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Summary

Based on the fluorescent microscopy the viability of a number of yeast strains was
investigated. A double staining procedure with fluorescein diacetate and ethidium
bromide was carried out. This method is fast, sensitive and very suitable for
determination of yeast viability. It can be applied for ascomycetes as well as for

basidiomycetes and imperfect fungi.

Introduction

The dominating approaches for research
on yeasts and other important for the bio-
technology microorganisms include quanti-
tative cytochemical investigations. By ap-
plying fluorescent microscopic methods the
content and the stages of DNA-synthesis, the
content of RNA, proteins, amino acids and
some enzymes, the dynamic changes in the
quantitative parameters can be studied [2, 4,
8, 9]. In the food processing industry these
methods are applied for quick detection of
yeasts in fermented dairy products or bac-
teria in frozen vegetables [1, 10].

The investigation of the viability of the
stored strains is the main activity of every
microbial bank. In the cases when quick
estimation of the cell viability is necessary the
introduction of the fluorescent microscope
improves the selective differentiation between

66

dead and live cells. As a fluorochromium
substrate the fluorescein diacetate (FDA) is
used for staining live eukaryotes. It belongs to
the group of the fluorochromes, which
fluorescent as a result of the cell metabolism.

The non-fluorescent FDA molecules pass
undisturbed through the cell membranes and
undergo hydrolysis by the cell esterases
[1,11,13,14]. This way FDA stains cells
characterised by esterase activity and intact
cell membranes, i.e. viable cells. The reaction
results in the formation of a fluorescent
substance - fluorescein (FRC). FRC penetrates
into the live cells and remains in their cyto-
plasm but it diffuses out through the cell
membrane of the dead cells. This effect is a
result of the differences in the cell wall
permeability for non-polar (FDA) and polar
(FRC) compounds.



Contrary to some dyes, which remain
attached to certain organic or inorganic cell
substrates, FDA does not stain dead cells.

Many authors use this kind of staining as
a test for determination of the cell vitality. The
results are detected on a fluorescent
microscope, spectrophotometer [13] or by the
method of flow cytometry [1].

We applied the double staining pro-
cedure, which combined FDA together with a
fluorochrome for staining the dead cells. The
ethidium bromide (EB) or 2,7-diamino-10-ethyl-
9-phenylphenanthrinum bromide bonds speci-
fically to the molecules of RNA and DNA. As a
result from the bonding the stain produces a
fluorescent peak. Edidin [3], Le Pecq and Pao-
letti [7] proved that the complex nucleic acid-

EB was formed only in the areas where base
pairs exist. The dye actually intercalates
between the base pairs. In concentration of
1 ug/ml EB slowly penetrates into the intact
cells. In the damaged ones it enters quickly
and produces bright red fluorescence. These
properties of EB make it very suitable for
staining dead cells in combination with FDA.
Takasugi [12] uses FDA together with EB for
investigation of the viability of mammal cells.
Kenet et. al. [5] apply propidium iodide (an EB
analog) for studying yeast and bacterial cells.

The present paper at the
investigation of the application of the
fluorescent method, which combines FDA
and EB for microscopic determination of the
cell viability of yeasts.
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Materials and Methods

Microorganisms. 32 yeast strains from
the collection of the National Bank for Industrial
Microorganisms and Cell Cultures (NBIMCC)
were investigated. They were representatives of
the three main taxonomic groups: Ascomycotina,
Basidiomycotina and Deuteromycotina. The groups
included species from 18 genera: Saccharo-
myces, Kluyveromyces, Pichia, Torulaspora, De-
baryomyces, Schwanniomyces, Candida, Rho-
dotorula, Sporobolomyces, etc. The research
was performed with three-day cultures on beer
agar in their exponential phase and with
lyophilizates, which had been re-hydrated for
half an hour in physiological solution [6].

Chemicals. FDA was prepared in ace-
tone in concentration of 5 ug/ml and stored at
—20°C. EB was prepared in phosphate buffer,
pH 7.4, in concentration of 50 ug/ml. Before
being used the FDA solution was diluted 1:2.5
and mixed with EB solution equal
proportions [5].

Cell viability determination. Cell sus-

in

pensions in concentration of 3.0 x 10" in phos-
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phate buffer, pH 7.4, were studied. After the
addition of FDA-EB the samples were in-
cubated at 37, 25 and 4°C. The incubation
period varied from 5-10 to 60 minutes. A drop
from the suspension was applied on a slide
and was observed under a microscope. At
least three repetitions were performed at
every experimental stage. For every micro-
scopic slide the number of the dead and live
cells was counted for at least three micro-
scopic fields. This ensured more reliable
estimation of the cell viability. The average
value of the counted cells was turned into
percents. The dead cell standard was
determined after the aliquote parts of the
yeast salt suspensions was mixed and
sterilised.

The observations were realised by means
of Opton microscope, supplied with 450-
490 nm exciting filter and 510 nm stopping
filter. This combination of filters ensured the
simultaneous observation of green and

orange-red fluorescing cells.



Results and

Representatives from eight genera from
the subdivision Ascomycotina, two genera from
Basidiomycotina and eight genera from the
Imperfect yeasts were investigated. The dif-
ferent yeast species gave similar microscopic
picture - the bright green fluorescein colour of
the live cells and the orange-red dead cells,
which had accumulated EB, were clearly visible
on a black background (Fig. 1).

In the control samples with dead cells
only red EB fluorescence was observed. This
fact proved the statement that they had lost
their ability to hydrolyse FDA. The presence of
pigments (melanin, carotin) in some yeast
species (NBIMCC 1688, 1692, 2118 and 2395) did
not impede the correct estimation of their
viability.

Table 1 presents the results from the
investigations of strains in their exponential
phase and also after a different period of
conservation in lyophilized state. The first
analysis was performed after 4 years of
storage, the second - after 8 years.

The strains from genus Saccharomyces
showed some variability in their survival rate.
Brewing, wine and baking yeasts were used
in the experiments. A higher viability was
shown only by the cultures 456 (25.11 %) and
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Discussion

In the cases when the incubation lasted
20 minutes the picture was the clearest. When
the incubation period was longer (up to
60 minutes) the images quickly faded. As for
the incubation temperature, the best results
were obtained for 37°C. This was probably a
consequence from the higher esterase activity
observed at that temperature. For 4°C the
fluorescent signal was the weakest.

B
Fig. 1. Viability determination by means of fluorescent microscopy of: S. cerevisiae 456 — predominant live
cells (A); S. cerevisiae 1249 - predominant died cells (B). Magnitude of 40 x.

1249 (26.83 %) after eight years of storage.
After the same conservation period the gene-
ra Kluyveromyces and Pichia were characte-
rised by comparatively low viability. The spe-
cies P. farinosa and P. dispora were excep-
tions. A big decrease in their viability was
registered after the fourth year of their sto-
rage - from 66.66 % 1016.46 % and from
80.88 % to 3.35 % respectively.

The genus Candida (C. utilis and C. guil-
liermondii) showed the highest viability
among the non spore-producing yeasts after
a long-term storage. Their survival rates were
29.13 % and 17.55 % respectively.

The obtained results led the
conclusion that the culture viability was a
specific property for every strain. Table 1
demonstrates the strong individuality of all
the investigated species.

to



Table 1. Cell viability of different yeast strains determined by fluorescent microscopy.

NBIMCC

Live cells (%)

Lyophilized culture

Name .
No. Vegetative (testing after)
culture
4 years 8 years
Ascomycetes
82 Saccharomyces pastorianus 64.58 24.21 18.17
83 Saccharomyces pombe 63.52 44.77 7.32
456 Saccharomyces bayanus 98.13 71.69 25.11
543 Saccharomyces uvarum 72.10 68.64 5.55
1249 Saccharomyces cerevisiae 30.75 28.15 26.83
1278 Saccharomyces cerevisiae 27.10 5.70 5.26
1279 Saccharomyces cerevisiae 22.07 15.89 12.00
1452 Saccharomyces cerevisiae 95.93 27.50 2.02
81 Pichia farinosa 89.54 66.66 16.46
544 Pichia dispora 98.41 80.88 3.35
1793 Pichia anomala 91.82 6.30 4.96
1795 Pichia anomala 88.68 12.01 9.57
597 Kluyveromyces thermotolerans 79.00 13.44 7.52
604 Kluyveromyces marxianus 88.67 7.79 2.27
998 Schwanniomyces occidentalis 98.34 8.65 6.05
999 Schwanniomyces castelli 71.88 19.35 17.63
20 Torulaspora delbrueckii 99.20 10.20 7.40
1627 Metschnikowia pulcherrima 83.74 4717 22.34
2137 Wingea robertsii 96.00 10.13 7.32
2367 Debaryomyces hansenii 78.00 27.63 22.10
Basidiomycetes
2135 Filobasidium capsuligenum 7.63 5.32 2.24
2403 Sirobasidium magnum 68.11 29.19 28.90
Fungi imperfecti
608 Candida utilis 89.56 76.00 29.13
629 Candida guilliermondii 92.00 46.88 17.55
1692 Rhodotorula rubra 24.59 20.74 3.97
2118 Rhodotorula acheniorum 43.03 16.95 5.60
534 Brettanomyces anomalus 77.00 22.81 2.10
1629 Bullera alba 61.28 29.00 18.96
1688 Sporobolomyces roseus 26.40 23.93 3.56
2361 Cryptococcus magnus 77.94 13.80 -
2395 Phaffia rhodozyma 80.40 38.71 -
2455 Trigonopsis variabilis 98.00 48.62 -
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The genera Saccharomyces, Schizo-
saccharomyces, Torulaspora, Kluyveromyces,
Candida, Rhodotorula gave the best micro-
scopic pictures. Good observations were
realised with the yeasts from the genera
Pichia, Metschnikowia, Cryptococcus, Sporo-

bolomyces, Brettanomyces, Trigonopsis.

Satisfactory results gave the genera

Bullera, = Schwanniomyces,  Zygosaccha-
romyces.
Despite the differences in the

composition and structure of the cell wall in
the above-mentioned yeast groups the results
were distinctive and reliable.

Conclusions

The selective staining of dead and live
cells, followed by observation by means of
fluorescent microscope, gives a very good
notion about the real condition of the growing
(vegetative or lyophilized) cultures for a
definite period of time. It ensures the quick
detection of certain changes in the cell
viability during the period of their con-
servation.

This method can be applied for the
three yeast groups. It also gives infor-
the enzyme
content and the permeability of the cell

mation about intracellular

membrane.
The
enough

investigated yeast groups were
Therefore, the
authors consider this method applicable for

representatives,

other groups of microorganisms, too.
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ONTUMN3NPAH METOA 3A N3CNEABAHE BUTAJIHOCTTA HA APOXXAWN
YPE3 ®JIYOPECLEHTHA MWKPOCKOMNWA

Mapwus HVIKOJ'IOBa1*, Npena CaBOBa1, MwuHKO Mapl/lHOB2

Pe3ome

N3cnegBaHa e krembyYHama >XKU3HEHOCM Ha pasAuYHU wamoBe gpoxgu,
6asupaHa Ha @ayopecyeHmHa Mukpockonusi. ManonsBaHa e gBouHo ouBemsBawa
npouegypa ¢ @ayopecyuH guauemam u emugueB 6pomug, Memogbm e 6bp3,
yyBcmBumeneH U MHO20 NOAE3EH 3a ONPEegeAsIHE XKU3HEHOCM Ha gpoxxgeBu npobu.
YcnewHo Moxe ga ce npuAaza kakmo 3a ackomuyemu, maka u 3a 6a3uguomuyem-u
BugoBe u HecbBbPLWEHU 2b6U.
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