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ABSTRACT Methane is the second most emitted greenhouse gas after carbon dioxide. Despite lower emissions than those of carbon
dioxide, methane receives significant attention owing to its more than 20-fold higher global warming potential. Consequently, the
importance of research on methanotrophic bacteria, microorganisms capable of converting methane gas into high-value materials, is
increasingly emphasized. In the case of methanotrophic bacteria, knowledge on episomal plasmids that can be used for genetic
engineering remains lacking, which poses significant challenges to the engineering process. The replication origin sequences of
natural plasmids within methanotrophic bacteria have been predicted through in silico methods. The basic characteristics of the
replication origin, such as a high A/T ratio, repetitive sequences, and proximity to proteins related to replication, have been used as

criteria for identifying the replication origin. As a result, a region with a sequence of 18 base pairs repeated eight times could be
identified. The putative replication origin sequence thus identified generally takes the form of iterons, but it also possesses unique
features such as the length of the gap between iterons and the repetition of identical iteron sequences. This information can be valuable
for future design of episomal plasmids applicable to methanotrophs.
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plasmid7} EHPA o=
A Agoltt, Methylomonas sp. DH-12] 73-¢- 277 kb2]
Z0]& A YL episomal plasmidE 7} 1L Qli= Ao g
BaEch ™ o] plasmid2] EA|AZFEL] Ao o]
gl v} glon] 1 Aelo] slke 44 dieskre 9
ArAo] slof Fagt %
HE A2 4= 9le Aoz WztErh B o952 in—silico
BAS E3lo] DH-1 strain Yol ZA5H=
plasmid ] EAAZPEL- of| =5}

3t A28 episomal plasmid=

episomal

2. Mz H Uy

DNA A¥9] 79 GenBank(https://www, ncbi nlm,
nih, gov/genbank)o] &71= A ¥ (Methylomonas sp.
DH-1: accession number CP014361, Methylomicrobium
album BG8: accession number CM001476)2 ARE3}S
T} Plasmid Y AR} A Y of|&& Prodigal V2.6.32 Al
o900k, HIR A B] S BUL S10) BLAST X2
1L 0]-83}9) 21 data base® GenBank nr database
2 PFAM databaseS &-83}99tt DNA AY9] SAL:
gels 95t} BLASTN 271815 ARSI,

EbA Mg 0/MSE S 8t SatADls =X AR oS

3.1 Plasmid2| ZX|A|ZHE(oriV: origin of
vegetative replication) 241 Z=F

Plasmid®] EAAZPE9] 7L replication initiation
proteins(RepA, RepB etc.) ¥ plasmid stabilization
proteins(StbA) EA k= 912 7H7telol] EAE 7Fs/d0]
2o Aos deiA k" Plasmid ol £AsH thy
Z AYE-S HMSE replication initiation proteinEi}
plasmid stabilization protein®] §A|& WA T}e}stH
o, E3h 5AEEE A B plasimd HAOf|A AT H]
0] 7 FAE= Aoz A Q7] PiZol plasmid
of| non—coding region®] GC ratio= AAkstact ™ oriv
o] 79, iteronz} 22 W Helo] ZAHE A2 U
A Qo] repeat sequence P Y| 9] FEHE
S| plasmid 9] HA] YHE o538kl g w520 §-4
Al 145011/\1 AGo] FAE= A Elsh= WA SR oriV
A o5 A3sisick(Fig. 1 42).

3.2 Strategy for the prediction of plasmid
EXMAIZE in Methanotrophs

3.2.1 Plasmid Ll STt MY 24

GenBank(https://www.ncbi,nlm, nih, gov/) Z5E
Methylomonas sp. DH—19] plasmid®] €4 &%
7| X4 (accession number CP014361)2 X3}t &+
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gh2-5fo] 8-} annotationS X35t om 1 A} 247
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Fig. 1. The stategy for prediction of plasmid replication origin
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Table 1. List of replicaion/conjugation—related genes in the plasmid of Methylomonas sp. DH—1

Contig_name  Start End direction Gene ID Annotation Note
CP014361 84433 85182 XXXX_0000123  kfra protein Truncated protein
CP014361 91073 91231 - XXXX_0000130  kfra protein Truncated protein
CP014361 150360 151328 + XXXX_0000174  hypothetical protein putative plasmid stability protein StbA
CP014361 153237 156911 XXXX_0000180  hypothetical protein putative conjugal transfer protein TraG
CP014361 156908 158356 XXXX_0000181  conjugal transfer protein putative conjugal transfer protein TraH
CP014361 158390 159337 XXXX_0000182  hypothetical protein putative conjugal transfer protein TraF
CP014361 162094 164892 XXXX_0000186  hypothetical protein putative conjugal transfer protein TraN
CP014361 164894 165958 XXXX_0000187  conjugal transfer protein TraU conjugal transfer protein TraU
CP014361 165951 167117 XXXX_0000188  hypothetical protein putative conjugal transfer protein TraW
CP014361 167910 170309 XXXX_0000191  type-IV secretion system protein TraC conjugal transfer protein TraC
CP014361 171042 171596 XXXX_0000194  hypothetical protein putative conjugal transfer protein TraV
CP014361 172390 173718 XXXX_0000196  hypothetical protein putative conjugal transfer protein TraB
CP014361 174593 175210 XXXX_0000198  TraE protein conjugal transfer protein TreE
CP014361 175207 175488 - XXXX_0000199  conjugal transfer protein Tral conjugal transfer protein Tral
CP014361 229180 229488 + XXXX_0000239 plasmid stabilization protein putative plasmid stabilization protein
CP014361 242456 242776 + XXXX_0000257  hypothetical protein putative plasmid stabilization protein
CP014361 263686 264591 + XXXX_0000286 kfra protein putative kfra protein used in this plasmid

gh8sle] 7]E R AT A A a5t Table 2. GC ratios of gap sequences which are over 400 bp
71 71%E o|=35}99t}t. 1 = replication/conjugation} Sequence position
HHel AWO| Qs SAAE 1T/ Table 10 Hejsp O g Sk GCrato
e}, gap1 10,947 11,707 761 49.67

gap2 28,368 29,191 824 51.33
gap3 31,233 31,707 475 42.74
3.2.2 DH—1 strain L lasmid Gap A€ 24

in LIS plasmid Gap A gap4 32056 32578 523 4742
B A 2B 0] Ao AT H|&o] AjRlog =0 Aoz gap5 34,336 34,912 577 4350
o2 A 9Jrt. CDS Ato] gapo| allgsk= 7|4 ge] Zo] gap6 40,978 42,412 1,435 45.78
7 51,961 52,541 581 45.09

7} 400 bp oAkl Hxo|| thale] GC ratioS AAKE gap ’ '

t P el i Ferte. gap8 63,099 63,526 428 50.47
Plasmid®] A GC ratio= 51,66% 2™, 91,232~ gap9 67 284 67722 439 50 34
92,018 base®llA] 7FF 2-& GC ratio(37,61%)5 At gap10 69,997 70,749 753 52.86
(Table 2 =), o]€]ol|% 107 kbase, 117 kbase, 207 gap11 79,369 79,823 455 49.45
Kbase XA HAHTF 10% L ratioS Hol Ao gap12 91,232 92,018 787 37.61
srolstor gap13 92,457 93,035 579 46.29
Zhelotirt. gap14 106,980 107,579 600 4117

7} gapol|A] 10 mer ©1/2] internal repeat sequences gap15 110217 111,005 789 46.64
= 7ANEE AT} gap5, gapb, gapl0, gapl2, gapl?, gap2l, gap16 117,383 117,843 461 39.91
gap230ﬂ/ﬁ‘3} repeat Sequences7]- m‘ﬁﬂ E]— ] = gap5’ gap17 126,339 127,113 775 54.06

gap18 148,658 149,202 545 49.72
gapl2, gapl?, gap2l F-¢of|x LA 2] repeat sequences 4ap19 186.262 186.794 533 4522
7} EAgo] k=St gap20 206,558 207,045 488 44.47

S gap sequencesE= 7] Hi1%E Methylomonas gap21 207,196 210,414 3,219 40.51
genus ‘I‘l‘%j_i'" /\‘1 =] '6‘ plasmid replication ‘?:]_'Ed %@X}‘E gap22 214,030 214,527 498 46.59

o i gap23 215101 216,602 1,502 4587
L 5ha]s oS3} v\ w3l Az
SRS contig S Haet A, gapf, gapl2, gapl6 gap24 235306 235,779 474 46.62

o 41€] k2t 15 bp, 19 bp, 11 bp A7IAHo| 2 FAM gap25 240,565 241,161 597 47.07
(91.9%))& Ho|= Aoz sholgQir). E3|, gapl2i= th gap26 264592 265,273 682 45.89
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1 %), Methylomonas®] k74 gene2 300997[19] amino
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9] ofu|le Ak Blast £4] Ax} 7]Eof| HIlE k/rA9]
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Fig. 2. The conserved sequences among DH-1 strain gap12
and plasmid segeunces of other Methylmonas strains

mental samples

1

Searching.

Sequences prod

aps = 3/49 (6%)

RPADITDERIIEAGEAL .ANFIT"TGFA.LF.ITFFT‘EP( 49

Fig. 3. Blast results of truncated KfrA (XXXX_0000130)
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Fig. 4. The genetic structure of DNA sequences near a putative
oriV loaction, kfrA gene (yellow), hypothetical protein
(grey), transposon related genes (red), oriV (green)
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(Table 1 Z%). ConjugationS $JsloiAE UutA
oriV o] o}y oriTE Q5= Aoz 4 AU} oriT=
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2L AoZ A Q17| o] inverted repeat finder
2 Fgofo] B4 WS 1 AT, F Gl 20
mer $239] repeat®] WAL ITHTable 3 Z%).
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Table 3. inverted repeat analysis

Percent Percent

Left Indices Length Matches Indels

Right Indices Length Loop

117569--117593 25
150234--150253 20

117601--117625 25 7 96 0
150259--150278 20 5 90 0

.26 [Sep-21-2011]

tagccagegggreet 57

: 59868 ctataaacccgctgg agtgcatttcagatgcatttagccagogggrtet S

Fig. 5. Sequence similarity analysis of the 150,234~150,253
bp region
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loop
M. koyame DH-1 TAAACCCGCTGGCAAAGTGCATTTCAGATGCATTTAGCCAGCGGGTTC

M. koyame strain R-45378  TAAACCCGCTGGCAAAGTGCATTTCAGATGCATTTAGCCAGCGGGTTC
M. koyame JCM 16701 TAAACCCGTTGGCAAAGTGCATTTCAGATGCATTTAGCCAGCGGGTTC

Fig. 6. Alignment of the inverted repeat seqeunce with those
of other Methylomonas strains
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3.3 Methylomicrobium album BG82| E2tADO|
E 24

3.3.1 BG8 strain plamid A& 24

7|2 0 2 DH-1 strain¥} =gt A2k ALL51% ]
GenBank 25E] Methylomicrobium album BG82] plasmid
9] &4 Ff=E 7|4 Y(accession number CM001476)
gtH5}lo] Prodigal V2.6.3 T2 1S 3-835l0] S-H%}
of|& 88519t 1 A1}, 4979] CDS(protein coding
sequence) = EHSIHTE ZF CDSE GenBank nr database
9 PFAM database® &-83}o] 7|& A&z SAHAE
I AV A 3%t T A3}, 2 plasmid ol 8719
replication WA {S-HAA7} £ &l tHTable

xl—x)

3.3.2 BG8 strain W plasmid gap AME 24

CDS Ao] gapoll SIFSHE G714 Zol7t 400 bp
o)A}l region®| thdle] GC ratioS AAFSFHTHTable 4
%), E plasmid AA|2] GC ratio= 52.60% 2.

Table 5. The GC ratio of gaps with over 400 bp

Sequence position

Gap_ID Size GC ratio
Start End
gap1 903 1,348 446 49.55
gap2 7,832 8,280 449 55.46
gap3 12,374 12,946 573 59.51
gap4 15,722 16,130 409 49.63
gap5 45,226 45,996 771 33.59

Table 494 HE 45,226~45,996 baseolA] 7} G2
GC ratio(33.59%)S E it}

Z+ gapol|X19] internal repeats FASH A1} gap2
4 gap5o|A] interal repeat®] £Ae= A E2I3lN
S E3|, gap59] A2, A CCCCTAAACAGTGATAT
o] 1l HHEEIL S B 4 9UoS, of W e
Methylomicrobium agile strain ATCC 350682] -3-%14]|
29F A Hol| A= ZA)(CCCCTAAACAGTGA CAT)SH= 2

2 K13 5 Qlglon], ] 2 ARolA 58l uiEy
L A B1T 4 UgirkFig, 7 H),

gapb F-9l0l| repB, kfrA, repA gene©] |5}l §lof
iteron containing plasmidoA] & 4> Q)= replicon?]

R&9 7k=T1 9l Aol SRIE|QrHFig. 8 FX)

ACAACAGCACGTTCGCCGTCTTGCGCTCGAGCAACGTCATCTCGCCGCTGGTGTGGATCGCGGCAACATGCTTTT
TGACTTGGTCGTTTGAAAATGCCAAGCTAACGTTGTTTTTCTTCTTCGCCATGAAGGGATTATATCAAATATCACTTCA
TAGACAACGATTAGTAAGT GATAATTAGGTGATGTTTTAACCATCCCCCAAACCCTCACCTTTCGATCAATGATCATCC
CCTAAACCGTGATATTTCACTGGCCAAACCGTAGCGAATGCGCTGGCAACATATTAAATACACTTTTATAATCAACTTG
CTACAAATAAAACCCTGGAGATTTGGATGCATCCCCTAAACAGTGATATTTCACCCCCTAAACAGTGATATATTCCTT
CAGAAATGCCAGTAAACCATTCAAAAAAATTAAATTTGTTTTTTAATTCATATGCTTAACATAACATAAAAGAAAAACCA
GAGCCTTCCCCTAAACAGTGATATTTCATCCCCTAAACAGTGATATATTCCTTCAGAAATGCCAGTAAACCATTCAAA
AAAATTAAATTTGTTTTTTAATTCATATGCTTAACATAACATAAAAGAAAAACCAGAGCCTTCCCCTAAACAGT GATATT
TCATCCCCTAAACAGTGATATTAAAACCAGGCTTTATCCCCTAAACAGTGATATTTCATCCCCTAAACAGTGATATAA
AACCGTTGTAAACCTTGCTGAGCAAGAGTTTCAGGAAGCTAAATATATTTAAATATGTTGTTTATTAAACATACTTAAAA
CAACAACAAAGAGCTGTTGTTGTTTTCTTTGATGGATCATTGAAAGCTCCCATCGAAAAAAATTTTAGGGACCGGAA
AAGATAAAGAGAGCAACGATCAATTTGTCGTCATATCACCAATTTTCCTCGATCCACTTGCCGATGCCCTGTTCCGC
ATCCTCTAAAAGCGCTTCAATAGAAGGGTAATTGCTTTTTCCCTCCCAGACCATCCCGCCTTTATCAAAGGCGACAG
CGACAGCCTCCATTTCCCGAGTATATTCAATGTTCAAGCCGCCGCCGGCATTAACCAGGTCGGTGATGTTGGGATAT
TTGATAGAATTTTCAATATAGGACATCTTCGCTTTATTCCGGCTTCGCTTTCTTCTCAAGGTTTACATAAACCTCTAACT
GCCCTTCCAGCTTGGCGACCTGCTTT

Fig. 7. The sequence of a predicted iteron in gap5

Table 4. The replication—related genes in the plasmid of Methylomicrobium album BG8

Contig_name Start End direction Gene ID Annotation Note
CM001476 1349 2029 XXXX_0000002 hypothetical protein RepA family protein
CM001476 9968 10618 XXXX_0000014  chromosome partitioning protein chromosome partitioning protein ParA
CM001476 24492 27365 + XXXX_0000027 helicase helicase
CM001476 32734 33180 + XXXX_0000033 DNA polymerase V DNA polymerase V
CM001476 33180 34457 + XXXX_0000034 DNA polymerase V subunit UmuC DNA polymerase V subunit UmuC
CM001476 36971 39172 XXXX_0000036 recombinase RecD recombinase RecD
CM001476 43906 45225 XXXX_0000047  replication initiation protein replication initiation protein RepB
CMO001476 46226 47176 XXXX_0000049 hypothetical protein Plasmid replication region DNA-binding protein KfrA
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Fig. 8. BG8 plasmid putative replicon, genes related to
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