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ABSTRACT

Hapl oid and diplod cells of the bakers yeast,

Saccharonyces cerevisiae, were growm in | kG and

50kGy irradi ated asparagine treated Wckerham nedia, wth
an unirradi ated asparagi ne nedium as control. The nethod of
cultivation was by inoculating about 2000 cells per
mliliter from the sane culture into a fresh nmedium and

i ncubating for a day. This procedure was repeated daily

for a period of at |east eleven days,, thus bringing the

the culnul ative age of the cells up to 150 generations in

sem conti nuous | ogarithm c grow h phase.

The growm h pattern, viability and nutation on
the CAN gene were nonitored. The CAN nutation in the
diploid cells already carrying a ' CAN-del etion'" was
scored as reconbination. Results showed no statistically
significant difference between the various treatnents and

the control nedium cells.

It could be inferred, therefore, that irradiated
asparagi ne iased as a sole source of nitrogen may not
constitute a cytotoxic or genetic hazard to the cells.

A possi bl e, extension of this result-my be to -suggest
that irradiation of nitrogen source in food nmay not
make the food dangerous and may not constitute it into

a genetic risk.



4.6

-wii

- LIST OF TABLES

Dose thst reduces amino acid

3_cnncentration to fifty percent

050 LI L ] L B

Dnse rates at various positions
in the irradiation chamber sse

Growth of the haploid cells coe

Growth of the diplod cells .

Viability of the haploid cells .o

Viability of the diploid cells ‘e

. Mutation frequency ... rees .

Recombination frequency sen

Page

15

256

IX

XI

XIT

b9 1

XIV



1

2,

-ghanne in optical deasity— ..

viii

LIST oF FIGUWEZS

Sketech of theoretical boatzh crovih

(;hal"&:t‘:t&-‘?l‘i!‘itics te v e [

Sketch of semicontinuous arnuth
tharacteristics (Daily redilution
method). .

Rotniting Tinn irradiastion
facility {A sketch)

Calibration curve For meassurenent

of absorbed dose as a function of

Irradiation chambrr: showinng

nositions of the sources and prints

1.4 - 8f-dosimetry measurements .o

Flow diagram for prenaration of

working cell stoek 0,

Daily routine flnu diagram:

Dilution, counting and cul turina .o

ltraviolet radiation induced
mutation and recombhination levels

in the used strains of Saccharomyees
cerevisiae see coe ve
Greph shnwinq the sffect nf the
vnlume of irradiasted solution on

the various narameters. (ITndircct

action nf radi-tien aroducts) ‘e

- 8 * 8 * ¥

- - 8

[];:.]r‘."_‘

24

28

37



10

11

12

13

14

15

16

17

18

ix

Growth of the hrnleid cells in

batch culture —

Growth of the hanloid celle in

a dnily renewal (senicontinunus

cul ture, iiee

Growth of the dinloid cells in

batch cul ture —

Grovwth of the dinloid cells in

\

a daily renewal (scmicontinuous)

cul ture, ade

Viability of the haploid cells

in daily rencwal (semicontinuous)

cultures. ee s

Viability of the diploid cells

in daily renewal (semicontinuous)

. cul tures. .

Mutation frequency in the daily
renewal (semicontinuaus) cultures

(Haploid cells used).

Recombination frequency in cells

grown in 2 batch culture,

Recombination frequency in theo
daily rencuwzl (sewmicontinuous)
cul tures.

(Diploid coells were used).,

Pane

40

42

43

45

46

48

50

52



3

LIST OF APPENDICES

Basic equipment for a yeast
labDI‘atDI‘y s e cew

Activity in the irradiation

chamber at installation s

Growth media for yeasts cells

used soe sen coe
The ANOVA table cee ese
Tables for cell's growth cee
Tables for cellfs viability ven

Mutation in the haploid cells ...

Recombination in the diploid

cells sew soe sow

Pane

ITI

IV

VII

IX

XI

XITI

XIV



can
CAN
DNA
ESR
F AU
IAEA
kGy |

pins

SC+Lan

SC+Arg
uv.

WHO

_ xi

‘AGBREVIATIONS
Canauaﬁine (an amino acid derived from wild
Canaudnine loﬁus in a yéast gene,
Deoxyribonucleic acid,
Electiton spin resonance

Food and Agricul tural Hrqanization

International Atomic Energy Agency

kilogray

per million survivors

Rintgen

Synthetlic Complete medium plus canavanine
Synthetic Complete medium plus arginine.

Ultraviolet radiation

world Health Crganization.

beans}.



TABLE OF CONTENTS

Dedication - .;. - vee” tee
Declaration = ... veu oo
Acknowiedgement vee ..; .;.
Abstract son oo ses
List..of Tables .¢ee v cee eee
List of figures ... .oe e
List of appendices . avs “es
inbbreuiatian' cos e v
Table of contents oo e
CHAPTER ONE
GENERAL INTRODUCTION cen

1.1 Food Prescrvation by irradiation

1.2 The yeast ave see
1.3  Growth and viability cos
1.4 ‘Genetic. activites ‘oo cou
1.5 Mutagenicity testing .E...
1.6 Mutagens and Mutation Induction

CHAPTER TWwO

"RADIATION EFFECTS ON AMING ACIOUS

2.1 Theories of radiation action ...
242 Ratdinlysis products of Amine Acids
2.3 Effects of some radiclysis products

'Page

ii

iii

iv

vi

vii - e

viii

xi

xii

ot I # N 7 SR 8

10.

10
11
16



xiii

Page

2.4 The pufpose of the expariment _ 18
CHAPTER THREE

MATERIALS AND METHODS ‘e 19
3.1 The irradiation Tacilities e 14
3.2 Dosimetry P ess 19
3.3 The yeast strains soe ses 25
3.4 Cell dilutiun and counting coe 27
3.5 Growth assay vae ces 30
3.6 Viability assay T eee *ne 32
3.7 ffutation assay see . o 33
3.8' Recombination assay e t e 3"
3.9 Statistical analysis of results 35
CHARTLR FOUR

RESULTS AND DLSCUSSICN .o 36
441 Level of mutation and recaombingtion

in the used strains e 36
4,2 Effects of volume of irradiated

asparagine solution ... con 3
4,3 Growth of the haploid cells aee 34
L Growth of Ltihe diploid cells v a1
4.5 Viability of the haploid cells 44
4.6 Viability of the dipleid cells 4
47 Mutation frequency ... s ' 47
4,8 Recombinabtion frequency v a0

4,9 Niscussion of resulis P 573



xiv

Pann

4,10 Conclusions and nossible
apnlications P ces 55
4411 Suguestions for future wntk ves a7
REFEREMNCES - > a5 59

ADDENDUM sse cos e 3



CHAPTER [NE
GENERAL IMTRONDUCTION

1.1 F0OOD PPRESERVATION RY IRRADIETION

Preservation of feond is incapacitation nr cdestruc-
tion of spoiling organisms or reactions in the food, Scme
methods used are dryine, smoking, dehydration, ferment-ticon
heat treatment and chemical treatment, Radiction as a
preservation technique has some advantaces like: hinh
penetration, packaoging before trectment, residuelessness and
cheapness, Some difficulties include: nrorction of mutant
species, colour, texture and ndour changes. Some texture
changes could be an advantane to the frod (Goresline, 1973:
Rowley and Brynjolfssnn, 1980}, In as huch as no sinogle
" preservation method is devoid of the disadventaqges
assotiated with irradiation, none has ever received the
popular and legislative reluctance in its annroval as
irradi-~tion has. What the peaple demand is th-t adeauate
information be obtained on the chemical contents of
irradiated food in order that the cytntoaxic and morenver
the genetic consequencies of feeding a nopulation with
irradiated food could be acCurately assessed {Flias, 1977).
Desﬁite those difficulties and oppositions, food
irradiation for preservation is gaining oqround in many

parts of the world. (van Kooij, 1884},

There is now an impressive wealth of information

on the chemistry of irraciated food obuained from several
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laboratories throughout Lhe world and from the joint
efforts of experts in the iInternational Exnert.Cnmmittee
on Joint Food Irradiation Projects sponsored by the WHO,
FAD and IAFA. On the question of cytotoxicity, it is
believed that irradiation below or up to 1kGy does not

constitute any yenetic or cytotoxic hazard {Committee 17,

1975), Between 10 and 25kGy had becn used for high degree
of inactivation of contaminants for supply of specific
pathogen free diéts for laboraztory experimental animals.
Doses between 40 and B60kGy has been used for inactivation

of spoilage organisms and pathogens, in particular,

Clostidium botulium for long term preservation of meat,
fish and other noneacid foods {Elias, 1977), Thus, one can
ask a guestion: could a nitrogen source given doses of

about 10 or 50k{iy produce harzardous substances tn

living cells?
1.2 THE YEAST
The yeast is a single cell eukaryotic organism

capable of existing in a haploid or diploid chromatid state

1t is an excelent organism for examination of genetic

leffects~oﬁ chemicals or of radiation-because of its ~ 77—~

clonability, short generation time, adaptaebility to
plating technique, well developed genetics and its easy
amenability to manipulation to haploid and diplolid states.
It is also & better organism in tefms of comparison with
.mammalian cells than prokaryotes, Its unicellular nature

makes it convinient for studies in radiation biology.



Saccharomyces cerevisiae the common bakerfs

yeast has a typical spherical shape,of sizé bFatween 5 and
7 microns. When viewed under the microscope it is rounded
in shape. It divides vegetatively by budding with

average generation time between 70 and 90 minutes at 30%C
culturing temperature and adequate stirring.(Matile, et al,

196893 Mortimer, et al, 18969)
1.3 GROWTH AND VIABILITY

'in presence of.adequate supnly of qrowth medioum
and suitable culturing condition, a group of viable cells
dispersed homogeneously increases its biomass and diuides
continuously till the nutrients are exhausted (Pow.ll,14956-
Riccica, 1966 and Aherne, et al, 1977}, As concentration
af limiting nutrients decreases the growth decreases
" or becomes stagnant, leading perhaps to cell death or
formation of spores, Thus in a culture there exi-t definite
growth phases as shown in the sketch in fig.1. If the
condition is such that all arowth requirements are sunplied,
at all timé, the cells mny continue tn nivide inoefinetly
if they are viable (Matin and Gnttschegll, 14785 M-tin et al
1978). If the culture is diluted at snecific intervals
and excess cells remnved, the arnwth system would be
between continuous and non=continuous nr Bateh arawtn
system, -This system called semicantinunus gronuwth system
jas descrihed in a diacram in fig. 2. Some probloms

associzted with the semicanctinuous syctem are: if the

time between dilutions is much, station-ty effacts may
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set in, difficulties in maintaining steady state and

introduction of foreign bodies may make renewzl culturing
system difficult (Burger, 19663 Snumalinen and Nura, 18971}

Thingstad, 1974 and Shkidchenko, 1982).

1.4 GENETIC ACTIVITIES

A gene is a sequence of bhases in thr ONA which
codes for a particular information or production nf
proteins that perform a specific function. Biochemical
or biophysical reactions which result in changes in the
structure of the bases or destroy the bases or iLhe DNA
lead to loss of function, If the cell survives such a loss
of function, it becomes a mutant (Aucrbach, 1962 and
Drake, 1970). During cell division, an exchanne of bases
may occur betwee. one strand of the DNA and the other
such exchange of material is called recombination. In
a diploid cell recombination can occur even before cell
division (Fabre, 1978). It may lead to form tion of
daughter cells that have differing characteristics both
within themselves and between the daunhters and the
parent cells (gene ronversion) (Holliday, 1967 and
Albert et a1, 1983). Cells can institute repairs of
damage through various mechanisms (Howard-Fl-nders, 1%g7)

Repairs can be through recombinational pricesses as

described in Eschericia coli (Howard-Flanders et al;, 1984)

s

Sedwick (18B4) supports the existence of a special fapair
system involving an enzyme system, like the rec-lex system,

The repair system in yeast is not yet known (Kiefer, 1984),



Te5 MUTAGENICITY TESTING

Some tests devised to monitor the effects

of some mutagens are: micronuclei tests, involving
mutations in blood of test animals (Schmid, 13975) and
host-mediated tests involving the slipping of test nrgan-
ism into animal fs peritoneum and monitoring mutation in
such organisms (Brewen, 1975), There are also othar tests
like the histidine reversion tests developed by Ames, et

al (1973). involving Salmonella typhimurium and agar

plate assay as described by Wlodkowski, et al (1975). The
spot test involving the application of the test material

in alcohol solution on a filter paper and laying on agar
(MeCalla et al, 1975). Also important is thc acenine
reversion tests using the so called D-strains of yeast
developed by Zimmermann, (1978) and Ziumermann, et al,
(1878), Sometimes the suspected mutagen is first treated
with activation materials like those involved in metabolism
as was done by Malling (1871) Ames et al (1£73) and

Mayer (1973).

Whereas the rest are reversion tests involving
prokaryotes and eukaryotes, a foward mutation test is
more straight foward and more frequent and is Lherfore,
a better test than reversion tests (Kiefer, 1954). A good
example which wes used in this experiment is the mutation %o
canavanine resistunce in yeast cells, involving a recessive
mutation at can 1 locus monitored as defect in arginine
permease activity (Grenson et al, 1366; Grenson and Hou,

19722 Lemmott, 1977a; 14977b; Whelan, 1978 anu Locke and




Manrey, 1879).

1.6 MUTAGENS AND MUTATION INDUCTION

Any agent which in the environment of the DNA
influences or causes an increase of mutation rate above
spontaneous level is czlled a mutagen. Some mulagens are
chemicals (Fishbein, 1970) physical agents like UV, x-Trays
and other ionizing and nonionizing raodiations (Kessawan,
et al, 1971) and excessive temperature and pH changes
(Shimazu and Tappel, 1864; Evans, et al, 1478) and loss
of quality control mechsnisms leading to misrepair of

damages (Drake, 1970).

Mutants may be accumul:ted or eliminated in a
semicontinuous culture depending on the nrowth rate of
the mutants and the non-mutants, Tf tho muiants =are fast
growers in the medium, dilution will elimin~te the slower
nrowers and the converse is true for the elipination f
the mutents in the cul ture, Mut-tion accume) ~“inn- has
heen found to dencnd on conren“r~tion =f nutrilites
(meathry and Kilbey, 1977) non starvation for certain ~mino
acids (McAthey and Kilbey, 1972) shd ~rowth limitino

factnrs (Kubitschek and Rendinkeit, 1u64),

The traditional methnds cmnloyed in nrovidino
svidence of safety for irradisted food inv.lve lennthy
comnlicatina and costly animal exneriments (F2i-s, 1977)
Th= limiit~tinns in terms of excess demand nn nannower and
res urces conuld he eliminated by deplovino chemical

invesctin~tions and making a back check usinn micronecenanisms



Here the eukaryntn, yeast fits in. Conscaquently in tryinn
to find out if cytotoxic or muta-enic substances exist

in 10 and 50kfGy irradiated asnar-ninn, a revicw nf the
action of radiation on amino acids is impnrt nt tn find
out nossible harzardous radiolysis prorfluct on which the
cytotoxic or mutanenic effect could be blamcd when found,
The use of semicontinunus arowth nrocess is s deviation
from traditional batch and chemnstat systems, Tt hnas an
advantange of helpinn to monitor the orowth directly and
at the same time check for mutation and other endnoints

in several cultures run concurrently,
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CHARTER TwO

RADIATION EFFECTS ON AMIND ACIDS

2,1 THEDRIES OF RADIATION ACTION

The theories of radiation action on biomolecules
are based on two major pathways: the biophysical theories
of hit action and the biochemical theories of indirect
actions, The hit theories propose that a packet of energy
hits the molecule and causes ionization or excitation of
the molecules and later reactions lead to observable
effects like, strand breaks (Kiefer, 1984) and dimerization
of pyrimidines (Chanet et al, 1975), A molecule or cell
which is not hit survives, thus survival and absorbed dose
are related mathematically through an exponential probability
function. On the other hand, Lhe theories of indirect action
propose that chemicals in the immediated environment of
the molecules can absorb energy and break up into reactive
species which are capable of reacting with the molecules
of interest and leading to an ohservable lesion.
Observation of the later effect can best be determined by
identifying the radiolysis products of chemicals concerned

in order to predict the damages they could cause.

The action of irradiated food components on cells
is mainly an indirect action of long lived reactive species
produced during the irradiation of the component . Schubert
(1969) and Kesavan and Swaminathan (1971) in their revieuws

of the effects of irradiated food substrates on cells seem

to agree that some long lived reactive snccies could be
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formed in the irradiated substrates which could lead to
adverse effects on cells grown in them. This review is
then an attempt to find out the radiolysis, products of
irradiated amino acids with view to examining their role

in mutagenicity and cytotoxicity in cells.

2.2 RADIOLYSIS PRODUCTS OF AMINO ACIDS.

Ionization, excitation and breakage of bonds are
the most important direct actions of radiation on amino
acids. These may lead to deamination, decarbuxylation,
formation of sulphydryl groups, fragmnentation, cross<linkzge
and frve radical formation. The free racicals Tormed May
persist in liquid solutions and may then react with cells,
Indirect action may stem from action of radinlysis pnroducts

of water in which the amino acid is piss~lved,

The main reactive species nroduced in water by
radintion are: hydrogen radical, H®, hydroxyl radical,

DH* and the aqueous electron, eaq' In presence nf oxyqen

the aqueous electron further reacts as follows:

€q *t 0p = 05 (nxynen .radical)

05 + H = HO,
2HO, = Hy0, + 0y (Hydrogen peroxide) 29
The reaction of e is same as th-t of H", thus

aq

only the reaction of ® .0 and NH® are important. (Fricke

and Edwin, 1966).
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Reaction of hydroxyl radical with smino acid
can be summarized as in Garrison (1964) as fnllous:

In acidic solution

N'H,CH(R)COD™ + OH® = NYH,E(R)COO™ + H o0
M+H3C(R)COD" + " 20H° =
NHg + RCOCOOH + H,0

The products are ammonia, «-ketonic acids,
aldehydes and carbon dinxide. In alkaline solution, the
attack is on the amino group instead of the a-carbon

group as in acidic solution,.

N*HCH(R)COO™ + DH® = NYH,EH(R)CON™ +  H,0.

+ -

NTH,CH(R)COD™ + OH* = NTHEH(R)COO™ + Hy0

2,3

This is systematic decomposition and deaminatiorn.

In presence of oxygen the reaction noes on as:

N*HCR(R)COO™ + 0 + H,0 = NH,OH + RCOCOOH 2.4
Hydroxylamine is formed instead of ammnonia,

The eaq reacts as follows:

N+H3CH(R)CUD‘ « e = H+ NHCH(R)CULT

aq

NH2CH(R)cnu‘ + Ba " H + NHZC(R)CDD

2.5
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The eaq leads to radicalization of the amino
acid which may in turn lead to formation of organic

peroxides, or to polymerization.

According to Maxwell (1964) the yield for
Y~irradiated glycine solution (1N) is as follows: G(NH3)
= 4.3, G(C=0) = 4.5 and G(H,0,) = 3.6, Alanine (p,1m)
solution similarly irradiated gave the same results, while

other amino acids gave lower yield (Garrison, et al, 1964),

Dther products of irradiating 1M solutions of
various amino acids at pH = 6.5 include hydrogen, acetic
acid, glyoxalic acid, aldehyde and carbon dioxide. Extremly
low yield of succinic acid, aspartic acid and diamino-

ESR studies of radiolysis products indicate that
in a solution of L-histidine a carboxyl anion is formed
at 77, temperature of liqiud nitrogen, Bmn warming to
room temperature, 300K, 2 radical is formed through

addition of hydrogen to the imidazole ring (Westhof, 1975).

In methionine and adenine, the sulphonium group
decomposes fast with irradiation than ather parts of the
molecule (Schlenk and Dianke, 1962). Adenine and methio-
nine behave in the same way even when treated with an

alkali or an acid solution,

The decomposition of the sulphonium group is
related to the off-odour observed in irradiated meat. Also
related to the off-odour are: mercaptan, hydrogen sulphide

and carbonyl compounds. Oehydrogenation of amino acids
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with hydroxyl group may be responsible for their higher
yield of carbonyl compounds (Kolousek, et al, 1957,

and Duran Tappel, 1958). Change in colour from yellow to
brown is observed in hydroxyl and aromatic amino acids,
Such colour changes are not reversible when treated with
sodium hydrosulphite showing that the compounds formed are

not simple quinones.

In terms of radiclab’lity, Shimazu and Tappe)
(1964) found that in a low pH solution of insulin, cystine,
tyrosine, phenylalanine, proline and histidine were the
most labile. In neutral solution of cytochrome c, haemo-
globin and ovalbumin, the radiolability ranks as follows:
methionine, phenylalanine, histidine, cystine, serine and
threonine (Ambe et al, 1961), Also, using salt free pro-
teins, ovalbumin, catalases and chromatoqgraphically pure
amino acids, the destruction of amino acids after
irradiation was compared in terms of dose required to
destroy 50% of “he original quantity (tab,2 +1). Shimazu
and Tappel (1964) postulated that the percentage of amino

acid remaining was log dependent on dose.

For aliphatic and dicarboxylic amino acids
radialability increases with length of the chain, No
real difference exists betueen the carbony] yields of gluta-

mic and aspartic acids. Distal amino groups have low
reactivity with radiolysis products of water and nuanidyl

groups seem to be mnre labile than the dist=] aminn agroups.

in summary, the possible radinlysis products of

amino acids in aqueous solutions include: -mmnnia, c=keto
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TABLE 2.1

DOSE THAT REDUCES AMINO ACIO CONCENTRATION TO

FIFTY PERCENT. (DSO)
Amino Acid D (kGy)
Glycine 66
Aspartic Acid 56
Al anine 54
Glutamic Acid 34
Leucine 30
Valine 28
Histidine 27
Isoleucine 26
Lysine 22
Serine 21
Arginine 18
Methionine 14
Phenylalanine 11

Source: Shimazu and Tappel (1964).
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acids (acetic and glyoxalic acids) aldehyes (farmaldehyde)
neroxides (hydrogen and organic ) carbon dinxide, carbonyl
compounds, nitric acids, carboxyl ions, pnlynlutamic acid,
hydrogen sulphide, mercaptans, shorter aminn acids (e.g.
alanine from cysteine or cystine) polyndlutamic acid, amines
(hydroxlamine) amides and other short-lived fragments which

may be difficult to identify.

The radiation chemistry of pronteins is a complex
subject but, it is believed that the chemistry dnes not
differ so much from that of the amino acids from which

the proteins are constituted (Kumta and Tanpel, 1961).

2.3 EFFECTS OF SOME RADIOLYSIS PRODUCTS

Not all radiolysis products constitute hazard to
cells, some seem to fall into categories nf ~h micals
already classified as mutagenic or cytotoxic (Fishbein,
1970). Some of them are examined in the remaining part

of this review,

Aldehyde can react with nucleotides and nucleic
acids leading to formation of methynl derivatives
(Auerbach et al, 1977). Formaldehyde, however, does not
react with native DNA strands, but unwound strands denatured
by formaldehyde can hardly be repaired. In lysine rich
histone bodies, the formaldehyde action is mnre pronounced
(siomin, et al, 1973), In presence of oxidizing agents, it
could be possible that aldehydes form peroxides, peracids

and free radicals and in presence of hydrogen peroxide,

polymerization of the DNA can occur (Barach and Filon, 1969).
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Formaldehyde had been found to b2 mutagenic in Cechericia
coli (Nishioka, 1975) and Seccharomyces cerevisiae
(Auerbach,_gE al, 1977). It has been found to induce
strand breaks in exponential phase cells in a dose
dependent manner, Three milimolar of formaldehyde produces
42% damage in DNA, likewise, a dose of formaldehyde which
leaves 60% survival produces about 95% of the damage to

the DNA (Magana-Schwenke, et al, 14978).

Peroxides had been found to be responsible for
growth retardatiocn, inactivation and mutation to
respiratory deficiency in cells irradiated in liquid media
(Thacker, 1975). Stationary phase cells are highly inacti-
vated at concentrations around 100mg/ml and below this
concentration, mutation is 1likely to occur. For transition-
al phase cells, inactivation is slowly dependent
on dose up to 104mg/ml. Inactivation is dependent on the
cell's ability to breakdown the peroxide and rate of
permeation of the cell wall which in turn depends on
popul ation density and growth phase, Selective permeability
and genetically determined differences in respiratory
competences also influence a culture's ability to

withstand the damazging effects of peroxides (Thacker, 1975).

Hydroxylamine is a potential inhibitor of the
enzyme transaminase whose activity is important in the
general metabolic machinery of the cells, It can form
cytosine adduct leading to mutagenicity. However, its
mutagenic effect is reduced because it is subject to

degradative oxidation and reduction (Crossman and Brown,
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1968) .

Acidic components of radiolysis products can

cause a retardation in growth and may be, mutation. It is
not yet determined if the off odour products are able
to cause other damages to cells apart from the loss of

palatability in food meant for human consumption,
2.4 THE PURPOSE OF THZ EXPTRIMENT

This work is a cellular procedure for verifying
the existence of leng-lived radiolysis products of
irradiated asparagine that can exert cytotoxic or induce
genetic activities in yeast. In doing the test, the
foward mutation to canavanine resistance yas ysed in
scoring for both recombination in the diploid cells and
mutation in the haploid cells. The‘measure of cytntoxicit}_n_
is the cellst! growth and viability levels with respect

to the control cultures.

The basic assumptions are th t if cytntoxic
agents which constitute hazard exist in the irradi~ted-
asnaranine medium, a definite pattern of aqrowth would
appear which would be different from that ot the control.
The same could be said of induced mutation ~nd recombina-
tion, Such induced effects would be rennrded as a
sion that irradinted amino acids could be a cytntoxic or

a onenetic risk to human beinos.
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CHAPTER THREE

MATERTIALS AND METHODS

3.1 THE-TRRADIATION FACILITY

The irradiation fecility consists of a set of
six sources (fig. 3) arranged such that a strel ring
carrying the irradiation chambers can be rotated from
nutside the irradiation room to a position betwren the
spurces inside, The strenght of the sources in terms of
activities are given in fig. 3 and the exnosure rates at
various points in air inside the chamber at installation

are listed in toble 3.1, appendix 2.

The arrangement is such that the chamber can
be pushed in and outside the irradiation room with the
operatar being protected by a thick concrete wall, pa
box directly opposite the irradiation box was designed
to show the operator when the irradiation box is in
position between the sources if the later is alligned with @
point indicated in the sketch diagram in fig. 3 by an by

arrow,.

3.2 DOSIMETRY

The dose delivered to the irradiation boxes by
the. sources in the lrradiation facility was determined
using the Fricke dosimeter, as described in Fricke and

Edwin (1966).
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Fige 3: Rotating ring irradiation
facility (A sketch)

A and B are directly opposite boxes,
When one is directly in position shown by

the arrow, the other is positioned iicide.
within the six pack of sources,
C is the direction of rotation of the stael

ring housing the boxes, R, while ¥ is a
a heavy concrete potective wall.
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The main component of the dosimeter, the fricke
solution, wvas made up by mixing 0.001M FESOQ, (BN
stna and 0.001M NaCl in a triply distilled ion-free

water in an amber bottle under yellow light. , series of

3ml of the solution were irradiated im gluss petri-dishes
with cover using a MUller 150 industrial X-ray machine

set to deliver at 150kV, 12mA at a distance of 12cm from
the samples. Exposure was monitored using a microchamber
ionization chamber and a Duplex counter set at 20 RBntgens
per count, These solutions were later analysed spectro-
scopically using a Zeiss PMOQ 11 monochromator (microcurrent
~optical density change measuring system) set at 304nm

wavelength (Strahlenzentrum, 1984)

The change in optical density ubserved was due
to oxidation of Fe2+ by irradiation Lo Fe5+. The oxidation
is usually proportiocnal to the dose absarbed by the

splution,

The relationship between the absorbed dose and
the change in optical density is given in Fricke and

Edwin (1866) as follows:

9.44 x 109 (o0D
Ae . C(Fe ")

Ja1

0(Gy)

where D is for absorbed dose, @0D) is for the change
in optical density. e is the extinction coefficient

piven by . — /2 o L5
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I is the intensity of the monochrematic light after
traversing the medium and Ia is the intensity before
entering the medium. 9 is the molar concentr-tion of

the reactive specie in the solution and x is the
éhicknass of the measuring curvette (usually a 1cm guartz
curvette as was used in this experiment).

e(Fe®*) 00, = M~ Temn™! at )\ = 304nm.

c(Fe3+)250c = 219mM Veca™! at \ = 304nm,

Thus ae = 2197M~tem™! 3.3

Also B(F93+) is the g-value giving the
yield of Fe3+ per 100ev of energy absorbed (ev is the
electron.volt a unit.of energy). Its wvalue is 15.6 at

25°C. All constants were tekecn from Fricke and Fdwin (1966).
Thus we have:

D(cy) = 275.43 (A0D) 3.4

A graph of change in optical density versus
absorbed dose then gave a strainht line with slope of
B8 10"38y"1. This as was shown in fig., 4 is the
calibration factor,

The fricke dosimeter has an upper limit at about

400Gy as shown by the second oraph on fin. 4.

From the same friclte soluticn, 3ml of solution
was placed at positions 1, 2, 3, and 4 as shown in fig 5
corresponding to nositions 18, 26, 27, snd 21 resnectively
as in diaoram (Sehnitt ITT<ITI) in anpendix 2 which

represent the bottom of the irradiation chamber where the
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20cm

20cm

20cm

& \

180pBq

Fig. 53 Irradiztion chamber showino nositions

of the sources and points 1 - 4 where

dosimetry measurcments were made,

pBg = picobecquerel (1n128q).
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solutions for the experiments were irradisted, The
fricke solutions in plastic containers were simul taneously
irradiated for 10 minutes. The sperctroscopic anslysis

was done as in the calibration and the results a=~ shnwn

in tabe.3,2, were calculated from the relation~hin:

f(cy/min) = 1000 (enp) = 28,57 (ann)
35

345

Hence the time, t for the workinn snlution

to be irradiated such that it receive a dose, D is:

D.58D(kGy)

t(hrs) Tan0)

This gave for 10k(Cy irradiation at positions
3 and 4; t 2 Bhrs and for 50kfy ,t & 40hrs. Positions
3 and 4 were used in all subsequent experiments reported

here.

3.3 THE YEAST STRAINS

Two yeast straine, one haploid and the other

diploid were used in the experiments,

The haploid, C420 28 , was originally obtained
from A. P. James, Division of Biological Sciences, National
Research Council Ontario, Canada. It required avout 0.39/1
lysine in a minimal medium (appendix 3) to agrow well i.e

up to a factor of 1Da when qrown under the semicontinuous
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TABLE 3.2.

DOSE RATE AT VARIOUS POSITIONS IN THE IRRADIATION

CHAMBER.
- 2 .
Position D,iplx 10 Gy/min) DFrickE(Gy/min)
1 1633 15:,50
2 1433 15,00
3 1335 18,50
4 1.33 149,00

Note O the dose rate in air was calcul ated

aire?

using conversion fectors from exposure ratings of

the various packs at the various positions

immediately after the installation. (Sece also App. 2).

Dfricke was measured using the fricke

dosimetry system as at the time of experimentation,
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system, 1t did not grow well when lysine was used as a

single source of nitrogen in the minimal medium,

The diploid, cd364 is a cross between a wild
type haploid (carrying no CAN defect) and a mutant carrying
a deletion on the CAN gene. The defect was known because
it survived almost 100% with canavanine in the medium. The
wild type described as A3B4A has the following charascter.
istice: mating type a, ade 1, ura 1, his 7, 1lys 2, tyr 1
and gal 1 mutations. It was cobtained from the Yeast Genetic
Stock Centre, Berkeley, USA. The mutant is also described
as R364A strain of mating type «, and can™ (position of
the deletion on the gene not yet known). It was a proto=
troph obtained from the department of Genetics, University
of Edmonton, Canada. The crossing was performed at the
Strahlenzentrum of the University of Gielen, W. Germany.
The cross is therefore a prototroph and survives in a

minimal medium without requirements.,

All stock of cells Were made on complete medium

containing agar plates (appendix 3). Before every experiment
was done a new culture was made from the stock, to ensure
that one did the work with a high percentage of viable

cells (fig.6 ).

3.4 CELL DILUTION AND CUUNTING

Dilution was made by placing iml of suspension
in 9ml of water usually sterile pidest (figs 7)e Fach .

dilution was then 10 times less dense than the precedinge
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1. Gently scran nut a lonpful
of cells from stock nlnte,

Seal the stock carefully

with parafin paner and
replace in refrinerator,

about 10ml of the crlls,.

2, From the loopful of cells
taken make a susnansion of
3e Pipette abnut 0,%ml
: of the suspension on the
laun of a plate cnntaining
a complete medium and
snread nenernusly using a

sterile smooth 1nnn,

— 4, Incubate for % dnys at 3076,

Fig. 6: Flow diagram for preparation of
working cell stock.

_Note: All experiments are started usino fresh

stock made from the permanent stock nlate.

Snurce: Fxperimental Procedures, Strahlenzentrum
University of GieBen, W. Germony. (1984)
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1. Wash out the cells

2,

3

from the plate with

10ml of sterile water
and carefully pipette
all into a sterile and
clean test tube,

Make 2 dilutions
and count using a
microscope, M and

a Thoma chamber, T.

Dilute to 10°cell/ml.

From that tzke a
valume, V, that makes

10°cells in S0ml

medium. Place in
Erl#rmeyer conical

4, Incubate in Totary

shaker at 100rpm

and 30°C.

S« From D make a
dilution of 107 or
10° cells/ml and

spread U.2ml on
SC + CAN and incuba-

te in incubation
room at.JUDC.

B. From 3 take 0.2ml,

spread on SC +
ABG and incubate
ll.lith Sa

Daily routine flow diagrame.

Dilution, counting and culturing,

Source:;

Strahlenzentrum of the University of

of GieBen, W. Germany. (Biophysics Practicals)

1984,
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The THOMA-CHAMBER was used for counting. It

consists of a reectangular piece of glass with 16 tiny
chambers each of volume 4 x 1D“Sml. scratched at one or
the two ends. The scratched side was covered with a piece
of thin glass slide with little moisturing such that a
newton ring was seen at the sides. A drop of the

cell suspension was carefully placed on the edge of the
slide till the marked chambers are flooded. Fight ovut of
the 16 small chambers are counted with the help of a

microscope., The total volume counted was then 32 x 1U'8ml.

if ND was the total number of cells counted in the

8 chambers, then the cell density was scored as

Ny

S. = cells/ml 3.7

32x10~8

3.5 GROWTH ASSAY

For the purpose of growth assay all cells were
grown in liquid Wickerham media (appendix 3). The only
source of nitrogen was asparagine, Amino acids are
known to satisfy the growth reguirements of the yeast,

Saccharomyces cerevisiae (Hinnenbusch, 1883). Asparagine

being a good quality amino acid satisfies this purpose
{Terrence, 1981). Dther sources of nitrogen which satisfy
the requirement as single sources of nitrogen are

the amino acid,arginine and the salt, diammonium

tetrazoxosulphate IV. As far as aino acids are concerned

asparagine is a better aminn acid than arginine in terms

of quality (Barker, 1981). Tt hns also been shown thot
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asparagine accumulates during starvation civino the

cells a ready pool of nitronen source (p..'inn and Jones
19680). The choice of a sinnle nitrogen source medium

was based on the fact that if multiple sources were used

it would be difficult to tell which amino acid was responsi-

ble for the observed effects.

Cells that would be grown were taken from new
complete medium (appendix 3) plates, diluted anpronri-tely
counted and a volume V containing a required number of
cells, N was taken and inoculated into the conical flaskg

accordingly. This volume wss determined as:

v = N, 3.8
?C

For batch cultivation, the cells were 1eft
in the incubator for as lono as designed. To net the
growth characteristics, fifteen bottles were inoculated
at the same time and incubated-simultaneously. Some were
withdrawn at intervals and counted,

For semicontinuous cultivation, cells harvested

3cells per

after cultivation each day were' cdunted and 10
mililiter were reinoculated into the conical flasks and
replaced in the incubastor. It involved a circular nrocess
inn fig.7 , steps 3, 4, 7 and B, Step 7 is recounting

bnd step B8 is redilution. 2 g

Growth was scored in terms of generations as:

N o= 1og(Xs X, ) (Ricica, 1966) 3.9
log 2
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where n is the number of generations per day obtained,
X is the cell density at the end of the day and Xn

is the inoculated cell density.
3.6 VIABILITY ASSAY

Viability of & cell line is a measure of its
culturets colony formimg ability. Loss of colony forming

ability may be due to some cytoplasmic defects, especially

leading to deformation of raspiratory_enzymes (Kiefer, et
al, 1976) inability to metabolise (Altman and Ditter, 1968)
and loss of fertility, sometimes due to increase in ploidy

(Drake, 1970).

Viability assay 'was done by diluting the cell

suspension adequately such that about 1pp0 or 200 cells

were pipetted into about 0.2ml of suspension, This amount

of solution, . layered generously on the lawn of an SC +ARG
plate (appendix 3) in a petridish was . incubated in the
incubation room at 30°C for three days. This is illustra-
ted in fig. 7 steps 3 and 5, as part of everyday process

of testing the viabiliity of the cells grown semicontinuously

in the minimal medium.

It was believed that only cells which were viable
formed -~ visibly large colonies in three days. Thus if Nn
cells were initially plated on the medium, and N' colonies

were' formed, then the viability in terms of surviving

fraction was scored as:
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N
SIF. - "ﬂ’ 3.1[’

3.7 MUTATION ASSAY

Cells damaged at the CAN locus of the gene can
not produce wholesome arginine parmease which is responsi-
ble for transporting arginine and its analogue canavanine
into the cell (Grenson, et al. 1966). Transport of arginine
into such cells can however, occur through the general
amino acid permease (Hinnenousch and Fink, 1983). This
pathway can only take in structural amino acids, thus it
can not take in canavanine. Thus mutated cells can survive
in presence of canavanine and form coleonies., Unmutated cells

which take canavanine into them die.

In mutation assay, haploid cells were used, Lecause
in diploids recombination events can lead to mutation if
the quality control of repairs faile, thus scored events
could be a combination of mutation and recombination
(Kiefer, 1984). The method involved spreading 105 or 107
cells on SC + CAN plates (appendix 3) after a suitable
dilution as was described in fig 7, _steps 3 and 6. The

plated cells were incubated in the incubation room at 30°¢

for three days.

If mn cells were plated and m: colonies were

formed, then the mutation scored would be

]
c
M = ﬁ: . P i |
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It was believed that some mutated cells were
perhaps not viable, and that errors in the assay methods
could lead to wrong estimations, thus the mutation
frequencies were recorded as the ratio be:iween the
number of mutants per plated cells and the viable
fraction of cells. That is mutation frequency, M.F. is

given by:

MeF o = 5.F J+12

3.8 RECOMBINATION ASSAY

In assay for recombination, a diploid carrying
a deletion in the CAN-gene of one cof the DMA strands uas
used, Recombination repair msy occur leadinn to the use
of one strand as template for repair of the other, If the
deleted strand is used, the resultant cell carries double
deletion, If the intaet strand was used, the resul i.ant
cell carries no deletion., On the other hand if mitotic
recombination occurs, three possible configuration of the
can gene for the daughters may occur: one with no deletion
on both strands, another with deletion on both strands and
the other with one deleted strand and one undeleted strand.
Iin any of the cases, only cells carrying deletion on both

strands survive in a medium containing canavanine. e TS

Assay was carried out as in mutation (SC+CAN plate

assay) and recombination frequency scored as:
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Recombination frequency (R.F.) = §$?. 3.13
Rc

Where R = i is the ratio of recombinant colanies Rc
0

over number of cells plated on the recombination plate, Rn'

Recombination and mutation assays were done

together with viability assays resoectively.

3,9 STATISTICAL ANALYSIS OF RESULTS

For each scored event there were at least three
separate experiments. The ploted pnints were the average
and the error bar represent the extent of standard .error

in the three experiments,

Finally decisions were taken based on one way
analysis of variance between results obtained from the
control, the 10kGy-irradiated-asparagine-uedium- cultures
and 50kGy-irradiated-asparagine-medium cultures, The
analysis was summarized in an AN(OVA-table (appendix 4.)

under the table representing each experiment,
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CHARPTER FOUR

RESULTS AND DISCUSSION

4,1 LEVEL OF MUTATION AND RECOMBINATION IN THE
USED STRAINS OF YEAST.

The level of mutation in the used strain
was determined using the haploid cg;l; irradiated under
a low fluence of ultraviolet radiation (between 10 and
50 Jm‘z).The level of recombination was talien Trom
Kranet (1285). He used the same diploid ceils {cd3BdA).
In both experiments, the plate assay method for
determining foward mutation to canavanine resist-nce was
used. Results (fig., B) shéw that the mutation freaquency
was one part in a million survivors, when the same
level of treatment nave up to 10 parts in a million
for the recombination in the diplnid. The resuclt then
justified the inclusion of a recombination test 2s a
proper tonl for identification of excess nenetic

activities,

4,2 EFFECT OF VCOLUME OF TRRADIATED ASPARAGINE SUOLUTION,

A preliminary experiment was nerformed to
determine the effect of irradiated volume of snlution
on the scored parameters. 1g of asparagine was dissnlyed
in varinus volumes of water and simultanenusly niven
10kCy irradi-<tion. The ranne of volumes used were

D {crystals) to 1N0ml of water, The Hrrwuth was assessed
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after cultivating the haploid cells in various

Wickerham media made with the irradiated solutinns for

one day, Viability and mutation were ascesced using the
usual plate assay. Results shown in fig. 9 show nn

evidence of dependence of the measured parameters on the
volume of irradiated solution. A close observation of

the results shows that there is an inverse gopincidence of
mutability with viability. This means that the mutants

in the culture wre less viable than the nen-mutants, The
results also predict that the indirect effects of raciolysis
products may not be the critical factorsin the exneriments. The

chioce af 100ml as irradiation volume for subsequent

experiments was simply arbitrary.

4,3 GROWTH OF THE HAPLOID CELLS.

In the liquid batch culture, countable cell
density using the THOMA-CHAMBER, was obtained after
10hrs of cultivating 1000 cells in 50ml Wickerham medium
under constant stirring at 30”C. The exponentizl phase
of growth continued till nearly 40hbrs. However, there

was an exponential death of cells in the culture after
about BOhrs. The experiment showed that at 24 hours of
cul turing, the cells were still in early logarithmic
phase of growth., Thus, harvesting the cells at this
stage would reduce the overall effects of stationary
phase cells on the scored values. The results described

above are shouwn in fig. 10.
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The average growth of the haploid cells was
around 12 generations per day, From fig.,11, it could
be seen that apart from some scatters in the growth
of the cells in the 50kGy-irradiated-asparagine culture,
the growth was fairly constant. There was no clearly
cut pattern of growth with regards to treatment, only

scatter and mixture of points were seen, This showed that

the treatment did not affect the pattern of growth,

Statistical analysis of the results indicated that
there were no statistically significant differences within
the results obtained for the three treatments. Tables
of the above mentionmed results and the subsequent

analysis of variance are given in appendix 5, table 4,1,
4,4 GROWTH OF THE DIPLOID CELLS

In the liquid batch culture, countable cell
density was observed after about 18 hours of cultivation.
Exponential phase cell growth lasted up to around 50
hours before the stationary effect set in. No exponential
cell death was observed even after 140 hours of
cultivation. Thus, as with the haploids, cells harvested
after a day of cultivation were still in the early
exponential cell growth., In the batch culture, thecre
was ho differences- seen -in the growth pattern for
the control culture cells and cells treated with 1ﬁkGy

irradiated asparagine medium, This is shoun in fig. 12,
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Results shown in fig. 13 indicate  that gqrowth
of the diploid cells in the semicontinuous culture was
increasing from around the initial 12 enerations per
day to up to 14 generations per day on the fifth day for
irradiated asparagine fed cultures. This early rise was,
however, not strictly followcd by the control, After
the fifth day, both the control and the 10kGy-irracdiated
asparagine cultureS OTeW gonstantly to about'14 - 'generations
per day while the L0kGy-irradiated asparacine cultures
showed a little decrease. Hnwever, the averane nrowth

remained 13 agenerations per day for all the three culfures.

Statistical analysis (Appendix 5,Trble 2,2)
showed that there were no statistically.significant .

differences among the values scored for the three cultures,

In conclusion, therefore, it can be inferred. that
treatment of cells by growing them with irrndiated
asparagine medium 444 not chanoe the ar~wth nattern

in either batech or somicontinucus systems,
4,5 VIABILITY OF THE HAPLOID CELLS.

while the control culture viability fell on.
the first few days of culturing, it also showed a rise
on the last few days. The 10kQGy-irradintedeasnarannine
culture showed a similar fall but no anprecisblis rise,
The S0kGy-irradin~ted-asparaqgine cul ture remainrd constant
hut ﬁith an bit more scatter as shown by larner error

bars, The result is shown in figure 14.
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Statistical analysis showed no evidence of
significant differences in the three tre:tments

(Table 4.3, appendix 6).

4,6 VIABILITY OF THE DIPLOID CELLS

The viability level for the diploids was around
40 and 50%. This, when compared with the viability of
the haploids (60Y) was lower. There seem to be little
variations in the viability for all the treatments

(figs 15).

Statistical analysis of variance showed no
evidence of statistically significunt differences

(Table 4.4, appendixz 6).

Thus, it can be inferred that groiting of cells in
irradiated-asparagine medium did not change the viability

pattern,
4,7 MUTATION FREQUENCY

When cells were cultivated in the daily
reinoculation (semicontinuous) method, The level of
mutation fell to one par£ per million survivors
from the recorded spontaneous level of ten mutants per
milliop survivors., The level of mutation remained at
this low level with no evidence of accumulation in all
the three treatment cultures. There was a slight

scatter in the recorded values for the first few days
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The results are shown in fig. 16,

Statistical analysis showed no statistically
significant differences in all the treatment cultures

(Table 4.6, appendix 7).,

4,8 RECOMBINATION FREQUENCY

In the batch culture, Fig. 17, there seem to
be no differences between the irradiated-asparagine
treated culture and the unirradiated-asparagine culture.
Both showed marked decrease in recombination frequency
after about 50hrs, that was at the onset of stationary

phase effects.

In the semicontinuous cultureg, the results were
equally consistent around one recombinant per thousand
cells, This is higher than the recorded spontanecous
level af about aone part in ten thousand survivars

(fig. 18).

Statistical analysis showed that there were no
statistically significant differences in the results

obtained from the three treatmentse.

Consequently, one can say that treatm.nt of the
yeast cells with irradiated asparagine as the only
source of nitrogen did not induce mutaticn in the cells

nor did it induce recombination in the diploid cells.
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4,9 DISCUSSIONS OF RESULTS.

The results of the three major investigations
in this project have shown th=zt the treatment of the
yeast cells by growing them with media conteininng
irradiated amino acid (asparagine) as the only source of
nitrogen did not change the growth or viability pattern
when compared with cells agrown in unirradiateo asparaqgine
media as control, No changes nccured even when ‘the cells.
aged up yo about 150 generations in. the culture, The system
did not induce mutation or recombination in the cells
used for the various tests.

Some remote but very important facts emerging
from the results are: First, the re;ult of the preliminary
investigation showed an inverse coincidence of the
cells mutability with their viability. This occured also
in the controls, suggesting that the system may have some
in<built mechanism that militated against accumulation of
mutants in the cultures. Second, during the semicontinuous
cultivation, there was a fall in the level of viability
in the haploids and diploids from the usual level of
around 70% and above {Kranet, 1985). The mutation level
also fell too. However, there was a rise in the recombina-
tion level above the average for the recorded spontaneous

recombination.

Since no attempt was made during the experimenta-
tion to go into details of finding out the ruot causes of

the apperent antimutagenic activities in the used methods

one can only list what may have been the causes.
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First, if mutation and viability coincide inversely, then
a fall in the vigbility level must have been due to some
sort of increase in mutation level, these mutants later
died or did not form colnnies. Second, the culturinn
conditions must have introduced some loss of activities
in the cells, for example, feeding with starvation medium,
continuous disturbanca of growth during the dsily renewals,
washing away of viable cells which may be a small fraction
and possibly the effects of other foreign bodies and
cultivation conditions. Third, it could have been that
mutation cccured to a very low extent, due to error free
repairs (Kubitschek, 1960), Whatever the case may be a ..
comparison of the resultswith predicted results ef mutagen
treated heterogeneous culture (Oftedal, 7968) shows that a
medium containing irradiated asparagine may not be .a muta-
nen. = 0Oftedal postulated that if the system is such that
mutability coincides with viability, mutants will accumulate
up to a maximum value then declire giving a plateau type
characteristics. His predictions were backed up with
results obtained by Stapelton (1855) Pittmans (1956) and
Sinclair (1966).

Some. other workers have accumulated mutants
using media containing irradiated substances. For example
Kuroda et al, (1861) in chinese hampster cells nroun with
irradiated s-iodouridine and Aiyer and Rao (1977) i, 8. typhi-
murium grown ~ with irradiated glucose. futants have

also been accumulated using low level chemicals in nrouing

Saccharomyces cerevisiase, for example, Siebert and Lemperle

(1974) using herbicides and Moore (1978) using bleomycin.
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Some popular test methods using microorganisms
for detection of mutation are those of Ames using

histidine reversion in Salmonella typhimurium (Ames, ct al,

1973) and Zimmerman using adenine reversion in Sacchoaronyces

cerervisiae (Zimmerman et al, 1978). Many rese-rchers

use these methods. The problems with reversion tests,

are : site specificity, mutaocen specificity and 1w
frequency of nccurence. It is arnued that with theso types
of test one can score as safe agents which mioht bre mutaqgens
(DeSerres, 1976a). Foward mutation to canavenine resist-nce
in yeast has been described as nonwsite :nd non-nutacen
specific (Lemmontt, 1977, Gnckey and Manney, 1978). The
tyne of strain developed hy Kiefer and his qrouan
(Strahlenzentrum, 1984) is excelent for determination of
recombination events, at and around this canav.nine

locus, The canaovanine locus, being lerqe could ~ive a
better idea of genetic activities th:n smaller unknoun
sites resnonsible for reversion events. Since the test
applied is in order, it lends its suppnrt that the

irradiated aspnragine may not be a mutanen.

The use of semicontinuous cultivation sys®em
is to apply low dose of the mutagen in a continual manner
similar to feeding habits. It also helps to expnse what
could be a long time effects in future generations foz
accurate estimntion of riskse. Thouch accumulation of
mutants is difficult in low dose chronic treatment of cells,
(srhm, 1976) Bffective accumul=tion of mutants h-ve heen

done by some wor<ers in Salmonelle typhimurium (Aiyer and

Rao, 1977) Schizosaccharomyces pombe (Cox and Gibson,1874;
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Mcathey and Kilbey, 1977, 1978). All used chemostat
systems, These show: that semicontinuous systems do not

prevent accumulation of mutants if there were any.
4,10 CONCLUSION AND POSSIBLE APPLICATIONS

It may be concluded, therefore that a media
containing irradiated asparagine solution as the only
source of nitrogen to growing cells of bakers! yeast, did
not induce extra genetic activities and was not toxic to

the cells,

A.possible extension of this result, would be
to suggest that irradiation of amino acid containing
food may not also be cytotoxic or generate excess genetic
activities in human cells. This extension can be
supported by the fact that irradiation preducts of various

amino acids are @lmost similar (Garrison, 1964) and the

radiatiun.ﬁﬁemistry of proteins does not differ so much
from the radiation chemistry of constituent amino acids

(Kumta and Tappel, 1861),

Some possible applications are:
1. The result wowld help to allay the fear that
irradiated food is more dangerous than food preserved with
chemicals or other preservatives,
p i A combination of yeast!s foward mutation to
canauvanine resistance and semicontinucus culturing could
be a very important substitute for fulti~animal tests, thus
saving costs. This has application for low level mutagens

in food as well as in the environment,
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Use of a submammalian system in testing for
mutagens and carcinogens has three obvious advantages:
All known alterations can easily be determined, metabolic
activation can easily be studied in vitro and all tests
can be carried out in the shortest paossible time (Zimmerman,
1976). On the other hand comparison of results with
mammalian systems poses some difficulties. Mammalian cells
have certain unique features which include high content
af repeatative DNA in their genomes which are likely to
affect the frequency and spectrum of mutation. Indeed,
only six percent of the mammalian DNA codes for structural
genes. Also mammalian systems acre known to contain some
immunological mechanisms which are probably unigue for
multicellular organisms and are not present in micro-
organisms (Freidman, 1974; Bome, 1876 and Malling, 1876).

The above arguement seem to sugoest that the
system being developed i this project if coupled with
adequate mammalian test could be enough to test mutagenic
substances and act as a handy tool in estimation of risks

to future generations as discussed by Oftedal. (1978).

4,11 SUGGESTIONS FOR FUTURE WORK

Some areas touched in this project which may
need further investigations include:
1 Development of the foward mutation to cancvanine
rasistance test to a standard test system for low lavel
mutagenic activities. This should include the use, if

nossible of known mutagens in line wich the worle dane
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by Zimmerman for his D-series cells or by Ames and his
group. Kiefer and his group are meanwhile workinn sut
the mapping of the actual point of deletion in the diploids

used for thikse experiments.

2 Work could be done in areas involving the
development of other strains of organisms that could take

in some other amino acids as single nitroogen snurce, thereby
testing the effect of such amino acids. A design using
mammalian system would involve designing an autom=tic

device for semicontinuous culturing, as mammalian cells

are more susceptible to contamination than are yeast cells,
Ze Work can also be done in area of using whole

meals in testing for mutation involving the foward mutation
and semicontinuous systems even if just for the s~-ke of

comparison.
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