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Summary This research aimed at investigating the cryoprotectant action of glucose and lactose

on strains of Malassezia spp. and zygomycetes immobilised in sodium alginate. Twelve

strains of Malassezia spp. (nine M. furfur, two M. globosa and one M. sympodialis) and

12 zygomycetes (five Rhizopus oryzae and seven Mucor hiemales) were immobilised in

sodium alginate, within plastic beads, maintained in appropriate media containing

glucose and lactose at concentrations of 9% and 23% and preserved at temperatures of

)20 and )80 �C. Strain viability was evaluated from 15 to 270 days of storage,

through the observation of macro–micromorphologic characteristics. The Malassezia

spp. strains were only viable until 90 days of storage, whereas for zygomycetes, viable

strains were observed until after 270 days of storage at )80 �C, in the media

containing 23% glucose or lactose. The use of 23% glucose or lactose at )80 �C in a

sodium alginate cell immobilisation system is efficient for cryopreserving zygomycetes.

This research creates perspectives for the use of glucose and lactose in sodium alginate

cell immobilisation systems for the preservation of fungi with low viability.
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Introduction

The genus Malassezia comprises lipophilic yeast that

belong to the normal cutaneous microbiota of humans

and other warm blooded animals, but these yeast are

also associated with a variety of clinical manifestations,

such as pityriasis versicolor, seborrhoeic dermatitis and,

in rare situations, fungaemia.1,2 Despite presenting a

wide variety of hosts, this yeast genus does not play an

important role in agriculture. The genera Mucor and

Rhizopus belong to the order Mucorales and the phylum

Zygomycota and are included in the group of the

Zygomycetes. In humans and other animals, these fungi

can cause zygomycosis, which is most commonly

characterised by rhinocerebral and ⁄ or invasive angio-

tropic infections.3,4 In agriculture, R. stolonifer is the

agent of rhizopus rot disease that affects several

vegetables and fruits.5

As observed in our laboratory and by other authors,

there are difficulties in preserving zygomycetes and

Malassezia spp.1,6 Zygomycetes form a fungal group

whose hyphae are wide (6–20 lm), thin-walled, rela-

tively large and rarely septate that present low cellular

protein content. As a consequence, they frequently

collapse, exhibiting an appearance of a braided tape, as

observed under microscopy.3,4 These characteristics

make them more vulnerable to mechanical damages,

including those caused by ice crystals. Concerning the

Correspondence: R. S. N. Brilhante, Rua Barão de Canindé, 210, Montese,
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genus Malassezia spp., their low in vitro viability

represents the main obstacle for retrospective and

prospective studies, as reported by several authors.1,6,7

Thus, the development of an efficient methodology for

the preservation of zygomycetes and Malassezia spp. is of

great importance for the development of prospective

studies with these microorganisms.

It has been reported that the occurrence of mutations

and the loss of fungal viability decreases when cryo-

preservation is used. This happens because cell meta-

bolic activity declines and life expectancy increases as

the temperature reaches 0 �C.8 Among the techniques

of preserving microorganisms, vitrification is a feasible

alternative to the Castelani method. In vitrification, the

water shifts from the liquid to an amorphous and meta-

stable solid state.9 This situation promotes protection

during freezing because the formation of a vitreous state

induces sufficient viscosity within and around the cell,

stabilising molecular mobility. It has also been reported

that carbohydrates, such as glucose, lactose and treha-

lose, are cryoprotectants that promote vitrification,

hence preventing cellular lesions that occur after

freezing of cell fluids, through interception of salts,

because of the high viscosity or the formation of a

vitreous phase.10 It is important to highlight that

immobilisation and cryopreservation have been suc-

cessfully used in cryobanks for the conservation of the

phytodiversity.11 Several authors have reported that

alginate is an inert and low-cost chemical support

capable of immobilising microbial and plant cells.11–15

Thus, the objective of this study was to investigate the

cryoprotectant effect of glucose and lactose on strains of

Malassezia spp. and zygomycetes immobilised in sodium

alginate.

Materials and methods

Twelve strains of Malassezia (nine M. furfur, two M.

globosa and one M. sympodialis) and 12 strains of

zygomycetes (five Rhizopus oryzae and seven Mucor

hiemales), from the culture collection of the Specialized

Medical Mycology Center of the Federal University of

Ceará, Fortaleza, Ceará, Brazil, were used (Table 1).

The immobilisation of fungal cells was performed

through the process of ionic gelation.12 A calcium

chloride solution at 0.25 mol l)1 was previously frozen

(Fig. 1a), within a screw-cap glass tube (16 mm

wide · 150 mm length), to form a sustenance surface

for the addition of sterile plastic beads (0.7-cm diameter

with a 0.4-cm diameter central orifice) (Fig 1b).

Malassezia spp. strains were cultured on Dixon agar

and incubated at 32 �C, and were observed daily for up

to 15 days. Afterwards, the cultures were scraped and

transferred to a medium formed of 1.5% (w ⁄ v) sodium

alginate, 3% (w ⁄ v) Dixon broth, 9% or 23% (w ⁄ v)

glucose or 9% or 23% (w ⁄ v) lactose and homogenised

with a vortex for 30 s. The zygomycete strains were

cultured on potato dextrose agar and maintained at

25 �C. They were daily observed for up to 7 days to

evaluate culture growth. Then, the cultures obtained

were scraped from the agar and transferred to the

immobilisation–cryopreservation medium, which con-

tained 1.5% sodium alginate, 3% (w ⁄ v) Sabouraud

broth, 9% or 23% glucose and 9% or 23% lactose. It is

important to emphasise that glucose and lactose were

the only cryoprotectants used and the concentrations

were chosen based on previous studies.16,17 Before and

after storage, the strains were evaluated to assure their

viability and the maintenance of phenotypical features.

Malassezia strains were submitted to metabolic tests,

such as assimilation of Tween and Chremophor, urease,

catalase and b-glucosidase production, whereas zyg-

omycete strains were submitted to micromorphological

analysis.18–20

The immobilisation of the fungal cells was carried out

by the ionic gelation process12 with modifications

involving prior freezing of the calcium chloride and

Table 1 Collection numbers of the tested strains.

Collection numbers Strains

Malassezia

CEMM 03-6-065 M. furfur

CEMM 03-6-066 M. furfur

CEMM 03-6-067 M. sympodialis

CEMM 03-6-068 M. furfur

CEMM 03-6-069 M. furfur

CEMM 03-6-070 M. furfur

CEMM 03-6-071 M. furfur

CEMM 03-6-072 M. furfur

CEMM 03-6-073 M. globosa.

CEMM 03-6-074 M. furfur

CEMM 03-6-075 M. globosa

CEMM 03-6-076 M. furfur

Zygomycetes

CEMM 03-1-030 Rhizopus orizae

CEMM 03-1-067 Mucor hiemalis

CEMM 03-2-006 R. orizae

CEMM 03-4-013 R. orizae

CEMM 03-4-027 R. orizae

CEMM 03-4-086 M. hiemalis

CEMM 03-4-087 M. hiemalis

CEMM 03-4-088 M. hiemalis

CEMM 03-4-089 M. hiemalis

CEMM 03-5-016 M. hiemalis

CEMM 03-5-025 R. orizae

CEMM 05-2-044 M. hiemalis
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addition of plastic beads for preservation of the fungal

structure trapped inside. In brief, the plastic beads were

added to the fungal structures homogenised in the

immobilisation–cryopreservation solutions and were

then placed under a block of frozen calcium chloride

(Fig 1c). As the calcium chloride solution thawed, it

reacted with the sodium alginate and promoted the

gelation and the imprisonment of the fungal structures

within the plastic beads. Finally, each culture was

fractioned and kept in 1.5-ml, five cryogenic tubes each

containing 5 beads (Fig 1d), which were directly placed

in the freezer at )20 and )80 �C. The cultures were

evaluated for their viability at 15, 45, 90, 180 and

270 days of storage. Each strain was stored in 5

different cryogenic tubes and, at every evaluation day,

beads were removed from only one tube. At the next

evaluation day, the beads were removed from a different

tube, therefore, each cryogenic tube was evaluated only

once. One of the beads was removed under aseptic

conditions with a sterile needle, as soon as the cryogenic

tube was taken out of the freezer. Then, the bead was

inoculated onto either Dixon agar or potato dextrose

agar and incubated for at least 15 days, at 25 �C.21 To

compare the storage strategies, the Fisher exact test was

used, at a significance level of 5%.

Results

Overall, Malassezia spp. presented low resistance to

cryopreservation, independently of the medium, the

sugar concentration or the temperature used, and they

rapidly became unviable. Approximately 94% of the

strains kept in the medium with glucose and 100% of

the strains in the medium containing lactose were still

viable at day 15 of storage, but these rates declined to

65% and 63%, respectively, at day 45, and to 13% and

6% at day 90 of storage. Statistically significant differ-

ences between viability percentages were not observed

because of the reduced number of tested strains (Table 2).

The zygomycetes presented higher viability when

stored at )80 �C than at )20 �C, and no statistic

differences were observed between the carbohydrates

used and the concentrations tested at the same storage

temperature. The number of viable strains kept at

)80 �C in 23% glucose (P = 0.01337) and 23% lactose

(P = 0.0046), at day 270 of storage, was statistically

higher than in the other treatments. Due to the small

number of strains, no other statistical differences were

observed among treatments (Table 2). Viable Malassezia

spp. and zygomycetes showed preserved macro–micro-

morphologic features after storage, as shown in Fig 2.

Discussion

Despite the difficulty in maintaining zygomycetes in

fungal collections, a survival rate of 50% was observed

in this work for strains of Rhizopus sp. and Mucor sp.

maintained at )80 �C for 270 days, in media contain-

ing 23% glucose or lactose. On the other hand, by

applying the same methodology, viable strains of

Malassezia were only recovered until 90 days of storage,

and at low recovery rates. This evidence once again

(a)

(c) (d)

(b)

Figure 1 (a) Previously frozen calcium

chloride; (b) Plastic bead; (c) As the cal-

cium chloride solution thaws and reacts

with the mixture of fungal cells with so-

dium alginate, fungal cell imprisonment

occurs within the plastic beads; (d) Storage

within cryotubes.
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Table 2 Course of the cryoprotectant action of glucose and lactose on fungal strains immobilised in sodium alginate and maintained at

different storage temperatures

Storage

time (days)

)20 �C Glucose )80 �C Glucose )20 �C Lactose )80 �C Lactose

9% 23% 9% 23% 9% 23% 9% 23%

Malassezia spp. (n = 12) 15 10 11 12 12 12 12 12 12

45 08 07 08 08 07 07 08 08

90 00 01 02 03 00 00 01 02

180 00 00 00 00 00 00 00 00

270 00 00 00 00 00 00 00 00

Zygomycetes (n = 12) 15 08 09 11 11 09 08 10 11

45 04 06 06 09 08 06 09 10

90 04 05 06 08 06 03 05 08

180 01 01 04 08 03 01 05 08

270 00 00 04 06 01 00 05 07

(a)

(c)

(e) (f)

(d)

(b)

Figure 2 Macromorphology (a) and

micromorphology (b) of Malassezia sp.,

after 45 days of storage at )80 �C, using

23% glucose. Macromorphology (c) and

micromorphology (d) of Rhizopus sp. after

180 days of storage at )80 �C, using 23%

glucose. Macromorphology (e) and

micromorphology (f) of Mucor sp. after

270 days of storage at )80 �C, using 23%

glucose.
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confirms that there is no standard protocol for the

conservation of fungi in culture collections, as these

microorganisms have widely varied physiologic and

biochemical characteristics.

We also observed that some strains within a given

group were more resistant to storage conditions when

compared with the others. This finding corroborates

Voyron et al. [22] who reported that the application of a

preservation protocol or one of its variables seldom

produces the same result for all the isolates tested, even

if they belong to the same genus or species. It seems that

the response to different preservation techniques is

strain specific, as observed by Ryan et al. [23] who

found that the production of certain secondary metab-

olites by some strains of Metarhizium anisopliae was

interrupted after cryopreservation and lyophilisation,

whereas other strains of the same species were not

affected.

The difficulty in recovering Malassezia spp. was also

reported by Crespo et al. [1] who observed a low

recovery rate after the application of different preserva-

tion methods. However, these authors obtained a high

recovery rate, when the strains were stored at )80 �C,

after being lyophilised. The overall low recovery rate of

Malassezia spp. from culture collections may be associ-

ated with the difficulty of obtaining homogeneous

suspensions of lipodependent yeast.1 This fact was

evidenced in the present study, where the viscosity of

the immobilisation–cryopreservation medium caused an

uneven distribution of the blastoconidia of Malassezia

spp. that were imprisoned within the plastic beads. On

the other hand, a uniform distribution of the zygomyc-

ete structures within the medium was successfully

achieved.

Concerning the conservation of zygomycetes, some

works report the cryopreservation of these fungal

groups in culture collections.24–26 One work, written

by Passarell & McGinnis,24 reported the viability of

several fungi, after storage at )70 �C, including some

strains of zygomycetes. Similar to what was observed in

the present study, a better recovery rate was obtained

after storage at lower temperatures ()70 �C ⁄ )80 �C).

However, better results might have been obtained by

storing these samples at ultralow temperatures (lower

than )139 �C), as these temperatures avoid recrystal-

lisation of ice and decrease the rate of biophysical

processes that could affect cell survivability.27 Our

results for the viability of zygomycetes are promising,

considering the good recovery rate of the strains,

especially within the first six months of storage.

In addition, these findings suggest that carbohydrates

are effective cryoprotectant agents, as previously

observed,16 most likely for stabilising cellular mem-

branes and avoiding the formation of ice crystals, hence

playing an important role in the protection of biological

structures against the dehydration caused by cryopres-

ervation methods.28 Finally, this study creates perspec-

tives for the use of glucose and lactose associated with

immobilisation of cells in sodium alginate for preserving

zygomycetes, especially when kept at )80 �C, once it

resulted in satisfactory recovery rates, after long period

of storage.
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