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1. BIOCON-CO2 vision

Themain objectiveof BIOCON-CO2 is to developand validatea flexible platform to
biologicallytransform CO2 into added-value chemicalsand plastics. The versatility
and flexibility of the platform is based on 3 main stages (CO2 solubilization,
bioprocessand downstream)which will be combined together as puzzle pieces.
BIOCON-CO2 will develop 4 MCFsbasedusing CO2 from iron&steel industry as a
direct feedstockto produce4 commoditieswith applicationin chemicalsandplastics
sectors using 3 different biological systems: anaerobic microorganisms(C3-C6
alcohols by Clostridia), aerobic microorganisms (3-hydroxypropionic acid by
Acetobacter)and enzymes(formic acidby recombinantrestingE. coli cellsand lactic
acidby multi-enzymaticsystem)(Fig. 1).

2. C. necatoras MCF

3. Biofilm formation

4. hCAIIas biocatalyst
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Figure3. Packingmaterialsselectedfor biofilm test. In order
a) beechwood,b) eucalyptus,c) Raschigrings6mm, d) Raschigrings
10mm,e)PESwoven,f) PESnon-woven,g1) PES3D material,
g2) zoomin of the PES3Dmaterial,h) PPpellets,i) FoamPU60,
j) FoamPU65, k) FoamPIR.

Figure  1.Overall strategy of BIOCON-CO2.

Cupriavidus necator H16 grows to high-cell densities in lithoautotrophic,
heterotrophic or mixotrophicconditions. It is able to fix CO2 via the CBBcycle1. C.
necator H16 naturally accumulates polyhydroxy alkanoates (PHAs), mostly
polyhydroxybutyrate(PHB),undernutrient restriction2 (Fig.2).

C. �v�������š�}�Œ�[sability to reach high biomass and its metabolic versatility has 
made it a prime chassis for commodity chemical creation3. 

Thisversatile,non-pathogenicmicroorganismisof greatbiotechnologicalinterestasit
has been already industrially applied for the production of the biodegradable
thermoplasticBiopol4. For the aforementionedreasons,C. necatorhasbeenelected
asthe microorganismof choicefor 3-HPproductionandmetabolicengineeringwill be
performedfor its production.

Microbial biofilms exhibit several advantagescompared to planktonic cells. It
protects against shear forces, nutrition deficiency,free radicals,pH changesand
antimicrobial agents. As BIOCON-CO2 is performed in harsh conditions and in
presenceof severalcontaminants,biofilm formation wastested for C. necator.

An extensivebibliographicresearchhas
been carried out to select 11 different
materials with properties suitable for
biofilm formation and CO2 adsorption
(Fig.3).
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Figure 8.Example of one of the selected mutants. A65T mutation 

introduced in silico via FRESCO and selected for further 

investigation.

Figure 4. SEM images of biofilm observed on PES woven, PES 3D, 

foam pir and rings 6 mm respectively. 

Accordingto the cell count, the best
materials are PES non-woven, PES
woven, PES 3D, eucalyptus and
beechwoodrespectively(Fig. 5). These
materials were selected for further
analysis.

The carbonic anhydrase enzyme (CA) catalyses the conversion of CO2 into
bicarbonate(HCO3

-) at extremelyhigh turnover rates5. The chosenCAis the most
activeCAisoformdescribed,the humanone(hCAII) whichdisplaysa kcat of 106 s-1.

A recombinantconstructfor hCAIIwasobtainedandexpressionconditionsoptimized.
The hCAIIstability of samplesstored at a RTand at 4ºC was evaluatedovertime
during15 days. A dramaticlossof activityof ~ 35%wasobservedafter just onedayin
both conditions. Asthe final substrateof
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Figure 7. hCAIIactivity overtime with A, B, C and D. 

Figure 6. hCAIIstability overtime.

Figure5. Biofilmformationof C. necator(cfu cm-3) in eachpackingmaterial. Valueswerenormalisedby the apparentdensity.

the reactionwill be CO2 from iron&steel
industry, gaseouscontaminantspresent
in these effluents have been tested for
inhibition. Four bottles, A, B, C and D
were tested for 6 hours (gas flow 50
mL/min at 30ºC) and the activity of
hCAIIevaluated. Onlyone of the bottle,
with sulphurcontainingspecies,strongly
inhibitshCAII.

The hCAII lack of stability and the
inhibition by sulphur containing
compoundhavebeen analysesby RUGto
find mutantswith improvedfeatures. Two
different approacheshave been adopted
for the two limitations and 8 preliminary
mutations have been selectedfor further
analysis.

Gases

Final 

concentration in the 

bioreactor (ppm)

A
Oxygen(O2) 40480

Carbondioxide(CO2) 46640

B

Oxygen(O2) 46000

Carbondioxide(CO2) 53000

Carbonmonoxide(CO) 53000

C

Hydrogen Sulfide(H2S) 120 

Carbonyl sulphide(COS) 28 

Carbon disulphide (CS2) 8.5 

D

Methane(CH4) 125000

Ethylene(C2H4) 9000

Acetylene(C2H2) 500

Table 1. Composition of the
contaminant gas bottle tested in the
study.

Figure 6.

Figure 2.PHB biosynthetic pathway in C.necator. The genes phaA, phaBand phaCcode respectively for an 

acetyl-CoA acetyltransferase, an acetoacetyl-CoA reductase and a poly(3-hydroxylakanoate)polymerase 

respectively.


