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Target discrimination by RNA-binding proteins:
Role of the ancillary protein U2A 9 and a
critical leucine residue in differentiating
the RNA-binding specificity of spliceosomal
proteins U1A and U2B 99

MARTINA E. RIMMELE and JOEL G. BELASCO
Skirball Institute of Biomolecular Medicine and Department of Microbiology, New York University School of Medicine,
New York, New York 10016, USA

ABSTRACT

The spliceosomal proteins U1A and U2B 99 each use a homologous RRM domain to bind specifically to their respective
snRNA targets, U1hpII and U2hpIV, two stem-loops that are similar yet distinct in sequence. Previous studies have
shown that binding of U2B 99 to U2hpIV is facilitated by the ancillary protein U2A 9, whereas specific binding of U1A to
U1hpII requires no cofactor. Here we report that U2A 9 enables U2B 99 to distinguish the loop sequence of U2hpIV from
that of U1hpII but plays no role in stem sequence discrimination. Although U2A 9 can also promote heterospecific
binding of U1A to U2hpIV, a much higher concentration of the ancillary protein is required due to the ;500-fold greater
affinity of U2A 9 for U2B 99. Additional experiments have identified a single leucine residue in U1A (Leu-44) that is critical
for the intrinsic specificity of this protein for the loop sequence of U1hpII in preference to that of U2hpIV. Our data
suggest that most of the difference in RNA-binding specificity between U1A and U2B 99 can be accounted for by this
leucine residue and by the contribution of the ancillary protein U2A 9 to the specificity of U2B 99.
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INTRODUCTION

RNA-binding proteins (RNA-BPs) play a key role in a
variety of cellular regulatory processes+ Crucial to the
function of this important class of proteins is their RNA
target specificity+ Only through their ability to distin-
guish between closely related RNA elements can these
proteins act with the requisite selectivity+

Most RNA-BPs can be categorized into families on
the basis of shared sequence motifs in their RNA-
binding domains (reviewed by Mattaj, 1993; Burd &
Dreyfuss, 1994)+ The largest of these is the RRM (RNA
recognition motif) family of RNA-BPs, also referred to
as the RNP family+ RRM proteins are characterized by
the presence of one or more structurally related RNA-
binding domains, each comprising 90–100 amino acid
residues and containing two conserved sequence mo-
tifs (RNP-1 and RNP-2)+Members of this protein family

occur in all types of organisms and bind to RNA targets
that vary in sequence and secondary structure+

A paradigm for the RRM family is the spliceosomal
protein U1A, a component of the U1 small nuclear ri-
bonucleoprotein complex (U1 snRNP)+ U1A uses its
amino-terminal RRM domain to bind hairpin II of U1
snRNA (U1hpII) (Scherly et al+, 1989; Lutz-Freyermuth
et al+, 1990)+ The three-dimensional structure of this
U1A domain has been solved in both the absence and
presence of bound RNA (Nagai et al+, 1990; Hoffman
et al+, 1991; Howe et al+, 1994; Oubridge et al+, 1994)+
It consists of a four-stranded b-sheet (the RNA-binding
surface) supported on one side by two a-helices+ The
conserved RNP motifs lie on the two central b-strands
(b1 and b3; see Fig+ 1)+ It has been proposed that
these conserved sequences provide basal RNA-binding
activity, while the variable regions surrounding them
are thought to determine binding specificity (Scherly
et al+, 1990a; Bentley & Keene, 1991)+

Much has been learned about the specificity of RRM
proteins by comparing U1A to the closely related splice-
osomal protein U2B0, a U2 snRNP component that binds
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