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Enriched Experiment and Endogenous Processes of Glycogen-Accumulating

Organisms ( GAOs)
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(Key Laboratory of Urban Stormwater System and Water Environment, Ministry of Education, R & D Centre for Sustainable
Environmental Biotechnology, Beijing University of Civil Engineering and Architecture, Beijing 100044 , China)

Abstract: Cell decay is an important part of microbiological endogenous processes, which consists of cell death (reduction in the
amount of active bacteria) and activity decay ( reduction in the specific activity of active bacteria). By means of measuring maximal
anaerobic volatile fatty acid (VFA) uptake rates (VFAUR) , analyzing 16S rRNA with fluorescence in-situ hybridization ( FISH) and
observing membrane integrity by live/dead staining, the aerobic decay characteristics of glycogen-accumulating organisms ( GAOs) in
an enriched GAOs sequencing batch reactor (SBR) system were investigated. It was experimentally identified that a highly enriched
culture of GAOs (94% ) was obtained by maintaining the temperature at 30°C in the SBR and a high m (COD): m (P) at 100 in the
feed. The experimental results and calculations revealed that the decay and death rates of GAOs were 0.132 d ™' and 0.034 d'
respectively, which demonstrated that cell death and activity decay accounted for respective 26% and 74% of the total GAOs cell
decay. For this reason, cell death was only a minor factor causing the cell decay of GAOs, and activity decay was mostly responsible
for this process.

Key words: endogenous processes; cell decay; cell death; activity decay; volatile fatty acid ( VFA) uptake rate ( VFAUR);
fluorescence in-situ hybridization (FISH) ; LIVE/DEAD staining
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Table 1 ~ Composition of the synthetic influent for the
enriched GAOs system/mg-L ™" N s
S e i; Mt e % i;
NaAc-3H,0 1700 EDTA 6
NH, C1 106.5  FeCl;-6H,0 0.9
MgSO, -7H, 0 171 H;BO, 0.09 — Ao
CaCl, -2H, 0 79.5  CuSO,-5H,0 0.018
A BB HI (ATU) 60 KI 0.108
B 24 MnCl, -4H, 0 0.072
%1 15 5 1.95 NaMoO,-2H,0 0. 036
ZnS0, -7H,0 0.072 RS2
CoCl-6H,0 0. 09 O
K, HPO, 20.4
B kwu,po, 16 O O
1) 70 R MO TC R 28 7K g
1 GAOs HBEXEMERE
Zi‘/ﬁ‘\a[@ﬂ(ﬁ\ﬁﬁ% s Jir A s %mi%\ﬁﬁﬁﬁiﬁﬁg Fig.1 Device for measuring the decay rate of GAOs
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Table 2 16S rRNA targeted oligonucleotide probes

733 FPHN(5-3") e S 1 5'FRic SCHR
EUB338- 1 GCTGCCTCCCGTAGGAGT Bacteria FITC [31]
EUB338-11 GCAGCCACCCGTAGGTGT Bacteria FITC [32]
EUB338-1I GCTGCCACCCGTAGGTGT Bacteria FITC [32]
GAO Q431 TCCCCGCCTAAAGGGCTT Candidatus competibacter phosphatis TAMRA [33]
GAO Q989 TTCCCCGGATGTCAAGGC Candidatus competibacter phosphatis TAMRA [33]
TFO_DF218 GAAGCCTTTGCCCCTCAG D. wvanus-related Alphaproteobacteria TAMRA [34]
TFO_DF618 GCCTCACTTGTCTAACCG D. wvanus-related Alphaproteobacteria TAMRA [34]
PAO 462 CCGTCATCTACWCAGGGTATTAAC Candidatus Accumulibacter phosphatis TAMRA [35]
PAO 651 CCCTCTGCCAAACTCCAG Candidatus Accumulibacter phosphatis TAMRA [35]
PAO 846 GTTAGCTACGGCACTAAAAGG Candidatus Accumulibacter phosphatis TAMRA [35]

1) EUBmix (EUB338-1 .EUB338-1[ il EUB338- M LAARLLL 1:1: 1IE 4 ) , GAOmix (GAOQ431 Fl GAOQ989 LIAELL 1: 1184 ), DEFmix (TFO_
DF218 FI TFO_DF618 LIAFIL 1: 1IR A ) ,PAOmix (PA0462 PAO651 1 PAO832 LIAAFILL 1:1: 1IRA)
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Fig.2 Typical profiles of phosphate, VFA and glycogen for enriched

GAO-SBR system during an operational (steady state) cycle
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Fig.3 Decreasing trends in the activities of GAOs

during the aerobic decay experiment
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Fig.4 FISH photos for the sludge samples of enriched GAO-SBR system
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Fig.5 Analyzed FISH results of sludge samples in
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Fig.7  Fraction variations of viable cells during

the decay experiment
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Fig. 8 Decreasing trends in the concentrations of the

viable GAOs during the decay experiment
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Table 3 Calculated fractions ( with standard errors) of cell death and activity decay of GAOs

[l RY B I L /%

ARGV

T P L) /% LGRS

GAOs GAOs & % SBR 26 +5

0. 034 +0. 006
0.132 £0.012

0. 034 0. 006

745 T0.132£0.012
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JRARARBCM M e RS " T, R A N E
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0 4R B — 5 i 2% .

3 #ig

(1) 4t 6 3 Yol 2 ol A 0 9 T 1 — A B
BBy, T 43S P A0 A6 T 51 R A4 B R R 40
38 e AR AU 5 | A ) T P R 2 4. HAT, X — AR
) A A5 BT 7K A A A 3R B R E TR R P R A R
L.

(2) ¥ GAOs & 4% SBR &4 T = (30 =
0.5)C .pH 7 £0.05 .3 /Km (COD):m (P) =100
it ,GAOs A LLik 5] 94% HY & 4%,

(3) A fhe o o A P R ME R TR (VFA) WO
WA (VFAUR) 19784k \LIVE/DEAD # FISH 5 & 43

M, 652t GAOs & £ SBR &4 GAOs 3 il i %

FIBET- #4354 0. 132 d ™' F10.034 d 7.

(4) GAOs £ N IR i e i 2502 50 -5 106 128 5 il

ob 240 S D 81 23 0 D 26% A T4% . T L,

GAOs it 2 il 2 7 H 40 g 8 5 98 i 8/ — &8 43

T 28 R B0 2 S il 2 i ¥ 1 e AT S R Y
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