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Changes of the Bacterial Community Structure Depending on Carbon Source in Biological
Phosphate Removing Process

Sang-Min Yeo - Young-Ok Lee'

Department of Life Science, Dae-Gu University

ABSTRACT : In order to analyze the bacterial community structure including P-removal related organisms, PAOs(polyphosphate accumu-
lating organisms) and GAOs(glycogen-accumulating non-poly-P organisms) occurred in biological phosphate removing process, 2 reactors
(SBR; sequencing batch reactor) were operated on different carbon sources(sodium acetate, glucose). For the analysis of bacterial community
structure, molecular methods(FISH; fluorescent in situ hybridization and DGGE; denaturing gel gradient electrophoresis) were employed. After
100 days reaction, POs-P in effluent dropped to 3.92 mg/L. in SBR #1(60.8% removal) fed by sodium acetate, and at the same tme
FISH resulis showed that B-subclass proteobacteria(39.67%) and PAOs(45.10%) were dominantly present whereas those value in SBR #2
fed by glucose was 8.30 mg/L(17% removal), and y-subclass proteobacteria were considerably observed(23.89%) and PAOs was 21.42%.
Also the result of DGGE indicated that B-subclass proteobacteria was dominantly observed in SBR #1. However as the temperature
increased, the proportion of B-subclass proteobacteria and PAOs decreased, but phosphorus removing inhibitors(GAOs) increased. It suggests
that the environmental factor like as temperature and types of carbon source had influence on the prevalence of phosphorus removing
organism(PAOs) and phosphorus removing inhibitors(GAOs) in biological phosphate removing process.
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Fig. 1. Schematic diagram of SBR process.

Table 1. Characteristics of synthetic wastewater of influent
Item SBR 1 SBR 2

200 mg/l. as Sodium 200 mg/L as
Acetate COD Glucose COD

Carbon source

Ammonium 13.34 mg/l as N 13.34 mg/L as N
sulfate
Potassium
10 mg/L P
phosphate 10 mgfl as P e
Sodium

200 mg/L as HCOs- 200 mg/L as HCOs-

bicarbonate

Mineral solution'”
pH 7.0

Anaerobic(2.5h)

Aerobic(2.5h)

Anoxic Settling
(1.5h) (1.5h)

Aeration
Draw

i

Fig. 2. Operating mode of SBR.(C] : 30min, | : 10min)
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AAAQ) COD, FAT-P), MLSS § $EFEL $209F
A @93} standard method Vo] sl 24t ®
g 8§24 Y(orthophosphate; PO,-P) & ¢35 B3 <87
€ 3000 rpme A 18 9 AHEYS &, 1 ASAL A

22 s 2FArt
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HHEE W AAARLR BE ANFHA wBEAe] W
g L7198 AA A mAER LR GAOsE A9 F
o - P - y-subclass proteobacteria Cytophaga-Flavobacterium
(CF) A2 B5A449 ZHAFY PAOse AR
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GAOs9l ZA#AA = AR A (Zeiss, Axioplan 2, Germany)
o2 FANS o 107]9) F2Hfield)s] EAFHE 47) Z(tctrads)
52 Fol(clump)E g3t Ads Bawol AT
M 2R Sz HI(%) R &SI B3 PAOsE FISHH S 4
9T F. GAOs% vhHAE S fieldl ) gBe e
Ags2 ASstel 1 BRgol F AZ5NA AASE ¥
&2 2HAR o 19 AARZE BE, PAOs 2 GAOs
o BYRNLEE FFRA Sy

2.3.1. FISH &M

OE gadg Foid 779 SBRERH dh2 >
<87 A8E AH st 4% paraformaldehyde SA(AR
SFA =1:3, vv)O.2 243t o] 4% F, ugele
o|7] $3l 1X phosphate buffered saline(PBS)2. 2 29
ol AMAG t}E teflon coated slide(cel-line, USA)Y ol 5
LA S83E3L, 50%, 80%, 90% olggz 742 3R o)
gt g hybridization solution[0.9M NaCl, 20
mM Tris-HCI(pH 7.4), 0.01% sodium dodecyl sulfate, for-
mamide(Table 2)] 10 pL$} gene probe 3 uLE HA7}ehd
46°C hybridization chambero| A 12A)17F E¢F @A Zh =
et F 48T o)A AR hybridization washing solution[20
mM Tris-HCI(pH 7.4), 5 mM EDTA, 0.01% SDS, NaCl(¥%
= ALF 0.225 M, BET - GAM - CF - PAO 80 mM)]Z 30
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AA TRANM Gdagdel wE nARFHTR We 167
27 Adstdh 4 AgagEel FAFFAA AR s
&2 &7 93l DAPI4-6-diamino-2-phenylindole; Sigma,
033 pg/mL)Z 2083 gAstd EAFSFS 23349
FISHS} DAPIHA & 25 ¢rdelAd JPHUL, 21 dFhe
B GF 1| A(Zeiss, Axioplan 2, Germany)& A}&38ked 103
FAA2 Age F(field)NA Aed Baae AL
o dig H(%E JYerATh JIAAMMER] PAOsE ¥

=4

At &HA VAEEo AMEGE gene prober Table 29
2opm T

2.3.2. DGGE =4

e A E kg 5 1009, 1209, 140e] Ad <3 A A

B2XE Ulra Clean™ Soil DNA kit(Mo-Bio, USA)E A&
8l total DNAE &89 t}h 353 DNAE 0.7% agarose
gelo] A71gEstd SAFFE FUstAeth oA 28
DNA(template 1 pL)ell taq polymerase[20 mM Tris-HCI(pH
8.3), 100 mM KCI, 3 mM MgCl,, dANTP 0.4 mM](TaKaRa)
25 uLE ¥33t= PCR premix9} forward/reverse primer(10
pmole) 4z 1 uLE ¥ 32 S/FFE F7Hsto] JF 50
uLE wtso] ZE 3% tHMy cyclerTM Thermal cycler, BIO-
RAD). o]u A}&3t forward primer: 341F(5°-CCTACGG
GAGGCAGCAG-3', Tm; 61), with GC clamp(5'-CGCCCG
CCGCGCGCGGCGGGGGGGGCGGGGGCACGGGGGG-3,)
o] 31, reverse primery 518R(5-ATTACCGCGGCTGCTGG-
3, Tm; 59)¢]t}. Polymerase chain reaction(PCR)9} &% z7A
2 pre-heating(94°C, 4%), denaturing(94TC, 30%), anealing
(55, 60%), extension(72°C, 90%x), final extension(72°C, 8&)
o]i 303 ZXZ3}%th o]F PCR productE 1.5% agarose
gelo] A7]d 53t bande] &4 §F-& U th DGGE
£ 1X TAE bufferg E 3= 6% polyacrylamide gel [(20
mM Tris acetate(pH 7.4), 10 mM sodium acetate 0.5 mM
Na;-EDTA, 6% acrylamide stock solution(acrylamide:N, N'-
methylenebisacrylamide, 37.5:1, w/v)]ell urea®} formamide
40~60%9) WAA S E3rst= gelo) running buffer24) 1X
TAE buffer® ARg3ste] 70VE 4808 %< 60T o)A DCode
system ™(Bio-Rad, USA)2.2 283 tL'Y mal gel2] DNA
bandE elusiond}le] sequencingdt ZIE NCBI database
(http://www.ncbinlm.nig.gov)ol F3] 4%}

Table 2. Oligonucleotide prbbe used in microbial analysis by FISH

Probe Labelling dye Probe sequence(5° — 3) Target site” Formamide conc.(%)”
ALF1b Cy3 CGTTCGYTCTGAGCCAG 19-35 20
BET42a Cy3 GCCTTCCCACTTCGTTT 1027-1043 35
GAM42a Cy3 GCCTTCCCACATCGTTT 1027-1043 35
non-BET42a used as competitor together with GAM 42a
non-GAM42 used as competitor together with BET 42a
CF319a FITC TGGTCCGTGTCTCAGTAC 319-336 35
PAO462 Cy3 CCGTCATCTACCAGGGTATTACC 462-486 35

¥ 165 rRNA position

according to Escherichia coli numbering, ® Formamaide concentration in the hybridization buffer
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Fig. 3. Variation of POs-P in both SBRs on 100th day.

3.

my

u 2 g

3.1, BRI QINAHER
3.1.1. PO-P2| AlzHE SEBS

SBRE ol&3dte] whg 1009419 &84 Q9 5=
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10 mg/Lo] A, 71 ged s 19 B&o] dolr} SBR
1, SBR 29 £&4 99| F=7} 77 64.82, 13.84 mg/Lo
2 27 #YsE 2t Horlen 37 wgeAME Q19
AIHATE Lot FYF FEETG © 2 372, 6.60
mg/Leg FHHUT o= PAOs7F @714 H oA EARlFo|
#e #w4 §7)1%HShort Chain Fatty acid; SCFA)E &3
Aoz 53l d4H2g poly-p-hydroxybutyrate(PHB) 2
Agsl=r glucose T sodium acetate’} © EFHHo]7)
jEog #dE Yok

3.1.2. COD H3|

#4429 CODY BEE 200 mg/LPg o $&4= SBR
194 0.51~22.7 mg/L(B 821 mg/l)d) H¢o)A Hs}
SPem 95.90% A E &S UYellgith SBR 29 #&
Gl = SBR 13} FAHS 0.52~21.99 mg/L(FF 8.55 mg/
L)e] X9 M TE(95.73%)S e AchFig. 4). oA
Y FkeR BF 52 COD AA 2L UeE: Ae @
299 sodium acetate$} glucose BT Ba|7F 8ol 7R
%, biodegradable COD(BDCOD)o]7] W&o 2 ALgHt}

3.1.3. &elul =M olo| Hs}

#2459 T-P9) HEE SBR 10X 2.48~54.94 mg/L
o) M (HF 20.69 mg/L)ol A, T3l SBR 26| A= 9.69~
52.33 mg/Le M(BF 38.30 mg/L)o A HA3latg L PO,-P
9 FE& SBR 194 E 0.92~9.22 mg/L(HHE 3.92 mgl),
SBR 294 24.86~9.44 mg/L(BF 8.3 mgL)2 Jehgth
(Fig. 4). ol2# HFA2| &8 SBR 1, SBR 204 Z7Z
60.8%, 17%%th.
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Fig. 4. Variation of COD, T-P, PO4-P in effluent during the
reaction time.
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Fig. 5. Changes of proportions of eubacterial groups detected
by group specific fluorescent probes to total bacteria
during 140 days in both SBRs.
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Fig. 6. Changes of proportions of PAOs detected by its
specific fluo-rescent probes to total bacteria(%) and
GAOs(TFOs) by phase-contrast microscopy to total
bacteria(%) during 140 days in both SBRs.
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Fig. 7. Micrographs of phase contrast(top) and SEM(bottom)
of GAOs in SBR 2.
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A AX#Q) Acinetobacter sp.&t SAFSFNI(FAIE 92%) SBR
19] SHAFELS B-subclass proteobacteriad] 4319 .01
SBR 2 WHZZ &8R4 53 DNA band patteng 2H
bandx= E&ASIA T I yield7} SBR 19 H]g] Ao o]&5L
ol g% Ad T2 BT F, A AA &gl
g+l SBR 194} B-subclass proteobacteria A #£0] 23
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domonas sp., Alcaligenes sp., Aeromonas sp., Xanthomonas
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start-up SBR 2
5 IS 1

Fig. 8. DGGE profile in both SBRs: lane 1~3; after 100 -
120 - 140 days in SBR 1, lane 4; before the reaction
in both SBRs, lane 5~7; after 100 - 120 - 140 days
in SBR 2, lane 8; GAOs from SBR 2 and the results
of sequencing were as follows; b~d: uncultured B-
subclass proteobacteria, a, e, f, h, i; uncultured, uni-
dentified bacteria, g; similar to Acinetobacter sp.(92%).

5 FISHECIY &4A &£8A EAste Awd ot

FAE ZA™ A FEAd EAshs OFF FA A
EH(EPS)FH AMEHE 71 AdEo2FE D

Sed 59T WEe AgFeUA SAss AFPEL
AT FASAL gk 2P AAF s Agddel A
Hol o} £4A AESAQ o - AFAY BAse
ARE BAE 5 A U8 A3 BAE 73 4 2
28 B4 Bgol 2 Rolth |
4L E€E
AERH Q) AA ol Bolsts vPEL T 9

3t eAgo 2 sodium acetate, glucoseE Z}Z} FJ3 2
A9 SBR ¥H27)5 7158t QA AA AR S FPsA=T
I A#%E oed 2

D wkgx9 FFEQ FERFE AP FF®
&&4 99 AE =R £ o, glucoseE FYT SBR
2871t} sodium acetate S FY3FH SBR 104 ¢19] H&/3<]
83 Wil o A UEhdeh

2) 4902 sodium acetate2 FY3I SBR 19] AA
F8(60.8%)°] glucoseE FUYEF SBR 2(17%)HE ) Ul 1



Hu £20] FUFtA 1 Agagol gastyd

3) FISH 23}, SBR 16]4E £4359] thah B-subclass
proteobacteria®} PAOs€] H)7} %S wity, SBR 244 = y-
subclass proteobacteria®} GAOs<] u¥)7} £kt a8 48
o] F7FFHEA F whE R EFAM GAOs7t E7}batg th

4) DGGE¢ band pattern 24 A3, SBR 144 p-
subclass proteo-bacteria’l +H 3t FISHAHE A&
T UATE

%, 24902 sodium acetateE FY§F SBR 19] glu-
coseE F3 SBR 21HTE Q19 AARE, 19 W& F
YHA = O £ Aoz AHUY. ofgE £ 9
gad 59 #7990 2 AAZTIESS Foo= 9
QAR FEEg AA2d A Aol Fgaes <A
of EAste A A2 A7/ 2Fdnh

AF AL
2 ATE AR AGR $2397 AAATFAY

(KOSEF; R05-2002-00001260-0)¢] ©]a) 485 Q0.1 o]
AMNEH U

I

P

Al
o

1. Mino, T., van Loosdrecht, M. C. M., and Heijnen, J. J.,
“Microbiology and Biochemistry of the Enhanced Bio-
logical Phosphate Removal Process,” Water Res., 32,
3193 ~3207(1998).

2. McMahon, K. D., Dojka, M. A., Pace, N. R., Jenkins,
D., and Keasling, J. D., “Polyphosphate kinase from acti-
vated sludge performing enhanced biological phosphorus
removal,” Appl. Environ. Microbiol., 68, 4971~4978
(2002).

3. Maszenan, A. M., Seviour, R. J., Patel, B. K. C., and
Wanner, J. A., “fluorescently-labelled rRNA targeted
oligonucleotide probe for the in situ detection of G-
bacteria of the genus Amaricoccusin activated sludge,”
J. Appl. Microbiol., 88, 826~835(2000).

4. Wagner, M., Erhart, R, Manz, W., Amann, R, Lem-
mer, H., Wedi, D., Schleifer, K. H, “Development of an
rRNA-targeted oligonucleotide probe specific for the genus
Acinetobacter and its application for in situ monitoring
in activated sludge,” Appl. Fnviron. Microbiol., 60, 792~
800(1994).

5. Bond, P. L., Hugenholtz, P., Keller J. and Blakall, L,
“Bacterial Community structures of phosphate-removing
and non-phosphate removing activated sludge from SBR.”
Appl. Environ. Microbiol., 61, 1910~1916(1995).

6. Cech J. S. and Hartman, P., “Competition between poly-

phosphate and polysaccharide accumulating bacteria in

10.

11.

12.

13.

14.

15.

16.

17.

AA AN Badd B MBETHTEY Wet 171

enhanced biological phosphate removal systems,” Water
Res., 27, 1219~ 1225(1993).

Whang, L. M. and Park, J. K., “Competition Between
Polyphosphate Accumulating Organisms and Glycogen-
Accumulating Organisms at Different Temperatures,”
Water Sci. Technol., 46, 191 ~194(2002).

Amann, R., Ludwig, W., and Schleifer, K. H., “Iden-
tification of Uncultured Bacteria A Challenging Task
for Molecular Taxonomists,” AMS News., 60, 360~ 365
(1994).

Lee, S. H. and Fuhrman, J. A., “DNA hybridization to
compare species compositions of natural bacterioplakton
assemblages,” Appl. Environ. Microbiol., 56, 739~746
(19%0).

Christensson, M., Blackall, L. L., Welander, T., “Meta-
bolic transformations and characterisation of the sludge
community in an enhanced biological phosphorus
removal system,” Appl. Microbial. Biotechnol., 49, 226~
234(1997).

AR, T2 LGZ A LE(2004).

APHA, “Standard mothods for the examination of water
and wastewater,” American Public Health Association,
Washington, D.C.(1995).

Manz, W., Amann, R., Ludwig, W., Wagner, M., Schleier,
K. H., “Phylogenetic oligodeoxynucleotide probes for the
major subclasses of proteobacteria: problems and solu-
tions,” Syst. Appl. Microbiol., 15, 593 ~600(1992).
Kampfer, P., Erhart, R., Beimfohr, C., Béhringer, T.,
Wagner, M., “Characterization of Bacterial Communities
from Activated Sludge ; Culture-Dependent Numerical
Identification Versus in situ Unidentification Using
Group- and Genus- Specific rRNA-Targeted Oligonucleo-
tide Probes,” Microbial Ecology., 32, 101 ~121(1996).
Amann, R., Ludwig, W., and Schleifer, K. H., “Phylo-
genetic Identification and in situ Detection of Individual
Microbial Cells without Cultivation,” Microbial. Rev.,
59(1), 143 ~169(1995).

Muyzer, G., DE Waal. Uitter-linden. E. C., “Profiling of
Complex Microbial Populations by Denaturing Gradient
Gel Electrophoresis Analysis of Polymerase Chain Reac-
tion Amplified Genes Coding for 16s rRNA,” A4ppl.
Environ Microbiol., 3, 695~ 700(1993).

Erdal, U. G, Erdal, Z. K., and Randall, C. W., “The
Competition between PAOs and GAOs in EBPR Sys-
tems at different temperatures and the effects on system
performance,” 3rd World Water Congress, IWA, Mel-
bourne, Australia(2002).

. Lee, Y. O., Choi, J. W., “Speculation on existence of

bacteria named TFOs occurred in biological phosphorus
removal,” 3rd IWA Specialised Conference on Sequen-

ot s erel x| 289 22, 20063 2E



172

19.

20.

AgH - olF &

cing Batch Reactor Technology(SBR3), Noosa, Australia
(2004).

Klijn, N., Nieuwenhof, F. F., van der Waals, J. D., and
Weerkamp, A. H., “Identification of Clostridium tyro-
butyricum as the causative agent of late lowing in cheese
by species-specific PCR amplification,” Appl. Environ.
Microbiol., 61, 2919~2924(1995).

Kortstee, G. J. J., Appeldoorn, K. J., Bonting, C. F. C.,
van Niel, E. W. J,, van Veen, H. W., “Biology of poly-

). of KSEE / Vol, 28, No. 2, February, 2006

21.

phosphate-accumulating bacteria involved in enhanced
biological phosphorus removal,” FEMS Microbiol Rev.,
15, 137~153(1994).

Nakamura, K., Hiraishi, A., Yoshimi, Y., Kawaharasaki,
M., Masuda, K., Kamagata, Y., “Microlunatus phos-
phorus gennov., sp. nov., a new gram-positive poly-
phosphate-accu-mualting bacterium isolated from acti-
vated sludge,” Int. J. Syst. Bacteriol., 45, 17~22(1995).



