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ABSTRACT

Enhanced biological phosphorus removal (EBPR) was performed in an anaerobic/
aerobic sequencing batch reactor (SBR). Influent was a synthetic wastewater based
on acetate as a carbon source. The sludge age and hydraulic retention time were kept
at 10 days and 16 hrs. respectively. Phosphate release during the anaerobic period
and phosphate uptake in aerobic period were increased gradually with time, and after
about 200 days. steady-state operation could be achieved with complete removal of
influent phosphate. Number distribution of microbial community in the sludge per-
forming EBPR was investigated during the steady state operation. 17 rRNA targeted
oligonucleotide probes were designed and slot hybridization technique was used to
determine the number distribution of each microorganism. In the acetate fed SBR.,
TRNA belonging to the beta subclass of proteobacteria was the most dominant in total
rRNA and rRNA matching to CTE probe was the second. TRNAs of Acinetobacter,
Aeromonas and Pseudomonas, which are usually thought as phosphorus accumulating
organisms in EBPR processes, constituted less than 10% of total TRNA. From this
community analysis, it was inferred that microorganisms belong to the beta subclass
of proteobacteia (BET) and CTE such as Rhodocyclus group were important in
biological phosphorus removal. Therefore, the role of Acinetobacter. Aeromonas and
Pseudomonas in the EBPR might have been overestimated.

Key Words : EBPR, Microbial Community, rRNA, Slot Hybridization, SBR



940

BAS - QBT - oy - MBI - UFE

2 o

Ao

A& HEY ugIE o] 83l HEEH < AA A AR £X ATE FYIIAT. &
2908 248 ¥ A HFE AHESED vAE AR A0 R AR AGe 4%
1043 16A2¢22 fAE Y. 9 B&d F471 &4 A To] Hade e} FH wa2A o
ojteon < 2009 A F HF A A AA FAHUG. B AU YEHA A AA} /A
€ o] e EXE ZAME] 98l 17789 ribosomal RNA (rRNA) signature probe&
FAastd <A ERE £2§ A rRNAc) ddtd slot hybridization® QA1&5ich. £l g
A3 RNAol& proteobacteriasl WlERZ (beta subclass)ol &8t rRNAZE 713 ®ol $+5
o] &g #USHR CTE probest BAE rRNA7} t2o2 Bo] X3t MAgHoz
BERH QA AAE 938t vlBEE AAAN &Y Acinetobacter, Aeromonas, Pseudomo-
nas® rRNAE 10% vi¢tez EA% Udol §AHNUT. o8& A2 E Rhodocyclus
2§22 proteobacteria®l WIElE® CTE &3l vl Eol < A Ao 4% g€ 4%
Aoz Y=L Acinetobacter, Aeromonas, Pseudomonas 5& €3 <1 A A slo
A Agrte Hez BaEo
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Hea2yH I2 9 A9 AAE A% A
AENYE ol Ao % A AP
$#4%% (eutrophication)] FHUYel WA
o] ¥ ojof g c}z}A) A7) A= stk 2
gy, ol&AR] JEEA A AA (Enhanced Bio-
logical Phosphorus Removal, EBPR)S] A% A
et Wkg 713 9 v)AEe Bdo] &8 73
HA G2 A%y, oY FAHEL HEH HA
HAE YE%H A AA PAEA A A7 A
#sjojol ¥t} Fuhs & Chen'ol o) HEXA
< AA E8el A= B ER Acinetobacter spp.
7t Eng ol ¥ gy YEHA < AA vYg
AT77} Acinetobacter spp.dl AFHo] g, 2
ol ¥ uje} oA Wyl oY ATEL JEUH
1 AA FRW Acinetobacter spp.7t +3 %Y
& A&HA Rasid gen®® PP ¥E
Acinetobacter spp.7} 93te] 9 AA FEol UL
= #¥Avs s,

a2V} £53 Acinetobacter spp.€ 44 A
o] JEEH  AA A YsiekH B4 4P
& ®3tn glen A YEUA A AAE Acine-

tobacter spp.7t obd E} W&l 93] o]Foid
Rog AR ot AA= v] WfFYA el
o vigE EXEF AP I Acinetobacter
spp.7t AEYA A AA T3 oA Lo #3
& HdFn g, dide) Gram (+) v 4&3
proteobacteria®] el & (beta subclass)ol] &3
£ U480 $AFYE RAZAY.Y 229 A
¥ Acinetobacter spp.7} E¥SEA 9 7lel
vl g EEo] Y8 wik 714 (culturability)e] ¥
ol 4A JEYHA QA AA FHANME X $EE
AT wigsa wieoges $3Fo= e
W7l dEojtzn dstn glch® olaid EANE
P Slgld 2¥d EPRuIFTEe VAR £
X§ ZAHE WRleZ rRNAE ©) 8¢ #A4E
g2 A3 el 2 ddez ezn U Ay
€& rRNAd] Folu 4o wet 5§ 47 M4
(signature sequence)® 7} 1 e Ao ¢
A 2len o|# ¢ signature probe® ©) &% v|A
B EE 2A 477 $¢3 AgsEn A9 o
g & AT YEUA A AA FHE FY5
£ 9% 3 ¥4 ug7] (sequencing batch reactor)
o] A rRNA signature probe9] slot hybridization
€ o] &3 eIy u|YE BIE AR
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2. A ¥ % YUY
2.1, 8 3

Qg ¢ MAE Y3l Fig. 13 o] A &
Ho] 4#iE{Q HEA wgrlo] xgFdta 3
A2l g €82 (sludge) & HFsld &
Ag Azegct. elolo] (Timer)ol €38t peri-
staic BEX, F7] HE. solencid WE F9 /&
zAsC}. S B P4 Wgrle A4S /Y (15
min.). 718 ¥ (2 hr). 7134 ¢& 4 hr 10
min.), 23 (1 hr), W& (15 min.) ¥ %A (20
min.)8 €X2 glo gAY A FIE REE
sidon, 428y PFALL 162, PIHE ¥
7 MFATL 10¥0] FAHEE B @ad
oz 2% UEE (sodium acetate)& AH8-31A 1
(EE% 1.44 g 24 YES), ¥4 sisy ¥de
o7 st dF IF 847 Hx2 e TF
Al F Ruz e FFHES NG Ad
g 28ElV WiEHEE Sn did IS
dF £92 Z 194 FESUG £ 201F
713 olslolE g7l A4 JtAg FEE &
9 ¥71E HAEAG. 9% 4§ 448 ¥9HD
305 mg NHsCl, 151 mg NaH4PQ4 - 2H20, 180
mg MgSO4 - TH20, 28 mg CaCls - 2H20, 2 mg
yeast extract9t 0.6 mLel ©]F A& (salt) &<
o2 FAHENUR, VY IF §d2 =4 e dET
1.5 g FeCla - 6H20, 0.15 g H3BO;, 0.03 g CuSO4
- 5Hz0, 0.18 g KI, 0.12 g MnCl2 - 4H:0, 0.06
g NazMoOq * 2H20, 0.12 g ZnSO4 - TH20. 0.15
g CoClz - 6H20, 10 g EDTAR Y. &d+¢ COD,
9, gduyols] wEE 2tz 600 mg/ ¢, 15 mg/ ¢
POs-P, 40 mg/ ¢ NH'-N22 33ich

2.2. Total RNAS| &2l

<8 A 2% ribosomal RNA (rRNA)8 ¥8&
Ultraspec (Biotecx Laboratories, Inc., USA) &
o] £ ¥2y& Wysla] A3} ¥71H Al
s} 5713 gAle Lrle} 4z £ 30 mLY AH
8 & 94 sl 3F4E vlelx Ultraspec &

Fig. 1. Schematic diagram of sequencing
batch reactor.

4 10 mLA8 ¥t E¥AE vortex mixer2 3
He ¥ o F79 sAE2YE YA RNA
7t EEE IS4 28T 229 4 (UL
Transonic processor, Germany)& 4A3A.
EHEL 10 mL FAVIZ AEs #a€ 97X
o2 8 ¥ (pumping) 3L, &7l 2.4 mL &
Z22¥EE ol AW 4& ¥ 580 &89
WA 3 1583 9488 (15,000 rpm, 4T)3
dot. 454E el 50 mM sodium acetate,
10 mM EDTA g4&do2 21zt HYA] 5 &
Mo] A8t #HiE(acid-phenol, pH 5.1, Sigma
Co., USA)3 phenol-chloroform-isoamy! alcohol
(100/24/1)2 B<¢EE 4% & AANAYG. &
£ BHo] $39 isopropyl alcohol®& Wel 4T
o] 1082 WA ¥ 15000 rpmeiA 1583% €94
#a3lod 134 84 (primary TRNA) #+&88& ¢
At FolA ALE 80% AEEE AY ¥ FHT
o] ¥o] RNase 4 1A @& DNase (RNase
free DNase) & $0] 1A1H§<E 37TAM WHgAIA
DNAE AMAnc, wgede] 3 M 24 UYEF
(sodium acetate, pH 5.2) ¢234& AF vx7}
2Mol HIE8 W& ¥ F ¥ A48 Hed ¥
o] Z@aA EHe%c PG L dg¥elda
& 3Fde] 2 §oe] B4 dEEE& Wol 94 ¥
2l3le] rfRNAE AAANA AZAY F 75 =
4. =9 rRNA 882 260 nmelA F4x=
(F3= 1 = 40 ug/mL)& 38 ¥=7} 300
pg/mL7t =& =33t YF Buesic
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2.3. Oligonucleotide Probes

229 hybridization 1A, P&l &

hybri-

dization E°l4 %& Table 1] YehQIT,

Slot hybridization®] AF&%§ oligonucleotide

probet olv} B 285893} Ribosomal Data-

base Project'”& 242 &< 17789 probe® A

A35. Genotech Co. (Korea)old #/d&tsict.
A% signature probed 79 97] MY, rRNA

GRS
£2] IRNAYE 3 %3+8}7] 9138l Lin & Staht'!

2.4. Slot Hybridization

HEY eIl 4L AN 53 Ay

Table 1. Oligonucleotide probes, their sequences, target positions and specificities

Probe Sequence(5'-3") Target Position Specificity
EUB GCTGCCTCCCGTAGGAGT 16S. 338-355 | Eubacteria
ALF COTTCGYTCTGAGCCAG 168, 19-35 a subclass prot.eol')actena. Se\.rera] &8-sub-
class proteobacteria, Most spirochetes
BET GCCTTCCCACTTCGTTT 23S, 1027-1043 | A-subclass proteobacteria
GAM GCCTTCCCACATCGTTT 23S. 1027-1043 | r-subclass proteobacteria
DEL c GTCGO GTCAGG 16S. 385-402 Most Tnembers of & subclas.s of proteo-
bacteria, few gram(+) bacteria
CF | TGGTCCGTGTCTCAGTAC 168, 319-336 | Cytophaga-flavobacterium cluster of
CFB-phylum{most)
BAC CCAATGTGGGGGACCTT 168, 303-319 | Bacteroides cluster of CFB-phylum
HGC TATAGTTACCACCGCCGT 23S, 1901-1918 | Gram(+) with high DNA G+C Content
ACA ATCCTCTCCCATACTCTA 168, 652-669 | Acinetobacter species
SNA CATCCCCCTCTACCGTAC 168, 656-673 | Sphaerotilus natans and relatives
All hitherto sequenced Aeromonas spp.
except A. schubertii (1 mismatch), all
AER CTA CGC 168, 66-83 other available sequences (16S and 23S)
had at least 2 mismatches
Aeromonas hydrophila, A. caviae. A.
_ enteropelgenes, A. media, A. trota, all
AC ATATCCAATC 168, 222-239 other available sequences (16S and 23S)
had at least 2 mismatches
PSE GCTGGCCTAGCCTTC 238,1432-1446 | Most true Pseudomonas spp.
GOR TGCAGAATTTCACAGACGACGC | 168, 0596-0617 | Godona spp.
Comamonas testosteroni, Brachymonas
CTE TTCCATCCCCCTCTGCCG 16S, 659676 | denitrificans, Rhodocyclus purpureus,
Leptothrix discophora
NIT3 CCTGTGCTCCATGCTCCG 168, 1035-1048 | Nitrobacter ssp.
Ns0190 | CGATCCCCTGCTTTTCTCC 16S. 190-208 | Ammonia-oxidizing 8 -proteobacteria

Note) Y=Cor T
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o] Wby & Wyl A1g-5tqct. #eld rRNA £
€ 60TColA 1083 W¥x)&led ¥A) (denaturation)
Al & F9] &9 (loading solution: 0.1 M 3-
(N-morpholino) propanesulfonic acid, 50%
Formamide, 6 % formaldehyde, pH 7.0)& %o
F=7t 3 pg/ml?t HEE MAZC 9 100
uL (300 ng)& <ol zte] AA & slot
hybridization 4x12} Y¥& % (membrane mem-
brane, Schleicher & Schuell Co., Deutschland)
of 23lo] BH FY (loading) 3ttt rRNA &9
€ €Az HHYAYN ¥ FYslo (0, 30, 60,
90, 120, 180, 240, 300 ng) hybridization ¥ &
ke 1Ee o dF JAFA (standard curve)
o2 A3Ht. rRNAZE B39 JU & vte 27
ZolA 1z F Ultraviolet crosslinker (Techne
Co., USA)E AMg-3te] ny Az,

DNA oligonucleotide probet= DNA 5-end ¥
A Al2¥ (Promega Co.. USA)# (r-*’P)ATPE
ALg3td BAEHATH YU E o] RAAD AN
rRNAS} hybridization® 4 e %< 104 o4
o) #33tE probed g ALEAYR hybridi-
zation Z¥& Lin & Stahl'"e] ¥hg& Wgsid
AHg-8dck. ¥ 20 mLe hybridization &3
{0.9 M NaCl. 50 mM sodium phosphate (pH
7.0). 5 mM EDTA, 10 X Denhardt’s solu-
tion,"” 0.5% SDS, 100 ug salmon sperm DNA
(Sigma, USA))& Y& hybridization ¥Frd
rRNAZF #3d Ud & o ol 28yt 2%
E FHE 45T 3% ¥-87] (shaking water bath)
o} A 2A12} prehybridizationAlZ] ¥ € probe
& ¥ 45Tl &7tz 1273 e0A 16213 §oF
hybridization®& AA3c, AN A& o
2 M3 (1 X S3C (0.15 M NaCl, 0.015 M
sodium citrate, pH 7.0), 1% (w/v) SDS) 100
mLE 45TolA 3083 M ¥ F98 M3y
250 mLZ 3084 23 o] ZA ¥ Ho]3 2% probe
(unspecific binding probe)& AA#7 $sid
probecll w2} E@olM AAE My 2568710104
A M 3#dct. Hybridization # Phospho-
Imager$} ImageQuant software package (Mole-
cular Dynamics, USAYE AH8-3lod Heaisigin,
¥28 HA rRNAS %& 2E bacteria’}l #4#-3

£ rRNA¢°| hybridization®] 7} & EUB probe©l
9] ¥ hybridization 22 gt& 71X 7 AR sYL.”

25 24 Yy

A& B4 wgrle g ) A¥A (ortho-
phosphate)® A4 (nitrate)2] £+ DX-120
ol AgvlE2ld (Dionex Co.. USA)E AM&
o] BT aeln 89 U 243 4¥
PHAS #% ¥4 71~ azvtgeaey] (Hewlett
Packard Co., USA)# °l48%2."? M W gly-
cogen Y32 amperometer F&717} ¥-2¢ HPLC
(Dionex Co., USA)& ol &3] ®43iqct.P

3. & % 3
3.1. A5 &EY gl37] 2H X AR AN

Fig. 2¢ @42922 2MYEE (sodium ace-
tate) & AE Y Y&45S] AN FE9 A& BB
4 whgrlel §r1H @A 2risk 2713 uA ¢
ol 2lojM &9 W AP FE9] FY WRF B
dZ3n sl £ 27lde W71A ¢g ¢As
pHE 228 gstout o 50 U¥E ¥y wg
@Ael pHE 7.02.2 P89S pH 24 A
Aol ARY4E 28] WA wAe A B
3714 @A A 5 Pio) A AtHE ud
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100 FTER - o
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i ~8- influert
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Fig. 2. Long-term profiles of phosphate
concentration in a SBR operation.
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Fig. 3. Profiles of acetate, PHA and glyco-
gen during the STEP 2 in a SBR
operation.

94 (Fig. 2. STEP 2), ol A= §714
ZZA9M ZAe polyhydroxy alkanoic acids
(PHA)22 AZL W/ dojyict. & A4y
4 wre-vjel ¥71H dAlAAM QA FEflel AW
242 itz AFEHlon e el AEue
PHA %€ Z71E99 (Fig. 3). o)A@ ¥714 =
AA Q2] Wggle] 24lo] PHARZ $4€ + i
£ RE 24 F539 PHA 44 288 ATP
o} 898 (reducing power) & M X o] AR=H
9 glycogens] ¥ 2XEH 2% d& & de A
€49 glycogen accumulating organisms (GAO)
o} ¥h-g-7hlielA B} 4857 ez gds
A9 azlm 2714 g GACN AE W
PHAS] ¥#31%} glycogens] ¥4 doigAw U9
EF5E A9 doiix @#4E BFUT (Fig. 2,
STEP 2. Fig. 3).

oF 1509 A7 FHele Yoy =19 pHE =
Aekx gted ¥713 23 713 £499 pHAL
8.474A &g ARt 1 A A4 3 ¥y
g7l JEHA ¢ A Widel AA2 FolE
A3 200€ A1} Folle A oln AT YEY
A AA B (~100%)°] #AHRG (Fig. 2.
STEP 3). ol3i§ 4E8A Q] AA ¥ e
7123 =489 pH %7}2 GAO7} phosphorus
accumulating organisms (PAQ)2 oA =317l o
2oz Ag¥R' Fig. 4& o 300¢ A ¥ &
A 9 AAE BYE W fAU dgdn
e AEAQ x W E BdF3 Y, ¥

100 Fill  Amerebic Acrobic

/’ \
60 \

\
40 T \
20| | “a
0 —*JOO—O—C o,o——\)—\—-g

Time (hrs)

-@— PO>P
—O~ NO-N

Concentration (mg/L)

Fig. 4. Typical one cycle profiles of ortho-
phosphate and nitrate during the
STEP 3 in a SBR operation.

A QA A B3 3714 GAleld d EF
7 w27 dojyion, ¢ €3 AR ¥ ¥
713 Zdefel d@siet F 03 vjY 8ol AP 3713
dele] FAse fAsA doldg ¢+ UG
(Fig. 4).

3.2. Nucleic Acid Hybridization

AEYNA A4, QA AAR s A4 A4
w7 €24 (sludge)sl PIBE X & =413}
7] fi8M FAA RS A4, 2 AAY} L
v $3 /1A 3009 1% B3 ¥ ¥rlA dAls
3714 949 2rlelA eslAF 2 4ol
AN €9A € Ultraspec $A3} 2¥31e) 289
4 N2g 480, ¥4 g4 BujRHe
2 2R I oY E Yl A Ho|r ¢gdn
o] g duzet BoQr] Wi €A 2
€ njg o] 89 $AHANn ZES UL
et

Fig. 5& slot hybridization¥ Y9 & % (nylon
membrane) & X-ray 8l 8MT &A1 €4
% A3jolt), Fig. 5olA 1~4%-e wg7)9 ¥4
gAo)M, 5~8%& 3713 AN 4zt de &
A z2g E¥ rRNA°] 98 EUB. BET.
ACA probe& 22t A3 & 7399 hybridization
g HoqF3 9. 1283 Fig. 59 ()9 &
713 wrgdAle) vpx g Al7)e] 48 &R 2RE
FE1¢ rRNA £94& &4 o2 843te (0, 30,
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Fig. 5. Quantification of hybridization res-
ponses of radioactively labeled speci-
fic probes (BET and ACA) to total
rRNA (EUB). The third line of EUB
probe represents the responses of
radioactively labeled EUB probes
depending on the loading amount
of total rRNA for standard curve.

60, 90, 120, 180, 240, 300 ng) &% (slot)ol F
%l (loading) ¥ ¥ EUB probeZ hybridization®
AAE A3, 718t &4 probed ©14% hybri-
dization % 3FE& HY YT EE AFM
(standard curve) & A8-8}91t}. Hybridization
¥ UYE & X-ray €8l &AH UG €
#€& densitometere] 8] FFY AT FRAY
rRNA%o] i8] densitometer &3 gtol H 2o
Z v gdgker ¥e FEe] AdNe F B
A=A FYAP, hybridization¥ UHLE HE
Phospholmagerel o8l #4% Fzle FYP
rRNA %ol dis] A9} vl 23§ B FAE
B ol Be FEAANE A} 7Hedo of
Fo| 1 ol¥2] v E ¥4& Phospholmager& At
£33t AA @AM 28 AN rRNAA
23 v E°] 7K & &3 rRNAVT AHAldke Fe
EUB probeol 2% hybridization Z3s} &3
probeoll &% hybridization 23 ste] vl g2 AL
33t d71M EUB probet ZE WA EZRH
®#21 ¥ rRNAS hybridization € 4 lon %3
probet B3 v|dE FES rRNAo disixg
hybridization B°|4& 7IXe Aoz ¢4 3l
t} (Table 1). @&tA o] 21 ¢ ¥y & o] &-3tH AM
| BE 3 53 ujgdE Fol A Ae ¥ P
HHez 238 4 UASL AN &Y
Phopholmagerell =%t £4 Az ¥713 dA9

Probe/EUB (%)
-] 8 8 S

-
-3

-]

AGA AER AP AMHBAC BET CF CTH DEL @AM OORNOC FIE SNA NITS Nowtte

Fig. 6. Relative abundance of specific micro-
bial rRNA inferred by nucleotide
probe hybridization to total RNA
extracted from sludge sampled from
SBR. The bar graph represents the
average of multiple hybridization
experiments,

3713 GAA A rRNAS] g |3 o]y g9
rRNA $#3%& 3A A3 GnE§ 2o FUa,
BET probe (protecbacteria®l beta®$] 23S
rRNA°l hybridization %¥°l4€& 3£ probe)s
hybridization ¥ 4 ¥ vI¥&S rRNA7}l
45% A2 71} ®el A2 A& ¢ + AN
o (Fig. 6). 281, Fig. 69X BFE uis}
©] CTE probe (Rhodocyclus purpureus, Coma-
monas testosteroni, Brachymonas denitrifi-
cans, Leptothrix discophora®l 168 rRNAs}
hybridization &0°]4-& %+ probe)o} hybridiza-
tiond 4 & &2 rRNAVE 9 32% A= &
A3V GAM probe (proteobacteria®l gamma
9 23S rRNAY hybridization Bold<& 3Ie
probe)®t HGC probe (DNA G+C o] &
Gram(+)7#2] 23S rRNAS} hybridization &°l4
€ %% probe)$} hybridization € 4 3l& rRNA
= AFF $Rn AL ¢ 4 At CTE
probed] hybridization® 4 & rRNA® 7HAn
e v|dEolE protecbacteria®] vjelao] &3
€ "|4¥ (Rhodocyclus ssp.)¥ WElTo &3
%€ vi¥8& (Comamonas spp., Brachymonas
ssp., Leptothrix ssp.)ol @7 Z¥sHo| sk
(Table 1). ¥ Al BET probe®} CTE probe
o] hybridization® 4 31 rRNAE 7IA2 e
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ol Eo] JHY Wel EX#gon, olg F 9
probecll 2]% hybridization 3k (] & 77%)
o] HxatA W o2 YElr] g&e CTE
probe$} BET probeo] FZE2 22 hybridization
g F e v|AE (& EFQ Rhodocyclus 21§)
Eol AEHAH A MAN F2G 4EE € 3=
38 & Ao 4df ARl MM E Rho-
docyclus 1§9 JEHA A AA 7Hed & AANE
v At ® FA2RE YEHE A AA $2%
48< ¥ oz AAsHol fd nYFE(ACA
probe: Acinetobacter ssp., AER probe: Aero-
monas ssp., PSE probe: Pseudomonas ssp.) %
9] rRNAE A} rRNA ¥ 22t ¢ 6%, 8%, 3%
Fre A REWE AASR 9o (Fig. 6) &
A4e A HEY NI M o]F vlYEl 4
B3 9 AA oA F8¢ A8 A 2
Ao ¥eHIY, weM, & ATz ]| A
Al AAY olE YEBELS YEHH < AAd
a2 o] AHYIIHAE 7Hedel de Aes
Beso] gz ALY aa, A8 oy
B #ZelE Nso 190 (Ammonia-oxidizing 8-
proteobacteria)@ NIT 3 (Nitrobacter ssp.)®
hybridization 8 % & rRNAY %4& A
rRNA 3 27} oF 4%9} 1.5% 3 =7t B&=E 3L
= Aoz vehidd,

©]33} 2] slot hybridization® o] 83l Y&
3 A, A AAE ¥ A4 HEY e
oA B3 nYEES] $EF ARG a2,
Z |3 & Foich gi=] Sl rRNAS 4L 9%
82 ge Aoz F2AA dov (10°~10° ribo-
somes/cell), E§ hybridizationAld % ¥] €A
g Fol dolg 4 2471 W&ol slot hybridi-
zation P& o8 71X 4¥d exg @¥Ag
F e 22 Ho v, @A, slot hybri-
dization& ©] &3] ERMIFH NN FHY v
AE X ZAE H8ids $7HEQ AT o9
OE ngE £X A7 vlmrl gag e
AtEEAT,

4. 482 B

Sadoz 24 VEFE AIEE A5 B4 W
¥71°l4 rRNA signature probe& ©]&% slot
hybridization® 2 W9AYE BXE A3
1} Slot hybridization & o]&3lo BET
probe®} CTE probed] FE22 hybridi-
zationg + & W E(AE €Y Rhodo-
cyclus 1F)°] 9 A FoG¢ 8L ¥
F dE HAeE Y £ A

2) Slot hybridizationol 2|3 FAZRE < #
Al F8F €L ¥ Aoz AMNHUL
Acinetobacter ssp., Aeromonas ssp..
Pseudomonas ssp. 5¢ rRNAE HA ¥
Hol o)E v|gEe] YEYA Q) AAN A
48 g ez Badch

3) Slot hybridization® ©] 33 EHPujF Al
28 Yo v|YPE FXEF A F UL A
o2 AZAHY F4¢ AEE A7) ddMe
Z7HAQ A7l He g Aoz wasHAg.

AL A

o] =¥& 19984 @3N FATe] SedT
dlo] 23l LS AE.
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