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Microbial diversity and screening of straw-degrading bacteria in different
fermentation processes of biomass waste

YIN Meng, SUN Yu-jiao, LI Jie, XU Shang-wei, ZHAO Juan-juan
(College of Water Science, Beijing Normal University, Beijing 100875, China)

Abstract: The 16s rRNA high-throughput sequencing technology was used to study the characteristics of microbial
communities during the co-fermentation of corn straw, livestock manure and sludge under different oxygen conditions. In or-
der to find the strains with great potential in the return of straw to the field a selection medium was used to quickly screen
the strains which could degrade straw. The results of high-throughput sequencing showed that Firmicutes, Bacteroidetes and
Proteobacteria occupied absolute advantages in the co-fermentation system of straw, livestock manure and sludge. The nutri-
ent structure and microbial community structure in fermentation system were different under different compositing condi-
tions, and the condition of low oxygen content was more conducive to the degradation of straw. The highest degradation effi-
ciency of target strain obtained by pure culture method was 28. 9%, and the strain could be initially identified as Bacillus in
the Firmicutes phylum. These results proved that it was feasible to select straw-degrading bacteria in co-fermentation system

by combining high-throughput sequencing results.
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UK R AE 25
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MgSO, - 7H,0 0. 50 g,KCl 0. 50 g,Na,HPO, 1.80 g,
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1000 ml,pH 7~8, LB #5374 NaCl 10. 00 g, [
[ 10. 00 g, BERHEEU) 5. 00 g, A ZE1 000 ml, JHT
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PCR Y34, 93847~ FH T DNA W, I 75 A 3 1ok
TruSeq DNA kit( Hlumina, 32 & ) #E17 SCEEM 8, R FH
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Fig.1 Structure of fermentation tank
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Fig.2 Observed_species index dilution curve in different exper-
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R R AU AN [R5 AR ) B S R
R Z A ) AV B A N TR R B 1 A8 4k
(F 1), KEEHET)ZH 4 (X3) Shannon 5 5 H
6. 012, .35 5 TR BERTRE A (X5) , ULHA A& e e b 2
RS AR 10 T 5 X 40 T 2 R M A S A A



594 o9 &b 2 W

2020 4E & 36 % 3 M

i, AT AR AE S R G RUE M, MAERA SRR E
(X2) Je kA 55 1F (X4) T, H Shannon $5 %5435 R
5. 135 4. 738, Ui HH & 48 S i R A A 0o e A 2R b 4
W ZFEVEA BTl Simpson $8 %055 A8 1k #l [A]
B 22 B & B B P AU B R R & S 8Ok B R R
AR 22 R A A AR A ARG SR AR A R T A AR
AT BEERROE 4Ry, APRE SRR, &
itk 2 rh S S AN R], R AN ], D RE T A P
R s )

1 AAEBEGTHRSHEFERSHE
Table 1 Abundance and diversity of bacterial communities under

different fermentation conditions

v Chaol Observed pecies  Shannon Simpson
ke P p

m B4 iR iR iR
X1 737.639 578 4.936 0.883
X2 665.684 471 5.135 0.938
X3 825.623 629 6.012 0.958
X4 825.958 547 4.738 0. 596
X5 1173.185 921 5.783 0.910
X6 792.340 588 5.034 0.893
X7 875.555 631 5.849 0.944

AEER L 2 1,

AN[FAE B i 5 PR R AR M R SRS R
W25 R OTU 34 B (18 3) o, 5 K BERITFE i
(X5) ML, X4 FES A B OUT $d i, 5 & BT
FEG A SR AU X3 AR S A OUT Kk,
R FOKFEFT B EEME G5 REIEA S i
SR FEG RIS R B AR RER

RS X2 X3 X4 X5 WL 2 L
B3 HE£HEHISFEYH Venn B

Fig.3 Venn diagram of common or endemic species
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65.88%, A% J& B |] ( Proteobacteria ) A 4.53% ~
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SRR A & W AR A LY By
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FENHR A R TRERE (R T 2 A0 8 A 2 AN A (] | K T e
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36. 10% ( X6) ,29.35% ( X7) ¥J & T K B Hi K
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WEEFEG (X3) 2 AT 55 35 T R G (X6,
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IS 9 5 A 4K Bacteroidetes 15 2 22 F IR 4 1H
PE R g — AT PR oKL &)
FAELF AR N HA 22880 51 25 1 B — & m A e
SUII0) - p s s 0200 gt g 2k B SR B Bacteroidetes
FEE 2 B A V4% oo A 384 i 346 o, B
W FRFEATHE SO HE K B, K IAE R 2 T 60~80 em
Qb PRI B A J G SR R IR SR Y A A, RS AT
WY 3207 ¥, Bacteroidetes AHX 42 B B i 5
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Fig.4 Composition of bacterial community at phylum level un-

der different fermentation conditions
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Fig.6 Heatmap of species abundance at genus level
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Fig.7 Prinapal coordinate analysis of samples
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Table 2 Comparison of straw-degrading bacteria

IR
k7S NS NCBI "
5% AU s MO

MG004193.1 100

1 Bacillus amyloliquefaciens strain m164b

CP023665.1 99

2 Bacillus paralicheniformis strain Bac84
3 Bacillus licheniformis strain SML_M236  MG937734.1 100
4

Bacillus sp. strain LA134 KY622250.1 87
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Fig.8 Straw degradation efficiency of single bacterial strains
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Fig.9 Relative content of Bacillaceae in the microbial population

REERZ (X3) 2 45 Ak il 55 3R 3 R 58 (X6.X7)
ARG ) RS AT AT e R AR 2R 4 R M
4 5 S5 HLY R A 19 Bacteroidetes A X 3= 5
AT 3 B S R AR 2 A B A TR
FEAY REA

it ARG FR 7 AT 4 BRFS TR AR TR 1 2
FEAF TR, H E R FEFT A LR e = 1T A 28.9%
e N e 2 R U ) A G 2H A L, TR ALIRR
&M (X3) T Bacillaceae 3%} JE #5 KA 5 | ik
— AR RS BN A R T REFT R, A
fege a3 )y X 58— Ry Ir kg5 & IR B
[ R Sk B R e i R T U ) 2 R AL S AR AT I
fift 2 T RRILARE | R LA DRy 56 35 A ) T I 5 -1 R
BERLBARYE , A4 AT 0 SR B A BT U8

SENWK:

(1] JRBEE ALBEFE B S5 AL 173 20 0% 2835 IR R
FREARBITFEL )] P E bR AL ,2019(21) :179-183.

[2] KIM M, YANG Y, MORIKAWA-SAKURA M S, et al. Hydrogen
production by anaerobic co-digestion of rice straw and sewage
sludge[ J]. International Journal of Hydrogen Energy, 2012, 37
(4): 3142-3149.

[3] WANG X, YANG G, FENG Y, et al. Optimizing feeding compo-
sition and carbon-nitrogen ratios for improved methane yield during
anaerobic co-digestion of dairy, chicken manure and wheat straw
[1]. Bioresource Technology, 2012, 120 78-83.

[4] ZHAO J, GUI L, WANG Q, et al. Aged refuse enhances anaero-
bic digestion of waste activated sludge[ J]. Water Research, 2017,
123 724-733.

[5] XU Q, LI X, DING R, et al. Understanding and mitigating the
toxicity of cadmium to the anaerobic fermentation of waste activated
sludge[ 1. Water Research,2017, 124 269-279.

(6] BULURE 2R, BN, 5. SR FASIR] I B0 1) 15 Ve S NE AR E



598

AN NI A

2020 4E & 36 % 3 M

[7]

[10]

[11]

[13]

[14]

[15]

[16]

[17]

[18]

BERFSELT]. P E LK HEK ,2002(2) « 5-9.

MENG L, LI W, ZHANG S, et al. Feasibility of co-composting of
sewage sludge, spent mushroom substrate and wheat straw [ J].
Bioresource Technology,2017, 226 39-45.

Fl B FORFE R IR TP o8 I o 2580 1 2R A BT 0 % kIR 2808
W[ D]. MR RAgll R, 2016.

LIY, ZHANG R, LIU G, et al. Comparison of methane produc-
tion potential, biodegradability, and kinetics of different organic
substrates[ J]. Bioresource Technology, 2013, 149; 565-569.
MENG Q, YANG W, MEN M, et al. Microbial community suc-
cession and response to environmental variables during cow manure
and corn straw composting[ J]. Frontiers in Microbiology, 2019,
10. doi; 10.3389/fmich.2019.00529.

CHEN Y, XIN L, LIU J, et al. Changes in bacterial community of
soil induced by long-term straw returning[ J]. Scientia Agricola,
2017, 74(5) : 349-356.

VRANOVA V, REJSEK K, SKENE K R, et al. Methods of col-
lection of plant root exudates in relation to plant metabolism and
purpose: A review [ J]. Journal of Plant Nutrition and Soil Sci-
ence, 2013, 176(2) : 175-199.

HIJAZI O, MUNRO S, ZERHUSEN B, et al. Review of life cycle
assessment for biogas production in Europe [ J]. Renewable and
Sustainable Energy Reviews, 2016, 54 1291-1300.

STRAUBER H, BUHLIGEN F, KLEINSTEUBER S, et al. Im-
proved anaerobic fermentation of wheat straw by alkaline pre-treat-
ment and addition of alkali-tolerant microorganisms [ J]. Bioengi-
neering, 2015, 2(2) : 66-93.

BOPETE. IR FE D 41 0 22 o3 B M NE A 95 v BRUAE W X R 19 78
B[ D]. BrMa: AR R, 2012.

ZHENG X, SU Y, LI X, et al. Pyrosequencing reveals the key
microorganisms involved in sludge alkaline fermentation for effi-
cient short-chain fatty acids production[ J]. Environmental Science
& Technology,2013, 47(9) : 4262-4268.

B XS T it , 2R [, 45 AT T AR DX - SR 2 AT A S
W SEEIE 1)), IRl R 2441, 2008,26(2) :167-169.
YI J, DONG B, JIN J, et al. Effect of increasing total solids con-
tents on anaerobic digestion of food waste under mesophilic condi-
tions ; performance and microbial characteristics analysis[ J]. PLoS

One, 2014, 9(7) : €102548.

[19]

[21]

[23]

[29]

[30]

[31]

YUE Z, CHEN R, YANG F, et al. Effects of dairy manure and
corn stover co-digestion on anaerobic microbes and corresponding
digestion performance [ J]. Bioresource Technology, 2013, 128.
65-71.

SR 2 L MR, S5, REFFE R RC L AR AR X e IR 4R
A PRUEIRRE IR ()], LT kR, 2020,39(2) : 667-
678.

TOoWA W, TN ARG ISR R
SHEBCRBL A RIS 52 [ ], vt Al 24k, 2019, 28
(11): 1861-1870.

AR T R, A BT Rl AT 0 KRR AR
K WES R A R RAE [T ], 22N B2 4 H AR
f), 2017, 53(4) : 526-533.

EHF, DR, M KRR AT IO B R MO
YIRS MR [T, YR, 2016, 56(12) ; 1856-
1868.

E/NER B HL RS UGS, 45, — o s 7K Y DR A I 20 T Y
SEEYEELT]. BHEARIRE, 2010,38(17) ; 8840-8843.
TSUCHIDATE T, TATENO T, OKAI N, et al. Glutamate produc-
tion from B-glucan using endoglucanase-secreting Corynebacterium
glutamicum[ J ]. Applied Microbiology and Biotechnology, 2011,
90(3) : 895-901.

AR AT AR A BT T 24 2 A ik T Y A o e FC o AT 5
[D]. K& PEBAB R (hEPRE B AR5 0l A
BWFFEAT) , 2019.

AT, PV TR A5, BN SR SR B R X T F KT
FRIC AR B [ T] . B0l 2= 4. 2019, 28(8) : 61-71.
FIA B HIEE 55, —BREF 43R 40k BV 0% 8 L 4508
R R OKFE AT B B8R (7], AW BORIE R, 2018, 8
(2): 132-139.

ZRLL 2RI, AN, 45 77 2 AR 5T 5K B A T MIN-8 114 3
PERHIAR PR B (1] A R 24,2014, 47(2)
324-333.

ALAIN K, QUERELLOU ]J. Cultivating the uncultured: limits,
advances and future challenges [ J ]. Extremophiles, 2009, 13
(4): 583-594.

ROSSELLO M R, AMAN R. The species concept for prokaryotes
[J].FEMS Microbiology Reviews,2001, 25(1) :39-67.

(AL G 4 TRIEAR)





