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Abstract: [Objective] CHs is the second most potent greenhouse gas only next to CO2. Continued CHs and CO2

emissions by human activities pose a major challenge to the mitigation of global climate change. Rice paddy, a main
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form of artificial wetland, accounts for ~ 8% of anthropogenic sources of CHa. The elevated atmospheric CO2 (eCOz)
affect the cycling of nutrients and elements in paddy fields mainly through the changes in plant-soil-microbe
interactions, which also influence net CHs flux associated with both the methanogenic and methanotrophic processes.
However, how eCO:z affects aerobic methane oxidation in paddy soils has rarely been examined, and the adaptative
mechanisms of active methane-oxidizing bacteria (MOB) for eCO2 remain unclear. This study aimed to explore the
changes in methane-oxidizing rates and identify the active MOB phylotypes in paddy soil under the eCOz treatment.
[ Method] We collected paddy soil samples from China’s FACE (Free Air CO2 Enrichment) experiment station,
with FACE treatment and ambient CO2 concentration treatment (aCOz). The CHs-feeding microcosm incubation
was applied to learn the methane-oxidizing rates in the two soils. DNA-based stable isotope probing (DNA-SIP)
combined with quantitative polymerase chain reaction (QPCR) of methane-oxidizing functional gene pmoA was used
to identify the '3C-labeled DNA. High-throughput sequencing and phylogenetic analysis for the 16S rRNA gene
amplicons of the 1*C-DNA were used to identify the active microbiomes during methane oxidation. [Result] The
results showed that eCO: significantly stimulated aerobic methane-oxidizing rate when compared to the ambient
CO; treatment, with 302 and 243 nmol CHa-g"! d.w.s-h!, respectively. The abundance of MOB increased by 1.1
folds -1.2 folds under eCOa. A group of MOB assimilated '*CHa and synthesized '3C-DNA, which were separated
into heavy fractions during DNA-SIP. The result of high-throughput sequencing for '*C-DNA showed that
Methylobacter and Methylosarcina predominated the active MOB phylotypes. The relative abundance of
Methylobacter increased by 16.2%-17.0% while the relative abundance of Methylosarcina decreased under eCOo.
eCO2 also stimulated the activity of non-methanotrophic bacteria, such as Acidovorax and Pseudomonas, which
implies a methanotrophy-induced microbial community response to eCO2. [ Conclusion] This study reveals positive
effects of elevated atmospheric CO2 on aerobic methane oxidation in paddy soil, with the predominant and active
MOB of Methylobacter playing crucial roles, indicating an improved potential of methane oxidation under the
scenarios of global climate change.
Key words: Elevated CO; Paddy soil; Methane-oxidizing bacteria; DNA-based stable isotope probing; High-

throughput sequencing
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52 A CHa PRI 2 5 [ BURE R0 AR A5 AR 1) B R, 2 PR 2030 4F RTS8l
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PMOA®T, JET- pmoA JE A1 FE e AL AN 181 43 25 5 4 B 16S rRNA LRI R4 K & 3 400¢ R A
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KFKA CO WRIETFR (eCO2) AT REI I 52 M 7K R AR AR - 3R A= A e 4 1 52 M e FHE
CHs Hiul . — AN, eCOr TEUREH CHa HERUE S =i rT 3220 40%U12-831, SR, ik
IR B eCO, I IE S 15 0 R it A A B AR PR )38 I 2 R & %5 . 51, FACE 5256 (Free
Air CO, Enrichment) i —43E01 T 69.4%) CHs HEE, EE . B =4FEN 4 m[F 2 44.0%
1 25.6%0141; FACE b3 13 ~ 15 2 5, CHaHFRERO BRARBED T 11% ~ 54%15), 7~
AR A B G R ) T E R R AT e & CHy HFGH R A SR R e, 70l B
B o B R R e SE A R R R I RERUAE I £ T 0 eCOr, — F TR YIE S 1EA, B H3EAa HL
W, AP R A PR B 2R, A fEE CHy 7242 55— 77T, eCO, AT f I Ik 3 i
YRR Y EFESHLR, RN R WA RE T35, e i 50 B o 000 BRT5 2 T 385 o B e
AL REDO, [R, RIESRA . KRR, RERTICH . HEBE T AN A S AR R T3 AT BE R
M) 77 FE A A R e S A B 724, T S BOR S CO THimikt CHy HERT SEma AR AN [R] o it
S B AT A e BB AT B SR T R, AL eC O, ARBE W] AR £ w5 7 F e
BRI e SEAL EBOR, TRE A AL BRI 0, eC O, X H b AL 8 IO HE RN 5, AT 32
INEE T CHa FIEALTHFE, FRIK T eCO2 X CHa FIBEHERBI, SR, 2% eCO, FAMH H At
ALY IS FENLRIRIE A, B e AT A D 2H RS 1 8L RAEEAT SR A I A 1 45
w. REBWFAEGRER eCO, KR LI TFH AL BRI 11 FA yH
1221, eCOL XA 11 H BT A A0 T I AEDNS =F BE AT 35 5o mm 23, (2 B — A E VR 45 1 AR 4E
EIREEIR R 2 A AH I 2 A, AT BE TG LS I B R N FETBE R o T AR 1 (R A R i
A LR DNA T BETSER A 4y 8 SR 2 I ST BB R, fE— EFEE LE
TR At sz e R SRR TR R FL T RE X KR CO2 MR FEE T i IR LA

KA FARFEH B FACE 7KHE H SR80-F 5, DA H e A A T e JE K pmoA LA 41 B 16S
rRNA JE RN #EFR, JERE S 98 8 PCR. Faue M AL R IRIRE DNA-SIP 4545 Sl &
MWFHEAR, WFFRRS COz WREEF - 2544 /KRG L B bt A A 2 S A= M i AR AL R A
B NG BRI 2 CHy RS i A RSO0 AR SRR SRR 22 A

1P i

1.1 HIEEARRE

IKFEEAEACRAE T HH FACE /KRG HSLIF &, %L F AT 2004 45, AL FILARE
M SR BRI (32°35'5"N, 119°42'0"E ). 4t BIEE 7 s AR -2 401 U7 .
FACE HI[A]SEES X HH NS RE N 12.5 m B\ SEae M R, Hod =AM RS CO,
WREERRA COL MR T 200 + 40 uL-L' (FEAWFFEHFRA FACE D, 5 =AMECHIER K
REMF TR COREE (XFHEE Ambient) [18:241,

AT 2008 EAKFENGR G, 43 HK4E FACE [BI A1 I K2 0~ 10 em H3EREA, 77
SEI6 =0 IR T I T AL EE, B BRI 2 mm 7, R A IE], AT K S BN AR 2R 60%
(P 25%/c A7), FTHGEMM T H IR R
1.2 BC-CHs B2 E MBI RAZERIRET (DNA-SIP)

T BC-CH,4 R PERIA R EARET DNA-SIP SERiAstn SRR (B 1. #ERFR
BURA IS 4 (FACE FEIFIXT IR Ambient) 5.0 g, BI04 B T 120 mL HLiE R ES, I
TEORUA T A 2 2% 1 AR s U, BN 1.2 mL U5 1.2 mL 5546 CHa,
fFHEN CHyIRZE N 1% (10000 uL-L") A4 . % E BCHaAMCAHAE R 2CHy XFHRA, 4
FEN BCHy (99% BC J5iFFJE, Cambridge Isotope Laboratory) B¢ '2CHa, FH-7EHR N AAE
P JE I E WIS CHa R (GC, Agilent 7890, USA). #4Fifg AbFHAE 30 °C&A N i &
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Ri7e, BEBE 120 #ETZ SR 1 mL W2 CH IR . AEG B WA AT, — AR
J B ATE PR R (THFE 60% ~70%, 36 h) &5iiEs:, 7 —27E CHy #4808 FE/S (100 pL-L-
VPUR, 72h) SRR, R ARG ITMEE, B R ASHUE HRAFT-20°C, H-T DNA
SRR 73 1 5 M

Iy IRREUE IR R KRG % 0.5 g, A03E 36 h A1 72 h PR Ta) AL A bRic A dEbRic 4+
HEREAS, JLit 24 4, fdH FastDNA® Spin Kit for Soil (MP Biomedicals)it 7 &, A4 1 B 45
AL E D BRI IR A M 40 DNA, FRB AR T 100 uL TEHE /K. S8 s %4k
366 (NanoDrop ND-1000) il 5E DNA ¥ B A4l

¥ EIRFS 1) DNA A AT e a3 A R B0, SERRERE S % DA Fi200, %
HODIREFE: 4 2.0 ug DNA 5 CsClLETR I ENR A TERAIUGTTE 1% 5 1.725 g-mL [0
W, HEBEZE S I mL P EESOEY, MEET 0SS0, 20 °CHELE R 45
000 r'min (190 000 xg) &.L» 44 h. ELEREHEOEFRIERE TR E335R 15 A
)75 1% FE 1) DNA %300, 22 WUREE S 1.5 mL L &0, @it PEG-6000 K DNA 5
IR RN T 55, 320 R 70% TG U DNA, il HE T 30 pl LR K,
20 °CAFAF, FTH5IC DNA (BC-DNA) % 5 MEPEAE M2 B 20 4T

EF o, MR SIS DNA-SIPSEEE A
Be. Ir_ 1_26__: Lo If_ﬁc__ ™ e Be
mes) 1#mz)  Umes) (e o) um am
o | - ) o | [ e ]
1% 1% 1% 1% >
13CH, 12CH, 13CH, 12CH, LC.DNA
sgift sgii  sgri sgm |
Pet 1C-DNA
= I )
FACEE FTEBE Ambient it
H
ERR 12/ s, e |9
Il ' & \ 4
= =yt i B BCin RophE
[ WL ] %%%ﬁﬁfiﬂ— TFEEERERDNA
SERTSROLIEEPCRGT SECYEEPCR, BEENE
[ FRAUETE ] [ S CIRORED

1 BCHa f2 8 TE AL AL IR IRET (DNA-SIP) B 78K CO2 e P v B M 7K e 4 R o U0 1) S 30 1%
BHRE
Fig. 1 Experimental design of DNA-based stable isotope probing (DNA-SIP) of methane-oxidizing bacteria under elevated
atmospheric CO; in paddy soil

1.3 EREER PCR SEBENF

BT e B 5 A5 B R 0 B2 220 DNA FEAS, A 514 A189f/mb6e61r!5E
5 AT RESE A pmod HIEE . €& PCR MK R 20 uL f245: 10 pL SYBR Premix Ex
Taq (Takara), FJFEAIRNIFSIY) (10 pmol- L) % 0.5ul, 1 uLDNA #iR (DNA-SIP 384531
AT 15 2 ) DNA IR EEVERIZE 10 ng-pL! PUR, B4 T PCR M) Al 8 uL L /K.
pmod FERY 1) [ N AF: 95°C, 3min; 30x (94°C, 30s; 54.5°C, 30s; 72°C, 45s);
72°C, 10min. PCR =¥)Z8 e fi i A AN IR b r UK I AE, BT —IEAE . Frfr 33
WFAE 80% ~ 100%51E FEl 2 A, R2 5 0.990 ~ 0.999( CFX96 Optical Real-Time Detection System,
Bio-Rad, Laboratories Inc., Hercules, CA, USA). 55 i#id 7 HT pmod FEH 46 %} &AL AN A
7 /1% EE DNA ) A RS0 WG AL T ) P C-DN A

Xf 13C-DNA # it HEAT m il 2 Fe, 204 Herb B E YA B 18 Sl A A AN [ F54% (Tag)
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()40 B 16S rRNA & [K i@ A 5] % 515F/907R  ( Tag-GTGCCAGCMGCCGCGG /Tag-
CCGTCAATTCMTTTRAGTTT) #4T PCR ¥ #l7, PCR /=#)% i & (DNA Fragment
Purification Kit) ik 5 AR E & 1) Tris-EDTA ZEpfiirh, 3 HlE DNA . &k
DNA FE S R IR A G T 454 miE &N (Roche GS-FLX). FHLEHE & 4 ff H mothur
(http://www.mothur.org/) HEATFi#%, LA 25 40 23 BME, REKEN 200 ~ 600 [1)/7
F, JFAEA VA BORIRES s AR S B bR RO S S, SRS R E
%), H RDPMulti-Classifier Chttps:/rdp.cme.msu.edu/) X 75347 ¥0Fh 43 20EFE, cutoff 1%
HHN0.5.
1.4 HiELIR

K] IBM SPSS Statistics 19.0 (SPSS Inc., Cary, NC, USA) Ziit-#pEHEAT 3 /047,
KR KT 2 (One-way ANOVA) ¥2:%F FACE &A%} 8 & Ambient [ H e iR,
WA E E TS REME R, P<0.05 NG EE . R Origin 2021 #H4T B %
il

2 45 B

2.1 K8 COKREASXKIE L RIRE IR ERFMT

TEHIUE CH4 VR FE 10000 pL-L! 254 FREFR/KAE £, @i llE CHy A A 4 K, FACE
Pl - SAE AT 36 h H#E T 77%0) CHa, % HEFE Ambient HIEAHFE T 63%M) CHso R
PR LRI RELE 72 h PR HIAETR N CH J LA FE e (2R T 100 pL-LD, fH
FACE & 311 CHy R =T X R (Kl 2a). FACE FEI7ERT 36 h [ e S Al R A =y
15 301.8 nmol-g! dws-h', B3 & TXEE Ambient 13 (K] 2b). SZR G E & pmod FE
K& 8L, FACE Pl -3 S8 b B E BN 6.1x100~ 8.8x10° copies g™ d.w.s, 1M HE CH4 %,
1636 h #1172 h J5 s T4 B el Ambient, $G0RZ 1.1 6% ~ 1.2 f% (Bl 20). XLLE5 R
KA COL MR BET vl REHINEL T F e b B AR IR HR T T Wb S b 26

1.2E+7

"
S

a) )

~m- FACE > = FACE £ m FACE
_ 10000 } - Ambient . 7 Ambient = 7 Ambient
F- N * "
n S 300 L Iy E *
: | = a00f 9.0E+6 —
Jy 8000 . ]
= B o e
o ] H &
E '.E G000 E\é .g, 200 F 7-3 6.0E+6
= ® 8 13
84000 ® = 3 =
5 2 ~ g
e " O100 E 30E+6
I 2000f = £
o “ =)
? -
== g
(1] R A . H T o £, 0.0E+o LB -
0 12 24 36 48 60 72 12 24 36 48 60 72 36h 72h

REFEIF ] Incubation time / h FEFEI 1] Incubation time / h Ak 3 Treatment
E: FACE 15 CO, IRBEFIE W R4 AFTH5(200 = 40) uL- L (¥ SEI8 40 FE, Ambient 1 CO, i BEJIE N R A I LR b 7,
TIA. *%~ FACE 1 Ambient b3 2 [l B B3E M Z R, P<0.05. Note: FACE indicates the treatment under elevated atmospheric
CO; ((200 + 40) uL-L"), Ambient indicates the treatment under ambient CO,. * indicates significant differences between the FACE and
Ambient treatment, P<0.05.
2 K CO IR PETH R KRS - H e S AL AR MOB i (152
Fig. 2 Methane-oxidizing rates and MOB abundances under elevated atmospheric CO, (FACE) and ambient CO, (Ambient) in

paddy soil
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2.2 K5 COREASFKFELIFEMRREENN

25t 36 h A1 72 h HECAAL)E, 2 AFREL 18 DNA FEAET DNA-SIP 5 il &0,
PAFANE CsCl % FEJZ4 DNA J&, % A1 pmod B E & . MG AEEEH pmod K
KI¥E NAER K ER NS, R —E#ENBSSRIWE, JFCAUOs AR, [ Dok
eI IR B B O JE AN R DNA JZE RITE B FEAEAREARER, 133 pmod FEKIFEANR] DNA
EHIEHI AR & (B 300 G5REH]: 5 12CHy ML, Brfi 3C-CHa Aric b FE i
pmoA FERBEEh D ATHE T J 13 BRI E R (E)Z, 55 5~8 J£), 1M 12C-CHa % FEAL# 1 11)
pmod BRI EF MR E B 12~13 |2), EEZIFRIERFR. R LT AT,
FGE A AL AL T K& PC-CHy HF HA R PC-DNA, fE sl S O R s 2 H 2.

. a) FACE-36h b) . Ambient-36h 13
£ 10 f £ 10 o . & C-CH,
4 E Iy 4 E ! ) -0- |2(“_(“H4
S 82 08 " S22 o8 . °
= T w 1 = T w I
Bg S ' Bog b |
o 5T o 5w
# g g 0o '. BEEMT
= £ B g R '
o B o ¢
#E v o4 ' # 2 v o4 1
- B g W 1 - 2 .g W
=t & D o 1
£5% ! £2% o
S 0.2 ! [ 0.2 )
5 5 : o
= ooto, . —5"-8 0- 00p 9 @ . Q-0 0
170 171 172 173 .74 L5 1.70 1.71 1.72 1.73 1.74 1.75
% J1% £ CsCl buoyant density / (g-mL™") 1% J1% 1 CsCl buoyant density / (g-mL™")
c) - FACE-72h d) Ambient-72h
& o L 10
4 E 4 E
552 08 552 08
L4 T o D T o
.‘;_"2{ E =1] _ﬁ_:' E =1}
# 2 F 06 # 23 06
= £ = E
o5 = -
2 o 04 g 2 04
<S5 S o5
S ¥ o S o
E 0% £9°
2z 7 02 e 02
= gobo 0.0 0 -or

L 72 173 174 175 L0 17 172 173 17 17
% J1% FE CsCl buoyant density / (g-mL™") ¥ 11 E CsCl buoyant density / (g-mL™")
3 WL EM I RERE DR pmod (EANFITE /1% 5 DNA J= 24 ¥ 70 A A
Fig. 3 Quantitative distribution of pmoA gene copy numbers across the entire buoyant density gradients of the fractionated DNA
from FACE and Ambient treatments incubated with '*CH,4 or '2CH,
Xt FACE [l A [ ] -39 5= DNA BEAT mid@ & 07 70 4T, 75 81 222753 A 20551,
H 45 77936 s HIR AL T4, (HEE 35.0% (R 1. HIStELIETEE 2 PC-DNA i)
R B, R e AU B AR > R BE B JF IR 1 K& BC-CHao FACE [ 3C-CHa b5
WAEHE 36 h J5, FLEEULIEFES S % DNA (FS) HfAHX = BEAF] 57.3%, 72 h Jas ik
] 64.8% (F6), Ambient Z4bF 36 h A1 72 h J5 ik =ik 2] 60.3%A1 62.8%. M4k, HLEA LR
FEHEJZ DNA A AR 2 BE R RS HAR IO AR DL S AR S E I BEA 5%, bl iR 2 b
1 HAt A= Vil [FIAE PC-CH AL RE (K (AR e i, tml feS W be AL AR
# 1 °C-DNA #9 16S IRNA EESEENFETLE
Table 1 Summary of pyrosequencing results using a universal primer of 515F-907R targeting the 16S rRNA genes of the

microbial community in *C-DNA fractions

I pmoA L[ i 16S rRNA 3t MOB
MOB /341 %1
yosai! JZ4 CsCl buoyant pMOA gene [ES) 71k MOB-like
MOB-like
Treatment Fraction density abundance Total sequence
sequence number
/(g-mL1) /(copies g d.w.s) reads frequency
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1%

F5 1.736 1.7E+02 4358 2498 57.3
FACE-"CH,
F6 1732 5.6E+04 4978 2213 445
(36 h)
F7 1.728 3.0E+03 20098 4703 234
F5 1.738 3.7E+03 25788 7011 272
Ambient-13CH, F6 1.735 14E+04 15172 9149 60.3
(36 h) F7 1732 L4E+04 14531 2313 159
F8 1.729 1.1E+04 28728 2822 9.8
Fs 1.736 3.1E+02 16 439 1652 10.0
FACE-"CH,
F6 1.732 3.0E+03 15311 9916 64.8
(72h)
F7 1.729 9.1E+03 31738 14278 450
Ambient-13CH, Fs 1.735 3.1E+02 30425 19 104 62.8
(72 h) F7 1.725 7.3E+03 15187 2277 15.0

EF X ELJZ DNA A FGE S8 A0 B AT IR A S Al 45 SR 3R A : 220 36 h A 72 h 1557 )5,
FACE B[ FI% B Ambient R348 K ZHOEME BC-H bt L B8 TR0 I, HAHXF
o5 S B AR L = T 88%, ESFIRBENHIA & Methylobacter F1H % )\ & FRH &
Methylosarcina (Bl 4) . #t—2 TR 8. W Et%4k 36 h 5, FACE [ 1381 1¥) Methylobacter
JEAHX RS 62%, TR Ambient (K 4a): HIEE%AL 72 h 5, FACE Lirf
Methylobacter JEMXTFFEN 56.8% ~ 65.5%, 1194 T Ambient (& 4bd. A, %R
Ambient 3% Methylosarcina J& AR E 8 FACE BEIWIRIGIN, #8236 h M 72 h 5
I 111%F0 4.7%. L, KA CO» IREEF R AT BERIBL T Methylobacter J& W& VE,
— B LI T Methylosarcina J& 5 E .

a}

b
FACE-36h Ambient-36h ) FACE-72h  Ambient-72h

Methylosinus
Merhylocystis

Methylococcus
Methylocaldum

Methylomicrobium
Methylomonas
Methylosarcina
Methylobacter

i A R AT R 1
Relative abundance / %
W b A e T
Relative abundance / %

0 [t]
F5 Foe F7 F5 Fe6 F7 F8§ F5 F6  F7 F5 F7

BCFRITDNAZZE PC-DNA fractions BCERCDNAZ L PC-DNA fractions

B 4 BC-CH4 bRic AL B P EE 2 DNA (BC-DNA) ) H bt A 1 4Lk
Fig. 4 Phylogenetic affiliation of MOB in *C-DNA fractions of *C-CHy-labeled treatments

2.3 KR COREHABIKBLIERESMMEDIF M

COL WREETHm A AN T 3G R e Ak B, AT BRI H e S AR =4, i, H
i R PR R A S e LA I A ) . %5555 36 h J5, FACE 8 13C-DNA Hr3E46 2] 402 N
J&, FHAf 353 AN @At R Pl Ambient AHIF, 17 49 /M@ /& FACE BERAH AR E (B 5a);
He4E L 72 h J5, FACE B4 4NE R E 169 4~ (K 5b). Bt4h, FACE [BE &R T
BIRWE Acidovorax. TNIRFF 1% J& Propionibacterium FVE S HE J& Pseudomonas WAKIE
P, HAXTFEEELE 36 h 540 B0 Bl Ambient 317 6.1%- 0.8%F1 2.0%. X E&f A= Y)7E
KA CO IRBETH i 264 BA HE m A K g 1, FTREAR e FI A 1PC-CHa H e S A FE o = A
AR a4, (R HTE FACE 8 '3C-DNA H i EL il 3.
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FH*} = BF Relative abundance /%
VE: Venn 2 s H E%Ak 36 h #1 72 h J&, FACE AR Ambient & 13C-DNA th3tA . R4 (& HEMAE DR (8K
#E KR FACE B! Ambient B C-DNA %t MOB A Ath 3= AN ARXTF s HoIR BRI i A M3 B E FACE FI

Ambient Z [A][\JZ{f. Note: Venn diagrams show the taxa distribution (genus level) in '3C-DNA of FACE and Ambient treatments after

©-4-202 468

ok

36 and 72 hours of methane oxidation, respectively. The heat map displays the relative abundance of MOB and other abundant genera in
3C-DNA. The bar graph displays the changes in bacterial relative abundance in FACE than Ambient treatment.
Bl5 KA COnRETHE 264 T HBE AL 36 h (a)F 72 h (b) 53 14 e S0 A TR R At 3 5 40 B8 PR X =
34
Fig. 5 Changes in the relative abundance of active MOB and other abundant bacteria between FACE and Ambient

treatments. (a) and (b) represents the changes in 36 h and 72 h of methane oxidation, respectively

3 i

FIH 1B3C-CH4 58 M AL R IRET H AR A S i@ s e, A RIS CO KT i
5N, KRG T e T 13858, BT E AL Methylobacter JEIETEYE N, T Methylosarcina
JEIEVERES o 1X— B FU A5 AR | DL B 70 S Al SR 23 B B AR SRS 22230, it , BT
IR FP A AT RE AL FARIRAR 25 DAL 5 DNA [IAELE, DNA ZKF 40 rE o =5 B i %
BRI A R AR IIRETE R BAR Ak . SRT, Ao M R R AL IRET BOR 58 24O T 40
B S ETE, RS e AE SRR ST I M L A ST R &R . A FiidE DNA-SIP
UERH T eCOp X /KFE A 287 1 H AL R Methylobacter J& & BHEMIRIBAER, FNFFK
R COp IRFEFH M 5 T A AE M iE SR it 7 eSS . (EREERR, ARAESRS
MIFREERAT T, eCOL XT HHGE AL B (R B2 M vl BEAN AR A o 40, G FE 4Rl eCOL FEAIK 1K
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FERR R 288 11 H e S AL B FH LR B B Methylosinus (AT FEFER, T30 7 B3R
A R TA I FERS . At FGE U T AR AR A [R] A 35 rhon K COo MR B2 T i )
R AE . AWFFEH, FACE FBl/KHE L H e S 8% 2 2 & T X ) Ambient 1235,
T 7E — L B ROVRI R AR BOISE Ropth 3, eCO, 2380 CH, WRISE JJ PG, FLR R M RE 252
KA EEEIREL AR, 1 H BT R A R R R RS b A A 2
B, EATR eCO, M B2 7] g 5L G B SEAGTE CGRAY I BB 1D ANE), (B H A LE 138 R L
i, ARG i R A B R AR A U T IR A AL

KA COp MRPE T i AT et fome e 0T, 2T 5088 Y e A B AR S B I S VR
g5t O KEFHFARGE ST 7R eCOr T w25 FAKFELIBR. & B # LA ETT
RIS B, KL COL MR EE T 3R T+ L3 A BT & 51520, B IC VA A & 25,
I, B B B E RSN EABTE L2 Z BT 0 2 BRI R ASEITE
EE S ) AR A S S 2% PR B S MR B435) . Bt S T — 2R3 5 I ThREIUE Y, LT H e
AT HR LA CHay AME—BRUEABEYS, PRI, — Ay CHa A1 O ¥ B 52 R HY e S AL i A 1)
FEERIZR o SR, AR HAT S IR 70 3R B i oo 3O F e A o AR PRAR 3 AR I R i .45 2
[Tz R B, BRI eCOy 551 T bR B AL AL 5 3 I It A ML
MITCHLER & AT kP AR gD, R LAt AT Re i i o538 IR AR AR L FLRR S5
B IR CHa A O R, JETIT R AP F Bt S A T 30, kA, AN[RIZEBLHT B da
AT A BEARFAEAFAE B35 22 5071, SR T e e R 2SI (I CH B O2 WK, BERE TR
TS FERGIRAERKMA, mRA 0 B HREIE F R a4 T RRFAEK
. fEKRELY, eCOx RFTAE B T E 2 AN, et 138 PREUMISOE BOF ™ 4
¥ % CHs, 2R, eCO, WATREMERHEMIMR RAKIF b B 240, RIBERA 1 ke b s
Ak AT R I FACE 18 95%LA EIfETE MOB )8 173824 1, 1fi % Fél Ambient /KH5
P AR T R 1 R R A B . i, ISR 720 JE ¥ BC-DNA A 1T F g
EAE S 13% (4. EHSEERZ, eCO R T AL E Methylobacter &%
P, SRS T Methylosarcina J&WIE T X AT RE H5RRFATA K, eCOL 1IN IEA HLIK M
AR 7 RS &, 8 1 ON A, REMA TR R IRHI&M4 R,
HA 08 /A A RN IR A AR AR B . BT AW TR, Methylobacter J& 1 f S84k
WAk A %0 71, 1 B AT 2RI Methylosarcina J& B R33N H & B 2 I Rg SEIRIB8), Kok
B DNA F1 RNA 7K RIRRE PRI R IREF BT, A Al ReEfERT Methylosarcina J&
Y5 Methylobacter J&X§ K CO» W BTt i AE BRAC U 22 53 LA Rk . 8RR S HL A

IKHE = e A R W] REOR 1 ROV BB SN, FFAE 3 AT AR ) e i A v
RAE T EEAEN . 5 50 KHRE L R 2R AR A R R] EE 10 42, HREI 2 AR R D BER
NEZR, DR A YR ARACIE T RS S AR SR B L R B . F b S I Ay — K%
PEEFRAEY), T8I BRI B HAR S IR oo ER RSB 5 oAt R IR AR V2R i AR B &
B, { Bk BEARGR L MR R D e R A% o AN 7 a8 0 AR e PE R AL 3R BR R R AR VIR T 13C-DNA
337 IR o B a0 KR COp WK T 3 R T AR W e AL TR Acidovorax
Pseudomonas AEKIENE (B 5) . IXEERAEDIEA KSR HRIH T2/ BC-CHs RIEAHHL
ke, 5 EESEA A KA VIOC. B, ERF TR = U CHy il 2, Hbesdb
5 HARAE Y Z TR RIS St — DR R N A . IR H, BRI Feoe s
SRR BT R , B A SRS 0 ) o0 S 2 A 2 A S RURE I F T Ao B A A i o e R 2L
X} W R A BRAR AR AR A BOR SCH

4 75 1
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KA COL WRFETHE L T /KFE LI S e SA g . 83 1 bt 8L Methylobacter
J&A Methylosarcina J& 527K A8 1 1) 3= S35 Ve H Bt S8 A0 B 2R B, 15 7E RS COL IR FE Ty 2% A
NAEKERAEE N, TS E R ERIENERES . KR COn WRFE T A I s 7 2 MR A
FMTE KT, 5 CHy i BB I K.
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