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ABSTRACT:

The resulis of the experiments or the utilization of
trophic anions ¥ (-NC3,-NOp) and P {~PC;) by the uni-
cellular algae Crelotella caspia GRUK. and Chaetcceros
simplex var, calcitrans FAULS. are oresented in this
paper. The dependence of the influx-efflux phenomena on
the specific temperature cof the synthesis rprocess of
the two organisms,as well as on the total salt sradient
value in the medium is thought. The ebilisy of the
algae 1o take part in the processes of the nitrogen
state modification is discussed, together with the form
of nitrogen storage in the cells.

GENERATITIES

This study followed sseveral directlons, among which:

l. establishing of the modality of utilization of
N—Nog, N—NOE and P—POZ as a funcfion of thelr concentration in

the medium;
2. establishing of the possible interrelations between

these nutrition factors;
3+« observation on temperature influence on the trophlc

substrate utilization process;
4. deduction of ecological implications of nitrogen and

phosphorus concentration increase In the natural environment.
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It was experimentally p}oveﬁ that ¥ and P utllization
by the algae depends on & cultituce of physical and chemical
agents (3, 4, 6, 9, 13, etce).

" The aecﬁanlgm of the utilization of fthese anions when
concentrations are very low (between lo and loo /ugll) is less
known, and so are the posaible interrelatlons between the utlli-
zation rate of & substrate with such low levels and agents &8s
temperaturs or %otal concenbration gredicsnt.

It is known <%hat the nltrogen cycle in the upper watier
leyer is Getermined by the activity of the bacteria of the genera
Hitrosomonas, ditrosccystls and Kitrobucter, requiring certaln
condltions of temperature and orgenic as well as inorganlic chewmi-
cal compounds ccncentration (ly. at least for a sequence of this
cycle, the algae have an lmpo;tant role, teco.

VACCARO ané RYTHER (15) observed that, by culturing the
algae FPhaeouactylom trlcornutﬁi BOHLIN. and Chaetoceros sp. n
ned ia conts ining Nnﬁog as the only source of nltrogen, 2 N-NOE
asccumulation occured. An active production of N-NOE from N-ch
takes place in the matural environment in the upper layer of the

eutropnlc zone.

It is a well known fact that H—NOE is an intermedlsry
on the way of N-Nog_toward celipglar metabolism. WADA and BATORI
(§§> mentloned the lmportant role the phytoplankton way have in
transforming Nog into  NO,. After reduction tc¢ nitrite, another
photosynthetlcally reduction of the latter to NHz takes place

;).Nitrogen, ander this form,is Grown into the wmetabollc cycle.

Under certain cilrcumstances,nitrogen way be storaged in
the cells and reutilizeé when it lacks in the medium (1L).

A5 regards P-POZ, 1t was proved tha$ the-;lgae may
atllize it excessively, storaging wost of 1t as orthophosphkate
(4, g). The reserves are also utilized when P disappears from the
culture mediute

SATERIAL AXND KETHODS

The planktonic dlatoms Cyclotella caspla and Chaetoce~
ros simplex var.calcitrans were chosen taking into considerafion
the following: Cyclotells is one of the common representat ives of
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the Black Sea phytoplankton, which 1S known well enough from the
ecologlc snd physiologlc point of view. Chaetoceros slmplex var,
calcitrans is one of the specles the frequency of which has grown
in the natural communities according to the growth of N and P
content of the littoral waters, from several tens of Iug/l to
Several hundreds of ug/l - as average values (7).

Utilizatlon of nitrogen under the form of Nog and NOE
was tested, as well as utilization of phosphorus under the
form of Po;.

In choosing the concentrations (Table 1), the very low
concentratlon levels of these antons prior to the marine eutro-
bhication phenomenon were considered (2, 16, 17), as well as the
numerous occurances when the massive d;;elagment of an alga
(algae) causes the N and P decay, and in these conditlons, stlll
there are possibllities for other algae to develop. The consrol
Ms*/nedtum has a wuch higher concentration, representing the com-
parison term in the consideration of the trophic substrate utili-

zatlon processes.
Table 1

-

N-Nog, N-Nog and P-PO, concentrations ( /ug/l)
In the tested variants of the wmedium

Lbe of fixperimented coubinuations
comb i~ (1) n-wo3 (2) N-NOZ (3) p-Fo,
netion variable varilable varfable
N-NO3  P-PO, N-NOS P-PO,  P-PO, N-NO3
1 lo 75 lo 75 lo 83
2 50 75 30 75 30 83
3 70 75 50 75 50 83
= 83 75 70 75 75 g3

. Two lots were prepared from all the experimented va-
rlants; one was exposed to 6-8°C and the other, to 19-20°C. All
variants had duplicates.

The culture medium was prepared with artlflcial*x)sea

x) N-NOZ: 14 x 10° pe/l; P-PO;: 5.4 x 107 perl
iﬂE)Aft;e:r' PORA and OROS (é), calculated for the Black Sea salinity

¢
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water to which the nutrient salts enclosed in the Table i
were added.

. The algae Cyclotells and (Chaetocexros in the log phase
were separated by centrifugatlon from the medium in which they
grew and were thoroughly washed with srtificial sea water. The
resuspension in the experimental medis ensured an Inttlial den~-
gity of 400 cells/ml.

During the observation period, the algal suspentions
were conbinuously air- bubbled, being exposed to an flluminat lon/
darkness reglme of 16/8 hours (2 x 1031x).

The division rate was controlled every day and so were
the N;Nog, N—Nog and P-POZ levels in the culture medium.

Cell counting was performed hem@cymetricly, chemtcal
dosage following standaré methods: MULLIN and RILEY for nitrates,
BENGSCHWEIDER and ROBINSON for nitrites, and MURPHY and RILEY for
phosphorus (12).

RESULIS AND DISCUSSION

l. Cellular divislon

Cyclotella caspla

]  Testing the three trophic anlons N—Nog, NO, and P~PO,,
proved the exlstence of a proporftlonal relation between their
concentration and cellular division, regardless of the thermic
regime to which the algas was exposed (Figs. 1-6).

Althougk with the two nitrogen forms the wmaximum cel-
Lular divisior value is reached after 48 hours, both }lag phasge
aspect (Figs. 5, 6), and the wmsximum- density reached show .that
Cyclotella makes befter use of N—Nog. This holds for both thermlic
domains experimented.

The exposure to the two temperatures still caused dif-:
ferentlateé growth in Cyclotella, no matier the contents of the
rutritive solution. At the temperature of 6—8°C, the growth.
expresgsed both the low dlvision rate and the maintaining of the
Gevelopment ability for e long period in any of the studled va-
rlants.In the conditions of 19—20°C, the growth curves shown that
after a very active divislon,the growth of the alga is limited by
certain factors. The explanation appears to be loglcal: at
temperatures of 19-2000, the nutritive substrate absorption rate
ls hisher freom the very initial 24 hours of culture (Table 2).
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Figs. 1-6 i1 The development of Cyclotella in different
concentrat lons of N-Nog, N-NO5 and P-PO,
as pe/l (Figs. 1-3 6-8°C and Figs. 4-6:
19-20°¢C)

Having been absorbed, N and P are integrated in the metabolic and
energetic cycles, which glves possibility of rapid cellular syn-
theses and consequently, of shortening the gensratlng time. At
6-8°C temperatures,absorption takes place much slowllier (Table 2),
neoformation of live organlc substance Ls slow and generating
time is dilated. Then again, even after a nearly complete ab-
sorptlon of the nutritive substrate, the low cellular metabolisn
causes very low division rate, which reflects the lengthy con-
sumption of the intracellularly accumulated N and P.This explalns
the mwmesintaining of the division availabllity for & longer tlme
at 6-8°C.
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Table 2
The dynamics of N utilization (N-Nog, NOE) by Cyclotella
in dlfferent conditions of temperature (the days to which
the most signiflecant data correspond, are glven)i

The determined guantlty of N (dpg/l), thermic
b

Experimented conditions and the day of sarvation
varlant Temperatur 2: -8°¢ Temperature: 12-2000
(‘?gll) Inltial I Iv VI 1Initial 1T v VI
N-Nog variable
lo lo 9,38 l.05 059 lo 0.5%3 0,65 0,71
50 50 6. 20 1.08 o. ?9 So 3'74 0.59 0.68
70 70 8. 84 1.16 o. 79 70 Os 95 Os 59 0,62
83 83 Ze 71 1. 13 Oe 714' 83 4,74 0. 82 0-51
N-Nog variable
lo lo 8.12 2.78 0.28 lo 4.09 0e B3 1.59
30 30 15415 10417 0617 30 loe20 0e 54 0e 85
50 50 21,19 ll.42 0.08 50 lo.07 0.51 059
70 70 28,26 16.45 0,08 70 12.65 De 62 0 54
P—POZ variable
lo 83 42,02 ll.59 0.79 83 3,37 0. 68 0062
30 8% 23.79 1.08 0456 83 13.92 0,68 0463
50 83 34,94 12,98 0.98 83 9.3%0 0o 838 1.05
75 83 30.09 19.31 l.42 8% S.0l 0.68 1. 35
ﬁgnggg};m 14,000 64.13 87.52 7.36 14,000 53.95 161.68 251,10

¥ 411 determinations were performed on the nutritive solutioms

Chaetoceros slumplex var.calcitrans

The proporticnallity between the concentration of the
three trophlc anions and  cellular division was manifest In this
alga, too ln both thermic regimes experlumented (Figs. 7-12), The
two nitrogen sources give different effects according to the tem-
perature:N-NO3 1s better utilized at 6-8°C while N-NO, at 19-20°C.

wWhen the temperature was 6-8°C, the growth curves had a
hyperbolic aspect, indicating the cessation of the division pro-
cess ss a consequence of a very actlve log phase which beglns
from the wmoment of the cell suspending in the culture medium
(Flgs. 7-9).
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Figs. 7 - 12: The development of Chaetoceros in different
concentrations of N-KOZ, N—Nog and P-POZ as
P8/l (pigs, 7-9: 6-8éC and Figs.lo-12:
19~20°C)

In the verients with N-NO; and P-FO,, the 19-20%
tenperature causes decrease In the division rate; the development
tends to a linear aspect (Figs.lo-12) with lag phases of 24 to 48
hours. In the same thermic regime a clearly hilgher division rate
as compared with the control was obtained In the presence of
N-NOE, even during the initial 24 hours; the lag phase characte-
ristle of the all other varlants exposed to thls temperature
was absent.

The behavliour differences of the algae in the two regi-
mes of temperature are also evident in the trophic substrate utli-
lizatlion rate (Tables 2,3).
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Table 3
The dynamics of N utllization (N-Nog. NO7) by Chaetoceros
in different conditions of temperature (the days to which
the most significant data correspond, &are glven)’

Phe determined quantity of N (,ug/l), thermic
Experimented condltlons and the day of ‘observation

variant Temperature: 6-8°C Temperatures 12—2009
(/ugll) Initlal I II v Initial ‘I II Iv
N—Nog variable

1o lo 8.65 0 0676 1o 79.29 979.97 82.18

5¢ 50 4.33 0 0482 50 5%.20 8l.82 Ce 56

70 70 l4.50 0 0.76 70 82,18 B8l.42 1lo.98

83% 83 4.57 1l.88 0.88 8% Bl.88 79.57 9. 31
N-Nog varlable

lo lo 5.09 0 0«76 lo 2.35 lel3 o

30 30 ll.lo 0 3.53 30 738 1.1l [}

50 50 18, 47 Q O 82 50 14.68 Oe 99 o

70 70 24.24 c 0.82 70 25.1l0 0. 85 o
P-POZ variable

lo 83 L 56 6. 60 1. 50 83 82 90 86, 46 70. 37’

50 83 25. 63 le 1‘7 L. 05 83 82. 90 86. 80 Os 85

50 85 24,28 2 89 Ce 99 83 71. 57 71| 57 06 48

75 83 24,99 3453 le02 83 79,20 67.42 0.57
Gontroli 14,000 72491 92.24 8728 14,000 146.11 1600 97 195.23

¥ 511 Getermlnatlons were performed on the putritive solutions

2, Nutrltive substrate utillzation

Using the following formula, the influx and efflux rate
of N and P antons was established in all the combinatlons of the
experimented media in the two thermic regimes.

Ce / C (% ——ELZ

A=lg
t - (% - tl)
where:
A = absorbed or excreted quantity of the considered
trophic anlion;
Ct= quantity of the considered anlon in the medium

at time €;
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t = (t - 1) = tlme in days or hours between two deter-

winations.

The results showed that N and P utilizatlon s strictly
depenéent on the concentration of these anions in the medlum and
thelr Influx and efflux may be related to large tlme Intervals.

The succession of the efflux - influx processes is de-
termined by the anlon concentration: as a rule for the tested va-
rlants, an efflux takes place first,after which the absorbtion of
trophic elements begins, while in the control, where the concen~
tration of the tested anions is much higher, an intense Influx is
produced, followed by a slighter effluax.

The particularities of this osclllating utilization are
speclfic for each of the Investlgated algae and depend not only
on the trophle anion concentration, but also on the temperature.

During the determinatlons on the culture med ium, an
alternation was found between the two forms of N, no matter the
source of thils aniomn.

Cyvclotella caspia
Nitrate utilizatlon

In all the experimented varlants, the nitrate begins to
fade away from the medium during the Inlitlal culturing hours
(Figs. 13-16). The nitrate reduction to nitrite and the absorption
of the letter has a wuch more active dynamics at 19-20°C. The os-~
cillatlon periods of N-NOE generat fon and Influx are much shorter
at these temperature values as compared to the 6 - 8°C thermlc
regine.

N—Nog utilization seems to be independent on P-PO,
concentirat Lon.

Nitrite utilization

When the N source was the nltrite, an extrusion of N,
which was measured just from the initial 24 hours as both Nog and
NO}’ was notlced. The nitrate accumulation In the culture medium
Increases In direct proportion to the initial N-NOE concentration
in the medium (Figs. 17,18)s. The nltrate disappears from the
culsure medlum after 48 hours, except the variant In which the
initial nitrite was in concentration of lo /ug/l,and the exposure
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tempei-ature was 6-8°C.Here, the nitrate is preserved for a longer
period, the influx belng evident after 96 culturing hours. The

influx rate 13 low in thils cases.

Phosphate utilisation

The efflux amplitude is In Inverse ratio with P concen~
tration in the medium, and the efflux period is much shorter at
temperatures of 19-20°C (Figs. 19-24). ‘

The influx rate increases according to the lncrease of
phosphate concentration In the culture medium, reaching the
highest valuea by exposing to 19-20%¢.

No matter the temperature, the presence of N-NO, in the
medium lmplies more rapld P-FO, absorption (Figs. 23,24).
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Chaetocercs simplex vare. calcltrans
Nitrate utlilization

The nitrate reduction to nltrite and the absorption of
the latter is much more active at 6-8°C (Figs. 25-28). '

— N-HO5 —— ¥ - W03

t= e T VY (/] i ‘ - - N5 :
st Jemperature: 6-6°C "'/ gy TETRErSIUrEN3-20C
3 1l -
% a5 .i o= ‘/0- 75

X /4 = :

8 ”'i AR N\ 7ime chours)
L 22 4 72;

et i
S i

< /3 \

X L2

5 15

g 2

D

R -1,

{
$
~N
Fig. 25 Figs 26

The nitrate utllizatlon i stimulated not so nuch by .
P-Po; concentration incresse as by the total ions concentretion
gradient Increase (Filgse 2528).
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Flgs. 25-28 =~ The dynsmlcs of nitrogen and the ratio
N-Nog /N-NOZ influenced by Chaetocercs
growth, in different conditlons of tem-
perature and trophic anlons concentra-
tion (Flgs. 27,28: N-Nog constant 83y 1;
P-POZ; variable: 10-75 mg /1)

Nitrite utilization

In the 6-8°C thermic reglme, the unitrite absorption as
well as the nitrate accumulation In the medium Is ar dlrect pro-
portion 6o the Initlal oconcentration of the nltrogen source
(Fig.29). Exposure to 19-20°C produces a delay in the wmembrane
transport processes; the nitrogen excretion, as well as the modi-
ficatlions of the two oxidized forms, begln only af ter 4 hours and
show a8 much lower development rate (Fig. 30),
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FPigs. 29,30 - The dynamles of nitrite and the rafio
N—Nog /N-NO; influenced by Chaetoceros
growth in different conditlons of tem-
perature and trophic anlons concentration
(P-POZ constant '?5/ug/ 1; N-—NOE varisbles
lo-70 /Jg/l)

Phosphate utillization

The efflux value Lls in inverse proportion to the
initlal P-PO, concentrat fon in the medium, while the influx 1s in
direct proportion to the concensratlon increase of thls anlon in
the medium (Figs. 21,32). The influx rate ls optimized at 6-8°C.
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Flgs. 31, 32 - The dynamlcs of P-PGZ inf luenced by
Cheetoceros growth, in different con-
ditions of temperature and trophlic
anions concentration (N—Nog constant
83/ug/1; P—POZ varlable:lo-?olng/l)

The cultivation in the control solutlon where the con~
centration was much h!.gher than that In the so far dlscussed va-
riants (I\‘--NO3 14 x 10° /ng/].- P-PO4 t Sed X 103/15 /1), showed
sore differences regarding the partlcularities of the substrate
utllizatlon in both algase. An Intense Influx occurs, followed by
8 slight efflux after the saturation for both trophic anlions
(Figs. 33, 34 and 35,36). The mnodification of the 1= tlo between
efflux and Influx is explaned only by the increase of the concen~
tration gradient.
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5.4 x 107 pg /L)
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5.4 x 103/ug/1)

FRIBIL and MARVAN (2, %g) obtalned activatlon of nitro-
gen consumptlion in Scenedesmus guasdricauda (TURP. )BREB. in direct
ratio to its concentration, when 1,000-3,000 mg N/l were added %o
the growing solution. Irn the same elgs, P-POZ utilization is in
direct ratlo to the phosphorus concentration ir the medium within
the range of 3 - 300 mg F/l.

In the algae Cyclotella and Chaetoceros, & higher ab-
sorptlon rate is obtalned at much lower X concentratlions; but the
P concentration to which such a high rate corresponds is confined
to the limits cited by the authors above.

Another interesting pecullarity is in the fact that,for
the concentration levels of N and P whick were reached in the
control, the utllization of these anions seems not to depend any
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more in a significant measure on the temperature value.

%e Intercondltioning of the {nvestlgated factors

In the course of the experiments descrlbed so far {con~
centration limlts: N—Nog 10-83 /ug/l; N-NO5 10-70 /ug/l and P—POZ
10—75‘pg/1) tt was observed that the divislon process of the
algae wes condittioned both by the chemtcal state of the trophic
factors and tewperature. There was &ls50 obviously the dJependence
of the nutrlent substrate utilization rate on the concentration
gredient, the gemperature and the speclfilc metabolic patterns.

a, Cellular division

P-FO,, concentration seems to be limitative in Cyclo-
tella, regerdless of the temperature (Flgs. 1-6)s When there is a
cons tant N—Nog concentration of 83 )m;/l, a varilation of P—POZ
concentration between 10 and 75 )ag/l tnduces stlmulatiion of cel-
lular élvislon in proportion %o the concentratlion increase. when
P—FOZ holds constantly 75 /ﬁ;/l, high division rates are obtained
sven in varlants 10-3C ):g/l N—Nog, N-No'g'.

Lt the same values of Por & concentrat lon, the 19—20°C
temperature favours & higher divistion rate as compared to that
obtoined at 6-8°C.

The growth of Chaetoceros in thermic Teglme 19-20°C
seems to depend on both ? and N concentratlon lncrease, while at
5-89C this dependence 1s lost and the obtained division values
are very close together and very close to the control values, no
matter the study vsriant (Figs. 7-12). It may be assumed that
under 19-2000 thermic reslme the metabollc activity in Chaeto-
ceros develops with a high energetlc and plastlc consumption; the
{ncrease In concentration of both trophic lons compensates the
unicellular consuampt lon,making cellular division be possible. The
crowth of the alga in the control solution, where N and P concen-
tration satlsfy the mefabolle requirements, shows attenuation of
temperature - dependence.

Under 6—8°C thermic regime, the efflciency of nutrient
substrate utilizatlion is higher; a good economy is observed in
the utilization of the extracellular nufrient substrate and the
tntrzcellular storage as well.
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b. Nufrient substrate utilization

The optlmum thermic regilme for moblilizing the studied
trophic ions Is different for the twoe of the algae: 19-20°C'for
Cyclotella and 6-8%C for Chaetoceros, Temperature 1s a determining
factor for N and P utilizatlon when these anions are at small
concenfrations. The higher the concentration of the essential nu-
tritlonal anions, the much less the significance of thils factor.

N-Nog, N-NOE and P-PO, utllizatlon In both algae
depends on the increase in both N and P concentratlion gradlent,.

P-POZ efflux amplitude is in Inverse ratio to Lts con-
centratfion in the medlum, while the influx amplitude 1s in dlrect
ratlo to 1ts concentration in the nutrient solution.

With Cyclotella, the presence of N-NOE in the medfium
induces more rapid absorption of P-PO,,.

Ce N-Nog and N—NOE balance

Utillzatlon of both nitrogen forms showed that accumu~
lation of both N—NOE, when N—Nog is the nitrogen source, and
N-Nog, when N—NOE Lls the only nitrogen source, 1s possible in the
culture medium.

N-NOE accumulation In the culture medlum of the algae
which were grown on N-Nog is well known, as the algae reduce the
nitrate to be able to integrate Lt into the metabolic cycle
(11, 15, 18).

7 “The N-Nog occurance in the calture medium when N-NOE
was the only N source has a single explanation.As N concentration
is critical in the medium, an extrusion of the Intracellular N
storage occurs.Up to now 1t was positively known that unlcellular
algae accumulate N as N-NOE.Only one mention (;;) was made on the
possiblility for seaweeds of the genera Porphyra to accumulate
conslderable quantlties of N-Nog. In our study Cyclotella and
Chaetioceros proved also the unicellular algae to have this sbi-
116y.1t is the Intracellular storage that are reutilized In case
of deficit in the wmedium.

The problem of N and P lon efflux when thelr concentra~
tions in the medium are from 10 to 100 /g!l constitutes onedf
the wmultiple features of the membrane transport phenomenon. The
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following reasoning may be accepted in the present instence: the
mechanlsm of the nutritive anlons integrat lon along different me-
tabolic path ways is not triggered before the moment when & ba-
lance occurs between the intracellular end extracellular trophlc
ton concentratlon. The need for fonlc balance, which is necessary
for the multiplication of algae, ls aquoted Iin the litterature.
TORKUDA (14) found that the stsrt of the cellular division in the
alga Nitzschia closterium (EHR.) W.SM. 1s connected with the syn~
thesls and excretlon of glycolic acld into the medium. Division
process is triggered only when an equilibrium occurs between
extra- and Intracellular concentrations of this compound. The
author elimlnates the lag phase by addition of glycollc acld to
the nutritive solutlon.

4, Ecologlical impllcations

The slgae Cyclotella and Chaetoceros can be found in
naturel communities all the year round. But massive developments
occur only during certailn seasons: in summer for Cyclotella and
in early spring and late autumn, for Chaetoceros. Temperatures of
15-21°C are characteristic of the summer season, while spring and
autumn are characterized by less than lote

The nutrient levelg) osclllates within the following -
limits: 65 - 205 (,ug/l P-PO, and 64 - 143 ag /1 N(NO, NO5) in
sgomer, 57 - 339 /ug/l p-p0, and 92 - 334 /ugfl N(NOB, NOE) in
autumn and 27 ~ 1,179 /x;/l P—POZ and 65 - 455 /ug/l N(NO%,NOE)
in spring. Thus, even when the concentration level of trophic
anions 1s falling, if there is optimum temperature for their
acllization, & massive development .of the species Cyclotells
ts possible.

A4S our experiments have proved, Chsetoceros can grow
when N and P have low concentrations, %00; but, in the natural
environment, a decrease in nutritive substances 1s followed by &
temperature increase ‘which s unfavoursble to the processes of
trophlc substrate utilizatlon, keeping a low division rate In the
alga. In 1975, an excesslve growth of the nutrients was recorded

) The date correspond to 1977, after the determinations made by
lydrology Laboratory of the Romenlan Marine Research Institute
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and as an effect of this, s massive development of Chaetoceros in
summer, too. This confirms our observation: very high P and N
concentrations diminish the significance of temperature.

These observations can be one of the explanations of

Cyclotella caspias and Chaetoceros simplex v.calcitrans biologlcal

cycle. Twenty years ago, when the N and P wean level was up to
100 /ug/l their blological cycle was tight correlated with tempe-
rature. When the N and P concentrations have increassed the tempe~
rature dependence have diminished, beelng possible the Cyclotella
and Chaetoceros presence, in the nearshore phytoplanktonic com-
munities, all through the year.
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