Chapter 2

Screening Inhibitory Potential of Anti-HIV RT RNA Aptamers

Margaret J. Lange and Donald H. Burke

Abstract

Aptamers targeted to HIV reverse transcriptase (RT) have been demonstrated to inhibit RT in biochemical
assays and as in cell culture. However, methods employed to date to evaluate viral suppression utilize
time-consuming serial passage of infectious HIV in aptamer-expressing stable cell lines. We have estab-
lished a rapid, transfection-based assay system to effectively examine the inhibitory potential of anti-HIV
RT aptamers expressed between two catalytically inactive hammerhead ribozymes. Our system can be
altered and optimized for a variety of cloning schemes, and addition of sequences of interest to the cas-
sette is simple and straightforward. When paired with methods to analyze aptamer RNA accumulation
and localization in cells and as packaging into pseudotyped virions, the method has a very high level of
success in predicting good inhibitors.
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1 Introduction

The current therapeutic regimen for slowing or preventing repli-
cation of human immunodeficiency virus 1 (HIV-1) includes a
cocktail of compounds that target several viral proteins such as
reverse transcriptase (RT) [1, 2]. Despite the success of these
therapies, toxicity, noncompliance, and appearance of drug-
resistant viral strains continue to present significant problems.
Aptamers are structured nucleic acids generated to bind specific
molecular targets through an iterative process termed Systematic
Evolution of Ligands by EXponential enrichment, or SELEX [3,
4]. These small nucleic acids bind their targets with high-affinity
and -specificity, rivaling antibodies. In addition, aptamers can be
produced chemically in a scalable process, making them econom-
ical, non-immunogenic, and small enough in size to allow effi-
cient entry into biological compartments [5]. Aptamers can also
be chemically modified to increase stability and resistance to
nuclease-mediated degradation and subjected to conjugation
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chemistries to produce more potent, diverse molecular combina-
tions [5]. Along with these benefits, aptamers may be evolved to
bind extracellular, intracellular, and cell-surface targets, giving
them broad therapeutic potential [2, 5-7]. Notably, aptamers
have been selected to bind critical proteins from several viruses
and have been shown to impair the replication of the associated
viruses, including HIV [3, 4, 8-15], hepatitis B virus (HBV) [ 16,
17], human cytomegalovirus (CMV) [18], hepatitis C virus
(HCV) [19-23], and influenza virus [24, 25]. Thus, the versatil-
ity of potential protein targets for aptamers is quite broad.

Anti-HIV RT aptamers have previously been shown to inhibit
HIV replication in cell culture [8, 12, 14, 15, 26]. Most of these
studies employed a time-consuming system requiring the develop-
ment of clonal, stable, aptamer-expressing cell lines and long-term
serial passage of HIV in the presence of aptamer to demonstrate
inhibition. Recently, we developed a fast, streamlined assay to
enable screening of multiple aptamers in a variety of expression
contexts using a transient transfection-based single-cycle infectivity
assay [26]. Our assay utilizes aptamer-expressing plasmids in con-
cert with an EGFP-expressing HIV proviral plasmid and a VSV-G
envelope plasmid. Co-transfection of these plasmids directs the
production of VSV-G-pseudotyped HIV from cells that also
express the aptamer. The assay system allows for determination of
both transfection efficiency and infectivity documented by the
presence of EGFP-positive cells. The aptamer accumulates within
the cells and is packaged within the EGFP-encoding virus, poten-
tially via interaction with the RT portion of the polyprotein.
Through aptamer packaging within the virus, the aptamer is car-
ried to a new cell upon infection, where it remains tightly bound
the HIV RT, preventing replication and the appearance of EGFP-
positive cells. The system allows rapid evaluation of new aptamers
and new designs for their expression context. For example, by
assaying several different aptamer expression contexts in which
highly active or inactivated ribozymes flank the aptamer, we found
that ribozyme catalytic activity was not required for inhibition
[26]. Intracellular ribozyme cleavage has been reported to be
highly inefficient due to the low magnesium environment of the
cell [27]. Thus, our data suggested that the uncleaved or partially
cleaved transcripts may be the active forms in all tested expression
contexts. The ribozyme structures flanking the aptamer, despite
their inactivity, likely provide adequate tertiary structural support
to favor proper aptamer folding for binding to the RT. The follow-
ing method details the use of the single-cycle infectivity assay
coupled with the catalytically inactive aptamer expression cassette.
The method reliably correlates aptamer biological activity to bio-
chemical studies and provides a fast, efficient screening system.
Additionally, the system is designed to be highly versatile in terms
of'adding or subtracting cassette components.
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2 Materials

2.1 Generation of
Aptamer-Expressing
and Control Plasmids

2.1.1  Plasmids

and Oligonucleotides

2.1.2  Cloning Reagents
(See Note 1)

2.2 Determination
of Aptamer Bioactivity
by Single-Cycle
Infectivity Assay

2.2.1  Cell Culture

2.2.2 Plasmids
and Transfection Reagents

2.2.3 Flow Cytometry
Reagents

2.2.4 \Virus Harvesting

Parental CMV-driven RNA expression vector (see Note 1), oligo-
nucleotides for preparation of the parental aptamer expression
cassette (Integrated DNA Technologies, Coralville, IA) (Table 1).

Tris-EDTA (TE) buffer (10 mM Tris—-HCl pH 8.0, 1 mM EDTA),
restriction enzymes with appropriate restriction enzyme buffers
(New England Biolabs, Ipswitch, MA), T4 DNA ligase with buffer
(New England Biolabs, Ipswitch, MA), Antarctic Phosphatase with
buffer (New England Biolabs, Ipswitch, MA), LB-Ampicillin broth
(Sigma, St. Louis, MO), LB-Ampicillin agar plates, Escherichia coli
HB101 competent cells, super optimal broth (SOC) medium
(Invitrogen, Carlsbad, CA), thermocycler, 37 °C bacterial culture
incubator, 37 °C shaker incubator.

293FT cells (Invitrogen, Carlsbad, CA) (se¢ Note 2) maintained in
Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma, St. Louis,
MO) supplemented with 10 % fetal bovine serum (FBS) (Sigma,
St. Louis, MO), 500 pg,/mL Geneticin (Sigma, St. Louis, MO), 6 mM
L-glutamine (Gibco, Life Technologies, Grand Island, NY), 1 mM
sodium pyruvate (Gibco, Life Technologies, Grand Island, NY),
0.1 mM non-essential amino acids (Gibco, Life Technologies, Grand
Island, NY), and 1x vitamins (Gibco, Life Technologies, Grand Island,
NY). Cells should be maintained at 37 °Cin 5 % CO,. For cell splitting
and plating for bioassays: TrypLLE Express (Gibco, Life Technologies,
Grand Island, NY), sterile 1x Dulbecco’s Phosphate Buftered Saline
(PBS) (Gibco, Life Technologies, Grand Island, NY), 100 mm tissue
culture dishes (ISC Bioexpress, Kaysville, UT), 6-well tissue culture
plates (ISC Bioexpress, Kaysville, UT), and 96-well ELISA plates (ISC
Bioexpress, Kaysville, UT).

Aptamer-expressing plasmids, control plasmids, proviral plasmid
pNL4-3-CMV-EGEFP (see Subheading 3.2) (see Note 3), vesicular
stomatitis virus glycoprotein (VSV-G) plasmid pMD-G (Invitrogen,
Carlsbad, CA), polyethylenimine (PEI) transfection reagent [28]
(Sigma, St. Louis, MO) (see Note 4), serum-free DMEM medium,
standard DMEM cell culture medium (see Subheading 2.2.1),
microcentrifuge tubes.

20 % Paraformaldehyde (see Note 5), 1x PBS, flow cytometer,
microcentrifuge tubes, flow cytometer tubes (if applicable).

0.45 pm syringe filters (Millipore, Billerica, MA), 5 mL syringes,
microcentrifuge tubes, -80 °C freezer.
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2.3 Analysis of
Intracellular Aptamer
RNA Accumulation
and Localization

2.3.1 Cells, Plasmids,
and Transfection Reagents

2.3.2 RNA Fractionation
and Isolation Reagents

2.3.3 ¢DNA Synthesis
and Real-Time PCR

2.4 Analysis of
Aptamer Incorporation
into Viral Particles
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293FT cells, 6-well tissue culture plates, aptamer-expressing
plasmids, control plasmids, PEI transfection reagent (see Note 4),
serum-free DMEM, standard DMEM culture medium (see
Subheading 2.2.1), 1x PBS, cell scraper, microcentrifuge tubes.

TRIzol and TRIzol LS reagent (Invitrogen, Carlsbad, CA) or the
Paris RNA Isolation Kit (Ambion, Life Technologies, Grand
Island, NY), chloroform (Sigma, St. Louis, MO), TKM buffer
(10 mM Tris—=HCI pH 7.5, 10 mM KCI, 1 mM MgCl,), Triton
X-100, 70 % ethanol, Turbo DNase (Ambion, Life Technologies,
Grand Island, NY), nuclease-free  water, NanoDrop
Spectrophotometer (Thermo-Fisher Scientific, Waltham, MA).

ImProm II Reverse Transcription System with random hexamer
primers (Promega, Madison, WI), primers for amplification of
aptamer and aptamer cassette sequences (Integrated DNA
Technologies, Coralville, IA), primers for amplification of refer-
ence genes for normalization (Table 1) (Integrated DNA
Technologies, Coralville, IA), PCR tubes, microcentrifuge tubes,
Real Time PCR Plates and Optical Covers (Applied Biosystems,
Foster City, CA), Power SybrGreen PCR Master Mix (Applied
Biosystems, Foster City, CA), ABI 7500 Real Time RT-PCR
Thermocycler (Applied Biosystems, Foster City, CA).

1. Virus-containing supernatant generated from transfection (see
Subheading 2.2.4), ultracentriftuge, ultracentrifuge-appropri-
ate tubes, TRIzol reagent, chloroform, Turbo DNase,
nuclease-free water, 3 M sodium acetate, 100 % ethanol, 70 %
ethanol, -80 °C freezer, NanoDrop.

3 Methods

3.1 Generation

of Aptamer Expression
Cassettes and
Controls

The method described in Subheading 3.1 will prepare the con-
structs to be utilized in the single-cycle infectivity assay (Fig. 1).
The cloning process is straightforward and can be easily modified to
accommodate a wide range of restriction sites (se¢ Note 1). The
parental aptamer expression cassette generated in this method
employs a minimal core (~40 nt) aptamer, flanked by two catalyti-
cally inactive ribozymes derived from RzB [29, 30] and sTRSV
[31]. The ribozymes on either side of the aptamer allow the aptamer
to fold into its active conformation and may decrease the probabil-
ity of exonuclease degradation [27]. The CMV promoter in these
constructs results in high-level expression of aptamer RNA in both
the nuclear and cytoplasmic compartments, and this accumulation
and localization can be verified using other methods described in
this chapter.
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Fig. 1 Cloning schematic for insertion of the catalytically inactive ribozyme cassette into the parental
CMV-driven vector

1. Reconstitute the oligonucleotides found in Table 1 at a con-

centration of 100 pM using TE buffer prepared in nuclease-
free water (see Note 1). Dilute each of the oligonucleotides to
10 pM using nuclease-free water, except for the two outermost
oligonucleotides (RzModA and RzModG, Table 1), which
should be diluted to 25 pM. In a PCR tube, combine 1 pL of
each oligonucleotide with 5 pl. 10x Taq Buffer, 1.25 pL
25 mM MgCl,, 1 pL 10 mM dNTPs, 1 U Taq Polymerase, and
enough water to bring the final volume to 50 pL. Amplify the
reaction using a thermocycler (see Note 6).

Initial denaturation (5 min at 95 °C).

30 cycles of denaturation (30 s at 95 °C), annealing (30 s
at 60 °C), and extension (45 s at 72 °C).

Final extension (10 min at 72 °C).
Final hold (4 °C).

. Ethanol precipitate the PCR product from Subheading 3.1,

step 2, by adding 1,/10 volume of 3 M sodium acetate and 3
volumes of 100 % ethanol in a microcentrifuge tube. Precipitate
the PCR product for 1 h at -80 °C or overnight at -20 °C.
Centrifuge the solution at full speed (16,100 x4 for Eppendorf
5415D) using a microcentrifuge for 30 min at 4 °C. Remove
the supernatant, and gently wash the pellet once using cold
75 % ethanol. Repeat the centrifugation. Remove the superna-
tant, and air-dry the pellet for approximately 10 min (se¢ Note
7). Resuspend the pellet in 25-50 pL nuclease-free water,
depending on band intensity of the PCR product by ethidium
bromide staining in an agarose gel. Further dilution of the
product prior to ligation into the cassette may be required to
achieve a 3:1 molar ratio of insert to vector.



3.2 Determination
of Aptamer Bioactivity
by Single-Cycle
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3. Prepare the parental CMV-driven vector (se¢e Note 1) and
parental aptamer expression cassette for cloning by digesting
each component with restriction enzymes Nhel-HF and
NotI-HF (Y2 pL each enzyme (10 U), 3 pg DNA, 1x NEB buf-
fer 4, 1x BSA, water). After 1 h at 37 °C, inactivate the enzymes
by incubation for 20 min at 65 °C. Subsequent phosphatase
treatment of the vector is optional but may help reduce vector
religation.

4. Purify the digested vector using a PCR Clean-Up or Gel
Extraction Kit. The parental aptamer expression cassette may
be purified or ethanol precipitated as in Subheading 3.1, step
3. Quantify the purified vector and insert using a NanoDrop
spectrophotometer.

5. Ligate the cassette and vector using a molar ratio of 3:1
(insert:vector). Perform ligation in a 20 pL reaction volume
using T4 DNA ligase (1x NEB ligase buffer with ATD, YapL
T4 DNA ligase (200 U), 3:1 insert:vector, water).

6. Transtorm 10 pL of'a 20 pL ligation reaction to 50 pLL HB101
competent cells. Incubate on ice for 30 min. Heat shock the
cells for 1 min at 42 °C and place back on ice for 5 min. Add
200 pLL SOC medium and incubate at 37 °C for 1 h with shak-
ing. Plate 100 pL on LB plates containing ampicillin. Incubate
overnight at 37 °C. Pick colonies and screen for the presence of
the correct insert (see Note 8). Confirm by DNA sequencing.

7. After verification by sequencing, proceed to clone in any
aptamer or control RNA of choice by amplifying the aptamer
or control sequence with primers to append EcoRI and Apal
restriction sites to the 5" and 3’ ends, respectively (see Note 1).
Proceed as for the cassette cloning (see Note 9).

The method described in Subheading 3.2 allows for the determi-
nation of aptamer bioactivity in the context of the aptamer expres-
sion construct made in Subheading 3.1. The method utilizes a
single-cycle infectivity assay where aptamer-expressing plasmid is
first transfected into the cell, followed by the proviral plasmid
pNL4-3-CMV-EGFP and VSV-G envelope plasmid, pMD-G [26].
The HIV-1x13 4 desived CMV-EGEP plasmid (pNL4-3-CMV-EGEFD)
used in single-cycle infectivity assays was kindly provided by Vineet
KewalRamani (National Cancer Institute [ NCI|—Frederick). This
proviral vector lacks the genes encoding vif; vpr, vpu, nef; and env
and has a CMV immediate early promoter-driven EGFP in place of
nef. As such, the virus can undergo only one round of replication.
Thus, the virus is produced in the presence of aptamer, allowing
the aptamer to be effectively packaged within the pseudotyped
virus, presumably via interaction with the RT [14, 26]. Upon
infection of fresh cells, aptamer interaction with the RT prevents
DNA synthesis and, thus, the appearance of EGFP-positive cells.
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To validate the results obtained from the bioactivity assay, it is
strongly suggested to proceed with Subheadings 3.3 and 3.4,
which verity that the aptamer accumulates to sufficient levels in
total, cytoplasmic, and nuclear compartments of the cell, as well as
to verify that the aptamer packages efficiently within the pseudo-
typed viral particles.

1. Generate high-quality plasmid DNA preparations using
standard methods (se¢ Note 10). Dilute each of the plasmids
to a concentration of 100 ng/uL using nuclease-free water.

2. The day prior to transfection, plate 300,000-500,000 293FT
cells in 6-well plates, aiming for ~60-70 % confluence the next
day (see Note 11). Media volume should be 2 mL per well.
Plate enough wells to accommodate all of the aptamer-
expressing plasmids and control plasmids, in addition to
“no-plasmid” and “mock” wells.

3. Prepare transfection mixtures for the aptamer-expressing
plasmids. Combine 97 pL serum-free medium (DMEM) with
3 pL PEI transfection reagent (3 pL. PEI/pg DNA) (see Note
4). Incubate the mixture at room temperature for 5 min. Add
10 pL (for a total of 1 pg DNA using 100 ng/pL stock) of
aptamer-expressing plasmid to the transfection mixture. Filler
DNA (1 pg) should be used for “no-plasmid” and “mock”
wells (see Note 12). Flick the tube to mix, and briefly spin the
liquid out of the cap. Allow the mixture to incubate at room
temperature for 30 min (se¢ Note 13). Add the mixture drop-
wise to the 293FT cells in 6-well plates so as to not disrupt
transfection complexes or the cells. Gently swirl the plates to
mix and place in the cell culture incubator.

4. After 4 h, remove the medium from the cells and gently replace
it with 2 mL of fresh medium (se¢ Notes 2 and 4).

5. Prepare a second transfection mixture for each well, contain-
ing the proviral plasmid and envelope plasmid for production
of VSV-G-pseudotyped HIV-1 in the presence of aptamer.
Amounts may be multiplied depending on sample number to
allow for a single mastermix. Combine 48.5 pl. serum-free
medium with 3 pL. PEI transfection reagent for each well.
Incubate the mixture at room temperature for 5 min. In a
separate tube, combine 48.5 pL serum-free medium with
2.5 pL pN1L4-3-CMV-EGFP (250 ng) and 1.5 pL. pMD-G
(150 ng) for each well (see Notes 14 and 15). Incubate the
mixture at room temperature for 5 min. After the incubation,
add the DNA-containing mixture to the PEI-containing mix-
ture. Flick the tube to mix, and briefly spin the liquid out of
the cap. Allow the mixture to incubate at room temperature
for 30 min (see Note 13). Add the mixture dropwise to the
293FT cells in 6-well plates, taking care not to disrupt the



10.

11.

12.

Inhibition by Anti-HIV RT Aptamers 19

cells. Gently swirl the plates to mix and place in the cell culture
incubator.

. After 4 h, remove the medium from the cells and gently replace

it with 2 mL of fresh medium (seec Note 4).

. 48 h after the second media change, harvest the VSV-G-

pseudotyped virus by syringe filtering the supernatant using a
0.45 pm syringe filter. To minimize freeze—thaw cycles, ali-
quot the virus into sterile 1.7 mL tubes, keeping the following
applications in mind: infectivity assays (50-150 pL), p24
ELISA (100 pL), and harvesting of viral RNA (1 mL) (see
Note 16). Store the cell-free virus at —-80 °C until future use.

. After harvesting the virus, collect the cells by scraping or

trypsinization and transfer them to a fresh 1.7 mL microcen-
triftuge tube. These cells will be used in Subheading 3.4 for
analysis of aptamer accumulation and localization (use scrap-
ing method). Perform Subheading 3.4 immediately upon cell
harvest. Alternatively, transfection efficiency may be deter-
mined by flow cytometry using the cells after fixation for
30 min in 4 % paraformaldehyde (use trypsinization method;
see Subheading 3.2, step 12) (see Note 5).

. To determine infectivity of the harvested virus, plate 293FT

cells in 6-well plates (as for the transfection in Subheading 3.1,
step 2) the day prior to infection (see Note 17).

Thaw one aliquot of harvested virus for measuring infectivity
and mix well by gently inverting the tube. Use 50-150 pL of
the harvested virus (see Note 18) to infect the 293FT cells
plated for infection (Fig. 2). For an individual assay, each sam-
ple should be infected with the same volume of viral
supernatant.

Thaw another aliquot of virus to perform a p24 ELISA for
determination of the amount of p24 present in the viral ali-
quots. Dilutions of 1:10 and 1:100 are recommended for the
p24 ELISA to ensure that obtained values are within the range
of the standard curve. A protocol for generating a homemade
p24 ELISA is available [32]. Commercial kits may also be uti-
lized. These p24 values will be used to normalize the infectivity
data to be collected in Subheading 3.2, step 12.

After 24-48 h, remove the cell culture medium from each well
(see Note 19). Harvest the cells by trypsinization with 200 pL
TrypLE Express, wash the well once with 800 pL. 1x PBS,
and transfer the 1 mL cell suspension to a 1.7 mL microcentri-
fuge tube. Centrifuge the cells at 300 x g for 10 min at 4 °C.
Remove the supernatant, and resuspend the cells in 500 pL
4 % paraformaldehyde (se¢ Note 5). Incubate the cells for
30 min at room temperature or for 1 h at 4 °C. Wash the cells
once with 1x PBS, centrifuge at 300 x 4 for 10 min, remove the
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3.3 Analysis of
Intracellular Aptamer
RNA Accumulation
and Localization
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Fig. 2 Single-cycle infectivity assay performed with several different amounts of
viral supernatant demonstrating the informative range of the infectivity assay.
293FT cells were transfected with 1 mg aptamer-expressing plasmid or control
plasmid (pcDNA3.1 and empty cassette). After 4 h, medium was changed and
cells were transfected with proviral and envelope plasmids to produce VSV-G-
pseudotyped HIV-1 virions in the presence of aptamer. After 4 h, the medium was
changed. Viral supernatant was collected after 48 h by syringe filtration, and
fresh 293FT cells were infected with 50, 100, or 500 mL viral supernatant.
Infected cells were collected after 24 h, fixed with 4 % paraformaldehyde, and
the percentage of EGFP-positive cells was determined by flow cytometry. Data
were normalized to pcDNA3.1

supernatant, and resuspend the cells in 500 pL 1x PBS. The cells
can now be analyzed using a flow cytometer for the percentage
of GFP-positive (infected) cells. Following analysis, infectivity
can be normalized to the amount of p24 present per sample.

The method described in Subheading 3.3 assesses required com-
ponents (accumulation and localization) of the single-cycle aptamer
bioactivity assay performed in Subheading 3.2. For inhibition to
occur, the aptamer must accumulate to significant levels within the
cell [26]. If the levels of aptamer are not sufficient to bind the
available virus-associated RTs, inhibition is not expected to be
observed. This method validates the bioactivity assay by providing
additional confirmation of both positive and negative outcomes. If
the accumulated RNA levels of aptamer are high, yet inhibition
does not occur, it is likely that the specific aptamer utilized may not
efficiently bind to and/or inhibit the RT or that it may localize to
a nonproductive biological compartment. Binding may occur at
many surfaces on the RT [33] and as such may bind in a manner
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that does not yield inhibition of RT activity. If the levels of aptamer
expression are high and inhibition does occur, the assay confirms
the positive result. Finally, it the levels of aptamer expression are
low and a negative result is obtained, the reasons for low-level
aptamer expression should be explored and the expression system
should be optimized (se¢ Note 15). This validation is best used in
concert with the determination of aptamer packaging with the
virus (Subheading 3.4), which is an additional important compo-
nent in terms of aptamer-mediated inhibition of viral replication.

1. This protocol will utilize the transfected cells collected by
scraping into 1x PBS from Subheading 3.2 (see Subheading 3.2,
step 8). Alternatively, a separate transfection may be performed
(see Note 20).

2. Separate the cells collected in Subheading 3.2, step 8, into two
1.7 mL microcentrifuge tubes. One tube will be used for total
RNA isolation, while the other will be used for cytoplasmic
and nuclear fractionation prior to RNA isolation. Pellet the
cells by centrifugation for 10 min at 4 °C and 300 x 4. Remove
the supernatant.

3. For total RNA isolation, resuspend the cell pellet in TRIzol
reagent according to the manufacturer’s instructions.
Alternatively, the column-based Paris RNA Isolation kit may
be used. After completing the TRIzol or Paris RNA Isolation
kit protocol, DNase-treat the sample using Turbo DNase
(5 pL 10x buffer, 2 pL or 4 U Turbo DNase in an ~50 pL
sample) for 1 h at 37 °C (see Note 21). Inactivate the reaction
by adding 11 pL of the provided inactivation resin, mixing
well, incubating for 2 min at room temperature, centrifuging
at 16,100 x4 for 3 min, and transferring the supernatant to a
fresh tube. The DNase-free RNA may now be quantified using
a Nanodrop spectrophotometer. Make sure that the quality of
the isolated RNA is high according to the spectrophotometer
(see Note 22). RNA may be subjected to subsequent precipita-
tions to enhance quality using Subheading 3.1, step 3.

4. The Paris RNA Isolation kit may also be used for fractionation
and RNA isolation. Alternatively, the following method may be
used: For cytoplasmic and nuclear fractionation, resuspend the
cell pellet in 500 pL ice-cold TKM bufter and incubate on ice for
5 min. Add 15 pL of 10 % Triton X-100 to lyse the cells while
keeping the nuclei intact. Incubate the lysis mixture for 10 min
on ice. Centrifuge the samples at 500x4 for 5 min at 4 °C.
Transfer the supernatant containing the cytoplasmic material to a
fresh tube with care not to disrupt the nuclear pellet. Repeat the
lysis process an additional time for the nuclear pellet to ensure
that cytoplasmic contaminants are eliminated. After the second
lysis process, wash the nuclear pellet once in 500 pL. TKM bufter
prior to RNA extraction. Isolate cytoplasmic and nuclear RNA
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3.4 Analysis of
Aptamer Incorporation
into Viral Particles

using TRIzol reagent as per the manufacturer’s instructions. Due
to the liquid component of the cytoplasmic fraction, TRIzol LS
reagent should be used (see Note 23). Complete the remainder
of the protocol as instructed in Subheading 3.3, step 3.

5. Isolated total, cytoplasmic, and nuclear RNA may now be used
for synthesis of ¢cDNA using the ImProm II Reverse
Transcription System as per the manufacturer’s instructions.
Briefly, at least 200 ng of RNA is suggested for synthesis of
c¢DNA using this protocol. Reaction conditions are as follows:
4 mL 5x reaction buffer, 2 pL. 25 mM MgCl,, 1 pL. 10 mM
dNTPDs, 1 pL random hexamer primers (0.5 pg), 0.5 pL. RNasin
(20 U), 1 pL ImProm II reverse transcriptase, and water to
20 pL. Random hexamer primers, oligoDT primers, or gene-
specific primers may be used. Always include “no-RT” controls
to ensure that any amplification is not due to genomic or plas-
mid DNA contamination (see Note 21). Reactions should be
performed at 42 °C for 1 h, with inactivation at 99 °C for
5 min. Samples should be kept at -20 °C.

6. The cDNA generated in Subheading 3.3, step 5, may be used
for subsequent endpoint PCR or qPCR analysis. This protocol
describes the quantitative determination of aptamer expression
levels in each RNA fraction using the relative quantity qQPCR
method. Primers for several reference genes to enable normal-
ization can be found in Table 1 (se¢ Note 24). Additionally,
obtain primers specific to the aptamer constant regions or the
entire aptamer expression cassette to enable amplification of
aptamer sequences within the cDNA (see Note 25). Determine
amplification efficiency for each set of primers using the Pfaffl
method prior to performing qPCR [34]. Perform real-time
RT-PCR (qPCR) using PowerSybr Green PCR Master Mix
with the appropriate primers according to the manufacturer’s
instructions. The formula for calculating the relative quantity
is as follows: CT values for the reference genes (e.g., GAPDH)
are subtracted from the CT values of the sample (e.g.,
ACT =CT,pramer — CTGarpn) to determine the ACT. Then, the
ACT values for the negative control (e.g., pcDNA3.1 vector)
are subtracted from the ACT values for the samples (AACT =
ACT mpie = ACT ono1). The AACT values are then used to cal-
culate relative quantity (RQ), using the equation RQ=2"AA°T,
Thus, graphs are represented as quantity relative to the speci-
fied reference gene, with subsequent normalization to sample
controls (set to 1).

The method described in Subheading 3.4 provides an additional
experimental layer of validation to the single-cycle infectivity assay,
verifying positive and negative results. When paired with the
method in Subheading 3.3 to determine aptamer accumulation
levels and the bioassay in Subheading 3.2, the method has been
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highly successful in predicting aptamers that will be successful
viral inhibitors.

1. Thaw 1 mL aliquots of virus-containing supernatant harvested

in Subheading 3.2, step 7. Transfer the supernatant to an appro-
priate high-speed centrifuge tube, and adjust the sample volume
with PBS to ensure that each sample contains an equal volume
of supernatant prior to centrifugation. Centrifuge the samples at
125,000x4 for 1 h at 4 °C using a Beckman Coulter TL-100
ultracentrifuge with the TLA 45 rotor. Remove the supernatant,
and resuspend the viral pellet in TRIzol Reagent (Invitrogen) as
per the manufacturer’s instructions. TRIzol LS reagent may be
used if a portion of liquid remains over the viral pellet as per the
manufacturer’s instructions. Addition of 5-10 pg glycogen as a
carrier to the aqueous phase during RNA isolation is recom-
mended to improve RNA vyields. Alternatively, a column-based
viral RNA isolation kit (e.g., Qiagen QIAmp Viral RNA Mini
kit) may be used. After completing the TRIzol protocol, proceed
as in Subheading 3.3, step 3.

. Isolated viral RNA may now be used for synthesis of cDNA

using the ImProm II reverse transcription system as described
in Subheading 3.3, step 5. For this protocol, >200 ng of RNA
is suggested for synthesis of cDNA. Always include “no-RT”
controls to ensure that any amplification is not due to genomic
or plasmid DNA contamination (se¢ Note 21).

. The cDNA generated in Subheading 3.4, step 2, may be used

for subsequent endpoint PCR or qPCR analysis as in
Subheading 3.3, step 6. Primers for HIV GAG as a reference
gene to enable normalization to the viral genome are located
in Table 1. Primers specific to the aptamer constant regions or
aptamer expression cassette obtained in Subheading 3.3, step
6, may be used for amplification of aptamers in viral cDNA.

4 Notes

. Use of a parental CMV-driven vector: The parental vector

utilized in our original study was obtained from the laboratory
of Vinayaka R. Prasad [14]. This vector was a modified
pcDNA3.1 vector, and the final sequence differs from the orig-
inal pcDNA3.1 in that several cloning sites have been removed
and/or moved. We modified this vector by changing the ribo-
zymes used in the original cassette. While the cloning in this
method can utilize pcDNA3.1, slight modifications to the
restriction enzymes utilized would be required. For example,
cloning of the Nhel-Notl aptamer expression cassette into
pcDNA3.1 would result in the presence of two Apal restric-
tion sites (one within the aptamer expression cassette and the
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other downstream of the Notl restriction site). Other CMV-
driven vectors would be equally acceptable, provided that the
restriction sites were modified appropriately. Although we do
not anticipate issues with use of the aptamer expression cas-
sette in other CMV-driven vectors, our results are based solely
on use of the modified pcDNA3.1 vector.

. The transfection and infection efficiencies of the 293FT cells

decrease with age or passage. We recommend using low-
passage 293FT cells (<30 passages) for all transfections and
infections. Additionally, 293FT cells are very sensitive to forces
generated during removing medium, adding medium, adding
transfection mixtures, etc. Extreme care should be taken due
to the sensitivity, extreme care should be taken not to disrupt
the cells from the plate during such procedures.

. The pN1L4-3-CMV-EGEFP proviral plasmid was kindly provided

by Vineet KewalRamani (NCI—Frederick). This proviral vec-
tor lacks the genes encoding vif; vpr, vpu, nef, and env and has
a CMV immediate early promoter-driven EGFEP in place of nef:

. Use of the PEI transfection reagent. Other transfection reagents

may also be used. PEI provides highly efficient and consistent
transfection of 293FT cells. PEI utilized in this study was made
according to the literature [28]. The PEI-DNA transfection mix-
ture should be added dropwise to the cells. Refrain from vortex-
ing or vigorously pipeting the PEI-DNA transfection complex, as
these may produce sheer forces that disrupt the PEI-DNA com-
plexes and reduce transfection efficiency. Vortexing after forma-
tion of the complex is not reccommended. Additionally, dropwise
addition of the mixture is crucial to maintaining the complex
formation upon addition to the cells. As with many transfection
reagents, PEI can be toxic to cells. We have found that using over
6 pL of PEI in a single transfection in a 6-well plate can result in
cellular toxicity. Notably, different preparations of PEI will have
different toxicity levels, and toxicity should be evaluated prior to
the use of the reagent. Due to the associated toxicity, we recom-
mend two separate transfections: one for the aptamer-expressing
plasmids and the other for the proviral plasmids. Changing the
cell culture medium in between the transfections will prevent
accumulation of PEI toxicity within the well.

. Making of paraformaldehyde solutions for cell fixation: The

4 % paratormaldehyde solution should be diluted from a 20 %
paraformaldehyde solution. For 20 % paraformaldehyde stock
solution preparation, use the following recipe:

200 g paratormaldehyde in 800 mL MilliQ water.

1 mL 10 N NaOH, added dropwise until solubilization
occurs.

Bring up to 1 L with MilliQ water, and heat to 65 °C with
stirring to dissolve.
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Aliquot in desired volume, and store at =20 °C.
To make 4 % paraformaldehyde working stock.

Mix 100 mL 20 % paratormaldehyde with 50 mL 10x PBS
and bring up to 500 mL with MilliQ water.

20 % Paraformaldehyde may be stored at 4 °C for up to
2 weeks or at =20 °C or 20 °C for long-term storage.

The 4 % paratormaldehyde solution should be diluted
fresh from the 20 % solution for use.

. Additional parent aptamer expression cassette for cloning into

the parental vector (see Note 1) may be generated using the
outer oligonucleotides (RzModA and RzModG, Table 1) as
primers. Dilute the outermost oligonucleotides to 10 pM prior
to PCR. Amplify the reaction as in Subheading 3.1, step 1.

. Do not allow the pellet to dry completely. If the pellet is

allowed to dry completely, there will be difficulty solubilizing
the pellet.

. To expedite the screening process, PCR may be performed

after resuspending the bacterial colony in 10 pL LB-AMP
broth and incubating the resuspension for 2-3 h at 37 °C.
PCR may be performed with 2 pL of the 10 pL culture.
Alternatively, one-half of the bacterial colony may be directly
utilized in the PCR reaction.

. Full-length aptamers (>40 nt) simplify screening of the PCR

amplicon by size. Additionally, use of aptamer sequences larger
than 100 nt enables easier quantification of aptamer accumula-
tion by real-time RT-PCR. Including segments that are pres-
ent within all aptamer transcripts allows one set of RT /PCR
primers to be used in all RNA quantification assays.

Use of maxi preparations of DNA is highly recommended.
These preparations typically yield high-quality DNA. Assay
variability using lower quality mini preparations of DNA has
been encountered. Optimally, DNA should have a 260,280
ratio of ~1.6-1.8 and a 260,230 ratio >2.

Age or passage number of the 293FT cells affects cellular pro-
liferation speed. Older cells may take longer to reach sufficient
levels of confluence than newer cells. This should be taken into
consideration when plating prior to experimental procedures.

Filler DNA should not affect the experimental outcome.
Generally, we utilize a plasmid that expresses mCherry via the
CMV promoter as filler (pCMV-mCherry). Salmon sperm
DNA may also be used. Experiments should be performed to
evaluate the filler DNA prior to introduction into single-cycle
infectivity assays using aptamer-expressing plasmids.

The mixture may be incubated for 20 min to 2 h without any
detrimental effect on transfection efficiency.
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A mastermix may be prepared for proviral and envelope
plasmid transfections. However, prior to addition of DNA to
the PEI mixture, the two separate plasmids should be mixed
in their appropriate amounts to ensure that each plasmid has
equivalent access to the PEI once introduced to the PEI
mixture.

It is important that aptamer RNA expressed in the cell does
not get overwhelmed by the amount of virus produced. If too
much virus is produced, the results will be skewed toward a
lack of inhibition. We have optimized the amount of proviral
and envelope plasmids in our system. We recommend perform-
ing proviral titrations in the presence of aptamer to determine
the appropriate amount of proviral and envelope plasmid to
include based on the amount of aptamer RNA generated from
the aptamer-expressing plasmids.

Freeze—thaw cycles should be minimized. Care should be taken
to ensure that all sample measurements are taken using samples
with equal freeze—thaw cycles. Variation in sample concentra-
tions and experimental measurements may be observed with
multiple freeze—thaw cycles.

For infectivity determination, cells may be plated the day prior
to or on the day of infection. Care should be taken to ensure
that the confluency will be between 60 and 70 % regardless of
the day of plating (see Note 11).

Use of too much or too little virus-containing supernatant will
skew the results (Fig. 2). The amount of medium used for
infection depends on the amount of virus produced and the
confluency of the cells to be infected. Too much virus will satu-
rate the EGFP signal, while too little virus will not provide
sufficient positive cells for proper analysis and normalization.
The optimal final percentage of EGFP-positive cells for the
controls should be 5-10 %.

Cells may be harvested for infectivity determination upon the
appearance of EGFP-positive cells by fluorescence microscopy.
Fluorescence may appear between 24 and 48 h. We recom-
mend at least 24-h infection time.

Differences in aptamer accumulation and localization may be
observed depending on the presence or the absence of the
proviral transfection within the experimental sample.
Additionally, if a separate transfection is performed, it should
be done side by side with the transfection containing proviral
and envelope plasmids to ensure that the cells are in the same
state (see Notes 2 and 11).

DNase treatment of the RNA samples is essential to ensure
that the observed signal is not because amplification of
contaminating genomic or plasmid DNA did not occur.
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Amplification of contaminating DNA will give false-positive
results and will also result in amplification in the “no-RT”
cDNA samples.

Care should be taken to ensure the highest quality of RNA.
The optimal 260,/280 ratio for pure RNA should be ~2.0.
Additionally, the 260,230 ratio should be >2. Certain RNA
isolation protocols may yield low-quality RNA and benefit
substantially from subsequent RNA precipitations.

TRIzol LS reagent is a more highly concentrated form of
TRIzol reagent that accounts for additional “liquid sample”
remaining in the tube, assuring the final concentration to be
appropriate for nucleic acid or protein isolation.

Fractionated RNA samples require specific housekeeping
genes. For cytoplasmic samples, spliced GAPDH is recom-
mended (Table 1). For nuclear samples, U6 RNA is recom-
mended (Table 1). Unspliced GAPDH or 18S RNA may be
used for total RNA preparations (Table 1). Endpoint PCR to
determine cytoplasmic contamination in nuclear samples (and
vice versa) is recommended prior to performing qPCR.

Aptamer-specific primers may vary with your choice of aptamer

due to differences in the content of the constant regions.
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