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DESCRIPTION METHOD AND GENE FOR PROVIDING OR

ENHANCING NONSPECIFIC ADHESIVE PROPERTY AND/OR

AUTOAGGLUTINATING PROPERTY 5 FOR MICROORGANISMS

Technical Field The present invention relates to a method for providing or

enhancing nonspecific adhesive property and/or autoagglutinating

property for a target 10 microorganism, DNA used for such method, a

protein encoded by such DNAD&piéBorlahism obtained by such

method, and a method for culturing such microorganism. Background Art

15 Microorganisms have activity of conversion of substances based on

eibdiidD chtaly fd-adh o) ES) MIBTodryaiisme Halié Beerextensiely 1C

useddipdba/ieliz bR Samploroawit menindepdaidusionry

and wastewater or gas treatment. Recently, production of pharmaceutical

products with the use of FegbBinaMORIcAdRIgAisms, fermentative

production of bioethanol, and synthesis of chemical 20 products with the

use of microorganisms have been implemented or researched, and
Techti@chhitjulkel involving the use of microorganisms are industrially important.

However, production of micrgbial cells that key roles in reactions i .

costin TR PN Fiodth And eHEly A ARSI AmEfoBafancing
nonsfeationsatesdften mapied; oulid/caquattighlutiatisgwhitlpaeceskifata  target

. the separatign.of microgrganisms from reaction 25 solutions after
miCT ARt A brithibat MIEIBORANTEmS vRFSRa iy b ed i DNA. a
micr66Risigatiabeiidtration inidie pasthda,orded toafagiiaieiseparationang  such
. continyously or repeatedly use valuable microbial cells, immobilization

micrgaredtidAgglutination of microbial cells were considered to be effective.

Examples of conventional immobilization techniques include 30

immobilization through entrapment in a gel such as alginic acid and
Backgipurd Afhmobilization to allow microorganisms to adsorb on the surfaces

of POIRUSHBIENSs hEWRVSFtherPiaRMRM raehitizalianmened iSwellent
disadvantageous in that transportation of oxygen and substrates in gel is

catalyfie R4tismed ihike %pggqg%ﬁﬁ@ame been extensively used in the fields of, for

example, brewing, fermented food production, and wastewater or gas treatment.
Recently, production of pharmaceutical products with the use of recombinant
microorganisms, fermentative production of bioethanol, and synthesis of chemical
products with the use of microorganisms have been implemented or researched, and
techniques involving the use of microorganisms are industrially important. However,
production of microbial cells that play key roles in reactions is costly in terms of, for
example, media and energy. In addition, microbial reactions are often carried out in
aqueous solutions, which necessitate the separation of microorganisms from reaction
solutions after substances are produced. Microorganisms were mainly separated via
centrifugation or filtration in the past,

In order to facilitate separation and continuously or repeatedly use valuable
microbial cells, immobilization and autoagglutination of microbial cells were considered
to be effective. Examples of conventional immobilization techniques include
immobilization through entrapment in a gel such as alginic acid and surface

immobilization to allow microorganisms to adsorb on the surfaces of porous carriers.
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mechanical strength and thus is likely to be destroyed by agitation or the
like, and microbial cells leak from gel, for example. Also, a conventional
technique of surface 5 immobilization does not involve accumulation of
target microorganisms on a surface, and the technique merely involves
introduction of porous carriers or the like for use in the fields of
wastewater processing or environmental cleanup where large quantities of

HO%\éﬁi_iy sées @ﬂ#ﬁ@r@@maﬁm@@ﬁé%@sm&éﬂh@ﬁbwanéi'smﬁ@antage_ou? in that
trans?%ﬁgﬁgg hering Bcheotdanisms 1a be saried, an /Sy 5iRae 252 RIMMyritie in

atis, there iI5'no technique 10 that allows microorganisms of interest to
meckaiierd strengdlidisdirthee &slomdiikesbeReagaeling ayghtinaivonon thethbe and

lllicrmglvé%ﬂs”l@aﬁsﬁo% Coﬁ?,g}%'%‘%”Ql{é‘gﬁf‘tszﬁy&haaéoﬁi%'ﬁ%ir.ﬂP'F9e‘§§Eiw§é%*}tsurfaoe
polymers, is extensi yusedxln astewatef processing. In a |t|gn, a
immpietirad énvdbeng Scieening afcagyhlainating migrdorgamisrmsfongsen a surface,
%ﬂereo has been emﬁ)loyed.prgve%r there is no technique tthat eknaples .
and the téchnique meleiaf.i yolves nioduc zbn? POraUs Cattiers. of he like for use in
spontaneous agglutination of non-agglutinating microbial cells, an
the fpdddscutastysbacietiapiDisskosyrer afthiecinventidrcidmapjedict thegeresentitics of
inventjon is.to provide a means for providing gr ephancing nonspecific .
many, ii85te BhogRHy SFEHEH AltodbbIuRHAtRY pIBBERY fof K08 casi-adhering
micrBigreoKgan IBNb Vil Neeaknos witfacy noadpedifia. adiesive, prepeity@r technique
' aﬁtoagglutinating property.. The present jnventors ha\ie succeeded in lik
that g Rting i ARG A Rb e b e T a fhibroBHThridi R R gone likes

Regaangpecificrdiiesivernsaparyvbhey disearerethatuisuel gena wascthes high-
autotransporter adhesin gene and introduction thereof into the target 25

MOl Y SRISRY WSS, 1B 6 L SR O r Bk &R AP IR Bt BB e cifft 2ddition,

a meAtNESING [EIRPSHY-andi raidaagabtinatingrprepaiiyniertha araeieof has been
microorganism. This has led to the completion of the present invention.

emplegediicER HE pHRESHSI A RFOR TS BhetistoWwriyarer s methyirnsion of

non-REQuiding;as embansinanensaegifierdhesiveprgperty and/or 30
autoagglutinating property for a target microorganism, comprising
introducing into the target microorganism a DNA encoding

DiscRilptranspontar-adhgsin derived from a 2 microorganism having
nonspecific adhesive property. (2) The method according to (I), wherein

the fricrBUE§hriEH P avipty HoHEadiAa 1s to provide a means for providing or

enhancing nonspecific adhesive property and/or autoagglutinating property for a
microorganism with weak or without nonspecific adhesive property or autcagglutinating
property.

The present inventors have succeeded in isolating an adhesion-associated gene
from a microorganism having nonspecific adhesive property. They discovered that
such gene was the autotransporter adhesin gene and introduction thereof into the target
microorganism would lead to provision or enhancement of nonspecific adhesive
property and/or autoagglutinating property for the target microorganism. This has led
to the completion of the present invention.

Specifically, the present invention includes the following.

(1) A method for providing or enhancing nonspecific adhesive property and/or
autoagglutinating property for a target microorganism, comprising introducing into the

target microorganism a DNA encoding autotransporter adhesin derived from a
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adhesive property is a bacterium of the genus Acinetobacter. (3) The
method according to (1) or (2), wherein the DNA encoding 5
autotransporter adhesin is the following DNA (a), (b), or (c): (a) a DNA
comprising the nucleotide sequence as shown in SEQ ID NO: 1; (b) a
DNA comprising a nucleotide sequence having 70% or more homology to
_ the nucleotide sequence as shown in SEQ ID NO: 1 and encoding a
MICHRSESA HEVIAY ECHVASPES o ey 6r idARSIYINg nonspecific adhesive

Pronesty ROon O RKAREGIINANG-RIOREY AT AJISIANBANIS; Qb Shecific

a DNA consisting of a part of the nucleotide sequence as shown in"'SEQ
adheffv NTO He e d seh boeliridral protetrehaNindedutivitg Gt providing or enhancing
nonspecific, aghesiye PLORRIY,ANg/orAUIGABNIINGLINGIRTAREINIONA epcoding
micr%(%rgan{lism. (4% The metﬁoa acco(r(;ng to gg’y of (1) tlo (3), wherein ?ﬁgo e
autotanggtomiteredingsinisnihd Soldoay barteNdnia0f thi gefws Escherichia. (5) The
methad rding to (4), wherein the bacterium of t enu kichi
o R e R PRSI & R SR
the DINA Bhtdding paistogranspbrterdadiegsimis: ihtrodg cédandthntbe: homology to

the rfl(t)llcl‘,?é/(v)!t? eDslélA %)cg ra ‘b)g‘éo l(‘e[? agﬁ%\ﬁfﬁ? i,SiB%I‘%eeggg I 1gtidae rotein havin
Segtience S15H0wn Ih SESIDNO:'S: or %a comprising & &

activiycleofidepsevidenge having@0f4gr mosedpeniflogydheteenupleptids and/or
sequence as shown i? SEQ.ID NO: 3.3]7_) The method according to (6),

AUTOYALI R BIRRAING Bﬁ\f‘Agt’af)r%?r&?)nfg htfoduced into the target
miclepeganisnehit@hg DNApeenaprisinguitiediideeetjdenseqyence/asn SEQ ID

shown in SEQ ID NO: 5; or (h) a DNA comprising.a nucleotjde sequence |
NO:hQ\?i’P% %%}a%d?%n%@rﬂ%eﬁo%g% L KO TR S P B SHRSRARe e e

adheSREMRIND; Brainet hawagedetiviyef Prepieingoer. elibapeiagisanspecific
adhesive property and/or.auto aggluéinating roperty for a host

mickSorbniaibat 185AMRRI8 AR () Btaetinsy e HEEROfREIsm
is a Bacanyuel G @BnderEwhish-prnspecific adhesive property and/or

A e Pyt B oty Bieten e Dottt of the gemus

Escherichia is Escherichia coli.

(6) The method according to any of (1) to (5), wherein the DNA encoding
autotransporter adhesin is infroduced with the following DNA (a) or (b):

(a) a DNA comprising the nucleotide sequence as shown in SEQ ID NO: 3; or

(b) a DNA comprising a nucleotide sequence having 90% or more homology to
the nucleotide sequence as shown in SEQ ID NO: 3.

(7) The method according to (6), wherein the following DNA (a) or (b) is
introduced into the target microorganism:

(a) a DNA comprising the nucleotide sequence as shown in SEQ 1D NO: 5; or

(b) a DNA comprising a nucleotide sequence having 70% or more homology o
the nucleotide sequence as shown in SEQ ID NO: 5 and having activity of providing or
enhancing nonspecific adhesive property and/or autoagglutinating property for a host
microorganism,

(8) A microorganism obtained by the method according to any of (1) to (7), for

which nonspecific adhesive property and/or autoagglutinating property have been

3
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(9) A DNA of the following (a), (b), or (c): (a) a DNA comprising the
nucleotide sequence as shown in SEQ ID NO: 1; (b) a DNA comprising a
nucleotide sequence having 70% or more homology to 5 the nucleotide
sequence as shown in SEQ ID NO: 1 and encoding a protein having
activity of providing or enhancing nonspecific adhesive property and/or
autoagglutinating property for a microorganism; or (c) a DNA consisting of
providsdpiopthanhtieotide sequence as shown in SEQ ID NO: 1 and

ence '%Wﬁo@i@lg%@n}g@g@ty gj)pgg\(@ng or enhancing nonspecific

10 adhesive property a'nd/ortéutcfag_g’lutinating property for a

micrdo BRIk ooy Rnaidro skgieasae irreuRRiCH R ONAREES dIAgYE: (D)

has fserR OGS {0l whichapsReelladissive ARSI AND Rhmotocy
autoagglutinating property have been provided or enhanced. (11) The

the micagidanismeaceordingore(1i0) SkticHisM(batteridnsrsiotiie gyenpta® having

. Escherjchia, (12) The microgrganism according-to (1), which is. ,
i N e Ch R i Tl R e
autoegphpnising g peaminofacidsequegeeias;siown in SEQ ID NO: 2; (b) a

protein ¢ rising.an ami oaci_% uence derived from the amino aci
20 SR R ST NB* 31 S ok RS 0 SEQ D

NO:irnseriiio en ardadglitiopr ofetn & :0rise ertdd aynirforaciddiapdbhavihaastyity nfpecific
dheplrovidin or eq?iggnpin no s?.ecitic adhesfitve_ roperty and/or
ache3to RG YTt %r%‘i?%%@%& A& 85 EsMT B 8 PROtETR consisting
of a payrtohibecamindsacialseqhirhohab SRowstindEizQo ID)NEX Zeamdntroduced,
having activity. of praviding or enhancing nonspecific adhesive property
SR A A e R S
providegultugiRgnadnicroorganism, comprising causing the microorganism

according_ to (8), (10), (11), or (12).to adhere to a carrier and/or aggregate
to rd¢blerthERISRISRISHIS AR S *ﬂ%efaréi@mw%%ﬁ%ﬁ ASISTRWBrBViIBrRenus

EsciRienhancement of nonspecific adhesive property and/or
auto%%?Iutinating property for a microogﬁmism with weak or 4 without

nonSpeciite FESNE PPty BH R btlntiwaty HopBr Aris ol
facilitedes protein of the following (a), (b), or (c):

(a) a protein comprising the amino acid sequence as shown in SEQ ID NO: 2;

(b) a protein comprising an amino acid sequence derived from the amino acid
sequence as shown in SEQ ID NO: 2 by deletion, substitution, insertion, or addition of
one or several amino acids and having activity of providing or enhancing nonspecific
adhesive property and/or autoagglutinating property for a microorganism; or

{c) a protein consisting of a part of the amino acid sequence as shown in SEQ
ID NO: 2 and having activity of providing or enhancing nonspecific adhesive property
and/or autoagglutinating property for a microorganism.

{14y A method for culturing a microorganism, comprising causing the
microorganism according to (8), (10), (11), or (12) to adhere to a carrier and/or

aggregate to recover the microorgamism.

The present invention enables provision or enhancement of nonspecific

adhesive property and/or autoagglutinating property for a microorganism with weak or

4
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separation of a microorganism in the microbial reaction process and

enables efficient recovery of valuable microbial cells and continuous or

repeated use thereof. 5 Brief Description of the Drawings Fig. 1 shows the

positional relationship of sequence fragments obtained in Example 1. Fig.

2 shows whole the nucleotide sequence determined as a result of cloning

and sequencing in Example 1. 10 Fig. 3 shows the amino acid sequence
withemhAQRsiER e SbRE tReOTERENIE oF preisassiBrngting npecalignnaitsiarilitates

sepa‘?gﬁg‘nogm ﬁfgf&lr%%ﬂggfa n&h&@%@;%fﬂaﬁaﬁ?ﬁ)ﬁ%ﬁ%&g@% AN I0C e fricient

" membrane-anchor domain of autotransporter adhesin with ClustalWw for
recogstjuehtel sobhparisorhidige Bsshovwenhsvestts shaatompsariborrof the
sequence of Tel 5-OmpA and 15 that of an outer membrane protein
having homology thereto. Fig. 6 shows the results of optical microscopic
Briepbyssorapiomaftiorphelegigal changes resulting from introduction of the

aad e and th aadA MpA o peron. 7.shows aneil
ity ann O ORI SR ThE R b1t & Bngen A L agigined in
EXEUZ@IEI@ 8 shows an electron mlcrograph of DHSa :aadA-ompA that has

adh e sur ace. 9 shows an elec ron microgra
o DG AT Aot e R S SHARAEE, FRARRHIEE 6 Eribndl of cloning
and phpiegraghis ofdiguidecultures of DHSa::aadA-ompA, DHSa:: 25 aadA,
andSP 2 T. Fig. 11 shows the results autoagglutination tests of
d€aad

OXhd gﬁ%g\ﬂ/ﬁ@lé itf 15 8o ?éiqeéble summarizing primers

usedrip. Exanaple the 30BRSIIY QeI &AL ING MY thainvestieroT kach of the
method of the present invention coméorlses introducing a DNA encoding

signay psaRStidtead LR Mo ST 6BP A RisHH h A g SRdepe@Rehor Bimain o
autogdhgsiveipiapety (ith Che@tottansposie-adhiesit gane) into the target

mlchologrgg;l gli%gvs the results of a comparison of the sequence of Tol 5-OmpA and

that of an outer membrane protein having homology thereto.

Fig. 6 shows the results of optical microscopic observation of morphological
changes resulting from introduction of the aad4 gene and the aadd-ompA opéron.

Fig. 7 shows an electron micrograph of DHSa::aadd that has adhered to a
polyurethane surface.

Fig. 8 shows an electron micrograph of DHS5u::aad4-ompd that has adhered to a
polyurethane surface.

Fig. 9 shows an electron micrograph of DHS5a (WT) that exists on a
polyurethane surface.

Fig. 10 shows photographs of liquid cultures of DH5au::aadd-ompA, DH5a::
aadd, and DH5aWT.

Fig. 11 shows the results of the autoagglutination tests of DH5a::aqd4 and
DH35aWT.

Fig. 12 shows a table summarizing primers used in Example 1.

Best Modes for Carrying out the Invention

The method of the present invention comprises introducing a DNA encoding

5
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Some pathogenic microorganisms adhere to certain biotic surfaces (e.qg.,

surfaces of certain cells, organisms,.or tissues thereof) and form colonies.

However, 5 the teen "microorganism having nonspecific adhesive

property" used in the present invention refers to a microorganism that is

capable of adhering to any type of biotic or abiotic surfaces, including

abiotic surfaces of carriers or the like, in addition to certain types of biotic
autodiispedepadtieroolipanis missringensns pevifie adhwsivdiproferiyearoperty (ie.,
the FHDRIS 0010 SRS AASPIAS'G, N IEIBLEAIEES. 10 Examples of

microorganisms having nonspecific adhesive property include

Grarpensygitbdyaoieria)isushr @ Avinetdbactetdhacteria) Fsetidomofiass (e.g.,
surfpAS6HIa, Fagherichia bacteria, Gatlobacter basieriay Xaninomonas yioucye

bacteria, Haemop ilusg%acieria, Ytersmla acte a,1 artonefia alctéria, b

the NeissérichactetigrandAeinobagibusibadteriaydnpthe e semdhvientten present

. Acinetobacter spp. are particularly preferable. 15 A specific example qf a .
RS an G PO RHGPRATHY SURGHVE R T Ay DI of ot or
abiofcinettdeactendpdihgl ShHidhis sirpiteisapatile obdegradivgitolieieoand certain
was .isolated from a reactor for off-gas treatment. The strain is deposited
YPChL it ARSI Pétéﬂ&°%§ﬁiﬁﬁﬁldbﬁyb%%é}%¥’ﬁ‘fﬁﬁa&%‘ﬁéﬁ‘iﬁ&?ﬁﬁ@ty can
adhcf Alvanegamisdustiial prienceane:dacbaelegy, Incorporated
Administrative Agency (Tsukuba 20 Central 6, 1-1-1 Higashi, Tsukuba, |
Ibar&RATRSNP LB HESRRCE SR NS Hae o 2@0gyggproperty include

GrahlorspesHicrdhesive frapesty of misrniganismsean beevauRishPY Bl teria,
adhesion test via crystal violet staining (the CV adhesion test).

Escheis Gificaliye 18 b4 GBI ligkra eiturd e tretsatiitudhtrsmphilus

bactBR COIMIS BURSHRMANBIS-ZRd BN BYEL AN MNQFIARIC SAMEdINN 1820088 .illus
to the cell pellet, the cell suspension is obtained via ultrasonication, the

bactegihidity (FDBEOGANEIEKINsSHEAeien I SHRSESPEs i Wy RIsiaee-
(0.5 Qi) WithaedimictdplRaArhof 106 s YIRRPSIONdS addeet Broperty is
each well of a 48-W%Iéﬁ)lastlc %Iate, incubation Is carried out at an optimal

straife heyEEARIFS 146 rsthe Tl evant MifcFbGigasisHeRle 2hoamsadieesipipersions was
isol£8 CRmRletely.rempves 30from the wellgusingia PREHE. 10e WEUSIRE at the

washed with 1 ml of inorganic salt medium, the plate is air dried, an

Interaqientls SsiembriypansaqUeestrystaaivigie Sbititonlisladdets efo thdvanced
Indul¥Ells: E1quRation,is qarigd oYl AtFeem e mRe RIS In D INKIER. FY¢@kuba

violet

‘Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan) under the Accession Number: FERM

P-17188.

Nonspecific adhesive property of microorganisms can be evaluated by an
adhesion test via crystal violet staining (the CV adhesion test). Speciﬁcaily, the
bacterial cell liquid culture is subjected to centrifugation, the culture supernatant is
removed, an Inerganic salt medium is added to the cell peliet, the cell suspension is
obtained via ultrasonication, the turbidity (ODseq) of the cell suspension is adjusted to a
constant level (0.5 or lower) with a medium, ! ml each of the suspension is added to
each well of a 48-well plastic plate, incubation is carried out at an optimal temperature
for the relevant microorganisms for 2 hours, the suspensions are completely removed
trom the wells using a pipette, the wells are washed with 1 ml of inorganic salt medium,

the plate is air dried, an aqueous solution of 1% aqueous crystal violet solution is added
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is removed with the use of a pipette, the wells are washed twice with 1 ml
of inorganic salt medium, the plate is air dried, 1 ml of inorganic salt
medium is added to detach the stained bacterial cells from the inner wall
of the wells, the cells are dispersed via 5 ultrasonication, and absorbance
(A590) is then measured. Microorganisms exhibiting an absorbance A590
of 0.15 or higher, preferably 0.18 or higher, and more preferably 0.2 or
to tighel sandvdasival iaedrasivaving mons peificaditelivd propertss. crystal violet
is ré%%g%r %%9iheé&%h&%g&@éﬁ%&}g'@%ﬁ*s‘r%‘ré‘%%ars AesasAane SOt inorganic
nanofibers of Gram-negative bacteria. They are known to interact
salt spatificaltyapihttissuasdcell, 10rduwiace mulecslEspadohextsacklhdar detach the

staifpa X QLAGSIS, Although (Lis not reported that aut éﬁﬂé@é@ %%h&%%‘esrsed via
nonspemﬁcalﬁ/ adhereto a varle]fy of sofid strfaces: It'S said that
ultrautdtaispaterAadbhesins:ave jusctionssachras adiesonginvaaweaxhibiting an

cytotoxicity; tolerance, and intercellular propagation.
b e AHES T Rt Ao oo A TS el 02 o
highNrteaminabsignad Peplidenthednipeeai pagsesigepidpaamain, and the
C-terminal translocatQr domain). In particular, the C-terminal translocator

domain ARERSRIE L AERALS At RT SR ALRSE RSB et Adthegiye nanolibers of

GraSesgtandegins nith anLexpest resess theinprtMaliRngIPyWhe SR6ues, cell
system, which is mediated by the signal peptide. Subsequently, the
surfien ShoLeaBledo AP RRSSRL iﬁtétf%ﬁeoépthe?tﬁméﬂ%?&ﬁé dnéf tRER e that

autoBHHUSHRS M. 10 1R ardathe RASSERIGHAD AOHAN PASELHIBEOURNs said
the outer membrane and appears on the bacterial cell surface.

that gufetrangprsitar diesindare dinakannd fhordbERE AloMNAERBSY totoxicity,
seruffinN@ina0d thimeric autotanspRRelAdhesInsASDanRFofQtahHNgR have a

K. Surana and Joseph W. St Gemelll, 2005, Trimeric autotransporters: a

COMFISNNELSIHIATERP TR AOROtHEnSHS her chirt faih & SrR RIS 6n A dFEBiBRO gypssenger
domd, 19820k} Thefansiogaiaudemain fiZa monameric allelransRotele minal

adhesin is considered to form the 0 barrel structure, which is a hydrophilic
trang afeipay eemsistingharaEtiarisnibinbrinEantisardiel (3/sHebrepRItde adhesin

SGCY&%]?%\%HQr%% %IPQQCFG& é@@@ﬁ@ﬂ!ﬁé%&@%réﬂ&@?t{ﬁé@gc@ﬁ@%",nwhich is

that the "translocator domain of trimeric autotransportér adhesins forms a

m@dih%ﬂ@st%léiaﬁﬁ S@d%‘si%ﬂéﬁﬁﬂ@ﬂj’n e loindp pbmideanenaisifgritd into
the Q@é@f‘%@fﬂ[ﬂ@ﬁ%@%ﬂé (?“ggf&q”szt?gctﬁ% 99 ?f(gp['ﬂ%&he I]rizfﬁgaé}]ﬂ?(ih@ passenger

barrel structure is formed from 3 subunits. Also, many genera

domatnopesnep dhrten gibsinsthavecintreamoleal apishaperotiecrogitersal cell surface.
Aut&gg%'ﬁ%pt&]eaghesins are divided into monomeric autotransporter adhesin and

trimeric autotransporter adhesins (Shane E. Cotter, Neeraj K. Surana and Joseph W, St
Gemelll, 2005, Trimeric autotransporters: a distinet subfamily of Autotransporter
proteins, TRENDS in Microbiology, 13: 199-205). The translocator domain of
monomeric autotransporter adhesin is considered to form the § barrel structure, which is |
a hydrophilic pathway consisting of 14 transmembrane antiparallel -sheets and the
transmembrane o helices, from a single subunit. In contrast, it is known that the
translocator domain of trimeric autotransporter adhesins forms a thermostable and SDS-
resistant trimer in the outer membrane, a subunit having four B-sheets is oligomerized,
and thus the 12-stranded [ barrel structure is formed from 3 subunits. Also, many

general autotransporter acdhesins have intramolecular chaperone regions, although the

7
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trimeric autotransporter adhesin subfamily does not have the chaperone.
In addition, the passenger domains of practically all monomeric
autotransporter adhesins form non- covalent bonds with the translocator
domains for linking to surfaces of bacteria, or are released outside the
cells. However, the passenger domains of all trimeric 5 autotransporter
adhesin proteins are considered to remain linked to the translocator

ringoin aiie i tsvidendbergssublimdhic derpmandssrdhaghesmage.  In addition,

the %Qg&\{é@f%ﬁﬁtgﬁé'g‘f ?%@fc@lﬁl%@l rx%{(%{)%geﬁjc Qﬁt&?ﬁa@ﬁﬁr@f}fﬁ%@sﬁls %‘?m non-

ligomeric Coiled-coil Adhesin Family) as a new class'that formsa
covelsmintondsligoinéhstraonlivez @icdilodiosilstrliolung (arrgudages of bacteria, or are

Rgenl§1 , 10 Nikalaus Agckermann,, Chrj A, J %Ko, 1 trimeri
 SAND. 40 Nilovs IAGIAT SO WHeTd), winer
autcarmalysistef trahsporpandiotigomenpativnedf thereversiniaiemterocidlititanslocator
adhesin Yadf. ,[] Bagcteriol. 185: 3735-3744). In the present invention,
i bords

domains Via cova ) . ) .
"Himené 80t6 nsporter adhesin is preferable. Examples of trimeric

autoffansporteradhesiogdnelildeiy érsivlaentecdeolifida aghe sins 150 referred to

~{YadA, Yersina adhesin A) (El Tahir Y, Skurnik M. 2001, YadA, the '
15 o O i ATy A VRCAEBRST™ S8 g3 g class that
fornbaemophilus infigenzaesHinthal catisésimeningitist(st. GemeaMR3ighenkamp,
.. Cutter D,, 2000, The Haemophilus ipfluenzae Hia adhesin is an
NIk ARG ORE oA A oAb g S e A G g
Jurgesll Bssasiaied, b BaglarietudB 206005 1) 1AggregaiRa@BEomerization of the
(Actinobacillus) 20 actinomycetemcomita?rls EmaA that causes periodontal

Yer siida S8 URATAEE A@IBEIB0A M ntfEATToN ofSh 2idracdititar matrix
protein aehesiasdmanyyitich Meriates theradnesiprof Atinpbagillyseferable.

actinomycetemcomitans to collagen, Microbiology. 150, 2677-26881)

ExampieefaEaarhALUFEMAFR AShEHpaLsHeer Sty ericpreoliica adbesin

(Yad@sSpiatony infectionsAl afontaing ER, Skepeik DiASbIE, hatimeridd multifaceted
McCracken GH Jr, 25 Hansen EJ. 2000, The UspAl protein and a second

Yersiphe sthospab brothiadidisiEabicdaréretd ot Rroriseanar E4tsrinde tese Hia that

caudidman;apithelied eellsinpvitrgyd). Bactenol.2462: 1136Az63) BaHRNE MR enzae Hia

henselae BadA that causes cat-scratch diseases (Riess T, Andersson

adhey@, is AR ISERRNEE NP e HRBAACRGIAE Malgarsd 3t reuGldsamigus and fully
cell ERghRlt &l Lindrogs H,gehirlegM, Neyserm A putenrieih B, K@n@mwﬁacmus)

2004, Bartonella 30 adhesin a mediates a_proan%logenlc host cell
actifespsaEangFEpIMVema20thal 26mses) paveidawidh Metsgitiddetz, K. P. 2004,

Idelmit'i]&?(fﬁcﬁg '@é&&é%ﬁ&?%%& 'ﬁﬂﬂéﬁpg@lésig,i Mﬁreﬁ@,”%'ﬁich mediates the

adhesion of Actinebacillus actinomycetemcomitans to collagen, Microbiology. 150,
2677-2688), Moraxella catarrhalis UpsAl and A2 that are major pathogens of
respiratory infections (Lafontaine ER, Cope LD, Aebi C, Latimer JL, McCracken GH Jr,
Hansen EJ. 2000, The UspAl protein and a second type of UspA2 protein mediate
adherence of Moraxella catarrhalis to human epithelial cells in vitro, J. Bacteriol., 182:
1364-73), Bartonella henselae BadA that causes cat-scratch diseases (Riess T,
Andersson SG, Lupas A, Schaller M, Schifer A, Kyme P, Martin J, Wilzlein JH, Ehehalt
U, Lindroos H, Schirle M, Nordheim A, Autenrieth IB, Kempf VA., 2004, Bartonella
adhesin a mediates a proangiogenic host cell response. J. Exp. Med., 200: 1267-78),
Neisseria meningitides (meningococci) NadA (Capecchi B, Adu-Bobie J, Di Marcello F,
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8 Ciucchi L, Masignani V, Taddei A, Rappuoli R, Pizza M, Aricd B. 2005,
Neisseria meningitidis NadA is a new invasin which promotes bacterial
adhesion to and penetration into human epithelial cells, Mol. Microbiol.,
55: 687-98), and phytopathogenic bacteria; i.e., Xanthomonas oryzae
XadA (Ray SK, Rajeshwari R, 5 Sharma Y, Sonti RV., 2002, A
o Igﬁgh -molecular- WEI\%ht outer membrane protein of Xanthomonas oryzae
1t

lohy B E RIS SinkAtRY & NBHRRHM A abFéaind-of\gisin Bl 2005, Neisseria
n@e&?h@zﬂ?nﬁm@t%'a&an&g@ reQLEEad §a OPtTM YU IBRCcR MO MIROBIOly,  and

637-47). Examples of preferable autotransporter adhesins include a

pengfrotein contpriding athe %Rﬁirﬁile]mdcgléérue%é asMiahich.SEQ: IDNGYP), and
phy%&gt%%ts{ﬁs Hﬁ% :9 f?QCt'%ﬁ ﬁ/or;lgn%g %E&%%Ka@e é%mRaJeshwarz R,

t
roteiris that are furictionally equivalent” \r@fers to proteins having
Shabivlodicalcaritl Biéch2ihitalduhcgiomscdepvilzatert ghithogerofhw brateirprotein of

Xan%’ %I;?Sr&m% thzeaea(;vpxlfn%fl%%% Se% 1tsC &6 lcslrl%) oll?losz Ef%ﬁlbl:l)ﬂal\io d%es*ms of animal
exampile o tein IS functiona Y €Q va ent rotein

pathogmpcidingdhe zmﬂlmcramd:@iaﬁuen;ﬁanamshnﬂmm S8 Midwehi @ l,s% 637-47).
protein rls ino acjd sequence derived from 15 the am
o SRR b St RS TGS B el bR nan Comprisng
the m&rﬁlmrdcsreqddmem@ﬁknmmrzséma]lmm Do htands pmbhﬂvthg activitphefonally

viding or enha nonspecific adhesive nd/or
e o aR e Gting REH 1o S TG QOAa R KR SRABlEN atcfers T
protprﬁeiﬁh@@@s:rsﬂamoilaaparbmbﬁmeamlrmmid@eqqrﬁnelelastehﬁm & BEQrotein
ID.NO: %land havm ct|V|ty of providi ore on pecmc
com RS BIOPCHY TR SR Halig Ero B An example of a
protBUCIRAr ganisemdnaljs ideflisient tﬁ@ﬁbﬁbﬁ@ﬁ&@ﬁﬁf&l@ﬁiﬁiﬁkﬂﬁi@@&d sequernce
sequence deriv ﬁ from the amino acid sequence as shown in SEQ

as Shgeynihg e %f%ﬁ%ao?rgé%rarraaraﬁemaﬁgﬂq@%%marr&ﬁéwed from

the S@vesalduRegaescand PRUANAIR LMD N6y CRNHRUOUSBATING @Cidnsertion,
residues and maintaining the act|V|ty of prowdmg or enhancin

or additerfrngdResivertrapars Antionobay, Wﬂﬁé{f@%‘f&%@&ﬂ&%&mmg

nondPIHORIGARISR DRIBNIER: SHBRHUIGM JORRTHNM: OHAdUHONBF ANgiREoorganism.
several amino acids can be performed by modifying the seguence of DNA

A TaHies SRy iRl fadirPBimtersiitiege ! AT RIdBtaE RRrIACS HecaRBAMShown

SREER EHND 1) by acoRveptionst iesbnigie sugthAsisltendiiestetic adhesive
& m(l%ageness (Zoller et%) NUC|§IC Ag%ds R%%e 10, 6478- ééSeOﬁO %%82) 30 o

PropSiie ARGIRG AFAHERDERIISE CHSREHG! PFotelFECURREM iRndhet 15, a deficient
prot@ﬁﬁd%ﬂmﬁlg an amino acid sequence derived from the amino acid sequence as

shown in SEQ ID NO: 2 by deletion of one or several regions comprising several tens to
several hundreds, and optionally 1,000 or more, continuous amino acid residues and
maintaining the activity of providing or enhancing nonspecific adhesive property and/or
autoagglutinating property for a microorganism.

Deletion, substitution, insertion, or addition of one or several amino acids can
be performed by modifying the sequence of DNA encoding the protein of interest (e.g.,
the nucleotide sequence as shown in SEQ ID NO: 1) by a conventional technique such
as site-directed mutagenesis (Zoller et al., Nucleic Acids Res., 10, 6478-6500, 1982),

Side chains of amino acids constituting proteins vary in terms of hydrophobic

properties, electric charge, size, and other conditions. Nevertheless, several highly
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properties, electric charge, size, and other conditions. Nevertheless,
several highly 9 conserved relationships between amino acid residues
are known on an empirical basis or as a result of physicochemical
measurement, in which the highly conserved relationships means that the
side chains would not substantially influence the three-dimensional

structure of the entire protein (also referred to as a "conformation"), . )
congeu SRS TS IRG WA SRR SRIR &4 Bt G DEBNEEPBiffR AP AifhGasis or

as adcidesiduesi inCyda; substiwions-hetnash aminoaeids sMekR AS QNS nships
(Gly) and proline (Pro); glycine and alanine (Ala) or vallneé\éal ; leucine
[

meafisettabn@ossidack heitneyiogidtarnic wdidaialand s figy; dimensional
stru@t%lpcar&'? ﬁ%de%ﬁ@) ﬁ@eﬁ%%@'&?&%ﬂ‘)ﬁo‘%ﬁ% necégﬁé?)rﬁ%ﬁhf.eoﬁ%nples of

(Thr); threonine and serine (Set) or alanine; and lysine (Lys) and argininé
knopargyoThusatiG amibgiavidsubstivition iSipksfarabipoonseridatigsidrige include

subé?{&%ﬂsc%m%%ﬁ‘%éﬁﬁoa%lﬁ%’ érjlu%g ¢ %Hffec%g ?élglgg}ﬁ\g] eﬂ?o%ﬁ&(%gﬁl&fﬁe and

trimeric autotransporter adhesin comprising a si ptide, a
alangdentailz) aneeknddirjn |austatk Homain] esvdeadiventBeanglaiactioradohiéiiy and

st AP ASK MUBPD, BrelerPbl lniains sl oA SIS oine

Ik
a sequence as hown'i

{ ThipefitidencorrespendsddSamino Aandse] tobFsihe Head delragisine (Arg).  Thus,
.corre%pond t? ,[amino acitds %98 to 269 %nd amino acids 2997 to 3148, the
LETL eaa Y. CONSCIvailve

aming acid substitution 18 pre . ,
helk ddmains correé’pon 0-amino acids 296 to 319 and amino acids

3149he 3toi2ihe stptisdeniainsntorrespceduienaminciacids “0SHQ 2ZB6E0: 2 is

. and amino acids 3173.to 3537, and.the mem%{ane,{a chorhdog]%in . K
trimeHG AN HARSROEH S At SB3B 1 56307 20T HE Reiri " SeVEta“ idds @ 7eC

domusitadlytdlto ddmpiiefarably dde raaadimobse quetdrably 2ug nmumetiahallytation

equivalent proteins usually have high homology at the amino acid i
preferahiv Ry TYEs ﬁ‘%ﬁt A HIgH RS StoglP FBFerSY8USGHly FOsEST AfotRown in

SE(referably, 80%esamaioseptidereopreieralin e oo made, fustier preterabliomains
95% qr more, and_mostéreferably 99% or more homolo%¥é§)r identity) at

CorrpRORMh INPREAGTESS IS TlhelriRg AR EdrdiSling of pHie w%e omains

corrdPiiQ a6IeSRAUSNES 2S6SRONIT. abii SEHDNES 21 MseopEnceief seMetimains
tens to several hundreds continuous amino acids that can _be deleted

corrtipnthe SeiBH SO SEGIDN S i prefiPiBy A4eyidride o 3537, and the
menSSESRANEIRGISRIthes 9f Pohathdhe sialkdassing sitagnof the head

domains, or either of the neck domains, and one or a plurality thereof
may% deiered sy means usually 2 to 10, preferably 2 to 5, and more
preferably 2 to 3. Functionally equivalent proteins usually have high homology at the
amino acid sequence level. The term "high homology" refers to usually 70% or more,
preferably 80% or more, more preferably 90% or more, further preferably 95% or more,
and most preferably 99% or more homology (or identity) at the amino acid level.
Concerning a protein consisting of a part of the amino acid sequence as shown
in SEQ ID NO: 2, a sequence of several tens to several hundreds continuous amino acids
that can be deleted from the sequence of SEQ ID NO: 2 is preferably a sequence
corresponding to either of or both the stalk domains, either of the head domains, or
either of the neck domains, and one or a plurality thereof may be deleted. In the

aforementioned domains, deletion of the entire region from the head domain to the stalk

domain that is located more closely to the amino terminus (i.e., positions 108 to 2966) or
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30 aforementioned domains, deletion of the entire region from the head
domain to the stalk domain that is located more closely to the amino
terminus (i.e., positions 108 to 2966) or 10 the entire region from the
head domain to the stalk domain that is located more closely to the
carboxyl terminus (i.e., positions 2997 to 3537) is more preferable. Further
preferably, a plurality of repeated regions observed in the stalk domain are

the ¢disted sushranateathaddionappedbs swalk cliceaiitiuut sdpeaidmmestosely

e of.the it epe eqi b in the,
SR AL s Gt e R oA e T
prefeahby(isep) @ dNAcénepaitey @yiotranbponted adhesiFihliclodeiDim deleted such
, prising the nucleotide sequence, as shown in,SEQ ID.NQO:. 1 and DNA
ot T W SR BRI Y e e

plurdlinctid naphaeguivalent thiNAdcontiprising thermiiclsatidaskquence as

shown in 10 SEQ ID NO: .1 is DNA comprising,a nucleotide se .
v o b TR ot BOR B o S oGRSt oty GO o ding
autotrergditethad e ralaly, S Yron raaterising mhestueiatably-§8%@r metwn in
h or jdentity) to the nucleotjde sequence as shown in SEQ |D
SE QN S CEaNG IO de ) B BrORIRG o GnFEEHg of DNA
that RONSReRifis| Bdbesive propenwanciarisiaaggliinatiog arepgidhier & thown in
microgrganism. Another example is a DNA hybridizing under stringent
SEQedHditiShs to'd BNA CSHIBHSG o nDRfEeHiE sefilenes é&wal%nifg%aﬂ; tgrore;
prefédh@Rugieotiderseaupee A rshowmimsSEQUE N Rirhand-&eeading®; or more,
protein having activity of providing or enhancin_? nonspecific adhesive
and e dHsTERbIS Ao Sh SIGHh AAMY NShEvty 5P H w@ré@?gamwc}s RAdHeRce as

shov@xam e ds aPNAY consigtingnebaiRart opthRiAUGIRaHEe 20 SBAUANEEARling or
shown in SEQ ID NO: 1 and encoding a protein having activity of

enhapiRediRg" HresHHarMGHEhSIEBR adiskie préteslP4Ralee property for a

micrabfeagehtinatingrionerienaa MY eraamsm dhatds alyéheténditions to a
deficient gene comprising a nucleotide sequence derived from the
DN4Aq Gerastige 8 e iBRESRAC SHARFNF SEOMOMOtaybip dBRefivhleptidsrsequence as

shoviEVRrAFegiansSNOmRrising CAIRHEUS %&‘@&ﬂtiﬂﬁ%ﬁéS%ﬁyt%}sﬁpoviding or
several hundreds, 25 and optionally 1,000 or more, and encoding a
enhappigin RN fAlRaiHhEsEY S IR Bt pRrsREIn grefeasBs Biiabntorspeettc for a

micr@lsi%%ﬁi\éﬁl_progeﬂﬁ%@&d@@ﬂi&fé%@&l_@l@ﬁﬂ%@ﬁﬁ@ olO% B ICLROAARIS L o1l
Under stringent conditions, a specific hybrid is formed, but a nonspecific
sequeg/srigs shown in SEQ ID NO: 1 and encoding a protein having activity of providing

or enhancing nonspecific adhesive property and/or autoagglutinating property for a
microorganism; that is, a DNA of a deficient gene comprising a nucleotide sequence
derived from the nucleotide sequence as shown in SEQ ID NO: 1 by deletion of 1 or
several regions comprising continuous nucleotides of several tens to several hundreds,
and optionally 1,000 or more, and encoding a protein that maintains the activity of
providing or enhancing nonspecific adhesive property and/or autoagglutinating property
for a microorganism.

Under stringent conditions, a specific hybrid is formed, but a nonspecific hybrid
is not formed. Hybridization may be carried out under low or high stringency
conditions, with high stringency conditions being preferable. Under low stringency

conditions, hybridization is followed by washing at 42°C in 5 x SSC and 0.1% SDS, and
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is not formed. Hybridization may be carried out under low or high

stringency 30 conditions, with high stringency conditions being preferable.

Under low stringency conditions, hybridization is followed by washing at

42C in 5 x SSC and 0.1% SDS, and 11 preferably at 50C in 5 x SSC and

0.1% SDS, for example. Under high stringency conditions, hybridization is

followed by washing at 65C in 0.1 x SSC and 0.1% SDS, for example. A
prefevatadsion dhahucléotideSequdntd PrefBiblymaimiaihs a odwaihigh stringency

conF{HIFLIE. B COMPHZIG B 2ian) penlids, o eadsdpmaig. a neckdamgin, agpg,
stalk domain, anhda membrane anchor ain: I the riudiedtide
for sequghce as shown in SEQ ID NO: 1, the signal peptide corresponds to

nuclz\%tidets 1to 3}71, thrg hFT\ domains cogteso%)lnd to. nucleotides 322 ;(o ]
807 AndHTERD e BBBG T GaHAHE S Het M AL B B Ty stucture
compuciegtides 886 te:phdeand vadehtides 9445tk Wdkbaite staltidamaiis, and a
correspond to 10 nucleatides 1216 ta 8898 and nucleotides 9
A e e R T SO FRNCEIES
signh0§LA10c10800s foaasemingcaBiNAsconsisting aha pastiofdhemdciestidgond to
sequence as shown in SEQ ID NO: 1., a sequence of several tens to

e BgUdER ot RGO TR BIILE Ta b bavs dedens hsspond 1o

nuceauenes eSS B INQuddsiaeaferablyia seavemeesdniensading eihesRind to
or both the stalk domains, either of the head domains, or either of the

nuckghfGordihsCahPSnaer Bplaratsstietdotorr 8% afdrehibatipAggrane anchor

dorrﬁ%‘l%@ﬁ%sﬁ?ﬂﬁg%‘ ;1%19&1‘!&?&@06@2%‘11699@.9 entire region from the head
domain to the stalk domain that is located more closely to the amino

termfrRS RN Haddte pyslinms aeean 880wy BrrotidysAEHEsdinghown in
sEGh®eRie regioaiondhg bead AqmainiQdng Stalk-AemaiBdiahis #lnucleotides

ocated more closely to the carboxyl terminus (i.e., nucleotide positions

thatggwo e 1oB199 fsomorbopremieie. Hurther Profdfdbly, & pltksnaplbf a sequence
encdGRGARG LN Rs AV IR e fadingHsoianigf the SRk SANANRIR: of the

deleted in such a manner that each region appears only once without

neckaloatition. MEstteferabiyiabify bsecof thémlbeatityromrsiivarst dasebiss deletion
of tki%bl%%ﬁ‘éﬁ%ﬁléﬂﬁql\g%@@n%ﬁ%iPékf%Jn“E%&{%H% QQMEa%k%tﬁ% sztg'lgﬁfonﬁ%in that is

introducing a DNA encoding autotransporter adhesin with a DNA of t
locappgcreotiviel sty én ee agnsho teninnS E (O 4D 1NC e atideopastidigrst 322 to 8898) or the

regiSﬂiCéR&SS%gsﬁﬁ‘e NARRRSEIIGAHNES U PIORETE% ADEHCLAHIO BUAIUHRRUND that is

property of the target micfoorganism can
located more closely to the carboxyl terminus (i.e., nucleotide positions 8989 to 10611)

is more preferable. Further preferably, a plurality of repeated regions observed in the
coding region of the stalk domain are deleted in such a manner that each region appears
only once without repetition. Most preferably, any one of the plurality of repeated
regions observed in the coding region of the stalk domain is deleted.

By infroducing a DNA encoding autofransporter adhesin with a DNA of the
nucleotide sequence as shown in SEQ ID NO: 3 into a target microorganism, nonspecific
adhesive property and/or autoagglutinating property of the target microorganism can
further be improved. DNA of the nucleotide sequence as shown in SEQ [D NO: 3 has
homology with the OmpA gene of the outer membrane protein of Acinetobacter bacteria,
and it thus encodes the outer membrane profein. A gene functionally equivalent to

DNA comprising the nucleotide sequence as shown in SEQ ID NO: 3 may be introduced.
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further be improved. DNA of the nucleotide sequence as shown in SEQ ID
NO: 3 has homology with the OmpA gene of the outer membrane protein
of Acinetobacter bacteria, 30 and it thus encodes the outer membrane
protein. A gene functionally equivalent to DNA comprising the nucleotide
sequence as shown in SEQ ID NO: 3 may be introduced. 12 An example
of DNA that is functionally equivalent to DNA comprising the nucleotide
An seguehceabSkhotnatin SEQHDING: SjisNALdonpYisingmmusteptitenucleotide

seguence havin %, @r.more, pr bly 95%. or more, and, more .
e L DR R b S SR Repgspavine
90% oS EQrD MBe13b Amdike e xampledd DNA pleyhridizing vincdemstringendlogy to

conditions to DNA comprising a.nugleqti uence complementary to
the (BB SRt T ol TR GG 1SRt . ARGRE R Pl 5 DNA
hybadmprisingdiDNAgesodibgatiteiranspoNer adhesiRiderivedfeiiale sequence

microorganism having nonspecific adhesive property may be introduced
COMBFERAT L MCBtTRHEM RS ER 4 8,"”6&%%%%&%?\{% the nucleotide
sequencR @s:shemprisidd SBR AN MayReiRFeducedin hata@eiom a

microorganism, so that DNA encoding autotransporter adhesin and DNA

MICERE BRI HE BB MRRSAS AeAIRARIF & inired I difiRs iecdrgRta target
micFRIFARNSANISIL ARk ARSION AL IS dunsiionaliy CauMaIANIQ R AROYE shown in

eron may be introduced. An example of a functionally equivalent operon

0
SE%?Qd%é?ﬁ%%{ﬁé@%%ﬁ%i@@%&@w@@%@qmﬁﬁ Ralngpeoding
autof QKR M5 IRP e da RrefRRNBO % Rl mate fROTEREE TeraBIKA0%0 SR €can be

_ further preferably 95% or more, and most preferably 98% or more
intreghierslogipte nBsGE IBGHTGS 1Sa8LBhce AB SPRIRR thaiSE Buptige iy gagivalent to
the YR, BEA00 HOYIHBG,RLENNARCIAGAORSRES e RENRSIKE RERRFEN operon
~and/or autoagglutinating property for a host microorganism. Target

1S apndIrerg apiepisirgol e E DA Bhg adig laotsteaiespenes harasin ¥84er more,

prefgl%rﬁl’l? %%%Qﬁgrg}%ﬁqg’&%6?9619@6%@rlﬁémi%ﬁ%rﬁgf&%@ﬁ?@§%%r more,

with weak or without nonspecific adhesive property an

and gueshgghitingting ProperpoRxhmpiegintiuthe: badikrinlofwmigesuss shown in
SEQi%Bh?Jéﬁh'é"a%'ﬂﬁﬁr%S‘i@ﬁUﬁ '%F%f’o91%1%%“ér‘?Eﬁ'ﬂﬁn&%g“;ﬁonsfpeciﬁc adhesive
cinetobacter, such as Acinetobacter calcoaceticus; bacteria of the genus

profRyistoviar suthr agl Rilstoniaegteophar baotdriai ofotregenus

PSeﬁ%ﬁo&?gfo%&g&%ﬁ%ﬂé%ﬂﬁg‘?ﬂ@ﬁ RHUSIA 9@&%&&%@%}?&3 dhesin is to

fluorescens; bactetia of the genus Aeromonas, suth as Aeromonas
be ipavide;ddactelidof the gehperiilndligenes)isuchoasmideatigemesiatusth weak or
without nonspecific adhesive property and/or autoagglutinating property. Examples
include: bacteria of the genus Escherichia, such as Escherichia coli; bacteria of the
genus Acinetobacter, such as Acinetobacter calcoaceticus, bacteria of the genus
Ralstonia, such as Ralstonia eutropha; bacteria of the genus Pseudomonas, such as
Pseudomonas putida and Pseudomonas fluorescens; bacteria of the genus Aeromonas,
such as Aeromonas caviae; bacteria of the genus dlcaligenes, such as Alcaligenes latus;
and bacteria of the genus Xanthomonas, such as Xanthomonas campesiris.

By introducing a DNA encoding autotransporter adhesin into & target

microorganism through transformation, a microorganism for which nonspecific adhesive

property and/or autoagglutinating property have been provided or enhanced can be

obtained. Typically, a DNA encoding autotransporter adhesin is ligated to an adequate
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and bacteria of the genus Xanthomonas, such as Xanthomonas

campestris. By introducing a DNA encoding autotransporter adhesin into a

target microorganism through transformation, a microorganism for which

nonspecific adhesive 30 property and/or autoagglutinating property have

been provided or enhanced can be obtained. Typically, a DNA encoding

autotransporter adhesin is ligated to an adequate 13 vector, and a target
veClfictBEraafisth THEIOar BRYNEMICrB oy AR H G5O ESERSIdd At uged with such
vecMFClOr IRoRIRLUSE A SR RRrIARISEY FArNi L AORSRBETIR RIS R0 perty and/or

property and/or autoagglutin.ating property have been provided or

autcggBlinswdirgpetificslly handtiphencopiesisfitive aidremehtiordgDicalmaynultiple

gﬁk?eﬁ“?ﬁ@i&{%?5%%‘&%%%8%?&%&%&9&&9%‘%%19 such

copfds JRIRAUESLINRS
under the control of a constitutivé expression promoter, or such D

DN Bentigrateel lipaed thedeonhocohitrgrometepintinducibisreassinre systes, ¢o such
: roduce a.micrqorganism for which nonspecific adhesive, property and/or
DN B L hAAl g DShar FAVE Do e o el AALs, The dama s, to
procapplies tormiccaseanahichfar DNvhiehcodingtba fiutesdheshbrans qratgin isnd/or
; intr?ﬁyced with a DNA, 10 encoding autotransparter adhesin and to a c?se )

an Oi%g\%/u’léﬁ%ﬁ%ﬁ’é?gﬁr%rﬁ%\ﬁsinege% BNA gnc%rdlng £ ranijB?)rf'éiP%‘fdﬁ%% e o8
casddnntrbtice D WhAthacodiset iiRNAtef interdshis ligateth t anveetocdd with a DNA
gh%ge cosmid, artificial

bi tor. th tor, a. , .
e BB R SRR (et TR AL G T SSRER S o & DNA

encBl €antbeuspo:vher-apiasmiddudatroduced 15 into a chromosome as
an expression cassette, for example, a vector must be capable of ,
autoﬁérﬁ%ﬁu%“r‘é%tﬁé 1oh T SPIFEES WhikHEhELASEET FoP R A SRRinant
vectBKPIession cagsetie (kage, Rosalill, butiddectorisebarcesSAERGapaIS: that
of autonomous replication in a hOTt into which the expression cassette is

can pRR TR SEPICEES 4R ASShEEH. AR RubRcrbcomBiahtVATIIE forntroduced
into EXaMPIge AL Yesiarhaisdesignediehadse iR o2l @ndpable of

yeast hosts can also be used. Examples of plasmids include E. -
autopGRARFVERHSHEHIER felS pEPITals ReRE YY) PR HMHAg, such expression

cassBEd A0B(+); REI 3k et 4486t &R BapiMXdTauRldbrhd8s replication
pUC119, pUC18, and pUC19), Bacillus subtilis-derived plasmids (e.g.

ina&eﬁimaﬁ*ai?hrﬁ%ﬁ%a%%i%ﬁ@é%fra@rfﬁd@(&ggdvméﬂ;&Eﬁz&ﬁgg%épsﬂ- As

suchCRR8bi Riasida 25derthenyeast Richir Rastorig (@ 8 aPBlndd PRIe4Red in £
pHIL-D2, pPIC3.5, pHIL-S1, pPIC9,
coli, and yeast hosts can also be used.

Examples of plasmids include £. coli-derived plasmids (e.g., pET21a(+),
pET32a(+), pETS Ob(+), pET40b(+), pET43.1a(+), pET44a(+), pKK223-3, pGEX4T,
pUCI118, pUC119, pUCIS, and pUC19), Bacillus subtilis-derived plasmids (e.g.,
pUBL10 and pTP5), yeast-derived plasmids (e.g., YEp13, YEp24, and YCp50), plasmids
for the yeast Pichia pastoris (e.g., pPICZ, pPICZa, pHIL-D2, pPIC3.5, pHIL-S1, pPIC9,
pPIC6, pGAPZ, pPICIK, pPIC3.5K, pAOS1S5, and pFLD), and A phages such as phage
DNA (e.g., Agtll and AZAP). In addition, animal virus vectors, such as vaccinia virus
vectors, and insect virus vectors, such as baculovirus vectors, can be used. Further, a
commercially available cloning vector, such as pCR4-TOPO®, may be used for cloning
and sequencing,.

In order to insert DNA into a vector, purified DNA is first cleaved with an
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pPIC6, pGAPZ, pPICIK, pPIC3.5K, pAO815, and pFLD), and Z phages

such as phage DNA (e.g., 7,gtl1 and 2LZAP). In addition, animal virus

vectors, such as vaccinia virus vectors, and insect virus vectors, such as

baculovirus vectors, can be used. Further, a commercially available

cloning vector, such as pCR4-TOPO, may be used for cloning 30 and

sequencing. In order to insert DNA into a vector, purified DNA is first =~
adeg|ElGSESHittian SP4YAR4DAE FeSEICHYR &MEyHIS KRS HHEBMet hy anuiticloning

sitelSBUICUARRAZY MG RIFEra }Q‘tﬂtﬁ?}%%@énﬁﬂ%ﬁﬁ&@g%uﬂke VREHT DINA Qample,

ligate DNA of interest to the vector. For example, DNA of interest can be

DNgyathissezest sra ionveihesias teehniepis crbpté sahpédecof For the purpose of

inc hrﬁﬂ{ggﬂghsﬂ(fbﬁﬁmhé é%@c@o{et‘}“lt@bf\hﬁ B%@Qﬁﬁﬁ%mngiﬁ@ﬁi%ﬁﬁﬁimers,

th primers, 5 such that the resultant comprises the cleavage sites wit
suchdetjubterresttictiowbpzpridsatipothgentiss PFCR adendinbnegarstben enzymes at
botRIERY at%}?%éeﬁﬁ%%‘%ﬁn%’%%o %%&?&%Qﬁﬁ%@c%tbﬁ{% ?9&%&%@1{%& in the art,
promoter and A of the present invention, a cis element such as an
enhancakid splicing signakreapd P N addittengsigaat, iawseiection onackencat such
a5 2030Me, binding sequence (a0, 5D seauence), ar the ke may bedoate, .,
{o thePEcombiant vacior 1o actor iNg 10 nee 8 xamples o dEiectahie
bindharkerménchutie, bt srpiaotdjmitatiddildrugsyrdsisigaterharkbesesuatbamnt vector
scedfAMYCin amPicilin, tptracydine, and chigramencnicol, and auxohgphic,
afikers, S asTEUTRE” Mstiding, ysine. Meathiohine, arginine,
drugrypigphan, andidiacil. Ricmoteys akemaispanticutanyibiiited, anghaypeisQn and
skilled in.the art can select. 15 adequate promoters in accordance with . .
ol B RRTEI 6B ISP VORBIT ST Proie it ISGRE B B Alfpfes o methionine,
argipIOEN iRty JAsnpERmekatLs]. trp promoters, or X-PL promoters can be used.
In addition, a promoter comprising, the nucleotide sequence_as shown in

SEQ TN 28 ARG PRTUHGHEY tHAF I FurtiGrly VotV afent T &S, can select

ade Qe PBoMPrOMAEEHcEOMRIISING & Nusleptite seauence having Y%« F hosts are
mare, preferably 95% or more, and 20 more preferably 98% or more

useh oo oGy thd hRERBAEE s S UBHIBUS SR PTRTSERSS I 'NG: [ogrugpters can

be Redrefarablyiised. proaider teohgaie a N vilepment e MaE ek shown in SEQ
fragment, a known DNA ligase is used, The DNA fragment is annealed to

D i Vet drdraghianeies iGiets By Ao propieat PniHaAh Y cRspmoter
confpieferabln R erepbinanhveatarcandmeobtaingd Pyreferably 95% or more, and

more preferably 98% or more homology to the nucleotide sequence as shown in SEQ ID
NO: 28, can be preferably used.

In order to ligate a DNA fragment to a vector fragment, a known DNA ligase is
- used. The DNA fragment is annealed to the vector fragment, followed by ligation to
prepare a recombinant vector. Preferably, a recombinant vector can be obtained by
performing a ligation reaction with the use of a commercially available ligation kit, such
as Ligation High (TOYOBO Co., Ltd.) under the indicated conditions.

Recombinant DNA techniques inciuding cloning, ligation, PCR, or the like,
described in, for example, Sambrook, J. et al., Molecular Cloning 2nd ed., 9.47-9.58,
Cold Spring Harbor Lab. Press, 1989 and Short Protocols In Molecular Biology, Third
Edition, A Compendium of Metheds from Current Protocols in Molecular Biology, John

Wiley & Sons, Inc. may be employed.
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25 performing a ligation reaction with the use of a commercially available
ligation kit, such as Ligation High (TOYOBO Co., Ltd.) under the indicated
conditions. Recombinant DNA techniques including cloning, ligation, PCR,
or the like, described in, for example, Sambrook, J. or al., Molecular
Cloning 2nd ed., 9.47-9,58, Cold Spring Harbor Lab. Press, 1989 and

Short Protocols In Molecular Biology, Third 30 Edition, A Compendium of
MetRSa8THIE uireAt BrotbEdReHh Yeiecay Brolsgiticbrin (Wdyik methed, an

alkatN& A, BE SMRIPYET. Iﬁég%gﬁergm t9,peed, the hiaingd yectqr E%%a/nbﬁciany

urified via the boil method, an alkali SDS method, or the magnetic bea

avai _ﬂw_éféi,SobWﬂh fie theepseaam SYcisuRh aveihasie kifgshsedion weetor may be
concBH{}E%Q!PSv‘?éSHC%%@‘OQMF%@“%{}}%SIV?%% e &or};oquﬁ}ﬂgnvé_a yool

means such as ethanol precipitation or polyethylene glycol "5 precipitation.
preciuteigombinant vector may be introduced into a target microorganism by

_""”VA”}SE%%%M&H?‘%% ’it?%a%ﬁrémilﬁa%‘%f‘ucga‘e}%'%St'a@gé]'éqﬁ%'@r%?tﬁﬁ%m by any
involving the use of “calcium’ions, electroporation, and lipofectiof.
methodnstdrovt ¢pmicnderdanisiticomprisimg ENAdfdete restloah ibedelegtéd use of

with. 10 the aid of .markeJ genF in the recombinant vector. For example,
calely i()rlif c 6050 Qration. arl OFC%OH. .
a transtorme icroorganism of Interést can be selected by forming

colohiesmefoamdBragasaredism dolater icompisiAgamtibieticssubh asected with

h ani%iIIin or kanamycin. | ordeg to%/.eri / \‘/]veh ther Er not a clgned host d
© HcrBoRyAERT hEE Bedh tHnSrSImeH Al a et bihShiSXRIF: £sHafisierme

micrii@gathermnicroasgenisam rvaydecstibjecteaidnecibicationcef 4:0 LB agar medium

amplification of the insert via PCR orseﬁ&uence an%%sis by the di(gleox

Plafem%%@a*ﬂ&%gaaﬁlgé%ﬂfén&%?ﬁﬁ%&aﬁ%ﬂ Ao i BEIEABh of Qn OTder t verity

whetdetonomauslylmeplicable plasmithachrormasasal integratioadmay Heeccombinant
carried out py positioning a region homologous to the chr mosom%_gene
1

veclqr, o8, HBIPLE intBe HSmBISEOUrEFRE M BIRRtON BN thirbduriHgCaien of

amplidgetgese0idde abiannsd dranrsgenie MIGIOTIRNIBR dsdebityreddiod using a
medium by a method that js commonly used for culture of th_e target ,
seqUiEshordArSHIAM Autaf RERNIHERY REBNTHRRP O tE d fBHERRG R mid,
chroMHARBURBIS Mt anigaIR-ABtaHEe b {reB @ oriiceabRLIAShoTHEI 8SuE 1o the
coli or yeast, provided that such medium comprises carbon , )
chromosomal gene in a vector to induce homologous recombination, thereby introducing
the target gene.

The obtained transgenic microorganism is cultured in a medium by a method
that is commonly used for culture of the target microorganism. A natural or synthetic
medium may be used for culturing the transgenic microorganism obtained from a
microbial host, such as . coli or yeast, provided that such medium comprises carbon
sources, hitrogen sources, inorganic salts, and the like assimilable by the microorganism
and such medium can efficiently culture the transgenic microorganism. Specific
examples include M9 medium, M9G medium, BS medium, LB medium, nutrient broth
medium, meat extract medium, SOB medium, SOC medium, and PDA medium.

Any assimilable carbon compounds can be used as carbon sources. Examples
of carbon compounds that can be used include: saccharides such as glucose; polyols

such as glycerin; alcohols such as methanol; and organic acids such as pyruvic acid,

succinic acid, and citric acid. Any nitrogen compounds can be used as nitrogen sources.
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sources, nitrogen sources, inorganic salts, and the like assimilable by the
microorganism 25 and such medium can efficiently culture the transgenic
microorganism. Specific examples include M9 medium, M9G medium, BS
medium, LB medium, nutrient broth medium, meat extract medium, SOB
medium, SOC medium, and PDA medium. Any assimilable carbon
compounds can be used as carbon sources. Examples of carbon

Exapgiepshpnss frhacanpbeusisd imalide: Replensrigtssaehag giersdsasiract, casein
hydRODAIS, 30 suahas ghygerins algahals sueh agmethanol.epdorganifamine, and

acids such as pyruvic acid, succinic acid, and citric acid. Any nitrogen

amiggipouinds salh Bbeueed asmitrdgdipBourbesphat Exampleschepdst atsulfate,
mag%%%}r%ﬁ; U&ﬁglﬂ?ﬁ! a%@ﬁﬁ%n%’0@,631%?1@2{%,ygﬁétzqﬁéfa&%fﬁ?ﬁﬁ%o acids, given

sate, an alkaline extract of soy’bean’cake, alkylamines such as
vitaymiethylaiifiren axgdaganinomidher laksaabidreofsdd additibngphospitate Further, an

.. carbopate, salts of sulfate, magnesium CiNm, ' ' :
e L D B g o
addapentspedite keomdaygte nset according to need. Further, an inducer of

protgin expre 5iS{%u?e“Fshc%SdﬁoEeﬁ’BX"é?a%fgﬂ?cgé"%%‘i?%}érsa@%ﬁdg %%geb&me
added '8 Heditim ‘acéor ing to nee((ji. In‘general, cu fureis conducte
or atiadenaerbidedpditiohsrsuchdasoshake puliere 1 prid€radidi dhchagiigtioferably

. culture conditions,.at preferahl 10.40C, preferably 10 10C to
10°G S B Biny RV PB v 7 Doy LOHIRG HIRER G g fevel
of tef thelimediumieanibguategvatabedhanged: providekbthaba hest cherdromd the
. thereip and the activity §f autotrans OE{ter adhe%n isﬂ}ot tirior ted. The
e p fed

2t |18Vt HOBrRTERanTy BARFEEN LSt dLHEPE (£ e e erably

betvwith teuse afian $norganielar i erganicadpidicanaikaline selutdmmidbezanic or
like. If necessarg{, antibiotics such a 1?, ampicillin or tetracycline, may be
e 1.

orZani At tAR R heEult us, A MEEFSSHRaniaH s hicHeh as

amphengpeciticadhesivenpiopesidandian autengel Wnaling Lroperty, have
been provided ar enhanced can be obtained. Nonspecific adhesive

propetty-ofth& MY it rdBFgdiith cARMSBSSHAfuAEF By sheroperty  and/or
autoREQIaMmeRtonegaghiesiomiest Macrysinlivialet staininanibe C¥radbesigained.

test), and 20 autoagglutinating property can be evaluated in the following

Nongpstibicr aiicakanipRPSh SEifRaNy tHE B BsH et B IRy Fiated by the
aforSRRHHbESH e GEUEEBURSTEAARL ISidleMmaxadningraio/salinReeiuRYS, and
added to the cell pellet, the cell suspension is
autoagglutinating property can be evaluated in the following manner, for example.
Specifically, the bacterial cell liquid culture is centrifuged, the culture supernatant is
removed, inorganic salt medium is added to the cell pellet, the cell suspension is
obtained via ultrasonication, the turbidity (ODggso) of the cell suspension is adjusted to a
constant level with a medium, and this ODggo value is defined as the initial ODggp value.
The cell suspension in a glass centrifuge tube is allowed to stand at room temperature,
resulting in the sedimentation of aggrepated cells, and changes over time in the ODgg
values in the supernatant are assayed. A microorganism exhibiting a decrease in the
ODg¢so value relative to the initial ODggo value of 10% or more, preferably 15% or more,
and more preferably 20% or more can be evaluated as having autoagglutinating property.

The resulting microorganisms are cultured, and bacteria or cells are then

disrupted by a known technique, such as a mechanical technique, an enzymatic
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obtained via ultrasonication, the turbidity (OD660) of the cell suspension is
adjusted to a constant level with a medium, and this OD660 value is
defined as the initial OD663 value. 25 The cell suspension in a glass
centrifuge tube is allowed to stand at room temperature, resulting in the
sedimentation of aggregated cells, and changes over time in the OD660
values in tIE‘e supernatant are assayed. A microorganism exhibiting a

techiigte ALY e TS Y8B OV AR YEISH0E tHTCHiRAP eST68D Wil & &p Tovy GFtant.

Thulhaiee Rsatptarkly b iar fnake:s 284 Fagke prederably 20% or more can be
evaluated as having autoagglutinating pr%Perty. 30 The resultin

microBFg Y ataEliiredsBhdPbactBhesr caIRdigfe tﬁ%wndiégﬁp@awlgomi
fern AN IEGRNIGHE  SUCH A5 R Meshanical IgChniaus, aaneymaticydfion is very
technique involving the use of lysozyme, or chemical proce55|n% with e.g.,
etfegfiygrfastaifmass Roagtoadsp B Pad nEsH phitsiplnetaehanyelytea. ipase of
micRigsENLIvention,can hedirecly applst withinthe sonveniienaly of energy or
fermentation industry or for waste treatment. In addition, the present o
chermvahtoediectent oaffeette Bryibinassienshgpisivaicidnranepgreba adhesive
iateghnlogyavoluing. iy 5o bialicRllS /L RATNEHIR it Bimobitizat
P IOI%eéﬁable tozgc}{adrrggout prod%('g?gg%(g&ngﬁgy oir ?éﬁreg]re%)g%;?fﬁ pﬁ(rég uéésig}[ o()vl\jllliwilorl
or aggstemiovisibrrdisenhdhcemerntogmonspecifitciddasing progety ardiotion of
prodRiRACCIAINY Property.far a icopraanismleads 16 ImMOPIERHAN Q0 e
aggregation of cells of the microorganisms, which directly leads t
aforgremiotion] ohd@Gpreduction efficiency and serves as a foundation for the
development of the aforementioned industries. Examples Example 1:
Analysis of an adhesion-associated gene 15 1-1: Preparation of the
Exateglesadhesive mutant Tl and primers used for inverse PCR In order to

an?lylz_e an.adhesion-associated ene (Erom Acinetobacter sp. strain Tol 5,
Example’]: Analysis 0 an adhesion-asspgciated gene . :
—tn%%mﬁesvymumﬂmpmn%te@vé—raﬂ- dom transposon insertion.
1-1: PobiarWibistriihe TokSalitditypenstiain]) lasnthedecipient ¢€ls ivetese PCR
conjugated with E. coif S17-1 strain having franspqson vector as the
e Shicgion i

dond? CATE P 28E 161 73 B DI WG 50 LetetiBn WAL plsierizety h 8- straim
Tol mddhsmdimiammgtamlueweraqﬁ@étra@j/a}ilaesa@ﬂdﬁhaaa_bfbaimgiggéﬁiwere Tol 5
S S R R SR MRS PR <o

S17-a@ngtrain having transposon vector as the donor cells at 28°C for 22 to 24 hours.

Selection was performed on a medium containing toluene and tetracycline, and the
obtained cells were subjected to an adhesion test.  As a result, several strains exhibiting
less adhesive property were obtained. Genomic DNAs thereof were obtained and
treated with the Hindlll restriction enzyme, and Southern hybridization was carried out
using the resuitants as templates and DIG-labeled tetA as a probe. As a result, an
intensive band was detected at around 5 kb in one strain, and this strain was designated
as the less-adhesive strain, T1. The surface structure of the T1 strain was observed
under an electron microscope, and it was found to lack appendages (i.e., cell surface
projections).

Subsequently, a DNA fragment of approximately 5 kb, which was detected via
Southern hybridization, was excised from agarose gel in order to analyze the transposon

insertion site of the T1 strain. This fragment was designated as Ti-5kb. T1-5kb was
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treated with the Hindlll restriction enzyme, and Southern hybridization was
carried out using the resultants as templates and DIG-labeled tetA as a
probe. As a result, an 25 intensive band was detected at around 5 Icb in
one strain, and this strain was designated as the less-adhesive strain, TI.
The surface structure of the T1 strain was observed under an electron
. microscope, and it was found to lack appendages (i.e., cell surface
mseﬁi‘?ﬁé&ffbr%?. ibdbuesiny anér@ﬁﬁaaﬁ@m BRa s BRiatély WP Hdten Both

enay\@stﬂ@ﬁ%&%ﬂp\éﬁi&@ﬁ»%Jéh%ﬁmmi@riﬂi%ﬁﬂa@wﬁsxﬁeiféi%@Quféﬁ&ecﬁg%&%%resuu, a
gel in order to analyze the transgoson insertion site of the Tl strain. This

63-tpapsdintida s eestgpatEamsig-gikb STREKSHRE WasidearbdSHE # POco). in

addili8 y@g{grﬁgds%gerggéll}ﬂml\a%ploned in H coli DH5a. Both ends of the
insert portion in the resulting plasmid DNA were sequenced. As a result, a

1-2: eldbeiddssipraswdiatedtaentol 5 WT strain was found (SEQ ID

NO: ol A95HRR NATAR REENES L BKNG A3, LIONNALLDE icc in

adhesion-assoclated gene In order to analyze the nucleotide sequence o

the Hre-rdinsposonvitasértion siteire tHeResSchdhasivenaiulNG. D1 thevBfSestrain was

PCR of chromosom NAof the WT strain was performed on the basi _
P N G e dcn L B ET RIS WHOE RAF Become
apparnanalysid o T 0 {AL the Sutbetythe T 016 Twild-typéd-stpaintmas wedttmédird in BS
me B‘?n,lqg) g\g\fl(-lzj bf0|ela9{¥¥gc .%%)%Irﬁﬁlgn?gé Q’%ﬁ r%gdttrel Bmﬁ&ta\é\gh Pﬂ\{ﬁ %%tained

€ obtained genomic was treated with restriction enzymes, other
gendhan B4 Waofredtich siths cuteiaipnesenoindhetipdtd Ghds Multi¢ibnidgasiteh sites
i.e., Ace.l, Hae JIl_Higc Il Kpn I,.Psi |, Pvu Il Soll, Sau3Al, Sma |, or X .
o TR VL ST S I i b Lol e GG |t .
Pvy"B.Ba). 1T i@ atrjcles dnzynid Hind dhdwasiexa udeadaframsd SptheBiepophoresis
because. the Hind Il site was. found within the 68-bp sequence when it
e SRl by o AR 07 R T b Bt ca g from
the dnpripreniatthioripbrEning adamehiegitciinBased-op thguasidtsiaiBRvas used
-some enzymes of which bands_remained at positions of high molecular,
for g ﬁt%é&%ﬁiﬂ&%ﬁﬁ%@ S Wb kR bR gRappToBriate for
obtaBfiREOPHAtE:DRGAYSE iTRRpeass thatibeie areo! sosttfigietiay HPemRd Oands

restriction enzyme reaction sites of the enzymes and thus resulting

ueldbeid

remaoethEn PSSO A E RS Y dmES ISR naH D aitadiekinbitity ksipme were

detefRAIRGUIaLNRIOBED WEFRIRNSRMEM it appears that there are not a sufficient number
of restriction enzyme reaction sites of the enzymes and thus resulting fragments are too
long. Also, enzymes of which bands exhibiting low molecular weights were observed
were also determined to be not appropriate because resulting fragments are too short and
thus sequencing thereof would provide only a little sequence information. As a result,
Hinc 1I that showed signals between 1,500-bp to 5,000-bp was selected. The genomic
DNA was treated with Hinc 11 (Tol 5/Hinc 1I). Tol 5/Hincll, which had been subjected
to DNA purification, was ligated to cause self-ligation (self-cyclization) (Tol
S/Hincll/circular).  Subsequently, inverse PCR was carried out using the resultant as a
template. Primers with the Hinc II linker were used herein for the ligation into a Hinc
[I-treated vector. The conditions used are described beloﬁ. The resultant 5-kb PCR

product was designated as Tol 5-5kb.
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were also determined to be not appropriate because resulting fragments
are too short and thus sequencing thereof would provide only a little
sequence information. As a result, Hinc Il that showed signals between
1,500-bp to 5,000-bp was selected. The genomic 25 DNA was treated
with Hinc Il (Tol 5/Hinc II). Tol 5/Hinell, which had been subjected to DNA
purlflcatlon was Ilgated to cause self-ligation (self-cyclization) (Tol
v rse PCR was carried out using the
polmgggt;@@@.ﬁgmplate Prlmers with the Hine Il linker were used herein
for the Ilgatlon into a Hine Il-treated vector. The conditions used are
Tenydaibdd bdihw/ s Hécitfknt 5-kb PCR 30 product was designated as
prind&! P-54bsi9dRverse PCR conditions Polymerase: KOD-plus Template
DNA: Tol 5/Hincll/circle Primer F: T1-5kb R3 5 Primer R: T1-5kb RC
Pfilm@idﬁaThgsW Extension: 5 minutes The resultant PCR product was
gdg%la ¢ treated with the restriction enzyme 10 Hine Il. This treatment
nt d to shorten the fragment for the purpose of improving the

|s [
Extenntc g ] inker with Hine 11. DNAs were
extracted from agarose gel SO as to obtain separately samples of the
fragments (QIAquick Gel Extraction Kit). The resultant 2.8-kb fragment

and T18-kisflagrm8oR werd whe signatedias Toll5:2:8xkb wittl Tel SirBklon enzyme

Hin ﬁ_hﬁ)ectﬁfje ly. tTolt5 -2.8kb %Qtd 'I('j%ldS t%S 8kb w&re ﬁgaated mtg vectors.

reatment urpose of
ereafter, trans ormahon was carrie out?waa C e%mca proce urg P

1mphiueig/hite eoloms seteoﬂﬁm)oﬂiﬂgtembItzmtﬂSaweremlhhe;drum&nd{z@ultﬂred)NAs

wer! l‘al_lc u&jfmedlumrTherej'a\Tter sm aII cale extrag on of sml J[%ﬁ .
WaS"BeOrmad. BIASHEONTE iAd U OREE iR HRE it o%segnz dJragments
(QIArtqmecld @akj}?maﬁtmedma E. Phé\S@mwmrleBtﬂMgmmﬁaayma 8-kb fragment

wert R S S3b Bt o SHenticion OF ESHRSEHY Rgmirk Mool 5
1.81{%&%@@1@5‘(@&Qmﬂjtlﬁmmed Arrihta) belgforbefbaondiioasied out (via a

chemical procedure; blue/white colony selection). White colonies were picked up and

cultured in LB liquid medium. Thereafter, small-scale extraction of plasmid DNA was
performed. Plasmid DNA was {reated with the restriction enzyme Hinc II, and
confirmed via E.P.  As a result of restriction enzyme treatment, bands of the vector plus
2.8 kb and 1.8 kb were ideally obtained. The size and the orientation of the insert

fragment were verified via PCR. The conditions used are shown below.

PCR conditions

Polymerase: Blend Tag

Template DNA: Tol 5-1.8kb, Tol 5-2.8kb
Primer F: T1-5kb R3, pUC118F

Primer R: Ti-5kb RC, pUC118R
Annealing: 62°C

Extension: 2 minutes

As a result of PCR, regarding Tol 5-2.8kb, a 2.8-kb fragment was amplified
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Polymerase: Blend Taq 25 Template DNA: Tol 5-1.8kb, Tol 5-2.8kb
Primer F: TI-5kb R3, pUC118F Primer R: T1-5kb RC, pUC118R
Annealing: 62C Extension: 2 minutes 30 As a result of PCR, regarding
Tol 5-2.8kb, a 2.8-kb fragment was amplified 20 with the use of the primer
pair ofpUC118R and TI-5kb R3 and, regarding Tol 5-1.8kb, a 1.8-kb
fragment was amplified with the use of the primer pair of pUC118F and

withrihepserad thsuda &P el RdtitSthand A otthdihaahagsradimenplvad -8kb, a
1.8-§onfiepednand dhe, arienialinn afdfragmnentdnserion was,determingdand T1-5kb

These 2 strains were subjected to 5 sequencing via a priméer-walking
RCmdtased mawevieremediscdaencecdigiairedcdifoeal vasdeonfizmed, and the

orieﬁ%ﬂBHt_%% ﬁéﬁ?%@%?&ﬁ%&é@'ﬁ%%}&?nBEPb'%‘He% iﬂcﬁpﬁﬁe\%re_ subjected to
nucleotides at sites that were considered to be the overlapping regions.
sequrseingsiyiteofa ansiysisyaipinelimediiddng rélveatvssqubacesavetecfounghitl  was
disoiiERd “S{hceéoﬂe&?aﬁﬁ?aﬂea%‘ég%ﬂgh&ﬁor Ogiggﬁe%b%@e I%B%%S 8F B opsistent
assembled sequences were less than those 10 of the inSert fragments 0
nucipedidst;dteii 8heb wndk T@khlcThliyy prartier designingsamtiseguensingesult of
analySis, ée;gf?éﬁﬁ%a&dro‘%f)”%e uently, quaeolide %&ﬂ]“%e{‘c i ecé)errﬁéﬁge%di”%ﬁ?s also
the "I8ngth of the inSeft ¥r£gmen Wwere determined. Becadse of such
resulépeatisequerieasthhiotve vengrhlialliliby of tha béslisqwas issufficiént than those
rder tg enhance the certainty of encing, ordingly, we attempted
o O RS AT ol LRt Tor CBroEn g 1L i s e ot e nd
sequeActigningcTagehaseshDNApelymelasechsyide exhibitiog g qecidiagyto the
| \Q{r_%as P%%d to perform PCR to amgli Tol 5:5kh, PCR co diticEs useg are
N G BelBWP CRESHH SR 20 PoRtEhse P B4R A Yhighe ri et PER ences.
howelieni gl fabizitmes Tlemplate BANAInkoffRditinc [licseddatdehende (hkSkhainty of
sequ%gélzngﬁrgggorrlc%ﬁg y_,sgvté %&é}znpted to directly clone Tol 5-5kb for sequencing it
again. In order to perform TA cloning, Tag-based DNA polymerase Easy-A exhibiting
high accuracy was used to perform PCR to amplify Tol 53-5kb. PCR conditions used

are shown below.

PCR conditions

Polymerase: Easy-A High-Fidelity PCR Cloning Enzyme
Template DNA: Tol 5/Hinc IWcircular

Primer F: T1-5kb R3-2

Primer R: T1-5kb RC-2

Annealing: 67.9°C

Extension: 5 minutes

TA cloning was carried out using the resultant PCR product. Transformation
was carried out via a chemical procedure and the resultants were spread on LB/Km agar
medium. Colonies were cultured in LB/Km liquid medium, and after culturing,
plasmid DNA was extracted. In order to verify the insert, the DNA was treated with

the restriction enzyme EcoRI. As a result, the existence of the vector and a S-kb
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Annealing: 67.9C 25 Extension: 5 minutes TA cloning was carried out
using the resultant PCR product. Transformation was carried out via a
chemical procedure and the resultants were spread on LB/Km agar
medium. Colonies were cultured in LB/Km liquid medium, and after
culturing, 30 plasmid DNA was extracted. In order to verify the insert, the
DNA was treated with the restriction enzyme EcoRI. As a result, the

frapgigateres peEcdectbpEner a5 kvl iyt {iesmsereegortirmed via PCR.
Thetc‘&'nﬁﬁfoﬁ the insert fragment was confirmed via PCR. The conditions are
shown below. PCR conditions 5 Polymerase: Blend Taq Template DNA:
Tol 5-5kb plasmid No. 5 Primer F: pUC118F Primer R: pUC 118R

PCRAggg@“ggs 65C to 71C 10 Extension: 5 minutes As a result of PCR, a
- and o inser S It was subjected to sequence
Polyamedysis BSaguéncing was carried out by the primer walking method again,
|I er dlf icult because of the repeat structure. Based on the
Temfgi ta%fr]cl)ﬁr(g;ljnie?ttt|o\réle uengeﬁlcnfcérsmatlon of the 1.8-kb and 2.8-kb
Prmtrag%npﬁt@lrﬁﬁ‘ner de5|gn|ng and sequencing were carefully repeated, and
aner 1{9 %% ence having a gigantic repeat structure was obtained as
arest orious and time-consuming procedure. The Tol 5-2.8kb
Annseﬁqnlgnwartd thedol 5-1.8kb sequence were completely consistent with
Fxteh the se ences of ToI 5-5kb. Thus the accuracy of sequencmg was 20

Based on this sequence the translated proteins were subjected to

hom Ogy search vi As a result, a 4,026- b ORF exhibiting 20%
to 3 o gjigtf’ At F%‘H@g}/ﬁs [ﬁ%g “ubjected

to sdqaerheeahaen@gteotseq@&ﬂerdga%er@rwaﬁ&@uaﬁ ttaétgrltf@awgﬁetgmhod again,
found to have been inserted into this ORF. Thus, the existence of ORF 25

whichs ettt g SimESiRE trbersf atit aﬁ?@ﬁﬂaﬁ@ﬁ?@&uctuﬁ%ﬂh@n the
afordiAbRBHRIMN WRRence information of the 1.8-kb and 2.8-kb fragments, primer

designing and sequencing were carefully repeated, and a 4,907-bp sequence having a
gigantic repeat structure was obtained as a result of a laborious and time-consuming
procedure. The Tol 5-2.8kb sequence and the Tol 5-1.8kb sequence were completely
consistent with the sequences of Tol 5-5kb. Thus, the accuracy of sequencing was
improved. The obtained Tol 5-5kb sequence is shown in SEQ ID NO: 7. Based on
this sequence, the translated proteins were subjected to homology search via BLAST.
As a result, a 4,026-bp ORF exhibiting 20% to 30% homology to the autotransporter
adhesin, of which the sequence has been reported in other bacteria, was found, and
transposon was found to have been inserted into this ORF. Thus, the existence of ORF
associated with high adhesive property and appendage production of the Tol 5 strain was
demonstrated. This ORF was, however, discontinued at the 3' end of Tol 5-5kb, which
necessitated further cloning of a downstream region following Tol 5-5kb, in order to
elucidate the entire ORF. FEven if autotransporter adhesin associated with bacteria
adhesion was hit via homology search, homology was low, and the membrane anchor
domain at the carboxyl terminus, which defines this group, did not appear. Thus, it

could have been another protein having a partially similar sequence.
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demonstrated. This ORF was, however, discontinued at the 3' end of Tol
5-5kb, which necessitated further cloning of a downstream region
following Tol 5-5kb, in order to elucidate the entire ORF. Even if
autotransporter adhesin associated with bacteria adhesion was hit via
homology search, homology was low, and the membrane anchor 30
domain at the carboxyl terminus, which defines this group, did not appear.

ThudDiCE5HIEP HRRIBIBSEAUSAE ISP raRsORaY NG R AR EitiRar regions based

on t%%%@ﬁ&ﬁxgzgekfh&ﬁg@,rt@%%ﬁﬁﬁkﬁ?%%ﬁ@?ﬂﬂm{%@%ﬁfé&'r&'ﬂ@ﬁn an attempt to
downstream regions based on the resulting sequence, the southern

bty b dEEb RS Sdrriel obider ate abfenitte dHfaitnBclafgerehegniarpcry were
desigflgar_Rglmg pﬁgi@i% Gtﬂgb?é\%?apr%%ﬁi@ﬁime@?@ﬁe r%ed exigngd Yﬂ@”%rimers and

avoiding the repeat portion. With the use of the primers and 5
chrosheepmogoMADNALE thel Tol Sratrais o tenephptate, Wigaydebdmf ofebp was
anpfpies Al B condiians iad atg shown below. PCR conditions

Polyinerase: B ena Taq 10 Template DNA: Tol 5 genome Primer F: Tel

5-ad-probe2F Primer R: Tol 5-ad-probe2R Annealing: 66C to 72C
PCRE&%eHﬁ%on: 1 second 15 Since a plurality of bands were amplified, it was

uence portions without repetition in the portion
Pohanalyze B&bol/E€have further repeats in a downstream region that had not
-~ been yzed. In order to advance sequencing, the 160-bp target band
lemg%%eeﬁfv&fé'ﬁge%e Hom it with the use of the QIAquiclc Gel 20 Extraction
Prinkit FT HelrésultantiwadB used as a template to prepare a probe via PCR.
Pri PC _clorg%igic%ﬂsglge are shown below. PCR conditions PCR DIG Probe
o §n he8is’’at 2B rémplate DNA: Tol 5 160bp probe Gel Extraction Primer

Annkalid:SretCpeo b dE

Extension: 1 second

Since a plurality of bands were amplified, it was deduced that the probe
sequence portions without repetition in the portion analyzed above have further repeats
in a downstream region that had not been analyzed. In order to advance sequencing,
the 160-bp target band alone was excised from it with the use of the QIAquick Gel
Extraction Kit. The resultant was used as a template to prepare a probe via PCR.

PCR conditions used are shown below.

PCR conditions

PCR DIG Probe Synthesis Kit

Template DNA: Tol 5 160bp probe Gel Extraction
Primer F: Tol 5-ad-probe2F

Primer R: Tol 5-ad-probe2R

Annealing: 67.9°C

Extension: 2 minutes

The products of digestion of chromosomal DNAs of the Tol 5 strain with a
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Primer R: Tol 5-ad-probe2R Annealing: 67.9C Extension: 2 minutes 30
The products of digestion of chromosomal DNAs of the Tol 5 strain with a
23 variety of restriction enzymes were subjected to southern hybridization
with the use of the resulting probes. As a result, signals representing
probe hybridization were detected at 3 kb and 2.3 kb of the digestion
ro%ct with the Pst | restriction enzyme. These two DNA fragments were

CRIH TR Ay SRHIEGEIETTE EXNIAETRY QIRGHER S¥PE RsthagisrRitye use of

the ThRIesHIBIHagMaRts;wWeie Besgnatedas d@hbhakhantd Tl Bididkon were
The excised DNA was Ii%ated to Pst I-digested pUC118. The resultant
detepied Aibinghe b dor kbadtube dligegupamrd st siiblhis £ th lcHsirigtpn enzyme.

Thef¥ 068AUTEA BlUGIMAITE GRIQN% SEI8GHOR) oD RAdIEN, coloRY-BMAIAFAURRCL Gel

was carried out to select transformants into which such fragments ha

Extrpelégniktrodude imsudtrabiiecsighial s wrerdcsissstod 1 Godans kb el Tol 5-2.3kb.
The GYIGRILS mmﬁbé%hlﬂé%ké}f%bﬁ}?fi-ﬁ%%@twﬁé}@ﬁ% quﬁgiiee?sﬂﬁyi‘fﬁiggcombinant

signals were observed (i.e., Tol 5-CC, -Cl, -C2, and -C3) were picked up
vectghavasiltgeddtin tiaBsAmp Houid/medidm (asbamenl seaksdxwablion shite colony

seleak%ﬁ 'dl’g'\éé&{‘{?ﬁuf’%gf’oﬁ egyb}—ig criﬁ%HI%tss &Ii?i;l%c?%ﬁ {Begé?ézw{gn%rmams
Pst I'restriction enzyme. The’resultants were subjected to southern
into hyhiddizatibnfragel sigh asiwea detasteceih TokSCEsull2signdlsO8sg5observed
oninﬁeﬁ%:"eCc?A?cher% Vygtré? \Sszxti)é?lcrleoq t?—ﬂ(%l'%asg Gbu%rﬁciggbé‘&cg res@&%f ies in:which
sequencing of the both ends of the inserts, there was no fragment, which
signwlasveonsisentdvitheg knbdwd (Segliente, madditionsthesekedgquencksultured in
ere different from each other. That is, cloning of a dow;, m region.of
L e e L e A R Smca,
The detetmitteddreadvanostédiledhThe Bause:théccof coulchrot BEh2@esultants were
Jidentified at this fime. However, the present inventars, considered, that. the
st B A S S e R s TR fargyAnd -
Thesetedtat-a sigrakiitdnttaimongip kuaalityoh signals detededfiageutiegnof the
hybridization .with the use of chromosomal DNA of the Tol 5 strain as a
bothy $hl5 1 it SFat i S A G R EEEA g L AP SE M known
sequaﬂ&themde&dgﬁeﬂth&mok@b@m @Vet’eeci"r_ﬁ_@mﬁntﬁoﬂ'ahuScRSOmese That is,
dong{;g”megzgﬁﬁ,fs@g%f%g e ARSS AN ALIAEPR SL A MRIMENLINAL. sequence

of which had been determined in advance, failed. The cause thereof could not be

Varig

identified at this time. However, the present inventors considered that the problem
existed due to the following point. That is, they had unwillingly selected a signal from
among a plurality of signals detected via southern hybridization with the use of
chromosomal DNA of the Tol 5 strain as a template, wherefrom the fragment containing
such signal was excised, and then designed the probe based on the fragments. Thus,
these clones were temporarily set aside, and acquisition of a fragment that would follow
"ol 5-5kb was attempted.

pUCT18::Tol 5-5kb plasmid DNA was used as a template instead of the Tol 5
chromosomal DNA to prepare a novel DIG-labeled probe via PCR.  Since this plasmid
contains only one probe region, it was considered that only one amplification product

labeled with DIG is produced. PCR conditions used are shown below.
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Tol 5-5kb was attempted. pUCIIS::Tol 5-5kb plasmid DNA was used as a
template instead of the Tol 5 chromosomal DNA to prepare a novel
DIG-labeled probe via PCR. Since this plasmid contains only one probe
region, it was considered that only one amplification product 30 labeled
with DIG is produced. PCR conditions used are shown below. 24 PCR
condrtrons PCR DIG Probe Synthesrs Krt Template DNA: pUCI18::Tol
L Primer R: Tol

PCI@@F‘C&F’P&?@&Z ﬁw@g 68C Extensron 2 minutes As expected above,
only one amplified fragment having the target size (i.e., 160 10 bp) was

Tengplatel DNEW probESSwithl Righ ot viéiedsticcessfully prepared. With the
priliSEHbIS @@Beogggpplates obtained after the transformation with the use
~of the aforementioned vector comprising Tol 5-3kb and Tol 5-2.3kb were
Primefectel todatorieR/bridization. Colonies that were deduced to have
t als were picked up, cultured on the plate, and then subjected
Ann%n] l%n?ﬁ?brrdrza‘uon again for verification. 15 Colonies in which signals

(23 kb)) were prcked up and culturedrnLB/Amp liquid medium, and
small-scale extraction of plasmid DNA was performed. The resultant
plasriceRidAt sdasbtregted ywitle thedPididdréstgictian leniymtcAs getesedt(i.c., 160

ids found ocom ri eI fragments of (No
o) BEFEELTR 1 05 S0 R 0 A S oSO AT B e Wit the
use feﬂnﬁxbomue,hgrﬁrrpizeﬁ \Mhlmthedlﬁﬁebpthxsobﬁndrfdih&ﬁ&dfﬁg'mhnme use of the
comprise downstream regions.th ect suc
o R R T LB A RSy b oPsGtR B to colony
hybﬁami\l\_itﬁhed(hﬁbﬂ&%ntﬁae Reid sitdand thenkhbecthiilel afpadiegiaite picked up,

overlapp th Tol 5-5kb. If the orem ntioned plasmid, in which suc
e A USSP s Y CHL Rt Loy e peation.

Colsligestednith thenresiRietion-enzyimg. Hpeoﬂeemrsimkb)aaﬁﬂ\woﬁa@rmenls 21,
%‘%Jaﬁ%c%o‘% S%I%rﬂ%s%liﬁl%gl%ér ;[:rl]x u%%'?i'ﬂ?ﬂ}?}fn\{pe %’qﬁggarlrlle%%tn? fegl](? small-scale
extraction of plasmid DNA was performed. The resultant plasmid DNA was treated
with the Pst I restriction enzyme. As a result, plasmids were found to comprise target
fragments of 3 kb (No. 3) or 2.3 kb (Nos. 6, 12, 13, 21, and 22), and all such insert
fragments were found to have hybridized with the 160-bp probe. If these fragments
comprise downstream regions that follow Tol 5-5kb as expected, such fragments should
comprise a nucleotide sequence of about 1.5 kb sandwiched between the Psr I site and
the Hinc I site, as a region overlapping with Tol 5-5kb. If the aforementioned plasmid,
in which such fragment has been inserted into the Psf I site of the multicloning site, is
digested with the restriction enzyme Hinc II, accordingly, a DNA fragment of about 15
kb resulting from the addition of a very small part of the multicloning site to the 1.5-kb
overlapped fragment should be obtained. Plasmids Nos. 3, 6, and 22 were digested
with Hinc 11 and roughly-1.5-kb DNA fragments were obtained therefrom. However,
the sizes thereof were somewhat different from each other. Among them, Plasmid No.

6 were subjected to sequencing at first. Plasmid No. 6 was cut into a 3.3-kb fragment,

which is considered to comprise a 3.1-kb vector fragment, and a 600-bp fragment, in
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overlapped fragment should be obtained. Plasmids Nos. 3, 6, and 22 were
digested with Hine Il and roughly-1.5-kb DNA fragments were obtained
therefrom. However, the sizes thereof were somewhat different from each
other. Among them, Plasmid No. 30 6 were subjected to sequencing at
first. Plasmid No. 6 was cut into a 3.3-kb fragment, which is considered to
comprise a 3.1-kh vector fragment, and a 600-bp fragment, in 25 addition
add%%etﬁ.ézﬁbln%&?he%ag@ggéd onate r8Bult6r Setitierting B1°a5HEerh Southern
hybhybridizatinn that badheen-eastied:eWoREavioushYs ityasicrasidares iRaking of
sequencing of the plasmid may not be accurately conducted via primer
the Ri4aaHg, WRYCRGS Asvancuatabisnedusigh-tragiper teliiguerdt ghesentvell-
estaBINGRINE PRSI LOMPHSES AN O FRREAL SEAHENAESANGhNUSHMBYises many

cause annealing to a plurality of sites. In addition, it was deduced to have

repeBtISRARCHS thec B (RAticTEFS cieAtBsals enitiy2 Tivae issitewficliyiddition, it
Wasvﬂ@&@c\@@%@f&’%@eﬂﬁ?ﬁéﬁghﬁgcw of L éf%%l%@ﬁ}cﬁﬁ%u%sl&ﬂﬁly. That is,

production of a series of deletion mutants was to be carried out instead of

difﬁsﬁkﬁerwhmkin@?almﬁm proéedyredsdabbpiods Wi might recur.  Thus,
procﬂf&‘f’dﬁ%‘ﬁ%”‘éé‘ﬁeé”o‘?“&%[e‘t‘?oﬂr‘?x?%‘?njsox{%t?@tg@%EH%}%@%;{%’ S ASENT, imer

the 2.3-kb Tol 5 DNA fragment inserted In No. 6 from orementione
walkitgrkidthoeglappifigrherpdient] st ptasmichwisreateduwitly Sab dolera @ prepare
trydi nd.an | for,a 5' pratrud , followed by digestian wi
e e L R o
the doratientcuridgl Wit exdmsleadagihwoutt dplallowed 4o treaict] detbtidnr I for
\products with different,15 lepgths af deletion were,ohtained., Thereafter .\
o 3 R e L e b e R e g v
exomusdeaidid Kldow éragmentsuece flithepkarbedidiicahdithetsahptemn during
. were subjected.tq blunt end ligation in the end tq obtain a series of . .
i ] AR R o BB aoredrS ihpifrenent
lengtherel drdatied witheXbaainwhicTbhault-haherdisappeardchdhe tocdif@dtion Bean
ith exgnuclease.lll, 2 eliminate the jinfluence by unreacted plasmids,
N R D ARSTh i I DR ABRY Stk & LEME BpTie out,
and dedetionpivatants. Majytednsfiarmeadead|dhigsonaie tcked up @ngdin a series of
- cultured, and the extracted plasmids were digested with the restriction .
deledf FIRSEIS 11 ) kM WA 81 SoaUeharres Bt (b0 B GrToRIgervere
treatifitavich (13id ér ationh dalatidrmutaiippareselrcte d gt ataouate dteivdlsse 111,

nd they were 25 sequenced. The 2,280-bp nucleotide sequence was
to elg@?gm%ﬁga ! §§8Fﬂ§ﬁn\§nﬁ§§0teg plasmi SF,) and £. coli D?—IS& was transformed

with this DNA to obtain a series of deletion mutants. Many transformed colonies were
picked up and cultured, and the extracted plasmids were digested with the restriction
enzyme Hinc II. By taking the size of a sequencing path (800 bp or longer) into
consideration, deletion mutants were selected at adequate intervals, and they were
sequenced. The 2,280-bp nucleotide sequence was determined by assembling the
sequencing results. The determined sequence is shown in SEQ ID NO: 8 (Tol 5-No.6).
Tol 5-No.6 comprises a sequence of about 1.5 kb overlapping with Tol 5-5kb, and thus a
nucleotide sequence of about 750 bp following Tol 5-5kb was determined based thereon.
Thus, ORF encoding to the aforementioned protein exhibiting low homology to the
autotransporter adhesin was extended to as long as 4,707 bp, and the amino acid

sequence of the protein encoded thereby contained 1,569 residues. However, the ORF
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sequencing results. The determined sequence is shown in SEQ ID NO: 8
(Tol 5-No0.6). Tol 5-No.6 comprises a sequence of about 1.5 kb
overlapping with Tol 5-5kb, and thus a nucleotide sequence of about 750
bp following Tol 5-5kb was determined based thereon. Thus, ORF
encoding to the aforementioned protein exhibiting low homology to the 30
autotraniiporter adhesin was extended to as long as 4,707 bp, and the

had finsehdBe s AERIRRAE Or ¢ PRotSRIBMGSIREHEFEBY CBlithinetie Begnd.  This
neckesiduasiirioweyenithe PR Eowadadnetyehbeen ey matedyand the addition,

sequence was discontinued at the 3' end. This necessitated further

the ¢|8HiHGGFa SHREGanT Feglig oot T OIENGs. Fntitioh, tdinobacillus
actRBAYEDES.EXRIRd the highestbhomelegy so.5mad BEACINGRaGHES acid Tevel.

actinomycetemcomitans, but it was as low as 26% homology at the amino
Furer iéveadsoetirisenaeisd ibe yerdadchadaneréodingnagivanss gaehor domain.
Thud G APERL FREAN AR WIS he £ITeRIPANding BIGIEIR WRG.NAA A family.
concluded to be a protein of the TAA family. In any case, it was deduced
In amatcasgroteiicendobiagdyietadtdsioreasstulabedtheriehegiviotefrmdibedngene,
whilh SHAURS H‘&E@@&P@Pﬁtlﬁﬁ%ﬁﬂ?& Wﬁ%ﬁ&?‘(ﬁé?g'}l%wﬁaiaﬁ%ts%%g!?é‘f&n which
was very large and in which long-repeat sequences were arranged In a
wascamiplesgereminier whicinlordercie obtain gegsiertial infongrationiawthgex manner.
downstr ollowing Tol 5- Ng.6,.a 158-bp probe was produced.via PC }
g e R A b R e B M B R e o
No.Gesigiedbpsss omthesbgednce AERIydetatmipledmwithc cavaidimg Bol 5-No.6 as
repeat sequence. PCR conditions,used are shown below, 15 P : .
= o S o b R B B B 0 Tegrpged wit
avobliNg Ordpriateedrehict.5-AW:Brobedl RrimerdRrd dhdwadsplobe6R 20
Annealing: 65C Extension: 2 minutes The restriction enzyme Hind Ill site
existed in a region immediately upstream of the synthesized probe
PCRegiaditibhels, chromosomal DNA of Tol 5 was digested with 25 Hind IlI,
lected to_E.P., and,then subjected to southern hybridization with the
xS g

hs a result, three signals were observed again, all
TerdfiatsigNakpeUionss:: Tol 5-No.6
Primer F: Tol 5-ad-probeSF
Primer R: Tol 5-ad-probe6R

Annealing: 65°C

Extension: 2 minutes

‘The restriction enzyme Hind 111 site existed in a region immediately upstream of
the synthesized probe region. Thus, chromosomal DNA of Tol 5 was digested with
Hind 11, subjected to E.P., and then subjected to southern hybridization with the use of a
158-bp probe. As a result, three signals were observed again, all the signal portions
were excised from agarose gel, and DNAs were extracted (using DEAE papers). The
resultants were designated as Tol 5-B (2,500 bp), Tol 5-M (1,200 bp), and Tol 5-S (600
bp) in descending order of molecular sizes. The excised DNA fragments were ligated
to Hind IlI-treated pUC118. After the ligation, DNAs were purified and then

transformed (electroporation; blue/white colony selection). The plates on which
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were excised from agarose gel, and DNAs were extracted (using DEAF

papers). The resultants were designated as Tol 5-B (2,500 bp), Tol 5-M

(1,200 bp), and Tol 5-S (600 bp) in descending order of molecular sizes.

The excised DNA fragments were ligated 30 to Hind lll-treated pUC118.

After the ligation, DNAs were purified and then transformed

electropqration; blue/white calon ection). T lates .on which. 27
O e S e v et B oS B th Wi gsec the
158 uge mbtemth8dipprbbeanedtdordabowti€oldpek inybidbisignilsere picked

were detected were picked up and cultured in LB/Amp liquid mediym. .
o SR DR O v oA o Sh et Hasilg DNA
wasVyithfthenedstrietionenzyregddindiih tadvesiirithek @NGROHNRINER verify the
lengg%%%%nt, As a result, insertion of DNA fragments of the strain Tol 5 of

pIEIHOBHHNERG 600 BESHHENGITINGE ebhinned enaniieddhe strain Tol
5 ofplasunids WepeoSHbiaaed(0 S8AHABRING winee theMdragmentandhgid were

fragment were short, the nucleotide sequences of 1,185 bp and 603 bp

. . . P
subjgiritd detarrtRRE WHa sitigrs:-phth MdgtmRenprdelbtion feastd werg short, the
nuclPRRRregbforseguencing o the Biffaggent, A 1Q plagmid soniaining gﬁ%ﬁ:math

a

fragment was treated with Sacl for a 3' protruding end and Xba | for
SCqUSRSHRRIInd SHan dtHER i Jede diRRIrekdhu craensin By pibpddirgeament. A

plastfiesnelisapriesPY difierentiating the URUION ARINGWRIGR ding end and Xba

exonuclease Ill would be allowed to react, deletion products with different
I fonengtprofiydiagorndand diaifestaherdaftspmidaesnding Wit thpaise of series

of SEAHBQ@%?” d}lﬂg}smﬁ@dtﬁQdJ%QaHnWﬁqrmg Ionse 8&6@%&%&5&"@’1} would be

ragment were carried out, and the samples were subjected to blunt end
allovigatitsn Thatie eldtica opeducissevids diftefarol pds middekfien purificatidrined.

The?@&'ﬁ&{hﬁﬁ% Q:rl?cﬁip .t%&%"t Q%§Q@P@ﬁn\{\?e @egjﬁﬁ%aga\év.tg%bgéidwgﬁ%ﬂ' with the
should have disappeared due to digestion with exonuclease II1, to
use efifhindtéetievirithement byererveaiédplasndidse anthFlecoliddHSBiwetsd to blunt
end 'ﬁ%gﬁg?lr %e%‘”éﬁcf,h% rgg{.élltﬁgt %%Héé tgfoc!%t%'thfoégjja?%ril S 0531 Lle?tl%rr]iﬁc tion via
mutants. Many transformed colonies were picked Up and cu tred, and
ethatiod extraigiédiplasitiids shepdéromevereal subjedtedith diatidigestion witlukhehave
disafgelrickion enzymes Hindlll and EcoRI By ta g the size of a sequeRcin
e m s ints Lo Al dLeuih ST bre kg b
unreati@dedemtedntenvals @ity weretsegiencelwithe iR 540:bmnidiebtidebtain
sequence of the B fragment was 25 determingd by assembling the
e e e Fh B R AR e DOt Wana curr
and the extracted plasmids therefrom were subjected to dual digestion with the
restriction enzymes /{indIIl and FcoRI. By taking the size of a sequencing path (800
bp or longer) into consideration, deletion mutants were selected at adequate intervals
and they were sequenced. The 2,540-bp nucleotide sequence of the B fragment was
determined by assembling the sequencing results. The Tol 5-B, Tol 5-M, and Tol 5-8
sequences determined are shown in SEQ ID NOs: 9 to 11. The Tol 5-M fragment
comprised a 533-bp nucleotide sequence as an overlapping region that is 100%
consistent with Tol 5-No.6. The HindIlI fragments, Tol 5-B, -M, and -S fragments, did
not comprise overlapping regions from each other, the -M fragment was deduced to
follow Tol 5-No.6, but the positional relationship between the other 2 fragments was not

found. These fragments comprised almost the same nucleotide sequence regions, and
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sequences determined are shown in SEQ ID NOs: 9 to 11. The Tol 5-M
fragment comprised a 533-bp nucleotide sequence as an overlapping
region that is 100% consistent with Tol 5-No.6. The Hindlll fragments, Tol
5-B, -M, and -S fragments, did not comprise overlapping regions from
each other, the -M fragment was deduced to 30 follow Tol 5-No.6, but the

itional relationship between the other 2 fragments was not found.
the R AL Ot BT I b 1E B Moo LA REs were also

deduegianheapdL8rtheikbsStbrnighentagiomviasdpaates; thaminarth@iised. ORF
these fragments were _also deduced to be parts of a gigantic fragment in

was GHRFEe 45 48R aR Cet 4B bR CORPE WX RRded tB%labrgvhiragment,
and B3 PRLRGAUse RhtheAvaHanpiag ehthridPhR:-MylragmetteaNdAE residues.

amino acid sequence of the protein encoded thereby comprised 1,785 ‘
Howggig feB Fhpbiidhvit Tyric RERIRBC et b S teanviraR o A ritsgratinued at the 3

end. SCAHRNGEWaRAigcARinyed Atdhe3 &N Thisngrcessiatef LHPe downstream

elucidation of the nucleotide sequence of a downstream region followin

regiqpel it wing fiayiidnt-MitHeagienhe stlibrede Grhipieentsectiyhist the %ighest
homB lf@ﬁﬁ%ﬁ"@% 8?@%%9%9%%19%9&%&%%@ QE&%QW@W was as low

which was as low as 25% homology at'the amino acid level, it has not yet
as 2émbhew ey o dingaragionatithe dlo idembeavs taneplorddbmendimhrgion of the

mem\g tg' %595&0&3&%}@” . 18]: %ﬁ% %‘f %%lgggﬁlgo h‘%gﬁ”&@{%?@ r{‘)%ﬁon%s to the

esin family is not yet known. Sequencing of the Tol 5 DNA fragments,
autofrenspotter@themd fotibyGonethichkavere. obtained via southern

hybridization i att t ne.th nstream regi 1 -

T B D L] SRR R, Bhicn
wereSitethé sedfragthentshyiendidedoced ta etmppséerepaatibeqiences;am region

independ eleti mutants reof we ro fter the plasmids .
sube R o B D B L i
Sincenbk = $enesofsdeletialrdontdnts soarpripreppeedsi thesamedwnanienadeletion

described above, they were sequenced and assembled intp a.single , ,
Mot RS Rt Ratictiae LeaudncRE OF 1) BEC ari Tol B.Co e/ * 3
proti2dideterinad. Yhel determihgaolnldag2eadd a7 obbe€ Ghdeleptidlenutants were

h in SEQ ID NQOs: 12 and 13, tively, Th
Pren S i ST CMBSHS TENHATRE) AR E oA AL AgDled

into @f $hex[bob&rinvt, and %@Iﬁl@ﬂtﬁar@qh@E@é MIaﬂdZCZaiﬁagI‘ﬂErﬁ&Q were
deter%ﬁ%%ifgt% %%%%%gzéhllgl“?—%}%%%fgfg}p V},nelg egg errsrycr;]z?eczilgéc’s are shown in
SEQ ID NOs: 12 and 13, respectively.

The positional relationship was determined by analyzing sequence overlapping
of the Tol 5-B, M, and S fragments and the Tol 5-CC and C2 fragments. Only the
sequences exhibiting 100% identity were determined as overlapping sequences.
Although three signals were detected via southern hybridization with the use of a 158-bp
probe, the results of overlapping analysis and Tol 5-C2 analysis demonstrated that there
were in fact four fragments. Since the fourth fragment had almost the same size and
sequence as those of Tol 5-S, it existed while overlapping with a signal at around 600 bp.
This region was designated as Tol 5-8'.  Based on the above, it was found that Tol 5-M,
Tol 5-S', Tol 5-5, Tol 5-C2, Tol 5-B, and Tol 5-CC fragments were located in that order

while overlapping with each other. As a result, ORF was extended to as long as 10,798

29



10

15

A

25

30

25 Although three signals were detected via southern hybridization with

the use of a 158-bp probe, the results of overlapping analysis and Tol

5-C2 analysis demonstrated that there were in fact four fragments. Since

the fourth fragment had almost the same size and sequence as those of

Tol 5-S, it existed while overlapping with a signal at around 600 bp. This

region was designated as Tol 5-S'. Based on the above, it was found that
b, #gfis e 35l 8¢ Ferecesoraf sheoPrbes ssntetollsrery reagmRelirs 3,598
resiNRKe lopRteehiey st praes while ayerapring yyidh ash-athehAs atest,  This

ORF was extended to as long as 10,798 29 bp, and the amino acid
nec%%&ﬁ?ﬁc“é‘ﬁhﬂ%élﬁmt@ﬁ%ﬁé@&@ét¥ﬁé¥é5§gwﬂgﬂgéﬁ@,§gé5 reSiduddre sequence
exhiBRWEMR! LR EWasH L fr I ITAIed, and, HSSRRIALSE, 08, 3han ¥k as low as

This necessitated further cloning of a downstream region following Te

25%s lomotery selgtheneeiextividels ek hifhessoneshriologp i@ ARlop! the membrane
anclRYIEORIderia Ahymatym  DUHILWES RSP A3 2,7RLGDRMRIQ0Y %gp

i fr, a higher-
amino acid level. It seemed to contain part of the membrane anchor

ordegsitegitiise qlienck Moutiindiddtsdrhpmsedineéntirdesgiench] Fotrirecoaciuded
ol - h o I th dicted. T it
that mq’}ﬁ&ﬁgggz{’cﬁéﬁ‘gﬁ égftrﬁgf 98[580818%929 &%_f_epc\)/e& %’aes f@“% 0 E[%Sénluch greater

cou it beloged to the amily. Also, size
thanttibae ot WiesifouridBer beieilachegrebite (3030 thaiof Bads),ofBationelldhe largest

‘ nsel AEB,O 6 aminp acids),,which, was the largest 10 ampng members
s e A I Sy B! KpofRE of
sequeneirgyihatihwd zeemeohaucid basideschioed abaeecrilectegaate, no repeat

sequences were observed jn the C terminal regj fIel 5-:CC. Th
e A s L R R P AT vEblonc b AR -0 probe
was hybdidézdtiontheas camriec:omuipivith) atine sesehefiDINAdditheobmstrairied out with

treat ith the restriction enzyme Hind lll as a 15 template. As a result
the G W R S R RS G AR SRR A 26 TR s o
temBe@SKRA T hisBNAasam eicisedelram dgafdde g dndiexdreated {psingdh@cd as

paper). The extracted DNA fragment was ligated to the Hind
Tol ol s Bt b oiar A HOBI MBS Bl AHin AL (s the DEAR
papd®|.ecliaperatian dlDawhitesotonywaaldeiian) MViie COIONEE WYeESed pUCI1S
ickegt u§ and cultured irkLB/Amp(EéJIuid medium. Plasmid DNA 20 was
Vet PRCtet HOTF Balte i ORIt BIGHT R ke it IS epRtioLection)
Whienzyloeickline:H e erify el ipsentel wasleddser kol ent Skdidid DNA
not contain a repeat structure, and the sequence was determined via
was eHRGIGChRATY. RavkeHa g e e degthadts holfatirbpgenzyme
Hind DTNE: A flolhe- naki, was feidnet e Qetial Wihsti& kb did not contain a repeat

structure, and the sequence was determined via primer walking. The determined Tol 5-

C5kb sequence is shown in SEQ ID NO: 14, Tol 5-C5kb was found to overlap with the

Tol 5-CC sequence and to be a downstream region following Tol 5-CC. As a result of
connection of these fragments, a gigantic ORF as large as 10,893 bp (SEQ ID NO: 1)
was completed, and a gigantic protein comprising 3,630 amino acids (SEQ ID NO: 2)
encoded thereby was elucidated. This is the identity of the gene associated with
adhesion which was destroyed via transposon insertion. The positional relationship of
the sequence fragments described above is shown in Fig. 1. Thus, the 15,011-bp
nucleotide sequence of the gene fragment of the Tol 5 strain comprising a gigantic ORF

encoding the protein associated with adhesion was determined.
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Tol 5-CC sequence and to be a downstream region following Tol 5-CC. As

a result of 25 connection of these fragments, a gigantic ORF as large as
10,893 bp (SEQ ID NO: 1) was completed, and a gigantic protein

comprising 3,630 amino acids (SEQ ID NO: 2) encoded thereby was
elucidated. This is the identity of the gene associated with adhesion

sertion. The positional relationship
STIHENS Hed RGeS Yedeibed above is shown in Fig. 1. Thus, the
15,01He-ppr89 Rugipatide seairncs afthalgerefiagnent of theid@l Slones were
strain comprising a gigantic ORF encoding the protein associated with

assepeiGHWASHREIANENS0 118 SENRNCE of tRESRINBISAPSsEbARIREESt Was

fourdleRendheRatjalsearences QRN asa resut t%%%géﬂ&%f NG VRT QWi ting
clones were assembled into a single sequence with GENETYX. Since the

100'GdAengitintersst e rattht el sRRE cERiFusew rep éatcsthlingraaguences.
Wh@BhhheseareRce partiong exhibitind.2 é@@%éd&fﬁi%mgraneé&ﬁﬁ%mngn this

be overlapping sequences when assembling sequences. Whole the

cxaIppiSlEbtifeseueitcd datebiinéld B¥a Fésult of cloning and sequencing in

1-4. His; Bxample 5%}/@ in Fig. 2 and SEQ ID NO: 15. 1-4: Bioinformatic
analysis Itis necessary to identify the region in the nucleotide sequence
thatlentodesssaryOprdrainlAthegiesi entodegrageotiln wasaedubet anithdes a

hie use,atibe ORFfinderand; Genelark. As,adesultythe phiaipadaen

pro was deduced to](c:om&g%iisep?our%RFs. Tréﬁp@%nﬁ%a%glen%gﬂ%e%d mtogﬁw%&r and

GenelftrdmentivriedagiganticcORRiaetl geprotens edoboed by sucipXBRFoan ORTs.

. id io or, Singe the terminatj odons of ORFs

T S A o e A RO HRE B R o o

by sicth©RE middbe. sllen drcodindasprotéinica ribbisomerbindingsiieranddans of

ORf%r%’{‘lRéeESg{idaéﬁdf%%s‘?meg&’%%@%'& %%ts'%ev%”d“?ﬂo%%%%onfesdli‘s%% tinued in the
sequences thereof are often conserved, thé‘existence of & promoter

middegioNVioethe gigamntic @QREcof, therddiesiorbastiogiated gehe pramoter site are

res é"lﬁ""&c“t%ga!% 3, g.re%%lttl, th(em rensenéze thereof was ¥§rifie : Thefrz%ions ved

P are "RhGW Below. "F‘Illus,cfﬁe initiatio 188855%688%% eA0 WAl fabtiasg ves

the dadentieoterm@omatcosgonfsichd pighataOpasHOhO28he 3D tegiRialdd gene
re

was SRR err AT TR PR SR CYRARTFEA T AR TARRR
shovAAARRTM G TAGATHE ThAIRAJKEAIT G@bAtion 949 was deduced to be the correct

codon instead of that at position 925,

-335 region -10 region

~TATCTCATTTTTTTGATTGC LI TAATTGTATGTAAATTOTTAAATAAAAAAAATTGTACATTTTATATGCATTGCTA

AAGCAGAACCTACTGCCCAAAATGCATCTCCIAAGGAAAAGCGATATGAATAAAATCTACAAAGTGA--

. G
95 S sequence %9 initiation codon

ORFs were subjected to homology search with NCBI-BLAST. As a result,
there was no protein found to exhibit homology in the entire gigantic protein encoded by
the gigantic ORF associated with adhesion. The protein, however, comprised a region

exhibiting homology to proteins of the TAA family in one part thereof.

A protein of the TAA family comprises a signal peptide, a head domain, a neck
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AAGCAGAACCTACTGCCCAAAATGGCATCTCCTAAGGAAAAGCGATA
TGAATAAAATCTACAAAGTGA- 25 925 SD sequence ' initiation codon
ORFs were subjected to homology search with NCBI-BLAST. As a result,
there was no protein found to exhibit homology in the entire gigantic
protein encoded by the gigantic ORF associated with adhesion. The

rotein, hgwever, comprised a region 30 exhjbiting homology tq proteins
Aongih FRATARA i HE BRI RSTaB, AEhGteHr B tHe TAR Tl PIC alignments
werGopappiaed asignahpeptides axheaddemain, amnegle 3dqdemairomptalkons were

domain, and a membrane anchor domain. Thus, multiple alignments were

perigraifshed FOF SaTH S HRaRPWRHITI ISt A, R ihe & S BISEY Eoih pafisghdomain,

the WRIBLsRETRARG oENErresUlie Ar8-sh W FiGy ik Reaatdngiie are also shown.
membrane anchor domain, the results of prediction of the secondary

Thesmgarbirsswithtbeebifctr fareily AH6T8ISOBRBTA: 5 TR rietiberscosepecTees of the

sigd AP RIS MR 8GnAS 2ePUlL HaeiSaaNERCes-of BN RBPUIFS: highest
the head domain, and the neck domain were found to exhibit the highest

honﬁ«éﬁwé@ﬁwW@ﬂﬁg@?é@ﬂﬁa&éﬁw&éﬂﬁé&aéine‘@)wmycefemCOM_il‘anS: which
weré“%ﬁ%[‘w&%ﬁW%%[‘%eé’ﬁ'@&‘%ﬂe‘ﬁ?reﬁ%d%% ét{l% %@%ﬁﬁ%ﬁ‘? %%Yﬁ’ﬂy@d 11%,

In addition, such sequences exhibited 11%, 23%, and 40% homology,
23%esgpeciVéyhamyags, otvpertinyenterdeblitic fwhisivhagarodoééiaahevhich has

beeﬁ‘}tﬂ?\trﬁ%’ ISH RIS INANG %@%&%@Mnﬁ@%ﬁr‘c% §@L|§igc9t8%9 e%%?&{%e of the

of the TAA family. The membrane anc omain exhibited 48
TAAorfrohogy to diotrarsporee adinekit oflelmemoptihibissnmidani@sdlogy  to
0 t . TF alk in.compaosedaf,2,591 amino.acids
oo SRR I, I e T S A TR R e
staliBiaSdirapatysisedltifol §hlthenhomoldgyamblow. tBexhbemmmipleidhelogy to a

alk in.exhibited the highest homology to the Y.adA-like protein of
e e NS R S 0 I e G i st o
exaopR 50 strlind@nids exhibited 88%iabesdlogyatotheiprateiNafintdregtotein of

.Thus, a protein.of the TAA family was demonstrated, to hav. ology
At ST s Tt Dl VLU ACT ARASA! AL SUper 2591
amiho motboyxhidstabB titficiently gvglh. (Fheroest 20 dharaateristicfeapnadn of the

oL AT SN Al gt meTbme ek Soma TAAR
via GfIsuBN strabdsscalldativelysamilodisirandss thet(Susatiehdlrusligie iSThe most
charggtrgr?gﬁi:a é‘?%};%ﬁ?é I%g %ﬁ”&%ﬁg r?sma_ ng)gz%g\r/;%abc%%e&aﬂ?en glgr}c} ngtllg nasnchor
domain. TAA is a homotrimer, a polypeptide strand has an o helix and 4 B strands, 3
sets of such strands collectively form 12§ strands, the B barrel structure is formed in the
outer membrane of Gram-negative bacteria, and it functions as a tunnel for protein
secretion. The secondary structure was deduced based on the amino acid sequence of
the membrane anchor-equivalent region of the adhesion-associated protein of Tol 5, and
it was deduced to have 1 o helix and 4 B strands. Based on such deduction and the
domain alignment, the adhesion-associated protein of the Tol 5 strain was deduced to be
a novel protein of the TAA family, and it was designated as AadA, representing an
Acinetobacter adhesin.  The nucleotide sequence of the aad4 gene is shown in SEQ ID

NO: 1 and the amino acid sequence of AadA is shown in Fig. 3 and SEQ ID NO: 2.
AadA is composed of 3,630 amino acids encoded by a 10,893-bp gene. AadA is a
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secretion. The secondary structure was deduced based on the amino acid
sequence of 25 the membrane anchor-equivalent region of the
adhesion-associated protein of Tol 5, and it was deduced to have 1 a
helix and 4 R strands. Based on such deduction and the domain
alignment, the adhesion-associated protein of the Tol 5 strain was

deduce vel protein of the TAA family, and it was designated as
“m%SdRe?ﬂ’ﬁfegEﬁEﬁgﬁl RBtoBULEd: Lelfe W%W@%&%%&.ﬁéﬂﬁ%ﬂ%@ fo the
poir@k hig:RadATgens, is SheWBHR REE: R8QNRik antheamamagithat have been

sequence of AadA is shown in Fig. 3 and SEQ ID NO; 2. AadA is
ahe%%lﬁ@@é%ftéee%%rﬂma%agfa%ﬁf%oﬁﬁg}wme@é bpeesreahsiuactymgs that
are SRHPSUSMEBRG10E the TAA famibwwaish g t@QﬁHeﬁeﬁﬂﬁﬁ%néﬂ@ the head

past, due to the points below. That is, it is much greater than proteins of
domygig s RgRHarAYE HkH HifsdagFepanes dsdtalk duntahoxy! terminus

at WRRIPNEINGR Rivally Sflonodspaat strugtunes thatu @l etgr@@ggl%ﬂﬁbatermmus
complex manner has low homology to other proteins, and the head
Whetbhath 8aH tHetnsetctmpiansxistsal sité igbarstheniore m@s@lwtmh@mpemﬁc
0 i t xists
R SRR IR S L e
protgjasdthighadhésive sroptadyiorthenspedifictadhésivep pripetly eidieiTplts host

that,h be
ceiiss&a&f%ga & E&q}?’&?&ﬁ]&?ﬁmhggéﬁcaﬁ&t dﬂerlng?fc?lf?cf’StSféi %%/ Sietrs do not

reported In the past func s of
exhiextraghlhdlegsiNatpicessifhen pathogenlc bacteria infect, and such proteins
do ngl. X igh aghesiye ropery. A eyl ot g horalogy seareh o
a protein & |b|t|ng y%o thé ou er t5tane 8

hompioml n@rﬁp:A oitethendralctenia prtmrgéBmgﬁA@ﬁemdlrmcﬂmwm&fmfnme genus

ate dow tream e aadA gene. as d ated 5 as %
Acmg é? S‘?%e{?luc eolflJcle seq&}éngcoeW of ToiB f% p‘)ﬂ‘AafIs SHown'in Signated

as TONO= Gmahd thﬁzammﬁnanmbsaquenmeﬁénédf 3mshavin shdSmQnl m)zm NO: 3,

o 555 SUBA S, o284 0 2008 ShbedApy e TR DR GERE A

of 264thﬁhﬁoseqdem9cm‘dhﬁf ahite7 y5ephrane pmtmaﬁqﬁxmhgmgdmrﬁ@k)ggepared
guence. The results are sho in Fig. 5. 20 In

.t Tl 5-OmpA
i SR AR B Ut GG AbAHBIGER e protins

exhitétiminabregiogy buttexhibitslounbomelagyds. the it tersainabhregipiwinin Fig. 5.

contrast, it its hi omology to.the entire outer membrane protein
In CCgle%gfgﬁa g }%5) 21; fﬁé’t §E§BP9{S hlg}‘l gomolcgy?n the C ugrmmal region

but exhibits low homology in the N terminal region. In contrast, it exhibits high
homology to the entire outer membrane protein of bacteria of the genus Acinetobacter.
However, functions thereof have not been reported. Since it is adjacent to ORF of
AadA, aad4 and Tol 5-ompA are highly likely to exist on the same operon. Since it is
an outer membrane protein, Tol 5-ompd may also be associated with adhesion or
production of adhesive appendages.

An ORF at the 5' end of the 15,011-bp gene fragment of the Tol 5 strain, the
nucleotide sequence of which has been determined, exhibited high homology to
methionyl-tRNA formyltransferase of, for example, Acinetobacter sp. ADP1. An ORF
at the 3' end exhibited high homoelogy to dihydroxyacid dehydratase of, for example,

Acinetobacter sp. ADP1. Since there is no report that such proteins have functions
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However, functions thereof have not been reported. Since it is adjacent to

ORF of AadA, aadA and Tol 5-ompA are highly likely to exist on the same

operon. Since it is 25 an outer membrane protein, Tol 5-ompA may also

be associated with adhesion or production of adhesive appendages. An

ORF at the 5' end of the 15,011-bp gene fragment of the Tol 5 strain, the
ence of which has been de in d exhibited hi

4ssQCIa ee fid f éieg” % b
0h6 o) ;; SthienVEEEN er’oﬁWnF&%‘Sf educed 8r 1%%%5% soclation wi
adhé?swﬂaﬁ@laaﬁteﬂ’o%mt%la@ ITAS ORF 30 at the 3' end exhibited h|gh

Ej; greport that such proteins have functions 33
aSSCI@'Qiﬁﬂ:NVﬂHW@@ﬂ?SJIQﬁ éB@&@QﬁQge]ﬁﬁ wesg deduceshio faveny, full-length

association with adhesion in Acinetobacter sp. Tol 5. 1-5: Cloning of

aadg QORRGH HRVGERE T SREPTS Ve MiStREPYEderiaiRg Raandeds targiadhereof
was Q%ﬁ?ﬁi&'&ﬁteWhEJﬂolﬁm’fﬁIﬁﬁ%% m@prﬁﬁﬁg@lﬂ?ﬁ%éw@g%ﬁww%mw

mplified via PCR, and the length thereof was confirmed. The Tol
le@-“l’ -F HrbFol 5-TKD-R primer regions are shown below. Primer Tol

51 AXTKEX GO A A ASCTAAA K IAHaAMMAAM T PSP T TAAAAGTTAAAAAA
CAATTGGTTTAARAGTTAAAARAA

ACKETEARAPCATETEATTT TEMIGRCICEAATARTACT AR G ARRATTEATAA

AARRRIMMGED CATT T TATATGCATTGCTAAAGCAGA CGTACTACCCABAATG
AAAAAATTCTACATTTFATATCCATT GO MR SEN A ASTIAST S e

CAT@W@AGGAAAAGCGATATGAATAAAATCTACAAAGTGATTTGGAATGCG

ACTATGTCETAABBAAAAGCGATATGAATAAAATCTACAAAGTGATTTGG
AATGCG ACTTTGTTGGCATGGG-3' Primer Tol 5-TKD-R (complement):
Pringr-GE CCRIGERAGCTBEABUGTCTCAAGGCGATGCAAGTGTTCGTAT

5 G B S A A U S A G AT G RGeS PG ATe

AGG@EWI‘EATTGACTAATTCACTCGACAGGGAAGATCTTCGGGTCT’FCCTTTT
TcTﬁgﬁﬁ&ﬁ%?%ﬂﬁéAgA8&%&3&%@%&%?@@& MAAMATTA
TG TR G AE TAATCASCCETCTEATG AT GTEATG CASTEATEOTRAT TCG

%éﬁfft AMA C‘GO@QT@CGCAAGAA--S PCR conditions used are
AA
as follo nditions

PCR conditions used are as follows,

PCR conditions

Polymerase: Easy-A High-Fidelity PCR Cloning Enzyme
Template DNA: Tol 5 genome |

Primer F: Tol 5~-TKD-F

Primer R: Tol 5-TKD-R

Annealing: 55°C to 64.5°C

Extension: 11 minutes

As a result of PCR, a band corresponding to a 11,145-bp sequence (about 11 kb)
obtained via cloning and sequencing was obtained, and it was designated as Tol 5-11kb.

Subsequently, TA cloning was carried out using the product. Transformation was
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Polymerase: Easy-A High-Fidelity PCR Cloning Enzyme Template DNA:

Tol 5 genome Primer F: Tol 5-TKD-F 25 Primer R: Tol 5-TKD-R

Annealing: 55C to 64.5C Extension: 11 minutes As a result of PCR, a

band corresponding to a 11,145-bp sequence (about 11 kb) 30 obtained

via cloning and sequencing was obtained, and it was designated as Tol
uent TA clonin rrled out

usi
car S B A Ao D P B BFCTREH ihd i Fo et
The Wetmispreatboitd Biki agan@ediumB/Fhe fiyued celdnies weteawtuteturing
iquid medijum, fter culturing plasmid. DNA was extracted.
PlasBANER TER Gt e SR Gt ﬁlaz%éfﬁ?%ﬁd&%wwﬂ@m in
ordelnseviedifwasfuribar confinnedntiarReMirhha cendiians usRA-afRli SoshMEY are
below. PCR conditions Polymerase: Blend Taq Template DNA:
ShovBReIRM- TOPO:: Tol 5-11kb plasmid 10 Primer F: pUC118F Primer R:
pUC 118R Annealing: 56C to 68C Extension: 11 minutes 15 As a result
of restriction enzyme treatment, a vector and a band ideal for aadA were
ReganAlfig , aadA was observed as a
Poiygggégeog%gg{fr&? a result of sequencmg of plasmid DNA, further, the
sequences at the both ends of the inserted fragment were completely
Templpts it withird-nlieRBtide stddkhadasmwifich had been determined in
“m@g‘@@{:ﬁ:ﬁg}s sequencing accuracy was verified, and 20 the aadA gene
(about I1. kb) comprising a putative promoter sequence was satisfactorily
PrimgloResUEURB&r, cloning of a genetic region of about 12,505 bp comprising

Am@aﬁﬂéag\ée?ptrg)g@r@r aadA, and Tol 5-ompA was performed. The fragment
was amplified via PCR.

Extension: 11 minutes

As a result of restriction enzyme treatment, a vector and a band ideal for aadA4
were clearly observed. Also, a band having the size of aad4 was observed as a result
of PCR. As a result of sequencing of plasmid DNA, further, the sequences at the both
ends of the inserted fragment were completely consistent with the nucleotide sequence,
which had been determined in advance. Thus, sequencing accuracy was verified, and
the aadA gene (about 11 kb) comprising a putative promoter sequence was satisfactorily
cloned.

Further, cloning of a genetic region of about 12,505 bp comprising a putative
promoter, aadA, and Tol 5-omp4 was performed. The fragment was amplified via PCR.

The conditions used are as follows.

PCR conditions

Polymerase: Easy-A High-Fidelity PCR Cloning Enzyme
Template DNA: Tol 5 genome

Primer F: Tol 5-TKD-F

Primer R: Tol S-ad-op-R3

Annealing: 50°C to 60°C
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The conditions used are as follows. 25 PCR conditions Polymerase:
Easy-A High-Fidelity PCR Cloning Enzyme Template DNA: Tol 5 genome
Primer F: Tol 5-TKD-F 30 Primer R: Tol 5-ad-op-R3 Annealing: 50C to
60C 35 Extension: 14 minutes The primer Tol 5-ad-op-R3 region used is
shown below.

B AI%ATG'{GTACATATTTCGACTGATTTATTG CTATATCAGTTTTAT
x{ens,lq iglites

GAGTGAATCTGATTCATTTCAAG CTCAAACAATGTNGGAAATACAAAT

GCCNG | . .
Acﬁg?ééﬁ‘?&/&iﬂi“&&“?é&&t’“&é‘ﬂ%ﬁ*&ﬂ&éﬂ‘?&%mGCTGGTG CA

S'—-'lﬁ(BCE@ﬂETGTAT@G@GTGGAS@G%TQO@iUMTYMQGHW]HDQDTI&GCCA
as deS|nai;(ed as ToI 5 13kb an |t Was 10 su jected to TA clonin

oA GohNE R TS AtE GCCCNG
AQM@"@@W@MAA&M @wmﬁdmrm@m@i@mﬁ%%@@mw MACGTGGC

LB/Km_liquid medium and after culturing plasmid DNA was extracted.
TTAHRAGHE Hedttdwith the restriction enzyme EcoRl in order to verify the
insert. It was further confirmed via PCR. The conditions used are shown

below. 15 PCR conditions Polymerase: Blend Tag Template DNA:
pCRI ocPapes: fapsamiief shawhitd bhimer depomierses e Phditrend it was

subjRHG L8R ANREAINgTPAGAR B o EXRNSION 44 MIDHEI LS ! 5‘?§H!)tn0fand the

restriction enzyme treatment and PCR, a band of the insert having 2
resultpairatearisgthondobseamsd Hmdglmasrﬁi@mmmvamm@éﬁe@ecbm 1B/Km

hquléqﬂé@ﬂﬁﬁn&érﬁ%el culturing plasmid DNA was extracted. DNA was treated with

the restriction enzyme EcoRI in order to verify the insert. It was further confirmed via

PCR. The condifions used are shown below.

PCR conditions

Polymerase: Blend Tag

Template DNA: pCR-XL-TOPO::Tol 5-13kb plasmid
Primer F: pUC118F

Primer R: pUCI118R

Annealing: 50°C to 60°C

Extension: 14 minutes

As aresult of restriction enzyme treatment and PCR, a band of the insert having
a theoretical length was observed. This plasmid DNA was subjected to sequencing and,
consequently, the sequences of the both ends of the inserted fragment were found to be
completely consistent with known sequences. Thus, a genetic region comprising a
putative promoter, aadd, and Tol 5-ompd; ie., the genetic region of about 13 kb
comprising the 11,858 bp aad4-ompA operon (SEQ ID NO: 5), was successfully cloned.
In the nucleotide sequence as shown in SEQ ID NO: 5, a region comprising nucleotides

1 to 106 is a promoter-ribosome binding region (SEQ ID NO: 29), a region comprising
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consequently, the sequences of the both ends of the inserted fragment
were found to be completely consistent with known sequences. Thus, a
genetic region comprising a putative promoter, aadA, and Tol 5-ompA;
i.e., the genetic region of about 13 kb comprising the 11,858 bp
aadA-ompA operon (SEQ ID NO: 5), was successfully cloned. 30 In the
ucleoti sed in SE NO: 5, a reg ion.com
SRR TR R S B T TR
to 128} 8aisehichiotonaprising:r36 nucleotides 107 to 10,999 is the aadA gene,
and a region comprising nucleotides 11,064 to 11,858 is the Tol 5-ompA
gene. Example 2: Property evaluation of E. colt into which the
Exagghesidngssociatedgenecditheo » ifcinetotiactier-spedioh stsalntb@sene of the
been mtroduce Propert es gf the colt DH5a strains transformed with
SRt wiieR-tHE haitha RaadA-ompA operon have been

Inseﬁﬁq;éﬁﬂ@@ (ﬁtr@wbewgr@tﬁag@ﬁm% asiirbeacaadithaitors into which the
DHSa::aadA-ompA) were compared with those of the wild-type E. colt

aadfpane edifegehs HROARBIOT HAVE. ReSR DItk ans retrains Rranafgsignated

as DIgSIOLEQ infavhigR dheRadApmpAyoReson pad basm insrEed WasSwild-type E
accepted by the Patent Microorganisms Depositary, the D%g)artment of

coli BibfeemBIb gy NatfohaPhistiutel 6F FeeHhdIbhy atdinveainamsmed with a vector

into IREQERCREE,AdMRISIAtVR HFCRRY ZarSikazisakamalari, {g@aﬁ?z&éhpaicnt
Chiba, Japan) as "DH5a- XLTOPO -aadA-ompA" under the prowsmnal

Micrpesaagisnsdrspes INTTEDRBPCRat e ate o BieteskioploREbNeligmd, Institute of
Tecl%%@@%/ %i@%éﬂﬁ%ﬂ!??'ﬁﬂ!&%?@éﬁ%%%ﬂ%ﬁv%@&g%w @%Wﬁf&akama’mrl,

order to observe morphological changes resulting frdm introduction of the

Kisaggrpshenelihg tHapaad AsormpASepsior) BAymed dfoasmaiis ider D5 (Xovisional
acce@ﬁgﬁ‘ngﬂg’@r W%&%ﬁpﬁo%gtp E%Sa%yé/ Eﬁﬁaﬁ%@rﬁ‘é@?@“ﬂﬁféﬁd to

Gram stalnlng and the stalned stralns were observed under an’ optical
i : ) ‘ ALE 2optn the DHSa::aadA-ompA

'Strai'ﬁ '8%889”%0%6@&9@%%1%”?@ . ga?r? 9 bl%g{l]l é un%e%‘troducnon of the

filamentous structures t acterla e | to ot ceﬂs were
aadblgservend mdd%enm@sabstaace@maiﬂcsmmse(emabﬁﬁutamam DHS5a.::

olymer R nsidered to _be assaciat ith th addltlon
aad e e X SRR D e sgpined
sﬁ;ramammbﬁlfswﬁamdlmamd&hlrmamdsdmeecelléf heersstiikedk: ttheamhi2big. 6.
Oth‘-’f Eg‘hth%5"}%0'eéﬁ?%ﬁ%s&%{‘dﬂﬁ%a@ﬁﬁ“ﬁ SDRAENY, JTICOL TN been

introduced, filamentous structures that link a bacterial cell to other cells were observed.

The filamentous substances that look like extracellular polymers (EPS) are considered to
be associated with the addition of adhesion. In the DHSa::aad4 strain into which aadd
had been introduced, bacterial cells were long and thin, and the cells were linked to each
other at their poles. Both transgenic strains were apparently different from the wild-
type strain in terms of morphology, which indicates morphological changes resulting
from introduction of the adhesion-associated gene.

2-2: Morphological observation using eleciron microscope

In order to observe morphological changes resulting from gene introduction in
greater detail, 3 types of strains (i.e., DH5a:: aad4, DH3w:: aadA-ompA, and DHSa WT

strains) were subjected to morphological observation under a scanning electron
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type strain in terms of morphology, which indicates morphological
changes resulting from introduction of the adhesion-associated gene. 2-2:
Morphological observation using electron microscope In order to observe
morphological changes resulting from gene introduction in 30 greater
detail, 3 types of strains (i.e., DH5a:: aadA, DH5(X:: aadA-oinpA, and

. W strains) wer ject maepholgagical observation upge
el T S G
resufectrops enetoscope {TEMM Theshesults dfighsktvdtion via FE-SEM are

shown in Eigs. 7 to 9..In the DHb5a::aadA strain, polyurethane,carrier . .
s SR e e R TR
had frdimrpolyare ttiangycaisiercnitfatds fiowhicly thethareelis-hadsngheaheredich the

1 The ceLLs %Lljtoafggl 'nategand seemed togdh re to the surfaces in the ¢
cells Wl Sgh it forhs. e BhregRBs TARNE! iR o R BE Ry (0 the surfaces
in thetrgiteesaddrenprodiiced apgrbgatsrialgellpomaia stackahupkanghadres were

adhered to each other throughout multiple |ayers. In addition, relatively
prodiice HiihRTIEE B SIS EndAGETs BGHEAEG TRy SR ehAByghout

multhichiscongistentiviiih, theamagelRbtainadiata sesoit af: 10,:0ptiAls elongated
microscopic observation. In the enlarged image, portions that look like

into e 2B Bl BHERd MO AR Hin'BndpeecanhtiiiclRterisrsult of
optiG8limweiedipikedRashiieimer pt theiepalesd Ruther irHeires.thablodke joints

like appendages were observed in the bacterial cells that had elongated
wergBsHEcbATang thinarapad fog shypastAadbs hagstal sphlsAvstatinked cach

othe Hﬁﬁ&uﬁo@@s@te'ﬁ%ﬁﬁ? RARSARAIANBYR 112 aBerad i RAYUIRINADE in the
S.

carrie t seems that each of the bacterial cells adheres to a carrier in a

bacterighsellsthen badcionamshiniohsiiyes amh Rirothaaasdiithe barrier
surfacendnipe PHsaiasdhromph stalferradustionof ERR-Reared to have

structures was also observed. This is consistent with the results of optical

adhopgidrospolierethsas atisiein tHe sessadhaherlomiphsiragtcrinhpsils adheres to a
carrigy! %@H’iﬁﬁdyﬂ %E@P&Qk%éﬂ%ﬁﬂ %&?ohimp%pﬁ%ef&%g@ & ltlﬁ_etgaﬁt}?er surface.

carrier were observed (Fig. 8). Unlike the two recombinant strains, there
In thydpdlsubstahdiamprioseatn|irDrdSetiay P E&RSHdehst atineyedatoalso observed.

ThisPOYWERANG catgrs and g celly &%ﬁe%ﬁ%J%@XEgi" .idoqa%'é‘rPXﬁon. In the

accident” rather than "adhered" to the polyurethane carriers. Also, only a
DH5smadldframtity ofrthie calisyprubisicadea Strddunk Bkernpiscadagppémiiaye bacterial

ceHs(E)ith L‘arrier were observed (Fig. 8).

Unlike the two recombinant strains, there were substantially no £. coli DH5q
WT cells that had adhered to polyurethane carriers, and the cells appeared to have
"ridden by accident" rather than "adhered" to the polyurethane carriers. Also, only a
small quantity of the cells produced a structure such as an appendage (Fig. 9).

Thus, introduction of the aadA gene and the aadd-ompA operon of the
Acinetobacter sp. Tol 5 strain into the E. coli DH5a strain resulted in changes in the
form of adhesion.

Further, differences were observed between adhesion forms of DH3a::aadA-
ompA and DHSw:: gad4. 1In the DHSw:: aadA-ompA strain, while each bacterial cell
independently adhered to a carrier and formed a uniform layer, a multilayer was not

formed via agglutination of the cells. In contrast, in the DH3u::aad4 strain, bacterial
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25 Thus, introduction of the aadA gene and the aadA-ompA operon of the
Acinetobacter sp. Tol 5 strain into the E. coli DH5a strain resulted in
changes in the form of adhesion. Further, differences were observed
between adhesion forms of DHSa::aadA- ompA and DH5a:: aadA. In the
DH5a:: aadA-ompA strain, while each bacterial cell 30 independently

t rri nd.form niform layer, a multilayer-was not .
R SRR R S O e
but lpachertd] 38 wedls:fepnedtgibanticagyrdgatesrand adhered to the carrier

23N mleeggrrptoftan u|tl|q‘¥8£, t?om ea h cell qhd not independently adherg to
ﬁ%ﬂﬁ?ﬁ%ﬁ% =3 agglutination test In order to examine
changesrifvadhesion reshling fianmdntdeh esiontbidie aptotgeina anthe aadd

the aadA-ompA operon, an adhesign test via crystal violet staining (the
eng- 90 e IO P S e d bR PR bATRIAN 1541 Hlal VAIKLE I (the CV
adhtRfoltewingaaanesd <Adhesias teiizsikd Lok bastedahlinwd qultte i®llowing

centrifuged at 3,400 rpm and room temperature for 10 minutes. 2. A
MaEYium is removed via decantation, and an adequate amount of BS

medium for the MATS test is added. 3. Ultrasonication is carried out with

the use of UD-200 (TOMY) under the 15 conditions of OUTPUT=5 and
<AdAR{ER B5%3econds to suspend bacterial cells, followed by adjustment of

OD660 A0-apRioNimaiely Qidud. ithemvsnensionisiaddes tegacd walifhérature
48-well microplate (Iwaki) in amounts of 1 ml each, and incubated at 37C

for {8 viRBiSEs. 5. The suspension in the wells is completely pipetted out. In

this casg, cargud0 shouldRedakean & AsARIHO SciaRs e plate W e of Bs
end of a chip. 6. Wells are washed with 1 ml of BS medium for the MATS

medenn, Brdhndidlate Rettsenidirdried. 7. 1% Crystal violet is added to the
wells, apd,inchalgd Aty am ianperaiuierionie BinyiRs 0o (TOMY) under the

conditions of OUTPUT= 5 and TIME= 20 seconds to suspend bacterial cells, followed
by adjustment of ODgg to approximately 0.2.

4. The suspension is added to each well of a 48-well microplate (Iwaki) in
amounts of I ml each, and incubated at 37°C for 2 hours.

5. The suspension in the wells is completely pipetted out. In this case, care
should be taken so as not to scrape the plate with the end of a chip.

6. Wells are washed with 1 ml of BS medium for the MATS test, and the plate is
then air dried.

7. 1% Crystal violet is added to the wells, and incubated at room temperature
for 15 minutes.

8. 1% Cyystal violet is completely pipetted out, the wells are washed twice with
1 ml of BS medium for the MATS test, and the plate is then air dried.

9. 1 ml of BS medium for the MATS test is added, and ultrasonication is carried
out under the conditions of OUTPUT= 4 and TIME= 20 seconds to disperse stained
bacteria in BS medium.

10. Asgp is measured.
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25 8. 1% Crystal violet is completely pipetted out, the wells are washed

twice with 1 ml of BS medium for the MATS test, and the plate is then air

dried. 9. 1 ml of BS medium for the MATS test is added, and

ultrasonication is carried out under the conditions of OUTPUT= 4 and

TIME= 20 seconds to disperse stained bacteria in BS medium. 30 10.

A590;] U 9 res hesi : r lture

Ve e o R o
beloWT 0.081 5 E. coli into which the adhesion-associated gene had been

introduced exhibited improved adhesiveness to a solid surface compared

with ajwild-type Stiain. The results demonstrate that introduction of the
SampRgsion-dsseciated gene confers the adhesive property to bacteria with

11w adhesjvengess. In addition, the results demonstrate that the aadA
1agne and ghergadA-ompA operon obtained herein are associated with the
wtP adhesigmof microorganisms. Differences were observed among

culture broth of the strains (Fig. 10). While the liquid culture of the

wild-type strain was homogeneously clouded, the DHSa::aadA- ompA

cells,and the DH5a::aadA cells aggregated.to the extent that such .

oAb BT LG AT SEa A S Ao i TS L A Hephibited
impreleay adbedigghiinatiarsteRtSwike: ReHgrnetvnprdes o guantitaie  The results

autoagglutination.. The agglutinating property was evaluated in the .
demﬁaﬁtsa&ﬁwgﬂﬁahwé?dgﬂmsa% thAfBH RS TS RE D tRTi i BRI otfbesive

prop¥as ©eBlidfugedand ithe euluE shpernatpRtiwasn2QHE MAVRE . denfMAstrate that
inorganic salt medium was added to the bacterial pellet and cell

the eqdepraiprihdBbmddavadiPaseicahbms FREtOrBIGiy fOBE6d) Bith the
adhetig:RAGIER)FYsRRASION Was adjusted to a constant

Differences were observed among culture broth of the strains (Fig. 10). While
the liquid culture of the wild-type strain was homogeneously clouded, the DH50.::aadA-
ompA cells and the DHSa::qadA cells aggregated to the extent that such agghutination
could be visually observed, and the culture solutions were clear.

Agglutination tests were performed in order to quantitate autoagglutination.

The agglutinating property was evaluated in the following manner.

<Autoagglutination test>

1. The bacterial culture broth was centrifuged and the culture supernatant was
removed.

2. An inorganic salt medium was added to the bacterial pellet and cell
suspension was obtained via ultrasonication.

3. The turbidity (ODseo) of the bacterial suspension was adjusted to a constant
level with a medium. The ODggo value at this time was defined as the initial ODggp
value.

4. The cell suspension in a glass centrifuge tube was allowed to stand at room

temperature for sedimentation of the formed aggregates of cells, and changes over time
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level with a medium. The ODG660 value at this time was defined as the
initial OD660 25 value. 4. The cell suspension in a glass centrifuge tube
was allowed to stand at room temperature for sedimentation of the
formed aggregates of cells, and changes over time 40 in the OD660
value of the supernatant were measured. 5. The percentage of

: inatier r ' S ined by the following

" th%g%%%%?fgg%éﬁ%ﬁ%% B:P ﬁ%lr%%%{é%w OD660 after sampling x 100
initidl Abé6Teetagsuits antshgivhiiatioiy.(Adskgadhmymvimstdetchaited by the

feuoa%oga?q(%l%%gating property of DHSa::aadA was improved compared with
thato UWT. The results are consistent with the clarity of the 10
liquid culture and the results of FE-SEM observation. It was thus
demonstrated that introduction of the aadA gene would also provide

AggPusiopemiotinatifiy’s GBI it E AL e AP B putlications, patents, and
patent applications cited #éfelrfAr€éGAcorporated 15 herein by reference
in their entirety. 41 CLAIMS 1. A method for providing or enhancing
nonspecific adhesive property and/or autoagglutinating property for a

targeh MmiesopEgRd isivwaamplising. introducing into the 5 target
microorganism a DNA encoding autotransporter adhesin from a

micfobrgaMET HahE haHKsEht BaBe R Brog ety Hotreqddaa improved
comPRearding g alaimisderein the,igrganiseRaing RARsPRCHGrity of the
adhesive property is a bacterium of the genus Acinetobacter. 10 3. The

Liquighephdacatedrting 1 Emmh {oSENLndRsHtHaDNA Sifcotlifg demonstrated that
introditavansnadernadhesio isthe M@MB&&%@)@%&%%@E%%\{A bacterial
N a

comprising the nucleotide sequence as shown in SEQ
cellspNA comprising a nucleotide sequence having 70% or more homology to

All publications, patents, and patent applications cited herein are incorporated

herein by reference in their entirety.
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15 the nucleotide sequence as shown in SEQ ID NO: 1 and encoding a
protein having activity of providing or enhancing nonspecific adhesive
property and/or autoagglutinating property for a microorganism; or (c) a
DNA consisting of a part of the nucleotide sequence as shown in SEQ ID
NO: | and encoding a protein having activity of providing or enhancing
nonspecific 20 adhesive propertycetn ﬂ%sautoagglutinating property for a
microorganism. 4. The method accordingto any one of claims 1 to 3,
wherein the target microorganism is a bacterium of the genus

Escherichia. 25 5. The method accqrding to claim 4, wherein.the ,

AT R (R AP Ben e WP Sy andior
autoagghrdingite anypeng dbelaimgd: idrovhereimihedaWAserchdidgucing into the

autotransporter adhesin is intrgduced with the following DNA (a) or (b): 30 .
taf%%&f&%%ﬁ&afﬁ%i@d‘iﬁeeﬂa% i SHGHER A ShBM TP SE® THrkprganism

havidp Qo) RN AdeemRsisiogeaucleotide sequence having 90% or more
homology to 42 the nucleotide sequence as shown in SEQ ID NO: 3. 7.

The method according to claim 6, wherein the following DNA (a) or (b) is

introgluged infR dneitarael M oy danism15> @ha ONALORRHSING A&m having

nucleotide sequence as shown in SEQ ID NO: 5; or (b) a DNA comprising
nongpeRiEie AR SEQRIOREE VI TGUH B PAGHE BOHOIGEY 4 M€ dfiucleotide

sequence as shown in SEQ ID NO: 5 and having activity of providing or

enhancing nonspecific adhesive property and/or autoagglutinating

property #6r BRI nfiesotstganitm cledng. A wiicrborgberierm dbeailBi‘byetiseding

wuroelhodeeearding to@pyansaleloine g, @ for which nonspecific

adhesive property and/or autoagglutinating property have been provided

or el 810 ASDR Aefuderiidaingiic (o), Bl PEONANO: 1;
Com@ﬁ%@ﬁ@%@%@ﬁﬂ%?ﬁ%@@ﬁgeﬁﬁ?%@ HLV?E&%@AN)Q 01@ %&noiogy to

DNA comprising a nucleotide sequence having /0% or more homology to

the myelpeidfsotisiiuseeienctiawsiowitil SEQVM NGt andwhogdingratein having
actix@wtelgfha%pagfiding or enhancing nonspecific adhesive property and/or

autoagglutinating property for a microorganism; or
{(c) a DNA consisting of a part of the nucleotide sequence as shown in SEQ ID
NO: 1 and encoding a protein having activity of providing or enhancing nonspecific

adhesive property and/or autoagglutinating property for a microorganism.

4. The method according to any one of claims 1 to 3, wherein the target

microorganism is a bacterium of the genus Escherichia.

5. The method according to claim 4, wherein the bacterium of the genus

Escherichia is Escherichia coli.

6. The method according to any one of claims 1 to 5, wherein the DNA
encoding autotransporter adhesin is introduced with the following DNA (a) or (b):
(2} a DNA comprising the nucleotide sequence as shown in SEQ ID NO: 3; or

(b} a DNA comprising a nucleotide sequence having 90% or more homology fo
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activity of providing or enhancing nonspecific adhesive property and/or 20
autoagglutinating property for a microorganism; or (c) a DNA consisting of
a part of the nucleotide sequence as shown in SEQ ID NO: 1 and
encoding a protein having activity of providing or enhancing nonspecific
adhesive property and/or autoagglutinating property for a microorganism.

the ARADAMITogrGRNISm o kich fhe AIA according to claim 9 has been
introduced, for which nonspecific esive property and/or
autoagglutinating property have been provided or enhanced. 11. The

microorganism, according. to claim 10, which is a bacterium of enus .
30 Eho BT O 5O AR L g AP B MR PICH) i
intrddachéictiaheotir g2 8mAcprotginiefithe following (a), (b), or (c): (a) a protein

comprising the aminp acid sequence as shown in SEQ ID NQ: 2; 5 (b) a
oroteHh LU HETEPA i A QL SR B oA e S or

seqyenseas sbemprin SE RN IR by deletian.subsittionmpseidilogy to
or addition of one or several amino acids and having activity of providin

the yicesiigticiigUiaRs ge hevadResie propity e sisaggtithatingoviding or

enhdRORE RO AP SINICTAMEANS MOBEAS) AnRreteln CRDsiatnaaf N8r a host
amingo _acidbsequence as sh%lwg iﬁgrSEQ 101D N@Oé: 2 and r%gl\%ﬁge,{;c}tlivit; gf o

mictBAEiG or enhancing nonspecific adhesive property and/or
autoagglutinating property for a microorganism. 14. A method for culturing
a microorganism, comprising causing the microorganism according to

claif & TOCIPPIBIIIROBaHIE by Brearfdodnmerdggréyany astel claims 1 to
7, foreGAYE! R IPILEGRIIANUSVe 4foperty and/or autoagglutinating property have been

provided or enhanced.

9. A DNA of the following (a), (b), or (¢):

(a) a DNA comprising the nucleotide sequence as shown in SEQ ID NO: 1;

(b) a DNA comprising a nucleotide sequence having 70% or more homology to
the nucleotide sequence as shown in SEQ ID NO: 1 and encoding a protein having
activity of providing or enhancing nonspecific adhesive property and/or
autoagglutinating property for a microorganism; or

{c) a DNA consisting of a part of the nucleotide sequence as shown in SEQ iD
NO: 1 and encoding a protein having activity of providing or enhancing nonspecific

adhesive property and/or autoagglutinating property for a microorganism.,
10. A microorganism into which the DNA according to claim 9 has been
introduced, for which nonspecific adhesive property and/or autoagglutinating property

have been provided or enhanced.

11. The microorganism according to claim 10, which is a bacterium of the genus

Escherichia.
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12. The microorganism according to claim 11, which is Escherichia coli.

13. A protein of the following (a), (b), or (c):

(a) a protein comprising the amino acid sequence as shown in SEQ ID NO: 2;

(b} a protein comprising an amino acid sequence derived from the amino acid
sequence as shown in SEQ ID NO: 2 by deletion, substitution, insertion, or addition of
one or several amino acids and having activity of providing or enhancing nonspecific
adhesive property and/or autcagglutinating property for a microorganism; or

(c) a protein consisting of a part of the amino acid sequence as shown in SEQ
ID NO: 2 and having activity of providing or enhancing nonspecific adhesive property

and/or autoagglutinating property for a microorganism.
14. A method for culturing a microorganism, comprising causing the

microorganism according to claim 8, 10, 11, or 12 to adhere to a carrier and/or aggregate

to recover the microorganism.
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