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Figure 0-1 Structure of the C2H2 type zinc finger motif, Sp1-finger3 (V. A. Narayan et al.). One
finger is approximately 30 amino acid residues long and consists of a simple BBa fold. This fold is
stabilized by hydrophobic interactions and also by chelation of a simple zinc ion with the conserved
Cys2-His2 residues.

Figure 0-2 The X-ray crystal structure of Zif268-DNA complex (N. P. Pavletich, and C. O.
Pabo). The characteristic DNA binding mode of Cys2-His2 zinc finger proteins is revealed as
follows: (1) one finger typically recognizes contiguous 3 base pairs (bp) of DNA sequence, (2)
DNA recognition is mediated through base contacts with the side-chains of specific amino acids
located on the recognition helix, (3) multiple zinc finger domains are tandemly repeated by simple
covalent linkage, namely connected by the consensus linker region, and (4) zinc finger proteins bind
to the sequence of nonpalindromic base pairs.
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(A)

(B)

Figure 0-4 Scematic model of the transcriptional initiation complex. (A) Many proteins interact
each other. DNA bending is important for the formation of the transcriptional initiation complex.
(B) An artificial protein that induces DNA bending could be a useful tool for the regulation of
transcription.
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Tablk 1-1 DNA sequences for Binding of 6-zine finger proteins

GCatGC | 51 ~GEEGCSEEGE TATAATTATA GOGECEEEEC-3"
GCmixGC 51 -GGEGOGGEGE TACGAGTCCA GEGGCEGEEC-31
MIXatGC 51 -ACTEGTCARC TATARTTATA GEGGCUREGC~3"
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3' - CGGGE GCG GGG - 5!
5" - @GCCC CEC CcCcCc - 37

M ) (3
( 2y ) ( 2 ) ( 2l )

NH _J \-- COOH

Figure 1-1 Schematic representation of sequence specific DNA binding of Sp1(530-623).
The DNA binding domain of transcription factor Sp1 has 3-zinc finger motifs and binds to GC rich

sequence (GC-box).

3" - CEGGE GCGE GGGE . 10bp. - CGGG GCG GGG - 5!
5' - @GCCC C@C CCC GCCC CGBC CccCc - 37
M. ) () OO0

. P4
( Zn(II)) ( Zn(ll)) ( Zn(ll)) (c (IQH ) ( Zn(il)) ( Zn(i) )
NH._J \—_ Linker —/  \, J L—cooru
Sp1ZF6(Giy)4 " GGGG K
i i
SpIZFEGlY)7 | GGGGGGG |
i i
SpiZFE(GlY)I0 ' GGGGGGGGGG |

Figure 1-2 Schematic representation of artificial proteins Sp1ZF6(Gly)4, Sp1ZF6(Gly)7, and
Sp1ZF6(Gly)10.
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Figure 1-3 The electrophoretic mobility of a DNA fragment in a polyacrylamide gel. The
electrophoretic mobility of a DNA fragment in a polyacrylamide gel depends on the mean square
end-to-end distance for the fragment and/or the DNA flexibility. A DNA fragment with a stiff or
bent structure in the neighborhood of its center migrates more slowly than a flexible and straight
DNA fragment with the same bp.

(A) (B)
GC GC GC

1 2 3

Figure 1-4 Gel mobility shift assays of Sp1ZF6(Gly)n. Sp1ZF6(Gly)n binds to a single GC box
(A) and two separated GC boxes, GCmixGC sequence (B). The lower and upper bands indicate
protein-free and protein-bound DNA fragments, respectively. Lanes 1, 2, and 3: Sp1ZF6(Gly)4,
Sp1ZF6(Gly)7, and Sp1ZF6(Gly)10, respectively.
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Figure 1-5 Cleavage patterns by hydroxyl radicals. The target DNA fragment contained
GCmixGC sequence. The panel shows the results for the G-strand. The complex with Sp1(530-
623), Sp1ZF6(Gly)4, Sp1ZF6(Gly)7, or Sp1ZF6(Gly)10 was attacked by hydroxyl radicals. The
samples contained the following concentrations of peptides: lanes 1, 2, and 3: 0, 25, and 100 nM,
respectively. The first and last lanes indicate G+A of the Maxam-Gilbert sequencing reactions.
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Figure 1-6 Line scans corresponding to tracks on the gel of the hydroxyl radical
footprinting assay in Figure 1-5. Lanes 1, 2, and 3: 0, 25, and 100 oM of each peptide,
respectively. Arrows indicate the hypersensitive cleavage nucleotides.
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T3 DNA 757X ¥ FOBEENE{LEFIA L T, DNA OEEELTRISRE
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TS YAV MEEOBRIZFLEEN, KUY T IV T I FAVERKEIOBEE
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Figure 1-8 iZ#%E | 7> Phasing Analysis §D 77 A 2 FDNA Z7RLTWw5, BEAI®D
BEMEATAETE LT, 64 bp DXDODEET S poly AT tracts A L7zs (AT
535 poly AT tract & DNA XA +— 7V —7HIZ 18° OEMTH L. RXODEH
$ 5 poly AT tracts i3, £& LTDNA A V¥ — 7V —T7H~D 108" OE#MEET
BIEFHONTWS (38), 72, BEHEMSESIE L Tid, Table 1-1 IR L 72
BHEOEF ZMEH Lz poly AT tracts L EHERAESIEOAR—T—DESIT.8bp
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(A)

Spacer Protein binding
region sequence

(B)

Spacer Protein binding
region  sequence

Spacer  Protein binding

Poly AT region sequence
tracts

Spacer  Protein binding
region sequence

Figure 1-7 The principle of the pbasing analysis. (A) Schematic model of the DNA fragment used
for phasing analyses. The sequence of 6-poly AT tracts was used as a reference bending. The spacing
between poly AT tract and the protein binding sequence was varied. (B) The position of the end of
each fragments is varied corresponding to the spacing, if DNA bending occur at the protein binding
sequence. The overall structure of a set of DNA fragments changes from 'in-phase isomer' to 'out of-
phase isomer'. (C) Schematic model of 'in-phase isomer. The electrophoretic mobility becomes
slowest. (D) Schematic model of 'out of-phase isomer'. The electrophoretic mobility becomes fastest.
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Spagcer region
18 bp

6-Poly AT fracts

o
Protein binding
sequence
GCmixGC

Adaptor GCatGC
region .

; (8-‘198 bp) ; MIXmixGC

MIXatGC

Figure 1-8 Structure of the DNA fragment used for the phasing analysis and the
sequences (see Table 1-1) used for the protein binding site. A variable spacer region from 8§
to 18 bp in increments of 2 bp is placed between the protein binding sequence and the
permanent bend resulting from six censective phased AT tracts that has 108° bend toward
DNA major groove. A variagle adaptor region from 18 to 8 bp is placed corresponding to the
length of the spacer region to conserve the total length of each DNA fragment 467 bp. The
sequence described above is inserted to multi-cloning site of pUC19, and Pvull cleavage
produces the 467 bp fragment.
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EHBOEANY FORBED /2. Ax—Y—EOBLIcnEkL i, 20K
k@ﬁ%w%%ﬁ?%tbm\%v7}ﬂyF®%@ﬁ%%E#H®ﬁ%ﬁﬁK%
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(A) 8 1012141618

protein-free DNA wt 1 bound

(B) 8 10121416 18

protein-free DNA

G10

Figure 1-9 Electrophoretic patterns of phasing analysis. Each DNA fragment was incubated with
wtSp1(530-623), Sp1ZF6(Gly)4, SplZF6(Gly)7, or Spl1ZF6(Gly)10 and electrophoresed. The
protein binding sequences were 'MIXmixGC' (A) and 'GCmixGC' (B), respectively. The numbers at
the top of each figure mean the length of spacing in bp between the reference bending sequence and
the protein binding sequence.

-2



BEELHEETAITA Y I—TThb, EROKESEABHORESE, /2,
SARIZEBROAFNE R T, o
Figure 1-10A, 10B #*H, GC R v 7 Ak —D LPEE L VEIIZ. BEFNUARET
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- BEFEET A P TOBMPRMA) 222 AR—Y—REERLIBVL, TOLE,
BELHENFHHE TS DNA BEE(LDOKEE%E Figure 1-11 OHT 77 TRLZ,
Phasing Analysis 2BV T, ML B2 EAR—G—EE2DL D77 A MIKEHE
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L Ledss, ZOMEELOFRITE L % ., Spl(530-623) " FOREDHE
kT, SplZP6(Gly)7 DF57% SplZF6(Gly)10 £ & L h R E L FMOE(LEG| &
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Figure 1-10 Plot of relative mobility versus spacer length. The data of phasing analysis shown as
figure 9 were analysed by converting each mobility to the corresponding relative mobility and
plotted against the spacer length. The amplitude and the phasing obtained from the fitted cosine
curves reflect the overall bending magnitude and the bending direction of the protein binding site,
respectively. The protein binding sequences were 'MIXmixGC' (A), MIXatGC' (B), 'GCmixGC'
(©), and 'GCatGC' (D).
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QO wriboe i o7
@ wrzbond [ a0

(A) MIXmixGC . (C) GCmixGC

&0

(B) | MiXatGC

Figure 1-11 Relative end position of phasing DNA fragments containing 'MIXmixGC' (A),
"™MIXatGC' (B), 'GCmixGC' (C), and 'GCatGC' (D) sequences, respectively, in DNA bending.
The complete binding of Sp1(530-623) is the standard position. The distance from the center to
each plot and the deviation from the x-axis reflect the overall bending magnitude and the relative
entire bending ditection, respectively.

=26



HICL-oTRRLZEFHEESRTWS (39, ‘45)0 AWF3EiE. DNA BEHOFEZEL
W ABETEROFHICET -EQERENCE > T, FHZARY5 25 LE2
LB,

—27~



E_H
BRORLLZN U H—%2ATA
DNA EHES 7 1 v F—BEHEOAIS
DNA 412 B 1 b B 5 it 5 &%

DNA D% MHEEEEREEA ROTRE LS T €3 2 ERRECB W TESR
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GGRGRGRGRQ % HA L 72#REH K SplZF6(GE)4. Sp1ZF6(GR)4 % VEEL L 7+ (Figure
2-1)o CNOLDFEFICL o THREENS DNA BHEEILE. 2h5H9 DNA &I H
H%EE%%%@%\U7ﬁ—%ﬁ®%ﬁ£lﬁ7b#?EUf%—@ﬁw@ﬁﬁ
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3' - CGGG GCG GGG 10bp CGGG GCG GGG - 5!
5' - GCCC CGC CCC GCCC CGC CCC - 3!

() (2) (o) () (5) [6)

) %) ) GO GO O

wm—  —)  \ Linker — </ \—cooH
Sp1ZF6(Gly)10 | GGGGGGGGGG T
SpiZF6(GE)4 | GGEGEGEGEQ !
SpI1ZF6(GR)4 | GGRGRGRGRQ !

Figure 2-1 Schematic representation of Sp1ZF6(Gly)10, Sp1ZF6(GE)4, and Sp1ZF6(GR)4.

(A)

5678 012345678
I R |
G10 (GE)4 (GR)4

G10
ogf "Emwms (GE)4
— = s (GR)4

. ’ "
1010 109 108 107 106
[protein] (M)

Figure 2-2 (A) Gel mobility shift assays for Sp1ZF6(Gly)10, Sp1ZF6(GE)4, and Sp1ZF6(GR)4
bindings to the GCmixGC sequence. Lanes 0-8: 0, 0.1, 0.3, 1, 3, 10, 30, 100, and 500 nM of
peptides. (B) The ratio of protein-bound fraction were plotted against the corresponding protein
concentration, and fitted based on the 1:1 binding model. The equilibrium dissociation constants
(Kd) of Sp1ZF6(Gly)10, Sp1ZF6(GE)4, and Sp1ZF6(GR)4 to the GCmixGC sequence were 9.2 nM,

14.3 nM, and 5.6 nM, respectively.
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Figure 2-3 Methylation interference analyses for Sp1ZF6(Gly)10, Sp1ZF6(GE)4, and
Sp1ZF6(GR)4 bindings to the GCmixGC sequence. Lanes 4-9 present free (F) and protein-bound
(B) DNA samples. Lanes 2 and 10 indicate G+A of the Maxam Gilbert sequencing reaction, lanes 3
and 11 C+T, and lane 1 intact DNA.
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Spacer length 8 1012141618 8 1012141618 8 1012141618 8 101214 16 18

Protein free
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Free DNA SP1ZF6(Gly)10 SP1ZF6(GE)4 SP1ZF6(GR)4

Figure 2-4 The results of phasing analyses for Sp1ZF6(Gly)10, Sp1ZF6(GE)4, and
Sp1ZF6(GR)4 bindings to the phasing DNA fragments with GCmixGC sequence. Both
protein-free and protein-bound bands were detected under the protein concentrations. The upper
bands with equal mobility are the DNA fragments derived from vector plasmids.

( A) ~ o - Free DNA (B) . Free DNA (C) = o - Free DNA
—e— SpiZFB(Gly)10 Sp1ZF6(Gly)10 —e— Sp1ZF6(Gly)10
m= s Sp1ZF6(GE)4 e+ Sp1ZF6(GE)4 ==+ Sp1ZF6(GE)4

s nie  SpiZF6(GR)4 ' _SpIZF8(GR)M4 wngn Sp1ZF6(GR)4
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Figure 2-5 Cosine curves of plot of relative mobility versus spacer length. The protein binding
sequences were GCmixGC (A, C) and GCatGC (B). The cosine curves are based on the results of
the phasing analyses for each protein electrophoresed in the absence (A, B) or presence (C) of 2
mM MgClp. The electrophoretic mobility of the phasing DNA fragments is plotted versus the
spacer length. Data were normalized to the average mobility over the entire spacer range.
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Figure 2-6 The principles of detection of protein-DNA interaction by SPR phenomenon. (A)
Biotinlated DNA fragments are immobilized on the surface of the gold film coated with
streptoavidin. Sample (DNA binding proteins) solution is injected to the flow channel and flown at
the constant flow rate. (B) SPR is observed as a dip in reflected intensity at an angle. The SPR
angle shifts when proteins bind to the DNA immobilized on the surface and change the refractive
index of the surface layer. (C) The SPR signal is monitored continuously and plotted against time.
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% (Figure 2-6C) o

AMFETHE, ¥V HF—F v T SAZHV, TOLVH—F vy 7"&i%ﬁﬂﬁ§ﬁb:?
WYY A=ZHLTA T FTEDYPEZEEENRTWE, $9°, GCmixGC KH
DITT=VIERIZECHD SEREmE YA F L L7z 2K DNA 2RISR ML. +
Y —=F v TSANDEZENET 0/ TAMYIVAR-F)IF—La VEREH
#9570, DNA OEZEE, 200300 LARVAZL=v b (RU) Z%5 k>
W l7ze TIREBHRBEEMA, BELEN/ DNA ~DRELEE L ARV AL
=y MEDZEE L LTHRE L7z, fIEIX 30 ETiTo. FEHEZED. 5 oM 2
5 800 iM DRI TIREEF A ML L5 o TR #4T 0 720 BHER, BEKENE 55
MLk, Ny 77 =DA% 0FHRT I LiCd o TiTbhiz, SplZF6(Gly)10,
Sp1ZF6(GE)4. 7zt sp1ZF6(GR)4 & GCmixGC EE¥ % &1 DNA L OHAE(ER %%
TEYH -7 7 ADB%E Figure2-6A IR T, &L ¥ —7F 413, DNA ZEZEEL
FHBESLBONE Y —F 5 A0 RU ED S, BRtREFEL T VRV Y
PO L ORED BN Y H =TT AD RU EEELI Wb DTH L, b
T 5T SplZF6(Gly)10 @ﬁ@%ﬁ%}%ﬁ%w Z & % Figure2-6A X D RIEE N B,

FRBEICBITREBBEORK L ARy 212y MER, 2B LTTOY b
TAHILILL-T, FERNEDHEAFEE R TEHLA. S50, HESGE
Ry /R ZIREITFLTTEHY bL, —0—DFEESETVIZET (K 2-3 (EBOL
ZHR) L7y T4 TERBHIEIEo T, EHEEER (Kd) FEH L (Fgue
2-6B) o Sp1ZF6(Gly)10. Sp1ZF6(GE)4., Sp1ZF6(GR)4 @ Kd fEid # 1L #1, 7.03x10° (M),
8.75x10°* (M), 1.18x10®° (M) & 7 - 7z (Table 2-1), SplZF6(Gly)10 & SplZF6(GE)4 O
KdfEIZIZE A LRI LT o 7245, SplZF6(GR)4 12 7 15BN B L 5 5
Whol. COKIMEDENTESD EOEMICGERT 2O EHFE -0,
BT RRFALT, MREEER (k) LESEEER (o) 2EMLE, B
MEEEER (kg BEVH -5 00BEREIS _HE2 Ll litdoT, R 2-
4 (EBOHS|W) X VEHEER L2, T, BEEEER k) BR 2-5 (EB
OHBIE) HOEM LI (Table 2-1)0 FIREAT &0, HABBITE T b RS
FEIZB T h SpIZFE(GRM IZMED = O DB K & AN TRE LBV ER S BP0 72,
T 7% SplZF6(GR)4 & Spl1ZF6(Gly)10 Dk, BB & U, SplZF6(GR)4 & SplZF6(GE)4
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Figure 2-6 (A) Sensorgrams for binding reaction of 50 nM of SplZF6(Gly)10, 50 nM of
Sp1ZF6(GE)4, and 20 nM of Sp1ZF6(GR)4 to GCmixGC sequence. (B) Fitting data for a 1:1
binding model. The responses were normalized using the fitted value for the maximum response at

equilibrizm.

Table 2-1 Association and disseciation rate constants.

Kd .(M)

"DNA  protein kdiss (s1) kass (M-is-1)
- G10 (8.24x0.33) x 104 (1.17 £0.05) x 104 (7.03 £ 0.06) x 108
GCmixGC (GE)4 (4.21+0.99) x104 (4.79 + 0.65) x 10% (8.75  1.46) x 10°8
(GR)4 (2.40=x 0.39) x 104 (2.02 +0.25) x 104 (1.18 £0.13) x 108
G160 (9.01 £0.55)x 104 (1.05+0.51) x 104 (8.74 = 1.00) x 108
GC (GE)4 (3.64 £0.49) x 10 (4.38 +0.06) x 103 (8.26 + 0.27) x 108
(GRM (3:21:0.20) x104 (1.52+0.14) x 104 (2.1 +0.23) x 108
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D ky BARIZIZFE LW LR PR 07/ Vv I —DELRL=DDZFHE L DNA
EOMBEERICBWT, BEERETIE SplZF6(GE)4 D "0k ) b/ &k k {E
R LIzDITHF L, FREEELFE T3 SplZF6(Gly)10 AN "2 X ) b K& & k EER
L7

SPRICEBRIED S £ 5 A7 — Vid/AN&E V728, BIACORE DHIEMED, FEQE
BTo0 GC Ry 7 ABRFOW A L FRICHEERL-BOBERERLTWLOP
E3 LS TIR VG, B, GC Ky 2 ARF%—> L& %\ DNA 2 EE
{ELTHZELZZEED., EEALH CAEXFR/SN/ze F72, Phasing Analysis DFFR
W, 674 YA -BEABRD) ¥ —#45IE. DNA & OHEEA~DOEEIPE W
CEFRBRENT VD, L L5, SPR L 2RERVBITOKERD> L. I
BEWEHEEER LT, VI -5 DNA L OFEE., BEHICEELYELTW5
CEDPRBENT, U A—ESOBHEOAELT, TLEVEYF 4 —DENVS
EREDR) A —DEED 6-7 4 Y H—-BHE L DNA LOBEEBIZFS LTn
BZER, FOERO—D L LTEZLNS,

Ukiyama & 1%, A& 7% DNA EELE2FRT S HMG A v 7 AERED—DTH
5 SRY ZHE & DNA L DM EMEH L EEFRE~OFE T, DNA BEEL. KU
EORERPVEZERDBERPLOMEL, BEREVERZHREL TS (27). SRY #F
FRT S DNA BHIIEERFEAEOBERICL o TEETH 5 Z AL TV,
HEiZ, b SRY &, 2D 1 T3/ BEBRETHHF /N PV— SRY EZHEL
720 21X DNA IZTHEE L CAED DNABELEILEFBRETHA. F 73— SRY
& DNA HHEEKDHF Y 34 FBRVEFHZR L. BEEMHLEIFEVW EFRESh
7zo FERFOERE LT, Bl DNA OEEMIEERBESHEOEELRE 2 (]
BTai b ilEFELTWATEEEREL TS, ZOREPL S, FHEO DNA
BT R FRT B, BEBRNEERSEL S DNA BABHE R, EEHMECHT
THRRVEFHTZRT EEZ LB,

ARG TH 72 CRIB L7z 6-F8R 7 1 > #—EH K. Sp1ZF6(GE)4. X UF Sp1ZF6(GR)4
BN — oD GC Ry 7 ABFIICHEES L. DNA Bl ZFHSRE L7z, SplZF6(Gly)10
EHBLT, U —MWOUFEETLEMOEVIIAPbLY, IhbDERER,
FI#ED DNA AR EZRL, T, FEAYE L Vv DNA #HEELEFIERI L,
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—77. DNA BEORERWEMIEVICER LI EAFEL P L 2ol FIT, MWk
BEIT3BvTid, Sp1ZF6(Gly)10 7% b 3% { . Sp1ZF6(GR)4 %% b B> 720 ] U DNA
BEREFRT Db prbod, B iERUEHEETEINODHA 6
BT 4 v A -EAKE. BEFIRBRMWAEE ST 2 EERPFEICEIT T, Bk
BOHIRZR L2 LEZLNRS,

— 40 =



N

FE FREST 4 Y T-BARDAR BETOSESREHEORFEEREN L
DNA EEDH LT, BN EENHICEET 2 EAERTOMEERICE o TH)
OTREEN D, COEHEBEOMAEIERE £ TEEICT 2 ERO—213 DNA BEZEAL
THbo, TN, EEDEERFEARETEL, S5ICDNA BHZBRTLHHE
HER, ATEEHEET L LTOTRRERDTYS LEE bNs, 2T T,
ﬁi%&rmA%%%%~7®—oﬁ@éE%7{yﬁ~%%—7%@ﬁ@@%é%
BILCkoT, HABARFIOUIEFTETHS L ARENTER, $7. 7
ToIUTA ATV Lo THEDEERIG AR ETIES 74 Y —BH
FeBRTELILFMESNTBY, B 74 Vv H—FF— 735 DNA HAE
HEDEIBIZ L > TED TEHNTH 5, FFFE Tit, EERT Spl © DNA 44
BUFESA=E00HE S 74 VM —RAL ez ) vy —CERTLILIZLY
AODWHT A Y T —2FTHHHEEAEFAEL, TNh50 DNA BRITE5 258
B8 LU DNA BHOERERNBFEICOVTRE L7,
B—8 RUTVIVIII—2FTE2HH 6¢EHA 74 v F—BHEIL S
DNA BHOFRE EHEETF Spl DDNARSERICHEET A= OOTEE T4 v 4
= (Sp1(530-623), LT WT £ %¥) B2 7U v 4. 7M. 10@»6R2) >
A EAE R R SR E HE SplZF6(Gly)d. SplZE6(Gly)7. SplZF6(Gly)10
(LIF G4, G7. G10 L %¥) #BIE L. V¥ H—DELSOBWIENEERI OB
WICRTTHECRA BT VERKEEICL o THEN L7 WTH GCEy 7 Rk
N BEERFICHEENCES TS, 220, 6-Hi 74 v HF—REHEOELID
L 2 EEA A S N A EERRFIL LT, 200 GC Ky 7 AMIC DNA
Y7 ADRL 5=V BT 5 10 EE (bp) BIEALIEERFIE I, T,
GC Ay 7 A% —DRFEBRIIZ Y Pu— L e LTHGZ, B FO®ILS VY
N7y TN Y MEICBT, G WT & L72kED DNA §IB1/85 — 7 158w
RoNZoizd® GI. GI0 TE WT DBE&LEERD, 200 GC Ky 7 ABD
BFIRICE VLIS R 6 e G7. GI10 DFEAIC L YV ZonELRFIRO < £ F—
TN—=THFRRT N/ EPREENS, F72, Phasing Analysis DFERED» S, GT &
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G0 I3ENT-— 2D GC Ky 7 A—HTFTHEEL, ZOoNGCHy 7 AHIKDNA
DO HEESES BEELEAELTVWE I ERHL R kol ZORILOK
XXEGTOFFGI0 L) bREL, V¥ H—DESIZDNA BHOFAEICEE
5.2 52 EFRBENT, '
®—% BEORLZVLF—%ATH DNA BHES 7 1 F-EHHOA
B DNA BSOREDEN EOE0ESICHo TEL 2B DNA OXEER,
EEME TS RITT LI EE SR TWS, L7225 T, DNA BHIEHFRT 2
ENED DNA BE0RERNSHETZETA LIk, BERAMICE > TARTH S
rEZEND, FIT. UYA—0OT I/ EEEET 10 1ICRL, BHERETAT I
JEBTHLTNEF= Y NNy 3 VvBERIICEA LHRERDE Sp1ZF6(GR)M.
R0 SplZF6(GE) % EI# L, DNA % ICRI12THE & DNA HEI BT 2 EER |
¥ & SplZF6(Gly)10 & Wt L7z, * FEF#EIC & ) DNA Ba@#ks% . Phasing
Analysis (2 & ) DNA #EE{L~0OFEE, €610, KH 77X VHEOFEREZTF
H LS 5 DNA BE0OEERMERICE L TR L, TOHER. hbD&
B S DNA 3% DNA S L oS TiRIEL AR LMEERTIRb 25T,
YU H—DEWIZE T, Bl DNA L EHE L OBRAFROREEICEVTFEL T
BT EPRBEINT,

INHOERIZ, DNA Bl ZFRTA2HIRESH T « ¥ VW —BEHE DS FREENE
EHLHEERLIZEEZLRS,

EERBEARE. 2 SADEREOMEERICL o THKE N %5, DNA &
ObThihEVY, BEERFHOBRABICAELEELS52 3% (49), FXFETH
Sp1ZF6(Gly)7. KU Spl1ZF6(Gly)10 DFEAIZHE 9 DNA BEELDEWIZX Y, DNA
HOFEAEDENFELLZEFBELPE 2o, ORI DNA iS5, B
7ML TOEEK-DNA, RUBBERTOMEFRICEDL ) KBRS 20
EWITHEE, 7 BEHEOREAICI o TAELS DNA BHEEDREE L BEERIT
FOBMELR E. I NVBERLRICBTE, Chb0 ATERKOERICEESD 2h
5o
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The change of the DNA bending direction
. _J

ctivator

Perspective: Even slight differences in DNA bending direction would change the overall
intrinsic DNA bending. Each protein-DNA or protein-protein interaction would be enhanced
or suppressed. The efficiency of transcription would be affected.
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EERDE
F1EICHTHER

RFFHETHWAETO DNA F U TX 7 LI F FRUT32P] ATP & Amersham
Pharmacia Biotech #£7» HBEA L7z, HIBREESE K U548 2. New England Biolab T
F 7203 Takara ft X VEEA L7 £ TOERIZB VT Milli-Q Kz A\,

ZEE 7T AI F DNA OREE
pBEND D%k

pUCI9 B L L, I 4 <— a 5-TGATTACGCCAAGCTTGCATGCCTG-3', b:
5'-ATCGATCACGAGCAGATCTGAGCTCGGTACCCGG-3 £ 7213, 794~ — ¢ 5-
AGATCTGCTCGTGATCGATGCATGCCTGCAGGTCG-3' , d: 5-GACGGCCAGTGAA
TTCGAGCTCGGT-3'%# BV T PCR #4TVv, 757 A b ab R ed 28720 RICT7
STAVPab RPFcdZHFEREL, Y947 —a bk dEHEWTPCR 2TV, 757
AV b ad %1Bir, 7T Z AV ad % Hindll & EcoRI THLE L. HindI/EcoRI YLH
BT Y BERIC TR T o 72X 2 ¥ — pUCI9 ZH A L, pBEND % fE# 7, Bgll
Kie i) v B{b i %9772 pBEND KR ELEH AT 2 &t 244 DNA #
AL, EBICHG,

pPhase DFEE

LA ) TR 7 LA F Fladp 121, adp 1-22], [A-tractA, A-tractT], [adp 2-121,
adp 2-1221% SHKB) VEBALRT =— ) VX ({70t CNLE—FIIIA X —T 3T
>, 7747~ T-Apm. KU adp 2-122 E VT PCR 247V, 75 7 A > b 2412
%872, TN% Hindlll & EcoRV THLIE L., HindllUEcoRV MLIRE ) » EE{L RIS
%47 072742 ¥ — GCmixGC/pBEND I A$ 5 Z 12X D, GCmixGC/pPhase 2A12
ZVEB L7z RiIZ. GCmixGC/pPhase 2412 2858 L L, 77 4 = — adp 1-4p RO adp
2-10p Z BT PCR Z47V>, Hindll & EcoRV THLE L. HindVEcoRV MLERF I [,
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JrBILRIC % T o722 ¥ — GCmixGC/pBEND ICHEA$T L Z LI & b,
GCmixGC/pPhase4A10 Z{EE L7z, F#IZ, GCmixGC/pPhase (n-2)A(m+2) % &HHE &
L. 754 ~— adpl-(n)p- adp2-(m)p % FVv> T, GCmixGC/pPhase nAm =JEIZ/EE L
7z (2R L. ntm=14, n=4, 6, 8, 10, 12)o 7, GCmixGC A OEBHM GRS %
& $ 5 pPhase DIEHiIX, ZEFI%FT5 pPEND 2°5 EcoRIVEcoRV 75 7 AV M %,
10 i L. EcoRVEcoRV SLE & B ) ¥ b S %17 o 724 pPhase nAm {Z#F A L 72,

pPhase DHEEIHFA LAV IX 2 VFF FRUTS S 4 v —DEF]

A-tractA 5-CATGGAAAAAACGGGCAAAAAACGGCAAAAAACGGGC
AAAAAACGGCAAAAAACGGGCAAAAAAC -3

A-tractT 5-CGGTTTTTTGCCCGTTTTITGCCGTTITITGCCCG
TTTTTTGCCGTTTITITGCCCGITTTTTC -3'

adp 1-21 5'- TCAATAGCCGAAGCTTAGC -3'

adp 1-22 5'- CATGGCTAAGCTTCGGCTATTG -3'

adp 2-121 5'- CGGATGCGTACAGCTGATATCGTG -3'

adp 2-122 5 TCTCACGATATCAGCTGTACGCATC -3'

I-Aprm 5'- TAGCCGAAGCTTAGCCATGGAAA -3'

adp 1-4p 5'- AGTTAGAAGCTTGGAGCCATGGAAAAAACG -3'

adp 1-6p 5'- TCGATAAGCTTACGGAGCCATGGAAAAAACGGG -3'

adp 1-8p 5'- TTCAGAAGCTTGTACGGAGCCATGGAAAAA -3'

adp 1-10p 5'- TACGTAAGCTTCTGTACGGAGCCATGGAA -3'

adp 1-12p 5'- GTTAGAAGCTTAGCTGTACGGAGCCATGGAA -3'

adp 2-10p 5'- TCAGTAGATATCCTGTACGCATCCGG -3'

adp2-8p .  5-CTAGTGATATCGTACGCATCCGGTTT -3'

adp 2-6p 5'- TCTAAGATATCACGCATCCGGTTTTTTGC -3'

adp 2-4p 5'- TTGGAGATATCGCATCCGGTTTTTTGC -3'

adp 2-2p 5- TTGGAGATATCATCCGGTTTTTTGC -3'
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BEHERBER Y- OBRERY, BHEOHSE

DSpl/pUCI9 73 A2 ¥ (6) % Mfel THINI#% Mung Bean Nuclease {7 £ § &1L
2o EHIT AL TEHWL, 20%. B VBIEREET o7k T2, £V VA —
TI/BEFZI—FL, AADFERBEAETADNA 7 IV AV PERALZ ¥
FAEFVEIFEFYVYI)— -7 L% — (ABlprism310) ICLAHAY— 7L A
DERH BamHVEcoRT THIWF L. BamHUEcoRL, BV ¥ ERALALEFE pEV3b 77 A 3
FICHEA L, BHAZY9 A3 Fid, KIEHE BL2I(DE3)pLysS IChP 7 v AT 4 — 4
L7zo B—O 0= —% LB P T 37 ETHEEL. 8gh=06 T, IPIG (HHIRE 0.1
mM) . BLESH (BREEE 1 oM) RN, 20 BT ¥ F2—F L, PBS
Ny 77 —ICEBIPL-TEMESF LI/ Y AF 5 (BioRad) T MonoS ¥ 7 A
(BioRad)iZ & N #M#EEL L, & 512, BioLogic (BioRad) T S-6 #7AICL VighE, A
7— ¥ A5 5 (Amrsham Pharmacia Biotech) % fV>"C Superdex75 # 5 & (Amrsham
Pharmacia Biotech) (2& ) TN /Sy 77— (10mM F Y AEEE, 50mMELF >
L) THVIEEREEITo72,

TN TIT o4 L ABAERAGRADLE

#E DNA 13 MIXmixGC/pBEND & U, GCmixGC/pBEND % Xbal TYIWT L 7= D
RV, FICHOMEIE, 10mM ' AEEHEE R (pH 8.0). 50 mM 4L+ H U >
L, 05mMB-ANVA T RS/ —ib, 0.1 mMBEILHEER. 0.05% NP-40, 5%7 ) o
— ., 150 oM ZE DNA. 150450 oM B 7 4 ¥ T —BHE T 720 15 BE» 5
WEEHAETAVF a1 L, 8BFEEERVTZIUNMTIFSV (72N
TIF, EATZUNTIFH 74:1) T, PVA—FTEENy 77— (88 mM b
JAEEE, 88 mM KRUER) IV I Ny Ty LT, 4 ETHREILZ, N
FrFTY LTI FTRAERE, UVEHICIVRELL,

eFraxI I A vRERICES DNABES{LoRH
BICETESERET o7 (50) EHELT, SKHIF~NV LA G @AV TRY

VAFFE, ZOEBEzT7 - V7 L7 DNA 248H L7z, KISHIE 10 mM b

1) A BB E L (PH 8.0)y SOmMBLF T U Y A, 0SmMB-ANG T LS S — b,
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0.1 mM 3E{LEER, 0.05% NP-40, ZE DNA(20000 cpm). 0. 25 F 721 100 nM DE
HEzZ &1 4&’6 15 BpflA % 2= T L72%%, [EDTAsFe(ll)] (B 100 uM).,

TAIANEVBRF MU T A (FEE 1L.1mM)., BELKE GRIEE 0.003%) %Nz,

KETAZEA Y Fa—} Lize FHRE (FRIBE 0.05M)., EDTA (KIEE 2 mM)
DRI & Y BUEZ LD, T4 ) —VikBIC L ) DNA % EULL 72, %% DNA O
W BREER) T 7 INTIFFAM(FZINTI R, CRATZYMT I FHE 29
1. 8MIKE) BRIXENCL V5B L2, 70 ETHHE X7 1 v A(Fuji Medical
Xray Films RICEESE 2 210k b, N FERELS,

Phasing Analysis i~ & 2 DNA #5210 g

ZEDNA & LT, £ pPhase 79 A3 F& Pwll TEHIRF L7 d D& F VI, 72751,
pPhase 2A12 75X I FDA, Puull 754 v —% BV PCREHEEEL L. K
WEDOBBRR VY 77 v A AW 2D LR ETH B, 7275 L. &% DNA i
BElE 34 oM, ERHEOBRER GC Ry 7 A —0&HHE I3t L TiE, Spl(530-623)
340 nM, £6-74 Y H—FBHEIZ 90 oM TIT o7, T2, GC Ky 7 A% "o%
TEEITH LT3, Spl(530-623)iF 25 7213 100 nM. SplZF6(Gly)4 E 70 nM.
Sp1ZF6(Gly)7 i 50 nM., SpiZF6(Gly)10 iZ 35 nM T4T o7z, 4 ET 2 BEUEA v ¥
A=}, 8%KIVTZI)NTIFFIL (74:1) T4 ET 4 BEEERKIEZT-
Ilo FUYZUT Ny Ty — T3 M) R—F BNy Ty —%MH L. KBRS
VEIZFITA70I FHEBICEL, UVEENI L - TSy FETHEILL 72,

BN TOL S 1Tt AN—H—DESORLEZETT 7 A FOBEE
T R TOERGEICBRE L, ABEOAR—F— 2BV LIDFHBEETE
L THNEEHE R) 2EH L, A—F—0B{hicfEd) HEHE0E{L
B4 YR TESNAS & SHBAT Y5,

R, =1+(Aph/2)cos { 27(S-8)/10.5+b} & 1-1)

(Aph IZIRIBZ . SIFAN—F—DES (8-18 bp) 1T, 7. bREBEHOFHE
KB ETH5,)
BEAR—F—OREIIBTHAEBEE R) 272 v b L, Kaleida Graph program
(Abelbeck software) ® AV TH, 1-1 127 4 v 57 4 ¥ 7 &8 7,
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7z, KUY AL BEME GC Ky 7 ABSTOBEMAHRD S I FBOAN— —
DES (si) &, N12TcEEh2,

Si=(b/27m)x10.5+8 = 12
COZODBEBHORLEOELSOAY ANF - VHIZ, H 13 TREND,
H=33.5/10.34+(Si+n)/10.5 G 1-3)

mZGC Ay 7 ABF|D 5KBHE GC Ay 7 ARFIFOEMOF LI TOES,)

E2BIHETAIRER

BEHERBERZ 7y —OBERY, BEHEORH
FEIELERICLTERERENR F—OBERY., EHEORE T 7

FVYITPT oAl I2568AE0E

#% DNA & LT, GCmixGC BEFl# &L " AOEFN LAV IX 7 VEF FD D
H G IZE s DNA $80 5FKiG % [y-32P] ATP CHEE L /=%, TOMBHELET=—J ¥
FL7z0b % Bz, FICEOERZ, 10mM Y AEBRSER(pH 8.0). 50 mM 18
fEF PV YA 1 mMBAVATRIY )=, 5 mM BIb<Z 57 A, 25 ng/ul
poly(di-dC). 0.05% Nonidet P40, 5% 7' Ut T — )b, 50 pM I T ® 5K ImiERH: DNA
7I7AY . RU0-300 iM D 6-FE T 4 Y H—BHE, bBEE, 4 BT 1 B
SR ET o728, Y T NVE 8BFEEERI T ZINT IRV (T IYLMT IR,
EA7Z7YNTIFH2:1) TAETHEEI Lz, BNy 77 —1ZiE P RA—F"Y
/Sy 77— (88mM U AKEE, 88 mM FUEE) HEWV,
| iKENE D 4 v IiE STORM (Amarsham Pharmacia Biotech) 2 X - T W44k X h.
ImageQuant 7 7 = 7 (Molecular Dynamics){Z & - TEF Z 47T 72, %EE BD
GCmixGC 231§ 2 BEEES (Kd) 3. XE DNA 09 bOERE LT DNA OF
G L. TNTNOESEREICBITA00 % 70 v b L, Kaleida Graph program
(Abelbeck software)® BV T, 1:1 DEAEFVIIESWER 22107 4 v 57 4 ¥ 7 &
R AN
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P+D &< PD
b = [PD]/ ([PD} + (DD (7 2-1)
ob =[P, / ([P], + Kd) (7 2-2)

A FVALFBHEIC X 5 DNA B ORERZ

BRI T EERRTorl, BEEZAERDNA L LT, YAV T Ty A
CHWO L FEL DNA O 77 = ViEEO N7 &g a&HETAF ML bO%
B, 674 v H—ERELEE DNA L OBARIDRI VY 7 R T vkAL
FAEIC T o720 72730, 6-TERT A1 VA —EBHEOREREAERKES Y FORSE
AN S| 0BT 7 BIBE T o170 4 BT 1 BRERGH, 8HIFEBURY 72 INTIF
P (FZUMTIF, YRATZULTI P 20:1) CERKEIZT V. 420 77
R X #7 4 ) A (Fuji Medical X-ray Films ROIZEHEEH I &IZL D 1N F % f Hi
L7-, &8 DNA B X UZHEHES DNA ORNSY FEFLVINEHHE L, Hlovy
77— (05 MERET ¥ E= A, 10 mM Bit< 7 %3 7 A, 1 mM EDTA, 0.1% SDS)
F5EIL L7 2O DNA % 10%¥_) ¥ & 00 ETIFTHRGESESL I LILLD
. T¥ ) —VEBIC X o CHEIL, 10%E%RI 727 UNT IRV (77
JATI R, EATZVATI FH19:1) BRIKENCL D SBEL. KEROT WV
i STORM (Amarsham Pharmacia Biotech}{” & o TH 21L& N7z,

Phasing Analysis i~ & % DNA 3 2{Lo HB

% DNA & LT, GCmixGC ¥ 721 GCatGC BF) % & {r pPhase 77 2 3 & Pvull
CER L7z b D F VT, 7272 L. pPhase 2412 79 A3 FO&A, Pvull 774 7
%\ 7> POR B3 B & L7z, RGO MEIZ, 10mM bV ZIERHRTE B(pH 8.0),
SOmMIB{LF P YA, OS5 mMB-AVA T RSy =k, 0.1 mM AL ES. 0.05%
NP-40. 5% 1) &0 — . 34 oM 3% DNA. 50 nM6-H$47 1 ¥ 7 —BHH TRER
BEiT 272 AT 1R EA Y F o= M 8BRY T ZYNT IRV (741
) TAET4BNERRBIZTo/ 7V =V Ny 77 —IK@TBNY 77— (88
oM R ZIEEE. 88 mM R UEE) T, 2 mM BT I AY T AEED TB N
T — B Lo REHROFMEIIF VY AT FERICGEL. UV BN Lo
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THNY FETRIL L 720 £5Y FOBBER RATOEENBICERL. HAHBE
EE % Kaleida Graph program (Abelbeck software)® FiV TR 1-1 6K T 4 v 7T 4 ¥ 78 #
72

RRA 77 XEYRBEFE L -EERNEN

6-HERT 4 I —ZEEE & DNA & OMEEHE % BIACORE X (BIACORE AB)%f#
ALTRERS o Y I VoRAEP SUEEC.TT ) Ay 77— (10mM
b A—IEEE(pH 7.7). 250 mM¥E{EF P U Y AL 20 mMBALT A YT AL 0.1 mM
HALTESE, 0.005% Tween 20) ZHHA L7z, ¥AFLLAF ) TXZVAFF (5-
YA F ¥ -GATATC GGGGCGGGGC TACGAGTCCA GGGGCGGGGC ATGA -3°) &3k
BEHOMMBEE 2T =V LEE DNA L Lz, ZEOEZELIZRD X I I4T 07
Zon7a—tl (Fcl, F2) D)5, F2 KOAEEZEEMNL, Fel i3> o
—VELTEALZZET. ANV TEY Y Ta— &N —F v 7(SAS,
BIACORE AB)DWHD 70—tk 7AH VER (50 mMAEEEFTU T4, 1M
BALF F Y v 4) T (20l /minx 1 min, 4 @) L7zo Z0#, Fe2 i2D A 50 0M
EZEDNAZEAL, SMBEILT M) Y ATHOHESE (25ul/min x 3 min) XD, 3
FFEMICEAE L TWw5 DNA ZhE L, ®#EICEEL S L7z DNA E25% 200-300
VARV AILZy MIBBI I L7z, 6-HgR7 4 Y —FEHE L EE DNA L DA
EEFOBEE, F&E20 pl / min, BEZ0ETIT->7. BEHEDEEIIZXS nM 2
5 800 M OB TEX THRE L7z FEHEBREE 5 SBEEALLE, Ny 77—
DHE 10 GEEAL, ZDR, BEBEW (S0mM AEE{LF b U7 A, 50 mM EDTA)
TRAE LT EQEPEEIBH TSI TSW T OEALR,

7 — &7 OEHT T BlAevaluation version 3.0 ¥ BW{{To 72, KiBEOHF Y 7 LIHB
WC, ¥ Y TVEAZHEIBEMDO VAR ALy % Req RU)E L, F¥ TN
DERE M) KT % Req RETT Y b L, 11 OBAEF LI T. BRiEL
= Rmax RU)ZHEH L7z TNENOREICBIIZ VAR A=y FRBAES
E Rmax RUE 100%& LTRE L7z, BEEH K EBRELZVARY A2z b
DEETEATRE (© KHLTTTy by R 23 K74 v 54 Y7 tao b ie
LoTh iz,
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Req=(Rmax*C)/(C+Kd) = 2-3
BREREE TR (kg 324 1ICETE R VY75 A5 5 BlAevaluation version 3.0 1=
LhEH L,
R=Ry exp(-ky,(tty) 7 2-4 |
R RREEFNFNFR t BIL T (IIBITB VAR Ry POELZET, $7-. &
EEREEHM (ko) FR2-51CLVEHR L, |
k,, =k, / Kd 7 2-5
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b DICERA, RAMEEHEEE B0 T LSO LS MEEks
IR BRHOBEELE T,

MBL MBS CITHEB A TEE F L SARRMEL (A LRI
HiR). kB EEE (FEAELEER). & FHEtL (B HBAFIILE
— BT HRRGERT) . REFHARE L GUASZEMER) . MAENELICLL DS
HELETE T, BRLUHBLES L TAEEEL @B K2 rk®). B
TE=f+t. B BE—SBELCROEHOBELELIT. 7. AFEO—EI,
AFSFEREOEDICL200TH Y, BV LET,

W, RUKEREE*AEELLOLE LTTEWE L, BRAS(LEFER
G FUSERETEME O 0B, X VRS LTS,

BEOEICHELT L FEBL, BACXBLTTSS, £, KAL) ES
Wz LET,
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