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Abstract :

Maintaining dissolved oxygen (DO) at sufficiently low concentration in the aeration tank at a wastewater

treatment plant (WWTP) is essential for reduction of the costs of operation and maintenance. On the other hand, the low DO
level may result in adverse effect on the integrity of the activated sludge. A typical and disastrous outcome frequently
experienced is the outgrowth of filamentous microorganisms, which is called as filamentous bulking. In addition to the
traditional methods such as sludge settleability and microscopic observation of the culture, molecular techniques including
polymerase chain reaction (PCR) amplification followed by 16S rRNA sequencing were applied to identify filamentous
bacteria present in bulking sludge under a condition of low DO concentration. Two morphologically distinct groups,
presumably consisting of Sphaerotilus natans, and Eikelboom Type 1701 or Type 1851, were identified through microscopic
observation. They were further confirmed by subsequent 16S rRNA sequencing. Dominant filamentous bacteria identified by
the molecular techniques were consisted of three major groups. Sequences of partial 16S rRNA cloned showed that the
filamentous bulking organisms were closely related to Eikelboom Type 021N and Eikelboom Type 1701, and Sphaerotilus
natans, respectively. Molecular methods were found to possess a strong potential of direct examination of the microbial

community of an activated sludge system.
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Fig. 1. Schematic diagram of bench scale CSTR under DO
control.
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Table 1. Sequences of degenerate primers which are universal for bacteria domain

Primer Sequence Tm(°C) Reference
27f 5-AGA GTT TGA TCM TGG CTC AG-3' 50.53 Suzuki and Giovannoni, 1996
1522r 5'-AAG GAG GTG ATG CAN CCR CA-3' 63.64 Suzuki and Giovannoni, 1996
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Fig. 2. Microscopic appearance of filamentous bacteria at magnification of X800, bars represent 20 um, Optical
microphotographs were transformed by exposure adjustment to clear contrast. (a) Group A

Sphaerotilus natans-like micoorganisms, (b) Group B :

1851- like micoorganisms.
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Fig. 3. Electrophoresis photograph showing (a) genomic
DNA of bulking sludge, (b) PCR products of 16S
rRNA, and (c) DNA size marker.
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Table 2. Summary of microbial diversity of bulking sludge based on 16S rRNA by closest match of NCBI BLAST and
RDP-II data base

Classification 1 Closest match (= 97%) | No. of clones (%) } Phylogenetic information
Group 1 J Thiothrix spp. 46 (33.09) ‘ v subclass of Proteobacteria
Group 2 Leptothrix spp. 27 (19.42) B subclass of Proteobacteria
Group 3 Sphaerotilus spp. 23 (16.55) B subclass of Proteobacteria
Group 4 Zoogloea spp. 11 (7.91) a subclass of Proteobacteria
Group 5 Lactococcus spp. 5 (3.60) Firmicutes(phylum), Bacilli(class)
Group 6 Dechloromonas spp. 3 (2.16) B subclass of Proteobacteria
Group 7 Trichococcus spp. 2 (1.44) Firmicutes(phylum), Bacilli(class)
Group 8 Nitrosomonas spp. 2 (1.44) B subclass of Proteobacteria
Group 9 \ others 20 (14.39) Pseudomonas sp., Neiseria sp., Trichococcus sp., Streptococcus sp., et al.

Total T 139 (100.00)
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Fig. 4. Phylogenetic distribution of numerically dominant population in a bulking sludge sample, based on 16S rRNA
sequences. The distance-matrix consensus tree was calculated using neighbor-joining method with bootstrapping. The
bar represents 0.10 substitution per nucleotide.
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Z2 gAd 7l wAEe|th. Group 82 Nitroso- (bootstrap value)2 7 VeI HAEHAZRE oA
monas spp.= HEZHQ YR Yol 4t5 v EolH, obEd & ZF29 JEx @& Group 3& A3t EF 1000°]
Al Hae sl ;A= YUEEL F89 AHiA 3L, ol 1000 4dsste] 1000 25 Z& Al 9
UEbgA] gttt ole Astgl mjAlEo] &AM At A dE AL B
A= "] go] A7) & Roz HErt Fig. 4ollX Methanospirillum hungatei= Archaeca domain
deojz &I 9] nAE F F M Be E8E0] of &3l mAEEN ATTE outgroup rootZ2H el
Aoz 49 oAl 1l EH"H EAR! @riMEs 7zt 228t ek Group 42t Group 5+ NCBI BLAST program
Akl ABA FARAE FA5Ach A HwF dZ2e] {FATAE KAt
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AFA Qo) Sphaerotilus spp. Z18]al Leptothrix spp.
of B HlwslEe W Flo] FEEET ok & (species)
o3 2Fmn, T3 HA7x wEF Eikelboom Type
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