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Fig 2.1 Diagram of anaerobic biodegradation of cellulose to methane by
microbial communities in soils and freshwater sediments (Leschine et al.,

1995).
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Table 2.1 List of thermophilic anaerobic cellulolytic bacteria.

Genus Species Optimal temp.  Optimal pH
Clostridium cellulosi 55-60°C 7.0
stercorarium 65C 7.3
thermocopriae 60°C 7.2
thermolacticum 65C 7.2
thermocellum 60°C 7.0
Caldocellulosiruptor saccharolyticus 70°C 7.0
lactoaceticus 68°C 7.0
kristjanssonii 78°C 7.0
owensensis 75°C 7.5
Fervidobacterium gondwanense 65-68°C 7.0
islandicum 65C 7.2
Thermotoga maritime 80°C 7.0
neapolitana 80°C 7.0
Thermoanaerobacter cellulolyticus 75°C 8.1
Anaerocellum thermophilum 72-75°C 7.2
Dictyoglomus turgidus 72°C 7.1
Spirochaeta thermophila 70°C 7.0

(Bredholt et al., 1999; Bergquist et al., 1999; Huang et al., 1998; Andrews and
Patel, 1996; Wiegel, 1991)
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Table 2.2 Reaction and standard changes in free energies for methanogenesis.

Reaction AG’ (KJ/mol CHy)
4 CO +2H,0 — CHy4 + 3CO, -211

4 H, + CO, — CH,4 + 2H,0 -135.6
4 Formate — CH, + 3CO, + 2H,0 -130.1
2 Ethanol + CO, — CH,4 + 2 Acetate -116.3
Methanol + H, — CH, + H,O -112.5
4 Methanol — 3CH,4 + CO, + 2H,0 -104.9
4 Methylamine + 2H,0 — 3CH, + CO, + 4NH," -75.0
Trimethylamine + 6H20 — 9CH, + 3CO, + 4NH," -74.3
2 Dimethylsulfide + 2H,0 — 3CH,4 + CO,+ H,S -73.8
2 Dimethylamine + 2H,0 — 3CH, + CO, +2 NH,"  -73.2
4 2-Propanol + CO, — CH,4 + 4 Acetone + 2H,0 -36.5
Acetate — CH,4 + CO, -31.0

(Garcia et al., 2000)
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Table 2.3 Classification of microorganism by different optimal growth

temperatures.

Type of bacteria Optimal growth temperature
Psychrophiles 5-20°C

Mesophiles 20-45°C

Thermophiles 45-60°C

Extreme thermophiles 60-80°C

Hyperthermophiles 80-110°C

(Haki and Rakshit, 2003; Niehaus et al., 1999)
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Table 2.4 List of thermophilic methanogens.

Genus Species Optimal temp.  Optimal pH
Methanothermobacter thermautotropicus 65C 7.2-7.6
marburgensis 65C 6.8-7.4
thermoflexum 55°C 7.9-8.2
wolfeii 55-65C 7.0-7.5
thermophilum 57°C 7.5
defluvii 60°C 7.0
Methanothermus fervidus 80-85°C 6.5
sociabilis 88°C 6.5
Methanothermococcus thermolithotrophus 60-65C 5.1-7.5
Methanocaldococcus jannaschii 85C 6
fervens 85C 6.5
infernus 85C 6.5
vulcanius 80°C 6.5
Methanotorris igneus 88°C 5.7
Methanoculleus thermophilicus 55°C 7.0
Methanosarcina thermophila 50-55°C 6.0-7.0
Methanosaeta thermophila 55-60°C 6.5-6.7
Methanomethylovorans thermophila 50°C 6.5
Methanothrix thermoacetophile 65C 7.4
Methanopyrus kandleri 98°C 6.5

(Jiang et al., 2005; Boone, 2001; Kristjansson and Stetter, 1991)
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Table 2.5 Some characteristics of methanogenic archaea of Family

Methanobacteriaceae.
Dimensions (pum) Optimal growth conditions
Organism ) Temp. Requires organic
width  length pH .
(C) growth factors
Methanobacterium
formicicum 0.4-0.8  2-15 7.0-7.5 30-45 None
alcaliphilum 0.5-0.6  2-25  8.0-9.0 37 YE, P
bryantii  0.5-1.0  10-15 6.5-7.5 30-45 None
congolense 0.4-0.5  2-10 7.2 37-42 None
espanolense 0.8 39  5.0-6.5 3045 nd
ivanovii  0.5-0.8 1-15  7.0-7.5 30-45 None
oryzae 0.3-0.4  3-10 7.0 40 None
palustre 0.5 2.5-5 6.5-7.5 30-45 None
subterraneum 0.1-0.15 0.6-1.2 7.8-8.8 20-40 None
uliginosm 0.2-0.6 1.9-3.8 5.0-7.5 30-45 None
Methanobrevibacter
ruminantium Ac, B-vit, CoM,
0.7 0.8-1.7 6.3-6.8 37-39
2-MBA, AAs
acididurans  0.3-0.5 0.3-0.5 6.0 35 RF, Ac, AAs
arboriphilus 0.5 1.2-14 7.5-8.0 30-37 B-vit
curvatus  0.34 1.6 7.1-7.2 30 Complex
cuticularis 0.4 1.2 7.7 37 None
filiformis  0.2-0.28 4.0 7.0-7.2 30 YE
gottschalkii Ac and/or YE
0.7 0.9 7.0 37
(TP)
oralis 0.4-0.5 0.7-1.2 6.9-74 35-38 Fecal extract
smithii  0.6-0.7 ~1 6.9-7.4 39 Ac, B-vit
thaueri 0.5 0.6-1.2 7.0 37 Ac and/or YE (P)
woesei 0.6 1.0 7.0 37 Ac and/or YE (P)
wolinii 0.6 1.0-1.4 7.0 37 Ac and/or YE (P)
Methanosphaera
stadtmanae ~1 ~1 6.5-6.9 30-40 Thinamine, Ac
cuniculi  0.6-1.2  0.6-1.2 6.8 35-40 Ac
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Table 2.5 Some characteristics of methanogenic archaea of Family
Methanobacteriaceae. (Continue)

Dimensions (pum) Optimal growth conditions
Organism . Temp. Requires organic
width  length pH .
(C) growth factors

Methanothermobacterium

thermautotrophicus 0.35-0.6  3-7  7.2-7.6 65 None
defluvii 0.4 3-6 7.0 60 CoM
marburgensis  0.4-0.6 3-6 6.8-74 65 None
thermoflexus 0.4 7-20  7.9-8.2 55 CoM
thermophilus  0.36 1.4-6.5 7.5 57 ConM, nd
wolfeii  0.4-0.6 2.5-6.0 7.0-7.5 55-65 nd

Abbreviations: nd, not determined; AAs, mixture of amino acids; Ac: acetate;
B-vit, B vitamins; YE, yeast extract; P, peptone; CoM: coenzyme M; Complex,
complex nutritional (rumen fluid and nutrient broth); 2-MBA, 2-methylbutyric
acid; RF, rumen fluid and TP, trypticase peptones.
(Boone, 2001; Kotelnikova et al., 1993a; Joblin et al., 1990; Blotevogel and
Fischer., 1988; Winter et al., 1985; Zeikus and Wolfe., 1972)
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2.6.2 Methanothermobacter defluvii
AEERRD RRE SRR Y A E D] o e A 5 RE &

¥ F S 04x3-6um> # &3 filaments B E R IEEF
RS H/CO 2 PR G A et £ F & coenzyme M o B iz
42 EERLZO60C iz EpH 7.0 %5 it4pad R 5
0.01-0.34 M - G+C mol% % 62.2™ (Kotelnikova et al. 1993a)
2.6.3 Methanothermobacter marburgensis
AEERRd ¢ORRE BRI AT e A G E
¥ & F < 0] 04-0.6x3-6 um> £ F filament £ & ¥ £ 3] 20 pm >

BEFSBIE 7 RBH/CO, S RT FF ey e

=

LRIFR 2 o mie A 2 T EP G AR FSF B idd
ERERFOS5C i34 E pHE 6874 PHmXER S
0.01-0.5 M o G+C mol% % 47.6™ (Wasserfallen ef al., 2000) o
2.6.4 Methanothermobacter thermoflexus

AEERRD RE AV A ED] o e A 5 B 4R
7~ 04x720pm > & 5 filament» BE FABEE 7 &
HHHY/CO, 2 " fa s A > lmie 2 £ F & coenzyme M o B i3 4 £
BAEGSSC B2 & pH 3 7982 4 Mo kR S

0.02-0.5 M > G+C mol% % 55™™ (Kotelnikova ef al. 1993a) o
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2.6.5 Methanothermobacter thermophilus
A K R "%’%f&iﬁ"‘:i SRR A BED e A 5

BIg*d 45 F > ~ - 0.36x1.4-65um> £ 5 filament & &
TP 30pum BEFNEEE T ABH/CO, S AF
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4 £ pH % 7.5 G+C mol% % 44.7"™ (Laurinavichus et al., 1988) -
2.6.6 Methanothermobacter wolfeii
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cfi"
g} i
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PR oB3FAELERLS565C 342 £ pH S 7.0-75 3%

tapmtE kR ViEF 02M o GHCmol% 5 61™ (Winter et al.,
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Fig. 2.2 Structure of the universal (U1-U8) and variable regions in the SSU
rRNAs (Gray et al., 1984) -
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PLEGERFRE A TG snan dE e R Y A LS B TR R
AEFEREP - aazr2ri kot BE N E o TE
B o &3 JINRB RS FAR A 17 o @ & F 4 3 Jeenit B

VA B RS e B B o T R 2 e R 8 Rl
& F B(PCR) ~ %14 B 5% 7 A (DGGE) ~ "4 % ¥ & % 4142
(RFLP/T-RFLP) ~ ¥ £ J =32 % (FISH) ~ Cloning % = ;% » ] * %
B+ 4P pprnd & E T AFE LA T2 P S(Wu et al., 2001;

$ %% 5 2005) -

2.73.1 X & p=:2 4 F & (Polymerase Chain Reaction, PCR)
PCR ¥ fpi & £ * 315 ~ v f64 § P15 = ik (dATP -

dTTP ~ dGTP 4= dCTP) ~ 454+ 2 DNA R &2 5+ Ly R &

g

8 F A MERKREF Rk % (Denaturation) ~ 31+ 4
(Annealing) ~ #f  (Extension) = #2 5 o &} ficst » if ¥ %P
DNA 2 27 & fegih 3 > Flet > B R DNA 2 2 i = 5 i L odd 8
FH R Fl g2 DNA BB 74 guk R D - PCR @ i
FONF IR 2T 0 HATIIA T AT BB R B RR
2 A RmR AL E kR P ERBML P SRS AE

Z MRy E L2
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2.7.3.2 %4 R 5% 7 & (Denaturing Gradient Gel Electrophoresis,
DGGE)

Al e

] 7% p % 3# (Community Fingerprinting) £ 45 — & & F# 2
DNA# E SR A AT R & F 4]0 Lk L 95 2 il »
- TH DNAXEF § 7 1% 1§ TAR 03 0 31 EDNA

B

e

R a2 R N S =
ZDNA&S + &£ <] %2 2 BB AARZDNALR P F B &R R
7R oo FL o TR R & AR - A4 o ? DGGE G AR T
BFESY kG ATIERT o BT Ry FiE2 DNAR K
AHL o T TR RE P ra gl 2 R (band)AR & - 0T
% %3 B = (Operational taxonomic unit, OTU)(Hill et al., 2000;
Kazuya et al., 2001) o

DGGE# ~ 72 ;2 (7PCRig 427 » L #forward:3 =\ reverse
#he b — B30F|501 >3%d G Chg 2 #7 %= enGC-clamp » H %
e ERDNAFde I R G S R 2 F eSS E R

DNA > s % ¢ "8 Mpph A 7] e A A2 chfddrac 4 o ¥PCR

\%

BerE L A JIF AR 2 RS ERDNAR L £ i
R EREF G B APCRAS S P i > FIPHARRE ML

Rg S AE 57 ko 211 & FIRL A7~ 4o DNAG - %
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o A 5 HOUDNAJEY a3 4f g )4 S 4t £ @ A 0 A
TE A B &4t GECRI L= BIddEs  §4rfE 2
PP FT R @DNAZ & 44787 EFAT~C~GL Feni &
A AR2ZFF o RERERREZAR 0 R FFREZ A A
T-C~G =82 58 %k & BF%DNAY I F 4o 2 2
A AR xR BB R R SRS R FA AR
RFDEES R FETAERY BR Y e R
BoRFREGEBLEM L M P EFBRLT PR SRR D
% % (Muyzer, 1999) - Fig. 2.3 2 DGGE- 2. B » M- A d 3 3 i<

R EEAL P R
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Fig. 2.3 Schematic diagram of denaturing gradient gel electrophoresis (5 = >
2004).
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