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Abstract
The development of detection and quantification systems for Fusarium spp. is time-

consuming. It is, therefore, necessary to develop specific detection methods for this genus to 
facilitate monitoring of the environment and food for the presence of Fusarium spp. as a potential 
toxinogenic agent in food. The aim of this work was to find the most effective pre-isolation 
against self-isolation of DNA from food micromycetes, and then to identify Fusarium spp. at the 
genus level. By measuring the concentration and purity of the extracted DNA, isolation with pre-
isolation, which involved the action of proteinase K and ultrasound on cells of the micromycetes 
examined, was demonstrated to be most effective.
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Introduction

The principal genera responsible for mycotoxins found in the human food chain are 
Aspergillus, Penicillium and Fusarium. Certain species of Fusarium are pathogens that may 
produce mycotoxins in infected material. They may also produce mycotoxins in plant and 
animal production under unfavourable storage conditions (Edwards et al. 2002). Fusarium 
mycotoxins are found primarily in cereal grain, in which the predominant mycotoxins are 
trichothecenes, moniliformin, fumonisins and zearalenone. Many toxigenic species of 
Fusarium are also associated with stored infected hen’s eggs. Even with expert knowledge, 
macroscopic and microscopic identification is, however, particularly diversified in the 
genus Fusarium (D’Mello et al. 1999).

The development of molecular techniques has enabled more effective identification of 
this genus of micromycetes in samples of food (Kurtzman et al. 2011). One of these 
methods independent of cultivation is the polymerase chain reaction (PCR), which can 
quickly reveal specific sequences of micromycetes in food samples (Fredricks et al. 2005). 
PCR is widely used for the identification of genera and species of micromycetes. Special 
primers and sequencing methods are required for the cross-checking of morphological 
properties (Geiser et al. 2004). More frequent specific target sequences make it possible to 
determine the properties of a strain, which may be useful for its characterisation (Russell 
and Paterson 2006).

Determination of genera and species may also be used as a tool for the identification of 
potential toxinogenic risks associated with the presence of species capable of producing 
toxic compounds. PCR is, therefore, essential to preventative approaches in the area of 
food safety. However, the final sensitivity of any PCR test in detecting fungal pathogens 
is dependent on the effective lysis of cells of micromycetes and the purification of DNA 
that does not contain PCR inhibitors. Micromycetes, including the genus Fusarium spp., 
have cell walls that prevent lysis and the adequate isolation of nucleic acids. Only a few 
studies have focused on the critical phase of pre-isolation and extraction of DNA during 
the processing of food samples. In addition, highly sensitive and specific methods based on 
nucleic acids for the detection of micromycetes demand the use of DNA extraction agents 
that do not contain contaminating fungal nucleic acids (Pallez et al. 2014).
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Materials and Methods

Micromycetes were isolated from 15 hen’s eggs in accordance with the instructions given in STN ISO 21527-1. 
Subsequent macroscopic and microscopic examination confirmed the morphological features characteristic of the 
genus Fusarium spp. DNA was isolated from isolates initially identified as Fusarium spp.

Pre-isolation of DNA
Pre-isolation was performed in micro test tubes in two different ways:
1. By the addition of Proteinase K (Macherey-Nagel, Germany) and incubation for 30 min at 37 °C, and the 

action of liquid nitrogen for 5 min with subsequent heating at 95 °C / 5 min, repeated three times.
2. By the addition of Proteinase K (Macherey-Nagel, Germany) and zirconium beads (diameter 1 mm) to the 

samples and incubation for 30 min at 37 °C. The samples were then subjected to the action of ultrasound waves 
of 50 Hz for 10 min.

Isolation
Performed with an E.Z.N.A.® Fungal DNA Mini Kit (Omega Bio-Tek, USA). The DNA obtained in this way 

was subjected to the measurement of purity and concentration on a NanoDrop (Thermo Fisher Scientific, USA).

Identification of Fusarium  spp. by PCR
Isolates of micromycetes were identified by a PCR method according to Abd-Elsalam et al. (2003) with the 

use of FIREpol® Master Mix (Ecoli s.r.o., Slovakia). A Fusarium oxysporum CCM F-485 reference strain was 
used as a positive control for PCR. The amplified PCR product (550 bp) at a quantity of 5 µl was analysed in 
2.5 % agarose gel in TBE (Tris-borate-EDTA) buffer solution. GelTM Red (Biotium Inc., USA) was added to the 
agarose gels for the visualisation of DNA. The individual products were visualised with a Mini Bis Pro® reader 
(DNR Bio-Imaging Systems Ltd., Israel). The PCR products obtained were subjected to sequencing (GATC 
Biotech AG, Germany) and the individual sequences were then compared with sequences in the NCBI GenBank 
database.

Results and Discussion

A total of 12 isolates of micromycetes were obtained by cultivation microbiological 
investigation of the shells of hen’s eggs. These isolates were assigned to the genus Fusarium 
spp. by macroscopic and microscopic examination of micromycetes.

The isolates were then subjected to DNA extraction according to two different methods. 
Measurement of the concentration and purity of the isolated DNA showed isolation with 
pre-isolation, which included a mechanical action (zirconium beads, ultrasound) and the 
action of proteinase K on the cells of micromycetes, to be the most effective. All the DNA 
templates showed the highest concentration of DNA in the sample, ranging from 60 ng·µl-1 
to 100 ng·µl-1, with this method. The purity of the DNA, which ranged from 1.8 to 2.1, 
also indicates that pre-isolation by means of a combination of a chemical and mechanical 
action is more effective. The second method, which employed the action of liquid nitrogen 
and proteinase K, proved inadequate for the isolation of DNA from Fusarium spp. cells. 
The isolated DNA was at low concentrations (> 9.0 ng·µl-1), and values for the purity of 
the DNA were beneath 1.600.

The measured values of concentration and purity confirmed the combination of 
mechanical and chemical action on Fusarium spp. cells to be the most effective pre-
isolation. This assertion is also confirmed by the study by Pallez et al. (2014) who isolated 
DNA from Fusarium spp. micromycetes by means of a combination of mechanical action 
(microwave radiation) and chemical action (DNeasy Plant Mini Kit extraction; Qiagen, 
Hilden, Germany).

Identification of individual isolates by robust PCR (Fig. 1) was then performed, on the 
basis of which the genus Fusarium (20 isolates) was determined. Our results correlate with 
the study by Neamatallah et al. (2010), in which they demonstrated that 38% of tested 
eggs were contaminated with potentially toxinogenic micromycetes, of which 1% were 
micromycetes of the genus Fusarium spp.
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Conclusions

Current routine methods for the detection and identification of micromycetes require 
morphological and physiological characterisation, which is relatively time-consuming. 
The results of our work point to the possibility of identifying Fusarium spp. isolated from 
hen’s eggs more effectively and more quickly.
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Fig. 1. Detection of a specific sequence of Fusarium spp. in 5.8S subunit rDNA - 550 bp (Regecová)


