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20  SUMMARY:
21  ICPO undergoes nuclear-to-cytoplasmic translocation during HSV-1 infection. The molecular
22 mechanism of this event is not known. Here we describe the use of confocal microscope as a tool
23 to quantify ICPO movement in HSV-1 infection, which lays the groundwork for quantitatively
24 analyzing ICPO translocation in future mechanistic studies.
25
26  ABSTRACT:
27  Infected cell protein 0 (ICPO) of herpes simplex virus 1 (HSV-1) is an immediate early protein
28  containing a RING-type E3 ubiquitin ligase. It is responsible for the proteasomal degradation of
29  host restrictive factors and the subsequent viral gene activation. ICPO contains a canonical
30 nuclear localization sequence (NLS). It enters the nucleus immediately after de novo synthesis
31 and executes its anti-host defense functions mainly in the nucleus. However, later in infection,
32 ICPO is found solely in the cytoplasm, suggesting the occurrence of a nuclear-to-cytoplasmic
33  translocation during HSV-1 infection. Presumably ICPO translocation enables ICPO to modulate its
34  functions according to its subcellular locations at different infection phases. In order to delineate
35 the biological function and regulatory mechanism of ICPO nuclear-to-cytoplasmic translocation,
36 we modified an immunofluorescent microscopy method to monitor ICPO trafficking during HSV-
37 1linfection. This protocol involves immunofluorescent staining, confocal microscope imaging, and
38 nuclear vs. cytoplasmic distribution analysis. The goal of this protocol is to adapt the steady state
39 confocal images taken in a time course into a quantitative documentation of ICPO movement
40 throughout the lytic infection. We propose that this method can be generalized to quantitatively
41  analyze nuclear vs. cytoplasmic localization of other viral or cellular proteins without involving
42  live imaging technology.
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Herpes simplex virus 1 (HSV-1) causes a wide range of mild to severe herpetic diseases including
herpes labialis, genital herpes, stromal keratitis, and encephalitis. Once infected, the virus
establishes a lifelong latent infection in ganglia neurons. Occasionally, the virus can be
reactivated by various reasons such as fever, stress, and immune suppression?, leading to
recurrent herpes infection. Infected cell protein 0 (ICPO) is a key viral regulator crucial for both
lytic and latent HSV-1 infection. It transactivates downstream virus genes via counteracting the
host intrinsic/innate antiviral defenses?3. ICPO has an E3 ubiquitin ligase activity, which targets
several cell factors for proteasome-dependent degradation3. It also interacts with various cell
pathways to regulate their activities and subsequently to offset host antiviral restrictions3. ICPO
is known to locate at different subcellular compartments as the infection proceeds>. The protein
has a lysine/arginine-rich nuclear localization signal (NLS) located at residues 500 to 506°. Upon
de novo synthesis at early HSV-1 infection, ICPO is immediately imported into the nucleus. It is
first detected at a dynamic nuclear structure termed nuclear domain 10 (ND10)”. The E3 ubiquitin
ligase activity of ICPO triggers the degradation of ND10 organizer proteins, promyelocytic
leukemia (PML) protein, and speckled protein 100 kDa (Sp100)%1°. After the loss of organizer
proteins, ND10 nuclear bodies are dispersed and ICPO is diffused to fill the entire nucleus®*.

Interestingly, after the onset of viral DNA replication, ICPO disappears from the nucleus. It is solely
found in the cytoplasm, suggesting the occurrence of a nuclear-to-cytoplasmic translocation late
in HSV-1 infection*'2. The requirement of the DNA replication implies the potential involvement
of a late viral protein(s) in facilitating the cytoplasmic translocation of HSV-1 ICP0**2, Apparently
ICPO trafficking among different compartments during infection empowers ICPO to modulate its
interactions to various cellular pathways in a spatial-temporal fashion, and therefore coordinate
its multiple functions to fine tune the balance between the lytic and latent HSV-1 infection3. To
better understand ICPO multifunctionality and the coordination of ICPO functional domains
throughout the lytic infection, we carefully dissected the molecular basis of the dynamic ICPO
translocation!?. To conduct the mechanistic studies previously reported*?, we have applied an
immunofluorescent staining method to visualize ICPO subcellular localization at different
infection status under confocal microscope. We have also developed a quantitative protocol to
analyze the nuclear vs. cytoplasmic distribution of ICPO using the confocal software. The
population of HSV-1 infected cells was tabulated throughout the infection phases and the trends
of ICPO movement were analyzed, under different biochemical treatments!?. Here we describe
the detailed protocol that documents ICPO translocation in HSV-1 infection. We propose that this
method can be adopted as a general method to study the nuclear vs. cytoplasmic translocation
for other viral or cellular proteins, which can serve as an alternative to live imaging when the live
imaging technique is inapplicable due to problems such as labeling method, signal intensity, or
protein abundance.

PROTOCOL:
1. Cell Seeding and Virus Infection

1.1. At 20-24 h before the virus infection, seed 5 x 10* of human embryonic lung (HEL) fibroblast
cells or other cells to be examined on a 4-well 11 mm staggered slide in growth medium
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(Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS)).
Incubate the cells at 37 °C with 5% carbon dioxide (CO).

Note: Each well should have 70-80% cell confluency at the time of infection.

1.2. On the next day, remove the growth medium and infect the cells with viruses in Medium-
199 at a range of 4-10 pfu/cell. Incubate virus-infected cells for 1 h at 37 °C. Keep shaking the
slide during the incubation period.

1.3. After the 1 h incubation, remove Medium-199 and supplement with growth medium.

Note: Drugs that interfere with different infection phases can be added at this step or prior to
viral absorption.

1.4. Incubate the virus-infected cells at 37 °C with 5% CO; for various lengths of infection period.
2. Fixation and Permeabilization

2.1. At proper infection time, quickly wash the infected cells with phosphate-buffered saline
(PBS) 3 times and add 200 pL of 4% paraformaldehyde freshly prepared in PBS. Incubate the cells

with paraformaldehyde for 8-10 min at room temperature to fix the cells in each well.

2.2. Aspirate paraformaldehyde and wash the wells with 200 pL of PBS for 3 times. Completely
aspirate PBS after the 3" wash.

2.3. Add 100 pL of 0.2% non-ionic surfactant to each well to permeabilize the cells for 5-10
minutes.

2.4. Aspirate the non-ionic surfactant and wash the wells with 200 puL of PBS for 3 times.
3.  Immunofluorescent Staining

3.1. Completely aspirate PBS and add 200 pL of blocking buffer (1% bovine serum albumin (BSA)
and 5% horse serum in PBS) in each well and incubate at room temperature for 1 h or at 4 °C
overnight.

3.2. Add experimentally determined concentration of primary antibody (rabbit anti-ICPO
polyclonal antibody'?) in blocking buffer and incubate primary antibody at room temperature for
2 hor at 4 °C overnight.

3.3. Wash with blocking buffer 3 times with 10 min incubation. Add Alexa 594-conjugated goat
anti-rabbit secondary antibody (1:400 diluted in blocking buffer) and incubate the slides at room
temperature for 1 h. Then wash the slides 3 times with blocking buffer at 10 min interval.
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3.4. Finally wash the slide once with PBS to remove residual BSA and horse serum.

3.5. Add one drop of antifade mounting medium with 4’,6-diamidino-2-phenylindole (DAPI) to
mount the slide and seal it with coverslip using transparent nail polish.

4. Confocal Imaging
4.1 With a confocal microscope, set the wavelength at 590-650 nm for Alexa 594 and 410-520
nm for DAPI. Select image format at 1024 x 1024 and line average of 8 to acquire high resolution

images.

4.2 Analyze each well on the 4-well slide under confocal microscope. Acquire representative cell
images under the 100 X objective, as shown in Figures 1 and 2.

4.3 For counting large number of cells, take images of consecutive fields under the 40X
objective.

Note: It requires 5-10 images to accumulate over 200 infected cells from each time point of each
infection.

4.4 |In each experiment, take pictures with constant confocal parameters for all samples need to
be compared.

5. Analyzing Nuclear vs. Cytoplasmic Distribution

5.1. Open project with the confocal application software. Select an image from which cells need
to be tabulated for nuclear vs. cytoplasmic distribution of ICPO.

5.2. Click the tab “Quantity” from top menu and select “sort ROIs” from tools menu.

5.3. Draw a longitudinal line across the cell to be analyzed by selecting “Draw line” from top
menu.

Note: Histogram will appear showing the fluorescence intensity along the line for both ICPO and
DAPI. In the histogram, blue line represents DAPI pixels and marks the boundary of the nucleus
whereas the red line represents ICPO pixels.

5.4. Based on background staining, set up a constant threshold for ICPO intensity to analyze ICPO
subcellular distribution in each experiment.

5.4.1. As exemplified in Figure 2, if the red signal on average is below the threshold in the nuclear
region but is above the threshold beyond the blue boundary, categorize the red signal as
predominantly located in the cytoplasm.
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5.4.2. If the red signal is above the threshold throughout the nucleus and beyond the boundary
of blue signal, group the red signal as nucleus plus cytoplasmic localization.

5.4.3. If the red signal is above the threshold in the nucleus but on average is below it outside the
boundary of blue signal, group the red signal as nuclear localization.

5.5. Tabulate more than 200 infected cells from each sample at different infection time and plot
in bar graph to illustrate ICPO movement according to time (Figure 3).

REPRESENTATIVE RESULTS:

To understand the molecular basis and biological functions of ICPO trafficking during HSV-1
infection, we use an immunofluorescent microscopy method to analyze ICPO subcellular
distribution at different infection phases. Figure 1 shows the representative cells with distinctive
ICPO localization as the infection progresses. To quantify the nuclear-to-cytoplasmic
translocation of ICPO, we analyze ICPO distribution relative to the nucleus by categorizing infected
cells into three groups: nuclear localization, cytoplasmic localization, and nuclear plus
cytoplasmic localization (Figure 2). To understand elements required for ICPO trafficking during
infection, we track ICPO movements in wild type or mutant HSV-1 at different infection phases.
Figure 3 shows an example of tabulation results for subcellular distribution of ICPO at different
time point of infection.

FIGURE AND TABLE LEGENDS:

Figure 1: Dynamic trafficking of ICPO during HSV-1 infection. HEL cells grown on 4-well slides
were infected with prototype HSV-1 (strain F) at 10 pfu/cell. At 1, 5, and 9 hours post infection
(hpi), cells were fixed, permeabilized, and reacted to rabbit anti-ICPO and mouse anti-PML
primary antibodies, and then reacted to Alexa 594-conjugated anti-rabbit and Alexa 488-
cojugated anti-mouse secondary antibodies for imaging under 100 X objectives. Promyelocytic
leukemia (PML) protein serves as a marker protein for ND10 nuclear bodies, which disappears at
5 and 9 hpi due to PML degradation in infection. The scale bar represents 10 um in length.

Figure 2: Analysis of ICPO subcellular distribution. Left panel: With a confocal microscope,
representative cells were enlarged to show the longitudinal line drawn across the cell that defines
the region of interest (ROI). Right panel: Fluorescence pixel intensities in ROl were quantified for
both ICPO and DAPI in individual cells and illustrated as histograms by the confocal application
software. An arbitrary threshold (green line) was set to reflect the background staining. The scale
bar represents 10 um in length.

Figure 3: Percentage of subcellular distribution for wild-type and C-terminal truncated ICPO.
HEL cells were infected by recombinant viruses containing wild-type ICPO (ICPO WT) or C-terminal
truncated ICPO (ICPO C-truncation) at 4 pfu/cell. At indicated time points, cells were stained and
analyzed as described above. Over 200 cells were tabulated for ICPO location. Percentage of cells
containing nuclear, cytoplasmic, or nuclear+cytoplasmic ICPO were plotted with a spreadsheet
computation software. This is an exemplary experiment to show that using this method, we have
identified ICPO C-terminus as a domain required for ICPO nuclear-to-cytoplasmic translocation.
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DISCUSSION:

This protocol has been used to study the nuclear-to-cytoplasmic translocation of HSV-1 ICPO. ICPO
undergoes subcellular trafficking during HSV-1 infection (Figure 1). Likely, ICPO interacts with
various cell pathways to carry out different functions at different locations. This enables ICPO to
fine tune its multiple functions in the tug-of-war with human host'3. However, how ICPO
coordinates the multiple functions in a spatial-temporal manner has not been well studied. With
the fluorescent microscopy protocol described above, we started to analyze the molecular basis
of ICPO nuclear-to-cytoplasmic translocation. As of now, we have identified the ICPO C-terminal
35 amino acids as a required element important for this translocation. In the absence of C-
terminus, ICPO is restrained within the nucleus throughout infection (Figure 3). We have also
found that an ICPO E3 ligase-dependent nuclear retention force delays the nuclear-to-
cytoplasmic translocation in U20S cells'2. Furthermore, we have discovered that ICPO C-terminus
and the expression of late viral proteins cooperate to overcome the nuclear retention and
facilitate cytoplasmic translocation®?. Currently, we are using this protocol to screen for the late
viral proteins involved in the ICPO nuclear-to-cytoplasmic translocation.

The protocol was initially developed to study the dynamic trafficking of ICPO in HSV-1 infection.
As shown in Figure 1, early in HSV-1 infection, ICPO is colocalized with ND10, where several key
components of cellular restrictive factors and ND10 components such as PML and Sp1008, are
degraded. After degrading ND10 key constituents, ICPO diffuses throughout the nucleus and late
in infection, ICPO is translocated to the cytoplasm. Because ICPO undergoes de novo synthesis
upon infection, the initial protein abundancy is very low and then a robust viral synthesis will
quickly obscure the movement of any individual molecules, which makes it difficult to track a
single molecule using live imaging technology. Therefore, we deliberately chose not to use live
imaging. Instead, we adopted the above protocol to study the steady state ICPO localization at
different infection points, which served us well in tracking ICPO temporal movement in a
population of HSV-1 infected cells.

For a high signal-to-background ratio in confocal analysis, two critical steps are noteworthy in the
wet-bench part of this protocol. First, the 4-well staggered slides allow multiple samples to be
handled on one single slide. It greatly saves the usage of precious reagents like viruses and
antibodies. However, because the volume held in each well is so small, residual buffer not
completely cleared during buffer changes can interfere with the subsequent reagent. Therefore,
in each buffer switch, a thorough aspiration is needed before adding the new buffer. Second,
based on our experiences, the extent of cell crosslinking and membrane permeability is
important for the clarity of fluorescence signals. We have set an empirical number of 10 min for
both paraformaldehyde and nonionic surfactant treatments. We found that time much longer or
shorter than 10 min can decrease the signal-to-background ratio. As shown in Figures 1 and 2, as
well as in a previous study??, images obtained in our experiments are crystal clear. The prominent
blue signal that clearly outlines the nuclear boundary is key to determining the subcellular
distribution of ICPO. In the computational part of this protocol, one crucial step is to set a constant
threshold to eliminate the background. A successful staining with high signal-to-background ratio
is the key to a lower threshold line and better signal contrast. Keeping a constant threshold for
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all samples in the same experiment, however, is the foundation for the quantitative
documentation of ICPO (Figures 2 and 3).

The protocol can also serve as a general tool to study subcellular trafficking for other viral or
cellular proteins when a suitable live imaging method is lacking. In live imaging technique, cells
are kept at optimal physiological environment to maintain cell metabolic status!**°>. A basic
requirement for live cell imaging is to fluorescently label the target protein, which can be
achieved by fusing the target protein with a fluorescent tag®, or to deliver a fluorophore
conjugated molecule specific for the target protein'’. In either case, problems may rise if the
fusion of fluorescent tag changes target protein property or fluorophore conjugated molecule
has difficulty to cross cell membrane. Photobleaching that causes cell damage in the process is
an additional concern in live imaging!8. Therefore, new strategies to overcome the limitation of
live imaging continue to be the frontier of technology development. The protocol we described
here provides temporal analysis of the steady state confocal images, which can serve as an
alternative tool when a proper live imaging method is unavailable. The method is easy and
reliable. It provides clear detection of protein subcellular localization with minimum background.
Using confocal software, we are able to quantitatively analyze the percentage of cells with
different distributions of the target protein in a cell population and document the movement of
target protein at different cell phases.
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Cells and viruses

Medium

Reagents

Equipment

Click here to download Table of Materials Materials Table.xls

Name of Material/ Equipment

Human Embryonic Lung fibroblasts (HEL Cells)
HSV-1 viral Stock (Strain F)

Dulbecco’s modified Eagle’s medium (DMEM)
Fetal Bovine Serum (FBS)
Medium-199 (10X)

4- well 11 mm staggered slide

16% Paraformaldehyde solution(w/v) Methanol free

Triton X-100

Bovine Serum Abumin (BSA)

Horse Serum

Phosphate Buffered Saline (PBS) (137 mM NacCl, 2.7 mM KCl, 10 mM Na,HPO,, pH7.4)

NaCl

KH,PO,

KCl

Na,HPO,

Blocking buffer (PBS with 1% BSA and 5% Horse serum )
Rabiit Anti-ICPO antibody

PML (PG-M3)-Mouse monoclonal IgG
Alexa Fluor 594-goat anti-rabbit I1gG
Alexa Fluor 488-goat anti-mouse IgG
Vectashield Mouting medium with DAPI
Pasteur pipette

Nail Polish

Confocal Microscope
Confocal Software

Excel software

HERAcell 150i CO, incubator
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Company

Dr. Thomas E. Shenk (Princeton University)

Dr. Bernard Roizman Lab

Invitrogen
Sigma
Gibco

Cel-Line/Thermofisher Scientific

Thermo Scientific
Fisher reagents
Calbiochem

Sigma

Dr. Haidong Gu lab
Fisher Bioreagent
Fisher Bioreagent
Fisher Scientific
Fisher Bioreagent
Dr. Haidong Gu lab
Dr. Haidong Gu lab
santa Cruz Biotechnology
invitrogen
invitrogen

Vector laboratories
Fisher Brand

Sally Hansen

Leica SP8
Leica LAS X Application suite
Microsoft Excel

Thermo Scientific

Catalog Number

11965-092
F0926-500ml
11825-015

30-149H-BLACK
28908
BP151-1C0

CAS 9048-46-8
H1270

BP358-212
BP362-500
BP366-500
BP332-500

SC-966
Al11012
Al11001
H-1200
13-678-20D

Order code 51026282

Comments/Description

HEL cells were grown in DMEM supplemented with 10% FBS
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1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and /-or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,

in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.
N

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(¢) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4, Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and’
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.5.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

612542.6

ARTICLE AND VIDEO LICENSE AGREEMENT

statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’'s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if

-any such author has not entered into a separate Article and

Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author's facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal

injury, violations of institutional, laboratory, hospital, ethical,

human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a USS$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be

-executed in counterparts, each of which shall be deemed an

original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required pér submission.
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Rebuttal Letter

Click here to download Rebuttal Letter Responses to reviewers

comments.docx

We thank the constructive suggestions from reviewers. Below are the point-to-point
responses to reviewers’ comments.

Reviewer #1:

Manuscript Summary:

This manuscript describes a protocol for visualizing the cellular localization of HSV-1
immediate early viral protein, ICPO at various times post infection. Although the protocol
is a general method commonly used for staining proteins for confocal analysis, this
journal does not require it to be novel. The authors have also described that the
movement of ICPO from the nucleus to the cytoplasm requires its C-terminal 35 amino
acids. This protocol has been suggested as an alternative to live-cell imaging.

Major Concerns:
Line 78-79: 'under different biochemical treatments'.....I don't see these described
throughout the paper.

We have described different drug treatment and various infection conditions in
reference 12 (J Vvirol. 92 (2), e01673-17 (2018)). As this is a methodology paper, we did not
detail any particular experiment in the Protocol section. Instead, we have described it as
a general method without a particular treatment but mentioned where drugs can be
added in section 1.3.

The protocol states 4 pfu/ml is used for infections (line 91), however the figure legend
for Figure 1 states 10 pfu/ml (line 160)

Multiplicity of infection used in individual experiment determines the speed of viral
progression. We have used both 4 pfu/ml and 10 pfu/ml in different experiments. To
write the manuscript as a general protocol, we have changed the text to “at a range of
4-10 pfu/cell” in section 1.2.

Line 198: Author claims that the protocol they describe is a good alternative to live cell
imaging as it can track a single molecule. This is not true.

We apologize for the confusing language. The method described here cannot track a
single molecule. It can serve as an alternative to document the process of protein
movement in an infected cell population. To avoid ambiguity, we have changed the text
to “Therefore we deliberately chose not to use live imaging. Instead, we adopted the
above protocol to study the steady state ICPO localization at different infection points,
which served us well in tracking ICPO temporal movement in HSV-1 infection”.

*
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Minor Concerns:

ICPO has been previously described to be present in the virion and therefore will be
present prior to replication of the virus. The author should mention this in the
introduction when describing what is known about ICPO.

ICPO is a multi-functional protein that has many interesting biochemical properties. For
example, ICPO is found to be dimerized and post-translationally modified. It has also
been found to interact with many cellular partners, such as USP7, RNF8 and CoREST.
The incorporation of ICPO into the virion is another unique property of ICPO, of which
the function has not been well understood. In this paper, we wanted to focus on the
nuclear-to-cytoplasmic translocation process of ICP0Q. To avoid distraction and lengthy
explanation of the complex biochemical properties and the multifunctionality for ICPO,
we chose to omit many aspects of ICPO, for which evidence linking them to ICPO
translocation is still lacking.

State what is 'normal growth medium’ (line 93)

We revised section 1 by adding “growth medium (Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine serum (FBS))” in section 1.1 and using
growth medium in rest of the Protocol section.

Figure 1 says HSV-1 (F) was used for infections. what is HSV-1 (F)? Is it a wt strain of
HSV-1? (line 160)

We have changed the text to “prototype HSV-1 (strain F).

Figure 1 includes staining of PML. It was not clear why this was done? (line 161)

PML is a key constituent of ND10 macromolecular structure. PML staining was done to
visualize ND10. We have previously stated “Promyelocytic leukemia (PML) protein
serves as a marker protein for ND10 nuclear bodies”. We now added “which disappears
at 5 and 9 hpi due to PML degradation in infection” for more clarity.

Figure 2: how was the threshold calculated? This should be mentioned in the
manuscript.

Threshold was set arbitrarily to remove the background staining. It was set at same
number for individual histograms in the same experiment. We added “An arbitrary



threshold (green line) was set to reflect the background staining.” In the legend for
figure 2.

Figure 2: The figure has ROI numbers on it. Please describe what these represent in
the figure legend

ROl is short form region of interest. We have revised the legend for figure 2.

Figure 3 (starting line 172): does not describe the whole image. There is no mention
here of the ICPO c-truncation and why it was included

We have revised the legend for figure 3 as the following: “Figure 3. Percentage of
subcellular distribution for wild-type and C-terminal truncated ICPO. HEL cells
were infected by recombinant viruses containing wild-type ICPO (ICPO WT) or C-
terminal truncated ICPO (ICPO C-truncation) at 4 pfu/cell. At indicated time points, cells
were stained and analyzed as described above. Over 200 cells were tabulated for ICPO
location. Percentage of cells containing nuclear, cytoplasmic or nuclear+cytoplasmic
ICPO were plotted with a spreadsheet computation software. This is an exemplary
experiment to show that using this method, we have identified ICPO C-terminus as a
domain required for ICPO nuclear-to-cytoplasmic translocation.”

Line 178: sentence states 'likely’, I think this has been shown on a number of occasions
to be in fact true.

Although ICPO has been shown to interact with various cell pathways, and it has been
shown to traffic through different cellular compartments, the key evidence to connect a
particular ICPO interaction/function to a specific subcellular domain is still missing. For
example, ICPO colocalizes with ND10 is believed to result in the degradation of ND10
organizer, PML. However, we have found that an ICPO mutant that was able to dock at
ND10 but lost the ability to merge with ND10 can still ubiquitinate and degrade PML
isoform 1, but not the isoform Il (3 Virol. 89 (8), 4214-4226 (2015); J Virol. 90 (23), 10875-10885
(2016)), suggesting that ICPO ubiquitinates similar substrates, PML isoforms | and I, in
different subcellular domains. Why a similar reaction is carried out in different locations
and how ICPO functions are fine-tuned for differential regulation remains unknown. The
hypothesis of “ICPO interacts with various cell pathways to carry out different functions at
different locations” still needs large amounts of work to fill in the blanks.

Line 185: sentence stating that E3 ligase activity was required for sequestering ICPO in
the nucleus. Is this ‘data not shown' if not then this needs a reference as this manuscript
does not show this result.



We have added the reference.

Sentence starting on line 216 continuing until line 222 seems out of place and needs to
be move to the previous paragraph with the other discussion of results before stating
the pro's and con's of the protocol.

We have added one paragraph to discuss technical issues of the method and revised
this part as suggested.

Figure 3: graph lists 'ICPO wt' and 'ICPO c-truncation'. It is not clear from this if this is an
infection study or not just ICPO expressed alone. ICPO wt and ICPO c-truncation should
be described in the figure legend or relabeled on the figure to reflect this.

As responded above, we have revised the legend for figure 3

Reviewer #2:

Manuscript Summary:

The HSV-1 immediate early (IE) protein ICPO plays multiple roles during the course of
lytic infection and establishment of latency. As an extension of their recent manuscript
published in J. Virology, Samarat and Gu describe the methodology for visualizing the
dynamic kinetics of ICPO subcellular localization. Overall, the methods are clear and
concise while a sufficient level of information is provided in regards to the purpose of
this technique in relationship with ICPO.

As detailed below, comments are provided to address the need for clarification of
specific areas in the protocol sections while also potentially modifying the image
acquisition step of confocal microscopy.

Major Concerns:

-Lines 116-126, Figs 1-3: To quantify the localization of a specific protein, the authors
should really consider collecting multiple confocal images along the Z-axis ("Z-Stack")
paired with deconvolution (Huygens software, etc.). Representing the localization of
protein in a 3-D space is unbiased and more accurate than collecting only one image of
a cell in a single plane. Furthermore, analyzing cells in a 3-D space is one of the
powerful application of confocal microscopy. Based on how the localization is mapped
from one single image/plane using a standard fluorescence microscope would have
been sufficient.

Also, Z-stacks with deconvolution may help to resolve the Nuclear+Cytoplasmic
localization of ICPO (Fig 2, ROI001).



We agree with the reviewer. We will further improve our quantification details in future

studies. The current manuscript is based on our published data (J Virol. 92 (2), €01673-17
(2018)) to introduce a methodology concept of using steady-state confocal to document
protein translocation when live imaging is inappropriate for studies.

-Fig 2: When completing ROI analysis on cells in which ICPO is only nuclear (ROI003),
how is it known that the "draw line" feature is through the cytoplasm and not just the
background level of the slide? Without a cytoplasmic marker, cell membrane stain, or
differential interference contrast (DIC) an accurate assessment of the cytoplasmic signal
is difficult. As an example, there is ICPO signal on the lower left corner of ROI003,
should this be considered in the "Nuclear+Cytoplasmic" category and not "Nuclear"?

First, human embryotic lung fibroblasts (HEL) are very thin and flat and they seldom
craw over each other. In our past experiences, we found that most cells captured in a
single focal plane have similar morphology, and the localization analysis was done
based on large amounts of cells tabulated via these confocal images. The chance that a
few nuclei are captured without scanning through cytoplasm might be there but it will not
influence the overall results due to the low number.

Second, we recognize that background staining such as the lower left corner of ROI003
does exist. We set up arbitrary threshold line (Figure 2) for each experiment. Within a
particular experiment, all cells were analysed with the same threshold line to exclude
background staining.

-Line 135: Provide further detail on how a "consistent threshold for ICPO intensity" was
selected. Was the threshold value arbitrary selected or was there a specific reason?
May need to describe the "thought process" or method of selecting a threshold.

See above response and response to the minor concern #5 from reviewer #1.

Minor Concerns:

-Lines 70-72: To be clear may want to emphasis that this method only evaluates ICPO
localization during lytic infection (not latency) rather than stating "throughout infection"”.
Specifically, line 71 references ICPO multiple functions during "lytic and latent HSV-1
infection,” while line 72 references the method to evaluate "ICPO functional domains
throughout infection."

Latent HSV-1 infection cannot be recapitulated in cultured cell lines. Therefore most of
the biochemical studies for HSV-1 viral proteins can only be performed with Iytic
infection in cell culture. Here “throughout infection” refers the entire lytic cycle that
includes the entry, uncoating, early gene expression, genome replication, late gene



expression and virion assembly processes, which reflects the progression of infection in
one single cell. We have changed line 72 into “throughout the lytic infection” to avoid
confusion.

-Line 94: Would suggest rephrasing "drugs that interfere with different infection phases
can be added at this step [or prior to viral absorption].” Depending on the kinetics of
some inhibitors, a longer treatment may be required.

We rephrased to “Drugs that interfere with different infection phases can be added at
this step or prior to viral absorption”.

-Line 97: Given this a methods paper, authors should consider describing "proper
infection time." May want to state the duration of infection used to evaluate ICPO
localization (Figure 1) and possibly provide an estimate time for the kinetics for IE, E,
and L protein expression.

Multiplicity of infection used in each experiment determines the speed of infection
progression, which is usually reflected by monitoring protein expression cascade with
Western or Northern blotting. For some mutant viruses, infection is delayed, so infection
time points for individual experiments vary. Within the same experiment, it is important
to follow the same infection points for different viruses used in comparison.

-Line 98, 102, 105: Was the paraformaldehyde, Triton X-100, and blocking buffer diluted
in PBS? If yes, these should be included in the text.

4% paraformaldehyde is diluted in PBS. Triton X-100 is dissolved in water. Blocking
buffer is prepared with PBS. These are now described in the text.

-Line 107: Consider changing "add properly diluted primary antibody" to "experimentally
determined concentration of primary antibody" for clarity.

We changed the text as suggested.

-Line 112: How long (time) is the wash step?

“3 times with 10 min incubation”, as described in section 3.3

-Line 123 and 143: Why collect images from 200 cells? It's clear that 200 cells were



evaluated in their recent J. Virology paper, but is there a statistical reason or just
arbitrary?

It is a number commonly accepted in virology field to study a population of infected
cells. Although we use high multiplicity of infection (4-10 pfu/cell) and try to synchronize
viral infection, it is still very common that individual cells receive different amount of
virus and infection progresses at different speed. Usually we tabulate large amounts of
cells in an infected population to document the infection process when comparing
different viruses.

-Lines 172-174, Fig 3: Specify viruses used (ICPO WT and ICPO C-truncation) within the
figure legend.

We have revised the legend for figure 3, see responses to reviewer #1.

-Materials table: Information is missing for PBS, HSV-1 virus stocks (strain), nail polish,
and blocking buffer. Ensure all reagents are listed.

We have included the information in materials table.

Reviewer #3:

Manuscript Summary:

The authors appear to be expert researchers in the area of herpes simplex virus 1
molecular biology, particularly the well-studied viral ICPO protein. They describe the use
of immunofluorescence and confocal imaging to analyze the nuclear to cytoplasmic
trafficking of this protein during viral infection. The paper, including the protocol portion
of it are clearly written.

Major Concerns:

My major concern is that the techniques of immunofluorescence and confocal
microscopy are very long established (decades old) and extremely standard and as
such this paper is unlikely to be of much interest to the biomedical community.
Quantitation of nuclear versus cytoplasmic signals is a little less common, but the
authors' technique in this regard is not very novel either, essentially taking advantage of
the analysis software provided by makers of the confocal microscope. It does not seem
to me that this paper falls within the scope of JOVE, which is defined on the website as
pertaining to "novel techniques, innovative applications of existing techniques, and gold
standard protocols".



In this manuscript, we introduced a new concept of adapting the steady-state confocal
imaging to document protein trafficking at different infection phases. This fits with the
scope of “innovative application of existing techniques”.

Another serious concern is that in the manuscript, including the title, the authors state
that their protocol is designed to study the movement of ICPO within the cell. However,
immunofluorescence of fixed cells merely provides a snap-shot of steady-state protein
levels in various compartments. Steady-state protein levels in various compartments are
affected by protein synthesis, protein trafficking, and protein degradation. Thus,
although IF is quite a valuable technique, it can't be used to measure protein movement,
unless we are sure that protein synthesis and degradation are not factoring in to what is
seen. For example, in regard to the present work, could the appearance of ICPO in the
cytoplasm at late times after infection be explained by continued synthesis of ICPO late
in infection coupled with a block to its nuclear import?

The reviewer has a good point. In fact, trying to determine whether the appearance of
ICPO in the cytoplasm is related to a block to its nuclear impart is one of the objectives
in the whole study. Due to the complex and robust changes occur in viral infection, it is
very difficult to study a single protein trafficking with live imaging. Here we introduce a
new methodology concept that by using steady state confocal imaging at different
infection time points and by documenting the percentage of cells in an infected
population, we can connect viral protein movements to other infection events, such as
viral DNA replication and late protein expression. This gives us one more tool to
understand viral protein functions in different cell compartments.

Minor Concerns:
Line 87 - HEL cells should be defined. Presumably these aren't essential for the
protocol so perhaps the protocol should be written a bit more generally.

We have changed the text to “Seed 5x10* of human embryonic lung fibroblast (HEL) cells
or other cells to be examined”.

Line 117 and following - The protocol involves using Leica microscope software to carry
out the analysis, but presumably other confocal microscopes would come with software
that would be able to do the analysis. This could be clarified.

We have revised the entire protocol in general terms as requested by the editor.



