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Abstract

Noroviruses are human enteric caliciviruses for which no cell culture is available. Consequently, the mechanisms and factors
involved in their replication have been difficult to study. In an attempt to analyze the cis- and trans-acting factors that could have a
role in NV replication, the 3'-untranslated region of the genome was studied. Use of Zuker’s mfold-2 software predicted that NV
3'UTR contains a stem-loop structure of 47 nts. Proteins from HeLa cell extracts, such as La and PTB, form stable complexes with
this region. The addition of a poly(A) tail (24 nts) to the 3’UTR permits the specific binding of the poly(A) binding protein (PABP)
present in HeLa cell extracts, as well as the recombinant PABP. Since La, PTB, and PABP are important trans-acting factors
required for viral translation and replication, these RNA-—protein interactions may play a role in NV replication or translation.

© 2003 Elsevier Inc. All rights reserved.
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Norwalk virus (NV) is the prototype strain of human
caliciviruses (HuCV), a group of agents causing highly
transmissible viral gastroenteritis, which spreads rapidly
through families, institutions, and communities (re-
viewed in [1-3]). Noroviruses are difficult to study be-
cause they cannot be cultivated in cell culture; however,
molecular techniques have been useful to examine the
genome organization and function of the viral proteins.
NV has a single stranded positive-polarity RNA genome
that contains three open reading frames (ORF), a short
3" untranslated region (UTR) of 66 nts, and a poly(A)
tail [4]. The presence of a SUTR has not been estab-
lished. Sequence analysis of ORF 1 shows the charac-
teristic motifs of the 2C helicase, 3C cystein protease,
and 3D RNA polymerase present in the picornavirus
genome [4,5]. ORFs 2 and 3 encode the viral capsid
proteins [5,6].

The mechanisms and factors involved in NV trans-
lation and RNA replication remain unknown; however,

*Corresponding author. Fax: +52-55-50-61-33-77.
E-mail address: alonso@mail.cinvestav.mx (A.L. Gutiérrez-
Escolano).

0006-291X/$ - see front matter © 2003 Elsevier Inc. All rights reserved.

doi:10.1016/j.bbrc.2003.10.066

as a positive-stranded RNA virus, the genomic RNA
has to be translated into the viral non-structural pro-
teins and function as a template for negative-strand
RNA synthesis. The viral enzyme required for RNA
synthesis has to be the viral RNA-dependent RNA
polymerase (RdRp) 3D that initiates RNA synthesis
at the 3’ end of the genomic and replicative intermediate
RNAs. Since viral RdRps are commonly primer-
dependent enzymes, preinitiation replication complexes
require the presence of structured sequences as cis-acting
elements to recruit several other trans-acting factors
such as viral and cellular proteins [7-10].

NV and poliovirus (PV) share a high level of ho-
mology between their non-structural proteins, and their
polyadenylated tails; thus, it is possible that both RNA
viruses use similar mechanisms to replicate their ge-
nomes. The poly(A) tail increases infectivity [11] and has
been considered an important cis-acting element re-
quired for negative-strand RNA synthesis of PV [12].
This element is located at the 3’ end of the genomic
RNA, where the initiation of the RNA synthesis takes
place and has a critical role in organizing proteins
around the start site of the RNA synthesis [12].
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This sequence is a specific target for the poly(A) binding
protein (PABP), a regulatory factor involved in the
control of cellular mRNA stability and translation (re-
viewed in [13]). The PABP bound to PV poly(A) tail
interacts directly with the 5’ end via a protein—protein
bridge, promoting the circularization of the genomic
RNA, which provides several advantages for viral rep-
lication [12].

Besides the cis-acting elements, viral RNA replication
also depends on some cellular proteins that form part of
the ribonucleoprotein (RNP) complexes formed in the 3
ends. It has been reported that La antigen, a nuclear
protein involved in RNA polymerase III transcription
termination [14], binds to the 3’ end of several viral
RNAs [15-18]. The polypyrimidine tract-binding pro-
tein (PTB), a 57/60kDa protein that plays a role in
RNA splicing [19], binds to the 3’ end of several viral
RNAs [20,21]. Structural and functional similarities in
the replication process among polyadenylated RNA vi-
ruses suggest that NV may share some of the elements
and follow related strategies to replicate its genome. In
order to characterize some elements that could have a
role in NV RNA synthesis, the interactions between the
3'UTR, the poly(A) tail, and cellular proteins were
analyzed.

The present results indicate that NV 3’UTR with a 24
poly(A) tail (3’'UTR(A)) is able to form a stable stem-
loop structure of 44 nts as predicted by the mfold-2
software [22]. Using a UV-induced crosslinking assay,
10 proteins from HeLa cells were found to bind to the
polyadenylated NV 3’UTR. La from HeLa cells and a
recombinant PTB specifically interact with the NV
3'UTR (3'UTR) while the PABP exclusively binds to the
poly(A) tail.

Materials and methods

Cells. HeLa cells were grown in Dulbecco’s minimal essential me-
dium supplemented with 10% newborn calf serum, 5000 U penicillin,
and 5pg streptomycin, in a 5% CO, incubator at 37°C. The culture
medium was changed every other day until the cells reached
confluence.

Computer prediction of the secondary structure of NV 3'UTR.
Computer analysis of the 3'UTR and 3'UTR(A) of NV was performed
using the mfold-2 software [22] in http://www.rpi.edu/~zukerm/.

In vitro transcription of 3 NV genomic RNAs. Two RNA molecules
were synthesized, both containing nt 7588-7654 of the NV 3'UTR
genome, (3’UTR), and only one of them having a poly(A) tail of ap-
proximately 24 nts (3’'UTR(A)). The RNAs were produced by in vitro
transcription using T7 RNA polymerase from the two PCR-amplified
cDNAs containing the respective regions. The PCR was performed
using the complete NV ¢cDNA as template. The sense primer used in
the PCR contained the bacteriophage T7 promoter sequence, while the
antisense poly(A) primer was used for the addition of the 24 A to the
3'UTR PCR product. The PCR was performed for 35 cycles of 94 °C
for 1 min, 42°C for 1 min, and 75°C for 30s, using a Perkin—Elmer
Cetus DNA thermocycler. The resulting PCR products were purified
by a QIAquiq gel extraction G-50 kit (Qiagen) before they were used as

templates for RNA synthesis. After transcription reaction, the DNA
template was removed by treating the samples with DNase RQI
(Promega). Unincorporated nucleotides in the reaction mixture were
removed by gel filtration. For synthesis of radiolabeled RNA tran-
scripts, [a->PJUTP or [o-PJATP (Dupont) was included in the
transcription reaction.

Preparation of HeLa cell extracts. HeLa cells were prepared using a
method previously described [24].

Mobility shift electrophoresis assay. Mobility shift electrophoresis
assay was performed using a method previously described [23]. The
amount of S10 extract from HeLa cells varied from 5 to 20 ng, while
500 nM of the recombinant PABP (rPABP) was used.

Mobility supershift electrophoresis assay. As much as 1.5ul of
polyclonal anti-PABP and anti-GADPH antibodies was incubated
separately with 10 pg of S10 extracts. The antigen-antibody reaction
was allowed to proceed for 30 min on ice before addition of the labeled
RNA. The RNA-protein supercomplexes were analyzed in a 6% native
gel as described before.

UV cross-linking of RNA-protein complex. UV-induced cross-
linking assay of RNA-protein complexes was performed using a
method previously described [24] in the presence of 40 or 60 pug of S10
extract from HeLa cells and 100 or 500 ng of the recombinant PTB
protein.

Immunoprecipitation of UV-induced cross-linked La-protein com-
plexes. Immunoprecipitation of the cross-linked La—protein complex
was performed using a method previously described [23]. Five hundred
nanograms of monoclonal anti-La or anti-actin antibodies was used.

Results
HelLa cell proteins interact with the 3 UTR of NV

The 66 nt long 3'UTR from NV was able to form a
secondary structure as predicted by the mfold-2 pro-
gram (Fig. 1A) [22]. The stem-loop structure formed
with the last 47 nts has a AG = —9.6, suggesting its
stability and was not altered in the presence of the 24 nts
long poly(A) tail (Fig. 1B). In order to determine if the
3'UTR was able to interact with cellular proteins present
in HeLa cell extract, mobility shift assays were per-
formed using [o-**P]JUTP labeled RNA representing the
complete 3’'UTR as a probe. Under this condition, a
major RNA-protein complex was observed as a de-
tectable smear (Fig. 2A). It was also observed that the
amount of free RNA decreased when the concentrations
of S10 extract increased (Fig. 2A, lanes 2-5). Further-
more, when the RNA-protein complex was treated with
RNase before electrophoresis through the native gel,
two main complexes were observed (Fig. 2B, lanes 2-5).
The major complex, with the fastest migration, was
called complex 1.

To determine the stability of both RNA-protein
complexes, complex formation was performed in the
presence of increasing KCI concentrations. Both com-
plexes maintained their migration up to 1.2M of KCI
(Fig. 2C, lanes 2-5), which represents more that 10 times
the salt concentration under physiological conditions
(approximately 120nM NaCl). These results suggest
that both complexes, I and II, are stable.
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Fig. 1. Schematic representation of the NV 3’UTR secondary structure. (A) Predicted secondary structure of the 66 nt long 3UTR, which forms the
complete 3’'UTR of NV genome. (B) Predicted secondary structure of the same region plus a 24 nt long poly(A) tail. Both predictions were performed

using the mfold-2 software (http://mfold2.wustle.edu).
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Fig. 2. Mobility-shift analysis of the complete 3’'UTR of NV and S10 extract from HeLa cell. (A) [0-**P]JUTP labeled 3'UTR incubated without (lane 1)
or with 5, 10, 15, and 20 pg of S10 extract from HeLa cells (lanes 2-5, respectively). (B) [a->>PJUTP labeled 3’ UTR was incubated without (lane 1) or
with 5, 10, 15, and 20 ug of HeLa S10 extract (lanes 2-5, respectively) followed by RNase treatment. (C) [0->>P]JUTP labeled 3UTR RNA was
incubated without (lane 1) or with 20 pug S10 extract from HeLa cells (lanes 2-5), in the absence (lanes 2) or, the presence of 0.6, 0.9, and 1.2 M KCI
(lanes 3-5, respectively). (D) [a-*>P]JUTP labeled 3'UTR RNA was incubated without (lane 1) or with 20 pg of S10 extract from HeLa cells (2-5) in the
absence (lane 2) or presence of 10- and 20-fold molar excess of homologous (lanes 3 and 4, respectively) or 20-fold molar excess of non-related
heterologous competitor (lane 5). Complex formation was assayed by electrophoresis on native polyacrylamide gels and detected by autoradiography.

Mobility of complexes I and II is indicated.

The specificity of the RNA-protein binding was
further demonstrated in competition experiments
(Fig. 2D), using 10- and 20-fold molar excess of unla-
beled homologous or a non-related heterologous (re-
ferred to as nts 111-191 from NV that do not interact
with cellular proteins as has been described before [23])
RNAs as competitors. A 10-fold molar excess of the
unlabeled homologous 3'UTR strongly reduced com-
plexes I and II formation, while a 20-fold molar excess
of the same competitor completely inhibited complex II
formation. However, a 20-fold molar excess of unla-
beled non-related heterologous RNA transcript was an
inefficient competitor (Fig. 2D, lane 4). These results
strongly suggest that the proteins present in HeLa cell
S10 extract bound specifically to the 3’UTR RNA.

To determine whether the poly(A) tail was also in-
volved in the complex formation, an [o-*?P]JUTP labeled
3'UTR(A) was incubated with S10 extract from HelLa
cells (Fig. 3A). Two main complexes, with similar mi-
gration patterns to the ones observed with the 3'UTR,
were detected (Fig. 3A, lanes 3 and 2, respectively). The
complexes formed with both RNAs could be different
since the poly(A) tail is a target for the binding of
cellular proteins; however, RNP complexes were treated
with RNAses, thus neither the poly(A) tail nor the
complex formed with it, which were not labeled with
[0-?PJUTP, can be detected by autoradiography. To
visualize the complexes formed with the poly(A) tail,
[0-32P]JATP was used to label both 3’RNAs. Under these
conditions, we could detect differences in the complex
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Fig. 3. Mobility-shift analysis of the complete 3UTR and the 3UTR
(A) of NV and S10 extract from HeLa cells. (A) [0-**P]JUTP labeled
3'UTR (lanes 1 and 2) or 3UTR(A) RNAs were incubated in the
absence (lane 1) or presence of 20 pg of S10 extract from HeLa cells
(lane 2 and 3) followed by RNAse treatment. (B) [0-2P]ATP labeled
3'UTR (lane 3) or 3¥UTR(A) RNAs (lanes 1 and 2) were incubated in
the absence (lane 1) or presence of 10 ug of S10 extract from HeLa cells
(lanes 2 and 3) followed by RNAse treatment. Complex formation was
assayed by electrophoresis on native polyacrylamide gels and detected
by autoradiography. Mobility of complexes is indicated on both sides
of the figure.

formation with both RNAs. The 3'UTR and the
3'UTR(A) were able to form five complexes (Fig. 3B,
lanes 3 and 2, respectively); complexes I, III, and V
formed with the 3’UTR(A) had a similar migration
pattern to complexes II, III, and V formed with the
3'UTR, respectively (Fig. 3B, lanes 2 and 3, respec-
tively). However, complex II formed with the
3'UTR(A), which together with complex V are the most
prominent complexes formed with this RNA, did not
correspond to any complex formed with the 3'UTR.
Complexes III and IV were not consistently discernible
in subsequent experiments. Complexes formed with the
3'UTR were overexposed with respect to those formed
with the 3'UTR(A). These results suggest that the
poly(A) tail may influence the formation of the RNA-
protein complexes either because it changes the size and
conformation of the RNA and/or because it interacts

A B

with some other proteins present in the S10 HeLa cell
extract.

To determine if the poly(A) tail was able to interact
with some HeLa cell proteins, competition experiments
using both unlabeled RNAs and a non-related heterol-
ogous RNA were performed. Unlabeled competitor
RNAs were preincubated with cytoplasmic extract
before the addition of [a-**P]ATP labeled 3'UTR(A).
A 25-fold molar excess of unlabeled homologous RNA
resulted in an efficient competition of all complexes
(Fig. 4A, lane 3), while the addition of 25-fold molar
excess of the unlabeled 3'UTR (heterologous RNA) was
able to compete efficiently with all complexes, except
complex II, which did not compete at all (Fig. 4A, lane
4). Moreover, the amount of radioactivity present in
complex II was higher than the amount present in
complex II formed without competitor RNAs (Fig. 4A,
lanes 4 and 1, respectively). These results suggest that
complex II contains proteins, which bind specifically to
the poly(A) tail. The addition of a 25-fold molar excess
of the unlabeled non-related heterologous RNA was
able to compete with complex V, suggesting that this
complex is not specific (Fig. 4A, lane 5).

Identification of cellular proteins present in the RNA-
protein complexes

Since PABP interacts with the poly(A) tail of several
mRNAs, the possibility that complex II contained the
PABP was analyzed using a supershift assay. Incubation
with 1.5 ul of polyclonal anti-PABP antibodies resulted
in the inhibition of complex II formation (Fig. 4B, lane
3), while the same amount of anti-GADPH antibodies
did not alter any complex formation (Fig. 4B, lane 4).
The absence of complex II in the presence of the anti-
PABP antibodies demonstrated that PABP was present
in complex II.

1 2 3 4 5 1 2 3 4 1 2 3 4
- — vV - -— V
— 1V IV b
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Fig. 4. Specificity of RNA-protein complexes formed with the complete 3'UTR and the 3UTR(A) of NV with S10 extract from HeLa cells. (A)
[0-*>P]JATP labeled 3'UTR(A) RNA was incubated with 10 ug of S10 extract from HeLa cells in the absence (lanes 1 and 2) or presence of 25-fold
molar excess of unlabeled homologous (lane 3), heterologous (lane 4), and non-related heterologous competitors (lane 5). (B) Ten micrograms of S10
extract from HeLa cells was incubated in the absence (lanes 1 and 2) or in the presence of 1.5 pl of polyclonal antibodies to human PAB protein (lane
3) or an anti-GADPH antibody (lane 4) before the addition of [a->>PJATP labeled 3'UTR(A) RNA. The antibody-RNA—protein supercomplex was
further processed under the same conditions described for the RNA-protein complex. (C) [o-2P]JATP labeled 3'UTR RNA (lane 2) or 3UTR(A)
(lanes 1 and 3) was incubated in the absence (lane 1) or presence of 100 ng of recombinant PAB protein (lanes 2 and 3) followed by RNase treatment.
Complex formation was assayed by electrophoresis on native polyacrylamide gels and detected by autoradiography. Free RNA was loaded on lane 1.
Mobility of complexes formed with S10 HeLa cell extract and with the rPABP is indicated on the right-hand side of the figure.
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To corroborate that PABP was able to bind to the
3'UTR(A) tail, a mobility shift assay with rPABP was
performed (Fig. 4C). Two complexes with different mi-
grations were observed when rPABP bound to the [a-
32P]ATP labeled 3'UTR(A) (Fig. 4C, lane 3), but none
of them were formed with [0->P]JATP labeled 3'UTR
(Fig. 4C, lane 2), indicating that the rPABP was able to
specifically bind to the poly(A) tail. It has been reported
that PABP can bind to the PV 3’'UTR with a poly(A) tail
containing a minimum of eight nts and that its affinity
increases as the poly(A) tail lengthens [12]. The poly(A)
tail present in the 3'UTR(A) is 24 nt long, therefore
more than one PABP molecule can bind to this se-
quence. The two complexes observed after the RNAse
could contain different defined amounts of rPABP. The
expression and purification of the rPABP is described by
Herold and Andino [12].

NV 3'UTR interacts with PTB and La proteins

Mobility shift assays demonstrated that both the
3'UTR and 3’UTR(A) RNAs were able to form RNA-
protein complexes with some Hela cell proteins. Next,
UV-cross-linking experiments were performed in an at-
tempt to identify some of them. Ten proteins from HeLa
cell extract, with apparent molecular masses of 110, 97,
85, 75, 68, 60, 52, 50, 39, and 33 kDa, bound to both
RNAs (Fig. 5A, lanes 2 and 3, respectively). All the bands
observed in this assay were disrupted after proteinase K
treatment (data not shown). It was not possible to detect
any differences in the proteins crosslinked to both RNAs;
however, a higher amount of radioactivity was observed
in the 68 kDa protein crosslinked to the 3’UTR(A) (7%),
compared to the same band crosslinked to the 3’'UTR
RNA. The increased amount of radioactivity in the 68-
kDa band, could correspond to the PABP that binds to

kDa
97 4

68 7

the poly(A) tail. To examine this possibility, a 50-fold
molar excess of the homologous and the heterologous
RNAs was used. A strong competition of all the proteins
was observed with both RNAs (Fig. 5B, lanes 4 and 3,
respectively); however, the 68-kDa protein competed
only with the homologous unlabeled RNA (Fig. 5B, lane
4). These results suggest that the presence of the poly(A)
tail was responsible for the competition of an extra band
of 68-kDa, which co-migrates with the 68 kDa band
bound to the [a-*>P] ATP labeled 3'UTR(A) RNA. The
molecular mass of this protein co-relates with the PABP
molecular mass. No competition was observed when the
non-related heterologous RNA was used (Fig. 5B, lane 5).

Some of the proteins that crosslinked to both 3’'UTR
and 3’'UTR(A) RNAs have the same molecular weight
as a number of factors that interact with the 5'- and
3'UTRs of other RNA viruses. Specifically, the proteins
with molecular masses of 60 and 52-kDa co-relate with
the cellular proteins PTB and La, respectively.

To investigate if La protein could be one of the
proteins that crosslinked to the 3’UTR, an immuno-
precipitation after the UV-induced crosslinking assay
was performed. A labeled 52 kDa protein, crosslinked to
the 3’UTR, was immunoprecipitated by anti-La anti-
bodies (Fig. 5C, lane 3), while anti-actin antibodies were
unable to immunoprecipitate any labeled protein
(Fig. 5C, lane 2). This fact demonstrated that La was
one of the proteins that interacted with the 3’UTR of
NV. To analyze the possible interaction of PTB with the
NV 3UTR, labeled 3¥UTR was incubated with a re-
combinant PTB (rPTB) protein (Fig. 5D). rPTB was
able to bind to the 3’'UTR at 100 and 500 ng (Fig. 5D,
lanes 2 and 3, respectively). However, this rPTB showed
a migration slightly different from that of the 57/60 kDa
protein from HeLa cell extracts crosslinked to the
same RNA (Fig. 5D, lanes 1, and 2-3, respectively) as
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Fig. 5. UV-induced cross-linking of the complete 3'UTR and the 3'UTR (A) of NV and S10 extract from HeLa cells. (A) [0->>P]ATP labeled 3'UTR
(lanes 1 and 2) and 3’UTR(A) (lane 3) RNAs were UV-crosslinked without (lane 1) or with 60 pg of S10 extract from HeLa cells (lanes 2-3). (B) Forty
micrograms of S10 extract from HeLa cells were preincubated 15 min with 25-fold molar excess of heterologous (lane 2), homologous (lane 3), and
non-related heterologous (lane 5) RNAs prior to the addition of [0-**P]JATP labeled 3'UTR(A). Free RNA was loaded on lane 1. (C) [0-**PJUTP
labeled 3'UTR RNA was cross-linked with 60 pg of S10 extract from HeLa cells (lane 1) and immunoprecipitated with anti-La (lane 3) or anti-actin
antibodies (lane 2). (D) [0-**P]JUTP labeled 3'UTR RNA was UV-cross-linked with 60 pg of S10 extract from HeLa cells (lane 1) or 100 and 500 ng of
recombinant PTB protein (lanes 2 and 3, respectively). After UV-cross-linking, the reaction was followed by RNase treatment. Crosslinked proteins
were loaded on an SDS-10% polyacrylamide gel and detected by autoradiography. The migration of the UV-crosslinked 68 kDa, rPTB, and the
immunoprecipitated La proteins is indicated by an arrow.
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previously described [23]. These results strongly suggest
that the 3’UTR contains structural elements that permit
the interaction with La and rPTB.

Discussion

Most of the mechanisms and factors involved in NV
translation and replication remain unknown; however,
as a positive-stranded RNA virus, the viral genome
must function as a mRNA for viral protein synthesis
and as a template for viral negative-strand RNA syn-
thesis. The initiation of the negative-strand RNA syn-
thesis takes place at the 3’ end of the positive polarity
RNA and requires the presence of several elements, such
as structured sequences (that often consist of multiple
discontinuous sequences of the viral RNA, like the 3’
and 5UTRs and/or coding regions of the RNA mole-
cule) that serve as cis-acting elements or targets for the
interaction of several viral and cellular factors
[7,8,15,25,26]. These RNA-—protein complexes have been
involved in both viral translation and RNA replication.
In the replication process, the presence of cellular pro-
teins could help to recruit and stabilize the RdRp on the
initiation sites for viral RNA synthesis [15].

In polyadenylated viruses, such as picornavirus and
coronavirus, the poly(A) tail is a specific target sequence
for the interaction with the PABP. This poly(A) se-
quence has been considered one of the major determi-
nants of initiation for negative strand RNA synthesis
with a specific role in organizing proteins around the
start site and mediating circularization of the RNA
molecule [12,26-28]. Genome circularization has a crit-
ical role in the coordination of translation and RNA
synthesis and in the location of the RdRp at the
appropriate start site [12].

In this study, evidence that the NV polyadenylated
3'UTR contains the sequences required for the interac-
tion with various cellular proteins is provided.

Using the mfold-2 software, it was possible to predict
that the 66 nts present in the complete NV 3'UTR
contained a stem-loop structure formed in the last 47
nts. It was demonstrated that in the absence of RNAse,
the 3’UTR was able to form a large RNA-protein
complex with HeLa cell proteins. When RNP complexes
were treated with RNases, two RNA-—protein complexes
were distinguished. The complete 3UTR was able
to form stable RNA-protein complexes with cellular
factors from HelLa S10 extract since they were not
disrupted by increasing concentrations of KCI.

The specificity of the complex formation was ana-
lyzed in competition experiments performed in the
presence of an excess of homologous or heterologous
RNAs. A total reduction of complex II and a significant
reduction of complex I formed with the 3UTR and
HeLa cell S10 extract were observed when samples were

incubated in the presence of homologous, but not het-
erologous competitor, strongly suggesting that both
complexes are specific.

Since the poly(A) tail is an important element for
organizing proteins around the start site of negative
strand RNA synthesis [12], and it is the binding site for
the PABP, we wanted to find out if the presence of the
poly(A) tail added to the 3'UTR modified its interaction
with HeLa cell proteins. We could not detect any
difference in the RNP complexes formed with the
[0-**PJUTP 3'UTR or 3'UTR(A), even though the
poly(A) tail is a target for the binding of cellular pro-
teins. This finding could be the result of the RNAse
treatment, where the poly(A) tail, which was not labeled
with the [0->*P]JUTP, alone or bound to cell proteins,
could be separated from the labeled complexes and
consequently was not detected by autoradiography.

To visualize the complexes formed with the poly(A)
tail, [0-*P]JATP was used to label both 3’UTR and
3'UTR(A) RNAs. Under this condition, we detected the
formation of five complexes with both RNAs, some of
them with the same migration patterns, but complex II,
formed with the 3YUTR(A), did not correspond to any
complex formed with the 3'UTR. Then complex II could
be formed by the poly(A) tail bound to proteins present
in HeL a cell extract. Since the poly(A) tract is the target
site for the PABP interaction, competition experiments
of complexes formed with [a-*?P]ATP labeled 3'UTR(A)
were performed. We could demonstrate that complex 11
contains proteins that specifically bind to the poly(A)
tail, since this complex was not completed with the
3'UTR RNA. Moreover, the presence of the PABP in
complex II was confirmed in mobility gel supershift as-
says using anti-PABP antibodies. In addition, an rPABP
was also able to specifically bind to the 3’UTR(A) RNA;
but it did not bind to the 3¥UTR RNA. The two bands
in the mobility shift assay can be explained due to the
presence of the 24 nts long tail that could permit the
formation of a RNP complex with more than one PABP
molecule [12]. Then RNAse treatment could generate
two different complexes containing different defined
amounts of rPABP.

Using crosslinking assays, 10 proteins from 110 to
33kDa bound to both 3'UTR and 3'UTR(A) RNAs
were detected. However, no difference between both
patterns at the usual electrophoretic migration of PABP
(68-72 kDa) was found. Even so, the 68 kDa band that
crosslinks with the NV3UTR(A) contains more that
one protein, since the competition experiments using an
excess of homologous RNA competed completely with
this band; while the heterologous RNA, which does not
contain the poly(A) tail, only competed partially, sug-
gesting that the 68 kDa band contains at least one pro-
tein that specifically binds to the poly(A) tail sequence.
Experiments to identify the 97 and the 68-kDa protein
(other than the PAPB) are currently being performed.
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Besides the finding of PABP bound to the 3’'UTR(A),
two other cellular proteins, La and rPTB, were identified
by immunoprecipitation and crosslinking assays, re-
spectively. This is an interesting finding because both
proteins are also associated to some viral functions: La
has an essential role in PV translation [29] while PTB is
necessary for PV and hepatitis C (HCV) translation
[16,30] and mouse hepatitis virus RNA synthesis [31].

Even though there is no evidence about the mecha-
nisms that operate in NV replication, the work reported
here provides new data pointing towards the identifica-
tion of some of the elements that could have a role in
these processes, such as the presence of a stem-loop
structure within the polyadenylated 3'UTR of NV
genomic RNA, and the identification of some of the
cellular proteins that specifically bind to this region,
including La, PTB, and PABP. The identification of
these cis- and trans-elements, considered molecules that
have essential roles in translation and replication of
other positive-sense RNA viruses, can help under-
stand the specific mechanisms that take place in NV
replication.

Further analyses, including functional studies, are
currently being performed to assess the elements and
strategies followed by NV to translate and replicate its
RNA genome.
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