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ABSTRACT

Penicillium marneffei is an intracellular dimorphic fungus that can cause an
emerging disseminated opportunistic human disease, penicilliosis marneffei. The
disease has been suggested to be an AIDS-defining illness, especially in the endemic
areas. Both the exact route and the mechanism of infection by P. marneffei as well as
the host immune response are still poorly understood. Patients might probably inhale
the conidia from the environment and phagocytic cells are likely to be the primary
line of host defense against this fungus. In this study, phagocytosis and killing activity
of mouse macrophage J774.1 against conidia of P. marneffei were examined in
comparison with non-pathogenic Penicillium citrinum in vitro. The phagocytosis and
killing assays were determined using microscopy and viable colony plate count. The
results indicated a highly efficient phagocytosis effect of J774.1 cells against both
species of Penicillium. There was no difference among the percentages of
phagocytosis in either fungus. However, the phagocytic indices of P. marneffei at 60,
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120 and 240 min of infection were significantly higher than those of P. citrinum.
Moreover, in the early stage of phagocytosis, the percentage killing of P. citrinum was
significantly higher than that observed in P. marneffei. The conidia of P. marneffei
seemed to be more resistant to being killed by macrophages than the non-pathogenic
fungus, P. citrinum.

The P. marneffei genes of interest were isolated and characterized by cDNA and
gDNA library screening with homologous probes. The copper, zinc superoxide
dismutase gene, designated sodA, could be isolated and characterized. The putative
SodA polypeptide consisted of 154 amino acids and exhibited a significant level of
similarity to other fungal Cu, Zn SODs. The other gene of interest, gapdh encoding
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) which is an enzyme in
glycolytic pathway, was identified. The deduced 337 amino acid sequence of the
gapdh clone showed significant identity to the GAPDHs from other fungal species.
Furthermore, phylogenetic analysis of the GAPDH amino acid sequences relating to
the position of introns indicated that GAPDH could be useful for the determination of
evolutionary relationships in fungi. The catalase and calmodulin genes of P. marneffei
were partial characterized and their low abundant transcripts were found in only
conidia of P. marneffei. A more detailed characterization of their role in the
P. marneffei infection process will need further investigation.

The differential gene expression in different phases and during macrophage
infection was examined by semi-quantitative RT-PCR and Northern blot analysis. By
using both methods, it was revealed that sodA and cpeA transcripts accumulated in
conidia, with being downregulated in the mycelial phase. Interestingly, the high
expressions of both genes were seen in yeast phase as well as during macrophage
infection. Using the RT-PCR assay, no significant difference of gapdh, isocitrate
lyase gene (acuD) and hsp70 expressions could be observed in different phases and
during macrophage infection. However, some distinct differential expressions were
obtained by Northern blot analysis. For hsp70 and gapdh, the transcripts were
accumulated in the conidia, with low expressions in both mycelial and yeast phases.
In an infection experiment, the hsp70 transcript of control conidia was turned over
after prolong incubation, whereas the transcript of infective conidia was maintained

until 8 h of incubation. At this time point, the expression of hsp70 was higher than
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that in the control conidia. An increased expression of the acuD could be observed in
both the yeast phase and during macrophage infection. In contrast, the expression of
gapdh was downregulated in the infective stage. The significantly high expressions of
the sodA, cpeA and hsp70 transcript during macrophage infection suggest that these
genes might play an important role in stress responses and in the adaptation of
P. marneffei to the internal macrophage environment. Furthermore, the increase of
acuD transcript during macrophage infection indicated the induction of an alternative
carbon metabolism (glyoxylate cycle) for fungal adaptation to poor-glucose condition
inside macrophages, while the expression of gapdh gene that involved in glycolysis
pathway was repressed in such condition. Collectively, the results provide insight into

how these relevant genes may act as virulence factors of P. marneffei infection.
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