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To overcome the depletion of fossil fuels and environmental problems in future, the research and pro-
duction of biofuels have attracted attention largely. Thermophilic microorganisms produce effective
and robust enzymes which can hydrolyze plant biomass and survive under harsh bioprocessing
conditions. Caldicellulosiruptor bescii, which can degrade unpretreated plants and grow on them, is the
one of the best candidates for consolidated bioprocessing (CBP). C. bescii can hydrolyze pectin effi-
ciently as well as the major plant cell wall components, cellulose and hemicelluloses. Many glycosyl
hydrolases and carbohydrate lyases with multidomain structure play an important role in plant bio-
mass decomposition. Recently genetic tools for metabolic engineering of C. bescii have developed and
bioethanol production from unpretreated biomass is achieved in C. bescii. Here, we review the recent
studies for biomass degradation by C. bescii and bioethanol production in C. bescii in order to provide
information about metabolic engineering of themophilic bacteria and biofuel development.
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Table 1. Extracellular glycosyl hydrolases with multiple domains

Gene number CAZy domains Slgr_lal Annotation (known activity**)
peptide*

Cbes_0089 GH11,CBM36 Y endo-1,4-B-xylanase
Cbes_0182 GH43,CBM22,GH43,CBM6 Y arabinoxylan arabinofuranohydrolase (XynF [40])
Cbes_0183 GH10,CBM22,CBM22 Y cellulose 1,4-beta-cellobiosidase (XynE [40])
Cbes_0594 GH5,CBM28 Y cellulase
Cbes_0609  GH13,CBM41,CBM48,CBM20 Y type 1 pullulanase
Cbes_0618  GH10,CBM22,CBM22 Y Endo-1,4-B-xylanase
Cbes_1857 GH10,CBM3,CBM3,GH48 Y/N glycoside hydrolase family 48
Cbes_1859 GHS5,CBM3,CBM3,GH44 Y mannan endo-1,4-B-mannosidase (ManA[22])
Cbes_1860 GH74,CBM3,CBM3,GH48 Y glycoside hydrolase family 48
Cbes_1865 GH9,CBM3,CBM3,CBM3,GH5 Y mannan endo-1,4-B-mannosidase (CelC[40])
Cbes_1866 ~ GH5,CBM3,CBM3,CBM3,GH5 Y mannan endo-1,4-B-mannosidase., Cellulase (CelB[40])
Cbes_1867  GH9,CBM3,CBM3,CBM3,GH48 Y glycoside hydrolase family 48, cellulase/cellulose (CelA[40])

*Signal peptide analysis is the result from SignalP program [35]. Y means yes (there is a signal peptide) and N means no (there
is not signal peptide). Y/N means that it is not enough to decide whether signal peptide exist or not.
**Known activity means the confirmed enzyme activity of the enzyme or orthologs in other Caldicellulosiruptor strains.
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Table 2. Genes possively involved in pectin degradation
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Gene CAZy Original annotation (Function) Slgr,lal Gene number of orthologs**

number domains peptide*

Cbes_1569 GH28 Glycoside hydrolase family protein N Csac_0664, Calhy_1166, COB47_0984, Calkr_2305,
Calla_0145, Calkro_0342

Cbes_1853 PL11,CBM3  Cellulose 1,4-beta-cellobiosidase N* Calkro_0864

(PecC)

Cbes_1854 PL3,CBM66 Pectate lyase (PecB) Y Calkro_0863, Calkr 1848, Calla 1249, COB47 1662,

Cbes_1855 PL9,CBM66 Pectate disaccharide-lyase (PecA) Y Calkr_1849, Calla_1250

Cbes_1856 No AraC family transcriptional regulator N Calkro_0862 Calkr_1850 Calla_1251 COB47_1663

Cbes_2325 CE12 G-D-S-L family lipolytic protein N Calkro_0229, Calhy_0201, Calow_2054, COB47_2097,
Calla_0095

Cbes_2380 GH28 Galacturan 1,4-alpha-galacturonidase N Calkro_0152, Calhy_0137, Calkr_1976, Calla_0050,

COB47_2144, Calow_2114, Csac_0361,

*Signal peptide analysis is the result from SignalP program [29]. Y means yes (there is a signal peptide) and N means no (there

is not signal peptide).

**Gene umber denotes Celdicellulosiruptor strains as below. Csac, C. saccharolyticus; Calhy, C. hydrothermalis; COB47, C. obsidiansis;
Calkr, C. kristjanssonii; Calla, C. lactoaceticus; Calkro, C. kronotskyensis; Calow, C. owensensis.
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Fig. 1. Metabolic pathways for ethanol fermentation from glucose. Broken line is simplified modified glycolysis and dotted lines
are missing pathways in C. bescii. Abbreviation of enzymes are as following: LDH, lactate dehydrogenase; ACK, acetate
kinase; PTA, phosphotransacetylase; PFOR, pyruvate ferredoxin oxidoreductase; AOR, aldehyde ferredoxin oxidoreductase;
AdhA, alcohol dehydrogenase A; AdhE, bifunctional acetaldehyde/alcohol dehydrogenase. Pfu and Cth designate Pyrococcus

furiosus and Clostridium thermocellum, respectively.
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