% {w/w) su-
crose gradientin TNE buffer (10 mm Tris—HCI (pH 7.4},
100 mm NaCl, 1 mm EDTA) containing 0.56% SDS and
centrifuged at 19,000 rpm for 18 hr at 22° (Hitachi
RPS40T rotor). The peak fractions in optical density at
260 nm were pooled and precipitated with ethanol.
The purified viral genomic RNA was initially used for
¢DNA cloning using oligo (dT) as a primer for reverse
transcription. cDNA cloning was performed using a
modified method of Gubler and Hoffman (78). The dC-
tailed double-stranded DNA was annealed with Pstl-di-
gested and dG-tailed pBR322 plasmid (BRL, Gaithers-
burg, MD). The annealed molecules were used to
transform Escherichia coli MC1061 and screened by
plating on Luria broth agar plates containing 12.5 ug/
mi tetracycline. The recombinant plasmids from tetra-
cycline-resistant colonies were screened to determine
the length of the inserted molecules. Several recombi-
nant plasmids with inserts larger than 1 kbp were se-
lected and subjected to restriction enzyme map analy-
sis. Five clones had common EcoRl and Pstl sites,
which were located approximately in 350 and 1000 bp
from the end of the inserts, respectively.

The 850-bp Psti-EcoRI fragment of pFCV 119, one
of the five clones, was labeled with 32P by nick-transla-
tion and hybridized with total RNAs from FCV F4-in-
fected CRFK cells, which were isolated at 5 hr postin-

fection by the acid guanidinium thiocyanate-phenol-
chloroform method (79), separated on formaldehyde
denaturing agarose gels, and transferred to nitrocellu-
lose filters essentially according to the procedures de-
scribed previously (20). The result of Northern blot
analysis revealed that the cDNA probe hybridized to
8.4, 4.3, and 2.5 kb FCV-specific RNAs (data not
shown). These bands seemed to represent the full-
length genomic and the subgenomic mRNAs of FCV,
which were reported previously (70, 72). Because
subgenomic mRNAs of FCV were found to form a 3’
coterminal nested set (70, 12), we postulated that
pFCV 118 contained 3.5 kbp of cDNA insert which rep-
resented the sequence of the 3’-end of FCV F4 RNA.

To determine the nucleotide sequence of the 3-end
of FCV F4 genome, various restriction enzyme-di-
gested or deletion fragments of pFCV 119 were sub-
cloned into M13mp10 and mp11. The sequencing of
both strands was performed by the dideoxy sequenc-
ing method (27) using the 7-Deaza sequence kit (U.S.
Biochemical). Sequence analyses were carried out us-
ing SDC-GENETYX program, a software package for
gene analysis developed by Software Development
Co. (Japan). The complete nucleotide sequence of the
cDNA representing the 3"-terminal 3.5 kb of the FCV F4
RNA genome is shown in Fig. 1. Although the insert of
pFCV 119 contained only four adenylic acids at the
end, the sequencing analysis of other clones indicated
that the adenylic acids were a part of a poly(A) stretch
at the 3’-end of FCV F4 genome. Figure 2 shows a
schematic diagram of the possible ORFs obtained from
the predicted amino acid sequences. A large ORF
(2004 nt) in frame 3 and a small ORF (318 nt) in frame
2 were found. There was another ORF (1143 nt) in the
5’-flanking region of frame 1, which remained open at
the extreme 5’-end.

The short ORF in frame 2 and noncoding region at
the 3'-end (nucleotide positions 3152 to 35616 in Fig. 1)
were compared with those reported by Carter (12)
(Fig. 3). Both sequences were identical in nucleotide
length and had ATG and TGA codons for the small ORF
(nucleotide positions 1 to 318 in Fig. 3) at the same
positions. In the coding region, there were 47 nt
(14.8%) changes in 318 nt, but only 8 nt changes were
accompanied by amino acid changes. The amino acid
sequences in this ORF were highly conserved (92.5%)
between the strains of different origins, suggesting
that this ORF might be functional and encode a protein
of 12,163 Da. For this ORF, a corresponding intracellu-
lar RNA of 550 bases was detected as a candidate
band by Northern blot analyses (72). It will be interest-
ing to determine whether such a protein is synthesized
in FCV-infected cells.
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CTGGATTTGTTGTCATCAAAATGGAAATTGGCCACCCAAGGCATTGCCTTGCCACATGAA
L DLL S S KUWIXKILATAO OGS GTIATLTPHE

TACACAATTGGCTTAAAAGATGAACTGCGTCCCATTGAGAAGATGCAAGAGGGGAAAAGA
Y T I G LED ET KJP I E X M QEG KR

AGGATGATCTGGGGTTGTGACGTTGGAGTTGCCACTGTCTGCGCAGCTGCCTTCAAAGGC
R M I WG CUDVGY ATVCAAMALRALTFIKSG

GTTAGCGACGCAATCACGGCAAACCACCAGTATGGCCCAATTCAAGTTGGCATAAACATG
vV S DAITANUHOQYGUPTIQVGINM

GACAGTCCGAGTGTTGAGGTACTATACCAACGAATCAAAAGTGCCGCTAAGGTGTTTGCA
D S P S V E VL Y QRTIXSAATEKV F A

GTTGATTTCTCCAACTGGGACTCAACACAATCCCCAAGAGTTAGTGCTGCTTCCATTGAC
VD F S N VWD STOQS PRV S A ASTIOD

ATCTTACSGTACTTCTCGGATCGGTCTCCCATTGTTGATTCTGCTGCCAATACACTAAAA
I L. R Y F S DR S P11 VDS AANTTLK

AGCCCCCCTATCGCCATCTTTAATGGTGTGGCTGTCAAGGTCGCCTCTGGTTTACCATCG
S PPIAIFNGVAVIKVASI[ELP S

GGGATGCCGCTAACCTCTGTGATCAACTCGCTTAATCACTGTATGTATGTTGGGTGCGCT
TlM P LTS VINSTLNUBHCMMYVGCA

ATCCTTCAGTCCCTAGAAGCAAGGCAAATCCCAGTTACTTGGAATCTCTTCTCCTCATTT
I L 0 5L EAROQTIU®PUVTWNILTFSSTF

GACATGATGACCTATGGTGATGATGGTGTGTATATGTTTCCTACTATGTTTGCAAGTGTT
D M M T[T G D DIG VYV YMTFPTMTFAS V

AGTGATCAAATCTTTGGAAACCTGTCCGCCTATGCGCCTARAACCCACCCGTGTTGACAAG
S D QI F G NTIT S A Y GLIKUPTZ RUVDEK

TCTGTTGGTGCAATTGAGTCAATTbATCCTGAATCAGTAGTCTTTCTCAAAAGAACTATC
S VGATIESTIDTPE vVELKXERT

ACTAGAACTCCCAATGGAATTAGAGGATTACTGGACCGCAGCTCAATAATCAGACAATTT
T RTUPNGTIURGILILDRS S5 I I ROQTF

TTCTACATCAAGGGTGAAAATTCAGATGACTGGAAAACCCCCCCAAAAACAATAGACCCA
F YI KGENGSDDWIKTUPUPIXTTID?P

ACATCGCGTGGTCAACAGCTTTGGAATGCATGTCTTTATGCAAGCCAACACGGTGTCGAG
T S R 6 Q QL W NACULYAMNSOQHG V E

TTCTACAATAAGGTGCTAAAATTGGCAATGAGAGCTGTGGAATACGAAGGGCTGCACCTC
F Y N K VL KL AMRAMVETYETGTLHL

AAACCCCCCAGTTATAGCTCAGCTTTGGAGCATTACAATAGCCAATTTAATGGTGTGGAG
K P P S Y S8 S A L EHYNSOQTFNGVE

GCGCGGTCCGATCAGATCAATATGAGTGATGTAACCGCCCTTCACTGTGATGTGTTCGAA
A R S D QI NM S PDPVTALUMKCODVTFE

GTTTGAGCATGTGCTCAACCTGCGCTAACGTGCTTAAATACTATGATTGGGATCCCCACT
v * M C T C ANV L K Y Y D WDUPUHTF

TTAGGTTGATCATCAATCCTAACAAATTTCTCCCTATTGGCTTCTGTGATAACCCCCTTA
R L I I NP N K F L P I GF CDNUPTILM

TGTGTTGCTATCCAGACTTGCTTCCTGAATTTGGAACAGTGTGGGACTGTGACCAGTCAC
¢Cc ¢cCYPDULULPEFGTVWDOCDOQS P

CACTGCAAATTTATCTGGAATCTATCCTTGGAGATGATGAGTGGGCTTCAACTCACGAGG
L QI YLE S I L GDUDEWASTHE A

CCATCGACCCCAGTGTACCTCCAATGCACTGGGACAGTGCTGGCAAGATCTTTCAGCCAC
1 D P S V P P M HWD S AG K I FQUPH

ACCZCGGTGTTTTGATGCATCATCTCATTGGAGAGGTTGCAAAGGCTTGGGACCCAAACC
P 6 VL M HHLTIGEV AMIKAWTD

TACCGCTCTTCCGATTGGAGGCCGATGATGGATCCATCACGACACCCGAACAGGGAACTG
P L F R L E A D D G S I T T P E Q G T A

CGGTTGGTGGGGTTATCGCTGAGCCTAGTGCCCAGATGTCAACTGCTGCTGACATGGCCT
VG G VI A E P S A Q M S T A A D M A S

CGGGGAAAAGCGTTGACTCTGAGTGGGAGGCGTTTTTCTCTTTCCACACTAGCGTCAACT
G X S VvV D S E W E A F F s F H T S V N W

GGAGTACATCGGAAACCCAAGGTAAGATTCTCTTCAAACAATCCCTAGGACCTCTCCTTA
S T S E T QO G XK I L F X Q S L G P L L N

ACCCTTATCTCGAGCACTTGTCAAAGCTTTACGTCGCATGGTCTGGCTCTATTGAAGTTA
P Y L E H L S L Y A s G I E V R
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GGTTCTCTATTTCTGGCTCTGGTGTGTTCGGGGGTAAGCTTGCTGCCATTGTTGTGCCAC 1860
P S 1 8 G s 6 V F G ¢ XK L N AT V V P P

CAGGGGTTGACCCTGTTCAGAGCACGTCAATGCTGCAATACCCCCATGTTCTGTTTGACG 1920
vV D P V.Q S TS ML Q Y P H VL F D A

CTCGTCAGGTGGAACCTGTCATCTTCACTATCCCCGATCTAAGGAGCACACTGTATCACG 1980
R Q V E P Vv I F T I P DL R S T L Y H V

TTATGTCTGACACTGATACCACGTCTTTGGTTATTATGGTGTATAACGATCTAATCAACC 2040
M S D T D T T S L VvV I MV Y N DL I N P

CATATGCTAATGACTCAAACTCTTCTGGGTGTATTGTCACTGTAGAAACCAAACCTGGAC 2100
Y AN D S NS5 8§ G C 1 VT V ET K P G P

CCGATTTCAAATTCCACTTGTTGAAACCCCCTGGTTCTGTGTTAACTCATGGCTCCATTC 2160
D F XK F H L L K P P G 8 VL T H G S 1 P

CTTCGGACCTGATCCCCAAATCATCATCCCTTTGGATTGGTAATCGCTACTGGACTGACA 2220
S DL I P K S S$ 1L W I GNURYWTOUDTI

TAACCGATTTTGTAATTCGACCCTTTGTGTTCCAAGCAAACCGTCATTTCGACTTTAACC 2280
T DFVIRUPVFVF QANR RIEHETFDTFNZQ

AAGAAACAGCTGGCTGGAGCACACCAAGATTCAGGCCCATCACCATTACAATTAGTGAAA 2340
E T AG W s T PRFRPTITTITTISE K

AGAATGGTTCAAAGTTAGGAATTGGCGTTGCAACCGATTACATTATCCCAGGGATTCCTG 2400
N G § KL 6 I GV T D Y I I P G 11 POD

ATGGCTGGCCAGATACTACAATTGCTGATAAATTGATTCCCGCGGGCGACTATTCA&TTA 2460
W P DTTTIADIXTLTIUPAGT DY S IT

CCACGGGGGAGGGGAATGACATCAAAACGGCTCAGGCCTATGACACTGCAFCTGTGGTAA 2520
G E G N D I K TAOQAZYDTAMA AUV VK

AGAACACCACAAATTTCCGAGGGATGTATATCTGTGGTTCATTGCAACGGGCTTGGGGCG 2580
N T TN F R G M Y I € G S L QR AMWGOD

ATAAGAAGATTTCAAATACTGCCTTCATAACCACCGCTATCAGGGACGGCAACGAAATCA 2640
K K I s N T ATF I TTATIRUDGNTETIK

AACCATCTAACACAATTGACATGACAAAGCTCGCCGTGTACCAAGATACTCATGTAGAGC 2700
P § NTI DMTIKLAV Y QDTUHVEQ

AGGAAGTCCAAACATCTGATGACACGCTTGCCCTCCTTGGTTACACTGGGATTGGCGAGG 2760
E VQTSDDTTLALTLSGYTGTIGEE

AGGCAATTGGCTCAAATAGGGACAGGGTAGTGCGCATTAGCGTGCTACCAGAAGCTGGGG 2820
A I G S NR DRV VR I S VL P EAGA

CCCGTGGTGGCAATCACCCCATCTTTTACAAAAACTCAATTAAATTGGGCTATGTAATTA 2880
R " N H P I F Y X N 8 I KL G Y V I R

GATCTATCGATGTGTTCAATTCTCAAATCTTGCACACATCCAGACAACTGTCACTTAACC 2940
s DV F NS QILUHKTSRAQLSLNH

ACTATCTGTTACCTCCTGACTCCTTTGCTGTTTATAGAATAATTGACTCAAATGGCTCTT 3000
Y L L P P DS F AV Y R TIT1IDSNGS W

GGTTTGACATTGGTATTGATAGTGAAGGGTTCTCTTTTGTTGGTGTTTCTGATATTGGTA 3060
F DIGIDSETGT FSTFV GV S DI G K

AATTAGAATTTCCTCTTTCAGCCTCCTACATGGGAATACAATTGGCAAAAATTCGCCTTG 3120
L EF PL S A S Y M GI QULAIKTIRILARA

CCTCAAACATTAGGAGCAGAATGACTAAATTATGAATTCAATTCTTGGTTTGATTGATAC 3180
§ N I R S R M T K L *
M N $ I L G L I DT

TGTAACAAACACAGTTGGTAAGGGACAACAAATTGAATTGGATAAAGCTGCACTCGGTCA 3240
vV TNT VG KGOQOQTI EL DI KA ARRXTLGDOQQ

ACAGCGTGAGCTGGCACTCCAGCGTATGAGTTTGGACCGCCAAGCACTCAACAACCAAGT 1300
@ R BEL AL QR M S L DRGQALNNDOGOUWV

GGAGCAGTTTAACAAACTTCTTGAGCAGAGGGTACATGGCCCGATCCAGTCGGTTCGATT 3360
E Q F N K L L EQRV H G P I QS VRL

GGCACGTGCGGCTGGGTTTAGGGTTGACCCTTACTCATACACAAATCAGAATTTTTATGA 3420
A R A AGF RV DU®P Y S Y TNU QNTFYD

CGATCAATTGAATGCAATTAGGCTATCATATAGGAATTTGTTTAAAAATTGATCATGTAT 3480
D QL NATIRULSYRWNILTFKN

CCCTTTGGGCTGCCGCATTTGCGTCTAACCCCAGGG poly(A) 3516

Fia. 1. The nucleotide sequence of cloned FCV cDNA representing the 3"-end of FCV F4 RNA and the amino acid sequences Qf the thrge open
reading frames. The conserved amino acid sequences among the RNA-dependent RNA polymerases are boxed. Underlined region was
compared with the amino acid sequences of VP3 of picornaviruses in Fig. 4.

When the deduced amino acid sequence of the ORF
in the 5'-flanking region of frame 1 was compared with
the RNA polymerase-like sequence of FCV reported by
Neill (74), strong homology (89.5%) was found be-

tween the sequences of the Japanese F4 and the Amer-
ican CF| strains of FCV. It was also found that the se-
quence in this region of FCV had consensus amino
acid sequences conserved among the RNA-depen-
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Fia. 2. Visualization of open reading frames within the first 3516
nucleotides of FCV F4 RNA from the 3'-end. All of the three possible
frames are shown. The vertical lines indicate the position of terminal
codons. Open triangles indicate proximal ATGs in the corresponding
frame.

dent RNA polymerases (22), including the KDELR,
GM(L)PSG, YGDD, and FLKR sequences {boxed se-
guences in Fig. 1}, as indicated by Neill (74). There-
fore, the ORF in frame 1 was suggested to contain a
part of the coding sequence for the RNA polymerase
of FCV.

The largest ORF which could encode a protein of
668 amino acids was found in frame 3 (Fig. 2). The
position of this ORF in the FCV genome was thought to
locate in the region for the most abundant subgenomic
mMRNA of FCV, one of the mRNAs to form a 3’ coter-
minal nested set, whose size was reported to be 2.4
(710)or 2.7 kb (72). We also detected a 2.5-kb RNA by
Northern blot analysis (data not shown) using the
cDNA probe prepared from this ORF. This mRNA has
been considered to produce the capsid protein of FCV
(8-10, 23). If translation is performed from the first

FCV M NS I L GGLIDTUVTNTV
F4 1 ATGAATTCAATTCTTGGTTTGATTGATACTGTAACAAACACAGTT
F9 mmmmmm—meee AT-A==CCmmmwmmmmmmmmm b S S TA--

G K 6 Q QI ELDZEKAIATLGQ
F4 4 GGTAAGGGACAACAAATTGAATTGGATAAAGCTGCACTCGGTCAA
F9 - A-CT~-G=-Gmmmmmmmm— - [ N

N,

a

Q R EL AL QR M S L DR

F4 9 CAGCGTGAGCTGGCACTCCAGCGTATGAGTTTGGACCGCCAAGCA
F9 e AT-—o-Temm oo CooTG-Cmmmmmmmo oo c
- - - - - 4 - -1 G - = = - -

L NN QV EG®QFNZEKTILTLTEQR
F4 13 CTCAACAACCAAGTGGAGCAGTTTAACAAACTTCTTGAGCAGAGG
F9 ToBmmmmmmmm s mmm o me et oA — o m e oA

- - - - . - oo 1 - - - -

o

VHGPTIO QSUVRILATRABAAG
F4 181 GTACATGGCCCGATCCAGTCGGTTCGATTGGCACGTGCGGCTGGG
F9 = - N p A--Cemm- CC-T==G=~Cummmmmm— A

- Q - - - - - e e e .o

F RV DEPYSYTNGO QNTF YD
F4 226 TTTAGGGTTGACCCTTACTCATACACAAATCAGAATTTTTATGAC
FO mmmem—memmm—mme—mmmommomo o Co-AenCmmmm e

o

D QLN ATIRTLSTYTZRNTLFK
F4 27 GATCAATTGAATGCAATTAGGCTATCATATAGGAATTTGTTTAAA
F9 o mmmooAm—mmmmemmmAe e AR—mm e

F4 316 AATTGATCATGTATCCCTTTGGGCTGCCGCATTTGCGTCTAACCC

F9 G O RN CC-mmnCmmmmemm
I

F4 361 CAGGG poly(A)

F9  —-e-

Fic. 3. Comparison of the nucleotide and the deduced amino acid
sequences for the 3'-end of FCV F4 and F8 RNAs. Dashes in the
FCV F9 sequences represent identity with the FCV F4 sequences.

FCV F4 PNLPLFRLEADD&SITTPEQGTAVGGVIAEPSAQMSTAADMASGKSVDSE

PV Sabinl -GLPVMNTPGSNQYLTADNFQSPCALPEFDVTPPIDIPGEVKNMMELA-E
FMDV A12 GIFPVACSDGYGGLVTTDPKTADPVYGKEYNPPKTNYPRRFTNLLDVA-E
CONSENSUS -GLPV---PGS- QFLT -DD-QSP-ALP-FD-TP-I-1PG-V-NLLEIA-E
*n *
T+ : : +: :
FCV F4 -WEAFFSF----=~~- HPSVNWSTSETQG~KI--L--FKQSLG--P-LLN
PV Sabinl I-DTMIPFDLSAKKKNTMEMYRVRLSDKPHTDDPILCLSLSPASDPRLSH
FMDV A12 ACPTFLCF-----~-- DDGKPYVVTRTDDTRL--LAKFDVSLA-AKHMSN
CONSENSUS V-DT-I--N------=-~=-- Y-V-L----m--wm IF-E—L——————-E—T
: H : + H bR
FCV F4 PYLEHLSKLYVAWSGSIEVRFSISGSGVFGGKLAAIVVPPGVD--PV-QS
PV Sabinl TMLGEILNYYTHWAGSLKFTFLFCGSMMATGKLLVSYAPPGAD-PP-KKR
FMDV A12 TYLSGIAQYYTQYSGTINLHFMFTGSTDSKARYMVAYIPPGVETPP-ETP
CONSENSUS TLLG-I--YYTHW-GSL-F-FMF-G------ KLLLAY-PPG--~-P---R
* * ok KK * * dek *k Kk *
H : g
FCV F4 TS-MLQYPHVLFDARQVEPVIFTIPDLRSTLY-HVMSD--TDTTSLVIMV
PV Sabint KEAML-GTHVIWDIGLQSSCTMVVPWISNTTYRQTIDD- -SFTEG-GYIS
FMDV A12 EGAAH-CIHAEWDTGLNSKFTFSIPYVSAADYAYTASDTAETTNVOGWVC
CONSENSUS -EAML-GTHVIWDVGLQS----- VPWIS-~HYR-T-------T---G-I-
%k ** * * * *
FCV F4 YNDLINPYANDSNSSGCIVTVETKPGPDFKFHLLKPPGSVLTHGSIP
PV Sabinl VFYQTRIVVPLSTPREMDILGFVSACNDFSVRLMRDTTHIEQKALAQ
FMDV A12 IYQITH----- GKAEDDTLVVSASAGKDFELRLPIDPRSQ
CONSENSUS --YQT-LVVP----~--- IL-FVSA--DF~LRL-RD----- Q----Q
*k *

FiG. 4. Alignment of amino acid sequences of the VP3-like region
of FCV (an underlined amino acid sequence in Fig. 1) and VP3 of
picornaviruses. The consensus sequence was calculated to repre-
sent areas where a majority of the sequences of many picornavi-
ruses conserve specific residues or a series of very similar residues
(26). The asterisks indicate the amino acid residues of FCV con-
served in the consensus sequence. The plus signs indicate amino
acid residues that are present in all the sequences of the three vi-
ruses but not in the consensus sequence. The colons indicate
amino acid residues of FCV conserved in one of the two picornavi-
ruses.

ATG in this ORF (nucleotide positions 1149 to 3152 in
Fig. 1)to the termination codon, a protein with a molec-
ular weight of 73,588 is expected to be produced. This
molecular weight is similar to that of the 76-kDa capsid
precursor protein of FCV estimated by sodium dodecy!
sulfate—polyacrylamide gel electrophoresis (24). From
these observations, it is strongly suggested that this
ORF encodes the capsid precursor protein of FCV F4.
Preliminary experiments indicated that the capsid pro-
tein was blocked to Edoman degradation. The pres-
ence of a blocked amino terminus was also indicated in
attempts to dansylate the amino terminus of the capsid
protein of VESV (25). Further studies will be necessary
to identify the cleavage site of the capsid precursor
protein.

A computer-aided search of known amino acid se-
guences as contained in the NBRF database revealed
significant homology between the deduced amino acid
sequences of the capsid precursor protein of FCV and
the capsid protein VP3 of picornaviruses. The amino
acid sequences of the VP3 of poliovirus Sabin 1 and
foot and mouth disease virus A12, and an analogous
region of FCV {an underlined sequence in Fig. 1) were
aligned essentially according to the alignments for pi-
cornaviral capsid proteins described by Palmenberg
(26) (Fig. 4). Homology observed between FCV and
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two representative picornaviruses suggested that
these proteins have similar function(s) and have been
diverged from a common ancestral protein. Similarities
observed not only in nonstructural proteins between
FCV and picornaviruses (74), but also in a structural
protein between these viruses support the grouping of
caliciviruses into the superfamily |, picornavirus-like
families (27).

It has been suggested that the scheme of transcrip-
tion of FCV is similar to that employed by the coronavi-
ruses and the alphaviruses (70, 74, 28). Our nucleo-
tide and amino acid sequence data appear to confirm
the similarity in the genomic structure of FCV with that
of the alphaviruses, since both viruses have the
gene(s) for structural protein(s) at the 3' region of their
genome and the polymerase gene at the center of
each genome. However, the junction sequences be-
tween the three ORFs of FCV were short (5 nt, nucleo-
tide positions 1144 to 1148 in Fig. 1) or absent (1 nt
overlapped, nucleotide position 3152 in Fig. 1). The
junction sequences in the genomes of the coronavi-
ruses and the alphaviruses are regarded to be of im-
portance in transcriptions of theirmRNAs (27, 29). The
strategy of transcription in FCV replication may differ
from that of the alphaviruses or the coronaviruses.
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