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Methylphosphate Cap Structure
in Small RNAs Reduces the Affinity
of RNAs to La Protein
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La protein is an abundant 47-kDa phosphoprotein found mostly in the nucleus of eukaryotic cells with a small
fraction present in the cytoplasm. Nascent RNA transcripts synthesized by RNA polymerase III are known to
be associated with La protein. This binding has been shown to occur to the 3" end of RNA via RNA recognition
motifs and to the 5’ triphosphate via the Walker A motif of the La protein. In this study, we developed an in
vitro immunoprecipitation assay to quantitate the 5" ppp-dependent binding of small RNAs to the human La
protein. Using this assay, we found that oligonucleotides five bases or longer bind to the human La protein in a
5" ppp-dependent manner; pppG did not bind to La protein in this assay. In addition, CH;pppN cap structure
present on the 5" ends of U6 and B2 small RNAs reduced the ability of these RNAs to bind the human La
protein. These data show that Walker motif in the human La protein can bind to short RNAs containing 5" ppp
and removal of 5 ppp from RNAs, or modification of 5’ pppN to CHs;pppN or m'GpppN, significantly reduces
the ability of small RNAs to bind the human La protein. These data suggest that one of the functions of
methylphosphate cap structure in U6 snRNA and B2 RNAs is possibly to reduce the affinity of these RNAs to
La protein.
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RNA polymerase III (pol III) is responsible for the
synthesis of many different RNA species in eukary-
otic cells. These RNAs include all tRNAs, 5S rRNA,
U6, 7SL (SRP), MRP, RNaseP, 7SK, Ro, Alu, and
many other small RNAs [reviewed in (31,33,47)].
Immediately after synthesis, these nascent RNA mol-
ecules transcribed by pol III are found to be associ-
ated with La protein, which was shown to bind and
stabilize these transcripts (12,24,29,35,36). Associa-
tion of the La protein with RNA occurs through the
3’-oligouridylate stretch common to most pol III tran-
scripts (32,36,42). La protein was initially discovered
as a human autoantigen (27) and its homologues have
been identified in many species from yeast to mam-
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mals (3,20,21,38,44,48). In humans, the La protein is
an abundant 47-kDa phosphoprotein that is present
mostly in the nucleus (7,15), although some La pro-
tein can be found in the cytoplasm (28).

In addition to pol III RNA transcripts, human La
(hLa) has also been shown to associate with several
viral RNAs including leader transcripts of different
viral RNAs (1,18,20,30) and some pol II transcripts
like Ul snRNA (17,23). The binding of La protein to
the viral mRNAs occurs at the 5" untranslated region
(UTR). This La protein—viral 5* UTR interaction is re-
quired for internal ribosome entry site (IRES)-medi-
ated translation (2,6,43). In addition to binding small
RNAs, studies from different groups have indicated
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that hLa protein plays an active role in transcription
termination, transcript release, and reinitiation of
transcription from pol III promoters. Results suggest
that La protein may be associated with the pol III
machinery and bind to the 3’-UUUU-OH of the na-
scent RNA immediately after transcription (9,11,12,
24,25). However, other studies suggest that efficiency
of transcription initiation and termination do not de-
pend on La protein (22,46).

Studies on the role of La protein in the maturation
process of tRNAs has shown that the carboxy-termi-
nal domain (CTD) of La protein plays an important
role in protecting the 5’ termini of pre-tRNAs and
may play an important role in posttranscriptional
modification of nascent tRNAs (10,16). Previous
studies from our laboratory demonstrated that trans-
lation of mRNA molecules having y-monomethyl-
phosphate cap structure at the 5" end was severely
inhibited (5). The mRNAs tested contained IRES se-
quences for cap-independent translation initiation. As
La protein binding to the 5 UTR in viral RNAs had
been shown to play a significant role in IRES-medi-
ated translation (2,6), it was suggested that changes
in the 5" end of the mRNA were responsible for re-
duction in the La protein binding, resulting in re-
duced levels of translation (5). These data, as well as
the data showing the involvement of the Walker A
motif of La protein in interaction to the 5" end of pre-
tRNA (16), led us to investigate the role of the 5’
terminal triphosphate in binding with La protein. In
this study, we report that La protein specifically inter-
acts with the 5" triphosphate moiety of small RNAs
including U6, 5S, and B2 RNAs. Modifications in the
5" ppp structure caused a significant decrease in La
protein binding to these small RNAs. We also dem-
onstrate that a minimal length of RNA is required for
this ppp-dependent specific interaction of RNAs with
the La protein.

MATERIALS AND METHODS
Chemicals and Isotopes

Fine chemicals and unlabeled nucleotides were ob-
tained from Sigma. [0-"P]GTP and [7—32P]GTP were
obtained from ICN. Unlabeled 5’ cap analog m’G(5")-
ppp(5)G was obtained from Ambion. o-P-labeled
and unlabeled y-monomethyl GTP was prepared as
described previously (13). Restriction enzymes were
obtained from Invitrogen and New England Biolabs.
T7 RNA polymerase and RNase-free DNase were ob-
tained from New England Biolabs. All recombinant
plasmids were propagated in E. coli DH5o and plas-
mid DNAs were prepared according to standard pro-
tocols (37).
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In Vitro Transcription

Different RNA transcripts were synthesized in
vitro using pUC19 plasmid DNA containing the
genes for either mouse B2 or human U6 RNAs under
the T7 promoter (39). Plasmid DNA carrying mouse
B2 DNA was linearized by different restriction en-
zymes to obtain templates for synthesizing either full-
length or shorter RNA transcripts. The enzymes used
and the sizes of transcripts obtained were: Dral, 180
nt; Bglll, 104 nt; Avall, 50 nt; BsiHKAI, 30 nt; BlpI,
15 nt. Full-length human U6 RNA (106 nt) was tran-
scribed using plasmid DNA containing the U6 gene,
which was linearized with Dral restriction enzyme.

Linearized DNA (1 pg) was incubated with 0.5
mM each of ATP, CTP, UTP, 0.05 mM GTP, 50
units of T7 RNA polymerase, 2 ul 10X polymerase
buffer (New England Biolabs), 20 units RNase inhib-
itor (Invitrogen), and 50 uCi [0-"P]GTP in a total
volume of 20 ul for 1 h at 37°C. The reaction mixture
was then treated with 2 units of RNase-free DNase
(New England Biolabs) for 30 min at 37°C. Labeled
RNAs were fractionated on 10% (for longer RNAs)
or 20% (for 5—15-nucleotide-long transcripts) dena-
turing polyacrylamide gel, subjected to autoradiogra-
phy, and the portions of the gel corresponding to the
RNAs of interest were excised. The RNAs were
eluted by incubating the excised gel pieces in extrac-
tion buffer containing 0.03% SDS, 100 mM NaCl,
and 50 mM sodium acetate (pH 5.2) at 37°C over-
night. After extraction with phenol/chloroform/iso-
amyl alcohol (25:24:1) and chloroform, the RNAs
were precipitated with ethanol using 10 ug yeast
tRNA as carrier.

Transcripts having 5” *’P label were synthesized in
the presence of [y—3ZP]GTP using similar reaction
conditions. Incorporated radioactivity in all RNAs
was quantitated by liquid scintillation counting.

Synthesis of RNAs With Modified 5’ Ends

RNAs capped at the 5" end were synthesized using
a 100-fold molar excess of the modified GTP analogs
m'G(5")ppp(5")G or y-monomethyl GTP compared
with GTP in the in vitro reaction mixtures described
above. RNA substrates without triphosphate at the 5’
end were synthesized as follows: RNAs were tran-
scribed in the absence of modified GTP analogs as
described above and fractionated on denaturing poly-
acryamide gels. After purification, the labeled RNAs
were treated with 1 unit of calf intestinal alkaline
phosphatase (Invitrogen) for 1 h at 37°C. RNA mole-
cules without the 5’ triphosphate were purified by
phenol/chloroform extraction, followed by ethanol
precipitation.
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Preparation of Cell Extracts

S100 extracts were prepared from HeLa cells
grown in suspension culture by the procedure of
Dignam et al. (8). The final protein concentration of
the extract was 2.5 mg/ml. Yeast whole cell extract
was prepared as described by Chen and Moore (4)
and the protein concentration of the extract was 10
mg/ml.

Recombinant La Proteins and Antibodies

C-terminal histidine-tagged, full-length or mutated
La proteins (recombinant) expressed from cDNA
clones in E. coli and anti-La antibodies were as de-
scribed in Goodier et al. (11). The proteins were used
at a concentration of 50 pg/ml.

Gu Protein and Antibodies

The purified recombinant RNA helicase II/Gu pro-
tein and anti-Gu antibodies (45) were kind gifts from
Ben Valdez (Baylor College of Medicine) and used
as controls in some experiments.

RNA Binding and Immunoprecipitation

Immunoprecipitation reactions were done essen-
tially as described in Lerner and Steitz (19). Labeled
RNA was incubated with 50 ng of recombinant La
protein and 20 pl yeast extract in binding buffer (10
mM Tris-HCl, pH 7.5, 80 mM KCl, 5 mM MgCl,,
0.1% Triton X-100, 1 mM DTT, 1 mM EDTA, 100
ng poly rGTP, and 5% glycerol) in a total volume of
50 pl. The mixture was incubated first on ice for 5
min and then at 30°C for 15 min. Equal volume of
cold 2x immunoprecipitation (IPP) buffer (200 mM
NaCl, 2 mM MgCl,, and 20 mM Tris-HCI, pH 7.5)
and 4 pl of anti-La antibody was added to the reac-
tion and incubated on ice for 1 h. Pansorbin (Calbio-
chem) (75 ul) was added to the mixture and further
incubated on ice for 30 min. The mixture was centri-
fuged at 3500 x g for 5 min at 4°C and the superna-
tant removed and stored. The pellet was washed thor-
oughly with cold NET2 buffer (150 mM NaCl, 2 mM
EDTA, 50 mM Tris-HCI, pH 7.4, and 0.05% Nonidet
P-40) three times to remove unbound materials and
was used for scintillation counting. The stored super-
natant was counted to estimate the unbound RNA.
For competition immunoprecipitation assays, multi-
ple RNA substrates were mixed together before addi-
tion of La protein or HeLa cell S100 fraction. In im-
munoprecipitation reactions using the HeLa cell S100
fraction, 30 pl of the extract was used instead of re-
combinant La protein and yeast extract was not added
to the reaction. All other steps were the same as
before.

To analyze the immunoprecipitated RNA on a gel,
the pellet containing the labeled RNA was treated
successively with phenol and phenol/chloroform.
RNA was precipitated with ethanol using 10 pg of
yeast tRNA as carrier. The precipitated RNAs were
electrophoresed on denaturing 10% polyacrylamide
gel followed by autoradiography. Starting material
(5%) of each reaction was loaded as control and used
for comparative analyses. Intensity of the bands was
quantitated by ImageQuant.

RESULTS

The 5 Triphosphate Is an Important Factor
in Binding of La Protein to Several Small RNAs

To ascertain the importance of the 5’ triphosphate
in different poll III transcripts in binding to La pro-
tein, an immunoprecipitation assay was developed.
Recombinant human La protein was incubated with
in vitro-transcribed o-"P-labeled U6 or B2 RNAs
(two representative pol III RNA transcripts), which
either had the 5’ triphosphate or had been treated with
alkaline phosphatase to remove 5 ppp. Anti-La anti-
bodies were used to immunoprecipitate the La pro-
tein—labeled RNA complexes in the reaction mix-
tures. La protein bound significantly better to both
U6 and B2 RNAs containing triphosphate on their 5’
ends (Fig. 1A, lanes 1 and 3) compared with the
RNAs lacking the triphosphate moieties (Fig. 1A,
lanes 2 and 4). Quantitation of the immunoprecipi-
tated RNAs and comparison with the starting material
showed that La protein has a 3.5- to 5-fold higher
affinity for RNA molecules having the 5 triphos-
phate compared to the same RNA without the 5" ppp
(Fig. 1B).

Similar results were obtained when labeled ribo-
somal 5S RNA substrates, with or without the 5" ppp,
were used for immunoprecipitation (data not shown).
To measure the extent of RNAs bound to the La pro-
tein, the radioactivity in both the immunoprecipitates
and the supernatants was measured. Several indepen-
dent experiments showed that the extent of La protein
binding to RNAs varied between 4% and 9% of the
total input RNA in the case of intact RNA molecules
containing 5" ppp and between 1% and 2% for RNAs
without the 5" ppp moiety (data not shown). Similar
results were obtained when HeLa cell extract was
used as source of the La protein instead of the recom-
binant La protein. Though the binding efficiency of
La protein with the RNA substrates was only about
6% on an average, there was a significant reduction
in binding in the absence of the 5 triphosphate in
each case. These results suggest that the 5 triphos-
phate plays an important role and is one of the signif-
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Figure 1. Immunoprecipitation assay for 5” triphosphate-mediated La protein—RNA binding. (A) Recombinant human La protein was incu-
bated with either o-"P-labeled 5" ppp-containing (lanes 1 and 3) or phosphatase-treated (lanes 2 and 4) RNAs in the presence of RNA
binding buffer. The La protein—RNA complexes were immunoprecipitated using anti-La antibodies and the bound RNAs were isolated and
purified. These RNAs from the immunoprecipitates and 5% of the starting material for each reaction were electrophoresed on 10% polyacryl-
amide/7 M urea gels and subjected to autoradiography. The labeling of the RNAs and conditions of immunoprecipitation are described in
detail in Materials and Methods. Start: starting material. IP: immunoprecipitated RNAs. (B) The intensity of the bands obtained in the
autoradiograms were quantitated using ImageQuant and the percentage of RNAs bound to the La protein was calculated. Taking the percent-
age of binding by the RNAs having intact 5" triphosphate as 100%, the relative binding of the substrate pppG and G RNAs were plotted.
The open columns correspond to RNAs having pppG at the 5" end and the filled columns to those with 5" G. The results are from an average

of three independent experiments.

icant factors determining the extent of the La pro-
tein—RNA interaction. These data are consistent with
and are similar to results reported by Maraia’s lab
using tRNAs either with or without the 5’ triphos-
phate (10).

Modifications in the 5" Triphosphate Reduces
Binding of RNAs to the La Protein

The experiments described above show that removal
of the 5" triphosphate leads to a reduction in the bind-
ing of the RNA with La protein. However, in vivo, the
5" ends of the pol III RNA transcripts are not only
processed where the 5" ppp is no longer present but
are also modified to yield 5" y-monomethylated or tri-
methylguanosine-capped structures (34,41). Because
our earlier studies showed a reduction in the La pro-
tein binding due to the presence of 5" cap structures
(5), the effect of the 5" cap structures in U6 and B2
RNAs on La protein—RNA interaction was examined.

The o-"P-labeled B2 and U6 RNAs were synthe-
sized in the presence of GTP analogs as described in
Materials and Methods to obtain 5° m'GpppG or
methyl-pppG-capped RNAs. Immunoprecipitation as-
says were performed using the capped, alkaline phos-
phatase-treated and control unmodified B2 and U6
RNAs. Modification of the 5" ppp by introduction of
a CH, group or m’G on the gamma phosphate of the
RNAs reduced the efficiency of the binding of La

protein with U6 and B2 RNAs (Fig. 2A). The RNA
substrates having intact 5" ppp (pppG-U6 and pppG-
B2) were more efficiently immunoprecipitated with
La protein (Fig. 2A, lanes 1 and 5) compared with
corresponding RNAs that contained modified 5" ends
such as G, CH;pppG or m'GpppG (Fig. 2A, lanes
2—4 and 6-8). Quantitation of the radioactivity in the
immunoprecipitates and comparison with the respec-
tive starting materials showed that modifications in
the 5’ triphosphate resulted in an approximately five-
fold decrease in binding of the RNAs with La protein
(Fig. 2B).

Previous studies have shown that La protein—-RNA
(pol I transcript) binding was influenced by the 3’
terminal uridylic acid residues (42). However, in the
experiments described above, the reduction in bind-
ing of the La protein to the RNAs was virtually due
to the absence or modification of the 5" triphosphate.
The full-length RNA transcripts of both U6 and B2
from Dral-linearized plasmid DNA templates had three
uridylic acid residues at their 3" ends (40). These resi-
dues were present in both U6 and B2 RNAs, either
with 5" pppG, 5" G, or 5’ cap-G, and hence the differ-
ence in binding with La protein can only be due to
the removal or modification of the 5" triphosphate.
These results also explain observations made by Ste-
fano (42), where the complexes of La protein with
substrates giving optimal binding (i.e., 5’-p-tRNA-
UUUU-OH) were less stable than those with natural
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Figure 2. Effect of 5" end modification in RNA on binding to the La protein. (A) Recombinant human La protein was incubated with
different U6 and B2 RNA substrates labeled by [0-"P]GTP having either pppG, G, CH;pppG, or m’GpppG at their 5’ ends. The immunopre-
cipitated RNAs were extracted, purified, and fractionated on 10% polyacrylamide/7 M urea gels and subjected to autoradiography. For each
of the RNAs, 5% of the starting material was loaded as control. (B) The percentage of La protein-bound RNAs was calculated by measuring
the intensities of the bands using the ImageQuant software and comparing with their respective starting materials. Relative binding efficien-
cies of different RNAs were plotted taking the binding efficiency of the unmodified RNA (5" pppG) as 100%.

tRNA precursors. Reduced affinity of phosphatase-
treated tRNAs with the La protein has also been de-
scribed in Fan et al. (10). This lower affinity can be
attributed to the absence of 5" ppp, which plays an
important role in La protein—RNA interaction. The
results described above show that not only removal
of the 5’ ppp, but other modifications at the 5" end of
RNAs also lead to lower affinity between the RNA
and La protein.

Mononucleotide (pppG) Is Not Sufficient
to Bind to the La Protein

Pol III RNA transcripts invariably initiate with a
purine and, in a majority of cases, the initiation nu-
cleotide is a G residue. As available data suggest a
possible interaction between the WAM/PBS motif of
La protein and the 5’ triphosphate of the RNA, we

wanted to test whether pppG itself would have higher
binding affinity to La protein compared with modi-
fied pppG analog. Labeled pppG and CH;pppG were
used to test this possibility using the immunoprecipi-
tation assay. In several attempts we did not find any
detectable binding of labeled pppG or CH;pppG to
La protein (data not shown) using either recombinant
La protein or S100 extracts. These results suggest
that in addition to the triphosphate, a minimum length
of RNA appears to be required for La protein—RNA
interaction mediated through the 5” ppp. Because this
5" ppp-dependent RNA binding was observed in RNAs
having different sequences, the size of the RNA mol-
ecules rather than a specific sequence appears to be
the determining factor in the interaction with the La
protein. Therefore, experiments were done to test the
possibility that a minimum size of RNA is required
for ppp-dependent binding of RNA to La protein.
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Determination of Minimum RNA Length
Required for La Protein Binding

To determine the minimum length of the RNA re-
quired for binding to La protein, B2 and U6 RNAs
were transcribed in vitro in the absence of ATP to
produce small abortive transcripts of different sizes
(oligonucleotides of 1-15 in length). These small
RNA fragments were purified from a 20% denaturing
polyacrylamide gel and used in immunoprecipitation
assays with either recombinant La protein or with
HeLa cell extracts. Oligonucleotides having a length
of 5 or more bound to La protein in the case of B2
(Fig. 3, lanes 2 and 3) and U6 (Fig. 3, lanes 4 and
5), while there was no detectable binding with shorter
oligonucleotides or with pppG (Fig. 3). Most efficient
binding was observed for transcripts of 12 nucleo-
tides in this assay (Fig. 3, lanes 2-5). The binding
was more efficient as the length of the RNA in-
creased. For example, compared with the starting ma-
terial (see lane 6), there was very little radioactivity
corresponding to 1, 4, 5, or 6 nucleotides, whereas
there was significant radioactivity corresponding to
7- to 12-nucleotide-long RNAs. These data strongly
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Figure 3. Determination of minimal size requirement for RNA-La
protein interaction. U6 and B2 RNAs were transcribed from plas-
mid DNA templates in the absence of ATP to generate abortive
transcripts. Immunoprecipitation of these short oligonucleotides
containing 5" ppp was performed using Hela cell extracts or recom-
binant La protein, as described in Materials and Methods. Bound
RNAs for B2 (lanes 2-3) and U6 (lanes 4-5) were fractionated
along with the starting material and visualized by autoradiography.
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indicate that though RNA molecules can bind La pro-
tein in a triphosphate-dependent manner in vitro, a
minimum size of about 5 nucleotides or longer is re-
quired for this type of interaction. These additional
nucleotides following pppG perhaps are required to
stabilize the interaction between the triphosphate and
the WAM/PBS motif of the La protein.

La Protein Has Higher Affinity to Partial RNAs
Compared With the Full-Length RNAs

Plasmid DNA containing B2 DNA was digested
by different restriction enzymes to yield templates for
full-length B2 RNA as well as truncated B2 RNA
transcripts. RNAs of different lengths were synthe-
sized in vitro in the presence of [y-"P]GTP to obtain
labeled RNAs containing 5” ppp. Equal amounts of
radioactivity corresponding to each transcript were
used in immunoprecipitation assays and the bound
and unbound RNAs were quantitated by scintillation
counting. Surprisingly, determination of the percent-
age of binding showed that the smaller transcripts
(15, 30, and 50 nucleotides long) had better binding
than the longer (104 nucleotides) and full-length (180
nucleotides) B2 RNA transcripts (Fig. 4A). In several
independent experiments using B2 RNAs (full-length
or smaller), the 50-nucleotide-long transcript showed
the highest affinity for La protein binding, with about
25% of the total RNA forming complex with La pro-
tein under conditions of assay used in this study. The
shorter transcripts also showed higher affinity com-
pared with the full-length B2 RNA, with an average
of 9% and 16% binding for 15- and 30-nucleotide-
long RNAs, respectively (Fig. 4A). In contrast, ap-
proximately 5% of the 104- and 180-nucleotide-long
B2 RNAs could be immunoprecipitated in association
with La protein (Fig. 4A).

To get a better understanding of the in vivo situa-
tion where different sized RNAs can compete for
binding to the La protein, competition immunopre-
cipitation experiments were performed. Approxi-
mately equal number of 5” y-"P-labeled RNA mole-
cules (estimated by scintillation counts) of various
sizes were mixed together and used in La protein
binding experiments. Comparison of the immunopre-
cipitated RNAs with the starting material showed that
the La protein has highest affinity for the 50-nucleo-
tide-long B2 RNA (Fig. 4B, lane 2). Other B2 RNA
fragments bound La protein with lesser affinity, while
there was no binding with the mononucleotide pppG,
which was consistent with previous results (see Fig.
3). The percentage of binding obtained by densito-
metric scanning of the signals (data not shown) was
also very similar to immunoprecipitation results shown
in Figure 4A.
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Figure 4. Binding of La protein to B2 RNA transcripts of different sizes. Plasmid DNA containing B2 DNA was digested with different
enzymes (see text) and transcribed in vitro to produce run-off transcripts of different sizes. (A) These RNAs and GTP were used in
immunoprecipitation reactions with the La protein. The bound RNAs were measured by scintillation counting and percentage of the total
RNA precipitated was plotted for each transcript of different size. The plots are an average of three independent experiments. (B) Equal
counts of the different transcripts and pppG were mixed together. This mixture was immunoprecipitated using the La protein and bound
RNAs were purified. These purified RNAs were fractionated on a 10% denaturing polyacrylamide gel (lane 2) along with 5% of the starting

RNA mixture (lane 1) and subjected to autoradiography.

The 5" ppp Interacts With the WAM
of the La Protein

Accumulating evidence suggested that the Walker
A motif in La protein recognizes the 5" pppG of na-
scent pol III transcripts (10,16). This WAM has been
shown to bind to NTPs in other proteins [for refer-
ences see (44)]. Though La protein could not be
shown to bind to pppG alone, all the experiments de-
scribed above indicate that the 5" triphosphate-medi-
ated RNA-La protein interactions are presumably
due to recognition and binding to the ppp moiety by
the WAM of the La protein. Wild-type and a mutant
La protein (hLa GXK>DE), where amino acids 328
to 344 were replaced with alternating aspartate and
glutamate residues leading to a disruption of the con-
sensus (GXXXXGKX) NTP binding site (11), were
used in immunoprecipitation assays with labeled B2
and U6 RNA as binding substrates. Compared with
the wild-type La protein (Fig. 5A, lane 2), mutant La

protein was very inefficient in binding to B2 RNA
(Fig. 5A, lane 1). Quantitative analyses from multiple
experiments showed approximately a 10-fold differ-
ence in RNA binding (Fig. 5B) by these two proteins.
These data show that with all other experimental con-
ditions being similar, the recognition of the 5’ tri-
phosphate by the Walker A domain of the La protein
is critical for RNA—protein interaction.

The 5 Triphosphate-Dependent RNA Recognition
by WAM Is Specific for the La Protein

Many RNA binding proteins have been predicted
to have Walker A motif-containing regions. There-
fore, it is possible that the interaction studied so far
is not specific to La protein and any protein with
WAM may bind pol III RNA transcripts in a ppp-
dependent manner. If this is true, then there would
be little biological significance in the triphosphate-
mediated RNA—-La protein binding. Immunoprecipi-



250

A

Relative binding

BHATTACHARYA ET AL.

120}
100 |
80 I
60 i
40 H

20

)

La (1-408) La (mWAM)

B

Figure 5. Effect of Walker A motif mutation in RNA-La protein interaction. (A) Recombinant wild-type La protein (hLa 1-408) (lane 1)
and a mutant of La protein (hLa GXK>DE) (11) (lane 2), which has mutations in the Walker A motif, were used in immunoprecipitation
reactions using *P-labeled B2 RNA as substrate. La protein-bound RNAs were purified and fractionated on 10% denaturing polyacrylamide
gel. Starting material (10%) was also loaded to determine the extent of RNA binding by the wild-type and mutant La proteins. (B) Immuno-
precipitation reactions similar to above were performed. The RNA in the pellets and supernatants were measured by liquid scintillation. The
RNA binding efficiency of the proteins was plotted, taking the binding of full-length protein to be 100%. The plots are an average of three

independent experiments.

tation reactions were done using intact or phospha-
tase-treated internally labeled B2 RNA with either La
or Gu proteins, both of which are RNA binding pro-
teins and predicted to have Walker A motif (44,45).
There was only 1-2% binding of the input RNA to
the Gu protein and this binding of Gu protein to B2
RNA was found to be independent of the presence
or absence of the 5" triphosphate. RNAs with both
ppp-G or G at the 5" end were immunoprecipitated
equally (Fig. 6B). However, La protein showed pref-
erential binding to RNA having 5" ppp (Fig. 6A) as
observed in earlier experiments. These results show
that 5" ppp-mediated binding is specific for La pro-
tein, and proteins like Gu, with potential Walker A
motifs, do not bind small RNAs in a 5" ppp-depen-
dent manner. The data suggest that Walker A motif
alone is probably not sufficient to bind RNAs in a
ppp-dependent manner and the context in which
Walker A motif is present in La protein is important
for this binding.

DISCUSSION

The main observation made in this study is that the
v-monomethyl phosphate cap structure present on the
5" end of U6 and B2 small RNAs reduces the affinity
of these RNAs to La protein. Studies from Maraia’s

lab have shown that the triphosphate moiety of tRNA
binds to the Walker motif of the La protein and phos-
phorylation of the serine 366 of human La protein
reduces the affinity of La protein to the 5" ppp of the
tRNA (10). The results obtained in this study indicate
that there are alternate ways to reduce the affinity of
RNA to La protein. These include removal of one or
more phosphate residues from the 5” end of the RNA
or methylation of the y-phosphate.

In the case of some RNAs such as U6, 7SK, and
B2, the 5" end contains a y-monomethyl phosphate
cap structure. While trying to understand the function
of y-monomethyl phosphate cap structure, which is
present on the 5" end of these small RNAs, we showed
that this cap structure increases the stability of these
RNAs in the Xenopus oocyte system (39). In addition
to increasing stability of these RNAs, it is possible
that methylation of the y-phosphate in B2 and U6
RNAs results in reduction of affinity to La protein.
This may help in the release of these RNA transcripts
from La protein.

The structure of La protein shows that the carboxy-
terminus domain (CTD) contains a potential Walker
A motif (WAM). Analysis of La protein also indi-
cated the presence of a potential phosphate binding
site (PBS) downstream of the WAM (26). These
motifs are possibly involved in the recognition and
binding to 5" ppp structure of interacting tRNAs, be-
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Figure 6. Binding of B2 RNA with La and RNA helicase Gu protein. Recombinant La and Gu proteins, containing Walker motifs, were
used in binding assays with labeled B2 RNA having either 5" pppG or 5’ G. The RNA-La or RNA-Gu protein complexes were immunopre-
cipitated with either anti-La or anti-Gu antibodies, respectively. Free and bound RNAs were quantitated in a scintillation counter and binding
efficiency calculated. Comparative binding of La and Gu proteins with the two substrate RNAs are plotted in (A) and (B), respectively. The

plots are an average of three independent experiments.

cause mutant La proteins having deletions in these
regions are unable to protect precursor tRNAs against
5" processing (16). Our studies also indicate that the
Walker A motif interacts with the 5” triphosphate
present in a variety of other RNAs, including U6 and
B2 RNAs. These RNA molecules have no sequence
homology to each other. So, it may be assumed that
the 5" end and not any particular sequence or struc-
tural aspect determines the initial interaction between
La protein and the nascent RNA, and this interaction
probably occurs before the 3’ uridylic residues are
synthesized.

The experimental evidence presented in this study
shows that La protein has a higher affinity for shorter
RNA molecules rather than full-length RNAs. This is
very interesting considering the fact that the shorter
versions of RNA do not have 3 uridylic residues.
However, we do not have an explanation how this
occurs. Previous studies with the vaccinia virus tran-
scription showed that the 5" end of the RNA was

capped when nascent chains were 31 nt or longer
(14). Though there are no reports describing the mini-
mum length of RNA pol III transcripts when 5" cap-
ping occurs, it may be assumed that 5" capping occurs
when the nascent RNA is 50 nt or shorter. As shown
in this study, the transcripts that bind with highest
affinity to La protein are also of similar length. It
is possible that La protein initially binds the nascent
transcript when it is 5 nt or longer and protects the 5’
end from degradation, but as soon as the RNA is
capped at the 5" end the La protein—RNA interaction
gets weaker. This may facilitate the release of the
La protein from the RNA transcripts, which may be
utilized in further rounds of transcription.
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