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The C2H2-type zinc finger is one of the most typical DNA
binding motifs found in various DNA binding proteins and has a
ââR structure formed by the zinc complexation with two cysteines
and two histidines as ligands.1 The structural analyses of several
C2H2-type zinc finger-DNA complexes revealed the characteristics
of this motif in DNA binding as follows: (1) the zinc finger
structure is repeated by the connection with a specific linker, (2)
each finger structure binds to a three-base-pair subsite of DNA with
its R-helix facing toward the major groove, (3) the amino acid
residues at four key positions in theR-helix of each finger unit
make a 1:1 contact with the DNA bases at specific positions, and
(4) the overall arrangement of the peptide is antiparallel to the
primary interacting strand of DNA.2 This modular DNA recognition
mode provides the expectation of the development of a DNA
recognition code for the zinc finger. In practice, libraries of zinc
finger variants have been created by designed and phage display
strategies.3 The attempt has had moderate success, but the sequences
which are not recognized by any zinc fingers still remain.

Most of the natural proteins with C2H2-type zinc fingers bind to
GC-rich sequences by mainly recognizing guanines. Human
transcription factor Sp1 also contains three C2H2-type zinc fingers
in the C-terminal domain (fingers 1-3) and binds to the GC box,
5′-GGG GCG GGGC-3′.4 On the other hand, the C-terminal three
of six C2H2-type zinc fingers (fingers 4-6) derived fromDrosophila
transcription factor CF2-II possess a sequence preference for the
AT-rich element, 5′-GTA TAT ATA-3 ′.5 In this communication, a
novel zinc finger peptide binding to the AT-rich sequence was
created byR-helix substitution between these proteins (Figure 1A).
Figure 1B shows the primary sequences and target DNA subsites
of the three zinc fingers of Sp1(zf123)6 and Sp1HM. Sp1HM is a
helix-substituted chimeric mutant between Sp1(zf123) and CF2-II
and itsR-helix of each finger is replaced by that of fingers 4-6 of
CF2-II.7 The folding property of Sp1HM was analyzed by the
measurement of the circular dichroism spectrum (Figure 2A). The
spectrum of Sp1HM is comparable with those of Sp1(zf123) and
the single zinc finger peptide.8 Negative Cotton effects with a
minimum at 206 nm and a shoulder around 222 nm suggest that
Sp1HM has an ordered secondary structure, namelyR-helices.9

The DNA binding affinity and specificity of Sp1HM for GC:
5′-GGG GCG GGGC-3′ and AT: 5′-GTA TAT ATA-3 ′ were
evaluated by gel mobility shift assays, and the dissociation constants
for each substrate were determined (Figure 2B, Table 1).10 It is
expected that Sp1HM has a preference for AT since itsR-helix for
DNA recognition in each finger is derived from that of CF2-II.
Sp1HM binds to AT with 3.2 and 1330 nMKd values in the absence
and presence of competitor DNA, respectively. In contrast, theKd

values of Sp1(zf123) for GC in the absence and presence of
competitor DNA were 4.0 and 46.1 nM, respectively. No evident
binding complex for Sp1(zf123)-AT or Sp1HM-GC was detected
under our experimental conditions. These results suggest that
Sp1HM binds to AT with a high affinity and specificity. The zinc
finger peptide for the TATA box (5′-GCT ATA AAA-3 ′) was

* To whom correspondence should be addressed. E-mail: sugiura@scl.
kyoto-u.ac.jp.
† Present address: Faculty of Pharmaceutical Sciences, Tokushima University,
Tokushima 770-8505, Japan.

Figure 1. (A) Strategy ofR-helix substitution for the design of a new zinc
finger. (B) Primary sequences and target DNA triplets of zinc fingers of
Sp1(zf123), CF2-II, Sp1HM, Sp1F2HM, and Sp1QTQ. Cysteines and
histidines for zinc ligands are shown as red characters. Yellow, green, and
blue colored boxes indicate the helical regions derived from the fingers 1,
2, and 3 of CF2-II, respectively. The sequences of fingers 1 and 3 of
Sp1F2HM and Sp1QTQ are identical with those of fingers 1 and 3 of Sp1-
(zf123), respectively.

Figure 2. (A) Circular dichroism spectra of Sp1(zf123) (solid line) and
Sp1HM (dotted line) were recorded on a Jasco J-720 spectropolarimeter in
10 mM Tris-HCl (pH 8.0), 50 mM NaCl, 1 mM dithiothreitol, and 5µM
peptide at 20°C. (B) Gel mobility shift assay for determining the dissociation
constant of Sp1HM in the absence of competitor DNA. The peptide
concentrations are shown in the figure.

Table 1. Dissociation Constants (Kd) for Sp1(zf123) and Sp1HM
in the Presence and Absence of Competitor DNAs

Kd (nM)a

binding site Sp1(zf123)
Sp1(zf123) +

CT DNAb Sp1HM
Sp1HM +
CT DNA

GC 4.0( 0.1 46.1( 2.9 NBD NBD
AT NBDc NBD 3.2( 1.6 1330( 163

a Dissociation constants were estimated by titration using a gel mobility
shift assay. Values are averages of three independent determinations with
standard deviations.b CT DNA, calf thymus DNA.c NBD, no binding
detected.
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created by Greisman and Pabo.12 They used the three-zinc-finger
domain derived from Zif268 as a framework and succeeded in
selecting the TATAZF by the sequential selection strategy based
on the phage display technique. The TATAZF binds to the TATA
box with a 0.12 nM dissociation constant,12b indicating that the
DNA binding affinity of the zinc finger peptides for AT-rich
sequence is estimated at less than nanomolar order.13 These results
imply that our rational design is also effective and convenient for
creating zinc finger peptides with a high affinity comparable with
that of zinc fingers selected by the phage display technique.

Recently, the crystal structure of a TATAZF-TATA box complex
was resolved by Pabo et al.14 In the complex, TATAZF makes base
contacts unpredictable from the conventional DNA recognition rule
of zinc fingers. Namely, the amino acids at two helical positions,
1 and 5, are essential for binding affinity and specificity in addition
to those at the four key positions. The importance of such amino
acids in the DNA binding affinity and specificity has also been
reported in the DNA binding of CF2-II,5c suggesting that Sp1HM
has similar unusual base contacts.

Despite the increase in the amino acid-DNA interactions, the
present results clearly demonstrate that the affinity of Sp1HM for
its target DNA sequence is almost the same as that of Sp1(zf123).
Moreover, TATAZF binds to the target DNA less tightly than
Zif268.12 In comparison with the Zif268-DNA complex in which
the main interaction force for base recognition is the hydrogen bond,
a hydrophobic or van der Waals interaction as well as a hydrogen
bond are dominant in the TATAZF-DNA complex. The binding
energy of the van der Waals interaction is about 10-fold smaller
than that of the hydrogen bond, indicating that the increase in the
number of interactions between the amino acids and bases is not
sufficient for the DNA binding of TATAZF with high affinity. Along
with the interaction force, the ascendancy in the bidentate guanine
recognition by arginine, in which two hydrogen bonds are formed,
may provide a higher DNA binding affinity of Zif268. In view of
our peptide design, this consideration is also applicable to our
system and accounts for the almost same or lower binding affinity
of the zinc finger peptide for AT-rich sequence in comparison with
that for the GC-rich sequence.

The creation of the zinc finger binding to the sequences
alternating between the AT- and GC-rich subsites is one of the
important subjects in zinc finger-DNA interaction. To examine
the validity of our strategy, we prepared the zinc finger peptides
for such sequences by helix substitution (Sp1F2HM) and the point
mutations of four key positions (Sp1QTQ) and then examined the
DNA binding of the peptides (Figure 1B).15 Sp1F2HM was strongly
bound to its target sequence (Kd ) 3.6 ( 0.1 nM), although
Sp1QTQ formed no stable complexes with GC, AT, or the target
sequence (data not shown). However, the second finger of
Sp1F2HM could not distinguish 5′-TAT-3′ from 5′-ATA-3′. Of
interest is the contrast between Sp1F2HM and Sp1QTQ. These
results strongly indicate that our strategy ofR-helix substitution is
also effective in the creation of the zinc finger peptide binding to
the sequences alternating between the AT- and GC-rich subsites,
although more effort has to be made to produce those with a higher
specificity.

In this communication, we propose a novel strategy for the
creation of new zinc fingers by helix substitution. Based on this
strategy, we have succeeded in producing not only the zinc finger
peptide for the AT-rich sequence, but also the initial one for the
sequence alternating between the AT- and GC-rich subsites. The
strategy is evidently effective and is also more convenient than the

phage display method. Consequently, our design method is widely
applicable to creating zinc finger peptides with novel binding
specificities.
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