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The design of molecules that target desired DNA sequences has
been one of the major challenges in the field of molecular E
recognition. The most successful strategy to date uses polyamides . 1Kd -
containing N-methylpyrrole andN-methylimidazole recognition . i —
elements to systematically read a wide variety of sequences from

the DNA minor groové. Native sequence-specific DNA binding * PAGE

. <4 DNA Pool
4 rFcr

proteins, in contrast, recognize the rich information in the major ) _
groove of DNAZ The major groove is specifically targeted by — *'W‘a"m" of DNA bound to the dimer
multifinger proteins prepared from the Giis, zinc finger motif == |Fro0 DNA

with the phage display technigtend by the triple helix formatiof.
However, no example has been reported for systematic recognitionFigure 1. A SAAB cycle to determine a target sequence of a short
of DNA sequences by short peptides despite the fact that native Peptide (open box) by using its heterodimer with GAd (hatched box). Amino
DNA-binding proteins mostly utilize short peptide regions for the 'Ia'EXAT?eSga&?ng&-ﬁQin(g;@ﬁngRCYCI;?QSE?_\EENAI/K;/%IT(AS??IIDKKI?AAKRQ’\(I;-
direct contact to three or four DNA base pdit/hile short peptides NH,, respectively.
could potentially provide an alternative element to read-out DNA
sequences from the major groove, it is difficult to determine heterodimeﬁjthereby faCIIItatlng the location of the other peptlde
sequence-preference of de novo designed monomeric short peptidedn the major groove of the randomized N5 sequence. A binding
Because DNA-binding affinity and specificity of short peptides are Mixture of the 53?P-end-labeled DNA pool and the peptide dimer
usually much lower than those of native DNA-binding proteins, is separated into the peptide dimer-bound and the unbound DNA
determining sequence-preference of short peptides by conventionaby polyacrylamide gel electrophoresis (PAGE). The peptide dimer-
methods utilized to deduce the target sequence of proteins, such a§ound DNA is recovered from the gel, and is amplified by the
the DNase footprinting, often produces unclear outcomes. We Polymerase chain reaction (PCR). The resulting DNA pool should
report here a general strategy for defining the sequence-preferenc&ontain a higher population of the specific DNA for the heterodimer,
of a DNA-binding short peptide using the heterodimers. Our method implying that the fraction of dimer-bound DNA would increase
successfully identified specific sequences of short peptides derivedWith the progress of the SAAB cycle. The SAAB cycle is repeated
from native DNA-binding proteins. The usefulness of this approach until no more increase in the binding efficiency is observed, then
has been demonstrated by identifying preferred DNA targets for a the resulting DNA pool is cloned into a vector, followed by
peptide composed only af-amino acids. sequencing to determine the selected nucleotide sequence at N5.
Short peptides derived from the basic region of leucine zipper In the whole scheme of the experiment, the binding condition for
protein GCN4 cooperatively bind the major groove of native GCN4  the peptide dimer with the pool of DNA is critical for successful
b|nd|ng sequence as a dimer upon Simp|e modifications with selection of the target sequence. We first Optimized the blndlng
B-cyclodextrin and adamantafeThe cyclodextrin-adamantane ~ condition by using a peptide dimer consisting of GAd and its
dimerization is also effective in forming a heterodimer of two cyclodextrin derivative GCd, for which the target DNA sequence
different peptides. Because the heterodimer binds DNA more already has been determingd.

strongly and specifically than the peptide monomer daesjuence For the initial three SAAB cycles, a low salt condition (4 mM
preference of the peptide would be easily determined in its KCI) has been applied to form the DN/peptide dimer complex.
heterodimeric form. The fraction of DNA bound for the GAd/GCd dimer (200 nM)

The specific DNA sequence for the heterodimer is determined Was increased to 49% at the third round, but the resulting DNA
by the selected and amplified binding site (SAAB) imprinting Pool did not reveal any characteristic sequence at the N5 region.
techniquéthat has been widely used to determine the optimal DNA- From the fourth SAAB round, binding reactions were performed
binding sequence for native protein from a pool of DNA sequences With 100 mM KCI and a nonspecific competitor DNA poly(dI-
(Figure 1). A DNA pool containing five randomized base-pairs dC). In the ninth round, 61% of DNA was bound to the dimer (200
(N5), which provide enough binding site size for a short peptide, "M), suggesting that the DNA pool has been enriched with the
adjacent to SATGAC-3 is chemically synthesized to cover all ~ Specific sequence for GAd/GCd. Clones from the ninth round DNA
the possible binding sequences for the heterodimer. The basic regiorPool dominantly afforded the'8&5TCA(T/C)-3 sequences at the
peptide of GCN4 modified by the adamantyl group at its C-terminal N5 region (Table S1). Native GCN4 dimer binds thelf&ACTCA-
cysteine (GAd) anchors at the 'BATGAC-3 sequence in a 3 0or 5-TGAC-GTCA-3, with the outer two base pairs being either
AIT or G/C? indicating that the condition applied here (Table 1)
* To whom correspondence should be addressed. E-mail: t-morii@iae.kyoto- is sufficient to deduce the specific binding sequence of the GCN4
ghacp. basic region peptide. The SAAB condition was next applied to select
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Table 1. Binding Conditions for the Peptide Dimer and DNA Used
in SAAB?
SAAB round KCI di-dc

1 4 mM

2 4 mM 20uM

3 4 mM 30uM

4 100 mM 20uM

5-12 100 mM 3uM

aThe binding mixture contains 20 mM Tris-HCI (pH 7.6), 2 mM MgCl
1 mM EDTA, and 6% sucrose.
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Figure 2. (A) An autoradiogram of the gel shift assay shows GAd/DGCd
binds more efficiently to CRD than HS. Peptide concentrations from left
to right were 0, 10, 20, 40, 100, 200, 400, 600, 800, 1000, and 2000 nM
for both CRD and HS. Semilogarithmic plots show the fractior’4-
labeled CRD (filled circles) and HS (open circles) bound to GAd/DGCd.
(B) Circular dichroism differential spectra of GAd/DGCd in the absence
(open circles) or presence (filled circles) of CRD show an increase of the
right-handed helix upon binding to CRD. Spectra of monomeric free GAd
(dotted line) and DGCd (solid line) indicate both peptides are in the partially
helical conformation but with an opposite handedness. GAd forms a full-
helical structure (crosses) upon binding teAF GAC-3'.

cyclodextrin (CCd} derived from the DNA binding region of
transcription factor C/EBM The fraction of DNA bound to the
heterodimer GAd/CCd raised to 55% in the tenth round SAAB,
and the resulting DNA pool was sequenced to give predominantly
5'-GCAA(T/C)-3 at the N5 region (Table S1), which exactly
matched with the preferential binding sequence of native C/EBP.

These results demonstrate that the target DNA sequences of short @

peptides are determined by the SAAB system with use of the
heterodimer.

A peptide composed af-amino acidsg-peptide) shares an exact
mirror image structure of the correspondirgeptide, and has been
demonstrated as a potential dA3gA short b-peptide with DNA
binding ability would be an excellent candidate for the major
groove-binding element. To ascertain the DNA binding-gfeptide,
the SAAB procedure was next applied to a heterodimer of the
p-amino acid analogue of the GCN4 basic region peptide (DGCd).
The fraction of DNA bound to the GAd/DGCd dimer was 28% in
the third round, where no distinct pattern was observed for the
sequences at the N5 site. By repeating SAAB to the ninth round at
high salt conditions, the fraction of DNA bound to GAd/DGCd
was recovered to 28%, and sequencing of the DNA pool revealed
an increase in the population G ACNNN-3' at the N5 site (Figure
S1). SAAB was repeated further, but the DNA binding efficiency
moderately increased to 38% in the twelfth round. Out of eighteen
clones sequenced, eight clones possess&€CACN-3, three 5
ACGNN-3, and two 5ACCNN-3 at N5.

Specific DNA binding of GAd/DGCd was verified by using a
DNA containing the most abundartATGAC-ACACA-3' (CRD)
sequence (Figure 2A). The GAd/DGEEGRD complex was formed
in a cooperative manner, and titration of the gel shift afforded an
equilibrium dissociation constant of 3.5110-14 (M?). GAd/DGCd
bound less efficiently to a DNA containing-BTGAC-ACTGC-

3' (HS) (Figure 2A) with a dissociation constant of 6.2410°13
(M?), and poorly to a DNA containing 'SATGAC-GCAAT-3

without a cooperative formation of dimeDNA complex (Figure
S2). GAd/DGCd discriminated the selected CRD sequence from
HS even though’'SATGAC-AC-3' is common for both sequences
(Figure S3). Circular dichroism differential spectra revealed a
moderate increase in the intensity of the negative band correspond-
ing to the right-handed helical structure in the complex of GAd/
DGCd—CRD (Figure 2B). GAd composed ofamino acids forms

a full-helical structure in the complex with’-BTGAC-3'.8:9.13
Judging from the intensity of the slightly negative CD signal, DGCd
bound to 5ACACA-3' not in a full-helical structure, although its
helicity seemed to be higher than that in the free from. Examples
of the nonhelical DNA binding motif exist for native DNA binding
proteinst* however, the structure by which tibepeptide binds its
specific DNA sequence remains to be identified.

In summary, our strategy of using the heterodimer of short
peptides with the SAAB technique provides a general method to
determine target DNA sequences of short peptides bound in the
major groove. The method is applicable not only to artificial pep-
tides, but also to other synthetic ligands because the cyclodextrin-
adamantane dimerization domain is easily introduced to various
molecules. The result that e-peptide binds a specific DNA
sequence encourages further design efforts usipgptides with
DNA binding ability. Moreover, it would be interesting to apply
the heterodimer system to a library ofpeptides, which enables
one to selecb-peptides specifically targeting the desired DNA
sequences.
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