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Two Marek's disease (MD) virus BamHI-L-specific cDNA clones were isolated from a cDNA library
constructed from poly(A)+ RNA fractions of an MD lymphoblastoid cell line, MDCC-CU41 (CU41). These
clones were mapped to the region corresponding to the BamHI-Q2 and -L regions. These clones hybridized with
2.5-, 0.8-, and 0.6-kb transcripts prepared from CU41. The transcriptional unit of the 0.6-kb transcript was
determined by RNase protection assays. An open reading frame encoding a 107-amino-acid polypeptide was
identified in the 0.6-kb transcript. Reverse transcriptase-PCR demonstrated the presence of this transcript in
both CU41 and a reticuloendotheliosis virus-transformed cell line latently infected with MD virus.

Marek's disease (MD) is a lymphoproliferative disease of
chickens caused by MD virus (MDV) (3). On the basis of its
lymphotropism, MDV is classified as a gammaherpesvirus (14),
yet the genome structure of MDV is similar to that of herpes
simplex virus, an alphaherpesvirus (6). The MDV genome
consists of two unique regions (US and UL) flanked by
inverted repeats (IRS, IRL, TRS, and TRL). Several MDV
homologs of herpes simplex virus genes have been identified
and mapped to the US and IRS regions (1, 2, 15, 16).

Presently, the process of transformation of T cells by MDV
is poorly understood. In lymphoblastoid cell lines established
from MD tumors, viral gene expression is very limited, whereas
many viral transcripts are found in lytically infected cells (21).
This observation suggests that MDV oncogenicity and latency
are closely related and that these few transcripts and their gene
products may be important for the initiation and/or mainte-
nance of latency and/or transformation by MDV. Recent
studies (18, 22) demonstrated that the regions actively tran-
scribed in tumor cell lines are the US and IRS regions, which
correspond to the BamHI H, 12, L, and A fragments according
to the restriction enzyme map of MDV (6).
Although the BamHI-L region is highly transcribed in

MDV-induced lymphoblastoid tumors and tumor cell lines,
detailed information characterizing these transcripts is lacking.
A cDNA library was prepared from poly(A)+ RNA isolated
from the MDV-transformed lymphoblastoid cell line MDCC-
CU41 (CU41), using RNAzol B (Biotecx Laboratories Inc.,
Houston, Tex.) followed by purification using the PolyA Tract
mRNA isolation system (Promega Corp., Madison, Wis.).
CU41 was selected because we had previously demonstrated
the presence of only six MDV-specific transcripts, including a
0.6-kb BamHI-L transcript, in this cell line (18). The cDNA
library was constructed by using the ZAP-cDNA synthesis kit
(Stratagene, La Jolla, Calif.).
An MDV-specific cDNA clone, Li, was obtained through

screening of the CU41 cDNA with gel-purified, 32P-labeled
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MDV (strain GA) BamHI L fragment (6), kindly provided by
M. Nonoyama, Tampa Bay Research Institute, Tampa, Fla. A
second clone, L2, was obtained by PCR amplification (7) of the
cDNA library, using the Li cDNA-specific primer (5'-CGT
AATGGATCCCGTCC-3'; primer 2) and the T7 promoter
primer (Promega Corp.) (Fig. 1). Southern blot analysis
showed that the Li cDNA clone hybridized with 1.0-kb BglII
and 1.2-kb HpaII subfragments of the BamHI L fragment,
whereas the L2 clone did not hybridize with any of these
fragments (data not shown). Alignment of these cDNA se-
quences with the sequence of BamHI-L or EcoRI-Q of the
MDV genome (8) revealed the exact locations of the cDNA
clones. The 3' end of the Li clone was localized at 221 bases to
the right of the left BamHI site of the BamHI L fragment. The
L2 clone was mapped to the region left of the BamHI L
fragment, which corresponds to the BamHI-Q2 region.
To characterize the transcripts coded for by the cDNA

clones, radiolabeled probes were prepared from the Li cDNA
clone and used for Northern (RNA) blot analysis. Two micro-
grams of poly(A)+ RNA fractions from CU41 cells and MDV
strain RBlB-infected chicken kidney cells (CKC) (19) were
used; the results are shown in Fig. 2. Three transcripts of 2.5,
0.8, and 0.6 kb were detected, which were more abundant in
the RNA sample of CU41 than in that of RB1B-infected CKC.
The Li probe did not hybridize with the RNA sample from
uninfected CKC. The probe prepared from the L2 cDNA
clone also hybridized with these three transcripts (data not
shown). Previous studies (18, 22) also demonstrated that the
BamHI-L-specific transcripts detected in tumor cell lines
(CU41 and MKT-1) were 0.6, 0.8, and 2.4 kb in sizes. In
addition, since the Li and L2 probes hybridized with all three
of these transcripts, they are transcribed, at least in part, from
the same region in which these cDNA clones were mapped.
These data suggest the existence of complex transcriptional
patterns from this region.
The sequences of the cDNA clones Li and L2 were deter-

mined by the dideoxy sequencing method of Sanger et al. (17),
using either the Sequenase version 2.0 sequencing kit (United
States Biochemical Corp., Cleveland, Ohio) or the Cyclist
Exo- Pfu DNA sequencing kit (Stratagene). In addition, a
genomic fragment, named Q2L1, ofBamHI-Q2 ofMDV strain
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FIG. 1. Schematic representation of the genomic structure of
MDV and locations of the BamHI-L-specific cDNA clones. (A)
Genomic structure of MDV with map positions of BamHI-12, -Q2, and
-L regions (6). UL, unique long region; US, unique short region; IRL,
long inverted repeat region; IRS, short inverted repeat region; TRL,
long terminal repeat region; TRS, short terminal repeat region. (B)
Restriction enzyme map of the BamHI-Q2 region and part of the
BamHI-L region and locations of BamHI-L-specific cDNA clones (Li
and L2). Locations of the Li and L2 cDNA clones, the Q2L1 PCR
product, and an ORF with 107 amino acids (aa) are shown as open
boxes. Locations of the 1.8-kb meq gene (8) and of the 1.0-kb BglII and
1.2-kb HpaII subfragments of the BamHI L fragment are shown as

broken lines. The location of the polyadenylation signal (A1TAAA) in
the Li clone is also shown.

RB1B was amplified by PCR using primers 1 (5'-CAACATA
AAGGAAAGGG-3') and 2 (5'-CGTAATGGATCCCGTCC-
3'), cloned into pBluescript (KS+), and sequenced. The prim-
ers for Q2L1 were designed from sequence data of the EcoRI
Q fragment (8) and the Li clone, respectively (Fig. 3). The
sequence data were analyzed with the Genetics Computer
Group software package (4). Sequence homology searches
were carried out by using FASTA (11). The nucleotide se-
quences of the three clones were aligned and are shown in Fig.
3. Analysis of the sequences resulted in identification of one
open reading frame (Li ORF) which can encode a predicted
polypeptide of 107 amino acids with a calculated molecular
weight of 12,385. The potential translation initiation site
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FIG. 2. Northern blot analysis to confirm the origins of the Li
cDNA clone. Poly(A)+ RNA isolated from either uninfected CKC
(lane 1), RBlB-infected CKC (lane 2), or CU41 (lane 3) was hybrid-
ized with a probe prepared from the Li cDNA clone. Sizes of
transcripts are shown in kilobases.

(ATG) of the ORF was located at positions 725 to 727. A
237-base 3' untranslated sequence was present in the cDNA,
and a potential poly(A) signal, ATTAAA, was present at
positions 1262 to 1267. This sequence has been shown to be
effective as a poly(A) signal for the US8 and US9 transcripts in
herpes simplex virus (13).
DNA sequence analysis of the upstream region of the Li

ORF resulted in identification of two potential TATA box-like
sequences: TATAATT at positions 444 to 450 and TA-
ATATATA at positions 665 to 673, from which the lengths of
the predicted transcripts, without poly(A) tails, are approxi-
mately 0.8 and 0.6 kb, respectively. Both of these TATA
elements are located downstream of the polyadenylation signal
(AATAAG; positions 402 to 407) for the 1.8-kb meq transcript
(8). Furthermore, some potential transcriptional regulatory
sequences were identified in the region adjacent to the Li
ORF. An Oct-1 binding motif (ATGCAAAT) (5) was found at
positions 648 to 655. In addition, three copies of similar
sequences, ATGCACAGA (positions 656 to 664 and 679 to
687) and ATGCACCGA (positions 679 to 687), were found
near the Oct-I motif. However, further studies will be neces-
sary to determine whether these sequences are indeed involved
in the regulation of Li transcription.
A comparison of the predicted amino acid sequence of the

Li ORF with known protein sequences deposited in GenBank
has not shown any significant homology. Some potential sites
for phosphorylation by protein kinase C (threonine residues at
positions 11 and 51), casein kinase II (a serine residue at
position 33), and tyrosine kinase (a tyrosine residue at position
32) (10) were found in this ORF.
RNase protection assays were carried out to obtain a

transcriptional map of the origin of the cDNA clones, using the
method of Melton et al. (9). Several subclones were obtained
by cloning restriction enzyme-digested cDNA and PCR prod-
ucts into pBluescript (KS+) (Fig. 4). With these subclones
used as templates, 32P-labeled antisense RNA probes were
synthesized with either T3 or T7 RNA polymerase and the
Riboprobe system (Promega Corp.). Each probe (3 x 105
cpm) was annealed to a total RNA sample (50 pLg) prepared
from either CU41, the reticuloendotheliosis virus-transformed
cell line RECC-CU197 (CU197) (20), RB1B-infected CKC, or
uninfected CKC for 18 h at 42°C and then digested with RNase
ONE (Promega). Protected fragments were resolved on 6%
polyacrylamide-8 M urea sequencing gels and detected by
autoradiography. Because of incomplete digestion by RNase
after hybridization, some undigested probes were present in
this experiment. However, it is clear that these four probes
specifically hybridized with RNAs from CU41 and RB1B-
infected CKC but not with those from uninfected CKC and
CU197. The 514-base SalI-Hinfl region (probes 2, 3, and 4),
which corresponds to the Li ORF and 3' noncoding region of
the Li cDNA, was fully protected when hybridized with the
RNA sample from either CU41 or RBiB-infected CKC. A
probe covering the full 0.6-kb fragment was not used, but we
do not believe that the observed protected fragments came
from different transcripts, because there have been only three
transcripts reported from this region (18, 22). Moreover, the
Li and L2 cDNA probes hybridized with these transcripts. In
addition to a fully protected 193-base fragment, smaller frag-
ments of two different sizes (115 and 42 bases) were detected
when probe 1, corresponding to the MscI-SalI fragment, was
hybridized with either of these RNAs. According to DNA
sequence data (Fig. 3), a TATA box-like sequence was local-
ized 55 bases upstream of the SalI site, and the predicted
length of an unspliced transcript from this TATA box is
approximately 600 bases; this agrees with the result of North-
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1 ATCGATTTACTGACATAAAAAAATCCTCTGGGGTAACAAATTTTCCTTACCGTGTAGCTTAGACTCGGAAGAACTATTTTGAGTTACATGGTCAGGGGAT

CLal

101 TTGTTGGCTCCAGGAGTTCCGAAGTATTAGATAAACTTAGCTATGTGGAAAACTTCTGGGGCMCATCCCTCGGCCCCAGACTGCTTAAATGGCAAATTC
201 TCGTTCTATACAGAACGGTTGGGGMGGGGGGGGGGGTATGGAGTATTATTCGGGATATGGCTTCTATGAAGCTGCGGTMGTTTTCCAGGCTCAAAAAC
301 TATGCCTGGCTGTTTTTTTTTTTTTTTTTTTTAGAAGGGATATGGACATCGCACATTMGGMTATTAAAGATMCAGGATGGACATTCGGATGTAAAAG

SspI

401 GAATAAGCGAAACCTTTAGCAGATGTGAGTTATGCAGTCTCGTATTTCGGTGGTGCTGATTAGGTTATCGTAGGAACACACGATTGATCTCTCAT
poLy(A) for meq

501 CCGCGTCCCAGCAATCAGGCCTATGTCCCTCTCCTGTGGCCAGCTCACTGGCTGTGCACTGTGCGATTCTAAGTGCTACAGTCGTGAGCAGATCAATGGA
MscI

601 TCGGGGCTCGCGCAACACTACTGTTTAAATATTCGTTTATGAATTATGCAATATGCACAGATAATATATACAGGGATGCACAGACATACTCCTATGC
TAATGARAT SspI Oct-1 TATA-box

(1) M S T L T N I Q A R T S R N I W K I P H R R D A Y A
701 ACCGATACACAGGCACATAGGCAGATGTCGACATTMCGMTATACAGGCACGGACCTCCAGGMCATATGGAAAATACCTCATCGCAGAGACGCTTATG

SaLI

(27) G V I C V K S L L D C N G Y P E T L F P F C L F T V R H Y Y I Y T
801 CAGGAGTAATCTGCGTTAAGTCGTTACTGGATTGTAACGGCTATCCGGAGACTCTCTTCCCCTTTTGCTTGTTCACTGTGCGGCATTATTACATTTACAC

primer #3 --> L2--->

(60) G N A A H E R A N G T R L V R H Y K N S L N S R D N L P M A S P L
901 CGGTMTGCTGCGCATGAAAGAGCGMCGGMCGAGGCTCGTACGACATTACMGAATAGTTTGMTTCTCGGGATMTCTCCCGATGGCCTCCCCCTTA

EcoRI I 1--->

(93) C F L Y D V A L F T R Q C H V Stop
1001 TGCTTTCTCTACGATGTGGCATTGTTTACGCGGCAGTGCCACGTGTGAGGGGACGATCGGGACGGGATCCATTACGTAAAATTTAGATCTTTTGTAGAAA

<-- primer #4 BamHI BgLII
<-- primer #2

1101 TTCATTCCCTTCCCCTTTTACTTTGTTTGATGTGTGCCACTGTTGTACCGATAGTGCCGCGCGTGAAAGAGTGACGGGAAGGGCTTACGTAAAGACT
1201 GTCGGTGCCGGTACGGGGGAAGCTGTAACGCATTTCGAGTCTTGATAAAGCAGAGCATGAAATTAAATCGTATCGCTCCTAAAAA

I----> 1.2-kb HpaII Hinfl poly(A)
FIG. 3. Nucleotide sequence of the BamHI-L-specific cDNA clone and its upstream genomic sequence. The upstream genomic sequence was

obtained from analysis of the 02L1 clone (PCR product). Alignment of these sequences is shown. The predicted amino acid sequence of the ORF
is shown by the single-letter code above the nucleotide sequence, with amino acid numbers in parentheses. The poly(A) signals for the 1.8-kb meq
transcript (8) and for the LI transcript(s) are underlined and indicated as "poly(A) for meq" and "poly(A)," respectively. Restriction enzyme sites
for ClaI, MscI, SspI, Sall, EcoRI, BamHI, and BglII are underlined and labeled as such. A Hinfl site used for subcloning of the Li cDNA clone
is also underlined. The start of the 1.2-kb HpaII subfragment is underlined and indicated. The vertical bars followed by "LI" and "L2" represent
the starts of these cDNA clones. The locations of potential promoter sequences are also underlined and indicated (TAATGARAT, Oct-1, and
TATA-box). The locations of primers (2, 3, and 4) used in RT-PCR are also shown.

ern blot analysis. The 42-base fragment was also detected when The initiation sites for the other two transcripts (2.5 and 0.8
the 100-base SspI-SalI fragment (Fig. 3) was used as a probe kb) remain to be established. On the basis of sequence data for
(data not shown). Therefore, we concluded that the 42-base the EcoRI Q fragment and the cDNA clones (Li and L2), the
protected fragment should correspond to the region immedi- poly(A) signal for the Li transcript was localized approxi-
ately upstream of the Sall site. We were not able to confirm mately 2.5 kb downstream of the potential transcriptional
which region corresponds to another protected fragment of initiation site for the meq transcripts (8). Therefore, taken
115 bases. Neither a splice acceptor site nor a potential TATA together with the result of RNase protection assays, this
box sequence was found around 115 bases upstream of the Sall finding suggests that the 2.5-kb transcript detected by the LI
site. and L2 probes could be a readthrough transcript from the meq
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FIG. 4. RNase protection assays of RNAs from RB1B-infected
CKC and CU41. (A) Each probe was hybridized with either tRNA
(lane 2) or RNA from uninfected CKC (lane 3), from CU197 (lane 4),
from RB1B-infected CKC (lane 5), or from CU41 (lane 6). Lane 1
represents each undigested probe. Sizes of the protected fragments are
indicated in bases. (B) Locations of four probes used in this experi-
ment. aa, amino acid.

transcriptional unit. In addition, the 115-base protected frag-
ment detected by probe 1 (Fig. 4) might correspond to the
region spanning 115 bases downstream of the MscI site, since
another potential poly(A) signal (ATTAAA) was found 85
bases downstream of the MscI site. In fact, a number of
different sizes of the meq transcripts were detected in the
previous study (8). Thus, there might be a relationship or

coordination in gene expression between the meq gene and the
origin of these BamHI-L-specific cDNA clones. If this is the
case, the 0.8-kb transcript might be generated by splicing so
that the 5' part of the 0.8-kb transcript would be derived from
the meq gene, although the possibility that a TATA box-like
sequence at positions 444 to 450 initiates transcription of this
0.8-kb messenger cannot be excluded. Both Northern blot
analysis and RNase protection assays showed that the amount
of the Li transcript was higher in CU41 than in lytically
infected CKC.

Reverse transcriptase (RT)-PCR was done to determine
whether the Li transcript is expressed in CU41 and in CU210,
a reticuloendotheliosis virus-transformed cell line latently in-
fected with MDV (12). RT-PCR was carried out by using the
GeneAmp RNA PCR kit (Perkin-Elmer Cetus, Norwalk,
Conn.) as instructed by the manufacturer. After treatment with
DNase (Promega), 1-,ug samples of total RNAs prepared from
CU41, CU197, and CU210 were reverse transcribed with
primer 2. Primers used for subsequent PCR amplification of

Ll mRNA
#2

cDNA ----------------------
__W
#3 #4

225 bp

272 bp

FIG. 5. RT-PCR of RNA prepared from CU210. Resultant PCR
products were resolved on the agarose gel and analyzed by ethidium
bromide staining (A) and Southern blot hybridization using the L2
cDNA clone as a probe (B). Lane 1 represents the PCR product
derived from total DNA of CU41, using the primers 3 and 4. Lanes 2
and 3 represent the RT-PCR products derived from CU197 and
CU210, respectively, using the same combination of primers. Lane 4
represents the result of PCR amplification of RNA prepared from
CU210 (no reverse transcription). The presence of RT in the experi-
mental reactions is indicated at the top. The sizes of PCR products are
shown in base pairs. (C) Locations of primers (2, 3, and 4) used in this
experiment and the predicted amplified fragments. aa, amino acid.

the cDNA were primers 3 (5'-AGTAATCTGCGTTAAG
TCGTTA-3') and 4 (5'-GTAAACAATGCCACATCGTA
GA-3'), which amplified a 225-bp fragment located within the
Li ORF from CU210 and CU41 but not from the control cell
line CU197 (Fig. 5). An additional 272-bp fragment was also
amplified in the same reaction. Since both the 225- and 272-bp
bands hybridized with the Li probe, it was concluded that the
272-bp fragment was generated as a result of the amplification
between primers 3 and 2. The latter was used for reverse
transcription and coexisted during the PCR (Fig. 5A). No
DNA was amplified from CU210 or CU41 RNA in the absence
of reverse transcriptase.
The functional importance of the Li transcripts and their

gene products, if any, remains unknown. The Li ORF has been
identified in the predicted Li transcripts. A comparison of the
predicted amino acid sequence with other known sequences in
GenBank did not yield any significant homology. Pratt et al.
(12) reported that a 0.6-kb BamHI-L-specific transcript is
expressed in a relatively large amount in CU210, a reticuloen-
dotheliosis virus-transformed cell line latently infected with
MDV. The RT-PCR data clearly showed that CU210 expresses
the origin of the Li and L2 cDNA clones. From the sizes of
these transcripts, it is logical that the 0.6-kb BamHI-L-specific
transcript expressed in CU210 should be identical to the 0.6-kb
Li transcript. This also suggests that the Li transcript might be
associated with MDV latency in tumor cells. This hypothesis is
further supported by the finding that the LI transcripts are
more abundant in CU41 than in lytically infected cells.
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Nucleotide sequence accession number. The nucleotide se-
quence data reported here have been assigned GenBank
accession number L19763.
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