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ABSTRACT. dsRBP-ZFa is &enopuginc finger protein that binds dsRNA and RNANA hybrids with
high affinity and in a sequence-independent manner. The protein consists of a basic N-terminal region

with seven GH, zinc finger motifs and an acidic C-

terminal region that is not required for binding. The

last four zinc finger motifs, and the linkers that join them, are nearly identical repeats, while the first
three motifs and their linkers are each unique. To identify which regions of the protein are involved in
nucleic acid binding, we examined the ability of five protein fragments to bind dsRNA and-HNWA

hybrids. Our studies reveal that a fragment encompassing the three N-terminal, unique zinc finger motifs
and another encompassing the last three of the nearly identical motifs have binding properties similar to

the full-length protein. Since these two fragments

do not share zinc finger motifs of the same sequence,

dsRBP-ZFa must contain more than one type of zinc finger motif capable of binding dsRNA. As with the
full-length protein, ssRNA and DNA do not significantly compete for dsSRNA binding by the fragments.

Zinc finger proteins (ZFP3$)of the GH, type represent
one of the most common nucleic acid binding motifs found
in nature (). Proteins containing these motifs are generally
DNA-binding transcription factors that recognize specific

by screening with radiolabeled dsRNA. The biological role

of dsRBP-ZFa is currently unknown, although the protein

is known to localize to the nucleus ¥enopusoocytes 4§).
dsRBP-ZFa can be divided into two main regions: an

sequences in the context of the B-form helix. However, some N-terminal region (residues-1432) that includes seven zinc

ZFPs are also able to bind single-stranded RNA (ssRNA;
3), double-stranded RNA (dsRNA4), and RNA-DNA
hybrids @, 5). TFIIIA, the founding member of the £,
zinc finger family, binds both 5S rRNA and the internal
control region (ICR) of the 5S rRNA gene. However, it does
not bind an RNA-DNA hybrid that is the same sequence
as the 5S rRNA gene ICR, indicating that RNANA
hybrid-binding is not a property of all £l, ZFPs ).

We previously reported the identification and characteriza-
tion of the dsRNA-binding ZFP cited abow4)( This protein,
double-stranded RNA-binding protein ZFa (dsRBP-ZFa), is
the first ZFP observed to bind dsRNA and RNANA
hybrids with high affinity. dSRBP-ZFa is a 55.6 kDa protein,
originally isolated from &XenopusDNA expression library
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finger motifs, and a C-terminal region (residues 4324)
that is rich in serine, proline, and glycine. The C-terminal
region of the protein is not necessary for dsRNA binding
(4), lending support to the idea that the zinc fingers, or their
linkers, mediate binding to dsRNA. The zinc fingers in
dsRBP-ZFa generally follow the motif @2xs®XxsPXHxsH,
where® is a hydrophobic residue and x is any amino acid.
The first three zinc fingers clearly differ in sequence from
each other, as well as from the last four fingers. In addition
to being separated from the N-terminal fingers by a short
region containing 5 proline residues, the last 4 fingers are
nearly identical repeats of 58 amino acids with-4D0%
sequence identity to each other. In contrast to most zinc
fingers, which are joined by a conserved& amino acid
linker (1, 7), the zinc fingers in dsRBP-ZFa are joined by
much longer linkers, which range from 34 to 44 amino acids.
Two ZFPs besides dsRBP-ZFa, the transcription factor
Spl, and ZFQQR, a protein of synthetic design, have been
shown to bind RNA-DNA hybrids; these proteins, however,
are sequence-specifi®)( Furthermore, Spl and ZFQQR
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duplex and show negligible binding to a dsRNA substrate
that is the same sequencB).(While Spl and ZFQQR
recognize DNA and RNADNA hybrids by making se-
guence-specific contacts in the major groove, dsRBP-ZFa
is likely limited to binding in the minor groove, since the
major groove of an A-form helix is very deep and quite
narrow @).

Given the differences between dsRBP-ZFa and previously
characterized ZFPs, it is difficult to predict how dsRBP-
ZFa binds A-form helices. One possibility is that dsRBP-
ZFa is able to bind both dsRNA and RNDNA hybrids
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with high affinity by using all seven zinc finger motifs
equivalently. Alternatively, different fingers could have

Finerty and Bass

pET-zf-123, residues-1198 of dsRBP-ZFa in pET-16b,
was generated using primers F9-Bam and T7. zf-123 is 219

different substrate preferences and contribute different amino acids in length. pET-zf-4567, residues 2435 of
amounts of binding energy. On a superficial level, this seems dsRBP-ZFa in pET-16b, was generated using primers zf-4-

to be the case with TFIIIA: the first three fingers are
sufficient for specific, high-affinity binding to the 5S rRNA
gene, and the middle three sufficient for tight binding to 5S
rRNA (9). However, analyses of the TFIIMCR complex
that forms with the full-length protein show that all fingers
make specific contacts with the DNA and thus contribute
some binding energyl0—12). Still, subsets of the TFIIIA
fingers seem to provide the bulk of the binding energy for
interaction with DNA, while others are of primary importance
for specificity of the 5S rRNA interaction.

To gain insight into how dsRBP-ZFa recognizes its

zifi and pET-c-term. zf-4567 is 238 amino acids in length.
pET-zf-567, residues 266435 of dsRBP-ZFa in pET-16b,
was generated using primers zf-3-zifi and pET-c-term. zf-
567 is 197 amino acids in length. pET-zf-67, residues-317
435 of dsRBP-ZFa in pET-16b, was generated using primers
zf-2-zifi and pET-c-term. zf-67 is 140 amino acids in length.
PET-zf-7, residues 374435 of dsRBP-ZFa in pET-16b, was
also generated using primers zf-2-zifi and pET-c-term. zf-7
is 83 amino acids in length.

Expression and Purification of dsRBP-ZFa Protein Frag-
ments.To facilitate protein expression, all constructs were

substrates, we have analyzed the binding properties oftransformed into BL21(DE3) cells (Novagen). Protein ex-
dsRBP-ZFa protein fragments encompassing three to fourpression and purification were similar for all proteins except
zinc finger motifs each. Because the first three motifs are zf-123, which required additional purification. Protein was
different from the last four, we were interested if either subset overexpressed as described (pET manual)g.@ib of media.
would bind dsRNA or RNA-DNA hybrids alone, and, if SDS-PAGE analysis of lysed cells indicated that over-
so, what differences there might be in their binding affinity expressed proteins were primarily located in the insoluble
and substrate preferences. We show that a fragment encomfraction. Cells were resuspended in HMGK buffer [25 mM

passing the N-terminal three unique motifs and also a HEPES (pH 8.3), 10% (v/v) glycerol, 12.5 mM MgCILOO
fragment encompassing the C-terminal repeated zinc fingermM KCI, 0.1% (v/v) NP-40] containing 0.2 mg mt

motifs bind dsRNA and RNADNA hybrids with high
affinity. However, the fragments show slightly different

lysozyme and stirred at4C. After 20 min, deoxycholic acid
was added to 1.2 mg mt and the solution stirred 5 min.

affinities and substrate preferences. Our studies indicate thaf-ollowing lysis, the mixture was sonicated to shear chro-
dsRBP-ZFa contains multiple examples of zinc fingers that mosomal DNA, the insoluble material isolated by centrifuga-
bind dsRNA, suggesting studies of this protein may provide tion at 40000, and the pellet washed twice with HMGK

paradigms for how zinc fingers can bind the A-form helix.

MATERIALS AND METHODS

Oligonucleotides and Plasmid®ligonucleotides used as

primers in the PCR were not gel-purified. The oligonucle-
otides used were: (zf-2-zifiy BSAACCATTTAAAGCATAT-
GACACCGTTGTCTGAG-3, (zf-3-zifi) 5'-GAATCAAT-
TAATGCATATGACACCATTGTCTGAG-3; (zf-4-zifi) 5'-
GAATTTAAACTCTCATATGCCAGGCTCAGGATCA-
3: (pET-c-term) 5GGGTTATGCTAGTTATTGCTC-3
(zf-F9-Bam)  3-GGGGATCCCTATATAGTCATGAT-
CTGTGTTTTGG-3;, (T7) 5-TAATACGACTCACTAT-
AGGG-3.

buffer.

The pellet was dissolved in a buffer containing 40 mM
HEPES (pH 8.3) ath8 M guanidine hydrochloride by stirring
at 25 °C. Following centrifugation at 400@0to remove
material that did not dissolve, NaCl was added to 0.5 M and
imidazole to 5 mM, and the solution was diluted to 6 M
guanidine hydrochloride with x4 binding buffer [32 mM
HEPES (pH 8.3), 0.5 M NaCl, 5 mM imidazole] and brought
to a final volume of 200 mL. The solution was further
clarified by passage through a Qu2n filter before being
subjected to Ni* affinity chromatography. Ni- chromatog-
raphy was carried out as described for dsSRBPAjbra (4)
except that buffers did not contain urea or guanidine
hydrochloride, so that proteins were refolded on the column.

The T7-based expression vector pET-16b (Novagen) wasFractions containing overexpressed protein were pooled, and
used for expression of all proteins. Plasmids were purified the protein was precipitated by addition of (Y5O, to 3

using CsCl/ethidium bromide equilibrium centrifugation as

M and pelleted by centrifugation at 13Q)ONi*" was

described 13). Expression constructs used in this study were removed by washing the pellet twice Wi8 M (NH,),SOs,
sequenced by the University of Utah Health Sciences 10 mM EDTA and twice more wit 3 M (NH4),SO, without

Sequencing Facility.
Five different expression constructs were built; one

EDTA. The pellet was dissolved in acetate buffer [50 mM
sodium acetate (pH 5.0), 20 mM KCI, 1 mM MgcCiLo0

encompassed the first three finger motifs, and four encom-uM ZnCl;] and 8 M guanidine hydrochloride, dialyzed

passed the last four, three, two, or final zinc fingers from

against 5x 4 L of acetate buffer 5 mM DTT, and

dsRBP-ZFa (Genbank accession number AF005083). pET-centrifuged at 50009to remove insoluble material.

16b DNA was digested witiNdd (Boehringer Mannheim)
and BanHI (NEB) and the 5701 bp fragment gel-purified
for use in ligation reactions (below). PCR products specific
for each protein were generated using dsRBPAdita (4)

as a template, digested witkkdd and BanHl, ligated to the
5701 bp pET-16bNdd—BanHI fragment, and used to
transform DH%5. cells. All expressed proteins had an
N-terminal 21 amino acid tag (His-tag) derived from pET-
16b (MGHHHHHHHHHHSSGHIEGRH).

At this point all proteins except zf-123 were sufficiently
pure for binding studies. After Rii chromatography, the zf-
123 preparation contained three major species. Following
Ni%* removal (as above), the zf-123 pellet was dissolved in
EKMDZ-9.5 buffer [50 mM ethanolamine (pH 9.5), 5 mM
KCI, 1 mM MgCl;, 5 mM DTT, 100uM ZnCl;] + 8 M
guanidine hydrochloride, and dialyzed against EKMDZ-9.5
buffer to refold the protein. During dialysis a significant
fraction of the protein precipitated. Analysis of the soluble
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and insoluble fractions showed that the insoluble fraction
consisted primarily of full-length zf-123 while the soluble
fraction contained the smaller proteins as well as some full-
length protein (data not shown). The soluble fraction was
discarded and the insoluble fraction dissolved in acetate
buffer + 8 M guanidine hydrochloride and 100 mM DTT
and further purified by two passes through a 370 mL HW-
50F (TosoHaas) gel filtration column (70 cr 2.6 cm) at

1.2 mL mimr. Fractions containing zf-123 protein were
pooled.

All proteins were concentrated using a stirred ultrafiltration
cell (Amicon, Model 8050). zf-123, zf-4567, and zf-567 were
concentrated using YM3 Diaflo ultrafiltration membranes
(Amicon). zf-67 and zf-7 were concentrated using YM1
Diaflo ultrafiltration membranes (Amicon). After concentra-
tion, proteins were 0.2um filtered, and the purity was
determined by densitometry of a SYPRO Red (Molecular
Probes) stained gel (Figure 1B) using a Storm Phosphorim-
ager (Molecular Dynamics) and the relative amounts of each
species determined using ImageQuaNT software (Molecular
Dynamics). The percentage of full-length protein for each
preparation was as follows: zf-12369%, zf-4567= 67%,
zf-567 = 76%, zf-67= 89%, zf-7= 87%.

The protein concentration for each preparation was
determined by the absorbance at 280 nm using the following
predicted extinction coefficients: zf-123,Ab50 = 4.1 mg
mL~1; zf-4567, 1Ax0= 4.1 mg mL%; zf-567, 1Axg0= 4.6
mg mLfl; zf-67, 1 Asgo = 4.9 mg mLfl; zf-7, 1 Aogo= 5.9
mg mL™%. The final concentration used to prepare dilutions
for mobility shift assays was obtained by multiplying the
concentration obtained by spectrophotometry by the purity
determined by densitometry. Proteins were stored as 4
glycerol stocks at-20 °C.

Mobility Shift AssaysAll aspects of the mobility shift
assays, including preparation of substrates and competitors
experimental procedures for binding assays and competition
studies, and analysis of the binding data, were performed a
described4, and references cited thereiK); values are the

result of three independent experiments except for the second

value listed for zf-123 (end) which is the result of two
independent experiments.

Sequence AnalysiBredicted extinction coefficients were
obtained with the LaserGene package from DNASTAR.
Searches of public databases were conducted using the Linu
versions of blastp and tblastn provided by the National Center
for Biotechnology Informationi4). The accession numbers
for the sequences with significant similarity to dsSRBP-ZFa,
besides PAG608, are AA317148, AA699468, AA393154,
G15698, AA448922, and R55900.

RESULTS
Cloning and Expression of dsRBP-ZFa FragmekRise
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Ficure 1: dsRBP-ZFa protein fragments. (A) The full-length
protein (dsRBP-ZFa), a C-terminal truncation (dsRBP-Xjia),

and various protein fragments are shown schematically. The zinc
finger motifs are shown as rectangles and numbered7, 1
N-terminal to C-terminal. The last four zinc fingers, indicated by
the filled rectangles, are nearly identical repeats while each of the
first three are unique. (B) Following purification and concentration,
each protein preparation was separated by SD&®6 PAGE. A
Phosphorlmager image of the SYPRO Red stained gel is shown,
and positions of molecular mass markers in kDa are indicated to
the right of the gel. The purity of each protein was determined by

5%densitometry to be 69% for zf-123, 67% for zf-4567, 76% for zf-

567, 89% for zf-67, and 87% for zf-7.

fragments of the four C-terminal zinc finger motifs and
surrounding residues (see Materials and Methods). An
illustration of the various protein fragments is shown in

Jrigure 1A. In all overexpressed proteins, the first 21 residues

are derived from the His-tag in pET-16b.

For all proteins, except zf-7, the majority of overexpressed
protein was found in the insoluble fraction (data not shown).
We had successfully obtained active protein following
refolding from guanidine hydrochloride in the past, so this
method was employed with these proteins as well. Addition-

)?Ily, except for zf-123, overexpression resulted in the

production of a single species, and?Niffinity chroma-
tography alone yielded protein preparations that were at least
67% pure (Figure 1B). Following Ki affinity chromatog-
raphy, the zf-123 preparation was found to contain three
major species (data not shown), so it was subjected to
additional purification procedures (see Materials and Meth-
ods). Purified proteins (Figure 1B) were stored as 45%
glycerol stocks at-20 °C.

Mobility Shift AssaysFull-length dsRBP-ZFa is able to

fragments of dsRBP-ZFa coding sequence were generatedind dsRNA and RNA-DNA hybrids in a sequence-

using PCR, cloned into thé&scherichia coli T7-based

independent manner with high affinity (0.5 nM and 1.7 nM,

expression vector pET-16b (Novagen), and subsequently usedespectively)4). In preliminary binding studies, we observed

for protein expression. The protein fragments were named

that zf-67 did not bind dsRNA unti~1 uM protein

according to the zinc finger motifs from dsRBP-ZFa they concentrations, and zf-7 showed negligible binding even at
include. For instance, zf-123 contains the region of dsRBP- ~10uM protein (data not shown). Since we were primarily
ZFa encompassing the 3 most N-terminal zinc finger motifs interested in determining the region of dsRBP-ZFa respon-
(the N-terminal 198 residues of dsRBP-ZFa). The other sible for high-affinity binding, these proteins were not further
proteins, zf-4567 through zf-7, are successively smaller characterized.
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FiGUure 2: Mobility shift analyses of zf-123 and zf-567 binding to
36-mer dsRNA and 36-mer RNADNA hybrid. (A) A 36 bp
dsRNA (RR, 10 pM) or a 36 bp RNADNA hybrid (RD, 10 pM)
was incubated with increasing concentrations of zf-123 or zf-567.
The protein concentrations for lanes-12 of the zf-123+ RR
reactions are, respectively, 10 pM, 50 pM, 150 pM, 400 pM, 600
pM, 800 pM, 1.1 nM, 1.5 nM, 3 nM, 5 nM, 30 nM, 100 nM. The
protein concentrations for lanes-12 of the zf-56 74 RR reactions
are, respectively, 100 pM, 300 pM, 2 nM, 3 nM, 5 nM, 7 nM, 10
nM, 15 nM, 20 nM, 50 nM, 100 nM, 500 nM. The protein
concentrations for lanes112 of the zf-123+ RD reactions are,
respectively, 370 pM, 1 nM, 2 nM, 4 nM, 7 nM, 12 nM, 20 nM,
40 nM, 100 nM, 200 nM, 400 nM, AM. The protein concentrations
for lanes 1-12 of the zf-567+ RD reactions are, respectively, 3.7
nM, 15 nM, 30 nM, 60 nM, 98 nM, 170 nM, 270 nM, 500 nM, 1
uM, 2 uM, 4 uM, 10 uM. The electrophoretic mobilities of free
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Table 1: Summary of Binding Data

protein RR RDP RD/RR
dsRBP-ZF& 5x 10710 1.7x 107° 3.4
zf-123 (begy 4.9x 10710 - -
zf-123 (end) 1.5x 107° 8.6 x 10799 5.7
zf-4567 8.4x 107° 1.6x 1077 19.1
zf-567 9.0x 107° 8.6 x 1078 9.6

236 bp dsRNA 36 bp RNA-DNA hybrid. ¢ The result of dividing
the Ky obtained with the RNADNA hybrid by theKy obtained with
dsRNA.9From @). ¢ TheKy value initially obtainedfand following a
loss in binding activity? TheKq value for zf-123 binding to the RNA
DNA hybrid was determined after the loss in activity.

RNA—DNA hybrid, both derived from the same sequence.
36-mer is not related to any biologically relevant sequence.
Mobility shift assays were performed by mixing increasing
amounts of purified protein with &P-labeled substrate
followed by electrophoresis on a native 6% polyacrylamide
gel. zf-4567 and zf-567 had very similar binding properties,
so only data for zf-567 are shown, and for convenience, these
proteins are sometimes referred to together as zf-(4)567.

Using the data from the 36-mer binding assays, apparent
equilibrium dissociation constant&d) were determined for
each protein and substrate combination (Figure 2B, values
listed in Table 1). Our results show that both the N-terminal
zinc finger motif region and the C-terminal zinc finger motif
region of dsRBP-ZFa are able to bind dsRNA and RNA
DNA hybrids with high affinity. For all fragments, dsRNA
was bound with a higher affinity than RNADNA hybrids.
Additionally, zf-(4)567 binds less well to both substrates than
zf-123 (Table 1). For all fragments, gel shift analyses with
RNA—DNA hybrids showed poorly resolved complexes,
probably because the lower affinity binding resulted in
complexes that were unstable during electrophoresis. Note
that this did not affect measurement of tKgvalues since
these were determined by quantifying the disappearance of
free substrate.

The Ky values were based on the assumption that the
protein used in the assays was fully active, but we do not
know if this is true. Over the space of time in which the
binding studies were conducted, the activity of the zf-123
protein preparation decreased approximately 3-fold. As such,
we have reported twdy values for this protein. Thé&y
values reported for the binding of zf-123 to RNANA
hybrids were measured after the decrease in activity, and,
thus, comparisons of substrate binding between the various
fragments should use the secdkgvalue reported for zf-
123 (Table 1, end). The activity of zf-(4)567 remained

and bound substrate are indicated to the left of these representativeeonstant through the course of binding studies.
Phosphorimager images. The band appearing in all samples near gypstrate PreferenciVe further characterized the binding

the top of the autoradiogram derives from material caught in the

well of the gel; radioactivity from this band was included in the
value calculated for the total radioactivity of the lane (see Materials
and Methods and ref§ and 17). (B) K4 determination. Primary

properties of zf-123 and zf-(4)567, by using tritiated or
nonradioactive dsRNA, ssRNA, RNADNA, and DNA
substrates, all derived from a 100-mer sequence, as competi-

data for zf-567 binding to 36-mer dsRNA were generated in tors of binding to%?P-labeled 36-mer dsRNA. The various
independent experiments and quantified. Each point in this typical 100-mer substrates were derived from the same sequence

graph is an average of three experiments and error bars represe

+ standard deviation from the mean. Data from other binding
reactions were similarly analyzed (see Materials and Methods).

We determined the ability of zf-123, zf-4567, and zf-567
to bind dsRNA and RNA-DNA hybrids using a gel mobility

"nd have no relationship to 36-mer or to any naturally

occurring sequences. The ability of each 100-mer substrate
to compete at &, 10x, and 106« molar excess over 36-
mer dsRNA was measured in gel mobility shift assays
(Figure 3A). These data show that, for zf-123, dsRNA and

shift assay (Figure 2A). Two different substrates were used RNA—DNA hybrids compete equivalently, while dsRNA

in the mobility shift assays: a 36-mer dsRNA and a 36-mer

competes better than RNADNA hybrids for zf-(4)567
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Ficure 3: Competition studies with zf-123 and zf-567. (A) Phosphorimager images of two representative mobility shift competition assays
are shown. The ability of four substrates (RR100 bp dsRNA, R= 100 base ssRNA, RB 117 bp RNA-DNA hybrid, DD = 143 bp

dsDNA) to compete for either zf-123 or zf-567 binding to radiolabeled 36-mer dsRNA (10 pM) was assayed. zf-123 was present at 1.5 nM
and zf-567 at 9.0 nM in all lanes, and competitors were addeckafl@x, and 100« the concentration of 36-mer dsRNA. (B and C) The

ability of each substrate to compete was determined as in (A) in three experiments and the average shown graphically. Error bars represent
=+ standard deviation from the mean.

binding (Figure 3B,C). For all three proteins, sSRNA and acid binding properties of five different fragments of dsRBP-
DNA do not compete significantly until present at 200  ZFa. We showed that fragments of dsRBP-ZFa encompassing
molar excess. the three N-terminal unique zinc finger motifs, and another
encompassing the last three of the nearly identical motifs,
DISCUSSION bind dsRNA and RNA-DNA hybrids with high affinity
dsRBP-ZFa is the only characterized ZFP known to bind (Figure 2A). The fragments hau& values similar to that
dsRNA with high affinity. On the basis of previous results, for the full-length protein and, like the full-length protein,
and the fact that the first three zinc finger motifs in dsRBP- do not significantly bind ssRNA or DNA (Figure 3A).
ZFa are different from the last four, we examined the nucleic However, zf-123 and zf-(4)567 differ in their relative
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affinities for dSSRNA and RNA-DNA hybrids (see below). dsRBP-ZFa was not the first protein found to bind dsRNA,
AlthoughKq values were not determined for the proteins with rather, several investigators have reported dsRNA binding
one and two finger motifs, the C-terminal region appears to by proteins containing another sequence motif named the
require at least three of the four zinc fingers for high-affinity dsRNA-binding motif (dSRBM) 17—19). These proteins
binding (nM). Future studies to determine how many of the have binding characteristics similar to dsRBP-ZFa: they bind
three unique N-terminal motifs are sufficient for dSRNA dsRNA with high affinity, and while some also bind RNA
binding will be informative. DNA hybrids (17), they do not bind ssSRNA or DNA.

The partial cDNA clone initially isolated in our expression A Model for dsRBP-ZFa Bindingn our previous report,
library screen encoded only the five C-terminal zinc finger W€ determined an apparent binding site size for full-length
motifs (4). As such, when designing dsRBP-ZFa fragments, 4SRBP-ZFa of 1825 base pairs (bp) by considering the
we concentrated on this region of the protein since it seemednuUmber of shifts observed with 36-mer (2 shifts) and 100-
most likely to be involved in binding dsRNA. Additionally, Mer (4 shifts) dSRNA substrates. At that time we did not
the presence of four nearly identical repeats in this region Know if the first three fingers were able to bind dsRNA, so
seemed more than coincidental and suggested that dsRNAVE could not prgdlct the site size of eac.h mdmdual fmger.
binding might require a specific zinc finger sequence. We Although we still do not know if the zinc finger motifs
speculated that dsRBP-ZFa binding might be modular like themgelve_s (rgth_er than the_ linkers) are respon5|ble_for_ the
TFIIIA, and that the C-terminal zinc finger motifs might bind ~ NUcléic acid binding properties of dsRBP-ZFa, the binding
one type of nucleic acid, such as dsRNA, while the site size calculated per finger is consistent with that
N-terminal finger motifs might fill another role, such as detérmined for fingers within other ZFPs. For example, in
binding DNA or another proteirgj. However, unexpectedly, DNA-b|nd|_ng ZFPs, each zinc finger motif typlcally occupies
our studies with fragments of dsRBP-ZFa showed that both 3 PP, and in the case of ZFPs such as Sp1 or Zif268, which
the N-terminal and C-terminal zinc finger motifs bind dsRNA  contain three zinc finger motifs, a contiguous 9 bp sequence

and RNA-DNA hybrids with high, but slightly different, is recognized Z0, 2J). If the zinc finger motifs in dsRBP-
affinities. ZFa bind similarly, the seven zinc finger motifs would be

. . . expected to occupy 21 bp, a number consistent with the
dsRBP-ZFa Fragments leferentlally. B'nd, dsRNA and binding site size for the full-length protein. However, for
RNA-DNA Hybrids. Our previous studies with the full- reasons explained below, dsRBP-ZFa likely binds dsRNA

length protein, in combination with theq measurements  igterently than zif268 and similar proteins bind DNA.
(Table 1) and competition studies (Figure 3) reported here, o cocrystal structure of zif268 with its DNA site
indicate that dsRBP-ZFa and its fragments bind dsRNA better .o o214 that the protein has a C-shape which wraps around

than RNA-DNA hybrids. prgver, the specificit.y for  ihe DNA, following the path of the major groove. This mode
dsRNA over RNA-DNA hybrids is most apparent with the ¢ i ing would be topologically problematic for multifinger

fragment zf-(4)567 (see RD/RR ratio, Table 1 and Figure ,qteing such as dsRBP-ZFa or TFIIIA since it would result
3). Possibly, the C-terminal zinc fingers represented in zf- iy the protein twisting around the DNA for up to three helical
(4)567 are less suited for binding to RNBNA hybrids — ,ns ‘When the cocrystal structure of the first six fingers
than the N-terminal fingers. For example, the interactions ¢.om TEIIA in complex with 31 bp of the 5S ICR was
that occur with zf-123 may be less sensitive than zf-(4)567 determined, it revealed a unique mode of DNA binditig){

to the lack of a 20H on one strand. RNADNA hybrids —\yile fingers 13 of TFIIIA wrap around the major groove
have a conformation in which the DNA strand forms a of DNA and bind in a manner similar to Zif2682, 22

structure intermediate between A- and B-form while the RNA fingers 4-6 do not (12). Instead, fingers 46 bind in an

strand maintains an A-form conformatiody, 1§. Thus, extended conformation in which only finger 5 makes contacts
alternatively, the N-terminal finger regions of zi-123 may \yith hases in the major groove, while fingers 4 and 6 straddle
be more suited to induce the DNA strand of an RNANA the flanking minor grooves.
hybrid to assume an A-form helix. In our mobility shift assays with dsRBP-ZFa fragments,
One important consequence of the binding studies reportedup to three shifts are visible for zf-123 binding to 36 bp
here is the expansion of the number of zinc finger sequencesdsRNA, while only one or two shifts are observed for zf-
(or linker sequences) that are known to bind dsRNA. Since (4)567 binding to 36 bp dsRNA. This suggests zf-123 has a
zf-123 and zf-(4)567 do not share zinc finger regions of the maximum binding site size of 12 bp, while zf-(4)567 has a
same sequence, and they both bind dsRNA, dsRBP-ZFa musbinding site size between 18 and 36 bp. If zf-123 were an
contain at least two zinc finger regions capable of high- Spl-like ZFP, its three fingers would be expected to occupy
affinity binding to the A-form helix. Since it is likely that  a minimum of 9 bp, and to occupy at least 27 bp when three
more than one finger in each fragment interacts with dsRNA, zf-123 proteins simultaneously bind one dsRNA molecule.
dsRBP-ZFa probably provides examples of several different Thus, data for zf-123 are consistent with a model in which
zinc finger sequences with the capability to bind dsRNA. it binds dsRNA like the first three fingers of TFIIIA or Zif268
Of course, it is important to keep in mind that, because the binds DNA. On the other hand, the dsRNA binding of zf-
linkers joining the zinc finger motifs in dSRBP-ZFa are much (4)567 is more consistent with this protein binding in an
longer than in other ZFPs, it is not possible to attribute the extended conformation similar to that found with fingerss4
novel binding properties solely to the zinc finger motifs; from TFIIA.
possibly the linkers do the actual binding. It might be  Finally, it is important to note that since zf-123 and zf-
informative to substitute the conserved linker found in many (4)567 bind dsRNA with an affinity very close to that of
ZFPs for those in dsRBP-ZFa to determine if they are the full-length protein, the binding energy of the full-length
required for binding. protein cannot merely be a sum of the interactions that occur
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with the fragments. Given our data, it is possible that the binding. Future experiments that investigate the nucleic acid
full-length protein gains all of its binding energy using only binding preferences of other ZFPs similar to dsRBP-ZFa will
a subset of its zinc fingers. However, an alternative explana- continue to expand our understanding of the versatile zinc
tion is that there are unfavorable interactions between thefinger motif.
various zinc fingers when they exist together in the intact
protein, or between the basic zinc finger region and the ACKNOWLEDGMENT
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