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Methane Monooxygenases Hydroxylase from a Type
Methanotroph Purification and  Physical-chemical
Properties
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I} Methylosinus trichosporium IMV 3011
201.3kD SDS-PAGE a3y
58kD 36kD  23kD o3y » 234kD
5.2 603.6nmol/ min mg 34.3% HPLC 95%
3.02 Fe pH 6.2~7.5 35°C
IMV 3011
Q814.1 A 1000-3061 2006 06-1007-06

Abstract Methanotrophs can catalyze hydroxylate of methane and some hydrocarbon. Which play an important role in mitigating
global warming and have also potential significance for industrial applications or bioremediation. A high activity of hydroxylase

a crucial component in sMMO from Methylosinus trichosporium IMV 3011 has been purified to homologues by using
chromatographic techniques. The molecular weight of the hydroxylase determined by gel filtration is 201.3kD and SDS-PAGE
showed that hydroxylase consists of three subunits oy with molecular weights of 58kD 36kD and 23kD respectively ~drawing
a comparison both methods indicated that the hydroxylase is a homodimer with an oY , configuration. Purified hydroxylase has
a pl at 5.2 judged by thin layer isoelectric focusing. The purified hydroxylase contains 3.02 mol of iron per mol of protein. The
stability pH for the hydroxylase in solution is 5.8 ~ 8.0 and the stability temperature is below 35°C . The cells form show a long

bent and rod-shaped with even surface observed by scanning electron microscopy .

Key words methanotroph methane monooxygenases hydroxylase purification physical-chemical properties
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MMO

Methane monooxygenase

CH, + O, + NAD P H,
—CH,0H + NAD P * + H,0

soluble
MMO sMMO
particulate MMO pMMO CH,
CH;OH
pMMO
sMMO 1l X
Cu 23 pMMO
sMMO
sMMO 4
MMO Hydroxylase MMOH
B MMOB MMO Reductase
MMOR orfY
6
Methylocystis  sp. W14 Methylosinus  trichosporium

OB3b  Methylocystis sp. M Methylococcus capsulatus
Bath  Methylobacteriium sp.CRL-26  Methylomonas sp.
GYJ3

Methylomonas sp. GYJ3
IMV 3011 7

Methylosinus  trichosporium

Methylosinus trichosporium IMV 3011 Il

Methylosinus trichosporium
IMV 3011 i
sMMO

1
1.1
CR 21 Hitachi 7L
GC7890 11
1090
HP 180-80 Hitachi
Multiphor [[ Pharmacia  JEOL JSM-
6400V Japan RF-540
Shimadzu 8453 HP
99.9% BCA
Pierce
1.2
1.2.1 Methylosinus

trichosporium IMV 3011

oL K,HPO, 0.49
KH,PO; 7H,0 0.40 NH,Cl 0.5 MgS0, 7H,0 0.3
CaCly 2H,0 0.02 KNO, 1.6 NaCl 0.3 FeSO; 7H,0
0.004 MnSO; H,0 0.0004 ZnSO, 7H,0 0.00034
Na, MoO, 2H,0 0.00024

ODsy, 1.0~1.2
33+1 C 300r/min pH 7.0 ~
7.2 - 1:3 0.2L/min
ODsy, 1.2~1.5
4°C -80°C

6~ 10g

1.2.2
10 3%

1% 30% ~

100%
JEOL JSM-6400V
1.2.3 MMO
7
SE-54
25m x 0.25mm i.d 80°C FID
2ml. 33C 2ml,
Smin
10mmol/L. ~ NADH Sigma
Smmol/L Fluka
Inmol
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1.2.4 30g
50ml.  25mmol/L. MOPS pH7.2
200pmol/L Fe NH, , SO, , 8mmol/L

2mmol/L 2mmol/L. DTT  2u/mL

Dnase I ~ 0.5mmol/L MgCl, Buffer A

12min 0 ~ 10°C
0.22pmol/L
1.2.5

11

DEAE Sepharose Fast Flow Column 26mm X 200mm
Pharmacia Buffer A

40mmol/L 500mmol/L. NaCl 1.3
ml/min B C 50mmol/
L 150mmol/L.  300mmol/L. NaCl SDS-
PAGE

Sephacryl S-300 column 16mm X

900mm Pharmacia 50mmol/L
NaCl  Buffer A 0.6 mL/min
Resource
Q Pharmacia 25mmol/L. MOPS  pH
7.0 0~30% NaCl Iml/min
0~4%C
-80 C
1.2.6 Superdex™ 200 prep
grade Pharmacia
Pharmacia Ferritm M =
440 000  Catalase M = 232 000 Aldolase M =
158 000  Bovine serum albumin M = 67 000
Ovalbumin M = 43 000  Chymotrypsinogen A M =
25 000 Ribonuclease A M = 13 700
12
SDS-PAGE 12%
13 Pharmacia
R250
Rq
1.2.7 IEF
0.5mm T= 5% C=3%
LKB-Produkter AB pH3.0~10
2000 V R250
IEF Pharmacia
13
1.2.8
N,

Smmol/L, 15% 20mmol/L
DTT N, 48h 4C
pH 25mmol/L
pH4.5~6.0 -
pH 6.0~8.0 pH8.0~9.1
Tris-HCI 4°C 8h
25mmol/L. PBS pH7.0
26°C ~55C 8h
1.2.9 590nm
1.6mg /mL
BCA
1090  HPLC

50mmol/L. PBS pH 7.2

7.8mm x 300mm Phenomenex

Biosep Sec-S3000

Co.USA Fe Cu Zn
ddH, O
RF-540
25mmol/L Tris-HCI pH 7.2 280nm
200nm ~ 600nm

UV-Vis 8453

190nm ~ 600nm 25mmol/L. Tris-HCl pH
7.2
2
2.1

Methylosinus trichosporium IMV 3011

HPLC
95 %
1 SDS-PAGE
Pharmcia LKB UltroScan
XL 97 %

34.3 %
8.08
Methylosinus trichosporium IMV 3011
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o« B Y 58kD
36kD  23kD 117kD 2
Hydroxylase
By » 234kD
- — pl
1 HPLC 3.2 3
Fig.1 The purity of methane monooxygenase hydroxylase

determinated by HPLC

Column temperature 25°C  flow rate 0.5mL/min

Analysis condition

Methylococcus cupsulutus Bath
pl5.1~5.2 °

Methylocystis sp. W14

detection wavelength 280nm. pI 4.3 1
2.2 3.02mol Fe/mol Cu 7Zn
Fe
201.36kD  SDS-PAGE
1 *
Table 1 Purification scheme of the hydroxylase component of soluble methane monooxygenases”
Specific activi
St Total volume Protein Total activity/ pect ;; écthlty R Jo Purification
ep /ni / mg/mL Ol activity/u nmol/ min Per ecovery/ 7o f()ld
mg of protein
Cell-free extract 125 17.3 161781.5 74.7 100 1.00
DEAE Sepharose FF 105 4.5 94538.3 198.1 58.4 2.65
Sephacryl S-300 24 5.0 67349.7 559.6 41.6 7.49
Resource () column 22 4.2 55494.3 603.6 34.3 8.08
* Hydroxylase activity was measured by propylene oxidation method in presence of component B and component C.
nl
=== Q.30
— 8.63
~— 845
it AL
= 715
y R 683
i W = zubwunil gy 655
150 — (e gy :
i & =B subuml - 583
. : Hydroxyvlass -—*ﬂ — _—. 320
00— S 6=y subunit = 455
ie 350

20.1 —%1!%
114 _.ﬂ%}; e
2 SDS-PAGE

Fig.2 SDS-PAGE determination of the molecular
weight of hydroxylase subunits

2.3
4°C 48h 42 %
A 15% C
Smmol/L D 20mmol/L. DTT E
N, B
20mmol/L. DTT
4
2.4 pH

3

Fig.3  The isoelectric point determination of hydroxylase

on thin layer isoelectric focusing gels 0.5mm

using broad pl markers produced by Pharmacia

pH 6.2 7.5
35C pH 8.6
2.5
UV-Vis
281nm
" 280nm

395nm ~ 420nm

4.5 40C

UV-Vis
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—
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X
(=}

72 66
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(=]

'S
f=J

Remaining activity/%

33
(=}

A B C D E
Protective agents

[=}

4
Fig.4 The effect of various protective agents
on hydroxylase activity
A Tris-HCI buffer B N, atmosphere C 15 % glycerin D
Smmol/L dithionite E  20mmol/L DTT.
Temperature/C

80 T T T T T T T T —T T \
5 10 15 20 25 30 35 40 45 50 55 6

40 45 50 55 60 65 70 75 80 85 90 95

Special activity/[nmol/(min-mg)]

pH
=—e— Showing the pH effect on enzyme activity

—=— Showing the temperature effect on enzyme activity

5 pH
Fig.5 Effects of pH value and temperature

on stability of hydroxylase

Methylococcus capsulatus Bath 406nm ~ 410nm  *

Methylobacteriium sp. CRL-26 408nm °
Fe
410nm
341.3nm
Methylobacteriium sp. CRL-26°
490nm  630nm
2.6  Methylosinus trichosporium IMV 3011

IMV 3011

603.6nmol/ min® mg
Methylosinus  trichosporium  OB3b

6 Methylosinus trichosporium IMV 3011

Fig.6  SEM micrograph of Methylosinus trichosporium
IMV 3011 isolated from laboratory cultures shows

a long rodshaped cells with even cell surface view

1700nmol/ min mg

4-7
Fe NH, , SO, , DIT
15% Smmol/L 20mmol/L. DTT
N,
20mmol/L. DTT
SDS-
PAGE

Methylosinus trichosporium
OB3b Methylobacterium sp. strain CRL-26
Fe Zn Zn
/n
Zn
Fe
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4mol
3.02mol

FeCl,
Nakajima
Fez +

2 4-7
Table 2 Relativity between the Fe content and specific
activity from various methanotrophs *~’

. Fe content Specific activity
Organism

/ mol/mol " / nmol/min per mg

Methylosinus trichosporium OB3b 4.3 1700
Methylocystis sp. WI 14 3.6 518
3.02 603.6
Methylobacterium sp. CRL-26 2.8 208
Methylococcus cupsulutus Bath 2.3 72
Methylomonas sp. GYJ3 2.1 222.5

Methylosinus trichosporium IMV 3011

Fe
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