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Abstract The oCP family of proteins [also known as
poly(C)-binding or heterogeneous nuclear ribonucleo-
protein E proteins] are involved in the regulation of
messenger RNA (mRNA) stability and translational
efficiency. They bind via their triple heterologous nu-
clear ribonucleoprotein K homology (KH) domain
structures to C-rich mRNA, and are thought to interact
with other mRNA-binding proteins as well as provide
direct nuclease protection. In particular, «CP1 and «CP2
have been shown to bind to a specific region of androgen
receptor (AR) mRNA, resulting in its increased stability.
The roles of each of the KH motifs in the binding affinity
and the specificity is not yet understood. We report the
beginning of a systematic study of each of the «CP KH
domains, with the cloning and expression of «CP1-KH2
and «CP1-KH3. We report the ability of aCP1-KH3,
but not «CP1-KH2, to bind the target AR mRNA se-
quence using an RNA electrophoretic mobility gel shift
assay. We also report the preparation of an «CP1-KH3/
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AR mRNA complex for structural studies. 'H—'"N
heteronuclear single quantum correlation NMR spectra
of "N-labelled «CP1-KH3 verified the integrity and
good solution behaviour of the purified domain. The
titration of the 11-nucleotide RNA target sequence from
AR mRNA resulted in a rearrangement of the 'H-'°N
correlations, demonstrating the complete binding of the
protein to form a homogeneous protein/RNA complex
suitable for future structural studies.

Keywords Poly(C)-binding protein - Heterogeneous
nuclear ribonucleoprotein El - «CP1 - RNA
binding - Heterologous nuclear ribonucleoprotein K
homology domain

Abbreviations «CP: Poly(C)-binding protein -

AR: Androgen receptor - DTT: Dithiothritol - EDTA:
Ethylenediaminetetraacetic acid - GST: Glutathione
S-transferase - hnRNP K: Heterologous nuclear
ribonucleoprotein K - HSQC: Heteronuclear single
quantum correlation - IPTG: Isopropyl-f-p-
thiogalactoside - KH domain: hnRNP-K homology
domain - mRNA: Messenger RNA - PAGE:
Polyacrylamide gel electrophoresis - PBS: Phosphate-
buffered saline - PMSF: Phenyl methyl sulfonyl
fluoride - REMSA: RNA electrophoretic mobility shift
assay - Tris: Tris(hydroxymethyl)aminomethane - UTR:
Untranslated region

Introduction

oCP1, also known as poly(C)-binding protein 1 and
heterogeneous nuclear ribonucleoprotein El, is a highly
conserved and widely distributed approximately 42-kDa
RNA-binding protein. «CP1 has been identified as a
component of a ribonucleoprotein complex that assem-
bles on poly(C) regions of several messenger RNAs
(mRNAs), including tyrosine hydroxylase, erythropoie-
tin, lipoxygenase, a-globin, S-globin, collagen o1(I), the
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androgen receptor (AR) and several viral mRNAs
resulting in alteration of mRNA stability or regulation
of their translation rate (Paulding and Czyzyk-Krzeska
1999; Czyzyk-Krzeska and Bendixen 1999; Ostareck
et al. 1997, Wang et al. 1995; Chkheidze et al. 1999; Yu
and Russell 2001; Stefanovic et al. 1997; Yeap et al.
2002; Collier et al. 1998; Blyn and coworkers 1996, 1997,
Gamarnik and Andino 1997; Graff et al. 1998; Spang-
berg and Schwartz 1999). This has thus been recognised
as a very important point of regulation of gene expres-
sion (Guhaniyogi and Brewer 2001; Hollams et al. 2002).
The formation of protein complexes on the mRNA in
eukaryotic cells can make 1,000-fold differences in the
half life of the mRNA and consequently enormous dif-
ferences to the amount of protein product that is derived
(Brennan and Steitz 2001).

As the name suggests, the «CP family (which also
includes «CP2, aCP3, «CP4 and the earliest member to
be characterised, the heterologous nuclear ribonucleo-
protein K, hnRNP K) have a binding preference for
poly(C) tracts of oligonucleotide, and bind both to RNA
and to single-stranded DNA (Dejaard and Leffers 1996).
They achieve this through their triplet K homology
(KH) RNA-binding motif, as first identified in hnRNP
K. The KH domains are 68-72 amino acid motifs
(Musco et al. 1996; Adinolfi et al. 1999) and have been
structurally characterised both in the absence (Musco
and coworkers 1996, 1997; Lewis et al. 1999; Baber et al.
1999), and in the presence of RNA or DNA (Lewis et al.
2000; Liu et al. 2001; Braddock and coworkers 2002a,
2002b). This has revealed that the KH domain is a
compact motif with a foaaffa topology. A three-stran-
ded antiparallel S-sheet is packed against three a-helices
forming a hydrophobic groove where the oligonucleo-
tide binds. The groove is bounded by two unstructured
surface loops. The loop between a-helices 1 and 2 con-
tains an invariant GXXG, crucial to oligonucleotide
binding. That between f-strands 2 and 3 is of variable
length in different KH domains and flanks the opposing
edge of the RNA-binding groove (Lewis et al. 2000).

The relative contributions by the three KH domains
in the «CP proteins to RNA-binding affinity and speci-
ficity is not yet clearly understood. Whilst all three of the
three individual KH domains of hnRNP K have been
shown to contribute significantly to poly(C) binding
(Siomi et al. 1994), only the first and third KH domains
of «CP1 and «CP2 have been shown to independently
bind poly(C)-RNA with high affinity and specificity
(Dejgaard and Leffers 1996). It may be, however, that
the second KH domain also binds poly(C)-RNA when
tethered by its neighbouring domains. The molecular
basis for their poly(C) oligonucleotide specificity is not
yet understood, but it is likely by analogy to homolo-
gous structures that they possess a narrow binding
groove dictating a preference for pyrimidines and that
specific hydrogen-bond interactions would complement
cytosine hydrogen-bond donors and acceptors.

The interaction between «CP1 and a UC-rich region
in AR mRNA has recently been shown to occur and

potentially underlice AR mRNA stabilisation (Yeap et al.
2002). In addition, the «CP1 protein is likely to bind in
close proximity to other proteins decorating the mRNA
tract, including the nucleocytoplasmic shuttling protein
HuR. A cooperative binding interaction has been ob-
served in vitro for this pair of proteins in binding to the
AR mRNA (nucleotides 3,275-3,325), and it is thus
speculated that a unique tertiary complex could be
forming that underlies AR mRNA stability (Wilce et al.
2002). Since the presence of the AR is integral to the
progression of prostate cancer, such a complex would
represent a novel drug target. Its disruption would be
predicted to destabilise the AR mRNA and hence to
reduce or obliterate the AR in prostate cancer cells,
preventing the progression of the disease.

The current study describes the preparation of full-
length «CP1 as well as its separate KH domains
including «CP1-KH2 and «CP1-KH3. We investigated
the ability of each of these three constructs to bind to the
target AR mRNA sequence using an RNA electropho-
retic mobility shift assay (REMSA). We also report the
preparation of milligram quantities of an 11-nucleotide
region of the target AR mRNA and its binding to «CP1-
KH3 as monitored using NMR spectroscopy. This work
represents the beginning of a thorough biophysical study
of the interactions between each of the «CP1 KH do-
mains and target RNA.

Experimental procedures
Protein expression and purification

Full-length «CP1 or individual KH domains were ex-
pressed as fusion proteins with glutathione S-transferase
(GST). The DNA coding sequences comprising amino
acids 1-356 («CP1), 97-180 («CP1-KH?2), or 279-356
(«CP1-KH3) were cloned into pGEX-6P2 plasmids and
expressed by the E. coli BL21 (Codon+) in Luria broth
at 37°C (unlabelled protein). Protein expression was
induced with 0.02 mM isopropyl-f-p-thiogalactoside
(IPTG) at an optical density of 0.8 at 595 nm. The cells
were harvested after 3 h of further growth by centrifu-
gation and were resuspended in phosphate-buffered
saline (PBS) (140 mM NaCl, 2.7 mM KCI, 10 mM
Na,HPO4, 1.8 mM KH,PO4, pH 7.4) containing 0.5%
Triton X-100 which was then lysed by French Pressing
(SLM Instruments), supplemented with 0.5 mM phenyl
methyl sulfonyl fluoride (PMSF) and, in the case of full-
length «CP1 a cocktail of protease inhibitors was used,
including aprotinin (2 ug/mL), leupeptin (2 pg/mL) and
pepstatin (1 pg/mL). The supernatant was exposed to
glutathione agarose beads equilibrated with PBS buffer
at 4 °C overnight. The fusion protein was cleaved using
2 U Prescission protease (Amersham, Freiburg, Ger-
many) in 50 mM tris(hydroxymethyl)aminomethane
(Tris)-HCI, pH 7.0, 150 mM NaCl, 1 mM ethylenedi-
aminetetraacetic acid (EDTA) and 1 mM dithiothritol



(DTT) at 4 °C overnight and was finally purified using a
Sephadex 75 column (Pharmacia), or by anion-exchange
chromatography in the case of full-length «CP1 (Mono-
Q Pharmacia), and dialysed into phosphate buffer
pH 6.0 (1 mM DTT, 25 mM NaH,PO,, 150 mM NacCl,
I mM EDTA). The purified protein was concentrated
with centrifugal concentrators of 3 K cut off (Millipore)
and quantified using a detergent-compatible (BioRad,
Mississauga, ON, Canada) protein assay.

Isotopically enriched '"N-aCP1-KH3 was prepared
for NMR spectroscopic studies, using cell culture grown
in minimal media supplemented with vitamins and trace
metals with ""NH4CI as the sole nitrogen source. Cells
were grown at 37 °C to an As9s nm of 7.7 in a fermentor
(New Brunswick Scientific, NJ, USA). The temperature
was changed to 30 °C before induction with 0.02 mM
IPTG and the addition of 2 g '"NH4CIl. Following
induction, the growth was continued for 3 h to a final
optical cell density of 13 and the cells were harvested
using centrifugation following the same procedure as for
the unlabelled protein except that the protein was finally
purified using cation-exchange chromatography (Mono-
S Pharmacia). The protein concentration was deter-
mined by measuring the absorbance at 280 nm using a
molar extinction coefficient of 1,280 M~! cm™! esti-
mated from the protein’s tyrosine and tryptophan con-
tent (Gill and von Hippel 1989) and the protein was
dialysed to a final NMR buffer of 90% sodium phos-
phate buffer (1 mM DTT, 10 mM NaH,PO,4, 100 mM
NaCl, 1 mM EDTA) and 10% D,O (Isotec)

Preparation of RNA transcript for REMSA

A 5l-nucleotide RNA corresponding to nucleotides
3,275-3,325 of the AR mRNA 3’ untranslated region
(UTR) was generated by in vitro transcription of the
relevant DNA cloned into pBLUESCRIPT II KS+
(Yeap et al. 2002). The pBLUESCRIPT vector alone
was used as a control. Linearised plasmid DNA was
transcribed in a 20-ul reaction volume with 20 U T7
RNA polymerase (Promega, Madison, WI, USA) at
37 °C for 60 min in the presence of 100 uCi (**P UTP
(Amersham Pharmacia Biotech., Chalfont, UK)
and 2.5 mM each of ribosomal ATP, ribosomal CTP
and ribosomal GTP (Amersham Pharmacia Biotech.),
and 20 mM DTT. One unit of DNase 1 (RNase free)
(Promega) was added for 10 min at 37 °C, followed by
5 min at 65°C. Loading dye [12 ul of 95% formamide,
20 mM EDTA, 0.3% bromophenol blue and xylene
cyanol (wt/vol)] was added to the reaction mixture,
which was heated to 80 °C for 3 min, before resolving
labelled RNAs on 7 M urea/6% polyacrylamide gel,
pre-electrophoresed in 1x 90 mM Tris borate/0.2 mM
EDTA at 200 V for 20 min. Radiolabel transcripts were
visualised using 2-min exposure of the gel to X-ray film.
The full-length transcript was excised and eluted from
the gel slice by shaking at 1,500 rpm for 4 h at 22 °C in
sterile 0.5 M ammonium acetate and 1| mM EDTA. The

425

RNA transcripts were recovered by ethanol precipita-
tion, resulting in 1-4x10'° cpm/pg RNA (Thomson
et al. 1999).

RNA electrophoretic mobility shift assay

The REMSA is a technique for investigating protein/
RNA complexes. Purified full-length CP1, «CP1-KH2 or
oCP1-KH3 was thawed on ice. A 1-pl aliquot of the
protein (100 ng/ul) was transferred to a vial on ice
containing cytoplasmic extraction buffer [10 mM N-(2-
hydroxyethyl)piperazine- N’-ethanesulfonic acid pH 7.5,
3 mM MgCl,, 14 mM KCl, 5% glycerol, 0.2% Nonidet
P-40, 1 mM DTT; Thomson et al. 1999] and a cocktail
of protease inhibitors (0.5 mM PMSF, 0.2 mM leupep-
tin, 0.2 mM aprotinin). A 1 pl aliquot of transfer RNA
(2 pg/ml) was added to prevent nonspecific binding and
the mixture was made up to a final volume of 10 pl with
1 ul of 10* cpm **P-labelled RNA. The mixtures were
incubated on ice for 30 min and immediately after
incubation 1 pl of loading dye was added and mixed
gently. The reaction mixtures were loaded on a 6%
nondenaturing acrylamide gel and run at 125 V in the
cold room for 2 h. The gel was dried in a gel drier for
20 min at 80 °C, and was then exposed to a phosphor-
imager plate overnight for detection of protein and
RNA complexes.

Preparation of 11-nucleotide «CP1 target site
from AR mRNA

The RNA oligonucleotide representing the 11 last nu-
cleotides of the AR mRNA region shown to bind «CP1
(nucleotides 3,315-3,325, 5-UUCCCUCCCUA-3’) was
purchased from Dharmacon in crude form and further
purified by denaturing polyacrylamide gel electropho-
resis (PAGE). After the separation of the sample by
20% PAGE, the band was visualised by UV shadowing
once the RNA had run approximately one half way
down the gel. The sample was recovered by excising the
appropriate band, which was then crushed and eluted
overnight in 0.3 M sterile sodium acetate. The eluent
was filtered and desalted using a reverse-phase solid-
extraction cartridge (C18 Sepak cartridge, Waters). The
eluted fractions were lyophilised and dissolved in dis-
tilled water for quantification using UV spectroscopy.
RNA concentrations were determined by measuring the
absorbance at 260 nm and assuming one absorbance
unit to be equivalent to 34 pg/ml.

Preparation of «CP1-KH3 and «CP1-KH3/RNA
complexes for NMR

The 'SN-labelled «CP1-KH3 was prepared at 200—
500 uM protein in 10 mM sodium phosphate buffer
pH 6.0, containing 100 mM NaCl, 2 mM EDTA, 2 mM
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DTT and 10% D,0. This sample was used to collect
spectra for '"H—'°N heteronuclear single quantum
coherence (HSQC) spectra for apo-oCP1-KH3.

Aliquots of RNA were added in a stepwise manner to
the '"N-oCP1-KH3. Desired ratios of the protein and
the RNA were combined in volumes of 3—4 ml such that
upon concentration to 500 pl, the protein concentration
was 300 pM and the RNA concentration was 75 uM.
The final protein to RNA ratio was approximately 1:1.
The solutions were concentrated using 1-kDa molecular
weight cut-off concentrators to a final volume of 500 pl.
To all samples, D,O was added to 10%. The titrations
were monitored by collecting 'H-"N HSQC spectra at
each titration point.

NMR spectroscopy

Two-dimensional "H-'"N HSQC spectra were acquired
with a Bruker Avance600 NMR spectrometer operating
at 25 °C, using adapted versions of the published pulse
sequences (Bax et al. 1990; Norwood et al. 1990). Water
suppression was achieved by replacing the final 90° pulse
with a Watergate sequence (Piotto et al. 1992). Relaxa-
tion effects were minimised by setting the evolution
period for '"N-'H one-bond couplings to 2.3 ms,
slightly shorter than 1/4 Jyy.The '°N-decoupling during
acquisition was achieved using the GARP decoupling
scheme (Shaka et al. 1985). The 'H carrier frequency was
set to that of the water resonance and the '°N carrier
frequency was set at a frequency between the Arg Ne
and backbone amide resonances. Time-proportional
phase incrementation (20) was used to achieve quadra-
ture detection over spectral widths of 12.25 ppm
(7.3 kHz) for F, and 40.0 ppm (2.4 kHz) for F;. A total
of 32 scans per increment were collected over 256 ¢,

Fig. 1 Purification of aCP1, «CP1-KH3 and «CP1-KH?2 using the
pGex6P2 system. a The sodium dodecyl sulfate polyacrylamide gel
electrophoresis gel shows «CP1 at the expected size of 42 kDa and
the degradation product at just below 31 kDa after gel filtration.
b The positions of pure «CP1-KH3 and aCP1-KH2 are indicated
by the arrow at the expected molecular weight of approximately
8 kDa. Molecular weight markers are shown on the right. See the
text for an explanation of the terms

A

A\

O-C’?
——  — 66 kDa
e — 55 kDa
A — 36 kDa
Degradation s — 31 kDa

Product

— — 2] kDa

increments of 2,048 complex data points. Spectral pro-
cessing was carried out using XWINNMR software.
Strip transformation of the regions between 6.3 and 9.8
(F») and 103.5 and 132.0 ppm (F;) and zero filling into
2,048%2,048 real data points was used to increase digital
resolution, while spectral resolution was enhanced by
apodisation with a Lorentz—Gauss function in both
dimensions prior to Fourier transformation. Baselines
were corrected after phase correction by subtracting a
third-order polynomial fitted to the baseline.

Results and discussion
Preparation of protein and RNA

Full-length «CP1 protein readily expressed as a GST
fusion protein, which was partially soluble in the pres-
ence of the detergent Triton X-100. In the absence of the
detergent all expressed protein was present in the
insoluble fraction of the cell lysate and as a result
detergent was also included in the application of the cell
lysate to the GSH resin. In addition, the purified product
showed susceptibility to degradation despite the inclu-
sion of protease inhibitors. The sodium dodecyl sulfate
PAGE revealed the full-length protein and a proteolytic
product, which was identified using N-terminal
sequencing as an N-terminal fragment of the protein.
For the mobility shift assay the amount of the proteo-
lytic product present was negligible (Fig. 1a).

Preparation of aCP1-KH2 involved using the same
procedure as for the full-length protein except that the
protein being approximately 8 kDa was purified from
the 27-kDa GST contaminant using gel filtration chro-
matography. Expressed «CP1-KH2 was present in both
the soluble and the insoluble fraction of the cell lysate,
resulting in a yield of about 1 mg of highly pure protein
per litre of culture (Fig. 1b).

aCP1-KH3 overexpressed well in both rich media and
minimal media; however, it too was present in both the
soluble and the insoluble fraction of the cell lysate in
both media even with the induction of the protein at a
lower temperature. The total protein yield was 2 mg of
purified protein per litre of culture (Fig. 1b). It was

s — 36 kDa

sy, — 21 kDa
sy — 14 kDa

— — . w0 kDa

—---



hypothesised that cell growth in minimal media and the
induction of the protein at 30°C would enhance the
solubility of the expressing protein, but in our experi-
ments there were no major improvements in the solu-
bility level. For the purpose of the RNA-binding studies
we prepared stocks of 0.6 mM unlabelled protein and
0.4 mM '"N-labelled protein.

RNA-binding studies

The REMSA was used to examine the ability of full
length «CP1-KH2 and «CP1-KH3 to bind to a 51-
nucleotide UC-rich sequence from the 3’UTR of AR
mRNA (nucleotides 3,275-3,325). The binding by full-
length «CP1 has previously been demonstrated, but
whether the separate KH domains bind to this se-
quence had not yet been tested (Yeap et al. 2002). The
results are shown in Fig. 2. As expected, binding to
the target RNA by full-length «CP1 is indicated by a
substantial and quantitative shift in its mobility (lane
4). A quantitative shift of this RNA target by aCP1-
KH3 is also clearly discernible (lane 3), although the
degree of change in its mobility is not as marked as
that seen with full-length «CP1. This difference in the
relative mobility shift is due to the greater size of the
full-length protein (37.5 kDa) in comparison with
oCP1-KH3 (8 kDa). On the other hand, «CP1-KH2
exhibits no binding (lane 2), even though the protein
is present in excess over RNA. Neither full-length
aCP1 nor aCP1-KH3 showed any binding interaction
to pBLUESCRIPT RNA alone (results not shown),
demonstrating that the binding interaction occurs with
the target RNA.

- slot

- oCPl

-« oCP1-KH3

<« Free RNA
' probe

v

Fig. 2 Binding studies of «CP1 and individual KH domains to the
3’UTR region of androgen receptor messenge RNA. A typical
RNA celectrophoretic mobility shift assay gel is shown, in which
binding by aCP1 or isolated domains of «CP1 to radioactively
labelled RNA (with the sequence 5-CUGGGUUUUUUUUUC-
UCUUUCUCUCCUUUCUUUUUCUUCUUCCCUCCCUA-3’
appended to the pBLUESCRIPT vector) in the presence of excess
transfer RNA as a nonspecific competitor were examined. Lane 1,
probe only; lane 2, also contains 100 ng «CP1-KH2; lane 3, also
contains 100 ng «CP1-KH3; lane 4, also contains 100 ng «CP1 (full
length)
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This extends the finding of Dejgaard and Leffers
(1996), who observed at best weak binding to poly(C)-
RNA by isolated «CP1-KH?2 using a dot-blot assay. The
absence of binding by «CP1-KH?2 also indicates that the
binding observed by the other species is not due to
nonspecific protein/RNA interactions in the buffer
conditions used here. Thus, «CP1-KH3 is capable of
binding independently and specifically to sequences
within the AR mRNA 3’UTR that are also contacted by
full-length aCPI.

Formation of an «CP1-KH3/11-nucleotide RNA
complex

Mutational analysis of the UC-rich 51-nucleotide se-
quence in the 3’'UTR of AR mRNA has previously
shown that the binding of «CP1 or aCP2 to this region is
dependent on the presence of the two cytosine triplets at
the end of the sequence (Yeap et al. 2002). The 11 last
nucleotides (5-UUCCCUCCCUA-3") were therefore
prepared as the target for *CP1-KH3 binding. The '°N-
labelled aCP1-KH3 could then be monitored using
NMR spectroscopy to observe the effects of the addition
of the oligonucleotide to the sample.

The ""N-labelled aCP1-KH3 gave rise to well-re-
solved HSQC spectra (Fig. 3a), showing excellent dis-
persion in both "H and '°N dimensions as well as narrow
line widths. The dispersion, particularly in the 'H
dimension, indicates that the domain is likely to be fol-
ded in its correct secondary and tertiary structure and
the narrow lines are consistent with this construct
behaving as a monomer in solution. Seventy-nine single
'"H-">N amide crosspeaks are observed, as would be
expected for this 83-residue construct containing three
prolines. These and the N-terminal amine do not give
rise to an amide crosspeak. In addition, 12 doublet
"H-""N amine crosspeaks are distinguishable (between
108 and 114 ppm in the '°N dimension), which represent
signals from the six glutamine and six asparagine side
chain amines.

Upon the addition of RNA to the '*N-labelled «CP1-
KH3 sample, the positions of the crosspeaks changed,
reflecting altered electronic environments for many
backbone NH groups in the protein. The final titration
point is shown in Fig. 3b. The "H—'""N HSQC spectrum
remains well dispersed and has 79 well + resolved cros-
speaks. However at least 35 of the crosspeaks repre-
senting backbone NH correlations have changed
position. This demonstrates that the protein is fully
complexed with the RNA (i.e. no evidence of heteroge-
neity) and that the complex retains good solution char-
acteristics with no evidence of aggregation or the
formation of larger complexes. In addition, the cros-
speak movement shows that almost half the backbone
NH residues experience an altered electronic environ-
ment upon interaction with RNA—more than would be
directly at the protein/RNA interface. This is unsur-
prising considering the long-range electrostatic effects



428

15
L =
ppm 1A . ° 471 B
106 106 @
108+ ° 108 ! o 2o
P ° oo @ =
110+ e ¢ 0 aas et e 110 e = ®
e ° 2 & 5 ) ° %ﬁ £
112 ;2% . 9% 112
o &° o®° 1 . @
1 LI a g 3 @
114 ° =] 114 e @
oo ©g P 8 Og.
116 ° o 116 ° & =
° = @ » [-]
118 . 9 © °° 118 B 6y @< g
° % o ° of £ [+ ° @
] @ (=
120 ° 8 120 @
° e T o0 o ° @ e © o
122 ° e° °0%, e 122 &g < o
©" o0 :%0p e a w e ®
e o -
124 124 o El
@ o @ e ° < [+ @&
126 ° 126
o 4 =
128 % 128 g@
@
1304 , @
° 130
1325 T T T T T T T 1324 T T T T T T T
9.5 s.0 8.5 8.0 7.5 7.0 6. 5.5 9.0 8.5 8.0 7.5 7.0 6.5

F2("Hyppm

Fig. 3 The 'H—'°N heteronuclear single quantum correlation
spectra recorded at 25 °C for *N-labelled «CP1-KH3 before and
after the addition of the 1l-nucleotide RNA of sequence 5'-
UUCCCUCCCUA-3. a The uncomplexed spectrum and b the
final titration point with «CP1-KH3 fully complexed with RNA.
The crosspeaks on both spectra account for all of the expected
resonances in the protein, possess narrow linewidths and are well
dispersed. The movement of almost half of the peaks upon complex
formation with RNA is consistent with a tight protein/RNA
binding interaction

that would be expected to arise from the oligonucleo-
tide’s phosphate backbone. Spectra acquired at inter-
mediate stages of the titration showed no evidence of a
gradual movement of the crosspeaks from their starting
to finishing positions. This would be typical of a weak
interaction in which the chemical shift values represent
averaged positions in this fast-exchange regime. Rather,
the peaks disappeared and reappeared in new positions,
suggesting a tight binding interaction and slow exchange
relative to the NMR timescale.

Conclusions

This study represents the beginning of a functional and
structural examination of all three KH domains of each
oCP isoform. The basis for the RNA-binding affinity
and specificity of the three KH domains will allow us to
predict the occurrence of «CP interactions with mRNA
and begin to rationalise its role in mRNA stability and
translational efficiency. We have shown that like
full-length «CP1, «CP1-KH3 binds to UC-rich RNA
representing nucleotides 3,275-3,325 of AR mRNA. In
contrast, «CP1-KH2 shows no evidence of binding,
suggesting either a marked difference in oligonucleotide
specificity or a non-RNA binding role in the full-length
aCP1 protein.

NMR spectroscopy was also used to confirm the
ability of «CP1-KH3 to bind to an AR mRNA sequence,
as well as to demonstrate its complete complex forma-
tion with the 11-nucleotide sequence at the final titration
point. It also showed that almost half of the «CP1-KH3
backbone NH resonances are affected by RNA binding.

Assignment of the crosspeaks would be required to
determine which residues these are. The current studies
show that this protein and this protein/RNA complex
would be highly amenable to further NMR studies. The
complex is thus also ideal for crystallographic trials for
its structure determination using X-ray crystallography.
We have previously found that NMR evidence for
protein/oligonucleotide complex formation, solubility
and homogeneity is an excellent starting point for crys-
tallographic studies (Vivian et al. 2001).

Structural studies of «CP1-KH3/AR mRNA will be a
step towards describing the multiprotein AR mRNA
complex that influences its stability and possibly its
translational efficiency in vivo. Structural insight into
such a complex may pave the way for the development
of novel therapeutics aimed at disrupting the complex.
This could lead to AR mRNA instability and reduce the
amount of the AR in prostate cancer cells.
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