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Artificial DNA-Bending Six-Zinc Finger Peptides with Different Charged Linkers:
Distinct Kinetic Properties of DNA Bindinds
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ABSTRACT. Many transcription factors are known to induce DNA bending and support the formation of
specific DNA architectures. The protein-induced DNA bending is helpful for many combinations of
protein—protein and/or-DNA interactions that are necessary for various biological reactions. The kinetic
stability of a bent DNA-protein complex has a significant influence on transcriptional efficiency, and
hence, such regulation of the kinetic stability is a new concept for transcriptional regulation. We created
six-zinc finger proteins [Sp1ZF6(Gly)10, Sp1ZF6(GR)4, and SplZF6(GE)4] by connecting two DNA
binding domains of transcription factor Spl with different charged linkers consisting of 10 amino acid
residues. Gel mobility shift assays and methylation interference assays revealed that these artificial proteins
recognized the expected DNA sequence and that the DNA binding specificities of these three proteins
were similar regardless of the difference in the charges or flexibility of the linkers. The phasing analyses
suggested that these three zinc finger proteins induced DNA bending in an analogous manner. On the
basis of the surface plasmon resonance experiments, however, specific differences in the kinetic properties
of DNA binding among these proteins were demonstrated. Of special interest is the fact that the dissociation
rate of Sp1ZF6(Gly)10 was faster than that of Sp1ZF6(GR)4 despite the similarities in the DNA binding
mode, the induced DNA structural change, and the association rate. Such DNA-bending six-zinc finger
proteins with different stabilities for the bent DN#orotein complexes may be useful as new tools for

the kinetic regulation of sequence specific transcription.

In the transcriptional initiation complex, not only specific box—DNA complex can in itself modulate transcriptional
protein binding but also the DNA architecture is very potency. Indeed, the kinetic stability resulting from the slower
important. It is known that a protein-induced DNA structural dissociation constant of the bent protelDNA complex
change is indispensable for some interactions betweencould contribute to the enhancement of the transcription.
proteins located on distal sites. Therefore, an artificial protein However, little is known about the kinetics of the DNA-
that induces a DNA conformational alteration is interesting bending proteins. A study on the bendability of the minor
as a transcriptional regulator of a specific gene. The recenthelix groove was reported using an artificial DNA-bending
determination of the three-dimensional structures for severalagent, a tethered triple-helix-forming oligonucleotide (a
proteinr—-DNA complexes has revealed that the intercalating tethered TFO), and the bound lifetime of the bent complex
side chain can distort the DNA (reviewed in r&f. This was demonstrated to be-3-fold shorter than that of the
bending type was induced by the high-mobility group (HMG) unbent complex12). In general, DNA binding proteins are
box proteins and the TATA box binding protein (TBP). DNA able to bind to DNA in a more adaptable manner than the
modification by charge neutralization on the phosphodiester triple-helix-forming oligonucleotides. In various biological
backbone also brought about DNA bendi2g-é). Electro- reactions, many proteirprotein and/or-DNA interactions
static effects of the DNA binding of proteins such as bZIP with different kinetics are mediated by specific DNA
(5—8), Escherichia coliCAP (9), or the Saccharomyces architectures. Therefore, it would be helpful for the under-
cerevisiaeMATal and MATo.l homeodomain proteing Q) standing of such interactions to understand the DNA binding
play a significant role in the DNA bending. In addition to kinetics and the DNA structural change. The design of
the importance of the DNA architecture, the relation between artificial proteins that induce DNA bending in a kinetically
the DNA binding kinetics of the DNA-bending proteins and different DNA binding manner is hopefully anticipated for
the transcriptional efficiency was recently reportéd)( They the novel concept of gene regulation.
tested the hypothesis that the kinetic stability of a bent HMG A zinc finger motif of the C2H2 type, one of the most

common DNA binding motifs in eukaryotes, presents an
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zinc finger proteins, SplZF6(Gly)4, SplZF6(Gly)7, and the peptide:DNA molar ratio in the binding reactioni€0%
Sp1ZF6(Gly)10, with 4, 7, and 10 glycine residues as the bound.

linkers, respectively24), by connecting a couple of three- Phasing Analysif?hasing analyses were carried out under
finger DNA binding domains of transcription factor Spl. the following conditions. Each reaction mixture contained
Sp1ZF6(Gly)7 and Sp1ZF6(Gly)10 bound to two distal GC 10 mM Tris buffer (pH 8.0), 50 mM NaCl, 1 mM-mer-
boxes with one intervening helical turn and induced DNA captoethanol, 0.05% Nonidet P-40, 5% glycerol, 34 nM
bending at the intervening region, though the linker region substrate DNA, and 50 nM zinc finger protein. As the
did not directly contact the DNA bases. It was indicated that substrate DNA, a set of DNA fragments derived from
the linker length has crucial effects on the DNA bending PPhase-GCmixGCr| and GCatGCH] (n = 8, 10, 12, 14,
direction. In this study, we changed the property of the linker 16, or 18) were used®@). The binding reactions were carried
of 10 amino acid residues. Namely, the flexible and neutral out at 4°C for more than 1 h, and then the samples were
linker of Sp1ZF6(Gly)10 was converted to charged linkers, loaded on an 8% polyacrylamide gel (a 74:1 acrylamide:
including arginine residues or glutamate residues. The effectsbisacrylamide ratio) with Tris-borate buffer in the absence
of the charged linkers on the DNA structure and DNA Or presence of 2 mM Mgglat 4 °C. The electrophoretic

binding kinetics were examined. mobility of each band was normalized to the apparent base
pairs @6), and the relative mobilitiesR) were fitted to the
MATERIALS AND METHODS cosine function as previously describefi,

. . ) . Kinetic Analysis Using Surface Plasmon Resonambe.
Chemicals. T4 polynucleotide kinase and restriction inciple of operation of the BIACORE biosensor has already
enzymes were purchased from New England Biolabs (Bev-heen described2f). The proteir-DNA interaction was

erly, MA). Labeled compound/f*P]JATP was supplied from  gydied using a BIACORE X instrument (BIACORE AB,
Du.Pont, and dimethyl sulfate was obtained from Aldrich Uppsala, Sweden) operated at 30. The 3-biotinylated
(Milwaukee, WI). The plasmid pBS-Spl-fl was kindly gjigonucleotide (5biotin-GATATCGGGGCGGGGCTAC-
prowded by R. Tjian. All other chemicals were of com- GAGTCCAGGGGCGGGGCATGA-3 was annealed with
mercial reagent grade. . the complementary strand in flow buffer. The duplex DNA
Construction of Genes and Peptide Express®plZF6-  gojution was injected over a streptavidin-coated sensor chip
(GE)4 and SplZF6(GR)4 were constructed as previously (SA5, BIACORE AB) until a suitable level (206300 RU)
described 24), by exchanging the TGEKP linker region of \y45 achieved. Flow cell number 1 was left unmodified as
Sp1ZF6 23) with the QG(GE)4Q and QG(GR)4Q linkers.  the control. Tris-HCI buffer [10 mM Tris-HCI (pH 7.7), 250
These zinc finger peptides were overexpresseét.ircoli mM NaCl, 20 mM MgC}, 0.1 mM ZnCh, and 0.005%
BL21(DE3)pLysS and purified as previously describ28(  Tween 20] was used as both the flow buffer and the sample
Gel Mobility Shift AssaysThe 48 bp oligonucleotide  preparation buffer. The concentration of a protein was
containing two distal GC box sequences with 10 bp interven- changed from 5 to 800 nM. The association was followed
ing and the complement oligonucleotide were purchased fromfor 5 min and the dissociation for 10 min at a flow rate of
Amersham Pharmacia Biotech. T#@-labeled oligonucle- 20 4L/min. The bound protein was eluted from the DNA by
otide was annealed with the complement oligonucleotide. seyeral repeats of a short pulseuE) of the regeneration
Gel mobility shift assays were carried out under the following  spjution (20 mM EDTA in 50 mM NaOH). Analysis of the
conditions. Each reaction mixture contained 10 mM Tris data was performed using the evaluation software Supp”ed
buffer (pH 8.0), 50 mM NaCl, 5 mM MgG| 1 mM with the instrument (BlAevaluation version 3.03ua Was
p-mercaptoethanol, 0.05% Nonidet P-40, 5% glycerol, 25 cajculated by fitting the equilibrium responsR.{ versus
ng/uL poly(dl-dC) (Amersham Pharmacia Biotech), the 5 [protein] curve to a 1:1 binding model. The responses of
end-labeled DNA fragment<(50 pM), and 6-300 nM zinc  different protein concentrations were normalized ustg.

finger proteins. After incubation at%C for 1 h, the sample  The dissociation constankg) was calculated by fitting the
solutions were electrophoresed on an 8% nondenaturingfraction of the response to eq 2.

polyacrylamide gel with Tris-borate buffer [88 mM Tris-
HCI (pH 8.0) and 88 mM boric acid] at 4C. The bands Req= (Rpal)/(C + Ky (2)
were visualized using a STORM instrument (Amersham
Pharmacia Biotech) and analyzed with ImageQuant software
(Molecular Dynamics). The equilibrium dissociation con-

whereRgq, Rmax, @andC are the response at equilibrium, the
maximum response level, and the protein concentration,

stants Kq) of each proteir DNA fragment complex were respectively. For obtaining the dissociation rate constants

evaluated by fitting the experimentally obtained values of (s the following equation (eq 3) was used.
6y (the fraction of labeled DNA bound to the protein) to the R= R, exp[—kg{t — to)] ©)
binding isotherm equation (eq 1) using the KaleidaGraph
program (Abelbeck Software). where R and R, are the responses at time and to,
respectively. The association rate constarksd(were
6, = [protein]/([protein]+ K,) (1) calculated fromkgisdKg.

. . o RESULTS
Methylation Interference Analysi8/ethylation interfer-

ence assays were investigated as described previd2Bly ( Design of Six-Zinc Finger Proteins with Charged
The binding reaction was performed under the same condi-Linkers. Novel six-zinc finger proteins, Sp1ZF6(GR)4 and
tions as the gel mobility shift assay. To examine both the Sp1ZF6(GE)4, were created by linking two three-zinc fingers
strong and weak base contacts in the methylation interferenceof transcription factor Spl with the GGRGRGRGRQ and
experiment, we selected the experimental condition in which GGEGEGEGEQ sequences, respectively (Figure 1). They
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Ficure 1: Schematic representation of SplZF6(Gly)10,
SplZF6(GE)4, and Sp1ZF6(GR)4.
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Ficure 2: Gel mobility shift assays for the SplZF6(Gly)10,
SplZF6(GE)4, and SplZF6(GR)4 bindings to the GCmixGC
sequence (0, 0.1, 0.3, 1, 3, 10, 30, 100, and 500 nM proteins in
lanes 0-8, respectively).
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have the same number of linker residues as Sp1ZF6(Gly)10
(24). Therefore, we compared their DNA binding modes with
that of Sp1ZF6(Gly)10 from the viewpoints of electrostatic
effects and the flexibility of the linker. The DNA binding
domain of transcription factor Sp1 strongly binds to the GC
(5-GGGGCGGGGC-3 sequence called the GC boz§j.

The DNA sequence containing two GC boxes with one
helical turn intervening was used as the target of the artificial
proteins, because Sp1ZF6(Gly)10 has a linker length suf- 1 2 3 45 6 7 8 9 10 11

ficient to bind to the sequence4). . .

DNA Binding Specifiy of Artiicial SixZinc Finger  SeyoE 2 Metviaton nererence anavses or SpZF6(OW 10
Proteins.To demonstrate whether the artificial six-zinc finger sequence. Lanes— show free (F) and protein-bound (B) DNA
proteins could specifically bind to two distal GC boxes with samples. Lanes 2 and 10 showt@ of the Maxam-Gilbert
one intervening helical turn, we performed gel mobility shift Seguencing reaction and lanes 3 and HTCand lane 1 shows
assays using a 48 bp duplex fragment containing two distal Mact DNA.

GC boxes with a 10 bp intervening sequence. As shown in  DNA Structural Change Induced by Binding of Artificial
Figure 2, each artificial protein exhibited a single shifted Six-Zinc Finger ProteinsTo test the effects of the charge
band dependent on the concentration and no other shiftedand flexibility of the linker on the DNA structural change,
bands were detected, suggesting that each protein formed ave performed phasing analyses. This method is utilized for
single 1:1 complex with the DNA fragment containing two the highly sensitive detection of DNA bending. It is based
distal GC boxes. The equilibrium dissociation constality (  on the phase-dependent interaction between a protein-induced
were calculated on the basis of eq 1. The estimitedhlues DNA bend and a reference DNA bend localized on the same
of Sp1ZF6(Gly)10, Sp1ZF6(GE)4, and Sp1ZF6(GR)4 were DNA fragment R9). A set of phase-sensitive DNA fragments
9.2, 14.3, and 5.6 nM, respectively. Although the differences termed GCmixGC or GCatGC were used to examine the
in the equilibrium dissociation constant of each protein were effect of the sequence-dependent DNA bendi?4).(Both

not significant, the affinity of Sp1ZF6(GR)4 was reproduc- sequences have two distal GC boxes with 10 intervening base
ibly the highest and that of Sp1ZF6(GE)4 was also the pairs. However, the intervening sequences, namely, a random
lowest. The specificity of their base recognition was exam- sequence (mix) or AT rich sequence (at), were different from
ined by methylation interference analyses. This method each other. As described previous®d), the phase-sensitive
detects specific guanine bases that play an important role InDNA fragment contained the protein binding sequence, an
the formation of the proteinDNA complex. Sp1ZF6(Gly)- array of six phased Atracts with 108 of bending toward

10, Sp1ZF6(GE)4, and Sp1ZF6(GR)4 presented the contactgshe DNA major groove in the cente3@), and a varied spacer
with guanine bases in both of the two GC boxes, and the length between them from 8 to 18 bp in increments of 2 bp.
DNA recognition specificity of each protein seemed to be If DNA bending were to occur at the protein binding site,
very similar (Figure 3). On the basis of the results from the the overall shape of the DNA fragment would be altered by
gel mobility shift assays and the methylation interference the spacer length in the range of conformational isomers
assays, it was suggested that Sp1ZF6(Gly)10, Sp1ZF6(GE)4between the in-phase and the out-of-phase orientations of
and Spl1ZF6(GR)4 bound to both GC boxes in a similar the reference and the induced be8d)( The DNA structural
manner, but theiKy values were slightly different. change can be estimated from the difference in mobility for
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Ficure 4: Results of the phasing analyses for the Sp1ZF6(Gly)10, Sp1ZF6(GE)4, and Sp1ZF6(GR)4 bindings to the phasing DNA fragments
with the GCmixGC sequence. Both protein-free and protein-bound bands were detected.
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Ficure 5: Cosine curves of the plot of relative mobility vs spacer length. The protein binding sequences were GCmixGC (A and C) and
GCatGC (B). The cosine curves are based on the results of the phasing analyses for each protein electrophoresed in the absence (A and B)
or presence (C) of 2 mM Mgl The electrophoretic mobility of the phasing DNA fragments is plotted vs spacer length. Data were
normalized to the average mobility over the entire spacer range.

a set of phase-dependent fragments. Figure 4 summarizes Kinetic Analysis Using Surface Plasmon Resonafiee.
the results of the phasing analysis using the GCmixGC examine whether the charge of the linker region has any
sequence as the target. The relative electrophoretic mobilityinfluence on the DNA binding, the kinetic aspects of the
of a set of phase-sensitive DNA fragments was expressedbinding reaction were analyzed using a BIACORE X
as the cosine function of the spacer leng3®)( The data instrument with GCmixGC DNA immobilized on the surface.
were analyzed by converting each mobility into the corre- This method can monitor the proteiDNA interactions in
sponding relative mobility and by fitting a cosine function real time, in contrast to the gel mobility shift assay that
(Figure 5). The amplitude and the phasing obtained from detects the proteinDNA interactions under the equilibrium
the fitted cosine curves reflect the overall bending magnitude condition. A typical sensorgram is shown in Figure 6A. The
and the bending direction of the protein binding site, measured equilibrium dissociation constants;)(were
respectively. The cosine curve of the GCmixGC complex determined by fitting the normalized equilibrium responses
with Sp1ZF6(GR)4 was almost the same as that with of several concentrations of proteins to eq 2 (Figure 6B).
SplZF6(Gly)10, and that with SplZF6(GE)4 exhibited The K4 values of 7.03x 108 M for Sp1ZF6(Gly)10 and
almost the same amplitude but with a slight difference 8.75x 108 M for Sp1ZF6(GE)4 were similar. On the other
(Figure 5A). An analogous tendency was also obtained whenhand, theK, value of 1.18x 1078 M for Sp1ZF6(GR)4 was
each protein bound to GCatGC sequences (Figure 5B).~7 times smaller than that of Sp1ZF6(GE)4. To evaluate
Interestingly, in both cases of the DNA substrates, GCmixGC the nature of theiKy values, we calculated the dissociation
and GCatGC, the cosine curves of each protein were veryrate constantkys) and the association rate constakdsd
similar regardless of the intervening sequences, although thefrom the sensorgrams. Tlgssvalues were directly estimated
cosine curves of the protein-free DNA fragments were from the dissociation rate of the sensorgrams based on eq 3
evidently different from each other. It is known that the DNA and thek,ssvalues fromkgisdKq (Table 1). Unexpectedly, the
flexibility is influenced by the existence of catior33j. To binding kinetics of Sp1ZF6(GR)4 showed no clear charac-
confirm the effects of Mg on the DNA structure, we carried  teristics for both the on-rate and off-rate; that is, khgvalue

out the phasing analysis under the same conditions excepbf 2.02 x 10* M~ s™1 for Sp1ZF6(GR)4 was similar to the
using a running buffer containing 2 mM MgCIAlthough value of 1.17x 10* M~ s71 for Sp1ZF6(Gly)10, and the
the sequence-dependent intrinsic DNA bending was ratherkgiss value of 2.40x 104 s for Sp1ZF6(GR)4 was close
released, interestingly, all six-zinc finger proteins similarly to the value of 4.21x 104 s* for Sp1ZF6(GE)4. As for
induced DNA bending with each other even under the the association phase, Sp1ZF6(GE)4 evidently exhibited a
different condition (Figure 5C). smallerkyssvalue than the other two proteins, and as for the
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Table 1: Association and Dissociation Rate Constants of Sp1ZF6(Gly)10, Sp1ZF6(GE)4, and Sp1ZF6(GR)4 with GCmixGC and GC

Kass(M~1s7%)

Ka (M)

Sequences
DNA protein Kaiss (S71)
SplZF6(Gly)10 (8.24-0.33)x 104
GCmixGC Spl1ZF6(GE)4 (4.2£0.99)x 104
SplZF6(GR)4 (2.4 0.39)x 104
Sp1ZF6(Gly)10 (9.0% 0.55)x 104
GC SplZF6(GE)4 (3.64 0.49)x 104
SplZF6(GR)4 (3.2% 0.20)x 104

(1.174 0.05) x 10*
(4.79+ 0.65) x 10°
(2.024 0.25) x 10*
(1.05+ 0.51) x 10°
(4.384 0.06) x 10°
(1.52+ 0.14) x 10°

(7.0340.06) x 10°8
(8.75+ 1.46) x 1078
(1.1840.13) x 10°8
(8.74+ 1.00) x 1078
(8.264 0.27)x 10°8
(2.11+0.23)x 10°8

three binding modes: (1) one protein binding to two sites,
(2) one protein binding to only one site at the low protein
concentration, and (3) two protein molecules binding to two
sites at the high protein concentration. The observed single
shifted band suggests that each protein formed a single 1:1
complex with the DNA fragment containing two distal GC
boxes. The values of the equilibrium dissociation constants

(A) = SpiZF6(GIy)10
= SpiZF6(GE)4

v Sp1ZF6(GR)4

-
o
2.

§ (Kg) for each protein to the GCmixGC sequence were similar,
100 while the affinity of Sp1ZF6(GR)4 was slightly higher than

§ those of Sp1ZF6(Gly)10 and Spl1ZF6(GE)4. The result of
5 the methylation interference assays showed that the artificial
St six-zinc finger proteins recognize the guanine bases in the

two GC boxes, as shown in the binding of the three-finger
wtSp1(530-623) to a GC box sequenc84). The similar
recognition manners of these six-finger proteins indicate that
the linker region has little effect on the recognition mode.

0 200 400 600 800

Time (sec) The phasing analysis detects the DNA structural change
(B) induced by the binding of each protein. DNA modification
1 . . — by asymmetrical charge neutralization at the phosphodiester
o SpiZF6GHy)T0 ?“x backbone has been demonstrated to bring about DNA
- & - Sp1ZFB(GE)4 el o bending 2—4). If the linker region interacts with one side
o8l L% Sp1ZFE(GR)4

4 of the phosphodiester backbone, the binding of a protein
would induce DNA bending. All artificial proteins induced
DNA structural changes. The DNA bending patterns induced
1 by SplZF6(GR)4 and by SplZF6(Gly)10 were almost
identical, and that induced by Sp1ZF6(GE)4 exhibited an
extremely similar but a slightly smaller amplitude. An
analogous tendency was also obtained for each protein bound
to the GCatGC sequences. In both substrate DNA sequences,
the cosine curves of each protein were very similar regardless
of the intervening sequences, although those of the protein-
free DNA fragments were evidently different from each
other. Presumably, the linker charges had little effect on the
interaction with the DNA backbone, or they randomly
interact with the DNA under the equilibrium condition. The
FIGURE 6: (A) Sensorgrams for the binding of 50 nM length rather than the property of the linker appears to
SplZF6(Gly)10, 50 nM Sp1ZF6(GE)4, and 20 nM Sp1ZF6(GR)4 influence the DNA structure, and the protein-binding struc-

to the GCmixGC sequence. (B) Determination of the measured re of two distal GC boxes seems to be independent of the
equilibrium dissociation constant&{) by fitting data for a 1:1 intervening DNA sequence

binding model. The equilibrium responses of several concentrations
of proteins were normalized using the fitted value for the maximum  When using the running buffer with Mg£ISp1ZF6(GR)4

response. and Sp1ZF6(Gly)10 induced almost the same DNA structural
i o o change, and Sp1ZF6(GE)4 also had a conformational altera-
dissociation phase, SplZFE_S(GIy)lO had a significantly I_arger tion similar to those of Sp1ZF6(GR)4 and Sp1ZF6(Gly)10,
kiiss value. These tendencies were also detected using anpoygh the magnitude of the amplitude of their cosine curves
immobilized DNA containing only one GC box sequence \yas smaller than that in the case without MgQDn the
(Table 1). other hand, the sequence-dependent DNA bending was
released by the existence of the Mdon, suggesting that
DISCUSSION the protein-free DNA structure itself is appreciably stabilized.
The result of the gel mobility shift assays revealed the The interactions between each six-finger protein and the
DNA binding mode of each zinc finger protein. These six- DNA fragment were not influenced by the existence of the
zinc finger proteins contain two GC box-binding units. Mg?" ion, and also, the decrease in the amplitude probably
Therefore, they can bind to two distal GC boxes in at least resulted from the DNA stabilization. Strauss et 8).{ointed
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out that the DNA bending induced by asymmetric phosphate SRY shows identical equilibrium properties, such as DNA
neutralization is reversed by the addition of multivalent binding specificity and induced DNA bending, except for
cations such as Mg, Co**, and spermine. This result the prolonged lifetime with DNA. The-34-fold prolonged
supports the fact that the electrostatic effect between thelifetime of the chimpanzee SRYDNA complex resulted in
linkers of the six-finger proteins and the DNA phosphate an enhancement of the transcription. These results suggest
backbone plays an unimportant role in the protein-induced that the kinetic lifetime of the bent SRYDNA complex
DNA bending. regulates the overall lifetime of the enhanceosome. Therefore,

The kinetic aspects of the binding reaction were analyzed it is of interest to kinetically regulate gene expression by
using surface plasmon resonance. Two characteristic featureshe artificial DNA-bending six-zinc finger proteins with
of the association and dissociation processes were clarified.different linkers and different dissociation rate constants.
The association rate constant of Sp1ZF6(GE)4 was smaller |n conclusion, the artificial six-zinc finger proteins pre-
than those of Sp1ZF6(GR)4 and Sp1ZF6(Gly)10, suggestingsented here, Sp1ZF6(Gly)10, Sp1ZF6(GR)4, and Sp1ZF6-
the repulsive effect of the negatively charged linker on the (GE)4, induced DNA bending. The DNA recognition mode
association step. It is also possible that the folding of and the induced DNA structural change were similar among
SplZF6(GE)4 is changed because of the interaction betweernhese three six-finger proteins. However, the kinetic aspects
the glutamates and divalent cations. On the other hand,of their DNA bindings were clearly different from each other.
Sp1ZF6(Gly)10 exhibited the fastest dissociation rate con- |n particular, the dissociation rate of Sp1ZF6(Gly)10 was
cerning the off-rate. It is indicated that the entropic factors the fastest and that of Sp1ZF6(GR)4 was the slowest. The
due to the flexibility of the linker rather than the charge kinetic stability of a bent DNA-protein complex is very
repulsive effect strongly influence the dissociation from jmportant for the assembly of many molecules in various
DNA. In contrast with the close equilibrium dissociation biological reactions. These DNA-bending six-zinc finger
constants of the DNA binding of these proteins measured proteins may be useful as new tools for the kinetic regulation
from the gel mobility shift assay, the dissociation constant of the sequence specific transcription.
(Kg) of Sp1ZF6(GR)4 detected by the kinetic analysis was
significantly smaller than those of the other two six-finger REFERENCES
proteins. Because the time scale of the BIACORE experi-
ments is much shorter than that of the gel mobility shift ~ 1- Werner, M. H., Gronenborn, A. M., and Clore, G. M. (1996)

" . . Science 271778-784.
assays, the binding reaction monitored by the BIACORE .
. . . - 2. Strauss, J. K., and Maher, L. J., lll (19®ience 2661829

studies unlikely represents the formation of a specific 1834,
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the kinetic aspects of complex formation of each six-finger J., Il (1997)Biochemistry 368692-8698.
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