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Proc Natl Acad Sci U S A. 1976 Oct;73(10):3628-3632.

Evidence for somatic rearrangement of immunoglobulin genes coding for
variable and constant regions.

Hozumi N, Tonegawa S

Proc Natl Acad Sci U S A. 1977 Aug; 74(8): 3171-3175.
Spliced segments at the 5' terminus of adenovirus 2 late mMRNA.
Berget SM, Moore C, Sharp PA
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Evidence for the inducibility of the uvrB operon.
Fogliano M, Schendel PF.
Nature. 1981 Jan 15;289(5794):196-8.

Expression of the E. coli uvrA gene is inducible.
Kenyon CJ, Walker GC.
Nature. 1981 Feb 26;289(5800):808-10.

7‘&91‘%?1 ERREIEE#ERE (uvrA, uvrB, uvrC, uvrD, polA)
[TENMERBHCKH>THEEINSD,

Lactose genes fused to exogenous promoters in one
step using a Mu-lac bacteriophage: in vivo probe for
transcriptional control sequences.

Casadaban MJ, Cohen SN.

Proc Natl Acad Sci U S A. 1979 Sep;76(9):4530-3.
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Bromouracil mutagenesis and mismatch repair in
mutator strains of Escherichia coli.

Rydberg B.

Mutat Res. 1978 Oct;52(1):11-24.

Lactose genes fused to exogenous promoters in one
step using a Mu-lac bacteriophage: in vivo probe for
transcriptional control sequences.

Casadaban MJ, Cohen SN.

Proc Natl Acad Sci U S A. 1979 Sep;76(9):4530-3.



MAL103  F A(proABlacIPOZYA) Casadaban and Cohen
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recA* gene-dependent regulation of a uvrD::lacZ
fusion in Escherichia coli K12.

Nakayama K, Irino N, Nakayama H.

Mol Gen Genet. 1983;192(3):391-4.

Abstract

The expression of the Escherichia coli uvrD gene was studied
with a uvrD::Mud(Ap"lac) insertion mutant. The results
indicate that it is inducible by DNA damaging agents in a
recA* gene-dependent manner.
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Fig. 2. Time course of induction of f-galactosidase in the uvrD-
::Mud(Ap‘lac) strains. Cells were grown in L-broth at 30° C. At
Agoo 0.1, portions of the culture received mitomycin C (1 pg/ml)
or ultraviolet irradiation (6.6 J/m?). Samples were taken at inter-
vals and the activity of f-galactosidase was determined. The residu-
al f-galactosidase activity in the original strain CGSC4212 was
less than 4 units, whether induced by isopropyl-f-thiogalactoside
or not. Symbols: a, KD2192, no treatment; o, KD2192 + mitomy-
cin C; v, KD2192 +ultraviolet; o, KD2193, no treatment; o,
KD2193 + mitomycin C; ¢, KD2194, no treatment; o, KD2194 +

mitomycin C
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hUER . KIGEDOEFIUIEOEEICET 5 8EFHME, EREFE75:89-106, 1984

Nakayama, H., Nakayama, K., Nakayama, R., and Nakayama, Y.: Recombination-deficient mutations and thymineless
death in Escherichia coli K12: reciprocal effects of recBC and recF and indifference of recA mutations. Can. J.
Microbiol. 28:425-430, 1982

Nakayama, H., Nakayama, K., Nakayama, R., Irino, N., Nakayama, Y., and Hanawalt, P. C.: Isolation and genetic
characterization of a thymineless death-resistant mutant of Escherichia coli K12: identification of a new mutation
(recQ1) that blocks the RecF recombination pathway. Mol. Gen. Gent. 195:474-480, 1984

Nakayama, K., Irino, N., and Nakayama, H.: The recQ gene of Escherichia coli K12: molecular cloning and isolation of
insertion mutants. Mol. Gen. Gent. 200:266-271, 1985

Irino, N., Nakayama, K., and Nakayama, H.: The recQ gene of Escherichia coli K12: primary structure and evidence for
SOS regulation. Mol. Gen. Gent. 205:298-304, 1986

Nakayama, K., Shiota, S., and Nakayama, H.: Thymineless death in Escherichia coli mutants deficient in the RecF
recombination pathway. Can. J. Microbiol. 34:905-907, 1988

Umezu, K., Nakayama, K., and Nakayama, H.: Escherichia coli RecQ protein is a DNA helicase. Pro. Natl. Acad. Sci. U S
A. 87:5363-5367, 1990

Nakayama, K., Kusano, K., Irino, N., and Nakayama, H.: Thymine starvation-induced structural changes in Escherichia
coli DNA. Detection by pulsed field gel electrophoresis and evidence for involvement of homologous recombination. J.
Mol. Biol. 243:611-620, 1994
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Construction of an Asd+ expression-cloning
vector: stable maintenance and high level
expression of cloned genes in a Salmonella
vaccine strain.

Nakayama K, Kelly S, Curtiss R IlI.
Bio/Technology (The precursor to Nature
biotechnology) 6:693-697, 1988



Implantation of Bacteroides gingivalis in nonhuman
primates initiates progression of periodontitis.

Holt SC, Ebersole J, Felton J, Brunsvold M, Kornman KS.
Science. 1988 Jan 1;239(4835):55-7.

Abstract

Although periodontitis is a bacterial disease, its multidimensional
nature and its bacterial complexity have made it difficult to
definitively prove that specific microorganisms initiate the disease
process. The successful implantation of a rifampin-resistant strain
of the putative periodontal pathogen Bacteroides gingivalis into
the periodontal microbiota of monkeys (Macaca fascicularis)
resulted in an increase in the systemic levels of antibody to the
microorganism and rapid and significant bone loss.
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DUUN)AAFBEIEMETHADN A—/N\—FF - DRLEF—EZEELD,

A—IN—AF RO R LEF—E (SOD) U N ZRBEDSODIE
+ _ _ HTEIUhUTLEN
2H*+0, + 0, —— 0, +H,0, hd%

Isolation of superoxide dismutase mutants in
Escherichia coli: is superoxide dismutase necessary
for aerobic life?

Carlioz A, Touati D.

EMBO J. 1986 Mar;5(3):623-30.

The sodA sodB mutant was unable to grow
aerobically on minimal glucose medium. Growth
could be restored by removing oxygen, by providing
an SOD-overproducing plasmid or by supplementing
the medium with the 20 amino acids.
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D> TWBNDLTH 5B, KIGE D sodAsodB B R T
%, FEMELE T CEET AR CHRERERROE
LUWHEADRRED LN T WA = oFFEL F 4, HHE
BARASEE DB L TLRINCAER LT3 2 &2l

%"ka"%o

39) Farr,S.B., D’Ari, R, Touati, D.: Proc. Natl.
Acad. Sci., 83, 8268-8272 (1986)

40) Yonei, S., Mori, T.:

{11 Demple, B., Halbrook, J.: Nature, 304, 466~
468 (1983)

QC774: Alac U169 rpsL ¢(sodA-lacZ)49 CmR (sodB-kan)1-A2 KmR



The superoxide dismutase-encoding gene of the obligately

anaerobic bacterium Bacteroides gingivalis.
Nakayama K.
Gene. 1990 Nov 30;96(1):149-50.

Abstract

The gene (sod) encoding the superoxide dismutase (SOD) of the
obligately anaerobic bacterium Bacteroides gingivalis was
cloned. The amino acid (aa) sequence of the SOD, deduced from
the nucleotide sequence of the sod gene, basically resembled
that of known Fe-SODs. However, the aa sequence of the B.
gingivalis SOD was found to be intermediate between those of
Fe-SOD and Mn-SOD in a limited region around the putative
second ligand, where major differences between the aa
sequences of Fe-SOD and Mn-SOD are known to exist.



Rapid viability loss on exposure to air in

a superoxide dismutase-deficient mutant of
Porphyromonas gingivalis.

Nakayama K.

J Bacteriol. 1994 Apr;176(7):1939-43.

Abstract

Porphyromonas gingivalis, an obligate anaerobe, exhibits a relatively
high degree of aerotolerance and possesses superoxide dismutase
(SOD) which is induced by exposure to air. To clarify roles for SOD in this
organism, the gene encoding SOD (sod) on the P. gingivalis

chromosome was disrupted in a gene-directed way by use of a suicide
plasmid containing a mutated sod. A sod mutant thus obtained showed
no SOD activity in crude extracts and exhibited a rapid viability loss
immediately after exposure to air, whereas the wild-type parent
showed no decrease in viability for at least 5 h under aerobic conditions.
These results clearly indicate that SOD is essential for aerotolerance in P.
gingivalis.
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FIG. 4. Sensitivity of P. gingivalis mutants to air. Cells of P. gingivalis
mutants and their wild-type parent (ATCC 33277) were anaerobically
grown in enriched BHI broth at 37°C with vigorous shaking (100 cpm).
Samples were withdrawn at intervals and plated, after dilution in
enriched BHI broth, on enriched tryptic soy agar plates. The plates were
anaerobically incubated for 7 days at 37°C. Symbols: O, KDP100; @,
KDP101; A, KDP102; A, KDP103; <&, KDP104; ¢, ATCC 33277. S,
number of surviving cells; So, number of viable cells at time 0.
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Yamakura F, Rardin RL, Petsko GA, Ringe D, Hiraoka BY, Nakayama K, Fujimura T,
Taka H, Murayama K.: Inactivation and destruction of conserved Trp159 of Fe-

superoxide dismutase from Porphyromonas gingivalis by hydrogen peroxide.
Eur J Biochem. 1998 Apr 1;253(1):49-56.

Hiraoka BY, Yamakura F, Sugio S, Nakayama K.: A change of the metal-specific
activity of a cambialistic superoxide dismutase from Porphyromonas gingivalis by
a double mutation of GIn-70 to Gly and Ala-142 to GlIn.

Biochem J. 2000 Jan 15;345 Pt 2:345-50.

Kikuchi, Y., Ohara, N., Sato, K., Yoshimura, M., Yukitake, H., Sakai, E., Shoji, M.,
Naito, M., Nakayama, K.: Novel stationary-phase-upregulated protein of
Porphyromonas gingivalis influences the production of superoxide dismutase,
thiol perxidase and thioredoxin.

Microbiology-SGM 151:841-853, 2005

Ohara, N., Kikuchi, Y., Shoji, M., Naito, M., Nakayama, K.: Superoxide Dismutase-
encoding gene of the obligate anaerobe Porphyromonas gingivalis is regulated by
the redox-sensing transcription activator OxyR.

Microbiology-SGM 152:955-966, 2006
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Construction and characterization of arginine-specific cysteine proteinase
(Arg-gingipain)-deficient mutants of Porphyromonas gingivalis. Evidence
for significant contribution of Arg-gingipain to virulence.

Nakayama K, Kadowaki T, Okamoto K, Yamamoto K.

J Biol Chem. 1995 Oct 6;270(40):23619-26.

DD NYREDRgp I IN U SEERIBEDER!

Genetic analyses of proteolysis, hemoglobin binding, and
hemagglutination of Porphyromonas gingivalis. Construction of mutants

with a combination of rgpA, rgpB, kgp, and hagA.
Shi Y, Ratnayake DB, Okamoto K, Abe N, Yamamoto K, Nakayama K.

J Biol Chem. 1999 Jun 18;274(25):17955-60.
DN RBEDRgp KgpP o VAU EERIBHO/EE
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Hotokezaka, H., Sakai, E., Kanaoka, K., Saito, K., Matsuo, K., Kitaura, H., Yoshida, N., and
Nakayama, K.: U0126 and PD98059, specific inhibitors of MEK, accelerate differentiation of
RAW?264.7 cells into osteoclast-like cells. J. Biol. Chem. 277(49):47366-47372, 2002

Kitaura, H., Nagata, N., Fujimura, Y., Hotokezaka, H., Yoshida, N., and Nakayama, K.: Effect of
IL-12 on TNF-a-mediated osteoclast formation in bone marrow cells: apoptosis mediated by
Fas/Fas ligand interaction. J. Immunol. 169(9):4732-4738, 2002

Nagata, N., Kitaura, H., Yoshida, N., and Nakayama, K.: Inhibition of RANKL-induced
osteoclast formation in mouse bone marrow cells by IL-12: involvement of IFN-y possibly
induced from non-T cell population. Bone 33:721-732, 2003

Saito, K., Ohara, N., Hotokezaka, H., Fukumoto, S., Yuasa, K., Naito, M., Fujiwara, T., and
Nakayama, K.: Infection-induced up-regulation of the costimulatory molecule 4-1BB in
osteoblastic cells and its inhibitory effect on M-CSF/RANKL-induced in vitro
osteoclastogenesis. J. Biol. Chem. 279(14):13555-13563, 2004

Fujimura, Y., Hotokezaka, H., Ohara, N., Naito, M., Sakai, E., Yoshimura, M., Narita, Y., Kitaura,
H., Yoshida, N. and Nakayama, K.: Hemoglobin receptor protein (HbR) of Porohyromonas
gingivalis inhibits receptor activator NF-kB ligand-induced osteoclastogenesis from bone
marrow macrophages. Infect. Immun. 74(5):2544-2551, 2006
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Sato et al. J Biol Chem 2005
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porT+

&, . .
%’o,- Prevotella intermedia poot0/la ruminicola

096‘ :
porT+ o, sty

Bacteroides vulgatus

hetaiotaomicron POI T-
Bacteroides fragilis p 0O rT_

Salinibacter ruber

Porphyromonas endodontalis

Psychroflexus torquis

. . ; Microscilla marina
Polanibacter irgensii

Polaribacter filamentus

Tenacibaculum sp
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0022 porU
0645 porQ
0832 sov
1019 porX
1674 porM
1675 porl
1676 porK
1677 porP
1877 porW
2001 porY

CHU3237

CHU2991

CHUO0029

CHU1040
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CHUO0172

CHUO171

CHUO0170

CHUO0177

CHUO334

Fjoh1556

Fjoh2755

Fjoh1653

Fjoh2906

Fjoh1855

Fjoh1854

Fjoh1853

Fjoh3477

Fjoh1051

Fjoh1592

Sato et al. Proc Natl Acad Sci U S A, 2010
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N0319: ECF-sigma factor

N1430: Acr-type transporter Kadowaki et al. Sci Rep, 2016
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PGN_ 1728
PGN_ 1733
PGN_1970
PGN_1466
PGN_0152
PGN_0659
PGN_0291
PGN_0335
PGN_0654
PGN_0795
PGN_0898
PGN_1476
PGN_1767
PGN_ 1416
PGN_ 0123
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kgp, VO UHRFERNO U DINAY

hagA, NI T ILF=

rgpA, ZILFZURENO VD INM VA

rgpB, 7 ILFZUHREMI D /I(UB

tapA, 61-kDa fi[R42>/\J &, PG91 Kondo et al. I1Al, 2010
hbp35, 35-kDa NIV#aEH#2/\JE Shoji et al. BMC Micro, 2010
KRIZE

CPG70, BERAILKRFIRTFI—F

YRR INDE
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RITFONTIVX =V -TA3FH—+F

KRIZE

46-kDa fi[® A2/ \ V&, PG99

pepK, VO UFERMRTFA—+ Nonaka et al. FEMS ML, 2014
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Narita et al Microbiology-SGM 2014
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* Porphyromonas gingivalis
* Tannerella forsythia

* Prevotella intermedia

* Capnocytophaga ochracea

hT /B A T7—F LA
* Capnocytophaga canimorsus
* Capnocytophaga cynodegmi

ARRE -

e Tenacibaculum maritimum (GBEHEIE)
* Flavobacterium psychrophilum (7 L5 7K¥&®)
* Flavobacterium columnare (A5 LF'JRJ&/) | &
* Flavobacterium branchiophilum (FAE T£885%) |
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* Riemerella anatipestifer
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Naito M, Hirakawa H, Yamashita A, Ohara N, Shoji M, Yukitake H, Nakayama K,
Toh H, Yoshimura F, Kuhara S, Hattori M, Hayashi T, and Nakayama K.:
Determination of the genome sequence of Porphyromonas gingivalis strain
ATCC 33277 and genomic comparison with strain W83 revealed extensive
genome rearrangements in P. gingivalis. DNA Res., 15(4): 215-225, 2008

Naito M, Ogura Y, Itoh T, Shoji M, Okamoto M, Hayashi T, and Nakayama K: The
complete genome sequencing of Prevotella intermedia strain OMA14 and a
subsequent fine-scale, intra-species genomic comparison reveal an unusual
amplification of conjugative and mobile transposons and identify a novel
Prevotella-lineage-specific repeat. DNA Res. 23(1):11-19, 2016
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Gene ID Name Gene ID

fﬁ-iﬁﬁﬁ Fioh 1516 gldA - 'ﬁ ;"‘jﬁ@
Fioh 1793 IdB PGN_1061
9“//{7? szh:1794 :IdC __— Qiﬁmﬂﬂﬁ
ioh_ 1540 1dD -
222_2322 zIdF _ 9//\7?
Fioh 2721 gldG -
Fioh_ 0890 gldH PGN_1566

Fjoh_2369 gldl PGN_0743
Fioh_1557 gldJ PGN_1676

;%IEEEJJ Foh_1853  gldK (porK) PGN_1676 QFEEME

Fioh_ 1854 gldL (porL) PGN_1675
Flavobacterium johnsoniae Fjoh_1835 gldM (porM) PGN_1674 Pomhyromonas g,ng,valls

& e Fioh_ 1856 gldN (porN) PGN_1673 S g
(U3 Y =—IF) RTINS (/N RED)
Fioh_0979 sprB -
Fioh_1051 sprE(PorW) PGN_1877
Fijoh_3477 porP PGN_1677
Fioh_ 1466 sprT (porT) PGN_0778
Fjoh_ 1556 porU PGN_0022
Fioh_2906 porX PGN_1019
Fjoh_1592 porY PGN_2001

Sato, et al (2010) PNAS
McBride, Zhu. (2013) J.Bac
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0.03 s
10 pm

[
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M Rotation pitch of gliding cell = 6.65 = 1.1 um (N=56)
O Apparent pitch of SprB movement = 3.30 £ 0.9 pm (N=35)

EEEEYF=6.7 = 1.1 um (N=56)
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BADEREE =6.5 + 1.5 pm (N=116)
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Pitch (um)
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Shibata et al. ##gH
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Hemagglutinating activity of the rgp mutants.

ATCC33277
KDP110
KDP111

RepE2RiEH KDP112

Koji Nakayama et al. J. Biol. Chem. 1995;270:23619-23626

©1995 by American Society for Biochemistry and Molecular Biology
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Infect Immun. 1994 Aug;62(8):3305-10.

Hemagglutinating and chemotactic properties of synthetic peptide segments of
fimbrial protein from Porphyromonas gingivalis.

Ogawa T, Hamada S.

Porphyromonas gingivalis 381 fimbriae, their synthetic peptide segments, and
lipopolysaccharide (LPS) were examined for hemagglutinating and migration-stimulating
activities. P. gingivalis 381 fimbriae clearly caused hemagglutination, and several oligopeptide
segments such as FP381(61-80), FP381(171-185), and FP381(302-321), corresponding to the
amino acid residue numbers based on the amino acid sequence of fimbrillin proposed by
Dickinson et al. (D. P. Dickinson, M. A. Kubiniec, F. Yoshimura, and R. J. Genco, J. Bacteriol.
170:1658-1665, 1988), were also demonstrated to agglutinate erythrocytes although less
effectively than the native fimbriae. Furthermore, P. gingivalis 381 LPS but not Escherichia coli
0O55:B5 LPS definitely exhibited hemagglutination. P. gingivalis fimbriae as well as their
synthetic peptides possessing hemagglutinating activity enhanced the chemotaxically induced
migration of human peripheral blood monocytes. The results of the analyses using synthetic
peptide FP381(61-80), its related compounds, and an analog suggested that the amino acid
sequence XLTXXLTXXNXX within fimbrial protein molecules may play an important role
structurally in the attachment of the protein to host cells such as erythrocytes and monocytes.



J Bacteriol. 1984 Dec;160(3):949-57.

Purification and characterization of a novel type of fimbriae from the oral
anaerobe Bacteroides gingivalis.

Yoshimura F, Takahashi K, Nodasaka Y, Suzuki T

Fimbriae and their constituent protein (fimbrilin) were purified to homogeneity
from the bacterial wash fluid and cell lysate fraction, respectively, of Bacteroides
gingivalis 381. Fimbriae, observed by negative staining, were curly, single-
stranded filaments with a diameter of ca. 5 nm. The apparent molecular weight
of the fimbrilin was 43,000. Fimbriae were resistant to sodium dodecyl sulfate
denaturation at 70 degrees C. Heating at 100 degrees C in sodium dodecyl sulfate
was needed to completely dissociate them to monomers of fimbrilin. Different
sets of antigenic determinants seemed to be exposed on the surfaces

of fimbriae and sodium dodecyl sulfate-denatured fimbrilin. Purified fimbriae did
not show either hemagglutinating activity or hemagglutination inhibitory activity,
although it has been inferred on the basis of circumstantial evidence

that fimbriae are correlated to hemagglutinating activity of the organism.
Hemagglutinin activity, however, was detected in culture supernatant, and this
observation suggests that fimbriae of a different type or a lectin-like protein may
be acting as hemagglutinin in B. gingivalis.
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RGP?

FImA
’ |
MKKTKFFLLGLAALAMTACNKDNEAEPVTEGNATISVVLKTSNSNRAFGVG
AR AR

43 kDa
Mfal RGP?

20 !

MKLNKMFLVGALLSLGFASCSKEGNGPDPDNAAKSYMSMTLSMPMGSARA
AR
75 kDa
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anti-FimA anti-Mfal
kDa 1 2 3456 <Da 2 3 4 5 6
106 +
80 106 -
80 S o S PR
50 -
33 50
28
33
1. purified pilin
2. 33277

3. KDP110 (rgpA)
4. KDP111 (rgpb)
5. KDP112 (rgpA rgpB)

6. KDP113 (rgpB+
(rgp5+) Nakayama K et al. J. Bacteriol. 1996
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RGP

FImA
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A 2R

43 kDa
Mfal RGP

20 !

MKLNKMFLVGALLSLG CSKEGNGPDPDNAAKSYMSMTLSMPMGSARA
AR
75 kDa
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Shoji et al., Mol Microbiol, 2004



DU ONY AEDFME & UMFafR ED 2B FE

Fim$&E (fimA, fimB, fimC, fimD)
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Shoji et al., Mol Microbiol, 2004
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Sakai, E., Naito, M., Sato, K., Hotokezaka, H., Kadowaki, T,
Kamaguchi, A., Yamamoto, K., Okamoto, K., Nakayama, K.:
Construction of recombinant hemagglutinin derived from the
gingipain-encoding gene of Porphyromonas gingivalis,
identification of its target protein on erythrocytes, and
inhibition of hemagglutination by an inter-domain regional
peptide. J. Bacteriol. 189(11):3977-3986, 2007
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Naito, M., Sakai, E., Shi, Y., Ideguchi, H., Shoji, M., Ohara, N,,
Yamamoto, K., and Nakayama, K.: Porphyromonas gingivalis-
induced platelet aggregation in plasma depends on Hgp44
adhesin but not Rgp proteinase. Mol. Microbiol. 59:152-167,
2006
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APPLIED AND ENVIRONMENTAL
MICROBIOLOGY, June 2007, p. 3536—

16S rRNA-based phylogenetic tree
of the phylum Bacteroidetes
derived from 16S rRNA gene
sequence data. The tree was
constructed using the fastDNAmI
method . Species with complete
genome sequences that were used
in this study are indicated in bold.
Bar, 0.1 nucleotide substitution per
site.
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8F 3710 (curiosity) ZREIZL T, B (courage) 3 F> THRE S
R ZPkEL 9 5 & (challenge)

W9 TEBHELSHEE (confidence) ZHE>T. & HZ&EH
(concentration) L. ZL T T IZ#EHR T S Z & (continuation)
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