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Characterization of an autolysin mutant of Porphyoromonas gingivalis

Arihide Kamaguchi, Hiroshi Miyakawa and Futoshi Nakazawa

Department of Oral Microbiology, School of Dentistry, Health Sciences University of Hokkaido

. Abstract

The results of a BLAST search for autolysin indicated that one ORF was indentified as an autolysin which had 39% homol-

ogy (58/147 amino acids) with the N—acetylmuramoyl—L—alanine amidase like protein of Clostridium tetani. This autolysin

mutant of Porphyromonas gingivalis was constructed by alleic exchange. The growth curve of the autolysin mutant was the

same as that of parent strain. However, the morphology of the autolysin mutant altered into chain forms at the early log-

phase.

These results indicate that this autolysin may play an important role in cell division in P. gingivalis.
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Porphyromonas gingivalis (3 BN\ JE 4 0 F 5 KA E
D1oTHY, BE, WEE, TIF=VBEEHS AT
fr7u77—+¥ (Rep), VIV YHREVATA LT
077 —¥ (Kgp) 2L DHFERFIIE SN T
% (Slots and Genco, 1984. Slots, 1982). P. gingivalis iZ
BEOBOIANF—RELTHEAETET, b
2% v 87 B FIH Y A (Takahashi et al., 2000) .
Rgp, KegpldHmEAT &L LTHZ &iZmz, 4D %
YRy BEETORYyTL, TRk VT ERTIS Y
OB EDR, BAeDRTF S -EIZL ) GBI NHE
HRCEY ST, A VF-FELTHHAERS
(Kadowaki et al., 1998. Nakayama et al., 1996. Nelson et
al., 1999). MW OMIBEE X7 F ¥ 7 A ¥ & TS
ETHEVETH Y, BWHEBIZZEIORTF T H
O—EWEYWL, ZIIHLWARTF FT ) CHERL
DERERESED. ZOHWRTFFT) A 2 ET 5

B%% 2 murein (glycan) hydrolase’(“df)%a. L»L, 20
BEFEEBEICEC CEOCMMEET T (Shungy and
Shockman, 1979). Kamaguchi 5 (&6 P. gingivalis 3 in
vitrolZB W T, 1EhEk, HELVWHCHETEZTI L,

37, HOMMICHEVERINIS CESNG S 237
BOHFIZP. gingivalis D F B % HFEET T 5RegpHE
ET2ZE5HMELE. INODER2S, P ogin-
givalis |3 B TR S % ORepll & o THAMEE KD
EATICER FRIZLTVD Z &EHREE ST
(Kamaguchi et al., 2004). P. gingivalis ® B C.RLE D 51
THONIITHEIERBAROEEERAOBRAOAL L
3, HEEOMBIZL DL LEELZHBEETHL. L
L, P.gingivalis® BOBBEORIGY 7+ V& HHF
BLU, B5T BRI OVTERALPIZEATYE
WV, £ 2T, P. ogingivalis D EE % H ORI R = HH
T AHENT, P. gingivalis EMMOME O B CRFEEESE &
DEEAY —DOFHVELFEREL, 2V TP. gin-
givalisD B CRMRBEROBEREER L, ZOHRER
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P. gingivalis ATCC 33277# (American Type Culture
Collection & ) i A), Batk (HCRIMEERLEN | 40
{E#L), KDP112 (rgpA, rgpBZoE4k), KDPI129%k (kgp
ZEEFR), KDP136%k (rgpA, regpB, kgp TEEKR) (Z
5 3IHRIIRIB RS, PUNEXREEL YV DE) 24 —X b
IX¥FANTI b, A F T A Y Muyptic soy
broth (TYHMHBSH) THIGMIZEEE L7z, Escherichia
coli IM109 (% 71 T34 AKX KM L Y EEA), DHSa

(#7754 kR EH & DEEA), pKD355 (IR
Sed X 43 5) i3Luria-Bertani (LB) WAS#h F 721358
KPIREEHAZ THFRAYICHEE L7z, LBRIHII L BERE I
37 ¥2) y (100ug/ml) Frolidry)ro<wf oy

(300pug/mi) %@L 7.

N

T 7 A3 ML AR

pGEM (T easy vector, Promega Corporation), pGEM-K
1 HOM@BEREEFEA, SEE
&), pGEM-K2 (BCRMEEHREIZT 1ZBam H1Y) ¥ 71
—JEA, 4 EEH), pGEM-K5 (Bam HIY ¥ h — &K
BB R EET [lermF-ermAm cassette A, 4
EE%), pKD355 (ermF—ermAm cassette &K ). &7 7
AIFZ TN ENOEERICTHRER, Alkaline Lysis
Method (Sambrook and Russell, 2001) 2 CHiiH L 7.

(P. gingivalis

P. gingivalis D B CRFBE R BT OME

P. gingivalis DO ME D BCMEE R ELRT L O
O Y —EIINCBIDEntrez & TIGR (The Institute for
Genomic Research) DP. gingivais W83D 4 ) L « 7— 4
—N—-AEfEHLL.

et fk  DNAOHH

P. gingivalis 7 5 O 4% 5 £ DNA {Z Simth 5 @ 7 i

(Smith et al., 1989) 2V T o7z,
P. gingivalis D B CRURB R L EMROER F &

P. gingivalis D H C.RUB B FBIZT L RE S 15 8L
#pGEM T-easy’X7 ¥ =25 44— 3~ L, pGEM K

15157, ZHiZBam H1Y) » h — %1 A LpGEM K2 &
L 72. pGEM K2IZIpKD355 & 1) 15§ 7z ermF~ermAM cas-
sette & 18 A LpGEM K5% 1%7-. pGEM KS5% P. gingivalis
ATCC 332772 L7 bRFL - 3 VIZTHAL, -
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$0O0 EHFE M/ Porphyromonas gingivalis D B CRMBEERERRDOEIR

ATV A Yy EEGAMEREIZERIEK, BE%, &
bhzau=— % HUMMEBEREZRKE Lz (Fig. 1).

Smal Amp
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3.0kb
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4.1kb
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48kb
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1.1 Kb
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@ Smal + BamH1 linker

Baml-{l linker -

BamHI1

ermF-ermAM
Notl

@
>

Linearized plasmid with Nofl introduced into P. gingivalis ATCC 33277 via electroporation

P. gingivalis B4 (autolysin mutant)

Fig. 1 Construction of a site specific mutant by alleic exhange. The

pGEM-KS5 containing autolysin gene interrupted by an ermF—
ermAM cassette. The plasmid was linearized with Notl and in-
troduced into P. gingivalis ATCC 33277 by electroporation. P.
gingivalis was incubated on GAM agar containing erythromycin
(10 pg/ mi) for 7 days at 37°C.

5H AR O HIE J

AERE (12mm X100mm) (S TYHMiR @SS # F 7213
TYHMBEAERFOANI Y 32 FVF 2 BE L
FREWI0MII —HEEE L - FH 20.5mEHE L, B
EIEER, BRI NES (U-1800 Spectropho-

P. gingivalis D%

tometer, H I ZVEFT) 12 TODswonmn D BE % HIE L 72,
= F
HORBRBEE L ERRO/ER

ZLDMOME D B CRFEBEFE D7 I/ BRECT| & P.
TIJBEFEDOFET Y -—BEOHEE,

Clostridium tetani ®N—-acetylmuramoyl-L—alanine amidase—
like¥ > /827 L39% (58,7147 7 I /BE) OkEOY —
Wb EWbhol. P. gingivalis® Z O H C R fREE
FWMETFIHT ST I 4<—~7 (Auto F: CGCTCCG
AATCTCCCTGACGG, Auto R : TTCGAGGCCGACACTC
CGCGC) #1EZ L, DT 54 v—_7 kP gingivalis
BEADNA%R T 7L — b & LT, 1,094bpDPCREH
187, T OPCRE % H \2alleic exchange!ll & D 1% 5
NZEBBREBAVRE L7z, Bakh S H L - fif
DNA%* 7~ 7L — k& L TAuto F& Auto R% fflv» TPCR
T o7& 2 A3.2Kbpll 1 KD NV FARE &Nz 2
L&Y, BCRBBERERTR Y TNV O X4 — -5
BT X D MIBKAHE LTWB Z & 2R L7 (Fig. 2).

ginigivalis &
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Fig.2 Agarose gel electrophoresis pattern of PCR product from P.
gingivalis ATCC 33277 and B4. P. gingivalis ATCC 33277 and
B4 were analyzed by PCR using the autolysin gene primer pairs
(Auto F and Auto R). Lanel, Mw marker ; lane 2, P. gingivalis
ATCC 33277 ; Lane 3, P. gingivalis B4.

P. gingivalis ATCC33277#k & B4k DEE IR O L ER
PR EEBROFE MM L TYAMEE I Z VT L
2EZH, BARbEIMREFERRICECRBEL, ZO&EI(R
FOERTIIECRBITIHIE SN W ESbro
(Fig.3). L2 L, *ECEEMOmMR % 7 J 450 L <
DL T 5 EHRIZT T LBREOEBERE AN
BOIIFT LT, BMRILESE L EHE Ao/ (Fig.
4).
NIV ERXAF VT CHIRT CORE MR
P. gingivalis OFBULIBERF THAENI v EXFTF
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O.D. at 600 nm
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@ : P. gingivalis ATCC33277
O : P. gingivalis B4

0.5

0123 14 21 (days)

Incubation days
Fig. 3 Growth curve of P. gingivalis ATCC 33277 and B4. Over-
night cultured cell suspensions of P.gingivalis (0.5ml) were in-
oculated into 10 ml of 3 % tryptic soy broth supplemented with
0.5 % yeast extract, 5 ug / ml hemin and 1 pg / ml menadione,
and incubated anaerobically at 37°C for the appropriate number
of days. The OD at 600 nm is shown along the y—axis.

0. D. a1 600 nm
20

5 ug/mi hemin and 1 pg / ml menadione
5 pg/ ml hemin and 0.13 pg / ml menadione

5 g/ m) hemin and 0.03 g / ml menadione.
:0.32 g/ ml hemin and 0.03 g / ml menadione.
:0.16 g/ ml hemin and 0.03 pg / ml menadione.
0.04 g / ml hemin and 0.03 g / ml menadione.
0 g / ml hemin and 0 pg menadione.

rrR>O8O

o +—+ +
6 7 8 910

Incubation days

15 (days)

Fig. 5 Effect of hemin and menadione limitation of growth of P. gin-
givalis ATCC 33277. P. gingivalis ATCC 33277 was grown an-
aerobically at 37°C 24 hr in 3 % tryptic soy broth supplemented
with 0.5 % yeast exgtract, 5 ug / ml hemin, and 1 ug / ml me-
nadione. After incubation, cells were harvested by centrifugation
at 5,000 g for 20 min and washed with the same volume of 3 %
tryptic soy broth supplemented with 0.5 % yeast extract. The
cell suspension (0.5 ml) was inoculated into each media, which
consisted of 3 % tryptic soy broth, 0.5 % yeast extract, and
various amounts of hemin and menadione. Concentration of
hemin and menadione were indicated in the Figure. The OD at
600 nm is shown along the y—axis.

Fig. 4 Microscopic examination of Gram stained
autolysin mutant (B4). P. gingivalis ATCC 33277 (A) and B4 (B) were cultured
in TYHM broth at 37°C for 10 hr. Each culture was washed with PBS twice
and subjected to Gram staining.

(43)
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VEBBETAILICLD, BEFIREICIBULHCRE
IZDOWTEE L., NI Y% 5ugmlA»50.32, 0.16,
0.04, Oug/mlEEBEL, A F V4 % 1Lug/mlrb
0.13, 0.03, Opg/ml& HE L7-MAEDEEIERL,
BEMMEARIZE A, MHEBEHOEFEENL.80 5
1.45, 1.05, 0.9, 0.85&{&T L, F7, EHEMIET
AR AU EEN. LAL, WThOBE#mIZE T
b HCRI#EBE SN (Fig 5).

Z =

W O B C A% 12 peptidoglycan hydorase (2 & 0 2 Z
5.
tylmuramoyl—L —alanine amidase (amidase) & endopepti-
dase*& ¥ 7.5 (Smith et al., 2000). Peptidoglcan hydo-
rasel M OSSN, FAEWEFEME R, ME
DEE, MAEOEE, X7TF V) HrOfEk, #il
D58, a7y MREE, & V87 B, WL
EIZbHEE5 T AL SN TS (Smith et al., 2000).
£, MEOACHRRIEBMRTOT R b - 2 LAk
CHIE O 70 7T AHETH B TREMATRE S TV
% (Lewis, 2000). HCREFIC L 5 RIEMIEORZE EHE
FEOMBENORBOMEOWREMIIME, FA-TV%E)
IJ7:DNA% B ETH I LICL B EBTOEEEL T
BIEIHFEGLTWAIENREINTWVS (Lewis,
2000). P. gingivalisiLin vitro CIZEFEICITV5 & T
<, BELWEHEEORTAEHZE SN S (Kamaguchi et al.,
2004). COHTCHMBS LD L) EBRICLoTELD
PEHEHL,PICTHENT, MOME DB CRIFEE & &

XUV -BREEATo KR, Clostridium tetani D N-ace-
tylmuramoyl—L—alanine amidase—like ¥ > /X7 H £ 39% D
FE T Y — A3 % Open reading frame (ORF) »9fEHi &
7. ZOORFDT I/ BEEHIIZE £ DRI Bacillus sub-
tilis D B CRIMREEZ T D 1 DDyubB & 32%, Entercoccus
faecalis O N-acetylmuramoyl-L—anaine amindase & 31%,
Enterococcus faecalis®D HCRUBHFE L D26% DFET Y
—WH o7, T DP. gingivalis D ORF % gene—directed
mutagenesisiZ & ) /EE L7- 8k (B4tk) OB H#H
PR E RE BB 2o oA, WO O
BARGBEKRICHERL CEET L 2 EFBBEINL. P.
gingivalis |2\ {OPFET 5 LR S N5 HORBRER
DI L, TOHETCHMMBESIITHEIEER BT 5RO
SEICBES5 A EATRIE S N7z, Lactococeus lactis D
acmB (peptidoglycan hydrolase) B AE (33t #0358l B T 15
MEELPICET T 5. JHIEZOBEOES ;IS
BILIVHBENTVWAZLIZLBEREENT NS

Z D 17 (3 muramidase, glucosaminidase, N-ace-

(44)
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(Huard et al., 2003). P. gingivalis® Z ® HC.RIREEE b
HAEBRRICBWT, EEBICERNHITREELERD
7z, L lactis DacmB D BEA % fil##) L T\ 5 BARA % b
DEFHELPIZEN TRV, Fa by - FF=7 7
+ — ADHIE L TV A EEEASTER SN TV % (Huard
et al., 2003).

&, P. ginigivalis\2 BV CHOCRMBBREOEZ T
Bl &b IOFHETAUEEELST— 5 —N— 2 LTR
7 (Nelson et al., 2003). FN 5 DFEENHCOAH
ROEETF & LTHEEBIIRE SN TV DD, ZOEIE
FEYWOWRIAHEETH 2. 4EHEAVKREFL-ED
BRI EODNABL VT I /By -7 v 2 A2 N5
B LR, L BOCRMBRERL L TOTREMRIR
RIE SN2, WIRPSREOBCMBEBREZEOFD 1D
—F L7 (datanot shown). DI &nbdb, 4EHDE
ERIZP. gingivalis DT L\ B CREEEEZEOMIRO —ik =
BREKEACTHL2IITE L D EEDNS. 208
DOBECEBEEEE O 1 DiXHayashi > (Hayashi et al.,
2002) (2 & Y #RE S NL7zN-acetylmuramol-L—alanine ami-
dase & —EHLTBY, FOFEEZFiZanit ShTwab,
AEOE ORI AR RETIIDNAB L U7 I/ BRO ¥
— 7 LY AZBW Cami b REO Y — 3 h o/l b &
h, BL2ECRBEETHALI LY DI o/ (data
Bk ERL, Z2OHK
WDOWTEHRE LT 5%, EREKOEFHIHICOVIE
NENTWARVY, amiZZEE R idvesicleZ Bk & ) % <
BT 5Z LIlMARVEREBFICRVWREICZS L
T\ % (Hayashi et al., 2002). 400 H C.alHEER

not shown). Hayashi® b ami%

REE
BRIGESET 225, BEICRCVCERRIALONTY, T/ves-
icle ELEBZICODEILEI AN D o 2
shown). EHCTREEREZEL LTF -4 —~N—A L T[f
HARE SN-3 OEOHCRMMBEERIZOWTIIYEL
L COFMLERIZOWTIIRE ST\, Bacil-
lus subtilis V& 35 @ peptidoglycan hydorase i& {& T #° 1 7F
L, o773 —=iZgiF 5N Twb (Smith et al.,
2000). TDZ &b, P.gingivalis b HE O H CRUFEE
EOFENEZLN, ZOHRD 1 DERRILTLHMOD
HORMEEI B2 BCRMR IR L P o2 &AM
gINT.

P. gingivalis \= B\ T A B TR AFEE SR O F 3 % HlH
LTWBPARHTH 555, FHEOKEIKED B CRUERE
FOFEBEEFHIET 2 TWEEMEISHE SN TS (Centry et
al,, 1993). E. coliloBWTC, 73 /EVHETHE, 5
E Y& < % V) Guanosin—5" —diphospahte—3’ —dihosphte

(ppGpp) BHLASEMAL SN, E7% B ORFEEE OGN

(data not
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APEE SN S (Betgner et al,, 1990). TN, FHEIE
wtﬁi%%%ﬁ@ﬁﬁ@%umﬁﬁﬁéﬁﬁt%n(
% (Rodionove and Ishiguro, 1995). P. gingivalis 23
WTAIVBIURAFIF v ERELS SRR EIRE
THHORMMIBEINA, 20X, P gin-
givalis3EHFREICHLLTHCOCRMBLZEL LI EHD
Mot TOHBIE colilZBFHT I BEBIZLD
HOMBPIHE SN AL IIE L b0 L Ebh:.
Staphylococcus aureus 2 B\ T B CRlF i LytS-R, TrgA—
B, LytS—LytR, ArlR-ArlS& Sar¥ Y X777 3 —D
2 RICE DA ST b (Brunskill and Bayles,
1996. Fournier and Hooper, 2000. Fujimoto and Bayles,
1998. Groicher et al., 2000). & 512, LytS-R, IrgA-B&
ArR-SIEZINLDE VX Bra— N BEMLEFOT
UE—8 - |CHEETAHRATICE o THIB S L% (In-
gavale et al., 2003). P. gingivalis\Z B\ T LA 5 Hh Dotk
MET % 2 RARPEAL, BEBMBOHEICES LT
WwhHZk 36 S A, Pseudomonas aeruginosa\Z 3\
TR F =Ty YIS T A — A P2
Y—— 1 PHCHMBICES T2 8h, FT VARV Y
FALERIZLDRENS (D Argenio et al., 2002). P.
gingivalis \iCB VT b4~ A vV 2 —%——2 (AI-
) WD A =T LIy R IEDIRES
TWwhAZ EH»5 (Burgess et al., 2002. Chung et al., 2001.
RO, 2004), AI-2BEAEICBES T A luxS EEE L Bk
EDOEHCRMER ILBRET L7225, ZREED O
7> (data not shown).

Kamaguchi b & P. gingivalis D EH. 3 5 Rgp & Kgpid IF
FIZHETH Y, P. gingivalis D B ORI D BRI
EHERo oL TR, HAEEEREDEE LA
WEFFedE L 72 (Kamaguchi et al., 2004) . B2
B X L7-Regp, Kegpk BRI ORR % & 5 72D Rep,
KgpDBIEZFTdH HrgpA, rgpB, kgp DEEMRDEE M
WERE L7, ZO&E, BREELVEHEORTHIR
LNBDx LT, rgpA, repB, kgp DEEILZODwwn T
DBEH0. 9 T L7z (data not shown). T DI
&Y, P ogingivalis® HCEFIC L ABEOKTD 9
L, BEOEHEDETIZIRgp, Kgpll & % B TiHILA R
S LTWAUREESRE S, LAL, S aureusllH
BN R IX-100E =Y YFHEETREBRICB T
FECRMBERZORBREE T Oy Y 7R ITH I L8
PVETHAHEENTWAS (Groicher et al., 1993) Z & &
D, P. gingivalis\Z BT b RgpPKgpll & ) 7ot >
TRZVTLBLEND DEEEVPHFIET HUEELEETE
7V,
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P. gingivalis ) HCRFEN/NA F 7 4 W AFIZB N T
BDinvitro TBIZEIND L HWZHELADE ) PIIFRET
HEN, NIV, AFTVFUHRTT, BEVELTH
HORREESEINZ L LY, FRKEFEW AT
ENBENAFTANLHIZBNTHELLZLDEERS
nrz, Fiz, NATFTANLHRICBITLECRBOEE
& LT, P aeruginosalZB W TIENA F 7 4 )V LR
CHIE R ODNANLETH S &SN T WD
(Whichurch et al., 2002). Z DFRIZ, P. gingivalis® BT
BIRIETIRERNTONA 7 4 VAR, WOREB LY

R MSELHEICES L TV ARSI EZLONS.
b=

e
AR

P. gingivalis D H C.RFEBEZR Z W O 229 2 812, fib
OHE O BCHAESE L FED Y —RELTV, C fe-

tani O N-acetylmuramoyl-L—-alanine amidase-like ¥ > /X 7

BEBWREOY -2 b 0BEFERWILEL. Z0&
LT OBREMEEHEL, Bk OREMBETRET L

7, TEHEICEREA D NP 72,

N, BEIFET A LEZ DN HCRIMEEED )
b, 1 2OHCHMBBEROERNHATIE, BOMEHRE
I S DRI SN VTR b TRIE S,
L2L, WEAEOREROREL K L/ EE, £R
BRI BETE I O IR IR L VY3 A EE A S
TmZek, Llld, ZOBEGFEDIE KN E
CRREBEZEOMRD 1 2TH S, BOTHIZHST L1
WEEFEL T2 TREEARE S N/,
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