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INTRODUCTION

What is the dependence of the mutation frequency on type and
dose of radiation? How does the environment, such @s growth
conditicn beforz irradiation and a holding period beforo selecticn
for mutants, affsct the expression of mutant phenotype? Does the
character of the mutant depend on the tyne of irrsdiation and the
environmsntal condition? If so, what are ths differences?

These questions may be approached expsrimentally by using s

simple cucariobic orsanism such as Ssccharomycss cerevisiae. This

yeast is a convenient experimental organism with which much
genetical research has been performed.

This yeast is capable of vezetative (mitotic) growth in both
hanloid and diploid states on a well defined medium. Transitions
from one state to the other are easily induced. To answar the
questions posed, one requires methods of measurinz mutation fre-
quencies, even at low levels and methods of determining the
molecular nature of a given mutational gene. Such methods exist
baczuse of the effort of many workers and will be discusscd wmora
fully in the following specific discussions.

For this study a system, developed by W, L. Whelen (Ph.i.
thesis 1972) was used. The ease of obtaining forward and reverse
mutations was a very convenient feature of this system. It may

prove generally useful in studies of mutations.



EXPERIMENTAL APPROACH

A. GCeneral Pronerties of Amino Acid Uptake in Yeast

S. cerovisiae transports amino acids by at least two major
types of permeases (Crenson, Hou, Crabeel 1970) (Grenson 1966)
(Grenson, Mousset, Viame, Bechet 1966) (Gits, Grenson 1967).

If the ~rowth medium contzins ammeonium salts as tﬁe nitrozen
sourcz the c2lls contaln @ battery of permeases, each specific

Fad
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for one or for a small sroup of amino aclds. Deplacement of the
Nﬁﬁ'ions by proline as the nitrogen source results in the develop-
ment of an uptaks system of broader spscificity and hizher uptake
rate, It wes shown thal ammonium ions inhibit the activity rather
than the synthssis of the nonspecific permeaée.

Amone the snecific permsases is one which transports L-arginine
(Grenson, Mousset, Wiame, Bechet 1966), Mutants, deficient in the
Im~erzinine permease activity, are easily selectsd by their resistance
to the toric effects of the L-arginine analog I-canavanine. (In the
remainder of the work the optical isomer of the compounds under
discussion will not be specificd each time. In all cases the
T~isomar uas used. )

(ranson and her coworkers showad that loss of arzinine permease
activity (caused by damace of the zene codine for it) was associated

with rosistance to L-canavanine. (Tor a different case see note on



allele canl-111,) The mutation behaved as a single gene defect
when crossed to a wildtype strain and subjected to tetrad analysis.
It served to define the CANL locus.

Canavanine was ori~inally isolated bty Kitagawa (1929) from
Jack beans. The mecheanism of killinz by canavanine is not well
understood. TIts toxidity to veast was shown by Srb (1956). It
is usual to select for resistent mutants by plating canavanine
sensitive (wild type) cells on a defined msdium containins can-
avanine bubt lackinz arzinine. The concentration of canavanine
is not critical; resistent cells zrow at 60 mz/1l while 10 ng/l

completely abolishes srowth of sensitive stralns.

The system, as it was ussd in this study, vas desiznad and
the breedinz of the strains performed by . L. Whelan {1972).
It was chosen bescauss of the ease with which forward mutations
could ba selected and snalyssd. The use of a double block in
the arzinine pathway (3356 arz3) bpefore the metzbolite ormithine,
which also can be taksn in directly out of thz wmedium, insuvred a
similiarly easy way of selection for reverse mutations. The cells
cannot produce arginine from minimal mediuvm but cells with intact
permease can take it in directly or produce it from ornithine if
this is supolied in the mediwm, while mutants only czan exist on
medium containing ornithine but not on medium containinz arginine

as the sole source.



Thus, 2 haploid strain wild type at CANL but contairning
arnb arsd can be grown in liquid medium containing ornithine
and soread on agar plates containing canavanine to select for
rutants defective at CANL,

Mutant cells obtained in this way can be spread on agar
containing arzinine but no ornitlhine to select for cells which
have reverted at CAIL,

Additionally two trpS alleles (trp5-87; trpS-67CL) capable
of comnlementation, were included into the genotypes to allow
selection for diploid clones occuring in a2 mating mixture of the
parental haploids., This is useful for many genetic methods as
will be described below.

Thus selection for diploids can be performed by plating
haploids of opposite mating types and different alleles at
EEES on asar lacking tryptophane., The complementation of the two
alleles allows the diploids to grow while growth of the haploids
is inhibited. A gravhical summary of the system 1s ziven in

Tables 1 and 2.
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Tabls 1
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Mediums State of
hroinst 10T MOTS 80 strain T 10
wild t:ma + - + hanloid + -
mueont + + - diploid + +
revarbont + & +

* All the streins have the above described lesions in the argzinine

and tryptonhans nathuays., Wildtyoe, mutant, revertant rsfer only %o the
ZaT L HanG
#5207y Mediun supplisd with ornithine and tryoptophane

POTZ: 0T plus canavanino
30: Medium containing arginine but no ornithine
HO: Hedium conteining ornithine but no tryptophane

Tedis sro more fullv described in Material and Methods



MATERTIAL AND METHODS

A. Yeast Strains

e

I7ost of the strains ussd in this study were kindly supplied
by V. L. Yhelan,
The CANl mutants are exclusively obtained by irradiating the

haploid strein XW197-23 (a trpS-67Ch arz6 ars8 CANL),

Tha strains usad in the spot test for recombination are of
the genotyme  troS-A7 arab araf canl-i where 1 = 40,39,35,23,3Lk,
26,32,37. Their mapping position is described in the appropriate
section.

As the tester for suppressibility a strain carrying canl-1ll
apd SUPLL was used. The precise arginine genotyve is not determined.
( trpS-77 axg conl-111 SUP1L)

The =enealo~y of the strains i1s described in W. L. Whelan's

Ph. D, theslis.

m

ponents on & weizht/volume basis in distilled water and autoclaving
the mixture for 15 minutes at 15 psi. Tor solidified media, agar

was added to a concentration of 29,



411 supploments were Calbiccham A ~rade.
¥ (Minimal)--Difco Yeast Mitrozen Base w/o amino zcids 0.4%,

ot

/?

slucose 2

MO--Minimsl »lus IL~orpithine (200 mz/1)

MOT--1C plus L-tryptophane (20 mz/1)

MOAT=--10T plus Tearzimine {20 mo/1)

MOTT~-MOT plus I-canavanine (20 mz/1)

MAT--¥ plus I-arcinine plus I-tryptophane (each 20 mz/1)

50--H plus the followinz supplements: adenine (20 mz/1);
T~arzinine (20 mz/1l); T~histidine (10 mz/1); L-leucine
(30 m1/1l): I-lysine (20 mz/1l); I-threcnine (150 mm/1);
uracil (20 n=/1)

YorAG [Saorulstion medium)--Potassium Acetate (19), Difco
Yeast Txtract (D 257

The nurpose of each media will be dstailed in the appropriate

sections.

C. Conditions of Incubation

The cultures were incubated at 30° ©. Tiquid culturss were

incubated on a shaker operatinz at about 253 vrpm,

D, Trradiaticvn Proceduras

Ultraviolat li~ht was delivered from a GF 15 Yatt zermicide

lamp., The exposure rate at the lovel of the cells was estimated



as about LS erg/mmg/sec. (By comparison of the survival values
of the stroin X21680-14 with a calibration curve. The experinments
performed in this studv do not depend on sbsolute exposure or dosse
values, )

The cells were exposed either on the solidified medium shortly
aftar platinz or they were suspended in distilled water of less than
3 mm in depth., After irradiation the suspension was transferrsd
into a 50 nl flask. 65X concantrated liquid medium was added to
reach the concentrations indicated in section B. The cells were
incubated in the dark. At ziven times part of the culture was
plated as described in Chapter IV &,

Xrays were zenarated by a Machlett ARG 50-Xray tube with
Y-Ffilament. It was operated at 50KV and 20M& with a thin beryllium
window and no additional filtration,

The dose rate at the level of the cells was about 135 rads/sec,
as measurad by a beryllium window extrapolation ionization chamber.
The cells werc exposed on solidified medium. If it was necessary
they were quickly washed off with liquid medium and incubated at 30°¢.

The irradiation with protons was pcrformed at the KSU Tandenm
van de Graaff accelerator, The beam current was about 100 » amps;
the proton enersy used here was 5 MeV. The cells were expossd on
azar discs of 1.5 cm diamster. After irradiation the discs wers
transferred into liquid medium and vigorously shaken. After the
disecs were discarded, the suspension was incubated on a rotary

shaker. Platinz was performed after 2l hours.



L. Chemical Mutarens

¥-methyl-n'-nitro-¥-nitrosozuenidine (NG) was purchased from
the 4ldrich Chemical Company. 0Rthyl methane sulfonate (Ehs) Was
a product of Bastman Orzanic Chemicals. These chemicals were used

to produce reversion mutations zs describsd in section H-E,

F. Pemmecss Activity Asssy

Uniformly labeled th—L—arginine wzg purchzezd from the
Radiochemical Centre, Amersham,

The assay was nerformsd with c¢ells incubated in liquid madium
on a rotary shaker at either 30° ¢ or 2t room tempe -atvre. At the
start of the experiment lJu—dV”Ian” wog added to the medium
(details are given in the appronriate section) and at given times
lor 5mnml samples were removed and noured onto Hillipore filters
(pore size:D.iSus 25 mm diameter), which were immediately washed
several times with distilled water to remove not incorporated
arcining, In a calibration experiment the washing procedure was

checked to he suffilcient for zivia~ constount counts, The filters

were placed in vials containine toluenz nlus Permafluor scintillation

liquid (Packard Instrunent Corn.).

The countin: efficiency was bested by ~ddinz known activities

o

f lLC toluena and was well above 207%. The concontration and the

12

spec. activity of the 1h0~arginino were aluays 20 mz/L and «55 mCi/m mol).



G. Bioassay for Internal Free fArainine and its Precursors

To determins the amount of free arzinine and/or ornithine and
citrulline insids the cell the culture was centrifuged (3000 rom)
and washed two times, then boiled for 10 minutes in distilled water.
The suspension was centrifuzed agzain and the supernatant was poured
into a 50 ml flask, Grenson and her coworkers showed that this
procedure extrscts about 907 of the internal free amino acids.
Concentroted ¥T (minimal plus tryptophane) was added and the solution
wes inoculated cither with the strein J197-23 {(arz™, wildtype at
CANL) or with the strain carrying cenl-111 (arg”, mutant at CANL).

After three days the cell density was determined by hemacytometer
count. 3By comparison with calibration curves the concentration of
arzinine and ornithine/citrulline was calculated. These calibration
curves were obtained by inoculating MT medium containing different
concentrations of arginine or ornithine'and counting the number of
cells after 3 davs. At first the concentration of ornithine in the
cell extract was calculated from the density of the mutant. The
mutant can only live from ornithine but cannot take up the arginine
also present in the extract., TFrom the calculsted concentration of
prnithine the limit of X7197-28 cells usinz the ornithine was
determined. The.growth abova this number was attributed to uptake
of arzinine and comparison with the apsropriate calibration curve

yielded the concentration of arginine in the solution.

Ll
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and the citrulline (See Table 1) the resulis bear a considerable
uncertainty but nevertheless proved to be very useful. Assuming a
similar uptake rate of citrulline as for ornithine the concentra-
tion of citrulline in the cell extract i1s contained in the wvalue
of the ornithine concentration.

The concentrations of the argzinine and the ornithine plus:.

citrulline were converted into mg/lD8 extracted cells,

Y, Genetic Methods

The symbols representing renes and alleles used throushout
are those nroposed at the Fourth Intornational Conference on
Yeast Genetics.

(1) Tetrad Analysis - Diploid strains obtained by crossing
the haploid parents on MOT and streaking for single colonies on
M0, Part of this clone was transferred on YZIEKAC and incubataed for
3 days to allow sporulation. The culture was examined microscop-
jeally for the presence of asci. The ascus walls were removed by
treatment with an enzyme preparation (Glusulase, Zndo Laboratories),
and the spores of individual asci were distributed at intervals of

2 mm on a slab of MOT agar. This operation was performed with the

d of a micro-manipulator. The slab was placed on MOT agzar and

=g

a
incubated for two to thres days. The sporoe clones were then
transferred to MOT arar and the phenotyne of each clone determined

by replica plating to the appropriste media (See Plzte I).

Sinca this procedure does not differentiate beltween the ornithins

12



(2) Spot Test for Recombination - Diploids heteroallelic
at CAML were obtained by mixing the haploid parent strains on
MOT arar and renlica plating to MO agar to select for the diploids.
After ovornizht incubation the strains ware replica plated to
YEKAC and incuboted for three davs to permit sporulation. Then
a renlica platin~z onto MOT azar was nerformsed to allow the spores
to grow. The next day this plate was finally replica plated to
SC agar. The alleles were considered capable of recombination if
sporulation resulted in a significant increase in clones capable
of growth on 5C (compared to both haploid parent strains). This
procedure was desiznsd specifically to detect deletion mutetions

(W. L. Whelan 1972) as described in section IV B.

(3) ZXray Mapping Method - The method is that of Manney and

Mortimer (196L;). It was used in this study to determine the location

of eisht testgr allelas (for the spot test for recombination).

The purified clone (streaked for sinzls colonies on MC) of a
heterosllelic dipleid strain, obtained by mating two of the haploid
tester strains wss inoculated into liquid MOTC (1 ml) and incubated
overnicht, Tour ml of waterwsro added and the cultures were
centrifuged, The cells were washed once with water (5 ml),
centrifnzed acain, and resuspended in water. This susnension,
appropriestely diluted, was spread on SC and MOT plates. Some were
irradisted (within 15 minutes after spreadinz); the others were

used to determine the backsoround. This method is based on the fact

13



that Xray induced crossing over between two damages increases linearly
with the dose, and the probability (ziven by the slone of the curve)
is zreater the larzer the distance between the two damages. The
crossing over results in a wild type progeny capable of growth on

SC. Colonies appearing on 3C and MOT plates were counted after 3

and 5 days. After 5 days the counts did not increase sipgnificantly;
so ihzse numbers were used fbr calenlating the map distance between
the tweo alleles. The Xray map unit is defined as number of revertants

&}
v PR
per rad ner 10 survivinz cells.

(L) Chemiczl and UV Induced Reversion - The method was desizned

to determine differences in the ability of mutants, obtained by either
Y, Proton or Zray irradiation, to revert to wild type phenotype. The
strains were tested in the haploid form by following thess steps:

The mutant clone was transferred into water (about 2 ml) to a
concantration around lD7 cells/ml. A few drops of the suspension
were spread on a sector of 1/8 of an MOT plate and incubated overnight.
(So one plate contained 8 strains obtained from different clones.)
The next dav each MOT plate was replica plated to three other MOT
plates and the cells uere mutazenized in each of the three following
ways:

(2) Tor W3 rutagzenesis, a few crystals of this substance wers

added to thae center of the plate.

(b) Tor IS mutazenesis, 10 microliter of this liquid was

added to a small filtor disc at the center of the second plate.



(¢) or UV mntazencsis the third plate was irradiated for

“bout 15 seconds. The ouber part of each cector was shielded

azainst the radiation.

5f%er 2l hours each plate waes replica plated to SC agar. The
strains were scorad after five days into one of the following sections:

Nezative: lass than about [ive colonies

Positive: more than about fifty colonies

Intormediate colony numbsrs betwsen the extremes.

Tor mors dobtoils see ssction IV B-1.

@

(5) Responss to Nonsense Suppressor - The strain carrying the

suppressor allele is described in section A.
a2 sbrains to be tested were crosssd with the tester strain on
MOT asar, The followinz procedure is the same as described in the
recombination spot test. Scored zs suppressible were those stralns
for which sporulotion resulted in a significant 1lncrease of colonies
eansble of zrowinz on SC ager. These spores carry the mutant CAHL
allzle but cdespite of that the wild tyne phenotype is expressed since
the sunoressor allele is also contained in the genetic materisl. The
rachoniom o this supprassion i1s described in section IV B-2.
Confirmation of the validity of this assumption was obtained

by subjecting several strains Lo tetrad anaslysis (section IV B-3).
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IV, CSEPERTMENTAL WiISULTS

A, Mutations: Trequency

Since the first studies of the nature of the zene (reviewed by
Dunn 1965) spoutaneously occurring mutations have provided alternstive
(allelic) forms of a gense for study. Occasilonally new alleles were
found in defined laboratory stocks but ths frequency of thsir occurrenca
‘was so neglizibly smsll that a systematic study was impossible to
perform,.

Muller (1927) was able to demonstraste that ths mutation frequency
could be sreatly increased by exposure of the orzznisms o Zrays. The
capability of other radiations (e.o. UV,‘*,€3rays) ond eertzin chemicals
to induce mutations wos found in the following yeers. Additionally the
use of microorzanisms such as bacterias or viruses and sophisticated
screening methods enabled the experimenters to examine huge numbars
of individual orzanisms for mutations in relstively short times.

Clearly the probability of encounterinz mutants among a sampls
of orzanisms is strongly influenced by the restrainis put unon the
system, An environment which cxerbs a strong selective pressure
canses a poorly fitted phenotyps to vanish 2fter a short period of
time while a well fitted cell type uill grow abundaotly. The case
of detecting forward mutations at the CAY] locus in yesst is due to

the strons effcct of canavanine on the metabolism of the cell., The



mutant strain has an immensa salective advantage over the wild type
call if the medium contains the analos. This ollows an sasy determin-
ation of the mutation lremuency even at low levels,

)
1

In the uor

7

¢ performad by Y. L. Yhelan ths snontaneous mutation
ratas during varctative crowth vere compzrad to the rate among
sporulated dinloid cultures. In the present study we ware interested
in obhtainin: mutants induced by differsnt radistions such es UV light,

Xrays, and Protons. To bes able to make velld compariscns of mutations

nzcessary to desizn a procedure of

[
i
Y]
—
3
o)
[e)
ct
(o}
b
S
"J
+
ot
m

(freauency snd
handling the culbures beforsc znd aftsr irradiztion ss efficiently
and uniformly ss possible,

Obviously the nmwbar of mutational events devends larzely on the

radiation dose 1130 the growth conditicns bafors and after irradiztion

e

do influence the fraguency. Ksudewitz (1755) and Zimuermann and his
coworkers {(1965) showed a considsrable incresase of mutant cells in a
mutagen trested culture for a veriod up to 146 doubling times before
salection for mutauts was performed.

Cn the othar side the mubtation level alter irradiation often
decraazes due Lo revair of lhe cenetic damsge. These effects could

be observed in the prasent study and will be descrited 2nd discusset

i)



A48, Dose Nesponss

Mieoures L and 2 chow the change in mutation frequencies upon
increasing the UV or Xray doss. In the lower part of the graphs
tﬁe survival levels for each sxposure are given., As it is known for
haploid yeast cells of stationary phass (low percantage of budded
cells), the Xray survival curves are, in the observed survival range,
of purw exponential type (single hit curve) while the UV curves show
s proncunced shoulder (multiplz hit curve) (Elkiad, Subton 1959).

For low doses the mulzlion frequency curves are approximately
linearly increasing for the Zray sample, while the UV irradiated

iy

cells show an increasinz slope. This affirms that for z mutational
event Lo ceour several UV quanta bubt only one Xray quantum have to
be absorbsd, ileverlheless the curves show that for comparable sur-
vival lavels UV is much more effective (by a factor of up to 10) in
inducing muta;ions than Xrays., This is due to the fact that Zray
jrradistion causes death wmore often by gross damage of the genetic
material rather then by inflicting mutations in genes essential for
life. The same holds for Proton irradiation. Pecause of technical
difficnltizs in irradiating lerze samples, only one dose polnt was
taken (sbhout 507 survivel)e The mutation frequency is about the same

az for the comparabls Xray dose,

W

everal voriabions in the radiation procedures were made, such

as growing the cells before irradiation in different media (MOT, SC )and

18
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Pigure 1

Section A shows the UV dose response curve after growth in HMCT. The
cells waers plated on IOTC agar and irradisted at once. B chows ths
survival curve for the doses used (determined by irradiating the cells
plated on MOT). C shows the dose response curves after growth in

MOT (@) and SC (A )e The cells were irradiated in water; then trans-
ferred into liquid 140 and plated after 2k hours holding. 1T shows the
survival curves for plating shortly after irradiation (@,4A ) and for
plating after 21, hours holding (Q,A).

Migurs 2

Section A shows the Xray dose response curve after growth in MOT.
The cells were plated on MOTC agar and irradiated at once. B shows
the curve after growth in SC. The cells were irradiated on pure
agar, washed off with MO medium and incubated for 2/, hours and then
plated. The lower part of the figure gives the survival curves.
(@): growth in MOT, irradiated on MOT agar; (& ): growth in SC,
survival directly after irradiation; (A): survival after 2L hours
in MO,
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holdinzt irradiated calls in a nonsclective medium but one that did

not allow srowth (M2) before plating to MOTC wss performed.

AR, Tnfln-nee of Onvi ronmental Conditions

Direcl irradiation on MCT? was performed only with cells grown
in MOT. Cthar erxmariments (see below) showed that irradiation of
cells zroun in 5T medium resulted in a wmutation level hardly above
the snontaneons Tackiround 17 selsction occurred shortly (within
about 17 ainutzs) after irradiastion. {Ba3 the open circlzs in
Fiaures 1t »nd 2%,) This is a most astonishinz result since the
MIA moterinl {which is known to be the primary absorber of radiation).
is in beth csses the same. It is hard to belicve that genatic
damaze is done to the cells zrown in the one medium (MOT) but not
to the cells crown in the other (SG). That this is really not the
case will bo shown below. FHoldinz the cells for éh hours in liquid
MO - after irrodiztion but befors selection - resulted in a considersbls
increase of ths mutation frequency especially for the ST pregrown
culture. %n MOT presrown culture, if treatedrafter irradiation the
samz way ~o o2 S7 nensvown sample, still shows a higher mutation
frequency (Mi=nrs 17) but the difference is far less extensive than
for dirasclh irradistion on MOTC,

To rench a battar understanding of the molscular mechanisms

involved a2 garies of experiments with slightly varyinz conditions
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was performed., The result of the first sexperiment of this series

is shown in Fizur: 3. MOT was chosen as the holding medium. 1In

the lewar part of tha graph one can follow the zrowth of the
irradiated veast ceils during the holding time. After an inhibition
of zrowth for about five to six hours (as usually observed after UV
irradiation) the cells start to divide in normal fashion.

In the uprere part of the figure one can see agzain the dramatic
differencs in rubstion frequencies dirsctly aftsr exposure. While
thae VOT precrown calls show a mutation frequency zreater than lD'h,
the 5C presron culture shows hardly any increase above the spontan-
sonus wutation level (about 10"6). The picture changzes vastly already
within the tine before the first cell division takes place. The
axprassed mubations increase~ rapidly espscially for
the FCT pregzroun cells and reach peaks at 2 and 7 hours after irrad-
iation respectivelv. Thereafter the mutation frequency starts to
decressa anid eventuslly reaches a constant level as can be seen in
the followin: fisuras.

T will stiempt to discuss and explain the observed phenomena
separately. The Tizures | to 9 show the results of similar expsri-

zbove. DNeferences to these figurses will be made
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at the apnrovrizte places.

(1) T4 Initinl Mutation Frequency and the Following Rapid

Tncreasa,

The dramatic difference in the mutatlion frequency depending

on tha srowth modium is the most surprising phenomenon observed in this

npart of the study. Also the quickness of increase after only short



Figures 3 through 3
The short form used in the legends is explained by the following exampls:

8¢ UV M
MOTCAOT
MOT UV MO

It means: The cells were grown either in Yiguid 3C or ICT, then centri-
fuged and placed into water and irradiated by UV light for 17 seconds
(about 50% survival)se Then concentrated MO medium was added to reach
the normal concentration of the nubrients. At different times samples
were removed and the density of mutants and viable cells was determined
by plating appropriste dilutions on MOTC and MOT plates. The mubant
frequency is given by the ratio of the number of colonies on these
platas I the dilubion factor, It is plotted as a function of time.

The lower parts of the fizures show the growth of thae cells during
holding time as given by the colony counts on MOT.
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helding periods is ratherlastonishing. Variation of the holding
medium did not change this festure appreciably (Figures L, 5, and 8).
There are several plausible explanations: The "potentisl” nmutants
(those for uhich irradiation resulted in a2 zenetic damaze st the
CAN1 locus) still possess the arginine permesse proteins. Althougsh
they are notv able to synthesize this enzyme anew it is concelvable
that the residual permeases take up encugh cansvanine so that the
cell is poisoned before it is zble to express its mutant phenotvoe.

A decreazse of the psrmease activity during holding time would rasult
in a smallsr uptake of canavanine and the cell would survive. The

differance batween the cultures grown in MCT and 5C could be due to

different permsase asctivities, The cells grown in a medium contzining

ornithine as the sole source for the production of arginine wera

thouzht to have smaller amountis of active enzyme than the cells grown
in & medium containing srginine. This would imply that external
arzinine induce; the enzyme level to incrsase. The phenomenon ol
induetion is & wall established Tact ip microorianisms. (e.g.
J. D. Watson, Molecular Biology of the Gene).

This theory was disprovsd when MOAT was chosen as pregrowth
medium (Fizure 7). The model would predict that the curve staris
at a level similar to the SC or MAT curves, because the exogenous
arginine would induce the permease level and canavanine would be

taken in at the same rats as for 3C or MAT precrosn cells. But the

ipitial frequency obtained in this experiment is very much ths same

31



as for cultures pregrown in MOT. So rather than the arzinine, the
pfesenca or absence of ornithine seemed te be responsible for the
difference in initial mutation frequencies.

On the other hand Figure 8 shows that the initial frequency
becomes zreater when the concentration of arginine is increased.
To reach a hetler understandinz of the observed phenomena it was
necessary to abandon this type of experiments in favor of a more

biochemical spproach.

(2) Permeass Activity. The use of th Labaled arginine for

determining the rate of upteke (permease activity) seemed to be the
most promising expansion of the studies. The scintillation counting
method is extremely accurate and allows detectlon of minimal amounts
of radioactivity inside the cell. The techniques are described in
Material and Methods.

The first gxperiments were performed with exponentially growing
cultures. As expected for enzyme activity the rate of uptake is
constant within the limits of exverimental error (Fizure 2). 3By
repeating the same experiment several times it was observed that the
slones of the curvas uwere not very reproducible. The reason for this
is not understood. 2ut in almest all cases the cells grown in MOT
and MOAT showed a considerably hizher rate of uptake than the cells
grown in 5C.

In a second procsdure (Fizurs 10) the cells were transferred
after growth in MOT or SC into either MO or M. The lack of trypto-

phane and in the case of mininal medium, also the inability to



Figure 9

The wildtype cells were grown in MOT (@ ), MOAT (O) and SC (4 )

to o density of about 10V cells/ml. At the beginning of the experi-
ment labeled arginine is added. The experiment was performed at

rovn temperature., The concentration of the arginine during the time
of the experiment was 20 mg/l. At times samples wers removed and

the incorporated lUC-arginine measured (Matlerials znd Methods). For

& conparison, the absence ol uptake by the mutant strain canl-23 is
chown (W)e. The number of cells was determined by plating appropriate
dilutions on MCT agar,

figure 10

The cells werse grown in the indicated media, then cantrifuged and
nlaced into holding med%?.- After 3 hours holding at 30°C. concen-
traved tryntophane and “HC-arginine were added (final concentration
20 n13/L sach)e At the indicated times samples were removed and the
incorporated radioactivity and the viable cell density determined,
The grouth and holding media were:

@): 0T 110 (A): sC Mo (A): sc u

Figure 11

The cells were grown in MOT (@), MOAT (M) and SC (A ). At the
bezinning of tFe-experiment they were placed into ligquid HOTC con-
taining slso 1ic-arginine (see text)e At times the incorporated
zctivity was neasured (section A) znd the survival was determined
by nlating appropriate dilutions on MOT. The experiment was per-
Tormad at room temperature.
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produce arainine cause an inhibition of growth. After 3 hours

C-arginine and tryptophane (hizhly concentrated) were added to a
final concentration of 20 mz/l, The cells started slowly to zrow
as can be sean in the viable cell count (lower vart of the i urs),
The important result of the exneriment is the obvicus inhibition of
enzyme acbivity for up to €0 minutes snd the different final levels
ol incorvorated arzinina.

Several authors revorted rapid decay of specific transport

Taurosnora and anims

=
ct
hes
(94}
)
=
D
[&]
[W]

activity of emino acids in

inhibition of vrotein synthesis by starvation for 3 roaquired amino
acid or by cycloheximide and other inhibitors (Zlsas and Tosenbers,
1967) (Wiley and iatchett 1967) (idamson, Lanzsllutiz and Anast 1968),
It was suzgested 1n these papers, as one or s the sols interpreto-
tion of the results, that protein synthesis is an obligate require-
ment for theAmaintenance of carrisr proteins with short hslf lives
(repid turnover). In yeast, expariments seemed to suzzest that
inhibition of zmino acid transport activity is due to a pool of
endogenous amino acids which accumulate as a consequence of the

inhibhition of »rotein synthasis (Grenson, Crabesl, UWisme, RBachetl
IS v 2 A 3

1968). The later explanszticn docs not seem to fit here since th

(4]

holdinz in minimzl medium, wherce eandeogenous srzininz cannot be
accunlated bzcausa of the double bhlock in the nathizy and the absencs
of ornitiine and arginine in the medium, caused sn inhibition of
uptake of wvery much the same extent. It cannot be definitely con-

cluded, that the rise in the permeasse activity is caused by



re-synthesis, rather than by releasinz of the iphibition, but other
experiments (described below) strongly favor this expleanation,

Both of the uptake experiments and also the ons result shown in
Tioore 114 would suzzest thet potential mutants of the SC pregrown
sample should be less affected (killed) by direct as well as delayed
nlating on the HOTC wedium than the ones of the MOT or MOAT prezrown
cnltures, The rate of uptale and the final concentration of arzinine
is obvionsly smallar for 50 vprezrown cglls and the same should be
valid for untake and final concentration of the poilsonous canavanine.

That thls is not the case became clear after perfominz an
experiment whare SC, MCT and MOAT prezrown cells were transferred
into MOTC medium containing also very low concentration of labeled

. ]

sriinine of hich specific activity (322 mifm mol). The purpose of
this exneriment was to determine the uptake of canavanine and at the
same time follow the decrease in viability, which was tested by
plating samples onte MOT at the times indicated in Tigure 11B.

It would hzve basen somawhet more satiafying to use labeled

o

canavaning, which would zllow calculatlion of the actual amount of

the aralox inside the cells; but since cenavanine competes with
arrinine al = level dependinz on the ratio zan}/ Brs) and this ratio
was this some in all cases (well sbove 100}, a valid internzl comparison
could be mada, Azain it is seen that cells grown in SC have a smaller
initial rata of uptaks. MNeverthaeless it is just this culture which

is killed the auickest: 507 "killing time" for 3C pregrown cells is

about 55 minutes; for MOT and MOAT about 95 minutses. This phenomenon



was at that stzgs of study a rather surprising result. The reason
will bscome clear in ths following sectlon.

C. F. Schactele and P. Roger (1965) showed that canavanine
exposure of 3. coli cells (arg” as well as prototrophic) caused
a logarithmic loss of viability (after a short bacteriostatic effect)
over ssverzl decades. The concentration of internal free arginine had
to be low. In Figure 12 one can see that the viability stops decreas-
ing at sbout the same time that the uptake rate of canavanine starts to
decrease. The loss of viability is obviously not logarithmic. It is
suzrested that the levsling off of the viability is due to a competi-
tion of the arzinine produced firom the ornithine of the MOTC medium.
The ratio [brj]/[cen] is assumed 1o stay about constant because no
mors canavanine is taken in (Mzure L14) and the probability of
survival no longer decreases. A lowering of the concentration of
ornithine in the Y0TC is expscted to cause a lower level of survival

becauss the "nool" of sndozenous arginine would decrease.

(3) Accunmulation of Dndozenous Arsinine and/or Tts Precursors.

After the complete failure of the theory of increased permease activity
after zrowth in medium conteining arginine the just mentioned model of
different "pool sizes" proved to be very useful in the further study.
Tt is well known that certain metabolic molecules accumulate
inside the cell under certain conditions. In yeast cells such pools

of endozenous amino acids could be detected. (Grenson, Moussct, Wiame,

Bechet 1964). Additionally for a poisonous analogz (such as canavanine)
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the absolute amount inside the cell is often less important for the

killing affect than the ratio of the concentratione of the poison to

the molecule it competes with (arzinine).

One could postulate that

the poolsize of arzinine and/or its precursors is several times

oreater

in ¥OT or MOAT grown cells than in the cells pregrown in

media not containing ornithine. Until the permease zctivity in

potential mutants has decaysd to a level which is not dangerous, a

certain emount of canavanine has entered the potential mutant.

amount seems to be smaller for SC presrown cells,

This

But the assumption

of a considerably smaller pool of endozenous arzinine in just these

cells would still predict a quicker killing of these cells compared to

the onses prezrown in media containing ornithine,

obearved in Figure 11B.

This could ba

So the potential mutants are killed before

they are able to express their mutant phenotype.

The bioassay for actuslly measuring the amount of free endo-

genous arginine and the precursers ornithine plus citrulline is

described in Material and Methods.

Thz results of this experiment gave stronz evidence for the

thaory of dilferent poolsizes as can bs seen in Table 3,

Tabls 3

Tnternsl frea

Cells Crnithins &

Pregroun  GCitrulline Arzinine

In (m2/10%calls) (mg/loacells)
HeT 2l 1«3
MOAT 1T 1.0

506 <.l <.l



L1

Althou;h the rgsults of this expariment are not expected to be
very accurate (Sea Material and Hethods), the definite cenclusion can
be made tinat growth in media containing ornithine causes 2 dramatically
hizher concentration of endopgenous aroinine and its precursers than
growbh in media only containing arzinine. The observations conceraning
the differences in initial mutation Trequencies srs now easy to prlain:

(a) The coneentration of ornithine in MOT or MOAT is actually ten
times hisher than the consentralion of arzinine in SC or MAT (200 mz/l
vs 20 mz/l). The concentrations were chosen with regsrd te the poorer

unpteke of ornithine. For inchance o concentrstion of 2 wz/l of arzinine

3
but only 2 concentration of )0 mz/1 ornithine allows the wild types cell
to zrow un to a density of 7.5 X 107 calls/ml (other nutrients in
normal conecasntrations). It could be shown tliet thers are considerable
pools of ornithine/citrulline. Since these two smino aclds are even-
tually converted into arzinine the effective ratioc [rsl/Tean} is
gspacially lerge for these cells. This resulis in less extensive

killinz of the potantial mutants - the cells are sble to express

their mutant phenotype.

. = ) s Y
(b) In the exneriment described in Fisure © the yeast cells
dere srown in 57 with 1, 3 and 10 tines the nomsl comcentration of

ar~inine, bthen UV irradiuted and tasted for thselr mutation frequencles.
The hizher the concentraztion the hiher are the stsrting peints of the
curves, 2ub they are still lowzr than for cultures pregrouwn in orni-

thine containinzg medium due to the lack of accumulation of the arzinine

PBrCUrsors,
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(¢) ™pure 12 (more fully discussed below) shows the ability
(or inability) of a non-mutated cell plated on MOTC agar to perform
cell divisions befors dsath occurs. The numbers are obtained by
microscopical count of cell colonies which did not result in visible
clones. The initial numbers (of the cells plated directly after
irradiation) show zzain a difference betwean MOT and MOAT on the one
side and SC and MAT on the other. It is conceivable that the smaller
the averaze multiplicity, the quicker the process of killinz. Under
this assumption one sees azaln, that 5C and MAT pra2zroun cells ars
killed quicker by the canavanine that the ones grown in 3 medium

contalning ornithine,

(L) Decav of ths Permesse Activity. The quick rise of the

mutation Iranusncics alter only a short holding period could

be explained by an accumulation of endogenous arginina during the
time of holding. This would allow the potential wutant to perform
several call cycles when plated on MOTC. With each division the
concentration of the permeass protein inside thie progeny cells would
become smallsr since it cannot be synthesizazd ancw. This theory was
disproved - a¥ least as bsing the sole explanation~by using i or T
as holdinz media. These media don't allow an accwnulation of the
arzinine but still the mutation frequency risss in the usual fashico
(Fipure 8)., Also the average multiplicity (Fisure 12) for this
experiment shows thsl non-mutants are killed wvery quickly. An

accumulation of arzinine should enable thz non-mutant eczll to complets



Flgure 12

The growth and irradiation procedures are the ones described in
Firures 3 throuzh 2. The presrowth and holding media are indicated

in the figure. The cells were plated at the riven times on MOTC,
After five days a microscopical call sud colony count of clonss sot
visible by eye was perforrned. The Average Ilultiplicity is defined as:

Average Multiplicity = 7 of cells/} of colonies
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several cell cycles before death occurs. The considerably higher
multiplicity of the cells held in lIOT or MC is thought to be caused
by increased pools of arginine.

The theory of a temporary inhibition of a rather stasble permease
(Sec above, Fizure 104) is not entirely disproved. But cne would
expect under this assumption, that the oreat differences in the averaze
multiplicity after 2l hours holding would result in appreciabie diff-
erences of the mutation frequency. The 3C - MT curve indicates that
the inhibition is released rather quickly since death of ths non-
nutated cells occurs befors hardly any cell division is completed.
That says that the potential motants too are not able to "dilute"
the nermease amongz their progeny to a non danzerous level. They
should be killed before their phenotype is expressed. This was not
the cass (Pizure 8). Tt is believed that the most lozical explana-
tion for the observed rise in the nutation fraquency at delayed
selection is 2 rapid decay of the permease enzyme or at least a
necegssary part éf it in the potential mutants.

If the pool of endogenous argzinine is large (for instance, after
zrowth in 1MOT) the non dangerous level of permease sctivity is higher
and the vesk of tha mutation frequency is reasched quicker. If the
pool is smaller (SC prezrown cells) the permesse has to decey to a
lower level to not be dangerous any more; the peak of the curve is
reachad later,

(5) ™inal Level of Mutation Frequency. In all cases (Figure

3 to 7) the zrowth in the media containing ornithine causes a higher



mutation frequency even afber a holding period of up te 2l hours.

The roason for this feature is not understood.

(6) Type of Radistion. Fipure € shows the effect of substitubing

the UV irraediation by Xrays. 4s already observed in the doss response
curves (Figures 1 and 2) the mutation frequencies are smaller by a
factor of 5 to 10. The shapes of the curves are nevertheless very
much the sama. It can be concludad that the discussed phenomena ars
not duz to the type of {rradiation but are a property of the system

and only influenced by the environmental conditions,

(7) Decreass of Mutation Fraquenciess After Peak. By usingz 3C

minus tryptophane snd M0 as holding media (Figure l; and 5) it could

be shown that the decrease of the mutation frequency cannot be totally
explained by a selection against mutants. While the liguid MOT allows
growth after irradiation, the tryptophane lacking media causaes an
inhibition of growth. Still the curves tend to decresase, although

at a somewhat slowar pace.

A successful repair of zenetical damage in the holding medium
would exnlailn this phenomsnon. An sarly plating would cause a se-
lectinn for mubtant ovhenotyne and by that a fixation of the damage,
while a lenzer holding period does not interfere with the repair
process. Jefinite conclusions can certsinly not be made at the

present staze of study.
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SUIARY

The radiation induced mutation frequency shows a stronz dependence
on the medium the cells jrow in before exposure and on the delay of
selection after irradiation., The behavior could be largely exnlained
by a combination of three factors:

(a) the accumulation of internal arzinine and/or its precursors

depsnding on tha growth medium

(b) a ranid decsy of the permease activity in the cells havinz

a genetical damage et CAlL

L)

(c) repzir of the damaze
The potential wmutsats still possess esnoush residual spermcase
activity to tzks up & certain amount of the cell poison., Part of

them were killed bafors beinz able to express the mutant phanotype.

(S ]

.

Althouzh the untaske rate of canavanine was tested as bsainz
smallar for cells grown in 5C medium these cells were killed quicker
than those prezrown in MOT due to the drasticslly smaller concentra-
tion of endogenous arginins. This caused an asteaishing difference
in mutation frequencies if the irradiatesd cells were plated on MOTC
agar shortly after irradiation. The rapid decsy of permease snzyne
and the inability of the mutsnts to resynthesize the protein resulted
in a quickly increasingz chance of survival whsn selsction was delayed.
The wvalues don't show so much difference.

At the time of the decay of the pemease activity simultsncously

a repair of the damases seems to occur in the holding medium. This



bacame ohsarvable after the permease activity had decayed to a non
dangerous level. The frequency of nutants stsrted to decrease over

a considsrable poeriod of time.

R. Mubtstions: Characterization

The second part of this study was an attempt to develop a useful
gystem for characterizing mutants. A widened knowleadgze of the type
and location of zesnetical damase can provide 2 fuller understanding
of the structure of the gens, its function and the genstics involved,
as well as ths mechanisms of interaction hetween irradiation and thes
DA molacule. At this point 1t will be useful to distinguish between
classes of mutations (Drake 1970).

lMacrolesions - This class contains all the larze chanzes, such

2s inversions, translocations, deletlions or duplications of one or
more zenes. The first three abnormalities are usually detected by
their effect on chromosome behavior. Duplications of one or more
penes sometimes leads to a distinguishable change in phenotyps.

3

Microlesions - This class contains sberrations of smaller extent.

Tha ™A strand is altered over a leangth of only one or a few nucleo-
tides. One can further distinzulish between bass changes (missense
mutations) and insartion or deletion of one or a few base pairs
(frameshift mutations). Wost of the misssnse mutations will not
result in an observablz chanze of phenotype since very often the

protein retains its activity. TFrameshift mutotions are detected

L8



very efficiently since the enzyme loses in most cases the activity.
Mutations of these tyvpas often clustsr ot one or at several sites
zlonz the zena (s hotspﬁt) (Benzer 1961) (Yourno, Ino, Kohno 197L).

The metliod to dotect tho location of such microlssions used by
Benzer waz the deletion manping nethod which will be describad balow.
Ile could show that the cisztribultion of the defacts zlong the rII zene
of the bacterioph-ze 7Ti diflored for snontoneous and induced mutations
of this zene (Benzer 19281) (Zrennzr, Benzar end Darnebt 1959),

In the oresent stndy an attanni was made to distinguish nopula-
fions ol mutations induced by lrays, UV lizht end Protons by seversl
characterizetions such 2o wapping, reveriibility and suppressibility.

The results werae larzely obtained as by-products of the search for =

"useful sat of deletion matants.

BA., Szarch for Daletion HMuts

W, L. Whelan found in his work by using the Xray mappinzg mathod
tha®t spontaneous 4Tl mutants isolated from heploid culiures have a
diflerent mezoning distribalion thian tha oned obbained from dinleid
cultures afar slornlnuicn,. I was to e cmnesved tust mutants
isolated alter irradistion =ith "IV, Xrsy or Protons would show
differencos, too,

The Arey mapning method {(liannoy and Hertimer 196)) is a very
exaclt but rather lsborious method for mapving a largze nucber of

allales., So I sct oul to dovalop another mathod for the mapping of



the CANl locus. The deletion wmovping nethod (Denzer 1961; sse abova)
saened to he esnezizlly vromising.

Jdmonr; the spontanesous mntants isolated by We L. thelan five
independent alleles of CAN1 failed to recombine with zny of nine
test alleles distributed alonz most of the known length of this zene.
This strongly sugzests that the entire sens was deleted or inverted
(which could not bz distinguished) for these strains. 1o alleles with
the propartics ol a delebion of less than the entire locus were found.
But thers was no reason kaoun why an extonded search should not yield
a set of such motations. It turned out that the eflort was in wvain.
Not a sinzle usaful deletion could be found., Also it could be estab-

lished that zt leasht one of the above nentioned deletion mutants

(sllele Eﬁgl-lll) dozs not ssen to be one. A possible reason for

this will be diccussed in the Note on allele canl-111,
Desnitae the fzilure of the soarch seaveral observations of

possible intzrest could be made. The screening procedure contalned
the follouinz stona:

#pe strain was zrown in liquid SC and irradiated

r_—)—

() Tac uwild
by either U7, Xrays or Protons (5 1eV) as described in Ifaterial

3

snd lethods. The dose was ciesen to yield a survival of about

e?

£, After irradiction the cells were incubated for 2l hours

in liouid ¥0 and then plated on MOTC. The cultures were treatsd
zs 2like ss nossible to make comparisons more valid,

(p) The mutants ware subjecled to the test for revertibility.
Tertended delelions are expecﬁsd not to revert.

(c) The class scored as "megative" for all three mutajzens



(NG, WIS, UV light) was tested for rocombination with eight
tester alleles. Ixtended deletions should not reconbine with
saveral adjacent azllales.

(d) At the same time a test for suppressibility was performed,

Suppressible strains are known to bs not of the delstion type.

(1) PRevertibilitv, It has to be noted that the results of this

test were not very clear cut. In similer work dope by V. L, Whelan
homoallelic diploids instead of héploid cells were used. 3ecause of
a2 lower backsround reversion thess resulis a2re less anbizuous. In
zeneral it csn be sald that the revertibility bohavior of tha mutants
is about the same for induction by either of the mutazens used and

differences were nover very clear cub.

Table L - Revertibility

Forward

Response mutation
Hutagen positive weakx negative 0o rasponse*  induced by
I IT IIT Iv

uv 16 37 L6 Protons

o(e} 22 33 L3 36 (5 MeV)

TS 16 L2 L2 (99 strains)

v 10 30 57 ov lizht

G 16 3& 1,3 3L (93 strains)

oS 17 a3 50

uv 20 2l 55 Lray

NG 20 18 59 50 (73 strains)

EMS 20 21 58

#This column gives the percentage of strains which did not revert
by any of the mutagens used,



The most pronouncad difference between tha samplas obtained from
the three different radiations is that 507 of the Zray mutants are
scored in column IV but the two other values are only about 35%. An
explanation for this is at the present time of study hard to zive.

3ince the test was only a first step towards identifying deletion
mutatibns no further going experiments were attempted. The reversion
frequency for such zross chanzes in genetic material as a loss of an

appreciable part of the gzene in question should be very low. So

delations are expected to be in column IV.

(2) Hapoinz. The strains scored in column IV were subjected to
the recombination sn»ot test. The tester strains carry mutations that
are distributed zlong nearly the entire known CAN] map. (W. L. Vhelan
1972). The Xray manping data are ziven in Table 5.

Ln extensive delebion or inversion among the slleles to be fested
shonld show up by its failure to recombine with two or more tester

alleles. Smaller changes (small delstions, inversions, base chanzes)

mizht result in weak recombination with one of the tester strains if

the two dzmazes are close enouzh to decrease the probability of crossing

over batween them aoprecizbly. As it turned ocut most of the strains
tested gave reduced or no recombination with no more than one tester
strain (Fizure 13, Plate l). There were some which did not recombine
with two or three of the tester strains but this occurred always in
the same arca of the gane.

S0 thz result we hoped to zet, namely a set of rather extensive

deletions at different places along the CANL map, was not obtsined.
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Tabls 5

Xray mappinz distances between the tester alleles (W. L. Whelan's data).
Because the sequence of alleles 31/26/32 was not unambiguous, several
checks were performed. (Data from this study),

W. L, Whelan's data: Data from this study:
allsles distance alleles distance
in cross ZXray m2p uniis in cross fray map units
40/39 13.2 23/37 201
39/35 2.61 23/3) 16.3
h0/35 16, 23/26 12.6
35/23 11.3 23/32 10.)
39/23 17.7 23/35 10.1
23/3L .85 23/39 13.5
35/34 12,2 23/40 26,8
3h/26 1,95 26/32 Le5
23/26 9452 26/31, 5¢3
26/32 5.33 32/35 17.9
324371 11,2 35/39 6.6
26/37 8.85 35/L0 10.9
23/37 20,1 34/37 Lie
35/26 21l 26/37 8.8
23/32 13.5 32/37 11,2
39/26 Lhie8

L0/26 29,6

40/23 16.8

Out of these data a good map could be constructed. Figure 1l shows
the sequence and approximate distances between the alleles.



On the other side it became clear that the recombination spot test seems
to be rather well suited for mapping experiments (see discussion below).
Moure 1l shows that a rouzh mapping of the tested alleles was
possible, It has to bs remarked that only mutants scored as not revert-

.

Jere subjected to this test. Still it is interesting to note some

P
1- 2
o

In all three cases (UV, Xray, Proton samples) far fewer mutants
map in the orez of allele 40 and 39 than in the other parts of the map.
If thic is & jeneral feature of the radlation produced CAN1 mutants or
o oramalt of the revertibility screening procedure cannot be answared.
The spontoncous mubtants derived from haplold cultufes show s relatively
uniforn distbribution while those obtalned after sporulation show cluster-
tne around cllele 32 (W. L. Whelan 1972). The mutants described as
non-revertible in_the homoallelic dipleid form also show a relatively
unlform distributieon,

Several mubtants of the radiation induced samples zave wesk
~acombinslion responses simultaneously with alleles 26 plus 3,

34 plus 37, or all three alleles. This seems to be partly due to the
Fr~t thot dhic disbancos between these tester alleles are relatively
ciolloane Whtt e "resolution! of the test is not sufficient to show
anreainble differcnces in the numberslnf recombinant colonies.
Houwever, tha distocnces between alleles 32/26 and 35/39 are hardly
birer than batween 26/37, for instance., But in no other area

g s

was simultoneous mapping at two adjacent sites found,
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Pigure 13

The irradiation procedures are described in the text. The reference
alleles are draun at the positions calculated from the Xray mapping
method (data, Table 5). The width of the colunns does not represent
the uncertainty of the pesitions. Tor each radiztion the mumbers of
strains which mapped at the area of the tester allele are indicated
(for procedure see text)e Horizontally extended columns indicate
simultaneous mapping at the alleles covered.s The numbers of strains
tested is ziven., Also the strains for which no definite map position
could be found by this test is indicated.
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Ao

B,

D

Plate I

opot Test for Necombination

Tha tester strains are streaked horizontally and crossed verti-
cally by the strains to be tested. Places of no recombination
arg easily recognizable,

Dissection Slab of MCOT agar with spores of 10 asci arranged

vertically.

Tetradanalysis

Growth pattern of the spores of 5 asci (horizontally arrangad)
on SC agar. The ability of some spores to grow show thab the
parent strain is suppressible. The asci 1 and L are Tetratype.
3 and 5 are lon parental ditype. 2 is Parental ditype.

The same exneriment for a non suppressibls strain., Yo spors is
able to gzrow on SC medium.
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Althoush the number of mutants tested was too small to draw
definite conclusions theare seem to b2 some differences betwusen the
three groups. The Xray induced sample shows a somewhat hizher
clusterinz in the area of the alleles 26, 3L, 37 while the proton
irradiatad szmpls scems to have a hotter "hot spot" arocund allele 32.

Sspecially interesting is that the proton sample has only one
mutant which na»ns simultancously at different sites (3L,37) while there
are for the UV and Iray samples scveral nutants which map simultaneously
at 3l and 37, 26 and 3}, 26, 34 and 37. If this is a real proparty of
the irradiation procedures or just accidental can not be answered at the
present stage of study. But the experiments certainly encouraze 2n
attempt to map 2 lerzer sample of mutants obtained by the different
irradiztion nrocsdures,

Of special intersst mizht be to lock for possible differences in
samples obtained by ilrradiation with heavy ilon particles of varying
IZT wvalues as can be preduced at the Tandem van de Grzaf accelerator.

It is felt that s doubling of the number of tester strains will
practically eliminate cases where no definite mappinz position can be
determined., Instead of the meiotic recombination test one could use
the mitotic Xray mapping method on a qualitative rather than a
quantitative basis (Fink 1958)., This method would probably also

increass the "resolubion" of the test.

(3) OGuodpressivility. lIlany types of mutations can be suppressed

by a mutation at a second site. In the following section tho suppression
o z
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suppressien of nonsense mutations is discussed.

Suppression of this type of mutation was first found in bacterial
systems., A mutant which carries beside the suppressible allele in
question a suppressor gene, is able to synthesize the active protein
the mutant gene codes fore Although the activity is usually somewhat
reduced the phenotype of the strain is that of the wildtype cell.,

It is established that this suppressible allels is resulting from a
change of 2 base triplet to a nonsense triplet (Stretton, Xaplan,
Brenner 1966).

The super-suppressor (SUPLl) used in this worl: was studied by
Manney (19€l) and shown to be capable of allowinz translation of a
nonsense {ochre) codinz. 50P11 maps near the centromere of chromo-
some VI (ilswthorne and llortimer 1968), The Z2i1 locus is not linked
to SUPLl since Cil'l is located on chromosome V.

Amonz the mutants of spontaneous origin tested for suppressibility
{4, Lo Whelan 1972) not a single positive response was found. So thers
was some doubt about the wvalidity of the test since in other loci the
percentaze of nonsense mutations reaches up to 30% (Manney 1964). In
preliminary experiments with UV induced samples eight positive responding
alleles wera found. To determine if these alleles are really of
suppressible type a tetrad analysis was performed. Genetic analysis
yields the following segregation for the spores of the cross

canl-% sun_
canl-111 SUpLL
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Table ¢

Spores
Type A B C D
Parental _ -
Ditype (PD) canl-I sup canl-X sup canl-111 SUP1l  canl-111 SUP11
lion PD canl-X SUPLL  canl-{ SUPLL  gcanl-1ll sup  canl-111 sup’

TetFagypa canl-X sup canl-X SUP1L  canl-111 sup” canl-111 SUP11
m

Canl-1l1l1l is not suppressible (W. L. Whelan). So both parent strains

grow on MOTC but not on ST (See Introduction).
Assuming that canl-X is suppressible by SUPLl we zet the

following growth pattern on SC agar:

Table 7
Type
Spores PD  HPD T
A - - -
B - - +
C = + s
D - + -

On MOTC the growth would be just the opposite.

The ratio PD:IPD:T for unlinked alleles is predicted as l:Ll:l.
So the probability for a spore to grow on SC medium is 6/2L = 1/L;
while for a non-suppressible allele no spore at all should grow on SC.

The test was performed with eight strains that respond positively
to the spot test and 2 which respond negatively. The first group
contained 39 asci (3 to 5 per strain), and the second 16 (7 and 9 per
strain). The spores were tested on SC and MOTC., While the picture

on the 5C medium is very clear cut, a rather strong residual zrowth



on MOTC hindered an unambiguous decision. This is due to the weakness
of the suppression process (see Plate 1). The siven results are based
on the scoring on the SC plates.

Table £: Tetrad Analysis of Pocitive Resnondin: Alleles

Strain

tested PD T Asci tasted

1e
B

o O 0.0 T m

COMNE =00

OHONWO O |d
)

Wi DT

Pl N VAR R s R ANR VS

# One of the asci yislded only three vizble spores.

0f the 39 2sci tested the numbzr of spores capable of growth on
3C was L) (out of 15%), the ratio (PL:NPL:T) of the 38 asci yieldinz
four viable spores was 5:7:25., Of the second zroup (strains tested
as non-suppressible by the spot test) not s single spore was capable
of zrowth on SC.q These resulis leave hardly any doubt about the
validity of the spot test. The mutants obteined from the three
irradiation procedurss were tested for supnressibility:

Table 9: umbsrs of Suppressibls Mutants

Mutants induced by do. of wuteots
UV light 9 out of 93 (197
Xray 3 out of 73 (L7
Protons(SheV) 2 out of 97 (27)

It seems thzt the CANL zene shous 2 scarcity of nonsense mutations

if one compares these numbcrs with percentszcs up to 307 for other genes.
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(L) ©Note on illsle canl-1ll. In the assay for permease activity

it was found that this mutant has a distinct ability of transporting
arcsinipne., This is rather surprising since the mutant does not zrow
on SC but does on MOTC as expscted for an arzinine permease-less
mutant. {The strain carries the double hlock in the ary  pathway!)
Althoush the rate of uptake is slower by a factor of about Ly than
for wild type cells (Mizure 1L) it should clearly allow the cell to
grow on medium containing arzinine. Grenson and her coworkers showed
that resistance to canavanine is accompanied by the loss of the
“arginine permease actifity. The mutant carrying allele 23 show
such a loss (Fizure 15)., The allele canl-111 obviously contradicts
this theory. This allele also behaved in other experiments in an
unusual fashion.

W. L. Whelan concluded from the f2ilure of recombination (sse
sbove) that the zene was deleted. The slower growth of this mutant
(termed as "semi lethality" by him) sugzgests that perhaps genes in
the neighborhood of CANl were deleted too. These were assumed to
allow more efficient metabolism. He showed that the "semi lethality"
was clearly linked to the CAN1 locus and very probzbly a property of

ne allele. 4 satislying exwnlanation for this particular bshavior
is not easy to zive.

Ag a oreliminary explanation I sugrest that the loss of viability
on 5C is due to a chanze in the arginine molecule after it is taken in
by the permease in a way that it is not usable for protein synthesis.

The poor growth on MOT could be explained by assuminzg that the intra-



Figure 1

The strains canl-23 (@), canl-111 (A ) and x{ﬁédtype (V) are grown
in MOT., At the beginning of the experiment ~arginine is added
(final concentration 20 mg/l) and at the indicated times the incorp-
orated radiocactivity measured. The numbers of cells were determined
by plating on MOT medium, The experiment was performed at room
temperature.
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cellular arginine produced from the ornithine is similarly affected.
Some of these arginine molecules might gst attached to tha permease
pnzyme and be transformad into 2 molecules not capable of attachment
lto the arg-t~RNA, A similar process must occur to thé canavanine
taken in out of the MOTC medium. Obviously it is not incorporated
into pfotein in a sufficient rate to cause the death of the cell.
This meodel is hardly satisfying. The failure of recombination

cannot be explained without additional assumptions. A more thorough
investigation of this allsle should be of value in tﬁe understanding

of the enzyme process,

(5) Scarcity of lonsense and Deletion Mutations at CANl. Both

types of mutations have in common that the enzyme chains are of con-
siderably smaller extent than in the wildtype br other mutant cells.
We Lo Whzlan found that the zene coding for the permease is of
astonishing length. It is concelvable that the presence of the
entire enzymé‘is essential for the cell (for instance, as a structural
component of some cell membrane). The observed nonsense mutations
might be in the area of the gene which is translated last, so that
only a small part of the "end" of the enzyme is missing. This theory
can be checked by mapping these nubtants.

The quick decay of permease activity upon tryptophane starvation
does not nescessarily speak agailnst this theory since it is possibla
that the decay is due to a removal of a small part of the enzyme

(ee7. mrosthotic group) and not to a degradation of the entire protsin,



SUMIARY

This part of the study was an attempt to devise a system of
deletions for use in 2 quick mappinz procsdurs. It should be of
interest to look for differences in the population of mutants
obtained from different types of irradiation. ZIspecially the use of
heavy ion beams of different LiT values, as can be produced by the
Tandem van de Craaff accelerator, should provide better understanding
of interactions of radiation and gzenetic material,

Althouzh the zoal of the study was not reached, it is felt that
a further study in this area should be encouragecd. The results in-
dicate that other z2sy mapping methods can be designed. Differences
in the character of the mutants (UV, Zray, Proton induced) were
detected although definite conclusions at ths present stage of study
are not possibls. Thq scarcity of deletions and suppressible muta-
tions at the Eéﬁ} locus seems to be of special interest. The detectlon
of permease activity in 2llele canl-1lll was a most surprising resuli.
TFurthor investigzations of this allele should be of value for under-

standing the mechanisms of the enzymes involvad.



LITERATURE CITED

Adamson, L. F., Langellutig, S, C., and Anast, C. S., 1966 Biochem.
Biophys. Acta 155: 355,

Banzer, S., 1961, Proc, Natl, Acad, Sci. U, S, L7: LO3-415.

Brenner, S., Benzer, S., Barnett, L., 1958, Nature 182: 983-985.

Drake, J« We, 1970, The Molecular Bassis of Mutation Holden-Day Inc.,

San Francisco,

Dunn, L. Co, 1965, A Short History of Genetics McGraw Hill Inc,

lew York.

Elkind, M, M., Sutton, H,, 1959, Rad. Res. 10: 283-295,

Elsas, L. J., Rosenberyg, L. B,, 1771, Proc. Natl. Acad, Sci. U. S.
51: 37

Fiok, Ge. R., Lowenstein, R., 1969, J. Bact, 100: 1126-1127.

Gits, J., Grenson, M., 1967, Bilochem. Biophys. Acta, 135: 507-516,

Grenson, M., 1966, Biochem. Biophys. Acta. 127: 339-3L6.

Grenson, M., Hou, C., Orabesl, M., 1970, J. Bact. 103: 770-777.

Grenson, M., Mousset, M., Wiame, J, M., Bechet, J., 1966, Biochem.
Biophys. Acta, 127: 325-338,

drensen, M., Mousset, M., Wiame, J. M., Bechet, J., 1968, Biochenm.
and Biophys. Res. Comm. 32,L: LLL-L19.

Hawthorne, Do C., Mortimer, R. K., 1968, Genetics 60: ?35—?&2.

Ingram, V. M., Blosynthesis W, A, Benjomin Inc. Menlo Park,

Kitagawa, M., Tomiyame, T., J. Biochem. (Tokyo) 1l: 265-271,



69

Manney, T. R., 196k, Genstics 50: 109-121.

Manney, Te Re, 196k, U, S, At. Tnergy Comm. Doc. UCIRL 11191,

Manney, T. R., Mortimer, R. K., 196lL, Science: 581-582.

Muller, J. J., 1927, Science 66: B84-87.

Schactele, C. F,, Rogers, P., 1965, J. Mol. Biol. lh: L7L4-L89.

Srb, 4. M., 1955, Ser. Physiol, 23: 363.

Stretton, As 0., Xaplan, S., Brenner, S., 1966, Cold Spring Harb.
Symp. Quant., Biol. 31: 173,

ilatson, J. D., ifolecular Biolezy of the Gens Y. 4, Benjamin Inc.

Menlo Park.



AMALYSIS OF RADIATION INDUCED MUTATIONS OF THE
ARGINING PERM2ASE ILOCUS II YEAST

by

EIMAR GOCKH

Vardiplom, J. Iiebig Universitat, 1970

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for tho degres

MASTER OF SCIENCE

Department of Physics

KANSAS STATZ UNIVERSITY
Manhattan, Kansas

1973



ABSTRACT

A system of strains and media, devised for easy selaction of
forward and reverse mutations of the CANL gene in S. cerevisiae,
has besen used to study the influence of the enviromment on the ex-
prassion of mutations inducad by irradiation. It could bz shown
that the expression of mutant phenotype (resistance to the amino
acid analog canavanine) immediately after irradistion depends largely
on the amount of intracsllular fres arginine or its precursors, A
rapid decay of the activity of the product of the CANL gene (the
arginine permsase) enables a quickly increasing number of mutated
cells to express their phenotype if exposure to canavanine is
delayed,

In the second part of this study, an attempt was made to charac-
terize mutants obtained from different types of radiations such as
UV light, Xrays and Protons. It could be demonstrated that the CAN1
locus shows a scarcity of suppressible as well as deletion mutations.

A possible explanation for this is discussed.



