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Abstract

Fluorescent analysis has been applied to the determination of vitality and stress state for 
living freshwater diatom Ulnaria ulna (Nitzsch) Compère (Bacillariophyta). In a population 

-
-

orimeter showed the chlorophyll maximum at 680 nm in living cells and at 520 nm in dead 
ones or in isolated frustules. Histochemical staining of the diatoms for the biogenic amines 

-
rescent method   at 460-470 nm in some cells. 
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Introduction

In the studies of diatom algae populations, there is necessity to 

-

-
trophotometry  and laser-scanning confocal microscopy which 
are still rarely used to study phytoplankton in the laboratory. In 

-
-

many, USA and Great Britain [1-3]. Apparatus was used in the 
study of intracellular metabolism in single cells and cell systems 

Peridinium depressum and the diatom Nitzschia longississima [5, 
 -

toms as unique photosynthetic microorganisms that have a solid 
frustule. 

-
ser-scanning confocal microscopy were not used earlier for 
the analysis of freshwater diatom Ulnaria ulna (Nitzsch) Com-
père (Bacillariophyta) previously been assigned to the large and 
heterogeneous genus Synedra Ehrenber [7] and proposed to be 

light microscope used for the analysis of the development and 
reproduction [8, 9]. We aimed to apply microspectral analysis to 
this widely distributed and ecologically important diatom. Aut-

for stress biological amines dopamine and histamine – were an-
alyzed.

Materials and Methods

Object and Cultivation

Samples were gathered in a small channel in Ghent (Belgium) in 
2012. Single cells of an araphid diatom Ulnaria ulna (Nitzsch) 
Compère were isolated from the samples to start monoclonal 
cultures. During nine year, the last were maintained in a culture 
collection of the algae and microbiota laboratory, Karadag Scien-

-
-

ed in Pushchino laboratory of microspectral analysis of cell and 

cellular systems in Petri plates (3 cm in a diameter) in the medi-
um which included 6.63, 6.51, 3.47 and 5 μg/l of K2HPO4, CаCl2, 
NaCl, MgCl2 accordantly and 2 μg/l of silicagel (Merk, Austria) 
as the source of silicon for the frustule formation. Frustules were 
isolated from organic materials by acid method as shown earlier 
[8,9].

Fluorescence Observation

 
staining for biogenic amines was used as the test-reactions of 
the diatom cells on the object glasses (slides) as described ear-
lier for unicellular probes [10,11]. All experiments were per-
formed at room temperature 20-22 O

were recorded, and images of living cells and their frustules were 
photographed by luminescent microscope Leica D 6000 B(Ger-

-
photometer MSF-15 (LOMO, Sankt-Petersburg) with photocam-
era Levenhuk М300 Base (USA). 
separated volves were recorded and photographed by lumines-
cence microscope Leica DM 6000 B (Germany-USA-Austria), 

with  photocamera Levenhuk М300 Base (USA)  at ultra-violet 
light 360-380 nm excitation and laser scanning –confocal micro-
scope Leica TCS SP-5 (Germany-Austria - USA), laser- 488 nm.

Fluorescent histochemical determination of biogenic amines 
(dopamine, histamine and serotonin) within cells , was carried 
out according to the methods primary described for animal cells 
and applied for plant cell as well [12,13]. Microspores were put 
on object glasses (slides) and moistened by drops of 1% aqueous 
solutions of 0.5 -1% solutions of glyoxylic acid   for dopamine or 

-
ing with the reagent, samples were dried at 50-80°C during 5-10 
min. Fluorescence reactions of forming products was studied 
under luminescence microscope Leica DM 6000 B or by camera 
Levenhuk  M 300 (USA) at the excitation by light 360-380 nm. 

MSF-15 (LOMO, Sankt-Petersburg). 

Results and Discussion

To keep in mind that the algae have photosynthetic activity, we 

-
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Images In Laser-Scanning Confocal Microscopy

On Fig.1 single diatom Ulnaria cell is well seen in 488 nm laser of 

unlike image in transmitted light.

generic levels is based on the morphology of the frustule valves 
[8,9]. During the vegetative phase of the life cycle, the cells of 
diatoms divide in two, and since they carry a protective silica 

like a lid in a box (“box” model), each of the daughter cells gets 

-

ordinary meiosis and sexual reproduction.  

Ulnar-
ia cells in red and green channels of the confocal microscope 
(Fig.2).  In red channels living cells emitted due to chlorophyll.  

chlorophyll.

Figure 1: Ulnaria ulna cell of laser-scanning confocal microscopy  

Figure 2: Ulna 

green channels (right) of the confocal microscope. Laser 488 nm



 
4

 for A Determination of 
Living and Dead Cells

-

is peculiar to chlorophyll. Dead cells with destroyed chlorophyll 
-

dead cells. Frustules cleaned from organic material also demon-

structures seems to be a mixture of phenolic compounds and 
silicon.
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Figure 3: Ulnaria

(a) are well seen in luminescence microscope, and one can dif-
fer dead cells emitted in green (b) here. At UV excitation 360-

the excitation 430-450 nm and has maximum 680 nm peculiar 

-
stroyed, and the emission with maximum 520 nm belong to the 
frustules of diatoms. Individual isolated frustules also demon-

structures consist from phenolic compounds in mixture with 
silicon. 
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Stress Biogenic Amines

Modern view to plant stressory mechanisms considers common 
agents in all kingdoms of living organisms – from microorgan-

such as dopamine and histamine earlier found in plants [14].

presence of biogenic amines as stress indicator [11,12]. As seen 
in Ulnaria cells ( Fig.4) dopamine  and histamine   are present 

-
cal  staining with the reagents   glyoxylic acid for dopamine and 

in control before the staining. Amount of some stressory cells in 
the normal living population (percent per 100 cells) for dopa-
mine was more than 10%, while smaller - for histamine. Howev-
er, high concentration of histamine in single diatoms sometimes 

of individual  cells. We suppose that will be following investiga-
tions of the stress amines in diatoms. A presence of the amines 
known as neurotransmitters in animals and also found in plants 

-
lution of the irritability [13], beginning from ancient unicellular 

-
nescence microscopy permits to follow the investigations. 

Figure 4: Ulnaria

Conclusion

practical work with diatoms in environment if a laboratory has 
elementary luminescence microscope. Red emitted cells of Ul-
naria ulna show that the object has chlorophyll and can live. 
Damaged or dead cells appear to observe in any cases due to 
weak reddish color or green color of their emission, relatively. 

-
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