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Summary 

gabbi t  convalescent and hyperimmune sera, human patient and blood donor 
sera, as well as cerebrospinal fluids of humans with herpes simplex virus encephalitis 
all recognize similar major antigenic components in herpes simplex virus infected 
rabbit or human cells as shown by eleetrophoretie analysis of immunoprecipitates. 
Besides the main glyeoproteins witlh an apparent molecular weight of 100,000 
(peak I) the antisera precipitate glyeoproteins in a region of an apparent tool. wt. 
of 60,000--80,000 (peak II), which were resolved into distinct glyeoprotein species 
only by antibody-containing eerebrospinal fluids. The peak II  glycoproleins appear 
on the surface of the infected cell early, and absorb neutralizing antibodies, 
whereas the peak I glyeoproteins are less aecessibIe. Both antigens can+ be demon- 
strated in the cell as early as about 2 hours post infection. All major antigenic 
components studied were found to be glycosylated except one protein with an 
apparent moI. wt. of t10,000. The herpesvirus speeifieity of these antigens is 
demonstrated by a variety of control experiments. The antigens detected are 
virion components. 

Introduetion 

The large number of herpesvirus specific proteins, several of which are glyeosyl- 
ated (t0, 12, 34), complicate the analysis of antigenic structures in the herpesvirus 
system.[Besides the characterization of different herpesvirus antigens by classical 
serological techniques (8, 21, 36) recent attempts have been made to isolate virus- 
specific components and to attribute functional significance to them (9, 11, 22, 
28, 29, 33). Nevertheless, there is no precise information about the molecular 
nature of those HSV-i specific proteins which give rise to the biologically important  
antibodies in natural herpesvirus infection. 

in  this investigation we have used a variety of antisera, as well as human 
eerebrospinal fluids (CSF), to characterize the antigenic components specific for 
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herpesvirus infect ion which are detectable by  the corresponding antibodies.  Our 

results indicate  tha t  only  a l imited n u m b e r  of glycosylated proteins are pref- 
erent ial ly  recognized by  herpesvirus specific antibodies.  0 n l y  these proteins are 
more or less accessible on the surface of infected cells. 

Materials and Methods 

The HSV-I prototype strains used were KOS, XIII, and H4, passaged 3.6 times 
in this laboratory. A fresh isolate (NIC) from a herpes labialis, serologically typed as 
HSV- I in this institute, was passaged twice in rabbit kidney (I%K) cells. Another isolate, 
No. 1332, passage 3, was used only for antiserum production (see below). Pseudorabies 
(PsR) virus was strain DEK and the infectious bovine rhinotracheitis (IBR) virus 
was strain I~F. The infectivity Liters attained by these strains on rabbit cells ranged 
from 5 × 106 to 8 × 107 PFU/ml. In human calls the HSV-I strains reached tilers of 
about 5 × 107 PFU/ml. Origin and characterization of the viruses can be found else- 
where (II, 17). Growth properties and characterization of bovine herpes malnmillitis 
(BHM) virus, strain TVA, have been reported (3). 

Cells and In/ectivity Assays 
Preparation and maintenance of primary RK cells, propagation of virus and 

infectivity tests by plaque assays have been detailed elsewhere (18, 20). R K  13 cells 
and a line of human embryonic oligodendroglia cells (kindly supplied by Y. Iwasaki 
and H. Koprowski, Philadelphia) were cultured in plastic petri dishes or roller bottles 
(50 × ;~ 10 cm) in Eagle's medium containing 10 per cent fetM calf serum. 

Antisera and CerebTvspinal _Fluids 
The animal sera are listed in Table 1. Rabbi t  hyperimmune sera were prepared by 

the inoculation of virus in Freund's  complete or incomplete adjuvant  into the axillary 
or inguinal ]ymphnode regions (see Table 1), whereas the convalescent sera were 
produced by either corneal scarification or injection of infectious virus. Three weeks 
after booster injections (see Table 1) the rabbits were bled. 

Human  patients sera were used as pools (disease hisLory in brackets) : a) GP pool, 
consisting of 5 sera (stomatitis, "exanthema", meningitis), b) ROS pool, 5 sera (herpes 
tabialis, herpes genitalis, meningitis, "exanthema"),  e) UI~S pool, 7 sera (meningo- 
encephalitis, "exanthema",  herpes labialis, herpes genitalis and "infection of Lhe inner 
ear") and as individual sera: 1. ELL (herpes labialis), 2. UHL ("infection of the inner 
ear"), 3. JAK (recurrent herpes faeialis). These sera showing 80 per cent plaque reduc- 
tion tilers 1:>~200 against, ItSV-1 (strain KOS), were kindly supplied by H. Bauer 
from this institute. In  addition, Mood donor sera (neutralization tiler 1: >~ 100) were 
investigated. The negative serum used (Rt~-1) had a neutralization- and CF-titer 1 : <~ 5. 

Cerebrospinal fluid MOB (kindly supplied by B. Fleekenstein and H. Zur Hausen, 
Erlangen) was obtained from a paLient with encephalitis 6 weeks after isolation of 
HSV-1 from the CSF. Four further CSFs from patients with herpes infections of the 
central nervous system were kindly furnished by H. Becket, Giessen, and G. Enders- 
l~uckle, Stuttgart.  Two CSFs from patients with non-herpetic eneephalitides, with 
700/3 and 70/3 lymphocytic cells, respectively, and no Liters in neutralization- and 
CF~tests against t tSV-I,  were kindly supplied by V. Koester, Giessen. 

Antiserum against purified human IgG and bovine IgG was made by boosting 
rabbits 3 times with 10 mg of IgG in incomplete Freund's  adjuvant  after an initial 
subcutaneous injection of IgG in Freund's  complete adjuvant,. Antiserum ~o purified 
rabbit  IgG was raised in a sheep following essentially the same procedure. The IgG 
had been purified by a Sephadex G-200 column after ammonium sulfate precipitation 
using standard procedures. Because the antibodies were made against heavy and light 
chains of IgG we cannot exclude that  they also recognize the light chains of other 
immunoglobulins. 
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All an t i s e ra  were s to red  a t  ---30 ° C in ac t ive  fo rm a n d  i n a c t i v a t e d  (30 minu te s ,  
56 ° C) on ly  for CF-assays .  

Absorption o/Sera 
I n f e c t e d  or mock- in fec t ed  cells were  w a s h e d  f ive t imes  w i th  p r e w a r m e d  PBS ,  

gen t ly  sc raped  off t he  glass, pe l le ted  (5 minu tes ,  800 × g), r e suspended  in a n t i s e r u m  
in  a p r o p o r t i o n  of 1 × 107 cells per  0.1 ml  a n d  k e p t  on  ice 1 h o u r  u n d e r  gent le  ag i t a t ion .  
Af te r  a second  such  a b s o r p t i o n  ~ i t h  f resh cells t h e  s e r u m  was  cen t r i fuged  (5 minu te s ,  
8 0 0 × g ) ,  followed b y  e e n t r i f u g a t i o n  of t he  s u p e r n a t a n t  for 10 m i n u t e s  a t  3 0 0 0 × g ,  
a n d  f inal ly  b y  u t t r aeen t r i fugag ion  (Ti40 ro tor ,  2 hours ,  30,000 rpm)  to  e l imina te  all 
debr is  a n d  a n y  re leased virus .  

Complement Fixation (CF j- Test 
The  H S V - t  a n t i g e n  used was p r e p a r e d  as p rev ious ly  descr ibed  a n d  t h e  assay  

pe r fo rmed  fol lowing a s t a n d a r d  mic roprocedure  (20), 

Virus Puri/ieatior~ 
The  v i rus  was label led  w i t h  aH-glucosamine  (40 p.Ci/ml) or a 3H-amino  acid 

m i x t u r e  (45 ,u.Ci/ml) or ~ H . t h y m i d i n e  ( t0  ~zCi/ml). O p t i m a l  resu l t s  conce rn ing  p u r i t y  
were o b t a i n e d  b y  t he  fol lowing p rocedure :  the  s u p e r n a t a n t  m e d i u m  of a n  in fec ted  
o l iogodendrogl ia  cell roller  cu l tu re  ( app rox ima t e l y  5 × 10 s cells) was cen t r i fuged  for  
10 m i n u t e s  a t  800 × g  a n d  the  s u p e r n a t a n t  sub jec t ed  to a f u r t h e r  c e n t r i f u g a t i o n  for 
l0  m i n u t e s  a t  t 0 , 0 0 0 × g .  The  v i rus  was s e d i m e n t e d  t h r o u g h  a sucrose  so lu t ion  of 
30 pe r  cen t  w / v  in T N E  buf fe r  (0.01 N Tris-I-ICI, pIK 7.4, 0.01 M NaCI, 0.001 '_~ E D T A )  
us ing  a B e c k m a n  (Beckman ,  Pa l e  Alto)  Sw 27 ro to r  for 90 m i n u t e s  a t  27,000 r p m  a t  
5 ° C on to  a 50 pe r  cen t  w / v  sucrose  cushion.  The  re su l t ing  v i rus  p r e p a r a t i o n  was d i lu t ed  
to 1.5 ml  in  T E  buf fe r  (0.01 M Tris-HC1, 0.001 M E D T A ) ,  u l t r a s o n i c a t e d  (5 seconds,  
B r a n s o n i e  w a t e r b a t h  I2), l aye red  on  a con t inuous  30 to  70 pe r  cen t  w / v  sucrose g r a d i e n t  
and  cen t r i fuged  for 6---8 hou r s  (SW41,  40,000 rpm,  5 ° C); 0.5 m l  f rac t ions  were c o l  
l e t t ed ,  t e s t e d  for r ad ioac t iv i ty ,  i n fec t iv i ty  a n d  b y  e lee t ronmieroseopy ,  a n d  t h e  p e a k  
f rac t ions  (see Fig.  4A,  s h a d e d  area)  pe l le ted  (SVV4t, 35,000 rpm,  60 minu t e s ,  5 ° C). 
Non- Iabe l l ed  he rpesv i rus  was pur i f ied  b y  d i f fe rent ia l  cen t r i fuga t ion  t h r o u g h  sucrose 
a n d  CsC1 g rad i en t s  as r epo r t ed  earl ier  (17). 

.Labeling o/Cells 
I n f e c t e d  (mul t ip l ic i ty  of in fec t ion  10 PFU/ee l l )  or con t ro l  cells were  w a s h e d  once 

w i t h  p r e w a r m e d  PBS.  1.5 mI label led  m e d i u m  (0.01 M H E P E S  buf fe red  MEM, supple-  
m e n t e d  w i t h  2 pe r  cen t  fe ta l  calf se rum)  was used  for a 60 m m  pe t r i  dish. W h e n  t h e  
ceils were label led  w i t h  aH-glucosamine  (20 - -50  g.Ci/mI), t0  ms~ D- f ruc tose  was  used  
as energy  source i n s t ead  of glucose. A m i n o  acid labe l l ing  was ach ieved  w i t h  a m i x t u r e  
of-~i{-amino acids (leueine, va] ine  a n d  lysine,  15 ~Ci/ml each)  or asS-methionine  (10 ~Ci/ 
ml) in  m e d i u m ,  free of t h e  t in- responding componen t s .  

I f  no t  o therwise  i nd i ca t ed  t he  cells were label led  b e t w een  5 to 20 hou r s  p. i .  The  
cu l tu re  f luid was carefu l ly  r e m o v e d  a n d  t he  cells were  f rozen a t  - -  70 ° C. 

Indirect Immunopreeipitation Test 
I t  fol lowed essent ia l ly  p rocedures  ou t l ined  for o the r  virus-cei l  sys tems  (3, 4). 

Brief ly ,  t he  cell layer  ( app rox ima te ly  2 × l0 G cells) was  i n c u b a t e d  for 20 m i n u t e s  w i t h  
ice cold lysis buf fe r  (0.02 ~I Tris-HC1, p H  7.4, 0.05 ~ NaC1, 0.5 pe r  cen t  N o n i d e t  P-40),  
t h e n  m a d e  0.5 pe r  cent, w i th  s o d i m n  deoxyeho la t e  a n d  i n c u b a t e d  for 10 minu te s .  T h e  
re su l t ing  suspens ion  was  u l t r a c e n t r i f u g e d  ($1¥50.1,  1 hour ,  30,000 rpm) ,  a n d  t h e  
s u p e r n a t a n t  (refered to as lysate)  s to red  a t  - - 70  ° C a f t e r  d e t e r m i n a t i o n  of t h e  p r o t e i n  
c o n c e n t r a t i o n  (16) a n d  t he  TCA pree ip i t ab le  counts .  Fo r  i m m u n o p r e c i p i t a t i o n  approx .  
200 [xl of lysa te  (60 - -80  ~xg of t o t a l  p ro te in)  were  m a i n t a i n e d  a t  4 ° C o v e r n i g h t  ~ d t h  
5 ~1 of s e rum in si l ieonized p las t ic  tubes .  A d d i t i o n  of t h e  a p p r o p r i a t e  a m o u n t  (see 
below) of a n t i - I g G  s e r u m  (same resul t s  as w i t h  pur i f i ed  an t i - IgG  i m m u n e  globul in)  
resu l ted  in vis ible  aggregat ion .  The  i n c u b a t i o n  w i t h  t h e  second  a n t i b o d y  was ca r r ied  
ou t  for 4 hours  a t  4 ° C. I o d i n a t e d  IgG  se rved  to d e t e r m i n e  t h e  op t ima l ly  p r e c i p i t a t i n g  
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( ) 9 5  per cent) amount  of anti-IgG-serum (1). The immune complex was washed twice 
with ice cold lysis buffer, followed by a third wash with ice cold distilled water (each 
eentrifugation 10 minutes, 200 × g). 

In  case of pretreatment (see results) 5 ~zl of serum were mixed with 200 ~1 of 
unlabelled lysate (about 160 ~g of protein) or the same volume of lysis buffer and kept 
overnight at 4 ° C. Then 150 ~t of labelled lysate were added, and after 4 hours 4 ° C 
the IgG was precipitated as described above. This kind of pretreatment was shown by 
dilution experiments to have no effect on the specificity of the reaction. 

Polyacrylamide Gel Electrophoresis (PAGE) 
The precipitate was dissolved in 50 y.1 of "sample buffer" (0.0625 ~4 Tris-ItC1, 

pH 6.8, 2 per cent SDS, 4 per cent 2-mereaptoethanot and t ~1 of 0.5 per eent brom- 
phenol-blue), boiled for 5 minutes in a water bath and eleetrophoresed in the LAEMMLI 
(14) system. 

8 per cent polyacrylamide gels (length: 9 cm, diameter 0.5era, cross linker: 
N, N'-methylenebisaerylamide [BIS]) with a 2.5 em long stacking gel (2.5 per cent 
aerylamide) were made from a stock solution (30 per cent acrylamide, 0.8 per cent BIS). 
The samples were eleetrophoresed with a constant current of 2 mA and after the 
marker dye had passed the stacking gel, with 4 mA. The gels were stored frozen at 
- -30 ° C until  cutting in 1 mm slices and preparation for liquid scintillation counting 
(13). Soluene 350 (Packard) served as solubilizer. A defined 14Cdabelled protein lysate 
of Semliki Forest, virus infeeted cells or 14Cdabelled proteins of influenza virus infeeted 
cells, kindly supplied by G. Kaluza and tt.-D. Klenk from this institute,  were used 
for mol. wt. determinations as internal markers (see Fig. 1A). 

Chemicals and Isotopes 
Acrylamide and N, N'-methylenebisacrylamide (BIS) were from Bio-l~ad, Mfin- 

ehen; 2-mercaptoethanol and SDS were from Serva, Iq:eidelberg. Nonidet P-40 was 
a gift from SheI1 Chemical Co., Hamburg. All remaining chemicals, reagent grade, 
were from Merck, Darmstadt. 

D-[6-3H]-glueosamine hydrochloride (spee. act. 15,000--25,000 mCi/mmoi.), L- 
[4.5-aH]-leucine (spec. act. 59Ci/mmol.), L-[4.5 (n)-3H]-lysine monohydrochloride 
(spee. act. 18 Ci/mmol.), L-[2.3-aH]-valine (spec. act. 16 Ci/mmoh), L-[35S]-methionine 
(spee. act. 100,000mCi/mmol.) and [6-3H]-thymidine (spec. act. 20,000--30,000 
mCi/mmoh) were obtained from Radioehemieal Center, Amersham. 

Results  

Recognition o/HSV-1 Antigens by Different Antisera 
Several hype r immune  and  convalescent  rabb i t  sera against  different HSV-1 

strains,  the t i ter  of which was first de termined by  classical serological methods 
(Table 1), as well as a serum directed against  proteins released from HSV-1 
infected cells (11), were tested in the i m m u n o p r e c i p i t a t i o n - - P A G E  assay system 
(see Materials and  Methods). Figure ] shows tha t  all sera recognized the same 
antigens.  The gel pa t t e rn  was the same regardIess of whether  the host cells were 
of rabb i t  or h u m a n  origin (data no t  shown) : one major  assymetrical  peak (peak I) 
can be seen in fractions 20 to 30, corresponding to an  apparen t  mol. wt. of 100,000. 
A minor  second peak, no t  clearly resolved, is detectable in fractions 35 to 50 
(peak I I ,  apparen t  mol. wt. 60,000--80,000) and  a th i rd  peak shows up a round  
fract ion 65 (apparent  tool. wt. about  50,000). Using 3H-amino acid- or asS- 
methionine-  or 3H-glueosamine- or 14C-glueosaminedabelling and  eoprecipitat ion 
exper iments  (Fig. 1 D), we could show tha t  all except one o5 the ant igens  detected 
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are glycosylated: one peak in the 110,000 mol. wt. region, recognized by all sera, 
showed up only after amino acid-labelling (Fig. 1 D; 4C, D; 5B). Preimmune sera 
g a v e  n o  specific r e a c t i o n  ( c o m p a r e  p ro f i l e  Fig .  2 E ) .  

Tab le  1. Speei/ication o~ antisera directed again,st herpesviru8 antigens 

Serum code 

I m m u n i z a t i o n  p rocedure  

Virus  (s t rain)  

T i te r  b 

App l i ca t i on  of an t igena  CF N T  

~ e a e  - 

t ion  c 
in  
ippt .  
a n d  
P A G E  

1. KO2 

2. I-I- I~O S i 
3. t t - K O S H  

6. NO. 20 e 

5. K S W  

6. I4aplan-  t 

7. L 8  ~ 

8. LKI  

9. No, A-356 i 

10. A 13 

11. SWA3 h 

HSV-1  (KOS) cell free 

H S V - I  (KOS) cell free 
I-ISV-! (KOS) cell free 

cornea  scar i f ica t ion ;  El~] a 16 240 + 
2 × boos t ed ;  i /m  ; s/c 

co rnea  scar i f ica t ion ;  JR] 32 300 + 
1 × boos t ed  ~ s/c ; wi th  32 906 -}- 
N P - 4 0  (0.5%) lysed,  
pur i f ied  v i rus  in  F. a. 

HSV-1  (KOS) n . t .  265 

H S V - l ( N o .  1332) i n F . a . ; 3 ×  boos ted ;  [H] ~ 8 220 + 
cell free s/c 

HSV- 1 excre ted  p ro te ins  n . t .  125 

B H M  (TVA) pur i f ied  in  F. a. ; 3 × boos ted ;  l i t ]  16 70 T 
s/e 

I B R  (RF)  pur i f ied  i n F . a . ;  2 ×  boos t ed ;  [H] < 4  < 5  - 
s/e ; 1 x boos ted  ; w i t h  
Ale (SO4)3 t r e a t e d  
v i rus  ; i /p 

P s g  ( D E K )  pur i f ied  U V  inac t iva t ed ,  in  [I-I] n . t .  < 5 --  
F.  a. ; 2 × boos t ed  ; s/c 

Psi% infec ted  cells, in  F. a. ; 3 × boos t ed  ; [I-I] n . t .  --  
g l u t a r a l d e h y d  f ixed s/e < 5 

BI-IM (TVA) cell free skin  scar i f ica t ion  ; [H] 32 64 + 
s/c ; i / v  ; 3 × boos t ed  ; 
s/e ; i/v 

Sera  1 to  10 were p r e p a r e d  in r abb i t s ,  s e rum 11 was f rom a cow 

I f  F r e u n d ' s  a d j u v a n t  (F.a . )  was used, the  f i rs t  i n j ec t ion  was done w i t h  comple te  
F . a .  a n d  boos te r s  w i t h  i ncomple t e  F . a .  

b Rec ip roca l  t i t e r s  in  c o m p l e m e n t  f i xa t ion  (CF)~ an d  n e u t r a l i z a t i o n  tes t s  (NT;  80 pe r  
cen t  p l a q u e  reduc t ion) ,  w h e n  t e s t e d  aga ins t  HSV-1  an t i g en  or eellfree v i rus  

c ( + ) ,  s ign i f ican t  coun t s  over  b a c k g r o u n d  were de t ec t ed  in i m m u n o - p r e c i p i t a t i o n  
(ippt.)  of p e a k  I mqd I I ;  ( - - ) ,  no  significant, r e ac t i on  

d [R], conva lescen t  s e rum 
S e r u m  k i n d l y  suppl ied  b y  lV[. Benyesh-Meln ick ,  H o u s t o n ,  in 1971 
[H], h y p e r i m m u n e  se rum 
S e r u m  k ind ly  suppl ied  b y  A. S. Idiaplan, Nashv i l l e  

ix F u r t h e r  de ta i l s  g iven  b y  S~ERZ et aL (35) 
i S e r u m  p r e p a r e d  b y  R.  F loyd  a n d  H.  Ludwig  a t  B a y l o r  Coll. Med.,  H o u s t o n ,  in  1971 ; 

50 per  cen t  p l aque  r educ t i on  t i t e r  aga ins t  P s R  v i rus  1 :320 

i /m,  i n t r a m u s c u l a r ;  s/e, s u b c u t a n e o u s ;  i /p,  i n t r a p c r i t o n e M ;  i /v ,  in~raveneous  
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Fig. i. PAGE analysis of HSV- I antigens precipitated by rabbit antisera (compare also 
Table I). 

aH-glucosamine labelled (5--20 hours p.i.) antigens from lysates of strain lq[OS infected 
]~K cells (spec. act. 2.3 x I0 a cpm/Fg protein) were reacted with: KSW, hyperimmune 
serum against a fresh IcISV-I isolate (B); No. 20, convalescent serum against strain 
K 0 S  (C); h y p e r i m m u n e  serum against  excre ted  proteins (E), (11); L 8, hyper i rnmune 
serum, against  purif ied B H M  virus (F); LKI,  hype r immune  se rum against  purif ied 
IBI~ virus  (G) ; A-356, h y p e r i m m u n e  serum against  purif ied Psi{ virus  (I-I) • (D), shows 
the  copreeipi ta t ion of aH-glueosamine and  35S-methionine labelled ant igens of infected 
cells by  H - K O S n ,  a convalescent  serum. I n  (I) ~H-glueosamine (.  . . . . . . . .  .) or SH-amino 
acids (L A) labelled uninfeeted  I~K eell-lysates were reac ted  wi th  KOe,  a HSV-1 
specific convalescent  serum, and analysed in paral lel  gels. (A), eMibrat ion curve  for 
mol .  wt .  de terminat ions ,  using def ined SemlikJ Fores t  virus  (~) and inf luenza virus  (~) 

speeifie proteins  as in terna l  markers  
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Since the complexi ty  of the humora l  immune  response is well known (6, 23), 
we compared the ant igens detected by  exper imental ly  made antisera with the 
ones precipitated by  antibodies from na tu ra l  HSV infection. 

Figure 2 shows the results obtained with lysates of strains KOS or H4, respee- 
t, ively, infected rabbi t  cells reacted with h u m a n  serum pools. A similar glycopro- 
rein pa t t e rn  was obta ined when a fresh isolate (NIC) was used for infection of the 
cells (data not  shown). As with the rabbi t  sera the glyeoproteins with an  appa- 
rent  mol. wt. of 100,000 are most  prominent ,  the 50,000 mol. wt. peak being also 
visible in  about  identical  proport ion.  The glyeoproteins in the 60,000 to 80,000 mot. 
wt. region are now more or less dis t inct  (see below). Sera free of neutra l iz ing 
ant ibodies  gave no specific reaction (see Fig. 2 E). 

Exper iments  with 11 individual  sera and 3 serum pools and  a var ie ty  of lysates 
(some representat ive results are given in  Table 2) led to the conclusion tha t  there 
is no evident  correlation between the t, iters in  CF- and  neutral izat ion- tes ts  and  
the a m o u n t  of immunopree ip i ta ted  radioact iv i ty  in the 2 major  glycoprotein 
regions (peak I and  II)  on the one hand,  and  between the peaks I and  I I  themselves 
on the other hand.  The la t ter  propor t ion seems to depend on the individual  serum. 
Tha t  an t ibody  is indeed the l imit ing factor in  our test  system, is demolls t ra ted 
by  the results shown in Figure 2A. 

Table 2. Comparison o/ complement /ixation (CF)- and neutralization ( N T )  titers o/ 
~'era and CSff with the amount o] radioactivity immuno-precipitated ('pe~l~ I and peak I1)  

/tom HSV-1,  strain KOS, in/ected cells 

Peak I Peak I I  Peak I 
Lysate Code CF e NTo (cpm) (epm) Peak I I  

KOS-R, KIz ~ UHL a 32 380 5,990 t,940 3.1 
KOS-RKls ELL a 32 640 6,110 3,360 1.8 
KOS-RKI3 R0S  pool a 32 200 6,660 2,950 2.3 
KOS-RKla CSF-MOB e 16 30 9,210 3,930 2.3 
KOS-RKx3 KO2 r t6 240 11,t00 2,500 4.4 

KOS-RKb GP pool 'l 64 480 9,090 5,680 1.6 
KOS-RK URS pool a 32 300 8,670 2,730 3.2 
KOS-I~K JAK a 256 710 7~300 4~660 1.6 
KOS-gK CSF-MOB e 16 30 7,125 4,400 1.6 
KOS-I~K H-KOS~ ~ 32 300 10,180 2,290 4.1 
KOS-t~K I-t-KOS~I ~ 32 906 7,370 1,800 4.1 
KOS-RK KSW f 8 220 26,700 11,600 2.3 
KOS-RK No. 20f n. t .  265 9,800 1,600 6.1 
KOS-RK Kaplan-U n. t .  125 730 230 3.2 

Spee. act. of 3H-glueosamJne labelled proteins 
3.6 × 10 z cpm/~g 

b 1.0 X 104 epm/~g 
c Reciprocal titers in CF and NT (80 per cent plaque reduction) 
a I~uman sera 

Human  cerebrospinM fluid 
t~abbi~ sofa 

For further details see Materials and Methods and Table 1 

Arch. Virol. 5311--2 10 
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Fig.  2. P A G E  analysis of glycoproteins f rom t tSV-1 infected cells af ter  imnmno-  
precipi ta t ion by  na tura l  antibodies.  

(B) Lysa te  f rom strain KOS (.--- .) infected I~K13 cells (labelled f rom 5- -20  hours 
p.i . ,  spee. act .  3.6 × 103 cpm/~xg protein) prec ip i ta ted  wi th  h u m a n  serum (ROS pool). 
On  a paral lel  gel s t ra in  H4 (o . . . .  o) infected /ZK cells (labelled f rom 6----25 hours 
p.i . ,  spec. act .  1.1 × 10a c p m / a g  protein) reac ted  wi th  human  serum (GP pool). (A) Ti t ra-  
t ion  of a h u m a n  pool sem~m (GP pool). This  se rum was di lu ted in a human  serum con- 
ta ining no H S V  ant ibodies  ( /~II-i  serum) and then  5 ~.1 of each di lut ion were reac ted  
wi th  the  same a m o u n t  of an  infected cell lysate  (strain I~OS). The  i m m u n e  precipi ta te  
was electrophoresed.  The  counts  obta ined  wi th  the  nega t ive  serum (Big- l )  were 
sub t rac ted  for quan t i t a t i on  of peak  I and I I  glyeoproteins.  (C) Ant igens de tec ted  
by  20 aI of CSF (MOB) and  (D) by  20 y.1 of serologieally nega t ive  CSF ; 5 ~1 of nega t ive  
h u m a n  serum (l~g-1) had been added  as carrier, for eMeulat ion of t he  peak  rat ios 
(see Table  2) the  background  counts  (non-shazied area) were subtracted.  (E) Analysis  

of the  prec ip i ta te  pe r fo rmed  wi th  %he nega t ive  human  serum alone 
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In view of the poverty of the data about the immune response induced in the 
brain by herpesvirus eneephalitides and the possibility of selective antibody 
production as observed in the course of other neurotropie virus diseases (25), 
we tested human CSFs containing antibodies in the following way: because only 
limited amounts were available a human serum negative in neutralization-, CF- 
and immunopreeipitation tests against HSV-1 antigens (Fig. 2E) was used as 
carrier in the precipitation assay (see legend Fig. 2). The glyeoproteins detected 
in the gel are apparently the same as the ones found with seru. The much better 
resolution seen with the CSFs (Fig. 2C) allowed, however, apparent mol. wt. 
determinations of 100, 80, 75, 67, 64, and 50 × 103. CSFs from patients with non- 
herpetic encephalitides gave no significant reaction (Fig. 21)). The better separa- 
tion achieved by the CSFs compared to patient- or animal sera might be due to 
the relative prevalence of virus specific immunoglobulins in CSF. 

Specificity Controls 
Antisera against other herpesviruses like IBP~ or PsP~ virus or against PsP~ 

vkus infected cells (see Table 1), which do not neutralize HSV-1, showed no 
precipitation of HSV-1 specific glyeoproteins (Fig. 1G, H). However, rabbit 
serum directed against purified BHM virus (Fig. 1F) and bovine convalescent 
sera taken after natural or artificial BHM virus infection specifically precipitated 
peak I from HSV.1 infected cell lysates (data not shown). These sera were known 
to cross-react with HSV-1 antigens (35). Considering the possibility tha t  the 
precipitated material could include cellular proteins, we incubated HSV-1 specific 
sera with labelled uninfected cells. A small peak in the 50,000 mol. wt. region 
was visible (Fig. 1 I). On the other hand, pretreatment of HSV antibody positive 
rabbit and human sera and human CSFs, as well as antiserum against BHM virus 
with lysates of uninfected unlabelled cells (see Materials and Methods) did not 
influence the gel pattern except in lowering the background 3 to 4 fold and dimin- 
ishing the 50,000 mol. wt. glycoprotein (Fig. 3A). 

Obviously this peak represents a cellular protein which is either recognized 
by antibodies or non-speeifieMly coprecipitated. Such proteins have been reported 
with this technique also in other virus-cell systems (3, 5). 

By the use of lysates of strMns KOS, X i I I  or H4 infected unlabelled rabbit 
or human cells and of purified KOS virus for pre-treatment of the sera we could 
completely eliminate their ability to recognize labelled strain KOS specific 
antigens (Fig. 3 ]3, C, D). These results suggest that  the virus specific glyeoproteins 
of these three HSV-1 strains detected by antisera have common antigenic sites. 
This would be in line with reported neutralization experiments (27). 

As a further control we pre-treated the sera with tysates of nnlabelled Psg-  
or IBR virus infected RK cells or lysates from purified PsR Virus. The heterologous 
viral antigens did not absorb out antibodies directed against HSV-1 specific 
glyeoproteins (Fig. 3 A). This is of special interest since Psi~ virus and HSV-1 share 
about 10 per cent genetic information (19) and show restricted antigenic relation- 
ship (8). 

The Antigens o/Puri/ied HSV-1 
Strain KOS virus was purified from the supernatant without pelleting to 

avoid virus aggregation and eventual contamination with cellular mateNal 

10" 
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(Fig. 4A) as detailed in Materials and Methods. Immunoprecipi tat ion of lysed 
glucosamine or amino acid labelled virus with rabbit  serum (Fig. 4B) or human 
serum (GP pool, Fig. 4C) resulted in a glycoprotein gel pat tern  almost super- 
imposable upon the one emerging when untreated whole virus was e]ectrophoresed 
in parallel. The unglycosylated protein with an apparent  mol. wt. of l l0,000 
(Fig. 4 C), which was reproducibly obtMned from purified virus, was not investigat- 
ed further. 

PAGE analysis of purified virus and differently labelled immunoprecipitates 
of ]ysates from infected ceils in the same gel (Fig. 4D) demonstrates that  the 
difference between the virus- and the lysate-originating patterns concerns the 
smaller tool. wt. region (~<50,000), where non-glyeosylated proteins are detected. 

Fig. 3. Effect of antiserum pre-treatment on precipitation of HSV-I (strain I~OS) 
antigens from infected cells. 

Human serum (GP pool), pre-treated as described in Materials and Methods, with 
lysis buffer (. -.), lysates of purified PsR virus (o - -  - -  - -  o, 40 pxg of total protein) 
and of uninfected I~K cells (shaded profile), reacted with labelled antigens (cells labelled 
from 5 - 2 0  hours p.i.) and electrophoresed on separate gels (A). Pre-treatment of the 
same serum with lysates of HSV-1, strain XI I I ,  infected RK cells (B), strain It4 infected 
human embryonic oligodendroglia cells (C)and purified HSV~ 1, strain KOS (40 f~g of 

total protein) (D), prior to immuno-preeipitation 

Appearance o/ the Virus Speci/ic Antigens in the Cell and on the Cell Sur/ace 

In  order to obtain optimal yields of virus-specific proteins and avoid cellular 
protein synthesis we usually labelled the infected cells from 5--20 hours p.i. 
The appearance of antigens after infection was investigated by  labelling the cells 
with glucosamine or amino acids for 2 hours intervals throughout the replication 
cycle. Beginning with the 2- -~  hours p.i. labelling period the proteins in peaks I 
and I I  can be recognized (Fig. 5). The proportion of peaks I and I I  remains roughly 
the same in cells pulse labelled for the 2 hours intervals compared to those labelled 
from 8--23 hours p.i. After detecting these antigenic components early in the 
infection cycle we examined the question whether and when they would appear 
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on the cell surface, For  this reason immunopree ip i ta t ion  tests were performed with 
sera which had been absorbed with in tac t  infected cells (see Materials and  Methods), 
harvested every 2 hours between 0 - - 8  and  at  23 hours p.i .  (a growth curve was 
done using virus from parallel  eultures to make sure tha t  the cells propagated 

Fig. 4. Analysis of immune-precipitated antigens from purified I-ISV-1 (strain KOS) 
by PAGE. 

Infected human embryonic oligodendroglia cells were labelled with aH-glueosamine or 
3tLamino acids and infected IKK cells with 8FI-thymidine (4~30 hours p. i,). Supernatant  
virus was purified as described in Materials and Methods (A), The marked virus frae- 
tions (shaded area) were analysed in (B) and (D). at-I-thymidine labelled virus was run 
in a parallel gradient. (B), lysed virus was immune-precipitated (ippt.) with rabbit  
serum H-KOSII ( . -  *) and eleetrophoresed on a parallel gel ~o purified virus alone 
(o . . . . . . .  o). (C), antigens from a lysa~e of purified virus (all-amino acids labelled) 
preeipi~at.ed with human serum (GP pool). (D), preeipitate of saS-methionine labelled 
infected ceil antigens and human serum (GP pool) mixed withvi~"as and eoeleetrophoresed 
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the virus in a single cycle replication, see Fig. 6). The peak I glycoproteins were 
slightly reduced only if the sera had been absorbed to cells infected for 8 and 
23 hours, respectively. Antibodies recognizing the peak I I  region, however, 
disappeared gradually starting from about 2 hours post infection when no infectious 
virus could be detected. 70 per cent of the antibodies were absorbed by cells 
taken at 8 hours p.i. and 90 per cent by cells taken at 23 hours p.i. (Fig. 6 and 
inset A). We cannot exclude that  at later times (from 6 hours p.i. on) virus adhering 
to cells also participates in ant ibody absorption. 

Aliquots of the absorbed sera were tested for their virus neutralizing capacity 
in parallel to the immunoprecipitation assay. A clear reduction in titer shows up 
by  the use of sera treated with cells harvested at  4 hours p.i. The neutralization 
titer continues to decrease down to 20 or 10 per cent of the initial titer after 
absorption with cells harvested 8 or 23 hours p.i, (Fig. 6 and inset B). 
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Fig. 5. Appearance of HSV-I antigens in infected cells. Equal amounts of protein 
(80 Fg) from lysates of 2 X 106 (strain KOS) infected I~K cells (pulse labelled as indicat- 
ed) were reacted with a human serum (GB pool). The precipitates were analysed on 
parallel gels [8 per cent, polyacrylamide in (A) and I0 per cent in (B), respectively]. 
The data of cells labelled from 6--8 hours p.i. (A) and from 2--4 and 4--6 hours p.i. 

(B) are not shown 
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Fig. 6. Appearance of I-ISV-1 antigens on the cell sm'face and their aeeessability to 
neutralizing antibodies. Strain KOS infected 1,1K cells were harvested a~ the indicated 
times p.i. and used for absorption of aliquot samples of a human serum (GF pool), 
as described in YCfateriMs and Methods. 10 txl of each absorbed serum were pre-treated 
with a lysate of uninfected unlabelled 1RK cells (see Materials and Methods) and 
reacted with a lysate from KOS infected tgK cells, labelled from 5--23 hours p.i. 
with 3It.glueosamine. The results of 2 experiments are averaged. The cells used for 
absorption came from the experiments described in Fig. 5. The counts in peak I and 
peak II ,  respectively, were quanti tated after correction for background, and expressed 
as percent counts immune-precipitated (ippt.). The data obt.ained with cells harvested 
0 hour p.i. are set 100 per cent. Inset  (A) shows PAGE profiles (experiment 1) of pre- 
cipitates obtained with serum samples, which had been absorbed with cells harvested 
at 0 ( • - • ), 6 ( ) and 23 (o o, shaded profile) hours p.i. The arrows indicate 
marker proteins (mol. wt. 94., 68, 50 × 103). In  inset (B) the virus neutralization obtained 
with the absorbed sere is plotted as fractional reduction of plaque counts V/V0 against 
serum dilution (V is the number of plaques in serum treated virus samples and V0 
[about 200 plaques] in control as.topics). The dotted line in inset (B) marks the 80 per 
cent plaque reduction titer, which is expressed in the figure as percen~ neutratizafion 
( A - - - -  a). The growth curve was done with intraeellular virus from cultures of 

experiment 1 

Discussion 

We have characterized antigens from HSV-1 infected cells and  from the virion 
which are recognized by  h u m a n  and  rabbi t  t tSV specific ant ibodies and have 
tr ied to elucidate their possible role in virus neutral izat ion.  PAGE analysis 
revealed tha t  ant isera detected two major  glyeoprotein groups: one with an  
apparen t  mol. wt. of 100,000 (peak I) and a second of abou t  60,000--80,000 
(peak II) .  Their  ratio seems to depend on. the individual  serum. I t  is of iaterest  
t ha t  cerebrospinal fluids of pat ients  with herpes encephalit is are able to immune-  
precipitate dis t inct  glyeoprotein species in the broad peak I I  region, however, 
ant ibodies present  in these fluids produce the same overall pa t tern .  A further  
glyeoprotein peak (apparent  reel. wt. 50,000) does no t  seem to be virus-related,  
since it  could also be precipi tated from lysates of uninfected cells a nd  was dimin-  
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ished by  pre-treatment experiments (see Results). F L E I s s ~  and T ~ s s  (3) 
have discussed the complications in identifying viral and cellular proteins with 
this type of analysis. The only non-glyeosylated antigen detectable (apparent 
tool. wt. 110,000) seems to correspond to the major nucleoeapsid protein which 
has been investigated by others (29, 34). 

We are aware of the possibility that, under the conditions of lysis used, not all 
virion proteins might, have been solubilized. Nonidet-P40 and deoxycholate should 
bring membrane proteins into solution, but  nucleoeapsid polypeptides might. 
be partially lost. This means that  our results cannot be compared directly with 
other antigen-assay systems (8, 31, 36). 

The comparison of precipitated antigens from. lysates of infected cells or of 
purified virus with purified untreated virus shows that  only structural components 
of the virion have been found and no glyeoproteins besides the ones immuno- 
precipitated could be detected in the virion. 

The time-course experiments studying the appea.ranee of the two major anti- 
genie components (peaks I and II) show that  these glycoproteins are already 
present early in the virus replication cycle and that  mainly peak II  proteins become 
accessible to antibodies on the cell surface. The inability to neutralize HSV-1 and 
to precipitate peak I I  glycoproteins with sera which were absorbed with cells 
harvested late after infection strongly suggests that  peak II  antigens are involved 
in the neutralization process and are more accessible to antibodies than the 
t00,000 mol. wt. glyeoproteins. Our data are compatible with the assumption 
that  the antigenic sites of the peak I glyeoproteins are less exposed on the celt 
membrane, than the peak II  glycoproteins. The accessibility of the peak I I  anti- 
gens on the cell surface suggests that  they represent antigens detected already 
by other methods (7, 24). The kinetics of appearance of peak I I  antigens correlates 
well with the increase and levelling off in direct binding of radioactively labelled 
HSV-1 specific rabbit IgG (26) or indirect binding of ferritin tagged anti human 
IgG to HSV infected cells (32). Because of the obvious exposure of peak II  
glyeoproteins, it is possible that  they also play a significant role in cellular 
immunity to ItSV infection (15). 

The participation of the 60,000--80,000 tool. wt. glycoproteins in neutraliza- 
tion does not necessarily contradict the reports that  neutralizing antibodies have 
been raised against an isolated glyeoprotein complex, which probably corresponds 
to our peak I antigens (22, 29) and seems to represent the major envelope protein 
(34). In this context it should be mentioned that  antiserum against excreted 
HSV-1 specific gIyeoproteins (11), which has neutralizing activity, in our hands 
recognized mainly peak I antigens. We also have preliminary evidence that  the 
glycoproteins with an apparent mol. wt. of 100,000 participate in virus neutraliza- 
tion, since the genetically and immunologically related herpes simplex virus types 
1 and 2 and BHM virus (2, 19, 35) share an antigenic site on glyeoproteins appear- 
ing in the peak I region (LuDvcm et al., in preparation). I t  might well be that  the 
presence of complement plays a decisive role in the neutralization process in 
which one or the other group of glyeoproteins (peak I or II) is involved. 

Our data demonstrate that  two major groups of glyeoprotein species (peaks I 
and iI)  give rise to antibodies in herpes simplex virus infection. They confirm and 
extend the results of SPEAR (33), who reported first that  ~a limited .number ef 
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virus-specified proteins are immunopree ip i ta ted  by  rabbi t  sere, a l though our 
peak I I  glycoproteins, which appear to correspond to viral proteins 1 2 - - t 4  (34), 
seem not  to be detected under  different experimental  conditions (33). There is a 
dose s imilar i ty  in  the gel profiles of glyeoproteins immune-prec ip i ta ted  with our 
sere and  those studied with immuno-absorband  columns made with rabb i t  ant i-  
bodies (30). However, a definite answer concerning the funct ional  role of these 
glycoprotein species still awaits fur ther  biochemical and immunological  charac- 

terization.  
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