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Abstract

This study was conducted to investigate the biochemical properties of isolated bacteria, low
temperature tolerant methanogens which were selected for use as inoculum for anaerobic
fermentation of agricultural and livestock wasted at low temperature. The results, obtained
were summarized as follows:

Low temperature tolerant methanogens were isolated from the samples which showed the
high methanogenesis rate by enrichment culture at low temperature in methanol medium.
These methanogens, Methanobacterium M-251 and Methanobacterium M-253 were isolated from
swampy sediment at latitude 56.9°, Methanosarcina mazei M-372 from lake sediment IV at
latitude 55.0° N, and Methanobacterium formicicusn M-375 from tidal land soil at latitude
37.0 ° N, respectively.

The isolated anaerobic bacteria could not use sugars as carbon sources. The optimum pH
value for the growth of M-251 and M-375 was 6.8, but those for M-253 and M-372 6.5
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and 7.0, respectively. The minimum growth temperature of isolated, M-251 and M-253 were
8C and the optimum temperature 30T, while the minimum of M-392 and M-395 were 13C
and the optimum 37C. The growth rate of isolates at 17.5C were lower by 32-50% than
that of 30C. The isolated Methanobacterium strains such as M-251, M-253, and M-375 have
lower cell yield, 0.38-121g/IM CH, than 1.14-151g/IM CH, of Methanosarcina mazet M-372.
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Table 1. Morphological and biochemical characteristics of methanogens.

Strains
Characteristics
M-251 M-253 M-372 M-375

Gram stain reaction + + + +
Cell type rod rod coccus rod
Motility - - - -
Filaments - - - -
Large aggregate +
Lysis by SDS + + - +
Methanogenic substrate

Ho+CO, + + + +

Formate - - - +

Acetate - - + -

Methanol - - + -

Methylamine - - + -
Growth stimulator

Yeast extract + - - -
Growth temperature(C)

Minimum 8—13 8—13 13 13

Optimum 25—30 25—30 30—37 30—37
Nitrogen source NH:-N NH.-N NH,-N NH,-N
Growth requirement none none none none
Optimum pH 6.75 6.50 7.00 6.75
Acid produced from sugars none none none none

Name proposed

Methanobacterium sp, M-251

Methanobacterium sp. M-253

Methanosarcina mazer M-372

Methanobacterium formicicum M-375.

8~13TQ wgFFrt FEtbolN S A K
AR mEE MK SEEE M-251, M-253,
M-372 Fo] Mgez AZHEc) Svensson%
Sweden?] 4+4 peatol A KEBHHEEY HLES
BAL YoV pEESA Reew, /MU
wH), BUeER) 5 KR BERAdE &K
DR oy sHdle AMsSAD gt

S BHRES HER KRS 17509 2 Bk
EHe £FHRIM £HFHEMS AEI 2ds=
B 28 Zoh AFEG0 nmolAe FFx)e
mEZE %& o Aoz 32~50% YT,
o FEHHEH SEE £FEIN HUF @EHES
velon Bl AEFEES AwH o2 Methano-
bacteriumJBA M-251, M-253, M-375& 1M9] CH,
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Fig. 1. Effect of pH on growth of methano-
gen isolates. Max. absorbance at 600
nm was determined when the most
rapid culture reached the stationary
phase. Methane producing rate was
determined at 5 days after incuba-

tion.
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Fig. 2. Relative growth rates of methano-
gens at different temperatures. The
values on the y axis are a ratio cal-
culated from specific growth rate at
a given temperature divided by the
specific growth rate at 37C.
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Table 2. Growth characteristics of methanogens in pure cultures.

Isol Temp. Max. Protein Yield' Methanogenesis®
solates
© absorbance (ug/m) (g dry cell weight/mol CH;) (u moles/min/mg)
M-251 175 0.30 257 1.21 0.68
30.0 0.49 51.3 0.38 3.54
M-253 175 0.38 294 0.76 0.62
30.0 0.56 523 0.54 1.94
M-372 175 ND 26.5 151 0.78
37.0 ND 74.0 1.14 1.74
M-375 17.5 0.28 258 0.98 0.24
370 0.56 445 043 1.00

! Max. absorbance at the wavelength at 600 nm was measured at the end of log phase. Yield was
calculated from the difference of protein concentration divided by that of methane concentration at
the end of log phase. It was assumed that proteins comprise 50% of cell dry weight.

? The rate of methanogenesis, during the logarithmic phase of growth, was amount of methane per
mg protein.

ND ! Non detected

Table 3. Effect of two inhibitors on the growth of methanogens
(CHs u moles/m))

Isolates
Inhibitors M-251 M-253 M-372 M-375
Al CH, A CH, CH, A CH,
Control 0.50 525 047 679 449 0.55 654
Br-CoM? 0.10 0.9 0.06 1.1 04 0.06 0.4
Antibiotics® 0.29 431 0.44 768 116 0.51 616

The growth rate and methanogenesis rate were measured from 5 day-culture.
' Absorbence at 600 nm
¢ Bromoethanesulfonate(25 mM)

3 Streptomycin and vancomycin(100 pg/mi)
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Huse $'9, Pate', Jones ‘"X ' streptomycini
vancomycin®  MethanotrixJ®, MethanococcusBl
wEsle 2+ @l 2 Kol ZA7 g@3A
kRl wheb BUAER) Bttt ol ghd W wh
Nk & Rl SHE EHEEES Br-CoMol
&) ¥ % 1 streptomycin®  Vancomycin 100
pg/mig el BAKEEzA gEg wx gAY
4£FH CH, £FHol whEsle ¢4 vggoz
BeEg.
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gend A LER) RS AT Ade ded
ot

KRAME wlgdnEo]l Bxd 4 HEY
(Canada, 56.9° N)ol A 4 BEE B Methanobact-
erium M-251, Methanobacterium M-253, #AK HE
Bt IV(Canada, 55.0° N)OlA HBEg H2 Me-
thanosarcina mazei M-372, 28 & [l(Korea, 37.0°
Nl A 5SS Methanobacterium formicicum
M-3752 7zt A HAT oatE 459 dw
e FEHELS gler H}4Y pHeE M-251, M-
375 6.8, M-2532 65, 33 M-372% 7.09]
Aot BE ABREE M-2513 M-253& 30T
ol M-2729} M-375%& 37Co|Uct ®IK &
BREE M-251, M-2532 8TCo)di, M-372, M-
375 13CoIAY. SEERke] AFEL 30T
vt 175CoA JEEE W 32~50% FE W
ol M-251, M-253, M-3759] HHE 4AERL 0.
38~121 g/IM CH, ¥¢ oo M-372% 1.
14~1.51 g/CH,®H ¢ o1t
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