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Abstract: Zinc finger constitutes one of the most common DNA binding motifs. Although zinc finger proteins
consisting of CysHis,, CysHis, Cys, and Cys domains are known in nature, a novel Hinc finger protein

has never been observed. Herein, we have created the first artificiatyigés zinc finger protein (k5p1)
engineered by Cys> His mutations of the Cyslis,-type zinc finger transcription factor Spl. The CD features
of the single finger BSp1f2 and three-finger 4$p1 clearly demonstrate the folding of the mutanylgisptides

by complexation with Zn(Il). The NMR study of Zn(l)-4$p1f2 reveals that some distortions of the helical
region occur due to Zn(Il) coordination. The gel mobility shift assay and DNase | footprinting analysis strongly
show the binding of Zn(Il)-&#Sp1 to the GC-box site of duplex DNA. The methylation interference pattern of
Zn(11)-H4Sp1 binding significantly resembles that of the correspondistdpEp1 binding. The present artificial
peptide HSp1 is the first example of a zinc finger containing the Hismain. Of special interest is the fact
that the zinc finger domains of43p1 are folded (although not identical to the native structure) and bind DNA

similar to wild-type GH,Sp1.

Introduction

Metalloproteins play important roles in gene regulation, and
some metal ions also participate in the transcriptional procéss.
In particular, zinc ion is essential as a structural factor for zinc
finger proteins, which constitute one of the most common DNA
binding motifs®10 Zinc finger proteins acquire DNA binding
ability by Zn(Il)-complexatiort! On the other hand, it has been
reported that other metal ions such as Co(ll), Cd(Il), Pb(ll),
Ni(ll), and Fe(ll) can interact with zinc finger proteins by
substitution with Zn(11)12-18 Interestingly, in some of these
“substituted” zinc finger motifs, metal ions influence not only

also functions such as sequence preferrmed DNA cleav-
agel’ Therefore, the utilization of metal-ligation is advantageous
for designing the minidomain possessing DNA binding ability.
Such a metal-containing minidomain, namely the “metallofinger
motif”, is expected to provide valuable information about
metallopeptide-DNA interactions. In addition, artificial met-
allofinger motifs may be useful as a gene therapeutic agent and
a tool for genetic engineering.

In nature, CysHis,-, CysHis-, Cys-, and Cys-type zinc
fingers exist. Among them, the Gyis,-type zinc finger motif
especially possesses the following fascinating characteristics:

the secondary and tertiary structures of the metalloproteins but(1) @ compacifa fold is acquired by Zn(ll)-coordination to
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Figure 1. Novel zinc finger protein (E#Sp1f2 (a) and ESpl (b)) containing Hisdomain.

zinc finger proteins containing the Hidomain have never been

Circular Dichroism (CD) Measurement. The CD spectra of the

found or engineered. Herein, we have created the first novel synthetic single zinc finger peptidesgtSp1f2 and HSplf2, were

Hiss-type zinc finger protein by Cys> His mutations of a Cys
His,-type zinc finger in transcription factor Spl (Figure 1). Of
special interest are the peptide folding and DNA recognition
abilities of the artificial Hig zinc finger protein.

Experimental Section

Chemicals. T4 polynucleotide kinase and the restriction enzymes
were purchased from New England Biolabs (Beverly, MA), except for
Sal and BanHI which were obtained from Takara Shuzo (Kyoto,
Japan) and Nippon Gene (Tokyo, Japan), respectivel$?H]ATP was
supplied by DuPont. Dr. R. Tjian kindly provided the plasmid pBS-
Spl-fl. All other chemicals were of commercial reagent grade.

Peptide Synthesis.The synthesis of the Hismutant peptide

recorded on a Jasco J-720 spectropolarimeter in Tris buffer (pH 7.5)
containing 50 mM NaCl and 5% glycerol at . Similarly, CD
measurements of the three zinc finger proteing{Spl and HSp1,
were also conducted.

Electron Spin Resonance (ESR) DeterminationThe ESR spec-
trum of the 1:1 HSp1f2-Cu(ll) complex was recorded on a JEOL
JES-TE200 ESR spectrometer in Tris buffer (pH 7.5) containing 50
mM NaCl and 5% glycerol.

Nuclear Magnetic Resonance (NMR) Experimentdn the presence
of 1.5 equiv of Zn(ll) ion, the complex solution of,Bp1f2 and Zn(ll)
was prepared at a concentration of 5 mM in 90¥H.0% DO and
D,0 (25 mM Trisds1, pH 5.7). All the NMR spectra were recorded on
a JEOL Lambda-600 spectrometer. The NOESY spectra were acquired
with selective water presaturation (delays alternating with mutations
for tailored excitation pulse) followed by the standard NOESY pulse

(H.Sp1f2) of the middle finger of the three-finger Sp1 was conducted train at 303 K with mixing times of 100, 200, and 300 ms. The TOCSY
by Fmoc-solid-phase synthesis on a Rink amide resin. The peptide chainspectra were obtained with an 80 ms MLEV-17 spinlock duration using
was constructed with a Shimadzu PSSM-8 synthesizer using its standardyater suppression by a gradient tailored excitation pulse at 303 K.

protocol with the benzotriazole-1-yloxytrispyrrolidinophosphonium
hexafluorophosphate  (PyBOP}-hydroxybenzotriazol(HOBt)N-
methylmorpholine (NMM) coupling system. The protected peptide resin
of H,Sp1f2 was treated with trifluoroacetic aeidthanedithiol (95:5)

at room temperature for 2 h, followed by HPLC-purification on a
uBondesphe€,-300 (19 x 150 mm) column. The fidelity of the
product was confirmed by time-of-flight mass spectrometry (TOFMS)
using a Kratos Kompact MALDI 4: calculated mass4224.71 g/mol
and observed mass 4225.30 g/mol.

Preparations of Zinc Finger Proteins GH,Sp1 and HsSp1.C;H,-
Spl, which is the alias for Sp1(53®23), is coded on the plasmids,
pUCSp1(536-623) and pEVSp1(530623), as previously describéd.
The His; mutant, HSp1, was constructed by mutation of six cysteine

Spectra were typically acquired with 24 scans per t1 value for 1024 t1
values, and 2048 complex points were collected in the direct dimension.
The free induction decay in both dimensions was multiplied by the
phase-shifted sine bell apodization function, zero-filled, and Fourier
transformed to yield 2048 by 2048 matrices. Sequential resonance
assignments were determined by standard TOCSY and NOESY
procedures?

Structure Calculation. The initial starting structure, the 48p1f2
coordinates, was generated by the substitution of two Cys side chains
of C;H,Sp1f2 PDB coordinates for the His side chains. The starting
structure was subjected to a simulated annealing protocol at 600 K
within XPLOR. Distance restraints were obtained from the NOESY
spectra recorded with mixing times of 200 ms. The i distances

residues to histidine residues in three Spl’s zinc finger domains. A were classified into three categories: 225, 2.0-3.5, and 2.6-5.0

DNA fragment coding HSp1 was generated from pUCSp1(5323)

A, corresponding to strong, medium, and weak NOESs, respectively.

by means of a PCR-based site-directed mutagenesis and the sequencginc—ligand bonds were assigned equilibrium distances of 2.0 A using
was exactly confirmed by DNA sequence analysis using the BcaBEST NOE constraints.

dideoxy sequencing kit (Takara Shuzo, Kyoto). The amplified fragment
was cut out and inserted into a similarly digested pE¥3Both zinc
finger proteins, GH,Sp1 and HSp1, were overexpressedischerichia
coli strain BL21(DE3)pLysS as previously descridédurification
procedures were performed at €. The cells ofE. coli were
resuspended and lysed in PBS buffer [130 mM NacCl, 2.7 mM KCl,
and 10 mM phosphate buffer (pH 7.6)]. After centrifugation, the
supernatant, which contained the soluble form of the zinc finger

Gel Mobility Shift Assay. The pBS-GC, which codes the “GC box
(5-GGGGCGGGGCC-F as the binding sites for Sp1, was constructed
as previously describefl. The Hindlll- Xbd fragment (41 bp) was cut
out from the pBS-GC3?P-labeled at the'send with T4 polynucleotide
kinase, and purified with polyacrylamide gels. Binding reaction mixtures
(final volume, 20uL) contained 10 mM Tris-HCI (pH 8.0), 50 mM
NaCl, 100uM ZnCl,, 1 mM dithiothreitol, 25 ngiL poly(dl-dC)
(Amersham Pharmacia Biotech), 0.05% Nonidet P-40, 5% glycerol,

proteins, was purified by cation exchange chromatography (High S and the 8-end-labeled DNA fragment{100 pM), and 6-4 uM zinc finger

UNO S-1, Bio-Rad) and gel filtration (Superdex 75, Amersham
Pharmacia Biotech) with Tris buffer [10 mM Tris (pH 8.0), 50 mM
NacCl, and 1 mM dithiothreitol]. To reconstitute,8p1 with Zn(ll),
Ni(ll), Cd(ll), Co(ll), or Cu(ll), the insoluble form was also purified
from the pellet after centrifugation of the lys&d coli cells. The pellet
was lysed in the PBS buffer contaigi® M urea and 10 mM chelating
agent (EDTA or 1,10-phenanthroline), and then purified according to

proteins purified from the soluble fractions. After incubation at’@0
for 30 min, the sample was run on an 8% polyacrylamide nondenaturing
gel with Tris-borate buffer [89 mM Tris-HCI (pH 8.0) and 89 mM
boric acid]. The bands were visualized by autoradiography.

DNase | Footprinting Experiment. The DNase | footprinting
analysis was performed according to the method of Brenowitz 3t al.
A substrate GC-box fragment was cut out from the pCPA5I constructed

the same procedure as described above. Refolding was conducted bys previously described Binding reaction mixtures contained 10 mM

heating the purified EBpl at 65°C for 30 min, and by cooling it
gradually in 10 mM Tris buffer (pH 8.0) containing 50 mM NaCl, 1
mM dithiothreitol, and 12%M ZnCl,, Ni(NOs),, CdCh, Co(NG),, or
CuSQ.

(28) Nagaoka, M.; Sugiura, YBiochemistryl996 35, 8761-8768.
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Enzymol.1986 130, 132-181.
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Tris buffer (pH 8.0), 50 mM NaCl, 10@M ZnCl,, 2 mM MgCh, 1

mM CaCh, 25 ng/mL sonicated calf thymus DNA, 0.05% Nonidet P-40, El)

5% glycerol, the 5end labeleXba-Sal fragment (148 bp) of pCPASI ol 2000 1

(approximately 20 kcpm), and-2.4 uM zinc finger proteins. After g ]

incubation at 20°C for 30 min, the sample was digested with DNase -  -4000

| (7 mU) at 20°C for 2 min. The reaction was stopped by the addition NE 6000 1

of 20 uL of DNase | stop solution (0.1 M EDTA and 0.6 M sodium o 4

acetate) and 156L of ethanol. After ethanol precipitation, the cleavage g 8000 H.Sp1f2

products were analyzed on a 10% polyacrylamide/7 M urea sequencing S 10000 ] apo-hesp

gel. The bands were visualized by autoradiography. — -12000 ] HySp1f2
Methylation Interference Analysis. Methylation interference ex- ©  _qa000 1 -~ " CoHSpif2

periments were performed as previously descri8e@ihe binding - I 1 L 1

reaction mixtures contained 10 mM Tris buffer (pH 8.0), 50 mM NaCl,
100 uM ZnCl,, 1 mM dithiothreitol, 25 ngiL poly(dl-dC), 0.05%
Nonidet P-40, 5% glycerol, 50 or 250 nM zinc finger proteins, and the

200 220 240 260
wavelength (nm)

5'-end labeled methylateXXba-Hindlll fragment of pBS-GC (ap- (b)
proximately 600 kcpm). Densitometric measurements were obtained - 2000 ] d
using the NIH Image (version 1.61). On the basis of the cutting '3 Y |
probabilities F and B, where F represents the intensity of the typical £ -2000
band in the free lane and B that in the bound lane, the extent of iy -4000
interference was estimated for each base as the ratio B/F. Band g -6000 1 apo-H,Sp1f2
e e e e, o poind lnes were corected by g a0 |

paring g ste- 2 10000 T CdH,Spif2
Results and Discussion o S12000 4 f e Co-H,Sp1f2

D -14000 . ,
CD Studies of Single Zinc Finger HSp1f2. To examine -16000 *

the folding properties of the zinc finger domain with Cys 200 220 240 260
His mutations, the mutant peptide £p1f2; GERPFMHTWSY- wavelength (nm})
HGKRFTRSDELQRHKRTHTGEKK) corresponding to the (©
middle zinc finger (GH,Sp1f2) of Sp1(536-623) was synthe- —_ 0
sized and investigated using CD measurements (Figure 2a). The =
CD spectrum of HSp1f2 in the absence of Zn(Il) showed that g -2000 ]
this peptide possesses random coil features. The addition of 5 ]
Zn(I) to apo-H;Sp1f2 induced negative Cotton effects in the § 4000
far-UV region with a minimum at 206 nm and a shoulder around 2 6000 1:
222 nm, indicating that kSp1f2 forms an ordered secondary Z = Cu-H,Spif2
structure with a helical conformation by Zn(Il) coordination. —  -8000 7
Indeed, the removal of Zn(ll) by EDTA brought about an @ | Zn-H,Sp1f2
evident decrease in these CD bands (data not shown). These = -10000 "L, . . .
Zn(ll)-dependent CD features clearly demonstrate the folding 200 290 240 260
of H,Sp1f2 by complexation with Zn(lIl) ion. As for the mean
residue ellipticities at 222 nm [z, indicating the helical wavelength (nm)
content, the value of Zn(ll)-kBplf2 (P]222 = —6407) was Figure 2. (a) CD spectral features of the zinc finger domain af H
remarkably close to that of Zn(Il)<El2Sp1f2 (P]222 = —6150). Spif2 (24.uM) and GH,Sp1f2 (26.34M) in the absence or presence

The CD spectral feature of Zn(11)43p1f2 was quite similar,  of Zn(ll) (50 uM). (b) CD spectra of HSp1f2 (254M) in the absence
but not identical to that of Zn(ll)-gH,Sp1f233 This result ~ or presence of Ni(ll) (5@M), Cd(ll) (5004M), and Co(ll) (76.1uM).
suggests that the finger domain conformation of the former is (€) €D spectra of &Sp1f2 (25:M) in the presence of Zn(ll) (5aM)
not entirely the same as that of the latter. and Cu(ll) (372uM).

In the presence of other metals, the CD spectra 4812
were also recorded (Figure 2b). The spectra in the presence o
Ni(ll), Cd(ll), or Co(ll) gave negative Cotton effects in the far-
UV region. The spectral features suggest that these metals als
caused folding of KSp1f2, although their spectra are charac-
teristic of the mixture of coiled and helical structufésThe
[0]222 values in their spectra were less than that observed in the

fpresence of Zn(ll) (the {222 values of Zn(ll)-, Ni(ll)-,
Cd(ll)-, or Co(ll)-bound HSp1f2:—6407,—4231,—3995, and
—3565, respectively), suggesting that thehelix content in
(Ni(ll)-, Cd(ll)-, or Co(ll)-H4Splf2 is smaller than that of Zn-
(IN-H4Sp1f2. The results reveal that the Zn(ll) ion facilitates
the formation of a more ordered conformation ofSp1f2 than
Ni(l1), Cd(ll), or Co(ll) ion. On the other hand, the CD spectrum
' t(3igg§v§2hg;%4{ggg£ezawa, A.; Futamura, M.; SugiuraBdchem- of Cu(ll)-HsSpl was distinct from that of Zn(ll)-y$plf2
Istry : : (Figure 2c). Evidently, Cu(ll) induced quite a different folding
negatve cliptities icluding & inimum 208 nm and a shouider around Of H4SPLI2 from that for the case of Zn(ll, because negative
225 nm characteristic of naturabi,-type zinc finger peptides containing ~ Cotton effects typical of thex-helix were not detected. In

theOt-helicalksructurt_‘-*-z'BHG pab | Acad. S addition, the ESR parameterd; (= 190 G,g, = 2.213, and

195(33;4%?3% 461;2%4'35’ Berg, J. M.; Pabo, C. Broc. Natl. Acad. Sci. US.A- o — 5 059) were characteristic of a distorted square-planar
(35) Parraga, G.; Horvath, S. J.; Eisen, A.; Taylor, W. E.; Hood, L. E.; geometry283°Therefore, these results suggest that Zn(ll) is the

Young, E. T.; Klevit, R. ESciencel988 241, 1489-1492. most effective for the formation of an ordered structure in

(36) Weiss, M. A.; Mason, K. A,; Dahl, C. E.; Keutmann, H. T. H,Sp1f2
Biochemistry199Q 29, 5660-5664. ’ . .

(37) Padmanabhan, S.; Baldwin, R. L. Mol. Biol. 1991, 219, 135~ NMR Experiments of Zn(ll)-H ,Splf2. To clarify the
137. structural alteration of the zinc finger domain by CysHis
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NOEs observed in bplf2. The bars below the sequences represent
the obtained NOE connectivities. The thickness of the bars is a
guantitative measure of the cross-peak intensity in a 200-ms NOES
spectrum. The small6.0 Hz) and largex 8.0 Hz) values are indicated
by the filled and empty circles, respectively.

Figure 5. CD spectra of HSpl and @H,Spl in the presence of
y Zn(1l). The concentrations of proteins and Zn(ll) ion are 9.2 and 158
uM, respectively.

for definition of the structure. In contrast told;Sp1f2, a 3D
structural model of ESp1f2 showed the twisting of an extended
strand in the Pro2-Trp7 region and helical unwinding around
Aspl8-GIn21, as indicated by the disappearance of ti&-C
NHi+3 NOEs between them. The twisting detected in the Pro2-
Trp7 region probably occurs to accommodate a tetrahedral
binding geometry enforced by zinc coordination constraints.
CD Features of Three Zinc Finger HiSpl. To examine
whether the folding of ESpl is Zn(ll)-dependent as well as
that of 41Sp1f2, CD studies were carried out. The mutant protein
H4Spl was constructed from Sp1(53623) (GH.Spl) by
Cys— His mutations of all three of the zinc finger domains.
The CD spectrum of EBpl in the Zn(ll)-free buffer was
characteristic of the random coil (Figure 5). In the presence of
Zn(ll), the negative CD signal bands near 203 and 222 nm
clearly increased, demonstrating the folding @SH1 by Zn(ll)-
Figure 4. The proposed 3D structural models ofSp1f2 (right) and complexation. The CD feature of Zn(I)48p1 was different
the PDB structure of @,Sp1.(left). from that (207 and 226 nm) of Zn(l1)-&,Sp1 to some degree,

) . ) ) suggesting that the zinc finger domain 031 did not form
mutat_lons, t_he EBp1f2-Zn(ll) c_omplex was mv_estlgated USING  the structure identical to that of the wild-type H3Spl.
two-dimensional NMR techniques. Sequential resonance as-gyrihermore, thermal stability of Zn(Il)4$p1 was investigated
signments were determined by standard TOCSY and NOESY ,y monitoring the CD signal change and then compared with
procedures. The short and medium range connective patterngpat of Zn(I)-G:H,Sp1. Figure 6 shows CD spectra oG-
of H,Sp1f2 were considerably similar to those gHzSp1f20 Sp1 (a) and EBp1 (b) at 26-80 °C in the presence of Zn(ll).
(Figure _3), s_uggesting a similarity in the secondary structures 1ne conformation of Zn(I)-HSp1 was significantly unfolded
of the zinc finger domains between$p1f2 and GH,Sp1f2. at 80 °C, although Zn(ll)-GH,Sp1 maintained its secondary
The amino acid residues $29 produced NOE patterns and  gyryctures even at that temperature. The decreased thermal
BJHNHq coupling constants characteristic of a typicahelix. stability of the Hig mutant may be due to weakened hydro-
The disappearance ot8-NHi.+3 NOEs between Arg22-Arg25  phopic interaction by an extendghlike strand conformation

and His23-Thr26 indicates that the Cys His mutations of of the N-terminal segment and a distortedhelical conformation
C2H,Sp1f2 cause some distortions of tinelical conformation  ear His23 or His27.

in the neighborhood of His23 or His27. The N-terminal DNA Binding Abilities of Zn(ll)-H 4Sp1.The results of the
segments of the residues Pro2-Trp7 and Gly11-Phel4 gave Iargege| mobility shift assays clearly showed that Zn(I)$p1 was

3JinHe and strong @Hi-NH;1 connectivities characteristic of bound to the DNA fragment (41 bp) containing an Spl

an extended[{-like) strand conformation. Theoﬁi-NHHz NOE recognition site GC box (\FGGGGCGGGGCC-Q (Figure 7).
peak between Ser8 and His10 is also consistent with a turn ingrom the evidence for the monomeric binding of theHg

the Trp7-His10 region connecting the two extended strands. Ontype zinc finger to the single binding s#&23the binding mode

the basis of molecular dynamics simulation from the NMR s Zn(I1)-H4Sp1 is also monomeric because the mobility of the

distance and dihedral restraints, a three-dimensional structuregpifted band was the same as that of Zn(IJHeSp1 (data not
of Zn(ll)-H4Sp1f2 was generated from the PDB coordinates of shown). However, the DNA binding affinity (Kek 85 nM) of

the correspondi_ng £B|28|C_Jlf2 (Figure 4f°The obtaineq model H4Sp1 for the GC box was lower than that (d3.5 nM)® of
was fully consistent with the observed NMR-derived data, c,4,Sp1. Furthermore, the Zn(ll)-dependent DNA binding
though the restraints of the zinc ligand bonds were essential pjity of H,Sp1 was shown by the decrease in the DNA binding

(38) Solomon, E. I.; Baldwin, M. J.; Lowery, M. IChem. Re. 1992 by EDTA (data not shown). Figure 8 displays the DNase |
92, 521-524. _ ' footprinting pattern of Zn(Il)-HSp1 for a 148-bp DNA fragment
go ) Fetsach, J.; Blumberg, W. Brch. Biochem. Blophys.974 163 containing the GC box. In the presence of Zn(lI)3p1 almost

(40) Narayan, V. A. Kriwacki, R. W.: Cardonna, J. ®.Biol. Chem protected the residues of the GC box at 2M from DNase |

1997, 272, 7801-7809. cleavage. In addition, the binding of Zn(Il);8p1 to the GC
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— 44 the presence of Zn(Il) (10@M). Lanes 1 and 2 represent intact GC

box DNA and Gt+A of the Maxam-Gilbert reaction, respectively.

Lanes 3-6 indicate the samples containing peptide concentrations of
0, 0.5, 1.2, and 2.4M, respectively.

Figure 7. Gel mobility shift assay for E5p1 binding to GC-box DNA
(41 bp) in the presence of Zn(ll) (1QaM). Lanes 19 represent O,
3.9,7.8,15.6, 31.3, 62.5, 125, 250, and 500 nM gBpl, respectively.

. . domain highly induced an ordered conformation with the
box cau.sed a hyperggnsnwe .cleavage at A(13) outside the GCsecondarygst>rlucture. Therefore, these results indicate that
box. This hypersensitive cutting has also been detected in theeffective folding by zn(ll) binding is essential for the DNA
case of the correspondingl;Sp13%4! These results strongly binding ability of HiSp1
indicate that the kBp1 still retained the DNA binding ability = 15 /Y BaseyRecogrf’méns of Zn(ll)-HSp1. Binding to the
despng the Cy(s; HI; mutstlon. d bind GC Box. When zZn(ll)-HsSpl was bound to the GC-box

Previous studies have demonstrated thadSp1 can bin fragment (41 bp), its methylation interference pattern was
DNA by Interacting with Co(ll), Cd(ll), and N'(l.l) as well as compared with that of Zn(ll)-@H,Sp1 (Figure 9). In the case
Z.n(”.)'lz'lSTQ clarify Whether the presenuspllgalns the DNA of HaSpl, strong base contacts with G(2), G(3), G(4), and G(6)
binding ab'“g’ pyhvanous metal complexanons,ﬁspl ¥vas in the guanine-rich strand (G-strand) and ({6 the cytosine-
reconstructed with Zn(ll), Ni(ll), Cu(ll), Co(ll), or Cd(ll) from i syrand (C-strand) were detected and also weak contacts with
msol_u_ble f_ractlons during the purn‘lca_uon step, and a gel G(1) and G(7) in the G-strand and G(Lih the C-strand were
mobility shift assay was conducted. While Zn(ll)-reconstltutegl observed. The interference feature remarkably resembled that
H4Sp1_ was really _b_ound o a GC-box_fragme_n_t, under this of the wild-type GH,Spl, indicating similar DNA binding
experimental condition, the DNA binding activity was not modes between 4$p1 and GH,SpL.
detecte_d in the case of Ni(ll)-, Cull)-, Co(ll)-, and C‘?‘(“)' In the Cyg mutants of Zif268 obtained by the His Cys
reconstituted hSp.l (data not shown). From the (.:D stu.dles. of conversion, each mutation in finger 1 or 3 of the three finger
the H:Sp1f2 described above, only the Zn(ll) binding to itsHis 45 maing preserved the DNA recognition abififyHowever, the

(41) Kamiuchi, T.; Abe, E.; Imanishi, M.; Kaji, T.; Nagaoka, M.; Sugiura, mutat!on in finger 2 or th.e d.ouble.m.utations of the three finger
Y. Biochemistryl998 37, 13827-13834. domains lost the DNA binding affinity. Presumably, structural
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Figure 9. (a) Methylation interference analyses ofHzSp1l (lanes 4,

5, 8, and 9) and kBp1l (lanes 6, 7, and 11) bindings to the G-strand
(lanes 4-7) and the C-strand (lanes-81) of GC box DNA in the
presence of Zn(ll) (L0@M). Lanes 4, 6, 8, and 10 show protein-free
(F) DNA samples, and lanes 5, 7, 9, and 11 peptid¢i(Spl: 50 nM

and HSpl: 250 nM)-bound (B) DNA samples. Lanes 1 and 14 present
intact DNA, lanes 2 and 12, the-GA of the Maxam-Gilbert reaction,

and lanes 3 and 13, thetd reaction. (b) Histogram showing the extent
of methylation interference by 43p1 and GH.Sp1. The extent of the
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the somewhat different helical conformation between their zinc
finger domains. First, the DNA binding to Zn(Il)23p1 may
cause an additional structural change and result in a specific
DNA recognition analogous to Zn(ll)4El,Sp1l. Indeed, it is
known that the specific DNA binding induces a structural
alteration in the basic region of GCN#.4% Second, Zn(ll)-
H4Spl may recognize DNA bases in a different manner from
Zn(I)-C,H,Spl. Namely, the mutant peptide,$pl compen-
sates for specific contacts with particular bases by a directional
change in the side chain that is essential for DNA recognition.
As aresult, the recognition helix of Zn(11)43p1 may be located
in a different orientation to DNA from that of Zn(Il)-E1,Sp1.
To expand the discussion of DNA;Bp1 contact on the basis
of the NMR structure, we tentatively superimposed the structures
of H,;Sp1f2 and GH,Splf2 on Zif268 finger 1 in the Zif268-
DNA crystal structure. It has been reported that overlay £
Splf2 with Zif268 finger 1 in the cocrystal structure almost
exactly overlaps, and that Arg1l6 and Arg22 residues $i.£
Splf2 are able to interact with the underlined guanine bases of
the GCG subsite at the major groove in an orientation similar
to that observed for Zif268 finger“2.The present superimposi-
tion suggests that the orientation and docking mode &iiif2
in the DNA major groove are considerably similar to those
observed for Zif268 finger 1 and,8,Sp1f2. In particular, the
o-helix region of the residues 129 is remarkably superposed
between HSP1f2 and gH,SP1f2, although thg-sheet portion
somewhat deviates. As demonstrated in the Zif2B8IA
complex, the Lys12 and His23 residues seem to serve to the
positioning of the HSp1f2 zinc finger by interaction with DNA
backbone phosphates. Indeed, these Lys and His residues are
conserved in the zinc finger domains of Zif268 and Spl. The
H4 mutant retains the gener@Ba structural features of £l
wild-type Spl despite certain conformational differences as
detected by the NMR study. As a result, Zn(l1)$p1l shows
sequence specificity similar to Zn(Il)-8,Sp1l. In the present
Hs mutant, the lowering of DNA fitting induced by some
structural distortions may lead to the decreased DNA binding
affinity.

In conclusion, this paper describes the preparation, structure,
and DNA binding properties of an engineered Hisutant of
the zinc finger protein Spl. We present the NMR structure for
a single mutated zinc finger ¢8p1f2) from Sp1 and the DNA
binding data for a three-domain mutant 4841). The CD
characteristics of fBp1f2 and HSp1 are also compared with
those of GH,Sp1f2 and GH,Sp1l. Interestingly, the Hislomain

interference was estimated with a densitometer and also calculated ass fg|ded and recognizes the GC-box DNA. The development

the ratio of cutting probabilities for the bands (B/F).

distortion around the metal center by His Cys mutations
induces the loss of DNA binding ability. Although the Cys
His mutation results in a decreased DNA binding affinity, on
the other hand, the present peptidgSp1 maintains the DNA
binding ability. Despite the structural alteration or distortion of
the zinc finger domain as clearly indicated by the CD and NMR
evidence of HSplf2, it is of special interest that specific

of such a novel peptide may also lead to a new zinc finger type
or other metal finger domain. Additionally, the present results
suggest that a Histype zinc finger protein may also exist in
nature.
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its subsite, 5GCG-3, are retained? In addition, fingers 1 and
3 of HsSp1l also preserve the DNA recognition ability of the

wild-type GH,Spl. Several reasons are considered for the fact

that H,Sp1 and GH,Spl1 show similar DNA recognition, despite

(42) In previous reports, the fingers 1, 2, and 3 @figSpl respectively
recognize their subsites,-6&GGCC-3, 5-GCG-3, and 3-GGG-3 within
the GC box in a overlapping mann@r.
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