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Under determined conditions sea baderia decompose about 50 % of 
all the organtc matter in the sea,, and about 50% of the matter re:sists to 
the action of bacteria. About 60-70% of the decompo,sed matter is 
oxildiate-d and 30--40% is utHized for the synthesis of bacterial cellular 
mattJer (W 1aJ k s m a n and C a r e y 1935, Z o B ,e 11 and G r ia1 n t, 1943). 
The multiplication of bacterta; in sea water is therefore • conditioned 
chidly to the quantity of disponible organic matter. Investiga.tions further 
more proved that the bacterial decomposition of organic matter, respec
tively the multiplication of sea hacteria, is cond!iitioned to a lot of factors. 
S,o, were examined the influence of V'a.rious kinds of organic matter, the 
influence of temperature, the quantity of oxygen, ithe volume of water 
and some other factors (W h i p p 1 e 1901, W a ks m a n, C a r e y .and 
Reu s '.Z e r 1933, W a ks m a n and R e nn 1936, Z o B e 11 land A n
d e r s on 1938, Z o B e 11 1940 and 1943, and 1others). 

Up to the present day it has · been ascertia1ined that the H-1Lon 
concentration has a r emarkable effect on the productivity and activity of 
th~ enzymal sy,s,tem of bacteria, on ibhe structure of the products from 
bacterial assimi1aitions and dissimi1'aitions of some carbohydrates (Watt 
and W e r km a n 1951, O s bor n et a 1. 1937 cit. vV e r km a n an1d: 
Vi/ i 1 s on. 1951) on the mulUpLication of various ibacterial species 
(Step h e n s on 1949) and cultures (Kn a y s i 1951). The influence of 
this factor on the multiplication of se,a, bacterfa1 and respectively on the 
i.ntensity ,of decomposition of organic matter in sea water, is unknown 
up to day. This is why we undertook to investigate the effect of H-ion 
concentrations on th8 multiplioa:tion of heterotrophic sea ba:dieria under 
laboratorial cowd~tions, since thefr numher permit to form conclusions 
about the 1intiensity in the process of decomposition of organic matter 
in water (K ris s 1954). • 

I aro glad to be able to express my gratitude to my collaborators, 
the 1a;boratory-technicians Ojdana Ma r o vi ć and Peter Bi l 1 ć, for 
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the assistance they lent to me in c,a.rrying out the experiments as w2ll 
as in the technical work in the compilation of the m3..nuscr1pt: 

Method ofwork 

In five flasks provided with wide necks, which were previously 
stenillized, we poured in each 9 ht. 10f sea water, filtered! through thick 
flilter-paper, in order to remove from the water all organisms, • excepb 
bacteria. The flasks were marked with the letters A, B, C, D and K. The 
flask »K« was the so-called c-ontrol flask, i.e. in this flask the f.Hon 
concentration was left unchanged. In the 01ther flasks we altered the 
H-ion concentration by adding 2% HCI. In order to prevent the 
compensation of t'he consumed oxygen in the water during the 
e;{periments we put into each flask on the surfiaice of the water a lay0r 
ab:l'llt 3 cm. thick of raw engine o!il twice sterilized. Through the cork 
.stopper were let down till the bottom, s-ome thin glass tubes • through 
which every 24 hours were taken samples o.f water for analysis. The 
fliask:s, during the time while the ex:periment lasted, were kepb in the 
dark at a temperature of the air varying from 20 to 24° C. 1and the 
avernige temperature of tihe water was of 22,4° C. 

The number of heterotrophic bacteria, namely of sea-water bacteria 
which under liaiboratmrial condlitions can multiply on the nutrient broth 
of organic composita.-ons, was determined by the method of bacterial 
counting on dishes with the use of the usual ag;a1r-bases. (C vi i ć 1953). 
As we expected to find large quantities of baieterial cells in water, we 
proceeded to the dilutlion o.f the original wa;tler from the experiments 
with .sterile sea water in a proportion of 1 :100 till 1 :100.000. We 
inocul,ruted 10 cm3 of nutrient hroth with 1 cm3 of dilubed water sample, 
the cultures were incubated for 7-8 days at 1ru temperature of 24° C. 
and for the counting of the c-olonies we used a magnifying glass and a 
Helige-appara;tius. Each sample of water wa;s parallely inoculiaited on 3 
Petri~dishes and the arithmetical mean was taken as the number of 
baicteria per 1 cm3 of water in the experiment. 

To determ!ne the H-ion ooncentration we used the electric pH-meter 
(_Radiometer-pH-meter 22, Copenhagen). The quantity of oxygen in the 
\Va:t1er was determined by a somewhat modifiedi Wlinkler's method. The 
samples of water for ana1lysis from the flasks in the experiment, were 
t ,aiken every 24 hours. All the experiments were repeated thrice under 
the same conditions, and as the variation in the results were insignificant, 
all further repetitions were deemed useless. 
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Experiments and Results 

For the sake of a basic 10:rientation, before the very examina1tion of 
the growth of heterotrophic bacteria in the various H-ion concentrations, 
it waiS necessary to examine the behaviour of pH medium in the varfous 
spe-eds of development aI11cli multiplication of heterotriophic sea bacter~a, 

since about them, up to now, we have no data yet. 
We availed ourselveis of the experience o,btained iby Z o B e 11 (1941 

and 1943) who has ascertained that in flasks hiaiving 1a larger surface of 
attachment richer bacterlial populations are developed. In three flasks 
containing 10 1. we augmented the surface ,of att1achment in different 
w;a,ys, i.e. in one flask (A) we left the normal surface, in the second. (B) 
the surface of :attachment was augmeilll'ed by putting iitn the bottom of 
the flask a layer 3 cm. thick o.f well washed sea sandi, and in the third 
flask (C) besides sand were also put three upr:i:ght small bundles of gliB.ss 
tubes. The flasks were sterilized in autoclave and then into each o.f them 
was poured 9 lit. of original sea . water. The experiment lasted 16 dia1ys 
and confirmeid! 1our expectations. In the flask »A« the development WG!S 

the weakest, i.e. the maximal development was a;titained on the fourth 
day and amounted to 17X l03 biacteria per crna. In the flask >> B« th~ 
maximal bacteri,aJ development was attained on the thlird day (175X l0'1 

bacteria p2r cm3
.) and in the flask »C« the maximum was on the third 

day 1amd amounted to 358X l03 bacteria per cm.3. and consequently rt1 was 
the highest. After having attiadned the maximal development, the number 
of bacteria suddenly dro,pped off • in all the three fLasks and after 6-7 
days it at.tained the avera.ge o.f 5 Xl03 bacteria .Per cm3

• 

The H-ion concentration in the flasks wa1s measured every day and 
the results are shown in F i g. 1. - It appear,ed that during the 
development of the bacterial cultures pH rather fluctuia:ted, but that in 
that fluctuation there were ma:inly two s:t:ages. From the beginning of the 
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F i g. 1. Behaviour of sea water H-icn concentration in different cultures. A : 
poorer. B: middle ·and C: richest bacterial culture. 
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experiment (ph - 8,02) till the seventh dia,y in all' the three flasks pH 
suddenly 1diropped off till 7,60 and then, af:t;er a certain standstill it again 
beg,an t10 rise and on the sixteenth day amounte-d to 7,7'2, till 7,79. We 
might therefore conclude that during the first seven :d!ays of deveiopment 
in the bacterial populations predominated the processes of biog-we~ic 
transformation of the organic mater:ial, the pr-oducts of which aciditfi2d 
the medium and caused therefore the production of CO•, of orgai1ic acids, 
:asshnilation of NH:,, creation of NO, and NO;] andi •oithern. In the s8cond 
part of the experiment (from '7 to 16 da.ys) predominated the processes 
lhe final products of which had :alkalinic character, namely consumption 
of CO, some salts of , org,3.nic aC:ids, creation ,of NH, reduction of NO! and 
NOj and others. On the other hand the results of these experiments sh::iw 
that pH fluctuabon is connected with the speeid of development and 
abundance of bacterial populations. This was evinced in :t:he farst stage 
of the cultures development (fwm 0-7 days) when the dropping of pH 
was the swiftest and the s:brongest in the flask »C«, namely in the flask 
having the most abundant baicteri,al populatJion. Slower and slighter was 
the dropping of pH in the flask »B« and the slowest and slightest in the 
flask »A«. The same serial or1d,er appeared also in the second stage of; 
the bacterial populations' development which ,appeared to be drnpping 
and equalizing in all the flasks (from 7-16 days) where the ren2.wcd 
rise of pH Wla.s the least in :Hask »C«, b_igger in flask »B« and the biggest 
in flask »A«. 

It is 9bvious, then, that sea bacteri,a with theil' biochemical activi.ty 
in decomposing organic matter act totally on the H-ion concentration of 
the medium in the sense of a rise' of the l:a.tter, i.e. of acidificat:k:m and 
that in general this process has a tendency to neut~alize the meldiium. On 
the other hand the intensity of this proces.s depends of the sp::,ed of the 
bacteria1 populations' developmerut, ,i:.e. on the intensity of the bioche
mical processes. 

Taking in consideration the results obtained in the afore mentioned 
preliminary experiment, we examined the multiplicaition of heterotrophic 
sea ba,~beria in the various H-ion concentrations. The method adopted lin 
performing the experiment has been alrerudiy described in the »M e t h o d 
o f Vv o r k« and the re.sults obtained are to he found in F i g. 2 and 3. 

As said before in the flask.s K, A, B, C '3.llld D which were filled wiith 
9 lit. of filtered sea-watier each, we altered PH by adding determi.ned 
quantities of 2% HCl. In such a way we obtained a: H-ion concentration 
varying from 8,15 to 6,81. From the beginning of the exper:iment till the 
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second day in all the flasks PH d:ropped (F i g. 2). After the second daiy 
in the control flask (»K«) the dropping of pH continued tii.11 the end of 
the exp-eriment. In the flasks »A« and »B« after the second day pH rose 
and after the third tlill the fourth day almost up to the end of the 
ex,periment it d:ropped aga:in. In the flasks »C« and »D« after the se-cond 
day pH rose more ·abruptly and then up to the end of the experiment ii1; 
rose gradually. From the thirteenth day in all the four flasks (A, B, C 
and D) pH was rising and the final pH in ·aill the five :flasks varied fmm 
7,36 to 7,42. Consequen:tiy in all the flasks there was a tendency to aJ 
manifestation •of an intensive development of the bacteri,al populations 
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F i g. 2. Behaviour of H-ion concentration in sea bacterial cultures with different 
initial pH of sea water. 

dropping of pH on the first and second days. By all mea:ns this was a 
manifostation of an intensive development of the bacterial populations 
in all the flasks (F i g . 3), respectively of copious bliochemioaJ processes 
decomp,osing organic matter, the aocompanying and final products of 
which, at that time,acidified the medium. After the second day the 
number of bacteria in the cult:ures suddenly dropped and the H-lion 
concentratJion in all the flasks till the end of the experiment had a 
tendency to move towia:r1ds a neutral reaction. • 

Taking in consddera;tlion the development of ba,cteria up to the third 
day, namely till the day when the initial pH had not yet been sensibly 
corrected, we ca:n affirm tihat there existed a direct connection between 
H-ion concentration and the dev.elopment of bacteria populations (Fig. 
3). The mosit luxuriant bacteriaJ. multiplicatilon was found in the flask 
having the lowest initial pH (flask »D«, pH-6,8) then in the flask »C« 
with a somewhat richer initial pH (6,98). In the flasks »K, A and B« 
in wh:i1ch the initial H-ion concentration was in the region from alkalic 
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towards neutral (8,15 to 7,32) the development of the hacterlial popu
lations was weaker. From the. third day to the end ,of the experiment the 
number of baeiteria per cm3

• remained in g.eneral the same in all the flasks. 
If we compa:re the fluctuation of pH in the preliminary (Fig. 1) and 

in the main experiment (Fig. 2) it strikes us that the fluctuation of pH 
in the preliminary experiment was much stronger. Also the fluctuation 
in the number of bacteria per cm3

• in this experiment was stronger than 
in the main one. Thlis may be 1ascribed to the fact that in the preliminary 
experiment we did not filter th,e ,sea water ailldi consequently did not 
remo,ve from it the living and the broken down plankton organisms. 
Therefore the multiplication of bacteri,a, respectively of the single 
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F i g. 3. Development of bacteria1 l:Ultures at different initia-1 H-ion concentrations 
of sea-water. 

bacterial groups, was irregular. W a k s ma n, C a r e y and Reu s z e r 
(1933) had namely asserted that some of the zooplankton constfrtuentts 
are liable to !decomposition jn_ the fi.rst stages, :i.e. aJt the begining of the 
e~eriment (e.g. the proteins) and later follows the decomposition of 
other ,constti.tuents (e.g. hitine amd fat substances). 

As a control for the bacterial decomposition of organJiic matter we 
aviailed ourselves of the oxygen consumption which we also ldetermined 
every day in all the flasks. The ,o,xygen density in water at ilie ibeginning 
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of the experiment was in all the flasks 6,59 mgr/ 1. Two days later the 
biggest consumation was found in the flask »D« (3,23 mgr/1) then 
in flask »C« (2,4 7 mgr/1) and further on in the flask »K « (1,82 mgr/1) , 
»A« (1,65 mgr/1) and »B« (1,63 mgr/1). Consequently also the data 
about the consumption of oxygen for the first two days of the_ experiment 
confirm that there was, at that time, the most .intensive decomposition 
of organic matter in water with the highest H-ion concenttation. The 
consumption of oxygen during the first fiv.e days -of the experiment was 
quicker and then till the endi of the • experiment it was gradual and 
generally uniform in all the flasks. On the eighteenth day, namely at rt:he 
end of the experiment, the quantity of oxygen in the water varied from 
0,09 to 0,27 mgr/1. 
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D i s c u s s i o n a bo u t t h e r e s u 1 1:J s 

rt :appears from the results of our experiments that the changes of 
H-ion concentra:tions provoke a strenghtened activitiy of the enzymic 
system which is responsible fo:r the growth and the divislion of the 
bacterial cells. Since the multiplication of tihe cells was the most inten-
1sive 'J1ith the value pH in the aicid region, one should presume that :cn 
such a region the optimum is pH for rt±te development of the aforesaid 
enzymes, or, again this pH provokes in •a1t1other way a brisker activity 
of the enzymic system. The same connection of the pH medium ;a:nd the 
bacterial populations was fou111d1 by E me r y and Rit ten b erg 
(1952) in the sediments, where with the lowest pH came the most 
developed bacterial population. On the other hand our experiiments show 
that also in the cultures of sea bac:t;eri:a,, by means of deamin.a:tion, 
respectively -of decarboxylation (Ga 1 e 1946) is effected a turnover of 
pH media towards the a,cid, respectively towards the alkalic. In ,oither 
words also in tihe cultures of se:a: :bacteria H-ion concentration affects 
their Lif.e actjvity and the multiplication of bacterial cells allidi the 
consequence thereof is that in the acid media there is a strenghtien2d 
activity of the enzymiic system, respectively a faster decomposition of 
the disponible organic ma:tter in sea water. - It is not to be excluded 
that these results may be connected with the flinding of B u 1 ja n (1953) 
who in a basin filled with sea water, enriched with P-PO4 and conecteid 
pH {with the aid of H2SQ4) t,o 7,26 - 8,35 remarked a fifteen times 
bigger growth of clorophyll than in a similar basi'l1 without correction 
of pH, which was 8,36 - 9,00. This growth of clorophyll may also be, 
partly, a ,consequence of the strenghtened bacteriaJ. activity which occurs 
because of the acidification of the medium, which led to a strenghtened 
mineraLiization of the organic matter, putting so at the disposal of the 
autotrophic pl•anktonic organlisms bigger quantities of av:a:ilable salt. 
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SUMMARY 

W.e examined the behaviour of H-ion concentrrut:ion in heterotrophic 
sea bacteria cultures and the multiplication of heterotrophic sea ba-cteria 
'in various H-ion concentrations under laboratorial condiltions. 

1) Sea heterotrophic ba,cteria increase the H-ion concentration of 
natura! sea water, respectively dislocate pH from alkalic towards acid 
reaction. This process is more intensive lin rich bacteriaJ. cultm·es. 

2) In acid medium (initial pH 6,81 and 6,97) the multiplicali1011 ,o.f 
heterotrophic sea bacteria at the beginning o,f the ,e,xperiment is more 
intensive than in alkalic medium (initial pH 7,32 and 7,72). In bacterial 
cultures with different ini1:lial H-ion concentra.tion pH shifts from acid 
towards alkalic and neutral reaction. 
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RAZMNOŽAVANJE HETEROTROFNIH MORSKIH BAKTERIJA PRI 
RAZNIM1, KONCENTRACIJAMA H-iona 

VlahO' C vi i ć 
Institut za oceanografiju i ribarstvo, Sptit 

Kratak sadržaj 

Ispitivano je ponašanje koncentraci1je H-iona u kulturi heterotrofnih 
morskih bakterija i razmnožavanje heterotrofnih morskih bak:tierija pri 
raznlim koncentracijama H-iona, pod laboratorijskim uslovima. 

1. Morske heterotrofne bakterije povisuju koncentraciju H-iona pri
rodne morske vode, odnosno pomiču pH od alkalne prema kiseloj reakciji. 
Ovaj proces je intenzivniji u bogatijim bakterijskim kulturama. 

2. Razmnožavanje heteroibrofnih mors•kiih bakterija je u ·početku 

eksperimenta intenzivnije u kiselijim sredinama (inicijalni pH 6,81 i 
6,97), nego u alkalnim sredinama (in~clijalni pH 7,32 i 7,72). U bakte
rijskim kulturama, s različitom inicijalnom ko-ncentraci1jom H-iona, mi
jenja se pH pomicanjem iz kiselog i alkalnog . prema neutralnoj reakcijL 
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