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When researchers design specific ligands to regulate target proteins in cellular regulation or drug discovery, they
usually focus on a higher affinity of ligands. Consequently, ligands having lower affinities are frequently removed in the
ligand selections. However, these selections do not necessarily explain the mechanism of inhibitory actions of ligands.
Therefore, we have doubt that the high affinity selection is always equal to the specificity selection. Since the specific
ligands possess a specific binding manner in the protein-ligand interactions, we focus on the biophysical quality,
especially thermodynamics, of ligand interactions but not high affinity to obtain the specific ligands against the target
proteins. Thermodynamic analysis using Isothermal Titration Calorimetry (ITC) is one of the representative biophysical
methods, since it can monitor the direct binding of compounds with thermal reaction and discuss the binding specificity.
We are studying some ligand screenings for target enzymes, for example, we obtained one hit small molecule to inhibit
the target using biophysical methods including thermodynamic analysis. This ligand successfully inhibits the target
protein in cells, although its binding affinity is around pM range. Therefore, we propose that the important factor
governing the ligands’ specificities is not only high affinity but also the thermodynamics.
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Fig.1 Workflow of small molecule screening to find the
specific ligands with high affinity

F T OEANRRIL S TIENAIENSEEHE S LT
L2 EnG, ABROEN E D051 (FICH V87 8) 1%
5 L 2 RO RIRI M & /X T T & AR 22 4R
NIREEZFEA N BRI Z TE TS, & 5HITIE, =Ly
FICEELZDIEE R v b D X 9 RRWRERRES YA - E
T2 EFRS T, RO FHRERN S -2 %)
BRAMEER (PPI) SCEKRYZ v 7 BEAKROSE R m
WER LU 20 &, ZORERE B LT\ 5,
INLOENGTIE, b AABREALIEN &N TE I
KOHERERT v —FRT v AR TILEH LW
ENELBET D,

ZDEH RS OBEERZ TV Dy FEMAIKICE
W, MIBMERI T 7 a —F 13 1 O OFIRTFIE L L CITE
HFERFE LN TN D, FFRNRESDOEE, TOMAEE
AL EARET LT Z BN D X ) 7 SERRy 2k
FAME S R OFEHAREADFAEL TCVDBIRTTH D, £
DR TAL B DL FAETE & AZH 5y 1 OFE G AL O FL ik
BiEOMAGLEND, FELGHRE O, FEHE,
B, MR EICB W THEA R RN E AHdE 5 Z &R
2\, —Ji, {LEWOIFERNLAEEOHAE, HEEO
AN B E R E~DOWE, S HITIFZZ NI ED
e LIc kY, WEARRGZEEIIBEEILZY, L
Do T, ALBYWDOERIZBNWT, BLr g ronNy F—
varORBET “E AT A ENEEL D, W
{LFEW R FHTILE SICEDN R FREDO12THDH L F 4
Z)O 1-4)

B 22 BT O H T, BV FEIN IR BN N 72 0y T
BWAHZ DM D L BRBT 5 L b AT T ¢ Tk
RHIND L, HIV 7 u 5 7 —BIHERES, G325
o — VIIJETRIFIRE L CHMON D AZF o, B L X HE
DIEPIRE AT A7 43— "l72 ElBW0 T, w0
FLER TR b e E—DF SR RKE VDK L
T, ZORBRITKB SN TV HHER T X L E—F5IZ
XD EZARRKREVEHEIINZH D, 5D Z DX S ITESZEH
TRRRNT X, BR & XY BT B ARGy TR B O R A
HOT-DICHEREFRE G525 LE2 b5,

ZOL O EEND, FEEDIX, ITCIZEHR Lz, #4310
R EAER T, BU05 R T A —Z NEERRT &
LCHEbIN TS, AT IFE AT A—F, FFloo ¥
N EAER BELUS) 23, FrEMEAIH I EE
KFERDENHIEHEDL > TIRDFAZ U —=2 7T
BWTHANGEZ RTILEWOEL I v a o) F—
arkiTHo L e Lz, ZOBIC, EVWKEAEMME, &
WBREEEIEH E VBB LRI I Lz, 20Xk 57T

Netsu Sokutei 47 (3) 2020

91

Tu—FiZkoTC, ko “BEFGTE” LR TED
LEZ, DI, T E TRMEL TE =B OIEAIEA
EROTHDBENH TS D2 EbHIFF L. (Fig2), EH
SIZLARTIC, BGEZiEH LIRS+ U v FEERICE
DIEMIZONT, S GIZAEBERHE L E STV DR
BN yIE- B R EFBERERIET 1K) T
Rizxt3 2BV EDOIEABICHONWTE 7=, 1D AT
T, EEHE LDV MATWAIERS T A7 U —= 728
B REMAT OB 7275 A 2 W OB L, FD B
IZHOWTCikimd D,

( Target proteins

Compound library
bwd| X

Biophysical I Primary screening |
methods
(Physicochemical
properties) | 2 screening and assay I
not Even if low affinities...
high affinity
[ Hit validation | Cells

Quality check of interactions using ITC

Fig.2 Overview of the hit selection and validation using ITC
in small molecular screening
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Fig.3 (A) Synthetic scheme of capsule utilizing CapE, CapF,
and CapG in Staphylococcus aureus, (B) Protein structure of
CapF
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Fig.4 Chemical structure of hit compound 3-isopropenyl-
Tropolone, binding analysis by SPR and inhibition analysis by
NADPH consumption assay
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Fig.5 (A) HPLC analysis of sugars to evaluate the CapF
activity in the presence and absence of 3-isopropenyl-Tropolone,
ITC analysis of 3-isopropenyl-Tropolone (B) binding to CapF,
(C) binding to CapF in the presence of EDTA, and (D) binding
to ZnCla.
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Fig.6 (Top) Complex structure of CapF and 3-isopropenyl-

Tropolone, (Bottom) The binding site of 3-isopropenyl-
Tropolone in CapF
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Fig.7 (Left) Protein structure of DJ-1 and overview of DJ-1
inhibition in the enzymatic reaction of DJ-1, (Right) Chemical
structure of hit compound Isation and its SPR profile binding to
DJ-1
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Fig.8 (A)ITC analysis of Isatin binding to DJ-1 wild type, (B)
binding to muteins C100S and E18Q, along with the negative
control analysis
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Fig.9 (A) Thermodynamic and ICso parameters of compounds
binding to DJ-1 (B) Complex structure of compound #15 and
DJ-1
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