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ABSTRACT

Plasmodium falciparum dihydrofolate reductase (pfDHFR) is an important enzyme
in deoxythymidine monophosphate synthesis pathway and is an important drug target in
malarial chemotherapy. For rational drug design and development, it is critical to obtain
structures of the target protein. To date, the crystalline structure of pfDHFR is not available.
One major problem is in the solubility of pfDHFR. The protein can be expressed and
purified in large amounts; however, it exhibits very low solubility and aggregates at about 2
mg/ml, which is much lower than the crystallizable concentration.

In this study, we have developed an in vivo screening system to select for
functional pfDHFR mutants with increased solubility using bacterial complementation assay
and green fluorescence protein (GFP) as a reporter gene. When fused to proteins of interest,
the GFP signal is related to the productive folding and solubility of the tested proteins. A
chimeric pfDHFR was constructed and used as template for the construction of DNA
libraries. Mutant pfDHFR libraries were constructed using two different strategies. From
homology model of pfDHFR, two hydrophobic amino acids (Y35 and F37) were predicted to
be on the surface of the pfDHFR and possibly were responsible for aggregation. These
residues were mutated to the other 19 amino acids randomly by employing degenerated
oligonucleotides polymerase (DOP). Additionally, the entire pfDHFR gene was randomly
mutated using error-prone PCR. Both libraries were screened for soluble mutants with
increased fluorescence signal using fluorometer and fluorescence activated cell sorter
(FACS). pfDHFR mutants with high solubility were purified and their solubility and kinetic
properties were characterized. Four selected mutants were obtained from DOP and error-
prone PCR approach, respectively (Y35Q+F37R, Y35L+F37T, Y35G+F37L, Y35L+F37R
and K27E). In all mutants hydrophobic residues had been changed to amino acids with
lower hydrophobicity.

Kinetic parameters of the purified pfDHFR mutants without GFP were similar to
wild type enzyme. The solubility of the enzymes was measured by determining absorbance
at 595 nm and by observation under a microscope. GFP could increase solubility of the
fusion protein and can be used as a reporter for pfDHFR solubility. All mutants had
solubility higher than that of the wild type pfDHFR, especially the mutant K27E, which was
six times more soluble than the wild type. It is of interest to note that the solubility of the
selected mutants likely correlates with the ratio of the amino acid hydrophobicity of the wild
type to mutant enzymes.
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