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Abstract 

Metabolic actiyity oS heterotrophic bacteria isolated from coastal lake Łebsko was deterinined using the 
respirometric method. It bas been shown that planktonic bacteria ozidized organie compounds with yarious 
intensity. Caseine hydrolyzate was the most intensiyely oxidized respiratory substrate, whereas cellobiose was 
oxidized the least intensiyely. rn the studieci jake, oxygen was taken up most actiyely by bacteria of the 
Fiayobac:e;ium-Cytophaga group and the genus Pseudomonas in their respiratory processes. The leyet ofmetabolic 
actiyity oS bacteria Srom different parts oS the lake was shown to differ. The oxygen uptake of bacterial mixtures 
was, asa ruje, lower than the sum of oxygen uptake oS singie strains. 
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Introduction 

In aquatic ecosystems, heterotrophic bacteria 
which utilize organic matter as the basic source of 
energy for their Me processes constitute a dominant 
group of microorganisms [8, 10]. In water bodies this 
matter oceurs as dissolyed organic matter (DOM) and 
particulate organie matter (POM). Excretions and re-
mains of dead fitoplankton and zooplankton constitute 
the main source of DOM and POM [2]. Because of a 
great yariety of quantitatiye and qualitatiye composi-
tion of organie matter in aquatic ecosystems, many 
authors haye drawn attention to significant differences 
in the trophic demands of bacteria, and in the leyel of 
their metabolitic actiyity [7, 29]. 

The leyel of metabolitic actiyity of bacteriocenoses 
is an indicatorwhichwell reflects intensity of the proc-
csses related to transformation of organie matter in 
water bodies [34]. In metabolic processes, heterotro-
phic bacteria can utilize as a source of energy a wide 
spectrum of yarious organic conipounds, including 
monomers as weti as polyrners after their enzymatic 
hydrolysis [2, 3]. This is why the intensity of metabolic 
processes depends mainly on theyariety and enzymatic 
actiyity of indiyidual physiological groups of bacteria. 

While determining the metabolic actiyity of bacte-
na is yery important for understanding the ecologicat 
role of those organisms in aquatic ecosysterns, it eon-
stitutes one of the major methodical problems. In spite 

of the fact that a number of yarious methods for deter-
mining metabolic actiyity of aquatic bacteria arc cur-
rently used [13, 14, 31], none of them is free frorn 
methodical errors which could allow to determine pre-
cisely and correctly the leyel of that actiyity. In the 
current study, the respirometric method was applied to 
inyestigate the metabolic actiyity of bacteria. flis 
method, being relatiyely simple, fast and sufficiently 
precise, is often used to measure metabolitic actiyity of 
bacterial microflora [23, 25, 29]. 

The aim of the study presented here was to gam 
information on the potential capability of the mi-
eroflora of lake Łebsko to destruction organie com-
pounds, which was achieyed by determining the meta-
bolitic actiyity of planktonie baeteria. 

Materials aud Methods 

Study Arca 

The study was conducted at estuarine lake Łebsko, 
the largest Polish Baltic Sea coastat reseryoir (Figl). 
This lake is situated in the Siowiński Nationał Park, a 
World Biosphere Reserye. It is an extensiye water body 
coyering oyer 7,000 ha, characterized by a yery smali 
ayerage depth (1.7 m). Conditions there arc interme-
diate between marine and inland enyironment. The 
lake is fed by waters of the riyer Łeba while being 
connected with the Baltic Sea by a 2.75 krn, narrow 



24 

Fig. L Map ot lake Łebsko with location of sampling sites. 

channel. Through this channel water from the sea fiows 
into the lako, causing the water of the lako or of its parts 
to acquire seawater characteristics, resulting in its S%o 
salinity [30]. According to the Venetian system, this 
leyel of water salinity classifies lako Łebsko as a mixo-
oligohaline type, i.e. brackish water reseryior (0.5-
5%o) [6]. 

The studied estuary is a polymictic water basin of a 
considerable leyel of eutrophication. This high trophic 
loyel together with a high concentration of nutrients, 
and the penetration of Iight to the bottom of We lake 
create porfect conditions for the deyolopment of phy-
toplankton, whose bioom lasts practicaity Erom spring 
to autumn. 

The shore of lake Łebsko is coyered with numerous 
emergent macrophytes, among which Phragrnites aur-
tralis., Typka angustifolia, Scirpus lacustris, 
Schoenoplectus lacustris predominate. This yegetation 
forms a beit, sometimes exceeding 100 m, parallel to 
the shore. 

Mu dtyk Z. 

motility, pigment production, morphology, Gram 
staining, Hugh-Loifson"s test, arginine hydrolyzing 
ability, cytochrome oxidase formation, test API 20. 

Metabolic actiyity of 43 strains of planktonic bacte-
na was determined by the respirometric method in a 
Warburg apparatus. Bacteria were multiplied on agar 
slants (Jones 1971) for 72 h at 26°C. Subsequently, they 
were washed off from the slants with 0.01 M of the 
phosphate buffer (pH 7.0), centrifuged at 15,000 rpm 
for 15 minutes and washed twice with the buffer. The 
washed bacteria were resuspended in the same buffer 
to 200 Klett units in a Klett-Summerson cololimeter 
with blue futer (No. 42.), corresponding to 10° bacterial 
celis per cm3. Casein hydrolyzate (Casamino acids yi-

tamin-free, Difco), gtucose, fructoso and cellobiose 
were used as substrates in the study on metabohc 
actiyity of bacteria. 

Metabolic actiyity was measured as oxygen uptake 
in a Warburg apparatus. To each reaction yessel two 
or one cm3 (depending on experimcnts with singie or 
mixed cultures) of indiyidual celi suspensions were 
added; 0.3 cm3 of 20% KOH was placed in the center 
welt togethor with a ftuted futer paper; the side-arm 
contained 1 cm3 of substrate (10pM) dissolyed in 0.01 
M of phosphate buffer of pH 7.0. In the case of casein 
hydrolyzate 5.0 mg of these substrates was used for 
each yessel. The gas phase was air, the temperaturewas 
maintained at 26°C. The reaction yessels were allowed 
to reach equilibrium (15 minutes), and substrate was 
tipped into the main chamber. The oxygen uptake was 
measured for 2 houres while the yessel was shaken at 
120 oscillations per minuto. The rate of endogenous 
respiration was substracted, and the uptake conyerted 
totu 02 ht por io° celis. 

Results 

S ampling 
Wator samples were collocted Erom lako Łebsko at 

three sites (Fig. 1). One of the sites (St. 2) was located 
mid-lake, the othor two wore set in the area of a 
tributary of the riyer Łeba (St. 1), and in the zone of 
the channel connecting the lako with the sea (St. 3). 
Water samplos were taken directty into stenie glass 
bottlcs at depths of 15 - 20 cm, and were transported 
to the taboratory in ice containers not exceeding + 7°C. 
Time intoryal between the taking of a sample and its 
analysis did not exceed 6 hours. 

Experiments 
Strains of planktonie bacteria used in the presented 

study were isolated from water on agar medium pro-
pared according to Jones [17]. Bacteria were indenti-
fied on the basis of data suggested by Buchanan and 
Gibbons [4] and 01iyer [22]. The following charac-
teristics arc basic for the identification of bacteria: 

Resutts of the study on the metabolic actiyity of 
planktonic bacteria isolated from lake Łebsko aro pro-
sented in Fig. 2. On tho basis of those data it has been 
determined that casein hydrolyzate was tho most ac-
tiyely utilized respiratory substrate. The amino acid 
mixture constituting casein hydrotysate was utilized in 
oxidation procosses by oyer 80% of the studiod strains. 
Considerably lower was tho use of oxygen in the bacte-
rial respiratory processos in the presonce of glucoso 
and fructose. The planktonic bacteria of lako Łebsko 
utilizod collobioso as exogonic respiratory substrate 
with the lowest intonsity. 

From tho data presentod in Fig. 3 it can be con-
cludod that tho intonsity of assimilation of respiratory 
substrates by planktonie bacteria inhabiting yarious 
parts of the lake was different. Although in alt study 
sites caseine hydrolyzato was an actiyely utilized respi-
ratory substrate, it was utilized with tho greatost inton-
sity by We bactoria inhabiting tho mid-lake and seawa-
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ter zone (St. 2 and St. 3). Apart from caseine hydro-
lyzate, bacteria relatiyely actiyely in their metabolic 
processes utilized fructose (St. 1 and St. 2) and giucose 
(St. 3). At ali three study sites, ceilobiose as a respira-
tory substrate was utilized with a bw actiyity. 

From the data presented in Tabie 1 it can be 
concluded that in the presence of the substrates used 
in this study, bacteria of the genus Pseudonionas and 
of the F/ayobacteriurn -Cytaphaga group were metabo-
Iicaiy the most actiye. Those bacteria utilized as a 
source of energy alb the respiratory substrates used in 
this study, whereas bacteria of the famibyEnterobacte-
riaceae were able to utilize only caseine hydrobyzate. In 
the presence of amino acid mixture (caseine hydro-
iysate) bacteria of the Arthrobacter-Coiynebacterium 
group and of the genus Acinetabacter were the most 
actiye, whereas in the presence of monosaccharides the 
most actiye were bacteria of the .Areomonas-yibrio 
group. Apart from bacteria of the genus Pseudomonas 
and of the Flayobacterium- Cytophaga group, only bac-
teria of the genus Acinetobacter utibized ceibobiose as 
an exogenous respiratory substrate. 

Fig. 4 presents the results of the study concerning 
metabolic actiyity of pianktonic bacteria and their one-
and two-genera mixtures determined in the presence 
of caseine hydroiyzate, the substrate most actiyely util-
ized by bacteria in their respiratory processes. Those 
data show that respiratory actiyity of bacteriai mixtures 
was as a ruie considerabiy lower than the sum of actiyi-
ties of the strains making up those mixtures. It has also 
been determined that the intensity of oxygen uptake by 
bacterial mixtures comprising strains of yarious genera 
was higher than by one-genera mixtures. Among bet-
erogenous mixtures, cases of complete lack ofrespira-
tory actiyity were noted. 

Discussiou 

In water bodies, deyebopment of bacteria is bimited 
mainly by the accessibiiity of nutritional substrate [28]. 

According to Niewobak [21] and Gossens et ai. [12], 
heterotrophic bacteria respirate 40-80% of the sub-
strate taken up, the remaining part transforming into 
their own biomass. zmyslowska [34] draws attention to 
the fact that in studies concerning determination of 
metabolic actiyity of bacteria it is important to use 
properiy sebected respiratory substrates. In the study 
presented here in order to determine metabolic actiy-
ity of bacteria, caseine hydrolysate and carbohydrates 
in the form of monosaccharides (glucose, fructose) and 
polysaccharides (celbobiose) were used as respiratory 
substrates. Caseine hydroiyzate, a mixture of yarious 
amino acids, was chosen because in manywater bodies 
amino acids occur in often high concentrations, and are 
actiyeby taken up by bacteria [20, 24]. Giucose and 
fructose were used because of the fact that of ali sol-
ubie monosaccharides occurring in aquatic ecosystems 
they reach the highest concentrations and are actiyeiy 
assimiiated by bacterial microflora [3]. On the other 
hand, ceilobiose, which is more difficubt to assimiiate 
by bacteria, was used in this study for comparatiye 
reasons, as it is utihzed oniy by specific physiobogicat 
groups of bacteria [10]. 

The resuits of this study indicate that populations of 
coastal iake Łebsko assimiiated organic compounds 
with yarious intensity. Of ali respiratory substrates 
used in this study, caseine hydroiyzate was metabobized 
most actiyeiy. Actiye utiiization of this amino acid 
mixture by bacteria was aiso determined in coastal sea 
waters [33], estuaries [19], riyers [23], and iakes [8, 29]. 
The ability to actiyely assimiiate amino acids is a com-
mon characteristic in bacterial popuiations. Those bw 
molecubar weight organic compounds are a universal 
substrate preferred by heterotrophic bacteria as a 
source of carbon, nitrogen, and energy [27]. 

In spite of the fact that the results of many studies 
[8, 11, 26, 28] indicate that glucose and fructose are 
actiyeby assimilated by bacteria as respiratory sub-
strates, those sugars were utilized considerably less 
intensiyely than an amino acid mixture in respiratory 
processes by the microflora of lake Łebsko. Those data 

TableL Metabolic actiyity of different genera bacteria isolated from lake Łebsko 

Bacteria 
Num ber 
ofstrains 
studied 

0xygen uptake inpl 02.W1 (ayerage) 

substrates 

caseine glucose fructose cellobiose 

Aerornonas - Hb,io 10 66.72 15.49 25.12 0.00 
Arthrobacter- Co;ynebaetenwn 5 225.51 13,41 4.59 0.00 
Acinerobacter 5 143.05 0.00 0.00 15.21 
Enterobactenaceae 2 28.62 0.00 0.00 0.00 
Ela yobacreriwn - Cytophaga 11 68.79 6.45 23.10 8.89 
Pseudornonas 7 89.62 1.31 0.58 15.01 
Bacillus 1 3.34 0.00 0.00 0.00 
Alcaligenes 1 86.30 0.00 16.53 0.00 
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Figi Oxygen uptake by bacteria in the presence ot casamino acids 
(A), fructose (B), gtucose (C) aS cellobiose (D). 
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Fig. 3. Fercent respiring strains of bacteria in yarious parto of take 
Łebsko 

arc consistent with the results of Hoppe [15] and 
Mudryk [19], which determined that bacteria of brack-
ish waters were characterized by considerably higher 
rnetabolic actiyity in relation to amino acids than to 
monosaccharides. 

Cellobiose asa product of the hydroiysis ofcellulose 
was the east suitable respiratory substrate for the 
bacteria inhabiting lake Łebsko. These data fully cor-
respond with the results obtained by Godlewska-
Lipowa [10] for Mazurian lakes, and by Strzelczyk et 
al. [29] for lakes Tynwal, Jasne, and Jeziorak. 

The data presented in this paper show that the 
intensity of assimilating respiratory substrates by bac-
teria inhabiting different parts of lake Łebsko was 
different. Salinity changes in this water ecosystem 
might haye been a significant factor affecting those 
differences. According to Palumbo et al. [24] and Grif-
fiths et al. [13], salinity changes can influence directly 
the utilization of amino acids and monosaccharides by 
bacteria. The actiyity of accumulating carbohydrates 
by heterotrophic bacteria in the Fraser Riyer estuary 
[1] and amino acids in estuarine lake Jamno [20] was 
increasing with the increasing salinity of water. The 
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Fig.4. Respiratory actiyity of singte strains bacteria and their one 
and two-genera mixtures in the presence ot casamino acids 

Explanations: 
D - sum of oxygen uptake by singie strains 
• - oxygen uptake by bacterial mixtures 

A - Flayobacteriu,n + Flayobacteriurn 
B -Acromonas + Aci-omonas 
C - Pseudornonas + Pseudornonas 
D - Enterobacteriacece + Enterobacteriaceae 
E - Acinetoba eter + Pseudornonas 
F - Arthrobacter + Areornonas 
G - Art/ira ba eter + Acinetoba eter 
H - F?ayobacteriurn + Areornonas 
I - Fin yobacterium + Aptisroba eter 
J - Pseudornonas + Aerrnnonas 
K - Pseudornonas + Enterobaeteriaceae 
L -Aero,nonas ý Acinetobacter 

results of the current study also confirm this tendency 
in relation to amino acids, as caseine hydrolyzate was 
more actiyely utilized by bacteria inhabiting the brack-
ish (St. 2 and St. 3) than the freshwater (St. 1) part of 
Uw estuarine lake Łebsko. 

Studies on metabolic actiyity of one- and two-gen-
era mixtures of planktonic bacteria show that, as a rule, 
the uptake of oxygen by combined strains was lower 
than the sum of oxygen taken up by indiyidual strains. 
According to Strzelczyk et al. [29], a decrease in the 
respiratory actiyity of bacterial mixtures could resuit 
from the fact that in a mixture a double nuinber of 
bacteria were competing for the same amount of sub-
strate as in the case of a single bacterial culture. Addi-
tionaily, respiratory substrates as organic compounds 
could haye been incorporated by bacteria into their celi 
structures insiead of being oxidized. Also, metabolites 
of the bacterial celis themselyes can biock the uptake 
of respiratory substrates. Lemos et ai. [18] draw atten-
tion to the possibility of inhibition of the respiratory 
actiyity of bacteria by substances of bacteriocine char-
acter, which arc secreted by certain groups of microor-
ganisms. Bacteriocines haye a narrow spectrum of ac-
tiyity, and are actiye only against organisms competing 
for nutrients with bacteria synthesizing bacteriocines 
[16]. 
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Wiliams and yickers [32] suggest that in the case of 
homogenous as wel! as heterogenous bacterial mix-
tures, antagonistic relationships connected with the 
production of compounds of antibiotic character can 
occur. They arc usually polypeptides linked to organic 
or fatty acids [9]. As has been shown by Lemos et al. 
[18], the antagonistic effect of antibiotics between hi-
diyidual groups of bacteria is a phenomenon often 
occurring among bacteria inhabiting salt" and brackish 
water bodies. That is why thc possibility of this phe-
nomenon taking prace in the case of the brackish lake 
Łebsko cannot be excluded. 

Chodyniecki [5], while studying yarious combina-
tions of bacteria of the genus Pseudomonas, Aero-
monas „ Vibrio, and Flayobacterium, determined that 
12% of interactions between strains of those bacteria 
were antagonistic in character, whereas 8% were 
stimulating. In mixtures of bacteria from the coastal 
lake Łebsko antagonistic interactions were definitely 
rnore pronounced than stimulating ones. 

The author of the presented study is fully aware of 
the fact that the respirometric method applied herc 
allowed to measure only the potential metabolic actiy-
ity of bacteria, which neyer is identical with that in the 
natura! enyironment. In the laboratorywhere the study 
of the metabolic actiyity was conducted, it was not 
possible to inciude nor to monitor changes in short 
time interyals and in a wide range enyironmental fac-
tors that affect the functioning of bacteria in in situ 
conditions. The obtained data and their ecological 
interprctation can, howeyer, be a significant source of 
information on the role of bacterial microflora in the 
processes of degradation of organie matter, and in 
maintaining the homeostasis of the costal lake Łebsko. 
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