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Summary. — B o t h  t r igemina l  gangl ia ,  b r a i n  s t e m ,  a n d  cornea  
f r o m  r a b b i t s  w i t h  es tabl ished l a t e n t  h e r p e s  s implex  v i r u s  t y p e  1 
( H S V - I )  infec t ion  were  e x a m i n e d  b y  e x p l a n t a t i o n  a n d  b y  s p o t  
b l o t  hybr id iza t ion  us ing  s t r a i n  17 Kpn I f r a g m e n t s  i, d, a n d  li 
a n d  t h e  DNA e x t r a c t e d  f r o m  a bove m en t i oned  t issues .  Corre­
lat ion be tween  posi t ive  hybr id i za t ion  a n d  r eac t iva t ion  of infec­
t i ous  v i r u s  in t h e  cu l tu red  e x p l a n t s  w a s  d o c u m e n t e d  b y  e n h a n c e d  
hybr id iza t ion  with t h e  D N A  e x t r a c t s  f r o m  e x p l a n t e d  gangl ion  
samples .  I n  add i t i on ,  we  f o u n d  posi t ive  hybr id iza t ion  in s o m e  
noncu l t u r ed  ganglion a n d  b r a i n  s t e m  samples  which did  n o t  yield 
infect ious  v i r u s  b y  e xp l a n t a t i on .  Keep ing  in m i n d  t h e  p i t fa l l s  of 
fa lse  posi t ive  hybr id iza t ion ,  t h e  r e su l t s  m a y  ind ica te  d u r i n g  la­
t e n c y  t h e  presence in neura l  t i ssues  of H S V  D N A  sequences  
which  did  n o t  spon taneous ly  r e a c t i va t e  in cu l tu re .  

Key words: herpes .simplex virus; Intent infection; DNA; trigeminal 
ganglion; spot blot hybridization; virus reactivation 

Introduction 

L a t e n c y  es tab l i shed  in t h e  mouse  a n d  r a b b i t  t r igemina l  gangl ia  a f t e r  per ­
ipheral  admin i s t r a t i on  of HSV-1 is a nonp roduc t i ve  infec t ion  since t h e  
ganglion is n o t  infec t ious  a t  t h e  t i m e  of i t s  r emova l  b u t  y ie lds  v i r u s  in cul­
t u r e  (Bar inger ,  1975; S tevens ,  1975; Klein,  1970). T h e  silent H S V  g e n o m e  
c a n n o t  b e  e rad ica t ed  f r o m  t IK; gangl ion b y  t r e a t i n g  t h e  a n i m a l s  w i t h  d r u g s  
such  a s  acyclovi r  (Field  et al., 1979), phosphonoace t i c  ac id  o r  phosphono-
f o r m a t e  (Svennerholm  et al., 1981). Appl ica t ion  of  hybr id i za t ion  t echn iques  
in t h e  inves t iga t ion  of t h e  HSV l a t e n c y  h a s  b r o u g h t  f r u i t f u l  resul ts .  T h e  
l a t e n t  H S V  DNA w a s  first d e m o n s t r a t e d  b y  reassociat ion k ine t ics  hybr id ­
izat ion us ing  1 2 8 I - label led H S V  D N A  a t  a level of 0.11 1: 0 .03 g e n o m e  
equ iva l en t s  p e r  cell ( I ' uga  et al., I97H). L a t e r  o n ,  us ing  in situ hyb r id i za t ion  
i t  w a s  shown t h a t  R N a s e  t r e a t m e n t  of  sect ions  r educed  t h e  e x t e n t  a n d  
f r e q u e n c y  of hybr id iza t ion  p r o b a b l y  d u e  t o  a l imi ted  t r ansc r ip t ion  of m R N A s  
f r o m  t h e  pers is t ing  g e n o m e  (Tenser  et al., 1982; Gal loway  et al., 15)82). R e ­
cen t ly  t h e  concep t  of  l imited t r ansc r ip t ion  d u r i n g  HSV l a t e n c y  h a s  been  
inves t iga ted  in de ta i l  b y  combina t ion  of  in situ hybr id i za t ion  a n d  N o r t h e r n  
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b l o t  analys i s  (Rock  et al., 1987) a n d  t h e  latency-related transcr ipts  were  
recognized. A l though  t rans la ted  f r o m  t h e  repet i t ive  region flanking t h e  
L segment,  t h e  latency-associated m R N A s  over lap  only a p a r t  of t h e  ICPO 
gene a n d  are  antisense t o  t h e  ICPO m R N A  (Stevens  et al., 1987; Spivack  
a n d  Fraser,  1987); t h e y  represent  a n e w  s u b s e t  of transcripts,  te rmed latency-
related.  This  confirms our  previous  finding (Rajčáni  a n d  Matis, 1981) t h a t  
t h e  ICPO (110 k D )  polypeptide cannot b e  detected b y  anticomplement 
fluorescence in  t h e  sections of r a b b i t  gangl ia  dur ing  H S V  latency.  Southern 
blot  analys is  of t h e  la tent  H S V  D N A  f r o m  mouse gangl ia  h a s  shown t h a t  
t h e  Bam H I f r a g m e n t s  P a n d  S corresponding t o  t h e  f r e e  ends  of t h e  genome 
(Rock a n d  Fraser,  1985; E f s t a t h i o n  et al., 1986) w e r e  missing, t h u s  t h e  
latent  H S V  DNA is  p r o b a b l y  present  in  a circularized f o r m .  T o  demonstrate  
t h e  presence of t h e  H S V  DNA in t h e  gangl ia  a n d  b r a i n  of mice in  exper ­
i m e n t a l  l a t e n c y  (Fraser  et al., 1986) s p o t  b lo t  hyb r id i za t ion  c a n  b e  also u sed .  
H e r e  w e  describe o u r  exper ience  w i t h  t h i s  s imple  t e chn ique  of H S V - 1  D N A  
de tec t ion  w h e n  l a t e n t  i n  t h e  t r igemina l  gangl ia ,  b r a i n  s t e m ,  a n d  cornea  of 
r a b b i t s  i n  compar i son  t o  t h e  e x p l a n t a t i o n  resul ts .  

Materials and Methods 

Virus and animals. Albino r a b b i t s  weighing 3000 g were  coming f r o m  t h e  b reed  Velaz.  T h e  
an imals  housed u n d e r  s t a n d a r d  condi t ions  were  inocula ted  i n t o  t h e  r i g h t  scarified cornea w i t h  
1 — 2 x 108  P F U  of t h e  s t ra ins  K u p k a  o r  K O S ,  respectively (Rajčáni,  et al., 1977). A f t e r  3 months  
(or later) post-infection (p.i.), b o t h  trigeminal nerves  a n d  ganglia, the brain s t e m  a t  both  sides 
near  to  the  entrance of t h e  trigeminal root, and cornea were  removed a n d  immersed into phos­
p h a t e  buf fe r  saline conta in ing 3 %  foe ta l  calf s e r u m  (FCS). T h e  t issue samples  were  d iv ided  
in to  t w o  p a r t s :  one  p a r t  w a s  cu l tured ,  while t h e  o t h e r  one  w a s  f rozen  (a t  — 70 °C) a n d  used  fo r  
p repa r ing  a D N A  e x t r a c t .  

E.rplantation technique. A p a r t  of cornea,  t h e  ha l f  of each  gangl ion a n d  b r a i n  s t e m  specimens 
were minced a n d  cu l tu red  i n  p las t ic  P e t r i  dishes a s  described (Rajčáni  et al., 1975). The medium 
(CMRL-1415 supplemented w i t h  1 0 %  FCS and antibiotics) w a s  exchanged on d a y s  3, 7, a n d  
10 in culture. B y  d a y s  7 or 10 in culture, the  f ragments  f r o m  the  same sample were  pooled a n d  
used for  DNA extraction.  I n  some cases the  pooled f ragments  were  homogenized a n d  assayed 
f o r  H S V  in Vero cells. Al l  medium samples were  inoculated into Vero cells. 

Isolation of the DNA. DNA extracts  were prepared f r o m  noncultured t issue samples removed 
a t  acute and chronic s tages  p.i., f rom explanted f ragments  prepared f r o m  tissues removed a t  
the  chronic s tage  and k e p t  f o r  10 d a y s  (or 7 days)  in culture, f r o m  t lie noncultured tissues of 
uninfected rabbi t s  a s  wel l  a s  f r o m  r a b b i t  embryo fibroblasts (REF) either noninfected or in­
fected w i t h  HSV-1  (s t ra in  H S Z P ,  mul t ip l ic i ty  2 — 5  P F U  p e r  cell) a n d  ha rves t ed  b y  12 o r  20 h r  p . i .  

Preparation of the DNA extract h a s  been  described previously  (Kúdelová  et al., 1988). Briefly,  
the tissue samples a n d  their  explanted f ragments  a s  wel l  a s  the  R E F  cell suspensions were  
t reated w i t h  the lyt ic  b u f f e r  (0.2 mol/l TrisHCl p H  7.9 containing 0.5 mol/l E D T A  and 0 . 5 %  
SDS) then w i t h  proteinase K (100 [Ag/ml f o r  2 h r  a t  65 °C) a n d  f u r t h e r  e x t r a c t e d  w i t h  phenol-
s a t u r a t e d  buf fe r  (0.01 mol/1 Tris-HCl buf fe r  p H  7.5, 0.15 mol/1 NaCl  a n d  1 mmol/1 E D T A ) .  
The  w a t e r  phase  w a s  t r e a t e d  w i t h  R N a s e  A(100 |j.g/ml) f o r  1 h r  a t  37 CC t h e n  e x t r a c t e d  w i t h  
cliloroform-isoamylalcohol (24 : 1) a n d  finally, p rec ip i t a ted  w i t h  t h e  three-fold volume of 
e thanol .  

HSV-1  D N A  w a s  isola ted f r o m  nucleocapsids sedimented  b y  differential  een t r i fuga t ion  f r o m  
HSV-l r infec ted  quai l  embryo  cells inoculated w i t h  t h e  HSV-1  s t r a i n  H S Z P  a d a p t e d  t o  these  
cells a n d  t o  chick e m b r y o  cells (Szántó, • I960). De ta i l s  of nucleocapsid deprote inizat ion a n d  
H S V  D N A  purif icat ion were  described elsewhere (Kúdelová  et al., 1988). 

KpivL fragments of HSV-1 DNA s t ra in  17 were  k indly  provided b y  dr .  V .  Preston (M.R.C. 
Virology Unit,  Inst i tute  of Virology,  Glasgow, U.K.).  The f r a g m e n t s  KpnI i, d, and  h cloned 
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in p A T  153 were  isolated a s  described (Maniatis  et al., 1982). T h e  f r a g m e n t  KpnI i codes f o r  
V P  5 (155 kD) polypeptide;, t h e  f r a g m e n t  KpnI d contains  t h e  gene  f o r  gC, whi le  t h e  KpnI h 
contains  t h e  genes coding f o r  g D  a n d  g E  (Fig. 1). 

Labelling of DNA probes and hybridization. Nick t rans la t ion  of  the  t o t a l  HSV-1 D N A  a s  
wel l  a s  of t h e  cloned f r a g m e n t s  wa« m a d e  accord ing  t o  R i g b y  et al. (1977) u s i n g  a 3 2 P - d C T P  
a n d  a 3 2 P - d G T P  (specific a c t i v i t y  110 T B q  p e r  m m o l ,  I Z I N T A ,  B u d a p e s t ,  H u n g a r y ) ;  t h e  specific 
a c t i v i t y  r a n g e d  f r o m  2 t o  4 x 107 c p m  p e r  (xg U N A ,  t h e  a c t i v i t y  o f  p A T  153 w a s  0 . 5  x 108  c p m  
p e r  (xg. 

Spot blot hybridization w a s  p e r f o r m e d  a s  descr ibed  b y  F r a s e r  et al. (1981). T h e  D N A  ex­
t r a c t e d  f r o m  cornea l ,  gangl ion  o r  b r a i n  s t e m  specimens,  f r o m  e x p l a n t e d  t issue f r a g m e n t s  o r  
f r o m  coll suspensions  d e n a t u r e d  b y  h e a t i n g  t o  9 5  °C f o r  5 m i n u t e s  a n d  t h e n  w a s  s p o t t e d  e i t h e r  
o n  ni t rocel lu lose  o r  o n  n y l o n  filters ( H y b o n d - N ,  A m e r s h a m ) .  T h e  ni t rocel lulose filters were  
r insed  successively 5 m i n  i n  0 .5  mol/1 N a O H ,  twice  1 m i n  i n  b u f f e r  (1 m o l / l  Tr i s -HCl  p H  6.8, 
0 .5  mol/1 NaCl ) ,  5 in in  i n  buf fe r  (0.5 mol / l  Tr i s -HCl  p H  7.4, 1.5 mol/1 NaCl)  a n d  d r i ed .  T h e n  
t h e y  wore floated in  e thyla lcohol ,  a i r  d r i ed ,  r insed  i n  0 .3  mol/1 NaCl ,  d r i e d  a n d  were  b a k e n  
f o r  2 h r  a t  8 0  °C u n d e r  v a c u u m .  T h e  D N A  s p o t t e d  o n  n y l o n  filters wh ich  w e r e  t r e a t e d  a c c o r d i n g  
t o  A m e r s h a m  pro tocols  in d e n a t u r i n g  a n d  neu t ra l i z ing  so lu t ions  w a s  cross-l inked b y  UV-i r -
r a d i a t i o n  o n  s t a n d a r d  U V  t r a n s l u m i n a t o r  f o r  5 m i n .  T h e  ni t rocel lulose filters were  p r e h y b r i d -
ized w i t h  d e n a t u r e d  s a l m o n  s p e r m  D N A  (100 (xg p e r  m l )  ove rn igh t  a t  4 8  °C (4 x SSC, 2 0 %  
f o r m a m i d e ,  0 . 1 %  SDS,  10 mmol/1  E D T A ,  5 x D e n h a r d t ' s  so lu t ion)  (Mania t i s  et al., 1982) a n d  
t h e n  hybr id i zed  w i t h  t h e  hybr id i za t ion  m i x t u r e  ( the  s a m e  a s  t h e  p r ehyb r id i za t i on  m i x t u r e  b u t  
con t a in ing  5 0 %  forrnarnide) in t h e  presence  o f  t h e  d e n a t u r e d  n i ck - t r ans l a t ed  p r o b e  ove rn igh t  
a t  4 8  °C. T h e  filters were  w a s h e d  a s  fol lows:  in 5 x SSC w i t h  0.1 % S D S  twice  f o r  10 m i n  a t  
4 8  C, i n  t h e  h y b r i d i z a t i o n  m i x t u r e  n o t  con t a in ing  t h e  D N A  p r o b e  f o r  20 m i n  a t  48  CC, in  1 x SSC 
w i t h  0 . 1 %  S D S  f o r  20 m i n  a t  37 C, t h e n  in t h e  s a m e  b u f f e r  f o r  20 m i n  a t  04 °C a n d ,  finally, i n  
0 .25  x SSC w i t h  0 . 1 %  S D S  a t  04 C. N y l o n  filters w e r e  hybr id i zed  i n  t h e  p l a s t i c  b a g s  u n d e r  
h igh  s t r i ngency  cond i t i ons  r ecommended  b y  t h e  Amernham protocols .  T h e  a i r  d r i e d  filters were  
w r a p p e d  t o  S a r a n  W r a p  a n d  a u t o r a d i o g r a p h e d  w i t h  X R  film (Medix R a p i d )  f o r  2 — 3  d a y s  
a t  - 70 °C. 

lte.sults 

Hybridization with the labelled HSV-1 DNA probe 

Six r a b b i t s  w i t h  es tab l i shed  l a t e n t  infect ion infected w i t h  t h e  s t ra in  K u p ­
k a  a n d  4 ones infected w i t h  t h e  s train K O S  were  examined in t h e  f i r s t  tr ial .  
T h e  r i g h t  tr igeminal  ganglion (RTG) f r a g m e n t s  yielded v i r u s  in  t w o  out of 
ten animals  (Table 1). Pos i t ive  hybridizat ion w a s  f o u n d  w i t h  t h e  DNA e x ­
t r a c t  p r e p a r e d  f r o m  t h e  o t h e r  ha l f  of 4 R T G  samples ,  i.e. in  3 cases pos i t ive  
hybr id iza t ion  w a s  n o t  associa ted w i t h  v i ru s  release f r o m  t h e  cu l tu red  half  
of  t h e  gangl ion.  A s  shown in  F ig .  2, in  I case posi t ive  hybr id iza t ion  (con­
firmed b y  posi t ive  e x p l a n t a t i o n  resul t )  w a s  f o u n d  w i t h  t h e  D N A  e x t r a c t  of  
t h e  cu l tu red  ganglion on ly ,  b u t  n o t  w i t h  t h e  noncu l tu red  R T G .  T h e  resu l t s  
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Fi | | .  2 
Hybridization of tlie D X A  ext rac t s  f r o m  
iioncultured and cultured ganglia  of rab-
b i t s  X o .  71 (1—4) and 72 (5—8) w i t h  
established latency using the total  HSY-1 

D X A  probe 
(1) — RTG — r ight  trigeminal ganglion; 
(2) — LTG — l e f t  trigeminal ganglion; 
(3) — RTG — cultured f o r  7 d a y s ;  
(4) — LTG — cultured f o r  7 d a y s ;  
(5—8) — similar ex t rac t s  from rabbi t  
X o .  72; (9) — noninfected 10 5  R E  F cells; 
(10) — DNA extract  f r o m  10® infected 
REK cells; (11, 12) — D X A  extract  from 
10 5  a n d  10 1  infected R E  F cells, respe­
ct ively.  

in t h e  l e f t  (contralateral) gangl ia  were negat ive .  However,  posit ive  hybrid­
ization was  seen with t h e  extracts  of 6 noncultured a n d  2 cultured brain 
s t e m  extracts ,  a l though none o f  these  y ie lded infectious virus.  

Hybridization with the labelled lltiV-l DXA Kpnl fragments 

Twelve  rabbits  were examined  in this  trial (Exp .  II ) ,  t h e  majori ty  o f  which  
h a d  been infected w i t h  t h e  Kupka strain. Explantat ion  o f  R T G  yie lded 
virus i n  8 cases; i n  four  o f  1 lie.se t h e  cultured R T G  fragments  were used  for  
D N A  extraction,  whi le  another four were used for  v irus  isolation. Both ,  
hybridization wi th  t h e  cultured ganglion extract  as  well  a s  virus isolation 
from the  cultured gangl ion homogeneates  correlated wi th  virus isolation 
results f rom t h e  medium fluid (Table 2). Fig. 3 shows  typical  rela­
t ionships between hybridization a n d  explantat ion results. W i t h  t h e  R T G  
extract  o f  rabbit  N o .  13 there was  an  increased posit ive  hybridization after  
explantat ion o f  t h e  other  half  o f  t h e  gangl ion in culture, which  w a s  not t h e  
case wi th  t h e  right and l e f t  brain s t em  D N A  extracts .  This  Figure also 
demonstrates  t h e  posit ive hybridization w i t h  practically all examined  tis­
sues  from rabbit  N o .  15, which did n o t  y i e ld  infectious virus in culture. A s  
seen in t h e  part II o f  Table  I, posit ive hybridization o f  t h e  corneal D N A  
extract  was  found in this  particular case only .  

E x p e r i m e n t  II h a s  a l so  shown  (lint, in t h r e e  r a b b i t s  i n f ec t ed  w i t h  t h e  
K u p k a  s t r a i n  a n d  in I a n i m a l  in fec ted  w i t h  K O S  t h e r e  w a s  n o  pos i t ive  
hyb r id i za t i on  w i t h  t h e  n o n c u l t u r e d  gangl ion  t i ssue ,  a l t h o u g h  a c lear  posi-
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Hybridization of the  HSV-1 D X  A f rag­
ment  K pni i wi th  noncultured and cul­
tured  tiHHue HarnpleH f r o m  r a b b i t s  Xos .  13 
a n d  15 w i t h  establ ished l a t e n t  infection 
Columns:  K G  — r igh t  t r igeminal  

ganglion 
LG — l e f t  t r igeminal  ganglion 
R S  — r igh t  b r a i n  s t e m  
L 8  — l e f t  b r a i n  s t e m  
CO — cornea  

Lines:  1 — r a b b i t  5so. 13, noncu l tu red  
t issues 

2 — r a b b i t  X o .  13, s imilar  t issues 
cul tured  f o r  10 d a y s  

3 — r a b b i t  N o .  15, noncu l tu red  
t issues 

4 — r a b b i t  X o .  15, s imilar  t issues  
cu l tu red  f o r  10 d a y s  

A:  e x t r a c t  f r o m  control  r a b b i t  cells; B :  
105 infected r a b b i t  cells; C :  104 infected 
cells. 

ti v i ty  w a s  found with t h e  cultured ganglion extracts  (Fig.  4). T h e  posi t ive  
correlation between enhanced hybridization o f  t h e  cultured ganglion e x ­
tracts a n d  virus release from t h e  explanted  fragments  t o  medium fluid i s  
shown in Table  2. Regardless  whether t h e  suspension of  the  pooled ganglion 
exp lant s  w a s  e x a m i n e d  b y  infect iv i ty  assay or used for  D N A  extraction,  
t h e  results were i n  agreement  in each case. T h e  absence o f  false pos i t iv i ty  

RG LG RS LSCO 
Fl | | .  '• 

Spot  b l o t  hybr id iza t ion  of t h e  D X A  ex­
t r a c t s  f r o m  neural  t issues of r abb i t s  w i t h  
established H S V  la tency  us ing  t h e  la­

belled Kpnl f r a g m e n t s  h-\-i 
Columns:  

s-* R G  — r ight  t r igeminal  gangl ion;  L G  — 
Z. l e f t  t r igeminal  gangl ion;  R S  — right  

b ra in  s t e m ;  L S  — le f t  b ra in  s t e m ;  CO — 
cornea.  
Lines :  

á Ě f ^  1 — rabb i t  X o .  19, n o t  cu l tu red ;  
I^ W W  2 — r a b b i t  X o .  19, a f t e r  10 d a y s  in 

cul t u r e ;  
3 — rabb i t  X o .  20, n o t  cu l tu red ;  
4 — r a b b i t  X o .  20, a f t e r  10 d a y s  in 

cu l tu re ;  
C R  — control  r a b b i t  t issues 
Lines  below:  A — 10° noninfected R E  F 
cells; B — 10° infected R E F  cells h a r ­
vested a t  20 h r  p .  i.; C — 105 infected 
R E F  cells harves ted a t  20 h r  p . i . ;  
I > -  10> infected R E F  cells; E - 10* 
infected R E F  cells.  

1 
2 

3 

A 

CR 
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Fij j .  5 
Spot  blot hybridization of the DNA ex ­
t r a c t s  f r o m  noninfecteci r a b b i t  t issues h y -  7 *  8 
b n d i z e d  w i t h  t h e  vec to r  p A T  153 p r o b e  
1 — R T G ;  2 — L T G ;  3 — r i g h t  b r a i n  
s t e m ;  4 — l e f t  b ra in  s t e m ;  5 — cornea ;  
6 - H S V - 1  D N A  0.1(j.g; 7 - D N A  ex-  i n  1 1  1 0  
t r a c t  f r o m  noninfec ted  R E F  cells (5 x "> I U  I I  \c-
105); 8 — D N A  e x t r a c t  of 5 x 105  K O S -
infected R E F  cells a f t e r  20 h r ,  M O I  3.5 
PFU/ce l l / ;  9—12 — lOng, l n g ,  O.lng 
a n d  0 . 0 l n g  p A T  153, respect ively.  

• • 

i n  t h e  case of hybr id i za t ion  w i t h  t h e  cu l tu red  gangl ion  a n d  b r a i n  s t e m  e x ­
t r a c t s  w h e n  hybr id ized  t o  t h e  cloned  Kpnl H S V - 1  D N A  f r a g m e n t s  a s  
p robes  c a n  b e  clearly d e d u c e d  f r o m  t h e  coincidence w i t h  v i r u s  i n f ec t i v i t y  
assays .  Th i s  w a s  f u r t h e r  conf i rmed b y  us ing  non in fec ted  r a b b i t  t i s sues  a n d  
non in fec ted  r a b b i t  cells a s  cont ro ls  (Figs.  4 a n d  6). I n  add i t ion ,  non in fec t ed  
r a b b i t  t i s sue  n e v e r  hybr id ized  t o  t h e  label led vec to r  p l a s m i d  p A T  153 D N A  
(Fig. 5), exc lud ing  t h e  v e c t o r  D N A  a s  source  of nonspecif ic  hybr id iza t ion .  
I t  seems, there fore ,  t h a t  t h e  chosen c loned H S V - 1  D N A  Kpnl p r o b e s  i, h, 
a n d  d de t ec t ed  H S V - 1  D N A  i n  t h e  t i ssue  ex t r ac t s ,  a t  l eas t  i n  t h o s e  p r e p a r e d  
f r o m  t h e  e x p l a n t e d  t i ssue  f r a g m e n t s .  

Fi(j. (! 

Spo t  b l o t  hybr id iza t ion  of t h e  D N A  Ex­
t r a c t s  f r o m  neura l  t issues of r a b b i t s  w i t h  
establ ished H S V  l a t ency  us ing  t h e  mix­
t u r e  of labelled  Kpnl f r a g m e n t s  h a n d  i 
Columns:  R G  — r igh t  t r igeminal  gan­
glion; L G  — l e f t  t r igeminal  ganglion;  
R S  — r igh t  b r a i n  s t e m ;  LS. — l e f t  b r a i n  
s t e m ;  CO cornea .  
r abb i t s  n u m b e r s  22, 24, 25, 81;  
C R  — control  r a b b i t  (noninfected) 
A control  R E F  cells 
B — 10° infected R E F  cells (above:  

ha rves t ed  12 h r  p . i . ;  be low:  h a r ­
ves ted  20 h r  p.i.) 

C — 105 infected R E F  cells (harvested 
a t  12 h r  p . i .  o r  20 h r  p. i . )  

D — 104 infected R E F  cells (harvested 
a t  12 h r  p . i .  o r  20 h r  p.i .)  

E — 103 infected R E F  cells (harvested 
a t  12 h r  p . i .  o r  20 h r  p. i . )  

RG LG RS LS CO 

- 2 2  

* — 2 4  

m ~ 25 
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Posi t ive  hybr id i za t ion  o f  m i n i m a l  in tens i ty  w a s  f o u n d  probes  w i t h  t h e  
KpnI HSV-1 D N A  p r o b e s  t o  t h e  D N A  extracts  f r o m  4 noncu l tured  R T G ,  
2 noncu l tured  L T G ,  5 n o n c u l t u r e d  r i g h t  brain s tem,  a n d  2 noncul tured  l e f t  
b r a i n  s t e m  spec imens  as  well  as  I noncu l tured  corneal specimen.  T h e  D N A  
extracts  of t h e  cu l tured  half of these  s a m p l e s  s h o w e d  n o  h y b r i d i z a t i o n  a n d  
t h e  m e d i u m  f lu id  of these e x p l a n t s  d i d  n o t  contain  infect ious  virus.  

Discussion 

I n  t h e  first e x p e r i m e n t  us ing  total  HSV-I D N A  f o r  spot  blot h y b r i d i z a t i o n  
w e  f o u n d  pos i t i ve  h y b r i d i z a t i o n  w i t h  3 R T G  a n d  5 b r a i n  s t e m  extracts  as  
well  as  w i t h  t h e  extracts  o f  t issues f r o m  control  r a b b i t s  a n d  f r o m  severa l  
un in fec ted  cell l ines (not s h o w n ) .  W e  a s s u m e  t h a t  t h e  total  HSV D N A  probe  
exer ted  nonspecif ic  fa l se  pos i t i ve  hybr id izat ion.  Puga  et al. (1982) a n d  P e d e n  
et al. (1982) reported  t h a t  h u m a n  and/or o ther  m a m m a l i a n  cellular D N A  
cross-hybridized w i t h  t h e  j o i n t  a n d  termina l  regions o f  t h e  HSYr-l D N A .  
Especia l ly  a small  DNA s e g m e n t  f r o m  t h e  i n v e r t e d  repeats  a n d  f r o m  t h e  
central  area of t h e  j o i n t  region has  a composit ion  e x t r e m e l y  r ich  o f  G + C 
base  pairs.  J o n e s  ft al. (198.5) f o u n d  t h a t  t h e  A'coRI 13 HSV-1 D N A  f r a g m e n t  
s h o w e d  a n  a u t h e n t i c  base  h o m o l o g y  t o  h u m a n  r ibosomal  D N A .  

W e  tr ied t o  overcome  t h e  d i f f icu l t ies  w i t h  t h e  false  pos i t i ve  D N A / D N A  
h y b r i d i z a t i o n  us ing  t h e  c loned  Kpn 1 D N A  probes.  T h e  f r a g m e n t  Kpnl "i" 
covers  a b o u t  5 . 4 %  o f  t h e  genome,  t h e  m i x t u r e  Kpnl "d+i" a b o u t  13.4%, 
a n d  t h e  m i x t u r e  Kpn\ "h+i" a b o u t  11.5% o f  t h e  HSV-1 g e n o m e  (Fig. 1). 
T h e  mixtures  g a v e  a clear-cut h y b r i d i z a t i o n  s p o t  w i t h  t h e  D N A  extract  o f  
103 in fected  R E  F cells harves ted  a t  12 h r  p.i., b u t  not w i t h  102 in fected  
R E F  cells (Fig. 4), a n d  a s l ight ly  pos i t i ve  spot w i t h  10 3  in fected  cells har­
vested a t  20 hr p.i. (iMgs. 4,(i). YVe est imate t h e  minimum sensit ivity of  our 
hybridization at 105 — 10® HSV D N A  molecules.  Because o n l y  a proport ion  
o f  t h e  gang l ion  neurons  h a r b o u r s  t h e  HSYr D N A  a n d  because t h e  n u m b e r  
of D N A  copies p e r  l a t e n t l y  in fec ted  neuron  w o u l d  h a r d l y  exceed  10', t h e  
a m o u n t  o f  t h e  H S V  D N A  detectab le  p e r  t h e  h a l f  o f  t h e  rabb i t  gang l ion  w a s  
j u s t  a t  t h e  l i m i t  o f  t h e  sens i t i v i ty  o f  t h e  s p o t  b l o t  hybr id izat ion.  Indeed,  
w e  were  u n a b l e  t o  d e t e c t  HSV D N A  in  s o m e  gang l ion  samples  t h e  cu l tured  
ha l f  o f  w h i c h  conta ined  e x t r e m e l y  m u c h  HSY' D N A  on d a y s  7 — 1 0  i n  cul­
ture (spots corresponding t o  the  size o f  a t  least 106  or more acutely infected 
R E F  cells) and which released the  virus t o  medium fluid. 

Of great interest, therefore, is the  finding ol  HSYr D N A  sequences in 
a part of  t h e  ganglion samples and in brain s tem samples which neither 
yielded virus nor became the  source of DNA replication in culture. I n  con­
trary, t h e  slight amount  of HSV DNA detectable in such samples disap­
peared in culture, probably due  t o  DNase  self digestion. The simplest ex -
plantation for these results would be  a nonspecific false positive h y ­
bridization. However, a series of  controls including noninfected rabbit cells 
and tissues and  t h e  pAT 153 vector probe d o  not  confirm this  interpretation. 
Our previous electron microscopic investigations (Rajčáni  et al., 1975) h a v e  
s h o w n  t h a t  t h e  neurons  a n d  especial ly  nonneura l  satell ite cells s u r v i v e d  i n  
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culture. Thus, it  is unlikely that  all cellular DNA, if responsible for the 
false positive hybridization would disappear from the explanted ganglion 
or brain stem. 

Several experimental data point a t  the existence of latent HSV which 
does not spontaneously reactivate in culture. Whitby  et al. (1987) described 
the stimulating effect of hypomethylating drugs such as 5-azacytidine on 
the reactivation rate of the latent HSV infection in the explanted mouse 
ganglion samples. In our hands, using the SC16 and ANGpath strains of 
HSV in DBA/2 mice, the reactivation rate of the latent virus was high when 
the culture fluid contained 5-azacytidine, but  it  was extremely low in the 
absence of the inducer (Rajčáni et al., 1990). Brown et al. (1979) and Lewis 
et al. (1984) reported that  superinfection of explants with a t s  mutant a t  
supraoptimal temperature had complemented the defective resident genome 
and rescued a virus which DNA was distinguished from t s  mutant's DNA 
b y  restriction enzymes. Thomas et al. (1985) found that  in mice previously 
infected with HSV-1 strain F and then superinfected with HSV-2 the ganglia 
became double infected and that  the superinfected HSV-2 DNA acted in 
trans a t  rescuing the previously introduced heterotypic HSV-1 genome. 
Such mechanisms might operate in human brain a t  inducing reactivation 
of the spontaneously noninducible resident HSV DNA (Stroop, 1986). HSV 
DNA was reported in the CNS of mice during latency (Cabrera et al., 1980; 
Stroop et al., 1984) as well as in the human brain extracts (Fraser et al., 
1981). In our previous study (Kúdelová et al., 1988) we found positive hy­
bridization of HSV DNA in the  nc. amygdalae of 3 ou t  11 biopsy samples 
from 10 patients,  b u t  no  virus had  been isolated. Recently using DNA 
fragments complementary t o  t he  latency associated mRNAs, positive hy­
bridization was found in t he  brain stem of mice and  rabbits with established 
latent  infection (Deatly et al., 1988). 

We conclude t h a t  comparing t he  explantation and  hybridization pro­
cedures we found several combinations of positive results: 1. Positive hy­
bridization in the  cultured as well as noncultured homolateral sensor}^ gan­
glion samples associated with virus release into t he  medium of explants; 
2. Negative hybridization with t he  noncultured ganglion extract  followed 
b y  positive hybridization of t he  cultured ganglion extract  and  with HSV 
release from the  explants; 3. Positive hybridization of t he  noncultured gan­
glion and brain stem extracts no t  followed b y  viral DNA replication in t he  
explants and with virus reactivation; 4. Slight positive hybridization was 
detected with a single corneal sample showing negative outcome of explan­
tation. The DNA presence under 3 and 4 m a y  be accounted for false positive. 
However, a careful analysis of the  results based on controls and  t he  da t a  
of others allows t o  assume t h a t  the  latent  HSV genome m a y  n o t  always 
reactivate during 10 days explantation of t he  corresponding tissue. Fur ther  
experiments are being performed t o  confirm the  lat ter  assumption. 
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