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Table 4.1 The DNA concentration and purity extracted from the mixed culture
in different incubation time.

Samples DNA concentration® (ng/ul) DNA/protein(A,q0/A,s0)

Day 2 425 1.5
Day 4 671 1.9
Day 6 374 1.4
Day 8 297 1.6

* Aygoxdilute multiplex50 ng/ul
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"2 DNA W R 453 i 0 & % B fE 5 B2 2 > #7172 DNA
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4.3 PCR #3# 16S rDNA % £
{7 PCR F xp¥ » 2 & - 23513 (primer) » ~ )T-%%L% PR
(oligonucleotide) » i® 5 DNA #§3 c4= 2L 2 * 8L > PCR & 4 2. +

JARP AT A B AR R ] o @ £ E IR 2 A Bl

1+

gRF I P FHoFPIFIREES L - 47 F L2 PCR
AP o AL AT RRAERAT R FERE 0
7 4-$145 34 Bacteria fr Archaea & = SRR RE N R .

MR R AT 4 8 Y BB Bacteria 0 FptiE * 27F/1522R 0 @
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41‘

513 32 & § 4% Bacteriadomain e At — (SLH AR AP L
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YEz_ge A oo e ;,,\,}frfg@ R ;‘if}%’mﬁ%;%f# » SE W

A23F/A1391R }* % Archara-specific 51 3 % 4 45 Archaea °
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& & PCR 42 ¢ #% DNA jk & 2 annealing ;§ & ¢ 754
PCR 7 bz %723 » % i DNA LR % P¥ » fie 7 PCR

2RERAF MR 0 AP Y w2 {7 16S IDNA 3 - B4k

Sk

DNA kA& A2 30ng/ul > ¥ - B £ & %83 annealing 8 & >
53+ PR DNAZRE R R - BAASRIRRE R 3 F 0T,
B S°C 2 (5 ML PCR A 4% 2 2 % kit (78 B chid £ » g
55T AEH DNA * p 2 B R A2 b B AR PR A
B R ZAF annealing JF & P #F5F B - FXFRD
FEUAARZE- RS FASF TR FRAS > BT E K

annealing /8 & » "# M3l 3 ch& - 4> % F 513 B2 K DNA 4F

-

Lo )b FBAE AR F G nfRA > T 4 R Taq B L
% 45323 Ao ANTP 5 F B AILR « AT i iBliE ) e i
annealing ;¥ & ; Bacteria = 59°C ~ Archaea 7 58°C » F J& 1% i 4o
Table 4.2 #757 > i2{7 30 =k FFRAF W > H A4 < - & % 5 1500 2

1400 bp (Fig. 4.1)
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Table 4.2 Conditions for PCR amplification of 16S rDNA from cellulose-degrading

mixed culture.

Final
Activation Denaturation Annealing  Extension ]
Sample extension
temp. temp. temp. temp.
temp.

Bacteria 94°C,5min  94°C,45sec  59°C,45sec 72°C,45sec 72°C,2 min
Archaea 94°C,5min 94°C,30sec 58°C,30sec 72°C,30sec 72°C,2 min
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Fig. 4.1. Electrophoresis of PCR-amplified bacterial 16S rDNA from
cellulose-degrading thermophilic mixed culture. (A) PCR-amplified 16S
rDNA of Bacteria domain. (B) PCR-amplified 16S rDNA of Archaea domain.
M: DNA molecular weight marker, 0.1 k-2.0 Kb.
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44DGGE £ {78 aL A v zR & %—f#& +
4.4.1 Nested PCR
DGGE BN / 4% ?‘J’/ﬂ\ T%E‘;*% ]ﬁ’x ]TL -FA\ ™~ }i J —'ﬁ KQ’FF ’ G’] H

a-2_ 16SrDNA #Z # i¥ 5 Nested PCR ¥ /& ¢ e3f% DNA - d >t
i 16StDNA ¢ 7 7 % & {£:0% B (variable regions) > 7 e fiic 4
PERELBIABERS T RERS FY A G AL
~F 7 #riE * 2 nested PCR 31 + Eubacteria = 341fGC/926R ;
Archaea % A934F/U1391RGC » ~# 7 B {¢ 3¥ 11 ehd i annealing
2 B Bacteria = 57°C ~ Archaea 5 54°C » ¥ R i% i* 4 Table 4.3
“ToR 03 17 30 =% PAIRAF W0 H A 4+ ] 4 %] L Bacteria domain 600

bp, Archaea domain 500 bp (Fig. 4.2) -
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Table 4.3 Conditions for amplifying variable regions of 16S rDNA by nested PCR.

Final
Activation Denaturation Annealing  Extension ]
Sample extension
temp. temp. temp. temp.
temp.

Bacteria 94°C,5min 94°C,45sec  57°C,45sec 72°C,45sec 72°C,2 min

Archaea 94°C,5min 94°C,30sec 54°C,30sec 72°C,30sec 72°C,2 min

73



Fig. 4.2 Electrophoresis of nested PCR amplified variable region fragment of
16S rDNA. (A) 16S rDNA variable region of Bacteria domain. (B) 16S
rDNA variable region of Archaea domain. M: DNA molecular weight marker,
0.1 k-2.0 Kb.
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A O6X{SMImet HAEHT &P kg aisg it o Archaea 4 7 1%
% 4o Table 4.4 » % % 4v Fig. 4.3B #775¢ » ¢ DGGE B+ P &
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Table 4.4 Conditions for denature gradient gel electrophoresis of Bacteria and

Archaea.
Running condition Bacteria Archaea
Gradients rage 20-60% 20-70%
Gel temperature 60°C 60°C
Voltage 55V 55V
Running time 17 hr 16 hr
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20%

Eub 3

Eub 4
Eub 5

Eub 6

Eub 7

Eub &

60%

(B)

20%
Arc 1
Arc 2
Arc 3
Arc 5
Arc 4
Arc 6
Arc 7 Arc 8
Arc 10 Arc 9
70%

Fig. 4.3 DGGE profiles of the thermophilic cellulose-degrading bacterial
community (A)and archael community (B). 2-8: incubation days. Eub
1-9: bacterial bands numbers. Arc 1-10: archael bands numbers.
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DGGE 7 /A% & 18 2 1 B 5| F 4L 5 — B OTU
(operational taxonomic unit) > d % A F % #7117 2. DNA 5 £ i
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o v foo & 5 PCR#FA & DNA ¥ 588 R R T A1
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T 1 AT PREEIIAAT 0L TR 242 o d
Table 4.5 ¥ § ! bacteria *7iF ¥4 i 7|3 4p vt 4318 > H4p WA &
% » 076 » ™ 5 0.01 ; Table 4.6 B &_archaea #7 ¥ % ik &

APV H AN AREERS 5 079 &M E 011> - #4p i & A 0.95

FFARGAMZEZ] o gt A E 2 L B MY 0950 & ot &
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Table 4.5 The similarity of variable region in 16S rDNA among isolated Bacterial
OTU.

Eubl Eub2 Eub3 FEub4 FEub5 Eub6 Eub7 FEub8 Eub9

Eub 1 1 0.73 0.63 0.72 0.75 0.72 0.72 0.74 0.75

Eub 2 1 0.75 0.04 0.71 0.05 0.04 0.68 0.75
Eub 3 1 0.75 0.76 0.74 0.74 0.72 0.75
Eub 4 1 0.72 0.02 0.02 0.70 0.75
Eub 5 1 0.71 0.72 0.73 0.72
Eub 6 1 0.01 0.70 0.74
Eub 7 1 0.70 0.75
Eub 8 1 0.72

Eub 9 1
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Table 4.6 The similarity of variable region in 16S rDNA among isolated Archael OTU.

Arcl Arc2 Arc3 Arc4d ArcS5 Arc6 Arc7 Arc8 Arc9 Arcl10

Arc 1 1 073 071 073 074 0.72 0.75 0.77 0.75 0.73

Arc 2 1 039 073 074 073 0.72 075 0.76 0.39
Arc 3 1 0.70 070 0.71 070 0.75 0.77 0.24
Arc 4 1 0.57 056 058 0.70 0.74 0.73
Arc 5 1 0.11 0.17 033 0.77 0.73
Arc 6 1 0.16 034 0.77 0.73
Arc 7 1 0.35 0.79 0.75
Arc 8 1 0.72 0.73
Arc 9 1 0.63

Arc 10 1
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PR PR T AR DA B 7 5 DGGE ~ #t2 hpk 7 E
R P Bz OTU. #7118 2. 2_FK % % 272 NCBI 2 database ‘* %t
TR A PR E SRR R om IR B Y TR
T 2 it E 2 S dicheT™ O pEHEAEL 2 (distance matrix
methods) : #8:7 i % 4 47 (neighbor-joining method) (Saitou and Nei,
1987)% substitution models: Kimura 2-Parameter, Bootstrap
Replication: 500 o
Bacteria ik 4 17 5% % 4v Fig. 4.4 #777 » 1P~ ch¥ - 24 3
9 % > 9% OTU ¢ & Anaerocellum group » 3% F/f te > 5p 5 + 4
% Bacteria domain ® z_ Firmicutes F* » Clostridia % > Clostridiales
B > Anaerocellum group  Anaerocellum group = — # low G+C »
I St Qﬁ%’“‘%’%&/ﬁis‘? F e ™ A B 71 2 bacteria
F- 715 NCBI database ' $t {5 » EBAp i R B 2 o I Fth k¥
IR A BB I T3 5 B 5|(Eub 1~ Eub 9)4p i & 5 % 2
= FR 0 % & Anaerocellum thermophilum ~ Thermoanaerobacter
cellulolyticus 4= Caldocellum saccharolyticum ° & = & *ﬁﬁ_ fra E
2 R RFERFA B R 72-75C ~T75°C2 70C » & 355 & fRh 8%

(Frederick et al., 1993) -
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341 Thermoanaerobacter brockii, (L091635)
84 1L Thermoanaerobacter ethanolicus strain JIW. =200, (L09162)
il Thermoanaerobacter finii, (L09166)
_ Thermobacteroides acetoethylicus, (L09163)
i Acetogenium kivui, (L09160)
Thermoanaerobacter thermohydrosulfuricus, (L09161)
Clostridium thermocopriae J1-3, (L09167)

99

94

Clostridium thermoautotrophicum, (L09168)
99— Clostridium thermobutyricum, (X72868)

L Clostridium therm opalmarium, (X72869)
|— Thermoanaerobacterium saccharolyticum, (L09169)

Thermoanaerobium lactoethylicum ZE-1, (L09170)
5 |— Clostridium thermosaccharolyticum, (M59119)
55/ hermoanaerobacterium thermosulfuriges, (L09171)

82 | Thermoanaerobacterium xylanolyticum, (L09172)
Clostridium thermocellum, (L09173)

Clostridium stercorarium, (L09174)

99 L Clostridium stercorarium subsp. thermolacticum, (L09176)

99

Clostridium cellulosi, (L09177)

Clostridium fervidus, (L09187)

82 Anaerocellum thermophilum Z-1320, (L09180)
—: Thermoanaerobacter cellulolyticus NA10, (L09183)
Caldocellum saccharobyticum Tp8T.6331, (L0O9178)
Eub?

& Eub 8

Eub 4
Eub7
Eub 1
’—EubS
! Eub 6
73 Eub )
66— FEub 9

99

E——

0.05

Fig. 4.4 Phylogenic analysis of eubacteria in the thermophilic, anaerobic,

cellulose-degrading consortia.  Scale bar indicates 5 substiutions per 100

nucleotides.
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Anaerocellum thermophilum ¥ 11 5 % (cellulose) 2 A fE
(xylan) 5 Bl > AR e F L R Ay o il ey €4
R Efee iR ood S F PRrd §F 0 AR AP -
(Sylvia et al., 1995) o Thermoanaerobacter cellulolyticus » ®_¥ 1

Az hEEL AR D EERAA S AR L @R SRR
fe > Bl B2 NBF AP 5 - § “Bfrd § (Masahito et al.,
1988) ° Caldocellum saccharolyticum #1994 & pFe 4 { &
Caldocellulosiruptor saccharolyticus (Vladimir et al., 1998) [ & 3%
Fthy A7 NG EE 2 AL RR RS AZE LAY LR

% ¢ fie (Christopher et al., 1987) o @ * 5 %% & Fthz £ 28 &

S70C P R AR TL R AR e At % EaY ST

Archaea MLk 4~ 47 % % 4o Fig. 4.5 #777 » #r#g B~ h¥ - 23 3
10  » 10 i OTU ¢ % 4 — @ group P /& 4 #7 1 >t

Methanothermobacter » 2 A4k 5 V¢ & % &5 (7 o >
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Methanothermobacter thermautotrophicus strain GC-1, (AY196661)

Methanothermobacter thermoformicicum FTF, (X68713)

Methanothermobacter thermoformicicum Z-245, (X68712)

Methanothermobacter thermoformicicum FF1, (X68714)

Methanothermobacter thermoformicicum FF3, (X68715)

94 | Methanothermobacter thermoformicicum CSM3, (X68716)

Methanothermobacter thermoautotrophicum DELTA H, (X68720)

66 - Arc8

Arc9

Uncultured Methanomicrobia clone SRP-Eth-A, (AB236115)

Arc2

Uncultured Methanomicrobia clone:SRP-Pro-A, (AB236118)

Arc7

Uncultured Methanomicrobia clone SP-ProM-B, (AB236067)

Uncultured Methanomicrobia clone NRP-ProM-B, (AB236112)
98 ! Uncultured Methanomicrobia clone SRP-ProM-B, (AB236120)

99| Methanogenic archaeon NOBI-1, (AB162774)

‘| Uncultured Methanomicrobiales clone MP-Pro-B, (AB236088)
- Ares

25

7? £Uncultured Methanomicrobiales clone KO-Buty-B, (AB236052)
Uncultured Methanomicrobiales clone TNR-ProM-B, (AB236121)

- Uncultured Methanomicrobiales clone LF-ProM-C, (AB236107)
Arel()

64[ Uncultured Methanomicrobiales clone SL-Pro-A, (AB236081)

T Are3

Arc6

78 | Uncultured Methanosaeta sp. clone DI E03, (4Y454759)

81" Uncultured Methanosaeta sp. clone D B06, (AY454760)

36

7i|r Arel
Uncultured archaeon clone GW70-10-16, (4Y062227)

Arcd

99 Uncultured archaeon clone HKA 18, (1Y996941)
87 \1
38 Uncultured archaeon clone HKA 3, (AY996928)

—
0.1

Fig. 4.5 Phylogenic analysis of archaea in the thermophilic, anaerobic,

cellulose-degrading consortia.  Scale bar indicates 10 substiutions per 100
nucleotides.
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uncultured archaeon ~ uncultured Methanomicrobia clone F 7| 4r
uncultured Methanosaeta % 5 1% & ° m *§ % #7118 2_ archaea 5 7|
‘5 NCBI database ' %15 » EP4p i B #F 2 5 T Btk kg @dam
g TR

Methanothermobacter ./ 554 ¥ E_ Euryarchaeota F* -
Methanobacteria ¥ > Methanobacteriales P > Methanobacteriaceae
#+ > Methanothermobacter J ° £ $a%. Arc 8 fv Arc 9 B 7| 4p 02 &
B 2 FtkA B 5 Methanothermobacter thermautotrophicus fr
Methanothermobacter thermoformicicum ° ¥* % FHR % % "%’ A
“EBAERERASE L 6570CH 55T -

Methanothermobacter thermautotrophicus % — th % it f1* &
S EE YL R UER R SRRy S L

= [7(Zeikus and Wolfe, 1972) = @ Methanothermobacter

thermoformicicum %~ },?%i i d o SEFR IR 2
Methanothermobacter thermautotrophicus (% 4p3T » 2 E_v 7 1 *
2 A F 5 7 p(formate)frd F /= ¥ it s (Nolling and Reeve,
1997)- & F % 1+ Bacteria ¥ 4 47 AVHIIE ALY p2
FiaG e i v N eA2 T v FPRZ ARG A &k

Archaea F# 4~ 17> & > ¥ F R7G Methanothermobacter J§ 2. 7 ¥
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F L% o P % Arc 3 v Arc 6 % uncultured
Methanosaeta snE/f > d ¢ 2. Methanosaeta F/H? » &35 — &
‘:j" P Iz E pﬂ Methanosaeta thermophila pﬂ’}%ﬁx F4EBR G
55-60°C > Facfl* e faii A L2 AAF o Arc2 fr Arc 7 B &
uncultured Methanomicrobia % 2_ 3% 5 ¥ & » Arc5 2 Arc 10 %
uncultured Methanomicrobiales P 2_ % Btk & » wH v 5 ¥

b s % B4 uncultured archaeon # JF," clone #+182_ & 7] » %)

SR AR s X S C R S RN R

4.5 v-'ﬁ?é‘c}'}‘?”m];:]\.?#f'-,é}%’p‘.

A ERE (T BT A2~ 4 F A o 1 TA medium 3£ 7/
FoXR*PZFEARAF 0 AN T EA00mM) ~ ¢ f(50 mM)
fe? BBGOmM) > e @ P fifee B AFRE 3 AT R H
Tho PERS ATRRIERLG S8l 2 S 457 ffre i
A M2 FHRE R FIRY A4 Ko B AR A B 2
Pt SEFER® 1l pmoler d T G AT ATA YT 2 HIRA
Blzd kR BB T ED 22 umole FIr S FF HREPKT B
Yo FRITEAET 2 H e

JEP Fa i AAE AT B k20 ARk THUT3 > i 4n £ B8 ficde

TREERRFA ARG AMAFAN T E - 53 RRPE EF - S
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REEF R Y UARREY B F L ENRREE T £
ATRR A LRk L gt NE - e M 4 100
mg/L § + & % (vancomycin)it {7 &% » & 7 § @ L3 i o 7]
gb o B E 5 B % A (MM medium) 0 i& 73 B R & (T
%&ﬁjmﬂﬁyjﬂwﬁﬁﬂﬁiﬁﬁw}Udhﬁﬁi’iﬁ

TR R A AT RS -

L

LA B 10° P H B 2 3 R R E 0 2 0
Mt NERERT X L EE T 7 1 g/L 2 yeast extract 17 TA
medium ¥ > ¥ @& * AT B Hy/CO:E 73 & 0 e in4n £ Bk
ﬁTﬁﬁ’%%%mﬁﬁﬁﬁé@%i%ﬁ%oﬂ“ﬁé%?i
PR A8 EiEATRIF 2 P kR L 5 umole &2 L
TRl 2 22 pmole P AR L B > 4 AT AW ATA B2 FkRT
Re AR DI o gL M K A 2 1 g/L 2 yeast extract 0 1Y
PPk R G AT & 2 Ftk THUT3 32 {7 DNA 5 8(5 > & #
¥+ 2 ' A (Eubacteria)3| + 2 + 'w #F(Archaea)i! + - 3 Fik
THUT3 2 16S IDNA i f#h €% § 7 # © % w7 & 0 PCR
Ad %] &% % 1500 bp ~ 1400 bp » 2 Escherichia coli 3 M.
thermautotrophicus & ¥t 2 Ftk > 5 % 4o Fig. 4.6 #7771 o @ * &

w3+ gk PCR F Jgif & T » 15 Escherichia
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3.0Kb
1.5Kb

0.5Kb

Fig. 4.6. Electrophoresis of PCR-amplified 16S rDNA and variable region
fragment. (A) PCR-amplified 16S rDNA and variable region with
Bacteria—specific primers. (B) PCR-amplified 16S rDNA and variable region
with Aechaea—specific primers. M: DNA molecular weight marker, 0.1 k-3.0
Kb. [, III: PCR-amplified 16S rDNA of Bacteria and Archaea domain. II, IV:
Nested PCR-amplified variable region of 16S rDNA of Bacteria and Archaea
domain. Number 1, 4, 7 and 10: Escherichia coli. Number 2, 5, 8 and 11: M.
thermautotrophicus. Number 3, 6, 9 and 12: strain THUT3.
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coli ¥ # 3| P ¥ PCR & 4 > @ M. thermautotrophicus £ |tk
THUT3 B 8.4 %) &4 450 bp 2 750 bp H1 IR & 4 & F» 2 & 1500
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THUT3 R &2 3 E® A4 113 ¥ - 2+ @ F2Z nested PCR 3
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=% 3 PRAY E coli PIE_& P AL DI o FIU ¥ FE TR
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Fig. 4.7 Phase-contrast photomicrograph of strain THUT3. (A): Early growth
21 hours stage of the isolate showing the irregularly crooked rod. (B): Cell

aggregate of strain THUT3 formed after 35 hour culture. Bar = 10 um.
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Fig. 4.8 Transmission electron micrograph of a thin section of whole sell of
strain THUT3. (A): magnification 14 K. (B): magnification 60 K. (C):

strain THUT3 cell wall structure.

92



(Surface-layer protein, S layer)ie = » 25 H ¢ F L % ¢ 2
Z5% g;:csz BT av o LA ik e @gz%ﬁr hiB ol R0

TRz 2hi ko> TP P agddd $5 o738 T 3 ik

4.6.2 16S tDNA E 7]~ 45

Ftk2 genomic DNA 5B~ kts » SR & e 8l F B H-
k2 16S rRNA gene 43 * 33 16 22 PCR A4 2 d P 5 4 7 L34
SPREF IS o A ATIFZ B 7)1 BioEdit #ic 84 :& 7 forward 73
fr reverse & & > ¥ ¥ 1303 bp (base pairs)sii5 71| » #7187 B 7| %
% 1% NCBI #74& &2 1 £ Nucleotide-nucleotide BLAST (blastn)
T HE O L % e Table 4.7 #7570 A BLEFRE 7
Methanothermobacter f2- Fth4p 02 R BB > FI2 B>
Methanothermobacter it 1 7/ © 2- 6 #3% F 7| F 3 %73 T NCBI
TR > HFHRE 2 accession number 5 DQ683581 o

S NCBI v i 4p 02 & BB 2 FHREE » ¥ EP
Methanobacteriales #* £11 Methanobacterium ~ Methanobrevibacter
2 Methanosphaera & ¥ 1 type species (¥ % outgroup 2 # % [
o - R AR B o F1 5 Methanothermobacter /§ /> ¥

+ Z g Methanobacteriales # > w4 » B s Jh 2. Fth— A2 {3
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Table 4.7 Similarity of 16S rDNA sequence of strain THUT3 to Methanothermobacter

sp..
Isolate Length of rR.NA Sequence similarity (%) Accession
gene determined No.
THUT3 1303 bp Methanothermobacter defluvii X99046
1286/1301 (98%)
Methanothermobacter thermophilus X99048
1282/1300 (98%)

Methanothermobacter thermautotrophicus ~ X68720
1247/1261 (98%)

Methanothermobacter thermoflexus X99047
1278/1301 (98%)
Methanothermobacter marburgensis X15364
1277/1302 (98%)
Methanothermobacter wolfeii X89406

1263/1286 (98%)
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A FTPE 0 3% F BRI % A Methanothermobacter /§ 2. group ¢4
F AR & F A A7 8 28 Methanothermobacter /§ _I¢ — group
P A A2 BAE S E G e AT Y % Mega3.l #cBgp
i chClustal W iE {7 4~ 3t Atk 2 16S tDNA sequence & 4p 012 [F 1R B
7| B e alignment > £ & * HREE 08 Mega 3 4258 0 @ LR
VOATER ¥ 2 %t E 2 Rlicde T ! ORRARAENL R L OARITH 4R A 4T
(Saitou and Nei, 1987)% substitution models: Kimura 2-Parameter,
Bootstrap Replication: 500 - % % % % 4= Fig. 4.9 #777 > # & F%
2.7 'z F P A & Methanothermobacter i 2. group *t o £ Ftk
THUT3 kg dp 17 2 pf]fik = Methanothermobacter defluvii
(X99046) ~ Methanothermobacter thermophilus (X99048) %
Methanothermobacter thermautotrophicus (X68720) ¢ = $x 74 3t
KR e RACEMEIS R A AT P e T R
H,/CO, ¥ 5 2 & AAF » M. defluvii &2 M. thermophilus 3 M.
thermautotrophicus & = DNA hybridization {¢ » DNA & 7[4p i &
> B 5 23 2 39% (Kotelnikova et al., 1993b) » 12 16S rDNA % %
=+ A THUT3 222 = Fdkip i R B & 98% 0 p m (F Ak
THUT3 i Methanothermobacter /& » Fp* F £ L 8- H 04 (L &

lrﬂf_ﬁ:’i}'; ‘jlw ’ "LFH J‘%’?L"E@]’H\ THUT3 ﬁ&#ﬁ?ﬁ‘ﬁ? )" 2 *]3—:]’7}
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Methanothermobacter defluvii DSM 7466 (X99046)

o0 | Methanothermobacter thermautotrophicus DSM 1053 ( X68720)
Strain THUT3, (DQ683581)

Methanothermobacter thermophilus DSM 6529 (X99048)
Methanothermobacter thermoflexus DSM 7268 (X99047)
Methanothermobacter marburgensus DSM 2133 (X15364)

81

100

87

Methanothermobacter wolfeii DSM 2970 (X89406)
Methanobacterium formicicum DSM 863 (AY196659)

Methanobrevibacter ruminantium DSM 1093 (AY196666)

Methanosphaera stadtmanae DSM 3091 (AY196684)

—

0.01
Fig. 4.9 Phylogenic tree of strain THUT3 constructed from 16S rRNA gene
sequence. Sequence accession numbers are show in parentheses. Scale bar
indicates 1 substiutions per 100 nucleotides. Genbank accession numbers and
culture collection numbers (where available) used in the tree construction are
included on the figure.
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Methanothermobacters% fh2- £ # Fth3 48 £ 2 fieo R FRIGE R *
2 ¥ % £ 5 MM mediun - # 7 yeast extractz peptone » 3+ 70°C T i&
73 & > %% 4rFig. 410977 » FRTHUT3 &5 1 Hy/CO,1F & 4
EAF R AFom iz o d 2 FBRTHUTS e grpsE e °
e A A A3l d A - RS FIIFRZHHRELEI T
fen AP fFtd Y 2 RFIFF R A PEPFREARL Y KRG
ATERHAY 7l g/L2_yeast extract> i J* A F 4] * 5 % ¥ &
7 4el g/L2 yeast extract > i # ¥ i _yeast extract § {1 Ftk
THUT3$F 2 B e[ % 12 > o i8(7 ¥ - 25 7 4el g/L2 yeast
extractifi? e A BT B 0 L% yeast extract¥ A B * R o
P13 & doFig. 411977 > 7 4c ] g/L2 yeast extractis - P &g {1 ke
FITRE A T2 1% 120 R A A% 4vyeast extract. | % 2777 i 1
* 2 ZLE ér_/, 4v » yeast extractts ¥ ¥ | * > ",/TT 7 Hy/COy3% 2
o B A eF Thra BF Y > 20 Hy/CO2 1% e F - A
= % 2-propanol > * % % 7§ yeast extractiz § € B F FRTHUT3
AT 1L e p w2 g 2 g dk d MethanothermobacterJ 7

“vyeast extract{s ¢ #Cf FIBRE AT IY (L2 4R E o i G v prap

TR ¥ 2= F R € &S organism (“S” stand for “syntrophy”)+ 2 > @

F3 Acetabacterium woodii ~ 11 % j¥1940F 14 Hprz
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specific growth and methane productiorn

rate (h)

0.08 1

H-

007 1

0 methane production rate
0.06 growth rate
0.05 |

0.04 1

A\

0.03 1

0.02 1

A\

0.01 1

0 ==
Formate Hy/CO, Acetate Methanol 2-propanol  Iso-butanol  Trimethylamine ~ Pyruvate
Tested substrates
Fig. 4.10 Growth and methane production rates of strain THUT3 with different
substrates in MM medium without yeast extract. The pH value of MM
medium was 7.0. Cell growth was measured by ODgqg ., and methane was
measured by GC-FID every seven hours. (n=2)
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0.1

0.09 +

0.08

0.07 O methane production rate
0.06 growth rate
0.05

0.04 _I_
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002 7
001 /
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rate (h'l)

A

Z

specific growth and methane production

A\

Formate Hy/CO, Acetate Methanol 2-propanol Iso-butanol ~ Trimethylamine ~ Pyruvate
Tested substrates
Fig. 4.11 Growth and methane production rates of strain THUT3 with different
substrates in MM medium with yeast extract. The pH value of MM medium
was 7.0. Cell growth was measured by ODgg ,m and methane was measured by
GC-FID every seven hours. (n=2)
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Methanobacterium omelianskii® £ /~ 31! 2_strain S ~
Syntrophobacter~ Syntrophomonsas ~ Syntrophospora% (Winter et al.,
1980; Reddy et al., 1972) - S organism %4 #§ + & Bacteria > & g =~
I£ |2 f] S organism % 7 yeast extractf¥ » € | * 2-propanol ~ butanol
% pyruvate & # acetate ~ ethanol ~ CO,% H, » it = & H, ¢ #r (S
organism:# £ (Reddy ef al., 1972) - S organism#*7 & # 2_ 4~
CO 2 Hym A £ 4 i“‘%’ 3 P mEeTI Y > e ARTHUT3E T & &
TS SR R kAT AT

~ S e o

4632 % £ 7+
AETFFLVRERKAFIEENT I AP ARG
7 "2k ft(amino acid) ~ "2*x(peptides) ~ i # (vitamins) ¥+ 5 -
FUAAE ABEEFTREMIF LT LY
(Vasanthy et al., 1996) » § »xiiiefied 4 2 £ » &- hped 35 %

)

= FR% 4v yeast extract v peptone v it & 2Ler hfied 4 £ FF
& 5 4v o 11 yeast extract {v peptone = (> & 0 fF T b & ko
¥R SRR WA fF Riricd 4 L LB i
F1+ 0 2 4.63.1 &% % FFtk THUT3 7 HyCO, = AT 5

FF 2 fI* F o AR R H/CO TR AL AT G 1g/L
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2_ yeast extract 4= 1 g/L 2. peptone > 70°C 5 % i& {7 |3 o

i % 4 Fig. 4.12 #75% > 7 ¢ yeast extract 7 B wf 4 £ %

-

P4z 2§t e peptone 2 A ip 4 K FF R e & A B L
A4 B K2 9 g 4 @ 5 A w5 0.085h7+0.071 h'; peptone

WA Eg 2 i g 43k au L 006307~ 0.064hT » R

0.063 h™' > /,] ‘v yeastextract 32 &z W 4 L@ F 2 7z g 4 g Fob

}‘)‘1»}3;’9134(7\}}% ® & ff' % & > peptone P

,dﬂ
av
X
|
(=
L
)L;_
¥

e FREA Mo Rt A R IR EAPIT o B T o At - T
® F 7t yeastextract FE R € A A Tl AL 2 K LR FTE
P yeast extract ¥ 2t % Ftk THUT3 2 £ #7.% 8 2. 4 5> Fpb Afs
FRREFEPREEEL G 7 v yeast extract > "4 L A Y F TR

L3055 % -

4.6.3.3 A5 £ 4% (co- utilized)

,‘,_,

»‘:p{:]
-

ﬂ\’&

ELTHT AT g AT
flprpF ez 2 & et a4 BB X 2L 975 P =Y 5 IR %
(Zeikus et al., 1972; Jiang et al., 2005) - 2 7 1345 < )I?uf’g’ L3
(100 mM) ~ & A& (50 mM)e* 5 A fa (50 mM)= f& 2 B & H,/CO, &

FRTEI ™ RIRRBEAPRFAKRLE € Flhe ~ W AT A 33
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Methane concentration (umole)

0.25
—#— Without growth factor
0.2 —€— With yeast extract
—&— With peptone

0.15

0.1
0.05

0
0 10 20 30 40 50 60
Time (hr)
B
120
—#— Without growth factor
100 - —€— With yeast extract
—— With peptone

80

60

40

20

0
0 10 20 30 40 50 60
Time (hr)

Fig. 4.12 Growth (A) and methane production (B) strain THUT3 in presence of
growth factor (yeast extract or peptone). The pH value of MM medium was
7.0.  Cell growth was measured by ODgg ,m and methane was measured by
GC-FID every seven hours. (n=2)
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"R F(<207C) ~ ¢ i F(20-457C) ~ ¥ B F(45-607C) ~ HmEg e #
F1(60-80°C) ~ 42 % i 75 # F](80-110°C) » et $r2 2 32 4rfs 3
S ER oA PP AS AR T RERE L RER LI
PEZFR AR AL RER SR AT 2
itk em 2 SR 42 B w550 70C » B R £ A 5
2 2 B R b2 KRR PR FIRFE 2 45-75°C 1% 50
FigiE > % MM medium 2 Hy/CO, 7 AF 3% 56 | pF > & 7
o RERRIHE T 2% 2 ODggonm & 1 1535 o
d Fig A4 FRAKL L EFREARASL B A 04> L E 3
T5CH » 24 B2 0| B4 - 45-55Cs £ pF > p|HE @
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specific growth and methane production

0o
S Jréy
o~ Zzi - Z % / ;Zt?ﬁer aioduction rate
. nm
" nun
! B

Hy/CO;, Hy/Acetate  HyFormate ~ HyPyruvate ~ Noy/Acetate Np/Formate — Ny/Pyruvate

Co-utilized substrates
Fig. 4.13 Growth and methane production rates of strain THUT3 at co-utilized
substrates. The pH value of MM medium was 7.0. Cell growth was
measured by ODgg ,m and methane was measured by GC-FID every seven
hours. (n=2)
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Fig. 4.14 Growth and methane production rates of strain THUT3 at different
temperatures. The pH value of MM medium was 7.0. Cell growth was

measured by ODgq ,m €Very seven hours. (n=2)
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specific growth rate (')
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Fig. 4.15 Growth and methane production rates of strain THUT3 at different
pH. The isolate was grown in MM medium and incubated at 70°C. Cell

growth was measured by ODg niy €very seven hours. (n=2)
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4.6.3.6 NaCl 2 28
B w0 3 2. Methanothermobacter % ¥ > R & Ffa$t§ it 4
- TARRE 2 @ X o de M. thermautotrophicus (Zeikus and Wolfe,
1972) ~ M. marburgensis (Laurinavichus ef al., 1988) ~ M.
thermoflexum (Kotelnikova et al., 1993) ~ M. wolfeii (Winter et al.,
1985)2 M. defluvii (Kotelnikova et al., 1993) & Ftk » # &~ a2
ER S 0.5Me % 11 M thermautotrophicus ’ér_;‘,’"]& v yeast extract i
T A L2 ERVHRB I 0.65M it g BT 8 24
£ BT o Ay be yeast extract iR & 4 kR 5 0262 0.52
MRIA S G 1240 18/ pFend R BFH - &% 4.63.1 {7 4.63.2
& % % o F % THUT3 ;’}_i?]t 4v 1 g/L 2. yeast extract ¥ 3§ :& 4+ 7
B qir o il 2 & & AFHRALA A 2> - B3
# 75 *v yeast extract > — Ky 75 #v yeast extract - FOCARRRER
G 0502540522065 % I Mot 4 £ e e g 4
i@ 5P bk THUT3 4 f 4h 2 a5 0k & o % % 4o Fig. 4.16
AT %;‘,"‘F 4 yeastextract F ¥t F P4z L BRI 0.26
0522 0.65M %7 4 £ > B ODgoonm 2 ™ 2L B S 1L & 11
HER 02610 0.52M 2 £ REFR % ER 0.65M PFR|F H#if

14 | e > kR IM 2 2drd|FR2 4 & "g¥a
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Fig. 4.16 Growth and methane production rates of strain THUT3 at different
NaCl concentration. The isolate was grown in MM medium incubated at
70°C. Cell growth was measured by ODgg ,m €very seven hours. (n=2)
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BOERF A AR A R S LT 7 v yeast extract F %

o BEHT o A 0260MIr0.2MER T E A BRFR S 0 £
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fr052M & “ 4 3B R 35 PR T HRG HRRF 2 > ¥
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2SR A AR E PHTAERREIR L ART H
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LA W ’Eéiﬁ’}%’*%ﬂi%%’g’ﬁ P ﬂﬁbﬁ’f%

4637 12 R X1

+ Jm fF(archaea) i 4% £ wie B> N R E § 4 F oy

2

(L 2rx BpE) e & @ & chim™e B o MK > il s BEFER 7 5 -

s

FARE SR PE e B FE 5 R %2 BEF (pseudomurein) o 7% Fe BEET
7z 7 N-2 fide ik vepdig ik (N-acetyltalosaminuronic acid) @ 2t

o figfe kFpL(N-acetylmuramic acid) » F]¢* - B b e PR PE S HE
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22 % 4 Ampicillin = Vancomycin ¥+ ‘w7 I & #r4] (% >
e H i drd) 8 4] 4e Polymyxin B € B3 e 5502 % 5 1 s
Chloramphenicol #r+] 50S #-v # & = ~ Tetracycline 7] 30S -
v B £ = 2 Rifampicin #r4] DNA & = (DNA-directed RNA

polymerase) > € & " e AA L2 AP M A F ATRE T RFHR

AR AR TR R - AR HREY P ELER R

pall
A
P
W
[
B
‘F_k
<l
Rd

BT g R DR 4 4 gl
PoER o A BRI A A SSCTIE 0 d ket 8 0 R
iAo Al iEr 2 F ke > P ODg %117 P & > &
Bl A 35S PP TRER S o %% 4o Table 4.8 #7770 » (8% 4%
#1 5 #r4lmre B2 & 2 0 Ampicillin = Vancomycin $F /& THUT3
> @ #rd] (% > Chloramphenicol = > #r#]: & 7 f23% Fth o
4 Z2 B A @4 o F] K Vancomycin ~ Polymyxin B »
Rifampicin 2 Tetracycline Jk & & 8 % 150 pg/ml = 200 pg/ml >
Chloramphenicol P| £33 *% pl:# )k & 5 50 pg/ml 4 25 pg/mle 2 %
%75t Vancomycin # Rifampicin & & 1 200 pg/ml ™ 2% & e i
* > Polymyxin Bk & I 150 pg/ml = 2 #r#](methane concentration:

0.64+0.03 pmole) > Tetracycline J& & & 150 pg/ml F #c3 e i *
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Table 4.8 Antibiotic resistance of the strain THUT3 to different antibiotics.

o Highest tested Methane concentration  Strain
Antibiotic .
concentration THUT3
Rifampicin 100 pg/ml 14.98+0.27 umole -
Ampicillin 2 mg/ml 14.50+0.45 pmole -
Vancomycin 100 pg/ml 15.49+0.37 pmole -
Polymyxin B 100 pg/ml 3.62+0.07 umole ++
Chloramphenicol 100 pg/ml 0.39+0.01 umole +++
Tetracycline 100 pg/ml 10.63+0.26 pumole +

++: inhibition; +++: completely inhibition; +: slightly inhibition
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(methane concentration: 7.49+0.04 pmole) » Jk & T 200 pg/ml B &_
i I #r+4](methane concentration: 2.22+0.16 umole) °
Chloramphenicol Jk B 5 50 pg/ml fF > $r4] 1% B 4205 > e (7 %
F ¥4 ¥ * (methane concentration: 1.23+0.08 pmole)> Jk & "% 5 25
ug/ml P 2_% 2 & #r+4] I % (methane concentration: 14.9340.8
pmole) o 1+ % % 3 I Ftk THUT3 #+ Chloramphenicol &4t
Ao 2 ptdg - T A g F I e FE 2
Pt 2R ERbUM o AFREFEE VLT RHKRZRES S

p;a@o

4.6.3.8 SDS R % 4+

SDS ¥ % f2 v Fitlwie B2 GV REga b > 2 g gt
fE— |ge37 p o o SDS X 2bgerd TR ERREF ER 0 UM
PR R R 2 i BRE 0 Tt $t SDS i}* £ RE PR R
Mo &R F AN * Escherichia coli 2 M. thermautotrophicus 5 ¥ P&
2_ Atk o Escherichiacoli % & g~ 155 8 w27 - k#iy
R - E R SR PE(murein) o F 20 BHEARBUR 0 g2 S FHE
N2 RRiE D @ me g El ¥ hiER M thermautotrophicus R

ERB2REZ? 2ERRET 7 ZI5F FE(pseudomurein) e = 2_ $i
5K 7] F
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5 lmfe B F]p4F SDS B 3 B 2 @ X o BI3E S % 4 Table 4.9
#7700 % SDSJE R % 0.01% (wW/v)P » Escherichia coli ~ M.
thermautotrophicus %2 F#x THUT3 2. OD & ¥ # f? &g % it » 4 SDS
ERES I 2% (W/V)PE > Escherichia coli 2_ v % & d 043 2% "%
3 012 i M. thermautotrophicus % Ftk THUT3 i £_& P & %
v A £ BB L% > 18 Escherichia coli #hm ™ #c & ,__/']‘ 4r
2% (w/v)SDS 15 > 3 P Rg chlme ik £ R » M. thermautotrophicus
2 A THUT3 & g P AL 8 - d )07 @ 5ok THUT3 5 &

3 iz PSR FE(pseudomurein) 2. 5 B3 ﬁ‘; °

4.6.4 G+C content (guanine plus cytosine content) 4 +7
%27 %P1 & 3Bk THUT3 2. genomic DNA ¢ G+C #7 i
2.7 % 5 59.4% H & 4 3 Methanothermobacter & 2. G+C mol%
B 7 (44.7-62.2 mol%) » & # v Methanothermobacter 7|tk iR]
G+C content e 3% F & * F g8 RPl 2 E(Tm) > & 27 7 4
it % HPLC e 42453 ARIEF & T e § Flodr > 2 2 b 0 i3

AR OF T EZER R TRk BRY O AKRTE

VLRV RIR BB TR R e

115



Table 4.9 Susceptibility to SDS lysis.

Escherichia coli M. thermautotrophicus strain THUT3

o After o After A After

initial . nitial ] initial .
10 min 10 min 10 min

SDS conc. (%) Absorbance

Control”  0.415 0.413 0.150 0.148 0.138  0.136
0.01% (w/v)  0.552 0.539 0.169 0.167 0.144  0.140
0.2% (w/v) 0.433 0.235 0.142 0.139 0.131 0.129
0.5% (w/v) 0.461 0.134 0.148 0.145 0.143 0.139
2.0% (w/v) 0427 0.116 0.154 0.144 0.120  0.108

": nonexposed to SDS.
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4.6.5 ¥ 3 FtR¥E Methanothermobacter sp.+*

FEMI 2T % > Hk THUT3 4 7 11140 &

7 > ™ 1339% 16S IRNA gene & 7| vt $5 % 0 3% F R Y
Methanothermobacter § % 3L M o 5 7 AR AT T AR A
T & #744 ) (new species) “,/TT TR RS FHARES
LARBFHF Y I8P e dv2 Methanothermobacter s F#&
g o

B @ Methanothermobacter % & % M. thermautotrophicus ~ M.
marburgensis ~ M. thermoflexum ~ M. wolfeii ~ M. thermophilum
(Laurinavichus et al., 1988)% M. defluvii £ =+  ##&(species) » #
BFR=ET 2 B2 £ 4o Table 4.10 #77 © ",/TT M.
thermoflexum % M. defluvii ¥ | * ® fafr Hy/CO, 2. #t » H 3% if
@i 1% HyCO, & A2 F > Atk THUT3 {2 54 m - &2

Methanothermobacter thermautotrophicus 0¥+ fi 5 fpiT » 12 17

F 3R aF 7 H4p 4o filaments 7 & ~Gram stain~optimal pH

A
F o

16StDNA E 7|~ #7 > & » @tk THUT3 B 7(4p i & &2
Methanothermobacter sp. i 4p 1T (sequence similarity % £ 98%) 1«

Neighbor-Joining method % g %l /& #HFig. 4.9) > # R A2 7 7
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R &2 Methanothermobacter defluvii ~ Methanothermobacter

thermophilus %2 Methanothermobacter thermautotrophicus 7.5 2 4p

&t

v A T b E:]’ﬁ\ THUT3 #£+ - /30t = 3k Eﬂ?};ﬁ_& o 7]
BF U AR T AR R 2 FR THUT3 % Methanothermobacter

A -
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