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ZAIMEE RV ERRERRED SR EBIE UL
ICGERBFICK SMERERORR

BeAZOE, B2, flE 63, P8R, BREZY,
PR B, NAARWHES, DA B4, HP G

VA TFBERIRSEEATT T028-3694 A R ISR AT K@ 1-1-1

KRR ESERTZERE T654-0142 fufi i P R A BEX A8 i 7-10-2
SEEERHAGTIZEAT  T305-8566 PRIRIL S UK 1-1-1

TERIBMEIE A T T940-2188  Hrig B Rl F& RHT1603-1
SEAFERERAFESE T028-3694 HFRSAKFEARMNETE AR 1-1-1

SL AT T108-8641 FHUHTERHEX (4 5-9-1

PEIEREM S 7 LIEMHME (NFGNR) TH2—HOEARECZEIMUEL, o NTEORTF RERERELL
THY, 73I/BORYARGSIUORBEBRE, ASOMAICKENBHEEZROBENZENTHEILEILN
%, ZLT, ZOEMAFELLTE, RTFEDBER, RTFRITLAR—9-&L07 3 /BRBORIKE
FEICREAHD ) BN T XT72F 77—, BT F—tERERFEFONDY, Fald, —Ed NFGNR ([CHEFRR
TF RPEEER TH D S46 DPP DS EEZ 2014FE(CRE L 12?, €L T, S46 DPP L BEBRTF Ro{k& &
DESEBECEOSVWTELONI-CRTFENXKIEHE S TH M FOHEFERBRICESWT, 1> VaRY
)—=2 LBt LA, BEFESIUCREFFMEDOY M 7L ZEL, S46 DPP 2E2M(CHAEL, AR
HICH L TREDREZETILLEYWERBLIEY, 512, 2021F(CE S2HTH M MokFrHi-hEEEREE
AFLRILTHRAL, JYBREOS\MEAMDOAEMRERLZTRLTIMEEELY, AXTFTIK, ZhETICEK

Y#A TE7c 546 DPP O FHEEICE D C ERIHFx5H (SBDD) (CRT MR LSEICOVTRY LT3,

1. MEERARETOHRRK

RGOSR & L TI9104E12 /87 )L « T— )L )
b BB X0 LYy, 19294R1C1E T L 7
VR — e T UIVIIZE RSV Y Y, 19324111
INVE o F=<27Ck 097 +% (Fav b))
I, NBEIZRYEISS T 5REBLXFICAN, 19404
LB, BIFNC B RYYEIC X A TR LY, —
FiC, SEEOPEEOTEY) AL, mtEEoRE T
O ZF S L, MEEOFIH e IH %< +5—K
ElgoTWnb, SO XD RBEFHFOEMIC X - ChHFEa
A+ OEIRBEEE & 750 % < ORZEPIEIERMFE D HHuR
U726 19704E180D 77 )L R ADBIFE LG T P 3 O 2
B LU TR TCELH - ERBFERE Rnizasnd,
WEAE O AR % 20 & & A PR3O BE R OBRFE 2 0
El o TWAY, — T, 20004ELIE, THEE S RIER
ExRLICHE SR, EFEOHEEFAICIZ T, BF
DIERABEFICHLS 72 WHTR BB OB R O EEME G L C
W5 2010410 13K B R GUAE 322 75 20204F & TICHTELBL
BEHE % 10[BAF 4 5 CZ & % HIE ¢ “The 10 x "20 Initia-
tive” #4285 L, ZOHBOEEMIC L EFFEPBEREY E

Foob b, 7z, 2015412 WHO 13, 20504F(C 13 %5
LR (AMR) T & 58 RFEM10005 A& #E2 % &%
HL, FHEARTICEAMHEOMRETRE L, BEXD
AMR7 7V a V7S5V ERE LI, —ICHEEEOE W
MBI 7 5 ARHEDR % <, 75 ABMEHTE O fuss
12, BOWRTFFZ7UNVEIOAREP D5 ¥l ks
THHOICH LT, 7T LEEMEOMEEEL, S, X
TFETUAVEBIOAR? LR, SMEOIEFFEMET
K\ iz T, EWR—U VERIC L AERME, PR
VIR BEH, £ L TR Ty A —FIZ X AREIC
L0, BHMEZRES L7 5 ABEHREEBILS D 20H
Bo TDOH, MMEEEDZEMIAEITH LT, 2019124
BINT=v A /FOLT TV, MO A
BHEZFIALC “raADOKRE” OLDCHEFDIMNEL
FolT B L TEAMMEREICH L TR FIET 5D, B
R, 7 ¢ T lid, HARERE (WHO) 2R
L7emBLETHAL T R EFEO 2 TUCHR RGN TE S
ME—DIEKITHHH, ZOIERERFIIEEEDOL T 7 1 AR
UUPEE R LRy VG2 v E (PBP) ~
OFEFIC I AiEEAKIETCH A &6, PBPOE
BIZEDHREMET 58S S0, FIRIFABFIC X

88 &I Mar. 2022 Vol.35 No.2

(C) 2022 The Japanese Society for Synchrotron Radiation Research



FEY IR

ZHEIMMER R O EARERREDAEZ Bis L - RIEABRF CL 2MEXDORMR

LY OBHTE & KilT 5 LEND %,

2. EHREI S LABIEHBEADER

75 LNEWMEOF T, KRR LUOHETERL,
BN BERNTF P hRFm R &I HWIEREES T L&
ME (NFGNR) (%, #8250 N TR ERIG%8, RifiE 75
Erp|ERIL, BROMKEEICRELZ RS ErbIRE
RWEETH 5, NFGNR (ZHIE SR HFKEFR THHRT
FFEERY TS ALANERDIARY, R TS5 XN HE
THLYVNTFFEARE (DPP) ERYXTFF e« + 1
RTF FICHRL, WEOXTFE 5V AR=aRT
JBREAATIIR L, VRTFFRBIU R UXRTF F o 2R
FICHE L EEFE L L TW5Y, ZLTC, 73 /BAOYy
RERBICBVTE, IRNTFH—Y, UVBFS VAT
YIS —¥, BEBE B TRV F — I WA B
LTSN TWS, &/ /87 B fEEE#i: MEROPS
LIEN AT —RR—=ATT I/ BBEFRMMEE R A A /7
FORBMIC K> TRENTClan (75 V) ICHEIRN,
61T, AEBOZ EEBDbNS L O Family (7 7 3
J—), U7 773y —AtpEsnBY, 2L T, 77
I —S460 DPP (dipeptidyl aminopeptidase) 75 &H
N5HE TR, NTF FREREGRRICTT 2 EELBEHRIT
S9 7 7 2 U —DRTFF K4 fREES POP (Prolyl oligopep-
tidase), PTP (Prolyl tripeptidyl peptidase) i5J{Uf DPP4
THDHEEZ LN TN, 7R E - —MD % Fl
W, NVTSAALLTRIET HRNTTF PR TH 5
7731 —S9?DPOP,PTP 5 L U'DPP4IC 2 T7 7
3 ) — S460 DPP7 & DPP113 X7 F R I fk 43 iR %1 B
o TWAIERHALRICINAEY, 77 3IY—S9D
DPP %, X7/FF NEKm»H2FBOT 0y /&3
TSV EREL, SEHOT I JBEOXRTF P& %
Y4 5 TV EEE T, b M ESUESEmIC LT
Ho Eiz, 20145121, FBRYVET S VITiZ TB
KET 2 /ML EFT 525, i DPP I A TiER: MK
VW DPP5 238 IR B 20 B3 s 72w, POP (PTP)
NXTFFNRKmfll»63FBDAETENL EoT Y
VERRT S VERHL, TORDOT I JEREOXTF
FRsEx UM 5, S9 O DPP &, BEWRET TR, &
LEMICLIASFLEL, Y FDPPARA VAU VA
fEFMbE Ve 2 0Rd 52 L5, DPP4BHERT
BRBBREE L L Wb\ %, %72, & - DPP4
O 749 5 - DPPS, DPP9 (3 DPP4 [H2E3
LREEL, BB, BER, MR, BRIRAE A 7 & OFl
TERARIS I EPHEIN TR, BIFEMAERZERL
72, DPP4 T L CGEIRMEO &S WBERIFRIRRE LR S 1
Tb‘Z)lS)o

—J%, 7 v 31U —S46 D DPP {1,
(MEROPS, 2022 1/1 34E) \CHAET DM,

281 % O # N
SR

B POP, PTP-A, AOP  “X1) 7°7Z I
s s ave _._'_
‘ RagAB /\ DPP4, DPPS
(' (| RaghB s 2 e aa
.7’::» /\ DAP BII(DPP7) DPP5
el
# W7 /8 DPPI |
BRI AT IE i{\' N
< >V
: fmia g
[ —
Dipeptidase, PepD - S \
7 I/ BRER
i Lt 08 " (aTp -
V —> SMEnBoEE

..‘\ /

Fig. 1 (Color online) Peptide uptake mechanism in NFGNR.
RagAB: Outer membrane peptide importer®
POT: proton-dependent oligopeptide transporter!¢)
PepD: Aminoacyl-histidine dipeptidase

D7 > 31— S460 DPP %, JLFIBFgEE O/ NETR
HEORRAL 2 VX TF FEEER Pseudoxanthomonas
mexicana (Pm) 70 HBUKM: « HEMT 3/ BRICHREN
DPP & L TRH & 7- DAP BII (PmDPP7) 23 f&#] T,
Z DO, 20014218 4t 8 RN Porphyromonas gin-
givalis (Pg) 75 DAP BII L [k O B R ML FH T 5
PgDPP7 s, Thb, EEFEMEORL 5HEH
O DPP 73, WEIEFEEE 7 5 ABEMEMEEIC 510 % T3V F —
FORMDAAEH S TWAH T LR hns?, (Fig. 1)
20094£1 13 PgDPP7, PTP (POP) Oi#fn KA THE

BACHIE A SN 5 C LRSI N/D, 2L T, )R
M6 5 S BETE B Porphyromonas endodontalis  (Pe) 7» S

AR D RAE A 5| & &SI ORI 545 &%
ZONLWMHET I/ BICHEREN L DPPIIAR R I N
7218, T X 51T S46 DPP (X Bk « HEIMT I/ FRIC
FERMEDDH HDPPT7, MET I  MICEREDOD S
DPPI1O= 2D X 4 FIZ3i b5,

3. S46 DPP D& RiBEHFR

& % 1% Pseudoxanthomonas mexicana O X7 F R g4
REICEHL, BRELY~OILH%Z HIEL T S46 DPP Off
We S MRAT I 3EICE F L /o4, PgDPP79, PeDPP11,
PgDPPI11™ &\~ o 7= 8k J& 5 B £ 2K @ S46 DPP 723 % HL
N, Fx b Pm OBRRE Cdb 5 2 FIIER Stenotrophomo-
nas maltophilia (Sm) 75 ¥ OWEIEREE 7 5 LEMEME
Clan PA S460 DPP ##>CZ b # HH L, S46 DPP %1
B OEWNS T & 3 5 SBDD BFge~ & KX < #E# L 7o,

S46 DPP %, BE%10> DPP &7 3 /BEBLHIMEFIME, 22H
RHOBLUER L, 2<HHAODPPTH S LE 2L
N, TVFHERCTHLFET ) TV VRO V70T
77—+ (Clan PA) TH A LBRFHINKN, 7T /%
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Fig. 2 Typing of peptidase families from clan PA by peptidase unit position.

- AR R A1

A QNIYIZRAALY

Fig. 3 (Color online) Crystal Structure of DAPBII (bacterial
DPP7).
Comparison of the subunit structure of peptide-free DAP
BII (white) and that of hexapeptide (sphere model)-bound
inactivating DAP BII (cyan).

BHBIIHWT20BE L FT P TV VORI BOREST
HLMAE TRV EREE T HEHIIANHTH - 7220,
(Fig. 2)

DAP BIl OfEfifsE@iric X v, 73 JBESIE, F
ERUTVUEDO R AL VRHICAMET HHA aNY v
T AR AL VIRIE R A A VOIRBEREET T ICE LSS
D, EEICHU L L5 LT, HEOKE SHHIER
SN, 6, anNU vy Z AR AL /O N330ALE N
KIFORFR & VRTF FRATOYMEBBICES L w5
CERMBBLYD, Eio, TRIETE, FEDOADOBKW
TWieh, XNTFFEEAKRTIE, ihkaNU vy 7 AF A
A VIPSELITHIE R A A v EE, BAL Tw/z, (Fig.3)

4. DAP Bl LU SmDPP7 IC¥ T3
FRER|IDHR

DAP BII 8 BUKME « $HEMET I /BICEREEZH T 5
Cehb, PLALCHBUKYE « BMEMEOT I/ BEfF o8

NTFF EDOEERDFN A A DT,

FORR, BAEMDAPBIL & 4+ IXSF R THAH
Angiotensin II (7 2 /£fil%] : DRVYIHPF) & &3k
6 Val-Tyr E OGBS B/, O ki,
DAP BII | k % Angiotensin II O 43 fi# 4 B4 Td % Asp-
Arg, Val-Tyr, Ile-His, Pro-Phe @ 5t Val-Tyr Of5& 75
LW C R L TWe, LT, EsMIC d Val-
Tyr APHEEH: ICs 0.5 mM, K; 0.41mM) %/Rd I &
B0 FEICHOE NI LT, INTFFEKEET HLE
Wi, 2 BIBERIFE DN > F T 5 DPP4AFHEHR & L T
FERbsNTWS, Fxid, S46 DPP VT, YN

Fig. 4 (Color online) Crystal structure of Val-Tyr bound DAP BII.
S1 subsite and S2 subsite are shown as dotted circle. The in-
teraction (shown as long dotted line: NT) between the side
chain of N330 in the helical domain and N-terminus of the
Val-Tyr dipeptide.

Fig. 5 Compound design strategy.
Val-Tyr dipeptide (Left), Designed compound (Right)
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FEY IR

ZHEIMMER R O EARERREDAEZ Bis L - RIEABRF CL 2MEXDORMR

TF VT EEETAILEWS, FOMHERETD, PiEEE
ELUTIERT % EHERIL 7o 2O, EHESESTXTFE
FEREGROFEMR TH 5 HEBEEEL LMD 50, #ME
WDPPT IR 5 VXTI F FHFBERORARBICETFT5C
EMTET, IEABEEOTSEL T, FICSIYTHA
FBELUS2Y T A P RORTFFT I/ Kb ik
(NT) o7 7 —~a 7 x T &ifHT A L LT,
(Fig. 4)

N330 & DM ENEHA = MR 5 X TF PR L L, Rl,
R2, R3 % hk « 72 BHEFEICE 2 /oAb AW 1005 DL | % 3% 5t
s AL, SmDPP7 I3 %A (LS 0IRFH A FEht L 72,
(Fig. 5)

ZORER, & HEEHEES S VLG O SmMDPP7 1253
% IG5 3 # uM T, WEAREICH A MEREE T 5
CEEMERL I, TNHOIEEWDOFICIT SmDPP7 &
PgDPP7 O FICBHER R AR ITALEW 1B H—T7 T,
SmDPP7 IZxf 9 % 54 DPP {EME:738.5%, PgDPP7 IZ%)
L Ti359.9% & SmDPP7 |2 @R B ER R % /R 1L &
Wds - 1220,

5. DPP11ICH T SEEADHR

PgDPP11& U RTF F L OB ERBEOMT A HiFL
TWieh, INTF P EORGMHEEREL T LT TR
Molze L LAERLEMEBRICEEN T/ T A
AF V7 TVEBOK G L7 PgDPPL1OKEE #1.5 A 45
fREE &\ D B REE CikE C &/ (PDBID 6JTB), 2
W&, JAXA Y OFERMRICLY, EREFHEAT—V
sV [EE5 ) BAERB A VA—F 4 7 a—Va
F LR EL R T YT, B oL F—ind
WFREH 7 + 7 > 7 U —BL-17A THlE L TH
bhilc, CTNETICHE, FAVOERDO/IV—T3
PgDPP11DO#E k& A A L TV 570, 2022/2 KM CTh
6]JTB O G i b = > fFEECdh %, (Table 1)

AU AAFT S, W219E D h 53 v/ —n FHILAE R A H#He
EEIN, 7T VEEE, SILYTYA FOEHICH S R673 L

WaEL, YRTFRICkT 5 Asp 2 Glu DfIEHE & DOIERE
AL T\ 5 C AR Sz, (Fig. 6, Fig. TA)
ZLTC, CO2O00MBFERICMAT, 71 V/BOF
RDOHNVRFVHEICKEES LK FoEEL7-3D 77—
XA 3T EHEL, FIFEBORMET 5400755
DA TS RACT, F1IEMON—F x VAT ) —

Table 1 Comparisonsofcrystallographicstatistics between PeDPP11
structures. Values in parentheses refer to the highest resolu-

tion shell.
6JTB 5SDD 5JWF
PDB ID (JP: Space) (UK) (DE)
Space Group C222 P2 22 P2 22
Beamline PF BL-17A DLS 104-1 ESRF BM14
Detector Pilatus 6M Pilatus 6M |MAR CCD 225
s A 50-1.5 92-1.84 92-2.2
Resolution (A) | (153 1750) | (1.99-1.84) | (2.32-2.2)
Completeness (%)| 99.9(98.3) 96(76.9) 99.7(99.4)

Rinerge 0.049(0.674) — 0.091(1.224)
CChar 0.999(0.688) | 0.999(0.708) —
Redundancy 6.5(4.4) 6.5(5.3) 5.6(5.4)
I/sigma 17.7(2.1) — 12.3(0.6)
Ryori/Riree 0.1702/0.1942(0.2412/0.2636 | 0.2077/0.2595
Ca
Tyr
s6794 O o
S677
Ca
PmDAP BII PgDPP11
SmDPP7 PeDPP11

SI 744 b

Fig. 6 Schematic diagrams of the S1 subsites of S46 peptidases.
The P1 specificities are as follows: DPP11: negatively
charged; DAP BII (PmDPP7): aromatic (non-specific).

Fig. 7 (Color online) Three-dimensional structures of the complex of PgDPP11.
(A) The binding mode of citrate ion in the S1 subsite of PgDPP11.
(B) SH-5 docking model of PgDPP11. (C) Crystal structure of SH-5 bound PgDPP11.
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VTR ERL, 14676/ EWICT VAL, SBIT, F
v F VIR ATE2EREDONN—F x VA7) ==
AFEMmL, 120/bEWITKR DA A, RSB RO AFHE
DEPHIMEEWITR DAL, EALFARHE % F e L,
PgDPP11ICxf 9 % IC5023% 1 mM Td 5 SH-5 % R L
(Fig.7B), #idm& b kE L /2 (Fig. 7C), % 7z,
PgDPP11%#ER 7+ & L TR L 72IC b B 597, SH-5
X, PgDPP11<° SmDPP1172i+ Tix <, HEHEREDOR
7% PgDPP7, SmDPP7 & fHET S 2 &b h o 72,
ZLT, COSHSDE UK E L TEZHICAFTEL
NPPB (5-Nitro-2- (3-phenylpropylamino) benzoic acid) Z
%L C, S46 DPP T3 5 AL Ay Rk & S L 7= &
%, DPP11D A% BIRGIICHE T L L Ao h -7,
(Fig. 8)
EHIT, KIGH I LU W FRREICH 3 5 BTG 2 57 L
72+ T A, SH-5(3 1mM T68%, NPPB{30.1 mM T99
% O FIFRE O = INHI L 7=73, KIGE (E. coli) O

100

80
SH-5 m NPPB
60

40

20

o ull

PgDPP11 SmDPP11 PgDPP7 SmDPP7

Fig. 8 Inhibitory effects of SH-5 and NPPB against S46 DPPs.
Leu-Asp-MCA (4-methylcoumaryl-7-amide) and Met-Leu-
MCA as the substrates for DPP11s and DPP7s respectively.
Residual activities (100% activity = activity without inhibi-
tor) were measured under the conditions where the concen-
trations of inhibitor and synthetic substrate were 100 uM.

100
R 75
£
H
8 50
S

25 |

0o - i i i i

0 200 400 600 800 1000
SH-5 (uM)

FEZINHI L 7270 - 7=, (Fig. 9)

CORERIE, NPPBOEAEESF 2, NFGNR & KIGHE
DO IR R D @B % AIB0FFNC T L S N/ RAHK VX
TFFFEILEW R T <AV VB L3R ZEHABEFTH
HIrERLTWA EEbNS,

6. S29 7YYL FPDERM

CHE T, S46 DPP OIEEAFHIISI YT H A FIZD
AEHL T\, S1Y 7Y A F CORERFEESELS
DPP7 & DPPI1OWF % FIFICIHE T %5 Z LA TE %1k
HWiE, SVWIERMROER T WAFTE 5, SI1YTH A4
FOBERT VY v VIEWETRESRL LT LD,
S1 5 7Y 4 + Ok FIA$ 554132 DPP7 & L <13
DPPL1O Y H 6% HET HILEGW &k 2 REM D &
Vo fEo T, S2Y T YA FOREAFIHTE AMbEWE
RHT 7201, S2Y 794 F OB R REM: % E LRI
FHI L 729, SmDPP7{Cx L CP2HReDT I /A E % 7=
Xaa-Tyr VX7 F RIZ L 5 Tyr-Tyr-MCA 3¢5 E OHE
EER T L 7os ZOREE, 5L %250% LT OEE M
LD P2ALOT I W BREIEE O VIHICIEN S &,
Phe, Leu, Tyr, Asn, Met, Val, Arg DJIE & 7% - 7=, (Table 2)

NOORRENS, P22 Asn 1B 5841213 Sm,
Pg OWHFICH L T, Tyr BB AHBHEICIE, SmicxL T,
Trp 283 28E1213 Pg ISR U TIEEREIRED B 5 C &8
Hel S, FEFRREHCEHAW R S2 Y TH A L DT 7 —
<37 5 T HBETE HaRE g s/, (Fig. 10)

ZL T, INHDOUNRTF F OGSO, Ky
TR LIKERBED S2 0T A4 I Isi % 5 E R
BG4S LR s N, £ LT, P20 Asn DR
HICB VT, EROKGTFENLIoKE”ERy P T —
7 DR A MRS 5 Z L P TE/z, (Fig. 1)

%7z, ITC (Isothermal Titration Calorimeter) IZ X%

100 o
75
£
E
S 50 -
S

25

0 ‘

0 50 100

NPPB (uM)

Fig. 9 Biological evaluations of the antigrowth activity of SH-5 (Left) and the lipophilic analog NPPB (Right) against
the P. gingivalis strain W83 (closed squares) and E. coli strain K12 (open circles) . The chemical structure of each

compound is shown in the box.
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Table 2 (Color online) Inhibition constants (K;(uM)) of Xaa-Tyr/Xaa-Asp dipeptides against the hydrolytic activities

on synthetic substrates of S46 peptidases.

Dipeptide Asn-Tyr Arg-Tyr Tyr-Tyr Met-Tyr Val-Tyr Trp-Tyr Leu-Tyr Phe-Tyr
SmDPP7 - 7.66 11.2 55.2 =
SmDPP11 23.2 5.66 - - 6.27
Dipeptide Asn-Asp Arg-Asp Tyr-Asp Met-Asp Val-Asp Trp-Asp Leu-Asp Phe-Asp
PgDPP7 - - - 30.6
PgDPP11 - - - 1.36

Fig. 10 (Color online) Substrate specificity in S1 subsite and S2

subsite of S46 DPPs.

Y-
(é; %%22 / K206

-,"‘.'.,\\'_..o
S Dy )

L]

Py 4 YAt icde
(" a0t q
) 672074
(o0 O¥ame /[

Fig. 1 (Color online) The S2 subsite of SmDPP7/dipeptide com-

plexes.

(A) Val-Tyr (7DKC) (B) Tyr-Tyr (7DKB) (C) Asn-Tyr
(7DKD) (D) Phe-Tyr (7DKE)

The parentheses after the dipeptide indicate the PDB ID.

HE T, Asn-Tyr O T v X )V —ZEb AH O % i 25 il
DYVNRTFF EHERXTHLNITKEWEDL, P20 Asn
BB T BRFREE Ry P T =7 OFERRENEED
FE L7\, (Fig. 12)

/2, RIGKDOZIV—TIZ &% PgDPP1LICx4 % U
7 F F ®K;ix, LeuAsp T 0.056, Arg-Asp T 0.086,
PeDPP11izxf L CTid, #H%£40.059, 0.172mM TH -
720

S2Myy MCHHET 5T 3/ BA BT 5 &, Sm T

25.0
20.0
15.0 |
10.0 |
5.0
0.0
-5.0
=-10.0 |
-15.0 |
-20.0
-25.0

B A6 0 A B8-T4S

(kcal/mol)

Asn-Tyr Tyr-Tyr Leu-Tyr Phe-Tyr

Fig. 2 Thermodynamic parameters of dipeptide binding of
SmDPP7.

Gibbs free energy (AG) and entropy energy (A4S) were cal-
culated according to the equation,
AG=—-RTInK,=RTIn K, (K,=1/K,4, association con-

stants), AG=AH—TAS

PmDAP Bl Q331 hepi1
SmDPP7
PgDPP11
S24 744 b

Fig. 13 Schematic diagrams of the S2 subsites of S46 peptidases.

{2 Asn CTH 57 I /)5 Pg U Pe Tid, TN % h Ala,
Gln TH D, EIKAD PeDPP11 & Arg-Asp # &k DHE &
5L, Gln & P20 Arg HEAEMH L T % AJfERE S
R N7-2Y, (Fig. 13, Table 3)

B C, PgDPP11 & UXRTF FOEEREEZED
NTCWRWnA, AL S2 7Y A FCBW\WT, filo DPP
T3 Asn < Gln THh 55373, PgDPP11Cid Ala TH 5
Z&T, S2YTHA FTOREEDTHL > T Abdp
HL N, LA2rL7xA L, PeDPP11X D 4, PgDPP11
AND Arg-Asp DIHEDIZ S HETTH LB, FHEL
TWAHELD 5,
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Table 3 The catalytic and substrate-recognition residues of S46 peptidases.

oseen wocae s (HENES 2l on ran e n
ower o (SRR oMelmoms rom s
oorert e ounses NESWS [eTmecsm maz ez
o s om s \RLWES [ersvos fu

7. SEORE LRE

CHETIC, S46 DPP O S1 979 A | O bR,
S2 U 7Y A PITRIT BH i B EIRME A BN,
EEWFR, RTINS PITL TET,

ZL T, AFA /- MEIEH, KRG 7% EOZERED
BWHAFERZE T 2bahe Al EnliffTE s
SIVT7HAFESR2YTHA FTOWHDOT 7 —<A7 ¢
TaFATHT LT, TVXIVE—DFEPKE S HERE
DENT ST AV MEaWE AT 2 ERTEDOH 5,

T, BRI GERTALEWN D, ASOKE W
BUOKMHEIER =/ 5b&5W~ & &I 5 &5 TFBDD
(Fragment Based Drug Design) FIZRIC 5\ CHEAARY B
R/ EEZ BN D, S8, LWFIiEEE & Of TR L,

BT A 7 V& ET C & CTHEILEWORIN A BiE 7,

S46 DPP O#EE A FEiIc Wi, {bEWEB LU R
VNI LIRS L OMEIFH % #im T & 25 RHE TORE
riE S AT &SRB A 721, UNERE CORS ML)
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Abstract

Some periodontal pathogens and multidrug-resistant bacteria, which are non-fermenting gram-
negative rods (NFGNRs) utilize protein or peptide as an energy source.

Therefore, these uptakes and metabolize pathways are ideal targets for development of
antimicrobials to these bacteria. Most of these NFGNR species are known to be resistant to many
antibiotics. The target molecules include peptidases, peptide transporters and phosphate trans-
acetylase and acetate kinases involved in the final step of amino acid metabolism. We successful-
ly determined the first crystal structure of a family S46 DPP in 2014, which is a specific Dipeptidyl
amino peptidase (DPP) in some NFGNRs. We conducted a cycle of in silico screening, docking
studies, compound design and synthesis, evaluation of inhibitory activity and antibacterial effect
to develop compounds that specifically inhibit S46 DPPs and have antimicrobial activity against
periodontal bacteria based on the interaction information from the complex structures of S46
DPPs with various peptides and compounds. As a result, we found the compounds that specifical-
ly inhibit S46 DPPs and have antimicrobial activity against periodontal bacteria. In addition, a new
mode of substrate selectivity at the S2 subsite was elucidated in 2021, which provides insights
for the rational development of compounds with high specificity. In this article, we will discuss the
results and prospects of our structural biology research on S46 DPPs.
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