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The English isolate of rat cytomegalovirus (RCMYV) encodes a 20-kDa protein with a C-type lectin-like
domain that is expressed in the delayed-early and late phases of the viral replication cycle. Genomic sequence
analysis of the restriction fragment KpnR of RCMYV revealed significant homology to several C-type lectin-
containing molecules implicated in natural killer (NK) and T-cell interactions, as well as genes from four
poxviruses and African swine fever virus. The gene is spliced into five exons and shows a splicing pattern with
exon boundaries similar to those observed in the human differentiation antigen CD69. The cap site of the gene
was mapped by RNase protection, 5’ rapid amplification of cDNA ends, and primer extension experiments.
This analysis demonstrated that the core promoter of the RCMYV lectin-like gene contains a GATA rather than
a TATA box. Splicing patterns were confirmed with isolates from an infected-cell cDNA library. A unique aspect
of the protein is that its translation is not initiated by the canonical methionine but rather by alanine. To study
its role in virus replication and pathogenesis, a recombinant virus was constructed in which the gene is
interrupted. Replication in tissue culture was similar to that of wild-type virus.

Cytomegaloviruses belong to the betaherpesvirus family,
whose members exhibit characteristic species specificity and sal-
ivary gland tropism (33). They generally cause a benign infec-
tion and dwell permanently in the immunocompetent host,
with intermittent reactivation from latency. Two rat cytomeg-
alovirus (RCMYV) isolates are currently under investigation—
the Dutch (Maastricht) isolate (9) and our English isolate (10,
35). The genomes differ in size and are genetically distinct,
classifying them as different herpesviruses rather than strains
(4). While sequencing the left end of the English isolate of the
RCMYV genome, we identified a gene starting within the first
1,000 bp from the left terminus that is homologous to C-type
lectins. Such a homologue has not been previously reported in
herpesviruses but has been found in poxviruses, including fowl-
pox (1), cowpox (39), vaccinia virus (42), and myxoma virus
(11), as well as the iridovirus African swine fever virus (ASFV)
(34, 43). However, the function of these viral genes is unknown.

C-type (Ca*>* dependent) lectins represent a group of glyco-
proteins which mediate cell-cell interactions as well as patho-
gen recognition in a Ca®"-dependent fashion through their
carbohydrate recognition domains (CRDs) (41). There are
genes in which the CRDs are encoded by a single exon, where-
as three separate exons comprise the CRDs in other genes (6).
The CRD consists of 110 to 130 residues, including four cys-
teines that are conserved and form two disulfide bonds. Several
natural killer (NK) cell receptors are known to have sequence
similarity with C-type lectins, and Weis et al. designated these
NK cell receptors C-type lectin-like domains (CTLDs) (41).
CTLDs play a role in triggering or inhibiting NK cell-mediated
cytotoxicity (for a review, see reference 27), and thus the viral
homologue may be involved in immune evasion.
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A striking difference between the lectin-like genes in poxvi-
ruses and the one found in RCMYV that we report here is that
the latter gene is spliced into five exons. Most viral homologues
of host genes are unspliced and thought to represent acqui-
sition of the spliced transcripts of these genes. Exceptions
are the recently described interleukin-10 (IL-10) homologues
of human CMV (HCMYV) (25) and rhesus CMV (28), the G
protein-coupled receptor homologues UL33 in HCMV (14)
and U12 in human herpesvirus 6 (HHV6) and HHV7 (18, 32),
as well as the beta chemokine homologue murine chemokine-2
(MCK-2) in mouse CMV (MCMYV) (30, 36). Moreover, the
lectin-like gene in RCMYV is homologous to several host C-type
lectin-like genes (e.g., human CD69) and presents similar exon
boundaries. We investigated its role in viral replication by
constructing a recombinant virus with an interrupted lectin-
like gene (RCMV'¢7). It is shown that wild-type RCMV
(RCMV™) and RCMV"™¢™ grow similarly in tissue culture.

MATERIALS AND METHODS

Virus and cell culture. RCMV obtained from J. Hamilton (Duke University)
was propagated by passage on a rat embryo fibroblast (REF) cell line. The JON
isolate of RCMV was isolated by C. Smith (University of Utah). REF cells were
maintained in minimal essential medium (MEM). 293T cells used for transient
transfections were passaged in Dulbecco’s modified Eagle’s medium. All media
were supplemented with 10% fetal bovine serum, gentamicin (30 pg/ml), and
5 mM glutamine.

DNA transfections and construction of recombinant virus. A lectin-disrupted
RCMV (RCMV'*c™) transfer vector was constructed by inserting the KpnR
DNA fragment of RCMYV into the Kpnl site of pSK Bluescript (Stratagene, La
Jolla, Calif.) after the HindlII site in the multiple cloning region was mutated.
The lectin-like gene was disrupted by cloning a Lox-B-Gal-Lox expression cas-
sette into the HindIII site within KpnR. Transfections were performed using the
calcium phosphate coprecipitation method (19). Subconfluent REF monolayers
in TC6 plate wells were cotransfected with 2 g of transfer vector DNA and 2 pg
of virion DNA. Cytopathic effect was seen at about 5 days after transfection.
Supernatants from wells showing cytopathic effect were frozen and monitored for
B-galactosidase (B-Gal)-positive virus. Virus was counted on REF cells with an
overlay of 0.9% methylcellulose in MEM supplemented with 5% fetal bovine
serum, 25 mM HEPES, 30 pg of gentamicin per ml, and 5 mM glutamine. After
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a 5-day incubation, the methylcellulose was removed and the cells were washed
twice with phosphate-buffered saline (PBS) and fixed in 2% paraformaldehyde—
0.2% glutaraldehyde-50 mM sodium phosphate (pH 7.3) for 10 min at room
temperature. Plates were then rinsed twice with PBS and stained with 100 mM
sodium phosphate (pH 7.3)-1.3 mM magnesium chloride-3 mM potassium fer-
ricyanide-3 mM potassium ferrocyanide-1 mg of X-Gal (5-bromo-4-chloro-3-

FIG. 1. Location and arrangement of the RCMYV lectin-like gene
within the RCMV genome (A) and its mRNA sequence (B). (A) Kpnl
restriction map of RCMV. The 2.4-kb fragment KpnR is located near
the left end of the genome and shown in expansion. The lectin-like
gene has five exons. The core promoter contains a GATA box which is
situated approximately 30 bp before the cap site. Exon 2 forms the
cytoplasmic tail and the transmembrane domain of the lectin-like gene,
while exons 3, 4, and 5 code for the extracellular part and bear the
C-type lectin domain. The poly(A) tail starts 2 nucleotides past the end
of the KpnR fragment, as demonstrated by 3 RACE. Three arrows
mark the sites where primers were chosen for use in the 5" RACE
(gene-specific primers GSP I and II) and primer extension experi-
ments. For orientation, a scale (in base pairs) depicting the length of
KpnR is shown at the bottom. (B) The lectin-like gene has a leader
sequence of approximately 500 bp. The GATA core promoter is boxed,
and the cap site is marked with an asterisk. The transmembrane sec-
tion is underlined. The translation start site in transfected 293T cells is
at positions 494 to 496 within the ORF of the protein. There is no
methionine in the entire ORF. Exon junctions are indicated by the
final base of the ending and the first nucleotide of the adjacent exon
and are double underlined. The HindlIlII site at position 539 depicted in
bold letters was used to generate recombinant virus by disrupting the
gene with the insertion of B-Gal.

indolyl-B-p-galactopyranoside) for 30 min at 37°C. Recombinant virus was iso-
lated from supernatants from B-Gal-positive cultures by multiple cycles of
limiting-dilution cultures in 96-well plates with REF cells.

Construction of a ¢cDNA library. To detect possible splice sites and map the 5’
end of the open reading frame (ORF), a cDNA library from REF cells infected
with RCMV for 24 h was constructed using the lambda phage gt10 and Pack-
agene systems (Promega, Madison, Wis.) according to the manufacturer’s in-
structions. Screening of clones was performed with nick-translated (Gibco-BRL,
Gaithersburg, Md.) restriction fragments of KpnR, and hybridization was per-
formed as described earlier (10). Positive plaques were identified by double
membrane lifting of the plates and isolated with the Lambda Sorb phage absor-
bent (Promega). The gt10 clones with the DNA of interest were subcloned into
the Topo TA 2.1 vector (Invitrogen, Carlsbad, Calif.).

RACE and DNA sequencing. For 3’ and 5’ rapid amplification of cDNA ends
(RACE) and DNA sequencing, polyadenylated RNA was extracted from REF
cells that had been infected with RCMV for 24 h using the Quick Prep Micro
mRNA purification kit (Amersham Pharmacia Biotech, Piscataway, N.J.). For 5’
RACE experiments, a first gene-specific primer (GSP I), 3'-GTCGTTCGGGC
CTACCGCTGA-5', located at bp 459 (Fig. 1B), was annealed to mRNA and
reverse transcribed with SuperScript II reverse transcriptase (RT) (Gibco). The
cDNA was purified, tailed with dCTP, and subjected to PCR with a second
specific primer (GSP II), 3'-GGTGAACTGAAAACGGAGATG-3', located at
bp 273, and the abridged anchor primer 5'-GGCCACGCGTCGACTAGTACG
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GGIIGGGIIGGGIIG-3’ (Gibco). To map the 3’ end, cDNA was amplified with
the universal amplification primer and a gene-specific 5'-GTGTAGAGAAATA
CGCCT-3' primer (at bp 912) (Fig. 1B). Products were amplified for 35 cycles on
a Perkin Elmer 2400 thermocycler (Perkin Elmer, Foster City, Calif.), visualized
by electrophoresis on a 2% agarose gel, and subsequently cloned into the vector
Topo TA 2.1. The 3’ and 5’ ¢cDNA ends were determined by sequencing the
inserts with forward or reverse primers provided by the manufacturer on an ABI
Prism 310 analyzer (Perkin Elmer).

Southern and Northern blotting. For Southern blot analysis, wild-type and
recombinant viruses were digested with restriction enzyme Kpnl or HindIII and
run on a 0.8% polyacrylamide gel for 48 h. After overnight transfer of the DNA
to Biotrans nylon membranes (ICN Biomedicals, Irvine, Calif.), the membranes
were probed with an [a->?P]ATP-labeled nick-translated specific fragment, in-
cubated at 67°C overnight, and washed three times before being analyzed on an
Instant Imager (Packard, Meriden, Conn.).

Total RNA was harvested from RCMV-infected and uninfected REF cells
with Trizol isolation solvent (Gibco). For infection, a multiplicity of infection
(MOI) of 1.0 PFU of RCMYV per cell was used. After 1 h of adsorption, medium
was replenished, and the cultures were harvested at 24 h postinfection. To
monitor for immediate-early gene expression, cycloheximide (50 ug/ml) was
added to the medium 30 min prior to and at the time of infection of REF cells,
and the cultures were harvested at 1, 3, 4, and 6 h postinfection. In order to
distinguish between early and late viral genes, medium was supplemented with
phosphonoformic acid (PFA; 300 wg/ml) at the time of infection, and RNA was
extracted after 4, 8, 12, 16, 20, and 24 h. Total infected cellular RNA was
denatured in 3 volumes of 66% formamide-8% formaldehyde-0.6X MOPS
(morpholinepropanesulfonic acid) buffer (pH 7.0). Samples were heated for 15
min at 65°C and mixed with 2 volumes of cold 20X SSC (1Xx SSC is 0.15 M NaCl
plus 0.015 M sodium citrate). The RNA was run on a 1% agarose gel, transferred
to a nylon membrane, and probed with a 420-bp radiolabeled cDNA probe
spanning exons 3 to 5 of the lectin ORF. RNA and [a-*?P]JATP-labeled DNA
probes specific for RCMV immediate-early gene 1 (IE1), KpnR of RCMV, and
B-actin were hybridized overnight at 45°C. Membranes were then subjected to
three washes in a solution containing 5 mM sodium phosphate, 1 mM EDTA, and
0.2% sodium dodecyl sulfate (SDS) on an orbital shaker and finally exposed to
Kodak XARS film. RNA from mock-infected REF cells served as a negative control.

RNase protection and primer extension assays. RNase protection assays were
performed with total cellular infected RNA and control tRNA hybridized to
riboprobes labeled with [a-*>P]CTP at 58°C overnight. Unprotected RNA was
digested with RNases A and T, (Gibco) for 30 min at 30°C. Primer extension was
carried out with the 30-mer oligonucleotide 3-'-TTCCTCGTCGGCGGCTTGG
CGCGCTTCTGT-5" (bp 83 in Fig. 1B) that was end labeled with [y->*P]ATP
and T4 polynucleotide kinase for 1 h at 37°C. Ten micrograms of total RNA
extracted from REF cells after a 24-h infection period with RCMV was hybrid-
ized to 10* cpm of the labeled primer, as was RNA extracted from mock-infected
REF cells. Reverse transcription was performed at 45°C for 30 min by adding 30
U of Thermoscript RT (Gibco). Protected and extended products were run on a
6% polyacrylamide-7 M urea sequencing gel along with a separate sequence
reaction that was initiated by the corresponding primer to map the transcription
start site. Sequencing was done with Sequenase (United States Biochemical
Corp., Cleveland, Ohio) using KpnR of RCMV as a DNA template.

Immunoprecipitation and Western blot analysis. The ORF of the cDNA
library was restriction digested from the Topo TA vector and subcloned in frame
into the EcoRI and BamHI sites of the Flag CMV 5a vector (Sigma, St. Louis,
Mo.), with the Flag epitope at the carboxy end of the fusion protein. A total of
10° 293T cells were transiently transfected (one flask with an irrelevant plasmid
was used as a negative control), and cells were lysed with buffer containing 150
mM NaCl, 1% NP-40, 0.1% SDS, 50 mM Tris (pH 7.5), and 1 mM phenylmeth-
ylsulfonyl fluoride after 48 h. Following three freeze-thaw cycles, cell debris was
removed by centrifugation, and the protein mixture in the supernatant was
incubated with protein G-agarose that had been coupled to the Flag M2 mono-
clonal antibody (Sigma) overnight. After five washes, precipitates were resolved
by SDS-polyacrylamide gel electrophoresis (PAGE) using the Protean MS 3
system (Bio-Rad, Hercules, Calif.). Proteins were applied to polyvinylidene di-
fluoride (PVDF) membranes by semidry transfer at 15 V for 30 min. After
blocking in PBS containing 0.1% Tween and 5% bovine serum albumin for 1 h
and three subsequent washes, membranes were incubated with the M2 anti-Flag
primary antibody before being exposed to a secondary horseradish peroxidase-
conjugated anti-mouse immunoglobulin G (IgG) antibody. The membranes were
developed using enhanced chemiluminescence (Amersham) according to the
manufacturer’s instructions.

Protein purification and N-terminal sequencing. Transfected 293T cells were
lysed, and the fusion protein was enriched on a Flag M2 affinity matrix (Sigma).
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Eluted fractions containing the protein were pooled, dialyzed overnight against
PBS, and subjected to SDS-PAGE with subsequent blotting onto a PVDF mem-
brane. The N-terminal amino acid of the protein was identified by Edman degra-
dation (Medical College of Wisconsin Protein and Nucleic Acid Shared Facility).

One-step growth curves. REF cells were infected with RCMV'*~ and RCMV*
at MOIs of 10 and 0.1. Cells infected at a high MOI were harvested after 2, 12,
24, 36, 48, and 72 h, and those infected at a low MOI were harvested after 1, 2,
3, 4, and 6 days.

Nucleotide sequence accession number. The sequence of the KpnR fragment
of RCMV has been deposited in GenBank under accession number AF302184.

RESULTS

Identification of homology. The lectin-like gene of RCMV
spans approximately 2 kb of genomic DNA within the KpnR
fragment of RCMV (10) (Fig. 1A). The fragment was se-
quenced, and the results were aligned using DNA analysis
software (DNAStar, Madison, Wis.). ORFs were identified,
and a homology search was performed with the Blast program
(2). The sequence of the RCMYV lectin-like gene aligned sig-
nificantly with those of the CTLDs of the murine C-type lectin
DCLI1 (score 164, E value le-39) (Gorski et al., unpublished),
the human lectin-like transcript LLT1 (score, 125, E value, le-27)
(7), the early activation antigens in both human and mouse CD69
(scores, 96 and 93, E values, 8e-19 and Se-18, respectively) (20,
29, 37, 38, 46), the DAP12-associated lectin (3), the rat NKG2-
C and NKR-P1 proteins (5), and the human type II integral
membrane protein NKG2-A (21), all of which are NK cell re-
ceptor sequences with the exception of the murine DCL1 C-type
lectin, which is expressed on bone marrow-derived dendritic cells.
Similar indicative alignments were retrieved by restricting the
Blast database to viruses. Four poxviruses (1, 11, 17, 39) as well as
ASFV (34, 43), which all contain nonspliced CTLDs, showed
sequence homology to the RCMYV lectin. The highest score was
obtained with ORF 239 of fowlpox virus (score, 91, E value,
3e-18), followed by gene DIL of cowpox virus (score, 86, E value,
7e-17) as well as multiple isolates of ASFV. To a lesser extent,
homology was seen with the A40R protein of vaccinia virus and
M121R/M122R of myxoma virus. Homologous sequences were
aligned using the Clustal X program (Fig. 2). There are six con-
served cysteines in the C terminus that form the three disulfide
bonds characteristic of C-type lectins (41). In contrast to most
host genes, the RCMYV lectin lacked two conserved cysteines that
form one of these bonds. Similarly, all the viruses that contain a
CTLD except fowlpox virus are missing these two conserved cys-
teines (Fig. 2B).

5'-end mapping of the RCMYV lectin. We were unable to
identify a TATA box upstream of the cap site. Instead of a
TATA box, we identified a GATA sequence (Fig. 1B) as the
putative core promoter for the RCMV lectin. This assignment
was verified by three methods. First, a cDNA library was made
from 24-h-infected REF cells, and sequencing of cDNA iso-
lates revealed that the transcript was spliced from at least
five exons. The cDNA that was isolated was not full length,
as indicated by accompanying 5’ RACE experiments which
showed the same splicing junctions as the cDNA library iso-
lates but continued further 5’ sequence. Primer extension as
well as RNase protection assays (not shown) revealed a single
band at the C nucleotide of the mRNA (Fig. 3). This was also
the first base after the 5" RACE anchor primer. Therefore, a
GATA box situated 30 bp upstream of the start site represents
the putative promoter (Fig. 1).
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FIG. 2. Clustal X alignment of the RCMYV lectin-like gene and selected host C-type lectin-like sequences (A) and viruses containing a CTLD
(B). Sequences were aligned using a Gonnet 250 matrix. Conserved cysteines are marked with asterisks. The two cysteines which are not always
conserved are marked by two thick arrows. The RCMYV lectin contains two cysteines at the end of the protein which are marked by thin arrows.
(A) The RCMYV lectin most closely resembles the murine DCL1 gene, which was cloned from bone marrow-derived dendritic cells. Homology is
most notable in the CTLDs. (B) Strongest homology can be seen between the RCMYV lectin-like gene and ORF 239 of fowlpox virus. The two genes
from cowpox virus only span either the beginning (C2L) or the end (DI9L) of the CTLD. The isolate of ASFV shown here is Pretoriuskop/96/4.
Gene A40R of vaccinia virus displays restricted homology. The accession numbers for the sequences depicted are AAD22055 (DCL1), AAF22159
(LLT1), P37217 (mouse CD69), CAA80298 (human CD69), A35917 (rat NKR-P1), AAF44583 (ORF 239 of fowlpox virus), CAA72585 (DIL of
cowpox virus), CAA64081 (C2L of cowpox virus), AAC28421 (ASFV), and P21063 (protein A40 of vaccinia virus).

Exon boundaries of human CD69 and the RCMYV lectin are
similar. We chose to compare the RCMV lectin with the
human CD69 gene because of their high homology and their
splice structures. Both genes contain five exons separated by
four introns. The predicted protein of CD69 has a total of 199

amino acids, which is comparable to the RCMYV lectin, which
has a size of about 20 kDa in the deglycosylated state (see Fig.
5). The CD69 genomic DNA is about 15 kb in length (37),
compared to 2 kb in the RCMV homologue. Due to splicing,
the mRNA products are reduced to 1.7 kb (29) and 1.3 kb,
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FIG. 3. Primer extension analysis of the RCMV lectin-like gene.
The transcription start site is indicated by an arrow. The mRNA
sequence from 5’ to 3" is shown on the right. RNA from mock-infected
cells (lane m) did not hybridize to the labeled probe. The nucleotides
are indicated at the top.

respectively. In both genes, exons 3 through 5 code for the
CTLDs. In contrast to the RCMV lectin-like gene, introns 1
and 2 of the CD69 gene are very large (37). There are no
methionines in the ORF of the RCMYV lectin, and thus trans-
lation does not appear to be AUG initiated.

RCMYV lectin expression. The expression of the viral gene
coding for the lectin-like protein was determined by Northern
blot analysis. We assessed the stage at which expression of the
lectin-like gene occurs by isolating total cellular RNA at 4, 8§,

Mock 4 8 12

16 20 24
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12, 16, 20, and 24 h (with and without PFA) postinfection (Fig.
4). In the presence of cycloheximide, no transcription was
observed, as opposed to RNA hybridized to an RCMV IE
probe as a control at immediate-early time points (1 to 4 hours
postinfection) (data not shown). Northern blot analysis re-
vealed bands of the expected approximately 1.3-kb size (Fig.
4). Transcription was at low levels until 16 h postinfection,
when transcription increased markedly in the absence of PFA.
Therefore, the hybridization pattern characterizes the lectin-
like gene as delayed-early and late.

A 20-kDa protein initiated by alanine is expressed in trans-
fected 293T cells. Prediction of the putative protein revealed a
type II transmembrane protein with a C-terminal lectin-like
domain. To investigate the expression of the protein and de-
termine its size, we transiently transfected 293T cells with a
plasmid containing the Flag sequence fused to the 3" end of the
OREF. Transfected cells were subsequently lysed and subjected
to immunoprecipitation and SDS-PAGE analysis as well as
Western blotting. Since the putative protein contains five pos-
sible N-glycosylation sites, we transfected one flask of 293T
cells in the presence of tunicamycin to inhibit glycosylation.
We detected a 20-kDa band that corresponds to approximately
180 amino acids (Fig. 5). This band was recognized by the anti-
Flag M2 antibody that also revealed the glycosylated form at
approximately 33 kDa. Neither band was detected in 293T cells
transfected with an irrelevant plasmid serving as a negative
control. In addition, 293T cells transfected with the RCMV
lectin ORF-Flag plasmid stained positive when incubated with
a fluorescein isothiocyanate (FITC)-conjugated Flag antibody
(data not shown), whereas control-transfected cells did not.

Since the ORF does not contain a methionine, we opted for
N-terminal sequencing using Edman degradation to identify
the primary amino acid of the protein being expressed by
transfected cells. Fifteen residues were reproducibly obtained
and matched the expected amino acid sequence. At the N
terminus was an alanine corresponding to a start codon of
GCC at positions 494 to 496 (Fig. 1B).

Time (h)

‘ . - . - 1.3kb

E . - i L&"
FIG. 4. Expression of the RCMYV lectin. Total RNA extracts were harvested from infected cells at the indicated times and transferred to a
nitrocellulose membrane, with subsequent labeling with a radioactive probe. At delayed-early and late times, the RCMV lectin was expressed at

8 and 12 h but was dominant at 16, 20, and 24 h postinfection when PFA was omitted. A mock-infected control was negative. The blot was stripped
and reprobed with actin, indicating equal amounts of RNA in the samples.
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Lectin-like gene not essential for viral replication in vitro.
To determine whether the C-type lectin-like gene is essential
for replication, we infected REF cells at approximate MOIs of
10 (Fig. 6A) and 0.1 (Fig. 6B). The growth characteristics of
the viruses were similar at both MOls.

DISCUSSION

This is the first report of a C-type lectin-like gene in herpes-
viruses. The importance of this gene encoded by RCMV is
suggested by the finding of similar homologues in poxviruses
such as fowlpox (1), cowpox (39), vaccinia (17, 42), and myx-
oma (11) viruses as well as in various isolates of the iridovirus
ASFV (34). Many host genes encode similar lectin-like do-
mains that are expressed as cell surface receptors on lymphoid
cells and macrophages. These include the murine and human
activation antigen CDG69 (20, 29, 37, 38, 46), the rat NKR-P1
(16) and NKG2-C (5) proteins, the human type II integral
membrane protein NKG2-A (21), and multiple murine Ly49
receptors (45).

The gene is located at the left end of the RCMV genome
and spans approximately 2 kb of genomic DNA. The spliced
mRNA comprises five exons and codes for a 20-kDa protein
when not glycosylated in transfected 293T cells without the use
of an AUG codon. To ensure that the lack of an AUG start
codon did not occur as a result of a mutation in our laboratory
strain, we sequenced the corresponding DNA stretch in the
JON isolate that was isolated from a rat in Utah. This virus
bears high similarity to our English isolate (10). No sequence
differences between the viruses in this region were detected.
To further underscore that the English and Maastricht isolates
of RCMYV are diverse, it is noteworthy that no lectin-like gene
has been found in the latter (40).

The OREF that was cloned from the cDNA library and used
for transfection contains 194 amino acids, with a mass of ap-
proximately 22 kDa. Notably, a GCC-coded alanine was iden-
tified as the N-terminal amino acid of the protein expressed
after transfection of 293T cells. Although the AUG codon
initiates the vast majority of proteins in eukaryotic cells (26),
alternative start codons, including ACG, CUG, and AUC,
which initiate translation with nonmethionine amino acids,
have been reported (31). To our knowledge, this is the first
finding that GCC can serve as a start codon. Notably, the 5’
adjacent codon is CUG, which has previously been reported to
function as a start codon (13). Its location suggests that trans-
lation might start there and the encoded leucine might serve a
protective function prior to posttranslational removal. How-
ever, we have no evidence for this possibility, and our N-
terminal degradation sequences reproducibly indicated alanine
as the N-terminal residue.

Another unusual aspect of the RCMV lectin-like gene is that
there is a GATA box located 30 bp before the cap site of the
mRNA. Three different methods identified the same 5’ tran-
script end, stressing the probability that the GATA sequence is
the core promoter for this gene. GATA core promoters have
been described for the UL97 homologue in guinea pig CMV
(GenBank accession number U26058) and for the DNA poly-
merase gene of MCMV (15).

Unlike the lectin homologues in the irido- and poxviruses,
the RCMYV lectin-like gene is spliced. The presence of introns
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FIG. 5. Immunoprecipitation and Western blot of 293T cells trans-
fected with the Flag plasmid containing the ORF of the RCMYV lectin.
Cells were transfected in either the absence (lane 1) or presence of
tunicamycin (1 pg/ml) (lane 2) or transfected with an irrelevant plas-
mid (lane 3). After cell lysates were adsorbed with protein G-Seph-
arose coupled to the anti-Flag M2 antibody, an immunoblot was
performed with the same antibody, and bands were detected with a
secondary goat-anti mouse IgG peroxidase-labeled antibody. Sizes are
indicated in kilodaltons. In lane 1, a protein was detected with a size of
approximately 33 kDa, which was reduced to 20 kDa when glycosyla-
tion was inhibited (lane 2). The other two bands observed in all three
lanes represent the heavy and light chains of mouse IgG.

is uncommon in viral homologues of cellular genes. An exam-
ple of genetic material being acquired in the unspliced form
are the IL-10 homologues in rhesus CMV (28) and HCMV
(25), the MCMV chemokine MCK-2 (30, 36), and the UL33
(HCMV), M33 (MCMYV), and U12 (HHV6 and HHV7) G
protein-coupled receptor homologues (14, 18, 32).

The intron-exon organization in the RCMYV lectin and the
human CD69 gene prompted us to compare these two genes
more closely. The RCMYV lectin-like gene contains five exons
separated by four introns, as is the case with the prototypic
human CD69 gene. In both genes, the last three exons code for
the CTLD (37). CTLD exon lengths are similar except for exon
five in CD69, which has a longer 3’ untranslated region (38).
Because of the large size of the first two putative host gene
introns, totaling >10 kb, it is possible that the RCMV lectin-
like gene acquired the unspliced mRNA for exons 3 to 5, which
encode the lectin domain as a single transcript, and separately
acquired the transmembrane and cytoplasmic exons.

The manner by which viruses acquire cellular DNA or un-
processed RNA is unknown. A coinfecting retrovirus could
provide the acquiring virus with the reverse transcriptase nec-
essary for converting RNA to DNA, an event that has been
described for Marek’s disease virus (24). It is generally thought
that spliced RNA intermediates are involved in the incorpora-
tion of cellular gene homologues into the viral genome because
of the lack of cellular introns in these transcripts and the
limitations on viral genome size. Although we chose to com-
pare our homologue gene to CD69 because of their high ho-
mology and intron-exon structure, the host gene from which
RCMYV acquired the lectin homologue has not yet been iden-
tified.

The advantage to the virus of acquiring and maintaining the
spliced version of the lectin homologue cannot be known until
the functions of the RCMYV lectin are elucidated. A possible
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FIG. 6. Growth curves of RCMV* and RCM V"¢~ viruses. REF cells were infected with RCMV* and RCMV'**" virus at either a high MOI
of 10 (A) or a low MOI of 0.1 (B). Medium was harvested at different time points, and viruses were counted by plaque assay on REF cells.

reason to maintain splicing may be the need for splice sites for
regulatory events. For example, the RCMYV lectin contains a
splice site at the end of the transmembrane domain which
might be useful for producing species of the homologue for
secretion or other purposes.

Little is known about the functions of the lectin-like homo-

logues in poxviruses. The viral protein A40R in vaccinia virus
localizes to the plasma membrane of infected cells (42). An
A40R-deleted virus replicated as well as wild-type virus in vitro
and showed no alteration in virulence in vivo. It has been
hypothesized that the two myxoma virus C-type lectin homo-
logues inhibit cell-mediated cytotoxicity by functioning as con-
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stitutively active NK cell receptors when expressed on the cell
surface (11). Recently, evidence has been presented that the
host gene CD69 triggers NK-mediated cytolytic activity that
can be depressed by the CD94 inhibitory receptor (8).

Many of the host genes with lectin-like domains are ex-
pressed on NK cells and inhibit or activate cytolytic pathways
(27, 44). If the RCMYV lectin is involved in modulating NK cell
interaction with infected cells, it might be needed at an early
stage of infection. RCMV C-type lectin-like transcripts can be
detected as early as 4 h after infection but are expressed at
more substantial levels at late times. However, other viral
homologues involved in modulating the innate immune re-
sponse, such as the HCMV MHC class I homologue UL18 (12)
and MCMV MCK-2 (30, 36), are expressed at late times. In
addition, two HCMV genes involved in downregulating MHC
class I chains, US2 and US11, are expressed at early and late
times (22, 23). Thus, viral genes that participate in the evasion
of immune surveillance do not necessarily require expression
immediately after infection.

Since we did not observe different growth characteristics
between the lectin-disrupted recombinant RCMV and wild-
type RCMYV upon infection of REF cells, the lectin-like gene
does not appear to be essential for viral replication in vitro.
Studies are under way to determine the function of this gene
during in vivo infection.
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