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Summary 

Intracellular and membrane antigens of Marek's disease virus (MDV) were 
studied by immunofluorescence and immunoferritin techniques. Sera from chickens 
surviving the disease and rabbits hyperimmunized with purified virus had anti- 
bodies to the envelope and the capsid of the virion and virus directed membrane 
antigens detected on the surface of infected cells. Indirect evidence suggests that  
the membrane antigen is related to the structural proteins of the virus. 

1. Introduction 

Marek's disease (MD) is a neoplastic disease of chickens caused by a herpes- 
virus (4, 9). Naturally infected and experimentally inoculated chickens develop 
antibodies against the virus, which can be detected by immunoprecipitin (IP) (3) 
and immunofluorescence tests (IF) (10). A new membrane antigen (MA) was also 
detected on the surface of MDV infected cells (1, 2). The specificity of these anti- 
gen-antibody reactions to the structural components of the virus, however, was not 
determined. 

The purpose of the present study was to investigate the specificity of the MDV 
antigen-antibody reactions in relation to the structural antigens of the virion. 

2. Materials and Methods 

2.1. Virus  
The cloned preparations (11) of the GA (5) strain of MDV was used in this study. 

The virus was propagated in duck embryo fibroblast (DEF) cultures. Infected DEF's 
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were su spended  in g r o w t h  m e d i u m  (M 1 9 9 - - F  10 m i x t u r e )  (14) c o n t a i n i n g  10% DMSO 
a n d  10~o calf s e rum a n d  were s to red  in l iquid  n i t rogen .  

2.2. C e l l  C u l t u r e s  

P r i m a r y  D E F  cu l tu res  for p r o p a g a t i o n  of v i rus  were p r e p a r e d  as descr ibed  pre- 
v ious ly  (15). Chick k i d n e y  (CK) cu l tu res  were p r e p a r e d  f rom 1- to  2-week-old chicks 
(16). CK cul tures  were used  for t h e  s t u d y  of M D V  di rec ted  in t r aee l lu la r  a n d  m e m b r a n e  
an t igens  (MA). 

2.3. A n t i s e r a  

Day-o ld  chicks f rom Line  15-I flock m a i n t a i n e d  in i so la t ion  a t  th is  l a b o r a t o r y  were 
i nocu la t ed  w i t h  1 • 105 D E F  cells p rev ious ly  in fec ted  w i t h  t he  GA s t r a i n  of MDV.  
Chicks were r ea red  in i so la t ion  a n d  a t  10 weeks pos t i noeu l a t i on  sera  were col lected 
f rom all su rv ivors .  The  pool of sueh  sera  was twice  adso rbed  w i t h  duck  e m b r y o  powder .  
Sera  f rom u n i n o e u l a t e d  chickens  were used  as control .  A n t i - M D V  an t ibod ie s  were pre-  
p a r e d  in r a b b i t s  b y  i n j ec t i ng  1 m g  of pa r t i a l l y  pur i f ied  (8) M D V  in 0.5 ml  of v i rus  buffer  
m i x e d  w i t h  equa l  a m o u n t  of F r e u n d ' s  a d j u v a n t  in to  t he  foot -pad .  

F u r t h e r  i n t r a m u s c u l a r  in jec t ions  were car r ied  ou t  a t  2-week i n t e rva l s  for 2 m o n t h s  
us ing  1 m g  of pur i f i ed  v i rus  in t he  inocu lum.  Se rum was col lected f rom these  r a b b i t s  
a n d  was twice  adso rbed  w i t h  duck  e m b r y o  powder .  B o t h  ch icken  sera  a n d  r a b b i t  sera  
were specific to  M D V  b y  I F  test .  

2.4. I m m u n f l u o r e s e e n e e  T e c h n i q u e  

The  ind i rec t  I F  t e s t  descr ibed  p rev ious ly  (10) was  used.  Mono laye r  cu l tu res  of CK 
cells on 11 • 22 m m  eoversl ips  were  in fec ted  w i t h  100 p l a q u e  fo rming  un i t s  (PFU)  of 
MDV.  Af te r  t he  a p p e a r a n c e  of morphologieMly  d i s t ingu i shab le  mic rop laques  cover- 
slip cu l tu res  were s t a ined  for de t ec t ion  of t he  in t r aee l lu la r  an t igens  a n d  t h e  MA. F o r  
de tec t ion  of t h e  in t r ace l lu la r  an t igens ,  t he  cu l tu res  were f ixed in cold ace tone  pr io r  to  
t r e a t m e n t  w i t h  M D V  specific a n t i s e r u m  whereas  for de t ec t ion  of t he  MA, cu l tures  were  
d i rec t ly  t r e a t e d  w i t h  t he  a n t i s e r u m  w i t h o u t  a n y  f ixat ion.  Cul tures  were t r e a t e d  w i t h  
a p p r o p r i a t e  a n t i s e r u m  for 30 m i n u t e s  a t  r oom t e m p e r a t u r e ,  were w a s h e d  in P B S  a n d  
t r e a t e d  w i t h  f luoresee in -eon juga ted  an t i - ch i cken  or a n t i - r a b b i t  g a m m a  g lobul in  for 
15 m i n u t e s  a t  r o o m  t e m p e r a t u r e .  The  con juga t e s  were horse  an t i - ch i cken  a n d  goa t  
a n t i - r a b b i t  g a m m a  g lobul in  (Roboz Surgical  I n s t r u m e n t  Co., Inc . ,  W a s h i n g t o n ,  D.C.). 
Cul tures  were w a s h e d  severM t imes  in P B S  fol lowing each  reac t ion .  S ta ined  cu l tures  
were m o u n t e d  in E l v a n o l  (12) a n d  e x a m i n e d  w i t h  a Lei tz  d a r k  field f luorescence 
microscope.  

2.5. I m m u n o f e r r i t i n  T e c h n i q u e  

The  CK m o n o l a y e r  cu l tu res  in  100 m m  F a l c o n  p las t ic  Pe t r i  dishes were inocu la t ed  
w i t h  a h igh  dose of v i rus  to  insure  t he  in fec t ion  of a t  leas t  50% of t h e  cells in t he  mono-  
layer .  B o t h  d i rec t  a n d  ind i rec t  con j uga t i on  t ee tmiques  were appl ied  for the  s t u d y  of 
M D V  an t igens  in CK cul tures .  Horse  spleen fe r r i t in  (Miles Labora to r i e s )  was reerys ta l iz -  
ed a n d  c o n j u g a t e d  to a p p r o p r i a t e  g a m m a  globul in  f rac t ions  accord ing  to t he  m e t h o d  
of HOWE et al. (7). A n t i - M D V  ch icken  g a m m a  g lobul in  a n d  a n t i - M D V  r a b b i t  g a m m a  
globul in  were c o n j u g a t e d  for t he  d i rec t  t e c h n i q u e  a n d  horse  an t i - ch i cken  g a m m a  
globul in  a n d  goa t  a n t i - r a b b i t  g a m m a  g lobul in  were c o n j u g a t e d  for t he  ind i rec t  tech-  
n ique .  U n f i x e d  cul tures  were appl ied  for t h e  s t u d y  of t he  m e m b r a n e  an t igen .  Cul tures  
used  for de t ec t ion  of t he  in t r aee l lu la r  an t igens  were f ixed in 5 % f o r m a l d e h y d e  in P B S  
for 10 minu tes ,  t h e n  w a s h e d  3 t imes  in P B S  a n d  were m i x e d  w i t h  a p p r o p r i a t e  a n t i b o d y  
p r e p a r a t i o n  ( f e r r i t i n -con juga ted  a n t i - M D V  g a m m a  globul in  f r ac t ion  for t he  d i rec t  t e s t  
a n d  a p p r o p r i a t e  s e rum aga i n s t  each  v i rus  in  t he  ind i rec t  tes t ) .  The  m i x t u r e  was freeze- 
t h a w e d  once a n d  was i n c u b a t e d  for 1 h o u r  a t  37 ~ C. Monolayers  were t h e n  sc raped  off 
a n d  washed  3 t imes  in P B S  a n d  cen t r i fuged  to o b t a i n  a pellet .  I n  t he  ind i rec t  t e s t  t h e  
samples  were f u r t h e r  r eac t ed  w i t h  the  a p p r o p r i a t e  fe r r i t in  c o n j u g a t e  for 30 m i n u t e s  a t  
37 ~ C a n d  w a s h e d  th r ee  t imes  in PBS .  All samples  were t h e n  f ixed in 1% o s m i u m  
t e t r o x i d e  for 1 h o u r  a n d  p r e p a r e d  for e lec t ron  mic roscopy  as descr ibed  ear l ier  (9). 
T h i n  sect ions  were s t a i ned  w i t h  u r a n y l  ace t a t e  a n d  lead  c i t r a t e  a n d  were e x a m i n e d  w i t h  
a n  E l m i s k o p  1 A Siemens  e lec t ron  microscope.  
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3. Results 

3.1. D e t e c t i o n  of t h e  M e m b r a n e  A n t i g e n  of M D V  

Unfixed CK coverslip cultures infected with the GA strain of MDV were in- 
directly stained by  IF  technique. Sera from chickens surviving Marek's disease 
by  the 10th week post-inoculation and from hyperimmune rabbits both stained 
the membrane antigen. Both sera had a titer of approximately 1:40 for the mem- 
brane antigen. Control chicken serum and the preimmunization rabbit  sera did 
not react with the membrane antigen. The membrane antigen was found mostly on 
rounded cells but  was also seen on the membrane of flat and fusiform cells in the 
area of the mieroplaque. The distribution of the antigen over the cell membrane 
was not uniform in all positive cells. In  some cells the antigen was evenly distribut- 
ed over the entire surface whereas in other cells the distribution of the antigen was 
discontinuous. 

Examination of unfixed cells treated with ferritin-conjugated antibody showed 
the tagging of the cell membrane in rounded cells with ferritin granules (Fig. 1). 
Most cells positive for the membrane antigen also contained virus particles. How- 
ever, occasionally some cells had a heavy ferritin tagging but  did not contain any 
virus particles. Nor did these cells show any other features associated with the 
replication of the virus; such as, margination of the nuclear ehromatin, nuclear 
inclusions, and cell degeneration. Uninoculated control cells treated with positive 
serum or infected cells treated with control serum did not react in this test. 

3.2. I n t r a e e l l u l a r  A n t i g e n s  of MDV 

Cells infected with MDV had IF  antigens in the cytoplasm and the nuclei. Sera 
from MDV infected chickens and hyperimmunized rabbits reacted with both 
cytoplasmic and nuclear antigens. These sera had a titer for intraeellular antigens 
32 times higher than tha t  for the membrane antigen. The nuclear antigen, when 
present, was brighter than the cytoplasmic antigen and appeared similar in 
morphology to the nuclear inclusions. The cytoplasmic antigens, however, were 
mostly diffused and bright granular antigens could only be seen in certain parts  
of the cytoplasm. 

Similar results were obtained with both direct and indirect immunoferritin 
techniques but  less ferritin granules were attached to viral capsids in the direct 
test than in the indirect test. This could be due to the low concentration of virus 
specific ant ibody and a weak conjugation reaction. Therefore, the indirect test 
was applied in most of the experiments. Extensive tagging of the cytoplasmic and 
nuclear material  was observed only between MDV infected CK cells and the anti- 
MDV chicken or rabbit  serum. Some tagging was observed when infected cells were 
treated with control serum but  this was always very weak and was, therefore, 
considered nonspeeific. Positive specific ferritin tagging was found both in the 
cytoplasm and the nucleus. In  the cytoplasm extensive tagging of the smooth 
cytoplasmic membrane and the enveloped virions was observed. The nuclear mem- 
brane and the nueleoplasm were also tagged. However, viral capsids were tagged 
more than any other membranes or any particles. In  the indirect tests a layer of 
electron dense material was observed immediately surrounding the capsid, and 
ferritin granules were attached to this layer. Most likely this layer was the anti- 
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Fig. 1. Indirect  imnmnoferr i t in  test. A CK cell i~ffected with 5fDV and reacted with anti-MDV serum prior to 
f ixat ion 

A heavy layer of antibody-ferr i t in conjugate is observed on the surface of the cell membrane. Unlabeled nueleo- 
capsids are seen in the nucleus. A nucleoeapsid laying outside of the cell is also labeled. • 25,000 

Fig. 2. Indirect  immunoferr i t in  test. Par t  of a MDV infected CK cells t reated wi th  anti-MDV serum after f ixat ion 
Specific labeling of the nueleocapsids is clearly seen. Light  labeling of the nuclear matrLx is also seen. • 30,000 
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viral specific antibody (Figs. 2, 3, 4). In addition to the tagging of the eapsid, some 
small granules in the nucleus were also tagged with ferritin particles (Fig. 4). The 
envelop virions, when present, were also heavily tagged with ferritin (Fig. 5). 

Fig.  3. Indirect  immunoferr i t in  test. t t igher  magnification of 5~DV infected CK cells reacted with anti-MDV serum 
Labeling of the nucleocapsids is heavier than  any other structure in the cell. • 100,000 

Fig. 4. Indirect  immunoferr i t in  test. A similar preparation as in Figure 3 showing labeling of the nucleoeapsids 
and small nuclear particles (arrows). x 100,000 

Fig.  5. Indirect  immunoferr i t in  test. A group of nucleocapsids and a single enveloped vir ion (arrow) in an lVfDV 
infected CK culture. Both  viral  capsids and viral  envelope are labeled with anti-MDV serum. • 100,000 
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4. Discussion 

4.1. T h e  M e m b r a n e  A n t i g e n  

CH~x- and PURCHASE (2) first reported the presence of a new antigen on plasma 
membrane of MDV infected cells. The membrane antigen is specific to MDV infec- 
tion but it is not clear if this antigen is identical with structural components of the 
virion. However, sera from rabbits hyperimmunized against purified virus reacted 
strongly against MDV directed membrane antigen. This may indirectly suggest a 
similarity between the membrane antigen and the virion components. Although 
the possibility of purified virus preparations being contaminated with traces of the 
membrane antigen and resulting in production of antibodies to this antigen can 
not be excluded. The resemblance of HSV directed membrane antigen and Epstein- 
Barr (6) virus to their respective envelop antigen is already demonstrated (13, 14). 

The great majority of cells with membrane antigen also contained virus parti- 
cles either in the nucleus or in the nucleus and the cytoplasm. Occasionally some 
cells possessed the membrane antigen but were free from any virus particles or 
any other changes associated with virus replication. The exact explanation for 
this phenomenon is lacking. However, these cells may have only been abortively 
infected in which ease certain features of virus replication may not occur. 

4.2. Intraeellular Antigens 

Previous studies (i0) by immunofluorescence tests showed an abundance of 
virus specific antigens in the cytoplasm either as a fine powdery mass of anitgen or 
as distinct granules. Experiments reported here showed similar results both in IF 
test and in immunoferritin test. In the immunoferritin test, the entire membrane 
system in the cytoplasm was tagged with ferritin labeled antibody. No tagging of 
the large cytoplasmic vesicles or the mitochondria was observed. Antigens present 
in the cytoplasm could be non-structural and not related to the structural proteins 
of the virion since not a large number of virus particles were found in the cyto- 
plasm. On the other hand, they may be structural proteins produced in excess and 
accumulated in the cytoplasm. 

The tagging of the nuclear membrane and the nucleoplasm was also observed 
but virus particles were tagged heavier than any other particle or membrane. Both 
naked nucleocapsids and enveloped virions were tagged with ferritin labeled anti- 
body. Also some particles 35-40 nm in diameter were tagged with antibody 
conjugate. These particles have been found in the nucleus of MDV infected cells 
and may be structurally related to the virion. 

Both chicken and rabbit sera contained specific antibodies to virus capsid and 
envelope antigens. Antibodies to these antigens may be different but differentia- 
tion could not be attempted because monospeeific antibodies were not available. 

These experiments demonstrate that chicken and rabbit sera positive in IF 
test contain antibodies against the structural proteins of MDV. The IF test, there- 
fore, may be detecting viral structural antigens. 
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