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Advances in the synthesis of biobutanol by consolidated
bioprocessing from lignocellulose
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Abstract: Consolidated bioprocessing (CBP) is a multi-step process in a bioreactor, which completes hydrolase production,
enzymatic hydrolysis, and microbial fermentation. It is considered to be the most promising process for the production of
second-generation biofuels because of its simple steps and low cost. Due to the complexity of lignocellulose degradation and
the butanol synthesis pathway, few wild microorganisms can directly utilize lignocellulose to synthesize butanol. With the
development of synthetic biology, single-bacterium directly synthesizes butanol using lignocellulose by introducing a butanol
synthesis pathway in the cellulolytic Clostridium. However, there are still some problems such as heavy metabolic load of
single bacterium and low butanol yield. Co-culture can relieve the metabolic burden of single bacterium through the division
of labor in different strains and can further improve the efficiency of butanol synthesis. This review analyzes the recent
research progress in the synthesis of biobutanol using lignocellulose by consolidated bioprocessing from both the

single-bacterium strategy and co-culture strategy, to provide a reference for the research of butanol and other biofuels.
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Fig. 1 The metabolic pathway of engineered C. cellulolyticum to synthesize butanol from lignocellulose through
bioprocessing process (CBP)*?. Introduction of butanol and isobutanol synthesis modules (shown in broken lines).
(A) The butanol synthesis pathway in engineered C. cellulolyticum. The key enzymes in this pathway are thiolase (atoB
from Escherichia coli), 3-hydroxybutyryl-CoA dehydrogenase (hbd), crotonase (crt), butyryl-CoA dehydrogenase (bcd)
and bifunctional butyraldehyde/butanol dehydrogenase (adhE2) (both from C. acetobutylicum). (B) Isobutanol synthesis
pathway in engineered C. cellulolyticum. The key enzymes in this pathway are o-acetolactate synthase (alsS from
Bacillus subtilis), acetohydroxy acid isomer reductase (ilvc from E. coli), dihydroxy acid dehydratase (ilvd from E. coli),
keto acid decarboxylase (kivD from Lactococcus lactis) and alcohol dehydrogenases (adh from E. coli and L. lactis).
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1 IRUAHEERBRAEDS CBPHAARFEZERTE/RTE
Table 1 Engineered cellulolytic Clostridium species synthesize butanol/isobutanol from lignocellulose through CBP

Strains Metabolic construction

Solvent  Titer Yield Productivity e
produced (g/L) (9/g) (g/(L-h))

C. cellulolyticum Introduction of the keto acid pathway
C. cellulolyticum Introduction of the CoA-dependent pathway

C. cellulovorans Overexpression of adhE from C. acetobutylicum
C. cellulovorans Overexpression of adhE, ctfA, ctfB, adc from C. acetobutylicum Butanol 3.47 0.08

C. thermocellum Introduction of the keto acid pathway

Isobutanol 0.66 0.07 0.003 10 [20]
Butanol 0.12 0.01 0.000 25 [22]
Butanol 142 0.39 0.00560 [33]
0.041 30 [29]

Isobutanol  5.40 0.07 0.07200 [39]

acetobutylicum FP Y ILEFRLA (atoB) , 3-8 T
MG A BEEREIER (hbd), ELERREHEA (crt).
T LG A BEREER (bed) AT RE/ T WA AU
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Fig. 2 The metabolic pathway of engineered C. cellulovorans to synthesize butanol from lignocellulose through

bioprocessing process (CBP). Introduction of butanol synthesis modules (shown in broken lines)
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Table 2 Co-culture system synthesize butanol from lignocellulose through CBP

Microbial consortia Culture strategy

Substrates

Titer (g/L) Yield (g/g) Productivity References

(9/(L-h))
C. cellulolyticum and Mesophilic co-culture Cellulose 0.35 0.02 0.000 52 [48]
C. acetobutylicum Dual pH adjustment
C. celevecrescens and Mesophilic co-culture Filter paper 2.69 0.13 0.014 00 [49]
C. acetobutylicum
Microbial consortia N3 and Mesophilic co-culture Filter paper 3.73 0.15 0.020 00 [49]
C. acetobutylicum
C. cellulovorans and Mesophilic co-culture Corn cobs 11.50 0.14 0.096 00 [53]
C. beijerinckii (alkali-treated)
C. thermocellum and Sequential co-culture  Cellulose - - - [54]
C. acetobutylicum Temperature shift
C. thermocellum and Sequential co-culture  Cellulose 2.05 0.05 0.009 50 [44]
C. beijerinckii Temperature shift
C. thermocellum and Sequential co-culture  Cellulose 7.90 0.20 0.037 00 [44]
C. saccharoperbutylacetonicum Temperature shift

http://journals.im.ac.cn/cjbcn
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Fig. 3 Schematic diagram of co-culture for butanol production from lignocellulose through the bioprocessing process
(CBP). Cellulolytic Clostridium species adheres to cellulose through cellulosome, while Trichoderma reesei can
secrete free cellulase and hydrolyze cellulose into cellobiose and glucose by supplementing with B-glucosidase. These
reducing sugars can be metabolized by Clostridium species or E. coli.
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