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BEFICEDO-REINTBD., EROMEEENSD
PhaCZER 5 X BHAPCRT T 7 —iSheu 51k - Tt
HINTNBEY,
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(1) &
a) EMERIRER
EEREICSIHS B 3 DOERT TR 5 alkl 25
U7z, ALESI ISR RIT IR IETSTER:, ML
BIIBRSIFSIEIEIBIRR. NIRRT ek
[P CERINTVS, REHIFKTER» SHRE
L. BELEDIZI0ATH S, 2T, hsoik
ZEROATNCBRATIZIEEIA. M. 7
N&LZ,
b) PHAZSTEHIE R B ERS ,
HEFBEREES R TIAM Culture Collection? 5 BtfS: LIAM
D70 b A—JUIRENEEETT o 2. ARSI
UTOUBETHD, WIhbPHABRRESZETH &
PHI SN TV D; Wautersia eutropha (FiAlcaligenes eutrophus
%7212 Ralsmia eutropha'®) H16 1AM 12368, Alcaligenes sp.
IAM 12565 . Azoiobacter * chroococcum 1AM 12666
Methylobacterium - extorquens 1AM 12631 .

Paracoccus

denitrificans 1AM 12479, Pseudomonas alcaligenes IAM 12411,

Pseudomonas aurecfaciens 1AM 1001,  Pseudomonas oleovorans
IAM 1508, Pseudormonas putida 1AM 1236, Sphaerotilus natans
TAM 12068, Rhizobiummelilofi IAM 12611,

©) B ONA) DI

FRELL 7=3#k) 5 FasiDNA SPIN Kit for soil(Qbiogene, CA)
ERWT, FBOTO R I—)VIZREVDNAZ I L=,
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Pseudomonas alcaligenes . Pseudomonas oleovorans. 35 & TN
Wautersia eutrophaOPHAR PR3 (phaC) & B0 &5 B IENE
BT T4 < —. CI7atCAR. CI26ECPr. CI580ECWr,
C1938£.CPr. C3940£CPr, CADSIECPIDGED DT v —
oy MZOW TR ETT 2 2. TNENDT T —D
HEEFIZRUTTRY. 0751 —ty hbShkud
HEET L 72 CFL (5-ATCAACAARTWCTACRTCYTS-3).
CR4 (5-AggTAgTTEIYeACSMMRTAg-3) I & £ NS K5
THD. RIHHizo T FiOUBEOFEHEEE A
WTEDOBIEEDOF BT OWTHER2{To 2. PCRK
FSIZtZAmpli Taq Gold DNA polymerase (Applied Biosystems,
CAYZE VY, PCREUNEIIFEARNIZ FHOHER T S R
W, BREEMNINI? 02uM, R AT —F
005UML. B 751 <— 02uME72 5 L DI L 7z,
L. SheudDT 51 v—2HNBEAITIE. Sheud
Bicpeny. o v —EEEZ25uME L, 003% DMSO&
IM Betaine ZFRI1L 72, PCREBDBESEAITDNTIL
Shue S DHFHEINHEVY (94°C:10min, 51°C:2min, 72°C:2min)l
YA 7 IATBIEFTN T, (MC:20sec, 57°C:45sec, 72°C:1min)
B350 7 ), BBIZ2°C:A0minE4T 5 72,

@ £ 0—O4S. DNAEREISERE
== e 2 ARICI268CP T 51 7

£1 FECTHWET T4 —DEFIEZDY —4"y NEE

F54%—  FSAR—EH —3) wE ‘m(eean"“w phaCOS—4" Mgl

T ATCAACARGT TCTACATOGTOGACCT T m—— UTeodT 77T

Ci2  ATCAACAAGTTCTACGTATIGGACCT Pokovorans V58445 12261251
Clsf  ATCAACAAGTACTACATCCTGGACCT W, eutopha 0503 Pt 1580-1605
Clos  ATCAACAAGTTCTACGTCTTCGACCT Paengiosa X66592 19681963
COM0 ATOAACAAGTTCTACATCTTCGACCT Pokowans MB8445 30403065
Cl%tf  ATOAACAAGTACTACATCTTCGACCT Peengios X66592 4314965
CAr AGgTAGTTGCOCACCACGTAGTTCCA Acakgenes . uTe07 1230-1255
CPr AGgTAGTTgTTACCCAGTAGTTCCA P.okovorans MBS H1670-1704
W AgTAGTTGTCGACCACITAGTTCCA W,eutopha 05003 H1226-1251
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WE E N2 O— > ODNAKEEFIICLUSTAL WP
Z k> THRIEMTETD. %S &ICTREE VIEWHZ
ZOREHEERLEZ, . S5 0-2hbE
72BEHNL, BEEEDODNAD BWEY NI EOT—F N
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THLHHEINDEX OPCREYH G SNz, CF1-CR4
T, A4 chroococcum. M. extorquens. P. denitrificans. S.
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5, UTFOSIZ DN TPREINEWERME S,
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SPCREMNIER S s o Tz,

- CT74£:CAll 3 Alcaligenes sp. ISFF DELFIEDS, Alcaligenes sp.
N SPCREVISHER ZINT. Pseudomonasi@ TH 53D
DERN SPCREWIARER S Nz,

- CLR6EECPD T 54—y MIE T 51 v —TH
ACFRI-CRAUIZEENZ I B D 1 DDEFITH D, >
TCFL-CR4 T IEHB sk 755 o 724, croococcum. M.
extorquens. P. denitrificans. S. natans/I3ERE L 720 & 4R
TN, BRTRTEICKLTINS OMER
C1226£.CPr THAIE X 17z,
phaCOPCRIBIBIZ DT, BAED&> fccﬂﬂ)aﬁbizb 5

HODO, TR BEFTHWET S —ty o

TEBLHEICH- 2PHAEEMIE 2H§ 5 Z &0
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W EED D &L,
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W S NS E S #I500bp) /20 2. & 5HNTZPCREW S

70— UTRR, AL M. N, ZNFN9ME. 75

f#l. 53fE. Er207EOEERF OMFICRII L= O0—

EBTE,

B5Nkey O— > ODNARS 27 2/ BREFIICHIER
L. BEXNFERY phaCh ED DR L. B5H
=&y n— > OEERFET 2 ) BEFICRRT 5 &
158165 D7 3 / BEF IR Iz, HAEIZR
RBNT 2 ) BESIN—ET B 0 R E N,
CAEELNETRTOIO—ATDNT, 73 Bl
FOFEOD—RRET R, mbikL WIS
SINPEZED T O— B PHASRERE o Tz, T
EHEOHEIIR %N 5100% /5 /. ZDI D ITHFE M
WSENCIIIMENVED D H H 5317278, Steinbiichel
& Hein 36 DRIEIZ DWW TE OPHAR FREFR DECFID
HEHER TN & 2 B3N ERISU IS T LG,
FOERMEIITAEZOSNBHEZE 72, TOHFTH
90% LA L OEWHFEME CEEHIOPHAS RREER DT 2 /B8
& —BTsrn—rigRani-, iz,
Alcaligenes sp. (proteiniD: AAB36944.1) OPHA S FRERH 1T
94% . Aeromonas hydrophila DPHAR FREERIZ98% . P,
oleovorans (AAA259321) O PHA B FREE FH 1298 % .
Pesudomonas sp. HI-2 (AAQ72540.1) DPHA S FREERIZ100% .
P. putida (AAP37048.1) OPHAS FREESRIZ100% &, FEHIC
BRSBTS 0 ERE Nz, WTho
HEHIEEHR I RNCREENEHDTH S, &
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2T, CI26ECPrT T4 T —t v MIEEROBHDpaC Nz,
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§)xG (G TV CYATA L, SEY L x fER
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n Z0350 80 BEICOWTIETRTEF—7HE
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i BEF-TAO 1080 (6] B TATSZ2) 2B
FENTWEZ, LHLARNS, EERbhEks ol i
TRTOEFICBNTIRESN TS Z &G, B5h
FFEFNIY —5 y MERTH D LN A5,

PEDZ EMEART TR CI26ECP 1I2E > TEIY
DY —4"y MEEMBIEIN TS ZERRIN. Z
DT T4ty M Typel £7213 Typell O PHA S HREE
REFOMEDS B72< L bFRETHRR L 10 4
ROWTHRHIIT B Z LANMRS TS v —Th D I Mt
HEREhe,

@) RirHR

Beoro—2hr5E5EEFNICK L. CLUSTAL
WEODB)% FWTHFEHEEMRT Lz, 712 A MR
M RR. 237 H%00% & 73520 OEFIIFREST &
BlzLT, Boni=r70— 205 &, 12EEPHAZT
I D 51872 phaCODNAERS 2 F W TRERNT 2175
fro BAUIER L= ERY. HPOEMEZOR
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HEFN 32 DDBI Accession No, 2708k L7z, B
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—IUN—IHEEEFIN0% R LR Y. Bmic

RENDIEENS, KEL2DDBanch XEYIZHHT 6.

FENRS. SEEORBEFERF DI O—- Mo
BRENTUZ, Branch YIZE 5 IZSubbranch Y1&Y2DH
T 5 25— 125 57z, Branch X3 Pseudomonas
BAYE EN T/, Subbranch Y1idAlcaligenes sp.°>Wautersia
eoutropha® & 5 1IZEERI D Typell fB 9§ SphaC SRERRE 1
Tz, —7, Subbranch Y2 IXFIZT O— SRS
NTW=, %=, Subbranch Y2ZZNEVERENR
ro— RS L) EBLERKT S &L Goup[a-
NARRIE; >97%). GroupIM-1J(FHFIHE; >97%). Group[M-
3|HERNE; 599%)D 3 DD Y N — T bz,
BLASTXZAWTE I O—> 07 X/ BEFIZEHIO
& UNIEEREO DT E UERERK D, Branch X
ZHRTZ0-207 3/ BRESI Typel OPHA SR
BESERHEL WY 2 By & U TR0z A5 TS
%, —J. Branch YE#R TS5 11— DFE. Typld
PHAR RN LATIC LD TL %, 2O EMG,

Branch XIZE T 50 0—Vidh—E#EO t ROF 6,
R v —A EkEER. Branch YIZE T % 7 O— kb
RESHOt RO fEligR Y v —AREBRICELIT 2

CEHERIE N,

@ 023475 —DEK -

IDOETHKIEZA, M. N, HoBEra—251
T - OBREMATRY. HREEEMOID—2
(&ZO—=2F4 T Y—RIZ 1 DUMEELRRNDH D,
L. R E TN — L 7-Group[Al]. [M-1].-
M3NZBT B bOIEELN, ) IE MZofy EUTE
&0,

AEM. MEN, FNFNICHET 57 O— idwEER
NS, 3DDONEESHB T RTICHET B 70—
IR SN ah o . AldGroup[A-1]4%, MidGroup[M-1]
PERCLER D, B5LTWE, —F. NIZDWTI.
BOHBREEOREN - 27 0— N-1) TS LN EEE
THD, ACMOK D RAICE LT - 3RS
Niahor, i, NidtoRE L 085 N=EH0O™E
o<, HEero—2914 75 —%RUE

HATREND LD, HKERRITKIE TUEET
S TWDANEE, BESUFSIE TR & 1T> T EMAL
HENSER LU, E55%, Subbanch Y223%98
FEDHTNWD, THUTKHL., FEEEEFREEFRIE)T
L Z1T 5 TN B NUEE N S B L 7= 3BHTidR1E
BELMIFEL TWEN, APMDL S IZFKTEOR
BEICHIKTEEZME 5 &4AWBENY S REETD
PAOSHMES T 5 EMHSNTWS, £z, PACSIIE
MERHICIFEYT 2PHABTEMEO 1 DTH 5 Z &1
UBIZIBERLZEBDTHD. PAOSORBTIIY
> EPHAMWEL B2 Tnb, AN, MULEELE, N
HIZOFE LD DM SR LU -EREHNWT, 15
Y UERREEY P BmgMLSSE)ERIE L& 25,
A, MIZH18me/s THBDITH L. NiZ10mg/g KD - 7=,
ZDIEMS, NIIPAOSHVI L, Z D47V IPHARES
WENBRTHD ZENTFREINDE, ZOBEND.
PAOSHMEREEI NBEM T Tld. Subbranch Y2IZR.51%
phaCHME 5T B AEEMENS 2 O TidaWh EHERIE N
7o

Subbranch Y2IZAEEENS/ 0— 207 2 BREIFIK
DBLASTK B R EO D —RBET LT 5,
Rhodospirillum rubrum 73 ¥ D PHA & i B¥ 3 (protein ID:
AAD53179.1) IZReHILIL TWiz, L LIgdisE 0l
[EIHE134349%1c & & F o 7z, Subbranch Y2id7 10— 2D
BINOEREIND Y FIRY—THD., ZhETICHES
NTHR phaCTH B AREEASRE T,
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‘B ETHEREEEL TWD &R I N,

3DOEFKEFARNSBEIO0—-E, F0TF
I BESINS. BEAIOPHAS REEHEIZ43-100% OAEIF
WEFOZENLN-TE, i, 3DOREEBL T
BT3B 0 3ol BKEREE RETEE
TUIEE U TNBAPM TldSubbranch Y207 11— 8
FSEI L B <L T, EEREERETH BN
THENEEELMEL CWinho k., ZOL3I0%
NTENONEG Z & THRENR I O—2 54 T U=
Boiiz. SEAWET 51— INEEERICEET S
PhaCEED—ETH B EEISNDN, —HERZT
NWBELTH, BB TERIVRE N Z L3RR
WCEREVERTH D, T, BaliphaCHVEHET S
T EERY TNk,

PLEDZ & 5FNENOREERY HphaCiBInT
HEOEEER 7 O— 2 JHRICK DIBZ B T EINTE,
FRIZE > TN RIR > TNS ZERHS N ET 2>
7o LDNLARNS, SEIOEEE 3 DOUMEOADH.
BTHDD, SHNENARRICEAL. phaCEE
FOTF—IR—AEREINDZEICLD, EETE
L BHEmME RS Z &0 HHRS A N5, TOME.
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Analsis of polyhydoroxyalkanoate synthase (phaC) in activated sludge from full-scale
waste water treatment plants by cloning method

Atsuko MICHINAKA', Motoharu ONUKT, Hiroyasu SATOH? and Takashi MINO?

'Course of Socio-Cultural and Socio-Physical Environmental Studies, Graduate School of Frontier
Science, The University of Tokyo
“Integrated Research System for Sustainability Science (IR3S) , The University of Tokyo

The phylogenetic diversity of PHA synthase genes (phaC) in activated sludge from three different full-
scale wastewater treatment plants was investigated. The PHA synthase genes in activated sludge from
three municipal wastewater treatment plants were analyzed by PCR with a C1226f-CPr primer set
followed by cloning and DNA sequencing. The clone library from Plant A had a simpler profile, and one
of the clones occupied about 50% of the total clones. On the other hand, the clone library from plant N
showed higher diversity. When the DNA sequences were translated into amino acid sequences, the
similarities of the clones to known PHA synthase were found to be higher than 43%, indicating that the
obtained sequences are most probably PHA synthases. The overlaps of the clones from each plant were
small, and on the constructed phylogenetic tree, clones from each wastewater ‘treatment plant had a
tendency to form their own clusters. Some of the clones were found to have similarities to the known
phaC genes to the extent of more than 90%. Some of the clones formed distinct clusters with similarities
to the known phaC genes at around 43-49%, indicating the existence of phaC genes not reported from

pure cultures.
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