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Abstract

This study was conducted to investigate the biochemical properties of isolated bacteria, low
temperature tolerant methane-producing clostridia which were selected for using them as
inoculum to anaerobic fermentation of agricultural and livestock wastes at low temperature. The
results were;

1. Low temperature tolerant methane-producing clostridia were isolated from the samples which
showed the high methanogenesis rate by enrichment culture at low temperature in cellulose
medium. These clostridia, Clostridium botulinum SRC-64, Clostridium scatologens SRC-91 and
Clostridium tyrobulyricum SRC-100, were isolated from swampy sediment at latitude 56.9°N, lake
sediment IV at latitude 55.0°N, and tidal land soil II at latitude 37.0°N, respectively. The optimum
growth temperature for these isolates was 37°C and the minimum, around 10°C. They all had
detectable amount of Fg, specific coenzyme of methanogens.

2. As anaerobic fermentation products of glucose SRC-64 produced H,, acetic, isovaleric and caproic
acid, SRC-91 produced H, propionic, butyric, valeric, and caproic acid, and SRC-100 produced only
acetic and propionic acid. The isolates were produced CH, ranged from 2.6 to 868 n moles/ml for

2 days at 13°C.
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Table 1. Morphological and biochemical
characteristics of clostridia isolates.

- Strains
Characteristics

SRC 64 SRC 91 SRC 100

Gram stain reaction + +
Cell type rod rod
Motility + +
Filaments

H; produced

Indole produced
Lecithinase produced
Lipase produced
Esculin hydrolyzed
Gelatin hydrolyzed
Urease produced
Catalase produced

e I T
| |
.
N N e s

Acid produced from

Glucose + + +
Manitol + + +
Lactose — - -
Sucrose - - -
Maltose + + -
Salicin +

Xylose - + +
Arabinose - - -
Glycerol + - -
Cellobiose - + —
Mannose + - +
Melazitose — -
Raffinose - -
Sorbitol - +
Rhamnose - -
Trehalose - - -

|

+ o+ +

Name proposed Clostridium botulinm SRC-64
Clostridium scatologens SRC-91
Clostridum tyrobutyricum SRC-100

Ao 2 et or}, Bhadsavle 5%0] SEES psy-
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Fig. 1. Effect of temperature on the growth
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Fig. 2.

rate of clostridia isolates. Generation
time was determined when the most
rapid culture reached the stationary
phase.
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Effect of pH on growth of clostridia
isolates. Max. absorbance at 600nm
was determined when the most rapid
culture reached the staionary phase.
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HEsl SRC-64, SRC-O1 ke 70 183
SRC-100& 802 % 3sgtomn SRC-64= pH 5.0 %
SN E 4£FHo| RiFstd Bttel, SRC-1002 pH
85 ME & AFsT lo] dhuol g EhiE
< veled ole K EkEcl BRI I
HETFQ pHol Blfts 2o =24 Boone®™, Svens-
son £2¢ F43 #F —Ksta 9o 4z SRC-
647} HEER =R #R(Canada, 56.9°N) 2] pHe
6.801913L, SRC-1002] #@tlFe 704 &(Korea, 37.0
"NezA 772 3tk

SRC-64& TEFE ffistd F 29 3ol H
acetic, isovaleric, caproic acidg Sif#EHE LR
9 o], SRC91L acetic acide 4:hFsHA] &= vt
propionic, butyric, valeric, caproic acid & %& 4
i STk 3 Hikk thaol CH.g Amsta len
132 SRC-1000] 8.68 n moles/miz 73 ¥9kil,
SRC-64% 748 n moles/ml o] 2w, SRC-91& 2.

Table 2. Products from glucose fermentation
of clostridium.

Strains
Products
SRC 64 SRC 91 SRC 100
H, (¢ moles/ml) 1531 838 nd
CH; (n moles/mi) 748 2.60 868
Acetic acid (u moles/ml)  9.09 nd 535
Propionic acid  # 2.24 904 521
Isobutyric acid ~ 122 388 tr
Butyric acid ” 183 520 tr
Isovaleric acid  ~ 527 320 020
Valeric acid 3 132 2.30 tr
Caproic acid 4 896 10.10 tr

# Incubation temperature was 13°C, 2 day-culture.

60 n moles/mlE wgic)
+#3} HFAA SEER clostridiacl] o % &R
o xe] CH, A£RRfEHL & HEE T3l HERE A

Table 3. Effect of some chemicals and methanogenic substrates on growth and metha-

nogenesis of clostridia.

(CH; n moles/ml)

Strains
Treatment SRC 64 SRC 91 SRC 100

Al A CH, A CH,
N, Gas 0.75 0.84 418 0.35 2.68
N, + + Br-CoM? 0.66 0.78 3.28 0.35 2.92
N, +~ + Antibiotics® no growth no growth no growth
H, + CO; (80: 20, v/v) 0.65 0.56 2.64 0.44 8.68
N, + Formate* 0.76 0.95 3.70 0.33 3.58
N; + Acetate? 0.83 1.05 4.24 0.36 354
N, + Methanol* 0.74 091 3.40 0.33 2.76

T Absorbance at 600nm

2Br-CoM was injected by micro-syringe upto the concentration 25mM of total volume of media

before autoclaving.

3 Antibiotics stock solution was prepared into sterilized anaerobic tube by membrane filter(0.22
um) and injection in medium tube anaerobically 50ug/ml of streptomycin and vancomycin

after autoclaving.

*The final concentration of formate, acetate, and methanol was 20mM.

The headspace was pressurized to 20psi.

The growth rate and methanogenesis were measured from 2 day-culture at 13°C.
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AZA el RS FHREES) Bk MRS 3T
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#%e £=F3 CH, &5k B4 #/ES 2aE= % 37
Zt}h. SRC-64E N, 7}=8 A4 HEE2 CH,
ARE 2.12 n moles/mlo) wvls] H, + CO, 7} ¥
iz 3.36 n moles/ml, acetate ¥Rino] <& 2.
60 n moles/mlZ ¥IRER T} Hin 5)Q ) SRC-91
2 acetate o) 93ty CHy7l HWRERTH 97k
i "2y H, + CO, 7}, formate, methanol
whings 239 CH, £ike] HA=EADr. e}
SRC-1002 wigt BIEERE #ihnol &3] =% CHy
HRkel M HQerm 53] Hy+ CO, 7k &b
o] ¢J&] 868 n moles/mle] CHy7} AEhkslo] IR
ERT} 3.244) Eirh 3 Bk FA CHy AR
3.36—8.68 n moles/mlZ Belay 520 #3dt ikt
vigh AEgkel CH, 348 50-70 y moles/ml
Hrot oF 600—8008) wisirh vt WEEY A%
CH, 4miEe Btk &l AFEREANY 543
ol X AEgel clostridia ¥ 13°C HEREe 2
AAEA 2 KR BHAE 2 vaxzt g2t
Ag2} Az} "o} SRC-64¢} SRC-100 E#ENA He
+ CO; 7} #itnol 8] CHy &£l F7ks+ A
o8 En clostridia®l CH, 4= dgEY
i BiEaeg 4=y ol ¢z 5iH
ojol & A= At

LSEEERE SRC-919) R CH, 4A{ HHES 7
37 §15te] £E lowa KB 5FE-LS Me-
thanosarcina(Ms.) barkeri 2273} WiEEAEgst A}
= 29 3 49 2o} CH, #piEe 37°C, 3-8 5d
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&
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Fig. 3. Methanogenesis by Clostridium sp.
SCR-91 and Methanosarcina(Ms.) bar-
keri 227 at different temperature, 13
and 37°C.

Zol Ms. barkeri 2270] 103.8 mmoles/ml ©])31,
SRC-91& 37°C, 9A7t k5#Eo 2 2835 n moles/
mle] CH,7} A:pi=E o] 2,600 v wgto} 13°C, 549
3¢ Ms. barkerix= 2.36 u moles/m]l 18]1 &
sl Al SRCH1-& 9AIZ Hi&E O R 1495 n mo-
les/mi2 4 158 v wisrch vt 13°C, 1 Lx19)
Ms. barkeri®) 0.25 y moles/mls} v] wspbd =] 16.
7 wlel xolol B} av EEkzhe] AEREEE
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Fig. 4. Relative activity of Methanosarcina
(Ms.) barkeri 227 and Clostridium
SRC-91 at different temperature to
produce methane. The values on the
Y axis are a ratio calculate from
amount of methane produced at a gi-
ven temperature divided by the
amount of methane produced at 37°C.
Ms. barkeri was cultured for 7 days
and Clostridium sp. SRC-91 for 10hrs.

At Bul BARRAA vghEe] obd — AR ol
A% KRz CH,y £RIERAC) vl Xe #Hlol
A AAHAY £2F Ms barkeri= 13°Co M=
AA4AR Lol TAfEslns ol 4pke CHoe
itk BEERrol AnE 10%9) B A 9% CH,
te s Agt. BEH 5 EETe CH.e
Agke 28 49 o] HEHA HEE JERH
Ms. barkeri= 37°C B} B5RRE7 2ol wa}
CH, 5kol F243] @M= SRCO1L TR
t} ge 25, 30°CellA] CH, ZEffo] & -k ohi}
g} 8°C =& 13°C M= Ms. barkert BT} FHEE
teol Edrh

A RBANA SR clostridiagh wWgr 4:kE €
KIS Fuo HIRE BT #H3Ee 19 59 2oh

Msp. hungatei

Fluorescence Intensity(arbitary unit)
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Fig. 5. Fluorescence emission spectra of me-
thanogen and clostridia isolates, com-
paring with those of Methanospirillum
(Msp.) hungatei and Escherichia(E.)
coli HB101.
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A Fue] ER7} A=) - -BlE Fol= e
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I e BERECRA o ER s1E0 B
Epol S AERAECl ERCANE $ate] MR
BEEFo= FH rIed Aoz 28 HA =
T BEAF wie AAE] 258 & gl ERCNE
SEER clostridias A£Fo] FAES ut ol &
2 Houy wes FlEHE LaEle s 2%
3 AT ol ke B (KRR MRS
R [ g A8 FRET MR 8 ¢ 8 Aes
Azt ek

m B

BEE BED RN mEIR 3437 9
sto] fEH Hugioz N HEER clostridiag] 4
L8y #Ee FED HRe 33 2

1. Cellulose wi=] 2 Ko A &AEHES A7 CH,
Aol R stHd EX #EM(Canada, 56.9°N),
B8 IV(Canada, 55.0°N) 8]z 224 %& 1I
(Korea, 37.0°N)oj| A EARifES] 538l FAld
vlet-S AWA3l= Clostridia, & Clostridium botuli-
num SRC-64, Clostridium scatologens SRC-91 %
Clostridium tyrobutyricum SRC-100 & Ztzy rp
stsich SRR clostridia 3 Bikke) Bl A BHEEE
37°C ol RE 4£HRES 10°C Fx ooy,
I3 o] E HEkE SolA wig 4pkEe) MR
Foe& 3+ 3t

2. x=29) WESM £aA SRC-64 £ H,
acetic, isovaleric, caproic acid & #4p3IFLoH,
SRC-91 & H, propionic, butyric, valeric, caproic
acid &, SRC-100 & acetic 3} propionic acid &
=g 4R QT =% 3 Btk 25 13°C, 2 O
yrsgigito] A 26—8.68 n moles/ml &S CH; 4
REENS VERAT.
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