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ABSTRACT

The results obtained on three unicellular alg^e
grown In a medium with organic addition are
shown. The Influence of organic substances Is
represented as dtvlsloa rate. In order to avoid
the Influences of otber factors on alg?e meta-
bollsm (viz. microelements and vitamins ) we
tested the cultivation of algae both In media
containing fhese factors, as well as In media
lacking them. The results obtained undoubtedly
show the Importance of organic substance on fee
metabolism of algae.

One of the modern problems of oceanologlc research Is the

exploration of the Interrelations between environmental factors and orga-
ntsms. With regard to the danamtcs of planktontc microphytes, a const-
derable of data is am liable, where the envtronmental factors considered

major are : temperature, salinity and blogeaeous elements.
BEDFTELD, KETCHUM and RICHARDS (1966) showed that the



fertility of the ocean Is a coiisequence of major mineral constituents ;

nitrogen and phosphorus, while on the other hand, (he development of fee

biologic processes In tfae ocean ts deeply echoed In the cycles of these

elements.

More recent observations however (BELSEB 1966) show feat

marine areas wife very similar nitrogen and phosphorus coaceatratlons

are quite different from fee point of view of the amount of phytoplankton.

It Is known that the waters along the Californlaa coast contain

large acaoate of phosphorus, and that they show a much lesser productl-

vlty tn comparison with the waters near the British fates, which sustain

a massive development of phytoplankton, although they contain little phos-

phorus (PBOVASOLI 1966).

The problem of the exlstaace of other essential factors for

the development of {AytoplaaMon 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 fhe biology of aquatic

organisms (DBOOP, 1964; PBOVASOLI & PINTNEB 1953; FBOVASOLI &

MACLAUGHLIN, 1963 ; PBOVASOLI, 1963;PINTNEE & PBOVASOLI, 1963;

SWEENEY, 1954; BELSEB, 1966; NORTH & STEPHENS, 1968; NORTH &

STEPHENS, 1971).

Dissolved organic matter ts represented In the marine eavl-

ronment by carbohydrateds, proteins, amlao-aclds, amines, peptone -

llpides, organic adds, and also by biologically active compounds as vl-

tamtas and hormones (GAVRILESCU, 1964; JOEGENSEN, 1966; PBOVASOLI

1966; SAMEJINA and MYEBS, 1958; GUILLABD, 1963).

Frequently the detection of these organic compounds Is very

difficult because the conceafa-^ttons of some of these are very low This

ls^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 fhese substances.

The source of these compounds is constituted among others, by

the organisms themselves and particularly by the unicellular algae.

All data obtained from tests wtfh algae cultures show Qie utlli-

zatlon of certain organtc products both under Illuminated conditions
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(GUTLLAEU, 1863; PBOVASOLI, 1963; McLAUGHLTN, 1963; PINTNEB

PROVASOLT, 1963) as well as under darkness condtttons (LEWIN, 1963 ;

SAMEJTMA & MYEBS, 1958).

Thus the unicellular vegetal organisms require for {heir vital

cycle orgaaogenlc mineral substances, microelements and also dissolved

organic substances. Which one of these substances Is ladlspensabte for

the vital cycle of unicellular vegetal organisms and which rote Is played

by each of the chemical entitles mentioned, must be established indtvl-

dually for each systematic group or species (PBOVASOLI, 1966).

The observations on the nufa-ltlon of marine microphytes open

wide prospects for the explanation of the phenomena of dynamics and

dispersion of aquatic organisms, and for the detection of species or

physiologic races Indicating pollution, and for the identification of those

algae which participate at the purtftcattoa of polluted marine zones. The

results therefore of such observations are widely applicable la practical

Industrial culttvatloas of microphyte algae.

The purpose of our work Is to establish fee requirements of

some species of Isolated Black Sea chlorophyceous algae, la order to be

able to explain both their behaviour In fhetr natural habitat, as well as

In order to use them with maxtm. um efficiency for their practical artlfl-

c la I 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 envlron-

meat.

We opted for the use of B-vltamlns and of wgaatc extracts,

the complex biochemical composition of which Is well known and which

we added to the mineral medium. Depending on the mode of reaction of

tfae algae under the Influence of (he respective organic extract, we will

then Identify the compound or association of compounds Influencing the
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developnent of the culture. The mineral PMS" medium is composed of

sterilized sea waber, fertilized with nitrogen and tee complex chelate Na^
E. D. T. A. Each experiment was doubled by a PMS5 medium wltfa synfhetlc
sea water In order to have a check on fee results obtained. The culture

media - either with natural or wtfh synfhettc sea water - were prepared

at the same date and then stored for two weeks la order to make sure,

the electrolytes are uniformly dlsfcrlbuted. The extract was prepared In

PMS5 medium, and various allquotes were added before tanoculatloa.
The "moflier" cultures of Chlam domonas Tefcracoccus aad

Pla monas algae were washed four tbnes In distilled water before tnno-

culaflon, for the total removal both of salts and of excrefloa products In

case of their presence In ifae culture. As far as possible, the lanocula-

tlon was performed with a similar number of cells per cubic centimetre,

tn order to enable fee results to be compared.

The culture media, thus lauolucated were exposed to tight -

Intensity 4000 luces - and dark alternations :8/16 hrs and coatlnous air

bubbling.

The response of fee algae to the action exerted by the compo-

sltloa of the culture medium Is expressed In rate of division N/Np kt,
where N = the Initial number of cells,

0

N = number of cells obtained through division,

kT = rate of division In time

la order to establish the preponderance of the action of tfae ml-

neral or organic substances tn the nutrition of <he above three species of

alg^e selected, {he culture media were prepared as folows ;

1. Mineral medium PMS5 ;

2. Mineral medium PMS5 wlfh microelements (Fe = 10.3

mg/1; Mn2+ = 1. 45 mg/l;. Za = 0. 24 mg/1; Co = 0. 03 mgA) and vl-

tamtns (B^ = 0, 50 mg/1; B^ = 0. 50 mgA; Bg = 5 mS/1; B^^ = 5 gam-
ma/1), plus organic extract (10 ml/1) ;

3. Mineral medium PM:S" with vitamins (same amounts as for

(2. -) and organic extract (10 rnt/1):

4. M:laeral inedlum PMS" with organic extracs (10 mlA) ;
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5. Mineral medium PMS" with organic extracts la various

concentrations ; A = 5 m. l/1, and C = 20 ml/1 ;

6. Sterilized sea water plus organic extract (20 mlA).

Besults

I. Microelements. The determination of the role played by the

addition of mlcroelemente on the nutrition of unicellular algae was possible

through the parallel cultivation of Chlam domonas algae In type 2 and 3
media. From an examination of fig. 1 we can see that the cell division

rate ts very similar la both types of medium. Towards the end of fhe

period of observation, the behaviour of both cultures \. S Identical. This
fact entitles to the affirmation fhat the sea water probably contains suffl-

cleat amounts of microelements for the nutrition of fhe algae Investigated.

The additions in the quantities tested by us apparently Influenced in no

direction fhe cell division rate.

The results obtained in this test constituted the base for ma-

king alt the other variants without microelements.
H. Vitamins. The role of vitamins In the synthesis and cell

division process of Chlam domonas, Plat monas and Tetrecoccus algae was

demonstrated by comparing variants 3 and 4.

fii case of Chlam domoaas the development takes place nearly

Identically In both variants (fig. 2).

For Pla monas, too, very similar rates of division in both

variants of medium were obtained.

The rate of growth of fhe Tetracoccus alg? (ftg. 4) ts charac-

tertzed by a very high rate of cell division both la the vitamtn-addltloned
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

fee first day, till the 17-th day of the culture. It Is to be noted, however,

that in case of the variant nr. 3 with vitamin addition, fhe rate of growth

was higher

If therefore, la the case of Chlam domonas and Plat monas
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Fig. 1 - Growth rate of Chlamydomonas algae. In PMS5 medium variants 2 and 3.
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algae, It appears that vitamin

addition does not Influeace the

growth of the cultures, the pre-

sence of vitamins In a Tefcracoc-

cus culture does stimulate the

Dietabollc processes. We have

however to point out, that Tetra-

coccus grows very well also In

Ftg. 4 - Growth rate of Tetra-
coccus alga In PMS5 medium,

variants 3 and 4
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the absence of vitamins, which

enables the affirmation feat for

fhe cases investigated by us, fhe

vitamins B^, B^, B and S can
just stimulate the development of

Tetracoccus, but are no Intrinsic

factors of the extstBnce of none

of the above three species tested.

III. Organic extract. The cultlva-

tloa of algae In PMS" mineral

salt-ferttllzed sea water, as well

as In mineral salt fertilized sea

water with organic additions (fig.

5, 6 and 7) resulted la the follo-

wtng ;

- for each of the tested species,

a weak development In the exclu-

stvely mineral variant (var. 1) ;

- netly superior rates of cell de-

dlvtoa la -Bie PMS" variant wife

organic extract addition (var, 5).
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The very large differences between fee rates of division de-

monstrates the role of the dissolved organic substance.

In considering the above results, we Investigated the iaftuence

of the organic extract concentration on ffae development of the cultures of

the . three species of algae. For fbe ease of the discussion of the results,

we designated ; A = a concentration of organic extract of 5 ml/1; B = a
concentration of 10 mtA and C = a coacentration of 20 ml/1.

For Chlam domonas fee rate of growth (fig. 5) increases with

the Increase of fhe organic extract concentration. Moreover, for concen-

trattoa A and B, -Chlam domonas enters the sfattoaary 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 ts 10 ml of organic

extract per litre. Concentrations A and C yield hig^ rates of division but

Incomparably lower than concentration B. For Plat monas also concen-

tratton B causes optimum stimulation of the culture, although a rate of

division of kt = 2 continues until the seventh day of culture, after which

fee development enters fhe exponential phase.

For coiicentratioas 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 ihe metabolic processes of the algae tested.

Taking Into account the varied roles which may be played by

dissolved organic substances, as ; solublllzers for mineral salts, chela-
tes, stlmulators or nutrlttoas substances (PBOVASOLI, 1963; PBOVASOLI

& McLAUGHLTN, 1963; LEWIN, 1963; NORTH & STEPHENS, 1969 ;

NORTH & STEPHENS, 1971) we Introduced lato the experiment variant

Nr. 6 (sterilized sea water with organic extract addition ). At the same

time, fhe development of a culture In variant Nr. 5 (mineral substance -

fertilized sea water with organic extract additions) was followed. The

respective results are shown In ftg. 8, 9 and 10. From an examination of
the rates of division obtained In ffae variant Nr. 6, it inay be seen fhat a
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good developiieat of flie three al^e Is posstble, hl^ier rates of division

being obtained wlifa Chlam damoaas and Tetracoccus, In comparison wife

Pla monas. Comparing however fhe development of the cultures la variant

Nr. 6 with that of the cultures grown la variant Nr. 5, It will be seen

that the latter medium sustains a much more active development.

The development of the cultures la fhese two media, demone-

trates without doubt the Importance of orgaalc substaaces la fee metabolic

processes of microphyte orga. nlsms.

IV. Development la darkness coadltloas. In order to determine

whether (fae algae Investigated feature heterotrophlc abilities, fhelr. deve-

lopment under complete darkness conditions was tested In a medium obta-

laed by adding organic extract to sterilized sea water.
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Fig. 11 - Growth rate of Chalm domonas algae, la Sea water wlih organic

extract (the variant 5), In the ll^it ( - ) and In the dark (---)

Doubtless results were obtained only wltfa Chlam domonas (fig.

11). The rate of division In darkness Is somewhat lower fhaa fhe rate of

dtvleloa In day llgM, tiie respective plots keeping an absolutely similar
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character la both experiments. Therefore we are In a position to state

that, at least for Chlam domonas dissolved organic substances play {he

role of nutritions substratum. For the other two species of algae the stl-

mulatlve action on (he cell dtvlslon processes Is certain.

Discussions

From the results presented so far, It Ie clear tbat from tfae

wide category of "organic substances" the vitamins can have a sll^it stl-

mulatlve role, while fhe organic exirract certainly does Influence the

rhyfem of cell division.

For a considerable number of unicellular algae, tbe presence

of vitamin B^ and of fhe other cobalamlues Is essential. GUILLABD

(1963) showed that out of twenty two species of mlcroiAytes, sixteen re-

qub-e vltamla B^ , two requfa-e fhtamtae, one requires vitamin B plus
felamlne, and only two are capable to develop without vitamins.

It Is known however that marine unicellular algae are among

&e vitamin producers. PBOVASOLT (1966) stresses out fhe posslbtllty of

vitamin synthesis bofli In axenlc and la nonaxealc conditions.

Thus,. In our case, fhe development of fhe cultan'es nofhwlt-

hstaadtng file addition or lock of vitamins, enables the presumption that

these speclse are elfher capable to synfhestze fhelr own vitamins, or

else they do not requh-e vitamins for Hielr development.

Our present" knowledge on the utilization of organic substances

shows that species from very different systematic groups, as well as In

various habitats can use as source of nitrogen substances like ammonia,

ureea, uric add, amlnlc adds (GUILLANRD; 1963).

The extract used by us Is a complex coatalnlag tiie main amt-

nic acids. Their consumption as ntfa-ogen sources tn the presence of light

may be Interrelated with the zone of orlglne 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 Chlam domonas In darkness conditions Is



a positive proof of Its auxotro(*iy, connected also to the fact that this

species of algae develops usually la coastal waters or In ffae vicinity of

tributary river moufhs.

The uttltzatlon of organic compounds, bofh under Itlumiaated

and as well la darkness conditions, supplies a meaus for the taterpreta-

tloa of the small amounts In which generally speaking organogeauous ml-

neral substance, and particularly phosphates are present. Throu^i the

utilization la aa organic state of, for Instance, idiosphorus-countalntng

compounds, this element enters In a mineral state only In very minute

amounts (PBOVASOLI, 1966), Tberefore, the reference of the amounts of

phytoptsnkton to fee dyaamlcs la fee mass of water, of phosphorus only,

cannot constitute a real reflection of the dynam.tcs of algal communities.

On the ofcer hand, fee development of certain species up to

"blooming" proportions, can be explained, among other causes, fhrou^i

the supply of organic matter. An Illustrative example Is the developneat

la large amounts of certainly auxotrophlc organisms, as C clotella cas la

and Exuviae lla cordafa la the coastal waters, particularly la periods fol-

lowing floods of the Danube river.

The possibility to determine which one of (fae organic substan-

ces and la what amounts, stknulates the development of algae, will supply

a means for the taterpretafloa of the ecology of vegetal plaaktonlc orga-

iilsms.

The problem of fee lavestl^ttoa of fee abilities of microphyte

vegetals, of using organic substaace, apparently represents upmost Im-

portance, at least from two practical points of wtew :

{he use of algae as factors for fee Ideaflflcatton of polluted

zones and as a means of piu-lftcatlon of the zones where domestic waters

are discharged lato the sea;

- £he successful cultivation of microphyte al^e In media coa-

talnlng domestic wastes as source for organic substances,

In conclusion. It results clearly that our study must be sup-

plemented by detailed observations on fhe clear biochemical appertain-

meat of the "Stimulating" or "autrltloas" factors. This necessity Is
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deducted from the results of our experiments, which demonstrate that the

algae respond In different ways to the various concentrations of organic

substances proving fhe hl^ily specificity of these organisms.

We also consider necessary to continue our . observations on a

larger number of species appertaining to various systematic groups.
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