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An insect picornavirus may have genome organization similar to that
of caliciviruses
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Computer-assisted analysis of the amino acid sequence of the product encoded by the sequenced 3’ portion of ihe crickel paralysis virus (CrPY),
an insect picornavirus, genome showed that this protein is homologous not to the RNA-directed RNA polymerases, as originally suggested, but
1o the capsid proteins of mammalian picornaviruses. Alignment of the CrPV prolein sequence with those of picornavirus and calicivirus capsid
proteins demonstrated that the sequenced portion of the insect picornavirus genome encodes the C-lerminal part of VP3 and the entire ¥YP1. Thus
CrPV seems to have a genome organization distinct rom that of other picornaviruses but closely resembling that of caliciviruses, with the capsid
proteins encoded in the 3 part of the genome. On the other hand, the tentative phylogenetic trees generated from the VP3 alignment revealed
grouping of CrPV with hepatitis A virus, a true picornavirus, not with caliciviruses. Thus CrPY may be a picornavirus with a calicivirus-like genome
organization. Diflerent options for CrPV genome expression are discussed.

Picornavirus; Calicivirus; Capsid protein; RNA-polymerase; Viral genome organization

1. INTRODUCTION

CrPV is classified as an insect picornavirus (reviewed
by Moore et al. [1]). CrPV has a number of picor-
navirus-like characteristics, i.e. icosahedral virions of
about 27 nm in diameter, S,*° of 167 S and buoyant
density of 1.34 in CsCl, 3 species of capsid proteins with
M, of about 30 kDa, and single-stranded (ss) virion
RNA which has approximately 8,000 nucleotides in
length. The RNA is polyadenylated at its 3’ end and
apparently contains a covalently linked proiein (VPg)
at its 5" end [2]. Also, it has been shown that the three
capsid proteins of CrPV are generated by proteolytic
processing of a precursor polypeptide, in line with the
picornavirus expression strategy [3].

The sequence of 1600 3’ terminal nucleotides of CrPV
genomic RNA has been reported [2). It has been specu-
lated that, similarly to mammalian picornaviruses, this
portion of CrPV genome might encode the RNA-de-
pendent RNA polymerase, and counterparts to the
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three most conserved sequence motifs of positive strand
RNA virus polymerases [4,5] have been tentatively
identified [2]. Surprisingly, however, no significant
overall sequence similarity could be detected between
the hypothetical CrPV polymerase and those of mam-
malian picornaviruses (or any other positive strand
RNA viruses).

Here we report results of detailed amino acid se-
quence comparisons indicating that the polypeptide
product of the 3’-terminal part of the CrPV genome is
in fact homologous to the capsid proteins of picor-
naviruses, not to the RNA polymerases.

2. MATERIALS AND METHODS

The sequences were from Swissprot database, except for FeCV [61
and RHDY [7). Comparison of query amino acid sequences with the
Swissprot data bank (Release 18) was performed using the program
Quick of the Genebee program package for biopolymer sequence
analysis [8]. Local similarity plots for pairs of sequences were ge-
nerated using the program Dothelix of the Genebree puckage [9]. Align-
ments produced using the program OPTAL as previously described,
with the adjusted alignment scores compuied as the number of stand-
ard deviations (SD) above the mean of 25 random simulations [10].
Tentative phylogenetic trees were generated either by a clustering
procedure (UPGMA algorithm; [11]), or by the so-called maximum
topological similarity algorithm [12).

3. RESULTS AND DISCUSSION

3.1. The 3’ part of the CrPV genome encodes a protein
homelogous to the picornaviruses capsid proteins,
not to their RNA-polymerases

In the course of systematic comparative analysis of
positive strand RNA virus RNA polymerases [13], the
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ALIGNMENT OF VP3 (1C)

1 FMDVO1 88 tflAgLaQYYTqYsGTInlhFmFtgptdakARyMVaYaPpg--~meppkTPeaaahcihaewDT
2 EMCR 91 tflAalSrnFaqYRGSLVYTFvFtgTammkGKfLIaYtPpg--~agkptSrdQamgatyalwDL
3 MENGO 91 tflAalSrnFaqYRGSLVYTFvFtgTammkGKfLIaYtPpg--~agkptSrdQamgatyalwDL
4 TMEBEAN 92 smlAaVarnFnqYRGSLnFl1FvFtgaamvkCKfLIaYtPpg--~agkptTrdQamqStyalwDL
5 POLIOIM 97 tmlGellNYYThWaGSLKFTFlFcgfmmaTGKLLVSYaPpg--~adppkkrkEamlgthVIwDI
6 BEV 96 s11GtLakhYTqWsGSVelTcmFtgTfmtTGKVYLLaYtPpg--~gdmprareEamlgthVIwDf
7 RHINO2 96 t1iGelSsYFThWtGSLrFSFmFcgTantTvKLLLaYtPpg---iaeptTrkDamlgthVIwDV
8 RHINO14 94 t11GeIvQYYThWsGSLrFSimYtgpalsSAKLILaYtPpg---argpqdrrEamlgthVVwDI
STRUCTURE aaaaA2aaaabbbbbbDbbbbbbb bbbbEbbbb aaBaaaabbbFbbb
9 HAV 98 talAsIchFcFURGdLVFquVprkYHSGRLLchVPgnel1dVTg1leQaTtapcaVMDI
* . mER :ﬁ. »* L 2 X 3 X X} 'lll *
10 CRPV 7 hthGyVTNaFTYwRGSIVYTFkakTqYHSGRLrISFIPyyynttIStGTP DVSrquIVVDL
. mnm . EX 3
11 FeCvV 7 pylthLalevaWsGSVder51sgngngKLaalvVPpg—-—-IdpvqstleqyphVLFDa
12 RHDV 7?7 pftAvLSQmYagWaGgMgFrFivagSgvfgGRLvravIPpg----leiGpglEVrqfphVVIDa
1 -g1lnSkfTFSIPYLsaadYtYtasd---vaettNvQ-GwVelfqlThgk-=--~-= aDgdAlvvLaSagk-Dfe
2 -g21lnSsySFTVPFIspthFrmvgtd---qVnitNaD-GwVtywgqLTpLtypp-—gcptsakiltMvSagk-Dfs
3 -glnSsySFTVPFIspthFrmvgtd---qanitNvD-GuwVtvwgLTpLtypp——gcptsakiltMvSagk-Dfs
4 -glnSsfnFTaPFIspthYrqtsyt---spTitsvD-GwVtvwkLTpLtyps-~-gtptnsdiltLvSagd-Dft
5 -glgSseTmvVPWIsnttYrqtI--—-- ddSftEg--GyIsviygTrIVvpl--stpreMdilgfvSacn-Dfs
é -glgSsITlvIPWIsashFrgvsndDvlnyqgyyaa--GhVtiwyqTnMVipp--gfpNtaGl inMiaagp—-Nfs
7 -glgStISmvVPWIsashYrnts—----- pgrsts---GyItewyqTrLVipp--qtpptarllcfvSgeck-Dfec
8 -glgStIvmTIPWtsgvgFrYtd-—--- pdTytsa--GfLscwyqTsLIlpp--ettgqVyllsfiSacp-Dfk
Str bbG1lbbb bG2 bbbbbbibbbbbb bbbbbbbblbb bbb
9 tquStLrFrVPHIsetPYrvnrytkSahquEyta1GkLIvyCyantsps--nVasthvaylSaI-—NLe
[ * #ﬂi » 'lt : *x %x .,
10 R-tsTeVSFTVPYIaSrPWchIrpEstLSkDNkD GaLMynCVSgIVrte——anQlVAaQanSeI-—DVi
. mnmns. *
11 R-qvepvlFSIPdLrStthlms ------ dTD-t-——tsLVlmvyndLInpyandstsgcivtVeTkpngfk
12 R~SlepVTiTMPdLrpnmYhptg------ dpglv---ptLVlsvynnLInpf--ggstsaliqviVeTrpseDfe
ALIGNMENT OF VP1 (1D)

1 irlpvdaraE=m==—=== S
2 1kMplsPapwspg===~== ==mmec e m e e e e e e
3 l1kMpisPapwspg===== =mmmr e e e e e e e e e e e
4 IrMpisPtkwypg====m= =-mme e e e e e e -
5 vrLirdtthiegk-alaq -~---glgqmlEsmIdNTvRetvg-—-===--- aatsrdalpnteAsgpthskEIP
6 friQkdrEdmtgt-ailq ---ndpgkmlkDaldkqvagaly—==—=====c—cec--e- agtttsthsvatdstP
7 IrMardtNLhlgsgaiaq =====-- npvENYIdEvinevlyv-—-~=-semr——mmmae vpnlnssnpttsnsaP
8 1rlmkdtQtisgtvalte ----glgdelEEVIVEktKqt--—=-=~———eeemeeen vasl-ssgpkhtgkVP
Str bbb

9 CfaplyhaMDvttq-~-- vgddsggFs--tTVsteqnV---pdpQvgittmrdLkgkanRgkmDVsGvQapVg

* ! : *; : : : » c™ox
10 CeVNggPDLEfagp-~-- tcpsmypYagDDTLaDTrKLeaertqEysnnednrIttqcsRIvAQVmGeDhEIP
. *
11 fhLlkpPgsmlth=---~--
12 fvMiraPssktvd=~~--
Fig. 1.
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Str bbEbb

2

tSnpphglp-----~-=---=~——mmmmm e

-=~=-pshTlvggllrastYY¥fsdLelaVkh-======--~
tpgpQF--dpaydqlrpqrlte-iwgnmneetskvfplkskqdysfclFspFvYYKedLeVtL--~-—-- sphTs
tpgpQF--dpaydqlrpqrlte-ivgngneetsevfplktkqdysfclFspFvYYKedLeVtL--~——- sphTs
tplpsfcpdsssgpgktkapvgwrwyrsggvnganfplmtkqdyaflcFspFtFYKedLeVty---—-- salgm
tyKdt~===—mm e o
——————— vRirakmswFtYmRfdVeftIlatSs-tgqnv
------- aQirrkFelLFtYtRfdseltLVpcis-Alsqd
------- vQlrkkleLFtYvRfdseytILatas-QpdSa

aaaaaaaaabbbbbbDbbbbbbb

------- StlrWFFnLFqlYRGpLALtIII-----TGat
. R T e

————— nyTQfdYYYyLYaFWRGsMr IkMVVeTQdGTGTR

ek~~~ alDnttnptayhkap--Ltr--LaLPYtaphr
----- tp-tkpTTg-Y-lhe~-vsSLseGrTpQVysagpgisnQlisfvVPYnspls
----- tp-tkpTTg-V~lhe--vsSLseGrTpQVysagpgtsnQisfvVPYnspls
----- ap-advTdg-L-igy--TpSLgetrnphMwlvgagns-QvsfvVPYnspls
----- ap-V-pekw---ddy----TwQtssnpsIfytygtApar--IsYPYvgISn
----- ap-V-pSng---dsf----qwQsGenpsYfadTdgppaQ~--f sYPFmssan
----- ap-Y-pnSr---ddy----awQsGtnasVfwqhgQAypr--fsLPFlsVas
————— ap-n-pkew---ddy----TwQsAsnpsVffkvgD-tsr--fsYPYvglLas

aaaBaabbFbb bG1lb

-——-dvdgnaWFtpY¥--gLavd-tpwV-ekeSALSidy----ktaLG-avr-fNtrrtGnIQ-~-IrLPWYsyly
* % . * . »E. . . ® . . JEBLB

lﬂ:

10 r---KkTnftWFYrMfnsLqdsfnslIstSSSAVTttv1pSgTINMGpStQViDpTYEGLIE--VeVPYYnISh

product of the 3’ part of the CrPV genome was com-
pared to all sequences in the Swissprot bank. As
perhaps could have been anticipated, the sequence most
similar to that of CrPV belonged to the polyprotein of
a picornavirus, HAV. Surprisingly, however, this se-
quence was not from the polymerase region of the HAV
polyprotein, but rather comprised a 30 residue segment

of the capsid protein VP3. The next highest scores were
with the homologous sequences of other picornaviruses.
To further explore the nature of the product encoded by
the 3' part of CrPV genome, we generated the plots of
local similarity between its sequence and picornavirus
capsid proteins. This led to delineation of additional
regions of significant similarity in picornavirus VP3 and
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1 YlatV-yNgecrysrnavpnlrgdlgvlagkvartlptSfnygalka-~-—===---- trvtellLyrm-KraeT
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10 tthtrSyAcAWR

Fig. 1. Alignment of the protein sequence encoded in the 3’ portion of CrPV genome with those of mammalian picornavirus VP3 and VPI proteins
and a portion of the caliciviruses capsid protein. The alignment of YP3 and YP1 of three groups of mammalian picornaviruses (entero-/rhino-,
cardio- and aphthoviruses) was adapted from that generated by Palmenberg [14] by superposition of Rhinol4, Mengo and PoliolM crysial
structures and modified using the FMDYV struciure of Acharya et al. [15]. Secondary structure elements {a = o-helix; b = §-sheet; 1 = loop) are
those conserved between the experimentally defined struciures of Rhinol4, Polio1M, Mengo and FMDVOI, and are designated according to
Palmenberg [14]. The distances between the N-termini of the picornavirus VP3 and the beginning of the aligned sequences are indicated. The enlire
published CrPV sequence was aligned with that of HAV by program OPTAL and the resulting alignment was fitted manually into that of
mammalian picornaviruses. The amino acid residues identical or similar to those in the CrPV sequences are upper case. Identical (asterisks) and
similar (colons) residues in the CrPV and HAV sequences are denoted; identilies and similarities between CrPV and either of the two caliciviruses
are analogously designated. The amino acid residues were grouped as follows: G,A; 8,T; K.R; D,E,N.Q; LL,V.M; F,Y, W,

YP1 (not shown), suggesting that the CrPV sequence
might correspond to the C-terminal one-half of VP3 and
the entire VP1. Indeed, aligning the entire published
CrPV protein sequence with the respective portion of
HAY polyprotein yielded an alignment with the con-
vincing score of 10.1 SD. Using this alignment, the
CrPV sequence was fitted into the modified alignment
of picornavirus capsid proteins based on the results of
X-ray analysis of the virions of four virus species
[14,15]. Conservation between CrPV and mammalian
picornaviruses was much more pronounced in the
(putative) VP3 than in VP1; this was not surprising as
VYP3 is the least diverged of the picornavirus capsid
proteins [14]. Inspection of this alignment revealed rea-
sonable sequence conservation in the segments of the
putative CrPV capsid proteins aligning with the known
structural elements of picornavirus proteins (Fig. 1). In
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particular, all 8-strands in the C-end half of the (puta-
tive) VP3 proteins and the strands D, E and G in VPI
could be identified more or less confidently.

Recently, the sequences of the capsid protein of two
caliciviruses have been reported [6,7,16], and a region
of similarity with picornavirus YP3 has been delineated
in one of them [6,16]. We added the calicivirus se-
quences to the picornavirus capsid protein alignment
and found that all the sequence elements typical of VP3
indeed appeared to be conserved in the calicivirus
proteins (Fig. 1). On the other hand, very little (if any)
sequence similarity could be detected between the cali-
civirus capsid proteins and the aligned sequences of the
picornavirus YPIs (not shown).

Identification of the YP3/VP1 cleavage site of CrPV
did not readily arise from the alignment. Several di-
peptides resembling picornavirus 3C protease cleavage
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Fig. 2. Teniative phylogenetic tree for VP3 proteins. The roolless tree

generated by the maximum topological similarity algorithm is shown.

The branch lengths are proportional to evolutionary rates of the
respeclive species,

sites could be found within approximately 30 residues
around the probable boundary between the two
proteins. Cleavage at each of them would result in
predicted VPl size of about 240-270 amino acid
residues, in good agreement with both the typical values
for mammalian picornaviruses (274-302 residues, with
the exception of aphthoviruses having large deletions in
VP1), and with the electrophoretic estimates for CrPV.
In common with HAYV, CrPY probably bears an exten-
sion at the N-terminus of the putative VP1. On the
other hand, it appears to lack the C-terminal disordered
region found in VPIs of all mammalian picornaviruses
(Fig. 1). In the latter, this region appears to constitute
the hinge between the structural and non-structural
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domains of the polyprotein. Thus its absence in CrPV
may be related to the alternative genome organization
of this virus.

Serological cross-reaction between CrPV and ence-
phalomyocarditis virus has been reported [17]. Al-
though the present observations do not allow one to
delineate the common antigenic determinant, they show
that conserved segments do exist in the (putative) capsid
proteins of these viruses, one of them probably confer-
ring the cross-reactivity.

The resulting alignment of VP3, which was the best
conserved portion of the picornavirus capsid protein
alignment, and the only sequence showing significant
conservation between calicivirus and picornavirus
capsid proteins, was used to generate tentative phy-

logenetic trees using two different methods. Fig. 2
shows the rootless tree produced by the maximum to-
pological similarity algorithm which has been designed
specifically to overcome the unequal evolutionary rate
effects [12). Obviously, the tree split in three major sub-
divisions, one of which included the caliciviruses, the
other HAV and CrPV, and the third one ali the remain-
ing mammalian picornaviruses. The dendrogram gen-
erated by the clustering procedure separated HAV and
CrPV as an outgroup, while grouping together cali-
civiruses and other picornaviruses (not shown). Phy-
logenetic analysis of viral RNA-dependent RNA pol-
ymerases and putative RNA helicases clearly indicated
that caliciviruses are related to but distinct from picor-
naviruses (A.E.G., unpublished observations). Thus we
believe that the result of cluster analysis of the YP3s was
probably due to an anomalously high rate of evolution

of HAV and CrPV.

3.2. Possible genome organization of CrPV
We showed here that the sequenced portion of an
insect picornavirus genome encodes putative viral
capsid proteins. As the assignment of this sequence to
the 3’ part of virus RNA by King et al. [2] seems to be
quite solid, confirmed by direct sequencing of a part of
the poly(A) tail, this observation implies a genomic or-
ganization for CrPY that is basically different from the
picornavirus one. Apparently, CrPY encodes the
proteins mediating genome replication and expression
inits 5’ part, and capsid proteins in the 3’ part. This gene
arrangement obviously resembled that found for the
caliciviruses (7,16,18], as well as for several other groups
of positive-strand RNA viruses (reviewed by Strauss
and Strauss [19], and Lai [20]). On the other hand, the
results of phylogenetic analysis suggested an evolution-
ary relationship between CrPV and HAY, which is
obviously a ‘true’ picornavirus. Also, the classification
of CrPV as a picornavirus, not a calicivirus, is
supported by the absence of substantial similarity be-
tween the VPl.related sequence of CrPV and the cali-
civirus capsid protein, and by the fact that CrPV
produces three capsid protein species, like picor-
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naviruses, and not one, like caliciviruses, This dis-
crepancy raises the important ‘tempo and mode’ prob-
lem in virus evolution, suggesting that similarities in
genome organization do not necessarily mirror the phy-
logenetic grouping of viruses [21]. Determination of the
portion of CrPV genome encoding non-structural
proteins will allow a better assessment of the phyloge-
netic position of this interesting virus.

3.3. The options for CrPV genome expression strategy
There seem to exist three options for CrPVY genome
expression: (i) capsid protein precursor is generated by
translation of a subgenomic RNA; this expression
strategy would be analogous to that exploited by cali-
civiruses {6,7]; (ii) the capsid protein precursor con-
stitutes the C-terminal portion of the single polyprotein
product of the virus genome, resembling the expression
strategy of potyviruses [22]; (iii) translation of the
capsid protein precursor is initiated independently.
The first hypothesis, though attractive because of the
analogy with caliciviruses, seems to contradict the
results of radiolabelling of virus-specific RNA in CrPV-
infected cells that has not revealed subgenomic species
[3]. The second hypothesis, on the other hand, is not
readily compatible with the pactamycin mapping data
suggesting that the capsid proteins of CrPV are encoded
immediately downstream of the ribosome entry site [23].
The third possibility is apparently consistent with all the
available experimental data. Clearly, internal initiation
of translation is not a typical expression strategy of
eukaryotic positive strand RNA viruses. On the other
hand, growing evidence shows that initiation of transla-
tion of picornavirus mRNAs occurs internally, and
their 5’-non-coding sequences retain the ability to direct
initiation when placed downstream of a 5’ gene in a
genetically engineered mRNA (for review see [24]).
Moreover, artificial dicistronic construct has been
recently described, in which EMC virus 5'-non-coding
sequence was introduced between the poliovirus genes
encoding capsid and nonstructural proteins; strikingly,
such RNA. produced infectious virus [25]. Thus it
cannot be ruled out that CrPV is a natural ‘monster’
with a similar, ‘mixed’ procaryotic/eucaryotic expres-
sion strategy. Further experiments on CrPV genome
structure and expression will show whether this rather
bold speculation will hold true, or this virus actually
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exploits one of the more conventional strategies,
whereas some of the available data require reevaluation.
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