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ABSTRACT
An enrichment procedure has been developed that
results in at least a 200x increase in the recovery of

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

" A period of nifrogén starvation followed by treatment with
8-azaguanine results in-the death of wild type cells

and the maintenance of mutants. Optimai conditions of
nitrosoguanidine and ultraviolet light mu%agenesisl

prior to enrichment have béen established using the
reversion frequency»of an acetate reqﬁiring strain and

the indudtion frequency of sectored colonies. Nitroso-
guanidine‘is more &ffective in causing the reversion of the
acetate r quiring‘strain and inducing auxotrophs.
Morphogenetic mutants are more readily induced by
ultraviolet light. Thereffectiveness of ultraviolet light
as a mﬁtagen is cell}cyéle dependent whereas the
mﬁtagenic action of nitrosoguanidine is not dependent on
the stage in the 1life 9\ le at the £ime of treatment.

As a result of nitadsoguanidine treatment and éhe S~
gnrichment procedure, acetate dependent, p-aminobenzoic acid
fequiring, nicotihamide requiring and mutants requiring
a reduced nitrogen source have been isolated. Three
independently isolated mutants defective in or lacking

nitrate reductase activity have been characterized. Nar-1

is a leaky mutant, defiﬁient in the production of nitrate

-iii-
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ireductase activity. Nar-2 and égg;}.both lack the ability J/
to‘produce nitrate réduétasé. They differ frdﬁ‘each otheér . // "
in that nar-2 grows and nar-3 does not grow when ﬂypoxanthine o J
is the sole hitrogen source. The specific activity of the | ‘/, /

next “enzyme in the pathway, nitrite reductase, is higher in 2 ;

nar-3 than in nar-1, nar-2 and wild type.

—iv-
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Chapter I
INTRODUCTION

Eudorina elegans (Ehrenberg) ‘is a motile, colonial
‘green alga belonging to. the family Volyocéceae and the
suborder Chlamydomdnadiﬁeae. This suborder is'aﬁ

interesting one since with its manf genera it clearly

reveals how a simpte cell type typified bi Chlamydomonas
has given rise to increasingly complex colonies of

unicells (i.e. Gonium, Pandorina, Platydorina, Eudorina,

Pleodoriha, Volvox). The'evolutioﬁ§;§\neange within

this suborder is marked by an increasing size in the . -~
colonies (coenobia) and the number of cells within' a ff—‘—‘\\\agf
colony. As a result of this increase in cell number, !94

highly characteristic morphologies are assumed. For
example, Gonium is a simple,'planar’coloﬁy whereas

Pandorina is a ball-like cluster of cells. More complex

forms such as Euqorina, Pleqdorina and Volvox are spheroids-
within which constituent cells are arranged as a single
layer A Pickett-Heaps‘;975). )

Inversion is obéerved when the cells making up
the colony- are arranged iﬁ\§~épkeroid. For example,
in Volvox, when the colony is first formed the flagella
of the constituent cells are on the inside of the sphere.

AQ‘a result, the colony must invert to be motile. Eudorina
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. . v , ’ , C
undergoes a less Eomplex fofm of'inversion. Instead
of .forming an,'inside-oqt' sfheroid, Eudorina undergdes
a limited number of cell divisions to form a curved
platelf plakeal stage ). This plakea undergoes a'simple
inversion procéss, giviné rise to a sphegoidal colony. " i
The evolutionary éhange within~th::\§¥border
is characterized by a d?vision of iabor between the
cells within a colony and a‘tendency towards compqu'
specializatioﬁ in peprodgcti;e behavior. In Goniumr
and Pandorina;tall,the‘ceils 6f %he colony undergo
vegetative reproduction via cell division, giving rise
to daughter coloniés. In the colonies éf certain
speéies of Euddfina, iﬁcluding the strain used in this
study, a similar equivalency of cell potential exists.
However, in other species.of,Eudorina poléfity is evidént.
All of the cells reproducg vegeta%ively except for some
cells that are’grﬁuped at the anterior-engi In Volvox,
only a few of: the cells (gonidia) within the colony
unggrgo the cgll divisionsythat lead to vegetative
reproquction. The many somatié cells surrounding the
gonidia do not divide further and subsequently die.
A feature notable iIn the development of sexual
Areproductibn within. this swborder is the progression
from isogamy through anisoé;my to oogamy. Isogamy,

typical of most species of Chlamydomonas, is characterized
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by thejgametes being of similar size and morpholdgy.

In aﬁ?ébgamous organisms such as Eudorina, sperm packets
are Fgrmed as a result of cell divisions while the cells
that function as eggs'do not divide and appear morpho-
logiéally similar to vegetative cells. Oogamous organisms

such as Pleodorina and Volvox have gametes of vastly

different size and morphology. The femaie cells, few in

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

are numerous, small, and motile. |
The species of Eudorina (i.e. elegans) used in

this study is a relatively 'simple‘ member of the

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 apterior end. Each colony or coenobium

contains 16 or 32 biflagellated cells arrénged periphérally

in a spheroidal double-layered gelatinous sheath ( Figure

I-1). Each cell measures 1l2u - 20u iﬁ diameter and

each colony, 80u - 160u 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 dufing 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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Figure I-1. .

“La-

Vegetative life cycle of Eudorina

" elegans., Each cell of the 16 or

32 celled colony divides ll-\or
5‘ times to form a curved plate
of cells or a plakea. Followiy‘pig

inversion of the plakea, each of

these groups of cells is released

as a new daughter colony. o, .3
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about 2 minutes ( Kemp and Lee 1976). The sucgessive.
divisions in each cell result in the formation of:plakea.
The colony then undergoes inversion and a short time later’
the 16 or 32 daughter coenobia are releaéed.lFollowing*
the 24 h period of enlargement; the cycle is repeated.
Eudo#iné elegans has the poteﬁtial cgzbeing a

o

useful organism for genetic, biochemical and morpho-

logical studies for a number of reasons. It is a haploid
organism and therefore mutants can be identified initially,
without the necessity of genetic crosses; Unlike

Chramydomonas, Eudorina is an anisogamous organism whose

fertilization process is more comparable to that of higher
organisms. It has a short life cycle and when aliquots

of a culture grown in liquid media are plated on agar,
each coenobium grows and divides to form a distinct

colony which represents a clone. This feature makes it
possible to apply mény of the techniques.used in bacterial
studies. Since wild type organisms can grow both on a
minimal basic salts medium and a nutritionally complex
medium ( Kemp and Wentworth 1971), mutant strains
requiring nutritional additioné to the medium can be
detected. This is made easier by the fact thét colonies
can be transferred from one agar plate to another by
replica plating techniques ( Lederberg.and Lederberg 1952)

and prospective mutants can be conveniently exposed

-
/

¢/
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to different types of selective media.

The\division‘process of this‘oré;gism provides
an?ther area of interest. It is probable that by the
use of mutaéens, the precise organization and the nuﬁber
:of cell divisions may be disrupted. 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 Eeen recognized
as a source of the variation upon which evolution
depends. Mutation has been reéognized as such a /////
critical process that modern definitions of 1ifé/£;;ally
include it as a fundamental aspect of living organisms.
Because of ‘the obvious importance of mutation 'its
analysis has occupied a position close to the center
of the geneticist's arena' ( Drake 1970). The induction
and isolation of mutant individuéls has thus become
essential to the study of the basic genetic. biochemical
and developmental processes of organisms of many phyla
and the elucidation of similarities and differences
between them. One éf the missing links in studies of this
nature is the lack Qf a broadly based understanding of
the genetics, biochemig?ry and metabolism of phototrophic
organisms. This lack of information is primarily due to

the inability to induce and isolaté a varied spectrum of



auxotrophic mutants.

The results df a review done in 1967 ( Li et al.
1967) showe‘d that there is a striking difference in
~mutation spectra following mutagen treatment between
chemotrophic bacterla and fungl and the three phototrophlc

organisms, Chlamydomonas reinhardii, Chlamydomonas

eugametos and Arabidopsis thaliana. After exposure to

the mutagens nitrosoguanidine, ethyl methaﬁesulfonate,
ultraviolet light and x-rays, mutants requiring amino
acids and nucleig acid bases were found to be common
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 inddéed and
isolated,, none of which was an amino &cid auxotroph.

With respect to amino acid mutants in gféen
plants only arginine requiring mutants have been isolated.

This type of auxotroph has been found in Chlamydomonés

reinhardii ( Eversoiéil956; Gillham 1956; Loppes 1969)
] ,
but not in Chlamydomonas eugametos ( Gowans 1960), nor

in the liverworts Marchantia polymorpha ( 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
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of which he said twenty required amino acids for growth.
Noni of these mutants proved to be genetically stable.
In higher green plants, chlorophyll deficié‘ strains

do exist that can be corrected by feeding/gi:no 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 efficientl§
in their presence. Since the amino acids are probably
being catabolized by these mutants they may not be true
amino acid auxotrophs.

A number of reasons have been postulated to.account
for the ﬁéjor 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 differenées between phototrophs and
chemotrophs. They also suggested that auxotrophs do not

arise or cannot be tolerated in phototrophically

growing organisms.
///\

Another ﬁeason postulated by Asato.and Folsome
(1969)is that chemicai mutagens such as nitrosoguanidine

do not penetrate the cell and that physical agents such

as ultraviolet light are absorbed by carotenoids which

protect the DNA from damage. However, the isolation of
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" nuclear putatio controlling pigment levels and
morphploéy tg/gs to reduce the valldlty of thls argument.
"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 tﬁat such
replication may be regional rather than general ( Rees . °
-and Jones 1967). If the replicated region involves genes
wi£h important functions, the kind of restricted mutation
found in prototrophs could result. However, this idea

may lose favor since reassociation kinetics of Chlamydomonas

~

reinhardii DNA have recently indicated that the nuclear

genome is comprised almost entirely of unique, single

y DNA ( Howell and Walker 1976). It is also possible
izzt_ndé%gar genes are duplicated by genes carried in
the chloroplast ( Sager and Ramanis 1970). The divergeﬁt
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

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

meric enzyme may be composed of some parts coded by mRNA
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of the chloroplast and some by ﬁRNA of the nucleus.

Another possibility is,tﬁét the medium used for the
isolation of mutants determinesqwhiCh amino acid auxotrophs
are found ( Lein et a1;‘1948; Haas et al. 1952; Grenson
et al. 1966). It has been observed in yeasts and

Chlamydomonas that active transport systems.for some

amino acids can be disturbed by the presence of ammonia
so that specific amino acid requiring mutants dannot be
isolated ( ioﬁpes 1969,1970). When ammonia is replaced V.
by another nifrogen source, arginine requiring mutafhts ’
have been isolated.
Oﬁe possibility that apparently has not commanded
much attention is the idea that auxotrophs may be induced
under appropriate conditions at very low frequencies iﬁ
phototrophié-organisms. As a result, these mutants would
usually not be isolated unless enrichment procedurés
are employed. Such enrichment procedures have been
successfully applied to a variety of prokaryotic and
eukaryofic'systems. An outline of these procedures and
some recegz\{?dificaﬁions will now be presented.
An enrichment technique causes the death of
metabolizing cells yet‘ﬁllows cells that are not
metabolizing to survive: The first example of such
a method was the penicillin technique developed by i
Davis ( 1949 ). The success of this procedure is based-én 5
//’ . | . | A
! i ‘ | ‘ ?
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the fact that peniéillin causes the steriiization of
multiplying bacteria by interfering with the fqrmation
of mucopeptide in the cell wali ( Pa;ker and Johnson
1949). Therefore, cells that are placed in a medium where
they cannot metabolize will be immune 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 gro*th, penicillin has no ‘
effect. As a result, when a mixture of tryptophan
requiring cells and Qild type cells %re exposed to
penicillin, the wild type cells metabolize and die and
,the mutants are maintained. The pro%edﬁre was then adapted
to screen for auxotrophs in a mutagenized culture and
resulted in the isolation of mutants requiring various
nutrients.

The:original fenicillin 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 ihclude the use of drugs other than
penicillin, mutagenization-of organisms exhibiting
‘unbalanced growth', tritium suicide, cryobiologiecal
and differential heat selection methods and the use of

base analogs.

Since some organisms are resistant to the action

Id
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of penicillin, other drugs have been used as enriching

agents. For example, isonicotinic acid hydrazide has-been
used to enrich for mutants of another bacterium, 51994

bacterium smegmatis ( Holland and Ratlidge 1971). Drugs

commonly used to isolate mutants of yeasts and fungi are
the antifungai agents nystatin, amphotericin and endomycin
( Moat et al. 1959; Stanley and English 1965; Snow 1968;
Stromnaes and Mortimer 1968; Thomulka and Moat 1968;
McDonald 1969; Ditchburn and McDonald 1971). Nystatin

has recently been used, in conjunction with a'pedium

that ihhibits the growth of mutants requiring fjfésine.

to selectively enrich for tyrosine auxotrophs in the

fungus Hanensula polymorpha ( Sanchez et al. 1978).

‘ fyrosine auxotrophs'in this organism have the peculiar
property of being ?ble to grow on a minmal basic salts
medium supplementé& with tyrosine but not on a
nutritionally enriched medium containing tyrosine. 1If a
wild type culture is mutagenized, grown on an enriched -
medium that allows the growth of ppototrophs and auxotrophs
not requiring tyroéine, then treated with nystatin prior
to plating on a basic minimal salts'medium containing
tyrosine, all the mutants that survive the.nystatin
treatment require tyrosine for growth, %s procedure

demonstrates that it is possible to obtain specific

auxotrophs by modifying the growth and selective

i
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conditions.

Netropsin has also been used instead of penicillin

—

to aid in the isolation of mutahts of the my%omycete

-

Physarum polycephalum ( Gorman and Dove 1974) and the yeast
R N .

Saccharomyces .cerevisiae ( Young et al..1976). Netropsin

is a basic oligopeptide produced by Streptomyces netropsis

.that binds sbecifically to A-T pairs in duplex DNA, -
inhibiting DNA gnd RNA synthesié. The use of netropsin
in these organisms is beneficial since it requires ;o |
special media to be effective, it kills metabolizing

- cells quickly and it does not result in the dying cells
breaking open causing fhe release of nutrients which ‘

may allow mutants to metabolize and thus be killed by

the drug.

Although the penicillin technique and the modifications
discussed so far have led to the isolation of a wide
épectrum of mutants iﬁ many organisms, certain classes
of mutants elude igolation. These mutants include those
that requ%;é t ne ( 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
die quickly in the absence of their growth requirement.

As a result, when the ﬁenicillin'technique is employed they

die before they can be recovered. This is thought to be

/
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due to ' yhbalanced growth ' where death results
because of vigorous growth with respect to cytoplasmic
function and deficiency with ‘respect to DNA synthesis
(:Cohendand Barner 1954,1956) . | ,'

In 1960 a method was discovered whereby thymine

requiring mutanfts of Escherichia coli can be produced

with frequencies in the order of 50% ( Okada et al.
1960); This method Mnvolves _the principle of differential
growth rates. The 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 mutanté
have been used to enrich for doubly auxotrophic mutaﬁts.

Experiments done with Bacillus megaterium ( Wachsman

and Hogg 1964) and yeasts (- Barclay and Little 1974)
have resulted in mutants requiring both thymine and
an amino acid. Any mutant/;f this kind will survive
in a medium lackiag thymine and the required amindg
acid since they are ﬁot subject to fhymineless death.
Another method déveloped as a substitute for

the penicillin technique is tritium suicide. By thi’

method death of cells is caused by the decay of tritium

incorporatea into the macromolecular components. In’///ﬂ~;;’fr‘

A
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the 1950's it was known that growing cells could
incorporate radioactive thymidine into their DNA in a
form that is unable to diffuse out during cold storage.
The isotope then decays during cold storage, causing

degth of the cell. When a culture of Escherichia coli

was mgtagenized, grown in a minima} medium containing
rédioactive thymidine and theé/put into cold storage,
a mutant frequency of 10% of the survivors resulted
( Lubin 1959). Thii.method‘has been modified to suit

- \ .
the furigus Aspergillus ‘\flavus ( Donkersloot and Mateles

1968) and mammalian celi$ ( Drew and Painter 1959:

Whitmorézand Gulyas 1966;4Thompson et al. 1970).
An.advahtage of this procedure is th%trit can

be maderquite specific by the use of different tritiated

precursors. Such modifications have been successful

in specifically enriching for mutants of Escherichia

coli with an altered acyl CoA synthetase ( Hill and
Angelmaier 1972) and mutants with defective phospho-
lipids ( Cronan et al. 1970) by the use of tritiated

oleate. By. labelling with tritiat®q amino acids at

40°C temperature sensitive mutants of Escherichia coli
have been isolated that are defective in protein
synthesis ( Tocchini-Valentini and Mattoccia 1968).
Suicide experiments involving tritiated uridine have

been shown to be effective in enriching for mutants
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defective in RNA metaboliiﬁ/( Reid 1971; Littlewood and

Davies 1973). / . ‘
Cryobiological methods and methods involving

differential heat selection have recently been

employed as enricﬁm nt techniques for specific

kinds of organisms.€;:§h»filamentous.ﬁhngi ( Leef and °

Gaertner 1975; Peters éndASypherQ‘is78) cryobiological

methods have been successful becaﬁée metabolically

active conidia are much more sensitive to freezing

than iégctive ones. As a result, when mutagenized

conidia\ are incubated on a medium that allows only

growth of wild type cells and the medium is then

frozen and thawed, auxotrophs preferentially‘survive

since their germination is blocked by the ommission of a

gfowth supplement. This method has resulted in a 400x -

700x enrichment of fungal mutants. |

A method dependent on the fact that the spores

and mycelia of Phycomyces biakesleeanus are heat

sensitive has resulted in the isolation of auxotrophs
in high frequency ( Brunke et al. 1977). Mycelia and
germinating spores die at temperatures éxceeding 35°C
whereas mutants whoée spores have not germinated can ‘//
withstand these temEFratures for extended periods. /

Another variation of the original penicillin

technique is the use of base analogs as selective

/
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. agents ( Cohen and Barner 1956; Zamenof and Griboff

1954 ; Wachsﬁlgn and Mangalo 1961). For example, 5-

bromodeoxyuridine, which Quantitatively'replaces fhymine

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

proline deficient mutants in mammalian cells ( Kao and

Puck-1967). This method involves the use of 5-bromo-

deoxyuridine in conjunction with near visible light.

L If 5-b1imodeoxyuridiné is édded to a culture of growing
and non-growing cells; those that are able to synthesize

DNA will incorporéte 5-bromodeoxyuridine. Upon exposure

to visible light, these cells die.

Recently,;fi;;;gura01l has been used to 1isolate
aspa?aglne requ{rlng Chlnese hamster cells ( ‘Goldfard
et al. 1977). fhls compound is rea%iily 1ncorporéted

into mRNA and acts by producing nonheritable uracil to

‘c&fosine transitions in mRNA during “transcription,

- L4

L]

Thé limited spectrum of mutants isolated in

bhbtotrophic organisms suggests that if other auxotrophic
\ .

mutants are-being induced in a population, these mutants
must occur at low frequencies. If this is true, thernly
way in whicﬁvthéy could be isolated would be to utilize
a mutant enrichment procedure.-done 6f the methods
discussed above have beenvrepérted as being applied, let

alone successful, in isolating mutants in phototrophic
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systemg‘ In Eudorina eleéans, penicillin and other’
'drugsAhave not been supcessful enriching ageﬁts because
of a high level of drug resistance exhibited by this
organ{sm. Radioactive éuicide techniques are probably
not practical, as indicated by a limited uptake of
thymidine ( Kemp et al. 1972). Many of the other
procedures previously discussed have begp reported‘as
the'current study was nearing completion and thus have
not been tried QithvEudorina. .

As a thesis project I attempted to develop an
enrichment procedure which would increase the probability
of isolating auxotrophs in the colonial alga, Eudorina
elegans: Once this goal was achieved it was possible
to explore a variety of questions. I chose to focus
my attention on the optimization of mutagen treatméht
" and to examine more fﬁlly the characteristics
of nitrogen Hefective mutants isolated dﬁringythe
course of my studies. -1 F

The thesis is cémprised of five chapté{s. In
addition to this introductory chapter and a éanluding
chapter, three chapters ( II, III and IV) are ﬁfESented
that report the results of the main focus of 6;4
research. Since they have or will appear in the

scientific literature, they are written in a format

acceptable for publication. Chapter II deals with
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thé establishment and parameters of the mutant enrichment
technique and is publish:d in Genetics §l, 243 - 251
(1975). Chapter III discusses the optimal conditions

of nitrosoguanidine and u%ﬁraviolet light treatment

prior to enrichment and hés been submitted for pub-
lication to the Journal of Phycology. Chapter IV
discusses the characteristics of mutants lacking or
deficient in the production éf nitrate reductase

and is published -in the Journal of Phycology 13, 368-

372 (1977) « :
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- CHAPTBER II

MUTANT ENRICHMENT IN THE COLONIAL ALGA, EUDORINA ELEGANS

INTRODUCTION

Unlike chemotrophic organisms, a broad spectrum of A

auxotrqphic mutants have proven to be difficult to isolate
in phototrophic organisms ( Li et al. 1967). A variety

of possibilities has béen suggested to account for this
observation. Such possibilities include genome rédundancy
( c¢f. Auerbach and Kilbey 1971), permeability and/or
metabolic insuffiéiency. and a lack of transcriptional
control ( cf. Neilson and Lewin 1974). 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 iﬁﬁolving cell-cell interactions.

Enrichment 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 mamma{ign cells, the original penicillin

technique ( Davis 1949; Lederberg and Zinder 1948;

T
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1964), tritium suicide ( Lubin/1959;

-2~

Gorini and Kaufman 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 antifungél agents such as nystatin

( Stanley and English 1965; Snow 1966; MacDonald 1968;
Cook 1974), amphotericin ( Moat et-al. 1966; Thomulka
and Moat 1968) and endomycin ( Moat et al. 1959; Moat

et al. 1966), the base analog 8-azaguanine ( Wachsman and
Mangalo 1§61), the isolation of double auxotrophs in\

conjunction with thymineless death (gﬁi§isman and Hogg

itmore and

"Gulyas 1966; Donkersloot and Mate 1968) and base

‘ .

‘analog in conjunction with visible light ( Kao and Puck

‘1967). In Eudorina elégans. although drug resistant

mutants have been isolated ( Mishra and Threlkeld 1968),
oﬂly one auxotroph, a2 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 byrthis
organism, Radioac%f%e suicide procedures are probably not
practical, as indicated by a limited uptake of thymidipe

( Kemp et al. 1972).

This report shows that nitrogen starvation followed
(

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

enrichment system for Eudorina elegans.
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MATERIALS AND METHODS _ ?\\,/z

Eudorxina elegans strain 1201 was Qrig’hally

(bbtéined from the Culture Collection of Algae, Indiana
UniversityL( Starr 1964). The nicotinamide requiring
strain, nic-1, was isolated in our laboratory by
repiica'pl#fing following treatment with ultraviolet
light.

Media

™~

The minimal medium ( BM) was a Bristol's basic
salt soiution ( Céin 1565) modified by replacing H-B
and H-S solutions with Gaffron's trace elements solution
( Hughes et al. 1958). The minimal medium lacking

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

sodium nitrate. 'he compléte’ medium ( BC) was an enrich-
ed medium consis¥ing of 800 ml of Bﬁ and 200 mﬁ om__
modified Eugleﬁa medium ( Kemp ana/wehtworth 1971).

The- defiFed complete medium consisted of BM
medium to ®hich was added White's amino acid mixture
( Reinhart and White 1956), a vitamin mixture containing
nicotinamidé, nicotinic acid, pyridoxine, riboflavin, |
thiamine ( each 1 pg/mf), p-aminobenzoic acid ( 0.5 ug/ml),
folic acid ( 0.1 ug/ml), pantothenic acid (- 0.01
ug/ml), cobalamine and biotin ( each 0.015 pg/ml), and a

mixture of nucleic acid bases ( each”Iﬁng/ml).

e g i e e
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8-agaguanine ( 8AG) was obtained from CalBioChem <.
N and N-methyl-M' -nitro N-nitrosoguanidine ( MNNG)
\has obtained from Aldrich Chemical Company. Solutions
were made up in gptassium phosphate‘f;ffer (“1.7 b¢
7/\0—3 M) andnfilter sterilized. These were diluted
- ) lnto/the culture medium at the concentratlons indicated
’ 1ﬁ/?§§ text.
) Culifre Conditions

Unless otherwise stated, the cultures were grown
L

\

and g?%ated when concentrations reached about 10
viable orgé;isms/ml in 50 - 75 ml volumes. They were )
maintained as shaking cultures at 32°C under cool-white .
flﬁoréscent light?,( 1000 ft-c incident light) on
a 16:8 L:D cycle.\Qhe organisms were piéted using an
aéar overlay techniqude ( Adams 1959). Each sample was
plated in duplicate and colonigs were counted after
5 days on BC plates and 10 - 12 days on BM plates. .
' The average of the duplicate counts was taken.
RESULTS : ¢

When 8AG was added to a culture of Eudorina
elegans growing in BM medium no inhibition of growth
occurred. If a nitrogen starved culture was swbjected
//// : to 8AG in the absence of nitrogen, the titre remained

constant. However, when the culture was starved of

nitrogen and put into BM medium containing B8AG,

-—~_-~ extensive inactivation occurred ( Figure II-1).
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Figure II-1.
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~—
The effect of 8AG ( 60 pg/ml) on the

growth of Eudorina elegans ( stra@h

1201) in various media prior to and
during treatment. Cultures were in-
cubated in BM or BM-N as shaking\/,
cultures for 24 h at 320C. Aliquots
were then transferred from BM to %M
+ 8AG (x—x), and from BM-N into

BM-N (e— ), BM (0o—o0), BM-N+8AG

(A— A ) or BM+BAG (b—nu).
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Conditions under which nitrogen starvation took
place affected survival upon subsequent exﬁosure to
8AG. At 32°C, about 24 h of stagvation was required
before 8AG had any effect on survival, while at 22°C,
48 h of starvation was required before 8Awaequ
kill. Starvation of nitrogen in the dark ﬁp:to'
three days resulted in no 8AG effect ( Table II-1).

8AG inactivation @f nitrogen starved cultures of
Eudorina was initially rapid to some maximﬁm, fellowed by
a perlod of up to 5 days where no further loss of colony-
formlng ability occurred 1 Figure 1I-1). Eventually,
grqwth of the culture re umed. A concentration eﬁfect
of 8AG ( 40 - 300 ug/ml) was not evident when aliqugts
of the same nitrogen starved culture were tfeeted
( Figure - 1I-2). However, when 1201 cultures. at different

: ' L
stages of the life cycle were starved of nitrdgen and

s

exposed to the same concentratlon of BAG, marked differences

in the amount'of 1nact{vatlon were fourd ( Flgure II-3).
Nitrogen starvation followed by 8AG treatment was
the only combination found that resulted.in inacfivation.
Starvation of other constituents of the BM medium and the
‘use of the ggzéne analogS'mercaptopurine and 2-amino
purine, the szide containing compounds azathymine and aza-

uracil, as well as fluorouracil, bromouracil and deoxy-

glucose resulted in growth rather than death. Growth also



LEAF 26 OMITTED IN PAGE NUMBERING.



Table I&—l.
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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 iné@bation in BM +
60 ug/ml 8AG (N) to the colony forming
units/ml following starvation (No).

ND = not done.

: 7

.

N
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Table

IT-1

Time of starvation

BM-N 1 day 2 days 3 days
o) ’ -2 -2
32°C 6£.98 x 10 ND 5,04 x 10
o} -2 -3
22% 1.01 5.26 x 10 9.6 x 10
. \
32°
dark 1.16 i.s8 1.47
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Figure II-2. The effect of differént concentrations

of BAG on a culture of Eudorina elegans
g(strain 1201) resuspended in BM+8AG
af@szjnitrogen starvation. The culture,
grown in BC, ‘was starved for 24 h and
then aliquots were esuépended in BM +
40 pg/ml 8AG (x—i BM1 00 pg/ml
8AG (0o—o0), BM + 200 ug/ml 8AG (e—e)

and BM + 300 pg/ml 8AG (@ — o).

-m.gpm»»d— o
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-Figure II-3.

-28a-

3

The effect of BM+8AG ( 60 pg/ml) on

different cultures of Eudorina elegans

( strain 1201) after nitrogen starvation.
Three different cultures (a— a), (X—x)
ahd (0 —o0) were exposed to‘nitrogen
starvation and 8AG treatment under the

same conditions.

g}

-
-
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resulted when a cultd?%‘@ﬁg starvig,of itrogen and
[

exposed to 8AG in a defined complete medium. The

constitgents of this medium capable of blocking the lefhal

effects of 8AG were the purines, adenine and guanine

( Figure II-4). However, their reépective nucleosides

( 10 pg/ml) did not interfere with the 8AG inactivation

of nitrogen starved cultures. ’
The above data suggest that cultures of Eudorina

may be enrichgd fzi;:;:ipts if metabolism is reduced

by starvation and r regrowth in the presence of B8AG

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°C followed by 8AG treat-

ment was lethal only if nicotinamide was also included “

V .

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

organic additions were required to observe the lethal

effects with wild type cells. Enrichment for nic-1

from a population containing both g;g:l and wild type

.organisms was achieved by subjecting the mixture to

several cycles of nitrogen starvation and 8AG exposure

in the absence of nicotinamide ( Table II-2). Regrowth (/

in BC medium for 24 h followed exposure to 8AG. The

starvation, 8AG treatment, and regrowth of a culture

2
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Figure II-4.
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The effect of nutritional additions
to the BM+8AG medium after nitrogen
starvation. The culture was starved
df nitrogen for 24 h at 32°C and

aldiquots were then transferred to

"BM (x—x), BC (0——o0), BM+8AG (x---x),

BC+8AG (0o=—~o0), BM + adenine + B8AG

(@— o), BM + guanine + 8AG (e—),

~

‘BM + adenosine + 8AG (g---a), and

BM + guanosine + B8AG (e-- - ).
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Figure II-5.

-Bla;'

8

Growth patterns of Eudorina élegans /
( nic-1 ) in different n}/bdia conditions. )
Two aliquots of a nic-1 culture growing /
in BC were resuspended in BM (o—o0)

and BM + nicotinamide (x—x). Another

aliquot was put in BM—I}J\ for 24 h and

then was exposed to BM+8AG (o—nu), and

another was put into BM-N+nicotinamide

for 24 h and then was exposed to BM +

nicotinamide + B8AG (.-—.).j
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Table II_Z (]
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Enrichment of Eudorina elegans for nic-1.

A mixed population ( total of about 104
viable organisms/ml) of wild type and

nicotinamide requiring (nic-1) Eudorina .

was subjected to a series of three mutant
enrichment cycles. The titres of each type-
were obtained before and after each cycle
by plating aliquots on BM~ana BC medium.
The number of nic-1 was the difference
between the number. of colonies on BC

and the number on BM, and their proportion
wés the number of nic-1 / number of 1201 +

the number of nic-1.
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Table I1I-2
cycle # 2 3
prior after |prior after|prior after
8AG 8AG | BAG 8AG | 8AG 8AG
cfu/ml cfu/ml [cfu/ml cfu/ml|cfu/ml cfu/ml
1201 5.6 6.5 49 3.0 9.0 1.5
X X \x X X X
‘ 103 102 10\3 101 101 101
)
nic-1 3.6 3.8 1.1 5.9 2.3 2.4
I — X X )()+ X X X
103 103 10 103 103 103
N -
nic—l 0039 0-85 0058 0095 0.96 0.99
total

el e e 17
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constituted an enrichment cycle.

The isolation of MNNG-induced mutants usiné the
enrichment procedure was. then atfempted. A culture was
exposed to MNNG ( 1 ug/ml) for 2 h and allowed to
grow in BC for 24wh or until the increase in titre
indicated that the pareﬁtal coenobia had broken down,
releasing the daughter organisms. The culture was then
cycled through the enrichment procedure twice. The
treated dﬁiture was 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 cohtaining different
| known concentrations of organic supplements édded 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
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in BC failed to yield mutants in a total of 14,000

colonies studied.

DISCUSSION
| A procedure has been developed which results in

the enrichment of auxotrophic mutants of Eudorina elegans.

The procedure depends upon the ability of the purine
analog, 8AG, to kill organisms recovering from nitrogen
starvation. Because ghe 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 B8AG.

Nitrogeﬁ starvation prior to the exposure to
antibiotics and the aptifungal 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 meggtgrium ( Wachsman
and Mangalo 1961). To our knowledge, 8AG has never
been used in conjunction with nitrogen starvation
as an enrichment procedure.

Conditions at the time of nitrogen starvation and
at the time of B8AG treatment greatly influence the
lethal effects of 8AG. The age and growth stage of a
culture undoubtedly contribute to the different
gsensitivities of Eudorina to 8AG ( Pigure II-3). However;

strain 1201 has proven difficult to synchronize

;
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and.consequently comparative studies were done using
aliquots of the same culture. The increased time
required for nitrogen starvation at 22°d and the failure
of nitrogen starvation in the dark suggest that some
cellular processes are necessary duriné the starvation
period for the subsequent 8AG treatment to be effective.
8AG killing does not ocqurﬂif éither or both of the purines,
adenine and guanine; are present.in the medium at the time
of(8AG treatmgpt. In other organisms ( Mandel 1957; ~
Chantrenne and Devreux 196Q; Mangalo and Wachsman 1964)
the purine ﬁuc%ebsides as well as the purines show this
effect. The purine nucleosides are ineffeétive in Eudorina.
If the‘enrichment factor is defined as the fre-
quency of MNNG-induced mutants after enrichment .divided
by the frequency of MNNG-induced mutants before enrichment
(1.6 x 10‘2/‘< 7.0 x 107°), then at least a 200x
increase in mutant frequency results from the enrichment
procedure. The data indicate that the frequency of
spontaneous mutants present in the population of this

N e
organism is low. Since the frequency of spontaneous

mn

mutations present after enrichment is 2.7 x 10° ' and

the enrichment procedure appears to cause at least a
200x increase in the frequency of mutants, the ‘frequency
of spontaneous mutants in an untreated papulation

6

is less than 5.4 x 107°, The results also indicate



C

~36~

" the powerful nature of the mutagen, MNNG. Treating at
low concentrations of MNNG ( 1 ug/ml) for 2 hours

causes at least a 60x increase in the mutant frequency.
This is determined by dividing the;frequency of MNNG-
induced mutantsiaftér enrichment by the frequency of
mutants of a non-treated culture aftér enrichment

(‘1.6 x 1072 / 2.7 x 1079

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 Eudoriné,
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.



- CHAPTER III
NITROSOGUANIDINE AND ULTRAVIOLET LIGHT MUTAGENESIS

IN ZUDORINA ELEGANS

INTRODUCTION

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 lack of a large spectrum
of auxotrophs in phototrophic organisms ( Li et al.
1967) has resulted ' in a missing link in studies of' this
nature. This lack of mutants:has been attributed to a
number of different causes. Two possibilities experimen- .
tally difficult to stud& are permeability problems
resulting in metabolic insufficiency and genome
redundancy ( Auerbach and Kilbey 1971). However, an
equally plausible possibilty that is experimenta}ly
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 conditiohk\of mutagen
treatment that are most likely to yield ma ;mum

N
auxotroph induction in phototrophs have not bEEW

established.
Chapter II described a mutant enrichment procedure

¢



10 -5 in an-initial nltrosoguanldlne mutagenized
populatlon were isolated 4t a frequency of‘I0~? follow1ha
enrichment.

This chapter deals with the determination of
conditions of N-methyl-N'-nitro N-nitrosoguanidihe
(MNNG) and ultraviolet light (UV) treétment that are
most conducive to the inductibn of 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 ( ac8 ) énd'formafion of pigmeht
sectored colonies..

MATERIALS AND METHODS

The organisms used in this study were Eudorina
elegans (Ehrenberg) UTEX 1201 obtained from thé Culture
Collection of Algae at the University of Texas and an
aceMte requiring strain ( ac8 ) isolated after treatment
with MNNG and subsequent enrichment.

Media

Minimal medium (BM) was modified basic salts
solution ( Cain 1965) with Gaffron's trace elements -
solution ( Hughes et al., 1958) replacing the;H-B and

)
-

H-S solutions. The complete medium (BC) consisted of
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800 ml of BM and 200 ml of modified Euglena medium
( Kemp and Nentworth 1971). "
Culture Conditions

Cultures used for determining sectoring frequencies
were grown in 50 - 75 ml volumes in 250 ml flasks as )
shakihg’cultures. They were incubated at 32°C under
cool-white fluorescent lights (ca 1000 ft-c) on a
16:8-L:D cycle. i:liquots of the surviving organisms
were plafed in duplicate by the agar overlay technique.
The rafio’of sectored <¢olonies to the total number of
surviving organisms was scored after 5 days of incubation.

Cultures used fér reversion studies wefe grown
in 5 liter vessels in BC medium to a concentration of
5 x 10% colony forming units/ml. Following hutagen
treatment, 1 liter aliquots were removed and collected
by centrifugation. The resulting pellets were washed
twice in phosphate buffev/fi.7 X lO-BM, pH 7?3} and
finally resuépended in 10 mf of the buffer. Aliquots,
plated on BM plates, were incubated for 14 days before
revertant colonies were scored. . S
Lhtégen treatment |

Ultraviolet 1light was obtained from G15T8
germicid?l lamps af‘a dose of 2 J / mzs. The ;ultures.
suspended in phosphate buffer, were irradiated in open

petri dishes. The depth ‘of the cultures during irradiation

p T
' 7/
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did not exceed 1 mm and they were constantly agitated
during exposure. Photoreactivation was prevented
by plating the treated organisms-under yellow 'light
( Jagger 1967) and incubating the plated algae for
3 days in the dark before light incubation.

MNNG was obtained from the Aldrich Chemical
Company. Stock solutions were made up fre®h in water
(pH 5.5), filter sterilized and diluted to the appropriate
concentration in the culture.
Sectored Colonies

A sectored colony resulted when one or more
of the cells’making up the coenobium were morphologi-l/ﬁg)
callw changed by the mutagen to cause a change in <

J
pigmentation. When plated on agar these cells repl{cated.

“zThis resulted in a defined segment of the colon&\

showing a different pigmentation than the rest of
the colony. Many of the sectored colonies isolated
were tested to determine whéther the morphological
characteriStic was stable. In 85% of‘Fhe coloniii
examined, the differentially pigmented area\fgg—the
colony could be recovered when the colony was dis-
rupted in buffer and replated.
RESULTS . )y
When a cquure was treated -with 1 ug/ml MNNG

for 48 hours ( Figure III-1 ), neither an increase nor
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Figure III-1.

-41a-

AN

Cell survival (o—o0), revertant
frequency 6f ac8/survivor (a—a)
and sectoring frequency/survivor
(A——a) of cultures of Eudorina
elegans exposed to 1 ug/ml MNNG. At
0 h the revertant frequency of ac8/.

8

survivor was (1.25 x 107° and the

sectoring frequency/survivor was

7. Each plot is a represen-

¢2.3 x 10~
tative of at least 2 experiments done
when the majority of cells were in the

growth stage. )
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2 decrease in viable‘organisms occuéred. The revertant
frequency/survivor increased within the first 30
minutes of exposure‘Eo the mutagen and then remained
stable for about 2 hours before increasing about .
10x over the next 2 - 3 hours. 4n additional lpx \
. increase occurred gradually over the next 43 hours to
about 2 x 10—5 revertants/suryivor. The frequency of
sectored colonies/survivor of 1201 followed the same
general trend as the reversion frequency of ac$8
although the initial 2 - 3 hour plateau was not
observed. The frequency of sectored colonies was
about 10x greater than the revertant frequency during
exposure to the mutagen.

Exposure to 10 upg/ml MNNG caused cell death. Only
about 2% of the organisms survived @ 2 hour exposure
to the mutagen ( Figure 1I1I-2). Despite this toxicity,
revertants of ac8 and differentially pigmented sectors
were induced to maximum values after 60 minutes
of exposure. The maximum reversion frequency obtained
using IMNING was 1.5 x 10_4 and the maximum.sectoring
frequency was 1 x 1073,

When the cultures were.éXposed to UV, the reversion
frequéncy/survivor increased to a maximum at a dose
of 300 J/mzs and then decreased again ( Figure IIX-3).

The maximum revertant frequency/survivor obtained using

@

i e
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‘Figure III-2.

~3a-

Cell survival (o—o0), revertant
frequency of ac8/survivor (a— a)
and sectoring/fréquency/survivor

(4——A) of cultures of Eudorina

elegans exposed to 10 ug/ml MNNG.

At 0 h the revertant frequency of

8 and the

ac8/survivor was <5.0 x 10"
sectoring frequency/survivor was <1.2x
10”2, Each plot is a represenfative of
at least 2 experiments done whgn the

majority of the cells were in the

growth stage.
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Figure III-3. Cell survival (o—o0), revertant
frequency of ac8 / survivor (a—-a)
and sectoring frequency/survivor
(a——a) of cultures of Eudorina
elegans exposed to'UV. At O dose
the revertant frequency of ac8 /
survivor was {6.4 x 10~9 and the
sectoring frequency/survivor was

{2.8 x 10°*

. Each plot is a
representative of at least 2
experiments done when the majority

of the cells were in the growth

stage.
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UV was 4.5 x.lo'é. The sectoring frequency/survivor
followed the same>trend. reaching a maximum of 6.5
x 10 2 M fter exposure to 300 J/m?‘. ~
The optimal conditions of MNNG treatment (10

pg/ml for one hour) and UV (300 J/mz) were used to
determinq the effect of stage in the life cycle on
mutagen action ( Tables III-l and III-2)., Cultures
at the post release stage (small), the growth stage
(medium) and the stage in the life cycle just prior
to division (large) were relatively easy to obtain
in a synchronous state and therefore were used as
representative stages of the life cycle. Lethality
and reversion of ac8 induced by MNNG were not markedly
influenced by life cycle stage (Table III-1).

| ‘The stage in the 1life cycle at the time of
exposure to UV was critical. As the organisms grew
and appréached the division process, their resistance
to UV became greater. Exposure to 300 J/m2 resulted
rin about a 100x greater surviving fraction among
large celled>organisms‘compared to newly released
organisms. The revertant frequency of ac8/survivor
was greatest at the largebcell stage. Revertants were
not found when cells that were just released from the
parental coenobium were éxposed to 300 J/mz. This was

due to their sensitivity to UV and, as a result, not
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Tafle III-1. The effect of stageé in the life cycle

of Eudorina elegans on survival,,
—rgversion frequency of ac-8 and
séctoring.frequency, following MNNG
treatment ( 10 mg/ml, 1 h). The MNNG
surviving fraction is presented as the
ratio (N/N’) of the number of colony
. forming units/ml after treatment (N)
to colony forming units/ml prior to

treatment (No).
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Table III-1
\_./ . . .
Experiment Stage in the life cycle
small medium large
4.5 2.4 5.0
A 1 X b ¢ ¢
1071 10-1 10-1
MNNG
surviving
fraction
.O l8 : lll
) 3.0~ 3x_,1 3.
101N~ 10 10-T
1.6 1.2 1.4
1 X b'd X
10°% 10-4 10-%
reversion ]
frequenc 4 N
survivor ‘
2.2 1.5 2.0
2 b'< X Cx
10-% 10-4 10-4
7'5 1'0 2.5
1 X X x
10-3 10-3 10-2
sectoring
frequency
survivor
8.4 1.2 . 4.8
2 X x X
10-3 10-3 10-2
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Table III-2.

-47a_

o

The effect of stage in the life cycle

of Eudorina elegans on survival

following UV treatment (- 300 J/m?),

reversion frequency/survivor of ac-8,
and sectoring frequenc&/survivor. The
UV surviving fraction is presented as
the ratio (N/No)iof ‘the number of
coiony forming uﬁits/ml after treatment
(N) %o colony foﬁming‘units/ml prior

to treatment (No).
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Table III-2

Experiment Stage in the life cycle
# < small med ium large
5.0 5.7 )
X X b'e
1 10°% 10-3 10-2
uv . ’
surviving
fraction :
2 3.4 5.3 1.2
x X b'e
10-4 10-3 1072
< 5.0 7.9 3.5
1 X X b 4
1072 10-7 10-6
reversion _7
frequency
SuUrvevor
( 1.9 4.“ 6.6
2 X x b ¢
Jo0-5 10-7 10-6
- 6.6 6.6 4.8
b'e x b'd
1 10-2 1072 10-2
sectoring
frequency
survivor 6.5 4.8 4.8
x b'e b'e
2 10-2 10-2 10-2
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enough organisms survivea to isolate revertants. However,
when these cultures were treated with lower doses of

UV, where the percentage of surviving cells suggested
that revertants could bé recovered{ néne Weré found.

The UV-induced sectoring frequency/survivor was not
stage-dependent. .

The exposure of cultures fo the optimal mutagen
cotiditions established by the reversion and sectoring
studies led to the isolation of mutants at high
frequencies following enrichmen£ ( Table III-3).

The maximum mutant frequency/survivor resulted after
treatment with MNNG at a concentrafion of lO,ug/ml

for one hour. 21though organisms that were dependent

on acetate for growth comprised the majority of

mutants isolated, p-aminobenzoic acid requiring

mutants and mutants requiring a reduced nitrogen source~
Qere also isolated. When cultures were treated with
IINNG at less than optimal conditions, the mutant
frequency was lower. When a culture was treated with

1 pg/ml for 5 hours, the mutant frequency was 5x lower
than when a culture was treated with 10 pg/ml for |
one hour. All the mutants isolated required acetate

for gro;th. When the time period that the culture

was exposed to 1 ug/ml was extended to 48 hours, the

total population survived and the mutant frequency
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Table III-3.

-49a-

The effect of conditiofis of treatment

with MNNG and UV on the frequency of

isolation of mutants following

enrichment. * - colony forming units/

ml. ** - N/No - surviving fraction.
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was only 2x lower than that obtained withy optimal
conditions of MNNG treatment. However, a major dis-
advantage encountered with this treatment condition was
the isolation of mutants having more than one nutri%ional
requirement.
» Treatment of synchronous populations with UV
at 300 J/m2 showed maximum mutant induction when the
culture was at the large cell stage. However, this
frequency was 10x less than the maximum frequency
obtained when MNNG was used as the mutagen. No mutants
wete isolated when a culture of newly released organisms
‘was treated.
DISCUSSION
Theﬂoptimal conditions of MNNG and UV treatment

for mutant induction in Eudorina elegans have been

detepmined‘by examining the maximum revertant frequency/
survivor and the sectoring frequency/survivor under a
variety of conditions.vUV is a/%ore effective mutagen
in producing morphological changes (i.e. sectors) and
MNNG is more effective in producing physiological
changes (i.e. revertahts and auxotrophs). MNNG has
also been recognized as a powerful agxotroph inducing
mutagen in many systems ( Alderberg et al. 1965,
Singer and Frankei-Conrat 1967, Mandel and Greenberg

1963) and has been found %0 cause a higher rate of

-
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mutagenesis.than UV in baoteria and yeasts ( Laprieno
and Clark 1965).
-2
A further disadvantage of using UV as a mutagen

in Eudorina elegans is that the stage in the life cycle

at the time of treatment is critical. The closer
the organisms are to division the more reSistaﬁt they
are to UV since Eudorina has processes operating
during division to repair UV induced damage ( Kemp
1972, Kemp and Malloy 1975, Kemp and Wentwofth 19715.
If the organisms are temporally far remoyed from
division, the damage caused by UV is rendered lethal
to the organism before the time of repair is reached.
Although the organisms that are irradiated close to
division are more likely to be exposed to the repair
mpechanisms they are also more likely to be physiologically
changed. Th{s is because the repair proéesses are error .
prohe ( Witkin 1966).

The use of MNNG as a mutagen is advéntageous
since the stage in the life cycle at the time
of treaiment is not critical. Although it has been found

in Chlamydomonas reinhardii that the - lethal and

mutagenic effects of MNNG are maximal during the nuclear

S-phase ( Lee and Jones 1976)¢%na in Volvox carteri

just prior to cleavage ( Korn et al. 1978; Huskey, pers.
comm.), this stage dependency is not seen in Eudorina.

f
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Although synchronous cultures of dividing organisms are
difficult to obtain in Eudorina, many of the celis‘that
are exposed to MNNG at the iarge 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 acetake dependént mutants following optimal MNNG
treatment and enrichment suggests tﬁat the lack Jf
an extensive spectrum of mutant phenotypes in green
plants may be due both t6 less than optimal mutagenic
procedures and to the lack of‘appropriate enrichment

techriiques. _
o
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CHAPTER IV
NITRATE REDUCTASE MUTANTS IN EUDORINA ELEGANS
INTRODUCTION

The metabolism of nitrate to nitrite and then to
ammonia has been extensively studied in reéent years.
In particular, the ipitial enzyme of the pathway, nitrate
reductase, has been studied in bacteria ( Forget 1974),
fungi ?Choudary and Rao 1975; Sorger and Davies 1973),
algae ( Barea et al. 1976; Morris and Syrett 1963;
Piotorious et al. 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 tﬂét are unable to utilize nitrate
as a nitrogen source.

In Eudorina elegans, mutants deficient or lacking

in the production of nitrate reductase have been

isolated. These types of mutants have not been pre-
viously characterized in éexuql algae. This paﬁer
discusses how these mutants ( nar -1,-2,-3) differ

from wild type and each other in their growth responses to
different nitrogeh gsources, in their production of the
enzymes nitrate and nitrite reductase, and in their

response to potassium chlorate. . .
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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 .
derivatives of 1201, each isolated after exposure to
N-methyl-N*-nitro N-nitrosoguanidine and subsequent
enrichment ( Chapter II).

The basic minimal medium ( BM) was Bristol's
“basic salt solution ( Cain 1965) containing sodium
nitrate as nitrogen source. In some experiments
described here, sodium nitrate was replﬁced'by urea
( BM-U), uric acid ( BM-UA), ‘am:’nonium nitrate ( BM-NH&),
sodium nitrite ( BM-NO2) or hypoxanthine ( BM-HX) in
the same molar concentration as sodium nitrate ( i.e.

3 x 10'3 M). Trace elements were supplied by Gaffron's
golution ( Hughes et al. 1958). The enriched medium

( BC) was made up of 800 ml of BM and 200 ml of modified
Euglena medium ( Kemp and Wentworth 1971). ‘

Cuitures were maintained at 30°C under cool-white
flﬁorescent lights ( 10 J / m?s ) onal6 : 8L : D
cycle. For the growth experiments the cultures were grown as
shaking cultures in 125 ml erlenmeyer flasks containing
50 ml of medium. The strains, grpwing in BC, were
washed and fhoculated at Jow titre ( ca. 100 organisms/
ml) into minimal medium containing the nitrogen source

being studied. Numbers of viable organisms were determined

(4
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daily by their ability to form visible colonies on
nutrient agar plates. These data are presented as colony
fqrming units ( cfu/ml). For the enzyme assays, the
cultures were grown in 800 ml cylindrical vessels to
: Which were attached entrance ports for three reservoirs
of sterile media. The vessels also had an inoculation
port, an outlet from which media could be removed, and
a port through which a gas mixture of 3%5002 in air was
bubbled.

Enzyme extracts were prepared from algae collected
by cenfrifugation (2,500 rpm, 5 min). The organisms were
washed three times in cold (4°C) extraction buffer (0.1 M
ﬁotéssium phosphate buffer, pH 7.5, for the nitrate reductase
assay andlo.s M Tris-HCl buffer, pH 8.0, for the nitrite
reductase assay). Following resuspension in buffer, the
cells were sonicated on ice at 90‘intensity ( Bronwill
Biogbnic, Bronwill Scientific, Rochester, New York) for 5
second bursts repeated 5 times every 55 seconds. The sonicated
material was used directly for thé nitrite reductase assay.
For tge nitrate reductase éssay, the sonicate was centri-
' fuged in the cold at 13,000 rpm fof 20 minutes to prqéipifate
the particulate material. The supernatant was then used
fof the analysis of nitrate reduciase activity.

Nitrate reductase was assayed by a modification '

of the procedure of Wray and Filner (1970). The assay
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mixture contained 0.3 ml of 0.1 M potassium pho;bhate
buffer, pH 7.5; 0.1 ml of 0.1 M KNO3; 0.1 ml .of 1 mM
NADH and 0.5 ml of algal extract. This was incubated
for 15 min at 30°C, then 1 ml of sulfanilamide in
3M HC1 and 1 ml of 0.02% N-(1 naphthyl) ethylehediamir;,e
(ﬁif/dihydrochloride was added to stop the reaction énd ~
agsay for nitrite. The tube conten@s were plarified~
by centrifugation and after 5 min at room temperature
the absorbance was measured at 540 nm. These values were
converted intoramounts,of nitrite by reference to 5
(Standard curve. ‘
The nitrite reductase assay mixtﬁre k Ramirez
et al. 1966) contained 0.3 ml of ‘0.5 M Tris-HCl buffer,
pH 8.0; 0.2 ml1 of 20 nM NaNO2; 0.3 ml of 5 mM meth&l
viologen; 0.9 nf of;algal extféct; 0.3 ml of sodiuml
dithionite solution ( 25 mg inﬁl_ha.of 0.29 M NaHCO03).
This mixture was §ncupated for 10 min at 30°C. Thé
\reactionlﬁas stopped by oxidizihg the mixture by.
vigorously shéking'on a Vortex mixer until the dye
became colorlesé. The tubeAcontents were -then diluted
100 times and nitrite determined on a 2 ml aliquot.
. Protein in the algal extracts was determined using

bovine serum albumin as standard ( Lowry et al. 1951)..

P

RESULTS - ‘
When ammonia ( BM-NH4) was provided as sole

Ly
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nitrogen source, wild type and the nar mutants all
grew well ( Figure IV-1). Similar results were observed
‘when the strains were grown in BM-U BM-UA and BM-NO2.
In BM, wild type qrew ‘as ‘well as in BM- NH4 whereas
n2r-1 grew at a slower rate, regching maximum titre
2 days later thanlﬁild type ( Figure I&-Z). After an
initial rise in titre during the first 3:dayé after
' inbdg;ation.;the titre of ggggg and nar-3 did not -
change for .7 days. In BM-HX, wild type and nar-2 grew
well whereas nar-1 and par-3 did not ( Figure IV-3).
The initial rise in titre exhiﬁifed by'ggg;g.and'ggg;j‘
in BM and by nar-1 and ggi;} in BM-HX hay have been due to
coenobial breakdo;n and/or'a'iqi level of usable nitrogen
in the medium or the algal cells. ’

Nitrate reductase activity was measured in wild®
.type aﬁd the nar mutants at inté;vals‘following transfer
from' BM-NO2 to BM ‘ﬁhiéh contained sodium nitrate as

. f
nitrogen source ( Figure IV-4). In wild type, nitrate

reductasevincreased markedly for 2.5 h, decreased slightly

during the'next 2 h and then increased aga;h. Nitrate
reductase activity of nar-1 was not detected until

7 h  after indﬁction, and in nar-2 and nar-3 nitrate
reductase activity was no{ found during a 25 h induction
period. To examine the poasibility that an inhibitor of

nitrate reductase was present in nar-2 and -3 ’

<
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Figure IV-1,

_58a_

- Growth of Eudorina elegans wild type

(0—o0), nar-1 (e—e), nar-2 (a—a)

and par-3 (A— 4) in BM-NH4, --- =

i)

aliquot transferred to fresh medium.
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Figure IV-2.

-5%a-

Growth of Eudorina elegans wild type

, -
(0—o0), nar-1 (e —e), nar-2 (a—a),
and nar-3 (a—a) in BM. --- = aliquot

transferred to fresh medium.
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Figure IVéj.

_60a-

Growth of Eudorina elegans wild type

(0o—o0), nar-1 (e—e), nar-2 (a—a)
and nar-3 (a——a) in BM-HX. ---- =

aliquot transferred to fresh medium.
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Inductlon of nltratﬁ\reductase

act1v1ty in Eudorina elegans w1ld

' type (0o—o0) and nar-1 (e-+e) cultures

grown in BM-NO2 and then transferred to

‘BM at 0 time.



*,

-61b-

3

[o] %

B - N b
Q- el :
o &.d ~

_E_B.._usﬁoi._ dE.moz sajowu

5

4
TIME. (hours)

2



-62-

crude enzyme fractlon from each mutant was mixed with
a equal volume of an enzyme fraction from wild type.
In both mutants the activity obta;ned in the
mixtd;; was similar to that expected if the wild type
emzyme alone was active ( Table IV-1). ,

The specific activity of nitrite reductase was
also found to vary among the four_sfrains ( Table
IV- 2) Since the specific activity of the enzyme has
been found to vary with the stage in the life cycle;i
at the.tlme of the enzyme assay ( unpublished) the
experimental results in Table IV-2 were obtained when
~ the cultures were at comparable stages, i.e. when}léo%
of the populatlon were newly released from the parental
coenob1a. Compared w1th the wild type, nar-1 showed ail‘ﬂ(
1ncreage. ggg;g a 2.5x increase and nar-3 a ?.6x increase
in the specific activity of nitrite reductase.

Wild type and the nar mutants also exhibited
~varying levels of resistance to potassium chlorate
( Figure IV<5). Wild type ghowed minimal chlorate
tolerance. ;f:\gngzzE 1ncrement declined at 0.1 mM
chlorate until no survivors weré‘apparent at 10 mM
chloréte. Nar-1 was more resistant to chlorate than
wild type. A decline in fhe growth increment was obéerved
at 1 mM chlorate and no viable organisms rémaindé at 50 mM

chlorate. Nar;z and nar-3 showed the greatest rgsistange

-
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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 Eudorina eleggns. Values are
expresses as u moles NO2 formed /mg

protein/minute. Sonicates of nar-2 and
nar-3 were mixed 1:1 with sonicates of

wild type Eudorina (mixture). Expected

value = wild type value/2.
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Fo g
~4
- Table IV-1
Experiment number
1 2
. -2 ' -2
wild type 2.3 x 10 2.6 x 10
nagy-2 0 0
. -2 -2
mixture 1.1 x 10 1.1 x 10
-2 -2
expected l.15 x 10 1.3 x 10
value
. -2 -2
wild type 3.8 x 10 2.6 x 10
nar-3 - 0 . 0
. -2 -2
mixture 1.7 x 10 1.4 x 10
-2 -2
expected 1.7 x 10 A 1.3 x 10

value

e
RS
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Taﬁle Iv-2. Nitrite reductase activity (‘Pmoles . s
nitrite removed/mg protein/minute)
in wild type and the nar mutants of
Eudorina elegans. The values repreéent

the mean T the standard error 95;32594/{

experiments. *
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Table IV-2
wild type 0.38%0.1
e
nar-1 " 0.57T0.04
+
nar-2 0.97 - 0.03

nar-73

2.9 To.1"
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Figure IV-3. Effect of potassium chlorate on growth

of Eudorina elegans wild type (o—o0),

nar-1 (e—e), nar-2 (oA—a) and nar-3
(A—;A). The growth increment was

determined after 6 days in each

. concentration, e
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to chlofate with a_deciine inlthg growth incremeﬂt
observed at a chlorate concentration of 50 mM. AF 100
.pM chlorate concentration no viable organisms remained..
DISCUSSION |

Analiézgzof 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, lack the ability to produce this -
enzyme. Due to an insufficient production of nitrate
reductase, nar-1 growé in BM at a reduced rate when .
compared With wild type. Nar-2 and par-3 do no} produce |
nitrate reductase, but they differ from each other
in that nar-2 grows in BM-HX whereas nar-3j does not.
The inabilify 6f nar-1 to grow well in BM-HX suggests
thazhthis strain may be a leaky mutant of the nar-3
variety. ‘ |

'Based solely on their growth responses to different
nitrogeh sources, nar-2 and nar-3 can be compared to

mutants isolated in Neurosgpora crassa ( Coddington

1976) and Aspergillus nidulans ( Pateman et al. 1964).
Nar-2 grows in the same nitrogen sources s&s8 nit-3 of
Neurospora and the nia D mutants of Aspergillus. Nit-3

mutants have been shown to lack nitrate reductase and

N

e e M e e
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cytochrome ¢ reductase but to maintain benzyl viologen
‘nitratg reductase‘activity ( Sorger 1966). The nia D
genexhas been shown to be the strﬁctﬁral geﬂe'for the
nitrate reductase apoenzyme ( MacDonal&fand Cove 1974; -
‘Pateman et al. 1964). |

Nar-3 responds to the same nitrogen sources as
the cnx mutants of Aspergillus. These genes direct the
synthesis of a cé-factor shared by nitrate reductase and
xanthine dehydrogenases 1 and 2 ( Pateman et al. 1964).
Eg%;} can also be compared to the nit-1 mutant of
Neﬁfospgra which iacks NADPH nitrate reductase but
re¥gins cytochrome ¢ reductase. It is suggested'that the
conversion of cyybchrome ¢ reductase to nitrate
reductase in this Neurospora mutant is dependent on a
la?ile molecule that requires added molybdenum for its
effect ( Lee et al. 1974). It is postulated that this
molybdeﬁum co-factor acts as an electron'carrief and -
also links the protein subunits of nit-1 tégethen; In
Eudorina elegans, a concentration of molybdate greater
than 2.97 mM results {n the death of wild type cells.
When nar-3 is exposed to.molybdate concentrations
ranging from the normal concentration found in BM
( 2.97 x 1073 mH).to 10% times this amount ( 29.7 mM)
no effect on their response to nitrate is observed.

Induction of nitrate reductase in wild type

s b B i+ 1

A, o

N bty

i e v e b

—~—-



-68-

Eudorina elegans occurs rapidly when the organisms are
-trangferred from nitrite to nitfate. The drop in acti#ity
apparent after the rapid rise in activity during the
first 2.5'h couid be due to repression caused by a
bzildup in the ammonia concentration. Subsequent re-
mpvgl of ammonia by. further amino acid synthesis would
cause a resumption of nitrate reductase activity |
( Coddington 1976). Alternatively, nitrate reductase,
whén not in a complex form with nitrate, could act as
its own repressor or as a co-repressbr of its own
synthesis ( Cove 1967). As a result,:when thewenzyme
concentration rises to such a level that the intra- |
cellulaﬁa;itrate cbncentration is no longer sufficient
to saturefe it, repression occurs. This situation is
remedied when the nitrate concentration increases
again due to the fall-off of nitrate reductase content.
Induction of nitrate reductase in‘ggg;; occurs after
a 7 h delay, but the eventual rate of increase in activity
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

i8]

nar-1. . C
There are two theories to account for the action
of chlofate. One suggests that chlorate itself is not

toxic, but is rendered toxic by the converaion of
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chlorate to chlorite és the resulf of the Catalytic;
action qf nitrate reductase ( Cove 1976b). The secord
theory,ié.fhat chlorate is‘joxic because it mimics

' nitrate in mediating, via nitrate reductase, a shut
down of nitrogen metabolism ( igke 1976a): Nitrogen' -
starv§tion féllowa becédse chlorate cannot'act as a

nitrogen source. Although the nitrate reductase mutants
e :

of Eudorina elegans were not isclated.on the basis of
their chlorate resistance they exhibit varying levels
of resistance to potassium chlorate. The mechanism of
chlorate toxicity is not known but it.1s apparently
related to the ability to form nitrate feductase. wila
type produces nitrate reduétase and is suscéptible to
chlorate toxicity. Nar-1, producing a lower level of
~nitrate reductase than wild type, shows some resistance
to chlorate, whereas nar-2 and nar-3j being deficient in
nitrate reductése activity are much more;resistant to
chlorate. |

Nar-1 and nar-3 exhibit a Mendelian pattern of
.inheritange ( Kemp.'pérs. comm. ). However, crosses
of ggg;g and intercrossés of nar-1 and nar-3 have not,
_been sucdéssful and therefore the genetic relafionsh%p
between the nar mutants has not yet been established.

The isolation of these algal mutants and the

establishment of their properties could aid in investi-



.

~70-
L 4 (
gationijf the regulation of nitrogen metabolism in

.

photosynthetic systems. X,
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CHAPTER V
CONCLUSION C -

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

systemé and, as a result, to expand the biochemical .

and genetic knowledge of éhis large group of ésggnisms.
The procedure, to this point, has resulted in a recovery
of mutants;at a frequency of 1.6 x 10_2 and has

yielded mutants never beforg seeﬁniQ>Eudorina elegané.

4
In the following pages I -will present some of

my thoughts concerning the use of this techniQue to
aid in present and future research using Eudorina
elegans. These include selective enrichment, conditfonal
mutant isolation, expansion of the screening procedure
of an enrichgd population and‘progress in the under-
standing of nitrogen metabolism.

Although amino acid auxotrophs have not f;t beenl
isolated in Eudorina, modifications of the enriéhment
technique are actively being bursued‘in order #to increase,\

the poSsibility of isolating fhese mutants. One such

modification is the use of different mutagens. Since it



o

has been demonstrated that the effectiveness and optimal
conditions of mutagen treatment can be conveniently
ascertained by reversion and sectoring studies |

( Chapter III ), a large variety of mutagens can be )
screened relatively easily.lInitially, however, studies:
wiil be limited to mutagens that have been shown to haw
some effect on algae. The mutagens include methyl

methanesulfonate (MMS), an alkylating agent which has

beéen extensively studied in Chlamydomonas reinhardii

( Loppes 1966), and ethyl thanesulfonate (EMS) which

has been shown to cause high reversion frequency of

an arginine requiring sfrain of Chlamydomonas reinhardii
( Loppes 1968). Hydrbxyurea, an inhibitor of ribonucleotide
reductase, will also be examined as it has been shown

to increase the frequency of streptomycin resistant

mutants in Chlamydomonas reinhardii ( Adams and Warr
1976). The effect of 4-nitroquinoline l-oxide, a
carcinogen capable of causin% 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 ‘particular classes

of mutants that may be present at extremely low .

o — - e A ¥ am v« a
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frequencies in the ﬁutagenized population. These modi-
fications include increasing the number of cells being
mutagenized by increasing the culture volume, recycling
the survivors of the qghzaguanine treatment through

the enrichment procedu;;'several times, and regrowing
the gurviving cells in a defined medium supplemented

with the nutritional requirements of the specific

mytants being selecied~for prior to each starvation

/ -
"o

step.

Temperature sensitive‘mutants are also being
‘isolated by modifying the enrichment technique. This
1s being tried because many of the)mutations induced may be
lethal if they affect enzymes thét afé essential for
growth. This problem has been circumvented in many
systems by iéblating’conditional mutants in which
the mutant gene product can function under permissi&e
conditions (i.e. lower temperature) but not under
‘restrictive conditions (i.e. higher temperature). The
conditional mu%ants will also be useful\ﬁﬁ’examining the
life cycle-dependent timing of metabolic and/or
morphologicél 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).

Recéntly the mutant enrichment proeedure has
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been-adapted to isglate temperature sensitive mutants
[

in Eudorina by mutagenizing, regrowing and stérvihg

the organisms of nitrogen at the permissive temperat“re.

(25°C) and then refeeding nitrogen and 8—azaguaninegét -

the restrictive temperature (35°C). Those mutants ﬁ’at

AN }
cannot grow at the higher temperature are unaffected by

8-azaguanine. The surviving cells are plated oh an
enriched agar medium, groﬁn at 25°C and then screened
for their ability to survive at bbth tgmperatureé on
minimal and enriched media. Three different classes of
temperatgre senéitive mutants have been isolated. The
majority of them are temperature sensitive lethal
mutants th%t are able to grow on minimal and enricheﬁ
\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 femperature sensitive mutants
that fail to grow only on minimal medium at the re-
strictive temperature. The third class is characterized
by the ability to grow only on enriched medium at the
permissive temperature. A;l of these mutants are in the
process of bei further characterized.

The abillty to replica plate colonies of

Eudorina elegans allows for the rapid screening of

potential mutants for auxotrophic properties. This
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écreening procedure may be expanded to isolate certain .
classes of mutants defective in morphological or other
non-auxotrophic metabélic processes by using the approﬁfiate
selective media and growth conditions. The enrichment
procedure is'expected to select for these classes of mutants
only if their metébolic processes are absent or reduced
by the mutation evént and they escape the action of
8-azaguanine. : } .

| In maﬁy systems the only means of detecting cell
division mutants is to microscopically scan mutagenized
ofganisms for division abnormalities (°Simchen 1978). This
is, however, a tedious écreening method that can bé
improved upon when using Eudorina. The natural, fixed
pattern a;d number of cell divisionS'produces a
chafacteristic morphology of a -colony on a agar surface.
Thus.fany colohy with an abnormal morphology is a putative
cell division mutant. Recently, é mutant was isola®gd in our
laboratory in a temperature sensitive screen because of the
abnormal appearance of the replicated colony at the ‘
restrictive’température. It was subsequently found that the
cells of this mutant strain divide the normal four or five
times‘at the permissive temperatufe but ébpear to divide
anywhere from one to five times at the restrictive

temperature. My studies of this mutant are continuing.

. However, other mutants may be induced that are

i
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nbt fhenotypically distinctive, but whose divisi@n
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 ta

g :

isolate cell division mutants has been shown for

Chlamydomonas reinhardii ( Adams and Warr 1971; Sato

1976). Colchicine disrupts microtubular formation by
binding to the microtubular protein, tubulin. The
temperature sensitive class of cell division mutants

of Chlamydomonas has an altered microtubular structure

and was 1initially selected due to its' resistance to
colchicine at the restrictive temperature.

As an analog ofrarginine that is incorporated
into pfotein, canavanine could provide a means of
screening for mutants defective in‘protein synthesis.

This possibility has been gxamined in Chlamydomonas

reinhardii and mutants conditionally resistant to

canavanine were shown to be defective in protein

synthesis ( Mahon 197&). 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 acﬁibn. Cycloheximide
N _

is also a possible selective agent for mutants defective

in protein synthesis. It is an inhibitor of the
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.
translation step of protein synthesis. Therefore, mutants
selected against the inhibitor afe expected to ﬁave a.
more efficient translational apparatus. This compbund
may, however, be disadvantagéous since hutants of

Chlorella vulgaris that are conditionally resistant to

this compound also show a‘decrease in carotenoid énd
RNA content ( Passera and Ferrari 1973).

~ The most useful selective agent for mufants 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 overproduqers of specific proteins it is poSsible
that , if isolated, 6yerproducing mutants may be
commerciaiiy profitable as a source of protein. This | -
is because their selective characteristics may resulé:
in a faster growth rate, quantitative ahd quaiitative
amelioration of algal protein and a higher content of

vitamins ( Passera and Ferrari 1973).
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Simple.color reactions, eitremely useful for
isolating mutants that cannot be easily detected by
phenotypic characteristics, can be incorpofated into
the mutgntiécreen. This method has been extremely us;;%l
in detecting mutants defective in the production of
certain enzymes. For example, a simple visualiz;tipn
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 detected 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 colér reaction has also “Peen used to detect
\urease activity. This reaction is based on the liberatAon
of ammonia when the test organism is cultivated withf
urea as substrate ( Paliwal and Randhava 1977). Ammonia
release can be defected 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
) 4
could be most useful in screening mutagenized Eudorina

colonies for the ability to produce 1*C02 from labelled
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metabolites: ( Tabor et al. 1976). When organisms are

grown inluC labelled metabolites and are capable of

14 14

_ | .
producing ,COZ,,Ba CO03 is formed when the colony

- is covered with filter paper satursted with BaOH.

lL’COZ is fixed immediately

i Since Ba14C03 isrinsoiuble,
above the colony. The p;esence of lL’C is rgvealed by
using x-ray film rédioautography. Coionies lacking‘fhe
metabolié ability to convert the specific substrate to
CO02 are identified because of a lack of radioactivity
corresponding to their position on the plate.

T detection of antibiotic resistant mutants
can be Yncorporated into a general screen of the
muthgenized, enriched population by replica plating
the organisms on to a medium containing the minimum
conéentration of the drug that is lethal to wild type
organisms ( Mottley and Griffiths 1977). Not only
are these mutants of use }n reversion studies but

also as genetic marker&i\ﬁztibiotic resistant mutants

of Chlamydomongs reinhardii have also been used to

study the genetic control pf chloroplast ribosome
biosynthesis. Erythromycinfand streptomyciﬁ resistant
mutants have altered proteinvinﬂthe large chloroplasé
ribosomal subunit ( Mets and Bogorad 1972; Davidson
aﬁd Hanson 1974). Mutdﬁts resistant to streptomycin

and érythromycin have recently been isolated in
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Eudorina elegans by the replica pléting technidue. All
the ;treptomycin resistént mutants tested,ﬁ§Ve shown
|z uniparental pattern of inheritance ( Kemp, pers.
comm.). The erythromycin resistant muténts have only
recently been isolated and their inheritance
characteristics 'are in the process'of being determined.
The application of the mutant enrichm%nt procedure
has resulted in the isolation and characterization of .
a number of mutant phenotypes. The major class bf
mutants iz dependent on acetate fdr growth. It has
retained the obligate requirement for light and cannot
grow ih 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 phosphate carboxylése acfivites ( Anderson
and Kemp,Apers. comm. ).
Additional mutants Qefective in nitrogen metabolism
have recently been isolated. They are nir-1 which
annot utilize nitrate or nitrite and HX-1 which grows
-in all tested nitrogen sources but hypoxanthfke. They

will be used to further expand our understanding of

nitrate redug¢tion.Enzymes of the nitrate reducing

system of wild type organisms of Chlamydomonas reinhardii
( 'Herrera et al. 1972; Barea and Cardenas 1975; Barea,

Maldonado and Cardenas 1976; éarea, Sosa, and Cardenas
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1976) and Chlorella vulgaris ( Losada et al. 1970)

are well characterized. Wild type organisms of

. ) T
Chlamydomonas reinhardii have been use® to determine

that the‘nitrate reductase enzyme of this organism
has a molecg}ar‘weight of 350000 - 500000, that it
contains flavine adenine dinucleotide, molybdenum and’
a heme iron, that the enzyme consists of a protein

complex w1th two activities acting sequentlally and

. that it is repressed by ammonla ( Barea and Cardenas 1975;

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

defective in their nitrate assimilation capacity have
only recently’beeﬁ employed to expand our knowledge
of the regulation and mechanism of action of nitrate

reductase in Volwox carteri ( Huskey et al. 1979) énd

Chlamydomonas reinhardii ( Nichols et al. 1978; Nichols and
Syrett 1978; Sosa et al. 1g%8).

Recent studies of wild type organisms and the nar

A .
“mutants of Eudorina have revealed significant differences

between the algal reduction system and that in fungi. -

L
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). 1 have established that a basal level of

cytochrome ¢ reductase exists in urea grown cultures of
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wild typ and the nar mutants, Upon transfer to nitrate or

e

nitrat¢ and urea media the level of cytochrome c¢ reductase

increases in wild type, nar-1 and nar-3 ( Table V-1). In

contfésxpjé\the situation in Neurospora ( Sorger 1963,1965),

where the iﬁéﬁb@d form of cytochrome c¢ reductase differs
from the basal fg in molécuia; size as determined by
sucrose gfaafaﬁf/E:ntrifugation, the cytochrome c¢ reductase
in Eudorina sediments identically from both indﬁééd and
uninduced strains.ﬂﬂgg;g differs from wilq type and the nar
mutants in that if urea is present in addition to nitrate,
cytochrome ¢ reductase activity is not induced. This
inhibition of in*:;;ién by urea in nar-2 appears to be
unique to this mutZ@nt strain of Eudorina elegans. ]
An examination of the effect of ammonia.and a lack
of nitrogen on the stability of nitrate reductase hgs
begun.;ihéngzzﬁpriments involve switching a maximally
induced culturé/of wild type‘organisms to medium con-
féining nitrate, ammonia, ammonia and nitrate or ‘
a mediumxlacking nitrogen,and following nitrate reductase
activity ( Figure V-1). Unlike the situation in fungil
( Subramanian and Sorger 1972), where both a lack. of
nitrogen and 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 elegans. A lack of nitrogen has much less

effect. Following an initial decrease in nitrate
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Table V-1.

;83a-

Cytochrome c reductase activities
(A0D/mg profein/min) in wild type
and the nar mutants of Euddrina
eieggns at time intervals following
transfer from BM(U) to BM(NO3) and
BM(NO3 + U). '
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TABLE V-1
BM BM BM  BM BM
(U) (NO3) (NO3) (NO3+U) (NO3+U)
45 min 3 h 45 min 3 h
1201  0.61 0.83 1.03 0.81 1.02
nar-1 - 0.62 0.87 1.04 0.83 1.07
nar-2 0.63 0.85 1.07 0.64 0.71
nar-3 0.66 0.88 1.32. 0.82 1.30Q
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Figure V-1.

-84a-

Thé effect of different nitrogen
sources on nitrate reductase activity
( uM NO2/mg protein/min) of Eudorina
elegans. A culture of wild type
organisms growing in BM(U) was washed
and resuspended in BM(NO3) (o—o0)

for 90 minutes. Aliquots of the <

culture were then transferred to BM(NO3)

(0—o0), BM(-N) (e—e), BM(NH4+NO3) -

" (v—v), and BM(NH4) (v—w). Nitrate

reductase activity was followed at

intervals throughout the experiment. At

0 h, the nitrate reductase activity was

{ 10'”.
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reductase activity in media containing ammonia, amnonia and

nitrate and a medium lacking nitrogen, nitrate reductase

-~” activity increases again. This phenomenon also has not

—

been observed in fungi.
e
Recent sgzdies of the nit-2 mutant of Neurospora

( Pendyala and Wellman';978) suggesf 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 fhe Eudorina mutant ;s
differeﬁt from gi}ig_in that it can utilize nitrate,
nitrite and urea as nitrogen sources whereas nit-2
///Qannot ( Coddington 1976). A
The above discussion focuses attention on the

preliminary, fundamental differences in nitiegen metabolism

I observed in Eudorina elegans compared to fhe fungi.

This may be expected, but I feel it emphasizes the
necessity to conduct investigations with orgaﬂisms from
a variety of genera in order to gain insight into
evolutionary-differences and similarities.

Genetic studies of the mutahts 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

4
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loosely linked to nar-3. Preliminary experiments suggesf

that the nir-nar double mutant and the nar-l-nar-3

"double mutant may be lethal. Nar-2 is phenotypicaily
different from the other mutants and has not yet been
successfully crossed. The genetic studies of éhese
mutants as well as the other mutants isolated following
enrichment have resulted in a preliminary genetic map

for Eudorina elegans ( Kemp, pers. comm.).

The original purpose of this thesis project,
to develop a proéedure to enrich for auxotrophs in a
phototrophic system, has been achieved and surpassed.
It is my hope that the mutants that have and will
be isolated as a result of this procedure will be
used not only to gain insight into why auxotrophs
occur at such low frequency, but also to elucidate
biochemical pathways and increase our genetic knowledge
of this vast group of organisms previously neglected

in studies of this nature.
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for the colonial alga,
Eudorina elegans. Canadian
Journal of Genetics and
Cytology, 17 : U468,

1976 Toby, A.L. and C.L. Kemp.
Eudorina ele - an
overview. Volvox Newsletter.

7 Toby, A.?. Nitrage reductase
mutants in Eudorina elegans.
Volvox Newsietter.
977 Toby, A.L. Mutagenesis
studies in Eudorina elggg
» Volvox Newsletter.
J 1977 Toby, A.L. Mutant enrich-
3 ment in Eudorina ele .
J. of Phycol., 13 :

1978 Toby, A.L. and C.L. Kemp.

Nitrogen metabolism in

Eudorina elegans. J. of
Phycol.,l% :37.
1978 Toby, A.L. Mutagenesis in

Eudorina elegans. J. of
Phycol., ;E 1 2.

Awards: Graduate Student Stipend.
Simon Fraser University
1978

Community Services: - Organized and ran a.Red Cross
'summer swimming program for
children
1967 - 1972
Awards

1967 Swimming Award of Merit '
1968 Swimming Award of Distinction
1968 Red Croass and Royal Life

"~ Saving Instructors

Certificate
1972 Recertification





