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Mixed culture biotechnology for syngas conversion 

D.Z. Sousa, J.I. Alves, F. Pereira and M.M. Alves* 
University of Minho, Braga, Portugal 
madalena.alves@deb.uminho.pt 

Bioconversion of recalcitrant biomass/waste into bulk chemicals or biofuels is 
not practicable. Gasification of these materials produces syngas (mainly com-
posed of CO2, CO and H2) that can be converted to products of interest, both by 
thermochemical or microbial processes. Thus far, industrial microbial processes 
focus on syngas conversion to ethanol, but other products such as butanol, ace-
tic acid, butyric acid, hydrogen and methane can be obtained as well. In this 
work, microbial syngas conversion by anaerobic mixed cultures was explored. 
The physiology and microbial composition of mesophilic (37ºC) and thermo-
philic (55ºC) communities degrading syngas were analyzed. Cultures were in-
cubated in batch and, upon syngas conversion, transferred to bottles with in-
creasing CO partial pressure (from 5% to 50% CO, total pressure 1.75 bar). Syngas 
utilization and fatty-acids and alcohols formation were monitored. Microbial 
composition was analyzed by PCR-DGGE and the 16S rRNA gene of predomi-
nant microorganisms sequenced. Under mesophilic conditions, CO could not be 
used at partial pressures higher than 10%. However, thermophilic enrichment 
cultures could convert CO at partial pressures up to 50%. Acetate and CO2 were 
the main products formed by the mixed cultures. Predominant microorganisms 
in syngas-degrading communities were closely related to Thermoanaerobacter, 
Thermoanaerobacterium, Desulfotomaculum and Thermincola species. Syngas 
conversion in batch assays was rather slow and possibly limited by gas-liquid 
mass-transfer rate. Presently we are optimizing CO-water mass transfer and mix-
ing performance using gas lift and oscillatory reactors. The final purpose is the 
development of a continuous process for efficient syngas conversion by mixed 
cultures. 
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Effects of diverse catalysts and reaction kinetics towards selective 
production of 5-hydroxymethyl furfural (HMF) from algae biomass 
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5-HMF is a key intermediate and a flexible platform for producing chemicals 
and fuels that can substitute today’s petroleum-derived feedstocks. A key chal-
lenge in 5-HMF production from algae biomass (e.g. agarose) is to understand 
the mechanism of catalysis reactions. A series of experiments over a range of 
temperatures of 120°C - 220°C, catalysts (e.g. mineral acid, salts of alkali met-
al, salts of alkaline earth metal and salts of transition metal) concentrations of 
0.1-5% (wt/wt), substrate concentrations of 2% (wt/wt), and residence times of 
5-30min were carried out to validate route for selective production of 5-HMF. 
We observed that salts of alkali metal and salts of alkaline earth metal, such as 
NaCl, KCl and CaCl2, showed better selectivity for formation of 5-HMF than salts 
of transition metals, e.g. CuCl2 and ZnCl2, which formed byproducts either levu-
linic acid and formic acid, or glyceraldehyde and lactic acid with varying yields in 
addition to 5-HMF production. Compared with these inorganic salts, treatment 
with mineral acid (e.g. H2SO4) resulted in the poorest selectivity with formation 
of various byproducts, including levulinic acid, formic acid, glyceraldehyde and 
lactic acid. A first order kinetic model was applied to the overall degradation pro-
cess of agarose for catalyst selection to derive the formation of 5-HMF. Related 
by-products will also be addressed in this presentation. 
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Sustainable production of industrial chemicals: 1,4-butanediol 
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Oil and natural gas are used as the primary raw materials for manufacturing an 
astonishing array of large volume chemicals, polymers, and other products that 
improve our overall standard of living. Growing concerns over the environment 
and volatile fossil energy costs have inspired a quest to develop more sustain-
able processes that afford these same products from renewable feedstocks with 
lower cost, energy consumption, and greenhouse gas emissions. Metabolic 
engineering of microorganisms is a powerful approach to address this need. 
Chemical Engineers are at the forefront of this emerging industry, contributing 

expertise in areas such as computational biology, fermentation process devel-
opment, and commercial plant design. 

A recent success story in sustainable chemical process development is 
Genomatica’s production of the industrial chemical 1,4-butanediol (BDO) using 
engineered strains of Escherichia coli. As a chemical intermediate that goes into a 
range of products including automotive, electronics and apparels (such as span-
dex), this product represents an opportunity to make a significant impact on 
the replacement of traditional petrochemical processes with bioprocesses using 
renewable feedstocks—on the order of a $4B market. 

This presentation will cover the application of Genomatica’s technology 
platform to design, construct, and optimize a high-performing microorganism 
capable of producing BDO from carbohydrate feedstocks. 
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Dynamics of the functional microbial diversity during polyhydroxy-
aclcanoates (PHA) production by mixed cultures 
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Wastewater treatment plants harbour different bacterial populations able to 
accumulate intracellular polyphosphate (PolyP). Such microorganisms can be 
enriched to improve phosphate elimination. These PolyP accumulating bacte-
ria are also able to synthetize polyhydroxyalcanoates (PHAs) from glycogen and 
volatile fatty acids. PHAs are polyesters completely biodegradable that can be 
used for bioplastic production. Currently, PHAs are produced by selected strains 
under strict sterile conditions, which induce high production costs. To reduce 
such PHA productions costs, the use of PHA-producing mixed cultures, obtained 
from wastewater treatment plants, is considered as a suitable methodology for 
PHA production under non-sterile conditions (Serafim et al, 2008). In this way, it 
would be possible to add value to residues such as volatile fatty acids obtained 
from the anaerobic digestion of organic wastes via PHA production. 

In this study, we analyse the microbial community dynamics during PHA 
production (SSCP fingerprint, 16S rRNA); we also present the dynamics of func-
tional genes (pha synthase) during PHA production in controlled bioreactors 
working under different conditions (Shamala et al., 2003; Goddon et al., 1997).
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