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IDENTIFICATION AND STRUCTURAL ANALYSIS OF A MDV GENE 
ENCODING A PROTEIN KINASE 

S.M. REDDY, D. SUI, P. WU, L. LEE 

Avian Disease and Oncology Laboratory, USDA-ARS, 3606 East Mount Hope Road, East Lansing, MI 48823, USA 

Summary. - DNA sequence analysis of the Bamlil-C fragment of Marek's Disease Virus (MDV) reveals 
the presence of  a 513 amino acid open reading frame (ORF). This ORF codes for a protein with an estimated 
Mr of58,901. Comparison of  the amino acid sequence with those available in the Swiss-Prot database indicates 
extensive homology with a protein kinase (PK) of herpes simplex virus (HSV) and varicella-zoster virus 
(VZV). In Northern blot hybridization, a transcript of 2.0 kb was detected in MDV (GA strain) infected duck 
embryo fibroblasts (DEFs). A portion of the ORF was expressed in Escherichia coli as a WpE-fusion protein 
and used to generate antiserum in New Zealand rabbits. This antiserum specifically detected a protein of 
60 kDa in MDV serotype 1, 2 and 3 infected DEFs or chicken embryo fibroblasts (CEFs) by Western blot 
analysis. This ORF codes for a functional PK. 
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Introduction 

MDV is a highly  cell-associated avian herpesvirus. In 
chickens, MDV is the etiological agent o f  Marek's disease 
(MD), a malignant T-cell lymphoma (Calnek and Witter, 
1991). MD has been  largely controlled b y  vaccines that 
consisted o f  either l ive  attenuated or naturally avirulent 
viruses (Witter, 1988). Knowledge  o f  MDV genome struc­
ture and function is crucial to the understanding o f  viral 
oncogenicity and vaccine improvements. However, molec­
ular analysis o f  MDV has lagged behind other herpesvi­
ruses because o f  the strong cell-associated nature o f  the 
virus. Some o f  the important glycoproteins o f  MDV with 
homology to HSV such as gB, gC, gD, g l ,  gH and gL have 
been identified (Ross et al., 1989; Coussens and Velicer, 
1988; Ross  et al., 1991; Scott et al., 1993; Yoshida et al., 

1994). O f  these glycoproteins, the gB, was shown to in­
duce good protective immune response against M D  (Naz-
erian et al., 1992). Although recent progress in molecular 
biology o f  the virus has provided some knowledge o n  the 
structure and functions o f  the viral genome, very little is 
known on the enzyme systems involved in MDV replica­
tion and regulation. 

PKs are involved in a wide variety o f  functions in eu-
karyotic cells including cellular metabolism, cell cycle con­

trol, hormonal responses and the control o f  transcription 
and translation (Hanks et al., 1988). The study o f  struc­
ture and function o f  viral PK is essential for understand­
ing o f  the viral D N A  replication mechanism. PKs contain 
several highly conserved motifs within the consensus se­
quence o f  the 240  amino acid catalytic domain (Hanks et 
al., 1988). 

Recent sequence data o n  herpesviruses confirm the 
presence o f  a UL13 counterpart in the a - ,  [5- and /-her­
pesviruses and U S  3 counterpart only in the oc-herpesvi-
ruses (McGeoch and Davison, 1986; Chee  et al., 1989; 
Smith and Smith, 1989; van Zijl et al., 1990; Zhang et 

al., 1990; deWind etal., 1992; Colle  etal., 1992; Telford 
et al., 1992;Nageshae /a / . ,  1993; Albrecht et al., 1992). 
MDV U S 3  gene was recently identified as potentially 
encoding a P K b y  Ross  et al. (1991),  and was fount to be 
dispensable for virus growth in cell  culture (Sakaguchi 
etal., 1993). 

In this study, w e  report the identification and sequence 
analysis o f  MDV homologue o f  HSV-1 UL13 gene. The 
MDV UL13 gene consists o f  a 1539 bp ORF capable o f  
encoding a 513 aa protein with an estimated M r of  58,901. 
Transcriptional analysis indicated that the MDV UL13 mes­
sage is 2.0 kb. In addition, PK assay indicated that the MDV 
UL13 gene product has functional PK activity. 
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Materials and Methods 

Cells and viruses. GA strain of MDV-1 was propagated in DEFs 
and MDV strains Rispens (serotype 1), SB-1 (serotype 2) and HVT 
(serotype 3) were propagated in CEFs. Both DEFs and CEFs were 
grown in Leibovitz-McCoy's medium (GIBCO Laboratories) sup­
plemented with 4% calf serum at 37°C (Eidson et al., 1968; Solo­
mon, 1975). 

DNA sequencing and computer analysis. A 4.8 kbp Kpnl 
fragment from the Bamldl-C fragment of MDV-GA DNA in 
p AC Y C184 vector (Fukuchi et al., 1984) was cloned into the Kpnl 
site of pUC18. The sequencing strategy employed a combination 
of sequential deletions, using exonuclease III and mung bean nuc­
lease (Henikofľ, 1984). Both strands of the Kpnl fragment were 
sequenced by the dideoxynucleotide chain termination method 
using [35S]dATP (NEN) and the TAQuence version 2.0 DNA se­
quencing kit (United States Biochemical Corp.) as suggested by 
the manufacturer. The complete sequence was determined by ana­
lysis of overlapping clones. Potential ORFs, homology with other 
sequences available in databases, and pairwise percentage identi­
ties and similarities were examined using the MAP, BLAST and 
GAP programs, respectively, of the University of Wisconsin Ge­
netics Computer Group package (Devereux et al., 1984). Sequen­
ce alignment of UL13 of MDV and other two herpesviruses was 
done by the clustal method using the Megalign program of the 
DNAstar package. 

Northern blot hybridization. Total cellular RNA from mock-
and MDV GA-infected DEFs was isolated at 48 hrs post infection 
as described previously (Sambrook etal., 1989). Total RNA (20 ng) 
was loaded onto 1.2% agarose gels containing 6% formaldehyde 
and electrophoretically separated and transferred onto a Hybond-
N membrane. Northern blot hybridization was performed using 
standard procedures (Sambrook et al., 1989). A 951 bp DNA pro­
be from a Hindlll-Sphl fragment of the 4.8 kbp Kpnl fragment 
was radiolabeled with [a-32P]dCTP using a random priming met­
hod (Prime-It, Stratagene). Blots were denatured in 0.05 mol/1 
NaOH for 15 mins and neutralized in 6 x SSC solution for 
45 mins. After baking the blots for 2 hrs at 80°C, they were pre-
hybridized in standard prehybridization solution containing 50% 
formamide at 42°C. The blots were than hybridized with the probe 
overnight at 42°C and analyzed by autoradiography. 

Cloning, expression, and preparation of antiserum against 
trpE-PKfusion pmtein. The pATH vector, which encodes the trpE 
gene transcribed by the inducible trp promoter (Koerner et al., 
1991), was used to express the MDV UL13 gene in E. coli. The 
entire ORF of MDV UL13 was PCR-amplified. To generate pATH 
MDV UL13 PK, the entire ORF (1,543 bp) of MDV UL13 was 
cloned into pATHl 1. The frpE-UL13 fusion protein was produ­
ced as described previously (Koerner et al., 1991) and was partial­
ly purified by incubating the expressing bacteria at 65°C in the 
presence of 1 % SDS. Bacterial lysates were centrifuged for 15 mins 
at 3000 x g, and the resulting pellet containing the fusion protein 
was dissolved in 2% SDS and used for immunizations. Two hun­
dred fig of the řr/?E-UL13 fusion protein was emulsified in com­
plete Friend's adjuvant (GIBCO) and injected into one New Zea­
land white rabbit. Four and 8 weeks post inoculation, the rabbit 
was given booster injections [200 |xg of the antigen emulsified in 

incomplete Freund's adjuvant (GIBCO)]. The rabbit was bled 10 
days after the second booster injection, and the serum was used 
for immunoprecipitation and Western blot analysis. 

SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Mock-
and MDV-infected DEF and CEF cell lysates were prepared with 
triple-detergent lysis buffer (Sambrook et al., 1989). Lysates were 
separated by SDS-PAGE (10% gel) and transferred to a nitrocel­
lulose membrane (NC) (Sleicher & Schuel). The membranes were 
blocked using 5% dry non-fat milk. Rabbit antiserum against the 
frpE-UL13 fusion protein was used at a 1:100 dilution and do­
nkey anti-rabbit IgG conjugated with horseradish peroxidase was 
used as a secondary antibody. The positive polypeptides on mem­
branes were detected with chemiluminescence substrate (Amer-
sham Lifescience, UK). 

PK assay. Mock- and MDV-infected cell lysates were pre-cle-
ared with 15 jxl of rabbit pre-immune serum for 45 min and then 
with protein-A Sepharose beads for another 45 mins. The pre-
cleared lysates were then immunoprecipitated with the rabbit anti­
serum against the fry>E-UL13 fusion protein. The immune com­
plexes were captured using protein A-conjugated-Sepharose be­
ads and washed three times with lysis buffer and twice with kinase 
buffer (50 (xmol/1 Tris-HCl pH 8.0,50 mmol/1 MgCl2,0.1 % NP40 
and 1 mmol/1 DTT). The PK activity assay was performed by in­
cubating the immune complexes with 50 jul of PK buffer supple­
mented with 15 jxCi of [y-32P] ATP at 37"C for 40 mins. The be­
ads were washed three times in lysis buffer and spotted onto What­
man 3M filter discs. The filter discs were washed twice for 10 min 
in 10% (w/v) trichloroacetic acid (TCA), three times in 5% TCA, 
and twice in absolute ethanol, and then dried. Incorporation of 
radioactivity was measured in a liquid scintillation counter. 

Results 

DNA sequence analysis of MDV PK gene 

A 4.8 kbp Kpnl fragment from MDV-GA Bam\\i-C frag­
ment (15 kbp) was sequenced. An overall map of the corre­
sponding genomic region is shown in Fig. 1. Computer-aided 
analysis identified three ORFs homologous to HSV-1. These 
ORFs were homologous to HSV-1 UL12, UL13, and UL14. 
The MDV UL13 gene was found to be 1869 bp in length. The 
sequences upstream and downstream of the (UL13) PK gene 
were analyzed for the putative transcriptional control elements. 
A consensus „TATA" box, characteristic of many eukaryotic 
and herpesviral promoters (Breathnach and Chambon, 1981; 
Cordon et al., 1980; Wagner, 1985), was found - 6 9  to - 6 5  nt 
from the proposed initiation codon (data not shown). A pro­
moter motif (CAATTAG) related to transcription control was 
located upstream from the ATG codon at position o f -134  to 
-129, and exhibits similarity to the „CAT" box consensus se­
quence. Two polyadenylation signal sequences, „AAATATT" 
and, AAATTATA" lie downstream from the ORF, at position 
of 1934 to 1940 and 1944 to 1951 (data not shown) (Breathnach 
and Chambon, 1981; Cordon etal., 1980; Wagner, 1985). The 
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Fig. 1 
Location of  the UL13 (PK) homologuc gene in the MDV genome 

The upper part of the figure gives schematic representation of the MDV genome. TRL, long terminal repeat; UL, unique long region; IRL, long 
terminal repeat; IRS, long internal repeat; US, unique short region. The lower part defines the BamHI restriction map (Fukuchi et al, 1985). Arrows 
delineate the locations of the three ORFs and their transcriptional directions. 

1539-bp ORF is capable o f  coding for a 513 aa polypeptide 
with an estimated o f  M r o f  58,901. 

Sequence analysis of MDV UL13 PK 

In order to study the structural relationship o f  a-herpes-
virus PKs, the predicted coding regions o f  PKs o f  MDV, 
HSV-1 (Knopf, 1986) and V Z V  (Davison, 1986) were com­
pared by the clustal method. The size o f  MDV PK was 513 
aa compared to 518 aa in HSV-1 and 510 aa in VZV. There 
was 31% identity and 41% similarity between U L  13 homo-
logues o f  MDV, HSV-1 and VZV (Table 1). Phylogenetic 
analysis o f  PKs o f  a - ,  p- and ^-herpesviruses using Clustal 
method is shown in Fig. 3. 

The P K  catalytic domains contain several motifs ,  
which form a distinguishing pattern (Hanks et al., 1988). 
These domains are also conserved in  MDV PK (Fig. 2). 
The consensus motif number I is highly conserved and 
in addition to PKs is also found in nucleotide binding 
proteins (Wierenga and Hoi, 1983). Regions II and VIII, 
which correspond to the catalytic domains, are also con­
served in  MDV UL13 PK. Similarly, all other motifs are 
highly conserved when compared to other known pro­
tein kinases, suggesting that MDV UL13 gene codes for 
a serine/threonine PK. 

Transcription analysis of MDV PK gene in infected cells 

Northern blot hybridization was performed in order to 
detect the transcript o f  MDV UL13 PK in MDV-infected 
cells. The estimated size o f  the MDV-UL13 PK transcript 

Table 1. Identities/similarities among UL13 PK homologues of 
a-herpesviruses 

MDV EHV v z v  

EHV 37/46 

VZV 31/41 38/46 

HSV 31/42 33/42 32/41 

Per cent values. 

(from TATA promoter to the poly-A signal) was 1869 nt. 
A s  shown in Fig. 4 ,  lane 2, a single transcript about 2.0 kb 
was detected. This transcript, therefore, corresponds to the 
MDV UL13 PK gene mRNA. 

Identification of the PK in infected cells 

The three serotypes o f  MDV were analyzed for ex­
pression o f  UL13 PK. Western blot analysis o f  cells in­
fected with all three MDV serotypes using rabbit anti-
trpE-UL13 fusion protein polyclonal serum specifically 
detected a 6 0  kDa protein. The Mr o f  the detected pro­
tein is in  agreement with the calculated value. In order to 
determine i f  MDV UL13 has PK activity, cold lysates o f  
mock- and MDV-infected DEF cells were subjected to 
PK assay. PK activity o f  the different samples was meas­
ured by  monitoring incorporation o f  [y-32P] ATP into TCA-
precipitable material. Immunoprecipitation o f  mock-in-
fected cells gave 2,400 cpm compared to 26,300 cpm for 
GA-infected cells indicating that MDV UL13 gene prod­
uct presents PK activity. 
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Fig. 2 
Comparison of amino acid sequences of PKs a-herpesviruses 

UL13 homologues of MDV HSV-1 and VZV were compared using Megalign program of DNAs tar (identical aa are shaded). Conserved motifs are boxed. 

D i s c u s s i o n  

HSV-1 c o d e s  f o r  t h r e e  P K s :  U S 3 ,  U L 1 3 ,  a n d  r i b o n u ­

c l e o t i d e  reductase  (Purves  e r a / . ,  198 ;Parad i s  etal., 1991;  

S m i t h  a n d  Smith ,  1 9 8 9 ) .  T h e  t w o  major  H S V  P K s ,  U L 1 3  

and  U S 3 ,  h a v e  b e e n  s h o w n  t o  b e  non-essent ia l  f o r  v i rus  

repl icat ion  in vitro (Coul ter  et al., 1 9 9 3 ;  P u r v e s  et al., 

1987) .  I n  MDV,  the  U S 3  h o m o l o g u e  h a s  a l s o  b e e n  report-
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Fig. 3 
Phylogenetic t r ee  based  on t he  P K  sequence al ignments  

The  tree was constructed from alignments o f  15 herpesvirus PK sequences using the clustal method of Megalign program (DNAstar). 

Fig. 5 
Western blot analysis 

DEF cells were infected with MDV-GA and CEF cells with MDV-Rispen, 

HVT, and MDV-SB-1, harvested 48 hrs post infection and lysed. The lysates 

were separated by SDS-PAGE (10% gel) and subjected to Western blot 

analysis using rabbit anti-trpE-MDV UL13 fusion protein serum. MDV-GA 

(lane 1), MDV-Rispen (lane 2), HVT (lane 3), MDV-SB-1 (lane 4), and 

uninfected CEFs (lane 5). The arrow indicates the UL13-specific band. 

HSV-1 indicated  that  t he  U L 1 3  transcript  is  c o d e d  b y  a 

f ami ly  o f  over lapping  transcripts  (Cos ta  et al., 1983) a n d  

- * - 2 . 0  

Fig. 4 
N o r t h e r n  blot analysis 

Total RNA from MDV- (GA strain) and mock-infected DEF cells was 

isolated at 48  hrs post infection, electrophoresed (20 (J.g) and blotted. 

The blot was hybridized with a MDV UL13-specific probe. The  size o f  

the mRNA was calculated according to the RNA size standard. Lane 1: 

mock-infected DEF cells; lane 2: MDV-infected DEF cells. 

e d  a n d  w a s  shown  t o  b e  non-essent ial  f o r  v i ru s  repl icat ion 

(Sakaguch i  et al., 1993),  however,  U L 1 3  h o m o l o g u e  h a s  

no t  ye t  b e e n  ident i f ied .  I n  the  p resen t  study, w e  have  iden­

t i f i ed  a n d  character ized the  g e n e  f o r  a P K  o f  t h e  G A  strain 

o f  MDV. T h e  gene  is  located i n  t h e  BamHl-C f r a g m e n t  o f  

t h e  M D V  g e n o m e  U L  region,  a n d  h a s  s ign i f ican t  h o m o l o ­

g y  t o  HSV-1  U L 1 3  P K .  Sequence  analysis  o f  t h e  M D V  

U L 1 3  P K  indicates  tha t  t h e  gene  conta ins  1539 b p  encod­

i n g  a polypept ide  o f  5 1 3  aa.  Transcr ipt ional  analysis  o f  
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w a s  found  to b e  3.9 k b  i n  size. However, the MDV UL13 
m R N A  w a s  shown to b e  2.0 k b  in size. This size o f  m R N A  
is potentially capable o f  encoding the entire PK polypep­
tide assuming no splicing occurs. 

UL13 protein o f  MDV consists o f  513 aa compared to 
518 aa in HSV-1 and o f  510 aa in VZV The amino acid 
homology between MDV and EHV-1 PKs was 37%, but 
was only 31% when compared to VZV or HSV-1. This data 
indicate that EHV-1 PK is more closely related to MDV PK 
than VZV or HSV-1 PKs. The ORFs o f  several PK genes 
have been sequenced and analyzed for their amino acid se­
quence patterns. Hanks et al. (1988) have reported several 
conserved domains in the catalytic domains o f  PKs. Con­
served motif VI suggests that MDV UL13 PK is probably a 
serine/threonine PK, whereas motifs I and VII are thought 
to be involved in ATP binding. Motifs II and VIII are in­
volved in catalytic reaction. MDV PK also shows extensive 
amino acid homology with the other herpesviruses PKs. 
Phylogenetic analysis o f  the deduced amino acid sequences 
from herpesvirus PKs suggests that evolutionarily, a-her-
pesvirus are more closely related to y- than P-herpesvirus-
es. 

Western blot analysis showed that the UL13 PK has an 
apparent size o f  6 0  kDa in agreement with the calculated 
M r of  58,901. It was shown that PK is expressed in infected 
cells by all three MDV serotypes. 

Like its a-herpesvirus homologues, MDV UL13 possess­
es PK activity. In the presence o f  [ f 2 P ]  ATP, w e  observed 
that MDV UL13 is able to phosphorylate polypeptides. This 
data suggests that MDV UL13 codes for a functional PK. In 
HSV, it is known that U L  13 is responsible for phosphoryla­
tion of  viral and cellular proteins (Ng  et al, 1998; Kawaguchi 
et al., 1998). It would be interesting to study the role o f  
MDV UL13 in virus replication and phosphorylation o f  vi­
ral Fc receptor. 
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