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DISTRIBUCIJA PROTEOLITICKIH, AMILOLITICKIH I LIPOLITICKIH 
BAKTERIJA U KAŠTELANSKOM ZALJEVU 

Nada K r s t u 1 o v i ć and Mladen S o 1 i ć 
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Quantitative presence of proteolytic, lipolytic and amy
lolytic bacteria and their percentage proportion in the total 
number of bacteria was studied in different seasons at four 
stations in the Kaštela Bay (Adratic Sea). The highest num
ber of studied bacterial groups was recorded from station 
C in the area where the majority of municipal and indu
strial effluents are received and spread in the surface 
layer. Increased proportion of individua! physiological ba
cterial groups may be a good indicator of pollution by 
defined organic compounds. 

INTRODUCTION 

The role of heterotrophic bacteria in marine ecosystems is very impor
tant owing to their biochemical activity, that is their ability to utilize and 
decompose dissolved organic matter. Any change in diss,olved organic matter 
quantity in the sea affects the number of heterotrophic bacteria and their 
metabolic activity. 

Bacteria included in heterotrophic group are physiologically very diverse 
concerning their bi-ochemical activities and roles in the process of organic 
matter degradation. 

This paper is a ,repo•rt of the study of three groll.l!ps of heter:,otrorphic bacteria, 
proteolytic, amylolytic and lipolytic, wich play an important role in the pro
cesses of decomposition of complex organic compounds present in municipal 
and industrial effluents. 

The Kaštela Bay is a closed and shallow basin very liable to land influen
ce, with a surface area of 61 km2 and an average depth of 23 m . Its western 
and northwestern pa1rbs are shallowest .aind ,i,ts central pairt deerpest (Zor e, 
1955). It 1s chairactem.zed by great oscilla1tio1I1S of its biolog,icail. and chemical 
parameters. The freshwater inflows are numerous, coming fr.om the Jadro 
River in its eastern par.t, Paintarn stream irn its western part and a number 
of permanent or temporary submarine springs. 
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Mean surface temperature ranges from ll.86°C in wdnter to 22.93°C in 
summer, with annual mean of 17.28°C, while surface salinity range is 
33. 78 X 10-3 (April) to 36.96X10-3 (October) (Zore - A r ma n da, 1980). 

A number of industries is concentrated in this area {concrete, chemistry, 
iron works, food). Therefore the bay is under the constant influence of indu
strial efflue:nts aind loaded by differeint inocgamJic amd arga,n:ic compo1Ut11Jds affect
ing ihe ecosystem of this area. 

MATERIAL AND METHODS 

From February 1982 to 1984, 12 samplings were performed at stations 
A, B, C, D (Fig. 1.), of which four were performed in spring and summer 
and two in autumn and winter respectively. 

At staiions A a1nd B saanples were colJ.ectred from O aind 10 m, at station 
C from O, 10 and 20 m and at station J) fr.om O, 10, 20 and 40 m. 

15• ,,. ts• lf• 

Kaštela Bay 

Fig. 1. Study area 

ZoBell's medium 2216 (Z o B e 11, 1946) was used as a 'basic medium 
for the growth of proteolytic, amyloJytic and LipoJy;m.c bacteni,a. Mediium was 
enriched by defined substances for each group of studied bacteria. 
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Basic medium for proteolytic bacteria was enriched by 0.40/o gelatine. 
Upon incubation, the grown up colonies were affected by Hg Ch solution, 
the co1onies round which a light zone was formed performed the liquefactiion 
of gelatine. 

Basic medi.1um fo,r arnylo1y,tic baoteria was emiched by 0.20/o s,tarch with 
Lugol solution as reagent. Light zones occurred round colonies which perfor
med the hydrolysis of starch. 

In lipoly1lic bacteria the medium was enriched by '16/o Tween-80. Halo 
of insoluble oleic acid released by lipasis, was formed round the lipolytic 
bacteria colonies. 

Incubation, performed at 20°C, took 7 days in all the groups. Total 
counts of bacteria were made by using the acridine orange direct count 
(AODC) techndqiue (H o b b ii e et al., 1977). 

RESULTS AND DISCUSSION 

Mean values of the number of lindividual bacterial groups and their 
percentage pr-oportion in the total number of bacteria are presented in 
Table 1. 

Horizontal distribution 

With respect to the obtained values for studied -bacterial groups parti
cularly pronounced horizonta! gradient was established. Stations B and C 
were for almost an ,o·rder of magnitude richer d.n all bacterial groups than 
stations A and D (Fig. 2) . The highest mean values of both proteolytic and 
lipoJyti,c bacterlia were ,recorded from station C, while rthe mean anruuall. 
value of amylolytic bacteria was higher at station B. The percentage propor
bions of stJudiled baoterial -groups iin the tortal 111'1..l!lllbe[' o,f baoteriia weire higher 
at stations B and C too (Table 1). 

Statinn C ,is iJn the Vranj,ic barun lin the ea.stern pairt of the Kaštela Bay, 
which Js a veiry specific and isolated entirt:y. It is a shaillow basiin, w.ith 
very poor circulation ·(Zore - A r ma n da, 1980). In addition, food industry 
is concentrated there (meat, beer), and a major part of munictpal wastes 
from the town of Split are dischar,ged there . 

.A!ll this led us to oonc1ude that mcreased pro,por,filon of oomplex orgainic 
compound:s ~:roteim.s, Liplids, carbo-hydrates) J,n this part of the Kaštela Bay 
(stati.on C) was favo,urable for the deve1opment of bacteriia which deoompose 
these compounds. Density of studied bacteriial groups decreased with the 
distance from this area. 

Seasonal distribution 

No regular pattern of seasonal distribution of studied bacterial groups 
was established, with the exception for proteolytic bacteria, which showed 
maximum density in autumn and minimum in winter (Fig. 2). Seasonal varia
tions are generruly less mairked for amylolytic an,d 1iipoly1tic bacterlaJ. groups. 
Therefore, it is rather difficult to discuss the occurrences of maximum and 
minimum densities. 



Table 1. Percentage proportions of studied bacterial groups in the 

Total number Lipolytic Lipolytic/ 
Station Season of bacteria bacteria Total 

(AODC x 105 ml -1) (CFU x 102 ml -1) (O/o) 

A Spring 6.5 4.8 0.07 
Summer 6.6 1.8 0.03 
Autumn 8.1 4.6 0.06 
Wdnter 7.1 1.8 0.03 

Mean 7.1 3.3 0.05 

B Spring 7.4 3.5 0.05 
Summer 8.8 22.8 0.26 
Autumn 9.3 14.8 0.16 
Winter 8.5 4.5 0.05 

Mean 8.5 11.4 0.13 

C Spring 10.2 6.2 0.06 
Summer 11.9 15.1 0.1 3 
Autumn 11.6 29.2 0.25 
Winter 8,9 3.1 0.03 

Mean 10.7 13.4 0.13 

D Spring 4.8 1.0 0.02 
Summer 5.3 4.5 0.08 
Autumn 8.4 3.0 0.04 
Winter 6.4 2.8 0.04 
Mean 6.2 2.8 0.05 

total number of bacteria 

Proteolytic Proteolytic/ 
bacteria Total 

(CFU x 102 ml -1) (O/o) 

4.9 0.08 
3.7 0.06 
5.0 0.06 
2.9 0.04 

4.1 0.06 

31.1 0.42 
29.3 0.33 
37.4 0.40 
21.2i 0.23 
29.7 0.35 

30.0 0.29 
22,4 0.19 
85.0 0.73 
19.6 0.22 

39.2 0.37 

5.8 0.12 
3.2 0.06 

11 .8 0.14 
2.2 0..03 

5.8 0.09 

Amilolytic Amilolytic/ 
bacteria Total 

(CFU x 102 ml - 1) (O/o) 

7.3 0.11 
2.4 0.04 
2.9 0.04 
1.8 0.02 

3.6 0.05 

22.2 0.30 
19.7 0.22 
29.4 0.32 
12.8 0.15 
21.0 0.25 

9.1 0.09 
7.6 0.06 

39.1 0.34 
5.2 0.06 

15.3 0.14 
7.3 0.15 
5.2 0.10 
6.1 0,07 
3.9 0.06 

5.7 0.09 
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Certain regular pattern of vertical distribution of studied bacterial groups 
was established at all the stations, except at station A where they were most 
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Fig. 2. Horizonta! and seasonal distribution of studied bacterial groups 
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Fig. 3 Vertical distribution of Proteolytic (--), Amylolytic (- .. -) and Lipolytic 

poorly represented (Fig. 3). Their density was greatest in the surface layer, 
and decreased with depth. Increased density above the bottom was recorded 
only from station D. 

Marked surface maXlima are very likely due to discharges of effluents 
which spreaid 01I1 the surface. In the ,paipesr by P u ch e o:- - Pet kov ii ć {1975), 
which reports on the effects of organic pollution on primary production in 
the Kašte1a Bay, ,these effects were also follll1.d to be best exipressed .iJn the 
surface layer. 

Quantitative relations between studied bacterial groups 

Pro:teolyid.c bactooia occtl[U"ed ii!!l greates,t nurnber throrughout the sbudy a.rea, 
foillowed by amylolytrc bacteria while lipoly,tic bacteda nwnbers were lowes.t 
(Taible 1, Fig. 2) . 

The sbucties of speoifac phys.ioilogica:l bacteria l gmups wn the Adriatiic Sea 
are relatively scarce. Krst u 1 ovi ć (1980) studied the iproportii.on of 
phosipho-mineralizators in the total number of heterotrophic bacteria in the 
Kaštela Bay and at the open sea sta1J~01Us, and C v ii. 1i ć (1955) exami:ned the 
phys1ological activity of heterotrophic bacteria in the middle Adriatic. 
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Increased density of studied bacterial groups in the Vranjic basin in 
relation to the rest of the Kaštela Bay, is verr:y lilkely due ,to the prese.nt 
pollution,that is increased quanmty of proteins and lipids as prnducts of 
meat industry, and carbohydrates as products of beer industry. In this res
pect, studied bacterial groups may be the indicators of pollution by different 
kinds of organic compounds. 

CONCLUSIONS 

The highest numbers of proteolytic, a,myloilytic and lipolybiic ibacteria wa„ 
recorrded from statiio111 C, which :i.s in the airea which ireceives most of 
municipal and industrial effluents. Density of these bacterial gvoups decrea
sed with the ddstance from this area. To conclude, increased proportion of 
individual physiological bacterial groups may be a good indicator of pollu
tion by defined organic compounds. 

No regular pattern of seasonal distribution of studied bacterial groups 
was established, with the excepvion for proteolytic bacterial group which 
showed maximum density in autumn and minimum in winter. 

Verrbical distmi!buitii.Km of ,pr'CJlteoly,tic, amyloly:ttc and liipolyilic bacterr:ia 
showed certain regular ;pattern, manifested by the greatest density in the 
surface layers, most probably due to the di,schairges of efilluen1ls which spread 
in the surface. 
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BAKTERIJA U KAŠTELANSKOM ZALJEVU 
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KRATKI SADRŽAJ 

Kvantitativna zastupljenost proteolitičkih, amilolitičkih i lipolitičkih bak
teriija,, kao i njihovio rpostourno učešće u ukupnom brn,jru balkterti.1je., isrt)rae.ivano 
je sezonski na 4 postaje u Kaštelanskom zaljevu. 

Najveći broj proteolitičkih, amilolitičkih i lipolitičkih bakterija nađen je na 
postaji C koja je smještena u području gdje se ulijevaju otpadne vode grada i 
prehrambene industrije. Dalje je gustoća spomenutih grupa bakterija opadala 
s obzirom na udaljenost od ovog područja. Dakle, povećana prisutnost poje
dinih fazio loških slmpina bakterija može birtli. d!nd~kator zagađenja određenim 
organskim spojevima. 

Nije utvrđena pravilnost u sezonskoj raspodjeli ispitivanih grupa bakterija, 
osim za grupu proteolitičkih bakterija čija je maksimalna gustoća utvrđena u 
jesenskom periodu, a minimalna u zimskom. 

Vertikalna distribucija proteolitičkih, amilolitičkih i lipolitičkih bakterija 
pokazala je određenu pravilnost koja se manife~tirala najvećom gustoćom u 
površinskim slojevima, najvjerojatnije kao posljedica površinskog ulijevanja i 
širenja otpadnih voda. 


