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ABSTRACT

As an effort to develop an alternative transportation fuel, the production of methanol from methane
gas was studied using the resting cells of an obligatory methanotroph, Methylosinus trichosporium OB3b.
The reaction was carried out in high concentration phosphate buffer solutions with the flask-grown
cells containing the exclusively cytoplasmic methane monooxygenase(sMMO) activity. The methanol
accumulation rate was observed to be 79nmol/mg-min during the initial 4.5hr. Phosphate-dependent
inhibition was found for both sMMO and methanol dehydrogenase(MDH) activities, and the inhibition
constants were 185mM and 42mM, respectively. The inhibition mode was noncompetitive. Methanol
was found to be very inhibitory to the sMMO activity and the inhibition constant(noncompetitive) was
21mM when propylene was used as substrate. The sMMO activity in the resting cells was declined very
fast and the rate became very high during the methanol production. These results indicate that the use
of M. trichosporium OB3b as a biocatalyst for the methanol production is heavily dependent on the sta-
ble maintenance of the whole—cell sMMO activity as well as the effective alleviation of product inhibi-

tion.
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A Azt det ARITAL 75719 FE5F
& AHEShE 20l FAolr). ARA A=
vets Atxsl 557 A3l AAAA daksisr
A9} 4o ERrtA(syn—gas)E TR FHA
AN ME old—Fe] Zufgtell syn-—gasE Hlgt
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el 2 AR 7)ed, dA7A] 1005 o139

F71 »agn 9th o5 F Methylosinus iri-

chosporium OB3bu} Methylococcus capsulatus 53}
7o Wil obligatory methanotroph2 ujjoko uj
o] Fejo]g EAF-Fol wet MMO9 Az W ¢4
7} vl (7-10). & Felolo] EAF = AX
wholj Aut MMO7} A= (EAF particulate MMO
22 pMMO #ha £¥]), W2 Fej7} hAs]
725 Abeloll 4] wjokEd AlEZA oAt A}
(%4} soluble MMO 22 sMMOz} #8]). o] &
7 MMOE 4 Aglol £x3k: F4ole] o}
B oolue} 71 SolA, AHAY FF, Sk
A Soll dolA FAF AolE Hole ez B
a3 glch(11-12).
wgt 24shte] 4 iA#A-E Fig. 1o 743
o2 Jehd dHY AsHA el 7132 AHgdE
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S AR HEHer 3 olilsigtag FajEd
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o2y 7153t Alg7hA RaEl vl2 & cyclo-
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o] AFH Y FAU b a4Sol v|Xe FFol
U A Ao 24 folx & T o ik
o] Hr} $3 Zlo2 dA Qlrh(6, 13-14). F
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Fig. 1. Pathway of methane catabolism in me-
thanotrophs. X is the quinone form of PQQ
and XH: is the quinol form. The reactions
designated as 14 are carried out by the en-
zymes: 1, methane monooxygenase;2, me-
thanol dehydrogenase; 3, formaldehyde de-
hydrogenase ; 4, formate dehydrogenase.

W nlT A] 132t2] NADH7F Zg 3 (Fig. 1) &
A AR A Al A A v AFste) o)A
o dAE ddshe Jinla A &4 (formate
dehydrogenase, FDH)7} o¢]& FHEsh}, =t
MDH¢] &A4o] k43| AA= ] =gt o]F of
A7t SR ool A kg Loz sfmjabS
A4 o8 FFa Folof g} £ MDHe &4
& HEAoRur AAAA AE YoM HEkE F
UAR7} A Jfmate R AHEE & 5 9l
o] 7% Wt 22 2HE 18x}9] wghgo] A=
o2 gk At Hd £ w©ae 255 V)
Fo2 & o 50%7} =k

vel x}5}FE o] 83 wiEhe Ak Am& FHT
g =) ¥y gjrl. Mehta & M. tri-
chosporium NCIB11131& o]-4, ¥ etz w
A3} AES A 2 ASA Yk FA A gk
< A9 71EAHQ FHESE HEFSri(14-16).
o]5o] 53t AL ko) Az A FH)
&g PAEEE 6umol/mg hroldlx, <k
MDH A 3uhAle uncompetitive & 7} A o)gic}.
3 TASAEE o| 8% AT FHu Hske A4S
T 267 umol/hG T o) $2& 7247 oA fA)
g 4 9Jodcl. 3H Patras®} Tang2 facultative
methanotroph @l Methylobacterium organophilum-%-
ol g3l vt AAEE: AHA Tl
wf$- qizkska &2 pH 59 8748l 34 9
23} g} (17). Shimoda & M. trichosporium
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OB3b% cyclopropaneo.@ #ejgt & we}, ok,
e ae|n Feie 2Ry & a3 Yakw
A& Ar3tch(18).
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& 23] o4 sbeAle HeFgIAul, FA9
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g 5% TAHSE AXE)ele vjFie] gl
olo ¥ Aol A= M. trichosporium OB3bel| sl
3T 98 2A vk A=Az sMMO
uks Zbe FAE wjoksti, MMOe MDHS &4
of ujA= qQlAby, wieh, wigke 59| ofske Haky
2% ZA}slEA} 34t

A& 3 Wy

o3 % HiY=H

M. trichosporium OB3b: vlulaelid W Gray
Freshwater Biological Institute¢] R. S. Hanson
ATZHRE AFadoiet. FAujok4 viA)= Higgins
7 RE 7] Ak HaAE 47t wEiAA
ARt} (Table 1, ref. 10). o)y pMMO7} A
e A& A s e #ArbelA sk
At wjefell= 300mlxte] wiA) Azt Se}~aE A}
3w, SFFEANA AESEE A 23
g 4 Ad=E A7 1llmm9 Fel3s 2aehgdc
jokole] Rul= 20mlejglct. wels Er)= 27
A F 1119 Y9u|2 0.22um ZEIE £ 9]
8tg=dl Cole-Parmer7} #|2& gas proportioner
£ &8 27 fas AL E S} 9
59 Fekaae 9 1803 IALFS o= zg
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ol 30°C el A wiokal ey
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AEere ¥3354(Spectronic 20, Milton
Roy Inc.,, USA)2 73 §359} #Al AxFHS
liate] pahgict. FA W MMO 48 M. #ri-
chosporium OB3be] A7 ofokglal wels 7|dg
ARg3te] dgte] ARLEL} wgkEo] YAETE
ZAsl AAYE 3 glon), Weke AR E
oAyl Hxsta Wehe A4 TEYUEc
o2 AstE|ng AHF S ofeigo] vk
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Table 1. Composition and concentration of stock
solutions for higgins nitrate minimal salt

medium?2

1. 100 X Salt solution” &/t
NaNO; 85
K2SO4 17
MgSO4* 7H,0 37
CaCl;2H:0 0.7

2. 100 X Phosphate buffer solution” 53
KH:PO, 86
Na;HPO,
Adijust solution to pH 7.0

3. 500 X Trace metals solusion” 0.287
ZnS0,*7H0 0.223
MnSO, 7H:0 0.062
HiBO; 0.048
NaMoOx*2H,0 0.048
CoClz*6H0 0.083

KI
1 ml of 1 mM HaSO; per liter of trace metals
4. 500 X Iron solution”
FeSO,* 7TH.0 11.2
5 ml of 1 mM HzSOx per 100ml of iron

Culiure medium was made up as follows: Appropriate
aliquots of concentrated solutions 1-3 were added to the de-
sired volume of double distilled water and the combined di-
luted mixture was sterilized by passage through a 0.22m
membrane filter. Separate and filter sterile iron solution 4 was
then added aseptically to this mixture. Higgins standard ni-
trate minimal medium contains Cu at a final concentration
of 1.0uM.

SEach stock solution was stored at 4°C after sterilization, ex-
cept for the phosphate buffer which was stored at room tem-
perature.

o o) Eaj7l dofulr] ok 71Ae A= A
o] £&dl ¥ Ao propylened o]8-a}o
propylene oxide 2] A% & 22314} (20). Pro-
pylene oxidex SAjo|m 2 thRi ubgdl Yo &
A3ta FtragntE AR A 2 ofo] SAH
oh dRed) YHSEE e 7102 A8E 4
shol gliul ol 44D skgol o oy A3}

£ 2% AR) 99 D55 QLS A48
ek £l AM-H Sml frelWst WLEe Fig. 2
of vehligich. MDHS| #4& dshge R4
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PTFE-faced septum

k «¢—————— Open—10p-ClOoSUre Screw cap

~#——— 5ml glass vial(transparent
or amber)

- Gas phase(4.5ml}

-Air

—Substrate(propene,
methane, etc.)

I~~~ Liquid phase(0.5ml)
= === ~Washed cell(about
0.5mg/ml)
—Substrate(chloroform,
methanol, etc.)
—Reducing agent(formate)
-Buffer(pH 7.0)

Fig 2. 5ml glass vial used for the measurement of
whole—cell enzymatic activities.

2 ZAsl9). Fig. 26 297 F-A frejwo] A}
L4593 5 A AYstas vdde] 27
wigbg F5E 0.14/mlo] =A 34},

A W 2284S 5437 g8 widst #AE
thss 7ol AM3glc). & dsiz2=y v
AlE-2]7] (Model HST-8, 4714, 4A)dA 3%
7r QAR s wlkd s AARY F 5SmMe] MeCl,
7} 235 pH 7.0, 25mM 9] 3-N-morpholino-
propanesulfonic acid(MOPS) 2 3 ¥ A &3} gr}.
2 F A4 fed & AlZsEst o 0.5mg dry
wt/mle] HEE o] F4ict. MMO9| 7% wligte]
Atshub-S-o]l dogk Al Ul #4432 NADH¢| ¢
3 TFHe=d Au)it 245 4 (formate dehy-
drogenase, FDH) 7} 7§e)ike- CO,9 HOZ AHsHA]
7 o) NAD*E 34922 4 glon 2 ubg-d Yo
Auabs 7o 2 AE o #8s A
F Qo B AfelMe Aujate] AR Aot 2
H2 o4 Aol s Z MMOZAS =AHehe
t}. 71A2 AHgE= propyleneo|t} k&S ohE
43 RS 4 F Ad sl Aristded &
L& oA AEEly]) A ubgo] AlREE A v
7] g3 AL freEe d8% £ ¥ 0CE
f A4k BE e/ 459 fEdE 30T
AerrZ (Model KMC-1205 SWI, Vision#}al, A
2)NA 2 1603 SEA)7)|HA 37 7HHoR 2
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Fig 3. Production of propene oxide with(@) and
without(O) added formate. M. trichosporium
OB3b cells were grown in copper—deficient
medium, thus exhibited exclusively sMMO
activity. Decreased slopes indicate the
maximal enzymatic activity does not main-
tain even for the initial 10 min.

~3a1d E-A5kgicl.

AL 22 o] 273&7|(FID)7} A2s 7laae
ol & 289 (Yanaco G80, Japan)d|4 838},
AHEE F(column)& Ho] 6fte] &7 o A
P (stainless steel) o], 2AE2& 0.1% AT1000
S ©A)8 80/100meshe] Graphac C Hto|¢ic}
(Alltech Inc., USA). 7}~z gvle s ¢ B3 7
£7)9] &5 propylene oxide®] 7-$ Ztzt 85°C
Az, WgE A¢ 22 1109 150TC A
73S BF Aavb FHA R AR-E S

Fig. 3& #lekr)7tel] o} propylene oxided] A
e 2o Fof. AujAbe kA 53 U2 AE Y
%48 (NADH) S AzA)71eH, #dHo| F1E
o MMO<®] #4o] 13x XjF 735l Hls) < 4
W 7k Y E A4S 4 F Aok =8 AGAe] F
7holl we} 712717} A} Fhasted MMO$S] 840l
ooz & AYdie i 55 FA3}7] 4
& 104 o] +4& vzt

2RI EL sMMOogt Aeiyo g vlgsleg
A el MMO9 AAHURE sdshed el
(21). Propylene oxide®] %9} %43 columng
A, FhrzzokE sl 2aserh F22E
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22 g 3 4 BAHEE 24 feuEe A
%—3}93_1_ 89 2 & 120C, 283 AEE B
A8 e o] AteIA 304 Asked TAsl
o 2GR A5 Ay BeE el
Fagieh. MkEAel} $454) e ok A
& AMgHE o4 BEH =) $3o] 3IcH(10).

A g 3%

2 ¥ pHII MMO &0l o)X= 98

M. trichosporium OB3be] A AAzAL o
30¢C, pH 7.0 (10)MMO2] B4 x o] ZHd]|A
# 217 dolr7] $s ojg) pH % %A pro-
pylene oxide®] AH&EEE wv|wstgc). Fig 4=
whole—cell MMO Ao}l u]x]= pHel ¢3g B
Zt}. 7fmAt &7 pH 6.5~7.0 Abolol 4] ghatgh
FHdigte] Ao} svjato] ¢1& W& pH7}
6.0914 7.07 A= $ab3] F71Ee}sl 7.0 ¢4} 85
7tA 743 713k} Propylened 7|22 3o
whole—cell 9] MMOZ4& 24T o 2Ax)d| 4%
£ FE AX Y dxE MMO #Hd)¢] 84, FDH
24, NADH% X, 0,9 5= % <2 7}=xald 7|
o4k 37FA] pH 6.5~7.09014¢] FHoighe A A
AZAZ g dXsle A2 MMO #A4o] o]
oA Hdjal A& ouiie}. ubd Aujak )4
MMO#4& pH7l 3718E Fvlshed, 7wt
FAA] Ao AMulak A FART} e AL
3 o, MMO #Hd] &4 Zr1vcl: NADH
99 7P 1 94l FeE FAED B o
Tl A Ak H7E 2A0 A vrke AR A=
3gor e o]Fo nE FAE pH 744 #3}glr}.

Fig. 5% 259 %6&— p_hoq ok 30~33°C
o4 FHugts RojFa o] Weojx HojArE
Aol Zaxde & 4 k. el 3204 MMO &
Ax 91 30~33CAA il‘ﬂ%k— Ho} &9
Wstoll disf R} shabalA) uk-g-g M)

Kinetics of methanol accumulation

M. trichosorium OB3bg o]4, ojghe welea
AR o vigge] $4e e} e BASA
Ao 2 FHE)

(rate of methanol accumulation)=/(rate of
methanol synthesis) — (rate of methanol degrada-
tion) (1)

ojd wigrd2 AL MMOd| <& Zujzz
MMO2| &4 7]Aql wste] Fx % oz} A
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Fig. 4. Effect of pH on the whole—cell sSMMO en-
zZymatic activity, with (@) and without (O)
added formate.
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Fig 5. Effect of incubation temperature on the
whole—cell sSMMO enzymatic activity, with
(@) and without (O) added formate.
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SoE oj@Uth. wgele] 242 Michaelis
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Age AREEE o33 2
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[CH] 1 1
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Fig 6. Effect of phosphate concentration(Pi) on
the whole-cell sMMO(@) and MDH(O)
enzymatic activities. Relative enzymatic
activities were defined as percent at each
Pi of the corresponding values at Pi=
10mM. In panel B, the inverse enzymatic
activities were plotted against Pi to deter-
mine inhibition constants.

30r

(MMO acrivity)™
( umol propene oxide formed/

mg dry cell we—min)™

(Propene)-1, (mmol/¢ )-1

Fig. 7. Double reciprocal plot of inverse whole—
cell MMO activity against inverse propene
concentration at varying phosphate con-
centration. Symbols are:control(no pho-
sphate, pH 7.0 MOPS buffer) (@), 20mM
Pi(O), 60mM Pi(4), and 100mM(2).

sroly K& 7|1Aal wgtel digh 3144, 1
2 K@ K= MMO9] &4l i3t ofiek-2-3} it
o] yaj g vepdi)

FH djek2-2] B3l= MDHo| 2J3] &nj=z o]
o Ei&e d4] 7)Ae] wwkee 5k, dejAQl
QY] Frof oEjic) dekg-o) EajaEal XE
dg s 23 ¢3S formaldehyde dehydro-

2
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genase(FADH) ¢ z7)d) wlel AA=+=d dubA
o2 FADHO #Ao| uj$ zB2(6) T EY3
Eo 218 AR 5 5T g2t olg] Y= o)
<% wlolsic}. vk} olate} kel thal (2)43t
22 e £YsR A(3)0] ol

(rate of methanol degradation) =

v [MeOH ] 1 (3)

™ K' +[MeOH] 1+[POJ/K’;,

A (3)ddlH K2 23pA4 a28x K= MDH
B4ol AT ke Aol

MMO % MDH Mol o|Xl& QAo H3t

Fig. 6& MMO %@ MDH &Ald]| v gl4ke]
oJ8-S HojFrl, MMO &4-& propylened 7]3
2 propylene oxided] AXNETE eh)lz,
MDH #A4& wehg-9] Faj&=2 velfgict. Pa-
nel AdlAE ¢JAte] 57} I0mMY wE 7|Fo 8
2 ksl Ao AL A8t 1, Panel
Bl Mg 7871 8l Panel A9 73}
E A&, 1/ Vi, s A4 S0 s =43}
act. 4t ¥x7b 10mMd o MMO % MDHe]
Ad AL Zz 130nmol/min mg cell ¥
650nmol/min mg celle. 2 MDH #Ajo] <} 5uj 7}
2 7). Panel AdlA & 4 Sl=tiE MMO9 &
He ke 55 Fobol v} gish rhash
MDHe| 24& oh$ FAsH ot iz 2
Abe] %7l 100mMY of MMOS] AjEAL o
70 Axolv MDHe &AL <k 200 EFzjc}
Panel B 1/Vow, a®l A4 F=oll o 24
PAE 7S HojEr), whal Ak A r)z}e]
noncompetitive model-g wW&chd 7]2-7| 288 A
e T 4 ded (ol A3 Fig. 7 ¥
#3d 71& Fz) MMO ¥ MDHel ds) zz
185mM % 42.0mMo] iz}, o) glake] A3
of 93] MDH7} MMOX.t} &4 wI7shs BojF
£+ A%H 53o] Hrl.

Fig. 6oll4] HodF lAke] wha)7|2tE & o] A
3] dolry] 98 Fig. 7oll4= MMO 4o v]A)
+ Qe 5% ¢ propylene?| ol J&E F4
o masgry. MOPS $+38d8& AM’ 495
H]7)% (control) 0 2 AME wf QlAte] F=7} F7t
Y5E 7]e717} S8t AAAEs ANE BA
o AR Y] £ T3irzie XAHE 25
Ao o}z A& 7|2 noncompetitive ]S o
4+ 24tk MDHel| tfsj A= Fig. 754 2 A3S
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ke A9 eabrh & AlstAT A
olikel A 7|2k MMO<] 72} 3+& noncom-
petitiveeh (A F 2= JehliA] o49k-L).

Aa7tA MMO®] 44 propylened 7|42 3}
o ZAsg o} dete A de= veke) r)AR
AH-EHBE MMO9] Vi 2 Kog wiehe] g &
A& dgs} ook old s1Aal weke) Zhadzi}
T2 A= g YHLEE A5 oo} 3]
ol o537 2 2 7R ojgigo] mpEc). wA v
B AHEEE AE A4S B9, Foduds
A" dekgol o o)A} AlslEA| otxE MDH &
A& A3 A Aok sl ol AREE A7}
MMO #Aell= A& Fx| dolof o}t e}
%A 9T 2 MDHY AsjA7} 3-8 MMO
o FA7A Aesteg MMO 849 Azte AF
Aol Ml FgFo] mid 7HHH Ao
JEE Futoll gtk 9 gty PadeE &3
3= A5 B9 7)A 7|Ae|nE FEuka|E g
7194A, AMEAH S A7} 33 propylened
o $3l4E Y 48lxr} Yo e Fig. 264 B
o FeHE ol4F o /-9 HYo spHew 93}
7b 9% 4 Qlokh deke 7]AR MMO 848 234
e = g2 g 7R whge 18319 weko] wEl
+2 A o 1849 A4rE 22 (Fig. 1 #3)
ke Aol HAh, AaATOR A4 2RERE
< Zolth. e} ol 7|AAbY) AbAR <l o3}
£ Fo)7] s AL AR dAZ S 8
2, AL uRA e ke Fx) G52 EMajzt
A ghgol g A2 2 T3 Fo) & Akan) vEr B
o Rl s sl A7)A] YeE A

Folof 3l 5 WA R0l ufEr}, K AYelA
v A dE7 A A7} A7) §A9 Fig. 29
] Bal felWs auz AMslr] g8 dilse
100mMel| 4] wlebg-o] Y& =5 2454}

Fig. 8o A+ vlgbs 57 MMO Aol n)A]= o
%S Lineweaver-Burke plot © 2 T X|3}9it}. o]u)
A AM-F oAES sro) v, = BA4L 10
ool vhH] wiel YA vekeo] oo
wf$- #=|8tgia MDHe| 9% sjebe &= F-4)
3 £ ootz shAEge). = 7)Ae] ojeke iabe)
wets F3yAefo 9l Henryel ¥3E oy
78t e s MMO #4& Fig. 60l41¢] A3}E u}
Bog oite] 98 30% A3 weckn sAsky
t}. Fig. 8o .91 MMO &4& ¢)9) 7}1ASe A
4, AAE dske Jo2HE At Ao MMO
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Fig. 8. Effect of methane concentration on the
production  of methanol. Inverse whole-
cell MMO activities were plotted against
inverse methane concentration. In order to
prevent the degradation of methanol pro-
duced, phosphate concentration in the re-
action mixture was elevated to 100mM.
The value MMO activity was calculated
with the assumption that the experimen-
tally measured one is 70% of the true
value following the inhibition by high Pi
concentration.

8A& A gEolt). Fig. 764 B.Ql propy-
lene2] #-9-¢} wlwsld AYgEES-o] uliA o] Alek
aldrt. 71e7)9) dRe 2R V.9 KE Aist
o= 242 250nmol/min mg cell & 30 uMe]ic}.

MMO &40l o|X|= HIELZS] H§

e FA4o) 73 EAZ QB9 o7 54
o] Aa)zt8-2 gt MMOX <97} ol]oiA] el
Zoll ) Azt o] AA A& urer) Hekd) 9
g MMO A& FA4sl7] S8 ¢A AT W2
propylene oxide] A&, wEty Avdn Abs
9 AREE 58 AT 4 gl 2 dge A
AEES] 3 oM wgo F9 veks 2
HalA)7]7] Qs goiFe ko]l U @7) wRd
MMO 845 Ad| o]&3}7]= Z33}c},

Fig. 9+ propylene% 7|22 welgo] MMO &
Aol wlAe JFE ZARE Aol 7 vee 3%
ol FHoh MMO #48 23317 93 uhgd
propylene®] =& EA(K.9 o 5u)) F=lskd
t}. Panel A #jebg 557} 09 A$-E n|wrE
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Fig. 9. Effect of methanol concentration(MeOH)
on the whole—cell sMMO enzymatic acti-
vity. Relative activity was defined as per-
cent at each MeOH of the value at MeOH
=00g/ ¢. In panel B, inverse enzyma-
tic was plotted against MeOH to dertermine
inhibition constant.

(control) 22 4o} wek %7} 0.01g/f o4
10g/¢ 7kA] wstg we] MMO AiEAE log
scaleZ el e}, wghgo] o3t A i 0.
lg/0 ¥-€ Jepdr] Azste] 10g/¢ A o 849
AL 90% ool AMsbg-E & 4 Sk o]’
A AR N detee) M vand 5
et 2R AT Hd ok S| oF 12%
ol Z1& 7hakshd webg-o] Asddo] A A4
& 4§ k. ol digke9) LDyo] & 1.3g/0 o
2 oghg-9] LDs(13.7g/kg) B} I v 5Fal
ATs FHeo] k. FA A AASHAA BW
Pt Ge FE A YAEEY A S
o= AHE15 e 7HA, ANE L8] Fol o=
2 AANY FAE 2o} $¢Hd d97E ds 2 @
o} wgkgo] A9 59l d&ke slFo] vl A
3l & Ao| 64.7CE ek (b. p. 785T )Mt}
ok 14C Yol ¥} vlnd] Lolsih= AAe] gl
t}. Fig. 99] panel BolA& 1/ Vs EtHe 55
of djste] A} T kg whelr|atql Q)
AFe] 7399} wlzk7}A] 2 noncompetitive HEjE- o}
2od 712728 AfdrE 78 5 e 2
e 21mMelr}.

MMO R49f ohNy

94 Fig. 3el4 Hel o2 MMO #4¢& 4%
A= 7143} o] AR propylene oxided] &7
A BT 44T Ad9 A%d L% 4T T
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MMO #49] 2Ale] ofF Ad $= vk A
715A¢ propylene 2]¢] 718 A48ty & o]d
o 40| MMO B4l 48 54 W 2730
4] ukg-e} W} propylene oxide®] Fx & H3}A|7H
A MMO #4¢ 2484 938 & i}, dalz <
Ak A7} gl 2ANA HEE 71AR Al
£24E2 3489 = Fig. 204 2a $24
& AHEE 5 ga o R WAREe] oEx)
Ethyleneo]t} butenez MMO9] £& 7|Ao)7]=
3} o]59] 4l3}E-ql epoxides} propylene oxide
A8 MMO &4 93-S & 4 2B = propy-
lene oxides) JF& SAsh=dle g3 Eakh,
B AFolxs PAEe] A& AstEe ¢ o ut
$45d GFe F2) g VA FREEES A
43t WA 7154, 5 propylene oxide?] # 3l
£ zA}slgrh. Propylene oxided) ¥:& 0O~
10mM 914 WARe W F22EE 24
$xole As Wsprh dsich(Ade vehliA] st
£). °o]= MMO &4 £AA¢ 747} propylene
oxideo] J3 Asjrch= MMO #A 849 7Hx
AEY ofulet,

Fig. 102 23°CelA Aol HHA #4¢] MMO
@4o] A7l met YA AREIE Bl
akx9] Fig. 3 ¢4 & W A3t MOPS st
89 Lol A=tsAA A9 WsE & AolA
ot Fig. 102 wioklE 22 XA 49
H3LE zAlslglong 2719 Apolrt itk = v
ele-S AAbsl= A9 M. trichosporium FH= 4
@ 7jdel d=g AL T HEg: gAY
MMO &419] kAL = dala Aoz o&Fr).
utebA] Fig. 10& whole—cell We] MMO &A4¢] o
it A 2AEETE 4R @ A 2 A B
AFE= A3 oer Fuf MM sl
Fig. 10014 & 4 sl A& 7fu]ate] EAd= 7
S} 2R G A BT MMO AL )
24717} olFole FA3] ads & 7 Utk A7
ol Qe AtE b FAA s ols
AZ W 349 A FHo| MMO #HA| A Ee}
o A AAEE Ric) §E Awd A9 UA
sho Wuld Al AZEE 1o asAl e
Ao g ulFo] MMO #Al9] 4Ale] Fulz cell
lysissh SAEhE 7o) ohde & 4 slek.

HER MY
Fig. 112 300ml vp) @7 ZetrzidA wete
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Fig. 10. Stability of the whole—cell sSMMO en-
zZymatic activity in spent medium with
(@) and without (O) supplemented for-
mate. During the experiment, cell suspen-
sion stood at room tempetature(22~24C)
without methane.

o] AARS SA Afelch 44 F ik &
£ 9IImME g3 Afe)ike 20mM, zeja 7)Abe)
ZAL dek 3% F7] 67%4c) A= HE A
2|8}A] ok wiekHell olAbe] ZAJub WSIAIY F
IRz RS #A19 s+ 27 0060g/0 %
012g/¢ o)3ict. =JF wioklg o2 Algslgdom
= Z715H 7o olube(18mg/l o] EA3}4c)

aedM BAFE 2 diekge YHSEE Azt
Zraghe o g slvh 27) 1AZE B4t Wieee A
Aé-g = oF 120nmol/mg cell min Ax.o]A|gl 34
Zholl A} 42A)7F 30 Ato] 1417k 30+ Fote 7%
2] 55%¢] E3}3F 68nmol/mg cell min Axolc}.
283 F ARAY FA4e] HaSEE 2 79nmol/
mg mingct. FA 9 wjoe] Exh& w MMO< ¥
Ao] dek7| Al tha <k 400nmol/mg cell min A
ol s m3td B Al dojH g wi%-
o o' vEE AdibsmdlA Ag F MMO &
Aol FA8 2RSS & F Aok AAEQ gk
29 Z4 & MMO 4R & 717 7164
ol & 4 slov} Fig. 119 #F vske9] $x}
200mg/¢ o= X w)Ae @ Frq AL 183}
o] 7heAe WAk 2 B A Az
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Fig 11. Profile of methanol production in spent
medium at two different cell densities, 0.
060g/¢ (@) and 0.12g/¢ (O). The concen-
trations of phosphate and formate were
91mM and 20mM, and gas phase was
adjusted to contain 33% methane and 67%
air prior to incubation in 30°C incubating
shaker.

FAo] obd & g x| 27eA vk 44S
SAT AL UF 2o I3 5%, &5, pH &
8] gl i3 F of FAHA AYe] 27} &
3] Aulabe AR e 2AA ek ik
A= Aol FPH R JFA7L e, o A%
MDHe| &4& FiAo2q Agta|Ae}l gic}. o
A AE W AAFA 4L 23E] FAE Ao
2 7Y% & £ A e sMMOTHE: ze= 7
AE ARt gl vt pMMO9] 9o dhsiA = 5
3 AYo] g7z 3ot

2 o

B A7oAE sMMOE 2= vist Aghzd M.
trichosporium OB3b% o|4-3}o wehg APAte 3
712AEE T34 583 AxE gofshd o}
23} 7} (Table 2).

1. AIX W} NADH®] AL ¢80 Av]ike 37}
& o whole—cell®] sMMO &4< pH 7.0 2 30C
ol & ¥eln propylened 7142 & A¢-
9} 130nmol/mg cell min A%.o|c}.

2. 942 MMO<} MDH #4& 2% Asfishy
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Table 2. Kinetic parameters related to the whole—
cell enzymatic activities of soluble me-
thane monooxy genase(sMMO) and me-
thanol dehydrogenase(MDH) in M. tri-

chosporium OB3b.
enzyme parameter{unit) value(substrate or inhibitor)
SMMO | Vi{nmol/mg dry wr-min) | 130(propene)  270(methane)
K{uM) 7ipropene)  30{methane)
Ki{mM) 21(methanol)
Ko{mM) 185(phosphate)
MDH | V' w{nmol/mg drg we-min) 650(methanol)
K'{mM) not determined
K'{mM) 42(phosphate)

MDHe) oig A&l Axr} I 222 vk 34
o A}g-0] 7}l Noncompetitive modeE- 7}4
& o AfAes 242t 185mM(MMO) % 42mM
(MDH) o] it}

3. vekg-& MMO #4484 A&3le noncompeti-
tive modeE 7}AE w propylene7|Zel 7%
21mM o]gc}.

4 FA W) SMMO 4 Aol AR Aol
A vy whe $52 rss 1% % qAsdo
A 2 455} o weplh,

5. bsx IImMelA wgt wigtEE ity
o 2Ase] 4547 Bt ARee PY4EE 2
7 79nmol/mg mine|$ic}.

A

B oQPE SEAEAR ASTEdA Az
Fasigen ole] A=Y},

Fasd
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