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ABSTRACT

Protein arginine methylation is involved in viral infection and replication through the modulation of
diverse cellular processes including RNA metabolism, cytokine signaling, and subcellular localization. It
has been suggested previously that the protein arginine methylation of the RGG-box of ICP27 is required
for herpes simplex virus type-1 (HSV-1) viral replication and gene expression in vivo. However, a cellular
mediator for this process has not yet been identified. In our current study, we show that the protein argi-
nine methyltransferase 1 (PRMT1) is a cellular mediator of the arginine methylation of ICP27 RGG-box.
We generated arginine substitution mutants in this domain and examined which arginine residues are
required for methylation by PRMT1. R138, R148 and R150 were found to be the major sites of this meth-
ylation but additional arginine residues serving as minor methylation sites are still required to sustain
the fully methylated form of ICP27 RGG. We also demonstrate that the nuclear foci-like structure forma-
tion, SRPK interactions, and RNA-binding activity of ICP27 are modulated by the arginine methylation of
the ICP27 RGG-box. Furthermore, HSV-1 replication is inhibited by hypomethylation of this domain
resulting from the use of general PRMT inhibitors or arginine mutations. Our data thus suggest that
the PRMT1 plays a key role as a cellular regulator of HSV-1 replication through ICP27 RGG-box meth-

ylation.

© 2009 Elsevier Inc. All rights reserved.

Protein arginine methylation, a common post-translational
modification, is involved in the modulation of diverse intracellular
events that lead to cellular proliferation, activation, differentiation
and apoptosis [1,2]. The methylation of arginines is basically cata-
lyzed via S-adenosyl-L.-methionine (SAM) as the methyl donor and
a family of enzymes known as the protein arginine methyltransfer-
ases (PRMTs) [1]. In humans, 11 PRMTs (PRMT1-11) have so far
been identified and PRMTT1 is the most extensively characterized
of these enzymes in manifold cellular processes including RNA pro-
cessing, transcription, cytokine signaling, and cell fate [1-3].

Protein arginine methylation may be very important for viral
infection and replication through the modulation of viral replica-
tive proteins [4-7]. In our previous studies, we also reported that
the arginine methylation of NS3, a viral replicative protein, of
Hepatitis C virus can be modulated by PRMT1 or 5 [8,9]. However,

Abbreviations: PRMT, protein arginine methyltransferase; ICP27, infected cell
protein 27; HSV-1, herpes simplex virus type-1.
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the mechanism by which the host-cell arginine methylation sys-
tem is utilized by viruses has not been well documented thus far
in studies of viral replication. Hence, it is of interest to determine
whether viral replication is directly modulated by arginine methyl-
ation events catalyzed by the PRMTs.

HSV-1 ICP27 is an immediate-early protein with multifunc-
tional regulatory roles that are essential for viral replication, tran-
scription and translation [10]. It contains arginine-rich RGG-box,
nuclear localization signal (NLS), nuclear export sequence (NES)
and KH domains and shuttles between the nucleus and cytoplasm
[10]. Interestingly, Mears and Rice have previously suggested the
possibility that protein arginine methylation participates in HSV-
1 replication [11]. Significantly, the RGG-box is the exclusive target
motif in ICP27 for arginine methylation and is required for efficient
HSV-1 replication [11,12]. However, it is still unclear how this
domain is methylated or what the biological significance of this
modification is in vivo.

In our current study, we have investigated some of these issues
using HSV-1 as our model system. We focused on the functional
role of the arginine methylation of ICP27 RGG-box by PRMT1
during HSV-1 replication. Moreover, we analyzed the effects of
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these methylation events upon the regulation of viral replication
through the modulation of its subcellular localization, SRPK1 inter-
action, RNA-binding and cellular signaling. Our results implicate
the PRMT1 as a crucial cellular regulator of HSV-1 replication
through ICP27 RGG-box methylation.

Materials and methods

Cells, viruses and materials. Vero, V27, CRT-MG, and 293T cells
were maintained in DMEM supplemented with 10% FBS. The
HSV-1 wild-type strain KOS1.1 was obtained from ]. Ahn (CNU,
Korea) and its d27-1 mutant virus was obtained from D. Knipe
(HMS, MA). Adenosine-2,3-dialdehyde (AdOx), S-(5’-adenosyl)-L-
homocysteine (AdoHcy), and Histone (type Il AS) were purchased
from Sigma-Aldrich. Antibodies specific for FLAG, Myc, and actin
were from Sigma-Aldrich; for ICP27 and His (Santa Cruz Biotech);
for JNK, p-JNK, p38, p-p38, ERK, p-ERK and PRMT1 (Cell Signaling).

Plasmids and site-directed mutagenesis. Bacterial expression plas-
mids, pGEX-27 (GST-ICP27), pGEX-d4-5 (GST-d4-5), and pGEX-
RGG (GST-RGG) were obtained from S.A. Rice (UMMS, MN) and
PRMT1 (His-PRMT1) and pGST-GAR (GST-GAR) have been de-
scribed previously [8,9,13]. To construct mammalian expression
plasmids, the corresponding coding regions of ICP27, Hsc70, and
Sam68 were amplified by PCR and subcloned into pDsRed-N1
(Clontech), pcDNA3.1-myc-His (Invitrogen), or pCDH1-MCS1-EF1-
puro (System Bioscience). Expression constructs for Flag-tagged
human SRPK1 and SRPK2 were obtained from X.-D. Fu (UCSD,
CA). Site-directed mutagenesis of arginine residues within the
ICP27 RGG-box to alanine residues was performed using the Quick-
change site-directed mutagenesis kit (Stratagene) with the mu-
tated oligonucleotides (Table 1).

Protein preparations and methylation assays. Bacterially expressed
His-PRMT1 and GST-fusion proteins were purified as described
[9,11,13]. In vitro methylation assays were carried out as described
[9] in which purified PRMTs were incubated in buffer for 2 h at
30 °C with substrate proteins of the indicated amounts in the Fig-
ures and 0.1 uCi of S-[methyl-'*C] adenosyl-.-methionine ('*C-
SAM, Amersham Pharmacia Biotech) in PRMT buffer (25 mM
Tris-HCI (pH 7.5), 1 mM EDTA, 1 mM EGTA, and 1 mM PMSF).
For an affinity bead-bound methylation assay, methylated prod-
ucts of partially purified ICP27 point mutant proteins by PRMT1
were analyzed as described [9]. For methylation assay of Vero cell
extracts, cell extracts from 102 cells were prepared as described [9]
and the PRMT assay was carried out with 100 pg of a soluble Vero
cell extracts and 1 pg of GST or GST-RGG in the presence of 0.1 pCi
of 1*C-SAM as described above.

Virus infection and plaque assay. Viral titers were determined by
plaque assays using Vero or V27 cells as described [14,15]. To

Table 1
Primer sequences for site-directed mutagenesis.

perform an indirect plaque assay, viral titers were determined as
described [14,16]. Briefly, lentiviruses expressing WT ICP27-GFP
or its mutants were infected into CRT-MG cells and the cells were
selected with puromycin (0.2 pg/ml). The d27-1 mutant viruses
were infected at an MOI of 1. After 24 h post-infection, viruses
were prepared by three cycles of freeze-thawing at —80 °C. The
quantities of infectious virus were determined by plaque assay
using V27 cells. Mouse brains were sliced into 1-mm thick sections
(0.12-0.13 g in weight) which were then infected with 10° pfu of
WT HSV-1 for 1 h. Infected brain slices were washed, treated with
1 mM of AdOx or PBS, and cultured for 24 h. The viral titer was
measured using Vero cells.

Subcellular localization, immunoprecipitation (IP), and RNA
binding assay. For subcellular localization, the RFP expression plas-
mids for ICP27 or its counterparts expressing GFP were transiently
transfected into Vero cells (10° cells/ml) using Lipofectamine 2000
(Invitrogen). The cells were then observed with a confocal micro-
scope (Zeiss). For IP, protein interactions between ICP27 and SRPKs
were determined as described [9]. RNA binding assay was per-
formed using poly(G)-agarose beads as described [11,13].

Results
The RGG-box of HSV-1 ICP27 is methylated by PRMT1

We examined whether PRMT1, the predominant PRMT in cells,
can methylate the RGG-box of ICP27. We purified His-tagged-
PRMT1 from Escherichia coli (Fig. 1A) and its activity was verified
with previously known methyl acceptors such as histone or GST-
GAR (Fig. 1B). The methylation of GST-ICP27 was found to be serially
increased in the presence of His-PRMT1 in a dose-dependent man-
ner (Fig. 1B). Next, we constructed ICP27-deletion mutants
(Fig. 1C) and performed a PRMT assay with His-PRMT1. GST-ICP27
and GST-RGG, but neither GST-d4-5 nor GST, were found to be meth-
ylated by PRMT1 (Fig. 1D). Among relatively well known PRMTs
(PRMT1-6), the methylation of GST-ICP27 and GST-RGG was
predominantly mediated by PRMT1, but weak methylation of GST-
RGG by PRMT3, 5 or 6 was evident (Supplementary Fig. 1). Further-
more, we determined that the ICP27 RGG-box is methylated in Vero
cell extracts (Fig. 1E). These results thus indicate that the arginine
residues in the ICP27 RGG-box are methylated by PRMT1.

The R138, R148 and R150 residues are a major sites of arginine
methylation and fundamentally required for the efficient SRPK1
interaction and RNA binding of ICP27

We generated single point mutants of RGG-box by substitution
of arginine (R) for alanine (A) using site-directed mutagenesis

Mutant Primer sequence

R1A 5'-GCC CAG CCT GCC GCA GGC GGA CGC CGT-3'

R2A 5’-GCC CGC GGC GGA GCA CGT GGG CGT CGC-3’

R3A 5'-CGC GGC GGA CGC GCA GGG CGT CGC AGG-3'

R4A 5’-GGA CGC CGT GGG GCA CGC AGG GGT CGG-3'

R5A 5’-ACG CCG TGG GCG TGC AAG GGG TCG GGG TC-3'

R6A 5'-CGT GGG CGT CGC GCA GGT CGG GGG TCG C-3/

R7A 5'-GCG TCG CAG GGG TGC AGG TCG CGG TGG TC-3’

R8A 5'-CAG GGG GTC GGG GTG CAG GTG GTC CCG GGG G-3'

R17A 5’-GCC CAG CCT GCC GCA GGC GGA CGC CGT GGG CGT CGC AGG GGT GCA GGT CGC GGT GGT C-3/
R18A 5'-GCC CAG CCT GCC GCA GGC GGA CGC CGT GGG CGT CGC AGG GGT CGC GGT GCA GGT GGT C-3/
R78A 5’-GCC CAG CCT GCC CGC GGC GGA CGC CGT GGG CGT CGC AGG GGT GCA GGT GCA GGT GGT C-3'
R178A 5’-GCC CAG CCT GCC GCA GGC GGA CGC CGT GGG CGT CGC AGG GGT GCA GGT GCA GGT GGT C-3’
R12378A 5'-CAG CCT GCC GCA GGC GGA GCC GCT GGG CGT CGC AGG GGT GC-3’

RallA 5'-GCA GGC GGA GCC GCT GGG GCT GCC GCG GGT GCA GGT GCA GGT GGT-3’
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Fig. 1. The RGG-box of ICP27 is methylated by PRMT1 in vitro. (A) Purification of recombinant PRMT1. Purified 6xHis-tagged-PRMT1 (His-PRMT1) was visualized by
coomassie blue staining and immunoblotting. WB, western blotting. (B) ICP27 is methylated by PRMTT1 in vitro. A purified GST-glycine-arginine-rich domain (GST-GAR) and
histone were used as a positive controls and GST was used as a negative control. The methylated products were detected by fluorography (left panels, *C-methylation). The
purified substrate proteins were stained with coomassie blue (right panels) and the arrowheads indicate the position of the full-length substrate proteins. (C) Schematic
illustration of ICP27-deletion mutants shown as GST-tagged forms. The black box represents the RGG-box domain and the number of residues is indicated. (D) The RGG-box
domain is required for ICP27 methylation in vitro. The arrowheads indicate the position of the full-length mutant proteins. (E) The RGG-box of ICP27 is methylated by Vero

cell extracts. The arrowhead indicates the position of methylated GST-RGG.

(Fig. 2A) and carried out an affinity bead-bound methylation assay
to test for methylated arginine residues in RGG-box by PRMT1. The
methylation of the triple mutant, R178A, was significantly reduced
by more than 90%, whereas the arginine methylation of double
mutants was slightly reduced (20-60%) compared with WT ICP27
(Fig. 2B). Interestingly, we could not detect any methylated forms
of the R12378A and RallA mutants (Fig. 2B). These results indicate
that the R138, R148 and R150 residues are the major sites in the
ICP27 RGG-box for arginine methylation by PRMT1, although addi-
tional arginine residues appear to be required as minor methyla-
tion sites to sustain fully the methylated form of ICP27 RGG-box.

The interaction between the RGG-box of ICP27 and SRPK1 mod-
ifies SRPK1 activity resulting in hypophosphorylation of SR pro-
teins, thereby impairing their ability to function in spliceosome
assembly [17]. Therefore, we examined which of arginine residues
in this domain are essential for this binding. In IP, the triple mutant
R178A and multiple point mutants R12378A or RallA cannot bind
SRPK1 and SRPK2 (Fig. 2C and Supplementary Fig. 2A). Consis-
tently, we could not detect any SRPK1 shuttling to nucleus in con-
junction with R178A, R12378A or RallA as seen for WT ICP27 and
double mutants (Supplementary Fig. 2B). Our findings indicate that
the R138, R148 and R150 residues within the RGG-box are required
for the interaction of ICP27 with the SRPK1.

Next, we postulated that the modification of arginine residues
in ICP27 RGG-box by PRMT1 could modify the RNA-binding affinity
of this protein. To test this possibility, we performed a poly(G)-aga-
rose bead binding assay with cell extracts expressing WT ICP27 or
its mutants as described previously [21,22]. Single and double
point mutants did not show appreciable differences in this assay
(Fig. 2D and Supplementary Fig. 3). However, the RNA-binding
activity of the triple mutant R178A was dramatically reduced by
50% compared with WT ICP27 (Fig. 2D and Supplementary
Fig. 3). Furthermore, the RNA-binding activity of the R12378A mu-
tant was decreased to almost basal levels, whilst the RallA mutant
was completely deficient in this binding (Fig. 2D and Supplemen-
tary Fig. 3). We thus concluded that the R138, R148 and R150 res-
idues of the RGG-box primarily contribute to RNA binding by
ICP27, although additional arginine residues appear to be required
for full activity in this regard.

The nuclear foci-like structure of ICP27 is induced by the inhibition of
RGG-box methylation

We examined whether the nuclear transition of ICP27 is af-
fected by RGG-box methylation. Large foci-like nuclear structures
were observed for d4-5 mutant but these were few in number,



J. Yu et al./Biochemical and Biophysical Research Communications 391 (2010) 322-328

A
NLS
NES RGG KH1 KH2 KH3
] ] ]
P27 CITT]
a.a. 12
RGG box
1 23 456 7 8 mt
RGGRRGRRRGRGRGG
Mutants PP RO D P o
R1A AGGRRGRRRGRGRGG
R2A RGGARGRRRGRGRGG
R3A RGGRAGRRRGRGRGG
R4A RGGRRGARRGRGRGG
R5A RGGRRGRARGRGRGG
R6A RGGRRGRRAGRGRGG
R7A RGGRRGRRRGAGRGG
R8A RGGRRGRRRGRGAGG
R17A AGGRRGRRRGAGRGG
R18A AGGRRGRRRGRGAGG
R78A RGGRRGRRRGAGAGG
R178A AGGRRGRRRGAGAGG
R12378A AGGAAGRRRGAGAGG
Ralla AGGAAGAAAGAGAGG
C
g
Protein | << <S5«
interactionsggéégééséggsggE
sRPk1 |3 v F o+ T+ T e i et 0
SRPK2 |+ + ¥ + % + 5 + + F + 1 4+ 0 0
+ + + + +

325

mock
ICP27
d4-5
R17A
R18A
R78A
R178A
R12378A
RallA

14C-Methylation

IP: a-myc, WB: a-myc

WB: 0-ICP27

Relative arginine
methylation

© o9 9

N A O O =

& Qq"\

O
° ¢

P A oF ¥ o o ¥
¥V B A A° A N
& bei‘ql‘e'-‘»i\d;\q?

15

=

Relative polyG- O
o
n

Binding activity

o

mock
ICP27
dd-5
R1A
RZA
R3A
R4A
RSA
REA
R7A
REA
RATA
R18A
RT8A
R178A
R12378A
Rall A

Fig. 2. The effects of arginine substitutions in the RGG-box. (A) Site-directed mutagenesis. Substitutions are indicated by the bold underlined. NES, nuclear export sequence;
NLS, nuclear localization signal; RGG, RGG-box; KH, KH domain; a.a., position of amino acids; mt, the position of the R residue. (B) Affinity bead-bound methylation assay of
point mutants. The arrowheads indicate the position of the Myc-tagged ICP27 proteins. The relative arginine methylation levels (bottom panel) were measured from triplicate
experiments by densitometry using the Quantity One program (Bio-Rad). (C) Summary of the interaction between ICP27 mutants and the SRPKs. The relative intensities of the
protein interactions were measured from the triplicate experiments. +++, strong interaction; ++, moderate interaction; +, weak interaction; -, no interaction. (D) Graphical
depiction of the effects of the ICP27 RGG-box mutations on poly(G) RNA binding by ICP27. The relative poly(G) RNA binding was measured from triplicate experiments by

densitometry using the Quantity One program (Bio-Rad).

whereas small foci-like structures in the nucleus were detected for
WT ICP27 (Fig. 3A). The single point mutants showed nuclear local-
ization patterns that were very similar to wild-type (Supplemen-
tary Fig. 4A). However, the large nuclear foci-like structures
observed for d4-5 were also detected for mutants with two or
more arginine substitutions (Fig. 3A). To identify whether these
large foci are derived from the redistribution of ICP27 in the
nucleus and not as a result of shuttling to the cytoplasm, we exam-
ined the subcellular location of d4-5, and also the ICP27 RGG-box
double or triple mutants by cell fractionation assay. All of these
mutants were detectable only in the nuclear fraction (Fig. 3B).

It has recently been reported that the interaction between ICP27
and Hsc70 is required for the formation of nuclear foci-like struc-
tures of Hsc70 during HSV-1 infection [ 18]. We therefore next exam-
ined whether these foci formed by ICP27 mutants colocalized with
Hsc70. The colocalization of WT ICP27 and Hsc70 was detected in
small nuclear foci-like structures (Fig. 3C). We obtained similar re-
sults for three or more arginine substitution mutants with Hsc70
in large nuclear foci-like structures (Fig. 3C). Next, we examined
whether the large foci-like nuclear structures localize to the nucleoli.
None of the ICP27 mutants tested in this experiment colocalized to
any extent with B23/nucleophosmin, a standard marker of nucleoli
[19] (Supplementary Fig. 4B). These results indicate that the forma-
tion of the large nuclear foci-like structures by ICP27 RGG-box mu-
tants is not due to their nucleolar localization.

We finally tested whether the hypomethylation of ICP27 RGG-
box is related to the shuttling of ICP27 from the nucleus to the
cytoplasm or the formation of large nuclear foci. Cytoplasmic shut-
tling of hypomethylated Sam68, a positive control [13,20], follow-
ing treatment with 1 mM AdOx was observed, but hypomethylated
ICP27 was not detected in the cytoplasm (Fig. 3D). Interestingly,
the large nuclear foci-like localization of hypomethylated ICP27
was observed following inhibition with AdOx, whilst WT ICP27 re-
mained evenly localized in the nucleus in the absence of this treat-
ment (Fig. 3D). These findings indicate that the hypomethylation of
ICP27 is closely related to the formation of large nuclear foci, but it
remains to be conclusively determined whether a small portion of
the ICP27 proteins can be shuttled to the cytoplasm as a result of a
hypomethylated state.

HSV-1 replication is inhibited under hypomethylation conditions
caused by general PRMT inhibitors or arginine substitutions

As a preliminary experiment, we established a plaque assay
with WT HSV-1 (KOS1.1) or d27-1 mutant virus (ICP27-deletion
mutant) and tested whether the expression of the PRMT1 gene is
regulated by the increased ICP27 expression in Vero cells infected
with HSV-1 or vice versa. No viral plaques formed following d27-1
infection but were efficiently formed by WT HSV-1 infection at an
MOI range from 0.0002 to 0.02 (Supplementary Fig. 5A). The level
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Fig. 3. The formation of nuclear foci-like structures by RGG-box mutants of ICP27. (A) The formation of nuclear foci-like structures in the double or greater point mutants of
the ICP27 RGG-box. (B) Subcellular distribution of ICP27 RGG-box mutants. Tubulin was used as a marker for cytoplasmic proteins. N, nuclear fraction; C, cytoplasmic
fraction. (C) Colocalization of ICP27 mutants with the nuclear foci-like structures formed by Hsc70. The RFP-tagged ICP27 mutants were cotransfected with GFP-tagged Hsc70
(Hsc70-GFP) into Vero cells. (D) Subcellular localization of ICP27 in the presence of AdOx. Cytoplasmic shuttling of Sam68 following treatment with 1 mM AdOx (top panel).
DMSO (1 mM) was used as a vehicle control. The formation of nuclear foci-like structures by ICP27 following treatment with 1 mM AdOx (bottom panel).

of PRMT1 expression was not found to have changed as a result of
increased ICP27 expression in Vero cells infected by HSV-1 at an
MOI of 5.0 (Supplementary Fig. 5B). ICP27 expression and viral rep-
lication were also unchanged by the overexpression of PRMT1
(Supplementary Fig. 5B and C). In addition, no side-effects of the
PRMT inhibitors on Vero cells were observed by cell proliferation
assay or morphology testing (data not shown). To address whether
arginine methylation is involved in HSV-1 replication, we carried
out plaque assays in which the Vero cells infected with HSV-1 were
treated with general PRMT inhibitors (AdOx or AdoHcy). The num-
ber of viral plaques had significantly decreased following AdOx or
AdoHcy treatment in a dose-dependent manner (Fig. 4A and B). In
addition, the viral titer was significantly reduced in infected mouse
brains by treatment with 1 mM of AdOx (Fig. 4C). We further
tested whether the expression of ICP27 or PRMT1 is influenced
by PRMT inhibitor treatment. However, the gene expression level
of PRMT1 was unchanged by exposure to AdOx and the expression
of ICP27 was also unaltered by this inhibitor (Fig. 4D).

Since the activation by ICP27 of the stress kinases JNK and p38
during HSV-1 infection has been reported [14,15], we further
examined the influence of the PRMT inhibitors on the cellular sig-
naling resulting from HSV-1 infection. Signaling via JNK, p38 and
ERK was not significantly altered by AdOx treatment (Fig. 4D).
These results indicate that hypomethylation of ICP27 RGG-box is
not directly related to the regulation of cellular signaling by HSV-
1 infection. Finally, we performed an indirect plaque assay follow-

ing d27-1 mutant virus infection of CRT-MG cell-lines expressing
WT ICP27-GFP or its mutants (percentage of GFP* cells, 52-77%).
Replication defect phenotypes were found for ICP27 RGG-box mu-
tant viruses harboring three or more arginine substitutions
(R178A, R12378A, or RallA; Fig. 4E). These results thus indicate
that HSV-1 replication is inhibited under arginine hypomethyla-
tion conditions or by arginine mutations of critical sites in the
ICP27 RGG-box.

Discussion

The arginine methylation of the RGG-box of ICP27 in vivo has
been previously reported and suggested the possibility that protein
arginine methylation participates in HSV-1 replication [11]. How-
ever, the cellular mediator(s) of this process have not yet been
identified. In our present study, we show that the PRMT1 is in fact
the principal cellular mediator of the arginine methylation of the
ICP27 RGG-box. PRMTT1 is thought to be the major form of this en-
zyme, accounting for ~85% of the total arginine methylation events
in mammalian cells and predominantly localized in the nucleus,
although some cells showed both cytoplasmic and nuclear locali-
zation of PRMT1 [21-23]. Our present data also demonstrate that
ICP27 is mainly methylated in the nucleus because both the meth-
ylated and unmethylated forms of this protein are predominantly
nuclear. This explains why ICP27 methylation is mainly driven by
nuclear PRMT. Interestingly however, it has previously been re-
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Replication defects in the d27-1 virus in ICP27 RGG-box arginine substitution mutant cell-lines. An indirect plaque assay was carried out with d27-1 mutant virus in CRT-MG

cell-lines expressing WT ICP27-GFP or its RGG-box arginine mutants.

ported that the d3-4 mutant protein, in which the NLS sequence is
deleted from ICP27, is detectable only as a weakly methylated form
in vivo [11]. Hence, we cannot exclude the possibility that cytoplas-
mic PRMTs play a minor roles in ICP27 methylation. During the
course of our current study, a brief review and additional reports
of a functional role for the arginine residues of the ICP27 RGG-
box were published by Sandri-Goldin and colleagues [10,24,25].
Interestingly, the arginine residues within the ICP27 RGG-box were
found to be differentially methylated in both the nucleus and cyto-
plasm in these reports [10,24]. However, it remains unclear how
this viral protein is methylated in the nucleus and cytoplasm and
it is of some interest and importance to identify the specific PRMT
that is principally responsible for the methylation of ICP27. We
plan to elucidate these processes further in future studies involving
gene knock-down or knock-out systems for the PRMTs.

An important question that arises from our current findings is
the precise biological function of ICP27 RGG-box methylation by
PRMT1. Recent efforts by various groups have identified the func-
tional role of ICP27 RGG-box including its regulation of RNA-bind-
ing activity, SRPK1 interaction, and viral replication [10]. Based on
these findings, we speculated that the regulation of arginine meth-
ylation of ICP27 by PRMT1 might be a crucial event in the HSV-1
life cycle. We thus attempted to define the role of arginine residues
in an RNA binding assay of RGG-box mutants using alanine substi-
tutions. Interestingly, our data clearly demonstrate the crucial role
of three such residues within the ICP27 RGG-box, R138, R148 and
R150, in the efficient RNA binding of ICP27. We further found that
these three arginine residues are the principal arginine methyla-

tion sites for PRMT1 as well as determinants of protein-protein
interactions between ICP27 and the SRPK1. Furthermore, we found
also that large nuclear foci-like structures are formed as a result of
arginine substitutions or hypomethylation of the ICP27 RGG-box.
We postulate that the formation of large nuclear foci of hypome-
thylated ICP27 may underlie the negative effects of this state upon
HSV-1 replication. Consistent with these results, we found to our
surprise that HSV-1 replication is inhibited by a hypomethylated
condition of ICP27 RGG-box.

Cumulatively, our findings regarding the methylation of ICP27
RGG-box by PRMT1 indicate a new aspect of host system utiliza-
tion by HSV-1 during its replication. Our current findings thus sug-
gest that the PRMT1 plays key roles as a cellular regulator of HSV-1
replication through ICP27 RGG-box methylation.
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