B T 905 04E - #541% - 2004 (Environmental Engineering Research. Vol. 41, 2004 )

(33) H—HETHEER L -AEWFEN Y LRET 2B D PCR-DGGE &4 HV
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Microbial Community Analysis by PDR-DGGE Method and In situ Identification of
Bacteria in Enhanced Biological Phosphorus Removal Process Fed with Sole Carbon

Sources

ORIAE R, FREAFI*, INETCIE >, R
OKAMOTO Mayuko*, FUKUSHIMA Toshikazu**, ONUKI Motoharu***, MINO Takashi***

ABSTRACT; Due to a great progress in molecular techniques in microbial community analysis, microbes in enhanced
biological phosphorus removal (EBPR) activated sludge are now intensively investigated. Several new candidates for
polyphosphate accumulating organisms (PAOs) are now discovered or proposed. In this research, laboratory scale reactors were
operated using glucose or aspartate as a sole carbon source and the microbial community was investigated using PCR-DGGE,
cloning and FISH. In the aspartate fed reactor, Dechloromonas related bacteria which accumulated polyhydroxyalkanoate
(PHA) but not polyphosphate (behaving like glycogen accumulating organisms (GAOs)) was found to exist significantly even
when phosphate was well removed. On the other hand, in the glucose fed reactor, three Actinobacteria related genotypes were
found. Although these genotypes were closely related to each other, one existed significantly when phosphate was removed well,
and the others were found when the phosphorus removal activity was deteriorated. In both reactors, Rhodocyclus related PAO
candidate was found at a certain level (about 20% of eubacteria) when the phosphorus was removed well, but the DGGE band
corresponding to the bacteria didn’t correspond to the profile of phosphorus removal activity. In this way, the complexity of

microbial communities in EBPR activated sludge was shown.

KEYWORDS; Activated sludge; Enhanced biological phosphorus removal; Polyphospbate accumulating organisms;
PCR-DGGE; FISH

1. FkLsiz

TAMEI ZBODTERBRIEIE L L TOAWFN Y VRET OB AORETREDRKE LoTD, K
Tt AEEA L EROBSTILY VRSO RLEEAMER N, £V VBREEED LI OEY
EHBELRIE S SNTE LT, AW RN MAN RO ORBIRTH D, INHDZ LD U R
EE2H S LENAHRY Y UEEEREME (PAOs : Polyphosphate Accumulating Organisms) #[FEd % 7 &
X, SR RBEESRETHD, TERY TERFNITFEORBIEO, 16SIRNABRBTZ S —7 v b e L
T % IR A B AR T % V2 PAOs ORIEDMTION T Y . BEEEIEDR T Rhodocyclus sp AZilL
BAREARE SN TCND D2, EEL ENESEN TV B ETRER E LI R TIERamEmn Y
VEREEBO T AN S D L SN TWE 3, —FTCEFKERSRE LAY VRET 1A
BT, U UBREEZE I BAENO 16S rRNA Es FORS A 27 U —= 0 74 DR FENR AT 5720,

FZCARIFE T, LA TETAICE TN A HIME L LT, TART X ERE TN ==
WZHE L, O EIRERE UTERFENY VREZITOMEMEIER Lic, TANTGX L MET L a—X

* PR AHTERES - / oy — (Nishihara Environmental Technology, Inc.)

= AFRALFE T A (Sumitomo Chemical Co. Ltd.)
*k W RUR R EREHERAI AR ( Graduate School of Frontier Sciences, The University of Tokyo)
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BEFNFNME—DRER L LA ViekY 77 4 — & L, PCR-DGGE % VT EEE
DEBEE=H V7L, S50 70 72— A U VREEROLE & A iERE R T 5 =
X0 B CEREAE D REMOR Y IABEIT o7, ZHEIIT LT Cloning 2L 0, 168
RNA BLFOEES 7 a— AL L, & VIAALTE DGGE 230 Rkt b7 a— %57, 165 vYRNA #
GEFOEERFIRIFE L, SbICFORIELFRNHBHT D4 X7 LATF R a—7%{Ef L,
FISH (Fluorescent in situ Hybridization) JEIZ L ATMEEBEZIT . U T 7 5 —NICBIT 288 2~
77, DO L O SRBRICK T AREMBE LT L, AFN Y VREZHEI MM ERIETD Z
EEAMZEO RIS Uiz, AW VIREEESEMEIEN L L7 0—T7 OREEP L, TEET
KEABE URICEAT 2 2 8¢, Ay L RER D BAERRERETH O ML TN E WV O
BARHEE LR TH S,

2. EERAEX

21 EBEHNYTHH—0EE Dra%‘ Excess sludgeTa o
1R LARE 10L 0BRSS 77 #— % ERRENITFRE L NaOH ——ubstrate

oo DIFRL S R TR A BRI 1 0 Ay Y L noleei [ £

KEER LI 191 7V 6 Rl LK 30 20 KEAGRA 20 73, 17

FEHA 10 4y, B TAR 90 47, AP TR 150 47, TERR 60 43 Clliis L b

oo KEAGA L IHAD 30 AR ER SV afioCltrmRe ' S dhoter

BrE Ui, pHiZpH 2 ba—5—0k» T 7.07.2 (TR LTz, &4 @

A ZIVOHEK TIRIZEBWT 6L O EELAEHEKT 5 Z LiZd»T HRT VotTation

% 10 BN A3 Ui, MRRIZ YA 2 VO R LR OE% D 30 75T
300ml DIERBAEREZ S &K T LI X > TSRT A8 HIZFHE LT,

BEIT7 ANATGE IR 7 7 23T AT XA ME—DRERE L, Sa—2BiE) 7o F—
N a— 25— DRFEEL L, FhFN 8000mgC/L X425 XD ICHRE L, MHEEE LT,
CaCly(2ZH0); 0.88g/L, MgClL(6H0); 9.07¢/L, KCL 4.2¢/L, NH4CL 1.76g/L, (NH:2504 2.16g/L, KeHPO4
1.8¢/L, KH:POy; 1.4g/L 2h0 %, U 13357 640meP/L (0725 & 9 IS L. BRI 27 U vFA R
HEEMUI-, EOWAES 50~T5mlcycle I[ZFHEE L7-0T, MABBD VT 7 2 —NOF R OB
FafElY 40~60mgC/L & 72o7s,

1 YFos—EsE e

22 KEMH

DOC {XTC. IC¥ (TOC-500, Shimadzu) E£72/ZNPOCi# (TOC-V. Shimadzu), &7 VA 4
. Big. AU BE O AT X UBNTE v E 7 Y —EXNKE) (CTIA, Waters), HBIIA A7
< bS5 T 4 (A X aw v TT T 4 —1CT7000. YOKOGAWA) 12 X WllE L, MLSS, MLVSS,
UEHHE (TP RUDP) i3 FAGERERE NZHE EIE L7, ‘

2.3 AT

{Bile/ HiZEE A FAST DNA kit (for Soil) (=& vHiitH L, #oi/-Bd 5 16S vRNA 570 Ecoli
numbering 341-534 % PCRIEIC L - CHMEL 7~ 9, Z® PCREME DGGE (I L > T L7129, 15
BNy RO S B U VBREEMEOWMEIZG L CREOZEL T\ D3 FEE1D (H LT DNA Wil &
ER L., >—4 24— (ABI310, PE Applied Biosystems) (&4~ CHEESIZ 5 Lim, ZO8S /&b
B OFBRENE A § ol ECSI 2. DDBJ (DNA Data Bank of Japan) 725 BLAST (Basic Jocal alignment
search tooD) #MAWVTIRE L, Balfidslz Rdi-.
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10 U723y FASRT 280 16S rRNA B{G-FORERIZ S5 /2010, Aith7"/ 2 DNA 75
P2 7oA =—25 1492r 75 A =% T, PCRIEICL - T {Sbg . Bon PCREHIZ DV
Ty a—=27%fT~7 (QIAGEN PCR Cloningr’s Kit, QIAGEN),

Bonfr E“‘/@Afw’%@ﬁﬂﬂ%“/w‘ﬁ‘/“fﬁ (ABI310 7211 ABI3100, PE Applied Biosystems) |2
Lo TR LTz, oo 2 v v TR T2 75 o = —{ 3, 271, 357F, 5171, 10991, 534y, 907x, 1114r, 1492r

L E2T THD, DGGE - FLEREEEIC. DDBJ (DNA Data Bank of Japan) 72> 5 B FBIEED
B\ IR EAS A BLAST (Basic local alignment search tool) % VTR LI,

2.4 FISH ZIZ &L 2 ZMHBEOEERUFZDNRY 1) UEER U PHB ERERENDHIE
YT 3%NTHRNLT S FIERTEFE LY/ — VA EITO, 46°CTC 2 B§fE] Hybridization %17
72 8, BEICITEOERMEE BX51, Olympus th) ZRV, BOAHEEAE S L1Z, Leica DEEGARYT
77 Vihr—1 a7k Qwin V., EREERELTT>72, F£7 50ppm O@ERE DAPTI ZHVTHEY Vv
Peta e T, FISHiLE K Y U VBl & O " EREZ1T->72 9, &5 Nile blue 6% fiv iz PHB
(polyhydroxybutyrate) P 2170, 2 OWT S FISH #EE D —EREET-7- 9, L7 n—7
R LITRT,

2.5 HFREEEMEN & DNA JN—J8%Er

2.3 THEHNTZ 16S rRNA EfE FOERAF NIV T CLUSTAL-W Z VW TEERSID alignment % 75>
RBEREERE LTz, 20 & 2B B 16S rRNA {5 F-OSRES O 5 7 a—7 ki 2 B0 x
REL, BEFEO S a—T DT 75T o7, - FISHIECRAWDAY IX 7 LAF R a—7%{F
K Lin, 7 o—7 O%EHIiE ANGIS @ BioManager'©0 7' 11 7' 1 Primer3 ¥ 7= i 3H RIS — & ~— A
V—v ARBWE A, 7 2 oofEE & 517 LT RDP®O CHECK PROBE Bzt 7z, 7o—7 o=
I V== PIR T 4 7 ay ha—bd LT, AFRRERBIEN 7273570 T PCR-DGGE #EIZ L » T
TR S RSN ZE < BR T\t EOERY IV ERG, RAT 472 ha—n e LT 2
Ay Fh 1~2 HEETME A AV, VEISSCTY VA LT 72, Hybridization (HEE%
46CITHE— L AR LT 2 Rl £ 10, 20, 30, 35, 45% & 18 - T Hiii7: Hybridization £ % 85 L7 19,

3. #E
3.1 UTH2—DEERIRR

TARNRG X EENERY 7o 7L Y VERERICEbAFE X U JHE ORRAELER 2 10
Y. 22 HEE TRV VEARLEIMERIZH Y | B TO ) VRBEOHEMNEITH FE D £ R0 DDOHR
IRITDHY roEH L RUHRIZEIT S Y VOBV IABN R LN TN 0T, U UBREEES ER LTy
T END, TOBGLIZY OMEH URY AR L, 43 B BICHEiRA &1 LT,
Ina—2BEEY 7 4—0 ) VBREFRMICELA ST ) o JHHBORAS AR 3IFT, 15 HA
FTIEY CEEFRLEML, HFRTOY VEEOEMERHE D Z IRV LOOHKIZEITS ) ot E
LR OMFRIZEIT 5 U OB AHNR LI TN =D T, U UBREEEDEML Qs S fl shg, A
AR B OBERENE 7728 22 B AU R~ CEEOBEEMINL ., BEMICIEN 2 FEL R KD
LT, L LARdb20Ee il v or& H LA AR RS2 irofizd, 43 A BiCHiRA %
1k L7=, MLSS [ HEARIAEIE 21363 4000mg/L & 7273, FOH%IE T L 2000mg/L 38 Ae o723, FED
A L O CE M L7,
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F1 AFRTHNTO—T DI —4 2 X RNAIZE T DB RUAFNLTINEE

Probe name Probe sequence (5" -3") rRNA target Reported specificity (acc. no.) Stringency Reference
site (%)
EUB338 GCTGCCTCCCGTAGGAG 168, 338-355 Bacteria 20-35 Amann et al
T (1990) '@
EUB338-I  GCAGCCACCCGTAGGTG  16S,338-355  Bacteria 35 Daims et al
T Planctomycetales (1999) '
EUB338-T GCTGCCACCCGTAGGTG 168, 338-355 Bacteria 35 Daims et al
T Verrucomicrobiales (1999) '
ALF1b CGTTCGCTCTGAGCCAC  16S, 19-35 Alphaproteobacteria 20 Manz et a/ (1992)
Some Deltaproteobacteria 2
; Spirochaetes
BET42a GCCTTCCCACTTCGTTT 23S, Betaproteobacteria 35 Manz et al (1992)
1027-1043 2
GAMA2a GCCTTCCCACTTCGTTT 23S, Gammaproteobactena 35 Manz et al (1992)
1027-1043 2
HGC69a TATAGTTACCACCGCCGT 23S, Actinobacteria [high G+C 25 Roller et al
1901-1918 gram-positive bacteria] (1994) @
CF319a TGGTCCGTGTCTCAGTAC  16S, 319-336 Cytophaga~Flavobacterium—group 35 Manz et al (1996)
of the Bacteroidetes “
PAO462 CCGTCATCTACWCAGGG 168, 462-485 PAQ cluster 35 Crocetti et al
TATTAAC (2000) ®
PAOB51 CCCTCTGCCAAACTCCAG  16S, 651-668 PAO cluster 35 Crocetti et af
(2000) ?
PAO846 GTTAGCTACGGCACTAAA  16S, 846-866 PAO cluster 35 Crocetti et al
AGG (2000) ?
AMARS39 CTGCGACACCGAACGGC  16S,839-860  Amaricoccus spp. 20 Manszenan et al,
AAGCC ‘G-bacteria’ (2000) '®
OFAGS634  AGCCTTCCAGTCACAAGC 168, 634-652 clone-OF08-04 (AB166783) and 20 This study
G clone~OF09-22-46 (AB166785)
OFAGS396 CTCTTCAGGATTCCAGAC  16S,996-1014  clone-OF08-04 (AB166783) and 20 This study
A clone-OF09-22~46 (AB166785)
OFASPS102 GTTCAGATTCCCTTTCGG  16S, clone-OF08-18 (AB166784) 35 This study
4 GC 1024-1043
OFGS584 TTCCGACGCAACAAACCA  16S, 584-602 clone-OF09-36-04  (AB166786) 20 This study
G and clone—QF09-36-43
(AB166787)
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(A) 5000 - ——— = 100 (A) [
D 4000 190 o 8 5
23 3000 | 80 o 2 " P
=% P = | @
v E 2000 * 70 @ 3 - 3
9 i | » 41 : 4
s 1000 : — i 80 = s l - | >
0 - . L 50 .. SR e ;
0 10 20 30 40 50 |——®——MLSS 0 10 20 30 40 50
Time (days) o MLVSS Time (days)
- -0 - -V8S/SS
10
B 2 B s
- -
30 E
§ 4 5
o o
a2 o
0 . ) . .
0 10 20 30 40 ——@— aerobic (/MLSS) 10 20 30 40 50
Time (days) ~—O—— aerobic (/MLVSS) Time (days)
- - A - -anaerobic (/MLSS)
~ = A - -anaerobic (/MLVSS)
40 l 40
© a 30 | © a2 30
S~ ~
g | 3
£ 20 EO/O""U/O\O\O\O— £ 20
8 10 T - 8 10
0 0
0 10 20 30 40 50 0 10 20 30 40 50
Time (days) ——&—— ctart of anaerobic Time (days)
end of anaerobic
- = & = “end of aerobic
80 ] 80
© 4o 4 o 5
< 60 — ! 3 60
2 ; 2
z e E 40
3 | 3
o ' S 20 IL
0 = L L
0 10 20 30 40 50 0 10 20 30 40 50
Time (days) Time (days)

2 PRISSEUHMENE)TH2—IE1T5) UBREEEC
BH58EZF)JEBORBEL (AMLSS,
MLVSS, VSS/SS (B)P content (CPOZ (D)TOC

®3 JNa—REE) 72— H DI BREEMRIC
BHhHEE-FUVEBOEBAEIL (AMLSS,
MLVSS, VSS/SS (B)P content (C)PO,Z (D)TOC

3.2 PCR-DGGE &Ik M MEEMNT & DNA JO0—JH5qt

T ARG X BB Y 77 2 —0 PCR-DGGE &2 & A R4 4 10K d, 730 N4, 9, 10 133545
BRAAEH LT Y VERENS RATR & IR B, — "V R 1 23 Y VBREFEEMET LT
AR =, E.coli numbering 341-534 fEIOE RS fR L= A, NN 401X
Betaproteobacteria WiZJ8 9% Rhodocyclus sp il THH T EWmholz, Fi2 U VEBRENRIFE
WFERIOCIB S RCH B3 B9 RTN 10 & Betaproteobacteria W& % Dechloromonas sp.tZiT#%
THDBZ LWl FL TR R KRN0 LT Ecolinumbering 341-534 fEEUZ ] CES &7
16S rRNA 5 ERZIEF &Ly 01— %B T, 16S rRNA #{sFEREIIOBERZIT o7,

I na—2gg) 77 4 —0 PCR-DGGE B L HFTHER &M 5 1077, Y UBREA BAFR & ZITHE%E
BRI BN TV 28 RIS R 1L 3, 4, 11, 16, 17 Thoto, ZAUSKH L TY VEREEHMET L
THBIERHNZR < B /o "V RIS K6, 8, 18 Th o7, E.colinumbering 341-534 BSOS
LI L 2 A, 23 B 11 X Betaproteobacteria 8\ &+ % Rhodocyclus sp iZ¥Tik T D Z L M3 0h
ole, N RIBET AT XUEEIEY 77 Z o B0TH U UBRED BRI R < Bz

-305 -



Betaproteobacteriafil\_ &3 % Dechloromonas sp \Zitkx T 5 Z & 13
BoTc, 232K 16 KON 17 13X Actinobacteria \ZJg LT e, /3K
17 13D UBREDR BAZRHFESNCR < B Qa0 RICbBb b
TV EEETARDVIT Y a—F U R ERT 5 L T RLF—
2B TWETY a—F  EiEME (GAOs : Glycogen Accumulating
Organisms) & L CHE TV 5 Micropruina glycogenica \ i C
bole, /SR 1813V VERENEYL L TH AN B, RT
< Actinobacteira \ZJ& L C\ =, = Z T Dechloromonas sp |23 CH
2723 R 15 & Actinobacteira \ZJ& LT =N R 17 ROVI8ICE L
T E.coli numbering 341-534 fE3kIZ[F] UBLF A FF> 16S rRNA ii"E-T—
LREIHTEFLY v— %15 T, 16S rRNA &is T 2RESI Ot
277,

4 ROB 5 CRALSN BT TRENIAY FEUANCHERR N \
WIS ST, Eoolinumbering 341534 SUROUBRBIEMTS | 7
DI EDTEIGDTeDT, FRTOMRP DI LT, DGGE KB D= /S DBSD)

EET ARG UBEIIEY 70 4 —0DR RO L FNa—2BIEY T
JH =D R 16 E—Fy e LT a—7, TANRT X HEIE EREH
Y77 8—=0N R 10 2F—Fy e Lz r—7, Zva—XEliE 30
VT 72—y RITER 82 ENENY—F v e LicFe—7%
et L. fxiiZe Hybridization & Rat Uiz, &EHLe7 2 —7 05
HEOBMEEE CEHEARUDER) CHERALEe—T7 0D —7r
A, rRNAIZRT LB/ OVRVLT 2 NEEZE 1IORT,

EERIRE

RE

3.3 FISHEICK HIZMHMEOEERUR ) VER U PHB EHEET
DH|E
TANRT X EEIEY 77 2 —2BWT, U VBRERREH THoT
22 A B OIERT 7 VE AW T, SE R EUB mix 7'n—>
(EUB338, EUB338-1l, EUB338-IIL #iEA LI=H D) &7 —TIT
R T e —7IC LB T HEEETo TR AR 6 1IOR T v
Betaproteobacteria NI % B8, IRVT B

Alphaproteobacteria N5 5 T L 3 ah o7z, ®5 JNa—ARRITII—IEHTS
DGGE #45R (#F:/\UFDES)

10
11

E k)

Actinobacteria ¥, Gammaproteobacteria Wi}%
X Cytophaga Flavobacterium group 1% 10%L4

TThotz, [FEEIC Rhodocyclus sp \ZiTiz7e —— %% 8§’u"mm e
PAOs |4 52A572 PAO mix 70— (PAO462., ) === wam |

‘ £BET42a |
PAOG51, PAO846 ZEE LIb D) ICLH"HE . [1GAM42a |
Pttt % T o 2R, Rhodocyclus sp. \Zi#% 73 ﬁ g‘(__;;ﬁgga

PAOs 734 25+3%% 505 Z L oz, — 7/////: ~— N\ othors. |
FU U BEANEL L 43 B AOBRS LTk oo | 20 ﬁ//——z— \\\ %‘},ﬂ“ R

‘ﬁﬁl{\‘(\ E]_T%L 839 7[2_? ks B 6 TIN—TIEHENGTA—JERN-ZERXBICLLIEED
e B % 1T o 7= 5 B . Amaricoccus  spp.

N 452 (EUB mix 7O—J1Zxd 2EIE: %)
‘G-bacteria’ 73 25% % (567~
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VEREL L7 72 —7 D5 5, Dechloromonas sp AZ¥iig78 /30 K (N0 N9 RN0) 27 —Fw ML
m—7" (OFAGS634. OFAGS996. OFASPS1024) #FAWCHIE L& Z A, Y UEBRENRGRIERPIC

77, —F. BRI TO PHB OERIIMGEEEI N,

Ina—2BE ) T 4B C, U UBREDRBETh ot 22 BRDBIRY T AR AT, 2
IZRERAY 2 EUB mix 70— & J L — IR 7 0 — T LD BRI - R A R 6 1R
Actinobacteria FI73%1 30% % 5, ¥R\ NC Alphaproteobacteria Wi & Betaproteobacteria #H1 25% 5
5 = LWy Te, Gammaproteobacteria M (Y Cytophaga Flavobacterium group i 10%LL T Ch o7,
FERIZ Rhodocyclus sp \Ziftkg e PAOs (ZHRA7e PAO mix "o —712 8 2 “HREE(T o iR,
Rhodocyclus sp \Zii#%72 PAOs 730 1914%% 55 2 L 3o Tz,

Vepl LT 7 —7 D5 Y Actinobacteria |2 J& 35730 K (N R 17T RU8) #4—4 v R L7 u—
7 (OFGS584) #HWTBIE LI 24, U UBRENE( L 36 B HOWBIRIZIW T 30%HRFET 5
Z et TRRE LTINS AREREASFER D L IEERRIZZR > T, BK TR TO PHB OF
TR S Ve o7,

4. EE
FISH ¥EIZ L 2BAMSBEORE, YHE60 ) 77 7 —ZBWTH U VERERIFIFC Rhodocyelus sp \ 23T
&7 PAOs 3 20%Ali% 56D 7 L 3o iz, BEELSNOEE % AW Ba T Rhodocyclus FigiEn

VBREREHSTWAZ EBHLMIE o, UL L ZOMEDNEHESEE A ER Lm0h, REORBHC L
D EEENVER SV, FREEE LONTEA S NZIE A>TV, — 5 PCR-DGGE IETid v & L
TEHN- SO0, U U BREEEOHERICES L BEOE LA RE ol

Dechloromonas sp A& 7p/ > FaE—4F v M L7 a—7 (OFAGS634. OFAGS996.
OFASPS1024) #{ERLLC, T AT X UEEBIERY 77 %4 —D V) VIRED BAFRIFOTERIZ-OWT, FISH
EERY U UEEGRE R OV PHB Yt b O _BEIREASITOEBR LI L 24, RY U UERRERE T PHA TS
BLTOAZ LWl U U BREDS BRI BN/ R TH Y, T PAOs 2% R4
AERTTn—7 %R L7268 53, GAOs DL 5 A& IT > TWA ZERRshE, £V
BRESE(LT I TR Leais b, U U RES BFSRHT PAOs BMBET A IX T OAMMEES Z &
T, PAOs OHFHAZFRE L T\ =t 82 b5,

TNa—2B&Y 77 2 —IZB\WT Actinobacteria \ZJBT 53 Kix 3 2H 0, N R 16 KOV17 13V
VERENBIEE, S0 R 1811V VREE(LIF IR HNZ, 16S tRNA Bl TAEED I —7 A
BELNI N RIT L 18I0 TEDORR I —F VR h b EICREB AR L& 2 A B0 E-72<
B2 0 17 BN 18 NRFEANC KIS MIEIZH D | 96% DR R Sz, Actinobacteria (”J&
T AHMAEMITEMZERNY) VREUTS DO THDAMAED & L THEZE<HEIh TR D 2.8 Z0
MEPHERTRZEA LEER7 2 AORFHIELS o Thd 2 & 2R ST ARG AR TLE
bz, 5%, 72 R 17 ROV 18 H L L= AEMDORE % S SIS L T EDRH D,

5. #&E

TANGE PR T 78— Ta—2BI#Y T 7T RICEBOTH Y UERERERIC
Rhodocyclus sp A3t 7 PAOs 73 20%01#% 5D TEY . BEELANORE C1 Rhodocyclus TixFEN U IR
EEFHSTWAZERSGhol, —FHTY VRERFICHAMNICESENTZ Ay F2BR LT
Dechloromonas sp \ZITE7SHAEMNIAR Y VU VEEAZER L TR 59 PAOs THH Z L A fGEE TEan 2Tz,
AWFEClE Rhodocyelus sp 42T/ PAOs LIAOFHE PAOs BFIET A H NI TERA o7z, L
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»>U Dechloromonas sp.\"ITix 2343 PHB OZFR&ITMER L TR Y, PAOs LBGT 5 TREMEA VIR S
iz, A#%Eoni-7a—7 2 BB L T MENR ED LS 2R3 L TO 20T L TV ER S
B, EAMFHY CRESHOMEDAEN L LT o — 7R E B L, ETREARE L RICH
AL T RS D,
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