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Summary. - Herpes simplex virus 1 (HSV-1) encodes at least 84 polypeptides to perform two functions: 
to enable viral replication and to create the environment in which the entry of the virus into host cells, synthe­
sis of virion components, assembly and egress are optimized. Whereas the former are indispensable for viral 
replication, the latter, numbering 47, can be deleted without a major effect on viral replication in cells in 
culture. Of particular interest are gene products whose function is either to modify cellular proteins (set 1) or 
to block entirely their function (set 2). An example of set 1 is the infected cell protein No. 0 (ICPO), a promis­
cuous transactivator of genes introduced into cells by infection or transfection. In its nuclear phase this protein 
binds to cyclin D3, extends its life by many hours, and sequesters it in nuclear structures known as ND10. In 
its cytoplasmic phase, ICPO binds the translation elongation factor EF-lS. Another viral protein, the UL13 
protein kinase, hyper-phosphorylates EF-18. ICPO and the protein kinase stimulate protein synthesis and cause 
the cell to induce the synthesis of pre-S phase cellular proteins the virus needs for its replication. The y,34.5 
protein, a prototype of set 2, also has multiple functions. One, mapped at its carboxyl terminus, blocks the 
effects of double-stranded RNA-dependent protein kinase R (PKR) that is activated by all wild-type and 
mutant viruses examined to date. PKR phosphorylates eIF-2a and shuts off protein synthesis. y,34.5 protein 
binds protein phosphatase 1 and redirects it to dephosphorylate eIF-2a. Although PKR is activated in wild-
type-infected cells, protein synthesis is unaffected. HSV-1 encodes in addition at least two proteins, ORF O 
and ORF P that are repressed during productive infection. The ORF P protein localizes in spliceosomes and 
blocks the synthesis of viral proteins derived from spliced mRNA. The ORF O protein binds ICP4, the major 
regulatory protein, and prevents it from binding to DNA. The role of ORF O and ORF P proteins in the 
establishment of latency is uncertain. A significant discovery that has emerged from these studies is that viral 
proteins can perform several functions that may be totally unrelated. 

Introduct ion 

All herpesviruses have an identical mission: to multiply 
and spread, and to  use latency as a mechanism whereby they 
perpetuate themselves in their respective hosts. All herpes­
viruses contain DNA genomes encoding numerous genes 
and all o f  them seem to  encode a lot of genes that can b e  
deleted without affecting the ability of the virus to  grow in 
cultured cells. We know more about HSV-1 and HSV-2 than 
about any other herpesvirus and it seems appropriate that 
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HSV-1, the oldest known herpesvirus also serves as a point 
of reference in the analyses o f  the function of  its cousins, 
both near and distant. 

HSV-1 spreads by  physical contact between infected and 
uninfected individuals. The virus multiplies at the portal of 
entry (mouth or  genitals) and both infecting and progeny 
viruses can infect sensory nerve endings and be  transport­
ed by  retrograde axonal flow to the neuronal nucleus. In 
sensory neurons the virus may multiply or  establish a latent 
infection. In the course of productive infection, the virus 
expresses most of its genes, yields infectious progeny, and 
destroys the host cell. In latent infection, the virus express­
es a very small fraction of its sequences and does not ap­
pear to impair the functions of its host. It is convenient to 
consider the viral genome first, followed by  viral gene func­
tions in productive and latent infections, respectively. 
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I. The viral genome 

Genographics 

T h e  H S V  g e n o m e  consists  o f  t w o  stretches o f  unique 
sequences ,  l o n g  ( U J  and short (U s ) ,  f l anked  b y  inverted 
repeats  ( f o r  re ferences  s e e  r e v i e w  b y  Roizman and Sears,  
1996).  T h e  inverted repeats  f l a n k i n g  U L  (ab and  b'a', 9 
k b p  each)  and those  f l a n k i n g  U s  ( a ' c ' a n d  ca, > 6  k b p  each) 
together account f o r  nearly 1 0 %  o f  the  genome.  The  D N A  
sequences  present  in at least  1 copy per  g e n o m e  s u m  up to 
approximately  138 kbp.  Approximately  15 k b p  are repeat­

e d  o n c e ,  a n d  t h e  t e r m i n a l  a s e q u e n c e  o f  approx ima te ly  

0 . 5  k b p  m a y  b e  r e p e a t e d  i n  exces s  o f  10 t i m e s  i n  s o m e  

s t ra ins .  A t  leas t  8 4  o f  t h e  several  h u n d r e d  o p e n  r e a d i n g  

f r a m e s  ( O R F s )  i d e n t i f i e d  i n  t h e  v i ra l  g e n o m e  a r e  e x ­

p r e s s e d  - 12 m o r e  t h a n  or ig inal ly  p red ic ted  b y  M c G e o c h  

et al. ( 1 9 8 8 )  ( R o i z m a n  a n d  Sears ,  1996;  R o i z m a n ,  1996).  

Overa l l ,  t h e  g e n e s  a r e  dense ly  packed :  w h i l e  it cou ld  b e  

p r e d i c t e d  t h a t  t h e  p r o m o t e r  d o m a i n s  o f  m a n y  g e n e s  w o u l d  

m a p  w i t h i n  c o d i n g  s e q u e n c e s  o f  o the r  genes ,  o r  tha t  t h e  

e n d s  o f  O R F s  w o u l d  over lap ,  t h e  su rp r i s ing  a n d  p e r h a p s  

d is t inc t ive  a spec t s  o f  t h e  H S V  g e n o g r a p h i c s  i s  t ha t  sever­

a l  g e n e s  a r e  to ta l ly  an t i s ense  t o  e a c h  other .  A n o t h e r  cur i ­

o u s  a s p e c t  o f  t h e  H S V  g e n o g r a p h y  is t ha t  several  O R F s  

y i e ld  p r o t e i n s  w h o s e  s equences  a r e  par t ia l ly  col l inear .  In  

e a c h  in s t ance ,  t h e  la rger  O R F  e n c o d e s  in its 5 ' - doma in  a 

p r o m o t e r  w h i c h  init iates t ranscript ion and,  ul t imately t rans­

la t ion  f r o m  a d o w n s t r e a m  i n - f r a m e  ini t ia tor  me th ion ine .  

Two e x a m p l e s  a r e  re levant .  T h u s  t h e  U 2 6  O R F  e n c o d e s  a 

p r o t e i n  w h o s e  N - t e r m i n a l  d o m a i n  ac t s  a s  a p ro tease .  A 

s e c o n d  p ro t e in  is e n c o d e d  b y  t h e  3 ' -doma in  o f  t h e  U ( 2 6  

d e s i g n a t e d  U L 26 .5 .  T h i s  p ro te in  h a s  t h e  s a m e  a m i n o  acid  

s e q u e n c e  a s  t h e  ca rboxy l  te rmina l  d o m a i n  o f  t h e  U 2 6  p r o ­

t e in  b u t  it h a s  a d i f f e r en t  f unc t i on .  A s imi la r  s i tua t ion  ex­

ists f o r  t h e  a 2 2  and  U s 1 . 5  O R F s  ( R o i z m a n  a n d  Sears ,  1996; 

R o i z m a n ,  1995) .  T h e  a d v a n t a g e  t o  t h e  v i ru s  i s  t ha t  t h e  

syn thes i s  o f  t h e  t h e s e  p ro te ins  c a n  b e  regu la ted  indiv idu­

ally. 

U n l i k e  t h e  s i tuat ion prevai l ing in cel ls  infec ted  wi th  o th­

e r  m e m b e r s  o f  t he  f a m i l y  Herpesviridae, ve ry  f e w  prote ins  

a re  t h e  p roduc t s  o f  sp l iced  m R N A s .  Two sets  o f  k e y  p ro ­

teins  m a d e  i n  this  f a s h i o n  should  b e  no ted .  O f  t h e  s ix  a 

pro te ins ,  3 a r e  m a d e  f r o m  spl iced m R N A s .  T h e  cod ing  d o ­

ma ins  o f  t he  g e n e  encoding  ICPO consists o f  3 exons.  Where ­

a s  t h e  c o d i n g  d o m a i n s  o f  I C P 2 2  a n d  I C P 4 7  consis t  o f  a 

s ing le  exon ,  t h e  p romote r s  o f  these  g e n e s  loca ted  i n  invert­

e d  r epea t s  a r e  ident ical  a n d  each  h a s  a n  intron.  I n  t he  c a s e  

o f  U L 1 5 ,  t h e  cod ing  d o m a i n  consis ts  o f  two  exons  a n d  t he  

in t ron con ta ins  t h e  cod ing  d o m a i n s  o f  two  genes ,  U L 1 6  a n d  

U l 1 7  ( M c G e o c h  et al., 1988).  

II.  T h e  function of viral gene expression in productive 
infection 

HSV gene expression in productive infection 

Grossly,  t he  HSV-1 genes  f o r m  a t  least  6 g r o u p s  w h o s e  

expression is coordinately regulated a n d  sequentially ordered 

in a cascade  f a sh ion  ( R o i z m a n  a n d  Sears ,  1996).  I n  p roduc ­

t ive infect ion,  t he  s ix a genes  a r e  expressed  f i r s t  fo l lowed 

b y  (32, y, a n d  y2. T h u s  a g e n e s  a r e  expressed  i n  t he  ab­

sence  o f  p r io r  vi ra l  p ro te in  synthesis .  H S V  convenient ly  

carr ies  a structural  prote in  des igna ted  a - t r ans - induc ing  f a c ­

to r  ( a T I F )  o r  V P  16 wh ich  interacts  w i t h  t w o  cel lular  p r o ­

te in  complexes ,  C I  (a lso  k n o w n  a s  H C F )  a n d  O c t l  a t  spe­

c i f i c  r e sponse  e l emen t s  in t h e  p romote r  o f  a genes ,  and  

activates their  t ranscript ion (Ro izman  a n d  Sears ,  1996). T h e  

express ion o f  p g e n e s  requi res  a pro te ins  b u t  these  genes  

c a n  b e  expressed  in t he  absence  o f  viral  D N A  synthesis .  

W h e r e a s  y2 genes  requi re  vira l  D N A  synthes is  f o r  thei r  e x ­

press ion,  t he  y, g e n e s  a r e  expressed,  b u t  a t  subopt imal  lev­

e ls  i n  t he  absence  o f  viral  D N A  synthesis .  A t  least  2 O R F s  

a r e  expressed only  in t he  absence  o f  a g e n e  express ion  and,  

a s  detai led later  i n  this  text ,  m a y  b e  des igna ted  a s  p r e - a  

genes .  Th i s  g e n e  nomenc la tu re  i s  u s e f u l  b u t  shou ld  n o t  b e  

mis leading.  T h e  a g e n e s  sha re  c o m m o n  p r o m o t e r  e l emen t s  

wh ich  ident i fy  t h e m  unambiguous ly  a s  a g e n e s  ( M a c k e m  

and  Roizman ,  1982). T h e  remain ing ,  (3,, P, ,  y |  a n d  y2 g e n e s  

d o  n o t  share  p romote r  e lements  u n i q u e  t o  e a c h  g roup .  Rath­

er, t he  t iming  o f  thei r  express ion  is t h e  consequence  o f  t he  

constel lat ion o f  p romote r  e l emen t s  in e a c h  g e n e  (Ro izman  

a n d  Sears ,  1996). 

HSV gene function in productive infection 

Systemat ic  sequence-spec i f i c  de le t ions  i n  t h e  vira l  g e ­

n o m e  indicated tha t  o f  t he  8 2  g e n e s  k n o w n  t o  b e  expressed  

dur ing  product ive  infect ion,  3 7  c a n n o t  b e  de le ted  wi thou t  

abrogat ing t h e  capaci ty  o f  t he  v i ru s  t o  mul t ip ly  in suscept i ­

b l e  cells.  T h e  func t ions  o f  these  g e n e s  inc lude  (i)  en t ry  a n d  

egress  o f  v i rus  f r o m  infec ted  cel ls  (ii) regula t ion ,  b o t h  p o s ­

itive and  negat ive,  o f  R N A  synthes is  a n d  process ing ,  (iii) 

synthes is  o f  viral  D N A ,  (iv) k e y  vir ion prote ins ,  a n d  (v)  

assembly  o f  capsids ,  packag ing  o f  D N A ,  a n d  enve lopment .  

For  t he  pu rposes  o f  this  review, t w o  pro te ins  a r e  especial ly  

noteworthy. ICP4 ,  a n  oc prote in ,  b i n d s  t o  D N A  a n d  regu­

lates genes  both  positively a n d  negatively depending ,  in  part ,  

o n  t he  locat ion o f  its b ind ing  site.  A k e y  f u n c t i o n  o f  ICP27 ,  

a l so  a n  a prote in ,  is t o  b lock  t he  sp l ic ing  o f  R N A  in p roduc ­

tively infec ted  cells ( R o i z m a n  a n d  Sears ,  1996).  

A s  m a n y  a s  4 7  genes  a r e  d ispensable  f o r  vi ra l  repl ica­

t ion  i n  a t  least  s o m e  cel ls  i n  cul ture .  T h e  k e y  word  „d ispen­

sab le"  is a m i s n o m e r  s ince (i)  v i ruses  l ack ing  this  g e n e  have  

not  been  isolated f r o m  h u m a n s  and  (ii) mu tan t s  lacking these 
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genes are frequently but not always attenuated in experi­
mental animal systems. The functions of these genes in­
clude (i) extending the host range of the virus by enabling 
efficient entry, sorting and egress, (ii) more extensive regu­
lation of viral gene expression and of the function of viral 
proteins, (iii) enhancement o f  the nucleic acid metabolism 
of  the infected cell to favor viral DNA synthesis and repair 
in nondividing cells, (iv) blocking host response to  infec­
tion, and (v) modification of  cellular environment to render 
viral replication more efficient by stabilizing some cellular 
proteins and degrading others (Roizman and Sears, 1996; 
Roizman, 1996). 

A few examples o f  the function of these accessory pro­
teins are useful. ocO, the gene encoding ICPO maps in the 
inverted repeats ab and  b 'aICPO in transfection assay acts 
as a promiscuous transactivator. The protein performs mul­
tiple functions. Thus it associates with and causes the dis­
appearance o f  the nuclear structures known as ND-10. It 
also binds to  an ubiquitin-specific protease, cyclin D3, and 
the elongation factor EF-15 (Kawaguchi et ai, 1997a,b; 
Everett et al., 1997). In infected cells, it colocalizes with 
the ubiquitin-specific protease and cyclin D3 in ND-10 struc­
tures and stabilizes the cyclin. Since the function of the 
bound cyclin D 3  is unaffected, the purpose of stabilizing 
cyclin D 3  is to  bring the infected cell to the brink of the S 
phase, but certainly n o  further. The purpose of the interac­
tion with E F - l ô  is less well understood. ICPO migrates from 
nuclei to cytoplasm as early as 3 hrs after infection. How­
ever, another viral protein, the UL13 protein kinase hyper-
phosphorylates EF-1S, presumably to  maintain protein syn­
thesis at a high level late in infection. ICP22, another a pro­
tein, also expresses several functions. The key function, 
however, appears to b e  efficient protein synthesis, especial­
ly of a subclass of late proteins. In the absence of ICP22, 
the virus grows very poorly in primary cell cultures but at 
near wild-type levels in continuous simian or  human cell 
lines (Roizman and Sears, 1996). 

The 7,34.5 gene maps in the inverted repeats between the 
aO and the terminal a sequence. The gene encodes a protein of 
263 amino acids. This protein consists of a 160-residue amino 
terminal, 3 amino acids (AlaThrPro) repeated 10 times and a 
carboxyl-terminal domain of 73 amino acids (Roizman and 
Sears, 1996). The latter domain is homologous to the corre­
sponding domain of GADD34, a conserved mammalian pro­
tein induced in cells undergoing differentiation, DNA damage 
repair, serum deprivation, etc. In-frame mutations or deletions 
in the amino-terminal domain result in gross attenuation of the 
virus in that it is unable to  replicate in the CNS of experimental 
animal systems. Deletion of the carboxyl-terminal domain re­
sults in the total shutoff of protein synthesis as a consequence 
of the activation of PKR which in turn phosphorylates the a 
subunit of the translation initiation factor 2 (eIF-2a) (Roizman 
and Sears, 1996). Recent studies have shown that PKR is acti­

vated in cells infected with both wild-type and mutant viruses. 
However, in wild-type virus-infected cells the y,34.5 protein 
acts as accessory phosphatase l a  (PP1) factor. Specifically, it 
binds to PP1 through a short sequence common to all PP1 
accessory factors and redirects PP1 to specifically dephospho-
rylate eIF-2a at the expense of other substrates of PP1 (6). The 
carboxyl-terminus of GADD34 can substitute for 7,34.5 in 
precluding the shutoff of protein synthesis but the virus carry­
ing the chimeric gene is avirulent (Roizman and Sears, 1996). 

The activation of PKR in cells infected with wild-type vi­
rus is not surprising since both strands of the HSV genome are 
transcribed and transcription-termination signals are not very 
effective. Earlier studies have shown that >50% of the viral 
genome is represented in dsRNA formed by self-annealing of 
RNA extracted from cells late in infection (Roizman and Sears, 
1996). Formation of dsRNA could activate PKR. HSV has 
evolved a novel strategy to  block the shutoff of protein syn­
thesis caused by dsRNA activated PKR by dephosphorylat-
ing eIF-2a rather than blocking its phosphorylation. 

A n  important side issue is that for  a number o f  genes 
second site mutations appear to compensate for  the deleted 
gene sequences. Thus in the case of the y,34.5 gene Muhr 
and Gluzman (1996) reported the isolation of  a second site 
compensatory mutant that restored protein synthesis. In this 
mutant, the a 4 7  coding sequences were deleted juxtapos­
ing the a promoter o f  this gene next to the coding sequenc­
es of the US11 gene. In essence, the mutation converted the 
gene f rom a y2 into an  early gene. Subsequent studies have 
shown that U s  11 interacts with PKR and blocks phosphor­
ylation of eIF-2a (Cassady and Roizman, 1998). 

The examples cited above were deliberately focused on 
genes to be discussed later in this text. Nevertheless, the les­
sons apply to most of the genes whose functions have been 
studied in some detail. The salient features o f  what we have 
learned are that (i) most genes encode several functions. These 
functions are frequently quite diverse and not specifically 
related to each other, and (ii) while the cornerstone of the 
virus are the functions which replicate it, its edifice are the 
accessory genes which enable it to control the environment 
of the cell in exquisite detail. In many instances, ablation of a 
specific accessory function seems to have a minimal effect 
on yield, plaque size, or egress from the infected cells. Nev­
ertheless, each marginal increment increases the ability of 
the virus to replicate and spread efficiently f rom cell to cell. 

III .  L a t e n c y  

Latent infection 

The profuse literature on H S V  latency has contributed 
very little understanding of the events and mechanisms by 
which latency is established, maintained and terminated. 
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Central to the problem is the absence of an authentic in vit­
ro model o f  latency. Yet many conclusions regarding laten­
cy are drawn f rom viral infection of  cells in vitro. The ex­
perimental animal model systems are limited in number and 
diverse in properties. The virus establishes latency in mice, 
rabbits, guinea pigs and nonhuman primates. The virus re­
activates spontaneously in rabbits and, in the case of HSV-2, 
also in guinea pigs. The most  commonly used model is the 
mouse, but while its value is that it does not reactivate spon­
taneously with high frequency, it may not resemble latently 
infected humans in all respects. The available data on  key 
issues may b e  summarized as follows (Roizman and Sears, 
1996): 
(i) The mechanisms by  which the virus is transported by  

retrograde flow to the sensory neuron are not known. 
It may be  presumed that on  infecting nerve endings, a 
capsid-tegument structure is transported to the neuro­
nal nuclear pore. 

(ii) There is considerable evidence that the HSV genome 
is contained in an  episomal form in latently infected 
neuron in 10 to 100 copies per genome of the cell har­
boring latent virus. 

(iii) The only portion of  the genome expressed during la­
tency is antisense to  the a 0  and y, 34.5 genes and en­
compasses virtually the entire inverted repeat sequences 
flanking the UL  domain. Mappings to this domain are 
the 2.0 and 1.5 k b  RNAs. These appear to b e  abun­
dant, stable introns which accumulate in nuclei o f  some, 
but not all neurons, and do not encode proteins. The 
precursor or  product of the splicing has not been iden­
tified. The larger, approximately 8.7 k b  RNA is less 
abundant. The 2.0 and 1.5 kb latency-associated RNAs 
(LATs) are dispensable. Mutants lacking LATs estab­
lish latency although the absolute viral load present in 
the sensory ganglia may b e  reduced. 

(iv) The  mechanism by which H S V  establishes latency in 
sensory neurons is unknown. The hypotheses proposed 
to  date include (a) the presence in neuron of a repres­
sor, as for  example other members of the Oct protein 
family, which blocks transcription of a genes, (b) the 
absence of  a cellular factor, as for example, C I ,  re­
quired for  transcription of a genes, or (c) virally in­
duced repressors of viral gene expression. None of  
these hypotheses has been tested critically or has yield­
e d  unambiguous results. 

(v) The sequence of  events which terminates latency and 
initiates viral replication is unknown. It has been pro­
posed that stimuli such as damage to sensory nerve 
endings cause viral DNA synthesis and that reactiva­
tion results when the number of copies of viral DNA 
exceed a threshold level (Roizman and Sears, 1996). 

(vi) The  fate o f  the neuron in which latent virus became 
reactivated is unknown. The notion that on  reactiva­

tion the virus begins to multiply precisely as in cells in 
culture and that the progeny is transported anterograde 
to the periphery is not uniformly accepted since by  
necessity it would imply that the neuron must succumb 
to infection. Resistance to  the notion that the neuron 
dies stems f rom the observation that some individuals 
shed reactivated virus quasi continuously and yet suf­
fer  n o  anesthesia at the site o f  the recurrences. The 
underlying hypothesis, that the neuron survives not­
withstanding all of the damage inflicted by viral gene 
products is untenable. Other explanations, that other 
neurons supply nerve endings to areas recovering f rom 
recurrent lesions and that the virus may survive for  a 
long time in mucous membranes are more likely, 

(vii) There is no  consensus on the mechanism of the anter­
ograde transport since synthesis of enveloped capsids 
and transport of virus would inevitably destroy the in­
fected neuron. The hypothesis that a subviral particle 
is transported anterograde, f rom the nucleus of the sen­
sory neuron to  peripheral cell in contact with the nerve 
endings is bereft o f  evidence or  precedent. 

Viral functions in latently infected cells 

The results derived f rom studies o f  productive infections 
in cells in culture are key sources of ontology of HSV and 
the platform on which predictions regarding the mechanisms 
of  HSV latency can b e  attempted. The key lessons we have 
learned f rom studies o f  productive infections is that HSV 
has evolved a voracious appetite for  controlling its environ­
ment and attempts to accomplish its objectives by more than 
one pathway. This conclusion is inconsistent with the pre­
vailing view that HSV abdicated its control of cellular envi­
ronment during latency. 

The LATs described above have been viewed as func­
tional end-products. The alternative view is that LATS are a 
stable product of transcripts expressed either transiently or 
at a low level and therefore the possibility exists that other 
ORFs located within the genome domain transcribed dur­
ing latency are expressed. If this were the case, it would b e  
expected that the function of  the gene product would re­
press the expression of  a genes and that the products would 
not be  made or would be  nonfunctional during productive 
infection. Analyses of the transcribed domain indicated the 
presence of 16 ORFs, designated A through P, and which 
contained more than 50 codons each. Of  the f ive ORFs test­
ed, two, ORF P and ORF O, were expressed and met the 
criteria expected of genes which could b e  expressed during 
latency (Roizman an Sears, 1996). 

Both ORF P and ORF O and their products have been 
characterized in some detail. A high affinity ICP4 binding 
site is located at the transcription initiation site of ORF  P. 
ORF  P therefore was expressed only under the conditions 
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where ORF P was  nonfunctional or the response element 
was ablated by  mutagenesis. The ORF P gene maps quasi-
totally antisense to the y, 34.5 gene and expression of  ORF 
P blocks that of  the y,34.5 gene. The ORF P protein was  
found to bind a cellular protein known as p32. It colocaliz-
es with spliceosomes and is pulled down with antibody to 
splicing factors. In cells infected with viruses carrying a 
derepressed ORF P, the ORF P protein is rapidly posttrans-
lationally modified. However, with the time-frame of a few 
hrs after initial infection, the accumulation of  ICP22 and of 
ICPO, the products of  spliced mRNA, are grossly reduced 
whereas the accumulation of  ICP4 and ICP27 are unaffect­
ed (Bruby and Roizman, 1996). 

ORF O overlaps in part with ORF P but in a different 
reading frame. The first and only methionine codon of  ORF 
O is located in the TATA box of ORF P (Randall et al., 1997). 
Furthermore, extensive analyses o f  cells infected with a 
derepressed O R F  P failed to  detect an  RNA which would 
correspond to  O R F  O. A n  additional problem was posed by 
the observation that since the ICP4 response element is lo­
cated considerably downstream of the location of putative 
transcription initiation site of ORF O, the total repression of 
O R F  O by ICP4 was inconsistent with the requirement that 
the response element b e  at or very near the transcription 
initiation site of the gene repressed by  ICP4. In-frame in-
sertional mutagenesis revealed that translation of  ORF O 
initiates at the O R F  P initiator methionine and that at a point 
between the f i rs t  and 35th codon of  ORF  P translation 
switches to the ORF  O reading frame. The mechanism of 
the frame-shift is unclear but within the interval between 
the initiator and 35th codon there are n o  obvious splice do­
nor or acceptor sites. The ORF O protein was found to bind 
ICP4 and to preclude it f rom binding to its response ele­
ments on  DNA. 

ORF P and ORF O block the synthesis or function of 
three key a proteins, ICPO, ICP22 and ICP4. Viral replica­
tion cannot ensue in the absence of these proteins. Inas­
much as ORF  P and ORF O are antisense to the y,34.5 gene, 
ablation of the coding domains of these genes would also 
result in the deletion of  the y,34.5 gene. Since the latter is 
required for  viral replication in neuronal cells, the experi­
ment would b e  meaningless. Substitution of the initiator 
methionine o f  O R F  P and ORF O, experimentally less con­
vincing, does not block the establishment of latency. The 
conclusion remains therefore that while ORF  P and ORF O 
may play a role in the establishment of latency, they are not 
per se sufficient. 

A central impediment to the studies of HSV latency is 
the absence of an authentic in vitro model. A system in which 
the virus remains silent in cells in culture can be  established, 
but only by  applying drugs or  conditions that are not re­
quired in vivo. While the mouse is the least expensive and 
carrier o f  sensory ganglia suitable for  studies o f  latency, the 

results may well b e  colored by  the inherent resistance of 
sensory neurons to  viral replication. In essence, the molec­
ular basis of latency remains a major  objective o f  experi­
mental herpesvirology. 
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