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The combined use of high RNA denaturation with biotinylated reverse primers in the RT
reaction, together with affinity purification of the cDNA onto streptavidin-coated magnetic
beads, has allowed us to selectively amplify ASP RNA in CD4+ T cells derived from individuals
infected with HIV-1. Our method is relatively low-cost, simple to perform, highly reliable, and
easily reproducible. In this respect, it represents a powerful tool for the study of antisense
transcription not only in HIV-1 but also in other biological systems.

INTRODUCTION:

The antisense protein (ASP) gene is an open reading frame (ORF) located on the negative
strand of the human immunodeficiency virus type 1 (HIV-1) envelope (env) gene, spanning
the junction gp120/gp41’. Over the past 30 years, several reports have shown that the HIV
ASP gene is indeed transcribed and translated?®. Although ASP antisense transcripts have
been fully characterized in vitro, until recently information about the actual production of ASP
RNA in patients was still missing.

The sequence of ASP is reverse and complementary to env. This represents a major obstacle
when trying to detect transcripts for ASP. Standard reverse transcription-polymerase chain
reaction (RT-PCR) methods use gene-specific antisense primers to synthesize complementary
DNAs (cDNAs) of the right polarity. This approach, however, does not allow to determine the
orientation (sense or antisense) of the initial RNA template, since RNA hairpins or loops can
prime RT in both directions in absence of primers'%, a phenomenon known as RT self-priming.
Most ASP investigators sidestep the problem of RT self-priming using primers tagged with
sequences that are not related to HIV-1%2, This strategy, however, does not eliminate the
occurrence of the phenomenon, and may lead to potential carry-over of non-specific cDNAs
into the PCR™,

We have recently developed a novel strand-specific RT-PCR assay for the study of antisense
RNA and we have used it for ASP RNA detection in a cohort of six HIV-infected patients, as
shown in Table 1. The procedure described below has been previously published by Antonio
Mancarella et al.*3. In our protocol, we avoid the production of non-specific cDNAs by a dual
approach. Firstly, we eliminate RNA secondary structures by denaturing RNA at high
temperature (94 °C), and secondly, we reverse transcribe ASP RNA using a biotinylated ASP-
specific primer and affinity-purify the resulting cDNA. By this approach, we are able to amplify
only our target cDNA, since other non-specific RT products are either prevented from being
generated (high temperature denaturation of RNA) or eliminated prior to PCR (affinity
purification).

PROTOCOL:

This study was approved by the Institutional Review Board of the Centre Hospitalier
Universitaire Vaudois (CHUV).

1. Infection of peripheral blood mononuclear cells (PBMCs) with HIV-1,xg2 strain

1.1. Day 1: PBMCs STIMULATION

1.1.1. Isolate PBMCs from a healthy donor buffy coat.
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1.1.2. Count and resuspend PBMCs at a concentration of 1x10%/mL in complete Roswell Park
Memorial Institute (RPMI) 1640 medium containing 10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin (R-10), with addition of 50 U/mL of interleukin-2 (IL-2) and 3 pg/mL
phytohaemagglutinin (PHA).

1.1.3. Pipet up and down and split the cells in two six-well plates (3 mL of cell
suspension/well).

1.1.4. Incubate for 3 days at 37 °C and 5% CO..

1.2. Day 3: PBMCs INFECTION

NOTE: Use one of the two plates as in step 1.1.3 as negative control (do not infect these cells).
CAUTION: Perform the entire procedure in a biosafety level Ill laboratory (P3).

1.2.1. Pool PBMCs from one plate into a 50 mL falcon tube and centrifuge at 300 x g for 10
min.

1.2.2. Discard the supernatant and resuspend the cells in 2.2 mL of R-10 containing 20 U/mL
of IL-2 and 2 pg/mL polybrene.

1.2.3. Thaw vials containing the HIV-1uxs2 virus and add 1.8 mL of viral suspension (0.376
ng/ulL) to the cells.

1.2.4. Incubate the cells for 2 h at 37 °C, gently swirling the tube every 30 min.
1.2.5. Centrifuge the cells at 300 x g for 10 min.

1.2.6. Discard the supernatant and resuspend the cells at 1x10%/mL in R-10 containing IL-2
(50 U/mL).

1.2.7. Transfer the cell suspension to a 24-well plate at a concentration of 1 mL/well and
incubate for 5 days at 37 °C and 5% CO..

1.2.8. Harvest 1 well each day and transfer the cells to 1.5 mL tube (labeled with the day of
infection).

NOTE: Before centrifugation, transfer 150 uL of cell suspension to a flow cytometry tube for
PBMCs infection quality control (see step 1.3)

1.2.9. Centrifuge the tubes at 400 x g for 10 min and discard the supernatant.
1.2.10. Freeze the cell pellets at -80 °C until use.

1.3. PBMCs infection: quality control
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1.3.1. For each day of infection, collect 150 pL of infected PBMCs and transfer them into a
flow cytometry tube.

1.3.2. Add 1 mL of phosphate-buffered saline (PBS) and centrifuge at 400 x g for 5 min.

1.3.3. Discard the supernatant and add 50 uL of PBS containing 1 pL of Aqua live/dead dye
(previously diluted 1:10 with PBS).

1.3.4. Incubate at 4 °C for 15 min.
1.3.5. Add 1 mL of PBS, centrifuge at 400 x g for 5 min, and discard supernatant.

1.3.6. Add 250 pL of Fixation/Permeabilization solution and incubate for 20 min at room
temperature in the dark.

1.3.7. Add 1 mL of 1x Perm/Wash Buffer (10x stock solution containing both FBS and saponin
diluted 1:10) and centrifuge at 400 x g for 5 min.

1.3.8. Discard the supernatant and add 50 pL of PBS containing HIV Gag p24 fluorescein
isothiocyanate (FITC)-conjugated antibody (diluted 1:10).

1.3.9. Incubate for 20 min at room temperature in the dark.
1.3.10. Add 1 mL of PBS, centrifuge at 400 x g for 5 min, and discard the supernatant.

1.3.11. Add 150 pL of x CellFIX (10x stock solution containing 10% formaldehyde, 3.55%
methanol, 0.93% sodium azide diluted 1:10) and analyze cells by flow cytometry.

2. Stimulation of human CD4+ T cells with anti-CD3/CD28 antibodies
2.1.1. Isolate CD4+ T cells from PBMCs of both HIV-1 infected patients and healthy donors.

2.1.2. Prepare human anti-CD3/CD28 antibody mix by diluting anti-CD3 (1:100) and anti-
CD28 (1:50) in PBS.

2.1.3. Coat a 48-well plate by adding 200 pL of antibody mix per well to an appropriate
number of wells and incubate at 37 °C for 2 h.

2.1.4. Aspirate the antibody solution and add 1 mL of CD4+T cells at 1x108/mL to the anti-
CD3/CD28 antibody-coated wells.

NOTE: Stimulate CD4+ T cells up to 5 days.
3. Reverse transcription

NOTE: To obtain patient-specific primers, proviral DNA isolated from CD4+T cells from each
patient was amplified using HIV-1nxs2 Pan ASP primers. Patient specific primers were designed



189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235

using the proviral sequence internal to the Pan ASP primers. All primers and probes used in
this study are listed in Table 2.

3.1. Isolating total RNA from cells
3.1.1. Quantify RNA and eliminate DNA contamination by treating samples with DNase.

3.1.2. Perform RT reactions in a volume of 50 uL. Transfer 0.1-1 ug of total RNA into an
appropriate number of wells of a 96-well PCR plate. Prepare the RNA mixture by adding the
following components to the RNA:

5 uL of biotinylated ASP reverse primer (20 uM)

2.5 ulL of deoxynucleotide triphosphates (ANTPs) (10 mM)

25 L of diethylpyrocarbonate (DEPC)-treated distilled water (dH20).

Prepare the endogenous RT controls by adding 5 pL of nuclease-free water in place of the
biotinylated ASP reverse primer.

3.1.3. Place the 96 well PCR plate into a thermocycler and heat the RNA mixture to 94 °C for
5 min.

3.1.4. Immediately cool down the RNA mixture in iced water for at least 1 min.

3.1.5 Prepare the reaction mixture by adding the following components to a 1.5 mL tube
(calculate the total number of samples plus 1):

10 uL of 5x RT buffer

2.5 pL of 0.1 M of 1,4-dithiothreitol (DTT)

2.5 pL of RNase out (40 units/pL)

2.5 pL of RT enzyme (200 units/uL)

3.1.5. Transfer 17.5 pL of this mixture to each of the RNA-containing wells. Prepare the RT-
minus controls replacing reverse transcriptase with 2.5 L of nuclease-free water.

3.1.6. Mix gently and incubate the plate at 55 °C for 60 min using a thermocycler.
3.1.7. Inactivate the reactions by heating at 70 °C for 15 min.

4. Affinity purification of ASP biotinylated cDNA

NOTE: Do not purify RT-minus reactions.

4.1. Prepare 1 L of 2x washing/binding buffer containing 10 mM Tris-HCl (pH 7.5), 1 mM
ethylenediaminetetraacetic acid (EDTA) and 2 M NacCl. Filter the solution.

4.1.1. Prepare 50 mL of 1x washing/binding buffer using PCR grade water.

4.1.2. For each reaction, use 10 pL of streptavidin-conjugated magnetic beads. Based on the
number of reactions, transfer an appropriate volume of beads to a 1.5 mL tube.
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4.1.3. Wash the beads by adding an equal volume of 2x washing/binding buffer and vortex
for 15 s.

4.1.4. Place the tube into a magnetic separation rack and incubate for 3 min at room
temperature.

4.1.5. Carefully remove the supernatant without disturbing the beads and add the same
volume of washing/binding 2x buffer as the initial volume of beads.

4.1.6. Vortex for 30 s and transfer 10 pL of the beads suspension to an appropriate number
of 1.5 mL tubes.

4.1.7. Place the tubes in a magnetic separation rack and incubate for 3 min at room
temperature.

4.1.8. Discard the supernatant and add 50 pL of washing/binding 2x buffer.
4.1.9. Add 50 puL of biotinylated cDNA to the corresponding tubes containing the beads.
4.1.10. Incubate for 30 min at room temperature rotating gently.

4.1.11. Separate the beads from the supernatant by a magnet separation rack for 3 min at
room temperature.

4.1.12. Wash the beads by adding 200 pL of 1x washing/binding buffer. Place the tubes in a
magnet separation rack for 3 min at room temperature and discard the supernatant. Repeat
twice.

4.1.13. Resuspend the beads in 10 pL of PCR grade water.
5. Standard PCR

NOTE: The aim of the standard PCR is to amplify the entire ORF of the ASP gene. The
amplification products are then cloned into pCR2.1 plasmid to develop standard curves for
ASP RNA quantification by real-time PCR (see paragraph real time PCR).

5.1. Perform standard PCRs in a total volume of 50 uL. Prepare an appropriate volume of PCR
master mix (number of samples plus 1). For each sample, add the following components to a
1.5 mL tube:

1 plL of 10 uM ASP primers (forward and reverse)

1 pL of 10 MM dNTPs

Magnesium chloride (MgCl,) (concentration depends on the primers used)

dH0 to a final volume of 49 uL

5.1.1. Mix well, quickly spin down contents and transfer 49 uL/well of the PCR master mix to
a 96-well PCR plate.
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5.1.2. Carefully vortex the tubes containing the beads used for ASP cDNA affinity purification
for 15s.

5.1.3. Add 1 pL of beads into the corresponding wells and run the PCR using the following
program: 95 °C for 2 min, 40 cycles of 95 °C for 30 s, 55 °C for 30 s, and 68 °C for 40 s, then 68
°C for 7 min.

5.1.4. Separate the PCR products onto 1 % agarose gel, cut the bands and clone the amplified
products into pCR2.1 plasmid.

5.1.5. Sequence and analyze the sequences of each clone.
6. Real time quantitative PCR (qPCR)

NOTE: Develop patient-specific primers and probes using the approach described in step 3
“Reverse Transcription”. For gPCR include ASP plasmid dilutions for standard curves. Plasmids
containing patient-specific inserts are developed as mentioned in the note at the beginning
of step 5 “Standard PCR”.

6.1. Prepare the standard curve using 1:10 ASP plasmid serial dilutions starting from 3 x 10°
copies/uL down to 3 copies/pL.

6.1.1. First round PCR (pre-amp). Perform reactions in a total volume of 25 uL. Prepare an
appropriate volume of PCR master mix (number of samples plus 1). For each sample, add the
following components to a 1.5 mL tube:

0.5 uL of ASP or env primer mix (final concentration 0.2 uM each) (forward and reverse)

0.5 pL of dNTPs mix (final concentration 0.2 mM each)

MgCl, (concentration depends of the primer pairs)

dH20 to a final volume of 24 uL

6.1.2. Transfer 24 plL of PCR master mix to an appropriate number of wells of a 96-well PCR
plate.

6.1.3. Carefully vortex the tubes containing the beads with the cDNA for 15 s.
6.1.4. Add 1 plL of beads to the corresponding wells. Do the same for plasmid dilutions.

6.1.5. Run the PCR using the following algorithm: denaturation for 2 min at 95 °C; 30 s at 95
°C, 30 s at 55 °C, 40 s at 68 °C for 18 cycles; extension at 68 °C for 7 min.

6.1.6. Dilute the first round PCRs reactions 1:5 with PCR grade water.

6.1.7. Second round qPCR. Perform reactions in a total volume of 20 pL. Prepare an
appropriate volume of PCR master mix (number of samples plus 1). For each sample, add the
following components to a 1.5 mL tube:

1.8 uL 10 uM primers (forward and reverse)



330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376

1 plL of 5 uM probe
6.2 uL of dH,0

6.1.7. Transfer 19 pL of gPCR master mix into an appropriate number of wells of a 96-well
gPCR plate and add 1 pL of the diluted first round PCR reactions to the corresponding wells.
Do the same for the plasmid dilutions.

6.1.8. Run the qPCR with the following algorithm: denaturation for 10 min at 95 °C; 15 s at
95 °C, 1 min at 60 °C for 40 cycles.

REPRESENTATIVE RESULTS:

High temperature RNA denaturation coupled to affinity purification of biotinylated cDNA
prevents amplification of non-specific ASP products during PCR in PBMCs infected in vitro and
in CD4+ T cells isolated from patients. RT self-priming has been shown to occur during reverse
transcription of antisense RNAs'%'417 |n order to prevent this phenomenon, we developed a
novel approach using the technique originally described by Heist et al.l°. Our procedure
involves high temperature denaturation of the RNA prior to RT and the use of biotinylated
primers to perform RT, followed by affinity-purification of the biotinylated cDNAs onto
streptavidin-coated magnetic beads'3. The cDNAs obtained by this method can be used for
downstream applications including standard PCR or gPCR.

The experimental conditions for antisense transcription were first tested in PBMCs from one
healthy donor infected in vitro with HIV-1uxs2, the reference sequence for HIV-1 Subtype B (all
our patients are infected with isolates of this subtype). Table 2 shows the sequences of
primers and probes used in this study. Our initial RT reactions were done using a regular, non-
biotinylated antisense primer (ASP R1) and resulted in the successful amplification of ASP (ASP
F1-R1 primer pair) (Figure 1A, Lanes 1 - 3). However, by this approach, we also amplified a
band of the same molecular weight in primer-minus RT reactions controls (Lanes 4 - 6). The
complete lack of signal in our negative controls (Lanes 7 - 8) indicated that the non-specific
template was coming from the RT reaction and not from cross-contamination of samples.

To bypass the problem created by RT self-priming, we decided to use a method previously
described by Haist et al.1%, in which the specific antisense primer is labelled with biotin so that
the resulting biotinylated cDNA corresponding to the antisense orientation can be purified
prior to PCR and selectively amplified. By this approach, we were able to amplify the ASP
sequence (Figure 1B, Lanes 1 - 3) with greatly reduced contamination from the non-specific
cDNA in the primer-minus controls (Figure 1B, Lanes 4-6).

Optimization of this method was achieved by complete denaturation of the RNA prior to RT
at 94 °C, followed by immediate cooling onto iced water. As shown in Figure 2A,B, the ASP
band is effectively amplified, whereas the non-specific products have disappeared.

ASP RNA is detected in CD4+ T cells from patients with detectable viraemia and in absence
of therapy, following stimulation with anti-CD3/CD28. ASP RNA was undetectable in either
unfractionated PBMCs or unstimulated CD4+ T cells isolated from HIV patients (data not
shown). However, it could be easily detected in CD4 cells isolated from three HIV-positive
subjects, MP135, MP140, and MP148 (Table 1), following stimulation with anti-CD3/CD28.
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The kinetics of ASP RNA expression measured by gPCR in these three patients are shown in
Figure 3.

CD4 cells isolated from patients undergoing ART and with non-detectable viraemia, may
produce small amounts of ASP RNA when stimulated with anti-CD3/CD28. Quantification of
ASP RNA levels in two of these patients (MP071, MP146) by gPCR shows that in these
conditions ASP RNA is detected in low levels (10-15 copies/million CD4+ T cells) at 3-5 days
post-stimulation (Figure 4). In one patient however (MP069), no ASP RNA could be detected
at any time point (data not shown).

ASP and env RNAs have similar patterns of expression in one untreated patient with
detectable viraemia (MP140). Two patients were analyzed, one untreated (MP140) and one
treated (MP146). In MP140 we could detect both ASP and env. Although their levels of
transcription were dissimilar (Figure 5A), the expression curve of these two genes over time
was identical, which can be visualized plotting data on a logarithmic scale (Figure 5B). In
patient MP146, which was treated and whose viraemia was below the levels of detection, ASP
and env were barely detectable and only after several days of stimulation (Figure 5C).

FIGURE LEGENDS AND TABLE LEGENDS:

Figure 1: Expression of ASP RNA in PBMCs from one HIV-negative individual infected in vitro
with HIV-1uxs2 by standard and modified RT-PCR. (A) Detection of ASP RNA using standard
RT-PCR. ASP is amplified from cDNA synthesized in the presence of the non-biotinylated ASP-
specific antisense primer ASP R1 (Lanes 1-3). The same band is also found in primer-minus RT
controls (Lanes 4-6). (B) Visualization of ASP RNA by biotinylation of the antisense primer and
cDNA purification (Lanes 1-3). A band of decreased intensity is still detected in primer-minus
controls (Lanes 4—6). No bands are present in negative controls. Previously published in the
article “Detection of antisense protein (ASP) RNA transcripts in individuals infected with
human immunodeficiency virus type 1 (HIV-1)”, by Mancarella et al.*3 (J Gen Virol 100(5):863-
876. doi: 10.1099/jgv.0.001244).

Figure 2: ASP RNA is expressed in PMBCs of one HIV-negative individual following infection
with HIV-1uxg2. (A) The ASP band is easily detected RNA which has been fully denatured and
reverse-transcribed using the biotinylated RT primer (ASP R1) (Lanes 1-3) but not in purified
cDNA from primer-minus controls (Lanes 4-6). (B) No signal corresponding to ASP is detected
in RT-minus controls of RNA from infected PBMCs, uninfected PBMCs or water, although a
clear band is visible in gag positive control from ACH-2 cells. Previously published in the article
“Detection of antisense protein (ASP) RNA transcripts in individuals infected with human
immunodeficiency virus type 1 (HIV-1)”, by Mancarella et al. 13 (J Gen Virol 100(5):863-876.
doi: 10.1099/jgv.0.001244).

Figure 3: In anti-CD3/CD28-stimulated CD4+ T cells isolated from three untreated patients,
ASP RNA production is readily detectable and peaks between day 2 and 4 post-stimulation.
In MP135 and MP140, expression of ASP peaked at day 4 post-stimulation, while in MP148 it
peaked at day 2. ASP levels are expressed as RNA copies/million CD4+ T cells. Points in the
time course correspond to the mean value of triplicate PCR reactions. Previously published in
the article “Detection of antisense protein (ASP) RNA transcripts in individuals infected with
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human immunodeficiency virus type 1 (HIV-1)”, by Mancarella et al. 3 (J Gen Virol 100(5):863-
876. doi: 10.1099/jgv.0.001244).

Figure 4: In two aviremic patients undergoing ART, ASP is barely detectable only after a few
days of stimulation. In both our patients, ASP could not be detected at day 0. In Patient
MPO071, low levels of ASP could be detected at day 3, whereas in Patient MP146, we had to
wait until day 5 in order to see some levels of RNA. ASP levels are expressed as RNA
copies/million CD4+ T cells. Points in the time course correspond to the mean value of
triplicate PCR reactions. Previously published in the article “Detection of antisense protein
(ASP) RNA transcripts in individuals infected with human immunodeficiency virus type 1 (HIV-
1)”, by Mancarella et al. 3 (J Gen Virol 100(5):863-876. doi: 10.1099/jgv.0.001244).

Figure 5: Expression of ASP and env in anti-CD3/CD28-stimulated CD4+ T cells in treated
(MP146) and untreated (MP140) patients. (A) In the untreated patient (MP140), env is
expressed at higher levels than ASP; (B) The same data plotted on a logarithmic scale show
that ASP and env expression are characterized by a similar profile over-time; (C) Expression
kinetics of ASP and env in one patient with undetectable viraemia and undergoing ART
(MP146). Previously published in the article “Detection of antisense protein (ASP) RNA
transcripts in individuals infected with human immunodeficiency virus type 1 (HIV-1)”, by
Mancarella et al. 3 (J Gen Virol 100(5):863-876. doi: 10.1099/jgv.0.001244).

Table 1: Patients’ features. Previously published in the article “Detection of antisense protein
(ASP) RNA transcripts in individuals infected with human immunodeficiency virus type 1 (HIV-
1)”, by Mancarella et al. 3 (J Gen Virol 100(5):863-876. doi: 10.1099/jgv.0.001244).

Table 2: RT-PCR primers and probes

DISCUSSION:

In this report we describe a strand-specific RT assay applied to the detection of ASP RNA in
CD4+ T cells isolated from individuals infected with HIV-1. The occurrence of non-specific
priming during RT hampers the detection of RNA transcripts with the right polarity, leading to
misinterpretation of the results. Previous groups have developed several strategies aimed at
preventing primer-independent cDNA synthesis during the RT reaction. Tagging the reverse
primer at the 3’ end with sequences not related to HIV has proved effective in achieving
strand-specific amplification®®°, However, this approach only allows for making the falsely
primed cDNA undetectable rather than to avoid it, with the risk of it leaking into the PCR
reaction, causing amplification of non-specific DNA products (i.e., env instead of ASP).

Our initial RT-PCR attempts at detecting ASP RNA were performed using a standard antisense
primer. Amplifications were successful, as we obtained bands of the right molecular weight,
but bands of the same size were also present in our primer-minus controls. Based on these
results, we used a different approach, performing RT with a biotinylated specific antisense
primer, as described by Haist et al.’?. Although our preliminary experiments resulted in a
drastic decrease of the RT self-priming, we could not fully remove non-specific products of
amplification. Haist and coworkers eliminate non-specific cDNA products by washing the
beads in high stringency conditions . In our method, we removed completely the source of
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self-priming in the form of RNA secondary structures using high denaturation temperatures
to fully linearize the RNA template.

We show that ASP RNA is expressed in anti-CD3/CD28-stimulated CD4+ T lymphocytes.
Detection of ASP, however, cannot be achieved in cells in absence of stimulation. Our data
are somewhat dissimilar from those by Zapata and coworkers, who have reported expression
of low levels of ASP in resting CD4+ cells isolated from patients undergoing ART®. Based on
these results, they propose that ASP RNA may play a role in regulating HIV latency. Our finding
that in the same individual the kinetics of expression of ASP and env are characterized by the
same profile is not consistent with the Zapata’s model°. In fact, if really ASP was involved in
the regulation of latency, its expression profile should be opposite to the one observed for
env®

We also observed that env transcription levels are over 2 logs higher than those of ASP, at
least in patients in absence of therapy. These data are in agreement with studies by Laverdure
et al.8 showing that in primary CD4+ cells infected in vitro, 3’ LTR antisense transcription is
much lower (up to 1000-fold) than 5’ sense transcription. Our results indicate that ASP is
expressed in infected CD4 lymphocytes regardless of the stage of the disease as long as cells
are properly stimulated. In addition our data demonstrate that ASP is expressed in cells from
patients undergoing ART treatment, although the level of expression in these cells is lower
than in cells from patients in absence of therapy.

In summary, we suggest a reliable strand-specific RT assay aimed at preventing primer-
independent cDNA synthesis. ASP and env are two genes which overlap to each other in
opposite orientation, a feature that makes their study very challenging. Our approach, which
allows for selectively capturing cDNAs retrotranscribed from RNA with both negative and
positive polarity, represents an optimal and effective tool for the study of these two genes in
particular, and genes overlapping in their antisense orientation in general.
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Stage of
Patient ID Age Sex HIV

infection
MP135 44 M c3
MP140 23 M A2
MP148 37 M Al
MPO069 42 M Al
MPO71 47 M c3
MP146 59 M c3
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Table 2

Table 2: RT-PCR primers and probes
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Primer/Probe Name

ASP F1

ASP R1

PAN ASP F

PAN ASP R

ASP MP135, 146, 071 F

ASP MP135, 146, 071 R

ASP MP135, 146, 071 Probe FAM/TAMRA

ASP MP140 F

ASP MP140 R

ASP MP140 Probe FAM/TAMRA

ASP MP148 F

ASP MP148 R

ASP MP148 Probe FAM/TAMRA

ENV MP140 F

ENV MP140 R

ENV MP140 Probe FAM/TAMRA

ENV MP146 F

ENV MP146 R

ENV MP146 Probe FAM/TAMRA
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Primer sequence (5’ to 3’)

TTAGGAGTAGCACCCACCAA

GAACCCAAGGAACAAAGCTC

ACCAAGCCTCCTACTATCATTATG

GCACATTGTAACATTAGTAGAGCA

CCCAAGAACCCAAGGAACATAG

CATTAGGAATAGCACCCACCAA

TCTCTGCACCACTCTTCTCTTTGCC

CCCATAGTGCTTCCTGCTATTC

AGAAGAGTGGTGCAGAGAGA

AGCTCCTATTGTTCCCACTGCTCT

CTCTCTGCACCACTCTTCTTT

AGACCTGGAGGAGGAGATATG

TGGTGGGTGCTACTCCTAATGGTT

AGAAGAGTGGTGCAGAGAGA

CCCATAGTGCTTCCTGCTATTC

AGCTCCTATTGTTCCCACTGCTCT

CATTAGGAATAGCACCCACCAA

CCCAAGAACCCAAGGAACATAG

TCTCTGCACCACTCTTCTCTTTGCC
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all applicable privacy, likeness, personality or similar laws.
10. 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.

11. 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
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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
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.

12. 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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 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.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of 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.

14. 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 is required per submission.

CORRESPONDING AUTHOR

Hame: CECILIA ERAZIOS

Department:
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Signature: é//@Q/K/;/O’T
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Please submit a Signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JOVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Answers to second review

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues.

The manuscript has been proofread.

2. The Summary is over the 50 word limit.

The Summary word limit has been adjusted.

3. Please ensure that all references are numbered in the order of their appearance in the manuscript.
Reference 1 was not cited. Please remove.

Reference 1 has been added.

4. Please define all abbreviations before use.

Abbreviations have been defined.

5. Step 1.3.6: What is the composition of cell permeabilization buffer?
6. 1.3.7: What is the composition of washing buffer?

These two buffers are supplied with the BD Fixation/permeabilization solution kit (#554714) and their
composition is not available to the general public.

7.1.3.11: What is the composition of fixation buffer?

The composition has been added.

8. Please avoid long steps/notes (more than 4 lines).

Steps/notes longer than 4 lines have been corrected.

9. Please specify the primers for PCR reactions.

A table listing all the primer and probe sequences has been added (Table 2).

10. Please use a single space between numerical values and their units.

Spaces have been corrected.

11. Unfortunately, there are a few sections of the manuscript that show significant overlap with
previously published work. Though there may be a limited number of ways to describe a technique,
please use original language throughout the manuscript. Please check the iThenticateReport attached
to this email.

The sections of the manuscript showing significant overlap with the original paper from which this article
has been obtained have been rephrased.

*
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Graziosi Cecilia

De: Michael Devlin <m.devlin@microbiologysociety.org>
Envoyé: lundi 19 aolt 2019 14:27

A: Graziosi Cecilia

Cc: journals

Objet: RE: copyright permission PMID: 30896385

Dear Cecilia,

Thanks for your email. Please see our website:

https://www.microbiologyresearch.org/rights-and-permissions

Best wishes,
Michael

Michael Devlin | Publishing Operations Editor
Microbiology Society | www.microbiologysociety.org

T +44 (0)207 685 2674
12 Roger Street, London, WC1N 2JU, UK

Company Limited by Guarantee | Registered in England No. 1039582 | Registered as a Charity: 264017 (England & Wales); SC039250
(Scotland)

Follow us on Facebook, Twitter and Google+

From: Graziosi Cecilia <Cecilia.Graziosi@chuv.ch>
Sent: 16 August 2019 12:07

To: journals <journals@microbiologysociety.org>
Subject: RE: copyright permission PMID: 30896385

Dear Kirsty,

The JoVE editorial office requires that we “obtain explicit copyright permission to reuse any figures
from a previous publication, expressed in the form of a letter from the editor or a link to the
editorial policy that allows reprints”.

In your e-mail you say that “The copyright transfer agreement/licence to publish that was signed
by the authors gives express permission for authors to reuse their own content, provided that the
journal is acknowledged as the original source. No further permission is required”.

Would you have a link in which this is openly stated?

Thank you very much

Cecilia

De : MicrobioSoc Journals <journals@microbiologysociety.org>

Envoyé : vendredi 21 juin 2019 10:47

A : Graziosi Cecilia <Cecilia.Graziosi@chuv.ch>
Objet : Re: copyright permission
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Dear Cecilia,

Thank you for your permission request. The Microbiology Society no longer responds to individual
permission requests; these are now handled by the Copyright Clearance Center.

If you are an author (or an author’s representative) of the content for which you are requesting
permission:

The copyright transfer agreement/licence to publish that was signed by the authors gives express
permission for authors to reuse their own content, provided that the journal is acknowledged as the
original source. No further permission is required.

If another publisher requires confirmation that permission has been granted, please forward this email
to them.

If you are NOT an author of the content for which you are requesting permission:

Please click on the ‘© Get Permissions’ link that appears with the online article. Alternatively, you can
visit www.copyright.com.

Please note that the Copyright Clearance Center will charge a processing fee for each request.
Additional charges may apply for reuse for “for-profit” purposes.

For manuscripts published with open access or beyond 12 months of publication, all of the content in
the articles are published under an open access license called “CC-BY”. This license allows you to
download, reuse, reprint, modify, distribute, and/or copy articles or images. You must give appropriate
credit, provide a link to the license, and indicate if changes were made. You may do so in any
reasonable manner, but not in any way that suggests the licensor endorses you or your use.

With Kind Regards

Kirsty Vance

Editorial Office

Journal Of General Virology

From: Graziosi Cecilia <Cecilia.Graziosi@chuv.ch>
Sent: 21 June 2019 09:32

To: JGV; MicrobioSoc Journals
Subject: copyright permission

Dear Madam/Sir,

We have been invited to publish in JOVE (Peer Reviewed Scientific Video Journal - Methods and
Protocols) our method for antisense RNA detection. This method is included in the paper entitled
“Detection of antisense protein (ASP) RNA transcripts in individuals infected with human
immunodeficiency virus type 1 (HIV-1)" by A. Mancarella et al, J Gen Virol. 2019 May;100(5):863-
876. doi: 10.1099/jgv.0.001244.
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We would like to use some of the results and figures published in this paper but we need to obtain
copyright permission from your journal.

The figures that we would like to re-use are:

Figures: 2.3,4,5,6
Supplemental figures S1,52,S3
Table 1

Supplemental table 1

Best regards

Cecilia Graziosi

Cecilia Graziosi

CHUV:Division of Immunologie Allergy-IAL
Laboratoire d' Immunopathologie du SIDA
Service d'Immunologie et Allergie

Department of Medicine-CHUV

CLE/C207

Chemin de Boveresses 155

CH-1066 Epalinges
http://www.swissvaccineresearchinstitute.ch
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Rights and permissions

Copyright
Copyright in most content published in our journals is held by the Authors and cannot be republished

without permission.

Articles that are published Open Access using the OpenMicrobiology option are published by default
under a CC-BY license, with the exception of Microbial Genomics, where the default licence is CC-BY-
NC. If the funder requires it, the author can select a CC-BY license for articles in Microbial Genomics.

The license will be clearly identified in the article.

Authors requesting permission to reuse their own
content

The Licence to Publish or Copyright Transfer Agreement signed by authors explicitly grants the
authors permission to reuse their own content without seeking further permission, provided that the
original source of the material is credited appropriately.

How to request permission to republish or reuse
material

The Society has partnered with the Copyright Clearance Center to meet your licensing needs.

To obtain permission to reuse content from a particular article, simply click on the ‘Request
Permission’ link under the 'Tools' menu next to the article.

Academic reuse attracts no permission fee. However, please note that a small administration charge
is associated with this type of permission request.

For questions about using the Copyright Clearance Center, please contact their Customer Care team
via customercare@copyright.com.
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