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During latent infection of neurons with herpes simplex virus type 1, viral transcription is restricted to the
latency-associated transcripts (LATs). These RNAs contain open reading frames, but detection of a protein
encoded by the LATs has not been reported. We used immunocytochemical techniques to demonstrate that an
antiserum directed against a bacterially expressed fusion protein containing part of a LAT-encoded polypeptide
recognized an antigen present in primary neurons latently infected in vitro. This antigen (called LAA, for
latency-associated antigen) was not detected in mock-infected neurons, in productively infected Vero cells, or
in neurons latently infected with a mutant virus carrying a deletion in the LAT gene. By Western immunoblot
analysis, we demonstrated the presence of a protein with an apparent molecular mass of 80 kDa recognized by
the anti-LAA antiserum in latently infected neurons.

The ability to establish a latent infection is a property
shared by several groups of viruses, including the herpesvi-
ruses. A latent infection is operationally defined as an
infection during which viral antigens characteristic of a
productive infection are not expressed although the viral
genome is present in the infected cell. Under certain condi-
tions the virus reactivates from the latent state and gives rise
to a productive infection. Herpes simplex virus type 1
(HSV-1) establishes a latent infection in neurons in humans
and in animal models. Following productive infection in the
periphery, HSV-1 gains access to the nerve terminals and is
transported by retrograde axonal transport to the cell body
of sensory neurons in the ganglia, where a latent infection
can be established. Certain stimuli, such as UV irradiation or
damage to tissue at the site of inoculation, cause viral
reactivation followed by anterograde transport of virus from
the ganglion to the periphery. This leads to a secondary
productive infection at the site of original inoculation. Re-
currence can occur throughout the life of an infected indi-
vidual (reviewed in references 8, 13, 14, and 18).
The molecular mechanisms involved in the establishment,

maintenance, and reactivation of the latent virus are not
understood. The only detectable viral RNAs in neurons of
latently infected ganglia are transcribed from the region of
the genome encoding the immediate-early gene ICPO and
have a polarity opposite to that of ICPO mRNA (3, 4, 16, 19).
The most abundant of these latency-associated transcripts
(LATs) is 2 kb long, and its 3' end overlaps with the 3' end
of ICPO mRNA (Fig. 1). In addition to the major form of
LAT, smaller species (1.5 and 1.45 kb) have been detected
(16, 22). Most, if not all, of these molecules are not polya-
denylated and are found in the nuclei of latently infected
neurons (16, 22). It has been proposed that the three forms of
LAT are derived by differential splicing from a larger pre-
cursor (6). The LAT has also been detected in the in vitro
model of HSV-1 latency used for this study (6a), in which a
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latent infection is established in primary neuronal cultures
prepared from fetal rat dorsal root ganglia (24-26).
A function has not yet been attributed to the LAT. The

hypothesis that LAT could inhibit ICPO expression through
an antisense mechanism and thus prevent a productive
infection was rejected after the finding that mutant viruses
lacking the LAT are able to establish a latent infection in
animal models (1, 2, 7, 9, 10, 12, 17). The LAT gene from the
KOS strain of HSV-1 encodes two open reading frames
(ORFs) (21). The larger of these ORFs (ORF 2) potentially
encodes a 305-amino-acid polypeptide and is highly con-
served among HSV-1 strains (21, 23).
We obtained antibodies against the potential polypeptide

encoded by LAT ORF 2 by immunizing rabbits with a
bacterially produced fusion protein containing part of this
polypeptide. The vector system we used to express the LAT
ORF 2 in Escherichia coli consists of a plasmid encoding
approximately 37 kDa of the bacterial trpE ORF under the
control of the inducible trp operon promoter (15). A poly-
linker at the 3' end of the trpE ORF allows in-frame insertion
of a foreign ORF. Using this system, we produced a chimeric
protein containing the carboxy-terminal part of the LAT
ORF 2 fused to the trpE ORF. The plasmid pATH-LAT2
encoding this chimeric gene is shown in Fig. 1. The plasmid
pATH-ICPO (Fig. 1) allowed the production of a fusion
protein containing the carboxy-terminal part of the third
exon of the immediate-early protein ICPO. The chimeric
proteins present in bacterial extracts were gel purified and
injected into rabbits, from which antisera were obtained.
The anti-LAT2 antiserum was shown to contain antibodies
against the LAT ORF 2; a polypeptide synthesized by in
vitro transcription and translation from a plasmid containing
part of the LAT ORF 2 was immunoprecipitated with this
antiserum (data not shown).
Immunocytochemistry experiments showed that neurons

latently infected in vitro were stained by the anti-LAT2
antiserum (Fig. 2A) but not by the anti-ICPO antiserum (Fig.
2B). Essentially all the neurons present in a latently infected
culture were stained with the anti-LAT2 antiserum. The
anti-ICPO antiserum provided a control to exclude the pos-
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FIG. 1. Plasmids used in this study. (A) General structure of
HSV-1 genome. UL, Unique long region; US, unique short region;
TRL, long terminal repeat; IRL, long internal repeat; IRS, short
internal repeat; TRS, short terminal repeat. The LAT and the ICPO
mRNAs are transcribed in opposite directions from the long repeat
regions. (B) Enlargement of the region of overlap between LAT and
ICPO mRNA. Viral ORFs are represented as open boxes, with N
referring to the amino and C to the carboxy terminus of each ORF.
Numbering is from reference 21.

sibility that the signal given by the anti-LAT2 antiserum
resulted from antibodies directed against the TrpE part of
the fusion protein. To determine the specifity of the signal
yielded by the anti-LAT2 antiserum, we used this antiserum

to stain mock-infected neuronal cell cultures (Fig. 2C) and
productively infected Vero cells (Fig. 2F). Similar cultures
were stained with the anti-ICP0 antiserum (Fig. 2D and G).
Mock-infected neurons did not react with either antiserum
(Fig. 2C and D), whereas the productively infected Vero
cells were stained only by the anti-ICPO antiserum (Fig. 2F
and G). Mock-infected Vero cells did not react with either
antiserum (not shown). We repeated these experiments with
neurons latently infected with the mutant virus d11403 (20),
in which both copies of the LAT gene have the Sall-XhoI
fragment deleted (Fig. 1B). Neurons infected with d11403
were not stained by the anti-LAT2 antiserum (Fig. 2E). The
mutant virus established a latent infection in vitro, as dem-
onstrated by virus reactivation; 100% (12 of 12) of the
cultures latently infected with d11403 produced infectious
virus after nerve growth factor deprivation, a stimulus
previously shown to reactivate latent HSV-1 (24, 26).
Western immunoblot analysis of whole-cell extracts from

latently infected neurons demonstrated the presence of a
protein with an apparent molecular weight of 80 kDa recog-
nized by the anti-LAT2 antiserum (Fig. 3A, lane 2). Whole-
cell extracts from mock-infected neurons (Fig. 3A, lane 1),
productively infected, or mock-infected Vero cells (data not
shown) did not contain detectable levels of this protein. The
anti-LAT2 antiserum also reacted with a 45-kDa polypeptide
present in latently infected neurons. The intensity of the
signal at 45 kDa varied from extract to extract, from barely
detectable to an intensity similar to that of the 80-kDa signal.
The 45-kDa band may represent a degradation product of the
80-kDa protein. More work is needed to clarify this point.
The anti-ICP0 antiserum (Fig. 3A, lane 4) but not the
anti-LAT2 antiserum (data not shown) allowed detection of
ICP0 (110 kDa) in nuclear extracts from productively in-
fected HeLa cells. To further examine the specificity of the
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FIG. 2. Detection of the latency-associated antigen (LAA) by immunocytochemistry. Neuronal cultures and establishment of latent
infection in vitro with the KOS strain of HSV-1 were done as described before (24-26). Indirect immunocytochemistry was done by the
avidin-biotin-glucose oxidase complex method according to the manufacturer's instructions (Vectastain; Vector Laboratories). Nitro Blue
Tetrazolium was used for the substrate, producing a purple-blue color, and the cells were counterstained with eosin. Cultures were fixed with
4% paraformaldehyde in phosphate-buffered saline (PBS). Immunoglobulins were obtained from serum by ammonium sulfate precipitation,
dissolved in PBS (half the original volume of serum), and used at a 1:500 dilution. The antisera used are indicated to the left. (A and B)
Latently infected neurons (14 days postinfection); (C and D) mock-infected neurons; (E) neurons infected with the LAT- mutant d11403 (20)
(14 days postinfection); (F and G) infected Vero cells (12 h postinfection).
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FIG. 3. Western blot analysis. Cells from neuronal cultures were
washed with an isotonic buffer, concentrated by centrifugation, and
lysed in buffer C (5). Cell debris was removed by centrifugation prior
to electrophoresis. HeLa cell nuclear extracts were obtained by the
method of Dignam et al. (5). Whole-cell extracts from neuronal cell
cultures (70 jig) or nuclear extracts from HeLa cells (25 ,ug) were
electrophoresed on polyacrylamide gels (11) and transferred to
nylon-supported nitrocellulose filters (Hybond Extra-C; Amer-
sham). The filters were incubated with the antisera (dilution, 1:300)
as indicated at the top of the figure, washed, incubated with
251I-protein A (0.1 pCi/ml; specific activity, >70 ,uCi/,g; New
England Nuclear), washed, and exposed for autoradiography. Ex-
tracts were from: M (lane Al), mock-infected neuronal cell cultures;
L (lanes A2, B1, and B2), latently infected neuronal cultures (14
days postinfection); U (lane A3), uninfected HeLa cells; and I (lane
A4), productively infected HeLa cells. Molecular masses are indi-
cated to the left (in kilodaltons) and are from prestained proteins
(Rainbow Markers; Amersham) that migrate slightly differently than
unstained proteins; therefore, the indicated molecular masses are
approximate.

80-kDa band recognized by the anti-LAT2 antiserum in
latently infected neurons, we performed the following exper-
iment. Protein samples from latently infected neurons and
productively infected HeLa cells were divided equally,
electrophoresed, and transferred to nitrocellulose; the filters
were probed with either anti-LAT2 or anti-ICPO antiserum
(Fig. 3B). The anti-ICPO antiserum did not react with the
80-kDa protein in latently infected neurons (Fig. 3B, lane 2),
although it reacted with ICPO on the same filter (data not
shown). Lane 1 is the positive control to show that the
80-kDa band was indeed present in the extract used in this
experiment. This result indicates that the 80-kDa signal is
not due to antibodies directed against the bacterial part of
the fusion protein.
The data from immunocytochemistry and Western blot

analysis show that the anti-LAT2 antiserum recognizes an

antigen (80 kDa) present only in latently infected neurons.

Our interpretation of these results is that the LAT-encoded
ORF 2 is translated in latently infected neurons. We have
called this protein latency-associated antigen (LAA). We are

currently investigating the status of this antigen in latently
infected ganglia.
The transcription pattern of the region encoding the LAT

is complex. Because of lack of polyadenylation and nuclear

localization, the 2-kb, 1.5-kb, and 1.45-kb LAT species may
not function as LAA mRNA. A series of low-abundance
LAT-related transcripts that extend several kilobases down-
stream from the major LAT 3' end to a polyadenylation
signal located 8.5 kb from the LAT TATA box have been
identified in productively infected cell cultures (6, 18). RNA
hybridizing to probes extending 5 kb downstream of the 3'
end of the major LAT has also been detected in latently
infected ganglia by in situ hybridization (6, 18). These RNA
molecules have been shown to be polyadenylated in produc-
tively infected cells (6, 18) and are presumably polyadeny-
lated in neurons as well. The current thinking is that the 2-kb
LAT is a stable intron from a larger transcript. Alternative
splicing resulting in polyadenylated transcripts containing
ORF 2 has not been ruled out, and such transcripts may
function as LAA mRNAs.
From its size (305 codons), the LAT ORF 2 would be

expected to yield a protein of about 33 kDa. There are
several possible explanations for the observed size of the
LAA. First, the polypeptide has a high proline content (59
residues, or about 19% of the amino acids encoded by the
ORF, are prolines) that could result in aberrant electropho-
retic mobility. Second, the primary translation product could
be modified by phosphorylation, glycosylation, or other
processes. Third, larger ORFs could be generated by RNA
splicing. Since the difference between the observed and
calculated sizes of the LAA is very large (about 50 kDa), the
third possibility is the most likely.
The function of this protein remains to be determined.

Despite the fact that the LAA is present in neurons during
the latent phase of infection, the ability of LAT- mutants to
establish latent infections (1, 2, 7, 9, 10, 12, 17) suggests that
LAT gene products are not necessary for the establishment
or maintenance of the latent state. Some reports indicate that
LAT- viruses (including the d11403 mutant used in this
study) show delayed reactivation kinetics in explantation
assays (2, 12, 17) or reduced efficiency of in vivo reactivation
(7), whereas other LAT- mutants reactivate with the same
kinetics as the wild-type virus (1, 9). It would be informative
to determine whether the delayed-reactivation phenotype in
this set of mutants correlates with an inability to express the
LAA. Interestingly, the two LAT- mutants that did not
show delayed reactivation had very minor (1) or no (9)
alteration in ORF 2; even though RNA encoded by this ORF
was not detected in ganglia infected with these mutants, one
cannot formally exclude the possibility that the LAA was
indeed produced under these conditions. Nevertheless, the
delayed-reactivation phenotype of some LAT- mutants sug-
gests that the role of the LAA is to enhance reactivation.
However, the protein is present during the latent phase of
infection. To explain these observations, we speculate that
the LAA may be inactive during the latent phase of infection
and may be activated by extracellular signals that trigger
reactivation. Alternatively, to be active the LAA may re-
quire a factor available only after reactivation is initiated.
Although both the function of the LAA and specific aspects
of its expression remain to be elucidated, the identification of
an LAT-encoded antigen in latently infected neurons may be
a step towards understanding the molecular mechanisms
involved in the control of HSV latency.

We thank G. Huitt for technical assistance, N. D. Stow for the gift
of the d11403 mutant, and J. Schaak for valuable discussion.

This work was supported by grants from the National Institutes of
Health (AGO07347), the March of Dimes for Birth Defects Founda-
tion (1-1124), the Multiple Sclerosis Society (PP0109), and the

anti- IC PO
HeLa

_T __---

- z20 200

- 92

- 69

AntiserUm : anti-LAT2

Cetis: neurons

M L

9 2 --

46-

46-

69-

46-

J. VIROL.

92-

 at E
P

F
L S

cientific inform
ation and libraries on A

pril 1, 2010 
jvi.asm

.org
D

ow
nloaded from

 

http://jvi.asm.org


NOTES 2727

American Cancer Society (2-5-30491). C.D. was supported by a
fellowship from the Swiss National Foundation for Scientific Re-
search, and C.L.W. was supported by a fellowship from the
National Institute of Allergy and Infectious Disease.

REFERENCES
1. Block, T. M., J. G. Spivack, I. Steiner, S. Deshmane, M. T.

McIntosh, M. R. P. Lirette, and N. W. Fraser. 1990. A herpes
simplex virus type 1 latency-associated transcript mutant reac-
tivates with normal kinetics from latent infection. J. Virol.
64:3417-3426.

2. Clements, G. B., and N. D. Stow. 1989. A herpes simplex virus
type 1 mutant containing a deletion within immediate early gene
1 is latency-competent in mice. J. Gen. Virol. 70:2501-2506.

3. Croen, K. D., J. M. Ostrove, L. J. Dragovic, J. E. Smialek, and
S. E. Straus. 1987. Latent herpes simplex virus in human
trigeminal ganglia: detection of an immediate-early gene "an-
tisense" transcript by in situ hybridization. N. Engl. J. Med.
317:1427-1432.

4. Dealty, A. H., J. G. Spivack, E. Lavi, D. R. Boyle, and N. W.
Fraser. 1988. Latent herpes simplex virus type 1 transcripts in
peripheral and central nervous system tissues of mice map to
similar regions of the viral genome. J. Virol. 62:749-756.

5. Dignam, J. D., R. M. Lebovitz, and R. G. Roeder. 1983.
Accurate transcription initiation by RNA polymerase II in a
soluble extract from isolated mammalian nuclei. Nucleic Acids
Res. 11:1475-1489.

6. Dobson, A. T., F. Sederati, G. Devi-Rao, W. M. Flanagan, M. J.
Farrell, J. G. Stevens, E. K. Wagner, and L. T. Feldman. 1989.
Identification of the latency-associated transcript promoter by
expression of rabbit ,3-globin mRNA in mouse sensory nerve
ganglia latently infected with a recombinant herpes simplex
virus. J. Virol. 63:3844-3851.

6a.Doerig, C., L. J. Pizer, and C. L. Wilcox. Detection of the
latency-associated transcript on neuronal cultures during the
latent infection with herpes simplex virus type 1. Virology, in
press.

7. J. M. Hill, F. Sedarati, R. T. Javier, E. K. Wagner, and J. G.
Stevens. 1990. Herpes simplex virus latent phase transcription
facilitates in vivo reactivation. Virology 174:117-125.

8. Hill, T. J. 1985. Herpes simplex virus latency, p.175-240. In B.
Roizman (ed.), The herpesviruses. Plenum Publishing Corp.,
New York.

9. Ho, D. Y., and E. S. Mocarski. 1989. Herpes simplex virus latent
RNA (LAT) is not required for latent infection in the mouse.
Proc. Natl. Acad. Sci. USA 86:7596-7600.

10. Javier, R. T., J. G. Stevens, V. B. Dissette, and E. K. Wagner.
1988. A herpes simplex virus transcript abundant in latently
infected neurons is dispensable for the establishment of the
latent state. Virology 166:254-257.

11. Laemmli, U. K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature (London)
227:680-685.

12. Leib, D. A., C. L. Bogard, M. Kosz-vnenchak, K. A. Hicks,
D. M. Coen, D. M. Knipe, and P. A. Schaffer. 1989. A deletion
mutant of the latency-associated transcript of herpes simplex
virus type 1 reactivates from the latent state with a reduced
frequency. J. Virol. 63:2893-2900.

13. Price, R. W. 1986. Neurobiology of human herpesvirus infec-
tions. Crit. Rev. Clin. Neurobiol. 2:61-123.

14. Roizman, B., and A. E. Sears. 1987. An inquiry into the
mechanisms of herpes simplex virus latency. Annu. Rev. Mi-
crobiol. 41:543-571.

15. Spindler, K. R., D. S. E. Rosser, and A. J. Berk. 1984. Analysis
of adenovirus transforming proteins from early regions ElA and
E1B with antisera to inducible fusion antigens produced in
Escherichia coli. J. Virol. 49:132-141.

16. Spivack, J. G., and N. J. Fraser. 1987. Detection of herpes
simplex virus type 1 transcripts during latent infection in mice.
J. Virol. 61:3841-3847.

17. Steiner, I., J. G. Spivack, R. P. Lirette, S. M. Brown, A. R.
McLean, J. H. Subak-Sharpe, and N. W. Fraser. 1989. Herpes
simplex virus type 1 latency-associated transcripts are evidently
not essential for latent infection. EMBO J. 8:505-511.

18. Stevens, J. G. 1989. Human herpesviruses: a consideration of
the latent state. Microbiol. Rev. 53:318-332.

19. Stevens, J. G., E. K. Wagner, G. B. Devi-Rao, M. L. Cook, and
L. T. Feldman. 1987. RNA complementary to a herpesvirus a
gene mRNA is prominent in latently infected neurons. Science
235:1056-1058.

20. Stow, N. D., and E. C. Stow. 1986. Isolation and characteriza-
tion of a herpes simplex virus type 1 mutant containing a
deletion within the gene encoding the immediate-early polypep-
tide VmwllO. J. Gen. Virol. 67:2571-2585.

21. Wagner, E. K., G. Devi-Rao, L. T. Feldman, A. T. Dobson, Y.
Zhang, W. M. Flanagan, and J. G. Stevens. 1988. Physical
characterization of the herpes simplex virus latency-associated
transcript in neurons. J. Virol. 62:1194-1202.

22. Wagner, E. K., W. M. Flanagan, G. Devi-Rao, H. Zhang, J. M.
Hill, K. P. Anderson, and J. G. Stevens. 1988. The herpes
simplex virus latency-associated transcript is spliced during the
latent phase of infection. J. Virol. 62:4577-4585.

23. Wechsler, S. L., A. B. Nesburn, J. Zwaagstra, and H. Ghiasi.
1989. Sequence of the latency-related gene of herpes simplex
virus type 1. Virology 168:168-172.

24. Wilcox, C. L., and E. M. Johnson. 1987. Nerve growth factor
deprivation results in the reactivation of latent herpes simplex
virus in vitro. J. Virol. 61:2311-2315.

25. Wilcox, C. L., and E. M. Johnson. 1988. Characterization of
nerve growth factor-dependent herpes simplex virus latency in
neurons in vitro. J. Virol. 62:393-399.

26. Wilcox, C. L., R. L. Smith, C. R. Freed, and E. M. Johnson.
1990. Nerve growth factor-dependence of herpes simplex virus
latency in peripheral sympathetic and sensory neurons in vitro.
J. Neurosci. 10:1268-1275.

VOL. 65, 1991

 at E
P

F
L S

cientific inform
ation and libraries on A

pril 1, 2010 
jvi.asm

.org
D

ow
nloaded from

 

http://jvi.asm.org

