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ABSTRACT

Disseminated Penicillium marneffei infections have become increasingly prevalent, especially
among human immunodeficiency virus-infected patients. We published the presence of IgG
antibedies recognition of the yeast phase antigens of 200, 88, 54 and 60 kDa in P. marneffei infected
AIDS patients. In order to provide recombinant antigens for further characterization, we tried to
construct ¢cDNA library encoding these antigens. Total RNA was isclated from the yeast form P.
marmneffei and the mRNA was purified by various methods. In this study, the yield of mRNA isolation
was about 1.0% of a total RNA population. The SuperScript Lambda system (BRL) was used in
constructing a directional ¢cDNA library from an mRNA population. In step of in vitro packaging of
ligated cDNA, the in vitro packaging efficiency of the control DNA was rather low (<107 PFU/Lg of
control DNA), and no plaque formation was seen in the test reaction. However, we plan to construct

the cDNA library of P. mameffei by using paramagnetic beads and PCR.
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INTRODUCTION

Disseminated mycotic infections caused by the ‘dimorphic fungus Penicillium mameffei have
become increasingly prevalent, especially among AIDS patients (1-7). In nature, P. mameffei has been
isolated from the internal organs of four species of rodents, Rhizomys sinensis, Rhizomys pruinosus,
Rhizomys sumatrensis, and Cannomys badius (8-10). The fungus has been found in faeces of
bamboo rats and soil samples collected from bamboo rat bumows (9,11). Two genetic types of P.
marneffei have been identified by RFLP patterns of whole cell DNA (12). Type I predominates among
infected patients (72.7%) and Rhizomys sumatrensis, whereas type II has been found in a soil sample,
Cannomys badius, and in a minority of patients (27.3%).

The severity of P. mameffei infection in AIDS patients comelates with the immunological
status of the individual. Most patients who do not receive appropriate antifungal treatment will die
(6). The definite diagnosis of human penicilliosis is made by culture. The organism is often cultured
from blood, skin, bone marrow, sputum, lymph nodes, cerebrospinal fluid and pleural fluid from AIDS
patients infected with P. mameffei. The method requires 7 - 14 days and is difficult in patients who
are concomittantly infected with other rapidly growing fungi or bacteria.

Currently, the identification of P. marneffei is based on the characteristic colony morphology,
microscopic morphology and themnal dimorphism (13). However, these methods require
approximately 2 - 4 weeks to accomplish complete identification. An excantigen test (14,15) can also
be uséd to confirm the identification of the fungus in culture. Newly developed immunodiffusion and
latex agglutination tests are capable of detecting P. mameffei antigens in both serum and urine
(16). In addition, a specific indirect fluorescent-antibody reagent was developed for the rapid
identification of P. mameffei in histologic sections {17). P. mameffei infection can potentially be
diagnosed by the PCR(18), the detection of IgG anibodies in the sera of patients using the indirect
immunofluorescent antibody test (19) and the immunoblot assay (20, 22). Five yeast phase vroteins
of P. mameffei (approximately 88, 61, 54, 50 and 38-kDa) were found to react with IgG in sera of
infected patients (20-22). These antigens may be useful as specific antigens in diagnostic serologic
assay and further studies of the immunologic features of penicilliosis marmeffei.

In order to provide recombinant antigens and a starting point of detailed structural analysis of
immunogenic secreted proteins of P. mameffei, the cDNA encoding interesting protein antigens of P.

marneffei yeast phase will be constructed.



MATERIALS AND METHODS

Microorganisms and growth conditions. Penicilliurn mameffei 496H isclated from a patient was used
in this study. The fungus was cultured on brain-heart infusion (BHI) agar slant and incubated at
37°C for § days to give a yeast form. This culture was further used as inoculum for the BHI broth
culture. Escherichia coli Y1090 (ZL), from Gibco/BRL (Gaithersburg, MD, USA)} was used for
sereening the cDNA library. E. coli from the BACTi Disk was resuspended in 200 Ll of sterile S.0.C.
medium (Gibeo/BRL) and incubated for 10 min at 37°C. The bacterial solution was streaked on LB
[1% (wtfvol) tryptone, 0.5% {wifvol) yeast extract, 1% (wt/vol) sodium chioride and 1.5% (wt/vol) agar
pH 7.0] plate and incubated overnight at 37°C. A single colony of E. coli Y1090(ZL) was inoculated
into 10-ml of L-broth containing 0.2% (w/v) maltose and 10 mM MgSO, on the day before ligated
vector-cDNA was to be packaged in vitro. The culture was incubated at 37°C overnight. If the cells
were not used the same day they could be stored at 4°C for a maximum of 3 days.

Preparation of total RNA of P. marneffei. Three-day P. mameffei yeast-form cuiture was centrifuged
at 3,000 x g for 15 min, washed twice with phosphate-buffered saline, and washed cnce with 0.6 M
MgS80,. The yeast celis were suspended in filter-sterilized osmotic medium [1.2M MgSO,, 10mM
sodium phosphate (pHS5.8), 5 ml/g of yeast cells], and the suspension was placed on ice. A filter-
sterilized solution of Novozym234 (20 mg/ml in csmotic medium; 2 ml/g of yeast cells) was added,
and the cells were incubated on ice for 6 min. Next, a filter-strilized solution of bovine serum
albumin (12mg/ml in osmotic medium; 0.5 ml/g of yeast cells) was added. The suspension was then
incubated at 37°C for 2 h. The spheroplasts were pelleted by centrifugation, washed twice with ST
buffer {0.6 M sorbitol, 100 mM Tris-HCl ©H 7.0)]. Approximately 1.6-2.0 g wet weight of yeast
sphercplasts were obtained from 500 ml culture (about 10g wet weight of veast cells).

Tolal RNA was extracted from yeast spheroplasts by using guanidine isothiocyanate in the

presence of 2-mercapto ethanol which were included in the mRNA isolation system (BRL,
Gaithersburg, MD, USA) or by RNAgents® total RNA isolation 'system {Promega, Madison, WI, USA)
or by TRIzol ' reagent (BRL) or by RNeasy minipreps (Qiagen GmbH, Hilden, Germany) following the
manufacturers’ instructions.
Preparation of mRNA. mRNA of P. marmeffei was isolated by the mRNA isolation system (BRL) or by
PolyATract mRNA isolation system (Promega) following the manufacturers’ instructions. The principle
of mRNA isolation based on the presence of poly (A) tails at their 3’ termini. The mRNA could be
isolated from a total RNA population by affinity chromatography using column containing olige (dT)
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cellulose in the presence of 0.3 to 0.5 M NaCl (BRL}). The mRNA was eluted by destabilizing the
hybrids of cligo dT and poly {A). This was done by removing the NaCl. This method could yield
>80% mRNA. Another method of mRNA isolation system (Promega} used a bictinylated oligo(dT)
primer to hybridize to the 3 poly (A) region. The hybrids were captured and washed at high
stringency using streptavidin coupled to paramagnetic particles and a magnetic separation stand.
The mRNA was eluted by the simple addition of ribonuclease free deionized water. Figure 1
summarizes all steps in the procedure of total RNA and mRNA isolation by the system provided by
the BRL. Figure 2 shows the diagram of the PolyATract® mRNA isolation procedure provided by the
Promega.

Construction of ¢DNA library. The SuperScript Lambda system (BRL) was used in
constructing a directional ¢DNA library from an mRNA popﬁlation of P. mameffei. The procedure
was summarized in Figure 3 and the flow diagram in Figure 4. First strand ¢DNA was synthesized
using SuperScript RT [(Maloney merine leukemia virus reverse transcriptase (M-MLV RT)] and oligo
(dT) (Not I primer adapter) as a primer. The second strand ¢cDNA synthesis was catalyzed by E. coli
DNA polymerase I in combination with E. coli RNase H and E. coli DNA ligase. The blunt end of
cDNA was done by adding T4 DNA polymerase. Next the Sal I adapters were added at both ends of
the ¢cDNA prior to digestion with Not I to get Not I Sal I cDNA. The optimal sizes of cDNA were
fractionated by column chromatography. The cDNA were then ligated to the vector lambda Ziplox,
Not [-Sal I arms. The ligated ¢cDNA were introduced into the lambda bacteriophage E. coli ¥1090
(ZL) using the Amersham (Buckinghamshire, UK) lambda Packaging system. The size of the library

could be estimated by plaque assay.
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RESULTS AND DISCUSSIONS

The total RNA isolation systems used in this study yieided high amounts of intact RNA from

the Penicillium mameffei yeast form spheroplasts. The yield was determined by measuring the optical

density at 260 nm, where 1 A 260 unit = 40 [lg of RNA/ml. The results were approximately 1.5 mg
and 3.4 mg of total RNA from 500 m] culture using the mRNA isolation system (BRL) and RNAgents
total RNA isolation system (Promega), respectively. Total RNA was easily isolated using the RNeasy
minipreps (Qiagen). The yield was about 1.0 mg of total RNA from 1.0 g of fungal spheroplasts (or
from about 500 ml culture broth). Figure 5 demonstrates formaldehyde agarose gel of total RNA
purified with the RNeasy mini kit and by TRIzol™ reagent.The RNAs isolated by the RNeasy mini kit
were more purified than the RNAs isolated by TRIzol 1eagent.The 285 and 185 rRNAs are seen as
sharp bands (Fig. 5) with a diffuse background mRNA spread throughout the entire lane of the gel.

The mRNA purified by the affinity column [oligo {dT) cellulose from BRL] is demonstrated
in Figure 6 by denaturing agarose gel staining with ethidium bromide. Figure 7 shows the mRNA
purified by the PolyATract of Promega. Typically, approximately 0.5% to 2.0% of a total RNA
population is mRNA. In this study, the yield of mRNA was about 1.0%

~ In step of cDNA ligation to the vector, lambda Ziplox (BRL) was used instead of the lambda
gt 22A. The lambda Ziplox Not [-Sal I arms were provided for directional cloning. The control DNA
included in this system was used parallel in the ligation step. After the in vitro packaging of ligated
cDNA, the packaging reaction was introduced into E. coli Y1080 (ZI). The packaging cDNA-
containing phage and the packaged control DNA-containing phage were tested by dilution plagues
assay on the LB plates containing 10mM MgCl,. The number of plagues of the control DNA (0.1
[ig) were calculated to be approximately 10° PFU from the entire packaging reaction whereas no
plaque was detected in the test reaction.

The in vitro packaging efficiency of the control DNA was rather low (<107 PFU/ Jig of control
DNA). This control DNA was used from the ligation step. It meaned that the ligation reaction may
not be proceeding properly. Another cause of low packaging efficiency of the control DNA may
involve with the extracts included in the packaging reaction which may lost some activity during
performing the test. For the negative plaque formation of the test reaction from the synthesized
cDNA, the poor yields may occur in the first strand reaction, or second strand reaction. An
insufficient or very low amount of ¢cDNA wused in the Hgation reaction may cause a very low

packaging efficiency.
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Figure 5. Formaldehyde agarose gel of total RNA purified with the RNeasy mini kit (lane 2-5),

"and by TRIzal reagent (lene 6-9). Lane 1, RNA ladder.

Figure 6. Formaldehyde agarose gel of mRNA purified by oligo (dT) cellulose column from BRL
(lane 2). Lane 1, marker sizes of Hind li-digested lambda DNA.
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Figure 7. Formaldehyde agarose gel of mRNA purfied by PolyATract of Promega (lane 3).
Lane 2, tolal RNA isolated by RNAgents of Proméga. Lane 1 and lane 4, RNA
ladder.

A lambda ZAP cDNA expression library of P. mameffei could be constructed and screened
with human serum obtained from a penicilliosis patient (Cao et al. 1998). The approach proved to be
difficult because the human serum produced a high background in the filter screening assay.
Screening with an animal hyperimmurne serum generated by immunizing guinea pigs with killed P.
marmeffei yeast cells gave better results. The MP1 gene which encodes an abundant antigenic
cell wall mannoprotein from the P. mameffei was cloned. However, we plan to construct the cDNA
library of P. marneffei by using paramagnetic beads and PCR {Lambert and Williamson, 1997} The

screening procedure may use the patients’ sera or rabbit hyperimmune serum.
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