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THZCEERE4L (#EX) Evaluation of nitrous oxide emission by aerobic methanotrophs as
possible microbial members contributing to global warming.
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VEbESRE (HAO) OBa1A2EH%R L, BWHEESIZRE LT,

e OBEE (J£30) : The ability of nitrous oxide (N,O) production by aerobic methanotrophic
bacteria was examined by using pure cultures obtained mainly from marine environments. Methylobacter
sp. strain, which was isolated in our laboratory from the deep-sea sediment, was revealed to produce
significantly more N,O than other strains tested. The addition of nitrite to the growth medium promoted
production of N,O. The presence of genes encoding hydroxylamine oxidoreductase was examined by
DNA extracted from the strains, and the partial nucleotide sequences of the genes were determined.
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Mg b EFE (N,O) 1 F{bRFE DK 300
FEOBWREDR A R E KkOAY U)E
WEYWETHILEEZLNTEY ., BEER
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1TH121E A & BET 5 LISMCHFE F BN 72
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A RaXxi 7 I bz (HAO) DiE
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3. WHED Tk
(1) AR, AWFFEE CHHERE D

B L 7o A 2 ER{EE 3 Bk (Methylobacter sp.
MR1 £k, Methylomarinum vadi IT-4 £, 3 L O
Methylohalobius sp. IT-9 #) & AREERTT
BERE L 0 AT L 72 i > @ Methylohalobius
crimeensis 10KiT £ (DSM 16011) % v 7=, =
DT, FERFEESG S & U Clelid sk o
Methylococcus capsulatus ATCC 19069 4 &
Methylosinus sporium DSM 17706 ¥k & Fiv 7=,

BEA1E 15 mL A OFERE 1T 3 mL D MR EL
HEHEL, 7F LI TEHL YT,
RIBIEA X 2 30~80 %, MERITHHEKDOE
BRI U T 5~7 %ICFiHE Lz, &Stk
FR 2R LERERME T TIRE 9 K& LT,

(2) &HEHEREA NHLCl, NaNO,. NaNO; % Hi
MMOEFPE LTRIHTE 2008 5 00F0~
L7280, FNENE FM TN L 728 1 TR
FL, AFOEEEZHER LT,

(3) NO AEZEIRFET HITHT=b ., K1IT
RLTZ 91 DEFRIEEMOMAEDE (O
'H 1-9) CTHKRZRFE L, ZhEND5Mt
TOHEKEEZEFH ECERELLE, JEY
2 0.5 mL % GS-CarbonPLOT 77 2 (30 m x
0.32 mm, 3 um, Agilent J&W) 35 X Of Finnigan
TRACE DSQ GC-MS A7 .5 (Thermo
Fisher Scientific) TZi#r L. N,O ZE & L7,

(4) HAO # 21— R4 % hao Bis &= HEET
L7204V IDNAT T A ~—%&i%et LT,
YRS TF — Z _R— 2 B SN TV B BE
DT =T EER LA Z L E
@ haoA ¥ EEHN EZ~VF TN T T4 AL K
T L, BT T A ~— 2 EEERL U=,
KHRED D U772 Yo /K DNA 2857 & L
THH T A4 ~—TPCR Z4T\V . %4 T 5

A A D IE PER) DI FEEL SR E 21T > 72,
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(1) FEKITEFICBIT D ERFLE LTI
BLT NHCl 2F|ICx7=, —F4. NaNO,
& NaNO; (22U T, Methlobacter MR1 £ &
Methylomarinum 1T-4 #RIZFIH T & 7225,
Methylohalobius J& @ 2 #RIZFIH TX e o7z,
NaNO, ZF|H CT& 5 MRL#k & IT-4 8K TH.
R (0.05%) @ NaNO, f£/E FClxZ/d
DAEBHENLE 5720, N,O AEKDORBFEC
H7= Y NaNO, Ik % 0.017 %25 L7z,
— 5. Methylohalobius J& ® 2 #£13 NH,Cl % %
FP L L ETEMAYIZ NaNO, Z¥shn L7z
Bitr. 0.01%JRIE TIX Rk E 24 FHETE X
o iolz, NO AR DOKIEICH 72V
NaNO, ifsn&E% 0.01% & L7=,

# 1. bR EY GEE) OMAsEhHE

NH,4CI (%) NaNO; (%)  NaNOs (%)
#H1 0.05 - -
HH?2 0.25 - -
£H3 0.05 0.01-0.017 -
£H4 0.25 0.01-0.017 -
E-3= 1) 0.05 - 0.05
£H6 0.25 - 0.05
HEHBE7 - - 0.05
#£H8 - 0.01-0.017 0.05
#£H9 - 0.01-0.017 -

(2) BEERZORBREDOKB T NO BELFK
2 ICF L7, AT L7558 % 2+
A2 BT, EHfEE R L, 2, B
TR\ RIR O MR FE & BREE N TR
L7,

@ Methylobacter sp. MR1

MRL #RIEL T A B T/ 1000 m D7
TEEHEREM L 0 DBELT=, T A ML= 4D
FTHRHZ< D N,O Z4ARK L7=DiX MR1
TH Y., KT NaNO, I7E FTD NyO AN
B CTH o7z, N.O Bl bEL B En=m
XN ETOWREHY . WEIED NH,Cl &
NaNO, N HAFT H 5T (FE 4) ThoTz,
HEKOEKERE L, EE 2 MxbE< 17
X 10° cells/mL, W THE 1 » 7.5x10
cellssmL ThHo7=, —F, FKE 3 L 4 DEE
X FNFH 3.0x107 cellssmL & 3.1X10’
cellssmL Th-o7-, 2F V. HE 2 (NH,CI
DOF) EFRE 3 B4 (NH,LCI+N,O) %k
RBE, BEITEED U5 LR TH B0,



N,O A=l 1349 180-810 51272 5,

PCREIZ & % hao & THRZE DFEF. MR1
BE D hao BIn N2 o7-, o T, A
2 UBREBERIZE D NH,Cl 2B Fr ¥y
T UL, & BHIZHAO Z#%H L N,O
M BHDHWVEINO ICEHEIND B LD,
—4 . NaNO, IIMNEH: T TIE T~ THE W N,O
ERRAERLTWSZ &b 728 2 NH,.Cl 2>
5 NOyWARLTEH, TNHIFIETINT
NoO (2725 EB 2 Bivd, NHCl BTN
TiE N,O ERENMEVEERE LT, A&
fbERIC L AT o E=T B {LENEL &
Refx T I U AREEN BN NS
2 HAV%, Lo L NH,CIEE XKV (0.05%)
X HEy (0.25%) 748 NL,O ARk N4
éﬁﬁMwm@%ﬂt_&ﬁ%)MRH% [febSIA

TIE NHCl OHEINIME LIRS 5 & isis
SiFbnsd,

HE 8 :lbcl:U\‘ 9 (NaNO,+NaNO; ¥ L ®
NaNO, D &) IZBWT HIE 3 [ZIFWED
N,O 23Rk L7=Z &1k, MR1 ¥k N,O Azpk
EREAETDHRROEFIE NO, ThHhDHZ &%
MR LTWS, Lo, MRL BkAY NOy
—NO—N;O D Vi % il filf B & T £ 1

(nitrifier denitrification) #2723 9 v FEAR
HTH 5, Methylococcus capsulatus T v
J NRNT CHLAEERR TR B T R o
Lol v, HAO DT NO,
MHbE Faxi 7 I vindll, &5
NoO ~EHE S5 AlREMERN R S TV 5,
L7=MoT, A% OFEIT NO, TR ELDMEdE
SNDHHZUNRTDRIETHDEEZD,

NaNO; E‘Z&T %)/}\%0) N,O EE‘ZZ))N'IJ O 5
N Z LB REIMET 5, BHORD L G ER
BILREZAETHZ ENEZOND, L
MR1 H&‘:%U\Tﬁﬁﬁ&@@w wuy)cjﬂfb\
7200,

@ Methylomarinum vadi IT-4

IT-4 BRIZIPRE O S B IR IR OKIR
23m) XV oL 7z, IT-4 BRiZ NaNO, 777E
VC‘@;}‘L/}\%@ Nzo %QZE‘Z I_/f:o NH4C| @{%%j]l]
RHEINA N,O Bk ZRET 5 & Vo 722

mu@%i}’biﬁﬁloto IT-4 *ﬂi %’%’C&i hao
L&H‘?))*Auuj ENRMoT=Z L v, NaNoO,
25D NyO AR IE HAO LIS DOEEHEREIC L D
HOEHEEIND,

# 2. EBRIZHW A Z B & N,O ARk e

Methylo- Methylo- Methylo- Methylo-
bacter marinum halobius halobius
MR1 IT-4 IT-9 10KiT
S EEERIR FEER  EE¥KE  EEBRUkE 1B
BREBE 25°C 37°C 45°C 30°C
hao #{&F + - + +
BREEE 3.0x10-  1.3x10'- 1.4x10™ 3.3x10™-
(cells per mL) 17x10°  2.0x10° 2.3x107 6.0x107
N0 & & (nM)
HHE1 +@ BDL ® BDL BDL
HE2 10.8 BDL * BDL
H£H3 1980 15.7 14.2 58.7
HH4 8760 12.3 16.2 104
HE5 13.2 BDL BDL BDL
HHE6 25.2 BDL + BDL
H2E7 8.87 BDL NA © NA
HHE 8 1210 7.81 NA NA
HEH9 1240 13.3 NA NA

(a) =, WERINITL D72 D RiEE
(b) BDL, HIZEBRFLLT (K 6 nM, #axi& L LT 3 pmol LLTF)
(c) NA, YHILE TIIAEBFTRAT DT DRSH

@ Methylohalobius crimeensis 10KiT 35 O
Methylohalobius sp. IT-9

0KIT#¥RIZV 7 F4F. 27U IT7EROHE
I8 C o Bt S AV BR R AR B I ARt S Tk
T, AWHIET i.ﬁkf%fﬁ%%l%’?]i DA L7z,
IT-9 k1% Methylomarinum vadi 1T-4 ¥k & [/ UAT
BEIMTERRR LV SBELZ, 2B 28RIT
ZEFEPLL LTNaNO, & NaNO; #FfH Cx 72
Wiz, BE T7T~9 ZbrE ., HHE 1~6 D&M
Tf%ﬁ%ﬁoto%@ﬁﬁ NaNO, Z ¥/
L7235 AT 50372 NyO AR5 iz,
#ﬁ\m%V@deﬁwu)iﬁ%ﬁﬁb
TWAIKLBBOONDLZ 0D, 5%, 7
— A AL L THEE @“éﬁ%#%é SN
Methylohalobius J&® 2 #2513 hao Bf& 753
&z,

AREBRTT R TOKRICRD LNTZD
NH,CI Z BTN L7271 T 17/% 7
BibizHED %@éhiﬁb\& WHZETH
b, —H., TXTOHKTHEEL T, NaNO, D
WD N O A EEET 5, H D5V
@jls{ﬁﬁ)&)é N ﬁs‘%ﬁ‘/ﬁ f:o NO, no Nzo
ORI HAO NG L TWA0nE 9T

DT, ZNETONE TG NHELZE S
TWAHLOD, FEH NS FETITIEE > T
B, A%lT. E R rIvoa gl
Lf:f]%é\OD NoO R EFRA~D & &bz, B N
o % LT 2 R NaNO, 12 L 0 JE VIE
SNDHE R EHRETDHZ ENHEETH
5,

(3) MBAIER LB T T A ~—%
72 PCRIEIZLY | hao B TARE LT, &
O #% B . Methylobacter sp. MR1 £k .



Methylohalobius  crimeensis  10KiT  #k .
Methylohalobius sp. IT-9 #£® 3 ££7> 5 hao #kiE
(B F D3R S AL, EAE A 860-bp O HE KL
FlaRkE LTc, £ o OFIERT X/ BEELYI D
R MM CIiE. 7B =T BIALE
Nitrosomonas europaea ATCC 19718
(NP_842054) ® HAO & @ similarity 1%
56-59 % . A ¥ » 1k Methylococcus
capsulatus Bath @ HAO (MCAQ956) & @
similarity 1%£79-83% Cdh o7z, T —& N—*%
IDRER STV DMt A Z ER{EE D HAO
L DOFRBEAREM D20, 7 X/ BRES

(286 aa) Z VN THRAIEIC LV RHH 2 AF
B~ (K1), HAO O FRHEIRIZ 165 rRNA
BT ORMER L LKL,

X 1. HAO 7 I/ BelCH| DA HAs

Planctomycete KSU-1 (AB365070)
Nitrosomonas europaea ATCC 19718 haol (NP_842054)
Methylocystis sp. SC2 (YP_006593344)
Methylohalobius cri is 10KiT (This study)
Methylohaiobius sp. Cul-9 (This study)
Methylococcus capsulatus Bath (AAUS2745)
Methylomonas sp. 16a (GQ241350)
=|r Methylobacter sp. MR1 (This study)

s7j— Methylomicrobium alcaliphilum 20Z (CCE23516)
3L Methylomicrobium alburn BG8 (GQ471937)

0.5

(4) AX UFALE O NO ARRICBIT 2 it

TINE TN O bDH b DD, EBT
- UL TH D, LI TRIFIET
LB X OIC, EFSRMFIZL > TN A
WENKE LSBT HZE2E2 DL, Hil
IZBEDOSCERT — 4 & N,O ERkBEZ L3
HZ EIFTERY, AUFETIL GC-MS % H
WD Z ETHERLY HAYEEE T NO &
EBETEXDLZEN Dol 5%, BEDOH
LHEBEEFRCHECHELEST Z &I2L0,
A X UBRLERECRBIT D N,O AR 2k
NEVEEHICR>TL B EER D,

Fim AX UBLE D NO, NS ED X 9 7
TR T NO ZART 2 DMNIRTEKE 7k
Ml LTHERSINLTWS, ZNEBHLNCT S
Z LN NO ARz NARICHIET 5 ETH
KAIRThH D, ToE=TLEL RV,
A A UBRLEEIZ X D N,O ARk iT— x /L
F—AERICEE L TWanWeEZ N, Zh
IFBETEROER NS T e —F %
AREICT A AT, T o E=T{bE x5 &
L7 BRI _NERTH Y . SHBBET LTV,
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UdEsEama) G2 1)
(D Hirayama, H., Fuse, H., Abe, M., Miyazaki,
M., Nakamura, T., Nunoura, T., Furushima,

Y., Yamamoto, H., and Takai, K. 2013,
Methylomarinum vadi gen. nov., sp. nov., a
methanotroph isolated from two distinct
marine environments. #&cA ., IntJ Syst
Evol Microbiol, Vol.63, No.3,
pp.1073-1082, DOI:10.1099/ijs.0.040568-0
@ Hirayama, H., Suzuki, Y., Abe, M., Miyazaki,
M., Makita, H., Inagaki, F., Uematsu, K., and
Takai, K. 2011, Methylothermus subterraneus
sp. nov., a moderately thermophilic
methanotrophic bacterium from a terrestrial
subsurface hot aquifer in Japan. A &¢A . IntJ
Syst Evol Microbiol, Vol.61, No.11,
pp.2646-2653, DOI:10.1099/ijs.0.028092-0
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