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Growth of an Obligatory Methanotroph Methylosinus trichosporium
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ABSTRACT

An obligatory type II methanotroph Methylosinus trichosporium OB3b was cultivated on methano! as
a sole carbon and energy source. The effects of methanol concentration, pH, temperature, nitrogen
source and phosphate concentration on cell growth were investigated and the results were compared
with the growth on methane which had been studied previcusly. When (NH,),SO, was used as a nitro-
gen source, the maximal specific growth rate (g,..) on methanol was 0.20hr and the carbon conver-
sion efficiency(CCE) was 43%. In comparison, on methane, 4, and CCE were 0.08hr™' and 32%,
respectively. Ammonia was found to be a better nitrogen source for methanol-growing cells. Cell yield
on nitrogen(Yy:y) was the same regardless of nitrogen source as 7.14g dry cells/g N, but the yield on
methanol(Yy;s) was higher with ammonia(0.8g dry cells/g MeOH) than with nitrate(0.64g dry cells/g
MeOH). Optimal pH and temperature were 7.0 and 30°C, respectively. Methanol inhibition on cell
growth was observed at above 0.5%(v/v). Inhibition by phosphate was observed at above 60mM,
although the inhibition on methanol dehydrogenase activity started at a much lower level of 20mM.

Based on the experimental findings, the cellular physiology of M. trichosporium OB3b growing on the
two closely-related carbon sources were discussed extensively.
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Fig 1. Pathway of methane catabolism in
methanotrophs. X is the quinone form of
PQQ and XH. is the quinol form. The reac-
tions designated as 1-4 are carried out by
the enzymes: 1, methane monooxygenase; 2,
methanol dehydrogenase; 3, formaldehyde
dehydrogenase; 4, formate dehydrogenase.
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Table 1. Composition and concentration of stock
solutions for modified Higgins nitrate
minimal salt medium®.

g/t
1. 100 X salt solution’
NaNO{or (NH.):S0.] 85
{658]
K5O, 17
MgSO; + THO 3.7
CaCl:* 2HLO 0.7
2. 100 X Poosphate buffer solution”
KH.PO, 53
Na:HPO, 86
Adjust solution to pH7.0
3. 500 X Trace metals solution”
ZnSO, - THO 0.287
MnSO;, * THO 0.223
H3BO; 0.062
NaMoO, * 2HLO 0.048
CoCl: * 6HLO 0.048
KI 0.083
CusO: - SHO 025

Iml of 1mM H.SO. per liter of trace metals

4. 500 X Iron solutior
FeSOq + THLO 224
5ml of 1mM H4SO, per 100ml of iron

" Culture medium was made 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 sterliized by passage through a 0.224n membrane filter.
Separate and filter—sterile iron solution 4 was added aseptically
to this mixture.

" Bach stock solution was stored at 4°C after sterilization, except
for the phosphate buffer which was stored at room tempera-
ture.

cuvetteo & &3¢t AAlo]2 9 =T X jon-
specific nitrate electrode(Orion, Model 93-07, U.
S.A)E o839 A3 ammoniad ¥L=
ammonia gas-sensing electrode(Phoenix, U.S.A.)
5} Berthelotsh$-(10) & ol-&3he) ZAstaich. wst
& TEo FAHL EFXAEV(FID)7} A=y
ZtrazetEaw e it EA27L ol
a9 B4 FA AA3] 7)Estadd

xae] 84 34
TAW 2259 84 A MMOY 3% 7]
A& propylened 243911 methano! dehydro-
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genase(MDH) 9| A9& dstgs  AHgsirt
MMOZAL wete] Av|LEr) wetgo] A&
2 el Aol Aot dstel LulbEs 24
A 9 23, Hed ANEEE A4E e
go] ASHoE Asjsng HUT S4o] ojge
miel ek AAEE o ol AshelA] bt ok
% propylened 7|AZ Xelsle] propylene oxide
o JHEES 2HPoA MMOBHE Fasi)
(11).

Boeaye e ok 24 dae A
o4 Eppendorf microcentrifuge(Model HST-8,
gd7A, <H)E 0|83t 387 12000rpmo 2
AL & AFds Wz MOPS #H349
[25mM 3-N-morpholino-propane sulfonic acid,
pH 7.0, plus 5mM MgCl,J o2 13} &=k}, o
2|2 o] dalEe]ste] Asds vEn e 93
ol HHELAAM AEFE7F 0.5mg dry cells/
ml7} =A gk 2 o ubeESE 0.5ml( A Eeg
0.1~0.5mgo] #idsl= AT getuokd; 12.5mmol
MOPS buffer, pH 7.0; 2.5zamol MgCl,; 10zmol so-
dium formate)E 5ml viale] Y3 PTFE-faced
rubber septa® WE3 F 30°C 9 zer4Z(Model
KMC-1205SWI, Vision#}3}, Seoul) e+ &3 160
3 SE27|HA 38 kA0 2 2~3x8 samples
At EZol2HE7|(FID)7F Add 7taaz
ulE 7125 (Yanaco G80, Japan) & 243}qic}. &
2ol 4 AEE7] A wbge] dojute Z1E A3t
7} 8 7132 A== propylenec|u} djjghg-&
O AEES ¥ F AL S Aslslgch 2
< ol FE B4 vialE A" Aol F4F 45
Yol 0CE FA8 ). 24 Al4d B 27
1/8inchol] Zo]7} 6fte] stainless@o 2 0.1%
AT1000& ©x3 80/100mesh?] graphac CE=%
(Alltech Inc., US.A.)e] x50 99l 9 B3}
7%7)9] £5= propylene9] 2<% 85Ce 150C
G2 oetge A9= 1109 1507 oig)om $ut
ZIAZe Aarb AHEE S Injectore] 22 2
29 xR 20C =4 FA skt

23 9 n

gL 7|Eoe Mg

L AEk ety Ao A zlebe M. trichosporium
OB3b& wlghg 7]-e A wjokst7] sl =ste 0.5
%7t £3¥ Higgins F7] 2abed ZHawmzo &7
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Fig. 2. Effect of nitrogen source on the the growth
of M. trichasporium OB3b.
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Fig. 3. Effect of methanol concentration on spe-

cific growth rate(Panel A) and Lineweaver

-burk plot for determination of x,and KS

(Panel B).
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Fig. 4. Effect of temperature on the specific
growth rate(Panel A) and Arrhenius plot
for determination of the activation energy
(Panel B).
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E7h5sksich

pHo| <32 6.0~8.09 oA A5 Bt}
(Table 2). wl#]9] buffering capacity® Z7}1]7)
7] g8 Ak =& AmM(EZFER 9 4W)
2 stof wjA & A Z3Hr}. Table 271 BoiF= o
2 A w5 7l wEt w2 W pH s
23] HAE A (A sE7F 10mMal A%
pH 7.0014 6.0 2717 s&atadot 40mMe]
735 2% pH7E 6.72 A< ¥y} gigich). Hst
7|Ae A AAbdg ALY ARSF ](9) HE
pH7} 7.0 7PgA A28t Z9ks 22| Table
of Ueldll wie} o] kmufolo] 4m|Z ol HF
pH7} A& Mo 2hpstgdot. sk Al v) A2k
Lo H3te vste] 4o uldk A3 Yehigl
<4l pH 6.5~8.0 Hjollx dutgh HAzke B o
Fodck. 28y 6.0 2L 8544 ujAgALEET)
w7438 7rassict.

QIMNAST O Bk

Fig. 62 <didsErl 10mMY ofE 7)Fo2
) w4 A4z el MDH ] AdjZ44 veldl 7o)
ok BAREEE iS5t 60mM7bA] Ao o
stabz] oka ¥ S Rol} MDHY Z4e A&
FE ibdsre Frbd wel FA3 gragc)
2 723 80mMY m= oF 40% zElT 100mMdl
He o 30% HE] A dol oA =}

MDH ¢} &4of v & olAbede) oddke djskas}

£ o] 43 dEkE AR AFE T4 243
=5} (19). qlatde MMOS ZAdx =4
2H4-¢ ooy} MDHe| dig AHaldert 9 =
7] g Bol webz|HZ AMAgE M. trichosporium
OB3be} 7+ 5% qlabeig-alof4] vekg £ o)
753t} g9 Fig. 6 sha 1) dirte] Bedsle
AR g49 BAo] 50% o|At Ftrsditiete 4
o] YA Aol FFFe kx| 4SE BoFd =

Table 2. Effect of pH on cell growth.

pH Lag time Specific growth
Initial Final (hr) rate, thr ")
59 5.8 6 0.11
6.4 6.2 3 0.18
6.9 6.7 1 0.20
7.4 7.1 3 0.19
79 74 3 0.17
8.5 8.0 5 0.09
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Fig. 6. Effect of culture medium phosphate con-
centration on the relative specific growth
rate (@) and relative MDH activity (O) at
pH 7.0 Relative values were obtained by
normalizing each value against the corre-
sponding value at 10mM phosphate.
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Fig. 7. Time course of batch cultivation of M.
trichosporium OB3b at the initial methanol
concentration of 0.5%(v/v) without pH
control.
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Fig. 8. Time course of batch cultivation of M.

trichosporium OB3b at the initial methanol

concentration of 0.5%(v/v) with pH con-

trol. Arrows indicate the methanol
addition.
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