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Protein structural change plays an important or critical role in
biologically related events such as the protein-folding protess,
functional regulation (for example, serine protease inhibitord
calmodulirf), and conformational diseasdn view of not only
understanding such dynamic properties of proteins but also design-

ing a functional protein, it is interesting to create an artificial protein ) )
Figure 1. Structures of Antennapedia homeodomain mutant (des(1-6)Antp-

which induces structural change and also regulates its function by(csgs)) (PDB ID: 1SAN) (leftf and Sp1 finger 2 (PDB ID: 1SP2)
a simple cofactor such as a metal ion. Thus far, considerable studiegyight) 14 typical of a GHx-type Zinc finger.

on the design of metalloproteins have been perforfriadnost of

them, the metal-binding site was constructed on a natural protein _—)—a)— ) ) Heix

i 7 H Consensus : F/Y-C--{--)C-=-F-----L--H---H
scaﬂold,.usmg the fixed backb.one model of the protgln. However, Target motit & 5 {156y =) Sheet
the studies focused on protein structural change in the field of

: : : : Phe, Tyr, Trp. w: Leu, lle, Val, Met.
metal_lopr_oteln _de5|gn are very sparse, altho_ugh the designs of Motif searching from PDBSTR :: any amino acid"'except dandy.
proteins inducing a domain motidror unfolding have been a:anyam;noac;gexceptc‘,fs.
reported. Here, we successfully engineered a novel protein, “An-  anyennapedia homeodomain mutant ~any amno &

tennafinger (Ant-F)”, whose structure and function can be controlled Helix | Helix 11 Helix Il Helix IV

through Zn(ll) binding by introducing the consensus residues of @ Ant-wt :TYTR YOTLELEKEF HFNRYLTRRR RIEIAHALSL TERQIKIWFQ NRRMKWKKEN
Ant-F :TYTR ¥QULECEKEF HFNRYLTRHR RIHIAHALSL TERQIKIWFDQ NRRMEWKKEN

CysHis,-type zinc finger motifinto a non-metalloprotein scaffold, ARt-F-CC:TYTR YQULECEKEF HFNRYLTRRR RIEIAHALSL TERQIKIWFQ NRRMKWKKEN

H H H Ant -F-HH:TYTRE YQTLELEKEF HFNRYLTRHR RIHIAHALSL TERQIKIWF( NRRMEWEEKEN
an Antennapedia homeodomain mutant (Ant-wt) (Figures 1 and 7 10 20 o o o s
2)8

. . . Figure 2. Design scheme of Antennafinger (Ant-F) by GenomeNet Motif.
In the first step of the design procedure, the consensus residues

of the CysHisytype zinc finger were employed as a metal- Sequence and are not _altereq sign_ificantly by.Fh_e mutations.
responsive sequence, which is introduced into a scaffold protein Considering the aromaticity, aliphaticity, hydrophilicity, and the

and is essential for conformation Change_ Thezaﬁ_type zinc molecular Shape Of Side ChainS Of the amino aCidS to mutate, the
finger belongs to ubiquitous DNA binding motifs and contains the Motif was determined to bg-X-0-Xz 40-Xg-¢-X5-1)-X2-1-X5-7, Where
consensus sequence, “-Y/F-X-GpC-Xg-F-Xs-L-Xp-H-Xa_5-H-*, ¢ corresponding to the Tyr or Phe of the consensus sequence

where x represents relatively nonconserved amino acids. Thisepresents Tyr, Phe, and Trp, corresponding to the Leu shows
domain folds from a disordered state intof@a structure by ~ Leu, lle, Val, and Metz corresponding to the His represents any
tetrahedral Zn(Il)-coordination with the conserved &is; resi- amino acid except those gf andy, o corresponding to the Cys
dues, and the remaining conserved residues stabilize this fold,fePresents any amino acid other than Cys and precludes the zinc
forming a hydrophobic core. These amino acid residues are finger sequence in searching, and x shows any amino acid. As a
advantageous for a metal-responsive sequence, because Zn(ll)tesult of searching for the motif, Ant-wt was selected for a scaffold
binding is easily analyzed by Co(ll)-substitution experim&atsd among proteins found from the database. Ant-wt is a structure-
the residues are necessary and sufficient to determine the zinc fingefd€termined portion of a mutant (des(@)Antp(C395S)) derived from
structure according to a previous rep¥riVe anticipated that the ~ Antennapedia homeodomain, which is a DNA-binding protein
introduced consensus residues act as a signal of Zn(ll)-inducedinvolved in developmental control @rosophila des(t-6)Antp-

conversion of the original structure of a scaffold protein to that of (C39S) consists of four helical regions and also binds to DNA.
the zinc finger. The reason this protein was chosen is that it is small (54 residues)

The next important step is to find a scaffold protein whose and does not contain a metal ion or a disulfide bond, and its function
structure is well-defined and is not lost by introduction of the IS well understood. Therefore, Ant-F was constructed from Ant-wt

consensus residues. The desired protein was obtained by utilizingith only four point mutations to 2 Cys and 2 His residues, and
the GenomeNet Motif (http://www.motif.genome.ad.jp). In this this protein was synt_hesaed by the Fmoc-solld-phase technlque.
system, proteins with a particular sequence pattern, that is, a motif, 1Ne circular dichroism spectrum of apo-Ant-F displays negative
are selected from a protein database. From PDBSTR, which is aCotton effects at 208 and 222 nm, typical of@helical structure
sequence database of proteins registered on the Protein Data Banf]222 nm = —19400 degcn?-dmol™), and remarkably re-
(PDB), we searched for a protein with a motif whose inherent Sembles that (flazs nm = —19600 degerm?-dmol™) of Ant-wt
sequence characteristics are analogous to those of the consensi@ 4 °C, suggesting that Ant-F has secondary structures similar
to that of Ant-wt in the absence of Zn(ll) (Figure 3(a)). In

*To whom correspondence should be addressed. E-mail: sugiura@ th? presenc.e of .Zn(”)' on.the other hand, the negative ellip-
scl. kyoto-u.ac.jp. ticity appreciably increases in the spectrum of Ant-#{}> nm=

9362 = J. AM. CHEM. SOC. 2002, 124, 9362—9363 10.1021/ja026577t CCC: $22.00 © 2002 American Chemical Society



COMMUNICATIONS

(a) (0) (@) (b)
-6 3
° - 0.05
e,k £ 0.04 1 R " p—
o 44 8 0.03
& 2 8002 - - e e e
<
§)2 I 0.014 123456 78910112 123 456789101112
k=i 0 1 0 160 200 a0 Figure 4. Gel mobility shift assay for Ant-wt (a) and Ant-F (b) bindings
T o] T % [Zn(ID] (uM) to BS-2-28 in the absence (lanes-@) or the presence (lanes-12) of
= _2 . Zn(Il) (20 uM). (a) In lanes 6 and lanes #12, protein concentrations
Tz | 0 e [ were 0, 125, 250, 500, 1000, and 2000 nM, respectively. (b) In lan€s 1
= T am i i i T i i and lanes 712, protein concentrations were 0, 250, 500, 1000, 2000, and
200 220 240 260 300 400 500 600 700 800 4000 nM, respectively.
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Figure 3. (a) CD spectra of Ant-wt (14.2M) (dotted line) and Ant-F yiqnciation constant of (6:2 0.7) x 107 M. The affinity of Ant-F

(16.9uM) (solid line) in the absence of Zn(Il) and Ant-F (16:M) (dashed o
line) in the presence of Zn(ll) (26M) at 4°C. (b) Optical absorption spectra  Was 2.5-fold lower than that of Ant-wig = (2.5+ 0.3) x 10°7

of Co(ll) complexes of Ant-F (73.8M) (solid line), Ant-F—CC (66.4uM) M)16 but was maintained moderately. In the presence of Zn(ll), by
(dotted line) and Ant-FHH (62.5uM) (dashed line). A saturating amount  contrast, the binding affinity for BS-2-28 decreased by more than
of C_o(II) was added to the prc_)teins. Th_e spectra were correct_ed for the 10-fold (Kq > 8 x 108 M), whereas Ant-wt binds to BS-2-28
peptide and free Co(ll) absorptions. The inset shows the Zn(ll) titration of _ . L .
Ant-F (71.5uM) in the presence of excess Co(ll) (6.34 mM), monitored with almost the same affinity as in the absence of Zn(k) &
by the absorbance at 631 nm. (2.44 0.4) x 1077 M). These results show that Ant-F can regulate
DNA-binding affinity through a Zn(ll)-induced structural change.
We first create an artificial protein, Ant-F, which has the
consensus residues of a Giigs,-type zinc finger in the sequence
of Ant-wt. Interestingly, Ant-F regulates its DNA binding activity
through Zn(ll)-triggered structural alteration. The results provide
valuable information on protein dynamics and a novel concept for
metalloprotein design.

—10900 degcm?-dmol1), different from the case in that of Ant-
wt ([0]222 nm = —19800 degcn?-dmolt). This result clearly
demonstrates that Zn(ll)-binding induces a structural change in
Ant-F and a decrease in thehelical content! Optical absorption
spectra of the proteinCo(ll) complexes were measured to inves-
tigate the metal-binding mode of Ant-F (Figure 3b). The spectrum
of the complex of Co(ll) and Ant-F shows absorption bands inthe ~ Acknowledgment. We thank Dr. S. Futaki for helpful advice
UV and visible regions, indicative of ligand-to-metal charge-transfer on the synthesis and purification of the proteins.

(LMCT) transitions and etd transitions, respectively. The LMCT
band indicates thiolate coordination, and the intensity7 (nm =
21304 10 M~*-cm™1) corresponds to two Co(Hthiolate bondg?
The intensity of the ed transition band €jmax = 539 + 40
M~1.cm™) is characteristic of a tetrahedral compléxand also
the band shape and positioiigx = 631 nm) are similar to that of  References
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