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Abstract

In this work, we present the results of an undergrad student

from the perspective of its first approach as a principal

researcher in a project. In order to gain practical experience,

one of the options for students that have interest in pursuing a

postgraduate program corresponds to a research stay in a labo-

ratory of their selected field conducting a project for a period of

6months. In this particular project, a fungal samplewas isolated

from Parmesan cheese spoilage and its enzymatic activity eval-

uated. Using simple and standardized protocols, the student

was capable of identifying a possible biotechnological applica-

tion for the isolate by detecting and categorizing the lipolytic

activity. Through microculture characterization in potato dex-

trose agar (PDA) the genus of the sample was determined as

Penicillium and confirmed by molecular analysis of the ITS1

and ITS4 regions. In order to examine comprehensively the

potential of the new isolate, the extracellular and intracellular

enzymatic activities were analyzed as well as four methods of

cell rupture. From these results, sonication was determined as

the best technique with 211 U/L as a maximum lipolytic value.

To finalize the evaluation of the sample, the student determined

the optimal pH and temperature as well as the thermotolerance

of the crude extract obtaining a residual activity of 13% after

60 minutes of incubation at 45 �C. Upon conclusion of the

research we could recognize that through a direct characteriza-

tion of a fungal isolate using techniques that are widely known,

the student was capable of determining and value one of the

most interesting capabilities fungi has to offer; enzymatic activ-

ity, and that the knowledge obtained fromestablished protocols

enables and encourages the students to correlate the source

from where they were obtained with potential biotechnological

applications. © 2019 International Union of Biochemistry and

Molecular Biology, 47(6):681–688, 2019.
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Introduction
Parmigiano-Reggiano or Parmesan cheese is produced from
unpasteurized cow’s milk and as products like Tequila or
Champagne, its Protected Designation of Origin status limits
its manufacturing areas to the provinces of Parma, Reggio
Emilia, Bologna, Modena and Mantova, Italy [1]. Since
rennet-coagulated cheeses like Parmigiano-Reggiano take

as much as 24 months to ripen, the ecosystem in which it
develops is of high importance and so are the un-inoculated
microorganisms that can positively or negatively affect the
organoleptic characteristics of the product itself. During the
ripening, the biochemical changes during these primary
events include actions directed to the metabolism of residual
lactose, lactate and citrate followed by lipolysis and proteol-
ysis [2]. As a part of the ripening process, there is a triglycer-
ide hydrolysis by the action of lipases.

Bacterial ripened varieties such as Cheddar and Gouda
have no strong lipolytic agents of their own, although lipolysis
progresses as a result of enzymes from the starter and non-
starter microflora. Following this strategy, levels of lipolysis in
cheeses in which a secondary microflora grows are frequently
linked to the lipolytic ability of the second starters, with exam-
ples from the genus Penicillium spp. [2].
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With reports that contamination can come from a num-
ber of different origins, over 40 non-starter yeasts and mold
species have already been isolated from cheeses [3].

Commonly, mold isolated from cheese include Penicil-
lium, Aspergillus, Cladosporium, Mucor, and Trichorderma
being Penicillium the most commonly found contamination
with a persistency of up to 7 years in coating and unpacking
areas of cheese factories [4].

In the present work we have evaluated the skills acquired
by the first approach of an undergrad student to a research
environment through the study of an abundant fungal isolate
from the surface of a Parmesan cheese sample; the assessment
made from the traditional morphological description combined
with the molecular identification and enzymatic activity
allowed the student to learn in an integral way that biochemis-
try and molecular biology are key subjects when analyzing the
characteristics of new isolates and the enormous potential that
unconventional sources of isolation can budge for industrial
applications.

Materials and Methods
Characteristics of the student: The student that selected
this program and was responsible for the development of
this particular work was a 3rd year college student with a
biotechnology major, his basic formation was centered in
bioinformatics, industrial biotechnology and omics sciences,
with an interest in pursuing a graduate program in Food
Chemistry.

Experimental Activities
The student was instructed to meet a minimum of 4 hours of
work per day (Monday to Friday) at the laboratory facilities
under the supervision of an assigned researcher. As a part of
the training the student was required to keep a work log with
the protocols and observations made during the experimental
process. The work was divided into three main phases with a
programmed schedule determined by the time the standard-
ized protocols usually take. The first stage corresponded to
the purification and detection of biotechnological potential for
the isolate, in this case and pondering the origin of the sample
(cheese) lipolytic activity was considered to be of relevance.
The second phase was to identify the isolate through morpho-
logical analysis and to conduct a DNA extraction to confirm
the identity of the strain. Finally, as a third phase, the lipolytic
activity was confirmed and quantified to later be optimized fol-
lowing a step by step approach using basic parameters such
as pH and temperature.

Phase 1

Isolation and Evaluation—The fungal sample used in the
present work was isolated from commercial Parmesan
cheese by taking spores from the spoilage surface and
maintained using PDA plates. The sample was preserved in
10% glycerol and kept at −20 �C.

1.2 Lipolytic activity screening—To determine lipolytic
activity a central inoculation point in 0.002% Rhodamine B
Agar (RBA) supplemented with olive oil at 1% was used and
its fluorescence analyzed under UV light (350 nm) after
96 hours of incubation at 25 � 2 �C.

Phase 2

Morphological characterization—The fungal sample was
streaked on all four panels of a PDA cube (1x1 cm) and
incubated at 25 �C for 72 hour (Fig. 1), with observations
every 24 hour stained with lactophenol blue and analyzed
under optical microscope at 100×.

Molecular Identification and sequencing analysis—The
DNA extraction was made from grounded fungal biomass
using liquid nitrogen. The quality of the extraction was tested
through 1% agarose gel followed by Nanodrop™ Lite. The PCR
was prepared in a total volume of 50 μL, with a final concentra-
tion of 0.2 mM dNTPs and 10 μM of forward oligonucleotides
“ITS1” (5’TCC GTA GGT GAA CCT TGC GG 3’) and reverse
“ITS4” (5’TCC TCC GCT TAT TGA TAT GC 3’) 2 mM of MgCl2,
0.5 U of Taq DNA polymerase and 150 ng of genomic DNA as
template DNA.

The amplification was done on a TC9610 Multigene
Optimax gradient thermocycler (Labnet®) with an initial cycle of
5 minutes at 95 �C, followed by 28 cycles of 30 seconds at 95 �C,
30 seconds at 58 �C, 45 seconds at 72 �C with a final extension
of 10 minutes at 72 �C. Bio Basic Inc.’s EZ-10 Spin column PCR
kit was used to purify the ITS amplicon. The PCR fragment of
the purified ITS was sequenced using BioEdit® 7.2.5 software.
To determine the degree of similarity BLASTn offered by
GenBank was used. Once the consensus sequence of the sam-
ples was obtained the phylogeny was made with 70 ITS
sequences of fungi of the samegenus.

Phase 3

Liquid fermentation—A standardized concentration of
spores (5x106/mL) was inoculated in 200 mL of basal
medium: 0.5 g of NaNO3, 0.5 g of KCl, 0.5 g of MgSO4�7H2O,
2 g of KH2PO4, 1 g of yeast extract, 5 g of bacto peptone and
10 mL of olive oil adjusted to pH 7.6, incubated at

FIG 1
Microculture preparation. [Color figure can be

viewed at wileyonlinelibrary.com]
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25 �C � 2 �C and 150 rpm for seven days. A 25 mL sample
was taken every 24 hours and centrifuged at 7,000 rpm for
30 minutes and 4 �C.

Lipolytic activity determination—The enzymatic crude
extract (supernatant) was separated from the biomass and
stored at 4 �C. A p-nitrophenol standard curve was pre-
pared in Tris–HCl (pH 7.4) and the absorbance measured at
410 nm. The substrate solution (0.02 g of SDS, 0.02 g of
4-nitrophenyl palmitate and 1 g of triton X-100 in 100 mL of
H2O) was prepared with 1 mL of 50 mM phosphate buffer
(pH 7.4) and 0.5 mL of the enzymatic extract with readings
every minute for 15 minutes. The enzymatic unit (U) was
defined as the amount of enzyme that releases 1 μmol of
para-nitrophenol per minute.

U=
Δabsð Þ total reaction volumenð Þ½ �*1000

slopeð Þ standard cuvette lenghtð Þ sample volumeð Þ½ �

Temperature—The optimal temperature was determined
in a range of 25 �C to 65 �C with increments of 10 �C, each
maintained for 15 minutes. In order to test thermostability,
the samples were pre-incubated in a water bath controlling
the temperature at 35 �C, 45 �C and 55 �C for 60 minutes.

pH—The influence of pH on the enzymatic activity was exam-
ined by adjusting this parameter using four different buffers; cit-
rate buffer (pH 3–6.2), acetate buffer (pH 3.6–5.6), phosphate
buffer (pH 5.8–7.4) and carbonate buffer (pH 9.2–10.6).

Cell rupture evaluation—The fungal biomass was left to
air-dry at 37 �C; samples of 100 mg were used to assess four
different methods of extraction. To test the effectiveness of
mechanical force, the sample was subjected to homogenization
and resuspended in 1 mL of phosphate buffer to subsequently
be placed in vortex for 5 minutes. As a second method, the use
of detergents was evaluated with a mix of 5 μl of Triton X-100
and 1 mL of phosphate buffer with constant agitation for
30 minutes with ice as a temperature stabilizer. The sonication
technique was evaluated by adding 1 mL of phosphate buffer
to the biomass and placed in a Branson® 1200 sonicator for
6 minutes using distilled water at 4 �C as a conductor. The final
method was carried out by grinding the biomass with liquid
nitrogen to a fine powder, after which 1mL of phosphate buffer
was added and vortexed for 5 minutes. Samples from the four
methods were centrifuged with two repetitions at 13,000 rpm
for 20 minutes.

Statistical Analysis
Once the enzymatic activity was obtained, we performed amul-
tiple range test with a Fisher’s Minimum Difference Procedure
(LSD) with 5.0% risk to establish significant difference between
the different methods of lysis analyzed using the Statgraphics®

CenturionXVI software version 16.1.03.

Results and Discussion
Isolation and Screening for Enzymatic Activity
The sample was already isolated from commercial Parme-
san cheese and cataloged as FOAN-1, any work that was
done further with it corresponded to the project assigned to
the student. The initial description of the fungus was
observed to be olive green with white margins and abun-
dant sporulation (Figs. 2A and 2B). Given that the species of
fungi mainly found as the principal colonizers for Parmesan
cheese are reported to be in the genus Cladosporium, Epi-
coccum, Mucor and Penicillium [5] it allowed us to deter-
mine a starting point for the identity of the isolate.

Educational insights—The screening for lipolytic activity
was confirmed from the observation of orange fluorescence
around the colony in rhodamine B agar (RBA) (Fig. 2B). With
the formulation of a complex detection media like RBA, that
requires two stages for preparation, the student had the oppor-
tunity to reaffirm his knowledge in solution preparation and
relate the reaction of the dye with the detection of the enzyme.
Regarding morphology, the appearance in this growth medium
was less “dusty” observing white spots around the surface of
the mycelium.

In order to allow the evaluation of the growth rate in
different nutrient media, the student was instructed to mon-
itor the radial growth of the colonies in both media (Fig. 3).

When examining the radial growth, we observed a lin-
ear tendency expressed in both PDA and RBA with a slightly
faster growth time in PDA, which can be explained by
Tremarin et al. (2015) [6] as they observed a typical radial
growth behavior when incubating at temperatures close to
the optimum for their fungi; by making this remark the stu-
dent had the capability of defining stress related behavior
from the microorganism growth rate and determine that
when a stress factor (nutrient availability) is present it pro-
duced a slower growth rate and a clear modification on
morphology.

Microscopic Description
The morphological characteristics of the strain after
24 hours presented a segmented hyphae and conidiophore

FIG 2
(A) Macroscopic morphology observed in Rhoda-

mine b agar. (A) Orange fluorescence. [Color fig-

ure can be viewed at wileyonlinelibrary.com]
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(Fig. 4) with its late end closer to the metula. The phialides
and conidia had a paintbrush shape; all characteristics of
the genera Penicillium and shared among several species.

Educational insights—Considering that the student was
a biotechnology major with little experience in microbiol-
ogy, it was of great importance that the description was
made to complete the registration of a new isolate in the
collection of fungal strains in our laboratory and therefore
know the information necessary to provide a classification
according to the standards of the institution, including cru-
cial data such as; isolation area, macroscopic and micro-
scopic characteristics.

Molecular Analysis and Identification
The DNA extraction was made at standard conditions with
dried biomass and visualized in agarose gel with a concentra-
tion of 151.9 ng/μL and a A260/A280 ratio of 2.11. The control
sample corresponded to a known size fungus (600 bp). The
result of the alignment (Table I) using the ITS sequence was
consequent on a phylogenetic tree where not all the branches
and clades were completely resolved; with our sample of inter-
est grouped on a clade among Penicillium tricolor, Penicillium
polonicum, Penicillium commune and Penicillium crustosum.

Educational insights—With this information, the student
concluded that the ITS sequence was not enough to determine
the species among the Penicillium genera [12] given that they
can be easily confused, providing a non-reliable determination
of identitywhereas these species are commonlymistakenphylo-
genetically [13]. When analyzing these results in context with
the morphological characterization and the environmental
description of the most common habitats where these species
are found, the student was capable to differentiate information
in a critical and focused manner according to the established
work objectives and limit the information in order to concen-
trate his efforts on two possible species, Penicillium commune
and Penicillium crustosum. Regarding Penicillium commune,
this specie has spores that are often isolated in indoor air and
can act as a deteriorator of hard cheeses and other dairy prod-
ucts [14], contrasting with Penicillium crustosum; commonly
found in fruits in deterioration (apples, pears, strawberries etc.)
with occasional reports in cheeses [15].

Relaying on the microscopic morphology of the strain, the
student performed an analysis by comparison of the observa-
tions made (Fig. 4) with the morphology reported for P. com-
mune and P. crustosum; as for the conidiophore, both are very
similar, however, they have some differences. According to
the branching patterns of the conidiophores for P. crustosum,
they are usually tri-verticilated and strongly compacted [16],
while for P. commune, they may also be tri-verticilated and on
occasion can have a quadri-verticilated morphology and dis-
similarly to P. crustosum not compact or even appear as sepa-
rated [17]. Finally, the macroscopic growth of the sample
showed a higher similarity with the characteristics of Penicil-
lium crustosum [18] for which a homogeneous green color col-
ony with white borders has been reported and was observed
in the strain isolated in this study. Contrarily, the appearance
of Penicillium commune presents a light green hue that turns
yellow the closer it is to the center of the colony in PDA [19],
diverging to the observations made in our work.

Lipolytic Activity
There are scarce reports of screening for lipolytic activity for
specific isolates of Penicillium crustosum using rhodamine B
agar [20, 21], however this technique has been widely used
for a variety of microorganisms showing its effectiveness [22,
23] reaffirming its use by the results obtained in our research.

Educational insights—Once the identity of the strain was
bound to a closer range and the presence of lipolytic potential

FIG 3
Colony diameter.

FIG 4
Microscopic observation of the sample at 100X.

[Color figure can be viewed at wileyonlinelibrary.

com]
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was observed, the student was given the task to adequate the
protocols established for quantification of lipolytic activity for
his particular strain, taking into consideration the behavior
already shown (growth rate and sporulation) and to determine
the best option for intracellular quantification of lipolytic
enzymes; with this approach we stimulate the exploration and
examination component for a forefront theoretical framework
by discriminating between the numerous scientific papers that
present determination of lipolytic activity and our specific
work protocols.

The initial intracellular activity evaluated (Fig. 5) from a
standard fermentation at pH 7.6 and 25�C, had the highest
value at 24 hours and presented a descending behavior during
the course of the following seven days of incubation. As
reported for the extracellular activity the highest peak was
observed at 72 hours similar to the results showed by Penicil-
lium verrucosum with 2.63 U/mL and Penicillium restrictum
with 13 U/mL [24, 25] allowing the student to observe a very
distinct adjustment in the manifestation of the enzymatic
apparatus and in turn denote the adaptability process of the
fungus to an exogenous carbon source in the form of olive oil
(Fig. 5). Similar to the reports made by Takac et al. (2009)
[26] in their work with submerged fermentations of Candida
rugosa, when detecting the association with growth rate and
presence of extracellular enzymes, leading to modulation as

well as a reduction of nutrients by the increased incubation
time, as was the case for Penicillium chrysogenum reporting
lipolytic activity at 120 hours [27, 28].

To further the analysis of the results obtained and con-
sidering that, numerous variables can have a direct effect of
the production of enzymes we proceeded to examine some
of the most important factors that can affect the production
of lipases in a step by step strategy.

Parameter Optimization
By this stage, the student was familiarized with the behavior
shown by lipolytic enzymes and as a final step on the charac-
terization, the analysis of significant variables was conducted.

Microbial lipases have their production greatly influenced
by medium composition being the carbon source a major fac-
tor; since lipases are inducible and mostly extracellular, they
are generally produced in the presence of a lipid source [29],
therefore the use of olive oil as an inductor relays in that its
major components are triacylglycerols; additionally, lipases
are significantly influenced by physicochemical factors such as
temperature and pH [30].

The pH had a critical influence on the crude extract defin-
ing the activity of the enzyme as neutral with an optimal value
of pH at 7, observing significant loss of activity when tested at
both the acid and the alkaline spectrum (Fig. 6).

Regarding temperature, the optimal value was registered
at 45 �C corresponding to 20.9 U/L observing a decreasing
result at 55�C with 12.68 U/L and finally at 65 �C with 7.6 U/L
(Fig. 7). The optimum temperature and pH were within the
normal range reported [31] and was comparable to the behav-
ior of lipases from the same genus, like the enzymatic extract
from Penicillium verrucosum reported by Pinheiro et al.
(2008) [25]. Concerning the thermotolerance analysis, after
60 min of incubation at 45�C the enzymatic extract retained a
13% of residual activity, becoming inactive once challenged at
55 �C and 65 �C. When compared to the stability showed by
several microorganisms like Pseudomonas fluorescences,
Pseudomonas cepacia and Aspergillus flavus (optimal range
of 40–50 �C) with inactivation up to 70 �C to 80 �C [32] we can
discern that the temperature limit to maintain stability, is

TABLE I
Alignment results from BLAST analysis

Description Query cover (%) Identity (%) Accession number Locality Author

P. commune NIJP03 100 97.35 HQ710533.1 Soil/India [7]

P. commune ASM-07 100 97.12 LC092113.1 Soil/Saudi Arabia [8]

P. crustosum HSf3 100 97.12 KR425648.1 Thermal water/Saudi Arabia [9]

P. crustosum UFMGCB8594 100 97.12 KP903322.1 Lichen/Antarticta [10]

P. commune 100 97.12 KR012904 Common bean/Colombia [11]

FIG 5
Lipolytic activity from extracellular (black lines)

and intracellular samples (gray lines).
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significantly lower in our strain than those exhibited by the
reported isolates, however, when considering the locality of
isolation we believe that the particularity of the sample from
which we obtain the strain (Parmesan cheese) which is regu-
larly maintained at a storage temperature between 4–8 �C
never exceeding 18 �C [33] could have played a key role in the
adaptation process of the strain.

Educational insights—From the results obtained, the
student could observe the improvement on the lipolytic
activity with the adjustment of physical–chemical parame-
ters such as pH and temperature and determine potential
on the enzyme to be optimized to conclusively ponder that
the source from which it was isolated had a direct effect on

the ability developed from this enzymatic machinery. These
findings are of great significance given that it allowed the
student to correlate concepts that previously only knew
from his regular theoretical courses giving him a clearer
view on complex biological systems.

Intracellular Lysis
Educational insights—To finalize the objectives presented,
the student designed a protocol that consisted of four different
methods for intracellular enzymatic determination that con-
sider a range of possible mechanical, chemical and molecular
interactions deciding on the use of homogenization, deter-
gents, freezing with liquid nitrogen and sonication. Given that
the strain that we work in this project was neither fully char-
acterized nor had a definitive identification, we view this as a
learning opportunity where we could assess different tech-
niques for the same purpose, in this case intracellular lysis.

For the evaluation of the lysis methods aimed at attaining
intracellular lipases, out of the four techniques tested (Fig. 8)
the best results were obtained with sonication with
211 U/L. Centering the analysis on this method, diverse reports
indicate that the use of sonication is an efficient method for cell
lysis for organisms with resistant cell membranes and has been
used by several authors, with some mentions that physical
methods are the most common at industrial level [29, 34]. The
discussion about sonication presented by Klimek et al. (2011)
[35] refers that the use of it depends on factors such as the per-
centage of chitin in the cell walls which can lead to the variation
in effectiveness from the same lysis method between organisms;
however, saidmethods do not leave residues and by not having a
direct interaction with the enzyme, like some detergents may
have for the inherent presence of charges that could affect the
integrity or enzymatic yield of the enzyme of interest, comprise
in our case a preferable technique.

FIG 6
Evaluation of pH.

FIG 7
(A) Optimal temperature and (B) Thermotolerance.

FIG 8
Lysis methods evaluated.
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Conclusions
With the use of an integral approach to the characterization
and identification of a novel fungal isolate we provided the
student with valuable practical experience in areas such as
microbiology, biochemistry, molecular biology, bioinformat-
ics and biotechnology, reinforcing the knowledge obtained
through the theoretical curses and mainly gathering that
through a direct experience the student was able to work
under pressure, meet deadlines and retain the curiosity and
commitment that graduate school requires.

As for the final decision of the student that conducted the
research, he completed the program successfully, however his
original intentions shifted from the research environment
towards a position on quality management within the food
industry. With these results, we, as a research lab that wel-
comes students reinforce our main objective, an holistic for-
mation of future human resources capable of development in
either the scientific, industrial or the academic fields of work.
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