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Screening of cellulose—degrading bacteria involved in metabolic utilization of rice straw
CHEN Dan-dan, WANG Yao, GUO Tian-xin, LIANG Qiu-yu, ZHANG Qing, PIAN Rui-qi*

College of Forestry and Landscape Architecture, South China Agricultural University, Guangdong Province Research Center of
Woody Forage Engineering Technology, Guangdong Key Laboratory for Innovative Development and Ulilization of Forest Plant
Germplasm , Guangzhou 510642, China

Abstract: To enhance the utilization rate of straw, two cellulose-degrading bacteria were isolated from the intestinal
tract of termites. The bacteria were initially screened using Congo red and subsequently re-screened with a filter
paper degradation test. They were identified as Cellulomonas iranensis (CE) and Bacillus safensis (BS) through
NCBI homologous sequence alignment. The enzymatic activities of endoglucanase, exoglucanase, and B-glucosidase
were quantified to two bacterial species. The measured activities for BS were 0.102, 0.321, and 0.112 U-mL"",
respectively, whereas those for CE were 0.202, 0.434, and 0.131 U-mL ', respectively. The differential
metabolites identified during filter paper fermentation by BS and CE were primarily amino acids and their
metabolites, benzene and its derivatives, aldehydes, ketones, esters, alkaloids, organic acids and their derivatives,
as well as heterocyclic compounds. The differential metabolic pathways were dominated by the biosynthesis of
phenylalanine, tyrosine, and tryptophan, as well as the degradation of aromatic compounds. After 14 days

fermentation, BS and CE were cultivated with rice (Oryza sativa) straw as the sole carbon source. The straw was
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degraded to varying degrees. Both of BS and CE significantly (P<C0.05) reduced the contents of acid detergent fiber
(48.80%, 35.43% DM) , hemicellulose (19.90%, 17.53% DM) and water soluble carbohydrate (0.11%,
0.18% DM). In addition, the inoculation of CE also obviously increased (P<Z0.05) the weight loss rate of straw
(43.12% DM) and reduced the content of neutral detergent fiber (52.95% DM).

Key words: cellulose-degrading bacteria; filter paper; rice straw
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Fig. 1 Congo red staining results of cellulose—-degrading

bacteria
a: 155 No.1 bacterium; b: 25 5 No.2 bacterium. #% {4 & . 4 7% H 12
(d) ;a8 . % W B B 42 (D) . Yellow circle: Colony diameter (d) ;

Red circle: Transparent circle diameter (D).

2 ER2IEAEIBERENREERBR
Fig. 2  Filter paper degradation of cellulose—degrading
bacteria after 2 days of cultivation

a: X B 41 Control group; b: 15 7 No.1 bacterium; c: 2 5 & No.2

bacterium.
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Fig. 3 Gram staining results of B. safensis and C. iranensis
a: VD AE SEAUAT 1A B. safensis; b: P 4L M1 C. iranensis.
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Table 1 Physiological and biochemical results of B. safensis and C. iranensis
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W i fk. Gelatinization — — 15 # M Trehalose + +
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A BEHE Xylan + + B = H¥ Melezitose + +
FLHE Lactose + + % —ffi Melibiose + +
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BJ R4 B Arabinose + — V-PiX % V-P test — —

-+ BHPE Positive; — : M4 Negative.
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Fig.4 Glucose standard curve
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Table 2 Enzyme activities of cellulases from B. safensis and C. iranensis (n=3, U mL™)
%5 [ PR ) SR A Tl PIE RS i -7 % Y
Number Strains Endoglucanase Exoglucanase B-glucosidase
1 VDR SEAUAT I B, safensis 0.1024+0. 003 0.32140.002 0.11240. 004
2 PHIALT 4E SRR C. iranensis 0.202£0.003 0.434+0.001 0.131-0.002

P B R 7 A ) 22 S AR ) 32
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X VA 2 LT TR G B 2T 2 S R I A 0 4TS AU M KEG G 5 520 B, 45 51 (18 7) R B, R B8 B s B 4T
Ro firp %) el R v, TN 2R S TR RN €8 2 IR 1 2E W) 65 WL (phenylalanine, tyrosine and tryptophan biosynthesis) . J5

IR S FACH ™ W R B AT A R BR E2E AE WRA BILR S AT
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Fig. 5 Differential metabolites between B. safensis and C.
iranensis
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FC: Fold change. VIP value>1; P<<0.05; [log,FC|>3.
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Fig. 6 Thermogram of significant differences in important metabolites after degradation of filter paper by B. safensis and C. iranensis
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Fig. 7 Enrichment analysis of metabolites after degradation of filter paper by B. safensis and C. iranensis
i Al 98 7 A T B O6E B A T B DR T BN AR AR DA 3 S 4 B (B R PELHE R ) L RSBy P/ BRED SRR w SRR 35 0 s R/ MR AR B 22
RBP4~ %, The abscissa represents the rich factor to each pathway, the ordinate is the pathway name (sorted by P value), and the color of the point
is the P-value, and the redder the point is, the more significant the enrichment. The size of the dot represents the number of differential metabolites

enriched.
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Table 3 Changes in fiber content of straw after 14 days of liquid fermentation (n=3, % DM)

dib 2 RER HLLF 4t AP U T AT 4 TRk Uk % 21 4 RS AR KA G
Treatment Weight loss rate Crude fibre  Neutral detergent fibre Acid detergent fibre Hemicellulose Water soluble carbohydrate
X it Control 29.18x0.91b  45.34=0. 84a 69.50=0. 45a 51.41+0.43a 26.81+0. 03a 0.9940.01a
AR AT T B. safensis 32.30%0.52b 45.68+0.7% 70.91£0. 31a 48.80+0.30b  19.90=£0.52b 0.11£0.03b
PHIILF4E AT C. diranensis  43.12+0.19a  36.72+0. 65b 52.95-£0.45b 35.43-+0. 34b 17.5340.49b 0.1840.01b
P{H P value <0.01 0.03 0.02 <20.01 <20.01 <20.01

DM : +# % Dry matter. [F 5 ARl/NG P48 £ /R A 3 22 5 (P<<0.05) . Different lowercase letters in the same column indicate significant differences
(P<<0.05).

R B, VAR 25 ST B8 T B £ 4 PRI BT 2 1k — 20 XA Wy B AT R o nT REJR R B A TR S ECE AT Y

PRI W 22 R . TR 88 22 S AU vh R S R b A Y R R 2 R R AT AR A LR MO AR
ZRINL AT W WA R R R R B KUK P 5 o ARAC S A R IR 2 AL W R P o R Y XU R R T L
ikt S J2 1 78 28 3 1 19 S, X S I 1 22 /0 LU A9 X R S 1 R KUK T R R A BR AR AT -
TR RSN o SR T AR R 4 R b 1 E A 2 I (Cucumis melo) [ % b (0 45 22 1 AU B 3647 4G T & 30 2 22
A 190 T e Uy, HoP R 6 38 Bl IR 2K 4 R DRIR AL S Y 7 R, 3K S 8 o 7R A [ B R I A e R 22 v
(1 B A0S AT BT 22 5 . TR AR AR R LA i B R WA A2 Fh AT S Ry O R 2 11 A R S 7 A
GUHETR L. U0 AR ZF SR TR RO B9 2T 20 B R 0 B AR R A I, A 17 Rl R R b LA 2 R R R AT AR W) 3
FiA HLIR S AT A2 ) 2 PR B R AL 1 1 Rl 2 3R 2R A& A I S0 22 55, 3 26 9y Joi ] 52 ) 5 00 4 A T 0 ) KL
WK o KEGG 4552 7R PR G vk 52009 28 S AR AR vh (3 17 R TN IR L I 2 TR R (8 IR 1Y A ) 6 I 07 7 T Ak
B WD RE A o TR TN R T R A (B R SR 3R KR IR . DS B ISR — RO R AR
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T R
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