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The current driving force for the development of “clean” 
technologies for the production of fuels and chemi-
cals from renewable resources stems mainly from envi-
ronmental concerns, which have overshadowed con-
cerns regarding the depletion of fossil fuel reserves and 
the price instability of crude oil. To accommodate the 
increasing interest in biotechnology for the production 
of chemicals, Biotechnology for Biofuels (BfB) took the 
decision to widen its scope to also include articles on 
the biological production of chemicals and bioproducts 
derived from biomass and CO2. Whereas a large propor-
tion of the articles in BfB still deal with the pretreatment, 
hydrolysis and bioconversion of lignocellulosic biomass 
to ethanol, the journal also has published a number of 
interesting articles related to bio-based chemicals and 
other bioproducts. This retrospective thematic issue 
assembles recent articles since 2015 to highlight these 
areas of research. An interesting observation when com-
piling this thematic issue was that of these 32 articles, 11 
originated from China—by far the most from any one 
country.

The topics covered by these selected articles are rather 
diverse, with feedstocks ranging from sugars to syngas (a 
mixture of CO, H2 and CO2), while the products include 
various chemicals and potential alternative biofuels 
such as acetate, n-butanol, 1-propanol, 1,2-propanediol, 
lipids, short- and medium-chain monocarboxylic acids 
and their corresponding alcohols, α-linolenic acid, suc-
cinic acid, glycolic acid, 3-hydroxypropionic acid, geran-
iol, chitin, isoprene, alkanes, 1-alkenes and biohythane 
(a mixture of biomethane and biohydrogen) produced 
from waste sludge using microbial electrolysis cells. 
The increasing number of articles dealing with the use 
of glycerol as feedstock for the production of bioprod-
ucts such as malic acid, 1,3-propanediol, 2,3-butanediol, 

triacylglycerides, erythritol and citric acid is encour-
aging, since valorisation of the huge amounts of crude 
glycerol generated as the main by-product of biodiesel 
production by transesterification of animal fats and 
plant oils has become imperative. Also included in this 
collection of articles is a review by Luo et al. [1] on the 
microbial synthesis of poly-γ-glutamic acid, a bio-based 
chemical that is already widely used in several industries 
and the production of which by microbial fermentation is 
deemed cost-effective.

Apart from conventional bioprocesses such as anaero-
bic digestion and fermentation, a significant increase 
was noted in the number of articles involving metabolic 
engineering and also protein engineering aimed at the 
production of chemicals and alternative biofuels. The 
genetically tractable Escherichia coli still featured as the 
favoured host microorganism for metabolic engineering. 
Yao et al. [2] investigated the co-metabolism of glycerol 
and glucose to determine the metabolic potential of a 
genetically engineered E. coli strain as a platform for the 
production of biofuels and chemicals. For the produc-
tion of geraniol, an acyclic monoterpene alcohol that 
finds application in the perfume and other industries, 
Liu et al. [3] overexpressed several key pathway genes in 
E. coli. The production of n-butanol, which has excellent 
qualities for an alternative fuel, was investigated by Saini 
et al. [4] through engineering of the central metabolism 
of E. coli. A novel approach to the biosynthesis of long-
chain 1-alkenes from low-cost triacylglycerols as a “drop-
in” biofuel is described in the article by Yan et al. [5] on 
the development of a tandem biotransformation process 
incorporating cell-free systems (purified enzymes or cell-
free extracts) and engineered E. coli whole cells. Protein 
engineering of key enzymes offers the prospect of tailor-
ing biofuel formulations to desired specifications [6].

This selection of articles includes reports on meta-
bolic engineering also of other microorganisms aimed 
at a variety of bioproducts. Extensive engineering of the 
workhorse of industrial biotechnology, Saccharomyces 
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cerevisiae, enabled this yeast to produce fatty acid short- 
and branched-chain alkyl esters, including ethyl, isobutyl, 
isoamyl and amyl esters from endogenously synthesised 
fatty acids and alcohols at a high titre [7]. For the effi-
cient biological production of chemicals and biofuels, the 
toxicity of the product towards the host cells can ham-
per efficient production. This aspect was addressed by 
Ling et  al. [8], who improved the tolerance of S. cerevi-
siae to alkanes by engineering transcription factors. Also 
featured in this thematic issue is an article on the meta-
bolic engineering of a non-conventional yeast, Yarrowia 
lipolytica, for enhanced glycerol assimilation and the 
production of erythritol and citric acid [9]. By targeting 
endogenous enzymes in Corynebacterium glutamicum, 
Siebert and Wendisch [10] improved the production of 
1,2-propanediol, a versatile bulk chemical. They also suc-
ceeded in engineering this bacterium to produce 1-pro-
panol, albeit at a low yield. Other examples of metabolic 
engineering for the bioproduction of chemicals are men-
tioned below.

The production of certain chemicals via a biotechno-
logical route has considerable potential. A case in point 
is 2,3-butanediol, which as a commodity chemical has 
numerous industrial applications. Cho et  al. [11] used 
glycerol as sole carbon source for 2,3-butanediol pro-
duction by an engineered strain of Klebsiella oxytoca, 
reaching a high concentration of 131.5  g  L−1 with little 
by-product formation, while Yang et  al. [12] engineered 
Zymomonas mobilis for the efficient utilisation of bio-
mass-derived mixed C5/C6 sugar streams. Optically pure 
2,3-butanediol, on the other hand, is an excellent pre-
cursor for the asymmetric synthesis of high-value chiral 
chemicals, but the chemical processes for its produc-
tion are expensive and yield a product of a low optical 
purity. However, the biotechnological route now seems 
an attractive alternative for obtaining pure isomers. Chu 
et al. [13] designed a metabolic pathway in E. coli for the 
direct production of (2S,3S)-2,3-butanediol from glu-
cose, and Qiu et al. [14] described the production of the 
meso-2,3-butanediol isomer at a high titre with a purity 
greater than 99 % using a metabolically engineered strain 
of Bacillus licheniformis.

The economic viability of bioprocesses using renew-
able feedstocks, especially lignocellulosic biomass, often 
is a challenge. Recognising that an integrated biorefinery 
approach, where value-added chemicals are produced in 
conjunction with biofuels, offers an economic advantage, 
Bradfield et al. [15] investigated the continuous produc-
tion of succinic acid from the xylose-enriched fraction 
of a corn stover hydrolysate stream using immobilised 
Actinobacillus succinogenes cells. Also using xylose-rich 
hemicellulosic hydrolysate as feedstock, Alkim et al. [16] 
achieved a high yield of glycolic acid through pathway 

engineering of E. coli. Both succinic and glycolic acids 
have numerous industrial applications. Gao et  al. [17] 
proposed a strategy for the integration of biodiesel and 
succinic acid production using an engineered strain of Y. 
lipolytica. The biorefinery approach has also been applied 
to fully utilise animal wastes for the production of meth-
ane with chitin as by-product [18].

Microalgae, which by definition include small eukary-
otic algae and prokaryotic cyanobacteria, have the advan-
tage of being able to use solar energy and CO2 as carbon 
source. Although their use for the production of fuels and 
high-value chemicals has potential, commercial imple-
mentation suffers from the constraints of yield, produc-
tivity and cost. Flassig et  al. [19] used modelling based 
on dynamic flux balance analysis to significantly improve 
β-carotene accumulation in Dunaliella salina. In a novel 
approach to enhance lipid production, Miranda et al. [20] 
used strains of a genetically modified cyanobacterium, 
Synechocystis, in a synergistic co-culture with a filamen-
tous fungus. Following the integrated biorefinery con-
cept to improve the economics of microalgal biodiesel 
production, Parsaeimehr et  al. [21] investigated the co-
accumulation of lipids and α-linolenic acid by Chlorella 
sorokiniana.

This compilation of articles is a mere sample of the 
dramatic developments over the past few years in the 
production of bio-based chemicals. The recent and 
anticipated future advances in genomics technologies, 
bioinformatics, systems biology and synthetic biology 
promise to revolutionise industrial biotechnology, lead-
ing to economically efficient carbon-neutral bio-indus-
tries producing a wide range of bulk and high-value 
chemicals.

Received: 6 October 2016   Accepted: 7 October 2016

References
	1.	 Luo Z, Guo Y, Liu J, Qiu H, Zhao M, Zou W, Li S. Microbial synthesis of poly-

γ-glutamic acid: current progress, challenges, and future perspectives. 
Biotechnol Biofuels. 2016;9:134. doi:10.1186/s13068-016-0537-7.

	2.	 Yao R, Xiong D, Hu H, Wakayama M, Yu W, Zhang X, Shimizu K. Elucida-
tion of the co-metabolism of glycerol and glucose in Escherichia coli 
by genetic engineering, transcription profiling, and 13C metabolic flux 
analysis. Biotechnol Biofuels. 2016;9:175. doi:10.1186/s13068-016-0591-1.

	3.	 Liu W, Xu X, Zhang R, Cheng T, Cao Y, Li X, Guo J, Liu H, Xian M. Engineer-
ing Escherichia coli for high-yield geraniol production with biotransforma-
tion of geranyl acetate to geraniol under fed-batch culture. Biotechnol 
Biofuels. 2016;9:58. doi:10.1186/s13068-016-0466-5.

	4.	 Saini M, Li S-Y, Wang ZW, Chiang C-J, Chao Y-P. Systematic engineering 
of the central metabolism in Escherichia coli for effective production of 
n-butanol. Biotechnol Biofuels. 2016;9:69. doi:10.1186/s13068-016-0467-4.

	5.	 Yan J, Liu Y, Wang C, Han B, Li S. Assembly of lipase and P450 fatty acid 
decarboxylase to constitute a novel biosynthetic pathway for production 
of 1-alkenes from renewable triacylglycerols and oils. Biotechnol Biofuels. 
2015;8:34. doi:10.1186/s13068-015-0219-x.

http://dx.doi.org/10.1186/s13068-016-0537-7
http://dx.doi.org/10.1186/s13068-016-0591-1
http://dx.doi.org/10.1186/s13068-016-0466-5
http://dx.doi.org/10.1186/s13068-016-0467-4
http://dx.doi.org/10.1186/s13068-015-0219-x


Page 3 of 3du Preez ﻿Biotechnol Biofuels  (2016) 9:233 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

	6.	 Liu X, Hicks WM, Silver PA, Way JC. Engineering acyl carrier protein 
to enhance production of shortened fatty acids. Biotechnol Biofuels. 
2016;9:24. doi:10.1186/s13068-016-0430-4.

	7.	 Teo WS, Ling H, Yu A-Q, Chang MW. Metabolic engineering of Saccharo-
myces cerevisiae for production of fatty acid short- and branched-chain 
alkyl esters biodiesel. Biotechnol Biofuels. 2015;8:177. doi:10.1186/
s13068-015-0361-5.

	8.	 Ling H, Juwono NKP, Teo WS, Liu R, Leong SSJ, Chang MW. Engineering 
transcription factors to improve tolerance against alkane biofuels in 
Saccharomyces cerevisiae. Biotechnol Biofuels. 2015;8:231. doi:10.1186/
s13068-015-0411-z.

	9.	 Mirończuk AM, Rzechonek DA, Biegalska A, Rakicka M, Dobrowolski A. A 
novel strain of Yarrowia lipolytica as a platform for value-added product 
synthesis from glycerol. Biotechnol Biofuels. 2016;9:180. doi:10.1186/
s13068-016-0593-z.

	10.	 Siebert DS, Wendisch VF. Metabolic pathway engineering for production 
of 1,2-propanediol and 1-propanol by Corynebacterium glutamicum. 
Biotechnol Biofuels. 2015;8:91. doi:10.1186/s13068-015-0269-0.

	11.	 Cho S, Kim T, Woo HM, Kim Y, Lee J, Um Y. High production of 2,3-butan-
ediol from biodiesel-derived crude glycerol by metabolically engineered 
Klebsiella oxytoca M1. Biotechnol Biofuels. 2015;8:146. doi:10.1186/
s13068-015-0336-6.

	12.	 Yang S, Mohagheghi A, Franden MA, Chou Y-C, Chen X, Dowe N, Him-
mel ME, Zhang M. Metabolic engineering of Zymomonas mobilis for 
2,3-butanediol production from lignocellulosic biomass sugars. Biotech-
nol Biofuels. 2016;9:189. doi:10.1186/s13068-016-0606-y.

	13.	 Chu H, Xin B, Liu P, Wang Y, Li L, Liu X, Zhang X, Ma C, Xu P, Gao C. Meta-
bolic engineering of Escherichia coli for production of (2S,3S)-butane-
2,3-diol from glucose. Biotechnol Biofuels. 2015;8:143. doi:10.1186/
s13068-015-0324-x.

	14.	 Qiu Y, Zhang J, Li L, Wen Z, Nomura CT, Wu S, Chen S. Engineering Bacil-
lus licheniformis for the production of meso-2,3-butanediol. Biotechnol 
Biofuels. 2016;9:117. doi:10.1186/s13068-016-0522-1.

	15.	 Bradfield MFA, Mohagheghi A, Salvachúa D, Smith H, Black BA, Dowe N, 
Beckham GT, Nicol W. Continuous succinic acid production by Actinoba-
cillus succinogenes on xylose-enriched hydrolysate. Biotechnol Biofuels. 
2015;8:181. doi:10.1186/s13068-015-0363-3.

	16.	 Alkim C, Trichez D, Cam Y, Spina L, François JM, Walther T. The synthetic 
xylulose-1 phosphate pathway increases production of glycolic acid from 
xylose-rich sugar mixtures. Biotechnol Biofuels. 2016;9:201. doi:10.1186/
s13068-016-0610-2.

	17.	 Gao C, Yang X, Wang H, Rivero CP, Li C, Cui Z, Qi Q, Lin CSK. Robust suc-
cinic acid production from crude glycerol using engineered Yarrowia 
lipolytica. Biotechnol Biofuels. 2016;9:179. doi:10.1186/s13068-016-0597-8.

	18.	 Liu Z, Liao W, Liu Y. A sustainable biorefinery to convert agricultural 
residues into value-added chemicals. Biotechnol Biofuels. 2016;9:197. 
doi:10.1186/s13068-016-0609-8.

	19.	 Flassig RJ, Fachet M, Höffner K, Barton PI, Sundmacher K. Dynamic flux 
balance modeling to increase the production of high-value compounds 
in green microalgae. Biotechnol Biofuels. 2016;9:165. doi:10.1186/
s13068-016-0556-4.

	20.	 Miranda AF, Taha M, Wrede D, Morrison P, Ball AS, Stevenson T, Mouradov 
A. Lipid production in association of filamentous fungi with geneti-
cally modified cyanobacterial cells. Biotechnol Biofuels. 2015;8:179. 
doi:10.1186/s13068-015-0364-2.

	21.	 Parsaeimehr A, Sun Z, Dou X, Chen Y-F. Simultaneous improvement 
in production of microalgal biodiesel and high-value alpha-linolenic 
acid by a single regulator acetylcholine. Biotechnol Biofuels. 2015;8:11. 
doi:10.1186/s13068-015-0196-0.

http://dx.doi.org/10.1186/s13068-016-0430-4
http://dx.doi.org/10.1186/s13068-015-0361-5
http://dx.doi.org/10.1186/s13068-015-0361-5
http://dx.doi.org/10.1186/s13068-015-0411-z
http://dx.doi.org/10.1186/s13068-015-0411-z
http://dx.doi.org/10.1186/s13068-016-0593-z
http://dx.doi.org/10.1186/s13068-016-0593-z
http://dx.doi.org/10.1186/s13068-015-0269-0
http://dx.doi.org/10.1186/s13068-015-0336-6
http://dx.doi.org/10.1186/s13068-015-0336-6
http://dx.doi.org/10.1186/s13068-016-0606-y
http://dx.doi.org/10.1186/s13068-015-0324-x
http://dx.doi.org/10.1186/s13068-015-0324-x
http://dx.doi.org/10.1186/s13068-016-0522-1
http://dx.doi.org/10.1186/s13068-015-0363-3
http://dx.doi.org/10.1186/s13068-016-0610-2
http://dx.doi.org/10.1186/s13068-016-0610-2
http://dx.doi.org/10.1186/s13068-016-0597-8
http://dx.doi.org/10.1186/s13068-016-0609-8
http://dx.doi.org/10.1186/s13068-016-0556-4
http://dx.doi.org/10.1186/s13068-016-0556-4
http://dx.doi.org/10.1186/s13068-015-0364-2
http://dx.doi.org/10.1186/s13068-015-0196-0

	Editorial: chemicals and bioproducts from biomass
	References




