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Methylophaga aminosulfidovorans SK1 (KCTC 10323 BP)-& ¢4 €144, A4 233 AP o= i
3jHE-ol Ec]velolul-g o] 83 4 glv}. M. aminosulfidovorans SK1x A1 d A Z.2] flavin-containing mono-
oxygenase$} -f-A18F -1 ZHDFMO)E A 3 §l.on] o Aol A L3 € A 2g w2 732 g Eejvgelnl
AR & BT B AT E bEMOS) 7153 2 AU EE D737 Hoked pmos] AH- L S
A2 971N DS AASAT. bfmo F2He] A e GRHFEL L HES nitrate/nitrite response
regulators £} methyl accepting protein -frAFH Al & ¢ 3 3algd o} shghte] F A9 2L g EEL 752
geiz A GAT ARATA A A B2 A dF o2 eyt JAAEA FFELF TN
F3le A AN A=A AN S/ oo B0 FAH o] JlS-E FAUsAH bfimod] AdF-oll YA 3=
A AL 2AFAARE F A9 Z2 A HALE S, 28] o] 9 S A 22 pfmos) T /]9 spE- A
A7t shbe] AADAE o F2 slek
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v & & %M T (methylotrophic bacteria)ye € (methan), &S
(methanol), T2 o} (methylated amine)?} 722 etk 315E-S
FLg S Y7 AP ez o8 5 vk, 13). MEIY
A 1 7wl AgEo] Jdovt BREHoR teksio
AT FEES 2 8t 2foHE (phylum proteobacteria)®] &
g, vie}t 2 7o} 2 QubgolE) el da] BEsta kel
23). 70} 2 e ute ol XFEE Methylophaga 42 th
&S A E S BN BHAFTHI3). Methylophaga 4-&
GEFA WS AU HEre, digetrle] €48 {Ys
A7 U do R AREE = glo] AAe & e g2
A& T3 @ a3 88 ). dasde
ZEZ2 A HZE o] g3l dlge o 838kx) Rt} ohgks
EAEQ A2 AA7IAR o] & F Ut o8 G+C F
Fr8-2 43-49%°|TH?24). Methylophaga -2 E5 11%°] ¥
Aot AFAA 6 EWM. alcalica, M. marina, M. murata, M.
natronica, M. sulfidovorans, M. thalassica)*] W%t A7} B3
=HATHT, 8, 9, 14, 29).

23 FQtol| X B2 E Methylophaga aminosulfidovorans SK1
(KCTC 10323 BPy= WE-E, widopdl, tivgdda=g o83}
of A 4 glon) Wiwke o] 83K B A9 xxda
e ek BPEE AF7IAR o] 8 4 drkle). HEeR!
& o]&3t= R ATte] Higeolwl I riojWgelwl
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(dimethylamine, DMA)Y+S £33l 4 Sl ¥ o] IF< E
o} (trimethylamine, TMAYE FU 3 &4 2 o4
o2 o] §& & JYrKS). TMAT 3 FoifFol EAjst= HEr]
(betaine) B== TMA N-oxide$} FHUE Z3ele mid=o &%
o o3 M= o] Fajg o) WAsHs 259 Hllo] H
= B4, 19, 26). TMAS FEI|AHOE DNA, RNA, ©
A7 22 AREAY FAE A 549 Adoa.
Paracoccus®t Methylophaga'= 3717 “Jejolld TMAS djA} &
T Qo Paracoccus £ & F-& 3717 dejet 8718 4
B ZFolA TMA 4H3tE 4o TMA B54284E o] 83)d
TMAE tARES] & = Jdvhe AMdo] EaxTk(15).

M. aminosulfidovorans SK1l| delx= AS7HA] ek 243}
Aol tigt A77t FE JPHAT. Weh-&E 548 A (methanol
dehydrogenase, MDH)Y] S 2 dojul= HekE: 4kl WE-e:
< Akslete] LEYH S EE AT ZEUU = wghLt
shAlTe] EAUALIA olsle} Falarge] FHER Ahggitt
(25). HZ= M. aminosulfidovorans SK19|A EH-572] ZaH)
Sk @Y AkE & 2 (flavin-containing monooxygenases, FMO)SF
AR Al Zesh Bl Aks} 8 A (bacterial flavin-containing
monooxygenases, bFMO)7} A= Ivh(5). EA-F< FMO=
NADPH-9|&A A2 E 53] A8A FENIEL S Aststo
Aol ik EZ AEETH27, 28). o] AR e el &
AEAe] AA7F FFREY LRE5EAAMGE 24 A&
SAE oY FFe] PMOE AE52H S419) H7AQl EY
Eg 23S 208cH27). M. aminosulfidovorans SK1°. ZXE
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Eed bFMOS] 3Rk J3AE FMO 3l F8is)
A BEE MEE AU AP ENAMAE TMAY} El2-9-8lo}
(thiourea) 2FEFEA]-S A ATHS).

B dF= M. aminosulfidovorans SK1°] T84 22
TMAE 4Fstsle Aol A bFMO7E o &g sl=X] 7935}
A Y[ o] AN M. aminosulfidovorans SK1€
bfmo XS tgwrol] FAXNESIAS o 2 {34 -]
TMAE 4H8lshe 848 2tk AMdo| eHaAths). B I
M= HA M. aminosulfidovorans SK1 FAAMANA bfino F3
2] Re) sk @7IMEE FAT v, o] B §3
A7) AA 2 BEEER] ERlskn g Jd-s ExF= 3
A ZH[ARY SPARANA bfine FHALY} FFOZ HAR
€ FRRE gelstqint

e ¥

o3 3 Hig

A& ALEH FFQA M. aminosulfidovorans SK1(KCTC
10323 BP}S 3%(wiv)e] NaClo) 38 7)1 2570l =) (standard
mineral base medium, SMM)°l| B9 2 JUX|HAS A3
o 271490 AElelA 30°CE v Bt Th(16). B 2 o]
HoZ+= HZFFE 1% HE-EMerck), =E 0.03%(viv)S]
TMAE ARSI P ad 28 0.03%(v) TMAS A 2525
(yeast extract, BBL}S HEFE 0.5%vhY} HESE Fristdoh
TMAT §24do] Zstez 1247k} AEFT7} 0.03%(viv)7h
HEE AT shy)

EglADE, FAME B MTo) Ui

22y HE 25 pGEM®-T Easy Vector(Promega)$} pET28a
(+)(Novagen) FEAv|=F o83l AZFE Sdaves
E. coli DH50 @5 % E. coli BL21 (DE3) 5l #4318
). tge] BiolE Luria-Bertani (LB) HiAIE AM&-5HS
ok Al ded ot dHHIEFHFTFE 100 mgml) T
Fh ool (HEEE 50 mg/ml)S H7FelAoh

M. aminosulfidovorans SK12| bfmo LW E 2

M. aminosulfidovorans SK19] bfino F314} g 2 3}
DNA A#2 PCRS ol83l9 F2319th ¥7IM<E
U bfino FHAAMGANAM ASaiLAeE B4 &,
ARE 7SR ¥F WS ok ST IwEERE
AJSIHEr. M. aminosulfidovorans SK12} XA DNAS =3
APEALE A2 F DNA 279 & Tog A4AA ¢
DNAE ¥HE©] PCR ¥H3-2] o2 ANt ojuf A
I = Y AFELAE VIFOE W WS e
S UFEH LEE VIS Zelo|H R AMEElA, BolH 4HEo]
FE3MA ASEE 279 FF DNA 84 £=5 2FHY
(Fig. 1).
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AZ3HE ZEAnEE E coli DHSo 779 8273831590

AREE Ade duddoe] T LB IAuiR|o) A AE
o, FEAVEE GAStE A7IMES ZA3IA. iR 370
o FES FHHOR Mdste Azt GrMES AR
A PCRE 0|83 2 FAoNMY 275 43 90 4
ZIMEL S 2R AT A CETE) 2JFste] AAs)
Fom @782 GenBank®l| 5=3}ATHGenBank accession
number AY772018).

DNA 47{M ¥ cHiE o] ofn| - MM Y 24

AZFEHLVEF o83t DNA @71 B0l dA =™
EnCyclon®(www.encyclon.net)®] ORFinderE ©]-&3}< ORFZ
2 F GNEE PR WEHRT B opol
2+ A E-& Basic Local Alignment Search Tool (PHI- and PSI-
BLAST, 1) Ho|gH|o]AE o] 83l FARE Gl MEe =
ARIRom e g FdBAlE B30 DNA 9714
g7 g Fe oju)eAtMd 57 B (multiple alignment)o)) =
European Bioinformatics Institute (EMBL-EBI, www.ebi.ac.uk)
YA} EoM A Fshs 37 2ZEH o)) CLUSTAL W(22)E
ol-8-atdct.

RT-PCR

M. aminosulfidovorans SK12] RNAE F&35}17]) 98] dieka-
Hi A A 30°Coll A 24413 F2t el gttt 200 ml wH Y
M s5miE AAE14000 pm, 4°C, 18)FA M
aminosulfidovorans SK1& ¥43IH T & RNAE Invitrogen2]
trizol reagent WO Z FAS}ATE cDNATAS ¢l zHz}e]
A MG F AHEE B0 28mer A% Zo]o] AHAQ A
& Ad guigkzalo|HE ZAJ3E Y. cDNA $4-L Bioneer
A} AccuPower RT PreMixZ ARE3IH o™ Al=Ale] AEuiy]
& mtth Y DNAS WS 9 agkzeloln]E PCR
preMix FHol| 20 pmolex 543 & HHEH SHFE FHFH
g 20uE FFUch PCR ¥HEA] Autek Zejolvie) 33
DNASI] G258 AHsalA) 2-ste 331t PCR AH&
< 1.8% oPIEZE AH7|9E 02 IR

2 7

M. aminosulfidovorans SK12| bfino LU E 224

M. aminosulfidovorans SK12] bfmo F-3A} 2ty 2 shehy-
YL Fig 13} 2o whio g FRYSIHon o] uf ARRE =
gholn @ ZEg DNA AHE¢] Z7]E= Table 19] JeERAATH
F27) DNAZS 283} EcoRICE HTrd the- oF #8 o]o)
UHE 9% DNAE F30 =2 MZ woaks k= B-FMOS}
A-FMOE Zzlo|Hg o|&3ta] PCR W8-S S35t 2 2
7 1,409bp 20)9] hfino FHA} AFTHE DNA HHo] FEHS)
ThFig. 2A, Fig. 3A). TE3F Sparg o83t whe 93 DNASH
I-FMOS}t J-FMOE Zlo]Z PCR £& ¥k3-& Aj71 A=
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Table 1. Nucleotide sequences of primer sets used for cloning.

Methylophaga aminosulfidovorans bfimo SH& 732 3

Oligo-nucleotids Direction Sequences PCR products”
E-FMO forward 5-GCAGGATCAATGGTACAGC-3' ME
M-FMO reverse 5-GGTTGTCACTTTGCATGGIC-3'

B-FMO forward 5-GAAAAAGCCGGCGTCAGAAA-3' AB
A-FMO reverse 5-CCGGAATACCCGTAATGGTT-3'

J-FMO forward 5-CCGTGACCACTCATACCGTITCACTGATG-3' I
I-FMO reverse 5-CACCCTGGTAGGTGTACATTTCTTCAGC-3'

YEach product was depicted in Figure 3.

1,907bp Zol9] sl DNA HHEE 4L 4 UUThFig 2B,
Fig 3A).

el Fgoll ZEE DNA AHY FrINEeE AT g
EcoRI HH ol EA5}= AEL Sall JAREE o] 83y
“E 938 DNA F33 M-FMO ¥ E-FMO Z&o]B{& PCR
18-S 31a] 3201bp Zo]9] DNA FHL FEZ3Yth(Fig. 2C,
Fig. 3B).

PCRY] 93] %9 DNA L A8l 242} pGEM®-T
Easy o)l 28431921, o]& E coli DH50 750 44
g7 & Al 888 A¥sith. E-FMOS M-FMO X glo]
Mol oJs] %= DNA HHo| ¥§d Z#v|=E pME, B-
FMO$ A-FMO Z&lo]# o] 2]3] ZZE DNA F¥o] X34
ZE}AU|EE pAB, J-FMOS -FMO Egto|wof] 93] 2 d
DNA Z¥o] Tgd ZFgxn|=E pu2 HH3AT M
aminosulfidovorans SK1 LAz AFo] 22Y Ho g Ax
3 Z22P=(pME, pAB, pI)E BAIBA bfimo FIAE ¥
3l 2 8,120bp2] B7IXES AR

Ecolt EcoRl
>
AB

ldigest with EcoRl

lllllllllllllllll.li=;1!=!
l T4 ligase B

“,%’.?f“

*
* .

] .
M TTTTL

Lo

_ A
B w
Fig. 1. Cloning strategy. Solid lines indicate regions of known

sequences and dotted lines indicate unknown sequences. The arrows
designated as A and B represent primers used for PCR amplification.
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M. aminosulfidovorans SK1 bfino 21| 22| ORF £4]

AN ZFEZT}AU|E(PME, pAB, plDolA B71MES A4S &,
EnCyclon®(www.encyclonnet)2]  ORFinder® ©]&3td M.
aminosulfidovorans SK1 bfimo +7AF9] 4R 2 S ORF
£ B3It pABS pMES] AZ3E DNASY A7 IMES 2
At 23 A bfino AL e Yl o] ORFZF ER)
T2 8l & 5 AT Rl YRgHs FAxke plell A
Z3¥ DNA9 ¥7IXEE& AAstH Al /i ORFE &R18HA
o} webA] 7)1 gol ZHE DNAT bfino TR 288t
BT 8,120bpe]™ 87§} ORFZ ] Fo)A S-S & F AT
4R ORFE bfinooll 717to] X8 FAARE AR ug,
ub, uc, udZ HEIN P ST ORFE da, db, dethil "8%3
AT}, uc, ub, ua, bfmo, da, db FRAE BT £& WIo =
dzglEe] glon, FEoll ARG uadt def- ks ©lE% 4
WEko 2 tgatse] gt

ua FARY s e AL 259709] oppiAte g
TAE o™ Methanosarcina mazei Gol9] W@7] 4§ 3}

A B C
12

12,000 >
5,000 >

2,000 ->

1,000 -

500 >

Fig. 2. Agarose gel(1.8%) electrophoresis of PCR products. (A) lane
1, 1 kbp DNA plus Ladder(Invitrogen); lane 2, PCR products of
circularized EcoRI fragments by A-FMO and B-FMO primers. (B)
lane 1, 1 kbp DNA plus Ladder(Invitrogen); lane 2, PCR products of
circularized Sphl fragments by I-FMO and J-FMO primers. (C) lane 1,
1 kbp DNA plus Ladder(Invitrogen); lane 2, PCR product of
circularized Sall fragments by M-FMO and E-FMO primers.
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Fig. 3. Restriction enzyme sites and oligonucleotides used for
cloning and sequencing. (A) The first step for cloning upstream and
downstream regions of the bfino gene in M. aminosulfidovorans SK1.
Genomic DNA of M. aminosulfidovorans SK1 was digested with
EcoRI or Sphl. Each restriction fragment was circularized by T4 DNA
ligase. DNA fragments upstream to the bfimo gene were amplified by
PCR using a primer sets, A and B. EcoRI treated DNA as templates.
Downstream region was amplified by PCR using I and J as primers
and Sphl treated DNA as templates. (B) The second step for cloning of
the upstream region of the sequences identified from step (A).
Genomic DNA was treated Sa/l and T4 DNA ligase. PCR amplifica-
tion was performed using primer sets, M and E. Solid lines represent
sequences regions and dotted lines represent unknown sequences.
Oligonucleotides represented by thick arrows(A, B, I, I, M, E) are
used for PCR amplification and thin arrows(F1 to F5 and R1 to R5)
indicated oligonucleotides used for sequencing.

A e 2 (methyl-accepting chemotaxis protein)®] Y59+
34%9] AEE Holy dlld AAY fAlEE 24 ¥ A
o2 JeiEth ua 382 Gl AR wb R ouc A
Aol o8] wEHEE S AL E coli KI2olA A4l 5 o)Al
FEE A8 2-9AF A)2"l(two component system)® A
At ud FAAE e gusiEo] 3o, ofn|i=th
o MBE 683719 ofn|Ate] ERIEY O™ FATES A Fo]
A E RN FASA AgTE. bfino RIS St 9
Ash= da B db FAAE A7 115 2 16479 oAt 2

o]Foiz T AS dusslatt olg TS A st
= 1} ©A L o}F] 752 BEAA] edgket AldAel
Z HER oA JFo g et de A= bfino 3

st HWH&%O 5 3ieo] glom, 20679 ofFlteE 7
49 g ae gusiict.

RT-PCRE O|E8t M. aminosulfidovorans SK1 bfmo 2H|E
_| = A

aZ T

RT-PCRY] S Zgjo|rjz o]&d gjlufwIder=s
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Fig. 4. Oligonucleotides used for reverse transcription polymerase
chain reaction(RT-PCR). Dotted lines represent predicted RT-PCR
products. Oligonucleotides were shown by arrows; forward primers
were from F1 to F12 and reverse primers was from RI to RVL

Z}7}e] ORF 7WAlZEol A sl wake g oF 300-400bp Hol

71 $IX]oll A 28mere] Ho]= J*é%}%iﬁ} W atolr o] 9

A7t RAA FHA e} F7HA; Ate]lE PCREYY] A3 Gk

Zglo]w7t |8k RS e XJP— Ao ““—")rc’]

HE 93 LuFEFYE = 3 ol g3ttt &%

DNA Z¥e] Zo)7} o 700bp A= Hr—;% L A 3"31}%TH
ol A AatAct. FAARE PCREPY] Yol takratolnr} ¢
Ak Ak AAAE F2oX, 552 DNA FH9 Zo)

7} 300bp A= HEE A zeto]m ] $XE A3 rhFig.

4).

M. aminosulfidovorans SK1olA] HE]3F & RNAE FFo =
cDNAZ $H433%F ¥ ©] cDNAE FHOZ PCR W82 F33}
M. aminosulfidovorans SK1o1A ZHE = RNAS ZFE3I4c)
PCR ®Fg-ol 93] =Z % DNAE oPIE2 A AV|gFew &
13t o] Alate] F-34 DNAS YAHWZT O AFE3IH L.
B, o] A% PCR ¥-& 23 BE FAANSL FARtolA 4
23 =7]9] DNA W=7} YeldthFig. 5). M. aminosulfidovorans
SK1olA ZAME RNAS Toi z} ORFY #3AMe] URE
PCR 5+8 A7) A3 BF ¢&d =719 DNA Hi=7) Vel
ok AR} F31A Alelg FE3 RESONXE ucst ub Aol
finoSt da A¥o), daS} db AlelollA ol&E =7]2] DNA ZHHol
ZZH9thFEig. 5). ©l$t 22 RT-PCRY HHAZ uc 3R}
ub TR TYT FAA R FAEHL, ua FEAE SHEHL
2 e 2AE FAstvh 3 bfine F82= St 9
sk F MY FAAN s} dbyet B FA3 eEew A
AHES & AR FEAR 9} §-RART A RT-PCR 2j3H
DNA d¥Ho| SEFH AoZ Hol M. aminosulﬁdovorans SK1¢]
bfinos X313 A5 719 ORF/} BF 7

a2



Vol. 41, No. 1

a b c d e f

¥ 1 2 3 4 85 6 7 8

9 10 11 12
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Fig. 5. Agarose gel electrophoresis of RT-PCR products. Odd numbered lanes contain PCR fragments amplified from genomic DNA and even
numbered lanes showed RT-PCR proucts. Lane M is 100bp DNA Ladder (Promega).
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M. aminosulfidovorans SK12] AN pfino FHx] At
5 2 o] Exlgte A @7IAEE B AT bfno
o TS o E AAEE 4 7ie] ORF7F Al 7R AAabd
12 BHES ANBIATHFig. 6). °JE ORF/} Z7] gk A
AP E o] FH mRNAZ HAMEE AL ol FdAVE M.
aminosulfidovorans SK1°914 7155391 f-AA}lE HojFc)

o] 7189 22 HAL DHE olF= ucH wb= V) E. colidl
Al 2-02F HikolaE sk AR T AT narQ R narl™ FABF
AT}, E. colil X NarQe =HeHdsid 2 Al xe vio] Exjsl=
opuicdt Foo] R AFE ARE, AlxA WHol &3t
€ 3l2EY oA stas goo] ApRILEETHI2, 17).
olg 7 &dstE NarQe X Ex8HE NarLe] opvj=zith
FYol AAE A=) QlakslE Nal @ 7271 9
3PHA] DNA A Ee) AFEo oM FAx FdS gt 9ot
(10, 17, 18, 20). M. aminosulfidovorans SK12] UCE NarQ<]
AR A=g AR ¥ 9 A dFE s opnlet

T LA | T L — poc—
ud ue ub bfmo da db
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o e B e R O e AP

ud LIt - h - Metgbolinw tarimnomathyitransforasc)
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bima | w1, | 6526 “erabohivm (F avin o athiping mor oyt Rerasc hEMO)
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Fig. 6. Predicted functions of upstream and downstream ORFs to the
bfino gene in M. aminosulfidovorans SK1 identified in this study.

o] 10577 opr|ie4ke EAfEIA] o), AEA] Exlshs 3
2B @A Qakskad GG ool NarQst FAFHATH
UBE thAT Y] NarL#} o] 1AslEs opr it 2 A F A7
Helix-Turn-Helix 2E|ZE AU DNA A F9oz 7450
Act. weEba oJRe] AFE QIAshE vhe gl EA)gt
A=A e ofs) uce sliEd wuid Qikslas
BAdo] 2AFARCE FHHEY, UC 3|4 B3 QikstEs
7} UBY] opn|i=tiet G el Qi7E Hgs|Fd, Qs UB
7} HT-H EE|ZE 0]83l9 DNAY Ao as & {24t
e 2HsE Aoz AT wa A wbst ue FAA}
9} =Y AAGHYE olF Y E coliohA QAE wlA (sensor-
type proteimy®] ME7) F8-F 7 FAM Ao = wjFo] yA &
gt UB, UCS} 37 Alxe] Azdedayge #Ag Aoz Azt
S2l=

M. aminosulfidovorans SK191A bfmo F-RA} shiol] Y13}
© AR da B dbFHAE bfimost F7 Shbe] AR E
o]t DAT MatellA Falidte] AlE-g £ A B EA o=
g EAlste 34 o] 8592 cupin superfamilyel] &
3te, DBE 7152 HaAA] @gtout AlatAlel] & ZEE o
o) sz velgth DA% DBE A& 7i5e & 5= gle
1} bFMOS} 22 AAlGHZE DY M. aminosulfidovorans
SK1¢} bFMOS} FrATAI7} 3-8 DAL 2UE Mesorhizobium
loti B Sinorhizobium meliloti| = A5t chl o] EAsl=
AL Z Kol bFMOSt 7 Aol e 9 4tslol] AT 714

& 23 2 & ok
dAte gt

o] A7t 20028hdE ZALfshE AT U] X9
o ATHUL.
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ABSTRACT : Cloning and Structural Analysis of bfmo Operon in Methylophaga aminosulfidovorans
SK1
Hyun Sook Lim', Jae Whan Goo?, Lee Hyun Kim!, Si Wouk Kim? and Eun Hee Cho*
(Department of Biology Education, 'Graduate School of Education, *Department of Envi-
ronmental engineering, Chosun University, Gwangju, 501-759, Korea)

Methylophaga aminosulfidovorans SK1 (KCTC 10323 BP) can utilize trimethylamine as a sole carbon, nitro-
gen, and energy source. The bacterial flavin-containing monooxygenase (bFMO) gene was identified in the
strain and the recombinant enzyme expressed in E. coli oxidized trimethylamine. To study the function and reg-
ulation of the bfino, over 8,000 nucleotide sequences of the neighboring regions including the bfino were deter-
mined. Three open reading frames proceeding to the bfmo gene encoded analogues to highly conserved nitrate/
nitrite sensing two-component system regulators and a methyl accepting protein. Two small open reading
frames just downstream of the bfino gene showed no similar proteins of known functions but the sequences were
conserved among other bacteria. Reverse transcription-polymerase chain reaction analysis showed that the six
putative genes consisted of three transcription units. The three regulatory genes located upstream of the bfino
gene formed two separate transcription units. The bfino and the two downstream genes were transcribed from a
single promoter.



