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APPENDIX A—METHANOGENESIS PATHWAY AND
STRUCTURE OF COENZYMES

Source: Wolfe, 1990.

1. Propose Pathway of Methanogenesis
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3. Structure of Factor Fay
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6. Structure of Meth:ﬂ/

7. Structure of Component B
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APPENDIX B -- MEDIA

Formula

1. Cellulose Agar (CA)

Formula in milliliter and gram per 1 liter

0.75
1.3
0.9
0.4
0.9
0.6
2.0

Cystei _,  L \ 1.0

) | 30 ul

Trace Mineral§” - - - 9.0

 Trace Vitaminis 5N 1.0

ﬂ‘*ﬁﬂ‘jﬂ;}mwmﬁ”
SV REX 4180 igioh 1l )

Agar

* Only when isolating cellulolytic thermophiles, 7 g a-cellulose plus 3 g carboxymethylcellulose
(CMC) were used as a substrate.



2. Cellulose Broth (CB)

Formula in milliliter and gram per 1 liter

KH,PO, 0.75
K,HPO, 5
NH,4Cl : 0.9
MgCL6H0 11 f f 0.4
NaCl - 0.9
Yeast Extrach®ifco; hig 0.6
Peptoiie (Difeo’ Déiroi Michigan, U.8 A 2.0
Cysteine ] : 1.0
resOh (0oflion) 24\ 30
Trac gerals /. 7 \ 90
o =7 1.0

1.0

Cellulose b ,; . 0.1
Dllstllled Wa :,?,.. T 989

f‘,- d be discussed later.
I

Ui
¢
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3. Trace Minerals
Formula in gram per liter of distilled water

Nitrilotriacetic Acid
MgS0,4.7H,0
MnS04.2H,0

NaCl
FeSO,.

1.5
3.0
0.5
1.0
0.1
0.1
0.1
0.1
0.01
0.01
0.01
0.01

AULINENINYINg
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4. Trace Vitamins

Formula in milligram per liter of distilled water

Biotin 2
Folic Acid 2

Pyridoxine Hydrochloride 10

i ore filter, freezed and stored in a
ence of light util used.

P ,‘f_" ,

'-1 | ]
AULINENINYINT
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5. Balch’s Medium II Agar (BMA)

Formula in milliliter and gram per liter

Mineral 25

NH,CI 1.25
Trace Minerals 10
Trace Vitamins ‘ |/ 10
s, TH 0.02

NaHCC —1 7.3
CYSW AR 0.6
NayS.9 " 0.6
73 3 | 40

isti ¥ ; ‘ 955

6. Balch’s Medium II Broth (B’

.m
i Ve A3 W 171
amié‘ié’mm um'mmaﬂ

7. Mineral

CaCl,.2H,0 0.16
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Preparation

1. Preparation of Medium number 1, 2. 5. and 6

The 500 ml solution of ingredients was added to a 1-liter ground joint round

bottom flask” and heated. When the so ition was boiled, cysteine hydrochloride and/or

sodium sulfide were added which tin thescolor turned from blue to reddish-pink.

During boiling the solutio or se el al mi ink color disappeared, indicating
reduction. The flask was ubber stopper, covered with cloth
and tied tightly, and a in es. .transferring to the anaerobic

chamber, trace vitamin i  added. Before used, any plate or vial contained

The nitrilotriacetic c1d-5_§i£su§ sended in 500 ml distilled water and dissolved
by titrating with 2-3 N KOEP-ﬂlﬁﬁﬂW-“ - stabilized at 6.5. The rest of the

1ngred1ents were added and dissolve er they w were isted. Finally, the volume

ﬂumwamwmm
QW’WMﬂ‘iﬂJN‘W’W‘WMﬂE}

® The round shape of the flask prevents breakage due to the sterilization pressure.
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APPENDIX C -- CONDITION OF CHROMATOPAC, STANDARD
CHROMATOGRAM AND CALCULATION METHOD
FOR GASEOUS PRODUCTS ANALYSIS

1. Condition of Chromatopac

Column : ak QS, 80-100 mesh, 2 m long, 3 mm inside

Detector :

Temperature : €0 / ethp 25°C .
/ﬁl / ='—,' )

Current : D0 = ¥

Flowrate : 0 min G

Carrier Gas :

AULINENTNEINS
RIAINTUNRINIAY
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2. Standard Chromatogram
> S
: p
1 |1
#
Az .
dg v Y
#/
A c
| ¢ a Y
ﬂ Ut Wﬂ%ﬂc pfhe
i o/
QW’]@\‘iﬂﬁﬂJﬁJ%ﬁ negIag
Standard gas
B. Gas drawn from a fermentaion vial inoculated with a thermophilic
cellulolytic bacteria
54 Gas drawn from a fermentation vial inoculated with a thermophilic

cellulolytic bacteria and a thermophilic methanogen or coculture



3. Calculation Method of Gas Analyzed from Gas Chromatographic Method (Mah,
Smith, and Baresi, 1978)

Micromoles of gas formed = [{%Gas x (V¢+ V,)} /2.24] + M,

while ;
. volum ~, n of gas phase
Ve = . : e (ml) Qm culture vial
Vi = ‘ ) of g > removed by syringe
quilibratio \ nospheric pressure
M, = : ‘ \ d after equilibration

ﬂﬂ&l’J‘ﬂHWﬁWEﬂﬂ‘i
QW?MH?QJ 1IN Y
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APPENDIX D -- PREPARATION OF STANDARD SOLUTION, CONDITION
OF CHROMATOPAC, AND CHROMATOGRAM OF STANDARD
VOLATILE FATTY ACIDS

1. Preparation of Volatile Fatty Acid Standard Solutions

1.1 Prepared standard sol h volatile acid by diluting the following
volumes to 100
— ml

"J —-JJ

ml
ml

‘rr.-
‘4

Detector : Flame Ionization Detector

B AN TS
AN I8y

Flowrate : 50 ml per min

Carrier Gas : N,



W T e T SO Loy

3. Chromatogram of Standard Volatile Fatty Acids

s
b
-
=
-
#

) f U
AULINENINYINg
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APPENDIX E -- PREPARATION OF REAGENTS, STANDARD
CURVE, AND CALCULATION METHOD OF
CELLULOSE DETERMINATION

1. Preparation of Reagents

Acetic/Nitric Reagent@‘ ,///

Mixed 1 aqflc am ml concentrated nitric acid

) | S
Phenol Reag/ | \

- ml distilled water

To prepare the rd, ved 100 mg pure cellulose (a-cellulose
fiber, Sigma catalog No. C- : s at 105 C and cooled in desicator) in
10.0 ml 67% sulfuric acid Mﬁﬂe ie ed the solution to 100 ml with
0.15% (wt/vol) be ative. Stored at 5 C. This

solution was stable forlj“ veral distilled water just before use

to give a solution cont mng 100 ug cellulose per ml. Prepared standards (10 to 100

ug/ml) from thﬂ ﬁ?ll?ﬂ}ﬂ“l"f'ﬁ"?lﬁ Sﬁpﬂl ﬁthe procedure.
AR ﬁ‘l\‘lﬂiﬂl URIAINYIAY



100

1.200 +

1.000 +

0.800 +

0.600 +

Absorbance

0.400 +

0.200 +

0.000

70 8() 90 100

Figure E.1 A linear standard curve of ed by this method.

3. Calculation Method

-------

Cellulose (ug) = _4"97 ” v;:?t

- -

‘II

ﬂUEJ’JVIEWI?WEJ’]ﬂ‘a’
QW’]Mﬂ‘iﬂJﬂJﬁﬂﬂmﬂﬁl

..__;::.::"'\-‘ to 0.0116.
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72 @
Q)

(@)

]
(b)

£
o

ﬂ‘NEJ’JVIH 'swmﬂ‘s
ﬂW’]Nﬂ‘ifU&l ‘Vl?_l’]ﬁitl

T L T
0 3 10 15
Day

Figure F-1 pH reduction (a) and remained cellulose (b) in cellulose fermentation by a
coculture of thermophilic cellulolytic bacteria C23 and thermophilic
methanogen M38: C23 (O) and C23 + M38 (+)
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(b)

Figure F-2 pH reduction (a) and remained cellulose (b) in cellulose fermentation by a
coculture of thermophilic cellulolytic bacteria C23 and thermophilic
methanogen M47: C23 (O) and C23 + M47 (*)
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Day
Figure F-3 pH reduction (a) and remained cellulose (b) in cellulose fermentation by a
coculture of thermophilic cellulolytic bacteria C23 and thermophilic
methanogen M48: C23 (O) and C23 + M48 (x)
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Figure F-4 pH reduction (a) and remained cellulose (b) in cellulose fermentation by a
coculture of thermophilic cellulolytic bacteria C73 and thermophilic
methanogen M38: C73 (M) and C73 + M38 (+)
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(b)

Figure F-5 pH reduction (a) and remained cellulose (b) in cellulose fermentation by a
coculture of thermophilic cellulolytic bacteria C73 and thermophilic
methanogen M47: C73 (W) and C73 + M47 (*)
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Figure F-6 pH reduction (a) and remained cellulose (b) in cellulose fermentation by a
coculture of thermophilic cellulolytic bacteria C73 and thermophilic
methanogen M48: C73 (M) and C73 + M48 (x)
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Figure F-7 pH reduction (a) and remained cellulose (b) in cellulose fermentation by a

thermophilic mixed culture: C23 (O), C73 (M) and mixed culture (¢)
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Figure F-8 Gas prodt&on in cellulose fermentation by a coculture of thermophilic

ceﬂulolytic Bacteria C23 and thérmophilic methanogen M38:
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Figure F-9 Gas prodnﬁon ation by a coculture of thermophilic

cellulolytic tpggria C23 and thermophilic methanogen M47:
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Figure F-10 Gas -:: ion 1 fation by 2 coculture of thermophilic

cellulolytic haﬁaria C23 and thignophilic methanogen M48:
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Figure F-11 Gas prodﬁion v ation by a coculture of thermophilic

cellulolytic hageria C73 and thignophilic méthanogen M38:
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Figure F-12 Gas progtion in cellulo entation by & coculture of thermophilic

cellulolyticbasteria C73 and thermophilic methanogen M47:
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Figure F-13 Gas proBclio 1 tation by a coculture of thermophilic
cellulolytigly&cteria C73 and ﬂl;rmophilic methanogen M48:
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Gaseous Products (u mole)
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Figure F-14 Gaspr, ction 1 ation ..’ thermophilic mixed

culture: C23 AO =C0O,), C7:§SF = CO,) and mixed culture (A = CO,,
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Figure G-1 pH reduction (a) and remained cellulose (b) in paper waste fermentation
by a coculture of thermophilic cellulolytic bacteria C23 and thermophilic
methanogen M38: C23 (O) and C23 + M38 (+)
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Figure G-2 pH reduction (a) and remained cellulose (b) in paper waste fermentation
by a coculture of thermophilic cellulolytic bacteria C23 and thermophilic
methanogen M47: C23 (O) and C23 + M47 (*)
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Figure G-3 pH reduction (a) and remained cellulose (b) in paper waste fermentation
by a coculture of thermophilic cellulolytic bacteria C23 and thermophilic
methanogen M48: C23 (O) and C23 + M48 (x)
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Figure G-4 pH reduction (a) and remained cellulose (b) in paper waste fermentation
by a coculture of thermophilic cellulolytic bacteria C73 and thermophilic
methanogen M38: C73 (O) and C73 +M38 )
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Figure G-5 pH reduction () and remained cellulose (b) in paper waste fenhentation

by a coculture of thermophilic cellulolytic bacteria C73 and thermophilic
methanogen M47: C73 (O) and C73 + M47 (*)
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Figure G-6 pH reduction (a) and remained cellulose (b) in paper waste fermentation
by a coculture of thermophilic cellulolytic bacteria C73 and thermophilic
methanogen M48: C73 (O) and C73 + M48 (x)
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Figure G-7 pH reduction (a) and remained cellulose (b) in paper waste fermentation
by a thermophilic mixed culture: C23 (O), C73 (O) and mixed
culture (¢)
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Figure G-8 Gas production.in paper waste fermentation by a coculture of
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Figure G-9 Gas produc:jon in paper waste ‘t;epnnentation by a coculture of
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Figure G-11 Gas produt"non in paper wastvnnentatlo by a coculture of

ﬂw w mﬁdﬁ’ﬂ“ methanogen M38:

cu(cl COz)andC33+M38(+ =C0,, V= CH,)
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Figure G-12 Gas produgtig in paper wast%fjrmentation by a coculture of

tlﬁ% @W w Mﬂd@mc methanogen M47:

cnl(D'=coz)andc33 +M47 (*=CO0,, V=CH,)
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Figure G-13 Gas production in paper wastefermentation by a coculture of

ﬂ‘%‘ﬂ % %ﬂ § w Eﬂ-ﬂ ﬁnhc methanogen M48:

cHo-= CO, ) and C23 +M48 (x_=CO;, V = CHy)
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Figure G-14 Gas produgtlﬂ,g in paper waste fermentation by a thermophilic mixed

ﬁrut&i (03/¢6:) 4 73(BHEO, ) | andmixed culture

Al=co,,v= CH4)..
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