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Summary. - Seventeen monoclonal antibodies (Mabs)  reacting 
specifically with t h e  cells infected with herpes  s implex v i ruses  t y p e  
1 (HSV-1) and  type  2 (HSV-2) w e r e  characterized by a variety o f  
immunological  tes ts  such as  radioimmunoprecipitation, immuno-
blotting and virus-neutralization. T h e  majority o f  M a b s  w a s  
directed against  glycoprotein B (anti-gB), six reacted with glycopro­
t e in  C (ant i -gC) a n d  o n e  with glycoprotein G (ant i -gG) .  Six ant i -gB 
M a b s  reacted  with b o t h  types  o f  H S V  (anti-gB-1,2), t w o  ant i -gB a n d  
all t h e  six an t i -gC M a b s  h a v e  b e e n  specific f o r  H S V - 1  (anti-gB-1 a n d  
anti-gC-1).  T h e  r ema in ing  t w o  anti-gB M a b s  a n d  t h e  an t i -gG h a v e  
b e e n  specif ic  t o  HSV-2  (anti-gB-2 a n d  ant i -gG) .  On ly  t h r e e  o u t  o f  
t h e  s e v e n t e e n  e x a m i n e d  M a b s  neut ra l ized  t h e  vi rus .  

Key words: herpes simplex virus; viral glycoproteins; monoclonal anti­
body 

Introduction 

H e r p e s  s implex  vi rus  ( H S V )  has  t w o  se ro types  f r o m  which  H S V - 1  is r a the r  
associa ted wi th  facial infec t ions ,  w he r e a s  HSV-2  is m o r e  f r equen t ly  c o n n e c t e d  
wi th  geni tal  les ions.  Bo th  se ro types  s h o w  a b o u t  70% o f  g e n o m i c  homology ,  
which  expla ins  t h e  wide  e x t e n t  of  s t ruc tura l  similarity b e t w e e n  antigenically 
re la ted  HSV-1  a n d  HSV-2  virus-specific p ro te ins  ( M c G e o c h ,  1989). 

In t h e  cou r se  o f  p roduct ive  infec t ion  H S V  expresses  a t  least  s even  glycopro­
t e in s  des igna ted  as  gB,  gC ,  g D ,  g E ,  g G ,  g H ,  a n d  g l ,  which  are  incorpora ted  i n t o  
t h e  e n v e l o p e  o f  vir ions a n d  i n t o  t h e  m e m b r a n e s  o f  in fec ted  cells (Spear ,  1985). 
Glycopro te ins  gB, g D ,  g E ,  a n d  g H  a re  cons idered  t o  b e  t y p e - c o m m o n ,  a l t hough  
t h e y  possess  a lso type-specif ic  an t igen  d e t e r m i n a n t s  (Kousou la s  et al., 1984; 
E i senbe rg  et al., 1985; Ful le r  et al., 1989). Glycopro te in  C h a s  p roven  t o  b e  
p redominan t ly ,  a l though  n o t  exclusively,  type-specif ic  (Zweig  et al., 1983ft; 



MONOCLONAL ANTIBODIES T O  HSV-1 153 

Zezulak and Spear, 1983), whereas  glycoprotein g G  first identif ied b y  monoc ­
lonal  an t ibod ies  s e e m s  t o  b e  s o  f a r  type-specif ic  (Ro izman  et al., 1984 
A c k e r m a n  et al., 1986). 

Prepara t ion  o f  m o n o c l o n a l  an t ibod ies  (Mabs )  t o  H S V  glycoprote ins  h a s  
b e e n  r epo r t ed  b y  m a n y  workers  (Pere i ra  et al., 1980; Showal te r  et al., 1981; 
Balachandran  et al., 1981, 1982; E i senbe rg  et al., 1982). T h e y  p roved  t o  b e  
a valuable  too l  f o r  d i f fe ren t ia t ion  b e t w e e n  t h e  H S V  sero types  in  i m m u n o d i a g -
nos t ic  work ,  f o r  ident i f ica t ion a n d  character izat ion o f  viral glycoproteins ,  f o r  
reveal ing the i r  ep i tope  s t ruc tu re  a n d  in  o t h e r  immunolog ica l  s tud ies .  W e  h a v e  
ut i l ized t h e  h y b r i d o m a  techno logy  t o  deve lop  a s e t  o f  M a b s  t h a t  w o u l d  reac t  
specifically wi th  t h e  glycoprote ins  o f  H S V - 1  o r  H S V - 2  a n d  cou ld  b e  u s e d  f o r  
specific an t igen  de tec t ion  a n d  H S V  typizat ion in d i f f e r en t  immunolog ica l  
tes ts .  

Materials and Methods 

Cell lines. VERO (green monkey  kidney) and  H E L  ( h u m a n  embryonal  lungs) cells were grown 
in BEM supplemented  with 10% foetal  bovine  se rum,  antibiotics, and glutamine.  Sp2/0  mye loma  
cells and  hybr idoma cells were  maintained in Dulbecco 's  modif ied  Eagle's minimal  essential 
med ium ( D M E M )  supplemented  with 10-15% o f  foetal  calf se rum (FCS),  gentamycine 20 fig/ml, 
pyruvate 50 fig/ml, and  glutamine 30 fig/ml and  incubated at 37 °C  in 6% CO2 humid  a tmosphere .  

Viruses and the infected cell extract. HSV-1 strain Kupka a n d  HSV-2 strain Praha were obtained 
f rom Dr.  V.  Vonka (SEVAC, Prague).  Viruses  were  propagated in V E R O  o r  H E L  cells and  their  
titres were  de termined  in V E R O  cells. F o r  preparation o f  infected cell extracts, monolayers  of  
VERO o r  H E L  cells were  infected with t h e  virus dose  of 5-10 PFU/cel l .  W h e n  C P E  developed in 
about  70% o f  cells, t h e  main tenance  m e d i u m  was discarded, t h e  cells were  washed once  with PBS 
and  t hen  5 ml  o f  extraction buf fe r  (0.5 mol/1 NaCl,  0.5 % octyl-B-D-glucopyranoside, 0.1 mmol /1  
phenylmethylsulphonyl  f luoride)  was added  and  allowed t o  act fo r  30 m i n  at room tempera ture  at 
occasional shaking. Thereaf te r  t he  cells were  scraped off  and t h e  cell debris  was removed by low-
speed centr ifugation;  t h e  infected extract was stored at - 2 0  °C  unti l  used.  F o r  immunizat ion t h e  
infected cell extract was extensively dialysed against PBS a t + 4  °C  t o  remove  t h e  majori ty of deter­
gent .  

Immunization of mice. Balb/c  mice 6-week-old were given 300 fil extract o f  HSV-1 infected cells 
mixed with complete  F r eund ' s  adjuvant  by intramuscular  route.  T w o  weeks later, t h e  s a m e  intra­
muscular  injection was repeated.  Af te r  ano the r  3 weeks t h e  mice  received 500 fil of  HSV-1 
infected cell extract with incomplete  F reund ' s  adjuvant  intraperitoneally and  again 3 weeks later 
100 fil of  infected cells extract wi thout  adjuvant  intravenously. T h r e e  days later t h e  mice were  
sacrificed and their  spleen cells removed for  fus ion.  Balb/c  mice were immunized  with t h e  HSV-2 
extract us ing a schedule  reported by Killington  et al. (1981). Briefly, t h e  mice  received 50 fil o f  
HSV-2 infected extract wi thout  adjuvant  in t h e  rear footpad and t h e  injection was repeated 10 days 
later. Af te r  two weeks they received 300 fil of  infected cell extract with incomplete  F r eund ' s  adju­
vant intramuscularly and  two  weeks later 100 fil o f  t h e  infected cell extract intravenously wi thout  
adjuvant .  T h r e e  days later t h e  mice were.sacrificed and  their  spleens were  used fo r  fus ion.  

Generation and production of monoclonal antibodies. Spleens o f  immunized  mice were fused  
with S p 2 / 0  cells according the  procedure  described by Lane  et al. (1986). Positive hybr idoma 
cultures were  cloned by two cycles of cloning in semisolid agar and t h e  s t rong positive clones were  
expanded.  Mabs  were produced both  in vitro and  in vivo. F o r  preparing ascitic fluids,  a n  intraperi-
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toneal injection o f  5 x 106 hybridoma cells was given to adult Balb/c or DBA/2 mice which had 
been primed 10 days before  with 0.5 ml parafTine oil given intraperitoneal^. 

Radioimmunoassay (RIA) procedures. Screening of positive hybridomas was  performed by an 
indirect or sandwich RIA using  l 2 5I-labelled affinity purified sheep antimouse IgG ( l 2 5 I-ShAMo-
IgG). A s  antigen in the indirect RIA w e  used purified HSV-1 or HSV-2 virions (300 ng protein/ 
well) as  controls served lysates o f  noninfected VERO or HEL cells diluted 1:10 in PBS (Bystrická 
el al., 1985). In sandwich RIA the wells of microplates were  coated with purified swine IgG (raised 
against purified HSV-1 virions) in a concentration of 1 //g IgG/well overnight a t + 4  °C  in a humid  
chamber .  Af te r  saturation with 10% F C S  in PBS for  1 hr, infected cell extracts diluted 1:10 o r  1:20 
with 0.1% F C S  in PBS were added for  2 hr.  Af ter  washing, 30^/1 o f  hybr idoma fluid was given into 
the  wells, incubated for  2 hr,  washed and  t hen  the  bound  immunoglobul ins  were detected with 
l 2 5 I -ShAMo-IgG.  

Surface immunoassay. Monolayers  of HSV-1, HSV-2 infected o r  noninfected VERO cells were 
washed with 0.1% F C S  in PBS, scrapped off  o f  t h e  glass in a small vo lume  and counted .  Al iquo t sof  
30 - 50 000 cells in 30 /u\ were  added t o  t h e  U-shaped wells o f  microtitre plates saturated for  1 h r  
with 10% F C S  in PBS. T h e  ascitic f luids were appropriate diluted in 0.1% F C S  in PBS and 30^/1 of 
each dilution was incubated with t h e  cells for  90 min at occasional shaking. T h e  cells were washed 
3 t imes  with 0.1% F C S  in PBS, centr i fuged,  and incubated with the  I-ShAMo-IgG (70 000 
cpm/60  I) again for  90 min .  Af ter  washing 3 t imes  with 0.1% F C S  in PBS, t he  cell sed iments  were 
transferred t o  t he  vials and their  radioactivity was counted .  

Isotype determination. M a b  isotypes were determined using RIA me thod  with affinity purified 
rabbit an t imouse  IgM, IgGI, IgG2a, IgG2b, IgG3 antibodies.  Rabbit IgG was detected with affinity 
purified  l 2 5I-goat  antirabbit  IgG (Poláková and Russ, 1983). All incubations in described RIA 
procedures were performed at room temperature. Sandwich RIA and surface immunoassay were 
also used for titration of ascitic fluids. Endpoint antibody titres against HSV-1, 2 antigens were 
expressed as reciprocals o f  the highest ascites dilution at which triple levels (as compared to 
control) o f  radioactive tracer were bound. 

Virusneutralization test (VN). Ascitic f luids were inactivated for 30 min at 56 °C  and  their  appro­
priate di lut ions were  incubated for  2 h r  with 100 P F U  of HSV - 1,2 in t he  presence o r  absence of 
complemen t  (10-20 U in 100 n \  o f  f resh guinea pig se rum)  as  described (Hsiung,  1982). Endpoint  
ant ibody ti tres were expressed as  reciprocals o f  t he  highest ascitic fluid dilution at which 90% inhi­
bition (10 t imes  reduct ion)  of  C P E  foci was observed.  

Immunofluorescence (IF) - was performed with HSV-1 a n d / o r  HSV-2 infected VERO cell m o n o ­
layers fixed in ace tone  as  described (Hsiung,  1982). Sheep  ant i -Mo FITC-labelled IgG (SEVAC, 
Prague) was used in dilution 1:10, t h e  ascitic f luids were diluted f rom 1:25 t o  1:6400 o r  higher. 

Radioimmunoprecipitation assay (RIPA). 3 5 S-methionine  o r  l 4 C-amino  acids- o r  l 4C-glucosa-
m i n e  labelled viral glycoproteins were prepared f rom HSV-1 o r  HSV-2 infected H E L  o r  VERO 
cells. At t he  t ime  of infection t h e  maintenance  med ium  was replaced with meth ion ine  f ree  BEM 
o r  with BEM containing 1/10 reduced concentrat ion of a m i n o  acids o r  with glucose f ree  BEM, 
supplemented  with 2% FCS.  At 4 hr  p. i. f resh med ium  was added t o  t he  flask together  with  3 5S-
meth ion ine  (5 / /Ci per 1 ml m e d i u m )  o r  l 4 C-amino  acids (1 fiC\ per 1 ml m e d i u m )  o r  ' ^ - g l u c o s a ­
mine  (5 n C \  per  1 ml of med ium) ;  t h e  cells were labelled till 16 - 18 h r  p. i. T h e  labelled cells 
extracts were prepared and RIPA was carried ou t  as  described by Zezulak and Spear (1984). T h e  
precipitated proteins  were separated by SDS-PAGE in 8% polyacrylamide gel according t o  
Lacmmli  (1970). T h e  gels were treated with 1 mol/1 sodium salicylate, dried and  exposed to 
Kodak-X-Omat film. 

Immunoblot assay. Extracts of  infected VERO cells were prepared as  described by Snowden  et 
ul. (1985). Solubilized proteins were  separated by SDS-PAGE in 8% acrylamide gel and electro-
blotted o n t o  nitrocellulose filter (Sleichcr - Schuell) as  described by Towbin  et al. (1979). T h e  
nitrocellulose sheet  was blocked 4x15 min .  in Blotto solution (5% skim milk powder,  0.2% NP-40 
in PBS) and then  cut into strips. Different Mabs  (ascitic fluids) diluted at least 1:100 in Blotto solu­
tion o r  undi luted cul ture  supematan t s  were incubated with nitrocellulose strips fo r  2 hr.  T h e  
strips were washed 3x15 min in Blotto solution and then  incubated for  2 hr  with  l 2 5J-SwAMo-IgG. 
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T h e  strips w e r e  washed  3x15 min in Blotto solution, then 1.5 min in PBS, dried and exposed to 
Kodak X-Omat film with Perlux Extra - Rapid intensification screens.  

Results 

Screening of the hybridomas 
In t h e  f i r s t  screening attempts  b y  indirect solid-phase RIA puri f ied HSV-1 or 

HSV-2 virions w e r e  directly adsorbed t o  t h e  polystyrene microtitre plate. In 
this  case w e  detected m a n y  posit ive hybridomas,  b u t  t h e  v a s t  majority o f  t h e m  
proved t o  b e  negat ive  in a variety o f  other  tes t s  including V N ,  IF, sandwich 
RIA, RIPA, and  immunoblott ing.  For example,  f r o m  500 clones  tested,  320 
w e r e  positive in indirect RIA b u t  only 5 o f  t h e m  reacted with  native viral anti­
g e n s  in  o t h e r  immuno log ica l  tes ts .  

Like  o t h e r  invest igators  (F r ique t  et al., 1984; S m i t h  a n d  W i l s o n ,  1986) w e  
conc luded  t h a t  d i rect  immobi l iza t ion  o f  pur i f i ed  v i rus  o n  polys tyrene  p la te  
exposed  several  n o n r e l e v a n t  an t igen ic  s i tes  wh ich  are  n o t  p r e sen t  o n  t h e  na t ive  

Fig. 1 
Autorad iogram o f  electrophoret ical ly se­
parated polypept ides  in immunoprec ip i -
ta tes  ob ta ined  by t h e  react ion o f  m o n o c ­
lonal  an t ibodies  ( lane  1- 159, l ane  2- 144, 
l ane  3 -170 ,  l a n e  4-T111, l ane  5-T63) wi th  
t h e  extract  o f  H E L  cells infected with  
HSV-1  a n d  labelled wi th  3 5 S-me th ion ine  
f r o m  4 - 2 0  h r  p.i. 1 2 3 4 5 



156 BYSTRICKÁ, M. et at. 

virions. So, w e  decided t o  u s e  t h e  sandwich RIA, which presumably  could b e  
m o r e  e f fec t ive  in selecting M a b s  that recognize native antigen. Purif ied IgG 
f r o m  polyclonal swine  s e r u m  raised by immunization with HSV-1 virions w a s  
adsorbed t o  t h e  polystyrene plate and t h e  native viral protein w a s  immobil ized 
af ter  be ing  extracted f r o m  t h e  infected cells with a nonionic detergent.  Using 
this  test,  all t h e  selected hybridomas w e r e  positive also in many other  tes ts  such 
a s  IF, V N ,  RIPA, immunoblott ing  and sur face  immunoassay.  By sandwich RIA 
w e  selected 17 M a b s  f o r  fur ther  s tudy.  None  o f  these  reacted with t h e  lysates  o f  
noninfected V E R O  or  HEL cells in indirect RIA. 

Identification of viral proteins detected by monoclonal antibodies 
T o  identify t h e  viral proteins reactive with Mabs  selected by sandwich RIA, 

t w o  assays  h a v e  been  per formed:  1) RIPA with  3 5 S-methionine or  1 4C-amino 
acids labelled extracts prepared f r o m  infected cells, and  2) immunoblott ing.  
Monoclonal antibodies o f  group I (summarized in Table  1) - antibodies 49,144,  
159, 170, 763, T i l l  precipitated a protein complex o f  130 kD, 120 kD f r o m  
extracts o f  HSV-1 and HSV-2 infected HEL cells, respectively (Fig. 1 and Fig. 2, 
lanes  1, 7, 8). Using extracts o f  HSV-1 or HSV-2 infected V E R O  cells w e  
detected 120,110,50,40  kD proteins (Fig. 3, lane 1, Fig. 4, lane 7). T h i s  pattern 
o f  precipitation w a s  very  similar t o  that reported f o r  g B  b y  other authors  
(Pereira  et al., 1982; Zezulak and Spear, 1984) and w e  supposed  that t h e  precipi-

* * *  i 

1 2 3 4 5 6 7  8 1 2 3 4 5 6 7 8  
Fig. 2 

Autoradiogram of electrophoretically separated polypeptides in immunoprecipitates obtained 
by the reaction of monoclonal antibodies (lane 1- T63, lane 2- T51, lane 3- T96, lane 4- T50, 
lane 5- 809, lane 6- T90, lane 7,8- T i l l )  with extracts o f  HEL pells infected with HSV-1 (left 

panel) and HSV-2 (right panel) and labelled with -15S-methionine from 4-20 hr p. i. 
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F i g . 3  
Autoradiogram of  electrophoretically se­
parated polypeptides in immunoprecipi-
ta tes  obtained by t h e  reaction o f  monoc­
lonal ant ibodies (lane 1- 144, lane 2- 499, 
lane  3- 201, lane 4- 303) with extracts o f  
V E R O  cells infected with HSV-2 a n d  
labelled with  3 5 S-meth ion ine  f r o m  4 - 2 0  "11—mi 
h r p . i .  1 2  3 4 

tated  protein complex  w a s  gB.  However^ w i t h  M a b s  733,740  w e  detected  t h e  g B  
glycoprotein complex  only  f r o m  HSV-1 in fec ted  H E L  or  V E R O  cells  (resul ts  
n o t  shown) .  O n  t h e  contrary,  M a b s  201, 499  precipitated v e r y  s t rongly  t h e  g B  
complex  only f r o m  extracts  o f  HSV-2 in fec ted  V E R O  or  H E L  cells  (Fig. 3, l anes  
2,  3). 

T h i s  g r o u p  o f  M a b s  w a s  f u r t h e r  characterized w i t h  respect  t o  their  reactivity 
w i t h  d e n a t u r e d  HSV-1 or  HSV-2 in fec ted  V E R O  cells  polypept ides  in i m m u -
noblott ing.  A n t i b o d y  170 reacted wi th  100,55,  a n d  4 5  k D  prote ins  f r o m  HSV-1 
infected  V E R O  cells corresponding  t o  m a t u r e  f o r m  and degradation product  o f  
gB-1 (Fig. 5, strip 1). In addition t o  ant ibody 170, a l so  201  a n d  499  ant ibodies  
reacted only  wi th  t h e  4 5 - 5 0  k D  polypept ides  f r o m  HSV-2 infected  V E R O  cells  
corresponding  probably  t o  a degradation product  o f  gB-2 (Fig. 5, str ips  7, 8 ,9) .  
H o w e v e r ,  t h e  major i ty  o f  M a b s  o f  t h i s  g r o u p  w e r e  negat ive  in immunoblot t ing .  

M a b s  o f  g r o u p  II (Table  1), i. e.  ant ibodies  809, T50,  T51,  T90,  T 9 6  precipi­
t a t e d  a p r o t e i n  o f  a p p a r e n t  M r  125 k D  f r o m  ex t rac t s  o f  H S V - 1  i n f e c t e d  H E L  o r  
V E R O  cells,  w h i c h  is typical  o f  t h e  m a t u r e  f o r m  o f  g lycopro te in  g C .  T h e s e  
M a b s  fa i led  t o  prec ip i ta te  a n y  o t h e r  p r o t e i n  f r o m  t h e  ex t rac t s  o f  H S V - 2  i n f e c t e d  
H E L  cells (Fig.  2 ,  l a n e s  2,  3 ,  4 ,  5 ,  6). Occas iona ly  w e  d e t e c t e d  a p r e c u r s o r  f o r m  
o f  t h i s  g lycopro te in  a t  a b o u t  95 k D  a n d  a p r e s u m a b l y  r e l a t ed  p r o d u c t  a t  65  k D  
(Fig .  4 ,  l a n e s  3,  5 , 9 ) .  I n  i m m u n o b l o t t i n g  analys is  M a b s  T 5 0 ,  T 5 1 ,  T 6 0 ,  a n d  T 9 6  
r e a c t e d  w i t h  d e n a t u r e d  H S V - 1  i n f e c t e d  V E R O  cell po lypep t ide s  a n d  w e  
d e t e c t e d  b r o a d  z o n e s  o f  120-110 k D ,  80 a n d  6 0  k D ,  c o r r e s p o n d i n g  p robab ly  t o  
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mature,  precursor f o r m  and related product o f  gC-1 respectively (Fig. 5, strips 
3, 4, 5, 6). N o n e  o f  M a b s  o f  this  group reacted with  denatured HSV-2 infected 
V E R O  cell polypeptides what  conf i rmed our  presumption that  t h e s e  M a b s  are 
type 1 specific. 

Monoclonal antibody 303 (group III - T a b l e  1) specifically precipitated 
a 120-125 k D  protein f r o m  t h e  extracts o f  HSV-2 infected V E R O  or H E L  cells 
(Fig. 3, lane 4). W e  w e r e  not  able  t o  detect any protein precipitated b y  this  M a b  
f r o m  extracts o f  HSV-1 infected cells. T h e  apparent M r  corresponding t o  t h e  
protein precipitated with  this  M a b  is close t o  that  o f  gG-2 glycoprotein, s o  w e  
supposed that  t h e  M a b  303 reacted with  this  glycoprotein. T y p e  2 specificity of  
this M a b  w a s  confirmed by immunoblott ing,  w h e r e  w e  detected broad z o n e s  o f  
Mr about  120-110 kD, 60-50 kD, and faint  z o n e  at 75 k D  with t h e  HSV-2 
infected cell extracts only (Fig. 5, strip 10). 

For glycoprotein labelling w e  per formed an additional RIPA with extracts o f  
HSV-1 and  HSV-2 infected cells labelled with  1 4C-amino acids or  l 4C-glucosa-
mine. Representative M a b s  o f  group I (170, T 111), g roup  II (T51, T96, 809), 
and o f  g roup  III (303) precipitated proteins, which w e r e  heavily labelled with  
, 4 C-glucosamine (Fig. 5). T h e  results  o f  t h e s e  s tudies  conf i rmed our  presump ­
t ion ,  t h a t  all p ro te ins  precipi ta ted  wi th  p repa red  M a b s  a r e  glycoproteins .  

Characterization of monoclonal antibodies in other immunological tests 
Ascit ic  f lu ids  f o r  each  o f  t h e  hyb r idomas  w e r e  t e s t e d  f o r  reactivity w i th  

G G A G A G A Q A  G A 

g B -
- g c P " !  gG-2 

f Fig. 4 
Autoradiogram of eiectrophoretically "* 

separated polypeptides in immunopreci-
pitates obta ined by reaction of monoc­
lonal ant ibodies ( lane 1- 170, lane 2,3-
T96, lane  4,5- T51, lane 6 , 7 - T l l l ,  lane 
8,9- 809, lane 10,11- 303) with extracts 

of  V E R O  cells infected with HSV-1 -
(left panel) o r  HSV-2 (right panel) and 
labelled with  l 4 C-glucosamine (lanes  — — 
marked with G) or  l 4 C-amino acids „ , _ „ _ 

(lanes marked with A )  1 2 3 4 5 6 7 8 9 10 11 
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Fig. 5 
Autoradiogram of immunoblotting ana­
lysis o f  HSV-1 (strips 1-6) and  HSV-2 
(strips 7-10) infected VERO cell polypep­
t ides reactive with monoclonal  ant ibodies 
(strips 1,7- 170, strip 2- T i l l ,  strip 3-750, 
strip 4- T51, strip 5- T96, strip 6- T60, strip 
8- 201, strip 9- 499, strip 10- 303) 

H S V - 1  o r  H S V - 2  i n f ec t ed  cel ls  b y  I F ,  V N ,  s a n d w i c h  R1A a n d  s u r f a c e  i m m u ­
noassay  ( T a b l e  1). 

W e  o b s e r v e d  t h a t  six M a b s  b e l o n g i n g  t o  g r o u p  I (49, 144, 159, 170, T 6 3 ,  
T i l l )  originally p r o d u c e d  b y  H S V - 1  f u s i o n  s h o w e d  s t r o n g  cross-react ivi ty wi th  
t h e  t y p e  2 v i rus .  T h e y  r e a c h e d  h igh  t i t res  in I F ,  s andwich  R I A ,  a n d  s u r f a c e  
i m m u n o a s s a y ,  i. e .  d i l u t i ons  rang ing  f r o m  1:1600 t o  1:1 000 000. O n l y  o n e  M a b  
r eac t ed  in V N  t e s t  b o t h  in p r e s e n c e  a n d / o r  a b s e n c e  o f  c o m p l e m e n t .  P r e s u ­
m a b l y  t h e  t y p e  1 speci f ic  M a b s  733, 740 w e r e  a l so  type-speci f ic  in  IF ,  s a n d w i c h  
R I A ,  a n d  s u r f a c e  i m m u n o a s s a y ,  b u t  t h e y  w e r e  nega t ive  in  V N  tes t .  M a b s  201, 
499  original ly p r o d u c e d  b y  H S V - 2  f u s i o n  w e r e  t y p e  2 speci f ic  s h o w i n g  h i g h  
t i t r e s  in  I F ,  s a n d w i c h  R I A  a n d  s u r f a c e  i m m u n o a s s a y .  T h e y  reac ted  w i t h  t h e  
t y p e  2 v i ru s  a l so  in  V N  t e s t  in t h e  p r e s e n c e  o r  a b s e n c e  o f  c o m p l e m e n t .  O n  t h e  
bas is  o f  t h e s e  r e su l t s  w e  c o n s i d e r  t h e s e  M a b s  a s  t y p e  2 speci f ic  (Tab l e  1). 

S u m m i n g  u p ,  t h e  w h o l e  g r o u p  o f  M a b s  aga ins t  g B  can  b e  d iv ided  i n t o  3 
s u b g r o u p s  wi th  r e spec t  t o  t h e i r  type-specif ic i ty .  Six a n t i b o d i e s  p r o v e d  t o  b e  
t y p e - c o m m o n ,  t w o  w e r e  t y p e  1-specific a n d  o t h e r  t w o  t y p e  2-specific.  M a b s  o f  
g r o u p  II (809, T 5 0 ,  T 5 1 ,  T 6 0 ,  T 9 0 ,  T 9 6 )  previous ly  eva lua t ed  a s  an t i  gC-1  w e r e  
t y p e  1 speci f ic  in all p e r f o r m e d  t e s t s ,  r e ach ing  h igh  t i t r e s  u p  t o  1:1 000 000. All  
w e r e  nega t ive  in V N  t e s t  e i t h e r  in t h e  p r e s e n c e  o r  a b s e n c e  o f  c o m p l e m e n t .  
Final ly ,  t h e  t y p e  2 specif ici ty o f  M a b  303 w a s  c o n f i r m e d  in  I F ,  s andwich  R I A  
a n d  s u r f a c e  i m m u n o a s s a y .  H o w e v e r ,  t h i s  m o n o c l o n a l  a n t i b o d y  was  nega t ive  in  
V N  t e s t  in p r e s e n c e  o r  a b s e n c e  o f  c o m p l e m e n t  (Tab l e  1). 

1 2 3 4 5 6  7 8 9  10 
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Discussion 

W e  report  production and  characterization o f  17 M a b s  t o  HSV-1 and  HSV-2, 
ten o f  which react with  glycoproteins gB-1 and  gB-2, another  s ix  with glycopro­
t e i n  gC-1 a n d  o n e  b e i n g  d i rec ted  agains t  g lycoprote in  gG-2 .  T h e  M a b s  w e r e  
character ized w i th  respec t  t o  t he i r  reactivity a n d  t y p e  specificity in  i m m u n o l o ­
gical assays s u c h  a s  R I P A ,  i m m u n o b l o t t i n g ,  I F ,  V N ,  sandwich  R I A ,  a n d  su r face  
immunoas say .  

M a b s  t o  gB-1, 2 (g roup  I )  r eac ted  wi th  co r respond ing  extracts  o f  in fec ted  
H E L  cells i n  R I P A  a n d  precipi ta ted  p ro te in  b a n d s  o f  M r  130 a n d  120 k D ,  p resu ­
mab ly  m a t u r e  a n d  precursor  f o r m s  o f  g lycoprote in  gB. H o w e v e r ,  in  R I P A  w i t h  
extracts  o f  in fec ted  V E R O  cells t h e  M r  o f  t h e s e  p ro te ins  w a s  sh i f t ed  d o w n  a n d ,  
in  addi t ion ,  w e  de t ec t ed  t w o  p ro te ins  o f  lower  M r  o f  a b o u t  50 a n d  40 k D ,  
probably  degrada t ion  p roduc t s  o f  gB. Proteolyt ic  cleavage o f  g B  in  V E R O  cells 
a n d  f o r m a t i o n  o f  degrada t ion  p roduc t s  a r e  wel l  k n o w n  (Perei ra  et a!., 1982; 
Zezu lak  a n d  Spear ,  1984). O n  t h e  basis  o f  character is t ic  migra t ion  pa t t e rn  o f  g B  
m a d e  in  H E L  a n d  V E R O  cells a n d  heavy  labell ing o f  h igh  M r  spec ies  w i th  l 4C-
glucosamine ,  w e  iden t i f ied  t h e s e  p ro t e in s  a s  m e m b e r s  o f  t h e  g B  complex .  O n l y  
smal l  p ropor t ion  (3 o u t  10) o f  t h e s e  an t ibod ies  w e r e  react ive in  i m m u n o b l o t ­
t ing,  wh ich  is  in  accordance  wi th  t h e  resu l t s  o f  K o u s o u l a s  et al. (1984) w h o  
f o u n d  on ly  o n e  an t ibody  o f  16 react ive w i th  d e n a t u r e d  po lypept ides  t r ans fe r red  
t o  ni t rocel lulose.  W e  a lso  bel ieve t h a t  t h e  c o n f o r m a t i o n  o f  t h e  gB mo l ecu l e  is  
critical f o r  reac t ion  w i th  t h e  major i ty  o f  M a b s .  I n  add i t ion  t o  h igh  t i t res  o f  M a b s  
in  I F  a n d  sandwich  R I A ,  w e  also f o u n d  g o o d  reactivity in  su r face  i m m u n o a s s a y  
us ing  viable (nonf ixed )  in fec ted  cells w h i c h  sugges t  t h e  p r e s e n c e  o f  react ive 
ep i topes  o n  t h e  gB d o m a i n  e x p o s e d  t o  t h e  extracel lular  space.  Surprisingly,  t h e  
m a j o r  par t  o f  t h e s e  M a b s  fai led t o  neu t ra l i ze  H S V - 1  o r  H S V - 2  in  p r e s e n c e  o r  
ab sence  o f  c o m p l e m e n t .  W e  f o u n d  on ly  3 M a b s  react ive in  V N  tes t .  I t  is n o t e ­
wor thy  t h a t  m u c h  m o r e  M a b s  against  g B  w e r e  f o u n d  react ive i n  V N  t e s t  b y  
o t h e r  a u t h o r s  (Kousou la s  et al., 1984; K i n o  et al., 1985; K u m e l  et al., 1985). 

Al l  b u t  o n e  M a b s  against  gC-1  (g roup  II)  w e r e  react ive in  R I P A .  T h e y  preci­
p i ta ted  a polypept ide  b a n d  o f  M r  125 k D  f r o m  extracts  o f  H S V - 1  in fec ted  cells 
heavily label led w i th  1 4 C-glucosamine indicat ing t h a t  it w a s  a glycoprotein .  I n  
addi t ion ,  t h e s e  M a b s  precipi ta ted n o  label led p ro te ins  f r o m  t h e  ext racts  o f  
HSV-2  in fec ted  H E L  o r  V E R O  cells. F o u r  M a b s  o f  t h i s  g r o u p  reac ted  in i m m u ­
nob lo t t ing  wi th  d e n a t u r e d  polypept ides  o f  H S V - 1  in fec ted  V E R O  cells t r ans ­
fe r r ed  t o  ni t rocel lulose.  A M r  p ro t e in  b a n d  (120 - l l O  k D )  a n d  probably  i t s  
p recursor  f o r m  80 k D  a n d  a re la ted  p r oduc t  (60 k D )  w e r e  de tec ted .  Aga in ,  a s  in  
previous  "test, negat ive  resu l t s  w e r e  o b t a i n e d  in  reac t ion  w i t h  t h e  d e n a t u r e d  
polypept ides  o f  H S V - 2  in fec ted  cell extracts .  C o m p a r i n g  o u r  resu l t s  w i th  t h o s e  
o f  Zweig  et al. (1983a; 1984) w e  sugges t  t h a t  t h e  de t ec t ed  glycoprote in  cou ld  b e  
gC-1. 
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M a b s  o f  g r o u p  II in IF, sandwich RIA, a n d  s u r f a c e  i m m u n o a s s a y  reacted 
exclus ive ly  with H S V  t y p e  1. N o n e  o f  t h e s e  ant ibodies  h a d  V N  activity e i ther  in 
t h e  presence  o r  in t h e  a b s e n c e  o f  complement .  T h i s  contrasted wi th  t h e  resu l t s  
o f  Showalter  et al. (1981) and Mariin  et al. (1985), w h o  f o u n d  all their  M a b s  
against  gC-1 reactive in V N  tes t  in t h e  presence  o f  complement .  O w i n g  t o  t y p e  
1 specificity o f  th i s  g r o u p  o f  M a b s  in all p e r f o r m e d  tests ,  w e  s u p p o s e  that  they  
m a y  provide  excel lent  t y p e  1 speci f ic  reagent  f o r  potential  diagnost ic  u s e .  

A n t i b o d y  against  gG-2 (group III) s h o w e d  t y p e  2 specificity in all p e r f o r m e d  
t e s t s  (Table  1). In RIPA t h e  reactive protein f o r m e d  a broad b a n d  a b o u t  
125-120 k D  which w a s  label led with  l 4 C-glucosamine  conf i rming  that  it w a s  a 
glycoprotein.  In i m m u n o b l o t t i n g  with d e n a t u r e d  polypeptides  o f  HSV-2 
infected V E R O  cells  w e  detected a broad b a n d  at approximately  120-110 k D  
a n d  a lower  molecular  w e i g h t  product  at 60-50  kD. Consider ing  t h e  high 
susceptibi l i ty  o f  gG-2 polypeptide t o  proteolytic c leavage  (Dall 'Olio  et al., 
1987), w e  s u p p o s e  that  t h e  60-50  k D  protein m a y  b e  a degradation product  
rather  than a precursor  f o r m .  Roizman  et al. (1984) a l so  descr ibed  t h e  c leavage  
o f  gG-2 by V E R O  cell proteases  in i m m y n o b l o t t i n g  analysis,  b u t  their  degrada­
t i o n  p r o d u c t s  h a d  lower  M r .  T h i s  m a y  b e  d u e  t o  d i f f e r e n t  e x p e r i m e n t a l  c o n d i ­
t i ons .  

P re l iminary  E L I S A  typ ing  o f  clinical i so la tes  s h o w e d ,  t h a t  o u r  type-speci f ic  
M a b s  c o u l d  d i f f e r en t i a t e  H S V - 1  a n d  H S V - 2  s t ra ins .  T e s t i n g  o f  f u r t h e r  clinical 
i so la tes  is in p rogress  in  o r d e r  t o  se lec t  t h e  m o s t  su i t ab le  M a b s  f o r  d iagnos t i c  
p u r p o s e s .  
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