
Carbonic anhydrases (CA) are responsible for reversible

carbon dioxide hydration and participate in various

physiological processes (pH regulation, ion transport, some

metabolic reactions). The inhibitors of these enzymes can be

used to control different diseases and disorders, such as

glaucoma, epilepsy, edema, and cancer [1]. However, all

currently available CA inhibitor drugs have limited selectivity

and common side effects. Therefore new isoform-specific CA

inhibitors are designed and subjected to preclinical and clinical

trials [2]. Preclinical compound testing is performed on animals

(most often mice (Mus musculus)). By producing murine

carbonic anhydrases (Car), we will be able to test whether

human CA inhibitors that were selected using in vitro methods

have comparable affinity and selectivity to murine Car, and

thus we could expect more accurate results in the preclinical

testing.

▪ DNA sequences of the Car proteins were amplified by PCR.

▪ PCR products and vector pET15-b were cut with NdeI and

XhoI restriction endonucleases.

▪ After electrophoresis, cleaved PCR product and vector were

separated from the agarose gel.

▪ Ligation with DNA and vector and transformation of plasmid

DNA into E. coli XL I Blue was performed. Afterwards that E.

coli expression system was used for protein production.

▪ The proteins were purified by affinity chromatography, and

their purity has been confirmed using SDS-PAGE (Figure 1).

▪ To confirm proteins‘ functional activity, fluorescent thermal

shift assay (FTSA) measurements have been carried out.

• We have produced ten recombinant murine carbonic anhydrase

proteins by expression in bacterial systems and purification using

affinity chromatography.

• We confirmed that the prepared proteins bind to CA-specific small-

molecule compounds and/or have catalytic CO2 hydration activity.
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Table 1. Optimized recombinant carbonic anhydrases proteins expression and purification conditions.

Figure 1. SDS-PAGE of
the purified
recombinant murine
carbonic anhydrases
(from left to right
protein marker, Car I,
Car II, Car III, Car IV,
Car VA, Car VI, Car VII,
Car XIII).

*p-aminomethylbenzenesulfonamide-agarose
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Figure 3. SDS-PAGE of Car VA protein
expression and purification using
IMAC/Ni-IDA. Lanes: MW – protein
marker, 1 – transformed E. coli Origami
(DE3) strain before IPTG induction; 2 –
transformed E. coli Origami (DE3) strain
after IPTG induction, 3 – soluble fraction
of cell lysate, 4 – insoluble fraction, 5 –
unsorbed fraction, 6-10 – protein
elution fractions.

Figure 2. Testing of functional activity of recombinant murine carbonic anhydrase VA. A – binding of Car VA
to non-selective small molecule inhibitor trifluoromethanesulfonamide determined by fluorescence-based
thermal shift assay. Insert shows raw data – protein unfolding with increasing ligand concentrations, while
main graph displays the dosing of the ligand used for Kd determination. B – Enzymatic activity of the Car VA
determined by CO2 hydration stopped-flow assay using Phenol Red pH indicator.
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