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Abstract

The karyotype of Penicillium nalgiovense was determined by pulsed-field gel electrophoresis and compared to the
karyotype of P. chrysogenum. Both species have four chromosomes, but they differ in the size of the chromosomes and in
the overal size of the genome. The sizes of the P. nalgiovense chromosomes as determined by pulsed-field gel
electrophoresis are: 9.1 Mb, 7.9 Mb, 5.4 Mb and 4.1 Mb which gives in summary a genome size of 26.5 Mb. This compares
to 34.1 Mb for P. chrysogenum. The penicillin gene cluster was located by Southern hybridization on chromosome 1V, the
smallest chromosome of P. nalgiovense compared to chromosome |, the largest chromosome of P. chrysogenum. [0 2000
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1. Introduction

Penicillium nalgiovense is a fungal starter culture
for the production of fermented foods (Jacobsen and
Hinrichsen, 1997). Aroma and texture formation is
mainly due to proteolytic (Toledo et a., 1997) and
lipolytic activity and to the production of volatiles by
the fungus (Jacobsen and Hinrichsen, 1997). It has
been shown that P. nalgiovense is a producer of
penicillin (Andersen and Frisvad, 1994; Farber and
Geisen, 1994). According to PCR anaysis P. nal-
giovense carries three genes which are homologous
to the penicillin biosynthetic genes of P.
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chrysogenum. With Southern blot experiments using
gene probes specific for each of these genes it was
shown that all three genes of P. nalgiovense are
clustered on one 9.1 Sall restriction fragment
(Férber, 1999). A detailed analysis of the gene
cluster of P. nalgiovense was performed by Laich et
al. (1999).

P. chrysogenum has four chromosomes of 10.4,
9.6, 7.3 and 6.8 Mb in size (Fierro et a., 1993). The
penicillin gene cluster is located on the largest
chromosome (chromosome 1) of P. chrysogenum.
Morphological (Samson and van Reenen-Hoekstra,
1988), isoenzyme (Banke et al., 1997) and molecular
data (Geisen, 1996) indicate that P. nalgiovense is
evolutionarily related to P. chrysogenum. To com-
pare the locations of the penicillin gene clusters and
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the karyotype of both species, the chromosomes of P.
nalgiovense were separated by pulsed-field gel elec-
trophoresis and hybridized to a gene probe, specific
for the isopenicillin synthase gene (ipnA). The aim
of this study was to demonstrate the difference
between P. nalgiovense and P. chrysogenum at the
genetic level.

2. Materials and methods
2.1. Srains and culture conditions

The following strains from the culture collection
of the Federal Research Centre for Nuitrition,
Karlsruhe, Germany (BFE) were used in the experi-
ments: Penicillium nalgiovense BFE52, P. nal-
giovense BFE66, P. nalgiovense BFE233, P. nal-
giovense BFE255, P. chrysogenum DSM 1075 and
Aspergillus nidulans BFE145. Strains were routinely
grown either on malt extract agar (Merck, Darm-
stadt, Germany) or liquid medium at 25°C.

2.2. Pulsed-field gel electrophoresis

For the preparation of chromosomal DNA suitable
for pulsed-field gel electrophoresis, protoplasts were
produced from mycelium grown for 36 h under
shaking conditions at 25°C. The mycelium was
harvested by filtration, washed twice with water and
the cell wall degraded by treatment for 1.5-2 h at
37°C with lytic enzymes in isotonic medium which
contained 0.8 M KCl; lysing enzymes from Tricho-
derma harzianum (Sigma, St. Louis, MO, USA), 10
mg ml~*; B-glucuronidase (Sigma), 10 wl ml~*. The
protoplasts produced were separated from residual
mycelium by filtration through glass wool. Two
volumes of STC buffer (1.2 M sorbitol; 10 mM Tris;
10 mM CaCl,; pH 7.5) were added and the proto-
plasts precipitated by centrifugation at 5000 rev./min
for 5 min. The pellet was washed twice in 500 pl
STC buffer, then the protoplasts were resuspended in
100 !l STC buffer. The protoplasts were fixed in
0.6% InCert agarose plugs (FMC, Rockland, USA)
and the protoplasts lysed at 54°C for 48 h under
gentle shaking in lysis buffer (0.5 M EDTA; 1%
sodium laurylsarcosinate; 5 mg ml~* proteinase K,
pH 8.0). Agar plugs were stored in 0.05 M EDTA
solution. For pulsed field gel electrophoresis
(Schwartz et al., 1983) the agar plugs were equili-

brated in electrophoresis buffer (0.5X TBE) for 1 h
and embedded in 0.6% FastLane agarose (FMC). A
four phase electrophoresis run was carried out at
12°C in a Gene Navigator electrophoresis system
(Pharmacia, Uppsala, Sweden): phase 1, pulse dura-
tion 180 min for 100 h; phase 2, pulse duration 120
min for 90 h; phase 3, pulse duration 90 min for 60
h; phase 4, pulse duration 60 min to 50 h. The
electrophoresis was carried out at a constant voltage
of 28 V and a a current of 30 mA. As molecular
weight standard, Schizosaccharomyces pombe chro-
mosomes were used (Biorad, Hercules, USA). The
results were documented and evaluated with a Biorad
GS-670 densitometer and the image analysis pro-
gram Molecular Analyst (Biorad).

2.3 Direct alkaline DNA transfer

To achieve high transfer rates, the DNA was
transferred to nylon membranes under alkaline con-
ditions. The separated chromosomal DNA was
nicked by irradiation with UV light (302 nm) for 120
s. The DNA was subsequently blotted by capillary
transfer in akaline transfer buffer (0.4 M NaOH; 1.5
M NaCl).

2.4. Hybridization

Hybridization was carried out under standard
conditions according to Maniatis et al. (1989). As a
probe a digoxygenin labeled 547 bp internal frag-
ment of the ipnA gene (positions 801-1348, accord-
ing to the published sequence of the homologous
gene of P. chrysogenum (Barredo et al., 1989)) was
used. The hybridization of the probe was performed
under stringent conditions at 65°C. The hybrid DNA
was visualized with alkaline phosphatase coupled
antibodies against the labeled probe according to the
suggestions of the manufacturer of the Digoxygenin
Detection and Labeling kit (Boehringer, Mannheim,
Germany).

3. Results

3.1. Chromosome number and genome size of
Penicillium nalgiovense

Protoplasts of four strains of P. nalgiovense were
produced and lysed in agar plugs as described in
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Section 2. The released chromosomes were separated
and the molecular weight of the bands calculated by
comparison with a molecular weight standard of
Schizosaccharomyces pombe chromosomes. The mo-
lecular weight calculations were carried out by
densitometric analysis. Fig. 1 shows the result of that
analysis. The genomic DNA of all four P. nal-
giovense strains separated into four distinct bands.
Two of them had a much higher molecular weight
than the standard bands of S. pombe, whereas the
other two bands are in the same size range as the S.
pombe chromosomes. The weak fifth band, of much
lower molecular weight, is apparently mitochondrial
DNA as it separates to the same position as the
mitochondrial DNA of S. pombe. All P. nalgiovense
strains showed the same banding pattern, indicating
similar or identical chromosomes with respect to
Size. Table 1 shows the results of the molecular
weight estimation of the four chromosomes. Accord-
ing to the densitometric estimation of the molecular

P, nalgiovense BFE66
P. nalgiovense BFE255

P, nalgiovense BFE233
P. nalgiovense BFES2

S. pombe
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Fig. 1. Pulsed field gel electrophoresis of chromosoma DNA of
four Penicillium nalgiovense strains. The four chromosomal bands
are indicated by roman letters. The Schizosaccharomyces pombe
chromosomes were taken as molecular weight marker. The sizes
of these chromsomes are indicated in Mb. x = mitochondrial
DNA.

Table 1
Comparison of the chromosome sizes (Mb) of Penicillium nal-
giovense and P. chrysogenum?®

Chromosome P. nalgiovense P. chrysogenum
| 9.1 10.4
1] 7.9 9.6
Il 5.4 7.3
v 4.1 6.8
Genome size 26.5 34.1

®The sizes of the Penicillium chrysogenum chromosomes are
given according to Fierro et al. (1993).

weights, the total size of the P. nalgiovense genome
is 26.5 Mb.

3.2, Comparison of the chromosomal banding
pattern of P. nalgiovense with that of P.
chrysogenum

To compare the karyotype of P. nalgiovense with
that of the related species P. chrysogenum, the
chromosomes of both species were separated on a
pulsed-field gel. Aspergillus nidulans was used as a
control. Fig. 2 shows the results of this experiment.
The karyotype of P. nalgiovense is similar to that of
P. chrysogenum. In general the chromosomes of P.
nalgiovense are somewhat smaller than the chromo-
somes of P. chrysogenum which is reflected in a
genome size difference of 7.6 Mb between the two
species. A comparison of the chromosome sizes of
both species is depicted in Table 1. As the running
conditions were optimized for the separation of large
chromosomes, only the three largest chromosomes
from A. nidulans could be separated. The largest
chromsome of A. nidulans is 5.0 Mb (Brody and
Carbon, 1989) which runs roughly at the position of
the smallest chromosome of P. nalgiovense.

3.3 Localization of the penicillin biosynthesis gene
cluster of P. nalgiovense

It was shown by successive hybridizations of the
same membrane with three probes specific for each
of the penicillin biosynthetic genes that these genes
are clustered on one 9.1 kb Sall fragment in P.
nalgiovense (Farber, 1999). To determine the chro-
mosomal localization of this cluster, the separated
chromosomes of P. nalgiovense were transferred
after pulsed field gel electrophoresis onto a nylon
membrane. The membrane was hybridized with a



62 P. Farber, R. Geisen / International Journal of Food Microbiology 58 (2000) 59—-63

P. nalgiovense BFE66
P chrysogenum DSM1075

S. pombe
A. nidulans BFE145

5,7 Mb —
4,7 Mb —
3,5Mb—

—I — o
—III —III

«— VIII
—1V — IV —I\I]H

Fig. 2. Pulsed field gel electrophoresis with chromosoma DNA of
Penicillium nalgiovense, P. chrysogenum and Aspergillus
nidulans. Schizosaccharomyces pombe DNA was taken as molec-
ular weight marker. The sizes of the chromosomes are indicated in
Mb. The positions of the chromosomes of the analysed P.
nalgiovense, P. chrysogenum and A. nidulans strains are indicated
by roman letters. The numbering of the P. chrysogenum chromo-
somes is according to Fierro et a. (1993) and of the A. nidulans
chromosomes according to Brody and Carbon (1989).

probe specific for the ipnA gene. The same analysis
was performed for comparison with P. chrysogenum.
In Fig. 3 the results of the hybridization are shown.
Although these two species are related and have the
same number of chromosomes, clear differences
were seen in the chromosomal location of the
penicillin biosynthetic gene cluster. In the case of P.
chrysogenum the probe hybridized with chromosome
I, the largest chromosome of this species, but in P.
nalgiovense the hybridization signal highlighted at
the position for the smallest chromosome (chromo-
some V).

4. Discussion

Based on isoenzyme analysis, Banke et a. (1997)
suggested that P. nalgiovense is distinct from P.
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Fig. 3. Direct akaline blotting of the separated chromosomes of
Penicillium nalgiovense and P. chrysogenum to a DIG-labeled
gene probe specific for the ipnA gene. The chromosomal DNA of
P. nalgiovense and P. chrysogenum was separated by pulsed-field
gel electrophoresis (A) and blotted to positively charged nylon
membrane. The blotted DNA was hybridized under stringent
conditions to a ipnA probe (B). The location of the chromosomes
are indicated by roman letters as well as the matching signal after
hybridization.

chrysogenum and more closely related to P. di-
podomyis, a species which also produces penicillin.
The results presented here support this interpretation,
as they demonstrate that there are distinct differences
between P. chrysogenum and P. nalgiovense with
respect to chromosome size and location of the
penicillin biosynthetic genes. Both P. nalgiovense
and P. chrysogenum have a genome consisting of
four chromosomes. The chromosomes of P. nal-
giovense are generdly smaller than those of P.
chrysogenum. P. chrysogenum has a genome size of
34.1 (Fierro et al., 1993) while P. nalgiovense has an
estimated genome size of 26.5 Mb. The sizes of
fungal genomes can vary considerably (Kupfer et al.,
1997). For P. janthinellum, another Penicillium
species, the genome size has been estimated to range
between 39 and 46 Mb (Kayser and Schulz, 1991).
The fact that al four analysed P. nalgiovense strains
showed the same karyotype confirm that it is a
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homogenous species, already shown by isoenzyme
(Banke et a., 1997) and RAPD analysis (Geisen,
1996).

The localization of the penicillin biosynthetic gene
cluster differs in these penicillin-producing species.
In P. chrysogenum it is located on chromosome |
(10.4 Mb) and in P. nalgiovense on chromosome IV
(4.1 Mb). Nothing is known about the karyotype of
P. dipodomyis, a third penicillin-producing species.
To our knowledge this is the first time that the
differences between the karyotypes of P.
chrysogenum and P. nalgiovense have been reported.
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