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Siammeon Pimthong 2008: Methano! Production from Methane Using Methanotroph.
Master of Engineering (Environmental Engineering), Major Field: Environmental
Engineering, Department of Environmental Engineering.

Thesis Advisor: Associate Professor Wilai Chiemchaisri, D.Tech.Sc. 109 pages.

The objective of this study was to investigate potential of methanol production by the
mixed culture of methanotrophs bacteria isolated from the simulated landfill cover soil. The cell
suspensions were utilized in batch experiments to find the optimal conditions involving
methanol production, which were 1) methane contents (10-30%), 2) type and concentrations of
salts used as methanol dehydrogenase (MDH) inhibitor, 3) methane sources: pure methane and
biogas and 4) comparing suspended cells and the immobilized cells in various sizes of calcium

alginate.

The results showed the mixed culture had 67.21+ 12.92 % methanotrophs of total
bacteria and could be used in methanol production. The variation of methane content (10-30%)
gave slight differences in methanol products (413, 478 and 466 pM) when 200 mM NaCl
utilized as MDH inhibitor. However, when 300 mM MgCl, was used, the methanol had more
stability and reach the highest level (1,806 uM ) as compared to other inhibitors of CaCl,, NaCl
and KCI (765, 421 and 123 pM respectively). Without any inhibitor, methanol was not found
L;nder available methane, and for biogas, 240 M methanol was found. When MgCl, was added,
methanol concentration had increased to 1,806 and 964 pM, respectively. However, considering
for methanol produced to methane utilized ratio, methanol produced from biogas was higher
than that from methane by giving 4,559 and 1,029 pgCH,0H/gCH,, respectively. In the
immobilized-cells” study, CaCl, gave the most stable beads and methanol production of
737 uM in calcium alginate beads of 2 mm diameter, however lower methanol production as

compared to the suspended cells’ (1,509 uM). So, calcium alginate was not appropriate to

immobilized methanotrophs for methanol production in this study.
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CaCl,
FAD

FADH
FISH
KCl
kDa
hr.
MeOH
MgCl,
MDH
ml.
ml/min
MMO
MOR
NaCl

NADH
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unaideunas 134 (Calcium Chloride)
Wauezaiiulaiinnale lnd (Flavin Adenine Dinucleotide)
nN5u (gram)

Wosifadlada lalasdime (Formaldehyde Dehydrogenase)
goosanaudoude lous ladiadu (Fluoresence in Situ Hybridization)
TJunandounae 5@ (Potassium Chloride)

nlanoady (Kilo Dalton)

#1739 (Hour)

WNUda (Methanol)

uuniteunan 158 (Magnesium Chloride)
WN1U0aA 1a 1asUE (Methanol Dehydrogenase)
iaaans (Millilites)

HaaanIaouIn (Millilites per minute)
WNUNOUPDONFHUUT (Methane Monooxygenase)

A5 1NINUDNFIATY (Methane Oxidation Rate)
Tan@eunanlsa (Sodium Chloride)
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Methanol Production from Methane Using Methanotrophs
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1 Tu N5 (methanotroph) 138 4011 11 TN5TALUANS 8 (methanotrophic bacteria)
< A . A o @ A v A A
WunuaNSeunINaY (gram negative) NanyauzaInmng 3 Tagmn luInsWdadlunuanise
[ a a I { Q
TungumiiaTalnswl (methylotroph) wita laInsvhilunuaiisoNnlde1n19 (acrobic) &4
9 A 4 [] = a
annsaldmstlsznouniasuou 1 ogaon 15U W (CH,) muea (CH,OH) wiatan-
=\ a 4 = 4 A AA o J 4
iy wiiae lud arlalimu vesun tazensUseneuwnaniigamlesiduesnsznou
[ A { 1 J [
a131)38n0UNY 7 YOIUNUY (halomethane) aza3llsznoumnanidamesiuuvasves
[ 4 a 9 [] a a AdAA
WaIUazAITUEY VNFHad 0 lsHyiuna lasmsuanuedaslsenouaunIoni
] o [ o a 4 1
ABD3 U301 MNAININATS TUYTU (carbofuran) dmFugaun3ongumm TuTnswly
4 9 I 1 14 [ a
MivoUuszaoNMNMAUMTULHAIMTUOULAz WAL U595y (Anthony, 1982, 1986,
=) 9 == ") a a LS
1991) Taelud) a.¢1. 1906 Sohgen ef al. lAusALUARG BT ANTINTORONF lAdlinu 1

A A & oA a A Y Ay
ANNIENUDIMA AD Bacillus methanicus B0V ugaunsdmm IuInswdmsnnauny
o d” IS IS
3.1 MIdwmundamm Iy Insinamemntazyunil

IS Aa AqyY & A I ! 7
mmTuva\hﬂummmiﬂﬂ“lcvmimuawammm%mmmﬂmmmmiuammz
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waslumsisy Tae Whittenbury e al. (1970, 1984) lasuunmm TuInsd 1dnd1 100
¥iia Tavofodnyaz3is199044as (cell morphology) JUlIDUPITZZWN (resting stages

formed)

a

a o s A
MNN 3 anvazmeluvousaazaunsdwn 1uInsn

q

3: Artike (2008)

anvug Iassadnveudoriyls Tawaraiin (fine structure intracytoplamic membrane) 11ag
v 2
anvarn1euenn 1 (physiological characteristics) Iaganuisauta¥emwm luInsiasnann
1< a o 5 o v Id J 1 I
ponilu 2 viladeiu Ao wm TuTns Type I Falidnyuzjilsraiunmmiogisailunsg

a

naw liansoniylunhliguugiigeld @lszn 45 %) dnvuzveutedulylanaraiia

Q G

A o ~ < ' 9 [ 9 ] I @ l a J
uanvazisautHudounuadsHul elumaanzluuuvessseziined lugivesan

9 1 v 7 ~ cil
(cyst) 1Aun @18WUg Methylomonas spp.ag Methylobacter spp. Juvniz o TuTnsvl
A o 1 | ' a A 1 IS = ] a Ada
Type I Hanwazgisaduniuas lunsiaiigUsaiiug luaunsansaylunil
a @ 4 a @ I 4 Qszl
guiigald (Uszanm 45 “v) dnvazveutequlsTanaraalanyuziihubodu 2 du
o @ J @ ll a o 4 J
' ldumiurad luupvesszeziineglugduesdan (cyst) nazailos (spore) laun
v J 1 v Aaw 1 %
ANWWUT Methylosinus spp.hag Methylocystis spp. 0N lalim3Any Iagiinisenaioniudgg
9 ' o s o I =~ A A 3 3
laagiwuaiiGenquilszordorou lailimuveusoond-uanioudnlo (Methane
I o 1 Aaaa a v = ¥ (A [~
Monoxygenase: MMO) tHludnsalgnsenlumseongiadumaimulin)asugilumnivea
7w ¢ o o & <o o g Y {o o o ¢
nazvlosad lesamudwy Fulestad leatifuasdinarnidnglunmsiilyldlse Tean
P ana o ¥y oA o P o A
YouraauazHavelfnseriuganie ae Mmamsveu laven ladauaaslunini 4 Tag
¢ o ¢ o ¢ o ¢ o . ¢
wadazaninimesiian laadun1dse Tewi luradiuazlinelumainihgiwad 2
o A =] a
sunuudeiu Aiv 3501358100 (RuMP pathway) 11az35@3U (Serine pathway) Taogtuunlu

o % J 1 J 3 o o { < a
msiuemesiiad lediingadiuildeunsodwundemwmluTnsoonilu 2 vila
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{ = 1 <Y ad s 3 Aou I
AWYNU 7D Gvuﬂﬂmv\lesmﬂ"lammqmaaﬂamﬁmﬁgmuwﬂmﬂumwﬂuim1/\| Type I Liag

' J

a i o o @ 14 A, v q
silamineosian landngaaaaeisas udaumwni TuInsW Type I (Anthony, 1982,
Y
[ @ o 1
1986, 1991; Large and Bamforth, 1988) Wonanddanumm TuInswaeiug v fo
W Tu TN Type X AD Methylococcus capsulatus 11194010 NanE YL U19L5EMITINAY
[ A o 1 1 [~ @

sz TuInsyl Type 1 1oz Type I uatanyazgilsalagadiulvgiilunsinaunazin

[ d . . a Y= a o A o A4 9 a a
wuiilug (dicocei) ansansay languvgil 45 ‘o uaztianvazvouteqy la TanaalaiFo
3 ] 9 o Y ] @ 1 a 4 @
Aunrugounuaasnruay jiuuuvesseziined lugivesdan (cyst) erdenszuIUMg

= J a3

ForsgoniinazIsasulunmsaaduilesiiad lean 1 ldlse Teaineluaad Tageunse

U

asanvazmmzveuumIluInsdudasyiaduaaluniinm 3

TYPE Il METHANOTROPHS

RuMP PATHWAY

HCHO /o
/ XH,
NA

Dt
HCOOH
SERINE PATHWAY T

TYPE Il METHANOTROPHS

CcO,

d’ ad a A a % < Jo A J ;
HMNN 4 ’Jm/]N(l‘uﬂﬁmﬂllmuﬁ]@ﬂclﬂﬂ%uuﬁgﬂﬁ@ﬂ‘ﬂmﬂﬂiuﬁﬂ‘lEIWU?J\?L‘H@L?J‘I/]1IL!I°V]5‘V\I
TypeIilay II

#131: Hanson and Hanson (1996)

Y v
3.2 maasranugaum TuInswludanadou

] E2] Y
Av A v A

Y
Tuauaden lddnyineunihiherdudemmn Tu InsiwuNa s 0as19nU%o

v v

Y v
wmTuInswuuaiiGelunsnuaies laun Audiinauyades Auiluundn nzaan

=

< av A a o n’/’ g {
Wudu Tasluswdsendnyuum uInswuuaiielunihaunaviudugaienunilanay

9
yarlo8939 19U Nozhevnikova er al.(1993) WunlusaaeluuanGestiamm TuInswig 2



d‘ =) = v o dy
M1 3 mafFeuneudnyaemsduundomn TuInsw Type I 11 uag X

Characteristics Type 1 Type 11 Type X
Cell morphology Short rod, usually occur singly ; some cocci or Crescent-shaped rods, rods, pear-shaped cells, Cocci, often found as pair
ellipsoids sometimes occur in rosettes

Growth at 45°C No No Yes
Membrane arrangement

Bundles of vesicular disks Yes No Yes

Paired membranes aligned No Yes No
Nitrogen fixation No Yes Yes
Resting stages formed

Exospore No Some strains No

Cysts Some strains Some strains Some strains
RuMP pathway Yes No Yes
Serine pathway No Yes Sometimes
Phylogenetic signature probe  1041(5’-CTCCGCTATCTCTAACAGATT-3") 1034(5’-CCATACCGGACATGTCCAAAGC-3’) No specific probe has

1035(5’GATTCTGGATGTCAAGGG-3")
MM650(5°-CCTCTACTCAACTCTAGT-3")
MMB850(5’-TACGTTAGCTCCACCACTAA-3’)

been tested

1301 : Bowman et al. (1993)

€l



(% § g % < !
Type aAInIA15199 4 Taargomni IuIngul Type I dnwuluammemeanuinduy aiu
Av A= == a Y a v o ] dy

NuveRAnEwuanEerdammn Iu InsW lunihaunauiudiaes wu o lulns

a Y a 9 [ Ia & a A Y 9 [
Type I @nsanin 16 luuinauduuuvesasdiau suiluusnuniianududuvesne
= ° A & & a P a Y 1 o
Hmudr luvagidomwm TuTnsy Type 1T duannsonsy laa luuSnadwauesnedau
a 2 4 a A Yy 9 A = Y 9 A ° T
au Fuiluusnauddanududuvesmalimuguazinnududuvoseondioud uasgials
[ a A a [ dal Ao 3 A Y] = A 9
anmanalmusondmdu luiunidinavyarostivzinianainiuszaunuanieaa g

[

F9910AN 1T UU00NTFAY (Hanson and Hanson, 1996)

d' A A a td' Y a LY [y (% =
M9 4 vuanFeydamm Iy Insinanuluvihaunavsivvesmquilinauyadesimsy

alad FUALUANITY anudinylu anuaninlums
wmTuIns maguiiedn  SapAuTad 6w (Fusiuam
($ovaz) Tawldndoaganssemi
Methylococcus capsulatus 1I 30 -
Methylomonas methanica I 0 -
Methylomonas albus I 90 ++
Methylobacter bovis I 90 +++
Methylobacter vinelandi I 0 -
Methylobacter chroccum I 95 +4++
Methylobacter capsulatus I 30 -
Methylosinus sporium 1I 60 +
Methylosinus triosporium I 30 -
Metylocystis parvas 11 100 4+
Metylocystis minimus I 30 +
Metylocystis methanolicus 11 0 -
Metylocystis periformis I 40 -
Metylocystis echinoids I 70 +/-

4 4 4 4 4
WO (-) : 01509, (+/-) : 1-2 109, (H) : 5 1¥aa , (++) : 20-50 1509, (+++) : 50-100 L¥aa

#31: Nozhevnikova ef al. (1993)

14



15

a =)
3.3 MInaaMUoannUmu lasmuni TuInsy

A 1 Y I~ ' o & 2
o300 lusgrIms lgumudlunramasnuveasomm IuInsl Ims
{ <3| ' { IS ' J
nlasugivesimuiluumueanon Tasdowm TuTnsvezldimuiuuvasmsvounas
[ A a 9 Y a [ o I [ s
wasluanmntesngnundi Inaasusiiuumuea laserdeou laitimuwee-

E4

Ay A I I Yo A
20NTAUUANT01ONON 1D (Methane Monooxygenase: MMO) Taguaaaums laaadl

MMO
CH,+%0, — CH,0H+H,0 (6)

o613 lsAmuTaosssumnaudaumueaszgnldae lumadmmIuIngvla

alaswiluesiianlad Wosmmuazarsvoulaoonladandisu

MDH FADH FAD
CH,OH —® HCHO—* HCOOH—* (O, (7)

(riwetyie) MDH: Methanol dehydrogenase; FADH: formaldehyde dehydrogenase;

FAD: formate dehydrogenase)

g A o o A Y o A o
%mu’nmu‘lwmummmﬂmmmmmwmmuaaﬂa mu”l%mmumua-
A = = =) A IS I
PONTIUAUALINNUDAR 18 TATIUE (Anthony; 1986) Tagiimuouosenddruailuey lain

a L= o 2 = =~ I I J
aaﬂcn"lﬂchmuLﬂummuaauazmmuaa@”laim‘mummﬂaﬂummuamﬂuﬂamaﬂvlaﬂ
P! A
3.3.1 WNUNDUDDDNBILUT

d a aaa a o A A
Laullcﬁil%umﬁﬂmm’mumuaaﬂcﬁmﬂmiummﬂuimw D UNUUBDUD-
A A 3 3 ] I a 9 v A 1< <
pONTUUAHITNON D (MMO) gusonsseantiy 2 sHaRenUAD EENON D (soluble

<] < .
methane monooxygenase: sSMMO) L1 Wowoulo (particulate methane monooxygenase:

pMMO)



1) wadudule

3 I o 1 A
ooy Tofluou lainazasedlulaTanaraiia (cytoplasmic
£ Jd a dy 4 v Qa.ll
enzyme complex) Fnutou laisiiati luueaewugvouumIuTnsvimniu Tagaznylu
1 1] 4
nauu TuInsW Merhylosinus, Methylocystis 148% Methylococcus Tunnanewug uazwulu
Y4 I <3
VNEGWUTUDI Methylomonas, Methylomicrobium (Murell et al, 2000) Tasaa31aoamduoulo
A A J dy =Y 9 =R o I <3 S o 1 A
vosuuanGaatiszianvazadienany lagwaueu Teldivilseneuran 3 83 fe
AU A vigediu leasendiad (hydroxylase) daulysau B uazaiuldsiu C wioauian
[ Y
98 (reductase) (MW 5) Tagau'laasendaaisimiinyszuas 245 kDa. 1szaevlde
< { ] 1 I ] ]
wan? T8y (nonheme iron) amsautseonilu 3 e fie danh (o) wé (B) wag unsu
£ = < a ' t4 . . 9 o ! =
n () s laasendaailu vinanssveueu lxil (active site) dmsudiulilsdu B
I A oA A v @ 1 ~ ~ : Y] Aaaa ~ ==t
Whulsaunluidsunudinleasendiaa Hiimiin 15 kDa. UgAsentimusonoosndiua
Y Y Y
vz luiRauuludiuil uagluaiuveaTisau ¢ Tiimin 38.4 kDa. Usznevaltenariues
a a o a a 14 a a
atiu1aiianaTe lné (flavin adenine dinucleotide: FAD) uazti Iaaun ludezatiu laiiina Te-

Y Ao o

) .
0@ (dinicotinamind adenine dinucleotide: NADH ) Tag FAD 32152 neudigsanaa simiinn

adg R @ a R a 1
UDLANATDUIM NADH2 uazmmu"lﬂmmmm di-iron Gumhlamaﬂ@mafﬁagﬂumnmm

4
vouou Il (Murell ef al., 2000)

< <3 a d? A Ao 1
NITULEAIDDN (express) ﬂl@ﬁlﬂﬁlf’)lllﬁllli@ﬂ&ﬂﬂﬂlum@uﬂ@ﬁWﬁﬂuﬂﬂﬂ
S A . . v o .. =
wosaoyindaluernis (copper-to-biomass ratio) Tuszaum (low-copper growth condition) A®
[ Al 3’ 9 4 [ [ QSJ}
Napdles losau (Cu”) oand10.89 lulasTuarsaerimiinmaduia 1 nsy daiui
[ d @ 3 d a 2
szavvesnelilosaoTiuialue1msgazansaduds (inhibit) tou laiwiiadi 14 (Hanson

and Hanson, 1996)

I & ° Vo {
a@ONEN ToUANUIUNITADFTUAATNNHAINHAY (broader substrate
a { a y g { A [y o'
specificity) TaglummIuInslusriainiyluomsteuioninetlos luszaudazil
A 3 g { I
msauurmamemdudu Toszeuson) dsuuunmawiy 1,2- uurinueoald (Hanson

and Hanson, 1996; Murell et al, 2000 )
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Frotein B

a ) a ¢ < o
NINN 5 Tﬂ5\‘]ﬁ'i1\1%?{!iﬁﬂﬂlﬂﬂl@umﬁﬂl@ﬁl@ﬂlﬂui@

f31: Murrell et al., 2000
2) Wdudule

I < o o o s &
fowouTordueu lwimwulummIuTnsiynmenug Taefidouou-
- : - 2 2
Toazimzaaiinielubodu laTanaraiin (membrane bound) (Murell et al, 2000) H1ououTo
A o [ J 1 A A J d
wuaasesniesandiunstilesdeiuralueisgs Aeunna 0.85 -1 lulasTumiee
oy o 4 o 1 1 a P4
Wiminesaduita 103y uea lunu 20 TuTas Tuans (Hanson and Hanson, 1996) Fox ef al.
1 & laa g ' o
(1990) 51814 Methylosinus trichosporium OB3b 1M Iu Insnteuon Toogna 2
A o g 3 g . . ~ a ¢
suvudeiaeslue B ueNe e (Nitrate Mineral Salt: NMS) Iaglinmsaunoilinles-
4 = a ad I ~ a A A A g <]
losouluems 5 lulasTuas velimsnaniououlodiossia@e) uaziilowiniiouou-
<3| o’ a o 4 Aa o [y % 910/ ] 9 Aa =
Toflwou laimmzAanudedu le Tanaratias I luilepiuiid hiawnsoadaliusgns
9y A < < 1 Y A d I
l@milouoaidudu To (Hanson and Hanson, 1996) @ulsznouias Inseas1avesiioudu-
[ ] o 1 < < 1 I 1<
TodalinswFanu uavnnmsanuridudy 1090 M.capsulatus (Bath) wuiiouoy Te-
9 ] 1 =) 1 = 3’ % d! a d' LY
Usznoudlsniiiedosuns TUsau 3 vueitimiin 45,27 uag 23 kDa. FIUTNIUNIVAY
[ 1 [} A A 3’ o 1 I~ a (=] < ~ o
FEUINHUGE0INITMIN 45 1A 27 kDa. mMaaztuusnausaidudn Telanus e

1 [ a ] 3 1 a o = 9
AU TNUNWEUANIUY uaz”111mm‘m@@ﬂm"lﬂcmuvxlmau”lﬂ

A Iy I < a L= I =
wm Ty Inswnuns lesnduduTeesnd lagumiuthuunueaszins
a { 1 1 < < 4 Aaaa < <
nIyfganiumIuIngdild eadudToilosnnljnsnazes ladveseadudulodos
1% NADH+H" iHudq1¥aidnasou manoadudulold NADH+H 1Wud1ioidnaseuii

1l [ 2 o o v & v o a a ..
IfdmnIz Ny NAD' defiegedraiinailudisimuanisiniauay I (limiting growth)
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vouumIuInsy luvaziiduduloldasdsiidnd IWthguiludldsidnasou (@umsi

8) #eluilogtiuds hinsmidaasyiail (X) Aedrsozls (Murell e al, 2000)

pMMO
(0)

2 HZO
o M/’ )
’ N

CH » CH,OH (8)

4 /\
NADH+H /\ AD"
C H,0

NADH+HQ_
sMMO

332 wmuead lalasdued

Tunuafsemialalnslizesnd ladwmueaunesuiad laa lag

s A

1 = = A I A 9 a 3 A Y
mu"l%wmmuwmaaﬂ"laTﬂsmuﬁm@mmmﬂmwsm}qmmmmuma%ﬂizﬂ@umﬂ
v

a3, hmiingawlszunm 150 kDa. (Reddy and Bruice, 2007) Tagwivisgesuinalva (o)

o

Y
wminiszana 60 - 67 kDa. TasniaelvaiuaazninlszneudeTaeulsl ln s Tand Ty

)

a o

au-mIutiuniofiAA1 (Pyrroloquinoline quinine: PQQ) 1 Tutana uazuaadey looou (Ca™)

1 | 1 < = a 1 A a ~ ~
AIUMUIYYDYVUIALAN (B) HUUIA 8.5 kDa. u'5nmmmaqmu"lclmﬂamnmmmamau‘laeau

v v

A A e o A A Y
iy Taeu lasd#in A7 (Antrony and Williams, 2003) fauaasluninn 6 msnasuée

ad a R v & A
maﬂmaumﬂmmuaafﬂmimmmimmu"lﬂmmnmammﬂcﬂﬁiﬂm CL (Cytochrome cL)

@ us.:} ac [ Qy ~ =
vasnniusiaaasouazgndeiu 1UdsleTalasy C,, (cytochrome C,, ) naz@ugaiioondiad

£

(oxydase) aauaadluaunsn 9 (Dales and Anthony, 1995)
MeOH—— MDH —— cytochrome ¢, — cytochrome ¢,— oxidase (9)

3.4 TlveNinanomMsHaauNIUeaVD AN 1y TN

a

3.4.1 g1y

U

gangil iina lagasssenszuaumsmmueadunieluwaduoigaunsd



Thr-159

Gly-175 l

Ala-176

a v @ 1 Aa a o = A a 1 3 A
MNN 6 mii]‘1Jﬂu5zwTN‘Wﬂaﬂaﬂ‘mmamffm”l’e)a@u‘vminmﬁwmmum@%

An: Anthony and Williams (2003)

Aad 9 1

A o a Al a ' I =~
ﬂ'lﬁl‘]_]aflullﬂaﬂellﬂ\‘]'qmﬁﬂ UANUAAYADYIAUNTULAQS T UA 'E]EJ'NvliﬂG]'liJ't‘]ﬂ!W{] LAY EERY

U
v

AR

HagieauUNIoNINAIgUNgIM HuatsnuitohAnymavesguugiiluaudenuniise
wmTuInsyl Boeckx and Cleemput (1996) I@51enmgaimgifimnsaudmsumsinaiimy

PONFATU A 25 — 30 o luvme Visvanathan er al. (1999) las180ugungiinmunz au

U

o [ a a @ 1 I aa a
ﬁmiumimﬂﬁmua@ﬂmm%u 30 - 36 " 'é)fl’l\‘llliﬂ@‘]’lﬂJQﬂ!Wﬂ“Nﬁ!WNT$ﬁNﬂ’liwac‘]lﬂvnuf]a

9 I Aa A ] A [ a 3
Ao Ty Insasilugurgifernugar iz auaomMsnIguoaun I Tnsvhiy
3.4.2 yilauazsuiaveanni TuInsy

M3 lFumIuInslumsnaaassunsdanss 1auseaums 1y
wm TuInswaeiuiasg nanvateyiia 1y msnaawiia lad Tau (Methyloketone) 910
Methylococcus capsulatus (Texas strain) Methylosinus sp. (CRL-15) ag Methylobacterium sp.
(CRL-26) (Patel et al., 1980) uadvsumswnaammuoannmm Iy Inswluilagiudams
'i1‘c’NTL!miGl%jlgﬂﬂ?’qw%(Methylosinus trichosporium win%u

4

Y
MIHAAAITATOUST ANTIHEIFUARSIAINNTOAILANNTZUIUNS

[

AaK A = Y Y a 4 . =1 ° 19
mmuaacﬁmmfgaumﬂmw Wﬂllﬂﬂlﬂ\iﬂa@]ﬂmcﬂ (yield) Hanuudsisiue UANDINIURN

A

\ ) P v 9 .
Tegluannsihiimsduilounniesdunidon iesnnidefimstuilouievsqnion
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] " W [ dy a d‘ Y d' Sldy 19 d'
Vlth’f'lﬂJ'liﬂl!"lJ\ﬁJuﬂﬂl%ﬂ%uﬂﬂullﬂ Glumﬂ!%ﬂﬂWii%L“]fﬂlLﬂUWﬁMﬂM@@QﬂJUﬂﬂJLi@QﬂWi
d!y @ dy 1 a 1 A 9 [
ﬂu!ﬂ@ulﬂﬂuﬂiﬂEILGI)'GLL‘U‘UNﬁuﬁ1h1iﬂ®§1ui$ﬂﬂﬂ15Waﬁllﬂﬂﬁ@tuﬂﬂqﬂﬂ'nlﬂuﬂ’ﬂ

(AMR, 2546)

¢ o
3.4.3 osndsznovvesmaluussens

a <

[ [l Y] [ ~ (%) { 1A
§11T5189U8AI 1@ MTNULTANTADMFUTIMATMIIZ ey uatien 19

q
9

a A a I~ 1Y [ 1

Ysmnatimusudulumssdaumueanuuiuassegizninedosaz 10 - 30 (Yu et al., 1998;

[ <3 o [ o w 1 a
Lee et al., 2004) 9819 lsnamesndsznouuesmaslunssemaiinnudnyaonsnan

. 9 a [ [ [ [ A A
wMueave a1 1 Insw Xin e 2. (2004) lTas1em5unadasaIuvsInsIaazsian
Y 1
MU AUABMINAANMIUOA IABIYD Methylosinus trichosporium OB3b fiogluasazaiy
v o Aa A 4 [ @ n’/’
Woamlariwilesaududu 20 1ad Tuans e 7 Tae lutiasdudaunmuoad lalasduea
A = 9 a 9 9 J JY
Ao Imudesaz 20 eandauiesay 20 lulasudssas 20 vazamisueulasen ludsoeay 40
a 1 4 4 P I~ a [ 4

Tuszuumskaauuuaeiios Tasmiuou lasen leaguilunaafusigaielunszuiums

a 09/1 < Y 3 a @
LﬂJ@]%U@a“ﬁN‘U@@LN‘WTIHITﬁWUHﬂf‘ﬁlﬂiﬂﬂﬁﬂﬂﬂ”ﬁﬂ@ﬂ“ﬁ!ﬂ“]fu"l]'ﬂﬂlil‘ﬂTu@all@g]}

[ 1 =
344 ANUYUNIA — AN (WLe %)

1 =

d o o 1 =) =)
anuilunsa — andanudrgyaenmsniayan Taveauumiuinsd Tag

a a { o 1 o 1

UnammIuInsannsonyldananmieniunats uamwmIuInsueaeiug wu
. L A An A a yyg A Ada

Methylocella palustris 80¢ Methylocapsa acidiphila G]Nl,ﬂul,njﬂmiElmi]‘ityhlﬂsluwu‘l/]‘l/]ijﬂ’ﬂu
I a Y I 1 1
Wunsa Tasansonsy ldnmanuiuniaa195z1i19 5.5 - 6.7 (Dedysh ef al., 1998a)
9 v A ~ 1 a I~
dmsuieyNuzauaeMINaauNIUeaveANM IuInsWaIsdlunals (Yuer al., 1998;

Lee et al., 2004)
9 < <
34.5 ﬁ13ﬂ33ﬂu&@ul@u1@

A 3 g ' I A A 3 3 g g 4
(eI nEuRN Toulisoaniu 2 sila Ao teauEN TouasdUBN o &9
L4 09/’ a dy d? 1o a a
mstaasoonvoeu laine 2 vilathiziuediulimaveneiles leoounazriiaves
] < a o a 4
wmluInsd TastdesmsIiduouTerialaduezdssniuguilsnuvesneiiles-

[ < a s
"la@euiummi f)EJNU]Jﬂ@]']ianﬁWﬁﬂ!ﬂﬂ?ﬂ@ﬁiﬂﬂl“ﬁaﬁﬂl@\‘l Methylosinus trichosporium
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a v A =~ A Y ) ~ g <
oB3b wiAvnenles leesuluszduiunaiisawerionszdumsiinuvesiidudyTe
< ' a 3 d A o
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1. MIIANSENDIMIIAUFBIS USRS (Nitrate Mineral Salt, NMS)

arulsznew

MgSO,* 7H,0

KNO,

Na,HPO,* 7 H,0
KH,PO,

CaCl,» 6 H,0

Ferric ammonium EDTA

Trace element solution

0.717
0.272
0.2
0.004
0.5



Trace element solution

EDTA 0.5 AU
FeSO,+ 7 H,0 0.2 AU
ZnSO,* 7 H,0 0.01 niu
MnCl,e 4 H,0 0.003 AU
HBO 0.03 AU
33 CoCls 6 H,0 0.02 nsu
CaCle 2 H,0 0.001 niu
NiCle 6 H,0 0.002 AU
22 Na,MoO,* 2H,0 0.003 AU
Distilled water 1.0 ans

o a I~ Aa aa 3} @ o I o Y
YSuiSinasidlu 1,000 Tadansderinau Usuiey (pH) W 7.0 tdniemns@es

¥
A

dil [ ' 1 dy 9 9 A [ 0 ~
mamﬂanhlﬂmwamﬂmwmau%u (Autoclave) NANUAU 121 < UTU 15 UIN

2. mamsanleamntivliios1du (Phosphate Buffer Saline: PBS) §115UMIA5I9M 10

14

AT (Fluorescent in Situ Hybridization: FISH)

M3A38. 3X PBS

NaCl 24 AU
Na,HPO,*7 H,0 3.45 AU
KCl 0.6 AU
KH,PO,*7 H,0 0.6 AU
Milli-Q water 1,000 Hanans

o A A ] dy 9 9 dil A [ . =
mm‘immﬂm”lﬂmn%amammmu%u (Autoclave) NANUAU 121 pst H1U 15 UM

Fmsumasen 1X PBS a1150%1 108199919 3X PBS



74

3. Msesean 12.9 daaluarswoamlaiinivles

m3euaITaza1n A uag B udwaunumusasidiuluasiamuani n 1 lag
A15aza10 A Ao 12.9 laa lva§ KH,PO,-H,0 Funioulasazals KH,PO,H,0 1.161 N3y
[ a kY oy o & a 1 A a A 4 £
Usulsunasaterinamiiu 1 das davansazare B Ao 12.9 Hadlua1s K,HPO, «7 H,0 &3

= @ Y a Y :j o & a
w3en lagazay K,HPO, 7 H,0 2.580 n5u Ysulsinasaretihnadwilu 1 das



v o . ' 1 A A 4
MIWUINT N1 OAIIAIUTTHIAITazae A uaz B nlFlumswsoy 12.9 Uad luais

Woawlaiivlmes
1592010 A 1592010 B N0y
(Haaan9) (Hagans)
93.5 6.5 5.7
92.0 8.0 5.8
90.0 10.0 59
87.7 12.3 6.0
85.0 15.0 6.1
81.5 18.5 6.2
7715 225 6.3
73.5 26.5 6.4
68.5 31.5 6.5
62.5 37.5 6.6
56.5 435 6.7
51.1 49.0 6.8
45.0 55.0 6.9
39.0 61.0 7.0
33.0 67.0 7.1
28.0 72.0 7.2
23.0 77.0 73
19.0 81.0 7.4
16.0 84.0 7.5
13.0 87.0 7.6
10.5 90.5 7.7
8.5 91.5 7.8
7.0 93.0 7.9

53 94.7 8.0
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1. msmuafSinatumuen

300
S 250 y = 4E-05x o
= 2
£ 200 - R =0.993
E
S
8 150
a
38 -
° _
£ 100
=
(]
= 50

0 T T T T T
0 1000000 2000000 3000000 4000000 5000000 6000000

Gas chromatography area

4 1

~ ' Y v o A Aqy
MNHUINN V1 ﬂﬁ’W‘lll’W]iﬂ1”53%31\1ﬂ:]’]lll"]]llslluell@\ullvnu@ﬁﬂﬂwuﬂlﬁﬂﬁ']w

Tasunlans

A19g19MIAIUIANYTUINNIUA
= Aqw
nunlans i Iasulansi = 3,125,000
a g ) A Aqw
AR UANUVNTUYDIUNNIUDD = aumananaigiu x nunldnam
= (4¥10°) x 3,125,000
= 125 UM

suanumiuea ANV UTUYRANNIUA x UTunTvesvoaurad luan

= (125 fimol/L) x 25 ml
= 3.125 [mol CH,OH
= 3.125 Kmol CH,OH x 32 g CH,OH /mol CH,OH

= 100 g CH,OH
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2. HaNMInNaad

v [l Y
ASNUINT V1 mmﬁﬂﬂimmmmuea°luLmazﬁmammmimﬁ@mﬁmﬁu

(M3NABDIN 3.1)

78

anzlumsnadou ANuITNAIUVBILNIUDA (LUM)
Sudi 3 5 6 8 13 18 22
lmu $ewaz 30 0 023 17 12 0 0 0
limuseeaz 30 390U NaCl 0 135 231 564 554 487 445
M0 oeaz 60 0 023 734 723 593 421 3.1l
MaFInmsesaz 60 SINAUNaCl 0 024 14 743 583 312 299

= , = ) ~ 1 o A A qu
AN UINN U2 ﬂ']Lﬂ’ﬁfJﬂ'JWNLﬂJMﬂIuLMﬂTU’ﬂﬁﬂﬁﬂTJZ@]N“]1uﬂ15ﬂﬂ!aﬂﬂﬁ'}ﬁﬁ$a1t’lw\|@ﬁl%

Y v
UsvanmmFomm IuInsyl (MInaasan 3.3)

OREY ANUITNAIUVBILNIUDA (LUM)
Sudi 1 2 3 4 5 6 7
NMS/C/PHB’ 0 1.35 231 5.64 5.54 4.87 4.45
NMS/PHB’ 0 0 0 0 0 0 0
NMS/NMS’ 0 0 0 0 0 0 0
PHB/PHB’ 112 212 102 256 210 110 0
NMS+PHB/PHB" 439 213 421 312 211 0 0




v v Y v
A5 19HUINT U3 mmﬁﬂmmﬁfwﬁ'ummmmm’aa"lumimﬂaauwﬂuazmmﬁl’u%’ummmiﬁuﬁa (ﬂﬁ‘ﬂﬂai’)ﬂﬁ 3.5)

ANUITNTIUVBULNIUDA (LUM)

ANUTUTUYDUNAD Tadeunanlsa uunfliFeunae s upaFeunae 13 TunmGeunaslss
(mM) udi 1 3 5 1 3 5 1 3 5 1 3 5
5 367 209 0 112 302 0 141 328 0 376 0 0
10 322 345 187 223 1486 455 281 213 0 0 0 204
30 412 234 0 119 807 529 362 115 0 0 0 352
50 346 456 0 280 545 506 329 456 457 0 0 0
100 312 342 1637 386 709 539 318 435 456 0 123 0
200 439 421 0 393 456 55 495 267 388 0 0 0
300 459 399 796 322 1806 772 545 765 0 0 0 0
400 334 421 602 524 678 706 729 342 0 0 0 0

6L
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d' 1 A Yy 9 a = = 1 =
AT NNUINN V4 mmaﬂmmmmummuaaiums‘ﬂﬂﬁaumiwamﬂiﬂumﬂmzmnmmu

a Soow = ~
UINTNUMGFININ (MINAADIN 3.6)

annzlumsnaaey ANUITNTUVBULNIUDA (LUM)
fuit1t 2 3 4 5
tnu $ovay 30 0 0 0 0 0
tnudesay 30 SIWMU 300 mM MgCl, 322 591 1806 234 199
MasFanm Sovay 60 0 123 240 0 0

maFinmiosay 60 9D 300mM MgCl, 186 577 964 776 123

~ ' A Yy /A = Y a o a a
MINWHUINN U5 mmaﬂmmmnmummmmm’ea%1ﬂLG1faavmNmmmamﬂu@ammﬂ%u

[ 1 v Jdou v A v o {
DATITIUISHINIEANUDAVUUAA NN (ﬂ”lﬂ/]ﬂﬁ’t’)ﬂ‘ﬁ 4.4)

fATAIUTENIN ANUITNTUYDILNILDA (LIM)
IFAAADOAUN $udi 1 2 3 4 5
IFAALVIUADY 1509.155  742.325 686.795 679.645 387.020

10 : 90 999.775 575.410 359.510 435.090 304.185
20: 80 95.050 654.330 715.885 521.030 242.700
40 : 60 270.660 437.480 413.450 686.145 405.745
50:50 626.540 471.610 362.780 564.160 416.785

- A Y 9 A = sy ~ o a ~
MINHUINN V6 ﬂ']lﬂ'ﬁEJﬂ'NiJHJ‘JFUH"U'E'NLﬂJW'Iu@aTW]iﬁl,clfﬁﬁﬂ']fll!ﬂﬁL%ﬂn@ﬁﬁ]tuﬁiﬂﬂﬂﬂlu’lﬂ

< [ ] ~
WARAANNU (NTNAADIN 4.5)

YAARa anududuvesNIvea (UM)

(Haawuns) 1 2 3 4 5

Suspension 1509.155 742.325 686.795 679.645 387.020
2 666.800 737.095 392.575 310.040 416.615
3 354.240 602.635 610.925 591.165 540.280
4 626.540 471.610 362.780 564.160 416.785

5 391.240 377.415 623.075 612.180 357.560




A a s = v =~ "\ a
MIWNWHUINN U7 Nﬁﬂ?ﬁ?tﬂiTgﬁﬂT"BiuﬂTﬁﬁﬂHTﬂ'J'lﬂJLGlliJsUuéllf’NiJWIuﬁﬂﬂfﬂﬂﬁill

mm TuInswlumsnaasauuiung (MIinaaei 2)

ANNZVDINS 01 Fovazilsuas i
NAADI (M) CH, Co, 0, N,

Hmuuseni 0 9.5025 0.0932 18.6040 71.8002
10 Haaans 2 7.0565 0.9983 18.4209 73.5242
3 0.1946 1.7660 7.0354 91.0038
6 0 6.1603 6.6226 87.2170
ﬁmuu?qm§ 0 19.9997 0.0273 16.9523 63.0206
20 Haaans 2 17.7305 1.0910 9.2774 71.9005
3 14.7744 2.6887 11.0419 71.4948
6 7.6726 7.4031 2.1539 82.7703
7 7.6726 7.4031 2.1539 82.7703
9 1.4029 8.2867 2.0600 88.2502
13 1.4029 8.2867 2.0600 88.2502
HimuuSans 0 28.8029 0.0497 15.3142 55.8330
30 Haaans 2 25.5516 3.6560 12.7907 58.0016
3 19.2965 6.6834 1.3422 72.6777
6 15.1112 7.7795 0.7291 76.3800
7 11.9636 9.5546 0.5308 77.9508
9 10.2387 12.4477 0.1300 77.1834
13 10.2387 12.4477 0.1300 77.1834
ﬁmuu?qm§ 0 38.7119 0.0316 13.2844 47.9718
40 Haaang 2 34.2372 4.0135 11.3577 50.3914
3 29.1952 7.4704 9.7946 53.5395
6 26.2106 8.6504 1.8872 63.2516
7 23.0059 9.0587 0.9344 67.0008
9 19.3822 11.4747 0.9241 68.2186
13 16.1123 13.00658 0.0931 70.7879
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~ A s = ) A
MINIHUINN US NaﬂTﬁ?LﬂiTgﬁﬂ']"]f(luﬂ"lﬁﬁﬂH”IL‘U?J\W]‘LﬂHﬂTﬁWﬁ@mﬂ?u@aﬂlﬂﬁ

wm TuInsdndauenld (MInaaoen 3.1)

ANNZVDINS 01 Fovazilsuas i

NAADI (M) CH, Co, 0, N,
0 28.8029 0.0497 153142 55.8330
Hmuuieni 2 25.5515 3.6560 12.7907 58.0016
30 Uadang 3 19.2965 6.6834 1.3422 72.6777
6 15.1112 7.7795 0.7291 76.3800
7 11.9636 9.5546 0.5308 77.9508
9 10.2387 12.4477 0.1300 77.1834
ﬁmuu?qm§ 0 29.1763 0.0573 14.9032 55.8630
30 Haaans 2 26.2983 3.2747 12.1859 58.2409
3N 3 20.2692 5.8367 1.5465 72.3474
200 aa luans 6 16.2913 7.2606 0.8808 75.5672
Tyfounas'lsd 7 13.9717 8.6902 0.5875 76.7504
9 11.6149 12.0025 0.2651 76.1174
MYFINN 0 24.3926 153723 12.8455 47.3894
60 aaans 2 23.2781 15.2067 10.0320 51.4830
3 22.9606 18.1808 9.9676 48.8908
6 16.8519 17.5482 5.4316 60.1681
7 16.8519 17.5482 5.4316 60.1681
9 10.4690 23.4587 5.1362 60.9358
13 7.6724 27.3046 0.7410 64.2818
MYFINN 0 25.8471 15.6560 12.7004 45.7963
60 Haaans 2 22.6404 15.4367 10.3973 51.5254
5NN 3 21.8524 17.1316 10.0966 50.9191
200 3 Tuans 6 18.7237 193114 5.5842 56.3806
TyAounan 15 7 17.1202 16.3746 5.7399 60.7650
9 12.0264 22.9831 5.5563 59.4341

13 7.7301 28.5037 0.8033 62.9627




A a ) o A & A q v
MSINUINN V9 HANTAATIZHNIY IUNMTAARENEITazaeazTuaouie 1% 1ums
Usvanmum Ty InsWIdianumune auaemnaamnIuoa

(M3NABBIN 3.3)

AANIZVDINT nan $ovazTinasmes
NAADI (M) CH, Co, 0, N,

NMS/C/PHB" 0 28.0737 0.0579 15.1811 56.6871
NMS/PHB’ 0 27.3405 0.0422 14.9612 57.6559
NMS/NMS" 0 27.7203 0.0359 14.2107 58.0330
PHB/PHB’ 0 28.8241 0.0690 14.5315 56.5752
NMS+PHB/PHB" 0 30.9112 0.0713 14.6904 54.3270
NMS/C/PHB’ 7 13.9065 11.1840 0.4703 74.4390
NMS/PHB" 7 18.8068 4.4279 6.5242 70.2409
NMS/NMS" 7 16.5825 9.0297 5.1734 69.2142
PHB/PHB’ 7 24.5671 8.1089 6.9911 60.3327
NMS+PHB/PHB" 7 23.9378 5.3985 7.1299 63.5336

d‘ a 4 = a = A 1 a
MINNUINT Y10 wamimﬂiwwmcﬂumiﬁﬂmﬂimmumu‘ﬂmmzaummiwam

wmMuoaveuuM 11 Insn (MIinaaeai 3.4)

ANITUDINIT 1391 %’aaazﬂ?mm?ﬁm
NAADA M) CH, Co, 0, N,

muusend 0 9.0561 0.0325 18.4048 72.5064
Souaz 10 3 7.3071 0.9383 16.8669 74.8875
5 5.9979 2.2469 15.1841 76.5709
7 5.6497 2.2453 13.4730 78.6325
Hmuuieni 0 19.3633 0.0345 17.1961 63.4059
$fo0az 20 3 17.1500 0.9859 15.7972 66.0667
5 15.1007 1.8319 13.8991 69.1681

7 13.7985 2.1494 13.3720 70.6799




M IWUINN V10 (719)

AANIZVDINT a1 $ovazTinasmes
NnAADI M) CH, Co, 0, N,
muuseni 0 29.4863 0.0514 15.4148 55.0473
fovas 30 3 25.2592 0.9231 11.9544 61.8631
5 24.2665 2.0349 12.1220 61.5764
7 23.9227 2.3965 13.4618 60.2188

d‘ a 4 = a 9 A [ v =
MIEUINT V11 HamsAATIZHMs TuANEIMIHaamNILea laglwnans IAUNIFINN

(M3NADDIN 3.6)

ANNITUDINITNAD D 141 %ﬂﬂﬁ%ﬂ?uW@iﬁH%’

W) CH, Co, 0, N,
Hmuuseni 0 132480 02074  18.6647  67.8798
ﬁmuu?qm%?mﬁusoo mMMgClL, 0 143969  1.1084  17.6904  66.8041
AMaFanm 0 89644 29951 17.583  70.4563
MAFINNTIWAU300mM MgCL, 0 10.0049 40355 163594  69.6000
muusend 5 1131565 55586  17.9123  65.2134
DuuSanisawdul0 mM MgCl, 5 1117724 5.6083  17.4291  65.7852
MFININ 5 5709592 63585  17.8200  70.1117
MFINTNG INAU300 mM MgCl, 5 3185972 50022 187092  73.1025
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d‘ a oY = =< (% 1 v 4
MINWUINN V12 Ham AT 1ErmMs TUANEINMSANEIOAT1@INTEHIUsaamn 1w ITnsw

Haza1Tazate lKAsud adUATIMNIZFY (PTNARDIN 4.4)

[ 1 1 9 a 9
DATIFIUTLHIN A $ooazilsunasme
HASA0OANUN 1)
CH, Co, 0, N,
9 a
Govaz lasilsuing)
100:0 0 14.8398 8.0250 15.9591 61.1759
10:90 0 15.2069 8.0518 15.6829 61.0582
20:80 0 14.9873 9.5105 14.4838 61.0182
40:60 0 13.4223 7.6768 16.4288 62.4723
50:50 0 13.1147 8.4642 15.1932 63.2277
100:0 5 11.2520 5.4147 15.8926 67.4406
10:90 5 14.2487 6.3889 14.4743 64.8879
20:80 5 10.7683 6.9901 13.7456 68.4958
40:60 5 10.6574 6.3436 17.4170 65.5817
50:50 5 12.4870 9.5173 13.0762 64.9194

a A s = = < Ao
MINNIHNUINN V13 NAMTAATIZHNS TUANEINSANEIVUIAVDULARANUANM NNz a1

NIZUIUMIHAANNIUDA (ﬂﬁ‘ﬂﬂﬁ@ﬂﬁ 4.5)

9 ] Y a ]
VUIALTURNIU 1391 Seeazlsuiasme
4 < @
AUINAWUDUNALID W)
” CH, o, 0, N,
(Vaauag)
(FAALVIUADY 0 14.8398 8.0250 15.9591 61.1759
2 0 12.8896 7.5687 16.1273 63.4143
3 0 15.4377 7.8420 16.6736 60.0464
4 0 13.1147 8.4642 15.1932 63.2277
5 0 12.4870 9.5173 13.0762 64.9194




MSWNUINN V13 (710)

Y 1 9 a )

VUIALTURNTU 1391 seazdTunsmey

4 < @

AUINANVIAUNALIA W)
CH, Co, 0, N,
(Vaauag)

(FAALYIUADY 5 11.2520 5.4147 15.8926 67.4406
2 5 11.9450 7.6496 14.2301 66.1751
3 5 14.0728 8.9074 13.0455 63.9741
4 5 10.6574 6.3436 17.4170 65.5817
5 5 11.2286 5.7874 16.8387 66.1451

4. mssnamsifdsunigvesmaainieaaz (ululasiua (Lmol)
AANTUDINITNADDY

Usuasveanls 118 Tadans

1sasasazareluvuia 25 Yaaans

S1asvosomanasmIiy 118 Haaans — 25 Haaaas = 93 Uaaans W30 0.093 aaI

a

PUNYUIUSNANDY 25 ®og

Y

a [

guyanNuAUMgluIAINy 1 atm

q

Tuszuvila fmmiaﬁm’;mﬁﬁaﬂmmﬁ"wgﬂuha (mole) NANNT
PV = nRT
1ile P = Partial pressure 130 % YoIm
R = 82.06 atm.ml/g.mole.K
K = 273+25=293K

) A g’ o
n = luauedIn 139 n =128 (/Amin luana (MW)
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De

o . [2) 1 a o Y o
N1TATUIM Partial pressure W%!@ % "U'E)\‘]ﬂ'l“]ﬂl@]ﬁ%élfuﬂﬁ'm'l‘iﬂﬂ'lu’)mllﬂﬂﬂu

o . )
M3AIUIN Partial pressure YOIN BN (CH,%)

Y

wunldns i Insun Tansmueadimiu x Metane Factor

Correction Methane area

Ta8 Metane Factor =1

CH,% (Correction Methane area x 100)/(Total Correction area)

WU811e Total Correction area = (Correction Methane area + Correction Carbondioxide area +

Correction Oxygen area + Correction Nitrogen area)
° . o o P
N1IAIUIU Partial pressure Gllﬂﬂﬂ"l"]m”liﬂﬂullﬂi’)ﬂﬂ]l%ﬂ (COZ%)

Y v P 7
Correction Carbondioxide area = funlanimIasunIansvvosasueulaoonlag x

Carbondioxide Factor

T@® Carbondioxide Factor = 0.66
CO,% = (Correction Carbondioxide area x 100)/(Total Correction
area)

o . %) a
N15A1UIU Partial pressure UDINIHDD NIV (Oz%)

Y

. A Aq Y A
Correction Oxygen area = funlansmIasulans Mves99nFan x Oxygen Factor

Tag Oxygen Factor = 0.51

0,% (Correction Oxygen area x 100)/(Total Correction area)

87
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o . %
MSAIUIN Partial pressure YDIN13 1 Tasiau (N,%)

Correction Nitrogen area

Factor

Tag Nitrogen Factor

NN PV
)
UIAVDINY (g)

)
¥IQUBINY CH, (g)

[9)
VIQVINY CO,(g)

[9)
VIQVDAINY O, (g)

o
VIVDINIY N, (g)

ADYNITAIUIN

Y

Y

Wunldnsm InsunTansvlvesluTnsiau x Nitrogen

0.49

(Correction Nitrogen area x 100)/(Total Correction area)

nRT
(PV/RT)XMW

(CH,%)(0.093 L)(16 g/mol)/(8.31kPa-L /mole*K)(293 K)
0.00061(A%)

(B%)(0.093 L)(44 g/mol)/(8.31kPasL /mole*K)(293 K)

0.0139 (CO,%)

(C%)(0.093 L)(32 g/mol)/(8.31kPasL /mole*K)(293 K)

0.0012 (0,%)

(D%)(0.093 L)(28 g/mol)/(8.31kPasL /mole-K)(293 K)
0.0010 (N,%)

wunldns i Tasu Taniueaiimu = 2871.63



F4 H

wunlansmlasunlansuesmsvou laoon lag

F4 H

wunldnslasunlanimvesoondiau

Y

wunldns i IasunTansmuealuTasmu

Correction Methane Area

Correction Carbondioide Area

Correction Oxygen Area

Correction Nitrogen Area

Total Correction Area

CH,%

C0O,%

0,%

= 751

2993.76

11360.2

2871.63 (1)

2871.63

7.51 (0.66)

=4.956

= 2993.76 (0.51)
=1526.8176

= 11360.2 (0.49)

= 5566.498

= 2871.63+4.9566+1526.8176
+5566.498
= 9969.9022

= (2871.63 x 100)/ 9969.9022
= 28.8028

= (4.956 x 100)/ 9969.9022
= 0.0497

= (1526.8176 x 100)/ 9969.9022

= 153142

&9



N,%

%
¥IQVIN1Y CH, (g)

o
VIDVDIN1Y CO, (g)

)
VIQUDINY O, (g)

)
VIDVDINY N, (g)

(1526.8176 x 100)/ 9969.9022

15.3142

=28.8028 (0.00061)

= 0.01756

=0.0497 (0.0139)
= 0.00069

=15.1342 (0.0012)
= 0.01816

=15.1342 (0.0010)
= 0.01816
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5. MIANUINDIAININUDONTIATU

A A ' [ 9 . < )
SUINMSasuruleveINIwINTBUaL (Partial Pressure) Wuwaa (mg) Bazin

< @ o Y !
Foyaumasansifieuiunat 9214 activity rate 1InAWFUVEINT I FanmELING 02

25

—

y=-0.5266x +18.885

10

MethaneOxidation (gCH4/c Cells,

Time (Days)

d‘ = 9 A = [
MNEUINN 12 niluaasmsnlasunilasuiavesmaluvianaasadomeununal
$19819NMTAIUIUOATIINUODNFIATU

4 oy v J 1w
!ﬁ'ﬁ)u'lﬁuﬂellf]\u“]faa!ﬂ']ﬂﬂ 10g

Methane Oxidation Rate 0.5266 g/day

(0.5266 g/day)/(10 g cell)

5.266 g/(g cell)(day)
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Methane Innitial 10 %y =-1.8624x + 6.7738

30

o Methane Innitail 20% ;y =-1.2813x + 13.53
3 25

% Methane Innitial 30 %;y = -1.5678x + 18.882
=

5 20 - Methane Innitial 40 %y =-1.3661x + 24.848
= 4
=

o

s 15

3 |

.g

> 10

g

= 4

R

0 T T t T T T T T T
0 1 2 3 4 5 6 7 8 9 10
Time (Days)

MNMARNUINND U3 #ANTANEIOATINTINATMUBoNFaTU lumInaaeulsadimun
Mz aunUnNanssuveay 1u Insnlumsnaasauuung

(M3NAaBIN 2)

25
20 Methane Innitial 30% ; y = -0.5266x + 18.885
15 —- 

Methane Innitial 20% ;y = -0.5555x + 13.017

o

Methane Innitial 10% ;y =-0.3337x + 5.853
5 >

MethaneOxidation (gCH4/c Cells.

Time (Days)

MUMANUIN V4 wamiﬁﬂy1’5@1immﬁﬂﬁmuaanfmﬂéﬁuiumiﬁﬂmﬂ?mmﬁmuﬁﬁmm

MU aNARMIHAANNIHEaVEUNN W Ins ey (ﬂﬁ‘l/]@a’f]\iﬁ 3.4)
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MANUIN A

= a do dy 9 ana
MIANE A AATIZHIIUIUTOLN TU INTW Type I 1ag Type I A2835 1y
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94

da A A v
1. Wgearsawunoude lav3 o

a o Ja A a o a .
matamsngeasamaudouds laus lawdunToile (Fluorescent In Situ
g . o I Aax a a A Ay Yo a v
Hybridization, FISH) 11iu35ms lumsasiomyiavesgaunidn lasuanutieunagdal
1 o o 1 a o’ua/' % { Y o @
AUt Ui umIzAogauUNI d1ue Taons 19 Iwsd (probe) Fa Tnsinlstiaodrdumaluaie

'
A s o

a =) 4 dy a 1 dy a A A o = [ 1 dy
Ll’mﬁi’f)llﬂﬂsll’t’)\‘]l,‘;b'@’gauﬂiEJVI?J?‘I’JT?J%HW”IWYOW@@&‘LWI?EJ'VIVHﬂ”I'iﬁﬂ‘]%ﬂﬂQﬂﬁ”l’ﬂﬂEJIWi‘]Ju
° N P A A o A = A
ﬁ]gVITﬂﬁ@ﬂﬂﬁWﬂﬂ’JﬂﬁﬁLiﬂﬁllﬁﬁ‘ﬂﬁ”lll”I'iﬂﬂ?leﬁNTL!@@ﬂiJﬂugﬂﬂJ@QLlﬁﬁm’t‘]ﬂﬂﬁh’ﬂﬁiﬂ
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Abstract

The objective of this study was to investigate potential of methanol production by the
mixed culture of methanotrophs bacteria isolated from the simulated landfill cover soil. The cell
suspensions were utilized in batch experiments to find the optimal conditions involving methanol
production, which were 1) methane contents (10-30%), 2) type and concentrations of salts used as
methanol dehydrogenase (MDH) inhibitor, 3) methane sources: pure methane and biogas and 4)

comparing suspended cells and the immobilized cells in various sizes of calcium alginate.

The results showed the mixed culture had 67.21+ 12.92 % methanotrophs of total
bacteria and could be used in methanol production. The variation of methane content (10-30%)
gave slight differences in methanol products (413, 478 and 466 uM) when 200 mM NaCl utilized
as MDH inhibitor. However, when 300 mM MgCl, was used, the methanol had more stability and
reach the highest level (1,806 uM ) as compared to other inhibitors of CaCl,, NaCl and KCl (765,
421 and 123 uM respectively). Without any inhibitor, methanol was not found under available
methane, and for biogas, 240 uM methanol was found. When MgCl, was added, methanol
concentration had increased to 1,806 and 964 uM, respectively. However, considering for
methanol produced to methane utilized ratio, methanol produced from biogas was higher than that
from methane by giving 4,559 and 1,029 ngCH,OH/gCH,, respectively. In the immobilized-cells’
study, CaCl, gave the most stable beads and methanol production of 1760 pg/gCH, in calcium
alginate beads of 2 mm diameter which was large different as compared to the suspended cells

(279 pg/gCH,).
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