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Abstract: Classification of many Penicillium species has been recently revised through the application of several bio-

chemical and molecular methods. The distinction between the species Penicillium canescens and Penicillium janczewskii 

is problematic due to the existence of isolates with intermediate morphological features forming an interface between the 

two taxa. Electrophoretic analysis of polygalacturonase and esterase isozymes carried out on 20 isolates belonging to 

these species yielded two well-defined zymograms that supported their identity as separated species. The method also al-

lowed ascription to P. janczewskii of some intermediate isolates that could not be unequivocally classified according to 

their morphological features. The use of zymography as a practical tool for the classification of isolates belonging to these 

closely related species is discussed. 
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INTRODUCTION 

 Classification of Penicillium species is sometimes con-
troversial and revision of species status of a number of taxa 
is ongoing with the introduction of new biomolecular meth-
ods [1, 2]. Within the section Divaricatum (subgenus Furca-
tum), the separation between the species Penicillium canes-
cens Sopp and Penicillium janczewskii Zalessky is not con-
solidated. In fact, despite a general agreement on their con-
sideration as different species, isolates with intermediate 
morphological features are reported whose ascription is un-
certain, and one or more species, such as Penicillium kapus-
cinskii Zalessky and Penicillium albidum Sopp, have been 
proposed for their placement [3-6]. Moreover, some bio-
molecular evidences are rather indicative of their similarity 
[7]. Pitt [6] has expressed a point of view that intermediate 
species are unjustified, and that a pragmatic solution should 
be adopted consisting in ascribing problematic isolates to 
whichever of the two species is closer according to an over-
all examination of morphological and cultural features. 
However, it is quite obvious that a generalized adoption of 
such principle may generate even greater uncertainty in view 
of the possibility that some mistakenly identified strains may 
be used as references. Therefore, the existence of the inter-
facing isolates should be considered more carefully by 
searching a method allowing a more objective separation of 
the two taxa, or eventually demonstrating the opportunity to 
establish one or more intermediate species. 

 A group of 18 isolates referable to either P. canescens or 
P. janczewskii was recovered from cropped soils with sup-
pressive properties toward the plant pathogen Rhizoctonia 
solani [8]. At least 4 isolates showing intermediate features 
could not be definitely ascribed to one species or the other 
according to morphological observations. A chemotax- 
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onomic approach based on HPLC profile of extrolites was 
followed to obtain further data for a more appropriate classi-
fication, but results were unsatisfactory since profiles of all 
isolates were quite similar [9]. Other biochemical methods 
have been used for a more accurate discrimination of closely 
related fungal species. In particular, isozyme gel-
electrophoresis has proved to be very useful in this respect 
[10-12]. Several practical applications of this method to 
Penicillium taxonomy have been carried out so far, concern-
ing the distinction of species in the subgenus Penicillium 
[13-15], the characterization of P. chrysogenum and some 
related species [16], the distinction of variants of P. citrinum 
[17], the characterization of the species P. nodositanum [18] 
and of interspecific hybrids between P. chrysogenum and P. 
roqueforti [19]. Thus, zymography is now considered a 
promising criterion for polyphasic taxonomy in Penicillium 
[1]. Previous experiences in our laboratory concern the iden-
tification of a new infraspecific group of Rhizoctonia solani 
AG-2-1 by means of polygalacturonase isozymes analysis 
[20], and the use of esterase isozymes for the characteriza-
tion of isolates of Pyrenochaeta lycopersici [21]. We have 
therefore undertaken a study on polygalacturonase and es-
terase polymorphisms to evaluate if zymography supports 
the current status of P. canescens and P. janczewskii as sepa-
rated species, and may eventually represent an objective tool 
for a correct species ascription of intermediate isolates. 

MATERIALS AND METHODOLOGY 

Penicillium Isolates 

 Isolates of P. canescens and P. janczewskii employed in 
the present study (Table 1) were recovered from soil samples 
collected in two Italian regions (Apulia and Umbria) as pre-
viously reported [8]. Isolate PL4G of the closely related spe-
cies Penicillium melinii, used as an outgroup reference, was 
recovered in the same conditions. Three additional isolates 
were obtained from other institutions: CBS221.28 and A248 
(P. janczewskii), and CBS340.48 (Penicillium janthinellum, 
outgroup reference). All isolates are included in the myco-
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logical collection of the Tobacco Experiment Institute which 
is part of the National Collection of Microorganisms of Ag-
ricultural and Agroindustrial Relevance sponsored by the 
Italian Ministry of Agricultural and Forest Policy. Isolates 
were cultured on Czapek-yeast extract agar (CYA), malt ex-
tract agar (MEA, Oxoid), yeast extract-sucrose agar (YES) 
and 25% glycerol-nitrate agar (G25N) according to Samson 
et al. [22] and Pitt [6], and incubated in darkness at 25°C for 
1 week. Microscopic observation of morphological charac-
ters was carried out at 1000x magnification through a Olym-
pus BX-51 microscope. Biometric data were recorded by 
means of DP-Soft 3.2 software (Olympus). 

Table 1. Penicillium Isolates Employed in the Present Study 

 

Isolate Species Origin 

PK3A P. canescens Umbria, Città di Castello 

PK3B P. canescens Umbria, Città di Castello 

PK5A P. canescens Umbria, Città di Castello 

PL5B P. canescens Apulia, Presicce 

PL5D P. canescens Apulia, Presicce 

PL7C P. canescens Apulia, Nardò 

PL8G P. canescens Apulia, Nardò 

PL8H P. canescens Apulia, Nardò 

PL8I P. canescens Apulia, Nardò 

PL8L P. canescens Apulia, Nardò 

PL8M P. canescens Apulia, Nardò 

PL9A P. canescens Apulia, Nardò 

A248 P. janczewksii Sardinia 

CBS221.28 P. janczewksii Poland 

PL3A P. janczewksii Apulia, Presicce 

PL4E P. janczewksii Apulia, Presicce 

PL8C P. janczewksii Apulia, Nardò 

PL10D P. janczewksii Apulia, Copertino 

PL20A P. janczewksii Apulia, Mancaversa 

PL20B P. janczewksii Apulia, Mancaversa 

PL4G P. melinii Apulia, Presicce 

CBS340.48 P. janthinellum Nicaragua 

 

Polygalacturonase Isozyme (EC 3.2.1.15) Analysis 

 All the isolates collected were cultured in 50 mL Erlen-
mayer flasks containing 10 mL of the liquid medium used by 
Cruickshank and Pitt [13]. After 9-day incubation at 24°C, 
the cultures were filtered through 0.45 m cellulose acetate 
filters (Millipore). Electrophoresis was performed at 4°C in 
discontinuous vertical pectin-polyacrilamide gel. The stack-
ing gel (4% acrylamide) contained 5 mL Tris-HCl (48 mL 
HCl 1N, 5.98 Tris, 0.46 mL TEMED, distilled water up to 
100 mL total volume, pH 6.7), 10 mL acrylamide solution 
(10 g acrylamide, 2.5 g NN -methylenbisacrylamide, distilled 
water up to 100 mL total volume), 5 mL riboflavin solution 
(4%), 20 mL distilled water. The resolving gel (13% acryla-

mide) contained 10 mL Tris-HCl (48 mL HCl 1N, 36.6 g 
Tris, 0.23 mL TEMED, distilled water up to 100 mL, pH 
8.9), 26.6 mL acrylamide solution (28 g acrylamide, 0.74 g 
NN -methylenbisacrylamide, distilled water up to 100 mL), 
0.6 mL ammonium persulfate solution (10%), 16 mL citrus 
pectin solution (Acros, 0.5%), 23.4 mL distilled water. Elec-
trode buffer (pH 8.3) was composed by 6 g Tris, 28.8 g gly-
cine, distilled water up to 100 mL total volume. Gels (thick-
ness 2 mm, width 160 mm, length 180 mm) were run at 50 
mA for about 3 h until the bromophenol blue tracer reached 
the opposite edge, then incubated for 1 h at room tempera-
ture in 0.1 M DL-malic acid and stained overnight at 4°C in 
0.01% ruthenium red. After washing three times during 1 hr 
with distilled water, a photographic record was taken. 

Esterase Isozyme (EC 3.1.1.1) Analysis 

 All the isolates were cultured in 300 mL Erlenmeyer 
flasks containing 150 mL Czapek-Dox broth (Oxoid). After 
a 10-day incubation at 24°C, the cultures were filtered 
through filter paper (Whatman nr. 1) under reduced pressure. 
The mycelium was harvested, washed three times with ster-
ile distilled water, lyophilized and ground under liquid nitro-
gen. Protein extraction was performed as described by Somè 
and Tivoli [12], with the following modifications: 1.5 mL 
extraction buffer (0.1 mM Tris, 10 mM KCl, 0.1 mM MgCl2, 
10 mM EDTA, 140 mM mercaptoethanol, 0.1 mM ascorbic 
acid and 0.2 g mL

-1
 polyvinilpyrrolidone) was used for 150 

mg lyophilized mycelium; the mixture was then centrifuged 
at 11000 g for 20 min at 4°C. The supernatant was analysed 
immediately or stored at -20°C. Electrophoresis was per-
formed in discontinuous vertical polyacrilamide gel in the 
same conditions reported for polygalacturonases. The stack-
ing gel was made as reported for polygalacturonases, while 
the composition of the resolving gel (9% acrylamide) was: 
10 mL Tris-HCl (48 mL HCl 1N, 36.6 g Tris, 0.23 mL TE-
MED, distilled water up to 100 mL, pH 8.9), 18.4 mL acry-
lamide solution (28 g acrylamide, 0.74 g NN -
methylenbisacrylamide, distilled water up to 100 mL), 0.6 
mL ammonium persulfate solution (10%), 47.6 mL distilled 
water. Gels were stained according to a published procedure 
[12]. For both isozyme systems, the amount of proteins in 
the culture filtrates and the mycelial extracts was determined 
by the Quick Start

TM
 Bradford protein assay (Bio-Rad), in 

order to perform electrophoresis with samples with approxi-
mately the same protein content. A digital image of the gels 
was acquired by means of the Gel-Doc system (Bio Rad). 
The electrophoretic profiles were compared by measuring 
the relative mobility (Rf) of the enzyme bands, in terms of 
the ratio between their migration distance and the distance 
reached by the bromophenol blue tracer. 

RESULTS 

 Taxonomic differences between P. canescens and P. 
janczewskii are fundamentally based on culture pigmentation 
and texture of conidiophores and conidia. Exudates, soluble 
pigments and reverse side of cultures are darker in P. canes-
cens, which also presents longer and conspicuously rough-
ened conidiophores producing smooth to finely roughened 
conidia, while P. janczewskii has smooth stipes and rough or 
spinose conidia [6]. Based on such features, 12 isolates of 
our sample (PK3A, PK3B, PK5A, PL5B, PL5D, PL7C, 
PL8G, PL8H, PL8I, PL8L, PL8M and PL9A) could be as-
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cribed to P. canescens, while 2 isolates only (PL8C and 
PL20A) were clearly referable to P. janczewskii. The other 4 
isolates PL3A, PL4E, PL10D and PL20B presented some-
what intermediate features. In fact PL10D and PL20B had 
rough stipes and finely roughened conidia, but their cultural 
appearance was rather respondent to P. janczewskii, while 
PL3A and PL4E showed conspicuously roughened conidia 
although their cultures had a darker reverse more typical of 
P. canescens. 

 Electrophoretic analysis of polygalacturonase isozymes 
of P. canescens and P. janczewskii isolates showed two dis-
tinct phenotypes with no intraspecific variation; outgroup 
isolates of P. melinii and P. janthinellum each presented a 
distinct pattern (Fig. 1). Zymograms consisted in a couple of 
bands with a clearly different Rf, that is 0.15 and 0.19 in P. 
canescens, 0.21 and 0.24 in P. janczewskii. All the morpho-
logically intermediate isolates (PL3A, PL4E, PL10D and 
PL20B) exhibited a pattern corresponding to the latter spe-
cies. 

 Results of analysis of esterase isozymes were similar. In 
fact, two different zymograms were obtained for the species 
under comparison, and outgroup isolates showed peculiar 
patterns (Fig. 2). Zymograms presented 4 or 5 bands, one of 
which (Rf 0.13) was common to all isolates. P. canescens 
phenotype was made of 4 bands at Rf 0.13, 0.17, 0.20 and 
0.25, while the one of P. janczewskii presented one addi-
tional band (Rf 0.13, 0.16, 0.19, 0.22 and 0.27). Again the 
intermediate isolates originated a zymogram corresponding 
to the phenotype of P. janczewskii. 

DISCUSSION 

 Taxonomic applications of isozyme electrophoresis rely 
on the correspondence of a zymogram with a definite geno-
type, and banding patterns (or electromorphs) are interpreted 
in terms of the presumed alleles of the genetic loci coding 
for the isozymes. Multiple bands may represent the expres-
sion of different loci coding for isoforms of the same enzyme 
within a defined genome, or rather of mixed genomes [23]. 
The latter condition depending on heterokaryosis possibly 
occurs in Penicillium species that are known to be 
multinucleate [3], but in our case the absence of infraspecific 
variation demonstrated by the observation of the same elec-

tromorphs in isolates coming from distant geographic loca-
tions may be more indicative of the first hypothesis. What-
ever the situation in the case under investigation, it is evident 
that the limited phenotypic differences observed reflect a 
consolidated different genetic base. Actually, as observed by 
Cruickshank and Pitt [14], a zymogram similarity between 
two taxa does not necessarily indicate that they are identical, 
while differences in isozyme patterns can be used to dis-
criminate closely related species. The validity of zymogra-
phy is even more consistent if we consider that other bio-
molecular methods which measure genetic variation more 
directly may provide contradictory results. For example, 
RAPD analysis applied to Penicillium species has confirmed 
taxonomic differences in some cases [24, 25], but otherwise 
this technique has provided controversial results [26], or it 
has been unsuccessful because infraspecific differences were 
emphasized [7]. 

 Several isozyme systems are generally analysed in appli-
cations of zymography to fungal taxonomy [10, 16]. Al-
though the use of multiple isozyme systems allow to perform 
an analysis based on a broader genetic base, and to consider 
phylogenetic relationships between different taxa, this ap-
proach is relatively more complex since a statistical analysis 
is required for the interpretation of results. Moreover no 
variation is often displayed by a number of isozyme systems 
as analysis is carried out on closely related species, which 
eventually makes part of the work useless. Thus, besides 
simplifying the methodology, considering the banding pat-
terns as additional phenotypic characters in an analysis re-
stricted to one or two isozyme systems increases the interest 
of this technique for a routine application. A meaningful ex-
ample is represented by the use of zymography for infras-
pecific taxonomy of R. solani where, although very accurate 
studies have been also carried out by using multiple isozyme 
systems [27, 28], the use of pectic isozymes developed by 
Australian researchers [29] has provided remarkable results 
by itself, with the establishment of the concept of zy-
mogram-group (ZG) that has determined an ensuing wide-
spread use of zymography in terms of data brought to the at-
tention of the scientific community. 

 Zymography based on polygalacturonase and esterase 
profiles can be therefore regarded as a consistent and reliable 

 

Fig. (1). Polygalacturonase zymograms. From left to right isolates CBS340.48 (P. janthinellum), PL4G (P. melinii), PL10D, CBS221.28, 

PL4E, PL20A, PL20B, PL8C, A248, PL3A (P. janczewskii), PL5B, PL8I, PL8L, PL7C, PL8H, PL8M, PL9A, PK5A, PK3A, PL5D, PK3B, 

PL8G (P. canescens). 
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method which supports the status of P. canescens and P. 
janczewskii as separated taxonomic entities. The finding of 
just two different phenotypes for both isozyme systems in 
isolates of the two species, that in some cases had been re-
covered from the same location, is also indicative that inter-
mediate strains do not eventually derive from interbreeding, 
although such an hypothesis should be rejected considering 
that a teleomorph has never been reported in both species. 
Therefore, unlike morphological features which present a 
continuous variation and are rather ambiguous in the case 
under investigation, isozyme patterns are well-defined and 
result to be discrete phenotypic characters that allowed spe-
cies ascription of our intermediate strains. Otherwise their 
classification based on specific morphological characters 
would have been misleading. In fact, in case we had consid-
ered stipe and conidial texture as the prevalent discriminat-
ing criterion, isolates PL10D and PL20B would have been 
incorrectly classified in P. canescens, contrasting to an ap-
propriate species ascription of isolates PL3A and PL4E, 
while the contrary would have resulted, that is a mistaken 
classification of PL3A and PL4E, if we had opted for the 
morphology and pigmentation of cultures. 

 The sample examined was composed by isolates recov-
ered in two distant geographic areas in Italy. Although only 
two isolates obtained from other institutions were available, 
the fact that they originated zymograms conforming to their 
reported ascription to P. janczewskii supports the validity of 
this method. The examination of more isolates showing in-
termediate morphological features, including those formerly 
placed in separated taxa, would represent a further qualifying 
test for its definitive consideration as a tool for a correct as-
cription of isolates belonging to these closely related species. 
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