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Screening and Biological Characteristics of Amphitrophic Methane-Oxidizing

Bacteria from Aged-Refuse

ZHAO Tian-tao" >, XIANG Jin-xin' , ZHANG Li-jie', QUAN Xue-jun', ZHAO You-cai’

(1. College of Chemistry and Chemical Engineering, Chongqing University of Technology, Chongging 400050, China; 2. State Key
Laboratory of Pollution Control and Resources Reuse, Tongji University, Shanghai 200092, China)

Abstract: A new kind of strain, which can utilize methane as carbon and energy source, was screened from 10-year aged-refuse.
According to the biochemical characteristics and the 16S rDNA identification results, the strain belongs to Microbacterium sp. and was
named as DH. And the patent preservation of the strain was carried out by China Center for Type Culture Collection ( CCTCC NO.
M2010099). Microbacterium sp. DH has great tolerance on temperature, and the best pH value of culture is 6. 5. High cell density
with the Dy . value of 1. 1- 1. 2 was available with methane as carbon source. Monosaccharide ( glucose, mannose and fructose) and
disaccharide (lactose and sucrose) can be utilized well by Microbacterium sp. DH. The Dy value of medium reached 0. 758 and
0. 742 with sucrose and mannose as carbon source, respectively. Methane-oxidation rates were enhanced significantly by adding
Microbacterium sp. DH into aged-refuse. Compared with the controlled group, the methane-oxidation rates experimental group of
increased more than 100% . Problems about the application of obligate methanotrophs were overcome due to the discovery of the new
bacteria.

Key words : Microbacterium sp.; aged-refuse; amphitrophic bacteria; methane; landfills
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NMS( Nitrate Mineral Salts) 5 37 309 41 B a0
(g-L™"): KH,PO, 1.0, Na,HPO, - 12H,0 2.9,
MgSO, -7H,0 0. 32, (NH, ), SO, 3.0, i T K IA K
10 mL, 7% 7K 990 mL, pH 6. 8. {70 K V5 I 4 i,
R (mg-L™") :ZnS0O, -7H,0 0.287; MnSO, -7H,0
0.223; H,BO, 0.062; Na,M,0,-2H,0 0.048;
CoCl, -6H,0 0.048; KI 0.083; CaCl,-2H,0 3. 5. 4
Fetmeli LA KC B NMS 35 57 2 0 A8 OG0 T 1 i
YR LA A FRA .
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1.2.1 @S SESIER

(1) BERFE B LB 1 ¢ BT 100 mL
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IR 2 mL AE AR FHEA G326 T 20 mL NMS £
FRILH) 100 mL IME R, AR ZE % 35 H 20 mL
FBE B Y 20 mL 55 <, R JE 7E 30°C . 160
remin "' S N EIEIE G R IR — .
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TR M HE DA S AR e . Bl TP e AT S, 2 1)
FFE—ERB TC TR 25 R e, DL BRI b 6.
1.2.2  RMEESER

{fi F§ TaKaRa 16S rDNA Bacterial Identification
PCR Kit( Code No. D310) X 4fi & #3417 PCR #14Jf
G HI B W 34790 5 WL 2547 3% BRa bl e
JEZHL YK ( polyacrylamide gel electrophoresis, PAGE) |
{#i ] TaKaRa Agarose Gel DNA Purification Kit Ver.
2.0(Code No. DV805A) Y Ji5 [ml e H #4 J B ik 47
DNA JllF. UL Seq Forward . Seq Reverse ,Seq Internal
514, DNA ¥ ZE 46 % AR W) v 52 L.
1L.2.3 REEDIE Jr ik

BRI D (BRI UV2000 43656 BE TR i3
R 560 nm. I A PR IR 32 4G 00 ik B2 1Y A2 Ak
B R 2 AT, B RSD <5% . H
ot R S A ik A0 ARG I SR RO 13 (R HE S
6890N) . (i 214 : GDX A (10 m x2 mm) ,
HERE IR B FE TR DL SR 2% (TCD) B2 43 51
80,50, 120°C, & T N, WA 25 mL-min~",
AR 0.2 mL.
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A SR AR H e 1) BRI VR, i 4% L TR PR S DHL X
HO AT EACSE AR LA 4% 3 ARAY B BR DH KR 47,
FRMRR M B AWy (KB 1) X E##k DH
URSLIHAT Z IR BT REAL A, I & 453 T Wik DH 1Y
5510 AREEALTR . 1% B8 & T8 2% [CBH R B, IR B /)N
W, RTE EAR | mm 247, BB R, 1500
T ARAE RS 7R SR IR A AR AL TR R B A IR
BB OIS . H AT R O 27 A
P O BE T & RO, TR M2010099.
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1 E# DH 3 RINE 10 KEGFREFRRR
Fig. 1 Photograph of strain DH of the third and the

10th generation in plate culture

FIKMLH, LR TF5 4 201010260104. 8.
2.2 Kk DH A %A1 DNA 2556
2.2.1 itk DH 4 Wker:

PR DH 19 B2 451 45 BE R UL 8T 2. B IR 2 AT
AR, L) N TR LR B, M2 0.6 ~0.7 um, N
0.2 ~0.4 pm. HEEHRS IR ZIIE S B
AR B AR, PR AT DSRS0 72 4% 10 AR A B % DH
SO, HAR AR ARRRPE UL AR 1, B RE DH AT LUFH
FLEAC A B ZLIR & — A MR A 45 5, X U6 X A
AR 5 & —E IR e AR AR, 3
BRI AR A, N, A BT ERAN
YSE.

E2 {210 RAEM DH BEERAFRA
Fig. 2 SEM photograph of strain DH of the 10th generation

£ 1 FHik DH R EBAELEHED

Table 1 Physiological and biochemical characters of strain DH
HE PR AL AR bR FRAE || AEBRAEARAE bR HIE
TR = R ot 2 i - TE R IK S +
03 Wi 2 1og - HA JRE 7K St -
T Y Y e I i - T Ak ity +
H,S M4 - 2 i 0, 22 AL -
SAHAR R - Frig i A A -
FRL 2T )5 - FLR +

1) + Fm bk, - FRATE

2.2.2 BFk DH Y 16S rDNA % 5E

XTTE K DH B PCR P2 iE4T 3% Bt BR WHEE s H
K. K 3 Al LLE B2k PCR P28 BRI 451 R &
T T, A UL A B B, AR T LUK W Ak DH Sl 4l
PRk

M:DI2 000 DNA Marker; 1:DH-PCR j=#; +.1EXHR; - faxfi@
B3 Ek DH YA EK B # A B EY DNA Hik
Fig. 3 16S rDNA-PAGE profile of strain DH

ST 1 7 ) I 45 R AT A, T PR DHBY 168
rDNA Bl A< B2 1397 bp, I 77 335 (& JC & 04 1 B
AIH]SE bR DH 2 4l bR, ORE B 8 A
GenBank %R 7 5 B4 E AT LU #K, e LS5 1FF 1A
J& ( Microbacterium sp. ) I 3 AN R I [R) TR M 7E 99%
PLE B ST PR DH IR J5ME: 5 e 19 B R 7 9 6T R
GiR B I 4 TTR X SE[R PR 5 o 4 A
FE5r 32, WAk DH 1 Microbacterium sp. MAS133
1 RM10D J& F [7] — 43 2. W ¥k Microbacterium sp.
MAS133 J& 2000 4F 11 A f1¥& [ Ashraf 75 35
HR/NAZ AR BB A2 U B Y I R PR Y 16S rDNA i
FAFE M1 407 bp, 7EER 5% A3 IZ R T LLAE E )
FRF AR Bk Microbacterium sp. RM10D J&
2007 47 H HEPEERY Krishna 764K s 09 40 0 1
WP ORI JE TR B R R AR AY 168 rDNA §i
BLACJE A1 486 bp' ™. HAAIZAS AN T AT 0, B B
TEZ PR R R IR B R b AR K R AT A 9%

6 DH
’—{ Microbacterium sp. MAS133
991 | Microbacterium sp. RM10D

Microbacterium hominis

68 Microbacterium hominis gene
Microbacterium trichotecenolyticum st...
Microbacterium sp. VKM Ac-1389
97 Microbacterium sp. 768

0.0030

0.0020 0.0010 0

E4 ET 16S rDNA 73K E# DH R LA
Fig. 4 Phylogenetic tree based on 1 397 bp-fragment of
16S rDNA sequences of strain DH
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(R RE 2F W5 P BEAFE 15 min SR AET ], 5 & B 12

TR R A I ) XS Ebk DHBEAT T3 ol }_H/}\H

R IR0 UF S5, 45 SR BT 1A e 7 os| /

bk DH PR 538 L& — B 3R T e S L. o

HiT I AL S E R LRI B8R0 PR e 41 2, i L Bk < o6t

DH 755 63 A8 B 22 B 500 Y e S8 A0 19 R Ak ol

AR T ARSRABFE R LB 03 b

2.3 {UFTEE DH BHSR AR I H] 021 H/

2.3.1 I DH f9/E K2 55047 I S Gl S
B;R&Iﬁ%?% 10 AR BT T DH,’FEU}:& Dsg nmﬁ 0 40 B0 120 160 ?;Illﬂ 240 280 320 360

0. 52 BT, 75 30°C | 2% H&Fhit | 25% Wi & & S R DH R BERAO K 4

pHAE 7.0 BT, DL g A e — B R A RE TR R A T Fig. 5 Growth curve of Microbacterium sp. DH with

PERIIZR T 25 R UL 5. SFF B DH A 4838 5% methanc as carbon source

KR 180 he H ST DH 28 A X RO 5 1 3 3 P A T TR R A K 5 8 pHL (B X BT 7

WA, Dy, ,,, AN 0. 161 FHZ 1,037 UH T 60 pH A K 9500, 255 WL 6. 15 21K 2 43T 20 mL,
h, ZJE R B TR, BT R B R B ARSI s — BRI R AR VR B et DR 3 d, BRI
BT -20COKAAORAT 10 d, fUHR L1 d BIATSEEL S IRAURIRS SR Dy, A5 A0 43 59 FH Sk 2 10F T 140
SO DT R R R IR WAL P BOFT B DH g3m v KB, SOFE B DH 75 pH 4 6. 52 %
EA0CIRAF T, A 2% R R ERBOR BN BUE  phfies P48 mL B I FE 62 0. 15 mL. A
KILHEL 6 ~7 b RRIE T, SHOTBCRILIE bk kS0 25, % pH W 6,53 B, B AR 3
WA, ZROMAT R A ISR 2 TR0 T 30,548, 34 pH { <5.0 3¢ > 8. 0 B BT I DH Y

DL IFF TR DHEL AT 0 58 14 i P2 1 52 JEAR S 22 TR, Je vk A . DR, DH 1 06
2.3.2  pH {EXIUATE DH 35 5% 0520 A pH DIIZTE 6.5 247
8
(a) WEEsfk 0.6 | (b) 4 A 3
7 _
. L .
6 [
2 s L 04
E . / g 03 [
Z4F N &
§ 3 L \ 02 |
2 b .\ o1 b \.
1 ol ™ B
5 6 7 8 9 5 6 7 8 9
pH pH

6 [ pH X {#TE DH S4 R s & £ KR m
Fig. 6 Effects of pH on methane oxidation and the cell growth of Microbacterium sp. DH

2.3.3  R[RPBEZEERIE XS (T B DH A4 S8 R PR DH X 3 Ff ot 2 b 22008 A9 A1) AR

WEHCT 7 A RIS TR IRAE B, BEAERTE 36 mg DL b, AATHAE T BRI
RS20, ok Hrh AL 38 T R (CH @b R4 60% . Y LARERERNH S A BRI, B Dy, . (5
BE) OSUBE (REBERIZLIE) | =W (R0 fI 2 (3E 5158307 0. 758 F10. 742, ixX U W LAIX 2 Fiois R ik 5
¥y . BRI NMS R ACH], PIAAvE . BHRORF R DH RS SRS, DL JLROE A BR IR A
H3.0 g- L7 BEFRIREE N 30°C %48 70 h JF IR BRIV Dsg ., (E YA W 38K X R B30T 58 DH 1
THAETE DURT R R A K AB L, 25 R L% 2. B 1] s Ak AL Y e, SR LA P 22 b YR 5, A5
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Table 2 Effect on activity of Microbacterium sp. DH with different carbon sources

AR " %T{l{f%‘ﬁfﬁ“ %ﬁ{ﬁ*ﬁ?ﬁﬁ %%@E@/iﬁ’%%%
560 nm g mg
s XUBE (205 + B 0.758 1.171 36.6
ERi WU (A + 2 FLR 0. 698 0. 986 40.3
il =B CEFURE + S+ AR 0.503 1. 696 26. 1
TER ZHE(D-HHERE) 0. 601 1.523 29.5
Sk BABE(FNHR) 0. 665 1.123 37.5
2] FRUE (7R 0. 557 1. 045 39.1
HEE b HBE (75H%) 0.742 1.187 36.3

ot R BIRAR L T R K 48 TR R Y B R AR X
Al 17 SRS 3 0 H e 1) TR P B AL T B
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