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Development of novel antibiotics targeting peptidases of non-fermenting gram
negative rods.

Tanaka, Nobutada
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Family S46 peptidases are widely distributed in anaerobic Gram-negative
species in the genera Bacteroides, Parabacteroides, and Porphyromonas, but they are not found in
mammals. Therefore, S46 peptidases are ideal targets for novel antibiotics. We determined a crystal
structure of dipeptidyl peptidase 11 from Porphyromonas gingivalis (PgDPP11) in complex with citrate

ions at a 1.50 &Aring; resolution using a high-quality space-grown crystal. The bound citrate ion,
a potassium ion, and a water molecule in the active site of PgDPP11l were regarded to mimic the
binding of an acidic amino acid and were utilized as a pharmacophore for an in silico inhibitor
screening. The screening resulted in the first nonpeptidyl inhibitor of S46 peptidases, SH-5. The
binding mode of SH-5 was confirmed by crystal structure analysis at a 2.39 &Aring; resolution. The
hit compound SH-5 and a related compound represent promising lead structures for further rational
design of potent inhibitors against PgDPP11.



6000

Nat. Rev. Immunol. 15, 30 (2015).
Porphyromonas gingivalis
Porphyromonas endodontalis
Stenotrophomonas maltophilia
p
ST
S maltophilia

P. gingivalis, P. endodontalis, S. maltophilia

EMBO J. 2004; J. Biol. Chem. 2005; J. Mol. Biol. 2006
J. Mol. Biol. 2004; Sci. Rep. 2011; J. Med. Chem. 2014

2009
Pseudoxanthomonas mexicana WO24 46
DAPBII DAP
BlI Sci. Rep. 4, 4292 (2014). Sci. Rep. 4, 4977 (2014).
P. gingivalis
11 PgDPP11 46
P1 NH.-P2-P1-//-P1’-P2’-...-COOH P1 C
Sci. Rep. 5, 11151 (2015). 46
46
3

P.gingivalis  P.endodontalis

PgDPP7 BanbulaA. etal., J. Biol. Chem. 276, 6299 (2001). PgDPP11
PeDPP11 Ohara-Nemoto Y. et al., J. Biol. Chem. 286, 38115 (2011).
DPP7 712 aa DPP11 717 aa
MEROPS  Clan PA $46
$46 DPP7, DPP11

J. Alzheimer ’s Dis. 42, 723 (2014).

P. gingivalis P. endodontalis

P. gingivalis Arg-gingipain  Rgp  Lys-gingipain Kgp
P. gingivalis P.
endodontalis Rgp Kgp P. endodontalis
DPP7 DPP11
S maltophilia
P.gingivalis P.endodontalis S maltophilia S maltophilia
S maltophilia DPP4
SmDPP4 Nakajiima, Y. et al.,
J. Bacteriol. 190, 7819 (2008). DPP4 SmDPP4

$46



$46

P.
gingivalis P. endodontalis S maltophilia
46 in silico,
in vitro
PgDPP11
PgDPP11 UniProt number B2RID1
N Pseudoxanthomonas mexicana WO24
dipeptidyl peptidase BIl| PET22b

BL21 Gold(DE3)

PgDPP11
PEG8000
ISS

20%(w/v) PEG8000, 0.2 M tri-potassium citrate

PgDPP11
PgDPP11 SH-5 2-[(2-aminoethyl)amino]-5-nitrobenzoic acid, CoH11N304

100% DM SO 10 mM SH-5 5 mg/mL
PgDPP11 10 mM SH-5 19:1

19%(w/v) PEG8000, 0.2 M magnesium formate, 0.5 mM SH-5, 5%(v/v) DM SO,
80 mM Tris-HCl (pH 8.5)

X
SH-5
100% 4:1 20%
10 Photon Factory BL17A
098 A X Pilatus 6M
PgDPP11 PDB ID: 4Y04
1.50A
SH-5 239A
PgDPP11
PgDPP11 Leu-Asp-4-methylcoumaryl-7-amide Leu-Asp-MCA
ICso Ki MCA
7-amino-4-methylcoumarin  AMC AMC 355nm 460
nm
8
600 nm oD
$46 $46

PgDPP11



PgDPP11

PgDPP11 2
699 Asp22-
Pro720
1
C222, 2 2
PgDPP11 2
B
Asp-His-Ser catalytic triad
46
46
1.50 A
PgDPP11 46 Aege’
DAPBII Sci. Rep. 4, 4977 (2014). M
PgDPP11 N S2
s1
N
s1
P1

" 1 ~40077 L&YW e
TR AT —5~—X X

p1 T = 5 R4 B A £ F A L in silico %
14,676 L&YW
g—-XrEY b
<L e BB R A Din silicotE S X R
120 L&YW
In silico ﬁ\—/_’m: > b
v Gﬁ{té%mﬁfuﬁﬂﬁ
M 13 LS
400 In vitro EERHEAR
} L = E R A% AT
. 1eyMEEY
SYBYL-X Unity GEFR:SH-5)

14,676
Schrodinger GLIDE 120

13
PgDPP11 Leu-Asp-MCA 13 SH-1 SH-13
SH-5  2-[(2-aminoethyl)amino]-5-nitrobenzoic acid, CoH11N304
SH-5 P. gingivalis ICso
= 690uM SH-5 $46
1 mM SH-5 P. gingivalis
PgDPP11



PgDPP11 SH-5
PgDPP11  SH-5
1SS
PgDPP11 SH-5
SH-5
SH-5 PgDPP1l Sl

P212:2,

PgDPP11 2 1

SH-5
SH-5 P. gingivalis
uM SH-5

SH-5
2-(3-phenylpropylamino)benzoic acid
NPPB SH-5

SH-5
P. gingivalis
SH-5
SH-5 NPPB

PgDPP11

SH-5
SH-5

239 A

ICso= 690 o
N
PubChem W‘D
NPPB 5-nitro- o
©\/\/ o
NPPB
1Cso 6 uM -0
100 N
100 uM o
X
SH-5
NPPB SH-5 100 P. gingivalis
NPPB PgDPP11



Sakamoto Yasumitsu et al and Tanaka Nobutada 9
Fragment-based discovery of the first nonpeptidyl inhibitor of an S46 family peptidase 2019
Scientific Reports -
DOl
10.1038/s41598-019-49984-3
36
2019
Int. J. Microgravity Sci. Appl. -
DOl
10.15011//jasma.36.360106
32
RNaseL 2017
SAR News 10-18
DOl
Saori Roppongi Chika Tateoka Mayu Fujimoto Ippei lizuka Saori Morisawa Akihiro Nakamura 73
Nobuyuki Honma Yoshiyuki Suzuki Yosuke Shida Wataru Ogasawara Nobutada Tanaka Yasumitsu
Sakamoto Takamasa Nonaka
Periplasmic form of dipeptidyl aminopeptidase IV from Pseudoxanthomonas mexicana W024: 2017
purification, kinetic characterization, crystallization and X- ray crystallographic analysis
Acta Crystallographica Section F 501-606

DOl
10.1107/S52053230X17014911




Roppongi Saori Suzuki Yoshiyuki Tateoka Chika Fujimoto Mayu Morisawa Saori lizuka Ippei 8
Nakamura Akihiro Honma Nobuyuki Shida Yosuke Ogasawara Wataru Tanaka Nobutada Sakamoto
Yasumitsu Nonaka Takamasa

Crystal structures of a bacterial dipeptidyl peptidase IV reveal a novel substrate recognition 2018
mechanism distinct from that of mammalian orthologues

Scientific Reports -

DOl
10.1038/s41598-018-21056-y

58

2016

221-227

DOl

Sakamoto, Y. and Tanaka, N. -

Crystal Structure of Dipeptidyl Peptidase 11 from Porphyromonas gingivalis: The Molecular Basis 2016
of Substrate Specificity among the Family S46 Peptidases

Photon Factory Highlights 2015 56-57

DOl

24 0 15

Akihiro Nakamura, Nobuyuki Honma, Saori Roppongi, Yoshiyuki Suzuki, Yosuke Shida, Yasumitsu Sakamoto, Koji Inaka, Hiroaki
Tanaka, Kiyoito Kihira, Mitsugu Yamada, lzumi Yoshioka, Hiroaki Gouda, Takamasa Nonaka, Nobutada Tanaka, Wataru Ogasawara

Elucidation of substrate recognition mechanism of dipeptidyl aminopeptidase IV from Gram-negative bacteria Pseudoxanthomonas
mexicana W024

7th International GIGAKU conference in Nagaoka

2018




2019

2019

Family S46

17

2017

Nobuyuki Honma, Yasuhiro Ito, Akihiro Nakamura, Saori Roppongi, Yuki Sakurai, Yoshiyuki Suzuki, Koushi Hidaka, Yuko Tsuda,
Yasumitsu Sakamoto, Nobutada Tanaka, Wataru Ogasawara

Enzymatic characterization of S46 peptidase from pathogenic bacteria

2017 1st STI-Gigaku

2017




Roppongi, S., Tateoka, C., Suzuki, Y., Ito, Y., Fujimoto, M., Morisawa, S., lizuka, I|., Ogasawara, W., Tanaka, N., Sakamoto,
Y., and Nonaka, T.

Crystal structures of dipeptidyl aminopeptidase IV from non-fermenting gram negative rods.

International Union of Microbiological Societies 2017

2017

Sakamoto, Y., Suzuki, Y., lizuka, l., Tateoka, C., Roppongi, S., Fujimoto, M., Ito, Y., Inaka, K., Tanaka, H., Yamada, M.,
Ohta, K., Gouda, H., Nonaka, T., Ogasawara, W., and Tanaka, N.

S46 family bacterial dipeptidyl aminopeptidases as novel antibiotics targets.

International Union of Microbiological Societies 2017

2017

Nakamura, A., Ito, Y., Suzuki, Y., Roppongi, S., Hidaka, K., Sakamoto, Y., Tanaka, N., and Ogasawara, W.

Identification of substrate recognition residues in family S46 peptidase from pathogenic non-fermenting gram-negative
bacteria.

International Union of Microbiological Societies 2017

2017

Nakamura, A., Ito, Y., Suzuki, Y., Roppongi, S., Hidaka, K., Sakamoto, Y., Tanaka, N., and Ogasawara, W.

Identification of Substrate Recognition Residues in Family S46 Peptidase from Gram-Negative Bacteria

6th International GIGAKU conference in Nagaoka

2017




Nakamura, A., Ito, Y., Suzuki, Y., Roppongi, S., Hidaka, K., Sakamoto, Y., Tanaka, N., and Ogasawara, W.

Analysis of Substrate Recognition Residues in Family S46 Peptidase from Gram-Negative Bacteria

2017 2nd STI-Gigaku

2017

Yuki Sakurai, Koushi Hidaka, Anna Miyazaki, Keiko Hojo, Saori Roppongi, Yasumitsu Sakamoto, Yasuhiro Ito, Yoshiyuki Suzuki,
Wataru Ogasawara, Nobutada Tanaka, and Yuko Tsuda

Identification of dipeptidic inhibitors targeting DPP7 derived from multiple drug resistant bacteria Stenotrophomonas
maltophilia

The 54th Japanese Peptide Symposium

2017

Dipeptidyl aminopeptidase IV

2017

2018

Pseudoxanthomonas mexicana W024 Dipeptidyl aminopeptidase IV

12

2018




Pseudoxanthomonas mexicana W024

Dipeptidyl aminopeptidase IV

2018
2018
Family S46
2018
2018
X DPP-7 -
138
2018
v
138

2018




Roppongi, S., Suzuki, Y., lizuka, I., Inaka, K., Tanaka, H., Yamada, M., Ohta, K., Nonaka, T., Ogasawara, W., Tanaka, N. and
Sakamoto, Y.

Structure-Function Relationships of S46 Peptidases from Non-Fermenting Gram-Negative Rods.

116th The American Society for Microbiology General meeting

2016

Sakamoto, Y., Suzuki, Y., lizuka, l., Tateoka, C., Roppongi, S., Fujimoto, M., Inaka, K., Tanaka, H., Yamada, M., Ohta, K.,
Gouda, H., Nonaka, T., Ogasawara, W. and Tanaka, N.

Crystal Structure analaysis of dipeptidyl peptidase 11 from Porphyromonas gingivalis.

16th International Conference on the Crystallization of Biological Macromolecules

2016

Sakamoto, Y., Suzuki, Y., lizuka, l., Tateoka, C., Roppongi, S., Fujimoto, M., Inaka, K., Tanaka, H., Yamada, M., Ohta, K.,
Gouda, H., Nonaka, T., Ogasawara, W. and Tanaka, N.

Crystal structure of dipeptidyl amino peptidase 11 (DPP11) from periodontal pathogen.

ISS R&D 2016
2016
Sakamoto, Y., Suzuki, Y., lizuka, l., Tateoka, C., Roppongi, S., Fujimoto, M., Inaka, K., Tanaka, H., Yamada, M., Ohta, K.,

Gouda, H., Nonaka, T., Ogasawara, W. and Tanaka, N.

Crystal structure of dipeptidyl amino peptidase 11 from Porphyromonas gingivalis.

42nd Naito Conference on In the Vanguard of Structural Biology

2016




Ito, Y., Nakamura, A., Roppongi, S., Sakurai, Y., Suzuki, Y., Hidaka, K., Tsuda, Y., Sakamoto, Y., Tanaka, N. and Ogasawara,
W.

Enzymatic characterization of S46 peptidase from pathogenic bacteria.

The 5th International GIGAKU Conference in Nagaoka

2016

Sakamoto, Y., Suzuki, Y., lizuka, l., Tateoka, C., Roppongi, S., Fujimoto, M., Inaka, K., Tanaka, H., Yamada, M., Ohta, K.,
Gouda, H., Nonaka, T., Ogasawara, W. and Tanaka, N.

Structure and Fuctions of Dipeptidyl Peptidase 11 (DPP11) from Porphyromonas gingivalis.

2nd International Symposium on Space Science of High Quality Protein Crystallization

2016

Sakamoto, Y., Suzuki, Y., lizuka, l., Tateoka, C., Roppongi, S., Fujimoto, M., Inaka, K., Tanaka, H., Yamada, M., Ohta, K.,
Gouda, H., Nonaka, T., Ogasawara, W. and Tanaka, N.

Structural Analysis of Dipeptidyl Peptidase 11 (DPP11) from Porphyromonas gingivalis.

AsCA 2016

2016

https://ww2.kek. jp/imss/news/2019/topics/0924dppll/

https://ww2.kek. jp/imss/news/2018/topics/0209DAP4/

International Space Station Award
http://iss.jaxa.jp/topics/2016/07/160715.html




(Gouda Hiroaki)

(60276160) (32622)

(Ogasawara Wataru)

(40292172) (13102)




