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The alarming depletion of fossil fuel reserves, limited resources and environmental pollution has forced us to look for biological alter-
natives of energy [1-4]. This has led to various start-up plants, pilot scale projects and research work primarily based on waste biomass. 
Being of biological origin, it is considered to be a renewable and sustainable resource for the production of Bioenergy and biofuels. The 
US government has also taken initiatives comprising of aggressive goals of enhanced biofuel usage. The California Energy Commission has 
recommended the use of biofuels within on-road transportation fuels, up to 30% by 2030 [5]. Although, most of the efforts were implied 
upon bio-ethanol production, however, its low energy density is a significant disadvantage. In contrast, many other biofuels demonstrate 
advantages like high energy density, long C-chains and lower oxygen numbers. Therefore, development of hydrocarbon fuels as an aid 
for gasoline, jet, as well as biodiesel, has attracted great consideration. In this context, exploitation of polyhydroxyalkanoates (PHAs) as 
a source for biodiesel and/or hydrocarbon fuels has gained momentum in the past few decades. Bacteria are natural producers of fatty 
acids and PHAs [4,6-8], which have enormous production potential for hydrocarbon fuels [9]. However, there are quite a few problems 
which should be resolved in order to produce the hydrocarbons at commercial scale. Almost all the biological alternatives to biofuels have 
been limited primarily by the substrate costs and extraction. In this respect, the two globally abundant resources, i.e. cellulose and lignin 
holds the potential to supply the need. Among the inexpensive substrates cellulose has remained the topmost choice from the industrial 
view point. On the other hand, Lignin, that has great value as a substrate got very limited opportunities for microbial transformation into 
value-added fuels and fuel intermediates. Only a handful of microbes are known to metabolize lignin-derived monomers by means of the 
β-ketoadipate pathway [10-12]. Currently, lignin is scarcely used during lignocellulosic fermentations and is yet to be exploited for PHA 
production. To achieve the target of utilizing lignin as a substrate for PHA and other biofuel production, the composition of lignin degrada-
tion intermediates and the toxicity of these compounds on PHA producing bacteria should be investigated.

Such strategies can be combined in a bio-refinery perspective to obtain (i) readily metabolizable carbon sources such as pentoses, and 
hexoses of lignocellulosic biomass for production of ethanol, butanol, butanediol, H2, CH4 etc., (ii) PHA and other hydrocarbons from the 
pre-treated lignin rich part, and (iii) -bio-oil and biochar from the residual leftovers through pyrolysis.

Lignin: Potential biomass

Lightning is one of the major parts of plant biomass. It is considered to be the second most abundant natural polymer on the earth. The 
lignin has always been found to be physically associated with cellulose and hemicellulose. Amount of lignin found in a particular biomass 
varies, depending upon the source. The lignin content in softwoods are usually higher (25 - 32%) compared to hardwoods (18 - 25%), and 
almost negligible in grasses. On the other hand, mosses and green algae is almost devoid of lignin. It has been an evolutionary advantage 
for higher plants in order to transport water in a structured manner. Besides that, lignin protects the cellulosic/polysaccharides compo-
nent, as it is hard to decompose. The degradation of lignin is very slow in nature and thus, it usually constitutes a big fraction of humic acid 
(soil). It possesses quite complex composition owing to the heterogenous building blocks such as p-hydroxyphenyl, guaiacyl and syringyl. 
The building blocks or monomers originate from the shikimate pathway, which involves the conversion of phenylalanine to cinnamic acid 
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by enzyme phenylalanine lyase. Later, through a multi-step process gets converted to the basic building blocks. The coupling of monomers 
into a polymer (lignin) takes place by enzymatic oxidation (Ralph., et al. 2004).

The rapidly increasing trend of using lignocellulosic biomass leads to produce lignin to the tune of 130 million tons (Abdelaziz., et al. 
2016). The lignin generation is expected to rise massively owing to the establishment of Biorefinery concepts and other 2nd generation fu-
els. Such lignin, also termed as ‘Technical lignin’ is structurally different from ‘Native lignin’, which is dependent on the separation method 
used. However, the usage of technical lignin has been increasing slowly, besides its direct on-site use of steam and electricity generation. 
Thus, there is a large scope of valorizing this complex polymer into value added products by biological routes. Such approach would basi-
cally comprise of depolymerization and subsequent bioconversion of the lignin-derivatives for various purposes. The coming decade will 
hopefully allow us to witness the bio-revolution in the area of energy and sustainable economy [13-23].

Bibliography

1. Singh M., et al. “Challenges and opportunities for customizing polyhydroxyalkanoates”. Indian Journal of Microbiology 55.3 (2015): 
235-249.

2. Yan L., et al. “Physiochemical characterization of lignocellulosic biomass dissolution by flowthrough pretreatment”. ACS Sustainable 
Chemistry and Engineering 4.1 (2015): 219-227.

3. Kumar P., et al. “Extending the limits of Bacillus for novel biotechnological applications”. Biotechnology Advances 31.8 (2013): 1543-
1561.

4. Kumar P., et al. “Production of co-polymers of polyhydroxyalkanoates by regulating the hydrolysis of biowastes”. Bioresource Technol-
ogy 200 (2016): 413-419.

5. Hoekman SK. “Biofuels in the US–challenges and opportunities”. Renewable Energy 34.1 (2009): 14-22.

6. Patel SKS., et al. “Exploitation of defined microbial biodiversity for producing hydrogen and polyhydroxybutyrate from biowaste”. 
Biomass Bioenergy 36 (2012): 218-225.

7. Kumar P., et al. “Ecobiotechnological approach for exploiting the abilities of Bacillus to produce co-polymer of polyhydroxyalkano-
ate”. Indian Journal of Microbiology 54.2 (2014): 151-157.

8. Kumar P., et al. “Bioconversion of crude glycerol to polyhydroxyalkanoate by Bacillus thuringiensis under non-limiting nitrogen con-
ditions”. International Journal of Biological Macromolecules 78 (2015): 9-16.

9. Wang W., et al. “Connecting lignin-degradation pathway with pre-treatment inhibitor sensitivity of Cupriavidus necator”. Frontiers 
in Microbiology 5 (2014): 247.

10. Tobin KM and O’Connor KE. “Polyhydroxyalkanoate accumulating diversity of Pseudomonas species utilising aromatic hydrocar-
bons”. FEMS Microbiology Letters 253.1 (2005): 111-118.

11. Dietrich D., et al. “Differential sensitivity of polyhydroxyalkanoate producing bacteria to fermentation inhibitors and comparison 
of polyhydroxybutyrate production from Burkholderia cepacia and Pseudomonas pseudoflava”. BMC Research Notes 6 (2013): 219.

12. Tomizawa S., et al. “Understanding the limitations in the biosynthesis of polyhydroxyalkanoate (PHA) from lignin derivatives”. ACS 
Sustainable Chemistry and Engineering 2.5 (2014): 1106-1113.



Citation: Prasun Kumar. “Exploitation of Lignin-Derivatives for Polyhydroxyalkanoate Production Using Eco-Biotechnological Approach”. 
EC Microbiology 6.2 (2017): 51-53.

Exploitation of Lignin-Derivatives for Polyhydroxyalkanoate Production Using Eco-Biotechnological Approach
53

13. He YC., et al. “Enhancement of enzymatic saccharification of corn stover with sequential Fenton pretreatment and dilute NaOH ex-
traction”. Bioresource Technology 193 (2015): 324-330.

14. He YC., et al. “Enzymatic in situ saccharification of chestnut shell with high ionic liquid-tolerant cellulases from Galactomyces sp. 
CCZU11-1 in a biocompatible ionic liquid-cellulase media”. Bioresource Technology 201 (2016): 133-139.

15. Linger JG, et al. “Lignin valorization through integrated biological funneling and chemical catalysis”. Proceedings of the National Acad-
emy of Sciences of the USA 111.33 (2014): 12013-12018.

16. Lopes MS., et al. “Polyhydroxyalkanoate biosynthesis and simultaneous remotion of organic inhibitors from sugarcane bagasse hy-
drolysate by Burkholderia sp”. Journal of Industrial Microbiology Biotechnology 41.9 (2014): 1353-1363. 

17. Nichols NN and Harwood CS. “PcaK, a high-affinity permease for the aromatic compounds 4-hydroxybenzoate and protocatechuate 
from Pseudomonas putida”. Journal of Bacteriology 179.16 (1997): 5056-5061.

18. Numata K and Morisaki K. “Screening of marine bacteria to synthesize polyhydroxyalkanoate from lignin: Contribution of lignin 
derivatives to biosynthesis by Oceanimonas doudoroffii”. ACS Sustainable Chemistry and Engineering 3.4 (2015): 569-573.

19. Pan W., et al. “Production of polyhydroxyalkanoates by Burkholderia cepacia ATCC 17759 using a detoxified sugar maple hemicel-
lulosic hydrolysate”. Journal of Industrial Microbiology and Biotechnology 39.3 (2012): 459-469.

20. Patel SKS., et al. “Integrative approach to produce hydrogen and polyhydroxybutyrate from biowaste using defined bacterial cul-
tures”. Bioresource Technology 176 (2015):136-141. 

21. Peng X., et al. “Characterization of Sphingomonas aldehyde dehydrogenase catalyzing the conversion of various aromatic aldehydes 
to their carboxylic acids”. Applied Microbiology and Biotechnology 69.2 (2005): 141-150.

22. Picart P., et al. “Assessing lignin types to screen novel biomass-degrading microbial strains: synthetic lignin as useful carbon source”. 
ACS Sustainable Chemistry and Engineering 4.3 (2016): 651-655.

23. Wang H., et al. “ZnCl2 induced catalytic conversion of softwood lignin to aromatics and hydrocarbons”. Green Chemistry 18.9 (2016): 
2802-2810.

Volume 6 Issue 2 February 2017
© All rights reserved by Prasun Kumar.


