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APOBEC1 is the catalytic subunit of the complex that edits ApolipoproteinB (ApoB) mRNA, which specifically
deaminates cytidine 6666 to uracil in the human transcript. The editing leads to the generation of a stop codon,
resulting in the synthesis of a truncated form of ApoB. We have developed a method to quantitatively assay ApoB RNA
editing in live cells by using a double fluorescent mCherry-EGFP chimera containing a »300bp fragment encompassing
the region of ApoB subject to RNA editing. Coexpression of APOBEC1 together with this chimera causes specific RNA
editing of the ApoB fragment. The insertion of a stop codon between the mCherry and EGFP thus induces the loss of
EGFP fluorescence. Using this method we analyze the dynamics of APOBEC1-dependent RNA editing under various
conditions. Namely we show the interplay of APOBEC1 with known interactors (ACF, hnRNP-C1, GRY-RBP) in cells that
are RNA editing-proficient (HuH-7) or -deficient (HEK-293T), and the effects of restricted cellular localization of APOBEC1
on the efficiency of the editing. Furthermore, our approach is effective in assaying the induction of RNA editing in Caco-
2, a cellular model physiologically capable of ApoB RNA editing.

Introduction

Post-transcriptional editing of various types of RNA in verte-
brates is restricted to A>I editing by Adenosine Deaminases act-
ing on mRNA and tRNA (ADARs and ADATs), and to C>U
editing mediated by Apolipoprotein B mRNA editing enzyme,
catalytic polypeptide 1 (APOBEC1), a poly(deoxy)nucleotide
deaminase member of the AID/APOBEC gene family.1-5

APOBEC1 was identified as the catalytic subunit of the edit-
ing complex physiologically involved in the editing of C6666 of
the human Apolipoprotein B (ApoB) mRNA in the small intes-
tine.6,7 The editing causes the change of a CAA codon to a UAA
codon, thereby inducing the translation of a truncated form of
ApoB, which is important for the synthesis of chylomicrons. Sub-
sequent studies have identified a number of other physiologically
edited transcripts, mainly in the 30 untranslated regions.8-10

While not directly affecting the coding sequence, these edited res-
idues could affect the regulation of the transcript itself.9,10

Other roles not linked to APOBEC1 ability to edit specific
mRNAs have been suggested: regulation of mRNA stability,
restriction of retroviruses and mobile elements, and active
demethylation of DNA.2,11,12 Moreover, its ability to target
DNA has been linked to mutagenesis and human cancer.13-15

Higher expression levels of APOBEC1 induce hyperediting of
physiological RNA targets at additional sites, as well as of other
genes.e.g. 16-19 Such hyperediting has been linked to the onset of
hepatocellular carcinomas in transgenic mice and rabbits overex-
pressing APOBEC1 in the liver.20 Moreover, it has been
observed that deficiency of APOBEC1 decreases the number and
size of polyps and tumors in cancer-prone mice.21

The main sequence determinant for the targeting of the edit-
ing complex is the so-called mooring sequence, an AU-rich motif
lying immediately downstream to the edited site.22,23 In fact, the
efficiency and specificity of APOBEC1-dependent RNA editing
is determined by the editosome, the complex of proteins interact-
ing with APOBEC1, some of which have been identified. Thus
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APOBEC1 Complementation Factor (ACF) is required for the
specificity of the targeting through its interaction with the moor-
ing sequence.24-30 Another molecule, RBM47, has been recently
shown to be sufficient for the APOBEC1-mediated RNA edit-
ing.31 Other molecules, GRY-RBP and hnRNP-C1 among
them, have been characterized as negative regulators of the edit-
ing process.32-38

The importance of APOBEC1 cofactors is evident when try-
ing to reconstitute RNA editing: there are cells that become pro-
ficient after expression of APOBEC1, such as HepG2 and HuH-
7 liver cell lines, others (e.g., Hela and HEK293T) in which over-
expression of APOBEC1 is unable to support ApoB RNA edi-
ting,e.g. 39,40 and others - the Caco-2 - in which ApoB RNA
editing can be induced. Caco-2 cells derive from colon adenocar-
cinoma, but present a number of features of the epithelium from
small intestine.41 It has been shown that differentiation of Caco-
2 leads to APOBEC1 expression and ApoB RNA editing.42,43 In
addition ApoB RNA editing in Caco-2 cells can be induced by
calcium or other stimuli.44,45

A number of assays have been developed to measure the effi-
ciency of APOBEC1-dependent RNA editing in cells and organ
extracts.39,46-50 The most commonly used assays are based either
on sequence analysis or on poisoned primer extension of the
edited site. Whereas Sanger sequencing provides a rough estimate
of editing only in presence of a substantial percentage of edited
molecules, the poisoned primer extension is far more sensitive,
being able to discriminate the presence of a minimum of 0.3%
edited fragment.50 The limits of these approaches lie in the assays
starting material. Being based on PCR amplification of the tran-
script, amplification artifacts can affect the outcome. Moreover
in experimental settings in which exogenous expression is
required, these assays are significantly affected by the efficiency of
transfection.

With the aim of overcoming these limits we developed a
reporter system through which we can easily assess the levels of
RNA editing in live cells through flow cytometry. Our system is
based on a plasmid expressing a red-green fluorescent chimera in
which APOBEC1-dependent RNA editing induces a stop codon
that leads to the loss of the green fluorescence. Thus, when cells
capable to support APOBEC1-dependent RNA editing are trans-
fected with this construct, we observe a progressive decrease in
the green fluorescence, proportional to the amount of RNA
editing.

In order to validate our approach we tested it under condi-
tions that affect the efficiency of APOBEC1-mediated editing.
We thus assessed the effects of some of the known interactors of
APOBEC1 in live cells by successfully complementing APO-
BEC1 with ACF in HEK293T cells, which do not normally sup-
port RNA editing. On the contrary other interactors, GRY-RBP
and hnRNP-C1, do not specifically affect the editing process,
while they do seem to influence the chimeric protein. We have
also analyzed the efficiency of RNA editing using chimeras of
APOBEC1 whose localization is mainly cytoplasmic or nuclear.

Finally, we show that our assay can be used to quantify the
induction of RNA editing in Caco-2 cells treated with Forskolin,
a Protein Kinase A activator.

Results and Discussion

Live visualization of APOBEC1-dependent RNA editing
We prepared the double-fluorescent chimeric construct by

fusing together a 50 mCherry coding sequence (cds) with a 30

EGFP cds through a 436bp region from ApoB mRNA encom-
passing the editable C6666 site (Fig. 1A). The three sequences
were placed in frame and flow cytometry of cells transiently trans-
fected with the construct reveals both red and green fluorescence
(Fig. 1B, gates and ungated plots are shown in Fig. S1). APO-
BEC1-dependent RNA editing of the C6666 site in the chimeric
transcript would induce a stop codon, thus preventing the trans-
lation of the EGFP portion of the chimera. The outcome of the
RNA editing would therefore induce a stoichiometric imbalance
between mCherry and EGFP that can be visualized through flow
cytometry: the red fluorescence marks all transfected cells, and
the amount of green fluorescence is indicative of the APOBEC1-
dependent RNA editing.

We transiently cotransfected this construct in HuH-7 cells, an
hepatocellular carcinoma cell line which is RNA editing-profi-
cient upon transduction of APOBEC1,40 together with a plasmid
expressing rat APOBEC1. FACS analysis of the transfected cells
at 72 hours from transfection shows a relative decrease of green
fluorescence compared to the red one (Fig. 1B), possibly indica-
tive of RNA editing. We also tested a catalytically dead APO-
BEC1 mutant in which the glutamate acting as a proton donor
in the deamination had been mutated (E63A), and a mutant
lacking the last 40aa (DC). This mutant, similar to other ones
previously described, is unable to dimerize and to support RNA
editing.51 Indeed, neither of these mutants induces changes in
the cellular fluorescence (Fig. 1B).

To confirm that the diminished green fluorescence in APO-
BEC1-transfected cells was due to editing of the ApoB C6666
residue, we recovered the chimeric transcripts from the trans-
fected cells and we amplified them. Sequence analysis of the
ApoB region confirmed the presence of a double peak at the
C6666 residue only in the cells expressing APOBEC1 (Fig. 1C).

Next we analyzed the temporal dynamics of the RNA editing:
starting from day 2 after transfection a steady increase in the
RNA editing levels was evident (Fig. 2A). This is easily explained
as both the chimeric transcript and APOBEC1 become available
in the cell. Analogously, the amount of RNA editing was propor-
tional to the amount of APOBEC1 plasmid used for the transfec-
tion (Fig. 2B).

We then assayed the efficiency of editing of the human APO-
BEC1, which - similarly to the rat homolog - induced a marked
decrease in the EGFP fluorescence (Fig. 2C). On the contrary,
an APOBEC1 homolog from green anole,52 an organism in
which ApoB editing does not occur, is unable to induce RNA
editing of the chimeric construct. Considering the importance of
the C-terminal domain of mammalian APOBEC1 for RNA edit-
ing,51,53 we tested a fusion protein in which we stitched the rat
C-terminal domain to the reptilian homolog. Also in this case
there was no evidence of editing. Also Activation Induced Deam-
inase, a paralog of APOBEC1 physiologically targeting DNA54 is
unable to induce changes (data not shown).
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In principle our methodology could be modified to assay any
target of RNA editing. Beyond the described construct, we also
tested a construct in which the ApoB region connecting the
mCherry and the EGFP was reduced to a 28 bp fragment
encompassing the editable site flanked by the efficiency sequence
and the mooring seaquence. This fragment has been considered
the minimal stem-loop recognized by the editosome.29,55 How-
ever, this construct resulted completely uneditable in our system
(data not shown), possibly due to secondary/tertiary structures in
the transcript that masked the editing site.

Complementation of APOBEC1 in cells that do not support
RNA editing

ACF, the first cofactor of APOBEC1 to be identified, is neces-
sary for the efficiency and specificity of the RNA editing: ACF is
responsible for the targeting of APOBEC1, as it shuttles into the
nucleus with APOBEC1, and - once there - specifically recog-
nizes the mooring sequence of the ApoB RNA.30,56,57

Reconstitution of APOBEC1-mediated ApoB RNA editing has
been shown in vitro and in cells through overexpression of
ACF.58-60

We thus tested whether we could use our system to visual-
ize the complementation of APOBEC1 in cells that are not
proficient for ApoB RNA editing. HEK293T cells don’t sup-
port APOBEC1-mediated RNA editing as they do not express
ACF.60 Indeed, transfection of our fluorescent chimera in
HEK293T cells, in association or not with the construct
encoding for rat APOBEC1, did not show evidence of RNA
editing. On the other hand, cotransfection of a construct
encoding for ACF induced a marked shift in the green fluores-
cence, thus implying the reconstitution of the editing complex
and the targeting of APOBEC1 to the fluorescent chimera
(Fig. 3).

As in HuH-7 cells, the human APOBEC1 can support RNA
editing also in HEK293T cells (Fig. S2A). The increased effi-
ciency of the human homolog compared to the rat one is likely

Figure 1. APOBEC1 edits the mRNA of a chimeric construct containing the ApoB region encompassing the editable site. (A) Schematic diagram of
the chimeric transcript. The mCherry cds is placed in frame 50 to the EGFP cds. The region of ApoB encompassing the C6666 editable site links the 2 cod-
ing sequences. APOBEC1-specific RNA editing induces the formation of a stop codon that blocks the translation of the EGFP coding sequence. The
mCherry protein acts as a control for the transfection levels, while the loss of EGFP is indicative of the levels of RNA editing. The boxes on the side of the
editable site indicate the efficiency and the mooring sequence (labeled e and m, respectively). (B) Representative FACS analysis of HuH-7 cells transiently
transfected with the mCherry-ApoB-EGFP construct together with those expressing respectively rat APOBEC1, a catalytically inactive APOBEC1 mutant
(E63A), a mutant lacking the C-terminal 40aa (DC), or control plasmids. Only rat APOBEC1 induces a shift from the mCherry/EGFP diagonal (events in the
red-boxed area), indicating an overall decrease in the EGFP levels. The gates selected for the analysis, as well as ungated plots are shown in Supplemen-
tary Figure 1. (C) Representative chromatograms of the ApoB editing site of the mCherry-ApoB-EGFP transcript from cells transfected either with control
plasmids or with the APOBEC1 expressing one. In the APOBEC1 sample the chromatogram shows a double peak corresponding to the C>U deamination
(arrow).
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due to the human APOBEC1 being optimized for activity in
human cells. While an increased ability to interact with ACF
could be involved, the rat and human homologs of ACF are 94%
identical, with most of the differences located in the C-terminal
part, far from the region allegedly responsible for the interaction
with APOBEC1.56 This could suggest that other unknown fac-
tors could positively effect the efficiency of the editing.

Finally, overexpression of ACF in HuH-7 leads to an increase
in the RNA editing efficiency, suggesting that the rate of RNA
editing in these cells is limited by the endogenous ACF (Fig.
S2B).

Other interactors of A1
Next we tested the effects of other molecules that have been

identified as interactors of APOBEC1: GRY-RBP and hnRNP-

C1. These molecules have been shown
through poisoned-primer extension assay
to negatively affect the activity of the edi-
tosome as they compete for the mooring
sequence and/or sequester APO-
BEC1.32,38,56 Surprisingly, coexpression
of either of these proteins together with
APOBEC1 and the fluorescent chimera
did not result in a diminished efficiency
of the editing either in HuH-7 cells or in
HEK293T cells complemented with ACF
(Fig. 4, Fig. S3A). We have tested
whether increasing amounts of interactors
(Fig. S3B) could exert any negative effect.
We did not observe any decrease in RNA
editing even with the highest amounts of
the interactor.

Indeed, we found that transient trans-
fection of either GRY-RBP or hnRNP-
C1 leads to decreased levels of fluores-
cence in transfected cells even in absence
of APOBEC1 or of the ApoB sequence
(Fig. S3C). This could point to an effect

of these proteins to the overall efficiency of the transfection or to
their involvement in the processing/degradation of the transcript.
Since the FACS profiles show a shift of the fluorescent popula-
tion rather than a decrease in the number of fluorescent cells the
latter option seems more likely (Fig. S3D). In any case, whatever
the molecular mechanisms involved, the effect is not specific to
any determinant on the editable ApoB region.

RNA editing in nucleus and cytoplasm
ApoB RNA editing is physiologically a nuclear event in which

APOBEC1 and ACF shuttle into the nucleus to target the ApoB
transcript.17,30,61 Nonetheless, it has been shown that overexpres-
sion of APOBEC1 can induce editing also in the cytoplasm.62

Considering that both APOBEC1 and ACF appear localized in
different compartments depending on the cells in which they are

Figure 2. The amount of RNA editing
depends on the exposure of the chimeric
transcript to APOBEC1. HuH-7 cells were tran-
siently transfected with the double-fluorescent
chimera and the indicated plasmids. (A) RNA
editing (percentage of gated cells) at different
time points (hours) after transfection. (B) Titra-
tion of RNA editing in cells transiently trans-
fected with different amounts of APOBEC1
expressing plasmid or with control plasmids.
(C) The bar diagram shows the RNA editing in
HuH-7 transiently cotransfected with plasmids
encoding for either rat, human, lizard APOBEC1
or a chimera of lizard APOBEC1 fused with the
C-terminal portion of the rat APOBEC1. The
error bars represent the SEM from at least 3
experiments.
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expressed,30,59,62-64 we wanted to assess the weight of the nuclear
and of the cytoplasmic component of RNA editing in our model
system.

Analogously to AID,65 we found that the position of the fluo-
rescent tag markedly influences the intracellular localization of
APOBEC1: an N-terminal EGFP predominantly locks APO-
BEC1 in the cytoplasm, whereas a C-terminal tag allows APO-
BEC1 to be present in both nucleus and cytoplasm, an N-
terminal EGFP predominantly locks APOBEC1 in the cyto-
plasm66 (Fig. 5A).

After inactivation of the EGFP chromophore through point
mutation, we could use these constructs in our assay (the point
mutation does not affect the intracellular localization of the chi-
meras, Fig. S4). Their cotransfection in HEK293T cells together
with ACF shows that all constructs were able to support RNA
editing (Fig. 5B), albeit with different efficiencies. The cyto-
plasmic APOBEC1 indeed displays a reduced ability to induce
RNA editing, in accordance with the notion that physiological
RNA editing is a mostly nuclear event.

Detection of RNA editing in induced Caco-2 cells
We have so far demonstrated that our assay is suitable in cells

in which RNA editing is forced by the overexpression of the sin-
gle components of the editosome. We next tested whether our
assay could be used to detect RNA editing in cells with endoge-
nous levels of APOBEC1 and ACF. Caco-2 cells, a colorectal
adenocarcinoma cell line, have been widely used to study ApoB
RNA editing. RNA editing in these cells can be modulated after
cellular differentiation by a number of stimuli.45,67

We thus transduced Caco-2 cells with our fluorescent
mCherry-ApoB-EGFP chimera through lentiviral infection and
we induced RNA editing by treatment with Forskolin, a protein
kinase activator which has been shown to induce RNA editing.45

Indeed treatment with 250 mM Forskolin induced a gradual
increase in editing, proportional to the exposure (Fig. 6A). Simi-
larly, the efficiency of the RNA editing was proportional to the
concentration of the Forskolin used (Fig. 6B, C).

In contrast to what observed in HuH-7 and HEK293T cells,
in which APOBEC1 had been overexpressed, RNA editing in
Caco-2 cells occurs rapidly, probably due to the fact that the
modulation of RNA editing in treated cells is dependent on a
post-translational mechanism.45 On the other hand, we observed
that even at longer times, there is always a percentage of cells in
which no RNA editing is measurable. This might suggest that
either some cells are refractory to the treatment, or that the effi-
ciency of RNA editing is not constant in time and might depend
on other factors (e.g., state of the cell, phase of the cell cycle, etc.).

Figure 3. ACF is required for APOBEC1-mediated RNA editing. Cells were transiently transfected with plasmids encoding for mCherry-ApoB-EGFP,
APOBEC1 and either ACF or a control plasmid as indicated. (A) Representative FACS analysis of HEK293T cells. (B) The bar diagram shows the percentage
of gated cells from at least 3 experiments (the error bar indicates the SEM).

Figure 4. APOBEC1 interactors hnRNP and GRY-RBP do not affect the
efficiency of RNA editing. The bar diagram shows the RNA editing (per-
centage of EGFP shift) in HuH-7 cells transiently cotransfected with plas-
mids encoding mCherry-ApoB-EGFP, APOBEC1 and increasing amounts
of either hnRNP-C1 or GRY-RBP plasmids (as indicated in the diagram).
The total amount of plasmid DNA was equal in all transfections. The error
bars represent the SEM from at least 3 experiments.
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Conclusions

We set up a rapid flow cytometric assay to measure APO-
BEC1-specific RNA editing using a double fluorescent chime-
ric protein containing the canonical editing site for ApoB
mRNA. The readout of the RNA editing in a cellular popula-
tion is based on the loss of EGFP fluorescence - whose cds
contains an editable site - compared to a stable mCherry

fluorescence. From our experiments it seems to be an easy
and robust method to study RNA editing in a number of dif-
ferent settings.

While the specificity of the assay is intrinsic to the system, its
sensitivity depends on the conditions used. In contrast to a
recently developed microscopy-assisted methodology to visualize
ADAR-mediated A>I editing in individual cells,68 our assay is
based on loss of signal and it is thus better suited to analyze RNA

Figure 5. The intracellular localization of tagged APOBEC1 affects the efficiency of RNA editing. (A) The position of the fluorescent tag influences
the localization of APOBEC1 chimeras. Representative confocal images of HEK293T cells transiently transfected with plasmids encoding EGFP-APOBEC1
or APOBEC1-EGFP chimeras. The nuclei were stained with Propidium Iodide (PI). (B) The bar diagram shows the efficiency of RNA editing in HEK293T cells
transiently cotransfected with ACF and the APOBEC1 expressing plasmids. The EGFP-APOBEC1 and APOBEC1-EGFP constructs were mutated to inactivate
the GFP to avoid interference with the assay. The error bars indicate the SEM from at least 3 experiments.

Figure 6. Visualization of RNA editing in Caco-2 cells after induction with Forskolin. (A) Increase of RNA editing in Caco-2 after induction with For-
skolin. Cells transduced with an mCherry-ApoB-EGFP lentiviral construct were induced for the indicated times with 250 mM Forskolin. (B) Titration of
RNA editing in cells transduced with an mCherry-ApoB-EGFP lentiviral construct after a 6 h treatment with Forskolin at the indicated concentrations. (C)
The chart shows the percentage of gated cells in cells untreated, treated with Forskolin at the indicated concentrations or with DMSO alone (same
amount as the highest concentration of Forskolin). The error bar indicates the SEM from 4 experiments.
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editing in the whole cellular population rather than in individual
cells.

The methodology measures a dynamic process and a number
of concatenated events are involved in the outcome: plasmids
transcription, RNA editing, translation, protein degradation.
This makes it difficult to set up experiments in which abrupt
changes in RNA editing are expected.

Since only the fraction of transfected cells is used for the anal-
ysis, the assay allows the quantification of RNA editing in a man-
ner independent from the efficiency of the transfection of
exogenous factors. This represents an advantage over other com-
monly used methods, in which the totality of cells is analyzed.

Our assay can be used to visualize APOBEC1-dependent RNA
editing in cellular models in which APOBEC1 and ACF are
expressed either artificially or physiologically. The assay eliminates
the need for PCR amplification steps as it is based on live cells
analysis. Moreover the possibility to identify RNA-editing(C) cells
could be used for downstream applications.

Finally, while tailored for APOBEC1-mediated ApoB RNA
editing, our approach could be easily adapted to test other
APOBEC1 targets or to assay other types of RNA editing.

Materials and Methods

Plasmids
The mCherry cds was amplified from pmCherry using pri-

mers 1 and 2 and cloned into the NheI/HindIII restriction sites
of pEGFP-N1 to obtain the mCherry-EGFP plasmid. The
mCherry-ApoB-EGFP plasmid was obtained by inserting a PCR
fragment from human ApoB (426 bp from HepG2 cDNA, pri-
mers 3 and 4) into the HindIII/EcoRI sites of the mCherry-
EGFP plasmid. A minimal editable site including the mooring
sequence (28 bp) was inserted in the HindIII/EcoRI sites of the
mCherry-EGFP plasmid using the oligonucleotides 5 and 6. The
mCherry-ApoB-EGFP cds was subcloned into the lentiviral
CSGW vector69 (blunted BamHI/NotI) after excision with
NheI/NotI and blunting of the 50 end.

The human and rat APOBEC1 expression vectors described
in Saraconi et al.15 were digested with BglII/BsrGI to remove the
IRES-EGFP sequence and ligated back after blunting the DNA
ends. The APOBEC-1DC construct was obtained by PCR with
primers 7 and 8 and cloned back into the pAIDexpressPuro2
backbone.70 The E63A mutation was introduced in the rat APO-
BEC1 cds by site directed mutagenesis (Stratagene - Catalog
#200523) using the primers 9 and 10 and cloned back with pri-
mers 7 and 11. The lizard APOBEC1 cds was amplified using
primers 12 and 13 from the pTrc99 vector detailed in Severi
et al.,52 digested with NheI/BamHI restriction site and cloned
into the NheI/BglII site of pAIDexpressPuro2. In all constructs
the IRES-EGFP sequence was removed as described. The chi-
mera of the lizard APOBEC1 and the C-terminus of rat APO-
BEC1 was obtained by PCR amplification using the primers
12and14 and 15 and 16, and subsequent extension using the pri-
mers 12 and 16. The PCR product was then cloned NheI/blunt
in pAIDexpressPuro2 (opened NheI/BsrGI).

The GRY-RBP, ACF and hnRNP-C1 coding sequences were
amplified from HuH-7 cDNA using primer pairs 17 and 18 (SacI/
ApaI), 19 and 20 (NheI/BglII), and 21 and 22 (HindIII/ApaI),
respectively. The fragments were then cloned into a pEGFP-C3
plasmid in which the EGFP sequence had been replaced by a
FLAG sequence.71 As control plasmids were used either vectors
encoding for AID or CTNNBL1, or an empty vector.71

The EGFP-APOBEC1 construct was detailed in Conticello
et al.71 The APOBEC1-EGFP construct was built by cloning the
APOBEC1 cds (primers 23 and 24) into BglII/EcoRI restriction
sites of the pEGFP-N1 expression vector. In order to produce
non fluorescent chimeras, the EGFP chromophore was inacti-
vated inserting a Y66H mutation in the EGFP cds by site-specific
mutagenesis (primers 25 and 26 and 27 and 28). The mutated
PCR products were then cloned back to replace the functional
EGFP in the EGFP-APOBEC1 and APOBEC1-EGFP con-
structs (NheI/EcoRI and NheI/NotI sites, respectively).

All oligonucleotides, including PCR primers and sequencing
primers are listed in the Additional file 1: Supplementary
Table 1.

Cells, flow cytometry, and microscopy
HEK293T, HuH-7 and Caco-2 cells were maintained in

DMEM supplemented with 10% FBS at 37�C in 5% CO2.
Transient transfections were performed using Lipofectamine
LTX (Invitrogen - Catalog #15338100) and GeneJuice (Novagen
-Catalog #70967-3) according to manufacturer’s instructions.
Lentiviral infections of Caco-2 cells were performed as detailed
in Langlois et al.72 All transfections with multiple plasmids were
performed using an equal amount of overall plasmid DNA. Dif-
ferences in the amount of DNA from experimental constructs
were filled with an empty construct.

FACS analysis was performed on a Accuri C6 cytometer (BD)
after transfection/infection of the cells, at the times indicated in
the figure legends.

Cell visualization was performed on an Eclipse TE2000-E
confocal (Nikon) confocal microscope (Fig. 5), or on a Axio
Observer Z1 (Zeiss) inverted microscope (Fig. S4). Transiently
transfected cells were replated on coverslips after 24 h from trans-
fection, and then fixed by 4% Formaldehyde and stained at 48
hr. Immunocgemistry for EGFP was carried out using a rabbit
anti-GFP antibody (1:500; Molecular Probes – Catalog
#A11122) and a AlexaFluor488 goat anti-rabbit IgG secondary
antibody (1:500; Molecular Probes – Catalog #A11008).
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