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Drug Design based on X-ray Crystal Structure Analysis of Enzyme-Inhibitor Complexes
—Toward Applications for Drug Research—
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The SBDD (Structure-Based Drug Design) method based on X-ray crystal structure analysis of the protein-inhibitor
complex is an indispensable technique especially for drug development research. In order to clarify the role of the
1-substituent of quinazoline derivatives in their inhibitory activity against poly(ADP-ribose) polymerase (PARP), two
novel inhibitors, 1 [8-hydroxy-1-(3-morpholinopropyl)-quinazoline-2,4(1H,3H)-dione] and 2 [8-hydroxy-1-(3-phenox
ypropyl)-quinazoline-2,4(1H,3H)-dione] were synthesized and subjected to X-ray crystal analysis in the complex with
the PARP C-terminal catalytic domain (PARP-CD), which requires the NAD" coenzyme for its biological function.
The quinazoline skeletons of 1 and 2 were both located at the nicotinamide subsite of the NAD*-binding pocket in the
same manner as previously-reported inhibitors. On the other hand, the N-morpholinoprop-3-yl moiety introduced at
the 1-position of the quinazoline ring in 1 bridged the large gap between the donor site and the acceptor site through a
hydrogen bond, where donor and acceptor sites are classified as the binding sites of NAD™ and the ADP moiety of the
poly(ADP-ribose) chain, respectively. In contrast, the N-phenoxyprop-3-yl moiety in 2 formed hydrophobic interactions
close to the adenosine-binding site of NAD", unlike the hydrogen bond as in 1. As the inhibitory activities of 1 and 2 for
PARP were much more potent than those of the unsubstituted nicotinamide analogues, the introduction of a substituent
at the 1-position of quinazoline-based inhibitors is very effective for increasing inhibitory activity against PARP. The
nearly equal inhibitory activities of 1 and 2, despite their different binding modes at the active site, indicate that this
1-substituent is promising in improving the bioavailability of the inhibitor without compromising its inhibitory activity.
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Fig. 1 Schematic diagram of the reaction mechanism of PARP in base excision-repair.
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Fig. 2 Chemical structures and ICs, values for PARP of PD128763, 4ANI, 3MBA, NU1025,
FR257517, 1 and 2, together with atomic numberings of 1 and 2 used in this work.
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Table 1 Data collection and refinement statistics for PARP-CD —1 and — 2 complexes

1 2
Space group P2:2124 P2:2124
Cell constant
a(A) 58.38 57.65
b(A) 62.54 63.06
c(A) 94.86 95.57
Resolution range (A) 20.0-2.37 20.0-2.37
Unique reflections 14360 14266
Redundancy 3.8 3.6
Completeness 98.7 (96.0) 98.0 (95.8)
Ry (Y0) 7.4 (26.7) 8.8 (38.3)
Reacror (%) 23.0 23.5
Riree (%0) 28.1 29.1
Number of atoms 2885 2889
R.M.S. deviation from ideal geometry
Rmsd bonds (A) 0.010 0.017
Rmsd angles (°) 1.4 1.97
Average model B-factor (A?) 39.9 48.5

Numbers in parentheses refer to the last resolution shell (2.52-2.37 A).
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Fig. 3 Overall structure of PARP-CD-1 complex. The protein (ribbon diagram) and the inhibitor (stick

form) are shown.
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Fig. 4 Electron-density maps of 1 (a) and 2 (b) bound to the PARP-CD active site. The inhibitors and the
protein are indicated by ball-and-stick form and stick form, respectively. The (2Fo-Fc) maps were
calculated using the phases at the final stage of refinement.
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Fig. 5 Binding modes of 1 (a) and 2 (b) with PARP-CD active site. The inhibitors and the protein are
indicated by ball-and-stick form and stick form, respectively. Possible hydrogen bonds are shown
by dotted lines. Respective amino acids composing the PARP-CD active site are also labeled.
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VEt&IE, NAD A5G R v A NI Y1 FcH His-862, Gly-863, Tyr-896-Ala-898, Lys-903,
ENAHERICHBEFHL Tz, TONIYA R, Ser-904, Tyr-907, KU Glu-988 77 X/ [EhkREIC

Acceptor
Site

Fig. 6 Schematic diagram of the interaction of 1, 2, and FR257517 within the active site of PARP-
CD. The substituents are N-morpholinoprop-3-yl for 1, N-phenoxyprop-3-yl for 2, and
3-[4-(4-fluorophenyl)-3,6-dihydro-1(2H)-pyridinyl]propyl for FR257517, respectively. The
acceptor site (white), the donor site (light gray), and the new site (dark gray) were shown. The
inside of the dotted line represents the large gap between the donor and the acceptor site.

Table 2 Hydrogen bond (A) between the inhibitor (1 and 2) and the active site of PARP-CD

Atom of inhibitor Residue of PARP-CD 1 2
012 N (Gly-863) 2.84 2.98
012 Q' (Ser-904) 2.71 2.51
N3 O (Gly-863) 2.89 2.78

020 N (Met-890) 2.98 —




164

KXo THEVART Y FZEK LTS, 1 L2
® 012 Jf &, Gly-863 7 2 R NH & Ser-904
D O'H LD THAL 2 ROKEREZIZKL TH
D, £X1EL2DON3HIE, Gly-8637 T FDO
EDMT 1 ARDKEMEZERL TN 1&2
DBEOFF VU VB Tyr-907 D7 =/ —)b
HER O Tyr-896 O£ & DORITA % v F > FHH
TEHLTHD, TOBUKMEHAEEHZEL T=2
F 7 2 REART Y FOZERICBEZTER L TV
7z.

THIAREEHELT, 1OFFVY VRO 1
WWEALEN-ELVT A /Ty 7 -3 A )3
RFP—=RUC7 72T 2 —Y A FEOF ¥ v S
& LTz (Fig. 6, mAROWMAI). U LLEGIC fif
Hr &Nzt k PARP-CD — FR257517 &K &
JBHERIOFEEME L IZFE L ARS. T4b
B, FHEH FR257517 OFF V'V VER EO 2 fiiiE
N, FF—Y A O AD ¥ A MCIEREICHT
BELTED, 777 2—PA1 bAMICEmNT
WiEino iz (Fig. 6). IS, N-E)LT7+V /Ty
7 -3- A UL & PARP-CD {E RN OIS %7 2
/I L ORIT, BEAMEERNR SN,
bbb, 10020 JiFH Met-890 7 X FDON
E DM TKEEEZER L THDO (Table 2), HIC
1DE)T 4V VED Tyr-889 N U Tyr-896 & D
M DOBUKPEMEAERICEES LTz,

—J, 2ON-7 =/ F 70y 73 1)V
@ PARP-CD \D#E & D /7 MMk R UGk & &
I, 1ON-BIVT7Y /Ty 3 A)VHICE
FB5ZFN5 LZWPERENHAR LN FFYY
VERERMOE 1 TEENLT 4 VB, 2 TREAN
VEVER) ZDESY UH—DAVKRA—=T gV
1&, 1(-CH,-CH,-CH,-) & 2(-CH,-CH,-CH,-0-) ® R
TELLEEZ ST W, COaAYEA— 3D
ENCKD, 20ROV VI, 11e-879 &
Ala-880 M HEHMEE NS FH—Y 1 Mk L7
B D BKPE B (7 LTV 7z (Fig. 6). 1 &£ 2D

1D PARP-CD I ¥ 9 % #5 & kXD T DWW I,
HHEFHOV ¥V A—FFROENC LS D LA
HbN B (113 -CH,-CH,-CH,- @ 3 Jii -, 213 -CH,-
CH,-CH,-0- D 4 Jfi+). 1 T 2D IC, &, M
HCHIE & W B O R OBIE Al DZhs
LOHENS, 11e-879, Ala-880, Tyr-889, MU
Met-890 & D # & 1% PARP-CD @ [ LW &
HBY A (Fig 6, IBVR)] & 1 AiEHL L O
HAEH (KBRS R CBOUKMEREIER ) B, F5
V) ER R — A0S U T B A1 00 BH 15 P 1
WKIERICEBETHS T R RBLTNS. ThIC
X UC FR257517 OIAICIE, 2 fiE#sic i
HAREEDT VAT T 2 Z)VHIE, Arg-878 iLtED
RF—HA1 ~ (AD YA b ) ICIEREICELTEHD
(Fig 6, O PK), HHIC T DR Arg-878 FRIELAH
U®muk#9:/$x—ya/ Mzt U
ka.g®iﬁuim%ﬂﬂ7®E@%@F%—
NAD Y 1 2R ZZRICHEELTED, Thic
K> TFR257517 ORHEEED, 1H20id 20D
TNE0E®‘yEL GoEDEEDNS. 1, 2,
N U FR257517 D =75[T, PARP {GHEERAIICE
H%mmﬁﬁk BRENDZICEMMDLT,
FEFCA—Z—DHEFEEEZAELTNE T &M
BuT@Caﬁ%%éh%.ﬁtb%@meCD
DRF—RCT7 72T 2—Y A FOEDOF v v S
HDRKEREBEIERL TS0, TOFXFry S
& Fig. 6 ISR &H57%& DIiLWRiEY A b &L
TEHETEZT L, KU (b) TOZEMIZHL DM
FHHOIAV R A=y 3 VEREFOEDND, S
2 A TOBEIREZI ANDZRUMDHZED L
Ebns.
SRIOFFEMTHERD S, OFF VY v 2N—IC
UzBAEAID 1 MBI D& A DY, PARP IS
ZHEEEOMBICIERICHRNTHZ T &, K&
C@BEHHEOMENZILTE, TNH5DIVER
A= a VERINCEZBTET, THETICIE
WE TN TORWRHOBERIEEY 1 MchE S



Vol.2 (2008)

165

XHTENMHGMNEZE ST, TDEKIHIT, 1 HiEH
oA, TARE, oM, NUZOMoZEYE)
REMIST A—R—T 25 % % T I X B FHF|D/NA
AT RA TV T o —UEEICT TG a2 =7
ez 5%, HIC, 1L 2ORMENRHZEYIC
HAGHES T LT, PARPICHT % L O &hHRMNA
FHEAIAZRRGTT 2 2 ENRETES.

BEE AWIRICBWT, KEARETRE & HEhE
20 T U RBCERLR 23 B e 2 8= A
FEBI, 7550 IO FIEBE S8R R < &
DEZRLET.

AWFEOM 72 5 2 TIHE £ LI KIERSEFA S
R KPRHIG, AR SN —Z3 1, [F#E
TR BRI R RARRE L, X5 TICH
WFZE Y — FERRIPZE == R ) IIREATE 112 <
LR L EFEd. £, AHLOREEETREZ [HE,
B2 OAWRGHEBE ZHE £ L RKIESEEKA
2ttt RS L ME T =L, FAARESS
JNES L, FEERECETS SR # Lt
RETIBHE I —tE LD X D IEHB L X9

X/e, AWECTHREIMZE L LT, 2REHUE
O /172 THE X Licoot 2 U K% Carol P. Huber
A%, RIERISEHRASH Y — FERRIZEE R
B MREER, FEWRE TSt [FREE
L2728 2 R BB E KEMAH L, RS
1 WF7%2 GM WHFRIR, &5 TICF LY — FEHER
W EI2E B A RRCIC R L £ 4.

PARP — BHFAIHE SR DRIEL 2RISR IC B
T, MIMNCERICHNITAZ X LI A L% R
RIS, b CICHABHRL Y b —F 1
2 — B RICR B X7

RARIC, B OFREEINE ZTHE X U Kk
BRE THCBEE, KAZESGEfN, FREFIIT,
RIBSETIMRPE, 755 GRS B2 EEE
D& D EHEL X7

REFERENCES

1) Meénissier-de Murcia, J., Niedergang, C., Trucco, C.,
Ricoul, M., Dutrillaux, B., Mark, M., Oliver, F. J.,
Masson, M., Dierich, A., LeMeur, M., Walztinger, C.,
Chambon, P., de Murcia, G., Proc. Natl. Acad. Sci.
U.S.4.,94, 7303-7307 (1997).

2) Satoh, M. S., Poirier, G. G., Lindahl, T., Biochemistry,
33, 7099-7106 (1994).

3) Farzaneh, F., Meldrum, R., Shall, S., Nucleic Acids
Res., 15, 3493-3502 (1987).

4) Realini, C. A., Althaus, F. R., J. Biol. Chem., 267,
1885818865 (1992).

5) D’Amours, D., Desnoyers, S., D’Silva, 1., Poirier, G.
G., Biochem. J., 342, 249-268 (1999).

6) Virag, L., Szabo, C., Pharmacol. Rev., 54, 375-429
(2002).

7) Szabo, C., Dawson, V. L., Trends Pharmacol. Sci., 19,
287-298 (1998).

8) Love, S., Barber, R., Wilcock, G. K., Neuropathol.
Appl. Neurobiol., 25, 98—103 (1999).

9) Eliasson, M. J. L., Sampei, K., Mandir, A. S., Hurn, P.
D., Traystman, R. J., Bao, J., Pieper, A., Wang, Z.-Q.,
Dawson, T. M., Snyder, S. H., Dawson, V. L., Nat.
Med., 3, 1089-1095 (1997).

10) Mendoza-Alvarez, H., Alvarez-Gonzalez, R.,
Biochemistry, 38, 3948-3953 (1999).

11) de Murcia, G., Ménissier de Murcia, J., Trends
Biochem. Sci., 19, 172—-176 (1994).

12) Simonin, F., Hofferer, L., Panzeter, P. L., Muller, S., de
Murcia, G., Althaus, F. R., J. Biol. Chem., 268, 13454—
13461 (1993).

13) Ruf, A., Rolli, V., de Murcia, G., Schulz, G. E., J. Mol.
Biol., 278, 57-65 (1998).

14) Kinoshita, T., Nakanishi, 1., Warizaya, M., Iwashita, A.,
Kido, Y., Hattori, K., Fujii, T., FEBS Lett., 556, 43—46
(2004).



166

15) Ruf, A., Ménissier de Murcia, J., de Murcia, G. M.,
Schulz, G. E., Proc. Natl. Acad. Sci. U.S.A., 93, 7481—
7485 (1996).

16) Ruf, A., de Murcia, G., Schulz, G. E., Biochemistry, 37,
3893-3900 (1998).

17) Ota, T., Kondo, K., Tanaka, H., JP Patent Application
No. 2005-333411 (2005).

18) Zhang, J., Lautar, S., Huang, S., Ramsey, C., Cheung,
A., Li, J.-H., Biochem. Biophys. Res. Commun., 278,
590-598 (2000).

19) Suzuki, T., Kanaya, T., Okazaki, H., Ogawa, K., Usami,
A., Watanabe, H., Kadono-Okuda, K., Yamakawa,
M., Sato, H., Mori, H., Takahashi, S., Oda, K., J. Gen.
Virol., 78, 3073-3080 (1997).

20) Maeda, S., Gene transfer vectors of a baculovirus,
Bombyx mori, and their use for expression of
foreign genes in insect cells, in: Mitsuhashi, J. (Ed.),
Invertebrate Cell System Applications, CRC Press,
Boca Raton, Fla, 167-181 (1989).

21) Jung, S., Miranda, E. A., M?nissier de Murcia, J.,
Niedergang, C., Delarue, M., Schulz, G. E., de Murcia,
G. M., J. Mol. Biol., 244, 114—116 (1994).

22) Pflugrath, J. W., Acta Crystallogr., D55, 1718-1725
(1999).

23) Brunger, A. T., Accerlys Inc., Crystallography and
NMR explorer (CNX) Version 2002, Yale University,
New Haven, CT (2002).

24) Mendoza-Alvarez, H., Alvarez-Gonzalez, R., J. Biol.
Chem., 268, 22575-22580 (1993).

25) Mendoza-Alvarez, H., Alvarez-Gonzalez, R., J. Mol.
Biol., 336, 105-114 (2004).

26) Suto, M. J., Turner, W. R., Werbel, L. M., Arundel-Suto,
C. M., Sebolt-Leopold, J. S., Anti-cancer Drug Des., T,
107-117 (1991).

27) Banasik, M. K., Ueda, K., Mol. Cell. Biochem., 138,
185-197 (1994).

28) Boulton, S., Pemberton, L. C., Porteous, J. K., Curtin,
N. J., Griffin, R. J., Golding, B. T., Durkacz, B. W., Br.
J. Cancer, 72, 849-856 (1995).



