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% ¥ LA b % (methanobactin, Mbn)fx F X ILT F ke & (T, & — 2 \ AR K& a8 5 B0 K, HAFAE
T E A BR AR A A R R - R B R . Mo A B T EA R E RN, AFRANE MRS E
HBEETRETEENER. £4, ALUARENEE T LA TMnBENTNEFE, HRERZLT2THEELS
AR oK K(groups [-V). BATE 22 & KT MbnBEH A i R F 1, A 770945 M. IR T 9% &4 £, Mbn
YRR R A A NERE . BREFRDUKWEER %, LHLEBTRRMERRR . HERRMERRETERL
ABEWNTT RN, ASTHMbnty f k. S, A6 LS fn £ F i % 7 | AT R R R IAT SRR, FRE
H BRI RTF, 7 Y Mbn b JF R B 4R BEER 6 5 5 Fu At o R

Kgkinl  FREAMER, ARA, MG, £0E6 K

e S8 AL % (methanobactin, Mbn) & —FAZ A
P B BHRE B R R AR 7= W (ribosomally - synthe-
sized and post-translationally modified peptides, RiPPs),
300 3 0 - T e e AT 5 0 v B S R, S
SR EAFI. Monfi B & T H e B AL Methylosi-
nus(Ms) trichosporium OB3bH, BEE W TR A, ok
B2 P Mbndl 4 B8 %8, IEMENAYE R TBA
HIMbnEE\ F-BA71E T LA b Atk an i p ) wF
FEN GBI T 0L SrmbnA . mbnBRImbnCIH)
R R T GHHBIEF ML HES A i Mbn
BT H K (groups 1 ~V). tbah, —LLpfhd[E]
i A LR Mbn'™. MbnAZMbnRTANK, HN
HIHT S K (lead peptide, LP)F1C A9 4% 0 Ik (core peptide,
CP)411; MbnBJE—F &k, HiEZS S5MbnARYHEIRE
J & ; MbnC 222 5Mbn ARSI AL 5. MbnB

FIMbnC LAEE 52 A 1A B IE 4 M bn A= 9 & A% O
EEHLES, AFTXMbnA CP_E Y4 R (cysteine) &
AR ARFRILIEA T -G A PR i P (6 i, B )5
IMbnA LP#VIRR, A A AW Mbn, 4R
1115, I i A TR o7

Y24 A1k, WP ABIE N T 28R T 26 ke a4k
B R T TP 3 B M 5E T I 108 Mbn. 3K [ R[] I RE G
Mbn B SR EA P81 25 50k, HASHEN AT, &R
5 B R EAE P B S - A R e i A1 . e,
R BARAIER H FHBEE LR Ms.  trichosporium
OB3b)Mbn(MsMbn), 4B Ak = HiT, Mbnt 73 F)
MRS GBI T, SR)5 iMbn-CuZ S HIE X
B3 ek BN, MRS, BT S5 E R
TSR, Mbnid BA HiAb - Z myshaeis e,
Mbn-CuZ &Y WU B A A il . W& byiifb
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RN 3o S8 AL SO SRS Y. RS R, MbnELA
it4. REELSBWEES), EASHERIIHHE
AR, I BB IR RS 22 [ PR
WA KA RIVEI, A BT & M R 25
[F] A, —2Lim R R, HoaT 9 T4 8 B+
ZAELT IR G RPEE, W EUR ik s (Wilson’s - dis-
ease, WD) A e MMbnffhs . 454, s
R D ReAE T AT SRR, B AE I Mbn AR
Y TR A R LRl 22 2 H, s Mbn () FF & 5L R
L H.

1  Mbnl &5 T

I, ARS8 N G f P X it A 2 R sl A g e i
i (nuclear magnetic resonance, NMR)XJJLFik H H
B E ALY T 260 1T 2EMbnif AT T 25k ™"
R T HACHEM R Z e, A SEMbn g A=)
B RGEEARE TR AR,

1.1 Mbnl)&5# Sl Pk

20044F, Kim% \ZEHIIURAY 41 T MMs.  1ri-
chosporium OB3bH 4IRS —Mbn, 7K/ K
1172 Da. il XS LR AT L0 T HE5H: 737
HHCysN 1,0 HeyCu. M RRE S 5 S & B A,
X PR A 0,5 VAT RS ) e 5 Sy 0 R R s ) A - AR
X, Ho— 55 NEAELE, T3 — D E IS e,
A A 2 3R A N, S, 07 4545 B Cu ' B T LA,
S g O mE A RS, BehlingE AR
NMR. BEiFfL% 5B MsMbn g 451347 THEIE,
P T 2 0 5 AT P A% i g 2 A 1717 A 22 T ) R e
ER(E L), EIEE RS 5 Tk aE R —5 X L -
WRACHE L B 25 5 MbnAICu ' s Hifb 4 I8 1025 4,
EATTHAE A S50 X HERR A4 T Mbn Y A= 415 P
BRHEE.

HRETNIE, BEa 5 N2 i P e S8 A v b 20 25 2
Mbns, f4fMs. trichosporium OB3b(Group 1) Methy-
locystis sp. SB2(Group Il a). Methylocystis hirsuta
CSC1(Group I a). Methylocystis rosea SV97(Group
T a). Methylocystis sp. M(Group Il a). Methylosinus
sp. LW4(Group 1 )FlMethylosinus sp. LW3(Group
)P g M & B, BT A BIMbns 2] 5 B
FHINAL. K28R T2 4Mbn-Cul 25+, 45K 1R
MsMbnfE P, iXLEMbn )25 FE R — X T B A, 4
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Figure 1 Representative structure of Mbn. Orange indicates oxazo-
lone-thioamide; the black dotted line indicates the coordination bond
formed by Mbn and Cu I the blue solid line indicates the disulfide bond

N b 2 N i o 7 e 73 50 P 8
PSRN ZE G, PR F— R TG AR R,
B2 R W v Al AU S N T R WA ve 28U L R
TP INER A AR A BRI R AT, P B i 2 TA]
Z I — I 2~ 5 AR B T IR ARG A
SEWATSE, Mbnsid il REEA IR EARR . 707 N 60
BEE L N R Db HA 4 R R RO 2% BT IR,
Mbnt i, T —H L5 Z R 77, BN EA
— A HATBACBE AL B R ER, BERBZE & . b J5UAN
FRE S .

1.2 MbnfFHEPPOE R

El GhazouaniZ A\ PRF5Y T Mbn WS4
REEA B T I Mbn e £ 5h- 1] WSO - HA P
ABH SR AR, AR 3401394 nmAh, HEME IR T
R BAHLEMRER A P . LW3 Mbn i T — fEi)
FEAE, B BAT387 nmib iy fiide, 21 SRR AR A B
T, Mbn i I AT R I A RS [ LIS
AFGE, 460 nmAh TFUG HH BRI e ™27 e R
FRPEIREE T 2 WK, SRR AIE P IR A 2 4 AT 22 5 4
MR IR R W SO R AT s B A R RZ5H . 3
REERREME, XSHRAEAT BY T8 BIMbn ) PR 4 52 Fl
432K,



Methylocystis hirsuta CSC1
(Group TTa, PDB: 2YGI)

Methylocystis sp. M
(Group ITa, PDB: 2YGJ)

B 2 BRI ORISR Mbn-Cuf 5. 5 (0: IBMRRYFREE; 2160 HE2k: Mbnt5Cu TN AC ke

Figure 2 The structure of copper-chelated Mbn from two strains. Cyan indicates modified residues; the red dotted line indicates the coordination bond

formed by Mbn and cu'

2 MbnlJEPIE K

MbnfZ5HEER 1 &% B -BRAC I BE A1 51, HA
PR 38t A BRI IR 2R, R T IRE R AR ).
JRAE R IR 7 W) AL FERIPP AN 2 LA 1 I E A M 14 K
(non-ribosomal peptide, NRP)™™". JL&Mbn# & B30
A, HIA ML — BB, B 252 Mbn 4544 ff
BT SR ZH AT e 1) i LA S AE 5 B 2 R e,
S Mbn IRV L 81 il 45 0 1 1) 5 DR R 442 90,
SMbnAE A SHILT Y RE B BE5E 1 A

2.1 MbnnifktEdE S 52

RiPPZE KR = W) AT R K AR 5 iR, A —
AN X IR LP A1 —A~Cliig X3 CP. - LP3l & AT 4 Al
BRI LS G, BM65E UG S48 FK AR 2Bk, THCP
DADE S5 Sty SR T B JS IB4,  Fe H Ah
FURIPP. AR HEMsMbni AL+, BehlingE A\ H1H
FEIE TS HLSGSCYPSSCM. Ji5 RAEMs. trichospor-
ium OB3bHYHE P 21 rp %5 3 B — Be LY G 5 7 )
“MTVKIAQKKVLPVIGRAAALCGSCYPCSCM”Cii
F£ 31 (LCGSCYPCSCM)-5MsMbnf 55 551 —%,
1 LR BR UG AR T X By 81 R MsMbn R AK, B
IAMsMbn /& FRIPPE G, 144 Ik 58 X 4 3 B b
mbnA™",

EWE RS B FE B AMonZ R, i3
AN A B 1 B AR A S A T S ML w14 9 7 B
FARME T EE A ILAR. 20134F, BFFE G Fe 45 3
PR SE R 2 05 L, %85 R 5 Mbn i (4 Ik 5 R K2 3
REAHDCHYLE WA i R, Bt 5 R 4 Bk, o8
Z BT k. AR E 20174, I e AL

AZAE PR E AL T B A28 2] 74 M MbniR 1, H
i BRI R 1k —2EMbndR L T, MsMbn#g)
F(mbnIRTABCMNPH) ™ [T 3k R #7 n 4 4 25 1 T 4,
[R] At 32 AT v PP e B & BfE (soluble methane mono-
oxygenase, sSMMO)HICHEH (mmoRGXYBZDC)I) 3]
S0

MbnE AT HIAZ% O F mbn AFNPEA T 54 A= 916 %,
FKmbnB. mbnCHL . T XTmbnA mbnBMmbnCIT
I RGER T AT, TR A SR e A A A e Bl
5, KMot T3 T~V (E3)D. Hrhs T 2845
W FAEB IR mbnA. mbnB. mbnC, BEH
5 E AR SR FE K mbnI MimbnR 518 HiHI K M FE
mbnTHImbnM, DL F—L8T)HE A K [ B 28 pY KL
mbnP~ mbnHMmbnF3E. 55 1 Bk —2541 5 AN
e Maf b2, 1 aZRAYRER ZATE T mbn AW JisHE
TEECF oK+ A H & ZFP R, 1T o 5
HEA, M TaZkZ T —AThge R M B K mbnD.
55 MR F RSN R 556 T 201, EREHm SRR
e /b, N&mbnl. mbnR. mbnFHEH. 55 VYL
T (mbnP mbnHFEHN WA EAHE T 1 JE220050K.
55V BN F IR O R X Rk, FEmbnAFIimbnBZ.
[ AAFAE— A mbn XFEH, BN 5 A=) & WA, HEH
HICA R TR AR DI ReboE. bSO B0 M. tri-
chosporium OB3bJE T4 1 25; Methylocystis sp. SB2Jg&
TN 5V EMbndR g\ 2R IE T8 2 LR
LT e I b2AUAEAE T be AR T, T~
VB a2, YAk e A, JEHBEA
AT T A Mbnd g\ 145 bk 258 o b AR T

SRR AIRIPPZT-250, Mbn{{AkMbnA Hi
LPHICPA AL, 0720~35 MEIERRSEIE(E4) . MbnA

2739



43 &

202345 7H $68% HF214

B3 1~V

Ia ECF o factor moaA 3-HIBADH

DD D D >
D > )
D )R T D D

) D DI
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(Mbnl) (MbnM) (MbnD)

Mbn biosynthesis protein 1 Aminotransferase Diheme cytochrome ¢
(MbnB) (MbnN) peroxidase (MbnH)
FecR-like anti-o factor, Periplasmic binding protein Sulfotransferase
(MbnR) (MbnE) (MbnS)

- Mbn biosynthesis protein 2 Partner of MbnH Extended MbnB-like
(MbnC) (MbnP) protein (MbnX)
TonB-dependent transporter Flavoenzyme Mbn precursor
(MbnT) (MbnF) (MbnA)

FIMbnE I F7m EE

Figure 3 Operon schematics for Mbn from groups 1 -V
LP cP
I EEN In "HH I En
M I I-- KK VGRAG CGS -~ -
MTVKI--AQKKVLPVIGRAAALCGSCYPCSC---M 30

Methylosinus sp. 3S-1
Methylosinus trichosporium OB3b

I Methylosinus sp. R-45379 (I)
Methylocystis hirsuta CSC1
Methylocystis rosea SV79
Methylocystis sp. SB2

i Rugamonas rubra ATCC 43154
Chromatiales bacterium

m Comamonas composti DSM21721
Komagataeibacter rhaeticus AF1
Komagataeibacter xylinus NBRC 14237

MTVKI--AQKKVLPVIGRAAALCGSCYPCSC---M 30
MAIKI--AKKEVLPVVGRLGAMCSSCPMCGPLC-P 32
MTIRI--AKRITLNVVGRAGAMCASTC--AATN-G 30
MTIRI--AKRITLNVIGRASARCASTC--AATN-G 30
MTIRI--AKRITLNVIGRASARCASTC--AATN-G 30
MKIVI--VKKVEIQVAGRTGMRCASSC--GAK--S 29
MRIEV--TTKQTVVVPGRAGMCCGSCC--APVGVN 31
MKIKV--TKKTTMTVAGRAGACCASCC--APVGVN 31
MAITITILKTKQISVPVRAGLQCGSGV--CGYN-A 32
MTITITILKTKQISVPVRAGLQCGSGV--CGYN-A 32
MTITITILKTKQISVPVRAGLQCGSGV--CGYN-A 32

K ib bediens 174bp2
W e atis a1 P% MKN- -~ -EKKVVVKVKD - KEMTCGSYNK- - - - - - - 23
Vibrio caribbenthicus BAA-2122 MKN - - - -DKKVVVKVKD -KEMTCGAFNK - - - - - - - 23
MKN - - - - VKKVVVKVKD -KEQTCGSYNK- - - - - - - 23

v Vibrio cholerae 2012Env-32

Bl 4 ClustalWELXPR H [~V 22 MbnA

Figure 4 ClustalW alignment of MbnA sequences from groups [ -V

51 PR 0 e R o ) 7 R CP R K R R
[ ~V 5 MbnAY & AT B/ 142 R E Rk 5, | T107
T CPHIE 2GR FEAE S WA i o3 DR 57 (B R B IR R
FR), I FE S A I S A . SRR C
Uit A AR BRI R F, Gl O H AR AR
2R, B DR IR Z [ BRI RE . BRI bk 2R 1)
A7 AF R A S R 21 U2 v B T AR (. 55 T 28k
55 2K —2EMbnA &40 Pz R Ak 5, (HARYE 4T
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FERTRI S B, ORI AT R 23 K AR PR I 1 i
(1512); &5 T ZEFN55 IV ZEMbnA Y CPES & A 24P e 2 R
FRAE; H VIS A 1A B DR A7 HLCP
ARSI SFRARE TIHABSIE D, HAT, R
240 T R B ) A R A A - R T 2 1 ) M,
WIS FE S V ZURE I CPIF A1) 2 15 52 i B 28 A& i
LA AB i i B Mo 75 B AT -5 X0 S BC AR AR LAY A= )
k.



2.2 MbnlJE DAL

Mbn A Y)& BUHLEIAE 2 R RIPPEG T 2 m —
T, BARZIRIE I AERIPP AR =) P AR & 0, {H
Mbn#f A1 rh Y EE R 5 5 TS A A RIPPAE )& B
REAELEFH) ERFRIERY, ™8 T MbntE WA K
BUEI B, & A SRR AT AE 24 A I A B Wyt AR X
B, LA R Tl W R M 1) 21 B R (thiazole/oxa-
zole-modified microcin, TOMM)Z %, {H. [ 4 & PREEE
S A 5 TR S92 AR BEIETE R AR vh
BDHBE, SCHRFRAE 1) FR 2B IR (thioviridamide)
FSE i (closthioamide) ™. 24N, YcaOF K
ity A g 1 ST P W s AR BE AL 9 A= 05, {HMbn
PRI\ b B 1 S X SE R R ST Y B = RS
AR

F\TH%0 2K FAMbnBHIMbnC B I/ A Mbn 1Y
AW A OHLER. MbnBJE—Fh A B4 5 Y DUF692
FIGER 0L, B IR0 B WA N I S A4 i (triose-phos-
phateisomerase, TIM)FEIARAIRSG MY, 5 Z AR LT
HFEARE ARG AR N YIREIV. TiMbnCl2—Fh I fg
RHEENE AR, AETAEME Mg, R
REAA, (HARSE EATET A Mbndi2 9\ 1+ i LR SFPE ]
L0 53¢ R AR B A Mbn A= 9 h & 5 T AR
Y. 20184F, Kenney% N IHESE MbnBFIMbnCIE if—
2 4 505 — 2R AR & 2 (MbnBC), XTMbnA ISk
IV T4k, TEP R AR BE |- 2 S na I Rt 1R
FERE LA, BRI ML S A FMbnBIESE Y, SCF 6 M
K I 2 AR S AT AN, HEIAE AR 5 I U
Y 727 LSl

AT HEmbnCHDIRE, BN AFEMS. trichospor-
ium OB3bRAKR AN EE T — RIS, FFXTAmbnCHE
ARPR T A (IMbnEA T T aliAb g ezt R,
MAPro-Cys — IR 1 C iy Mk e A 55 - 05 sl s A, P e 35
AT EMbnC, {H NG JIKLeu-CysIE BN 13- 3
TP AT £ P e B AT AR M C. F T TC 4
%R, MbnBCHIfar2H3E . fifbMbnA ) B9 f5 1511
EENEL

FRATT B S5 B WG BT T A AN [R) b R VR 1Y
MbnABCE &bk gs4y, BEIRrMbnABC(Rugamonas
rubra (Rr) ATCC 43154, R M) MVeMbnABC
(Vibrio caribbenthicus (Vc) BAA-2122, %3255 V)l
MR E IR EIIFLEE T MbnBCIHEPE L HI 3 Fe
TN, XG0 SFe R F RO OG5

FRISASARIEAT 430, /R T = 4R3E % O X FMbnBC
HEALTIRE R L EE. S5 GBI RRIE . BRI R
TSI EL A R R T Fe S FHEf b R v e Bt
BN G A A 7E HE A% 22 DL S i F HE (8 s A A
FH, JHRIR TRl RERI LAY, I 728 2R A2 V8
FIMbnBC A B 2 AT WU 4549 Stk Ak iy P <7 4.
ZEM R, JRYMbnALP 5MbnC%E & ASEEMbnBC
4o, TiMbnA R CP{7 T-MbnB-MbnCAH HAE 7 A= Y
FAFREPE ) =R e s b, R Hrh— Nk 1
FIR ) B 5% 2 e R 1 B 3 ELAE, 1 S0 LA
R A L T R AW e R B U [ - S s e s )
AR AT AL DI REAESY, B2 T AL IR SFIRIE R
AR SEAsp240, I T ZHFMbnBCE &) 45H)
MDIRERIARRIYE. SR, AR R IE I MbnBC X
MbnA B B A R F M. £ RrMbnBCE 1)
RrMbnA (RrMbnAoxa) 43335 nmff i i 4k M i
W IR B TR, 5 2 M Y Mbn .
M VeMbnBCH i i) VeMbnA(VeMbnAoxa) LA 5
RrMbnAoxa—E it B k(-4 Da), {HNBGIEHIE
SRAN[A]: VeMbnAoxafE280 nm it EAA — 45 i B
WU (ETS). XS 1 7 2 an el = A= i DA SO A
AR ZE TR, A8 E AR R A A ST

2.3 MbnlHAMEWEA

%mbnB+ mbnCLAA, MbnfiZ\ 1 it Eifth 356 K s,
TN ELA W) T RE, I FLs e 5L PR 4 i 1) 2. 1
AL T AN b 2 AT s i b s A0 v e S Tl A
(EBE N mbnNYEAET—88 T ZHFTAT IVZEMbni g\
T MbnNA S5 R NN R —2EMbn B TR
G —#4. MbnNTERSMNA N ERREAS fH fbMbnd: )
BRI AT IR, IR B X —& 1, MbnfrFESk
T RRE S B TR BILE R (MbnS) Y
i 3 R mbnSIUAE T aZMbnd T g R 30, %45
Y\T- i S A AL R R A Mbn™”, MbnSHl N % 3
FEMbnit A TR AKASNAD(PYH A B i (MbnF)
A REAESELE T A0 2 AMbnZ R4 P & FE 1R,
G ARG AL R (R MR RS, 7E T oIS T+,
S mbnFARAR )L K mbn DRI R RUINE B, {8 HAE
MbnA= 1) 18 A A AE I HE LA ).

3 MbnlYABrEDhie R HIni 5
MbnJE A W& AN W — 2 R AR P2, T2
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4 3
——  RrMbnA = VcMbnA
—— RrMbnBC —— VcMbnBC
s ——  RrMbnBC+RrMbnA . = VcMbnBC+VcMbnA
= =)
i(/ $ 2
3 @
e ]
g 5
3 S
1] 2 14
<1 2
0 0

T 1 LI L LN |
240 300 360 420 480 540 600
Wavelength (nm)

I a7/ NN SR WS T g walll
Figure 5 UV-Vis spectra detection of the modified products

S G A S PR R, 7E AR
FRVAST 7 AL B A R LR i R AT, R TAE# IE
TE5% 23R % T R b O A 720, Bt
Z4b, Mbnsif BA ZFHIIRE, AIERILHE. A
1 05 P T A 0 SRR T, ) B T L2 %ok 536
B A BRI S R 4y Jm AT AR EE LA B AR R B,
HAE5 T 2 g™,

3.1 HRRAPET

R VE 22 AR 1 SR () SR 4 A, AN 6
KALEE. NADHBE S B A A 5 AL A5 0 15 Ak
TS, R AR A A IR 0 A KA S R
TR FEE AR ™. B 19804E LIk, AL Tk A
e A TR B AR AR, IR RE R X S A )
BB T, JERkMbnBiE L2 5 T HHL
SRR AR R A A L Y i — B U R BE TR
KR, eV RE Ry K e A RN, AL Ry e
S AL R P B 580 48 (methanemonooxygenase,
MMO) /24 E 5 FIO-O%, X H ekt k, Hp—
A ERFHERFIE B0, 55— 8454 21 Be e Y
CH,OH. 7EW Lt &S 1T W Fh 3 208 XXy
MMO: —FhZ A EEMMO(SMMO), 55 —F & ik al
JEZE A FIMMO(pMMO). 4 2 4 sMMOFHIpMMO £
JRZmb FE PR Rk i G R . i T HAEMMO T 1R
JH, SO R e A 2 e ),

Mbnfg i B RO DL SR e S Ak s . BiFSE
UESEMbn FL e B e EAR R OGBS mbnASE
2RI 7R X sMMOFIpMMOEEY T i1 5 m . 5
Ab, Mbn AL BEMS IR« 4 06 7 o ok T rp 2 B
5, HCZE AT LN T AR SR o rh 4 . Mbniiid %
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240 300 360 420 480 540 600
Wavelength (nm)

W - X T i 5 P S P A R P Cu '
(Cu TEIR B E R Cu ), KR 3 R Mbn-
Cul B Ak, 454 M Mbni i 3 5538 f i 8 ok
W AL A SR T O 4 (11 6): 48 ok
FEYE IR HEpMMOTE M I il sMMOTE 4.

3.2 BURBIHRIRYY

JEUR D FC (WD) & — -5 A A A DG L ek
PR G0, H ATPRE %15 B(ATPase copper trans-
porting beta, ATP7B)JEH 7455|425, ATPTBAE Jy 4
s ATPH, A SHUAZ REIHEZIIR T, H)6e
TR AT A M AR RS R RE T E A2 i, R A
SR RREE AR R, 51 A8 P e A1 K VR D RE
BPY YA Mk, R B R (US. Food
and Drug Administration) IR 2 i B J5) (European
Medicines Agency)#tHERIZ5H1IAYT TCIRE 205
v WD H BFRAS, WDBIRY T E 5 F7 2 T E
FERE, TEULIEOLT, B S PR o 250
TR TR,

ATP7b3E PR R FUBAT WDRY SRR, (045
ST R AT B R AR R A S R A PR 2 L e
M55 FH i (serum  aspartate aminotransferase, AST)
Y 20114, Summer A *"EWD K B E R T
Mbn. S5 57R, MbnibEEAK LM E ASTE WK E 53
Bl JERELH SRR =R AR, 232 5 KRR A
AR 2 TR, ARSI SE IR, Mbn ] LATE4r
PR 2F A 6 TR A A TP B4R, RS Mbn7E 4 LK
- HA A RIS E. 20164 (19 5 —IiFo s
WESE, HARZIRIT IR EA L, Mbnfiay7 il ARG
TR B SR B SR A 43, s Pl SR 5 4 e
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Bl 6 Mbn-CufE AR
Figure 6 Hypothesized uptake and regulation mechanisms for Mbn-
Cu

kiR R TEFER G, MbnPE AT R T Atk
28 ZAERIE], R IHMbn B A IGI7 2 tE WD
J1. Miiller® \PBE—IE 52, 7EMbniAY 7152 115 7)H,
ERACIRA X RS AR L, AR v FE AT R BAIG, 156PA
Mbn ] =0 T FE 1 AR 5 HA RS2 IR Y AR

33 SlEmeEei

B T2 A B TA6, Mbnid £ DLk 57 245 A4
LIS —2E 4R, WMbn il SAu" 454, K HIE R
Au’, TN a7 4. Mbntl T4 2
EHeCL g, T BB Ay LR h a1 i
1, Mbnid BERF AR B gt R B F Rk (MeHg), &
B H AR A IR R U] A Mbn Y R 5 K E 4
JB IG5 YL R (8 A AR, BFT R B, Methylocys-
tis sp. SB2 Mbn#FllMs.trichosporium OB3b Mbn#) 4 J& 45

F 1 MbnHIThEEEN
Table 1 The functional activity of Mbn

AR S EM AR, XA Mbn ¥ sk 451
AN FEIIRE2E 5, TN A B TR 4 R i R E T
PERY BT Mbn @ (LAl S FIE 5.
3.4 HURETE

Johnson""*%& 3, Mbn-CufigA 0 i ik Uy W P
(brain heart infusion, BHI)}%37 5k i it PR BR 1S 214
WrRepd . MRRCRZ A KSR IR pHE N e fEEA
pH76.0, IHHFMbn-Cuf) eI ¥ B (minimum  inhi-
bitory concentration, MIC){E “44.11 mmol/L; 1F % BHI®%
FiH(pH 7.3)FHIMIC }76.58 mmol/L; 7EpH}6.5F15.5
i}, Mbn-CufMIC}7.40 mmol/L. XingHIXin' "'WF5¢ T
Mbn-Cutf 25 fFF TR A Tod A L R
ME TR EZF A E AIMIC A5 mg/mL Mbn-Cu. 36°C
AT 7205 5R 5, PR Mbn-Cuff B IR A TR
(minimum bactericidal concentration, MBC)#
10 mg/mL. LAk, fATEHEE TIRE. pH. £EE T
TG A/ S e Mbn-Cud T TR % 2 (14 52

M k= T 28E, BT TSR S50 5 14
A MRS A M EEVER . MbnJj 5 fr S i 2=
TR LA S A AL an . Mbn& & A A CBE R Y
WE RIS Z—, WIFER, — LA KK
W) AR R, Mbn AU B FR A A
SRR, WA B TR AR 2 B R, 1N
[ IRMbnf I RETE P HEAT TR,

4 g5

Mbn X HZRUY BA T Z BRI, G )m e
TEG . AL MRS, AR TR
M E, & — MBI R M A RIPPIE R K™

YiReEE P FAHLER IR SH3CHk
- FBE AL T 7 e TR R4 B T, 1 B8 O 43I Mbn, MbnfERS R R0 L 2 15
WIS e AL 5 T [43,44,48,49]
Mbrt 5 85 T EAT B R, TS o S B R A B A R b G K RUBEARY - o7
WITBURECH  FMbn, REASA GRS U IR A AR S AU, Mbn LG R T 2T [20,54~56]
SR AR ]
. Mbn ] L 57 225 G 4 EASM Y —BE 48 : Mbnfa 245 & HeCLHT It g ", I FHiB AliGs T N
B HLAAR 1127, Moni ARREAFEERSS B B A 1R [14~16]
Mbn-CufEA RN BRI MR T, IO A K B S I pHU I S
B pH6.0, S IEAM BV 4,11 mmol/L; X 25 F6 T By 5 (AN BV 35 S mg/mL, AR [18,19]

I 10 mg/mL
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Methanobactins (Mbns), first discovered in methanotrophs, constitute a class of ribosomally synthesized and
posttranslationally modified peptides characterized by specific cysteine residues modified with oxazolone-thioamide
moieties. Mbns have a high affinity for copper and play an important role in copper homeostasis in methanogenic bacteria.
With continued research, an increasing number of Mbns have been isolated and identified. In recent years, Mbn operons
have also been found in a much wider range of bacteria. According to phylogenetic analysis of the core components of the
operon, mbnA, mbnB and mbnC, as well as the composition and arrangement of adjacent genes, researchers have divided
the Mbn operons into five groups (Groups I —V). In addition, some species contain several different types of Mbn
simultaneously. MbnA is a precursor peptide of Mbn and is composed of an N-terminal lead peptide (LP) and a C-terminal
core peptide (CP); MbnB is an iron-containing enzyme that directly participates in the posttranslational modification of
MbnA; MbnC is mainly involved in the recognition and binding of MbnA. MbnB and MbnC are assembled into an Mbn
core protein machine that is responsible for the generation of oxazolone-thioamide moieties on the cysteine and its adjacent
residues on the MbnA CP. The LP of modified MbnA is excised and becomes a biologically active Mbn. However, the
removal mechanism is not clear. To date, researchers have isolated and identified nearly ten kinds of Mbns from the
fermentation broth of methanotrophs. These Mbns are structurally conserved, but there is limited sequence conservation,
and all contain oxazolone-thioamide moieties that interact with copper ions. At present, the most well studied Mbn is
MsMbn from the methanotroph Methylosinus (Ms) trichosporium OB3b, which is secreted to bind copper ions in the
environment when the bacterium is deficient in copper and then to transport the copper to the bacterium in the form of a
Mbn-Cu complex to regulate copper homeostasis. In addition to participating in the regulation of bacterial copper
homeostasis, Mbn also has various other functional activities. For example, the Mbn-Cu complex has been proven to have
oxidase, superoxide dismutase and hydrogen peroxide reductase activities. Some studies have shown that Mbn also has the
ability to chelate heavy metals such as mercury and gold, which may have use in ecological environment management
applications. Moreover, it also has a growth inhibition effect on some gram-positive bacteria, indicating that it has potential
to be developed as a clinical antibacterial drug. At the same time, some preclinical studies have shown that it can be applied
to treat clinical diseases caused by metal ion disorders, such as Wilson’s disease (WD). This paper reviews the species,
structures, biosynthesis and biological functions of Mbn and proposes applications, aiming to provide theoretical guidance
and scientific support for the development and application of Mbn.
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