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Methylosinus trichosporium OB3b (OB3b ¥f) 1%, A X L ZH —~DRBFL L THEEFTDHILENTEDLIAX UVE
{EHE CTH D, A ¥ UEHIEIX, AZ T/ AF =B X /) — AT KalF—E W) 7 & D—fKk
FLEHORBIEADLIEFE LA L TV EIN, ZRFBIEVORFIONTIEH E VLI TRV, il 21,
T O R FPCBHE LR L LTHOONAZ U Ea—d, A ¥ VB CHBE ORI THET ANFD A B =
X NFH E N7 TV e, RBFFE T, B3 RIZBIT D7V a—n & T8 74 NA A2 L 5 H%ER
EDORA A= ALOfERZ B Lz, $£72 0B3b £ LEMZSRIZIANT T, 7Y v ra—/ iz X % B5E R E % a5k
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[1] 7V & o — Vit DT & OB3b #4RD Ln b T v AR—F —D[FE

v U U ALFUFETCEE LT OB3b D7 U — %W B E T EEOEROBBRTEL-7 U &
o —/UTiERR 2 e, BEEL ka2 27 ) D) v—r v 7 Lie A, TonBIKGEE N TG Vv AR—F—%
a— R 28 E T EOMREREAEREZFRE L, WY ) AL, 2 OBEBETIX. Methylorubrum
extorquens AML D Ln kT » AR —F —EGF lutHDAN Y 0 7 ThDHZ ENRPELNE o7, 0B3b £RIZBIT
% luth DWEREZ 27212, 0B3b RO Tuth RIS L O JutH #iSERRAREEE L. 245 D MDH FEL N & —
VRN, FORER, SERED Juth L Ce*' A & v DIFTED XoxFl OFBIIME TH-7-Z &b, 0B3b Kk
lutHi¥ln TV AR—F —HEEThbHEEZLND,

EEEOHBLE 7Y 2o — VOEEZHRD 72012, MUV ENE X 27V Ea— & Ce¥' 1 4 DIFE
T C 0B3b AR D EBREMEAL 2T o 72, 2 BIOMNIRICHEE L 728X, 7Y Ea—n & Ce' S 4 DFEEFT
OHEFEHENER Sz, HBEL 2RI, Ce”' A AU FIE T TH XoxFl BEBIAET | Juth FIZHEREIEIZE B
BHDL LRI oT, ZTORENS, () ZVEa— L A A DIFE T TORRICL Y 7V o — L
BRNAEL D Z &, (2) TutH I THRETERZE BN A Ln*' A AV BRVIAENRL 257207 U 2 a— Uitk % #
BTHrZLEHLNT L,

[2] ZVtva—LE Ln* OHAFF T 0B3b KEDHEFEFLE A H = X A

TV ka— b Ce¥ A A DIEE T CHEALE Sz 0B3b B ARRE IR DS G438 225 0B3b RO AN T
Maillard SOOBRAME & TV 2 AIREMESRIR SN T2, T OMUSITIEED VR = VREIC LV B &R &b Z &0
LTINS, SERHEOE(L A FEIE L LToir LR OS5, MDH O R Al RIRAE A COB L7 R Tl
Ver— L ORENR LNl o, RROESEREZ(LD 0B3b BAEKKA~D 7 U AT VT & RIRINT
o7z, TNHOREENS, 7V a—L XoxFl 228D WMHICE W ELENZ Y AT LT R4,
U7V BATILFE RIZE A Maillard OS2 0B3b ¥kODMFEIREICE 545 L E 2 bz,

[3] XoxFl BHEME T TOF Y & u—L{GH

(1] Tk 7 U o — Ui CIE. 588727 U v a— LB EDERECE > TV, luth ~DZERLSD
MHPEESHE 2 RRT 2720, ¥ A AV B RMETHD AmaF#iaHWTr UV —nt Ce¥' 1 4 DFEET
TEBREMLEITo 72, 2 BIOMBRITHEE L2, 7V ta—L b Ce¥ A 4L OfFFE T CHEFHLEN R S
Ninot-, B LT-RRDORT ) DV S —Ar i v ZOR R, XoxFl Lo —HEEHNFRE Sz, Zo—HEik
B XoxF1 O 7 Vo — /T 282K T S, ZVBAT AT e RIZX 2 mEE RIS L5 2
55,
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Methylosinus trichosporium OB3b (OB3b strain) is a well-known methanotroph that can utilize methane
as a sole carbon source. Methane metabolism in methanotrophs has been extensively studied. For
example, methanol dehydrogenases, critical enzymes of methane metabolism, were known to be divided
into two types: calcium—dependent MxaFI and lanthanide—-dependent XoxF. However, multi-carbon
metabolism in methanotrophs has not been studied well. Notably, many methanotrophs do not metabolize
glycerol; in addition, it causes a toxic effect on them with an unknown mechanism. In this study,
the elucidation of the toxic mechanism of glycerol on the O0B3b strain cultured with Ce® ion was
conducted.

Characterization of the OB3b mutants isolated during the cryopreservation with glycerol of 0B3b
strain cultured with Ce® ion was carried out. Whole genome resequencing analysis of the mutant
showed that one TonB—dependent receptor gene was mutated. This gene was found to be orthologous to
lutH of Methylorubrum extorquens AM1. IutH disruption and complementation analysis in OB3b strain
suggested that /utH was involved in lanthanide uptake. To investigate the relationship between Jut/H
mutation and glycerol toxicity, adaptive laboratory evolution (ALE) of OB3b wild-type in the presence
of Ce* ion and glycerol was performed. This condition caused severe growth inhibition in OB3b wild-
type. Analysis of an ALE strain indicated that cultivation with both Ce® ion and glycerol resulted
in the loss—of-function mutation on Jut/, which suppressed growth inhibition.

Fluorescence spectrometry and SDS—-PAGE analysis of OB3b wild-type revealed that the Maillard reaction
occurred in the cells cultured with both Ce* ion and glycerol. Resting cell analysis of the OB3b
wild-type showed that the Maillard reaction did not occur in MDH-inhibited cells. Moreover,
glyceraldehyde, an oxidative product of glycerol, also caused the Maillard reaction of OB3b cells.
From these observations, I concluded that MDHs, mainly XoxF1, oxidized glycerol to glyceraldehyde,
which caused toxicity to OB3b cells.

To eliminate growth inhibition by glycerol, ALE of OB3b A mxaF strain, a knockout mutant of mxal
and required lanthanide ion for its growth, was carried out in the presence of Ce® ion and glycerol.
A mxaF~EvoGlyc mutant strain that could grow to reach the ODsy at > 3.0 in the presence of Ce® ions
and glycerol was isolated. The mutation on xoxFI from the A mxal~EvoGlyc strain was found. Resting
cell analysis of the A mxaF-EvoGlyc strain suggested that the mutation reduced the affinity of XoxF1
for glycerol, resulting in the elimination of glyceraldehyde toxicity.
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