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EFFECT OF PHENOL AND (-INDOLIL ACETIC ACID ON SOME UMICELLULAR ALGAE

Mihnea Pia Elena and Voinescu lulia

Romanlan Marine Research Institute - Constania

ABSTRACTS

The work presents the result of some tests on the action
of phenel and (&-i.ndolil acetic acid on s few uniocellu-
lar alges, common in the Black Sea rphytoplankicen. The
tested products change the membrane permeability for the
trophic substratum, which causes wmodification inm the
rate of utilizstior of the mediua and implicitely the
variation of the generating time and of biomass of the
studied algae,

In zones affected by domestic and {ndustrial pollution,
the increase in the quantity of mineral and organlc substances en-
tatled a significant increase in.the phytoplanktonic blomass (;g}
Testing of the role of mineral substances showed that, in the ma-
jority of the observed algae, the obtalned increments were lower
than those produced by domestlc waste waters (unpublished resulisk
Consequently the organic componds i{n the waste water may be -
among other things - thab " factor" which. is responsible for the
massive growth of the unicellular algae (23 11).

During its degradation, the org;nlzfmatter liberaties so-
me compounds extremely varlable in structure, most of which are

siightly mineralized. But, there are some intermedlary degradation
225



steps of the organic matter, marked by a particular resistance in
time, such as phenol, scatol and indol,.

There is a coincldence between the way of action of the
"factors” existent in domestic waste waters on unicellular algae,
and the guasi-permanent existence of indol, for example, in the
medlums where anoxic decomposition of proteins occurs. This coin-
cidence suggests that phenol and indol may be considered as some
of the stimulatilng factors of the phytoplankton multiplicatiicn.

The way of action of these products is similar to that
of some hormones (2; ll) and it is known about thelr effect that
they modify the cellular division rate and - only in very few of
the cases - the cells size in the sense of 1ts growth (4).

The present study was aimed at: (1) pointing out the ac-—
tion of phenol and P - Indolil acetlc acild in concentrations com~
parable o those which may appear in the natural environment, and
(2) making evident the way in which these products act.

MATERIAL AND METHQODS

The algae making the object of this study were Cyclo-
tella caspla Grun., Chaetoceros sfwplex var. calcitrans Pauls.,
Platiymonas fmpelluclda McLaughlan & Parke and Chlamydomonas spa
This selection had ln view the following: Cyclotiella caspia 1is a
diatom most common to the phytoplanktonic populations, in both
clean and polluted waters. The dlatom Chaetoceros simplex var.cal-
citrans thrived in the coastal zone, reaching notable values only
in the last ten years, when some modification occured as a direct
consequence of the rising degree of sea.water pollution. This phe-
nomenon entalled equally the development of some chlorophyceae,
which determined the isolation of &wo green algae for the experi-
went: Plativmonas and Chlamydomonas spe

According to the references, when the cultures are
young, the reactivity toward, the growth factors is stronger (3).
In order to obtain evident responses from the aglae, we took lﬁto
account this particular, inoculating our experimental variants
with cells in the log phase.

Before the inoculatlon, the algae are ninutely washed
with fresh medium (MS) and separated by centrifugation.

The used medium has g simple structure, ensuring vigo-
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rous growth of most of the algae, no matter the systematic group
they" belong Go / ] .

“The inoculum ensured an identical ooncentratlon to all
‘the tesﬁed varlants. ,

‘The. culburing vessels are exposed at a luminous intensi-
ty of 2,000 Lx, in a reglme, /D = 8/16 hours, with continuous
alr bubbllng at the temperature of 19—20 Coe

The concenbratlons of the two tested products were of
0el; ©e5; 23 6; lo and 20pg %o, taklng a control vessel (only the
MS medium) for each algas

The number of cells/ml is estimated hemacytometrically
and the dosing of P-PO, and N—No3 from the culturing medium was
performed affér GENOVESSE AND MAGAZZU (2).

The obtained results are related in percents to the con-
trol which are an expresslon of how much the response is larger
or smaller &s compared to the one obtained in the control soluti-
o

The pesults which were obtaind during 48 hours' inocu-
latlon are analysed, as the tests with domestic waste waters in-
dicated a very active log phase during the first three of four da-
ys of culture (Mihnea end Voinescu, in this volume). On the other
hand, Iin the natural environment, the phenomena of tntense malti-
plication also ooour within a very short time interval.

While analysing the results, we considered the values
surpsssing the control by more than 1% as signlflicant, owing to
the large qantities in which the studied snlons occured in the
culturing medlynh

RESULTS
) Cyc;otelléicgéizg

a.'Phehoi effect. All phenol additions imply some in-
crease in P-P()4 absorptlon rate, exceedlng the total quantity of
absorbed phosphorus in the control solution by more than 2%. A
good absorption ls obtalned by aditilons of 0,5 to lgmg %0, wWhen
the phosphorus percent that was acumulated in the cells exceeds

%/ The MS medium pgho: N-NO; 14,0003 P-PO, 2,0003 S!.--SI.O5 2,300%
S 9Yo00; citrlc acld 6,000y Fe -~ traces.
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the control varfant percent by 6 to lo% and the maximum accumunla-
tion value occurs at 2 %o 6/4#0 of phenol (Fig.l).
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Fig.l - P-PO, absorptiion by Cyclotella cells in
the presence of pheno = indolil
acetlc acid, as expressed in percents of
the absorpbion determined in the control
solution.

As concerns N-NOB, a weak stimulation of absorption is
obtaind at o.1-0.5%0 concentrations. Above these values, a de-
crease In the absorptive power - is found. The diminution of 19‘--15103
utilisation reaches 0.3 to 1% of the value that was obtained in.
the control (Fig.2). Referring to the dependence of %he absorpbion
decrease on the phenol concentration, an inverse correlation was
observed: increase in phenol addition implies decrease in the in-
hiblitory process, so that at values of 20 ug %o phenol becomes again
a weak stimulator of the N-NC)3 absorption process, .l.e. the accu-
mulation of this nutrient in the cells exceds the control by about
2%

The cellular blomasses excesded the one obtaind in the
control solution, with a specification that this gain in growth

is most significant within the range 2-2o/qg %0 of phenol., The ma-
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ximum biomass vallue is obtained i{n the variant with lo Mg%o of
phenol (Flg.3), surpassing the control by nearly 7o%.

be Effect of p- LIndolll acetic acid. The presence of
p- Indolil acetlc acld produces effects similar to those given by
phenol, with the following exceptions:

-~ although P—PO4 absorption was stimulated for all the
applied concentrations, the size of this absorption is slightly
inferior to that obtalned with phenol addition (Fig.l);

- significant P—PO4 absorption occurs with additions be-
tween 0.1 and 6 MgZ%o, the maximum value of the process belng ob-
talned when A~ indolil acetic acid is in concentrations of 06 S1g%h 04

- utilisation of N—NO3 from the medium is stimulated
only when g~ indolil acetic acid concentration is o.l%0; above
this value, an inhibition of the utilization capacity of the dis-
cussed trophlc anion is started, seeming that the inhiblitlon de-
pends on the value of insol concentration;

- multiplication of cells of Cyclotella is stimulated
when addition of the considered substratum is done within o.1l-lo

fs%0; the Increase of the additlon over lo %o is followed by a de-
crease in the cellular biomass with lo% below the one produced in
%2 contirol solution. Optimum division takes place befween 0.5
and lo mgko, with a specification that blomass doubling occurs
only by addition of 2%o.

2+« Chaetoceros simplex var.calcitrans

a. Phenol effect. P--PO,+ utilization in the phenol va-
riants resembles that which was described in Cyclotella, except
but the amplitude of the effect, and the fact that the addition
of a qguantity of 20 fg%o slightly inhibits - in this case - i&s
absorptlon power (Fig.4).

As concerning N—NO3 utilization by Chaetoceros a clear-
cut distinction is marked as related to Cyclotella: above 1%o,
phenol stimulates accumulation of this element (Filg.5),

Stimulation of cellular diviston is inversely proporti-
onal to phenol addifion, belng maintained above the control va-
Lue. However the maximum tested concentration induced a slight
decrease of multiplication, below the value that had been obta-
Ined In the control solution (Fige6).
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b. Effect of‘P findolll acetic acld. dJust like 1in the
specles Cyclotella, this product increases P—P04 absorptlve power
at all the lnvestigated concentration, taking values higher than
in the specles Cyclofiella.

The maximum absorption intensity is obtained by addition
0.5 Mgho in Cyclotella, whereas In Chaetoceros it is produced by
adding G/tg%o (Figa4).

Utllisation of N-—NO3 at concentrations of o.l/q;%o of p-
- indolil acetic acid is not subjected to eny modlfication Lin com-
parison with the control concentration; increase of concentration
in this product leads to the stimulation of utllizatlon proportlee-
lly with the concentration increment. This physiologlc behaviour
differs from tha{ of the specles Cyclotella where 1t was shown
that above 0«5 pmgho, inhibitlon o:f.'_N--NO3 mobilization arose (Fig.SH

p- indolil acetic acid stimulates cellular division,

the growth rate of the organism in gquestion belng inversely pro-
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portional with the added quantity (Fig.6). Consequently,with some
small dl.ffe;r:ances, the two tested substances yleld most similar
efects.

3. Platymonas impellucida

. 8« Phenol effect. P-Poq_ absorption is stimulated by phs-
nol concentrations ranging within o.l-lo %o, The process is op-
timized at values of 0.1-6 #gho and reaches a meximum -~ over loj
of the absorption in the control solution - when the addlitlon is
Oel %c. A phenol addition increment up to 20%o0 gives a limitation
of absorption of which value is as much as 6% of the capacity of
the Platymonas cells in the control variant (Fig.7).
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Fig.? ~ P-Pb- sbsorption by Platymonas cells in the
=" Dresdnce of phenol aﬁfz——moul acetic
acid, as expressed in percents of the absorp-
tilon determined in the control solution.

As regarding N—-NO5 utilization, it is disturbed by the
presence of phenocl, no matter the concentration in which it was
tested.

However, the limitation of 1\'—15[03 utilization from the
medium 1is of low amplitude, under 1% of that of the control for
nearly all the varlants. Exception 18 only made by 1l%o concentra-
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tion,for which this slight inhibition becomes significant (Fig.8).

The multiplication process in the case of Platymonas is
stimulated only at low phenol concentrations: o.l and 0.5 pg %o3
values of 2 and 6 ug %0 are neuter, while exceeding these concen~
trations implies inhibition of division, which results in algae
blomass reduction by 7% and 50% in comparison with the control,
when the phenol is added in concentrations of lo ug %o and 20 Pg%o
respectively (Fig.9).

be. Effect of p- indolll acetic acid. The experimenta-
tion of #- indolll acetic acid with Platymonas gave different ef-
fects from those of phenol.

P-—Poq_ absorpfilon is not Influenced by concentrations
ranging within o0e.1-0.5 Mg %0; but the exceeding of these concen-
trations induces significant inhibltion of the process of P utl-
lization from the medfum. A direct proportinality 1s also re-
marked between augmentation of # -~ Llndolil acefiic acid and inhiba-
tion of P—-PO utillzation.

N—N05 utilization in the presence of p~ indolil acetic
acid presents the same pecullarities as those mentioned for phe-
nol, viz. absorption decrease is obtalned, no matiter the tested
concentration (Flg.8).

As concerning cellular divislon, strong inhibition is
noticed In the rate of this process as related to the one obtained
in the control. The percents of division llmltation are highly
significant even begiming from concentrations of o.l pg %o of p-
indolil acetic acld (30%) and are growing with the increase in
the quantlty of this product (Fig.9).

4, Chlamydomonas Spe

Of the four experimenfed algae, the strongest effect
was obtained in Chlamydomonas spe

The P—P04_ quantity accumulated by absorj_)tilon attalins
high percents as compared to that in the control for al\.l tested
variants (Fige.lo).

The greatest utillzation value (more than 20%) is obta-
ined for concentration of 2 ug %0.

In contradistinction with the other specles, not only

the intensification of P-PQ, ugllization but also a slight stimu-
235



20 -
240 4

20 |

a0 7

44 |[
40

30

22
20

28 3
26
24
a5 -
a2 -

Over the oconirof
va/e

a/ } t t t
* osfl 28 & w0 20 Mg

a3
a4

26 4
28 3
P
24
10 o == Teno/

.ﬂ’ ] /3 - /80N 206170 S010
¥

FTTT W

% Fom P-120; absorbed by cells h contrd/

Under the contral
volve

Figelo - ¥P-PQ, absor tion by Chlamydomonas s cells in the pre-
- sence of* phenol and y m’éﬂ E!.d as express in
percents of absorption determlned in the control solutiion.

\E ==.1%/){,‘/
E \Q cum— ﬁ _ ool 20870 90/27/
c-l
<%
\Q 20.
o V%
QJ$§ o8
. 24
8’§ 23
EQ, 22 A
Q a/ v)
éxﬁ ”iﬂ' 05 2 & w0 2 M
Y »
nS 4]
%q‘% 2 1
1$§ 70 7
N2
5§ 7
&3
(53

Figell -~ N-NO absor t!.on by Chla domonas sp. cells in the pre=
"'"E_"sence of? henog mg ~acetic acid, as ex essegr
percents the absor ti.on detzermlned in the contro solutton

236



latlon of N—NO3 utilization 1s observed (Fig.ll).

p- indolil acetic acid concentration of o0.1-2 mg %o
slightly inhibit P-PO, absorptton, whereas exceeding of these va-
lues increases the possibility of utilizing Pfrom the medium. The
effect obtalned in case of N-No3 absorption is similar to that of
phenol, with a specification that there were small differences
only in the absorption amplitude (Flg.ll).

As concerns the algae bliomass too, the effect of the
two tested products attalns very high values. The cellular biomass
increases by 20 to 242% as related to that obtalned in the control
solutlon with phenol and tskes values of 21-73,7% in the presence
of /- indolil acetic acid. We remark here a distinction between
the effects of the two compounds: first, the phenol - induced cel-
lular multiplication is about twice larger than that obtalned by
treating with p- indolil acetlic acid. The pherol stimulates cellu-~
lar division at all the stated concentrations, whlle the - indo-
141 acetiic acid incites this process only at concentrations of o0.l-
6‘pg %oy concentrations of lo and 20 %o inhlbit cellular division
(Figs 12).

For analysing the average generating $ime (%), the fol-
lowing equations were used:

_ loge2
Teg = —Klo (L
where: Teg = generating time;
Ky, = constant of growth, s

(v}
_ log.Rt/No
Ryp = S22 2
where: Nt = number of cells at tilme of analysis;
No = initial number of cells;
t = number of hours passed when cell counting begins.

The average generating time is influenced In the sense
of lengthening or shortening (Table 1) as the pherol or - indo-
141 acetic acid effect on cellular division was stimulatory or in-
hibitory. Shortening of genersting time by 5 hours occured in
Chlamydomonas sp. &s corresponding to phenol addition in concen-
tration of lo pe %0. Generally, in Chlamydomonas are obtained the

most significant reductlons of the average genersting time, while
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in «ue other algae the reduction does.not exceed 1l-2 hours.

In Platymonas, the generating time is reduced by 1-2
hours in the presence ¢f phenol (os.l and 0.5 Jol:3 %0) and it is
lengthened both through addition of lo and 2o Fg%o of phenol and
in all the p- indolil acetic acid varlants. By addition 20 %o of
g~ indolil acetic acld, the generating time lengthens by 15 hours

Supplementary samplings at short time Llntervals confir-
med this modification of the average generating time, as the ap-
pearance of forms of sexual reproduction was not observed In any
of the tested specles, thelr multiplicatlon occuring only as di-
rect division,

Comparative analysls of the results outlines several
characteristic aspects,

First, in three of the four algae, an Increase, of P—P04

absorptive capaclity is noticeable,
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~ Table 1
Modification of generating time under the influence of
. phenol and £ - indolil acetiic acid

Varlant Cyclotella Chaetoceros Platymonas Chlamydomonas

Ce SeVe Co 1. 8SDs
Fhenol
sl 8 7 11 25
0e5 8 ? lo 18
2 8 ? 12 15
6 7 7 12 15
lo Vi 8 13 12
20 8 8 17 18
Indol ‘
0e5 7 7 16 18
2 7 7 16 16
6 V4 Vi 17 20
lo 7 8 16 21
20_ 9 8 27 23
Control 8 - 8 12 21

It is known that there 1s a number of factors accounting
for the exc:es!.v'e'1?.—1’04 utilization. The concentration gradlent is
one of them (65 9). But the results are presented in relation fto
the values ob?:a;.;xed in the confrol solutions with the same concen-
trations as in the variants. So, the concentration gradient cannot
be implicated.

The pH (9) and the presence of organic substances can
also explaln an i.n;:rease of phosphorus absorption.

But in our experiments the phenol and indol concentratii-
ons are 500 small and so, neither can this argument serve for
found ing the resulted effect, -

The only possible way of interpretation is to consider
the feature of a stimulating substance of both phenol and indol,
besides the effect above mentioned.

"~ POGG (8) postulated the ability of the algae to synthe-
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tize some enz:yuilé' irreversibly transfers P from polyphosphates to
ATP whenever some processes requiring energetic overplus occur,as
it 1s the case of proteln or nuclelc acid synthesis. As the poly~-
phosphates are consumed, a new asmount of P is uptaken from the me-
dlum. Consequently, as the metabolism is growlng, an increase in
P consumption can be expected.

Comparing the graphlcal representations of P-Po con—
sumption with those of cellular growths, one nay-find a confi.rma-
tion of BENTLEY-MOWAT and REID's observations which assert that
growth substances activate ADN of the cellular nucleus - an acid
that controls the growth and ralsing of the cell.

In the algae Cyclotella, Chaetoceros and Chlamydomonas

increastng P-Poq_ absorption takes place, which 1s superposed on
the activatlon cellular division and subsequently on the reducti-
on of thelr generating time. Therefore it is certsinly the matter
of an influence of the tested substances at the level of the nu-
cleic acid synthesis.

Platymonas has a reduced I’-PO4 absorption and a reduced
cellular reproduction, so that both phenol and indol inhibit ADN
synthesis during the experimental pericd.

It results that P is requested in large guantity for
covering the energic necessities throngh ATP and ADN syntheses,
the latter having as a consequence a rising of cellular division.

Another pecullarlty that was notlced durlng these expe~
riments consisted of the mode of ISI-NC}5 utllizatlon. It must be
specified that: (I) before starting the experlments, N and P star-
ving clrcumstances were obviated and (II) the culbures.utilized
for the inoculation ¢f the studied variants were in the log phase.
Therefore, the lncrease or decrease in N—NO3 consumption may fndl~
cate an enhanceog slowness in the processes of protein synthesis.

Concerning some algae, such as Chaetoceros and C Chlamydo~
onas, the excessive N--NO3 consumptlon proves the stimulation of
the proteln synthesis.

In Czclotella'N-NOB'absorption shows an iIncrease of pro-
teln synthesis only at very low phenol (0.l and 0.5 %0) and p- in-
dolil acetlc acid (o0.1%0) concentrations; exceeding these concen~
tratlons implles a decrease in N—NO5 absorption and in correlation

with this, in the protein synthesis rate.
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Inhibition of N—No3 utilization for both studled pro-
ducts, at all concentration values, coincldes in Platymonas with
tnhibition of division process and subsequently the protein syn-
thesis is negatively affected, too.

CONCLUSIONS

1. Phenol and p—.indolil acetic acid act in very small
concentrations, determining elther activation of metabolism,as in
species Cyclotella, Chaetioceros and Chlamydomonas, or dominution
of metabolism, &s it was observed in Platymonas.

2. All the investigated processes prove that under the
influence of phenol and p - indolil acetlc acld a modification of
cellular membrane permeability tekes place, leading to increase
or decrease of absorption capaclty of the two trophlc anions.

-3, The excesasive P—Poq_ absorption coinciding with cellu-
lar divislon in the algae Cyclotella, Chaelioceros and Chlamydomo-
nas suggest the increase of ADN synthesis under the influence of
tested products.

4, The allke increase of both P-PO, and N-I‘IO3 absorpti-
on in the algae Chastocercs and Chlamydomonas proves that phenol
and indol - in some definite concentrations - stimulate not only
ADN synthesis but also proteln synthesls processes.

S. Phenol and p - indolil acetic acld, in case when they
are stimulatory, may have an effect on either ADN synthesis, or
protein synthesis, or both processes.

6e Analyéi.s of the multiplication process by calculatii-
on of the generating time too, proves once more the modificatlons
caused by the two tested substances at the ADN level.

7« The variation of the number of cells occurs in all
cases by modification of the generating time and not by appearan-
ce of sexual reproduction stage.

8. The effect of the two tested products differs as a
function. of specles, being mostly an effect of stimulation of cel-
lular division. In the natural environment, an ingrease of these
products, resulted from the degradatlon of organl.évina’war or from
different industries, could cause chagtic mult!.pli.caﬂonln :::'a-a

ther short time.
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