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Summary 
Herpes simplex virus type 2 proteins extracted from infected cells and 

analysed by crossed immunoelectrophoresis identified a nonglycosylated 
antigen named Ag-5. The antigen contained two proteins when extracted 
from the agarose gel and the molecular weights were 128K and 9tK. Both 
proteins are located in the nucleus of the infected cells and the 128K is 
identical to ICP-8. The 91K protein is based on the reactivity with mono- 
c]onal antibodies most likely the alkaline exonuclease mapped by PRESTO~ * 
and COt~DINGLY (25). Our data show that although the proteins ICP-8 and 
91K coprecipitate they differ in both peptide compostion and in immuno- 
logical specificity. 

Introduction 
Herpes simplex virus type 1 and 2 (HSV-1 and HSV-2) specify more 

than 50 proteins which are synthetized during a productive infection of 
tissue culture cells (9, 15). Several of the proteins are processed post trans- 
lationally by addition of either phosphate, sulfate or by carbohydrate groups 
(9, 10, 11, 13, 14, 18, 34). We analyzed in previous studies the protein compo- 
sition of the HSV-1 glycoprotein antigens Ag-ll, Ag-8 and Ag-6 and identified 
the glycoproteins B, D and C respectively (16). The antigenic specificity of 
these glycoproteins and the glycoproteins E, F (renamed as C of HSV-2), 
and G were analyzed in several studies and it was observed that the indi- 
vidual glycoproteins specified a characteristic set of antigen determinants 
not shared with any of the other gIycoproteins of the same virus type (1, 18, 
20, 22, 29, 31). The HSV-I and HSV-2 genes specifying gB, gC, gD and gE 
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m a p  eol inear  (2t ,  30) a n d  co r r e spond ing  p r o t e i n s  of H S V - I  a n d  H S V - 2  do 

share  a n t i g e n i c  d e t e r m i n a n t s  b u t  do also specify t y p e  specific d e t e r m i n a n t  

si tes (7, 22, 23, 28, 33, 35). I t  shou ld  he n o t e d  t h a t  no  c o u n t e r p a r t  to  gG of 

HSV-2  has  b e e n  f o u n d  in  t ISV-1  to  da t e  (29). Crossed i m m u n o e l e c t r o -  

phore t i c  ana lys i s  of HSV-2  in fec t ed  cell e x t r a c t s  a l lowed the  i d e n t i f i c a t i o n  

of a g l y e o s y l a t e d  a n t i g e n  A g 4  which  was n o t  f u r t h e r  cha rac t e r i zed  (17), 

a n d  of a n o n g l y e o s y l a t e d  a n t i g e n  n a m e d  Ag-5 which  is cha rac t e r i zed  in  t he  

p r e s e n t  s t udy ,  We  show t h a t  Ag-5 is composed  of two p ro t e in s  of mo l e c u l a r  

we igh t s  1 2 8 K  a n d  9 1 K  b o t h  loca t ed  in  the  n u c l e u s  of t he  cell. W e  also 

show t h a t  91 K p r e d o m i n a n t l y  c a r ry  HSV - 2  specific a n t i g e n  d e t e r m i n a n t s .  

Materials and Methods 

Cells and Virus ~Strains 

Monolayer cultures of VE1%O cells were grown in minimal essential medium 
(I~[EM) with 10 per cent (v/v) fetal calf serum (FCS). Virus prototype strains HSV-1 
(F) and HSV-2 (G) were propagated in VEIRO cells maintained in MEM with 1 per 
cent FCS. The I-ISV-1 ×I~SV-2 intertypic recombinant strain RH1G48  used in the 
mapping studies was obtained from Dr. B. 1%OIZ~A~ -, University of Chicago, U.S.A. (6), 
and the reeombinants Fx9  (5--8), 1% t2-5, It, E6, and t%P131 were kindly given to me 
by Dr. NIARsD~, University of Glasgow, Scotlaud (4, 5, 14). 

Preparation o / H S  V Proteins 

A. Solubilization with non-ionic detergent for immunoprecipitation analysis. 
VE1%O cells grown in ROUX bottles were infected with 5 PFU/cell of virus. After 
absorbtion for 1 hour at 37 ° C, the virus inoculum was aspirated and the cells were 
overlaid with 50 ml of maintenance medium (MEM with 1 per cent FCS). Five hours 
postinfection, the maintenance medimn was poured off, and 10 ml of labeling medium 
was added [10 ml MEM which had 1/10 the normM concentration of isoleueine (I), 
leucine (L), and vMine (V)], supplemented by 1 per cent FCS and 2 ,aCi/ml medium 
of each of the three 14-C-labeled aminoacids I (sp. a. 347 mCi/mmol), L (sp. a. 
348 mCi/mmol) and V (sp. a. 291 mCi/mmol) (NEN, Dreieich, Germany). The labeling 
was continued until  18 hours postinfeetion, when the cell layer was washed once in 
PBS and the cells collected by scraping into 5 ml of PBS followed by centrifugation. 
The proteins from the cell pellet were extracted with 0.8 ml of the antigen buffer 
[0.18 ~ Tris, 0.06 ~ Barbital, pI-I 8.6 with 1 per cent (v/v) Triton X-100, 10 -5 ~ TLCK 
and TPCK]. After sonication, the protein extract was elarified by ultraeentrifugation 
in an SW 60 rotor at  i00,000 X ~, for 1 hour at 4 ° C. The supernatant  was the soluble 
antigen preparation. 

B. Solubilization with SDS and 2-mercaptoethanol for SDS-PAGE and immuno- 
blotting. Monolayer VE1%O ceils grown in 25 cm 2 tissue culture flasks (NUNC, 
1%oskilde, Denmark) were infected as described above, except for the infected cells 
bNng overlaid with 5 ml of maintenance medium. For the preparation of unlabeled 
proteins cells were harvested 18 hours postinfeetion. After being washed, the ceils 
were solubilized in 0.5 mI of disruption mixture (15), and the extract was sonicated 
before gel eteetrophoresis. For the preparation of ILV-labeled proteins these were 
labeled from 5 to 18 hours postinfeetion in 2 ml of the labeling medium described 
above, followed by solubilization in 0.5 ml of disruption mixture. 
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C. Separa t ion  of nuclei  and cy top lasm of I-ISV-2 infected cells. Monolayers  of 
I4SV-2 infected V E R O  cells were  used 9 hours  post infect ion.  F rac t iona t ion  of cells 
in nuclei  and cy top lasm was done according to the  procedure  of BENECKE and  
P E ~ A ~  ~ (2). 2 × 107 cells were lysed by  incuba t ion  for 5 minutes  in 2 ml  of hyper ton ic  
buffer  [1.6 m ~  MgC1.2, 6 mM KC1, 10 m ~  Tris p H  8.0, 1 m ~  di thiotre i tol ,  and 0.5 per  
cen t  (v/v) NP-40] .  The  cell suspension was scraped off, vo r t exed  for 1 minu te ,  and 
the  nuclei  were collected by  eent r i fugat ion  for 10 minu tes  a t  480 × g  in a Sorwall  
GLC-2 centr i fuge.  The  cy top lasm (the superna tan t )  was collected arid the  nuclear  
pel let  was washed  once in P B S  before solubi l izat ion in disrupt ion mix ture .  The  
cy top la sm fract ion was ad jus ted  to 2 per  cent  (w/v) SDS, 5 per  cent  (v/v) 2-mercapto-  
e thano l  and 3 per  cent  (w/v) sucrose. B o t h  nuclear  and cy top lasm ext rac ts  were  
sonicated and boi led before SDS-po lyacry lamide  gel electrophoresis.  

Immunoprecipitation in Gels by Crossed Imraunoelectrophoresis 

The crossed immunoe lec t rophore t i c  analysis  of HSV-2  ant igens was per formed  as 
previous ly  repor ted  (16). t tSV-2  proteins  were  ex t rac ted  in Tr i ton  X-100 conta in ing 
buffer,  separa ted  e tee t rophoret ica l ly  in a t per  cent  agarose gel (Litex A/S, G]ostrup, 
Denmark )  m a d e  up  in a 0.18 ~ Tris, 0.06 ~I barb i ta l  buffer  pI-I 8.6, w i th  t per  cent  
(v/v) Tr i ton  X-100, 10 -5 M TPCI~ and  TLCK.  The I-ISV-2 proteins  were then  immuno-  
prec ip i ta ted  by  electrophoresis  in to  a second dimensional  gel conta in ing rabb i t  
h y p e r i m m u n e  immunoglobu l in  m a d e  to the  t tSV-2  proteins.  Where  indica ted  in the  
legends,  an in te rmedia te  gel was inser ted  be tween  the  first  and the  second dimensional  
gel in order  to ob ta in  a be t t e r  separa t ion  of the  prec ip i ta ted  proteins.  The  plates  
were used e i ther  for isolat ion of immunopree ip i t a t e s  of the  an t igen  des ignated  Ag-5 
or for s ta ining by  coomassie br i l l iant  blue. The  I-ISV-1 proteins  were ex t rac ted  and 
analysed analogously  bu t  were prec ip i ta ted  into a gel conta in ing rabbi t  h y p e r i m m u n e  
immunoglobu l in  made  to I-ISV-1 proteins  (16). 

l%abbit An t i se rum 

Serum no. 5 was prepared  by  immuniza t ion  of rabbi ts  wi th  immunopree ip i t a tes  
of Ag-5 of t ISV-2  cu t  f rom agarose gel af ter  crossed immunoelec t rophores is  of t tSV-2  
proteins  ex t rac ted  f rom HSV-2  infected S I R K  cells as previous ly  described (32). The  
immunoglobu] ins  were purif ied from the  serum according to the  m e t h o d  of tt~XBOE 
and  ISrOlLI) (8). The  purif ied p repara t ion  was des ignated  serum no. 5. 

Preparation o] Antibodies to the 91K Protein o /HSV-2  by Immunosorption 

The 9 1 K  prote in  of t ISV-2  was ident i f ied on a single nitrocellulose strip cut  f rom 
transfers  prepared  as descr ibed below and incuba ted  wi th  se rum no. 5. The nitro-  
cellulose b a n d  car ry ing  only the  9 1 K  prote in  was cut  ou t  f rom the  whole t ransfer  
sheet  and incuba ted  wi th  10 ml  of a 1/100 di lut ion of serum no. 5 for I hour.  Af te r  
the  unbound  ant ibodies  were washed  off w i th  excess of PBS,  those  specifieMly bound  
to the  ni trocellulose were e lu ted  by  incuba t ion  in 1.5 ml  of 0.1 ~a glycine p H  2.8 wi th  
0.01 per  cent  N a N 3  for 15 minu tes  a t  room tempera tu re .  The  p H  was immed ia t e ly  
b rough t  up to 7.0 wi th  N a O H ,  and the  e luate  was dia lyzed against  P B S  wi th  0.01 per  
cent  (w/v) of N a N 3  for 24 hours.  

SDS-Polyacrylamide Gel Eleetrophoresis (SDS-PAGE) 

The polypept ides  of ~ S V - 2  were separa ted  in a 9.25 per  cent  (w/v) aery lamide  
gel cross-l inked wi th  0.24 per  cent  (w/v) N, N-d ia l ly l t a r t a rd iamide  (DATD) ( B i o g a d  
Labora tor ies ,  R ichmond ,  California, U .S .A . ) .  The  s tacking  gel was 3 per  cent  (w/v) 
acrylamide ,  0.08 per  cent  (w/v) D A T D ,  and buffer  condit ions were as described 
elsewheze (15). The  gels were e i ther  processed for immunob lo t t i ng  or  s ta ined and  
dried. 

7 Arch. Virol. 85/1-- 2 
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2 D-Polyacrylamide Gel EIectrophores~;s 

The polypeptides were extracted from 14-C-ILV-labeled HSV-2 infected cells for 
SDS-polyacrylamide gel electrophoresis and separated in 9.25 per cent polyacrylamide 
gels as described above. The lane from a first dimensional gel was cut out, and layered 
on top of a 12 per cent polyaerylamide gel made without stacking gel. The proteins 
in the first dimensional gel were digested by staphylococcus V-8 protease (Miles, 
Elkart, U.S.A.) by addition of 200 ~l enzyme (I mg/ml) solubilized in 0.125 ~ Tris- 
HC1 buffer, pH 7.0, with 20 per cent glycerol and 0.i per cent SDS. The enzyme 
solution was eleetrophoresed two third into the first dimensionM gel slab at 10 mA. 
The eleetrophoresis was stopped for I/2 hour allowing the enzyme to function. 
Electrophoresis was thereafter continued under standard conditions (15). The protein 
peptides were transferred to :nitrocellulose paper and reacted with antibodies as 
described below. 

Immunoblotting 

Transfer of the proteins from the SDS-PAGE onto nitrocellulose paper (Schleicher 
& Schfill, 0.45 ~m) was done by the procedure of BU~ETTE (3). The transfer was 
performed at 0.22 A, 60 V for 1 ~  hours. The nitrocellulose-bound proteins were 
incubated with rabbit  serum diluted 1/50 in PBS with 3 per cent BSA for 1 hour at  
37 ° C. After extensive wash in PBS with 1 per cent BSA, the nitrocellulose strips 
were incubated for 1 hour with antibodies to rabbit  immunoglobulins made in swine 
and conjugated with peroxidase (DAKO, P-2170 Copenhagen, Denmark). The conju- 
gate was diluted t/40 in PBS with 3 per cent BSA. After wash in PBS with 1 per cent 
BSA the protein bands were stained with either o-diaaisidine or 4-cloro-l-naphthol 
substrate [0.02 per cent (w/v) o-dianisidine, 0.02 ~ Tris buffer with 0.02 M NaC1, 
pH 7.2, and 0.02 per cent (v/v) HeO2; 5rag 4-cloro-l-naphthol dissolved in 1 ml 
ethanol, 50 ml t][20, and 0.003 per cent (v/v) I-I20~]. The staining was stopped when 
the color was intensive enough. The paper was dried, and when radioactive proteins 
were transferred for the immunoblott ing the autoradiographic image was obtained 
by exposure on XR~P-1 film. 

Indirect I mmuno fluoreseence .~J icroscopy (1 IF)  

VERO cells were grown on glass coverslips and when subconfluent the cells were 
infected with HSV-2 using 5 :PFU/cell. After t hour the virus was aspirated and the 
cells were overlayered with maintenance medium and incubated for 9 hours at 37 ° C. 
The cells were fixed in 4 per cent paraforma]dehyde and permeabilized with 0,1 per 
cent IgP-40 for 30 minutes (t9). After wash in t)BS the cells were incubated with 
either antibodies made to Ag-5 or with antibodies to the 91K protein used in a final 
dilution of 1/10. The antibodies were bound for 1 hour a~ room temperature and 
after wash in PBS fluorescein isothiocyanate (FITC)-coupled swine anti-rabbit  IgG 
(DAKO, Copenhagen) was added. Fluorescence microscopy was done using a Leitz 
Dialux 20 microscope. 

R ~ u l t s  

Crossed i m m u n o e l e c t r o p h o r e s i s  of HSV-2  in fec t ed  cell p ro t e in s  precipi -  

t a t e d  i n to  a n  agarose  gel c o n t a i n i n g  i m m u n o g l o b u l i n  m a d e  f rom H S V - 2  

h y p e r i m m u n e  s e r u m  iden t i f i ed  f ive a n t i g e n s  (Fig. t) .  The  g l y e o p r o t e i n  

a n t i g e n s  A g - l l  a n d  Ag~8 co r r e spond  to  a n d  cross reac ts  i m m u n o l o g i c M l y  

w i t h  t h e  a n t i g e n s  of HSV-1 .  The  A g - l l  a n d  Ag-8 are  composed  of gB a n d  

gD respec t ive ly .  T h e  Ag-5 is u n g l y c o s y l u t e d  us i t  does n o t  i n c o r p o r a t e  



Crossed ImmunoMectrophoretie Analysis of HSV 99 

Fig. 1. Precipitation of 14SV-1 and t{SV-2 proteins in agarose gels by crossed immuno- 
eleetrophoretic analysis. A 30 ~1 extract  of I-ISV-2 proteins made in Triton X-100 
containing buffer were applied in the first dimensional gel. ']?he proteins were sepa- 
rated at 10 V/em for 11,/2 hours. The first and second dimensionM gel was separated 
by a 2 cm wide intermediate gel supplied with 15 ~l/em 2 of rabbit  immunoglobulin 
prepared from preimmune sermn. The second dimensional gel contained t 5 ~l/em* of 
rabbit  immunoglobulin made to HSV-2 proteins. The eleetrophoresis was done at 
2 V/cm for 18 hours. B As described for A, except for the intermediate get being 
supplemented with serum no. 5. C 30 ~1 extract  of I-ISV-1 proteins made from infected 
cells analysed as described under A, but  the second dimensional gel contained rabbit  
immunoglobulin made to HSV-1 proteins. D As described for C, but  with serura 

no. 5 in the intermediate gel. The arrows at C and D identify Ag-8 

7* 
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Fig.  2. I m m u n o b l o t t i n g  of t t S V - t  and  t tSV-2  proteins  reac ted  e i ther  wi th  serum 
no. 5 or wi th  immunoso rben t  purif ied 9 1 K  and 128K specific antibodies.  P a n e l  A : 

1 An au torad iographie  image  of 14-C-ILV labeled I-ISV-1 infected eelI proteins  electro- 
phore t iea l ly  separa ted  on SDS-polyaery lamide  gels and  t ransferred onto nitrocellulose 
membranes .  2 An  autoradiographic  image  of 14-C-ILV labeled I{SV-2 infected ceil 
proteins  separa ted  and t ransferred as described for the  ]~ISV-1. 3 and  4 The i m m u n e  
react ions of the  proteins  shown in slots 1 and 2 af ter  incuba t ion  wi th  rabb i t  se rum 
no. 5 followed by  peroxidase  coupled swine an t i - rabb i t  immunoglobul in  and  o- 
dianisidine substra te .  P a n e l  B : 5 Incuba t ion  of the  t ransferred proteins  wi th  immuno-  
sorbent  pur i f ied 91 K binding ant ibodies .  The  ar rowheads  m a r k  two proteins  which 
are mos t  l ikely degrada t ion  products  of the  91K.  6 Incuba t ion  of the  t ransferred 

proteins  wi th  immunoso rben t  purif ied 128 K binding ant ibodies  

Fig.  3. I m m u n o b l o t t i n g  of I-ISV-2 protei:ns ex t r ac t ed  f rom nuclei  and  cy top lasm 
fract ions prepared  f rom 9 hours infected cells. 1 I m m u n o b l o t t i n g  of a to ta l  cell 
ex t r ac t  made  9 hour  postinfeetioI~ and  reac ted  wi th  serum no. 5. 2 The  nuclear  
proteins  reac ted  wi th  serum no. 5. 3 The  corresponding cy top lasm prote in  reac ted  
wi th  se rum no. 5. The  ar rowheads  in slots 1 and  3 m a r k  a prote in  which migh t  be  a 

pro teo ly t ie  degradat ion  p roduc t  der ived f rom the  91I~ prote in  
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14-C-glucosamine (data not  shown). The ant igen is fu r the r  character ized 
by  the  use of ant ibodies made  to the  ant igen cut  f rom the  agarose gel as 
detai led in Materials and Methods. The  specificity of the  ant i serum to  Ag-5 
(serum no. 5) was tes ted in crossed immunoelectrophoresis  by  the  inter-  
media te  gel technique and only the  Ag-5 was prec ip i ta ted  by  the  serum 

Fig. 4. Indirect immunofluorescenee staining (IIF) of HSV-2 infected cells fixed 
9 hours postinfeetion. A IIF staining with serum no. 5 used in a dilution of 1/10. 
B Phaseeontrast microscopy of the same cells. C I IF  staining with antibodies specific 
for ~he 9 tK protein diluted 1/t0. The meshlike staining should be not, edo 19 Phase- 
contrast microscopy of the cells in C. The arrowheads mark identical cells shown in 

I IF  and in phasecontrast microscopy 

(Fig. 1, A, B). The serum reac ted  only slightly with an ant igen Ag-x of 
HSV-1, an ant igen which has no t  been identif ied before (Fig. 1, C, D). Ag-4 
has no t  been character ized ye t  as several a t t empt s  to  ex t r ac t  the  prote in  
have  failed ei ther  because of l imited protein conten t  or because of instabil i ty.  

Characterization o/the Proteins o/At-5 
The  proteins  of Ag-5 of HSV-2 were identif ied by  thei r  reac t iv i ty  with 

the specific an t i se rum no. 5 by  use of immunoblo t t ing  analysis. E x t r a c t s  of 
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HSV-2 proteins electrophoreticMly separated and transferred to nitro- 
cellulose were incubated with serum no. 5. Two proteins of molecular weights 
128K and 91K showed strong binding of the antibodies (Fig. 2, slot 4). The 
91K protein was identified as the alkaline exonuclease with monoclonM 
antibodies obtained from Dr. Powell, Leeds (data not shown). Analysis of 
the immunologicM cross reactivity of serum no. 5 with HSV-1 proteins 
showed that  two proteins 128K and 99K were reactive, but  the binding to 
the 128K protein less strong and the 99K protein was hardly detectable 

o:o o11 o'.2 d3 
F x  9 ( 5 - 8 )  ..... , i "  

R 1 2 - 5  - -  I ..... Ill, 

RE 6 . . . . . . . .  . 

RH 31 , , 
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I, I 
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Fig.  5. The  genet ic  m a p  of t he  I-ISV-1 × t i S V - 2  i n t e r t y p i c  r e e o m b i n a n t s  used  for 
m a p p i n g  t he  9 1 K  gene.  The  u p p e r  l ine  d r a w n  for  each  r e c o m b i n a n t  r e p r e s e n t s  t h e  
I-ISV-1 sequences ,  t h e  lower  l ine t h e  I-ISV-2 sequences .  T h e  D N A  p re s en t  in  t h e  

r e e o m b i n a n t s  is s h o w n  b y  t h e  h e a v y  l ine 

(Fig. 2, slot 3). The 128K protein of both HSV-1 and HSV-2 had an electro- 
phoretic mobility identicM to that  of ICP-8 as shown after X-ray exposure 
of the antibody stained transfer (Fig. 3, slot 1, 2). 

Intracellular Location o/the At-5 Proteins 

HSV-2 infected cells were fractionated into nuclei and cytoplasm 9 hours 
postinfeetion. ICP-8 was evenly distributed between the nuclei and the 
cytoplasm, but  the 91K protein was released into the cytoplasm (Fig. 3, 
slots 2, 3). The protein marked with an arrow might be a proteolytic 
degradation product of 91K although the inhibitors TLCK and TPCK 
were present in the buffer used for cell fractionation. 

Indirect immunofluorescence staining of HSV-2 infected cells fixed 
9 hours postinfeetion showed that  sermn no. 5 stained exclusively the nuclei 
(]Pig. 4, A, B). Antibodies made specifically to the 91 K protein by  immuno- 
sorption of serum no. 5 on nitrocellulose bound 9t K also stMned the nuclei 
of infected cells but  in a more meshlike pattern (Fig. 4, C, D). The purity 
of the 91K specific antibodies as tested in immunoblotting is shown in 
Fig. 2, slot 5. The two minor bands indicated by  the arrows are most likely 
degradation products of the 91K protein detected with the selected and 
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concentrated antibody preparation. The immunosorbent purified antibodies 
made to the 128K protein did not cross-react with the 91 K protein (Fig. 2, 
slot 6). The SDS-disruption mixture did not contain protease inhibitors. 

Fig. 6. Mapping of the 91K protein gerle by the use of intertypic recombinants. The 
infected cell proteins extracted from the recombinants were transferred to nitro- 

cellulose and reacted with 91 K specific antibodies 

Mapping o/ the Structural Gene /or the 91K Protein 

The 91K protein of HSV-2 was mapped by the use of the series of 
HSV-1 × HSV-2 intertypic recombinants listed in Fig. 5. Immunoblott ing 
and incubation of the transfer with 91K specific antibodies showed tha t  
the recombinants Fx9  (5--8) and RE 6 were positive for 9i K whereas RH31 
and R 12-5 were negative (Fig. 6, slots 3--6). The weaker reaction obtained 
by F x 9  (5--8) is due to less viral antigen on the transfer. When the left 
end of the long unique sequences was derived from HSV-2 the recombinants 
were positive for 91K. An exchange of the HSV-2 sequences from 0.089 to 
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0.20 map units by  HSV-1 derived sequences resulted in a fMling reaction 
with the 9 t K  antibodies (Rt2-5) .  I t  should be noted t h a t  the sequenees 

between 0.7 and  0.83 are exchanged a t  the same t ime and the coordinates 

for the 9 1 K  protein is therefore either within 0.089--0.2 or 0 .7--0.83 map  

units. The recombinant  R H 1 G 4 8  was included as an ext ra  control for the 

separate map locations for ICP-8 and 9 t K .  The recombinant  carried only 

HSV-2 sequences in the ICP-8 gene (6) which has the map coordinates 

0.361--0.417 (27). 

Fig. 7. Two-D polyacrylamide gel analysis of HSV-2 proteins and immunoblotting 
of the oligopeptides. SDS-polyacrylamide gel electrophoresis of ILV-labeled tiSV-2 
infected cell proteins in 9.25 per cent polyaerylamide gel followed by staphylococcus 
V-8 protease degradation and separation of the oligopeptides in 12 per cent poly- 
acrylamide gel. The otigopeptides were transferred to nitrocellulose and the auto- 
radiographic immage is shown in A. The 128K and the 92K proteins are marked 
with arrows and the different oligopeptide pattern obtained from the two proteins 
should be noted. B The immunoreaetivity of the transferred ttSV-2 oligopeptides 

after incubation with serum no. 5. The reactive spots are encircled 
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Peptide Composition o/128K and 91K 
HSV-2 proteins electrophoretically separated in 9.25 per cent poly- 

acrytamide gels were analysed in a second dimensional gel after proteolytic 
degradation with staphylococcus aureus VS. ICP-8 was degraded into 8 
and 91K into 5 peptides of different molecular weight. Antiserum no. 5 
identified 3 of the ICP-8 peptides and 2 of the 91K ones (Fig. 7 A, B). I t  
should be noted that  there is a protein with a peptide pattern very similar 
to that  of ICP-8 but  which migrate a little faster than the 91 K. This protein 
is not recognized by  the antiserum (Fig. 7 A). 

Discussion 

The analysis of HSV-1 and HSV-2 infected cell proteins by  the use of 
crossed immunoelectrophoresis was initiated in order to understand the 
correlation between immunospecifity and protein composition of viraI 
antigens. The glycoprotein antigens received most attention. They were of 
special interest as they were located on the surface of both the viral envelope 
and the plasma membrane of infected cells, and the glycoproteins were thus 
likely to play a role in the pathogenesis of HSV (for review see reference 18). 
The special interest in Ag-5 of HSV-2 was based on the observation that  the 
protein was abundant  in HSV-2 infected but  net  in HSV-1 infected cells. 

Serum no. 5 made to Ag-5 reacted only sIightly with an antigen named 
X of HSV-1. The antibodies identified two proteins of HSV-2 in immuno- 
blotting, the 128 K and the 91K proteins, of which the 128 K was identified 
ICP-8 based on the electrophoretic mobility of the radioactively labeled 
protein (Fig. 2) and on the nuclear location in the immunofluorescence 
test  (12, 15, 24). The antibodies reacted also with ICP-8 of HSV-1 but  the 
second band with MW of 99K was hardly visible in the immunoreaction 
although the protein labeled well with the 14-C-aminoacids (Fig. 2). The 
91K protein of HSV-2 which coprecipitated with ICP-8 in gels was also 
located in the nucleus of infected cells. The protein was apparently not 
associated physically to the ICP-8 as cell fractionation into nuclei and 
cytoplasm by  use of an NP40 containing buffer extracted the 9t K protein 
into the cytoplasm. If the protein is associated to the nuclear membrane 
or just leaks out of the nuclei remains unclear. 

The 2-D-gel analysis showed that  the ICP-8 and the 91K proteins were 
different and the 91K was therefore not a cleavage product of ICP-8. The 
mapping data also showed that  the map coordinates for the two proteins 
differed. ICP-8 has been mapped within the coordinates 0.361--0.417 (27) 
and we estimated the 91K coordinates to be either 0.089--0.2 or 0.7--0.83 
based on the analysis of intertypie recombinants. Our data show that  
although the two proteins coprecipitate they differ both by  peptide analysis 
and by  immunological specificity, but  it is not known if their function in 
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the nuclei is coordinated. ICP-8 of HSV-1 associates to the nuclear matrix 
and are apparently translocated from prereplicative to replicate aeom- 
partments within the nucleus (26). I t  should be noted that  QvISrLA~ et al. 
(26) identify a 85K protein of HSV-1 which crossreacts immunologically 
with ICP-8 as demonstrated by  immunoprecipitation with a monoclonal 
antibody. This protein might very well be identical to the 99K protein 
which we find bind antibodies of serum no. 5 to a limited extent. 

We were unable to identify the exact map coordinates of the 91K gene 
with the recombinants available, but  the 91K specific antibodies purified 
by the immunosorbent technique reacted in immunoblotting with the same 
protein which reacted with monoclonal antibodies made to the Mkatine 
exonuclease, antibodies which were kindly given by Dr. K. P0wEr~L, University 
of Leeds. Based on this observation we can conclude that  the 91K protein 
is most likely the HSV-2 counterpart to the exonuelease 85K which is 
mapped within the coordinates 0.080--0.185 (25). 

The analysis of the possible binding of the 91K protein to the nuclear 
matrix is under investigation. 
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