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BB F M & R G F R AT R 8 A XN 8 TR BALH, BRIBELEHRGTEESS 16S rRNA
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Abstract: Methanotrophs are a kind of bacteria which can use methane as the sole carbon source and
energy for their anabolism and catabolism. A strain methanotroph was isolated from different samples
of the Zoige Plateau, named XN1, and was studied. It was identified a strain of Methylomonas through
16S rRNA sequencing and comparison. The investigation result showed that the optimal conditions for
the strain were methane gas together with methanol as carbon source and the coexistence of NH,CI and
KNO:; as nitrogen source, the cultivation temperature of 25°C and medium initial pH of 6.5, and the op-
tional concentrition of CuSO,4 5H,0 of 0.03 mg/L and FeSO,47H,0 0.4 mg/L.
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A BRI IE, e S AL AR A AR 2
FFEAN A o (P e SR AL BT A I TR | AR v AT
G 2RI PR Ao DR X 2 FR A P e 4 A Tl A T B 5%
IR PR, S P o ST BT R RIS v 2 A
JE S B T A 7 N FH Y RT4

ARSI AT R i e D DX 7 2 o —
#0 XN e AL i, 0 Ha AT 1 7 A2
Yo AL R IR A R AR TE, i
— 2 X Y e A £ T 1) 1 5 R R T A 7 A o
BLE T AL

1 MRS hE

1.1 ##

111 #f: RETE/RBEHIX I, Fiih | 1@
1.1.2  $55R 8. AR BEMR IS, W A (g/L):
NH,Cl 0.25; KH,PO, 0.28; Na,HPO,7H,O 0.36;
MgSO47H,0 1.0; CaCl,-7H,0 0.2; KNO; 1.0; i
JURMW 1 mL; Bifi§ 15-20; pH 4 6.8-7.0, H, i
IR WA W M (g/L): Na,EDTA 0.5; FeSO4 7H,O
0.2; CuSO45H,O0 0.03; MnSO,H,O  0.003;
ZnSO47H,0 0.001; NaMoO,-2H,0 0.003,

1.1.3 R FIALES: BB AR T AR A fe AT PR
A, 4liJF N 99.9%, FastDNA SPIN for Soil Kit i
&
1.2 THRMTIFEREMNBIESHEZI

O3 VR SR A T A R o e SR VD L EO | R
HWHFEZ . FET 20cm. 40 cm. 60 cm. 80 cm AY
3360 5 R FastDNA SPIN for Soil Kit i) €42
HUE DNA, #EfT PCR 88, 38 = WiAK £l 50 uL,
&4 3 uL MgCly, 5 uL PCR ZZ#h¥, 5 uL ANTPs 1B &
¥, 1 uL B EHESIY A189 (5'-GGNGACTGG
GACTTCTGG-3"). 1 pL [ Fii#51 % mb66 (5'-CCGG
MGCAACGTCYTTACC-3")"" 1 uL i DNA, 0.5 uL
Tag DNA B4 H1 34.5 uL 7K, PCR J i # T i e
FE#EAT P19 : 94°C 1 min, 55°C 30 s, 72°C 1 min,
35 AMEF; 72°C 10 min. I 2lifb )5 /9 H 89 R B,
JFIFHEAT IR B X o
1.3 HRSCENSBLHTE

B 1 g T 10mL K, it 3E, BUOH
5 mL R TREACKEMK 50 mL 481750
150 mL MG, PRI SRR £, (R G 4%
i 30 mL SR AR P LE, &F 27°C,
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180 r/min #EIKEFE BEEFRWIRM . B S mL K59
LR g B rh, FEARF SR T a9 B g A
TR, IR 3 WK B RV TR AT A RiZk, SR
Je B FEA — 5 1 FBE I i b, xR AL e R
FER B TR R, 76 27°C iR ERK M AEE N
1E B B AR VR PR RS IR I, BT 27°C.
180 r/min #&JRIGFR B FRUR 1l .

1.4 H#HEE

1.4.1 BRBIF S EFESRERE: X B
TEUEAT R L R ) SR 7062 U T Lg%
FARTEZS o X RE S E AT A B 78 A R B L%
HRTEARDT, R, 78 TCHLER 1 57 3 oh 2
FEAE

142 BERSUFEMEBENTE: SHBEYE
WP X 44 ) TR R A T A B A SR

1.4.3 16S rDNA B PCR ¥R HFF 5 #7: 11
BUZ B BRI B DNAMYL GRLIgE MR PCR ¥4
16S rRNA HYJE[H . PCR ¥ 4R R Ky 25 uL, &FH
PCR Mixture JZ W2 #h# 12.5 pL; #EK 41 DNA
2. uL; b, TUESI®) 27F F11492R 4% 1 pL; ddH,O
MERFR, RESTE PTC-200 § 44X F 474 184, 7
HEFRF N 94°C 4 min; 94°C 1 min, 55°C 40 s, 72°C
1 min, 35 PMEH; 72°C 10 min; 4°C {£4%. PCR §" 1%
PRV 1.0%3 6 0 58 58 FL Uk o B8, BRI AR R
GLLEEIE BEAH, P aifb R Dy . AR KA Y
16S rDNA JF 5 7E GenBank 1347 BLAST 18 2 [A] JA
JP4, SRIGE A MEGA 4.1 I R G R EFW
1.5 HEFHBERKZEAR

1.5.1 EMERMEHNE: HREKZEMT 50 mL
KB EFES, B A 30 mL H LK, 18 27°C,
180 r/min Z5F F 1SR, &R 24 h BURE, A0k
JETTTE 560 nm A U A2 BRI O E

1.5.2 BRIBESKI: A RIERm T AR . L. 1
W, AR . R, PR, FEE. 2. 4R,
2R . AW ke . W e 5 B BAS VS 0 A e i 5 1Y)
AR K 75 Rl 1% B, 5232 T AR X AN [
T s ) R PR 00 o

153 RIBEXE: UEAK. HEamR., 224K .
NH4Cl, KNO;. NH,Cl + KNO5. N, -+ &
1.5.4 REF PH MEMKERKWEM: 4555 /K%
1o DL B 58 5 A Tk 1 2 T 5°C—40°C, pH i K

]
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e
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5.5-9.5 XPIZERHATHI SR, IR
560 nm ALK I G RE, LARA E ol Ak KA1
1.5.5 CH,ZEXEHREKMTM: 75 50 mL ik
B AR R PR 1% TR, T8 A AR Y B e,
il B S E98 10%., 20%. 30%. 40%. 50%.
60%. 70%, i 560 nm Ak WO EE SR E X
A A 3 1 BRI

1.5.6 EEBETHEKEKNEIN: FrEY, Fe*
Jo F B B R T 0 TR 1, HR A2 cut A
B R, ARSI 32 B ST X B AR S R (R v
BEXT B bR XNT BRI, 359235 CuSO,-5H,0 Bk
JEi% N 0.03 mg/L, FeSO,7TH,O ¥k 3 B 5 1% Hy
(mg/L): 0, 0.2, 04, 0.6, 0.8, 1.0, 1.2; #ifl
FeSO,-7H,0 ¥ J& 4 0.2 mg/L, CuSO4 5H,0 ¥ & iy
(mg/L): 0, 0.01. 0.03. 0.05. 0.07. 0.09. 0.11, %X
JE I 560 nm Kb SERE

2 GRE58

2.1 TERATEREINREEALEMFIE

U, P e S TR 4 A1 B ——0RE P Y e 20 m
SABERIHE pmod B T A5 v e B AR TR Y
AU, ) b PR o 20 i v D AN ) o X g P
e EAL BT AT RGBT . AR 1.

bp 1 2 3 4 5 6 AR \8 9

2000 — —

1000 — =

750 — w—

500 — w— L —
250 — -

100 — w—

B 1 RS PCR = RIKE

Fig. 1 PCR production electrophoretogram of Wetland
Note: The samples in the lanes are standard marker DL2000, negative
control, forward primer control, reverse primer control, the wetland
soil sample from 80 cm, the wetland soil sample from 60 cm, the
wetland soil sample from 40 cm, the wetland soil sample from
20 cm, the wetland soil sample from surface, respectively.

SR TR A B RE & BRI ) pmod B
P, HREHe 5 B LK A AR 58 SR T U e i A
A ARBEY Y pmod FEMN o X R REJE H1 T ixX P>
DA T, S i D i B e SR AL R

TR,

KAFHRE . WHERZE K 20 ecm &+ FERY
DNA ' # H T pmod, K/NZK 500 bp, 20 cm kb
FES KA 35, H 20 em DUR )RR 1 AT
I, Ul B S A TR T R AR D BUR AT . X
Al RE S IR)ZE T A A D, i b R R 4 K 28
NIRRT K

JF A0 X 45 R R, SERER pmod JFA S
Methylomonas [FJJEMER 99%, RHZ TP A KE
TR AT

PRI, A S 46 7 35 A1 R 1% B i 340k BT

xZ,
2.1.1 EHRBESYHFEMEIFSME: MHEEMET
BLER S5 I B0t 1 7 — R e S Ak T, B g5 R
XN1, #E2ZQY AL RE 2 fs, B AT
XN1 JgHE 2= QP PERR . M 3 Y434 v B WL 45
RATHE N, RS EATR, WA ERYHR 0.5 pm-
2.0 pm, 7EEARREFRFE LS 2] B b S0 B R T
RELAE, B, MR, BER240 1 mm-2 mm,
AN, BRI, YR EEST

B2 HFRELE XNIHEZREEE
Fig. 2 The Gram stain of the strain XN1

\/
."
x> Vo
20 kV x 10009

B3 Eik XN REHBRRENRE
Fig.3 The SEM photograph of the strain XN1
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2.1.2 EHRBVERAEEFE: B XN1 (A A 2.2 16S rDNA BEFIERZKA B

S5 R 1, MFJS PR XN1 B 16S rDNA Bt K 5 240
1269 bp. GenBank I % %5 N GU577112, &
w1 S ACE XN HISEBE ARE BLAST J¥ 81 HoXJR % BUAT 6 BRI bR XN )35

Table 1 Biochemical and physiological characteristics . . . N
of strain XN1 PSR, FITRTEIS 96%—98%. 5 i3k S B M Fr 471 #y 4
SUH ltems 4it Resulis WARGE TR, W 4, thIE 4 RS EERATIL,
JEM K Starch hydrolysis - Bikk XN1 5 Methylomonas i T—AN43 32, i
PBOKE Gelatin hydrolysis - fluy 3 AR TTLAE B AMIE . DRI B bR XNT A

A#4FL Litmus milk =
7= HoS SZ46 H,S production test -

Methylomonas J& o
23 EHREIERKHZ

HE 5 alAH, FEk XN iER R, 29
h 13 do $EFNZY 3 d R AR ECE R, SRR

5|55 Indole production test -
FA LTRSS Methyl red test -
V.P K V-P test =

R G . W 3 d, KU MISEE 5 d, MO AETI bR
Hefili§  Catalase + XNT A AR, 33X AT RS2 PR A B A 1) T B4 itk D5
LR Oxidase - Je e, TR T F 8 e AV T Y I i P ARAR
Note: +: Positive reaction; —: Negative reaction. Efﬁl“”o
93| XNI1
63 Methylomonas methanolica (M95660)
98 Methylobacillus pratensis strain F31 (NR_025753)

Methylobacillus flagellatus strain KT (DQ287787)

MethylopHilus methylotrophus W3A1 (AB193724)

Methylovorus mays strain C (AY486132)

100 Methylovorus glucosetrophus strain 6B1 (AY486133)

A
0.002

4 ET 16S rRNA FIIRRIEEE XN1 MR Gt L
Fig. 4 Phylogenetic neighbour-joining tree of the strain XN1 based on 16S rRNA sequences
Note: The tree was evaluated by bootstrap analysis of the neighbor-joining method based on 1000 replications. The numbers on the tree indi-
cate bootstrap values greater than 50%. The numbers in parentheses are accession numbers of sequences in GenBank. Bar: 0.002 sequence
divergence.

07 1 2.4 EERAE KIS
06 2.4.1 FRIESCIS: TEBE XN1 XA IE B4 F) 1
05 | W3 2, MIZETEL, b XN AR A
s 04| A | R R B R F, (EL DB S o — B
S| 7 2 YT 9 R PR R W — R T
o2 | e K AR BV A A R A, T Rl P
TR BT — i 1 2 3 PRI 2 b T 8 A L
N WIS 2B, RAERIRIRE . TR LM%
1234567809101 1213 S €O, LA A R A BB

@ Kgeth, BRI, BRSUE,

Bl 5 HESHE XN BEKBEE = ES . S A S R IA Sk e
Fig. 5 The growth curve of the strain XN1 ethanotroph 242 REXM: K3 NHBISER. W XNI

XN1 HREA AR LA, X ] AR RS R R A —
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PR FREfEE R AR K . RARTERS S A M
A ) B A7 7 B 8 A K15 0 E R 3 B A A B
BT, BolE TR NHLCLREAR #E B 19 A4E K 1
DL ZS R A o RO A K B 2, Xl fE
JE T CHy FIFE S TR AR/ B AR ARRL, HLH
Jot BN G X JEC W 1 1k R MEAR A, BT L NH,OHI
CH, Z I8 554 & NH, % CH, S AL H 4 iy &
FHLHIT,

E
.

T2 HIESEE XN1 B%RIESEE

Table 2 Carbon utilization test on the strain XN1

R AU e HAIHL
Carbon source Utilization Carbon source Utilization
Glucose Siais Formic acid =
Lactose I Ethanol 4
Sodium-Citrate Sa Acetic acid -
Glycerin 4 Methane and methanol 4=r
Methanol A Toluol -
Formaldehyde Dichloromethane =
CO,

Note: ++: Well used; +: Weakly used; —: Unavailability.

*3 BESEHE XN HRIERE

Table 3 Nitrogen utilization test on the strain XN1

AU IR AU FIHITR B
Nitrogen source  Utilization Nitrogen sourc Utilization
Protein + NH,C1 +
Serine + KNO; +
Glycin - NH,4Cl and KNO; ++

L-Glutamate = N, =

Note: ++: Well used ; +: Weakly used; —: Unavailability.

243 RES pH WEHKEKBIFN: TRE5R L
Kl 6, HFk XNI 7E 15°C-35°C i Bl E K R IF, &%
AR N 25°C, X LR . B R 5% ARk
T A BRI B 1) dhal A KRR soct! ™, X nl BE 5 1
S A6 AR R A5 5 6 IR B TE pH 69 TR N AE K,
g K pH o 6.5, |8 TEMRIER.

244 CH, RENEHEKMEMW: & 7 Bnx, Y4
b o e —E W H i, FEHGERIE N, mikEY
R ETHE IR R Y LGS 200 40%0H,
PR A ) d s, X U R R TR AR A I 45
PF T A REAR S-Hb S A0 HH B o

245 EEBFXEHKERKBEZM: NE 8 h 514
MANTTF 4518 B CuSO4 SH,O W B A3 I, A=
Y e d it m AR R ka TARE, WKEESA 0.03 mg/L

R AR K, R MMO 1A% Cu®
W TR, Cu® Mk BEARAT sMMO ik ; Cu VR =
F pMMO ik, I H pMMO B FEIALHiE Cu® Ik
JE R 3 et Bz e TR E R R T
sMMo D, PR 3] — PR . BRI, 85
FEL BRI CuSO,-5H,0 IR EELL 0.03 mg/L M4f.

091 A
08 r A
07 r
06 1
05 r
04 r
03 r
02 r
0.1 r
N L . . . . A L '

oD 560

5 10 15 20 25 30 35 40
Temperature (°C)

05T

04

oD, 560

0.1

50 55 60 65 70 7.5 80 85 9.0 9.5
pH

6 mE(A)F pH B)XM BESLE XN1 KA
Fig. 6 Effect of temperature (A) and pH (B) on cell growth
of the strain XN1

0.7 r
0.6 r
05 r

04

ODs¢o

03 |

02

0.1

0 . L 1 . . . L )
10 20 30 40 50 60 70 80

Methane content (%)

7 CH,ZEXRREEME XN EKHEI
Fig. 7 Effect of different methane content on cell growth of
the strain XN1
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0.6 1
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0.01
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03

oD 560

02 r

0.1
N7

0.6
0.8

1066660680606¢
1606668686066

1.0 1.2

Cu2+

F eZ+

B8 Cu’#lFe*' 3 FiRELE XN1 EKHMFM
Fig. 8 Effect of the concentration of Cu®* and Fe’* on cell growth of the strain XN1

Fe’ TR bR AU I 5 Cu® M H A S8R TR, ik
YR FeSO47TH,O Wk RS8N Thisy, H Y B2
T 0.4 mg/L i ODsgo (B T [, 7EHE R 1.0 mg/L
B B AR LT AR A Ko X AT B 2 ol & vk
FeSO,-7H,0 1] T pMMO 7%, B2 78 e 8 1) Fe?”
REAR TR R E AR B A, ST e Y S Ak
o I, FeSO47H,0 MM LL 0.4 mg/L SN HL.

3 B4

FR e A A TR R G0 14 ) 3 1 B v AR 1 Tl e
{H . ORI — H A& ZRHA R R, 3T 20 48, it
A5 1 BRI BTG XoF B e S Ak TR B HC A O il 3% 174 B
FEHJE 5 ARG, IF B AR Ak sm 2R 8 R ik 30
BE EAL B BOAFAE o TR E A AR 4R 1 BT H e S AL B Y
3B, ZERAS R 2 . BRI SR R X A R
ABESE o

WA ARSI Z I, bR A K
AR FREE T REFY, Wi, e
& FH e AUk T ) A B i R LA D B AR B IR R R AR
FE i o AR SEBR A5 2] Y H ot S8 A0 B XINT 9 AR Kl
& K pH Gz, 78 15°C-35°C. pH 6-9 JuHIH
Bl A, oGS AR 25°C, X I H i E
PR 4 3 A R R A Bl A TR RS K. HRGE pH
6.5, MR, ZEMAE KR E IR K, o
PSR T Tl A 7 — S

AR VR SEIRIEBH, 30 2 7 5 35 35 v S o e 2 i
Py A I A 0 o PP I T R, AT A R
AR R AE R R, 4R AR R A R L X2
fiff e R o S8 A0 TR Tl AR OE FH 4 IR sk e 1) A ) s 2
— o EL7 S TR 4 B R DA AR A AR (A, DU
Pt 5 R e 2 [R)A SR e R N  e AE E R . BBk, H e
AL TR R IE B A AT o TR 5T, JFd S TR+
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