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Effect of Cellulose-decomposing Strain on Microbial Community of Cow Manure

Compost
LIU Jia, LT Wan, XU Xiu-hong, LI Hong-tao
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Abstract ; Taking the cow dung and straw as composting raw materials, effect of cellulose-decomposing strain on microbial community of
cow manure compost was investigated with the traditional culture method and PCR-DGGE technique. The results showed that the
microbiological inocula showed a more rapid rate of temperature elevation at the start of composting and prolonged the time of high-
temperature process and increased the number of microbial. The DGGE map of cellulose-decomposing strain compost was different from
natural compost, the succession of microbial community in cellulose-decomposing strain was faster than natural compost. Sequence
comparison revealed that the Pseudomonas sp. of bacterial appeared at the initial stage and Acinetobacter sp. , Flavobacteria were existed
at the high-temperature process in natural compost; while Arthrobacter sp. was appeared at the high-temperature process in cellulose-
decomposing strain compost. Bacillus sp. was dominant species at middle and later stage in natural compost and cellulose-decomposing
strain compost. Eimeriidae of fungal appeared in compost materials, Aspergillus and thermophilic fungi were dominant species at the
high-temperature process in natural compost and cellulose-decomposing strain compost. Ascomycota appeared at middle and later stage
in natural compost; while Basidiomycetes in cellulose-decomposing strain compost. Aspergillus was found throughout the process. This
result suggested that the microbiological inocula were able to facilitate the bacterial microbial diversity of the compost; reduced the
fungal microbial diversity of the compost. The aims of this study were to provide a scientific basis to the diversity of microbial
community by monitoring the dynamics of microbial community in cellulose-decomposing strain compost and represent an important step
towards the understanding of microbiological inocula and its function in the degradation process of compost.

Key words: cow dung; compost; microbial community; cellulose-decomposing strain; denaturing gradient gel electrophoresis ( DGGE)
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b 2 ol AT 0 I 2 0 R R 6 R B R A
T B0 L AT S T HE A 2R 4 B VR Th RS 2 R
BIF 0 SR AR 22 A A0t S BE — 2 BF 9 43l 4 76 3
PAH I i WL AR T % 4 100 B A T 94 R

1B ik

L1 Aok

e HERC AR . L FE . BE S0 0 4% 1010 (i
BE ) 229 N B LURE 5 A E — Bk AR A I 5 IR P T
RN 2T 2 28 Ak 1T, 2 Jim K RS e I A N R
FLAPYE R B IR O E I A% 5 B 9R A T 30°C A
50°C BEAT 4 K 85 9% A5 H B N [7) 3 B b 2 (1077 ~
10 7%) [ 15 37 W) 14 B I N £F 4k 3% IR 41 3% 5 35 o
{8 F A W AAIE IR B TR A 30°C M S0°C HEAT 3G I, ML &%
AT 9 P AT 0 R T v ) BB T A 3% 7K A o2 W B 7 2
Dt R 7Kg K PR R v S 2P R R e aliAl , BRI BAT
SERERE B AR, 855 BT B AU AR, S5 5
ANUKFE R AT, 35 .
L2 MfEEHE

HE R R 36 A A< b A Ml K 2 el 2k 9 AT, BUF
FEME RN JURE, FEARE BT AR 1R N HEE,
TR BE R 4F s A7 N DR R i E 2 A
MR, AR 1.3 m, AL R 1.5 m, 2[5 #E
WK RIS ~ 10 em 15/ BOK AT C/N 5 30
ZEAT, MK 5 HERE D 46 5 K A 65% Je A B

HE AR HEAE (CK) , 55 — HERE Rl 0. 5% I £F 4k & 4> i
PRI, £ 4 22 50 A VA1 1) VR VR T A FL B 6 R L TR 1A
W AGHRESE H  AEW, A4 0.2 ~0.3 cm,
oAk, BOE A K pH EH R 7.5 ~ 9.0 d il A K
JE K 45 ~55°C, l i} 60°C DL b 1 i s b i AR 2
HEARRRAE 22 G Y 0 5 B M, A1k i K A0 2 B
P, T AU A 20 A A 26 R A IR S A e BRI, i
S S 5 BH 1, ) S 8 O 2 BT 1 ( Bacillus
sp. ), P &5 2R 6 %5 GQ996406. Hii fIE I 1] 42 i
TE LA H Ze A7 A R 0 58 HE A4 R
R N BRI B A P

Table 1  Basic properties of composting materials

HEHE A R HHL/ % K5y /% R/ % C/N
SEE 55 10. 18 1.33 2411
(R 73 9.46 0.72 58.7:1

1.3 FffnREE

S AEHENE KRS 0.3, 6,9, 12, 15,19,
24 28 d WUkE, 4y b oh L R R BEBLICRE , 23 o) BE HE
A T5i% 30, 60, 100 em kb 7y 5 mCRAERE 5, IO
FESVR G5, DU 2y ik R B 200 g, FIOR 48 %5
=20°C ¥ URIRAT , LLA& 20 B i € ). AE L B2
LRI A O BEHETI 20 50, 80 em At , B
JEHC3 AT, BER A F 08:00 FUR A 17:00 %0l — Ik,
DA 3 s Ul JE 1 B8 48 A Ay 12 R ME AR il B2 [) IR 3%
] A5 9 P
1.4 {5677
L4010 AT 33 Rk i 4

KM ERBC % o BOE AR R E A
JHR SR B 72 i B IR ) 5 T IR B R A Rk
BB R R e IG5 B IR 8 IR AL
1.4.2  HEJEJEDI4] DNA [ $2 5

HEJIE 20 b 5E ) DNA (1) 4 B 2 B Sk [ 22,23 ]
(1) DNA & B J7 v HE 0 50w JE 8 41 1 42 R
OMEGA FLT# R4 DNA $2 Bt 5 £
1.4.3  HEARJFER 41 DNA (1 4fift

HENEHE R 41 DNA R H] OMEGA ¢ Jig [3] i ik 711
AT 44k
1.4.4  HEJEIEN AL A B PCR 73

418 16S rDNA V3 T 4% [X ] PCR 4™ 5 % i H]
B4 F338-GC(5'-3" GC CCG CCG CGC GCG GCG
GGC GGG GCG GGG GCA CGG GGG GCC TAC GGG
AGG CAG CAG) 1 R518 (ATT ACC GCG GCT GCT
GG).PCR Jx W & & 4 2.5 pL 10 x PCR buffer,2. 5
pL ANTP, 5141 % 0.5 pL,Bifk 0.5 wL,1 pL DNA %
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A, KK 25 pL. PCR W 454 4 94°C Tl 4%
P 3 min, ZX 5 94°C 48P 1 min, 55°CiB K 1 min,72°C
JEAH 45 s, 35 MEIR, &% )5 72°C %35 10 min.

FLE ) PCR 9749 51 ¥R H] EF4 R 41 : EF4(5'-
3' GGA AGG GRT GTA TTT ATT AG),Fung5 (5'-3'
GTA AAA GTC CTG GTT CCC C),NS,-GC" (5'-3’
GGC TGC TGG CAC CAG ACT TGC) ,NS,-seq § (5'-
3" TGC TGG CAC CAG ACT TGC). "R = A + G,
* GC-clamp, CGC CCG CCG CGC GCG GCG GGC
GGG GCG GGG GCA CGG G, 7E 5 Kufy. HH—%1
PCR [ % & % % 5 wL 10 x PCR buffer, 4 wL dNTP,
EF4 1 Fung5 5% % 0.5 pL, 8k 1 wL,0.5 pL
DNA &8, 4N KB K E 50 pL. PCR J 41 K
94°C FAZYE 2 min, 4R J5 94°C 25 1E 30 s, 48°C iR K
45 s,72°C ZEAH 90 s, 30 MEH, B )5 72°C £ 8
min. 5 "% PCR & NAA R K 5 pL 10 x PCR buffer,
4 wL ANTP, EF4 il NS,-GC ##)% 0.5 wL,2 ~4 pL
5% PCR 7"4,0.5 pl. DNA S &, 4 KB K 2
50 pL. 55 5 PCR B 45 fF 55 55 — B A IH). 4
AELTE 1 e ifs 5190 39 i R A TR R w
=R
1.4.5 DGGE B 53 #r B A %5 2% e i Jy

K 8% ¥ 258 A I I Ji e I, b IR 2Rk R
30% ~ 60% . i ¥k X ] D-code DGGE % 4t ( Bio-
Rad) , LUK ZE M 0 1 x TAE, ££ 220V [ & HL s F
HIVK 5 h. HLUK &5 RS, R AT AR R A e 4.

9 WA VR 45K 2 BE R BT R ] Shannon-
Weaver $5 2k & 75, Shannon-Weaver 8 20 H F =\ 1t
B

D, =- > PInP, == > (N/N)In(N/N)
J, = D, /Ins
2, D, & Shannon-Weaver 8 %, P, N % i 4>

DGGE %4 BB N, % i 4+ RAPD % 4 ff
Py N Oy B IR R DNA 1) DGGE %4 1
PHRE (N = Y N). Y2 R HOR &
) 22 FEE A B 2 T 40 A7 R AE 1) B0 8 b 40 A
B AFJE Tanon GIS Ht IR 5 & 48, X 46 4 K H
Microsoft® Execl (2002) {E J7 2 43 ¥ . A8 2% 4 ¥ Fil =]
53 #r -

M DGGE Jig ik #8455 ¢ 45 U)K, 2 Bk o
Ve G TBON KB B 08, n 20wl (1 25 8 1K, TR
T 4CUKAE 12 ~ 14h; IR P 519 (A GC k1) i
R 8G P AF A 14,4 35 J7 V5 k. DNA J3 41
W 5E £H R R AR )RR A PR A R 58

2 LR

2.1 MEAGRERE AT 8T IR A W AR AR )

2 Bl HEL TR A Bl I AE R R E W
YIRS 0 Al 2 0 B G B D A R A U
JIE £ 2% A I 085 oy s ) D0 38, A HEJE A P
VERT s Tock i B AE HE AL b 5 1B 2, WT e 55 HE L
Je WA A B A 20 A 1) AR JO 3R S ) AT % LT R
0 HERL FT S 2, L )5 U1 2, T g A D O 22 il v
9 KB 1 S AN TR e UL 7 R SR S, TR R A AE
THEAKE A E R EER R (R2). &
2380 DL Y, S Al HE AR L5 8 4% S AT A EL , 6 HE JIE i
Wk A B BT, B ) B A A A T
AR I 3 1] R Rl TR HE IS 4T 301 B 0 R T A )
BEBE , DRSH Bl M I R I, A T ME I R A
2.2 HESE B4 B

2 A M A B BE AR A 2 T T PR T AR
e B AT BARUE 4 AN B B 2 NIRRT R
BAE 3 d WK B T 50°C, B AR HE IE R4 B 4F
Y 3800 R R HE L, HE N Rl B B (=50°C) I ) 2y

R2 HMENUAERE PR SRR R AL

Table 2 Change in numbers of culturable microbes in composts

I Ji] 41T x 10%/CFU-g ! L TH x 10°/CFU-g ™! ELH x10°/CFU-g ™!
/d X 20 R A of R 2 R A POREEAE| M A
0 3.52 3.52 5.35 5.35 3.67 3.67
3 4.01 4.62 6. 04 6.32 4.01 4.6
6 5.5 6.21 6. 44 6. 64 5.23 4.22
9 5.8 4.72 8. 87 9.35 4.33 3.5
12 4.3 4.5 9.5 9.98 3.5 1.84
15 4 4.3 9 9.23 2.51 1.26
19 4.5 4.8 8.53 8. 89 1.43 0.55
24 4.8 4.9 8.76 8.97 1.53 0.8
28 2.87 3.4 6.54 6.78 0.78 0.4
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T0°C H1 71°C, 35 Tl i HE T EE 1 4R 3 AR 80 N o i B Bt
(10 38 B PR, Lo 2 38 1 e e ol B A L A v,
P b B PR S B HERE R R — o AR R . A
SR M JIES R 2 P A7 M IE AR A e I R b b 2 R Ak
EL B BEIRT IS () 3 5 Ay 22 d RN 27 d A5 A, B i A T
232 e VU T IS )LL) SR M A 1 B R 0 T
T RE T B A= 4 1 A KR R T e A B T HE R 1Y
&S
2.3 MENEJERIZ] DNA (14200, 4lifk J2 PCR {43
HE 40 B 5L 41 DNA K BE > 23. 1kb, 3 L3k 15
Boe R IE N 4] DNA ) B (U A R IL S, Ul W v
BOh b A7 R & I 2% 0T, 75 200 M 42 DNA gk AT 4l 4k
alifb J5 (0 55 K 41 DNA % i B 52 9 /b, BLAti4b J5 JE TR
41 DNA 1 BEARE AT PCR 448, 3R 45K B2 20y 240
bp e B (B 1).

250 bp

1 417 PCR 4 AL Ik 5]
Fig.1 PCR amplification of bacterial genomic DNA

A HE A it e 4 BT B R AR DR DNA K FE 20 08
23. 1kb, £ W] T 2 3K 15 52 50 4 1) HE IE 3 78 A5 4
DNA , 1 F 20 5 £l /b, DR AR R 6 A 328 % AR
FI G0 ZLB DNA glifb, 1M 2 2% 5 7 65 &4 DNA
BEAT W B 5 /E o PCR 4 19 1 548, LUy 2> DNA [
k. HBE ) PCR GE$E T 9745 18S rRNA 11 4 v
B (K 2),51%N EF4 R4, 5 —% PCR M 51 %%
EF4/Fung5 , DURLEE FL B DNA %8 30 fix | 50 £5 b 45
B, % % PCR LAES — % PCR 24 Kb, UL EF4/
NS2-GC by 51 Wik A7 4 1, B vh 25 3 04 58 — % PCR
G 77 W, 3R A3 K O 400bp Ao A 1R S 1 T B
2.4 DGGE E{% /47
2.4.1 40w #E7% DGGE R 7 4

2000 bp
1000 bp
750 bp
500 bp
250 bp

100 bp

K2 I PCR § 1k A
Fig.2 PCR amplification of fungal genomic DNA

W34 FroR, AR HE AT M B g I 1 55 A
it TG AL Sty BEA AR, Ui I FEHENIE R e b, BB
THE V8 TR 45 K DR R — s AHBLE , B2 ) L 4% K T8 4% i
B 7 2% 1R 5 B SO B 22 5, W) T AE A A
LT, A4 B A BT A B2 A 1 H IR SR B A
K. B M B HEIE DGGE % e & 1% bb 1 4% HE IR (1
DGGE I 1B 3% 4% 4 1) 22 7 1 K, 20 # Jst R AT vl g
MR Z 05, IR T 32 R R, 3 B
FC A5 1 S S A £ v it 300 4% iy B0 gk 2D, 3 v i
B B LI FA A VR RT R e U TR AR TR ) i M
JIE F o Uk B I T ol SR AR A AN B A, 2 W A Y
BOACHHE T 2218 AR HENEFE & 50 400 1A I 21 1 27
YR R AR B AR AR 2 BT B R H T i AT Uk R )
TR A SR gl 70 1 T HE A o, T A I A B o R R AR R
U 12 RE A7 AE (5 12 B A8 HEJIE B P S R R
I (7 N G i DU /L R ) SRR 8L b IR
(0 HCEE 189 i O e 1 A7 BILBT R 40 A B2, DAL 0 By
A BT S P HE I o SR [ 381 IS P A7) 390 I 3 T DA A
FLrp A v 4k 2 A A AR T, AT DI/ 45 B B 4
. B 4 ] DU, 27 4t 5 B Al B 4% 2l ML 7R
M T PR A0 6 A A R B, T AE TR ) R BT B AR
B4 % AR R i 2 F ) ML AR G, 3 HE
Je 391, JLHCE B WSS -

¥ — 5 A H| Quantity One %X {4 ( Bio-Rad ) X
DGGE [ 3% i) 4% s BOR 5% JE AT B A b 3, JF i
T IR M, WA HE LR i TR Gl A= 40 4 1k 1) 2 2K
ST EE A (I S RO 6) . AT LUE 2% Ko 1R AH A
FEANTEAR v, 20 M s DR AT fE S e T HE T R A B
AN A R R O R R O A e B B,
TR TR, 3 ORI A T O . AR R
A& e T B B, AEL B R AR A 2 1S i A Al T R SR
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Fig.3 Bacterial DGGE map of natural composting
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Fig.4 Bacterial DGGE map of cellulose-decomposing strain compost
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VKIE2 F15 5 21.7% . 1 F19 2 52.1% . 6 Fl T K
52.4% (K 6) , W WM R )5, EARGAEY % 4
JRCAN [ AR HE T DR — 5 AR BLE () R I, SO R
JE IR A, O HOK Bl AR s B i il R B T B SR M AL
2.4.2 LW HE DGGE &5 #r

7 & ASRHENL K B DGGE [ 3%, M rp m] L
A B W] D> T A, AR SR R A R L
TR S5 2R T HE A AR R BORE R R L
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Fig.5 Dendrogram of the DGGE banding patterns
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Wi T 2218 (K 8).
2.5 kg ek AR e A

FE 53 A T HE JE I R o 40 A0 BT R 2 R Y
[ IS, %) 4 B A0 BT DGGE P 3 v 10 K3 2 10 34 4%
i o M EEAT T OV D, AN Al GC Sk 1 (W 51 W ik
AT PCR 38, =Wy v B v I WU e, i = A it 1] 3
4.7 8 o, 7 GenBank {4 [ rh 247 LE XT 73
A, 4k 20 de AH B BR Bk, 45 R UL 3 iR AR 3 AT X
A HENCAL I R b B I Al T R 2R AN F T
Ui B2 AN [ B 4 B o A 0 A A A o I A R
RAFE LA AE B 2R HENE AL i 100 L T B
fitl & J& ( Pseudomonas sp. ) , X & 40 B 6 vE ¥y £ B 28

H3 0 F oA T A R

Table 3 Sequencing results of part bands

strain compost

B8 Pl £ 4k 3 20 fift 1 ME I ¢ 1 DGGE 184
ﬁ*ﬂ%ﬂﬁﬁgﬁﬁﬁg fie 7. ﬁﬁf?ﬂ th Xﬁﬁfﬂ ) El ?‘)ﬁ\ Fig.8 Fungal DGGE map of cellulose-decomposing

HERE 1) & iR 30 4 & R B AT B8 (Acinetobacter sp. ) |

i Tt BT I AT UL B AL/ %
1 FJ499356 Uncultured bacterium isolate DGGE gel band 15 16S ribosomal RNA 99
2 AM710608 Pseudomonas sp. 129(43zx) 16S rRNA gene, partial sequence. 100
3 AB244764 Sphingobacterium compost gene for 16S rRNA | partial sequence 96
4 EU276158 Uncultured bacterium clone TSL35 16S ribosomal RNA gene, partial sequence 98
5 EF489017 Uncultured Flavobacteria bacterium clone 3 16S ribosomal RNA gene, partial sequence 100
6 FJ499360 Uncultured bacterium isolate DGGE gel band 19 168 ribosomal RNA gene, partial sequence 100
7 FJ609992 Uncultured Stenotrophomonas sp. clone D10 16S ribosomal RNA gene, partial sequence 95
8 AY803983 Bacillus sp. HPC40 168 ribosomal RNA gene, partial sequence. 98
9 AY803983 Bacillus sp. HPC40 168 ribosomal RNA gene, partial sequence. 100

10 AJ715799 Uncultured marine euryarchaeote partial 16S rRNA gene, clone SCS6A 100

11 EUS551221 Uncultured archaeon isolate DGGE gel band 4 16S ribosomal RNA gene, partial sequence 97

12 AJ582255 Uncultured Escherichia sp. partial 16S rRNA gene, clone AC24 100

13 EU555536 Escherichia coli strain CNM 477-02 16S ribosomal RNA gene, partial sequence 95

14 EU551230 Uncultured archaeon isolate DGGE gel band 16 16S ribosomal RNA gene, partial sequence 100

15 AJ582252 Uncultured Acinetobacter sp. partial 16S rRNA gene, clone AC21 92

16 AB438005 Uncultured compost bacterium gene for 16S rRNA, partial sequence 99

17 EU009381 Uncultured bacterium isolate DGGE band 8 168 ribosomal RNA gene, partial sequence 99

18 AY803983 Bacillus sp. HPC40 168 ribosomal RNA gene, partial sequence. 98

19 FM872863 Uncultured bacterium partial 16S rRNA gene, clone FBO3H07 100

20 AJ842255 Arthrobacter sp. Nj-75 partial 16S rRNA gene, isolate Nj-75. 100

21 EF024492 Eimeriidae environmental sample clone Elev_18S_791 18S ribosomal RNA gene, partial sequence 92

22 AJ635572 Uncultured sordariomycete partial 18S rRNA gene, isolate pal36 97

23 DQ836901 Doratomyces stemonitis isolate AFTOL-ID 1380 188 small subunit ribosomal RNA gene, partial sequence 99

24 DQ836901 Doratomyces stemonitis isolate AFTOL-ID 1380 188 small subunit ribosomal RNA gene, partial sequence 99

25 DQ985959 Aspergillus penicillioides strain 987 188 ribosomal RNA gene, partial sequence 99

26 DQB34846 Uncultured fungus clone 80-2-3 18S ribosomal RNA gene, partial sequence 99

27 DQ836901 Doratomyces stemonitis isolate AFTOL-ID 1380 18S small subunit ribosomal RNA gene, partial sequence 99

28 AJ635572 Uncultured sordariomycete partial 18S rRNA gene, isolate pal36 97

29 AY222619 Uncultured eukaryote clone F1b 18S ribosomal RNA gene, partial sequence 99

30 GQ228449 Aspergillus niger strain KBS4 18S ribosomal RNA gene, partial sequence 100

31 AB024045 Basipetospora chlamydospora gene for 188 ribosomal RNA 99

32 EU647017 Uncultured Agaricomycotina clone D0735_09_M small subunit ribosomal 97

33 AY857708 Ascomycete sp. ODP62903fg0 small subunit ribosomal RNA gene, partial sequence 100

34 AJ130850 Unidentified eukaryote 18S ribosomal RNA | clone LKM15, partial sequence 98

35 AJ635575 Uncultured ascomycete partial 18S rRNA gene, isolate pal39 98
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AT ( Flavobacteria ) 5 ¥ il T HE AL v i 399t B0 1
Arthrobacter sp. (159 FF B J& ). 78 B AR HE JE o 742 11 A
JE I BT ZF T B )8 ( Bacillus sp. ) , 15 0 B 19
P 3 2% A U e b, A I B T Bacillus sp. , U6 W] 2
T A HE JIE S A o 3 3 A7 AE

i R A He R A B, E AR HEAE WD 48 ) Rk b AR AE
SO HURFIUTA , A5 SR M I R B T T M T 1) v ik By
B 3534 00 30 iy 25 Jam Mg B BB A AR B AR, T
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