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BB 1 = = 1]

BEBRDLBILHEALTVIRKOEYFHABEERE., BEHEHFRE2FAL
FRELETHS. BHEBRCIDBERKABR. WAEEABHDORED ER ~
DEHBR., TROLBEETOEALHREDOREREE2FAL-BERUBI X3
WEAKPOCOBEDORE. T 2ObERETOLEALVISE>DEFREY2 S
BBLVRD. LT, TRANF—2HRTICL2L. BuBEIT B L
WEO2TREBAPBOIRDI LIS IOt ADOHEIY, BHEBEREOY
BEERULE—DOBERTH o7z, FHEROBER. TRE2BRI IULED
RE2TRBINHMBATDFHEEIIBLEDAROES. »520VEE
AFVEHILEIDTEREREZTMNIYIAANDHBOAEILE>THE S
ERBEVIBRYEBBEHIAZTHT OV S,

ECHOVERORKAFEFBEBO TR, BEEBFROBEE, Bt R
ZRELUTEHE2BIEIBEELTLOVSRERKEAEDHBILYES B
VB, TR ODREMBIODVTRARHOBAINSIKBIHATHEY., £h
CORLEBEORPL, BEERRIEBSEKLET S > b &% 585K W
DHLEDY., BRALAHBEOITMHLE LTEF LU -FEBFREOABREH O 12
SRBEINRI-BREATH 5.

NETDEANLBUIREARIE. GROBUELBROBELZANEH
2. CNODEARRRE, MELPOBRARN IO THUBTREBR T INAEDYD
HMEREFBCDILULERAITILEREIATVS., FHFROEAE AR
BEHEOREAMIEL> T, GROBEUEDPETIZICLFVRETH I L%
ABhTWEY, -7, FHEGFROBPLEKBEOH ML OB AEHE NIEH X
ATVW3Y, COREERE, BEBRO—-FXMBRORED L 2o TR
EULEBORETERLSRILOVIRETH DT, TOREDFH» S T KK



HEABVWBETREZHDIC® ., REFEOMR KRB RIRAE 2R T D, £
DEEFRDPAEIILFEUEEFREVBORKENLAL., AEPHBELRERLS
A RODTERBEBBEZBEHRIZILEFXOGATOVE TS, BAAESSY PAKR
PUIBBREOREHME. RAEDEORALEELEEVHZ2LE XS
hTWd., RIEAKBRDBEEXD, 2<KBEh2vTVaryFTfILvo&ks i
BAKEDHEHTD., BALB7S VPATOBRKEOFEIRME M AZIE., £
DNAATA2RROLBOEIHIRDODBDIILEDBPHETHRLTWE2,
CODEIR. BBRERFEREBFROUBKEE G IEEFRED L HFREIAT
WBDTHD, &I B, K HE Rhodococcus erythropolis S-1% #A A

FEEBRE., AEFEZHEELRZ2OEEFRIVIBR-BEELERL /-
CTePHMETHR 1D, 5T, R. erythropolis S-1DEFEPF Tk, WL
D2 RUOLIIBABRNTOREEBIITHIODBZI L BiRERNT

D, £ ZC. ¥HWE R. erythropolis RESDTEERTR3IZO 25T b
DMEAZPEODPRTILLEDII. BLEERI VBB XN -HKHEE Nocardia

amarae 2R 2O2WT 70 FaSy b oRBE2ITSCLEL .

ARACPOTIR, BEEOHRAZVILEBEAR CSWM T 3E A HE N
78FaSV P LTHBEBELEICL2REL. BFHEBRBE DT 2 K&
HORBESDOTERT D, £, RAADHEHORK LI BEROR LY
REREHAZ I OHRABARHLOBMER I DVWTHERL., BEBROD
REBBIODVTEBT S,

B2HEITBOTHR, N, anaraeO MR KXFWR 2P HEREEBE DO L
EWIET D, N. anarae2 %@ 3L R X THE R BBYITER. &8
HOMBEL2BESEIRNODLCLPHPL., HIREATEEET D HEH
BERERHER ODOPOLFR XN, N. anarace2BEUCF IV HAVBHT
RPTDLIBEODRTFRBEREH, TOS5BH L LB BRI



EZRRA7FFYRBEREAZ2RBRELEL., TOKBARA A VRERPSZ ML F
FEMEBEO LR L2 TEO RN, L2 L. KA A0 BREMEIHEH
EHELE. . RT7FFOFNMBEI LR LI EFILBEEARETL
Iz o
EB3BREPOVWTR. BEREFDON. anaraeD M R ETERIZIOVT
BART D, HHEBEAREF L LU TN. anarae® #HET 3L, BEREABTE
70y VP RBRENEBRLRHEADI Do, COLEHEBRIERBAP K
AUET. BERAERBOHFLRDbN Tz, X6, HREXREOERIPHRE
Bl THEORAEEZRL =,

4 BT, R. erythropolis S-IKR &2 THAWEHhB3NAA70%23F

vhbORHKE., TOBEARALEKETEHRH FOEREIDVWTHAT 3.,
#F93. R. erythropolis O¥ZEH PR W ETHhhDd370F 25> b0 E W F B

2FZRXLU15E. Bohl-70%aS5 bR, 2 2RXRT7FFreBREATHL
. BEBAOBAIBERERBE2F L2V LI, TOYVHEIMK T AR
BRUTWBRZ PR LE., BREAESHELIF A OoBMICL>TIEE X
R, BA A2 BRI BENMTILHETIEFXREZ. 78F252 v
BEFPHAALAFTHRREY., HARBET I L BEILERS I,

BOEREOVTIR, BAHMHEEIZ X DR, erythropolis OKFERITEZ 3

BEHROBRBLELL, NMA70FaS5 Y POHMRXEA~OERIID>VTRAT 3.
REBRCEEEI VAR 2HOER, RIEAFREZHODIZLEIDED > 28
MERCY, HUBRBEGBEPLELTABRAERERELUE. T2 HEHE
A2 BB, BERPTCREBETHERRGLER XL /-,

BOHEILBOVTHR., VEODEXSI2KREBAEL. MBEFOLEETEINS A
70FaS5 PO RLEHEARREEBEIERFORE. RABEHEIC X3
BREOKRELZMUMLBLEIDVTRT 5.



2 2 ESE Nocardia amarae YKl DB RXRFEHHOBREFENHH

Bl #ME

FREEROATRELE. BB, 2RI L THEDLATH 12D F§
ERHDLOGHMEZNZHMSILEDITFOEY, BEEAEF > TR I LD T
TRRBBIRA TS, flxid. FHEBRETVAVEBREEI>DTHERLT
Bohl-PER. EH. BB. B2 24, BERHTTHA YV VXDl D
BENTF2BETELLBESRTVE 141D, iz, Tenneyb XFHEHH R
POKBIE7T VEZVLABRILEIDTHELEZSZHE, E0H. BBOHEAHK
PEBEEHERLEELTWS 51T,

MRERIWIBEYOELE T ZMRATY FHED., BHEE2 IO L
PHREZHRTWD., RKREDO— 8 T H SPaecilonyces sp.DRWT HZH U AH
7 MPHIVE. BB F2RBEXEIRAEALT ORI, LA

K& DAspergillus sojaeit > THRBRBAILDWMWERhIE-RYUAFYH I L

EHHOBGHKY., BEAEHERDTVWERD, X6, YF/INRNIFUT
O—HWTHHPhornidiund BEETI2EBNAEL> THHIE. . BE. EaH
DBEEVTH DT, AFFUVHETFTT70FaS5 b e LTOHBABEERELT
WEBEEIRTVWSE2Y, COXIR. £ RSB ROLEE2TDESD
FTHHR BERNTFTURELE2L 6T CLBEHERTOVWIOTH D, EH
HAHORALFLE LT RELLIBALH I N2, 20HBAHEHHE
PEENFMOREE2R T LREFXOAT VRIS 2,

ABTHE. N. amarae YKIOMIREzR I MERKOBMBEABENEEL. £
DRBELBMETIENEY, BERERHEE2RBIZILE2REL. BHESB
BRI I2EHEOEER I >V TERT 5,



B2H BRI

1., BEHBLUERS &
EFRCEEHALVUELE®RE. RALBE SV P RELUEBERBD L L B
Xf 7z Nocardia amarae YK THd. AEKRI EEE T EHHERMED T
2EWTARFAOERRERB|ITB VT, BYFES FERN P-9347 2 L TR
. REZL TV 3B,

AEHKOERECTE., Y Vva—RTF. B8 F X (Difco)0.5%, NaCl 0.5% %

BOEM (LG, M), HI2VER T Ia— 1%, BB H 20.4%5. (NHs) 2504
0.5%. NapHP04 0.6%. MgSO04-7Hz0 0.028% S KM A H Wi, 2L T. 30C
Tl-3EAMBESEZEZToL.

COE», EHOBRHERE I Va— X1, RSP+ 20.5%. AT ¥ Z1%.
NaCl 0.38, RX2UI%*FCHRERFHEBLE R EH V2, 30°CT4-50 M £
Z#LIEB. ACTREL =,

2. Nocardia amarae YKIE W X HFE O B I &

FWa—RAERBRE T M2 6EMW L =N, anarae O H k% ¥ &
(ZERNYF v 2 No.bA) EiHEL, BEATERPRERL ., D ¥z,
nloWERKICEKE2BEBE UHLLEBLE., BEAEABITIOEK®
PHET . Boh 60l EE KRR HEL L -,

3. N. anarae OHMIRER KD O Hi i H &
ERBBEUNPOEREECERL & (EREEH10g) #6000l %Y K
THE Ui, k@ LI EE%2600n1D0.1N HC1H X TF0.05N NaOHiz #8 % L . 4
CT~EBRT, 1-3MBHELL. OB, BLDE(10,000X6 154) % {F



BhE2PHMBOVE. Boh - LtBHRETHATRICIAB®E. NaOHB B B L L T
ERLUE.

4. N. anarae OHMBREFK D © 9 W &
HMBEEZRR2ODEE X, Figure 2-1o0 70 —F ¥ — bRl E. LR
EIRULTEBEEALETLhOBB®IEX. pHd (B) S XUpi8 (B ") THURY
LU, NaOHBBBE» 6B SR URDR. BEXHFTTYZF LT —F
WEMAAIALZE: (C) . BLOARILEL-DT., Tz P arviB3RBKK
gh. SxFNI—FNVABEG L ARKBEEB2RIBKRYE (D) . Bo LR
BE2BEn—-—7FNW7a—weedbitdftxd (E) . BLH2EE. n
—7FNWNTNA-NABEZFLABE2RERL. XKBEE2EBREL &
(F) e n=7FNT7Na—-VABEIREBL &, FERZTNVHYBH
KABRERDPDHEEBPULE. ELUT., CO®BETSI¥aratli,
n=-7FNVTFNA-NVEDBFRBTCHo A2 752 Yavbelk. 75
JYarcoBHCIBBREA»SHBECREURDTHS (B ™) .

5. EFrBWEsEE
MB35 N. anarae Bith%. 0.350KE{F YDA X2 RH0.014Y >
BEWEHE (pH7.0)T3~4@8@ L. hBE®KEBOTVE— LT T
FEHRMULOO.0IMY BB (pH7.0) R IC 18 BRL TEBE2EEL -
BE®REOR. 0.0IMY U BEFH (pH7.0) T3 ~4 EzkHE L. AR VL&
= V7I5se FErBRKBYE., 2&j50,60,70,80,85,90,95,99.5,100%80 = +
WTZ7ha—= i xhfhi0poMEERL. BKkE2iToRk. BKk&E. =F V7L
A-NVEeHBAYXRXYFINDL 11, 1: 3O0REH. 512100850 B ¥ A
YRV FIEISEMIT>BRL., BRERE2T . UELEToRKERZLT



Cell

N. amarae YKI cells (10 g-dry weight)

harvested on a [ilter paper (mean pore size = 7 pm)
washed with 300 ml of distilled water --- (A)

suspended in 600 ml of 0.05N NaOH solution
suspension

stirred for 2 h
centrifuged at 10,000 x g for 15 min

suspended in 600 ml of O.IN HCI solution
Cell suspension

stirred for 2 h
filtrated through a filter membrane (0.45 pm)

Supernatant Filtrate
acidified to pH 4 with IN HCI alkalified to pH 8 with IN NaOH
Coagulum --- (B) Coagulum --- (B')
centrifuged at 10,000 x g for IS5 min centrifuged at 10,000 x g for 15 min
Precipitate Precipitate
{a) | dissolved in 100 ml of 0.05N NaOH | washed with 0.02N NaOH
recoagulated with IN HCI 2
emulsified with 100 ml of diethyl ether Fraction c
Emulsion --- (C)
centrifuged at 10,000 x g for 15 min
Diethyl ether layer Crc‘am layer Watler layer --- (D)

(discarded)

-—repeat from (a) two times—- -

(b) | dissolved in 100 ml of 0.05N NaOH

{dl_scardcg}i

recoagulated with IN HCI
emulsified with 100 ml of n-butyl alcohol

Emulsion --- (E)

centrifuged at 10,000 x g for 15 min

Butyl alcohol layer Cream layer Water layer --- (F)
i - - - - -—repeat from (b) two times—- - (discarded)

evaporated to dryness
dissolved in 20 ml of 0.0ZN NaOH
filtrated through a [lilter membrane (0.2 pm)

Filtrate

recoagulated with IN HCI
centrifuged at 10,000 x g for 15 min

Precipitate

washed with acetone

Fraction a

Figure 2-1

evaporated to dryness

Fraction b

Preparation procedure of Fraction a,b and c.




POV THF2R. COEI D, BAAEBRBE2FY., 2XFLREL

THMS - 45 0#HEHEETFHRAMEZAVTHARREOBRE 21T 2 -,

6. MAEDHROBEER

N. anarae BHHAEI0nlEROGEED 2. 6nlOL —HH# (U S Lo
1%, B ¥ R0.58, NaCl 0.5%) w#BRBL. A—Fr2 L= 2v0LAVTS
VIANE—E I THEXERELE. BEHRGERBE 2230 oK M
EEMELT, 30CTI8-24R5 M KR L /-, 1. BEOEREBBL 1=,
2B, FHAL-HBEREEBRERARALEZTIREZIDOTTFRIIRAL .

Achromobacter cycloclastus IAM1013

Acinetobacter calcoaceticus IAN1517

Bacillus cereus TAM1028

Bacillus subtilis TAM1068

Escherichia coli TAM123

Flavobacterium lutecens 1AM1667

Klebsiella pneumoniae TAM1102

Micrococcus luteus IANM1313

Pseudomonas putida IAM1002

T D& »Escherichia coli C600-1IE20 T, #MALBEERYITo 1.
BREMABRIIABMP E I EREALENL. BE (ZPEAYF v 2 No.5h)

rEBTE, BRELEBOLEB L2 BREESR LB 2L, BETOBEB 25
BHEEL Ui, #BBEDPIC T OB Inl» o EEKE2ERL, 2BAEKT
AUz, B LUEEZ2N NaOH 20l it B L THABEXE -8, HC1%2 0 x




THALE,. 208, 0—Y—BitE->TEAE» L. BB ITHREL
e RPBEL-EHBOER, BRXEFTOESLELBATOE UL D E L

LTRH®HLUE.

7. hZ VYR KX2BEEDH E K,

hAUY (M¥) 250oMBEE S MU D A -HCL1E & # (pH2.0-5.0). 50mNV
R R W (pH5.5-7.0). R U50nNTris-HC1&k B ¥ (pH7.5-9.0)ic 1g/l 0 B B
THELE. CRhOOBMEMKSNIIK N. anarae iIRXEHroH/BL-E7 5

7>are0.0ng/nlilRB3EX58Z8MUERLE., T8, 5-300FHE L B £
ODEEAEABEBLU 2.

8., EBFHOEEEK

REAKZOUBERIT. S2/10OBETAL Y U2 BE L. BE®E Il
AR EZAOHABMBEBLICEBRREERAML, BRLE-E, BX0 2 B0
(40X 6,158 )% 1T >/, WM EERL. 660nnic BT IR AEEEHEL 1=,

TLT. ROEKSARR-D TRHREFHEEREL L.

ODblank“ OD-aarnple

BEFEHE =

ODblank

CCT., ODp1ankE AR BHLROVWILEBHEMAZONBREXOBRNEE T
HBY, ODcamp1o B ZENSEZFEMULLEREOBRH(KELEL TV 3,




9. EHHEHSHBEBERLE
laz=y b Fur—¥E (Protease, Type XXV: Sigma) % & & 50nM
Tris-HC1E& ¥ (pH7.2) 10mlic. 752 Y3 >a, b, c2XhE¥hl0ng
BRUL-. T, 30CTI8RM A FaxXx— P UL, KicH U TEFTE.

EBMBOBEFHEEZHEL I,

10. YWEBIO= bT 57 14—

75 72>a>aPBLCTbl0ng%®2-3nlD0.02N NaOHIRBR L. Ch 2 X¥
BERELT., PEaAXA—VHN-BFR KB 5 IVBB IO T S57 4 —%1T2 1
BRMIX0.02N NaOH, A S AWK E&E2.5cn, BX30cnT. BHHEDR L1280
mEBTEIRNEZAUBT I LR E-2TH2 =,

79272varci3BHHEE0.02N HCl&E LT, PIAN—)LHW-60FIL X 3%
WVRBIOT NS T7 4 —%F ok, EHALEAS 2R ERIcn, & X40cn
T. BHBEOBRERZ280nnit B IR HMELR2HET I LR E2TH> .

11, 8S0S—RUZP2 U7 KHFIVER B (SDS-PAGE)

SDS-PAGEW Laennli® F &2t MU TfiFoke 7532 ¥3>¥a, b, c.
ThENHIng2650p lORBEKICBEBLEZ. THhOoOBMBHEIZ105DSDSH
BME100pl, 2—AWAh bz &) — )b %101, 0.54 Tris-HC1&E @ ¥ (pH
6.8)220ul®mMx. BREZRL TI0CT2-32MBELE., TOK. 0.1%D
7OA7x) =7 Iv—%B80I087 VU E®H.SnlEMXx. Thit Kk
BoXMBHL L -,

7572vavadfMiciR2¥0F IV ERY. 1SnAO EEBHR THhEI L 7=,
CODHBEDHFET—H—F. BRLE Protein MW Standards-Lows T & 3.

7272arbBLTcokBIRI2.80F vEBFE . L T. 25nA




DEBRFEFCHKBR2ITo. DFE—A—& L TR. MV-narkers(SDS) (&
yxv 2 vEsH) ZEAHLU.

kB, FL20.25802 —<2>—FYUF7> T )b—(CBB) R-250% & &
ek (BEE:xFU7va—: ZEAk=1:4:5) it18-24BMB K
L. a7, ¥, BlAa®K (KB : AFH7a—-: BEKk=17:
25:68) RRAEAL. BAFRARERY I,

12. v —A7E5— FPREEA KB
tvo—X7€5F— bR (¥ ¥4 x> X, Sepraphore III) % 50mM
Tris-HC1$% % % (pH8.9). # % VW idk50nMY U MG ® & (pH4.0) T BRKEL -. &
GuraEdtrBREENEEARYy PL, BERCEALLEDOLEALLRE R
*ERMELLUT. S00VOEREBE T TEAXRBEIT> /. k@, B20.5%0
CBB G-2502 BRI HEBARIIBRE LRE L, TOR, SIMBEABHBTH
#LULTHERE2ERENER V.

13. XD B H &k
BEBOATE ODOFDEIIRFRILEL>TH2k. £§75 7 > arllng®
InlDIN NaOHiR B2V L BB L. EHRERETOERERL 2. 100CT1
R & U8, HC12Mxph%2-3IC#@BLE. TOK., T —F/V1nl
EtmxBEAL. BELE. T —FWVEEERL. ARAI70=7 b T 574K
EOoOTHRBBODIH. TEEE2To-. FALEAR o N ST7HER.
B#GC-15A, BRIME AV IAL, HS5LRBGLYA T A# BFused Silica
Capillary Column FFAP Bonded (25m). B EFIDK X > T >,
2750 aORARBMARY PIVIEBERDIA-3023 3R 4 2 56 )¢ B &t
BELUBBEDR-8000 7 — VT ERARMNGHIEHFHE2H O,

KBré&e fl #: i X -



T L %,
JEHBRoSTRKIE. BUBSB AR 7I V EBAoTEER2ERAL 2.

J

'7
#7357 vavk5. INHCIRARZO LBEL. BRABHELL. 110CT
MBEMMBT A LR EOTREMKAMET o/ MASRE. BEF T
HEL. EED XL EORE A ABEETAMICHL 1,

B3 EBRERLER

1. N. anarae YKIMI R Bt B W @ S £ 15 A

E. coli CO00-1@E@HDL - KM THEEITILEL 70y 72407,
ABUTHMU-. LU, N. anarae YK1Io M fagt P ok 2 & M L
L -#ETR., Mt T 7O Y Il o BEEEERR
D, 1-6BME TRV HO T (Figure 2-2,3) « 70 v 2B >THh
CRHEBDODHMIIEZLALELL. BEROZESNES 2 o - KXY 2
ETHo1 (Figure 2-2) . 7Ry 73— ERBEhI3LETORVHEFESH
S, BBRBULLEBRT AL IV DBUEY, 5-10BET DL
KEYESEELEL 2.

E. coli CO00-IUARFUHBRIVBEIRLZIOBOMEKXL >VTH AR
2. N. amarae YKIOMIRZKREFOHR D2 2FE ML L -HEHTOREXR
2 7ok. ThoogRikTable 2-11 " LT H %, Bacillus cereusBh 4 i
HUTHER. WTFhiBar0oBRIBDoN T,

DEDXD 2&&ERE»S. N. anarae DM XEHICK. MEHROREL LB
RIDZVHOBEITBIILHRE I,

2. N. amarae YK1 IR X HORE FHRHHER R
N. amarae YKI2 @2 AW THEREEIT 2L, BRI EREOXRTE



KR ELTHAL., PETEmOEBEXOELA*R L TEHOZTBAEOLL
#- (Rigure 2-4) . COBLEBREI» 2YENER TUAB I BZIZ L X .
MEEBORAHBEET IV ESLTIBELTVWEDDEEX R . —
H. AUEETERER 2T, B —HRE2BLEbO0D]1-2mBE
DEE Y S=a2a—NWHEBFELTOVE. COXIRERBERERTSS2a—-1o
Wik, N. anarae OMBRAHEREARZERTVE I LAFRBLTVWS L&
o,

FUT.N. anarae iR R B EKOYDETHERA TSI I & ¥, B FH
HBECIIBMBORRHAMLUE (Figure 2-5) . CoBERBESIARD
BEERELP-oT. BRAEEOHMRBLESAODERG 2K L. BREEEROBEKO R
E® HEESEERBIPIIESRO S Sca2a - VEBORRCE ST EH0L
FREh, Tol, COMBEBOBBE PP BEREERE DI DLEE X
BEBRAOBREERCOBERERBRI VTR EMXDII L E L .

3. BRERE S OB R
BELEBILIOTHBLE®E. YSoa—LERRLTHY. BE (7 F
NYF w7, No. 5A, B AETpun) THIRHOENAELE> . TEREZD
B VSzca—wig,. A2H¥y Xo¥EY, =FNVFPa—w, PEIYT
BB LU THE< BB A2 b0k, LENF->T., BHhORERRAHLHE
KRHOBILEZ2DTRE2VIENREN. Figure 2-5BMoh ZEMBSOR
ERXBEBEUL I T, DENRES A TVWI2A LT VEEX 6N,
O.INOHCIN Btk 2 BMBL. 1-3MBHELELLIS, BT S=—a—1o
—~WEBRBEE T, EFh. 0.INONaOHR BB 2 BB L. 1-3FMBMLL -8
B.HB 7S VRBERELBBAESh, BRI HBLK. 28, NalH
ODBREZO.ONTERDEHRED D 2.



ETrENBREREE2T 2 eI, BEIXT7NVAHAUTOHREELTL R L
BUROXRARNWBRZEOHELXMEE LB B I /2 (Figure 2-64) Dt H L,
HCIB X UNaOHR Ko THBLIE-BEBORERRE. TOXS>2BEBRL £ L
guaxhi2d»ro/ (Figure 2-6B,C) .

L7 >T. N. anaraeD MR RB I H 5 HHERKBEB L HCIS X TNa0H K
o THBZHh, IREEROERDIDERIATHEHEOBEEIDZ & B
HEA U Tz,

4. MRERRBE D O E 5O #HEL

NaOHZB BB DpHZHCIEZBEM T A2 LWL LD TETEH, ALEURY %
BERUE. Bon-URDEFFELNAOHB B ICABLU %, HC1%2 X TH
L. EHRIVTFNI—FIWEMATRAMLEZ. BEHEER 2 <L
Jarvia), ChE2BLODBI DI LBLEARIBREANE., T2bb, =
—~FVRBEAROERABEABYORMPA DL, T—FIVEE2ER L &H
LTHEShEDERER., KEFABTRED Ao (HEWMIzOBEK DL S
Bog) « TIT. NEDSOABYE2EIBERBEBRR S L LTERL 2.
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Tog awhEglbi.
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Figure 2-2

Cell proliferation and flocculation of E. coli.

Closed circles in the figure show cell concentration in L
medium, whereas open circles and diamonds show cells in
dispersion and those flocculating in L medium containing

extracellular products of N. amarae.
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Floc formation for the duration of E. coli cell proliferation.




Table 2-1

Floc forming function of extracellular products of N. amarae

on various bacterial strains

Floc
Strains
Formation
Achromobacter cycloclastus IAM1013 +
Acinetobacter calcoaceticus IAM1517 -
Bacillus cereus IAM1029 -
Bacillus subtilis IAM1069 +
Escherichia coli IAM1239 +
Flavobacterium lutescens IAM1667 +
Klebsiella pneumoniae TAM1102 +
Micrococcus luteus IAM1313 +

Pseudomonas putida IAM1002




amarae grown on glucose.

N.

Ten days culture of

Figure 2-4
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Removal of fibrous cell surface material with HCI

and NaOH solution.
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LEBoT, Zo0RZ3PERBRATRBTH >, HLIBBA LY OURY O UL
iz, EH10g» 540-1000gTHY., ThE757vareclik,

DEDEXS 2BREFRDLP O, MIRRXRK2OSEHE L LU TFigure 2-1K R
L& SR 2RUTAIRESR, TLULT., EFHEHARL I8 THH
RO HMREBOEEKXBEMKR T, Figure 2-10FHER EH>TEREH S
EEAREI>THBEZIRTVWEI DL FHELE.

5. %737 aVOBABANEIIMBREREOHBEK
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FH OO TH-D, MIRREBEBOBBAEREIT - 12,

FF. 82757 varvE,. 2.8ng/nl0RE T50nMY > & E W (pH7.0) i
BRLEZ. TULT. ThoDBHERETAIILRED, URDBETILHE
DERNRI, 75732 alb0BHEEREGLTHLEZLURREL 22>
ze UL, 7572 YavblcoBREBERTD L. EBREABHEE -
72 (Figure 2-74) . SARBOBRLIIABTROOIARIBFLYOAEZXOUR
4 L (Figure 2-7B) |, 302 BT 32 L UMIT X 512 (200-300m) R EL
Jc (Bigure 2-7C) . CORMRIEBIEBVTH2%L. - FH. Z92F2ayv
atciRRALTY, EFABLERRECS 2. LL. BREBKE
BTIBHMBELETILETOURISELC ., £/, BAH 2B KH T
RIDZL. BHMTURIPELZ B2k, BEDEXS &R &,
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ORWESEDH0.IFHEERZ2Y (FIa—ABE) CeAEIr2R2Y, HMEEh
BMEREBRLBL2VEHE IR, A0 NS ST74 -1t &KB2HB®
(RBEHIOU LD E) SEOREOER. 7573 adHBB%D
Rl E2BH. 7527 2abBLVcOBBBEERI.ISLLTTHEZ &
BHEBPLEZ. 753 7avahboRESHT-BBBRIRERIGLI8D H D K
AR¥ETCHoEk. 7273 vald. BERBETCn - FNUTFNaAa—-NVIE
BT 2. BBEBOBATAITHEREY. LEX-2T., REXK B
MY BRBRLLTBERTVLEDBIDOTH B, BRBALELOTH S
ODhWE. COBRETREBTE2Lo )=,

7. %757 >avo7us7—tYtRESH
BE727aORNABRWARI PIVEBEBLTHY., WThy 7 FE
WHRYT D15408 KT1650cn "L O BRMHFEE2EF L T (Figure 2-8) .
EFlh,. 757253 2aDBPARY PV, AFLUERK X 32925 D
BRPWBMDT7 57> ari Db, ThidlipmraboitrTbol
Zx bh - (Figure 2-84) .
BI7S7VaVREIRTABEDOPHHBE LB O THRT I L VS 2 A
LTk, 77— FPERIZILBOBRRERBRCOIS 2tk kbh. t
M2EURSZO L, ¥, BRLBBILE 7S 7>a2BELTHUR

BEBRSh 2ok, LEBS>T, 2T0752varydPlor—¥ER &
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REHHERIIBEZIATOVI LWL ABEET TRAZIATOVEDT. BE
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CIEDHTEDILEXT, LIBHB., —DDE—27%2ERL. BERUD S
ATRBLELIBE—IJR—DREELZST. ToWMOoBE Far 44—k
BEALERUREZR 2. $2HB, Figure 2-90 LS BEEKDODY -7 REE
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Figure 2-
Emergence of aggregates of fraction b and c
[he solution of fraction b (0.28 mg/ml) was injected into

3 droplet of fraction « (V.28 mg/ml) on a slide glass.

!'I'Ll-'u-'-g;t‘.ii.'"il.‘l of A, B and C were taken at 0, 5 and 30 min,
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Figure 2-8

Infrared spectra of fraction a (A), b (B) and ¢ (C)




FTTR—ZEOBREBHEIFR-IZ., LBREXZ32EB2»o7,

79272varvboO¥—-—I 3B —7ok (Figure 2-10) . ¥t -2 0 &
YR, FOAFB7NWVTIVERBERUTCH > E. 752¥arb
w2 F=60,000-70,000DREFXTHEBLTIVWREEXORT., ¥6i2, ¥
—JRMETIBLEBEZEMNL. pHAL R I ZHURBELEL 2 &0,
TN 73 2722arbDBRHRILELBE—-ITHBEI BB,

727¥arvcechbB—DE—-Z7 L THEEH (Figure 2-11) . 20 #H
HEEERLU., pH3-OUN ERX BB I I LURPEL -, E— 20 BRY YV
F—AXDVPPRTHDICLr2., #FEE L T10,000-14,0000C #8 43
deEXONRE. ULIEB-T. 7352 varyciaF+FE10,000-14,0000 4%
FHIVREEABLULTBERBLTVWERLFEERT:.

2E. DEDXIRERPSG., 75 7Yava, b, cdbFL@BICX
DTTORDEITAEZILRAAREBTHILHEHEXH I,

9 . SDS-PAGEI & 3 2 #F

ETERTERDTI S 73 2MRTEIRTFROKEDFELZHOPIIT S
7% . SDS-PAGEIL X B3 A4 217 2 7.

72233 axBRR080F YT I UNLNTIERFVEBEEELLT
Aolk, ABORERBREEARENFR—DKEIT., 208 FBERDFET
—A—tOlhEH»I S, 4,00081 8 LB X/ (Figure 2-12) . 75 % ¥ 1

Ya DAY FOREBIEBCEBT, RETER N LEHo. BETHR
Mo WK, NYFRBBXREBRTORETHS, ABBRF L ELEH
THREERABCBERLBBELISLL, AV FFREXA IR EME
KEABLI. COUMUBBBFOLRILLZHDOTHLOT. TDORERF I
DREBENBELTBVA RSB VARE STV, BRI RH BRI VAT |




KHO>ITHRHFREYVEOITE., BT 6L, a2 TFo -SSR bRAB LAY
FHRFHEL, BLAYVARB ERFE S ho-Bir, "V FELTED S
hd3pbDeFExohl. RBH. BABLE IHEEE2SHFpINEVED, 75
7¥avallrBLI-b0oLBbhB, 2FhH, 757 avaigsdse
2-ANWATPZTR) - VOBETTMRALEL TS, AROUEEE2 LD R
WOTHD. Y"IWVRBOKRLBUBETERZ L., 732 vavalddTFrY
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REBLUTHEBLTVI LB XhHI,
75272>arbRIZKDFVTHRBULER. 2FENI2,6000 0 B i
FERNVFPRBDODOhE. ULEPL. L—voRBELBIIE-> THa X
fulz (Figure 2-13, lane a) « HFEW12,6000RFF KB 757 v ay
bOERDODEDPTHEIY, HUFFRLETHI-DRBEORTF FHEBAL
T3 Bbhlk. YVRBODF—2XVT757varvbit. kBHE®
TA~6HOBRURTF FRLALTHEELTVWB LB XA,
7272varcRBRBEGNERETH, NOFRSFEHL2, 60000 B KM —
B o (Figure 2-13, lane b) « LEN-> T, UL B HBH#HE2FD
BLTH, 797V a3VclfiBEODEVERLLTESRBEIZ DM I,
FIVEB TR FE10,000-14,0000 i Bic ¥ — 2 BB xhi-S L&k,
7272aYclBBERTFOEETHEBLTOVBCLENHEBEL -,

10. 75 72vavoRmEBERELT7 I BERK
T TRDODALEIRTI S 727>arblcRETIL. ER¥IDILKLRH
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Figure 2-9

Gel filtration chromatography of fraction a .
Fraction a was applied on the column packed with TOYO

PEARL HW-60F. The mobile phase was 0.02 N NaOH. Proteins

were detected by monitoring the absorbance at 280 nnm.
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Gel filtration chromatography of fraction b .
Fraction b was applied on the column packed with TOYO

PEARL HW-80F. The mobile phase was 0.02 N NaOH. Proteins

were detected by monitoring the absorbance at 280 nnm.




0.3

(280nm)

Absorbance

|
(0 20 40

Elution Volume (ml)

Rigure 2-11
Gel filtration chromatography of fraction c .
Fraction ¢ was applied on the column packed with TOYO

PEARL HW-B0F. The mobile phase was 0.02 N HCl. Proteins

were detected by monitoring the absorbance at 280 nm.




Figure 2-12

SDS-PAGE of fraction a .

Fraction a was incubated at 100 °C for 2 min in the ;

presence of 1 ¥ 2Z-mercaptoethanol and 1 % SDS. The i

denatured fraction a solution thus prepared was supplied !
|

on 20 % polyacrylamide gel and electrophresed at the :

constant current of 15 mA. Lane a; fraction a . Lane b; [

nolecular size markers, MW 43,000 (1), MW 29,000 (2), '

|
MW 18,400 (3), MW 14,300 (4), MW 6,200 (5) and MW 3,000 (6). ]
I




Figure 2-13

SDS-PAGE of fraction b and c .

Fraction b and ¢ was incubated at 100 °C for 2 min in

the presence of 1 % Z-mercaptoethanol and 1 % SDS. The

denatured fraction b and ¢ solution thus prepared were
supplied on 12.5 ¥ polyacrylamide gel and electrophresed
at the constant current of 15 mA. Lane a; fraction b .

Lane b; fraction ¢ . Lane c¢; molecular size markers, MW
74,400 (1), MW 49,600 (2), MW 37,200 (3), MW 24,800 (4)

and MW 12,400 {—J)




AVERETTCHRL., P AVBIELEELA 2> FRENRE, EIT, X
hoDHEHNARREANR NP EBERERD - DL R2>TVWEIDTRER
WheEX, E7 37 a0 BRBEANDI LD, VOB —-ATEF—

M2 XREELITIEA KB EIT oIz,

792 varvaBiUbRrlB.IRBOTHBEBANABEHL, TOBHE
. KOO KB LEEMBFE7 NV TIIET7522a b PEABETSH
2T, 79723 >alBXfhoXDEBHENKE N> (Figure 2-144) .
L2 T,. 7523 vabkUbi. 7PV7IVLARBUEERATD
D, FEBRREBOTIIAIFTARLHELTWEI3 DL FRERE, 757 3
YoM OB LW TREBH LAY EHh, BEHAERIYV VY F—22iELAY
AU THo (Figure 2-14B) . T, UV F— L LABRREEHETH -
T. 75972>aYcBAETTCSII5ALHBLTIVDILLTFREERE. DD
EORRRIG, 75723V adbLUTblr752varyecid, FHET
PERLHERTIZIBEFR2H T TEYY, BEAHLHEAAEBCLEX O,

275 72aViiBERBEEIIMARK2BEBLT. THOoDO7I JEERD
D ETol. ERWETable 2-2kFXL 1. EEKHEODTI /B THEITLVF
ZYECEAFTVODERDEHEZEZTR T RD 7SI a  yCHERT S L., 7
Sy7varvaTikl.0f,. 752 >a b TiR6.95. 757> aveTR1L.0
e ROTHY, BRAXKBOKERLEFE L2220z,

OS5, BRAWMRZB AR 7572 a MO EXBORERBATH
2rEBEXOREZ. LDLR2BSE, 757varsbicloBEKXDHRH

7527 avalcltOBENIDIURIVBBFICLELI LS L HX
RNETTRBPTET, P BEHIBDI LA TBRE I,




11. 7572 ¥3aadDHPLCIZ X B 4 #

75 7vavaiBfERMBOT7 S arinpARODOT, MREXER
BEOBBRBRLLTOBER. o757 va BT hERELRLE
FHEEXNIE. L2L2BS. 757 ayal@KBEPTHERREHRBRAER
BODPDRLE-IELAEAREEM >0, SIS-PAGEO B HEPHFR BV T KA
L3288 E2RBLEZY., JUS U2 ELBORENELYHE
TH2. BEHRLT757232a@PFENLINELERFE2DT, 7
I/VBORNDUBHWESLRETESZ TR, X T, ¥ 73/
BEFODIWRHEITIEODOHMEODEVCER 2B S, HPLCIK X 2 ¥ #H %
T2k &l-m,

BHHREERTFFrOPBRILBHOVOhZSEHBREFARATHT-. HEL
7-h 5 A TSK gel 0DS-120T(0.5amX 25¢n) TH D . 0.1%D b U 7 0 o B
R8T E P PUNBREBEHLLEZ, R7F FOREE 230002 B
EABRKELZBETBIILIEL>TH2k. TDOKER. Figure 2-15AKw L
RPESRBEN -V BRBohliz, LIDBREDRERE—-IRBRTI S I >ay
aTRLVWHLEEEXE. . 7592 YavalugZllpghd XL %280
0.01N HC1 lmlix M@ L. 37CTC2URM A > Fa~X—b LK. ZLT. 20
R EZHPLCAT I Lz, TORBOBH /S % — 3. Figure 2-15BD & B
NTCHHDTC. 12D BEDE—-ITHPHELTEYD, RIT7FFTCHoRT EHBR
Ehiz, 6., COP— YT IBLBER2EANL. BEAWLELZLEC
PREBELBR—DODE - o), Eh, ANLEBEBEEZBELEZETZ VA Y
BRCBARRICIZEM X TEBYBIT IS LURLE. T, Ch%E2T7TI /8
HADHORBE L, EIH3PBEAIHAFTTET. NAKKEDODT I/ EBHET
SNV R EDEH/EZITOVIDOTRZ2VIEEX SN, 2B, HPLCK &

SDTHBLE7 77 Yavafiiig (RFEKIONE) FEE0.1% 8 72 3.




Figure 2-14

Cellulose acetate membrane electrophoresis of fraction a,

b and c.

Membranes of A and B were soaked with 0.2 M Tris-HCl buffer

(pH 8.9) and 0.2 M acetate buffer (pH 4.0), respectively.
Fraction a and b were applied to lane b and ¢ on the membrane
A, respectively. Fraction ¢ was applied to lane b on menmbrane
B. Bovine serum albumin (lane a on A) or lysozyme (lane a on B)
were prepared as typical protein charged negatively or
positively. A constant current of 2.5 mA was supplied from

bottom to top.




Table 2-2

Amino acid composition of fraction a, b and ¢ .

Fraction

Amino acid
a b

0

Pt
(9%
o

Ala
Arg
Asp+Asn
Glu+Gln
Gly
His
Ile
Leu
Lys
Met
Phe
Ero
Ser
Thr
Tyr
Val
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The data of Cys and Trp were amnitted from the
table, because the hydrolysis method used here
decamposed them.
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Figure 2-15
HPLC analysis of fraction a .
Non-treated (A) and pre-treated (B) fraction a with pepsin

were analyzed on reverse phase HPLC. Peptides were detected

by monitoring the absorbance at 230 nnm.
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12. 8752 avoRAEELLIDZATY VORE

N. anarae DM RXEYHERIE S (752 >¥a3>a, b, ¢) KAWET
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N. anarae DRI B EROMRBABEL L LD THERESEZRA TV S
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72233 blclDBEEELHO>D>THETTELIUARTATY 2%




Figure 2-16
Flocculation of Kaolin suspension by fraction a

Numerals on test tubes indicate pH values of the suspensions.

0.5 mg/ml of fraction a was added to each test tubes containing




Figure 2-17

Flocculation of Kaolin suspension by fraction b
Numerals on test tubes indicate pH values of the suspensions

mg/ml of fraction b was added to each test tubes containing
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Figure 2-18

Effects of the flocculant concentration on flocculating

activity.
Various amounts of fraction b were added to 50mM acetate

buffer (pH 4.0, @) and phosphate buffer (pH6.8, A)

containing 0.5 % kaolin.




Figure

Flocculating Activity
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Effects of ion strength on flocculating activity.

Flocculating activities were measured at different fraction

b concentrations in 1 (A), 10 (M), 50 (@) nM phosphate

buffer

(pH6.8) suspended with 0.5 % of kaolin.
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Figure 2-20

Effects of Na* concentration on flocculating activity.

Different amounts of Na* (NaCl) were added to 0.5 ¥ kaolin

suspensions containing 5.6 mg/l of fraction b .
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Figure 2-21

Effects of Ca®* concentration on flocculating activity.

Different amounts of Ca®* (CaClp) were added to 0.5 % kaolin

suspensions containing 5.6 mg/l of fraction b .
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Figure 2-22

Effects of A13®* concentration on flocculating activity.

Different amounts of Al3* (A15(S504)3) were added to 0.5 %

kaolin suspensions containing 5.6 mg/l of fraction b .
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Figure 2-23

Effects of Fe®* concentration on flocculating activity.

Different amounts of Fe®* (FeCls) were added to 0.5 % kaolin

suspensions containing 5.6 mg/l of fraction b .
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Figure 3-1

Cell proliferation of N. amarae.
N. amarae was cultivated using 100 ml of culture mediunm
containing 1 ¥ carbon source, 0.4 ¥ yeast extract, 0.5 %

(NH4) 2S04, 0.6 % NazHPO4, 0.02 ¥ MgSO0,-7H20. Dry cell weights

were measured at intervals of 1-3 days.




Figure 3-2
Floatation and granulation of N. amarae grown on

n-pentadecane.
N. amarae was cultivated for 14 days using 100 ml of culture

medium containing 1 ¥ n-pentadecane, 0.4 % yeast extract,

0.5 % (NH4)2S04, 0.6 % NagHPO4, 0.02 % MgSO4-7H20.

oJ




Floatation of cell flocs at the surface of culture broth.

ultivated for 3 days using 100 ml of culture

N\. amarae was
e o . n t < 3 - 1
meaium concaining |

(NH4)




Phase contrast microscopic observation of N. amarae
grown on soy bean oil.

N. amarae was cultivated for 3 days in the medium containing




Figure 3-5

Hydrophobicity of the cell surface protein of N. amarae.
Seven ml of 50 mM phosphate buffer (pHB6.8) with or without 2.3
mg/ml of the coagulum of fraction b and c were mixed with 1

nl of soy bean oil and settled for 5 min. Test tube a; with

oil, test tube b; without oil.
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# Fused Silica Capillary Column FFAP Bonded (25m)% B . B W FID
K& 2TdT> s

RABRMRARY MIVERBEADHA-02B KRN DX HEIH 2B T. KBrk #l
Bl X 2T B LIk,
FI)BEBROAWMIC WGBSR 7S / oW EELERLE. 7
O*%aS5y bEGAES.INHIKBRB2ZOLEBEL., BA&HEFL . 110C
TUBMMBRIBZIILR I TR EMAIBE2T . MAIEE. BET
THEEUHED 22 E0RE KBRS ETHHICHKL 2.

B3 HERERLFZR

1. 78 FaS Y b MEROERBHPTOFEERE
R. erythropolis O ER 2 A BDODRR D7 ANV E - X>TRAL.

MEBRO.NHRORBRBKOBELE LW BRI LZFERK XL 200D A% D
EFTEELE. BERE2TEHABRL p00RE (FFNANYF v 7 No.2)

WE>THBALESEGLWE., BREFAHRERANOEBRLEELALEZ S D
>tz (Figure 4-1). U2 L 2H 6. LHABIEunD AT 527 4 E—
(P type, Millipore) WKLo THBABIT I LH/EFREIBEHISERHL T




FFEREDODWEDICETFTL = (Figure 4-1). 7. PHABR045unD X 7
57 4% — (NP type, Millipore) WP BA TR YWOFEHEOMHNL/3K
& F U7 (Figure 4-1). ¥ 6. FHARI.22x0DRA YT 527 42—
(KF type, Millipore) VHMBR DRI P B LACHFHEERFL TR P OL
(Figure 4-1).

REDES RS, BERENALR2F DPDHIEREAP TERO.22-5
pnDWRFLLULTEELTWS LB RER Tz,

2. BEBMHPOOREREREAE T SH D O ERN

EEHERIN LU TEREEOZE M Y ROLZF T HNA—NWEMATHAR
RELT. Z2HERPBRBRIBELAEABIRTORVWI LA RBRERZ, £
EEROPHEZEALZIE THREOHB TUROEKR TSI LR P2 I
LA, BT+ %ROBELRBEOIOWMBT VEZVAEMABZLURILED

o

AR LBEELE2BLODRCELDTHY. LEBRRE ZOEEENRL. AR
- ERBEARCBEL-EBRLE. GENROBRERLA LIS, ©
REXOHALCEURIBOOITE. URKRFALROVCLAABOFEEDHEHIEA
LTWwk. COPERTFNVNTN2—VRBBIBDILBPHPFLEZDOT, &K
BEELRARLEESISRTF VT Na—VEETRTEFE2F., 7F V7 W
- VHRECOBRBUERIPEMELTA2RIT I LELE. EDFHHILE?
THEERZIESY (ABKEEY). KAGKES., URESD) C2@EEhz. X
REFROBEEAEI KK ULUTERL., BEERETDRLLISEZESD D
L BEBEA2RLEORUREDPOHATH D, EIT, COURED %2 7
D*xaSsSYhEGELTIoHEZEDDSI L EL .




3. 70F%a5 > P& HDOHEK
EBRLEFZ7Z0F a5y PEKEZIOSRRTEM VR E-DTE2ERL., BA

LTVW2RAUEDEEZ2HBVE. Ch2EBL L TaxRMEAR2 R L Z&R

BHE. kKE¥E. ZEEO0FEFER T T Hh, 50.3%,7.6%,11.08TH D & BHMY
Lo RABMARY PIVTiE1500-1700cn "I 23 TOHETT I FER
FBLEZORDZ_-_DOBOBWH PEE X h iz (Figere 4-2) THH6DHE
Eros70FaSsSv b ERR. BEEL2EFT7IFEE2BODHEATHI & HE
Xhize LERST, REBEEIRDLTIDHTHRETI /EIEBRE
R BRHOTVB3RTTHD. LHrL. 7/ V-HBERLIXSIBEOEE %
Folki?d., *OBEREKDIZIEMI-2Po):. TZT. EHHTH B
AENRBE. 70 F a5 Y PERE2EHHEIBREBERC K> THAAET
DL BEGFHERABORRICHENRI/IOMTFTRETR LE. 28, 708%2 5
virEgomAksBYORBE (REKIOOALOKG®) 0FERF0.15U T
THol. DEDES>RZERDPS, 70FaS5 Y PEROERSTHVEE
BORFARAARLZESDRIEQHEATHI I LEERELT. 78 F25 2
BRo7 I/ BMEK%ETable 4-1itw LU k.

4. YIWRBIT XS

AR LEES SR 70Fa2aS5SYy b ERRBAPFTHREFLZ2oTEHED, TREK
HEBEBLTORV, X6R. 78X a5 VERE—EBEHZBETEILHBEY
R REBRBB T AL TERPODIEL, TIT, B -EGMTHER
L., ZHRZ2BBEA L LT BBEERELE. TOKER, EUTY KRRV L
PUSy, OAFHY, KOBABETLREZRKEBRL., BRHPBWI 2D
LHBHELE, TCT., COXSLMBAKBEBRLKLEDBEEHEZBYHHM L
LT A v, BER23 oM BLEIS> EAL. RAARBIOX
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Figure 4-1

Flocculating activity of culture broth and its filtrates.

The dialysates derived from 15 g1 of culture broth (A) and its
filtrates (B-E) were added to 1 ml of 0.5 % kaolin suspensions

and flocculating activities were measured. The mean pore sizes

of filters were 0.22 (B), 0.45 (C), 0.8 (D) and 5 gm (E).
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Figure 4-2
Infrared spectrum of the flocculant preparation.

The dryness of the flocculant preparation was milled

and prepared to KBr tablet.

500




Table 4-1

Amino acid composition of the flocculant preparation.

Amino acids Content(mol%) Amino acids Content(mol%)
Lysine e Glycine 10.4
Histidine 1.6 Alanine 15.3
Arginine 7.4 Valine 7.0
Aspartic acid 8.2 Methionine 0.9
Threonine 6.8 Isoleucine 248
Serine 6.7 Leucine 8.4
Glutamic acid 10.6 Tyrosine 2.5
Proline B Phenylalanine A




SBEKIEMABZ3ES. RUE=Z W 2EHMELT B3I NA— VIR EZFEAHL -

PEAR—)VHW-TEF2 ERH LB & . Figure 4-30 XS 2NN X - &R
2f. BWOMNERE—-I 3K FOMNBTHY., BUB-HKEBBEL
FHDTHBLHBXhE, B3 -0 — s 2*hZFhERL., Eok
BEBL2WAN-. TOER., nlo -2 LFEEIPE DS, 38nlo E— 7
KREENBED R D, 38l — 7 L HY T ABH B RBOEY
SYRBPpoRILEY, BRERESERTWEEYUI YR EBIE—-I 2T
MEhl, ALASATRAAEZBHHE LTIV —FFRA ISV (85
FE2X10%) 2 RET 3. RKATRUEMNERE -2 THofz. £z, b
I N — )UHU-65F (BERRBBA D FEIXI05, FFR IS HHE) 2FH AL L
EFBAR. BREFBEE2E T I - KM FoBrRRT:.,

DEDEXIRERDPS, BHKUEBREKLODBESEHEHFTH70F2 5 Y
PEGIR1IX109-2X10° (FF R MSVHBHE) LVW5BEXIFERBIIH B
EBRbpolz. Bz, €= @Rkl hroX LB RBRITEIS XY E
ORBBIFATETHILE X6,

5. BAXKY

70%a5 b EREEYUISUVEARDBEABITIEABTHB ICLEZHMAL T,

BT eTris-HCIBBEHROBRAE R A2 EREL T I2REBEA XY 217> 12
k@, CBBRKX > TEHE2RHET D&, Figure 4-40 XS N> Fid—
D2TCH20. LT, CUT VL KOBEBRLEBEDTFERBTERLT
WEAABRE., WEHRL DIDEFVE S 2284, BRAKBILLZ2X5423
NELEBTHDILHE IR,

DER, 70% a5 b HESIS-PAGER &> TR L. RSy IVER
i, BMEER A TRY —THoRLHDD, SDS-PAGETR 2 FEH1IX105LL
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Figure 4-3

Gel filtration chromatography of the flocculant preparation.
The flocculant preparation was applied on the column packed
with TOYO PEARL HW-75F. The mobile phase was a mixture of

pyridine, water and dioxane (1:10:20). Proteins were detected

by monitoring the absorbance at 280 nm.
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Figure 4-1

Filter paper electrophoresis of the flocculant preparation.
The flocculant preparation was spotted on the filter paper
(TOYO No. 6) soaked with a mixture of Tris-HCl buffer (pH 8.4)
and pyridine (9:1) and electrophoresed at a constant voltage

of 500 V. After the electrophoresis, the filter paper was

stained with Coomassie Brilliant Blue G-250.




Figure 4-5

SDS-PAGE of the flocculant preparation.

The flocculant preparation was incubated at 100 °C
for 2 min in the presence of 1 ¥ 2-mercaptoethanol
and 1 & SDS. The denatured flocculant preparation
was electrophoresed with 5-20 % polyacrylamide gel
at the constant current of 15 mA. Lane a; molecular

size markers, MW 74,400 (1), MW 48,600 (2), M¥ 37,200

(3), MW 24,800 (4) and MW 12,400 (5). Lane b; the
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FTOBMBILZLONY FREABRE X (Rigure 4-5) « T &I BERD S,

R. erythropolis KX VEAZTRDZ70F a5 bR, 2FEMNIXI0SLTF
DS BERTFFPOEBMEINTEY, TOBERRLTF FHESLT. KH
THETFE2ERELTWR L H#HEBXH -,

6. 70FaS Uy EROBNMBELBEFE LMK

CHETODELIATR., B#FBIPSO70F a5y MEROARLESR
FEGOHBRIE2OVTHRABALEZ. 2Rk, 7025 M GORKHERK
EBETHERFORBEODLVTIRMLEER2BET 3.

¥FF. 70FaSU M EROBREBEORBR D>VTR#HLE. AV YOR
Ex5g/12 L. Al® (MBE) OBE:2]1.200 LT. BT d370F a5
YIMNERORE* LI ETHREFEZ M EL 1.
FAERYUT-—REL2BBRFOBRELIIVTR, BELOHOFY v —
BMBECRPI2AEMEIDHY. THUELEELENIT LR FEHMELTIBAKYE
B2 F2RBRLTHEID2HERELTILES> CLPHOGATVWS, A7
OFas Y PREGEEO2VTIRARZEEA AR Oh, RHFL2BEIRZTOR
BAHN5-25ng/10BHICHEZLETHHOT. THULODRETHRBREOESRL
WET U (Figure 4-6) . M T A1 RE 20.6nNx T 2L BEEDD -
CEhLIBHEIE. 5-10ng/le 2ok, Tbd, 70Fas5 b RKOEM
BT E2EL. TRAIEHRBLTESRZLLDAF TV 2EMT I LI
BTHDH >EHMHELUIE,

T. AF A rOFEMSH E
OFR,. BEARL—BAOREEIIRBRALADOAF T VORREEHILNT IR
mas R EBE L 72,




BB FLLTR/1IOAFY V2 BF0BBEHEHICS.Ong/nlOoBET7 0% a
Sy BEREMAT. ChAhIIAFA UV E2BLLBETENL TREXR L2 T
o2, ~fioAFFELTRENa"2ZHEMUEL. Na*(NaCL)EH ML % &
MM A TP R LEMDREIB DSR2 P o/ (Figure 4-7) . Zfih F
AL TiCa2* 2RI L 7z, Ca®* ' (CaCl))2FMT 2L, 2.0nNlELORE
REWT70FaSY VBROKBERETIHNRIBD 6h 7z (Figure 4-
8) « EMiDAF AL EULUTIRALI®EFe* 2EHLU /. A1 (A12(S04)3) D%
ARE. Ca2° KV BEVBRETHEMBEXEBDSoN, 0.6aMBEMTHER
FEHTH o (Pigure 4-9) . X 5T, Fe3*(FeCla)R 0.3nNTHHE DX R &
mpERDo-. L2LR2BSE, THAELEEZEMT AL DX>TRELLG

SES 2ol (Pigure 4-10) ,

7025 PERRBEEEAXRKBEI OV THBEBERNCBHL-CLLIDE
HPpELFEREIKDB, LEFST, AFFYOoFMRE>T70Fas b
WMEFOBIAMNBERIIBALT., 7oFxasry M REFHMOoOEE® 7D
FaS5 U MR FLBER TLORAIRECY, BREKDPBEATIHABER T
DURBRDPBIZoEThDIELEEIOND.,
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Figure 4-6

Effects of the flocculant concentration on flocculating
activity.
Different amounts of the flocculant preparation were added to

0.5 % kaolin suspensions containing 0.6 (@) or 1.2 (QO) nM

AR S*=,
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Figure 4-7
Effects of Na* concentration on flocculating activity.
Different amounts of Na* (NaCl) were added to 0.5 % kaolin

suspensions containing 5.6 mg/l of the flocculant

preparation.
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Figure 4-8
Effects of Ca®* concentration on flocculating activity.
Different amounts of Ca®* (CaClz) were added to 0.5 ¥ kaolin

suspensions containing 5.6 mg/l of the flocculant

preparation.
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Figure 4-9

Effects of Al1®* concentration on flocculating activity.
Different amounts of Al13* (A15(S04)3) were added to 0.5 ¥

kaolin suspensions containing 5.6 mg/l of the flocculant

preparation.
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Figure 4-10
Effects of Fe®"' concentration on flocculating activity.

Different amounts of Fe®* (FeClsz) were added to 0.5 % kaolin

suspensions containing 5.6 mg/l of the flocculant

preparation.
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Rhodococcus erythropolis S- 1D ERHILHKBE 7 =D A& n -7 FI
Fa—)viEMXAB3I e &E2T., Th2EttEs. KBtkE 2. URE
FO3BEHRRE DTz, BREREEARUREL2OZRLBO»ERIEZDOT. TO
Eo%270%as5 b MERKELTHRIT I ELELE,

R. erythropolis S-10o¥BHE L W EThd70Fxas5sy bk, EE0.22-

SpnDEBEFERELTOE, £, nEIFRBLTCRABRRNARS LD
DFOHKR., BEEISLBERTVBRILBHBPLEZ, 70F 25> b DK
BBLUVHOZEERALZL, BEHHEHSBREBERIEIDTHEFEI LDR T
CEEIVEHHE2FH D LTEZCLYBFRENREL. SRk, BEROoMKS B
PHIrORAPNAERETOTI /VEBEIRHEET NI,

70F a5 M ERRARRKEBRLAKOBABRETHETH 5 & ¥
L. 20BRABER2BHMIITCERRKL LT VREBEIO NI S 7 4 —
BPIXUREEIAABE2DB IRk, TOER., 70F a5V VERBESH
MTHEHRBLAEH —RLFEIXI0S-2XI0S (FFAIS U HHE) O
B2 FORBELRZ2DTWVWARIERFHIAI,

J

SDS-PAGETH A FEMNIXICUATODEZLONY FHEBRE T . BEDX
IRERIPS., K7 O0FaS53Y MEZBLKDRLOERTFEHELKALDHT
WEFERERLTOWIEOIRRICES I,

70%aS5Y  ERORMBEOREEFRELREIRBLEEAAA LS,
AMBECRAEHEEAD > T, AMOBME 2 A->THEEEEIT I LA
mER, COERP7EFaSUIPEROBE 25.6ng/1RDB, L DA
FAOBEMBRREODOOVTRHF L. Nat(NaCl)BR B L ALEMBEIRB D
bhihrof, Ca® (CaClz)id 2.0nMBL £, A13*(A1l2(S04)3) X 0.6nM8L L




ETETNThEMTBLHBENRS >, Fe® (FeCla)id 0.3nNBi 2 B E D H
THY., THhUELEEMXBPLHRBETU =,

BALE S Y FPORAKFREREZHIERGEOBRER., A > U A
$99-112ng/1(2.3-2.6nM). 7 I =7 & 50.25-1.75ng/1(0.009-0.065nH).
& 550.457-2.95ng/1(0.008-0.05nM) D HH AL H B X HhTWVWBEP, Lk
2> T . Rhodococcus erythropolis S-10E4A T 237 0Fa25 Y bDEiE N
REXNBIHFAVBEBMBICH Y. N. anarae KIOREHEBAH (7
Syvavb) tARE. ERLBEREBRO7Oy JERLBMET B LHET
Bexhiz.

A UPEUEASORBB N > THREKAI G oD E VS ME
M. 22293 >beABUTCH>R. ¥, EBEO7ZR 223X bbb
MEXE~K g/ IOBBETOHREEHEELRA I IS EHHEMUL
Tk, ULbL. 73272 2aYbiRIZBENERED A FARED

FRAREoTHE6XRhBZDORHM LT, R. erythropolisd7 8% a5 >~ b

W ETOEIRBEIBOHLIARV VL ARV TRERZS TV,




2 S B O OBMAHEPYHEIC X 3Rhodococcus erythropolis S-10®2 E &
HRFEH~ODEHEDEK

Bl HE

B3HEIBOVTRK. N. anarae BHEREE2RFBFRLLEZEE. LHER
HEBRFLELTAERHMI S L, MRREARXFEITIEQAHEHILIRAKEY
BT 2ROBAUELHRIDILETEETHI L E2RWIEL 2.

£ T. R. erythropolis S- 1R 2PWVWT P WM ABEEEHIL LR E2EHFD

CrrlUt, ¥, BABIBOTHRIELZ XS, R. erythropolis S-1
RBEREHAAR2P DEAHR22WTZD. COoMRAEREORAEEH
RUEBIBITI3BHMI>OTHERE L .

R. erythropolis S-1%RIL K KA EHL UL THEEIT I L, HhRARK
MMLU. 70y 7 2R L THEBRRBEBE LU, Chik. AEKEXE
WRIEKERACBEEZAET DL LB, RIEKBRRAEBEARME2ELEL 7 0
v IR b LT HRAEODHBABY FHHE2DULTVELDTHZ LT
- O

ABERHOTIR. WAEEH 2 K#FFE L LU TR, erythropolis S-1% £ 3%
Lzt &itbld7o0y 24d, BEREFEHZ2IDHARSAETEEEOME £
HADERECELSDTHEOGERATVWEIL2REL. AEAHEI IERETD
MAKEDODHERFETDIILERD2VTEET S,

B2HN ERIE

1. BRF5 &




BErR. Va2 —ZAHBd0Rn-RUE2FH15, BB F 20.05%.
R#0.058. K2HPO, 0.5%, KHoPO4 0.2%. MgSO04-7H20 0.02%% & & ¥ 46 55
FAVKE, BEKIOOnl250nlB=A7 5 AaRAh, S-5EMEREEL
Folke BB, JNWAa—-AE2RFRERLITOIEMEI N —RAEH, n -V
XFHhERBERETIEMERY I T HAOERLE LI,

2. EAENEDHE

ThZThoHBTHEER., FO02RB,000X6, 103)2fTFoRLETE. 7
Wa—ARMTREBSIUEBRLUEDY., RVEFAHAUVEMTRREICEEZKL
TRELE, BER2URDPIVCEBRLEUTENULATEKRKE 7P THAL
. 10SCTHREULTEEZ/MEL 2.

3. MEAZEEHEOEWE & SDS-PAGEIL & 3 2 17
MBEFEHLAELU-EAER. YUYV EKLODBERRREI>THERL -
£ 100nl 2 6EP LU EEZ2500 Y S BEAMIT3I@MERL T, &Ft
12000l EHREEERLEZ, CRIEHRARBET VE=D 28R KEMn -
T7FNTFTNhaAa—, ThEhl2nlzZMx k. BUL-REZLDEZIT > T,
AKBETF W7 ha—VvREOOBRUANW B E2ERREHROFEAHE
ELTERULUE. CTh2REACHULTERL., ERVCEBBKEREL -
—F. BRERAEAPOBELHRWETCARLUEZFEXLE>TEHRLEZ. 5.
MEBELARLAFETERL -HWEBEHEESDIS-PAGER XAttt L /-,

4, BEBOHEHE
BN FLLTRAA Y V2HOE. Sg/1IOBETAHAAY U2 BE KRR
BL. COBBRKOSNLICEE®/I.2ol 2 WU EER.2DNDEROEEXEFIML




Lize X6, 0.IOBEB 7 NLVI=_28%0.201%x. B8®L-. X8
EMATOROVEBE#HREAERE L., ChEIVbBEHOBY AR o - & %
wREKEX Db L HEL -,

BI3H ERERELFER

1. RUYAFHAVERREBIIESR 70y 7 OBK
ZLDOBBERRERKBREORAEDHEHEKBMIIBIEEFT D L EH
TWw3. R. erythropolis S-1H fEAi® (V) — /@, V)L E) . HE

BB (KEM) . BUEAFE -ANFHFHhY n- RV EFHV)ERERE
LTHMITEIILHBTE,
n-RYERFAVEREFRE LUESE, HHI0nlr o0 BN R IL., B %
2HHET0.07-0.15g. 4 HE TO0.38-0.44g® - /- (Figure 5-1). —FH. Zw
A—-AE2RBERLUEBELE.,. THTH0.02-0.04g2£0.31-0.37gTH o -
(Figure 5-1). T bB, FNWa—REVRVEFHhVEREBEEHRE2LEZ 2
EOHFY, BHARRIVAEA®PDOPIIBMTISIEHPHBPEL, LEX-ST, &Y
bRAEKBOSFDVPEAULZEETH I LHBEh Iz,

Figure 5-2R RS HEHOEBBKORBTH D, RV EFTH U THEE
LE-EBRRBEIT LB BARBEELL, L2332 LEULEEBR
FHERDO 70y 2 2BEKL T (Figure 5-24) . T XS ko RE
LBRERBAFHTAHACERRERICMALLERL LB BERE, 61, B
MO HEMEEsRBEFR L UELLECLPHEBOB LR oSSR, —H. 7
V- AEBMTHEELU-ESEIEEREB I K28 LT (Figure 5-
2B) . R. erythropolis WM KUEPDEHERILIT IBHIKLER TV B & H I,
TOMBER IR AEDHECH L TRAEEZF DL IVESROR EHBE




ChAbDeFEXH6ND.

2. BB IUEEROSEER
TIwa—ABMBEIERY AT H BT, R. erythropolis S-1% K 3§
LTHEORZERAEZBERL., B BoRBRERBOHBEITO LA, R
VEAFAHUEMP OB ERBNRBLAYBEREREEBRD G2 2o
7= (Figure 5-3) . U L. B ohESEAF YV U BEBRHRIMX., AFF
VORETTHRERBERAZHB L3, BERBHOLELRFRI AR
FTHAVE2RERLULTIBLEBOFPECHRE %2R L = (Figure 5-4) . &
DEIREERRB. /W2 - 2A2RFFPLULLEFLREREAFTRLIBT D7
D% a2aSUMR, RV EFHAVERBRLE UL E LR MBOZTRAAHFL
TEESDTVWI3EDTRLZ2VIPLHERER I,
TTRRABLAEZEIK., ZVva— 2B HROEZERI00nld 5 i 20-50mg

D70F a5 bBERIRIEZ. RUVERFHAUEHEAROERZERE» S b AR
DERFET70Fa5 > b2 BAIILERBFEYN, TOPEEL<<EMT
ERpok., ECT, 2ELMBRARAFLTCZ70Fa5 > MEEB
L. WEA*HETBZ L2 ULE. 70Fa2a5 0 MREYTSVEKRODBEREK
SHETHAI LG, COBAGBEEIDTHBEZ2HRBR T HEBBTEZSTH
B 2R Al
RVEBFHAVERBERELESE, BRI 709 7 2BR L TOERIH

BREUTVBHE (50%,v/v) REXD2GERTHRBEBZRHESEIIELE. T LT,

E#100nl» 6EP L - EB OB ABE (1200l) 2 S HoSngd EEHE P E N X
Rl Za2a—2#EH(100) 6B SA-ESORRHEDL S TEIngAFTO
RETH >,

EoR., FWa—ZA%2RBFRLUEBERELLLLZIEERPCLBLEEA




H(70%a50b) ERVEAFHUVABREFRLE LELELBRETBLE -
FEEHBEODOSIS-PAGEL B BXB N X - 2B LIELZR, ThbIRES
WW—B U (Figure 5-5) « U727, YERRALRZF Kool X
hTWdHEBEEThE.

LEDEXI RERDP S, RAUEHE2RET IR BEEENALE DS
HER., IRXERLERINDICLPBRZNT. bbb, RAHBER %
RELVTVWI2RBEMRBR., HERAZEAEC I THERERS S A TEEK
EREBELTVWEDTHE. T LT, KBRBEOHMBAL WAL IEHERY
ELVEEATHIRAGEEHE LN T 2HMROBRINUE L2 EHDIBEEHZDT
R reEFEX ORI,
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Figure 5-1

Cell proliferation of R. erythropolis.

R. erythropolis was cultured at 30 °C in 100 ml of glucose

or pentadecane medium. At intervals of 1 or 2 days, cells
were harvested by centrifugation and washed with water and

acetone, then the dry cell weights were measured.




Figure

Floatation and flocculation of R. erythropolis S-1 grown on

n-pentadecane.

Five days cultures of R. erythropolis S-1 with n-pentadecane

(A) and glucose medium (B).




Figure
Flocculating activity of culture broth.

Floc lating tivity of culture broth (0.2

0.1 %




Flocculating activity of cells.

ells collected from 0.2 ml of culture was suspended in

kaolin suspension containing 0.1 % of Al-(S504) and
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Figure 5-

SDS-PAGE of released and cell surface protein.

for 2 min in the presence of

Samples were incubated at 100 °C
| ¥ 2-mercaptoethanol and 1 ¥ SDS. The denatured sample

solutions were supplied on 5-20 % polyacrylamide gel and

electrophresed at the constant current of 15 mA. Lane a,

molecular size markers, MW 74,400 (1), MW 49,600 (2), MW 37,200
(3), MW 24,800 (4) and 4% 12,400 (5). Lane b, protein prepare
from culture broth. Lane c; proteln eluted from cell su
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