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Screening and bacterial composition analysis of a complex microbial system

WSS-1 for high efficiently decomposition of wheat straws
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Abstract: A complex microbial system( CMS) WSS-1 was screened and domesticated from the soils which had a long term
straw-returning to fields in Sichuan Province using the restricted cultivation and gradient-temperature induction methods.
The WSS-1 could completely decompose filter paper within 4d at 28°C implying that it had the potential of degrading wheat
straw under natural condition. The peak of cellulase production by WSS-1 appeared in the sixth day of the wheat straw
decomposition experiments, four days earlier than that treated with the widely used Inoculant A. The tension value at
breakpoint of wheat straws treated by WSS-1 could decrease by 73.66% after 20d, which was about 33.7% and 8.9% less
than that of the control and the Inoculant A treatment, respectively. The bacterial composition of WSS-1 was analyzed by
using 16S rDNA clone library method. The dominant communities of WSS-1 were Bacillus subtilis, Bacillus sphaericus,

Alcaligenes faecalis , Clostridium bifermentans and Enterococcus faecium.
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PR B HUAEKL , 3mSR LR AR SRR g . REFFIE F A R RS FPR UL B E 4k BRI EHBRRE,
HARFIZ T TP S o B UAEEAT IR FT B R A 2530 1 R B I A6 H FIFS
Fropiest, B — T E B R R, 3F BRI T T HUR & B A AR HY . (B 3R &1
T, TR RRE , RS A B8, ek B R AR P FEFF 1la WIS ERE R 05 RE
57.74% 47.83% F152.38% ) T I K BREF HBERHGEEH FHEEMEE AKREMREELSE, 8
BAEY =B MRS . EMESENRIHHEL RS, Rt DB/ EERCH ., 28 KRENFET CEERRE
MEALH , HFRER L )55 I EB R, T BB R H i, W5 R RS RS R SR 7 B
0 H B 4

A AT R E KT T R/ N WS T K R (8] 2 11 s ] 55 7 2 sl /N 22 6 T JEG 44 14 S s 190 81, SR
R A e A1 9 A 5 0L B 6 B 7% S v M BRI T SR S RS AT HY 10a f) 1338 7P , S et/ NEREFT I A R IF I 2 &
W&, It 16S rDNA TEpE SCPEL AT R AF A, WX B MW R A RN A 5FF & N AR AR, [FET,
T 3 AR ST 5 A 7 356 80 TR T S TR R AR A — 2 P SR
1 SBHE
1.1 #rgt
1.1.1 pPRkIE

SRR R AR ATRE S B A DO R K B RV P V4 M X 4 B R ) 3—4a 7R [A] 4 B
B, B 0—20cm B2 3 KB P OAS AT, PGS B LI 3 4°CAEN, B3 1R 12 1
1.1.2 EEWARMERESR

ARR-FEAMBIEFFRE(PCS) , Hf 40 0. 5% & H 0. 5% ZFF 8K (5 60 B i) .0. 5% NaCl,0. 2%
CaC0, 0. 1% B4y, H 4R pH, 4L TF DO 2 0.02—0. 4mg/L FIBIFEUIRES , B B IR
1.2 g E A R WSS-1 ik

TEARB VAT IR E KT, o7 E & RIRI %, B2 S TR A SYMLEFRWE RN E
HFo

(1) 43515 b 3R R A [ b B -+ BE 100g Jil A 300ml [ PCS 1 335 rh | 45°C 18 IR #5815 3% ; I P e B g
YRR A LI B R A3, PR TR RS 5 s ARG TR AR B 5% B BT — 4% PCS #5574
AT, EEA R 7d WEIRAAAINE RAE .

(2) W I e A5 30 BT AR AR R I O B RN ELIR A, 3% (1) I B AR, B B RIS T MR R \4d
MBI R ERAEY .

(3) B L3R T 15 20 ) 55 i B 3R LABG IR PRI 2°C IR BE 8 3%, (AT DA L i 48 . L RBAE AR IR BE
TR —E R ARACE . MITTRE1E 3] 28°C 55 F AT 7E 4d PR IR SRR O B4 T & WSS-1,
1.3 HAFR WSS-1 B &R E

DA CMC £ 4 R BRE PE ZEFT W 0 1 (AR VRN R A 1 R O25CR, R i A 4% pH M A2 1k

FREUEFT 500g, 3£ /T K (RELL) = 1:5 BEATIE M, 50 1% 19 WSS-1 B4 REW, 75 28°C {1844
AT S R, B A R 20d, 3 PR 48h BURE , & CMC 47 4k E BTG 1  EFF Wi s SEA pH H, UAERE S
Z WSS-1 1525 [ %t BB A AT 37 B ) BB R) A PR EL X, R R R 4F 4 Rl (CMC) M35 H il E 2 1R
iﬁ[lo_“] .

W ZE AT BT B4R S (B ARV E AN T 7RIS A AR 45 0.5.10,15.20d BURE , 45 Y BBURE 71388 o2 By 775 700 <
20 WK, BOHSE YA (CR A LB SH-500 %0 7 hr 3 e 22 FF Wi s hr 8, B 4-1(N) ) 6
1.4 K& % WSS-116S rDNA Tof&ECERE
1.4.1 5.16S tDNA £KP 38

WSS-1 Z 4 & & DNA 2 S B ICEk' ™, B 16S 1DNA £ K 3 # Sk ™ #E17. §734 3144 514 PO.
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5'-GAGAGTTTGATCCTGGCTCAG-3';P6.5’-CTACGGCTACCTTGTTACGA-3’, 25ul ) PCR ¥ 8 {A R Hy.10 x
buffer( Mg** )2. 5ul,dNTP(2. Smmol/L)2.0ul, 5|4 (¥ B 10umol/L) & 1ul, Taq (2. 5U)0. 25ul, 7 BAE AR
1pl,ddH,0 #p 2 2 25ul,
1.4.2 TERESCERIME

F B4tk PCR =4, 5 pMDI19-T BAKEH:, # AL KIGHF B8 DHS o, YA, 37°C 5 5% 12h J5 , PRECBH MR T &
T, ARSI VI EG Hinf T A Rsa 1 438Y, 8BS V) 28 BU B B — AR F B MR 24707 , F§ DNA Man , Gene Tool
SRR A X P 5 R AT Y AT, JPSUAE GenBank %48 b 847 BLAST [RI¥EMER R )G T BRI TEFS .
2 BRESH
2.1 H&Z%F WSS-1 {ffiik

PGS R ) 12 A~ T34 i Zeadt PCS (45°C 44 1L 55 57 , & A0 38 1] 1) 230 €0, N8 4K A A 38 2 R L
ZR IBAURFR R B IAESS 3 K, BiE AR LI T A Af 18 A0 BRAE 12d B, Bl b AR B . B
IRACHR AR TR B A AL B AL B AT SR SR AR UBE 3, B 215 BIREAE 4d N IBACRMM —HE SRR
Kz ol R A% 2—3 ARFRAIR 2°C BB BEEAT 5 a5 3% IR AR A o B B SR FRE 1E 4d . IRA TR E1S 3
FJ7E 28C 4d TRIBASE MM E G W R, HESERE MRS, Ra W R ma N WSS-1,
2.2 HEFR WSS-1 ZFEMHEHR
2.2.1 TR R M ",

- —— AR
AR, LAERARY, LA TR WSS-1.5 oo
) A SRBERU X R CMC B M b 2 By .
IEBIR FREIR S o AL LT - S ot o0
BIR WSS-1 7E55 6 RAATIAEI B {H 84. 1U, I A £2 w0
76 10d 2 4B BRI 40. 2U, W RHE 12d 247359 5%
R 23, 4U (A B FRAIH = i30T , e 3
SATHR WSS-1 7E A B PSR B ERBOR T H AT ’
Z B Ao 0T T s s 10 121
2.2.2 pH {ELH T Decomﬁ?ﬁ?grﬁlime/d
1 2 AT FE AR R B R, B R WS-
172 1—6d KGR pH {EHF5E BTt TiiZE 6—12d Bl ERRRLET OVCRREZL

Fig.1 CMC activity’s changing during wheat straw’s decomposition

HH pH EJT R T, 12d ZJ5H pH {68 THE , pH
E4ERFTE 7. 3 MhiE . ULWITE 1—6d M ARRTIRT BL, BbR ™ A MR RN B ; BEE T AT B 2E— 2P J A , 7T e
TELT U R IR T HF SR B AT EL A B BB /N1, P EE R LR S , 3 6d ZJE HY pH HFFZET
W, B2 12d W EfRd B TRE. MEl A W5 WSS-1 4% ,1—6d pH {ENFF5: T [, 6d J5 pH {HEEE
6.5—6.3, MNEREMLFEP pH MR UE HZ S R WSS-1 USRI 2R TEH Ao =AX R
AT TSR AT AE Y, B LA pH {ETCH B AL

M2 ST LA B AR B R S5 5 6—12 K2R SR AR E OB, IR A pH B8 T [ S
o7t T R BRI T BR
2.2.3  FATHIBREBER I E

WE& 25 T A , 2278 BRDU L0 B8 tht xR, DR LM 00 32 7 W 2Rt 144 e 7 o7 {E ol BB B I 3t RAE 22 75 19
JERRAREE . W& R AL P rp RS W 2 1 BEAL PRI TR 22 1 30 B 3 AT, B8 &R WSS-1 &5 20d HY
AR, AT TR E BT 46 159 88N i/ NEl 23N, AR BE IR 2 73. 66% , M5 A MIT 4R ) 88N Jai/NE]
3IN, BRI A 64.75% 25 FAXT IR I 88N Jgi/NEll 53N, FEAIR AR BE (LA 39.92% o 52 FXT BRANEGH A AL,
FeAP WSS-1 FREARNE BE 2331 22 H 33.7% 1 8. 9% (A_EWiZEhs Ty B PS8 = ARiEZE IR ) o TESS R UL
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Fig.2 pH changes during wheat straw’s decomposition Fig.3 The changes of breaking power of wheat straw during

decomposition

2.3 HAHZFR WSS-1 ) 16S tDNA 7 & SCHEE4HT

XTHENLBEIUE & & WSS-1 [ 142 4~ FH Pk ve R F FR ) 14 P VI B Hinf 1 70 Rsa 1 2EATRGY), SL15.2) 26 4
BEVI2EEY, &4 A& 5 205004 Hinf 1 Al Rsa 1 F0EEUI 0 2 & . 18 4 HikiE 1.2.3.5.10. 11 ARG —
B PKE 6.9.12 FRYIEA — 3G HE 3 MKEAUR I BEVIEAL. B 5 &2 Hinf T B§Y) 5% — BN HIdk, F
2 Rsa 1 F§U)R1REIH) 3 FhIEITESRAL, 2052 9K 1.3.7.9.10 11 A AH R B )26 2, JkiH 2.4.5.8 12 i [F]
PP 3KkiE 6 AR —FhRIEY . 435 Hinf 1 1 Rsa T BEYIATEY, AT LARHE PKE 1.3.10.11 941 R A U)K E,
K18 2.5 WA RIEE IR AL, HE ik E AR — IR AL,

211109 87 65 4 3 2 1

21109 B 7 6 54 8 2 1

i

B4 EBSIEEGRET Hinf 1 Byl BiL
Fig. 4 Results of partial digested sample’ s by Hinf 1

5 ESEME Rsa 1EEYIEIE
Fig.5 Results of partial digested sample’s by Rsa 1

B EEYIRBIPRIR 1 MR IERE T #ATI T , P 45 SR 7E GenBank ¥4 P rp i#17 BLAST Xt , ¥ /751 L
o 45 SR AH [R] ) T R T8 S — N E 4325 85T ( operational taxonomic unit, OTU) . &4 % WSS-1 —3:453 16
A~ OTU, FE OTU Fr & veke 78 B R HARRIME R ANER 1 B,

HIR 1 S5/, 2GR WSS-1 K TEfE T T GenBank 48 FEHh ©AAHE Y 16S rDNA Jp5I AR A =
HI2h 99% , B AlKHhy 94% ; Zrb i i) OTUL—OTUT [ 3e b ¥Rk 2 , Jy Sk SO rp AR EV ik , BB A 207l 2
Bacillus subtilis, Clostridium sp. , Bacillus sphaericus, Alcaligenes faecalis, Clostridium bifermentans , Enterococcus
faecium 1 Bacillus sp. ; &5 Hr—HG B WA EBERRETH 47 1, HESEER 33.11% ;B TRER
HITERETA 33 4, GRS R 23.25% ;R TIBE N EETH 34, HEREER9.16% ;8 T3
HRERZEETE 11 N, 5ERREBEWNT.75%, BIviaE 6 4 OTU 4 51)& T uncultured bacterium clone .,
Bordetella sp. . flavobacterium sp. .Bacterium sp. Escherichia coli Brevundimonas sp. 73J@& T _ L& 6 JSHI T lE T4
BHE:9.8.6.8.3 2 4, BN45 brakE X EESSER 6.34% .5.63% 4.23% \5.63% 2. 11% F
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1.41% ., A0 RA 1 NTikE T8 Bacilus fusiformis 1 Enterococcus ,'EA1 R 5 W WEERBER 0.7% ,

F1 16S rDNA REXEESMEAR WSS-1 TEMEARN
Table 1 The bacteria composition of WSS-1 by using 16S rDNA clone library method
(e % OUT 3elEF4 IRARMBIE PR (NCBI £:315)

Operational Clones number Max ident strain ﬁpgigmﬁo?g%% *ﬁﬁ‘rfgiz
taxonomic unit of the OTU (accession number of NCBI)
OTU1 20 Bacillus subtilis( EF491625) 14.09 99
0oTUu2 20 Clostridium sp. (AB114263) 14.09 98
0TU3 18 Bacillus sphaericus( DQ286315) 12.68 99
OoTU4 13 Alcaligenes faecalis( AY548384) 9.16 99
OTUS 13 Clostridium bifermentans( AF320283) 9.16 94
0TU6 11 Enterococcus faecium( AJ276355) 7.75 99
OTU7 9 Bacillus sp. (EU584552) 6.34 99
3 e

PRI, DI — BRRR B X R AR WA AT 10 8 A RCR A AR, JU R 7 H () i FRCR U AR E , LI,
FE LM YIRS SRR A GBS BT B RBOR o T I, A SCRR GG A 578
T, TR LASK B A RS S50 B SR TR R0, DARSFFRL 53 B2 Ak BT 55 BE B3 S DiAS FHE AR BE 19
SRR TSR , 8 75 SERR 5 5 R IR IR B 75 R 0 m YL, T3 8 T R AR WSS-1, JBfgEFT
RIEEER BN . H AR WSS-1 ZEE P HEE 6 R4 CMC BE B A B & & E, Lk BATH S 28
FAMIBE R A 32707 T 4d, T ELAEREN B o 72 vh 2 AT B9 Wi 340 o o Lo 28 vt BRI BE R A Kb T B2 4R
RIE LS B M E G R WSS-1 ZEH A T X Z B AR BIFSR

A 3CR MR 16S rRNA B[R sefESCEER AN B & W & WSS-1 347 T #0718 =& & WSS-1
H B BB B R « Bacillus subtilis  Bacillus sphaericus | Alcaligenes faecalis  Clostridium bifermentans F| Enterococcus
faecium, 16S rRNA TR SCPEE AT 938 45 Fh 41 B A 2 [H 7 9] BOXS 4 71 i T B A O B i A7 40, AT
2T I REA R A B AR MR oT ' R AR 47 . 16S tRNA J5 R 70 [ SC A M R B A EL R IR A 4,
RS R Hh S WO & b SR TR R AP FE IR B0, JU RTINS B A M AN P S5 SR M iR T R o (RIS WA FE AL
B EEEARGFEAE . BEE 16S rRNA FAR MW BRI , %07 B 08 o A e R S5 PR A 1 T
B, IFREZ M.

VT AER BEE XA b B B ) QU , A AT ORI R 1S ORI EE 2, [ AP MRS AT R FIAE T R E RS
RARE LT, EZMFEFHARTT, BRRERTTH I X/ EREH., X TREZMERR I
HRZBIUR , anfr i A F S 2l TR B H RS, B AT R E R AR 0 2G5 7™ i S e H [
JEBSBCRAEE TG e B BE AN REE R AR . A SURHER B E G TR WSS-1 X ZFF I il SUR AR & P BE Ty
T B4 T N RS D A T, T — PR RAEE G R FE WA E VLR & AR 7 R0 (8] B J5 T o
PR, HZE & R N TR LR
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