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We focused on the fact that membrane vesicles (MVs) released b%
Porphyromonus gingivalis, the main causative agent of periodontal disease, contain pathogenic and
immunologically active factors, and performed a series of studies to elucidate the effects of MVs on
the body. We performed a series of studies to elucidate the effects of MVs on living organisms. As
a result, the characteristic structure of membrane vesicles, their cytotoxicity, and effects on
living organisms have been clarified. We have also started development of a vaccine using MVs. It is
speculated that the analysis of membrane vesicles of oral bacteria will become an important key to
understand the cause and progression of not only periodontal disease but also systemic diseases.

Porphyromonus gingivalis Pg



80

Porphyromonus gingivalis ( Pg

Pg
Pg-MV
9 MV
Pg-MV
Pg MV
MV
Pg MV
Pg MV
MV MV
Pg-OMV
Pg-OMV
Pg-OMV
MV
MV
Pg MVs
Pg
MVs
MVs
Pg MVs

MVs

( MV)

MV

MV

Pg-OMV

MVs Ca9.22

Ca9.22

Py  MVs

MVs
Aggregatibacter actinomycetemcomitans



( Aa ) MVs Aa MVs

OmpA LtxA
LtxA MVs Aa
Pg-OMV AFM FE-SEM
Pg-OMV
Pg
2 oMV
oMV Pg
oMV oMV
Pg-OMV BALB/c C57/BL6
BALB/c oMV
2024 3
MV (CB)
CB
MV
3 2 3
2,3 109G I0A
MV
MV

( )
1. Hirayama Satoru, Ryoma Nakao.

Bacterial Vaccines: Methods and Protocol. Glycine Induction Method — Effective Production of
Immunoactive Bacterial Membrane Vesicles with Low Endotoxin Content —.

Methods in Molecular Biology. 2414:207-226. 2022.

2. Hirayama Satoru, Ryoma Nakao.

Periodontal Pathogens: Methods and Protocol. Intranasal vaccine study using Porphyromonas gingivalis
membrane vesicles: Isolation method and application to a mouse model.

Methods in Molecular Biology 2210:157-166. 2021

( )
1. Hidetaka Miyazaki, Y asuhiro Takahashi, Tessei Kuruma, Steffani Krista Someda, Hirohiko Kakizaki.

Treatment strategies for orbital gas-producing necrotizing fasciitis secondary to odontogenic maxillary
sinusitis: Technical notes. Jounal of Stomatology, Oral and Maxillofacial Surgery

2024 ;125(3S):101544.

2. Hiroki Uchiyama, Toshifumi Kudo, Takehiro Yamaguchi, Nozomu Obana, Kenji Watanabe, Kimihiro
Abe, Hidetaka Miyazaki, Masanori Toyofuku, Nobuhiko Nomura, Yukihiro Akeda, Ryoma Nakao.



Mucosal adjuvanticity and mucosal booster effect of colibactin-depleted probiotic Escherichia coli

membrane vesicles.

Human Vaccines & Immunotherapeutics. In press.

3. Mizuki Kanno, Takuya Shiota, So Ueno, Minato Takahara, Keisuke Haneda, Yuhel Tahara, Masaki

Shintani, Ryoma Nakao, Makoto Miyata, Kazuhide Kimbara, Hiroyuki Futamata, Yosuke Tashiro.

I dentification of genesinvolved in enhanced membrane vesicle formation in Pseudomonas aeruginosa

biofilms: Surface sensing facilitates vesiculation.

Frontiersin Microbiology. 14:1252155. 2023.

4. Ryoma Nakao, Hirotaka Kobayashi, Yusuke Iwabuchi, Kazuyoshi Kawahara, Satoru Hirayama,

Madeleine Ramstedt, Yuki Sasaki, Michiyo Kataoka, Yukihiro Akeda, and Makoto Ohnishi.

A highly immunogenic vaccine platform against encapsulated pathogens using chimeric probiotic

Escherichia coli membrane vesicles.

npj Vaccines. 7(1):153, 2022.

5. Nanami Yoshino, Tsuyoshi Ikeda Ryoma Nakao.

Dual inhibitory activity of petroselinic acid enriched in fennel against Porphyromonas gingivalis.

Frontiersin Microbiology. 13:816047. 2022.

6. Yuki Sasaki, Satoru Hirayama, Ryoma Nakao.

Scanning Electron Microscopy of Escherichia coli Encapsulated in a Spacerized Graphene Sandwich.
Microscopy. 71(3):175-180, 2022.

7. Yusuke Iwabuchi, Tomoyo Nakamura, Yasuka K usumoto, Ryoma Nakao, Tsutomu Iwamoto, Osamu

Shinozuka, Hidenobu Senpuku.

Effects of pH on the properties of membrane vesicles including glucosyltransferase in Streptococcus

mutans.

Microorganisms. 9:2308. 2021.

8. Ryoma Nakao, Tsuyoshi Ikeda, Soichi Furukawa, Yasushi Morinaga.

Curry leaf triggers cell death of P. gingivalis with membrane blebbing.

Pathogens. 10(10):1286. 2021.

9. Ryoma Nakao, Takao Ueno.

Effects of oral moisturizing gel containing propolis following head and neck radiotherapy: randomized

controlled pilot trial.

BDJ Open. 7:12. 2021.

10. Tomoyo Nakamura, Yusuke Iwabuchi, Satoru Hirayama, Naoki Narisawa, Fumio Takenaga, Ryoma

Nakao, Hidenobu Senpuku.

Roles of membrane vesicles from Streptococcus mutans for the induction of antibodies to

glucosyltransferase in mucosal immunity.

Microbial Pathogenesis. 149:104260. 2020.

11. Satoru Hirayama, Ryoma Nakao.

Glycine significantly enhances bacterial membrane vesicle production: a powerful approach for isolation

of LPS-reduced membrane vesicles of probiotic Escherichia coli.

Microbial Biotechnology. 13(4):1162-1178. 2020.

12. Hara S, Shimizu K, Nariai T, Kishino M, Kudo T, Umemoto T, Ingi M, Maghara T. De Novo Renal

Artery Stenosis Developed in Initially Normal Renal Arteries during the Long-Term Follow-Up of

Patients with Moyamoya Disease.

Journal of Stroke & Cerebrovascular Diseases 29: 104786. 2020

) ( )
1

Fate of Porphyromonas ginigivalis outer membrane vesicles intravesously administered to mice.
96 2023.



96 2023.

3.

57 2023.
4,

26 2022.
5.

Porphyromonas gingivalis

64 2022.
6.

29 LPS 2022

7. Hirayama S, Nakao R.

63 Online. 2021.
8.

2021

94 Online. 2021
10.
P. gingivalis

94 Online. 2021.
11.

Online. 2021
12.

NIID/future
Webinar. 2020
13.
Intranasal delivery of bacterial membrane vesicles carrying exogenous capsular polysaccharides: a
proposed next-generation vaccine platform against awide diversity of pathogens.
93 2020.
14.

62 2020
15. Ryoma Nakao, Satoru Hirayama, Iwabuchi Yusuke, Makoto Ohnishi
Probiotic Escherichia coli membraned vesicles carrying pneumococca capsular oolysaccharides: An in
vivo study of intranasal vaccines using safe and immunogenic nanoparticles.
12th International Symposium on Pneumococci & Pneumococcal Diseases. Online. 2020
16. Ryoma Nakao, Satoru Hirayama
Glycine significantly enhances bacterial membrane vesicle production — powerful approach for isolation of
LPS-reduced membrane vesicles of probiotic Escherichiacoli.
11th Annual Symposium of the Umeé Centre for Microbial Research. Umeé, Sweden. 2020



12 11 1 6

Sasaki Yuki Hirayama Satoru Nakao Ryoma 71

Scanning electron microscopy of <i>Escherichia coli</i> encapsulated in a spacerized graphene 2022

sandwich

Microscopy 175-180
DOl

10.1093/jmicro/dfac010

Yoshino Nanami lkeda Tsuyoshi Nakao Ryoma 13

Dual Inhibitory Activity of Petroselinic Acid Enriched in Fennel Against Porphyromonas 2022

gingivalis

Frontiers in Microbiology 816047
DOl

10.3389/fmicb.2022.816047

Nakao Ryoma Kobayashi Hirotaka Iwabuchi Yusuke Kawahara Kazuyoshi Hirayama Satoru 7

Ramstedt Madeleine Sasaki Yuki Kataoka Michiyo Akeda Yukihiro Ohnishi Makoto

A highly immunogenic vaccine platform against encapsulated pathogens using chimeric probiotic 2022

Escherichia coli membrane vesicles

npj Vaccines 13
DOl

10.1038/s41541-022-00572-2

Ryoma Nakao, Takao Ueno 7

Effects of oral moisturizing gel containing propolis following head and neck radiotherapy: 2021

randomized controlled pilot trial

BDJ Open 12
DOl

10.1038/s41405-021-00068-3




Ryoma Nakao, Tsuyoshi lkeda, Soichi Furukawa, Yasushi Morinaga 10

Curry leaf triggers cell death of P. gingivalis with membrane blebbing 2021

Pathogens 1286
DOl

10.3390/pathogens10101286

Yusuke lIwabuchi, Tomoyo Nakamura, Yasuka Kusumoto, Ryoma Nakao, Tsutomu Iwamoto, Osamu 9

Shinozuka, Hidenobu Senpuku

Effects of pH on the properties of membrane vesicles including glucosyltransferase in 2021

Streptococcus mutans

Microorganisms 2308
DOl

10.3390/microorganisms9112308

Satoru Hirayama, Ryoma Nakao 13

Glycine significantly enhances bacterial membrane vesicle production: a powerful approach for 2020

isolation of LPS-reduced membrane vesicles of probiotic Escherichia coli

Microbial Biotechnology 1162-1178
DOl

10.1111/1751-7915.13572

Tomoyo Nakamura, Yusuke lIwabuchi, Satoru Hirayama, Naoki Narisawa, Fumio Takenaga, Ryoma Nakao, 149

Hidenobu Senpuk

Roles of membrane vesicles from Streptococcus mutans for the induction of antibodies to 2020

glucosyltransferase in mucosal immunity

Microbial Pathogenesis 104260

DOl
10.1016/j .micpath.2020.104260




Hara S, Shimizu K, Nariai T, Kishino M, Kudo T, Umemoto T, Inaji M, Maehara T. 29

De Novo Renal Artery Stenosis Developed in Initially Normal Renal Arteries during the Long-Term 2020

Follow-Up of Patients with Moyamoya Disease

Journal of Stroke & Cerebrovascular Diseases 104786
DOl

10.1016/j - jstrokecerebrovasdis.2020.104786

Hiroki Uchiyama, Toshifumi Kudo, Takehiro Yamaguchi, Nozomu Obana, Kenji Watanabe, Kimihiro 20

Abe, Hidetaka Miyazaki, Masanori Toyofuku, Nobuhiko Nomura, Yukihiro Akeda, Ryoma Nakao.

Mucosal adjuvanticity and mucosal booster effect of colibactin-depleted probiotic Escherichia 2024

coli membrane vesicles

Human Vaccines & Immunotherapeutics 2337987
DOl

10.1080/21645515.2024 2337987

Hidetaka Miyazaki, Yasuhiro Takahashi, Tessei Kuruma, Steffani Krista Someda, Hirohiko 125

Kakizaki .

Treatment strategies for orbital gas-producing necrotizing fasciitis secondary to odontogenic 2024

maxillary sinusitis: Technical notes.

Jounal of Stomatology, Oral and Maxillofacial Surgery 101544
DOl

10.1016/j . jormas.2023.101544.

Mizuki Kanno, Takuya Shiota, So Ueno, Minato Takahara, Keisuke Haneda, Yuhei Tahara, Masaki 14

Shintani, Ryoma Nakao, Makoto Miyata, Kazuhide Kimbara, Hiroyuki Futamata, Yosuke Tashiro

Identification of genes involved in enhanced membrane vesicle formation in Pseudomonas 2023

aeruginosa biofilms: Surface sensing facilitates vesiculation

Frontiers in Microbiology 1252155

DOl
10.3389/fmicb.2023.1252155.




15 4 3

Porphyromonas gingivalis

64

2022

29 LPS

2022

Fate of Porphyromonas ginigivalis outer membrane vesicles intravesously administered to mice

96

2023

96

2023




57

2023

26

2022

P. gingivalis

94

2021

94

2021




Hirayama S, Nakao R.

63

2021

Ryoma Nakao

Prospective vaccine strategy using bacterial membrane vesicles delivered into nasal cavity

EMBO Workshop: Bacterial Membrane Vesicles: Biogenesis, functions, and medical applications

2021

Takehiro Yamaguchi, Noriaki Samukawa, Ryoma Nakao and Shuhei Tomita

Development of anti-TB vaccine using mycobacterial membrane vesicles

EMBO Workshop: Bacterial Membrane Vesicles: Biogenesis, functions, and medical applications

2021

Ryoma Nakao, Satoru Hirayama, lIwabuchi Yusuke, Makoto Ohnishi

Probiotic Eshcherichia coli Membraned Vesicles Carrying Pneumococcal Capsular Polysaccharides: An In Vivo Study of
intranasal Vaccines Using Safe and immunogenic Nanoparticles

12th International Symposium on Pneumococci & Pneumococcal Diseases

2020




62

2020

Intranasal delivery of bacterial membrane vesicles carrying exogenous capsular polysaccharides: a proposed next-generation
vaccine platform against a wide diversity of pathogens

93

2020

Strategy for Pararenal Abdominal Aortic Aneurysm -EVAR vs. Open-

48

2020

2021-057781 2022-154653 2021




(Ryoma Nakao)

(10370959) (82603)
(Toshifumi Kudo)
(50431911) (12602)
(Satoru Hirayama)
(70778555) (13101)




