(Aiyer, 2005)

100°C

(Wiegd, 1991)



16S rDNA



2.1 (Biomass energy)

NOX (Fadij, 2006)

(Angenent et. al., 2004)

2.2

Table2.1



Table 2.1 Different (bio)process strategies for biomass energy production

Biotic or abiotic process Reaction G*
Hydrogen fermentation to acetic acid CeH1206+2H,0 U 4H,+2CH;COOH+2CO, -904.26
Hydrogen fermentation to butyric acid CeH1205 U 2H,+CH;CH,CH,COOH+2CO, -931.42
Fermentation to ethanol CeH1205 U 2CH5CH,0OH+2CO, -235
Ethanol production with hydrogen CH;COOH+ H, u CH5;CH,OH+H,O -221.91
Syntrophic propionic acid oxidation CH;CH,COOH+2H,O0 U CH3;COOH+3H,+CO, -348.09
Syntrophic butyric acid oxidation CH;CH,CH,COOH+2H,0 U 2CH;COOH+2H, 27.16
Syntrophic acetic acid oxidation CH;COOH+2H,0 U 4H,+2CO, 95
Hydrogenotrophic methanogenesis 4H,+2CO, U CH4+2H,0 -98.4
Acetoclastic methanogenesis CH;COOH U CH,+CO, -97.8
M ethane formation from glucose CeH1205 U 3CH,+3CO, -1145.24
Catalytic methane conversionto syngas CH,+ H,O u 3H,+CO 206
Catalytic gas-shift reaction CO+H,0 U H,+CO, -19.51
Hydrogen fuel cell 2H,+0O, U 2H,O+electricity 237
Methane fud cell CH+20, U CO,+2H,0O+€lectricity -800.74
Microbial fuel cell (MFC) CeH1,06+60, U 6CO,+6H,O+eectricity -2870

Cellulose bioconversion
*Unit of freeenergy ( G): KIJmol

[-CeH1106-],+aH,O U bCH;COOH+ cCH:CH,OH+d CO,+eH,  -2879
(Angenent et. al., 2004)



Figure 2.1

() ( )
(protein) (polysaccharides) (lipids)
(amino acids) (sugar) (fatty acids)
(Figure 2.2)



Polymers
proteins, polysaccharides, lipids

Hydrolysis

A

Monomersé& oligomers
amino acids, sugars, fatty acids

Fermentation

A

Intermediates
propionate, butyrate, alcohols

H,+CO,

Acetogenesis

Methangenesis

CH4+CO,

Acetate

Figure 2.1 Intricate food web of methanogenic anaerobic digestion.
Severa trophic groups of microorganisms work together to convert

complex organic materia into methane and carbon dioxide. (Angenent &t.

al., 2004)




Thermochemical conversion Biochemical conversion
_ o Pyrolysis
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HTU (oilseeds)
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Figure 2.2 Main conversion options for biomass to secondary energy carriers.
Some categories represent a wide range of technological concepts as
capacity ranges at which they are deployed. (Faaij, 2006).




2.3

(amylopectin) (Figure 2.3)

200-1000

(amylose)
(polysaccharide)

(CeH100s-) (1.4)



Amylose

Figure 2.3 Structure of amylose and amylopectin
(Source: http://mww.lsbu.ac.uk/water/hysta.html)



(1,4-D-glucose)
5% 85%
10"-10° g/mole 600-6000
(1,4-D-glucose)
20-25 (16)
a-(1,6)-glucosidase

(Mathews et al., 2000)

(Aiyer, 2005)
2.4
24.1
(psychrophiles) (mesophiles)

10

a-amylase

(14)
4%-5%
(1,6-D-glucose)

a-amylase

(thermophiles)



110°C 25°C

10°C  20°C) 10°C  45C
20°C  40°C) 3°C 80°C 40°C
70°C) 80°C

(extreme thermophiles) (Lim, 1998)

( )

50 °C
(Wiegd, 1991)
Thermus aquaticus
T. aquaticus 79°C
925°C Brock 90°C

(Brock and Freeze, 1969; Brock, 2002; Wiegdl, 1991)

1



24.2

50°C

Bacillussp. (Haki and Rakshit, 2003)

24.3

(thermostable enzymes)

(Table 2.2)



Table 2.2 Bioconversion reactions and applications of thermostable

enzymes

Enzyme Temperature  Bioconversions Applications

range (°C)

a-Amylase 90-100 Starch - dextrose syrups ~ Starch hydrolysis,

(bacterial) brewing, baking,
detergents

a-Amylase 50-60 Starch - dextrose syrups  Production of

(fungal) maltose

Pullulanase 50-60 Starch - dextrose syrups  Production of
glucose syrups

Xylanase 45-60, 105° Craft pulp = xylan + Pulp and paper

lignin industry

Chitinase 65-75° Chitin > chitobiose Food, cosmetics,
pharmaceuticals,

Chitin > N-acetyl agrochemicals
glucosamine (chitibase)

N-acetly glucosamine -

glucosamine

(deacetylation)

Cedlulase 45-55, 95° Cellulose - glucose Cdlulose
hydrolysis, polymer
degradation in
detergents

Protease 65-85 Protein > amino acids Baking, brewing,

and peptides detergents, leather
industry

Lipase 30-70 Fat removal, hydrolysis, Dairy, oleo

interesterification, chemical, detergent,

alcholysis, aminolysis pulp,
pharmaceuticals,
cosmetics, and
leather industry

DNA 90-95 DNA amplification Genetic

polymerase engineering/PCR

#Xylanase from Thermotoga sp.
B\Within this range enzyme activity was high.

“Cellulases from Thermotoga sp.

(Haki and Rakshit, 2003)
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T. aquaticus Tag polymerase Taq polymerase
? (Polymerase chain reaction, PCR)

(Danson et. al., 1996; Viellle and Zelkus, 2001)

244 ?

(glycogen)

amylases pullulanases
glucoamylases
?
Sulfolobus Thermophilum Desulfurococcus Saphyl othermugChung
et al., 1995; Dong et al., 1997)
a-amylase

glucoamylase pullulanase

14



Teble 2.3(Haki and Rakshit, 2003)

? (endo-acting enzyme or
endo-hydrolases)  a-amylase (exo-acting enzyme
or exo-hydrol ases) 3-amylase glucoamylase a-glucosidase

Figure 2.4
?
A. a-Amylase
a-amylase a-1,4-glucose linkage

a-1,6-glucose linkage
(dextrin)

a- a-amylase

( , 1988; Bertoldo and Antranikian, 2002) a-amylase
a-amylase

(Vieille and Zeikus, 2001)

15



Table 2.3 Source microorganisms and properties of thermostable starch
hydrolyzing enzymes

Enzymes Organism Enzyme properties
Optimal temperature (°C)  Optimal pH

a-Amylase Bacillusamyloliquefaciens 70 7.0
Bacillus licheniformis 100 6.0-6.5
Bacillus 70-80 5.0-6.0
stearothermophilus
Bacillus subtilis 70 7.0
Lactobacillus 55 55
mani hotivorans
Myceliophthora 100 5.6
thermophile
Pyrococcus furiosus 100 55
Pyrococcus woesel 100 6.5-7.5
Saphylothermus marinus 65 5.0
Qulfolobus solfataricus - -
Thermococcus aggreganes 100 55
Thermococcus celer 90 55
Thermococcus fumicolans 95 4.0-6.3
Thermococcus 85 4.8-7.8
hydrothermalis
Thermomyces lanuginosus 60 5.6

Thermococcus profoundus 80 4:0—5.0

16



Table 2.3 Source microorganisms and properties of thermostable starch
hydrolyzing enzymes (continued)

Enzymes Organism Enzyme properties
Optimal temperature (°C)  Optimal pH

-Amylase  Bacillus circulans 60 -
Bacillus cereus var. 50 -
mycoides
Bacillus sp. 50 75
Clostridium 75 55
thermosul phurogenes
Clostridium 60 5.8-6.0
thermosulfurogenes

Pullulanase  Bacillus p. 60 -
Pyrococcus furiosus 98 55
Pyrococcus woesi 100 55-6.0
Thermococcus aggregans 100 6.5
Thermus caldophilus GK24 75 55
Thermococcus celer 90 55
Thermococcus 95 55
hydrothermalis
Thermococcus litoralis 98 55
Thermotoga maritime 90 6.0
MSB8

(Haki and Rakshit, 2003)
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Figure 2.4 Schematic presentation of the action of amyloytic and
pullulytic enzymes. Black circles indicate reducing sugars. (Bertoldo and

Antranikian, 2002)
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a-amylase 80-110°C
a-amylase Desulfurococcus mucosus
Pyrococcus furiosus  Pyrococcuswoesel  Pyrodictium abyssi

Saphylothermusmarinus Thermococcus profundus Dictyoglomus

thermophilum Thermotoga maritima a-amylase
80-100°C pH 4.0-7.5
100°C pH 4.0-5.0

(Vidlleand Zeikus, 2001)

B. 3-Amylase
[3-amylase a-1,4 linkage
3 a-1,6
( 50 -60
) 3-
[Famylase
[3-amylase

( , 1988; Anndliese and Wulf, 1990)
[3-amylase Thermotoga maritima

Thermoanaer obacterium thermosulfurigenes 95

19



°C pH 4355

(Vieille and Zeikus, 2001)

C. Glucoamylase a-Glucosidase

Glucoamylase [3-amylase a-1,6 linkage
100%
glucoamylase Rhizopus delemar
a-glucosidase a-1,4 linkage a-glucosidase
glucoamylase glucoamylase 3 a-glucosidase
a [3-amylase glucoamylase
a-glucosidase

glucoamylase(Clostridium thermosaccharolyticum Methanococcus
jannaschii  Thermoanaerobacterium thermosacchar ol yticum)

a-glucosidase (Thermoanaerobacter ethanolicus) (Vieille and Zelkus,

2001)

D. Pullulanase amylopullulanase

Type | pullulanase a-1,6 linkage pullulan

type | pullulanase

20



Bacillus flavocaldarius Thermotoga maritima Thermus

caldophilus Fervidobacterium pennavorans 75-90
°C pH 5.56.0 amylopullulanase typell
pullulanase a-16linkage  a-1,4linkage
a-amylase amylopullulanase

amylopullulase Desulfurococcus

mucosusES4  Pyrococcus furiosus  Thermococcus litoralis
Thermococcus hydrothermalis  Thermococcus celer
Thermoanaerobacter ethanolicus

105-120°C(Vieille and Zeikus, 2001)

E. Isoamylase

| soamylase amylose

a-1,6 a-1,4linkage |soamylase

R-enzyme |soamylase
isoamylase (HFCS) o

iIsoamylase Thermoanaer obacterium

21



thermosulfurigenes Thermoanaerobacterium strain IW/SL-Y S 489
Thermusaquaticus Thermotoga maritima  Thermotoga neapolitana
95-100°C (Vieille

and Zeikus, 2001)

F. Cyclodextrin-Glucanotransferase (CGTase)

Cyclodextrin-glucanotransferase ( Cyclodextrin glycosyl
transferase; CGTase)
CGTase Thermoanaerobacterium
thermosulfurigenes Anaerobranca gottschalkii
pH 4.0-10.5 65°C
a- (Cyclodextrin)
3- ?
Thermococcus sp. CGTase
100-105 °C (pH 5.0-5.5)
90-100°C a-amylase
1,4-glucose linkage dextrine Thermococcus CGTase
one step a-amylase

(Vieille and Zeikus, 2001)



245 Amylase

Amylase
amylase
amylase
A.
amylase
35% (Wiv)
(Aiyer, 2005; Nigam and Singh, 1995)
B.
Bacillus licheniformis B.

amyloiqufaciens a-amylase

[3-amylase [3-amylase

(Anneliese and Wulf, 1990)
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C. (oligosaccharides mixture; maltooligomer mix)

a-amylase [R-amylase

pullulanase
2.2% 37.5% 46.4% 14%
(Aiyer,
2005)
D. (maltotetraose syrup; G4 syrup)
a-amylase
20%
a-amylase

B. licheniformis B. subtilis (Aiyer, 2005)
E. Alo mixture (anomaloudy linked oligosaccharides mixture)

“ Alo mixture” (isomaltose) (panose)

(isomaltotriose) Alo

24



mixture

Alo mixture
( ,2004) Alo mixture
a-amylase
(sacharification) ? ( a-16 7 )
B-amylase  a-glucosidase (isomaltose)
(panose) (isomdtotriose) (Aiyer, 2005; Fogarty and Kelly,

1990; Pan and Lee, 2004)

F.
a-amylase
(Martin and
Hoseney 1991)
G.
( ; 9zing)
( ; desizing)

a-amylase (

25



2003)

H.
a-amylase
a-amylase (Aiyer, 2005)
20
(2005
l.
( )
a-amylase

a-amylase ( ,2001; Aiyer, 2005)

2.5

Martins

26



Ethiopian

Bacillussp. (Martins et. al., 2001)

Cotta

Bacteroides rumminicola
Ruminobacter amylophilus Butyrivibrio fibrisolvens Selenomnas
ruminantium  Sreptococcus bovig(Cotta, 1988)
Morion-Guyot 1998

Lactobacillus manihotivorans (Morion-Guyot et. al., 1998)
Lactobacillus Lactobacillus
manihotivorans

(amylolytic lactic acid bacteria; ALAB)
Lactobacillus manihotivorans
Thermotoga

Pyrococcus  Thermoanaerobacter

27



Pyrococcus furiosug 98°C) Thermococcus
litoralig( 90°C)
a-14linkage a-1,6
linkage
omM
130-140°C (Brown and

Kelly, 1993; Brown, €t. al., 1990) Thermococcus profundus

80°C

amylase
Thermococcus profundus  amylase pH 5.56.0
80°C 5mM
(Chung, et. al., 1995) Bacillus stearothermophilus
70-100°C amylase

pH 4.6-5.1 55-70°C CaCl, amylase
(Manning and Campbell, 1961) Lactobacillus manihotivoransLMG
18010" ? amylase

pH 5.5 55°C

amylase

28



(Augilar, et. al., 2000) Welker  Campbell(1967)
Bacillus subtilis  a-amylase Bacillus subtilis pH
5.7-6.7 70°C  a-amylase (Welker and Campbell,
1967) Thermococcus hydrothermalis
85°C
? (a-amylase pullulanse a-glucosidase) Legin 1998
Thermococcus hydrothermalis ?
a-amylase a-glucosiedase  pullulanase
? pH 5.56.5

110-90°C(Legin et. al., 1998) Hasdtine 1996

Sulfolobus solfataricus

a-amylase apha
(Hasdtine et. al.,
1996) Mishar  Maheshwari 1996 Thermomyces
lanuginosus amylase Thermomyces lanuginosus
Mishar  Maheshwari 1996
Thermoyces lanuginosus amylase
65°C pH 5.6(Mishar and Maheshwari,



1996)

2.5.1 Thermotoga maritima

Thermotoga maritima
0.6x151.1pum

17 nm Thermotoga maritima

Thermotoga maritima
0°C 80°C 55°C
pH 5.59.0 0.25-3.75%
Thermotoga maritima' (DSM 3109)
(Huber et. al., 1986) Thermotoga maritima
?  a-amylase (optimal activity at 85-90 °C, pH 7.0) R-amylase
(optimal activity at 95 °C, pH 4.3-5.5) pullulanse (optimal activity at 90
°C,pH 6.0) isomerase (optimd activity at 97 °C, pH 7.1) (Vieille and

Zeikus, 2001)

2.5.2 Pyrococcus furiosus

Pyrococcus furiosus 70-103°C

100°C



0.8-2.5 pm

Pyrococcus furiosus peptone

Pyrococcus furiosus

DNA G+Ccontent 38 G+C mol% Pyrococcus
furiosusVc 1" (DSM 3638) (Fiala and Stetter, 1986) Pyrococcus
furiosus ?  a-amylase (optimal activity at 100 °C,

pH 5.5-6.0) amylopullulanase (optimal activity at 105 °C, pH 6.0)

(Viellle and Zeikus, 2001)

2.5.3 Thermoanaerobacter ethanolicus

Thermoanaerobacter ethanolicus
0.3-0.8 x 4-8 pm
( 0.8-1.5um) Thermoanaerobacter
ethanolicus Thermoanaerobacter ethanolicus
50 ( 2-4 mm)

37-78°C pH 4.4-9.9

31



polymyxin B

DNA G+C content 32 G+C mol%

Thermoanaerobacter ethanolicus W 200" (ATCC 31550)(Wiege and

Ljungdahl, 1981) Thermoanaer obacter ethanolicus
?  a-Glucosidase (optimal activity at 75 °C, pH 5.0-5.5)

amylopullulanase (optimal activity at 90 °C, pH 5.5) (Vieille and Zeikus,

2001)
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Figure 3.1
32
(23°7 25.8"N,120°
49 34.4°E)
( , 2004) PYG (5d/L peptone 1g/L
yeast extract 10g/L glucose )
70°C
33
331 (Thermophilic anaerobic medium. TA medium)
(Huang et. al., 1998) (per liter) 1.0g

NH,Cl 0.1g MgCl,.6H,O 0.05g CaCl,.6H,O 2gK,HPO, 0.5g cysteine
? HClI 0.5gNaHCO; 0.5gNaS 1gyeast extract 0.05g resazurin
1ml trace mineral Traceminera (per liter)  1ml HCI
0.5g EDTA 2.0g FeCl,.6H,O 0.03g ZnCl, 0.05g MnCl, 0.05g AlCk

0.05g NiCl, 0.05g H;BO; 0.03g CuCl, 0.05g (NH4)sM0;05,.4H,0



70°C

16S rDNA

A
\ 4

pH

A\ 4

Figure 3.1 Flow chart of the experimental design



0.05g CoCl,.6H,O 0.1g N&SeO3.5H,0 Sg/L

(soluble starch)

N,/CO, (70%/30%,
VvIV) (cysteineHCl)
n-buty!l
121°C  15psi 20
(yeast extract) (NaS) (vitamin solution)

(per liter)  5mg p-aminobenzonec acid  2mg
Biotin 5mg DL-Capantothenate 5mg Folic acid 5mg Lipoic acid
0.1mg Mannitol trituration 5mg Nicotinic acid 10mg Pyrioxine-HCI

5mg Riboflavin  5mg ThiamineHCI

332

Ggl) 70°C

70°C



-70°C (REVCO, ULT-1386-3D, USA)
(Anagerobic
chamber, COY Laboratory Products Inc., Michigan, USA)
1ml 100% 1ml

S0%

34
34.1
Table 3.1
(Escherichia. Coli)

(Bacillus.sp)

34.2 16S rDNA

16S rDNA



Table 3.1 Procedure and the results of Gram stain

"Step  Medicd used  Colorof gram  Color of gram Reaction
positive negative time (9
Primary Stain ~ Crysta violet purple Purple 60
Mordant Gram’ siodine purple purple 60
Washing 95% Ethanol purple None color 20
Counterstain Safranin purple pink 30

(Mrrray et. al., 1994)
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3421 Genomic DNA
Lysozyme genomic
DNA phenol/clorofrom genomic DNA
DNA(Barns et. al., 1994)
10ml  PE
13000 rpm 5
( 13000 rpm 5 ) 1.5mi

500 Wl solution | (per liter) glucose50 MM Tris-HCI

(pH 8.0 25mM EDTA (pH 8.0) 100mM lysozyme 0.02 mg 37°C
30 250 20 SDS (
0.95%) 1 20 10mg/ml proteinase K (
0.36 mg/ml) 10 50mg/ml RNase ( 0.9
mg/ml) 60°C 30 5
-70°C 10 60°C 10

13000 rpm 5

1.5ml
phenol/clorofrom genomic DNA
1:1 (v/v) phenol / clorofrom-1soamyl alcohol

13000 rpm 5 1.5ml



clorofrom-Isoamy! alcohol 13000 rpm
5 1.5ml 2.5
genomic DNA -70°C 15 13000 rpm
5 50-100u (70°C

) genomic DNA  genomic DNA -20°C

34.2.2 ? (Polymerase chain reaction, PCR)
genomic DNA PCR(Sambrook and Russdll, 2001)
16S rDNA 250 21g Template
DNA 0.2uM 27f (5-AGA GTT TGA TCCTGG CTCAG>) 0.2uM
1522r (5'-AGG GAG GTG ATC CA(AG) CCG CA>) 100uM
deoxyribonucleoside triphosphate (ANTP)  1x buffer (buffer
10 mM Tris-HCI, 50 mM KCl, 0.01% gelatin, 1.5 mM
MgCl, 0.1% Triton X-100, pH 9.0) 5U Tag DNA polymerase (ProTaq
DNA Polymerase, PROTECH, Taiwan)
250l PCR machine (GeneAmp PCR system 2700, Applied
Biosystems, USA ) initial denaturation U°C

3 denaturation 4°C 1 annealing



56°C 1 extension 72°C 1 finad extension

72°C 10 (denaturation anneding extension 30

cycle)

3.4.2.3 TA cloning

16S rDNA PCR
(cloning) yT & A vector TA cloning
(ligation) (transformation)
ECOS 101 (Y eastern, Taiwan) TA cloning
(Yeastern, Taiwan)
A.
PCR yT & A vector Table3.7
PCR PCR-M Clean up System kit (Viogene,
Taiwan)
vortex 1 22°C 1
£C 16
B.

(differential medium)



(per liter) 10g tryptone 5g yeast extract 10g NaCl 159

bacto agar 50mg ampicillin X-ga (100mM) 100yl
IPTG (50mg/ml) 20yl 4°C -70°C
ECOS 101 (Y eastern, Taiwan) (

1/3 ) 2 vortex 1

45°C 45

37°C 11-16
C.

yT & A vector
LacZ a-peptide PCR vector
X-gd IPTG
LacZ-peptide
tip
PCR 254l

0.2uM M13f (5-CACGACGTTGTAAAACGAC-3) 0.2uM M13r
(5-GGATAACAATTTCACACAGG-3) 100uM deoxyribonucleoside

triphosphate (ANTP)  buffer (buffer 10mM

Tris-HCI, 50 mM KClI, 0.01% gelatin, 1.5 mM MgCl, 0.1% Triton X-100,

a4



pH 9.0) 5U Tag DNA polymerase (ProTaq DNA Polymerase, PROTECH,
Tawan) ( 25U) colony PCR
colony PCR initid denaturation o4°C 5
denaturation U°C 0.5 annealing 55°C
0.5 extending 72°C 0.5 find extending
72°C 7 (denaturation anneding extending 30
cycle) extending 1kb 1

0.5 1.5kb

3424 ?
TA cloning 16S rDNA

? (Restriction fragment length polymorphism, RFLP)

2

Hinpl Hinfl (BioLabs, Inc., USA) 10ul

(per 100l) 1U Hinpl 1U Hinfl 1x NEB buffer2 (buffer
50mM NaCl, 10mM Tris-HCl, 10mM MgCl,, ImM
Dithiothreitol, pH 7.9) PCR ( PCR 10)

37°C 16

42



3.4.2.5 16S rDNA
TA cloning
Bioedit

NCBI (http://www.ncbi.nim.nih.gov/) BLASTN

( 95%-99%)
Clustal W (http://www.ebi.ac.uk/clustalw/) Megalll
Mega lll

Megalll

35
351
(Phase-Constact

Microscope) (Transmission electron microscope,
TEM)

3 (W)



(phosphotungstic acid, PTA) 1-2

(JEM-1200CX , JOEL, Japan)

3.5.2

(SPECTRONIC 20D+, USA) 600nm
A.

70°C

70°C 70°C

70°C 59/
55°C
60°C 65°C 70°C 75°C 80°C
B. pH
pH



pH
MES (free acid) HEPES (freeacid) Tris(base) Glycine
pH 559.0

50mM (5g/1)

(59/1)
pH NaCl

0%-3% (W/v)

353

(Subastrate utilization profile)



E.coli E.coli

26 mannose starch xylose
glucose maltose fructose sorbose sucrose pullulan lactose glycine
mannitol neopeptone carboxymethyl-cellulose (CMC) raffinose
arabinose galactoe rhamnose cellubiose glycerol gelatin sorbitol

esculin - xylan cellulose carbon monoxide

cellulose
xylan
(Carbon monoxide,
CO)
(Sokolovaet. al., 2001)
3531 (Protein assay)

Bradford protein assay(Bradford, 1976)

0.5ml 12000rpm 10



Iml  Trisbuffer (2.0M, pH=7.6) 0.9ml
Trisbuffer ~ 0.1ml 1IN NaOH 100°C 10
0.8ml 0.2ml Coomassie brilliant bleu G-250 (Bio-Rad
L aboratories, Richmond, USA)
(Spectrophotometer ; Shimadzu, UV mini-1240)  595nm

(Bovine serum abumin)

35.32
Miller (Miller, 1959) Dinitrosalicyclyic acid (DNS)

NaOH

DNS DNS (per liter) 2g

phenol 10g 3,5-Dinitrosalicyclicacid  0.5g Sodium sulfite  200g

K-Na-tartarate 1% NaOH 2% NaOH
1L
glucose ( ) xylose (
) ( 2) 1mi

1ml DNS 100°C 10

a7



(UV mini-1240, Shimadzu, Japan)  558nm

354

(Penicillin - Ampicillin  PolymyxinB Vancomycin) Penicillin

Beta-lactam (glycopeptide transpeptidase,
GT)
Ampicillin
Penicillin Ampicillin
Ampicillin Penicillin Polymyxin B
Vancomycin

N-acetylmuramic acid (NAM)-peptide  N-acetylglucosamine

(NAG)-peptide peptidoglycan (
) (Talaro and Talaro,
1999)
(59/) 1000
100 pg/ml



20 pg/ml

Pencillin ~ Ampicillin

penicillinase Pencillin ~ Ampicillin
Polymyxin B
Polymyxin B
Vancomycin Vancomycin
35.5 ?
(superoxide)
? ?
?
(eg. 3.1) 3%
11
? (Smibert and
Krieg, 1994)
Caltalase

2H202 —_—> 2H20 + 02 (eq 31)
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3.5.6

20mM
(59/1)
Cord-Ruwish

(eg. 3.2) (Cord-Ruwisch, 1985)

CuSO, + HS 2> CuS + H,S0O,

copper reagent (5mM CuSO,
) ( 3
0.05ml 1.95ml copper reagent
mini-1240, Shimadzu, Japan)  480nm
copper reagent
NaSO; NaSO,
(59/1)

4500-SO,* C (Eaton et. al., 1995)

(N&S)

(eq. 3.2)

50mM HCI

(UV

50mM HCI

(UV mini-1240, Shimadzu, Japan)

420nm Na,SO,

4)

4500-SO,> B(Eaton et. al., 1995)

50



KI-K104 P

Na,SO3
5)
(S)
3.5.7
KNO;
(59/)
B(Eaton et. al., 1995) (sulfanilamide)

2.0-2.5 (diazotation)
naphthyl)-ethylenediamine dihydrochloride)
(UV mini-1240, Shimadzu, Japan)

543 nm NaNO,

51
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420nm
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3.5.8

L actate Reagent (Trinity biotech,

USA) 400w/ ? (lactate oxidase) 2400/
? (Chromogen precursors)
? (pyruvate) ?
(
) ?
2500rpm 10 1ml
10 25-37°C 5-10

(UV mini-1240, Shimadzu, Japan)  540nm

(Lactic acid) ( 7)
3.5.9Alanine
(catabolism)
aanine
danine HPLC danine (Linet. al., 1995)
o-phthal dial dehyde(OPA) 2-mercaptoethanol

OPA OPA
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(Roth, 1971)

(Fluorescence Detector) ( Ex=330nm
Em=450nm)
13000rpm 2 25-50p
? 13000rpm 2 -20°C
OPA (o-phthal dialdehyde) 50mg OPA 1.25ml

50u 2-mercaptoethanol  11.2ml 0.4M sodium borate

buffer (pH 9.5) 10° 10
100l OPA 1 40 0.1M
(pH 7.2) 40ul

(HPLC, Waters 501, Waters, USA; Fluorescence detector, Waters 470,

Waters, USA) Cis (15cm length, 3.9mm i.d. particle
size 4um) (Table3.2) A
0.1M 10% B danine

danine retentiontime  16.406+0.014



3.5.10
(Gas Chromatograph, Shimadzu GC-14B,
Japan) Thermal Conductivity Detector (TCD)

starch xylose glucose sucrose

5/l (Molecular
Sieve 5A 60/80 mesh) GC-TCD detector 120°C  injector 120
°C oven70°C TCD 100°C TCD 50mA

120ml
( 1 1.2ml
1.2ml )
( 9
3511
(Gas Chromatograph,

Shimadzu GC-14B, Japan) Flame lonization Detector (FID)

(5g/) (DB-WAX
30m x 0.319mm x 0.5um) GC-FID injector 230°C
detector 210°C 150°C 0.5min 20



Table 3.2 Gradient program for HPLC analysis of aanine

Sep | Time(min)  *SovetA/SolventB
1 0 100%/ 0%
2 0.5 75% | 25%
3 5 70% / 30%
4 15 20% / 80%
5 20 100% / 0%

*Solvent A: 0.1M sodium acetate with 10% methanol
Solvent B: methanol, Merck (HPLC grade)



°C/min 200°C 2min

1 (Supelco, USA) (
10-1) ( 10-2)
3.6 ?

?
(50/L) (12-14 ) 7500rpm
10 (Crude enzyme extract)
4°C 5ml 1% 500ul
(70°C) 30

3.7



3.7.1
- (phenol-sulfuric acid)

( , 2006; Dubais, €t. a., 1965)

2.0ml Im 5%
phenol  5ml
(UV mini-1240, Shimadzu, Japan)  490nm
11
3.7.2
amylose amylose
5ml KI-I, ( 5gKI 0.5gl, 100ml) 5ml 0.9524N HCI
0.1ml 1ml
9.9ml 589nm (Kumar and
Das, 2000; , 2006) 12
38
strain S2302

1gL 2gL 4glL 5gL 10gL 15gL
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41

S2302 S2308 S2312 S2316 S2321

S2323 S2334 5g/1 24
70°C
70°C (Figure 4.1)
S2302
4.2
(System Microscope Model BX40, Olympus,
Japan ) (JEOL JEM-1200CX ) strain
S2302
0.8-1um x 6.0-9.0um Figure 4.2
srain S2302

100°C 60

srain S2302 grain
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Figure 4.1 Specific growth rates of 7 isolated thermophilic anaerobic
bacteria on glucose (5g/L). Cells were grown at 70°C without light.
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Figure 4.2 Photomicrographs of negative-stained S2320 (magnification:
A: 120000x; B: 100000x; C: 200000x; D: 290000x)
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S2302

4.3
431
(Escherichia. Cali)

(staphylococcusBacillus.sp)

4.3.2 16S rDNA
Phenol-chloroform Genomic DNA
? (PCR) 16S rDNA
1500bp (Figure4.3) TA cdloning
? (Hinpl Hinfl) (Figure
4.4) (Mission Biotech)

( 13) NCBI (National Center for
Biotechnology Information) blastn
NCBI 95%-99% Mega
[l (Figure 4.5) S2302

Thermoanaer obacter
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Figure 4.3 Agarose gel electrophoresis of PCR-amplified 16SrDNA
segment of strain S2302. The sample was electrophoresed on a 1%
agarose gel. Lane 1: Bio-100™" DNA ladder from top to bottom were
3000, 2000, 1500, 1000, 900, 800, 700, 600, 500, 400, 300, 200, and 100
bp. Lane 2. PCR-amplified 16S rDNA segment of strain S2302.



Figure 4.4 Segments of 16S rDNA after TA cloning digested by

restriction enzymes Hinp1 and Hinfl. Lane 1: Bio-100"™" DNA ladder
from top to bottom were 3000, 2000, 1500, 1000, 900, 800, 700, 600, 500,
400, 300, 200, and 100 bp. Lanes 2-6: colony 1-5 digested by restriction
enzymes Hinpl and Hinf1.



tengcongensis  Carboxydobrachium pacificus Thermoanaer obacter
subterraneus Thermoanaerobacter yonseiensis 97%-99%
2004 Fardeau
Caldanaerobacter Caldanaerobacter tengcongensis
Caldanaerobacter pacificus Caldanaerobacter subterraneus

Caldanaerobacter yonseiensis (Fardeau et al., 2004)

Caldanaerobacter Table4.1 strain S2302
Caldanaerobacter 16S rDNA
4.3.3 Caldanaerobacter

Thermoanaer obiaceae

Thermoanaerobacter  Thermoanaerobacterium

(thiosufate) Thermoanaer obacter
(H,S) Thermoanaer obacterium
(S°) (Fardeauetal., 1994) 2004 Fardeau
DNA ( 70% )
Thermoanaerobacter subterraneus

Thermoanaer obacter yonseienss Thermoanaerobacter tengcongensis



Carboxydibrachium pacificus Caldanaerobacter
Caldanaerobacter subterraneus Fardeau

L-danine  Caldanaerobacter

(catabolism) Thermoanaer obiaceae
Thermoanaer obacter Thermoanaerobacterium
Caldanaerobacter
Caldanaerobacter
Thermoanaerobiaceae
L-aanine ( Imole Imole
L-danine) DNA G+C content 33-41 mol% (type

gpecies) Caldanaerobacter subterraneus Caldanaerobacter

subterraneus L-alanine

(Fardeau et al., 2004)



—— Thermoanaerobacter brockii

2 4
1 Thermoanaerobacter finii
8 4 Thermoanaerobacter ethanolicus
% 9 L Uncultured Thermoanaerobacter sp. clone
9 6 Thermoanaerobacter lacticus
Acetogenium kivui
98 3 7 — Thermoanaerobacter wiegelii
9 9L Thermoanaerobacter sulfurophilus
99 Thermoanaerobacter mathranii
99 Clostridium thermocopriae
Thermoanaerobacter sulfurigignens
98 Clostridium uzonii
Uncultured bacterium isolate P-3
—— Thermoanaerobacter keratinophilus
Caldanaerobacter yonseiensis
09 Caldanaerobacter subterraneus
45 $2302
6 3 Caldanaerobacter tengcongensis
2 b——— Caldanaerobacter pacificus

Figure 4.5 Phylogenetic trees showing the relationship of strain S2302
with related organisms. The numbers at nods show the bootstrap values
obtained with 1000 resampling analyses. Bar, 10 substitutions per 100

nucleotides.
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Table 4.1 Similarity index derived from 16S rDNA sequences of S2302,
Caldanaerobacter yonseiensis, Caldanaerobacter tencongensis,
Caldanaerobacter subterraneus and Caldanaerobacter pacifius

% Similarity with:

Species Strain S2302 Caldanaerobacter Caldanaerobacter Caldanaerobacter
yonseiensis tengcongensis subterraneus
Strain S2302
Caldanaerobacter 98
yonseiensis
Caldanaerobacter 98 98
tengcongensis
Caldanaerobacter 99 98 98
subterraneus
Caldanaerobacter 98 97 98 97
pacifius




4.4

pH
44.1
pH
Strain S2302 Figure 4.6

(specific growth rate)  Figure 4.7 strain S2302 60°C

80°C 70°C pH Figure
4.8 Figure4.9 pH pH 58

600nm
2

pH 7.2  dran S2302
strain S2302 Caldanaerobacter subterraneus
pacificus  16SrDNA 98 strain S2302

DNA strain S2302
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0 5 10 15 20 25 30

Figure 4.6 Growth curves of strain S2302 under different temperatures.
( :55°C;!:60°C;? :65°C; :70°C; :75°C;? 80°C)
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Specific growth rate (h)
o
o

O 1 1 1 1 1 1 1 ]
50 55 60 65 70 75 80 85 90

Temperature (°C)

Figure 4.7 Specific growth rates of strain S2302 at different temperatures.
S2302 was grown in TA medium with glucose as the carbon source.
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Figure 4.8 Growth curves of strain S2302 under different pH's. ( : pH
522; | :pH563;? :pH6.4, 2 pH7.2, :pH7.6 :pHBS8.05
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Figure 4.9 Specific growth rates of strain S2302 at different pH. Strain

S2302 was grown in TA medium a 70°C with glucose as the carbon
source.
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70°C  pH7.2 % 3%
Figure4.10 Fugre4.11 strain S2302
0.5 1
1.5
442
strain S2302 26
strain S2302 yeast extract  Thermoanaerobacter specices
strain S2302
yeast extract yeast extract +
glucose yeast extract only glucoseonly TA medium  yeast
extract 19/l glucose 5g Figure
4.12 yeast extract  strain S2302
yeast extract strain S2302
strain S2302 yeast extract

19/l yeast extract

cellulose  xylan
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OQOOnm

Figure 4.10 Growth curves of strain S2302 under different salt

concentrations.
( :0%;|:05%;? :1%; 2 1.5%; :2%; :2.5%; ?. 3%)
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drowt h

Speci fic

Figure 4.11 Specific growth rates of strain S2302 at different salt
concentrations. S2302 was grown in TA medium at 70°C with glucose as
the carbon source.
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Hour

Figure 4.12 Effect of yeast extract on growth of strain S2302. Cell growth
was measured as optical density at 600nm. (If : yeast extract with glucose;
. yeast extract only; a: glucose only)



strain S2302
mannose starch xylose glucose maltose fructose sorbose sucrose
pullulan lactose glycine mannitol
neopeptone  carboxymethl cellulose raffinose arabinose galactoe

rhamnose cellubiose glycerol gdain sorbitol esculin xylan

cellulose carbon monoxide Srain S2302 glucose
xylose celulose  xylan
strain S2302 cellulase  xylanase strain S2302
starch starch starch
2 Fardeau
Caldanaerobacter carbon
monoxide strain S2302 carbon monoxide

Caldanaerobacter subterraneus

443
Ampicillin - Polymyxin B Penicillin  Vancomycin
100 pg/ml strain S2302
Ampicillin  Penicillin

PolymyxinB  Vancomycin
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PolymyxinB  Vancomycin

strain S2302

Ampicillin ~ Penicillin

20 pg/ml
polymyxinB  vancomycin
(Figure 4.13)

strain S2302 gran

S2302 penicillinase Ampicillin -~ Pencillin
PolymyxinB  dran
S2302 drain
S2302 strain S2302
Polymyxin B Vancomycin
Vancomycin
vancomycin
strain S2302 Vancomycin
444 ?
strain S2302 strain S2302
?

(Lim, 1998)



Figure 4.13 Effect of various antibiotics on growth of strain S2302 with
59/l glucose as substrate. Cell growth was measured as optical density at
ODgoonm- (@ :penicillin 100ug/ml;  :Ampicillin 100pg/ml; 4 :vancomycin
20pg/ml; o :Polymyxin 20ug/ml)



445

strain S2302
(H2S) ODsoo Figure 4.14
strain S2302
14 mM 20mM
0.7
4.4.6
GC-TCD starch
xylose glucose sucrose Figure 4.15 dstrain S2302
glucose 24 starch
24.8 sucrose 20.7
xylose 12.6 drain
S2302

Strain S2302 59/l glucose 24
Figure4.16 strain S2302 ethanaol

acetic acid  butyric acid
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4.4.7 L-danine

drain S2302  Caldanaerobacter

glucose L-aanine 1
mol glucose 1 mol L-alanine Caldanaerobacter
glucose pyruvate pyruvate  L-glutamate
alanine aminotransferase L-adane a-ketoglutarate
(Mathews et. al., 2000; Ward et. al., 2000) L-aanine

L-danine HPLC

(0 - phthaldehyde) 0.245 uM
strain S2302  5¢/L glucose 142 mM
danine Caldanaerobacter strain S2302
L-aanine (0.05 mole L-aanine/ mole

glucose) Caldanaerobacter
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( mM)

r

Su | fciodnec

Day

Figure 4.14 Production of sulfide and cell growth from thiosulfate
reduction by strain S2302. Cells were grown in TA medium supplemented
with 20mM Na,S,0; in the absence of reducing agent Na,S. Cells were
incubated at 70°C for 4 days. (o : cdll growth; : sulfide concentration)



(v/v)

H>%

Day

Figure 4.15 Hydrogen production from fermentation of various growth
substrates by strain S2302. ( : glucose; : sucrose; : starch; .: xylose)
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Figure 4.16 Gas chromatogram of volatile fatty acids produced from
fermenting glucose by strain S2302. I njection volume was 11l. (retention
time: ethanol, 1.007min; acetate, 2.146min; butyric acid, 3.003min)



448

Fardeau Caldanaerobacter Caldanaerobacter
subterraneus Caldanaerobacter yonseienss  Caldanaerobacter
tengcongensis  Caldanaerobacter pacificus glucose

Caldanaerobacter subterraneus
Caldanaerobacter yonseiensis glucose
Caldanaerobacter tengcongensis  Caldanaerobacter pacificus

glucose drain

S2302 glucose

Caldanaerobacter tengcongensis

Caldanaerobacter pacificus strain S2302
Caldanaerobacter pacificus strain S2302
Caldanaerobacter
tengcongensis
4.5
16S rDNA strain S2302
Caldanaerobacter Table 4.2 Caldanaerobacter
Strain S2302 glucose



L-aanine

strain S2302

yeast extract
strain S2302  Caldanaerobacter tengcongensis
Caldanaerobacter tengcongensis
lactose cellubiose  carbon monoxide strain S2302

strain S2302  Caldanaerobacter tengcongensis
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Table 4.2 Characteristic comparison of the isolate strain S2302, C. subterraneus, C. tengcongensis, C. yonseiensis and C.
pacificus. (+: pogitive; -:negative; NA: not available)

S2302 C. subterraneust C. tengcongensis® C. yonseiensis’ C. pacificus®

Cell length (um) 0.8-1x 6.0-9.0 0.5-0.7 x 2.0-8.0 0.5-0.6 x 1.0-10.0 0.4-0.8x 1.0-3.0 0.3x4.0-10.0
Spore - - - + -
Gram reaction - + - + +
Motility - + - + +
Optimum temperature (°C) 70 65 75 75 70
Growth temperature range (°C) 60-80 40-75 50-80 50-85 50-80
Optimum pH 7.2 7.5 7.0-75 6.5 6.8-7.2
Fermentation products:

Acetate + + + + +

Lactate - + - + -

Ethanol + - + + -

L-aanine + + + + +
Thiosulfate reducing:

to S - - - - NA

to sulfide + + + + NA



Table 4.2 (continued) Characteristic comparison of the isolate strain S2302, C. subterraneus, C. tengcongens's, C.
yonseiensis and C. pacificus. (+: positive; -:negative; NA: not available)

S2302 C. subterraneust C. tengcongensis® C. yonseiensis’ C. pacificus®
Antibiotic inhibition:
Penicillin - NA - NA -
Ampicillin - NA NA NA +
Polymyxin B + NA NA NA NA
Vancomycin + NA NA + NA
Substrate utilize:
Mannose + + + + NA
Lactose - + + + NA
Starch + + + +
Xylose + + NA + NA
Glucose + + + + +
Maltose + + + + NA
D(-)Fructose + + + + +
Cellubiose - + + NA +
Carbon monoxide - + + +
Requirement for
yeast extract for + + + + NA

growth
TFardeau et al., (2000); “Xueet. al., (2001) ; °Kim et. al., (2001) ; *Sokolova, et. al ., (2001)




4.6

starin S2302 a-amylase
DNS reagent
a-amylase  70°C 1 pmol
( ) L)
strain S2302 30
47.02mg/L 30 94.64 mg/L gran
S2302 0.05 pmol
2.51 mg/L 5.5ml strain S2302
a-amylase 0276 U 20U/mg Table4.3
strain S2302 Pyrococcusfurious Thermococcus

Litoralis Thermococcus profundusDT5432 Bacillus
stearothermophilus Lactobacillus manihotivorans Bacillus subtilis
Thermococcus hydrothermalis Thermomyces lanuginosus Thermococcus
hydrothermalis strain S2302

a-amylase



Table 4.3 Specific activities of Strain S2302, Pyrococcus furious, Thermococcuslitoralis, Thermococcus profundus DT5432,
Bacillus stearothermophilus, Lactobacillus manihotivorans, Bacillus subtilis, and Thermomyces lanuginosus All data
were compared as crude enzyme, except Thermococcus hydrothermalis and Sulfolobus solfataricus that was purified.

Specific activity (U*/mg)

Starin S2302" 20

Pyrococcus furious’ 1.75
Thermococcus litoralis® 0.95
Thermococcus profundus DT5432° 1.4
Thermococcus hydrothermalis’ — partialy purification with ion exchange column 1.2

Sulfolobus solfataricus’ — extract with Superdex 75 H/R 10/30 column 340
Bacillus stearothermophilus’ 211
Lactobacillus manihotivorans’ 0.74
Thermomyces lanuginosus’ 6.45
Bacillus subtilis™ 0.47

1.This study; 2.Data from Brown €t. al., (1990); 3.Data fromChung €t. al., (1995); 4.Datafrom Brown and Kelly (1993); 5.Data from Legin et.
al., (1998); 6.Data from Hastine et. al., (1996); 7.Data from Manning and Campbell (1961); 8.Data from Augilar et. al., (2000); 9.Datafrom
Mishra and Maheshwari (1996); 10.Data from Welker and Campbell (1967).

*Definition of enzyme activity: 1.~6. One unit was defined as the amount of enzyme that released 1umol of reducing sugar (as glucose standard)
per min; 7.~9. One unit was defined as the amount of enzyme that hydrolyze 10mg of starch per min; 10. One unit was defined as the amount of
enzyme that released 1mg of reducing sugar (as maltose standard) per 3 min.
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Figure 4.17 Specific growth rates of strain S2302 with different starch
concentrations. The initial pH value of TA medium was 7.2 and cells were
incubated at 70°C.
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Figure 4.18 Relationship of reciprocal of starch concentration and

specific growth rate of strain S2302.
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4.8

Strain S2302
25% 13-24%
20-25%
10g/L
(
Figure4.19 Strain S2302
Strain S2302
Strain S2302
1.45 day™
day™ 0.99day™

Figure4.20 Strain S2302
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Strain S2302  10g/L
12g/L Strain S2302
Tg/lL
0.81g
day 0429 / day
Strain S2302
12g/L
Tg/L
Tg/L
S2302

Strain S2302

/ day

Figure4.21

0.06 g

10g/L

/

Strain



strain S2302

12g/L

Strain S2302

strain S2302
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cel fF mipo

Figure 4.19 Cell growth from fermentation of various growth substrates
by strain S2302. ( :sweet potato; : corn; a: rice)



(g/L)

14

sugajr

Reducing

Figure 4.20 Production of reducing sugar from fermentation of various
growth substrates by strain S2302. ( :sweet potato; : corn; a: rice)



Figure 4.21 Total sugar produced in culture medium from fermentation of
various growth substrates by strain S2302. ( :sweet potato; : corn; a:
rice)
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4.9

strain S2302
( ) Figure
4.22( ) Figure4.23( ) Figure 4.24(
) strain S2302
18
2g/L 4g/L  5glL 18
18 strain S2302
18 gl  2gL
30 30
( ) 4gL 5yl
36
0.7g/L
strain S2302
0.1618 g /g (4g/L
4.3390g/L 0.0085g/L 0.0020g/L

0.7027g/L) 9%
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Figure 4.22 Growth curve of strain S2302 with different concentration of
soluble starch. ( :1g/L ; :29/L ;- :4g/L; 2:5g/L )
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Figure 4.23 Production of reducing sugar (equilivent to glucose) from
fermentation of different concentration starch by strain S2302.

( :1g/L; :20/L ;»:4g/L;~2:50/L )

103



(g/L)

concentirati on
o
1

Starch

0 10 20 30 40 50

Hour

Figure 4.24 Change of starch concentration when strain S2302 was grown
with different concentration of soluble starch. ( :1g/L ; :2g/L ;- :4g/L;

2:50/L )
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strain S2302

0.8-1 x 6.0-9.0um
strain S2302
100°C 1
? ? srain
S2302 grain S2302 yeast
extract (growth factor)
60-80°C( 70°C)

pH 7.2 strain S2302 0-1% (W/v)

1.5% (wiv) strain S2302 1% (w/v)
strain S2302 mannose starch

xylose glucose matose fructose sorbose sucrose pullulan

lactose glycine mannitol neopeptone carboxylmethl cellulose
raffinose arabinose galactoe rhamnose cellubiose glycerol geatin
sorbitol esculin xylan cellulose carbon monoxide srain
S2302

grain S2302  crude amylase 638.9 U/mg
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strain S2302 PolymyxinB  Vancomycin
Ampicillin ~ Penicillin

ethanol aceticacid butyric acid

Thermoanaerobacter (Fardeau et. al., 1994) 16SrDNA

strain S2302  Thermoanaer obacter

16S rDNA strain S2302
Caldanaerobacter yonseiensis Caldanaerobacter tengcongensis

Caldanaerobacter subterraneus Caldanaerobacter pacifius

strain S2302 L-adanine
Caldanaerobacter Thermoanaerobacter
DNA Caldanaerobacter
L-alanine
Caldanaerobacter
0.1618 g I[s] 99%

strain S2302
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stran S2302 ?

G+C content strain S2302

srain S2302
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mixture

3.210

2.703
3.032

3.938

3.592

4.159
-3

4.731
2.7

24 2.229' 2.603'

2 24 2.8 3.2 3.6 4 4.4 4.8 52 56 min

Retention time:acetate 2.229min; Propionic acid 2.603min; Isobutyric
acid 2.703min; Butyric acid 3.032min; Isovaeric acid 3.210min;
n-Valeric acid 3.592min; Isocaproic acid 3.938min; n-Caproic acid
4.159min; Heptanic acid 4.731min.

125



10-2 GC-FID chromatogram of ethanaol
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13 Strain S2302 16SrDNA

GGACGGTCGTGATTGTATACGACTCACTATAGGGCGAGCTCGGTACCCGGG
CGAATTCCAAGCTTAGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCG
TGCCTAACACATGCAAGTCGAGCGGGCCTGTCAAGGCGTTATGTTTTGGCA
GGTTTAGCGGCGGACGGGTGAGTAACGCGTGAGCAACCTACCCTTGAGAC
AGGGATAACCCTGGGAAACCGGGGCTAATACCTGATATACTCTATTAGGGCA
TCCTGATGGAGGAAAGGGCGGGAAGCCGCTCAAGGATGGGLTCGLGTCCC
ATCAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGACGGGTAGCCG
GCCTGAGAGGGTGGTCGGCCACACTGGGACTGAGACACGGCCCAGACTCC
TACGGGAGGCAGCAGTGGGGAATCTTCCGCAATGGGCGAAAGCCTGAACG
GAGGCGACGCCGCGTGGAGCGAAGAAGGCCTTCGGGTTGTAAAGCTCGAT
AGTGTGGGAAGAAGGGATGACGGTACCACACGAAAGCCCCGACTACGTGC
CAGCAGCCGCGGTAAGACGTAGGGGGCGAGCGTTGTCCGGAGTTACTGGG
CGTAAAGGGCGCGTAGGCGGTTTAGCAAGTCAGGTGTAAAAGGCCACGGC
TCAACCGTGGATATGCATCTGAAACTGCTAGGCTAGAGGGCAGGAGAGGG
GAGTGGAATTCCCGGTGTAGCGGTGAAATGCGTAGATATCGGGAGGAATAC
CAGTGGCGAAGGCGACTCCCTGGACTGGCCCTGACGCTGAGGCGCGAGAG
CGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGAT
GGGTGCTAGGTGTGGGGAGCGGAAGCTTTCCGTGCCGTAGGAAACCCAAT
AAGCACCCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATT
GACGGGGGCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGC
GAGAACCTTACCAGGGCTTGACATGCAGGTAGTAGCGAGCCGAAAGGTGA
GCGACCCTCTCTTATGGGAGGGAGCCTGCACAGGTGGTGCATGTTGTCGTC
AGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCT
GCCTCTAGTTGCCAGCGGGTGATGCCGGGCACTCTAGAGGGACTGCCGTCG
ATAAGACGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCTATATGCC
CTGGGCCACACACGTGCTACAATGGCCGGTACAGAGGGAAGCGAAGGAGT
GATCTGGAGCGAATCCCAAAAAGCCGGTCTCAGTTCGGATTGCAGGCTGC
AACTCGCCTGCATGAAGGCGGAATCGCTAGTAATCGCGGATCAGCAT GCCG
CGGTGAATGCGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGA
GTCTGCAACACCCGAAGCCGGTGGCCCAACCCGAAGAGGGAGGGAGCCG
TCGAAGGTGGGGCAGATGATTGGGGTGAAGTCGTAACAAGGTAGCCGTAC
GGGAACGTGCGGCTGGATCACCTCCTTAGATCTGGATCCCCTCTAGAGTCG
ACCTGCAGGCATGCAAGCTGCGTACTC
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