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Abstract 
 
Utilization of various amino acids and carbohydrates by neustonic and planktonic bacteria isolated 
from coastal Lake Dołgie Wielkie was determined. The highest percentage of the bacteria inhabit-
ing this lake used proline and glutamine. Considerably higher percentage of neustonic bacteria 
(FL, SL) than planktonic (SUB) bacteria in their metabolic processes prefered the tested amino ac-
ids. The highest percentage of isolated bacteria utilized fructose and glucose. The majority of 
tested carbohydrates actively used neustonic bacteria isolated from surface layer (SL) than film 
layer (FL) and subsurface layer (SUB). There were no major differences in the intensity of assimi-
lation of amino acids and carbohydrates between bacteria inhabiting particular parts of Lake Doł-
gie Wielkie. 
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drates 
 
 
INTRODUCTION  

 
Populations of heterotrophic bacteria play a key role in process of biological balance 
equilibrium in aquatic ecosystems (Berman et al. 1994). One of main factors affect-
ing the growth of heterotrophic bacteria in water ecosystems is the accessibility of 
alimentary substrates. These substrates are accumulated mainly in form of dissolved 
organic matter (DOM) which is a certainly heterogeneous mixture of thousand 
chemical organic molecules of low and high molecular weight (Farrington 1992). 
Amino acids and carbohydrates constitute two of the major groups of low molecular 
weight chemical compounds accumulated in DOM (Kiel and Kirchman 1993, Tho-
mas and Eaton 1996). Extracellular exudates of phytoplankton and macrophytes, ex-
crements of zooplankton and decomposition products of dead plants and animals are 
main autochthonous source of amino acids and carbohydrates in aquatic basins (Jør-
gensen 1987, Simon and Rosenstock 1992). 
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Amino acids and carbohydrates as small molecules can be taken up directly by bac-
teria, because their assimilation is not limited by transport process of the permeabil-
ity of extracellular membranes and is held without many expenditure of energy. 
These compounds as important sources of carbon and nitrogen are universal alimen-
tary substrate for bacteria used for the cellular biosynthesis and institute for these 
organisms an important source of energy obtained in respiration processes (Tupas 
and Koike 1990, Pantoja and Lee 1994). 
Particular amino acids and carbohydrates that occur in aquatic ecosystems are used 
by the bacterial microflora with various intensity. The aim of the study presented 
here was to determine the metabolic preferences of bacteria isolated from water of 
coastal Lake Dołgie Wielkie in the presence of amino acids and carbohydrates which 
most frequently occur in aquatic ecosystems. 
 
 
MATERIALS AND METHODS 
 
Study area.  The study was carried out in Lake Dołgie Wielkie – a costal lake lo-
cated in the Słowiński National Park. The lake is of 156.4 ha surface with mean 
depth of 1.4 m located within a typical forest catchment basin which makes a natural 
protection zone of this water body. Lake Dołgie Wielkie is a basin showing an ad-
vanced natural eutrophication process. It is characterized by variable physical and 
chemical parameters which stand in close connection with its near-marine location.  
The water samples were taken in summer 2002 from three stations (Fig. 1): 
– station 1 was placed in the eastern part of the lake;  
– station 2 was situated in the northern part of the lake; 
– station 3 was located in the western part of the lake. 
 

 
Fig. 1. Lake Dołgie Wielkie with location of sampling sites 

St. 3 

St. 2 St. 1 
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Sampling. Water samples for bacteriological analyses were taken from three layers. 
Film layer (FL) samples (thickness of 90 ±17µm) were taken with a 50 x 50 glass 
plate (Harvey and Burzell 1972). Surface layer (SL) samples (thickness of 242 ±40 
µm) were collected with a 75 x 75 cm Garrett net (24 mesh net of 2.54 cm length) 
(Garrett 1965). Glass plate and polyethylene net were rinsed with ethyl alcohol and 
distilled with sterile water prior to sampling. The water from subsurface layer (SUB) 
was collected from the depth of about 10-15 cm directly to sterile glass bottles. All 
water samples were collected into sterile glass bottles and stored in an ice-box, 
where the temperature did not exceed 4ºC until they were taken for analysis. The 
time between sample collection and performance of the analyses usually did not ex-
ceed 3-4 h.  
Isolation of bacterial strains. Plate techniques were used in order to isolate neus-
tonic (FL and SL) and planktonic (SUB) bacteria. Water samples were vortexed, and 
then serial tenfold dilutions were prepared with sterile buffered water (Daubner 
1967) to reach final concentrations ranging from 10-1 to 10-3. Diluted samples were 
inoculated by the spread method in three parallel replicates a peptone agar (PA) me-
dium according to Jones (1971). Incubation was carried out at 20ºC for 10 days. 
Then, from the whole surface of the plates or from selected sectors, ca. 30 bacterial 
colonies from each water layer were picked out and transferred to a semiliquid 
(0.5% agar) PA medium. The cultures maintained on this medium after purity con-
trol were kept at 4ºC and used for further investigation in order to determine their 
respiratory activity. 
The ability of the isolated neustonic and planktonic bacteria to utilize various amino 
acids and carbohydrates was assayed in a modified medium B prepared according to 
Donderski and Mudryk (1996). As inoculum, five-day-old bacterial cultures prolif-
erated in liquid PA medium were used. Bacteria were incubated at 20ºC for 6 days. 
Intensity of bacteria growth in the presence of studied amino acids and carbohy-
drates was determined with a SPECOL spectrophotocolorimeter with an appendage 
ER-1, at the wavelength of 540 nm. Light permeability lower than 70% was ac-
cepted to indicate a growth of bacteria. A medium without any bacteria was used as 
blank. Light permeability of the blank was always 100%. 
The study included those amino acids that occur most commonly in water ecosys-
tems, such as: alanine (ALA), asparagine (ASN), cystine (CYS), cysteine (CYT), 
glutamine (GLN), aspartic acid (ASP), glutamic acid (GLU), lysine (LYS), metion-
ine (MET), proline (PRO) and tryptophan (TRP). The following carbohydrates were 
tested: fructose (FRU), glucose (GLU), xylose (XYL), lactose (LAC) and rhamnose 
(RHA). 
 
 
RESULTS 
 
Figures 2-3 present the results concerning the utilization of amino acids in metabolic 
processes by the bacterial microflora isolated from coastal Lake Dołgie Wielkie. The 
presented data show that the tested amino acids were used by the bacteria with vari-
ous intensity. From among 11 amino acids monitored, the highest percentage of the 
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isolated bacteria as source of carbon, nitrogen and energy used proline (52%) and 
glutamine (41%). About 30% of the bacteria inhabiting water Lake Dołgie Wielkie 
assimilate asparagine, aspartic acid, glutamic acid and lysine. However all tested 
sulphuric amino acids (cystine, cysteine, metionine) are not used by bacteria in their 
living processes.  
The bacteria isolated from the particular water layers utilized the tested amino acids 
with various intensity (Fig. 2). Considerably higher percentage of neustonic bacteria 
(FL, SL) than planktonic (SUB) bacteria in their metabolic processes used the tested 
 

Fig. 2. Utilization of different amino acids by neustonic (FL, SL) and planktonic (SUB) bac-
teria isolated from coastal lake Dołgie Wielkie 

 

Fig. 3. Utilization of different amino acids by bacteria isolated from particular part of coastal 
lake Dołgie Wielkie 
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amino acids. There were no major differences in the intensity of assimilation of 
amino acids between bacteria inhabiting particular parts of Lake Dołgie Wielkie 
(Fig. 3). 
Data presented in Figure 4 indicate that the highest percentage of bacteria inhabiting 
water of the investigated lake in their metabolic processes prefered carbohydrates 
such as: fructose and glucose, while least xylose and lactose. Majority of the tested 
carbohydrates was actively used by neustonic bacteria isolated from surface layer 

Fig. 4. Utilization of different carbohydrates by neustonic (FL, SL) and planktonic (SUB) 
bacteria isolated from coastal lake Dołgie Wielkie 

Fig. 5. Utilization of different carbohydrates by bacteria isolated from particular part of co-
astal lake Dołgie Wielkie 
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(SL) than from film layer (FL) and subsurface layer (SUB). It was found out that 
among all tested carbohydrates glucose was the most actively utilized by bacteria 
inhabiting northern part (station 2) of the Lake Dołgie Wielkie (Fig. 5). 
 
 
DISCUSSION 
 
From among many potential sources of organic nitrogen (nucleic acids, amino acids 
and mucopolysacharides) in aquatic basins, bacteria in living processes the most ac-
tively use amino acids (Fuhrman 1990). These low molecular weight organic com-
pounds are universal alimentary substrates preferred by heterotrophic bacteria as 
source of carbon, nitrogen and energy (Fuhrman and Ferguson 1986, Simon 1991). 
Amino acids are the direct precursors of proteins synthesis which make up 60% of 
bacterial biomass and they are also very good respiratory substrates (Simon and 
Azam 1989). These monomers cover 12-50% of bacteria demand on nitrogen and 
rate of their assimilating by these organisms about 100 nM • dm-3 • h-1 (Jørgensen 
1982). In Lake Dołgie Wielkie most frequently assimilated by the bacteria amino ac-
ids were proline, glutamine, asparagine, aspartic acids, glutamic acids and lysine. 
Results of many other studies confirm active using by the water bacteria of glutamic 
acid (Simon and Azam 1989, Mudryk 1994, Donderski et al. 1998), aspartic acid 
(Donderski et al. 1998) and proline (Brown 1991). Simultaneously many scientists 
(Donderski and Strzelczyk 1980, Sepers 1981, Mudryk 1994) notice very active as-
similation of alanine by water bacterial microflora, which in Lake Dołgie Wielkie 
was used only by the small percentage of bacteria.  
Data presented in this paper show that level of intensity of amino acids utilization by 
the bacteria inhabiting various water layers was varied. Generally, higher percentage 
of neustonic bacteria (FL, SL) than planktonic (SUB) bacteria used in metabolic 
processes tested amino acids. These results are in agreement with earlier studies car-
ried out by Dawson and Gocke (1978) and Mudryk and Skórczewski (1998). A high 
percentage of neustonic bacteria which are utilizing amino acids is probably caused 
by higher concentrations of these monomers in the surface layer in comparison to 
the subsurface water (Carlucii et al. 1991). 
Carbohydrates are one of the most important components of organic matter in 
aquatic ecosystems. Free and particulate carbohydrates as basic product of photosyn-
thesis of algae and macrophytes make up over 80% of this production (Means and 
Wijayarante 1984). Two major biochemical processes regulate the inflow of carbo-
hydrates to water. This is enzymatic decomposition of the large molecular polymers 
which are coming in composition of polysaccharides and extracellular excretions of 
phytoplankton’s cells (Münster and Chróst 1990). 
In aquatic basins among total of dissolved carbohydrates, in the highest concentra-
tion occurs glucose and fructose, which can make up to 60% of these carbohydrates 
(Liebezeit et al. 1980, Ittekkot et al. 1984). Glucose is a basic product of algae and 
macrophytes’ photosynthesis, and simultaneously considerable quantities of this 
hexose come from hydrolysis glucan – major of polysaccharide reserve source of 
many algae (Brokmann et al. 1979). Fructose, however, in aquatic environment, be-
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side natural source, may be created as a result of the glucose abiotic isomeration 
(Mopper et al. 1980). 
The data obtained in the present study indicate that glucose and fructose were the 
most suitable carbohydrates for the bacteria isolated from coastal Lake Dołgie Wiel-
kie. Results of presented study indicate that these carbohydrates are important 
source of carbon and energy for bacterial microflora of this coastal lake. There is a 
lot of data in literature (Prieur 1989, Mudryk 1994, Mudryk and Skórczewski 1997, 
Donderski et al. 1998), which indicated active utilization of these low-molecular 
weight organic compounds by bacteria in other aquatic basins. 
In Lake Dołgie Wielkie it was found out that bacteria isolated from surface layer 
more actively utilized carbohydrates than bacteria inhabiting film layer and subsur-
face layer. This data do not correspond with the results obtained by Mudryk and 
Skórczewski (1997) in the Gdańsk Deep, in which carbohydrates were double less 
suitable for the bacteria inhabiting surface layer than film layer and subsurface layer 
of water. 

 
 
CONCLUSIONS 

 
1. The intensity of utilization of amino acids and carbohydrates by the bacteria iso-

lated from coastal Lake Dołgie Wielkie was varied. 
2. The highest percentage of isolated bacteria utilized proline and glutamine, fruc-

tose and glucose, while very few bacteria preferred xylose and lactose; none util-
ized sulphuric amino acids (cystine, cysteine, metionine). 

3. Higher percentage of neustonic bacteria (FL, SL) than of planktonic (SUB) bac-
teria in their metabolic processes used the tested amino acids and carbohydrates. 

4. There were no major differences in the intensity of assimilation of amino acids 
and carbohydrates between bacteria inhabiting particular parts of Lake Dołgie 
Wielkie. 
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WYKORZYSTYWANIE NISKOCZĄSTECZKOWYCH ZWIĄZKÓW ORGANICZNYCH 
PRZEZ BAKTERIONEUSTON I BAKTERIOPLANKTON WYIZOLOWANY  

Z PRZYMORSKIEGO JEZIORA DOŁGIE WIELKIE 
 

Streszczenie 
 
W pracy przedstawiono wyniki badań dotyczących wykorzystywania w procesach metabolicz-
nych aminokwasów i cukrów przez bakterioneuston i bakterioplankton wyizolowane z przymor-
skiego jeziora Dołgie Wielkie. Preferowanymi przez bakterie aminokwasami były prolina i gluta-
mina, a cukrami – glukoza i fruktoza. Bakterie wyizolowane z badanych warstw wody z róŜną in-
tensywnością przyswajały testowane aminokwasy i cukry. Znacznie większy procent bakterii ne-
ustonowych (FL, SL) niŜ planktonowych w swoich procesach metabolicznych wykorzystywał te-
stowane aminokwasy. Większość badanych cukrów aktywniej przyswajały bakterie neustonowe 
wyizolowane z błony powierzchniowej (SL) niŜ z filmu (FL) i podpowierzchniowych warstw wo-
dy (SUB). Nie wykazano róŜnic w poziomie intensywności przyswajania aminokwasów przez 
bakterie zasiedlające poszczególne części jeziora Dołgie Wielkie.  
 
 


