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Metagenomics in studying cellulase
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Abstract: Cellulases can degrade cellulose and widely applied in bioremediation, food processing,
chemical synthesis and other fields. Therefore, it is really significant to develop new types of cellulases
that have high activity, broad substrate spectrum, high temperature and alkali resistance, and other
anti-extreme-conditions capacity. The metagenomic technology focuses on the sum of microbial
genomes in environmental samples, avoiding traditional process of microbial isolation and culture, and
provides a new technology for the development and utilization of genetic resources. Combined with our
own findings, this paper summarizes the strategies of gaining cellulases by use of metagenomic
technology, and highlights advances in studying cellulases from animal gastrointestinal tract, soil and
other environment with metagenomics.
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Table 1 Identifying cellulase from the metagenome of animal rumen

Fedh N4 R S WERE s
. . . creening
Sample Screening target Library type Screening method B Reference

Yak rumen B-Glucosidase Cosmid library Activity pNPG 2/4 000 [13]

Cow rumen Endoglucanase BAC library screening CMC 25/6 000 [29]

Goat rumen  Endoglucanase/ BAC library CMC/EH-FAC 2/5 000 [31]
B-Glucosidase

Cow rumen Cellulase/Xylanase BAC library CMC 26/15 360 [32]

Bovine Endoglucanase Cosmid library CMC/MUC 1/8 000 [33]

rumen

Cow rumen  Endoglucanase A Phage library OBR-HEC 7/14 000 [34]

Cow rumen  Multifunctional glycosyl A Phage library AZO-xylan 1/50 000 [35]
hydrolase

Bovine B-Glucosidase Cosmid library EH-FAC 118/126 000 [36]

rumen

Buffalo Endoglucanase/ Cosmid library CMC/EH-FAC 61/15 000 [37]

rumen B-Glucosidase

Buffalo Endoglucanase/ Cosmid library MUC 46/15 600 [38]

rumen B-Glucosidase

Calf rumen Multifunctional —glycosyl Fosmid library CMC 1/12 288 [39]
hydrolase

Goatrumen  Xylanase/Glucanase Fosmid library CMC 10/9 500 [40]

Buffalo Endoglucanase Fosmid library AZCL-HEC 93/10 000 [41]

rumen

Buffalo Cellulase Metagenomic DNA  Sequence PCR 2= [42]

rumen screening

Bovine Cellulase Fosmid library 454 pyrosequencing 2/70 000 [43]

rumen

Bovine Endoglucanase/ Metagenomic DNA 809/— [44]

rumen B-Glucosidase

Note: CMC: Carboxymethylcellulose; MUC: 4-Methylumbelliferyl-B-D-cellobioside; EH-FAC: Esculin hydrate and ferric ammonium citrate;
PASC: Phosphoric-acid-swollen cellulose; OBR-HEC: Ostazin brilliant red-hydroxyethyl cellulose; pNPG: p-Nitrophenyl-B-D-
glucopyranoside; X-gal: 5-Bromo-4-chloro-3-indolyl-B-D-galactopyranoside; AZCL-HEC: AZCL-HE-Cellulose; DNP-C: 2,4-Dinitrophenyl-
B-cellobioside; —: Not reported.
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Table 2 Identifying cellulase from the metagenome of monogastric animal gastrointestinal tract
Hefh N R St ERE s
. . . creening
Sample Screening targe Library type Screening method ity Reference
Rabbit cecum B-Glucanase/ Cosmid library Activity CMC MUC 11/32 500 [50]
Endoglucanase screening
Abalone gut Cellulase Fosmid library CMC 1/90 000 [51]
Mice large-bowel B-Glucanase BAC library lichenin 3/5 760 [52]
Batocera horsfieldi gut Cellulases Metagenomic DNA  Sequence TAIL-PCR 11/- [19]
screening
Burchelli fecal Exo-B-1,4-glucanase ~ Metagenomic DNA PCR 1- [53]
Reindeer rumen Cellulases Metagenomic DNA 454 pyrosequencing 406/ [24]
Human gut Endoglucanase Fosmid library 11/704 000 [54]
Termite hindgut Endoglucanase Metagenomic DNA 35/ [55]
Foregut contents of wallaby  Glycoside hydrolases  Shotgun library 557/— [56]
Snail Cellulases Metagenomic DNA 57= [57]
Fecal samples of giant Glycoside hydrolases Metagenomic DNA 448/— [58]

panda
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Table 3 Identifying cellulase from the gastrointestinal tract of different herbivorous animals

RIK Yl feve e e 9 I8 TR E AE R LK
Family  Reindeer rumen®" Yak rumen!™®”? Bovine rumen'®!  Termite® Cow rumen'®"? Wallaby™"! Snail*"!
GH5 287 12 8 56 1451 10 36
GH6 0 0 0 0 0 0 4
GH7 0 0 0 0 1 0 0
GH9 109 7 7 9 795 0 15
GH44 5 0 0 6 - 0 0
GH45 0 1 0 4 115 0 0
GH48 5 0 0 0 3 0 2
Total 406 20 15 75 2365 10 57

*4 FREERBAFNITIRFIRIGHH R

Table 4 Identifying cellulase from the metagenome of soil

AT i XS 52 SOFRR i 6 )y 15 ity ES 275 3k

Sample Screening target Library type Screening method Screening efficiency ~ Reference
Mangrove soil B-Glucanase Plasmid library Activity EH-FAC 1/- [63]
Soil B-Glucosidase Fosmid library sereening L paC 11/90 000 [64]
Soil Endoglucanase Cosmid library CMC 8/1 700 [65]
Soil B-Glucosidase Plasmid library EH-FAC 2/3 000 [66]
Karst soil B-Glucanase Shotgun library EH-FAC 3/- [67]
Alkaline soil B-Glucanase Plasmid library EH-FAC 1/30 000 [68]
Mangrove soil B-Glucanase - EH-FAC 1/20 000 [69]
Grassland soil Endo-B-1,4-glucanase Fosmid library EH-FAC 1/4 600 [70]
Red soil Endo-B-1,4-glucanase BAC library CMC 1/3 024 [71]
Agricultural soil ~ Alkaline B-glucosidases Plasmid library EH-FAC 2/45 000 [72]
Wetland soil B-Glucanase Fosmid library MUC 5/14 000 [73]
Soil Endoglucanase Fosmid library DNP-C 1/96 144 [74]
Soil Cellulase Metagenomic DNA Sequence PCR 127/— [21]

screening
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Table 5 Identifying cellulase from the metagenome of sediment and compost

FEdn it 24 LAY i 106 )7 15 [ipry S 275 3k

Sample Screening target Library type Screening method Screening efficiency ~ Reference
Sediment Cellulase Fosmid library Activity 4-MUC 121/100 000 [11]

. . screening

Rice straw compost Endoglucanase A Phage library CMC 1/12 739 [80]
Compost B-Glucosidase Fosmid library X-gal 1/— [81]
Sediment Endoglucanase Fosmid library CMC 21/100 000 [82]
Compost Cellulase Fosmid library CMC 2/12 380 [83]
Vermicompost Endoglucanase Fosmid library CMC 18/89 000 [84]
Switchgrass compost B-Glucosidase Metagenomic DNA 454 pyrosequencing 1/— [85]
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