1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

éPL "VS)))\

o
R s

NIH Public Access

Y (A
] a2 & Author Manuscript

Published in final edited form as:
Viral Immunol. 2005 ; 18(1): 17-26.

Identification of Structural Domains Involved in Astrovirus Capsid

Biology

Neel K. Krishna, B.A., Ph.D.

Department of Pediatrics and the Center for Pediatric Research, Eastern Virginia Medical School
and Children’s Hospital of the King’s Daughters, 855 West Brambleton Avenue, Norfolk, Virginia
23510. Telephone: 757.668.6421.

Abstract

Coat proteins of non-enveloped, icosahedral viruses must perform a variety of functions during their
life cycle such as assembly of the coat protein subunits into a closed shell, specific encapsidation of
the viral nucleic acid, maturation of the capsid, interaction with host receptors and disassembly to
deliver the genetic information into the newly-infected cell. A thorough understanding of the multiple
capsid properties at the molecular level is required in order to identify potential targets for antiviral
therapy and the prevention of viral disease. The system we have chosen for study are the astroviruses,
a family of icosahedral, single-stranded RNA viruses that cause disease in mammals and birds. Very
little is known about what regions of the coat protein contribute to the diverse capsid functions. This
review will present novel structural predictions for the coat protein sequence of different astrovirus
family members. Based on these predictions, we hypothesize that the assembly and RNA packaging
functions of the astrovirus coat protein constitutes an individual domain distinct from the
determinants required for receptor binding and internalization. Information derived from these
structural predictions will serve as an important tool in designing experiments to understand
astrovirus biology.

INTRODUCTION

Astroviruses are small, icosahedral RNA viruses that infect both mammals and birds. Human
astroviruses (HAstV), along with rotavirus and calicivirus, are a major cause of viral
gastroenteritis and a significant public health concern (8,61). While research into the molecular
epidemiology of HAstVs has advanced over the years, relatively little is known concerning the
molecular biology or structural aspects of the astrovirus capsid. Because the viral capsid is the
primary determinant of cell tropism, stimulates the host’s protective immune response and may
play a part in the pathogenesis of the virus, our ignorance of the role of the astrovirus coat
protein in the virus life cycle has delayed progress in understanding astrovirus virulence and
transmission. This review will summarizes our present knowledge of astrovirus molecular
biology as well as present structural predictions we have generated for the coat protein of
different astrovirus family members. We anticipate that these novel structural calculations, in
addition to providing insight into regions of the coat protein involved in particle assembly,
nucleic acid packaging, maturation and tropism, will also inform us of unique and shared
properties of the astrovirus coat proteins.
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ASTROVIRUSES

The astrovirus family

Astroviruses are non-enveloped, icosahedral viruses with a single-stranded, messenger-sense
RNA genome. The Astroviridae are split into two genera according to the International
Committee on Taxonomy of Viruses: the Mamastrovirus, which infects animals and the
Avastrovirus, which infects birds (39). Astroviruses were first detected by electron microscopy
in stools of infants hospitalized with diarrhea (34). The particles are approximately 33 nm in
diameter and share a unique 5- or 6- pointed surface star which is discernable on the surface
of approximately 10% of the virion population and give the virus its name (astron, Greek for
“star”). Since the initial observation of astroviruses in children, viral particles of similar size
and morphology have been demonstrated to infect piglets (54), calves (68), lambs (56), red
deer (59), mink Kits (45), puppies (67), kittens (20), mice (29), ducklings (16), turkeys (40)
and chickens (21). In addition to causing acute infantile gastroenteritis in humans, the
Mamastroviruses are the etiological agents for various syndromes in other animal species such
as mild diarrhea in lambs (55) and outbreaks of diarrhea in pre-weaning mink kits (10).
Avastroviruses cause severe disease in birds from poult enteritis and mortality syndrome in
turkeys (30,69) to acute nephritis in chickens (21) and a fatal hepatitis in ducks (16).

Human astroviruses

Eight astrovirus serotypes have been described among human astroviruses (HAstV 1-8), with
serotype 1 being the most prevalent worldwide (37). All eight antigenic types have been
adapted to grow in tissue culture, in which trypsin is used as a supplement in the medium. A
cDNA of HAstV-1 (Oxford strain) has been cloned and, when capped message generated from
the cDNA is transfected into CaCo-2 cells, infectious virus is produced (12). The small size of
the astroviral genome, along with the experimental advantages of growth in tissue culture and
availability of a cDNA clone have made HAstV-1 a tractable system in which to study virus
assembly.

Genomic organization of HAstVs

Since HAstV-1 (Oxford strain) is the best studied member of the Astroviridae, it will be used
as the prototype to describe the molecular biology of astroviruses. HAstVs genomes are single-
stranded, messenger-sense RNA molecules of approximately 6.8 kb in length, excluding the
poly(A) tail at the 3" end (Fig. 1A). The genome encodes three open reading frames (ORFs):
ORFs 1a, 1b and 2. ORFs 1a and 1b at the 5’ end of the genome have protein sequence motifs
indicative of non-structural proteins: a 3C-like serine protease with a nuclear localization signal
in ORF1a and a putative RNA-dependent RNA polymerase in ORF1b (23,31,64). An
interesting feature of ORF1a and 1b in the HAstV genome is that while the protease and viral
replicase are encoded by separate ORFs, both proteins are thought to be translated initially as
a polyprotein (37). A 70 nucleotide region between ORF 1a and 1b is highly conserved among
HAstV serotypes and contains a signal and downstream stem-loop structure indicative of
ribosomal frameshifting (23,32,33,35) as seen in other virus families (5,22). The product of
ORF1a has been demonstrated to proteolytically activate and cleave itself both in vitro (27)
and invivo (11). For HAstV-8, in addition to cleaving itself, the protease has been demonstrated
to cleave ORF1b as well (43). There is no data to suggest that ORF?2 is a substrate for this
protease. The product(s) of ORF1a has also been shown to accumulate in the nucleus of infected
cells (63) and it has recently been reported that the nonstructural protein p38, which is derived
from ORF1a, leads to apoptosis of the host cell resulting in efficient virus replication (17) and
particle release (42) (see below).

ORF2 is at the 3’ end of the genome and encodes an approximately 87-90 kDa coat protein
precursor (2,31,41,46,51). In infected cells, both the full-length genomic RNA and an ORF2-
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specific subgenomic RNA of 2.4 kb are detected in large amounts (46). Translation of ORF2
most likely occurs from the subgenomic RNA and results in high levels of coat protein synthesis
to assemble viral particles efficiently and encapsidate the viral genome. Translation of
structural proteins from a subgenomic RNA is a strategy utilized by many positive-strand RNA
viruses (48,52).

Precursor coat protein domain organization

As illustrated in Figure 1A, based upon the amino acid sequence identity of different astrovirus
family members, the coat protein precursor is predicted to have two domains (24,25,44,45,
62,65,66). Residues 1-415 compose the first domain and are highly conserved among the
Astroviridae. In contrast, residues 416 to the end are highly divergent among all known
serotypes and it has been reported that neutralizing monoclonal antibodies map to this second
domain (3,51). Thus it is reasonable to assume that this hypervariable region is located on the
surface of the viral particle and constitutes a region of the capsid that contributes to the strain-
specific tropism of the virus. A novel role for the conserved and variable domains of the
astrovirus coat protein in particle assembly will be discussed below.

Precursor coat protein cleavage

The coat protein precursor has previously been demonstrated to assemble readily into authentic
virus (13) and more recently as virus-like particles using a recombinant vaccinia virus
expression system (9) and a recombinant baculovirus expression system (6). After the particle
is assembled, it is cleaved by trypsin to produce multiple smaller proteins; cleavage renders
the particle infectious (2,41) (Fig. 1B). Attempts to identify the number and size of the mature
structural proteins of the human astroviruses have yielded discrepancies, with proteins from
20 to 90 kDa being observed (2,4,9,41,46,51). In one report, HAstV-2 particles were cleaved
from an 87 kDa precursor to three proteins, of 32, 29 and 26 kDa (9). Bass and Qiu (2) reported
that the HAstV-1 structural protein is initially synthesized as an 87 kDa precursor and is then
cleaved intracellularly at Arg;q to produce a 79 kDa protein. However, the existence of this
smaller cleavage product (residues 1-70) was not observed in HAstV-1 infected cells in a
separate study (13) and it has been recently demonstrated that the first 70 residues are
dispensable for virus-like particle formation of HAstV-1 coat protein (6). The HAstV-1 87 kDa
coat protein precursor assembles into particles that are cleaved by trypsin into three products
of 34, 29 and 26 kDa. The 29 and 26 kDa products are found consistently in trypsin-digested
particles (2,4,9,46,51) and result from cleavage of HAstV-1 and 2 coat protein at Argsg; and
Argsgs, respectively, with the C terminus of both being identical (2,51).

For HAstV-8, Méndez and colleagues (41) observed that the 90 kDa coat protein is first cleaved
intracellularly at the C terminus, yielding a 70 kDa species. The 70 kDa protein then undergoes
a complicated cascade of cleavages to generate VP34, VP27 and VP25, the predominant
proteins found within fully cleaved particles and homologs to the three protein species found
in mature HAstV-1 and 2 virions. It has been recently demonstrated that 90 kDa coat protein
of HAstV-8 assembles into precursor particles within the cell and that the C-terminal cleavage
of the coat protein is mediated by cellular caspases and is necessary to facilitate processing of
the capsid precursor and release of the viral particles (42). The authors go on to demonstrate
that putative caspase cleavage motifs found in cellular proteins (e.g., DXXD and XEXD) are
present in the C terminus of the HAstV-8 capsid precursor and that acidic amino acid residues
are highly conserved for other astrovirus family members despite the fact that this region of
the coat protein is variable among the Astroviridae. These observations suggest that caspase-
mediated cleavage of the coat protein may be a general mechanism for astrovirus particle
release.
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As outlined above, considerable progress has been made in understanding the basics of the
astrovirus life cycle, however there are significant gaps in our knowledge concerning the
fundamentals of particle assembly, RNA encapsidation, capsid maturation, tropism and
disassembly. In the following sections, we present computer-generated predictions for the coat
protein that will begin to elucidate the structural determinants of the astrovirus capsid.

STRATEGY FOR MAKING STRUCTURAL PREDICTIONS FOR THE
ASTROVIRUS COAT PROTEIN

Very little is known about the astrovirus coat protein precursor and how it assembles into
particles. In an attempt to understand what regions of this protein might contribute to particle
assembly and receptor binding, we have utilized a structural prediction program to analyze the
coat protein amino acid sequence. This analysis has led to predictions about what domains of
the coat protein are necessary for protein assembly, as well as for host cell tropism. Except for
within the Astroviridae, the astrovirus coat protein exhibits no significant sequence identity
with any known viral capsid protein. As illustrated in Figure 1 above, the coat protein of both
the Mamastrovirus and Avastrovirus has been divided into conserved (residues 1-415) and
variable (residues 416-end) regions. Because of the lack of sequence identity seen in the
variable region of the astrovirus coat protein (65) and based on the fact that neutralizing
antibodies map to this area, (3,51) it has been proposed that the variable region is exposed on
the surface of the particle and is a determinant for cellular tropism. In light of the conserved
nature of residues 1-415, we reasoned that this region of the coat protein may represent a core
“assembly domain”, a building block for capsid assembly. In support of this, a threonine residue
at amino acid 227 of the HAstV-1 coat protein was demonstrated to be required for proper
particle assembly (38). Mutation of this residue resulted in the absence of visible particles
within the cytoplasm of CaCo-2 cells.

We used three-dimensional position-specific scoring matrix (3D-PSSM, version 2.6.0) to
investigate whether conserved and variable regions of the coat protein assume a recognizable
protein-folding motif (26). 3D-PSSM combines knowledge of three-dimensional structures
with secondary-structure matching and solvation potentials to recognize protein folds when
sequence homologies are remote. A number of parameters go into assessing confidence of the
predictions of this program: Expectation Value (or Confidence Value), alignment quality and
3D molecule quality. Confidence Value scores are confirmed by checking the sequence
alignment. A lack of significant gaps in the alignment and a match of the secondary structural
elements are signs of good alignment. For model quality, a lack of significant deletions in the
template (model) structure is important. We considered these factors to make predictions about
structural information contained in the astrovirus capsid gene sequence. Previously, we applied
this program to determine the domain organization of another icosahedral RNA virus that was
verified by cryo-electron microscopy (58).

CONSERVED DOMAIN

Assembly domain functions

Table 1 outlines the astrovirus family members with fully sequenced capsid genes that were
analyzed in this study. The amino acid sequence of the conserved domain of HAstV-1 (residues
1-415) was entered into the web server of 3D-PSSM (http://www.sbg.bio.ic.ac.uk/~3dpssm/)
to search for folds in the database of known structures homologous to those predicted from
astrovirus capsid gene structures. We initially investigated this sequence in September, 2002.
However, all of the sequences examined in this study were again entered into 3D-PSSM in
October, 2004 to take advantage of any new structures that had been added to the fold library
during this time. In analyzing all of our predictions, a Confidence Value of 50% and greater
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was considered significant. However, it should be noted that top ranking non-confident hits
(<50%) are often correct and should therefore be examined. Four structures were identified as
significantly comparable, with residues 1-415 having a Confidence Value ranging from 57%
to >93% (Table 2). All four structures were from viruses with icosahedral symmetry and that
have canonical, uninterrupted B-sandwich folds. The comparisons predicted structural
homology in overlapping regions of the HAstV-1 coat protein sequence: 20-287 (Theiler’s
murine encephalomyelitis virus, DA strain [TMEV]), 72-273 (bean pod mottle virus [BPMV]);
80-349 (carnation mottle virus [CtMV]) and 79-413 (tomato bushy stunt virus [TBSV]). It is
striking that these structures were identified as being comparable when they share sequence
identity of 20% or less.

Next, we tested whether the structural prediction for residues 1-415 would also hold true for
VP34, which has been shown to be the mature protein product derived from the conserved
region of the coat protein for HAstV-1,-2, and -8 (2,9,41,51). For HAstV-1, Bass and Qiu (2)
reported two species of VP34, which are cleaved at residues 361 and 394 (Fig. 1B). When these
sequences were entered into 3D-PSSM both forms of VP34 matched with the same top three
hits for residues 1-415 (data not shown). Both forms of VP34 also aligned identically to TMEV,
BPMV and CMtV as seen with residues 1-415. In harmony with these results, Caballero and
colleagues have recently used 3D-PSSM to analyze VP34 of HAstV-1 and found the same
homologies matches (6; see Discussion). To evaluate the consistency of these predictions
across the known genomic diversity of HAstVs, we ran the conserved region of the coat protein
of all the known human astrovirus serotypes through 3D-PSSM, as well as that of other animal
and avian astrovirus capsid sequences (Table 3). The comparisons yielded the same protein
template, identified for HAstV-1 (Table 2) for each of the other astrovirus capsid sequences
analyzed: TMEV, BPMV, CMtV and TBSV. As with the HAstV-1 comparisons, homologous
structural predictions occurred despite limited (12-19%) sequence identity between the
templates recognized and the astrovirus sequences. These results suggest that residues 1-415
of all astrovirus coat proteins fold in a manner similar to that of well-studied icosahedral virus
coat proteins.

Inferences from known structural properties of viruses with homologies predicted by 3D-
PSSM for the conserved domain

So what do the coat proteins of TMEV, BPMV, CMtV and TBSV tell us about the predicted
capsid structure of the astroviruses? All four of these viruses have icosahedral virions
containing an RNA genome. TMEYV is a member of the Picornaviridae and its shell has 180
B-barrel domains formed from three proteins, VP1, VP2, and VP3, each approximately 30 kDa,
to form a pseudo T=3 capsid. BPMV is in the Comoviridae family and its shell has a pseudo
T=3 capsid composed of 180 B-barrel domains formed from two different protein types, L of
42 kDa and S of 24 kDa. In these structural predictions, astrovirus sequences always aligned
with VP2 of TMEV and the S domain of BPMV. The tertiary and quaternary structures of
comoviruses and animal picornaviruses have been demonstrated to be remarkably similar (7)
and would explain why they were consistently present in the comparisons with the conserved
domain of the astrovirus coat protein. CMtV and TBSV are in the Tombusviridae family and
have a T=3 virion with 180 identical subunits (of approximately 38—-40 kDa) in the capsid. The
protein fold of both CMtV and TBSV subunits is very similar in tertiary and quaternary
structure to each other and to that of other icosahedral plant viruses (47).

Detailed ultrastructure studies of trypsin-cleaved HAstV-2 virions have revealed icosahedral
particles with an array of spikes protruding from the surface of the virion (50). A low-resolution
cryoelectron microscopy image for trypsin-cleaved HAstV-1 particles has also been reported
(37,38). These images show a solid, stippled icosahedral shell with a 33 nm diameter and 30
dimeric spikes that extend from the surface. Assuming that 180 copies of the VP34 protein are
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required to give a particle of 33 nm with T=3 symmetry and that the spikes are formed by VP26
and VP29 would be consistent with our structural predictions suggesting that VP34 is a
structural homolog to known icosahedral coat proteins and that the variable domain (VP26/
VP29) is involved in receptor binding. It is unclear, however, how only 30 dimeric spikes (60
subunits) of VP26/VP29 would be displayed on a 180-subunit shell.

Putative RNA binding domain

All astrovirus coat proteins for which the amino acid sequence has been determined contain a
high concentration of basic amino acids in the N terminus. For HAstV-1, 22 lysine and arginine
residues reside within the first 70 amino acids. The high level of basic amino acids suggests
that this region of the coat protein may be involved in packaging the viral RNA molecule.
Highly basic N termini of other icosahedral RNA virus coat proteins have been well-
documented and shown to be involved in the specific encapsidation of the viral genomic RNA
(1,14,36,49,53). It has recently been demonstrated that the first 70 amino acid residues of the
HAstV-1 coat protein are not required for virus-like particle formation in a recombinant
baculovirus expression system (6). In support of this, most of the sequence predictions that we
performed for VP34 or residues 1-415 of the coat protein aligned downstream of residue 70
suggesting that these residues do not contribute to particle formation (see text above). The same
conclusion was arrived at for VP34 of HAstV-1 by Caballero et al. (6). While not much is
known about encapsidation of the viral RNA in the astrovirus system, the presence of numerous
positively charged residues at the N terminus of the coat protein, the location of the B-sandwich
folds C-terminal to this domain and inferences from coat protein molecules of other
icosahedral, messenger-sense RNA viruses suggest that the N terminus of the coat protein may
be involved in viral RNA packaging.

VARIABLE DOMAIN

Receptor-interaction functions

Although the sequences of residues 1-415 of the astrovirus coat protein are highly conserved,
residues 416-end vary significantly and attempts to align capsid genes from different human
serotypes and other animal astroviruses are suboptimal (24). To evaluate protein folding
predictions of these diverse sequences, all 15 astrovirus coat protein sequences from residues
416-end were run in 3D-PSSM (Table 4). Six hits with significant confidence levels occurred
for the fifteen sequences analyzed. Three of these were virus-related proteins and receptors,
whereas the other three were of non-viral receptor-ligand interactions. The sequences for
HAstV-2 had homology to the poliovirus receptor (PVR). PVR is also known as CD155 and
is long and slender with a transmembrane domain and three Ig-like folds (18). It is expressed
in the human intestinal epithelium and Peyer’s patches. Although its binding to poliovirus is
known, its function otherwise is unknown. It is not immediately clear why HAstV-2 would
encode this type of domain on the surface of their capsids, however, poliovirus, like astrovirus,
is an enteric pathogen. The most striking match (>98% confidence) was that of HAstV-3 with
Sindbis virus spike glycoprotein, E1. The crystal structure of E1 shows a long, slender molecule
that interacts with Sindbis E2 to form a heterohexamer on the surface of this icosahedral particle
(70). E2 is thought to have a role in the pH-dependent fusion process of cell entry. Homology
of E1 with the HAstV-3 variable region is consistent with the notion that this portion of the
coat protein is exposed on the surface of the capsid and has a role in viral entry.

Along with a non-viral receptor-ligand hit (see below), ANV demonstrated homology with the
head domain of the adenovirus fiber binding protein. Adenovirus is an icosahedral, double-
stranded DNA virus that causes disease in humans (19). Recently, the head domain of the
adenovirus fiber has been demonstrated to be structurally similar to another virus attachment
protein, reovirus s1 and the distinct cellular receptors that bind both of these attachment proteins
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also have significant structural resemblance (57). While adenovirus and reovirus belong to
different virus families and bind different cellular receptors, the structural similarities between
the attachment proteins and receptors point to an evolutionary conservation of function among
diverse, icosahedral viruses and are consistent with the structural homologies defined for the
variable domain of the astrovirus coat protein.

The other three hits with significant homology were with non-viral receptor-ligand interactions:
the interleukin-6 receptor alpha chain that binds IL-6 (60), neutrophil gelatinase associated
lipocalin (NGAL) which is expressed in immature neutrophil precursors and in epithelial cells
(15) and with B-cell activating factor (BAFF) binding its receptor (BAFF-R). BAFF forms a
virus-like cage that binds BAFF-R in a 1:1 molar ratio (28). Although only five out of fifteen
astroviruses predicted significant homology to known structures, all of these were receptor-
ligand interactions that lend support to the premise that the variable region encodes receptor-
binding domains. These results also suggest that the findings for astrovirus capsid studies may
be distinct and surprising.

CONCLUSIONS

Figure 2 illustrates the functional domains of the astrovirus coat protein. Based on the structural
predictions generated here, biological data culled from the literature and what has been
published on capsid assembly of other icosahedral, RNA viruses, we propose that the N-
terminal half of the astrovirus coat protein constitutes the particle assembly domain (AD)
needed to drive formation of a closed capsid and encapsidation of the viral genome. The C-
terminal half of the coat protein forms the receptor-interaction domain (RID) which dictates
host cell tropism. The consistency of these predictions is evident across the known genomic
diversity of the Astroviridae and demonstrates a remarkable conservation of coat protein
function in the absence of sequence identity.

The next step will be to test whether functional predictions of regions of the coat protein
required for virion assembly, particle maturation, and RNA encapsidation are exhibited in
biological experiments, by characterizing the phenotypes of a series of coat protein mutations
and deletions. It will also be of interest to test the modularity of the coat protein “assembly
domain” by constructing chimeric coat protein molecules between different serotypes and
species of the Astroviridae. The rationale for these studies is that insight into the molecular
mechanisms of astrovirus assembly, nucleic acid packaging, maturation and tropism will
inform us of unique and shared properties of astrovirus coat proteins. Experiments to address
these questions are currently underway in the laboratory.
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FIG. 1.

Genomic organization and morphogenesis of HAstV-1 prototype (Oxford strain). (A) Genomic
and subgenomic RNA are indicated by the solid black line with their length indicated in
nucleotides (nt). The open reading frames (ORF) along with their protein products are shown
as rectangles. ORF1a encodes a 3C-like serine protease motif (stippled box) along with a
nuclear localization (NLS) motif (horizontally striped box). The asterisk (*) denotes the
ribosomal frameshifting signal. ORF1b encodes the viral polymerase and the polymerase motif
is indicated (box with diagonal lines). ORF2 encodes the coat protein. The first half of the coat
protein sequence (amino acids 1 to 415, heavily shaded) is highly conserved among all known
members of the Astroviridae whereas the last half of the coat protein (amino acids 416-787,
no shading) is highly variable. The arrowhead () indicates the approximate location of putative
caspase cleavage site(s) conserved among astrovirus capsid proteins (42). The numbers below
the rectangles refer to length of the protein products in amino acids. (B) Cleavage cascade of
the coat protein precursor as described in the text. Trypsin treatment cleaves the particle into
its mature products of VP34 (of which two species are predicted), VP26 and VVP29.
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FIG. 2.

Proposed functional domains of the astrovirus coat protein. The coat protein is illustrated with
the conserved region in the first half (heavily shaded) and the variable region in the last half
(no shading) of the molecule. The positively charged N terminus of the coat protein proposed
to be involved in viral RNA packaging is indicated (+++) along with the approximate location
of trypsin cleavage sites (Tv) and putative caspase cleavage site(s) (Cv). Based on the structural
predictions outlined in the text, we propose that the conserved region of the coat protein encodes
the assembly domain (AD) required to form the viral capsid and encapsidate the viral RNA
whereas the variable region encodes the receptor-interaction domain (RID) that binds to
specific receptors on the surface of the host cell.
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Table 1
Astrovirus Family Members with Fully Sequenced Capsid Genes
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Host Serotype Virus® Accession Number
Human 1b HAstV-1 123513
2 HAstV-2 L06802
3 HAstV-3 AF117209
4 HAstV-4 733883
5 HAstV-5 AB037274
6 HAstV-6 746658
7 HAstV-7 Y08632
8 HAstV-8 AF260508
Cat — FAstV AF056197
Pig - PAstV Y15938
Sheep — OAstV Y15937
Mink — MiAstV AY179509
Turkey 1 TAstV-1 Y15936
2 TAstV-2 AF206663
Chicken — ANV AB033998

a . . . . . . . . . .
HAstV, human astrovirus; FAstV, feline astrovirus; PAstV, porcine astrovirus; OAstV, ovine astrovirus; MiAstV, mink astrovirus; TAstV, turkey

astrovirus; ANV, avian nephritis virus.

Two prevalent strains of HAstV-1 are described in the literature, Oxford and Newcastle. The Oxford strain analyzed here is identical to Newcastle in

ORF2 (12).
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The Top Four Protein Folds Comparable to that of HAstV-1 Coat Protein Residues 1-415 by 3D-PSSM Threading

Templatea Template length (no. of residues) Sequence ldentity (%) Confidenceb(%)
TMEV 267 13 >03
BPMV 185 18 >76
CMtV 267 20 >72
TBSV 286 13 >57

&I'MEV, Theiler’s murine encephalomyelitis virus DA strain; BPMV, bean pod mottle virus; CMtV, carnation mottle virus; TBSV, tomato bushy stunt

virus.

bConfidence is defined as 100 X probability of a match being correct (26)
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The Top Protein Folds Comparable to that of the Astrovirus Coat Protein Residues 1-415 by 3D-PSSM Threading

Astrovirus Templatea Template length (no. of Sequence identity (%) Confidence
residues)

HAstV-1 TMEV 267 13 >03
HAstV-2 TMEV 267 12 >96
HAstV-3 TMEV 267 14 >93
HAstV-4 BPMV 185 19 >64
HAstV-5 BPMV 185 17 >69
HAstV-6 TMEV 267 15 >01
HAstV-7 BPMV 185 18 >82
HAstV-8 TMEV 267 13 >89
FAstV-1 BPMV 185 18 >80
PAstV-1 CMtV 267 19 >83
OAstV-1 CMtV 267 18 >94
MiAstV TBSV 321 16 >90
TAstV-1 CMtV 267 16 >90
TAstV-2 CMtV 267 17 >84

ANV TBSV 321 14 >78

a . - - . . . .
Multiple templates that had a significant comparability (>50%) were found for each astrovirus sequence; for clarity, only the top protein template is

illustrated.
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Table 4
The Top Protein Folds Comparable to that of the Astrovirus Coat Protein Residues 416-End by 3D-PSSM
Threading
Astrovirus Template Template length Sequence identity Confidence
(no. of residues) (%)
HAstV-2 Poliovirus receptor 301 15 >62
HAstV-3 Sindbis virus spike glycoprotein E1 369 15 >98
HAstV-4 Interleukin 6 receptor, Alpha chain 299 18 >65
FAstV-1 BAFF-BAFF-R complex 288 10 >91
ANVE Neutrophil gelatinase-associated lipocalin 174 12 >84
ANV Adenovirus fiber protein head domain 191 19 >51

(knob domain)

&I'wo templates that had a significant comparability (>50%) were found for ANV.
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