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Current Topics on the Relationships

Between the Thermodynamics Parameters and Drug Design
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This review discusses current topics on the experimental and theoretical parameters of
thermodynamics and drug design. Freire reported that change in the interaction enthalpy (AH)
measured with isothermal titration calorimeter (ITC) could provide valuable information for
drug design. Kitaura and his coworkers developed the fragment molecular orbital (FMO)
method for quantum-chemical calculation of large molecules such as proteins. The FMO
method has been applied to studies of whole protein and protein-ligand interactions. CH/m hydrogen
bond is a weak interaction similarly to CH/O, OH/r, and NH/x. However, recent studies have
elucidated that the CH/m hydrogen bond exists in many biomolecues and they play an important
role in recognition between protein and ligand. Recently we calculated the interaction energies
for complexes between LCK protein and three inhibitors (staurosporine 1, and our compounds
2 and 3) with the FMO method. In every case a number of CH/m hydrogen bonds have been
disclosed in the binding pocket. In the compound 2, NH/m and CH/O hydrogen bonds have
been observed as well. In order to increase the potency for LCK protein the aniline ring of
the compound 2 was replaced with 2,6-dimethyl aniline in the compound 3. A ten-fold increase
in the potency has been achieved for 3 over 2. We suggest that to pay attention to the weak
hydrogen bonds is useful in the systematic drug design.

Keywords: isothermal titration calorimetry (ITC), drug design, weak molecular interaction,
CH/m hydrogen bond, an ab initio fragment molecular orbital method (FMO)
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Fig.1 Fragmentation in the FMO scheme.

Table 2 The feature of FMO method.
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Fig.2 Examples of CH/m interactions.
was proposed in L. E. MacKenzie, J. Am. Chem.
Soc. 93, 3818 (1971).
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Table 3 The feature of the CH/m hydrogen bond.
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Fig.3 Calculated compounds.
Table 4 Interaction energies between LCK and 1

(in kcal mol—1).

Enmp2® Eur® AEmp2-ue®
Tyr318 -19.4 -13.6 -5.8
Asp382 -15.1 -11.2 -3.9
Gly252 -11.1 -6.9 -4.2
Met319 -11.0 -8.3 -2.7
Asn369 -10.9 -7.6 -3.2
Asp326 8.3 7.1 -1.1
Glu288 -7.4 -6.3 -1.1
Leu371 -6.4 0.7 -7.1
Val259 -6.4 -0.7 -5.7
Leu251 -5.4 1.0 -6.4

2 Interaction energy calculated at the MP2/6-31G level.
b Interaction energy calculated at the HF/6-31G level.
¢ Emp2 - Enr.
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Fig.4 Interaction mode between LCK and the compound

1 in Fig.3.
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Interaction mode between LCK and the compound
2 in Fig.3.

Table 5 Interaction energies between LCK and 2
(in kcal mol —1').

Emp2* Eng® AEmpy nr€
Met319 -9.7 -6.0 -3.7
Tyr318 9.7 -6.1 3.6
Thr316 -7.8 -3.1 -4.7
Glu288 -6.9 -4.7 2.2
Lys273 -6.7 2.3 -4.5
Gly252 -4.7 -3.7 -1.1
Leu371 -4.3 0.9 -5.2
Leu251 -2.5 0.5 -3.0
Lys269 -2.2 2.2 0.0
Val259 -2.0 1.6 -3.6

2 Interaction energy calculated at the MP2/6-31G level.
b Interaction energy calculated at the HF/6-31G level.
¢ Emp2 - Eur

b5 LRSS,

1bEw2%, V= FMMEAEWE LTEIRLA. U — FLa
YWOREN S 37 & OMAROREERERIZZ TR KT
v FTFWA VTR E L EREY S 2 5. 2 £ LCK OMEERD
B 13 SPring-8 DA — LT 4 Y 2fHHL, H5Z
KT FOBAREEICH L CEMOEHE 21T 572,
Z DR % Fig.5, Table 51”3, T3 213Met319 &K
ERMEMHIANF - %282, 232014 I35 VEY
IVVBRDOA I T VEEEMet3 19D T I FKONH & D
KFERHETH Do KICKEVHENEMIZTyr318 & OMEA
HTHHH2131 TRON L) BKERmE N — 2354
W, F702 8 Tyr318 OHSHOEEIEEN TB Y, HEIEH

Netsu Sokutei 38 (2) 2011



BNFHRT A= — L FT v 7 7L

Table 6 The. change ofﬁi]nteraction energies from 2 to FRoE 4 LTl FMOGHEIZ L2 &, Lys273 & ORH
3 (in keal mol 0. (e B >2(k% LT W (Table 6)o 3 T2 12
3 2 Difference ~TLys273 £ OMASEHAR L 7o Tz, 2F DAV
Lys273 127 67 6.0 Y) CH/m & NH/n DSEARIZAUZ L DR o722 & & Tk
Met319 -9.6 -9.7 0.1 %o
Tyr318 -8.8 9.7 0.9
Thr316 -7.8 -7.8 0.0 FLOOERTILAY 1 — 2 — 3DOBIETHRIEN L
Gly252 5.8 4.7 1.1 DEIMEZEDEZTHD, T REERMFIO S >3
\L/Z‘l‘;;; :‘2‘:2 :‘2‘:3 861 7 ROMBBRIEBT, Roll%rs 77 7~ D4R,
Leu251 24 25 0.0 YN B OREEOFHIIIDSC 2N 2 58T 5, 152
DRy — LY, U — MEEwORIRTH Y, %o
Rl 7O AICKEREEL S 2 5, ITC TRITMLAD,
FTHEFHERIL V., —HAIFVEY IV VB I ) — MEAWDAH, AS %KD, 75 AH DFEGHKE
T = VDRI TIKREAS VAR ZVEEFR L 2.38 A & LA % RIS 2 OIAHIR ) — NEER 5L 2 5 TH
FEFITEL L TWAZ &0 D, 213 Tyr318 & CH/O /KHKEiE 59 23 DT — Fil{bTH 5, ITC DREIC &
FIZEVHEEHL WD EEZ BN, D ERIEZIRD &) FEMBERASHS 2D, FIv T
Thr316 DMEEDOKEEIEZ2 DT =1 ¥ NH & KRFEEETE T \DT 4 — Ny kL THALI, T2, &
L, 222ThrDXAFNVEP 207 00NV B ECH o WILOBRRETH TGRS RITT AH, AS DRFRZHRTW»
KR THEER L Twh, 7o~y U B3 Lys273 (Ze ziwﬁt%ﬁ LW T 7o OB E %
& 3 NH/n, CH/mKEEE L ARENEZITTVAE, & “BLBN éf%%oo_wiitﬁM%uF?vﬁ
51ZLeu371, Leu251, Val259 b2 &0z £ & L72AH FHAL &i EHREHE G2 B LELENS, B
HIEHZFDZ &A% H 5, LeudTl & Val259 idHul A 3 TEDRIFEEN DL T HBERKEAHE L WKLY > X B Th
T IV UBRE, Leu251 3N E Y HEEVEH% LTw D, Vol RICHBHTE 2T LEOBIEAIFN
Do 2OMEEMICEALTE 0D E (1) AEREG & CHO TWb, $724 K OWEFREIELENEEIHL, 22
IRFEREEIZ X B Met319 & Tyr318 & @#Eﬂﬁzﬂil () 7u M5 AH, ASIZBY 5 EREEEDOIHHD X 9 2 HRkASE & 1
O~y Y Y DONH/r, CH/aKERSSICHEREMR 3) Hul ShaFbifEsns,
BRERYEVROCH/m KFEREEIC L D EELE 25, B LB AH, AS R ETE LB THLOT, £l
2131 MWD H A A — ZBHEFN LS N BRFHEE K- — 70 v A EANDIEH %)ﬁ;ﬁﬁféﬂfu\i% Ltk b I
ZHULBRICH 2 WS, CHIOKRERAICL VB TE T e L CRIBE R g L-FEas L Z L 2 FE L T E
W5 Z EADSFMO EHE SHB L 72, k)
2 DLCK ~ORHENEMEIEICs T220nM TH ), HIZHE -
AR X I LA B L2, 22 T22DCH/n & = =
NH/m & D RELENTVnD 7 auaxXyELEFEH LT R TIRBMNFRIT A =7 — L KT v 77 V|2
TV WA U RFTo Tz, CHInKEGGEEIZHMT52 BT A MYy 71200 TR 5, Freire S (3550
ErAvruaRy ¥y OBRBEERLIT) Z LI, TEREERT (ITC) KX VRESNE Y N BE) Iy
CH/n DEIRIRRIC L DWRICL 2 &, FHR LOBETH FOMESERHTZ Y FVE=D R T v 7 FFA VBB

e RELTHE, CH/mIZHEL 2B DF N HAGERE Wr b2 eHEME L, Llisdy v XV ED L RE
WIED S CHIn IZIZFEFNC R B L) L TH D, T ReDFITbBFNFERNEEWRIZT L7 T 7 A2 bt

fit5£13 NH, >Me >OH >Br >Cl >F >CN >NO, DJIF %é (FMO) #:% B3 L7z FMOEIZ Y VS0 eV T

Thb, BEFHGEROBEREIEE L LEMOYEEEE L ¥ FOMIAERFZIHH SN TWvWb, CH/m KER A

TMe#:%, S5V 74+ A= a YOEEDLH2OD CH/O, OH/x, NH/x &£[A L { §5 HHESEHTH %, CH/n

Me 2% A0V MUSEA L7232 791 » L7z, KREESIERES T THE AN, o308 ‘} v
3 EEBICEH LLCK ~OIEFRT R HIE L2 L 2528 Y ROG TR EE TG R LTS I L LRI

M Td Y # 10 ORI EIC I L 2. 3DLCK & O# 5T &2, FAIILCK 7 2737 L3 D0/EHK] (X4 w0

BRBIERRTOIL) L 72D, FMO TR 21TV, [EHRA AR Y1, BHALEY 1 2, 3) DBEARHLENT O
BOREWGEE L 720 BEBOWITRR 53132 LR LY RIS L TPMO G Z T 272, EOEEERIZBNTHZL

Netsu Sokutei 38 (2) 2011 71



it

O CH/m KRG A DS £ 720 2 TlE CH/m 2N Z T CH/O,
NH/m &\ o 72AHALER S BHl S 7z, 2 O CH/m KERE S
2l LG, iR EEAS HICc207 =) V5D 2,6
P AT VEEAEA LIALEW3 % 701 v LA L7z 3
DL 2 1A 10 f51) 1 L7ze & OFEFIL CH/n %0
FVKERBAIE N T v 77V A VICEETREMEEH T

HHZLERLTNA,
X |

1) U, BN, A 8, AR BORfbmE
A (2004).

2) #8E; DATA BOOK 2010 (2010).

3) C. A. Lipinski, F. Lombardo, B. W. Dominy, and
P. J. Feeney, Adv. Drug Delivery Rev. 22, 3 (1997).

4) J. E. Ladbury, G. Klebe, and E. Freire, Nature
Reviews Drug Discovery 9, 23 (2010).

5) HA b FEBMaE 12, FHRALS, Lk
&t (2004).

6) K. Morokuma, Philos Trannsact A Math Phys Eng
Sci. 360, 1149 (2002).

7) D. G. Fedorov, K. Kitaura, The Fragment Molecular

8)

9)

10)

11)

12)

Orbital Method: Practical Application to Large
Molecular Systems. CRC Press; New York, (2009).
D. G. Fedorov, and K. Kitaura, J. Phys. Chem. A.
111, 6904 (2007).

777 A Mo T HGEL OB
http://www.cbi.or.jp/cbi/jigyou/FMO_gaiyo.pdf
BAFEH CTd LA L7 &k. FMO OFARD S ¥
YN BEADIH F THRREN TN S,

VepEscte, iy, EAHE g, 7077 LA THE
B3 5 AR E ARk, HAuh ik &
(2008).

MIAREE, RS Bls, ¥ v s BE LSRR
ProteinDF O¥ L HFE, 7 KNV AV 7 b (2004).

N. Nishino-Uemura, T. Hirano, and F. Sato, J Chem
Phys. 127, 184106 (2007).

72

Sﬁg

13)

14)

15)

16)

17)

18)

M. Nishio, Y. Umezawa, K. Honda, S. Tsuboyama,

and H. Suezawa, Cryst. Eng. Commun. 11, 1757

(2009).

FRILHE &, IARILED 720 0501 BAM

WA T4 74 v 7 (2008).

TEEDHP http://www.tim.hi-ho.ne.jp/dionisio/

CH/m % LIS W AR B S 253050 7 T

=B, FLOLNTWD.

M. J. Plevin, D. L. Bryce, and J. Boisbouvier, Nat.

Chem. 2, 466 (2010).

T. Ozawa, E. Tsuji, M. Ozawa, C. Handa, H.

Mukaiyama, T. Nishimura, S. Kobayashi, and K,

Okazaki, Bioorg. Med. Chem. 16, 10311 (2008).
UIR=Va v I2L—2aryV7 b7

DOIFZEEASE” THI%E STV 4 BioStation |2 S 1L,
Fou— FLTHHT 25 TRECTH 5.

http://www.ciss.iis.u-tokyo.ac.jp/riss/project/molecule/.

/N A7k Tomonaga Ozawa
FobAFEMTE () AEENIEER AR
FEAEWFFERT, Kissei Pharmaceutical Co.,
Ltd., E-mail: tomonaga_ozawa@pharm.
kissei.co.jp
787 —< & In-silico K7 v 7741 »,
| BWHEEHO KTy 7754 O
H
Wk ax s s

[l (& Kosuke Okazaki
FobAAEMTE ) AIEDIZE A%
FEAEWIFERT, Kissei Pharmaceutical Co.,

Ltd.
BT —~ 0 K9 7744 2 4l
ok SR

Netsu Sokutei 38 (2) 2011





