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23 SUMMARY:
24 Double-stranded RNA produced during RNA virus replication can be recognized by pattern
25  recognition receptors to induce an innate immune response. For negative-sense RNA viruses,
26  theinteraction between the low-level dsRNA and PRRs remains unclear. We have developed a
27  confocal microscopy method to visualize arenavirus dsRNA and PRR in individual cells.
28
29  ABSTRACT:
30 Double-stranded (ds) RNA is produced as a replicative intermediate during RNA virus infection.
31 Recognition of dsRNA by host pattern recognition receptors (PRRs) such as the retinoic acid
32 (RIG-I) like receptors (RLRs) RIG-I and melanoma differentiation-associated protein 5 (MDA-5)
33  leads to the induction of the innate immune response. The formation and intracellular
34  distribution of dsRNA in positive-sense RNA virus infection has been well characterized by
35 microscopy. Many negative-sense RNA viruses, including some arenaviruses, trigger the innate
36 immune response during infection. However, negative-sense RNA viruses were thought to
37 produce low levels of dsRNA, which hinders the imaging study of PRR recognition of viral
38 dsRNA. Additionally, infection experiments with highly pathogenic arenaviruses must be
39 performed in high containment biosafety level facilities (BSL-4). The interaction between viral
40 RNA and PRRs for highly pathogenic RNA virus is largely unknown due to the additional
41  technical challenges that researchers need to face in the BSL-4 facilities. Recently, a monoclonal
42  antibody (Mab) (clone 9D5) originally used for pan-enterovirus detection has been found to
43  specifically detect dsRNA with a higher sensitivity than the traditional J2 or K1 anti-dsRNA
44  antibodies. Herein, by utilizing the 9D5 antibody, we describe a confocal microscopy protocol
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that has been used successfully to visualize dsRNA, viral protein and PRR simultaneously in
individual cells infected by arenavirus. The protocol is also suitable for imaging studies of dsRNA
and PRR distribution in pathogenic arenavirus infected cells in BSL4 facilities.

INTRODUCTION:

The initial step of the induction of the innate immune response is host recognition of double-
stranded (ds) RNA by the pattern recognition receptors (PRRs) such as the retinoic acid (RIG-1)
like receptors (RLRs) RIG-I and melanoma differentiation-associated protein 5 (MDA-5)*. For
positive-sense RNA viruses, dsRNA can usually be readily detected using the J2 or K1 anti-dsRNA
monoclonal antibodies (Mab)?. Interaction between dsRNA and PRRs in positive-strand RNA
viruses, such as picornavirus, has been characterized using confocal microscopy?3. However, for
negative-sense RNA virus, visualization and characterization of PRR and dsRNA interaction has
been hindered by the lack of sensitive antibodies to dsRNA. RNA fluorescent in situ
hybridization (FISH) has been applied to the visualization of viral RNA and PRRs*. Nevertheless,
the FISH methodology requires the knowledge of the target RNA sequence and may not be
compatible with PRR co-staining. Recently, the 9D5 Mab, which was originally developed for
the diagnosis of pan-enterovirus infection, was found to be more sensitive than the J2 Mab and
can readily detect dsRNA in negative-sense RNA virus infection>®. Thus, Mab 9D5 is a novel and
useful tool to study viral replication and the interaction between PRR and viral RNA for
negative-sense RNA virus.

Arenaviruses are a family of single-stranded, negative-sense RNA viruses, which include several
human pathogens, such as Lassa virus (LASV), Junin virus (JUNV) and Machupo virus (MACV),
that cause severe hemorrhagic fever diseases in humans’. Clinical data from severe and fatal
cases of Argentine hemorrhagic fever caused by the New World arenavirus JUNV exhibit
unusually high levels of serum IFN-02°. We have shown that the pathogenic NW arenaviruses
(JUNV and MACV), but not the pathogenic Old World arenavirus, LASV, induce a type |
interferon (IFN) response in human monocyte-derived dendritic cells*C. Furthermore, RIG-I is
one of the sensors mediating type | IFN response in JUNV-infected cells?. We also found that
the protein kinase R (PKR) receptor, which is traditionally known for dsRNA recognition, is
activated in pathogenic NW arenavirus infection2. To further understand the mechanism of
virus-specific IFN response during arenavirus infection, we aimed to develop a protocol to
visualize the interaction between viral dsRNA and the cytoplasmic PRRs.

Infection experiments with pathogenic JUNV, MACV and LASV have to be performed in
biosafety level 4 (BSL-4) facilities. Thus, in addition to the presumably low level of dsRNA
formed in arenavirus infection, meeting the biosafety requirements is another technique
challenge when performing imaging studies for these highly pathogenic viruses. By utilizing the
9D5 antibody and the Candid1# vaccine strain of JUNV, a confocal microscopy-based protocol is
described in this report, which has been used successfully to visualize dsRNA, viral protein and
PRR simultaneously in cells infected by arenavirus in BSL2 labs. The protocol is also suitable for
visualization of intracellular distribution of dsRNA and PRR during pathogenic arenavirus
infection in BSL4 facilities.
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PROTOCOL:
1. Preparation of A549 cells and JUNV infection

1.1.  Seed 2 x 10° human lung epithelial A549 cells onto poly-D-lysine (PDL) coated glass
coverslips in 12-well plates at 24 hours prior to infection.

1.2.  Prepare aliquots of 150 uL of JUNV®3 at a multiplication of infection (MOI) of 1.0 plaque
forming unit per cell diluted in Dulbecco’s Modified Eagle’s Medium (DMEM) media
supplemented with 2% fetal bovine serum (FBS) and 1% penicillin and streptomycin (P/S).

1.3. Remove media from cell culture. Add virus inoculum on each well containing coverslip
and incubate for 1.5 h at 37 °C. Shake the plates every 15 min.

1.4. Remove the virus inoculum, add 1 mL of DMEM supplemented with 5% FBS and 1% P/S.
Incubate the plate at 37 °C for desired time point.

2. Fixation and immunostaining

2.1. Aspirate the media. Rinse the cells by adding 1 mL of phosphate buffered saline (PBS)
supplemented with calcium and magnesium to each well.

2.2.  Remove PBS. Add 1 mL of methanol (MeOH) pre-chilled at -20 °C and incubate at -20 °C
or on dry ice for 15 min.

2.3. Remove MeOH.

2.4. Add 1 mL of PBS to each well, and wash samples at 4 °C with gentle rocking for 5 min.
Repeat the wash for total of 4 times.

2.5.  Wash the fixed cells on coverslips in 1 mL of 0.2% t-octylphenoxypolyethoxyethanol for
5 min at 4 °C, with gentle rocking.

2.6. Add 1 mL of PBS to each well. Wash samples at 4 °C for 5 min with gentle rocking.
Repeat the washing step for total of 4 times.

2.7. Todetect dsRNA and MDAS5, incubate samples in 200 uL of primary antibodies diluted in
3% bovine serum albumin (BSA). Dilute the anti-dsRNA 9D5 antibody at a 1:2 dilution and dilute
the anti-MDA-5 antibody at 1:250. Incubate with gentle rocking at 4 °C overnight.

2.8. Remove primary antibodies and wash each well with 1 mL of PBS for 5 min with gentle
rocking at RT. Repeat this wash four more times.



132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175

2.9. Add 200 puL of secondary antibodies (1:2,000 dilution) diluted in 3% BSA and incubate at
RT for 1 h.

2.10. Remove secondary antibodies and wash each well with 1 mL of PBS for 5 min with
gentle rocking at RT. Repeat this wash four more times.

2.11. To detect JUNV nucleoprotein (NP) and RIG-1, add 200 uL of conjugated antibodies
diluted in 3% BSA. Dilute the conjugated anti-JUNV NP (AG-12) at 1:1,000 and incubate samples
for 2 h at RT with gentle rocking. Dilute the conjugated anti-RIG-I antibody at 1:500 and
incubate at 4 °C overnight with gentle rocking.

2.12. Remove conjugated antibodies and wash each well with 1 mL of PBS for 5 min with
gentle rocking at RT. Repeat this wash four more times.

2.13. Counterstain the coverslips with DAPI (1:1,000) for 3 min with gentle rocking at RT.

2.14. Wash the coverslips 3 times, each time for 5 min in 1 mL of 0.5% t-
octylphenoxypolyethoxyethanol with gentle rocking at RT.

2.15. Wash twice in 1 mL of PBS for 5 min each time with gentle rocking at RT.
2.16. Wash once in 1 mL of ddH,0 for 1 min at RT, rocking gently.

2.17. Mount coverslips onto glass slides using mounting media. Let cure overnight.
2.18. Seal the slides with nail polish and air dry for 1 h.

2.19. Image on confocal microscope with the 60x/1.42 numerical aperture oil immersion lens
using the same laser emissions for each sample.

2.20. When analyzing the data, if necessary, make adjustments for brightness and contrast
using the same linear adjustment for all samples.

REPRESENTATIVE RESULTS:

This protocol was applied to study the distribution and colocalization between the RLRs (RIG-|
and MDA-5) and dsRNA in JUNV-infected cells. As shown in Figure 1 and Figure 2, the
accumulation of dsRNA increases over time as viral infection progresses. Concentrated MDA-5
(Figure 1) and RIG-I (Figure 2) signals were found colocalized with the punctate structures of
the NP and dsRNA.

Figure 1: Time course of dsRNA and JUNV NP formation and the distribution of MDA-5. JUNV-
infected and mock-infected A549 cells were fixed, stained and imaged according to the protocol
at 24, 36, and 48 hours post infection (HPI).
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Figure 2: Time course of dsRNA and JUNV NP formation and the distribution of RIG-I. JUNV-
infected and mock-infected A549 cells were fixed, stained and imaged according to the protocol
at 24, 36, and 48 HPI.

DISCUSSION:

For positive-sense RNA viruses and dsDNA viruses, dsRNA is readily detected with the widely-
used J2 anti-dsRNA antibody. However, negative-sense RNA viruses are believed to produce
dsRNA at a low or below the detection level using the same antibody?. Thus, many aspects of
viral RNA and PRR interaction are largely unclear for negative-sense RNA viruses. We attempted
to stain for dsRNA in arenavirus infection using the J2 antibody but the fluorescence signals
were not differentiable compared to the mock infection. The Mab 9D5, originally used for pan-
enterovirus detection, was found to be specific for dSRNA and more sensitive than the J2
antibody®. This antibody has been used successfully to detect viral dsRNA during negative-sense
RNA virus infection, including the prototype arenavirus Lymphocytic choriomeningitis virus>®14,
Accordingly, we used the Mab 9D5 to co-stain for the presence of dsRNA, the viral NP, and PRRs
to further understand their distribution and interaction in individual cells during arenavirus
infection.

There are multiple fixation methods that can be used to preserve cell structure. Fixation with
MeOH acts by precipitating proteins, whereas paraformaldehyde and formalin crosslinks
proteins. MeOH is more effective than aldehydes at conserving the nucleic acids in cells and
provides low background immunostaining. Methanol also removes lipids from cells and thus
permeabilizes cell membranes at the same time®. In this protocol, the cells are fixed using ice-
cold MeOH. Other fixation methods were also attempted, including fixing samples with 4%
paraformaldehyde, formalin, paraformaldehyde followed by methanol, and methanol followed
by paraformaldehyde. However, high basal level non-specific staining was observed in mock-
infected cells when paraformaldehyde or formalin was used. The optimal fixation method is
fixation with MeOH at -20 °C based on the sensitivity and specificity of the results. Before
primary antibody staining, sample blocking with 3% BSA, 5% BSA, and 10% or 5% goat serum for
30 min to 1 hour was tested, but all resulted in non-specific, background staining. The best
results were achieved without the blocking step and directly using 3% BSA in the antibody
dilution. The critical steps in minimizing the background signals are the PBS and t-
Octylphenoxypolyethoxyethanol washes after fixation. While the commercially available 9D5
antibody is diluted by the vender and ready for direct use, a 1:2 dilution of the antibody with
3% BSA also worked well. In case that the dsRNA signal is weak, the antibody can be used
without dilution.

This protocol can be utilized to study the interaction between dsRNA and PRRs in arenavirus
infection. While this methodology was developed in a BSL-2 environment, the methanol
fixation described herein allows complete inactivation of arenavirus. Therefore, the same
protocol can be applied to imaging study for highly pathogenic arenaviruses (i.e., LASV, JUNV
and MACV) in a BSL-4 facility. It is also possible to apply this protocol to studies on other RNA
virus. To achieve optimal results, a modification of the protocol may be necessary.
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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.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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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

expense. All indemnifications provided herein shall include
JoVFE’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 US$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 per submission.
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Date:

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Fax the document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Letter

Click here to access/download;Rebuttal Letter;Rebuttal

Letter.doc

Your MS Word document "Rebuttal Letter.doc" cannot be opened or
processed. Please see the list of common problems and suggested
resolutions below.

Common Problems When Creating a PDF from Microsoft Word Documents

When you open your document in MS Word, an alert may appear. This message
may relate to margins or document size. You will need to find the piece
of your Word document that is causing the problem. Selectively remove
various pieces of the file, saving the modified file with a temporary
file name. Then try to open the modified file. Repeat this process until
the alert no longer appears when you open the document.

Embedded Macros

Your submission file should not contain macros. If it does, an alert may
appear when you open your document (this alert prevents EM from
automatically converting your Word document into the PDF that Editors and
Reviewers will use). You must remove these macros from your Word
document.

Read-Only and Password-Protected Files

EM cannot process read-only or password-protected submission files. If
your file is read-only or password-protected and you receive an error,
please disable the document protection, save, and re-submit the file.

Corrupted Tables

Your document may contain a table that cannot be rendered correctly. This
will be indicated by an alert. Correct the content of the table causing
the problem so that the alert no longer appears.

Older MS Word files

EM supports files in MS Word 2000 and older versions. If you are using a
more recent version of MS Word, try saving your Word document in the more
recent format and resubmit to EM.

Other Problems

If you can get your Word document to open with no alert messages
appearing and you have submitted it in a current MS Word format, and you
still see an error message in your PDF file (where the Word document
should be appearing), please contact the publication via the 'Contact Us'
link on the EM Navigation Bar.' You will need to reformat your Word
document and then re-submit it.
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