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ABSTRACT

The influence of irradiated glucose solutions on growth,
mutation and recombination induction of the yeast,

Saccharomyces cerevisige was investigated. Aqueous glucose

solutions (10%) were irradiated at room temperatures, at dose
rates of 19 gray(Gy) per minute, with 10 and 50 kilogray gamma
rays from a cobalt-60 source. The irradiated solutions ware
incorporated into heat sterilized components of "the cell's

nutrient media.

Two cell strains, kept at exponential growth phase were
chronically exposed to the media. No imparment to cell proli-
feration was observed. Treated media did not influence the
induction of mutation or recombination compared to the control
media; the measured rates of mutations and recombinations are
comparable to the spontaneous level.

The results indicate the possible safety of radappertized

foods with high sugar content at screening level.
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CHAPTER ONE

I. INTRODUCTION

1.1 General aspects of food iyradintion.

Radiation is the transport of cnergy without a tran.smitting
e dium (Kiefer, 1984); with sufficient ecnergy, ionizing radiation
ioniges and excites matter regulting into chemical reactions with
bianoleculecs which could alter the nommal metabolism of cells.

It is on this that food irradiation is based.

The preservation and processing of food, themally, chemically
or by irradiation, fundamentally aims at the rcduction, insctivation
or killing of tho eneymes, ingsects and micro-crgmnisms that causcs
the destruction of food components. But the atiaiment of this
objective should be at the minimwm expense of the food's whole~

aouen 38,

1.2 Typos of radiations,

Ionigzation radiaticons with sufficient nnergy.fo.r the
ionization of matter couwld be used. 4 limitation is that it should
not induce radicactivity in the irradiated food (WiD, 1977}, These
acceptabls are:

(1) Gamms radiation from Cs-137 and Co-60 sources., Co=60
emits gamma~rays of energy 1.13Mey and 1,17MMe¥. Cs-137
emits gamma-rays of 0O.66H:V. These cncrgics are -
less than the energy that may induce radiocaetivity.

(2) Z-rays are produced by machine sources that should be
operated at or below an cnergy of SMel - at this level
they induce negligible and short lived radiosetivity.

(3) Electrons are produced by linear accolarators and van

de~Graff generators and could be used provided their
energy docs not cxceed 100y (JHO, 1977; wHO, 1981), -
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1.3 Uniguenegg of Tonization radiation,

As a meang of preserving food, radiation processing has to
compete with other conventional methods such as heating, chemical
addition, camning ete; comparison with other processes may be based
on safety, economy, social and technical factors. There are instances
where irradiation could not prove advantageous compared to other
processes and there are objectives that radiation alone may not achieve
but only in combinapion with other food processing methods., Nonethe-

less ionizing radiation has some unique properties and can achieve

effects that cannot be atbained by other methods:

(1) Gamma radiation cnergy is less absorbed, compared to heat,
by food substances. T¢ is a "Cold process" and does mot
appreciably heat the food on treatment. Fresh foods, for
example, fruits and vegetables ecan be processed without
damage to the tisgues, pathogenic bacterin in frozen

products can be killed without thawing.

(2) Ionizing radiations are highly penetrating. Insects and
micro-organisms in prepacked food could be eliminated or

reduced, This prevents recontamination.

(3) Chemical additives are normally not required as an adjunct
to radiation processing; and the latter could replace
the need for many chemical preservatives now in use.

Chemieal burden in dieth may thus be reduced,



1.4 Doges applicable,

It is important to apply the minimue necessary doge for a
particular objeetive. This depends on the lkind of food; but it
ghould not result in the production of deleterious products in
the food, The algorbed dose (herein shortened as the dose) is
the amoun} of encrgy abosrbed per unit mass, the unit is gray(ay).
One gray cqualg ene joule per Kilogram.‘yl\- _ _

The doses (ranges) applicable to various foods are btabulatod
in Appendix L. .

1.5 J¥holegomencss,

The irradiation of food may in the proccss of attaining the
degsired objectives modify and produce compounds hagardous to the
congumer, It could algo render the product organoleptically
unacceptable (that is due to changes in texture, colour, odour,
flavour cte of the treated food) to the consumer, but this is a
soclo=cconomic problem and 1s not considercd as an aspeet:. of
wholescmeness. The wholesomeness of irrvadiated {ood comprises three
rolated aspects. | | |
1e5.1 Nutritiongl 2ot

Radiation sensitive components may be destroyed, The magnitude
of the loss depend on the nature of food, the irradiation condittons
etc, Whether or not the loss of a nufrient in an irradiated foeod is
of importance depends on circumstgnces such as the contribution
that this food, or of its compoments, makes to the total dict. For

inatanece, a partial loss of thiamine in fish would be a-concorn if
that was the key source of thiamine to a particular population., Other
relevant factors include the mutritional status and reguircments of

the population for which that food is intended,
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It has been catablished (WHO, 1981) that at low dose range
(up to 1 kOy) nubrient losses are insignificant, At medium dose
range (1 = 10 kGy) losses of some vitamins may occur depending on

the irradiation conditions and subsequent storage. Irradiation

in amerobic conditions enhancos the losses (Basson, 19833 Murray,
1983), In the high dope range (10 - 50 kiy) nubtrients and organo-
leptic quality may both be lost., However, procedures adopted to
avoid effects om organoleptic quality, for instance irradiation at
temperaturecs below freezing, even if done in the absence of air, also
partially protecte nutrients; so that losses may actually be lower
than in the medium - dose range if such precautions have not been taken
(wHO, 1977).,

The accumulation of small losses can lead to serious consequences.
Nutrients are also lost in the procesaging of food by other physical
processes for instance heat, In 1976 the joint expert committee &f FAO,
IAEA and WHO, (WHO 1977) suggested that the reduction of mutritional

value produced by irradiation alone should be compared with these
produced by other proccsses and by combinations of irradiation with
other processes.

Although there are still some areas of uncertainty that require
further investigation, for instance the effcets of irradiation on

vitamin C levels in foods and folic acid losges, in 1981 the Joint
Expert Committee of FAO, TAEA and WHO (WHO, 1981) concluded on the
basis of the considerable body of evidence available (at least up to
that time) that "there is no cause for particular concern®" with regard

to to nutritiomal losses of irradiated foods,
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1.5.,2 Migypobiologicsl agpectg,

A radiation process is designed to eliminate or at least to
reduce the level of Tood gpoilage by micro-organisms and certain
pathogens such as Salmonella present in the food, Processing of
focd by irradiation fram the mierobiological point;. of view falls

into two categorics: _ | |

(1) higzh dose (more'tﬁan lO.kGy) treatment for

gterilization termed as radappertization and
(i1) low-dosc ({less than 10 kOy) treatment,

No health hazards related to micro-organisms arise from high-
doge irradiation; this process is applied in the ateorilization of |
comuercial products.
On the other hand, it is important tc congider the possible
migro-iological hazards when food ig frradiated with a low dose,
There are suwrvivorg depending on their radiation genaitivity and
the dose, but they may require more fagtidious growth oonditions_
than wdamiged cells and require enough time between treatments f
for adequate multiplication to prevent their complete de'stmc!;ion.
Nonetheless, it is important to consider the potential for selection
or genetic alteration that might result in increase of rodiation
recistance and incrcased pathogenicity in the residuzl miero-organisms,
Yeasts and spores of bacillus and Clostyidium species of baateria
survive low-dose radiations., (Closiridium botulinum is particularly
radiation resistant, These radiation reslstant micro-organisms are
however hoat-gensitive and could be reduced, if not eliminated, by
pre=irrgdiation thermal {treatment for fhe insctivation of autolytic

enzymes. Soldium Chloride may also be added to increase their
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sensitivity. DLow dose irradiation could prevent the formation of
toxins in fish but c¢ould not eliminatc bacterinl sporcs; subsequont
rofrigeration below 3¢ could himler the multiplication of the spores
(Teufol, 1983 ).

Repeated irradiation - growth cycles umdor optimal aonditions:
in the laboratory result in mutated bacteria with an ernhanced
radiation resistance., However, such an increase may not ocecur under
practical fcod irradiation conditions,

Virulence of o micro-organism is the summation of its disease-
cousing capabilitics: it couwld be pathogonic mainly through
multiplication and inercased infectivity in the host or it may eause
digeascs mainly through toxin production, Radiation does mot

(1)  indmec cnhanced infectivity of selmonella,

(ii1) increase toxin formation in bacteria( Teufel, 1983 ).

The mierobiclogical safety of food irradiation process is fully
oomparable with sorwentional food troatmonts (WHO, 1977; WHO, 1981).
No health hazard was established with gome of the highly=-radiation
~registant micro-organisnms (Teufel, 1983). Nonotheless combincd uge
of irradiation with heat and/or sslt achieves a more efficient
reduction in the nuwmbers of the resiastant-organioms and thws . a
greater safety of irradiated foods. Microbiological aspects are

not investigntod in this work,

1.5.3 Genetic and Toxicelogical aspectg,

These inclwde all aspoeta of irradiated food; gafety and
wholesomeneas but not nutriticnal or mierobiological, With regard
to humans, genetic and carncinogenic cffects are particwlarly

" important, The dircct assessment of the toxic hazards on man is
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ig net feaslble., Toxic cffecta are first appraised from considerations
of chemical gtructurc, physiocherical propertics and the nature of
human enviromental expesure,then through eoxperimentsl irvestigation

of the biological propertieca in laboratory animals and other biclogieal
syatens,

Food is a complex mixturc of chenieals, the composition of whieh
way not be defined. Processing further complicates the identifieation
and quantification of every chemical compound produced as a result

of processing which might conceivably give rise to health hazards in
higher mammals and man,

Toxicological invegtigations of irradinted food were based on
short=term gtudics extending over B - 12 weeks, There were alae long-
term atudies which externded over four guccessive generations and
incorporated carncinogenicity studicsg, These studics were carricd out
in ratgs, mice and dogs, fod with irradiated food, The basic problems
in these invostigetions arc due to the complications that arise from
nutritional bzlance. Aninmal feoding studics are generally cxpensive,
time - consuming and produce résults that may not be sasily interw
preted (Fisbein gt al, 1970; Elias 1983).

Micro~organiams on the other hand arc easy to handle ; they

multiply into large numbers at shorter times and produce results
wdth relatively higher statistical significance. They are less
expensive and uore convenicnt, Thoir nutrients however vary greatly
from foods normglly consumed by man, and they lack the digestive and
excretory processes present in man., The mutagenic, ceytclogical and
physiclogical effecte of irmdiated mutrionts of these micro-orgnnisms
are investigated with the hope of predicting the possible effects on

animsls and on marn,
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1.6 Negd for further screening.

The Joint Expert Committee of FAO, IAEA and WHO (WHO, 1981)

declared the wholesomeness of foeds irradiated up to an overall
doges of 10 kiy. However a survey of literature on which thig
conclusion is based indicates that while animal studiecs establighed
the mafety of irradiated foods, (WHO, 19?7), sereening studies of
model food components and extracts fed to drosphila, bagterial
and mammalion cellular systems give no conelusive result (Berry ef al,
1965: Schubert, 1969; Kasevan and Swaminathan, 1971; WHO, 1977).
Chromosomzl aberrations were observed in drosphila (WHO, 1966),
frame—-ghift and base~gubstitution mutations werc observed in baeterin
(Adyar and Rac, 1977; Namild 4t al, 1973) fed with irradiated susar
solutions,

The appatrent grounds for the resclution of the committes are:

(1) Radiation processing of food is a progess not an
additive hence its wholesomeness should be determined
ag and on comparative basis with, other physiecal proces-.
ging; heat for example., The deleterious products produced
are generally of minute amounts and are also produced by _
other processing methods at higher or equal yields.
(piehl, 1977; WHO, 1977: Bhlerman, 1983),

{2) Mutagenicity or cytotoxicity at cellular level may not be
the same as at organised level where the processs of
asgimilation, cataboliam, detoxification and exeretion : -
takos place.

{3) Laboratory animal studics and irradiated diets to immunolo-

gically incompetent patients showed no offect (WHO, 1981),
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Certainly the extrapolation of results from one system to
another may raise a false sense of alarm or security but because
the evaluation of animal feeding studies are particularly complex

(Pishbein, gt gl 1970),it was felt that firther screening is desirable,

1.7 Objective,

The objective of this work is to investigate the possible
biolegical activity that may be exorted by irradiated aqueous glucose
golutions on the yeast S, cerevigiae, ns a part of its normal mutrient,
the following were taken into congideration:

(1) Most of the previous mutagenic investigations were done
with the Ames tester strain - Salmonells fyphimurium; it is however
a recessive system based on Iysine requircment (Zimmerman, 1976).

Little consideration was given to the yeast insgpite of their
importance as an eukaryotic micro~organism and its advantages for

genetic investigations (Roman, 1981).

(2) The joint expert committee noted the great similarity
of radiolytic products in related foods and the uniformity of
reaction to radiation of consiituent proteins, lipids and carbohvdrates
in different foodsg, It recommends that safety data cbtained from the
chemical and biological testing of one member of food class be erxira-
polated to related members of the class taking into consideration
the differences in their physical composition., In this respect
biologlcal testing of model compounds peprosenting the major classes
of .‘Boodeg is important. Glucose is an ideal model compound for the

carbohydrates; it is a carbon source for the yeast.



- 10 -

(3) The Joint Expert Committoc noted the insufficiency of

data o toxicological and mutagenic evaluation of radappertization .

(food irradiation with doses in excess of 10kGy) and recommends
further investigntions,

(4} On the realization that carcinogens are also mutagens

( amos et al, 1975) and that mutagens also induce recombinations

(Zimmerman, 1975) the posgibility of inducing rcecombinntlons was

also investigated.



CHAPTER TWO

LITERATURE ROVIEW

2el of 1luco

In the absence of induced radioactivity and enhancement of
microbiological resistance, the wholesomeness of irradiated food
is entirely dependent on the radiation induced chemical products.
The chemical effeets of radiation are dependent on the dose and
dose rates applied, the food's chemical nature and physical state,
and the irradiation conditions.

Most food substances, except dried ones like pepper, powdered
milk, contains a high proportion of water whose radiolytic products
play an important role in radiochemical and radiobiological effects.

The yields of the products formed, within 10‘8 ageconds. on

irradiating air=free water with gamma-rays are given in Table 2,1

Table 2.1: The yields of radical and molecular products

formed on gamma-radiolysis of air-free water,

Product G=Value
C;q 2.70
H 0,55
U1 2,70
Ey 0.45
Hp0s 0,70

(Source: Allen (1964)
The yields of the products arc measured in terms of their G-Valuwe,

the mumber of chemical alterations per 100 eV energy absorbed.,
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The yields of the products depend on the radiation qualitys
radiations of high Lincar Energy Transfer (LET) produces more
radicals products but less molecular products than low LET radiations.

The reactive radicals (D, &g and fl ) aiffuse amd react with
other components to produce other products some of which are radicals,

In the absence of any solute, the net decomposition of - .
irradiated water is negligible because the molecular products react
with the radicals and reform water,

In the presence of Oxygen both El&q and f[, but not bu react
readily with Oxygen: E’aq + 0f s Oé-

i +0, === H0,"

The products are essentially the same, since by protonation

HO,=== H' + 0, ., The hydroxonium anion produccd is a
mild oxdizing agent, and is less rcactive than either Eu“l and H® ,
It under goes reactions which partially regenerate Oxygen and produce
more hydrogen peroxide.

The influence of Oxygen dopends on the dose and dose mate of
the radiation, At ambient temperatures, air saturated water contains
2 x 1074 Molar oxygen. If food components have similar water content,
on irradiation they become amaerobic after a dose of 0,65kGy have
been delivered, assuming oxygen is consumed with a G=Value of three.

The presence of a solute, glucose for insgtance, interferes
with the various reaction steps and the yield of the products may

change, The direct action of radiation on a solute, in which
chemical bords are raptured, may result into different products.
The relative influences of direct comparcd to indircet actions
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(#hgt is, those reactions that occur through the radiolytic products

of water) depends on the concentration. The radiolytic producte of

water may playa dominant role in a 10% aqueous solution, and are
expected to be the only causes of chemical change in 1% aqueous
solutions (Swallow, 1977),

Glucose, CgHy 20@s is a monosaccharide. Its reactions are
basically similar to other carbohydrates (von Sonntag, 1980), The
solvated electron, an, reacts slowly with carbohydrateg-but the

hydrogen radical, and to a lcesser extent the hydroxyl radical can
both abstract carbon bound hydrogen atoms from a carbohydrate solute,

RH + *H =

> R* 4+ Ho*

RE % OH we—eeeeed R+ H,0

Dua to its reactivity, the H has n lowered selectivity with respect
to the gite of attack henece a mixture of reaction products ineluding
polymeric substances, may be formed, From glucose, for example, six
diffcrent primary glycosyl radicals are formed at about equal yields
(Schfichman and von-Sonntag, 1978). Soume of the products that could
be produced by gamma-radiolysis of sugar solutions are given in
Appendix IT.
The organic radical, R’, which may also be formed by the direct
action of radiation but to a lesser extent, is more stable than the
primary radicals., Its reactions aré therefore more gignificant.
( 1) It can abstract Heatoms from organic molecules, since
the carbohydrates (RH) are also liable, chain reactioms
particularly at high dose rates may arine., This may be

through - disproportionation:
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% o o __diamutation;: R 4 g1

1
(R and R are the original and newly formed compounda
respectively).

- and / or dimerization:

R* + Re - R = R

(1) Some decompose climinating water;

dehydration .
Rt mmemmmee—=3 R 4 1,0

L]
R 4dis a new compound,

(1i1) Although organic radicals ean slowly add to carbon - carbon
double bonds, they are usually reducing agents of minor

congtituents,

They react readily with oxvgen:

Re + 0Op mememmme—e—3 RO

RO,” + RH ~=—e————-3 R+ + ROH

These reactions often give rise to unstable peroxide radieals, mainly
- l'nrdro.xyallwl radicals. Subsequent reactions by wnstable peroxide

radicals result in acidiec compoundgs.

(iv) Organic radicals react with hydrogzen peroxide:

ROp* + H,0p wemmeeed <RO = + H,0 + OH and may
slightly lower the yield of hydrogen peroxide (von=Sonntag,
1980),
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2.2 0 uenci ti tabilitv

In all organisms genetic information is contained in the
deoxyribonucleic acid (DHA), The Universality of its role, and
itos response to radiation and chemical agents ic the basis of
gereening irradiated foods with micro~orgnisms. As a primary
target for radiation action, the effects of exterml agents on
a cell may be explained interms ol damages to it's DNA,

The DNA is contained, mainly, in the chromogomes of
eukaryotes; in these organiams ccll'a death may be related to
chromosomal breakages. A lesion may not be lethal, it may be
removed by repair or recombinmation correctly or incorrecetly.

An incorrectly repaired lesion on the INA may 1léad to wrong
replication and transeription during cell division and may result
into onc or more of the various genetic alterationa depicted in
Pigure 2,1.

Mutation is a heritable change in the genetic materialy
An alteration in the DNA is mutagenic only if it results in an
irrepairable damage in the daughter cells,

In principle, provided the number of primary legions per
genome is the same, a given mutagen produces the same effeet on
the DNA irrespective of the DNA source. But the resulting
interaction products are handled by warious repair and replicaiion
enzymes. The enzyne constituents of cslls differ, hence the
resultant mutagenic effect varics with the cell, Practically
this points to the need for good sclection of mubtational assay
gystem but fundarmentally it significs the influences of DNA repair,

replication and recombination in nutation induction.
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Genetic alterations

N

Cytoplasm Mucleus

Change in Ploidy

Chromosomal

information
content

Reconbination /Hutation
Foint Large Chromosomal
ations aberrations
Insertion Delition Substitution Delitions Tumerical

aberrationsa

Transversions Transitions

Figure 2.1: Types of genetic alterations
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202.1  Recombimation.,

Thege are mechanismg that regult in the rearrangenent ef
nucleotide sequences, congtituting a gpoup of related but |
different genetic exchange reactions between separatc segments of
DNA, Recombimations arc involved in many repair proccsses; two
classes can be distinguished,

In site-specific recombination, exchange occurs at short
specific nucleotide sequenccs on one or both participating DNa
atrands. The cntire exchange is duwe to a rocombinntional enzyrme,
If is not essential in this mechanign for base—pairing batween
recontbining homologous to take place. It is through gsite-specifie
recombination that bacteriophages are incorporated into their host
£ONONE S,

In general recombination, exchange takes place hetween
homologous DNA gsequencesg, nost commonly two copics of the same
chromosonc ag it myy happen during ncoigis in eukaryotes. Thig
exchange involves DNA = strand cxchange intormediates, the exact

pathway my vary with organiam,

Various models (Hallidny, 1964; Esposite, 1978; Espogitor
and Waggtafrl, 1981) have been reported in an offort to describe
the pathways. In fungl, viruses and bacteria the processes can he
deseribod by the Meselson and Radding (197%) model.

According to the wmodel, general reocombination is presumably
initiated by single strand breaks in onc DNA homologue, which
becoms & site of strand displacement by DN4 polymerase, Chemicals

and radiation are possible agents that can produce this nick,
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Altermatively it may occur spontanecusly, for instance during meiosis
in euknryotes when enzymes create nicks to a base-pairing location.
Cross-stramd exchange takes place between the two double

helices leading to an intermediate structuwre which is held by the
mutual exchange of two of the four strands present, one originating
from each of the helices, The point of exchange ean be located
anywhere between the two homologues, amd can migrate rapidly back
and forth along the helices spontaneously, This migration extends
the region of base pairing between the interacting strands,

The exchange = strand structure can isomerize by a series
of rotations presumably by enzymtic reaction, Isomerization
alters the positions of the two pairs of strands such that the two
non=crossing strands Wecome crossing amd vice-versa,

Snzymes clearz the crossing strands; the time this ocours is
important., Should cleavage occur prior to isomerization of the
croga-gtrand exchange, the original DNA helices will separate from
each other with only short pieces of single gtrands of DNA being

exchanged,

If cleavage, however, takes place after isomerization then

one section of each original DNA helix will became linked by
staggered joint to another scetion of the other DNA helix, Thus
crossing over takes place,

Yeast cells change from diploid to haploid during meiosis,
recombination occurs at three distinet life—cycle stages in the
diploid cells (Egposito and Wagstaff, 1981),

(1) Mitotic recombination (intergenic and intragenic)

during vegetative cell division,



(i1)  Moitotic recombimtion in diploid cells
uncommitted to haploidization following exposure

to a melosis-inducing enviroment,

(1ii) |Meiotic recombination in cells that complecte

meiosis and ascosporogenesia,

26242 Repair,

Repair processes arc mediated by enzymes, either constitutively
or as an inducible process. It is important to distinguish whether
repair takes place before, during or after DVA replication. Error-
prone in contrast to crror-free repair lead to mutations,

Excigion repair is basically constitutive and error-free. The
exicigion repair of pyrimidine dimers is well elucidated in E,foli
(Kelly et al, 1969), 1In yeast not all the steps are known but at
least four loei in the Rad 3 group are comeecrned with the ineision
step (Reynolds and Friedberg, 1980), At least seven genes may be
required for excision repair in S,cercvesiae, which may act on
nuclear DNA and may not be able to remove pyrimidine dimers from
mitochondrial DNA (Walters and Moustachi, 1974; P:baah. 1975
Haynes and Kwz, 1981), In mammalian cells it has been cstablished
that patients with Xeroderma Pigmentosum have defective nucleotide
excipion repair . The damages ariging from a number of mutagenic

chemicals mimic those of UV = radiation and have presumably
certain common repair pathways (Kimball, 1980; Setlow, 1980),
Popt=replication repair occurs when replication precedes

repair, A lesion blocks DNA synthesis at the site., However

gynthesis contimes at distal parts from the site, The gap left
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opposite the lesion is filled by recombination from the available
strand; the used stmand is subsequently healed by repair replica-
titn, Thus two intact DNA strands are available for the daughter
cells, In E.Coli post-replication repair is error-free and
essentially constitutive (Rupp ct al, 1971). In mammalian cells
the gap left by DNA polymerase are not repaircd by recombination
but by "de-novoe" DNA synthcsis, Sinee this occurs with no proper
DNA template it is error-prone (Kiefer, 1984).
S08=repair is inducible and error-prone, it is demonstrated
only in E, Coli, I% may be eveked by lonizing radiation, UV and
alkylating agents (Rupp gt al, 1971).
Single = strand breaks (SGB) are a normal stage in DNA replica-
tion. UV and gamma radiations, and methyl-metha sulfonate treatment
produce single -~ strand breaks in the DNA, The mechanism through
which the breaks arise may be different with each agent; with UV
it may occur during the excision repair of pyrimidine dimers, Camma-
rays can induce SSB directly or indirectly following excision of
modified bases. Fresumably all organisms can repair S5SBs, The repair
process could be through three stages: radiochemical, enzymatic but
without nutrient and a third slower enzymatic process requiring
nutrient media,
Double~gtrand breaks (DSB) are critical structural lesions,
They are repairable in E, Coli, ¥east (Game gt al, 1979) and:pammalian
cells (Szostak et al, 1983), The repair mechanisms are not completely
clear but nmucleosomal organimation may play a role., In yeast, DSB
repair is an efficient process (the rad 52 is the gene regponsible
for this repair), According to Game gt al (1979) excess strand gaps
in DNA are themselves recombinmatiomal either direetly or by the

induction of a recombinational repair system,
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2.3 Mode of aption and type of mutationg induced bv chemicals.

In the screening of irradisted foods with micro-organisms,
the cells are not irradiated but are exposed to irrandiated food
components, Possible cytotoxic and mutagenic effects arc due to

radigtion induced chemical changes, The chemical compogition of
irradiated fond substances may be complex and can induece various

mutations in different ways.

Base anmalogs hinder DNA replication through the inhibition

of DNA strands separation, Halogenated bases and gpdidine deriva-
tives, like S5-Bromodeoxyuridine (BUAR)} can replace thymidine or
oytogine during DNA synthesis resulting into transitions and
transversiong of bases.

. The Alkylating agents, Nitro and Sulfur mustards are the best
known mutagens in human enviroment (Ames, 1983), Nonoalkyl agents
cause intra: strand links; bi = and polyfunctional alkylating agents
on the other hand are more likely to produce interstrand covalent |
links which by blocking strand separation prevent DNA replication,

The N-7 atom of guanine is highly susceptible to alkylation
by the sulfates presumably becsuse it is sterically available by

ite Jocation in the wide groove ¢f the DNA double holix, A
modified guanine may lcad to mispalring,gqltermatively, the alkyl
group on N-7 of guanine labilizes the P-Glylosidic bond resulting
into dopurination, subsequent filling of the delition with a base,
may result into both transition and transversions. Recent studies
(Rrakash and Parakash, 1980) sugzest that in alkylation by
nitrogo=compounds, misreplication of 0-6 alkyl guanine and error

prone repair of the gap left opposite to it may account for most

induced mutations,
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Nitrous acld oxidatively deaminates adenine. cytosine and
guanine, frec amino groups are lost and replaced by hydroxyl gpoups
coonverting adenine to hypoxanthine, guanine to xanthine, eytosine
to uracil, The new formg lead to mispairing due to their affinity
to other bascs, Nitrous acid may also he involved in intranstrand
eross-links within the DNA molecule, This may vary with cclls but
could presumably inhibit replication at distal pogitions. In yeast,
according to Snow (1967) four of uliraviolent light sensitive loci
(at least 19 loei arc known - (Lomontt, 1980)) are also hypersensitive
to nitrous acid,

Some compounds interaet with DNA and RWA 2o as to induce
structural alterations with the nuelecic aecid molecule but without

formation of covalont bonds. Acridines and phymanthridines have
a plapar ring syatem which is presumebly intercalated between
adjacent basc-pairs of the DHNA double helix, This offectively
changes inter-base separation amd cause frame-shift mutations
(Preese, 1971). Polynuclear aromtic hydrocarbons and Nitrogen—
oontaining caroinogens may aclt and wmutagenize in the ssie mamner,
However antibiotics and mycotoxing, such ag Actimomycin D, turnswoff
DNA and RNA aynthesis; it ie rather lethal than mulagenic, Other
antibiotics have varyving effects, Witomycin ¢, a crosa-linking agent,
produce unusual chromatid exchange in human ledcecytes chromosomes.
Streptonigrin inducca reversions in yeast (Fishbein gt al, 1970).

The radical producing compounds depend on oxygen with which
they roact, transition metals usually catalyscs the reaction, and
produce organic radicals which attack DNA base-ringse The 5 - 6

doublc bond of pyrimidine dimors are particularly vulnerabls,



- 2% -
Bages could be removed, and the rupture of the ring-system labiliges
the sugar - phosphate backbone giving rise to gtrand bresks, Radlcals
could also break rhosphoflicster bonds directly and cnusc depolymeriw
zetion and manifest chromosomal gnd chromatid breaks,

The effects of hydmzine, hydroxylamide and its derivatives
arc mainly through their degradation preducts, which may include
hydrogen peroxide and other radical producars rather than the
compounds themselves (Kimball, 1980), The primary radicals and

the hydroxonium ion are short lived and cowld attack only the
nearby DA strands. However their veaction with other organie
molecules Produccs more gtable organic - poroxy radicals. Opganic
peroxides, aldehydes and phenols are in this emtegory.

Free radicals are produccd in many chemical and metabolie
reactions and may therefore confributo signifieantly to spontanecus
mutations, Radical scavengers and inhibitors moderate their effects.
In E, Coli hydrogen peroxidc is dctoxified by catalase and
peroxidasc. Thackcer (1975 ) demonstrated that hydrogen peroxide oan
be destroyed by hydroperioxidage in reast, provided the peroxide

concentration ig not too high,

2,4 Mutational assay at canel locug,
In S.cerevisigy, the uptake of all exogonous arginine into
the cell is controlled by the means of arginine permease gpecific
pystem under normal conditions of ammonia repression, when general
avpino-acid-permeases are inactive, Thig same permease controls
the uptake of the toxle arginine analogue L-cangvanine which in a

wild type cell competes with arginine uptake,
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NH

HyN~=-C~— NH — CH, ~=~CHz;— CH,— CH(NH,)—— COOH

NH
" arginine
Hz““"’ 0 - NH e Qe OH == OH - CH( NH,, )= COOH

L=ecanavanine

Alteration of can-I locus, loeated on chrouosome V, produces
mutants carrying single recessive alles, The mutants are resistant
to the highly toxic arginine amalogue Lecanavaninc. All such canava=-
nine - resistant mutants map at the same genctic locus (Greenson gt al,

1966; whelan, gt al, 1977).

Can~I codes for a membrane protein, the arginine permease, that
must bc synthesized, presumably on the cytoplasmiec ribosome and
gubsequnently be transportecd to its functicnal location in the cell
membrane, For mutations studics its distinguighins feature is the
involvement of a non-soluble engyme activity, It is a selective

forward mutation -~ system sensitive to many physical and chemical
agents (Brusick, 1972 lemontt, 1977, larimer, 1978; Lemontt and Lair,
1982; Gocke and Manney, 1979).

Mutations and recombinations are assessed (the basis of the
recombination assay is discussed in section 4.3) by plating on solid
media containing canavanine for haploid and diploid cells, respecti=
vely, provided the canavanine concentration is not too high, However,
not all cells are viable, hence survival is determined with media

centaining arginine,
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The gquantification of recombination and mutation in any
agsay system have to take into conaideration the gpontancous
nutants or recombinauts prescent in the test system cven in the

absence of troatment,

2.5 Spontansous mutgtions and rocombinationsg:

A small fraction of spontancous mutants or recombinants may
arise from background radiation, it is however mainly due to
intracellular mechanism (Sargentini and Smith, 1985), DNA replica-
tion, recombination and repair may all be involved in sgpontanecus
mtagenicity, Cellular DNA metabolism plays an important role in
the induction and expression of mutations and recombinations. In
this investigntion the genotie effects on cells due to media
treatment are evaluated relative to the levels of spontaneous

mutationg and recombinations alrcady existing.
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CHAPTER THREER

MATERIALS AND METHODS

Tl Call Strming,

Two strains of Sgecharomyccs corcoviigip e were uscd:
(1) €420 - 3B a lysine dependent haploid obtained from s

Dr. A. Jamen (CnMdﬂ).

(2) CD 364 a diploid which was congtructed from a wild
haploid { 4 364 A ) and mutant haploid, The mutant
hapleid, C 364 - fan=del, contains a ecanavanine
deletion and was obtained from Dr. M. Whiteway (USA),
The construetion was donc at the Radintion @Gentre of
Justus - Llebig University, Giessen, West Germany.

The diploid hac no nutrient dependency,

3.2 Modia.

Al chemicals used for the preparation of modia are of
analytical grade, Unless otherwise stated the undorligted are
tho compositions of each Medium made up with deionized wator to -

ont litre and then auwboeclaved; un auboclaved solutions were made

in ateriliased watoer.

3.2.1 Complctc Medium

Table 3.1 Gomplete Modium
Component Height{g)
Yeagt extract 10,0
Bacto Peptone 20,0
B - Glucoze 20,0
Agor 20,0

One litre solutions nutoclaved
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3.2.2 Se-Mcdium

One litre of Se - Hediuwm was made up of tho following{Table 3,2)

geparately provarsd gsolutions,

Table 3,2 5S¢~ Medium
Samponent ‘gongﬁz;iagzon S (ml/%g%%ggc—Mcdium)
Amino-ncida! '

(stock solution) Table 3.2.1 Autoclaved 10,0
Threonine | 10g/1 Autoclaved 10,0

rginine OR 2e/1 Autoclaved 10,0 g
Cavavanine gulfate 10g/1 Not Autoclaved 10.C

1The non—amino-
acid componentg'. Table 3.2.2 Autoelaved 970, 0

Once litre of the amino-acids stock solution was made up of

the following:

Table 3.2,1 Amino-acids gtock molution for Sec-medium,
Amino~gcid Weightggz
Higtidine 10,0
Tryptophan 2.0
Adenine 2,0
Methionine 2,0
Leucine 3.0
Lysine | 3.0

The 97011 of the "nonenmino-acid components of the Sc-Medium"

was made up of the following.



Table 3.,2.2 © - - Nom~Amino-acid Componentg of Sc-Medium,
Component ' Woight (g)
Difco Yocast Nitrogen Base 6.7
Agar(for Solidification) 20,0
Glucose - : 20,0

The otheor components were added teo thig autoclaved solution

while it wag warm,

Se2e3 Wickerhom wmedium,
- One litre of Wickerham nmedium was nade of the following

geparatcly prepared szolutions,

Table 3.3 Wickerham medivn
Component; Congontration Remark Volume
(g/1) . : - (ml/1 of
Wickorham medium)
Vitapins stock 8olution Table 3.3.1  Autoclaved 16,0
Ferric Chloride 242 Not Autoeclaved 10,0

Trace clementsg

3 [
(Boic acid 0.571 % Yot Autoclaved 1.0
and Zine Chloride) 0. 145
Potassium lodide 0,1 ot Autoclaved O.1
The "main~components” Table 3,3,2 Autoclaved 978, 9

The cell strain 420=3B requires lysine for ite growth.
In this case, 10 ml of lysinc golution (3g/1) separately autoclaved
was added 10 cnch litre of autoclaved Wickerham medium,

The composition of one Llitre of vitaning etocks solution for

the Wickorham medium iz given in Table 3.%.1.
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Table 3.3.1 Vitaning = stock golubion for Wickerham medium;

Vitanin ‘ Yeight(2)

Thiamine 0,04
Pyridoxine 0.04
Nicotinamide | 0.04
Pantothenic acid ) 0,04
Inoazitol 0. 20
Riboflavin 0.02
d=pminobenge acid oo 0.02
Biotin solution (1g/1) 2,0ml

Aitoclaveod vitaming stock solutions were kept in a refrigerator.

The 978,9m1 scluticon of the "main components™ of Wickerhanm

nedium wae made-up of the following,

Table 3.3.2 The main-components of Wickerham's medium,

Componcnt Woight(a)
Glucoie 10,000
Asparagine 1.000

Potagsiun nonophosphate 0,125

Potassium diphosphate 0,815

Magnesiun gulfate 0,500
Calcuim Jhloride 0,100

Soldivm chloride O.lOO

The vitamins and other solutions listed in Table 3.3,

were added to this auboclaved solution while it was warm, The
preparation of the treated Wickerban nedia was given in Section

3.5 0_2‘
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3.3  Autoclaving,

It is usual to sterilize the nutrient media of the cells.
This elliminates bacteria ~ that otherwise contaminate and grow
faster than the yeast cells. All the auvtoclaving was done in this

0
investigation at 120 Qom atomospheric pressure for 20 minutes.

3.4  Irradiation and dosimetry.

30441 Iricke - dogimetyy,

The Fricke dogimster is based on the oxidation of an serated
ferrous sulfate solution by radiation, 11-; is valid only in the
dose range of 40~ 400Gy (Fricke and Hart, 1968). This range is well
below the doses used in this investization., Hence the dosimeter was
used only for the purpose of determining the dosec rates at a
particular position in the irradiation facility,

The composition of the dosimeter is given in Table 3.4.

Table 3.4 F d te olution
emical We t(
Ferrous gulfate 0,392
Sodiun chloride 0,058

The salts were dissolved in 12 ml of O,8N sulfuric acid. The
golution was made-up to a litre with triply distilled Water,
Fresh solutions were prepared before use, Stock solutions were
kept in refrigerator.
Dose mtes were determined by irradiating 3ml aliquots of
the desimeter solution for kmown duration, 10-15 minutes, for these
durations the doges delivered are within the valid range of the

Fricke dosimcter, in the irradiation facility,
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The abgsorbance of the irradiated golutions were then comparcd to

thoge of unirradiated solutions (eontrola), Absorbance were

neasured at 3040 A ,» the wave length at which the optical absorption
ooefflclent of Jc:h(, forroug ions ig los" than 0.05% of that of ferric

iona, These moasurements werc donc in a I-em quartz abgorption coll,

1
ke

At 25°C the G=valuo of ferric ions is 15,6 and the molar
extimtion cocfficient of forric amd forrous ionms ave 2197M~1 ot

and’ T."-i (a‘h 3040 A) respectively. Under the above stated
condit:tona the dosa, aocDI‘dlng to Bh.icke and Hart (1968), 1u given as
D(Gy) = 2, 756 X 102 X DOD whore DOD iz the dlfference in cptleal

dcnslty between :|.rrad:|.ated solutlon and control

i"‘l_"" . o
The doge - ra.tcs is thbrefore o . .
| T e RS

i D(g;rays per mlnute) 2, 756 X 102 ¥ DOD

I T LR Y

_ 1rmdiat10n time (minutes )
A plill.‘ﬁ“t.‘ of thé .di'ff'ere.nlc'es' in optical dehsity aé » function of irradia-
tion time was made, from the slope the doge - rate was .determined.

. The dose - rate was 19,0 + 1,0 Gy/minute. Thc samplos were
thoreforo cxpescd for 8,77 and 43.86 hours in or_'_d.er to attain the
doges of 1O0kGy and S50 }cGy respeetively, The uniformity of the doses
delivered were froquently checked with radiochromic~dye film
de‘bectors (HcLaughin, et al, 1977) The films were oxtornally

atta.chcd to tho selutiona containers dunng irradmtlon..

. Tt Lpom ol (X TR b Y /] RV

3'403 T diations: , . , TS SR . .t‘» B _.':_:.-_' e Ty e

All irradiations were carried out in the "Ring Schiebern, It
is a metal box faeility into which samples ean he exposed %o 2( -rays
from a Corb0 source. Irradiations were done at room temperstmes =

and normel atmospheric pressure., Solutions were irrndiated In glass

LU TR B Lo [N TR, . I ’
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bottles "Seromed" measuring 5cm in diameter and 10cm high. The
bottles were tightly covered with plastic,
For all treatments 10g of glucose dissolved in 100ml of

sterilized distilled water was used.

3.5 Ereparation of growth media:

3.5.1 Control Medium,
For all investisations Wickerham media were used. Control

media were prepared in the normal way-as listed in Table 3.3,

3.5.2 Lreated Media,

A 10ml of 10% aqueous glucose solution was irradiated
either with 10kGy or 50kGy., Immediately after irradiation it was
added to the other autoclaved components of one litre Wickerham
media (In this case the Wickerham media composition was as listed
in Mble 3,3.2 except the omigsion of glucose and the reduction of
the deionized water used for dissolving thc medium to 968,9ml
before autoclaving), Usually the irradiated glucose was added into
the medium together with the vitaming - when the autoclaved medium

was still warm,

3.6 Cell cultures,
3.6.1 Semi-contin Culture

Cells were first grown on solid complete medium for 3 days
ina 3000 incubator, cell suspensions were then made in sterilized
deionized water., On suitable dilutions they were counted micros-
copically with a haemotccytometer, Appropriate dilutions were
then made for inoculation into growth media and plating on

arginine and eanavanine.
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In all cascs cells vere diluted such that a 1.0ml suspension
was inoculated into 29-ml aliquots of each treated and control
growth media, each contained in 300ml flat-base conical flasks,

Thus in each 100ml of treated growth medium (that is containing

10 kGy or 50 kGy irradiated glucose) or conirol media (that is the
normally autoelaved glucose) there are 2 x 10° cells/ml immeddately
after the inoculation of the fungi., At this density the micro —
organisms have enough nutrients as may be required for their
multiplication over the next 24 hours. Covered cellular suspensions,
in their treated or wntreated nutrient media were grown in rotatory
shaker, 100 revolutions per minute, at 30°C for 24 hours.

On ineubation for 24 hours, the cukaryotcs were mieros—
copically connted. Sul$able dilutions were amin made, as described
above, such that 1 ml of ycast suspensions, containing 2 x 10506115,
were inoculated into fregh media. The celullar suspensions in
refreshed nutrient media were again grown for a day and the same
process was repeated. By this semi~-continuous growth culture 99%
of the previous day's nutrient medium, in which the cells were grown,
was removed and replaced with fresh medium, The ecukaryotes are
therefore continuously grown in media with enough nutrients, Growth
impairemcnt due to nutrient exhaustion (when the fungl multiples)
may not occur. The method kceps the micro~-organism continuously in
exponential phase and cytotoxic, mutagenic and recombinogenic
effect could be better expressed than in stationarv phase.

Normally onc litre of each treated and control media were
prepared at a time, and can be used for 4 - 5 days provided for each

treated and control two cultures werc made per day.



- B4 -

3:602 Batch Cultures.

In some cascs cellular suspensicons were incubated in unchanged

nutrient media for some days, The cells were counted each day.

3.7 Platinz on Sc-lMedis containing Canavanine or Arginine,

Two hundrod cellg were plated on arginine platca in 2ll cases,
2 x 104 cells were plated on canavanine for the diploid strain,
Whenever posaible, 2 x 10T haploid cellp weore plated on canavanine,
The growth of the haploid in mest cases could not enable the plating
of the desired cell dcnsity, Honce the micro-organisms were concen—
trated by filtering fixed volwmes of known ccll density., The
filtered yeast werc then plated on canavaning, The platting of
above stated cell concentrations was to enmable 100 ~ 200 colonies
be formed on cach platc. Plated fugl were incubgted for 3-~days at
3000. Mutants, survivor: and recombinants werc thenl scored.

Cells were plated on Sc-medium on each day, they were alsé
conﬁted, diluted and reinoeulated inte fresh nutrient media, On the
first day the ligquid culturcs were wade, the micro—oOrganisms were
all incculated from a.suspension made from cells gPown on a single

golidified complete mcdia plate, henee the mitants and recombinants
recorded for that day arc spontancous, But on subseguent days
mutants, rccombinsnts and survivors are not necessarily spontancous,
they could be duc to the culturing gystem or due to the treaiment of
the nutrient media. This could only be discuwssed in comnarison to
what was observed in the control, A :lecast two plating on arginine
and canavanine were made for cach of the yeasty grown on the treated

media and on the control medium,
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The variation In gpontaneous mubants and reocombinants were
monitored by plating the cell gtralns on Se-media at frequent but

irregular days.

3.8 pH_ Measurecments.

The acidity of unirradiatcd and irradiated glucose, as well
the acidity of the treated and confrol media wore measured with a
ph-mctcr. Measurements were done immediatdly after irradiation of
the glucosc {0 avoid contamination such pHemeasurcd glucose
golutions were not incorporated into Wickerham media), and werc
monitored over subsequent days. The acldity of fruated and control
media were measurcd immediately after preparation and con storage,

Q
at 30 0 in an incubator, over a period of feow days,
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CHAPTZR FOUR

RESULTS AND DISCUSSIONS

All the results presented here are the meana of at least
three separate experiments. The inter experimental error, the
standard error, of cach plotted point was indicated. General
aspects of the data treatment were discussed in appendix IIT,

4,1 Growth,

The daily geowth of the haploid strain in the different
media were presented in Figures 4.1 and 4,2. Therc are random
variations of the cell's proliferation within each growth medium.
Statistical analysis ( t— amd F- distributions, appendix IV)
indicates no significant difference betwcen the grovth rates in
the control media and those in nutrient media into which was
incorpurated 10kGy and 50 Gy irradiated glucose solutions respec=
tively,

The growth patterm of the diploid were depicted in Figurcs
4,3 and 4.4, The average growth rate of this strain was better
than that of the haploid. Again, as with the hapleid, statistically,
- appendix IV, there are no differcnces in the growth rates observed
in the control saparately compared to those observed in the treated
media,

In order to produce cnergy and undertake ecellular activities
yeast requires a carbon sourcc, a nitrogen sourcc, some vitaming
and few mincral ions, G;Duth and cellular reproduction respond in
an orderly mamncr to the availability of nutrients, Under acrobic

conditions, the ascimilation of glucose produces optimal growthjg
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ror S.ccrovesiae under these conditions the growth rates are

wiform with a doubling time of approximately two hours, Yeast
could however utilize other carbon—-sowrecces, but less officiontly
and growth rates may vary (iraenkel, 1982), In the abscnce of
adcqguate nutricnts, cells are arrested in the wbuddod phase of
the cecll eycle, Thus with patriont limitation the fimgi are in
‘gtationary phasc. If is important to determine when this occurs
under the oxperimental conditions,

The growth of the haploid and diploid siroing in batch
culture were plotted in Figures 4.5 and 4.6, Cloarly by the
sgeond day the ceolls are in stationary phasc. At leoast for the
first day, the cell's growth is cxponential, hence ithe incubation

procedure used in this investimmtion is suitnble for detormining
possible cytotoxic effect on chronic exposure of cells to treated
media, |

The method may not however determine ’bricf periods! érdﬁth
impoirement that may sffect fow cells, The exponential growth of

unaffected cells may overshadow the non-growth of a fow cells,
Such subtle cffects could perhaps be detorminced through visual
quantification of the ratio of budding to non-budding cells on
cxposure o treated media (Kiefer, Persomnl communication).

4.2 Mubgtions,

The mutants per swrvivor determined daily for the haploid
gtrain grown in control media, 10kGy and 50 kGy - irradiated
glucose incorporated inte the Wieckerham medin werce preosented in
Pipgurcs 4.7 and 4,8, With cach growth medium, the ohserved mutants
per supvivor variocn congsiderably from day to day. Hence net

accunulation or otherwise of the mutants could not be determined,
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The spontaneous mutants per survivor of the strain were
determined at randomly selected dates; result yas given in
Figure 4.9, The spontaneous mutants per survivor vary in the
range (1-7) x 1076 (negloeting the wuswal number of mutant /
guvivor obgorved in 19 July), This variation and range
corresponds to that of control and treated media (Figures 4,7
and 4.8) it myy therefore be deduced that the day to day varia=
tions in the gheerved number of mubtants per survivor was not due
to the incubation precoedure, Variations wefc nlso obgorved in
each of the three growth m:din, hence the nubants per survivoer in

the treated media wore compared to that in the eontrols t= and Fe
distributions - appendix V, indieatvus no difference in the three
media., Thus, the fncorporeation of 10kGy and 50kGy irradiated
glucose into Wickerham modis does not enhance or reduce the
average maghitude of muiants per sﬁrvrvOr at loagt compared to a

heat treated control medium,

4.3 Recombination,

In 2 normal diploid cell, auvtosomal information carried by
the DNA is homologoua. The dipleid strain uged in this investiga-
tion was econstructed from a wild type haploid and a mutant-type
haploid (C364-can-del) with a large conavanine delition. Although
the two alles still code for the samc gene, the prescnee of a large
delition can bo considered to have created a non~homologous site.

4 non-homologoun sitc is important for mutabtional
studics as the mutation - rate of such a site is of the gxrder of
1076, But in the dipleid, the mutation rate at the homologous

.12
site is the sguarc of this, that is of opder10™ °, which makes
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mutational gtudles impractical. Hawever due to the common
homologous regiona 1cft in the arginine permease-gite, in the
diplodld strain, thore iz a high probability for rocombination.
Gene corwergion, the non-reciprocal transfer of information from
ono DHA duplex to another, may take place between the homologoug
chromogsomes, This is the basls of scoring recombinations, instead
of mufations, at the canavanine locus of the dipleid cells.

The determined recombinants per survivor for ¢he diploid were
drawn in Pigures 4,10 and 4.11, Simiiar probleoms wero encountered
a8 in the scoring of nutations of the hapleid henece the data were

analysged in g similar mamner, Pigure 8.12 indientes the varia-
tion in the spontanvous recombinants per surviver momitored at
irregular intervals, The range of the spontancouvs recouwbinants
por survivor is ( 2 = 8 ) x 1074 yhich correaponds to tho Tange
obgerved in the control, 10 kGy and 50 kiy irradiste glucoge ..o
included into the growth median of the cells, Again, statistically
(t= amd P- distributions appendix VI), the rccombimnts per swrvivor
arc not different in the tremted media comparcd to the control,
4,4 Discussion:

In this investigation the posgsible induction of cytotoxic,

nutational and recombinational effoeochts by ganma~irradiated glucose
golutiona incorporated into Rormally heat sterilized growth media

of the cells are investigated. The procedure used coulq deternine

the influence of gamma=-irradiated nuirient compenents 1f and only

if as a result of the treatment the biological~end points are

atatistically and coneistently different from their initial conditions-

namely the spontaneous mutations/recombinations., But gince variations
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could also be due to the experimental procedure, the incubation
method for instance, posaible effects were compared with the
control,

Although thcase results indicate that no biological activity
was exerted, at least on comparison with the control, the
posaible production of compounds which could exert biological
activity may not be ruled out, The measurements of the irradiated

solutiong pH . imediately after irradiation indiecatcs an averuge

value of 2,79 + 0,06 and 3,04 + 0,32 for the BCkGy and 10kGy
irradiated glucose solutions, respeetively; and the pH values
remain unchanged on storage of the solutions for some days., The
pH of unirradiated glucose solutions was 6,66 + 1,08, And for
comparison: the pH of separately autoclaved glucose solutions
was 2,80 + 1,06 (In one instance a value of 5,17 was measured),
In cach case the concentration of the glucose solutions was 107,

pH measurcnents could only give an indication of the everall
acidity of the end products, Neverthcless, it is worth noting
that in the complete growth media, the pH of the control, 10kGy and
50kGy irradiated glucosc incorporated into the media were
4,56 + 0,82, 4,74 + 0,60 and 4.33 * 0.70 rcspectively and the
acidity hardly varics with time. The formation of hydrogen peroxide,
an acidic radiolytic product, has been attributed as responsible
for the observed biological activity of irradiated sugar solutions
(schubert, 1969; Kesavan and Swaminathan, 1971), Hydrogen peroxide
was determincd as a growth inhibitor and ecellular inactivator, and
mutagenie to adenine auxotropic yeast (Thweker, 1975). But

concentrated solutions of the peroxide were used, Morcover the same
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invegtigntor demonstrated that the cytotoxic agent can be destroyed
by cellular hydroperioxidase provided that the peroxide concentrae-
tion is not too high.

Under decoxygenated conditions the yield of acidic products
are gencerally low. Acco.ding to Beyors gt gl, (2983) the
yield of H20 » Wder gamma=-radiolysis of sugar solutions is
G=1,3+ 0.2 and 0,05 # 0,01 for irradiation under oxygenated and
deoxygenated conditiong, Under the partly amaerobic conditions of
this investigntion the yield of hydrogen perozide may be very low.
Schubert and Sanders (1971) discounted any possible role of hydrogen
peroxide or other organic peroxides on the basis of low yield.

Not all radiolytic products are acidic. However the fact
that mutagenicity is enhanced by the presence of oxygen (Aiyar and
Rao, 1977) leads to attribution of lethal, cytotoxic and mtagenic
effcets to acidic products. Lgw molecular weight compounds,
aldchydes, glyoxal etc are also produced in the gnmma=-radiolysis of
sugnr solutions (von Sonntag, 1980) and are known as enviromental
nutagens (Ames, 1983, Auerbach ot al, 1977). Beoxy sugar (Sherz,
1970) or low molegular weight carbonyls such as malonalydchyde
(Sherz, 1970), formaldehyde (Holsten gt al, 1965), glyoxal (Berry
gt al, 1965) wore all suggested as responsible for the various
obsorved offects. Schubert and Sanders (1971) discounted all these
on grounds of low concentrations in garma=-irradiated, unbuffered,
oxygen~free sugar solutions., They sugrested that oytotoxic products
of such solutions could be only duc to off B -unsaturated cardonyl
sugars derived from radiolytically produced dicarbonyl sugars

(hexasuloscs), Whatever may be the cytotoxic principles, acidity
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certainly plays a rcle. The particular sensitivity of ¢ ,B -
unsaturated carbonyl sugars to alkalinc media was noted by Beyers,
gt 21,(1983), According to the investizators the mutagenicity of

glyoxal, is optimal at a concentration of 1000 ug per plate, at
this lovel it increases the mutation frequency in Salmonella 2.5
fold, Hence, it may be concluded that in this inveatigation even

if cytotoxic or mutagcnic compounds were produced their concentra-

tions my not be high enough as to produce an observable effect
conparcd to the eontrol,

No attempt was made, in this investigntion to oxvgenate the
golutions during irradiation, or to buffcr the glucose golutions,
or to isolate the various radiolytic products and determine their

individual coffects, This was to enablc our conditions to resemble,
as nmuch as possiblce, the practical conditions likely té be
encountered in the food industry, For the same reagon a 10%
solution of glucosc, which rofleets the sugar content of most foods,
was irmdiated instead of the 1% golutions uscd in other investiga-
tions, Thisc may enable a more reliable prediction of the possible
hazards of irradiated food components fed to animala; at a research
level its disadvantage is that comparison with other investigations
is difficult.

Furthermore, this investigation involves the chronic exposure
of ceclls to treated media, such that consistent effceta on
oxponential ly @owim cells could be determined., 1In other investiga-
tiona of nedia effects cells were briefly exposed to the media,
Since yeast ceclls may underge a lag-phase on exposure to a new
nutrient media (Bijork and Hall, 1977) the author felt this

incubation procedure was proper,
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CHAPTER FIVE

CONCLUSION AND RECOUENDATIONS

5el Cenelugion,

Ton per cont glucbsc sclutions were irradiated with fospectife
dozses of 10 kGy and 50 Kiy at a dose rate of 19Gy/min., On
incorpoeration inte awvtoclaved comporonts of Wickerham medin, the
solutions did not impair growth or induce nutation and recombina~

tion in yeast sacchronmyegs gorevisine

The determination of genetic effects was basced on the
gengitivity of the can~I locus to many mutagenic and rccombinogenic
agents. Feilther tho precise miure and yiclds of the radiolytiic
products under our irradiation conditions nor their fate on mixing
with o.hor components of the cell's sutrients meiia was known,
Nevertheless the involvoment of an essential enzyme sctivity in a

foward mutational assay assured ug that our system was more
genaitive than the reccsgive, nutritional dependent Ames test.

No single teat system could provide a conclusive agsesament

of irradintcd food's wholcsomencss. This work, using eukaryotic
ceclls indicates the possible safety of glucose containing food's

radappertization, at least at a gerecening level,

5.2 Recommendations,.

The conclusions of thiz work guppert the rosoluticng of the
Joint FAO/IARA/WHO Export Committce on the Wholesomeness of
Irradiated Food (VHO, 19g1). It may thereforc be suggested that
further screcning of irradiated foods with micro—organismg is not

necessary.
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The main reooarch problen  that romaing, in food irradiation,
relate to larec senle and commercial sizo applieations. However
many of the proposed application of radiation proecseing of food
algo demand woll established and reliable handling systems in the

food trade such as refrigeration anmd freezing (Bhlermam, 1983).
Certainly food irradintion is a powerful tool Tor dovelopiné
countriec like Nigeria, and in many cases no alternative to it may
be envisaged. The sprouting of yams couwld he prevented by a
radiation dose of 50 = 100 @y while various chemical trcatments were

“not found to bo effective (Adcsuyi and Mackenzie, 1973%). Nonetheless,
the potentials of radiation-processing should be invegtigoted in the
context of local customs and conditions,

Wholcaomencss rmay be oxtrapolated from one food to another
within tho same clags, taking into consideration the differences,

Tfor ingtancc water contcat, that may exipt between theme It may be
recomnegnded that this should bo mubstantiated by physical and
chaemical analysis and cvaluntion, The homogenantes centrigulatoes,
distillates and powdors from untroated and irradinted whole foods
should be tested. The evaluations may inelude gus chrouotography,
mgs gpectrouctry, UV-absorption gpectromotry cte, The non=volatile
compounds are particularly important,

The limitation imposed on the sources and energieg of radiations_
that may be usengood irradiation is to ensurc that the threshold
energy for nucleoar transformptions in any of the important isotopiec
congtituents of food would not be cxeceded. It haz been established
(Beckbr, 1983 ) that induced radionctivity, if present, is less than
0.1% of radicactivity normally present in food (viz. K-40, C-14, H-3

and othor naturally-occuring nuclides). The thrce isotopic
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congtituents of food that have the lowest threshold encrgy,
nafiely the less abundant isotopes H-2, =13 and O~L7, all yield
reaction products that arc not radiogetive,

Thiz should not be taken for granted, MNatural radionctivity
may vary with loecation, In Nigeria, Bauchi State has some higtory
of radionetive mineralisation. It has been cgiablished fthat there
ig a preferential envichment of Uraniwa to Thoriwt and Pohaggium
in the Sekoto hasin (UWah, 1984). The Harmattan winds blow northe
eaat acrogss Mger Republie (aucountry with Upraniu deposits) and

then to Nigerin. T§ may theroforce bo roconcended that the level
of radicactiviiy in varions coviromental samples bo established as

n core-and pre-requisite for the cvaluation of Food irradiation,
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APPENDIX I
Main Objective Weans of attaining Food _ﬁou’e
the Objective (koy
1) Tv minimize con- Reduc tion of population Spices and
tamination of food ¢f microbes in the spe~ special foud

to whidh the ingre- cial ingredient.
dicnts are added-

2) Extension of Inhibition of sprouting
Storage life

3) Improvement Reduction of population

of Keeping of mould: and Yeast snd/

properties or in some instances
delay of maturation,

Prevention of loss Killing or sexual
of stored food or sterilization of
spread of peats insects,

Prevention of Destruction of Para-
Parasitic discases sites such as

transmitted through Trichinella Spiralis
food(Radicidation) and Taenia Saginata

(appendix I contd,)

ingredicnts- 10-30

Tubers( for

example 0,05-0,15
potatoes),

bul bs(for

example

Onions )and

other under-

ground organs

of plants.

Fruits and
certain e
vegetables

Cereals ,fresh

and dried 0.1-0,5
fruits and

other preducts

liable to

infestation,

Meat and other

foads carrying 0.1-0,3
pathogenic

parasites,
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APPENDIX I (contd)

Main Objective

Means of attaining
the Objective

Food

(xS

Prevention of food
poisoning (Radicide~
tion).

Extension of refri-

garated storage

below 3°C(Radicida~
tion),

Safe long term pro-
servation wi..out
refrigerated storage
(Radapperitization).

Deatruction of Salmonellae -

Reduction of population
of microorganisms
capable of growth at
these teuperatures-

Destruction of spoilage
organism and many other
pathogens present parti-
cularly clostridium
botul inum

Frozen meat
and other
foods liable
to contami-
nation with
pathogens,

Meat,fish
and other
perishable
foods

Meat, fish
and otler
perishable
and protein
products.

3=-10

0.5-10

10-50

Source: WHO (1966), Rowley and Brynjolfsson (1980) md
Ehlerman (1983),
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APPENDIX II

hLqueous Solutions of D-Glucose
at a Dose Rate of O.l&Qy/s
at Rwom Temperature

-

Preducts (and Their Initisl G-Values) from the
& —Radiolysis of Deoxygenated, N0 -
saturated or 4:l NZO/OZ-Sawrated

Product s o
", o N 0/0,
D=Gluconic acid 0,15 0,90
D-arabino-Hoxos-2-ulose 0.15 0,90
D-ribo -Bexoa-ﬁ—ulo sc 0.10 0,57
D=xylo-Hexos~4-ulo se 0.075 0.50
D—xylo-aem—S—ulosa 0.18 0,60
D=gluces, -7 ‘:oéieldose 0,22 1.55
2-Deoxy~D-arabino-hexonic acid 0.95 absent
5-Deoxy~D-threo-hexos~4-ulcse absent
S=~Deoxy~D-xylo-hexonic acid 0,08 absent
2~Deoxy-erythro=hexos-~5-ulo se absent
5-Deoxy-D-xylo-hexodialdose absent
3~Deoxy-D-erythro-hexos-4-ulose absent
F-Deoxy-Deerythro-hexos-2-ulcae 0.25 absent
4-Deoxy-l~threo~hexos-5-ulose absent
H=Deo xy=D=xylo=hexos=5-uloso 0,05 absent
2-Deoxy-D=crythro-hexos-3-ulose a absent
4-Deoxy-D~threa-hexos-3-ulose a absent
D-irabinose 0,01
0,10

D-hrabinonic acid

absent
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LPPENDIX II(contd)

Product N0 N0/0,
D-Ribose 0,005 absent
DeXyluseo 0,005 i

0,08

xylo-Pentodinldose absent
2=Decxy-Deery thro-pentose 0.04 absen t
D-Ery throse 0,01 )

g 0.02
DeErythronic acid absent
L-Threose 0.003 absent
L-threo-Tetredialdose absent 0,20
3-Deoxy te trulose 0,02 absent
1,3=Dil yd roxy-2-propanone 0.03 absent
D-Glycereldehyde and glyceric acid absent 0,13
Glyoxal b 0.11
Glyoxylic acid-glyocolic acid b 0.4
Formaldehyde b 0,12
Formic acid b 0.6
D=Glucose consumption 546 5.6

a Products identified(no- G-values given) in Namiki et al
(1979). They are expected to be included in the Gevalues
of the other deoxyhexosuloses given in the Table,

b Not detemined, probably absent

Source: Vean Sonntag (1980).
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APPENDIX III

PRINCIPLES OF THE APPLIED STATISTICS

I. Inter-experimental errors,

The semi contimious cultures were maintained for 10-15 days,
growth, survival and recumbinants or mutants were scored daily,
Bach experiment may be repeated atleast three times, The mean
and stamiard error of & parameter observed c¢n the first-day eff
each of repeated set uf experiments is determined, The same
was done for the second day, third day ete of the set of experi-
ments, If for the measurement of a particular biologicadl -end
point 1.1“1 is observed in experiment i en incubation j then
of the mean of the parameter determined for the particular set

of experiment on incubation day j is 33 -
7
X = i
S5 =% )
N[N ~1)

{: The standard error, S.e'j =
1=1 S5t

Usually N is 3

This precedure may indicate consistent accumulation or
reduction of biclogical activity as a function of incubation time,
Micrescopic counting may not be precise, cells may stick to
the sides of a test tube and suspensions may not be homogenous
inspite of the usual rigorous shaking, Normally, at least two
samples are carefully taken from eAch culture (two cultures are
made for each treated and control), These are counted and averaged.

Bven with these precamntions, an error of 10% may pe allowed. "SudH ‘intra-
experimental errors may amplify the inter-experimental errors,



II. Ihe student's t-tost, ;

1t X and 5% are the mean amd variance, respectively, ot
a random sample of size n taken from & normal population hating
the mean u and unkmown variance &2, then t = _x%&_ rx
is a value of a random variable T having t distribution with n-l
degrees of freedon,

The t-test could be applied to determine  the difference
between two means for mmall size samples with unkmown standard
deviations. For two samples of means il and iz the value uf
the randum difference between the samples is given by the
difference between the means divided by the s tandard error of
the differences, The calculated value is them compared with
tabulated t-distribution at n-l degress of freedom, vwhere n
is the size of each »f the samples,

In the folluwing appendices the mill Mypothosises Ho f
equal means: Uy = U* and U-a = Uf are tested against the
alternative hypothesis of unequal means, U, Ug and Up are
the means of the measured biological -end-points in the control,
1KGy and 50KGy ¥reated media respectively, The two tailed tests
were done at 5% level of significance of rejecting the mill
hypothesis &nd n-1 degress of freedom,

III, The P-test,

This test the equality of variances, If Sf and Bg are
the variances of independent random samples of size n, and ny
talken from normal pulations with variances af and 0% ’
respectively, then I = (Sf /@f ). (Si/d‘i ) is a value of

a random variable F }:;vin‘ f distriution with nl-l and nz-l
degrees of freedOm .
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We are intercsted in determining if the incubation length
could also have an effect. The two ~way classification was used
to malyse both the treatmnts and incubation crederia, In this
the variances of all the obscrvations are splii into parts
each of which moasures variability altributed tu some lfodtie
seurce, Basically, the total sum of squares of the data is
split into three components: the sum squares fuor the rows and
column , and the error sum of squares, The equality of both the
row means and the column means are tested,

In the following appendices the null hypothesis of equality
of (1) rows means (2) Column means are tested against the al terw
native hypothesis of unequal wcans, at 9% level of significance
of rejc .ting the null hypothesis, The dcgrecs of freedom are
the number of rows less one and the nmumber of column leas

oe ., Rows refers to the incubation days and colums refer
to growth, mutants per survivor ur moonbinmh/auwivor, a8 the

case mayjein the control, 10KGy and 50KGy treated media.
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APPENDIX IV

RESULTS OF STATISTICAL ANALYSIS OF
HAPLOID CELLS C420-3B GRO¥TH

) 1 The t-test

Growth in control Growth in control
compared to 50KGy compared to 10KGy

treated media treated media
Difference between
means 1.19 2.08
Standard error 0,63 1,19
Computed t 1.89 .75

From statistical dables +t at 5% and 9 degrees of freedom
is 2.262. Mull hypothcsis of cquality of means may be
accepted,

2. The ANOVA

Source of variation Sun of Degrees of IHMean Conputed
squaros freedon square  §

Row means 95. 60 9 10,62 2,54

Colum means 30,23 2 15.12 3.63

error 75.16 18 4.17

total 200,99 29

Fron statistical tables, Ff,0% (9,18)= 2.46 and Fg, o8 (2,18)=3,55
But Pp.q- (9,18) = 3,60 and Fo,01 (2,18)= 6.01

There are differences of the growth in the ¢hrec nollin and in the
day's of incubation at 57 level of significance, But not at 107 level
of significance., The differonces may be ignored in that the stronger
two~tailed t-test indicates no difference.
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APFENDIX V

RESULTS OF STATISTICAL ANALYSIS OF DIPLOID

1. The t-test

CELLS (D %64 GROUTH,

Growth in control

compared to S0KCy
treated media

Growth in Control

compared to 1OKCy
treated media

Difference between
noans

Standard error

Computed ¢

~0,22

0,42
~0,52

-0.98

0,60
~1,63

Fron statistioal tables t at 5% and 9 degroes of freedon is
2.262, The hypothesis of equality of means may be accepted,
These results indicate that growth in the troated media
may better than in control,

2. The ANOVA
Source of variation Sun of Dogrecs of Meoan Computed
squares freedon squarc f
Row neans 6.& 9 0.76 0044
Columm means 6,86 2 3.43 2,01
error 30,T1 18 1.M
Total 41.45 29

Po.05 (9,18) = 2,46 and Fg o5 (2,28) = 3.55.

The null hypothes:l.s of equality of means and variances may be
accepted LB% lcvel of significance.
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RESULTS OF STATISTICAL ANALYSIS OF
MUTANTS PER SURVIVOR

1. The t""taﬁt
Growth in control Growth in control
compared to 5KGy compared to 1KGy
treated media treated media
Difference between means 0,31 0.%2
Standard error 0,51 0, 50
Conputed t 0,61 0,64

From statistical tables t at 5% and 10 degrees of freedon
is 2,228, Henec the hypothesis equality in growth may be

accepted,

Souwrce of variation Sun of Degrees of Mean Conputed

squares freedon square f
Columm neans 0,71 2 0,36 0,28
error 26,15 20 1,30
Total #M.7 32

Fran Statistical tables, P o5(10,20) = 2,35 and P, o5(2,20)3,49,

The null hypothesis of equality of variances and means may be
accepted,
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AFPENDIX VII

RESULTS OF STATISTICAL ANALYSIS OF
RECOMBINANTS FOR SURVIVOR

1- The t-test

Growth in control Growth in control
conpared to 5CKGy conpared to 10KGy
treated media treated media
Differencc between neans -0, 87 0,45,
Standard error 0.78 0,74
Conputed t -1,12 0,59

Fron statistical tables t at 5% and 10 degrees of freedon
is 2.228, The null hypothesis of cquality of neans nay be
accepted at 5% level of significance, The growth in 5CKGy
treated nedia may be better than in the contrel,

2, The ANOVA

Source of Variation Sun of Degreces of Mean Coniputed

squares freedon square f
Row nmean 102,92 10 10,29 3467
Error 36,05 20 2.80
Total 148,82 32

Frou statistical tables, Fy 05(10,.20) = 2,35 and F0.05(2,20)=3.49.
The mull hypothesis of equality of recombinants per survivor may
accepted but the recombinants per survivor varies with the
incubation days. This nay be of little significance.



