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DNA & /v DAE B AF A

AG=-RTInKa=AH-TA S

AH -TA S
(kcal moI 1) | (kcal mol?) (kcal mol-1)

Groove binderlZ.

Berenil Groove binder -8.0 +0.6 -8.6 IvhObr—o=
DB75 Groove binder 9.0 97 6.8 FOASL
Propamidine Groove binder -7.0 -1.1 -5.9

Distamycin Groove binder -10.5 -5.8 -4.7

Netropsin Groove binder -8.7 -5.8 -2.9

Doxorubicin Intercalator -8.9 -1.4 -1.5

Propidium Intercalator -7.5 -6.8 -0.7 Intercalator|4
Chartreusin Intercalator -7.4 -7.1 +0.3 T ALE—DE
Daunorubicin Intercalator -7.9 -9.0 1L ECE
Ethidium Intercalator -6.7 -9.0 +2.3

Arch. Biochem. Biophys., 2006, 453, 26-31.
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a Hoechst 33258 Daunorubicin

AH, kecal mol!
=

b Groove binding Intercalation

molecules. (@) The strucrures the DNA complexes of the groove binder
Hoechst 33258 ({£%) and daunorubicin (right). (£) A schematic of the
binding mechanism. () The enthalpic and entropic contributions to DNA
binding for groove binders and intercalators.

. =0 -15 =10 5 1] 5 10 15
! -! -TAS, keal mol”!
—_— — —_— Figurc 3
'I']'lcrrm:-d]mmnin: signatures for the DNA I:Iindin[.{ maode of small

Annu. Rev. Biophys. 2008, 37, 135-151.



DNA & /v DAE B AF A

AG=-RTInKa=AH-TA S

AH -TA S
(kcal moI 1) | (kcal mol?) (kcal mol-1)

Groove binderlZ.

Berenil Groove binder -8.0 +0.6 -8.6 IvhObr—o=
DB75 Groove binder 9.0 97 6.8 FOASL
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Propidium Intercalator -7.5 -6.8 -0.7 Intercalator|4
Chartreusin Intercalator -7.4 -7.1 +0.3 T ALE—DE
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Arch. Biochem. Biophys., 2006, 453, 26-31.
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SUMMARY POINTS

Thermodynamic data are an essential complement to structural data in drug devel-
opment and for the optimization of lead compounds.

. A complete thermodynamic profile for a binding interaction includes the binding free

energy (AG), enthalpy (AH), entropy (AS), and heat capacity change (AC,).

. The thermodynamic profile indicates the predominant forces that drive the binding

INCEracion.

. Isostructural complexes need not be isoenergetic.

. Favorable enthalpy contributions arise from favorable hydrogen bonding and van

der Waals interactions, and favorable entropic contributions arise primarily from
hydrophobic interactions and desolvaton.

. Thermal denaturation methods provide valuable tools for rapid screening of the bind-

ing compound libraries and for quandwatve measurement of ultradght binding inter-
actions.

. High specificity does not demand high affinity.

Annu. Rev. Biophys. 2008, 37, 135-151.
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Figure 1
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BEDT —INSHEAEEBKZUTDOLD(CRDDZENTEFT, EFEHFRNCL  IORBICH LT, M+X=

MXDFEEEEIIRIV TR ENE T,

M
= TXIMI (16}
Kiot = [X1+[MX] (f17)
_tMx] (f18)

Mtat = [MX]1+[M] = [MX]+ KIX]

CZTKISHEESTEE T .
MXIEEDOZ(E. BE{EE VTR EEEMITONE T,

dQ = dIMX]IA HoV,

T TAHIIRADEILT > HILE—, V ([FILEHE.
(f16). (f17). (f18). (f1O)RXLDXEXMNEHNNZET,

(f19)
QIIRREEIRELIERETT,

b appe( i, 1-l1+n/2-X./2
Vo[dQl’.dxtot: = AH (2 * [sz-zxrfl—r]+!1+r}2]1f2 ) [fBD]

T, r=1/(K M)« X =X/M TT o
EERBTEE CUESN DR S A — 5 (EREBIQ/dX,,, (EBICEAQ/X,,) TT. AHOEHEH
TOREBNSEB5NET. FROLSICUT, MEMEE LTAHEKDRDBNBZD T, (21)RLDETITR

JILIF—AGET > FOE—ASHEHEINDZEICRRDET,

AGe= AHe - TAS°=RTInK (f21)

https://www.gelifesciences.co.jp/technologies/biacore/road/road01_07.html
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SHTIEF, 61, 243-250 (2012). .



o) 0
k/\ ,_\N/\/\NJI\Q ‘\/\N,_\N/\/\Nj\/% ‘\/\N/_\N/\/\NJI\/\Q
/ H Fe —/ H @ — H Fe
1 2 3

Piperazine-caFc

OiiN!E
O“°N" ™0 (0] O” 'N" SO (0]
'\/\N/\/\NJI\@ ‘\/\N/\/\NJJ\/F@e»
¢ Ly P
4 5

N-Methyl-caFc N-Methyl-acFc

Different linker chain

Piperazine- ach

H ‘)H

NC A

0©Fe O N
Y-

Q -
Fe
ON@
E I
|
O‘\/\

O” °N" O
T/\/\ ‘\/\,I\]/\%
CH CH; &
6 7
N-Methyl-proFc N-Methyl-Fc

Different redox potential

33



KCl, NaCIHFE N CRITDIEDFBI/ N DA =S

/1 | 2 | 3* | 4 | 5 | 6 | 7
ETGA 105K/ M 455 217 8.9 759 759 612 571
n 3 2 3 2 2 2 2
AH/kecalmolt  -2.92 -7.92 -157 -5.04 -5.07 -440 -4.11
TAS/calmolt  -493 052 611 -312 -3.09 -502 -3.88
AG/kcalmolt  -7.85 -7.40 -9.63 -8.16 -8.16 -9.42 -7.99
10-5K /M- 0.75 616 57.3 752 834 279 9.99
N 3 2 2 2 2 2 2
AH/kcal molt  -3.74 -7.60 -9.40 -357 -6.91 -511 -3.72
TAS/calmolt -457 -0.43 0.03 -458 -1.30 -3.83 -4.60
AG/kcal molt  -831 -803 -9.37 -815 -821 -8.94 -8.32

1) 0.10 M AcONa-AcOH(pH 5.5), 0.10 M NaCl, 30° C
2) 0.10 M AcOK-AcOH(pH 5.5), 0.10 M KCI, 30° C
* Reverse titration was carried out to avoid to aggregation.
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Strategy of designed tetraplex DNA specific binder

¥ -

Dolble strard

Double strand G-quadruplex
Acyclic Table 1. Comparison of binding affinity between
S cyclic and acyclic nalthalene diimide.
(e} N O
106 K/M-1
DNAs
OO NDI-DM? cNDI-NMe-ch?
NN N0 A-core 1.6 8.6
KAN/ ds-oligo 0.60 0.033
NDI-DM cNDI-NMe-ch  TA-core:--G-quadruplex DNA, ds-oligo---Double strand DNA

High preference for tetraplex DNA (Ca. 260-times)
Need to improve an affinity for tetraplex DNA

3) Y. Esaki et al., Chem. Common., 50 5967-5969 (2014).
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Design of new cyclic naphthalene diimide (cNDI)
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Design of new cyclic naphthalene diimide (cNDI)

cNDI-Nme-C3 CC 5

cNDI-Nme-C3DM CI 3

cNDI-Nme-mPry I HNE




Design of new cyclic naphthalene diimide (cNDI)
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4) M. M. Islam et al., Molecules, 20, 10963-10979 (2015).



Interaction of ¢ NDI with varied DNAs

« Structural stabilizing evaluation based on melting temperature
(7.)

« Binding affinity evaluation using absorption titration

« Binding affinity evaluation using isothermal titration calorimetry

(ITC)
TA-core
DNA DNA sequence e )
TA-core 5-TAG GGT TAG GGT TAG GGT TAG GG-3’ S %& %
& &
c-myc 5'-TGA GGG TGG GGA GGG TGG GGA A-3’ e
: 5-GGG AGG TTT CGC-3’
ds-oligo

5'-GCG AAA CCT CCC-3’

TA-core; G-quadruplex of telomeric region.  ds-oligo; Double strand DNA.
c-myc, G-quadruplex of promoter region in cancer gene.
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Binding ability evaluation using absorption titration

Table 2. Binding affinity (K) and binding number (n) of NDIs with
several DNAs?

cNDI- cNDI- cNDI-
NDI-DM NDI-CD2 c¢NDI-ch c¢NDI-C3 C3DM cNDI-pBen mBen cNDI-mPry mBen-tBu
TA-core 10% K/M! 1.6 0.0434 8.6* 2.8 1.3 11 13 8.9 4.9
n 2 n.d. 2% 2 2 2 2 2 2
c-myc 10 K/M? 1.5 0.89 2.2 2.5 3.7 1.6 5 2
n 2 1 2 2 2 3 2 2
c-myc/TA-core 0.9 21 0.8 1.9 0.3 0.1 0.6 0.4
ds-oligo 10% K/M1! 0.60 0.096° 0.033¢ 0.015% 0.017° 1.1 0.55 0.39 0.0244
n 3 n.d. n.d. n.d. n.d. 2 2 3 n.d.

*Result for A-core

Condition: 50 mM Tris-HCI buffer (pH 7.4), 100 mM KCI, 25°C. Scatchard analysis, 2Benesi-Hildebland analysis.
WINDEDDH. 28EDNAL Y HARFEDNAIZ L T, mWiERREZH L7

TA-corelCEIRIICHES - CNDI—pBen, mBen
TA-core, c-mycAZIZHE S - NDI-DM, cNDI-C3, C3DM, mPry, mBen-tBu
c-mycEIRPIICHES - NDI-CDZ

3) Y. Esaki et al, Chem. Common., 50 5967-5969 (2014). 4) M. M. Islam et al., Molecules, 20,
10963-10979 (2015).



Thermodynamic parameters from ITC measurement
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Enthalpy driven binding to TA-core
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ITC & SPRD EEER

ITC SPR
No Yes
Thermodynamics Kinetics
S+ OPIE No =200 daltons
HonNs7—29 Tmmn;ic under'gia'e'a(?ﬂ c':oen.fj'itions
SoRE Yes No
=AM None Chips and reagents
B0 In-Solution No solids, opaque sols
2-3 nanomoles Generally less
MERM 30-60 min 2-10 min

Major SPR Competitor: GE HealthCare -BiaCore
M
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