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THE DYNAMICS OF THE AMOUNT OF TOTAL
PHYTOPLANKTON DNA THROUGH THE YEAR
PROMISES A NEW POSSIBLE INDICATOR OF THE
LEVEL OF TROPHY IN THE LAKE OF SHKODRA

Pérmbledhje: Ligeni i Shkodrés, pjesa Shqiptare, pérfagéson njé nga ekosistemet mé té
réndésishém né vend. T¢é katér stacionet e kampionimit gjaté vitit 2009 reflektuan njé nivel
té trofisé midis ultraoligotrofisé dhe oligotrofisé. Qéllimi kryesor i studimit ishte pérdorimi
i sasisé sé ADN totale té fitoplanktonit pér ndértimin e njé korelacioni té mundshém me pa-
rametrat e tjeré si temperatura e ujérave, pH, klorofili a, qé jané indikatoré té nivelit té tro-
fisé. I réndésishém éshté fakti qé shpérndarja e sasisé sé acidit nukleik té fitoplanktonit nd-
jek té njéjtin rend si klorofili a, duke dhéné né kété ményré sugjerimin e fugishém se ky pa-
rameter biologjik mund té keté pérdorim real si indikator i gjendjes trofike. Gjithashtu, pér
heré té paré, ne patém si qéllim té hetojmé praniné e cianobakterit Syneccococus, njé nga dy
pikocianobakteriet kryesoré né Ligenin e Shkodrés, bazuar né amplifikimin PCR té frag-
mentit t¢ ADN ribosomale. Mostrat nga té katér stacionet pérmbanin fragment me interes,
qé u riprodhua me sukses.

Fjalé kyge: klorofili a, pigmente fotosintetiké, acide nukleike, fitoplanktoni, gjendja trofike

Abstract: The Lake of Shkodra, Albania represents one of the most important ecosys-
tems in the country. The four stations of sampling, during 2009, reflected a level of trophy
between ultraoligotrophy and oligotrophy. Main goal of the study was the use of the amount
of the total phytoplankton DNA for the establishment of an possible correlation with the
other parameters as temperature of the waters, pH, chlorophyll a, which are indicators of the
level of trophy. Important is the fact that the phytoplankton nucleic acid content distribu-
tion follows the same order as the chlorophyll a, giving this way the strong suggestion that
this biological parameter might be of real use as indicator of the trophic state. Also, for the
first time we aimed to investigate the presence of cyanobacteria Syneccococus, one of the
two main picocyanobacteria, in the Lake of Shkodra based on the PCR amplification of a ri-
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bosomal DNA fragment. Samples from the four stations contained the fragment of interest,
which was reproduced successfully.

Key words: chlorophyll a, photosynthetic pigments, nucleic acids, phytoplankton, trophic
state

INTRODUCTION

The ecosystem of Lake of Shkodra is an important ecosystem for Albania and the
region. Many researches were conducted before 90 s on the quality of its waters re-
garding the physical-chemical content mainly. These data showed that the waters of
the lake were being polluted with microelements, which originated from the mines
of Fe and Cu and were brought to the lake from the Drin River (Babani et al., 2010).
Later on, Albania and Montenegro aimed to preserve the values of the lake through
a better understanding of the level of trophy. Thus, the evaluation of the level of tro-
phy based on chlorophyll a content was conducted for the first time in 2009 (Baba-
ni et al., 2010).

Trophic state of the water bodies are classified by four levels (Hakanson &
Bryhn, 2008) from the lower to the higher level of the biological productivity: Oli-
gotrophic (clear and blue water, with very low levels of nutrients and algae), Meso-
trophic (slightly green water, still clear, moderate levels of nutrients and algae), Eu-
trophic (green and murky water, with higher amounts of nutrients and algae) and
Hypertrophic (supersaturated in phosphorus and nitrogen, excessive phytoplankton
growth, poor water clarity). Chlorophyll g, total phosphorus, total nitrogen and wa-
ter clarity are generally used as indicators to measure ,,biological productivity” of
the water bodies or their capacity to support life. The indicators system is useful for
the creation of a clear view on the situation of the lakes and lagoons which are eco-
systems with high biodiversity, as well as for the assessment of the dynamics of en-
vironmental changes (progressive or regressive). It is already reported a direct re-
lationship between phosphorus concentrations, chlorophyll a (algal biomass), and
clarity of the waters because, phosphorus drives algal growth, which then affects wa-
ter clarity (Sanders et al., 2001; Vidal et al., 1999). Among the widely used parame-
ters for the study of the trophic state and for a better understanding of its dynamics,
are also the temperature and pH of the waters. Usually the higher the temperatures
and pH values, the higher the level of trophy.

In this paper we report the use of the phytoplankton nucleic acid content as a
possible new indicator of the level of trophy in freshwater systems (lakes and la-
goons). Total phytoplankton DNA was extracted, analyzed for the purity and quan-
tity, and the data were used to evaluate the relationship with the rest of the indi-
cators. Thus, use of the DNA amount might also help to understand differences in
phytoplankton biomass in the water bodies (Bacu & Babani, 2010). Another aspect
of this study was the preliminary evaluation for the first time of the presence of the
main component of the small phytoplankton of the freshwater systems, picophyto-
plankton species named Synechococcus, in the Lake of Shkodra. The molecular anal-
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ysis was based on the amplification of 16 S-23 S cyanobacterial ribosomal DNA,
which is reported to be successful on the identification of cyanobacteria in differ-
ent locations in the world (Honda et al., 1999; Robertson et al., 2001). The presence
of this species in the lake waters were discussed in the terms of the variable environ-
mental conditions included nutrient content and level of trophy.

MATERIALS AND METHODS

The Lake of Shkodra was monitored from March to October 2009. Coordinates
of the stations were (GPS): St. 1 — N 41° 47 33.0”, E 019° 36’ 72.37; St. 2 — N 41° 47’
08”, E 19° 36’ 627 St. 3 - N 41°47° 10.0”, E 019° 36’ 31.47; St. 4 - N 41° 48’ 21.4”, E 019°
36 85.0”.

Water samples were collected monthly from April to October 2009, at four sta-
tions. Samples were collected in a volume of three liters. Two water subsamples (1 1)
were directly filtered through Whatman GF/F filter. The material retained on the fil-
ters was used for pigment analysis, and DNA extraction in a 1: 1 ratio.

Content of chlorophyll ,,a”, ,,b”, and ,,c” was determined according to the acetone
trichromatic methods using the equations based on the absorption maxima for each
component respectively (with coeflicients of Jeffrey & Humphrey). All absorbance
values are corrected taking in consideration the turbidity of acetone extracts (Jeffrey
& Humphrey, 1975; Lorenzen, 1967; Ston & Kosakowska, 2000).

The phytoplankton DNA was extracted according to Paul, 2008. The purity of
the DNA was evaluated based on Sambrook et al., 1989.

PCR for the determination of the presence of Synechoccocus was run on Eppen-
dorf Master Cycler machine. Primers used to amplify cyanobacterial rDNA were 16
S-1247 F and 16 S-241 R according to Rocap et al., 2002. PCR was run in a 20 ml
solution. Sigma taq polymerase (0.5 U), MgCl , (2 mM,), buffer (1 X), deoxynucleo-
side triphosphates, and 100 pmol of each primer. Temperature cycle was: 94 Ce° for 4
min, followed by 40 cycles of 94 Ce for 1 min, 52 C° for 1 min, and 72 C for 3 min-
utes. Final step was a 10 min stretch at 72 Co. DNA was checked by a 1% agarose gel.

RESULTS AND CONCLUSIONS

The main objective of the present work was to represent the total phytoplankton
DNA as a possible new indicator of the trophic state in freshwater systems. In order
to achieve this, a comparative study on the use of different physical and biological
parameters for the evaluation of the level of trophy in the lake of Shkodra, Albania
was conducted. As previous studies show, the chlorophyll a, total phosphorous, total
nitrogen, and water turbidity are generally used as indicators to measure ,,biological
productivity” of the water bodies or their capacity to support life. However, research
is conducted for more than half a century trying to find other possible bioindicators
of the level of trophy, among which the total plankton DNA.

It has been hypothesized that particulate DNA concentrations could be used to
provide reasonable estimates of living biomass (Holm-Hansen et al., 1968). Indeed,
cell DNA was found to be linearly related to cell carbon for a variety of phytoplank-
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ton species (Holm-Hansen, 1969). In contrast to other cellular constituents, which
vary widely with growth conditions, DNA content of a given cell type varies with-
in a narrow range, typically 2-fold in extent for eukaryotes, with extremes reached
at the beginning (G I phase) and end (G 2 phase) of the cell (Boucher et al., 1991).
The failure of initial attempts (Holm-Hansen, 1969) to reconcile biomass estimates
from DNA, on the one hand, and from particulate carbon, chlorophyll, or ATP, on
the other hand, was attributed to the presence of an important fraction of ‘detrital’
DNA. This assertion was challenged in the case of coastal waters. Field experiments
were realized to test the ability of the cell cycle analysis method to estimate species-
specific phytoplankton growth rates. The attempt to use the double nucleated cells as
a means to check the accuracy of growth rate estimates was not successful. The es-
timated growth rate fits the observed pattern of phytoplankton succession. Further-
more, research on understanding of the ratio among replicating and non replicat-
ing DNA showed that ,,Non replicating DNA” comprises 70-90% of the total phyto-
plankton DNA in oligotrophic oceanic waters (Limnology and Oceanography, 1986,
31(3), 637-645). The DNA content appears to be a scaleable cell component covary-
ing with the carbon and nitrogen contents of the phytoplankton cells (Marcel et al.,
2008). This covariation allows the total DNA content to be used as an accurate, inde-
pendent estimate of total cell carbon biomass in unicellular pelagic phytoplankton
(Sutcliffe, 1968; Marcel et al., 2008).

With present research we aimed to build a correlation among existing bioindi-
cators of the level of trophy and the total phytoplankton DNA variation during the
year in the freshwater system of the lake of Shkodra. Results showed that the amount
of total phytoplankton DNA at the four chosen stations increases during the sum-
mer months (Fig. 1), which corresponds to the phytoplankton chlorophyll content.

Regarding the last (chl a), the lake of Shkodra belongs to the oligotrophy lev-
el (Fig. 2). Taking into consideration the variation of the temperatures and the ph
of the waters (Bacu & Babani, 2010), it becomes clear that there is a linear relation
between temperature (Fig. 3), pH (Fig. 4), chlorophyll content and DNA amount,
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Figure 1. Variation of the amount of total phytoplankton DNA
during March-October 2009.
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Figure 2. Chlorophyll content at the four stations of the lake of Shkodra
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Figure 3. Variation of the temperature of waters at the
Lake of Shkodra, March-October 2009
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Figure 4. Variation of the pH of waters at the
Lake of Shkodra, March-October 2009
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Figure 5. Relation among chlorophyll content and total phytoplankton
DNA amount in the four stations of the Lake of Shkodra

which may be described as, the higher the temperatures, the higher the ph, and both
the chlorophyll and DNA content. Values of the chlorophyll content and total phy-
toplankton DNA were used to construct a graphic, which shows this relation (Fig.
5). Based on the results of this work, we believe that the evaluation of the amount

Photo 1. The 450 bp band corresponding to
the amplified gene fragment of Synechocco-
cus, starting from the DNA template isolated
as total genomic DNA of phytoplankton cells

of the total phytoplankton DNA is one
possible parameter for the evaluation of
the phytoplankton biomass, since the
amount of DNA per cell of phytoplank-
ton is not variable due to physical envi-
ronmental conditions. Measurement of
this parameter offers information on the
amount of phytoplankton cells/unit of
volume of the sampled water indepen-
dently of the intensity of the biological
activity of these cells and in right pro-
portion with the real biomass of phyto-
plankton in specific environmental con-
ditions.

Molecular tools were used to deter-
mine the presence of cyanobacterial pi-
cophytoplankton in the waters of the
Lake of Shkodra. The reasons for study-
ing the bacteria from marine picophy-
toplankton are numerous. First of all,
these are organisms of great ecological
importance; these cells are some of the
principal primary producers of the phy-
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toplankton, which is responsible for half of the photosynthesis on the planet. These
bacteria are therefore prominent actors in global oceanic function, in the carbon cy-
cle, and consequently in the evolution of climate. To our knowledge, there is no pre-
vious research regarding the categories of picophytoplankton of the Albanian ma-
rine and freshwater systems. This way the present work represents a starting point.
The molecular analysis to verify the existence of cyanobacteria Synechococcus based
on the amplification of 16 S-23 S cyanobacterial ribosomal DNA, has been success-
ful on the identification of cyanobacteria in different locations in the world. Results
indicated that this species is present in the waters of the lake of Shkodra, into the
four stations of sampling (Photo 1).

The product was about 450 bp and was reproduced successfully. This presence is
supported from a number of parameters as, the warm temperatures, which are re-
ported to increase the abundance of Synechococcus, the reduced salinity, high nutri-
ent content, which provide optimal conditions for cyanobacterial growth. General-
ly, in more nutrient rich coastal and estuarine environments Synechococcus domi-
nates (Olson et al., 2002).
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