5 09 %45 T 1 H = 2 Eire Vol. 29 ,No.7
2009 4£7 H ACTA ECOLOGICA SINICA Jul. ,2009

RinAE TEARFREFEEARTER

; 1,2 1 ap — 1, =
OB RER RWME,KLE"
(1. P EBR2EGAESHER PO 5 KA SEHEXEALRE, L5 100085;2. H ERHABEHFFRAERE, JL5T  100049)

RE:FEEFHE G RHEE AT e (CH,) ¥4k CO, BAEYI R, TERRAE YIHIRACE B3R R 22 iR 2 AT 23RS
BN HAFEEEZNER. FREFBEEFNRFEEE N Z, B pH (5 ~8) FHIE (20 ~35C) WRNAK
. REHMMTINA, ENET v-8 o- 2T 1] (Proteobacteria) o it 3 WM 37 58 B B FE MR S AR (pH 23 1,38
BERT 50°C) R B RE T BA F AL CESR) TR MAEY) , 24 %€ ¥R TPEMA 1] ( Verrucomicrobia) o JXLE4HH) |
AFETF UER BTSRRI A KT B SR M A A SN #E — P R, [ it i 7 & T A7 75 B B RG  B BE
I FH) CH AR SR B, FFiRmFR 5 o v P B R be 8 77 40 B8 R ol T e i JR A — R o

REEW : LB IR s IR s B R A A s AR AR s ERT T

X E4i5:1000-0933(2009)07-3864-08 FESNFKS:Q045. 11  TERARIRAG: A

Advances in thermoacidophilic methanotrophs from extreme environments

ZHENG Yong"?, ZHENG Yuan-Ming' , ZHANG Li-Mei', HE Ji-Zheng"*

1 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085,
China

2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Acta Ecologica Sinica 2009 ,29(7) :3864 ~ 3871.

Abstract: Methane-oxidizing bacteria ( methanotrophs) play an important role in the biogeochemical carbon cycle and in
controlling global climate change, by converting methane to carbon dioxide or biomass. Although these bacteria have been
isolated from a variety of environments, most of which grow best at neutral pH (5 —8) and moderate temperature ranges
(20 —35°C). Based on the phylogenetic analysis, methanotrophs are classified into type I and type II, which belong to the
gamma- and alpha-Proteobacteria, respectively. Very recently, three independent studies have isolated methane-oxidizing
microorganisms from extreme thermoacidophilic environments with pH values of approximately 1 and temperatures higher
than 50°C , these nonproteobacterial strains were all identified as members of the phylum Verrucomicrobia. These new and
unusual studies will undoubtedly expand the known phylogenetic and functional diversity of methanotrophs, also indicate
that novel methane oxidizing pathways and mechanisms could exist in the methanotrophs. This review illustrates the latest
advances in thermoacidophilic methanotrophs, based on the recent three reports on methane oxidation in the extreme

environments.
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( methane-oxidizing bacteria) , B B 5% 75 3% 40 7 ( methanotrophs ) /5 52 B A WVE Pt A2, B Pl 0, 7E 2Bk
BRAE P R b FR 8 SR A R AN T Z AL VE R, X T B 7 SR A B O 50k B T A W % AR S AR
B HAE XTI 5

A GETE I 20 B B ARSI A B ORI R TR AR bR 3 R AR S S R R h 1 0 B B TR IR
R R. 500 R B JR AN B8 AT RIS RIS 1 y-F1 2T B B2 8 % BT 3 I type T A1 type I B FH2SHY
EATE AL CH, g CO, MR, YR H A CH, /E A ME— B Y5 A RE IR LA X 5 T H B AW ; R BATE AT
38 AL AR R B BRI 12 (RuMP pathway ) #1222 BRIR 12 (serine pathway ) 76 F 7K SF-_FREBR¥% 16 24 )
R, HETRZHE MR HEFMEIEE R pH (5 ~8) MR (20 ~35C) JEHE N EKRAE, AR, 7E—
LA v ()R BE (BRBE ERBRBERAEE R, B A AR K R BRI S, a3 B B T e R O PR 5 B R e B AR B A
T B R BRI R T AR T, T2 8 T — N8 A 17— 1] ( Verrucomicrobia) , 3% 48
RIA BB SR BT TR T T A AR, to 3R B R 60 B R A B FE W b AR PR AL 75 TS AT REFAAE S
BEmHATFHEPRR . ETHECEFRMHETELIR CH, P A4 Y IR AR b LR EZ AR, X
IR A W) 2 T BB R BT 53458 B T 5 A7 3R AR I BRI CH, X BRI AR Jy . BT,
A SCHR AR SR T BCE SR , T2 g A B TR N vE AR H BB IR A T R BB T RS R T 43R
1 TREANHHEAERRREFAR
1.1 TifRAmg P g 8 SR 4 v

B R KT (A K IR B Rk 50°C) F5E 8 R4 B 2 Methylococcus capsulatus™ o WG , A4k & 3L T
Methylococcus thermophilus , Methylococcus ucrainicus , Methylocaldum tepidum , Methylocaldum gracile F1 Methylocal-
dum szegediense % JLARIT AEL H EIEMEE . 5 M. capsulatus A[G] , Methylocaldum J& BIFP-& 7 BURLIR B be A 4R
AL (pMMO) |, T AS & AT P Y Be B 48 AL BB (sMMO) , 3 H. pmoA R 751 73 1 3R B HAE FE AL _E 40 T —21 57
433" ", Bodrossy 251 7544 S A B AR f R PR LA — 21 I A B SR A0S HB AR KR BE A F 40 ~
70°C Z 8], i@ R E R 55 ~62°C , 4 16S rRNA F:[A il pmoA F: A 75 /3 M i€ HB 5 Methylococcus i1 Methylo-
caldum BB ELAMERFEGRR IR L E N Methylothermus J& HIFH ",
1.2 WERPLEFRMNE

JEEBR) R BRI AT, BRI F B B IR A T I AR A PR T RAF RISk Mo Dedysh /NHAERETR
F e 76 1 2 BT ) 2085 S5 T T T R GEME AR o AT 502 DA R 1 U8 A 88 V5 3t Hh iyt 4 5 3 3 Ak M AR 1A
e SR, R B4l | ASHiFh Methylocella palustris™ o M. palustris ()40 i BB i i 7 R £ 22 0y
18:1 B, H: 16-5 (161 F1 160 %) BEARARATAR A0 & B U B T E A 1L FACEFRAME ™ . 165 rRNA %
PRI e 3 BRI SE R YL 73 B B SR A L T F e 8 SR A 1 B — 38 233, BATTS Methylosinus/ Methylocystis ] 16S
rRNA Z:H AR 435128 90. 5% F192. 6% |, 1 5 35 B Beijerinckia indica #11 Rhodopseudomonas acidophila
HIAR LR RN R 35 96. 5% 1 93. 5% |, Ja Wi B LERRIE TR EEPE KRR T3P AR S W o X EEIERR F e 78 3% 40 T A 0
EAEK pH 8 5.0 ~5.5" ) M. palusiris &7 sMMO , H: mmoX 3£ 5 Methylosinus / Methylocystis F1 Methylo-
coccus capsulatus Bath Fp (14 [F] 356 & i) e 3 AR U 20 50 R 76.5% ~T78. 6% Fi178.0% , A1 L F2 B Methylocella 1)
mmoX FEPRTE L T — #5332

55 1 KRB R b2 R 4N Methylocapsa acidophila J2 \FEAA I TE A — KR 5% PR HO A BS T4 ) . S
M. palustris ff) 16S rRNA B & Fp S AHUTE =35 97. 3% o RAE & B — A BRHEE H AL (404K pH, IR
B, B B BUR ) , BEM MR S B B MM A BEARF. M. acdophila F§H pMMO, K&
sMMO ; Ho20 o 5t 5 Z B fig g B AR Bt H o (PG) , TidE M. palustris #9855 Bt T 2k Z BEfE (PME) o 50, M.
acidophila A RETE B R KB MO 2E . HE R, R RIFEST B B BRI HY , X SL g IR FR 400 5 37 40 B8 20 70531
RFE 2 HBAFRHRIIFIEF A,

WFFTUESE , A I FF e 1 S5 2 PR AEXS T58 R e 8 SR 4 B A S TESSH—Zh 88 L WA [R&E R AL , 4n 2
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PR T AR5 A0 M PN B AR 4L B A DL R (AN S RS RESR W it S - I R  EWE 55 ) & BB I AR 1 5%
XEENTEE T ERSFE T AT ETHLELG" . BMES TEYFMETFENER, LHEMAEY
SRR A F B RIRE, B S R A A A EEY R 2R DI SRR IR R 8% 21 T TH ¥ 7] fB i
DART B Ah T, AN H A vT BEAEAE BT LY CH, R Ak R A A FEAR L
2 BEABRREFAENSRTHRAR
2.1 3 HRIEIAIRF BUE SR

Islam 256 By B 2 87 Kamchatka R 1 15 3R 10
AR KR RE T M3 B R SR (LB, 1K
NaCl,pH 3.5) , ZEJL B 55°C , CH, ¥k J& 3y 60% 4% 1
T, R EEER T B EBAWR a4,
A KRBE FE M Kam 1, 3 %) 2 5 B~ Methyloacida
kamchatkensis (£ 1) ,iZH MK 20.8 ~1.0 um, HiZ
290.45 ~0.65 pm, REFEFFR(E 1) . [F#E, Pol 25
X NI RFIREHR Solfatara 4b 5% £ F U8 3% F K LU 1 #4 I8
BANIRA LIRS, 4 AN HE1T T 50°C KRB, pH 2
2,k CH /BB — kIR FRB TR S BV B AR 1S 5. 3
JJG  FEVE AR LA 2 G R m hEE B T CH, BT EkK Kaml BB A0R ()
HEE, WIS FERE s ettt , BE AR Fig. 1 Photomicrographs of the methanotrophic strain Kam 1
FEBRIRMG it UGBS XS B SR AT I U8, BB B | ARFFAR  A¢ 1000 ARRBHGLF MIIRANIE (AR, pm) B, C; £ DAPI
Gk e W) SolV, T B i B A & N Acidimethylosilex fu- HEE(B—)H 16S rRNA %Eiﬁ’%’ﬁ‘iﬁ%(c) B‘Jﬁ)"ﬁﬁﬁ%‘éﬁ—(ﬂsm
1 Kam 1 9240 MI 4549 ELBAH L (B 2) o 2RI, Dun- oy o 1000 x magnification ( Scale bar, 5 pm.); B and C:
field ZBU/D B R HHVE 2244 1) Hell’s Gate —AbE & Fluorescent in situ hybridization images of Kaml cells visualized with
CH, [ P X 33 11 - 98B B B T S B 76 3L -4 [, DAPI staining and the 165 rRNA gene probe (Seale bar, 5 pm. ) ; D
1E.60°C ,pH 4.5 ~5. 5, 7514 25% Wk fif CH, gk Trensmission electron micrograph o’f a thin section of a Kaml’cell.
RS BRI T AR Tolae Va g5 S e
HBTE 4 N Methylokorus infernorum (3 1), V4 B KL

B H 1 ~4 um, BA% 0.3 ~0.5 pm, I KBS RFFR(E 3) M,

®1 WRABRRETOEAGEN3 HREMLER

Table 1 Comparison of three strains isolated from extremely thermoacidophilic environments (4 -]

HHR4FR Strains Ay ESHb pS Isolated site Tempe‘{ﬁt%e (C) pH CH, (%)
Methyloacida kamchatkensis Kam 1% 8% Kamchatka Jii 3¢ , JEIERE 55 3.5 60
Acidimethylosilex fumarolicum SolV 6] B HRH Solfatara WES AL, VB8 b 1% 50 2 2~5
Methylokorus infernorum Isolate V4[4 BrVE 2% Hells Gate #13X. , FRbKk 135 60 4.5~5.5 25

it 3 AR A A AGASAE BT 98 R B, Kam 1 BE65 LIRS RR R \ B sk RS AR, oA K IO & pH ol
3.5, 10BN 55C . J6 CH, B O, 41 F ¥R BRAE K ; FERS SR 3L P AT R IRV JBE PP B2, VAR I Z 2 L PR R 2
B LB A% ¥ A B4 K, K Kam 1| BA % —VEAF CH, 4k, Kam 1 76 % HL3E FR 5 40 NMS,AMS'™ |
MIMY 10 R BB R R ) LB 3R b R B AR K o PR BEE BRSO A3 B CH, BT RS W7 i , 3 9IF 52
T Kam 1 5t CH, FYEALAE , BB 8 3 AR S0K CHL 400 T 4" . Pol 251V R BLEiHk SolV A
DAZE pH 0.8 ~5.8 WTEEI AR K, B IR R 55°C o A CH, B AR KR K# R R 0.072 h ™', 7£ pH 2 3F:
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A CH AF(ERT, BEEREE SR AR BEFARREE . FAREL  F S AR BRI B 52 229 SolV A, T 7E NaCl ¥k
BERTF 100 mmol - L™ 8 % 35 - 5 & A AN , AR A A K o SolV fBZE B rp K BT (B F B 5e &
T CH, %ML 24 B BEPRE RN 4 h )5, CH, A A IR A KR EH T 46 . 541, SolV iF R =] il F1
ERRRSERERE N AR RT3 RAFAE CH,' o Bikk V4 76 60°C T REFIH CH, 4, pH JERE A 1.0 ~6.0, Tk i&
pH Jy 1.5 ~3.0, Bk, V4 BRI BRIERN FAERME. FEERME ¥ L1752 R
ZH P A AR Gt (ICM) ZE AR VA B2 B8 AR /0 R, TG 7 e /0 B0 200 L ¥y P9 s 4540 v ) R B A IR s 4
(E3) . HEE R B IA A EBRIE IS T BR , (045 16:108¢,16: 105t B, 18:1w8c %, MRTE itk V4 1%
B, R e R S AR AR M RS R BR HEATRFST I, N BR R B V4 2810 e B SR

B3 bk V4 SERagi i P A 5 S o B AR

Fig. 3 Transmission electron micrographs of internal membrane

B2 bk Sol V 4Lz i — 1 [ R Je i 28 S v 5 S A )
Fig. 2 Transmission electron micrograph of glutaraldehyde fixed

SolV cells. Scale bar, 200 nm

structures observed in some cells of isolate V4. Scale bar, 100 nm

2.2 FEEH55T

T 16S rRNA FE [ 751 i LB AT, AR Kam 1 5R[ 55 TE WA H e B R B L X R KT, W
%A BERS | MAEEE R R SR E S o FRR I Kam 1 55— 80 B 5 BRIYE R 5 # ks
FHIFFIAE I K 98% , I 7E 8 A R R A & — Se R M sl PR B h R BBAF7E & 5 Kam 1 AHCH
BB SR . Kam 1 FX B i b FAEPMBET TP R T — N E%HE, RAERK B4 N VIAM, BEREM
HI T RERIRE R e B SR M . 78 Kam 1 A R e B SR 4 i AR IR ZE R, 40 pmoA \mmoX Fl mxaF
FWMRENSHEAMBHRWER, XEH Kam 1 LSRR 5 A LB 3740 5 19 7T 58
N IR

TETERR SolV H Kl B T pMMO &1 . T &I SolV &4 2 NEHEM pmoCAB 4\ F 1 1 A~ HE&H 4
pmoC [¥) pmoCAB 9\, i FiAR#ER) PCR 5|9 FI 5 IR 35 3] T pmoA ZEH . Xt pmoA R B R i1k 7
BB pmoAl Fl pmoA2 53k A & £ WK MR 51 AL, T pmoA3 LR FE 7 — N EFIEL% 5
%o HAMEE RN HEHE R, 7E -5k y- TR B B BB SR, 7T BBAEAE 2 D AH IR 3 & 4 1) pmoA 3t
ENTPL S Bibk SolV AR E] sMMO 154k, R R BLH I, HEHFHMTEINREL S C1RBHHRE
FIZEA , R BB IE SolV A BB [FIETFI FH 22 &2 Y& R XM - 1,5 RS R RE TiR E X ; BB R AL
BRI E (B 4) " . FEREALTFRES T INETREZRRE T REREZEH PRHREA
BRI T, FF B S T B SRS 1

TR BR V4 BT &2 B, 5 AR HER) PCR 5|9 F0 7 25 B B A DNA 2B 334 ) pmoA JEH @ 1 X
HIB R AR E M, BRI T 3 N5 HI4mES pMMO ) pmoCAB BT o Hrh pmoA 1 Fll pmoA 2 JF 1 E A
L, B 5 pmoA 3 FFHIZERBKR ., BT pmod FH B—MEFTA L TN R KL T FHPRREER "
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_‘ﬂaxrj‘%ﬁk V4 ':P 3 /l\?ﬁbu“ F) PmoA & Ef?ﬁﬂi&ﬁ%% RuBP assimilating pathway
KT, BRI, SHERP A MEERME THFA oxidizing pathway
H11) PmoA %8 11 AmoA ZE [ FFFIAR, VA FUREERE oy MOy o0 MDH_ s
B A Ay — R4y 52, PO | TR ] \WEEOOH o
EEM% MAEET ﬁ'}' ik, A 2k ,ﬂ;ﬂ pmo HH W 7J( F Serine assimilating pathway
o

5 % 36 40 P 4 PR 4177 9 £ 1 ) Methylococeus P HEMR RO Solv 9 ARIHGE
Fig. 4 The speculated metabolic pathway of nonproteobacterial

capsulatus H 451 ,AER AR V4 Bt & A i S pMMO
HIFER , Be i R R il UGN R G i SR B R AR . T
BRI ER & A b A AR I J5 B 72 ik AL fLR )R g \NO
B J R ) R PR, X S PR G ) PO BB O 2 PR 25 B Hh
pMMO X+ H3% G HE EAL BT =2k R =4 . R
T, 7 V4 BEHR A B0A & I B 20 RE A P B 4R L A
P IS e . Dunfield 26 A bR V4 258
1 BR300 7 )5 & B0 0 o0 IR e i A ok
TR P EFRME (B S) . HEEALR S —F
VETE R 2R O A R o LR AT
TET V4 Bk, H 2 24 MR ik — 5% 72 5 i AR
w2,

R Be 8 I 41 T8 o LA RS R IR B £ R IR B AR
FIRtEFLE EmR . TERR V4 B, TR R RS B
BERRIE A I G S il ( O - 6-BE IR & LG A C A -
6-BEIR A ) IO RIIRIR ™ =) o SR, A B T — L85
MS 52 ZRIEANEERER , X RIS B2
RIRIEF ] BE R AEFIFEZHRE (& 5) o BLAh, A E T 58
BEHRIRSCA RGP ( Calvin cycle ) F [H 5 1R 9525 I 4
{5 BB BT H — 58 2 1) =R BRIEFF (TCA cycle) ,
EaERE, Wik V4 HAETE C1 %) CH, B BE B A
K, MARER 2D
2.3 3 PRIEIAIR P e E IR A A AL A LB

X 3 R & I B g PR M Y e B I A T AN LA
ARGl bS5 B AR R BUE IR0 E BRI, [F]
WRILH MR CH, SRR, WAL e B SR 40
Methylococcus capsulatus Bath ] pMMO [ SR 25+ &
A 2 ML LA S H PmoB H HERTE—E, T 53X 2
AR 255 LU O B BR R A XS AR ST, (H2 , TE R AR V4
i) PmoB FE H I 3 M5 N BA L BIL KT, T
HbE 3 DMEMP R ZI sMMO, =F AR Z 4RI
TE P B 28 (1 maaF FER 9005 ) KAEAE S 75, 78 Kam
1 P&A maaF 78 V4 F KA T maaF | TH7E SolV
t R IR ST 1) maaF JE R HLREAS T 3] FH B i S 0

strain Sol V!¢

RuBP assimilating pathway: % il % — 5% & 5 [7) 1k 1& 42 ; Serine
assimilating pathway : 22K [Fl {61872 ; THFA oxidizing pathway :
PSR AL R A% ; pMMO, JBURLAR R Joe B 4L AL il s MDH, FH
Jit Rt s FADH,, R 8 Jid 0B s FDH, HY R 3t Sty

RuBP assimilating pathway means ribulose monophosphate pathway for
assimilating carbon, Serine assimilating pathway means serine pathway
for assimilating carbon, and THFA oxidizing pathway means tetra-
hydrofolate pathway for oxidizing formaldehyde. pMMO, MDH,
FADH, and FDH represent the enzymes of particulate methane monoo-
xygenase,, methanol dehydrogenase, formaldehyde dehydrogenase, and

formate dehydrogenase, respectively

THMP oxidizing pathway
THFA oxidizing pathway >]< Calvin cycle
MMO "N /
CHy 2 CH3OH ------- ~HCHO TCA cycle
KADH
FDH
HCOOH CO,

Variant of serine assimilating path way

IS il ORI bR V4 IR R

Fig. 5 The speculated metabolic pathway of nonproteobacterial isolate
V44l

THMP oxidizing pathway: PO & B % 151 0% F i 4 fL 3% 12 ; THFA
oxidizing pathway: VU & M & H i %6 1L i& 7% ; Variant of Serine
assimilating pathway . 287 i) 22 BBk [F)fL 18543 ; Calvin cycle: KK
C—AFRIEIF s TCA cycle: = JRIRIEFR; pMMO, JURDIR H bt 2848
ALt s FADH,, 8 JB S0t s FDH, R R I 0Bt

THMP oxidizing pathway means tetrahydromethanopterin pathway for
formaldehyde oxidation, THFA oxidizing pathway means tetrahydrofo-
late pathway for oxidizing formaldehyde, and variant of Serine assimila-
ting pathway means a variant of serine cycle may function in carbon as-
similation ; Calvin cycle and TCA cycle mean Calvin-Benson Cycle and
tricarboxylic acid cycle for carbon fixation, respectively; pMMO,
FADH, and FDH represent the enzymes of particulate methane monoo-
xygenase, formaldehyde dehydrogenase, and formate dehydrogenase,

respectively
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P [RIBT, 3 e H7 4 5 1 Bt 8 R4 B R RE R T B B AR R AL & 42 o BRIAR SolV Al VA AN{UFI FAETE B 7Y
Bt 75 IR 40 B Ak P 10 DU R e s (THMIP ) 3245 AR BT BB R FH T DU UM BRI . 76 V4 il SolV Hp th %8 &
HRIRC—AFEAFHEEERE ,7E V4 TR EZELRA T EBER/RICAREIF IR, RHXEIF T 8
5 V4 [k B X (B S) o 3 MEMRERA X 2878 B AL b s S 40 B 1 B BAR LA N IR S5 H (| T ~
&l 3) ik SRS R RE RS TR BRI A B Z5 48 . 3555 |, MR V4 A RKIEIRZUKEE CO,, CO, fFTERT Y
ARKERLTE CO,MER 2 MIUER, B2, X LR R B g HARR B e 8 55 240 1 7] BB FH Y & — Fh R i ik
[FfLiER

13X 26 BP0 7 S 2 R AR R S BRI P 2 B AR A5, (EL A 200 D P 2 Kl R 5 3 PR e SR M AR L
F VG ARR B e B SR A AN BE AT BB R B AAAE TR PR T, U BT TA] RB7E IR 75 23k CH, By AR
HEEZEEM. 7583 o BERYHARARAZmIEY , RAENET NP ERHE, AR T
SR & BUH) Methylocella silvestris 25w B VE R E He vk F be B 4 > .
2.4 PEIE ] ( Verrucomicrobia ) FAFFE BUR

BRI 3 PREFEPR e S SR B Kam 1. SolV & V4 f— MR SE RS ZE T, BATEE T
(Verrucomicrobia) o P73 7E 1997 AEF IR P BALE 6 NPT 2 40 TR AR A 3R 5%,
AR AZERsh i =, e b BT S M 1% ~10% 7 R EMNESEBBNESH
6, FasE AL Z ARSI, Jei R Btk Y MR ™ b CHLUBESR S 5%, R B 17 fk
WE AL, Dunfield 251 5 78 N — A BRTEVR 3 TR & 55 32 T3R5 55 —MREL , 2L 16S TRNA 2
HF5 5 V4 BFEIETE/NT 90% o i THE M2 E 8 R — AR, & B e U6 PR B 2 R o 8 R 4 7
MEFREZ T ERE IR Z6e S . HET, M TR D BULKRE B s, K EN T2
REEEFEEE . BBA S EERERWE 3 hWENR, ERE T T LM WRE R 5
BRI R BIEFAR B K BB s I R A P . B, Km 1 %58 3 BREE 50 B b 4846 1R
B HEABRAFER B , Verrucomicrobia M A A B 2 AR B IR R T HETHE M5 R
3 4iE

3 MR R IR VG AR F ot B SR 41 R 4)8 F Verrucomicrobia, 16S rRNA [ FFI R EANTH B X H|FKE
BT T RGBSR . T Verrucomicrobia |37 H BUAE & 2RI, (H LA AR B D, H X 26 &
KB Verrucomicrobia F] BETEGRAE W HIIR L 2E TG h R HEEEEZIEM , W RKFEE TIRESAK CH /28R
RIEFREZ IR AERF N, Z BB JUHRIE AR 58 SR 40 8 7 B R IE TS B 2, 7T LA 25 I8 2 40 T
A4k CH, STk EL S RTA I EE R . B, 724 J5 A FE Hh, — 5 T A] LAAE S X 9% Verrucomicrobia f 4
BT RE, RNRR R THE T80 P 8 R4 E WA, ENFE 1 T AR5 08 P e A 75—
75 T AT DA P b A 35k PR 2 2 0 0 2R, 1 2 2 vk o X S W AR i o A 0 ) e A B 25 4 S LT RE E AT IR A
WFFE , DR AR AL s ZEAR WY Xt F e S ALV E R I IR B , 38 v] AR B B L B F BRI R A% — 11
TARERARAN AR FE , R RS CH ¥R B , 2 e IR 3000 S B 2 BR R AR AR L R &,
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