BEEF 10

HUKBREE P IZ W TSR MRS 255

PRAM D 53 HE & & DLERETI A

WA ES CRBRRFREEGEEME TSR
vl R ORBROKFER PG T EFER)

[##t]

BRI LICAE L Wb B3 47 4 )V NRBTEE T 2MEMITRT 5 B0
BATAEBE 2 TWD, NA AT 4 VL ERRT 2O E - IR Z 737
e PR - NEERS R ENOERENSEP S (FEHRSESTWE) BEELTHY
BH0EE X B, MEMOSIRIERIRE, Bex sy, Mk & OGR4
LIZbOBFEET D L0 WS D,

AR TIL, fix OBRIETO&RER MR & LT, SUKRER CoRERmIIM
BHATEE L. A A7 4 M DIBRICEE a5 % Rl 2 Tus L, BIRSRE~
DIF3E L T DH%BDNA T 7 4V DIGRGRIRIT I 1 DA O L IRE R E O iR %
1T-77.

[H s L Us 4]

FRI U= 30k & S B b L CTAEB T AW E ML, Thboh Ly AT
VRN B ET B E R OME LTz, SRERAIER D . 1 1 TRIAO R 2 BARE L
AT FERE % Lbigt LT & 2 A BEAAUEY X v BARE U7 WW 2 BRA3 8V HIIEE BE 2 7R
L. ZOWPEBFRIIHMEIAEFT D02 b O &hibirole, WW 2 ERid, il
MRS % 7T ARMEE TR SH 2 pmDIRETHY, 16 St DNAOMFENELD
Providencia JF ThH D EH 2 bz,

WW 2 Bk DML B33 238 4 2 R Lz & 2 A IIRIEICRTE LT
BE2S R 5, Na C1i%E 1 5kgm® O, D TEWHIIEAMAS (10X107
cells/em?) 33D BTz, FHAREIIEH, SAERBRFD bNIDT, ATV VA
BLUGNCH T A ERREEMTI Lz 2 A, SCB L THERR (BRFRHIPRSAR) 1
BUWTIHAGI D A% 9 S RIERPTERETE A F 7 4 VLG E HTaAH & D
BR DRI S iz,

WHAE SNA AT 4V ABBE LD E LTHREL 5 2 & WO IFMRE ST
W5, WW 2 BEofilaR@RaET b bEP S EDNA L OMAEERERF L& Z
B AL FT 4V BIRIBOWW 2 MUED 723D N AWERREZ A L TVD Z EDIRSI,
AHOEP SBDNAD K REWRDF RIS D “NAARL " L7205 5 7HE
PSR & huie,
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BhiEES 0224

FRBRERIZR W CEAREICREICAET 2
WM D53 BE L F O EREEWFIF

BAEC (KBRAZ KRR T 2R )
wak R (RERKRFRFERER TFEHER)

1. HFEEBR
BEEREEIZAEL, WO ANAFT7 4 VAKRETCEETT 2MAEM I

SBELPIEFEGE>TWVD. XA T T 4 VAP TR EDTE - HEED R
D=ZXLIEALTHE, WEEBHA SN TW2RVWALE WD, Fig. 1 IZ7R7T L 91
FUNIBEIZMZ, ZHEECEERS 2 EREL VbW D EPS (&S5
WE) REELTWab0EExX RN, BAeEDOLFEEREE, Ex2RY, 1%
:fiootvéﬂ%ﬂﬁ%%au%ﬁbt%@#fffé%@fkﬂaﬁﬁéhé
APFFRBETIE, BEE Microorgan
MEmT 72 0bEKERES cells
B WTEEREIZERIC
HETOWMEDHE DBEL,
ElEEm~DMNEFELETDOHR
DNAF 7 4 )V AFERRIBRER
BT OMAEDOERZDN el
FEDMER 21T -7z Fig. 1 Structure of biofilm

»Biofilm

2. BrRGIE
2. 1. MEERAEY O S REE

SEERE LT, MARKICERHAMBELEZEBEV— b (LT, BABE LKD),
BFSCHRAMEE IS ) H 1T D e HE KB N BE (BEKE L ISED), TALERE O QLB g
NEBD&BEREDETR (FTKRLIEE) 2x& s Lz, BAEE»HERLER
Bt& LBS 554 (5 kg polypeton, 5 kg yeast extract, 0.75 m* seawater per m’, pH 7.6)
F2ACTERELT2bIn=—20BE L. ERELCT A2 6 ORES REEIC
LB ¥ # (10 kg polypeton, 5 kg yeast extract, 10 kg sodium chloride per m’>, pH72)
TERELTIrban=—z0FELL. ThThOoBENLHEESNI-EE R~
ATV VRPEBRADTNDE 3 D07 Z72a iz AN, 1 BRI/ Fs X<
WoTc B THMEZBE L., 1 7 ABBRLEET, M ECHELEEEIDY,
BEBGESEM ECHBEL, EREE L (Fig 2).
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2.2. AF U VARE DAL Sludge
Wt E R l
SBELT-EOAT VLV ARE

~DFFEMEE LT D5 HIC,
FNFhOEERXICE—IT Stainless
e L7 (Fig 3). —@MIKE3  steelplate  [pocquny
LEBgETENENDAT VA Culture for
WA AHE U 7= MR % 0 A VA R TR ﬂ 1 month

& (1 % sodium dodecyl sulfate, )

02 % NaOH) TEM®LT, ¥ ﬂ f):rllgl;;ll;:n(:: :ldllclz:;d on
£ 2800m ORNE (¥ X7 E stainless plates
DERRNERE) ZRIEL, &
BEEEY Y OMIEKICHRE L
7o, L LT, KIBE MM 294

100 rpm
25C

BERWE. Colony solation
Fig. 2 Procedure for isolation of
microorganisms capable of

attaching to metal surfaces from
several environments

Culture After 2 week
incubation
Cell lysis solution Cell lysis

Medium | "7 (1%SDS, 0.2%NaOH)

—! Absorbance at A= 280 nm

2| 100 strokes/min l
D 98 °C Stainless steel plate

Cell density

Stainless -~
steel plate

Fig. 3 Measurement of cell density on stainless steel plates

2.3. MAEMRERE

ISBEE DS FAEMEHRERIT S 2, REHEDNA LY RV A 7 —TEHK
5 (PCR) 12D 165 VAY —ARNA % a— F LTV 5E{EF 165 IDNA & B
/2 L7 . PCREJSIE, KOD Dash DNAKY 27 —¥ AL, KDT 74~
WA, ERRER X ORETIT 2.
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Forward primer : 5’ -TAATGGATCCTNANACATGCAAGTCGAKCG-3’
Reverse primer : 5° -CGGCAAGCTTACGGGCGGTGTGTRC-3’
EME94C 308, 7=—V 7 54C 15%, HE 74C 30 B% 30 17

BONEPCREMIZ, KBERZF—iZzu—=v7 1L, HERIZPEEL
Jo. £72- DNA KRE oV —@imiE, EXEEFEPZEFO BLAST s 25 A%
FIRAL, DFRHBERICIGEBESEZ B W,

2.4. SRR ~RITT(EWW2HROE

WW2 BROHECE~DEBLEHRIT 272D, AT LK (SUS304, ER
03 mm) 3L U¥RMA (JISC3102, ER 03 mm) ZEELE 7S X 2|2 WW2 &
ZHEEL, 25CTRELL. BEBRIEOEELWHETRATEED, EL D
Br#& (100rpm) ¢ HEEED 2BE2ITo7-. BEKTHE, £BH% 1% NaCl &
BIRTHEL, W THEERIRICRET S Z L TEERICAE LM/ E %
ELl. @BHBIT 9% ¥ ) — L THiE#, £EREFEME (SEM) 12X 5
REBREB L ORIV —H8BE X BRSOV (EDX) KB HEEOH %217- 7=

2.5.DNA BREEHE

WW2 #lfid > DNA WERERFT 5720, FTEF/VDNAE LTKBE ST X
FpUC 19 Zz VY, WW2 Ma~DREEZAE L. —EE (5%x10° cells/ml)
D WW2 M (BEEEE, BREREZEBLIOAA 7 4L 51KE8) & DNA (75
ng/ml) % 250 mM NaCl K¥EKRHP THE - HE L (25°C, 60%), ELOBEE,
E®&Z D DNA J2 B % Hoechst 33258 Z AWV HEEERIC I VEE Lz, #15
BLOENEMIICLZREEL LTHM L.

3. FRMER

3.1. AT VL ARE~IET 3HMEY D 5 EE

BxDERENPOAT VVAREICEBEICMNETIWMED DRI ) —=2 T %
TV, ao=—0OFRRKPER? 11 BEOFEHEKREZSBEL - (Table 1). FEMK
BEEND, MIBOFEBIIREY 2HREEL, B TH-o7=. DBELE 11
BOHEDAT VVARB~DMNEERZRNTLL A, BABELOSEELE
SW2ERE TARPOHBELTZ WW2 BB B WHIBEE (FhEh 7.5%x107, 1.0x10°
cells/em?) ZRLEZZ E0D, THOLMEKIISEEGICREICNET 3N
BL, "M TT7A4NDO—ROREELTERT IMEDEL Y 5 5 bDLE
b,
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Table 1 Properties of isolated microorganisms

Origin Strain Cell Shape  Cell density (107 cells/cmz)
SW1 Short bacilli 0.2
Seawater SW2 Bacilli 7.5
SW3 Bacilli 0.7
DPlc : Bacilli 1.4
o DP1b Bacilli 1.8
Drain pipe .
DP2 Long bacilli 1
DP3 Cocci 0.2
WW1 Long bacilli 2.4
WW2 Short bacilli 10
Waste water
WW3 Bacilli 0.9
WWwW4 Cocci 0.3
Control E. coli MM294 0.7

3.2.SW2 X WW2 bk Rt

Fig. 41X, ATV L ARMEIIMAE LI SW2 B8 LT WW2 MEoEENEFHR
MEEETHS. WTNbESK 2um ORETH -7z, 72 SW2 B LT WW2
B SEEHRBR TR, WAL LITS 7 2RMEHOBERIMEETH
D, WW2 MIZBERBLON ¥ S—PEHEEZALTVE. ZOKD LY,
SW2 B I U8 WW2 ¥k 1% Enterobacteriaceae FICB T 2MBETH D Z & PR =
7.

ENAEEERET D WW2ERICE LT, 165 VY ARY — AL DNAEGETFOKREH
S— RN E T o I-#ER, Providencia stuartii & 98 %, Providencia alcalifaciens
LT %OMERERRD bR, & BICEWHARMERE LN ZBEYR LUE
2 LEREEZ DD I A—TICBT BIEERO DNA RIIFERICESSHT
Tk B ERL LT & = B, WW2 B2 Providencia B Th 5 Z L BREnicicd,
Providencia sp. WW2 & fn4 L7z (Fig. 5).

3. 3. WW2 e LR T VL ARE~DHE~RIET NaCl REDEE

MAEMOBEEER~ONBICRBNT, £FT AT VRENTONERICE
BrHIETEBALN TV, SW2 3 XU WW2 D NaCl EECRT 2 EE
EERRE L D5, 25 kg/m® Bl EDE NaCl # £ TS AEAH & h, NaCl
PR 10 kg/m® COHLBAEEE X 1207 (SW2H)B LT L1 W (WW2HR)Th -7z,
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L. Ak XEE. AT

1.0 pm

Fig. 4 SEM images of SW2 and WW2 cells adherent to stainless steel surface
after two week incubation. (A) Cell cluster (SW2); (B) Magnified cell
image (SW2); (C) Cell cluster (WW2); (D) Magnified cell image (WW2).

MR AT & BAZ K3 2 NaCl DZHERICEI LT, SW2 #kid NaCl IBE W b E 1) B8
BRI R oT. —FH, WW2HRORTF U L ARE~OFNEE T, E 1 BHT
(X, NaClIREIZ»DPD O THERMBIZRBD N2 -2, EE2EMBIC
BWTNaClERE 15kg/m’ D& EIZ, D TEWFEE (8 1.3x10° cells/om?) 25
BH b (Fig 6).

3. 4. WW2HKD HoS EfkfBE MBS BICRITTE
BHESRSMEETHD WW2 HiX, FRMNETBRLBESHATBETIZZO
RHBLOERNFERRLZ D LA TFRENE. TE, H,S ARERR T,
HRRAORGFTEDERN I RN, BibMOAR LS LBESIT, Wk
BELE (SRB) TROLNDZE I, EEREEMED—STHEZ Lnb®
WW2 BERT D HSICL28BEREDEEL R L. AEREEEDER
WEOABEBFEHEOEMEZERICVND LD, RL H1EE (FR) BLU%ERE
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(A)

__
o N
—e—

© o o o
N B~ O o
T

1 1 ] 1 ’

0 20 40 60 80 100 120
NaCl concentration (kg/m?)

Specific growth rate (1/h)
o

w
'
[y [y
[$)] 0]
T

—
N
T

Cell density
(107 Cells/cm?)

0 1 2
Culture time (week)

o w =} ©
T
L

—_
(o]

©

-t =t
N o
T T
—e—

Cell density
(107 Cells/cm?)
©

—e—

0 " ] L

0 10 20 30
' NaCl concentration (kg/m?)

Fig. 6 (A) Effect of NaCl concentration on growth of WW2, (B) Time profile of
the amount of WW2 cells attached to stainless steel surfaces (0 kg/m’,
—; 5 kg/m®, ;10 kg/m®, A; 15 kg/m°, W; 25 kg/m®, @), (C) Effect
of NaCl concentration on the amount of WW2 cells attached to the
plates
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2 (ERE) OFEICLD WW2 OBERZEITo. 25 L ABRITR LTI,
WW2 OEREBREDN, ATV LVAREODOFER - £{6iE SEM BER
YO EDX SAIc ko TbRbNARbolk (F—FREH). —F, SABRDOBE
<Ix, EE OEESMET TR, ARRE~O WW2 BEOMERR B, &
@EFDRD b ENEDbIL TV (Fig. 7(B)). LA L72adb, H2S A BRI B
5 FAL B ARIZIE L A Y RD bied o7 (Table 2). HEZEDES T, M
EEmHICEAEBOMENR LN (Fig. 7(C), EDX ML HEFED S TLEN
BISREZ END, WW2 BRBSAER L HS I & 5 BREH 2k v CuS B4
B L= IRt R E v,

Fig. 7 SEM images of copper
wires. (A) Control wire as
received; (B) Copper wire
incubated for 21 days in
WW2 cells inoculated
medium with shaking; (C)
Copper wire incubated for
21 days in WW2 cells
inoculated medium without

15kV 280um shaking
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Table 2 Elemental composition of copper wires

Composition [wt %]

Copper Sulfur Oxygen

Control wire as received 96.5 0.6 2.9
Incubated wire for 21 days with shaking 87.5 1.8 10.7
Incubated wire for 21 days without shaking 74.4 12.8 12.7

3.5.WW2 #ila> DNA W EEE DK

WW2 BROMIARE OFHED DNA B EBREICRIETEEXRIT 272D, WW2
HWOBBREZELSE, MIB~DODNAREEZRE L. BBEEL I UE
FEREREMTHERLZMIETIL, DNAOBEIZIZEA LR bR D 70,
T VRAREIHEA LIZAA A7 4 )V AR TIE, 9x10%ng/cells W% 3E A2
bz,

4. B

BiERE LICREICHE LEET 2EDE, RA—BEMRBICHE VT HIKE
BRI RO EGREREE TEBT LTV ABAE L IR > S A LT
DIEEFERALNPICRY D205 B Z DX ) ORI, £BKE S0
NEEMOBECE R, AL S ERICHTIRAMOBRL Y EE L
RWHRZzRETLOOEENTVE2, (bERRMELFIR L GEL%
BABSCHERNSMEDEOR R 2 EHx Dds - Hiff - AFEICHRICEHAT
SOFREEDRVICEEN TS, 20X REA»L, KFETIE, Bx 0
RETPPOEBRREICREICNET DMENESBEL, ZOBEOHTE IV
% 2 7=

WEBOFIAZEZZHBEL, WERHEEEEESLEL 25 7=, K
AT, AERRESEZTHICECERT CEERTEICRBIC»>Z ST FE+
SMEMORB LRSI, 3BEORET LY EKMNIC 1l BEOERENEH
N, CORTEEONELREIEKRIT 2 BEL o, MOBEKT
INLOERNEBLAEMIHEFLET S0, b3 VITEREENRBET
RUTNIEERERE~DOHERDLEY RN EREL BT,

INnb 2 EBOSBEEON, LV ZEOMERRD b WW2 fRicoWnWTE
THICHRF 21T o7, RROEET o2 25, WW2 BI1E Providencia stuartii
& DX Providencia alcalifaciens & S22 MIE T 5 = & 2345 L, Providencia
sp. WW2 &fndh L7c. Providencia BiZIERMEHDOBTAMETH Y P stuarti
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¥ & O P. alcalifaciens NDREHLZEKRTDH DD, IThETERBMERICET IR
EraERTVWRY., REOEFEICE LTI, BEMAEMDPEBT T HEEOE
EECHBEEEICREREFRONARN SN, AEEOE L TTERERK
FHENRD b, MEMOEFICESFT S EPS ZoOWTHE, FORY ~v—5
BElC Ca¥ e K 2 fliA A BBER LTV D Z LA LN THY, NaClEEIZD
WT b EPS OKARL, WEALFRIRE, AREICMONDOEEY 5 X TS 6
MRZEx bhic. i, KEOEBERFEO—D L& L CHRICR T A EHE & HaS
Eﬁmowfwﬂ%ﬁ%6nt.ﬁ%@%@ﬁ@%é%ﬁﬁ?éﬁ%%ﬁﬁ&
BN WW2HDRZFICIIEEERITSR. BHIRETHR L L BITHERELE
BE, EFE L WW2 BRI T A SRS B B\ IRETFRRIC £ B ALFERE
EpbEABYRET S L EDNEHRIFONT. —F, HEBEBREEICIVBER
ﬁ%&ﬁmbt%é,msEﬁk%hm&5%mﬁéﬁuiéﬁﬁ@&ﬁﬁﬁ
sin, A—EOMERZICBVTHAERFEEDENICLY EERNELDZ L
SRS, WW2 ORBIEE 5 ECEATENEMEE (AT 41D 1T
;5%%E&E4iy®@WK%%T%6ﬂ%ﬁﬁ%26na

DM E D B IR DA X T 4 VAT, B AT LD LT H{LFERL
SsREFEEhEFRTRIAEZNT
WaEBEbhaW X HITEF,
FOEHALFTT 4B
F\WT DNA T 2bbLEETO #
MAMBEBEINEL S Z EBNE EPS % Cell
BxnTnab. AP TR (W B =
faEEDEWIZ LY DNA T
T BEACENELDIDOD L
W5 ZLICER L, WW2 DR
s 72 2 T DNA BMEEDKR
SNE{Tot. FORER, ~AF
7 4V NREEOMIIC BV T
ZEDODNABRESRBO DA,

Concentrated DNA
in biofilm
NA AT 4V NREED MR DS A

FZ+ % EPS 2 DNA O roynh4g Fig. 8 Conceptional illustration showing
condensation of biomolecules such as

K FRBEHETD “NAFTRY DNA in biofilm
K7 L7209 A RREMEN IR S

nit (Fig. 8).
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5. 5% ORE
WW2 BRO LT 5 EPS DILFER ST EED, NaCl BERIIU D L+ 555
SAFE T ORMEDBMR, HS SOMBAH & OBIE, 7L TDNARY AL 275
CEETEELOBEEBEHALMCL, ZORBAFELZEREL TV FET
5.
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Isolation of microorganisms capable of attaching tightly on solid
surfaces in saline solution and utilization of their products

Masahito Taya, Motomu Nishioka
Division of Chemical Engineering, Graduate School of Engineering Science,

Osaka University
Summary

Microorganisms which attach to solid surfaces and form biofilm has attracted
attention in recent years. Extrapolymeric substances (EPSs), mainly consisting of
proteins, polysaccharides, and lipids, are deeply concerned with biofilm formation. It
is expected that EPSs vary in their structures, chemical components, and biological
functions depending on microorganisms themselves and culture conditions.

In the present research, microorganisms were isolated from different origins to
screen a candidate for a biofilm former on metal surfaces. Among 11 isolates, strain
WW?2, isolated from wastewater, was selected as a microbe giving high cell density
(1x10® cells/cm?) on stainless steel surface. The strain was classified into
Enterobacteriaceae family and identified as Providencia sp. based on the 16S rDNA
homology. The amount of cells attached to stainless steel surface was increased with
increasing NaCl concentration up to 15 kg/m’, whereas specific growth rate was almost
constant in the range of NaCl concentration.

To investigate the interaction between strain WW2 and metal surfaces, stainless
steel and copper wires were immersed in the culture of WW2 cells with or without
shaking. Scanning electron microscopy and energy-dispersive X-ray spectroscopy
analyses revealed that biogenically produced HyS by strain WW2 precipitated copper
ions as copper sulfide on the wire surface under a static culture condition.

Recently, it has been reported that DNA migration as well as transmission of
metabolites and signal molecules occurs among microorganisms in biofilm. The
examination on DNA adsorption to WW2 cells showed that only WW2 cells grown on
the metal surfaces had ability to adsorb DNA molecules, suggesting that WW2 EPSs,

can be a "bio-bond" for condensing biomolecules like DNA.
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