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Spatio-temporal variation in the abundance and structure of aerobic methane-

oxidizing bacteria in the littoral wetland, Yunnan-Guizhou Plateau lake
XIA Pinhua,LIN Tao "

Guizhou Key Laboratory for Mountainous Environmental Information and Ecological Protection ,Guizhou Normal University , Guiyang 550001 , China

Abstract; Methane (CH,) is the second largest greenhouse gas in the atmosphere after CO,, contributing 30%—40% of
the global greenhouse effect. CH,in the atmosphere mainly comes from human activities and natural ecosystem release. In
lake ecosystems, a major proportion of CH, emissions originates from the littoral wetland, which has a great deal of spatial
variability in hydrology, sediment quality and vegetation. Methanotrophs play a crucial role in mitigating CH, emissions from
lake systems to the atmosphere. However, the distribution of the aerobic methane-oxidizing bacteria (MOB) community in
the littoral wetland and their driving factors are less understood. In this article, we investigated the MOB communities in
habitats ranging from an open water area ( permanently flooded) to an occasionally flooded area in the littoral wetland of
Caohai in Guizhou in four different seasons. The MOB communities were characterized by quantitative PCR, terminal
restriction fragment length polymorphism ( T-RFLP ), and sequencing of pmoA genes encoding the o subunit of the
particulate methane monooxygenase. The abundance and structure of the sediment methanotrophic community showed a
remarkable spatial variation. The littoral sediment methanotrophic communities were composed of Methylococcus and

Methylobacter (type 1 methanotrophs) and Methylosinus (type 11 methanotrophs). Type I methanotrophs were most abundant
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in the permanently flooded area whereas type Il methanotrophs were most abundant in the dry-wet transition zone and the
occasionally flooded area. An explanation for this distribution pattern is that type I MOB usually have a lower affinity for
CH, than type II MOB, therefore, type I MOB have a strong competitive advantage in places with high CH, levels. In
addition, type I MOB are considered to be K-strategists and have a better ability to endure drought than type I MOB. This
suggests that different types of methanotrophs may participate in CH, oxidation under different water levels in the littoral
wetland. Our study gives an in-depth insight into the spatio-temporal heterogeneity of MOB community composition in the
littoral wetland of Yunnan-Guizhou Plateau lake. The hydrological conditions are important factors determining the spatio-
temporal heterogeneity of MOB communities in littoral wetlands that directly, or indirectly affect the spatio-temporal
distribution of MOB communities through regulating physicochemical conditions and plant communities in sediments.
However, further studies are still needed to understand the role of type I and type II MOB in CH, oxidation in the littoral
wetland community and to clarify the effect of sediment pH and plant community on the littoral wetland MOB community

distribution regulation mechanisms.

Key Words: methanotrophs; pmoA gene; methane oxidization; littoral wetland

HIE(CH, ) & RATGR T CO, RS — IR E UM, X 4 BRI % %00 1 BTk %35 30%—40%"" . CH,7E
KA (e E B TV AR AR AR R 7. 15107 38K B BUAE AR Bk 1.77x 107, KA
1 CH, 2k [ AR A6 sh A L ARAE S RGBT INAA S R GRS CH, B 2R, 5Tk 7 1 484k
HEEER 16% " SEHAFOLT R LR HBE R AE 89 CH, 24 30%—90% 15 R T B R <2 Hirwl Y oe S AL
(Methanotrophs ) JH#EF " | 1 J5¢ S £k 141 LA CH, 4 Sy Ml — B 5 AN B U5, 76 BRI Th 2 4 CHL, 26 9 i 0 45 11
TERT,

IREE PAETE PR BUOR AN 7] 1 W ot S0 TR 7T, 7 460 J6c 504K 2 T ( methane-oxidizing bacteria, MOB) Fll IR %
MOB, HH 4748 MOB J2& B 578 F2 41 B8 ( Methylotrophic bacteria) B —A0 3 e R TATE T PEmeR ]
FINCIO [']™), 474 MOB fyA: BRI ZREME T A3 8 TARGFBI ST . FHT A AR U SASTE T 1T 04 43
fii AT 43 o 1AL ALY Horp T AR T v 08 4919 HORBR TR, LRI T 15 V8, TR T o B
4,41 # Methylocystaceae Fll Beijerinckiaceae Wi >}, Hij & A Methylocystis F1 Methylosinus J&, J5 % A
Methylocapsa \Methylocella Fl Methyloferula J&"™ , 8% DL H kg S8 AL BN A BTN fE 2L ] (pmoA ) A A Wikr B,
2545 RELP (U3 S5 HAR  RPII0 RS54 R RIS P i 480 MOB TR AL REA T 17 i iy O o

TR A S R G A B A%, AR CHL HEIC AR X i I T 2R S A 1 K S A
AL HERAE 1 i 4 MOB BV S0 AL 45 H 35t 237 AR TR Z0 W S, E TS 0 CH, 17 A Ak 1%
S ANHER , B CH HE S B B B 23 S R, SR, b e B YA A S A D T D ATE T
REFEPEFFHOKIR > IR TR b4 MOB B S5 R 2 2 M A B RABR AN 2, = 5 IR
TR b U 48 MOB F v 2H 180 b o3 A1 i ILAE

SR IRTA SIS R — ARz SR JEUEA DU T 4 MOB. A 70 A fi
JUEE A /D ARE ) H RS A8 1 10 OB 1 -4 MOB BF V% i B 2515 IR B A8 (L A8k . T
FERY FHE H 2 7R WA 48 MOB EVR I 25 S A8 MO S MR B . AR SCUA 2 5 i It TH b ) SR A
F—— BTG, UL pmoA AFRICH) 35 q—PCR T-RFLP | FIHE [R] S ) 45 J7 92 5t M B0 3 30 5
U4 MOB SR MBS A5 BEAT T IF5T, 20 1 UKShAF 48 MOB VS I 25 ShaS i GBI 7 PSS R R T A
AT v D T80 75 28l 40 MOB B 2 2522 B IA TR

1 #MRERFE

1.1 FEEHIR S REE
SO I E ZE G A SRR XA T 5 48 g T e [ 1 e IR B LRV R 0, kb = 5t i R S 5 1L X R
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1P H M FRARBREA T 26°47735"—26°52710"N Fl 104°9'23"—104°20' 10"E Z [d], M4 2171.7 m, J& W #4
e R R, AR L i AT BRI SR AR BIRUR 10.6 °C L AEYIRE/K i 950.9 mm  AHXTIRBE 79% ,
BALR S m, PR E KRR SR 68 B, MO 52 246 FP1Y

PR VDA V2 T b K SCORTRE 5 3 A s sy, DI VEE B /K B 28 080 o 150 T DA SRR A B, BRIV 30 18 /K 9
TR XA AB IR T3 (P) 1 Hb (104°15.255"E, 26°50.899' N ) |+ 1 ¥ 7K 1 7K X $E 7K A8 8% 7K 24 (E) 15
(104°15.910'E,26°50.697'N) st I X BEH (T) {41 ( 104°16.504'E, 26°50.610"N) I /R FHAK X AT 65 B
(V) {EH(104°16.805'E,26°50.451'N) /- 5IE2 H 5 H .7 AR 11 H A7 RpE, 5EE 3—4 N EE L4 0—10
em ,10—20 cm F120—30 em — )2, 1058 /KE RS AR B4 s BIIRER AR A7 BISC IR = s, — 3B 20 KT
FELFE DS, IR R S B RO AL A= A BT iR ) e . O — 43 B T - 80°C VKAF I T 4% MOB 43
F5rHT .

1.2 DNA $2H5 pmoA BEHY 34 K 4lifk

K HI 4% DNA $2 500 & (Bio 101 Inc., Calif., USA) B 0.5 g HEBERE Fiz BRI 520 PR IEAT R A0
DNA %+ H NanoDrop® ND-1000 #% 2 i€ 1% ( Nanodrop technologies ) M %E , 7£—80 C It 17, K HIiF45 MOB )
PR EG 14 A189f (5'-GGN GAC TGG GAC TTC TGG-3') #1 mb661r (5'-CCG GMG CAA CGT CYT TACC-
3) 1 PCR U4 A2 P 40 R .94 °CHUAEYE S min; 2245 35 A9 0GR . 94°C A5 1 min, 58 “CiB K 1 min,72 C
FEH 1 min; feJ5 72 CHEM 5 min, §7HGH9 PCR K= 1% B RE A I R TR ARG I, FH B IR R EE S DNA 46
ALk F & Agarose Gel DNA Purification kit ( Promega, USA) , ¥ 15 BH 453547 pmoA JEH Y IRk 4tifl
1.3 SO E

pmoA FEF E B A5 WE L, VAR ZR N 10 pL, 46 1ul DNA Bz |5 pl SYBR Premix Ex TaqTM, I
TUEBII45 0.1 wL (20 wmol/L) F1 3.8 pl Ay K E XK , P38 5 A- R [, BRI ZRAHOC R B R* M 0.999, i
SR E R ER
1.4 pmoA FER vl SCEM EE K RFLP 437

4liflJ5 1 pmoA FeA A BcAZ i B H A9 7% 5 pMD 18-Tvector ( Takara, Japan ) #3%, 16 Ci &G, %
fEA E.coli DHS JE&SZZSAUML, S Ak ¥ 854 2N 5 % & (Ampicillin) /IPTG/X-Gal /Y LB [A &1 57 2
1,37 CFEESE 24 b,k W CBE B IR R B AL T . BRI SRR LA e R SO RSO A LB
(Amp+) VA 4 C L8, M7 AL RS A AR IR A R, 0 F 5 [0 b #sE 5149 17,

SRR A A T 9 SC R A A 70 I A A 4 454 5 B SO R LR B 100 A4~ (3 € e e 1 E AT B 78 PCR
YSUE, R S UGI A3 A B SERE Y PCR P2 HEAT Mspl ( Takara, Japan) BEV] ., BT L= H 2%
AR RE e FBL UK 43 B D) B, T ABI3730 gt A% 43 AU AT B 41 A HUIK ; BGOSR FE SORFU S 54k
Genemapper #f4:( Version 3.7 Applied Biosystems Incorporated , USA ) 158 K F 2k it G = A1 HL 5 A0 1) T-RF (R
SFRICBRIE - BE) KB, B T-RF AT 50 bp H1 550 bp 22 [8] (404 T AR AT bR v AL AL B 3330 AF T 7 14 2 B
1.5 JEEBFH ST RR G L B W

K 5 BT 7 14 B — 1> pmoA FER T 5 GenBank $4 4 O HUT 51 64T BLAST LA, %5 5 i B T 51 5
G R BT AR I BRSO 56 19 pmoA F[R 781, R ] Clustal X1.83 K F 384T £ & L X,
MEGA 6 %437 () Neighbor-Joining ¥ , 5 [ JE{E } 1000 W, MR G L BEW®!

1.6  HlE b5 54T
PCoA AHIHE R SR RIS R I H R(3.5) 47204, il LR 4R A Origin 9.0,

2 HR

2.1 JK3C MR ERAE
TS 1A 2 7K A A AR 22 TR A | B i B S R A K SO $ - S B AL AR W o0 A A% SR, T T TR
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MK X R SR MK B 7 H ik 160 em , K XK 20K R AE 26—67 em Z A1 2y, 1 110 ik 5 X g 7L
WRHTE S H Oy ASHE K, HoAth 15 K IR AE 5—23 om 2 [A), R W /K X KT s B8 M A FE 7 H K UK
(11.7 em) , HEFWHRTLPK, R 2 HERMIR(A7C),7 HEm (4920 C), 1% pH 7£6.1—7.4
Z A4, E 7K R AE 490%—53% 2 0] (R 1) o NO3 & iUy K AL ARG UG BEAR A Fa 5, HAS RAE s K
EH¥HBLLE 11 H,DOC F Fe® P MK Sk 28 /R K X B iR AIG

*1 HEEF
Table 1 Environmental factors
SN . Ak R N WA R #
. Moisture . pH  Nitrate nitrogen/ DOC/ Fe

Sample site Water level Temperature/ “C

content/ % (mg/kg) (mg/kg)
P(104°15.255'E;26°50.899'N) 120—162 490 19.98 6.4 50.06 801.15 2163.11
V(104°15.910'E;26°50.697'N) 30—47 179 13.93 6.1 97.06 253.18 945.07
T(104°16.504'E;26°50.610'N) ns—23 68 13.89 7.4 93.54 50.12 223.80
E(104°16.805'E;26°50.451'N) ns—12 53 14.25 7.3 76.18 46.51 23.26

ns FARTLEUK; P, HRFZREH Potamogeton; V; ST FIRH Validus; T BEFIRHI Triqueter; E; /KZ R Effusus

2.2 pmoA YJHeIE R B BT 25 70 A

O T HL 4T 50 MOB pmoA TIRESERI R 5, 76 1.78x107—2.73x10° % N /g T U Z 8] (&
1), FUAT B AR 2 SR A AR DX RT3 5 2 X G, T e K DX R AR AR XA 5 76 0—30 em T
P 1, IR 308 X HAT B 5 1 SR 2 3 I 2 B sl (1G4, Ho e TR R AR AR At 3, ZR 5 AR (R i, K/
KN T H>5 A>11 A>2 H . pmoA THREHRE ISR 530 4 B 1E M6 (P<0.01) , 45 HE 7 Wk % . NO, -
N AR 3 (P>0.05) .
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Fig.1 Spatio-temporal distribution of pmoA gene abundance

P HRF3EMEHL Potamogeton; V; ST FIEM Validus; T: BEFIRHE Triqueter; E; /KZ L Effusus
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2.3 Y1 B T-RFs 095040 B F e S8 AL 4N e 25 o

FHI T-RELP J5 i % 4 FlORAIASFE T 4548 MOB 7% #4740 A, LAl ) 10 4~ T-RFs (&l 2) . 78 10 1
T-RFs H1Lk 75 bp 241 bp 243 bp £1348 bp K=, H:i1 75 bp BY T-RFs 3257045 76 5t it 7K 3l HR 25275 M A7 7K
XK Z R H, Bt KA A BRI T (P<0.01) , 5 Z AH 2,241 bp F1 348 bp [ T-RFs EZ- A #E TR R X
JEE 0 b R R 7K DXKT IS R b | e 2 K A7 ) R I T T 5 243 bp 1Y T-RFs FEAS [R] KA A6 BE &R A 43 A, HL
FEA 5] s ANt —2E T-RFs XK SCEAFEA SR BEE , 41 59 bp (140 bp F1 188 bp A T-RFs H 431 7E 5 kil
ISR T3 AN K XK 2008, T 234 bp (9 T-RFs FUA3 A 76 110 38 25 DX 730 b A 7R SR 7K XKD S R b
X S B BRI T I b A48 MOB BREV& 2 B B AT 23 ) S o

100 -
90 [ J401bp
30 [ Eo=zd 348 bp
§ 70 43 bp
S B 241 bp
5 o0 DX 234 bp
§:§ 50 ’ ’ [L.L]188bp
By 4 # /| (1111 140 bp
k= ’ i 131 bp
2 0 il ’E:E V. A75bp
20 ” ‘;E: g s9bp
10 f’:}:{ : ‘
, BAEHOESSPE /’ |# R | 2P
oS o OO SO DO OO OO O OCOO o O O
ASE@m manTSYEEEfneE SE@
5H 7H 115
SFA¥ 5 Sample site

B 2 pomA T-RFs tBXI#E
Fig.2 Relative abundanc of pmoA T-RFs

Pt BA AR T-RF 7 BEA ORI R S A S b SO EA TR 20 M R SR B P IITE R SR
B L5 TRV I ARG (K 3) , 1 A4 MOB J& T v-ZETE #4909 Methylococcaceae B, 11 J& T a2 K 40 1)
Methylocystaceae, 75 bp fJ T-RF F Bt 3 Methylococcaceae ( Methylococcus , Methylocaldum) , 241 bp FJ T-RF
Fr Bt R 3 Methylocystacea ( Methylocystis and Methylosinus ) , 2413 bp ) T-RF J Bt f8 % Methylocystacea
( Methylosinus ) .
2.4 Uf4 MOB B2 33

U4 MOB 19 FARBR AT A R DL IR 4, BTN 4 DK OIBERERY 31 ARG AT AR 4 28 KU
IKBLBEE T 448 MOB FEVEZH AN TR] B E R R K DXt SR — 20, T K X R 5 — 21, TR S8R DRI
IRBUR X B A A U (B AEAE — 2828 S0, WROK XA MP10 5K IX 1Y RTE—2, T 22 X JT20
5% TIX AR y—4, R R R E b, AR R AR E AN RRAR GF s kAT 7041, 4
A MOB 7% 4 R 70 AT AN BEZ 15 28 A Tk 2 . ¢ W) il i) V0 R M 4480 MOB BLAT 35 Y 5 W) 281k, 4R
MOB H7%& 5 P58 K 5 M AR SCHE A AN S 5 RIS R WLIAT 5. pH Rt EZMFREE K 7, HOO& 9 /K i (SWC)
A PLER (DOC) , /KR BYsZ I WAR 122 (IR G S EUR M Bk 2 A 3%

3 itig
1 D9 bt A e T R, T A T R S 2 B B S e DA X, R Y e

RO EEEPR > WM A S R G T AR A, SR P BB BT ATERR T R i
) B HE R A s B I 25 S b (E O T i MU T 4 4 MOB TS LU S 23 B 5k = T
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100 Feb-CH4-17(241 bp, 0, 8)
AF150787 Methylosinus sp. LW
Feb-CH4-43 (241 bp, 0, 1)
Feb-CH4-20 (241 bp, 0, 1)
Feb-CH4-37 (241 bp, 0, 1)
Feb-CH1-38 (243 bp, 1, 0)
53 AJ459000 Methylocystis echinoides strain IMET 10491
08 _L— Feb-CH4-31 (241 bp, ?, 6)
98- AJ459048 Methylocystis sp. KS30

Feb-CH4-28 (241 bp, 0, 1)
Feb-CH4-41 (241 bp, 0, 1)
98 100, Feb-CH4-13 (241 bp, 0, 43)

74

DQ364434 Methylocystis hirsuta strain CSC1
92 Feb-CH4-44 (241 bp, Of 2) Type II
100 77 —DQ852353 Methylocystis sp. m231
Feb-CH4-12 (241 bp, 0, 1)
Feb-CH1-15 (243 bp, 1, 0)
100] AF510081 Methylosinus sp. ML19
80 AF510082 Methylosinus sp. ML116
100  Feb-CH4-15 (241 bp, 0, 1)
73 AJ459005 Methylosinus sporium strain SD56
AF150803 Methylosinus sp. PW1
100 AY007283 Methylosinus sp. LW8
96 [ AF150789 Methylosinus sp. LW3
AY007283 Methylosinus sp. LW8
Feb-CH1-17 (75 bp, 10, 0)
85 Feb-CH4-20(2) (348 bp, 0, 1) ]
77 Feb-CH1-39 (75 bp, 5, 0) i
76 Feb-CH1-22 (75 bp, 1, 0)
94 Feb-CH1-28 (75 bp, 1, 0)
86 91 Feb-CH1-50 (75 bp, 1, 0)
Feb-CH1-41 (75 bp, 1, 0)
73 KU216207 Candidatus Methylospira palustris
Feb-CH1-23 (75 bp, 3, 0)
T‘:b-CHM (75 bp, 1, 0)
100 1 Feb-CH4-3 (75 bp, 0, 1) Type I

100 AB900159 Methylocaldum marinum

U89304 Methylocaldum tepidum

72 Feb-CH4-64 (75 bp, 0, 1)
499& KP870204 Methylococcaceae bacterium BRS-K6
KP870206 Methylococcaceae bacterium AK-K6

52 Feb-CH1-22(2) (75 bp, 21, 0)
Feb-CH1-36 (75 bp, 3, 0)
0.05 100 Feb-CH1-13 (75 bp, 1, 0)
— 52 Feb-CHI-11 (75 bp, 1, 0) —

B3 pmoA EEFINRGZEEEW

Fig.3 Phylogenetic tree of pmoA gene sequences

AR ST 5t B PCR FSE RN, DA 2 5 e I M 700 Vs ol Rl AR 3R P9 T 4 PR TRIK ST
DU a5 MOB =F B FEETE AL it 22 s o WIFST 4l SR 17 fiff T Ve il b Y e 90 = SR HE B () Bl A 0/ AL
Tl HAHEE XL,
3.1 474 MOB %t 5 RIS 4 i 23 g3

TR A48 MOB £ T 98 A 1 2 4GE , 18 H AT AS ] DA [ 28 098 b T R b 1) 0 4 A 46
Jai TRRANGE . A9 RIS MR M pmoA THBEIE I BURTE 1.78x107—2.73x10° ¥ W /¢ TUIRIZ I, 5
1 75 9 0 DR R Sl (107 —10%48 DU ¢ TUURMW ) 1778 DA K 2= 5 v JR ) JEL e Y b A Tl Vi 96 D 0
RN RS 10 AN HIVA 9% M 22 AL (5 B A 30 B = VTOF R (105—10° 8 D %/ T U0 ) ) DL &
7 R IR R A 1 K N B B SR A B, A SR 1.67x 10" A1 3 B 1G4 3.05% 10°° %), & T4b 7 919 ( boreal
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Fig.4 Principal coordinate analysis (PCoA) for MOB
F:2 H;M:5 H;J:.7 H;N:11 A

lake ) /7 07 i 10°2 FINEL LT AR Y 10°—107 % D1 %/

g TUURW " I H AR EEE W DURY) h MOP % ( 8.8 10
10°—5.8x107) ) i85 NI 625 (0 4 MOB #U It 5 y
LR 2475 01 P A 061 DR B MOB 1 K A B 04
F BRI U BB R 0.2
OIS T DTRR ) h 44 MOB £l HA B Y 0
s St . X5 DA —Sefff oy — 2, B iR Y b 02
HP4E MOB BURE (8.71x10°—2.07x 107 ) Z [Al A5 k1 o4
SR, Rahalkar'"' %} Constance {57 2] LU :EZ
U548 MOB B 7545 8] 34T 2253 (2.07x107—4%107) | 10
TS DN T K 388 2 A 7R FRK DXV o 7K A 7 B3 AR A . Aot )

S MOB Ik e R 657 4 001 T (R R 5 0, 7 E —p=oon o
BOK XAk, TR X ey . TR X T Tz i ~ 0001 < P <001 0.2—0.5

Bl T UPALBREIREE 4 MOB A B B 2 hee =0
Slf, BN R EEST BT T X 5§79 MOB BESHBEFHMEL RIS FERR
EIﬁEIEE Hfl ?%Eé—'ﬁﬁ% E/‘J /J%ll EE@E:‘F%% MOB EE Fig.5 Correlations between MOB community and environmental
K%, IR TURY th 48 MOB Bk s fpay g fctors and montel test B N
P R 2 2 A T WL KR SWC : e85 7K A ; ST, 3R ; DOC , AT A HLAR

WATTRRYI 44 MOB % HAT B W A9 I 25 57 o1
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P22 ORRIFS AR T IX — A, R WV N M T 5 K S B (1 AR AR 4 MOB THEVE 4L 254 i AN
AT K IR 2 R BUK X BB type T 4548 MOB ] type 11 44 MOB 38, S8 MUK R IR K X A1 7K X UL
TR type 1Tl type 11 #7458 MOB #3545 4340 , Horp 5 sUK 38R K X type T &Y methanotrophs ( Methylococcus ,
Methylocaldum) F 5, MR /K XTI type 1 Fl type 11 4558 MOB K412, X 5 PMERIMFE 45 R —2, K
ABUK IR ERET |1 BG5S MOB 38 % 8 4 11 B854 MOB' ™), Constance LR 1 1 B 4F4 MOB /2 11
Ry 4 A5 5 1AM MOB HTEE, T RU4E40 MOB S8 %5 CH, M8 MUK | FLAE CH B 1 )y BLAy
BRI TR TERUKIERK X TR A LT A S R R e, B RESAEE A A F CH, 17
Az IR B R AU Y 1 RLGE 48 MOB S i T e fiba, DRI WS /K AT 8 3R BREE RO TOAR Y b, s Il 1 2
U4 MOB AR E A 3 A ks I

T3 A DX R JR K AT S HE R -4 MOB B V% Hi 1T 47450 MOB ( Methylocystis , Methylosinus
and Methylosinus) =5, 76T 2354 Type 11 14 MOB SEAREF A KOF 0 # 8 = A2 ol LUK LR
A R REEE T HRR T 11 B4 MOB, #5511 U474 MOB *J CH, (¥ 351 J7 L 1 U474 MOB &, 53
— R PR I ALLFA MOB J2 K A3 2000 T RIS RE T LE 1 A4 40 MOB 38, 11 B4 454 MOB,, {4 4n
R T, T AT ST 2 A A AT AR R 2 A R A A2 L Bt T A 4748 MOB 76 18 521
HiAE R 5 DX B T L

W M A [ KA 6 B 448 MOB 7 2H S AN [] | I 7 IR b AN W] K 26 B CH4 1Y S8 AL mT g
HARS R SR 47 MOB 5%, He 85 AU SR FH IR Z AR AT BEA , UEBE T W19 TR v R 6t (4 SR Ak 32 o
RUGf48 MOB SRl fi il , 440 MOB $-7%& 25 [8] 4341 22 5 7T RE A T B0 10 8 s 19 TP e R R - = 1Y
28 S o — R
3.2 4% MOB REF Iz A8 A s R R

W B A AR [ SO AR DR BT i RV, CHL SR AN A48 MOB Ji g . SAT, 32 5 15
TR LTS MOB BEVE 0 A I R R AT ANTE 48 . AR5 2 30 00 ) Ve Y b DA 53 W/ 2 9 i o 7K 2 R AR typee |
HETE ) type 1180 3 55 VR 00 b 57 B 5 S AR 25 1 B8 DD AR OG

IKSCA A2 B Sl ) 1€ I 3 - S MOB. R % 23 18] 70 AT AU AR A 3 F3, K BRAeh B — Oy T 7T LA B2 52 Wi -4
MOB FEJE 3T o 7K B0 BE Tt T S80RN CHL, B T R, 308 10 5 M - 480 MOB DS BB IS PR 2s ) 40 20 &
BIBUKBYRE AR T CH, 17 A TG AN 1 IR 9 R TSI 4R 48 MOB 6P, PRt K BUK BUFE 5B
I Y CH, AL A B0 i 1 UG48 MOB W)l 2 REVERI R B2, e Ah , KRB R m] LA TURR ) e B
A, FETT B4 R 2 MR 4 048 MOB HE7% . TSR PRAL R AN pH (ESEXF 14084748 MOB RV 70 A1 B AT B 22 A 455
YERL . ARBIFSE v DA B /K ol 2 389 i o K AL AT AR ) pH (BB TS R, A e R B, & pH (A F T — %
AR E R CH SIS 157 AR P URRY) pH 76 K I BUK R s AIK, 7T RE X 4480 MOB ¥
PO AR TR, DU TR BN U4 MOB RESS AT B 5000, 7K R B8 3 n] Sa o A A M A v 1) 20 A
RS 4 448 MOB BEFR Y040 o L AR RO b R U E Y 2 R B B2, W /KR A ) e 2ok 1) AR P 1%
B AU MTO 5480 MOB FES& 7 LR RFIRSE A, RCIE I EEND HOAB DY 53 A7 52 B K AL A 45, DA S IIO/K S8 22 1l ZR BRUK
DX, AR A TTE K — 37K — 00 A — e AR | S Y gl R 0 ) 3 e 28 A 7 R v B 5 00 M e 460 MOB HF Vs It
2o A s AT RERE B 1 B AR

4 it

AW R I 2 5 i SRR D A4 MOB VR 7ERCEE A BRI BRI 257284k . REIRF I L 4
A MOB J& TAJE B ] (proteobacteria) , I BUAT I BYERAG 7047 , V& K ALREAR T BY4F-40 MOB %5 28 7 FAIG, 1
I 24146 MOB i b in , AN [R] K A0 2 T 325 e S8 AR O B RE AT BB ] . 7K SCAS A 0 e S ) 0 b e
S MOB Ff 7 23 S ok s 2 DR 3R, L 4 o o 2 U RR A v BRAL AR B 5 i 440 MOB . BEVR T i) 28
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