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KA AT SRR pmoB R AL PR B 4 A F BT

KEF, L ¥, £ JF, FER, K

(MR BERT L RS Frdh TR B A B i Bl 5 TR B R SRR 2, JRIEVL IR/KUE 150076)

RE UKL Y g O AU ( pMMO ) J2: F B S AL T R Al Y e AL A R B 9 — B . Methylococeus capsulatus IMV
3021 [y pMMO 5 PR R RE pmoB WA, ZWHE— Rl I TEE . FATHETOH pmoB S BEHEAT S IR 3K S AR W
PTG PR BIE. 51557 5 oM e BRI — R 72 (NADH) #5225 mmol/L i, T LUULEE 2 57 Y 3% 15 pmoB JIF %k
HA AL R o S A B R s, A6 R VR B O 1. 04 mmol/ L. fF 5 pMMO T V% IF & ik ELHKE Y e Ak Bl Y

[AINERININEIN A3 SRR B S 8

KR WAL Uk H BE RS 5 Methylococcus capsulatus IMV 3021 F g ; H i

HESES: Q814.9 XHERFRERG: A

& — P B —Rib Ay, WK
AL E SR, (H il T R eSS R R E
HHT Ml b R g A 7 F AT o5 22 255 €L 5 ~
15 MPa 3 FETT B2 AERESE AR SR 1F . e 8
S8V (MMOs ) 1] LS BRI o T 25 1 Y Be i 1k
.

MMOs B A Al F e S A0 2F ol T el o, 2
bR AL P e E e EE ARG H bR
AT LA e Ry 78 SR AR A A% 1) S B — PP e B
SR LA FROE AR 0K RS R e 2R o 4607 ( pM-
MO) Z5GTEANMI N AR, 7T P B 4Bl (sMMO) I
T B AEANM BT v BE BRI, — 820 H e Ak
B ] PERE (sMMO) |, T8 #e B2 (>0. 2 mg/L)
B, MMOs DLEg-IE 45 5 F ik, pMMO 3
ANFELH RS . pmoB (a, ~47 kDa), pmoA (B, ~24
kDa) L}z pmoC (y, ~22 kDa) | %A~ L H
HA B BEA5 3. BAR pMMO 31~ HE A4 415
T M AHHE, Yu Fl Lieberman $#2H o8y HKF
R ZYJE 100-kDa™ | oy, BA MRS T HEK L S
200-kDa'*’. XTF pMMO J&: 75 & 4 4 )& B T A 4
W, HEARE 240 )5 B9 pMMO FK (aBy) FIBES A
2~ 15 MRBTETIO0 ~2 ANk U

F e S8 AL T Methylococcus capsulatus ( Bath) A
18 e B e AL B RE A8 HE AL Y e STk A IR .

Wi EHER: 2016-02-10; f&[E HEA: 2016-03-10.

A R 2 AT NADH T sl U F o 2™ 1 g qR
HL ¥, pMMO P4l 8 77E 1% g i P i B
EEAEA.

M\ Methylosinus trichosporium OB3b""**' §i1 Meth-
ylococcus capsulatus Bath" ™ [ 4lifb 3K15 pMMO %%
—3, BEH pmoB B, AT, FIEE
ik pmoB [y DNA i 4R 3 Methylococcus capsulatus
IMV 3021, H. 5 Methylococcus capsulatus Bath 2 [F]—
PR B ARSI DNA BAR , S HRE pmoB
VR AA T 40 Uk A A HAT 4 200 A Y e 4L A
FH B T

1 RIEHERSY

1.1 BERRFI AL
E. coli DH5¢ (Invitrogen, New York, USA) J&
AT ERi P 3, (pET-28a+) ( Novagen, Darmstadt,
Ger) fl E. coli BL21(DE3) ( GE Healthcare Life Sci-
ence, Fairfield, USA) T & HFE k.
1.2 Methylococcus capsulatus IMV3021 3235514
Methylococcus capsulatus IMV3021 J&15 55 2 fif A=
WP R BFFOFR (Kiev. Ukraine) BRY. IR 100
mL Methylococcus capsulatus IMV3021 JGCHLER 55 57 3k
A AT ImL B BUEZAE 1 000 mL 25 &) (A WA
B VR4 AL R 1), b Methylococcus capsulatus

EE&WB: BRIAAEFTH LI H (No. 12521138) %t Jlj ( Heilongjiang Provincial Education Department Funded Project (No. 12521138)).
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IMV3021 JCHLERFEFRIK. R 250 mL = ff#EH, 2
A 100 mL 1] Methylococcus capsulatus IMV3021 JGHl,
EREIRM, WHREERNEE N 10% (v/v) , R E =
BEHNFE R - SRR T 1) RS
AL 24 h AT 28 °C | 180 rpm AR IR
BegE, B33 ~5d.
3 1 Methylococcus capsulatus TMV3021 FHlEh
BRE (LRE)
A Solution /(g - L")

B Solution /(g + L)

NH, Cl 0.50 MnSO, - H,0  0.0003
MgSO, - 7H,0  0.30  ZnSO, - 7TH,0  0.00034
CaCl, + 2H,0 0.02  Na,MoO, - 2H,0 0.00024

KNO, 1.0 CuSO, - SH,0  0.004

NaCl 0.30 MnSO, - H,0  0.0003

EDTA 0.01 ZnS0, - TH,0  0.00034

FeCl, 0.001
FeSO, - 7TH,0  0.004

K, HPO, 0.40

KH, PO, - 7TH,0  0.40
Na, HPO, 0.74

1.3 EERRIERH LN

i F357] 6 ( (Promega Biotech Co, Ltd. , Madi-
son, USA) M\ Methylococcus capsulatus IMV 3021 $£HL
&L DNA J5, 4 PCR(ABI, 9700, USA) 373 pmoB
FEEHEM B 519758 P1: 51 -ATGGCCAT-
GGAACACGGTGAGAAATCGCAGGC-3 |; P2. 51 -
CTA GCGGCCGC CATGAACGACGGGATCAGCG-3 1.
1% P1RIZ AL JE Neol HITRBINL AL, 514 P2 R4k
AbJ2 Notl (RN, F TR . BE st
)5, PCR F=44% Neol il Notl ( Novozymes, Copen-
hagen, DMK) fiV], SRJ5 5ZMALH) pET-28a( +) i
B (AR pET-28a(+) H B 571 His, 45%5) , B
43 1k pET/pmoB, pET/pmoB % A K I 1
DH5a. ZEERNHER (100 pg mL™) 1y LB ik
TR A 2 PR e b, b DNA e R 47 45 -
1.4 His,-pmoB & A iK%

25N - %6 78 7 A AE A 9 B 2H 4844 pET/ pmoB #%
LB E. coli BL21(DE3) Bz 284l rpr, #%70T 100
mL {# LB } 353 (& 100 pg mL™ N HFHER)
Hr, 37 CHEFR, HZE ODgy (HIEF] 1.0, 3Rl
28 C, ININAHRIEH 0.4 mmol/L 1) 57 A 3-8-D-
TACEFLBETY (IPTG) 157 pmoB Rk, 4 15 57
4 h, BRI 4 CEL (10 000xg) 5 min, (EFIEITHR

PRI Tt P B H vk ( SDS-PAGE ) 34t
1.5 His,-pmoB & B[RRI 4L

B4 4 Wi RIEFRAEES TG Z R
A1 (50 mmol/L NaH,PO,, 300 mmol/L NaCl, 10
mmol/L BB, pH 8.0) , #XJ57E 0 CLL 250 W TR
XA R BEA T P R, £E 4 CTR L 10 000 X g B0
ULUE 20 min, K 0] PR 2R 145 A 51 NPT -NTA B i
_I- (Promega Biotech Co, Ltd, Madison, USA), F 4
FERTRASS G G2 oG TIOTA. 0 R PAE 1)
MBS, WERZE PR P AT EA
T, FHVEBGRE B RS G5 A His 43%5) , Uk
WA R o )& A W SR 20, 50, 80, 200, 300, 500
mmol/L FBKME , i 1 4 REARFRAY TR A 1 mL -
min™ [ SRS URBL. VR R EE Ry 12% R
PRI T JHe B i H Wk ( SDS-PAGE ) #£47 7347
1.6 &AL PR EUER RES T

PLRGE S A 3 A S 4 A b pmoB ik F e A=
SRR AR R, 250 (3 000X g) B 4 A T 211 1k 40
F 20 mmol/L Wi #h 2% vir (pH 7. 0) UL, FE.O
(3 000xg) k445 1T 7€ FH 8 B i 19 22 4P K (SO pm
CuSO, + 5H,0, 2 mmol/L Na,EDTA 1 5 mmol/L
NADH (H7fifA) , pH 7.0) HiE:, AL Z
1 ~3 mgdwemL™", ¥ 1 mL A% E T 10 mL 254
b, ol A SRS, s AR B S 2R
BAESMKCL =4, V/V), BT 28 ClHRIRG &
(150 rpm) }E5%, Az iy YRR A AURR €38 2 000 7

BHEFRWAE 4 CFLL 10 000xg B 25,00 5 min.
AR AR (B84 GC H:(25.0 mx0.25 mm;
[ EAH, SE-54) HKIE B 1A 5 (FID) 734 |
TR R B SR BB, TE 75 m -
min-1. AF AN AS FIEAE R 23 0038 D 200
180 160 C. RFFIMmESATRE RS

2 R G

2.1 His;-pmoB R EEHAMRIEZEEE

300 38 5 TR M T Mg 35 M R K ( SDS-PAGE ) 4537 2
2 1A pmoB 5 RIBIHOL. HEFREEARE N IPTG
YRR L, FEZeat IPTG i3 4 h (W 4114 SDS-
PAGER] B} I 2% ) — A8 [ 45 (ILIEL) L 43+
T RZAE 44 kDa ( pmoB H it 7 7 2 44615Da).
pmoB J& [y 386 N2 FEMR R FE AL, wAE AT
G AL — > 2H S R b % (His-tag) , T 2l Ak A
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RN e HL Ik (SDS-PAGE ) [
Fig. 1 SDS-PAGE of fusion proteins expressed in E. coli
BL21(DE3)

Lane 1: protein molecular mass standards; Lane 2 total
protein of E. coli BI21(DE3) containing pET-28a( +)
after induction with IPTG for 5 h; Lane 3 total protein of
E. coli BL21(DE3) containing pET/pmoB after induced with
IPTG for 5 h; Lane 4 purified Hisg-pmoB from soluble protein

washed at 80 mM imidazole on Ni-NTA His + Bind resin.

100 F

2.2 BFHAEXT Methylococcus capsulatus IMV 3021

AR PR

¥ Methylosinus capsulatus IMV 3021 %35 K B
OHAFHYTEATTIE ] 20 mmol/T. B4R £5 2% Wik ( pH
7.0) Pek P, RARTIVE TN 2 . S
B E EAZ PR 50 pm CuSO, - 5H,0
12 mmol/L Na, EDTA, pH {EH N 7.0; 5 —¢H i i
FRH G B R R ZH 4 IR 2 50 pum CuSO, -
5H,0, 2 mmol/L Na,EDTA #1 5 mmol/L NADH ( Hj,
THHR) , pHAER 7.0, [RIRHIRMZE 1 mL S
T 10 mL M AE R, ok s A A A I, fRE
AHEES 2 R G R (1 2 4, V/V), BT 28 C
fEIR IR D4 (150 rpm) JEFREETR 4 h, 555 97 AL
10 000xg £5.0>(4 °C)S min, ARG E b
TP Tk 2. R LU& B NADH %) F pMMO
HEAL Y e S8 A i P B s P SR L B (LB 2) , 56
TSR IR R R EE 2 2. 49 mmol/L.
2.3 EAMFESMIENLRREMLENPE

¥t E. coli BL21(DE3) fl1 E. coli B121(DE3) &
LR IR O AT Y AR TTVE F 20 mmol/L 2
R (pH 7.0) Yewii , B ADTTE 08 B 2%

96 5 A 96| B
L I 92
92 §
88 | = 80
84 ﬁ 84|
?Em‘ ;g: E s ?E: 21 bl
S 68F & T s 681 T
2641 = T 2 64 =
2 60f = g g o0 2
5 56f n h 5 56+ 7
S st - g 52t <
2 a8l g Z 48¢ g
[ 44t b 2 44t =
40F ) = 40 + =
36 L 1 1 1 36F L 1 L 1
(] 2 3 4 5 0 i 2 3 4 5
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Fig.2 The chromatograms for methanol by gas chromatograph

A Representative gas chromatograph chromatogram of methanol (2.00 mmol/mL) standards. B: Representative chromatogram of samples

in group a. C: Representative chromatogram of samples in group b. Retention times, in minutes, are shown. Detection was by FID.
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W (50 pm CuSO, + 5H,0, 2 mmol/L Na,EDTA
5 mmol/L NADH (Hi Ffit{&), pH 7.0) EE. ¥
E. coli BI21(DE3) 11 E. coli BI21(DE3) T4 {A&%
1 mL SR E T 10 mL A4 h, Jok 2 i 2
a2, HE ARG S S WA A 4,
V/V),E T 28 Cla iR 4% (150 rpm) 5555 15 5%
4 h G555 AE 10 000xg B.0> (4 °C) 5 min, X
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N g 35 A T > 5 R E 1) I LA 4 A e,
— R C i if I A 4 . C i id R A
DEF 40 M5 i, & pMMO H i — i) |] 35 P 4%
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Fig.3 The chromatograms for methanol by gas chromatograph. A: Representative chromatogram of samples in supernatant

of E. coli BI21(DE3). B: Representative chromatogram of samples in supernatant of recombinant.

Retention times, in minutes, are shown. Detection was by FID.
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BT pMMO 43 F 1 KT 100 Da, RiFERILEA
MERE, R E 2 AR A iy, TG A 0 T 231K
Rz, I B RN = A = . AT
DRIk 17 pMMO (35 M0 pmoB, Jf i 4= 4 iy
PEALSEEE T A YA W e S A A R e, R AR W
PR IR R, (HICED™ Y, O HoE G 5L v pE
5FIEFARUEY] pmoB 1 55 /& pMMO Fy & Pty
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bilization of membrane-bound methane monooxygenase re-

Heterologous Expression of pmoB in Escherichia coli and
Catalytic Oxygenation of Methane to Methanol

ZHANG Tie-nan”, WANG Yan, JIANG Dan, XIN Jia-ying, ZHANG Shuai, DONG Jing
(Key Laboratory of Food Science and Engineering, College of Food Engineering ,Harbin University of Commerce ,
Harbin 150076, China)

Abstract: Particulate methane monooxygenase ( pMMO) are enzymes that catalyze the oxidation of methane to
methanol in the methanotrophs. To localize the active site within the pMMO structure, constructs were generated
corresponding to the soluble cupredoxin domains of Methylococcus capsulatus IMV 3021 pmoB. In this chapter, we
describe protocols to express and biocatalyst of the pmoB subunit. The NADH concentration in the growth medium
was found to be 5 mmol/L. We show that pmoB subunit by heterologous expression catalyze the oxygenation of
methane to methanol. The methanol concentration was 1. 04 mmol/L. Understanding pMMO function has important
implications for the development of new, environmentally friendly catalysts for the direct conversion of methane to
methanol.

Key words; biocatalysis; particulate methane monooxygenase; Methylococcus capsulatus IMV 3021 ; methane;

methanol



