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ABSTRACT

The results obtained on three unicellular algpe
grown In a medium wlth organic addition are
shown. The influence of organlc substances Is
represented as divislon rate. In order to avoid
the Influences of other factors on algae meta-
bolism (viz. microelements and vitamins) we
tested the cultivation of algae both " In medla
containing these factors, as well as in media
lacking them, The results obfained undoubtedly
show the Importance of organic substance on the
metabolism of algae.

One of the modern problems of oceanologic research Is the
exploration of the Interrelations between environmental factors and orga-
nisms, With regard to the danamles of planktonic microphytes, a consi-
derable of data is avallable, where the environmental factors consldered
major are : temperature, salinity and biogeneous elements.

REDFIELD, KETCHUM and RICHARDS (1966) showed that the
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fertility of the ocean i a consequence of major mlineral constituents :
nifrogen and phosphorus, while on the other hand, the development of the
biologlc processes in the ocean s deeply echoed in the cycles of these
elements,

More recent observations however (BELSER 1966) show that
marine areas with very similar nitrogen and phosphorus concenfrations
are quite different from the point of view of the amount of phytoplankton.

It is known that the waters along the Californian coast contain
large amonts of phosphorus, and that they show a much lesser producti-
vity in comparison with the waters near the British Isles, which sustain
a massive development of phytoplankton, although they contain little phos-
phorus (PROVASOLI 1966).

The problem of the existance of other essential factors for
the development of phytoplankton was first set by ALLEN, (1914) and at
present we possess a great number of results which indicate without
doubt the influence of certain organic substances on the blology of aquatic
organisms (DROQP, 1964; PROVASQLI & PINTNER 1953; PROVASOLI &
MACLAUGHLIN, 1963 ; PROVASOLI, 1963;PINTNER & PROVASOLI, 1963;
SWEENEY, 1954; BELSER, 1966; NORTH & STEPHENS, 1968; NORTH &
STEPHENS, 1971).

Dlissolved organlc matter is represented in the marine envi-
ronment by carbohydrateds, proteins, amino-acids, amines, peptone -
lipldes, organic acids, and also by biologically active compounds as vi-
tamins and hormones (GAVRILESCU, 1964; JORGENSEN, 1966; PROVASOLI
1966; SAMEJINA and MYERS, 1958; GUILLARD, 1963).

Frequently the detection of these organic compounds Is very
difficult because the concentrations of some of these are very - low This
ts,however,also the reason why there is only a small numer of data on
the amounts and even on the exact appertaining of many of these subsfances

The source of these compounds is constituted among others, by
the organisms themselves and particularly by the unicellular algae.

All data obtalned from tests with algae cultures show the utili-

zation of certain organlc products both under illuminated coundltions
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(GUILLARD, 1863; PROVASOLI, 1963; McLAUGHLIN, 1963; PINTNER
PROVASOLI 1963) as well as under darkness conditions (LEWIN, 1963 ;
SAMEJIMA & MYERS, 1958).

Thus the unicellular vegetal organisms require for their vital
cycle organogenic mineral substances, microelements and also dissolved
organic substances. Which one of these substances ls indispensable for
the vital eycle of unicellular vegetal organisms and which role is played
by each of the chemical entities mentioned, must be established indivi-
dually for each systematic group or specles (PROVASOLI, 1966).

The observations on the nutrition of marine microphytes open
wlde prospects for the explanation of the phenomena of dynamics and
disperslon of aquatic organisms, and for the detection of specles or
physiologle races indicating pollution, and for the identification of those
algae which participate at the purification of polluted marine zones. The
results therefore of such observations are widely applicable in practical
industrial cultivations of microphyte algae.

The purpose of our work ls to establish the requirements of
gome specles of isolated Black Sea chlorophyceous algae, in order fo be
able to explain both their behaviour in thelr natural habitat, as well as
in order to use them with maximum efficiency for their practical artifi-

cial cultivation.

METHODS AND WORKING TECHNIQUES USED

The approach for such Investigations is constituted by testing
the influence of various concentrations of those pure organic substances,
the presence of which was or was not detected within the natural environ-
ment.

We opted for the use of B-vitamins and of organic exfracts,
the complex biochemical composition of which is well known and which
we added to the mineral medium. Depending on the mode of reaction of
the algae under the influence of the respective organic extract, we will

then Identify the compound or association of compounds influencing the
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development of the culture, The mineral PMS5 medium is composed of
sterilized sea water, fertilized with nltrogen and the complex chelate Na,
E.D.T.A. Each experiment was doubled by a PMS® medium with synthetic
gsea water tn order to have a check on the results obtained. The culture
medla - elther with natural or with synthetic sea water - were prepared
at the same date and then stored for two weeks in order to make sure,
the electrolytes are uniformly dlstributed. The extract was prepared In
PMS5 medium, and various allquotes ware added before innoculation.

The "mother" cultures of Chlamydomonas, Tetracoccus and

Platvmonas algae were washed four times ln distilled water before Inno-
culation, for the total removal both of salts and of excretion products in
case of thelr presence In the culture. As far as possible, the innocula-
tion was performed with a similar number of cells per cubic centimetre,
in order to enable the results to be compared.

The culfure media, thus innolucated were exposed to light -
intensity 4000 luces - and dark aliernations :8/16 hrs and continous air
bubbling.

The response of the algae to the action exerted by the compo-
sitlon of the culture medium is expressed in rate of division N/No = kt,
where N, = the tnitlal number of cells,

N = number of cells obtalned through division,

kT = rate of division in time

In order to establish the preponderance of the action of the mi-
neral or organic substances in the nutrition of the above three species of
algne selected, the culture media were prepared as folows :

1. Mineral medium PMS® ;

2. Mineral medium PMS® with microelements (Fe3+ =10.3
mg/l; Mn2+ = 1,45 mg/l;_Zu2+ = 0.24 mg/1; Co2+ = 0.03 mg/l) and vi-

tamins By = 0.50 mg/l; B, = 0.50 mg/1; BG =5 mg/l; B12 =5 gam-

2
ma/1), plus organlc extract (10 ml/1) ;

3. Mineral medium PMSD with vitamins (same amounts as for
(2.-) and organic extract (10 ml/1);

4, Mineral medium PMS5 with organle extracs (10 ml/1) ;
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5. Mineral medium PMS5 with organic extracts ln various
concentrations : A = 5 ml/1l, and C = 20 ml/1 ;
6. Sterilized sea water plus organle extract (20 ml/1),

Resul fs

I Microelements. The determination of the role played by the
addition of microelements on the nutrition of unicellular algae was possible

through the parallel cultivation of Chlamydomonas algae in type 2 and 3

media. From an examination of fig. 1 we can see that the cell division
rate is very similar in both types of medium. Towards the end of the
period of observation, the behaviour of hoth cultures ig identical, This
fact entitles to the affirmation that the sea water probably contains suffi-
clent amounts of microelements for the nutrition of the algae Investigated.
The additions in the quantities tested by us apparently influenced in no
direction the cell division rate.

The results obtained in this test constituted the base for ma-
king all the other variants without microelements.

1L Vitamins. The role of vitamins in the synthesis and cell

division process of Chlamydomonas, Platymonas and Tefrecoccus algae was

demonstrated by comparing variants 3 and 4.

Tn case of Chlamydomonas, the development takes place nearly

identlcally in both variants (fig. 2).

For Platymonas, too, very similar rates of division in both
varlants of medium were obtained.

The rate of growth of the Tetracoccus alga (flg. 4) Is charac-
terized by a very high rate of cell division both in the vitamin-additioned
medium, as well as in the medium where no vitamins were added. The
character of the development of the cultures stays very similar right from
the first day, till the 17-th day of the culture. It is fo be noted, however,
that in case of the variant nr. 3 with vitamin addition, the rate of growth
was higher.

If therefore, in the case of Chlamydomonas and Platymonas
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Flg. 1 - Growth rate of Chlamydomonas algae, In PMS® medium varlants 2 and 3.
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algae, 1t appears that vitamin
additlon does not influence the
growth of the cultures, thg_ pre-
sence of vitamins in a Tetracoc-
cus culture does stimulate the
metabolic processes. We have
however to polnt out, that_Tetra-

coccus grows very well also in

Fig. 4 - Growth rate of Tetra-

coceus alga In PMS® medium,

variants 3 and 4

the absence of vitaming, which
enables the affirmation that for
the cases Investigated by us, the
vifamins Bl’ Bz, B6 and 312 can
just stimulate the development of
Tetracoeccus, but are no infrinsic
factors of the existence of none
of the above three specles tested.
L. Organic extract. The cultiva-
tlon of algae in PMS5 mineral
salt-fertilized sea water, as well
as in mineral salt fertilized sea
water with organic additions (fig.
5,6 and 7) resulted in the follo-
wing :

- for each of the tested specles,
a weak development in the exclu-
sively mineral variant (var. 1) ;
- npetly superlor rates of cell de-
divion in the PMS5 variant with
organic extract addition (var, B5).
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The very large differences between the rates of division de-
monstrates the role of the dissolved organic substance.

In considering the above results, we Investigated the influence
of the organic extract concentration on the development of the cultures of
the . three specles of algae. For the ease of the discusslon of the results,
we designated : A = a concentration of organic extrack of 5 ml/l; B = a
concentration of 10 ml/1 and C = a concentration of 20 ml/1.

For Chlamydomonas, the rate of growth (fig.5) increases with

the increase of the organic extract concentratlon. Moreover, for concen-

tration A and B,- Chlamydomonas, enters the stationary phase after the

first days of culture, while for concentration C the exponential phase
continues also beyond the eighth day of culture. From fig. 6 it may be
seen that for Tetracoccus the optimum concentration is 10 ml of organic
extract per litre. Concentrations A and C yield high rates of division but
incomparably lower than concentration B. For Platymonas, also concen-
tration B causes optimum stimulation of the culture, although a rate of
division of kt = 2 continues unfil the seventh day of culture, after which
the development enters the exponential phase.

For concentrations A and C we found a weak development of
the cultures during the first three days, after which the cultures enter
the stationary phase.

Thus, not only the presence of the organic substance, but its
concentration acts on the metabolic processes of the algae tested.

Taking into account the varied roles which may be played by
dissolved organic substances, as : solubilizers for mineral salts, chela-
tes, stimulators or nufritions substances (PROVASOLI, 1963; PROVASOLI
& McLAUGHLIN, 1963; LEWIN, 1963; NORTH & STEPHENS, 1969 ;
NORTH & STEPHENS, 1971) we Introduced into the experiment variant
Nr. 6 (sterilized sea water with organic extract addition ). At the same
time, the development of a culture in varlant Nr., 5 (mineral substance -
fertilized sea water with organlc extract additions) was followed. The
regpective results are shown In flg. 8,9 and 10. From an examination of

the rates of division obtained ln the vartant Nr. 6, it may be seen that a
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good development of the three alpae is possible, higher rates of divislon
belng obtained wlth Chlamgdozﬁonas and Tetracoccus, in comparison with
Platymonas. Comparing however the development of the culfures in variant
Nr. 6 with that of the cultures grown in variant Nr. 5, [t will be seen
that the latter medium sustains 2 much more active development.

The development of the cultures in these two media, demons-

trates without doubt the Importance of organic substances In the metrbolic

processes of microphyte organisms,
IV. Development in darkness conditions. In order fo determine

whether the algae investigated feature heterotrophic abilitles, their deve-
lopment under complete darkness condifions was tested in a medium obta-

ined by adding organic extract to sterilized sea water.
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Fig. 11 - Growth rate of Chalmydomonas algae, In Sea water with organic
extract (the variant 5), in the light ( - ) and in the dark —-—)

/

Doubtless results were obtailned only with Chlamydomonas (fig.
11), The rate of division in darkness is somewhat lower than the rate of

divislon in day light, the respective plots keeping an absolutely simlilar
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character In both experiments. Therefore we are In a position to siate
that, at least for Chlamydomounas, dissolved organic substances play the
role of nutritions substratum. For the other two specles of algae the sti~

mulative actlon on the cell division processes is certain.

Discussions

From the results presented so far, It ls clear that from the
wide category of "organic substances" the vitamins can bave a slight sti-
mulative role, while the organle extract certainly does Influence the
rhythm of cell division.

For a considerable number of unicellular algre, the presence
of vitamin B12 and of the other cobalamines is essentlal. GUILLARD
(1963) showed that out of twenty two species of mlicrophytes, slxieen re-

quire vitamin B two require thiamine, one requires vitamln B12 plus

thiamine, and _o:fy two are capable to develop without vitamins.

It is known however that marine unicellular algae are among
the vifamin producers. PROVASOLI (1966) stresses out the possibility of
vitamin synthesis both in axenle and in nonaxenle conditions.

Thus,. in our case, the development of the cultures nothwlt-
hstanding the additlon or lock of vitamlins, enables the presumption that
these speclse are elther capable to synthesize their own vitamlns, or
else they do not require vitam!ins for thelr development.

Our present’ knowledge on the utllization of organic substances
shows that species from very different systematic groups, as well as In
various habitats can use as source of nltrogen substances llke ammonia,
ureea, uric. acld, aminic acids (GUILLANRD; 1963),

The extract used by us Is a complex contalnlng the main ami-
nic acids. Thelr consumption as nitrogen sources in the presence of light
may be interrelated with the zone of origine of these algae : the N-W
corner of the Black Sea, and the littoral zone where there is a larger
supply of organic matter than in the open sea.

The development of Chlamydomonas in darkness conditions lIs
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a positive proof of its auxotrophy, counnected also to the fact that this
species of algae develops usually in coastal waters or in the vicinity of
tributary river mouths,

The utilization of organic compounds, both under llluminated
and as well in darkness conditions, supplies a means for the inferprefa-
tion of the small amounts in which generally speaking organogenuous mi-
neral substance, and particularly phosphates are present. Through the
uftlization in an organic state of, for instance, phosphorus-countaining
compounds, this element enfers In a mineral state only in very minute
amounts (PROVASOLI, 1966), Therefore, the reference of the amounts of
phytoplsnkton to the dynamics in the mass of water, of phosphorus only,
cannot congtitute & real reflection of the dynamics of algal communlties.

On the other hand, the development of cerfain species up to
"blooming" proportions, can be explained, among other causes, through
the supply of organic matter. An illustrative example is the development

in large amounts of certainly auxotrophic organisms, as Cyclotella caspia

and Exuviaella cordata in the coastal waters, particularly in periods fol-

lowing floods of the Danube river.

The possibility to determine which one of the organic substan-
ces and in what amounts, stimulates the development of algae, wlll supply
a means for the interpretatlon of the ecology of vegetal planktonic orga-
nlsms.

The problem of the Investigation of the abllities of microphyte
vegetals, of using organic substance, apparently represenfs upmost im-
portance, at least from two practical points of wiew :

- the use of algae as factors for the identification of polluted
zones and as a means of purification of the zones where domestic waters
are discharged Into the sea,

- the successful cultivation of microphyte algae in media con-
taining domestic wastes as source for organic substances.

In conclusion, it results clearly that our study must be sup-
plemented by detailed observations on the clear biochemlcal appertain-
ment of the "Stimulating" or "nutritions" factors., This necesslty Is
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deducted from the resulis of our experiments, which demonstrate that the
algae  respond in different ways to the varlous concentrations of organic
substances proving the highly specificity of these organisms.

We also consider necessary to continue our ' observations on a

larger number of species appertaining fo various systematic groups.
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