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Summary. - A recombinant virus, CVI/rpp38, was developed from the Marek's disease virus (MDV) 
CVI988/Rispens vaccine strain. This recombinant was obtained by transfection of  CVI988/Rispens-infected 
chich embryo fibroblasts (CEFs) with plasmid pHA25 DNA containing pp38 gene from GA strain of  MDV 
Monoclonal antibody (MAb) HI 9 which reacts with pp38 from G A but not with that from CV1988 was used 
to screen for recombinant viruses in transfected cell culture plates by immunofluorescent assay (IFA). A pos­
itive plaque was isolated, propagated, and purified from cell-free virus particles after sonication of infected 
CEFs. The mutant CVl/rpp38 was not only reactive with MAb H19 in IFA but also in immunoprecipitation. A 
38 kDa protein was immunoprecipitaled from the CVI/rpp38 mutant virus but not from parental CVI988 
virus. DNA sequence of the mutant virus showed a substitution of G at position 320 by A resulting in a change 
of an amino acid residue from arginine to glutamine. Comparison of nucleotide sequence of pp38 from strains 
GA, Md5 and Mdl l/75c/R2 and CVI988 revealed change to glutamine in this position. The result of this study 
provides a direct evidence for the location of the identified H19 epitope in pp38. This mutant is potentially 
useful to further explore the biological function of pp38 and its H19 epitope. 
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Introduction 

The 38 kDa phosphorylated protein (pp38) o f  MDV was 
among the first MDV genes identified and characterized. It 
is unique for MDV and no homologs exist in other herpes­
viruses reported to date. pp38 is a 290-amino-acid protein, 
rich in acidic residues, and translated from an unspliced 
message. The gene is located in the BamHl-H fragment o f  
MDV genome and encompasses a significant portion o f  the 
long inverted repeated region. Also located in this region 
are 132 bp repeats which undergo amplification during pro­
longed passages o f  MDV which correlates with the attenu­
ation o f  viral oncogenicity (Silva and Witter, 1985). The 
promoter-enhancer region o f  pp38 gene overlaps that o f  the 
transformation-related 1.8 kbp gene family which is also 
located in BamHl-H fragment (Bradley et al., 1989; Cui et 
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al., 1991). The pp38 gene and the 1.8 kb transcript appar­
ently form a district transcription unit and are thus likely to 
be coordinately regulated. 

The pp38 has been considered a transformed cell-asso­
ciated antigen o f  MDV (Ikuta et al., 1985). Only recently, 
Xie  et al. (1996) reported that induction o f  pp38 antisense 
RNA in MSB cell line had a singificant effect on the colony 
formation by MSB1 cells in soft agar. This result suggests 
that pp38 may be involved in the maintenance o f  transfor­
mation o f  MSB 1 cells. 

We have been interested in the biological function o f  pp38 
in MDV tumors and cell lines. We attempted to generate suffi­
cient amount of pp38 protein in baculovirus in order to study 
the effect, if  any, o f  pp38 administration in chicks. Our recent 
finding showed that the baculovirus recombinant pp38 ex­
pressed in insect cells depressed immune responses o f  chicks 
to mouse red blood cells (Cui et al., 1996). This experimental 
system, however, does not allow us to consider directly the 
biological role o f  pp38 in MDV pathogenesis. Deletion or sub­
stitution mutants would be more usefiil for this study. 
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MDV CVI988/Rispens strain is widely  used as an ef fec­
tive vaccine strain for protection against Marek's disease. 
This is the only strain o f  MDV-1 in which the pp38 protein 
is not recognized by MAb H19 (Lee et al., 1983). Recently, 
w e  sequenced CVI988/Rispens strain and compared it with 
four other MDV-1 strains, GA, Mdll /75c/R2,  Md5 and 
CVI988 (Cui et al., 1991; Chen et al., 1992; Edoh et al., 
1994; Iwata et al., 1992). We found that the H19-recogniz-
ing epitope was located between aa 27 and 180 o f  the pp38 
polypeptide corresponding to nt 81 and 541 o f  pp38 open 
reading frame (ORF) (Cui et al., 1990,1991). Detailed com­
parison o f  this region showed that the substitution o f  A by 
G at position 320 in CVI988 may be responsible for not 
having the H19 epitope shared by other MDV-1 strains. The 
present study was to construct a H I 9  epitope as a point 
mutant o f  CV1988/Rispens strain and to characterize the 
mutant virus for use in determining the biological activities 
o f  its pp38. 

Materials and Methods 

Virus. MDV CVI988/Rispens strain was a stock (about passa­
ge 45) maintained in the Avian Disease and Oncology Laboratory 
(Witter et al., 1995). To avoid the possibility that the stock may be 
contaminated with MAb H19-reactive (H19H) viruses, CEF mo­
nolayers infected with the same stock in six 60 mm dishes were 
examined by IFA test with MAb H19. 

Construction and screening ofHI 9 epitope point mutant in pp38 
of CVI988/Rispens strain. CVI988/Rispens-infected CEF monolay­
ers in 60-mm dishes were transfected with plasmid pHA25 DNA con­
taining an intact pp38 gene from nt -580 to nt +1910 (Cui et al., 
1991) by using LipofectAMINE Reagent (Life Technologies, Gibco-
BRL) at 12 lirs after infection. The procedure of transfection was 
according to the manufacturer's instructions. Several trials were made 
by using different doses of LipofectAmine, various concentrations of 
plasmid DNA, and various transfection exposure times. The primary 
transfected CEF monolayers were maintained in culture media for 3 
days, resuspended by trypsinization and the cell suspension from a 
60 mm dish were plated into a 96-well plate. These plates were cultu­
red for additional 2-3 days. When plaques were visible, 50 |il of trypsin 
solution was added to each well and incubated at 37°C for 3-5 mins. 
Calf serum (25 |il) was added to these cultures to inactivate the tryp­
sin. By using an 8-channel pipet, CEFs in each well were suspended, 
then 20 jxl of suspension from each well was transferred into a cores-
ponding well of duplicate new 96-well plates with fresh CEF mono­
layers. The newly infected CEF cultures were incubated for about 3 
days, and then one of each paired duplicate plates was kept in the 
incubator and the other was fixed with acetone : alcohol (2:1) and 
stained with MAb H19 and goat anti-mouse FITC conjugates. The 
viruses in the duplicate wells with IFA-positive plaque(s) were fur­
ther passed into fresh CEFs and rescreened. 

Cloning of the H19' mutant virus. First, the plaques positive 
in IFA with MAb H19 were purified twice by limited dilutions 
through several passages. Only the plaque, from which all plaques 
of the next generation were positive in IFA, was recognized as a 

purified H19+ mutant plaque. The mutant virus from the plaque 
was further amplified through several passages in CEFs until suf­
ficient amount of virus to seed 150-mm plates was obtained. At 
this time, the virus from 150-mm plates was resuspended in SPGA 
buffer and sonicated to obtain cell-free virus preparations (Calnek 
et al., 1970). The sonicated cell lysates were centrifuged at 
10,000 rpm for 10 mins and the supernatant was filtered through 
a 0.45 n filter. The filtered cell-free virus suspension was serially 
diluted 1:5 and 10 ml of each dilution was inoculated into a 96-well 
plate with fresh CEF monolayers. All plates were incubated for 7 -
8 days. The wells with only one plaque were used for further scre­
ening and cloning. The cell-free virus cloning procedure was re­
peated once. 

35S-methionine labeling and immunoprecipitation. CEF mo­
nolayers infected with CVI988 and the mutant viruses were labe­
led with 35S-methionine and immunopreciptitated (Wu et al., 1997) 
with MAb HI9 (Lee etai, 1983) and BA4 specific to gBl (Cuiei 
al, 1996). 

DNA sequencing of CVI/ipp38 mutants. DNA was extracted from 
CEFs infected with CVI/rpp38 mutant viruses and used as template 
for PCR reaction. The forward primer 5'-AGGG ACCGGTGGAGA 
TTC (nt +190 to nt +207 of pp38 ORF) and the reverse primer 
5'-CTGCCGTTCTACCGACTAAC (nt +751 to nt +732) were used 
in the amplification. The PCR product was cloned into pCR2.1 TA 
cloning vector (Invitrogen) and sequenced by using an automated 
sequencer (373A DNA sequencer, Applied Biosystems) and the di-
deoxy sequencing method (Prism, Applied Biosystems). 

Results 

Identification and screening of H19* mutants of 

CVI988/Rispens strain 

Seven different transfections were carried out and the 
H19+ mutant virus plaques were consistently detected by 
IFA with MAb H19. The recombination ratios varied in the 
range o f  0.1% to 0.003% depending on different transfec­
tion conditions, doses o f  LipofectAMINE, plasmid DNA 
concentration, and transfection exposure time. In some ex­
periments, H19 FA+ plaque(s) was detected directly in the 
original transfected CVI988-CEF monolayers. In most cas­
es, we found positive plaques after one amplification through 
a blind passage into 96-well plates (Fig. 1). 

H19' mutant andH19 native CVI988/Rispens clones 

To purify the H19+ mutant virus, the positive plaques were 
screened by IFA with MAb H19 from wells with only one 
plaque by limited dilutions in 96-well plates and the same 
procedure was repeated once to further purify the cell-asso­
ciated virus. To clone the H19+ mutant virus, CEFs infected 
with the purified plaque were sonicated, and the cell-free vi­
rus was screened by IFA selecting only wells with one plaque. 
From the first screening of  the cell-free H19+ mutant virus, 7 
o f  8 plaques were positive with MAb H19 by IFA. After the 
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second screening o f  cell-free virus plaques, all 16 tested 
plaques were positive in  IFA. The H19+ mutant virus clone 
was designated as CVI/rpp38. During the second plaque pu­
rification, an IFA-negative plaque was also amplified and the 
infected CEFs were sonicated. One H19" plaque was chosen 
from tlie cell-free virus stock by the same procedure as for 
H19-positive clone and designated as CVI988/4. 

Comparison of DNA sequences in the HI 9 epitope 

region ofpp38 genes between the mutant CVI/rpp38 and 

its parent CVI988 

From the DNA sequence comparison, the only differ­
ence in pp38 ORF between native CVI988 and the mutant 
CVI/rpp38 was the substitution o f  G by A at position 320 in 
the mutant. A s  a consequence, the arginine at position 107 
o f  pp38 was substitued by glutamine in the mutant. This 
substitution is the basis for mutant CVI/rpp38 virus gain­
ing the MAb H19-recognized epitope and differring from 
its parent CVI988/Rispens strain which was not recognized 
by MAb H19. 

Immunoprecipitation the mutant CVl/rpp38 pp38 

Virus-infected CEF monolayers were labeled with 35S-me-
thionine and immunopreciptitated with Mab H I 9  (pp38) 
and MAb BA4. A s  shown in Fig. 2, MAb H19 did not im-
munoprecipitate pp38 from the native CVI988-infected 
CEFs (lane D)  but immunoprecipitated pp38 and pp24 from 
the mutant CVI/rpp38-infected CEFs (lane C). As  expect­
ed, MAb HI9  also immunoprecipitated pp38 andpp24 from 
two other pathogenic MDV-infected CEFs (GA, lane A and 
Md5, lane B). MAb BA4 specific for glycoprotein gB 1 o f  
MDV was used as control to ensure sufficent antigen labe­
ling in MDV-infected cells. Fig. 2 (right panel) shows that 
three bands typical for g B  were present in all lanes. Both 
native and recombinant CVI988 had similar g B  bands. 

Fig. l 
MAb H19-positive plaques in IFA from the second passage 

recombinant CVI988/Rispens-infccted CEFs 
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Immunoprecipitation of  , sS-metliionine labeled CEFs 
Cells infected with GA (A), Md5 (B), the mutant CVI/rpp38 (C) and 
CVI988/4 (D) precipitated with MAb HI9 and MAb BA4. MAb HI9 is 
specific for pp38 and Mab BA4 is specific for g B l .  

Discussion 

It is we l l  known that all pathogenic MDV strains cause 
immunodepression in infected chickens but vaccine strain 
CVI988/Rispens o f  serotype 1 does not (Witter et al., 1995). 
The mechanism responsible for  the difference in  immuno-
depressive ability o f  the MDV is not clear. W e  have tested 
all the known serotype 1 MDVs and have found that they 
share a M A b  H19 epitope within  their pp38 except for  
CVI988 or CVI988/Rispens. In addition, our previous study 
showed that the recombinant pp38 f rom insect cells immu-
nodepressed the humoral responses o f  chicks to mouse red 
blood cells (Cui et al., 1996). Therefore, it wou ld  b e  o f  in­
terest to see i f  there is a relationship between the MDV-

induced immunodepression and H19-epitope inpp38. Since 
w e  have previously determined that CVI988/Rispens does 
not have H19 epitope, w e  thought a point mutation o f  this 
virus would clear our speculations. 

From analysis and comparison o f  our pp38 sequence data 
(Cui et al., 1990,1991) with those o f  the published data (Chen 
et al., 1991; Edoh etal., 1994; Iwata et al., 1992), it was clear 
that all serotype 1 strains have identical nucleotides in the re­
gion except positions 320 and 326 which varied between G 
and A from strain to strain regardless whether they reacted with 
MAb HI9  or not. However, all 3 MAb H19-reactive strains 
GA, Md5 and Mdl l/75c/R2 had A at nt 320. Tlie only HI 9-
negative strain CVI988 had G at the same position and this 
change resulted in an amino acid substitution from glutamine 



CUI, Z. et al.: H-19 EPITOPE-POSITIVE MDV RECOMBINANT 

Table 1. Comparison of  H19 epitope sequences o f  pp38 f rom various MDV strains 

Nucleotide sequences 

Strains H19 epitope 313 320' 326b  333 

Mdl l/75c/R2 + CTG TCA CAG TGG GAG GAG CTA 

Md5 + CTG TCA CAG TGG GAG GAG CTA 

GA + CTG TCA CAG TGG GGG GAG CTA 

CVI988 _ C.TG TCA CGG TGG GGG GAG CTA 

CVI/rpp38 + CTG TCA CAG TGG GGG GAG CTA 

Amino acids 

Strains H19 epitope 105 106 107' 108 109" 110 111 

Mdl l/75c/R2 + L S Q W E E 
E 

L 

Md5 + L S Q W E 
E 
E L 

GA + L s Q W G E L 

CVI988 - L s G W G E 
E 

L 

CVI/rpp38 + L s Q W G 
E 
E L 

"The position directly related to H19 epitope. 
bThe position where changes do not affect H19 epitope. 

to arginine (Table 1). This finding suggests that the substitu­
tion of G by A at nt 320 may be the basis for CVI988 lacking 
the H19 epitope. The recombinant CVI/rpp38 provides a di­
rect evidence for the location of the identified H19-epitope. 

To compare the biological characteristics of both native 
CVI988 and its mutant CVI/rpp38, some preliminary experi­
ments in chickens were carried out. The antibody responses to 
the recombinant CVl/rpp38 (HI 9") were delayed and antibody 
titers were significantly lower than those of CVI988 (H19 ) in 
line 15 x 7 chickens (data not shown). This result seems to 
correlate with our published data related to immunodepressive 
effect of pp38 of GA strain of MDV (Cui et al., 1996). 

The major difficulty in developing MDV-1 mutants resides 
in the cell-associated nature of MDV Morgan et al. (1990) 
have been successful in developing a deletion mutant of MDV 
by cotransfection of CEFs with MDV genomic DNA and plas-
mid DNA carrying the gene of interest. In this study, we de­
veloped a point mutant of CVI988 by transfection of infect­
ed cells directly with plasmid DNA containing pp38. The re­
combination ratio was estimated in the range of 0.003% to 
0.1% in 7 experiments with different transfection conditions. 
To avoid the possibility of H19+ viruses presence in the orig­
inal CVI988/Rispens stock, we screened six 60 mm dishes 
with CVI98/Rispens-infected CEFs and none was found to 
contain H19 IFA-positive plaques. To further confirm the re­
combinant CVI/rpp38 is not a contaminant of GA, we per­
formed PCR to verify the pattern of 132 bp repeats region of 
MDV-1 (Silva, 1992). The patterns of 2-7 repeat ladders were 
the same among CVI988/Rispens, CVI988/4 and the recom­
binant CVI/rpp38 viruses but different in the pathogenic MDV 
strains (data not shown). In addition, we have repeated the 
same procedure by transfection of cloned CVI988/4 and ob­
tained another recombinant designated as CVI/rpp38A (data 

not shown). The procedure used in this study offers an alter­
native strategy for developing MDV mutants. 

Four MDV genes are reported to be involved in the main­
tenance of transformation (Xie et al., 1996), pp38 is one of 
them. These authors also speculated that no single viral gene 
is sufficient for the induction and maintenance of transfor­
mation, but rather expression of several viral genes is nec­
essary. The study reported here could serve as a model to 
explore MDV gene or genes involved in such phenomenon 
as immunodepression or other functions related to epitopes. 
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