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The large subunit of the HSV-2 ribonuclectide reductase (RR) (ICP10) is a chimera consisting of a serine thracning (Ser/
Thr) protein kinase domain at the amino terminus and the KRR domain at the carboxy terminus. Transformed human cells
that constitutively express ICP10 {JHLa1} were stained with anti-LA-7 antibody (recognizes ICP10 amino acids 13—26) and
immunogolid-conjugated goat anti-rabbit 1gG and were examined by electron microscopy. ICP10-assaciatad gold particles
were observed on the cell surface and in structures with ultrastructural characteristics of endocytic vesicles, multivesicular
badies, and lysosomes, consistent with endocytic internalization. ICP10 was also associated with the cytoskeleton fraction
of JHLa1 cells and, at least in part, it colocalized with actin filaments. This was evidenced by immunoprecipitation of
[**S)methionine-labeled cell fractions and immunofluorescent staining of Triton-treated cells with anti-LA-7 antibody and
phalloidin. Endocytic localization of gold particles was not seen in cells that constitutively express the ICP10 transmembrane
(TM)-deleted mutant p139™ (JHL15}. p138™ did not associate with the cytoskeleton and was almost entirely localized
within the cytoplasm. raf and Erk evidenced decreased mobility consistent with an activated state in JHLat1, but not JHL15,
cells, and chloramphenicol acetyl transferase (CAT) expression from a ¢-fos/cat hybrid construct was significantly increased
in JHLa1 but not JHL15 cells. The data indicate that effector molecules downstream of ras are activated in JHLa1 cells and
the ICP10 TM segment plays a critical role in ICP10 intracellular localization and its ability to activate signaling pathways.
This behavior is analogous to that of an activated growth factor receptar kinase. @ 1995 Academic Press, Inc.

INTRODUCTION the coding regions of which do not overlap. The large
subunit (RR1) is a 140-kDa protein, designated |ICP6 for
H8V-1 and ICP10 for HSV-2. The small subunit (RR2) is
a 38-kDa protein encoded by a 1.2-kb mRNA overlapping
the 3’ end of the 5.0-kb mRNA that encodes RR1 {Ander-

Ribonucleotide reductase (RR} is an essential enzyme
far the conversion of rihonuclectides to the cerrespand-
ing deoxyribonuclectides in eukaryotic and prokaryotic
gells, and its actr'\nty may represgnt the rate-limiting step son et af, 1281, McLauchlan and Clements, 1983},
in DNA synthesis and concomitant cell growth (Thel Both ICP6 and ICP10 differ from their counterparts in
ander and Reichard, 1979). Several herpesviruses, in-

cluding HSV-1, HSV-2, EBV, VZV, pseudorabies virus, and eukaryotic and prokaryotic cells and in other viruses in
equine herpesvirus types 1 and 3, induce a novel, distinct that they pOSS?SS 8 unigue N-terminal domain (Nikas et
RR activity {Cohen et a/, 1977, Henry et af,, 1978, Lanki- al, 19.86: Swain and Galloway, 1986} that has Ser/Thr-
nen et al, 1982; Dutia, 1983; Averett et a/, 1983; Davison specific protein kinase (PK) activity {Chung et al., 1988,
and Scott, 1987) that may be required for virus growth in :]990; Paradis ![etal., 1991; Conner et al, 19.92). ICP10 also
nondividing cells (Galdstein and Weller, 1988a,b; Preston as features of a ransmermbrane (TM) helical segment at
et al, 1988; Jacobson ef al, 1989). The HSV RR differs ~ 2Mind acid residues 85-106 (Chung et al, 1990; Luo
from the cellular enzyme in that it is insensitive to dTTP and Aurelian, 1982, Smith et af, 1994) and SH3 binding

and dATP inhibition and does not have an absolute Mg®* mptifs (Smlith'et al. 1,994) that might be involved in pro-
requirement (Langelier and Buttin, 1981). However, like tem.—proteln interactions (Koch et al, 1991; Mayer and
the mammalian and bacterial enzymes, the HSV RR activ- Baltimore, 1993,)' ) L

ity is formed by the association of two distinct subunits, The PK activity of ICP10 is an intrinsic property as

evidenced by the following observations: (i} PK activity

. ] is associated with a 57-kDa protein expressed by a vec-
To whom correspondence and reprint requests should be ad-

dressed at Virology/Immunology Laberstories, Department of Pharma- t9r for the |_CP1 0 PK minigene (Chupg et a’ 1989, .1'990}’

cology and Experimental Therapeutics and Microbiology, University of (i) expressian of the ICP10 PK minigene in bacterial ex-
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cally active protein {Luo et af, 1991}, {iii} ICP10 binds
"“C-labeled p-fluorosulfonylbenzoyl 5'-adenosine, an
ATP analogue, and binding is inhibited by AMP-PNP (Luo
and Aurelian, 1992), (iv) kinase activity is retained after
ICP10 electrophoresis on a sodium dodecy! sulfate-con-
taining polyacrylamide gel (SDS—PAGE) and renaturation
on a nitrocellulose membrane (Luc and Aurelian, 1992),
and (v) ICP10 mutants deleted in the PK minigene or in
the putative TM segment are PK negative (Luo and Aure-
lian, 1992). The ICP10 PK minigene causas neoplastic
transformation of immortalized cells {(lariwalla et al,
1880, Hayashi ef al, 1985; lwasaka et g/, 1985; Ali et af,
1991; Smith et a/, 1992, 1994). PK activity is required for
transformation as evidenced by the observation that celis
which express kinase-negative ICP10 mutants [deleted
in the PK demain (p95) or in the TM segment (p139™))
are not transformed (Smith et a/, 1994).

Studies of growth factor receptor kinases {GFRs) have
shown that in response to their cognate ligands, or when
they are constitutively expressed (in transformad cetls),
the GFRs are activated, resulting in their autophosphory-
lation and the transphosphorylation of intracelluiar sub-
strates (Yarden and Ullrich, 1988; Williams, 1989; Schles-
singer and Ullrich, 1992) that bind to the receptors and
are thereby recruited to the inner surface of the cell mem-
brane (Bar-Sagi et a/, 1993a; Panayotou and Waterfield,
1993; Pawson and Schlessinger, 1983). In this way the
ras proto-oncogene is activated (Buday and Downward,
1993; Chardin et al, 1993; Li et al, 1993). This is followed
by the successive phosphorylaticn and activation of mul-
tiple cytoplasmic PKs, including raf-1 (Morrison et al,
1988; App et al, 1991; Wood et af, 1992) and the extracel-
lular signal-regulated kinases (Erks) (De Vries-Smits et
al, 1992; Robbins et af,, 1992; Wood et a/, 1992; Nishida
and Gotoh, 1993). Erk2 is involved in the activation of ¢-
fos expression (Kortenjann et al, 1994} which has been
proposed as a causal event in uncontrolled cell prolifera-
tion (Verma, 1986, Miao and Curran, 1994), thereby con-
ceptually linking the transduction of signals from mem-
brane-bound GFRs to the transfermation process. A fur-
ther effect of growth factor stimulation is GFR
cytoskeleton binding which may favor signal transduction
(Rijken et af, 1991). Given the finding that ICP10 has a
functional TM segment (Luc and Aurelian, 1992; Smith
et al, 1994), the studies described in this report were
designed to examine the internalization and intracellular
localization of ICP10 and the signaling pathways with
which it is associated.

MATERIALS AND METHODS

Cells

Adenovirus type 5-immonrtalized human embryo kidney
(293) cells were obtained from the American Type Culture
Collection and grown in Eagle’s modified minimal essen-

tial medium (EMEM) with 10% fetal bovine serum (FBS).
They express the adenovirus immortalizing E1a protein
and have a very low clening efficiency in agarose (Gra-
ham and Smiley, 1977). Lines JHLalc¢, JHLalb, and
JHLale were independently established from individual
G418-selected clones of 293 cells transfected with the
expression vacter piW17N (Smith ef al, 1994). The vector
contains the constitutive simian cytcmegalovirus 1E94
promoter (CMVIE) regulating the expression of the I[CP10
gene and a SV,neo cassette (Luo and Aurelian, 1992).
All threg lines evidence anchorage-independent growth
(Smith et &/, 1994). Lines JHL15a, JHL15h, and JHL15d
were independently established from individual G418-
selected clones of 293 cells transfected with expression
vector pJHL15N. This vector contains the CMVIE pro-
moter regulating expression of an ICP10 TM-deletion mu-
tant and a SV,.neo cassette (Smith ef &/, 1994}, pJHL15N
expresses a 139-kDa protein (p139™) which is PK nega-
tive {Luc and Aurelian, 1992). All three JHL15 lines were
negative for anchorage-independent growth (Smith et af,
1994}, F-9 (mouse embryonal carcinoma) cells lack AP-
1 (Angel et al, 1989). They were grown in Dulbecco's
modified MEM (DMEM} with 15% FBS.

Plasmids

Piasmid pFC4 that containg the CAT gene under the
control of the ¢-fos gene promoter (at positions —404 to
+42) was obtained from Dr. |. Verma. Its construction
and activation properties were described (Sassone-Corsi
et al, 1988). pFC4R contains the ¢-fos promoter of pFC4
in reverse orientation. pTKcat in which the CAT gene is
under the controi of the HSV-1 thymidine kinase gene
promoter {at positions —400 to +60) was constructed in
pcalB’ containing the CAT structural gene without eu-
karyotic promoter sequences (O'Hare and Hayward,
1984). pSV,cat contains the CAT gene under the controi
of the simian virus 40 {SV40) early reguiatory region.
pAgcat contains the SV40 early regulatory region with
a deletion in its 72-bp enhancer regicn (Laimins et al,
1984),

Antibodies

Polyclonal antibody anti-LA-7 10 a peptide located up-
stream of the ICP10 TM segment (amino acid residues
13-26) and monoclonal antibody (MAb) H3 that recog-
nizes a determinant in the ICP10 RR domain were pre-
viously described (Aurelian et al, 1989; Chung et al,
1991). Anti-actin (rabbit polyclonal) antibody A2066 was
obtained from Sigma Immunochemicals (St. Louis, MO)
and sheep antibody to human lysczyme was obtained
from Biodesign International {Kennebunkport, ME). Fluo-
rescein-conjugated goat anti-rabbit IgG was obtained
from Organon Teknika (West Chester, PA). Geld-conju-
gated goat anti-rabbit and donkey anti-sheep IgG were
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obtained from Ted Pella (Redding, CA). Anti-Erk antibody
(rabbit polyclonal 691) that recognizes both Erk1 and Erk2
and anti-raf-1 antibedy (rabbit polyclonal C-12) were ab-
tained from Santa Cruz Biotechnelogy (Santa Cruz, CA).

Immunofluorescent staining

JHLa1 and JHL15 cells grown on rat tail collagen-
coated glass coversiips (Collaborative Biomedical Prod-
ucts, Bedford, MA} were fixed with 3% paraformaldehyde
in phosphate-buftered saline (FBS), pH 7.3 {20 min, 23°%).
In some experiments, fixation was followed by treatment
with 0.1% Triton X-100 {in PBS) for 4 min at 23° to identify
antigens associated with the cytoskeleton framework
(Coomber, 1991). Slides were stained (B0 min, 37°) with
anti-LA-1 antibody and fluorescein-conjugated goat anti-
lgG as described {(Wymer et a/, 1389; Smith et al, 1994).
Colocalization studies were carried out by simultaneous
staining (20 min, 23°) of cells with rhodamine-conjugated
phalloidin (Molecular Probes, Inc., Eugene, OR; 6.6 uM
in methanol) and anti-LA- 7 antibody with fluorescein-con-
jugated anti-rabbit IgG (60 min, 37°) as described (Bar-
Sagi ef al, 1993b). Actin staining was visualized with a
rhodamine filter and ICP10 staining with a fluorescein
fitter. The images were digitized to 24-bit RGB TiFF files
and superimposed using Adobe PhoteShop 2.56.1 on a
Macintesh Quadra 840AV computer to demonstrate colo-
calization of ICP10 and actin.

Cryofixation, immunogold staining, and electron
microscopy (EM)

JHLa1, HL1E, and 293 cells were trypsinized, washed
with PBS by three cycles of centrifugation (2500 g; 15
min} and cryofixed (—160° using a gentleman-jim appa-
ratus {Minnesota Valley Engineering, New Prague, MN).
This fixation method was chosen as it is particularly well
suited for the study of dynamic processes such as endo-
cytosis (Hayat, 1989). The frozen cell pellet was freeze-
substituted with 1% 0s0, {Ted Pella} in tetrahydofuran
(JT Baker, Phillipsburg, NJ) over 72 hr at —160° and rinsed
three times in pure tetrahydofuran at room temperature.
The pellet was exposed (2 hr; 23°%) to 30% plastic [20%
Araldite 502, 25% EM bed-812, 3% dibuiyl phithalate, 51%
dodecenyl succinic anhydride, 1% 2,4,6-tri({dimethylami-
noethyl) phenot] {Electron Microscopy Services, For
Washington, PA) in polypropylene oxide (PQO), followed
by 70% plastic overnight and fresh 100% plastic in PO
for 2 hr. At this time it was transferred to fresh 100%
plastic at 65° and allowed to polymerize by incubation
for 18 hr as described (Hayat, 1989).

Thin sections (30—-100 nm) were placed on 200-mash
nickel grids (Ted Pella), etched with 5% sodium metaperi-
odate for 156 min to remove surface osmium, washed
{four times; 5 min each) in PBS and incubated with 1%
bovine serum albumin to prevent nonspecific staining.

They were incubated (2 hr; 4°%) with the primary antibod-
ies, washed {four times; 5 min each} in PBS and reincu-
bated {1 hr; 4°) with gold-conjugated anti-IgG (Ted Pella).
The grids were washed {three times; 5 min each) in PBS,
rinsed with distilled water, dried, stained with 5% uranyl
acetate in methanol, and rinsed three times in methanol.
They were photographed with a Zeiss EM 109 electron
microscope. A minimum of 20 cells were examined for
each sample. Gold particles in endocytic vesicles, multi-
vesicular bodies {MVB), and lysosomes represent the
average of at least 30 and as many as 60 structures
each.

Subcelular fractionation, immunoprecipitation, and
immunoblotting

The preparation of whole cell extracts was as pre-
viously described (Luo and Aurelian, 1992; Smith et al,
1994). Briefly, whole cell extracts were prepared in RIPA
butfer [160 mM NaCl, 20 mM Tris—HCI (pH 7.4}, 0.1%
SDS, 1% Nonidet P-40 (NP-40), 1% sodium deoxycholate,
1 mM phenylmethylsulfonyl fluoride (Sigma), 100 Kalli-
krein U/ml of aprotinin {Sigma)] and clarified by centrifu-
gation {30 min} at 16,000 g. In some experiments, cells
labeled (18 hr; 37°) with [**S]methionine (100 uCi/ml, sp
act 1120 Ci/mM; Dupont NEN Research Products, Bos-
ton, MA} in EMEM without methionine and 10% dialyzed
FBS were fractionated into soluble (SOL) and cytoskeletal
{CSK} components prior to immunoprecipitation. Frac-
tionation was as described by Boss st al. {1981). For
immunoprecipitation, extracts were incubated {1 hr; 4°)
with 10 u) of antibody and 100 pl of protein A—Sepharose
CL4B {50% [vol/ivol], Sigma). Beads were washed with
cold RIPA buffer and bound proteins were eluted by boil-
ing (3 min} in 100 wl of denaturing solution [150 mAM Tris
hydrochleride (pH 7.0), 5.7% SDS, 14% 2-mercaptoetha-
nol, 17% sucrose, 0.04% bromothymoi blue]. Proteins
were resolved by SDS—-PAGE on 8.5% pclyacrylamide
gels. Quantitative analysis was done by densitomstric
scanning of samples equilibrated for protein content us-
ing a Melecular Dynamics ImageQuant computing densi-
tometer Model 300B. For immunoblotting, proteins were
subjected to SDS—-PAGE and electrophoresed cnto nitro-
cellulose membranes. They were incubated with the re-
spective antibodies followed by protein A-peroxidase
{Sigma) for 1 hr at rcom temperature each. Detection
was with ECL reagents (Amersham, Arlington Heights,
IL) as described {(Aurelian et g/, 1989; Smith et af, 1994),

raf-1 and Erk assays

Maobility-shift assays were as described (App et al,
1991; Westwick et g/, 1994). Briefly, JHLa1 and JHL15
cells were serum starved by growth (24 hr) in DMEM
with 0.5% FBS. They were resuspended in denaturing
solution and resolved by SDS-PAGE on 7% polyacryl-
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FIG. 1. Electron micrograph of cryofixed IHLaic cell stained with
anti-LA-1 antibody and 30 nm gold-conjugated anti-rabbit 1gG evi-
dences ICP10 localization on the cell surface {open arrows) and in
endocytic vesicles {long closed arrows). Magnification is X 16,000. Bar,
1000 A

amide gels for raf-1 assays. Cell extracts were prepared
in RIPA buffer and proteins (100 pg) were resolved by
SDS-PAGE on 7% polyacrylamide gels for Erk assays.
Proteins were electrotransferred onto nitrogeliulose
membranes and immunoblotted with anti-raf-1 or anti-
Erk-1/2 antibodies.

DNA transfection and CAT assays

Cells were plated 24 hr prior to transfection into 25-cm?
culture flasks (Costar, Cambridge, MA). DNA transfection
was performed on a 75-80% confluent monolayer {ap-
proximately 10 cells) by the calcium phosphate precipi-
tation method which employed a glycerol boost (Wyrer
at al, 1988). Transfection mixtures contained 3.0 ug of
target supercoiled ptasmid. Cells were harvested 40-44
hr post-transfection and stored at —20° until assayed.
CAT assays were performed and analyzed as described
previously (Wymer et a/, 1983). Quantitative comparisons
were made by measuring the amounts of chlorampheni-
col acetate product with enzyme levels on the linear part
of the curve for product formation versus extract concen-
tration and time.

RESULTS

ICP10 is localized on the cell surface and is
internalized in endocytic vesicles

Membrane immunoflucrescent staining and cell frac-
tionation experiments have previously shown that ICP10

is associated with the plasma membrane of JHLa$ cells
{Luc and Aurelian, 1992; Smith et a/, 1994). The prasent
studies sought to determine whether ICP10 can be visu-
alized on the surface of JHLa1 cells by immunogold stain-
ing of EM thin sections, which is a more definitive method
for intracellular protein localization. We used cell lines
JHLa1b, JHLa1c, and JHLale that express ICP10 and
clone in agarose, and lines JHL15a, JHL15b, and JHILL156d,
that express the TM-deleted protein p139™ and are neg-
ative for anchorage-independent growth (Smith et al,
1994). The cells were stained with anti-LA-7 antibody
and colloidal goid-conjugated goat anti-rabbit IgG and
examined by EM. Preimmune rabbit serum was used as
a control.

As shown in Fig. 1 for an entire cell, and in a different
cell in Fig. 2A for one area of the cell surface (at higher
magnification), ICP10 was detected on the surface of
JHLa1 cells. A similar distribution of ICP10-associated
gold particles was cbserved for all three JHLa1 lines, but
gold particles were not seen on the surface of JHLal
cells stained with preimmune serum (Fig. 3). p138™ was
not seen on the surface of JHL15 cells from all the lines
studied in these series {Fig. 4B) and parental 293 cells
showed only a small degree of background staining (Fig.
4A). Quantitative estimates based on the number of gold
particles on the surface of 8-10 cells in each group are
180 = 16, 8 = 1, and 6 * 2/um for anti-LA4-7-stained
JHLa1, JHL15, and 293 cells, respectively, Gold particles
on the surface of 8 JHLa1 and JHL15 cells stained with
preimmune serum are 4 = 2/um.

ICP10 is internalized in endocytic vesicles

The endosomal compartment plays a central rale in
directing the orderly traffic of GFRs and ligand—GFR
complexes (Hopkins et a/, 1990). After internalization
via coaled pits, the coated vesicles are rapidly stripped
generating smooth endocytic vesicles that are character-
ized by their size (0.3-0.5 um} and the high content of
receptor or receptor—ligand complexes (Rothman and
Schmid, 1988; Gruenberg and Howell, 1989). Molecules
destined to be degraded are then transported to late
endosomes. These structures, also designated muliive-
sicular bodies, result from the fusion of endocytic vesi-
cles to each other or with a group of tubular cisternag
and have a multivesicular appearance. The vesicles are
closely associated with the perimeter membrane and
often there is a larger (=0.3-um diameter) centrally
placed vacuole. MVBs are 0.5-1.2 um in diameter and
are often observed in close proximity to lysosomes (Grif-
fiths et al,, 1988; Gruenberg et a/, 1989; Hopkins et al.,
1990).

QOur findings for ICP10-associated gold particles in
JHLa1 cells are consistent with such an internalization
pathway. Gold particles were clustered in surface invagi-
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FlG. 2. (A) Magnification of ane area of the cell surface of a cryofixed
JHLa1b cell stained with anti-LA- 7 antibody and 20 nm gold-conjugated
anti-rabbit IgG evidences localization of ICP1CG over the cell surface,
Magnification is x45,000. Bar, 1000 A. (B) Formation of a coated vesicle
that contains ICP10 in a IHLale cell stained with anti-LA-1 antibody
and 10 nm gold-cenjugated goat anti-rabbit IgG. A typical coated pit
containing gold particles s shown (open arrow). Magnification is
x125,000. Bar, 1000 A,

nations (Fig. 2B) that evidenced membrane thickening
characteristic of coated pits (Friend and Farquhar, 1967;
Korn, 1975; Pryer et al, 1992). The ring-like structure
close to the cell membrane shown in Fig. A represents
- @& cross-section of a coated pit that has pinched off from
the plasma membrane and is transformed intc a coated
vesicle as evidenced hy its thickened membrane
{Pearse, 1987). Most of the ICP10-associated gold parti-
cles were localized in 0.3—0.5-zm smooth endocytic-like
vesicles {Figs. 1 and 5B} and in larger structures that
evidenced an uneven ICP10 staining and had the ap-
pearance of MVBs. Three types of MVB-like structures
are shown in Fig. 6. A cross-section through a 0.8-um

structure that contains two empty vesicles surrcunded by
gold partictes is shown in Fig. 8A. The 1.1-um structure in
Fig. 6B reveals four peripheral vesicles surrounding a
large, (0.7-um) central vacuele. The section is longitudi-
nal and the vesicles' lumens are masked by the cytc-
plasm presumably due to the angle of the section. The
perimeter of the structure consists of a dense accumula-
tian of tCP1Q-associated gold particles. Figure 6C shows
a cross-section through a 1.1-um structure that has a
large empty lumen surrounded by gold particles and con-
taining one dense internal vesicle delineated by gold
particles as described for MVB structures involved in
the internalization of epidermal growth factor receptor
(EGFR) (Felder et al, 1990). The structures in Figs. 6A
and 6B are more commaonly detected in JHLa1 cells than
the structure in Fig. 6C. Colocalization of ICP10 and lyso-
zyme (Fig. 7) suggests that ICP10 is also present within
lysosomes. The number of LA-T-specific gold particles
in the JHLa1 structures is 912 * 42, 926 + 207, and
88 = 17 for endocytic vesicles, MVB, and lysosomes,
respectively (Table 1). This is consistent with the conclu-
sion that internalized ICP10 is destined to be degraded
(Rothman and Schmid, 1986; Pearse, 1987; Griffiths et
al, 1988; Gruenberg and Howell, 1989; Gruenberg et a/,
1989; Hopkins et af, 1990; Felder et al, 1990). Most of
the gold particles in similarly stained JHL15 cells were
randomly distributed throughout the cytoplasm (Fig. 4B;
Table 1). This type of intracellular localization cannot
be clearly differentiated from background staining. The
failure of p139™ 1o localize in endocytic vesicles is not
due to a generalized trafficking defect, since gold-free
structures, consistent with endosomes, were observed
in IHL15 cells (Fig. 4B}, :

FIG. 3. Electron micrograph of a cryofixed iHLal1c cell stained with
preimmune rabbit serum and 20 nm gold-conjugated anti-rabbit 1gG
does not evidence surface or intracellular staining. Structures consis-
tent with endosomal vesicles {ev) are seen but they do not contain
gold particles. Magnification is X16,000. Bar, 1000 A,
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FIG. 4. Elsctron micrograph of cryofixed 293 (A) and JML15 (B) cells stained with anti-LA-1 antibody and 10 nm gold-conjugated goat anti-rabbit
IgG. Structures consistent with endosomal vesicles {ev) are seen but they do not contain gold panticles {(m, mitachondria). Magnification is X 25,000
{A) and X30,000 (B}. Bar, 1000 A.
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FIG. 5. ICP10 internalization in cryofixed JHLa1 cells stained with anti-LA-7 antibody and 10 nm gold-conjugated anti-rabbit IgG. (A} Coated vesicle
containing !CP10-associated gold particles {arrow). (B) Uncoated endocytic-like vesicle contains large concentration of ICP10 {arrow). Surface-
associated gold pariicles are shown (open arrow!. Magnification is X 75,000 (A} and X80,000 (B). Bar, 1000 A.

ICP10, but not p139™, is associated with the favors signal transduction (Rijken et af, 1991; van Bergen
cytoskeleton en Henegouwen et al, 1992). Two series of experiments

were done in order to determine whether ICP10 is also
Previous studies have shown that EGFR is associated associated with the cytoskeleton. In the first series, ex-

with the cyloskeleton, reflecting a high affinity state that tracts of [**S]methionine-labeled JHLa1 and JHL15 cells
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FIG. 6. ICP10 internalization in cryofixed structures consistent with MVBs in JHLa1 cells stained with anti-LA-7 antibody and gold-conjugated
anti-rabbit 1gG evidence (A) two vesicles (V) surrounded by gold particles, (B) four peripheral vesicles around a central, large vacuole {V) and
delineated by gold particles, or {C) a large, empty lumen (v} surrounded by gold particles and containing a dense internal vesicle also delineated
by gold particles. Gold particles in A and B are 20 nm; gold particies in C are 40 nm. Magnificaticn is %70,000 {A), X50,000 (B), x50,000 (C}. Bar,

1009 A.

were fractionated into SOL and CSK fractions and the
purity of the fractions was estimated based on the distri-
bution of actin as determined by immunoblotting {(Boss
et g/, 1981; Chung et &/, 1989). Actin was recovered in
the CSK (Fig. 8, lane 2) but not the SOL (Fig. 8, lane 3)
fractions of JHLa1. Densitemetric scanning indicated that
95% of the total cellular actin was recovered in the CSK
fraction {3321 and 3500 densitometric units for the CSK
fraction and the total cell extracts, respectively). However
minimal cross-contamination cannot be excluded as evi-
denced by the nonspecifically recognized bands which
are equally distributed in all fractions. Similar results
were seen for JHL15 cells. Immunoprecipitation with

FIG. 7. Colocatization of ICP10¢ {open arrow} and lysozyme (closed
arrow) within lysoscomes in cryofixed 1HLal cells. Cells were stained
with both anti-LA-7 antibody and 10 nm gold-conjugated rabbii 1gG and
anii-lysozyme antibody and 30 nm gold-conjugated anti-sheep IgG. The
numbers of ICP10-related gold particles are lower than in the structures
in Figs. 1, 6B, and 6, Magnification is x95,000 and X80,000 for A and
B, respectively. Bar, 1000 A.

MAb H3 indicated that ICP10 is present in both the SOL
(Fig. 9, lane 3) and CSK (Fig. 9, lane 4} fractions from
JHLa1 cells (3666 and 4134 densitometric units for CSK
and SOL, respectively), while p139™ was almost exclu-
sively associated with the SOL fraction of JHL15 cells
{347 and 3615 densitometric units for CSK and SOL, re-
spectively) (Fig. 9, lane 1). Only 10-15% of the total
p138™ expressed in JHL15 cells was associated with
the CSK (Fig. 9, lane 2).

In the second series of experiments, the cytoskeleton
framework of JHLal and IHL15 celis was exposed by
fixation with paraformaldehyde followed by Triton X-100
treatment {Bar-Sagi et a/, 1993b), and the cells were
stained with a 1:100 dilution of anti-LA-1 antibody in indi-
rect immunofluorescence. Similarly fixed cells that were
not treated with Triton and do not reveal the cytoskeleton
framework were studied in parallel. Diffuse staining lo-
calizing throughout the cytoplasm was observed in both

TABLE 1

Subcellular Distribution of ICP10Q in JHLa1 and JHL15 Cells®

Gold particles/um?

Intracellular

comparntment JHLa1 JHL1E
Cytoplasm 3+ 5 101 £ 6
Endocyiic vesicle 912 £ 42 NA
MVB 926 = 207 NA
Lysosomes 88 + 17 NA
Nucleus 43+ g 66 + 4

? Results represent average counts for 20 cells = SEM. NA, not
applicable.
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FIG. 8. JHLa1 cells labeled with [**S)methionine for 18 hr were frac-
tionated into SOL and CSK fractions. Total cell extract (lane 1), CSK
{lanes 2, 4), and BOL {lane 3) were immunobiotted with anti-actin anti-
body {lanes 1-3} or preimmune rabbit serum (lane 4). Molecular weight
markers are shown on the right. Similar results were obtained with
JHL1G cells.

JHLa1 (Figs. 10A and 10C) and JML15 {Fig. 10B) cells that
were not treated with Triton, On the other hand, when
cells were Triton treated to expose the cytoskeleton
framewark, anti-LA-7 staining was only seen in IHLa1
cells. It was cbserved in 86—95% of the cells and it local-
ized at the periphery, at cel\-to-celt contacts, and in dis-
crete vesicular-like structures distributed at a ratio of 1—
2/cell and localizing close to the cell surface (Figs. 10E,
10F, and 10G). Staining also evidenced a capping-like
patchy appearance (Fig. 10G) similar to that previously
described for EGFR (Kwiatkowska et al, 1981). Triton-
treated JHL15 cells did not stain with anti-LA-7 antibody
(Fig. 10H). The failure to detect anti-LA-7 staining in these
cells is not due t¢ improper p139™ expression, nor to
the failure of the anti-LA-7 antibody to recognize this
protein, since JHLal and IHL15 cells fixaed with parafarm-
aldehyde, but untreated with Triton, stained equally well
with anti-LA-7 antibody (Figs. 10A, 108, and 10C). Preim-
mune serum was negative {Fig. 10D). Similar results were
seen in all the independently established JHLa1 and
JHL15 lines studied in these series.

ICP10, but not p139™, is associated with actin
filaments

As actin bundles delineating c¢ell margins were shown
tc participate in EGFR capping (Kwiatkowska ef af, 1991},
the question arises whether the anti-LA-7 staining pattern
seen in Triton-treated JHLa1 cells reflects the association
of !CP10 with actin filaments. To address this question,
JHLa1 cells fixed with paraformaldehyde and treated with
Tritan were simultaneously stained with a8 1:500 dilution
of anti-LA-7 antibody (Fig. 11A) and phalloidin {Fig. 11B)

which stains actin filaments (Bar-Sagi et a/, 1993b). The
dilution of the anti-LA-7 antibody was five- to sixfold higher
than that routinely used (Fig. 10) in order to reduce scalter
due 1o intense staining and allow superimposition of the
two staining patterns. Colocalization of ICP10 and actin
was evident predominantly at the cell periphery and in
some filaments within the cell structure (Fig. 11C), but it
was not absolute. Independent localization was also seen
for both ICP10 and actin. The discrete LA-7-positive vesi-
cles were not seen at this dilution of the anti-LA-7 antibody
and they did not stain with phalloidin. Phalloidin staining
patterns in Triton-treated JHL15 cells {(data not shown)
were similar o those seen in JHLa1 cells. However these
cells did not stain with anti-LA-7 antibody {Fig. 10H).

Mobility shift of raf-1 and Erk in JHLa1 cells

We have previously shown that the levels of activated
ras {ras-GTP) are increased in JHLa1 cells that constitu-
tively express ICP10 compared to JHL1G cells that consti-
tutively express the PK-negative p133™ (Smith et af,
1994). However, effector proteins downstream of ras
were not studied. Here, we focused on raf-1 and Erk,
since several lines of evidence indicate that raf-1 fune-
tions in the same signaling pathway as ras (Morrison et
al, 1988; Wood et al, 1992; Vojtek et al, 1993), and Erk
activation by a number of growth factors requires the
activity of ras (De Vries-Smits et a/,, 1992; Robbins et af,,
1992, Wood et af, 1992; Nishida and Goton, 1993).

We used mobility shift assays since previous studies
had shown that activated raf-1 and Erk evidence de-
creased mobility, presumably due to increased phos-
phorylation (Westwick et al, 1994), Extracts of serum-
starved {HLal or JHL1E cells (DMEM—-0.6% FBS; 24 hr)
were immunoblotted with antibodies to raf-1 or Erk 1/2,
or with normal rabbit serum. Decreased electrophoretic
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FIG. 9. Immunoprecipitation by MAb K3 fram SOL (lane 1) and CSK
(tane 2} of JHL15 cells and SOL {tane 3) and CSK (lane 4} of JHLa1
cells studied in Fig. 8. Molecular weight markers are shown on the
right.
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FIG. 10. Indirect immunofiuorescent staining with anti-LA-7 antibody of celis fixed with paraformaldehyde (A—D) or fixed with paraformaldehyde
and treated with Triton (E~H). Diffuse cytoplasmic staining is evidenced by JHLal cells (A, C) or HL15 cells (B) stained with anti-LA-7 antibody but
not by JHLa1 (D) or JHL1G (data not shown) cells stained with preimmune serum. Staining of Triton-treated JHLa1 cells with anti-LA-7 antibody
lagalized at the ¢ell periphery and in vesicular structures (E, F) in a patchy distribution close to the cell surface (F) and it evidenced a pelar
disiribution characteristic of capping {G). Triton-treated JHL15 cells are negative [H).

mobility (active form) was evidenced by raf-1 in JHLa1
cells {Fig. 12A, lane 3) but not in JHL15 cells (Fig. 128,
lane 3). Erk1 and Erk2 also evidenced decreased maobility
in JHLal (Fig. 12B, lane 3) but not JHL15 {Fig. 12A, lane
2) cells. Normal serum was negative (Figs. 12A and 128,
lanes 1 and 4} and similar results were obtained with all
three JHLa1 and iHL15 lines. We interpret these findings
to indicate that raf-1 and Erk are activated in cells that
constitutively express iCP10 in the absence of exoge-
nously added ligands. They are not activated in cells that
express the PK-negative p13g™.

The c-fos promoter is activated in JHLa1 cells

Previous studies have shown that GFRs can activate
¢-fos (Curran, 1984; Kruijer et g/, 1984}, presumably by

inducing ras signaling pathways. To determine whether
ICP10 can cause ¢-fos activation, IHLa1, JHL15, 293, and
F-8 cells [lack AP-1 (Anget et af, 1989)] were transfected
with a plasmid (pFC4) which contains the CAT gene un-
der the control of the c-fos promoter (Sassone-Corsi et
al., 1988]). Plasmid pTKeat, which uses the HSV-1 thymi-
dine kinase promoter {lacks AP-1 responsive elements),
was used as a control. Expression from pFC4 was six-
to ninefold higher in JHLa1 (7.2 = 1.2% conversion) than
JHL15 (0.8 £ 0.2% conversion), 293 (1.2 = 0.5% conver-
sion), or F-8 {0.6 * (0.1% conversion} cells. Exprassion
from pSV.cat was alsc increased in JHLai cells (45.4
+ 7.2% conversion) compared to JHL15 {10.2 + 2.8%
convarsion) or 293 (14.5 = 4.2% conversion) cells {Table
2). Similar expression ievels were observed in thrae inde-
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FIG. 11. Immunoflucrescent staining of IHLa1b cells with anti-LA-7 antibody {A) or phalloidin (B). Colocalization of [CP10 and actin as determined
by computer superimpositicn of separately imaged anti-LA-7 and phalloidin staining is shown in C.

pendent experiments. The percentage conversion in
cells transtected with pFC4R (that contains the ¢-fos pro-
moter of pFC4 in the reverse orientation), pTKcat, or pAg-
cat was 0.1-1.5% in all cells and similar results were
observed for all independently established JHLal and
JHL15 lines. The increased expression in JHLa1 cells
from promaoters containing AP-1 responsive elements
(pSV.cat or pFC4) is, at least in part, due to AP-1, singe
it was not observed in F-9 cells (Table 2).

DISCUSSION

The HSV-1 and HSV-2 RR1 preteins differ from their
counterparts in eukaryotic and prokaryotic cells and in
other viruses in that they possess a unigue amino-termi-
nal region that causes a 50% increase in their molecular
weights (Swain and Galloway, 1986; Nikas et al, 1986}
and has Ser/Thr speacific PK activity (Chung et af, 1988,
1990; Paradis et 8/, 1921; Conner et a/,, 1992). Addition-
ally, ICP10 has features of a signal peptide, a TM helical
segment foliowed by a basic residue (Arg'”) (Chung et
al, 1990; Luo and Aurelian, 1992) that is thought to an-
cher GFRs to the plasma membrane {Yarden and Ullrich,

A B
1234 1234
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FIG. 12. Maobility shift agsays with raf-1 (A) and Erk (B} antibodies.
{A) Extracts of JHL15 (lanes 1, 2) or JHLa1 {lanes 3, 4) cells cultured
{24 hr) under serum-starved conditions {DMEM-0.5% FBS) were immu-
nablotted with anti-raf-1 antibody {lanes 2, 3) or preimmune serum
(ianes 1, 4} after separation by SDS-PAGE. {B} Duplicates of the same
JHL15{lanes 1, 2) or }HLa1 (lanes 3, 4} cell extracts were immunablotted
with anti-Erk antibody (lanes 2, 3) or preimmune serurn (lanes 1, 4).

1988; Yarden, 1990), and SH3 binding maotifs {Smith et
al, 1994) that may be involved in protein—protein interac-
tions (Koch et &/, 1991). The ICP6 and ICP10 PK demains
are only 38% homologous (Nikas et al, 1988), possibly
accounting for soeme of their different properties. Thus,
ICP8 PK activity requires NaCl and lower Mn®™ and Mg®*
concentrations (Paradis ef a/, 1981) than ICP10 PK
{Chung ef al, 1989, 1990; Luo et-al, 1991; Luc and Aure-
lilan, 1992; Smith et af, 1992), and it is not clear whether
it has transphosphorylating activity (Paradis ef al, 1991;
Conner et a/, 1992). The putative TM domain ¢f ICPG is
not followed by basic residues for anchoring to the
plasma membrane, and ICPE lacks a congensus SH3
binding motif (Smith et a/, 1994), Unlike ICP10, the ICP§
PX minigene does not cause neoplastic transformation
{Camacho and Spear, 1978). The salient features of our
findings are the observations that ICP10 is present ¢n
the surface of transformed (JHLa1) cells, that it is internal-
ized like activated GFRs, and that it signals through raf-
1 and Erk. The foltowing comments seerm perfinent with
respect to these findings.

Immunagold staining with an antibady that recognizes
residues upstream of the TM supports previous conciu-
sians that ICP10 is associated with the plasma mem-
brane of JHLal cells and the polarity of the asscciation
is consistent with & functional TM segment (Luo and
Aurelian, 1892; Smith et &/, 1894). Indeed, ICP10-reiated
gold particles were seen on the surface of JHLal, but
not JHL1S cells that express the TWM-deleted mutant
p139™. In IHLa1, but not JHL15, cells gold particles were
also seen within structures that are morphalogically simi-
lar to those involved in the endocytosis of ligand-acti-
vated GFRs including coated pits and coated vesicles,
endocytic vesicles, MVBs, and lysosomes. Coated pits,
defined as indented regions of the membrane which avi-
dence a typical thickening appearance, are involved in
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TABLE 2

Activation of the c-fos Promoter in Cells That Constitutively Express ICP10°

% Conversien

Expt Construct JHLat JHL1S 293 F-9
1 pFCa® 72+ 1.2 0.8 = 0.2 1.2 =05 0.6 £ 0.1
pTKcat 0.8t o02 06 + 0b 0.6 x 0.2 1.5 % 0.7
2 pcatB’ 0.3+03 1.0 £ 08 05 x03 06+ 05
pSVcal 454 + 7.2 102+ 28 14.5 + 4.2 1.1+ 08
DA;qcat 1.0 £03 1.0+ 05 1.0 = 01 0.8 % 0.1

? Cells were transfected with 3 ug of plasmid DNA by the calcium phosphate method. They were harvested at 44 hr post-transfaction and CAT
assays were performed as previously described (Wymer et af, 1989). Results are expressed as percentage conversion which is the quantity of
chloramphenicol convertad 1o its acetylated form divided by the total quantity of both acetylated and unacetylated chloramphenicol. Results are the

average of three independent experiments = SEM.

® Gonversion from pFC4R that contains the c-fos premoter in reverse orientation was 0.1-0.5% in all lines.

the internalization of membrane proteins, GFRs, and sol-
utes, and sometimes express clathrin (Friend and Far-
quhar, 1967, Pearse, 1987; Pryer et a/, 1992). We ob-
served staining with anti-clathrin antibody in same of the
coated pit structures (data not shown) but we cannot
exclude the possibility that ICP10 is also internalized
through nop-clathrin-coated pits. Endosomes are identi-
fied by morphological criteria such as their size and the
presence of large quantities of imernalized proteins, Mo!-
ecules destined 10 be degraded in lysosomes are trans-
ported from endosomes to MVBs which are larger struc-
tures with a complex vesicular or multivesicular appear-
ance and are often observed in the perinuciear region
where lysosomes are also found (Griffiths et a/, 1988).
In addition to ultrastructural criteria, subcellular fraction-
gtion, kinetics of internalization, recycling, and degrada-
tion, and acidification properties have been used to dif-
ferentiate MVBs from endosomes (Fuchs et a/l, 1989).
However, exact distinction between the various struc-
tures is difficult because of the lack of bona fide endoso-
mal markers {Gruenberg et af, 1989). In our studies,
ICP10-containing structures other than lysosomes were
defined strictly on the basis of ultrastructural criteria. The
presence of ICP10 within lysosomes, on the other hand,
was uneguivocally established by its colocalization with
lysezyme as determined in double-staining experiments
with anti-LA4-7 and anti-lysozyme antibody.

The failure of p138™ to localize in structuses charac-
teristic of the endocytic pathway is not due to a general-
ized trafficking defect. Indeed, JHL15 cells contained
gold-free structures consistent with endocytic vesicles,
and immunogold staining with transferrin antibody indi-
cated that it is internalized equally well in both JHLa1
and JHL156 cells (data not shawn). It is also not due to
poor expression of p139™ or to the use of an inappropri-
ate antibody since: (i} JHLa1 and JHL15 cells stained
equally well with anti-LA-7 antibody and (i) p138™ was

precipitated as well as ICP10 by MAb H3 that is specific
for a different ICP10 determinant {in the RR domain). By
both of these methods, p139™ was almost exclusively
associated with the soluble fraction, an association that
is difficult to document in immunogold staining due to
losses resulting from the fixation procedure and to the
difficulty in differentiating it from nonspecific staining.

in the absence of a putative ligand, final conclusions
as to the nature and kinetics of {CP10 internalization are
premature. We believe that ICP1Q is internalized by the
endocytic pathway, since: {i} it was primarily detected
in endocytic vesicles and MVBs, (ii} it colocalized with
lysozyme, and (iii) the number of ICP10-associated gold
particles in lysosomes was lower than that in endocytic
vesicles, supporting the conclusion that it undergoes ly-
sosomal degradation. In this context it is significant to
point cut that oncogenic modification of GFRs is gener-
ally related to escape from ligand-bound downregulation
by lysosomal degradation (Yarden, 1990). However, li-
gand-bound EGFR was shown to cause fransformation
which was attributed to high levels of EGFR expression
{Velu et af, 1987). The conclusion that ICP10 undergoes
lysosomal degradation is consistent with such an inter-
pretation.

Several immunocytochemical and biochemical data in-
dicate that when cells are exposed to a ligand, the GFRs
bacome linked to the cytoskeleton thereby possibly im-
proving the efficiency of the transformation-associated
signaling cascade {(Rijken et &/, 1991; van Bergen en
Henegouwen et &/, 1992}. Upon EGF binding, actin bun-
dles that delineate cell margins are transiocated and
aggregate on cne side of the cell, a phenomenon de-
scribed as capping (Kwiatkowska et af,, 1991). Our find-
ings for ICP10 are similar. Thus, ICP10, but not p139™,
was associated with the cytoskeleton as determined
both by immunoprecipitation and by immunofluorescent
staining of Triton-treated cells. Staining with both anti-
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LA-7 antibody and phalloidin indicated that, at least in
part, ICP10 colocalizes with actin filaments. The func-
tional significance of the ICP10 assaciation with the cy-
toskeleton must await the results of further studies with
antibodies to cytoskeleton components, or to adaptor
proteins (viz. Ash/Grb-2) potentially required for ICP10
association with the cytoskeleton {(Matuoka et g/, 1993).
Antibodies to downstream effectors (viz. rac} that are
required for ligand-induced cytoarchitecture recrganiza-
tion {Ridley et g/, 1992), may also help clarify the func-
tional significance of this interaction. As SH3 matifs have
been identified in several cytoskeletal proteins and were
implicated in the regulation of the ¢cytoskeletzl interaction
with signaling motecules {Bar-Sagi et af, 1993h), it may
be possible that the interacticn between ICP10 and the
cytoskeleton involves the SH3 binding motifs within
ICP10. Implicit in this interpretation is the assumption
that the failure of p139™ to associate with the cytoskele-
ton is due to madification of SH3-binding motifs by sec-
ondaryftertiary structure alterations resulting from TM
deletion. Alternatively, cytoskeleton association requires
an intact PK activity. Similar studies with JHL® cells which
express a PK-deleted ICP10 mutant that has retained its
TM segment {Luo and Aurelian, 1992; Smith et af, 1994)
should help define the rale of the ICP10 PK activity, if
any, in cytoskeleton association.

The GTP-bound {active} form of ras transduces the
GFR-initiated signal to downstream effector proteins in-
cluding raf-1 {(Morrison et af, 1988; Wood et af, 1992;
Vojtek et s/, 1993) and Erk (De Vries-Smits et al, 1992
Robbins et @/, 1992; Wood et a/, 1992; Nishida and Go-
toh, 1993). The activated state of these proteins is re-
flected by a decrease in electrophoretic mobility follow-
ing hyperphosphorylation and is detected in immunablot-
ting assays with specific antibodies {(App et af, 1991;
Westwick et a/, 1994). c-fos activation is a downstream
conseguence of the activation of Erk {(Kortenjann et al,
1994). We have previously shown that ras is activated in
HLat, but not in IHL15, cells, an activation that corre-
lates with transforming potential (Smith et a/, 1994). The
present studies with antibodies to raf-1 and Erk revealed
apparently higher molecular weight species in jHLa1l
than in JHL1S cells, suggesting thal they are activated,
and censistent with the interpretation that they function
as downstream effectors of the ras pathway, also in
JHLa1 cells. The ¢-fos promoter was also activated in
JHLa1 celis, presumably related to increased levels of
AP-1 factors. However, our results do not go so far as to
demcnstrate that raf-1 and/or Erk are directly involved in
c-fos activation, nor do they demonstrate a causal role
for constitutive c-fos expression in ICP10-induced trans-
formation. Additicnally, our studies do not provide direct
evidence of a cause and effect relationship between ras
activation and the activation of raf-1, Erk, and c-fos. The
finding that ras (Smith et a/, 1994}, as well as raf-1, Erk,

and ¢-fos, is not activated in JHL15 cells is consistent
with the interpretation that the signal initiated by the
ICP10 PK activity involves ras and the PK cascade that
includes raf-1 and Erk and culminates in c-fos activatian.
However, multiple pathways are capable of stimulating
raf-1 activity (Morrison et al,, 1988; Kizaka-Kondoh et a/,
1992} and the contribution of other factors that may be
activated by ICP10, but not p139™, cannot be excluded.
Finally, the exact role of c-fos activation in cell replica-
tion/transformation remains unclear.

Previcus studies suggested that the ICP10 PK mini-
gene may have evolved from a celivlar gene that was
inserted into the polypeptide coding region of an ances-
tral HSV RR1 {Smith et al, 1991}, Implicitin this interpreta-
tion is the assumption that by participating in the viral
life cycle, the cellular gene provided a functional advan-
tage that justified its conservation. Therefore a critical
question is the role of the 'CP10 PK minigene in the virus
life cycle. Murine studies indicated that ICP6-deleted mu-
lants replicate poorly at ihe site of inoculation {ocular)
and in neurons they evidence decreased ability to estab-
lish latency, and they reactivate 1ess well than the witd-
type virus, presumably reflecting decreased growth in
infected hosts (Jacobson et al, 1989; Brandt et al, 1991,
Idowu et al, 1992). Mutants in BR2 are alsc less neurcvi-
rulent (Cameron et a/, 1988), suggesting that RR activity
is required, at least for neurovirulence. However, the role
of the PK relative to the RR domain in latency establish-
ment/reactivation is unclear. The finding that ICP10 has
AP-1 elements and can be activated by c-jun (Wymer et
al, 1989, 1992} suggests that it may respond 10 virus-
reactivating stimuli that induce transient and/or low lev-
els of AP-1 early in the reactivation process (Valyi-Nagy
et &/, 1991). Since ICP10 behaves as an activated GFR,
its expression may function to initiate signaling pathways
that further increase AP-1 levels thereby activating viral/
cellular genes required for the resumption of virus repli-
cation. Ultimately ICP10 also provides the RR activity that
is required for viral DNA synthesis in neurons. Consistent
with the interpretation that ICP10 PK is also involved
in signaling pathways in HSV-2-infected cells, previous
studies have shown that it is associated with the plasma
membrane and the cytoskeleton fraction from virus-in-
fected ¢elis (Chung et af, 1989). Because ICP6 may |ack
transphosphorylating activity and plasma membrane io-
calization as well as an AP-1 element and a consensus
SH3 motif, its PX activity may not be similarly involved in
the reactivation of HSV-1 from latency. Indeed, other viral
proteins have been implicated in HSV-1 reactivation {Cai
et al, 1993, Whitley et af, 1993), suggesting that different
viral functions may be involved, depending on the virus
type. Implicit in the interpretation that ICP6 PK is not
required for latency reactivation is the assumption that
it has another function in the virus life cycle that remains
1o be established.
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Further conclusions as to the respective roles of the
ICP10 PK and RR domaing in the virug life cycle must
await the results of ongoing studies with HSV-2 mutants
deleted in the PK and/or RR domains of ICP10. Compari-
son between these viruses and viruses carrying the wild-
type RR1 in infection and latency may provide important
information on the role of the PK minigene and its signal-
ing pathway in the virus life cycle.
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