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1. ABSTRACT

SHFV is a member of the Arteriviridae family. Viruses within this family encode
eight open reading frames (ORFs), two of which are translated from the full-length
genome RNA. The remaining six ORFs are translated from a nested set of six or seven 3’
co-terminal, subgenomic RNAs (sgRNAs). We have cloned and sequenced approximately
6000 nucleotides (nt) from the 3’ end of the SHFV genome. Eleven ORFs, numbered
ORFs 1a, 1b, 2a, 2b, 3,4, 5, 6, 7, 8, and 9, were identified, three more than the other ar-
teriviruses. The characteristics of the peptides encoded by ORFs 2a through 9 were deter-
mined from their computer-generated amino acid sequences. We also amplified the
junction sequences from each of the SHFV subgenomic RNAs (sgRNAs) using RT-PCR
analysis . Eight separate junction sequences were found which suggests that SHFV pro-
duces eight sgRNAs during replication. ORFs 2a and 2b appear to be encoded on the same
sgRNA implying that RNA 2 is polycistronic. Sequence analysis identified the conserved
SHFV junction sequence as 5'-(U/C)(C/U)N(U/C)(U/C)(A/C/G)AC(C/U)-3". Since SHFV
encodes additional ORFs and produces additional sgRNAs during replication, these data
suggest that SHFV may be more complex than the other arteriviruses.

2. INTRODUCTION

Simian hemorrhagic fever virus (SHFV), along with equine arteritis virus (EAV),
lactate dehydrogenase-elevating virus (LDV) and porcine reproductive and respiratory
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syndrome virus (PRRSV), was recently reclassified into a new virus family, the Ar-
teriviridae. These viruses are morphologically similar to the togaviruses; however, their
genome organization and replication strategy is similar to the coronaviruses. During rep-
lication, the arteriviruses produce six or seven subgenomic mRNAs (sgRNAs) which are
nested at the 3’ end of the viral genome (Snijder and Spaan, 1995). The arterivirus
genomes consists of eight overlapping open reading frames (ORFs; den Boon et al.,
1991; Godeny et al., 1993; Meulenberg et al., 1993b). Due to a frame-shifting mecha-
nism, the first two ORFs, ORFs la and 1b, are translated from the full length genome
RNA as one large polypeptide (Snijder and Spaan, 1995). The remaining ORFs are trans-
lated from the sgRNAs which are 3’ co-terminal. Only the 5'-most ORF is translated
from each sgRNA.

Each of the sgRNAs contains a leader sequence at the 5 end which is encoded at the
5’ terminus of the viral genome. The 5’ leader sequence is joined to the sgRNAs at junc-
tion or intergenic sequences. These junction sequences are highly conserved among the
sgRNAs of a specific virus and are similar among all of the arteriviruses thus far se-
quenced. The conserved junction sequences of the other arteriviruses are: 5'-UCAAC-3’
(EAV; den Boon et al., 1991); 5'-U(A/G)(U/A)A(A/-)CC-3' (LDV; Chen et al., 1993) and
5’-GNUNAAC-3' (PRRSV; Meulenberg et al., 1993a).

It had previously been reported that SHFV produces six sgRNAs during replication
and that these RNAs are nested and 3’ co-terminal (Godeny et al., 1995; Zeng et al.,
1995). The SHFV capsid (C) and nonglycosylated membrane (M) proteins map to the ulti-
mate and penultimate 3’ ORFs, respectively, suggesting that these proteins are translated
from the two smallest sgRNAs (Godeny et al., 1995). The SHFV 5’ leader was sequenced
and the conserved junction sequences of the two smallest SHFV sgRNAs had been deter-
mined to be 5'-U(U/C)AACC-3’ (Zeng et al., 1995). We have recently obtained the 3" se-
quence of the SHFV genome (Smith ef al., 1997). The genome sequence shows that SHFV
encodes three additional ORFs at the 3’ end of the genome as compared to the other ar-
teriviruses. The purpose of this study was to identify the characteristics of the peptides en-
coded by the SHFV 3’ ORFs and to sequence and identify the conserved junction
sequence for the remaining SHFV sgRNAs.

3. MATERIALS AND METHODS

3.1. Computer Analysis

The 3’ end of the genome sequence from the prototype strain, LVR 42-0/M6941, of
SHFV was reported previously (Smith et al., 1997) and can be accessed through GenBank
(accession number U63121). Translation of the SHFV ORFs and the characteristics of the
deduced peptides were determined by the Translation and Protein Analysis programs, re-
spectively, supplied in the University of Wisconsin Genetics Computer Group (GCG) soft-
ware (Program Manual for the Wisconsin Package, Version 8, August 1994, Genetics
Computer Group, 575 Science Drive, Madison, WI, 53711).

3.2. Isolation, Cloning, and Sequencing of the SHFV sgRNA Junction
Sequences

Using the method of Sawicki er al. (1981), intracellular RNA was isolated from
MA104 cells twenty hours post-infection with the prototype strain of SHFV. The SHFV
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sgRNA junction sequences were reverse transcribed from the intracellular RNA using
cDNA primers complementary to specific SHFV genome ORF sequences. The resulting
SHFV ¢DNA was amplified in a thermocycler; the forward primer used was identical to
nucleotides 60 through 77 of the SHFV 5' leader sequence (Zeng et al., 1995) and the re-
verse primers were those used to reverse transcribe the viral RNA. The amplified products
were cloned into the pCRII plasmid vector supplied in the TA Cloning Kit (Invitrogen
Corp., San Diego, CA). The resulting clones were sequenced by the dideoxy chain-termi-
nation method using the Sequenase™ DNA Sequencing Kit (U.S. Biochemical Corp.,
Cleveland. OH).

4. RESULTS

4.1. Organization of the SHFV Genome

The 3’ end sequence of the SHFV genome, beginning at the 3’ poly(A) tract and
continuing into the helicase domain in ORF 1b, has been reported (Smith et al., 1997). As
shown in Figure 1, this sequence contains 9 complete ORFs. Although similar in organiza-
tion to the other arteriviruses, SHFV has three additional ORFs at the 3’ end (Fig. 1). With
the exception of the beginning of ORFs 4 and 7, all of the SHFV ORFs overlap adjacent
ORFs. Interestingly, the 5’ end of ORF 2a overlaps the 3’ end of ORF 1b. This is a unique
property among the arteriviruses as the 3’ ends of ORFs 1b of EAV, LDV, and PRRSV do
not overlap their adjacent ORFs.

ORF 9, which encodes a peptide 111 amino acids in length, is the smallest SHFV
ORF and ORF 2a is the largest ORF encoding a 281 amino acid peptide. The deduced pep-
tides encoded by the SHFV ORFs have slightly acidic to very basic pI values ranging from
6.2 for peptides 3 and 5 through 11.7 for peptide 9. All of the SHFV ORFs encode pep-
tides with at least one potential N-linked glycosylation site. However, the utilization of
these potential glycosylation sites during viral protein processing has yet to be deter-
mined.
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4.2. SHFV sgRNA Junction Sequences

X.C.Wangetal.

The junction sequences on the SHFV sgRNAs between the leader sequence and the 5'-
most ORF on that sgRNA were determined and are shown in Figure 2. Although SHFV en-
codes nine ORFs at the 3’ end of its genome, only eight SHFV sgRNA junction sequences
were found. ORFs 2a and 2b appear to share the same junction sequence. There is a junction
sequence located upstream of each of the remaining seven SHFV ORFs. The consensus junc-
tion sequence among the sgRNAs is 5'-(U/C)(C/U)N(U/C)(U/C)(A/C/G)AC(C/U)-3’ (Fig.
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.GCAGACCCUCCUUAACCAUGUUCUGUGAGU. . .

.GCAGACCCUCCUUAACUUCUG 81nt-AUG. ..

.AGCCAAGGUCUUUAACUUCUG 81nt-AUG. ..

.GCAGACCCUCCUUAACUUCU 574nt-AUG. ..

.AGCCAAGGUCUUUAACUUCU 574nt-AUG. ..

.GCAGACCCUCCUUCACCCUGA 51nt-AUG. ..

. UGCCUUAACCUUUCACCCUGA-51nt ~AUG. . .

.GCAGACCCUCCUUBACCAAA 124nt-AUG. ..

.UAGGAUUUCUAUUAACCAAA 124nt-AUG. ..

.GCAGACCCUCACUAACCCAUGGAUGUCCGU. . .

.CAGUUAUCUCACUAACCCAUGGAUGUCCGU. . .

.GCAGACCCUCCUUGACCAAA 175nt-AUG. ..

.CAACGUUGUCAUUGACCAAA 175nt-AUG. ..

.GCAGACCCUCCUUAACUACCUAAUU UGUA. ..

.GACUCCGCUCCUUAACUACCUAAUU UGUA. ..

.GCAGACCCUCCUCAACCACG 123nt-AUG. ..

. UAGAUUAUUUGUCAACCACG-123nt-AUG. . .

.GCAGACCCUCCUUAACCUGAGGAAGU UGG. ..

.AAGGGGUCUUGUUAACCUGAGGAAGU UGG. ..

CU CCC U
-UCNUUAACC-
G

Figure 2. The 5' nucleotide sequences of the SHFV sgRNAs encoding ORFs 2a, 2b, 3, 4, 5, 6, 7, 8 and 9. Nucleo-

tides in bold-type represent the 5’ leader sequence which is encoded upstream of ORF la.

“:” indicates nucleotide

identity between the sgRNA and the genome sequences. Initiation codons for the respective ORFs are underlined.

The consensus junction sequence is shown at the bottom.
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2). The distance between the junction sequence and the initiation codon for the respective
OREF varies from 1 nt (ORF 5) to 177 nts (ORF 6).

S. DISCUSSION

SHFV is one of four members of the new virus family, Arteriviridae. The genomes
of the other arteriviruses, EAV, LDV and PRRSYV, encode six ORFs in the region between
ORF 1b and the 3’ terminus (Godeny et al., 1993; Meulenberg ef al., 1993b; den Boon et
al., 1991). The ultimate and penultimate ORFs at the 3 end of the arterivirus genomes en-
code the capsid and membrane proteins, respectively (Meulenberg et al., 1995; de Vries et
al., 1992; Godeny et al., 1990). For EAV and LDV, ORFs 2 and 5 have been shown to en-
code the small and large envelope glycoproteins (de Vries et al., 1992; Faaberg and Plage-
mann, 1995). The PRRSV ORF 5 product was also shown to encode an envelope
glycoprotein but the ORF 2 product could not be detected in purified virions (Meulenberg
et al., 1995). The PRRSV ORFs 3 and 4 gene products were also reported as viral enve-
lope glycoproteins (van Nieuwstadt et al., 1996); however, these gene products in EAV
and LDV have not been identified.

The 3’ end of the SHFV genome RNA, beginning in the helicase domain within
ORF 1b and ending at the 3’ poly(A) tract, has been cloned and sequenced (Smith et al.,
1997). Nine complete ORFs were found in this genome region, which is three additional
ORFs as compared to the other arteriviruses. Although the gene products of ORFs 8 and 9
have been identified as the membrane and capsid proteins, respectively (Godeny et al.,
1995), the remaining SHFV ORF products remain to be identified.

Previously, SHFV has been shown to produce six sgRNAs during replication
(Godeny et al., 1995; Zeng et al., 1995). However, this study suggests that SHFV pro-
duces at least eight sgRNAs, since separate junction sequences have been obtained for all
of the 3' ORFs except ORF 2b. These sgRNAs are diagramed in Figure 3. Interestingly,
sgRNA 2 contains two complete ORFs at the 5’ end and therefore has the potential to en-

5' 3
5 4 3 2 1 0Kb

ik 2b 4 [} B
T el ™ Rl™ ™ e
2a 3 5 7 9
RNA 2 J% —)

RNA 3 T poly#
RNA 4 | __ polyA
RNA S5 =] polyA
RNA 6 I polyA
RNA 7 -
RNA 8 - .
RNA 9 _

Figure 3. Replication strategy of SHFV. The deduced SHFV subgenomic mRNAs and the ORFs translated from
each RNA species are shown.
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code two peptides. Although this characteristic has been observed for a few of the coro-
navirus sgRNAs ( Liu and Inglis, 1992; Senanayake et al., 1992; Liu ef al., 1991), it is a
unique feature among the arteriviruses.

From the eight junction sequences, we determined the conserved junction sequence
on the SHFV sgRNAs as 5'-(U/C)(C/U)N(U/C)(U/C)(A/C/G)AC(C/U)-3’. This sequence
is similar to the conserved junction sequences of EAV (den Boon et al., 1991), LDV (Chen
et al., 1993) and PRRSV (Meulenberg et al., 1993b). Each of the arterivirus junction se-
quences contains a form of the nucleotide sequence -AAC- towards the 3’ end of this se-
quence. The SHFV junction sequence is longer and more diverse than the junction
sequences of the other arteriviruses. The SHFV sequence is also rich in uridine and cytid-
ine residues; whereas, the EAV, LDV and PRRSV junction sequences are rich in adenine
and uridine (Snijder and Spaan, 1995). Interestingly, the junction sequence found on the
sgRNAs after the 5’ leader sequence was attached is not the same for all of the sgRNAs.
The first two nucleotides at the 5’ end of the junction sequence were derived from the
leader sequence whereas the last six nucleotides were derived from the genome RNA se-
quence. The third nucleotide is the most variable in the sequence and may be derived from
either the leader or genome sequences. These data suggests that a switching event occurs
between the 5’ leader sequence and position 3 of the junction sequence during the replica-
tion of the SHFV sgRNAs.
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