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1 Introduction
The use of cell wall lytic enzymes ranges from 
biotechnology, medicine, through agriculture to cell 
biology research. Major applications of these enzymes are 
related to the extraction of nucleic acids from susceptible 
bacteria and spheroplasting for cell transformation. Other 
applications are based on the antimicrobial properties 
of bacteriolytic enzymes. In addition, transgenic cattle 
expressing lysostaphin in the milk is characterized by 
resistance to mastitis caused by streptococcal pathogens 
and Staphylococcus aureus (Donovan et al., 2005). The use 
of lytic enzymes for the release of recombinant proteins 
from bacteria has been successful in many cases. For 
instance, Yang et al. (2000) used a temperature-sensitive 
lytic system for efficient recovery of recombinant 
proteins from Escherichia coli. Moreover, Žukaite and 
Biziulevičius (2000) applied lytic enzymes to enhance the 
production of hyaluronidase by recombinant Clostridium 
perfringens in the course of batch cultivation. Digestion 
of yeast and fungal cell walls is necessary for many 
experimental procedures. In the cell biology, cell wall lysis 
is used for spheroplast production, immunofluorescence, 
transformation, protein purification, and others. Lytic 
enzymes such as b-glucuronidase are widely used in 

yeast genetics to analyze spore viability after meiosis 
induction. This treatment eliminates vegetative cells 
and breaks down the ascus wall, while spores remain 
unaffected. Spores are thereafter used for random spore 
analysis to investigate spore viability for mutant selection 
or recombination mapping. 

In this study we tested different b-glucuronidase 
concentrations and different incubation times to estimate 
the best timing and concentration pattern for disruption 
of vegetative cells with concomitant spore protection.

2 Material and methods
2.1 Yeast strains, media and growth conditions
Yeast strains:

The genotypes of the yeast strains used in this study are 
as follows:

 y wild type S. pombe h+ 
 y wild type S. pombe h- 

Schizosaccharomyces pombe strains were maintained and 
grown using standard conditions: complete YE medium 
with 5 suplements (YES). Meiosis was induced at 25  °C 
using nitrogen free PMG-N medium.
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2.2 Setting up S. pombe crosses
Freshly growing cells of the opposite mating types on the 
complete solid YES medium were transferred to liquid 
YES to achieve cell density of OD600 = 0.2. Afterwards, 
cells were washed 3 times with sterile water. h+ and h- 
strains were mixed in 30 mL of sterile water and spread as 
a thin straight line on nitrogen free medium. Cells were 
incubated at 25  °C for 2–3 days. Mating efficiency was 
controlled as asci formation using light microscope. 

2.3 Random spore analysis
Three days after mating induction presence of asci was 
checked under the light microscope. Loopful of the cross 
was inoculated with a 200 mL of YES medium containing 
either 4, 2, 1 or 0% of b-glucuronidase (Helix pomatia 
juice) and incubated 2, 4, 6, 8,12 or 24 hours at 37  °C. 
b-glucuronidase is a crude snail gut enzyme that breaks 
down the ascus wall and kills vegetative cells. The spore 
number/mL was counted using a Neubauer chamber for 
cell counting. One hundred spores/plate were plated out 
on YES Agar medium. The plates were then incubated at 
32 °C until colonies were formed.

3 Results and discussion 
To obtain mixture of spores and vegetative cells, wild 
type yeast strains of opposite mating types were crossed 
and plated on PMG-N sporulation medium to induce 
nitrogen starvation which in turn leads to meiosis 
induction (Moreno et al., 1999). Meiosis as specialized 
cell division ensures genetic variability through meiotic 
recombination and production of haploid gametes. End 
products of the yeast meiosis are spores. Random spore 
analysis is a quick method to generate recombinants or 
to analyse mating efficiency (Smith, 2009).

After meiosis induction approximately 80% of cells 
underwent meiosis and formed ascus with four spores.

Three different concentrations of the lytic enzyme 
b-glucuronidase and six time points were used to 
investigate the best conditions for elimination of 
vegetative cells while spores remain unaffected. After 
each time point, the amount of vegetative cells versus 
amount of spores were counted and expressed as % of 
whole cell count (Table 1). The whole cell count represents 

Table 1 Identification of remaining vegetative cell counts after b-glucuronidase treatment

Incubation time % of viable cells

4% glucuronidase 2% glucuronidase 1% glucuronidase

2 hours 24.0 25.0 30.6

4 hours 21.0 19.4 23.8

6 hours 20.0 21.7 23.8

8 hours 16.0 13.4 24.1

12 hours 10.0 3.6 15.4

24 hours 0.0 0.0 1.2
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Figure 1 Evaluation of vegetative cell counts from the whole cell count (%)
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counts of vegetative cells together with spores and was 
assessed as 100%. 

Treatment of the suspension with b-glucuronidase 
continuously reduced the amount of vegetative cells 
in a dose and time dependent manner. Samples with 
the highest (4%) and middle (2%) concentration of the 
enzyme were freed from vegetative cells within 24 
hours after beginning of the incubation, whereas the 
lowest enzyme concentration (1%) did not eliminate all 
vegetative cells (Figure 1). Thus, to reduce the amount 
of vegetative cells to zero and simultaneously protect 
spores from enzymatic digestion it is necessary to use at 
least 2% b-glucuronidase and let it interact at 37  °C or 
24 hours. Moreover, spore recovery, after treatment of all 
b-glucuronidase concentrations was tested and notably, 
from 100 plated spores, 100 colonies were formed, 
which points out to 100% spore recovery after enzyme 
treatment. Other methods of cell wall destruction of 
vegetative cells have been reported as for instance the 
use of elevated temperature to achieve enrichment 
of spores and reduction of vegetative cell counts in 
suspension. Such method is useful for large screens and 
use of selective media for spore selection. This method 
is inexpensive, but does not eliminate all vegetative cell 
from the suspension. For the complete elimination of 
vegetative cells another lytic enzymes, such as zymolyase, 
might be used. Alternatively, it was reported that use of 
ether preferentially destrois cell walls of vegetative cells 
rather than spores (Parenti-Castelli et al., 1974; Dawes and 
Hardy, 1974). Combination of both ether and zymolyase 
is another possible way of vegeative cell destruction 
(Bahalul et al., 2010), however this treatment leads to 
reduction of spore recovery.

4 Conclusions 
b-glucuronidase is a suitable lytic enzyme for cell wall 
digestion of vegetative cells rather then spores.

The best conditions to eliminate vegetative cells while 
spores remain protected is 2–4% b-glucuronidase 
treatment at 37  °C for 24 hours. Spore recovery after 
reported b-glucuronidase treatment is 100%

Acknowledgments 
This work was supported by the Slovak Research and 
Development Agency. Projects IDs: APVV-0636-11 and 
APVV-14-0054.

References 
BAHALUL, M., KANETI, G. and KASHI, Y. (2010) Ether–

zymolyase ascospore isolation procedure: an efficient 
protocol for ascosppores isolation in Saccharomyces cerevisiae 
yeast. Yeast, vol. 27, no.12, pp. 999–1003. doi:http://dx.doi.
org/10.1002/yea.1808

DAWES, I.W., HARDIE, I.D. (1974) Selective killing of 
vegetative cells in sporulated cultures by exposure to diethyl 
ether. Mol Gen Genet, vol. 131, no. 4, pp. 281–289. doi:http://
dx.doi.org/10.1007/BF00264859

DONOVAN, D.M., KERR, D.E. and WALL, R.J. (2005) 
Engineering disease resistant cattle. Transgenic Res, vol. 14, pp. 
563–567. doi:http://dx.doi.org/10.1007/s11248-005-0670-8

KHARE, A. K., SINGH, B., and SINGH, J. (2011) A fast 
and inexpensive method for random spore analysis in 
Schizosaccharomyces pombe. Yeast, vol. 28, pp. 527–533. 
doi:http://dx.doi.org/10.1002/yea.1855

MORENO, S., KLAR, A. and NURSE, P. (1991) Molecular 
genetic analysis of the fission yeast Schizosaccharomyces 
pombe. Methods Enzymol, vol.  194, pp.  795–823. http://dx.doi.
org/10.1016/0076-6879(91)94059-L

PARENTI-CASTELLI G. et al. (1974) Effect of soluble 
and membrane proteins upon diethyl ether extraction of 
aqueous phospholipid dispersions. Lipids, vol. 9, pp. 221–228. 
doi:http://dx.doi.org/10.1007/BF02532197

SALAZAR, O. and ASENJO, J.A. (2007) Enzymatic lysis of 
microbial cells. Review Biotechnology Letters, vol. 29, no. 7, pp. 
985-994. doi:http://dx.doi.org/10.1007/s10529-007-9345-2

SMITH, G.R. (2009) Genetic Analysis of Meiotic Recombination 
in Schizosaccharomyces pombe. Methods Mol Biol., vol. 557, pp. 
65–76. doi:http://dx.doi.org/10.1007/978-1-59745-527-5_6

YANG, Y.G et al. (2000) The application of a novel lytic system 
to the recovery of recombinant proteins in E. coli. Sheng Wu Hua 
Xue Yu Sheng Wu Wu Li Xue Bao (Shanghai). Acta biochimica et 
biophysica Sinica, vol. 32, no. 3, pp. 211–216.

ŽUKAITE, V. and BIZIULEVIČIUS, G.A. (2000) Acceleration of 
hyaluronidase production in the course of batch cultivation 
of Clostridium perfringens can be achieved with bacteriolytic 
enzymes. Lett Appl Microbiol, vol. 30, pp. 203–206. doi:http://
dx.doi.org/10.1046/j.1472-765x.2000.00693.x

http://dx.doi.org/10.1002/yea.1808
http://dx.doi.org/10.1002/yea.1808
http://dx.doi.org/10.1007/BF00264859
http://dx.doi.org/10.1007/BF00264859
http://dx.doi.org/10.1007/s11248-005-0670-8
http://dx.doi.org/10.1002/yea.1855
http://dx.doi.org/10.1016/0076-6879(91)94059-L
http://dx.doi.org/10.1016/0076-6879(91)94059-L
http://dx.doi.org/10.1007/BF02532197
http://link.springer.com/journal/10529
http://dx.doi.org/10.1007/s10529-007-9345-2
http://dx.doi.org/10.1007/978-1-59745-527-5_6
http://dx.doi.org/10.1046/j.1472-765x.2000.00693.x
http://dx.doi.org/10.1046/j.1472-765x.2000.00693.x

