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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 largest 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 lo&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. -0 1991 Academic PRESS, hc. 

Caliciviridae is a family composed of single- confirm and extend the observations of Neil1 and Men- 
stranded, positive-sense RNA viruses whose spherical geling ( 10). Recently, Neil1 ( 14) has determined the 
virions are 35-40 nm in diameter and consist of a sin- nucleotide sequence of the central region of the FCV 
gle major capsid protein of 60-70 kDa ( 1). Members genome and found a large open reading frame (ORF) 
belonging to this group are feline calicivirus (FCV), ve- which terminated 2.4 kb from the 3’-end of the ge- 
sicular exanthema of swine virus (VESV), and San Mi- nome. The deduced amino acid sequence of the re- 
guel sea lion virus ( I). Although the caliciviruses had gion was shown to encode three picornavirus-like non- 
been provisionally classified as a genus of the family structural proteins, RNA-dependent RNA polymerase, 
Picornaviridae (2) , they were reclassified as a new fam- cysteine protease, and 2C polypeptides. Although the 
ily Caliciviridae because of, in addition to their distinct data were not published, Neil1 ( 14) also mentioned the 
morphology of the virion (3, 4) and possession of a existence of another large ORF in the 3’-terminal 2400 
single capsid protein (5-7), the presence of a subge- bases of the genomic RNA, which was entirely en- 
nomic RNA found in calicivirus-infected cells (8, 9). coded by 2.4-kb subgenomic RNA. 

Relatively few studies with regard to the molecular 
biology of the caliciviruses have been carried out. Neil1 
and Mengeling ( 10) first cloned cDNAs from the CFI 
strain of FCV, which was isolated in the U.S. ( 1 I), 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 (12) reported the sequence of the 
3’-terminal 505 nucleotides (nt) of FCV RNA using the 
F9 vaccine strain whose origin was the U.S. ( 13). The 
cDNA was used as a probe in Northern blot analyses to 

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 panel of 
neutralizing monoclonal antibodies and neutralization- 
resistant variants ( 15, 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- 
lyze the nucleotide sequence of the gene for the capsid 
protein. 

Sequence data from this article have been deposited with the 
DDBJ and EMBL/GenBank Data Libraries under Accession No. 
090357. 

’ To whom correspondence and reprint requests should be ad- 
dressed. 

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 ( 12) and Neil1 ( 14). 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 ( 17) was propagated in CRFK cells and plaque- 
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-l 00 (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 hr at 4°C 
(RPS25-2 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 gradient in TNE buffer ( 10 mM Tris-HCI (pH 7.4), 
100 mM NaCI, 1 mM EDTA) containing 0.5% 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 
cDNA cloning using oligo (dT) as a primer for reverse 
transcription. cDNA cloning was performed using a 
modified method of Gubler and Hoffman ( 18). 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 co/i MC 106 1 and screened by 
plating on Luria broth agar plates containing 12.5 pg/ 
ml 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 fcoRl and Pstl sites, 
which were located approximately in 350 and 1000 bp 
from the end of the inserts, respectively. 

The 650-bp WI-fcoRl fragment of pFCV 1 19, one 
of the five clones, was labeled with 32P by nick-transja- 
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 ( 19), 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 ( 10, 12). Because 
subgenomic mRNAs of FCV were found to form a 3’ 
coterminal nested set (10, 12), we postulated that 
pFCV 1 19 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 M 13mplO and mpl 1. The sequencing of 
both strands was performed by the dideoxy sequenc- 
ing method (21) 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’-termina13.5 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 3 152 to 35 16 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 12,153 Da. For this ORF, a corresponding intracellu- 
lar RNA of 550 bases was detected as a candidate 
band by Northern blot analyses ( 12). It will be interest- 
ing to determine whether such a protein is synthesized 
in FCV-infected cells. 
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CTGGATTTGT-TGTCATCAAAATGGMATTGGCCACCCAAGGCA’,TGC~GCCACATGAA 
LDLLSSXNXLATOGIALPHE 

AGGATGATCTGGGGTTGTGACGTTGG!AGT~‘GCCACTGTCTGCGCAGC’IWXTTCAAAGGC 
RUINGCDVGVATVCAAAFXG 

GTTGATTTCTCCAACTGGGACTCAACACMTCCCCAAGAGTTAGTGCTGCTTCCATTGAC 
VDFSNNDSTOSPRVSAASID 

ATCTTACGGTA~TeTCGGATCGGTCTCCCATTG~A~C~~CCMTACACTAAM 
ILRYFSDRSPIVDSAANTLX 

AGCCCCCCTATCGCCATC~AATGGTGTGG~GTCAAGGTCGC~CTGG~ACCATCG 
SPPIAIFNGVAVXVASV 

ATCCPTCAGTCCCTAGAAGCAAGGCMATCCIIGTTICT 
ILOSLEAROIPVTNNLfSSF 

A~AGAACPCCCMTGGAA~AGAGGATTA~GGACCCC 
TRTPNGIRGLLDRSSIIROF 

TT~ACATCAAGGGTGAAAATTCAGATGAff~A~CCCCCCCAAAMCAATAGACCCA 
FYIKGENSDDNXTPPXTIDP 

ACATCGCGTGGTCAACAGC~GGAATGCATGTCTTTATGCMCGGTGTCGAG 
TSRGOOLNNACLYASOHGVX 

~CTACMTAAGGTGCTAAAATTGGCMTGACCTGTCGMTCACCTC 
FYNKVLKLANRAVEYEGLHL 

AAACCCCCCAGTTATAGCTCAG~GAGCA~ACAATAGCCM~TAATGGTGTGGAG 
XPPSYSSALLHYNSOFNGVE 

GCGCGGTCCGATCAGATCAATATGAGTGATGTAACCCCCTGATGTGTTCGAA 
ARSDOINHSDVTALHCDVFE 

TTAGGIPGATCATCMTCCTAACAMT~CTCCCTATTGGCTT~GTGATAACCCC~TA 
RLIINPNXFLPIGFCDNPLI 

TGTGTTGCTATCCAGACTTGCTTCCTGICTTTTGGAACAGTGTGGGACTGTGACCAGTCAC 
CCYPDLLPEFGTVNDCDOSP 

CACTGCMATTTATCTGGAATCTATCCTTCCACITGAGATGATGAGTGGGCTTCMCTCACGAGG 
LOIYLESILCDDENASTHEA 

CCATCGACCCCAGn;TACCTCCAATGCAGTGCGCCAC 
IDPSVPPNHNDSAGXIFOPH 

ACC’1CGGTGTTTTGATGCATCATCTCATTGCATTGGAGAGGTTGCAMGGCTTGGGACCCAAACC 
PGVLNHNLIGEVAKANDJNL 

TACCGCTCTTCCGATTGGAGGCCGATGATCACG 
PLFRLEADDGSITTPEOGTA 

CGGTTGGTGGGGTTATCGCTGAGC~AGTGCCCAGATGTCAACTGCTGCTGACATGGCCT 
VGCVIAEPSAOUSTAADMAS 

CGGGGAAAAGCG~GACTCTGAGTGGGAGGCGTTTTTCT~TCCACACTAGCGTCAACT 
GKSVDSENEAFFSfHTSVNN 

GGAGTACATCGGAAACCCAAGGTAAGATTCTCTTCAAACAATCCCTAGGACCTCTCC~A 
STSETOGXILFXOSLGPLLN 

ACCCTTATCTCGAGCACTTGTCAAAGCTTTACGTCGCATGGTCTGGCTCTATTGAAGTTA 
PYLEHLSKLYVANSGSIEVR 
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FSISGSGVFGGXLAAIVVPP 

CAGGGGTTGACCCPGTTCAGAGCACGTCMTGCTGCAATACCCCCATG~~G~GACG 
CVDPVOSTSNLOYPHVLFDA 

CTCGTCAGGTGGMCCTGTCAT~CA~ATCCC~~~ATCTAAGGAGCACACTGTATCACG 
ROVEPVXFTIPDLRSTLYHV 

TTATGTCTGACACFGATACCACGTCT~GGTTATTATGGTGTATAAffiAT~AATCAACC 
NSDTDTTSLVIMVYNDLINP 

CATATGCTAATGACTCAAA~~~GGGTGTATTGTCACTGTAGAAACCAMC~GGAC 
YANDSNSSGCIVTVETKPGP 

CCGATTTCAMTTCCACTTGTTGAMCCCCCTGGTTCTGTGTTAACTCATGGCTCGATTC 
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AAGAAACAGCFGGCPGGAGCACACCAAGA~CAGGCCCATCACCA~ACAATTAGTGAM 
ETAGNSTPRFRPITITISEX 

AGAATGGTTCAAAGTTAGGAATTGGCGTTGCAACCGATTACATTATCCCAGGGATTC~G 
NGSXLGIGVATDYIIPGIPD 

ATGGCTGGCCAGATACTACAA~GCTGATAAATTGATTCCCGCGGGCGACTA~CAATTA 
GNPDTTIADXLIPAGDYSIT 

CCACGGGGGAGGGGMTGACATCAAAACGGCTCAGGC~ATGACACTGCAGCTGTGGTAA 
TGEGNDIXTAOAYDTAAVVX 

AGMCACCACAAATTTCCGAGGGATGTATAT~GTGG~CA~GCMCGGGC~GGGGCG 
NTTNPRGNYICGSLORANGD 

ATAAGAAGAT~CAMTA~GC~TCATAACCACCGCCATCAGGGACGGCMCGAAATCA 
XXISNTAFITTAIRDGNEIX 

MCCATCTAACACMTTGACATGACAAAGCTACTGTAGAGC 
PSNTIDWTXLAVYODTHVEO 

AGGAAGTCCAAACATC”GATGACACG~GCC~C~GGTTACACTGGGA~GGCGAGG 
EVOTSDDTLALLGYTGIGEE 

AGGCAATTGGCTCAAATAGGGACAGGGTAGTGCATTICCAGAAGCTGGGG 
AIGSNRDRVVRISVLPEAGA 

CCCGn;GTGGCAATCACCCCATCTT~ACAAAAACTCAATTAAATTGGGCTATGTAATTA 
RGCNHPIFYKNSIXLGYVIR 

GATCTATCGATGTGTTCAATTCTCAMTCTTGCACACATCCAGACM~GT~CTTAACC 
SIDVFNSOILHTSROLSLNH 

ACTATCTGTTACC?CCTGACTC~~GCTGTTTATIGIACAMTGGCTCTT 
YLLPPDSFAVYRIIDSNGSN 

GGTTTGACATTGGTATTGATAGTGAAGGG~TCTTrPGTCTGATATTGGTA 
FDIGIDSEGFSFVGVSDIGX 

AATTAGAATTTCCTCTTTCAGCCTCCTICITGGGAATACAATTGGCAAAMTTCGCCTTG 
LEFPLSASYWGIOLAXIRLA 

CffCAMCATTAGGAGCAGAATGA~AMTTA~AATTCAATTCTTGG~ATTGATAC 
SNIRSRMTXLI 

MNSILGLIDT 

TGTAACMACACAGTTGGTAAGGGACAACMATTGAATTGGATAMG~GCA~CGGTCA 
VTNTVGXGOOIELDXAALGO 

ACAGCGTGAGCTGGCA~CCGCGTATGAGrrPGCICCGCCAAGCACTCAACAACCAAGT 
ORSLRLORNSLDROALNNOV 

GGAGCAGTTTAACMACTTCTTGAGCAGAGGGTACATGGCCCGATCCAGTCGGTTCGATT 
EOFNXLLEORVHGPIOSVRL 

GGCACGTGCGGCTGGGTTTAG~TTGACCCTTA~CATACACAMTCAGAA~~TATGA 
ARAAGFRVDPYSYTNONFYD 

3420 

CGATCAATTGAATGCAATTAGGCTITCITITATAGGAAT~GTTTAAAAATTGATCATGTAT 
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FIG. 1. The nucleotide sequence of cloned FCV cDNA representing the 3’-end of FCV F4 RNA and the amino acid sequences of the three 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 tween the sequences of the Japanese F4 and the Amer- 
in the 5’-flanking region of frame 1 was compared with ican CFI strains of FCV. It was also found that the se- 
the RNA polymerase-like sequence of FCV reported by quence in this region of FCV had consensus amino 
Neil1 ( 14), strong homology (89.5%) was found be- acid sequences conserved among the RNA-depen- 
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FIG. 2. Visualization of open reading frames within the frrst 3516 
nucleotides of FCV F4 RNA from the 3’.end. All of the three possible 
frames are shown. The vertical lines indicate the posrtion of terminal 
codons. Open triangles indrcate proximal ATGs in the corresponding 
frame. 

dent RNA polymerases (.22), including the KDELR, 
GM(L)PSG, YGDD, and FLKR sequences (boxed se- 
quences in Fig. 1 ), as indicated by Neil1 ( 14). 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 
mRNA of FCV, one of the mRNAs to form a 3’ coter- 
minal nested set, whose size was reported to be 2.4 
( 70) or 2.7 kb ( 12). 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 

- -A - - - - - . . - . . - - - -  

QRELRLQRMSLDRQA 
F4 91 CAGCGTGAGCTGGCRCTCCAGCGTATGAGTTTGGACCGCCAAGCA 
F-9 _ _ _ _ _ _ _ _ AT----T--------C--TG-C---------------C 

- 1 G - - _ _ _ 

LNNQVEQFNKLLEQR 
F4 136 CTCAACAACCAAGTGGAGCAGTTTAACAAACTTCTTGAGCAGAGG 
F9 T-A-----------T---------------A.---------A--- 

__- -_- - - - - 1 ____ 

Y H G P IQSVRLARAAG 
F4 181 GTACATGGCCCGATCCAGTCGGTTCGATTGGCACGTGCGTGCGGCTGGG 
F9 --.--A-.---A-----A--C-----CC-T--G--G--- 

-Q---  -____--- -  -  

FRVDPYSYTNQNFYD 
F4 226 TTTAGGGTTGACCCTTACTCATACRCAAATCAGIATTTTTATGA~ 
F9 ------------.----------------C--A--C---.-.--- 

DQLNAIRLSYRNLFK 
F4 271 GATCAATTGAATGCAATTAGGCTATCATATAGGAATTTGTTTAAA 
F9 --------A-----------A----------~---------- 

K - - - - 

N 
F4 316 AATTGATCATGTATCCCTTTGGGCTGCCGCATTTGCGTCTAACCC 
F9 -T--.-.---A.-------------------CC-----C------- 

1 

84 361 CAGGG poly(A, 
F9 __--- 

FIG. 3. Comparison of the nucleotide and the deduced amino acid 
sequences for the 3’.end of FCV F4 and F9 RNAs. Dashes in the 
FCV F9 sequences represent identity with the FCV F4 sequences. 
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: : 
PNLPLFRLEADDGSITTPEQGTAVGGVIAEPSAQMSTAADMASG~SVDSE 
-GLPVMNTPGSNQYLTADNFQSPCALPEFDVTPPIDIPGEVKNMMELA-E 
GIFPVACSDGYGGLVTTDPKTADPVYGKEYNPPKTNYPRRFTNLLDVA-E 
-GLPV---PGS-QFLT-DD-QSP-ALP-FD-TP-I-IPG-V-NLLEIA-~ 

** * 

: t: : 
-WEA~FS~--------HTSVNWSTSE~QG-KI--L--FKQSLG--P-LLN 
I-DTMIPFDLSAKKKNTMEMYRVRLSDKPHTDDPILCLSLSPASDPRLSS 
ACPTFLCF--------DDGKPYVVTRTDDTRL--LAKFDVSLA-AKS~SN 
"-DT-I--N--.--------~-"-~--------IF-F-~~~--..---~-~ 

l 

+ : :: 
PtLE"LSKLY"AWgGSIEVRFSISGSGVFGGKLAAIVVPPGVD--PV-QS 
TMLGEILNYYTHWAGSLKFTFLFCGSMMATGKLLVSYAPPGAD-FP-KKR 
TYLSGIAQYYTQYSGTINLHFMFTGSTDSKARYMVAYIPPGVETPP-ETP 
TLLG-I--YYTHW-GSL-F-FMF-G------KLLLAY-PPG----P---R 

* * * ** * * ** *** * 

:: : :+ 
TS-MLQYPS"LFDARQVEPVIFTIPDLRSTLY-HVMSD--TDTTSLVI~V 
KEAML-GTHVIWDIGLQSSCTMVVPWISNTTYRQTIDD--SFTEG-GYIS 
EGAAH-CIHAEWDTGLNSKFTFSIPYVSAADYAYTASDTAETTNVQGWVC 
-EAML-GTHVIWD"GLQS-----"PWIS--HYR-T-------T---G-I- 

l * ** * * * l 

: : : : 
YNDLINPYANDSNSSGCIVTVETKPGPDFKFHLLKPPGSVLTHGSIP 
VFYQTRIVVPLSTPREMDILGFVSACNDFSVRLMRDTTHIEQKALAQ 
IYQITH-----GKAEDDTLVVSASAGKDFELRLPIDPRSQ 
..yQT-L”“P------..IL-FVSA--D~-LRL.RD..---Q----Q 

l * * 

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 1 149 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 dodecyl 
sulfate-polyactylamide 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- 
quences 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 Al 2, 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 ( 14), but also in a structural 
protein between these viruses support the grouping of 
caliciviruses into the superfamily II, 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 ( 10, 14, 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 1 144 to 1 148 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 their mRNAs (27,29). The 
strategy of transcription in FCV replication may differ 
from that of the alphaviruses or the coronaviruses. 
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