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MAEYOERERRICELT, MEOHEBICL 2BRERG 25D & LT, BEOAE
£33 OHEBEICET 2IREMNES, MREREOERERICKY 2588, DRME
i A% ( dental plaque) OEM/ZSE, LWEBETOPHRALTLZOA TS,

—7, EE, HEY2SUEERKPKESKDONIIC, HEHBREVSILS AL
TW5. EHEBREL, WEPEEETIMEMOREEE (7o v 2 )itk b, BEKkH
DOEEY 2 BRALINCHBREUIE, 709 7 2EHRUEB IV S &L » TUREKD
LOBET A ENWIBRKMEBETH S . LIz -T, EEBRECENTIR, iR
W7 ey P RERT AL EDPRIBEELEEEIOND . CORBESD S, EHETR
MED7 0 » 7 EERMEECELT, £LULT, BEIAIZHEOMLEER TOWIRED
FRbhTNA, BEETIK, TAECE, SRR ERL L 70 » s EBICOWTHRE
IhTsh, — R, BNFUEICL2MIERADOEE LW THIENERET 5 & 5HH
SNTWB. LbL, BUABREDT 0y 2 OERIIERTHD, 2L D70 v 27K
BELEELTEY, RBRAD7 v v VEBBEVLFEET S LZA 005, AFREIC
BOTIELEED 58, RESNTOLMEORRKT 2705708, 4% ) £
2L 7 —+% (DNase) T hHET A &%, FHEILL h, R\yHanic. KR,
DNase X 70 v VIERED 70 v VEHREBZHLPITT A & 2HBE Uiz,

S8, DNAWI 2MEBEOBRERGUCE U TEIC, 2 FEIODWTHEI RT3,
UL, TOHITI, ERERPEEFR»LOBMEINIZEDTIR/SL, REETH -
Too 10, ZOBEDOEEIZE L EL, BEBRBICOWTOFMSHRETIMA Sh T
VA QXY Al

% T E  Pseudomonas C—120 fDHEFH E 7 v » 7 JEIK

AFATHERUIZHEC— 120 %Kiz, BRLICL WEXEBRELLOEEIN, BELS
iItL b, Pseudomonas &AEINT. BEDKERIE, KARICBTIBIAINT.
Pseudomonas C— 120 k27 V2o — 23 F Y X7 b VM CIREIEET 25,
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SIS 5 BRI LT, 7o v 2 BEELIZ. (Fig.l)o

mB=E C—1200D7v » 7 ®DNase T3+ 5 RZMH
PIUZOMOME

C— 120 t%hDEKYT 57 v v 7id, BRKBEICHE—ITHER L7z DNase 112k b
SERICHRE U, CORBICIEMg? " 0SERI N, 7 BB EDF L — MEliTk b
pAEINIZ (Tablel) o Z4id DNase | EHEOHESRTEDTHH, DNase &
DbDH, 70 v 7OFEBICESLTWAEHEINIZ, 72, DNase 11k ->TH
70 5 7 IIERICAE L. DNase EORIGOEE, ZBODNARPREIT AT &iT
b, 70 o OHRBRBEINTI. INLDOERIZ, C— 120 %D 7w v 2 ERIC
DNAVE#BE U T AH[EM 2@ RE U712, DNase EICE 2 7o v v DfRE
IZREISV, 70 5 06D DNADHEBEN R D bz, CODNADHEEMAL E Marmur 7
IT& b g5 Mt U7 DN ADREA AL & D IC KX 2ZEILED 670> 12 (Table 2),
C— 120 #MD 7w v 21k DNase UNDMBEITE >~ T ALz, 72 v 2% pH 1
UFEI1d pH 11 U EOEER, 503 2MNaCl BRI EICBET A itk b
B LIC. COMRIZ, MEREOEESICA A U EEVBEESLTNETERRBLI,
1o, 70 o 0 RRAEAKCHUTERUTERZBRA L 70 v VRIARBEE LB -T205, C
i, MEEXESI ODNABAKFELTWAYD, MIEFREEIZMIEE DNAY
RELH Iz BNz, BERBPZETIE, »FA+ U PREOBERZHML, KFES
PRALIE, 70 v PEERFEODEHFEINIZ. LML, Flavobacterium 72& T
WEINIEIC, BEOEBA AL 2ERT I LG -T. 70 v 7 PEARET
BB TEELIY, MBAZ O CHEYEIIRET I 2 15,

ENE BEHTOMHE7Ze 7 OBER

7ey s E3MY T =V VERFB, 30 CRBRETAC LickDh, 7a v 7BERIKE
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g5 2 WE (BERTF ) 3Hbsh, TOBR 70 v 7 I3HE L. BERT 2 H
wis el CRMEH) CBERTAMASC LICE b, 70 5 2 ABERSAL
(F@;z)oﬁ%ﬁ?tﬁm%%%%n%ﬂDNwemgut%m7uya@ﬁ%&
LB BT/ o1 AER, BERTF % DNase WEUIZHDA, 70 v 7 ZFHEK s
fe b, I EIA 2 LT Uz A iid & iz /s d> 512 (Table 3 ) UTzds-> T, BER
%MDNmemaﬁﬁﬁééﬁ,EmﬁwtmuDNme@%ﬁ%gu@w&%ﬁuto
MERTD b RERTIIDNATH D EHTE S AT, MBSO DN ABESEL
DNAZEDFILSBAC S BET A L I3RE L Bbhiz. T, KBE#E, HE
HEEOMALSDNAZHEL, BEDNAKL 2HUBEEOREEDHEICONTH
A2 (Table 4 )0 WFNOMEDHSHELIZDNAICE - T b HHEKIZEEL, &
FRFIIDNAZDOSDTHH, DNAWRKELT, C— 120 FRCHRT 2EENZE
FIIDBELZNEHEINI, DNADKEEIC L Y BEFBEICEBR NI, Chid,

HEUIZDNADDFEDEICE S S DEHTE SN,

BhE O KBEDNARKIZ7w » 7 0K EEERT
OYH

RIEE DS H#H UI2ESF DN A ZEBAICESFILL, DNADSTEE T DEE
MEPEDRR 2 ~7z (Table 5). ZTOFER, K96 X 10° LU LEOFTEZEODNAD
AHS, HHEE 2 BHEE I ¥ OHMHEKRICGES Uz DNA% 100 CTMEKERT
5E, BEEREHIIKSODNS, IMNaCl BE FTOMBIL, BEFEEZETIVR
otz Thu, BEFEMZEOOE2AHDNADAT, 1 A#DNAIIEREEE
F1ZIsNC & %R, FIHEIKR EARBEDNALG L BI#RINII 7 0 v 2 IZWIRS &
OCETHEMENICEBRD 70 » 7 CELLTEY, DNase il bEaELZ. 17, &
AEHOPH, M, BBRECEOHFEEILEIX, 799 7 0BEBKPEET 2 & R,
HEBEEANODNADKEEZHELIZ. COFHIZ, DNALHMEREEDORESHA 4o
BHICE B ERRE LIz,
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BARNE  MHEAODNAKGH

FREMED pHTI, C— 120 %RiZEREE L UTADERZFEOICH, ALAD
BRI ZFRODNA CHREMGES T 2 aEHIIEL, RESDNAZBURVHEET 2
EHEEINIC, MIIREEDO T /&R FY = FoXUE R VEUE (TNBS) TEAS
TACEILL D, MEODNAKEETESKZONIZZEDLS, DNALDERITT & /.
EVBES UTOWAHREMSTRE Shic. DNADYABE L SBEERDY /&b 4 4 v
MEdThEEBLLE, BEFEZPHEODNAIKKEENSLNEEL S —KT 5. DNA
a7 o7 7 - vLEICL YRSbhAZ &5, DNAZRBEKIZIZAIELETH
AEEant: (Table 6)o Ty 7 7 —UDNAZBN-EHHERERTIX, 18RS
h, W10 FODNAMKES LEMLIZ (Fig.3) .

- cell envelope ® DN A& &8E

DNARBGZEET A7), DNAKGREZRAERELERKZDBLIZ, cell
envelope® ML, Bz AIELBHERICOWVWT, SDS—KY 72947 RFVE
LB (PAGE )itk »THaHr LichS, BPAK & SRR R DR AR/ 213389 5
NS -1, cell envelope® 1% SDSick hffitH LIcEEICDN ASBAENELE
LTEYH, TheSDS—PAGETHHULIZ. ULbL, NHAKED N FIZHREH X
nT, DNAZBEOLAIELEENDISOVD, B0, RPFRT ) h sk
GUTNAIZDITT VRITALIZ N D EHETE LT, cell envelope ® DNAKEAEE
L TNBS, Fesry—€EzEL bHEELI

BAE 7oy 0oRRERERESTSHETF

C— 120 BODNA&ESEEIX, 70 v 7ERRHEOAL LT, FHEOXMKEZAEL
THELET S (Table 7)o —f, 79 v 7OFERELTLUTEM~DDNADEEDSR
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Lhsc b (Fige 4), COXKTIX, DNADHEEN 7 0 v JEKOEELRAF
ThbEHEINI, FIVERKSEORBERERERAKDOHHDTIX, 70 v
S TREEDSE LS LRLTE Y, DNAKL 2 M0 EEE S X MO DN A D
BOMmAHLERLT O, ThEDBRIX, 7oy 2 BRTADOREELT, DNA -
FRGOERES L RN DDNADOEHPEELRTFTH S & 2RB LI,

BILE B 8 i &

A THRITAR L, ROFICEKIN S,
I FEEETER D> 6 8 1172 Pseudomonas C— 120 #id DNase ICERHED 7 o -
2 BT B | ' |
2 7By onb3MS T2y U ERICE D EERT S S0, BERT &k
Tk b 70, P HBERS NS, |
3. BEERTIEZ, 6 X10°UEDRFERZED2AHDNATH S,
4. MIBLIKDNALHEETAD DAL BEHEDODNAZRBEERZE D,
5. DNAEDNASAEEIIA + AL DEES L, DNAVHIEN2EET 5 &
L hl2@BEIE S,
6. DNAZRBHIIFEICHEREICEEL, MEAODNADERESEL 5L 70y
s BRSNS
Pseudomonas C— 120 BRDKE 7 v v V FEME OIEHHBRP TOEERICOWT
B LTV, UL, EHBERAICEEN I KEOR+ % IZMIENEDICTEIEET 2
EWVIIBEEH D, M5O TEENS 7 0 v 7 OHERICTREI %R LT 3 AlEeM I3k

SWnEEbh A,
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N (o]
T ]

D.W. of cells (e, mg/ml)
N &

Extent of flocculation(o %)

i

07020 30 40 50
Time(hr)

Fi1Gg. 1. Growth and Flocculation of Pseudomonas
Strain C-120 in TG Medium.

Cultivations were carried out in test tubes. At time

indicated, cell growth and the extent of flocculation
‘were determined. The experimental results,

shown, are the average of four measurements.

TABLE ]  SUSCEPTIBILITY OF FLOCS
TO VARIOUS ENZYMES

Flocs were incubated with various reagents at 30°C
for Smin and then the extent of flocculation was
determined o

Reagents The extent of
flocculation (%)

A None 100

0.1 mm MgCl, 99

Purified DNase I (2 ug/ml) 97

Purified DNase I+MgCl, 0
Purified DNase I+MgCl,

+-citrate (5 mm) 95

B DNase II (20 ug/ml) 0

Pronase E (20 ug/ml) 98

Ribonuclease A (20 zg/ml) 95

In experiment B, flocs washed twice with 50 mm
Tris-HCI buffer (pH 7.4) were used.
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TABLE 2 | BAse CoMPOSITION OF DNA
¥rROM STRAIN C-120

Source Mol %
of
DNA  Adenine Thymine Guanine Cytosine
Cell 16.9 19.1 32.1 . 31.9
Released by
DNasel 13.5 18.1 33.0 35.4
~100r
E
e
El
%
c
S 501
v
o
c
(/)]
k"
N
0.5 1.0 1.5 2.0

Amounts of the flocculation factor(pg ONA)

Fig. 2 Relationship between concentrations of the flocculation

factor and the extents of reconstitution.
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Tadble 3. Effect of treatment of the Gua-HCl extract and extracted

cells with various enzymes on reconstitution of flocs.

Reconstituted Fraction treated with Extent of
with ' reconstitution(%)
DNase I Pronase B RNase A

E* + C* None 86
C + E - -
E + C - - 8%
C + - E - 84
E + - c - 83
C + - - E 81
E + - - c 80

* E; Gua-HC1l extract

* C; Extracted cells

Table l* Reconstitution of flocs with extracted cells and DNAs

fron various origins.

Reconstitution experiments were performed with extracted cells
and various amounts of DNAs. Amounts of DNA required to give the

extent of reconstitution of 50% were determined.

Amount of DNA required to
DNA from give the extent of reconsti-

tution of 50% (ug)

Pseudomonas aerurinosa PAO 286 0.5
Pseudomonas fluorescens 6009 ) 1.9
Escherichia coli W3110 2.7
Bacillus subtilis 1.4
Proteus mirabilis 6292 1.5
Staohvlococcus aureus 6243 1.3
Bacillus cereus T 0.4
Strain C-120 3.2
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Table ‘5 Effect of molecular weights of DNAs on flocculation

activities and binding of DNAs to extracted cells.

5H—DNAs were prepared with or without shearing through a necedle
with a syringe. Their average molecular weights were determined
by the sucrose gradient centrifugation. Amount of DNA added to
each reaction mixture was 0.5pg. The binding of DHA was expressed
as the ratio in percentage of radioactivity of DNA bound to extracted

cells to total radioactivity of DNA added to the reaction mixture.

liolecular weight Extent of Binding of DNA to
( x 106) reconstitution(%) extracted cells (%)
91 88 91
24 57 60
15 24 18
6.4 0 1

Table 6 [Effect of proteasé treatment of C-120 cells on

reconstitution of flocs.

Extracted cells were incubated with indicated enzyme with or
without chymotrypsin inactivator(NCDC) at 377) for 3 hours. After
incubation, cells were washed twice with 50mM Tris-HC1 buffer(pH 7.4)
and suspended in the same buffer to give A66O of 6. Reconstitution
experiments were carried out using 0.5m1 of cell suspensions and

O.5ml(O.25yg) of E, coli DNA solutions.

Enzymes regzzgggtzﬁion(%) BigiiZ%egrcgqﬁsE%)
None 47 91
Pronase E (1lmg/ml) 2 2
Heated Pronase E (1img/ml)* 45 89
Pronase P (1lmg/ml) 4 5
Trypsin (lmg/ml) Ly 92
Chymotrypsin (lmg/ml) 22 57
Chymotrypsin (1lmg/ml)

+NCDC (500yg/m1) 40 88
NCDC (500pg/ml) 51 94
-174—
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e 5y N L.
et

R
’ - Amounts.of DNA added {-pg.).

Fig. 3. Binding of phage T“ DNA to extracted cells,

Extracted cells(0.5al and Aggns6, 2.4x1010 cells/ml) were
reflocculated with 0,5m]1 of various concentrations of phage T“ DNA,

Table 7 Flocculation of C-120 cells at various growth phases
induced by addition of E, coli DNA.

Extent of Amount of DNA required
Growth phase(AsGo)' flocculation(%)+** to give the extent of
reconstitution of 50%(pg)

Logarithmic phase

middle = (O.4) N, D, 0.15

middle (0.9) ' N, D, es» 0.16

late (2.0) 9 0.17
Stationary

early (4.0) 30 0.19

Extracted cells )
(6.0) 90 0.15

* Total Aggq of culture was measured after DNase I(ZOyg/ml) treatment
when C-120 celle were harvested: .
¢® Measured when cells were harvested .

s**+  Not determined, Few flocs were observed with the unaided eye.
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Fig. 4.. Relationship between flocculation of C-120 cells and

DNA accumulated in growth medium.

1100

Aggo (o)
Extent of flocculation (o ., %)

B |
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#* A W OR 0O E B

HHEBEKDMIBICIEMTEREDSILE S BO SN T 508, WMAeMSEER (7oy 7)) 2EKY
AEHEIC OV TOWMRIEBDE N, KFIERFRLOSEES WIGlED 7 oy 7 874+ )
FR 27 L7 —+ (DNase) MEIC X OFEST 2LV I HERAIKEEE KL, COMED ey 7
R ICBES 5 D TH B,

EEZTTS, KB Pseudomonas ICBT 5T LA BIEAL, TOEISHEIIZLID 5B HHIC
PFT7ay 2 AEERT B EEBDI, TO70y 7 38 LI DNase 1 KX DFERICHEE
4508, CORMGE Mgt 28R L, 72 VEBICLDEESNEEE, DNase 20D bDNBRIE
BS54 AT EAERL, 70y 7 OFBICES Y, 7oy 255 DNA OERENZRD Shion
Z DEEAARIT I, S L/ DNA S BEE U TH - 72,

ODEFIEEFR T oy vy =V VIERTHB L, 7oy s BRIKBEAS T 29E (BERRF)
&, BERTAmMES N GhiiEd) 2587, BERTEMHBEGEAEZ E 70y 708
BHERINS, BERTE DNase MUERIC XD, 7o v 7 BREREEE KT - /o, HEHROMED
5 DNA ZMHEHFRL, M DNA SMHEKESE CHBRERET > 0, TTOEAT
oy JEBREN, 7805, BER-FIIDNATH ST EMEHINT,

DNTHEERKIGHE DNA ZEMIICES L L, DNA O5FE L EEGEHDOBIGREZHR T,
ZDFER 6 x10° LI LOSFEE LD DNADBHINEEZEE Y, poBEKCHEdT L%
BT, BEEHLT I DOERENF2AHDNAKRBONG, THEBRSIN/I70 v Z7IFKRR
D HDIEEML T,

REICES SRR ICHEET 5 DNAZARRICODVTHRE L, BAE 7o 77— HickD
WIEY 5 & DNABESHNELTONZDT, ZRERBIAFETHSEHEZX T, 77— DNA
ZROVERBRERICED 1Hiltd/- 0100 TODNABKEET A et Lz,
AL DML /e vy Xo -7 I DNAKAHEEZE O, SLICSDSME Lt vy ~Na -7
DNA ¥ &AW, DNARAREEREZGEL SiChrrb o, MREBICDRICEEL,
flfas 5D DNA QBN 7 0 v 7 AR L T A EERFLMIT LT,

PLED &SRB DL DHFHMAEES, MEMFICERT 2FPKREV, L->T=H
NEBREYKE L OHFEIRFBLORMERE S BEBND 5 LHE LT,
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