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Aims Transportation of clinical samples and long-term recoverability of fungal strains are
critical to epidemiological studies. In addition, the study of fungi often requires the use of living
pure cultures. The aim of this study was to evaluate the methods used to preserve culture
collections of dermatophytes, consisted of storage in sterile distilled water, cryopreservation
with glycerol, preserving in tryptic soy broth (TSB), and freezing mycobiotic agar.

Materials & Methods In this experimental study, ninety-two dermatophyte isolates belonged
to 10 species were tested. The freezing protocol was done in 4 forms of sterile distilled water,
cryopreservation with glycerol, freezing mycobiotic agar, and preserving in TSB. The viability of
the dermatophytes species was assessed after 3 years at morphological (macro and microscopic
features), physiological (Using Dermatophyte Test Medium; DTM, urease test media, and the
hair perforation test), and genetic levels by restriction fragment length polymorphism (RFLP).
Findings The survival rate was 84 out of 92 water stored fungal strains (91.3%) and 81 out
of 92 mycobiotic agar stored strains (88.0%) and 75 out of 92 glycerol 40% stored strains
(81.5%) and 43 out of 92 TSB stored fungal strains (46.7%). Overall, more than 88% of the
strains survived in the distilled water storage and freezing mycobiotic agar methods, while
storage in TSB had the least success in the maintenance of dermatophytes.

Conclusion The procedure to preserve cultures in sterile distilled water is reliable, simple, and
inexpensive.

Keywords Dermatophytes; Cryopreservation; Polymerase Chain Reaction; Restriction Frag-
ment Length Polymorphism
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Introduction

The study of fungi often requires the use of living
pure cultures [l The traditional method used to
preserve filamentous fungi is sub-culturing from
staled to fresh media. Although this method is
relatively inexpensive, it is time-consuming, prone
to contamination, and requires physical space that
makes it impractical for large-scale culture
collections [1-3. Moreover, it does not prevent the
physiological and genetic variations during long-
term maintenance B3 4. Thus, preservation methods
were developed to overcome these limitations. The
basis of these methods is to minimize the
metabolism of microorganisms at low temperatures
[1.5]. These methods are:

1) Storage in sterile distilled water [¢] or mineral oil
[7] (Some strains may degenerate over time)

2) Lyophilization (Some strains can be long
preserved) [6 8]

3) Cryopreservation (Preservation temperature is
generally at -80°C or at-196°C) [3. 9]

4) Preserving in Tryptic Soy Broth (TSB) [10]

5) Preservation of fungus stock cultures by deep-
freezing 111

6) Storage of dermatophytes in skin scales [12]
Because the stability of fungal cells at room
temperature was not ensured by storage in sterile
water, it has been suggested to store water vials at
low temperatures (-20°C and -70°C) [13-15]. Also, the
mineral oil covering which is easily contaminated is
not suitable for the preservation of dermatophytes
[6]. Lyophilization was introduced as an ideal
method, but the procedure was cumbersome,
lengthy, complicated, and required expensive
equipment [6 8 151 Currently, cryopreservation is a
suitable method for preserving fungi [6. In the
cryopreservation method, microorganisms are
suspended with a protective additive, then they are
stored at -80 °C to -196 °C. Numerous factors affect
the  effectiveness of  cryopreservation in
microorganisms, e.g. species, cell size, form, growth
phase, storage temperature, and composition of the
medium used to suspend [+ ¢ 8,16,17]. The presence of
glycerol usually increases the survival considerably
(15, 18], The TSB is a liquid medium used to preserve
microorganisms [10. Altogether, the success of a
preservation method depends on the compatibility
of the protocols related to species and strain. Several
previous studies of the genetic stability of
cryopreserved fungi have been performed by
random amplification of polymorphic DNA (RAPD)
and Internal Transcribed Spacer (ITS) profiles [19.20],
Dermatophytosis caused by filamentous fungi
belongs to the following three genera: Microsporum,
Trichophyton, and Epidermophyton (21],
Dermatophytes are known to be the most common
cause of dermatomycoses and onychomycosis [22 231,
In addition, the incidence of dermatophytosis and
drug-resistant has been increasing over the last few
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decades [24],

The aim of this study was to evaluate the methods
used to preserve culture collections of
dermatophytes, consisted of storage in sterile
distilled water, cryopreservation with glycerol,
preserving in tryptic soy broth (TSB), and freezing
mycobiotic agar.

Materials and Methods

This study is experimental.

Dermatophyte isolates: Ninety-two clinical
dermatophyte isolates of 10 species obtained
from different parts of Iran. Epidermophyton
floccosum (n=18), Microsporum canis (n=4),
Microsporum  gypseum (n=8),  Microsporum
ferrugineum (n=2), Trichophyton mentagrophytes
(n=20), Trichophyton rubrum (n=15), Trichophyton
verrucosum (n=9), Trichophyton tonsurans (n=13),
Tricholosporum violaceum (n=2) and Trichophyton
schoenleinii (n=1) were cultured on two slants of
Potato Dextrose Agar (PDA) per strain and
incubated at 28°C for 2 weeks.

Storage of strains

Cryopreservation technique: Then sporulating
cultures were homogenized in the first tube with
physiological saline. To these prepared microbial
suspensions were added protective
cryopreservation medium (Sterile glycerol 40%) in
the same amount as the saline [16 17. 251, These
preparations were transferred to 1.5-ml microtubes,
each vial labeled, the cap was tightened, and frozen
to -20°C.

Storage on the TSB: A piece of the colony, including
conidia and hyphae fragments of the second slants
of PDA were transferred to 1.5-ml microtubes
containing the TSB [0 Then each vial labeled, the
cap was tightened and stored at -20°C.

Freezing technique: Also, all specimens were
cultured on mycobiotic agar slants in the microtubes
1.5-ml and incubated at 28°C for 2 weeks [11l. Each
vial cap was tightened, labeled, and then stored at -
20°C for 3 years.

Water culture technique: 4ml of sterile distilled
water was added to the second tube of each culture.
Then the conidia and hyphae fragments of the
colonies were collected and transferred to sterile
1.5-ml microtubes. Then each vial labeled, the cap
was tightened to prevent water evaporation, and
stored at stored at -20°C [6. 26],

For culture survival assessment, 0.3ml of suspension
from the frozen vials and a piece of the frozen colony
into the microtubes were transferred to fresh
mycobiotic agar or PDA slants and incubated at 28°C
for 2 weeks. Then cultures were immediately
returned to the freezer. In the case of growth paucity
after 4 weeks, the isolates were recorded as not
viable. Several tests were used to verify our
identification with readings after 7 and 14 days such
as urea hydrolysis, growth on Dermatophyte Test
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Medium (DTM) [25 26] also, hair perforation test
according to the method of Ajello [271.

DNA extraction: All fungal strains were cultured on
mycobiotic agar (Merck; Germany) and incubated at
28°C for 4 days. DNA was extracted using the
chloroform and proteinase K method. The fungal
mycelium by pestle and mortar in addition to liquid
nitrogen were crushed in DNA extraction buffer
containing (200M Tris-HCL, pH=8, 25mM EDTA, SDS
0.5% W/V, NaCl 250mM). After vortexing,
proteinase K was added and incubated at 55°C for
60min. The DNA was extracted with an equal volume
of chloroform. Total nucleic acids were precipitated
with isopropanol and washed in 300puL ethanol 70%,
air dried, rehydrated in 50ul Tris-EDTA (TE) buffer,
and stored at -20°C until it was used [28l,

Polymerase Chain Reaction-Restriction
Fragment Length Polymorphism (PCR-RFLP)
procedure: The ITS region was PCR amplified using
primers ITS1 (5'-TCCGTAGGTGAACCTGCGG-3") and
ITS4 (5'-TCCTCCGCTTATTGATATGC-3") [29. Each
mixture contained 12.5pl of premix, 1pl of DNA
template, 0.3uM of each primer, and enough water
to reach a final reaction volume of 25ul. Negative
controls (Water instead of fungal DNA) were added
to each PCR. The reaction mixture was initially
denatured at 95°C for 5min, followed by 30 cycles of
30s at 94°C, 30s at 56°C, and 45s at 72°C, and a
terminal extension step of 72°C for 5Smin. Five
microliters of the PCR products were
electrophoresed on 1% agarose gel in Tris-acetate-
EDTA (TAE) buffer and then observed and
visualized using ultraviolet irradiation.

All digestion reactions were performed in a 15ul
mixture containing 2ul of 10xbuffer, 2ul of the
enzyme, 10ul of ITS amplicon, and enough ultrapure
water up to the final volume. The amplified products
were subjected to digestion with Mval (Fermentas;
United States) for 14h at 37°C B0, PCR amplicons
and restriction enzyme digestion products were
loaded in 2.5% (W/V) agarose gels in the presence
of a red gel (0.5pg.mL-1). A DNA molecular weight
marker, 100bp ladder (Fermentas; United States)
was used (After running for 1.5h at 90V.cm-1).

The sizes were expected from the region amplified
by ITS and the restriction enzyme digestion with
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Mval obtained from the website NEB cutter
(http://tools.neb.com/NEBcutter).

Re-isolation procedure: After 3 years, the samples
were cultured on mycobiotic agar and incubated at
25-28°C for up to 4 weeks. The viability, the
morphological and genetic features of 10
dermatophytes species were examined. If the rate of
growth, the morphology and the presenting color
present were as the same of the original culture, each
dermatophyte isolate was considered as viable [25. 26],

Findings

All the survived dermatophytes preserved their
physiological characteristics, such as the production
of urease, hair perforation, and the production of
characteristic pigments on DTM (Table 1). The
changes of the yellow color of DTM medium to red
was seen in all isolates.

The results were different for storage at -20°C and
were dependent on the preservative.

The survival rate was 84 out of 92 water stored
fungal strains (91.3%) and 81 out of 92 mycobiotic
agar stored strains (88.0%) and 75 out of 92
glycerol 40% stored strains (81.5%) and 43 out of
92 TSB stored fungal strains (46.7%). Overall, more
than 88% of the strains survived in the distilled
water storage and freezing mycobiotic agar,
methods, while storage in TSB had the least success
in the maintenance of dermatophytes. The lowest
survival rate was observed in T. schoenleinii and
highest rate T. mentagrophytes, followed by T.
tonsurans, T. rubrum, and M. gypseum, respectively
(Table 2).

Table 1) Morphological criteria for verifying species
identification

Species Test Hair perforation Urea hydrolysis
T. mentagrophytes + +
T. rubrum - -
T. violaceum

M. canis + +
M. ferrugineum - +
T. schoenleinii - +
T. verrucosum

T. tonsurans - +
M. gypseum + +
E. floccosum - +

Table 2) Viability of cultures in distilled water, Mycobiotic agar, glycerol 40% and TSB after 3 years preservation (n=92)

Mycobiotic agar culture Glycerol 40% culture TSB culture
. Water-stored culture . . . . . -
Species . . Viable isolates/No. Viable isolates/No. Viable isolates/No.
Viable isolates/No. tested

tested tested tested
E. floccosum 15/18 14/18 13/18 7/18
M. canis 4/4 4/4 3/4 1/4
M. gypseum 8/8 8/8 7/8 2/8
M. ferrugineum 1/2 1/2 1/2 0/2
T. mentagrophytes 20/20 20/20 18/20 13/20
T. rubrum 14/15 14/15 12/15 10/15
T. verrucosum 8/9 7/9 8/9 1/9
T. tonsurans 13/13 12/13 12/13 9/13
T. violaceum 1/2 1/2 1/2 0/2
T. schoenleinii 0/1 0/1 0/1 0/1
General survival rate (%) 84 (91.3) 81 (88.0) 75 (81.5) 43 (46.7)
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According to the ITS-PCR result, the biggest size
obtained was for E. floccosum and the smallest one
for M. gypseum.

The obtained band sizes range from 14bp to 517bp
among different species (Table 3).

All the specimen tested were identified at the level
of species by the unique banding pattern to each
species except for closely related species such as M.
canis/M. ferrugineum showed the same profiles
(Figure 1).

Table 3) The expected sizes of DNA fragments generated
by enzymatic digestion Mval

Dermatophyte species DNA fragment (bp)

T. Mentagrophytes
T. rubrum

T. tonsurans

T. schoenleinii

T. verrucosum

T. violaceum

247,159, 124, 89, 50, 14
368, 164, 95, 65
251, 124,103, 90, 56, 50, 14
405, 124, 104, 52
517,141, 20
396, 161, 106, 45, 20

M. ferrugineum 441, 165, 103, 28
M. gypseum 289, 179, 146, 33,19
M. canis 441, 165, 103, 28

E. floccosum 361, 231, 169, 20

Figure 1) PCR-RFLP identification of dermatophytes at
the level of species (Lane M: 100bp DNA ladder, Lane 1:
T. mentagrophytes, Lane 2: T. rubrum, Lane 3: T.
violaceum, Lane 4: E. floccosum, Lane 5: M. canis, Lane 6:
M. ferrugineum, Lane 7: T. schoenleinii. Lane 8: T.
verrucosum, Lane 9: T. tonsurans, Lane 10: M. gypseum)

Discussion
The aim of this study was to compare the results
achieved from four different freezing protocols,
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including sterile distilled water, cryopreservation
with glycerol, freezing mycobiotic agar, and
preserving in the TSB.

Transportation of clinical samples and long-term
recoverability of fungal strains are critical to
epidemiological studies. In this study, it was
assessed a number of methods for preserving
culture collections of fungi such as storage in sterile
distilled water, cryopreservation with glycerol,
preserve in the TSB, and freezing mycobiotic agar.
Levels of high viability were obtained with storage
in the distilled water and freezing mycobiotic agar.
The methods studied in this research for preserving
fungal strains have the following advantages: The
morphology of the cultures is preserved. Also, the
physiological characteristics of all dermatophytes
survive had preserved.

The results were different for storage at -20°C and
were dependent on the preservative. In other words,
choosing a suitable preservative can increase the
survival ~of  microorganisms in  freezing
temperatures.

The results of this study showed the strains have to
be matured before storage of fungi. It was found the
lowest regrowth rates for T. schoenleinii, M.
ferrugineum, T. violaceum, and E. floccosum which
produce only a few or no microconidia. Previous
studies have shown the viability of storage
dermatophyte cultures depends on the number of
microconidia B1ll. This data confirm Hasegawa’s
assumption B2l Similar difficulties, especially with
cultures of E. floccosum, T. schoenleinii, and M.
ferrugineum, have been described by Butterfield et
al. B3] and Gentles et al. 4. Also, the study by
Bosmans 351 confirmed the results of this study,
since it was found better results when “freezing
agar” was used as a storage medium. In addition,
Qianggiang et al. ] showed that the procedure for
maintaining dermatophyte cultures in distilled
water is better than lyophilization. To achieve
success in distilled water preservation, in this
experiment, the following conditions are essential.
Furthermore, the sterile operation is necessary to
prevent contamination. Storage of dermatophyte
species shows some peculiarities, such as the
transition to pleomorphism or contamination by
bacteria or other fungi. However, the contamination
with other fungi was seen only in the TSB cultures.
The genetic fidelity was checked by ITS-RFLP. The
ITS regions were targeted because mutations are not
phenotypically represented in these non-coding
segments. All the evaluated specimens were
identified at the level of species by the unique
banding pattern related to each species .The RFLP
patterns were similar to M. ferrugineum and M. canis
because they vary in 2bp in ITS region [30. The
studies by Singh et al. [19] and Ryan et al. [20] confirms
the results of the genetic stability of cryopreserved
in the present study.
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Conclusion

The procedure to preserve cultures in sterile
distilled water is reliable, simple, and inexpensive.
The methods including sterile distilled water,
cryopreservation with glycerol, freezing mycobiotic
agar, and preserving in TSB preserves both the
morphology and viability of dermatophyte cultures,
also the growth of dermatophytes depends on the
methods for culture collections.

Acknowledgments: The case was not found by the
authors.

Ethical permissions: The ethics committee of
Tarbiat Modares University, Tehran, Iran confirmed
the present study.

Conflict of Interests: The author declares that there
is no conflict of interests.

Authors’ Contribution: Salehi Z. (First author),
Introduction author/ Methodologist/ Original
researcher/ Discussion author (40%); Shams-
Ghahfarokhi M. (Second author), Methodologist/
Original researcher (35%); Fattahi A (Third author),
Methodologist/ Discussion  author (15%);
Ghazanfari M (Fourth author), Introduction author
Assistant researcher (5%); Yazdanparast S.A (Fifth
author), Introduction author/ Methodologist (5%)
Funding/Support: This study was supported by the
Research Deputy of Tarbiat Modares University, and
Iran National Science Foundation: INSF for funding
our research (Grant number 94003277).

References

1- Fong Y, Anuar S, Lim H, Tham F, Sanderson F. A
modified filter paper technique for long-term preservation
of some fungal cultures. Mycologist. 2000;14(3):127-30.

2- Colauto NB, Cordeiro FA, Geromini KVN, de Lima TG,
Lopes AD, Nunes RAR, et al. Viability of Agaricus blazei
after long-term cryopreservation. Ann Microbiol
2012;62(2):871-6.

3- Hu X, Webster G, Xie L, Yu C, Li Y, Liao X. A new method
for the preservation of axenic fungal cultures. ] Microbiol
Methods. 2014;99:81-3.

4- Homolka L. Methods of cryopreservation in fungi.
Laboratory protocols in fungal biology. New York:
Springer; 2013. pp. 9-16.

5- Tan C, Van Ingen C, Talsma H, Van Miltenburg J,
Steffensen C, Vlug IA, et al. Freeze-drying of fungi:
Influence of composition and glass transition temperature
of the protectant. Cryobiology. 1995;32(1):60-7.

6- Qianggiang Z, Jiajun W, Li L. Storage of fungi using
sterile distilled water or lyophilization: Comparison after
12 years. Mycoses. 1998;41(5-6):255-7.

7- Perrin PW. Long-term storage of cultures of wood-
inhabiting fungi under mineral oil. Mycologia.
1979;71(4):867-9.

8- Bunse T, Steigleder GK. The preservation of fungal
cultures by lyophilization. Mycoses. 1991;34(3-4):173-6.
9- Smith D, Thomas VE. Cryogenic light microscopy and
the development of cooling protocols for the
cryopreservation of filamentous fungi. World ] Microbiol
Biotechnol. 1998;14(1):49-57.

10- Wasfy M, Oyofo B, Elgindy A, Churilla A. Comparison of

Infection Epidemiology and Microbiology

Salehi Z. et al.
preservation media for storage of stool samples. | Clin
Microbiol. 1995;33(8):2176-8.

11- Kitamoto Y, Suzuki A, Shimada S, Yamanaka K. A new
method for the preservation of fungus stock cultures by
deep-freezing. Mycoscience. 2002;43(2):143-9.

12- Hosseinpour L, Zareei M, Borjian Boroujeni Z,
Yaghoubi R, Hashemi SJ. Survival of dermatophytes in skin
scales after 10 years storage. Infect Epidemiol Microbiol.
2017;3(3):96-9.

13- Hwang S, Kwolek WF, Haynes WC. Investigation of
ultralow temperature for fungal cultures III. Viability and
growth rate of myecelial cultures following cryogenic
storage. Mycologia. 1976;68(2):377-87.

14- McGinnis MR, Padhye AA, Ajello L. Storage of stock
cultures of filamentous fungi, yeasts, and some aerobic
actinomycetes in sterile distilled water. Appl Microbiol.
1974;28(2):218-22.

15- Espinel-Ingroff A, Montero D, Martin-Mazuelos E.
Long-term preservation of fungal isolates in commercially
prepared cryogenic microbank vials. J Clin Microbiol.
2004;42(3):1257-9.

16- Hubalek Z. Protectants used in the cryopreservation of
microorganisms. Cryobiology. 2003;46(3):205-29.

17- Dumont F, Marechal PA, Gervais P. Cell size and water
permeability as determining factors for cell viability after
freezing at different cooling rates. Appl Environ Microbiol.
2004;70(1):268-72.

18- Amanloo S, Shams-Ghahfarokhi M. Comparison of the
long-term survival of candida glabratain common
cryoprotectants including; glycerol, glucose and dimethyl
sulfoxide. Iran ] Med Microbiol. 2018;11(6):158-66.
[Persian]

19- Singh SK, Upadhyay RC, Kamal S, Tiwari M. Mushroom
cryopreservation and its effect on survival, yield and
genetic stability. Cryo Letters. 2004;25(1):23-32.

20- Ryan M], Jeffries P, Bridge PD, Smith D. Developing
cryopreservation protocols to secure fungal gene function.
Cryo Letters. 2001;22(2):115-24.

21- Zarrin M, Salehi Z, Zarei Mahmoudi A. Identification of
dermatophytes by arbitrarily primed PCR. Asian Biomed.
2015;9(3):291-8.

22- Babayani M, Salari S, Hashemi SJ, Almani PG, Fattahi A.
Onychomycosis due to dermatophytes species in Iran:
Prevalence rates, causative agents, predisposing factors
and diagnosis based on microscopic morphometric
findings. ] Mycol Med. 2018;28(1):45-50.

23- Seebacher C, Bouchara JP, Mignon B. Updates on the
epidemiology of dermatophyte infections. Mycopathologia.
2008;166(5-6):335-52.

24- Salehi Z, Shams-Ghahfarokhi M, Razzaghi-Abyaneh M.
Antifungal drug susceptibility profile of clinically
important dermatophytes and determination of point
mutations in terbinafine-resistant isolates. Eur ] Clin
Microbiol Infect Dis. 2018;37(10):1841-6.

25- Garcia-Martinez ], Lacomba DL, Pascual AC. Evaluation
of a method for long-term cryopreservation of fungal
strains. Biopreserv Biobank. 2018;16(2):128-37.

26- Karabiak N, Karatuna O, Akyar I. Evaluation of the
viabilities and stabilities of pathogenic mold and yeast
species using three different preservation methods over a
12-year period along with a review of published reports.
Mycopathologia. 2016;181(5-6):415-24.

27- Rippon JW. Medical Mycology. 3rd
Philadelphia: W.B. Saunders; 1988.

28- Graser Y, El Fari M, Vilgalys R, Kuijpers AF, De Hoog
GS, Presber W, et al. Phylogeny and taxonomy of the family

Edition.

Summer 2018, Volumiz 4, issue 3



A Head-%o'hadd Comparison of Four Cryopreservation Protocols ... 6

Arthrodermataceae (dermatophytes) using sequence
analysis of the ribosomal ITS region. Med Mycol.
1999;37(2):105-14.

29-White TJ], Bruns T, Lee S, Taylor . Amplificationand direct
sequencingoffungalribosomal RNA genes for phylogenetics.
In: PCR - Protocols and Applications - A Laboratory Manual.
Cambridge: Academic; 1990.pp.315-22.

30- Rezaei-Matehkolaei A, Makimura K, Shidfar MR, Zaini
F, Eshraghian MR, Jalalizand N, et al. Use of single-enzyme
PCR-restriction digestion barcode targeting the internal
transcribed spacers (ITS rDNA) to identify dermatophyte
species. Iran | Publ Health. 2012;41(3):82-94.

31- Rybnikar A. long-term maintenance of lyophilized

Infection Epidemiology and Microbiology

fungal cultures of the genera Epidermophyton,
Microsporum, Paecilomyces and Trichophyton. Mycoses.
1995;38(3-4):145-7.

32- Hasegawa A. The preservation of dermatophytes in
parasitic form by freezing and freeze-drying. Cryobiology.
1973;10(5):375-8.

33- Butterfield W, Jong SC. Alexander MT. Preservation of
living fungi pathogenic for man and animals. Can ]
Micrubiol. 1974;20(12):1665-73.

34- Gentles JC, Scott E. The preservation of medically
important fungi. Sabouraudia. 1979;17(4):415-8.

35- Bosrnans J. Ten years lyophilization of pathogenic
fungi. Mycopathol Mycol Appl. 1974;53(1):13-23.

Summer 2018, Volumiz 4, issue 3



