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ABSTRACT 

A study of the effects of e thionin e and equal molar co nc e ntr a 

tions of e thionine-methionine upon the growth of the gr een alga, 

Scenedes mus quadricauda, and the blue -gr een alga, Gloeocapsa sp. 

was conduct e d . 

The g rowth was monitor e d by four param e t e rs of growth: 

1) absorbance , 2) chlorophyll-a content, 3) cell counts, and 

4) e xp o n e ntial g r owth rat e . Al so th e growth c urv es of e ach alga 

were studi e d to d e t e rmin e the e ff ec t the va ri o u s tr eatments may hav e 

upon the gr owth phas e s. 

The r es ults indica t e : 1) all con centrations of e thionin e t es t e d 

c aus e d some d egr ee of inhibiti on of growth, 2) on an e qual molar 

basis , Gloeoca psa was more s ensitive to th e inhibitory effec ts of 

cthi onin e than was Scenedesmus quadricauda, 3 ) the effect of 

ethi onin e up on th e growth cur ve of Gloeocapsa was that it pr events 

t h e ce ll s from ente ring an exp onentia l phase of growth , w hile th e 

c e l ] s o f S cened e smus do enter into exponential growth, but th e rate 

rJf grow t h was r e du ced, and 4) most c onc e ntrations of e thionin e -

1nd}1icmine rC::ve r sed th e inhibitory e ffec ts of s imil a r conc entrations 
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CHAPTER I 

INTRODUCTION 

Var i ous studi e s hav e b een made on th e e ffects o f e thi onin e , an 

analog u e of methionin e , upo n biolog i ca l syst e ms . 

Dy e r ( 19 38) first s h ow e d the inhibit or y effec ts o f ethi onin e in 

rats a s a we i ght l oss. K e rrid ge ( 1959) indic a ted that flage llate d bac -

t c ria were inhibit e d by ethioni nc . E thi o nin e ha s been s h o wn t o inhibi t 

prote in synth es i s in An' na coleopli lcs {Ck la nd , 19 6 0), in r at liv e r 

(Villia d a l , 19 63 ), ,me! in chick ,'rnb r yos (Ruddick , 19 72). 

E th i o n i n l' i n hi b it s i Il\' c r ta s l' s y n t h , · s i s i n s u ga r b C' C' ts ( S t on C' 

,·t ;:i.l , 1Y70), s1·v ,·r( ' ! y inhilJits lh, , l1>nl,'.,lti"n (),· hypocotyls and r oob 

in ll'lltll'l' Sl'L·d lin gs (i\ll' l'l'l ' I , 197 ()) , ;ind i11l1 i hits th1· inc o r po r r1.l i on or 

Ochromonas. Ochiai - Y;:i,nzi.gi __<:'._! ~ (JG73) ,:;hu\\c'd that thl' light inclc -

Ol
. ,,

1
.

0
\\·LJ1 in Chl o r,, lla \,as srrungly suppressed by pL~nclent pha s ,, .~ 
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The r eve r sal of e thionin e induc e d g r owth inhibition by 

m e thionine was fir st observed with Esch e ri c hia coli, Harris and K ohn 

(1 94 1). Boll (1960) indicated that methionine would r eve rs e the effec ts 

of e thionin e in exc is ed tomato r oots , whil e M e rr el ( 1970) sugges t e d 

similar r es ults in l e ttuce s eedling s. 

The purpos e of this inv estigation is l o study: (1 ) the e ff ec t of 

c thioninc u pon the g r ow lh of t h e green alga Sc n cd smus quadri ca uda 

and Lh\' blue g r C'c n alga Gl ococaps;i a nd ( 2. ) llw ac li on of vari o u s 'C]Ua l 

molar cornbin;:i. Li o n s of <'l hi. o n.in c and rncthi o ni1w up o n the g r owlh of 

Sec 11< 'dc::; r nus and G l o l'<ll' a p s a . 



CHAPTER II 

R E VIEW OF LITERATURE 

Ethi on ine i s th e s - e th yl h omo l o gue o f m e thi o n i n e a nd is t e rm e d 

a n antim e tab o lite in that its inhib i to r y e ff e ct may be r eve rs e d by 

m e t h i o n i n e in so m e bi ol og i c al syste ms . Dye r ( 1938) fi r st n ote d th e 

i nhi bit o ry e ff e cts of e th ioni n e as a we i ght l oss i n r a ts . T h e m aj o ri ty 

of t h e ea r l y wo rke r s u se d bacte r ia a n d r ats as l e st o r ga nis ms . Ha rris 

and K o hn (1 94 1) s h ow d that lh L· g r o ,,· th oi Esche r ichia co li i s inh ib i t e d 

b y d hi o n in l' ; zi l so , cthioninl' compll-t l'ly inhi h itvd lhl· g r ow th an d ce ll 

di v i s i o n or f-~s <' hc r ichi a c o li. ils ck1rnll-d liy Vo lcil ni a n ci Sa r id ( 195 6) 

.:rn cl Smi th :1 11 cl Sa lm o n {I 96S) . Ch,·ng and llzi.rtrn;\11 ( 1968) inrl icalt- cl 

Schmidt ,· t a l {lq::,) inrlie:-it, ·c! h2 c:r\1\\th ·xas inhibited in rats 

Gl . t • l (197 .)) 1, 1· si l L' \s kv er al (l q73) , and Endo ct al ( 19 7 5 ). , ,1 s L' r c ,1 L , - , _ _ · __ 

1\lills (1958) denoted tha t 2000 m~ /m l l'th i on in e w ould tota ll y 

inhibit Indm·nza B . The fungus To r ula monosa is partially inhib i t e d 
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by 326 0 m g /ml e thi onine (Ha lv o r son, _e t al 1952), while the y east 

Candida s l oofii is compl e t e l y i n hi bite d by 100 0 m g /ml e thionine 

(M e ndonca a n d T ravassos , 19 7 2). U r e y (1 971) s h owe d th a t conidia 

tion of the mold Neur ospor a crassa is partially i n h ib ite d by 5 0 mg /ml 

e thi o nine . A a rons on and A r dois (19 7 1) indicate d t h at growth of th e 

c u g lcnoid, Eug l e na gracilis, an d th e go ld e n - br o w n alga , O c hr omonas 

d a n i c a , wa s co mpl e t e ly inhib it e d by 10 0 mg/ m l e thi onin e whil e t h e 

b l u c - g r c c n a l ga e Syn c c h ococc u s cl'd r o rwn a n d Anaba e n a c ylindr i c a 

a r c t o t a ll y i n h ib i t e d b y 10 m g/m l cthi o nin L'. 

Sc h r<1n k (1 956 ) s p ec i fi c- cl th <1 I c dl d ong;:i_ ti o n in c- x c i sc- d s e ct i ons 

dvno l l'cl Lh t· 8 ) 111 g/ 111l d h ioni n ,· " ·r 1uld i11hil>i t l·1·\l l'l o n~rlli o n i n Ave na 

c1> k uplik s . l \u l l (1 ')60 ) in cl i t·a1c-d th:ct ,·thimi11, · inh ib it s g r owth in 

,•::-;cisi· d to 111 alo r uo t s . l11 \·v r LJ.s1· s\·ntlwsis in suga r b,·,·ts is inh ib i t e d 

b y l'lhi o n i ,w, (S t o 1w , ~ a t l <J , O) , ,1.11d Rin i l>n (197 1} shcN,T d th a t c hl o r o -

,-thioin iw . Ch l uroµhdl c unc,·ntrati,,n \'.·;i::; : ,l\.l!H1 tu iJL· l u\, ·crccl in 

( l) .::llL' \ , .L'Cl t} , ;-,t tl1c' incl·, rp_ o r J.Lum uf 3 I:! - le u c in c: int o p r o -Ibrkcr 197 ~ , u 

tcin is inhibited by c- th ionin,' . 
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Marzluf ( 1969) spe cified that e thionine produc e d a phe no co py 

of the e y e l ess mutant in Drosophila m e lano gaste r, while Hackney 

( 197 2) indicate d that e thionine e x e rts an inhibitory e ffect upon meta-

morphosis in w ild typ e Drosophila and in ves tig ial flies. Al so , 

e thionin e inhibited the populati on of wi l d typ e fli e s. 

Equal molar concentrations o f m e thi onin e w ith e thi on in e was 

first shown to r e v e r se the inhibito r y e ff ec ts o f c thim in c Harris and 

K ohn (1941). M e thi o nin e h as b 'e n s h ow n t o r eve r se th e e ff e ct o f 

rthi onin c up o n ce ll e l o nga ti o n in l'Xcis ,·cl s,·ctions o f A\' cn a colcoptilcs 

( S c lira n k, l <) S 6 ) , ( C 1 d and , l % 0) ;111 cl ( No rr i ~ , .:.:__ a I 1 % 2) . 

1 
)) :'ilcl ;d.t2Zt,· (Tl u ch b ,· rc.: and R:1ha: , l<l, l) and (O c hiai. - Yangia , 

l ' t J. l <J 7 ~ , " . 

197 3 ). 

j
··o r ,, thi o r,ine \'- ·i1iL·h n·sults in inhib i tion of 

Tlw rnode ,)i actiun 

· ·· d · fou r ca.tcgor i c·.:3; ( l) cthylation of ri bo 
g r ow th may be c las Slill' 1n 

. . (R"'A) d "oxn·ibon uclc i c ac id (D'.\A) , o r metab o lit e s 
nucleic ;ic 1d 1 , or e • 1 



6 

of low molecular we i ght or both, which may b e hav e abnormally due 

t o alte r e d struc tur e or due to c ompe tition with m e thylated comp ound s 

(St e k o l .s:__! al, 1960) a n d (Ste kol et a l, 1950); (2) e thi onine in corporation 

into prot e ins whi ch may c au s e th e m t o los e bi olo gi cal a c tivity (Farb e r, 

1963 ) a nd Spi z e k e t a l ( 1967); (3) a d en os in e triphos phate (ATP) 

tr a p pin g m e c h a ni sm , wh e r e S - ad c nosyl e thi onin e i s a cc umula t e d fast e r 

th a n A T P i s synthe s i ze d w hi ch d cpr cs sc d th e p r odu c ti on of n i c o tin

arn id c a d e nin e dinucl coti dc (NA D), p r ote i ns and nu cle i c a c ids (S ch mi dt , 

d a l .1 956 ), (S t cko l ~ al , 1960) , (V i l h - Trl'\'ino ~ a l , 196 2) a nd 

(S t cko l ~ ct l, l 950 }, and (-l ) inhibi iun o f vnzyrn, · formatio n (Ha lve r s on 



CHAPTER III 

MATERIALS A N D METHODS 

Stocks a nd Exp e rim e ntal Cultur es 

The co l onia l g r een a lga , Sc e n e d e smus q ua dri c auda , wa s ob -

ta i n e d f r o m t h e In d iana A l ga l Cultur e Collection as Numb e r 76. A 

s upply of s ee ding cells fo r the s t ock c ultur e s was mai ntain e d on 

nu lrit '.n t agar s la n t s and in c ub a lL'd i n a P e r c i\·a l in c ubator at 25°C 

u 11 cl<- r a. I i g h l in ll' n s i. l y o f 3 0 () i' u o l - c r1. n d I t • s . 

fli. o logictl S11 p p l y C: () , .!\ s 11 pp l ,· ,,f ,-;,·,·clinl'. t,· ll s ft, r th, · s t uc k c u ltur e s 

cu11tai11l'cl chc1l' C ll.'1l. 

l l · 1 't l 1' (' 11 t ·r ), t' '-' '. c· u l l 11 r C s w e r e zi.nd unckr 300 [()l't - l·:1nc c'S ut I l.1<' r ,·,-;,·,· 1, .~ · ' v 

!111• 11 \.ll c' in .-~ P r ,'L·i::-:iun Scic'nliiic in c u ba t o r t o osc illa!c'd L)c, tim,'S pc'l' 

]HC\·cnt clurnpin~ , tL°) distributL' CL·lls l·, ·1.: nly and to a i d in car bon di ox -

ide distributi on. 



Approximately half of the Gloeocapsa t es t flasks were oscil-

lat e d 95 tim e s p e r minute with a wrist-action shake r to increase the 

t e st cultur e c apacity and also to pr e vent clumping, to distribute cells 

a nd t o aid in carb on dioxide distribution . 

The c ultur e m e dium for all c ultur e s was d e fined as follows 

{Envir onm e nta l Pr ot e c ti on A g e n c y , A l ga l As s ay Pr ocedu r e , B ottl e 

T e st , 1971) : 

Ma c r o nutr i c nt s {m g/ 1) M i c r o nu t ri c nts (mg/1 ) 

NaN0 3 
2S. 500 I r 3BO) 185 . 520 

K 2, I IPO l. 04- l l\ l nCl,/ ·lll 20 -l IS . 58 7 

MgC 12 · 6 1! 2,0 12 . 170 l.nC\ 1 
32 . 7 0 9 

Jvl gSO.\ 7 . l 7g C.cC\ 1 · 611,0 l. --1:29 - ~ 

C:iC \ ? · 21! )0 -l . -l l 0 
~ ~ 

C uC\) · 21!)0 0 . l 14 
- -

NzlI! CO) is . oon '.\ ;t .!. .\ \ " () l · 21 ! ..: 0 7. 260 

V,C:\ , · ..'.ll,O l ::;9 . 97 2 
) -

'.\;1 , !. : ) l .\ · ..'. l ! 2o mo . ooo 

Sl) lll'l' L' : 
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A constant sto ck of phy sio l og i cally viabl e cells was maintai ned 

by th e s e mi- c ontinuous c ultur e m e th od (Bass h a m a nd Calvin, 1957), 

(Fog g, 19 7 1) and (Uke l e s , 197 3). Thi s m e th od inv olv e s th e mainte -

n a n ce of a c ultu r e in th e l og phas e o f its g r owth by dilut ing the cultur e 

w ith fr e s h m edia a t s p e cifi e d t i m e inte r va ls . 

In thi s study th e c u ltur e was mainta in e d rn loga r ithmi c phas e 

by di l u ti ng with o n e h alf o r three - fo u r th s th e vo lum e eve r y s e ve n t o 

cig h l days. 

Stock c ulture s 0 1L1t i. o ns ,,·,·r ,' pr, ·pa r c cl i.n lhc fo ll o wing fas hion : 

o n< · hlt • r ()f m,·c!ia was i noc u];ilt' cl ,,·it h I ml <i f c h l <l r n fo rm , th e n th e 

ll / l l · 1 - t 1·1 11 - t t r 1 111,""'1•11, t i. < _--; 1 1· 1· 1· 1·11_'-' l),""' 1- ,,: a s ,·tddccl <'<' s 111 c,· n :-;1 y ; ,1 , . <, l " •, , , ' ~ -~ " 

;1c!di.11 ,c. J. J () 11 1 l j 11 < J ("\ l \ \ ll ll 

fh,· , •:-; oc r i1n, -n tal flasks 

l "i.)l..';-, r-1 • .:: to aid rn a citati on o f th e c e lls -± 1nn1 ~ ass '"· ~ _ 

l l 1 ·ti ..., poh_· ioan1 o_ lug. J.nc \\"J. S p usge o \\"l 1 u. 
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Bioma s s D e t e rminations 

T h e compl e t e growth curv e was inv e stigate d sinc e the growth 

of Sccn e d es mus quadricauda n o rmally shows a lag, exponential and 

station a ry phas e . Ther efor e , to evaluate the entir e effect of a chem-

ical upon growth, all aspects of growth n e ed to be studied. This has 

bee n e mphasiz e d by Shrift ( 1954) in antime tabolite experiments. 

Growth of the stock culture was observ e d e very 24 hours, and 

e xpe rim e ntal cultur e e very 12 hours by c e ll c ounts and absorbanc e 

dete r m inations. C e ll counts w e r e made with a S e dgwick-Rafter count-

ing c hambe r ac cording t o the m e thod outlin ed by Ingram and Palme r 

(1952). T h e absor bance of the cultur e was d e te rmine d a t 650 nano -

m e t e rs (NM) with a r e d f ilt e r, u s in g a model 240 Gilf ord phot os pcc tr o -

m e te r . 

The expone ntial g r owth rat e of the ce lls was foun d by taking 

the log a rithm bas e two of the abso r ban ce fo r two tim e pe riods a nd 

then so lving the follow i ng e quati on (Sor okin , 1973 ): 

wh e r e : 

R = 
log2 X 2 - log2 X 1 

t2 - t 1 

R = growth rate 

X 2 
= numerica l va lue s for c e ll mass at 

X l• 
the beginning and end of a spec ifi e d 

int e rval of tim e 

= cor r es ponding tim e s for X1 and Xz 
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T o d ete rmin e wh e n the cells w e r e in ex ponential growth, thr ee inte r

pretati ons of th e g r ow th measurements w e r e made. Firs t , from the 

abso rb a nc e , th e growth r ate was d e t e rmined (Sor okin, 197 3); s econd, 

a p l ot of the change ( t:, ) in t h e log bas e two of the absorbanc e was 

made ; and third, a semi-log plot of the cell count was us e d (Guillard, 

197 3). 

The t ime peri od from which the exponential growth rate was 

calculate d was the transition p oint (Blankl ey, 197 3) from the la g t o 

th e l og phas e , and from the log to the stationary . This time int e r val 

r anged from the 19th hour to the 64th hour with the Scenede smus con

tr ol cultur e and from th e O hour to the 121st hour in the Glo e ocapsa 

con tr o l c ultur e . Oth e r tim e inte rvals vari e d ac cor ding t o th e cffec: t s 

of th e t cs t c h e mi cal. 

In th e daily monito ring of th e g r ow th of ce lls in the exp e ri m e n -

ta l cultur e s, ab s orbanc e wa s us e d as the m a in paramete r of gr ow th. 

S o rokin (1 97 3) indicate d tha t the u s e of a di lution curv e con

struc t e d fr om abs o r ban c e m e as ur e m ents can make turb i dity r eadings 

se lf - s u ff i c i e nt and as r e liab l e as th e d e te r m ina ti on of g r ow th rate by 

a n y o th e r ind ex of g r owth . 

A s e r ia l di luti on c u rv e was c on st r u c t e d by takin g a d e n s e 

susp ' n s i on o f algae and dilutin g b y ha lf , by th e additi on at ea ch dilu-

d lum e O f sus pensi on , an e qual vol um e of the 
ti cJn lo th e tnea sur e vo 

111< ·diun1 . 1 t . d e n sity of o n e flask p e r each dupl i ca te s e t of 
T h e popu a 1 0 11 
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c ultures was meas ur e d by taking the cell count with a S e dgwi ck-Rafter 

c ounting chamber fo llowing the method d e scribed by Ingram and Palme r 

( 1952) . C e ll counts of S cen e d esmus wer e made with a Unitron micro -

s cop e model MSA3243295, and counts of Gloeocapsa w e re done with a 

Z e iss standard WL research microscope at 200 X with ND 6 filt e r. 

All c e ll counts were subjected to statistical analysis of significance 

(Chi square) a t the 95 p e r cent confidence l evel. 

Inte rpr e tation of inhibition was expr e ss e d as spe cific effec ts 

on the growth curv e . The s e interpretations we r e based upon m easure-

m c nts of biomass take n at the l ag and stationary phase. Gr owth 

d e t e r mina ti ons we r e end e d aft e r the cells in the contr ol c ultur e r each e d 

the stationar y phase. 

Comparisons of e xperimental cultur e s we r e made with the 

contr ol cultur e bas e d on th e e ff ec ts upon: ( 1) th e l ength of th e lag 

p h as e or induction phas e whe r e n o incr e as e in c e ll nu mbers occurs; 

(2) final b i om ass d et e rminati ons b y ab s orba n ce , the incr e as e in c e ll 

numb e r s and chl or ophyll-a co nte nt; and (3) th e g rowth rate in the 

ex p on e n t ial pha s c wh e r e ce ll m ultipli ca ti on i s r a pid and numb e rs 

inc r ease in geom e t ri c pr o g r e ssi on . 

t d fr om the c e ll s at the terminati on 
Chlo r ophyll- a was extr a c e 

h d f Talling a nd Driv e r (1963) and Parsons and 
of growth by th e m e t o o 

Strickland (1963 ). 
With thi s me thod th e c e lls ar e filt e r ed on a Milli-

· f ·lle r a n d suspen d e d in 10 ml of 90 pe r 
pr,r(· JIA ()" 45 mm po r e s i ze 1 , 
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cent ace tone t o which 0. 1 gm of NazCOz was added . The n the cell s 

on the filler a r e g round in a glass h omogeni ze r (Pyr ex ) and allow e d 

to stand fo r tw e nty minutes . Chlorophyll-a was d e t e rmine d spectr a -

photometr i c ally using the supernatant and applying the following 

equation: 

mg chlorophyll-a per sample = 

(11. 6 x D665 - 1. 3 x D645) x 
V 

1 

Where: v = v olum e of sample in ml 

1 = l e ngth of spec tropho t ometric c e ll in cm 



CHAPTER IV 

RESULTS AND DISCUSSION 

Effects of Va rious Combinations of Ethionine and Methionin e 
Upon the Growth of Sc e n e d e smus guadricauda 

Ochiai-Yanagi e t al (197 3} indi cat e d that 3 mM ethionine wh e n 

adde d at the beginning of in c ubati on, most strongly suppr es s e d chloro-

phyll form ation in Chlorella pr otothecoides. Ethionine tog e the r w ith 

m e thionine comple tely r e v e rs e d the suppr es sive e ff e cts of e thionin e 

(Ochiai -Yanagi e t al, 197 3}. Aarons on and Ardois ( 197 1} denoted that 

O. 6 mM e thionine r e s ulte d in complete inhib ition of grow th in Euglena 

a nd Ochromonas. The fo llowi ng e xp e rim e nt was pe r fo rm ed t o det e r-

mine what effec t e thi onine h as on the g r owth of S cen e d e smus , a nd 

w h e the r methionine in equa l molar co n centration with e thi onine 

would r e v e rs e any inhibitory effec ts , 

T h e t o tal increase in c e ll number (c e lls /ml) for S cenedesmus 

n
1 

various c onc entrations of ethionine and m e thionine is shown in 

Table I, All c onc e ntrations of e thi onin e s eve r e ly inhibited the total 

rn c r eas c in ce ll numb e rs afte r 117. 0 h our s of growth with 0. 5 and 10. 0 

mM e thionin e showin g s imi l a r d eg r ee s of i nhibiti on , Th e additi on of 

· · eciua l molar concentra tion w ith c thionine r e sulte d in 
1n(;lhion1ne 1n 

partial reversa l a s com par e d to the con t r o l exce pt at 0. 5 mM , Statis-



Table I 

Effe c t s o f Various C · onc entrat1ons of Ethi onin e and Ethi onine -
M ethionin e Upon the In c reas e in C ell Numb e rs of 

Sce n e d e smus quadricauda 

Trea tm ent (mM) P e r cent of Control 

Ethionine 0.5 17. 7 

Ethionine - Methionin e 0.5 8. 7 

Ethionin e 1.0 28. 3 

Ethionine -Me thionine LO 44 . 0 

Ethioninc 2. 0 27. 5 

E thi onin e - M e thi onine 2. 0 30 .2 

Ethion in e 10. 0 18. O 

Ethionine - M ethionin e 10.0 37.5 

The cell numb e r s for the con trol afte r 116. 0 h ours of 

growth was 90 3 x 104 ce lls /ml. The data r epr e s ents two exper i

ments with r e plicat e s for each t r ea tm e nt. 



tica l analysis of ce ll numbe r measurements indicated that the r e is a 

signifi c ant difference between the treatme nt and the control at the 

5 per cent l eve l of significance using th e 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 

l ea st effec t upon expone ntial growth. The r eversing effect of ethionine

methionin e is denoted by the high degr ee of r e v e rsal of the ethionine 

inhibition. There is no significant difference between the effects of 

l. 0 and 2. 0 mM e thionin e upon the expon ential g rowth rate . 

Tables III and IV r epresent the total in crease in absorbanc e 

and the chlorophyll - a content respec tive l y . Both show that as the 

c oncent ration of e thionin e inc r eases , the i nhibitory effe ct in c r eases . 

This is also apparent wi th the reversa l effect of e thionine, except at 

1. 0 mM e thionin e - methionin e . 

To obtain an overall vi ew of the effec t that va ri ou s concent r a -

Lions of ethionine and e thionine-methionin e have upon the growth of 

Sce nc d es mus, a n averag p e r cent growth of the control is d e t e rmined. 

This is accomplishe d b y takin g th e m ean value of each index of g r owth, 

as compa r e d t o th e cont r ol, and calculating a single m ean va lue for 

e::ac h concentra tion and expr e ssing this as a p e r centage . Figur e l 

J cent g rowth of th e cont r ol , illustrates a corn.pa rison oft 1e average per 

fur the dh ionine concentrations. Whe n all th e paramete rs of growth 

a.re h definite relationship be tw een the ,rnnpile d, the r es ult s ows a 



T a bl e II 

Effects of Variou s C on centra ti ons of Ethionin e a nd Ethionine 
M e thionine Upon the Ex ponential Growth Rate of 

Sce n e d e smus quadricauda 

Treatm ent (mM) P e rcent of Control 

Ethionine 0.5 68.6 

Et.hionine - Methi onin e 0.5 71. 5 

Ethi oninc 1. 0 4 4 . 6 

Et.hion inc - M e thionine 1.0 77.4 

E t.hi onine 2. 0 47 . 8 

Ethionine - M e thionine 2 . 0 5 1. 6 

Ethionin e 10 . 0 26 . 7 

Ethionine - Methionine 10 . 0 6 2. 3 

The e xponential grow th ra te of th e contr o l after the expon ential 

time period of 55 hours, was 0. 6945. Th e data r e pr esents two exp e r 

imc:nts with replicate s for each tr eatment . 



Table III 

Effec ts of Various C t t · onc e n r a i ons of Ethionine and Ethionine -
M ethionine U T t 1 I pon o a ncrease of Absorbanc e for 

Scene d e smus quadricauda 

Trea tm e nt (mM) P e rc ent of Control 

Ethionine 0 . 5 62.9 

Ethi onine - M e thionine 0. 5 56. 1 

Ethionine 1.0 38 . 4 

Ethionine - Methionin e 1. 0 28. 0 

Ethionin e 2. 0 40 . 3 

Ethionine -M e thionine 2. 0 39 .9 

Ethionine 10. 0 20 . 3 

Ethionine -M e thionine 10. 0 47 . 3 

The total incr e ase in absorban ce oi th e control afte r 116. 0 

hours of growth is 0. 3 13 , The data r ep r esents two expe rim ents with 

replica t es for each tr eatment . 



Table IV 

Effects of Vari ous Con centrations of Ethionine and Ethionine 
M e thionine Upon Chlorophyll- a Content in 

Scened esmus quadricauda 

Tr ea tm ent (mM) Percent of Control 

Ethionine 0.5 68.4 

Ethionine - Methionine 0 .5 57 .7 

Ethionine LO 38 . 0 

Ethionine - Methi onine 1.0 60. 7 

Ethionine 2. 0 22. 3 

Ethi onin e - Methionine 2.0 47 . 3 

Ethi onin c 10.0 17 . 4 

Ethionine - Methionine 10. 0 57.9 

Th , chlo r o phyll-a content of th e c ontrol after 116 . 0 hours 

of growth is 5 . 698 ug/ 10 ml. Th e data r epr esents two ex pe rim ents 

w i th r e pli cate s for each tr e a trn e nt. 
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concentration of e thionine and the per cent of inhibition. As th e con-

ccntra ti on of dhionine incr eases lh e p e r ce nt of inhibition in c r eases 

o r per ccnl o f cont r o l d e c r eases . This da ta supports the idea that 

c1 hi onine inhibi ts g r owth and is in ag r eement with s tudies done by 

Boll ( l 960) w ith s e ctions of Av en a col eoptiles , K e rridge ( 1959) with 

the bacteria Salmonella; Aarons on and Ardois ( 1971) with Chlor e lla. 

Figure 2 through 5 illustrate the g r owth c urve of Scene d es mus 

quadricauda with various combinations for ethi onin e and methi onine . 

The absorbance is us e d to monito r g r owth and the change in the lo ga -

rithm b ase two of th absorbanc e plus t en ( /\ l og 2 A+ 10) is calculat e d 

t o give a mor e e xpli cate vi ew of th <." grow1h pha sl's (Sorokin, 1972) . 

T h1 ' effec t of 0. 5 mM dl1ioni.nC' ::i nd 0 . 5 mM ethio nin c -rnc:thioninc 

arc s h own in Figur e 2. Tht' i llustration i.ncli.catcs that a t this con cen-

Lration cthion in e do e s not affect the l ength of the l og phase, but does 

r e duce th e r a t e of increase of th e log phas e . Th e most n otabl e effec t 

is n pon the slope of the exponentia l phase, which is 68 . 5 pe r ce nt o f 

thl' con trol (Table II ) . This s h ows that 0. 5 mM ctl1i onin e is inhibiting 

· 1 l' c1· 1· si· on \vl11· c l1 r es ults in a lowering in the tota l bio -(·:>-:poncnt1a ce 1 1 v · , 

, f 117 0loL1r sofgrowth (Figure2) . At0 . 5mM mass as clcnoteet a ter . 1 

m, thioninl' , (Fignrc l) in NJlla l conc ent r ations \\·ith ethioninc , d oes 

·. , 1- - · t -·sties in th e la g phase. 
sl:(;\\' sonH' reve rsing< 1arac c1 1 

This is also 

lesser amoun c whl're e thi on inc - mcthi onin e 
\ icl<-11t 111 the log phase to a 

l
• c·,·i't <·JJ. the control (Tab l e II) . 

J , "/ j • s pf• , I 

YeL this reve r sing quality 
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The da ta r epr esents tw o ex pe rime nt of replicate 

soluti on s. 
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is not fo und in the stationary phas e where aft e r 117. 0 hours of growth 

the increase in biomass , as m easured by absorbanc e and chlorophyll-a 

conte nt, is low e r than the 0. 5 mM ethi onine tr eatment . 

At the e thionine concentration of 1. O mM (Figur e 3) the reduc -

tion of th e g r owth rate is again pr evalent, and to a greater extent than 

a t 0. 5 mM e thionine. The expon ential growth rate is significantly 

lower (Table II), and the l ength of the log phase is prolonged. The 

total in c r ease in biomass is also l es s than the control and less than 

the 0. 5 mM ethionine tr eatm ent. 

One mM n1 e thi onine in e qual concentrati on with e thionine 

r ever s es the e ffec t o f 1. 0 mM e thionine, but n ot complete ly to the 

control l e vel (Figur e 3) . The exponential g r owth rate with equal con

c entrations of e thionine and m e thionine i s 77. 3 p e r cent of th e control, 

while the e thionine treatm e nt is 44 . 6 p e r cent of th e contr ol (T ab l e II). 

This approxi mately doubling of th e e xpon e ntial g r owth rate is s ee n 

rn Figur e 3 . 

Figur e 4 illustrates the effect of 2. 0 rnM e thionine and e qual 

· d th · ·n e Th e amount of inh ibi tion 
concentrati ons of e thi onrn e an m e 10111 • 

of t h e e x pon e ntial growth rate indicated at 1. 0 mM is a lm ost id enti ca l 

l o th e r e sult s obtaine d at 2 . O mM, with the r e being no s i gnifi cant 

diff e r e nce be twee n the two values as shown by the students t-tes t 

The gI
·owth of Scenedesmus und e r the influence of 

(B ail ey , 195 9) . 

l r M t
' t h 1' on1' n e s ee rns to fo ll ow a similar pattern . 

• J and 2" 0 m ~ 
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The data r e p r es e n ts two ex p e rime nts of r e pli cat e 

solu tions. 
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The m os t inhibitory cff cc t upon the growth of S cen cdcsmus , as 

i ndicalccl by ils grow th c urv e , is with 10. O mM c thi onin e (Fi gure 5). 

T h e slope of the l og phase is much lower than the control. Exponential 

growth rate is inhibited by mor e than half that of the control, and the 

total incr e ase in biomass, as seen in Figur e 5, and by the other 

biomass indicato r s (Table s I, III, IV) is substantially suppr es s ed . 
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s olution s . 



Effects of Vari ou s Combinations of Ethionine and Methionin e 
on the Growth of Gloeocapsa sp. 
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Arlronson and Ardoi s ( 1971) showed that 0. 06 mM e thi onin e 

compl e t e ly inhibited the growth of the blue -gre e n algae Syncchococ cus 

c edrorum and Anabaena cylindrica, while the lowest conc entration 

that indicate d 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 phas e of investigation is to study various concentrations 

of ethi onin e and e thionine -methionine upon the growth of the blue- green 

alga , Gloeocapsa sp. The indices of growth us e d with Sc enedesmus 

will again b e used, and the r e sults wi ll b e compar e d with the r e sults 

obse rv ed in the green alga, Sc en edesmus quadricauda. 

The t ota l increase in ce ll numb e rs (based upon ce ll co unt s ) 

is s h own in Table V . All c onc e ntrations of e thionine inhibit e d incr eases 

111 the c e ll numbers. Equal concentrations of ethi onin e -m ethionine 

r eve rs e d the inhibitory e ff ects of e thionine. The most severe inhibi-

t O 5 M and the l east amount of inhibiti on with ethionine occurs a . m , 

M R eve rsal e ff ect s of ethionine - m e thionine ti on is attain e d at 1. 0 m • 

a r e sirnilar at e ach con centrati on . 

Statistical a na lysis indi ca t e s a s i gnificant differ e nce b e tween 

t and between the control and 
lh e cont r ol a nd e thionin e tr eatm en s 

fo r the incr eas e in c e ll numbers. 
c thi onin e - me thi onine treatments 

6 mM ethi onin e d enotes no significant 
Co mpa r i sons of 0. 003 and O. OO 

l
·n th e r,ffe c t o f e thioni n e upon th e tota l incr ease in ce ll 

diffl·r<·nce - '--

a l th e con centrations of 0. 06 and 0. 05 mM 
A l su , 



Table V 

Effec ts of Various Conc entratio f E . 
Methionine u ns O th10nine a nd Ethionine -

pon the In c r eas e in C ell Numb e rs of 
Gloeocapsa sp. 

Tr eatment (mM) P e r cent of C ontr ol 

Ethionine 0.003 20.0 

E thi onin e - Methioninc 0 . 003 47.2 

Elhionin e 0.006 19 . 3 

Ethionin e - Methionine 0.006 45 . 0 

Ethionine 0.06 9. 3 

Ethionine - Methionine 0.06 53.4 

Ethionine 0. 50 10 . 0 

Ethionin e -M ethi onin e 0.50 55 . 3 

Ethi onine 1. 00 31. 2 

Ethioninc - Me thionine 1. 00 4 1. 8 

C ontrol population d ensity i s 9. 3 x 10
5 

ce lls/ml after 231. 0 
hr1u r s o f g r owth " The data r e presents on e expe rim ent with r e plicates 

f(;r 1 ·,H h t.r <·atment. 
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cthionine , th e r e is no significant difference in the effects upon the c e ll 

nurnbers . 

Table VI shows the e ff ects of e thionine and equal molar con

c entrations of e thionine-methionine upon the expone ntial growth rate . 

All concentrations of e thionine inhibite d the exponential growth rate 

with 0 . 006, 0. 06 and 0. 50 exhibiting the greatest degree of inhibition. 

The students t-test (Bailey, 1959) indicate d that ther e is a significant 

diff e r e nc e between th e control and ethionin e tr eatm ents, and b e tween 

the control and equal concentrations of ethionine-methionine. At the 

ethionine concentrations of 0. 006, 0. 06 and 0. 50 mM, no apparent 

e xpon e ntia l growth rat e can be found. Ethionine -methionine , at all 

con ce ntrations, t e nds t o r eve r se th e eff ec t s of e thionine. 

The t otal incr e ase in abs o rbance , Table VII, and th e chlor o -

phyll - a conte nt, T ab l e VIII, both d e note an incr ease in inhibition as 

th e concentrati on of e thionin e increases , exce pt at 1. 0 mM. The 

t - tcs t (Baile y, 1959) indicate s that th e r e is a significant differenc e 

between th e e thionine treatments, the contr ol, and the ethionine -

t 1 Th e e ffec t s of e qual con centrations 
methionin e tr e atments and con r o · 

h . · upon tota l incr ease in absorbance and 
of ethi onine a n d m e t 1onrne 

similar wi th r ev e rsal be ing approximately 
chlo rophyll - a conte nt ar e 

h;:df of th e cont r ol. 

ff t Of Va r i ous concentrations 
h 10 show the e e c Figures 6 thr ou g 

h
. . e me thionine upon the g rowth curve of 

r,f , lhi<;nj n<· and e t 1on1n -



Effects of Various 
M e thionine 

Tr eatment (mM} 

Ethionine 

Ethi onine - M e thionine 

Ethi onin e 

E thionin c -Mc thionin e 

E thi onin e 

E thi onin e - M e thi onine 

E thi onin c 

E thioni n c -M e thi onin e 

E thi onin e 

Ethi onine - M e thi oni n e 

Table VI 

Conc entratio f E • . U ns O thiomne and Ethionine -
pon the Exponential Growth Rate of 

Gloeocapsa sp. 

P e r cent of Control 

0.00 3 30.9 

0.00 3 64. 1 

0.006 0.0 

0. 006 66. 1 

0. 06 0. 0 

0. 06 59.6 

0.5 0 0. 0 

0.50 56. 1 

l. 00 19 . 8 

l. 00 55 . 6 

Contr ol e xpon e ntia l g r ow th r ate , af t e r the expon entia l pe ri od 

of lZl hour s was , 0 . 220 . T h e da ta r epr esents on e exper i m ent wi th 

rc- plicaics fo r e a c h t r ea tme nt . 



Table VII 

Effec t s of Various Concentrati ons of Ethionine and Ethionine 
M e thionine Upon the Tota l Incr ea s e in Absorbanc e of 

Gloeocapsa sp . 

Tr eatment (mM) P e rc ent of Control 

Ethionine 0.00 3 24 . 0 

Ethi on i n e - M e thi onin e 0.00 3 65 . 0 

Ethion ine 0.006 16.6 

Ethionine - M e thi onine 0.00 6 53 . 7 

Ethionine 0.0 60 10 . 8 

Ethion i n e - Methi onine 0 . 060 59.5 

Ethionin e 0 . 50 1. 6 

Ethionine - Me thi onin e 0 . 50 62 . 5 

1. 00 22 . 1 
Ethionine 

L 00 50 . 4 
Ethionin e -M e thionine 

ft . 23 1 o hour s of gr ow th . . 0 ,., 83 nm a e r . 
Control absorbance is -~ent with replicates fo r eac h t r ea t

Thc- data represents one expe n 

n,< ·nt. 



Table VIII 

Effects of V · c ar1ous onc e nt t · Meth· . ra ions of Ethionine and Ethionine 
iomne Upon the Chlorophyll -a Conten t of -

Gloeocapsa sp. 

Tr ea tment (mM) P e rcent of Control 

Ethionine 0. 00 3 29. 1 

Ethionine -Methionin e 0.003 55.8 

Ethionine 0. 006 22 . 2 

Ethionin e - Methioninc 0.00 6 46.5 

Ethionine 0. 06 13. 6 

Ethionine - Methionine 0.06 57 . 2 

Ethioninc 0. 50 5. 5 

Ethionine - Me thi onin e 0. 50 6 1. 2 

Ethionin e 1. 00 13. 0 

Ethionine-1\,1ethi onine L 00 57 . 2 

The chlorophy ll- a cont e nt of th e control afte r 231. 0 h ou r s of 

i_;ruwlh is 3. 2467 ug/ 10 ml. The data r e pr e s ents one expe ri ment of 

rC'plical<" trcatmenL 



2. 0 

0 1. 5 
,-i 

+ 
~ 
N 

gn l. 0 
,-i 

0.5 

0 

Figure 6. 

_,,,,. .,,., 
_,,,,. 

.,,,,,. .,,,,,. 

··················· 

··-----

34 

C ontrol 

Ethionine O. 00 3 mM 

Ethionine -Me thi onine 
0. 003 mM 

.,,,,,.-- ------·_ .... __ 
.,,,,,..,,,,,. 

.................... . .................... ······· ~ ............. 
/ , ····· .... .,. ... ········ 

20 60 100 140 180 220 

T ime (hou r s) 

Gr owth curv e s of Gl oeocap sa sp. fo r th e contr ol , 
0. 0 0 3 mM e th i onin e , a n d 0. 003 m M e thi onin e 
me thi onin e . T h e da ta r e pr e s e nts on e expe rim e nt 

o f r e pli cate soluti on s. 
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Control 

···············••-.. Ethionine o. 006 mM 

20 60 

-------- Ethionine-Methionine 
0. 006 mM 

,,,_,,,_,,,,,,,_ _________ _ 

100 140 180 220 

T im e (h our s ) 

Growth cur ves of Gl oeocap sa sp . fo r th e contr ol, 
0. 006 e thionin e a nd 0. 00 6 ethi onin e - m e thi onin e . 

T h e da ta represents on e expe rim e nt of r e plicate 

so luti ons. 
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Control 

·················· Ethionine o. 06 mM 
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O. 06 mM 

20 60 100 140 180 220 

T ime (hour s ) 

Growth curves of Gloeocapsa sp. for th e c ontr ol, 
0. 06 mM ethionine, and 0 . 06 mM e thionin e 
rnethionin e. T h e data rep r ese n ts on e expe rime nt 

of re plicate solutions. 
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Control 

Ethionine o. 5 mM 

-----. E thionine -Me thionin e 
0.5 mM 

60 100 140 180 220 

Time (hours) 

Gr owth c ur ves of Gloeoca ps a s p. fo r the c ontr ol, 
0. 5 mM e t hi onin e a nd 0. 5 mM e thi onin e - m e thi onin c. 

T h e data rep r e s ents on e ex pe rim e nt of r e plica te 

so luti ons. 
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G r owth c urves of Gloeoca p sa s p , fo r the c ontr ol, 
l. 0 mM e t hi onin e , and l. 0 mM e thi onin e - m e thi onin e . 

The da ta rep r e sents on e ex pe rim ent of r e pli cate 

so luti on s . 
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Glococapsa sp. The growth curv e is monitor ed by m easurin g the 

,ibso rh;-1.n,<' .:incl th e n calcula ling th e~ loga rilh ""l " basv lwo or th( · a bso rb-

a nc e plus t e n (l ogz A+ 10), (S o r okin, 1973). 

The e ff e ct of 0. 003 mM e thionin e upon th e g r ow th curv e of 

Glo eocapsa is d enote d in Figur e 6. The l ength of the log pha se of the 

cthionine curve is similar to the contr ol , but the slope is no t as gr eat. 

The results of 0. 003 mM e thionine - m e thionine shows that the inhibition 

of the slope for the log phas e is r eversed to about half of the co ntr ol. 

Figure 7 illustrates the effec t of 0 . 006 mM e thionine and 

c thionine - m e thioni ne up on th e growth of Gloeocapsa . At the con ccn -

tration o [ 0. 006 mM ethi onine , th e cells seem to unde rgo a twP nty 

fcmr hour period of cell divis i on , then t hey a n · com pletely i nhibited 

with only a slight incr eas e in th e abso r bancc after 2. 3 1 hour s of in c u

ba tion, Equal amounts of e thionine - m e thi onin e at a conce ntr a tion of 

0. 006 mM provide an in c r ease in the angl e of the lo g phas e . Although 

0, 006 mM ethionin e -me thi onin e d oe s r eve rs e th e effec ts of 0. 006 mM 

c lhionine, this r eve rsal is not to th e l evel of the contr ol. 

At the c thi onin e concentration s of 0 . 06 mM (Fi gure 8), the 

· ·1 to th e effect s produc d at 0. 00 6 m!v1. 
l'ffc cts up on g r o\vth are s 1m 1 ar 

TJ1c· r( ' is th e pres e nce of a l og phas e , th e n gr owth l eve ls off without 

ll1e 
ond of the m onit oring pe ri od as indicat ed with 

a. r 1 1 n , r c· a s < n ea r ..., 

(J. (;()(, 1·thiun ine. 
. . aaain r everses th e effec ts of 

Ethionine -meth1 on1n c t-, 

,,1],·,,n 1n, rJv <· r h a lf uf the cont r ol. 
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Figur e 9 shows the e ff ec ts of O 5 M th · . , · • m e 1onrne . While the 

n, s ult s a r c s i rn i la r lo th o s < ~ oh Lai n C' d ;-it o o 6 M · 
- ' . rn , rcr1ocl 1s ,nor <' 

seve r e. Ethionin e -me thionine t 0 5 M a · • m reverses the e ffect::; o f 

0. 5 mM e thi onine. 

Ethionine a t the conc entration of 1. 0 mM (Figur e 10) do e s not 

effe ct the growth of Gloe ocapsa as severely as the other concentrations 

te st e d. The p e riod of growth following the log phas e do es n ot l eve l 

off b ut continue s to in c reas e , yet this incr eas e in growth is much l owe r 

compar e d to the contr oL Ethionine -m e thionine at 1. 0 mM r eve r s e s 

th e e ff e cts of e t hionine at the same con cent r ation . 

It sho uld b e note d that a ll conc e ntr a ti on s of c thi oninc -m c thi onin e 

r e ve r se the inhibitory e ff ec ts o f c thionin e up on G l oc oc a p s;i a t s imil ar 

l e ve l s as com pa r e d t o the c ontr o l. 

Figur e s 1 a n d 11 , illustra te a compa ri son b e tween th e av e rag e 

p e r cen t g r ow th b a s e d upon the c ontr o l fo r th e g r ee n a l ga e Sc en e d e smus 

gua dricauda and th e b l ue - green a l gae Glo eocapsa unde r vari o u s e qua l 

mo la r conc e ntrations of e th i oni n e and e thi o ni ne-m e thi onin e . In 

Fig ur e 1 the e ff e ct of ethi onine upon S cen e d e sm u s and Gl oeoca ps a a r e 

s h own. Seems to be mo r e s e ns i tiv e to e thi onin e th ;in 
Gloeo capsa 

t vith A a r onson and A r cl oi s (1 971). 
S c c·nc d esmu s , whi c h is in agr c emcn ' 

is m o r e sensitive i s bas e d up on t h e 
Th e id e a tha t th e b lue -gr ee n a l ga 

m o re at l ow e r conc entr a ti on s tha n i s 
fac t lha t Gl oe oca psa is inhibit e d 

by the stud e nts t - test (Bai l ey , 1959) 
Stati s tical analys i s 
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------- Scened esmus 

Glo eocapsa 

-- r ----- ---~ 

-6 -5 - 4 - 3 

Log of the Ethionin e - M ethionine M olar 

C onc e ntration (M) 

The average per cent growth of th e contr ol fo r 

Scenedes mus quadricauda and Glo eocapsa sp . 
at va rious e qual molar concentrations of ethi on in e 

mcthionin e. This data r e presents an average of 

the m e asurements obtained from four parameters 
of g r owth . B a rs r e p r esent standard devia tions. 

- 2 
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indicates that the values obtain e d fo r 11 . 
a con centrations of e thi onin c 

tested with Gloeoca p sa ar e significantl d "ff 
Y 1 e r ent from values obtaine d 

for Scenedes mus . The same th d £ 
me O O statistical ana lysis shows that 

there is n o significant diffe r e n ce among the 1 b • 
va u e s o ta1ned for 

ethionine trea t e d Glo e ocapsa at concentrations of o. 006, o. 06 and o. 5 

mM , or be tw ee n the concentra ti ons 0. 003 a nd 1, 0 mM. So the g r ea t 

es t degree of inhibition by ethi onine up on Gloeocapsa is in the range 

0. 006 to 0. 5 mM, more likely from 0 . 06 to . 05 mM . The l ea st 

a mount of inhibition by e thionin e seems to be at conc ent r ati ons of 

0. 003 and 1. 0 mM. The concentration t es t ed at which the most 

seve re inhibition of g rowth occurs to Gl oeocap sa (0. 5 mM) is a ls o 

the concentration at whi c h Scen e d e smu s is l east inhibited (Fi gu r e 1). 

In Figure 11 e qual molar concentrati ons of e thionin e - m e thi on in e 

affect both Gloeocapsa and Scene d e s m u s i n s imilar fashions . Only 

the Glo eo capsa curv e indicates that ethionine - m e thionine at a ll con

Cl ' lltration s reverses the effects of eth ionine. The students t -tes t 

(Ihih-y, 1959) denotes that the r e i s no significant diff e r ence at the 

th 1 Obta ined for th e ethionin e -95 per cent kvel between e va ues 

· · f Gl sa and Scenedesmus. 1nc ll11 on1ne treatn1ents o oeocap 

h t th . ·n • at all the 
The results of this investigation show t a e 10111 c 

l·nhibit to som e degree the g r owth o f 'r,r.r,•rtratir;ns tested will 

') c r1r rlr•srnu':- allcl Glococapsa . 
--------

In most cases as the concentration of 

.. n is incr eased , except 
. . l the ainount of inhib1t1 

J , l ! I<. I' ( · d. S (. ( , 
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with the effect obse rv e d up on _Gloeocapsa at the 
- concentration of 1. o 

n1.M, wher e inhibition is not as s e vere as o. 5 mM 
e thionine. 

Gloeocapsa shows a d efinit e tend 
ency to b e more sensitive t o 

the inhibitory effec ts of e thionine than doe s d 
s cene esmus . This i s 

true bccaus c low e r conc e ntrations of e thi oni· 1 . 
~ n e r e su t in gr eate r inhibi-

tion of growth in Gloeocaps a than in Sc e n edesm - us. 

The reversing e ff e ct pr oduce d by e thionine -me thionin e i s 

exe rted to a fulle r extent w ith Glo eocaps a than with Sc en e desmus. 

C oncentrations of ethi onine - methionine, except 0. 5 mM , r eve rs e d 

the inhibition by ethionin e , a lthough none of th e r eve r sals ar e com -

pl e tc to the l e ve l of the contr o l. 

Investigations of the g r owth c ur ves of Glo eocapsa and 

Sccncdcs1nus indicate that Scen e cl e smus r equires a shorte r peri od of 

LinH: (117 hours) to complete it s grow th curve , (fr om lag phas e Lhr o ugh 

<'a rl y stati onary phas e ) than docs Gloeocapsa (230 hours ) . The effec t s 

of cthionin c arc manifested early in or imm e diately after the initia -

Lion of the lag phase in both alga e . The rang e of time for Gloeoca p sa 

1s irorn 0 to 22 hours into growth and from 0 to 20 hours int o th c lag 

plias ,- fu r S cc·n<.;desrnus. 

Thi s inv0stiga ti on supp o rLs th e study by Aaronson and Ardois 

/J'}7J) . cells, suchasth e blue-grcenalga ii, Lr,,d p r o karyot1c 

( , to e thionin e than is the e ukar yotic 
,Jr,, <_:_~,r_,~'.::' a. r e more sens iti ve 

l;,d c' 'i1r·rks rnL1S quadricauda. 
So ther e may be some safe 
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and practical use o f t h e car c inogeni c amino acid analogue in contr olling 

1 
, P r <'C'n ;-i lga blooms i n fr es h wa t e r p onds. 

hut - ,..., 



SU M MAR y 

A st u dy o[ the e ff e cts of e lhi onin d 
e , an equal m ola r c o nc e nt ra -

tions of d hi onine -m ':! thi onine upon th e gro th f h 
w O t e gr ee n alga , 

Sccnedesmus quadr i cauda a n d the b lue- g r een alga, G 
l o e o capsa sp. , 

was condu cte d . 

T h e g rowth wa s m onito r ed by four 3, t f P ram e e rs o grow th: 

l) abso rbance , 2) c h loroph y ll-a c ontent , 3) c e ll counts , a nd 

--l) exponentia l gro w t h ra t e. A l so, t h e g r o wth c ur ves of e a c h a lga 

was studied l o d c lerrn in e th e e ff e ct the various tr ea tm e nt s may ha ve 

upon the g r owth pha s e s . 

The res ult s indicate: 1) a ll con c e ntra ti ons of e thi onine t es t ed 

caused some oegree o f inhib i tion of grow th, 2) on a n e qua l m ola r 

basis , Gloeocapsa sp. w a s mor e s e nsiti ve t o th e inhib i to r y e ff e c t s 

d (· Lhionin,' than was Scenede s mus quadr i cauda , 3) th e effec t of 

tJnoninc· upon Uw growth curve of G l oeoc:apsa wa s tha t i t pn iv ent s 

· J J f th while th e ct ' lls ~h c d l s fron1 entc;ring an exponent1a p 1asL' o g r ow , 

1· ~ ·n L· cle c;:--,,L~s du entc r into exponential gro,vth , but th e r at L· of 

.: ... ''-' th \'. J.., r,-ducdl, and 4) 1nosl concPnl r ations of e lhi oni ne -

cffrcts uf s imila r con ce ntr at ions 
till(11Ji1 1t 1 ,-v, ·rs,_'cl tJi,, inhibitcJry 
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