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Abstract

We have recently cloned a new member of the human Ser/Arg-rich superfamily (SR) of pre-mRNA splicing factors, SR-A1.
Members of the SR family of proteins have been shown to interact with the C-terminal domain (CTD) of the large subunit of
RNA polymerase II, and participate in pre-mRNA splicing. The largest subunit of RNA polymerase II contains at the carboxy-ter-
minus a peculiar repetitive sequence that consists of 52 tandem repeats of the consensus motif Tyr-Ser-Pro-Thr-Ser-Pro-Ser, referred
to as the CTD. There is evidence that SR protein splicing factors are involved in cancer pathobiology through their involvement in
alternative processing events. The CTD of human SR-A1 protein (aa 1187–1312), containing a conserved CTD-interaction domain
and bearing a decahistidine (His10) tag was produced by DNA recombinant overexpression techniques in Escherichia coli from the
vector pET16b and it was localized in the periplasmic space. The protein was further purified using a HiTrap chelating column and
its circular dichroism spectra indicate that it assumes a defined structure in solution. Performing a pull-down assay we proved that
the novel SR-A1 [1187–1312 His10] protein interacts with the CTD domain of RNA polymerase II.
� 2005 Elsevier Inc. All rights reserved.
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The serine-arginine (SR) proteins are a group of high-
ly conserved proteins in metazoans, that are required for
constitutive splicing and also influence alternative splic-
ing regulation [1,2]. SR proteins can complement splic-
ing-inactive S100 fractions and alter splice-site
selection in alternatively spliced pre-mRNAs [3] and
they have also been shown to cooperate in the recruit-
ment of multiple copies of TAP/NXF1, the primary
receptor of general mRNA export, and for efficient
mRNA export [4]. What is more, there is evidence that
SR protein splicing factors are involved in cancer patho-
biology through their effect on alternative processing
decisions [5,6]. A new member of SR proteins was
recently identified, SR-A1 gene which appears to be
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the human homologue of the rat A1 gene [7]. SR-A1
gene is located on chromosome 19q13.3, close to RRAS
oncogene, BCL2L12, TSKS, and Kallikrein gene family
locus. The expression of this novel gene in a series of
human tumors was examined and it was found that it
is overexpressed in a subset of ovarian cancers that are
clinically more aggressive [7]. The predicted protein is
highly homologous to the rat A1 SR protein [8] and it
contains both signature domains present in the rat and
human high molecular weight SR proteins, that is, the
C-terminal domain (CTD) interacting domain and
SR/RS dipeptides (Fig. 1). In rat and yeast, the SR pro-
teins have been characterized as part of a large complex
which is directly associated with the CTD of the large
subunit of RNA polymerase II (RNAP II) [8].

The largest subunits of RNAP�s I, II, and III are
highly homologous, yet an unusual domain at the car-
boxyl terminus of this subunit is found only in RNAP
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Fig. 1. Amino acid sequence of the SR-A1 protein. RS or SR dipeptides are shown in bold and the CTD-binding domain of the SR-A1 protein is
boxed. The amino acid sequence that was expressed is high-lightened. The full genomic organization of the gene is reported in GenBank (Accession
No. AF254411).
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II and is highly conserved in widely diverged eukaryotes
[9,10]. The CTD is unusual in that it is comprised of a
tandemly repeated heptapeptide with the consensus
Tyr-Ser-Pro-Thr-Ser-Pro-Ser [11]. The CTD appears to
be structurally flexible in solution and it can assume dif-
ferent conformations depending on its binding partner
[12]. The length of the CTD is variable among different
eukaryotes, yet its length roughly correlates with the
complexity of the organism. RNAP II of mammalian
cells contains 52 copies of the consensus repeat, and
yeast contains 26–27 copies, whereas other eukaryotes
contain an intermediate number of repeats [13]. Each
CTD heptad repeat possesses numerous potential phos-
phoreceptors and, in fact, two forms of the polymerase
in vivo RNAP IIA (hypophosphorylated) and RNAP
IIO (hyperphosphorylated), are present in cells [14].
The CTD is phosphorylated by multiple protein kinases
including Kin28p/Cdk7 in the general transcription fac-
tor, TFIIH, Srb10p/Cdk8 in the Srb complex, and
Ctk1p/Cdk9 [15]. These kinases are generally specific
for either serine 2 or serine 5 of the individual repeats.
Although all the details are not yet understood, this
phosphorylation clearly plays an important role in the
regulation of CTD function [13,16].

Reports have suggested the involvement of polymer-
ase II (pol II) in the splicing and polyadenylation steps
of mRNA production. Greenleaf [17] suggested that
the negatively charged hyperphosphorylated CTD act
as an ionic scaffold for the recruitment of arginine-rich
(and thus positively charged) SR proteins involved in
splicing. The CTD binding domain in complex with
the SR proteins may be involved in the early post-initi-
ation events that take place during mRNA synthesis,
including splicing. What is more, the CTD binds cap-
ping enzymes, snRNPs and serine-arginine (SR)-like
proteins [16,18–32].

Plasmid containing SR-A1 cDNA was used in PCR
experiments to amplify a sequence corresponding to res-
idues 1187–1312, representing the C-terminus of the
novel protein which includes residues 1209–1275 that
is believed to interact with the CTD-binding domain
of RNAP II. The choice of the domain to be expressed
was made using molecular modeling studies. The plas-
mid was subcloned into an expression vector containing
an in-frame decahistidine (His10) tag. Substantial
amounts of protein were obtained after expression of
the target DNA, under the control of the T7 promoter
and araBAD present on the vector was induced in Esch-

erichia coli with L-arabinose. The overexpressed domain
was purified using immobilized metal affinity column
and purified fractions were used in examining the struc-
tural conformation of the novel protein in solution using
circular dichroism (CD). The data showed that the ex-
pressed SR-A1 [1187–1312 His10] adopts a functional
conformation in solution. Interaction studies with the
CTD domain of RNA polymerase II showed that the ex-
pressed domain of SR-A1 interacts with the CTD of
RNA Pol II.
Materials and methods

Materials. A HiTrap chelating metal affinity column was purchased
from Amersham-Pharmacia Biotech. Pfu DNA polymerase and DH5a
competent cells were purchased from Statagene. E. coli BL21-AI
competent cells and SuperscriptII for first strand RT-PCR analysis
were purchased from Invitrogen Life Technologies. Trizol reagent,
agarose, and Plasmid Miniprep kit was purchased from Gibco-BRL.
T4 DNA ligase and restriction enzymes came from New England



M.E. Katsarou et al. / Biochemical and Biophysical Research Communications 334 (2005) 61–68 63
Biolabs (NEB). The reagents used for the pull-down assay were pur-
chased from PIERCE. All other reagents were of research grade and
were obtained from commercial sources.

Bacteria, plasmids, and media. The bacteria used in this work were
BL21-AI E. coli B/r strain (Invitrogen), genotype F-ompT hsdSBðrB�

mB� Þgal dcm araB::T7RNAP -tetA. The BL21-AI E. coli strain is derived
from the BL21 strain and contains a chromosomal insertion of the
gene encoding T7 RNA polymerase (T7 RNAP) into the araB locus of
the araBAD operon, placing regulation of the T7 RNAP gene under
the control of the araBAD promoter. The araB gene is deleted in this
strain. In order to induce expression from the araBAD promoter, L-
arabinose 20% is used. The plasmid made for this work was built from
the vector pET-16b (Novagen), which allows expression of protein
from a T7 promoter. Base media was Luria–Bertani (LB) medium
supplemented with 0.1 g/ml ampicillin to maintain expression of
plasmids.

Construction of pET-SRA1 plasmid. Total RNA was extracted from
human histiocytic lymphoma (U937) [33] using Trizol reagent fol-
lowing the manufacturer�s instructions. RNA concentration was
determined spectrophotometrically. Two microgram of total RNA was
reverse transcribed into first stand cDNA using the SuperscriptII
preamplification system. The final volume was 20 ll. The gene was
amplified by PCR using oligomers introducingNdeI and BamHI one in
each end of the amplified gene, encoding the carboxy-terminal portion
(aa 1187–1312) of SR-A1 protein (Fig. 1). The sequence of the forward
primer was 5 0-GGGAATTC CATATG GCCACGTCTGACAAGA
GAGA-30 having an NdeI site containing the ATG starting codon
(CATATG) and a sequence that enhance the activity of the restriction
endonuclease (GGGAATTC). The sequence of the reverse primer was
5 0- CGC GGATCC TCA GAGAGGGGGCAGGGGCA-30, con-
taining a BamHI site (GGATCC), a sequence that enhance the activity
of the restriction endonuclease (CGC) and a stop anticodon (TCA).
PCR amplification was performed using Pfu DNA polymerase and
samples were subjected to 30 cycles of 35 s of denaturation at 95 �C,
45 s of annealing at 60 �C, and 3 min of elongation at 72 �C in a
Mastercycler Personal Eppendorf Model. The amplification products
were analyzed by electrophoresis on a 1.5% agarose gel and stained
with ethidium bromide. The resulting PCR product was then purified,
double digested with NdeI and BamHI and ligated into pET16b vector
previously cut with these enzymes, resulting in the pET16b::SRA1
plasmid. The constructed pET16b::SRA1 plasmid was transformed
into DH5a competent cells according to a transformation protocol.
The positive colonies with the gene insert were grown in LB medium
containing ampicillin (0.1 g/ml) and the plasmid was isolated from
harvested bacterial cells using a plasmid extraction kit (MiniPrep DNA
extraction Kit, Gibco-BRL). PCR amplification was performed using
the pET16b::SRA1 plasmid as a template and the previously described
primers. The amplification products were analyzed by electrophoresis
on a 1.5% agarose gel and stained with ethidium bromide. Also, DNA
sequencing analysis was performed on the plasmid and the inserted
gene sequence was identified without any mutation. The isolated
pET16b::SRA1 was then used to transform BL21-AI E. coli strain
competent cells for expression purposes.

Expression of human SR-A1 protein. Overnight cultures were grown
at 37 �C in 2 L of LB medium containing ampicillin (100 mg/L) to an
OD600 of 0.6. At this point the culture was induced with 1 ml
L-arabinose 20% and incubated at 37 �C for 6 h with shaking at
180 rpm. The cells were harvested by centrifugation at 9500 rpm for
20 min at 4 �C and the cell pellet was stored at �20 �C.

Purification of human SR-A1 protein. The cells were re-suspended in
25 ml of binding buffer (50 mM NaH2PO4, pH 8.0, 300 mMNaCl, and
10 mM imidazole) and the cell suspension was lysed by sonication 10
times for 30 s each time. The insoluble debris was removed by ultra-
centrifuge using a Beckman Optima LE-80K Ultracentrifuge. The
HiTrap column was first washed with 25 ml of MilliQ water and then it
was equilibrated with 0.1 M ZnSO4 to charge the column with zinc
ions followed by 25 ml of MilliQ water to remove unbound zinc ions
from the column, and then by 25 ml of binding buffer to equilibrate the
column. The clarified sample was applied to the HiTrap column after
filtering with a 0.22 lm filter. The column was washed with 75 ml of
wash buffer 1 (20 mM Na2HPO4, pH 8.0, 1 M NaCl, and 20 mM
imidazole) followed by 50 ml of wash buffer 2 (20 mM Na2HPO4, pH
8.0, 1 M NH4Cl, and 20 mM imidazole). The human SR-A1 protein
was eluted with 25 ml of an elution buffer (20 mM NaH2PO4, pH 8.0,
0.9 M NaCl, and 100 mM EDTA). The purified protein was analyzed
by SDS–polyacrylamide gel electrophoresis (SDS–PAGE) with 17%
Tris gels and using a Tris/glycerol/SDS running buffer. The gels were
stained with Coomassie brilliant blue. Protein concentration was
determined at A280 using a spectrophotometer.

Circular dichroism spectroscopy. Circular dichroism (CD) spec-
troscopy was used to evaluate the conformational stability of SR-A1
protein. The spectra were recorded on a JASCO V-715 dichograph
equipped with a temperature controller. The protein solutions at
concentration of 65 lM in 20 mM sodium phosphate buffer, pH 8.0,
and 0.1 M NaCl were transferred into a CD cuvette of 1.0 cm. All
spectra were acquired at 20 �C from 180 to 280 nm at 0.2 nm resolu-
tion, with a bandwidth of 1.0 nm at 50 nm/min speed and response of
1.0 s.

Pull-down assay. RNAP II–CTD (RNA polymerase II, carboxy-
terminal domain) human, recombinant, E. coli was purchased from
Jena Bioscience GmbH, Germany and supplied in 20 mM Tris–HCl,
pH 7.9, 100 mM KCl, 0.2 mM EDTA, 1 mM DTT, and 20% glycerol
(Cat-No PR-714). The interaction of SR-A1 [1187–1312 His10]
(100 lg) with CTD of RNAP II (2.5 lg) was examined using Pro-
Found Pull-Down PolyHis Protein:Protein Interaction Kit (Pierce),
according to the manufacturer�s instructions. The concentration of SR-
A1 protein used in the reaction was measured using BCA Protein
Assay Kit (Pierce). The two proteins were dialyzed in BupH Tris
buffered saline. Briefly, His-tagged SR-A1 [1187–1312] was immobi-
lized in a cobalt chelate after 2 h rotation at 4 �C. The protein was
washed, using ProFound Lysis Buffer/BupH Tris buffered saline (1:1),
40 mM imidazole 4 M (wash buffer). RNA pol II–CTD was added
(2.5 lg) and the cobalt chelate was left rotated for 3 h at 4 �C. The
column was washed three times with wash buffer. The bound proteins
were eluted by imidazole elution buffer (ProFound Lysis Buffer/BupH
Tris buffered saline (1:1), 290 mM imidazole 4 M). Experiment was
performed using SR-A1 [1187–1312] as control. Proteins were detected
by SDS–PAGE.

Comparative structure modeling and docking studies. Since there are
no related proteins of known structure, we have identified four protein
templates for the modeling of the CTD binding domain of SR-A1.
Using a BLAST search for short nearly exact matches [34] we found
proteins that are not related with the SR family, but alignment of
specific fragments from them with four overlapping parts of the 1205–
1277 aa domain of SR-A1 exhibits sequence identity over 40% (Table
1). The program MODELLER v8.0 was used for modeling by satis-
faction of spatial restraints and optimization employing molecular
dynamics with simulated annealing [35]. The structure with the lowest
target function was subsequently refined with a 2000-step conjugate
gradient minimization using the AMBER force field [36] in an implicit
solvent representation with the generalized Born model [37]. Valida-
tion of the final model was carried out at the Structure Analysis and
Verification Server of UCLA (http://www.doe-mbi.ucla.edu/Services/
SV/) employing the programs PROCHECK, WHATIF, VERIFY3D,
ERRAT, and PROVE. Overall, the energy-minimized model exhibits a
medium quality with no errors, apart from a low backbone Z-score. Its
helical content is 40% with the rest of the residues equally shared be-
tween coils and turns (Table 1).

In order to probe the interaction of CTD with SR-A1 we used
AUTODOCK v3.0 [38] with the Lamarckian genetic algorithm. One
hundred docking sites of the YSPTSphosPS heptapeptide were initially
evaluated with respect to their binding affinity. Two out of the five
highest binding energy conformations were found to be close in space,
so that they could be linked together. Based on the coordinates of these
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Table 1
Sequence alignment of the CTD binding domain of SR-A1 [1205–1277] with four protein templates that were used for comparative modeling: 1O4U
[158–196], 1TLJ [7–23], 1OFW [244–263], and 1N81 [71–87]

Similar residues are marked in bold and positive hits are underlined. The secondary structure (Strc) of the energy-minimized model is noted as H for
a-helix, T for turn, and C for coil.
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two phosphopeptides we prepared the Y1aS2aP3aT4aS5a
phosP6aS7a

Y1bS2bP3bT4bS5b
phosP6bS7b CTD segment using the XLEaP module of

AMBER v8. After a 500-step steepest descent minimization of the
peptide, a short 100 ps molecular dynamics equilibration was per-
formed in implicit solvent increasing the temperature of the system to
300 K. A snapshot of the SR-A1 [1205–1277]/CTD complex from the
last 10 ps is shown in Fig. 8A and a surface representation at the last
step is shown in Fig. 8B.
Results

Construction of cDNA of SR-A1 protein

The pET16b vector was selected for overexpression of
the SR-A1 protein because it has several advantages.
The recombinant protein has the N-terminal 10· His-
tag, allowing affinity purification using the HiTrap
chelating column and pull-down protein–protein inter-
action assays. After PCR, the length of the fragment
that codes for the SR-A1 protein is 381 bp and it con-
tains the cleavage sites for the restriction endonucleases
NdeI and BamHI. Fig. 2 shows the 1.5% agarose gel of
the cDNA fragment encoding the CTD of the only clone
from the five that were tested, having the correct orien-
Fig. 2. The cDNA of C-terminal domain (aa 1187–1312) of SR-A1
protein after ligation in 1.5% agarose gel. This clone was transformed
in E. coli BL21-AI cells for large-scale expression.
tation. The vector with the insert was transformed into
E. coli BL21-AI cells for large-scale expression.

Expression of SR-A1 protein in LBamp medium

For the expression of SR-A1 protein the fermentation
of E. coli cells was performed at 37 �C. Fig. 3 shows the
dependence of SR-A1 production on induction time. It
can be seen that the maximum amount of protein is pro-
duced after 6 h of induction with L-arabinose 20%. The
cells were harvested by centrifugation and resuspended
in 25 ml binding buffer. The insoluble pellet was re-
moved by ultracentrifuge and the soluble phase was
added to the HiTrap chelating column for the isolation
of SR-A1 protein. Fig. 4 shows the expression of the
protein in the soluble lysate.

Purification of SR-A1 protein using HiTrap chelating

column

In this study, the 10· His-tag was introduced in the
N-terminal of SR-A1 protein in order to be able to puri-
fy the protein using a zinc metal-affinity resin column.
The protein was collected in an elution buffer (20 mM
Fig. 3. Expression of C-terminal domain of SR-A1 protein in E. coli

cells. SDS–PAGE 17% of whole-cell lysates at different induction
times. I0 and I0o=n represent lysates derived from no induction and no
induction left overnight at 37 �C, respectively, I2, I4, I6, Io/n represent 2,
4, 6, and overnight induction times. The first lane represents molecular
mass standards.



Fig. 4. Coomassie blue-stained SDS–PAGE of the human SR-A1
protein before purification as expressed in the soluble lysate. Lane 1,
molecular mass standards; lane 2 bacterial pellet after sonication; and
lane 3 crude lysate before purification.

Fig. 5. SDS–PAGE 17% of purified SR-A1 protein using HiTrap
chelating column. Lane 1, molecular mass standards; lane 2, protein
lysate flowthrough from column; lane 3, wash buffer 1; lane 4, wash
buffer 2; lane 5, SR-A1 in elution buffer.

Fig. 6. CD spectrum of the C-terminal domain of SR-A1 in sodium
phosphate buffer 20 mM, pH 8.0, and 0.1 M NaCl at 20 �C.
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NaH2PO4, pH 8.0, 0.9 M NaCl, and 100 mM EDTA).
The purity of the protein was examined by SDS–PAGE
and one single band corresponding to the 14 kDa pro-
tein was observed with >95% purity (Fig. 5). The
amount of the protein produced was calculated using a
spectrophotometer. It was 32 mg of purified human
SR-A1 protein from 2 L of culture. The His-tagged pro-
tein can be stored at 4 �C in the elution buffer for more
than one week without degradation as indicated by
SDS–PAGE electrophoresis.

Conformational study of CTD of SR-A1 protein

Circular dichroism spectroscopy was used to examine
the conformational properties of the expressed domain
of SR-A1 protein. The CD spectrum of the protein in
sodium phosphate buffer at pH 8.0 (Fig. 6) reveals that
this domain contains a high amount of a-helix. The pro-
gram CDPro [39,40] was used to analyze the CD data, in
order to calculate the amounts of secondary structural
elements comprising this domain. The percentage of
a-helix is calculated to be 60%. On the other hand, the
percentage of b-sheet was calculated from the CD data
to be 17%. The structural content in turn is 5% and ran-
dom coil 18%. These results give a primary indication of
the structure of the expressed domain. It seems that this
part of the protein is a-helical.

SR-A1–CTD direct interaction

The carboxy-terminal domain of human SR-A1 pro-
tein, containing the conserved domain that interacts
with CTD, was expressed as a His-tagged protein and
binding to pol II was assayed. There are two forms of
RNA pol II in vivo, designated IIO, which is extensively
phoshorylated at the CTD, and IIA, which is not phos-
phorylated. E. coli RNA pol II–CTD was purchased
phosphorylated, according to the manufacturer. Fig.
7A demonstrates that the SR-A1 [1187–1312 His10] pro-
tein binds to E. coli pol II, since both proteins are re-
tained in the cobalt-chelating column and are eluted
together using a buffer with high concentration of imid-
azole. A control experiment was also performed using
only SR-A1 protein (Fig. 7B).

Molecular modeling of SR-A1–CTD complex

Despite its relatively homogenous primary structure,
the CTD is able to interact with many proteins that dis-
play no obvious structural relatedness. The most appeal-
ing hypothesis is that the CTD is structurally disordered
in solution, but takes on defined structures that are tem-
plated by its particular binding partner. Different sec-
ondary structures were observed for the CTD bound
to peptidyl-proline isomerase Pin1 [41] versus RNA gua-
nylyl-transferase Cgt1 [42]. In the first case, the single
consensus CTD repeat phosphorylated at Ser2 and
Ser5 assumes an extended coil conformation, one that



Fig. 7. Direct interaction between SR-A1 [1187–1312 His10] and RNA
pol II. (A) Retention of RNA pol II on a SR-A1 CTD-binding domain
column. The positions of the proteins before the assay are presented in
the first two lanes SR-A1 and RNAP2 CTD. Elution 1 and elution 2
present the two proteins retained in the column and eluted using high
concentration of imidazole. Bound proteins were eluted and electro-
phoresed on a SDS gel. (B) Control experiment using only SR-A1
protein: SR-A1 control: SR-A1 protein retained in the column.
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resembles the conformation of a type II polyproline he-
lix. In contrast, the 17 aa ordered segment within the
Ser5 phosphorylated CTD 28-mer peptide bound to
Cgt1 monomer B adopts a b-like extended conformation
within two docking sites.

In the model of SR-A1 [1205–1277]/CTD complex,
the phosphopeptide displays an ‘‘S-like’’ extended coil
conformation with two turns at P3a and Y1b (Fig. 8A).
Fig. 8. Models of SR-A1 [1205–1277]/CTD complex. (A) Ribbon diagram of
CTD peptide (blue ribbons) is also shown by solid bond representation with c
SR-A1 and CTD are indicated. (B) Surface view of the complex with CTD dep
hydrophobic are cyan and polar are pink. Images generated using VMD v1.8
the reader is referred to the web version of this paper.)
The C-termini S7b is anchored at the N-terminal domain
of SR-A1 utilizing a hydrogen bond with Lys1206 and
the N-termini tyrosine hydroxyl of Y1a forms two
hydrogen bonds with Ser1255 and Glu1257. The S5a

phos

phosphate is positioned within a positively charged
pocket comprising His1248, His1252, and Lys1262,
while the second S5b

phos participates in hydrogen bond-
ing interactions with the backbone nitrogen atoms of
Asp1205, Tyr1207, Leu1208, and Thr1235. All three
proline P3a, P6a, and P3b residues utilize van der Waals
contacts through their interaction with SR-A1, whereas
P6b is oriented away from the protein surface, likewise
both threonine T4a and T4b residues. Y2a is buried in a
hydrophobic pocket and does not participate in electro-
static or hydrogen-bonding CTD interactions with
SR-A1. Comparing our model structure with those of
Pin1 [41] and Ctg1 [42] most CTD interactions diverge
significantly and no conserved binding motif is exhibit-
ed. Apparently, the CTD is structurally plastic and
can assume markedly different conformations depending
on its binding partner.
Discussion

The purpose of the experiments described here was to
demonstrate that the C-terminal domain of a newly
identified protein, SR-A1, could be produced via recom-
binant DNA techniques, in a properly folded conforma-
tion and in quantities sufficient for further analysis by
biophysical techniques. Using standard expression and
purification conditions, overexpression of the hexahisti-
dine-tagged construct in E. coli BL21-AI rapidly yielded
�15 mg of pure SR-A1 [1187–1312 His10] recombinant
an ensemble of 10 structures from the last 10 ps of MD simulation. The
arbons colored yellow and phosphorus green. The N- and C-termini of
icted as in (A). Basic residues of SR-A1 are colored blue, acidic are red,
[46]. (For interpretation of the references to colour in this figure legend,
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protein per liter of culture. The gene that encodes for the
expressed protein, namely SR-A1 gene, was recently
identified by our associates [7] and since little is known
about SR-A1 protein, it was very important that one
of its domain could be expressed, using standard DNA
recombinant techniques. Previous bioinformatic tech-
niques revealed that there were some regions in the full
SR-A1 sequence that could exhibit well-known func-
tions of the proteins that are members of the SR pro-
teins [7]. The CTD-binding domain of ratA1, ratA9,
and SRrp129 protein is the sequence corresponding to
residues 1209–1275 in SR-A1 protein. Also, two areas
with negatively polyglutamic acid (E) stretches that are
present in rat A1 but not in other known SR proteins
are also present in the expressed protein. In addition,
an Arg/Asp-rich motif (RD) is present in the new pro-
tein. This motif is also present in a number of RNA-
binding proteins such as the U1-70K [43] the RD
RNA-binding protein [44] and the 68 kDa human pre-
mRNA cleavage factor Im [45]. In addition to the above
described motifs, this protein is also proline-rich and
contains a large number of PAP trinucleotides (Fig. 1).

Among the well-known motifs present in the majority
of the proteins belonging to the SR protein family, the
expressed domain of the newly identified protein con-
tains the CTD-binding domain of RNA polymerase II
and the proline-rich domain. At the beginning, we
attempted to express only the CTD-binding domain,
using the same recombinant technique. The domain
was expressed in E. coli using a different vector, but
the yield was poor (data not shown). Spectroscopic stud-
ies of the CTD of the new SR-A1 [1187–1312 His10] re-
vealed that the domain is predominately a-helical (60%).

The newly expressed protein was used in a protein–
protein interaction assay, in order to determine whether
it binds to the CTD RNAP II, like other known SR pro-
teins [8]. Taking into consideration that the carboxy-ter-
minal domain of human SR-A1 protein was expressed
as a polyhistidine-tagged protein, we employed a pull-
down protein–protein interaction kit and assayed the ex-
pressed protein with E. coli CTD RNAP II, which was
purchased for that matter. The assay indicated that in-
deed the expressed carboxy-terminal domain of human
SR-A1 protein binds to RNAP II.

The CTD of SR-A1 protein appears to interact with
the CTD via a CTD binding region that is very similar
to that described for rA1 and rA9, two SR proteins iso-
lated by virtue of their CTD interaction [8]. CTD-bind-
ing proteins may act to directly link the nascent
transcript to the CTD or they may interact with other
SR proteins that bind the transcript independent of
the CTD. Functional studies of CTD-binding proteins
will be important in determining the role of the CTD
in linking the processes of transcription and splicing.

This study represents the expression of a domain of
the human SR-A1 protein for the first time. The protein
is stable in solution and it binds to human CTD RNA
polymerase II. Further biological and structural experi-
ments will reveal more about this new protein, which is
also clinically important, since it is reported to alternate
mRNA processing in aggressive ovarian cancers.
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