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Biodegradation of furan aldehydes in lignocellulose hydrolysates

Huimin Sun, Lihua Zou, Zhaojuan Zheng, and Jia Ouyang

College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037, Jiangsu, China

Abstract: Lignocellulose is the most abundant renewable organic carbon resource on earth. However, due to its complex
structure, it must undergo a series of pretreatment processes before it can be efficiently utilized by microorganisms. The
pretreatment process inevitably generates typical inhibitors such as furan aldehydes that seriously hinder the growth of
microorganisms and the subsequent fermentation process. It is an important research field for bio-refining to recognize and
clarify the furan aldehydes metabolic pathway of microorganisms and further develop microbial strains with strong tolerance
and transformation ability towards these inhibitors. This article reviews the sources of furan aldehyde inhibitors, the inhibition
mechanism of furan aldehydes on microorganisms, the furan aldehydes degradation pathways in microorganisms, and
particularly focuses on the research progress of using biotechnological strategies to degrade furan aldehyde inhibitors. The
main technical methods include traditional adaptive evolution engineering and metabolic engineering, and the emerging
microbial co-cultivation systems as well as functional materials assisted microorganisms to remove furan aldehydes.
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Fig. 1 Source of inhibitors in lignocellulose hydrolysates™.
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Fig. 2 The furan aldehydes metabolic pathway in C. basilensis HMF14%!, The pentagons and triangles represent
different enzymes: pentagon, furfural/HMF oxidoreductase; triangle 1, 2,5-furan-dicarboxylic acid decarboxylase;
triangle 2, 2-furoyl-CoA synthetase; triangle 3, furoyl-CoA dehydrogenase; triangle 4, 2-oxoglutaryl-CoA hydrolase.
The reaction process marked with a circle can be catalyzed by HmfH or non-specific dehydrogenase. The reaction
process marked with a square indicates a lactone hydrolysis that may occur spontaneously, or may be catalyzed by a
generic lactone hydrolase. Double-pointed arrows indicate keto-enol tautomerizations.
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BTHTR, ‘& Al A PR i A T 21 4k 227K A i
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BA 221206 Bordetella sp. BTHTR [ & 76 7¢ S b2k
o, I [ 2 16 )5 B9 Bordetella sp. BTHTR % 7K
IR T AR R, R LA Y A ML BB 4 pH 8.0 Al
40 CHIZAETT, 7E 20 h Y4350 ALK fige i A
H T 7 K R R AR 93.0% HMF+1009% M i A1l
86.0% HMF+100%H % . e Ah, [ Y 240 i 4 i
B 20 ML RE U8 7R PR AR VG R S T Y pH L i BE D
) 70 9 R R T R R AT 4R R ORI, [
MIFEZ L 7 WAE I TS AT B A B i A )
o AN

DL B SR DU Y, 15 B 25 Fh S BB A6 A1
PSR, WA S S A AR KRR, 1
9HR A A0 % PR MR T 5 AR JBiE 2 448 2R K SRR R4 ) A 1
WRBREE ST HHT, HIREM R B AR P i # i Ab

R 1 YRR AL IR R ARk IR B

TSR B, (32 O AR FE IR

4 RE

) P AT P A= 9 A S 21 4 A 1 o o DR A A
AEE A 7 2 ORI e (L Al 2 i i 25 I B 10 40
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7T FLALl i 77 A A R g e 25 22 Ao 4 o 7 T ) 24
AR AR AR, R AR 4R A
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AR A LMY L IO ] LR, 24k
— EE A YR SUS I B T AR SRR T
REAIACH TR DRy 3RAT B A Wk I TR iR 52 BE 77 1% fifp
RE I B I R AR AR T 3R R BOAR SCHE 5
AR 2 AP 32 B AL A P AL B SR R G M RE
AERA K7 B ol A 0 M i vk PR 900 1 9 ho 5 K2 T
O 2 — A 4 R R R B A ) 0 A RE T A RO
%o MAh, BERER HMF A SE 2 ACHH™ Y (Wi

Table 1 Summary of biological strategies to remove furan aldehydes from pretreatment hydrolysates

Strategy Approach Biocatalyst Effect References
Microorganism Screening I. orientalis and Low consumption of sugar, removing 100% furfural, [50]
microorganisms I. occidentalis 100% and 84.0% HMF
Whole cell catalysis P. putida KT2440  Tolerance of 190 mmol/L HMF, convert HMF to [52]
HMFCA as valuable product
Enzyme Fixed on cellulose Laccase Degradation of 12 mmol/L furfural within 36 h [57]
nanofiber
Adaptive Ultraviolet mutagenesis S. cerevisiae Improve resistance to furfural, shorten the lag period, [61]
evolution combined with adaptive improve the growth rate, the ethanol yield and the
evolution conversion rate of furfural
Adaptive evolution Z. mobilis Tolerance of 3.0 g/L furfural [62]
Metabolic Expression of adhl E. coli Enhancement in furfural tolerance and furfural [21]
engineered degradation ability
microorganism Expression of zmo1771 Z. mobilis ZM4 The conversion rate of furfural and HMF increased by [31]
and udhA 51.9% and 92.0%
Microbial Co-cultivation Desulfovibrio B and Methane production with furfural as substrate [76]
co-cultivation M. barkeri 227
system Co-cultivation Two S. cerevisiae  Xylose as substrate, increased tolerance against [77]
strians inhibitors, ethanol yield increased by 41.0%
Functional Entrapped in sodium M. guilliermondii ~ Conversion rate of HMF can reach 82.0%-85.0% [81]
material alginate SC1103 within 7-24 h, the cell activity can still reach 70.0%
assisting after reused four times
Entrapped in chitosan  Bordetella sp. 86% HMF and 100% furfural degradation in bagasse [78]

BTIITR

hydrolysate, the fixed cells still have good activity
after reused seven times

http://journals.im.ac.cn/cjbcn
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