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ABSTRACT

A study of the effects of ethionine and equal molar concentra-
tions of ethionine-methionine upon the growth of the green alga,

Scenedesmus quadricauda, and the blue-green alga, Gloeocapsa sp.

was conducted.

The growth was monitored by four parameters of growth:
1) absorbance, 2) chlorophyll-a content, 3) cell counts, and
4) exponential growth rate. Also the growth curves of each alga
were studied to determine the effect the various treatments may have
upon the growth phases.

The results indicate: 1) all concentrations of ethionine tested
caused some degree of inhibition of growth, 2) on an equal molar
basis, Gloeocapsa was more sensitive to the inhibitory effects of

cthionine than was Scenedesmus quadricauda, 3) the effect of

cthionine upon the growth curve of Gloeocapsa was that it prevents
the cells from entering an exponential phase of growth, while the
cells of Scenedesmus do enter into exponential growth, but the rate
of prowth was reduced, and 4) most concentrations of ethionine-
mecthionine reversed the inhibitory effects of similar concentrations

of ¢thionine.
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CHAPTER I

INTRODUCTION

Various studies have been made on the effects of ethionine, an
analogue of methionine, upon biological systems.

Dyer (1938) first showed the inhibitory effects of ethionine in
rats as a weight loss. Kerridge (1959) indicated that flagellated bac-
teria were inhibited by ethionine. Ethionine has been shown to inhibit
protein synthesis in Avena coleoptiles (Cleland, 1960), in rat liver
(Villia et al, 1963), and in chick embryos (Ruddick, 1972).

Ethionince inhibits invertasce synthesis in sugar beets (Stone
ot al, 1970), scverely inhibits the c¢longation of hypocotyls and roots
in lettuce scedlings (Merrel, 1970), and inhibits the incorporation of
311 Teucine into the protein of lettuce scedlings (Harker; 1971).

Glaser and Mager (1972) and Kisilevsky ot al (1973) indicated
that protein synthesis in rats was inhibited by ethionine.

Aaronson and Ardois (1971) sugvested that ethionine repressed

cell multiplication of the blue green algae, Syncechococceus and

. i o ) (e - 1 . 00 5 W aloae
Anabacna, of the cuglenoid, Llllh‘.x_!:_.l_, and of the golden brown alga

ot al (1973) showed that the light inde-

Ochromonas. Ochiai-Yanagl
th in Chlorella was strongly suppressed by

pendent phase of grow

¢thionine.



The reversal of ethionine induced growth inhibition by

methionine was first observed with Escherichia coli, Harris and Kohn

(1941). Boll (1960) indicated that methionine would reverse the effects
of ethionine in excised tomato roots, while Merrel (1970) suggested
similar results in lettuce seedlings.

The purpose of this investigation is to study: (1) the effect of

cthionine upon the growth of the green alga Scenedesmus quadricauda

and the blue green alga Glococapsa and (2) the action of various cqual
molar combinations of ethionine and methionine upon the growth of

Scenedesimus and Glococapsa.,




CHAPTER II

REVIEW OF LITERATURE

Ethionine is the s-ethyl homologue of methionine and is termed
an antimetabolite in that its inhibitory effect may be reversed by
methionine in some biological systems. Dyer (1938) first noted the
inhibitory effects of ethionine as a weight loss in rats. The majority
of the early workers used bacteria and rats as test organisms. Harris

and Kohn (1941) showed that the growth of EEscherichia coli is inhibited

by cthionine; also, ethionine completely inhibited the growth and cell

division of Escherichia coli as denoted by Volcani and Sarid (1956)

and Smith and Salmon (1965). Cheng and Hartman (1968) indicated
that cthionine reduced the growth, protein synthesis and RNA synthesis

in Escherichia coli. Other bacteria studiced for the effect of ethionine

arc Lactobacillus, in which partial inhibition was cvident (Camien,

et al 1950) and Saccharomyces, where complete inhibition of growth

and division was shown (Loveless et al, 1954).

Schmidt et al (1956) indicated that orowth was inhibited in rats

5 : s B ae: % i wonrks of Steke S 5
by othionine. This is supported by the works ot Stekol et al (1963),

al (1973), and Endo et al (1975).

Glascer et al (1972), Kisilevsky et

Mills (1958) denoted that 2000 mg/ml ethionine would totally

The fungus Torula monosa is partially inhibited

inhibit Influenza B.



by 3260 mg/ml ethionine (Halvorson, et al 1952), while the yeast

Candida sloofii is completely inhibited by 1000 mg/ml ethionine
(Mendonca and Travassos, 1972). Urey (1971) showed that conidia-

tion of the mold Neurospora crassa is partially inhibited by 50 mg/ml

ethionine. Aaronson and Ardois (1971) indicated that growth of the

cuglenoid, Euglena gracilis, and the golden-brown alga, Ochromonas

danica, was completely inhibited by 100 mg/ml ethionine while the

blue-green algae Synechococcus cedrorum and Anabaena cylindrica

are totally inhibited by 10 mg/ml c¢thionine.

Schrank (1956) specified that cell clongation in excised sections
of Avena coleoptiles is inhibited by ethionine, while Cleland (1960)
denoted the 83 mg/ml ethionine would inhibit c¢ell clongation in Avena
coleoptiles. Boll (1960) indicated that cthinine inhibits growth in
excised tomato roots. Invertase synthesis in sugar becets 1s inhibited
by cthionine, (Stone, ct 1’1 1970), and Binion (1971) showed that chloro-
phyll synthesis in Early Alaska peas are reduced drastically by
cthionine. Chlorophyll concentration was found to be lowered in
Phascolus bean chloroplasts after treatment with c¢thionine (Wrischer,
1973). Elongation of hypocotyls and routs of lettuce seedlings have
been shown to be severely inhibited by ethionine (Merrel, 1970) and

: : o 3 ST & o
Harker (1971) showed that the incorporation ol H-leucine 1nto pro

tein is inhibited by ethionine.



Marzluf (1969) specified that ethionine produced a phenocopy

of the eyeless mutant in Drosophila melanogaster, while Hackney

(1972) indicated that ethionine exerts an inhibitory effect upon meta-
morphosis in wild type Drosophila and in vestigial flies. Also,
ethionine inhibited the population of wild type flies.

Equal molar concentrations of methionine with ethionine was
first shown to reverse the inhibitory effects of ethionine Harris and
Kohn (1941). Methionine has been shown to reverse the effect of
cthionine upon cell elongation in exciscd scctions of Avena coleoptiles
(Schrank, 1956), (Cleland, 1960) and (Norris, et al 1962).

Stekol ot al (1950) indicated that the inhibitory cffect of
c¢thionine upon the growth of rats was alleviated by methionine, and
the study by Simpson et al (1950) shows similar results with rats.

The inhibitory effect of cUionine upen bacteria is reversed
by cthionine as cited in work by Gibons (1962) and Norris et al (1973).

Other biological systems where mo thionine has been shown to

1 hH i . O 3 t » 10NINCE AT A T et I ) atc
roverse the inhibitery clilects ol athld nine are with excised tomato

roots (Boll, 1960), lettuce sc dlings (Merrel, 1970), yeast (Mendona

N )

ot al 1972), and aleac (Hochberg and Rahat, 1971) and (Ochiai-Yangia,
2), and algz

197 3).

[ 1 ] 41iomine which results in inhibition of
The mode of action tor othionine whnich re

orowth may be classified in four categories; (1) ethylation ot ribo-

: : . e smneleie acid (DNA), or metabolite
nucleie acid (RNA) or deoxyriDOnUtie



of low molecular weight or both, which may behave abnormally due

to altered structure or due to competition with methylated compounds
(Stekol et al,1960) and (Stekol et al, 1950); (2) ethionine incorporation
into proteins which may cause them to lose biological activity (Farber,
1963) and Spizek et al (1967); (3) adenosine triphosphate (ATP)
trapping mechanism, where S-adenosylethionine is accumulated faster
than ATP is synthesized which depressed the production of nicotin-
amide adenine dinucleotide (NAD), proteins and nucleic acids (Schmidt,
ct al 1956), (Stekol et al, 1960), (Villa-Trevino ct al, 1962) and
(Stekol et al, 1950), and (4) inhibition of ¢cnzyme formation (Halverson

ot al, 1952).



CHAPTER III

MATERIALS AND METHODS

Stocks and Experimental Cultures

The colonial green alga, Scenedesmus quadricauda, was ob-

tained from the Indiana Algal Culture Collection as Number 76. A
supply of seeding cells for the stock cultures was maintained on
nutrient agar slants and incubated in a Percival incubator at 25°C
under a light intensity of 300 foot-candles.

The source of the blue-green alga Sﬂ_ﬂ:(_lﬂ\_l was the Carolina
Riological Supply Co. A supply of sceding cells for the stock cultures
woere maintained in ligud EPA defined media (Environmental Protec-
tion Agency, 1971) and incubated in a4 Percival incubator at 25°C
under 300 foot-candles of light.

Stock cultures were maintained at temperature conditions of
24 i 29C and under 350 tfoot-candles ol « ontinuous light. They were
aerated with air to discourage ¢l mmping and to supply (()Z‘ Fvapora-

tion was reduced by bubbhling the air through a water filter which

. T O
- : . T sa S RN A (U DR 3 54 3
contained charcoal. Experiment vl cultures Were grown at 24 26

and under 300 foot-candles of fluorescent light. These cultures were
1 Precision Scientific incubator to

oscillated 95 times perT minute 1n

: A emitarts cells evenly and to aid in carbon diox-
prevent clumping, to distribute cells evenly

ide distribution.



Approximately half of the Gloeocapsa test flasks were oscil-
lated 95 times per minute with a wrist-action shaker to increase the

test culture capacity and also to prevent clumping, to distribute cells

and to aid in carbon dioxide distribution.

The culture medium for all cultures was defined as follows

(Environmental Protection Agency, Algal Assay Procedure, Bottle

Test, 1971):

Macronutrients (mg/1)

Micronutrients (mg/1)

NaN()j 25.500 }Ijl%()s 185.520
K&IIP() 1. 044 _‘\111(711%1111() 415.587
Mg(il_,'blli() 12.170 ZnCl, 32.709
MpSO 4 1. LTS CoCl, 61,0 1. 425
(2:1(71u,~311_,(> 4,410 CuCl* 2H,0 0.114
NaHCO 15. 000 Ka, Moy~ 2H;0 7.260
FeCl,*2H,0 159, 97e

> YT A 2110 00, 000

One ml per liter of ¢hle W e ¢ stock flasks

containine media and to the experimental flasks heiore antoclaving to
lower the chance for contaminall
Chemicals usced i this study were obla incd from the following
’ cClllld ¢ , Lis 1 113 o !
et G a2 m e thi o obtained from the Sigma
gource: DI -¢thionine and L-methionin eI 1N g

Chemical Company, ot

[4\‘11i55

.....



A constant stock of physiologically viable cells was maintained
by the semi-continuous culture method (Bassham and Calvin, 1957),
(Fogg, 1971) and (Ukeles, 1973). This method involves the mainte-
nance of a culture in the log phase of its growth by diluting the culture
with fresh media at specified time intervals.

In this study the culture was maintained in logarithmic phase

by diluting with one half or three-fourths the volume every seven to

cight days.
Stock culture solutions were prepared in the following fashion:

onc liter of media was inoculated with 1 ml of chloroform, then the
)

flask was stoppered with a cotton plug and autoclaved. After the media

cooled, 480 ml were seeded with a 20 ml suspension of 8.1 x l()()

coells/ml density: a teflon coated, magnetic stirrine bar was added

and the flask was stoppered

Fhe experimental cultures were sel up by adding 44 ml (24 ml

for Glovocapsa) of sterile media te a 250 1l flask, then aseptically

_ . 5

adding a 10 ml inoculum ob an algal suspensiul h3:.5 to 3.7 x 10
ysa) Howed by 6 ml af the test chemical,

cells/ml (20 ml for Glococapsa

: ) e &1 e e pe
then the flasks woere stoppered Controls wer

similarly prepar d . test chemicals, The control volume
similarly prepared,
was adiusted with & ml of steri [he experimental flasks

26.30 4mm glass in agitation of the cells

also contained

il veda pl\l:gcd with a polyfoam plug.
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Biomass Determinations

The complete growth curve was investigated since the growth
of Scenedesmus quadricauda normally shows a lag, exponential and
stationary phase. Therefore, to evaluate the entire effect of a chem-
ical upon growth, all aspects of growth need to be studied. This has
been emphasized by Shrift (1954) in antimetabolite experiments.

Growth of the stock culture was observed every 24 hours, and
experimental culture every 12 hours by cell counts and absorbance
determinations. Cell counts were made with a Sedgwick-Rafter count-
ing chamber according to the method outlined by Ingram and Palmer
(1952). The absorbance of the culture was determined at 650 nano-
meters (NM) with a red filter, using a model 240 Gilford photespectro-
meter.

The exponential growth rate of the cells was found by taking
the logarithm base two of the absorbance for two time periods and

then solving the following equation (Sorokin, 1973):

logp XZ, - log> X1

="
where: R = growth rate

Xiy B3 = aumerical values for cell mass at
the beginning and end of a specified

interval of time

ty, tz = corresponding times for X| and X,
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To determine when the cells were in exponential growth, three inter-
pretations of the growth measurements were made. First, from the
absorbance, the growth rate was determined (Sorokin, 1973); second,
a plot of the change (A) in the log base two of the absorbance was
made; and third, a semi-log plot of the cell count was used (Guillard,
1973).

The time period from which the exponential growth rate was
calculated was the transition point (Blankley, 1973) from the lag to
the log phase, and from the log to the stationary. This time interval

ranged {from the 19th hour to the 64th hour with the Scenedesmus con-

trol culture and from the 0 hour to the 121st hour in the Glococapsa
control culture. Other time intervals varied according to the eflfects
of the test chemical.

In the daily monitoring of the growth of cells in the experimen-
tal cultures, absorbance was used as the main parameter of growth.

Sorokin (1973) indicated that the use of a dilution curve con-
structed from absorbance measurements can make turbidity readings
self-sufficient and as reliable as the determination of growth rate by
any other index of growth.

A serial dilution curve was constructed by taking a dense
suspension of algae and diluting by half, by the addition at each dilu-

tion to the measured volume of suspension, an equal volume of the

medium, The population density of one flask per each duplicate set of
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cultures was measured by taking the cell count with a Sedgwick-Rafter
counting chamber following the method described by Ingram and Palmer

(1952). Cell counts of Scenedesmus were made with a Unitron micro-

scope model MSA3243295, and counts of Gloeocapsa were done with a
Zeiss standard WL research microscope at 200 X with ND 6 filter.
All cell counts were subjected to statistical analysis of significance
(Chi square) at the 95 per cent confidence level.

Interpretation of inhibition was expressed as specific effects
on the growth curve. These interpretations were based upon measure-
ments of biomass taken at the lag and stationary phase. Growth
determinations were ended after the cells in the control culture reached
the stationary phase.

Comparisons of experimental cultures were made with the
control culture based on the effects upon: (1) the length of the lag
phase or induction phase where no increase in cell numbers occurs;
(2) final biomass determinations by absorbance, the increase in cell
numbers and chlorophyll-a content; and (3) the growth rate in the
exponential phase where cell multiplication is rapid and numbers
increase in goomctric progressiona

Chlorophyll-a was extracted from the cells at the termination
the method of Talling and Driver (1963) and Parsons and

of growth by

Strickland (1963). With this method the cells are filferad w8 MLl

c size fi suspended in 10 ml of 90 per
r¢ HA 0.45 mm pore S12€ filter, and susp
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cent acetone to which 0.1 gm of NazCOZ was added. Then the cells
on the filter are ground in a glass homogenizer (Pyrex) and allowed
to stand for twenty minutes. Chlorophyll-a was determined spectro-

photometrically using the supernatant and applying the following

equation:
mg chlorophyll-a per sample =
(11.6 x D665 - 1.3 x D645) x —T
Where: v = volume of sample in ml

—
1

length of spectrophotometric cell in cm



CHAPTER IV

RESULTS AND DISCUSSION

Effects of Various Combinations of Ethionine and Methionine
Upon the Growth of Scenedesmus quadricauda

Ochiai-Yanagi et al (1973) indicated that 3 mM ethionine when
added at the beginning of incubation, most strongly suppressed chloro-

phyll formation in Chlorella protothecoides. Ethionine together with

methionine completely reversed the suppressive effects of ethionine
(Ochiai- Yanagi et al, 1973). Aaronson and Ardois (1971) denoted that
0.6 mM ethionine resulted in complete inhibition of growth in Euglena

and Ochromonas. The following experiment was performed to deter-

mine what effect ethionine has on the growth of Scenedesmus, and

whether methionine in equal molar concentration with ethionine

would reverse any inhibitory effects.

The total increase in cell number (cells/ml) for Scenedesmus

in various concentrations of ethionine and methionine is shown in

Table I. All concentrations of ethionine scverely inhibited the total

increase in eell numbers after 117. 0 hours of growth with 0.5 and 10.0

ioni i imi dition of
mM cthionine showing similar degrees of inhibition. The addition

mecthionine in equal molar concentration with ethionine resulted in

~artial reversal 48 c;ompared to the control except at 0.5 mM. Statis-



Table I

Effects of Various Concentrations of Ethionine and Ethionine-
Methionine Upon the Increase in Cell Numbers of
Scenedesmus quadricauda

Treatment (mM) Percent of Control
Ethionine 0.5 i [
Ethionine-Methionine 0.5 8.7
Ethionine 1.0 28, 3
Ethionine-Methionine 1.0 44.0
Ethionine 2.0 27.5
Ethionine-Methionine 2.0 30. 2
Ethionine 10.0 18.0
Ethionine-Methionine 10.0 37«5

The cell numbers for the control after 116.0 hours of
growth was 9.3 x 104 cells/ml. The data represents two experi-

ments with replicates for each treatment.



tical analysis of cell number measurements indicated that there is a
significant difference between the treatment and the control at the
5 per cent level of significance using the students t-test (Bailey, 1959).

The data in Table II indicates that the exponential growth rate
is severely inhibited by 10.0 mM ethionine, with 0.5 mM showing the
least effect upon exponential growth. The reversing effect of ethionine-
methionine is denoted by the high degree of reversal of the ethionine
inhibition. There is no significant difference between the effects of
1.0 and 2.0 mM ethionine upon the exponential growth rate.

Tables III and IV represent the total increase in absorbance
and the chlorophyll-a content respectively. Both show that as the
concentration of ethionine increases, the inhibitory effect increases.
This is also apparent with the reversal effect of ethionine, except at
1.0 mM ethionine-methionine.

To obtain an overall view of the effect that various concentra-
tions of ethionine and ethionine-methionine have upon the growth of
Scenedesmus, an average per cent growth of the control is determined.
This is accomplished by taking the mean value of each index of growth,
as compared to the control, and calculating a single mean value for
cach concentration and expressing this as a percentage. Figure 1
a comparison of the average per cent growth of the control,

illustrates

r the ethionine concentrations. When all the parameters of growth

{
1§ 8)

compiled, the result shows a definite relationship between the
1] , the



Table II

Effects of Various Concentrations of Ethionine and Ethionine-
Methionine Upon the Exponential Growth Rate of
Scenedesmus quadricauda

Treatment (mM) Percent of Control
Ethionine 0.5 68.6
Ethionine-Methionine 0.5 i
Ethionince 1.0 44.6
[5thionine - Methionine L0 77.4
Ethionine 2.0 47.8
Ethionine-Methionine 2.0 51.6
Ethionine 10.0 26. 7
Ethionine-Methionine 10.0 62. 3

The exponential growth rate of the control after the exponential
time period of 55 hours, was 0.6945. The data represents two exper-

iments with replicates for each treatment.



Table III

Effects of Various Concentrations of Ethionine and Ethionine-
Methionine Upon Total Increase of Absorbance for
Scenedesmus quadricauda

Treatment (mM) Percent of Control
Ethionine 0.5 62.9
Ethionine-Methionine 0.5 B 1
Ethionine 1.0 38.4
Ethionine-Methionine L 10 28.0
Ethionine 2.0 40.3
Ethionine-Methionine 2.0 39..9
Ethionine 10.0 20.3
Ethionine-Methionine 10.0 47.3

The total increase in absorbance of the control after 116.0

hours of growth is 0.313. The data represents two experiments with

replicates for each treatment.



Table IV

Effects of Various Concentrations of Ethionine and Ethionine-
Methionine Upon Chlorophyll-a Content in
Scenedesmus quadricauda

Treatment (mM) Percent of Control
Ethionine 0: 5 68.4
Ethionine-Methionine 0.5 57:T
Ethionine L. 0 38.0
Ethionine-Methionine 1.0 60.7
Ethionine 2.0 2.9
Ethionine-Methionine 2.0 47.3
Ethionine 10,0 1.4
Ethionine-Methionine 10.0 7.9

The chlorophyll-a content of the control after 116, 0 hours
of growth is 5. 698 ug/10 ml. The data represents two experiments

with replicates for each treatment.



Average Growth Parameter Percentage
of Control (%)

90
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The average percent growth of the control for
Scenedesmus quadricauda and Gloeocapsa sp at

various concentrations of ethionine. This data
represents an average of the measurements
obtained from four parameters of growth. Bars

represent standard deviations.



concentration of ethionine and the per cent of inhibition. As the con-
centration of ethionine increasces the per cent of inhibition increases
or per cent of control decreases. This data supports the idca that
cthionine inhibits growth and is in agreement with studies done by
Boll (1960) with sections of Avena coleoptiles, Kerridge (1959) with
the bacteria Salmonella; Aaronson and Ardois (1971) with Chlorella.

Figure 2 through 5 illustrate the growth curve of Scenedesmus

quadricauda with various combinations for ethionine and methionine.
The absorbance is used to monitor growth and the change in the loga-
rithm base two of the absorbance plus ten ( A log, A + 10) is calculated
to give a more explicate view of the growth phascs (Sorokin, 1972).

The effect of 0.5 mM cthionine and 0.5 mM cthionine-methionine
arc shown in Figure 2. The illustration indicates that at this concen-
{ration cthionine does not affect the length of the log phase, but does
reduce the rate of increase of the log phase. The most notable effect
is upon the slope of the exponential phase, which is 68.5 per cent of
the control (Table II). This shows that 0.5 mM ecthionine is inhibiting
exponcential cell division which results in a lowering in the total bio-
mass as denoted after 117.0 hours of growth (Figure 2). At 0.5 mM
2) in equal concentrations with ethionine, does

m«thionine, (Figure 4

. oo e s : 5 y phase. This is also
show some reversing characteristics in the lag ph

1 ) ase - ount where ethionine-methionine
ent in the log phase to a lesser amou

1 E or cent of the control (Table II). Yet this reversing quality
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Figure 2, Growth curves of Scenedesmus for the control,

0.5 mM ethionine and 0.5 mM ethionine-methionine.
The data represents two experiment of replicate

solutions.



is not found in the stationary phase where after 117.0 hours of growth
the increase in biomass, as measured by absorbance and chlorophyll-a
content, is lower than the 0.5 mM ethionine treatment.

At the ethionine concentration of 1.0 mM (Figure 3) the reduc-
tion of the growth rate is again prevalent, and to a greater extent than
at 0.5 mM ethionine. The exponential growth rate is significantly
lower (Table II), and the length of the log phase is prolonged. The
total increase in biomass is also less than the control and less than
the 0.5 mM ethionine treatment.

One mM niethionine in equal concentration with ethionine
reverses the effect of 1.0 mM ethionine, but not completely to the
control level (Figure 3). The exponential growth rate with equal con-
centrations of cthionine and methionine is 77.3 per cent of the control,
while the ethionine treatment is 44. 6 per cent of the control (Table II).
This approximately doubling of the exponential growth rate is seen
in Figure 3.

Figure 4 illustrates the effect of 2.0 mM ethionine and equal

concentrations of ethionine and methionine. The amount of inhibition

of the cxponential growth rate indicated at 1.0 mM is almost identical

to the results obtained at 2.0 mM, with there being no significant

difference between the two values as shown by the students t-test

(Bailey, 1959). The growth of Scenedesmus under the influence ol

Jue. cee ( 4 similar pattern.
1.0 and 2.0 mM ethionine seems to follow a p
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The most inhibitory effect upon the growth of Scenedesmus, as

indicated by its grow th curve, is with 10. 0 mM cthionine (Figure 5).
The slope of the log phase is much lower than the control. Exponential
growth rate is inhibited by more than half that of the control, and the
total increase in biomass, as seen in Figure 5, and by the other

biomass indicators (Tables I, III, IV) is substantially suppressed.
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The data represents two experiments of replicate

solutions.



Effects of Various Combinatio .
ns of Eth ; s
on the Growth of Gloeocapsa - ionine and Methionine

Aaronson and Ardois (1971) showed that 0.06 mM ethionine

completely inhibited the growth of the blue-green algae Synechococcus

cedrorum and Anabaena cylindrica, while the lowest concentration

that indicated inhibition was 0.006 mM. In the study by Aaronson and

Ardois (1971), the only parameter of growth was cell counts. The
purpose of this phase of investigation is to study various concentrations

of ethionine and ethionine-methionine upon the growth of the blue-green

alga, E’_IM sp. The indices of growth used with Scenedesmus

will again be used, and the results will be compared with the results

observed in the green alga, Scenedesmus quadricauda.

The total increase in cell numbers (based upon cell counts)

is shown in Table V. All concentrations of ethionine inhibited increases
in the cell numbers. Equal concentrations of ethionine-methionine
reversed the inhibitory effects of ethionine. The most severe inhibi-
tion with ethionine occurs at 0.5 mM, and the least amount of inhibi-

tion is attained at 1.0 mM. Reversal effects of ethionine-methionine

are similar at each concentration.

Statistical analysis indicates a significant difference between

the control and ethionine treatments and between the control and

. i 1 rs.,
cthionine-methionine treatments for the increase 1n cell numbe

Comparisons of 0. 003 and 0.006 mM ethionine denotes no significant

the effect of ethionine upon the total increase in cell

”Nlr TIence in

nurnbers, Also, at the concentrations of 0.06 and 0.05 mM



Table V

Effects of Vz.iri'ous Concentrations of Ethionine and Ethionine-
Methionine Upon the Increase in Cell Numbers of

Gloeocapsa sp.

Treatment (mM)

Percent of Control

Ethionine

Ethionine-Methionine

Ethionine

Ethionine-Methionine

Ethionine

Ethionine-Methionine

Ethionine

Ethionine-Methionine

Ethionine

Ethionine - Methionine

0.003

0.003

0.006

0.006

Control population density

hours of growth.

for cach trecatment.

The data represents one

20.0

47,2

19.3

45.0

53.4

10.0

55 3

C§iT

41.8

is 9.3 x 10° cells/ml after 231.0
experiment with replicates



ethionine, there is no significant difference in the effects upon the cell
numbers.

Table VI shows the effects of ethionine and equal molar con-
centrations of ethionine-methionine upon the exponential growth rate.
All concentrations of ethionine inhibited the exponential growth rate
with 0. 006, 0.06 and 0.50 exhibiting the greatest degree of inhibition.
The students t-test (Bailey, 1959) indicated that there is a significant
difference between the control and ethionine treatments, and between
the control and equal concentrations of ethionine-methionine. At the
ethionine concentrations of 0.006, 0.06 and 0.50 mM, no apparent
exponential growth rate can be found. Ethionine-methionine, at all
concentrations, tends to reverse the effects of ethionine.

The total increase in absorbance, Table VII, and the chloro-
phyll-a content, Table VIII, both denote an increase in inhibition as
the concentration of ethionine increases, except at 1.0 mM. The
t-test (Bailey, 1959) indicates that there is a significant difference

between the ethionine treatments, the control, and the ethionine-

methionine treatments and control. The effects of equal concentrations

of ethionine and methionine upon total increase in absorbance and

chlorophyll-a content are similar with reversal being approx1mately

half of the control.

Fipures 6 through 10 show the effect of various concentrations

. 8 curve of
thionine and vthionlnc-mcthlonlne upon the growth



Table VI

Effects of Vajric.)us Concentrations of Ethionine and Ethionine-
Methionine Upon the Exponential Growth Rate of

Gloeocapsa sp.

Treatment (mM) Percent of Control

Ethionine 0. 003 30.9
Ethionine-Methionine 0.003 64.1
Ethionine 0.006 0.0
Ethionine-Methionine 0.006 66. 1
Ethionine 0.06 0.0
Ethionine-Methionine 0.06 59.6
Ethionine 0.50 0.0
Ethionine-Methionine 0.50 56. 1
Ethionine 1.00 19.8
Ethionine- Methionine 1. 00 556

Control exponential growth rate, after the exponential period

of 121 hours was, 0.220. The data represents one experiment with

replicates for each treatment.



Table VII

Effects of 'Va?‘ious Concentrations of Ethionine and Ethionine-
Methionine Upon the Total Increase in Absorbance of

Gloeocapsa sp.

Treatment (mM) Percent of Control

Ethionine 0.003 24.0
Ethionine- Methionine 0.003 65.0
Ethionine 0.006 16.6
Ethionine-Methionine 0.006 53.7
Ethionine 0.060 10. 8
Ethionine-Methionine 0. 060 59: 5
fSthionine 0.50 1.6
Ethionine- Methionine 0.50 62.5
Ethionine 1. 00 22, 1
Ethionine-Methionine 1.00 50.4

e

e e it

nce is 0.383 nm after 231.0 hours of growth,

Control absorba
plicates for each treat-

The data represents one experiment with re

ment.



Table VIII

Effects of Var.iou.s Concentrations of Ethionine and Ethionine-
Methionine Upon the Chlorophyll-a Content of

Gloeocapsa sp.

Treatment (mM) Percent of Control

Ethionine 0.003 29.1
Ethionine-Methionine 0.003 55.8
Ethionine 0.006 22,2
Ethionine-Methionine 0.006 46.5
Ethionine 0.06 13.6
Ethionine-Methionine 0. 06 57.2
Ethionine 0.50 5.5
Ethionine-Methionine 0.50 61.2
Ethionine 1. 00 13.0
Ethionine- Methionine 1.00 BT 2

-

e

rol after 231.0 hours of

The chlorophyll-a content of the cont . .
sents one experiment ot

srowth is 3. 2467 ug/10 ml. The data repre

replicate treatment.
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Figure 6, Growth curves of Gloeocapsa sp. for the control,

0.003 mM ethionine, and 0. 003 mM ethionine-
methionine. The data represents one experiment

of replicate solutions.
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Growth curves of Gloeocapsa sp. for the control,
0.006 ethionine and 0. 006 ethionine-methionine.
The data represents one experiment of replicate

solutions.
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Growth curves of Gloeocapsa sp. for the control,
0.06 mM ethionine, and 0. 06 mM ethionine-
methionine. The data represents one experiment

of replicate solutions.
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0. Growth curves of Gloeocapsa sp. for the control,

1.0 mM ethionine, and 1.0 mM ethionine-methionine.

The data represents one experiment of replicate

solutions.
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ClosgcHprs P The growth curve is monitored by measuring the

absorbance and then calculating the logarithm base two of the absorb-

ance plus ten (logz A + 10), (Sorokin, 1973).

The effect of 0.003 mM ethionine upon the growth curve of
Glococapsa is denoted in Figure 6. The length of the log phase of the
cthionine curve is similar to the control, but the slope is not as great.
The results of 0. 003 mM ethionine-methionine shows that the inhibition
of the slope for the log phase is reversed to about half of the control.

Figure 7 illustrates the effect of 0.006 mM ethionine and
cthionine-methionine upon the growth of Gloeocapsa. At the concen-
tration of 0.006 mM ethionine, the cells scem to undergo a twenty-
four hour period of cell division, then they arc completely inhibited
with only a slight increase in the absorbance after 231 hours of incu-
bation. Equal amounts of ethionine-methionine at a concentration of

0.006 mM provide an increase in the angle of the log phase. Although

0.006 mM ethionine-methionine does reverse the effects of 0.006 mM

ethionine, this reversal is not to the level of the control.

At the ethionine concentrations of 0.06 mM (Figure 8), the

¢ffects upon growth are similar to the effects produced at 0.006 mM.

There is the presence of 2 log phase, then growth levels off without

3 oni ing perl indicated with
near the end of the monitoring period as 1t

INCErea St

- ; : 5 fects of
00¢ “thionine 2thi > reverses the effects
(0.006 ¢thionine. Ethioni e-methionine again

over half of the control.
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Figure 9 shows the effects of 0.5 mM ethionine. While the

results are similar to those obtained at 0.06 mM, period i
) ’ : 1S more

scvere.  Fthionine-methionine at 0.5 mM reverses the effects of
‘ > ellectls o

0.5 mM ethionine.

Ethionine at the concentration of 1.0 mM (Figure 10) does not
effect the growth of Gloeocapsa as severely as the other concentrations
tested. The period of growth following the log phase does not level
off but continues to increase, yet this increase in growth is much lower
compared to the control. Ethionine-methionine at 1.0 mM reverses
the effects of ethionine at the same concentration.

It should be noted that all concentrations of cthionine-methionine
reverse the inhibitory effects of ethionine upon Glococapsa at similar
levels as compared to the control.

Figures 1 and 11, illustrate a comparison between the average

per cent growth based upon the control for the green algae Scenedesmus

quadricauda and the blue-green algae Gloeocapsa under various equal

molar concentrations of ethionine and ethionine-methionine. In

Figure 1 the effect of ethionine upon Scenedesmus and Gloeocapsa are

ensitive to ethionine than

shown. Gloeocapsa seems to be more s

Scenedesmus, which is in agreement with Aaronson and Ardois (1971)

more sensitive 1s based upon the

The idea that the blue-green alga is

ted more at lower concentrations than 1s

fact that Glococapsa 1s inhibi
the sreen alea, Statistical analysis by the students t-test (Bailey, 1959)
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“igure 11,

-6 -5 -4 -3

Log of the Ethionine-Methionine Molar
Concentration (M)

The average percent growth of the control for
Scenedesmus quadricauda and Gloeocapsa sp.

at various equal molar concentrations of ethionine-
This data represents an average of

] from four parameters

methionine.
the measurements obtainec

of growth. Bars represent standard deviations.
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indicates that the values obtained for all concentrati f
1ons of ethionine

5 "‘d W 1 }’1 G]. E y

for Scenedesmus. T
he same method of statistical analysis shows that

there is no significant difference among the values obtained f
ained for

cthionine treated GloeocaEsa at concentrations of 0 006, 0.06 and 0.5
. » 0 and 0.

mM, or between the concentrations 0. 003 and 1.0 mM., So the great-
est degree of inhibition by ethionine upon Gloeocapsa is in the range
0.006 to 0.5 mM, more likely from 0. 06 to . 05 mM. The least
amount of inhibition by ethionine seems to be at concentrations of
0.003 and 1.0 mM. The concentration tested at which the most
severe inhibition of growth occurs to GloeocaEsa (0.5 mM) is also

the concentration at which Scenedesmus is least inhibited (Figure 1).

In Figure 11 equal molar concentrations of ethionine-methionine

affect both Gloeocapsa and Scenedesmus in similar fashions. Only

the GloeocaEsa curve indicates that ethionine-methionine at all con-
centrations reverses the effects of ethionine. The students t-test
(Bailey, 1959) denotes that there is no significant difference at the

95 per cent level between the values obtained for the ethionine-

methionine treatments of Gloeocapsa and Scenedesmus.

The results of this investigation show that ethionine at all the

the growth of

concentrations tested will inhibit to some degree

In most cases as the concentration of

cnedesmus and Gloeocapsa.
ncreascd, the amount of inhibition 1s increased, except
[§ > { 3 (&



with the effect observed upon Gloeocapsa at the concentrati f1.0
P ion of 1,

mM, where inhibition is not as se
vere as 0,5 mM o
. ethionine.,

Gloeocapsa shows a definite tendency to be more sensitive to

the inhibitory effects of ethionine than does Scenedesmus. This i
: is is

true because lower concentrations of ethionine result in greater inhibi
- nnioi-

tion of growth in GloeocaEsa than in Scenedesmus

The reversing effect produced by ethionine-methionine is

exerted to a fuller extent with SzloeocaEsa than with Scenedesmus

Concentrations of ethionine-methionine, except 0.5 mM, reversed
the inhibition by ethionine, although none of the reversals are com-
plete to the level of the control.

Investigations of the growth curves of Gloeocapsa and

Scenedesmus indicate that Scenedesmus requires a shorter period of

time (117 hours) to complete its growth curve, (from lag phase through
carly stationary phase) than does Gloeocapsa (230 hours). The effects
of cthionine are manifested early in or immediately after the initia-
tion of the lag phase in both algae. The range of time for goeocagsa

is from 0 to 22 hours into growth and from O to 20 hours into the lag

phasc for Scenedesmus.

his investigation supports the study by Aaronson and Ardois

. . o s P ~-oreen alga
71) in that prokaryotic cells, such as the blue-gre alg

- e caryotic
Glocoes Are mnore sensitive to ethionine than is the eukary

Jod el I A

> > > safe
ricauda. So there may be some sa

-desmus luzid



and practical use of the carcinogenic amino acid analogue in controlling

pluc-green alga blooms in fresh water ponds.



SUMMAR Y

A study of the effects of ethionine, and equal molar « h
oncentlra-

tions of ethionine-methionine upon the growth of the green al
sen alga,

Scenedesmus quadricauda and the blue-green alga

Gloeocapsa sp.,

was conducted.

The growth was monitored by four parameters of growth:
1) absorbance, 2) chlorophyll-a content, 3) cell counts, and
4) exponential growth rate. Also, the growth curves of each alga
was studied to determine the effect the various treatments may have
upon the growth phases.

The results indicate: 1) all concentrations of ethionine tested
caused some degree of inhibition of growth, 2) on an equal molar

basis, Gloeocapsa sp. was more sensitive to the inhibitory effects

¢thionine than was Scenedesmus quadricauda, 3) the effect of

hionine upon the growth curve of Gloeocapsa was that it prevents

cells from entering an cxp(mential phase of growth, while the ccells

o enter into exponential growth, but the rate of

vas reduced, and  4) most concentrations of ethioninc-

. ; cpsrie o o ffects of similar concentrations
nine reversed the inhibitory effects ol similar
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