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In situ Analysis of Methanogenic Bacteria
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Abstract

Anaerobic digestion has many advantages over the more conventional aerobic treatment processes such
as low levels of excess sludge production, low space (area) requirements, and the production of valuable
biogas.

The purpose of this study was to evaluate the effect of organic loading rate of anaerobic digestion on
thermophilic(55°C) and mesophilic(35°C) conditions. Fluorescent in situ hybridization (FISH) method was
also used to study the microbial community in the reactors.

The stabilizing time in mesophilic anaerobic reactors was shorter as approximately 20 days than 40 days
in the thermophilic anaerobic reactors. The amount of methane production rate in anaerobic reactors was
independent of the concentrations of supplied substrates and the amount of methanogens. When the
microbial diversity in the mesophilic and thermophilic reactors, which had been treated with acetate-based
artificial wastewater, were compared, it was found that methanogenesis was carried out by microbial
consortia consisting of bacteria and archaea such as methanogens. To investigate the activity of bacterial
and archaeal populations in all anaerobic reactors, the amount of acetate was measured. Archaea were
predominant in all reactors. Interestingly, Methanothrixlike methanogens appeared in mesophilic anaerobic
reactors with high feed substrate concentrations, whereas it was not observed in thermophilic anaerobic
reactors.
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Fig. 1. The schematic diagram of experimental apparatus.
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Table 1. 165 rRNA targeted oligonucleotide probe sequences and specificities

Probe name Sequence (5" -3') 5" modification Specificity
EUB338 GCTGCCTCCCGTAGGAGT FITC Eubacteria
Arch915 GTGCTCCCCCGCCAATTCCT CcY3 Archaea
MSMX860 GGCTCGCTTCACGGCTTCCCT FITC Methanosarcinaceae
XRITC
MS821 CGCCATGCCTGACACCTAGCGAGC FITC Methanosarcina
MX825 TCGCACCGTGGCCGACACCTAGC TRITC Methanothrix
V. Observe
with fluorescent
Sample microscope
@ Proper Probe!
Fixative @
= = =
(Dchydrl&ion) (wuh & ny)
1. Fixation 11, Immobilization III. Hybridization IV. DAPI staining

Fig. 2. Five-steps of FISH method (Z 41X &, 1999).
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Fig. 3. Alkalinity variation in the anaerobic bioreactors with elapsed
time.
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Fig. 4. Acetate variation in the anaerobic bioreactors with elapsed
time.

Fig. 60l vl &l 93] AAD 7]do] Hertx
2 AgHE v &S JeiA, 2 vz wet
2 APE HEE 29 wgRrde FLo2 &4
g€ MA-13} MA-20)A AR o2 n2Hr} #ol
A AgE el o, 5098 AFolA &3
whgo] P 3lE WA ngAasle F2Aske] wert
2 AREL A7 Ao} gl AL € F Uk olF
P AL REE J714 2shikge] v RT|d e T2
A g Aol mA g AT B o A
T AL N Ao dAF & Sl AFhukgel
gAY BEE S0Y AFEREH AFEY
acetate7} FJE TA-1 £ MA-1d4 Az &4
H TA-29} MA-28 T 2418 7149 Werta A
o]l AdlHog & AL ¢ & ded ol WHE A
A9 MA e 849 atolgtan B F U

-~ TA-1

4-TA-2

4000

SCODcr (mgk)
() ()
(=1 >
s &
s S

1000

0 20 40 60 80 100 120 140 160
Elapsed time (days)

Fig. 5. SCOD,, variation in the anaerobic bioreactors with elapsed
time.
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Fig. 6. Methane production rate variation in the anaerobic
bioreactors with elapsed time.
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Fig. 7. Simuitaneous in situ hybridization results of anaerabic digestion sludges with FITC-labeled ELB338 probe (green) and Cy3-labeled
Arch195 (red) probe. in situ analysis of cells in the thermophilic and mesophilic anaerobic digester was carried out after 14 days
(A[TA-1] & C[MA-1]) and 98 days (B[TA-1] & D[MA-1]) of running (bar = 10 tm , arrow = Autofluorescence).

Fig. 8. Simuitaneous in sifu hybridization results of anaerobic digestion sludges with FITC-labeled MSMX860 probe {green) and Cy3-
labeled Arch185 (red) probe after 148 days of anaerobic running. (bar = 10 pm) (A: TA-1, B: TA-2, C: MA-1, D: MA-2).
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