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Abstract

Chlorella cultures were grown in light with low and high concentrations of CCC and the rate of
growth, photosymheus resplratwn nitrate and nitrite assimilation were studied. CCC at low conven-
trations up to 6.3 x 10° oM, dld not have any effect on these processes whereas at higher concentra-
tions 0.5 » 107 to 0.5 t0 107 M al! these processes were atfected differantly. CCC brings about quali-
tative change in the soluble pool of the amino acids in treated cells of Chlorella.

introduction

(2-chloroethyl) trimethyl ammonium chloride (CCC) is a plant growth regulaton
which produces different effects in a wide variety of plants. The effect of CCC on the
growth and metabolic activities of higher plants have been extensively reviewed: (Cathy,
1964) but the literature on the effect of CCC on algae is scanty. Cathy (1964) reported
that 10°M or lower concentration of allyl trimethyl ammonium bromide (AMAB) stimu-
lated the growth of filamentous alga (Ulothrix subtillisma. Rabenh), whereas higher con-
centrations inhibited growth. Kim (1962) observed that CCC inhibited the growth of
Chiorella. Supniewska {1963) studied the effect of CCC on the growth of Lemna minor
and Chiorella pyrenoidosa. Lemna was found to be more sensitive to the action of growth
retardant, it was killed at 0.6 x 107! M whereas Chlorella was more resistant than Lemna.

No attempt has so far been made to study the effect of this growth retardant on
the metabolism ol algae. The present investigation reports the results of the effect of CCC
on the growth and metabolism of Chiorella.

Meterial and Methods

Growth of Organism

The alga used in this investigation was Chlorella fusca (a kind gift of Prof. P.J.
Syrett, University College Wales, Swansea, England). Cultures were grown as described

by Syrett & Morris (1963).
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General Experimental Procedure

CCC solution after passing through the millipore filter was added to the culture
medium in appropriate concentrations. An incoulum of Chlorella suspension giving a final
concentration of 300 cells per cubic mm was added to the culture solution. During the
growth period of 4 days the cells were counted after every 24 hours by Neubauer haemo-
cytometer. They were then harvesied by centrifugation at 400 x g for 5 minutes, washed
once in nitrogen free medium (full growth medium minus N-source) and resuspended in
the same medium. The cell density was adjusted rurbidiometrically to 3 mgs dry weight
cells per ml. Dry weight standard curves were prepared for each concentration of CCC.
All experiments were performed at 25°C and pH o.1. '

Gas Exchange

Evolution and consumption ol oxygen was measured by conventional Warburg
manometry. Depending upon the experiment. illumination of 8500 Lux was provided at
the surface of the flasks. Carbon dioxide was removed by including 20% potassium
hydroxide (plus filter paper) in the centre well of Warburg flask.

Analytical Procedures

Assimilation of nitrate and nitrite was measured by following their disappearance
fiom the medium. The methods were the same as described by Ahmed (1968). Amino
acids were investigated qualitatively using two dimensional paper chromatography in a
manner described by Fowden (1951). Chlorophyll was estimated by the method of Mae-
lactam & Zalik (1963).

Results
Fffect on Growth

In preliminary experiments (data not included in this paper),low concentrations of
CCC (ranging from 6.6 x 101010 6.3 x 10°M) did not have any effect on the growth
and metabolism of Chlorells when they were incubated for a period of 2 1o 24 hours in
light or dark. Higher concentrations of CCC ranging from 0.5 x 10*M 10 0.5 x 107TM
were therefore used in all the subsequent experiments. The bleaching of cells occured
at 0.5 x 10°'M CCC concentration. Growth rate was studied by following cell counts and
dry matter production (Fig. ). Dry matter production was inhibited at all the three
concentrations of CCC used. At low concentrations of 0.5 x 10*M & 0.5 x 107M,
percentage inhibition remained almost constant during the entire growth period whereas
at 0.5 x 1072M it decreased linearly with time.

Inhibition of cell division decreased with time and reached to a negligible value
at 48 hours when CCC was applied at a concentrations of 0.5 x (074 M. A marked stimula-
tion in cell number was observed when cells were subjected to 0.5 x 107*M CCC for a
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Fig. 1. CCC induced changes in cell division and dry matter production.
Xme——— cell d{\gsion; 0 ————— dry mﬁltter production; ———~ - 0.5X104M CCC,
~—m.=, 0.5%1077M CCC; e 0.5x107“M CCC.

period of 72 hours. Increase in cell number was also observed at 96 hr. at all CCC levels
and this was proportional to the concentration of CCC.

CCC treated Chlorella showed higher amounts of Chlorophyll “a” on dry weight
basis but different concentration of CCC did not seem to have any effect on this increas-
ed amount. On cell basis the concentration of Chlorophyll “2” decreased with increasing
concentration of growth retardant. Chlorophyll “b” concentration increased both on dry
weight and cell basis. The ratio of Chlorophyll a/b was 1.8 in control in both the para-
meters and CCC treatment decreased this ratio to 1.3 at all concentrations used (Table 1).
These results suggest that more chlorophyll “b” is found in CCC treated cells. It may be
mentioned that Chlorophyll “b™ contents also increased in Chlorella cultures when they
were subjected to various concentration of NaCl (Chimiklis & Karlander, 1973).

Effect on Photosynthesis and respiration

Rate of photosynthesis increased cousiderably in all the concentrations of CCC
when resuits were expressed on dry wt. basis (Table 2). Inhibition was observed at 0.5 x
10"2M on cell basis. The enhanced rate of photosynthesis decreased with increasing con-
centration of CCC in both the parameters. This decrease is linear with increasing con-
centrations of CCC.

CCC treated cells consume more oxygen both on dry weight and cell basis (Table
3). Like photosynthesis this increased rate of respiration decreased linearly with increas-
ing concentrations. The comparison of the photosynthetic and the respiratory capacities
of treated and untreated cells reveal that the rates of both processes, were highest at the
lowest concentration.
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Etfect on nitrogen metabolism

Like respiration and photosynthesis the 1ate ol nitrate assimilation also increased
i tieated cells The increased rates of nitrate assimilation decreased linearly with increas-
ing concentiations ol CCC in both parameteis (Table 4). Rates of nitiite assimilation of
CCC necated Chlorella cell increased insignilicantly on dry weight basis but a significant
deciease was obseived on cell basis. {Table S).

l:ffect of CCC on the soluble pool of amino acids showed that total number of
amino acids increased with incieasing concentrattons of CCC. Number of parent amino
acids. however. decieased with increasing concentiations and therefore new amino acids
appeared in the soluble pool. These new amino acids were 5, 7 and 11 respectively in the
increasing concentiation of CCC (Table 6). No attempts has been made to identify all
the amino acids but few were identified by comparing then R, values with the known
amino acids. Visual observations of amine acid spots reveal an increasing level of proline
in CCC teated cells.

Discussion

Results of this investigation have demonstiated that highet concentrations of CCC
have profound effect on the growth and metabolism of Chlorella. Growth experirhents
have shown that dry matier production is whibited at all the thiee concentrations ot CCC
used. This inhibition remained constant at low concentiations during the entire growth
period whereas at higher levels it decicused hneaily with time. The dependence of inlubi-
tion of cell division on the concentration and mceubation period suggests that as CCC
is metabolized its concentration giadually hecomes low and inhibitory effect 15 giadually
relieved. When this compound has completely been metabolized the cell division proceeds
at a normal rate. It is also likely that some product of CCC metabolism o a compound
produced by the action of CCC is responsible 101 the contiol of cell division. Qui 1osults
confirm the eailer findings of Linser ef a/ (1965) that plants treated with CCC show an
increase in proline and decrease in hydroxyproline contents. Stewaid er al (1958) sugges-
ted that cell division in highe: plants go with a special moiety of protem 1ich in hydioxy-
proline. Although duect relationship between oot division and hiydioxypioline has not
been demonstrated in algae. yet hydioxyp. ohne contaming proteins have been reported
in the cell wall by a nwmber of workers (Robeits er al. 1972, Gotelli & (lealand, 1968).
It appears Likely that inhibition o cell division in Chlorella with mereasing CCC concen-
trations, may be due to an increased level ot proline o1 decrease in hy dvoxyproline.

Rate of photosynthesis. respiration and nitrate assimilation a¢ increased by the
action of CCC. The enhanced rates of these processes decrease with incieasing concen-
tration ol (1 (. The wcrease in photosynthesis may be related 10 an ovelall increase
1 chlorophylls and chlowoplast proteins. CCC treatment show higher levels ol total chlo-
rophylls and specially Chl b. The incieased rate of photosynthesis under saline condition
has been attributed to increased levels of Chi b. which impioves the efficiency of pho-
tosynthatic apparatus (Chimiklis & Karlander 1973). Stoddait (1964) studied the effect
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of CCC on Lolium temulentum and observed that free amino acids which are utilized (or
the formation of structural proteins are diverted towards the synthesis of chloroplast
proteins. Specific contribution of these factors in the enhancement of photosynthesis
was not evaluated. We assume that increase in photosynthesis is due to the cumulative
elfect of increased levels of chloroplast protein and chlorophylls. Increased rates ot res-
piration, nitrate and nitrite assimilation is indirectly related to photosynthesis which
supply the substrate and reduced pyridine nucleotide tor these processes.
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