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Abstract

The identification of RNA-binding proteins that physically associate with viral RNA molecules
during infection can provide insight into the molecular mechanisms of RNA virus replication.
Until recently, such RNA-protein interactions have been identified predominantly with the use of
in vitro assays that may not accurately reflect associations that occur in the context of a living cell.
Here we describe a method for the specific affinity purification of dengue virus RNA and
associated proteins using in vivo cross-linking followed by antisense-mediated affinity
purification. RNA-binding proteins that specifically co-purify with viral RNA using this method
can be identified en masse by mass spectrometry. This strategy can potentially be adapted to the
purification of any viral RNA species of interest.
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1. Introduction

Viral RNAs must navigate a complex cellular environment and be successfully translated,
replicated, and/or packaged into progeny virions during the course of a productive infection.
Throughout various stages of the viral life cycle, the viral RNA is exposed to, and likely
interacts directly with, a number of host cell and viral proteins. Some of these host RNA-
binding proteins (RBPs) may bind to viral RNA and impede the establishment of productive
infection [1-5]. Alternatively, the virus may co-opt the normal function of cellular RBPs to
promote one or more phases of the viral life-cycle. For example, several well-characterized
RBPs have been shown to interact with viral RNA and mediate the translation and/or
synthesis of viral RNA genomes [6-12]. Therefore, the identification of novel interactions
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between viral RNA and host RBPs can provide insight into the molecular mechanisms of
virus replication.

Until recently, the identification of interactions between viral RNA and host proteins has
relied predominantly on in vitro systems. One commonly used strategy has been
immobilization of in vitro transcribed subgenomic regions of viral RNA on solid state
resins, followed by incubation with crude or fractionated cell lysates. Proteins that
specifically bind to the RNA of interest can be enriched after washing away non-specific
interactions and then identified using mass spectrometry [13]. More targeted approaches for
the identification of interactions between protein and viral RNA, such as RNA-
immunoprecipitation and electrophoretic mobility shift assay, have been used to test the
ability of specific RBPs to bind discrete viral RNA regions [3, 4, 14]. These techniques can
be powerful tools for identification and characterization of RNA-protein interactions.
However, an important limitation of these strategies is that interactions occurring in vitro
may not accurately reflect those that occur in the context of virus infection.

One strategy for the characterization of polyadenylated RNP complexes formed in vivo
involves UV crosslinking followed by purification of RBPs on immobilized oligo(dT) [15—
19] A recently described method couples this purification strategy with mass spectrometry
for en masse identification of interactions between cellular mRNA and protein in living
cells. This protocol utilizes an in vivo cross-linking approach in which growing cells are
exposed to 254 nm UV light, forming covalent cross-links at sites of direct contact between
protein and RNA. The cells are then lysed under denaturing conditions and
ribonucleoprotein (RNP) complexes are purified from the lysate using immobilized
oligo(dT) to specifically purify polyadenylated mRNA with its associated proteins [20, 21].
A modification of this strategy was recently used to identify proteins bound to the
polyadenylated poliovirus RNA genome in infected cells [22]. Here we report an adaptation
of this approach to specifically purify dengue virus (DENV) RNPs from infected cells. The
identification of proteins associated with the non-polyadenylated viral genomes during
infection, and characterization of their roles in virus replication, will lead to novel insights
into the molecular mechanisms of DENV replication.

2. Method Overview

Figure 1 depicts a general overview of the affinity purification method. Infected cells are
exposed to 254 nm UV light, inducing covalent cross-links between protein and RNA to
which it is directly bound. Mock-infected cells serve as a control for background binding of
cellular RNPs. Cells are lysed and viral RNPs are purified by hybridization of antisense
biotinylated DNA oligonucleotides to the viral RNA, followed by capture of RNP
complexes on streptavidin-coated magnetic beads. After a series of increasingly stringent
washes, the bound material is eluted for analysis of RNA and/or protein. RNA recovery is
assessed using RT-qPCR. Bound proteins can be liberated from the RNA for targeted or
unbiased en masse identification.
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3. Detailed Methods

3.1. Rational design of antisense oligonucleotides by RNase H mapping

RNA molecules can exhibit significant secondary structure and in living cells are associated
with RNA-binding proteins. As a result, certain regions of an RNA molecule after UV cross-
linking to partner proteins may be unavailable for hybridization to an antisense
oligonucleotide. The likelihood that a given antisense oligonucleotide sequence will be able
to bind its target RNA and thus be effective in mediating affinity purification may be
predicted using theoretical or empirical structural data where available. However, these data
are often derived from naked RNA in the absence of protein. One way to determine the
accessibility of a given RNA sequence in the context of bound protein is by RNase H
mapping of the target RNA (Figure 2A). This is accomplished by incubation of candidate
antisense DNA oligonucleotides with cross-linked cell lysate, followed by treatment with
RNase H, which will specifically cleave the RNA in an RNA:DNA hybrid. Cleavage
efficiency of the RNA can then be assessed by RT-qPCR using PCR primers that span the
predicted cleavage site.

3.2. Materials

1. cross-linked lysate from DENV-infected Huh7 cells (see Note 1), ~2.5 x 10* cell
equivalents per pl. This corresponds to an approximate protein concentration of 15
mg/ml.

purified RNA from mock-cross-linked cells, heat denatured, 100 ng per reaction.
RNase H (NEB).

antisense DNA oligonucleotide (100 pM stock).

RQ1 DNase (Promega).

60 mM CaCls,.

60 mM MgCl,.

20 mM EGTA, pH 8.0.

© 0 N o g &~ w BN

RNA purification reagent, e.g. Trizol (Life Technologies).

[y
o

. cDNA synthesis and PCR reagents.

3.3. Procedure

1. assemble 10 pL reactions containing 8.5 pL cell lysate or naked RNA, 1 pL
antisense oligonucleotide (100 pmol), and 0.5 pL RNase H (2.5 U).

2. incubate reactions at 37°C for 30 minutes.

3. add 1 pL RQ1 DNase, 2.5 uL 60 mM CacCly, and 2.5 pL 60 mM MgCls.

1RNase H is not compatible with many common detergents used in cell lysis buffers, such as SDS and NP-40 {[23] and data not
shown}. Lysis conditions under which RNase H maintains its activity, e.g. hypotonic swelling followed by mechanical lysis, may
need to be identified prior to RNase H mapping.
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incubate reactions at 37°C for 30 minutes to hydrolyze oligonucleotides.
add 1.5 uL 20 mM EGTA pH 8.0 to stop the DNase reaction.

incubate at 65°C for 10 minutes to inactivate DNase.

S

purify RNA and perform cDNA synthesis and PCR using pre-validated gPCR
primers that span the antisense hybridization site.

1RNase H is not compatible with many common detergents used in cell lysis buffers, such
as SDS and NP-40 {[23] and data not shown}. Lysis conditions under which RNase H
maintains its activity, e.g. hypotonic swelling followed by mechanical lysis, may need to be
identified prior to RNase H mapping.

Figure 2B shows the results of RNase H mapping using selected antisense oligonucleotides.
Oligonucleotides A-H were designed to hybridize to regions distributed across the length of
the 10.6 kb DENV type-2 strain New Guinea C (DENV2 NGC) viral genome at
approximately 1 kb intervals. The no oligo condition serves as a negative control for
background RNA cleavage. Denatured RNA purified from mock-cross-linked cells serves as
a positive control. The relative levels of RNase H cleavage under each condition is measured
using gPCR primers designed to amplify across the predicted site of cleavage. The amount
of RNA remaining is expressed relative to the amount of uncleaved RNA in the no oligo
control.

We find that different regions of the viral genome exhibit variable levels of accessibility for
hybridization based on the observed differences in cleavage efficiency between naked and
cross-linked RNA. RNA cleavage after incubation of the cross-linked viral RNA with
oligonucleotides A, E, and G was inhibited compared to the naked RNA control, suggesting
that these regions of the viral RNA are either structured or occluded by the presence of
bound proteins. Therefore, these candidate oligonucleotides were not selected for use in the
affinity purification procedure. For the selection of oligonucleotides to be used in the
affinity purification of DENV RNP, we chose oligonucleotides which resulted in cleavage of
at least 80% of the RNA relative to the no oligonucleotide control and which did not exhibit
a difference in cleavage levels in the presence of crosslinked protein.

For the purification of DENV RNP, we chose to use an equimolar mixture of 10 unique
DNA oligonucleotide sequences. The oligonucleotides were biotinylated at the 5" end and
contained a triethyleneglycol (TEG) spacer between the biotin moiety and the first DNA
base. Unmodified DNA oligonucleotides were used for several reasons. First, they are much
less costly to synthesize than oligonucleotides containing stabilizing base modifications or
RNA. Second, RNase H was not active in the buffer composition used for the affinity
purification, and therefore cleavage of the RNA due to endogenous RNase H was not a
concern. Finally, we found that the use of oligonucleotides containing modifications such as
2’-0-methyl RNA bases or phosphorothioate bonds resulted in an increase in the amount of
background RNAs in the affinity purified material (data not shown).
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4. Cross-linking and Lysis

4.1 Materials

Exposure of growing cell cultures to 254 nm UV light prior to cell lysis induces formation
of covalent bonds between proteins and nucleic acids that are in direct physical association
[24]. In the context of our protocol, subsequent recovery of the RNP of interest during
affinity purification depends in part on solubility of the RNP after cell lysis. Whole cell
lysates may be prepared simply by using Affinity Purification Buffer containing 0.5% LiDS
(see section 5). Alternatively, milder lysis conditions may be used to facilitate removal of
nuclei prior to performing the affinity purification procedure. For purification of DENV
RNP, we perform an initial lysis in buffer containing 2% n-dodecyl-beta-D-maltoside, which
efficiently solubilizes ER membranes [C. Nicchitta (Duke University), personal
communication]. Intact nuclei are then removed from the lysate by centrifugation prior to
supplementation of the lysate with Affinity Purification Buffer.

1. (10) 500 cm? dishes (~1€9) confluent Huh? cells infected with DENV2 NGC at an
MOI of 1 for 30 hours (see Notes 2 and 3).

2. (10) 500 cm? dishes of confluent Huh7 cells, mock-infected.
3. lcecold PBS.

4. UV Stratalinker 2400 (Stratagene) equipped with standard 254 nm bulbs (see Note
4).

5. Lysis Buffer: 200 mM KCI, 20 mM HEPES pH 7.2, 2% n-dodecyl-beta-D-
maltoside (Sigma), 1% NP-40, 40 U/ml murine RNase inhibitor (NEB), 1X
protease inhibitor cocktail (Roche).

4.2 Procedure

1. Wash cells twice with 30 ml cold PBS making sure to remove all traces of growth
medium. Leave ~ 5 ml PBS remaining after the last wash or just enough to cover
the cell monolayer.

2. Remove lid and place dish on ice in the cross-linker, approximately 10 cm from
UV light source.

3. Irradiate the cells with 0.15 J/cm?.

4. Immediately add 15 ml cold PBS to dish upon completion of UV exposure.

2The number and type of cells used will depend on the RNA of interest and its copy number per cell. Initial optimization experiments
should be performed to determine the scale at which the affinity purification should be performed to ensure reliable identification of

roteins.

DENV?2 infections and subsequent processing of cells is performed according to biosafety level 2 standards.

Crosslinking can
thiouridine (4SU)

also be performed using 365 nm ultraviolet after incorporation of the photoreactive ribonucleoside analog 4-
[25]. We found that for DENV RNP, the efficiency of crosslinking did not appear to be enhanced by 4SU

incorporation based on the efficiency of RNA recovery after phenol:chloroform extraction (data not shown). It is also not clear from
previous reports that 4SU incorporation will lead to the identification of a great number of RBPs [20]. The strategy employed may be
best determined on a case-by-case basis.
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5. Scrape to collect cells and transfer to a 50 ml conical tube on ice, pooling two
dishes per tube (~1e8 cells).

6. Pellet cells by centrifugation at 4°C for 5 minutes at 1500 x g.
7. Remove PBS and lyse the cell pellet in 2 ml cold Lysis Buffer (see Note 5).

8. Snap freeze lysates in liquid nitrogen and store at —80°C until the affinity
purification procedure is performed.

2The number and type of cells used will depend on the RNA of interest and its copy number
per cell. Initial optimization experiments should be performed to determine the scale at
which the affinity purification should be performed to ensure reliable identification of
proteins.

3DENV?2 infections and subsequent processing of cells is performed according to biosafety
level 2 standards.

4Crosslinking can also be performed using 365 nm ultraviolet after incorporation of the
photoreactive ribonucleoside analog 4-thiouridine (4SU) [25]. We found that for DENV
RNP, the efficiency of crosslinking did not appear to be enhanced by 4SU incorporation
based on the efficiency of RNA recovery after phenol:chloroform extraction (data not
shown). It is also not clear from previous reports that 4SU incorporation will lead to the
identification of a great number of RBPs [20]. The strategy employed may be best
determined on a case-by-case basis.

SThe composition of the lysis buffer will depend on the subcellular localization of the RNA
of interest, i.e. soluble cytoplasmic, nuclear, or membrane associated. Different detergent
compositions may need to be tested to ensure the optimal lysis conditions are used.

For the purpose of purification of DENV RNP from infected cells, we found optimization of
the cell lysis conditions to be an important parameter in enhancing the efficiency and
specificity of the affinity purification procedure. Because DENV replicates exclusively in
the cytoplasm, we sought to identify conditions under which nuclei would remain intact and
could be removed from the lysate, minimizing interference from nuclear nucleic acids. In
addition, DENV RNAs are tightly associated with ER membranes, which are not efficiently
solubilized by many detergents that will leave nuclear membranes largely intact. To identify
appropriate lysis conditions, we tested a number of detergent combinations and measured
the relative amount of viral RNA released into the soluble fraction under each condition
using RT-gqPCR. In parallel, we measured the levels of the cellular U6 RNA as a measure of
nuclear integrity (Figure 3).

We found that while buffers containing the detergents deoxycholic acid (DOC) and CHAPS
efficiently released the viral RNA into the soluble fraction, they also solubilized nuclear

S5The composition of the lysis buffer will depend on the subcellular localization of the RNA of interest, i.e. soluble cytoplasmic,
nuclear, or membrane associated. Different detergent compositions may need to be tested to ensure the optimal lysis conditions are

used.
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membranes as indicated by the presence of U6 RNA. In contrast, combinations of n-
dodecyl-beta-D-maltoside (DDM) and NP-40 resulted in approximately 50% recovery of
viral RNA in the soluble fraction, with minimal (~20%) recovery of U6 RNA. Based on
these data, a combination of 2% DDM and 1% NP-40 was chosen for lysis of cell pellets.

5. Affinity Purification

Prior to affinity purification, cell lysates are centrifuged to remove insoluble material and
intact nuclei. The affinity purification procedure is then performed under denaturing
conditions of high salt and anionic detergent that prevent indirect or non-specific
interactions from being maintained or forming post-lysis. Therefore, the only proteins that
specifically co-purify with the RNA of interest are those that covalently cross-link to RNA
in intact living cells. Due to the scale of material required for affinity purification of dengue
viral RNP, we do not routinely perform a no cross-link control. However, others have
demonstrated that these buffer conditions for affinity purification are effective in preventing
RNA-protein binding in the absence of UV cross-linking [20].

5.1. Materials

1. frozen lysates (~1e8 cells per tube).

2. 2X Affinity Purification Buffer: 40 mM Tris HCI pH 7.5, 1 M LiCl, 1% LiDS, 2
mM EDTA, 10 mM DTT, 40 U/ml murine RNase Inhibitor (NEB), 1X protease
inhibitor cocktail (Roche).

10 uM stock biotinylated antisense DNA oligonucleotides.
Dynabeads MyOne Streptavidin C1 beads (Life Technologies).

Magnetic tube rack.

o o & w

Wash Buffer 1: 20 mM Tris HCI pH 7.5, 500 mM LiCl, 0.5% LiDS, 1 mM EDTA,
5SmM DTT.

7.  Wash Buffer 2;: 20 mM Tris HCI pH 7.5, 500 mM LiCl, 0.1% LiDS, 1 mM EDTA,
5mM DTT.

8. Wash Buffer 3: 20 mM Tris HCI pH 7.5, 500 mM LiCl, 1 mM EDTA, 5 mM DTT.
9. Wash Buffer 4: 20 mM Tris HCI pH 7.5, 200 mM LiCl, 1 mM EDTA, 5 mM DTT.

5.2. Procedure

1. Thaw lysates rapidly to ensure complete cell lysis and place immediately on ice.
All steps subsequent to thawing are performed on ice or in cold room.

2. Mix lysates and incubate on ice for 30 minutes.

3. Centrifuge lysates at 4°C for 10 minutes at 1500 x g to pellet nuclei, transfer
supernatant to a fresh tube.

4. Supplement lysates with an equal volume of 2X Affinity Purification Buffer. The
final buffer composition for annealing and capture is:

Methods. Author manuscript; available in PMC 2016 December 01.
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100 mM KClI

10 mM HEPES pH 7.2

1% n-dodecyl-beta-D-maltoside

0.5% NP-40

20 mM TrisHCIpH 7.5

500 mM LiCl

0.5% LiDS

1 mM EDTA

5mMDTT

40 U/ml murine RNase inhibitor (NEB)
1X protease inhibitor cocktail (Roche)

Transfer aliquots (~0.05% of total) of each sample to a fresh tube and store at
—-80°C for use as input when performing RNA and protein analysis.

Add 250 pmol biotinylated oligonucleotide (see Note 6) to lysate and anneal by
rotating samples at 70°C for 10 minutes followed by slow cooling to 40°C in a
hybridization oven (see Note 7).

Place samples on ice once lowest annealing temperature is achieved to prevent
further non-specific hybridization of oligonucleotides.

Capture complexes on 2.5 mg Dynabeads MyOne Streptavidin C1 beads by
rotation at 4°C for 2 hours to overnight.

Capture magnetic beads by placing tubes in an appropriate magnetic rack, e.g.
Dynamag (Life Technologies).

Remove the supernatant containing unbound material, saving an aliquot for RNA
analysis if desired (see Note 8).

Wash the beads once with Wash Buffer 1, twice with Wash Buffer 2, twice with

Wash Buffer 3, and once with Wash Buffer 4 by resuspending beads in a volume
equal to that used for hybridization, rotating at 4°C for 5 minutes, and capturing

beads with magnetic rack.

Remaove all traces of the final wash and proceed to sample analysis.

6The concentration and sequence complexity of the antisense oligonucleotide mixture will depend on the individual target RNA and
needs to be determined empirically to optimize recovery of the RNA of interest while keeping the recovery of non-specific RNA to a

minimum.

TThe final temperature of the annealing reaction will depend on the melting temperatures of the antisense oligonucleotides used.
Additional material can be captured by successive rounds of affinity purification using the unbound material and fresh beads.
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6The concentration and sequence complexity of the antisense oligonucleotide mixture will
depend on the individual target RNA and needs to be determined empirically to optimize
recovery of the RNA of interest while keeping the recovery of non-specific RNA to a
minimum.

"The final temperature of the annealing reaction will depend on the melting temperatures of
the antisense oligonucleotides used.

8 Additional material can be captured by successive rounds of affinity purification using the
unbound material and fresh beads.

5.4. Sample Analysis

Beads can be resuspended in buffer containing 10 mM Tris HCI pH 7.5 and 50 mM NacCl
and aliquoted for evaluation of both RNA and protein in the same sample. If only RNA or
protein is to be analyzed, the beads can be resuspended directly in either Proteinase K or
RNase reaction solutions.

6. RNA Analysis to evaluate affinity purification efficiency and specificity

6.1. Materials

1. 5X Proteinase K Buffer: 50 mM Tris HCI pH 7.5, 750 mM NaCl, 1% SDS, 50 mM
EDTA pH 8.0, 2.5 mM DTT, and 25 mM CaCl2

Proteinase K 20 mg/ml (Life Technologies)
Trizol Reagent (Life Technologies)

GlycoBlue Coprecipitant (Life Technologies)

a ~ w N

cDNA synthesis and gPCR amplification reagents

6.2. Procedure

1. Make a reaction master mix containing 1X Proteinase K Buffer and 1 pg Proteinase
K per 20 pL.

2. Add 20 pL master mix to 5 pL of the recovered beads.
3. Incubate at 55°C for 60 minutes with occasional mixing to resuspend beads.

4. Add 500 pL Trizol reagent and purify RNA following the manufacturers protocol,
adding 1 puL GlycoBlue Coprecipitant prior to precipitation with isopropanol and
resuspending purified RNA in 20 pL RNase-free water.

5. Use 10 pL of purified RNA for cDNA synthesis (see Note 9).

6. Use cDNA as template for gPCR amplification using primers specific for dengue
RNA as well as selected cellular RNAS to assess the specificity of the affinity

9Us;ing an equal volume of purified RNA in each cDNA synthesis reaction eliminates skewing of RNA yield calculations due to
differences in the affinity purification of RNA across conditions.
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purification procedure (see Note 10). Calculate the efficiency of the affinity
purification by comparison of target RNA in the eluates vs. input samples.

9Using an equal volume of purified RNA in each cDNA synthesis reaction eliminates
skewing of RNA yield calculations due to differences in the affinity purification of RNA
across conditions.

10The amount of cDNA template used for gPCR should be determined empirically to ensure
that detection occurs within the linear range of the gPCR assay. For our assay, we routinely
use 5 puL of cDNA template that has been diluted 1:20 in water.

Figure 4A shows the results of RNA analysis from affinity-purified material across several
independent experiments (N=14). An average recovery of ~9% of the viral RNA relative to
input is obtained after affinity purification with DENV-specific antisense oligonucleotides.
In contrast, the recovery of actin, which serves as a control for specificity is <2% in both
mock and infected conditions. While relatively inefficient for unknown reasons, the
recovery of the viral RNA observed is consistent with or exceeds the yields reported for
other RNAs using similar approaches [21, 23, 26].

The percentage of the RNA recovered after affinity purification is perhaps less informative
than whether there is a specific enrichment of the target RNA relative to a non-specific
RNA. Figure 4B shows that the relative amount of viral RNA present in affinity purified
samples is enriched by ~7-fold compared to input in relation to actin RNA. This
demonstrates that the affinity purification procedure successfully enriches for viral RNA.

7. Protein Analysis to evaluate affinity purification efficiency and specificity

7.1. Materials

1. RNase A and T1 cocktail diluted 1:2.5 (Life Technologies).

2.  RNase buffer: 20 mM Tris HCI pH 7.5, 1 mM EDTA, 150 mM NaCl, 0.5 mM
DTT.

3. SDS-PAGE sample buffer.
4. Silver Stain Plus (Bio-Rad).

7.2. Procedure

1. Make an RNase reaction cocktail containing 1X RNase buffer and 1 pL diluted
RNase cocktail (8 U RNase T1, 0.2 U RNase A) per material from 1e8 cells.

2. Resuspend magnetic beads in 50 pL RNase reaction cocktail and incubate at 37°C
for 60 minutes.

10The amount of cDNA template used for gPCR should be determined empirically to ensure that detection occurs within the linear
range of the gPCR assay. For our assay, we routinely use 5 pL of cDNA template that has been diluted 1:20 in water.
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3. Capture beads using magnetic rack and transfer the protein-containing supernatant
to a fresh tube, store at —80°C or proceed directly to analysis.

4. Add SDS-PAGE sample buffer and separate proteins using standard SDS-PAGE.

5. Analyze by silver stain using the manufacturer’s protocol (see Note 11).

11pye to the limiting amount of material recovered after affinity purification it can be
technically challenging to acquire enough protein to detect, even with a method as sensitive
as silver stain. An alternative approach to validating the recovery of protein is to perform
Western blot analysis, however, this is only useful if there is prior knowledge of a protein
that can serve as a positive control for binding.

If the ultimate goal is to identify RBPs associated with an RNA of interest, it is important to
validate that there is an enrichment of protein in affinity purified samples prepared from
infected cells relative to control. Figure 4C shows silver stain analysis of total protein
present in affinity purified samples prepared from ~5E7 mock or DENV infected cells.
While the intensity of bands in the input samples demonstrates that the same amount of total
protein was processed for each condition, we observe an apparent increase in the amount of
protein present in eluate samples from infected cells relative to the mock control. These
results demonstrate that while the amount of material recovered is relatively small, there is a
concomitant enrichment of protein upon specific affinity purification of viral RNA.

8. Summary

Here we describe a method for the specific purification of viral RNPs directly from infected
cells. The advantage of this technique over traditional in vitro strategies is the ability to
confidently identify proteins that are bound to the viral RNA in vivo in the context of
productive infection. We have successfully applied this methodology in conjunction with
mass spectrometry to identify a candidate list of cellular proteins found to be specifically
associated with dengue virus RNA in infected cells (Phillips, unpublished data). However,
the general approach described here could theoretically be applied to any RNA of interest,
provided it is abundant enough that the signal to noise ratio is sufficiently high for reliable
protein identification. A technical limitation of this approach is the large amount of starting
material necessary to recover a sufficient amount of protein for identification. This issue
may be addressed in part by scaling up the amount of material processed and/or optimizing
the efficiency of recovery through the use of additional antisense oligonucleotides [26].
Another important limitation of this strategy is that the efficiency with which covalent
crosslinks will form between a given protein and RNA depends on the proximity of their
association as well as the amino acid composition of the protein [27]. Therefore this in vivo

11pye to the limiting amount of material recovered after affinity purification it can be technically challenging to acquire enough
protein to detect, even with a method as sensitive as silver stain. An alternative approach to validating the recovery of protein is to
perform Western blot analysis, however, this is only useful if there is prior knowledge of a protein that can serve as a positive control

for binding.
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crosslinking approach may fail to identify RBPs that bind transiently to the RNA of interest

or
Wi

that do not contain sufficient amino acid residues amenable to forming crosslinks. As
th any approach for en masse identification of interacting molecules, the interactions

identified using this strategy should be validated using an independent methodology, for
example RNA-immunoprecipitation [28]. Validated interactions can then be further
investigated for their potential importance in the viral life cycle, for example, by siRNA-
mediated silencing of candidate RBPs followed by infection.
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Highlights

A method for purification of endogenous dengue virus ribonucleoprotein
complexes is described.

The method incorporates cross-linking of RNA and protein in living cells using
ultraviolet light prior to cell lysis.

Dengue virus RNA and cross-linked proteins are purified using complementary
biotinylated oligonucleotides.

This method can be used in principle to study interactions between RNA-
binding proteins and any viral RNA.
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INFECTION IN VIVO UV CROSSLINK
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Figure 1. Schematic of affinity purification technique
Cells are infected with dengue virus at an MOI of 1. Mock infected cells serve as a negative

control. RNA-protein cross-links are induced 30 hours post-infection by exposing the cells
to 254 nm UV. Cells are lysed under denaturing conditions and incubated with biotinylated
antisense DNA oligonucleotides. RNA-protein complexes are captured on streptavidin-
coated magnetic beads. Protein can be digested with proteinase K for subsequent RNA
analysis by RT-gPCR. Alternatively, proteins can be liberated from the RNA by RNase
treatment and analyzed by Western blot or en masse by mass spectrometry.
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Figure 2. RNase H mapping antisense oligonucleotide positions
A) Schematic of the RNase H mapping assay. Target RNA is incubated with complementary

antisense DNA oligonucleotides and RNase H. If hybridization occurs, RNase H will cleave
the RNA involved in the RNA:DNA hybrid. Cleavage is measured using RT-gPCR. B)
Infected cells were cross-linked, lysed, and incubated with candidate antisense DNA
oligonucleotides and RNase H. Purified RNA from mock cross-linked cells was used as a
positive control for RNase H cleavage. RNA was purified from RNase H reactions and
cleavage assessed by RT-qPCR using qPCR primers that amplify across the oligonucleotide
hybridization site. Data is represented as the amount of RNA remaining relative to the no

oligo control.
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Figure 3. Optimization of cell lysis conditions
Infected Huh7 cells were lysed in buffer containing 200 mM KCI, 20 mM HEPES pH 7.2,

and the indicated detergents. Insoluble material was cleared from the lysate by
centrifugation and total RNA was purified from both soluble and pellet fractions. DENV and
nuclear U6 RNAs were quantitated by RT-gPCR. DDM = n-dodecyl 3-D-maltoside, NP40 =
igepal CA-360, DOC = deoxycholic acid
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Figure 4. Validation of RNA affinity purification procedure
A) RNA was purified from affinity purified eluates (N=14) and the yield of DENV and actin

RNA was determined by RT-gPCR. B) The enrichment of viral RNA per actin after affinity
purification was determined by RT-gPCR. C) Affinity purified protein prepared from Mock
and DENV infected samples was separated by SDS-PAGE and visualized by silver stain.
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