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ABSTRACT

Herpes simplex virus 1 (HSV-1) unspliced 8.3 latency associated transcript (LAT), which located in the 
long repeat sequences, has been shown to contain at least 16 open reading frames (ORF: A-P). One of 
these ORF, ORF P, maps almost entirely antisense to HSV-1 neurovirulence gene, ICP34.5. Both ORF 
P and ICP34.5 are located in the long repeat and are antisense overlapping genes. Therefore, in ORF P 
deletion mutants, ICP34.5 is also deleted and thus, the characterization of ORF P mutants is almost 
impossible. An alternative way to analyze its function is to determine those cellular and viral proteins 
which interact with ORF P. During these experiments, firstly, the expression of full length Glutatione-
S-transferase (GST)-ORF P fusion protein was optimized and then, using GST-pull down, it was 
shown that ORF P interacts with a viral and a few cellular proteins in vitro. Conclusively, ORF P 
might have some functions in HSV-1 replication cycle.  Iran. Biomed. J. 10 (1): 9-13, 2006
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INTRODUCTION

erpes simplex virus 1 (HSV-1) unspliced 
8.3 latency associated transcript (LAT), 
which located in the long repeat sequences, 

has been shown to contain at least 16 open reading 
frames (ORF: A-P) [1]. One of these ORF, ORF P, 
maps almost entirely antisense to HSV-1
neurovirulence gene, ICP34.5 [1, 2]. Detailed 
analysis of the products encoded by ORF P showed 
that ORF P expresses a 248-amino acid protein in 
strain F and a 233-amino acid protein in strain 
17+[1]. Both ORF P and ICP34.5 are located in the 
long repeat and are antisense overlapping genes [3]. 
Therefore, in ORF P deletion mutants, ICP34.5 is 
also deleted and thus, the characterization of ORF P 
mutant is almost impossible. To date, no definite 
role has been attributed to ORF P except a possible 
role in splicing at early times in infection [4].

An alternative way to analyze its function is to 
determine those cellular and viral proteins which 
interact with ORF P. The Glutatione-S-transferase 
(GST) pull down is a well characterized method and 
it was previously shown that it is useful for 
determining protein-protein interactions in vitro [5, 

6]. Therefore, it was used in this work to determine 
the interaction of ORF P with cellular and viral 
proteins. ORF P protein, like many HSV-1 proteins, 
is not expressed in full length in the bacterial 
system [7]. During these experiments, firstly, the 
expression of full length GST-ORF P protein was 
optimized and then, using GST-pull down, it was 
shown that ORF P interacts with a viral and a few 
cellular proteins in vitro.

MATERIALS AND METHODS

Bacteria.  The E. coli strain used in this work was 
BL21 [BF- dcm ompT hsds (rB-mB-) gal] 
(Stratagene, UK).

Bacterial culture media.  The bacterial strain was 
grown in L-broth (170 mM NaCl, 10 g/L
bactopeptone, 5 g/L yeast extract) or 2YT broth (85
mM NaCl, 16 g/L bactopeptone, 10 g/L yeast 
extract). L-broth/agar plates were made with 1.5%
(w/v) agar in L-broth. Where necessary, media and 
L-broth/agar plates were supplemented with the 
appropriate antibiotic, e.g. 100 g/ml ampicillin. 
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Plasmids. The plasmids used in this work were: 
i) GST (Pharmacia, UK); GST-ORF P in which 
ORF P was inserted in frame at the 3' end of GST.

Transformation of bacterial cells.  L-broth or 
2YT broth (5 ml) were inoculated with E. coli and 
grown overnight in a shaking incubator at 37C. 
Fresh media (100 ml) were inoculated with 1 ml of 
the overnight culture and grown for approximately 
3 h until an OD600 of 0.6-1.0 had been reached. The 
cells were pelleted by centrifugation at 500 g at 
4C for 15 min and the bacterial pellet resuspended 
in 50 ml of 50 mM CaCl2. The bacteria were
pelleted as before, resuspended in 10 ml of 50 mM 
CaCl2 and incubated on ice for 30 min-24 h and 
used for transformation.

Expression and purification of GST fusion 
protein.  A single freshly transformed colony was 
grown overnight in 5 ml 2YT broth containing 100
g/ml ampicillin. This culture was diluted 1/100 in 
2YT containing 100 g/ml ampicillin and grown in 
a shaking incubator at 37C to reach an OD600 of 
0.6-0.1. To induce expression of the GST fusion 
protein, 0.2 mM Isopropyl-B-D-thiogalactoside 
(IPTG) was added and the cultures placed back in 
the incubator for either at 37C for 2 h. After 
induction, the culture was centrifuged at 19,000 g 
at 4C for 5 min, the supernatant discarded and the 
pellet resuspended in 300 µ1 ice cold PBS 
(phosphate buffer saline). Cells were lysed using a 
soniprobe and centrifuged at 19,000 g at 4C for 5
min to remove the cell debris. The supernatant was 
transferred into a fresh Eppendorf tube, 50 µ1 of 
50% (v/v) glutathione agarose beads added to the 
supernatant and mixed end-over-end at 4C for 1-3
h. Samples were centrifuged at 19,000 g at 4ºC for 
1 min, the supernatant discarded and 1 ml of PBS 
added to the pellet, vortexed, and centrifuged for 1
min at room temperature. Washing was repeated 3
times and the pellet harvested in boiling mixture
and analyzed by SDS-PAGE or stored at 4C for 
use in a pull down assay.

Cell extract preparation for GST pull down.  For 
pull down assays, soluble protein extracts were 
prepared from either labelled or unlabelled infected 
or mock infected (MI) cell extracts. For labelled 
extracts, proteins were labelled with 100 Ci/ml 
[35S]-methionine in E-met/5. Cell monolayers were 
washed twice with PBS, 1.3 ml 4-(2-Hydroxyethyl)-
1-piperazineethanesu/fonic acid (HEPES) extraction

buffer added for 30-60 min at 4C and cells 
harvested by scraping. The cells were lysed by 
sonication for 2 min in a sonibath and cell debris 
pelleted by centrifugation at 19,000 g for 2 min. 
The pellet was discarded and soluble protein 
extracts were stored at -70C.

GST-pull down assay. Freshly prepared 
glutathione agarose beads with bound GST fusion 
proteins were mixed with 300 or 400 l labelled or 
unlabelled cell protein extract and incubated at 4C 
for at least 3 h with continuous end-over-end 
mixing. The beads were harvested by centrifugation 
at 19,000 g for 1 min and washed 3 times in 1 m1
HEPES extraction buffer containing different 
amounts of NaCl (0.5-500mM). The beads were 
harvested in boiling mixture and either stored at 
-20C or boiled for 5 min, analyzed by SDS-PAGE 
gels were either fixed, dried and autoradiographed
or used for Western-blotting. 

RESULTS

Expression and optimization of GST-ORF P.  To 
express a protein in E. coli, GST is commonly used 
as a fusion partner [8]. During the expression of the 
fusion protein, several factors such as temperature, 
time, IPTG and E. coli strain can be varied to 
maximize the amount, length, and solubility of the 
protein. The expression of GST-ORFP in a bacterial 
system had not been previously optimized. Thus, 
using a number of E. coli strains at different 
temperatures and different amounts of IPTG, 
expression of the amount and length of GST-ORF P 
was optimized (data not shown). Eventually, at the 
final experiment (Fig. 1), a full length of GST-ORF 
P which is 66 kDa was obtained (lane 1). GST was 
used as a control and its full length is 28 kDa (lane 
2).

Interaction of HSV-1 ORF P with a number of 
cellular and a viral protein by using pull down 
assay.  GST fusion protein in which the protein of 
interest is cloned in frame with the carboxy
terminus of GST is widely used to identify new 
protein: protein interactions or to confirm and 
investigate those identified in other systems [9]. The 
concentration of salt, detergents and both target and 
interacting proteins affect interaction of the two 
proteins in pulled down assay. The standard 
concentration of NaCl in washing buffer is 0.5 mM. 
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Fig. 1.  Expression of GST, GST-ORF P at final experiment.  
GST pull down extracts were run on a 5-12.5% gradient SDS-
PAGE and analyzed by Coomassie blue staining.  Lane 1, GST; 
lane 2, GST-ORF P; lane 3, molecular weight marker with sizes 
shown.  GST-ORF P related bands  of  40  kDa (....),  45  kDa  
(    ), 50 KDa (        ) and 66 KDa (          ) are indicated.

   As usual, washing with 0.5 mM NaCl containing 
wash buffer resulted in no specific bands being 
detected. (data not shown). By increasing the salt 
concentration, the stringency of the washing buffer 
would increase and hopefully remove non-specific 
binding bands leaving specific interacting bands 
visible. Thus, there was an attempt to optimize the 
detection of interacting bands by GST/ORF P by 
changing the salt concentration of the washing 
buffer. Using 5 mM NaCl containing wash buffer 
(personal data), no specific bands were still 
detected. However, increasing the NaCl to 50 mM 
(Fig. 2) resulted in a number of specific bands being 
detected. These bands include 6 cellular and one 
viral protein with sizes of 24, 26, 27, 33, 40 (viral), 
47, and 60 kDa (lanes 2 and 4). 

DISCUSSION

HSV-1 ORF P overlaps and is antisense to 
ICP34.5 gene. An alternative way to analyze 

function of a gene is to determine those cellular and 
viral proteins which interact with it. This was 
carried out for ORF P. It was previously shown that 
GST pull down is useful for determining protein-
protein interactions in vitro [9, 10] and thus this 
method was used in this work to determine the 
interaction of ORF P with cellular and viral 
proteins. 

The main problem faced in carrying out the pull 
down experiments was the lack of expression of full 
length GST-ORF P fusion protein. This fusion 
protein like many HSV-1 proteins does not express 
as full length in bacterial systems [11, 12]. Using a 
number  of E. coli strains and different temperatures 

Fig. 2.  Optimization of GST pull down experiment by the 
use of different concentration of NaCl in the washing buffer. A 
GST pull down was performed on [35S] methionine labelled 
17+ infected (lanes 1 and 2) and mock infected (MI) cell
extracts (lanes 3 and 4), analyzed by SDS-PAGE and 
autoradiography. Pull downs were washed with 50 mM NaCl. 
Lanes 1 and 2, 17+ infected extract; lanes 3 and 4, MI extracts; 
lanes 1 and 3, GST; lanes  2 and 4, GST-ORF P.  GST-ORF P 
interacting cellular (  ) and viral (    ) bands with their 
molecular weights are indicated.  Molecular weight is marked.
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of induction, the expression of GST-ORF P in terms 
of both amount and length was optimized. In the 
final experiments, two higher molecular weight 
bands of 50 and 60 kDa were detected. GST-ORF P 
should theoretically be about a 55-60 kDa protein 
[1, 13, 14]. Thus, as the results showed, at the end, 
some nearly full length GST-ORF P was expressed 
and this preparation was used for the pull down 
assays.

In the initial experiments, using the standard 
conditions for a GST pull down assay, no ORF P 
interacting proteins were detected. This method had 
previously identified a number of cellular proteins 
interacting with GST-ICP27 [6, 10, 15] and GST-
ICP34.5 [16, 9]. As with co-immunoprecipitation, 
salt and detergent concentrations in the buffers 
along with target and interacting protein 
concentrations affect which proteins are pulled 
down. By changing the salt concentration of the 
washing buffer, the detection of proteins interacting 
with GST-ORF P was optimized. The standard 
buffer used contained 0.5 mM NaCl and by 
increasing the salt concentration it would increase 
the stringency of the washing buffer and hopefully 
remove non-specific binding proteins leaving 
specific interacting proteins visible. In the initial 
experiments, using the standard conditions for a 
GST pull down assay, no ORF P interacting 
proteins were detected. Therefore, to optimize this 
method, washing with 0.5 and 5 mM NaCl 
containing wash buffer resulted in no specifically 
bound proteins being detected (data not shown). 
However, increasing the NaCl to 50 mM resulted in 
binding by a number of specific proteins being 
detected. These include one viral and 6 cellular 
proteins. ORF P N-terminal was cloned (in C-
terminal of GST) as a 3' GST fusion protein [9]) 
and thus is intact. As different lengths of GST-ORF 
P fusion protein were expressed (mostly truncated), 
all the fusion proteins will include the amino-
terminus but be truncated at the carboxy-terminus. 
Thus, the proteins identified might interact with the 
amino-terminus of ORF P.

There is some previous evidence indicating that 
ORF P interacts with a number of splicing factors 
and may play a role in splicing [4, 17]. Using GST 
pull down assay, the result of this work also showed 
that ORF P interacts with a number of cellular 
proteins and one viral protein (Fig. 2). Based on this 
method, as a number of specific interactions 
detected in both viral and MI cell extracts with 
GST-ORF P (and not with GST) (lanes 2 and 4), 
these bands are cellular proteins interacted with 
ORF P. Also, as one specific interaction detected in 

only viral infected cell extracts (not in mock 
extract) with GST-ORF P (lane 2), this band is a 
viral protein. Conclusively, these results indicate 
that ORF P might have a role in HSV-1 replication 
cycle which has still to be determined.
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