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Conclusions

The three proteins – MBP, EPG and TPI – were analyzed in terms of hydrophilicity and the potential to be
exploited as molecular chaperones. The results from calculating GRAVY values showed the increase in protein
hydropathy score after removing highly hydrophobic regions of the amino acid sequence. All of the analyzed
proteins were used for the construction of DNA cassettes. Lacc and β-CA DNA expression cassettes were
successfully obtained (Fig. 4). In addition, all DNA constructs were inserted into cloning vectors in order to
perform further sequencing. The subsequent construction of expression vectors containing sequenced DNA
cassettes will be performed.

Analysis on Fusion Protein Hydrophilicity

In this study, we aim to achieve an expression of bacterial laccase and β-carbonic
anhydrase. To circumvent possible protein insolubility and low secretion, several
proteins were chosen to serve as molecular chaperones. Analysis on hydropathy
was performed by calculating GRAVY values of proteins and using Expasy ProtScale
tool in Kyte-Doolittle scale for graphical representation [2, 3]. The results showed
that the hydrophilicity could be increased if a highly hydrophobic part of amino
acid sequence is removed (Fig. 3).

Figure 3. Hydropathy plots of native maltose-binding protein and endo-
polygalacturonase. Red arrows illustrate positions where amino acid sequence, if
shortened, shows an enhancement in the hydrophilicity of the protein. Red
numbers indicate hydrophobicity peaks, aa – amino acid.
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Construction of Expression Cassette

Figure 2. Composition of expression cassette. Target Gene indicates Lacc or β-CA gene, Fusion Partner –
maltose-binding protein (MBP), endo-polygalacturonase (EPG), triosephosphate isomerase (TPI). EPG sp –
endo-polygalacturonase signal peptide, 7x(HE) – modified poly-histidine tag.
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Laccase and β-Carbonic Anhydrase Expression Cassettes

1 – DNA cassette containing β-CA and TPI (2825 bp) 4 – DNA cassette containing Lacc and TPI (3740 bp)
2 – DNA cassette containing β-CA and EPG (2917 bp) 5 – DNA cassette containing Lacc and EPG (3863 bp)
3 – DNA cassette containing β-CA and MBP (3230 bp) 6 – DNA cassette containing Lacc and MBP (4157 bp)

Figure 4. Gel electrophoresis illustrating results from DNA cassettes construction.
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Background
Biocatalysis is an industrially relevant process used to perform chemical transformations of organic compounds. Biocatalysts involved in these reactions tend to show stereo-, chemo-, regioselectivity as
well as high catalytic activity under mild operational conditions [1]. In order to meet the demand from industry, it is crucial to synthesize considerably high amounts of target biocatalysts. Therefore, an
effective protein expression system must be developed.

However, there are several bottlenecks in terms of heterologous protein expression. The the most common is protein insolubility due to aggregation resulting in low concentration of secreted protein. An
effective way to overcome this problem would be the use of fusion partners that appear to be highly hydrophilic and abundantly expressed proteins. A well-known and successful example of fusion protein
is maltose-binding protein (MBP) [2].

The Workflow of the Investigation

The aim of investigation – to develop heterologous expression system in the
yeast Kluyveromyces marxianus in order to express laccase (Lacc) from Bacillus
pumilus and β-carbonic anhydrase (β-CA) from Bacillus mojavensis (Fig. 1).

The objectives of this study:
• To analyze MBP, EPG (endo-polygalacturonase) and TPI (triosephosphate

isomerase) as fusion partners (Fig. 3);
• To assemble expression cassettes comprising MBP, EPG, and TPI fused to

Lacc and β-CA (Fig. 2);
• To insert the obtained DNA cassettes into the expression vectors.

Figure 1. The workflow of the investigation, the current stage is marked with square.


