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The UL36 open reading frame encoding the tegument protein ICP1/2 represents the largest open reading
frame in the genome of herpes simplex virus type 1 (HSV-1). Polypeptides homologous to the HSV-1 UL36
protein are present in all subfamilies of Herpesviridae. We sequenced the UL36 gene of the alphaherpesvirus
pseudorabies virus (PrV) and prepared a monospecific polyclonal rabbit antiserum against a bacterial gluta-
thione S-transferase (GST)-UL36 fusion protein for identification of the protein. The antiserum detected a
>300-kDa protein in PrV-infected cells and in purified virions. Interestingly, in coprecipitation analyses using
radiolabeled infected-cell extracts, the anti-UL36 serum reproducibly coprecipitated the UL37 tegument
protein, and antiserum directed against the UL37 protein coprecipitated the UL36 protein. This physical
interaction could be verified using yeast two-hybrid analysis which demonstrated that the UL37 protein
interacts with a defined region within the amino-terminal part of the UL36 protein. By use of immunogold
labeling, capsids which accumulate in the cytoplasm in the absence of the UL37 protein (B. G. Klupp, H.
Granzow, E. Mundt, and T. C. Mettenleiter, J. Virol. 75:8927–8936, 2001) as well as wild-type intracytoplasmic
and extracellular virions were decorated by the anti-UL36 antiserum, whereas perinuclear primary enveloped
virions were not. We postulate that the physical interaction of the UL36 protein, which presumably constitutes
the innermost layer of the tegument (Z. Zhou, D. Chen, J. Jakana, F. J. Rixon, and W. Chiu, J. Virol.
73:3210–3218, 1999), with the UL37 protein is an important early step in tegumentation during virion
morphogenesis in the cytoplasm.

Infectious herpesvirus particles contain more than 30 virus-
encoded proteins which are assembled into the four morpho-
logically differentiable components of the herpesvirus virion:
the inner nucleoprotein core containing the double-stranded
DNA genome, the icosahedral capsid shell, the tegument lo-
cated between the capsid and envelope, and the lipid envelope
containing viral (glyco)proteins (reviewed in reference 31).
The requirements and molecular interactions which result in
formation of herpesvirus capsids are well characterized (re-
viewed in references 16 and 36). However, much less is known
about the molecular details of tegumentation or envelopment.
It is now generally accepted that herpesvirus particles mature
via an envelopment-deenvelopment-reenvelopment pathway
(reviewed in reference 28). Intranuclear capsids bud through
the inner nuclear membrane, thereby acquiring a primary en-
velope and, presumably, also a primary tegument (17). This
budding process requires the presence of the products of the
UL31 and UL34 genes of herpes simplex virus type 1 (HSV-1)
(6, 30, 32) and pseudorabies virus (PrV) (14, 20). Primary
enveloped virions differ in morphology (15, 17) and biochem-
ical composition (20, 35) from mature virus particles. This can
be explained by loss of the primary envelope and at least part
of the primary tegument by fusion of the primary envelope
with the outer leaflet of the nuclear membrane and by trans-

location of capsids into the cytoplasm. Final tegumentation
then occurs in the cytoplasm, and capsids acquire a final en-
velope by budding into trans-Golgi vesicles (reviewed in refer-
ences 13 and 28).

Although the overall pathway of herpesvirus virion matura-
tion appears clear, the molecular details are largely unknown.
For example, in HSV-1, more than 15 proteins have been
hypothesized or demonstrated to be components of the tegu-
ment, and more than 11 virally encoded proteins reside in the
virion envelope (reviewed in references 28 and 36). How these
complex structures are assembled into a functional virus par-
ticle is currently under intense study. Whereas herpesvirus
capsids exhibit icosahedral symmetry, it has long been assumed
on the basis of electron microscopic evidence that the tegu-
ment is a largely unstructured virion component. However,
recent cryoelectron microscopic data demonstrated that at
least the innermost part of the tegument which is in contact
with the capsid displays some symmetry in that contact points
are located at and around the vertices of the capsid (38). It has
been hypothesized that the interaction between tegument and
capsid shell involves the largest protein found in herpesviruses,
the product of the HSV-1 UL36-homologous genes (26, 38).
Indeed, some time ago it had been proposed that the HSV-1
UL36 protein physically interacts with the major capsid protein
(26). Lack of the UL36 protein resulted in accumulation of
unenveloped HSV-1 capsids in the cytoplasm (11). An increase
in the presence of unenveloped HSV-1 capsids in the cyto-
plasm was also observed in the absence of the UL37 protein
(12), another tegument component (25, 33, 34). We recently
showed that in cells infected with a UL37 deletion mutant of
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PrV, aggregations of capsids exhibiting an ordered arrange-
ment were present in the cytoplasm (21). Capsids appeared not
to contact each other directly but via extensions which seemed
to emanate from the vertices of the capsids. We hypothesized
that in the absence of the UL37 protein, the UL36 gene prod-
uct is deposited onto the capsid but further tegumentation is
blocked. Formation of aggregates may thus be caused by ab-
errant UL36-UL36 interaction. In this scenario, a possible
physical interaction between the UL37 and UL36 proteins
would constitute an important early step in tegumentation.

In this report we identify the PrV UL36 protein and dem-
onstrate that it is present in the intracytoplasmic capsid aggre-
gates formed in the absence of UL37 but that it is not detect-
able in perinuclear primary enveloped virions. Moreover, we
show that the UL36 and UL37 proteins do indeed physically
interact.

Sequence of the PrV UL36 gene. The 5� part of the UL36
sequence has been deposited in the EMBL database under
accession no. AJ318065 (21). To complete the UL36 sequence,
the adjacent 3.7-kb SphI/BamHI fragment (Fig. 1) of the
PrV-Ka strain (19) was cloned and subjected to nested deletion
reaction, and nested deletion clones were sequenced. An over-
lapping 1.5-kb PstI fragment was sequenced to verify the region
spanning the SphI site. The 1.9-kb BamHI/SalI and 3.5-kb
SalI/PstI subfragments of BamHI fragment 1 were also cloned,
subjected to nested deletion reactions, and sequenced (Fig. 1).

To verify the sequence spanning the BamHI site, a 0.3-kb PstI
fragment was cloned and sequenced, as well as a 3.0-kb XcmI
fragment that encompasses the SalI site (Fig. 1). Sequencing
was performed on double-stranded plasmid DNA using the
Sequenase-7-deaza-dGTP Sequencing Kit (Amersham Phar-
macia Biotech, Freiburg, Germany). Each nucleotide was
sequenced at least twice on each DNA strand. The now com-
pleted PrV UL36 gene sequence comprises 9,255 bp (nucleo-
tides [nt] 470 to 9724 [GenBank accession no. AJ422133]) with
a GC content of 76% encoding a 3,084-amino-acid (aa) protein
with a predicted molecular mass of 324 kDa. A putative TATA
box is located at nt 427 to 435 and overlaps the poly(A) signal
of the UL37 gene. The poly(A) signal of the UL36 open read-
ing frame (ORF) is located at nt 9723 to 9728 and overlaps the
stop codon at nt 9722 to 9724. Downstream from the UL36
ORF, there is a GT cluster at nt 9764 to 9771. The PrV UL36
protein is homologous to the corresponding proteins of equine
herpesvirus 1 (gene 24) (37), HSV-1 (24), and varicella-zoster
virus (gene 22) (10), with 41, 39, and 37% identical amino
acids, respectively. Although overall amino acid identity to
homologous proteins of beta- (7) and gammaherpesviruses (1)
is low, all UL36 homologs except that of Epstein-Barr virus
(gene BPLF1) (1) contain leucine zipper motifs which in the
PrV homolog are located at aa 779 to 800 and 827 to 848,
indicating potential for protein-protein interactions. In the
PrV UL36 protein, these leucine zipper motifs are present

FIG. 1. Location of the PrV UL36 gene. (A) Diagram of the PrV genome shown above a BamHI restriction fragment map (27). The PrV
genome is divided into unique long (UL) and unique short (US) regions by internal and terminal repeats (IR and TR, respectively). (B) Enlarged
view of the relevant portion of the genome. The locations of the ORFs are shown, and the transcriptional orientation is indicated by the arrowhead.
Fragments used for sequencing are indicated by the black bars. The location of the repeated sequence elements separating the UL36 and UL35
ORFs is also indicated. Only relevant cleavage sites are indicated (B, BamHI; E, EcoRI; N, NotI; P, PstI; S, SalI; Sp, SphI, X, XcmI). (C) Construct
used for expression of part of UL36 as a GST-UL36 fusion protein (GST part not drawn to scale). At the bottom, the scale for panels B and C
is given in kilobase pairs (kb).
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downstream from the UL37 binding domain (aa 312 to 398; see
below). Moreover, all UL36 homologs contain at least one
consensus sequence for N-linked glycosylation which is located
at aa 1744 to 1746 in the PrV protein. Downstream from the
gene is a region of repeated sequences from nt 9905 to 10106.
Within this region, there are 21 imperfect 9- or 10-mer repeats
of the sequence 5�-GGGGGACTT-3� or, alternatively, of the
sequence 5�-GGGGGGCATT-3� or 5�-GGGGGGATT-3�.
The functional importance of this region is unknown. On the
complementary strand, the stop codon of the UL35 ORF is
located at nt 10234 to 10232, with a poly(A) signal present at
nt 10219 to 10214. For an overall outline of this genomic
region, see Fig. 1.

Identification and expression kinetics of the PrV UL36 pro-
tein. Part of the UL36 ORF was amplified by PCR using
primers UL36FOR2 (5�-CACAGAATTCATTTCAGCCATG
ACGGCCGACG-3�, located at nt 461 to 482 [GenBank ac-
cession no. AJ422133], with the UL36 start codon shown in
bold type and the EcoRI site introduced for convenient cloning
shown in italic type) and UL36REV2 (5�-CACAGCGGCCG
CGTGCGCCTGCGCCTCGGC-3�, located at nt 2500 to 2483
[GenBank accession no. AJ422133], with the NotI site intro-
duced for convenient cloning in italics). From this 2.0-kb PCR
product, a 1.9-kb EcoRI/SalI fragment encoding aa 1 to 624 of
the UL36 protein was subcloned in pGEX-4T-1 (Fig. 1). The
ca. 95-kDa GST-UL36 fusion protein was excised after so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and used to immunize a rabbit. Generally, immuniza-
tion was performed five times at 4-week intervals with 100 �g
of fusion protein in Freund’s incomplete adjuvant. For the first
immunization, Freund’s complete adjuvant was used and the
period between first and second immunization was 6 weeks.
Using this monospecific antiserum, a �300-kDa protein was
specifically recognized in lysates of PrV-infected cells after
SDS-PAGE and Western blotting (Fig. 2). First detectable at
5 h after infection, it increased in amount until 24 h after
infection. Expression kinetics was similar to that seen for the
UL37 tegument protein (21), whereas other virion constitu-
ents, such as the UL34 primary envelope protein (20) and the
UL49 tegument protein (4), were already observed at 3 h
postinfection. In contrast, the UL19 major capsid protein was
detectable as early as 1 h after infection.

The PrV UL36 protein is a component of extracellular viri-
ons. To analyze for presence of the UL36 protein in mature
extracellular virus particles, virions were purified from the
supernatant of infected cells by sucrose-gradient centrifugation
(20) and lysed, and viral proteins were separated in SDS–10%
PAGE. For separation of high molecular weight proteins,
SDS-PAGE with 5% acrylamide in the separating gel was
performed. Transfer onto polyvinylidene difluoride mem-
branes (Schleicher & Schüll, Dassel, Germany) was done at
50V for 2 h. As shown in Fig. 2, lanes V, the UL36 protein was
readily detectable in extracellular virions as were the UL19
major capsid, and UL37 and UL49 tegument proteins (5, 21).
In contrast, the UL34 protein which is a constituent of primary
enveloped virions in the perinuclear space but is absent from
mature virus particles (20) was not present. In conclusion, the
UL36 protein is a constituent of extracellular PrV particles.

Coimmunoprecipitation of UL36 and UL37 proteins. To
further characterize the UL36 protein, RK13 cells were in-

fected at a multiplicity of infection (MOI) of 10 with wild-type
PrV-Ka (Fig. 3, lanes WT), which had been radiolabeled with
[35S] methionine/cysteine (100 �Ci/ml) (Tran-S35-Label; ICN,
Eschwege, Germany) from 2 to 24 h postinfection, and cleared
lysates were precipitated (23) with monoclonal antibody
(MAb) against glycoprotein B (diluted 1:20) (29) or mono-
specific antiserum directed against the UL36 protein (diluted
1:100) or the UL37 protein (diluted 1:100) (21) (Fig. 3). As
shown in Fig. 3, the anti-UL36 serum precipitated a protein
with a molecular mass of �300 kDa, which corresponds to the
size of the UL36 gene product as deduced from the sequence
and as judged from Western blotting (see above). Surprisingly,

FIG. 2. Identification and kinetics of expression of the PrV UL36
protein. RK13 cells were infected at an MOI of 10 with PrV-Ka and
harvested at the time points (hours postinfection) shown above the
lanes. Cell lysates were separated by SDS-PAGE on either 5% (for
demonstration of UL36 or UL37) or 10% acrylamide gels (for dem-
onstration of UL19, UL34, or UL49). After Western blotting, the
separated cell lysates were incubated with polyclonal sera directed
against the UL36 protein (diluted 1:105 [this study]), the UL37 protein
(diluted 1:105 [21]), the UL19 protein (diluted 1: 2 � 105 [20]), the
UL34 protein (diluted 1:105 [20]), or the UL49 protein (diluted 1:105

[4]). Lanes V contained lysates of sucrose gradient-purified PrV-Ka
virions. The positions of molecular mass standards (in kilodaltons) are
shown to the left of the gel.
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in addition to several minor proteins of different sizes, the
anti-UL36 serum also precipitated a prominent protein of ca.
100 kDa. This protein comigrated with the UL37 protein as
precipitated by the anti-UL37 serum which, however, also pre-
cipitated the �300-kDa protein. Apart from the difference in
intensity of the UL36- and UL37-specific signals, both precip-
itations were nearly identical. That the 100-kDa protein indeed
represents the UL37 gene product was verified by its absence
in PrV-�UL37-infected cells (Fig. 3). Whereas in the absence
of the UL37 protein the UL36 gene product was not precipi-
tated by the anti-UL37 serum, the UL36 protein was still pre-
cipitated by the anti-UL36 serum in the absence of the UL37
gene product. Thus, reciprocal coprecipitation indicated that
the UL36 and UL37 proteins of PrV physically interact to form
a complex. As a control, the 110-kDa nonglycosylated precur-
sor as well as the glycosylated uncleaved 120-kDa precursor of
gB and the cleaved ca. 55- and 65-kDa subunits were precipi-
tated in equal amounts from cells infected with either virus.

Yeast two-hybrid analysis. Interaction of the UL37 gene
product with other PrV proteins was also assayed using yeast
two-hybrid analysis as described recently (14, 18). Briefly, a
random expression library of PrV proteins fused to a transcrip-
tion activating peptide (AD) was constructed after ultrasonic

treatment of virion DNA and insertion of fragments of be-
tween 500 and 1,000 bp into vector pB42AD (Clontech, Hei-
delberg, Germany). As bait, the complete UL37 protein was
fused to the LexA protein which contains a sequence-specific
DNA binding domain (BD [Fig. 4]). For that purpose, the
UL37 ORF preceded by 24 bp of originally noncoding se-
quences was PCR amplified with primers UL37FOR2 and
UL37REV (21). The resulting 2,820-bp EcoRI/KpnI fragment
was inserted into pUC19 and recloned as a 2,829-bp EcoRI/
BamHI fragment into vector pLexA (Clontech). Yeast cells
were transformed with the reporter gene plasmid p8op-lacZ,
the UL37 bait construct, and the PrV expression library. In
transformed yeast cells, interactions between bait and library
proteins specifically induced expression of the leu2 and lacZ
marker genes, resulting in blue-stained yeast colonies on
leucine-free plates containing 5-bromo-4-chloro-3-indolyl-�-D-
galactopyranoside (X-Gal). Seven strongly positive yeast clones
were further analyzed by selective recloning of the individual
library plasmids in Escherichia coli strain KC8 (Clontech) and
DNA sequencing of the viral inserts with vector-specific prim-
ers. Remarkably, all seven prey plasmids contained parts of
the UL36 gene fused in frame to the AD-encoding sequence.
Three of these plasmids were identical, but the others pos-
sessed different UL36 inserts which overlapped, sharing co-
dons 312 to 398 of the UL36 ORF (Fig. 4). Two-hybrid inter-
actions could be reproduced after cotransfection of yeast cells
with the UL37 bait construct and the individual UL36 library
plasmids. However, no marker gene expression was detectable
when either one of the plasmids was substituted by control
vector without insert.

For reciprocal testing, the viral insert of a prey plasmid
containing codons 260 to 515 of the UL36 gene was excised as
a 776-bp EcoRI fragment and recloned into the bait vector
pLexA. The PCR-amplified UL37 ORF was inserted into
EcoRI-and-XhoI-digested vector pB42AD after blunt ending
of noncompatible fragment ends with Klenow polymerase. Af-
ter coexpression of the BD-UL36 and AD-UL37 fusion pro-
teins in yeast cells, blue colonies were again detected on agar
plates containing X-Gal (Fig. 4), whereas all vector controls
were negative. These results confirm that the UL37 and UL36
proteins of PrV are able to interact directly without the re-
quirement for other viral gene products. The studies further
allowed mapping of the responsible interacting domain of the
UL36 protein to a stretch of 87 aa.

UL36 protein is added to capsids in the absence of UL37.
We recently demonstrated that in the absence of the UL37
protein, capsids accumulated in the cytoplasm of infected cells
in an orderly arrangement (21). Although not directly contact-
ing each other, they appeared to form contacts via extensions
from the vertex region which were hypothesized to consist of or
contain the UL36 protein. To test whether the UL36 protein is
indeed present on capsids in the absence of the UL37 gene
product, cells infected with PrV-�UL37 were analyzed by im-
munoelectron microscopy (20) using the anti-UL36 serum and
gold-tagged secondary antibodies. As shown in Fig. 5E, the
cytoplasmic aggregates of PrV-�UL37 capsids reacted with the
anti-UL36 serum, proving that these capsids carry the UL36
protein. The antiserum also labeled intracytoplasmic (Fig. 5C)
and extracellular (Fig. 5D) wild-type virus particles, whereas
wild-type virions in the perinuclear space (Fig. 5A) were not

FIG. 3. Coimmunoprecipitation of UL36 and UL37 proteins. Ly-
sates from metabolically radiolabeled RK13 cells infected with PrV-Ka
(wild type [WT]) or PrV-�UL37 were precipitated with the UL36-
specific antiserum (�-UL36), the UL37-specific antiserum (�-UL37),
or a MAb directed against gB (�-gB). Precipitates were analyzed by
SDS–5% PAGE under reducing conditions, and labeled protein was
visualized by fluorography. The positions of the UL36 and UL37 pro-
teins (to the right of the gel) and molecular mass markers (to the left
of the gel) are shown.
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labeled. For better demonstration of perinuclear virions, cells
infected with a virus mutant lacking the US3 protein which had
been demonstrated to reproducibly accumulate primary envel-
oped virions in the perinuclear space were also analyzed (Fig.
5B) (22).

The molecular details of how herpesviruses assemble the
more than 15 proteins which are present in the tegument of
mature virions are largely unknown (28). Moreover, only a few
proteins which have been unequivocally identified as integral
parts of the tegument are conserved throughout the herpesvi-
rus family and, thus, are thought to play fundamental roles in
the tegumentation process. We show here that two conserved
tegument proteins, the products of the UL36- and UL37-ho-
mologous genes, physically interact with each other. Although
not highly conserved in terms of amino acid identities of the
gene products, UL36- and UL37-homologous genes and pro-
teins are present in the Alpha- (10, 24, 37), Beta- (7), and
Gammaherpesvirinae (1) and may be central for the tegumen-
tation process. This is highlighted by the striking growth de-
fects in the absence of these proteins. A UL36 deletion mutant
of HSV-1 is unable to replicate on noncomplementing cells,
and in the absence of the UL36 protein, apparently naked
capsids accumulate in the cytoplasm (11). Similarly, a UL37-
deficient HSV-1 mutant is impaired in secondary envelopment
(12). In a UL37 deletion mutant of PrV, titers on noncomple-
menting cells are reduced ca. 1,000-fold from that of wild-type
virus, and ultrastructurally, it was observed that capsids accu-
mulated in the cytoplasm in an ordered arrangement. These
capsids lack the typical electron-dense tegument (21). How-
ever, we show here that our UL36-specific antiserum deco-
rated the aggregated capsids, which demonstrates that in the
absence of the UL37 protein the UL36 gene product is asso-
ciated with intracytoplasmic capsids. This correlates well with
recent data on the structure of the HSV-1 tegument as ob-
tained by cryoelectron microscopy (38). It was shown that the
innermost layer of the otherwise largely unstructured tegu-
ment exhibits icosahedral symmetry, since it interacted specif-

ically with the vertices of the capsid shell. It was hypothesized
that the protein that produces this innermost layer of the
tegument is the UL36 protein (38), and indeed there is evi-
dence that the UL36 protein is able to interact with the major
capsid protein (26).

Although in the absence of either the HSV-1 UL36 and
UL37 protein or the PrV UL37 protein, capsids accumulated
in the cytoplasm, the phenotypes are different. In the absence
of the PrV UL37 protein, capsids accumulated in an orderly
arrangement and, while not contacting each other directly,
appeared to make contact via extensions emanating from the
vertex regions. Since these clusters reacted with our anti-UL36
serum, we hypothesize that the extensions are formed by the
UL36 protein. Moreover, we postulate that these contacts are
normally blocked by interaction with the UL37 protein. Thus,
interaction with the UL37 protein appears to be an important
step in tegumentation after deposition of the UL36 protein
onto capsids. A similar physical contact has been proposed to
occur between the homologous proteins of human cytomega-
lovirus, the high-molecular-weight protein (HMWP) which is
homologous to the UL36 gene product, and the HMWP-bind-
ing protein which is homologous to UL37 (M. E. Harmon and
W. Gibson, Proc. Am. Soc. Virol., abstr. W35-4, p. 144, 1996).
Thus, interaction between these two tegument components
may be a conserved feature in tegumentation of herpesviruses.
It should be noted, however, that in HCMV the basic phos-
phoprotein (pUL32) which has no homologs in the Alpha- or
Gammaherpesvirinae has been shown to bind to capsids in vitro
(3), and cryoelectron microscopy demonstrated differences in
the HCMV tegument structure from that of HSV-1 (8). There-
fore, there may be additional tegument-capsid interactions, at
least in Betaherpesvirinae. Since corresponding HCMV dele-
tion mutants have not yet been isolated, the functional impor-
tance of the observed interactions is unclear.

The UL36-homologous genes are the largest ORFs present
in herpesviruses. The size of the resulting ca. 2,000- to 3,000-aa
proteins (2,241-aa protein for human cytomegalovirus [7];

FIG. 4. Summary diagram of the results of the yeast two-hybrid interaction analyses. The proteins are drawn as bars, and amino acids of the
UL36 and UL37 proteins contained within the respective DNA binding (BD) or transcription activating (AD) fusion constructs are indicated above
and below the complete protein. Note that the UL36 protein is not drawn to scale.
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3,421-aa protein for equine herpesvirus 1 [37]) would permit
the formation of large extensions from the capsid shell. These
extensions may be responsible for keeping the bulk of the
tegument at a distance from the capsid shell, as observed by the
presence of a clear halo between the capsid and the tegument
in mature virions and in aggregates of tegumented capsids that
form when envelopment is blocked (4, 5). They may also carry
multiple interacting domains besides those which bind UL37
protein, the major capsid protein, or as postulated above, other
UL36 proteins. In this context it is important to note that a ts
mutation in the HSV-1 UL36 protein has been shown to result
in a defect in release of viral DNA from incoming capsids (2).
Thus, the UL36 protein may serve important functions during
entry and egress. Moreover, the HSV-1 UL36 protein was
suggested to bind the genomic packaging sequence and play a
role in DNA packaging (9). In addition, the absence of the

HSV-1 UL37 protein, besides impairing secondary envelop-
ment, also led to a decrease in the efficiency of primary envel-
opment (12). Whether these two phenotypes are correlated is
unclear at present. However, the absence of the PrV UL37
protein clearly interferes with intracytoplasmic tegumentation
of capsids during egress (21), indicating that the PrV UL36-
UL37 interaction is relevant for cytoplasmic stages of virion
morphogenesis. Although virion formation is heavily impaired
in the absence of the UL37 protein, a low-level production of
infectious extracellular virus particles still occurs (21). So far it
is unclear whether these virions contain the UL36 protein and
which tegument proteins may be responsible for recruiting the
UL36-decorated capsids into virus particles in the absence of
UL37.

Besides confirming results from coprecipitation analyses
that the UL36 and UL37 proteins of PrV physically interact,

FIG. 5. Immunoelectron micrograph. RK13 cells were infected with wild-type PrV-Ka (A, C, and D), PrV-�US3 (B), or PrV-�UL37 (E) at an
MOI of 1 and analyzed 16 h after infection by immunolabeling with the anti-UL36 serum and gold-tagged secondary anti-rabbit antibodies. Label
was not detected in primary enveloped virions in the perinuclear space (A) which accumulate in the US3 deletion mutant (B). In contrast,
intracytoplasmic (C) and extracellular wild-type virions (D) were labeled with the anti-UL36 serum, as were capsid aggregates in the cytoplasm
which form in the absence of the UL37 protein (E) (21). Bars, 200 nm.
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our yeast two-hybrid studies also outlined the interacting do-
main on the UL36 protein. When the complete UL37 protein
was used as bait, five different expression clones of UL36 were
selected. They specified UL36-related proteins from aa 214 to
571, with a common overlap from aa 312 to 398. Thus, the
region between aa 312 and 398 of the 3,084-aa PrV UL36
protein comprises the UL37-interacting domain. This domain
is located amino terminal from two putative leucine zipper
motifs which may effect dimerization of the UL36 protein.

In summary, we have shown that the PrV UL36 and UL37
tegument proteins physically interact and that, in the absence
of the UL37 protein, the UL36 protein is still detectable on
intracytoplasmic capsids. However, the absence of the PrV
(21) or HSV-1 UL37 protein (12), as well as the absence of the
HSV-1 UL36 protein (11), impaired or blocked further tegu-
mentation and envelopment. Therefore, we propose that tegu-
mentation of intracytoplasmic capsids starts with interaction of
the UL36 protein with the capsid shell, followed by interaction
of the UL37 protein with UL36. By this mechanism, an or-
dered addition of the innermost layers of the tegument to
nascent virions may be achieved. Further protein-protein in-
teractions with nonconserved tegument components may then
account for the complete assembly of a functional tegument.
Finally, interaction between tegument proteins and carboxy-
terminal portions of viral glycoproteins present in trans-Golgi
vesicles is likely to drive final envelopment (4, 5).

Nucleotide sequence accession number. The sequence ob-
tained has been deposited in GenBank under accession no.
AJ422133.
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