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R FP VLMY D7 RN TG & 4 0on g /Y
DE~-F R EFLA-I' TR -Fif VPR BT S 2
Fa 30 ek (Re@al o Pt F s o rlds Pk £ 5N )
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2B 7912 eaemlLicdaNITREZ E T FPd &

WidM13 primer M3 (EBE&E) 2 A w7k, KIEiE.,
94-95CT90>» 5 Wi 180 H oM ZETMHDH. 94 -
95 C TO0HW WM DOEMH.H.,. XRWT42dH 5 Wwixs50TT
120 B O 7 ==Y Y7y £LTT72CTo60» 5 »w ik
300 B o EA F v 7 230F 340 4 27 Vv 4FF
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7) ¥V b ODNAO W H B L UHE M
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DIGHE #X B AKB O~ = a2 7 VIiIZi WPCRZ H# HL

T4 o7 (PCR DIGE&#H;) .
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¥—-—vYa rvyrRpE., 7870 X dh b¥THF X
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b.DNAY — 2.2 ¥ XA HFWH

DNAY -7 ¥ v Y7 Rk, Taq Dye Deo-
¥y o Permimator i Cgele Sagunemedng. Ed1
(Perkin Elmer,Foster Clitny, O &, 4 A% B
X DN A Thermal Cycler Mo del 96 00
(Perkin Elmer)yas AW T, Banger 52" %
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BN AP =2 212 A8H K EBEDN A Sequencer
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g il mM T sl AFANRAR N TR N Y F
(P M S F ) * & &1 0mM F 9V X - 5 B 8 & K
(pHB8.0)IL BB L. BEHEHREBRERE2 Bw=T., &
T T304 M8 F K LELLZ, 2O08BFKLE®R %
40,000 XgT1HEH. 4CTHELL. EL LEF 219
Tritoan X -100, 0.1mM C'aClsd a7 mM
PMSF % & tpH7.20PPBSIZxt LTEHNHLALZ. X IC
0 E N A W O B OB & W OT ¥ # 4 L &
Immobilized N-Acetyl-D-Galacto-
amias(PITERCEB ,  Roc¢kfora;IL;,USAYNZ &
oW oL . R OEFE EH 4 %2 ¥ M L 2% . 1 mM
GalNAc* @A BHMW L H» 7 2 &M T 5 2 L &
s Y WO S KR LAZAEBFFERBE L, £FL T
D1 mM GalNAcHE WHBHES %2 ¥ F Y ay-100
(Amicon,Berverly,  MA,USA)T E##H L. = h

%ECLSth:O
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zF 0 F E BB

gy SRR ESsa A LT XA g B
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g/ /mlD 7T Y I e REA LSl OLBE R T
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O.D.600=0.6-1.0¢8& % o /HEHEATE®XEEI oM
R &R IENPTEEN L TNATB N0 8D
Rz HF EL AL, £L T, B I1T37CT T 3K MHFE X
L%, £H L 2,

\
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TEEFEILSA PR A = Pyl A i 0 D
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Separation Inc., Westboro, MA, US A) I 7
g9 NSy EENE R R LR S E B c ol i
JM109 (pBluescriptll KS(+))% £ n £ 1 .
BEHg B LUEMRHIY PR —-VELTET 4NSF — 2 R
B FPL B T Y =LFLOE 0 820 0 kWA
nE KR T T 1545 B BLEL. 356 K HEHE B F K
(100mM b Y R - 3 B P H TR, 1 50mM

NaCl,5mM MgClz2, 17 3% B°&8 Ay 1 p.gf mi
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50ml®100mM©BPMY R - BERHE®HE(pHS.O0) Z M
A, BB LA, 2L T, AEBRME3E B YEL ZHK.
100 g 1'® DNasei# & B (1 U/ p 1 DN ase,
PEOm M O Nad Q1,65 0% Z0Y 8ULs) g sy L.,
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Ju
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Vectorik # 8 ¥%. E. coli ITM109ic& AL 7,

COHD s a - v b HFEHERLSLST A I F P BamHI ¢
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1073 &8 A DNA%* Hindll C©#H1I L = % . 7 7 A
I FpBluescript I KS(+)kK&HEAHEL L Db %
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THIELL. § T - YfElL ZAZNXWDO68bp D U
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T EEBE R E BE ICEHRLTW 322 EHFRKBEI N L, Z
72, TDHDORFODG+CHEEIET48.28% T &»H o o &
nfE . E. corrodens¥ 8B &DNAIX 2w TL &
&:%&%‘éﬂf:fﬁ(56-5.8%)3“c‘:Giﬁ&oflﬂf:ﬁ‘

Neisseriaceae®D 8 KDNAODIMEC4I4T-52%) ¢

M Tdb ok, &b, PorAZEHBHEIIZ. 7 3 7 BE
Bl o N 4 Fox ¥y —@Fich, BKEHERE KKK
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5) b0 B HE L 0 B EHE DR
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45k Da D BEHEODPRHAZTRED 220, BB EIINZXKIMW
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0 B.oan Tip DMl @ 9 FaNiZ T~ 2 L oLy G BVE Ty
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Molecular biological analysis of the component proteins of the adhesin

complex from periodontopathogenic Eikenella corrodens.
Hiromichi YUMOTO

Department of Conservative Dentistry, Tokushima University School of

Dentistry, 3-18-15 Kuramoto-cho Tokushima, Tokushima 770, Japan

ABSTRACT:Eikenella corrodens 1073 has a cell-associated N-acetyl-D-
galactosamine-specific lectin-like substance (EcLS), which mediates the
adherence of this bacteria to various host tissue cell surfaces. In this
study, we cloned the genes encoding two component proteins of EcLS.
EcLS migrated as proteins of about 300 and 45kDa upon SDS-PAGE
under reducing conditions. At first, we cloned the gene encoding this
45kDa protein using a polymerase chain reaction and Southern
hybridization. This gene was cloned into the expression vector
pET22b(+) and the recombinant plasmid was transformed into
Escherichia coli BL21(DE3). Then, the expression of the cloned gene
was induced with isopropyl- 8 -D-thiogalactopyranoside. The expressed
45kDa protein was purified after solubilization of inclusion bodies with
urea and DEAE-Sepharose column chromatography. The nucleotides of
this cloned fragments were sequenced and an open reading frame (ORF)
was found. This ORF comprised 990 nucleotides and encoded a
polypeptide of 330 amino acids (Mr, 35,748). The amino acid sequence
deduced from the nucleotide sequence was highly homologous to those
of the porins of Neisserial species.

Subsequently, we cloned the gene encoding the protein reacting

with the anti-EcLS monoclonal antibody from a gene bank, produced

from E. corrodens 1073 chromosomal DNA in E. coli JM109. SDS-




pAGE analysis revealed that clones produce three Eikenella proteins of
about 60kDa, 25kDa and 10kDa, and immunoblot analysis revealed that
the 25kDa protein reacts with the monoclonal antibody. The nucleotides
of this cloned fragment were sequenced and an ORF was found. This
ORF comprised 678 nucleotides and encoded a polypeptide of 226 amino
acids (Mr, 24,586). The amino acid sequence deduced from the
nucleotide sequence had no homology to any previously sequenced
proteins. The expressed 25kDa protein was purified using DEAE-
Sepharose column and gel filtration chromatography after solubilization
of inclusion bodies with urea. The NH2-terminal amino acid sequence
of this purified protein and hydropathy profile analysis revealed that .
this 25kDa protein is a cell membrane-associated protein.

Our findings suggest that the 45kDa and 25kDa proteins of E.
corrodens 1073 are components of the EcLS complex, and the 45kDa
protein may act as a major antigen and periodontopathogen on the outer
membrane as are the Neisserial porin proteins, and the 25kDa protein

may be a minor subunit, located near the lectin-like adhesin, in the

EcLS complex.
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GAGGTGATACTGTACGGTAAAATCCGTGGCGGTGT TGAATATACCCATGAAGGCGACTTTGCAAACAAGTCCGAGAAAAACGCTTGGGGC
VI LYGK I RGGVEYTHEGDTFANKSETKNAWG

—

GTAGTTGACTATAGCAGCTACATCGGCTTCAAAGGTTCTGAAGACTTGGGCGGTAATCTGAAAGCTATTTGGCAAGTTGAGTCTCGCGTA
yvbDyYySSY Il GFKGSEDLGGNLIKATLI ¥QVESTR RYVY

EcRV Kpnl

GATATCGGCGGCGGGAAAGATAGCAGTGGTAACCCCCGTGGCTTCGCTACACGTGACTCCTTCATTGGTTTGGAAGGTGGCTTCGGTACC
p] 66 6 KDSS GNPBRGFATRDSI FI 6LEBGGFLET

GTTAAAGTTGGTTATGTTTCCACCCCTCTGCGTAACACCCACGCTGCTCAAGACCAGTGGGAATACAGCAGCGATATTTTGGGTTTAGGT
g Y EY ¥YS& T PLRERNTHAANDDPDPIYEYS SO ILLGELG

(GCTACACTCGCTTCTCTACCCGCCGTACCAGCTTAAACTACCAGTCTCCTGATTTTGCTGGCTTTAACTTCGAGTTCCAAATGGCTCCC
FOYRT SROSE - S SNE TR R SSTESESS SN SSENGESE SIp SDEESATIG ESIN SR ESE I g A R

GGTAAGAATGCTCATACTCCGGATGCCCGTACTAATGACGGCAAACCTGCATTCGGTTTGGGCTTGGGCTATAAAAACAGCGGCTTCTTC
6KNAHTPDARTNDGIKTPAFGLGLGYJKNSGTFTF

Hincl|

G6CGCGTTACGCTGTTGACTATGCTCGTAAATCCGTTACCACCACCTCTAACGGCCTCAAAGACAGCCATGTACATAACCTGAGTGCTGGT
FRYT &S DY AR ESETYTTT T ARISIE R AR YN NLS AGS

TATGATGCTAATAATCTGTATGTTGCAGGTGGCATTCAATACGGTAAAAACGTTGAGGTTAGTGTTGATTCCCAGAATATCGCTAACACT
YDANNLYVAGGI QYGKNVEVSVDSOQOCNIANT

Xhol

CATGAAGATGGCACTAACAGCAAAGAGGCTCAAATTACTGCTGCCTACACATTTGGTGCAGTTACCCCTCGAGTTTCTGTAGCTTATGGC
HED GTNSKEAOQITAAYTFGAVTPRVSVAYG

(GCTTTGATAGCAAAGACACCAACGTAGATGGCGCTCGTTATGTACAAGCTATCCTTGGTGCTGACTATGCCTTCTCTCGTCGCACTACT
RFDSKDTNVDGARYVOAILGADYAFSRRTT

GGTATTGTATCTACTGGCTGGATTCAAGACAAAGTGGGTAGCGAAAAAACCAATAACTGGGGCGTAGGCACCGGCTTGGTACACAAATTC
61 VSTGWI 0DKVGSETZKTNNW¥WGVYGTGLVHEKETF
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OMA1 NEIGO 48:--KTATE | ADLGSK | GFKGQEDLGNGLKA | WOLE -QKAYVSG-TDTG--WG--NRQSFIG 99
OMAT NEIME 61:KSRIRTK | SDFGSF | GFKGSEDLGEGLKAVWQLE -QDVSVAG-GGASQ-WG-~-NRESFIG 115
OMB NEILA 48 : --KTGSE | ADFGSK | GFKGOQEDFGNGLKA | WOLE -QSAS | AG-TNSG--WG--NKQSF1G 99
OMB NEISI 48 :KT-A-TE | ADFGSR | GFKGHEHL SNNLNA | WOVE-QNTSVAG-TDKG--WG--TRESFIG 99
OMB1 NEIGO 48 : - -ETGSE | ADFGSK | GFKGQEDLGNGLKAVWALE -QGASVAG-TNTG--WG--NKQSFVG 99
0MB4 NEIME 48:--TTATG | VDLGSK | GFKGQEDLGNGLKA | WOVE-QKAS | AG-TDSG--WG--NRQSFIG 99

LB Gh S UL SE LT % e @ Feajkekd g
PorA protein 84:LEGGFGTVKVGYVSTPLRNTHAAODOW-——EYSSDILGLGRYTRFSTRRTSLNYOSPDFA 140
OMA1 NEIGO  100:LKGGFGKVRVGRLNSVLKDT-GGFNPW-EGK-SYY-LGLSNIAQPEERHVSVRYDSPEFA 155
OMA1 NEIME  116:LAGEFGTLRAGRVANQFDDASQA | NPKDSNN-DVAS-QLG | FKRHDDMPVSVRYDSPEFS 173
OMB NEILA 100:LKGGFGTVRAGNLNS | LKSTGDNVNAWESGKATEDVLQVSK | SAPEHRYASVRYDSPEFA 159
OMB NEISI 100 : LEGGFGKVRAGKLNTALKDNSDSVDPHESSDANASVLQFGKLKRVDERKVSVRYDSPVFA 159
OMB1 NEIGO  100:LKGGFGT IRAGSLNSPLKNTDANVNAWESGKFTGNVLE | SGMAKREHRYLSVRYDSPEFA 159
OMB4 NEIME  100:LKGGFGKLRVGRLNSVLKDT-GD INPW-DSK-SDY-LGVNK | AEPEARL | SVRYDSPEFA 155

Xeeo o % X Kook oo
PorA protein 141:GFNFEFQMAP---GKNAHTPDARTNDGKPAFGL - -~~~ G LG--YKNSGFFAR 182
OMAT NEIGO  156:GFR-AVQ---------- = VENDNesesg——=g=e SGKNHSESYHAGFNYKNSGFFVQ 190
OMAT NEIME  174:GFSGSVQFVPAGNSKSAYKPAYYTKDTNNNLTLVPAVVGKPGSDVYYAGLNYKNGGFAGN 233
OMB NEILA BHEEESGSN 0SS = e TS RPRINEeE e SG-ANGESYHVGLNYQNSGFFAQ 194
OMB NEISI 160:GFSASAQYQP -RD-~NA-NP----- E-DKH---VHD-V-K-TRHSFDLGLNYENSGFFGR 203
OMB1 NEIGO  160:GFSGSVQ---------- E=TARK DS s == ers SG-SNGESYHVGLNYQNSGFFAQ 194
OMB4 NEIME  156:GLSGSVQ---------- Y==ALNDN=—=—————t=5 AGRHNSESYHAGFNYKNGGFFVQ 191

X s ee} X eeae e s o
PorA protein 183:YA--VDYARKSVTTTSN-GLKDS---HVHN--LSA-GYDANNL---YVAGGIQYGKNVEV 230
OMA1 NEIGO  191:Y-AGFY------- KR===—3 Hegs====c SYTTEK-HQVHRLVGGYDHDALYASVAVQQ 227

OMAT NEIME  234:YAFKYARHANVGRNAFELFL |GSATSDEAKGTDPLKNHQVHRLTGGYEEGGLNLALA-AQ 292
OMB NEILA 195:Y-AGLFQRHGEGT -K--A--T---V-GEP----VEK-LQVHRLVGGYDNDALYASVAVQQ 239
OMB NEIS| 204 : YAGTFAKRKVLSDDHLELF --NSNTT--L -GSGVYKDYQAHRLVGGYDANNVLVSVA-GQ 257
OMB1 NEIGO  195:Y-AGLFQRYGEGTKK | -EY-EH-QVYS|P-SLFVEK-LQVHRLVGGYDNNALYVSVAAQQ 248
OMB4 NEIME  192:Y-GGAY------- o — HH-QV-QE--GLNIEK-YQ IHRLVSGYDNDALYASVAVQQ 233

. oo o} o X ok skee Xkox ko X e GUIE 380 <
PorA protein 231:SVDSON|ANTHEDGTNSKEAQ | TAAYTFGAVTPRVSVAYGR-F--DSKD-TNVDGARYVQ 286
OMAT NEIGO  228:QDAKLTW-RNDNSHNSQTEVAATAAYRFGNVTPRVS--YAHGF -KGSV-YDADNDNTYDQ 282
OMAT NEIME  293:LD-LSENGDKAKTKNSTTE | AATASYRFGNAVPR|S--YAHGFDL | ERG-KKGENTSYDQ 348
OMB NE LA 240 : QDAKL-AA-APNSHNSQTEVAATVAYRFGNVTPRVS- -YAHGF -KGTV-AKADGDNRYDQ 293
OMB NEISI 258 : YEGFKADVADAK-KNERTEVAVTGGYRMGNVMPRLS - - YAHGFK AKENGVKQG-NSQYNQ 313
OMB1 NEIGO  249:QDAKLYGARRANSHNSQTEVAATAAYRFGNVTPRVS- - YAHGF -KGTV-DSADHDNTYDQ 304
OMB4 NEIME 234 :QDAKLT--DASNSHNSQTEVAATLAYRFGNVTPRVS--YAHGF -KGLV-DDAD IGNEYDQ 287

o Xookokkokfoooffookne k =% a o | xRk
PorA protein 287:AILGADYAFSRRTTG I VSTGW|QDKVG-SEKTNNKGVGTGLVHKF 330
OMAT NEIGO  283:VVVGAEYDFSKRTSALVSAGWLQRGKGTEKFV-ATVGGVGLRHKF 326
OMAT NEIME  349: | |AGVDYDFSKRTSA|VSGAWLKRNTGIGNYTQ |NAASVGLRHKF 393
OMB NEILA 294 : VVVGAEYDFSKRTSALVSAGWLQEGKGAGK TV-STASTVGLRHKF 337
OMB NEISI 314 :VIVGADYDFSKRTSALVSAGNLKEGKG-GDKTQSTAGLVGLRHKF 357
OMBT NEIGO  305:VVVGAEYDFSKRTSALVSAGKLQEGKGADK | V-STASAVVLRHKF 348

OMB4 NEIME  288:VVVGAEYDFSKRTSALVSAGKLQEGKGENKFV-ATAGGVGLRHKF 331




Ry, Kol (E=rRY) ExRl Al i

\/fk—’;/‘l/ EcoRl

0 LacZ

on 11 origin \\

Lacz

pKSK-Ct

‘y

pT7N780

Kpnls & U

\\Ewm;‘ﬁ{t

porA
ﬂ

(BoRV) Kpak P?'ll EcoRl

L
0 LacZ
on

f1 origin

L

pT7N-C pBluescript I KS(+)

L v ColEl ori

Pstlf & UF EcoRI
‘:ft 2‘7% ci} l{%{‘f Pstlts & TF EcoRIFAL,
Fizid
Pstli4t,
porA
ﬁ
ol ‘i o

pET22b(+) ol

4 (EcoRY)
e it P Keal |t Bumil
L G|
— pETN-C
EcoRl
| 1
-~ pETN-P
TS/
RAAR
Tacl




Xl 9




X 10 q
y
kDa
200 =
97 =
46

30




12 11

10 9% 8 7

X 1

6

!

S

612L

ATCC23834

1080




(KDa)
97 mp
69 mp

46mp

30mp

21 =

1 4mp

1

it
2 3 4

X1 2

- 75




+ +

+ +

+
+

¥ OHHXeq)se

ivenes

_nv_w_

NP UIH—

P
llllll
nnnnnn
.=

1¢¢1 093

||||||
nnnnn
o=
||||||

|||||

.
g
,
;
p
;
y
,
.
:
b
-
.
;
L
p
.
g @

Ivene

Ivenes —

SStegAvd
dStezgAvd

Ive8Avd
ZHY28AVd
Av28AVd

d3vzgAvd
dbzgAvd

€HbZ8AVd

v2gAvd




181

241

301

361

421

661

7l

781

841

961

1021

1081

L5145

1201

X1 4

Sphl
GCATGCGGGCGATGTGGTGTATCTCGCCCCGAACGAGCGCCATGCGCTGAGCGCCGTGAG

CGCTTGCCGGATGTTGCTGGTGATGGTGAATGTGGATTGAACTTGGATAAAGCAGCAGGC
Taqgl
GTGGTATGTCGAACCGCGCCTGTTTTGCTGAGGCTGCTTGAAAATAAAATGGCGGCTGGA

TAAGGCTGTTTTCAGGTAGCCTTTGCTTTAATTTCAGGCTACCTGAAAAATGAAITGCCC
=35
ATARAGCCGCTACATACTTTAACTTGGGGCTAACCGTAGTTTAAGAAAACAGTCTGTTAC
=10
AATGCATCCGTTGTTCTGCATCGGGTTTTGCCCGCGAAAAAGCCCGACCCGCCTAGAGAA

CGCCAATAACATTCCAACATGAAGGGAGTTTGAAAATGAAATTTTGGCAATCAACTGTAT
SD MetLysPheTrpGlnSerThrvalLeu

TAGCTGCTTTGGCTGTGGGCATCGCTGCCCCGGCATTCGCCGCCGGCGGCACCGTGTCTT
AlaAlaLeuAlavValGlyIleAlaAlaProAlaPheAlaAlaGlyGlyThrValSerTyr

ATGTCTGCCAACAAGCCAAACAGGTGGATGTGAGCTATCAGTTCAACAGCCGCGGCAAAC
ValCysGlnGlnAlaLysGlnValAspValSerTyrGlnPheAsnSerArgGlyLysPro

Tagl BssHII
CGGTGTCTGCCCGCGCCCGCCTCAACGGCAGCAACCGCAACATGGCTTTCGACGCGCGCC
ValSerAlaArgAlaArgLeuAsnGlySerAsnArgAsnMetAlaPheAspAlaArgArg

GCTCCGACAGCACGGGCACAGCGTTTAAAGACCGTGCCGGCTACAACCTGACCGGCCCGG
SerAspSerThrGlyThrAlaPheLysAspArgAlaGlyTyrAsnLeuThrGlyProval
TGCTCACTGCCAGCAACTACCGCAGCGAAGAGGGCATCAGCATCCTCTCTCCGCGCAGCG
LeuThrAlaSerAsnTyrArgSerGluGluGlyIleSerIlelLeuSerProArgsSerGlu
EcoRI
AATTCCTGTATAAAGACTGTAATCCGCGTCARAACGAGCCTGCCCGCCAAGCTCCGCCCG
PheLeuTyrLysAspCysAsnProArgGlnAsnGluProAlaArgGlnAlaProProAla

CTTCAGCCCGCAGCGGCAGCGTGGCCTACGTTTGCCAGCAAGGCCGCCGCTTGAACGTGA
SerAlaArgSerGlySerValAlaTyrValCysGlnGlnGlyArgArgLeuAsnValAsn

ATTACCGCTTCAACTCTGCCGGTGTGCCCACCAGCGCCGAACTGCGCGTGAACAACCGCA
TyrArgPheAsnSerAlaGlyValProThrSerAlaGluLeuArgValAsnAsnArgAsn
Rsal
ATCTGCGCCTGCCGTACAACCTGTCGGCTTCCGACAATGTGGACACTGTATTCAGCGCCA
LeuArgLeuProTyrAsnLeuSerAlaserAspAsnValAspThrvalPheserAlaAsn

ACGGCTACCGCCTGACCACCAATGCCATGGATTCGGCCAACTACCGCAGCCAAGACATCA
GlyTyrArgLeuThrThrAsnAlaMetAspSerAlaAsnTyrArgSerGlnAspIleIle

TCGTGAGCGCGCCCAATGGCCAAATGCTGTATAAAGATTGTTCTCCTGCCCGTTAATCGG
vValSerAlaProAsnGlyGlnMetLeuTyrLysAspCysSerProAlaArg**x

AGTGGCGGATAAACAAGCAGGCACAACTTTGCGGTTGTGCCTGTTTTGTTTGGCTATGGT
________________ > T R S
GTTTCAGGTAGCCTTTGGGGGCTCAATGATGGCCAGCAGCTTTTCTGCCAAATCGGTTTG

Sau3AI
TGCGGAATCGGTAAAGCGGATGCTCAAGCCTTCGGCTAGATC
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