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Viability of Basidiomycete fungal strains under different
conservation methods: cryopreservation vs.
freeze-drying processes

Viabilidad de cepas de hongos Basidiomycetes bajo diferentes técnicas de conservacion:
procesos de crioconservacion vs. liofilizacion
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Abstract

Four basidiomycete fungi, Agaricus blazei Murrill (Agaricomycetideae), Ganoderma lucidum (W.Curt.: Fr.) P. Karst.,
Grifola frondosa (Dicks.: Fr.) S.F. Gray (Higher Basidiomycetes), and Pleurotus pulmonarius (Fr.) Quél.
(Agaricomycetideae) were evaluated using three conservation methods for 12 months, recording their viability in
order to establish the best conservation method. Growth kinetics, biomass, and polysaccharide production were
studied. The conservation methods implemented included: distilled water at 24 °C; sawdust and rice bran with 10%
glycerol at -20 °C; sawdust and rice bran with 10% glycerol at -80 °C; and freeze-drying of biomass with trehalose or
skimmed milk. After conducting the analysis of the results after 12 months of conservation, we determined that the
distilled water treatment at 24 °C was the best conservation method with the highest percentage of recoverability,
at 83.3% during the 12th month, followed by the cryoconservation treatment at 80 °C, where 75% were recovered
with no negative effects on biomass and polysaccharide production. The -20 °C and freeze-drying treatments were
not effective; with cryoconservation at -20 °C treatment, strain recovery only occurred during the first month and
with freeze-drying it was not possible to recover any strains during the entire 12-month period evaluated.
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Resumen

Cuatro hongos basidiomycetes, Agaricus blazei Murrill (Agaricomycetideae), Ganoderma lucidum (W.Curt.: Fr.) P.
Karst. y Grifola frondosa (Dicks.: Fr.) S.F. Gray (Higher Basidiomycetes), y Pleurotus pulmonarius (Fr.) Quél.
(Agaricomycetideae) fueron evaluados bajo tres métodos de conservacion durante 12 meses, observando su
viabilidad con el fin de establecer el mejor método de conservacion. La cinética de crecimiento, produccién de
biomasa y polisacaridos fueron estudiados. Los métodos de conservacion implementados incluyeron: agua destilada
a 24 °C; aserrin y salvado de arroz con glicerol 10% a -20 °C; aserrin y salvado de arroz con glicerol 10% a -80 °C y;
liofilizacion de biomasa con trehalosa o leche desnatada. Luego de realizar el analisis de los resultados de 12 meses
de conservacion, se determin6 que el tratamiento de agua destilada a 24 °C fue el mejor método de conservacion con
el porcentaje de recuperabilidad mas alto un 83,3% en el mes 12, seguido por el tratamiento de crioconservacion a -
80 °C donde se recupero el 75%, sin afectar negativamente la produccion de biomasay polisacaridos. El tratamiento a
-20 °C y la liofilizacion no fueron efectivos; con la crioconservacion a -20 °C solo se recuperaron cepas en el primer
mes y con la liofilizacion no fue posible recuperar cepas en el periodo de 12 meses evaluado.

Palabras clave: Crioconservacion, liofilizacion, basidiomycetes, biomasa, exopolisacdridos, intrapolisacdridos

INTRODUCTION technologies. In this field the use of basidiomycetes is of great

importance due to its wide range of applications including
Recently, the use of microorganisms for the production of the bioremediation, enzyme production, degradation of
commodity service industry and environmental control has [ jgnocellulosic residues (Cohen et al. 2002, Sanchez 2009,
become an alternative for the sustainable development of  Getg et al. 1999), pharmaceutical products development and
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functional foods design (Ghorai et al. 2009).

The increase in industrial applications that involves these
types of basidiomycete species implies the establishment of
techniques for the optimization in the use of resources and
yield for industrial products such as biomass, polysaccharides,
proteins, enzymes and others; therefore is necessary the
application of ex-situ conservation protocols in order to
preserve for a long time, not only the viability but also the
morphological, physiological and genetic characteristics (Day
and Stacey 2007). The factors involved in the maintenance
process often cause loss yield or poor quality of the product, as
it has been the case for the production of these fungi over the
last few years. Hence, there is a market pressure to improve the
yield and quality of the edible fungi currently produced, and to
increase studies for the formulation of appropriate substrates,
culture conditions and conservation process for these species
(Homolkaetal.2007).

In order to continue originating innovative proposals based in
the basidiomycete species that are currently being used, and
also with other potential species as the ones reported for
Colombia; 272 species recorded (Franco and Uribe 2000) with
119 species only in the Amazon region (Vasco et al. 2005); in
this work different methods for conservation of four different
basidiomycetes of industrial interest were evaluated (Zhong
and Tang 2004).

Because of their medicinal, functional, and industrial uses, the
fungi Agaricus blazei Murrill (Agaricomycetideae),
Ganoderma lucidum (W.Curt.: Fr.) P. Karst. and Grifola
frondosa (Dicks.: Fr.) S.F. Gray (Higher Basidiomycetes), and
Pleurotus pulmonarius (Fr.) Quél. (Agaricomycetideae) have
been broadly studied (Zhang et al. 2007). These species are
characterized for their content of B-D glucans B(1—3),
B(1—6), proteoglycans, triterpenes (ganoderic acids,
ganodermanotriol, and ganoderiol), phenolic compounds,
among others, that have a wide variety of activities as
immunostimulating, hypoglycemic, antifungal, antiviral
antibacterial, anti-inflammatory, antiallergenic, antioxidant,
and cholesterol-lowering (Chen and Seviour 2007, Chen et al.
2012, Gunde-Cimerman et al. 1993a, b, Gunde-Cimerman and
Cimerman 1995, Illana-Esteban 2008, Kodama et al. 2003,
Lavi et al. 2010, Lindequist et al. 2005, Soares et al. 2009,
Zhangetal.2002).

In order to guarantee viability for these microorganisms,
various procedures have been carried out allowing the
management of strains and at the same time saving funds since
there is no need to acquire new strains, by subculturing or
serial transferring, which is frequently used as a routine
method for preservation of fungi. However, it is not practical
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for storing large numbers of cultures. Also, it is time-
consuming, more susceptible of contamination and does not
prevent genetic and physiological changes during long-term
storage (Homolkaetal. 2001, 2007, Kitamoto etal. 2002, Mata
and Pérez2003).

Different methods have been developed in order to eliminate
these disadvantages like the storing of agar disks in sterile
distilled water or mineral oil storing at 15 °C with paraffin,
storing in liquid nitrogen and freeze-drying, commonly used in
the preservation of fungi (Homolka et al. 2007, Kitamoto et al.
2002, Voyron et al. 2009); nevertheless, it is necessary to point
out that although storing in liquid nitrogen can guarantee
stability, it can be just as laborious as subculturing since
samples have to be submitted to a specific freezing rate
depending on the species until reaching a temperature of -40 °C
in order to be kept at -196 °C without any collateral effect for
the microorganism, it also involves higher costs and the results
are variable depending on some factors like age of the mycelia,
mycelia matrix, presence or absence of cryoprotector agents,
type of cryoprotector, thawing temperatures, etc. (Homolka et
al. 2007, Kitamoto etal. 2002).

Besides the above mentioned methods, there are others that
have been applied to fungal strains but need to be more studied
in order to standardize protocols that could give the required
stability; methods as freeze-drying and deep freezing within
the range of -70/ -85 °C, in several cases, have demonstrated to
be efficient in the recovery and specific characteristics as
growth rate, enzymatic activity and high genetic stability
(Kitamoto et al. 2002, Voyron et al. 2009). Experiments have
been undertaken already in which some basidiomycete species
were frozen at -85 °C for 10 years managing to survive; even
the strains evaluated were able to produce fruiting bodies after
three months of strain recovery and after having intervals of
freezing and thawing of six months in the conservation time
(Kitamoto etal. 2002).

Because a well-established method for some basidiomycetes
using freeze-drying does not exist yet, further experimentation
is required in order to determine the effectiveness and
feasibility since the results can be seriously affected by the
variations in the protocol, like the type of suspension solution
used for the process and the perfusion time prior to freezing
(Homolkaetal. 2001, Singh et al. 2004, Voyron et al. 2009).

Several factors affect the effectiveness of the preservation
process, strain, preservation temperature, composition of the
growth media, time storage, and cryoconservation/freeze-
drying protecting agent (like glycerol, dimethyl sulfoxide,
bovine albumin serum, skimmed milk, ethylene glycol
sorbitol, and trehalose or myo-inositol). Few microorganisms
can survive after the preservation process without a protecting
agent; these agents can provide a longer storage time, avoiding
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cellular injuries (Hubalek 2003).

Based on the above background, the aim of this work, was to
analyze non-conventional, practical and economical methods
for basidiomycete strain conservation using the fungi A.
blazei, G. lucidum, G. frondosa, and P. pulmonarius as models
with the purpose of establishing the best conservation method
that provides an affordable procedure for later use. This project
included the evaluation of the growth kinetics, biomass
exopolysaccharides (EPS) and intrapolysaccharides (IPS)
production of each fungi after 12 months of conservation; the
treatments were distilled water at 24 °C, sawdust and rice bran
with 10% glycerol at -20 °C, sawdust and rice bran with 10%
glycerol at -80 °C, and freeze-drying of biomass with trehalose
or skimmed milk.

MATERIALS AND METHODS

Strain maintenance. Spawn of four basidiomycete fungi, 4.
blazei, G. lucidum, G. frondosa, and P. pulmonarius, were
provided by the Plant Biotechnology Research Group of the
University of Antioquia. The strains were maintained in a
standardized media for fungi called as MGL1 designed in the
group which consists of (in g 1-1): Barley flour-30, yeast
extract-3, saccharose-5.3 and agar-8 with a pH of 5.5 + 0.1
(Zapataetal.2009).

Evaluation of conservation method. Conservation methods
used in this research were distilled water at room temperature
(24°C), cryoconservation, and freeze-drying. The treatments
were evaluated during a period of 12 months.

Distilled water treatment. Mycelial agar disks of 1 cm of
diameter were removed from the margin of an actively
growing colony and transferred to 2 ml vials with 1 ml sterile
distilled water and kept at 24 + 1 °C, made as a triplicate for
further analysis after 1, 6, and, 12 months of conservation. For
recovery of strains, mycelia agar disks were directly
Inoculated in MGL1 agar and incubated at 24 + 1 °C under
darkness conditions for 15 days.

Cryoconservation processes: -20 and -80 °C. Mycelial agar
disks of 1 cm of diameter were removed from the margin of an
actively growing colony and transferred to 2 ml vials to be
cryoconserved in 0.05 g of sawdust and 0.05 g of rice bran
using 1 ml of 10% glycerol as cryoprotective agent (Kitamoto
etal. 2002). Vials were stored at -20 °C. Each essay was made
as a triplicate for further analysis after 1, 6, and 12 months of
conservation; the same methodology was employed for the
vials stored at -80 °C. For recovery, vials were thawed at 24 +
1°C, inoculated in MGL1 agar and incubated under darkness
conditions for 15 days.

Freeze-drying process. Mycelial agar disks of 1 cm of
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diameter were removed from the margin of an actively
growing colony and inoculated in 65 ml of MGL1 under
submerged culture conditions, the media consisted of (g I'):
Barley flour-50, NaNO,-0.08, MgSO,.7H,0-0.02, KCI-0.01 y
KH,PO,-0.03; pH 5.5 £ 0.1 (Zapata et al. 2009). After 12 days
of incubation, 10 ml of media culture with biomass were
disposed in conical tubes with 5 ml of 10% skimmed milk (p/v)
or 10% trehalose (p/v) depending on the sample to be freeze-
dried (Voyron et al. 2009). Each essay was made as a triplicate
for further analysis after 1, 6, and 12 months of conservation.

For recovery 5 mg of freeze-dried biomass were resuspended
in 5 ml of distilled water for 1 h at 24 = 1 °C. Then, fragments
extracted from each sample were inoculated in MGL1 agar at
24+ 1 °C under darkness conditions for 15 days.

Evaluation of strain viability. Determination of the growth
rate and biomass production in Petri dish. The measurement
of mycelial growth was made by method described by Donini
et al. 2006 modified by the authors, using a millimetrical ruler
for the measurement of growth diameter in Petri dish in four
directions every 24 hours during the period of incubation until
the mycelia invaded all the media in the dish (Donini et al.
2000).

After the last measurement, the agar and mycelia contained in
each Petri dish were placed in boiling water in order to separate
the fungal biomass of the agar. The biomass was then dried in
an oven at 70 °C until constant weight was reached. The results
were registered in g per petri dish (Donini et al. 2006).

Determination of the biomass production, EPS, and IPS in
submerged culture. Biomass production. Mycelial agar disks
from the recovered strains were subcultured in MGL1 agar;
from the subcultured strains 250 ml flasks containing 63 ml of
MGLI1 liquid media were inoculated with mycelial agar disks
of 1 cm of diameter, these cultures were incubated at 100 rpm,
24 £+ 1 °C and light periods of 12 h for 12 days (Zapata et al.
2009).

The biomass obtained from each flask was filtered with a mesh
sieve # 35 (Grand Test"), then, washed with abundant distilled
water and finally the biomass was dried in an oven at 70 °C
until constant weight was obtained (Tang and Zhong 2002).

Extraction of polysaccharides (EPS and IPS). IPS
extraction was made from 1 g of dry biomass, polysaccharides
were extracted with boiling water for 20 min, the solution was
immediately filtered with filter paper of @ 125 mm
(Whatman"), 4 volumes of 96% ethanol were added to this
solution and this mix was keptat 4 °C for atleast 1 h; finally this
mix was centrifuged at 4.000 rpm at -4 °C for 20 min, the
supernatant was discarded and the pellet was diluted in 5 ml of
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distilled water (Tang and Zhong 2002).

For EPS extraction the filtered media was centrifuged at 2.500
rpm at 25 °C to eliminate suspended solids, 10 ml of the
supernatant were taken and 4 volumes of 96% ethanol were
added. From here, the same protocol for IPS was performed in
order to get the polysaccharide extract.

Quantification of polysaccharides. Colorimetric method of
phenol-sulfuric acid reported by Dubois et al. (1956) and
modified by Masuko et al. (2005), was followed for IPS and
EPS quantification. The measurement of the samples was
made in microplate format (Dubois et al. 1956, Masuko et al.
2005).

Experimental design. The experimental design applied was a
multifactor ANOVA, completely randomized with 3 replicates
per treatment; two factors were evaluated, preservation
method, and species with the purpose of determining if there
was any difference in the mean of biomass and
polysaccharides production after 12 days of culture. The
design was evaluated with the software StatGraphics
Centurion X V",

RESULTS

Each strain submitted to evaluation was recovered after 1, 6,
and 12 months of conservation, -20 °C method only shown
recovery of 3 from 4 fungi in the first month, with no
representative data (data not shown). For the freeze-dried
samples, loss of the strain viability was observed. According to
these facts only distilled water method and cryoconservation
method at -80 °C were suitable for analysis.

The different conservation methods as well as the conservation
time have an influence in the growth kinetics. This could be
observed because the mycelia development had a retarded
growth in the -80 °C method compared with the distilled water
method (figure 1). However, for the present work this does not
imply a negative effect since the number of days in which the
petri dish was invaded was similar and equal in some cases for
both methods. This type of results could be confirmed with the
values of biomass and polysaccharide production that, in some
cases, were bigger for the -80 °C method, and there were few
cases in which lower concentration was obtained without
major divergence (figure 2).

In order to verify which was the best method, a multifactor
ANOVA was performed with a p value < 0.05 employing the
results obtained for the 12th month. The analysis shows that
there is no significant statistical difference for the preservation
method factor for all response variables: biomass in Petri dish,
IPS, EPS, and biomass in submerged culture with p values of
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Figure 1. Growth kinetics in Petri dish-four mushrooms: A.

Ganoderma lucidum; B. Grifola frondosa; C. Pleurotus pulmonarius;

D. Agaricus blazei (D W =distilled water; M 1 = first month; M 6 = sixth

month; M 12 = twelfth month).
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0.4961; 0.7502; 0.3128, and 0.3631, respectively. However,
for the species factor there are significant statistical
differences, except for biomass in submerged culture, with p-
values for biomass in Petri dish, IPS, and EPS of 0.0006,
0.0377, and 0.0001 respectively; this is clear when observing
the behavior of the fungi A. blazei whose mean values were
major than those shown for the rest of the fungi in three of the
four variables (figure 3) and also in the cases of P. pulmonarius
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Figure 3. Mean graph (means and 95,0% Fisher LSD)-four mushrooms:
A. Biomass in Petri dish; B. Intrapolysaccharide concentration; C.
Exopolysaccharide concentration (A. b = Agaricus blazei; G. f =
Grifola frondosa; G. | = Ganoderma lucidum; P. p = Pleurotus
pulmonarius)

17




[YITETET Y] Biologicas

Actual Biol Volumen 36 / Nimero 100, 2014
DISCUSSION

Initially it is important to mention, that the ability of fungi cells
to resist different conservation methods like cryoconservation
and freeze-drying may be affected by factors such as the age
and physiological state of the hyphae, as well as the nature of
cytoplasmic contents (Mata and Rodriguez 2005).

In the analysis of results it was observed that the -80 °C
temperature showed improved results when compared with the
-20 °C temperature; a feasible reason for these results, is that at
-80°C cells can be better preserved, since for some fungi a high
freezing rate might not lead to ice crystal formation (Smith
1983). In the work published by Morris et al. (1988), the fungi
Lentinus edodes, Serpula lacrymans, Sporobolomyces roseu,
and Volvariella volvacea did not formed crystals at a freezing
rate of -100 °C min"'; in the case of Serpula lacrymans a rate of
0.5 °C min" to -40 °C and then rapid cooling to -196 °C gave
much higher recoveries than freezing to -196 °C at a cooling
rate of 1 °C min” (Morris et al. 1988), the growth of these ice
crystals formed during cooling can be a key factor promoting
cell damage during freezing and thawing procedures (Morris
etal. 1988). These are other reasons for the lack of good results
at -20 °C temperature; the quantity of formed crystals in this
method could have been higher since the freezing rates were
lower.

In general, the -80 °C method was a good treatment and
allowed the recovery of the fungi; only in the last month a
single experimental unit was recovered for G. frondosa, then it
is feasible that, in the cases of non-recovered samples, the bond
formed between matrix and mycelia was not strong enough, as
several authors have reported about the use of immobilization
techniques for cryoconservation using different matrixes like
alginate beads, silica gel, minerals as perlite and sorghum seed
invaded with mycelia “spawn” (Homolka et al. 2006, 2007,
Mata and Pérez 2003, Ryan 2001, Sharma and Smith 1999); in
data reported by Mata and Pérez (2003); it is also shown that
even better results were obtained when cryoconservation of
spawn was made without a cryoprotectant or water and hyphae
could grow from the seed hilium or from fissures on the surface
of'the seeds. These immobilization techniques can represent an
alternative in the protection of fungal hyphae from mechanical
damage like crystal formation; at the same time a matrix can
serve as substrate before and after freezing. In the present work
fungal hyphae growth in the Petri dish occurred not only from
the agar disk but also from pieces of sawdust inoculated in the
media; this confirms that having only agar as a matrix might
not be suitable for attachment of the mycelia in the
preservation process, which was the case of this work, since it
could be observed that after the freezing this material
disintegrated, which made the recovery of the mycelia for a
new inoculation process very difficult.
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Based on the statistical analysis, it could be inferred that the
preservation in distilled water was the best method for 4.
blazei, G. lucidum, and G. frondosa, which implies that this
method is reliable, trustworthy, simple, and very economic;
these conclusions can be supported by the work made by
Burdsall et al. (1994) that evaluated 151 basidiomycete
species, where 94% of the isolated strains were viable after
being kept in water during seven years (Burdsall et al. 1994). In
our case 83.3% of recovery in the 12th month was
accomplished in the distilled water method; a higher
percentage compared with the obtained by cryoconservation at
-80 °C in which 75% was recovered; however, it is essential to
highlight that for P. pulmonarius the last one mentioned, was
the most proper method and it further becomes an alternative
when there is no access to cryoconservation in liquid nitrogen
since this one implies more costs and it is labor intensive
because a freezing rate needs to be established; moreover a
feasible reason for the absence of growth of this strain when
conserved in distilled water is that the moisture requirements
probably were higher and combined with possible evaporation
resulted in depletion of water which was not enough for this
conservation period.

The effect of the different conservation methods on
polysaccharide production is a new report, since the majority
of the research that has been done at the moment focuses in
recovery rate, growth rate and enzymatic activity like response
variables (Voyron et al. 2009, Homolka et al. 2010). In this
work was possible to establish that the polysaccharide
production was not negatively affected in a significant way for
all the species and treatments, except for P. pulmonarius in
distilled water; contrary, a rise was observed with values of
(mg/ml) 18.29; 14.94;29.94 of IPS and 11.50; 6.977; 26.11 of
EPS for G. lucidum, G. frondosa, A. blazei, respectively
(figure 3), compared with data reported by other authors with
values of (mg/ml) 4.74; 1.3; 1.40 of IPS and 10.5; 7.2; 5.08 of
EPS for G. lucidum, G. frondosa, A. blazei, respectively (Bae
et al. 2005, Cao et al. 2010, Papinutti 2010, Tang et al. 2011,
Zou 2005), no reports to date for comparison of IPS and EPS
production of P. pulmonarius were found. Most of the higher
values presented were obtained in IPS production, this could
have occurred as a response after the treatments to adverse
conditions of low temperature, lack of nutrients or water
activity for proper metabolism and development; which could
be reflected in subsequent cultures in solid and liquid media of
the recovered strains; therefore it could be inferred that this can
be a mechanism to protect mycelium from any injury
accumulating IPS and secreting EPS with values above the
normal yields obtained when growing actively. Although there
are hardly few reports of effect of preservation methods in
fungi polysaccharide production, these results can be
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compared with the behavior of another fungal organism like
yeast, in which polysaccharide accumulation has been
reported in stress conditions, and it has been reported as well
that polysaccharides of these kinds of organisms have
cryoprotective effects (Breierova 1992, Papinutti 2010).

Another possible reasons for this rise could be first of all
related with the production of antifreeze substances, among
which proteins and glycoproteins can be found; in some
basidiomycete fungi as Coprinus psychromorbidus,
Flammulina populicola, Lentinus edodes, and Typhula
ishikariensis, it has already been reported the presence of
antifreeze proteins, in the case of the fungi studied it would be
interesting to analyze if there are any glycoproteins with this
function, specially for 4. blazei that presented the highest
production of polysaccharides, and can be considerated like a
way to obtain an overproducing polysaccharides strain
(Hoshino etal. 2003, Raymond and Janech 2009).

Regarding the Freeze-drying method, it demonstrated to be
inappropriate for all the strains under the applied conditions,
since they were not viable; this could be confirmed in the first
recovery, in which after one month of incubation the wet
mycelia was unable to multiply, confirming thereby
importance of water activity in the stability of vegetative
myecelia, this was the case of the developed assays, where the
whole process of freeze-drying was carried out by starting
from biomass obtained from submerged culture to develop the
assay; in this state the fungi that were evaluated do not form
spores; and, only these structures, in the case of most of
basidiomycete fungi, are capable of supporting these extreme
and adverse dehydration conditions; However, there are few
cases, like the mycorrhizal forming fungi that have managed to
resist the hard conditions and survive successfully (Tan and
Stalpers 1991).

Although freeze-drying could be used as one of many methods
for the conservation of filamentous fungi, it is important to
consider that in order to obtain an optimal viability without
collateral damage, a strict protocol is needed; not only in terms
of selecting and using the right protective agent at the moment
of freeze-drying, but also a proper selection of an intracellular
accumulation agent during the incubation time for diminishing
the crystal formation process, moreover, it is relevant to
establish a freezing rate prior to the process and also to control
the drying rate. Therefore, several specific conditions and
large processes of standardization of the methodology are
required to achieve a useful technique without secondary
effects (Croan 2001, Smith 1993).

According with all results, we suggest using distilled water as a
conservation method since it gave the highest percentage of
recoverability (83.3%), for its practicality and the possibility

Actualidades [: 10315

Actual Biol Volumen 36 / Numero 100, 2014

to diminish costs related with chemicals and equipment;
however for specific cases as the one presented for the fungi P,
pulmonarius cryoconservation at -80 °C is suggested.
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