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Abstract

Biosynthesis of methanol by controlling of
methanol dehydrogenase activity of Methylosinus
trichosporium OB3b

Lee, Sang Gui
Advisor : Prof. Kim, Si Wouk, Ph.D.

Department of Bio Materials Engineering,

Graduate School of Chosun University

A methanotrophic bacterium, Methylosinus (trichosporium
OB3b, was used to synthesize methanol from methane. Cell
cultivation was performed by applying mixed gas (methane :
air = 1:1, v/v) which was prepared in the tightly sealed gas
reservoir to the nitrate minimal salt medium (NMS) medium
using gas pump. The optimum pH and temperature for grow th
were pH 7.0 and 30°C, respectively, and the initial copper
concentration was 5 UM. Cells were harvested by centrifugation
and washed three times using 10 mM phosphate buffer (pH
7.0). To biosynthesize methanol, methanol dehydrogenase
(MDH) activity should be inhibited The 200 mM of sodium
chloride (Nacl) and EDTA 1 mM was used as a MDH inhibitor
for the maximum production of methanol. The reaction
temperature was 30C, and the treated concentrations of cell
and sodium formate in the reaction mixture were 0.6 mg dry
cell wt/ml and 20 mM, respectively. During 36 hr reaction, 7.7
mmole/g dry cell methanol has been accumulated maximally in
the reaction mixture. Also to prevent further oxidation of
methanol, NaCl and EDTA, inhibitors for methanol



dehydrogenase, were treated to the cell suspension. How ever,
the batch type methanol synthesis by M. trichosporium OB3b
was terminated at ca. 8 mmole/g dry cell of methanol, because
increasing methanol concentration inhibits methane
monooxgense (MMO) activity. For the prolonged methanol
accumulation, a semicontinuous process was carried out. In this
process, the reaction was repeated three times and the
produced methanol was 18 mmole/g dry cell compared to 8
mmole/g dry cell in batch reaction under the same condition.
During 1hr reaction, 1.1 mmole/g dry cell methanol was
accumulated in the reaction mixture. In this reaction Am and
Vinax values were found to be 532.6 mM and 1.749 mmol/hr,
respectively, and the conversion rate was approximately 37%.
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Table 1. Classification and characterization of methanotrophs.

Characteristics

Type 1

Type X

Type I

Morphology

Membrane arrangement

Bundle of vesiclular disks

Paired peripheral

membranes

Motility

Resting stage

Rosette formation

Major carbon assimilation

Autotrophic CO fixation

Complete TCA cycle

Nitrogenase

Predominant fatty acid

carbon —chain length

Growth at 45 C

Mol% G+C of DNA

Straight rod

I+

Azotobacter—type
cyst

RuMP

16

Variable

50 ~ ¥4

Coccus

Azotobacter-type

cyst

RuMP

16

62.5

Straight, curved
or

pear—shaped rod

I+

Lipid cyst or
terminal exospore

+(most strain)

Serine

18

617 ~ 631
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Fig. 2. The methane oxidation pathway of methanotrophic bacteria

and the role of particulate methane monooxygenase.
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g9 Ao pgos AvtARA Mg dEsgort A2 &7 2
42348 B8 AY7 dEHn Aok Y 23%E F5
AY Ale AFHoz W@zt FHE wolostast YHE
W, £ A7dAE oA A4E Mes g 2 dquAdes

o) g3t WBAHATE ol gote] ARAAY WGozRH 2P}

et A3 AT HAIAB EE Fig 20 MAFH oz Jebd uvre 72
o] methane, methanol, formaldehyde, formate < A XA AZFH
o2 3 oitggtaE RIEH= dd9 st A oo,

Methanotroph< 19704 W  olF GAX dAMA(single cell

a1
UA Wege Aasd Bdse ge FEL Fojgn 4
Zols dEHA 43 77 dFEY o gL s By
AAA ole] Wi d ATV F2s] JPHA JYrh WEE Aoy
fr71st g Ee Edldd 714 T8 §4F W9 dAd #AdE
A HA B 42A v i3 F A (methane monooxygenase, MMO)o°]
o. AT Aol QS WH  Methylosinus trichosporium OB3bYt
Methylococcus capsulatus (Bath) 59 2 7HA wlgx3#2 u
4 2o wg F A g2 MMOE AT Aol wrd A
S WGy Fo| 72 oo EAT w= METo WA (particulate
methane monooxygenase, pMMQO)% 1., T8 o]20o] Z3P=E u&=
MEZRA Yol A A(soluble methane monooxygenase, sMMO)E t}

E R oz sMMOSt pMMOE 71Aolut As|Ae ol
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ME A% Aol woluw], Bao) ARH, BHY 27, MMO B4

Al

N

of Bad BAge FF %W 5ol AN BE Aol g Ao

2 radyd? =3 398 TF ¥y AL sMMO: 23
3}

gz A= Tl W e g4 8 & (methanol
dehydrogenase, MDH)E %

A3 Y. Leak$t Dalton ol2]d &d3 T3 W2 Zol7t &

F0e AL type 1WGARAIAAA WMethylococcus capsulatus]
ALuGF AFE T3 AL} ADG. S pMMO # A sMMO # A
o ¥dl ¥2 CCE #%< 7AW, AF7A vlgAsdd dsf =
d 19~70%° AYAA @2 Hle CCE #2 714 713& dF=
HA 2 AFHA 23 o= MMO FHol wE dux a7
Fo zol7k 2 Aol E F Y Aot

Mgee H4de dUAA 454 ABE AT 5 g 94

K

AR5 T3 JtE-Y SV ASAR 2olE methyl
tertiarybutyl ether(MTBE)S v %% o8 33 EZ JA AFA=
T 857 ag Wy Axdse W (AA7L, vro]ovbx)

g F U oF wWgd o] &
woolys o wjgFE A AAHSZ 70~230x10"m’ o2 o}F F
ot fF&stAR &dd0gd W T8 Adojr. 2y A

oid gy el Mgol} 9% AAA FAEZ AFH ¥

et S5, FA, shale oil 5 °]

Fo2 O WEHAY ofF gn flo] HAAZ U= AAoH.
As8=2 AgH= deg2 A5 HAZtX(liquefied natural gas,
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EA st MR AJA distg L 49 FA 2 (syn-gas)E T
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N
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o

methanotrophE °| &3t AL - A gl A wee] A At o
e Aol 7l5dld. wat A methanotrophsS o] &3 A E st
A ARFAHo Fr8TTAS At ART AAHA v &34
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s Wegee AAstE FAAA A FLG AL FAol

K
flo

methanotrophs Zd3dt= AolH ol AF9 WAEALE BE -

o oA v Fasit waA medsAdS ol 85k

g&3 At & doe dF F O7bA AMRE nestoor &

o AA, dEgZe FAY AF AP EC] ol FI gAEER

e o]l AL AstEE AS JAGAqoF v ol HEES 7E
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I A8 2 (methanol dehydrogenase, MDH)2]

.

42 AL 2R EE g4AdF Aojgozy s’
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o A L WAEy FH
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5L M. trichosporium OB3bE cyclopropane® 2 = g
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0. 29 A5 2 H

Hes g2y 2 U gdor ol83tE methanotrophd W E 3

ol #F A M. trichosporium OB3bE ©°] 434t}

A g8 WA= Higgins7t /1% 771 Z2Add H2AE o
b WBIA A AL RS (Table 2). o|W  particulate methane
monooxygenase(pMMOQO)7} Bo] AR F JEF wA U F9

FEE 247 golsAl e

W gell= 5L &% AA4Ee 23 E A&t oy, WA &
2 2Lol A Y. Gas regulatorZ 7Z}7Z}9] gas w#S A5t wWgxny
TNE 119 Ryg E&sxn, 045 m air filters: S 3A 7] A A
Fq% T 30C, pH 7.0, 250 rpm9 ZZANA AFS wl%saA
(Fig. 3) &3%33=AE o839 33X HH 22 660nmANX F3%=

i

SASAT. =T W Ee wE FAY HAFEEE o}

Astol MFN 2L @

N

B
AL 2 (simple diffusion)™ A <33

iy

"2 (forced circulation diffusion) T 7FA 9 WA o2 wjets Ao

(Fig. 4).
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3) FelsEe he FA YHEE

He AsAFEE MMOstE 24 HEFAE T3 dEgs Wags=

2L

AgA 7=, ARAA 100F °12Y dF7F Radu JYo. o=
= Methylosinus trichosporium OB3b4Y Methylococcus
capsulatus 53 2L D29 obligatory methanotroph2 W %
W 8 oL EA FF wa MMOY AEW HAX7 xtdAn
(copper switch protein). &, F8ol&o] F EAT & AEY
Nx MMO7} BAR = (pMMO), v =2 F7F &% EAsE AH
A wMEHE AETd HoAT YH DG (sMMO). ARtz o= v
cE2RY HELS AAHG2A & o= sMMOXR T = pMMO7}
AR 9 aAZFHA Ao RuHI Q. old Fo|d wWE &

Aol 4% ARE FA5A.
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Table 2. Composition and concentration of stock solution for Higgins

nitrate minimal salt medium.®

1. 100 x Salt solution g/ ¥ 10me
NaNOs; 85
K2S04 17
MgSO, - TH20 3.7
CaClz - 2H20 0.7
2. 100 x Phosphate buffer solution g/ ¥ 10me
KH2PO4
53
NazHPO4
) ) 86
Adjust solution to pH 7.0
3. 500 x Trace mineral solution g/ ¥ 2m
ZnSOy + TH20 0.287
MnSOy - 7TH20 0.223
H3;BOs 0.062
NaMnQO, - 2H20 0.048
CoClz - 6H20 0.048
KI 0.083
CuS0Oy - 5H20 0.25
1ml of ImM HzSO4 per liter of trace metals
4. 500 x Iron solution g/ ¥ 2m
FeSO4 - TH20 22.4

5mé of ImM H2SO4 per 100mé of iron

a  Culture medium was made up as follows; Appropriate aliquots of concentrated solutions 1~3 were

added to the desired volume of double distilled water and the combined diluted mixture was

sterilized by passage through a 0.22 pm membrane filter. separate and freshly prepared sterile iron

solution 4 was then added aseptically to this mixture. Higgins standard nitrate minimal medium

contain Cu at a final concentration of 1.0 UM

b : Each stock solution was stored at 4C after sterilization, except for the phosphate buffer which

was stored at room temperature.
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F 660nmol A e FFE==HN
A AFEEE SASAT. TaxE 58 &3F & A& vl

AE 289 HE Axstgoen 7] WA Y pHE 7002 939t}

5) TA9 vAFAES(specific growth rate)?} ANA| Y generation time)2)

Aol AAL UV-visible spectrophotometerZ ©| 83+ 660nmoll A

TREE Ao e 22 AS o§stq HMAFERES A

Specific growth rate(u) = %Q
Generation time(@) = -0 uf
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PMMOS X L& M trichosporium OB3b9 A7 9dde v
of 24 4 doy, W 2xE&EEE A4Y 2

A7F FEstal MgES AL EFEUSE o7 Ay ER A5
g A o zol Y. wEAN pMMOZEAE S A FsA SA 57
Aaldes dd 712 WaEAdd MMOO o3 & AsHdxqE o

o4 Eah7k dolubA @t /1AE HAsE Aol wHAAY B A

2 71a2 AHgs

ol = whole-cell ZEl9 EANHZ NaClE AY3IS o Z
7o sxo W& pMMO*® 24 & propylene®l propylene oxide=
AAE = £52 A Y. Propylene oxide:= =X o2 YR E

=
oo

SA Yo EAsn st2a2vtEadTE A 1 %ol Z=HH

2

S

)\

3

e

Ade A% ZtzazvtEagded AME T columnd
stainless steel (3 mm x 4 m)olen, ZFRNAZE Sorbitol
Gasport (25%, 6/80)& At&3t9 Y. Propylene oxide? 74%
column® &%+ 50C, injector 100C, detector 100C, flow rate

30 mi/min®) ZAolW, $wrAzt AFL o &3 ATh

371 98l BA cell& MDH A& A2 vbg Azl F 2 ¥kgo 9o
EAdE cellsz oA Hfstn AAET F dEdqoez o
=3 22 e 3 FAHS SAHS AT
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(o]

MDH &84 &AW = dye-link assay system3} cytochrome
c assay systemo. 2 A
2]

AN

S ZA3A} Y. Dye-link assay system<
HA AR =8 A2 PES(phenazine ethosulfate)E ©| &3l

ot

A AR F4AZ= DCPIP(2,6-dichlorophenol indophenol)E ©°]

43t 600nmol A F#F%= W3R S SAHS AT

Cytochrome c assay system< R W
cg o|&3ta viAe ¥z =8A=2 DCPIPE
Fe Wz A4S FAEAG

AR =& AZ cytochrome

o] &3t 550 nmol A

5
=]
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4. MDH A3 AE o4& vide AFA 245

Hede] APAL das /A2 A gsH, AFAE v ol
o o] AgdHE AL BASY] Hd WMegLES T LU= A
A7 EA(MDH)® 45 AT & A= ASNAZ Na
AbgatAT WEE AFAHAAFEY o8 7tA HAHY 2AES §
st HAo A Hd WaEE AFAsaA FAT. H
AgA AdE 71 YA d9A W FAE 129 mM
phosphate buffer (pH 7.0)1 4 &8 F v JFA A@ o
43tk £Ao) A4 E 23 ml FE¥ A WS EL Fig. 59 YER
At}

1) AHA w=o & s A

A A Z sodium chloride (NaCl)E ol €3 J o™, NaCl¥ F%=
o W Wad YA HA 20 AEF7] st 7z Ao
A A¥E stRoen 28 Ao HA NaCld =5 2

A g S Lx = 30C, 20 mM sodium formate® W &

o

o

2) #A sxo BE vegd AFA

Med AP 2N FA F A7 Tastn. oo HA

o & WesE AFAH AEE BRI dAY FEE AXTA
FOor ZAROH, A RS dAT vHEE AT Ao FHAH
3 10 mIE 6 ml& W&o A} L35y YA 4 mie v A7} =

g
48 Ao o7 AA Az Fo FAE ZAFY
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Butyl-rubber stopper

Open-top-closure Gas phase(17ml)
screw cap / s P
- Substrate
(propylene, methane, etc.)

/ Liquid phase(6ml)

23ml glass vial - Washed cell

(transparent or amber) - Redl.lcing agent
(sodium formate)

- Buffer(pH 7.0)

— Inhibitor

Fig. 5. Methanol biosynthesis in small vial system.
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3~

a3

gAE R FA BA FFL WA W F
27t A

£ 20CA 37C7HA

NADH?I o] 4 TEHEE 70w Ak |2 R A
dehydrogenase, FDH)7} /vit& CO:% H,O= AsiAZd #

AL O A9 FFahel, AN Fxol hE we YFH A

12HZE71(FID)7y ##d 7t2azvEadgdedA
FddAd AFAY @ WL =5 47 93 ZF A=Y A
&% standard curveE AT F ARE FAHSGAT. AL E
column stainless steel (3 mm x 4 m)olR e, FAAZE
sorbitol gasport (25%, 6/80)5 At&3st9tt. e &2 2S¢ column
o] &%7} 140TC, injector 210C, detector 210C, flow rate 30
ml/min® ZAeolm, IR7AZ AFS oA

M
X
flo
il
>‘|
o
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5. NaCld| 9 3= W3}

e e AFA AFA AAZ ALEF NaCls =0l w2
trichosporium OB3b9 JHE #2357 3 FHAA dAnAS
o] g3t F A3 AT

1) W3 14y

TAE NMSW A 1%5 AT F vad 37185 I'12 F43¢
ol 72A1ZF vl st FAIE RolA 12.9 mMol phosphate buffer,
pH 7.09 283 T ZZt NaClE 0 mM, 100 mM, 200 mM, 400
mME A8 st 12X ZFTo] FAES RolA 12.9 mM phosphate
buffer, pH 7.0 ©°]&3to 33 o|4 AoFJdv. FAd 0.1%
glutaraldehyde & 4% paraformaldehyde® 4°ColA 2 A7+ Tt
1A NI cacodylate HENX(0.1 M, pH 74)2.2 FAIF T 2%
osmium tetroxide® 1A+ o 143 Yot

Aol B ANREL Fv& AAGY A8 @538 AF
1L 50%, 70%, 80%, 90%, 95% 2] ol &2 (20%, 13])2 A
st L, vlA T o2 100% &2 (30%, 33)& AHsdAY. 1™
& propylene oxide (20%, 231)& A#3 FA. v AL X
Wl 2 Q1 eponc] VA3 F 2vEA 7] YA dAHoz AAF
At}t. propylene oxide$t epons 1:1 V& (IANZF)AA A F3}o
epon® HE&EL A =, 122 ¥VE&EE overnight 3 F, g
100% epon mixtured] 2XA 7 A= FAJAG7} wpxIgoz g7 &
ANEE Ag"Y FAsod A A 100%9 A3 epon mixture
2 Ho] 64C AR oA 24A& Fol A dAT}.

rL

3) AAADZ 2 QA

=3 epon blocks %Y ZAAV|(Leica Ultramicrotome)ol 27
S 2R3 7tz AZ I mm A% A%Yoz GEL Fol o
olZE Yo]lZ 5 o]&3] 80~90 nm FA HHEE AL F,
3] ZEA AAEY AAES ARG AA @AM WA 5% uranyl

e
RS
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acetate® 1087 e T 70% @S2 7o) HMoJFu t}hA
lead citrate® 527 dAs gt 2831 CO AA =H5E o

o= 4
d AT F AEARY.

2) FRAAAN AL o] § 8 B2
94 F, Az TASE 60~80 kv AHe EAAAAYA
(JEOL 100CX)N A 5300099 W &= 2257 420 L

6. MEolA MEez AR
MEe AFPANA 2uHE Wl e e ABNE 5
&g AEIYT

1) Wg <o g2 W AFAAF

HeE AFAFoA vaoziy vWagze ARES AHEd7]
AdMNA HAA wg F& AE3A

W32 500 ml flaskE ol &3t on, w3Ae MDHA A
sodium formate, @A E XT3t 100 mIZ R x2, Waxs Z4
doletAl st 37C 200 rpmel A 1A 3H&F <t "3‘%"35]—‘5 o] €&
=2 #Z3 Y. T3 Michaelis—-Menten kinetics©l 93X K,

off AN w2

2) Mo A mMags=Ro W&

HA o vg FolA WEEEo HIES
AL A9 =20dA A& vaFH
rol E W AZFH AFAH
G20 HIES A& AT vEHE WaFs FSAH5H
3 A8 9E columng stainless steel (3 mm x 3 m)olQqoew, F
AAZE Hayesep R (100/120 mesh)E A143tAch. wWe&o 23$
column® < %7} 100C, injector 100°C, detector 150C, flow rate
40 ml/min® Z o, FR7AE FFE o] &5 AT
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7. Repeated-batch system°] 23 W& WA A
HeE AT APdA 2oz dads AFAHA 2 4

A7 WEd o ¥ %9 dHELS

repeated—-batch system2 2 W& &S AFAS7] A =405 4

£3h9l ok

1) MgE w5 2 MMO 8434
H g Eo]l MMOY &4 olud &S F=A #Es7] 93t
WS 7)o Wage TEE 77 Ao ?‘5} ] 3 & propyleneZE O]

439 whole-celldl X MMO2 4 & =A39 ).

2) Wa 3} sodium formate 3 %
&2 degs AFA HAFddA A7 AAQ WeF} sodium
formates YA T A zte] F7HH o2 FYsted 2z AFAAstE #

Bee =45

3) Repeated-batch system] 23 WeS ATA

s|EAoE WeagLEs AP AL UYFY dFAHHo|. o]
4 A B ®e g9 HwHgEE AFAEs Al
repeated-batch system2. 2 We & AFA dFJo. 438 Ly
A FUeAT SANES FUIE AAEHA ) “—1‘21]9} %
HE FHFHRoH, FAE A AZL w3 Ao
A Ads FhA

o = =

9
2
=
rﬂ
o
0::
mg_,l

8 "WeEE qFALLS AT 2PN
1) 8vg 71 A A Wk

HEIE o] &sto] WESS AFAS AWM FAYd AEH
et e AEA AL YT AN FPshodof 3} o]0 ukg
71 A dAE sty WMaE: AFAS FIsaA A 7 A
v ol o] 8 H wEU|= AVF Rt F FIE 3LE AFZHA
ov, #A WAL F Ry 1,29 [H5LE AP YPon, gL
Fig. 63 2t}
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2) Bbg71eA mEgE AFA

gFow vagss A7 flA 28FY JEALPAA F
Asgtgt 202 d&Fe WU E AFstd APE SR A
3L &%FE& 7 wg 7)ol 1 LY w§&As Hs A, 242 o
3 Y. MDHO 4 A3NAY Nacl 100 mM, EDTA 1 mM,
B9 A 2l sodium formate 20 mM, 0.6 mg dry cell wt/ml ¢ T A
2 12.9 mM phosphate buffer(pH 7.0)9] &&3 Z
dAsA FAsZ] A;MA 25 T wF7Ivel A AF
(Fig. 6).

o]
, BHS 2 E

& Fastdo

9. AFAA gL F&

M. trichosporium OB3bo]l o &A AJAHA veLy 22 =
Barolyzt. AFAE eSS AdFe= o35ty Al
2 og3te] WEaL ¥2E ZF/AAI A Y. BEA
& ¥E7 ¥ W Ao Ba FHE Fao v

=
¥%@ F o|AHow of Meges F
=z =

N

Juot oM 32
o rlr @ >
i)
H
Mo 24 o
o|\

ol
32
|o
&
of

Bl

oL
N
rlr
!
S

<
o
m
3
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< Air hole

Fig. 6. Schematic diagram of methanol production reactor using
M. trichosporium OB3b.
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Fig. 7. Distillatory apparatus for methanol extraction.
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4

Fo MgHHe B FAY AFEEE YolrR7] st d&
342 (simple  diffusion)® 7 A& 8% 2 (forced  circulation
diffusion) % 7FA 9 Aoz Hl o3} A A UV-visible
spectrophotometerES ©°] 43t AZtERZ 660 nmolA THLEE
=43} AR E Fig. 89 YeEb ) %]

.‘_:l';
A7 S RAR dEFAg A A= HF 467

Fo A%
2ol A AAI el Sold F ¥l olF FA AFEL HolA ggko
4 24 £8UAL A5AA 44S molm 7243k Ad Fojof

B
A7l oMt G EAF Aol Ae] HAFEEWE 0.04 (h)

2) e = e 3%

WA f T8 2 wE #A AFS Fig 9% 2o =27 T
g FE7t Fobfel W FAY AT FolAd 5 uMYE BS54
o] 714 Fdoy 1 oY FEAMNE AFd AdE LA
FE7t 20 uME Welle A AME w g =23 T TR
w2 pMMOO| 2d AEE #FS A7 Fig 1074 2t

b
o

R

s
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3) ¢ A9 ¥ A A% E(specific growth rate)$t A WA Zt(generation
time)
Methane ¥ airg 50 @ 509 Bl& =& XA st FFste AA XA
g ol&3tyq TAY AFEEE AHEUYY. AFFHAL Fig 9%

24 zA%AY Fo sEd BE NAFEE L AUAZRE BB

3 A3 Table 39 2t}

Specific growth rate(p) = %&
— 7
Generation time(G) = JL%Q&
Ao - 271 ¥ %
A 27 3=
to - &7 WMEAZ
t 7] ol FA T
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1.4

—@— forced circulation diffusion
—O— simple diffusion

Absorbance (660nm)

Time (h)

Fig. 8. Effect of mixed gas injection on the growth of the M.

trichosporium OB3b.

_31_



© o B B Rk
o o o N b

Absorbance (660nm)
o
n~

0.2 -

100

Time (h)

Fig. 9. Effect of copper concentration on the growth of the M.

trichosporium OB3b.
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kDa

118

66.2

45.0

35.0

25.0

184

14.4

Fig. 10.

-«— MDH

«— pMMO 2

«— pMMO y
«— pMMO 5

SDS-polyacrylamide electrophoresis of the proteins O0f

M. trichoporiurm OB3b which wewre grown on the
different copper concentrations. Lane 1, protein
molecular weight standards (B-galactosidase, M 116.0:
bovine serum albumin, M 66.2: ovalbumin, M 45.0:
lactate degydrogenase, M 35.0: restriction endonuclease
Bsp981, M 25.0: B-lactoglobulin, M 18.4: lysozyme, M
14.4); lane 2, copper 0.21 uM, lane 3, copper 1 UM, lane
4, copper 5 UM, lane 5, copper 20 uM
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Table 3. Comparison of the specific growth rate and generation

time depending copper concentrations.

Copper
. 0.21 uM 1 uM 5 1M 20 uM
concentration
u( rt) 0.038 0.04 0.041 0.034
g(h) 18.237 17.325 16.902 20.382
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2. 3 @A g% mes AFA
D HMgd AFA A4 =10 A&
(a) AfA Fx=o BE WgdE JFA

M. trichosporium OB3bo] &% Wgo=zn
A AQA NaCl = wE& AxRE #FF A Fig 117 2t
NaCl =7} 200 mMY o 7.6 mM=Z 7173 %2 49 megLs A
FA T & AT E=I NaCldt EDTAE E@FH oz AsAS
g AFAHE e ¢S #2FF Z2H Fig 129 29 Nacl 100
mM¥ EDTA ImMZE A3 RS 4% 8 mmole/g dry cell2 7}%
B2 ¢ wergo] AFAHAG

B odges A3

(b) AdA F=o| W2 MMOS MDH &4 =4

MDH A A= A43E NaCl #%° & MMOS MDH 34
S FAYT ZAE Fig 13% 2om HaE YFAdA HAHF=A
200 mM NaCIAA &4 AA &AL 47 25 %, 50 % A8
o}
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Methanol (mM)

0 w r ;

0 100 200 300 400
NaCl concentration (mM)

Fig. 11. Effect of sodium chloride concentration on methanol

biosynthesis.
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S 7
E 6 E
S 5. ° i
S
4
g .
= 3
2A
lA
0 T T T T T T
A B C D E F
Inhibitor

Fig. 12. Effect of inhibitor concentration on methanol
biosynthesis. A, NaCl 100 mM & EDTA ImM,; B,
NaCl 100 mM & EDTA 2 mM;, C, NaCl 100 mM &
EDTA 3 mM; D, NaCl 200 mM & EDTA 1 mM; E,
NaCl 200 mM & EDTA 2 mM; F , NaCl 200 mM &
EDTA 3 mM.
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g
2
> 60
3]
S
S 4]
L
& 20 | —&— pMMO (enzyme)
—O— MDH
0 T T T T T \)
0 50 100 150 200 250 300

NaCl concentration (mM)

Fig. 13. Effect of NaCl concentration on pMMQO and MDH
activity. pMMO activity (@) was measured by propene
epoxidation assay. MDH activity (O) was measured by

two dye-linked assay.
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(c) A = & vaS JFA

MeaozRy Hass AFAA AA FAFES A=357] A9
TAFe] e vWaE AFAH A=ES BFF AH Fig 147 2o
eyt @A Zol 0.6 mg dry wt cell/mlQ W 7.5 mmole/g dry
cell2 7173 B2 49 Mae AFATAY

(d) 3 £&o & mad AFA

HeE AFAodAE w3 A o] mee] dut} T + YUe
, ada wrs AN 257l W trichosporium OB3b9 UALEE
detrp JFE A=A Fo5H. ol HAE nHE W
AFAe HAA 225 #FF 2 Fig 1574 2. AR Ao
S5T7F WlgtE AAAHd HA 2xoH, ojuo AFAE we
7.5 mmole/g dry cell°] 1t}

=2

o

N

o U
flo

HgZs AFAs7] fallds dA vige] AstHo] WgZo A

AE = o] RAA Hgo] dFH oz A5HY AfA= FAA
7 AL FHEHoF ok wEtA FdA LdF A sodium formate
g ol&sto] viges AP VA= 9FS B2 A Fig 167

2t} Sodium formated FE7F 20 mMYE w7} HHolw 1 o]
AqA= ¥ zol7F U FFF F YA

(f) MDH A|AES o] &3 A AN v AFA
MDH AN AZ NaCl?t EDTAE o] &35le] GoA d& AxES
Hgto 2 HAHo ZZAqA WeaL AFAH Ade 33 A3 oF 13

mmol/mg dry cell?] W& &S AT & 5 YA (Fig. 17).

_39_



2) NaClol 93 M. trichosporiurm OB3b2l & ¥ A3}

A ¢ 7] EANAA WMEd M trichosporium OB3bOl NaCls
ZZk v dE A  JH A E B2 Z2H Fig 1834 2o
NaCl s %= ugt #A 9 intracytoplasmic membrane (ICM)3}

vegetative cell capsule®] 42 4 & AddoH, Nacld =7}

Z718 9 wa # A7 autolysisBS & + YA
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8 4
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E s ¢
S
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]
c 4
g
2 |09 ¢
0e . . . .
0.0 0.5 1.0 15 2.0 2.5

Cell density (mg dry wt/ml)

Fig. 14. Effect of cell density on methanol accumulation.

- 41 -



Methanol (mmole/mg dry cell)
~

0 T T T T T T T T T T

18 20 22 24 26 28 30 32 34 36 38

Temperature (°C)

Fig. 15. Effect of temperature on methanol biosynthesis.
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= =
00 o N

Methanol (mmol/mg dry cell)
(o)}

O T T T T
0 5 10 15 20 25

Sodium formate (mM)

Fig. 16. Effect of sodium formate concentration on methanol

biosynthesis.
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3 14-

(&)

> 12 A

©

(@]

g 10'

© 1

= 8

£ .

(@]

S 4-

=

(O] i

= 2
O T T T T T
0 5 10 15 20 25 30

Time (h)

Fig. 17. Time-course of methanol biosynthesis by /M.

trichosporium OB3b under the optimum condition.
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Fig. 18. Morphological changes of intracytoplasmic membrane
(ICM) and slime layer by NaCl concentration. A. M.
trichosporium OB3b, B 100 mM NaCl treated M.
trichosporium OB3b ; C 200 mM NaCl treated M.
trichosporium OB3b ; D 300 mM NaCl treated M.
trichosporium OB3b. Far, 0.5 uM. Arrowheads slime
layer. Arrows, typical ICM. Arrowheads slime layer.
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3) WaE AFAH &8
(a) W&ol W Vyp, An

M. trichosporium OB3bo|l EAs= MMO= WS 7122
93 A7 Wl v IAZERE WE ol we AR
H AdAHE ey ¢& A& 23 Fig 19% 2o HAE
Bgo A W &= 71A9 FEIH e Add oz F713)

At =& e AA FLs HAWH oz HU A =ds= B

mlo

ojlmg JF4 HtgoA F 48R Michaelis-Menten kinetics [Eq.
(DA S A &3t

AN Ky Vaas 247 Ho ¥ES
ek F ol

4

[e]
= %2 s

B

3} < ol

S

s

K

H, Eq. (1) 89 I8 FHsW Eq (2)7F oA, o8 =4

A

3l (Lineweaver-Burke plot) 71€71 Kun/Vmaw B 1L/VjaZ5H
Ky VorsE 9 F A9, K, mars 22y 1.1332 atm, 2.915
mmol/mg dry cell/h ©] 3t}

_ _Vwmax- S
y= Am+ S )
1 __Aw 1,1 (2)

V Vinax ) + Vinax

(b)Mgto 2 BE weLzo A3 &

dukA o7 wgho| A W g2 o] A A FEAU AL oA
o] Fo]x 7] wWiel FA A T BFAVL dow, = 7] A
A= BAZ Ao A HH v Azt HA

)
oS
o
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W9 AGES 2ng vwe] 43 w9 AES AFHD AH
o ol wolsidl Eq (3 AN ABEL NEF AN 37%
9 ARES AAL ASS L F Aok

Conversion rate=
A Methane <100
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Methanol (mmol/mg cell)

0.0 T T T T T

0 1 2 3 4 5
Methane (atm)

Fig. 19. Conversion of methane to methanol by M triciosporiirr OB3b.
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Methane (%)
Methanol (mmol/mg dry cell)

Time (h)

Fig. 20. Time-course of methane consumption(O) and methanol

production(@) by M. trichosporium OB3b.
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1) Repeated-batch system= 3% =74 A=
(a) 7] &L 5% @& MMO &4 =4
deae&s HftEHoz A7 HlAAe AFAEAE WL
MMO®| ol g JIF& F=XA FAstojof sk, A3 A3 7] o
7 7t wEt MMOY 4o AAES & F AT
A~
B

2 A% asEel Wgge MMO #AE AdsE AL @

(b) Mle&tE AFAF #As= AAE

Repeated-batch systemo. 2 WE &S AFAE7] A wrEF
o% HFHO st AV FAYA BFE7] st wkg 8AIZE
o] At Fol= F Wt Qo] wE SAIFEH sodium formate$t
o e & of A8& Sy A Fig 227 2. A 27 &

QA 9L 3= sodium formate 20 mM™ wr-$ %719 wer %

[¢]

f
of

-

I Zo] RFAS ARAHE Mad o] 234 & 4R

ot 2k 3 mmole/g dry cell 3% F7/4S 4 5 AU

2) Repeated-batch systemol &3 w g2 ATA

M. trichosporium OB3bE ©|8&3to] 8AZtvitt AR E F31H
A Wag&yd gEAS AATG T FYAJ sodium formate 20
mM3} 12.9 mM phosphate buffer(pH 7.0)2] ¥t3A o2 FHAEZE t}A
E£83 & repeated-batch systemf 2 WEr2S AFA AIS 33 4
B £33 A3 24X 5 oF 31.2 mmole/g dry cell®] W&&S A

1 2 Azt st oF 2.3 St Folth(Fig. 23).

3

)
()
M

[0
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Relactive activity (%)
5 3 &

N
o
1

0 w x :
0 5 10 15 20

Initial methanol concentration (mM)

Fig. 21. Inhibitory effect of initial methanol concentration on

the pMMO activity(propene epoxidation assay).
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20
= 18 1
3
> 16
T 14 -
o
E 12
© 1n
= 10
E s8] |
S —&— Not feeding
= 61 —O— Methane
£ 4 —w— Sodium formate
% 2 —/— Methane & sodium formae
O T T T T T
0 5 10 15 20 25
Time (h)

Fig. 22. Effect of feeding factors on the methanol biosynthesis

in the repeated-batch system.
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Fig. 23. Repeated-atch reaction methanol production with M.

trichosporium OB3b.
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=l

“

™

ole

712 ol & e A AEA
1) @& 71 A A w)F
Al

=

A flasket 3L &7l ®bg 71X 2L MjFdoz A &

@ A% 2 Aot 9ee ¢ F7 AU (Fig. 24).

-

=
=

b
)

2) & TlAA e AFA

es AFAHAS HE71E o&std FPAS A A¥PAHAA=
HegS e AY Hz=ddoy wgIdAN g W 1375
mmol/mg dry cell?] W &o] AJFA HAY(Fig. 25).
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Absorbance (660nm)
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o
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Time (h)

Fig. 24. Growth of M. (trichosporium OB3b in the 3L

fermentor.
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e e =
O N M O

Methanol (mmol/mg dry cell)

o N B~ OO

T T T T

0 10 20 30 40
Time (h)

Fig. 25. Methanol biosynthesis by M. trichosporium OB3b in

the 3L fermentor.
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5 4%4 B Mae 37

M. trichosporium OB3bE o] 43l Wegoz iy Hadss AFA
RS A FE7 WS FUT oo HEgLe] T R FEE F
A 7171 8l EHIAG(Fig 7). 7 dAF o2 d¢ £7
g oo MEgE TEE 5% F ojxAHoz ¥ FRE FIIA
. 1 A3 13.75 mmole/mg dry celld =5 1 M7HA =409
I =E B3 e L& Ao dsAn
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