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C

B E: [86] k4 £ 4 % (Microbial soil crusts, MSCs)%f Ti& 4] L3 FL#0. KA
BHRX A ST AE TR . MSCs T OIMAEY, A RALEEZGHEA, AELE. 1554
A BT, SMRFHEEFFLLTEIAIR MSCs FHEEAEMmEb o) S HHALE
MSCs 7 ﬁiﬁ\?ﬁi}%q’ Ve 09 T 2w 2 7 ik VB i xR A M) 138 48 B o 5 il hm )N ZREAT (£
). BERARSE RS Y F A 4TIE S, vA PCR-DGGE 7 ik At g A 4k, [ R ] 4h
RAHZ, HHRERGIMARERE MSCs P @BF5EASHN, ¥adF5ERS
%) 66.7%, Shannon-Weiner 454538 549 15.8%; AR & B9 B R AL BB, PR AT
T MSCs 4 AR TAAL TFAEF; MABELMAREM T ZHEFRERET R, £

SiE A 00 5 B BT Bt B AR ob £ F R K, {24-4F 5 ¥ Firmieutes #= Alphaproteobacteria %44 %
WH-KR%; P13 DGGE 4 7P A 13 5 42 M i 7| FURMARLL, 4 PTARA
MR R B A e F et ), L REAMHREA B (Clostridium) AT b rb Bl ;R K, £94
46.1%, Hk A 047 HE B(Bacillus), #9 & 30%; el fzd, #F5mT MSCs £ F
A & 2AE ) o9 — 3k KB 4w Microcoleus vaginatus #=—32& Alphaproteobacteria 8% 4m ) % 49 3
JEAn % FEE, AT F A 69T BT 0k S AE R F IR IR AEL . A 60T A B AR B A
FRARZEEERAT. [L£]) HIARINRA L Z 55 MSCs @018 BF %454 09 RALAIE,
MSCs ¥ ¢ 4 K TE A tn H) 64 % AR M BT 45 R TR i 2 MSCs T A e R 694 34 T A,
Bl A B A S R G R 5k R R A T 2R IE .

KR HEEEMmE, %44, PCR-DGGE, &4, K&

E£WA: l%ﬁﬁtﬂﬁéﬁ/@ﬁﬁmo 30860015); NZ T HiA X AR #EL 45 H(No. 2010BS0506); HZETH A
16 X 2 R B SR 0 H (No. NJ10054); 952 4% Mk K 2261357 F1 BA 35 H (No. NDPYTD2010-3)
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Induction effect of exogenous cellulose on bacterial
community of microbial soil crust

ZHAO Ji-Rui LI Xiao-Jun MENG Jian-Yu LI Heng
WANG Rui-Gang FENG Fu-Ying"

(Institute for Applied & Environmental Microbiology, College of Life Sciences,
Inner Mongolia Agricultural University, Huhhot, Inner Mongolia 010018, China)

Abstract: [Objective] Microbial soil crusts (MSCs) play an important role in the restoration of the
ecological environment and the containment of soil desertification. The microbes in MSCs,
especially the cellulose degrading bacteria (CDB), can stablize and repair the related ecological
environment. The induction of exogenous cellulose is a major pathway for the full
acknowledgment in the CDB’s diversity and their contribution to MSCs’ development. [Methods]
Two cellulose materials (crushed wheat straw and sawdust) were added into MSCs separately, to
determine the variation of the bacterial community induced by the exogenous cellulose based on
PCR-DGGE. [Results] The exogenous cellulose especially wheat straw, rapidly increased the
diversity and richness of bacterial community by approximately 66.7% and 15.8%, respectively.
Samples subjected to the same treatment well grouped in together in cluster analysis based on
DGGE bands profiles, suggesting that cellulose has a crucial effect on the bacterial community.
The exogenous cellulose induced a remarkable variation of the structure of the bacterial
community, of which the most variable was caused by wheat straw. Firmieutes and
Alphaproteobacteria groups were always the predominant group in all samples. Among the
obtained sequences, 13 bands were closely and phylogeneticly related to CDB and therefore they
may be sourced from CDB. The anaerobic Clostridium group predominated these possible CDB
(accounted for 46.1%), followed by Bacillus (30%). The exogenous cellulose degradation also
induced the increase of the abundance or richness of some specific bacteria, like Microcoleus
vaginatus and some Alphaproteobacteria groups, which had a significant function in MSCs
development with the abilities in secreting polysaccharides to enhance the cohesion of soil
particles or fixing carbon and/or nitrogen to improve the soil nutrition level. [Conclusion] Results
provided a basis for the appreciation of the CDB diversity and the variation of the bacterial
community structure induced by exogenous cellulose, and meanwhile lent theory evidence for the

practical pathway in desert ecosystem restoration.

Keywords: Cellulose-degrading microbe, Diversity, PCR-DGGE, Wheat straw, Wood chips
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Formm e, ke, R R ARFE B
At m HIEA YL S, g gt A
aE,

+EGE AR T2 kT R 4 iR
RIS, LR 244 AR A T B B3 ) 8
T L A AR W Z RPN, BNz A0
B WG R, A X AR P A
(Microbial soil crusts, MSCs)%& 75 & 1] iK 3T 70%,
ST B - AR S R G A I DB 1 e AR
MSCs & i 3R 5 3 Y . o S8 T
EARERY BOE R A )2, BeigiE il 1
R SR, IR e TR b XA AR SR R R
IR FEREIA S, PUAE C B AN + 3 S 5T
MR A W) (LG BB . AN R AT
)TE MSCs B A B il it & HEAE M . MSCs
rh 2 TR 1 22 R M B 1 S R LA T 4 R %
fi#% 20 B (CDB)J& T3 A Y iy 22—,
MRS 53 WA £ 4k 22 i . B A 21 21 3% A BRI
DAFIA, — e C JRAY 2k I 22—,
CDB J& MSCs JE a5 32 25 R il Ak P 25
z—bl,

B2, TREF S CDB /S0 Lf4i 2 [ fin
Xf MSCs 4N Z5F 52, ) CDB 1E
MSCs JE A& et i E SR AN 48 . it 40
MroMBLT 4R35 X MSCs 4 18 BEVS 45 1 (1 5%
M, A2 UEIAIR CDB A9 A4 W) 2 b I A
MSCs JE BRI & SR i sTmk S VE M, JEZETmiA:
SWEIRE LB AR . ik, ARBFER
BT VEEIR LV L MSCs, X HA B /N
FEFE . ARIBWIRL 4K iFET, N PCR-DGGE
Tk LAB R R AR5 S MSCs H 4l vk
RN ZREYESh AR Ak, A B A A ) 1 R
B R e Y R R R AN AR, TR AT 4R R R
PR T IR A S R Ge ke e s L, S R b g%
I5 T e 85 LAl

1 MBS hE
11 HmRESLE

FEGLT 2011 4F 4 FREE TN T8 wlb
Hu, MZAECRIRIFEYE T ARl ) 5 IR A A
Yy 345 K7 (0-6 mm) A1 JE LB+ K 2 N ORIV
+(0-10 cm)# 50 3k, ZJE A BlRAYI5] T
RAEZE N B . O RS Y AR K, N
SR LA TR ) - S Ry . N REFF (R R4
TIPRE R RBIX, SR ARG KA T W FIE R4l
KRI7 o ERE SRR, 1 20 B,
PAFWRIZT 5 mm, ZJFH] 0.5%h BRI G,
FZERK Y 5, ke KT A
R FERAEM 1325 K 5 K B HET 5 ivb 45 B
150:17 BYHBNR-G4A, 3 3y, — B VERXS
HE, Ao B A B S 2 A% R,
TN (B IR S5 R 17 g, Vo4 150 g, 474k
FMEL35 g), K201 EE,; T 28 °C MR,
BRI GEK G 258K, 2 S KRR 60%,
351 100 30, 60, 100 d HURE, RIRIAbFR4G R
RS AR SR A P B S BEA R S AN EE
REYS . FEMGSWF: XFHR41(DOo, D10, D30,
D60, D100), HZFELJ10, J30, J60, J100), %
FAJELH(M10, M30, M60, M100), 45 A%
AR FAH R BURE RS A 15 57 KA
1.2 E[[F4A DNA B9#2ENFA 16S rRNA &) PCR
118

T HEEHZ] DNA HES ] Miller SEPT iR
Jr kit A7, PCR 744 168 rDNA: 54K

341F-GC (5'-CGCCCGCCGCGCGCGGCGGGC
GGGGCGGGGGCACGGGGGGCCTACGGGAG
GCAGCAG-3")F1 907R (5'-ATTACCGCGGCTG

CTGG-3"), it Ay ik R4 ; PCR N
211 94 °C 5 min; 94 °C 1 min, 65 °C 1 min (%}
AMEFRFE 0.5 °C) , 72 °C 1min, 20 MEF; 94 °C
1 min, 55 °C 1 min, 72 °C 1 min, 10 ME#R; 72 °C

http://journals.im.ac.cn/wswxtbcn



2220

A Y £ Microbiol. China

2013, Vol.40, No.12

10 min,
1.3 DGGE BikKFHRIFTIOHT

N CRE SRR A5 A AR AL, R SE R AR
I{¥ (Dcode, Bio-Rad, US)X} 1.2 H1f%) PCR ;=4 ik
11 DGGE Hiik. it Fl PAGE (RS B vk
R 6% (WIV), ZPEREEE R 45%-60%. DGGE F#
Fe i SCHR[7-811E 47 . WUk SE e Im, BT & A
0.2% A A PR AR L (I P e 1, R 10 )5 R BEIR
BERE AR R G

FH KB 71 F Y1) DGGE $EiEH i) DNA 457,
WYIF 2 i EP &, LIKE RS T
KBS e 3 R, SRR I I ACK I 2585 1K,
ZIRET 4 °C 2%, B4R T DNAYL, 8K
5, R WA R, FAE GC RS
341F 1 907R, FiIE U L P B R R BEA T 1
4lifk, PCR F=¥) 9% A pEASY-T1 HIA G, HAbK
JhT i DHSa B2 254 . LLRVE PCR BT 548
SEBAVETORE o K BAVE s R AL AR R A AR A
FRA A (BGDHEA TN o 751 2 415258 GenBank
FEME, S5k KC245107-KC245134,

HI e A5 e 81 £ BR 8UA A1 I A Tk 1
HEBRJG , B )m 2R A3 A RUF 504E NCBT b itkfy
BLASTn X, SRR TS N2
FerEtk, I MEGA 5.1 #fF, BT Kimura-2 2
by U - N A S S . B 7R
(Neighbor-Joining method )4 i 22 G EAL P,

14 WERRFZHMERRITES

iz A Quantity One %X {4 (Bio-Rad, US) X}
DGGE F8 8 G T40HT o MRUCHEA Tk B 2R
P, BOX S AT A AN [T ) X e 2 BTl 2R,
Jfi2H UPGMA (Unweighted pair-group method
using arithmetic averages)ikiE4 T AHIME R 50HT,
[Fi) o i HE 2% 250 07 B SO TEAEL . B 2R
AT AR AL B S, iR R E
(Species richness), ¥JF4~]E (Species evenness)
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W ZFEVEFE §(Shannon- Weiner index).

Shannon-wiener’s index (H?), =& & (S)MI¥Y
SIEE(Em) T A ARE S AT Z R 3
BAKT:

S
H'=-> PInP,
i=l

En=H'/H . =H'/InS
b PO BEAN R il B — 251 A 5 HE A IR
s ) T A 2 SR R I o L], S IR
Hh BT R B B

2 HGiR550H

2.1 DGGE Ei&frEfi%s Z M8

L& GC JeTmsI s, s 16S
DNA H B K E 4K 550 bp, XF k=4 k17
DGGE Hiik . HUKEIEES R D)EIR, 13 M
HIIEA 43 SR B LUK AR (B R B
W 1), 25 HALER 0, 10 K 30 d BES I FE &
ik, g 21-22, INEFGALRE 100 d BORES, 3 & &
i, M 350 A5 IR BRAESAAE 0-60 d AYALFRRT B,
F &R 22 #6712 29, INEERARBREMGTE 10 d
s B AR B 28, 25 Bl R] S K 45t Bt
Wit 2, HEREET LB, ZZR515 SRS
10 d B E & R 33, @ FAE AT 28 X BT
A BT HIRRE SR S R . AR TR AN [R) A A A
HFTEME: ZRSHEASKT IR, ANELT4ER TS
TR RS T ARAERN, FRESER/A
TR 100d 5, FEERTET 66.7%. W&
N

P AP E(H ) . FE(S) FIIAIE(En)
LT T (3 HFRM, S A A
SRR ERIIEA R | INRAERFESF TR
WA HEN; =5 B A bt o A 3 A ] () 4 1T
XFHRTE 60 d B ik 3 iRy, HARJETE 100 d B e
Shannon-Weiner $§ 405 = & B 15 B LSS
XTHRFE 60 d BB &Y 3.36, 2 100 d B
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DO D10 D30 D60 D100 M10 M30 M60 MI100 J10 J30 J60 J100

i

1 #A% 16S rDNA &) DGGE 4 #iEl i
Fig. 1 DGGE profile of the bacterial 16S rDNA
Note: Some weak bands (band 3, 5, 7, 10, 19, 23, 26, 28, 32, 35, 37, 40, 41) couldn’t sequence successfully, other bands were all
sequenced.

FHAT TR N T8 AL R0 22 A 2R o 2 R
FREL AL PR ) SRS, e KAE T 3.46
Ml 3.55, LFHE 25 T 2K AR K AT 5L
BT 15.8%.
22 WHENTIEERHRERFEES
FEF V5 AR 22 500 SR 2 43 B 46 S (1
)M, 13 MM A4 A RZERE: DO. D10 #
D30 FH—KHE, ARSI R — K. WK
2 [ B ARIE N 59%, TEAZZHESh S REp,
D60 5 D100 FIILAFE /3R —, FHRIPE

H67%; M10 5 M30 RN—F%, HRIES 69%;
1 J60. M100., J100, M60. J10 Fl J30 JHh—F%,
RROIEBNMIT . B2, K% HS RN
i % BEURE e SR B AR AR e, Tt [ A Ak
PR RIS EARIT
23 EFHFIRIREMHIMRELZE DT

WP AR5 29 ZEAWIFIN(ER 2), 5
GenBank 12 AT HIARLIMEN 90%—100%. Hor,
el S RIIEPE R OE AT 21 45, Band 1, 2. 34
F1 42 5 Bacteroides cellulosilyticus, Clostridium
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Table 1 Richness (S), Shannon-Weiner index (H”)
and Evenness (Ey) of each sample estimated from soil
crusts by DGGE bands patterns

B FEE TRAEEL WS R R

St Richness Sha.nnon-Weiner Evenness

S) index (H) (Epn)
DO 22 3.063 0.991
D10 21 3.030 0.995
D30 21 3.037 0.997
D60 29 3.360 0.998
D100 27 3.287 0.997
M10 28 3.322 0.997
M30 28 3.324 0.998
M60 29 3.359 0.998
M100 32 3.459 0.998
J10 33 3.482 0.996
J30 34 3.518 0.998
J60 34 3.516 0.997
J100 35 3.548 0.998

populeti . Bacillus subtilis F1 Clostridium sp.
AN-AS6C H—Z 51510 90% . 98%. 95%FH
93%, HAM5kA 9 FIBEMAE N T 5 —3K
P =99%; 535MY 9 %47 (Band 8. 20, 21. 22,
25. 33, 36. 39. 43) B IR A AT B R A 1A,
#ook BT H3EFREE R, 16S IDNA RFE L H L

0.59 0.65 0.70 0.75

ST AR 3)RIIXLEFIEAT 6 4], BP
Chloroflexi .
Firmieutes . Bacteroidetes Fl Proteobacteria .
Proteobacteria | i} H & EL T Alphaproteobacteria
Betaproteobacteria, Gammaproteobacteria =1,
24 HEREMEARBMBSTHS T

R LB T AR (1 4R, AP
2T T RF S I A AE 22 57 . (IR B3, MAiThy
A RE LS SR Firmicutes il Alphaproteobacteria.
FE 2B QN B-25 11 T4 29 (Betaproteobacteria), fUFT
I (Bacteroidetes) 1 i 4f 74 (Cyanobacteria) £ £5
FEaL TR B, (BT & LU BITEA B Ab B 2 (7] 22
SRR
3 Wi
31 AHZRFSRMEYTIBER PHEEE
A ALt l-opAl

Gk S8 T 2 5 i — P - ST L W R T 45
B R, W] g K % MSCs 4Hl TR
PSR . AR IAMEAF 4R B 2RSS
025 U0 BRAE 28 N B B R IR AR B2 2R T
9 TE R VR R OE R 2 B0 e Y R BE R 8

0.85 0.90 1.00

Acidobacteria . Cyanobacteria .

D30

0.68
L—0.72

D10
DO

0.59

D100

—10.67

D60

0.64 169

M30
M10

0.66

160

M100

—0.72

J100

0.75

0.79

M60
130

B2 WMERERSEWREILES T

Fig. 2 Cluster analysis of bacterial community structure similarity
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% 2 DGGE &% F 5 EiREE

Table 2 Similarities of DGGE band sequences with those deposited in GenBank

S GenBank &35 AR TS (GenBank & 55) T B AR
Bands GenBank accession No. Most-similar sequence (GenBank accession No.) Similarity (%)
Band 1 KC245105 Bacteroides cellulosilyticus (AB510698) 90
Band 2 KC245106 Clostridium populeti (NR026103) 98
Band 4 KC245108 Clostridium acetobutylicm NCIMB8052 (U16165) 99
Band 6 KC245109 Clostridium sp. BL-26 (DQ196630) 99
Band 8 KC245110 Uncultured bacterium clone sbrh 178 (FJ175133) 99
Band 9 KC245111 Sporolactobacillus nakayamae subsp. Racemicus (AB374519) 99
Band 11 KC245112 Bacillus sp. OS-ac-18 (U46747) 100
Band 12 KC245113 Sporolactobacillus laevolacticus (AB681813) 99
Band 13 KC245114 Bacillus racemilacticus (AB362651) 99
Band 14 KC245115 Herbaspirillum sp. INM-18 (JQ429450) 99
Band 16 KC245116 Clostridium sp. URNW (HM801879) 99
Band 17 KC245117 Microcoleus vaginatus CSU-U-KK1 (EF667962) 99
Band 18 KC245118 Burkholderia sp. SAP53 1 (JN872507) 100
Band 20 KC245119 Uncultured bacterium (HQ119661) 99
Band 21 KC245120 Uncultured bacterium clone HH2 e3 (FN401229) 99
Band 22 KC245121 Uncultured bacterium clone Sh_ F10 (JQ356959) 100
Band 24 KC245122 Sphingomonas sp. BRW2 (AF025350) 99
Band 25 KC245123 Uncultured bacterium clone TP-SL-B-273 (HQ864211) 99
Band 27 KC245124 Gluconobacter oxydans strain VC-1 (EU034639) 100
Band 29 KC245125 Methylobacterium sp. PB231 (AB220101) 99
Band 30 KC245126 Stenotrophomonas maltophilia strain DCB10 (JN650549) 100
Band 31 KC245127 Bacillus sp. A3S3 (FJ851436) 99
Band 33 KC245128 Uncultured Alphaproteobacterium clone APe2 70 (AB074649) 100
Band 34 KC245129 Bacillus subtilis strain BP11(HM585370) 95
Band 36 KC245130 Uncultured bacterium clone nbw774f12¢1 (GQO016556) 99
Band 38 KC245131 Ochrobacterium anthropi strain KH-7 (JQ612513) 99
Band 39 KC245132 Uncultured Hyphomicrobiaccae bacterium (EF664459) 99
Band 42 KC245133 Clostridium sp. AN-AS6C (FR872932) 93
Band 43 KC245134 Uncultured bacterium clone B16-XJrs-3-25 (FR849456) 90

FRIF AR AT it o SRR AR, 2 RSB T RIS, JFAMREE
R 5 2 1T R0 Ty R e e AN, WA 2R . 224R04 Microcoleus
. Stursova VR, BELYERMAMEIE  vaginatus L nT BEEAT [ E B AURE 1 1
B RENS T 214 25 bR AR ok 23558 138 Alphaproteobacteria 25%F, i THIFEEA TR K
TEREARAER 10 1%, HAGERWATREBEE  BRERNN, RHEZ R 4R T Rx Lt
TR R ARMIA G TR E I IR AR AT Dy iR . RN Al RE R A RS LT 4l R UAR R
WRIM, FRRFEFEN MSCs PHERE TR i ERARE RS R, a oy H AR
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AF025350)
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0
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3 DGGE &% FIINAFZELZBH

Fig. 3 Phylogenetic tree of sequences from DGGE bands
Note: The scale bar represents 5% sequence divergence. Bootstrap is 1 000 trials.
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Fig. 4 Comparison of the bacterial community composition

Ay S RGA SR A R IR AN RE IR, LA [ B S
) A 22 R 21 4 3075 B IRl A ) - S 48 B A T
RS R R . AR RS ORI IR L
KBYAE, i AR X 5 AR AR v 4 A T
HABRGEHEMAFMERE . Hi, Rzt
2 2R AR T LE D 1) A A T R o 5 R AR
T IEES R AR AR AL, FA U g AR
BRLEWT] .

FAh, AR, RISHANE A5 /8 1]
T4 B EORE AL BERSARUF RO SR AE—ike, BN E +
AL . IEBLRERW, A SR A AR R A1
U, IR AL BRAAE & 5 25 6 BR AR B
Ve Ak, 20575 S n 4 R M s e bl k. FF
HiX—Z5 RN, EAERBT T, MR
JEE X TR A ) - SR AT B A BRI Vi 20 4 2 B S )
ATERR I E N R, TET4ER 75 1510 mI RE
SRR, BN, 248505 S AL B
ORI RIS A — i
32 MNEAURFSWEMLIRER PAHE
FIEBAETE T

L UE R BRI E 2R A MBS 1

B, AR A SRR, A EAIMIME LT 24 2 (1)
XTHE | LT YRS S IR MSCs H 2T 4k K i 4N
(CDB)ZRHERN S A LR B T 38m . A7 471
HAT AT S0% 4371 5 L 12T 24 22 et T8 140 PP 90 AT
90%—100% I FI I . F AR IE R,
FEFER B G VE MK T & 85 3%, nT IR
53 CDB HUHAWAN R ECE:, AR T2r4E
R B, T o FAEwE ks
R, BMUKRERSFHA TAL RS B 548 & T8
Vi Herh AN BE TS Z AR A w B BT
Y RB SR RA R Clostridium )@ N T
MSCs HiiFE ) CDB, %Al fig5 MSCs HITE A
FUR EBHFY T HAT W T 1384 #Uf 5¢. Sullivan
G USIRE 32 TG SR 2% 58 B AR N - HERE Sl v £F
Y K BEAR BT 00T, ESSAE LAY 2T 4t KRR A7
R, MR R R IR 2 0. AR
Band 16 5 Clostridium sp. URNW FJAHRIPE L 5]
99%, % MBI, A AR CEE R e
F11 5 MSCs ] fE & CDB [ EER IR, 4R,
MSCs ] 21840 Band 18 AHKCH) . HA TR
APAE R KA B 52 Die Y Burkholderia sp. 554
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