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ABSTRACT

The opportunistic fungus Penicillium marneffei can cause a fatal disease in
immunocompromised patients, especially in patients infected with human
immunodeficiency virus (HIV). In Thailand, P. marneffei infection is one of the most
common opportunistic diseases in HIV-infected patients. This study has focused on
the laccase enzymes and laccase-encoding genes including their functions in P.
marneffei.

Laccase and the product of this enzyme, melanin, have been reported as a
virulence factor in human pathogenic fungus Cryptococcus neoformans. The presence
of laccase in pathogenic fungi decreases the sensitivity to antifungal agents and

increases the resistance to host immune cells. To study the role of laccase in



Penicillium marneffei, laccase-encoding genes were characterized and function of
their translational protein products, laccases, were investigated. The laccase-encoding
genes were retrieved from the NCBI GenBank and analyzed an existing of conserved
sequences for fungal laccases together with the relationship among fungal laccases.
An expression of laccase in normal and stress conditions was determined in term of
the level of laccase activity within fungal cells and the secreted form. Moreover, the
expressions of each gene during growth at 37°C and during oxidative stress condition
were identified. The localization of each laccase was monitored based on GFP-fusion
protein technique. Transformants with laccase genes deletion were generated to study
the affect of losing laccase and transformants of laccase gene complementation were
also generated to verify the results.

The results showed the expression of laccases response to stress conditions
such as acidic condition, oxidative stress, and low glucose condition. Performing of
Blastn to search P. marneffei sequences similarity to laccases of other pathogenic
fungi displayed four putative laccase-encoding genes in whole genome sequence of P.
marneffei. Those four genes could be translated to be laccases containing the
conserved region specified for fungal laccases. All laccases including Laccasel,
Laccase2, Laccase3 and Arb2 laccase were related to other fungal laccases and the
function could be analyzed by using phylogenetic tree. Study of level of gene
transcription revealed that lacl and lac3 genes were expressed in a very low level in
normal culture condition while expressions of lacl and lac2 genes were increased in
oxidative stress condition. Generating of fungal strain that could produce GFP-fused

laccase revealed the function of Arb2 laccase. This enzyme was displayed during



Vi

conidiation and played a role in pigment biosynthesis corresponding to phylogenetic
analysis data. GFP-fused Arb2 laccase was localized within vesicles. These vesicles
might be the transportation pathway of this enzyme to conidiation site. Genetic
transformation mediated via homologous recombination demonstrated that losing of
each gene did not affect growth ability of this fungus; however, deletion of arb2 gene
resulted in changing of color of fungal colony at 28°C. A single laccase gene deletion
did not affect the resistance to stress. The quadruple gene deleted strain could produce
melanin but laccase activity was dropped about two times. Interestingly, this strain
was more sensitive to oxidative stress, cell wall stress, and antifungal agents such as
itraconazole, fluconazole and clotrimazole. These findings indicate that laccases play
a role in non-specific stress defense and their functions against stress could
compensate each other. Besides, the strength of cell wall of lac genes deleted strain
should decrease according to the increasing sensitivity to cell wall stressor. This
mutant was more sensitive to oxidative stress, thus, this strain may be sensitive to
antifungal activity of macrophage.

In this study, the function and expression of laccases are investigated to
explain their role in fungal biology and their protective ability against stresses. Due to
losing of laccases could increase sensitivity to antifungal agents, laccase might be a

good candidate for drug target development.
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