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EFHMEHBRY U EEBRFL T I0E»ERER L. ZORKR, Azhydromonas B, Aeromonas 1B,
Chryseobacterium /B, Flavobacterium BOKEEN, TR TRAIRY U M EEEHIL TODH 2 LA R
Hahi, MERARTORRE, “hoOMED SHRITSHFEICH L TEH T8 BRETH . Ei, MM
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1. [ELCHIC

U U EARES ERHECHERET A AV ERRTHS L
EhTWA. U URRERT-100 %EBAICEIES
ETit, V BROAENERSC, HRHLRBRIEAT R

T AOHEN B RUVLIE L 220 HEEN R > TE D

BAIBATZ Y i3, ER05 t THhH L Eh, =
DI HBHIST t BRREREOREFEY L LT ENT
WA, B TCHBENZONEYFNY L BES ok
ATHB.

EPE Y RE T o Ri3, TAROOY 2w
BBECER A LT UEBRETS. 5RNLY Y
2ERTHEABEMOEEN TS, Thbid, &
£ (PACs) DEER LI boT, EEEAIZAVS
MEF A HAEMISER T3 Z L MTRETH S, L
L, %ig, pH, DO 7 ¥ OEBIZ L~ TY UBREBFE
EIZ/2 3 T LD b ETARUIBE~DOFEAGI I 2. F
7=, PAOs (Polyphosphate Accumulating Organisms : 7R Y Y

CEEEREE) (B AL IdAR.

ERBE LY, STFAEYVENTFEERNBZET,
EsRPOMER, PAOs #BI(LT3RABHES
NTWB. Actinobacteria FRIZ I3 5 — S OHEEC,
Candidatus *Accumulibacter phosphatis’s3 PAO Té»5 &
SHNCERTVA I, Fi, Seviow®, BE® IZRIFAR
EER ) VBRESMTHIL TV AIEMSIROMEEES ¥
—rEBHELTWA.

AERIERY, A¥ L INS BFERRE UBRKGKIEES
8 AT, AO5IR) B L7=. “hicxiL, FISHEE
DAPI $e5% FAVWT, £BFH Y L BRESE 5 PACs O
HEEAONCTHZERENE Uiz, BHEE RN
IC#EXE5 FISH k&, HamicEfsniRY Y-
BRI 2 80X & 5 DAPI Refa 2 (F4 5 —HYE2 1
F 2L T, PAOs DERIE(LERAI=. F7-, FISHEEZH
WSHIERERTIC L 0, BEHTY UBREE(T S HEHO
NRE—VEREL. BETOBRBELNT-DT, LT
ILoha8Ed5.
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2. REBSE

(1) SRS XS OER

FHRL, EENY VREToA2RAL, &%
R4S LO T KRR r— /iR A% AVWT A0
HREZEEE U, BT, ON AT AOERRISEIV VR
¥4 L2 vy, TOC BEE 120 mg/L, T-P 3B 8 mg/L,
TNBE Smg/L £725 X 5 ZHEf Ui, s HOMR
ER-1OTT. b, REERS 2 @RS E/
THREICREL, 2 RECEEAER L.

B OMEY A 7 iy, EERTAS L USSR TRIC
12043, SFRTRBIZ 1805y, TR - HKTRIZ 604y
E L 1A 736 BEITH Y, HRT X 2768 L
7. ¥£7-, REROKIRIZ20~25 CTHEF LT,

(2) DAPI 2

DAPI (4, 6-diamidino-2-phenylindole) (%, IRV
LNDHNERO—FETH Y, DNA I3 L THAICEES
THIYHATHD. i, MEESEDERTHY, £
X 7-4HR - BE SN-ROBEHICERTI - N TE
B LV A, DAPL (50~100 pg/ml) i3, #iKR
HNDEZAICEEL, -, R U UEBEREAEE
SEBIENTES. ZOHELREOENDOENEF|
AL, KiBEDORY Y EEREREOSEN R b
TW3 . ZheBER L, RHFETIE PAOs A5HRIP
IZARY Y BEEERIL TOANENEZHET 51201
DAPI B8 %175 7-.

(3) FISHZ

FISH (Fluorescence in situ Hybridization) #&& 1%, #%
HREFE LAY X7 LA F R o—7EBROHR
BFENATVFA B2 ar EEBH LT, TR
BTHMRETFERET 3 RETHS. KPR TI—5

- | HERIEE O

AEALIND 634g
KHzPO« 0454¢
NH«CL 0425¢g
AGHEAK 20L

v bETBDIL, HHIAD 16S rRNA Thb. ZDEFI%
a— F9°% 16SRNA @G Fit, FEHICRELREGFT
HY, BAEHDY 0T Y — b DNA ICBESIEET 3. 16S
RNA [ZHERESTD LT, BRE T AHIEAER
T ORI 25,

AT, FRIRETEIC A0 IBRERERL,
12 Amann® OFBEICH LT FISH s L7-. ¥7-, 5
RBESHIEE7-0, 05N DEBEFEETICL B Y1 ¥E
¥ FRy AV E AW E1T 727,

FISH BEIC W= T o — T 3 R2 17T BPo5 4
Tarbo—E LT, £TOME/N—TPRHTE
B EUB338 &, RHF 4 Tarvba—iE LT, Wi
B4R bR L2V YNON-EUB @ 2 fiE D # ¢ 7o—7
ZERLE -, @ (class) LU CHEBEZRINTS
7u—7 ALF968, BET42a, GAM42a, CF319a #{#f L
= 61T, B (genus) L~V THIEZBRIHNT S 7 u—
7 AHM, AER, CHR, FLV %{#EHL7-.

(4) DAPI g:fak FISH k% 8FA L Hif

AWRTO_ERE LI, FISH B2 LY s
L, DAPI $ (S0 pug/mL, 10min) %217V, FHREFL
Y 2 RN EMEBT I FETH 5. FISH HFiTHBW
TH L T SO FHT R %18, DAPI HEFIcHWT
RV ) UBOEROREARB L.

(6) EREfAE
FISH #OREZREL, BAMSGEII AT

- 2FISH ETER L-EX T 0 —7

Target
Abbreviation Probe sequences §' — 3' Reference
class genus
ALF968 a-Proteobacteria - GGTAAGGTTCTGCGCGTT Neef A. et al. (1997)
BET42a - GCCTTCCCACTTCGTTT Manz W. et al. (1992)
B-Proteobacteria
AHM Azohydromonas CCGCACTCCAGCCGTGCAG Kurosawa (2008)
GAM42a - GCCTTCCCACATCGTTT Manz W. et al. (1992)
y-Proteobacteria
AER Aeromonas GCTTTCACATCTAACTTATC Kurosawa (2008)
CF319a - TGGTCCGTGTCTCAGTAC Manz W. et al. (1996)
CHR Cytophaga-Flavobacterium Chryseobacterium CACCACTGACTTATCAGTCCG Kurosawa (2008)
FLV Flavobacterium GCTTTCACCACTGACTTACCA Kurosawa (2008)
EUB338 Most bacteria GCTGCCTCCCGTAGGAGT Amann R eral. (1990)
NON-EUB No bacteria ACTCCTACGGGAGGCAGC Waellner G. et al. (1993)
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COOLPIX950 (NIKON 1) #MuWTiEa L=, s
R A fEERG, 1 Fa—FooE REE IR 25 HC
BE (RTA FAZ A LZ8AG Ui V2 R -
(50 ¥ Ui, RS L2 045 % THS. 1
HALI-HE{% % Photoshop 6.0 (Adobe £f) (T J ¥ Zf{ladl
HL, Migodessys el Lz, ZomfiiEi
B LEHT 5 Z & T, MEREEIci Lz 7
O— 7L ZOMEE{TY, EUB338 Zu—7oxd 5
FEERH L, SHHIEO SFEERDT-.

3. RERRLEDEER

(1) @GRS G OEERRR

FERI P> MLSS 13 2,200~3200 mg/L Tih-7=,
EFf-, UUBRERIL 97 %L ETHREL, VSF8IE
S58%RETH-1-. Tha, BIFICZY AAREEITI AO
{5ie& L, DAPI#:fa, FISH{EIZHVE.

(2) PADs 545

SRR TIRFICERIB L 72 AO {BTRICHTL, i
DAPI efa 24T o712, ZOFREZE-1 (5T

H-1 DX Hic, ETOMEOE NI aOEEE5
THZ LMD, MEOFEAREMICHEET S LT
5. EHIT, HEOENXOMENGRY U TR AR
- PAOs OFEAMREACHEET 5 Z LA TH. ARf%E
DOISERE G 40 65 ©IE, R Y U U EEERIOHEE
FEDSSHV =0, BRUTIIR Y U SRR 0RO 4Tl
<, HREEIEE L TWA L SICRZ S, [H-1 O
PHZEOWEOIENDBNEND Z Ens, KUY
FEERL A AP R I A S E L T A Z 2
5. TRHHA PAOs AT ST E B2 5.

ZIT, K- icE Ly 7 AR, AR
HEOE AT AR, HEoE AT M
FRELTZ. TN, 4Hid, PAOs ORIR{KIZHS
LTWa. Zo 2 >0k Z2 VT kel 2177,

A OHOEIR A B eI E 2 A2 (R
7.

Wiz, U EER LT PAOs 2EZ B A BN
(T Eg SR AN = 1 141 g 4 N o

T, AeliciEERbom s watiA ke
HIZET, M2, B3 FENFAOSCERMARN L.

U %R L7- PAOs OB (R-3, AV 1,
SE o (02, BV 0297 %8 io7-,
Z OB, WHIEIT 15 R AV TEY, BRI 8 %
Tha.

R S

-1 AO {HIBIZHT % DAPT ¥4

-3 PAOs O _{Hit,

£oT, FFETHEZ AO I5IRIZIHVT, PAOs 2335
£ 30 %IRETET 5 Z L SRR R S h -,
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DAPIH I

FISHRBF

E-4 CHRZ o—Z7#%Hlvi= ik

(3) Z—EFEFMALV-PAOs DREE

IR TR TRACERIR L 7= AO {5¥RICF LT, FISH &
B L~ D7 r—7 (&2 P, AHM, AER, CHR,
FLV) Zfivy, “HIREIZE DAY V) OESERE R
HORMLE Tz, ZO4FEOT n—7 3 ET5
AEEE, AUEICEST S AO TEIRICIAHEL, PAOs @R[
REMEAS IR XN = b D TH S O, Jpds, PAOs DA FfEkl
T & % Candidatus *Accumulibacter phosphatis’ [ ,
PCR-DGGE iR (s —2 =2 A % AV =Wt T, #58F
FD AO {HIRDBITREH T HICEL 2T .

7255, AWEIZRT Y U RSO ML,
AR Y 7 b CRIEEFZET S FISH Mif@ & DAPI
Wi A #4272, FISH i Lokt S -l & DAPI
B LR ) ERRIOfEA R HE & Lic, B
EafioTa—7ERNT ZE AT TR R O—f

(CHR 7u—7ZRW-—8EE) %2, 40w

B4 oXsicB<ATCH>=@FicBNT,
Chryseobacterium JBOFEIC X AR ik (FISH 1HEF)
L, RV REERIOFEEVEDE (DAPI 1HEF) A
A EPNMERENTZ. ZOZ Edb, Chryseobacterium
BOMEARY V) EEZEH L W EBLEND.

zohydromonas J%, Aeromonas J&, Flavobacterium JEOiH
HTYH, R RN ESN-. Lo T, Azohydromonas
8, Aeromonas Ji%, Chryseobacterium J%, Flavobacterium
BOMED, PAOs D—FETHSH I LAVRE T

(4) wABEARAT
a)  #MLALOTO—TERL R RAAT

BAFR Y RFEEAT O Ml NS — BN D
~<, AO THIRICH L L~ Lo a—7 (32
ALF968, BET42a, GAM42a, CF319a) # M\ T FISH i%
ZOFRERERS oA [JS5 Tk T, Hd
TR LT ARMIE /L —, BT eI S
HIED EHBERL TS,

®-5 DL, 4 SOFL-NDIN—T DR T
Cytophaga-Flavobacterium 7 1\—7 13— <, 15 %ffE

{77,

fFAEL Tz, LUF, p-Proteobacteria 75 9 %FREE,
a-Proteobacteria #8753 5 %t2EE, y-Proteobacteria #3755 0.1 %
BETH-T-.

Seviour & 7, BRO OWEIC LD &, £FENY LR
3 BAH AT TO A TEHEHIRIZ L f-Proteobacteria
#, Cytophaga-Flavobacterium 27 \—7"ORIGEHKE g
B, —HT, £PENY CEENREL LRI,
B-Proteobacteria #8, Cytophaga-Flavobacterium 27—
DEEDE LB L, a-Proteobacteria #8DHE A EE5E
ANC7e D LEEE LTS, AR CHRELL 72 A0 (BRI
Bife Y UBREEZFLTRED, M5 DX 5!
CERED BIHAThI DM D S ¥ — ATEB LT
b ERIET S L, BPowecbacteria 8 ,
Cytophaga-Flavobacterium 77 /\— 7 Ol ORIG AR E
<, #v2, a-Proteobacteria FADTNEH/NENZ A, Y
VErEE RIHTIT D AO IGIRDHIE M 5 — > THH T
LHEZLND.

b) BLALOTo—TERA-HERRT

AR T, RV yEOEMEBERL
Azohydromonas &, Aeromonas J#, Chryseobacterium J%,
Flavobacterium JROFIEL AO {HIEHIZ & OFREFET
HO%y FISH HEIZ L Vi aiT 272 ZOfiR%EM-6
Wy, [®-6 4T3\ T, Ml B & TS AR, B
LI X A /I O SR AR LTV A,

a-Proteobacteria -
6-proteobacteri [

y-Proteobacteria i

Class

Cytophaga-

Flavobacteriom NN

R3]

0.0% S5.0% 10.0% 15.0% 20.0%
LEMICHTESHE (%)

-5 #iLA)LOTo—T% AR ST
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DAPIH B

FISH#H B

[2-7 iR E O R

(-6 L9, ARV YU REOEREREGE L7 4 FUEOME
DH, A0 BRFPIZL - L HELFEL TV DT
Flavobacterium JBT 39 %RJEL 27z, RWT,

zohydromonas JE1X 2.2 %, Aeromonas JRIL 1.6 %,
Chryseobacterium JEIT 04 %FREETH o 7=,
y-Proteobacteria F8\ZIET % Aeromonas RO 517505, I
DL SNDTa—F & A EERITICE T 5
y-Proteobacteria FADEH A LRI DFER LRS- Z0
LT, BERERTHS.

Lt 4 FREROMEORFA RN Lz L 25, KWET
47 AOTEIRMITIL, 35 5% 8.0 %REEETHE L Tuz, &
7z, PAOs {357 30 %(EET H LaESig Z &b,
Azohydromonas J&, Aeromonas %, Chryseobacterium I3,
Flavobacterium JED AFEIL, —DHHOD 14 2 5HTH
HIbEieh, D PAOs 25, b 4 TREFEREOSE
FTOIHET D LRET S &, PAOs 2T AHIE L 10
HiLL LAFET D EE 260 A,

BE{FOBFFE T, Actinobacteria FUZIRS 5o
2 Rhodocyclus JRIZITF%7 Candidatus *Accumulibacter
phosphatis’?3 PAO T 5 & 2TV 7Y, Zh 6o PAO
R, AW TR LI PAOs O E#RET 5 &, PAOs
FERHOMIEIC Lo Tl Eh T s LEZ RS,
AEOWIE L LT, 4 fdRLAAO PAOs Z[RIE L, FISH
B L g RE AR L i b EL S,

——

E‘
<
o
g
3
.

Genus (Class)

Aeromonas (y-Pro. ) F |
’ ; | !
Chryseobacterium (C-F.) _ i |
e e o2}
s )
| | ‘

0.0% 1.0% 2.0% 3.0% 4.0%
B ICHTHEHE (%)

H-6 ML~ OFO—T%EFAL-HE %

(6) WIEMHEOET

FISH i & DAPI Jefa & 0 — i (a21T 7= & = 5, i
CHEOMECHARY U V2SR LW abmE, LT
WL ORRM &N, BT i hETsT

[5-7 &, FISH fREFOAIALE: LA 584 A0,
DAPI fREFIZISUVT U AERAS ST A 2 L MEEERY
1435, LssL, FISH HEFO&E I3 HHIiE1,
DAPI fREFICBWT Y »OFERBROhAh-otz, I
BTEbaM, KERWT, ZORRARAZ LHT
&7z, LT, FUHEOME#ETH, WRRECHY, U
CEEBHLTDVRWLORNS Z e SN, o
#6, PAOs D HAH30%EV S filild, PAOs DFTH,
HAOIFR T TR B TR Y U REZ SR L/
DEE LY 5 5.

4. FEER

AFEERLT, ROLIICELDHA.

(1) p-Proteobacteria {#, Cytophaga-Flavobacterium 77V
— T OHIEDOTNGHKRE L, D, a-Proteobacteria
MOTIEDNENZ LA, U v brbd BT
AO {GIROMIE e 2 — 2 Th D Z LB LS.

(2) AR THZ AOTGIRAIZIL, PAOs 3B X% 30%
FREETFTET A Z LAV X -,

(3) —HEAN LR, Azohydromonas &,
Aeromonas %, Chryseobacterium I8, Flavobacterium
BEOMIEDS, IR TR U EER AL
TVH I EAREMICHERS . ko TIhb4
FHOMIEDS PAOs Tih D Z L VB Shiz,

(4) _LEC4 ®EOMIET, AFFIETHE- A0 5T
% 8.0 %fFEL, PAOs @ 1/4 Z & Tu =,

ik

& M~@LH, HEREOMEIC L - THREND

- 657 -



(6) PAOs DHRZIKEHEENTHET D Z LAVRB ST,

PAOs 2T, 4#ERyY VREMTOh TS
T AR EN. Fie, EEE4 BROMEN s
BENBIENEILNS.
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Visible detection of PAOs in enhanced biological phosphorus removal process

Yuichi IMAMURA!, Yukiyo YAMASAKI', Hiroshi DEGUCHI', Yoshimasa WATANABE?

! Dept. of Civil Engineering, Tokyo University of Science
Center for Environmental Nano and Bio Engineering in Hokkaido University

This study attempted that the visualization of PAOs in the Anaerobic-aerchic (AO) activated
sludge by using FISH and DAPI staining together. Each specific bacterium was fluoresced by
FISH (Fluorescence in situ Hybridization) method. And polyphosphoric acid accumulated in the
cell was fluoresced by DAPI (4', 6-diamidino-2-phenylindole dihydrochloride) staining. The PAOs
were thought to be identified by laying DAPI image on the FISH image. The lab-scale AO process
was operated with skimmed milk based substrate. In the results, it was found that following 4
kinds of bacteria accumulated a polyphosphoric acid at the last of aerobic period. The bacteria
were the genus Azohydromonas, Aeromonas, Chryseobacterium and Flavobacterium. These
bacteria were about 8 % out of all bacteria. In DAPI staining, PAOs were about 30 % out of all
bacteria. Therefore, these 4 kinds of bacteria which were detected in AO activated sludge was
approximately 25 % out of all PAOs. As the result, the PAOs were thought to be established with

many kinds of bacteria.
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