CO, conversion into formate catalysed by
immobilized formate
dehydrogenases and regeneration
of the NADH cofactor used during
conversion
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Context and objective

Formate
FDH

CO, + NADH =—HCO, + NAD*

e formate
Medicines Formic acid

@ FDH : formate dehydrogenase, enzyme

Chemical-related \ Energy-related

Agricultures @ (( /”\ ))
Food Noncom:; ﬂ — NADH : expensive cofactor $ $ $

. * Nontoxic &
Rubbery + Biodegradable, etc. . '
i —> Regeneration of NADH

fuels

Textiles

e Conversion of CO2 into formate * Low environmental impact using LCA

—>

* Regeneration of NADH One process * Low economical cost




FDH

FDH immobilisation 0+ NADH=HCO, + RAD

Why immobilize enzymes ? How to immobilise FDH ?
. . ) ) o W FDH
» Improve their stability i “pDA/pE or chitosa: v
PVDF membrane
< ‘DH v, | a: -
nemicals © chemi® " PDA/PEI and chitosan for amine groups
3 methods :
> Reduce the mass transfert resistance . . .
* Physical adsorption
_ﬂco2 11COz
ﬂ ~ i e
\\,’ e Covalent immobilisation

» Reuse of the enzymes
* |Immobilisation on nanoparticles

AR DD

(=>c’ "' —¢€ .:>” =




Activity (. 10™(-4) U

Comparison of the three immobilisation methods

Physical adsorption Covalent immobilisation Immobilisation on nanoparticles

With chitosan 2% as coating

Activity (. 10™(-4) U

12 +

10~

Results of FDH immobilisation

Comparison of catalytic activity of 1cm? of membrane with FDH immobilised

Comparison of cotings

Chitosan 2% Chitosan 10% PDA+PEI PDA + chitosan 2%

With covalent immobilisation as method




FDH

NADH regeneration 0% NADH<=HCO, + NAD®

-
» NADH regeneration can occur through hydride transfer from a reducing agent. #ﬁ/\ N
NAD™ —> NADH

HS 0 ~
1§ SH HO.C N J COH /O\’S"o- N
o e A LI oy
OH 0 ‘ NH, N*
dithiothréitol glutathione |
phenazine methosulfate
@)
SWQH Study of the reaction :
e Oxygen level
lipoic acid * pH
* Buffer

* Jemperature

» Hydride exchange between low-cost synthetic nicotinamide and NAD* for NADH regeneration

Q « No catalyst

NH,
NADY —> NADH * No electricity

A—Z2




FDH

Complete process CO, + NADH &> HCO, + NAD*

Synthetic nicotinamide

Formate l
NADH —— I
A Formate
CO, conversion into | NAD* NAD* | NADH
’ formate ’ —> | NADH regeneration

CcO )
’ Separation of

products
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