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Abstract

14 strains of Penicillium species were isolated from different localities and habitats from Jeddah, Saudi Arabia and cultivated on two different
media: Czapek Dox’s medium, in which NaNOs is the source of inorganic nitrogen, and Waksman’s medium, in which pepton is the source of
organic nitrogen.

Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) technique was used in this study to distinguish these isolates.
The Penicillium isolates examined in this study consisted of six Penicillium species: Penicillium corylophilum (three isolates), P. rubrum (one
isolate), P. citrinum (two isolates), P. crustosum (one isolate), P. canesens (six isolates) and Penicillium sp. (one isolate).

The electrophoretic protein patterns from Penicillium isolates grown on Czapek Dox's medium revealed the presence of 17 different bands (out
of 14 polymorphic bands, there were three monomorphic bands and two unique bands). The electrophoretic protein pattern of the same isolates
grown on Waksman's medium revealed the presence of 12 different bands (out of eight polymorphic bands, there were four monomorphic
bands and one unique band).

Data were analysed by a clustering method and similarity coefficients using NTSY Spc version 2.02i. Two different phenograms were produced
for the studied Penicillium species based on the analysis of the protein banding patterns. Data from the protein banding patterns produced from
both media were combined and analysed to produce third phenogram, and the relationships between the species and isolates are discussed.

Keywords: Penicillium spp.; identification, proteins; SDS-PAGE; numerical analysis; relationships.

outdoors, and can grow indoors by using building material

Introduction or accumulated soil to obtain nutrients for growth.

Penicillium is a genus of ascomycetous fungi consisting of

304 species of major importance in the natural environment The taxonomy of Penicillium has always been complex due
as well as in food and drug production. Penicillium species to its great number of species, which exhibit very few
produces penicillin, a molecule used as an antibiotic, which differences. This fact complicates the ability of researchers
kills or stops the growth of certain types of bacteria inside to understand their ecology and, diversity and consequently,
the body. the exploration of Penicillium by industry has been limited.

Historically, the classification of organisms has been based
on observable characteristics. The growth of isolates in the
appropriate culture media, enabling their most characteristic
features to be recognised, is still the most common
procedure used to classify organism. Because many species
classified in the sub-genus Penicillium are morphologically
similar,  species identification using traditional
morphological techniques remains difficult.

Species of Penicillium are ubiquitous soil fungi that prefer
cool and moderate climates and, are commonly present
wherever organic material is available. Many species
produce highly toxic mycotoxins. The ability of these
Penicillium species to grow on seeds and other stored foods
depends on their ability to thrive in low humidity and to
colonise rapidly by aerial dispersion, provided that the seeds
are sufficiently moist. Some species have a blue colour, they

are commonly found growing on old bread and giving it a The genus Penicillium is subdivided into four subgenera
blue fuzzy texture. Penicillium species are present in the air (Aspergilloides, Penicillium, Biverticillium and Furcatum)
and dust of indoor environments, such as homes and public distinguished by the number of branch points between the
buildings. The fungus can be readily transported from the phialide and the stipe down the main axis of the penicillus

and other characteristics, such as the ratio of metula length
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to phialide length, and the colony diameter on G25N, when
the number of branch points is the same (Pitt and Hocking,
1997).

Morphological characteristics of microbes may be
influenced by environmental factors, and genomic
mutations cannot be investigated by morphological
markers. Here, one additional step (the analysis of
molecular markers) has been taken to overcome the
complications associated with the morphological
characterization of some Penicillium species.

In addition, recent trends in taxonomy stress the utmost
importance of utilising other criteria that prove to be good
phylogenetic or taxonomic markers. One of the methods
most widely used for taxonomic classification at the species
level has been sequencing and electrophoretic methods.
Electrophoretic analysis of cellular proteins provides a
measure of the number of protein products that are
genetically programmed and thus can be a good taxonomic
marker at the species level and even lower categories.

Electrophoresis is the migration of charged molecules
through a solution in response to an electric field. Their rate
of migration depends on the strength of the field, on the net
charge, size and shape of the molecules and on the ionic
strength, viscosity and temperature of the medium in which
the molecules are moving. As an analytical tool,
electrophoresis is simple, rapid and highly sensitive. It is
used analytically to study the properties of a single charged
species and as a separation technique (Maurer, 1971).

The genus Penicillium is one of the largest and most widely
distributed fungal genera described to date. As a result, its
taxonomic classification has become complicated and
species discrimination within this genus is difficult
(Redondo et al., 2009).

Many studies have been conducted using electrophoresis as
a tool to differentiate between Penicillium ssp. isolates,
such as: Grassin & Fauquembergue (1996); Banke et al.,
1997; Dupont et al., 1999; Boysen et al. 2000; Chavez et
al., 2002; Samson et al.,2004; Cho et al.. 2005; Bakri et al.,
2007; Cardoso et al., 2007; Xi et al., 2007; Abulhamd,
2009; Redondo et al., 2009; Inkha & Boonyakiat, 2010;
Roslan et al., 2010; Elhariry et al., 2011; Francis et al.,
2011; Mohammad et al., 2011 and Tiwari et al., 2011.

In this study, biochemical assay was performed on 14
isolates of Penicillium species that had been previously
collected from different localities and habitats in Jeddah,
Saudi Arabia and cultivated on two different media: Czapek
Dox’s medium in which NaNOs is the source of inorganic
nitrogen and Waksman’s medium in which pepton is the
source of organic nitrogen.

Sodium  Dodecyl  Sulfate  Polyacrylamide  Gel
Electrophoresis (SDS-PAGE) technique was used in this
study to distinguish these isolates. The Penicillium isolates

included six Penicillium species, Penicillium corylophilum
(three isolates), P. rubrum (one isolate), P. citrinum (two
isolates), P. crustosum (one isolate), P. canesens (Six
isolates) and Penicillium sp. (one isolate).

The data were analysed by a clustering method and
similarity coefficients using NTSYSpc version 2.02i. The
similarities between the studied isolates are represented as
phenograms and will be discussed.

Materials and Methods

Collection of Penicillium Samples and Isolates

In this study, 14 isolates of Penicillium made up of six
different species were examined. These species included the
following: Penicillium corylophilum Dierckx. (three
isolates), P. rubrum Stoll. (one isolate), P. citrinum Thom.
(two isolates), P. canescens Sopp. (six isolates), P.
crustosum Thom. (one isolate) and Penicillium sp. (from an
oily sewage dump). Fungal isolates were sampled from five
different substrate sources and different ecosystems in both
terrestrial and marine environments in Jeddah, Saudi Arabia
(agricultural soil, marine fauna, a sewage dump, an oily
sewage dump and wheat grains).

Culture, ldentification and Cultivation of Penicillium
Isolates

Samples were cultured over Czapek (CZ),Potato Dextrose
Agar (PDA) and malt extract agar media to isolate the
fungal species that were presentin these samples. The
colours of the isolates on the various media and their
morphological features under a light microscope were used
to identify the different species using the references of
Ainsworth (1971) and Pitt (1979). The studied isolates and
their original sources are presented in Table 1.

Fungal Protein Electrophoresis Technique (SDS-PAGE)
The isolated fungi were cultivated on two types of media to
determine their protein banding patterns: Czapek Dox’s
medium, in which NaNO; is the source of inorganic
nitrogen and Waksman’s medium, in which pepton is the
source of organic nitrogen. For each fungus, a triplicate set
of 250 ml Erlenmeyer conical flasks, containing 50 ml of
medium was prepared, sterilised at 121 °C for 15 minutes
under 1.5x atmospheric pressure, cooled and inoculated
with the experimental fungus. Then, the cultures were
incubated at 25 °C for seven days. After that, the contents
of each set of flasks (the fungal mats) were collected and
subjected to SDS-PAGE as described by Laemmli (1970)
and modified by Studier (1973). Then 1 g of each fungal
mat was mixed with 0.025 ml of extraction buffer (Tris-HCI
pH 8.8) with gentle agitation and refrigerated for 24 hours.
The slurry was centrifuged at 12.000 rpm for 10 minutes.
The supernatant was kept at 0 °C until use. The gel and
banding profile of each isolate was photographed, scanned
and analysed using the Gel Doc 2000 Bio-Rad system. The
molecular weight standard used for the gel analysis was the
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Bio-Rad protein marker Mid-Low range (116.000 -14.200

kDa.).

Table 1: Names and sources (Habitats) of studied isolates of Penicillium.

Sample number Sources (Habitats) Identification
1 Agricultural soil Penicillium corylophilum Dierckx.
2 Agricultural soil Penicillium corylophilum Dierckx.
3 Marine fauna Penicillium rubrum Stoll.
4 Sewage dump Penicillium citrinum Thom.
5 Sewage dump Penicillium corylophilum Dierckx.
6 Sewage dump Penicillium citrinum Thom.
7 Oily sewage dump Penicillium sp.
8 Agricultural soil Penicillium canescens Sopp.
9 Agricultural soil Penicillium crustosum Thom.
10 Agricultural soil Penicillium canescens Sopp.
11 Agricultural soil Penicillium canescens Sopp.
12 Agricultural soil Penicillium canescens Sopp.
13 Agricultural soil Penicillium canescens Sopp.
14 Wheat grains Penicillium canescens Sopp.

Table 2: Survey of polymorphic and monomorphic SDS-PAGE genotype and bands of total bulk protein samples from the

studied isolates of Penicillium grown on Czapek Dox's medium.

[+ = Present and - = Absent]

Band No. Molecular weight (kDa) 1 2 3 4 8 9 10 11 12 13 14
1 91.700 A - - + ¥ + _ N
2 78.790 - - - + - - - - - - -
3 74.600 - - - - - - - + - - -
4 71.900 -l -] -] - A R T - n i
> 65.600 - - - - - - + + + + _
6 59.300 L L -]+ + + + +
7 56.230 + + + + + + + + + + +
8 51.080 ) B - + + - - -
9 43.500 - - - - - - - - _ + +
10 40.500 } - - } - + + +
1 35.000 n n n
12 29.660 + 0+ |+ |+ + | - - - " + n
13 25.700 . ) ) i} - + + + + + +
14 21.700 A B - - _ n i n
15 19.300 + + + + + + I + + +
16 13.880 + - + | + + - - + - . .
17 12.860 + + + + + - - - + + +
Total number of bands 6 6 6 7 6 7 10 12 12 12 11
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Numerical Analysis

The SDS-PAGE data obtained for each isolate were pooled
together and coded to create the data matrix used for
computation, where the absence of a band was scored as "0"
and the presence of a band was scored as "1" for each
species. The relationships between the studied species,
expressed by a similarity coefficient, have been represented
using a phenogram based on the analysis of the recorded
characters using NTSYSpc version 2.02i (1998). The
similarity index was estimated using the Dice coefficient of
similarity (Nei and Li, 1979). The average of the similarity
matrices was used to generate a tree by the Unweighted
Pair-Group Method Arithmetic Average (UPGMA). The
similarity matrix was developed by the SPSS computer
package system ver.16.

Two different phenograms were produced for the studied
Penicillium species based on analysis of their protein
banding patterns and third phenogram was produced based
on combined data obtained from both media.

Results and Discussion

SDS-PAGE Protein Banding Pattern Analysis

In this study, SDS-PAGE was performed to examine the
protein banding patterns of 14 isolates representing six
Penicillium species isolated from different sources and

grown on two media (Czapek Dox's medium and

Waksman's medium).

The electrophoretic protein  banding patterns of
Penicillium isolates grown on Czapek Dox's medium
The electrophoretic protein patterns of Penicillium isolates

grown on Czapek Dox's medium revealed the presence of
17 different bands. The electropherograms of those isolates
are shown in Fig. 1(A) and the distribution of the bands is
described in Table 2.

The highest number of bands recorded in a single isolate
was 12 bands in isolates numberll, 12 and 13, while the
lowest number of bands found was five bands in one isolate
(no. 5). The molecular weight of the products ranged from
91.700 to 12.860 kDa. The highest molecular weight band
recorded was 91.700 kDa., and this band was found in four
isolates (10, 11, 12 and 14), while the lowest molecular
weight band recorded was 12.860 kDa. This band was
recorded in all samples, except for the isolates numbered 9,
10 and 11 (Table 2).

A total of 14 polymorphic bands were observed in the
protein profiles of the studied isolates (Table 6). Of the
polymorphic bands, two were identified unique band has the
molecular weight of 78.790 kDa. and is present in
characterised isolate no. 4 and the other band has a
molecular weight of 74.600 kDa. and is present in
characterised isolate no. 11.

With respect to the monomorphic bands, three bands were
detected (at approximately 56.230, 35.000 and 19.300
kDa.). These bands allow better discrimination between the
studied Penicillium isolates.

s M1234567 8 91011 121314

6‘."
s [ D"
. . = ‘

(A) “:t ." ;.”
l‘}—w“" y

Ms M1234567 891011 121314

116
6620

Mokccular
weights
(kD)

Mobecutar

woighty
(kDa.)

(B)

Fig. 1: Blectropboretic banding profiies of fungal proteins cxtracied in Trs
HQO buffer of the stodied holates of Pesicilinm species grown on Crapek Dox's
medinm (A) and grown oo Waksman's medium (B) .

Similarity matrix between the studied isolates of
Penicillium species grown on Czapek Dox's medium based
on SDS-PAGE analysis

The similarity matrix for the isolates of Penicillium species

that were grown on Czapek Dox's medium was developed
using SPSS computer package and, based on the SDS-
PAGE analysis (Table 3). The highest similarity value was
0.893, between Penicillium isolates P. canescens (12) and
(13), and the lowest similarity value was 0.185, between
isolates P. corylophilum (2) and P. citrinum (6).

The electrophoretic protein banding patterns of
Penicillium isolates grown on Waksman's medium
The electrophoretic protein pattern of the same isolates of

Penicillium grown on Waksman's medium revealed the
presence of 12 different bands. The electropherograms of
those isolates are shown in Fig. 1(B) and the distribution of
the bands recorded described in Table 4

The highest number of bands recorded in one isolate was 11
bands in Penicillium isolates numbers 2 and 6, while the
lowest number of bands was five bands, which was recorded
in Penicillium sp. (no. 7). The molecular weight of the
products ranged from 61.230 to 13.210 kDa. The highest
molecular weight band was recorded in all of the
Penicillium isolates (monomorphic band), while the lowest
one appeared in all isolates, except sample number 6 (Table
4)
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Table 3. Similarity matrix between the studied isolates of Penicillium species grown on Czapek Dox's medium based on SDS-

PAGE analysis.
1 2 3 4 5 6 7 8 9 10 1 12 13 14
1 1 0.288 | 0288 | 0.288 | 0418 | 0207 | 0288 | 0288 | 0288 | 0318 | 0232 | 0237 | 0742 | 0.624
2 1 0.257 | 0307 | 0.245 | 0185 | 0333 | 0507 | 0207 | 0427 | 0278 | 0247 | 0633 | 0.604
3 1 0.288 | 0288 | 0288 | 0418 | 0217 | 0230 | 0288 | 0.288 | 0518 | 0.383 | 0.464
4 1 0.364 | 0267 | 0564 | 0247 | 0433 | 0264 | 0364 | 0564 | 0542 | 0772
5 1 0532 | 0318 | 0539 | 0271 | 0278 | 0518 | 0417 | 0532 | 0.711
6 1 0432 | 0383 | 0132 | 0429 | 0519 | 0383 | 0383 | 0.632
7 1 0811 | 0742 | 0.853 | 0843 | 0604 | 0485 | 0.742
8 1 0742 | 0812 | 0742 | 0633 | 0874 | 0742
9 1 0485 | 0742 | 0485 | 0383 | 0.874
10 1 0.634 | 0874 | 0.604 | 0509
11 1 0.883 | 0633 | 0.883
12 1 0.893 | 0.742
13 1 0.742
14 1

Table 4: Survey of polymorphic and monomorphic SDS-PAGE genotype and bands of total bulk protein samples from the
studied isolates of Penicillium grown on Waksman's medium.

Band No. Molecular weight (kDa) 1 2 31415 6 718|9]10 | 11 | 12 | 13 | 14
1 61.230 + |+ |+ |+ |+ |+ |+ |+ +
2 52.400 + |+ |+ |+ |+ + |+ + |+
3 44.300 + - - -+ - - - - - - - - -
4 41.000 + - - - |+ - - - - - - - - -
5 40.150 + + - -+ - - - - - - - - -
6 38.660 + + + | + | + + + |+ | + + + + + +
7 36.790 + + + |+ | + + + |+ | + + + +
8 30.910 + - - - - - - - - - - - R R
9 27.000 + + + |+ | - - + |+ | + + + + + T
10 25.560 + + + | + | + + + | + | + + + + + +
11 22.320 - - + |+ | - - - I + + R _ -
12 13.210 + |+ |+ |+ - R + |+ +1 + + T T i

Total number of bands 6 (11 | 8|8 |8 |11 |5 |7 |7 8 8 8 7 7
[+ = Present and - = Absent]
Eight of the recorded bands were found to be a polymorphic Similarity matrix between the studied isolates of

type band within the protein profile of the studied isolate
(Table 6). Of the polymorphic bands, one was identified to
be unique, and this band has a molecular weight of 30.913
kDa. (characterised isolate no. 8). With respect to the
monomorphic bands, four monomorphic bands were
detected (at approximately 61.230, 52.400, 38.660 and
36.790 kDa.). These bands allow further discrimination
between the studied Penicillium isolates. Bands with the
molecular weights of 27.000 and 13.210 kDa. were present
in all studied isolates except, sample no. 6 (P. citrinum).

Penicillium species grown on Waksman's medium based
on SDS-PAGE analysis

The similarity matrix created for the studied isolates of
Penicillium species grown on Waksman's medium based on
the SDS-PAGE analysis is shown in Table 5. The highest
similarity value was 0.934, between Penicillium isolates
between Penicillium isolates P. canescens (12) and (13),
and the lowest similarity value was 0.091, between isolates
P. citrinum (4) and P. canescens Wide variations in the
protein patterns were observed between Penicillium isolates

grown on Czapek Dox's medium and those grown on

Waksman's medium. This phenomenon has previously
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observed in other fungi. Electrophoretic data obtained by
Hofling et al. (2001) showed that yeast species exhibit
different protein patterns when grown in different culture
media. In their opinion, some possible explanation for this
event were that the precursors required for the synthesis of
some proteins may be present in one medium and absent in
another or that some enzymes are formed in the presence of
their specific substrate, yielding distinct protein profiles.
The same results were obtained by Al-Hazmi and Kamel
(2012) using different isolates of Aspergillus ssp.

Numerical Analysis of SDS-PAGE Data

The data obtained from the SDS-PAGE analysis of each
isolate were pooled together and coded to create the data
matrix for computation, where "0" represented the absence
of a band, and "1" represented for the presence of a band in
each species. The relationships between the studied isolates
and species, expressed using the similarity coefficient,
presented as a phenogram, based on the analysis of the
recorded attributes using the NTSYSpc version 2.02i, as
described by Rohlf (1998). For the data analysis, the total
number of recorded attributes (29) in each isolate were
scored, combined together in one set of data and coded to
create the data matrix for computation (Table 7).

The constructed phenogram is based on the estimated SDS-
PAGE proteins of 14 fungal isolates belonging to the genus

Penicillium grown on both media Czapek Dox's and

Waksman's (Fig. 2-C) and revealed a very close relationship

between Penicillium rubrum Stoll. (3) from marine fauna
and Penicillium canescens Sopp. (8) from agricultural soil,
both isolates clustered at 0.42 due to the presence of 13
common bands. In addition, a very close relationship was
observed between Penicillium corylophilum Dierckx. (2)
from agricultural soil and Penicillium sp. (7) from the oily

sewage dump, both isolates clustered at 0.49. The same
observations were scored between isolates (12 & 14), (9 &
10) and (1 & 5), at the levels of 0.68, 0.80 and 1.20,
respectively.

The phenogram demonstrates that the examined isolates
(OTU's) have a similarity coefficient of approximately 1.67,
at this leve,l Penicillium citrinum Thom. (6) from the
sewage dump is split from the other isolates. Then, at a level
of approximately 1.51, the remaining isolates are divided
into two groups, GROUP | comprises six isolates, and Il
comprises seven isolates. GROUP | included five isolates
of Penicillium canescens (5/6) (10, 11, 12, 13 & 14) and the
only isolate of Penicillium crustosum, while GROUP Il (at
the similarity coefficient of 1.32) included two isolates of
Penicillium corylophilum (2/3) (1 & 5) which distinguished
from each other at the level of 1.20, the isolates of
Penicillium citrinum (4), the isolates of Penicillium
corylophilum (2), the isolates of Penicillium rubrum (3),
and the isolates of Penicillium canescens (8) and
Penicillium sp. (7).

Based on these results demonstrating common bands, and
according to the statistical analysis, a very close relationship
was observed between the protein bands obtained from
isolates of Penicillium canescens (10, 11, 12, 13 & 14).
Therefore, the cellular proteins from isolates of this species
follow the same electrophoretic pattern. This result does not
reflect the differences in the geographic origin and source
of the same fungal species that had been previously reported
by Houseny (2005), Afifi et al. (2006) and Al-Hazmi &
Kamel (2012). SDS-PAGE of fungal cellular proteins can
be a useful tool to distinguish between these species or
isolates of the genus Penicillium (as shown by the close
relation between protein bands obtained from isolates of
Penicillium canescens (10, 11, 12, 13 & 14) (Fig. 2).

Table 5. Similarity matrix between the studied isolates of Penicillium species grown

on Waksman's medium based on SDS-PAGE analysis.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 1 0.851 0.823 0.811 0.910 0.920 0.683 0.826 0.714 0.255 0.426 0.756 0.625 0.426
2 1 0.847 0.737 0.847 0.690 0.737 0.847 0.714 0.357 0.598 0.426 0.666 0.285
3 1 0.818 0.863 0.737 0.831 0.831 0.598 0.357 0.821 0.598 0.426 0.201
4 1 0.821 0.814 0.702 0.637 0.598 0.426 0.883 0.817 0.598 0.091
5 1 0.437 0.680 0.447 0.598 0.426 0.747 0.834 0.837 0.255
6 1 0.756 0.547 0.714 0.426 0.647 0.812 0.837 0.357
7 1 0.647 0.714 0.357 0.852 0.647 0.625 0.357
8 1 0.714 0.357 0.807 0.441 0.695 0.213
9 1 0.357 0.637 0.731 0.653 0.418
10 1 0.631 0.810 0.877 0.353
11 1 0.738 0.812 0.357
12 1 0.934 0.341
13 1 0.321
14 1
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Table 6: Number and types of protein bands as well as the percentage of the total polymorphisms, generated for Penicillium

isolates.
Monomorphic Polymorphic Total Polymorphic
Medium
bands Non unique Unique bands %

Czapek Dox's 3 12 2 17 82.35%

Waksman's 4 7 1 12 66.67%

Total 7 19 3 29 | =

suggested that the groups should be considered to be four
Similarity Coefficients Separate SpeCIeS'
% ] Bent (1967) stated that soluble proteins extracted from
3 mycelium of Penicillium griseofulvum were varied greatly
i with age of culture in the pattern and overall intensity of the
- protein bands. While, Afifi et al. (2006) and Al-Hazmi &
" Kamel (2012), stated the effect of localities upon cellular
{G proteins of Penicillium and Aspergillus species isolates,
0.00 087 118 L7 230 respectively.
(A)
' Finally, each of Penicillium species could be distinguished
‘g' by the protein pattern, which was reproducible and
‘:_'_ characteristic of the fungus at any particular locality. In
7: addition, the results indicate the need to determine the
12 ] effects of localities and growth conditions when gel
9 4 electrophoresis of mycelial proteins is used for taxonomic
to purposes.
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