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97% Methylosinus trichosporium OB3b MaIS LATKAATDALKVNRAPVGVEPQEVHEWLQS FNWDEFKENRTKYPTKY HMANE TKEQFKVIAKEYARMEAAKDERQFG
99% Methylocystis species M MATS LATKAATDALKVNRAPVGVEPQEVHEWLQS FNWDEFKDNRTKYATKY HMANQTKEQFKVIAKEYARMEAAKDERQFG =0
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Figure S1. Multiple sequence amino acid alignment of sMMO from Methylosinus sporium
5 (type 1I), Methylosinus trichosporium OB3b (type II), Methylocystis species M (type II),
and Methylococcus capsulatus Bath (type X).

(A) Alignment of amino acids from the a-subunit of MMOH (GenBank accession
number: ABD46892). Gray and red colors represent identical and different amino acids,

respectively. Blue represents the identical residues among type II methanotrophs.
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Methylosinus sporium 5 MSQPQSSQVTKRGLTDPERAAI IAAAVPDHALDT QRKYHYFIQPRWKRLSEYEQLSCYAQ PNPDWIAGGLDWGDWTQKFE®®

94% Methylosinus trichosporium 0B3b MSQEQSSQVTKRGLTDPERAAT TAAAVEDHALDT QREYH Y FIQPRWKPLSEVEQLSCYAQ PNPDW I AGGLIWEDWTQRFH =°
98% Methylacystis species M MSQPQSSQVTKRGLTDPERAAT IAAAVEDHALDTQREYHYFIQPRWKRLS EYEQL SCYAQ PNPDWIAGCLDWGDWTQKFH 80
61%  Methylococcus capsulatus (Bath)  MSMLGER---RRGLTDPEMAAVILKALPEAPLDGNNKMGYFVT PRWKRLTEYEAL TVYAQ PNADWIAGGLDWGDWTQRFH 77

8GGRP SWGNESTELRTTDWYRHRDPARRWHAPYVKDKSEEARYTQRFLAAY SSEGS IRTIDAYWRDEILNKYYGALLYNEY 60
86GRP SWGNESTELRTTDWYRHRDPARRWHHPYVKDKSEEARYTQRFLAAY SSEGS IRTIDPYWRDEILNKYFGALLYSEY *6°
#cerp SWGNESTELRTTDWYRHRDPARRWHAPYVKDKSEEARYTQRFLAAY SSEGS IRTIDPYWRDEILNKYYGALLYNEY 159
"%GGRP SWGNETTELR TVDWFKHRDP LRRWHAPYVEKDKAEEWRYTDRFLQGY SADGQ IRAMN PTWRDEFINRYWGAFLENEY =7

leLFNAHSSVGRDCLSDTIRQSATFAGLDKVDNAQMIQMERLFIAKLVPGFDASTDVPKKIWTTDPIYAGARGAVEEIWQG a0
leLFNAHSSVGRDCLSDTIRQTAVFAALDKVDNAQMIQMERLFIAKLVPGFDASTDVPKKIWTTDPIYSGARATVQEIWQG 240
leLFNAHSSVGRDCLSDTIRQSATFAGLDKVDNAQMIQMERLFIAKLVPGFDASTDVPKKIWTSDPIYAGARGAVEEIWQG
15%3LENAHSQGAREALSDVTRVSLAEWGFDKIDIAQMIQLERGELAKIVPGEDESTAVPKAEWTNGEVYKSARLAVEGLWQE 237

240

24 QDWNEILWAGHAV YDATFGQFARREFFQRLATVYGDTLTPFFTAQSQTY FQTTRGAIEDLFVYC LANDPEFGRAHNRTFL 320

29O DWNE T LWAGHAVMIATF GQFARREFFQRLATVYGDTL TPFFTAQSQTY FQTTRGAIDD L FVYCTL.ANDS EFGAHNRTFL 320
29 O DWNE ILWAGHAVYDATF GQFARREFFQRLATVYGDTLTPFFTAQSQTY FQTTRGAIDDLFVYCLANDPEFGAHNRTFL 2°
23 FDWNESAF SVHAVYDALFGQFVRREFFQRLAPRFGDNLTPFFINQAQTY FQTAKQGVQD LY YNC LGDDPEFSDYNRTVM 27

ENAWTEHYLARSVTALKDFVGIYAKVEKVAGATDRAGVSEALQRVE GDWKVDYADK IGFNI DVDQKVDAVLAGEERN 392
2 YAWTERYLASSVALA LKDFVCLYAKVEKSRADRSRRRLRGAAAS SATGRSI TP-DK IGFRVDVDQKVDAVLAGYEN 234
R2NAWTEHYLARSVTALKDFVGIYAKVEXVAGATDRAGVSEALQRVEGDWKVDYADK IGFKI DVDEKVAAVLAGYKY 399
R NWTGKWLEPTIARLRDFMGLFAKLP—-AGTTDKEEI TASLYRVVDDWIEDYASR IDFKADRDQI VKAVLAGLK - 389

(B) Alignment of amino acids from the B-subunit of MMOH (GenBank accession
number: ABD46893). Gray and red colors represent identical and different amino acids,

respectively. Blue represents the identical residues among type II methanotrophs.
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(C) Alignment of amino acids from the y-subunit of MMOH (GenBank accession
number: ABD46895). Gray and red colors represent identical and different amino acids,

respectively. Blue represents the identical sequences among type II methanotrophs.
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Methylosinus sporium 5

96%  Methylosinus trichosporium OB3b
99% Methylocystis species M
67%  Methylococcus capsulatus (Bath)
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Figure S2. Multiple amino acid alignment of MMOB (GenBank accession: ABD46894)
from Methylosinus sporium 5 (type II), Methylosinus trichosporium OB3b (type II),

Methylocystis species M (type II), and Methylococcus capsulatus Bath (type X).
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Methylosinus sporium 5 ! _MYQIVIETEDGETCSFECGPSEDVISACLRQSVILLASCRAGGCATCKADCTDGEYELIDVKVQALP PDEEEDCKVL
79% Methylosinus trichosporium OB3b  * MyQIVIETEDGETCR- RMRPSEDWISRAEAER-NLLASCRAG-CATCKADCTDGEDYELIDVKVQAVE PDEEEDGKVL
91% Methylocystis species M L MYQIVIETEDGETCSFECGPSEDVISAGLRQSVILLASCRAGACATCKADCTDGDYELIDVKVQALF PDEEEDGKVL

50% Methylococcus capsulatus (Bath)  MoRVHTITAVTEDGESLRFECRSDEDVITAALRQNTFIMSSCREGGCATCKALCSEGDYDLKGCS VQALE PEEEEEGLVL >

mLCRTFPRSDLHLIVPYTYDRI SFEAIQTNWLAEIVECDRVSSNVVRLLLOPLTADGAAPISLNFAPGQFVDIEIPGTHTR =7
T3 LCRTFPRSDLHLLVEYTYDRIS FEAIQINWLAEILACDRVSSNVVRLVLOR-SRPMAARI SLNEVPGQEVDIEIPGTHTR 53
;:LCRTFPRSDLHVWPYTYDRI SEFQAIQTNWLAEITECDRVSSNVVRLVLOPLTADGAAPISLNFLPGQFVDIEIPGTHTR i:;
LCRTYPKTDLEIELPYTHCRISFGEVG-SFEAEVVGLNWVSSNTVQFLLOQK-RPDECGNRGVKFEPGQFMDLTIPGTDVS
R S YSMASVA-EDGRLEFFT RLLPDGAFSNYLRTQASVGQRVALRGPAGSFFLHK-SERPRFFVAGGTGLS PVLSMIRQLK 232
lquSYSMASVA—EDGQLEFI IRLLPDGAFSKFLQTEAKVGMRVDLRGPAGSFFLHDHGGRSRVEFVAGGTGLS PVLSMIRQLG 232
RS YSMASVA-EDGRLEFFT RLLPDGAFSNYLRTQARVGQRVALRGPAGSFSLHK- SERPRFFVAGGTGLS PVLSMIRQLH 2%*

%R 5YS PANLPNPEGRLEFLI RVLPEGRFSDYLRNDARVGQVLSVEGPLGVFGLKERGMAPR YFVAGGTGLAPVVSMVROMQ 238

23 EADPQPAT LFFGVTNYEE LEYVEELRAL QKAMP SLDVQVAVVNATEANGVAKGTVIDLMRAELEKLRGAPDIYLCGPEG *1°
23K ASDPSPATLLFGVTNREE LFYVDELKTLAQSMETLGVR IAVVNDDGGNGVDKGT VI DLLRAELEKSDAKPDT YL, CGRRG 312
B KESDPQPATLFFGVTNYEE LFYVDELKALQHAMP ST,DVQ TAVVNV SEGNGVAKGTVI DLLGDELGRRAEK PDT YLCGERG 212
~318

23EWTAPNETRIYFGVNTEPELFY IDELKSLERSMRNLTVKACVWHP SGDWEGEQGS PIDALREDLE SSDANPDIYLCGEPG

314 TEAAFDAAATAGY PKEQVYLEKFLASG-—>%°
313y TEAAFARAATAGVPKEQVYLEKFLASG- > 0
3181 DAAFAARSSAGY PKEQVYLEKFLASG-—>
3131 DAACELVRSRGI PGEQVFFEKFLPSGAR®®

43

Figure S3. Multiple amino acid alignment of MMOR (GenBank accession: ABD46897)
from Methylosinus sporium 5 (type II), Methylosinus trichosporium OB3b (type II),

Methylocystis species M (type II), and Methylococcus capsulatus Bath (type X).
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Figure S4. Growth and pigmentation profile of sSMMO from M. sporium 5 based on
optical density at 600 nm (ODew). (A) Cell growth at ODew of 3.0 with one-time methane
feeding (once/day). (B) Cell growth at ODew of 8.2 with two-time methane supply
(twice/day). Cultures A and B were proliferated for a week in media with the same iron

concentration (20.4 mg/mL).
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Figure S5. Ferrozine assay of MMOH showed iron contents in MMOH (3.8-4.1
Fe/MMOH). The maximum wavelength was monitored at 562 nm from the iron-
ferrozine complex. Heavy and light lines represent denatured MMOH and standard

solutions, respectively. All experiments were performed in triplicate with R? values >

0.999.
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Figure S6. Constructed pET30a-mmoB plasmids and UV-visible spectrum of MMOB
after purification. (A) Lane 1 represents the control ladder, lane 2 represents the pET30a-
mmoB construct, and lane 3 represents nucleotides after Ndel and HindIll double

digestion. (B) UV-vis spectrum of MMOB after construction.
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Figure S7. Constructed pET30a-mmoC plasmid and ferrozine assays from MMOR.

(A) Lane 1 represents the control ladder, lane 2 represents the pET30a-mmoC construct,
and lane 3 represents the pET30a-mmoC after Ndel and HindIIl double digestion. (B)
Ferrozine assay of MMOR for demonstrating the iron content in MMOR (2.03-2.14
Fe/MMOR). The maximum wavelength was monitored at 562 nm from the iron-
ferrozine complex. Heavy and light lines represent iron solutions from denatured
MMOR and standard solutions, respectively. All experiments were performed in

triplicate with R? values > 0.998.
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Figure S8. Specific enzyme activity based on the ratio of MMOR to MMOH in 2 mol

equivalents of MMOB at pH 7.5.
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Figure S9. Constructed pET30a-mmoC-FAD plasmids. Lane 1 represents the control

ladder, lane 2 represents the pET30a-mmoC construct, and lane 3 represents nucleotides

after Ndel and HindIII double digestion.

12



600 527 519
500+
400

300

(uw/nw) v3s

2004

1004

System | System |l

Figure S10. Measurement of crossreactivity in MMOB and MMOR. System I consists of
MMOH (M. sporium 5), MMOB (M. species M), and MMOR (M. sporium 5). System II
consists of MMOH (M. sporium 5), MMOB (M. sporium 5), and MMOR (M. species M).

Specific enzymatic activities were measured at 30°C and pH 7.5.
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SUPPLEMENTARY TABLE

Table S1. Primers used in this study.

Primer name

Sequence (5'-3")

Enzymes (strains)

mmoB-M-Fd
mmoB-M-Rov
mmoB-MM-Fd
mmoB-MM-Rv
mmoC-M-Fd
mmoC-M-Ro
mmoC-MM-Fc
mmoC-MM-Rov
mmoC-FAD-M-Fd
mmoC-FAD-M-Rov

aacatatgtctagcgcgc
aagcttcaaatatcggtcagge
aacatatgtctagcgcgc
gctcagctcaaatgteggtcag
gcgcatatgtaccagatcgt
ataagcttcagecgcetege
gcggcatatgtatcagatcgtc
atatagctcagccgctcgecag
agaccatatgcgcatctccttcga
tataagcttcagecgcetcgeca

MMOB (M. sporium 5)
MMOB (M. sporium 5)
MMOB (M. species M)
MMOB (M. species M)
MMOR (M. sporium 5)
MMOR (M. sporium 5)
MMOR (M. species M)
MMOR (M. species M)
FAD domain (M. sporium 5)
FAD domain (M. sporium 5)
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