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A Pre l iminary  ~ n v e s t i g a t i o n  of  Growth Parameters ,  o f  
I 

Ul t r a -Vio le t  L iqh t -  and Drug-Sens i t iv i ty  and o f  Mutant 

 sola at ion of  t h e  Colonia l  Green Alga, Eudorina 

e l egans  Ehrenberg . 

ABSTRACT 

To o b t a i n  in format ion  f o r  e v a l u a t i o n  o f  t he  p o t e n t i a l  

use  o f  ~ u d o r i n a  e l egans  i n  s t u d i e s  o f  phys io logy ,  morpho- 

genes i s  and c e l l u l a r  d i f f e r e n t i a t i o n  and the  g e n e t i c  c o n t r o l  

o f  t he se  p r o c e s s e s ,  i n v e s t i g a t i o n s  on growth, response t o  

p o s s i b l e  mutagens, mutant-enriching agen t s  and u l t r a - v i o l e t  

l i g h t  and the  p o s s i b i l i t y  o f  o b t a i n i n g  g e n e t i c  v a r i a n t s  were 

under taken.  

Growth parameters  o f  t h e  wild-type organism i n  l i q u i d  

media were determined by fo l lowing  the  i n c r e a s e  i n  colony- 

forming-units/ml o r  by inc rease  i n  absorbance a t  560 nm. 

The co lony- forming-ab i l i t i es  on s o l  i d  minimal and supplemented 

minimal media were compared t o  t h e  a b i l i t y  on complete medium. 

N-me thy1  -N' - n i t r o  -N-nitrosoguanidine , a mutagen and e t h y l  

methanesulfonate  , a p o t e n t i a l  mutagen o f  Eudorina e l egans  , 

i n a c t i v a t e  ~ u d o r i n a  ve ry  r a p i d l y .  The d rugs ,  su l f an i l amide ,  

s t reptomycin , 8-azaguanine and p e n i c i l l i n ,  were t e s t e d  f o r  

t h e i r  a b i l i t y  t o  i n a c t i v a t e  wild-type i n  p r e p a r a t i o n  f o r  

iii 



f o r  t h e i r  use  i n  mutant enrichment s t u d i e s .  However none 
I 

appears  t o  have a g r e a t  d e a l  o f  p o t e n t i a l  f o r  t h e s e  s t u d i e s *  

The c o n d i t i o n s  f o r  use  o f  u l t r a - v i o l e t  l i g h t  (uVL) - a s  

a mutagen were determined.  The response t o  UVL - determined 

i n  t h i s  i n v e s t i g a t i o n  was d i f f e r e n t  from publ i shed  r e s u l t s .  

~ u d o r i n a  appears  t o  have l i t t l e  a b i l i t y  t o  r e p a i r  r a d i a t i o n -  

induced l e s i o n s  under da rk  c o n d i t i o n s ,  b u t  i s  v e r y  e f f i c i e n t  

i n  r e p a i r i n g  t h i s  damage i n  v i s i b l e  l i g h t .  

~ i v e  mutants were c h a r a c t e r i s e d  . A l l  a r e  auxotrophic  

wi th  two o f  t h e s e  hav ing  pigment d e f i c i e n c i e s  and one o t h e r  

be ing  unable  t o  undergo normal coenobia l  breakdown. 

The problems incu r r ed  i n  t h i s  s tudy  and ideas  on f u t u r e  

s t u d i e s  u s ing  Eudorina e l egans  a r e  p re sen ted .  
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CHAPTER I 
I 

INTRODUCTION 

Some investigations have been made of ~udorina eleqans 

Ehrenberg (Ehrenberg, 1831) in the fields of taxonomy and 

morphology (Goldstein, 1964), mitotic characteristics 

(Goldstein, 1964; Rayns and Godward, 1965; Mishra, l967), 

life cycle characteristics (Iyenger, 1937 ; Goldstein, 1964) , 

and electron microscopy (Lang, 1963). These studies contri- 

bute information which might be useful in the study of 

problems of physiology, morphogenesis and cellular dif- 

ferentiation and the genetic control of these processes, 

with this organism. 

However, little work has been done on formal genetic 

analysis, except for that of Goldstein (1964) and Mishra 

(1967) who showed that the mating-type is inherited as a 

single gene difference, and that the zygote pattern is 

determined by the female organism and inherited in a non- 

Mendelian manner. Mishra, although unable to obtain auxo- 

trophic, pigment and morphological mutants, did isolate 

drug-resistant mutants, some having chromosomal inheritance 

patterns and others inherited as non-chromosomal genes. 

Eudorina elegans is a green alga, a member of the 

order Volvocales and of the family Volvocaceae. ~t is a 

colonial flagellate, the colony or coenbium usually con- 



s i s t i n g  of 16, occas ional ly  32, and r a r e l y  64 chlamydomonad- 
, 

l i k e  c e l l s  (Goldstein,  1964),  wi th in  t h e  coenobial  envelope. 

Each c e l l  of the  coenobiurn has the  p o t e n t i a l  of d iv id ing  

m i t o t i c a l l y  four  t o  s i x  times t o  form a  curved p l a t e  of 

c e l l s  or  a  plakea of between 16 and 64 c e l l s  (Goldstein,  

1964).  Following invers ion  of the  plakea [ the  r e v e r s a l  of 

t h e  concave and convex s i d e s  of t h e  plakea and t h e  subse- 

quent formation of a  c losed sphere (Fr isch ,  1956; Goldstein,  

1964)],  each of these  groups of c e l l s  becomes a  new 

daughter colony (Goldstein,  1964; Rayns and Godward, 1965) . 
Eudorina has  s e v e r a l  f e a t u r e s  which make it i n t e r e s t i n g  

a s  a  t o o l  t o  s tudy problems of physiology, morphogenesis 

and c e l l u l a r  d i f f e r e n t i a t i o n  and t h e  gene t i c  c o n t r o l  of these  

processes .  The c a p a b i l i t y  of a l l  c e l l s  t o  undergo c e l l  

d i v i s i o n  i n d e f i n i t e l y ,  unless  inf luenced by environmental 

condi t ions  t o  form sexual  c e l l s ,  a s  wel l  a s  the  c o n s i s t e n t  

synchronous nuclear  d i v i s i o n  and number of cleavages which 

each c e l l  undergoes i n  t h e  formation of a  daughter colony 

might be s tud ied .  

The processes  involved i n  sexual  reproduct ion a l s o  

make the  organism a t t r a c t i v e  f o r  a  s tudy of d i f f e r e n t i a t i o n .  

Sexual reproduct ion r e q u i r e s  d i f f e r e n t i a t i o n  of vegeta t ive  

c e l l s  i n t o  e i t h e r  eggs o r  32-celled sperm packets ,  depending 

on t h e  s t r a i n  (Goldstein,  1964) .  



Before Eudorina elegans can be useful or even evalu- 
I 

ated for use in such studies, an investigation into the 

parameters of growth, responses to drugs and radiation, 

and the possibility of isolating and characterising bio- 

chemical mutants would seem to be necessary. It is the 

purpose of this thesis to present some results on these 

aspects of the biology of Eudorina eleqans and to show 

directions in which future studies might be established. 

For ease of discussion the study will be presented as 

outlined below. 

The object of the following chapter (Chapter 11) is 

to describe those materials and methods considered basic 

to all sections of this investigation. The materials and 

methods in other chapters describe those procedures which 

were used only once, or were variations of the general 

method as outlined in Chapter 11. 

Chapter I11 shows the progression of the development 

of the technique to study growth by use of absorbance 

measurements. Further, it presents quantitative estimates 

of the growth characteristics of the wild-type organism in 

liquid and on solidified media. 

Chapter IV examines briefly the inactivation ability 

of several potential chemical mutagens and agents which 

might be useful for enrichment of mutants in treated coenobia. 



Chapter V cons iders  the  response of Eudorina t o  

u l t r a - v i o l e t  r a d i a t i o n  and the  p o s s i b i l i t y  of r e p a i r  of  the 

radiation-induced damage. 

Chapter V I  desc r ibes  t h e  induct ion,  i s o l a t i o n ,  and 

c h a r a c t e r i s a t i o n  of s e v e r a l  mutants of Eudorina. 

Chapter V I I  p resen t s  an o v e r a l l  d i scuss ion  of t h i s  

inves t iga t ion ,  wi th  p a r t i c u l a r  re ference  t o  fu tu re  s t u d i e s  

using Eudorina elegans.  



CHAPTER I1 

MATERIALS AND METHODS 

A.  The Organism 

Axenic c u l t u r e s  of Eudorina e legans ,  s t r a i n s  1192 and 

1193, were obtained from t h e  c u l t u r e  Co l l ec t ion  of Algae, 

Indiana Universi ty ,  Bloomington, ~ n d i a n a ,  U. S. A .  

 olds stein (1964) i s o l a t e d  and descr ibed these  s t r a i n s ,  

des ignat ing  them 56m and 56f r e spec t ive ly .  

B. Media - 
The minimal s a l t s  and complete media a r e  shown i n  

Tables 11-1 and 11-2  r e spec t ive ly ,  and w i l l  be designated 

Bm ( B r i s t o l ' s  minimal medium) and Bc ( B r i s t o l ' s  complete - 

medium) throughout t h i s  work. 

B r i s t o l ' s  minimal medium i s  the  same a s  t h a t  given by 

S t a r r ,  (1964), with the  s i n g l e  modif icat ion t h a t  Gaff ron ' s  

minor element s o l u t i o n  (Hughes e t  a l . ,  1958) supp l i e s  the  

t r a c e  elements (Table 11-1) . 
Bc was used i n  most s t u d i e s  a s  the  complete medium; - 

however, Volvocacean medium (Vm) - , ( S t a r r ,  1964),  shown i n  

Table 1 1 - 2 B ,  was used i n i t i a l l y .  

The minimal medium supplemented with organic  compounds, 

a s  shown i n  Table 11-3, was used t o  t e s t  f o r  auxotrophic 

requirements of presumptive mutants. 



Table 11-1 
1 

Minimal Medium for Growth of Eudorina elegans 

Preparation of Medium: 

..... Stock Solution I (Bristol's Stock Solutions A to F) 10.0 ml each 

Stock Solution 11 (Gaffron's Trace Element Solution). . . .  1.0 ml 

Bring to 1000 ml with pyrex-distilled water. 

Stock Solutions 

I Bristol's Stock Solutions: (in pyrex-distilled water) 

A NaNO 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.0 g/400 ml 

B CaC1 2..................................,,..,...... 1.0 g/400 ml 

........................................ C MgS04'7H20 3.0 g/400 ml 

II Gaffron's Trace Element Solution: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . (NH4)6~~7024.4H20 0.088 g 

CO(NO~)~'~H~O ....................................... 0.146 g 

Na WO .............................................. 0.033 g 2 4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CuSO4-5H20 0.125 g 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  KBr 0.119 g 



Table 11-1 (cont'd.) 
, 

KE..............,................................ 0.083 g 

Add salts to 1000 ml pyrex-distilled water. Adjust the pH 

to approximately 7.5 after autoclaving, with HC1. 



Table 11-2 
I 

Complete Media f o r  Growth of Eudor i na  e legans  

A. ~ r i s t o l '  s  Complete Medium 

Prepara t ion  of Medium: 

............................. Minimal Medium (Table 11-1) 800 m l  

............ Stock So lu t ion  111 (Modified Euglena Medium) 200 m l  

Stock Solu t ions  

111 Modified Euglena Medium (Af te r  S t a r r ,  1964): 

Yeast e x t r a c t  (Difco) ............................... 2 g  

Sodium a c e t a t e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Beef e x t r a c t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.......... Stock So lu t ion  I V  (Casamino Acid Solu t ion)  20 m l  

CaC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.01  g  

P y r e x - d i s t i l l e d  w a t e r . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . .  980 m l  

I V  Casamino Acid Solu t ion :  

...... Casamino a c i d  hydro lysa te  (Difco v i tamin  f r e e )  100 g  

P y r e x - d i s t i l l e d  water... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1000 g  

Add a  spoonful  of charcoa l  t o  decolor ize .  F i l t e r ;  

Mi l l i po re  f i l t e r .  



Table 11-2 (cont  'd .  ) 
I 

B. Volvocacean Medium 

Prepara t ion  of Medium: 

....................... Stock Solu t ion  V (Waris Solu t ion)  800 m l  

...................... Stock Solu t ion  V I  (Euglena Medium) 200 m l  

Stock Solu t ions  

V Waris Solut ion:  

Stock Solu t ion  V I I  ( I r o n  Sequestr ine Solu t ion)  ...... 1 m l  

Bring t o  1000 m l  wi th  p y r e x - d i s t i l l e d  water .  

V I  Euglena Medium: 

Same a s  Modified Euglena Medium (Stock Solu t ion  111) 

except  t h a t  Stock Solu t ion  I V  (Casamino Acid Solu t ion)  

i s  rep laced  w i t h  

.................................... Tryptone (Difco)  2 g 



Table 11-2 ( c o n t ' d ) .  
, 

V I I  I r o n  Seques t r i n e  S o l u t i o n :  

.. EDTA o r  S e q u e s t r i n e  AA ( N u t r i t i o n a l  Biochem. CO. ). 2 .61  g 

.......................................... FeS04'7H20 2.49 g 

KOH (1 N) ........................................... 27 m l  

P y r e x - d i s t i l l e d  w a t e r . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . .  500 m l  



Table f1-3 

Supplemented B r i s t o l '  s  Minimal Media f o r  Growth of 

Eudor ina  e l e  gans 

Or ig ina l  t e s t  s e r i e s :  ( f o r  t he  c l a s s i f i c a t i o n  of mutants i n t o  v i tamin ,  

n u c l e i c  a c i d ,  o r  amino a c i d  auxotrophs)  

1. Minimal Medium (Table 11-1) 

2. Complete Medium (Table 11-2A) 

3. Minimal + Sodium Acetate  ( l g / l )  

4 .  Minimal+ Stock So lu t ion  I V  (Casamino Acid Solu t ion)  (25 m l / l )  

5.  Minimal + Yeast E x t r a c t  (2.0 g / l )  

6. Minimal+ Stock So lu t ion  V I I I  (Nucleic Acid Hydrolysate)  ( 1  m l / l )  

Stock So lu t ion  

V I I I  Nucleic Acid Hydrolysate (Eversole ,  1956) : 

Yeast nuc l e i c  a c i d  (Eas tman Organic Chemical Co. ) 10 g 

Autoclave a t  15 p. s .  i. f o r  one hour.  F i l t e r  and d i l u t e  t o  

100 m l  w i th  s t e r i l e  p y r e x - d i s t i l l e d  water .  

Vitamin Tes t  S e r i e s  (Af te r  Eversole ,  1956): 

To 100 m l  Bm add one m l  of one of the  fo l lowing  v i tamin  s tocks ,  

made i n  95% e thano l .  



Table 11-3 ( c o n t  ' d)  . 
I 

Thiamine (100 pg/ml) F o l i c  a c i d  ( 1  pg/ml) 

Pyr idox ine  (75 pg/m) B i o t i n  (0 .05 pg/ml) 

Ca-Pantothenate  (200 pg/ml) Vitamin B12 (0.05 pg/rnl) 

para-Aminobenzoic a c i d  (5  pg/ml) I n o s i t o l  (1000 pg/ml) 

Nicotinamide (75 pg/ml) 

Chol ine  HC1 (300 pg/ml) 



When requi red ,  s o l i d  medium f o r  p l a t e s  and f o r  main- 
I 

tenance c u l t u r e s  was made by adding 1.5% Difco agar  t o  the  

l i q u i d  medium. Agar f o r  t h e  pour-plat ing technique was 

prepared by a d d i t i o n  of 0.6% Difco agar  t o  t h e  medium. 

A l l  minimal, supplemented minimal and complete media 

were autoclaved a t  15 p . s . i .  f o r  20 minutes. Organic 

supplements, i f  denatured by autoclaving,  were s t e r i l i z e d  

by Mil l ipore  f i l t e r i n g ,  p r i o r  t o  a d d i t i o n  t o  autoclaved 

minimal medium. 

C. Chemicals 

The inorganic  compounds added t o  t h e  media were r e -  

agent grade chemicals. The sources of t h e  organic  supple- 

ments a r e  given i n  Table 11-2 and 11-3. 

Stock s o l u t i o n s  of streptomycin s u l f a t e  (K. and K. 

Laborator ies  Inc. ,  Plainview, N. Y.) a t  2.0 mg/ml, s u l f a n i -  

lamide (Aldrich Chem. Co., Milwaukee, Wisc .) a t  25 mg/ml 

and 8-azaguanine (Calbiochem., Los Angeles, C a l i f .  ) a t  

1.52 mg/ml were prepared i n  E; stock s o l u t i o n s  of peni- 

c i l l i n  G (Potassium s a l t ;  Sigma Chemical., S t .  Louis, 

Missouri; 1590 units/mg) a t  15 mg/ml were prepared using 

pyrex-d i s t i l l ed  water.  Streptomycin and p e n i c i l l i n  were 

s t e r i l i z e d  by Mil l ipore  f i l t e r i n g ;  s t e r i l i z a t i o n  of 8-aza- 

guanine and su l fani lamide  was considered unnecessary i n  view 

of high t o x i c i t y .  These s tocks  were s t o r e d  a t  ~ O C  and 



were not used after 4-5 weeks of storage. 
I 

Ethyl methanesulfonate (EMS), obtained at 8 M from 

Eastman Organic Chemical, was added directly to the coeno- 

bial suspension, to give the desired concentration. N- 

methyl-N'-nitro-N-nitrosoguanidine (NTG), - from Aldrich 

chemical Company, ~ilwaukee, Wisc., was dissolved in 95% 

ethanol at 3 mg/ml for experiments discussed here. 

D. Growth Conditions 

Before initiation of this work, and at numerous other 

times during the study, the strains were cloned: that is, 

they were streaked several times on - Bc plates, and then the 

colonies arising from single coenobia were tested for 

ability to grow on both - Bm and - Bc. This procedure reduced 

some genetic heterogeneity with respect to growth ability, 

but did not consider sensitivity to drugs and irradiation. 

All light intensities given in the following sections 

were calibrated by an ISCO spectroradiometer. 

D. (i) . Stock Culture Maintenance 

Stock cultures were maintained on Bc agar slants in - 

cotton-stoppered test tubes (25 x 180 mm) at temperatures 

of 15'~ and 22'~. Illumination by two 40-watt cool-white 

fluorescent tubes (16 hours light - 8 hours dark) gave an 

3 -2 -1 intensity of 500 ft-c or approximately 5 x 10 erg cm sec 



a t  t h e  su r face  of t h e  t e s t  tube medium. Stock c u l t u r e s  were 
I 

i n i t i a t e d  by incubat ion f o r  t h e  f i r s t  four  t o  seven days 

under a  l i g h t  i n t e n s i t y  of 1000 f t - c  a t  2 2 ' ~ .  

D -  (ii) . Standard Growth Conditions 

Bc medium (50 m l ) ,  i n  cotton-stoppered 200 o r  250 m l  - 

Erlenmeyer f l a s k s ,  was inoculated t o  a  f i n a l  concent ra t ion  

L 
of 3-5 x 10 colony-forming-units/ml (cfu/ml) from a  four-  

2 
day-old c u l t u r e  ( the  d i l u t i o n  being 10 : i .e. 0.5 m l  

c u l t u r e  d i l u t e d  i n t o  50 m l  growth medium), and shaken 

cont inuously a t  t h e  r a t e  of approximately 80 o s c i l l a t i o n s /  

min on a  shaking platform. The l i g h t  i n t e n s i t y  of 1000 

f t - c ,  measured ou t s ide  t h e  f l a s k ,  was provided i n  a  l i g h t  

rggime of 16 hours l i g h t  - 8  hours dark.  Af ter  four  days 

of growth a t  3 2 f l o c ,  t h e  log phase c u l t u r e s  were used f o r  

growth s t u d i e s ,  experiments on t h e  response t o  u l t r a - v i o l e t  

l i g h t  o r  drugs and f o r  mutation induct ion.  Unless o ther -  

wise s t a t e d  t h e  wild-type s t r a i n  1192 was used i n  these  

s t u d i e s .  

D (iii) . Contamination Check 

Stock c u l t u r e s  and t e s t  c u l t u r e s  were t e s t e d  f o r  con- 

taminat ion  by p l a t i n g  a  sample of t h e  c u l t u r e  on n u t r i e n t  

b r o t h  p l a t e s  (Table 11-4) , and incubat ing overnight a t  3 7 ' ~ .  

Any contaminated c u l t u r e s  were r e j e c t e d .  



Table 11-4 

Medium f o r  Contamination Check 

P repa ra t i on  of  Medium: 

Difco Bacto Nu t r i en t  Broth .............................. 8 g / l  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Difco Bacto Agar.. 10 g / l  

NaC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 g / l  

P y r e x - d i s t i l l e d  w a t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1000 ml 
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D ( i v )  . C o l l e c t i o n  o f  Coenobia 

The coenobia  w e r e  ha rves t ed  by c e n t r i f u g i n g  i n  a  

S o r v a l l  Desk c e n t r i f u g e  SP/X head a t  2100&100 rpm (approx.  

500 x  g )  f o r  5  minu tes .  The s u p e r n a t a n t  was decan ted  and 

t h e  c u l t u r e  was then  resuspended i n  - Bm o r  po tass ium phos- 

- 3  
p h a t e  b u f f e r  (KH PO KHP04; p H 6 . 8 ;  6 .7  x  10 M ) .  ( H e r e -  

2  4: 2  

a f t e r  po tass ium phosphate  b u f f e r  w i l l  be de s igna t ed  phos- 

p h a t e  b u f f e r ) .  This  p r o c e s s  was r e p e a t e d  and,  a f t e r  a  

second r e suspens ion ,  t h e  c u l t u r e  was s a i d  t o  be washed t w i c e .  

E .  Growth Cha rac t e r  i s a t i o n  

Growth was d e f i n e d  a s  t h e  i n c r e a s e  i n  colony-forming- 

un i t s /ml  i n  l i q u i d  c u l t u r e ,  o r  t h e  a b i l i t y  t o  form v i s i b l e  

c o l o n i e s  on s o l i d  medium. 

E ( i) . Growth i n  Liquid  Media 

To de te rmine  t h e  a b i l i t y  o f  a  c u l t u r e  t o  grow i n  

l i q u i d  media, a  f i v e  m l  a l i q u o t  o f  a l o g  phase  c u l t u r e  was 

h a r v e s t e d ,  washed t w i c e  and resuspended a t  one-hal f  t h e  

o r i g i n a l  c o n c e n t r a t i o n  i n  - Bm. A f t e r  i ncuba t i on  under 

s t a n d a r d  growth c o n d i t i o n s  f o r  24 h o u r s ,  t h e  t e s t  medium, 

i nocu l a t ed  t o  a  c o n c e n t r a t i o n  o f  approximate ly  3-5 x  10 2  

cfu/ml , was incuba ted  under s t anda rd  growth c o n d i t i o n s .  

The volume o f  medium i n  t h e  f l a s k  was mainta ined a t  t h e  

o r i g i n a l  l e v e l  by topping-up t h e  c u l t u r e  w i t h  s t e r i l e  



d i s t i l l e d  wa te r .  The o r i g i n a l  l e v e l  was i n d i c a t e d  by a 

3 

l i n e  on t h e  o p t i c a l  d e n s i t y  tube .  This a d d i t i o n  reduced 

o r  e l imina t ed  e f f e c t s  caused by concen t r a t i on  o f  t he  

medium . 
Growth was monitored by absorbance a t  560 nm (A ) 

560 

i n  a  Coleman spectrophotometer  6C. The c u l t u r e  was grown 

i n  125 m l  Erlenmeyer f l a s k s ,  modified s o  t h a t  t h e  o p t i c a l  

tube (14 mm l i g h t  p a t h ;  18 mm o u t s i d e  d iameter )  was a f f i x e d  

where the  mouth o f  t h e  f l a s k  had o r i g i n a l l y  been.  The mouth 

was r e l o c a t e d  f u r t h e r  down the  s i d e  o f  the  f l a s k .  

Growth was a l s o  followed by p l a t i n g  on - Bc s o l i d  

medium. A sample (0 .1  t o  0.3 m l )  o f  t he  c u l t u r e  p rev ious ly  

d i l u t e d  i n  - Bm t o  y i e l d  a  f i n a l  coenobia l  concen t r a t i on  o f  

2 3  
5  x  10 -2 x  10 cfu/ml, was mixed wi th  2.5 m l  o f  t o p  agar  

(kep t  l i q u i d  a t  45OC) and poured on to  a  p l a t e  o f  - Bc s o l i d  

medium. The p l a t e s  were scored f o r  v i s i b l e  colony formation 

a f t e r  5  - 7 days  a t  32•‹C. 

Pour - p l a t i n g ,  i n s t e a d  o f  sp read -p l a t i ng ,  was used,  

u n l e s s  o therwise  s t a t e d ,  a s  t he  method o f  de te rmin ing  the  , 

concen t r a t i on  o f  coenobia . A l l  concen t r a t i ons  up t o  

approximately 400 cfu/ml pour -p la ted  e f f i c i e n t l y  whereas 

sp read -p l a t i ng  was on ly  e f f i c i e n t  a t  low coenobia l  concen- 

t r a t i o n s  (Table 11-5) . 

The growth i n  t he  va r ious  l i q u i d  media was de f ined  by 



Table 11-5 

Comparison of  t h e  S p r e a d - P l a t i n g  and P o u r - P l a t i n g  

Techniques 

d i l u t i o n  c o l o n i e s / p l a  t e  cfu/ml 

Expt. 1: 

P o u r - p l a t i n g  . 1/102 37 ,  40 ,  48  4 . 2  x  lo4 

S p r e a d - p l a t i n g  . 1/102 39 ,  44, 4 5  4 . 3  lo4 

Expt.  2: 

Pour- p l a  t i n g  . 2/102 86,  88,  88 4 .4  lo4 

S p r e a d - p l a t i n g  . 2/102 90,  81 ,  73 4 . 0  x  lo4 

Expt.  3: 

P o u r - p l a t i n g  . l / l o l  

S p r e a d - p l a t i n g  . l / l o l  

Expt.  4: 

Pour- p l a  t i n g  . l / l o l  

S p r e a d - p l a t i n g  . l / l o l  



t h e  dura t ion  of l a g  phase, s p e c i f i c  growth r a t e  i n  t h e  

exponent ial  growth phase a-nd f i n a l  cfu/m.l a f t e r  e n t e r i n g  

senescent phase. The growth r a t e  was expressed a s  the  

number of coenobial  doublings each day. 

E (ii) . Growth on Sol id  Media 

Further  growth c h a r a c t e r i s a t i o n  was c a r r i e d  out  by 

determining t h e  e f f i c i e n c y  of p l a t i n g  on s o l i d i f i e d  media, 

comparing t h e  r e s u l t s  obtained by spead-plating a t  low 

concent ra t ions  of coenobia/ml o r  by pour-plat ing,  on - Bc, 

t o  those on - Bm (plus  supplement). A c u l t u r e  grown under 

s tandard growth condi t ions  was washed, resuspended and 

incubated f o r  24 hours i n  - Bm before  p l a t i n g  on t h e  t e s t  

media. 

F. Ul t r a -v io le t  I r r a d i a t i o n  Apparatus 

The source of u l t r a - v i o l e t  l i g h t  (m) was t h e  c e n t r a l  

p a r t  of two 15-watt germicidal  lamps (Sylvania 15GT8) 

suspended over a shaking platform. A s l i d i n g  door between 

t h e  suspension and t h e  l i g h t ,  con t ro l l ed  t h e  dose of 

suppl ied t o  the  coenobial  suspension. The inc iden t  dose 

r a t e ,  95% emit ted a t  254 nm (manufacturer 's  s p e c i f i c a t i o n s ) ,  

-2 -1 
was suppl ied t o  t h e  samples a t  5, 10, o r  20 e rgs  mm sec  , 

determined by t h e  d i s t ance  between t h e  suspension and t h e  

l i g h t .  The lamp was c a l i b r a t e d  by use of a Blak-Ray W 



Meter (J-226) and by a b i o l o g i c a l  c ross -ca l ib ra t ion  with 
I 

bacteriophage T4. The i n a c t i v a t i o n  of T4, t o  t h e  10% l e v e l  

-2 
of s u r v i v a l ,  occurred a t  approximately 175 e r g s  mm with 

t h e  UV-lamp used i n  these  s t u d i e s ,  compared t o  approxi- 

-2 
mately 160 - 170 e rgs  mrn published by Harm (1968). 

G. Standard Ultra-Violet  I r r a d i a t i o n  Procedure 

Cultures  t o  be i r r a d i a t e d  f o r  u l t r a - v i o l e t  (W) - dose- 

response c h a r a c t e r i s t i c s  and f o r  mutation induct ion  were 

grown under s tandard  growth condi t ions  f o r  four  days i n  

Bc. Af te r  four  hours i l lumina t ion  on t h e  f o u r t h  day, the  - 

c u l t u r e  was harvested and washed twice,  e i t h e r  i n  - Bm o r  i n  

phosphate b u f f e r ,  a s  i n  Chapter 11, D. Growth Conditions. 

The coenobia were then resuspended i n  t h e  washing medium 

4 
a t  5-10 x 10 cfu/ml. Af te r  an a g i t a t i o n  period of 10-15 

minutes on t h e  shaking platform of t h e  W-apparatus,  t h e  

suspension was exposed t o  with a g i t a t i o n  cont inuing 

throughout t h e  i r r a d i a t i o n  period.  

The u l t r a - v i o l e t  lamp was turned on a t  l e a s t  15 minutes 

before use. 

I r r a d i a t i o n  and p l a t i n g  were done a t  room temperature, 

i n  very low l i g h t  i n t e n s i t y .  ~ n c u b a t i o n  of t h e  p l a t e s  o r  

c u l t u r e s  f o r  t h e  f i r s t  24 hours a t  3 2 ' ~  was c a r r i e d  out  i n  

t h e  dark t o  prevent  photoreac t iva t ion  (See Chapter V ) .  

~ o l l o w i n g  t h i s  per iod i n  t h e  dark,  t h e  p l a t e s  were incubated 



under s t a n d a r d  c o n d i t i o n s  o f  l i g h t  and tempera tu re  f o r  5  - 7 

days  p r i o r  t o  s c o r i n g .  ~ r r a d i a t e d  c u l t u r e s  f o r  l i q u i d  growth 

a n a l y s i s  and mutant  i s o l a t i o n  w e r e  incuba ted  w i t h  a g i t a t i o n  

under s t a n d a r d  growth c o n d i t i o n s .  

H.  Treatment w i t h  Chemicals (Mutagens and A m t i m e  t a b o l i t e s )  

TO s t u d y  t h e  e f f e c t  o f  chemical  mutagens and a n t i -  

m e t a b o l i t e s  on Eudorina e l e g a n s  1192 c u l t u r e s  grown under 

s t anda rd  c o n d i t i o n s  w e r e  t r e a t e d  a s  fo l lows :  

a )  NTG - o r  EMS was added t o  a  coenob ia l  suspens ion  

4  
(5-10 x 10 cfu/ml)  , which had been washed t w i c e  and r e s u s -  

pended i n  phosphate  b u f f e r  . This  suspens ion  was a g i t a t e d  

con t inuous ly  d u r i n g  t r ea tmen t .  

b )  c u l t u r e s  t o  be  t r e a t e d  w i t h  s u l f a n i l a m i d e ,  s t r e p -  

tomycin, p e n i c i l l i n  o r  8-azaguanine w e r e  washed t w i c e  and 

concen t r a t ed  two f o l d  i n  Bm. A f t e r  i ncuba t i on  f o r  24 - 

hour s  i n  - ~ r n  under  s t anda rd  c o n d i t i o n s ,  t h e  suspens ion  was 

i n o c u l a t e d  i n t o  t h e  media c o n t a i n i n g  t h e  ant ime tab01 i t e  . 
A f t e r  v a r i o u s  t i m e s  o f  t r e a t m e n t  t h e  c u l t u r e s  w e r e  d i l u t e d  

ten-or  one hundred-fold  i n t o  phosphate  b u f f e r  , and p l a t e d  

on - BC p l a t e s .  



CHAPTER I11 
, 

GROWTH AND QUANTITATION STUDIES OF EUDORINA ELEGANS 

INTRODUCTION 

Rayns and Godward (1965) desc r ibed  t h e  growth charac-  

t e r i s t i c s  o f  an i n d i v i d u a l  coenobium from i t s  l i b e r a t i o n  

du r ing  one gene ra t ion  t o  t he  format ion o f  s i x t e e n ,  o r  more, 

coenobia ,  and t h e i r  subsequent r e l e a s e  i n  t h e  n e x t  gene ra t ion .  

They a l s o  analysed t h e  m i t o t i c  c h a r a c t e r i s t i c s  o f  t h e  

popula t ion  d u r i n g  t h e  growth c y c l e .  However no i n t e n s i v e  

s tudy  o f  t h e  growth and p l a t i n g  c h a r a c t e r i s t i c s  o f  a 

popu la t ion  o f  coenobia has  been r e p o r t e d  i n  t h e  l i t e r a t u r e .  

  his s e c t i o n  d e s c r i b e s  such experiments and provides  t he  

b a s i s  f o r  q u a n t i t a t i v e  i n v e s t i g a t i o n s  i n t o  t h e  responses  

t o  u l t r a - v i o l e t  r a d i a t i o n  and d rugs ,  mutagenesis  and 

biochemical  and p h y s i o l o g i c a l  g e n e t i c  s t u d i e s  . 

MATERIALS AND METHODS 

Techniques used i n  s t u d i e s  of  growth o f  Eudorina 

e l eqans  i n  l i q u i d  and on s o l i d  minimal, supplemented 

minimal and complete media a r e  desc r ibed  i n  chap te r  11: 

D. Growth c o n d i t i o n s  and E. Growth C h a r a c t e r i s a t i o n .  



RESULTS AND DISCUSSION 

A.  Ef f ic iency of Di lu t ion  

Table 111-1 shows two r e s u l t s  i n  which t h e  a b i l i t y  of 

t h i s  organism t o  suspend r e a d i l y  t o  give a  uniform suspen- 

s i o n  was t e s t e d .  Three samples were removed from each of 

t h e  wel l -agi ta ted  c u l t u r e s ,  and d i l u t e d  i n t o  - Bm. These 

suspensions were then p l a t e d  on - Bc. The r e s u l t s  i n d i c a t e  

t h a t  the  c u l t u r e s  were homogeneous suspensions,  and 

repeated sampling and d i l u t i o n  gave reproducible  r e s u l t s .  

This homogeneous suspension proper ty  of t h e  c u l t u r e s  could 

be used i n  t h e  determinat ion of growth parameters by t h e  

absorbance of t h e  c u l t u r e ,  and by p l a t i n g  of a  wel l -agi ta ted  

c u l t u r e  a t  var ious  t imes.  

B. Use of t h e  Absorbance of the  Culture  f o r  Growth 

Charac te r i sa t ion  

Because t h e  organism suspended uniformly i n  tu rbu len t  

c u l t u r e ,  t h e  p o s s i b i l i t y  of using absorbance measurements 

of a  growing c u l t u r e  a s  a  method of growth determinat ion 

was inves t iga ted .  

The r e l a t i o n s h i p  of the  absorbance of t h e  c u l t u r e  i n  

Bm t o  wavelength was followed t o  determine t h e  wavelength - 



Table 111-1 

E f f i c i e n c y  o f  D i l u t i o n  

Three samples were t a k e n  from two, four-day-old  c u l t u r e s  of 

Eudorina e l e g a n s  1192, d i l u t e d  i n t o  Bm and p l a t e d  on Bc p l a t e s .  Four - - 
p l a t e s  were made from e a c h  sample, 

d i l u t i o n  c o l o n i e s / p l a t e  c fu lml  

Sample l a  .2 /102 68,  76, 72, 83 3 . 8  x 10' 

Sample l b  .2 /102 65,  75,  82,  58 3 . 5  x 10 4 

Sample l c  .2/102 64,  77,  65, 63 3 . 4  x 10 
4 

Mean f Standard E r r o r  3 . 6  f 0.12 x 10 4 

2 
Sample 2a .2 /10  51, 56, 41,  69 2 .7  x 10 4 

Sample 2b .2 /102 46,  56,  49,  50 2 . 5  x 10 4 

Sample 2c .2 /102 40, 46, 50, 37 2 . 2  x 10 4 

Mean * Standard E r r o r  2 . 5  k 0.15 x 10 
4 



a t  which monitoring of turbidometr ic  values of a  c u l t u r e  

could be made. The wavelength chosen, 560 m ~ ,  where pig-  

ment absorpt ion i s  minimal, i s  between the  two absorpt ion 

peaks of ch lorophyl l  (See Figure V1-4). 

The r e l a t i o n s h i p  between absorbance a t  560 nm and cfu/  

m l  was determined a s  follows: a  log phase c u l t u r e ,  concen- 

t r a t e d  four-fold,  was s e r i a l l y  d i l u t e d .  The absorbance of 

each of these  d i l u t i o n s  was determined, and a  sample of the  

d i l u t i o n  p la ted  on - Bc p l a t e s .  The absorbance i n  t h e  range 

0 .O3 t o  0 -8  was propor t ional  t o  t h e  cfu/ml (Figure 111-1) . 
Below the  absorbance of 0.03, t h e  change was very small  f o r  

a  r e l a t i v e l y  l a r g e  change i n  t h e  number of coenobia/ml, and 

above the  absorbance of 0.8, l i g h t  s c a t t e r i n g  and pigment 

absorpt ion i n t e r f e r e d  t o  d i s t o r t  the  l i n e a r  r e l a t i o n s h i p .  

C.  Growth Measurements of the  Wild-~ype Organism 

C (i) . Growth on S o l i d i f i e d  Media 

Growth was s tud ied  using the  two methods a s  ou t l ined  

i n  ChapterII:  E.  Growth Charac ter i sa t ion .  These methods 

were used, extending t h e  usual  growth/no growth a b i l i t y  

i n  l i q u i d  o r  on p l a t e s ,  a s  a  prepara t ion  f o r  mutant 

s t u d i e s .  Many mutants a r e  "leaky"; t h a t  i s ,  they 



~ i g u r e  111-1. The r e l a t i o n s h i p  between absorbance a t  560 nm 

and colony-forming-units/ml of  a l o g  phase 

c u l t u r e  of Eudorina elegans 1192. 

~ x p e r i m e n t  1; 0 Experiment 2 ; 

x ~ x p e r  iment 3 .  

 his l i n e  was f i t t e d  by observat ion .  





grow on minimal and minimal-supplemented media, but  t o  a 
I 

reduced degree from t h a t  of t h e  wild-type organism. Only a 

comparison of growth c h a r a c t e r i s t i c s  of t h e  mutants on t h e  

var ious media with those c h a r a c t e r i s t i c s  of the  pa ren t  

organism ind ica te  t h a t  such a r e  indeed mutant. 

~ f f i c i e n c y  of p l a t i n g  determinat ions were made by 

p l a t i n g  samples of log phase c u l t u r e s  on E&, E-supplemented, 

Bc and media (Table 1 1 1 - 2 ;  Appendix I ) .  The number of - 

colonies  on - Bc was considered a s  100% and t h e  colony numbers 

obtained on o the r  media were r e l a t e d  t o  t h i s  s tandard f o r  

each experiment. This t a b l e  includes r e s u l t s  obtained by 

p l a t i n g  Eudorina eleqans 1192 on with complex supple- 

ments a t  the  concent ra t ions  given i n  Table 11-3, and t h e  

r e s u l t s  of p l a t i n g  both 1192 and 1193 on @J supplemented 

wi th  t h e  compounds added a t  the  same l e v e l s  a s  a r e  present  

i n  - Bc. I t  i s  s i g n i f i c a n t  t h a t  t h e  p l a t i n g  e f f i c i e n c i e s  of 

the  organism on t h e  l a t t e r  p l a t e s  a r e  s i m i l a r  bu t  those on 

t h e  former a r e  extremely v a r i a b l e .  

C (ii) . Growth i n  Liquid Media 

A comparison of t h e  growth of Eudorina eleqans 1192 i n  

t h e  two complete l i q u i d  media i s  .given i n  ~ i g u r e  1 1 1 - 2 .  



TABLE 111-2 
I 

E f f i c i e n c i e s  o f  P l a t i n g  o f  g u d o r i n a  e l e g a n s  1192 and 1193, 

( c . f .  Appendix I )  

A. E f f i c i e n c i e s  o f  p l a t i n g  o f  Eudorina e l e g a n s  1192 on &I, & + 

supplemented (Table  1 1 - 3 ) ,  & and - Vm media.  

Media 

Bm + Yeast  e x t r a c t  ( 2 . 0  g / l )  - 
Bm + Casamino a c i d  ( 2 . 5  g / l )  - 
Bm + Sodium a c e t a t e  (1 .0  g / l )  - 

E f f i c i e n c i e s  of P l a t i n g  (%) 

100 

7 0  

140 

220 

60 

5  0  

Bm + Nucle ic  a c i d s  - 90 

B. E f f i c i e n c i e s  o f  p l a t i n g  of Eudorina e l e g a n s  1192 (1)  and 1193 (2) 

on E, Jg + supplemented,  and Bc media, where t h e  c o n c e n t r a t i o n s  o f  

t h e  a d d i t i o n s  a r e  t h e  same a s  those  t o  - Bc (Table 11-2) .  

Media E f f i c i e n c i e s  of P l a t i n g  (%) 

( 1  (2) 

Bc 100 100 

Bm - 8  0  100 

Bm + Yeast  e x t r a c t  (0 .4  g / l )  - 8  0  120 

Bm + Casamino a c i d s  (0 .4  g / l )  - 80 120 

Bm + Sodium a c e t a t e  (0 .2  g / l )  - 80 100 

Bm.f  Beef e x t r a c t  (0 .2  g / l )  - 100 160 



F i g u r e  1 1 1 - 2 .  G r o w t h  of - E .  elegans 1 1 9 2  i n  - B c  and i n  Vm. - 

A c u l t u r e ,  resuspended i n  Bm fo r  2 4  hours  w a s  

inocula ted  i n t o  - B c  and Vm, and g r o w t h  w a s  - 
f o l l o w e d  by p l a t i n g  on - B c .  E a c h  g r o w t h  curve 

i s  the average of t w o  experiments. 
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Since t h e  pe r iod  o f  exponen t i a l  growth i n  - Bc was maintained 
I 

f o r  two days  longer  than t h a t  i n  - Vm, and t h e  y i e l d  was l a r -  

ge r  i n  - Bc than i n  - Vm, - Bc was chosen a s  t h e  complete medium 

f o r  much o f  t h i s  s t u d y ,  and u n l e s s  o the rwi se  no ted ,  is  t h e  

medium r e f e r r e d  t o  a s  complete medium. 

The growth o f  s t r a i n  1192, fo l lowing  A 
560 

and cfu/ml 

w i th  t i m e ,  i n  - Bm and i n  - Bc is  shown i n  F igures  111-3 and 

111-4 r e s p e c t i v e l y .  The growth k i n e t i c s  o f  s t r a i n  1193 w e r e  

s i m i l a r  t o  t hose  shown h e r e .  In t h e s e  s t u d i e s  t h e  coenobial  

concen t r a t i on  d i d  n o t  exceed t h e  range over which t h e  

A560 
-cfu/ml correspondence was l i n e a r  (F igure  111-1) . 

In - ~ m ,  t h e  two growth curves  (A - t i m e ,  and cfu/ml-time) 
560 

increased  w i t h  approximately  t h e  same s l o p e  over  t h e  expo- 

n e n t i a l  growth r eg ion  b u t  t h i s  correspondence broke down a t  

t h e  t i m e  t h e  c u l t u r e  e n t e r e d  t h e  s enescen t  phase .  A 

s i m i l a r  r e l a t i o n s h i p  was seen when t h e  growth i n  - Bc was 

cons idered .    he c o n s t a n t  r e l a t i o n s h i p  over t h e  l o g  phase 

growth, and t h e  breakdown on e n t r y  o f  s enescen t  growth is  

expla ined  i n  t h e  fo l lowing  way. Over t h e  l o g  phase o f  

growth, t h e  coenobia l  s i z e  was r e l a t i v e l y  c o n s t a n t .  In 

s enescen t  phase t h e  curves  d iverged  s i n c e  t h e  coenobia l  

s i z e  decreased  w i t h  t i m e ,  approaching s t a b i l i z a t i o n  o f  A - 
560 
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~ i g u r e  111-3. Growth o f  E. e l e g a n s  1192 i n  minimal medium. 
A c u l t u r e  resuspended i n  Bm f o r  24 hou r s  was 
i n o c u l a t e d  i n t o  Bm and growth fol lowed by  
absorbance a t  5 6 c n m  and by p l a t i n g  on - B c .  
Each curve  i s  t h e  average  o f  2 exper iments .  



Figure  111-4. Growth o f  - E .  e l egans  1192 i n  complete medium. 

A c u l t u r e  resuspended i n  - ~ r n  f o r  24 hour s  

was inocu la t ed  i n  - BC and growth followed by 

absorbance a t  560 nm and by p l a t i n g  on - BC. 

Each curve i s  the  average o f  2 exper iments .  
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time growth (s lope = 0 )  but  a continued inc rease  i n  t h e  
I 

cfu/ml=time growth. 

The growth i n  =-supplemented media, a s  s t a t e d  pre-  

v ious ly  was defined by the  l a g  before e n t r y  i n t o  log growth, 

growth r a t e  i n  exponent ial  phase and maximum number of cfu/  

m l  reached where t h e  growth curve (cfu/ml a g a i n s t  time) 

reaches a s lope  of zero.  Growth r a t e  i s  expressed a s  t h e  

number of coenobial  doublings i n  one day. 

Table 111-3 shows these  c h a r a c t e r i s t i c s  f o r  growth of 

Eudorina elegans s t r a i n  1192 i n  - Bm, - Bm supplemented with t h e  

complex supplements (Table 11-3) and - Bc. 

The growth-supporting-and growth-sustaining-abilities of 

Bm-supplemented with sodium a c e t a t e  a t  both 0.2 g / l  and 1.0 - 

g/lwere very low. S imi la r ly  when - Bm supplemented with 

casamino a c i d s  was t e s t e d ,  t h e  growth-sustaining-ability 

was l e s s  when t h e  supplement was added a t  4.0 g / l ,  than when 

added a t  2.5 g / l .  The l a r g e  change i n  pH, with t h e  two 

concent ra t ions  of sodium a c e t a t e  and with t h e  h igher  con- 

c e n t r a t i o n  of casamino a c i d s ,  although i n  opposi te  d i r e c t i o n s ,  

poss ib ly  ind ica tes  a l o s s  of the  buf fe r ing  capac i ty  of t h e  

buf fe r  of - Bm, and the re fo re  a depression of t h e  growth- 

s u s t a i n i n g - a b i l i t y  of t h e  var ious media. 





However, i f  t h e  increased e f f i c i e n c i e s  of p l a t i n g  of 

coenobia cn - Bm supplemented with sodium a c e t a t e  a t  0.2 g / l ,  

and with casamino ac ids  a t  0.4 g / l ,  over those p l a t e d  on 

1.0 g / l  sodium a c e t a t e  and 2.5 g / l  casamino ac ids  a r e  con- 

s idered  with t h e  r e s u l t s  obtained i n  l i q u i d  media, it i s  

poss ib le  t h a t  t h e  l o s s  of the  buf fe r ing  capac i ty  i s  not  

t o t a l l y  respons ib le  f o r  t h e  depression of t h e  growth- 

s u s t a i n i n g - a b i l i t y .  The concentrat ions of some of t h e  

add i t ions  t o  t h e  minimal medium (Table 11-3) may be t o o  

g r e a t  and t h e  suppression of  growth a r i s e s  from concentra- 

t i o n  i n h i b i t i o n .  

A concent ra t ion  i n h i b i t i o n  caused t h e  f a i l u r e  of t h e  

complete vitamin mix (Eversole,  1956) given i n  Table 11-3 

t o  support  growth. Kemp (personal  communication) has been 

ab le  t o  ob ta in  good growth on a vitamin mixture i n  which 

t h e  concent ra t ion  of many of t h e  vitamins has  been reduced. 

D. continuous Subculture of Eudorina eleqans i n  - Bc 

After  Bc was shown t o  support  growth of Eudorina 

eleqans,  t h e  response t o  cons tant  c u l t u r e  i n  - Bc was d e t e r -  

mined. The a b i l i t y  t o  maintain t h e  organism i n  continuous 

c u l t u r e  was d e s i r a b l e  s ince  c u l t u r e s  would always be 

a v a i l a b l e .  



The cons tant  na ture  of growth i n  continued subcul ture  
I 

i s  shown i n  Figure 111-5, i n  which t h e  absorbance a t  560 nm 

was followed f o r  approximately e i g h t  days with subcul tur ing  

i n t o  - Bc with an inoculum of 3-5 x cfu/ml every four th  

day. Under normal condi t ions  t h e  four-day-old c u l t u r e  was 

used a s  t h e  source of t h e  inoculum f o r  continued c u l t u r e  and 

of experimental  m a t e r i a l .  



I 

ABSORBANCE 560 nm 
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b i IU bl 01 

Figure  111-5: E f f e c t  o f  r e p e a t e d  s u b c u l t u r e  i n t o  - B c  on 

growth o f  E. e l e q a n s  1192. 



CHAPTER I V  

I 

EFFECTS OF DRUGS ON EUDORINA ELEGANS 

INTRODUCTION 

G e n e t i c  s t u d i e s  o f  an organism r e q u i r e  a  l a r g e  number 

o f  mutan t s .  To f a c i l i t a t e  i n d u c t i o n  and i s o l a t i o n  o f  

m u t a n t s ,  a g e n t s  which a r e  h i g h l y  mutagenic ,  and a g e n t s  

which s e l e c t i v e l y  i n a c t i v a t e  wi ld - type  coenob ia  f o l l o w i n g  

mutagen- t rea tment ,  w h i l e  l e a v i n g  mutan t s  w i t h  a  selective 

advan tage ,  must  be used .  

A s  t h e  i n i t i a l  s t e p  i n  f i n d i n g  such a g e n t s ,  t h e  

i n a c t i v a t i o n  a b i l i t i e s  o f  s e v e r a l  compounds on Eudor ina  

e l e q a n s  were s t u d i e d  . Compounds t e s t e d  w i t h  N-methyl-N' 

nitro-N-nitrosoguanidine (NTG) and e t h y l  me thanesu l fona te  

(EMS) , which a r e  p o t e n t  mutagens i n  o t h e r  t e s t  o rgan i sms ,  

and s t r e p t o m y c i n  , 8-azaguanine (8 -AG) , s u l f a n i l a m i d e  , and 

p e n i c i l l i n ,  which migh t  be u s e f u l  i n  mutant  e n r i c h m e n t  

s t u d i e s .  

Many ways t o  e n r i c h  f o r  mutan t s  have  been p r e s e n t e d  i n  

t h e  l i t e r a t u r e .  ~ o s t  t e c h n i q u e s  were developed f o r  concen- 

t r a t i o n  o f  a u x o t r o p h i c  mutan t s  by  i n a c t i v a t i o n  o f  wi ld - type  

ce l l s .  8 - ~ z a g u a n i n e  i s  b a c t e r i c i d a l  t o  B a c i l l u s  megaterium 
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under growth c o n d i t i o n s  (Mangal0 and Wachsman, 1962) . 
When mutants and wild-type c e l l s  a r e  p r e s e n t  i n  t h e  same 

medium which a l lows  growth o f  wild-type c e l l s  b u t  w i l l  

n o t  suppor t  t h e  growth of  auxotrophic  mutants ,  8-aza- 

guanine s e l e c t i v e l y  i n a c t i v a t e s  the  wi ld- type organism 

(Wachsman and Mangalo, 1962) ,  r e s u l t i n g  i n  an i n c r e a s e  i n  

t he  percen tage  o f  auxo t r o p h i c  mutants i n  t h e  popu la t ion .  

The p e n i c i l l i n  method developed i n i t i a l l y  by Davis (1948) 

w i th  ~ s c h e r i c h i a  c o l i ,  and by Lederberg and z i n d e r  (1948) 

w i th  g. c o l i  and Salmonella s t r a i n s  r e l i e s  on the  same 

p r i n c i p l e .  

Streptomycin and su l f an i l amide  have n o t  been success  - 

f u l l y  used i n  enr ichment  s t u d i e s .  The r e s u l t s  w i t h  Eudorina 

e l egans  (Mishra, 1967) and wi th  Chlamydomonas r e i n h a r d i  

(Weaver, 1952) show t h a t  s t reptomycin and su l f an i l amide  

r e s p e c t i v e l y  i n a c t i v a t e  wi ld  -type organisms.  Lederberg and 

z inde r  (1948) were unable  t o  demonstrate t h a t  s t reptomycin 

would a c t  a s  a s e l e c t i v e  agen t  w i t h  Salmonella s t r a i n s .  

MATERIALS AND METHODS 

A. NTG and EMS Treatment 

NTG o r  EMS w a s  added t o  a 10 m l  coenobia l  suspension 



i n  phosphate b u f f e r .  The concent ra t ions  used were 

The r e a c t i o n  mixture was a g i t a t e d ,  and a f t e r  var ious 

times of t reatment  a t  room temperature, samples were removed 

f o r  p l a t i n g  on - Bc medium. The samples were washed twice i n  

phosphate b u f f e r  t o  s t o p  the  r e a c t i o n ,  p la t ed  a t  t h e  

appropr ia te  d i l u t i o n  and incubated f o r  5  - 7 days under 

standard condi t ions  of l i g h t  and temperature p r i o r  t o  

scor ing .  A c o n t r o l  c u l t u r e  was s i m i l a r l y  t r e a t e d  except 

t h a t  the  mutagen was omitted.  

I n i t i a l l y  t h e  EMS r e a c t i o n  was quenched by d i l u t i o n  of 

t h e  sample i n t o  6% t h i o s u l f a t e  f o r  10 minutes. Sodium 

t h i o s u l f a t e  r e a c t s  with f r e e  a l k y l  groups, and thereby i n -  

a c t i v a t e s  t h e  r e s i d u a l  s (Loveless and Stock, 1959) . 

However t h i s  t reatment  proved l e t h a l  t o  t h e  organism and 

was replaced by washing i n  phosphate b u f f e r .  

B. Streptomycin, 8-Azaguanine, Sulfanilamide and P e n i c i l l i n  

Treatment 

The genera l  method used f o r  an t ime tabo l i t e  experiments 



is given in Chapter 11: H. Treatment with chemicals 
I 

(Mutaqens and Antimetabolites). The concentrations and 

treatment media are as follows: 

Streptomycin phosphate buffer 0, 500 pg/ml 

Sulfanilamide - Bm 

Penicillin - Bm 

RESULTS 

Figure IV-1 shows a comparison of the inactivation 

kinetics of EMS and NTG on Eudorina eleqans 1192. The ex- 

ponential inactivation with NTG was caused by the high 

concentration of NTG used, since Kemp and Malloy (personal 

communication) were able to show by decreasing the concen- 

tration of NTG, that inactivation occurred with similar 

kinetics to those of EMS and - W-inactivations. 

Growth was slightly stimulated by addition of 15.2 pg/ml 

8-azaguanine to I&, but the organism was rapidly inactivated 

by growth in containing 152 pg/ml. However 

8-azaguanine affected growth in - Bm only by increasing the 

lag period and did not cause inactivation at concentrations 

up to 1520 +g/ml (Figure IV-2). 

Sulfanilamide enhanced the growth of Eudorina in Bm 



Figure I V - 1 .  Survival of - E .  elegans 1192 a f t e r  exposure 

in phosphate buffer  to  - NTG and to  E-MS. - 

x N B  (50 ,g/ml: 0 EMS ( 2  x ~ / m l ) .  

Each curve is  the average of two experiments. 
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~ i g u r e  I V - 2 .  E f f e c t  o f  8-azaguanine on t h e  growth of  - E .  

e l e g a n s  1192. A c u l t u r e  resuspended f o r  24  

hours  i n  - ~ r n  was i nocu la t ed  i n t o  - Bm and Vm - con- 

t a i n i n g  8 -azaguanine , and growth was followed 

by p l a t i n g  on - Bc. The concen t r a t i ons  o f  

8-azaguanine a r e  given i n  yg/ml. x Vm; - 



TIME (.HOURS) 



Figu re  IV-3. E f f e c t  o f  s u l f a n i l a m i d e  on t h e  growth o f  - E. 

e l e g a n s  1192.  A c u l t u r e  resuspended f o r  24 

hou r s  i n  - ~ r n  was i n o c u l a t e d  i n  Bm c o n t a i n i n g  - 

s u l f a n i l a m i d e ,  and growth was fo l lowed by 

p l a t i n g  on B c .  The c o n c e n t r a t i o n s  o f  s u l f a n i l a -  - 

mide a r e  g iven  i n  pg/ml. 
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Streptomycin r a p i d l y  i n a c t i v a t e d  t h e  wi ld  -type coenobia 

when t r e a t e d  i n  phosphate buf ker ( ~ i g u r e  IV-4) . 
I n  a s i n g l e  experiment p e n i c i l l i n  had no e f f e c t  on the  

l a g  o r  growth r a t e  o f  Eudorina i n  - Bm. 

DISCUSSION 

A .  ~ n a c t i v a t i o n  by NTG and EMS 

From t h e  r e s u l t s  p re sen ted  i n  t h i s  t h e s i s  and from 

r e s u l t s  e lsewhere  (Kemp and Malloy, pe r sona l  communication), 

NTG i s  mutagenic t o  Eudorina e l egans .  

NTG - might p o s s i b l y  be used i n  i t s  l e t h a l  c a p a c i t y  a s  an 

e n r i c h i n g  a g e n t  f o r  mutants by reduc ing  t h e  concen t r a t i on  used,  

and,  w i t h  - W L  and EMS, t o  e l u c i d a t e  t h e  n a t u r e  o f  t h e  mechanism 

involved i n  r e p a i r  o f  damaged DNA, a l though t h e  broad spectrum 

o f  a c t i o n  o f  NTG - might have c e r t a i n  drawbacks. 

The mode o f  a c t i o n  o f  NTG - i n  l e t h a l i t y ,  and i n  muta- 

g e n e s i s ,  i s  unknown, excep t  t h a t  it probably a c t s  through 

i t s  breakdown p roduc t  diazome thane (Cerdb-Olmeda and 

Hanawalt, 1968) . - In  v i t r o  s t u d i e s  w i t h  DNA show t h a t  NTG - 

a l k y l a t e s  guanine and adenine (Kriek and Emmelot, 1964) ; 

i n  v ivo  it causes  s i n g l e  s t r a n d  b reaks  i n  t h e  DNA ( ~ o s h i d a  -- 

and Yuki, 1968; Olsen and ~ a i r d ,  1969) and g r o s s  chromosomal 

a b e r r a t i o n s  (Gichner -- e t  a 1  . , 1963; Kaul , 1969) . ~ a l l i n g  



Figure  I V - 4 .  s u r v i v a l  o f  - E .  e l egans  1192 a f t e r  exposure  t o  

s t rep tomycin .  A c u l t u r e  was s t a r v e d  f o r  24 

hours  i n  phosphate b u f f e r ,  t r e a t e d  w i t h  

s t rep tomycin  (500 IJlg/ml) and p l a t e d  on - Bc. 
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and De Serres  (1970) using Neurospora c r a s s a  found t h a t  the 

gene t i c  a l t e r a t i o n s  caused by NTG a r e  p o i n t  mutations and 

chromosomal d e l e t i o n s .  

Repair of damage leading  t o  i n a c t i v a t i o n  and/or mutation 

by NTG has  been shown i n  severa l  systems. NTG-induced s i n g l e  - 
s t r and  breaks a r e  reduced i n  number with time p r i o r  t o  i s o l a -  

t i o n  of DNA (Olsen and Baird,  1969) .  The mutation frequency 

i s  maximum i f  Paramecium a u r e l i a  i s  exposed t o  NTG a t  

o r  j u s t  before  the  onse t  of DNA r e p l i c a t i o n  and is  minimum 

when exposed j u s t  a f t e r  r e p l i c a t i o n  ( ~ i m b a l l ,  1970) .  These 

r e s u l t s  i n d i c a t e  t h a t  NTG causes damage which can be f ixed  

a s  mutation, which may o r  may n o t  lead t o  l e t h a l i t y ,  o r  can 

be repa i red .  

No s t u d i e s  on the  induct ion of mutations by EMS i n  - 

~ u d o r i n a  have been c a r r i e d  o u t  t o  p r e s e n t  i n  t h i s  labora tory .  

However - EMS, an a l k y l a t i n g  agent ,  has  been shown t o  be a  very 

e f f e c t i v e  mutagen i n  a  number of  t e s t  organisms. Some of  

these  a r e  bacter iophages T (Loveless, 1958) .  and T~ 
2 

( m e i g ,  1963) ,  - E .  - c o l i  and Salmonella typhimurium (Loveless 

and Howarth, 1959) , Saccharomyces c e r e v i s i a e  (Lindegren e t  - 

a l . ,  1965) ,  chlamydomonas r e i n h a r d i  (Loppes, 1969a, 196933) - 

and ~ r o s o p h i l a  (Fahmy and Fahmy, 1957).  

~ u d o r i n a  appears t o  be much more s e n s i t i v e  t o  EMS than - 

does chlamydomonas r e i n h a r d i  (Loppes, 1968) . ~t is  poss ib le  



t h a t  the  EMS s tock  is the  same a s  t h a t  designated by Loppes 

a s  HT-EMS (high t o x i c i t y  - EMS) Loppes (1968) found t h a t  

this s o l u t i o n  contained small amounts of t o x i c  impur i t i e s .  

On the  o the r  hand Loppes (1966a, 196933) has  found the 

methylating agent  methyl methanesulfonate was more e f f e c t i v e  

i n  mutant induct ion i n  Chlamydomonas than EMS. This 

d i f f e r e n t i a l  e f f e c t  has  n o t  been s tudied  i n  Eudorina 

b u t  it might be a  p r o f i t a b l e  approach. 

B. Enrichment 

Agents which w i l l  increase  the  f r a c t i o n  of  mutants i n  

a  mutagen-treated populat ion must be ab le  t o  i n a c t i v a t e  

wild-type coenobia i n  minimal growth medium. The a b i l i t i e s  

of su l fani lamide ,  p e n i c i l l i n ,  and 8-azaguanine t o  meet t h i s  

requirement a r e  repor ted  he re .  Streptomycin i s  ab le  t o  

i n a c t i v a t e  growing coenobia i n  Eudorina (Mishra , 1967) . 
Sulfanilamide and p e n i c i l l i n  appeared t o  be unable t o  

i n a c t i v a t e  ~ u d o r  ina  on minimal medium. They a r e  the re fo re  

u n s a t i s f a c t o r y  a s  an en r i ch ing  agent  under the  condi t ions  

used. 

8-Azaguanine, although unable t o  i n a c t i v a t e  - E . eleqans 

under minimal medium condi t ions ,  d id  k i l l  the  organism i n  

complete medium, a  condi t ion  i n  which t h e  growth r a t e  was 

rap id  compared t o  t h a t  i n  minimal medium. I t  may be poss ib le  



t o  e n r i c h  f o r  mutants by supplementing - Bm c o n t a i n i n g  8- 

I 

azaguanine wi th  a  complex supplement, s a y  casamino a c i d s ,  

on which a l l  wild-type coenobia and amino ac id - r equ i r ing  

mutants w i l l  grow r a p i d l y ,  t ake  up t h e  d rug ,  and be 

i n a c t i v a t e d  whereas any v i tamin  o r  n u c l e i c  a c i d - r e q u i r i n g  

mutants w i l l  n o t  grow, and t h e r e f o r e  w i l l  n o t  be  i n a c t i v a t e d .  

However, a t  p r e s e n t  it i s  on ly  p o s s i b l e  t o  s a y  t h a t  s i n c e  8-AG 

w i l l  n o t  i n a c t i v a t e  wild-type coenobia i n  - Bm under t h e  condi-  

t i o n s  used,  it i s  n o t  s u i t a b l e  a s  an e n r i c h i n g  a g e n t .  

Streptomycin i n a c t i v a t e s  wi ld  -type coenobia under growth 

( ~ i s h r a ,  1967) and non-growth c o n d i t i o n s .  The wild-type 

coenobia under c o n d i t i o n s  o f  s t a r v a t i o n  a r e  e s s e n t i a l l y  under 

t h e  same c o n d i t i o n s  t h a t  auxotrophic  mutants a r e  when i n  a  

medium i n  which they  a r e  unable t o  grow. These r e s u l t s  sugges t  

t h a t  s t reptomycin w i l l  be u n s a t i s f a c t o r y  f o r  mutant  enrichment.  

However, a  r e d u c t i o n  i n  t h e  concen t r a t i on  o f  s t reptomycin 

might make it more s a t i s f a c t o r y .  

I f  s t reptomycin w i l l  d i f f e r e n t i a l l y  i n a c t i v a t e  wi ld-  

type  and mutant coenobia then i t s  use  a s  an e n r i c h i n g  agen t  

might cause  muta t ions  of  non-chromosomal genes.  I t  i s  a  

mutagen f o r  non-chromosomal genes ( sagar  , 1960 ; 1962; 

Gillham and Levine, 1962) i n  Chlamydomonas, and t h e s e  genes 

a r e  p r e s e n t  and mutable i n  Eudorina e l egans  (Mishra,  1967) . 



CHAPTER V 
, 

THE RESPONSE OF EUDORINA ELEGANS TO ULTRA-VIOLET LIGHT 

INTRODUCTION 

u l t r a - v i o l e t  l i g h t  (m) is  known t o  be l e t h a l  and muta- 

gen ic  t o  many organisms,  i nc lud ing  b a c t e r i a  -- - E .  - c o l i  

( ~ u t h r i e ,  1949; Kelner ,  1949a; b lue  green a l g a e  -- Anacyst is  

n idu lans  ( ~ u m a r ,  1963; Singh,  1968) ;  f u n g i  -- Saccharomyces 

c e r e v i s i a e  (Cox and Pa r ry ,  1968) and Coprinus macrorhizus 

(wentworth and McClaren, unpubl i shed) ;  and green a l g a e  -- 

Chlamydomonas s p e c i e s  (Lewin, 1952; Ebersold ,  1954; Gowans, 

1956) . Although Mishra (1967) found t h a t  ~ u d o r i n a  e legans  

i s  s e n s i t i v e  t o  t he  l e t h a l  a c t i o n  o f  - UVL, he was unable t o  

i s o l a t e  mutants fo l lowing  t h i s  t r ea tmen t .  

A s tudy  o f  t h e  response o f  ~ u d o r i n a  t o  UVL - was under-  

taken f o r  two r easons .  ~ i r s t ,  s i n c e  - UVL was t o  be used a s  

a mutagen, it was impor tan t  t o  know t h e  i n a c t i v a t i o n  k i n e t i c s  

o f  colony-formation , and t h e  cond i t i ons  which i n f l u e n c e  t h e  

i n a c t i v a t i o n  r a t e  and t h e  e x t e n t  o f  i n a c t i v a t i o n .  I t  was 

d i f f i c u l t  t o  use  t h e  methods o f  ~ i s h r a  (1967) s i n c e  the  

technique was n o t  w e l l  o u t l i n e d ,  and the  r e s u l t s  p resen ted  

by Mishra , were s i g n i f i c a n t l y  d i f f e r e n t  from pre l iminary  

obse rva t ions  on ~ u d o r i n a  e l egans  ob ta ined  i n  t h i s  l a b o r a t o r y .  
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Therefore  dose-response cu rves ,  p h o t o r e a c t i v a t i o n ,  and growth 

o f  i r r a d i a t e d  ~ u d o r i n a  were s t u d i e d .  Second, t he  responses  

t o  W L  and accompanying t r ea tmen t s  y i e l d  in format ion  on t h e  

a b i l i t y  o f  t h e  organism t o  enzymat ica l ly  r e p a i r  i r r a d i a t i o n -  

induced g e n e t i c  l e s i o n s  (Haynes , 1964; Barnhar t  and Cox, 

1970) . The c a p a b i l i t y  of Eudorina e l egans  t o  r e p a i r  i r r a d i a -  

t i o n  damage, a s  i n d i c a t e d  by t h e  changes i n  W-response wi th  - 

p r e -  and p o s t - i r r a d i a t i o n  cond i t i ons  was cons ide red ,  a s  

p re l imina ry  t o  a t t empt s  t o  i s o l a t e  r e p a i r - d e f i c i e n t  mutants.  

This i n t e n s i v e  s tudy  was made wi th  t h e  fo l lowing  quota-  

t i o n  o f  Rober ts  and Aldous (1949) a s  a  g u i d e l i n e :  

" In conduct ing any r a d i a t i o n  experiments t he  
fo l lowing  f a c t o r s  should be considered a s  pa ra -  
meters  and c a r e f u l l y  c o n t r o l l e d :  ( a )  organism; 
(b)  c o n d i t i o n s  o f  growth (media, t empera ture ,  a e r a -  
t i o n ) ;  ( c )  phase o f  growth c y c l e ;  (d )  c o n d i t i o n s  
du r ing  r a d i a t i o n  (media, temperature ,  s u r f a c e  o r  
l i q u i d )  ; (e) r a d i a t i o n  (wavelength, t ime,  i n t e n s i t y )  ; 
( f )  c o n d i t i o n s  a f t e r  i r r a d i a t i o n  (media, temperature ,  
time be fo re  p l a t i n g ) ;  and (g)  c o n d i t i o n s  f o r  growth 
of c o l o n i e s  (media, temperature  and t ime)  . " 

Coenobial i n a c t i v a t i o n ,  o r  k i l l i n g ,  a s  used i n  t h i s  

s tudy ,  means r ep roduc t ive  d e a t h ,  and i s  determined by the  

i n a b i l i t y  o f  t h e  i r r a d i a t e d  organism t o  m u l t i p l y  t o  form a  

v i s i b l e  colony on s o l i d  medium. 



MATERIALS AND METHODS 
1 

The u l t r a v i o l e t  I r r a d i a t i o n  Apparatus and Standard  

U l t r a v i o l e t  I r r a d i a t i o n  Procedure a r e  d e s c r i b e d  i n  Chapter  11, 

Sec t i ons  F  and G .  For de t e rmina t i on  o f  UVL-sens i t iv i ty ,  ap-  

p r o p r i a t e  d i l u t i o n s  w e r e  made i n t o  t h e  medium used f o r  i r r a d i a -  

t i o n ,  and samples w e r e  pour -p la ted  o n t o  B c  p l a t e s .  - 

The p a r e n t a l  s t r a i n ,  Eudorina e l e g a n s  1192,  was used i n  

t h e  exper iments  d i s c u s s e d  h e r e ,  u n l e s s  o the rwi se  no t ed .  

A .    he E f f e c t  o f  I r r a d i a t i o n  Condi t ions  ( ~ e d i a  and Dose Ra te )  

on Dose -Response 

To de te rmine  t h e  e f f e c t  o f  t h e  suspens ion  medium on dose-  

r e sponse ,  t h e  c u l t u r e  was suspended i n  Bm o r  phosphate  b u f f e r ,  - 

and t r e a t e d  under s t a n d a r d  i r r a d i a t i o n  c o n d i t i o n s .  A compari- 

son o f  t h e  dose  r a t e  e f f e c t  upon W - i n a c t i v a t i o n  was made a t  - 

-2 - 1 
5 ,  1 0 ,  and 20 e r g s  mrn sec . 

B. The Response of' P h o t o r e a c t i v a t i n g  L i g h t  

B (i) . P h o t o r e a c t i v a t i o n  A b i l i t y  a s  a  Funct ion o f  UV-Dose - 

Immediately a f t e r  an  i r r a d i a t e d  c u l t u r e  was p l a t e d ,  

t h e  p l a t e s  w e r e  p l aced  under l i g h t  c o n d i t i o n s  o f  1000 f t - c  

i n t e n s i t y .  



B (ii) . Decay of  Pho to reac t iva t ion  A b i l i t y  

TO determine t h e  k ine  t i c s  o f  decay o f  p h o t o r e a c t i v a t i o n  

a b i l i t y  w i th  t ime o f  incuba t ion  i n  t he  d a r k ,  s e v e r a l  p l a t e s  

from an i r r a d i a t e d  c u l t u r e  were incubated f o r  v a r i o u s  l eng ths  

o f  time i n  t h e  d a r k ,  p r i o r  t o  incuba t ion  i n  t h e  l i g h t .  

B (iii). Time Required f o r  Completion of  Pho to reac t iva t ion  

P l a t e s  o f  W- t r ea t ed  - coenobia which had been p laced  i n  

t he  l i g h t  immediately a f t e r  i r r a d i a t i o n ,  were t r a n s f e r r e d  a t  

i n t e r v a l s  t o  d a r k  c o n d i t i o n s .  Af t e r  24 hour s ,  a l l  p l a t e s  

were r e tu rned  t o  t h e  l i g h t .  

C.    he E f f e c t  o f   re -irradiation s t a r v a t i o n  on Dose -Response 

A four-day-old,  l o g  phase c u l t u r e  was resuspended i n  

phosphate b u f f e r  and incubated under s t anda rd  growth cond i t i ons  

f o r  24 hours  t o  s t a r v e  t h e  organism. Af t e r  fou r  hours  i l lumina-  

t i o n  on t h e  f i f t h  day,  t he  c u l t u r e  was washed twice ,  resuspended 

4  
i n  phosphate b u f f e r  a t  5-10 x 10 cfu/ml, and i r r a d i a t e d  under 

-2 -1 
s t anda rd  i r r a d i a t i o n  c o n d i t i o n s  a t  10 e r g s  mrn s e c  . 

D.  The E f f e c t  o f  p o s t - ~ r r a d i a t i o n  Holding on Dose-Response 

Coenobia i r r a d i a t e d  under s t anda rd  i r r a d i a t i o n  c o n d i t i o n s ,  

were i nocu la t ed  i n t o  e i t h e r  Bm o r  phosphate b u f f e r  and h e l d  - 

i n  t h e  dark  a t  32OC. P l a t i n g s  were made a t  0 ,  6 ,  and 24 hours  

fo l lowing  i n o c u l a t i o n .  The t o t a l  time f o r  main ta in ing  c u l t u r e s  



under da rk  c o n d i t i o n s  was 48 hours  fo l lowing  i r r a d i a t i o n .  

The p l a t e s  were then incubated ' i n  t h e  l i g h t  under s tandard  

cond i t i ons  o f  l i g h t  and temperature .  

E .  The E f f e c t  o f  combined Pre-W-Starvation - and Post-W- - 

Holding on Dose-Response . 
A s t a r v e d  c u l t u r e  of  Eudorina was i r r a d i a t e d  and 

inocu la t ed  i n t o  phosphate b u f f e r  f o r  ho ld ing  i n  t h e  d a r k ,  

p r i o r  t o  p l a t i n g  on - BC p l a t e s .  

F. The E f f e c t  o f  UV-Treatment - on Growth 

An i r r a d i a t e d  c u l t u r e  was resuspended i n t o  - Bc i n  t h e  

d a r k ,  he ld  i n  t h e  da rk  under s t anda rd  c o n d i t i o n s  of tempera- 

t u r e  and a g i t a t i o n  f o r  24 hour s ,  and then incubated i n  t h e  

l i g h t  under s t anda rd  c o n d i t i o n s .  Samples were p l a t e d  a t  24- 

hour i n t e r v a l s  on - BC p l a t e s .  

RESULTS 

A .  E f f e c t  o f  ~ r r a d i a t i o n  ~ e d i a  and Dose Rate on Dose-Response 

The W - i n a c t i v a t i o n  - curves  o f  Eudorina e l egans  i n  t h e  

two suspension media (Bm - and phosphate buf fe r )  a r e  shown i n  

~ i g u r e  V-1 .  These r e s u l t s  i n d i c a t e d  t h a t  t h e  response  t o  

UVL i s  a f f e c t e d  s i m i l a r i l y  by bo th  media. Therefore ,  i n  

subsequent  exper iments  , t he  suspension medium was chosen 



~ i g u r e  V-1.  E f f e c t  o f  t h e  i r r a d i a t i o n  medium on t h e  dose-  

r e sponse  o f  Eudor ina .  A c u l t u r e  was suspended 

i n  - ~ r n  and phosphate  b u f f e r ,  i r r a d i a t e d  w i t h  

-2 -1 
10  e r g s  rnm sec and p l a t e d  on E. 

x phospha te  b u f f e r  ; Bm. - 
Experiment  1: s o l i d  l i n e .  Experiment  2 :  broken 

l i n e .  





f o r  t he  convenience of  t h e  p a r t i c u l a r  s tudy .  

-2 
The e f f e c t  o f  t he  dose k a t e s ,  5 ,  1 0 ,  and 20 e r g s  mm 

- 1 
s e c  , on s u r v i v a l  i s  i l l u s t r a t e d  i n  ~ i g u r e  V-2. A s  t h e  dose 

-2 -1 
r a t e  i n c r e a s e s  from 5 t o  20 e r g s  mm s e c  , t he  shoulder  i n  

t h e  low-dose r e g i o n  i s  reduced,  and the  r a t e  o f  exponen t i a l  

i n a c t i v a t i o n  i s  inc reased .  This  r a t e  of i n a c t i v a t i o n  i s  

inc reased  two t o  t h r e e  t imes when t h e  i r r a d i a t i o n  i s  suppl ied  

-2 -1 
a t  20 e r g s  mm s e c  from the  i n a c t i v a t i o n  r a t e  when the  

-2 -1 
dose i s  a p p l i e d  a t  5 e r g s  mm s e c  . 

-2 -1 
Cul tu re s  i r r a d i a t e d  a t  5 and 10 e r g s  mm s e c  have 

s i m i l a r  exponen t i a l  i n a c t i v a t i o n  r a t e s ;  however r e s i s t a n c e  

t o  UVL develops  more r a p i d l y  when i r r a d i a t i o n  i s  supp l i ed  a t  

t he  lower dose r a t e ,  a s  i n d i c a t e d  by t h e  dec rease  i n  t he  

- 2 
i n a c t i v a t i o n  r a t e  a t  400 e r g s  mm ( ~ i g .  V-2)  . This r e s i s t a n c e  

i s  probably t h e  r e s u l t  o f  a type o f  r e p a i r  which occurs  du r ing  

the  i r r a d i a t i o n  pe r iod  a t  t h e  low dose r a t e  b u t  which does  n o t  

-2 
have s u f f i c i e n t  time t o  func t ion  a t  10 e r g s  mm sec .  

These k i l l  curves  a r e  d i f f e r e n t  from t h a t  r epo r t ed  by 

Mishra (1967).  The curves  p re sen ted  h e r e  each have a shoulder ,  

resembling t h e  gamma-irradiat ion i n a c t i v a t i o n  curve of  Mishra, 

whereas t h e  UV-dose-response - curve ,  p re sen ted  by Mishra, l a c k s  

t h i s  shoulder .  



Figure V-2. Survival of - E .  elegans 1192 a f t e r  exposure to  

W L  a t  various dose r a t e s .  

-2 -1 -2 - 1 
O 5 ergs mm sec ; 10 ergs mm sec ; 

-2 - 1 
20 ergs mm sec . Each curve i s  the 

aver age of 4 experiments . 
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B. P h o t o r e a c t i v a t i o n ,  Decay o f  Pho to reac t iva t ion ,  and T i m e  

f o r  completion o f  ~ h o t o r g a c  t i v a t i o n  

Figure  V-3 shows the  - W - i n a c t i v a t i o n  curves  o f  Eudorina 

e l eqans  under c o n d i t i o n s  o f  v i s i b l e  l i g h t  o r  p h o t o r e a c t i v a t i o n  

(E) and o f  darkness  o r  no p h o t o r e a c t i v a t i o n  (non-PR) . I n t r o -  - 
duc t ion  t o  t h e  b r i g h t  l i g h t  fol lowing i r r a d i a t i o n  prevented 

any d e t e c t a b l e  i n a c t i v a t i o n  o f  t he  colony-forming-abi l i ty  

-2 
f o r  t o t a l  doses  up t o  7200 e r g s  mm (dose r a t e  = 10 e r g s  

-2 -1 
mm s e c  ) A t  h ighe r  doses PR could n o t  overcome the  - 

increased  i r r a d i a t i o n  damage. 

Since the  - PR- inac t iva t ion  and non-PR-inact ivat ion - cu rves ,  

have s i m i l a r  s l o p e s ,  v i s i b l e  l i g h t  i s  s a i d  t o  be  dose-modifying 

(Dulbecco, 1955; ~ i l b e y ,  1969) . The i l l u s t r a t e d  experiment 

g i v e s  a dose-modifying-factor o f  5 - 3  a t  10% s u r v i v a l .  (That  

i s ,  t h e  i n a c t i v a t i o n  of  ~ u d o r i n a  e l egans  t o  a l e v e l  o f  10% 

s u r v i v a l  r e q u i r e s  5.3 t imes a s  much i r r a d i a t i o n  i f  p h o t o r e a c t i -  

v a t i o n  occurs  than under non-PR - c o n d i t i o n s )  . 
The decay o f  t he  a b i l i t y  t o  r e v e r s e  t h e  l e t h a l  e f f e c t s  o f  

-2 
a  dose o f  3600 e r g s  mm W L  by p h o t o r e a c t i v a t i o n  was followed 

by p l a t i n g  on - BC and incuba t ing  the  p l a t e s  i n  d a r k  cond i t i ons  

f o r  va r ious  p e r i o d s  be fo re  t r a n s f e r  t o  t he  l i g h t .  The r e s u l t s  

a r e  p re sen ted  i n  ~ i g u r e  V-4. I r r e v e r s i b l e  i n a c t i v a t i o n  o f  t he  

coenobia began a lmost  immediately and cont inued f o r  approxi-  

mately  24 hour s ,  a f t e r  which t h e r e  was no f u r t h e r  decay.    his 



Figure V-3: Survival of - E. elegans 1192 after various doses 
-2 -1 

of at 10 ergs mm sec , with and without 

photoreactivating light post-treatment. 

0 photoreactivated; non-photoreactivated 

(Figure V-2). The photoreactivation response 

is the average of 2 experiments. 





~ i g u r e  V-4.  Decay o f  p h o t o r e a c t i v a t i o n  a b i l i t y  o f  - E .  e l egans  

1192. P l a t e s  prepared from a  c u l t u r e  i r r a d i a t e d  

-2 
wi th  3600 e r g s  mm w e r e  t r a n s f e r r e d  t o  i n t e n s e  

l i g h t  a f t e r  va r ious  t imes under d a r k  c o n d i t i o n s .  





r e s u l t  i n d i c a t e d  t h a t  c u l t u r e s ,  i r r a d i a t e d  by mutat ion induc- 
I 

t i o n  o r  dose-response i n  which no p h o t o r e a c t i v a t i o n  was t o  

occu r ,  had t o  be k e p t  i n  t he  da rk  f o r  a t  l e a s t  24 hours .  

Therefore  i r r a d i a t e d  c u l t u r e s  were r o u t i n e l y  h e l d  i n  t h e  dark  

f o r  24 hours  p r i o r  t o  incuba t ion  i n  t h e  l i g h t .  ~ i s h r a  (1967) 

he ld  i r r a d i a t e d  c u l t u r e s  i n  t he  da rk  f o r  6  hours  t o  p reven t  

PR be fo re  p l a c i n g  them i n  t he  l i g h t .   his da rk  incuba t ion  - 

pe r iod  appears  t o  be s i g n i f i c a n t  wi th  r e s p e c t  t o  mutation 

induc t ion  and W - i n a c t i v a t i o n ,  - and w i l l  b e  considered more 

thoroughly i n  t h e  d i s c u s s i o n  o f  t h i s  s e c t i o n .  

When p l a t e s  w i t h  UV-irradiated - coenobia were incubated 

i n  t h e  l i g h t  f o r  v a r i o u s  periods of  t i m e  p r i o r  t o  removal t o  

t h e  dark  c o n d i t i o n s ,  t h e  p h o t o r e a c t i v a t i o n  k i n e t i c s  were 

ob ta ined .  Figure  V-5 shows t h e  r e s u l t s  o f  t h i s  t r ea tmen t ,  

fo l lowing  i r r a d i a t i o n  o f  ~ u d o r i n a  e l eqans  1192 and 1193 with  

-2 
4800 e r g s  mrn . I t  i s  important  t o  no te  t h a t  t h e  r a t e  and 

e x t e n t  of  - PR i s  dependent on t h e  i n t e n s i t y  o f  t h e  - PR-light ,  

and t h e r e f o r e  a t  lower i n t e n s i t i e s  PR t o  t h e  same e x t e n t  - 

would on ly  occur  a t  much longer  incuba t ion  t imes (Kelner ,  

C .  P re t rea tment  

The UV-dose-response - o f  Eudorina,  a f t e r  a  24-hour 

s t a r v a t i o n  pe r iod  y i e l d s  t he  r e s u l t  shown i n  ~ i g u r e  V-6. 



~ i g u r e  V-5.  Time r e q u i r e d  f o r  t he  completion o f  p h o t o r e a c t i -  

v a t i o n  o f  Eudorina.  P l a t e s  p repared  from a  

-2 
c u l t u r e  i r r a d i a t e d  wi th  4800 e r g s  mrn were 

t r a n s f e r r e d  t o  dark  cond i t i ons  a f t e r  va r ious  

t imes i n  i n t e n s e  l i g h t .  

0 - E .  e l egans  1192; x - E .  e l egans  1193. 





Figure  V-6. E f f e c t  o f  p r e  - i r r a d i a t i o n  s t a r v a t i o n  on t h e  

s u r v i v a l  of  Eudorina t o  W L .  - 

X wi th  p re -W-s t a rva t ion ;  - wi thou t  

pre-W-s - t a r v a t i o n  ( ~ i g u r e  V-2)  . The s t a r v e d -  

i r r a d i a t e d  response i s  the  average o f  2 

exper iments  . 





There i s  an i n c r e a s e  i n  t h e  exponen t i a l  i n a c t i v a t i o n  r a t e  

I 

compared t o  t h a t  o f  t h e  non-starved c u l t u r e ,  i n d i c a t i n g  t h a t  

non-growing coenobia a r e  more s e n s i t i v e  t o  uVL than a r e  t h e  - 

growing coenobia . 

Dark s t o r a g e  o f  a  c u l t u r e  n o t  p r e v i o u s l y  exposed t o  uVL - 

shows no dec rease  i n  colony-forming-abi l i ty  . 
The e f f e c t  o f  ho ld ing  i n  i r r a d i a t i o n  media on t h e  

s u r v i v a l  o f  UV-treated - coenobia i s  shown i n  ~ i g u r e s v - 7  a ,  

b  and c .  In  t h i s  se t  o f  experiments a l l  samples were he ld  

i n  t h e  da rk  f o r  a  t o t a l  o f  48 hours  a f t e r  i r r a d i a t i o n .  This 

extended da rk  t r e a t m e n t ,  whi le  p reven t ing  any PR o f  t h e  - 

coenobia h e l d  i n  t h e  l i q u i d  media f o r  24 hours  b e f o r e  p l a t i n g  

on BC,  had no e f f e c t  on da rk  s u r v i v a l  i n  t h e  form o f  f u r t h e r  - 

i n a c t i v a t i o n .  

These f i g u r e s  show t h a t  dark-holding f o r  24 hours  i n  

non-growth medium (phosphate b u f f e r  ) fo l lowing  i r r a d i a t i o n  

-2 - 1 
a t  t h e  dose r a t e s  o f  5 ,  10 ,  and 20 e r g s  mrn s e c  r e s u l t s  

i n  a  s l i g h t  b u t  c o n s i s t e n t  i nc rease  i n  s u r v i v a l  of  t r e a t e d  

coenobia .  ~ o l d i n g  i n  growth medium (Bm) - y i e l d s  r e s u l t s  which 

show no enhancement o r  on ly  s l i g h t  enhancement o f  s u r v i v a l  

when t h e  s u r v i v i n g  f r a c t i o n  is  compared t o  t h e  c o n t r o l ,  

p l a t e d  immediately a f t e r  i r r a d i a t i o n ,  and subsequent ly  handled 



~ i g u r e  V-7a. Su rv iva l  o f  - E.  e l egans  1192 a f t e r  exposure t o  

- 2  -1 
a t  5 e r g s  rnrn s e c  followed by incuba t ion  

i n  t h e  i r r a d i a t i o n  media p r i o r  t o  p l a t i n g  on - Bc. 

p l a t e d  immediately a f t e r  i r r a d i a t i o n ;  

X h e l d  i n  phosphate b u f f e r  f o r  6 hours  p r i o r  

t o  p l a t i n g ;  

v h e l d  i n  Bm - f o r  6 o r  24 hours  p r i o r  t o  

p l a t i n g ;  

@ h e l d  i n  phosphate b u f f e r  f o r  24 hours  

p r i o r  t o  p l a t i n g .  

Each symbol i s  the  average o f  2  exper iments .  





Figure  V-7b. Su rv iva l  of  - E .  e l egans  1192 a f t e r  exposure t o  

-2 -1 
WL a t  10 e r g s  mm s e c  followed by incuba- - 

t i o n  i n  t h e  i r r a d i a t i o n  media p r i o r  t o  p l a t i n g  

on BC. - 

p l a t e d  immediately a f t e r  i r r a d i a t i o n ;  

x h e l d  i n  phosphate b u f f e r  f o r  6 hours  

p r i o r  t o  p l a t i n g ;  

v h e l d  i n  - Bm f o r  6 o r  24 hour s  p r i o r  t o  

p l a t i n g ;  

B h e l d  i n  phosphate b u f f e r  f o r  24 hours  

p r i o r  t o  p l a t i n g .  

Each symbol i s  t h e  average o f  3 exper iments .  





UV DOSE (ERGS mm-2 x 



~ i g u r e  V-7c. survival  of E .  - elegans 1192 a f t e r  exposure t o  

-2 -1 
uVL a t  20 ergs  mm sec followed by incubation - 

i n  i r r a d i a t i o n  media p r io r  to  p l a t i ng  on - Bc. 

p la ted  immediately following i r r ad i a t i on ;  

x held i n  phosphate buffer  fo r  6 hours 

before p la t ing ;  

v held i n  Bm fo r  6 or  24 hours before 

p la t ing ;  

8 held i n  phosphate buffer  fo r  24 hours 

before p la t ing .  

Each symbol i s  the average of two experiments. 
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i n  t he  normal manner. I t  i s  d i f f i c u l t  t o  determine a t  t h i s  
I 

t ime whether t h e  d i f f e r e n c e s  de r ived  from h o l d i n g  a r e  

s i g n i f i c a n t  o r  n o t .  

E . E f f e c t  of  Combined Pre-W-Starvat ion - and P o s t - W - ~ o l d i n g  - 

on Dose -Response 

The e f f e c t  o f  combined pre -UV-s ta rva t ion  - and post-uV- - 

ho ld ing  i n  phosphate b u f f e r  on dose-response i s  shown i n  

Figure  V-8. The r a t e  o f  i n a c t i v a t i o n  i s  much g r e a t e r  than 

t h e  r a t e  w i th  no s t a r v a t i o n  and no ho ld ing ,  and wi th  ho ld ing  

fo l lowing  uV-treatment. However t h e r e  is  an increased  s u r v i v a l  

w i th  ho ld ing  fo l lowing  i r r a d i a t i o n  o f  t he  s t a r v e d  c u l t u r e .  

F. Growth 

Coenobia taken from c u l t u r e s  i n  t h e  l o g  phase o f  growth 

-2 
and i r r a d i a t e d  w i t h  a  t o t a l  dose o f  4800 e r g s  mrn , upon 

r e i n o c u l a t i n g  i n t o  complete l i q u i d  medium show a  l a g  p r i o r  

t o  resumption o f  exponen t i a l  growth. Control  c u l t u r e s  do 

n o t  show t h i s  d e l a y  ( ~ i g .  V-9). The exponen t i a l  growth-rate 

o f  i r r a d i a t e d  c u l t u r e s  was reduced compared t o  t h e  non- 

i r r a d i a t e d  coenobia l  growth r a t e .    his UV-induced l a g  i n  c e l l  - 

m u l t i p l i c a t i o n  h a s  been noted f o r  o t h e r  organisms [ e  .g .  

Esche r i ch i a  c o l i  ( ~ e e r i n g ,  1958) and Micrococcus l y s o d e i k t i c u s  

(Elder  and Beers ,  1965) ] . 
When mutat ion s t u d i e s  were undertaken t h i s  d e l a y  and 



Figure V-8. E f f e c t  of combined p r e  -UV-s - t a rva  t i o n  and pos t -  

UV-holding - on the su rv iva l  of - E .  e legans 1192. 

non-s tarved , non-held (Figure V-7b) . non-starved, held f o r  24 hours i n  phosphate 
b u f f e r  ( ~ i g u r e  V-7b) ; 

o s t a rved ,  held i n  phosphate buf fe r ;  

X s t a rved ,  non-held (Figure 17-6) . 

The starved-held response i s  the  average of 3 

experiments. 
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-2 F igu re  V-9. E f f e c t  o f  i r r a d i a t i o n  w i t h  4800 e r g s  mrn WL - 

on t h e  growth o f  - E. e l e g a n s  1192. 

x w i t h  - W-trea tment ;  0 w i t h o u t  w - 

t r e a t m e n t .  Each cu rve  i s  t h e  average  o f  2 

exper iments  . 
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r educ t ion  i n  exponen t i a l  growth r a t e  o f  i r r a d i a t e d  c u l t u r e s  

were considered i n  o r d e r  t o  ensure  s e p a r a t i o n  o f  mutant  and 

wild-type c e l l s  o f  i n d i v i d u a l  coenobia.  

DISCUSSION 

Response of  Eudorina e l egans  t o  WL-treatment  - i s  

dependent upon t h e  metabol ic  s t a t e  o f  t h e  coenobia a t  t he  

time o f  i r r a d i a t i o n ,  t h e  dose r a t e  o f  WL - a p p l i e d  t o  t he  

coenobia,  t he  c o n d i t i o n s  o f  s t o r a g e  be tween i r r a d i a t i o n  and 

p l a t i n g ,  and the  c o n d i t i o n s  fo l lowing  p l a t i n g .  For example, 

i n a c t i v a t i o n  o f  t h e  i r r a d i a t e d  organism i s  l e s s  i f  t h e  p l a t e s  

a r e  incubated i n  i n t e n s e  l i g h t  than i f  t h e  p l a t e s  a r e  incubated 

i n  dark  c o n d i t i o n s .  

A.  General  isc cuss ion o f  u V - ~ n a c t i v a t i o n  - of  Eudorina e l egans  

The dose-response of  Eudorina e l egans  62m and 6 2 f ,  

r e p o r t e d  by ~ i s h r a  (1967) a r e  d i f f e r e n t  from those  presen ted  

h e r e .  Malloy (pe r sona l  communication) found t h a t  fol lowing 

t r ea tmen t  o f  t h e  s t r a i n  of Eudorina e l egans  used by Mishra, 

i n  a s i m i l a r  manner t o  t h e  method used h e r e ,  an i n a c t i v a t i o n  

response l i k e  t h a t  o f  ~ u d o r i n a  e l egans  1192 was ob ta ined .  

However Mishra,  found t h a t  t h e r e  was an exponen t i a l  response 

wi th  W-time - t r ea tmen t  and t h e r e f o r e  w i t h  W-dose.  - Since 

t h e  shoulder  on t h e  i n a c t i v a t i o n  curve dec reases  w i t h  t h e  



i n c r e a s i n g  dose r a t e  i n  t he  s t u d i e s  r e p o r t e d  h e r e ,  it i s  

p o s s i b l e  t h a t  t 5 e  dose r a t e  app i i ed  by ~ i s h r a  was increased  

-2 - 1 
over  20 e r g s  mm s e c  . But i n c r e a s i n g  t h e  dose r a t e  would 

r e s u l t  i n  99.9% i n a c t i v a t i o n  occu r r ing  a t  a  time much l e s s  

than 25 minutes o f  i r r a d i a t i o n ,  i n  f a c t ,  i n  l e s s  than 3 . 7  

-2 - 1 
minutes ,  s i n c e  i n a c t i v a t i o n  a t  20 e r g s  mm s e c  r e s u l t s  

i n  99.9% i n a c t i v a t i o n  a f t e r  3 . 7  minutes o f  i r r a d i a t i o n  

(F ig .  V-2) . 

I t  i s  l i k e l y  t h a t  t h e  c u l t u r e s  t r e a t e d  by Mishra f o r  

25 minutes were pho to reac t iva t ed  s i n c e ,  a t  3 2 O ~  t h e r e  i s  30% 

-2 
of  t h e  p h o t o r e a c t i v a b l e  s e c t o r ,  induced by 3600 e r g s  mm 

pho to repa i r ab l e  a t  6 hours  i n  t h e  da rk .  ~ i s h r a  grew h i s  

organism a t  20•‹C and t h e r e f o r e  reduced t h e  r a t e  o f  growth 

and probably reduced t h e  r a t e  of  PR decay and made more PR - - 

p o s s i b l e .  Whether t h e  t o t a l  amount o f  p h o t o r e a c t i v a t i o n  

reached i s  t h e  s a m e  a s  i n  exper iments  p re sen ted  h e r e  i s  

dependent on t h e  t i m e  between the  end o f  t h e  6 h r  da rk  

s t o r a g e  and t h e  beg inn ing  of t h e  da rk  pe r iod  o f  t h e  l i g h t  

re'gime, a s  shown i n  t h e  fo l lowing  c a l c u l a t i o n s .  

The amount o f  p h o t o r e a c t i v a t i o n ,  a l though p r o p o r t i o n a l  

t o  t h e  produc t  o f  t h e  t i m e  of  gg and t h e  i n t e n s i t y  o f  t h e  

p h o t o r e a c t i v a t i n g  l i g h t ,  is a f f e c t e d  d i r e c t l y  by t h e  tempera- 

t u r e  of  incuba t ion  (Kelner ,  1949a, b )  .   hot ore activation a t  



32OC a t  a  l i g h t  i n t e n s i t y  o f  1000 f t - c  i s  completed i n  

15-20 min. Therefore  a t  a  l i g h t  i n t e n s i t y  o f  300-400 f t - c  

a t  32OC, - PR would r e q u i r e  60-80 min. I f  t h e  temperature  

dependence o f  pho t o r e a c  t i v a t i o n  i n  ~ u d o r i n a  e l egans  i s  

s i m i l a r  t o  t h a t  ob t a ined  by Kelner (1949b) w i t h  Streptomyces 

g r i s e u s ,  then a  dec rease  i n  temperature  t o  20•‹C would r e q u i r e  

f i v e  t i m e s  a s  l ong  t o  - PR t he  same s e c t o r  than a t  32OC, o r  

300-400 min. I t  must be  noted t h a t  t h e  e f f e c t  of  temperature  

i s  n o t  a s  p r o p o r t i o n a l  a s  t h i s  c a l c u l a t i o n  imp l i e s  b u t  i s  

on ly  considered a s  such f o r  s i m p l i c i t y .  

Therefore ,  if t h e  time fo l lowing  dark  s t o r a g e  was l e s s  

than 6  h r .  b e f o r e  t h e  r e g u l a r  dark  c y c l e  began then t h e  

t o t a l  - PR would be less than i n  t he  experiment given he re ;  

i f  t h e  time i s  s i x  hours  o r  more b e f o r e  t h e  r e g u l a r  dark  

c y c l e ,  then t h e  t o t a l  - PR would be equa l  t o  t h a t  r e p o r t e d  h e r e .  

 his does n o t  e x p l a i n  t he  l a c k  o f  a  shoulder ;  it a c t u a l l y  

means t h a t  t h e r e  must be  a  shoulder  s i n c e  i n a c t i v a t i o n  followed 

by p h o t o r e a c t i v a t i o n  would cause  a  sigmoid curve w i t h  a  

shoulder  a t  low uV-doses. - 

I t  i s  p o s s i b l e  t o  account  f o r  ~ i s h r a ' s  f a i l u r e  t o  o b t a i n  

UV-induced mutants on the  b a s i s  o f  t h i s  PR, s i n c e  PR i s  - - - 

known t o  reduce t h e  y i e l d  o f  uV-induced - muta t ions  (Kelner,  

1949a; w i t k i n ,  1963a, b ,  1964) .  



B. Pho to reac t iva t ion  of  Eudorina e l egans  

Although s e v e r a l  thousahd W - t r e a t e d  - c lones  were t e s t e d  

f o r  decreased p h o t o r e a c t i v a t i o n  a b i l i t y ,  by s t o r a g e  i n  t h e  

l i g h t  fo l lowing  i r r a d i a t i o n ,  it h a s  n o t  y e t  been p o s s i b l e  

t o  show t h a t  p h o t o r e a c t i v a t i o n  of i n a c t i v a t e d  colony-forming- 

u n i t s  i s  a s s o c i a t e d  w i t h  enzymatic r e p a i r  o f  t h e  - W-damage, 

by i s o l a t i n g  mutants l a c k i n g  t h e  p h o t o r e a c t i v a t i n g  a b i l i t y  (See 

Chapter V I ) .  I t  i s  assumed t h a t  such i s  the  mechanism 

o c c u r r i n g  i n  Eudorina s i n c e  no o t h e r  mechanism of  - PR h a s  

been shown t o  e x i s t  i n  any organism. Mutants, d e f i c i e n t  

i n  - PR-abi l i ty  have been ob ta ined  i n  Esche r i ch i a  c o l i  B 

(Harm and ~ i l l e b r a n t ,  1962) ,  S e r r a t i a  marcescens (Winkler 

and H e i l ,  1969) , and i n  Saccharomyces c e r e v i s i a e  ( ~ e s n i c k ,  

1969) .  

The c a p a c i t y  o f  p h o t o r e a c t i v a t i o n ,  " t h e  r e s t o r a t i o n  o f  

W - r a d i a t i o n  - l e s i o n s  i n  a b i o l o g i c a l  system wi th  l i g h t  o f  a 

wavelength longer  than t h a t  o f  t he  damaging r a d i a t i o n "  is  of  

a lmos t  u n i v e r s a l  occurrence (Jagger , 1958) and i s  determined 

by t h e  i nc reased  a b i l i t y  of t he  organism t o  form a colony on 

a s o l i d  medium under long wavelength c o n d i t i o n s ,  compared t o  

t h a t  formed under d a r k  c o n d i t i o n s .  The r e s u l t s  p re sen ted  f o r  

Eudorina do n o t  a l low a d i f f e r e n t i a t i o n  between t h e  d i r e c t  

and i n d i r e c t  s y s  tems of  pho to repa i r .  D i r e c t  - PR is  temperature - 

dependent,  pho t o r e a c t i v a t i n g  l i g h t  dose -dependent, and 



r e p a i r  r e s u l t s  from t h e  s p l i t t i n g  o f  pyr imidine dimers by 
I 

a l igh t -dependent  enzyme (Terry  and Setlow, 1962) . ~ n d i r e c t  

PR has  on ly  a  s l i g h t  dependence on temperature ,  no dependence - 

on p h o t o r e a c t i v a t i n g  l i g h t  dose ,  i s  e f f e c t i v e  on ly  over a  

narrow wavelength range compared t o  t h e  d i r e c t  method and 

involves  a  l igh t - independent  enzyme (Jagger  e t  -- a 1  . , 1969) . 

Jagger e t  -- a l .  (1969) have shown t h a t  i n d i r e c t  - PR has  no 

immediate e f f e c t  on thymine dimers ,  b u t  encourages a  growth 

d e l a y  i n  which da rk  r e p a i r  p rocesses  e x c i s e  dimers .  

s i g n i f i c a n t l y  t he  - PR system i n  ~ u d o r i n a  e l egans  i s  very  

e f f i c i e n t ,  appa ren t ly  r e s t o r i n g  a  s u b s t a n t i a l  p ropor t ion  o r  

-2 
a l l  o f  t he  damage induced w i t h  t h e  W-dose - o f  7200 e r g s  mm , 

which i s  s u f f i c i e n t  t o  i n a c t i v a t e  99% o f  t h e  coenobia when 
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t r e a t e d  wi th  UVL - a t  10 e r g s  mm s e c  under dark  c o n d i t i o n s .  

This h igh  e f f i c i e n c y  o f  pho to repa i r  sugges t s  t h e  a b i l i t y  t o  

d e s t r o y  W-photoproducts - which would n o t  be pho to reac t ivab le  

i n  o t h e r  organisms,  namely ~ s c h e r i c h i a  c o l i  and Saccharomyces 

c e r e v i s i a e  ( ~ i l b e y  and smi th ,  1969) . 

C.  Dark Repair  o f  WL-Induced - Damage i n  Eudorina 

I t  h a s  n o t  been p o s s i b l e  t o  show t h a t  t h e  s u r v i v a l  

of  Eudorina e l egans  from - W - i r r a d i a t i o n  damage i s  determined 

g e n e t i c a l l y ,  by i s o l a t i o n  o f  mutants d e f e c t i v e  i n  t h i s  

a b i l i t y  (See Chapter V I ) .  This has  been shown f o r  



prokaryotes  (e  .g. ~ a e m o p h i l u s  i n f luenza :  Setlow -- e t  a l . ,  
I 

1968: Barnhar t  and Cox, 1968) and f o r  t he  euka ryo te s ,  fung i  

(Hol l iday ,  1965; chang and Tuveson, 1967; Haefner and Homey, 

1967; Snow, 1967; Cox and Par ry ,  1968; and green a l g a  

Chlamydomonas r e i n h a r d i  (Davies , 1967) . 
In s i n g l e  ce l l  systems t h e  shoulder  on t h e  W- - 

i n a c t i v a t i o n  curve has  been i n t e r p r e t e d  a s  i n d i c a t i v e  o f  

a d a r k  r e p a i r  system which becomes s a t u r a t e d  i n  t h e  shoulder  

r e g i o n ,  and o n l y  then ,  a f t e r  cons ide rab le  dose h a s  been 

app l i ed  does t h e  s l o p e  become exponen t i a l ,  and i n a c t i v a t i o n  

occu r s  (Haynes , 1964; Cox and Pa r ry ,  1968) . This i n t e r p r e t a -  

t i o n  h a s  been shown t o  be c o r r e c t  by t h e  i s o l a t i o n  o r  r e p a i r -  

d e f i c i e n t  mutan ts ,  which l a c k  t h e  shoulder  (Cox and Pa r ry ,  

1968) .  

However t h i s  i n t e r p r e t a t i o n  of  Eudorina e l e g a n s '  

i n a c t i v a t i o n  shoulder  may n o t  be  c o r r e c t  s i n c e  t h e  coenobial  

c h a r a c t e r  o f  t h e  organism could be  r e s p o n s i b l e  f o r  t he  

shoulder .  The coenobium may r e q u i r e  t h e  i n a c t i v a t i o n  o f  

s e v e r a l  of  t h e  c e l l s  be fo re  coenobia l  d e a t h ,  and t h e r e f o r e  

t he  i n a c t i v a t i o n  curve has  m u l t i p l e  h i t  c h a r a c t e r  i s  t i c s .  

In  suppor t  o f  t h i s  i dea  i s  t h e  f a c t  t h a t  p l a t i n g  o f  W- - 

i r r a d i a t e d  coenobia on a c r i d i n e  orange ,  i n  t h e  d a r k ,  does  

n o t  d e s t r o y  t h e  shoulder  of  t h e  curve (Wentworth -- e t  a 1  . , 



1970) ;  a c r i d i n e  dyes  a r e  known t o  i n h i b i t  t h e  d a r k  r e p a i r  

o f  - UV-induced l e s i o n s  by i n h i b i t i n g  pyr imidine dimer 

e x c i s i o n  (Witkin,  1963b; Setlow, 1964) , and thereby  causes  

exponen t i a l  dec rease  wi th  no shoulder  e v i d e n t  i n  t h e  i n a c t i -  

v a t i o n  curve ,  o r  on ly  a ve ry  smal l  one,  markedly reduced from 

t h e  o r i g i n a l  (Singh,  1968) . 
Also noted a s  suppor t  o f  a da rk - r epa i r  mechanism is  

t h e  marked i n i t i a l  d e l a y  i n  t h e  coenobia l  m u l t i p l i c a t i o n  o f  

W - i r r a d i a t e d  - coenobia ,  which i s  suggested t o  pe rmi t  time 

f o r  t he  o p e r a t i o n  o f  i n t r a c e l l u l a r  systems which can l ead  

t o  the suppress ion  o f ,  o r  recovery  from, some o f  t h e  UV- - 

damage (Jagger  -- e t  a l . ,  1964; Haynes, 1964; Elder  and B e e r s ,  

~ n a c t i v a t i o n  r a t e s  which a r e  lower a t  low UV-dose r a t e s  - 

than those  a t  h igh  dose r a t e s  a r e  suggested by Harm (1968) 

a s  i n d i c a t i v e  o f  t h e  occurrence o f  d a r k  r e p a i r  du r ing  the  

i r r a d i a t i o n  p e r i o d .  The r e s u l t s  r e p o r t e d  h e r e ,  comparing 
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5 and 10 e r g s  nun s e c  w i th  20 e r g s  mrn s e c  show such 

d i f f e r e n c e s  and a r e  t h e r e f o r e  sugges t ive  o f  d a r k  r e p a i r  

p roces ses  i n  ~ u d o r i n a .  

However, o t h e r  more conc re t e  evidence f o r  some form of  

d a r k  r e p a i r  does  e x i s t .  

S t a r v a t i o n  p r i o r  t o  =-treatment causes  much enhanced 

i n a c t i v a t i o n  o f  t h e  non-starved c u l t u r e .  Since the p o t e n t i a l  



damage is  expected t o  be t h e  same i n  t h e  s t a r v e d  and 
I 

non-s t a rved  c u l t u r e s  , than t h e  same i n a c t i v a t i o n  k ine  t i c s  

would be  expec ted .  However it i s  p o s s i b l e  t h a t  t h e r e  is 

r e p a i r  of  t he  p o t e n t i a l  damage i n  t h e  ac t ive ly -me tabo l i s ing  

coenobia ,  s i n c e  cons ide rab ly  more i n a c t i v a t i o n  occu r s  i n  

t h e  s t a r v e d  than i n  t h e  non-s t a rved  c u l t u r e  . A 1  t e r n a t i v e l y  

t h e  non-starved coenobia may be a b l e  t o  t o l e r a t e  a l a r g e  

number o f  UV-induced - l e s i o n s .  

Holding i n  l i q u i d  s t a r v a t i o n  o r  growth medium fo l lowing  

U V - i r r a d i a t i o n  - of  ~ u d o r  i n a  e l egans  r e s u l t s  i n  ve ry  l i t t l e  

enhanced s u r v i v a l  ( ~ i g .  V-7a, b and c )  . I t  i s  p o s s i b l e  t h a t  

t h e  enhancement observed i s  caused by p l a t i n g  e r r o r .  I n  - E .  

c o l i  t h e r e  i s  a cons ide rab le  i n c r e a s e  i n  s u r v i v a l  o f  i r r a d i a t e d  

wild-type c e l l s  a r e  l i qu id -he ld  , p r i o r  t o  p l a t i n g  (Roberts  and 

Aldous, 1949; Alper and G i l l i e s ,  1958; Jagger -- e t  a l . ,  1964; 

Harm, 1968) .   his r e a c t i v a t i o n  o f  p o t e n t i a l l y  - W - i n a c t i v a t e d  

c e l l s  i s  n o t  observed when a W - s e n s i t i v e  - s t r a i n  o f  Haemophilus 

i n f l u e n z a  i s  t r e a t e d  (Barnhar t  and Cox, 1970) . I t  t h e r e f o r e  

appears  t h a t  t h i s  type o f  enzymatic da rk  r e p a i r  o f  - W -  

induced l e s i o n s  does  n o t  occur i n  ~ u d o r i n a .  

However a conhina t ion  o f  s t a r v a t i o n  and dark-holding i n  

b u f f e r  r e s u l t s  i n  enhanced s u r v i v a l  o f  t h e  s t a r v e d  c u l t u r e ,  

b u t  reduced s u r v i v a l  from non-starved c e l l s  h e l d  i n  b u f f e r .  

I t  appears  t h a t  t h e  ho ld ing  a l lows  t h e  r e p a i r  o f  some o f  t h e  



p o t e n t i a l  damage o f  t he  non-me t a b o l i s i n g  c e l l s ,  whereas 
I 

p l a t i n g  on t h e  complete medium fo l lowing  U V - i r r a d i a t i o n  - o f  

t h i s  s t a r v e d  c u l t u r e  i n h i b i t s  t h e  r e p a i r .  However n o t  a l l  

o f  t h e  p o t e n t i a l  damage i s  r e s t o r e d  and s u r v i v a l  does n o t  

r each  t h a t  o f  t h e  non-s tarved,  i r r a d i a t e d ,  h e l d  c u l t u r e s .  

Evidence f o r  t h e  e x i s t e n c e  of  a  type  o f  d a r k  r e p a i r  a l s o  

comes from t h e  d i f f e r e n t i a l  i n a c t i v a t i o n  observed when 

i r r a d i a t e d  coenobia a r e  grown on p l a t e s  w i th  and wi thout  

a c r i d i n e  orange (Wentworth -- e t  a l . ,  1970) . There i s  a  smal l  

r e d u c t i o n  i n  s u r v i v a l  on the  a c r i d i n e  orange p l a t e s  compared 

t o  t h e  non-acr idine  orange -conta in ing  p l a t e s .  Acr id ine  dyes 

a r e  known t o  i n t e r a c t  wi th  DNA (Lerman, 1963) , and t o  block 

t h e  e x c i s i o n  o f  pyr imidine dimers (Setlow, 1964) .   his 

d i f f e r e n t i a l  i n a c t i v a t i o n  i n d i c a t e s  t h a t  t h e r e  i s  some dark  

r e p a i r  . 
~ h u s  i n  ~ u d o r i n a ,  t h e r e  is  evidence f o r  a  type  o f  dark  

r e p a i r ,  b u t  t h i s  dark  r e p a i r  appears  t o  be d i f f e r e n t  from 

t h a t  i n  o t h e r  organisms.  



CHAPTER 171 
I 

MUTANT INDUCTION,  ISOLATION AND CHARACTERISATION 

INTRODUCTION 

Mutant s t r a i n s  o f  Eudorina e l egans  r e s i s t a n t  t o  h igh  

c o n c e n t r a t i o n s  o f  t h e  d rugs  d l  -me t h i o n i n e  -dl -sulfoximine , 

erythromycin,  and s t rep tomycin ,  have been r e p o r t e d  by Mishra 

(1967) . However, h i s  a t t emp t s  t o  i s o l a t e  s t a b l e  n u t r i t i o n -  

r e q u i r i n g ,  morpholog ica l -defec t ive  and p igment -def ic ien t  

mutants were unsucces s fu l .  

The p r e s e n t  s t udy  was i n i t i a t e d  t o  examine t he  p o s s i -  

b i l i t y  o f  o b t a i n i n g  o t h e r  c l a s s e s  o f  mutants which were n o t  

found and/or n o t  sought  a f t e r  by ~ i s h r a  [ e  .g. pigment- 

d e f i c i e n t ,  morpholog ica l -defec t ive  , u l  t r a - v i o l e  t s e n s i t i v e ,  

and c o n d i t i o n a l  l e t h a l  ( t empera tu re - sens i t i ve )  and complete 

auxot rophic  mutants  1 . The mutants which were i s o l a t e d  and 

c h a r a c t e r i s e d  i nc lude  f i v e  auxot rophic  mutan ts ,  two o f  which 

a r e  d e f i c i e n t  i n  c h l o r o p h y l l s  and one which i s  unable  t o  

undergo normal coenobia l  breakdown. 

MATERIALS AND METHODS 

A .  Mutant Induc t ion  

Mutants were induced e i t h e r  by NTG-treatment o r  by 

UVL-treatment. - 



A (i) . =-Treatment 
I 

The mutants induced by NTG-treatment - were i s o l a t e d  

from an exper iment  designed t o  determine t h e  l e t h a l i t y  

response of t h e  organism t o  NTG when grown on p l a t e s  con- - 

t a i n i n g  5.0 yg/ml - NTG. The procedure used i s  desc r ibed  i n  

t h e  fo l lowing  paragraphs .  

Coenobia o f  a l o g  phase c u l t u r e  were spread on t h e  NTG- - 
con ta in ing  - Bc aga r  and incubated under a l i g h t  i n t e n s i t y  o f  

1000 f t - c  a t  2 2 ' ~  f o r  f i v e  days .  The c o l o n i e s  were then 

washed from t h e  p l a t e s  w i th  approximately 5 ml /p la te  - Bc, 

washed once,  and resuspended i n  - Bc. Af t e r  incuba t ion  f o r  

seven days  under s t anda rd  growth c o n d i t i o n s  a t  2 2 O C ,  s u f f i -  

c i e n t  growth had occur red  t o  a l l ow any mutant  c e l l s  o f  a 

coenobium t o  produce daughter  coenobia and t h e r e f o r e  t o  be 

s e p a r a t e  from t h e  wild-type c e l l s .  

The coenobia were then p l a t e d  on BC p l a t e s ,  and grown - 

u n t i l  c o l o n i e s  w e r e  v i s i b l e ;  t h e s e  c o l o n i e s  were t e s t e d  f o r  

a b i l i t y  t o  grow on Bm and - Bc p l a t e s  a t  2 2 O c  and 32Oc by 

t r a n s f e r r i n g  t h e  c o l o n i e s  t o  two Bm - and two - Bc p l a t e s  and 

incuba t ing  one o f  each p a i r  a t  each temperature .  

A ( i i) .  UVL-Treatment 

A 20 m l  c u l t u r e ,  grown under s tandard  growth c o n d i t i o n s ,  

was suspended i n  10 m l  phosphate b u f f e r  and t r e a t e d  w i t h  a 



dose o f  4800 e r g s  mrn m. 
I 

The c u l t u r e  was washed twice ,  resuspended i n  20 m l  Bc - 
medium i n  a  fo i l -covered  f l a s k  and incubated under s tandard  

growth c o n d i t i o n s  f o r  6-8 days .  The f o i l  was removed from 

t h e  f l a s k  a f t e r  24 hour s ,  t he  time s u f f i c i e n t  t o  p r e v e n t  

pho t o r e a c t i v a t i o n  (See Chapter V) . A f t e r  t h e  growth p e r i o d ,  

t h e  coenobia were p l a t e d  on Bc, and incubated under s tandard  - 
growth c o n d i t i o n s  u n t i l  c o l o n i e s  were v i s i b l e  (5-7 d a y s ) .  

The c o l o n i e s  were then t e s t e d  f o r  a  mutant  phenotype. 

B.  Mutant I s o l a t i o n  

The c r i t e r i o n  o f  i s o l a t i o n  o f  auxot rophic  mutants was 

t h e i r  a b i l i t y  t o  grow on - Bc p l a t e s  b u t  i n a b i l i t y  t o  grow on 

Bm p l a t e s .  - 

B (i) . I s o l a t i o n  o f  NTG-Induced Mutants 

I n i t i a l l y  c o l o n i e s  on - Bc p l a t e s ,  grown from NTG-treated - 
coenobia ,  were t r a n s f e r r e d  us ing  v e l v e t e e n ,  by t h e  r e p l i c a -  

p l a t i n g  technique of Lederberg and Lederberg (1952) , t o  two 

Bm and two Bc p l a t e s  f o r  i d e n t i f i c a t i o n  o f  temperature-  - - 

s e n s i t i v e  o r  complete auxot rophic  mutants.  

Af t e r  f a i l i n g  t o  i d e n t i f y  any auxotrophic  mutants among 

approximately 3000 t r a n s f e r r e d  c o l o n i e s ,  each o f  500 o f  t h e s e  

c o l o n i e s  was resuspended i n t o  0.2 m l  - Bm, f o r  24 hours  under 
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t h e  l i g h t  i n t e n s i t y  of  1000 f t - c  a t  22OC.  I t  was assumed t h a t  

t h e  i n t r a c e l l u l a r  supp ly  o f  any requ i rement  would be  d e p l e t e d  

by  t h i s  p rocedure .  The suspens ions  w e r e  then  s p o t t e d ,  a l ong  

w i t h  a  non - t r ea t ed  wi ld- type c o n t r o l  suspens ion ,  u s i n g  a  

c a p i l l a r y  t ube ,  o n t o  two Bm and two BC p l a t e s ,  and incuba ted  - - 
a t  2 2 ' ~  and 3 2 O ~ .  From t h i s  method two complete auxot roph ic  

mutants  w e r e  i s o l a t e d ,  growing n e i t h e r  a t  2 2 ' ~  nor  a t  3 2 O ~  

on - Bm, b u t  a t  b o t h  t empera tu res  on BC . - 

B (ii) . I s o l a t i o n  o f  WL-Induced Mutants 

Following growth i n  - B c  l i q u i d  medium o f  a  c u l t u r e  

t r e a t e d  w i t h  4800 e r g s  E, and growth on B c  p l a t e s  - 

o f  t h e  coenobia  i n t o  c o l o n i e s ,  2000 c o l o n i e s  w e r e  p icked  

i n t o  0 .2  m l  Bm and incuba ted  f o r  24 hou r s  a t  32Oc and 1000 - 

f t - c  l i g h t  i n t e n s i t y .  These suspens ions  w e r e  then  s p o t t e d  

on one Bm p l a t e  and 3  B c  p l a t e s  f o r  t r e a t m e n t  a s  fo l l ows .  - - 

One - BC p l a t e  and t h e  minimal p l a t e  w e r e  incuba ted  under 

s t a n d a r d  l i g h t  and tempera tu re  c o n d i t i o n s  f o r  f i v e  days ,  f o r  

d e t e r m i n a t i o n  o f  a l t e r e d  n u t r i t i o n a l  requ i rements  o f  any o f  

t h e  c o l o n i e s .  The o t h e r  two Bc p l a t e s  w e r e  used t o  de te rmine  

whether any o f  t h e  c o l o n i e s  showed i n c r e a s e d  W-sens i t i v i t y  - 

from t h a t  o f  t h e  wi ld - type ,  by i n c r e a s e d  i n a c t i v a t i o n  a f t e r  

h o l d i n g  i n  t h e  d a r k ,  o r  by  i n a b i l i t y  t o  p h o t o r e a c t i v a t e  t h e  

UV- inac t i va t ed  - s e c t o r .  ~ h e s e  p l a t e s ,  a f t e r  d r y i n g  f o r  30 
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minu tes ,  w e r e  i r r a d i a t e d  w i t h  uVL a t  3600 e r g s  mm 

I 

[ g i v i n g  10% s u r v i v a l  o f  wild.-type coenobia  when s t o r e d  

i n  t h e  d a r k  immediately a f t e r  t r e a t m e n t  ( ~ i g u r e  V-2 )  , and 

100% s u r v i v a l  when p l aced  i n  t h e  l i g h t  immediately af ter  

t r e a t m e n t  ( ~ i g u r e  V-3) l .  One p l a t e  w a s  k e p t  f o r  24 hou r s  

i n  t h e  d a r k  t o  p r e v e n t  - PR b e f o r e  i ncuba t i on  under s t anda rd  

growth c o n d i t i o n s ,  and t h e  o t h e r  p l a t e  w a s  p l aced  immediately 

i n  t h e  l i g h t  a t  32OC. Af t e r  seven days  o f  growth,  t h e  

s u r v i v a l  o f  i r r a d i a t e d  c o l o n i e s ,  a r i s i n g  from mutagen- t rea ted  

c u l t u r e s  w a s  compared t o  the s u r v i v a l  o f  t h e  c o n t r o l  c o l o n i e s .  

Those s t r a i n s ,  induced by e i t h e r  NTG - o r  UVL, which - 

appeared t o  have mutant  phenotypes ,  w e r e  i s o l a t e d  o n t o  BC - 

p l a t e s  f o r  f u r t h e r  c h a r a c t e r i s a t i o n .  

C . Mutant c h a r a c t e r  i s a t i o n  

C ( i) . Auxotrophic Mutants 

The presumpt ive  mutants  w e r e  then c loned  by s t r e a k i n g  

o n t o  - BC p l a t e s  and t h e  c o l o n i e s  r e t e s t e d  f o r  n u t r i t i o n a l  

requ i rements  on - Bm and E. A f t e r  r e p e t i t i o n  o f  t h i s  c l o n i n g  

s t e p  t o  de te rmine  t h e  s t a b i l i t y  of  t h e  mutan t s ,  two types  

o f  tests w e r e  c a r r i e d  o u t  t o  de te rmine  t h e  n u t r i t i o n a l  

requ i rements .  

F i r s t  a l o g  phase  c u l t u r e  w a s  s t a r v e d  f o r  24 hou r s  and 

s p o t t e d  on - ~m-supplemented p l a t e s .  Following de t e rmina t i on  



of  t he  requi rement  t h e  mutant was p l a t e d  on to  - ~m-supplemented 
I 

p l a t e s  t o  determine t h e  e f f i c i e n c y  of  p l a t i n g .  Since it was 

n o t  p o s s i b l e  t o  g e t  t he  wild-type organism t o  grow on - ~ m -  

v i tamin  mix (Everso le ,  1956) , it was assumed t h a t  any mutant 

which grew on y e a s t  e x t r a c t ,  b u t  n o t  on any o f  t h e  o t h e r  sup- 

plements (Table 11-3) ,  was d e f e c t i v e  i n  i t s  a b i l i t y  t o  synthe-  

sise a v i tamin .  This was subsequent ly  v e r i f i e d .  I f  a mutant 

was suspec ted  t o  have a vi tamin-requirement ,  it was f u r t h e r  

t e s t e d  by p l a t i n g  on - Bm-supplemented wi th  i n d i v i d u a l  v i t amins .  

The second method o f  i d e n t i f i c a t i o n  was t o  grow t h e  

mutants i n  l i q u i d  - Bm, - Bm p l u s  t h e  requirement  and - BC, f o l -  

lowing growth e i t h e r  by A 
560 

o r  cfu/ml, a s  desc r ibed  i n  

Chapter I1 E .  Growth ~ h r a c t e r i s a t i o n .  

C (ii) . Pigment-Def i c i e n t  Mutants : Chlorophyl l  ~ e t e r m i n a t i o n s  

To ta l  ch lo rophy l l  and ch lo rophy l l  a and b concen t r a t i ons  

w e r e  determined by the  procedure  o f  Arnon (1949) based on the  

method o f  MacKinney (1941) . The ch lo rophy l l  was e x t r a c t e d  by 

shaking  t h e  coenobia i n  80% ace tone  and t h e  absorbance o f  t h e  

ace tone  e x t r a c t  measured a t  645, 652, and 663 nm i n  a 10 rnm 

q u a r t z  c e l l  i n  a ~ a u s c h  and Lomb p r e c i s i o n  Spectrophotometer . 
The c o n c e n t r a t i o n s  o f  ch lo rophy l l  a and b w e r e  c a l c u l a t e d  

u s i n g  t h e  equa t ions  o f  Arnon (1949) and t h e  abso rp t ion  co- 

e f f i c i e n t s  o f  c h l o r o p h y l l  a and b given by ~ a c ~ i n n e y  (1941) .  



The c a l c u l a t i o n s  a r e  o u t l i n e d  i n  Appendix I11 (from Arnon, 

I 

1949) .  

The absorbance-wavelength o f  t he  whole coenobia o f  

mutants and wild- type s t r a i n s  were determined us ing  t h e  

Coleman Spec trophome t e r  6C. 

RESULTS 

~ u d o r i n a  e l egans  1192 and 1193, w i th  which t h e  mutants 

a r e  compared grew i n t o  smooth, r a i s e d ,  dark-green c o l o n i e s  

when p l a t e d  on - Bc and - Bm. The growth i n  l i q u i d  media o f  

t h e s e  two s t r a i n s  i s  shown i n  ~ i q u r e s  111-3 and 111-4. 

Mu t a n  t Types 

AS presumptive mutants were picked from - Bc fo l lowing  p r e -  

l imina ry  t e s t s  f o r  growth on - Bc and Bm, they  were given a  - 
number (M-mutant number) , where t h e  numbers were consecut ive .  

Those numbers omi t ted  h e r e  i n  t h e  sequence M - 1  t o  M-56, 

inc lude  mutants which r e v e r t e d  o r  were l o s t  due t o  mechanical 

f a i l u r e  o f  l a b o r a t o r y  equipment, and wild-type organisms 

which w e r e  mis takenly  i s o l a t e d .  

There were no temperature  - s e n s i t i v e  mutants o r  mutants 

w i th  a l t e r e d  u l t r a - v i o l e t  l i g h t  s e n s i t i v i t y  found i n  t e s t i n g  

s e v e r a l  thousand c o l o n i e s ,  t r e a t e d  wi th  NTG and UVL r e s p e c t i v e l y .  

A.  Nico t inamide - ~ e q u i r  i n g  Mutants 

Two mutants ,  des igna ted  M - 1  and M-2 were i s o l a t e d  from 



t h e  same c u l t u r e  o f  Eudor ina  e l e g a n s  1193,  f o l l o w i n g  growth 
I 

o f  t h i s  s t r a i n  on - NTG p l a t e s .  These mutan t s  a r e  v e r y  s t a b l e ,  

h a v i n g  been main ta ined  i n  c u l t u r e  f o r  o v e r  a  y e a r  w i t h o u t  

e v e r y  h a v i n g  been obse rved  t o  r e v e r t  t o  wi ld - type .  

A comparison o f  t h e  e f f i c i e n c i e s  o f  p l a t i n g  o f  t h e s e  

m u t a n t s  a r e  p r e s e n t e d  i n  Table VI-1 (Appendix 11) . These 

r e s u l t s  s u g g e s t  t h a t  t h e  two mutan t s  a r e  o f  t h e  same o r i g i n .  

However it w i l l  n o t  be p o s s i b l e  t o  c o n c l u s i v e l y  d e t e r m i n e  

t h i s  un ti1 t h e  s e x u a l i t y  s y s  t e m  h a s  been developed s u f f i c i e n t l y  

and comparison o f  growth u s i n g  n i c o t i n a m i d e  p r e c u r s o r s  [e .g.  

n i c o t i n i c  a c i d ,  an t h r a n i l i c  a c i d ,  i n d o l e ,  t r y p t o p h a n  and 

k y n u r i n e  (Gowans , 1956; Brennar , 1955) 1 have  been made. 

F i g u r e  V I - 1  shows t h e  growth r e s p o n s e  o f  M - 1  t o  - Bm 

and t o  supplements  o f  - Bm. No o t h e r  compounds known t o  be 

p r e c u r s o r s  o f  n i c o t i n a m i d e  were t e s t e d  f o r  t h e i r  growth- 

s u p p o r t i n g - a b i l i t y .  

I t  i s  s i g n i f i c a n t  t h a t  t h e  growth o f  M - 1  i n  - Bm- 

supplemented w i t h  n i c o t i n a m i d e  a t  1 .0  Lg/ml was i n h i b i t e d  t o  

a p p r o x i m a t e l y  one q u a r t e r  of  t h e  growth i n  - Bm-supplemented 

w i t h  0 .01  and 0 . 1  y g / m l  n i c o t i n a m i d e  whereas t h e  p a r e n t a l  

s t r a i n  w i l l  grow i n  1 . 0  pg/ml. S i n c e  t h e  c o n c e n t r a t i o n  o f  

n i c o t i n a m i d e  used i n  t h e  i s o l a t i o n  o f  t h e  mutant  was 0.75 

pg/ml it i s  p o s s i b l e  t h a t  t h e r e  c o u l d  be s e l e c t i o n  a g a i n s t  

some mutan t s  by  t h i s  h i g h  c o n c e n t r a t i o n .  
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TABLE V I - E  
I 

E f f i c i e n c i e s  o f  P l a t i  ng of  Some Auxotrophic  Mutants o f  Eudorina e l e g a n s  

( c .  f .  Appendix 1 1 )  

Media 

Bm + Yeast  e x t r a c t  (2  g / l )  - 
Bm + Yeast  e x t r a c t  ( 0 . 4  g / l )  - 
Bm + Beef e x t r a c t  ( 0 . 2  g / l )  - 
Bm + Casamino a c i d s  ( 2 . 5  g / l )  - 
Bm + Casamino a c i d s  ( 0 . 4  g / l )  - 
Bm + Nucle i c  a c i d s  - 
Bm + Nicot inamide ( 0 . 7 5  mg/ l )  

Bm + Sodium a c e t a t e  ( 1 . 0  g / l )  - 
Bm + Sodium a c e t a t e  (0 .2  g / l )  - 

E f f i c i e n c i e s  o f  P l a t i n g  (%) 

M- 1 M- 2  M- 3 M- 6  

100 100 100 100 

0  0  5  1 

200 170 - - - - 

200 260 0  - - 

100 130 4  0  2  5  

100 130 2  0  0  

0  0  1 . 5  0  

0  0  1 . 0  - - 
0  0  - - - - 

170 170 - - - - 
0  0  - - - - 
0  0  130 120 



Figure  V I - 1 .  E f f e c t  o f  n icot inamide on t h e  growth o f  M - 1 .  

A c u l t u r e  resuspended i n  - Bm f o r  2 4  hours  was 

inocu la t ed  i n t o  Bm, - - ~ r n  supplemented wi th  

n ico t inamide  and - Bc . The concen t r a t i ons  o f  

n ico t inamide  a r e  given i n  wg/ml. 



TIME (DAYS) 



B.  ~ c e t a t e - ~ e q u i r i n g ,  Morphological Defective Mutant 
I 

M-6, isolated from E - t r e a t e d  parental s t r a i n  1192, 

produces large clumps i n  l iquid culture.   his clumping i s  

caused by the f a i lu re  of the daughter coenobia to separate 

from the parental coenobial envelope when the daughter coenobia 

reach the 16-  or 32-celled stage. The parental coenobial 

envelope does break down a t  what appears to be a time when 

the mass of the clumps becomes too great .  

 his mutant has an acetate requirement, similar to  M-3 

(Table V I - 1 ;  Appendix 11) . However it has not been charac- 

ter ised by growth i n  l iquid media, since the growth habi t  i s  

so i r regular .  

Spotting or streaking of M-6 on p la t e s ,  yielded large 

and small colonies. When e i the r  a large or a small colony 

was streaked, both types of colonies were formed. The a b i l i t y  

of the large and small colonies to  give r i s e  to  both types 

of colonies indicates t h a t  th i s  character is  s table  and genetic 

i n  o r ig in ,  ra ther  than a temporary phenotype caused by a 

cytoplasmic a l t e ra t ion .  

C . Acetate -Requiring, pigment ~ e f  i c i en t  Mutant 

M-3 was isolated from ul t ra -v io le t  l i g h t  treated wild- 

type parental s t r a i n  1 1 9 2 .  A comparison of growth of M-3 i n  

l iquid minimal medium supplemented with complex organic 



compounds (Figure V I - 2 )  indicates tha t  the requirement i s  a 

vitamin. However cons ideration of the efficiency of pla t ing 

data presented i n  Table V I - 1  (~ppendix 11) shows, while 

there i s  some growth supported by yeast  ex t rac t  (approximately 

40% of tha t  supported by - Bc), growth i s  dependent on the 

presence of an acetate source. The f a c t  tha t  there i s  very 

limited growth i n  - Brn supplemented with sodium acetate (1.0 

mg/ml) l iquid and sol id  media i s  due e i ther  to concentration 

or pH inhibi t ion.  Growth i n  yeast ex t rac t  indicates e i the r  

tha t  there i s  some acetate i n  the yeast ex t rac t  or tha t  the 

organism i s  capable of using some other component of yeast 

ex t rac t  as a carbon source. The former reason s a t i s f i e s  the 

f a c t  since the amino acids i n  casamino acids would be expec- 

ted to be used as  carbon sources, and therefore would support 

growth i f  many carbon compounds could sa t i s fy  the growth 

requirement. The growth which does occur on casamino acids 

can be a t t r ibu ted  to  the f a c t  tha t  the mutation does not 

to t a l ly  inactivate the function and sometimes there i s  some 

growth (i .e . "leakyi1 mutant) . 
~t i s  s igni f icant  tha t  t h i s  mutant i s  defective i n  i t s  

a b i l i t y  to synthesize chlorophyll (Table V I - 2 )  to the extent  

t h a t  the coenobia contain only one-half the amount of chloro- 

phyll t h a t  the wild-type organism does. 



Figure  VI-2. E f f e c t  o f  o r g a n i c  supplements on t h e  growth o f  

M-3. A c u l t u r e  i ncuba t ed  i n  Bm f o r  24 hou r s  - 

was i n o c u l a t e d  i n t o  t h e  t e s t  media and growth 

was fo l lowed by  p l a t i n g  on BC. - 

Bm; Bm + sodium a c e t a t e  (1 g / l ) ;  - - 

r - Bm + casamino a c i d s  (2 .5  g / l )  ; u Bm 

+ n u c l e i c  a c i d s ;  v - Bm + casarnino a c i d s  

(2 .5  g / l )  + y e a s t  e x t r a c t  (2 .0  g / l ) ;  x - Bm 

+ y e a s t  e x t r a c t  (2.0 g / l ) ;  0 - BC. 



B t I I I s 

I 2 3 4 5 6 7 

TIME (DAYS) 





D. Auxotrophic, pigment D e f i c i e n t  Mutant 
I 

Following an i n i t i a l  l a g  o f  24 hours  o f  t h e  growth of 

M-56 i n  - Bc growth occur red  a t  a  r a t e  e q u i v a l e n t  t o  t h a t  o f  

t he  p a r e n t a l  s t r a i n  1192 (Figure  VI-3) . The f i n a l  coenobia l  

concen t r a t i on  was approximately one-half t h a t  o f  t he  wi ld-  

type .  There was l i t t l e  growth of M-56 i n  Bm; however Kemp - 

(persona l  communication) h a s  found t h a t  t h i s  mutant  w i l l  

grow w e l l  i n  ~ e i j e r  i n c k ' s  minimal medium ( G o w ~ ~ s ,  1956) i n  

which ammonium n i t r a t e  r e p l a c e s  t he  sodium n i t r a t e  o f  Bm - 

a s  t h e  n i t r o g e n  source .  This sugges t s  t h a t  M-56 r e q u i r e s  a 

reduced n i t r o g e n  source  f o r  growth. NO o t h e r  growth s t u d i e s  

have been completed . 
Figure  VI-4 shows the  abso rp t ion  s p e c t r a  o f  suspensions  

o f  equa l  coenobia l  concen t r a t i ons  (cfu/ml) o f  l o g  phase c u l t u r e s  

o f  M-56 and o f  t h e  p a r e n t a l  s t r a i n .  The spectrum of  t h e  

mutant was depressed  a t  a l l  wavelengths.  A comparison o f  

t he  c h l o r o p h y l l s  p r e s e n t  (Table VI-2; Appendix 111) i n d i c a t e d  

t h a t  bo th  c h l o r o p h y l l s  p r e s e n t  i n  t h e  mutant a r e  reduced t o  

about  one- twent ie th  o f  t h a t  i n  t h e  wild-type organism. 

A l l  mutants which have two phenotype changes ( see  B,  c 

and D above) could have mutat ions  i n  two l o c i  - o r  a s i n g l e  

mutat ion i n f l u e n c i n g  two pathways, Fur ther  s t u d i e s  w i l l  be 

necessary  t o  supply a s a t i s f a c t o r y  answer t o  t h i s  ques t ion .  



F i g u r e  VI-3. Growth o f  - E .  e l e g a n s  1192 and M-56 i n  - B c .  

x s t r a i n  1192;  0 M-56. 



TIME (HOURS) 



Figure  VI-4. Absorption s p e c t r a  o f  c u l t u r e s  c o n t a i n i n g  

approximately  t h e  same number o f  coenobia o f  

E .  - e l egans  1192 and M-56. 





E .  Other Mutants 
I 

Several  mutants had been cha rac te r i sed  t o  the  p o i n t  of 

determinat ion t h a t  they were vi tamin-requir ing auxotrophs 

when l o s t  by f a i l u r e  of labora tory  equipment or  by revers ion  

t o  wild-type. 

DISCUSSION 

This i n v e s t i g a t i o n  revealed t h a t  auxo t roph ic  , morphological - 

defec t ive  and pigment-def i c i e n t  mutants of ~ u d o r i n a  eleqans 

can be induced and i s o l a t e d .  However it i s  poss ib le  t h a t  

techniques d i f f e r e n t  from those used here  w i l l  be required 

before mutational and gene t i c  s t u d i e s  w i l l  be advanced t o  a  

meaningful s t age  . 

F i r s t ,  the  use of a  technique f o r  t r a n s f e r  of a  l a r g e  

number of co lonies  w i l l  have t o  be developed. The r e p l i c a -  

p l a t i n g  technique of  Lederberg and Lederberg (1 952) f o r  colony 

t r a n s f e r  i s  u n s a t i s f a c t o r y  f o r  use with Eudorina elegans s ince  

the  quan t i ty  of n u t r i e n t  c a r r i e d  over by the  velveteen from 

complete t o  minimal p l a t e s  is  s u f f i c i e n t  t o  al low growth o f  

any auxotrophs i n t o  v i s i b l e  co lonies .  Also t h e  technique of 

p icking  presumptive mutants i n t o  minimal medium, and depriving 

them of any exogenous compound before t e s t i n g  i s  l imi ted  by 

the  time and pa t ience  of the r e sea rcher .  I t  is  poss ib le  t h a t  

the  technique of Roberts (1959) , developed f o r  fi lamentous 



f u n g i ,  u s i n g  a  pin-board i n  p l a c e  of  ve lve t een ,  can be used 

so t h a t  t h e r e  i s  on ly  a  t rans ' fe r  o f  c o l o n i e s  and on ly  t h a t  

exogenous m a t e r i a l  on t h e  envelope o f  t h e  coenobia .  I t  a l s o  

s e e m s  p o s s i b l e  t h a t  t h e  method used by  Lewin (1952) wi th  

Chlamydomonas moewusii t o  i d e n t i f y  t h e  few mutant c o l o n i e s  

among a  l a r g e  popu la t ion  o f  non-mutant c o l o n i e s ,  can be  

a d a p t e d  f o r  use  w i th  Eudorina e l eqans .  Chlamydomonas 

m o e w u s i i  w i l l  grow i n  t h e  presence  o f  low concen t r a t i ons  of  

bromothymol b l u e  o r  n e u t r a l  r e d ,  remaining i t s  d a r k  green 

c o l o r .  However dy ing  c e l l s ,  i n  t h e  presence o f  e i t h e r  o f  

t h e s e  compounds accumulate t he  dye,  a l lowing  v i s u a l  determina-  

t i o n  o f  dy ing  c o l o n i e s .  I f  wild-type c o l o n i e s  o f  Eudorina 

e l e g a n s  w i l l  grow on - Bm c o n t a i n i n g  t h e  dye,  b u t  mutants d i e  

o n  t h e  same medium, a  technique us ing  t h i s  obse rva t ion  f o r  

i s o l a t i o n  o f  auxotrophs could be developed.  

The growth c h a r a c t e r i s t i c s  o f  M-3 on Bm and Bm- - - 

supplemented media sugges t  t h a t  UVL-induced - mutants a r e  n o t  

as e a s i l y  c h a r a c t e r i s e d  a s  a r e  those  induced by NTG. This 

c o u l d  mean t h a t  NTG i s  much more e f f e c t i v e  i n  mutat ion 

i n d u c t i o n  than i s  t h e  WL, o r  i s  h a r s h e r  caus ing  chromosomal 

damage, and the  use  o f  NTG o r  o t h e r  chemicals w i l l  b e  

r e q u i r e d  i n  p l a c e  o f  WL. 

The t h i r d  a l t e r a t i o n  i n  t h i s  s tudy  might be  i n  t h e  d i r e c -  

t i o n  o f  n u t r i t i o n  f o r  growth o f  mutagen-treated coenobia and 



f o r  mutant c h a r a c t e r i s a t i o n .  r t  i s  h i g h l y  probable  t h a t  the  
1 

f a i l u x e  t o  f i n d  o t h e r  auxotrophic  mutants s i m i l a r  t o  those  

ob ta ined  i n  Chlamydomonas s t u d i e s  (Everso le ,  1956; Gowans , 

1956) i s  caused by the  s e l e c t i o n  a g a i n s t  mutants d u r i n g  the  

i n i t i a l  growth of  t he  mutagen-treated coenobia , by components 

of t h e  growth medium. Such a  s i t u a t i o n  has  been found i n  

s t u d i e s  o f  a r g i n i n e - r e q u i r i n g  mutants o f  Chlamydomonas r e i n h a r d i  

(Loppes , 196633, 1968, 1969a) and f o r  h i s t i d i n e  - r equ i r ing  

mutants o f  Neurospora c r a s s a  (Haas e t  a 1  . , 1952) . -- 

The c o n c e n t r a t i o n  of  t h e  i n d i v i d u a l  supplements t o  - Bm 

(e . g.  n ico t inamide)  , even though suppor t ing  growth o f  wi ld-  

type ,  may be too  h igh  t o  suppor t  growth o f  some mutants.  

During c h a r a c t e r  i s a t i o n  o f  a  mutant t h i s  concen t r a t i on  i n h i -  

b i t i o n  of  growth could be m i s i n t e r p r e t e d  a s  a  l a c k  o f  t h e  

neces sa ry  requi rement  f o r  growth and t h e r e f o r e  y i e l d  confus ing  

r e s u l t s .  



CHAPTER V I I  
I 

GENERAL DISCUSSION 

A t  t h e  o u t s e t  o f  t h i s  i n v e s t i g a t i o n ,  t h e  ques t ion  was 

asked concerning t h e  use  of  Eudorina e l egans  a s  a  t o o l  t o  

s tudy  problems o f  physiology,  morphogenesis and c e l l u l a r  

d i f f e r e n t i a t i o n ,  and t h e  g e n e t i c  c o n t r o l  o f  t he se  p roces ses .  

The ques t ion  h a s  a  ve ry  broad scope because such a  s tudy  i s  

a c t u a l l y  a t t empt ing  t o  determine how an organism becomes an 

organism, o r ,  a t  l e a s t ,  how some e s s e n t i a l  s t r u c t u r e  o r  

p rocess  o f  an organism i s  gene t i c a l l y  determined . 

The p r e p a r a t i o n  f o r  such a  s tudy  r e q u i r e s  a  g r e a t  d e a l  

of b a s i c  r e s e a r c h  be fo re  s i g n i f i c a n t  advancement can be made 

i n  t h e  d e s i r e d  f i e l d ,  o r  even b e f o r e  an e v a l u a t i o n  o f  t h e  

s u i t a b i l i t y  o f  t h e  organism as a t o o l  t o  s tudy  it can be made. 

The p roces ses  o f  c y t o k i n e s i s  and nuc lea r  d i v i s i o n  o f  

~ u d o r i n a  e l eqans  have been descr ibed  i n  g r e a t  d e t a i l  by 

Golds te in  (1964) and Mishra (1967) . Also t h e  u l t r a s t r u c t u r e  

has  been s t u d i e d  by Lang (1963) . These i n v e s t i g a t i o n s ,  a long  

wi th  t h a t  o f  Rayns and Godward (1965) who p r e s e n t  t h e  growth 

and m i t o t i c  c h a r a c t e r i s t i c s ,  d e s c r i b e  t he  c h a r a c t e r i s t i c s  o f  

t he  wild-type organism which a r e  e s s e n t i a l  t o  t h e  organism. 

However t o  s tudy  the  p roces ses  g iv ing  rise t o  t h e s e  c h a r a c t e r -  

i s  t i c s  s t a b l e  g e n e t i c  v a r i a n t s  must be ob ta ined .  



This s t u d y  shows t h a t  Eudorina can be handled q u a n t i t a -  

t i v e l y ,  t h a t  mutants of ~ u d o k i n a  can be ob ta ined  and charac-  

t e r i s e d  and t h a t  t h e  p roces ses  involved i n  r e p a i r  o f  damage 

induced by u l t r a - v i o l e t  l i g h t  may be d i f f e r e n t  from r e p a i r  

p roces ses  under s t u d y  i n  o t h e r  organisms.  More s p e c i f i c a l l y  

the fo l lowing  r e s u l t s  were ob ta ined  which wi th  t h e  l i t e r a t u r e  

r e s u l t s  make f u r t h e r  s t u d i e s  i n  t he  d i r e c t i o n s  i n d i c a t e d  

p o s s i b l e .  The growth c h a r a c t e r i s t i c s  of  Eudorina on s o l i d  

and i n  l i q u i d  minimal, minimal -supplemented and complete media 

w e r e  determined.  ~ n a c t i v a t i o n  o f  t h e  wi ld- type organism by 

NTG, a  mutagen, and EMS, a p o t e n t i a l  mutagen, o f  ~ u d o r i n a  

occu r s  v e r y  r a p i d l y .  From t h e  i n a c t i v a t i o n  responses  of 

Eudorina t o  t h e  drugs  s t reptomycin , 8-azaguanine , p e n i c i l l i n  

and su l f an i l amide  it appears  t h a t  t he se  agen t s  have l i t t l e  

p o t e n t i a l  f o r  mutant  enrichment.  I t  was found, by cons ide r ing  

the response o f  ~ u d o r i n a  t o  UVL t h a t  t he  response  of  t h i s  

s t r a i n  of  Eudorina i s  d i f f e r e n t  from r e s u l t s  publ i shed  on t h e  

W - s e n s i t i v i t y  - o f  another  s t r a i n ,  t h a t  whereas t h e r e  i s  

l i t t l e  da rk  r e p a i r  o f  i r r ad i a t i on - induced  -1es i o n s ,  photo- 

r e p a i r  r e s t o r e s  most =-damage t o  a h i g h  t o t a l  dose.  

~ o l l o w i n g  t r ea tmen t  o f  coenobia w i t h  - W L  o r  NTG auxo- 

t r o p h i c ,  auxotrophic-pigment d e f i c i e n t  and auxotrophic-  

morphological  d e f e c t i v e  mutants were ob ta ined .  These 

mutants w e r e  c h a r a c t e r i s e d  t o  t h e  l e v e l  o f  i n d i v i d u a l  
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requirements.  

In  order  t o  f a c i l i t a t e  f u r t h e r  work, problems a r i s i n g  in  

handling t h i s  organism have been ou t l ined  and poss ib le  solu- 

t i o n s  t o  them a r e  included i n  the  var ious  sec t ions .  These 

a r e  repeated he re .  

~ i r s t ,  the  growth h a b i t  of the  wild-type organism must 

be s tudied  more f u l l y  a t  the  l e v e l  of supplements which w i l l  

be added t o  the  minimal medium t o  support  growth of most 

auxotrophic mutants. This w i l l  probably r e q u i r e  a d r a s t i c  

reduct ion i n  the  concentrat ion of complex supplements (e . g. 

casamino ac ids  and y e a s t  e x t r a c t )  and of the  indiv idual  sup- 

plements (e .g. nicotinamide) . 
The UV-induced - mutant which has  been cha rac te r i sed  to  

the  l e v e l  of a s i n g l e  requirement is leaky,  and a s  such was 

d i f f i c u l t  t o  c h a r a c t e r i s e .  A t  the o the r  end of  the spectrum 

a r e  those mutants induced by NTG; these mutants have abso- 

l u t e  requirements.  I t  is  poss ib le  t h a t  the  W-induced mutants - 

a r e  the r e s u l t  of  a s i n g l e  base-pair  a l t e r a t i o n s ,  whereas the 

non-reverting s t a b l e  cha rac te r  of the  NTG-induced mutants - 

suggests  g r e a t e r  gene t i c  damage. Mutants requi red  f o r  fur ther  

s tudy must have an e a s i l y  cha rac te r i sed  phenotype, r e s u l t i n g  

from a mutation which i s  r e l a t i v e l y  s t a b l e  and n o t  of gross 

d e f i c i e n c i e s .  While some mutants induced by NTG may r e s u l t  - 

from gross  d e f i c i e n c i e s ,  it i s  un l ike ly  t h a t  many w i l l  be 
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caused by such a mechanism. Therefore  it is suggested t h a t  

NTG - r e p l a c e  - W L  a s  t h e  mutagen. 

Since t h e  p r o p o r t i o n  of  mutants t o  wi ld- type coenobia 

i n  a t r e a t e d  c u l t u r e  is  very sma l l ,  s t u d i e s  must be made 

on f i n d i n g  drugs  which w i l l  i n a c t i v a t e  t h e  wi ld- type coenobia 

and thus  i n c r e a s e  t h e  mutant percen tage .  ~ l s o  a technique 

must be  found whereby t h e  c o l o n i e s  a r i s i n g  from mutagen- 

t r e a t e d  coenobia a r e  r a p i d l y  and e f f i c i e n t l y  t e s t e d  f o r  

auxot rophic  o r  o t h e r  d e f i c i e n c i e s  . 
A s tudy  o f  t h e  g e n e t i c s  o f  this organism w i l l  r e q u i r e  

s t u d i e s  on t h e  requirements  o f  t h e  s e x u a l i t y  system. To t h e  

p r e s e n t ,  zygotes  have n o t  been ob ta ined  i n  s e v e r a l  a t t empt s ;  

however t h e  l i t e r a t u r e  c o n t a i n s  r e p o r t s  i n  which i n h e r i t a n c e  

has  been s t u d i e d  ( Iyengar  , 1937; Golds te in ,  1964; ~ i s h r a ,  

1967) .  So it i s  appa ren t  t h a t  t h i s  f a i l u r e  is  caused by t h e  

l a b o r a t o r y  c o n d i t i o n s  and n o t  by t h e  l a c k  of  a s e x u a l i t y  

system i n  t h e  organism. 

The ques t ion  might now be  asked r ega rd ing  t h e  d i r e c t i o n  

s t u d i e s  should t ake  a f t e r  t h e  problems o u t l i n e d  above have 

been overcome o r  circumvented . 
~f a s tudy  of  t h e  g e n e t i c s  of t h e  developmental sequence 

(e .g .  c e l l  d i v i s i o n )  i s  t o  be  under taken,  it w i l l  be  necessary  

t o  use  mutants o f  a type known a s  c o n d i t i o n a l  l e t h a l .   his 

requirement  a r i s e s  from t h e  f a c t  t h a t  such a p roces s  is  essen-  



t i a l  f o r  t h e  v i a b i l i t y  and growth o f  t h e  organism, and cannot 

be r e s t o r e d  i n  a mutant  by a; a d d i t i o n  t o  t h e  medium. One 

type  o f  c o n d i t i o n a l  l e t h a l  mutant o f  i n t e r e s t  f o r  t he  study 

of  Eudor i n a  e l egans  i s  the  temperature  - s e n s i t i v e  mutant  which 

w i l l  grow o n l y  over  a r e s t r i c t e d  r e g i o n  o f  t he  temperature 

range over  which t h e  wild-type organism w i l l  grow. Temperature - 

s e n s i t i v e  mutants have been s tudy  t o  s tudy  t h e  e s s e n t i a l  func- 

t i o n s  o f  many organisms.  Some o f  t h e s e  a r e  - E.  - c o l i  (e .g .  

DNA s y n t h e s i s  and c e l l  d i v i s i o n  -- Fangrnan and Novick, 1968; 

H i r o t a  -- e t  a l . ,  1968) , bac te r iophage  T  (e  .g.  DNA s y n t h e s i s ,  
4 

head and t a i l  p r o t e i n  s y n t h e s i s  -- Eps te in  -- e t  a l . ,  1963) and 

mouse L-ce l l s  ( n u c l e i ~  a c i d  s y n t h e s i s  o r  n u c l e o t i d e  metabolism 

-- Thompson -- e t  a l . ,  1970) . 
There are o t h e r  t ypes  o f  c o n d i t i o n a l  l e t h a l  mutants 

which a r e  a v a i l a b l e .  Some o f  t h e s e  a r e  pH-sensi t ive  (Weaver, 

1952) and genome-sensit ive (Gorini  and ~ e c k w i t h ,  1966) . 
Therefore  t h e  f i r s t  s t e p  i n  f u r t h e r  s tudy  o f  e s s e n t i a l  

func t ions  must be t h e  i s o l a t i o n  of  c o n d i t i o n a l - l e t h a l  mutants.  

Many c o n d i t i o n a l  l e t h a l  mutants a r e  l i k e l y  t o  r e q u i r e  

low molecular  weigh t  compounds which can be added a s  suppl -  

ments t o  t h e  medium. The added use fu lnes s  o f  t h e s e  t ypes  of  

mutants w i l l  be  f o r  s tudy ing  t h e  formal g e n e t i c s  o f  Eudorina 

e l egans  . 

Mutants d e f e c t i v e  i n  t h e  e s s e n t i a l  f u n c t i o n s  can then be 



s tud ied  more thoroughly,  namely i n  t h e  e l u c i d a t i o n  o f  t h e  
I 

c h a r a c t e r i s t i c  a f  f e c t e d  and the  i n h e r i t a n c e  p a t t e r n .  This 

type o f  s tudy  would r e q u i r e  knowledge o f  t h e  time of  gene 

a c t i o n  w i t h i n  t h e  growth c y c l e ,  a s  s t u d i e d  wi th  ~ r o s o p h i l a  

(Suzuki and Procunie r ,  1969) .  This would r e q u i r e  chemical 

(when one macromolecular func t ion  i s  i n h i b i t e d )  and morpho- 

l o g i c a l  ( t h e  t ime of  express ion  o f  t h e  d e f e c t )  i n v e s t i g a t i o n s .  

I n  t he  s tudy  o f  t he  growth c y c l e  o f  mutants ,  a l though  n o t  

t o t a l l y  necessary  b u t  ve ry  h e l p f u l ,  would be t h e  use  o f  

synchronous c u l t u r e s .  This w i l l  perhaps  be  d i f f i c u l t  t o  

o b t a i n ,  b u t  Rayns and Godward (1965) were a b l e  t o  show a 

p a r t i a l  m i t o t i c  synchrony two hours  p r i o r  t o  t h e  da rk  pe r iod  

i n i t i a t i o n .  Synchrony of  c u l t u r e s  o f  o t h e r  a l g a e  have been 

ob ta ined  by a l t e r i n g  t h e  l i g h t - d a r k  c y c l e  (e .g .  Chlamydomonas, 

 erns stein, 1960) ,  by a d d i t i o n s  t o  t he  media (Trainor  and 

Rowland, 1968) , and by a temperature  s h i f t  i n  cont inuous 

l i g h t  (Lorenzen and Venkataraman, 1969) . ~ o l l o w i n g  from 

t h i s ,  t h e  sequence and r e g u l a t i o n  o f  gene a c t i o n  i n  development 

and d i f f e r e n t i a t i o n  could be  determined.  

While t h i s  s t a t emen t  i s  ve ry  s u p e r f i c i a l  it must 

n e c e s s a r i l y  be  s o  s i n c e  t h e  whole s tudy  w i l l  be determined 

by t h e  type  o f  mutants i s o l a t e d .  

A second d i r e c t i o n  t h e  s tudy  of  Eudorina e l egans  might 

t ake  i s  t h a t  i n t o  t he  r e p a i r  mechanism o f  r a d i a t i o n  damage. 



While much work i s  a t  p r e s e n t  be ing  done i n  o t h e r  organisms 

I 

on r e p a i r  o f  r a d i a t i o n  damage, t h e s e  s t u d i e s  i n d i c a t e  t h a t  

r e p a i r  occurs  by e s s e n t i a l l y  t he  same mechanism. However, 

t h e  r e s u l t s  p re sen ted  h e r e  sugges t  t h a t  t h e r e  i s  ve ry  l i t t l e ,  

i f  any,  d a r k  r e p a i r ,  and t h a t  t h e r e  i s  a ve ry  e f f i c i e n t  photo- 

r e p a i r .  The ques t ion  concerning t h e  type o f  r e p a i r  occurr ing 

i n  Eudorina e l eqans  can be approached from the  response o f  

t he  organism t o  W L  - and drugs ,  and the  i s o l a t i o n  o f  mutants ,  

b u t  it w i l l  u l t i m a t e l y  r e q u i r e  chemical  s t u d i e s  s i m i l a r  t o  

those  done by Setlow and C a r r i e r  (1964) . 
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Appendix I 

Data f o r  E f f i c i e n c i e s  o f  P l a t i n g  of  Eudor ina  e l e g a n s  1192 and 1193 

A. E f f i c i e n c i e s  of  p l a t i n g  o f  Eudorina e l e g a n s  1192 o n & ,  Bn 

supplemented media (Tab le  1 1 - 3 ) ,  and - Vm. 

Media C o l ~ n i e s / ~ l a t e  D i l u t i o n  cfu/ml % 
x 10-3 

3 6 ,  40 .2/102 19 100 

27,  26 .2/102 13 7 0 

B c - 63, 65 . l / l o l  6 .4  100 

Bmf Yeast  e x t r a c t  ( 2 . 0  g / l )  - 135, 148 . l / l o l  14 220 

Bmf Casamino a c i d s  ( 2 . 5  g / l )  - 40,  39 . 1 1 1 0 ~  4 . 0  60 

Bmf Sodium a c e t a t e  ( 1 . 0  g / l )  - 38 ,  30 . l / l o l  3 . 4  50 

B c - 
B d  Nuc le ic  a c i d s  - 



Appendix I ( c o n t ' d )  

I 

8 ,  E f f i c i e n c y  o f  p l a t i n g  on Eudorina e l e g a n s  1192 (1) a n d  1193 ( 2 )  

on 2, B m  supplements  where supplements a r e  a t  t h e  c o n c e n t r a t i o n  

of  a d d i t i o n s  t o  - Bc (Table  11-2) .  

Media ~ o l o n i e s / ~ l a t e  D i l u t i o n  cfu/ml % 
x 10-3 

Bm - 165, 146 . 2/102 78 8 0  

B d  Yeast  e x t r a c t  ( 0 . 4  g / l )  173, 146 - .2 /102 80 8  0  

Bmt Beef e x t r a c t  ( 0 . 2  g / l )  218, 142 - .2/102 90 100 

Bmf Casamino a c i d s  (0 .4  g / l )  132, 175 - . 2/102 7 7  8  0  

B d  Sodium a c e t a t e  ( 0 . 2  g / l )  163, 143 - . 2/102 7 7  80 

2. Bc - 20,  22 . 2/102 11 100 

Bm - 20,  24 . 2/102 11 100 

Bmt Yeas t  e x t r a c t  (0 .4  g / l )  19 ,  36 - .2 /102 13 120 

B d  Beef e x t r a c t  (0 .2  g / l )  37 ,  35 - .2 /102 18 . 160 

Bmt Casamino a c i d s  (0 .4  g / l )  23,  30 - .2 /102 13 120 

Bmf Sodium a c e t a t e  (0 .2  g / l )  19 ,  24 - .2/102 11 100 
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1 

Data f o r  E f f i c i e n c i e s  of  P l a t i n g  of Some Auxot roph ic  Mutants  of 

Eudor i n a  e  l egans .  

E f f i c i e n c y  
S t r a i n  Media D i l u t i o n  ~ f u / ~ l a t e  cfu/ml  of  p l a t i n g  

x  10-3 

Bm f Yeas t  - 
e x t r a c t  

( 2 . 0  g / l )  . l / l o l  200, 195 20 200% 

Bm f - 
Nice t inamide 

(0 .75  mg/l) . l / l o l  164, 169 17 170% 

Bm f Y e a s t  - 
e x t r a c t  

( 0 . 4  g / l )  .2 /102 104, 8 3  47 100% 

Bm f Beef - 
e x t r a c t  

(0 .2  g / l )  .2 /102 95,  92 47 100% 

I n  none of t h e  above exper iments  d i d  M - 1  p l a t e  on Bm o r  on Bm - - 

supplemented w i t h  sodium a c e t a t e  (0 .2  g / l  and 1 .0  g / l ) ,  casamino a c i d s  

( 0 . 4  g / l  and 2 . 5  g / l )  o r  n u c l e i c  a c i d s .  



Appendix I1 ( c o n t ' d )  

cfu/rnl E f f i c i e n c y  
S t r a i n  Media D i l u t i o n  c ~ u / ~ l a t e  x  10-3 of p l a t i n g  

Bm 4- Yeast - 
e x t r a c t  

( 2 . 0  g / l )  .3/102 203, 230 72 260% 

Bm 4- - 
Nice t inamide 

0 .75 mg/l)  .3/102 1 4 5 , 1 1 7  44  170% 

Bm f Yeast  - 
e x t r a c t  

( 0 . 4  g / l )  . 2/102 38,  29 17 130% 

Bm f Beef - 
e x t r a c t  

(0 .2  g / l )  . 2/102 32,  36 17 130% 

I n  none of the  above exper iments  d i d  M-2 p l a t e  on & o r  on Bm supplemented 

w i t h  sodium a c e t a t e  (0 .2  g / l  and 1 . 0  g / l ) ,  casamino a c i d s  (0 .4  g / l  and 

2 . 5  g / l )  o r  n u c l e i c  a c i d s .  



Appendix I1 ( c o n t  ' d )  

cfu/ml  E f f i c i e n c y  
S t r a i n  Media D i l u t i o n  c f u / ~ l a t e  x  10-3 o f  p l a t i n g  

Bm + Yeast  - 
e x t r a c t  
( . 4  d l )  . 2  / lo2  32 ,  25 

Bm + Beef - 
e x t r a c t  
( . 2  g / l )  . 2/102 20,  12 

Bm + Sodium - 
a c e t a t e  
( . 2  d l )  . 2  / lo2  76, 89 

Bm + Casamino - 
a c i d s  
( . 4  d l )  . 2  / l o 2  

Bm + Yeast  
e x t r a c t  
( 2 . 0  g / l )  .3 /102 0 ,  0  0  0% 

Bm + Casamino - 
a c i d s  
( 2 . 5  g / l )  . 3  / lo2  1, 1 0 . 3  1 .5% 

Bm + Yeast  - 
e x t r a c t  
( . 4  d l )  .2 /102 15,  55 18 2  5% 

Bm + Beef - 
e x t r a c t  
( . 2  d l )  . 2/102 0 ,  0  0  0% 

Bm + Sodium - 
a c e t a t e  
( - 2  d l )  .2 /102 186, 154 83 120% 

Bm +Casamino - 
a c i d s  
( . 4  d l )  . 2/102 0 ,  0  0  0% 
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APPENDIX I11 

Determination of  Chlorophyll  c o n c e n t r a t i o n s  

(From Arnon, 1949) : 

"The procedure  f o r  ch lo rophy l l  de t e rmina t ion  was based 

on t h e  work o f  MacKinney (1941) on the  abso rp t ion  of  l i g h t  

by aqueous ace tone  (80%) e x t r a c t s  of  ch lo rophy l l .    he con- 

c e n t r a t i o n s  o f  ch lo rophy l l  a  and b were determined by 

measuring i n  a 10 mm c e l l ,  t h e  d e n s i t y  o f  80% ace tone  ch lo ro -  

p h y l l  e x t r a c t s  w i t h  a Beckman spectrophotometer  a t  663 and 645 

mu and s e t t i n g  up s imul taneous equa t ions  u s i n g  t h e  s p e c i f i c  

abso rp t ion  c o e f f i c i e n t s  f o r  ch lo rophy l l  a  and b a s  given by 

~ a c ~ i n n e y  (1941) . 

( i )  D663 = 8 2 . 0 4  C + 9.27 Cb a 

(ii) 
D645 

= 16.75 C + 45.6 Cb 
a  

where c , Cb a r e  grams p e r  l i t e r  o f  ch lo rophy l l  a  and b 
a 

r e s p e c t i v e l y ,  and D t h e  d e n s i t y  va lues  a t  t h e  r e s p e c t i v e  

wavelengths a s  ob ta ined  on t h e  Beckman spectrophotometer  . 

From equa t ion  (ii) : 

(iii) c = D - 45.6 Cb, s u b s t i t u t i n g  i n  (i) and 
a 645 

16.75 

s o l v i n g  f o r  Cb we o b t a i n  

( i v )  Cb 
= 0.0229 D645-0 .00468 D663: s u b s t i t u t i n g  t h i s  

exp res s ion  f o r  C i n  (ii) and s o l v i n g  f o r  C : b a 



Hence t o t a l  c h l o r o p h y l l ,  C ,  i n  grams p e r  l i t e r :  

( i v )  c = ca + Cb = 0.0202 D~~~ + 0.00802 D~~~ o r  

exp res s ing  t o t a l  c h l o r o p h y l l ,  C ,  i n  terms o f  

mi l l ig rams  p e r  l i t e r :  

( v i i )  C = 20.2 D~~~ + 8.02 D 
663 

To provide  a  rough check f o r  t h e  de te rmina t ion  o f  t o t a l  

ch lo rophy l l  t h e  l i g h t  abso rp t ion  d a t a  f o r  ch lo rophy l l  a  and b  

(Mac~inney ,  1949) were p l o t t e d  and t h e  curves  were found t o  

i n t e r s e c t  a t  1 = 652 m v .  BY e x t r a p o l a t i o n ,  t he  va lue  o f  t h e  

s p e c i f i c  abso rp t ion  c o e f f i c i e n t  f o r  t h i s  wavelength was found 

t o  be 34.5 . Another equa t ion  was t h e r e f o r e  s e t  up f o r  

t o t a l  ch lo rophy l l :  

( v i i i )  D 
652 

= 34.5 C + 34.5 Cb = 34.5 ( C  + Cb) 
a  a  

hence ( i x )  C = (Ca + Cb) = D 
652 

o r  expressed a s  mg p e r  l i t e r :  

(x)  = D652 x  1000 
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The fo l lowing  d a t a  were ob ta ined  on 

Analysis  of t h e  ~ b s o r p t i o n  of  Acetone E x t r a c t  of  

~ u d o r i n a  e l egans  

S t r a i n  
D645 

1192 0.196 

1193 0.243 

M-3 0 . l o8  

M-56 0.031 

( c . f .  Table V I - 2 )  
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