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Abstract 

This study concerns deyelopmental intensity and metabolic aetiyity of heterotrophic bacteria isolated from 
water of the littoral and pelagial zones of the polyhuniic lake Stęgwica. The experiments were carried out with 
humic substances and [3H]-glucose in media with pH 6.0 and 8.0. ft was found that the deyeiopment and 
metabolic actiyity of most strains in the presence of humic substances were higher in the medium with pH 8.0 
than in that with pH 6.0. It was found that humic substances in acid medium had an inhibitory effect on the 
deyelopment and metabolic actiyity of 90% of the strains of bacteria isoiated from littoral zone and of 50% of 
the strains isolated from the pelagial zone. 
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Introduction 

There is stili little information about the role of humic 
substances in aquatic ecosystems and their effect on the 
microorganisms liying in them. According to Jones and 
Salonen [1], the arnount of organie matter ereated in the 
proeess of prirnary production in hunie lakes is too smali 
to maintain a high leyel of secondary produetion. Aceor-
ding to Tranyik and Hffle [2] and Tranyik [3], humic 
substances in dw totat amount of dissolyed organie rnatter 
(DOM) constitute an important source of carbon for hetero-
trophic baeteria. Aceording to those researehers, allochto-
nous organie matter, ineluding humie substances is the main 
souree of earbon for bacteria in dystrophic lakes, proyiding 
up to 90% organie carbon required to maintain the seeon-
dary produetion noted in those lakes. Hessen [4] thinks that 
humie substanees are too poor in nutrients, partieularly nit-
rogen and phosphorus, to be the only souree of nutrient 
substanee for heterotrophie baeteria. Aceording to Jones 
[5], the organie carbon eoming from photosynthesis does 
not play a signifieant quantitatiye role retatiye to the bae-
terial biomass produeed in a humie lake. Howeyer, that 
source of organie matter may constitute a qualitatiyely im-
portant pool of nutrient substrates neeessary for optimal 
growth of baeteria. Aeeording to Wetzel [6] and Hobbie 
[7], in hunie lakes refraetory DOM (ineluding humie sub-
stanees) stabitizes the deyelopment of baeterial plankton, 
enabling it to grow slowiy and steadily, independent of the 
seasonal appearance of autoehthonous organie matter from 

photosynthesis. The objeet of the present work was to find 
out how humie substances affect the rnetabolic aetiyity of 
heterotrophie planktonie baeteria, the intensity of their de-
yelopment, and how their effect depends on the pH of the 
medium. 

Materlais and Methods 

Study Area 

The studies concerned heterotrophie baeteria isolated 
from the surfaee water of the littoral and the pelagial zone 
of lake Stęgwiea. This lalce, whieh formed during the last 
gtaeiation is situated in the Ilawa Lakeland, about 5 krn 
north of the town of Iława. Lake Stegwiea is a highiy 
eutrophized lake of the altoiotrophic type. Jts high hunie 
substance eontent giyes the water brown eoloring, and the 
infiow of caleium-saturated humie substances induees the 
formation of the so-ealled „sweet humus", whieh besides 
containing a large amount of organie matter does not haye 
any significant effeet on the eornposition and quantitatiye 
fluetuations of the basie nutrients [8]. 

Sampiing 

Water samples for mierobiologieal studies were taken in 
the summer (20.07.1996) from a depth of 20-30 cm in the 
littoral and pelagial zones of lake Stęgwiea using a Ruttner 
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sampler. The water was poured into stenIe glass bottles, 
then placed in a container with ice (tlie temperature inside 
did not exceed +7°C), taken to the laboratory and analyzed 
immediately. Generaily, the time between sample cotlec-
tion and analysis did not exceed 6 kours. 

Isolating Bacterial Strains 

The strains of bactenia were isolated using tke spread 
plates metkod and iron-pepton media after Ferrer, Stapert 
and Sokolski [9]. Water sample diluted witk stenIe buffer 
water [10] was plated oyer tke medium surface, and after 
10 days of incubation at 20°C, bacterial colonies were ran-
domty isolated and transferred to a semisolid iron-peptone 
medium. After checking the purity of the cultures, the stra-
ms were stored in a refrigerator at +4°C for further study. 
Eyery two months they were transferred to a fresk semiso-
lid medium. 

Measurenient of Deyelopment Intensity 
of Bacteria in the Presence of 1-lumic Substances 

The bactenial strains were multiplied on slants of 
iron-pepton medium at 20°C for 72 hours. Next the bacteria 
were washed off with 3 cm3 physiological salt solution 
(NaCI 0.85%), centrifuged at 15000 rpm for 10 minutes, 
and the bacterial sediment was washed twice with physio-
logical salt solution. The washed bacteria were resuspen-
ded in physiological salt sotution, adjusting the optical den-
sity of the suspension to 0.15 yalue at wayelength ? = 560 
nm (corresponding to about iO° bacterial cells per cm3) 
using a Spekol 221 spectrophotometer (Carl Zeiss, Jena). In 
order to determine the intensity of bacterial deyelopment in 
the presence of humic substances as the only source of 
organic carbon and nitrogen, one loopful of bactenial sus-
pension (prepared as aboye) was used to inocutate mineral 
medium B containing: K2HPO4 - 1.0 g, KNO3 - 0.5 g, 
MgSO4 7H20 - 0.4 g, CaCl2 - 0.2 g, NaCI - 0.1 g, FeCl3 

0.01 g, H20 (dist.) - 1000 cm3, to which humic substan-
ces sodium salt (Fluka) were added until a concentration of 
100 mg dm3 was obtained. The intensity of bactenial 
deyelopment was estimated after 3 and 6 days of cultuning 
at 20°C by measuring the turbidity of the medium com-
pared witk a blank (uninoculated medium) by means of 
a Spekot 221 spectrophotometer (Carl Zeiss, Jena) at waye-
length = 560 nm. 

Determination of Metabolic Actiyity of Bacteria 
in the Presence of 1-lumic Substances 

The metabolic actiyity of the bacteria was determined 
by measuring the rate of incorporation of [3H]-glucose as 
cometabolite of humic substances. The bacterial strains we-
re multiplied at 20°C for 72 hours in fluid medium A after 
Lechead and Chase [12], with pH 6.0 and 8.0. Then 9 cm3 
bacterial suspension was cotlected from each culture (in 
duplicate) and centrifuged at 15,000 rpm for 10 min. The 
bacterial sediment was washed three times with mineral 
medium B (as aboye) and finally the washed bactenia from 
the first replication were resuspended in 5 cm3 mineral 
medium B with a supplement of 100 mg dm3 humic 
substances sodium salt (Fluka). From these senes, 1.2 cm3 

bacterial suspension was taken in six replications and trans-
ferred to Eppendorf flasks (3 samples for study and 3 cont-
rois). To each sample for study were added 0.1 cm3 
[3HJ-gtucose aquatic solution (0.1 jiCi = 1.2 ng glucose) 
and 0.1 cm3 isotope uniabelled glucose solution (40.8 ng 
gtucose). After being stirred, the samples were incubated at 
20°C for 2 hours. The incubation was stopped by adding 
0.1 cm3 40% formalin to each sample. To the control samp-
les 0.1 cm3 40% formalin was added at start of the cx-
periment (at time t0), and after 15 minutes 0.1 cm3 
[3H]-glucose sotution and 0.1 cm3 isotope unlabelled gluco-
se solution were added to each sample. The formalin-fixed 
samples, both expenimental and control, were centnifuged 
at 15,000 rpm for 20 minutes, the sediment was washed 
three times witk mineral medium B. then I cm3 scintil-
lation liquid Opti Phase Hi Safe was poured oyer the sedi-
ment and the whole was stirred thoroughly. Bactenial celi 
radioactiyity was measured in a Wallac 1409 Liquid 5cm-
tillation Counter. The amount of glucose incorporated was 
calculated from the formula: 

- PG= x(S)x, 
(R51,) 

where: 
PG - rate of gtucose uptake by the bacteniat suspension 

tg glucose cm3 . h") 
- radioactiyity in expenimentat samples (DPM) 
- nadioactiyity of controt samples (DPM) 

Rgiu. - totaI radioactiyity of the added [3H]-glucose 
(DPM) 

S - total concentration of substrate, i.e. isotope + un-
labelled glucose (30 .tg . dm3) 

T - incubation time (2k). 

Considering the different numbers of bacterial celis in 
the particular sampies, the nesults were normatized to one 
celI acconding to the formula: 

SPG 
= 

whene: 

SPG - .tg glucose cell" - Jr" 
PG - rate of glucose uptake by bacterial suspension 

(„ig glucose dm . Jr") 
N - number of bactenia in the suspension used in the 

test (cells . dm3).. 

Results 

The deyetopment of planktonic bactenia isolated from 
the pelagial and the littoral zones of lake Stęgwica in the 
presence of humic substances is illustrated in Figs. I and 2. 
It follows fnom them that except for stnains Li and P1, 
which deyeloped better in the medium with pH 6.0, alI the 
nemaining bactenia showed mone intensiye deyelopment in 
the medium with pH 8.0. 

From the studies carnied out in alkaline medium (with 
pH 8.0), it also follows that most of the strains isolated 
from the littoral showed greaten metabolic actiyity in the 
presence of humic substances than the cultures kept in 
a minerat medium containing glucose as the only sounce of 
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Fig. 1. Intensity of deyelopment of bacteria isoiated from the lit-
tora! zone of Stęgwica lake in medium B with kumie substances 
added. 
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Fig. 3. Metabolic actiyity of bacteria isolated from the Iittoral zonc 
of Stęgwica iake in medium B with kumie substances added. 
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Fig. 2. Intensity of deye!opment of bacteria isolated from the pela-
gie zone of Stęgwica lake in medium B with kumie substances 
added. 

Tobie 1. yalues of SPG bacterial strains isolated from the IittoraI 
zone of lake Stęgwica. 

Studied pH 8.0 pfl 6.0 
strain Medium t*" Medium 2*2 Medium I Medium 2 

LI 2.268318.07*3 7.131868-07 1.014648-06 5.300198-07 
L2 6.159528-06 6.233828-06 2.37858-06 2.98178-07 
Li 4.864928-07 5.207048-07 3.809368-07 3.067878-08 
JA 3.685228-07 3,693348-07 2.407418-06 2.06655-07 
L5 3.876318-07 7.675618-07 1.496268-07 2.322355-08 
L6 3.322388-06 3.618138-06 3.692288-07 2.986398-07 
L7 5.877588-06 5,272068-06 6.05368-06 4.390178-06 
LS 1.088828-06 t.305598-06 6.091175-07 7.852658-07 
L9 5.228178-07 3.800055-06 3.875698-06 3.759818-06 

MO 8.38158-07 7,876448-07 1.310988-06 3.447518-07 

Bxp!anations: 
*1 

- Medium I - medium B without humic substances, 
*2 

- Medium 2 - medium B with humie substances added, 
*3 

- yaiues SPO per 1000 bacterial cel! 

carbon and energy (rabie 1, Fig. 3). A similar phenomenon 
was found in bacteria isotated from the pelagia! of tke Jake 
under study: oniy in the case of strain P6 a drop in metabo-
lic actiyity was obseryed in tkat pH (Tabie 2, Fig. 4). 

In acid medium (pH 6.0) kumie substances had un in-
hibitory effect on most bacteria isolated from the iittorai 
zone, causing a drop in their metabolic actiyity. The beha-
yiour of strains isolated from the pelagial zone was flot so 
ezpiicit. Half of tkem showed un increase in metabolic 

Fig. 4. Metabolic actiyity of bacteria isolated from the pelagie 
zone of Stęgwica take in the medium B with kumie substances 
added. 

Tobie 2. yaiues of SPO bacterial strains isotated from the pelagie 
zone of lake Stęgwica. 

Studied pR 8.0 pEl 6.0 
strain Medium 1*1 Medium 2*2 Medium I Medium 2 

Pt 0.00256391*3 0.0172505 5.579155-07 5.621165-07 
P2 6.547478-06 0.0002524 4,05688-07 I .647795-07 
P3 0,000i20949 0,000152862 6.194225-06 6,7792255-07 
P4 3.742118-07 6.97978-07 5.173998-07 5.664975-07 
PS 2.836415-06 2.955595-06 9.832888-07 1.485365-06 
P6 2.872515-06 1.08415-06 2.988758-06 8.076678-07 
Pl 3.549635-07 8.753285-07 3.861285-07 1.705515-07 
P8 2.679385-08 I .424635-06 2.962128-06 5.020965-07 
P9 8.202728-05 0,000285291 t.23765-06 4.840478-07 

PlO 2.002378-06 3.0300048-06 3.159985-05 3.573515-05 

Explanations: as in Tobie 1. 

actiyity in tke presence of kumie substances, whiie the 
remaining showed a decrease. 

It follows from the present studies that the effect of 
humic substances on deyetopmental intensity arid metabolic 
actiyity of bacteria ciearty depends on the pH of the 
medium. In the alkntine medium (pH 8.0), kumie substances 
inhibit the deyetopment and metabotic actiyity of bacteria 
to a iesser degree tkan in the acid medium (pH 6.0), and in 
some cnses tkey eyen stimulate the processes in question. 
Acid medium (pH 6.0) causes an increase in inaccessibiii-
ty, and eyen un effect of toxicity of kumie substances for 

-ó pń „„„ pń15" 
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most microorganisms, which is reflected by a drop in their 
metabolit actiyity and rate of deyelopment. 

Diseussion 

Heterotrophic bacteria constitute the most important 
group of organisms participating in the transformation of 
matter and energy in etosystems. In lakes they mineralize 
more than half the organic matter [12]. The metabolit ac-
tiyity and growth rate of the number end biomass of bac-
teria depend to a large extent on enyironmental factors such 
as: temperature, oxygen content, concentration of hydrogen 
ions, and on the quantity and quality of accessible nutrient 
substances. 

The organic substances contained in dissolyed orgnnic 
matter (DOM) occur both in the form of simple, easity 
assimilable compounds (amino acids, monosaccharides) 
and in the form of macromolecular compounds. While the 
lowmotecular substances constitute the nutrient base for 
many groups of microorganisms, the macromolecular tom-
pounds (> 20kD) cannot be assimilated directly but must 
first undergo enzymatic hydrotysis by exoenzymes. That 
process is carried out most effectiyely by heterotrophic 
bacteria. Considering that in polyhumic lakes humit 
substances constitute the major part ot" DOM, those 
substances arc a quantitatiyely essential sourte of carbon 
for microorganisms [7]. 

The present results indicate that the atkatine medium 
(pH 8.0) is most fayourable to humit substance biodeg-
radation by heterotrophic bacteria. Considering that most 
polyhumic lakes arc strongly atid, this may proyide a par-
tial explanation of the occurrence of those substances and 
their inaccessibility to bncteria. Howeyer, in the case of 
lake Stęgwica the problem seems to be more complicated, 
since its pH ranges nround 8. The fayourable effect of that 
pH obtained in the present studies may be partty due to 
adaptation of the microorganisms liying there. The pH of 
the medium as an external factor has a definite effect on 
microorganisms, and in particular on the actiyity of their 
exoenzymes. In studies concerning the actiyity of bacterial 
exoenzymes, the optimal pH for fiye of them has been 
established by Munster et al. [13]. According to those 
authors, glucosidases (a- aud 3-glutosidases end exocel-
lobiohydratases) showed maximum actiyity at pH 5.4, 
while leucino-aminopeptidase at pH 7.8. In the case of 
phosphatases, two optima of actiyity haye been found: 
a higher one at pH 5.4 and a slightly lower one at pl-f 8.5. It 
follows that the batteria shoutd show maximum metabolit 
actiyity in acid medium. 

In our study of samples with humit substances supple-
ment, howeyer, higher metabotic actiyity was noted at pH 
8.0 (Figs. 3 and 4). James [14], while studying the effett of 
humic substances on the rate of bacterial biomass produc-
tion, noticed a fayourable effect of these substances on the 
parameters under study, but only at concentrations not cx-
teeding 20 mg dm3. At higher concentrations humit sub-
stantes were found to haye an inhibitory effect on the dc-
yelopment of microorganisms due to the large amounts of 
phenol tomponents otturring in them. The humit substan-
te contentration used in the present study was 100 mg 

dm3, since in our eartier work [15] it was found that that 
was the tontentration at which microorganisms showed 
maximum biomass intrement. It must be stressed that Ja-
mes [14] used natural humic substantes isolated from n 

lalce (whith arc known to be characterized with great 
yariability), wbite in the present study commercial humit 
substantes were used (humit substantes sodium salt, 
Fluka), whith maybe tontain fewer phenol tomponents. 

There arc also good grounds for presuming that phenol 
groups contained in humit substances may show different 
inhibitory effects on heterotrophit batteria. Attording to 
Steelink [16], in alkaline solutions the humit substances 
matromoletule twist is stronger than in atid solution. With 
this kind of tonformation, components of hydrophobit cha-
racter arc closed inside the matromoletule, while mainty 
polar aliphatic hydrocarbons arc exposed externally. In this 
situation the latter tan be enzymatically tut off and sub-
sequently metabolized by batteria. Lowering of pH causes 
loosening of the matromolecule"s strutture and a reduction 
of the number of twists. Such conformation should, on the 
one band, facilitate mitroorganism access to the partitular 
components, but on the other band it makes phenol groups 
exposed outside cause inhibition of enzymatit attiyity [17]. 
That presumption was tonfirmed when after adding polyyi-
nylpirotidyne (PVP - which inactiyates phenol groups) to 
the humit substantes solution, the attiyity of the particular 
enzymes was found to be 10-23% higher tompared with 
control samples [13]. 

The higher metabolit actiyity of hatteria in the presente 
of humit substantes and in the medium with pH 8.0 obser-
yed in the present study is probably a deriyatiye of the 
thanges in tonformation of humit substante macromolecu-
les. Onty in the tase of strain PW was metabolit attiyity 
found to be higher in atid medium. Howeyer, that par-
titular strain showed similar properties in samples deyoid 
of humit substances, which suggests that atid medium is 
optirnal for its deyelopment. That interpretation is suppor-
ted by the fatt that many of the remaining 19 strains in 
samples deyoid of humit substantes showed higher meta-
bolit attiyity in the medium with pH 6.0. That rules out 
adaptation to nnturnl reattion as the main fattor increasing 
thc strains; attiyity in pH 8.0 in the presente of humit 
substantes. Moreoyer, eight of the strains from the littorat 
zone showed intreased metabolit actiyity in alkaline me-
dium in the presente of humit substantes tompared with 
samptes with the same pH deyoid of humus. That suggests 
that under proper conditions humit substantes may haye 
a fayourable effett on the actiyity of batterial cells and 
tonstitute an important source of nutrient substances. 

Though a similar result was obtained for only one half 
of the strains isolated from the pelagial, it must be taken 
into attount that humit substantes get into lalce Stęgwica 
mainty from the tatchment area, where probably a large 
proportion of microorganisms arc capable of biodegrada-
tion of humit substantes. That is why more bacteria pre-
yiously adapted to the presence of humit substances may 
ottur in the littoral than in the pelagial zone. Adaptation of 
bacteria to humit substances has been found by Tranyik 
and Hffle [2]. In their experiment, strains toming from 
humit lakes deyelopcd muth better in the presente of phe-
nol components than those isolated from non-humit lakes. 
In Katinowska"s [15] experiment, in the presente of humit 
substantes as the sole sourte of tarbon and nitrogen bat-
teria showed a slow, gradual increasc in biomass, followed 
by a slight detrease in numbers and biomass in the sample, 
then another intrease. Atcording to Tranyik [3], the in-
trease rate of the batterial biomass in humit lakes is dirett-
ly proportional to the amount of humit substantes octur-
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ring in them. Tranyik and Hbffle (2] found that bacteria 
isolated ft-om potyhumic lakes were capable of growth in 
the presence of phenot, which imitated humic substances in 
the ezperiment. 

They also found that, although the curyes of growth rate 
from strains ft-om humic and non-humic lakes were similar, 
the production of bacterial biomass in the presence of phe-
nol was twice as much in cultures isolated from humic 
lakes. Moreoyer, they obseryed that the increase in biomass 
bacteria isolated from humic lakes was due mainly to the 
decomposition of phenol, and only partly to metabolizing 
glucose, while with the cultures of strains from non-humic 
lakes the reyerse took place [2]. Those data confirm our 
results, indicating tInt for bacteria of polyhumic lakes hu-
mic substances constitute a substantial poot of assimilable 
organic matter. 

Likewise, the results of the experiment carried out in 
this study, aimed at estimating the intensity of bacterial 
deyelopment in the presence of humic substances as the 
only source of carbon, lend support to the presumption that 
HS can constitute an important source of accessible organic 
matter. As follows from Figs. 1 and 2, the medium with pH 
8.0 proyided better conditions for bacterial deyelopment 
than the medium with pH 6.0, which lends additional sup-
port to the aboye data. The results of the present studies 
confirm earlier obseryations conceming the ability of hete-
rotrophic bacteria to use humic substances as nutrient sub-
strate, particularly at higher pl-I. 
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