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ABSTRACT

Penicillium marneffei is a thermally dimorphic fungus that is a highly
significant pathogen of immunocompromised persons living in or having traveled to
Southeast Asia. The growth of P. marneffei can be divided into two phases: a natural
saprobic mycelial phase that forms at 25°C and parasitic yeast phase that develops at
37°C. The pathogenicity of P. marneffei is associated with this dimorphic nature.
Hence, many investigations have focused on morphogenetic mechanisms and other
dimorphism-associated attributes that contribute to the pathogenicity of this fungus.
In this study, Agrobacterium-mediated transformation (AMT) was employed to
identify genes associated with the morphogenesis of P. marneffei. Additionally,
AMT-derived transformants were screened for isolating mutants defective in cell wall

production, dimorphic switch and melanin synthesis of this fungus. Furthermore, a

selected mutant defective in conidiation, strain 16, was characterized.
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To develop an effective transformation system, uracil auxotrophs were
derived. The ura5 and ura3 genes, which encode orotate phosphoribosyltransferase
(OPRTase) and orotidine-5’-phosphate decarboxylase (OMPdecase) proteins, from P.
marnefei F4, were isolated and characterized. The nucleotide and amino acid
sequences of uraj and ura3 displayed strong homology to OPRTase and OMPdecase
proteins in other fungi. Analysis of gene expression by RT-PCR revealed that the
expression of the wra5 gene was up-regulated during mycelium to yeast phase
transition, and substantially up-regulated in mycelium cells exposed to 39°C or treated

with 1 mM of H,0, for 30 min. Fourteen uracil auxotrophs of P. marneffei were

isolated from 1.77 x 100 UV-irradiated conidia. All uracil auxotrophs exhibited the
basic characteristics of this fungus, including sporulation and dimorphic transition.
Seven isolates, which showed no OPRTase activity, with similar growth
characteristics as the wild-type strain will be used as recipient strains for further
genetic manipulation of P. marneffei using ura5 as a selectable marker.

In the present study, an improved Agrobacterium-mediated transformation
(AMT) system was developed and successfully employed in P. marneffei strain F4 as
well as in P. citrinum. Optimal conditions for the AMT protocol included the use of
conidia or pre-germinated conidia of P. marneffei and co-cultivation at 28°C for 36
hours. Bleomycin-resistant transformants were selected as yeast-like colonies
following incubation at 37°C. Transformation efficiency was approximately 123 =+
3.27 and 239 + 13.12 transformants per plate when using 5 x 10" conidia and pre-
germinated conidia of P. marneffei as starting materials, respectively. Southern blot
analysis demonstrated that 95% of transformants contained a single copy of T-DNA.
Inverse PCR was employed for identifying nucleotide flanking sequences at the T-
DNA insertion sites. Analysis of these sequences indicated that integration occurred
as random recombination events. Among the isolated mutants, two were the
previously described stuAd- and gasC-defective strains. These AMT-derived mutants
possessed single T-DNA integrations within their particular coding sequences. In
addition, other morphological and pigmentation mutants possessing a variety of gene-
specific defects were isolated, including two mutants having T-DNA integrations
within putative promoter regions. Moreover, several mutants defective in cell wall

production, melanin synthesis and dimorphic switch, were also isolated. Collectively,
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these results indicated that AMT could be used for large-scale, functional genetic
analyses in P. marneffei. Such analyses can potentially facilitate the identification of
those genetic elements related to morphogenesis and pathogenesis in this medically

important fungus.

Mutant 16, a strain defective in conidiation, was isolated using AMT. Using
inverse PCR, the T-DNA insertion site of this mutant was demonstrated to be within
the gene encoding S-adenosylmethionine decarboxylase (sad4), an enzyme critical in
spermidine biosynthesis. Supplementation of minimal medium with spermidine
restored the ability of the mutant to produce conidia at 27°C. Complementation of the
dysfunctional sadA gene with an intact wild-type copy also reinstated normal
conidiation. Mutant 16 exhibited substantial growth reduction in minimal medium
without spermidine, compared to that of the wild-type F4 and complemented strain
C3. In contrast, the growth rate of mutant 16 in the presence of 3 mM spermidine was
nearly that of wild-type F4 and the complemented strain C3. Moreover, a substantial
decrease in the percentage of germinated conidia in mutant 16 was found in the
absence of spermidine in the medium, with a gradual increase in the percentage of
germinated conidia as the spermidine concentration was increased at both 27°C and
37°C. Furthermore, given the presumption that P. marneffei infections are initiated
following inhalation of conidia, this study suggests that the spermidine biosynthetic
pathway may serve as a potential target for combating the pathogenesis of this

medically important fungus.
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