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Heterologous expression of particulate methane
monooxygenase in different host cells
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Abstract: Methanotrophs use methane as the sole carbon and energy source, which cause slow growth, low cell density and hinder
its industrial applications. One promising solution is to heterologously express methane monooxygenase (MMO) in other host cells
that can be easily cultivated at high cell density. We systematically exploited the possibility of functional expression of pMMO by
choosing different promoters and different host cells. The results showed that the recombinants could oxidize methane to methanol.
In particular, ethanol could also be detected in the oxidized products, but the enzyme activity was instable, implying that some
changes of pMMO expressed in the host cells might have occurred. In addition, SDS-PAGE analysis showed that many recombinants
could express the subunits of pMMO, but the enzyme activity could not be detected. In conclusion, correct fold of pMMO in the host

cells is important for its functional expression.
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Table 1 Strains and plasmids used in this study

Strains and plasmids

Genotype and relevant characteristics

Source and reference

Strains

E. coli DH5a l;; dqf):i(’; (I;a,(:,ZmA}:;l ii;:sacf;%; ?:gg)zr[/j\;igr:r/g?éf:‘s(:AAl TaKaRa Biotech Co.,Ltd.

P. putida mt-2 Wild tpye Laboratory collection

P. aeruginosa 01 Wild tpye Laboratory collection

P. stutzeri A1501 Wild tpye igggéi;iy ot)fyAgEiI;?lfitur];igi\;légfes,oéhige? e
E. coli DH5a pCompmo Carrying pCompmo This study

P. putida mt-2 pCompmo Carrying pCompmo This study

P. aeruginosa 01 pCompmo Carrying pCompmo This study

P. stutzeri A1501 pCompmo Carrying pCompmo This study

E. coli DH5a pCHP Carrying pCHP This study

P. putida mt-2 pCHP Carrying pCHP This study

P. aeruginosa 01 pCHP Carrying pCHP This study

P. stutzeri A1501 pCHP Carrying pCHP This study

M. trichosporium OB3b Wild type Donated by Prof. Ichiro Okura of Tokyo

Institute of Technology, Japan

Plasmids
pMD18T-simple T-A cloning vector TaKaRa Biotech Co., Ltd.
pUCI18 Expression vector with Lac, Amp® TaKaRa Biotech Co., Ltd
. . ' Donated by Prof. Witholt of Swiss Federal
pComl0 Expression vector with PalkB, Km Institute of Technology Zurich, Switzerland
pCompmo Km', pCom10 derivative carrying pmoCAB gene cluster This study
pCHP Km', qumlO%erlvatlve carrying pmoCAB gene cluster This study
and putative 6 promoter
x2 ZWEAASY
Table 2 Primer sequences used in this study
Primer name Sequence (5'-3") T Restriction enzyme
P20F GCCGGCACAGAAGTTCACGTATTTATT 55°C
P4481R GATTGGCGATGTCGAAGGTGAAGAT 55°C
P500F ATGAATTCAACAACAGAGACAACAG 55°C EcoR I
P3871R AAAGCTTCCAAACGCCGCATTCTATC 55°C Hind III
P501F CATATGAATTCAACAACAGAGACAACAG 54 °C Nde I
P3870R AAGCTTCCAAACGCCGCATTCTATC 54°C Hind III
P34F AGTAGAATTCATTGAGAAGTGAGCAGCCT 60 °C EcoR I
P4474R ATACAAAGCTTTGAAGATAATGCTGCCGA 60 °C Hind 111
1.6 EETREER pMMO RS 17 ERIREREIZSN
(Fluorescence in situ pMMO
hybridization, FISH) pmo SDS-PAGE ,
[10]
pmoA FAM DNA 18 EREIEERENXFEESH

(5'-FAM-CACCAGAGCGGACGGGAACACC-

3"

[9] (9]

pMMO
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Fig. 1 Construction of pCompmo.
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Fig. 2 Identification of pCompmo by enzyme digestion. M: DNA maker; Lane 1-7: the plasmid extracted from the transformants;
Lane 1'-7": idification of pCompmo by enzyme digestion analysis.

pUCI18 ,pCom10  36~53 kD  24~36 kD 24 kD ,
AlkS R 45kD 27kD 24 kD pMMO
AlkS R 3 23 kD(PmoC) 27 kD(PmoA)
R 45 kD(PmoB), 4 SDS-PAGE
2.2.2 pCompmo pmoCAB MRNA
pMMO , E. aerogenes
2
E. coli DH5a.
[14-15]’ pMMO ,
[6-17] , P450
10 um
pMMO DAPI pmod
pCompmo E. aerogenes
mt-2 pCompmo
( )
2.2.3
FISH , DAPI pmod
pMOA MRNA DAPI P. putida mt-2
, 3
pmoA DAPI
, , pmoA pmoA
mRNA pmoA
PalkB DAPI pmoA
pmoCAB
9] 3 &% pCompmo MER TEEHAEEFEIN
Fig. 3 Images of transcription analysis by FISH with a probe
E. aerogenes pCompmo of pmoA. Left: DAPI staining cells. Right: FISH images. Top:

Recombinant E. coli DH5a. Middle: Recombinant E. aerogenes.

> E. aerogenes > Bottom: Recombinant P. putida.
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Fig. 4 SDS-PAGE analysis of the recombinant protein

produced by E. aerogenes pCompmo. M: standard protein R pMMO
marker; 1: E. aerogenes pCompmo; 2: wild E. aerogenes.

s pMMO
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(o1, NMS pMMO
, 3 , , 3
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Table 3 Recombinant pMMO activity in oxidizing methane by cultivation with different carbon source

Medium Carbon source Strains PMMO activity

E. coli DH5a pCompmo N
1xNMS 1% Glucose (g/L) E. aerogenes pCompmo N

P. putida mt-2 pCompmo N

E. coli DH5a pCompmo N
1xNMS 1% Glucose (g/L)+30 mL CH4

E. aerogenes pCompmo Y

E. coli DH5a pCompmo N
IxXNMS 30 mL CH4

E. aerogenes pCompmo N

E. coli DH5a pCompmo N
I1xXNMS 1% HCOONa (g/L )

E. aerogenes pCompmo N

E. coli DH5a pCompmo N
1xNMS 1% Sucrose (g/L)

E. aerogenes pCompmo N

E. coli DH5a pCompmo N
1xNMS 1% Lactose (g/L)

E. aerogenes pCompmo Y

E. coli DH50 pCompmo N
1xNMS 0.05% n-Oxtane (g/L)

E. aerogenes pCompmo N

E. coli DH50 pCompmo N
2xNMS 2% Glucose +0.5% Yeast (g/L) E. aerogenes pCompmo Y

P. putida mt-2 pCompmo N

Note: the pMMO activity of oxidizing methane was measured by the concentration of methanol in the culture after predetermined cultivation
time with methane, and the concentration of methanol in the culture was detected by gas chromatograph. “Y” presents that methanol could be
detected, and “N” means that methanol could not be detected.
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pComl0 pCHP
K (25 ng/mL) ,
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,EcCORT  Hind III
pCHP( )
pmoCAB s
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M. trichosporium
OB3b (GenBank Accession No. AF186586)
, E. coli TOP10
i pmoCAB
pCHP R
SDS-PAGE pMMO(
) ;
pCHP mt-2
A1501 -, E-2 ,
pMMO , 5 SDS-PAGE
24 kD , PmoC
, PmoA  PmoB 5

5 EHREHRIKE
Fig. 5
recombinants. M: standard protein marker; Lane 1-3: wild-type
E. aerogenes, wild type P. stutzeri A1501 and wild-type
P. putida mt-2 in glycerine medium as the negative controls;
Lane 1'-3": recombinant E. aerogenes pCHP, recombinant
P. stutzeri A1501 pCHP and recombinant P. putida mt-2 pCHP
in glycerine medium; Lane 4-5: wild-type E. aerogenes and
wild-type P. stutzeri A1501 in glucose medium as the negative
controls; Lane 4'-5': recombinant E. aerogenes pCHP and
recombinant P. stutzeri A1501 pCHP in glucose medium.

SDS-PAGE analysis of proteins extracted from the
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