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The classical C2H2-type zinc finger motif is a common DNA
binding motif composed of the highly conserved sequence

(Phe/Tyr)-X-Cys-X(2-4)-Cys-X3-(Phe/Tyr)-X5-Leu-X2-His-
X(3-5)-His (where X represents any amino acid), which folds
into a globular ββR structure.1 Within this motif, a Zn(II) is
tetrahedrally coordinated by the conserved Cys and His residues.
In addition, the conserved hydrophobic residues, which are
located in the β-sheet (Phe/Tyr) and R-helix (Leu), form a
hydrophobic core that stabilizes the fold of the motif (Figure 1).
In an earlier report, we described the relationship between the
stability of the hydrophobic core of the GAGA-zinc finger
domain and its DNA binding function as well as the importance
of the conserved Leu residue for both the stability of the zinc
finger structure and DNA binding.2 However, the contribution
made by the various conserved residues in the motif to the
structure and function of the zinc finger is still not fully under-
stood. Consequently, although themethodologies used to design
zinc finger proteins that bind to desired DNA sequences are now
well established,3�6 it remains difficult to manipulate the zinc
finger backbone for the purpose of developing artificial zinc
finger proteins. Additional information about the relationships
between the structure of the zinc finger backbone and its DNA
binding function will be needed before the full potential of these
proteins can be realized.

The DNA binding domain of the mouse transcription factor
Zif268 contains three C2H2-type zinc finger motifs and is one of

the best characterized zinc finger domains used in the design
of artificial zinc finger proteins.7�10 Interestingly, the third
zinc finger domain of native Zif268 contains an Arg residue
instead of the conserved Leu residue (Figure 2A). Analysis to the
crystal structure of Zif268 in complex with DNA revealed that
this Arg residue (Arg78) makes a water-mediated contact with
the DNA phosphate backbone.8 Therefore, to clarify the con-
tribution made by Arg78 to formation of the hydrophobic core of
the domain and to DNA binding, we introduced a series of
mutations at that position. The side chain of Arg is a three-carbon
aliphatic straight chain with a positively charged terminal guani-
dinium group able to engage in electrostatic interactions and
form hydrogen bonds with the phosphate groups of the DNA
backbone. By substituting this Arg residue with three other
aliphatic amino acids, Lys, Leu, or Hgn, we examined its function
from the standpoint of its hydrophobicity, its role as a hydrogen-
bonding donor, and the importance of its positive charge
(Figure 2A,B). Hgn is an amino acid that does not occur in
nature; it has an aliphatic side chain similar to Lys but differs from
Lys in that it has a neutral amide group. In addition, to determine
whether the function of the Arg residue in finger 3 (f3) is generally
adaptable to C2H2 zinc fingermotifs or is distinctive of the Zif268
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ABSTRACT:The Cys2His2-type zinc finger is a commonDNA
binding motif that is widely used in the design of artificial zinc
finger proteins. In almost all Cys2His2-type zinc fingers, position
4 of the R-helical DNA-recognition site is occupied by a Leu
residue involved in formation of the minimal hydrophobic core.
However, the third zinc finger domain of native Zif268 contains
an Arg residue instead of the conserved Leu. Our aim in the
present study was to clarify the role of this Arg in the formation
of a stable domain structure and in DNA binding by substituting it with a Lys, Leu, or Hgn, which have different terminal side-chain
structures. Assessed were the metal binding properties, peptide conformations, and DNA-binding abilities of the mutants. All three
mutant finger 3 peptides exhibited conformations and thermal stabilities similar to the wild-type peptide. In DNA-binding assays,
the Lysmutant bound to target DNA, though its affinity was lower than that of the wild-type peptide. On the other hand, the Leu and
Hgn mutants had no ability to bind DNA, despite the similarity in their secondary structures to the wild-type. Our results
demonstrate that, as with the Leu residue, the aliphatic carbon side chain of this Arg residue plays a key role in the formation of a
stable zinc finger domain, and its terminal guanidinium group appears to be essential for DNA binding mediated through both
electrostatic interaction and hydrogen bonding with DNA phosphate backbone.
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f3 (Figure 2A), the conserved Leu residue in finger 2 (f2) of native
Zif268 was also substituted with an Arg residue.

’MATERIALS AND METHODS

Preparation of f3 Domains. Fmoc-protected amino acids for
peptide synthesis (excluding Hgn) were purchased from Peptide
Institute, Inc. Fmoc-protected Hgn was synthesized by Watanabe
Chemical Industry, Ltd. Synthesis of each individual finger
domain was performed on TGS-RAM resin (Shimadzu Corp.)
using the solid-phase method with a Shimadzu PSSM-8 synthe-
sizer. The Fmoc chemistry was carried out using a typical pro-
tocol with HBTU/HOBT serving as the coupling reagent. After
the synthesis, the peptides were removed from the resin by
incubation for 2 hwith a cocktail consisting of 86% trifluoroacetic
acid, 2.5% water, 5% 1,2-ethanedithiol, 5% thioanisole, and 1.5%
triethylsilane. The crude peptides were then precipitated in ice-
cold ether, separated by centrifugation, washed three times with
cold diethyl ether, and finally dissolved in water and lyophilized.
The peptide purificationwas performed using a RP-HPLC system,
Model L-7100 (Shimadzu Corp.), employing a COSMOSIL RP-
C18 column (10� 250mm) (Nacalai Tesque, Inc.). Peptides were
eluted using a linear acetonitrile�water gradient containing 0.1%
trifluoroacetic acid. The fidelity of the products was confirmed by
matrix-assisted laser desorption time-of-flight mass spectrometry
(MALDI-TOF MASS) using Voyager DE STR (AB SCIEX);
Mcalcd: 3803.4 Da and [M�H]observed: 3803.4 Da (Arg, wild-
type), Mcalcd: 3775.4 Da and [M�H]observed: 3775.3 Da (Lys
mutant),Mcalcd: 3760.4 Da and [M�H]observed: 3760.0 Da (Leu
mutant),Mcalcd: 3789.4 Da and [M�H]observed: 3788.3 Da (Hgn
mutant). After purification, the peptides were >99% pure as
evidenced by the single HPLC peak.
UV Absorption Spectroscopy. UV�vis absorption spectra

were recorded on a Beckman Coulter DU7400 diode array
spectrophotometer at 20 �C in Tris-HCl buffer (10 mM, pH 7.5)
containing NaCl (50 mM) in a capped cell having a 1 cm
path length. All the presented spectra were normalized by
ε = A/lc, where ε is the extinction coefficient (M�1 cm�1), l is
the path length of the cell (cm), and c is the peptide concen-
tration (M).
CD Spectroscopy. All the CD experiments were carried out

using a JASCO J-720 spectropolarimeter. The spectra were re-
corded from 195 to 260 nm in the continuous mode with a 1 nm
bandwidth, a 1 s response, and a scan speed of 50 nmmin�1. Each
spectrum represents the average of 20 scans recorded at 20 �C in
Tris-HCl buffer (10 mM, pH 8.0) containing NaCl (50 mM) in a
capped cell having a 0.1 cm path length under a nitrogen
atmosphere. The concentrations of the peptide stock solutions
were spectrophotometrically estimated. Variable temperature
experiments were performed using 1 �C temperature increments
between 5 and 85 �C with an equilibration time of 5 min. Un-
folding of the Zif268 peptides was detected by monitoring
changes in the CD spectrum.
NMR Spectroscopy. NMR experiments were performed at

20 �C using a Bruker AVANCE500 500 MHz spectrometer. The
NMR samples were prepared by dissolving the lyophilized
peptide powder in phosphate buffer (20 mM) containing DSS
as an internal reference for the 1H chemical shifts. In all
experiments, the peptide concentration was 300 μM, and the
pH was adjusted to 7.0 using concentrated NaOH and HCl.
Variable temperature experiments were performed in the pre-
sence of Zn(II) (1.5 equiv) using 10 �C temperature increments

Figure 2. (A) Amino acid sequences of the Zif268 f2 and f3 zinc finger
mutant peptides. (B) Structures of the aliphatic amino acids used for the
point mutations. (C) Amino acid sequences of the 2-finger Zif268 zinc
finger mutants.

Figure 1. A search of the Pfam database (available on http://pfam.
sanger.ac.uk) was used for sequence alignment of the Zif268 zinc finger
core with other selected zinc fingers known to have the general structure
(Phe/Tyr)-X-Cys-X(2-4)-Cys-X3-(Phe/Tyr)-X5-Leu-X2-His-X(3-5)-
His. Zn(II) binding residues (Cys and His) are highlighted in yellow.
The locations of the DNA-recognition R-helix and two β-strands are
indicated above with the numbering of the positions. The key amino acid
in the R-helix is highlighted by red box.
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between 20 and 80 �C. The H2O signal was suppressed using a
WATERGATE pulse sequence.11

Preparation of 2-Finger Proteins. An expression vector for
f2(L)f3(R), pEV-f2(L)f3(R), was created by PCR using pEV-
ZF312 as a template. The PCR product was cleaved using NdeI
and EcoRI and inserted into pEV-3b, a multicloning-site variant
of pET-3b (Novagen). The DNA fragments encoding the
2-finger mutants were amplified by PCR using T7 primers and
pEV-f2(L)f3(R) to introduce the point mutations (Figure 2C).
The amplified DNA fragments were then cleaved by NdeI and
EcoRI and inserted into pEV-3b, after which the sequences were
confirmed using a 3130 genetic analyzer (Applied Bio Systems),
and each expression vector was transformed into the Escherichia
coli strain BL21(DE3) (Novagen). The E. coli cells were grown at
37 �C until the OD600 = 0.6. They were then incubated for an
additional 12 h at 20 �C in the presence of 0.1 mM IPTG and
0.1 mM ZnCl2 to obtain the zinc finger proteins. The over-
expressed proteins were purified by cation-exchange chromatog-
raphy using High S (Bio-Rad Laboratories) and Resource S
(GE Healthcare) columns, and the final purification was by gel
filtration chromatographyonaSuperdex 75 column(GEhealthcare).
The fidelity of the each purified 2-finger protein was confirmed by
SDS-PAGE.
Gel Mobility Shift Assays. Each reaction mixture contained

10 mM Tris-HCl (pH 8.0), 50 mM NaCl, 1 mM dithiothreitol,
10 μMZnSO4, 0.05%Nonidet P-40, 20 ng/μL calf thymusDNA,
40 ng/μL BSA, 5% glycerol, 2.5 nM FITC-end-labeled target
DNA fragment, and the serially diluted zinc finger protein. After
incubation at 20 �C for 0.5 h, the samples were run on an 8%
polyacrylamide gel in 89 mM Tris-borate buffer at room tem-
perature. The bands were visualized using a Fluorimager
(Molecular Dynamics) and analyzed using ImageJ. The equilib-
rium dissociation constant (Kd) of each protein�DNA fragment
complex was evaluated by fitting the experimentally obtained
values of θb (θb, the fraction of labeled DNA bound to the
protein) to eq 1 using the Kaleida Graph program (Abelbeck
software).

θb ¼ fð½P� + ½D� + KdÞ �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð½P� + ½D� + KdÞ2 � 4½P�½D�

q
g=2½D�

ð1Þ

’RESULTS AND DISCUSSION

Zinc Coordination Chemistry of Zif268 f3 Domains. To
determine whether the three constructed f3 single finger mu-
tants, f3(L), f3(K), and f3(Hg), retain the tetrahedral metal
coordination geometry seen with the wild-type peptide f3(R), we
used UV�vis absorption spectroscopy to study their pepti-
de�metal coordination chemistry. Because Zn(II) has a fully
occupied d electron shell (d10), it is spectroscopically silent.
Consequently, metal coordination of zinc fingers is often in-
vestigated using Co(II) as a spectroscopic probe for the Zn(II)
binding site, since the coordination properties of the two ions
share some similarity.13,14 The UV�vis spectra of Co(II) in
complex with each of the mutants are compared with that of the
wild-type peptide in Figure 3. The UV�vis spectra for all three f3
mutants are similar to that of the wild-type peptide. The intense
absorption bands in the near-UV regions around 316 and 340 nm
are indicative of the Cys-S�f Co(II) ligand-to-metal charge
transfer (LMCT) transition.15 The magnitude of the extinction
coefficient (ε) at 320 nm reflects the number of thiol-containing
ligands coordinated to the metal and averages about 900�
1200 M�1 cm�1 per Cys-S��Co(II) bond.16,17 We found the
ε values at 320 nm to be around 2000 M�1 cm�1 for all the
peptides, which suggests the peptides use two thiol groups for
coordination of the Co(II).
The coordination geometry of the Co(II) within the pepti-

de�metal complex can be estimated on the basis of the ligand-
field theory; the optical transitions of a tetrahedral Co(II) species
exhibit an intense d�d absorption band in the 625 ( 50 nm
region due to the small ligand-field stabilization energy.18 All of
the f3 peptides showed similar d�d transition bands at around
650 nm, indicating that Co(II) has a tetrahedral coordination
geometry (Figure 3A). In competition experiments, the d�d
transition band (∼650 nm) observed with the Co(II)�peptide
complexes disappeared upon addition of an equivalent amount of
the spectroscopically inactive Zn(II) (Figure 3B). This implies
that Zn(II) displaces the Co(II) and occupies the metal binding
site of the peptides due to the difference in the ligand-field
stabilization energy between Co(II) and Zn(II).19 Thus, the
UV�vis data clearly show that replacing the Arg at position 4 of
theR-helix region in f3 with any of the three aliphatic amino acids

Figure 3. UV�vis absorption spectra of Co(II)�f3 peptide complexes (25 μM) in Tris-HCl (10 mM)/NaCl (50 mM), pH 7.5 (path length 1 cm) in
recorded in the absence (A) and presence (B) of an equivalent amount of Zn(II) at 20 �C.
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tested (Lys, Leu, and Hgn) does not alter the coordination
geometry of the Zn(II) binding; i.e., the zinc finger state is similar
in all four f3 peptides.
Folded Structures of the Zif268 f3Mutants. CD spectros-

copy is a powerful tool for determining the secondary structure of
peptides in solution,20 and the CD signature of the zinc finger
domain has been well documented.14,21�24 S�en�eque et al. re-
cently reported that the changes in the CD signal of zinc finger
upon Zn(II) binding reflect both the change in the structure of
peptide and the appearance of LMCT bands.24 We therefore
used this technique to compare the conformational properties of
the f3 mutants with those of wild-type f3(R). Figure 4 shows the
CD spectra for the four peptides at 20 �C. In the absence of
Zn(II), all of the peptides display a negative band near 200 nm
(πfπ* electronic transition) and a small shoulder around 222 nm
(nfπ* electronic transition), which suggests the peptides are in
a largely random coil conformation (Figure 4A). Upon addition
of Zn(II), dramatic changes in the CD spectrum were observed
for all of the peptides. There was a significant increase in the
R-helix negative molar ellipticity signature around 222 nm as well
as a marked decrease in the random coil negative molar ellipticity

signature near 200 nm. This suggests all of the peptides fold into
the characteristic zinc finger ββR structure and that the helix
content is comparable among the four peptides (Figure 4B). The
slight differences observed in the CD spectra could be due to
minor alterations in the structures of the zinc finger domain
caused by the mutations. As judged from both the UV�vis and
CD results, all of the f3 mutants have similar zinc coordination
geometries and nearly the same secondary structures, despite the
different aliphatic side chains at position 4 of the R-helix region.
We next investigated the microenvironmental changes in the

mutant f3 domains by using the 1H NMR technique to estimate
the structural changes of f3 domains caused by the Arg substitu-
tions. NMR spectroscopy is a promising method for detecting
both the secondary and tertiary structures of folded proteins,
as proton chemical shifts are highly sensitive indicators of a
peptide’s structural integrity. The proton NMR spectra of the f3
peptides recorded at 20 �C in aqueous buffer in the absence and
presence of Zn(II) are shown in Figure 5. The signal for the
amide protons is seen, as expected, in the chemical shift around
8.0 ppm. In the absence of Zn(II), the NMR spectra for all four
f3 peptides exhibited the spectral characteristics of unfolded

Figure 4. CD spectra for f3 peptides (25 μM) in Tris-HCl (10 mM)/NaCl (50 mM), pH 7.5 (path length 0.1 cm), recorded in the absence (A) and
presence (B) of 1.5 equiv of Zn(II) at 20 �C.

Figure 5. 1H NMR spectra for f3 peptides (300 μM) in 90% H2O/10% D2O with 20 mM phosphate buffer, pH 7.0, recorded in the absence (A) and
presence (B) of 1.5 equiv of Zn(II) at 20 �C.
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structures, including less dispersion in the downfield amide
proton region (Figure 5A). In the presence of Zn(II), by contrast,
the NMR spectra of these peptides provided strong evidence of
typically folded structures. In fact, clearly resolved and dispersed
amide signals were observed in the downfield amide proton
region (Figure 5B, from 7.5 to 9.5 ppm). The slight differences in
the NMR spectra of these peptides could be due to minor
structural differences caused by the substitution of Arg. These
NMR results provide qualitative evidence that all of the mutated
f3 peptides fold into a conformation similar to the wild-type f3 at
20 �C, which is consistent with the CD data.
Thermal Stability of Zif268 f3Mutants. To estimate how

subtle changes in the amino acid side chain affect the thermal
stability of the f3 peptides, we carried out a set of variable
temperature CD (VT-CD) and NMR (VT-NMR) experiments.
The VT-CD results are shown in Figure S1. All of the peptides,
including the wild-type peptide, exhibited only slight spectral
changes at temperatures ranging from 15 to 85 �C, and no global
changes in the domain structures of the mutant f3 peptides were
observed. That is, the wild-type andmutants have similar thermal
stabilities, and no significant changes in the secondary structures

of the mutant f3 peptides were induced by substituting the Arg
with other aliphatic amino acids. These CD spectral changes are
consistent with our earlier results showing similar cooperative
folding for wild-type and mutant GAGA zinc finger domains.2,21

VT-NMR experiments can provide additional information
about both the precise conformational equilibrium and thermal
stability of the f3 domains in aqueous solution. In our earlier
work, VT-NMR experiments revealed clear differences in the
intrinsic stability of mutant GAGA peptides that were dependent
on the aliphatic amino acid residues involved in the formation of
the hydrophobic core; nonetheless, these peptides showed nearly
identical secondary structures and thermal stabilities in CD
experiments.2 This suggests CD spectroscopy is not sufficient
for detecting slight structural changes at the residue level caused
by mutations within the zinc finger domains; instead, CD spectra
provide information on the overall conformation of peptides and
proteins in aqueous solution. Figure 6 shows the VT-NMR
spectra for the wild-type and mutant f3 peptides. In all cases,
the NMR spectra showed good overall dispersion in the amide
region at low temperatures, reflecting the stable structure, and
then a broadening of the upfield chemical shift and loss of signal

Figure 6. Temperature-dependent 1HNMR spectra for f3 peptides recorded in the presence of 1.5 equiv of Zn(II) in 90%H2O/10%D2Owith 20 mM
phosphate buffer, pH 7.0, at temperatures between 20 and 80 �C.
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intensity with increasing temperature (especially in the range of
8.5�9.5 ppm). No evidence of any precipitation was detected at
the higher temperature. These data suggest that, for all of the
peptides, as the temperature was increased, the time scale of the
motion of the backbone structures approaches that of the NMR
and that there are no differences in the structural stability
between the wild-type and mutant peptides.
Both the VT-CD and VT-NMR experiments clearly show that

the stability of the zinc finger domain structure (hydrophobic
core structure) was unaffected by substitution of the Arg at
position 4 of the helix region with any of the aliphatic amino acids
tested. This indicates that the common three-carbon aliphatic
straight chain structure of these amino acids (red parts in
Figure 2B) plays a crucial role in the formation of a stable folded
structure and that the fold is not dependent on the terminal
functional group of side chain.
DNA Binding of the Zif268 Zinc Finger Mutants. The

abilities of the mutant f3 peptides to bind DNA were examined
using gel mobility shift assays. Any significant differences in the
DNA-binding properties of the wild-type and mutant peptides
would be particularly noteworthy, since all three mutant peptides
possess domain structures and stabilities that are similar to the
wild-type peptide. We used two-finger peptides consisting of f2
and f3 of the Zif268 DNA binding domain to evaluate the effects
of the mutations on binding; the DNA binding affinity of a single
finger peptide was too weak to evaluate the effects of mutation
(Figure 2C). With the exception of the Hgn mutant, which was
chemically synthesized, all of the 2-finger peptides were purified
from an E. coli expression system. As the target DNA, we used
dsDNA containing the Zif268 binding site (50-GCGTGGgcg-30;
the capital letters correspond to the 2-finger binding site). The
results are shown in Figure 7 and Table 1. The wild-type peptide,
f2(L)f3(R), in which position 4 of theR-helix is a Leu in f2 and an
Arg in f3, bound theDNAwith aKd of 0.67μM.The f3 Lysmutant
f2(L)f3(K) also showed a band shift, but its DNA-binding affinity

was lower than that of the wild-type peptide. Taking into
consideration that the structure and stability of the f3 Lys mutant
is comparable to the wild-type peptide, this result suggests that
the guanidinium group of Arg has a greater potential to interact
with the DNA than the amino group of Lys. On the other hand,
the f3 Leu mutant showed no band shifts, even at a concentra-
tions of 3 μM. This suggests that hydrogen-bonding donors and/
or positively charged side chains at position 4 of the f3R-helix are
required for DNA binding, even though the zinc binding and
peptide folding properties are indistinguishable among these
peptides.
To assess the contribution made by positively charged side

chains to DNA binding, we also examined the DNA binding
ability of the f2(L)f3(Hg) peptide. As mentioned earlier, the side
chain of Hgn consists of an aliphatic carbon chain the same
length as the Lys side chain and a terminal amide group that is
capable of forming a hydrogen bond but differing from the
terminal amino group of Lys in that it is neutrally charged. In the
case of f2(L)f3(Hg) peptide, no shift band was observed to the
target DNA at concentrations under 5 μM.Given that chemically
synthesized f2(L)f2(K) peptide had a DNA binding affinity
comparable to the E. coli.-expressed f2(L)f2(K) peptide (data not
shown), the result obtained with the f2(L)f3(Hg) peptide cannot
be attributed to the method of its synthesis. Considering the
differences between the side chains of Hgn and Lys, the result
strongly suggests that a positively charged side chain contributes
significantly to the DNA binding. In addition to the formation of
hydrogen bonds with the DNA phosphate backbone via a water
molecule, as previously suggested by X-ray crystal structural
analysis of a DNA-Zif268 complex,8 electrostatic interaction
between the positively charged side chain of the Arg residue
and the negatively charged DNA phosphate backbone may be
required to achieve the proper distance between the hydrogen
donor and acceptor needed to form the water-mediated
hydrogen bond.
Finally, gel mobility shift assays of the f2 mutant f2(R)f3(R)

were performed in order to determine whether the conserved
Leu residue at position 4 of theR-helix of f2 can be substituted by
Arg and whether the introduced Arg can contribute to the DNA
binding of f2. Table 1 shows theKd of the f2 mutant for the target
DNA. The f2(R)f3(R) peptide bound the DNA with a Kd of
0.60μM,which is comparable to thewild-type peptide, f2(L)f3(R).
This indicates that the Arg residue can substitute for Leu but that
the guanidinium group of the Arg side chain in f2 does not
actively contribute to the DNA binding. In addition, the fact that
f2(R)f3(R) and f2(L)f3(R) have comparable affinities for DNA
is consistent with the idea that the aliphatic carbon chain of Arg
contributes to the proper formation of the hydrophobic core of
f2, as it does in f3.
In summary, we focused on the third zinc finger domain of

Zif268, which contains an Arg residue instead of the conserved
Leu residue found in most zinc finger proteins. To clarify the

Figure 7. Gel mobility shift assays assessing the binding of the indicated zinc finger peptides to a target DNA sequence. Peptide concentrations: 0, 4, 12,
37, 111, 333, 1000, and 3000 nM (A�C) and 78, 156, 313, 625, 1250, 2500, and 5000 nM (D).

Table 1. Kd Values for the Binding of 2-Finger Proteins
(f2�f3) of Zif268 Zinc Finger Domain and the Mutant
Proteins at the Fourth Position of the Helix of the Finger 2 or
3 to the Target DNA

Kd (μM) of 2-finger

proteinsa

wild type f2(L)f3(R) 0.67 ( 0.11

f3 mutants f2(L)f3(K) 2.1 ( 0.4

f2(L)f3(L) N.B.b

f2(L)f3(Hg) N.B.

f2 mutants f2(R)f3(R) 0.60 ( 0.17
aThe Kd values were determined by gel mobility shift assays. All values
reported are the mean of at least three measurements (mean ( s.d.).
bN.B.: no binding.



6272 dx.doi.org/10.1021/bi200697p |Biochemistry 2011, 50, 6266–6272

Biochemistry ARTICLE

contribution made by this Arg residue to zinc finger domain
structure and DNA binding, we investigated the effects of
substituting the Arg with Lys, Leu, or Hgn. The aliphatic carbon
chain of the Arg residue contributes to the proper formation of
the hydrophobic core of the zinc finger domain, while the Arg
guanidinium group in f3 contributes to strong DNA binding
mediated by electrostatic interaction and hydrogen bonding with
the DNA phosphate backbone. Our findings on the function of
the Arg residue in the third zinc finger domain of Zif268may also
be useful for the design of novel artificial zinc finger proteins.

’ASSOCIATED CONTENT

bS Supporting Information. CD spectra of peptides in
the presence of ZnCl2 at different temperatures (Figure S1).
This material is available free of charge via the Internet at
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