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Reporters Transiently Transfected into Mammalian Cells
Are Highly Sensitive to Translational Repression Induced

by dsRNA Expression
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Abstract

In mammals, double-stranded RNA (dsRNA) can mediate sequence-specific RNA interference, activate sequence-
independent interferon response, or undergo RNA editing by adenosine deaminases. We showed that long hairpin dsRNA
expression had negligible effects on mammalian somatic cells—expressed dsRNA was slightly edited, poorly processed into
siRNAs, and it did not activate the interferon response. At the same time, we noticed reduced reporter expression in
transient co-transfections, which was presumably induced by expressed dsRNA. Since transient co-transfections are
frequently used for studying gene function, we systematically explored the role of expressed dsRNA in this silencing
phenomenon. We demonstrate that dsRNA expressed from transiently transfected plasmids strongly inhibits the expression
of co-transfected reporter plasmids but not the expression of endogenous genes or reporters stably integrated in the
genome. The inhibition is concentration-dependent, it is found in different cell types, and it is independent of transfection
method and dsRNA sequence. The inhibition occurs at the level of translation and involves protein kinase R, which binds the
expressed dsRNA. Thus, dsRNA expression represents a hidden danger in transient transfection experiments and must be
taken into account during interpretation of experimental results.
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Introduction

Double-stranded RNA (dsRNA) is a unique structure with
important biological effects. Viruses often give rise to dsRNA
during their life cycle; therefore, dsRNA is recognized by a
vertebrate cell as a hallmark of viral presence (reviewed in [1]).
dsRNA can also arise endogenously in a cell, being formed upon
basepairing between complementary transcripts or by intramolec-
ular pairing within a transcript, thus forming a hairpin. In
mammalian cells, dsRNA can enter three pathways: RNA
interference (RNAi), RNA editing, and the interferon response.
RNAi mediates sequence-specific RNA degradation guided by
~22 nt small interfering RNAs (siRNAs) produced from long
dsRNA by RNase III Dicer (reviewed in [2]). RNA editing is
mediated by the adenosine deaminase acting on RNA (ADAR)
family of enzymes. ADARs are nuclear and cytoplasmic enzymes
activated by dsRNA that convert adenosines to inosines (which are
recognized as guanosines during translation). Editing of dsRNA
can cause target RNA degradation or modify its coding potential
(reviewed in [3]). The interferon response is a complex network of
vertebrate pathways involved in the innate immune response
against viruses (reviewed in [4]). One of the key factors in the
interferon response is protein kinase R (PKR), which is activated
upon binding of dsRNA to its dsSRNA-binding domain. Activated
PKR phosphorylates the o-subunit of the eukaryotic initiation
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factor 2 (elF2ar), which stabilizes the GEF-eIF2-GDP complex
and, consequently, causes the inhibition of translation initiation
(reviewed in [5]). In addition to PKR, the interferon response
mvolves coordinated action of other molecules, such as oligoade-
nylate synthetase, RNase L, RIG-I, or NF-xB [1]. The mhibition
of proteosynthesis by PKR is sequence-independent and typically
affects translation in general [5]. Nevertheless, several groups
observed restricted PKR effects and selective inhibition of specific
mRNAs [6,7].

To examine the fate of long dsRNA synthesized in the nucleus,
we previously expressed dsRNA as a long hairpin located in the
3'UTR of an EGFP reporter [8]. We showed that mammalian
cells can tolerate dsRNA expression; dsRNA neither activated the
interferon response nor induced RNAi in somatic cells [8].
However, we noticed sequence-independent suppression of
luciferase reporters in transient co-transfection experiments when
a dsRINA-expressing plasmid was present. This observation was
complemented by an independent study of RNAs produced by
transiently transfected plasmids, which revealed that some
common plasmids can produce dsRNA and suppress co-transfect-
ed reporters [9].

Transient co-transfection is a common approach to deliver an
experimental plasmid together with appropriate reporters into
mammalian cells. A dual luciferase reporter system is among the
most common reporter systems as it allows for using one luciferase
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as a targeted experimental reporter and the other one as a non-
targeted control for normalization. Here, we systematically
explored reporter expression in co-transfections experiments
where one of the co-transfected plasmids produces dsRNA. We
show that transient co-transfection of a dsSRNA-expressing plasmid
mnhibits co-transfected reporter plasmids in a sequence-indepen-
dent manner. The effect is posttranscriptional, involves transla-
tional repression, and is PKR dependent. Remarkably, this
dsRNA response strongly affects expression originating from co-
transfected plasmids but neither the expression of endogenous
genes nor stably integrated reporters. Our data suggest that, upon
appearance of dsRNA in a transient transfection, PKR elicits a
selective translational repression of mRNAs from co-transfected
plasmids. This effect may represent a distinct mode of PKR
activity as it can appear without the typical interferon response,
such as the activation of NF-xB and interferon-stimulated genes.
In any case, our results provide an important framework for the
correct interpretation of experiments based on transient transfec-
tions.

Materials and Methods

Plasmids

Schematic structures of the relevant parts of plasmid constructs
used in the project are shown in Fig. 1A and described in the text.
Plasmids were purchased from the manufacturers specified in
parentheses: pBluescript II KS(+) (Stratagene), pGL4-SV40
(Promega; for simplicity referred to as FL) and phRL-SV40
(Promega; for simplicity referred to as RL). The construction of
plasmids pCAGEGFP-MosIR [8] and pCAGEGFP [10] was
described previously. ZP3EGFP-Lin28IR (Flemr ef al., unpub-
lished) and ZP3EGFP-ElavI2IR (Chalupnikova et al., unpublished)
plasmids containing mouse Lin28a/b and Elawl2 sequences,
respectively, were constructed similarly to pCAGEGFP-MosIR
plasmid and will be described in detail elsewhere. For the
construction of pCAGEGFP-Lin28IR and pCAGEGFP-Elavi2IR
plasmids, parental pPCAGEGFP plasmid was modified by inserting
a Notl site downstream of the EGFP coding sequence and
Lin28IR and Elavl2IR fragments were cloned into the Notl site.
pCAGEGFP-MosMos plasmid was produced by inserting a Mos
fragment (the same as in pCAGEGFP-MosIR) into a BglII site of
PCAGEGFP plasmid; screening of was subsequently performed to
identify a plasmid containing a head-to-tail insertion of two Mos
fragments. All plasmids were verified by sequencing.

Cell culture and transfection

Human HEK-293, Hela cells, and 318 were maintained in
DMEM (Sigma) supplemented with 10% fetal calf serum (Sigma),
penicillin (100 U/mL, Invitrogen), and streptomycin (100 pug/mlL,
Invitrogen) at 37°C and 5% COy atmosphere. For transfection,
cells were plated on a 24-well plate, grown to 50% density and
transfected using TurboFect i vitro Transfection Reagent (Thermo
Scientific), unless stated otherwise. For Nanofectin and calcium
phosphate transfection, cells were plated on a 24-well plate, grown
to 70% density and transfected using Nanofectin (PAA) reagent
according to the manufacturer’s protocol. Calcium phosphate
transfection was performed according to a standard protocol [11].
For polyethyleneimine (PEI) tranfection, 28 pg of DNA were used
per 15 cm dish, PEI to DNA ratio was 6:1.

For 24-well plates, cells were co-transfected with 100 ng of each
FL and RL reporter plasmids and various amounts of a tested
plasmid (50-250 ng per well). The total amount of transfected
DNA was kept constant (700 ng/well) by adding promoterless
pBluescript or parental pPCAGEGFP plasmid. After 48 hours, cells
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Figure 1. Expression of hairpin RNA inhibits the luciferase
activity of transiently transfected reporter plasmids. (A)
Schematic composition of pCAGEGFP-MosIR, pCAGEGFP, and pCA-
GEGFP-MosMos plasmids. (B) Reporter activity is inhibited by hairpin
RNA in a concentration-dependent manner. HEK-293 cells were
transiently transfected with a constant amount of firefly luciferase
(square), Renilla luciferase (triangle) reporter plasmids, and increasing
amount of a tested plasmid. Luciferase activities were measured
48 hours post-transfection. pBluescript was added to maintain a
constant amount of transfected DNA. Both luciferase activities are
shown relative to cells transfected with 0 ng of the pCAGEGFP-MosIR.
Data are shown as an average of at least 3 experiments made in
triplicates. Error bars = SEM.

doi:10.1371/journal.pone.0087517.g001

were washed with phosphate-buffered saline (PBS) and lysed with
Passive Lysis Buffer (Promega). Luciferase reporter activity was
assessed using the Dual-Luciferase Reporter Assay (Promega) and
luminiscence intensity was measured by Modulus Microplate
Multimode Reader (Turner Biosystems). Variability in cell
densities was minimized by normalization to total protein
concentration measured by Protein assay kit (Bio-Rad) according
to the manufacturer’s protocol.

Transfection efficiency of transiently-transfected cells was rou-
tinely 70% or more (estimated by microscopy and FACS). FACS
and microscopy analysis of transiently co-transfected fluorescent
protein-expressing reporters showed that co-transfected reporters
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were typically co-expressed and the level of expression of reporters
correlated in individual cells as well as in FACS-sorted population of
cells.

HEK-293 cells stably expressing both RL and FL reporters were
described elsewhere [8]. A similar procedure was used for
establishing RL-only-expressing stable HEK-293 cells. Hela
PKR knock-down cells were generated by a similar procedure
except that Zeocin (250 pg/ml) was used for the selection of
positive clones. shRNA (5'-GATCCCCGGCAGTTAGTCCTT-
TATTATTCAAGAGATAATAAAGGACTAACTGCCTTTTT-
A-3") targeting PKR was cloned into pTER plasmid [12]. A stable
cell line expressing empty pTER plasmid was used as a control.
The selected clones were screened for PKR knockdown by western
blotting.

Flow cytometry

HEK-293 cells plated in 24-well plates were co-transfected with
150 ng/well of RFP reporter plasmid (pCI-REFP) and 350 ng/well
of either pPCAGEGFP-MosIR or pCAGEGFP plasmid. Cells were
collected 24 and 36 hours post-transfection and analyzed by flow
cytometry using LSRII cytometer (BD Bioscience). Data analysis
was performed by Flow]Jo software (Treestar, Inc.).

High-throughput sequencing (SOLID)

HEK-293 cells were plated on 6-well plates and grown to 50%
density. Cells were transfected with 2.7 ug/well of either
pCAGEGFP or pCAGEGFP-MosIR plasmid, cultured for
48 hours, washed with PBS, and total RNA was isolated using
RNAzol (MRC) according to the manufacturer’s protocol. RNA
quality was verified by Agilent 2100 Bioanalyzer. The library
construction from total RNA and high-throughput sequencing of
the RNA transcriptome were performed by Seqomics (Szeged,
Hungary) using SOLIiD (version 4.0) sequencing platform.
Bioinformatic analysis was performed as described previously
[8]. High throughput sequencing data in color-space format were
deposited in the GEO database (GSE46959).

Western blotting

HEK-293 cells were grown in 6-well plates. Before collection,
cells were washed with PBS and lysed in Whole-cell lysis buffer
(10% glycerol, 0.5 mM EDTA, 1 mM DTT, 2 mM natrium
fluoride, 0.2% Triton X-100 in PBS pH 7.4) supplemented with
protease and phosphatase inhibitors (Calbiochem). Proteins were
separated on 10% polyacrylamide gel and transferred to PVDF
membrane (Millipore). The following antibodies were used for
detection: total PKR (Abcam #ab32052, 1:5000 dilution), PKR
[pPT**®] (Abcam #ab32036, 1:1000), total EIF2a (Santa-Cruz
#sc-113886, 1:1000), EIF20 [pS°?] (Life Techonologies #44728G,
1:1000), RPS14 (Santa-Cruz #sc-68873, 1:1000), and tubulin
(Sigma #T16074, 1:5000). SuperSignal West Femto Chemilumi-
nescent Substrate (Pierce) was used for detection.

Polysome profiling analysis

Cells were plated on 15-cm dishes, grown to 50% density and
co-transfected with FL (8 pg per dish), RL (8 pg per dish), and
cither pCAGEGFP or pCAGEGFP-MosIR plasmid (12 ug per
dish) using polyethyleneimine. After 24 hours, cells were harvested
with PBS in the presence of cycloheximide (100 pg/ml). Whole-
cell extracts were prepared in breaking buffer (20 mM Tris-HCI,
pH 7.5, 50 mM KCI, 10 mM MgCly, 10% glycerol, 1% Triton
X-100, 1 mM dithiothreitol, I mM phenylmethylsulfonyl fluoride,
Protease Inhibitor Cocktail Set III (Calbiochem), RiboLock RNase
inhibitor (Thermo Scientific) (0.3 U/ul)). Ten or fifteen Aggp units
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of whole-cell extracts were separated by velocity sedimentation on
a 5% to 45% sucrose gradient by centrifugation at 39,000 g for
2.5h in SW41ITi rotor (Beckman). Gradient fractions were
collected and scanned at 254 nm to visualize ribosomal species.

For RNA isolation, each fraction was mixed with 1 ml of ice
cold 96% ethanol, 3 M sodium acetate (20:1), and 1 ul of glycogen
(RNA grade, Thermo Scientific) and incubated overnight at —
20°C. Samples were centrifuged (16,000 g, 30 min, 4°C) and
RNA from pellets was isolated using RNAzol (MRC) according to
the manufacturer’s protocol. Residual DNA was degraded by
Turbo DNase (Ambion) and the same portion of each fraction was
reverse-transcribed using RevertAid Premium Reverse Transcrip-
tase (Thermo Scientific) according to the manufacturer’s instruc-
tions. Reverse transcriptase was omitted in control (-RT) samples.
Real-time PCR was performed on LC480 machine (Roche) using
Maxima SYBR green qPCR Master Mix (Thermo Scientific).
Primers sequences a provided in Table S1. Values of crossing
points were evaluated and corrected according to PCR efficiency
for each reaction. For protein isolation, each fraction was ethanol
precipitated according to [13]. The equivalent portion of each
fraction was used for SDS-PAGE and western blotting.

RNA immunoprecipitation

HEK-293 cells (~10x10° cell/dish) were transfected by
pCAGEGFP or pCAGEGFP-MosIR plasmids using PEI and
grown in 10 cm dishes. After 48 hours, cells were washed with
PBS and scraped into IP buffer (20 mM HEPES, 1 mM EDTA,
0.1 M NaCl, 0.5% NP-40 (Nonidet), 1 mM DTT, 0.2 mM
Na3VO,, 50 mM NaF, 1X Protease inhibitor cocktail set
(Calbiochem), 1X Phosphatase inhibitor cocktail set (Calbiochem),
and RiboLock RNase Inhibitor (Thermo Scientific)) and incubat-
ed on ice for 15 minutes with occasional vortexing. Lysates were
passed several times through 21G and 27G needles and incubated
on ice for 15 minutes with occasional vortexing. Samples were
centrifuged for 20 minutes at 12,000 ¢ and 4°C and the
supernatant was diluted 5X with IP buffer without NP-40.
Samples were mixed with Protein-A-Sepharose beads 4B Fast
Flow (Sigma) and 5 pg of either PKR antibody (Abcam
#ab32052) or control IgG antibody (Abcam #37415) and
incubated for 2 hours at 4°C on a rotator. Samples were washed
5X with IP buffer with 0.1% NP-40, centrifuged for 4 minutes at
4000 g and 4°C. RNA was isolated from the pellet using RNAzol.
RNA was analyzed by real-time PCR. Primers sequences a
provided in Table S1.

Results

dsRNA expressing plasmid inhibits co-transfected
reporters

Our previous results suggested that dsRNA originating from a
plasmid suppresses the expression of co-transfected reporters in a
sequence-independent manner [9]. To examine the phenomenon,
we used dsRNA-expressing pCAGEGFP-MosIR plasmid, in
which the inverted repeat of the Mos gene sequence (MosIR) is
inserted into the 3'UTR of an EGFP reporter controlled by a
strong chimeric (CMV/f-actin) promoter (Fig. 1A) [8]. The
plasmid-derived transcript forms an intramolecular duplex
(~500 bp) downstream of the EGFP coding sequence. Mos hairpin
is one of the most studied long dsRNAs [8,14—17]; its formation of
dsRNA structure has been demonstrated both @ vitro [17] and
vivo [8]. Mos expression and function are restricted to oocytes
[18,19]; hence, effects observed in other cell types are sequence-
independent. pCAGEGFP-MosIR plasmid does not induce
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efficient RNAI in cultured cells, presumably because of inefficient
processing into siRNAs [8].

For the initial characterization of pCAGEGFP-MosIR inhibi-
tory effects, we co-transfected HEK-293 cells with a constant
amount of Remlla luciferase (RL) and firefly luciferase (FL)
reporters and with increasing amounts of pCAGEGFP-MosIR
plasmid. As a control, we used the parental pPCAGEGFP lacking
the inverted repeat or pCAGEGFP-MosMos, in which the Mos
sequences were inserted as a tandem repeat in a head-to-tail
orientation to produce a plasmid with the same size and sequence
composition as pPCAGEGFP-MosIR but not producing hairpin
dsRNA (Fig. 1A). To maintain a constant amount of transfected
DNA, we used promoterless pBluescript, which was shown
previously to have a minimal impact on co-transfected reporters
[9].

PCAGEGEFP-MosIR caused a strong (up to 90%) concentra-
tion-dependent decrease in both luciferase activities while the
mhibitory effect of the two control plasmids was small (Fig. 1B).
The observed suppression was presumably sequence-independent
because Mos sequence lacks similarity to luciferase reporters.
PCAGEGFP and pCAGEGFP-MosMos effects provided a good
baseline for estimating the impact of transcribed inverted repeat
on co-transfected luciferase reporters. A minor reduction of
luciferase activities caused by co-transfected pCAGEGFP or
pCAGEGFP-MosMos was not surprising because we have
previously reported that plasmids affect the expression of co-
transfected reporters to various degrees. This phenomenon may be
associated with the complex transcription of transfected plasmids,
which can be an unexpected source of dsRNA [9].

Altogether, our results showed that the inverted repeat inserted
into pCAGEGFP induced suppression of co-transfected luciferase
reporters. This phenomenon was also observed in human HelLa
cells (Fig. 2A) and mouse 313 cells (Fig. 2B), although the effect of
dsRNA expression in 3T3 cells was weaker. The inhibition was
independent of transfection procedure or transfection reagent; it
was present also when Nanofectin transfection reagent or calcium
phosphate transfection were used (Fig. 2C). To test whether the
observed inhibition was specific to luciferase reporters, we co-
transfected an RFP-expressing plasmid with either pPCAGEGFP or
pCAGEGFP-MosIR  plasmid and analyzed RFP fluorescence
using flow cytometry. Reduced RFP expression in cells co-
transfected with pPCAGEGFP-MosIR plasmid (Fig. 2D) compared
to pCAGEGFP- transfected cells suggests that the inhibition of
reporter activity is independent of the co-transfected reporter type.

Detection of dsRNA expression using high-throughput
sequencing (HTS)

To analyze transcripts arising from pCAGEGFP-MosIR in
depth, we performed HTS of HEK-293 cells transfected with
either pPCAGEGFP or pCAGEGFP-MosIR using SOLID tech-
nology (Fig. 3). The plasmid backbone yielded similar coverage
patterns in both plasmids (Fig. 3A and 3E), while the number of
sequence tags derived from the EGFP coding sequence of
pCAGEGFP-MosIR was approximately three times lower com-
pared to pCAGEGFP (Fig. 3G). To confirm that pPCAGEGFP-
MosIR produces dsRNA, we analyzed adenosine deamination of
short SOLiD sequence tags as previously described [8,9].
Consistently with previous results, RNA editing of adenosine
manifested as adenosine/guanosine (A/G) conversion in sequence
tags clustering to the MosIR region (Fig. 3B and 3F). Quantitative
analysis of A/G conversion revealed robust editing of small RNAs
within the MosIR region (Fig. 3C). On the other hand, A/G
conversion was negligible in small RNA reads mapping to the
EGFP region of the same plasmid (Fig. 3D). These results are
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Figure 2. Suppression of co-transfected reporters in mamma-
lian cells is general. (A, B) Suppression of co-transfected reporters in
Hela cells (A) and mouse 3T3 cells (B). Cells were transiently transfected
with a constant amount of firefly luciferase (square), Renilla luciferase
(triangle) reporter plasmids, and increasing amounts of pCAGEGFP-
MosIR or pCAGEGFP. Luciferase activities were measured 48 hours post-
transfection. pBluescript was added to maintain a constant amount of
transfected DNA. Both luciferase activities are shown relative to cells
transfected with 0 ng of the pCAGEGFP-MosIR. Data are shown as an
average of at least 3 experiments performed in triplicates. Error bars =
SEM. (C) Suppression of co-transfected reporters is independent of the
transfection method. HEK-293 cells were transiently transfected with a
constant amount of firefly luciferase (black bars), Renilla luciferase
(white bars) reporter plasmids, and 50 ng of pCAGEGFP-MosIR using
Nanofectin or calcium phosphate transfection. Luciferase activities were
measured 48 hours post-transfection. pBluescript was added to
maintain a constant amount of transfected DNA. Both luciferase
activities are shown relative to cells transfected with 0 ng of the
pCAGEGFP-MosIR. Data show a typical experiment measured in
triplicates. Error bars = SEM. (D) Suppression of a co-transfected RFP
reporter. HEK-293 were transiently transfected with 150 ng of RFP
reporter plasmid and 350 ng of pCAGEGFP or pCAGEGFP-MosIR. Shown
is FACS analysis of RFP fluorescence 36 h post-transfection. The
experiment was performed three times, a representative result is
shown.

doi:10.1371/journal.pone.0087517.9g002
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consistent with our previous data [8,9] and confirm that
PCAGEGFP-MosIR generates MosIR dsRINA.

Sequence independent dsRNA-mediated repression of
co-transfected reporters

To test whether the MosIR-mediated inhibition is dsRNA
sequence-independent, we used two additional hairpin sequences.
Inverted repeats made of mouse Lin28a/b and Elavl2 sequences
were inserted into the same position in pCAGEGIP as the MosIR
hairpin and the resulting plasmids pCAGEGFP-Lin28IR and
pCAGEGFP-ElavI2IR were co-transfected with luciferase report-
ers in HEK-293 cells. dsRNA expression from pCAGEGFP-
Lin28IR and pCAGEGFP-ElavI2IR was confirmed using RNase
T1 treatment and RNA immunoprecipitation with dsRNA-
specific antibody (Fig. S1). Plasmids in which the CMV/ B-actin
promoter was replaced with ZP3 promoter (pZP3EGFP-Lin28IR
and pZP3EGFP-ElavI2IR) were used to test the dependence on
hairpin expression and served as negative controls. As the ZP3
promoter is oocyte-specific, dsSRNNA should not be produced when
pZP3EGFP-Lin28IR or pZP3EGFP-ElavI2IR are transfected into
HEK-293 cells. Similarly to pCAGEGFP-MosIR, pCAGEGFP-
Lin28IR and pCAGEGFP-ElavI2IR caused a concentration-
dependent decrease in both luciferase activities (Fig. 4A, B). At
the same time, co-transfection of ZP3 derivatives did not show an
inhibitory effect, confirming that the inhibition depends on
dsRNA expression (Fig. 4A, B). Taken together, dsRNA produced
from a transiently transfected plasmid has a general, concentra-
tion-dependent, and sequence-independent inhibitory effect on the
expression of co-transfected reporters.

dsRNA expression does not suppress stably integrated
reporters

The inhibitory effect of Mos dsRINA on co-transfected reporters
was surprising because our previous analysis revealed only minor
changes in endogenous gene expression [8]. Transient transfection
of pCAGEGFP-MosIR showed minor effects on the cellular
transcriptome (GSE27316) and did not activate the interferon
response (monitored by RT-PCR analysis of /L-8 transcript (Fig.
S2)); transfected cells had normal proliferation rate and morphol-
ogy [8]. In contrast to transient transfections, we did not observe
inhibition of RL and FL luciferase reporters integrated in the
genome (Fig. 4C). This suggested that the silencing phenomenon
particularly concerns expression of transiently transfected report-
ers. To test this hypothesis, we created a HEK-293 cell line with a
stable integration of RL reporter. This cell line was co-transfected
with FL reporter and an increasing amount of pCAGEGIP-
MoslIR plasmid. Consistent with previous results, FL activity was
strongly reduced in a concentration-dependent manner while RL
activity remained unaffected (Fig. 4D). Transiently-transfected
reporters likely produce higher numbers of reporter mRNA
molecules per cell compared to integrated reporters. To test
whether the differential sensitivity of transiently transfected and
integrated reporters to the co-expressed dsRNA originates simply
from their expression levels, we examined dsRNA effects on
different amounts of transfected Renilla luciferase reporters. We did
not observe a significant difference in the sensitivity of different
amounts of transiently transfected reporter to the co-expressed

dsRNA (Fig. S3A).

dsRNA-mediated suppression occurs at the level of
translation

To get a mechanistic insight into the silencing phenomenon, we
investigated what stage of reporter expression was affected. The
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Figure 4. Transiently transfected luciferase reporters are
inhibited by expressed dsRNA. (A) The inhibition of reporter
activity is independent of the hairpin RNA sequence and it is absent
when the inverted repeat is placed downstream of non-active ZP3
promoter. HEK-293 cells were transiently transfected with 100 ng/well
of each RL (triangle) and FL (square) reporter plasmids and increasing
amount (0-250 ng/well) of either pCAGEGFP-Lin28IR (containing an
active promoter) or pZP3EGFP-Lin28IR (containing an inactive promot-
er). Luciferase activity was analyzed 48 hours after transfection.
pBluescript was added to maintain the amount of transfected DNA
constant. Both luciferase activities are shown relative to cells
transfected with 0 ng of the hairpin-expressing plasmid. (B) Similar to
(A) except Elavl2IR-expressing plasmids (pCAGEGFP- ElavI2IR or
pZP3EGFP-ElavI2IR) were used. Data are shown as an average of at
least 3 experiments made in triplicates. Error bars = SEM. (C, D) A
hairpin-expressing pCAGEGFP-MosIR plasmid affects the luciferase
activity of transiently transfected but not stably integrated reporter
plasmids. HEK-293 cells with stably integrated RL and FL reporters (C),
or HEK-293 cells with stably integrated RL reporter only (D) were
transiently transfected with an increasing amount of pCAGEGFP-MosIR
and a constant amount of FL reporter (if not stably integrated).
pBluescript was added to maintain the amount of transfected DNA
constant. Both FL (squares) and RL (triangles) luciferase activities were
analyzed 48 hours post-transfection. Luciferase activities in cells
transfected with 0 ng of the pCAGEGFP-MosIR were set to one. Data
show an average of at least 3 experiments done in triplicates. Error bars
= SEM.
doi:10.1371/journal.pone.0087517.g004

suppression could take place at the level of plasmid DNA (entry
into/exclusion from the nucleus, plasmid stability), transcription,
or it could occur post-transcriptionally. We did not observe any
effect at the level of co-transfected plasmid DNA (data not shown).
Next, we examined steady-state levels of transcripts originating
from co-transfected plasmids using real-time PCR. These results
showed that steady state levels of transcripts from constant
amounts of co-transfected luciferase reporters remained constant
while the level of transcripts from pCAGEGFP-MosIR was rising
proportionally to the amount of co-transfected pCAGEGIP-

January 2014 | Volume 9 | Issue 1 | e87517



>

S B Firefly luciferase
? B Renilla luciferase
© 31 OMosIR E}'
<
[0}
< 2 %‘
z
m
€ Im
o O ] [
=
3 0o
© 0 50 100 150 200 250

ng of transfected MosIR plasmid/well

B <12 7 pCAG
210 A
g 5]
< 4 )
g T 9 Z
g s & E 27
g £ 2 Eo-
£ g 8 80S poly1 poly2
*ac-)'s.RL gzo.FL
€ 4 1 *8'16-
8 3 - 812 -
< 2 4 < 8 1
p4 P
X 1+ X 4
E o IS
80S poly1 poly2 80S poly1 poly2
€16 1 HPRT1 2 4, B2M
8] 2
c 12 4 c 3
8 8
<Z,:B- <Z‘:2-
X 4 17
IS) € o 4

80S poly1 poly2
B pCAGEGFP [OpCAGEGFP-MosIR

80S poly1 poly2

Figure 5. dsRNA inhibits translation of transcripts from
transiently-transfected plasmids. (A) Transiently transfected RL
and FL reporters are not inhibited at transcript levels. HEK-293 cells
were transiently transfected with FL and RL reporters (100 ng/well) and
increasing doses of pCAGEGFP-MosIR (0-250 ng/well). Amount of
mRNA was analyzed by real-time PCR. Expression was normalized to
HPRT1 housekeeping gene and expression levels in cells transfected
with 50 ng of MosIR plasmid were set to 1. Error bars = SEM. (B) dsRNA-
dependent inhibition of translation affects more transiently transfected
plasmids than endogenous genes. HEK-293 cells were transfected with
RL, FL, and either pCAGEGFP or pCAGEGFP-MosIR. Distribution of mRNA
in fractions collected during polysome profiling was analyzed by real-
time PCR. For each sample, a fraction representing monosomes (80S)
and early (poly1) and late (poly2) polysomes (depicted on the scheme)
was included in the quantification. Expression levels in polysome
fractions of pCAGEGFP- (black bars) and pCAGEGFP-MosIR- (white bars)
transfected cells are normalized to 80S fraction. Panels show expression
profiles for endogenous genes (HPRT1 and B2M), plasmid-expressed
transcripts (FL, RL) and either pCAGEGFP or pCAGEGFP-MosIR transcript
(pCAG). B2M, B, microglobulin; HPRT1, hypoxantine phosphoryltrans-
ferase; FL, firefly luciferase; RL, Renilla luciferase.
doi:10.1371/journal.pone.0087517.9005

MosIR (Fig. 5A). These data show that the mechanism suppressing
co-transfected reporters is post-transcriptional.

To analyze translational rates of luciferase reporter transcripts
and endogenous mRNAs, we performed polysome profiling of
HEK-293 cells co-transfected with luciferase reporters and either
pCAGEGFP-MosIR or pCAGEGFP plasmids. We isolated RNA
from fractions corresponding to monosomes (80S) and polysomes
and analyzed the abundance of mRNA in these fractions using
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real-time PCR. As expected, pCAGEGFP-transfected cells showed
enrichment of various mRINAs in polysomal fractions compared to
the monosomal fraction (Fig. 5B). In contrast, reduced abundance
of luciferase mRNAs in polysomal fractions was observed in
pCAGEGFP-MosIR-transfected cells (Iig. 5B). Remarkably, while
there was the enrichment of pCAGEGFP mRNA in polysomal
fractions, the amount of pCAGEGFP-MosIR mRNA on poly-
somes was also relatively low, suggesting that pPCAGEGFP-MosIR
inhibits the translation of its own transcript. Interestingly,
endogenous HPRT! and -2 microglobulin (B2M) mRNAs
remained abundant in polysome fractions regardless of co-
transfected plasmid. These data support the notion that suppres-
sion selectively inhibits all co-transfected reporters, while endog-
enous mRNAs (represented by HPRT! and B2M) remain
efficiently translated.

dsRNA-mediated suppression is PKR-dependent

In the search for the mechanism inhibiting co-transfected
luciferase reporters, we evaluated the possible role of PKR. We
generated a stable PKR knockdown in HeLa cells by expressing
shRNA targeting Pkr mRNA and selected the clone with the
highest PKR downregulation (Fig. 6A) for further analysis.
Transient transfection of the PKR knockdown cell line with
pPCAGEGFP-MosIR  plasmid revealed relief of repression of
luciferase reporters (Fig. 6B) indicating PKR dependence. A
similar PKR dependence was also observed in HEK293 cells and
for previously described pEGFP-C1-dependent translational inhi-
bition (Fig. S4); in the latter case dsRNA originated from
convergent transcription occurring within the plasmid backbone
[9].

As PKR activation involves direct dsRNA binding to dsRNA-
binding domain of PKR, we tested whether PKR directly binds
dsRNA expressed from pCAGEGFP-MosIR by RNA immuno-
precipitation followed by real-time PCR analysis. The plasmid-
derived RNA was significantly enriched in pCAGEGFP-MosIR-
transfected sample but not in the control (pCAGEGFP-transfect-
ed) sample (Fig. 6C). This suggests that the MosIR hairpin is
directly bound by PKR. Accordingly, we detected increased PKR
phosphorylation exclusively in pCAGEGFP-MosIR-transfected
cells, in a concentration-dependent manner (Fig. 6D). The
phosphorylation of elF20, a main PKR substrate, was marginally
increased in pCAGEGFP-MosIR-transfected cells, consistent with
limited effects on translation. As expected, phosphorylated PKR
was not detected in pCAGEGFP-treated cells and control cells
(Fig. 6D).

Finally, we examined PKR distribution along polysome profiles
of HEK-293 cells. Expression of long dsRNA resulted in a
reproducibly increased amount of monosomes/free ribosomes and
a reduced amount of polysomes (Fig. 7A), indicating a modest
inhibition of translation initiation, which in principle could be
attributed to partially increased levels of elF2a phosphorylation.
Distribution of PKR and its phosphorylated form along the
polysome profile differed between cells transfected with pCA-
GEGFP-MosIR or pCAGEGFP (Fig. 7B). This is apparent when
compared with the distribution of the ribosomal protein S14
(RPS14), which should reflect the amount of ribosomes in
individual fractions. Consistent with the higher monosome peak
in polysome profiles of cells transfected with pCAGEGFP-MosIR,
we observed apparently higher abundance of RPS14 in mono-
somal fractions (framed by solid red lines in Fig. 7B) suggesting
that dsRNA expression leads to an accumulation of monosomes
(Fig. 7B). Phosphorylated PKR was negligible in all pPCAGEGFP
fractions, consistent with its absence in the unfractionated lysate
(Fig. 7B). In cells transfected with pPCAGEGFP-MoslIR, both PKR
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Figure 6. The inhibition of luciferase reporter activity is partly
dependent on PKR protein level. (A) Stable cell line with shRNA-
mediated PKR knock-down. Western blot analysis of HelLa stable cell
lines carrying shRNA vector targeting PKR. Ctrl, parental HeLa cells; A1-
B6, stably-transfected independent clones carrying antibiotic resistance.
Clone B4 showed the highest PKR knock-down and was used for
subsequent experiments. (B) Parental Hela cells (ctrl) or HelLa cells with
stably down-regulated PKR expression (KD) were co-transfected with
100 ng/well of each RL (light colors) and FL (dark colors) reporter
plasmids and 0 or 50 ng/well of pCAGEGFP-MosIR. Parental plasmid
pCAGEGFP was used to maintain a constant amount of transfected
DNA. Data are shown as an average of two independent experiments
performed in quadruplicates; Error bars = SEM. (C) pCAGEGFP-MosIR
transcript associates with PKR. HEK-293 cells were transfected with
pPCAGEGFP or pCAGEGFP-MosIR. Cell lysates (24 hours post-transfec-
tion) were used for immunoprecipitation with anti-PKR antibody or
control IgG antibody. Immunoprecipitated RNA was reverse-transcribed
and used for real-time PCR analysis. Data are displayed as a percentage
of input. Shown is the average of two experiments. Error bars = range
of values. (D) pCAGEGFP-MosIR expression activates PKR. Western
blotting analysis of HEK-293 cells transfected with increasing amount of
PCAGEGFP or pCAGEGFP-MosIR (50-150-250 ng per well). pBluescript
was added to maintain the amount of transfected DNA constant. pBS,
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pBluescript only. UN, untransfected cells; MosIR, pCAGEGFP-MosIR.
doi:10.1371/journal.pone.0087517.g006

and its phosphorylated form were redistributed from soluble to
monosomal and polysomal fractions. This could reflect PKR
redistribution associated with translational inhibition or a direct
binding of PKR to the translated MosIR transcript. Notably, the
distribution of elI2at and its naturally phosphorylated form was
affected only marginally (Fig. 7B).

Discussion

Our results provide a framework for several previously reported
phenomena, namely 1) negative correlation between plasmid-
derived translation and the amount of PKR [7,20,21], 2) enhanced
plasmid expression after treatment with PKR inhibitors
[20,22,23], 3) restricted PKR effects and selective inhibition of
specific mRNAs [6,7], and 4) dsRNA-induced sequence-indepen-
dent suppression of transiently-transfected plasmid reporters

A

polysomes
.| pCAGEGFP

i}

{l 1| 1] pcAGEGFP-MosiR

RPS14[

Raslboe - |- -~ ® pr

Figure 7. pCAGEGFP-MosIR expression affects the distribution
of PKR and its phosphorylated form in polyribosome analysis.
(A) Overlay of polysome profiles from HEK-293 cells transfected with
either pCAGEGFP or pCAGEGFP-MoslIR. (B) Polysome profile (upper part)
and western blotting analysis (lower part) of respective fractions. The
alignment of fractions on polysome profile and lanes on western
blotting is highlighted by solid red lines flanking fractions 11 and 12.
HEK-293 cells transfected with either pCAGEGFP or pCAGEGFP-MosIR
were subjected to polysome profiling. Proteins were isolated from each
fraction by ethanol precipitation and the same volume aliquots from
each fraction were analyzed by polyacrylamide gel electrophoresis and
western blotting. The last lane in each sample represents 1% of input. v,
phosphorylated form of protein; RPS14, ribosomal protein S14. The
experiment was repeated three times, a representative result is shown.
doi:10.1371/journal.pone.0087517.g007
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[24,25]. We show that expressed dsRNA induces unique PKR-
dependent translational repression that is strongly biased towards
transcripts from transiently transfected plasmids. The molecular
mechanism of this specific repression does not seem to involve the
typical IFN response; a possible contribution of eIF2a-phosphor-
ylation remains to be elucidated. The fact that presumably the
same effect was observed on numerous occasions also without
intentional expression of dsRNA (i.e. when using plasmids not
previously known to produce dsRNAs) can be explained by the
complex transcription of transfected plasmids, which employs
multiple cryptic promoters and thus has potential to generate
dsRNA. We previously reported an example where a common
plasmid indeed produces dsRNA because of convergent transcrip-
tion in a neomycin/kanamycin cassette and causes the suppression
of co-transfected reporters [9], which is also PKR-dependent (Fig.
S4). Sequence-independent repression of transiently transfected
reporters was also shown for different types of RNA hairpins
[24,25] although a formal proof that the same mechanisms was
responsible for the effect as the one described here was not
provided. In any case, available data indicate that sequence-
independent silencing can be induced by different types of
expressed dsRINA, i.e. it is not specific for the dsRNA-bearing
translatable mRNA produced by pCAGEGFP-MosIR and that it
occurs in different cell types. So far, we documented the PKR-
dependent silencing phenomenon for HEK-293 and HeLa cells.
We observed sequence-independent reporter inhibition induced
by dsRNA expression also in 3T3 cells, P19 and HepG2 cells
(unpublished observations). It is possible that this silencing
phenomenon is common to mammalian somatic cell types
expressing PKR and that many of the sequence-independent
effects observed upon dsRNA expression in mammalian cells were
its manifestations. However, it is important to point out that
dsRNA could induce silencing of co-transfected reporters through
different mechanisms in c¢is or #rans in mammalian cells, thus one
should be cautious when interpreting dsRINA effects in transiently
transfected cells. In addition to the phenomenon described here,
dsRNA can affect a reporter in #rans in a sequence-dependent
manner through RNAi or in a sequence-independent manner
through the interferon response. Cis mechanisms might involve
cleavage by Dicer, Staufen-mediated mRNA decay [26], various
cis effects of adenosine deamination [27], or translational
repression [28]. While inhibition of luciferase reporters is most
likely occurring in trans (via dsRNA-activated PKR), pPCAGEGFP-
MoslR could be affected by the same trans effect as well as cis effect
similar to those induced by inverted Alu dsRNA reported by
Capshew et al. [28].

The most remarkable feature of the silencing of co-transfected
reporters is that cells somehow distinguish between transcripts
originating from a transiently-transfected plasmid and a plasmid
stably integrated in the genome (Fig. 4D). Plasmid expression
could be more sensitive to a dsRNA-responding pathway than
expression originating from the genome, as has been reported by
Gommans and Maas, who showed that ADAR1 can enhance
plasmid-based expression at the transcriptional level [29]. How-
ever, there i1s most likely no mechanistical connection with the
post-transcriptional phenomenon reported here. In any case, our
observations are consistent with Terenzi ¢t al., who described that
expression from non-viral and viral vectors is suppressed in
mammalian cells in a PKR-dependent manner while translation of
endogenous proteins is not strongly affected [20]. One possibility is
that plasmid-borne transcripts are somehow differentiated either
by RNA properties (such as poly(A) length or covalent modifica-
tions) or by different protein factors bound to these transcripts.
Another possibility is that the sensitivity is consequential; dsRNA
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appearance In a co-transfection experiment could make newly
synthesized mRINAs more prone to translational repression.
Indeed, PKR inhibition was demonstrated to stimulate translation
of newly synthesized mRNA [22]. Our preliminary experiments
would favor the latter option since plasmid-borne transcripts
appear not to be dsRNA sensitive when reporter plasmids are
transfected 24 hours before the dsRNA-expressing plasmid (Fig.
S3B). However, this hypothesis needs further testing using different
types of dsRINA and inducible expression of dsRNA allowing for
precise timing of dsRNA appearance during expression of
luciferase reporters.

As aforementioned, the exact role of PKR in the selective
repression of co-transfected reporters remains to be defined. While
PKR binds the expressed dsRNA and becomes phosphorylated, it
does not activate the typical response marked by global robust
repression of translation and activation of interferon-stimulated
genes in HEK-293 and HeLaa cells transfected with pCAGEGFP-
MosIR [8]. It is possible that the transformed cell lines, which have
been in cultured for decades, may represent an atypical case of
partial PKR activation disconnected from the interferon response.
However, normal development and appearance of transgenic mice
carrying an active pPCAGEGFP-MosIR transgene rather suggests,
that nuclear dsRNA expression is not a strong inducer of the
interferon response. At the same time, the expression of long
dsRNA in HEK-293 and HeLa cells partially inhibited translation
initiation as it increased amounts of monosomes/free ribosomes
and reduced amounts of polysomes (Fig. 7A). It is possible that
highly abundant transcripts from co-transfected plasmids [9]
occupy a considerable portion of translation machinery; thus,
reducing the pool of free factors for cellular mRNA translation
that is otherwise not specifically inhibited. Alternatively, cellular
translation is partially affected but only to the extent that does not
grossly affect cell viability and has a minimal impact on translation
of cellular mRNAs (Fig. 5B) and on the transcriptome [8]. A
potential valuable lead for future experiments is our novel
observation that phosphorylated PKR associates with high
polysomes upon transfection of pCAGEGFP-MosIR (Fig. 7B).
Whether this reflects a general aspect of PKR role in translational
inhibition or the PKR binding to the presumably abundant
translated MosIR transcript is currently under investigation.

In our view, supported by previous studies of processing of
MosIR  transcripts [8,30], dsRINA appearing during transient
transfection represents a unique case of nuclear dsRNA expres-
sion, where dsRINA can enter multiple pathways at the same time,
but the dominating effect is PKR-dependent repression of co-
transfected reporters occurring in the absence of the interferon
response. It has been demonstrated that dsRNA expressed from a
plasmid can induce the interferon response [31]. We explain
different reported effects of expressed dsRINA on the activation of
the interferon response by the existence of a threshold, which
depends on a cell type and the particular dsSRNA molecule and
which was not reached in our experiments where dsRNA was
either a part of a translatable spliced mRNA ([8] and data
reported here) or originated from a spurious transcription from the
plasmid backbone [9]. The existence of the threshold is
conceivable considering survival of mammalian cells whose
genomes have a high potential to express dsRNA [32,33].

Taken together, our results show that expressed dsRNA can
lead to PKR activation resulting in a limited repression of cellular
translation. At the same time, the translation of transiently-
transfected reporters is exceptionally sensitive to this PKR-
dependent selective translation repression. While the physiological
role of this phenomenon is unclear, it has apparent features of a
defense response against expression of foreign DNA. In any case,
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our findings are mainly important from the methodological
perspective, since dsRNA expression can be a potent source of
artifacts in transient transfection experiments, which are frequent-
ly used for studying gene function in cultured cells. Transcription
of transfected plasmids is very complex and it is difficult to predict
whether or not a plasmid will produce dsRNA affecting co-
transfected reporters.

A transient transfection experiment frequently involves three
components: inducer, target, and control. A dual luciferase assay
provides a convenient pair of target and control reporters, where
one luciferase (target) is directly affected by the inducer, and the
non-targeted luciferase (control) is used for normalizing values of
the target. Therefore, to minimize the risk of artifacts in co-
transfection experiments, we recommend to carefully investigate
each case where the control reporter consistently exhibits reduced
expression when co-transfected with a particular inducer plasmid.
dsRNA-mediated suppression of the reporter would manifest as an
inducer of dosage-dependent difference between control reporter
transcript and protein levels. In addition, one should design highly
similar inducer and control plasmids— e.g. it is better to compare a
particular protein expression vector with a vector expressing a
catalytically dead or deletion mutant rather than using just an
empty vector. The rationale is that each sequence is a potential
source of cryptic promoters, which may produce convergent
transcription, so the more similar the plasmids co-transfected with
reporters are, the less likely one of them would produce a
significantly higher amount of dsRNA, which would bias the
sample transfected with that plasmid. Importantly, different cell
types do not exhibit the same sensitivity to dsRNA-mediated
repression of co-transfected reporters. For example, dsRNA-
induced repression of reporters in mouse 313 cells did not exceed
50% (Fig. 2B). Therefore, mouse 3T3 cells might be a better
choice for transient transfection experiments than commonly used
HEK-293 and Hela cells, in which transiently transfected
reporters are highly sensitive to dsRNA. Finally, it is advisable
to validate results from transient co-transfections using a model
system where gene expression originates from the genomic context
or using a serial transfection where the inducer and reporters are
transfected separately. However, suitable use of serial transfection
would be limited to situations where one can either achieve high
transfection efficiency or can separate doubly-transfected cells for
analysis.

Supporting Information

Figure S1 pCAGEGFP-Lin28IR and pCAGEGFP-Elav-
12IR vectors produce dsRNA. (A, B) dsRNA was detected as
described previously [8] by amplifying RNase-T1 resistant RNA
from lysates of cells transfected with pCAGEGFP-Lin28IR or
pCAGEGFP-Elavi2IR. Briefly, HEK293 cells were transfected
with either pCAGEGFP-Lin28IR (A) or pCAGEGFP-Elavi2IR
(B) plasmid. Cells were harvested 24 hours post-transfection and
divided into three parts: 1) untreated (input), 2) treated with RNase
T1 (RNase T1), and 3) denatured before RNase T1 treatment
(heat+tRNase T1). The presence of dsRNA was analyzed by
reverse transcription and real-time PCR performed in a triplicate.
Data are shown as relative average amplification of dsRNA region
compared to 10% input, which was set to 1. (C) dsRNA
immunoprecipitation. HEK293 cells were transfected with
pCAGEGFP-ElavI2IR, pCAGEGFP-Lin28IR, pCAGEGFP-Mo-
sIR or parental pPCAGEGFP plasmid. After 24 hours, cells were
lysed and dsRNA was immunoprecipitated using J2 antibody [34]
using the same protocol as for PKR immunoprecipitation shown
m Fig. 6C. Immunoprecipitated RNA was isolated, reverse-

PLOS ONE | www.plosone.org

10

Inhibitory Effects of dsRNA Expression

transcribed, and analyzed by real-time PCR in a triplicate using
primers common for all plasmids. Data are shown as an average
enrichment in samples transfected with hairpin-expressing plas-
mids relative to pCAGEGFP plasmid.

(TIFF)

Figure S2 Analysis of IL-8 expression upon pCAGEGFP-
MosIR transfection. HEK293 cells were transfected in
triplicates with 0-250 ng of pCAGEGFP-MosIR or pCAGEGFP
plasmid per well in 24-well plate; the total amount of transfected
DNA was kept constant by adding pBluescript plasmid. After
48 hours, RNA was isolated, reverse-transcribed, and analyzed by
real-time PCR. [L-8 repression was normalized to HPRTI
housekeeping gene and expression level in cells transfected with
pBluescript (BS) plasmid only was set to 1. Error bars = SEM.
(TIFF)

Figure S3 Reporter dilution and serial transfection. (A)
Reporter dilution. HEK293 cells were transiently transfected with
various concentrations of Renilla reporter (2.5 — 125 ng/well in 24-
well plate) and indicated amounts of either pCAGEGFP-MosIR
plasmid (triangles) or control pCAGEGFP-MosMos plasmid
(squares). The total amount of DNA was kept constant by adding
pBluescript. Luciferase activity was analyzed 48 hours after
transfection. Relative luciferase activity is shown; activities in
samples transfected with 0 ng of pCagEGFP-MosIR/pCagEGIP-
MosMos were set to 1. Data represent one experiment performed
in a triplicate transfection. Error bars SEM. (B) Serial
transfection. HEK-293 cells were transiently transfected in
triplicates with Renilla and firefly luciferase reporters. After
24 hours, cells were transfected with indicated amounts of
pPCAGEGFP-MosIR or pPCAGEGFP plasmids. The total amount
of DNA was kept constant by adding pBluescript. Luciferase
activity was analyzed 48 hours after the second transfection.
Activities in samples transfected with 0 ng of pCAGEGFP-
MosIR/pCAGEGFP were set to 1. Error bars = SEM.

(TIFF)

Figure S4 PKR-dependent reporter downregulation. (A)
PKR-dependent reporter downregulation in HEK-293 cells.
Parental HEK-293 cells (ctr]) or HEK-293 cells with stably
downregulated PKR expression (KD) were co-transfected in
triplicates with firefly (FL) or Renilla (RL) luciferase reporters
(100 ng/well in 24-well plate each) together with 0 or 50 ng of
PCAGEGFP-MosIR plasmid; pCAGEGIP was used to maintain
constant amount of DNA. Luciferase activity in cells transfected
with pCAGEGFP only was set to 1. Error bars = SEM. (B)
Parental Hel.a cells (ctr]) or HeLa cells with stably downregulated
PKR expression (KD) were co-transfected in triplicates with firefly
(FL) or Renilla (RL) luciferase reporters (100 ng/well in 24-well
plate each) together with 0 or 50 ng of pEGFP-C1 plasmid;
pBluescript was used to maintain constant amount of DNA.
Luciferase activity in cells transfected with pBluescript only was set
to 1. Error bars = SD.

(TIFF)

Table S1 Primer sequences.
(DOCX)
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