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The herpesvirus saimiri strain C488 genome contains five genes for small nuclear RNAs, termed herpesvirus
saimiri URNAs (or HSURs). Using a cosmid-based approach, all HSURs were precisely deleted from the
genome. The mutant virus replicated at levels that were similar to those of wild-type viruses in OMK cells.
Although the HSURs are expressed in wild-type virus-transformed human T-cell lines, the deletion does not
affect viral transformation in cell culture.

The rhadinovirus prototype, herpesvirus saimiri strain A11
(2), contains seven genes for virus-encoded small nuclear
RNAs that have been termed herpesvirus saimiri URNAs (or
HSURs 1 to 7) (1, 16, 20, 25). The HSURs assemble into
ribonucleoprotein particles (17) and can interact with cellular
factors involved in mRNA destabilization (11, 12, 22). These
32- or 70-kDa proteins physiologically bind to AU-rich ele-
ments in the 39 untranslated regions of cellular mRNAs, which
leads to the rapid degradation of the respective mRNAs.
HSURs may also be involved in the regulation of cytokine
transcription in T cells, as cytokine mRNA levels for interleu-
kin-4 but not interleukin-2 were reduced in tumor cells (6). It
was conceived that the abundant HSURs bind and compete for
the cellular destabilization factors, thus increasing the half-life
of cellular mRNAs expressing growth factors or proto-onco-
genes. This led to the hypothesis that the viral URNAs might
have a relevant function in the transformation of T cells. The
herpesvirus saimiri strain subgroup C viruses, especially strain
C488, are distinguished by the ability to transform human T
cells to permanent antigen-independent growth (3). In the left
terminal region of the coding low G1C content DNA (L-
DNA), strain C488 contains five of the HSUR genes. Accord-
ing to their homology to strain A11 HSURs, they represent
HSURs 1, 2, 5, 4, and 7 (Fig. 1a). As in subgroup A strains, a
gene with strong homology to the family of dihydrofolate re-
ductases (DHFR) is located in the same region of the viral
genome (24). The herpesvirus saimiri transformation-associ-
ated protein StpC and a tyrosine kinase interacting protein
(Tip) (4) located at the very left end of the L-DNA have been
found to be essential for transformation (7).

Previous deletion analysis of herpesvirus saimiri strains
could not reveal the presumed transformation-associated func-
tion of the HSURs. There are published reports describing
deletions in strain A11 where all HSURs are deleted, but the
gene encoding the herpesvirus saimiri transforming protein of
strain A11 (StpA) was deleted as well. For a herpesvirus
saimiri subgroup C isolate that is less efficient in the sustained
transformation of human T cells, strain C484-77, it was re-
ported that HSURs 1 and 2 are not essential in short-term

replication assays with human T cells (19). In these experi-
ments, a C484 mutant (2RNA) with a deletion of HSURs 1
and 2 was still able to exert effects on the growth of human T
cells similar to those of wild-type C484. HSURs 1 and 4 had
been detected in those transient transformation assays with
herpesvirus saimiri strain C484, but the homologs of HSURs 2
and 3 were absent or at very low abundance (19). However,
these detected transcripts could also be ascribed to lytic viral
replication that may occur in the early infection of human T
cells. The authors (19) further showed that a large part of the
left end of the viral genome, including all HSURs and DHFR,
was dispensable for the viral replication of this strain. The
putative function of the HSURs in transformation could not be
addressed with this deletion virus (5RNA), as it had no trans-
forming phenotype due to the absence of the StpC and Tip
genes that are essential for T-cell transformation (7, 19). Thus,
it could not be decided if the HSURs contribute to T-cell
transformation by herpesvirus saimiri.

In this study, all HSURs and the interspersed DHFR were
precisely deleted from the strain C488 genome by a cosmid-
based approach. First, a 6.6-kb fragment from a partial
BamHI-NdeI digestion from the left terminal cosmid, 331, was
subcloned into pSL1180 (Pharmacia, Freiburg, Germany), and
then the HSUR genes were deleted by PCR with the indicated
oligonucleotide primers (D1, TACGTAGTAAACACGCAAA
TGCACAAG, and D2, GCTGACTTCTTTATAAGTTATGG
TG). After confirmatory sequencing, the fragment was rein-
serted into cosmid 331 via the BamHI and NdeI sites to
generate cosmid 331DHSUR (Fig. 1a). In the cosmid vector
pWE15, the cloned viral DNA fragments are flanked by adja-
cent NotI restriction sites. Herpesvirus saimiri strain C488 does
not contain NotI restriction sites. Recombinant virus
C488DHSUR was generated by the transfection of NotI-linear-
ized cosmids into permissive OMK cells (ATCC CRL1556)
and characterized by PCR. Each 50-ml reaction mixture con-
tained 2 ml of template DNA, 0.2 mM deoxynucleoside triphos-
phate, 10 mM of each primer, and 2.5 U of AmpliTaq-Gold in
13 AmpliTaq buffer (PE Biosystems, Weiterstadt, Germany);
the polymerase was activated at 96°C for 10 min, followed by
40 cycles of 96°C for 10 s, 58°C for 20 s, and 70°C for 45 s,
followed by a final extension step of 70°C for 1 min. For
template preparation, virus was pelleted from 1 ml of a tissue
culture supernatant of lytically infected OMK cells and lysed in
100 ml of PCR buffer containing 100 mg of proteinase K per ml
for 1 h at 56°C followed by 15 min at 96°C; alternatively, 0.5
million transformed human T cells were lysed in 200 ml of the
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FIG. 1. (a) Construction of the mutant virus C488DHSUR from overlapping
cosmids. The HSUR genes were precisely deleted from a subcloned fragment by
PCR mutagenesis with the indicated oligonucleotide primers. The fragment was
reinserted to generate cosmid 331DHSUR. StpC, herpesvirus saimiri subgroup C
transforming protein; Tip, tyrosine kinase interacting protein; HSURs are num-
bered H1, H2, H4, H5, and H7, according to the most homologous HSURs of
herpesvirus saimiri A11; vFGARAT, herpesvirus saimiri open reading frame 3
with homology to formylglycineamide-ribonucleotidyl-aminotransferase; D1 and
D2, oligonucleotides for the PCR-based deletion of HSURs; H1, H2, H5, H4,
and H7, oligonucleotides used for primer extension analysis (results shown in
panel c); T1, T2, H4, and D3, oligonucleotides used for PCR (the results shown
in panel b); 331, 331DHSUR, 261, 290, 336, and 40, overlapping subgenomic
cosmid clones used to generate recombinant virus. (b) Recombinant virus was
generated by transfection of NotI-linearized cosmids into permissive OMK cells.
PCR TR with oligonucleotides T1 and T2 was specific for the StpC-Tip trans-
formation-associated genomic region; the PCR TR product size was 685 bp;
PCRD with oligonucleotides H4 and D3 was specific for the deleted HSUR-
DHFR region; PCRD product size, 335 bp. Lanes: 1 and 2, C488- and
C488DHSUR-transformed T-cell lines from one donor, respectively; 3 and 4, as
in lanes 1 and 2, from a second donor. D H2O and TR H2O show negative control
reactions without template for PCRD and PCR TR, respectively. (c) Primer
extension analysis with 10 mg of total RNA from C488 (W)- and C488DHSUR
(D)-transformed human CBL (as in panel b, lanes 1 and 2). A 1.2-kb kanamycin
mRNA control (K) and suitable control primer (C) supplied with the kit show
the expected product of 82 bp. (d) Flow cytometry analysis of transformed
human T cells after 4 months of continuous culture. The following antibodies
(Becton Dickinson) were used on 300,000 transformed cells/assay: aCD3 (Leu-
4), aTCR-ab-1, aCD4 (Leu-3a), aCD8 (Leu-2a), and aHLA-DR. A typical pair
of C488-and C488DHSUR-transformed T-cell lines from the same donor are shown.

10552



FIG. 1—Continued.
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same buffer. Primer pairs were specific for the StpC-Tip trans-
formation-associated genomic region (for PCR TR: the prim-
ers were T1, GTAGTAAACTAAGAGCAAAGCAAGC, and
T2, GTACAAGCTGTTCAAGTTTGTTAGC; product size,
685 bp) and the deleted HSUR-DHFR region (for PCRD, the
primers were H4, TGGTTTGGGCTACCCCAGAG, and D3,
GCAATGTCTTACAATTCTACCAGC; product size, 335 bp)
(Fig. 1b). The replication kinetics of recombinant virus
C488DHSUR were compared to those of wild-type strain
C488. Confluent OMK cells were infected in a 25-cm2 flask
(105 cells) with 104 PFU of virus at day 0. Until lysis was
complete, infectious particles in the supernatant were titrated
on subsequent days by limiting dilution on OMK cells in 48-
well plates. Both the wild-type strain C488 and the mutant
virus C488DHSUR replicated with similar kinetics to an end-
point titer of 106 infectious particles per ml in OMK cells.
Transformation assays in vitro showed that the mutant virus
C488DHSUR transformed human umbilical cord blood lym-
phocytes (CBL) to permanently growing T cell-lines as effi-
ciently as did the wild-type strain C488. For the transformation
assays, 3 3 106 to 5 3 106 cells were infected with 1 ml of
virus-containing supernatant from completely lysed OMK cells
(equivalent to 106 infectious particles). Eight of eight attempts,
each with cells from different donors, were successful with both
C488 and C488DHSUR. None of the uninfected controls
yielded a transformed T-cell line.

The expression of viral genes in herpesvirus saimiri-trans-
formed human cells is highly restricted. The bicistronic mRNA
carrying the StpC and Tip genes which are essential for viral
transformation and the mRNA needed for a putative viral
superantigen have been detected in strain C488-transformed
human T cells (10, 15). In contrast, transcription of various
viral genes is detectable from transformed marmoset or rabbit
cell lines, where limited viral replication occurs. Primer exten-
sion analysis was performed on total RNA from C488- and
C488DHSUR-transformed human CBL with the Primer Ex-
tension System with avian mycloblastosis virus reverse tran-
scriptase (Promega) and the oligonucleotide primers H1 (GG
TTACTTTATATTTACACCC), H2 (TATATACACCCAGT
GCTTTC), H5 (TAGCTGTTATTGAGCAACAC), H4 (TG
GTTTGGGCTACCCCAGAG), and H7 (CCTAAATTTGCC
TAAGTACC). Briefly, 10 pM primers and 0.25 mg of a size
marker were labeled with T4 polynucleotide kinase and
[g-32P]ATP. Primer extension was performed with 100 fM la-
beled primer and 20 mg of template RNA. Extension products
were separated on a denaturing 8% polyacrylamide gel con-
taining 6 M urea. Gels were dried on filter paper, exposed to
phosphorimaging screens, and scanned with a BAS2000 reader
(Fuji). A 1.2-kb kanamycin mRNA control and a suitable
primer supplied with the kit showed the expected product of 82
bp. The primer extension analysis showed that significant levels
of HSURs 1, 2, 4, and 7 are detectable from human T cells
permanently transformed with strain C488 (Fig. 1c), whereas
HSUR 5 transcripts were not detectable. This is in agreement
with the hypothesis that HSUR 5 is usually not expressed, as it
lacks the proper promoter sequences. HSUR transcripts were
not detectable from the C488DHSUR-transformed cells (Fig.
1c). This shows that although HSURs are expressed in trans-
formed human T-cell lines, the deletion does not affect viral
transformation. The C488DHSUR- and C488-transformed
pairs of T-cell lines were further compared by flow cytometry
analysis. Surface marker analysis showed no significant differ-
ences. The phenotype was similar to those of mature activated
T cells, with similar expression levels of CD3, TCRab, CD4 or
CD8, and CD25 and a strong expression level of major histo-
compatibility complex class II (Fig. 1d).

These results are not compatible with the previous assump-
tion that HSURs may act as cofactors for lymphocyte trans-
formation. Although expressed in C488 wild-type virus-trans-
formed human T cells, the absence of all HSURs in the
deletion virus did not result in any significant loss of transform-
ing capacity. No phenotypical differences were apparent be-
tween human T cells transformed by the C488 wild-type virus
and those transformed by the C488DHSUR mutant virus.
Small RNAs are also carried by other gammaherpesviruses,
namely the Epstein-Barr virus (EBV)-encoded small RNAs
(EBERs) (e.g., EBV and human herpesvirus 4) (18) and the
related herpesvirus papio (13), and the viral tRNAs of murine
herpesvirus 68 (MHV-68) (5). Although they have been shown
to interact with cellular ribonucleoproteins and are useful for
the detection of latent infection, no specific function has been
assigned to the EBERs. The MHV-68 tRNAs are not a sub-
strate of aminoacyl tRNA synthases (5) and are dispensable for
viral replication and infection (23). In conclusion, a biological
function remains to be assigned for the HSURs, as it does for
the EBV-encoded EBERs and MHV-68-encoded tRNAs. It
may be speculated that HUSRs can induce some modulation
of transcription or translation in infected cells. The ubiqui-
tously expressed HuR protein was shown to be a 32-kDa nu-
clear shuttle protein with homology to the Drosophila ELAV
protein. It is important in the nucleocytoplasmatic transport of
AU-rich elements containing mRNAs that carry a subset of
early response genes (8, 9, 14, 21). The presumed interaction of
HSURs and HuR may change the subcellular distribution of
HuR and could result in an altered translation or degradation
of mRNAs encoding proto-oncoproteins or cytokines. Changes
in early-response protein expression may be favorable for the
establishment of a persistent viral infection in the natural host.
Thus, the HSURs are not required for in vitro transformation
of T cells or presumably for oncogenesis but may be relevant in
the persistently infected animal host.
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