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Crystallization and preliminary X-ray diffraction studies of UP1, the two-RRM domain of

hnRNP Al
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Abstract

The N-terminal domain of hnRNP Al protein, termed UP1,
comprises two tandem RNA-recognition motifs, both of
which are necessary for efficient RNA binding and for the
alternative splicing activity of hnRNP Al. Recombinant
human UP1 expressed in E. coli has been crystallized in
space group P2, with unit-cell dimensions a = 37.94,
b=43.98, ¢ =55.64A and B = 93.9°. The unit-cell volume
is consistent with one UP1 molecule per asymmetric unit and
a calculated 49% solvent content. The crystal diffraction
limit is higher than 1.3 A, and a data set to 2.0 A has been
collected. Diffraction data from one platinum and two
mercury derivatives have also been collected.

1. Introduction

A1 heterogeneous nuclear ribonucleoprotein (hnRNP A1) is
one of the most abundant hnRNP proteins, which associate
with nascent transcripts in the nucleus (Dreyfuss, Matunis,
Pinol-Roma & Burd, 1993). It has been shown to influence
alternative 5’ splice site selection by antagonizing the activity
of SF2/ASF and SC35, leading to the activation of distal 5’
splice sites and promoting alternative exon skipping (Fu,
Mayeda, Maniatis & Krainer, 1992; Mayeda & Krainer,
1992; Mayeda, Helfman & Krainer, 1993). In addition,
hnRNP Al facilitates the efficient annealing of complemen-
tary RNA or DNA molecules in vitro (Kumar & Wilson,
1990; Pontius & Berg, 1990; Munroe & Dong, 1992;
Portman & Dreyfuss, 1994), which may directly facilitate
base-pairing interactions between snRNA’s and pre-mRNA.
hnRNP Al can interact stably with U2 and U4 snRNP’s in
vitro, but not with Ul snRNP (Buvoli, Cobianchi & Riva,
1992). The interaction with U2, together with the association
between hnRNP Al and certain 3’ splice sites in vitro
(Swanson & Dreyfuss, 1988) suggested a potential role for
hnRNP A1 in the binding of U2 snRNA to the branch site in
the early stages of spliceosome assembly (Buvoli et al.,
1992).

Human hnRNP Al is a 34 kDa protein consisting of a
single polypeptide chain of 320 amino acids. An N-
terminal proteolytic fragment spanning the first 196 amino
acids and known as unwinding protein 1 (UP1; Herrick &
Alberts, 1976; Williams, Stone, LoPresti, Merrill &
Planck, 1985) comprises two RNA-recognition motif
(RRM) sequences separated by a short linker. The C-
terminal region of hnRNP Al is rich in glycine and
includes several RGG repeats, which also constitute an
RNA-binding motif (Kiledjian & Dreyfuss, 1992). Early
studies showed that both the N-terminal UP1 domain and
the C-terminal glycine-rich domain are capable of binding
to nucleic acids, whereas the intact protein exhibits more

© 1997 International Union of Crystallography
Printed in Great Britain - all rights reserved

stable and highly cooperative binding, with cooperativity
being the result of self-association of the C-terminal
domain (Merrill, Stone, Cobianchi, Wilson & Williams,
1988; Cobianchi, Karpel, Williams, Notario & Wilson,
1988; Kumar et al., 1990; Casas-Finet er al., 1993). Both
the UP1 domain and the C-terminal domain are required
for the alternative splicing activity of hnRNP Al, and
within the UP1 domain, mutations in conserved surface
residues of either RRM abolish activity, although general
RNA binding is not substantially affected (Mayeda,
Munroe, Caceres & Krainer, 1994). Purified hnRNP Al
binds with high affinity to short RNA’s containing one or
more copies of the motif UAGGGA/U (Burd & Dreyfuss,
1994), although the physiological significance of this high-
affinity binding remains controversial (Abdul-Manan,
O’Malley & Williams, 1996). A 38-amino-acid domain
near the C-terminus, termed M9, has been shown to be
both necessary and sufficient for the nuclear localization of
hnRNP A1l (Siomi & Dreyfuss, 1995). In addition, M9 is
also a nuclear export signal (Michael, Choi & Dreyfuss,
1995), responsible for the shuttling of hnRNP Al between
the nucleus and the cytoplasm (Pifiol-Roma & Dreyfuss,
1992).

The RRM is an ancient and extremely common RNA-
binding motif (reviewed in Birney, Kumar & Krainer,
1993). Many proteins with RRM’s have two, three, or
four copies of the motif, and of these some, but not all,
require more than one RRM for stable and specific RNA
binding. The tertiary structures of several isolated RRM’s
have been recently determined, including the crystal and
solution structure of the first of two RRM’s in the Ul
snRNP A polypeptide (Nagai, Oubridge, Jessen, Li &
Evans, 1990; Hoffman, Query, Golden, White & Keene,
1991) and its co-crystal structure with bound RNA
(Oubridge, Ito, Evans, Teo & Nagai, 1994), the NMR
structure of the RRM of hnRNP C1/C2 with and without
bound RNA (Wittekind, Gorlach, Friedrichs, Dreyfuss &
Mueller, 1992; Gorlach, Wittekind, Beckman, Mueller &
Dreyfuss, 1992) and the NMR structure of the second
RRM of Sex-lethal (Lee, Kanaar, Rio & Wemmer,
1994). The secondary structure and folding topology of
the first RRM of hnRNP Al have also been solved by
NMR (Garrett et al., 1994). However, no structures with
two or more RRM’s have been determined to date. We
hope that the three-dimensional structure of UP1 will not
only facilitate the understanding of the structural basis of
the RNA-binding specificity and alternative splicing
activity of hnRNP Al, but also shed light on how
synergy between RRM’s may arise in other proteins with
multiple RRM’s. Here we report the crystallization and
preliminary X-ray analysis of the UP1 domain of hnRNP
Al.
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In summary, we have crystallized the recombinant human
UP1 protein fragment. UP1 crystals diffract X-rays strongly,
and two mercurial isomorphous derivatives have been
obtained. These diffraction data should enable us to solve
the phase problem for structure determination, which is
currently in progress and will be reported elsewhere.
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