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An enrichment procedure has been developed that 

results'in at least a 200x increase in the recovery of 

mutants in the colohial alga, Eudorina elegans (Ehrenberg). , 

A,period of nitrogen starvation followed by treatment with 

8-azaguanine resu1.t~ in-the death' of wild type cells 

and the maintenance of mutants. Optimal conditions of 

nitrosobanidine and ultraviolet light mutagenesis 

prior to enrichment have been established using the 
& .  

reversion frequency of an acetate requiring strain and 

the indu tion frequency of sectored colonies. Nitroso- 4 
is more Hfective in causing the reversion of the 

quiring strain and inducing auxotrophs. 

Mor$iogenetic mutants are more readily induced by 

ultravio1e;t light. ThMeffectiveness of ultraviolet light , 

as a mutagen is cell cycle dependent whereas the 

m;tagenic action of nitrosoguanidine is not dependent on 
& 

the stage in the life at the time of treatment, 
, 

As a result of treatment and the 

enrichment procedure, acetate dependeht, p-aminobenzoic acid 
# 

' requiring, nicotinamide requiring and mutants requiring , 

a reduced nitrogen source have been isolated. Three 

independently isolated mutants defective in or lacking m 

nitrate reductase activity have been characterized. Nar-1 

is aleaky mutant, defiTent in the production of nitrate 

-iii- 
a 



1 ' 

reductase  a c t i v 3 t y .  Nar-2 and nar7J  both l a c k  t h e  a b i l i t y  

t o  produce n i t r a t ;  reduktqse.  They d z f f e r  from-each other;  / , 

i n  t h a t  nar-2 grows and nar-2 does not  grow when hmoxanthine 

is t h e  s o l e  n i t r o g e n  source.  The s p e c i f i c  a c t i v i t y  of  t h e  
. . - 

next .enzyme i n  t h e  pathway, p i t r i t e  reductase ,  is  h igher  i n  
i 

nar-3 than  i n  nar-1 nar-2 and wild type,  -' 
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Chapter I 

INTRODUCTION 

Eudorina elepns (~hrenberg) ,is a motile,. c'olonial 

rl green alga belonging to, the family ~olvocaceae and .the. 
. . 

suborder Chlamydomonadineae . This suborder is 'an 
. . 

- . interesting one since with its many genera it clearly 

reveals' how a simp9e cell type typified' by Chl~mydmnonas 

has given rise to increasingly complex colonies of 

unicells ( i. e . ~onium, Pandorina, Platydorina, Eudorina, 
Pleodoriha, Volvox). ~he'evolutio ary ange within - 
this suborder is marked by an increasing size in $he 

colonies (coenobia) and the number of cells within' a 

colony. As a result of this increase in cell number, 

highly characteristic morphologies are assumed. For 

example, Gonium is a simple, planar colony whereas, 

Pando- is a'ball-like cluster of cells.. More complex 

forms such as Eudorina, Pleqdorina and Volvox are spheroids 

within which constituent cells are arranged as a single - 
layer 4 Pickett-Heaps - 1 9 7 5 ) .  

Inversion is o b s m e d  when the cells making up 
h 

v- - 
the colony-are arranged In a spheroid. For example, 

in Volvox, when the colony is f rst formed the flagella 

of the constituent cells are 
\ 

As a result, the colony must 

on the, inside of the sphere. 

invert to be motile. Eudorina 



m e r g o e s  a  l e s s  complex form o f ,  inve r s ion .  1nktead ' 

t 

of forming an ' i n s ide -ou t '  spheroid ,  Eudorina undergoes - - 
a  l i m i t e d  number -of c i l l  d i v i s i o h s  t o  form a  curved 

p l a t e  ,( p lakea l  s t a g e  ) .  This  plakea undergoes a  simple 

inver s ion  prQcess ,  g i v i n g  r i s e  t o  a colony. '  - 

The evolu t ionary  change w i t h i n  

is charac te r i zed  by a d i v i s i o n  of l a b o r  between t h e  

c e l l s  wi th in  a colony and a tendency towards complexd 
4 

+. 

spe -c ia l i za t ion  i n  ~ e p r o d ~ t i v e  bkhavior. I n  Gonium 
3 

and Pandorina,  a l1 , th . e  cel ' l s  of t h e  colony undergo 

vege ta t ive  reproduct ioh  c e l l  d i v i s i o n ,  g iv ing  r i s e  

t o  daughter co lon ies .  I n  t h e  co lon ies  of c e r t a i n  

spec ies  of  Eudorina, inc lud ing  t h e  s t r a i n  used i n  t h i s  

s tudy,  a  s i m i l a r  eqqivalency of  ceL1 p o t e n t i a l  e x i s t s .  

However, i n  o t h e r  s p e c i e s  of,Eudorina po l -a r i ty  is  evident .  * 

A l l  of t h e  c e l l s  reproduce v e g e t a t i v e l y  except f o r  some 

c e l l s  t h a t  a r e  'gr'ouped a t  t h e  a n t e r i o r  end I n  Volvox, 
J 

only a  few o ' f + t h e  c e l l s  ' (gonid ia)  wi th in  t h e  colony 

, undergo t h e  c e l l  d i v i s i o n s  t h a t  l e a d  t o  v e g e t a t i v e  
Q 

reproduct ion.  The many somatic c e l l s  surrounding t h e  

gonidia  do n o t  d iv ide  f u r t h e r  and subsequent ly d i e .  

A f e a t u r e  no tab le  I n  t h e  development of sexua l  

reproduct ion wi th in .  t h i s  s ~ b o r d e r  is t h e  progress ion  

from isogamy through anisogamy t o  oogamy. Isogamy, 

t y p i c a l  of  most s p e c i e s  of  Chlamydomonas, i s  charac te r i zed  



~s by the gametes being of similar size and morphology. 
,- 4 

In a?$sogamous organisms such as Eudorina, sperm packets 
t 

are Formed as a result of cell divisions while the cells C 
that function as eggs do not divide and appear morpho- 

logically similar to vegetative cells. Oogamous organisms 

such as Pleodorina and Volvox have gametes of vastly 

different size and morphology. The female cells, few in 

number, are large and non-motile whereas the male gametes 

are numerous, small, and motile. 

The species of Eudorina (i.e. elegks) used in 

this study is a relatively 'simp1 member of the 4 
suborder Chlamydomonadineae, being anisogamous, showing 

some posterior to anterior polarity in the timing of 

vegetative division and increasing size of the eyespots 

in the cells at the anterior end. Each colony or coenobium 

contains 16 or 32 biflagellated cells arranged peripherally 

in a spheroidal double-layered gelatinous sheath ( '  Figure 

I - .  Each cell measures 12p - 20p in diameter and 

each colony, 80p - 160p in diameter ( Goldstein 1964). 

All the cells making up the colony are reproductive, 

each mature cell undergoing 4 or 5 rapid, successive 

cell divisions. Microspectrometric quantitation has 

shown that during the division period of these cells 

one,round of DNA replication requires about 13 minutes. 

This is followed by a mitosis which is completed in 
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Figu re  1-1. . Vege ta t i ve  l i f e  ,cycle  o f  Eudorina  

e l e g a n s ,  Each c e l l  o f  t h e  1 6  o r  
* \ 

32 c e l l e d  colony d i v i d e s  4 o r  

5 t imes  t o  form a  curved p l a t e  

~f  c e l l s  o r  a  p l akea .  Fo l lowigg  
, . 

i n v e r s i o n  of  t h e  p l a k e a ,  each of 

A a t h e s e  groups  o f  c e l l s  i s  r e l e a s e d  

as a  new d a u g h t e r  co lony ,  





about 2 minutes ( Kemp and Lee 1976) .  The sucbess ive  

d iv i s ions  i n  each c e l l  r e s u l t  i n  t h e  formation of plakea.  

The colony then  undergoes inver s ion  and a s h o r t  time l a t e r '  
C 

t he  16 o r  32 daughter coenobia a r e  r e l e a s e d .  Following ' 

t h e  24  h per iod  of  enlargement, t h e  cyc le  is repeated .  

Eudorina elegans has  t h e  p o t e n t i a l  of being a . >!' 
i 9 

use fu l  organism f o r  g e n e t i c ,  biochemical and  morpho- 

l o g i c a l  s t u d i e s  f o r  a  number of reasons.  I t  is  a  haploid 

organism aqd t h e r e f o r e  mutants can be i d e f i t i f i e d  i n i t i a l l y ,  

without t h e  n e c e s s i t y  of gene t i c  c rosses .  Unlike 

Ch&amydomonas, Eudorina i s  an anisogamous organism whose 

, f e r t i l i z a t i o n  process  is more comparable t o  t h a t  of h igher  

organisms. I t  has a  s h o r t  l i f e  cyc le  and when a l i q u o t s  

of a  c u l t u r e  grown i n  l i q u i d  media a r e  p l a t e d  on a g a r ,  

each coenobium grows and d iv ides  t o  form a  d i s t i n c t  

colony which r e p r e s e n t s  a clone.  This  f e a t u r e  makes it 

poss ib le  t o  apply many of t h e  techniques.used i n  b a c t e r i a l  

s t u d i e s .  S ince  wild type organisms can grow both on a  

minimal bas ic  s a l t s  medium and a n u t r i t i o n a l l y  complex 

medium ( Kemp and Wentworth 1971) ,  mutant s t r a i n s  

' r equ i r ing  n u t r i t i o n a l  a d d i t i o n s  t o  t h e  medium can be 
I 

detec ted .  T h i s  i s  made e a s i e r  by t h e  f a c t  t h a t  co lon ies  

can be t r a n s f e r r e d  from one agar  p l a t e  t o  another  by 

r e p l i c a  p l a t i n g  techniques ( Lederberg and Lederberg 1952) 

and prospect ive  mutants can be convenient ly exposed 



to different types of selective media-. 
9 

The. division process of this orgapism provides 

ano,ther area of interest. It is probable that by the 
L 

use of mutagens, the precise organization and the number 

of cell divisions may be dikrupted. This could lead to an 

investigation of the control of division in this simple, 

multicellular system. 

- Since 1901, when mutation was described by deVries 

as a functional genetic process, it has been recognized 

as a source of the variation upon which evolution 

depends. Mutation has been recognized as such a / '  

/' 

critical process that modern definitions of lif-6 usually 

include it as a fundamental aspect of living organisms. 

Because of the obvious importance of mutation 'its 

analysis has occupied a ~osition close to the center 

of the geneticist's arena' ( Drake 1970). The induction 

and isolation of mutant individuals has thus become 

essential to the study of the basic genetic, biochemical 

and developmental pracesses of organisms of many phyla 

and the elucidation of similarities and differences 

between them. One of the missing links in studies of this 

nature is the lack of a broadly based understanding of 

the genetics, biochemi try and metabolism of phototrophic a 
organisms. This lack of information is primarily due to 

- - 
the inability to induce and isolate a varied spectrum of 



auxotrophic mutants. 

The results of a review done in 1967 ( Li et al. 

19'67) showed that there is a striking difference in 

.mutation spectra following mutagen treatment between 

chemotrophic bacteria and fungi and the three phototrophic 

~rganisms, Chlamydomonas reinhardii, Chlamydomonas 

eugametos and Arabidopsis thaliana. After exposure to 

the mutagens nitrosoguanidine, ethyl methanesulfonate, 

ultraviolet light and x-rays, mutants requiring amino 

acids and nucleic acid bases were found to be common 

4 amongst bacteria and fungi but-scarce in the green 

plants. The obligately phototrophic blue green alga, 

Anacystis nidulans also fits this pattern ( Asato and 

Folsome 1969). Following treatment with nitrosoguanidine 

and ultraviolet light many mutants were induced and 

isolated,,none of which was an amino acid auxotroph. 
/ 

With respect to amino acid mutants in grken 

plants only arginine requiring mutants have been isolated. 

This type of auxotroph has been found in Chlamydomonas . . 
' reinhardii ( ~versol.eil956: Gillham 1956; Loppes 1969) 

1 0  
but not in Chlamydomonas eugametos ( Gowans 1960), nor 

in the liverworts Marchantia ~lymorpha ( Miller et al. 

1962) - and Sphaerocarpus donnellii ( Scheider 1976). 

Carlson in 1969 claimed to have isolated thirty-three 

auxotrophic gametophytes from the fern Todea barbara 



- d 

\ 

of which he said twenty re.quired amino acids for growth. 

None of these mutants proved to be gerietically stable., 
a 

In higher green plants, 'chlorophyll deficie 7 strains 
, 

do exist that can be corrected by feedindmino acids. 

These mutants, isolated in barley ( Walles 1963,1967; 

Wijewantha and Stebbins 1964) and Arabidopsis ( Redei 

, 1963) are thought to be ' leaky auxotrophs' that grow 

in the absence of .amino acids but grow more efficientlf; . 

in their presence. Since the amino acids are probably 
r' , 

being catabolized by these mutants they may not be true 

amino acid auxotrophs. 

A number of reasons have been postulated to account 

for the r&&jor dichotomy between chemotrophs and photo- 

trophs with respect to mutant spectra. One argument 

postulated by Li, Redei and Gowans (1967). suggested 

that there are fundamental metabolic, genetic or 

other biological differences between phototrophs and 

chemotrophs. They also suggested that auxotrophs do not 

arise or cannet be tolerated in phototrophically 

growing organisms. 
,,\ 

Another &ason postulated by Asato and Folsome 

(1969) is that chemical mutagens such as nitrosoguanidine 

do not penetrate the 
- , - 

as ultraviolet light 

protect the DNA from 

cell and that physical agents such 
'\ 

are absorbed by carotenoids which 
, 

damage. However, the isolation of 

d~ 
U 



nuclear putatio b controlling pigment levels and 
/ morphplo& t e y  to reduce the validity of t h k  argument. 

L 

One popular idea is that of extensive duplication 

of genetic material in phototrophs. An increase in 

DNA amounts through the course of evolution has been 

attributed to longitudinal replication. Cytological 

examination of hybrids between Allium species that differ 

markedly in their DNA content indicates that such 

repxication may be regional rather 

.and Jones 1967). If the replicated 
1 

P with important functions, the kind 

found in prototrophs could result. 

may lose favor since reassociation 

than general ( Rees C 

region involves genes 

of restricted mutation 

However, this idea 

kinetics of Chlamydomonas . 
reinhardii DNA have recently indicated that the nuclear 

genome is comprised almost entirely of unique, single 

~ p p y  DNA ( Howell and Walker 1976). It is also possible 

k k l e a r  bc genes are duplicated by genes carried in 

the chloroplast ( Sager and Ramanis 1970). The divergent 

base composition of nuclear and chloroplast DNA in 

Chlamydomonas ( Sueoka et al. 1967) suggests that this may 

not be an acceptable possibility. However, recent 

evidence ( Howell et al. 1977) suggests that the genetic 

information of the nucleus and chloroplast of 
C 

Chlamydomonas may be interacting. As a result, a multi- 

meric enzyme may be composed of some parts coded by mRNA 



of the chloroplast and some by mRNA of the nucleus. 
d 

Another possibility is that the medium used for the 

isolation of mutants determines ,which amino acid auxotrophs 

are found ( Lein et al. .1948; Haas et al. 1952; Grenson 

et al. 1966). It has been observed in yeasts and 

Chlamydomonas that active transport systeme for some 

amino acids can be disturbed by the presen-ce of ammonia 

so that specific amino acid requiring mutants cannot be 

isolated ( ~ocpes 1969,1970). When ammonia is 
. \ 

by another nitrogen source, arginine requiring mut 

have been isolated. 

One possibility that apparently has not commanded 

much attention is the idea that auxotrophs may be induced 

under appropriate conditions at very low frequencies in 

phototrophic organisms. As a result, these mutants would . 
usually not be isolated unless enrichment procedures 

are employed. Such enrichment procedures ,Mve been 

successfully applied to a variety of prokaryotic and 

eukaryotic' systems. An outline of these procedures and 

some recent odifications will now be presented. 'Y 
An enrichment technique causes the death of 

metabolizing cells yet dllows cells that are not 

metabolizing to survive: The first example of such 

a method was the penicillin technique developed by 

Davis( 1949 ) .  The success of this procedure is based otl 



-cl 
the fact that penicillin causes the sterilization of 

multiplying bacteria by interfering with the formation 
h 

r) 

of mucopeptide in the cell wall ( Parker and Johnson 

1949). Therefore, cells that are placed in a medium where 

they cannot metabolize will be ifhung to the action of, 

penicillin. The initial studies were done using a 

tryptophan requiring mutant of the bacterium, Escherichia 

coli. If this mutant is.placed in a minimal medium which 

lacks tryptophan, preventing growth, penicillin has no 

effect. As a result, when a mixture of tryptophan 

requiring cells and wild type cells are exposed to 

penicillin, the wild type cells metabolize and die ' a d  
t 

r 
5 the mutants are maintained. The procedure was then adapted 

to screen for auxotrophs in a mutagenized culture and 

resulted in the isolation of mutants requiring various , 

nutrients. 

The original penicillin technique has been adapted 

in many ways to suit the organism being studied and to* 

permit the isolation of specific classes of mutants. 

These modifications include the use of drugs other than 

penicillin, mutagenization of organisms exhibiting 

'unbalanced growthe , trifium suicide, cryobiological 
and differential heat selection methods and the use of 

base analogs. 

Since some organisms are resistant to the action 



of penicillin, other drugs have been used as enricning 

agents. For example, isoniootlinic acid hydrazide has-been 
9 

. . used to enrich for mutants of another bacterium, w- . 
bacterium smematis ( Holland and Ratlidge 1971). Drugs 

commonly used to isolate mutants of yeasts and fungi are 
: 

the antifungal agents nystatin, amphotericin and endomycin 

( Moat et al. 1959; Stanley and .English 1965; Snow 1968; t 

i 

Strompaes and Mortimer 1968; Thomulka and Moat 1968;  

McDonald 1969; Ditchburn and McDonald 1971). Nystatin f r 
> 

has recently been used, in conjunction with amedi~zm 
C i 

that inhibits the growth of mutants requiring tysosine, 
- 3 

I 

to qelectively enrich for tyrosine auxotrophs in the 

fungus Hanensula polymor~ha ( Sanchez et al. 1978). 1 
Tyrosine auxotrophs in this organism have the pevuliar 

property of being able to grow on a minkal basic salts 

medium supplemented with tyrosine but not on a 

nutritionally enriched medium containing tyrosine. If a 4 

wild type culture is mutagenized, grown on an ,enriched - 
1 

medium that allows the growth of prototrophe and amotrophs 1 
not requiring tyrosine, then treated with nystatin prior i 
to plating 0.n a basic minimal salts'medium containing 4 

d 

tyrosine, all the mutants that survive the nystatin 

treatment require tyrosine for growth. is procedure 4 
demonstrates that it is possible to obtain specific 

auxotr.ophs by modifying the growth and selective 



conditions. 

Netropsin has also been used instead of penicillin 
C4 

to aid in the isolation of mutants of the my omycete 9 .# 

Physarum polycephalum ( Gorman and Dove 1974) and the yeast 
. fl 

Saccharomyces cerevisiae ( Young et ale. 1976). Netropsin 

is a basic oligopeptide produced by Streptomyces netropsis 

. that binds specifically to A-T pairs in duplex DNA, - 

- inhibiting DNA and RNA synthesis. The use of netropsin 
1 1 .  

in these organisms is beneficial since it requires no 

special media to be effective, it kills metabolizing 

cells quickly and it does not result in the dying,,cells 

breaking open causing the release of nutrients which 

may allow mutants to metabolize and thus be killed by 

the drug. - 

Although the penicillin technique and the modfications 

discussed so far .have led td the isolation of a wide 

spectrum of mutants in many organisms, certain classes 

of mutants elude isolation. These mutants include those 

that ( Bauman and Davis 1957), inositol 

( Lester and Gross 1959) or certain fatty acids ( Henry and 

Herowitz 1975) for growth. These mutant classes have sub- 

sequently been found to be difficult to isolate because they 

dievquickly in the absence of their growth requirement. 

As a result, when the penicillin technique is employed they 

die before they can be recovered. This is Uoughtto be 



due to ' #balanced growth ' where death results 

because of'vigorous growth with respect to cytoplasmic 

function and deficiency with respect to DNA synthesis 

(:cohen ,and ~ k e r  1954,1956) 

In 1960 a method was discovered whereby thymine 

requiring muta s of Escherichia coli can be produced 

with frequencies in the order of 50% ( Okada et al. 

1960). This method'hvolves-the principle of differential 
,- 

growth rates. ?he growth of both thymine requiring and 

non-requiring strains is interfered with by aminopterin, 

an inhibitor of nucleic acid synthesis. Only the growth 

of the thymine requiring strains can resume following 

the addition of thymine to the medium. 

The properties of thymine requiring mutants 

have been used to enrich for doubly auxotrophic mutants. 

Experiments done with Bacillus megaterim ( Wachsrnan 

and Hogg 1964) and yeasts ( Barclay and Little 1974) 

have resulted in mutants requiiing both thymine and 

an amino acid. Any mutan J of this kind will survive 
in a medium lackihg thymine and the required amino 

acid since they are not subje'ct to thymineless death. 

Another method developed as a substitute for 

the penicillin technique is tritium suicide. By thif 

method death of cells is caused by the decay of tritium 

incorporated into the macromolecular components. In 

/---Bw 



t he  1950 ' s  i t  was known t h a t  growing c e l l s  cou ld  

i n c o r p o r a t e  r a d i o a c t i v e  thymidine i n t o  t h e i r  DNA i n  a 

form t h a t  is unable  t o  d i f f u s e  o u t  d u r i n g  c o l d  s t o r a g e .  

The i s o t o p e  t h e n  decays  d u r i n g  co ld  s t o r a g e ,  c a u s i n g  

dea th  o f  t h e  c e l l .  When a c u l t u r e  of E s c h e r i c h i a  c o l i  

was mutagenized,  grown i n  a minima3 me ium c o n t a i n i n g  
LJ e 

' r a d i o a c t i v e  thymidine and t h e n  pu t  i n t o  c o l d  s t o r a g e ,  

a mutant f requency  of  10% o f  t h e  s u r v i v o r s  r e s u l t e d  

( Lubin 1959) .  T h i s  method has  been modif ied t o  s u i t  
,-- \ 

t h e  fudgus ~ s p e r ~ i l l u s \ ' \ f l a v u s  ( Donkersloot  and Mateles  

1968) and mammalian c e l l 6  ( Drew and P a i n t e r  1959;  

Whitmore and Gulyas 1966;  Thompson e t  a l .  1 9 7 0 ) .  

An advantage of  t h i s  procedure i s  t h a t  i t  can 
I 

C 

be made q u i t e  s p e c i f i c  by t h e  use  of d i f f e r e n t  t r i t i a t e d  

p r e c u r s o r s .  Such m o d i f i c a t i o n s  have been s u c c e s s f u l  
! 

i n  s p e c i f i c a l l y  e n r i c h i n g  f o r  mutants of  E s c h e r i c h i a  

c o l i  w i th  an  a l t e r e d  a c y l  CoA s y n t h e t a s e  ( H i l l  and . ' 

Angelmaier 1972)  and mutants  w i t h  d e f e c t i v e  phosqho- 

l i p i d s  ( Cronan e t  a l .  1970) by t h e  u s e  o f  t r i t i a t e d  1 

o l e a t e .  By . l abe l l i ng  wi th  t r i t i a t %  amino a c i d s  a t  

M O C  t empera ture  s e n s i t i v e  mutants o f  E s c h e r i c h i a  c o l i  

have been i s o l a t e d  t h a t  a r e  d e f e c t i v e  i n  p r o t e i n  

s y n t h e s i s  ( Tocch in i -Va len t in i  and Mat tocc ia  1 9 6 8 ) .  

Su ic ide  exper iments  i n v o l v i n g  t r i t i a t e d  u r i d i n e  have 

been shown t o  be e f f e c t i v e  i n  e n r i c h i n g  f o r  mutants  
\ - 



defective in RNA metaboliyh ( Reid 1971 ; Littlewood and 

Davies 1973). 

Cryobiological methods and methods involving 

differential heat selection have recently been 

employed as enrichm nt techniques for specific 

kinds of organisms. filamentous h n g i  ( Leef and ' 
-7- 

Gaertner 1975; Peters and SypherdhlP78) cryobiological 

methods have been success.fuJ. because metabolically 

active conidia are mucjrmore sensitive to freezing 
J 

active ones. As a result, when mutagenized 

conidia\ are incubated on a medium that allows only ' 

B 
growth of wild type cells and the medium is then 

f'rozen and thawed, auxotrophs preferentially survive. 

since their germination is blocked by the ommission of a 

growth supplement. This method has resulted in a &)OX - 

700x enrichment of fungal mutants. 

A method .dependent on the fact that the spores 

and mycelia of Phycomyces blakesleeanus are heat i 

sensitive has resulted in the isolation of auxotrophs 

in high frequency ( Brunke et al. 1977). Mycelia and 

germinating spores die at temperatures exceeding 35'~ , 

whereas mutants whose spores have not germinated can 
,/ 

withstand these temperatures for extended periods. 
L 

Another variation of the original penicillin 

technique is the use of base analogs as selective 



., agents ( Cohen and 

1954; Wachsman and 

bromodeoxyuridine, 

Barner 1956; Zamenof and Griboff 

~a&alo 1962). For example, 5- 

which quantitatively replaces thymine 

in DNA ( Dunn and Smith 1954), has been used to isolate 
8 

proline deficient mutants- in mammalian cells ( Kao and 

puck 196 7). This method involves the use of 5-bromo- 

deoxyuridine in conjunction with near visible light. 
. , 

omodeoxyuridine is added to a culture of growing 

L and non growing cells, those that are able to synthesize 

DNA will incorporate 5-bromodeoxyuridine. Upon exposure 

to visible light,'these cells die. 

Recently,.: .p luorouracil has been used to isolate 
' 

.: I 
asparagine requiring Chinese hamster cells ( Goldfarb 

, 
et al. 1977). $his compound i s  rea8ily incorp6&ted 

into mRNA and acts by producing nonheritable ' uracil to 
. . 

cytosine transitions in mRNA during4transcr)ptio'n, 

The limited spectrum of mutants isolated in 
a \ 

phototrophic organisms suggests that if other auxotrophic 
\ 

mutants are-being induced in a population, these mutants 

must occur at low frequencies. If this is true, the only 

way in which they could be isolated would be to utilize 

a mutant enrichment procedure,aone of the methods 

discussed above have been reported as being applied, let 

alone successful, in isolating mutants in phototrophic 



systems, I n  p e n i c i l l i n  and o t h e r '  

drugs have not  been s u c c e s s f u l  e n r i c h i n g  a g e n t s  because 

of a h igh  l e v e l  of  d rug  r e s i s t a n c e  e x h i b i t e d  by t h i s  

organism. Rad ioac t ive  s u i c i d e  t echn iques  a r e  p robably  
* 

not p r a c t i c a l ' ,  a s  i n d i c a t e d  by a l i m i t e d  uptake of  

thymidine ( Kemp e t  a l .  1972) .  Many o f  t h e  o t h e r  

procedures  p r e v i o u s l y  d i s c u s s e d  have been r e p o r t e d  as 

the  c u r r e n t  s tudy  w a s  n e a r i n g  complet ion and ' t h u s  have 

not been t r i e d  wi th  Eudorina .  s 

? J 
A s  a t h e s i s  p r o j e c t  I a t tempted  t o  deve lop  an  

enrichment procedure  which would i n c r e a s e  t h e  p r o b a b i l i t y  - 
of i s o l a t i n g  auxot rophs  i n  t h e  c o l o n i a l  a l g a ,  Eudor ina  

e l egans .  Once t h i s  goa l  was ach ieved  it  was p o s s i b l e  

t o  exp lo re  a v a r i e t y  of  q u e s t i o n s .  I chose t o  f o c u s  

my a t t e n t i o n  on t h e  o p t i m i z a t i o n  of  mutagen t r e a t m e n t  

and t o  examine more f u l l y  t h e  

of n i t r d g e n  ' b e f e c t i v e  mutants  

course  of  my s t u d i e s .  4 

The t h e s i s  i s  comprised 

a d d i t i o n  t o  t h i s  i n t r o d u c t o r y  

c h a p t e r ,  t h r e e  c h a p t e r s  ( 11, 

c h a r a c t e r i s t i c s  

i s o l a t e d  du r ing  t h e  

o f  f i v e  chapt  

c h a p t e r  and a *ncluding 

I11 and IV) a r e  p'r'esented -- 
t h a t  r e p o r t  t h e  r e s u l y s  o f  t h e  main focus  o f  my 

r e s e a r c h .  S ince  t h e y  have o r  w i l l  appear  i n  t h e  

s c i e n t i f i c  l i t e r a t u r e ,  t h e y  a r e  w r i t t e n  i n  a format  
4 

a c c e p t a b l e  f o r  p u b l i c a t i o n .  Chapter  I1 d e a l s  w i t h  



the establishment and parameters of the mutant enrichment 
3 

technique and is published in Genetics a, 243 - 251 
(1975). Chapter I11 discusses the optimal conditions . 

of nitrosoguanidine and ultraviolet light treatment 
f 
1 

prior to enrichment and has been submitted for pub- 

lication to the Journal of Phycology. Chapter IV 

discusses the characteristics of mutants lacking or 

deficient in the production of nitrate reductase 

and is published in the Journal of Phycology 12, 368- 

' 372 (1977) 2. 
t 



MUTANT ENRICHMENT IN THE COLONIAL ALGA, EUDORINA ELEGANS 
'1 

INTRODUCTION 
n Unlike chemotrophic organis&, a broad spectrum of 

auxotrophic mutants have proven to be difficult to isolate 

in phototrophic organisms ( Li et al. 1967). A variety 
d 

of possibilities has been suggested to accoint for this 

observation. Such possibilities include genome redundancy 

( cf. Auerbach and Kilbey 1971), permeability and/or 

metabolic insufficiency, and a lack of transcriptional 

control ( cf. Neilson and Lewin 1774). The lack of 

appropriate enrichment procedures may also have 'contributed 

to the failure to isolate some classes of mutants in 

algae. In order to examine this latter possibility, we 

have initiated studies using the colonial, phototrophic 

alga, Eudorina elegans. This heterothallic organism is 

amenable to basic genetic analysis ( Mishra and Threlkeld 

1968; Herbst and Kemp 1974), and as a simple, multi- 

cellular organism offers the opportunity to study 

morphogenetic processes involving cell-cell interactions. 
' ~nri2hment procedures that result in the death of 

wild type organisms and the maintenance of mutants have 

not been reported for algal systems. With many,bacteria, 

fungi and mammaMan cells, the original penicillin 
w 

technique ( Davis 1949; Lederberg and Zinder 1948; 



Gorini and Kauiman 1960) has been modified to suit the 

organism being studied and often the type of mutants 

required.' Such modifications include the use of other 

antibiotics or antifungal agents such as nystatin 

( Stanley and English 1965: Snow 1966; MacDonald 1968; 

Cook 1974), amphotericin ( Moat et 4al. 196.6: Thonulka 

and Moat 1968) and endomycin ( Moat et ale 1959: Moat 

et ale 1966), the base analog 8-azaguani.ne ( Wachsman and 

~gngalo 1662), the isolation of double auxotrophs in 

conjunction with thymineless death ( chsman and Hogg 

1964), tritium suicide ( Lubin L% 959: itmore and 

'Gulyas 1966; Donkersloot and Mate 1968) and base 
t 

'analog in conjunction with visible light ( Kao and Puck 

,1967) . In Eudorina el&-ans, although drug resistant 

mutants have been isolated ( Mishra and Threlkeld 1968), 
* 

only one auxotroph, a nicotinamide requiring mutaht, 

has been found ( Herbst and Kemp 1974). The use of 

penicillin and other antibiotics has not been successful 

due to a high level of resistance exhibited by this 

organism. ~ a d i ~ \ e  suicide procedures are probably not 

practical, as indicated by a limited uptake of thymidie . 
( Kemp et ale 1972). 

- 

i 
This report shows that nitrogen starvation followed 

by exposure to 8-azaguanine may be useful as a mutant 

enrichment system for Eudorina elegans. 



MATERIALS &NJ METHODS 

Eudorina elegans strain 1201 was orighally 
'i. 
'obtained from the Culture Collection of Algae, Indiana 

UniversityL( Starr 1964). The nicotinamide requiring 

strain, nic-1, was isolated in our laboratory by 
* 

replica plating following treatment with ultraviolet 

light. 

Media 
\ -\ 

The minimal medium ( BM) was a Bristol's basic 

* salt solution ( Cain 1565) modified by replacing H-B 

and H-S solutions with Gaffrun's trace elements solution 

( Hughes et a1 . 1958) . The minimal medium lacking 
1 

nitrggen ( Bm-N) was the BM medium not containing 

sodium nitrate. \ /  he compl 6t e medium ( BC) was an enrich- 

%' ed medium consis Ing of 800 ml of BM and 200 m$ 0% 
r 

modified ~ u ~ l e i a  medium ( Kemp an6 Wehtworth 1971) . 
The defi ed complete medium consisted of BM P 

medium to'khich was added White's amino acid mixture 

( Reinhart and White 1956), a vitamin mixture containing ' 

nicotinamide, nicotinic acid, pyridoxi-ne , riboflavin, 

d 
I 

thiamine ( each 1 pg/ ) , p-aminobenzoic acid ( 0.5 
* 

folic acid ( 0.1 pg/ml), pantothenic acid (' 0.01 

p g / m l ) ,  co'balamine and biotin ( each 0.015 pg/ml), and a 

mixture of nucleic w i d  bases ( eadfig/ml). 
, 



' I '  

Drugs 

8-apaguanine ( 8AG) was obtained from CalBioChem tpc 

0 and N-methyl-@-nitro N-nitrosoguanidine 9 ( W G )  

k s  obtained from Aldrich Chemical Company. So lu t ions  
J 

were made up i n  potassium phosphate b u f f e r  ( 1 . 7  x 

, 0 3 - 3  M )  and f i l t e r  s t - e r i l i z e d .  These were d i l u t e d  > 

into1 the  c u l t u r e  medium a t  the  c ~ n c e n t r a ~ t i o n s '  i n d i c a t e d  
/- 

id..? \ t e x t .  

Conditions 

Unless otherwise s t a t e d ,  t h e  c u l t u r e s  were ' g r o w  
'a 4 

and t r e a t e d  when concent ra t ions  reached about  10 
* . 

viatfle organisms/ml i n  50 - 75 m l  volumehs. They were 

maintained a s  shaking c u l t u r e s  a t  3 2 ' ~  under cool-white 

f ldorescen t  l i g h t s  ( 1000 f t - c  i n c i d e n t  l i g h t )  on < \ 

a 16:  8  L : D  cycle .  The organisms were p l a t e d  us ing  an 
.- 

agar  overlay technique ( Adams 1959).  Each sample was 

p la ted  i n  d u p l i c a t e  and coloniqs were counted a f t e r  

5 days on BC p l a t e s  and 1 0  - 12 days on BM p l a t e s .  \ 

The ave'rage of t h e  d u p l i c a t e  counts  was taken.  \ 
RESULTS a 

When 8AG was added t o  a c u l t u r e  of Eudorina 
' /  

e l e m n s  growing i n  BM medium no i n h i b i t i o p  of  growth 

L 
S 

occurred. I f  a n i t r o g e n  s t a rved  c u l t u r e  was s b jec ted  
\ 

t o  8AG i n  t h e  absence of n i t rogen ,  t h e  t i t r e  remained 

J/' 
J 

cons tant .  However, when t h e  c u l t u r e  was s t a r v e d  of 

i ni t rogen and put i n t o  BM medium cbn ta in ing  8AG, 

f - 2  extensive i n a c t i v a t i o n  occurred ( Figure 11-1). 
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Figure  11-1. The e f f e c t  of  8AG ( 60pg/ml)  on t h e  

growth o f  Eudorina e l egans  ( s t r a h  

1201)  I n  v a r i o u s  media p r i o r  t o  and 

d u r i n g  t r e a t m e n t .  C u l t u r e s  were i n -  

cuba ted  i n  BM o r  BM-N a s  shak- 

c u l t u r e s  f o r  24 h a t  3Z0c. A l i q u o t s  
C 

were t h e n  t r a n s f e r r e d  from BM t o  BM 

+. 8AG (x-x), and from BM-N i n t o  

BM-N ( e - e ) ,  BM (0 -o ) ,  BM-N+8AG 



80 120 160. 
INCUBATION (hours) 



Conditions under which n i t rogen  s t a r y a t i o n  took 

place a f f e c t e d  s u r v i v a l  upon subsequent expoSure t o  

BAG. A t  p O c ,  about 24 h  of s t a f r a t i o n  was requ i red  
< 

before 8AG had any e f f e c t  on s u r v i v a l ,  while  a t  22'~; 

48 h o f  s t a r v a t i o n  was requ i red  before 8AG ' d o t d ~  

k i l l .  S t a r v a t i o n  of n i t r o g e n  i n  t h e  dark u p - t o  ' 

t h r e e  days r e s u l t e d  i n  no 8AG e f f e c t  ( Table 11-1). 

BAG i n a c t i v a t i o n  @ n i t r o g e n  s t a r v e d  c u l t u r e s  of 

Eudorina was i n i t i a l l y  r a p i d  t o  some maximum, followed by 

\ a p e r i o d A o f  up t o  5 days where no f u r t h e r  l o s s  of colony- 
a 

forming a b i l i t y  occurred Figure 11--1). Eventual ly ,  

grqwth of t h e  c u l t u r e  r e  A concen t ra t ion  e f f e c t  . 

/ 

of 8AG ( 40 - 300 & m l )  was no t  evident  when a l i q u o t s  
7 

of t h e  same n i t r o g e n  s t a r v e d  c u l t u r e  were t r e a t e d  

( F i g u r e I I - 2 ) .  However, when 1201 c u l t u r e s  a t  d i f f e r e n t  . L 
s t a g e s  of t h e  l i f e  cyc le  were s t a r v e d  of  n i t r d g e n  and 

* 

exposed t o  t h e  same concen t ra t ion  o'f 8AG, ,marked d i f f e r e n c e s  
I - - 
i n  t h e  amount of i n a c t i v a t i o n  were f- ( ~ i ~ u r e  11-31. 

Nitrogen s t a r v a t i o n  followed by 8AG t rea t lp&nt  was 

t h e  only combination found t h a t  r e s u l t e d - i n  i n a c t i v a t i e %  

~ t a r v a t i b n  of o the r  c o n s t i t u e n t s  of t h e  BM medium and t h e  

' u s e  of t h e  pur ine  analogs  mercaptopurine and 2-amino 
n 

pur ine ,  t h e p i d e  con ta in ing  compounds azatpymine and a8a- 

u r a c i l ,  a s  wel l  as f luoroura6 i1 ,  bromouracil and deoxy- 

glucose r e s u l t e d  i n  growth r a t h e r  than  death.  Growth a l s o  
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Table F!I-1. The effect of different conditions of 

nitrogen starvation on 8-azaguanine 

effect in Eudorina elegans ( strain 

1201). The values are presented as the 

ratio ( N/No) of colony forming units/ 

ml following 48 h incubation in BM + ', 
? 

60 pg/ml 8AG (N) to the colony forming 

units/ml following starvation (NO). 

ND = not done. 
? 'i 



Table 11-1 

Time o f  s t a r v a t i o n  

BM-IV 1 day , 2 days  j days 

L 

3 2 ' ~  
dark 





Figure  11-2. The e f f e c t  of d i f f e r e n t  c o n c e n t r a t i o n s  

of 8 A G  on a c u l t u r e  o f  Eudorina e l e g a n s  
F' 
; ( s t r a i n  1201) resuspended i n  B W 8 A G  

a f t e r  n i t r o g e n  s t a r v a t i o n .  The c u l t u r e ,  
' J 

grown i n  BC, .was s t a r v e d  f o r  24 h  and 

then  a l i q u o t s  were Yesuspended i n  BM + 

8 A G  (0 -o) ,  BM + 2 0 0 p g / d  8AG (0 -0 )  

and BM + 300 pg/ml 8 A G  (o -a). 



- 

8AG INCUBATION (hours) 





, Figure 11-3. The effect of BM+8AG ( 60 &ml )  on , 

different cultures of Eudorina elegans 

( strain 1201) after nitrogen starvation. 
T - 

Three different cultures (4- A), (,x-x) 

and (0-0) were exposed to nitrogen 

starvation and 8AG treatment under the 

same conditions. 



8 A G  INCUBATION (hours) 



P 
resulted when a 

d 

exposed to 8AG in a defined complete medium. The 

constituents af this medium capable of blocking the lethal 

effects of 8AG were the purines, adenine and guanine 

( Figure 11-4). However, their respective nucleosides 

L ( 10 pg/ml did not interfere with the 8AG inactivation 
<. Q 

of nitrogen starved cultures. 

The above data suggest that cultures of Eudorina 

may be enriched f6mut;nts if metabolism is reduced 

1, by starvation and u r e g r o w t h  in the presence of 8AG 

inhibited due to lack of nutrients. In order to evaluate 

this possibility, a series of experiments was done 

using the nicotinamide requiring strain nic-1. 

Starvation of nic-1 in BM-N,with or without added 

nicotinamide, for 24 h at 32'~ followed by 8AG treat- 

ment was lethal only if nicotimmi.de was also included 
P 

in the post-starvation medium ( Figure 11-5). No 

organic additions were required to observe the lethal 

effects with wild type cells. Enrichment for nic-1 

from a population containing both nic-1 and wild type 

organisms was achieved by subjecting the mixture to 

several cycles ofenitrogen starvation and 8AG exposure 

in the absence of nicotinamide ( ~ a b i e  11-2). Regrowth f 
in BC medium for 24 h followed exposure to 8AG. The 

starvation, 8AG treatment, and regrowth of a culture 

a 



-_-, 
LEAF 38 OMITTED I N  PAGE NUMBERYG. 



Figure 11-4. The e f f e c t '  o f  n u t r i t i o n a l  a d d i t i o n s  

t o  t h e  BM+8AG medium a f t e r  n i t r o g e n  

s t a r v a t i o n .  The c u l t u r e  was s t a r v e d  

b of n i t rogen  f o r  2 4  h a t  32'~ and 

ak iquo t s  were then t r a n s f e r r e d  t o  

BM (x-x) ,  BC (0-0). BM+8AG ( x - - - x ) ,  

BC+8AG (0-o),  BM + adenine + 8 A G  

(a -a ) ,  
rr 

BM + guanine + 8 A G  ( e -  * ) ,  
i 

BM + adenosine + 8 A G  (tl - - - -  a )  , and 

BM + guanosine + 8 A G  (6- - - e) . 
* i 



8 A G  INCUBATION (hours) 
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Figure 11-5. Growth patterns of Eudorina elemns 

( nic-1 ) in different mbdia conditions. 
v /' 

Q Two aliquots of a nic-1 culture growing / 

in BC were resuspended in BM (0-0) 
t 

and BM + nic~tinam~de (x-x) . Another 
aliquot was put in BM-N for 24 h and 

b 

then was exposed to BM+8AG (a-a), and 

another was put into BM-N+nicotinamide 

for 24 h and then was exposed to BM + 

nicotinamide + 8AG (a-.). j 



8 A G  INCUBATION (hours) 
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Table 11-2. Enrichment of Eudorina elegans for nic-1. 

A mixed population ('total of about lo4 

5 viable organisms/ml) of wild type and 

nicotinamide requiring (nic-1) Eudorina 

was subjected to a series of three mutant 

1 enrichment cycles. The titres of each type. 
were obtained before and after each cycle 

by plating aliquots on BM anh BC medium. 

The number of nic-1 was the difference 

between the nurnber.of colonies on BC 

and the number on BM, and their proportion 

was the number'of nic-1 / number of 1201 + 

the number of nic-1. 



Table 11-2 

c y c l e  # 1 

nic -1  
t o t a l  

p r i o r  a f t e r  
8AG 8AG 

cfu/ml cfu/ml 

w i o r  a f t e r  
8AG 8AG 

:fu/ml cfu/ml 

- - - - - - - - 

r i o r  a f t e r  
8AG 8AG 

:fu/ml cfu/ml 
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constituted an enrichment cycle. 

The isolation of MNNG-induced mutants using the 

enrichment procedure was. then attempted. A culture was 

exposed to MNNG ( 1 pg/ml) for 2 h and allowed to 

grow in BC for 24 h or until the increase in titre 

indicated that the parental coenobia had broken down, 

releasing the daughter organisms. The culture was then 

cycled through the enrichment procedure twice. The 
/' treated culture &s plated on BC plates and individual 

colonies surviving the treatment were transferred to 

BM and BC plates via a sterile set of points arranged, 

in a fixed array ( Roberts 1959). The growth factor(s) 

of the colonies growing on BC but not on BM were determined 

by plating aliquots on plates containing different 

known concentrations of organic supplements added to 

the BM medium ( Holliday 1956). Seventy-five auxotrophs 

were found in a total of 4726 colonies. Two of these 

required p-aminobenzoic acid, one required a reduced 

nitrogen source and the rest required acetate. A non- 

mutagenized culture, also cycled twice through the 

enrichment procedure, yielded 3 acetate requiring 

mutants among 11,089 colonies examined. Genetic analysis 

of these mutants is currently in progress. In contrast, 

a culture treated with a mutagen but not cycled through 

the enrichment procedure following the 24 h of growth 
t 
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in BC failed to yield mutants in a total of 14,000 

colonies studied. 

A procedure has been developed which results in 

the enrichment of auxotrophic mutants of Eudorina ele~ans. 

The procedure depends upon the ability of the purine 

analog, 8AG, to kill organisms recovering from nitrogen 

starvation. Because &he recovery medium is a simple 

salt solution, any organisms requiring organic 

supplements presumably do not initiate recovery and 

are immune to the lethal effects of 8AG. 

Nitrogen starbation prior to the exposure to 

antibiotics and the aptifingal agent, nystatin, has 

led to the successful isolation of mutants in fungi 

( Snow 1966; Cook 1974). 8AG has been useful in the 

isolation of mutants of Bacillus mes~aterium ( Wachsman 

and Mangalo 1961). To our knowledge, 8AG has never 

been used in conjunction with nitrogen starvation 

as an enrichment procedure. 

Conditidns at'the time of nitrogen starvation and 

at the time of 8AG treatment greatly influence the 

lethal effects of 8AG. The age and growth stage of a 

culture undoubtedly contribute to the different 

sensitivities of Eudorina to 8AG ( Figure 11-3). However, , 

strain 1201 has proven difficult to synchronize 



and consequently comparative studies were 'd,one using 

aliquots of the same culture. Thebincreased time 

required for nitrogen starvatCon at 2 2 0 ~  and the failure 

of nitrogen starvation in the dark suggest that some 

cellular processes are necessary during the starvation 

period for the subsequent 8AG treatment to be effective. 

8AG killing does not occur if either or both of the purines, 

adenine and guanine, are present in the medium at the time 

of 8AG treatment. Ln other organisms ( Mandel 1957; 
a \ 

chantrebe and Devreux 19% Mangalo and Wachsman 1964) . 

the purine, fiucleosides as well as the purines show this 

effect. The purine nucleosides are ineffective in Eudorina. 

If the enrichment factor is defined as the fre- . 
quency of MNNG-induced mutants after enrichment.div2ded 

by the- frequency of MNNG-induced mutants before enrichment 

( 1.6 x lo-'/( 7.0 x theri at least a 200x 

increase in mutant frequency results from the enrichment 

procedure. The data indicate that the frequency of 
I - spontaneous mutants present in the population of this - 

organism is low. Since the frequency of spontaneous 

mutations present after enrichment is 2.7 x and 

the enrichment procedure appears to cause at least a 

200x increase in the frequency of mutants, the 'frequency 

of spontaneous mutants in an uptreated mulation 

is less than 5.4 x The results also indicate 



the powerful nature of the mutagen, Mi&. Treat- at 

low concentrations of MNNG ( 1 pg/ml) for 2 hours 

causes at least a 60x increase in t'he mutant frequency. 

This is determined by dividing the'frequency of MNNG- 
b 

induced mutants', after .enric,hment by the frequency of 

mutants of a non-treated culture after enrichment 

A'problem, is encountered with the enrichment 

procedure. The degree of amplification of a mutant as 

a result of growth during the enrichment procedure is 

unknown. In the case of the mutants isolated in Eudorina, 

differences in the morphology and growth patterns of the 

p-aminobenzoic acid requiring and of some of the acetate 

requiring mutants suggest that they may have originated 

from separate mutational events. Genetic studies are 

underway to.determine the inheritance patterns of these 

mutants. 



-37- 

CHAPTER I11 

P J T R O S O Z U A N I  D I R E  A K D  U L T i i A V I O L E T  L I G H T  M U T A G E K E S I S  

IFi Z U T J O R I N K  ELXAKS 

I P ! T R O D U C T I  O h  

The induction and isolation of auxotrophic 

individuals has become essential to the understanding / 

of basic genetic processes of organisms of many different 

phyla and have aided in the elucidation of similarities 

and differences between them. The laek of a large spectrum 

of auxotrophs in phototrophic organisms ( Li et al. 

1967) has resulted'in a missing link in studies ofqthis 

nature. This lack of mutants 'has been attributed to a 

nurnber'of different causes. Two possibilities experimen- . 
tally difficult to study are permeability problems 

resulting in metabolic insufficiency and genome 

redundancy ( ~uerbach'and Kilbey 1971). However, an 

equally plausible possibilty that' is experimentally 

more easily dealt with is a lack of enrichment pro- 

cedures that have proven useful in isolating auxotrophs 

that occur infrequently in other s$&ems. As a result, 

the choice of mutagen and conditionk, of mutagen 

treatment that are most likely to yield '-b ma mum 
\ 

auxotroph induction in phototrophs have not b h )  

established. 

Chapter I1 described a mutant enrichment procedure 



I 

. for the c?loniaJ alga, Eudorina dlegans. 
7 

estimated to occur at a frequency at 

in ane'initial nitrosoguanidine mutagenized 

population were isolated At a frequency bf16;220110wihg 

enrichment. 

This chapter deals with the determination of 

conditions of N-methyl-N'-nitro N-nitrosoguanidine 

(MNNG) and ultraviolet light (uV) treatment that are 

most conducive to the induction af auxotrophs prior 

to exposure to the enrichment technique. The two 

parameters used to establish these conditions are 

reversion frequency of a previously isolated acetate 

requiring mutant ( & ) and* formation of pipent 

sectored colonies. 

The Organisms used in this study were Eudorina 

elegans (~hrenberg) UTEX 1201 obtained from the Culture 

Collection of Algae at the University of Texas and an 

aceate requiring strain ( & ) isolated after treatment 

with MNNG and subsequent enrichment. 

Media 

Minimal.medium (BM) was modified basic salts . 

solution ( Cain 1965) with Gaffron's trace elements 

solutiop ( Hughes et al. 1958) replacing thejH-B and 
t 

4 

H-S solutions: The complete medium (BC) consisted of 



800 m l  o f  .BM and 200 m l  o f  modif ied  Euglena medium 

( Kemp and 'dentworth 1971) .  

Cu l tu re  Cond i t i ons  

C u l t u r e s  used f o r  de t e rmin ing  s e c t o r i n g  f r e q u e n c i e s  

were grown i n  50 - 75 ml volumes i n  250 m l  f l a s k s  a s  J . 
shak ing  , c u l t u r e s .  They were incuba ted  a t  3 2 ' ~  under 

cool-whi te  f l u o r e s c e n t  l i g h t s  (e 1000 f t - c )  on 2 

16 :8  L : D  c y c l e .  i : l i q u o t s  of t h e  s u r v i v i n g  o r g a ~ i s m s  

were p l z t e d  i n  d u p l i c a t e  by t h e  a g a r  o v e r l a y  t echn ique .  
' C  

The r a t i o  of s e c t o r e d  k o l o n i e s  t o  t h e  t o t a l  number o f  

s u r v i v i n g  organisms was s c o r e d  a f t e r  5 days o f  i n c u b a t i o n .  
/' 

C u l t u r e s  used f o r  r e v e r s i o h  s t u d i e s  were grown 

i n  5 l i t e r  v e s s e l s  i n  EC medium t o  a c o n c e n t r a t i o n  o f  

4 5 x 10  colony forming un i t s /ml .  Fol lowing mutagen 

t r e a t m e n t ,  1 l i t e r  a l i q u o t s  were removed and c o l l e c t e d  
. 

by c e n t r i f u g a t i o n .  The r e s u l t i n g  p e l l e t s  were washed 
3 <A 

twice  i n  phosphate  b u f f e l u ( l . 7  x 1 0 - ~ 1 d .  pH 7.0)  and 

f i n a l l y  resuspended i n  1 0  m l  o f  t h e  b u f f e r .  A l i q u o t s ,  

p l a t e d  on BM p l a t e s ,  were i ncuba t ed  f o r  1 4  days  b e f o r e  

r e v e r t a n t  c o l o n i e s  were s c o r e d .  

I.iutagen t r e a t a e n t  , 

G l t r a v i o l e t  l i g h t  w a s  ob t a ined  from G15T8 
s -. I 

germicid? 

2 lamps a t  a dose  o f  2 J / m s .  The c u l t u r e s ,  

suspended iR phosphate  b u f f e r ,  were i r r a d i a t e d  i n  open 

p e t r i  d i s h e s .  The dep th  .of t h e  c u l t u r e s  d u r i n g  i r r a d i a t i o n  



4 \ i . . 

did no t  exceed 1 mm and they  were c o n s t a n t l y  a g i t a t e d  

during exposure. Pho to reac t iva t ion  was prevented - 

by p l a t i n g  the  t r e a t e d  organisms under y e l l o w ' l i g h t  

( Jagger  1967) and incuba t ing  t h e  p la ted  a lgae  f o r  

3 days i n  t h e  dark before l i g h t  incubat ion .  

MNNG was obtained from the  Aldr ich  Chemical 

Sompany. Stock s o l u t i o n s  were made up f r e m  i n  water  

(pH 5 .5) ,  f i l t e r  s t e r i l i z e d  and d i l u t e d  t o  t h e  a p ~ r o p r i a t e  

concent ra t ion  i n  t h e  c u l t u r e .  
- 

Sectored Colonies 

A sec to red  colony r e s u l t e d  when one o r  more 

of ' the c e l l s  making up t h e  coenobium were morphologi- 2 
c a l l 4  changed by t h e  mutagen t o  cause a  change i n  C' 

J 
pigmentation. When p la ted  on aga r  these  c e l l s  r e p  

'&his r e s u l t e d  i n  a defined segment of t h e  colon< 

showing a d i f f e r e n t  pigmentation than  t h e  r e s t  o f  

the colony. Many of  t h e  s e c t o r e d  co lon ies  i s o l a t e d  

were t e s t e d  t o  determine whether t h e  morphological 

c h a r a c t e r i b i c  was s t a b l e .  I n  85% o f ' t h e  co lon ies  
2 -1 

examined,the d i f f e r e n t i a l l y  pigmented a r e a  - o f  t h e  

colony could be recovered when t h e  colony was d i s -  

rupted i n  b u f f e r  and r e p l a t e d .  

RESULTS 1 

was t r e a t e d  4 t h  1 pg/ml BDNG 
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Figure 111-1. Cell survival (0-o), revertant 

frequency of ac8/survivor (a-4) 

and sectoring frequency/survivor 

(&-a) of cultures of Eudorina 

elegans exposed to 1 pg/ml MNNG. At 

0 h the revertant frequency of ac8/ 
survivor was <1.25 x lo-* and the 
sectoring frequency/survivor was 

(2.3 x Each plot is a represen- 

, tative of at least 2 experiments done 

when the majority of cells were in the 

growth stage. 7 
* 4 



TIME 
20 30 40 1 

MNNG TREATMENT (hours) 



a dec rease  i n  v i a b l e .  organisms o c c u r r e d .  The r e v e r t a n t  

f requency/surv ivor  i n c r e a s e d  w i t h i n  t h e  f i r s t  30 
-- \ 

minu&es o f  exposure  t o  t h e  mutagen and t h e n  remained - 
s t a b l e  f o r  about  2 hours  b e f o r e  i n c r e a s i n g  about  

l o x  ove r  t h e  nex t  2 - 3 hour s .  m a d d i t i o n a l  l y x  \ 
, i n c r e z s e  occur red  g r a d u a l l y  ove r  t h e  n e x t  43 hou r s  t o  

about  2 x r e v e r t a n t s / s u r y i v o r .  The f requency  of  

s e c t o r e d  c o l o n i e s / s u r v i v o r  o f  1201' fo l lowed t h e  same 

g e n e r a l  t r e n d  a s  t h e  r e v e r s i o n  f requency o f  act3 

a l though  t h e  i n i t i a l  2 - 3  hour  U a t e a u  was n o t  

observed.  The f requency  of  s e c t o r e d  c o l o n i e s  was 

about  l o x  g r e a t e r  t h a n  t h e  r e v e r t a n t  f requency d u r i n g  

exposure t o  t h e  mutagen. 

Exposure t o  1 0  & m l  L I N K  caused c e l l  d e a t h .  Only 

about 2$ o f  t h e  organisms su rv ived  a 2 hour  exposure  

t o  t h e  mutagen ( Figu re  111-2). Despi te  t h i s  t o x i c i t y ,  

r e v e r t a n t s  o f  and d i f f e r e n t i a l l y  pigmented s e c t o r s  

were induced t o  maximum v a l u e s  a f t e r  60 m i n u t e s  

of  exposure .  The maximum r e v e r s i o n  f requency  o b t a i n e d  

-4 u s i n g  IIRT;G w a s  1.5 x 10  and t h e  maximum s e c t o r i n g  

f requency was 1 x 

When t h e  c u l t u r e s  were exposed t o  U V ,  t h e  r e v e r s i o n  

f requ&cy/surv ivor  i n c r e a s e d  t o  a maximum e t  a dose  

of 300 ~ / r n ~ s  and t h e n  dec reased  a g a i n  ( F i g u r e  111-3). 

The maximum r e v e r t a n t  f requency/surv ivor  o b t a i n e d  u s i n g  
b 
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'Figure 111-2. , C e l l  s u r v i v a l  ( o- o)  , r e v e r t a n t  

frequency of ac8 / su rv ivor  (A - 4) 

i 
and s e c t o r i n g  frequency/survivor 

(A-A) of c u l t u r e s  of Eudorina 

e legans  exposed . . t o  10 pg/ml MNNG. 

A t  0 h t h e  r e v e r t a n t  frequency o f  

w s u r v i v o r  was 45.0 x  and t h e  

s e c t o r i n g  frequency/survivor was ( 1 . 2 ~  

Each p l o t  is a  r e p r e s e n t a t i v e  of 

a t  l e a s t  2  experiments done when t h e  
* 

major i ty  of t h e  c e l l s  were i n  t h e  

growth s t a g e .  



1 

MNNG 
I 
TREATMENT 

2 
(hours) 
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Figure 111-3. Cell survival ( o- o) , revertant 
frequency of ac8 / survivor (A-A) 

and sectoring frequency/survivor 

(A-A) of cultures of Eudorina 

elegans exposed to UV. At 0 dose 
< 

the revertant frequency of a& / 
survivor was (6.4 x 10-9 and the 

sectoring frequency/survivor was 

4 2 . 8  x l ~ - ' ~ .  Each plot is a 

representative of at least 2 

experiments done when the majority 

of the cells were in the growth 

stage. 



100 200 300 400 500 
UV DOSE ( ~ m - 2 )  



' -6 UV was 4 . 5  x 10 . The s e c t o r i n g  f requency/surv ivor  

followed t h e  same t r e n d ,  re&ching a  maximum of  6 .5  

x 8 f t e r  exposure t o  300 ~ / m * .  

The op t imal  c o n d i t i o n s  of MNNG t r ea tmen t  (10  

2 pg/ml f o r  one hour )  and UV (300 ~ / m  ) were used t o  

determine t h e  e f f e c t  of s t a g e  i n  t h e  l i f e  c y c l e  on 

mutagen a c t i o n  ( Tab le s  111-1 and 111-2 ) .  C u l t u r e s  

a t  t h e  p o s t  r e l e a s e  s t a g e  ( s m a l l ) ,  t h e  growth s t a g e  

(medium) and t h e  s t a g e  i n  t h e  l i f e  c y c l e  j u s t  p r i o r  

t o  d i v i s i o n  ( l a r g e )  were r e l a t i v e l y  ea sy  t o  o b t a i n  

i n  a  synchronous s t a t e  and t h e r e f o r e  were used as 

a r e p r e s e n t a t i v e  s t a g e s  of t h e  l i f e  c y c l e ,  L e t h a l i t y  

and r e v e r s i o n  of & induced by MNNG were n o t  markedly 

in f luenced  by l i f e  c y c l e  s t a g e  (Tab le  111-1). 

The s t a g e  i n  t h e  l i f e  c y c l e  a t  t h e  t ime o f  

exposure t o  U V  w a s  c r i t i c a l .  A s  t h e  organisms grew 

and approached t h e  d i v i s i o n  p roces s ,  t h e i r  r e s i s t a n c e  

2  t o  U V  became g r e a t e r .  Exposure t o  300 ~ / m  r e s u l t e d  

i n  about  a lOOx g r e a t e r  s u r v i v i n g  f r a c t i o n  among 
I 

l a r g e  c e l l e d  organisms compared t o  newly r e l e a s e d  

organisms. The r e v e r t a n t  frequency o f  a c 8 / s u r v i v o r  

was g r e a t e s t  a t  t h e  l a r g e  c e l l  s t a g e .  R e v e r t a n t s  were 

no t  found when c e l l s  t h a t  were j u s t  r e l e a s e d  from t h e  
2 

p a r e n t a l  coenobium were exposed t o  300 ~ / m  , T h i s  was 

due t o  t h e i r  s e n s i t i v i t y  t o  UV and,  as a r e s u l t ,  n o t  
0 
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~ a g l e  111-1. The e f f e c t  of  s t a g e  i n  the  l i f e  cyc le  

of Eudorina elekans on s u r v i v a l ,  

-version frequency of ac-8 and 

s e c t o r i n g  frequency, fo l lowing MNNG 

t rea tment  ( 10 Wml, 1 h ) .  The MNNG 
I 

-\ 

s u r v i v i n g  f r a c t i o n  i s  presented  a s  t h e  

r a t i o  (N/NP)  of t h e  number of colony 

<forming units/ml a f t e r  t rea tment  ( N )  

t o  cglony forming units/ml p r i o r  t o  

t rea tment  (No).  



L 

Table 

Experiment- S tage  i n  t h e  l i f e  cyc le  
# small medium l a r g e  

MNNG 
su rv iv ing  
f r a c t i o n  

reve r s ion  
frequency 
survivor 

s e c t o r i n g  
frequency 
su rv ivor  





I 

Table 111-2. The effect of stage in the life cycle 

of Eudorina elegans on survival 

following UV treatment (, 300 ~/m'), 

reversion frequency/survivor of ac-8, 

and sectoring frequency/survivor . The 
* 

UV surviving fraction is presented as 

the ratio (N/NO) i of 'the number of 

colony forming ul)its/ml after treatment . 

(N) . to colony forining units/& prior 

to treatment (No). 



Table 111-2 

Experiment S tage  i n  t h e  l i f e  cyc le  
# 

< small medium l a r g e  

uv 
surv iv ing  
f r a c t i o n  

revers ion  
frequency 
surv+vor 

s e c t o r i n g  
frequency 
survivor  



- 

enough organisms s u r v i v e h  t o  i s o l a t e  r e v e r t a n t s .  However, 

when t h e s e  c u l t u r e s  were t r e a t e d  w i th  lower  doses  o f  

3'4, where t h e  pe rcen t age  o f  s u r v i v i n g  c e l l s  sugges t ed  
. I 

t h a t  r e v e r t a n t s  cou ld  be r ecove red ,  none were found. 

The UV-induced s e c t o r i n g  f requency/surv ivor  was n o t  

s tage-dependent .  

The exposure  o f  c u l t u r e s  t o  t h e  op t ima l  mutagen - 

cof id i t ions  e s t a b l i s h e d  by t h e  r e v e r s i o n  and s e c t o r i n g  

s t u d i e s  l e d  t o  t h e  i s o l a t i o n  o f  mutants  a t  h igh  

f r e q u e n c i e s  f o l l o w i ~ g  enr ichment  ( TaWe 111-3). 

The maximum mutant  f requency/surv ivor  r e s u l t e d  a f t e r  

t r e a t ~ e n t  w i th  TIP:PiG a t  a c o n c e n t r a t i o n  of  10  ,ug/ml 

f o r  one hour .  b-lthough organisms t h a t  were depende 

on a c e t z t e  f o r  growth comprised t h e  m a j o r i t y  o f  

mutants i s o l a t e d ,  p-arninobenzoic a c i d  r e q u i r i n g  1. 
,nutants  2nd mutants  r e q u i r i n g  a reduced n i t r o g e n  sou rce  

were a l s o  i s o l a t e d .  When c u l t u r e s  were t r e a t e d  w i t h  

IdIiNG a t  l e s s  t h a n  op t ima l  c o n d i t i o n s ,  t h e  mutant 

f requency was lower .  When a c u l t u r e  w a s  t r e a t e d  w i t h  

1 pg/ml f o r  5 hou r s ,  t h e  mutant  f requency  was 5x lower  
' 

t han  when a c u l t u r e  was t r e a t e d  w i th  10 pg/ml fo r '  

one h o u r . , A l l  t h e  mutan ts  i s o l a t e d  r e q u i r e d  a c e t a t e  

f o r  growth. l a e n  t h e  t ime  p e r i o d  t h a t  t h e  c u l t u r e  

was exposed t o  1 pg/ml w a s  extended t o  48 hour s ,  t h e  

t o t a l  p o p u l a t i o n  s u r v i v e d  and '  t h e  mutant  f r equency  



d 
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Table 111-3. The e f f e c t  of condi t iohs  of t rea tment  

with MNNG and U V  on the , f r equency  of 

i s o l a t i o n  of mutants fol lowing 

enrichment. * - colony forming uni.ts/ 

ml. ** - N/NO - su rv iv ing  f r a c t i o n .  
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w a s  only 2x lower than  t h a t  obtained w i t h o p t i m a l  

condi t ions  o f  MNNG t rea tment .  However, a  major d i s -  

advantage enkountered with t h i s  t reatment  cond i t ion  was 
* 

t he  i s o l a t i o n  of mutants having.more than  one n u t r i t i o n a l  

requirement.  

Treatment of  synchronous populat ions with U V  

a t  300 ~ / m ~  showed maximum mutant induc t ion  when t h e  

c u l t u r e  w a s  a t  t h e  l a r g e  c e l l  s t a g e .  However, t h i s  

frequency was l o x  l e s s  than  t h e  maximum frequency 
\ 

obtained when MNNG w a s  used as t h e  mutagen. No mutants 

we*e i s o l a t e d  when a  c u l t u r e  of newly r e l e a s e d  organisms 

) 
was t r e a t e d .  

DISCUSSION 

The optimal cond i t ions  of MNNG and UV t rea tment  

f o r  mutant induct ion  i n  Eudorina e l ~ a n s  have been 

determined by examining t h e  maximum r e v e r t a n t  frequency/ 

surv ivor  and t h e  s e c t o r i n g  frequency/survivor under a  
'L 

v a r i e t y  of cond i t ions .  U V  i s  Bmore  e f f e c t i v e  mutagen 

i n  producing morphological changes ( i . e .  s e c t o r s )  and 

MNNG is  more e f f e c t i v e  i n  producing phys io logica l  > 

changes ( i . e .  r e v e r t a h t s  and auxotrophs) .  MNNG has 

a l s o  been recognized as a  powerful auxotroph inducing 

mutagen in.many systems ( Alderberg e t  a l .  1965, 
\ 

Singer  and Frankel-Conrat 1967, Mandel and Greenberg 

1963) and has been found f o  cause a h igher  r a t e  of  



mutagenesis t h a n  U V  i n  b a o t e r i a  and y e a s t s  ( Laprieno 

and Clark 1965) .  
0 

A ' f u r t h e r  disadvantage of using U V  as a  mutagen 

i n  Eudorina e legans  i s  t h a t  t h e  s t age  i n  t h e  l i f e  cyc le  

a t  %he t i ie  of t rea tment  is  c r i t i c a l .  The A o s e r  

t h e  organisms a r e  t o  d i v i s i o n  t h e  more r e s i s t a n t  they  

a r e  t o  U V  s i n c e  Eudorina has processes  opera t ing  

during d i v i s i o n ' t o  r e p a i r  U V  induced damage ( Kemp 

1972, Kemp and Malloy 1975, Kemp and Wentworth 1971) .  

If t h e  organisms a r e  temporal ly  f a r  removed from 
I 

d i v i s i o n ,  t h e  damage caused by UV i s  rendered l e t h a l  

t o  t h e  organism before  t h e  time of r e p a i r  i s  reached. 

Although t h e  organisms t h a t  a r e  i r r a d i a t e d  c l o s e  t o  

d i v i s i o n  a r e  more l i k e l y  t o  be exposed t o  t h e  r e p a i r  

mechanisms t h e y  a r e  a l s o  more l i k e l y  t o  be phys io log ica l ly  

changed. ~ h f s  i s  because t h e  r e p a i r  processes  a r e  e r r o r  . 

prone ( Witkin 1966) .  

We use of MNNG a s  a  mutagen i s  advantageous 
. , 

s i n c e  t h e  s t a g e  i n  t h e  l i f e  cyc le  a t  t h e  time 

of t reatment  i s  not  c r i t i p a l .  Although it has been found 

i n  Chlamydomonas r e i n h a r d i i  t h a t  t h e . l e t h a 1  and 

mutagenic e f f e c t s  of MNNG a r e  maximal dur ing  t h e  nuc lea r  

S-phase ( Lee and Jones 1976) hnd i n  Volvox c a r t e r i  ' .  
j u s t  p r i o r  t o  cleavage ( Korn e t  a l .  1978; Huskey, pe r s .  

corn. . ) ,  t h i s  s t a g e  dependency is n o t  seen  i n  Eudorina. 
," 



, 

Although synchronous cultures of dividing organisms are 

Qifficult to obtain in Eudorina, many of the cells that 

are exposed to MNNG at the large cell stage enter division 

during the time of treatment. The lethal and mutagenic 

effects of MNNG do not increase at this stage. 

The isolation of auxotrophic mutants in addition , 

to acetde dependent mutants following optimal MNNG' 
b P 

treatment and enrichment suggests that the lack of 
-', 

an extensive spectrum of mutan* phenotypes in green 

plants may be due both to less than optimal mutagenic 

proceddres and to the lack of'appropriate enrichment 

tecMiques. 
a 



CHAPTER IV 

NITRATE REDUCTASE MUTANTS IN EUDORINA ELEGANS 

INTRODUCTION 

The metabolism of nitrate to nitrite and then to 

ammonia has been extensively studied in recent years. 

In partficular, the ipitial enzyme of the pathway, nitrate 
I* 

reductase, has been studied in bacteria ( Forget 1974), 

fungi ? Choudary and Rao 1975; Sorger and Davies 1973). 
algae ( Barea et al. 197.6; Morris and Syrett 1963; 

PiotOrious et ale 1976) and higher plants ( Beevers 

and Hageman 1969). In some of these organisms in; 

vestigations of physiological, regulatory and genetic 

aspects of nitrate metabolism have been aided by the 

isolation of mutants tiat are unable to utilize nitrate 

as a nitrogen source. 

In Eudorina ele~ans, mutants deficient or lacking 

in the production of nitrate reductase have been 

isolated. These types of mutants have not been pre- 

viously characterized in sexual algae. This paper 

discusses how these mutants ( -1,-2,-3) differ 

*om wild type and each other in their growth responses to 

different nitrogen sources, in their production of the 

enzymes nitrate and nitrite reductase, and in their 

response to potassium chlorate. 
\ 



- 54- 
MATERIALS AND METHODS 

The wild type isolate used in the experiments 

was Eudorina elegans UTEX 1201 ( Culture Collection 

of Algae, University of Texas). The - nar mutants are 1 

derivatives of 1201, each isolated after exposure to 

N-methyl-N1-nitro N-nitrosoguanidine and subsequent 

enrichment ( Chapter XI). 

The basic minimal medium ( BM) was Bristolls 

basic salt solution ( Cain 1965) containing sodium 

nitrate as nitrogen source. In some experiments 

described here, sodium nitrate was replaced by urea 

( BM-U), uric acid ( BM-UA), ammonium nitrate ( BM-NHb), 

sodium nitrite ( BM-~02) or hypoxanthine ( BM-Hx) in 

the same molar concentration as sodium nitrate ( i.e. 

3 x M). Trace elements were supplied by Geffron's 

solution ( Hughes et ale 1958). The enriched medium 

( BC) was made up of 800 m l  of BM and 200 m l  of modified 

Euglena medium ( Kemp and Wentworth 1971). 
,- 

Cultures were maintained at 30'~ under cool-white 

fluorescent lights ( 10 J / m2s ) on a 16 : 8 L : D 
/ 

cycle. For the growth experiments the cultures were grown am 

shaking cultures in 125 ml erlenmeyer flasks containing 

50 Of mTm- The strains, growing in BC, were 

washed and inoculated at low titre ( ca, 100 organisms/ 

m l )  into minimal medium containing the nitrogen source . 
being studied. Numbers of viable organisms were determined 

t 



d a i l y  by t h e i r  a b i l i t y  t o  form v i s i b l e  oolonies  on . 

n u t r i e n t  aga r  p l a t e s .  These da ta  a r e  presented a s  colony 

. forming u n i t s  ( cfu/ml) . For t h e  enzyme assays, t h e  
f 

c u l t u r e s  were grown i n  800 m l  c y l i n d r i c a l  v e s s e l s  t o  

which were a t t a c h e d  ent rance  p o r t s  f o r  t h r e e  r e s e r v o i r s  

of s t e r i l e  media. The v e s s e l s  a l s o  had an i n o c u l a t i o n  

p o r t ,  an  o u t l e t  from which media could be removed, and 

a  p o r t  through which a  gas  mixture of 3% ' ~ 0 2  i n  a i r  was 

bubbled. 

A. Xnzyme e x t r a c t s  were prepared from a lgae  c o l l e c t e d  

by c e n t r i f u g a t i o n  (2,500 rprn, 5 min). The organisms were 

washed t h r e e  t imes i n n c o l d  ( 4 ' ~ )  e x t r a c t i o n  b u f f e r  ( 0 . 1  M 

potassium phosphate b u f f e r ,  pH 7.5, f o r  t h e  n i t r a t e  reductase  

assay  and 0 . 5  M T r i s - H C 1  b u f f e r ,  pH 8 . 0 ,  f o r  t h e  n i t r i t e  

reductase  a s s a y ) .  Following resuspension i n  b u f f e r ,  t h e  
w 

c e l l s  were son ica ted  on i c e  a t  90 i n t e n s i t y  ( Bronwill  

Biosonic,  Bronwill S c i e n t i f i c ,  Rochester,  New York) f o r  5 

second b u r s t s  repeated  5 t imes  every 55 seconds.  The son ica ted  

mate r i a l  was used d i r e c t l y  f o r  t h e  n i t r i t e  r educ tase  assay .  

For t h e  n i t r a t e  r educ tase  a s say ,  t h e  s o n i c a t e  was c e n t r i -  
'I 

f'uged i n  t h e  cold  a t  13,000 rpm f o r  20 minutes t o  p r e c b p i t a t e  

t h e  p a r t i c u l a t e  m a t e r i a l .  The supernatant  was then  u ~ e d  

f o r  t h e  a n a l y s i s  o f  n i t r a t e  reducsase a c t i v i t y .  
' 

N i t r a t e  r educ tase  was assayed by a  modif ica t ion  . 

of t h e  procedure o f  Wray and F i l n e r  (1970).  The assay  



4 

mixture contained 0.3 m l  of 0.1 M potassium phosphate 

buffer, pH 7.5: 0.1 m l  of 0.1 M KN03; 0.1 m l  .of 1 mM 

NADH and 0.5 ml of algal extract. This was incubated 

for 15 min at 30•‹C, then 1 m l  of sulfanilamide in 
/ 

p HC1 and 1 m l  of 0,025 N-(1 naphthyl) ethylenediamine 

c' - dihydrochloride was added to stop the reaction and 
. . 

assay for nitrite. The tube contents were clarified + 

. > 

-. by centrifugation and after 5 min' at ropm temperature 

the absorbance was measured at 540 nm. These values were 

converted into amounts ,of nitrite by reference to a .. 

Gtandard curve. 

The nitrite reductase,assay mixture ( Ramirez 

et al. 1966) contained 0.3 m l  of.0.5 M Tris-HC1 buffer, 

pH 8.0; 0.2 ml of 20 nM NaN02; 0.3 m l  of 5 mM methyl 

viologen; 0.9 d of'algal extract; 0.3 m l  qf sodium . 

dithionite solution (' 25 mg inil m l  of 0.29 M N~Hco~), 
4 

This mi~ture'was incubated for 10 min at 30'~. The 

keaction was stopped by oxidizing txe mixture ,by. 

vigorously shaking,on a Vortex mixer until the dye 
I 
f 

i 

became colorless. The tube contents were.then diluted 

100 times and nitrit'e determined on a 2 m l  aliquot. 
i 

Protein in the algal extracts was determined using C 

bovine serum albumin as standard ( Lowry et a1 ., 1951) . , 
RESULTS . 

'I. When apnonia (.W-NH4) -8 provided a8 mole 



nitrogen source, wild 'type and the mutants a l l  

grew well ( Figure IV-1). Similar r e s u l t s  were obsefved 

when the  s t r a i n s  wire grown i n  BM-U, BM-UA and BM-NO2. 

In BM, w i l d  type y e w  a s  -well . a s  i n  BM-NH4 whereas 

my-1 @,en a t  a slower r a t e ,  reaching m a x i m  t i t r e  
* 

2 days l a t e r  than w i l d  type ( Figure IV-2).  After an 

i n i t i a l '  r i s e  i n  t i t r e  during the first 3 d a y s  a f t e r  

inoat la t ion,  ,the t i t r e  of nar-2 and nar-3' did no t  - 
-. - 

change for  .7 days. In  BM-HX, w i l d  type and nar-2 grew . , 

well whereas na-r-1 and. nar-3 did not ( . Figure I V - 3 ) .  
, , 

The i n i t i a l  r i s e  i n  t i t r e  exhibited by nar-2 andnar -2  

ip  BM h n ~  by n&-1 and nar-3 i n  BM-HX may have been due t o  

coenobial breakdoh and/or a low leve l  of usable nitrogen 

i n  the medium or  the algal cells. 

Nitrate  reductase a c t i v i t y  was measured i n  w i l p  

type and the nar mutants a t  i n t e rva l s  fol loaing t r a n s f e r  - 
fromaBM-NO2 t o  BM which contained sodium n i t r a t e  a s  

I 
nitrogen source ( Figure IV-4). I n  w i l d  type, nitra;te P> 

reductase increased markedly f o r  2.5 h ,  decreased s l i g h t l y  

during the next 2 h and then increased kg&. Ni$rate 

reductase a c t i v i t y  of nar-1 wadnot de tec ted -un t i l  
I 

4 
I 

7 h a f t e r  induction, &d i n  nar-2 and nar-3 n i t r a t e  

reductase a c t i v i t y  was no4 'found duri* a 25 h induction - 
. , 

period. To examine the poss ib i l i ty  t h a t  an inh ib i to r  of 

n i t r a t e  reductase was p r e C n t  i n  nar-2,and bar-J , a 1 
< - .  

, (  . 
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Figure IV-1. . Growth of Eudorina elegans wild type 

- and nar-3 (A- A )  in BM-NH4. --- - 
. I  

aliquot transferred to fresh medium. 
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F i g u r e  I V - 2 .  Growth of Eudor ina  e l e ~ a n s  w i l d  t y p e  

and n a r - 3  (A-A) ifi BM. --- - - a l i q u o t  

t r a n s f e r r e d  t o  f r e s h  medium. 



1 2 3 4 5 6 7 ' 8  9 1011 12 
TIME (days)' 
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Figure IV-3. Growth of Edorina elemns wild %ype 

(0-0), nar-1 (e-e), nar-2 (a-A) 
- and nar-3 (A-A) in BM-HX. ---- - 

aliquot transferred to fresh medium. 



TIME (days) 
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FiareJV-4.. Induction-of n i t r a t  reductase P . \  
a c t i v i t y  i n  Eudorina elegans ' w i l d  

L. 

type (0- o) and nar-1 ( a i -e)  cul tures  

grown i n  BM-NO2 and Wen t ransferred t o  

-BM a t  0 time'. 





S 

crude epzyme f r a b t i o n  from each mutant was mixed w i t h  

a equal Golume of an  enzyme f r a c t i o n  from wild type.  

In  both mutants the activity obtained i n  the 
F 

mi,xture m'. s i m i l a r  t o  t h a t  expected i f  t h e  wild type 
8 

enzyme a lone  was a c t i v e  . (  Table I V - 1 ) .  

The s p e c i f i c  a c t i v i t y  o f  n i t r i t e  r educ tase  was 

a l s o  found t o  vary among t h e  f o u r  s t r a i n s  (  able 

Iv-2) .  S ince  t h e  s p e c i f i c  a c t i v i t y  of t h e  enzyme has 
r i-5% 

been found t o  vary  wi th  t h e  s t a g e  i n  t h e  l i f e  c y c l e p i  

a t  t h e  time o f  t h e  enzyme a s s a y  ( unpublishe'd) t h e  

experimental  r e s u l t s  i n  Table IV-2 were obta ined  when+- 

thp c u l t u r e s  wgre a t  comparable s t a g e s ,  i . e .  when &O$ 

of the  popula t ion  were newly =leased from t h e  p a r e n t a l  
I. 

coenobia. Cornpared with the wild type, nar-1 showed a la& 

i nc rease ,  nar-2 a 2 . 5 ~  i n c r e a s e  and nar-2 a 7 . 6 ~  i nc rease  

in t h e  s p e c i f i c  ac - t iv i ty  o f  n i t r i t e  r educ tase ,  

Wild type  and t h e  . - - ,mutants a l s o  e x h i b i t e d  

vary ing  l e v e l s  of  r e s i s t a n c e  t o  potassium c h l o r a t e  
' .  

( ~ i g u r e  I V  ghdwed minimal c w d i 9 t e  

to le rance .  dec l ined  a t  0.1 mM 

c h l o r a t e  u n t i l  no s u r v i v o r s  were apparent  a t  10  mM 

c h l o r a t e ,  Nar-1 was more r e s i s t a n t  t o  c h l o r a t e  t h a n  

wild type.  A decl ine,  i n  t h e  growth increment was observed 

C a t  1 mM c h l a r a t e  and no v i a b l e  organisms remain d a t  50 mM 

ch lo ra te .  Nar-2 and nar-2 showed thg g r e a t e g t  r e s i s t a n c e  

/ 
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Table IV-1. The effect of extracts of nar-2 and nar-3 

on the 'activity of nitrate reductase -from 

wild type 

expresses 
c v  

Eudorina elegans . Values are 
as P moles NO2 formed /mg 

protein/minute, Sonicates of nar-2 and 

5) 
nar-2 were mixed 1:l with sonicates of 

wild type Eudorina (mixture), Expected 

value = wild type value/2. 
8 .  



Table 

Experiment number 

wild type 

mixture 

expected 
value 

. . 

wild type 

nar-3 , 

mixture 

expected 
value 

I . .  . , -  
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Table IV-2. Nitrite reductase activity ( pmoles . (- . 

nitrite removed/mg protein/minute) c 

I in wild type and the E r  mutants of 

Eudorina elegans. The values represent 

the mean * the standard error of thy/ 
experiments. b \ 



Table 14-2 

w i l d  type 

1 

nar- 3 

t 
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Figure IV-5. Effect of potassium chlorate on growth' 

of Eudorina elegans wild t h e  (0- 01, 

nar-1 (r- e ) ,  nar-2 b-A) and nar-3 

(A-A). The growth increment was 

determined after 6 days in each 

concentration, /' 





to chlorate with a deciine in h e  growth increment 

observed at a chlorate concentration of 50 mM. At 100 

mM chlorate concentration no viable organisms remained.. .. 
DISCUSSION 

of growth in various nitrogen sources, 

the activity of nitrate and nitrite reductase, and the 

response to potassium chlorate indicate that nar-1% 

is a leaky mutant deficient in nitrate reductase 

,activity and that nar-2 and nar-3, although 

different from each other, lagk the ability to produce this e ,- 
enzyme. Due to an insufficient production of nitrate . 

reductase; nar-1 grows in BM at a reduced rate when 

compared with wild type. Nar-2 and nar-3 do no3 produce 

nitrate reductase, but they differ from each other 

in that nar-2 grows in BM-HX whereas nar-2 does not. 

The inability of nar-1 to grow well in BM-HX suggests 

that this strain may be a leaky mutant of the nar-3 * 
variety. 

Based solely on their growth responses to different 

dtrogen sources, nar-2 and nar-3 can be compared to 

mutants isolated in Neurospora craesa ( Coddington 

1976) and Aspergillus nidulans ( Pateman et ale 1964). 

Nar-2 grows in the same nitrogen sources a s  nit-3 of 

Neurospora and the nia D mutants of As~ergillua. Nit-2 
I .  

mutants have been shown to lack nitrate reductase artti 



cytochrome 'c reductase but* to maintain benzyl viologen 

nitrate reductase activity ( ~or~er.1966). The nia D 
i 

gene' has been shorn to b e  the stnictural gene 'for the 
, 

nitrate reductase apoenzyme -( MacDonalcP and Cove 1974; .- 

Nar-3 respond8 to the same nitrogen sources as 

the - cnx mutants of As~eraillus. These genes direct the 

spthesis of a co-factor shared by nitrate reductase and 
4 
xanthine dehy&ogenases 1 and 2 ( Pateman et al. 1964). N+ can also be comjxred.to the nit-1 mutant of 
~eukospora which lacks NADPH nitrate reductase but 
'I 

retains cytochrome c reductase. It. is suggested that the 

conversion of c &chrome c reductase to nitrate v' 
reductase in this Neurospora mutant is dependent on a 

labile molecule that requires added molybdenum for its 
3 

effect ( Lee et a1.'1~4). It is postulated that this 

molybdenusl co-factor acts as an electron -carrier and. 

also links the protein subunits of nit-1 tigethex.. In 
I 

Eudorina elamns, a concentration of molybdate greater 

than 2.97 mM results in the death of wild type cells. 

When nar-3 is exposed to molybdate concentrations - 
ranging from the normal conckration found in BM 

4 
( 2.97 x a) to 10 times this amount ( 29.7 mM) 

1 

no effect on their response to nitrate is o'bserved. 

Induction of nitrate reductaae in wild type 



-68- 

Eudorina eleuans occurs rapiay when the organisms are 

-transferred from nitrite to nitrate. The drop in activity 

apmrent after the rapid rise in activity during the 
0 

first 2.5 h could be due to repression caused by.a 

kildup in the annnonia concentration. Subsequent re-. 

moval of ammonia by. further amino acid synthesis would 

cause a resumption of nitrate reductase activity 

( Coddington 1976). Alternatively, nitrate reductase, 

when not in a complex form with nitrate, could act as 

its own repressor or as a co-repressor of its own 
A 

synthesis ( Cove 1967). As a result,rwhen .the enzyme 
a 

concentration rises to such a level that the intra- 

cellula nitrate concentration is no longer sufficient t 
to' s a t u k e  it, repression occurs. This situation is 

remedied when the nitrate concentration increases 

again due to the faIl-off of nitrate reductase content. 

Induction of nitrate reductase in nar-1 occurs after 

a 7 h delay, but the eventual rate of increase inactivity 

is similar to wild type. However, the maximal nitrate 

reductase activity on nar-1 is only about half that 

of wild type, accounting for the slower growth rate of 

There are two theories to account for the action 

- of chlorate. One suggests that chlorate itself is not 

toxic, but is rendered toxic by the conversion of 



chlorate t o  c h l o r i t e  a s  the  r e s u l t  of the c a t a l y t i c  , 
, 

act ion of n i t r a t e  reductase ( Cove 1976b). The second 
1 

the0ry.U .,that chlorate  is toxic  because it mimics - 
n i t r a t e  i n  mediating, y& n i t r a t e  reductase, a shuft 

down of nitrogen metabolism ( C e 1976a). Nitrbgen* 

a 

P 
s tarvat ion follona because chlorate cannot a c t  a s  a 

nitrogen source. Although the  n i t r a t e  reductase mutants 
7 

of Eudorina eleaans were not i so la ted  .on the ,bas is  of 

t h e i r  chlorate res i s tance  they exhibi t  varying l e v e l s  

of res is tance t o  potassium chlorate.  The mechanism of 

chlorate t o x i c i t y  is not known but i t ' i s  apparently 

re la ted  t o  the a b i l i t y  t o  form n i t r a t e  =eductase. Wild 

type produces.ni t ra te  reductase and is susceptible t o  

chlorate tox ic i ty .  Nar-1, producing a lower l e v e l  of 

n i t r a t e  reductase than wild type, shows some res i s tance  

to  chlorate,  whereas nar-2 and nar-3 being def ic ien t  i n  

n i t r a t e  reductase a c t i v i t y  a r e  much more ' reais tant  t o  ' 

chlorate. 

Nar-1 and nar-3 exhibi t  a Mendelian pa t te rn  of 
* .  

inheritance ( Kemp, pers. comm. .   ow ever, crosses 

07 nar-2 and intercrossea of nar-1 and nar-3 have n o t ,  - 
been succ'essful and therefore  the- genetic re la t ionship  .. 
between the mutants has ndt yet  been established.  

i so la t ion  of these a l g a l  mutants and the  

establishment of t h e i r  propert ies  could a i d  in inves t i -  



? 
< 

gations bf the regulation of nitrogen metabolism in 
h )  

A. 
photosynthetic systems. .-., 

' 



CONCLUSION 

- The first enrichment procedure reported for a 

phototrophic organism designed to isolate auxotrophic 

mutants has been developed using the colonial alga, 

Eudorina elegans. This method has the potential of 

being a powerful tool to examine the possibility of 

increasing the mutant spectrum of phototrophic 

systems and, as a result, to expand the biochemical 

and genetic knowledge of this large group of oxanisms. 

The procedure, to this point, has resulted in a recovery 

of mutants at a frequency of 1.6 x and has 
/ 

yielded mutants never befow seen i,Q Eudorina elegans. 

In the following pages I -&ill present some of 
- .  

my thoughts concerning the use of this technique to 

aid in present and fu.ture research using Eudorina , 

2', eleganS. These include selective enrichment, conditi'onal 
* 

mutant isolation, expansion of the screening procedure 

of an enriched population and progress in the under- 

standing of nitrogen metabolism. . 
I 

Although amino acid auxotrophs have not yet been 

isolated in Eudorina, modifications of the enrichment 

technique are actively being pursued in order to increase ? 

the possibility of isolating these mutants. One such 

modification is the use of different mutagens. Since it 



has been demonstrated that the .effectiveness and optimal 

conditions of mutagen treatment can be conveniently 
\ 

ascertained by reversion and sectoring studies 

( Chapter 1i1 ) , a large variety of mutagens can be 
screened relatively easily. Initially, however, studies 

6 

will be limited to mutagens that have been shown to ha= 

some effect on algae. The mutagens include methyl 
-. 

methanegulfonate (MMS), an alkylating agent which has 

. W e n  extensively studied in Chlamydomonas reinhardii 

i 
( Loppes 1966), and ethyl thanesulforwte (EMS) which I 
has been shown to cause high reversion frequency of f 
an arginine of - Chlamydomonas reinhardii 

( Loppes an inhibitor of ribonucleotide 

reductase, will also be examingd as it has been shown 

' to increase the frequency of streptomycin resistant 

mutants in Chlamydomonas reinhardii ( Adams and Warr 

1976) : The effect of 4-nilzoquinoline 1-oxide , a 
carcinogen capable of causing single strand scissions 

of DNA will also be studied since preliminary experiments 

have determined that damage induced by this drug is ,' 

not repairable by an excision-resynthesis-repair 

system in Eudorina elegans ( Kemp and Malloy 1973). 

Another variation in the enrichment procedure 

involves the selective enrichment of $articular ,classes 

of mutants that may,be present at extremely low 



frequencies in the mutagenized population. These modi- 

fications include increasing the number of cells being 

mutagenized by increasing the culture volume, recycling 

the survivors of the 8kzaguanine treatment through 
-q i*  

the enrichment procedure several times, and regrowing 

the wviving cells in a defined medium supplemented 

with the nutritional requirements of the specific 

mutants being seiecied-for prior to each starvation 
I . - 

\ r' step. 

Temperature sensitive mutants are also being 
/ - 

isolated by modifying the enrichment technique. This 
/ 
'- is being tried becaus.e many of the mutations induced may be 

lethal if they affkct C enzymes that are essential for 

growth. This problem has been circumvented in many 

systems by isolating conditional mutants in which . 

the mutant gene product can function under permissive 

conditions (i.e. lower temperature) but not under 

restrictive conditions (i.e. higher temperature). The 
L 

conditional mutants will also be useful in examining the 
\ life cycle-dependent timing of metabolic and/or 

morphological events since the time at which a gene 

product is acting can be determined by shifting the 

organisms to restrictive conditions at various times 

during development ( Suzuki 1970). 

~ e c e k t l ~  the mutant enrichment prooedure has 



k e n  adapted to is~late temperature sensitive mutants - . . Q 

in Eudorina by mutagenizing, regrowing and starving 

the organisms of nitrogen at the permissive 

(25'~) and' then refeeding nitrogen and 

the restrictive temperature (35'~). 
1 I 

1 

cannot grow a% the higher temperature are ~naffect~d bby, -' 

8-azaguanine. The surviving cells are plated on an 

enriched agar medium, grown at 25'~ and then screened 

for their ability to survive at both temperatures on 

minimal and enriched rhedia. Three different classes of 

temperature sensitive mutants have been isolated. The 

majority of them are temperature sensitive lethal 

mutants that are able to grow on minimal and enriched 

media at the permissive temperature but that are 

unable to grow on either medium at the restrictive 

temperature. The second class is comprised of auxo- 

trophic, non-lethal temperature sensitive mutants 
< 

that fail to grow only on minimal medium at the re- 

strictive temperature.  he third class is characterized 
by the ability to grow only on enriched medium at the 

permissive temperature. All of these mutants are in the - 

process of further characterized. 

to replica plate colonies of 

Eudorina elegans allows for the rapid screening of 

potential mutants for auxotrophic properties. This 



screening procedure may be expanded to isolate certain- 

classes of mutants defective in morphological or other 

non-auxotrophic metabolic processes by using the appropriate 

selective media and grdwth conditions. The enrichment 

procedure is expected to select for these classes of mutants 

only if their metabolic processes are absent or reduced 

by the mutation event and they escape the action of 

In many systems the only means of detecting cell 

division mutants is to microscopically scan mutagenized 

organisms for division abnormalities ( .Simchen 1978). This 

is, however, a tedious screening method Chat can be 

improved upon when using Eudorina. The natural, fixed 
0 

pattern and number o,f cell divisions. produces a 

characteristic morphology of a-colony on a agar surface. 

Thus, any colony with an abnormal morphology is a putative 
a*. 

cell division mutant. Recently, a mutant was iso-d in our 

laboratory in a temperature sensitive screen because of the 

abnormal appearance of the replicated colony at the 

restrictive temperature. It was subsequently found that the 

cells of this mutant strain divide the normal four or five 

times at the permissive temperature but appear to divide 

anywhere from one to five times at the 'restrictive 
8 

temperatun. My studies of this mutant are continuing. . 

- However, other mutants may be induced that are 



P./- 
not phenotypically distinctive, buk whose divisi,on 

processes are abnormal. This type of mutant may be 

identified by the fact that it grows on a medium 

containing a specific inhibitor of cell.division. The 

effectiveness of colchicine as a selective agent to 
I 

isolate cell division mutants has been shown for 

Chlamydomonas reinhardii ( Adams and Warr 1971; Sato 

1976). Colchicine disrypts microtubular formation by 
, 

binding to the microtubular protein, tubulin. The 

temperature sensitive class of cell division mutants 

of - Chlamydomonas has an alte~ed microtubular s'tructure 

and was initially selected due to its resistance to 

colchicine at the restrictive temperature. 

As an analog of arginine that is incorporated 

into protein, canavanine could provide a means of . 
screening for mutants defective in protein synthesis. 

J 
L This possibility has been examined in Chlamydomonas 
k 

reinhardii and mutants conditionally resistant to 

canavanine were shown to be defectiv-e in protein 

synthesis ( Mahon 1971). The disadvantage of canavanine 

selection may be that it selects for only a subset 

of all possible mutants of protein synthesis because 

of the peculiarities of its mode of a c ~ k n .  Cycloheximide 
4 

is also a possible selective agent for mutants defective 

in protein synthesis. It is an inhibitor of the 



translation step of protein synthesis. Therefore, mutants 

selected against the inhibitor are expected to gave a. 
, 

more efficient translational apparatus. This compound 

may, however, be di~advantageous since mutants of 

Chlorella vulgaris that are conditionally resistant to * 
tHis compound also show a decrease in carotenoid and I 

RNA content ( Passera and Ferrari 1973). 

The most useful selective agent for mutants with 

defective protein synthesis will probably be 6-methyl- 

purine. This compound preferentially interferes with 

the transcriptional step of protein synthesis and also 

causes multiple collateral effects on 'cellular metabolism, 

particularly the inhibition of ATP synthesis. Mutants 

resistant to this drug should therefore have a more 

efficient transcriptional apparatus ahd higher ATP 

synthesizing power ( Passera and Ferrari 1973). Although ', 

protein synthesis-defective mutants of~.Chlamydomonas 

reinhardii and Chlorella vulgaris isolated so far are 

not overproducers of specific proteins it is possible 

that , if isolated, overproducing mutants may be 

commercially profitable as a source of protein. This . 

is because their selective characteristics may resu t < 
in a faster growth rate, quantitative and qualitative 

amelioration of algal protein and a Ggher content of 

vitamins ( Passera and Ferrari 1973); 



Simple color reactions ,, extremely useful for . , 

isolating mutants that cannot be easily detected by 

phenotypic characteristics, can be incorporated into 

; the mutant screen. This method has been extremely 
i 

in detecting mutants defective in the production of 
% 

1. 

certain enzymes. For example, a simple visualization 

procedure has been employed to isolate mutants with' 

defective phosphatase activity in bacteria ( Messer 

and Vielmetter 1965), fungi ( Dorn 1965)~ yeast 

( Cabib and Duran 1975) and Chlamydomonas ( Loppes 

and Matagne 1973). Those organisms that liberate alkaline 

phosphatase are detecte'd by the appearance of a yellow 

halo around the colonies due to the production of 

p-nitrophenyl from p-nitrophenyl phosphate through the 

action of alkaline phosphatase. 

A color reaction has also%en used to detect 

,urease activity. This reaction is based on the libera 

of ammonia when the test organism i cultivated with' "\ 
urea as substrate ( Paliwal and ~andhava 1977). Ammonia 

release can be detected because its production causes 

a rise in pH which leads to a red to pink color change 

in the phenol red indicator. 

A powerful method has recently been developed that 
J 

could bemost useful in screening mutagenized Eudorina 

colonies for the ability to prbduce 14c02 from labelled 



metabolites. ( Tabor et al. 1976). When organisms are 

grown in14c labelled metabolites and are capable of 

14 ' producing '4~02, Ba COj is formed when the colony . 
. - 

is covered with -filter paper saturated with BaOH. 
, 

Since B ~ ~ ~ C O ~  is insoluble, 14c02 is fixed immediately 

above the colony. The presenc f 14c is revealed by 

using x-ray film radioautography. Colonies lacking the 

metabolic ability to convert the specific substrate to 

C02 are identified because of a lack of radioactivity 

corresponding to their position on the plate. 

detection of antibiotic resistant mutants 

into a general screen of the 

mutagenized, enriched population by replica plating 

the organisms on to a medium containing the minimum 

concentration of the drug that is lethal to wild type 

organisms ( Mottley and,Griffiths 1977). Not only 

are these mutants' of use in reversion studies but 
P 

also as genetic markerh. Antibiotic resistant mutants 

of Chlamydomonas reinhardi have also been used to 
- 2 

study the genetic control f chloroplast ribosome P 
biosynthesis. Erythromycin and streptomycin resistant t .  
mutants hqve altered protein in the large chloroplast 

ribosomal subunit ( lets and Bogorad 1972; Davidson 
\ 
and Hanson 1974) . lut&ts resistant to streptomycin 

and erythromycin have recently been isolated in 



Eudorina elegans by the replica plating technique. All 
\ 

the streptomycin resistant mutants tested>-e shown 

h uniparental pattern of inheritance ( Kemp, pers. 

coh.). The erythromycin resistant mutants have only 

recently been isolated and their inheritance 

characteristics'are in the process of being determined. 

, The application of the mutant enrichrnkt procedure 

has resulted in the isolation and characterization of . . 
a number of mutant phenotypes. The major class of 

mutants is dependent on acetate for growth. It has 

retained. the obligate requirement for light and cannot 

grow in the dark in supplemented medium. The photo- 

synthetic system of these mutants examined to date 

appears unaffected as indicated by normal Hill reactions , - 

and ribulose phosp te carboxylase activites ( Anderson k 
and Kemp, pers. cornrn. ) . 

Additional mutants defective in nitrogen metabolism 

have recently been isolated. They are nir-1 which 

d a n n o t  utilize nitrate or nitrite and HX-1 which grows 
4 

in all tested nitrogen sources but hypoxanthine. They 
' 

will be used to furthe; expand our understanding of 

nitrate redu$tion.Enzymes of the nitrate re'ducing 

system of wild type organisms of Chlamydomonas reinhardii 

( 'Her-rera et al. 1972; Barea and Cardenas 1975; Barea, 

Maldonado and Cardenas 1976; Barea, Sosa, and cardenas 



1976) and Chlorella vulgaris ( , Losada et al. 1970) 

are well characterized. Wild type organisms of 
% 

Chlamydomonas reinhardii have been used to determine 

that the nitrate reductase enzyme of this organism 
I 

has a molecuJer weight of 350000 - 500000, that it 

contains flavine adenine d-inucleotide, molybdenum aqd 
I 

a heme iron, that the enzyme consists of a protein 

complex with two activities acting sequentially and 

that it is repressed by ammonia ( Barea and Cardenas 1975; 

,Bare, Maldonado and Cardenas 1976). However, mutants 
t 

defective in their nitrate assimilation capacity have 

only recently been employed to expand our knowledge - 

of the regulation and mechanism of action of nitrate 

reductase in Volwx carteri ( Huskey et ale 1979) and 

Chlamydomonas reinhardii ( Nichols et al. 1978; Nichols 

-- Syrett 1978; Sosa et al. l w .  
1 

A 

Recent studies of wild type organisms and the nar 
\ 

mutants of Eudorina have revealed significant differences 

i 

< 
and 

between the algal reduction system and that in fungi. 7 

(I 

A series of preliminary experiments have been under-: 

taken to examine cytochrome c reductase in Eudorina 

since this enzyme and nitrate reductase have been found 

to be associated with each other in Neurospora crassa 

( Sorger 1963). I hive established that a basal level of 
, 

cytochrome c reductase exists in urea grown cultures of 



wild typ and the nar mutant+ Upon transfer to nitrate or i - 
nitrat and urea media the level of cytochrome c reductase 

increa &eq,in wild type, nar-1 and nar-3 ( Table V-1) . In 
cont* -- tA, - the situation in Neurospora ( Sorger I963,1965), 

here the i n h d  form of cytochrome c redugtase differs 

from the basal in molecular size as determined by 

sucrose g&adie% centrifugation, the cytochrome c reductase 

in Eudorina sediments identically from both ind~ch and 

uninduced strains. Nap2 differs from wild type and the nar 
mutantd in that if urea is present in addition to nitrate, 

cytochrome c reductas* activity is not induced. This 

inhibition of in4ctidn by urea in nar-2 dppears to be - 
unique to this t strain of Eudorina elegans. 

An examination of the effect of ammonia and a lack 

of nitrogen on the stability of nitrate reductase has 

riments involve switching a maximally 

induced culturk of wild type organisms to medium con- 
! 

taining nitrate, ammonia, ammonia and nitrate or 
- 

a medium lacking nitrogen,apd following nitrate reductase 

activity ( Figure V-1). Unlike the situation in fungi 

( Subramanian and Sorger l972), where both a lack of a 

nitrogen knd the presence of ammonia result in a 

rapid loss of nitrate reductase activity, only ammonia 

produces a marked loss of nitrate reductase activity 

in Eudorina elemns. A lack of nitrogen h a  much less 

effect. Following an initial decrease in nitrate 
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Table V - 1 .  Cytochrome c reductase activities 

(&OD/% protein/min) in wild type 

and the - nar mutants of Eudorina 

elenins at time intervals following 

transfer from BM(U) to BM(N03) and 

BM(N03 + U) . 



TABLE V-1 
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Figure V-1. The effect of dTfferent nitrogen 

sources on nitrate reductase activity 

( ~02/mg protein/min) of Eudorina 

elegans. A culture of wild type 

organisms growing in BM(U) was washed 

and resuspended in BM(NO~) (0-0) 

for 90 minutes. Aliquots of the 

culture were then transferred to BM(N03) 

v V ) ,  and BM(NH~) (v-v). Nitrate 

reductase activity was followed at 

intervals' throughout the experiment. At 

0 h, the nitrate reductase activity was 

< 



HOURS 



reductase activity in media containing ammonia, amnonia and 

nitrate and a medium lackid 'nitrogen, nitrate reductase 

- activity increases again. This phenomenon also has not 

been observed, in fungi. 
i 

Recent studies of the nit-2 mutant of Neurospora '-. 
( Pendyala and Wellman 1978) suggest that the inability 

of this mutant to utilize hypoxanthine as a nitrogen 

source may be a consequence of defective purine. metabolism. . 
This possibility has not yet been examined in HX-1 but 

it is interesting to note that the Eudorina mutant is 

different from nit-2 in that it can utilize nitrate, 

nitrite and urea as nitrogen sources whereas nit-2 

annot ( Coddington 1976). -9 The above discussion focuses attention on the 

preliminary, fundamental differences in nitrogen metabolism 
c. 

I dbserved in Eudorina eleaans compared to the fungi. 

. This may be expected, but I feel it emphasizes the . 
necessity to conduct investigations with organisms from 

a variety of genera in order to gain insight into 

evolutionary.diffqrences and similarities. 

Genetic studies of the mutants defective in 

nitrogen metabolism in Eudorina have. recently indicated 

that the phenotypically similar nar-1 and nar-3, are 

not alleles and that they segregate in Mendelian fashion. 

Nar-1 and nir-1 are not linked but nir-1 appears to be 



loose-ly l i n k e d  t o  nar-3.  Pre l iminary  experiments suggest  

t h a t  the  -- n i r - n a r  double mutant and t h e  nar-1-nar-3 

'double mutant may be l e t h a l .  Nar-2 is  phenotypica l ly  

d i f f e r e n t  from t h e  o t h e r  mutants and has  n o t  y e t  been 

s u c c e s s f u l l y  c rossed .  The g e n e t i c  s t u d i e s  of  t h e s e  

mutants a s  wel l  as t h e  o t h e r  mutants i s o l a t e d  fo l lowing 

enrichment have r e s u l t e d  i n  a  pre l iminary  e n e t i c  map 

f o r  Eudorina elegans ( Kemp, p e r s ,  comm.). 

The o r i g i n a l  purpose t h i s  t h e s i s  p r o j e c t ,  

t o  develop a  procedure t o  e n r i c h  f o r  auxotrophs i n  a 
C 

phototrophic system, has been achieved and surpassed ,  

I t  i s  my hope t h a t  t h e  mutants t h a t  have and w i l l  

be i s o l a t e d  a s  a  r e s u l t  of t h i s  procedure w i l l  be 

used not only  t o  ga in  i n s i g h t  i n t o  why auxotrophs 

occur a t  such low frequency,  but  a l s o  t o  e l u c i d a t e  

biochemical pathways and i n c r e a s e  our g e n e t i c  knowledge 

of t h i s  v a s t  group of organisms previous ly  neglec ted  

i n  s t u d i e s  of t h i s  n a t u r e .  
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