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ABSTRACT 

Alam, Mohammad Ihtisham, Effects of Phvtohormones On 

Scenedesmus quadricauda, Doctor of Philosophy (Biology), 

August, 1977, 71 pp., 12 tables, bibliography, 137 titles. 

The literature on the effects of phytohormone on algae 

is clouded with contradictory reports. Reports have been 

published which substantiate and deny the effects of phyto-

hormones in enhancing the growth and developmental processes 

in algae. The overall aim of this study was to investigate 

the response, if any, of the phytohormones indole-3-acetic 

acid (IAA), gibberellic acid A3 (GA) and kinetin on the 

physiology of the green alga, Scenedesmus quadricauda. 

Growth studies of Scenedesmus were made in the presence 

of 0.001 - 10.0 ug ml~l IAA, GA and kinetin. All the con-

centrations of phytohormones employed proved either ineffective 

or inhibitory to Scenedesmus growth. Endogenous levels of 

DNA, RNA, proteins and pigments in hormone-treated cells 

were similar to those of the controls. These data suggested 

two possible explanations for the ineffectiveness of hormones. 

First, the phytohormones may be unable to enter the algal cells 

due to permeability characteristics of the cell membrane 

system. Secondly, the alga does not possess a hormone-

recognizing system and can not utilize the hormone in any 

metabolic capacity. Data obtained in the various experiments 



of this study indicate that both these possibilities appear 

to be, in fact, operative. 

Results obtained for the uptake of -^C-IAA an(j l
4C-kinetin 

by Scenedesmus strongly support the presumption that the 

alga does not absorb the hormones. The retention of the 

phytohormones by the alga is due to adsorption, and is indepen-

dent of hormone concentration. Most of the label was adsorbed 

by the outer pectic layers of the cell wall. 

Efforts to measure endogenous IAA and kinetin in 

Scenedesmus cells were unsuccessful, thus lending indirect 

support that these hormones have no role in the alga. More 

convincing evidence to support this assumption was obtained 

from the experiments using dimethyl sulfoxide (DMSO). In the 

presence of DMSO, Scenedesmus cells absorbed both ^C-IAA and 

"^C-kinetin. Although the cytoplasmic fraction apparently 

incorporated physiologically-active quantities of the hormones, 

the growth of the alga was not affected. 

The data obtained for various experiments suggest that 

the phytohormones studies have no regulatory role in Scenedesmus 

quadricauda. 
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INTRODUCTION 

Phytohormone research has a history of over 50 years, 

with much work on the molecular level in the last decade. 

The concepts of a plant hormone began in the mid-1920's 

when Julius Sachs put forward the idea of special substances 

stimulating the formation of roots, others stimulating the 

growth of leaves, and still others, stems. Later, Hans 

Fitting explained the post-fertilization changes in orchid 

flowers due to hormone action (Thimann, 1974). Went, in 

1928, proved the presence of plant hormones both qualita-

tively and quantitatively through his bioassay experiments 

on oat coleoptile tips. In the 1930's, the role of auxins 

in photoperiodism and geotropism was proposed by Cholodny 

and Dolk, respectively (Thimann, 1974). The literature, 

prior to 1962, on the effects of phytohormones on algae has 

been summarized by Conrad and Saltman (1962). 

Growth substances in marine algae were first reported 

in 1933 (van der Weij). In 1940, van Overbeek determined 

the presence of indoleacetic acid in numerous algae by 

diffusion coefficient and molecular weight determinations 

on the extracted auxins. Other naturally occurring auxins 

were later separated and identified chromatographically. 

The exogenous application of auxins and their effect on 



Chlorella vulgaris was reported for the first time by Yin 

(1937) who estimated an increase in the cell size without any 

noticeable effect on cell division. Similar growth enhance-

ment by IAA was reported for C. vulgaris (Bach et al., 1958) 

and for another green alga, Scenedesmus sp., (Leonian and 

Lilly, 1937; Ahmad and Winter, 1968a). Growth enhancement 

as well as growth inhibition due to IAA application has been 

reported in algae belonging to different groups of fresh-

water and marine forms. Table 1 lists varied responses of 

exogenous application of IAA on algae. 

Ahmad and Winter (1968b; 1970) added labeled IAA 

and its precursors tryptamine and tryptophan to the medium 
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in which algae were grown. Tryptamine and IAA (both 10 M) 

stimulated the growth of Anacystis and Chlorogloea, whereas 

tryptophan was ineffective. The similarity in the growth 

response between IAA and tryptamine suggests that the latter 

may be a precursor of IAA. Since tryptophan did not influ-

ence algal growth, it appeared not to be a precursor of IAA. 

Disappearance of labeled-IAA from growth media has been con-

sidered as a monitor for IAA metabolism (Epstein and Lavee, 

1975; Epstein et al., 1975). 

Prior to 1958, many reports of enhanced algal growth 

attributed to IAA probably resulted from the use of ethanol 

as a solvent for IAA (Thimann and Beth, 1959; Street et al.., 

1958). Luxurient algal growth occurred when ethanol (Bach 



TABLE 1. Effects of Exogenous Application of Indoleacetic 
Acid on Fresh Water and Marine Algae 

Alga Reference 

Growth Enhancement: 

Anabaena 

Anacystis 
Ankistrodesmus 
Ascophyllum 
Chlorella 

Chlorogloea 
Codium 
Dictyota 
Euglena 
Fucus 
Nostoc 

Phormidium 
Porphyra 
Pterocladia 
Rhizoclonium 
Scenedesmus 

Tolypothrix 
Ulothrix 

Ulva 

Vaucheria 

Cell Division Enhancement: 

Anabaena 
Chlorella 

Coccomyxa 
Oocystis 

Ahmad and Winter, 1968a; 
Kim and Greulach, 1961. 
Ahmad and Winter, 1968a. 
Ahmad and Winter, 1968a. 
Davidson, 1950. 
Yin, 1937; 
Bach £t al., 1958; 
Ahmad and Winter, 196 8a. 
Ahmad and Winter, 1968a. 
Williams, 1952. 
Nasr and Bekheet, 1969. 
Bach et al., 1958. 
Davidson, 1950; Moss, 1965 
Ahmad and Winter, 1968a; 
Bunt, 1961a, 1961b. 
Ahmad and Winter, 1968a. 
Iwasaki, 1965. 
Nasr and Bekheet, 1969. 
Davidson, 1952. 
Leonian and Lilly, 1937; 
Ahmad and Winter, 1968a; 
Bach si. al. , 1958; 
Yamafugi and Nakamura, 1953. 
Ahmad and Winter, 1968a. 
Conrad et al., 1959; 
Conrad and Saltman, 1961. 
Provasoli, 1957, 1958; 
Nasr and Bekheet, 1969; 
Kale and Krishnamurthy, 1969 
Kim and Greulach, 1961. 

Kim and Greulach, 1961. 
Brannon, 1937; Pratt, 1937; 
Brannon and Bartsch, 1939. 
Brannon and Bartsch, 19 39. 
Brannon, 193 7. 



Table 1 —• Continued. 

Alga Reference 

Rhizoclonium 
Ulothrix 

Davidson, 19 52. 
Conrad et al. , 1959; 
Conrad and Saltman, 1961. 

Ineffectiveness or Growth and/or Cell 
Division Inhibition: 

Alaria 
Chlorella 

Cystococcus 
Monodus 
Oocystis 
Scenedesmus 

Buggeln, 1976. 
Tamiya and Morimura, 1960; 
Leonian and Lilly, 1937; 
Lien et al., 1971; 
Tamiya et al., 1962; 
Vance (personal comm.) 
Leonian and Lilly, 1937 
Miller and Fogg, 1958. 
Leonian and Lilly, 1937. 
Leonian and Lilly, 1937. 

et al., 1958), glucose, fructose, galactose, mannose 

and arabinose (Higashiyama, 1967) were present in the medium. 

All of these compounds apparently served as a source of 

utilizable organic carbon for the algae. 

Filtrates from cultures of Enteromorpha linza (Berglund, 

1969) and Hormotila blennista (Monahan and Trainor, 1970) 

have growth-stimulating properties on algae and other micro-

organisms. Monahan and Trainor (1971) identified glycolic 

acid in filtrates of Hormotila. The possibility of the 

presence of auxins in the algal filtrates cannot be ignored 

since IAA has been reported to exist endogenously in Chlo-

rella pyrenoidosa (Grotbeck and Vance, 1972; Mowat, 1965) 



Oscillatoria spp., Ochromonas sp., Malhamensis sp., Lamin-

aria cloustonii and Ascophyllum nodosum (Mowat, 1965). The 

endogenous existence of IAA in Chricosphaera sp. has been 

questioned by Hussain and Boney (1971) and in Fucus vesicu-

losus, Lamanaria saccharina, Alaria esculenta, Ascophyllum 

nodosum, Chondras crispus, Halosaccion romantaceum, Furcel-

laria fastigiata, Spongomorpha sp., Chaetomorpha linum and 

Acetabularia mediterranea by Buggeln and Craigie (1971). 

There are data for algae (Albaum et al., 1937; Saito 

and Senda, 1974) and higher plants (Iwami and Masuda, 1973; 

Yamamoto et ajL. , 1974), that suggest IAA entry into cells is 

a diffusion process of undissociated molecules, and is de-

pendent on the pH of the medium. An increase in membrane 

resistance of Nitella cells has been reported with an in-

crease in the alkalinity of the medium (Saito and Senda, 

1974) whereas frozen-thawed pea epidermis cells "relaxed" 

faster in acidic medium (Yamamoto et al., 1974). A correla-

tion in the action of auxin and low pH of the medium has 

also been reported by Iwami and Masuda (1973) who reported 

similar growth curvatures of cucumber hypocotyls occurred 

whether they were grown in the presence of auxin or treated 

with a strip of filter paper soaked in a buffer of pH 3.0. 

In the early part of this century, the discovery of 

gibberellin was made in Japan and was found to cause elonga-

tion of rice seedlings. There are more than 40 identified 



gibberellins today, with many more gibberellin-like sub-

stances reported in the literature. Naturally-occurring 

gibberellins have been identified from species of bacteria 

(Brown, 1972; Barea and Brown, 1974), algae (Kato et al., 

1962; Mowat, 1963, 1965; Augier, 1974a), mosses (Kato et 

al., 1962), ferns (Kato et al., 1962), gymnosperms (Kuo and 

Pharis, 1975) and angiosperms (Brown et. al. , 1975; Goto and 

Esashi, 1975; Rajagopal and Rao, 1974; Harvey and Oaks, 

1974; Abdel-Rahman et al., 1975; Murakami, 1975; Railton and 

Wareing, 1973). 

The gibberellins exist as either 19 - carbon or 20 -

carbon compounds, the former having greater biological 

activity than the latter. Like auxins and cytokinins, 

gibberellins also are presumably involved in physiological 

functions and different phases of development in algal 

cultures (Augier, 1974a) as well as vascular plants. They 

have been reported to be involved in cell elongation, cell 

division, morphogenesis and organogenesis (Augier, 1974b). 

Gibberellin-like activity has been reported from the 

extracts of Hypnea musciformis (Jennings and MacComb, 1967), 

Enteromorpha prolifera, Ecklonia radiata (Jennings, 1968) 

and Chricosphaera sp. (Hussein and Boney, 1971). Hussain 

and Boney (1971) identified GA3 and GA7 chromatographically 

from extracts of Chricosphaera. Table 2 lists various 

effects of exogenous application of GA on fresh water and 

marine algae. 



TABLE 2. Diverse Effects of Exogenous Application of 
Gibberellic Acid On Fresh: Water and Marine Algae. 

Alga Reference 

Growth Enhancement: 

Anabaena 
Chlorella 

Eklonia 
Gracilaria 
Gymnodinium 
Microcystis 
Nitzchia 
Porphyra 
Sargassum 
Scenedesmus 
Ulothrix 

Ulva 

Vaucheria 

Kim and Greulach, 1961. 
Saona, 1964; 
Bendana and Fried, 1967. 
Jennings, 1968, 1969. 
Jennings, 1971; Raju, 1971. 
Paster and Abbott, 1970. 
Albert and Davidson, 1959. 
Johnston, 1963. 
Iwasaki, 1965. 
Jennings, 1971; Raju, 1971. 
Saona, 1964. 
Conrad, et al. , 1959; 
Conrad and Saltman, 1961. 
Provasoli, 1957, 1958; 
Raju, 1971. 
Kim and Greulach, 1961. 

Cell Division Enhancement; 

Anabaena 
Chlorella 

Gymnodinium 
Microcystis 
Scenedesmus 
Ulothrix 

Kim and Greulach, 1961. 
Saono, 1964; 
Bendana and Fried, 1967; 
Lien et al., 1971; 
Paster and Abbott, 1970. 
Albert and Davidson, 1959, 
Saono, 1964. 
Conrad and Saltman, 1961; 
Conrad et al., 1959 

Ineffectiveness or Growth and/or Cell 
Division Inhibition: 

Anacystis 
Chlorella 

Chlorogloea 

Ahmad, 1973. 
Lien et al., 1971; 
Tamiya et al., 1962; 
Vance (Personal Comm.) 
Ahmad, 1973. 



Table 2. Continued. 

Alga Reference 

Ditylum Johnston, 1963. 
Gymnodinium Bentley, Mowat and Reid, 1969, 
Hypnea Jennings, 1971. 
Navicula Johnston, 1963. 
Phaeodactylum Bentley-Mowat and Reid, 1969. 

Cytokinins are synthetic or naturally occurring sub-

stances which resemble kinetin (6-furfurylaminopurine) in 

inducing cell division in certain excised plant tissues. 

In the older literature, they were called kinins since they 

were involved in cytokinesis (Miller et al̂ . , 1956) . To 

avoid confusion with the term "kinin" used by animal physio-

logists for substances causing muscle contractions, Skoog 

et al., (1965) coined the term "cytokinin" for all compounds 

with kinetin-like biological activity. 

Naturally occurring cytokinins have been reported for 

divergent groups of plants including the algae, Ecklonia sp., 

Hypnea sp. (Jennings, 1969), Enteromorpha linza, Cystoseira 

discors, Gymnogongurs norvegicus (Augier and Harada, 1973), 

fungi (Crafts and Miller, 1974), bacteria (Barea and Brown, 

1974; Edwards and LaMotte, 1975), and angiosperms (Menhenett 

and Carr, 1973; van Staden and Stewart, 197 5; Abdel-Rahman 

et al̂ . , 1975; Eeuwens and Schwabe, 1975; Forsline and 

Langille, 1975; Lavee, 1963; Short and Torrey, 1972; Letham 



and Williams, 1969). Exogenous application of cytokinins 

has been shown to enhance growth, cell division, cell elonga-

ion and synthesis of various macromolecules in algae and 

higher plant tissues (Miller et al., 1956). Addition of 

cytokinins to algal cultures has resulted in growth enhance-

ment of both freshwater and marine forms. Such enhanced 

growth has been reported for Pylaiella litoralis, Ectocarpus 

fasciculantus (Pedersen, 1968), Anabaena variabilis (Kim and 

Greulach, 1961) Conchocelis stage of Porphyra tenera (Iwasaki, 

1965), Laminaria dig!tata (Hussain and Boney, 1969) and 

Anacystis nidulans (Ahmad, 1973). A kinetin concentration of 

0.1 ug*ml~l induced rhizoid formation in the marine alga, 

Ulva lactuca, without affecting cell elongation in other parts 

of the thallus (Provasoli, 1958). In synchronously grown 

cultures of Chlorella pyrenoidosa, kinetin (10 ug-ml"-'-) re-

duced the time to incipient cell division by 75 min. The 

enhancement in cell division was concentration dependent, i.e., 

at lower concentrations of kinetin, the rate of cell divi-

sion decreased relative to higher concentrations. The lag 

phase of such cultures appeared to be shortened by kinetin 

treatment (Vance, personal communication). Growth enhancement 

due to kinetin also has been reported for the unicellular 

marine algae, Gymnodinium splendens, Phaeodactylum tricor-

nutum and Nannochloris oculata (Bentley-Mowat and Reid, 
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1969) . In the red alga, Hypnea musciformis, kinetin has 

been reported to increase the levels of chlorophyll-a and 

chloroplast proteins (Jennings et al., 1972). 

Contradictory reports of kinetin-evoked growth have also 

been published. Fernandez et al̂ . , (1968) reported ineffec-

tiveness of kinetin in promoting the growth of Anabaena and 

Euglena, and growth inhibition of Protococcus, Chlorella 

vulgaris and Chlorococcum. Ahmad (1973) reported inhibitory 

effects of kinetin at all concentrations for the blue-green 

alga, Chlorogloea fritschii. 

This study was made to determine the effects of the 

growth hormones, indoleacetic acid, gibberellic acid A3 and 

6-furfurylamino purine (kinetin) on the green alga, Scene-

desmus quadricauda (UTEX 614). Specifically, growth, 

nucleic acids, pigments and protein were measured as 

functions of the phytohormones. Uptake of the phytohormones 

by the alga was studied with -^C-labeled hormones. Frac-

tionation studies of the cell were made to learn the fate 

of exogenously supplied -^C-labeled phytohormones. 



MATERIALS AND METHODS 

Axenic cultures of Scenedesmus quadricauda (Turp. ) 

Breb. (UTEX 614) were used to grow stocks in Bristol's 

nutrient medium as modified by Bold (1949). Stocks were 

maintained on slants containing 1.5% Noble agar in the growth 

medium. For experiments, 50 ml of the growth medium were 

placed in 250-ml side-armed flasks, stoppered with cotton 

plugs and sterilized for 15 min at 2Q psi. The flasks were 

cooled to room temperature and 1.0 ml of log-phase cells 

(about 7.5 X 10 cells), grown from a stock culture, was 

added to each flask. The desired concentrations of phyto-

hormones were then added aseptically to the flasks. All 

culture flasks were placed on a shaker (Eberbach Corpora-

tion, Ann Arbor, Mich.) moving at 80 + 5 cycles' min-"'". 

The shaker was kept in a growth chamber (Sherer-Gillett, 

Marshall, Mich.,) with continuous cool-white fluorescent 

light of 4 50 + 50 ft-c intensity at the flask level and 

at a temperature of 25 C. 

Phytohormone stock solutions were made in deionized, 

distilled water and filter-sterilized through 0.45 jam Milli-

pore filter, type H.A. Kinetin (6-furfurylaminopurine) 

stock solutions were made by initially dissolving kinetin in 

a drop of IN sodium hydroxide and then making up to desired 

11 
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concentration by adding deionized, distilled water. All 

phytohormone stocks were adjusted to pH 7.0 with IN NaOH 

or 1% HC1, and stored in a refrigerator. 

Indoleacetic acid, G.A. and kinetin were obtained from 

Sigma Chemical Co., St. Louis, Mo., and their biological 

activity was checked by standard tests. The activity of 

IAA was checked by the Avena coleoptile test (Cleland, 

1968), the activity of GA was checked by the cucumber hypo-

cotyl test (Katsumi et al., 1965) and the retardation of 

senescence in leaf discs was used as a standard test for 

kinetin (Osborne and McCalla, 1961) . 

During experiments, the medium was monitored to deter-

mine if any loss of IAA or kinetin occurred due to degrada-

tion or other reasons. For IAA, spectrophotofluorometry 

was used and for kinetin, ethyl acetate partition tests 

were employed. In each experiment, the pH of the medium 

was measured periodically with a Sargent-Welch digital pH 

meter, Model NX. 

Effects of Cyclic Adenosine Monophosphate 

A possible influence of cyclic adenosine monophosphate 

(cAMP) on the growth, nucleic acid and protein levels of 

Scenedesmus cells was investigated by using 10 M N -0 -

dibutyric adenosine 3':5' cyclic monophosphoric acid (Sigma 

Chem. Co.). Stock solutions of the dibutyryl cAMP were 

made in deionized distilled water and filter-sterilized. 
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Experimental procedures were the same as described for phyto-

hormone experiments. Algal cells were grown in dibutyryl 

cAMP alone and in combination with phytohormones. 

Effects of Dimethyl Sulfoxide 

Scenedesmus growth was measured in the presence of 

phytohormones and 1% dimethyl sulfoxide (DMSO). Dimethyl 

sulfoxide is known to increase the permeability of algal 

cells (Cheng et al., 1972) and higher plant cells to various 

chemicals (Chamel, 1972; Jones and Foy, 1972; Bale and Hart, 

1973). At the termination of a growth experiment, cells 

from all the replicates were pooled, fractionated and the 

quantity of labeled IAA and labeled kinetin determined for 

different fractions. 

Growth Me asurements 

Cell mass and cell numbers were used to express the 

growth of the alga in a fixed volume of medium. The growth 

measurements were made by reading the optical density at 

745 nm on a Bausch and Lomb Spectronic 20. At the time of 

reading the absorbance, flasks were swirled gently a few 

times to suspend the cells adhering to the flask walls, 

and the outer surface of the flask arms were cleaned with 

Kimwipes disposable wipers. 
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suspension in the crucible was heated in a Precision Heated 

Vacuum Desiccator at 60-65 C for about 5 hrs and then at 

105 C for an additional 20 hrs. The crucibles containing 

dried cells were cooled to room temperature in a vacuum 

desiccator, then weighed. 

Cell Preparation for Biochemical Tests 

The general scheme for the preparation of Scenedesmus 

quadricauda cells for biochemical tests is given in Fig. 1. 

Cells were grown in 200 ml of medium contained in 1000 ml 

flasks. Growth experiments were terminated after 15 days 

and the cells were harvested by pooling all the replicates 

of each treatment. Three hundred ml of these suspensions 

were filtered through 0.45 pm filters and washed with de-

ionized distilled water. The cells were transferred from 

filter papers to a cell homogenizing bottle. Cells adhering 

to filter papers were washed off with 2-3 ml distilled 

water, bringing the final volume of cell suspension in the 

bottle to 5.0 ml. Two ml of Glasperlan glass beads, 

0.15 + 0.05 mm diameter, were added to the cell suspension 

and the cells disrupted for 2 min in a Braun Cell Homogenizer, 

Type 853033. The glass beads and the debris were removed 

by centrifugation at 300 X g for 5 min at room temperature 

in a Precision Veri-Hi-Speed Centricone centrifuge. The 

supernatant was decanted and mixed with 10 ml of ice-cold 

10% trichloroacetic acid and left in a refrigerator at 0 C 
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Pool the replicates. Filter through 
0.45 jum filter, and wash twice with 
deionized distilled water. 

i 
Homogenize cells for 2 min at 2-5 C. 

1 
Centrifuge at 300 x g for 5 min. 

glass beads and large 
debris. 

Homogenate 

I 
Add 10 ml cold trichloroacetic acid (10%) 
and store at 0 C for 30 min. 

I 
Centrifuge at 10,000 x g for 10 min 

at 2-5 C 

Pellet Supernatant 
(discard) 

Wash twice with 10 ml 
trichloroacetic acid (5%). 
Heat for 10 min at 90 C. 
Centrifuge at 10,000 x g 
for 5 min. 

Pellet Supernatant 

use for protein use for nucleic acid 
determination determination 

FIG. 1. Flow diagram for cell preparation for biochemical 
tests. 
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for one-half hr. The cold suspension was then centrifuged 

for 10 min at 10,000 X g at 2-5 C. The supernatant was 

discarded and the pellet was saved. The pellet was treated 

twice with 10 ml of 5% trichloroacetic acid, heated for 

10 min at 90-95 C in a water bath and centrifuged at 

10,000 X g for 5 min. The supernatants were decanted and 

pooled together, and used for nucleic acid determinations. 

The pellet was dissolved in 25 ml of 10% sodium hydroxide 

at 60 C (Theimer et al., 1976) for 15 min, cooled to room 

temperature and used for protein determinations. 

Chlorophyll Determination 

Van Ransen's method (1975) was used for the extraction 

of algal pigments. Ten ml of pooled suspensions were sedi-

mented by spinning at 300 X g for 3 min. The supernatant 

was discarded, and the sedimented cells were resuspended in 

10 ml of 95% ethyl alcohol (Wintermans, 1969). The suspen-

sions were heated in a water bath at 80 C for 5 min until 

the chlorophyll pigments were extracted, leaving behind a 

pale-yellow mass of cells. The tubes were immediately 

brought to room temperature under running cold tap and 

centrifuged at 3,000 rpm for 3 min. The supernatants were 

collected in test tubes, and the optical density read at 

663 and 645 nm in a double-beam spectrophotometer (Bausch 

and Lomb's Digital Spectrophotometer, Model # Spectronic 

210 U.V. Schimatzu). The chlorophyll estimations were 
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Cell Counting 

To obtain the cell number, 0.5 ml of growing algal 

cells from each flask of a particular treatment were pooled, 

and transferred to a Spencer Bright-Line hemacytometer 

(American Optical Co.,) with a capillary pipet. Cell 

2 

counts were made in 5 large squares of 1 mm and 0.1 mm 

depth. For accuracy in cotmting, replicate samples as 

well as serial dilutions were employed. The average counts 

of all the replicates were expressed as coenobia • cubic mm 

or coenobia-ml A typical coenobium contained 4 cells. 

Dry Weight Determination 

Ten ml of pooled cells from each treatment were removed 

to 15 ml Pyrex centrifuge tubes, and the sediments obtained 

by spinning them at 3,000 rpm for 3 min. The supernatants 

were discarded and the cells resuspended in 10 ml deionized 

distilled water and again centrifuged. The cells were 

washed once again by centrifugation, resuspended in 4.0 ml 

distilled water and transferred to Pyrex tared crucibles 

of known dry weights. The centrifuge tubes were rinsed 

twice with deionized distilled water each time to remove 

all cells, thus bringing the total volume of cell suspension 

to 10 ml. The dry weight of crucibles was obtained by 

heating clean crucibles for 48 hrs in an oven at 110 C, 

bringing them to room temperature in a vacuum desiccator 

and weighing them on a Mettler balance, Type H6. The algal 
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made from a standard nomagram (Kirk, 1968). Total chloro-

phyll contents were also checked by Arnon's formula (1949), 

which is: (20.2 X OD^.c) + (8.02 X 0Dr,J. 
6 4 b 6 6 J 

Protein Determination 

Endogenous levels of algal protein were determined 

by a modified method of Lowry et al. (1951). Aliguots of 

0.5 ml were placed into a clean disposable glass test tubes 

to which 5.0 ml of reaction mixture (50 ml of 2% sodium 

carbonate in 0.1 M sodium hydroxide, 0.5 ml of 2% potassium 

tartrate and 0.5 ml of copper sulfate) were added. The tube 

contents were immediately mixed on a Vortex mixer (Lab-line 

Instruments Inc., Model Super-Mixer) and left standing for 

10 min. One-half ml of Folin-Phenol reagent (1:1 v/v in 

distilled water) were added to each tube and mixed well 

again. After 10 min., the tube contents were mixed again 

and their optical densities read at 750 nm. A reference 

tube with 0.5 ml distilled water was prepared in a similar 

manner and used as the blank. Quantitative estimation of 

protein was accomplished with a nomogram (Fig. 2) prepared 

for known amounts of bovine serum albumin (Sigma Chemicals, 

U.S.A.). Spike tests have shown at least 9 8% recovery of 

known concentrations of proteins. 

DNA Determination 

DNA was determined by a diphenylamine test (Burton, 

1965). One ml aliquots were placed into clean disposable 
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glass tubes and diluted to 3 ml by adding 2 ml of deionized 

distilled water. Six ml of DNA reagent (4 g diphenylamine 

in 11 ml conc. H^SQ^ and 400 ml glacial acetic acid) were 

added to each tube and mixed thoroughly on a Vortex mixer. 

The tubes were heated in a water bath for 20 min at 95-100 C, 

cooled to room temperature, mixed again and their absorbance 

read at 600 nm. A tube containing 1.0 ml distilled water 

and treated as described above was used as a reference tube 

for optical density readings. The endogenous levels of 

cell DNA were determined from a nomogram (Fig. 2) made for 

known amounts of calf thymus DNA, Type I, (Sigma Chemicals, 

U.S.A.). Spike tests showed 97% recovery of known concen-

trations of DNA by this procedure. 

RNA Determination 

The RNA of algal cells was estimated by the standard 

ethanolic orcinol test (Clark, 1964). Three ml of the 

sample were placed into a clean disposable test tube. Six 

ml of orcinol reagent C2 ml of 10% FeCl^ in 400 ml conc. 

HCl) and 0.4 ml of alcohol-orcinol reagent (6.0 g orcinol 

in 94 ml of absolute ethyl alcohol) were added to each tube 

and mixed well on a Vortex mixer. The tubes were heated 

for 20 min in a water bath at 95-100 C, brought to room 

temperature, mixed well again and their optical density 

read at 660 nm. A water blank was used for the reference. 

Ribonucleic acid of the cells was estimated from a nomogram 
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FIG. 2. Nomogram for the estimation of cell number, 
nucleic acids and proteins for Scenedesmus quadricauda. 
To use, obtain OD of the macromolecule as described in 
the text, place a ruler across the OD value on extreme 
right and left lines and read the macromolecule level 
where the OD line bisects it. 
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(Fig. 2) made for known concentrations of yeast RNA, Type 

XI (Sigma Chemicals, U.S.A.)- This method resulted in 97% 

recovery of known concentrations of RNA in spike tests. 

Kinetin Determination 

Quantitative estimations of kinetin were made by 

Sternberg's method (1974) using ethyl acetate as solvent 

(Hemberg and Westlin, 1973). Five ml of sample were placed 

into a clean disposable glass test tube and acidified to 

pH 3.0 with IN HC1. An equal volume of ethyl acetate was 

added to the acidified suspension and the tube contents 

mixed on a Vortex mixer. The acetate fractions were col-

lected and the extraction was repeated 2 times. The pooled 

extracts were evaporated overnight at 120 C in a Precision 

Vacuum Desiccator. The tubes were cooled to room tempera-

ture and 5.0 ml of 50% ethyl alcohol, containing 5 ml of 

1M HC1 per 100 ml solution, were added to each tube and 

mixed well. The optical density was determined at 276 nra 

against an acidified distilled water blank. Experiments 

also were done by using 1-butanol as solvent instead of 

ethyl acetate, but keeping the pH of the solution above 

7.0 (Hemberg and Westlin, 1973; Van Staden, 1976). The 

endogenous levels of kinetin were determined from a nomagram 

prepared for known concentrations of kinetin (Sigma Chemicals, 

St. Louis, M0.) in distilled water (Fig. 3). 
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To check the interference caused by algal extract upon 

the recovery of kinetin, spike tests also were performed. 

Known concentrations of kinetin solution were made in cell 

extracts obtained from 15 days old Scenedesmus quadricauda. 

Kinetin contents of these solutions were determined spectro-

photometrically at 276 nm, as described earlier. 

IAA Determination 

To determine the endogenous levels of IAA in Scenedes-

mus quadricauda, 500 ml of algal cultures were filtered 

through 0.4 5 um Millipore filters and washed twice with 

25 ml distilled water. The cells were boiled in 100 ml of 

methanol for 45 min to completely extract the pigments, 

leaving behind a pale-yellow mass of cells. The cells were 

sedimented at 3,000 rpm and washed twice with 25 ml cold 

methanol, discarding the methanolic supernatants each time. 

The cells were suspended in 5 ml of IN NaOH and disrupted 

in a homogenizer for 2 min at 0 C. The homogenates were 

transferred to test tubes, made to 10 ml in IN NaOH, and 

boiled for 10 min in a water bath. The tubes were cooled 

to room temperature and their contents filtered through 

0.45 um Millipore filters. The pH of the filtrate was 

adjusted to 2.5-3.0 with 1M HC1, and extracted with 3 

volumes of peroxide-free ether, pooling the extracts in a 

test tube at 0 C. Two ml of etheral extracts were deposited 

in each of 6 test tubes containing 1 ml of 10.0, 1.0, 0.1, 
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FIG. 4. Standard curve for fluorometric determination 
of indoleacetic aeid in Scenedesinus quadricauda. 
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0.01, 0.001 or 0.00 pg'ml of IAA dissolved in spectro-

analyzed methanol, respectively. One ml of each methanolic-

IAA standard was taken in each of 6 other tubes, but without 

any algal extract in them. The contents of all the tubes 

were evaporated to dryness under reduced pressure at 60-70 C, 

taking special care that no condensation was left on the 

walls of the tubes (Buggeln and Craige, 1971; Knegt and 

Bruinsma, 1973; Eliason et al., 1976). The procedure for 

converting IAA into indolo-oc-pyrone according to Stoessl 

and Venis (1970) was applied to all the residues in test 

tubes. The fluorescence of indolo-ot-pyrone formed was 

determined on an Aminco-Bowman Spectrophotofluorometer 

(American Instrument Co., Silver Springs, Maryland) with an 

excitation setting of 440 nm and the emission setting of 

490 nm. A blank tube was prepared in which distilled water 

was added before the addition of reaction mixture (Stoessl 

and Venis (1970). The value obtained for the blank was 

subtracted from the other values to determine the IAA con-

tent (Fig. 4) . 

Uptake of Labeled Phytohormones 

Phytohormones, labeled in their carboxyl groups, were 

obtained from Amersham/Searle Corp., Arlington, 111. The 

14 -1 specific activity of C-indoleacetic acid was 56 mCi* fftM 

(316 juCi'mg and that of "^C-6, furfurylaminopurine was 

15 m Ci- mM \ The labeled phytohormones were dissolved in 
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40 ml of the growth medium/ filter-sterilized through 0.45 um 

Millipore filters, collected in sterile bottles and stored 

in a freezer below 0 C. 

To determine the uptake of labeled compounds by growing 

algal cells, 50 ml of the growth medium were placed into 

250-ml flasks, sterilized, cooled and aseptically inoculated 

with 5 ml of log-phase algal stocks containing approximately 

4 X 10^ cells. The cultures were incubated 48 hrs in a 

growth chamber before appropriate concentrations of labeled 

hormones were aseptically added to each flask. The cultures 

were then grown under the conditions described earlier. Phyto-

hormones were added only after 48 hrs of initial growth to 

insure uncontaminated algal growth. 

14 

Radiation counting of C was done initially at periodic 

intervals for the first 12 hrs, and then every 24 hrs radia-

tion counts were determined for the filtered growth medium 

and the washed cells. One ml of the growing cell supsnesion 

was removed from each flask and filtered through 0.45 jum 

Millipore filters. The filters were soaked in the growth 

medium containing unlabeled phytohormone for at least 0.5 hr 

before using them. The cells retained by the filter were 

washed twice with the growth medium, first with 4.0 ml and 

then with 5.0 ml. This step was taken to insure the removal 

14 
of all C from the surface of the membrane filter. 
Kimble's disposable glass scintillation vials were prepared 
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by depositing 10 ml of Eastman's Ready-to-Use II Scintil-

lation cocktail or Aquasol Scintillation solution m the 

vials. The filters containing the cells, or 1 ml of the 

collected wash, were placed in the scintillation solution 
14 

and mixed well. The vials were wiped clean and the 

counts determined in a Beckman Liquid Scintillation Counter, 

Model LS-250 or Model LS-100. Average counts for 10 min 

with a standard error of +0.2% were recorded. The reten-

tion of label by the cells was calculated as follows 

(Kasamo and Yamaki, 1976): 

Total % 14C phytohormone uptake = 

(cpm of 14C in the cells) xlOO 

(cpm of "̂4C in the wash) + (cpm of "̂ 4C in the cells) 

Experiments were done to determine the effects of 

14 
various concentrations of labeled-hormones on the C reten-

14 

tion by growing Scenedesmus cells. Concentrations of C-

IAA and 14C-kinetin used for these experiments were 0.5, 

0.25 and 0.05 jaCi' ml-1 in the growth medium. To check 

whether the uptake of the label was influenced by enzyme(s) 

additional experiments were run in which the cells were 

killed by autoclaving, thus denaturing the enzyme(s). The 

autoclaved flasks were cooled to room temperature and then 

the labeled hormone was added to each flask. 
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The effects of pH of the growth medium on the uptake 

of labeled phytohormones were also studied. The initial 

pH of the growth medium was adjusted to 5.0, 6.0, 7.0 and 

8.0 in 0.067 M phosphate buffer. Since the alga did not 

exhibit appreciable growth in acidic conditions, a heavy 

inoculum of stock cells (5 ml/50 ml of medium) was used. 

Quenching of ~*"̂C by Cell Fractions 

Interference in radiation counting in the presence of 

Scenedesmus cells, their growth medium and various fractions 

was accomplished to determine the per cent efficiency of 

14 

the label recovery. Ten microliters of C-toluene, with 

a dpm of 3,0 00, were added to the vials containing the 

cells, the growth media or the cell fractions. Radiation 

counts on the contents of each vial were made before as well 
14 

as after the addition of C-toluene. An example of the 

percentage efficiency of label recovery in the presence of 

Scenedesmus cells and the spent growth medium obtained by 

centrifugation, is given below: 
In the Supernatant: 

. . 14 
cpm before the addition of C-toluene = 374.9 

14 

cpm after the addition of C-toluene =3,104.4 

Difference =2,729.5 

Efficiency % = Numerical difference 
cpm after addition of J-^c-toluene 

_ 2,729.5 v iaq 
" 3,104.5 X 1 0 0 
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In the Cell: 

cpm before the addition of ^C-toluene = 562.9 

cpra after the addition of "^C-toluene =2,931.0 

Difference =2,368.1 

Efficiency % =2,368.1 
2,931.0 

= 81% 

X 100 

Fractionation Studies 

Scenedesmus cells were grown in Bristol's medium as 

described foi? "*"4C-labeled phytohormone studies. On the 

10th day of growth, 3 replicate cultures were pooled and 

the cells collected by centrifuging at 10,000 X g for 15 min 

at 0 C in a $orvall centrifuge. One ml of the supernatant 

was placed in a scintillation vial for counting and the 

cells were washed twice in 10 ml of deionized distilled 

water. The washes were saved and 1 ml of each wash was used 

for radiatior^ counting. The washed cells from each tube were 

transferred to a Braun's cell homogenizing bottle. The tube 

was repeatedly rinsed with more water, making the final 

volume of th^ cell suspension to 5.0 ml. Glass beads were 

added in the homogenizing bottle and the cells were crushed 

for 2 min at 0 C. Crushed cells and glass beads were 

transferred to a centrifuge tube by rinsing the bottle, 
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making the final volume to 10 ml. The cell wall and glass 

beads were separated from the cytoplasmic fraction by 

centrifuging at 1,000 X g for 5 min at 0 C. The supernatant 

(cytoplasmic fraction) was checked for radiation counts by 

pipetting 1 ml of the fraction into a scintillation vial. 

The pellet containing the cell wall fraction was washed 

with 10 ml distilled water and centrifuged at 1,000 x g 

for 10 min. Radiation counts were obtained for the wash. 

The pellet was resuspended in 5 ml of 0.067 M phosphate 

buffer. The cell wall fraction was separated from the glass 

beads at low centrifugation of 100 X g for 2 min. 

One ml of the cell wall fraction was placed in a centri-

fuge tube containing 1 ml of either 1%, 2% or 4% of the 

enzyme cellulase made in 0.067 M phosphate buffer (pH 7.4). 

The tubes were incubated in a water bath at 47 C for 4, 8, 

12 and 24 hrs after which they were centrifuged for 15 min 

at 3,500 x g. The supernatant containing the cellulosic 

fraction of the cell wall and the pellet containing the 

non-cellulosic fraction were used for radiation counting. 

A minimum concentration of 2% cellulase acting on the sub-

strate for at least 4 hrs at 47 C resulted in optimum acti-

vity of the enzyme. 

For comparative purposes, Chlorella pyrenoidosa (UTEX 

252) was also grown under similar conditions as that for 

Scenedesmus. Studies on the binding of 14C-IAA to various 
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fractions of Chlorella cells were made after 5 days of growth 

in Bristol's medium containing labeled IAA. 

Statistical Analysis of Data 

Data obtained from the growth experiments and from the 

uptake of Labeled phytohormones by Scenedesmus quadricauda 

were analyzed by the following formula: 

jd = X + t s-— x 

The level of significance for the "t" test was calculated 

at 0.05 level. Data obtained for the nucleic acids, protein 

and pigment contents of the cells in the controls and in 

phytohormone-treated and cAMP-treated cells were treated by 

the analysis of variance (ANOVA) at a 0.01 level of signi-

ficance (Steel and Torie, 1960). 



RESULTS 

Growth curves of Scenedesmus quadricauda (Turp. ) Bre.b 

(UTEX) 614) cultured in the presence of different concen-

trations of indoleacetic acid (0.001, 0.01 and jug-ml 

gibberellic acid A3 (0.01, 0.1 and 1.0 ng'ml 1) and kinetin 

(0.0001, 0.001 and 0.01 jjg-ml "*") are shown in Figs. 5-7, 

respectively. 

All concentrations of IAA inhibited growth, although 

a concentration of 0.001 jag* ml ^ resulted in considerably 

greater growth than higher concentrations. Experiments with 

10 replicates of the treatment provided the data plotted 

in Fig. 5. 

Figure 6 depicts growth curves for the alga in presence 

of different concentrations of GA^. Gibberellic acid inhibi-

ted growth at all the concentrations tested. It is apparent 

that the log period of growth started considerably later in 

the higher concentration of 1.0 jag-ml GA^ than in the lower 

concentrations. 

When Scenedesmus was grown in the presence of kinetin 

(6-furfurylaminopurine), its growth was inversely propor-

tional to the phytohormone concentration, i.e., with an 

increase in the concentration of kinetin, a decrease in 

growth was observed (Fig. 7). A concentration of 0.01 jag 

ml ^ kinetin inhibited growth markedly more than 0.001 p.g-ml 

3 3 
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71 
• 0.001 jig'ml' 

A 0.01 pg'tnl" 

4 0.1 jag-ml"1 

FIG. 5. Growth curves for Scenedesmus quadricauda 
grown in the presence of different concentrations of 
indole-3-acetic acid. 
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iO CONTROL 

rA 0.0001 pg*mf 

• • 0,001 jig-ml"1 

• a 0.01 jug* ml" 

/ 
/ 

/ 

Days 

FIG. 6. Growth curves for Sceriectesittus: quadriCauda 
grown in the presence of different concentrations of 
kinetin (6-furfurylaminopurine). 
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• CONTROL 

• 0.01 pgr ml 

A 0.10 jug*«al 

• 1.00 jag * ml 
7 / / 

/ 

5 10 
Days 

FIG. 7. Growth ©f Scenedesmus quadricauda 
in the presence of different concentrations of 
gibberellic acid A3. 
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and a concentration of 0.0001 ug-ml 1 kinetin did not affect 

the growth of the alga. Concentrations of kinetin below 

0.0001 jag*ml. also caused no effects on growth. 

Growth curves obtained for Scenedesmus cultures in the 

-6 -5 

presence of 10 M, 10 M and 10-4M dibutyryl cAMP were 

similar and, therefore, a concentration of 10 dibutyryl 

cAMP was used in subsequent experiments. No difference in 

the growth of the alga was measured in the presence of 

dibutyryl cAMP plus phytohormones IAA, GA or kinetin (Fig. 8). 

No appreciable difference in the growth of Scenedesmus 

was noted in the presence of DMSO, either alone or in combina-

tion with phytohormones (Fig. 9). Throughout the growth 

experiments with different concentrations of phytohormones, 

the pH of the growth medium was measured periodically. The 

initial pH of 6.5 of both the controls and the treated 

cultures rose steadily to about pH 8.5 after 15 days of algal 

growth. 

The endogenous levels of nucpleic acids, proteins and 

chlorophylls of Scenedesmus cultures are given in Table 3. 

Only those concentrations of each hormone were selected 

which inhibited Scenedesmus growth least (Fig. 5-7) i.e., ,-1 -1 0.001 jag-ml IAA, 0.01 jag-ml GA^ and 0.0001 jug*ml 

kinetin. No difference in the DNA, RNA, and protein con-

tents was observed in any of the phytohormone-treated cul-

tures as compared to controls. Statistical analysis (ANOVA) 
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*cAMP + IAA (0.001 jag-ml"1) 

acAMP + GA3(0.01 pg'ml *) 

ncAMP + kinetin(0.0001 
jig'ml-!) 

Days 
FIG. 8. Effects of 10~6M dibutyryl cyclic adenosine 

monophosphate on the growth of Scenedesmus quadricauda 
in presence of indoleacetic acid, gibberellic acid and kinetin 
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.6 

.4 

"t K 

Q O 

•o CONTROL 

•a DMSO + IAA (0.001 

DMSO + GA3(0.01 pg-ml" 

-p DMSO + kinetin 
* (0.0001 

Hg*ml~l) 

Days 
FIG. 9. Effects of 1% dimethyl sulfoxide, alone and in 

combination with phytohorroones indoleacetic acid, gibberellic 
acid and kinetin on Scenedesmus quadri Cauda. 
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showed that the treatment values were no different from 

those of controls at the 0.01 level of significance. Cells 

grown in the presence of IAA and kinetin had slightly higher 

levels of chlorophyll a and total chlorophyll a+b than the 

controls. Kinetin-treated cells also showed slightly 

higher levels of chlorophyll b than any other treatment or 

the control. Statistical analysis by ANOVA at the 0.01 level 

of significance proved no difference due to treatments, when 

compared to the controls. 

Table 4 shows the levels of nucleic acids and protein 

in cultures treated with various concentrations of dibutyryl 

cAMP. No significant difference at the 0.01 level could be 

observed in DNA, RNA or protein levels in the treated algae 

when compared to controls. 
14 

Table 5 indicates the retention of C-IAA by growing 

algal cells. These results indicate that the retention of 

various concentrations of labeled-IAA (0.5, 0.25, and 0.05 

juCi*ml-1) by Scenedesmus cells was due to adsorption by cell 

surfaces, independent of hormone concentration. 

Fractionation studies of Scenedesmus cells grown in the 
-1 14 

presence of 0.5 uCi'ml C-IAA showed a 7.1% retention of 

the label by the cell wall fraction—4.4% by the non-cellulosic 

fraction and 2.7% by the cellulosic fraction. The entire 

cytoplasmic fraction of the cell showed only a 1.3% retention 

of the label (Table 6). When the algae were grown in the 
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TABLE 5. Uptake of C-indoleacetic acid by Scenedesmus 
quadricauda. Results are expressed as per cent 

retention of the label. See text for 
explanation. 

Concentration of labeled IAA 

Time -1* 
0.5 jiCi-ml 0.25 pCi'ml 1 0.05 ;uCi*ml 

0.5 pCi-ml 
(heat-killed 
alqal cells) 

5 min. 2.39 + 0.11 1.81 2.36 2.41 

15 2.37 + 0.09 1.97 2.57 2. 09 

45 3.13 + 0.37 2.89 3.36 2.84 

1 hr 3.13 + 0.39 2.70 3.15 3.06 

2 3.58 + 0.49 3. 31 3.66 2.77 

4 3.74 + 0.55 3.28 3. 80 3.15 

8 3.76 + 0.56 3.69 4.08 3.54 

12 3.96 + 0.59 3.60 4.32 3.86 

24 4. 32 + 0.65 4.02 4. 37 4. 29 

48 5.44 + 0.89 5.77 5.91 6.52 

72 5.65 + 1.04 5.77 5. 91 6.53 

96 5.95 + 1.17 — — 

three 
*Standard deviations were calculated on 
replicates. 

the average of 
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,-1 14. 
TABLE 6. Incorporation of 0.5 pCi-ml ± ±L*C-labeled 
indoleacetic acid in cell fractions of Scenedesmus 

quadricauda, grown in the presence of 10"~6 M 
dibutyryl cAMP or 1% dimethyl sulfoxide. 

See text for explanation. 

Fraction 
. Label Incorporation (per cent) 

Efficiency lAA+dibutvrvl 
(per cent) IAA cAMP IAA+DMSO 

Growth medium 91 55.13 62.33 53.90 

Cell wash 1 91 2. 52 0.99 0. 85 

Cell wash 2 91 

o
 
o
 

1—1 0.61 0.52 

Cell wash 3 91 0.81 — 0.38 

Cytoplasm 82 1.33 1.80 6.30 

Cell wall wash 1 72 2.64 7.62 2.68 

Cell wall wash 2 77 1.58 2.41 7.89 

Wall fraction 
(cellulosic) 

69 2. 74 2.56 1.13 

Wall fraction 
(non cellulosic) 

68.3 4.37 5.42 2 .63 
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presence of 10~®M dibutyryl cAMP and 14C-IAA, the cell wall 

fraction retained about 10% of the label, whereas the cyto-

plasmic fraction retained 1.8% of the total label. The 

retention of label decreased to 3.7% by the cell wall 

fraction but increased in the cytoplasmic fraction to 6.4%, 

when the cells were grown in 1% DMSO plus labeled-IAA. 

When Scenedesmus was grown in media adjusted to various 

initial pH values, the retention of label during the first 

12 hrs was greater in the acidic medium of pH 5.0. Cells 

grown in media, adjusted to pH values of pH 6.0, 7.0 and 8.0 

did not show any difference in the pattern of label retention 

(Table 7). 
14 

Chlorella pyrenoidosa retained up to 28% of C-IAA 

after 96 hrs of growth (Table 8) as compared to only 6% 

retention by Scenedesmus during the same period (Table 5). 

The cell wall fraction of Chlorella cells indicated a 

9.6% retention of the label, whereas the cytoplasmic fraction 

showed a 6.2% incorporation of the label (Fig. 9). Total 

recovery of the label in Chlorella was only 66%, which is 

much lower than the recovery of label after fractionation of 

Scenedesmus cells, ostensibly due to metabolism of the hor-

mone . 
14 

The retention of C-kinetin by Scenedesmus cells re-

mained unchanged even after 7 2 hrs of growth. Kinetin up-

take, like that of IAA uptake, was found to be independent 

of phytohormone concentration (Table 10). 
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TABLE 7. Retention of "^C-labeled indoleacetic acid by 
crrowinq Scenedesmus quadricauda in nutrient media of 
different pH values. Results are presented as per 

cent retention of label. 

Time 5.0 
0
 o
 

EC 
• 

the Medium 
7.0 00

 
• o
 

2 min 7.45 4.83 4.78 4.19 

30 7.15 5.41 5.11 4. 85 

3 hrs 6.80 4.24 3. 83 3. 91 

6 6. 30 4.98 4.49 4.02 

12 7.17 5. 52 5.62 4.87 

24 10.62 9. 03 10.80 8.15 

48 11.95 9.49 14.36 11.35 

72 10.28 12.63 15.37 13.35 

96 14.12 15. 39 15.94 16.20 

12 0 13.18 14.71 18.10 16.24 
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14 -1 
TABLE 8. Uptake of " C-IAA (0.25 pCi ml ) by 

Chlorella pyrenoidosa grown in Bristol's 
medium at 39 C under continuous 

illumination of 450 + 50 ft 
candle light. 

Time 
14 
C-retained 
(per cent) 

2 min 5. 38 + 

o
 • 
o
 

15 min 5.05 + 0.13 

45 min 4.86 + 0.13 

1 hr 4.66 + 0.23 

4 hrs 7.65 + 0.32 

8 hrs 11.22 + 0.68 

12 hrs 14.73 + 1.70 

24 hrs 19.35 + 1.95 

48 hrs 26.94 + 3.61 

72 hrs 25.11 + 3.61 

96 hrs 28.03 + 4.43 
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14 
TABLE 9. Retention of C-indoleacetic acid by different 

fractions of Chlorella pyrenoidosa cells. Figures 
represent results of a typical experiment with 

three pooled replicates. See text for 
explanation. 

Fraction 
Counting Efficiency 

(per cent) 
Label Incorporation 

(per cent) 

Growth medium 

Cell wash 1 

Cell wash 2 

Cell wash 3 

Cell contents 
(cytoplasm) 

Cell wall wash 1 

Cell wall wash 2 

Washed cell wall 

Wall fraction 
(cellulosic) 

Wall fraction 
(non-cellulosic) 

91 

91 

91 

91 

82 

72 

77 

60.7 

69 

68.3 

45.84 

0. 49 

0.27 

0.47 

6. 20 

1.80 

1.03 

7.16 

4. 23 

5. 31 
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The per cent of kinetin retention by growing Scenedes-

mus cells in media of different pH values is given in 

Table 11. The pH of the growth medium did not appear to 

influence the retention of label by the cells. 

When the cells were fractionated after treatment with 

-1 14 • 0.05 pCi'ml C-kinetin, 7.1% of the label was retained 

by the cell wall fraction. This included 3.8% label reten-

tion by the non-cellulosic fraction and 3.3% retention by 

the cellulosic component of the cell wall. The cytoplasmic 

fraction of the cell retained about 4.6% of the total label 

(Table 12). 

14 -6 

When Scenedesmus was grown in C-kinetin plus 10 M 

dibutyryl cAMP, the retention of the label by the cell wall 

fraction was 3.12% and by the cytoplasmic fraction it was 

6.3% the latter fraction showed a higher incorporation of 

8.6% without any appreciable change in the incorporation of 

label in the cell wall when the cells were grown in 1% DMSO 

(Table 12). 

No endogenous IAA could be detected in Scenedesmus cells 

by the spectrophotofluorometric method. Similar analyses 

of 10-day-old spent growth medium in which the cells were 

grown, did not indicate a loss of the labeled-IAA from the 

medium. 

Low levels of endogenous kinetin amounting to 3.06 

— I 

nanogram*g " dry weight of Scenedesmus cells were measured 

by the ethyl acetate partitioning method. No loss of 



51 

TABLE 11. Uptake of 14c-kinetin by Scenedesmus 
quadricauda grown in Bristol's medium adjusted 
to different pH values. Results are. expressed 

as per cent retention of the label. 

pH of the medium 
Time 

2 min 9. 36 7.23 7.42 8.72 

30 min 7.50 8.80 8.62 8.82 

3 hrs 6.26 6.48 6.56 6.83 

6 hrs 5.27 8.78 8.40 8. 39 

12 hrs 7.49 7.17 8.72 9.72 

24 hrs 11.59 13.60 15.10 15.02 

48 hrs 8.71 11.04 13.35 11.91 

72 hrs 9.66 12.17 12.77 13.04 

96 hrs 9.68 13. 31 13.68 12.14 

120 hrs 11.30 14.27 15.35 14.19 
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-1 14 
TABLE 12. Incorporation of 0.05 pCi*ml C-kinetin 
in cell fractions of Scenedesmus quadricauda grown 

in the presence of 10"" b dibutyryl cAMP or 
1% dimethyl sulfoxide. 

Label Incorporation (per cent) 

Fraction Efficiency 
(per cent) 

Kinetin Kinetin 
4* 

dibutyryl 
CAMP 

Kinetin + 

DMSO 

Growth medium 91 54.23 73.45 55.58 

Cell wash 1 91 0.94 0.97 1.77 

Cell wash 2 91 0.43 0.92 1. 47 

Cytoplasm 92 4. 64 6.32 8.62 

Cell wall wash 1 72 1. 67 1.16 2. 64 

Cell wall wash 2 77 0.49 0.48 1. 65 

Washed cell wall 60.7 7.17 3.23 4.47 

Cellulosic wall 
fraction 

69 3. 31 0.96 1.37 

Non-cellulosic 
wall fraction 

68.3 3. 87 2.16 1. 44 
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14 

C-kinetin from the algal growth medium occurred after 10 

days of algal growth. 



DISCUSSION 

The literature concerning the effects of phytohormones 

on algae is clouded with contradictory reports. Very few 

definitely identified growth regulatory substances have 

been reported from algae (Taylor and Wilkinson, 1977). 

Moreover, the mere occurrence of phytohormones in algae is 

no evidence that such compounds function as growth regula-

tors in vivo. Proof of a metabolic role would require 

evidence that the growth and/or differentiation and develop-

ment of the algae would be impaired in the absence of the 

phytohormone. Such data have not yet been conclusively 

obtained and reported (Buggeln, 197,6). 

Data obtained from experiments similar to those of this 

study must be evaluated cautiously to prevent erroneous con-

clusions. Numerous workers have reported positive effects 

of phytohormones on algal growth and/or development. Yet, 

variations in the growth and morphology of algae, including 

Scenedesmus, are easily affected simply by altering the 

growth conditions, especially the growth medium (Trainor, 

1969; Trainor and Shubert, 1974; Trainor et al. , 1976). An 

examination of several published reports of phytohormone-

enhanced algal growth within recent years causes one to 

suspect that methodology and/or experimental conditions may 

have resulted in data that were erroneously interpreted to 

54 
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be due to phyothormone treatment (Ahmad 19 71; 197.3; Ahmad and 

Winter, 1968a; 1968b; Augier, 1974b; Bentley-Mowat and 

Reid, 1969; Conrad and Saltman, 1962; Kato et al., 1962; 

Mowat, 1963; Paster and Abbott, 1970). Consequently, it is 

imperative to employ especially rigorous, well defined 

experimental conditions in any study of the phytohormones 

in relation to algal metabolism. 

Results presented here for the endogenous levels of 

about 200 jag*mg RNA on dry weight basis of cells are in 

close agreement with 185.5 jag-mg RNA reported by Chapman 

and Vance (1976). However, when my results are compared 

with those of Zachleder et al., (1975) in terms of RNA level 

per cell of S. quadricauda, their determinations were found 

to be several times lower than my determination. Differences 

in growth conditions and methods account for some difference 

in our determinations. If the results of endogenous level 

of DNA is expressed in terms of a single cell, my determina-

tion of 2.16 pg'cell ^ agrees with 2.5 pg*cell-1 DNA in 

Si. quadricauda reported by Zachleder et al. , (1975). 

The results presented here show a ratio of 1:6 in the 

DNA contents to that of RNA contents of Scenedesmus cells. 

Sanger and Bishop (1969) obtained the same ratio for 

Chlorella cells. 

Variations in endogenous levels of nucleic acids are 

not unknown. For example, RNA levels reported by Herrmann 
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and Schmidt (1965) were 95 jag*ml of Chlorella extract, 

but Sanger and Bishop (1969) found 39 jag*ml RNA in their 

extract. Similarly, for Chlorella, Smillie and Krotkov 

(1960) reported 17 jag DNA and 142 jag RNA as opposed to 0.135 

jag DNA and 38 jag RNA (Schmidt, 1966) , expressed on the basis 

of total cellular phosphorus. 

Wide variations in the protein level of algal cells 

has made the comparison of my results with other published 

results difficult. Collyer and Fogg (1955) have reported 

protein levels in Chlorella ranging between 12-28% dry 

weight and that of Euglena gracilis between 32-47% dry 

weight of the cells. Thomas and Kraus (1955) determined a 

level of 75 mg protein per gram dry weight in Scenedesmus 

obliquus but I measured 135 ug-mg dry weight protein for 

S. quadricauda. The comparison of my data with other pub-

lished data becomes more difficult where the cell contents 

are expressed in terms of cellular phosphorus (Schmidt, 1966; 

Smillie and Krotkov, 1960) or the volume of algal extracts 

(Herrmann and Schmidt, 1965; Sanger and Bishop, 1969). 

Variations in determination also could be due to differences 

in the number of cells harvested at any particular time of 

the algal life cycle. Chapman et al., (1976) reported such 

variations may be quite in a growth chamber because of un-

even distribution of light energy. 

My results on the pigment levels of Scenedesmus cells 

(Table 3) are supported by those of Kulandaivelu and Senger, 
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(1976) . Their reported values of about 20 jag*ml chloro-

- 1 - 1 phyll a, 40 jag-ml chlorophyll b and 60 jag*ml total 

chlorophyll a+b in S. quadricauda, gets confirmation from 

my data (Table 3) if read in terms of the volume of algal 

cell suspension. 

The observed rise in the pH of the growth medium during 

Scenedesmus growth is suspected to be due to depletion of 

certain nutrient component from the medium. Kulandaivelu and 

Senger (1976) reported a similar increase in the alkalinity 

of the growth medium during S. quadricauda growth. They 

repoted the change in the pH of the medium to be due to 

rapid uptake of a particular nutrient component and its 

deficiency in the medium, rather than an active ion output 

by the cells. Brewer and Goldman (1976) have reported that 

the uptake of NO~ ions cause an increase in the pH of medium 

during the growth of Phaeodactylum, Dunaliella and Monochry-

sis. The deficiency of N0~ ions was immediately balanced by 

OH ions from the cells. 

The fact that all the concentrations of phytohormones 

employed in this study were either inhibitory or totally in-

effective on the growth of Scenedesmus may be explained in 

several ways, but two major possibilities suggest them-

selves at once. First, the phytohormones may be unable to 

enter the algal cell because of the permeability charac-

teristics of the cell membrane system. The second possibility 
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is that the alga does not possess a phytohormone-recognizing 

system and cannot, therefore, utilize the hormone in any 

metabolic capacity. Data obtained in the various experiments 

of this study indicate that both these possibilities appear 

to be operative. 

The presumption that indoleacetic acid and kinetin (6-

furfurylaminopurine) are not absorbed by cells of Scenedesmus 

is strongly supported by the data from the labeling experi-

ments (Tables 5 and 10). These data indicate that virtually 

all of the phytohormones retained by the alga is due to ad-

sorption and that this is not concentration dependent. Fur-

thermore, the fractionation data (Tables 6 and 12) show that 

the cell walls, especially the outer pectic layers, adsorb 

most of the phytohormones. 

Enhanced retention of 14C-IAA by Scenedesmus cells under 

acidic conditions (Table 7) confirms acid-enhanced cell 

elongation theory (Cleland, 1976; Iwami and Masuda, 1973; 

Yamagata and Masuda, 1975). This theory advocates cell elon-

gation due to acidic conditions of cell wall caused by 

excretion of H+ ions under low pH conditions of growth medium. 

The observed enhancement in the label retention (Table 7) is 

infered to be due to an increase in the adsorbing surfaces 

due to low pH. However, acid-enhanced growth of Scenedesmus 

cells continues only for a short time. 
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It is established that cAMP has a fundamental role as 

a second messenger in the hormonal physiology of animal 

systems. A similar role for cAMP in vascular plants and 

algae has not yet been conclusively shown (Trewavas, 1976; 

Hartiel and Amrhein, 1976). In this study, dibutyryl cAMP 

did not cause any change in the metabolism of Scenedesmus 

cultures (Fig. 8 and Table 4). These results are not unex-

pected since protein kinase in the algae has not been re-

ported. 

Efforts to measure endogenous IAA and kinetin in Scene-

desmus cells were unsuccessful, thus lending support to the 

supposition that these hormones have no role in the algae. 

More convincing evidence to support this assumption was ob-

tained from the experiments using DMSO. In the presence of 

DMSO, Scenedesmus cells appeared to absorb both IAA (Table 6) 

and kinetin (Table 12). Although the cytoplasmic fraction 

apparently incorporated physiologically active quantities 

of the phytohormones, the growth of the alga was not enhanced 

(Fig. 9). Morre and Hess's report (1975) that 14C-IAA incor-

poration did not occur in any of the cell fractions obtained 

from Euglena, Trachelomonas, Navicula, Desmidium, Cosmarium 

and Spirogyra, lend support for my data on uptake of the 

phytohormones. 

Chlorella pyrenoidosa is known to respond positively to 

exogenous applications of IAA (Grotbeck and Vance, 1972; 
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Vance, personal communication). The data obtained in the 

Chlorella experiments of this study (Tables 8 and 9) clearly 

show that the retention of IAA by Chlorella is much greater 

than that by Scenedesmus. An examination of the data re-

veals that only 66% of the label is recovered in Chlorella 

as compared to over 72% in Scenedesmus. This lower recovery 

percentage is thought to be due to metabolism of the IAA by 

Chlorella cells. These data corroborate the reports of 

others who contend that IAA is an active hormone in Chlorella 

but, more importantly here, they provide evidence that the 

methodology used in this study was reliable. 

It becomes apparent from these data that phytohormones 

do not appear to enter the cells of Scenedesmus and, even 

when they are gotten into the cells by substances such as 

DMSO, they do not enhance growth. Accordingly, these data 

suggest that the phytohormones studied have no regulatory 

role in Scenedesmus quadricauda. 
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