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Investigation of interactions between small molecules
and DNA U_

Extraction of simple models from the interaction

g

Providing a scaffold for understanding more
complicated interactions such as protein-
DNA interactions

Figure 0-1 The ultimate aim of this study.
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Figure 0-2 Chemical structures of esperamicin A; and elsamicin A,
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Figure 1-1-3 Double-stranded scission in the minor groove of DNA helix.
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major groove

minor groove

Figure 1-2-1 Asymmetric DNA
cleavage patiern in the minor groove of

major groove DNA helix. In the minor groove, the
proximal deoxyriboses on opposite strands
are shifted to the 3'-side.

Figure 1-2-2 Complex of netropsin
with 5-AATT-3' in the minor groove of
DNA®. Circles with dots represent lone
pairs of N3 of purines and O2 of pyrimi-
dines. Putative hydrogen bonds are illust-
rated by dashed lines.
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5'- CAGGACGCGTCCT
1 3'- TCCTGCGCAGGAC
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» 5-CCGGACGCGTCCG
3'- GCCTGCGCAGGCC

Figure 1-2-3 Sequences and numbering of DNA oligomers 1 and 2.
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Figure 1-2-4 Comparison of DNA cleavages by esperamicins and calichea-micin
Y1'. (A) The 5'-labeled oligomer 1 was incubated with esperamicin A (EPM Al,
lane 4), calichcamicin y;! (CLM, lane 5), esperamicin C (EPM C, lane 6), or
esperamicin D (EPM D, lane 7), and subjecied 1o 15% gel electrophoresis. Lane 1
shows intact DNA alone. Lanes 2 and 3 are the Maxam-Gilbert sequencing ladders
for C+T and G+A. (B) Histograms of the cleavage patterns. The cleavage frequencies
were obtained from densitometric scans of the gel autoradiogram shown in (A). The
“d" presents a doublet band.
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Figure 1-2-5 Maxam-Gilbert chemical cleavage of DNA.,
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Figure 1-2-7 Comparison of DNA cleavages by esperamicins and calichea-micin
Y1'. (A) The S'-labeled oligomer 2 was incubated with esperamicin Ay (EPM Al,
lane 3), calicheamicin ¥;! (CLM, lane 4), or esperamicin C (EPM C, lane 5), and
subjected 1o 15% gel electro-phoresis. Lane 1 shows intact DNA alone, Lane 2 is the
Maxam-Gilbert sequencing ladders for C+T. (B) Histograms of the cleavage patterns.
The cleavage frequencies were obtained from densitometric scans of the gel
autoradiograam shown in (A). The “d" presents a doublet band.

i e

3 VATV /FYIEY

In

SOOBMICLALRNWE
IARFIVV/CRIARG IV VA POLTAF Y 7IA-A-T7RAF=b—}
AL EH D BV BB TH 5 (Figure 1-29) 2% 0, 2 UF I vy ' Ho A b
FVTA) =R -T7AF7=— ML EMIBVL b DL IZRXM—ThHo, V)
TT—1 RU2 2XART IV /CTYWLALEZS, FORRMIBIIART 3
YUAMEANF Iy DR E L LADE L BDIZEL % 2T A (Figure
1-22,1-2-T) $7, 73 A3 F pBR322DNA #*6 &) v — 2 (2%l T 5 KCHIEE
FEEL 190 BRI EMOML, TheBKeLABBGA) Tv—2 LELHR
G o N/ (Figure 1-2-8); “OHE S DNA ORF MO L 2w TH 5,
TARG IV DREIARGIIVZ/ICHLLELIEFAAFNAZHET /- R

HarxIh B2 b OTH S (Figure 1-29), Figure 1-22A O lane 7T I3 DX AR T

‘i

-
=
-

S/ DOYWI NI =V ERLTWVAE, HE DL, T ARFII VD OFERMR

s

N

RIIYYC &N bWMBF L TWAD (Figure 1-2-2B), HHBE, DNA I2xf3 5 B
bEANRT IV Y C OMISO0TH B, EDMRNS, TARGFIV VA EANF =
vy ORRUOBNLFBERTARTII L ZC, 2N T4 V8L =
Wbz b,

TART IV CEHBLTIARFII VY VD OBFRBIKEBETLTVS
EWHIERIE, FAAFAAFHET ) =R AR ALY 2T #
THATELA2BRTEDEL I D, BARETH b, COHBOHBAMYEL R
BERETHEREZZII( W, ¥%s, RG-SV —-T7LE{GALE
ERCHILBNT IS ENILLANETELDS THA, TR RN %
RET 20N, COBEZLETHL. FE, Ayar 5R=MHEFTOHR (ZARTIY
¥ C OEERSY, Figure1-2-9) %8k L, Z0OREG% DNAKAIE L HFRELH &

P LTwA30, =375 TIEDNA KEETE VWD E, #iR, TART 3

S




d

CGGALG& ACLS VY CDEEIBE, oI NI YRR EEMBTORHVLETHD, AN
GICCT|GC & GCC TIGC-S' FIVVAEANFI vy DA NVTT /) T IV R ROER i
e b, o 7 T4 VBT ECHRTE bR (ZARTI DV C) KhbEER
. b,
Figure 1-2-8 Comparison of DNA
l cleavages by esperamicins and calichea-
CGGACG3 micin y;! using the 5' or 3-labeled 190- 4 IZANFIVCCOBRKMEYN DNARBICREETH 3
GCCTGC-¥% bp BamHI-Sphl fragment from pBR322 b e
Il DNA., The "d" presents a doublet band. TARGIVZA EANF 23 vy, OFRMEORBERIZARTIIVICILSD
esperamicin C B, EDZARTFI IV CRVHPICLTDNA EHBTADD, TARFIL Y C
OAEER IO L Ee AR 25 % UK TH % D T (Figure 1-2-9), DNA & @
BAWLHEPEREEZON S,
"mﬁSTw. Eaparamicin A, BOAYEAH HAE R 0 T B % JiT 5 72012, DNA USRI T 2 S0 Y
wjf” N ¥ #~7:. DNA UINiZh KM BHA 75 2 3 ¥ pBR322DNA 44 T 5 U > 6 7
P fﬁ?&"’""" Esporamicin 0 BT X %, BBIKTT A T F (Form D) i — A WU S 05 & BIBHA (Form
& ““f:g;% - MeEin, 5N 02 & EHIK Form III) &£ % % (Figure 1-2-10), ST 6D
' 3 E?m? KRB 7 HO— 27 NVELFRBIZL > THERICRUTEL0T, ¥V LDV F
i Calicheamicin & X7 Y b A— 9 —TERTIL DNA YUFRHEL T T = 5, Figure 1-2-11 &, %
Ekq;:mww- DEHIRLTHEAETANRT IV 2C O DNA DIZIE KT 2 BREO KB YR L
= <3 Twh, AFF», 7= 7 DBAEMIFIZ Hofmeister series £ —H L Twa,
FZL ﬁm THOLAHMNOFOEEF LT ART IV Y CIZL 5 DNA UM% EL T3,
DT INODEDERIBAMEAOIR L L TRIEEHALOATLE3I2, @
. YT o Trascchride ey %6, AMNOBVIEIEE DNA OBAKSS %Mo TL W, WA DNA & Bk
é%éfme* HATALLLADOTH%,
5 #¥;

; : ZART I Yy C OEEORE L2 OBUKIEY DNA #6 LIEEAY) &
Figure 1-2-9 Chemical structures of esperamicins and calicheamicin ;1. i e & R Lo sl

—16— — 17—




WMICEBEVZ D, CHhET, bObN o 72 HOREFEGCT VT4 V8L

rmi‘ YR E T THREORBELES ) L LTE L, =2 JA V810 ILNEN 75

R — IPRRBERETALEEX LI LRIEL Vv, FVTTV Y /FYTEY I D
YORKMBERBRTART I Y 0C (v U4 VB E =B OIS &

EHOBABICLBNE, FLT, TARTIVVA LBWTHFZA ¥ 73— 2

form| form form i CFVRI=L =R, AN F I Ty RBUTHARFYTA S — A - F 4R
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Figure 1-2-11 Effect of inorganic salts

on DNA cutting efficiency of esperamicin i
C. Plasmid pBR322 was damaged by

esperamicin C with increasing concent- ‘
rations of salts (0-0.4 M). (A) Compa-
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among cations.
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Figure 1-2-12 Schematic representation showing that the seleclti?rilies of
esperamicin A} and calicheamicin y;! are based on that of esperamicin C.
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5'- CAGGACGCGTCCT
1 3'- TCCTGCGCAGGAC
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5'- CAAAACGCGTTTT
3 3'- TTTTGCGCAAAAC

Figure 1-3-1 Sequences and numbering of DNA oligomers 1 and 3.
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Figure 1-3-2 Comparison of DNA cleavages by esperamicins and calichea-micin
Y1'. (A) The 5'-labeled oligomer 3 was incubated with esperamicin Ay (EPM Al,
lane 2), calicheamicin y;! (CLM, lane 3), or esperamicin C (EPM C, lane 4), and
subjected to 15% gel electrophoresis. Lane 1 shows intact DNA alone. (B) Histo-
grams of the cleavage patterns. The cleavage frequencies were obtained from

densitometric scans of the gel autoradio-gram shown in (A). The "d" presents a
doublet band.
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AT-rich binders  distamycin
netropsin
CC-1065
minor groove binders Hoechst 33258 etc

GC-rich binders bleomycin
actinomycin
chromomycin
mithramycin etc
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YT

Figure 1-3-3 Traditional division of minor-groove binders.
Figure 1-3-4 Circular dichroism

Tji

:

‘ spectra of oligomer 1. Various amounts
] of esperamicin Z were added 10 a 10%
3 methanolic solution (1 mL) containing
3 2.9 uM oligomer 1, 20 mM Tris-HCI
3 (pH 7.5), and 0.1 M NaCl

NHCHIGH;)y
OGHy

Figure 1-3-5 Chemical structure of esperamicin Z.

DA e

500 [CTTTITTIYITITI IR pETTT Y I YRR R YT T Ty

CD (mdeg)
e

400
2200 WAVE LENGTH {nm)

Normally Hydrated Helix

: \// — 50% E1OH

10% MGOH

3
4
3

— — — BO% glycol

esperamicin

Figure 1-3-6 Circular dichroism
spectra of oligomer 1 (2.9 uM) in 50%
ethanolic solution, in 10% methanolic
solution, in 80% ethylene glycolic
solution, and in 10% methanolic solution
with 8 UM esperamicin Z, Each sample
contained 20 mM Tris-HCI (pH 7.5) and
0.1 M NaCl.

"Induced Fit”

Less Hydrated Helix

Figure 1-3-7 Schematic representation for the DNA binding process of

esperamicin Aj.
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Figure 1-3-8 Effects of organic
solvents on the rate of cleavage of
pBR322 by esperamicin A
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Figure 1-3-9 (A) Cleavage of duplex 4 (see Figure 1-4-1) by esperamicin A
with increasing concentrations of ethanol: lane 2, 10%; lane 3, 20%; lane 4, 30%:
lane 5, 40%. Lane 1 shows intact 4 alone. (B) Quantitation of the cleavage bands by

scanning densitometry,
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Figure 1-3-10 Cleavage of 5§ by esperamicin Ay (1). (A) Autoradiogram
showing cleavage products in a 10% ethanolic solution. (B) Autoradiogram
showing cleavage products in a 30% ethanolic solution. The concentration of
5 ([5]) was fixed to be 50 pM. The ratios [esperamicin}/[5] were O (lane 1),
0.5 (lane 2), 1.0 (lane 3), 1.5 (lane 4), 2.0 (lane 5), 4.0 (lane 6), 10 (lanc 7)
and 20 (lane 8). The products were separated on 15% sequencing gels. (C)
Cleavage cfficiencies acquired from panels (A) and (B). Lines were calculated
according to the formula E=1/2[(X+1+1/CKa)-{(X+1+1/CKa)2-4X) /2],
where E, C, X, and Ka are cleavage efficiency, [5], [esperamicin]/[5], and Lhe
binding constant for the interaction, respectively. This formula was obtained
from the equilibrium § + drug ¢ § « drug. The drug concentration at which
half the DNA is cleaved corresponds to 1/Ka.
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Figure 1-3-11 Minor-groove geometry of solvent in S-AATT-3". (A)
Crossed spheres are oxygen atoms of water molecules, whose presumed
hydrogen-bond interactions are drawn as thin lines36. (B) Idealized diagram of
the spine of hydration in AT-rich sequences®S,
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Figure 1-4-1 Schematic diagram of the base sequences of duplexes 2-4.
The arrowheads point to the nucleotides cleaved by esperamicin Ap.(1)
Melting temperatures (T'm; 2.5 pM strand concentration) and van't Hoff
enthalpy changes (AH ) of each oligonucleotide were obtained at 260 nm in
a solution containing 10 mM Tris-HCI (pH 8.0) and 0.1 mM NaCl.
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Figure 1-4-2 Ultraviolet
melting curves of duplexes
2-4. o is the fraction of
3 2 total change in absorbance
upon thermal denaturation.
The data were taken in 2.5
uM duplex, 10 mM Tris-
HCI, and 0.1 mM NaCl at

0 &0 80 100 pH 8.0.
Temperature (C)
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Figure 1-4-3 Cleavage of oligo-
nucleotide duplexes by esperamicin Ay (1).
(A) Autoradiograms showing cleavage of
duplexes 2 (lanes 4-7) and 4 (lanes 8-11).
Drug concentration was varied: lanes 4 and
8, 0.2 uM; lanes 5 and 9, 1.0 uM; lanes 6
and 10, 2.0 pM; lanes 7 and 11, 10 uM.
Lane 1 shows intact 2 alone. Lanes 2 and
3 are the Maxam-Gilbert sequencing
ladders. (B) Densitometric analyses of the
auto-radiograms.
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Figure 2-1-1 (A) Chemical structures of elsamicin A and chartreusin. (B)
Computer-generated perspective drawing of the X-ray model of elsamicin A.
Hydrogens are omitted for clarity.
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Figure 2-2-1 Cleavage of plasmid DNA. Changes among forms I-111
represent extent of cleavage.
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Figure 2-2-2 Agarose (1 %) gel electrophoretic patterns of ethidium
bromide-stained pBR322 DNA after treatment with elsamicin A (lanes 5 and
6), N-acetyl elsamicin A (lanes 3 and 4), and chartreusin (lanes 1 and 2). The
samples contained 0.8 pg of pBR322 DNA, 20 mM Tris-HCI buffer (pH
7.5), ferrous sulfate (the equivalent concentrations (o those of drugs), and the
following additions: chartreusin (lane 1, 30 uM and lane 2, 15 uM), N-acetyl
elsamicin A (lane 3, 30 uM and lane 4, 15 uM), and elsamicin A (lanc S, 30
UM and lane 6, 15 uM). Lanes 7 and 8 show controls with ferrous sulfate
(30 uM and 15 puM, respectively) in the absence of drugs: and lane 9 presents
intact DNA alone. The reactions mixtures were incubated at 37 °C for 4 min
in the presence of dithiothreitol (1 mM).
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Figure 2-2-3 Histogram showing DNA-cleavage sites by elsamicin A.
The heights of the bars represent the relative cleavage intensities at the

indicated bases.
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Figure 2-2-4 Effect of poly[d(G-C)l

on the fluorescence spectrum of elsamicin
A. Poly[d(G-C)]; was added to a solution

of 5 uM elsamicin A at pH 8.3. Concent-
rations of poly[d(G-C)]p were 0, 10, 20,

and 30 uM (bp). Excitation was at 267
nm.
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Figure 2-3-2 (A) Titration of
elsamicin (100 pM) with HCIL. (B)
Visible absorption spectra of elsamicin at
pH 5, 6, and 7.2. Samples contained 40
pM elsamicin and 10 mM sodium
cacodylate buffer.
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Figure 2-3-3 Schematic representation of the chemical shift changes in '"H NMR

induced by varying pD (pD 7.7 — 6.0). Positive numbers indicate downfield shifts
upon decreasing pD.

g=43

50G

Figure 2-3-4 ESR spectrum of the elsamicin-Fe(II) complex at pH 7.2.
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Figure 2-3-5 (A) ESR spectrum of a
spin adduct of N-teri-butyl-a-phenyl-
nitrone, Conditions: 1 mM elsamicin, 0.2
M sodium cacodylate buffer (pH 7.2), 10
mM FeSOy4, 10 mM dithiothreitol, and
0.1 M N-tert-butyl-a-phenylnitrone, 25
°C. (B) no drug control (C) pH 5.0.

Yo

Figure 2-3-6 Effect of varying pH on
DNA cleavage efficiency of the elsamicin
plus Fe(Il) system.

Figure 2-3-7 Visible absorption
spectral changes of elsamicin (250 uM)
on titration with Co(NO3z)7 at pH 7.2. In
the insert, saturation at 450 nm is shown
for the titration.
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Figure 2-4-1 Analysis of 3'-termini on
a 15% DNA sequencing gel. The pBR322
DNA restriction fragments labeled at the
5'-terminus were incubated with 15 uM
Fe(Il)-elsamicin A (lane 3), or I uM
Fe(1)-bleomycin (lane 4). Lanes 1 and 2
show the Maxam-Gilbert C+T and G+A
ladders, respectively.

Figure 2-4-2 Analysis of 3'-lermini on
a 15% DNA sequencing gel. The pBR322
DNA restriction fragments labeled at 5'-
end were incubated with 15 pM Fe(ll)-
elsamicin A (lane 4), 15 pM Fe(ll)-
elsamicin A followed by T4 polynucleo-
tide kinase (lane 5), or DNase | (lanc 6).
Lanes 1-3 shows intact DNA alone, the
Maxam-Gilbert C+T, and G+A reactions,
respectively.
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#1755 N %34 L 72 HPLC (il BREA LBRSMRIRILC S o TRIBL 2L S, N T
vy aviEM3oOmin Y P BB LA, Z7T=vidREALREB AT, 7
FTIVVDYHOR I LAFFIBROTHHI L LT 5, WA H»S &
LAY YR ERTAE, 43I Y-8 D) KROREE L Ry HBIKNE %

7R L 7= (Figure 2-4-4),
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Figure 2-4-3 Detection of C-4'
hydroxylated abasic sites. A portion of the
standard reaction mixture was treated with
hydrazine prior to gel electrophoresis
(lanes 4 and 6). Lanes 3 and 4 show the
reaction sample treated by Fe(II)-elsamicin
A. Lanes 5 and 6 indicate the sample
treated by Fe(II)-bleomycin. Lanes 1 and 2
show C+T and G+A ladders. The
pyridazine derivatives of C4'" hydroxylated
products migrate slower than the corres-
ponding phosphate products.

Figure 2-4-4 Production of free
cytosine. Three nmol (bp) of poly[d(G-
C)]2 were treated with various concent-
rations of Fe(Il)-elsamicin A at 37 °C for
30 min. Each reaction mixture was
analyzed by HPLC equipped with puBonda-
pack Cig column, and the amount of
cytosine was determined by UV-
absorption.
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8 (IN $61A612 & % DNA SiSIMTICB WV Tid, #55® C4-hydroxylated abasic FB{7A%{
ERDEBILE>TI-V/BREES- ) VBAEARCOM LTV ED5s MLk,
3 ) YEEAM O 3- kA% YY) a— VB AV & C4'-hydroxylated abasic S0
HRRELHBTLLLRLOT, 3 YEEEBOERDY C1' LD 5 DKEF EihE o
HRTHL )L CANUDPLDRESNZHEDHRTHLH &, HRDETHKER

FolEHEDREALER CAMNTRI>TWAEZEZL N D,

S i

SHE JT7ZURBEBOBRE

B2 & 2 DNA O EIZR 0L DNA HE/ER OXAR 2 LM ¢ &
i, DNA -HHKE Voo DNAZ L S ML REAM T 2 LTHAMALMEA
FRUTHEMEESND, TVH IV VAR MDA A ¥ LB THOHETTY
TZ/OFMEBRES X7 VA F FERRBICUNT 2, FHEBTCRIDF 7 =
v RBORFE R BIET 510,12,

1 TP BRCLALR/IMEE

INVHIV VA FLTEOBBBBRETHAFr— PIVy v, B ERLCTF v
— % U ¥ (Figure 2-5-1) W ¥h b, “flio gk & BILHI DL F CDNAL I+ 5 &
EEB =M TR, DNA GIMT DI R RIE%E TND 1201, KMAERL 7=
DNAWTH & 2V 4 3 v VA, BEPNBAEF v— bV Y, B A RS Fx =41 &
DENEFNILEL o TYUTL, £0 70 ¥ 2 b2 FNVTZ 2V LT3 FAVELKKE I
ENFH LTz ZOWRR, THLEZ0D0FFRIRTI 7003 BT A4
HEREREICONT 5 LAREN /. Figure 2-5-2) WA =205 F+_TIz 4
BYA77) VAT T = OBICEERSG LTwb L EL16N0 %,

L&L, Figure2-52 DA~ b5 VA T ThR 7Yy b A= 9 —CEBNICHITT
B, Fr—8 ) v OBRUBINF IV VABLIUFr— VYo DBERME
FREoTWABZ LM A (Figure 2-5-3) TNH IV ABLUFr— b
X, DNA UIFRER 7 7 =V @ 3 QB E+ 2 oI Rl an s, o 1
5“GG A7 v 7D -GN AT v 7 LA THL YW En T b, & T 545544
ERCTF =2 ) TR I MERI L DB BN, 5566 A7y 7B
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2 | (A) Elsamicin A
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g |
HO au |
' | I
ux;lmr STAG r-a..“!.‘:‘muu.b..:.‘ » T
oS o2t TCCTTCGTCGGGTCATCATCCARCTCCGGCARCTCGTGGCGRCEGOGT -5 !
HoN b o HoT°L | ||| |
CHy CHs
Elsamicin A Chartarin Chartreusin
(B) Chartarin
Figure 2-5-1 Chemical structures of elsamicin A, chartarin, and
chartreusin. '
“ | | | | | I “ I | | l Figure 2-5-3 Histograms of DNA-
‘&) (8) AGGAAGCAGCCCAGTAGTAGGTTGAGGCCGTTGAGCACCGCOGCCGCA-3 cutting sites by elsamicin A (A),
ST 12 3 chartarin (B), and chartreusin (C). Rela-
..' (C) Chartreusin tive DNA cleavage frequencies were
- obtained from densitometric scans of the
ol ” A gel autoradiograms shown in Figure 2-5-
: $! E 2. The heights of the bars represent the
8 = A | | | relative cleavage intensilies at the
§\ - I | | I | 1l ,.  indicated bascs.
| -
§‘_-____________ "
A 5
| N
P AW 58
¢ 2o
2 -g 0.025
K § Q= no drug control
' f 3
3 € E
© c
Figure 2-5-2 Autoradiograms of a 10% polyacrylamide/7 M urea slab gel S elsamicin 1.5 uM
electrophoresis for sequence analysis. (A) 5'-end-labeled pBR322 DNA (Sall- 8 8 W
Drall fragment, 128-base pairs) was cleaved by elsamicin A (lane 3, 10 uM), g = : i
chartarin (lane 4, 20 uM), and chartreusin (lane 5, 20 uM) in the presence of 1& 25 35
ferrous sulfate (10 pM for elsamicin A and 20 pM for chartarin and Time (min)
chartreusin) and dithiothreitol (1 mM) at pH 7.5. The reaction mixtures
:{))nl::ll;gif:s(:(i]laimg)w:g(}: ?i‘:}ﬁiﬁ: ?;?D;‘;o(rtsjﬁ)n ('in;3l'[:j_0 Tll::nﬂiam; | Figure 2-5-4 Inhibition of sall-induced B — Z transition with elsamicin A.
By ' L : e 2LOPP STl g ' Samples contained 0.16 OD/mL poly-[d(GC)],, 2.5 M NaCl, and 1 mM sodium
the/samic fragment) was cloaved by elasmicin & (lat 3, LOIM) fiiie same I citrate buff H 7.2). Changes of absorbance at 295 nm represent the extent of Z-
way. Lane 1 in (A) and (B) shows intact DNA, and lane 2 the Maxam- l fl f i ?r (pHL7-2). 8 P
Gilbert sequencing for A+G. | CHER
1
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HUMWEIME S v, Wz D, B T = oo 3 IR LS 2O EER %
LTwaéEzLNS,

2 TAF—-TN—-TEDHREHER

INHI - DA T A - —TIRELX $D5G4 77— DNA i3 L
T—APO &S 12 IWTH S, “ARPDESG220) % BRI ICEINTL 720 CORERIE,
I3 L7 - SR DNA KRG T A LB ICR AN v 72 AMEDS LB
THAHAZ LEBRLT VS, E6IZTIH I ¥ 7 A i poly[dG-C)), DIEIZ &L % B-
Z L% K& L (Figure 2-54), B %I DNA Ofhiti% 2 L CHMiC AL TWA L E X
bflss

DNA “AS§liAY v 2 ZAICB= A+ — 7 v—7 (Gifk) AT x—N—7 (i)
Bhd, TWHI LV - FINMEPIDOELLILERAL T IO, AL D
2, BHEEMDNA KT AL HI VYA BEL:. REVWR7 77 +
¥UUB B/ BEEFREL > TRRILENE L7 =D NTLICARET
A EWHSNTWA (Figure 2-5-5025, /7= ONI% 777 b VB Lo
TR L 22ic by I V7 - BN SKICE > TRMFL AL 5, Y/ ¢y — >
M o 1 (Figure2-5-6) 72, Y P YYD CSBT NV avMEEETY
HT4 77— 7DNA KT HAHMULEXRMEL L TR LALLETS, Yoy
WAL E N TR WK T4ICDNA (48T % & D LIER IS D » /- (Figure2-5-1)0 7
T/ONIG, Y hyrOCSHZHIET b2 )y 2 RIDNA K S D 4
Fu=V =T HAHDT (Figure 2-58), T4 I 7 -KADERRA V-7
W—Z7ERMHEERLTwWEWEEZ NS,

AFBEBIC, DNADRA F = N—TEHAT AT EPRHMENTWE T4 RS A4
Y7 A (Figure 2-5-9) B =V 3 7 - g (D $8KICL 2 DNA G289 — v iC K& %

WM % 5 2 1= (Figure2-5-6) « ~ Ok Rid b+ 3 & > - gk (1) §iiE 451 & BE DNA
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Figure 2-5-5 Reaction of aflatoxin By with a guanine residue in DNA.

Figure 2-5-6 DNA-cleavage patlerns
of elsamicin A after pretreatment with
distamycin A (lane 4) or aflatoxin B,
(lane 5). After the pretreatment of the
DNA fragment, the DNA-cleavage reac-
tions were carried out with elsamicin A
(15 uM) in the presence ol dithiothreitol
(1 mM) and ferrous sulfate (15 pM) at 37
°C for 5 min. Lanes 1-3 show intact
DNA alone, the Maxam-Gilbert sequen-
cing reaction for A+G, and elsamicin A-
induced DNA cleavage for intact DNA,

5 respectively.
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Figure 2-5-7 Effect of TADNA and T4dCDNA on the fluorescence spectrum of
elsamicin A. The DNAs were added to a solution of 5 uM elsamicin A at pH 8.3.
Concentrations of DNA were 0, 30, and 60 uM (nucleotide). Excitation was at 267
nm.
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Figure 2-5-8 Structure of the Watson-Crick GC base pair.
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Figure 2-5-9 Chemical structure of distamycin A, a typical minor-groove
binder.
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DRATFT—TNV—TEMEERLTwALRLTWS,

FTUHTERLLHIKE, ZAHIVY - GUREIORETALFOXF VLT
VANBERTAF V) K~ AFHD C4 iidh o AERF 252V TDNASL %
DM LT 5, CA&NDKEIX DNA —ES lEnv 4 +—Zv—THhizhbh, T
IV - RANBUNTAF— I N—FT L HEERALTWR EVWIRME L —
BLTwa,

3 JPZL2-PI/ROEEM

LR LI, T v AN~ A F— 7 =T L MEARR L
TWwheELZOND, A+ =7 v—THIIBI % GC MMt & AT YK i
i, GCHEXMICR I 7= D27 3 /EBFLAT A L THS (Figure 2-5-10)s
WRIZ, FT7=VD2MT IR T=VRBCEETHLETFHMENL, b L
CODEZHFPELVWOTHNIE, DNARRHELETABEDI T/ v 2847 v 2 K
BRTAZ LKL T, Iy - GANBERBRIORT 2ZRML 2251
TChb, 1/ v RB3EABHELTERIY Y FUERBLR2LATFT, E#
X VFIRIT= DS 2T I I HERNZ 26D TH A (Figure 2-5-10), 7
TIV %A VBRT BT ERTAT— T N—TDEIE BILS D4, X
o= v—TRERSER Y,

FEIE—OD 5-GGAF v 7% &0 DNAduplex1 &, €D _20 5.GG A7 ¥
TDIb—HIBWTY T/ Y7 Q) 24 /vy (D IKBHRLAEGOEAE L 2e &
nens-6G, 5416, 5-Gl, 5-11 oUHE O #E#AE (duplex 1 ~ 4. Figure 2-5-11) %
KBESBL, TSI -GN EERICLS N y— AV T2YNTI F
WAKEIC & ) AT L 72 Figure 2-5-12 52 DHRTH %, lane T WL R L )
2, TWHI Y-8 aDsEAIE duplex1 PO ODS-GC ATy TR ML T

G9LG-14 2L TC A, QWS Y FRIXTZEAYFELZ2THY, B
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Figure 2-5-10 Comparison of the GC base pair with the IC base pair.

5 10 5 10
| I |
5'- CGCCACA[GGITGCGGT ;5. CGCCACA[G ITGCGGT
1 3'- GCGGTGT|CCACGCCA 3- GCGGTGT|CCACGCCA
t|‘> 1lo Eli 1|o
2 5'- CGCCACA|I GITGCGGT , 5-CGCCACA| | I[TGCGGT
3'- GCGGTGT|CCACGCCA 3'- GCGGTGT|CCIACGCCA

Figure 2-5-11 Sequences and numbering of DNA duplexes 1-4.

contral elsamicin tréatmenl

Figure 2-5-12 Comparison of strand breakage by the elsamicin-Fe(II)
complex in oligonucleotide duplexes 1-4 (lanes 7-10). Each 5-labeled duplex
was treated with 5 uM elsamicin in the presence of 5 UM FeSO4 and 1 mM
dithiothreitol. Lanes 1-4 show intact duplexes 1-4. The Maxam-Gilbert
markers (lanes 5 and 6) are for duplex 1.

PORS T2z 3- U VR E 3- kAR Y a— VREEBOER E—FKLTWA,
G-8% 1 TS A7 duplex2 T (lane 8) G9 TOYIMiRENL{ H o T,
TDTEWRS-GCARAT 2 7OREICIESCO 27 I /R EDHEERPEET D
BT LERRMELTWAS, —F, GO A1 CEMR XN/ duplex 3 BV T (lane 9) Y
Wi DSREAEE T, SWEHE7 7= D2 M7 I/ RBEECREVWI E%ER
LTWh, G8 & GIODMi % [ W BEHL 7 duplex 4 Tizh 65 AUMAHEL T
VW5 (lane 10)0 TY I v -Gk (ADSHRICE L 7 7= VBRI BWT 27 3 /

REODHEERPRETHL LA U LOERIEHL TV,

4 DNase| EHWEZy b TN T 1 TRE

A$7 v b 7Y 2 b2 DNA SRS E O&AK A REEE L THE &
N7=FiETH b, Figure 2-5-13 [CEFDFE LR L 7o $ 3K MIRE L 7 DNA Wk &
BURYIEAS 2%, A% DNase | S Z A T DNA KYIHH (=272) v
nb, HAEVHEAL TOAELICIE DNase | B EMTE 2 WU B AL %
Vie ZMA N 720 N7 3 FEAKEICL > T DNA YW 2 M4T T 2 &, & O
KBS 2D FRIEET B EWlhb, N7 FHHET BRI 7 v
K7Y ¥ bEMERTWS,
EERCDFELXINHI VAL TV IV VABTT= IR
BITAEAT 2% 61, GCHEMM CHOGHBRT Iy 7)) ¥ PRSI b T
bbo BE, ZNHI Y /AREBEHIC DNase | TREHET L & GC KR IC
BORTT v b 7Y » PHEIEE S L5 (Figure 2-5-14), & L b I8 ORAL A A 4F
BHEIBRTADTHNIE, TNHFIVVAFDODILLE 7y b TV bty
—VRINVYIVVADORBBBILE BN~ EROPIIRZ BB TH L, &
IAHRINFI DY -FRA RPN I casbE (DKL ZT7 2 b

TV bRy —vid, TN IV VAZTDCDILEBNNY =Y LIREALFLT
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Figure 2-5-13 Principle of the DNase I footprinting experiment to detect
binding sites in DNA.
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Figure 2-5-14 DNase [ footprinting
with elsamicin A. The DNA sample
preincubated with elsamicin A (40 uM;
lane 5) was digested with DNase I. Lane
4 shows no drug control. Lanes 2 and 3
are the Maxam-Gilbert sequencing ladders
for C+T and G+A. Lane 1 shows intact
DNA alone.

ol COMRIEBMORMOBREICKBL TV EWILERBELTEY,
WH Iy ARBEPDEBRRNBAOBALIEY 7 = 7HEDRCIMWE LTwlnk
Frohd, CORMIC-HLT, T3y -8k @D SMED ESR ¥ 7 F ik F
4Bk DNA 20X THELL % h o 12,

5 5-GN X7 v 7ICHRN L DNASHOIET D X A= X 4

MEDEBRER XX LTINS IVVARL >TERESGN ATy 7TICFHRM
% DNASHUIMI AR 200 4 ERTHI LN TE D, BHFRET HBIB
Figure 2-5-15 L L6 TB N, DTIFERT 5,

FFINY IV VARCONM 72/ b= T4 OMEELERET L ALK
OB L>THEANA A FCRHIL, 1 18BERET 5, —BRELFL L
TOINVHIL ZARDPEBVOT, ZTUHI Y VAR FLOBETEZVD
THb). CIIDNADFAETHE, ZH I 7 -8 () §EKE DNADY A
— W= TR, AT =W~ T OEDPLREBLTWATT= VD27
IR FOMEERICE T T7T=v % BB T 5. SCOI/T=vD2UT7TI /L
OHEERIE, SREMMBEOGMIHFLET L2 RUOANKE=VERETT =
YDIMT I IR DKEMETH L ELOND, COMIMLTIRE S %50
REET LY, BYLES LA T h—T LV BEERKT TR, Cod
S hAEMAERER Ty oY —HRERIN &% N 13820, ZORIRITHIAHE
EThE, COBAY VEEREMBENICE Fax VT VA NVERET 5. DNA
UWOEOKERIE ZOL FO XY I IANTHY, 2V - ga) &k
HDNADY 7 =7 #iB L TVwARAR /7= DEGEHATAF V) F— A
BN AERT 25150 COKERFF|EHER, YA F =T NV—THLE
+LCARCALELOND, k€L s, ELOWEMAS- ) v BEKEK, 3-F

Ak 7)) 3 — VAR & C4'-hydroxylated abasic FALZZA 6 TH %,
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Figure 2-5-15 The proposed sequence of events in the GN-step
recognition and cleavage by the elsamicin plus Fe(11) system.
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SBANET T I/ FEED XAy FHEEE

DNA R B MMM K 7 3 2 W% WA 72 6 DA S\ (Figure 2-6-1) S0 G
DHPEYR 2V TROMEKS L MBI [7I /B L0L ) @82 RL T
WHDH] ThHb, ZITERERINVH IV AT I ) BHPRLTEEIco W
TE IR L1210,

1T N-7EFLINYILAD DNA P EN

INFIZIADT I /R T ER LB RT A0, TLHI TV AD
WAUBT7 S /X% TEFMELAEN-7EF LT VY 3 ¥ > A (Figure 2:62) O
DNA Ui M 2 A <72e 7 A0 —A XV EBRAXBEZM VT, pBR322 752 3 F
DNA (2343 % DNA SIMIE A B L 72 & &5, N- 74 F 4L IR0 12 DNA S
TP 2R S 72 (Figure 2-2-2) #LH#EYE R DNA - RNA « & ¥ /82 G 8415 Bt 4
RCBWTON- 7 F VA I 2 A OWFERRBIMIZETLTEH Y (Table 2-6-1),
DNA YIS DET £~ 5,

=N, T3 /%0 b 0 IKBEEEM L DT+ — FIv 20 DNA YIWFEPEIX -
MHI VA KKER LTBY (Figure 2-2-2), N- £ FIVK, N- 2 FIEIZBW T
b DNA VBT IEVERIE T L Hh o720 WA, N-7EF N T4 3 ¥ VA 5 DNA
UIMIEHIZ L vz 7 3 2 R0\ P RUNOBERIZL A Z 2605,

2 N-7HFNLINYILAD DNA S HE

N-TEFNZNH IV ADTFHETAHAT A7 0 DNasel 79 b 7Y v 7 4

YT EBRRE W HEBLYIT eV, N-7£F ED DNA 12381 2850106 % T~
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Figure 2-6-1 DNA-binding natural products equipped with amino sugars.
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wwg &T

N-Acetyl Elsamicin A

Elsamicin A

Figure 2-6-2 Chemical structures of elsamicin A, N-acetyl elsamicin A,
and chartreusin.

T el

7o Figure2-6-3 & DNasel 7 v P 7YV 74 ¥ 7 EBORTH B, TV HI T ¥
ABHLPICGCEENIERUMRT 2y F 7Y 7 MR ENRLDIKL, N-7
FNVAEIEDNase 1 IC& % DNAYIMT 2 FHE Lo 7y P 7Y Y P OME R
DNAMA DM S EMEST ADT, ZOMEE N-7 £ F A DE W DNA $5EHE%R
RBELTWAD, EE, N-TLFNZVHI VA DHANRZ PV poly[d(G-O));
EMATHEEAEEILL 2 b > 72 (Figure 2-64),

WZ IS, N7 EFMEIc & BRI 8% DNASIHTIE 7 - A9 IEHIET i DNA 1234
APAUDETICLEbDLEELONT, 'HNMR ARZ P MEBWT N- 7 FNV
IWVHIVYVADTEFNED T b IdEESHIK G08) cHbh A3, ZokA
LEEE Y T R TF =20 B (77 a8) OSFEEREROGRE F
Ao, Fa—2 ) YBREL7EFNEDOTOL YHEDPREESTVEIEIRES T
BZD, WAKR, 7TI/BMOT7FNEFT77 )2 5B)TETDNADT A
F=TN—TEUKEELREI L, DNA L ORI SIE TS0 LT
D, N- AF AR, N- V2 F KIZBWT DNA SIBREHAMET Lo 2 T,
TEFNEDHN KNG Fx— ) Y RERAS 9 X 7 EOMEERELT Y

Hifflsns,

3 TI/MEDORA y FREE

PEDtERDGZXT, 73/ WHRAEYRN L2 A4y FORKZHEL TSI
MM b s, Thbb, MEECEERLZCTT 3 /B3 DNAKE S FOUNY
BT A LS TEE DS LNLV (Figure2-6-5) D L) LRMHEDAA=X A
B7I27ay FROVEBRCROND, BIZE, ATRA4A VY, Yoz 4
v, AATA Vv ENET LN A (Figure 2-6-6)c 1 6 BRIER - HEBD ¥
DTEFWIT VAT TI—ERLENT I /RO T I ) DT £ FIMLENRTE

Mikshao e CmeonTwa2l, WRIEM AR TWEY Y /=4 v ritBwn
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Table 2-6-1 Cytotoxicity of elsamicin A and its N-derivatives.

| ACETYLTRANSFERASE

ICso  (ng/ml)

Compounds

L1210 B16

TR Bk 0.04 0.07 NHS,O o &0

Elsamicin : \o(Ho

N-acetyl elsamicinA >100 55 : ﬂo
AR o pARET o

N-metyl elsamicinA NT 17 48 =

N-dimetyl elsamicinA 0.40 0.36 v

Figure 2-6-5 Schematic representation for the switch-function of amino
sugar.

Figure 2-6-4 Effect of poly[d(GC)],
A on the fluorescence spectrum of N-acetyl
7 elsamicin A. The DNAs were added 1o a
' ) solution of 5 UM N-acetyl elsamicin A at
pH 8.3. Concentrations of DNA were (),
10, 20, and 30 uM (bp). Excitation was

at 267 nm.

Fluorescence

O— POOPPOOPO OOOBO—HBO—BOO——O00

400 500 600
Wavelength (nm)

Figure 2-6-3 Autoradiogram showing
DNase I footprints with elsamicin A and
N-acetyl elsamicin A, The DNA pre-
incubated with elsamicin A (lane 4, 15
{UM and lane 5, 30 uM) and N-acetyl
elsamicin A (lane 6, 15 UM and lane 7,
30 uM), and native DNA (lane 3) were
digested with DNase 1. Lane 2 shows the
Maxam-Gilbert G+A sequencing reaction,
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T% N-7 & F At DNA A HRUARIFEH BT 343 elESNLTY
BDT, 73 /DAL v FBERT VAT A7) Y ROFERKICOH T

BEH0H Lk,

A
A
d - ,x/ B
CHZN:;& 2 " /
HO R H
o i A o2 NH,
cHon O NHe c d
(0] OH
fan -0 CH,OH
HO
L s
H..NH: O OH 2
Y Re R R X Y
NEOMYCHNEB H H H CH,NH, KANAMYCIN A NH, :;z
NEOMYCINC H H CH.NH; H KANAMYCIN B NH,
HYBRIMYCIN At o H H CHyNH, KANAMYCINC ~ CH NH,
HYBRIMYCIN A2 ™ H CH,NH; H
HYBRIMYCIN B1 H ™H H CHNH,
HYBRIMYCINB2 ™ CHMNH, H

Figure 2-6-6 Structures of ncomycins, hybrimycins, and kanamycins.
The arrows indicate the sites of N-acetylation by kanamycin acetyltransferase
(A), gentamicin acetyltransferase 1 (B), and gentamicin acetyltransferase I1
(C).
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IWVHIV VA Fr—MVoy, Fx—4Y v, BIUZHINVYITV/AH
/K3 Bristol-Myers Squibb 4t O/NEIEREHLOEEICL WS b DL L
7o 77 A 3 F pBR322 DNA (3 EschericiacoliC600 » L 8L 720 /X2 T VT T WV
AIVMZ+R77 9 —4€, EcoliDNAE) A5—¥¥ 2 Vv /9793747, TAX
VR LAFFFF—+H, &6 RREEIS Takara 206 A L 720 [Y-"PIATP % & D
B LAY E Du Pont ¥ 7213 Amersham 2> HGHEA L7: 6 D % v 7. FeSO, #F #
BHERAMN Lz, 3AARERTIIER K% X512 Sybron Nanopure I ALK B &% (&
Lo THBLAEbDRXERA L, ORERETEA TV AR OMEOH NS D
2FIAL 7,

2 SEOHICETAER

pBR322 73 R X K DNA # A\ 7 DNA ¥ Bfi i& 15 O B &

BN L FUSER (&% 20uL) E15uM b4 3 v VA & 4§D FeSO, 8 &
F1imMYF4+ALA =), 0.8 ugpBR322DNA %257, 20mM + ) R - SEREAR
WMHICL > TpH%E 75 & Lico BB FAALAL b= ENMA DT & THH KX
JS%BAMs L, 37°C T4 min B L%, kKo /— )%k 60uL & 02 MEDTA
BLUIMBET P ABBR EHTS) 2 FnEh 2Lk r sy /- vikB% 1T
3>C L CRIE%4E L, DNAXEIXL, FNhEFND DNA H >~ 7V 20 ul. D ik
WAGHEE (10% 7Y eu—), 005% 7OE€7 =/ —v7h—) 2MATLCR
HL, 65°C T—4rMms L 0X BRIKEMAY >~ 7 e L 72 BEREKE 0.5 pg
ML DLFIHATOI FEEAL 1% 7T HI— A4 V&M, TBE&ZEHH (89
mM FU A - & 98 (pHS), 2mMEDTA) 100 V T#) 30 43 B kE) L 72, Hev:
TP VARANIZ—F— LD NVERTITLF 665 74 VakAVTHREL

pBR322 DNA BiR ® 5 & & Uf 8- RKIRIFEMR

pBR322 75 A 3 F DNA % HlBREEH Sal TRE L&, 5-KwEx/N2T7VT7T
WAUMETZ ATy —EICE WY YBEL, TRV X LAFFFF—HL
[y PPIATP 12 & - CTHERk L 720 4Rk L 72 DNA % & & (ZHi|BRR¥5 Drall THIMT L,
BMARY 72T I FAVERKE 5% & WBL, BB ET 5 5- Kbl
BamHI - Sall BTE % 187-c —H, 3- AMOE#E, E coiDNA KXY 2 5—=€ 7 b

s O s



IS A DAY AT —CREEICL D [0-"PIATTP 2 #lAAL & & T o
f:.o

FIRIEM X h /2 pBR322 DNA ¥ B O 9 B

BUSHEH (&R :20puL) E10uM TV H3I Y VA £ 4RO FeSO, BLU 1 mM
JFFAVA b=, RROALRESR DNA, 04 ug 74 MR DNA 224, 20 mM
FPUZ -BRRERRICL > TpHE 75 &Lz BB IFAIA VL b= NEME
A ETUMWRIEEZ ML, 37°CT Smin B L%, X /— V% 60uL
L 02MEDTAB LU IMRERE T F Y ABHL (pH7.S) X #hFh 2uL iz = ¥
J =W %1TH) S E TR %L L, DNA %L, Fh¥FNhDODNA Y 7
MAZ S L O PRI IARMGHE (95% RV A7 3 F, 10 mMEDTA, 001% 7U%7 x /
—WTNh=) EMATELBIFEL, —H 90°C T4 MR L2 b 0% VR KE
FrIwE Lz, MARKENIE TMRELXGALZ 10 XV T7 2 UNVT7I FoVEH
v, TBE &Mt (89mM FYU X -4 Y/ (pHS), 2mM EDTA ) 2000V T#J 2 ¥
MRACTKRY L 72 ERFIORE R = FH A - FUN— b FEIZLNFFo 2211, G
W12 L—H' — 5" ¥} A —# — (LKB Model 2222 Ultro-Scan XL) % v T#¥ii L 7=

HIEZARTZ PIVORME

HHEA A 2 bIVid Hitachi F-3010 I X D flE L7, BIEHHR SuM = v 43 &
ZA, 20mM h Y A - EREERT (pH 8.3) 2 &%, MRIED poly[d(G-O)), B % 4
WY OMA THELTro 720 BHEKER 267 nm & L7, #AEMONEIX 465 nm
DOENEACEFIMH L, McGhee & von Hippel D 52912 L W47 7=,

3 EBEMICMTIRR

BMICLS pHARTE

ARH T AP, 100uM O VH I VAR B S% A9/ — WAKHEH

(&% 120mL) ¥ A, TCK 001 NHCIHRE AR OMA 2=, pHAM it
Horiba F-13 1= & » Tl L 7=,

AW (NMR) 2~ 27 hLOBIE

'HNMR A2 F )V OHITEIC it Varian XL-600 % Vi 72, DCI K2 & - € pD % Pl
L, ¥ 1mg DK % D,0:CD,OD=8: 1 :1T45°C IZTHIE L 7=, DSS % HEBEE
#L L, TOCSY, DQF-COSY £ & UF NOESY K TR %177, (BB xn s
NOE ik~ — T8 M)

BFAE XM (ESR) AXT FILOBE
TV I V7 -8k (D SAED ESR AR2 FILIR TTK K TRIBS R, BIEY ¥

Observed NOEs

T 50% * 8 /= WAKEREL, ZWVHI VA LFeSO, ¥ F0Fh 1mM, 7
ATVNVBREHE PHS T3 72D 2 0IMEATVE, BOKRT A L Ot %
AL ¢k, ESR Fa— TICAN, HEREPTHE L. ARZ FIRF
B L1z AY VHHRERTIE A YV HH2 %] & L T N-tert-butyl-a-phenylnitrone % HJ
V272, N-tert-butyl-a-phenylnitrone (EIER IZHES A ¥ AT ML R T A2F) 5% 8-
Twad, @Y v 7V ¥%3I ¥ 7A1 mM FeSO, 10 mM,
N-tert-butyl-c.-phenylnitrone 100 mM, # 2V VEBEBREH (pHS -7.2) 200 mM % &ir
S0% * 4 /) —VKEHE LIz BELX ATV YT LK, T2 25°C TESRD
BExRFTo 72 %8B, ESR AR 7 PILOFIEZI JES-FE3X 2w,

DNA Q)Mih (T2 pH DER

FUSTEHM (28 20pL) R 25uM = v 43I Y VA L 4B D FeSO, B L U 1
mM PF 4204 b=, 04ugpBR322DNA % &4, 10mM 7 2V IVERGRHH 12
Lo TpHZ ML BBEICTVFAAVAL F—=vEDZ B2 & THWTEUS % [ 45
L, 25°C T 5 min Jitf L 728, KW =% /— )% 60puL & 02 MEDTA 8 & UF
MM PV AR (PHTS) ¥ FnFh2uLe iz x4 / — Vit B247) &
THRIE%#1 L, DNA # [l L 7. #H0#F0O DNA 4~ 7042 20 ul. Dk &
W (10% 7Y a—)v, 005% 7RET7= /=T )I=) 2z TLLREL,
65°C T—4rME L7-b 0% WRKEMY » 7 e L, BAKBIE 0.5 pg/mL
DIFIYATOI FEBALE 1 BT HO—AX V%MV, TBESHHD (89 mM
FUZ -k (PHSE), 2mMEDTA) 100V T# 30 MM AAT L7, #wT b
FSUYAANIF—8—LOXNERTO L F665 74 VAR HVWTHREL, +0 3
Ho%& V—H—F >3 b A~ % — (LKB Model 2222 Ultro-Scan XL) % il vs TR+ 2 =
ET, 79 A3 FOENEFLD 7+ — LOERET- 12,



R /S MICEZRATE

A ARIEAL A 22 2 b VOl 5E 1t Beckman DU-640 % IV THT o 2, BIEY ¥ 7V it
THI Y ZA0uM, A2 VIVBRERHE 20 mM (pH 72) ¥ 50 28K S0 uL O
129% 24 /= VAKBHEE Lz SCEHBEORBRI SNV MKEALHEL, TH
ARZ PIVERIGELE

4 HUKICMT IR

545U 3-kKRIRMEh /- DNAM R O )M
DNA Wil Db, YN T b0t 5, 12727L, BEEEIE
15% 4 Vv T47 - 720

FMICHEAETH) o BOKRE

LV YBOBERTEAR) R VEAFFXFF—ED3- 74277 -l %
FIMLTITolee Y3 27 - 8k () $E461C & o TYINF & 78R3 DNA % 20 L
OMHH 20mM F U A - SRR (pH6.6), 20mM L7 F Y A, 10mM B £
WHAT VLY )= %E0) CBRL, 20T 6mit® T4 KYVRX 2 LA FF ¥
F—¥EMmaz, —~HM37°CTHRELE. —F4, 5-V VYBORERSIFIVTT IV
ANVET 2 2779 —¥DS5- 722775 — EEHEXFIALTIT o720 =3
DB EIC Lo TYM S NEEE DNA % SOpL @ 100 mM F Y A - KRR
Wl pH8.0) KAWL, 25T 2unit D N2 TNV T7T7NAVET2AT77r5—- ¥
YA, 3045M 65 °C T LA DNART7 = /= /2 un kv Aok,
I8 =i L o TRLL 7=

EFZT 018

INWH Iy AN Lo TYW S L7428 DNA % 20 uL ® 100 mM
hydrazine hydrochloride (pH 7.0) =¥ L, 547 90°C T L 7o DNA X% / —
WK & - TlEYLL 7=,

ibE W 3R X O 8 HH

BUL#E I 3 nmole (base pair) poly[d(G-C)l,, 20 mM U A - SERERR AL (pH 7.5),
A l|/OINHYFI VA 1mMIFFRALAL b=V, | mMFeSO, ¥ &t 4K 50
pL DOKBR & L7zo 37°C T 30 min fUL S 4 728, HEE HPLC THO#i L. 7 5
A% pBondapack Cyg 7 7 4 (Waters) ¥ v, SmMBERR7 € =7 A (pHS.5) TH#
L7z fE#iE 1 mL/min & L, E&E 254 nm (2 B4 5 EBIUC L > TIT 2 720

5 BAMICMTIRR

—gf-=

P27 b%20B LB TT7 =86

PR# DNA 230 20mM Y R - ERE®EH QH7.5) &, 777 ¥ VB, (100
uM) BE U m- 27 0 0 BLEHR SO0 M) X HM LB FLodema, e
FLENOCRRT-HHRIES ¥z, KEED7 77 XY /B 22700k VAT
ML, =%/ — ) VEERIC X ) #Efli DNA %137,

FALARZTA AL L BRIAIE

PR DNA 250 20mM ) A - SEREREH pH 7.5) K74 A¥ <A L 7A % 50
uM BllZ, 37°C T 30 min & L72%, #@¥OINVHI 7 -G MAEICLLY
Wi BB %47 - 2o

duplex 1-4 O& /K, TR, =K

duplex 1-4 i3 Applied Biosystems $£ @ 391 DNA S 3@ % W TEM 7 + 2 7 4
TIFAMERINEH LTz 41/ 2% G0 DNA DAKIR, ARERD X oL
BEPAXRSA LIV VYT I IFNTAATA0TIVA P 2ERTAILTIT -
Fro BREBICLIMBET o, 2007 ¥ ET=TKICE>TDNAR L T LM
SEINIL, HHRLTSSC CRFMAELA, BERMHE, YH Cy, 27 2% %
HLEHPLCICE N VA FIVPYFIEYE TS DNA DAEFHIL /2, #iHHi 0.1
M M) ZFNT7 I - BBRE®HH (pH 7.0) P, 5 ~50% 7+ b=}V VO IHRRAE
LR TIT o 72 O, DE#IE 1.0mL/min & L7z, MERKHE, 80% MMAW T
30 min A0EH L, #iRESE, BEIC0IM MY ZFLVT I Y- RERERSHE (pH 7.0)
¥z, T—FNT=0EEEL, HC, A7 AXEELA-HPLCIKI W HMD %
X6 ICHMLE, ERBENFRODNA ) T —DENBBEXEDI SN L1
5. AR YR I LA F PR —EB LU [y PIATP X HWTiT o 72 BRlE,
IMBRERXEGAEI1S RV TZ2UNT7IFAVTERREB L, BRBDNA X 261
Wy L7

duplex 1-4 O 1) ¥f

BUGHH (4 20 L) 4 SpM V43 ¥ VA & 4§D FeSO, 8 £ U 1 mM
JFAA LA b=V, 0.1 MNaCl, 100 pmole © DNA duplex, {#%& (< 2 pmole) ? %
SREEH duplex ¥ &4, 10mM A IV VBEREHICL > TpH % 7.2 & L7z %Y,
FeSO, BLUFVFF AV b= EMAARIC—H90°C T 5 MM L, Fiks
TR NERFLEE B7=— 1270104k Lt 1 FM4°C IHE L,
BRECEWESFAAV, b= Mz B TR ARMEL, 37°C TS5
min BB L7:8, KBxs/—)v% 60uL £ IMBERRT ) 7 A% WL (pH 5.5) S uL
Yz xy ) —vhEBY¥TI L TRUCRBIEL, DNAX AL 72, £ EFh o
DNA # ¥ 7)vic 3 uL O kByAEEHE (95% KV A7 3 F, 10mMEDTA, 0.01%



TUET 2 )= W7 =) #MATEILBELLCOLBREKBAT > T E L1,
WaAEh i TMREEZBGAZ 15 RV 729 M7 3 F¥VEAV, TBEREWE P
(89 mM kY A - & (pH8), 2mMEDTA ) 2000V T#) 2 FeE&AE L 22,
WRRHIOMER ¥4 A - F)3i= b FERE VT £, YWHEERL—F—7

¥ b A —%— (LKB Model 2222 Ultro-Scan XL) % il v THFffi L 720

DNse | Zyv b TV LT 1 L TRE

OGS (408 : 20 ul) 1 5'- AU EE3% DNA Wi (85 2000 cpm) |, EE B
L 7= FF ik DNA 4 ug, 1 mM MgCl,, 40uM = VH#3I Y YA X &4, 20mM b
A -HEEERCPH R TS ELite (ZVH IV VERBHEICLET7 Y FTY ¥
T4 T EBOBSE, TEROSBAA Y EMAT. ) 20°C T30 min &L 2
f, 0.0035unit ® DNase ] %2 T 20°CT 1 min f ¥ ¥ 2 <X— b L 725 250 mM
EDTA & 3M KM ) 7 A @ (pH 7.5) % & A 72 DNase I SUSHFIE ¥ % 5 pL bn
Z, T8 )= ViEBEITHIC L CRILXHIEL, DNA2EL 72 ERENLD
DNA # » 74 SuL @ kiR &R (95% #= )V A7 3 F, 10mMEDTA, 0.01%
TRET 2 /=N Th=) EMATELREL, W CTIminIRLAEBLAE S
DR CRKBMY > FvE Lz, BRABIZTMEREEFALZI0% FVT72Y N
73 FS v, TBERMMS (89mM PR - k98 (pHS), 2mM EDTA)
2000V T 2 MM BAAR) L 72 HERFIOFER v FH A - FWA—F KL
niro 211,
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B=E

REb JUERY

IRARGIVVA EXNHIVVAIRDNA EMBTALIRERILE>TTFY
AV ENTHBEDE CTH b TN LDORRKBFTILEWITL S DNA AR R
DR DNA HEEHOEA AL & BT & 0if, DNA- &AW HEER &
Vo SO ML RYEM T L ETHRN ML IR AL s, T,
IART IY/ABLUTINYI Y VA DNA ICHBT A HEDICI 2 T DNA §4
RSO T 2N G- THN, BELRIEL TS DLW ) 8T —
Mo (BEE7NV] L2niib. 3610, BUEX ARTI IV VA BLUFZVHI ¥
YA BHRERICA-TEN, MIAMBLELTE DB 5T LidAMEERED KR
WEIRE b AL EzONL, L EOHEI, OHHE, Th 6 ookt
YH & DNA L OMEER LA L FREAVWTHRE L, DTommR 1%,

HIERAEMBRI AT I VLA L AERARVBROLR
IARTIVVABDNADANV TS 2 /A ) TEYVI VB RBB/LTY
Wit 2. & DEERFZBORELXEL LD, 4 LAKDNAAY) Tv— &M
EYHEREOFICED LMAT L, RIERHTIFFR M & EYoME & o MBI % 56 2
MRTo EOKER, £V TT) 2 /3 ) TE) IV VBB Y IV4 783 E =
BEAOMIVPLATHLZ ENRWESN, DNA DRI T 5 EBED K
Brlitladl, TOURBTIEDNADTA T =S V=T EHRAMBELTWELEH
Abot, HHFFEMUOHELEM & 0 b Etho 7 4ARZE M % 446 M5 RKES 12
BETHAENHEMBENTS, 860, TART IV /AN FK A DNADH

i

BE_BEANS P VOB L ELS, TART I V4125 5 TDNA 206 K



FI5F T2 L, DNA iz ES e L3 T AR a s, S FHNZFEIHNIC
Lk, BRUELZPRELTWAE T AR I Y YO YAKGTOME B, HHlK %
BB LEL I ELIL % DNATICR VAT LS EMEN 2, CORME -
LT, Balen) v 2 ADHHELHODNALT Y II—(TARTIIV VA D%
BMErLTHWwRECh, HREOKELZDNAB ETANT I ¥ ZA B YNT L
fro BLEOFERAS, @< THANE T2RF 3 ¥ 7 OLHHTIE DNA OMEL
L%+ Wik it = & CHARISRELRBL 0D LB SN, FE,
AN TS v AN T ST B REERLAEL L EE HEAbnTEY,
AR TH oA E L HIEL TV A,

SIBmIMEMBINLY I O CAICLB T 7= 8Bk s DNA SHETNHR

INHI Y A BRERTHOGET T/ 7= 3 MOR 7 LA F FERHRY
LYW A, WHAML N ERICLAE, ZWVHIVZADON T =/ —IVIRERK
pH CHELTBY 72/ L—bPELTHFELTWA, COTx /b= bT7=Fd 0 E
SO rhvBOHANEZNEENLTIAFI S ZAFEAA L 1 L 1 SRR
A5 L% ESR ANZ PR EERWTRLE, TOHAR Y /K ARDOSMMA LK
DRt 2B IcREEATE LS h T FOx oS VAN BET LI LS, A
E oA 2 MV 2 ESR LIS S o TR L 72 ASEEASDNA O 7 7 = VHE KA
LTwhid, e FRr¥ s VAN EHIEd 574 X% ) F— 2580 6 KER
TG &KVT, Z7=2D3 @WITDNA %W+ 5 LAFMENS, DNADY)
Wikt % BRL LTS, KERFIZRERTFFF V) E-RADSNUTEIL T
WwWhtFErohl,

i, =% v ZAPOMHERVEEATL S 7T BRHBREENT S
n, ¥Rz 7 7HRSCER TR SN, AHDNA X HWAER

L¥he, TWHIVZARDNADRAT = V—FRESL, AT =TV =

— 100 —

TRREHMLTVEZ7=vD2 73 /AN 7= RBRBRICTETHL LHH
bk ol. EMORMNR 7 = FRULLER L0 T, SKEHAERAL
DFEMBUICAFIET 5 RUDOANEVBREI T =D 2T I I RDKRERE
LTwa ETFRENTL, 361X, DNASUWBISK BT 5TV Y I VAR Fh o
73 /OB HIC OV T EREL 2,

ATHFEIE DNA 2R E T AMMAAPR AR T IV VA BE T MY IV v
A DERBIFDORF L AV CORRICZIOER Y Th, —ICEREHDT I
& % DNA 202> DNA SHOIMWT BUS T L C 6 41 % et sl 2 88t L T 3
LEZALND,
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& &%

Bb b\l TGS 5 TR THELD Y LB, SlERE &K
RECHLLVEHOEELRLET,

7., ABRMLFENCREACCHE 2T RITHEI A E T L KEHEE ¥
BUCECORBRLET, Tesnl#BPHRT RV R §E A ERX
ERIMIE) |, B FE WML, NMRARZ PVERIEL TRV bk 7 1§+ (M
BFHMNE) |, ERoO—EIC THHOM 7 BTFEED 2, AR 5L, e D
ARV 7o U KSR L 2 E I R AL AR BUS RERT T BRMI 0 i 4 IR BB L 2 16

REZ XARTII VU8, 2V HI YV H2RARTREBEETES £
Bristol-Myers Squbb 4£® /¥4 [FEF 1§+, Terrence W. Doyle fi+:, # U F =3Iy,
WA TR T 3 5 72 American Cyanamid Lederle fff 2577 George A. Ellestad 1§+ ~
WRELERERL T, 3/, ABZEO—8Hid B AERRNA L W EBEZT 2 b
DTHY, HoHOTRMHKLET,

REOBRIRP LS ET, CONLRIBALTONTREALLODTIR S
NEtA, MEL TR, LEUSTHETUNLEL DN BN ELI. B3
LERMTHN, HALEARERETHY, 5L IRRKTHY, £LTHEICHM
DAN4ERWEARTL . BELDALT ERFELEMNHLET,
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