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Induction of Mutation for Increased Sulfur Content 
in the CF1 Strain of Yeast by Gamma-Irradiation 

CLMJDIA C. FAUSTINO 

INTRODUCTION: 
The main incentive for the widespread research on 

the utilization of microorganisms as food and fodder is 
now in the limelight of adequate investigation. The 
particular significance of dietary proteins during 
infancy for resistance towards infection (Schrim3aw, 
1964) and for physical growth and mental development 
(Winick, 1969) is now being recognized. 

At present nothing on the horizons ensures suffi
cient production of conventional agricultural crops to 
match population growth and when it is recognized that 
it will be necessary to produce food for nearly double 
the present population of the earth by the end of the 
century, it becomes apparent that the application of 
science and technology to finding ways of feeding man
kind is not only prudent but mandatory. It is expected 
that single-cell protein will help meet man's future 
food needs. Research to develop feasible means of pro-
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ducing and utilizing, on a large scale, protein from 
single cells offers the best hope for new protein 
supplies independent of agricultural land use. 

It has been stated that of all current sources of 
protein concentrates, the food yeast offers the greatest 
potential for development (Bressani, 1968). From the 
nutritional point of view yeasts were first used as 
sources of vitamins because they represent one of the 
riches sources particularly of the Vitamin B complex 
group. This makes yeast unique among protein concentra
tes from vegetable origin (Bressani, 1968). In addition, 
it was reported that small amounts of yeast are well 
tolerated by humans (Goyco, 1959 and von Loesecke, 1946) 
and no evidence of deleterious effects was reported. 

Microorganisms have largely a well-balanced amino 

acid pattern with the low content of S-amino acids (Bunkers, 
1963) as the most obvious deficit. Yeast protein is a good 
source of lysine, which is low in cereal proteins, but is 
lacking in sufficient available methionine and adequate 
amount of cystine (Undan and "ork, 1959; Spanyer and 
Thomas, 1956). Deficiencies in S-amino acids can be over
come by enrichment and blending, but these are not necessa
rily practical corrective measures. A more fundamental 
and lasting remedy is genetic modification of the microor
ganisms of choice to produce protein with a better amino 
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acid balance. Since mutations can be induced in yeasts 
it is therefore possible to obtain a mutant yeast that 
contains more protein or more S- containing amino acids. 

The mutation approach has been found most useful 
in microorganisms at the present state of knowledge. 
Current notions on gene structure and mutagenesis by 
different agents lead to the prediction that any mutagen 
can be capable of inducing mutations at some sites in 

any gene. However, Calam (1970) recognized that powerful 
radiations tend to cause extensive chromosomal damage 
which may be followed, however, by reassembly, while che
micals have very limited effects. Therefore, gamma 
radiation from Co~60 was tried in these experiments 
being reported to induce mutation in the new CFl strain 
of yeast. 

The ultimate objective is to isolate mutants with 
improved ardno acid patterns. As far as this investiga
tion is concerned no method has been reported yet and 
therefore we tried to devise a way of screening for 
increased sulfur content. According to Hopwood (1970), 
the most important factor contributing to the success
ful isolation of a particular kind of mutant is an 
efficient screening procedure. This is the application 
of highly selective procedures to allow the detection 
and isolation of only those microorganisms of interest 
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among a large microbial population. 

MATERIALS AND METHODS: 

Description of Yeast Culture; 
In the choice of strain for initiating mutation and 

selection program, CF1 strain of yeast is already of sub
stantial advantage over other yeasts. It has the ability 
to settle down easily without centrifugation. It can grow 
over a wide range of temperature from 25°c to 42 C. It 
can resist pH concentrations of the nutrient medium as low 
as 2.6. Cfl strain of yeast is classified as flocculating, 
thenrophilic and acidophilic type of yeast. 
Media: 

The media had the following compositions; 
1. Liquid Growth Medium: 

Yeast extract - 7.0 g 
KH 2P0 4 - 1.0 g 
MgG04.7H20 - 0.5 g 
CaCl2 - 0.1 g 
MaCl - 0.1 g 
(NH4) 2 S 0 4 - 5.0 g 
Glucose - 10 g 
Distilled water - 1000 ml 
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2. Solid Growth Medium: 
Same as above with 2% agar 

3. Medium for inoculum (A): 
Yeast extract - 7.0 g 
KH 2P0 4 - 1.0 g 
HgS0 4.7H 20 - .25 g 
CaCl 2 - .10 g 
NaCl - .10 g 
(NH 4) 2HP0 4 - 3.50 g 
Clucose -10.0 g 
Distilled water - 1000 ml 

35 --
4. Medium for SO.— incorporation (B): 

The 0.25 g of MgSO..7H20 in Medium A is replaced 
with 0,20 g of MgCl 2.€H 20. 

The glucose (10 g) is dissolved separately in 
100 ml distilled water. All media are made up to 900 
ml in distilled water. The liquid medium and glucose 
solution arc sterilized separately for 20 minutes at 
15 pounds of pressure and are combined when cool. 

Reagents; 
1. Saline solution (.9%) 
2. (NH 4) 2S0 4 solution (.1%) 
3. Liquid Scintillation Cocktail; 

Scientillatlon Concentrate - 500 ml 
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Toluene - 250 ml 
Trition X-100 - 400 ml 

4. Liquid Scintillation Concentrate: 
PPO - .8 g 
POPOP - .6 g 
Toluene - 1000 ml 

Experimental Procedurest 
I. Survival Curve Determination 

The yeast cells used in these studies were 
grown in 50-ml amounts of liquid growth medium 
contained in 250-ml Erlenmeyer flask mounted on 
a rotary shaker and maintained at 37°C. The 
culture was allowed to grow until logarithmic 
phase which took about 16 hours. 

For irradiation with Co-60, the cells were 
first harvested, centrifuged and washed three 
times with 0.9% saline solution. Washed cells 
were resuspended in 0,9% saline solution and 

6 7 brought to a final concentration of 10 to 10 
cells/ml. Two-ml allguots of cell suspension 
were pipetted into glass vials which were then 
sealed properly. The irradiation was done at 
ambient temperature using different dose levels. 
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After irradiation, cells in suspension were 
allowed to stand for 3 to 4 hours. The irradiated 
cells were then diluted to a concentration that 
would give an appropriate number of colonies per 
plate. The cells were plated and incubated at 37 C 
for 48 hours. The ability of a cell to form a 
visible colony after two days of incubation was 
taken as the criterion for survival. 

II. Method of Mutant Isolation 

A. The Design of Screening Procedures 
1. Incorporation of S into Yeast Cells 
The irradiated yeast cells were recovered 

and allowed to proliferate in liquid growth medium 
for 24 hours under aerobic conditions at 37°C. The 
cells were harvested and washed two times with 0.9% 
saline solution before they were cultivated again 
in another medium containir g only a small amount of 
3 5S0 4~~ (Med. A). 

For agar plating, Medium B with .8% agar was 
used. To 1 liter of agar medium 1 g of radioactive 

35 (NH.)- SO* was added and then approximately 15 ml 
of the agar medium was distributed to every sterile 
petri palte, allowed to cool and solidify. 
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One-fifth ml of the diluted suspension was 
dispersed on the agar plate containing SO* 
as the limiting substance required for growth. 
They were incubated at 37°C for 48 hours. The 
plates were removed to stand for two weeks under 
room temperature to reduce the water content of 
the agar medium. A water absorber such as a 
sterile filter paper was placed in the dish cover. 

2. Autoradiography 
The amount of sulfur incorporated in the 

yeast cells was assessed by an autoradiographic 
method. The plates with colonies of yeasts were 
carefully and meticulously covered with X-ray 
film and subsequently wrapped with aluminum foil 
to prevent possible entrance of light. After 
exposing for 10 days in the dark room, the X-ray 
films were developed according to standard proce
dures. The films were put in the developer for 4 
minutes; washed with HAC for 30 seconds fixed 
for 10 minutes; washed in running water for 2 
hours and then dried. 

Colonies incorporating higher amounts of 
35 SO* were detected as darker spots surrounded 
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by white zones due to higher diffusion of SO, 
into the yeast cells. The colonies that showed 
the darkest spots were isolated and subcultured 
on agar slopes. All the manipulations were 
performed in a dark room, the only illumination 
being a red lamp. 

3« Quantitative Comparison of S-incorporation 
Submerse Cultures: 

The putative mutants obtained from autoradio
graphic technique and the original yeast were 
cultured separately in Medium A for ?4 hours at 
37 C under aerobic conditions. At the end of 
this period the cells were centrifuged down and 
washed three times with 0.9% of saline solution. 

To the washed cells were added 50 ml of 
Medium B together with the solution of radioactive 
sulfate. The cultures were cultivated aerobically 
at 37°C for 24 hours. The cells were harvested 
centrifuged down v/ith liquid growth medium for 
three times followed by 0.1% (NHJ.SO, solution for 
'* times and finally washed with 0.9% saline solution 
for 3 times. 

The concentrated suspension was made-up to 10 
ml volume with 0.9% saline solution. The number of 
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cells in the suspension was counted in a haemocy-
tometer counting chamber. From the original sus
pension, 0.2 ml was pipetted from each sample and 
dispersed in the tri-carb vial replicated three 
times. The samples were solubilized with 1 nil rf 
oluene and allowed to stand overnight at 40°C to 

obtain a clear solution. To each vial was added 
10 ml of liquid scintillation cocktail and allowed 
to stand for 30 minutes in the Liquid Scintillation 

35 Counter. The activity of SO. incorporated into 
the cells of promising mutants and the original 
yeast was measured and compared. The mutants that 
gave higher counts than the original were isolated 
and maintained for further investigation. 

RESULTS: 
I. Radiosensitivity of CF1 Strain of Yeast 

The curve indicating survival of irradiated yeast i3 
shown in Fig, 1, Two characteristics in the curve were 
observed; an initial shoulder up to ;0 krad and then followed 

by an expoential fall. The yeast cells were able to repair 
all the damages of radiation. From the curve, the LDg-was 
found to be 200 krad and this dose was used for induction 
of mutations in CF1 strain of yeast. 
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II. Screening Procedures 

The design of efficient screening procedures was 
considered by-Hopwood (1970) as the most important 
prerequisite to the successful isolation of a particu
lar kind of mutant. The screening procedures which w<*re 
develop* d in this study were those concerned with the 
isolation of yeast mutants that can produce higher 
S-containing amino acids. 

Several steps were followed in developing a rapid 
method of screening preliminarily for high-sulfur contain
ing yeast. These are as follows; 

35 1. Incorporation of (NH.) 0 SO. into the yeast cells" 
ft / *i 

2. Autoradiography 
3. Quantitative determination of S-incorporation in 

submerse cultures of yeasts by use of a liquid 
scintillation counter. 

35 --The primary screening involved the incorporation of SO, 
into the yeast cells and the autoradiography, during the 
entire course of the experiments, about seven hundred 
individual colonies were carefully and meticulously, autora-
diographically screened for high-SC, incorporation. Based 
on the results of autoradiography, 7,8% (50 strains) of the 

35 whole population were considered high in SO. Incorporation. 



PAEC (C)1A - 77007 
Page 12 

Fig, 2 shows the arrangement of the X-ray film on 
the petri plate. As a result of this, a small zone of 

35 diminished S-»content due to diffusion into the colonies 
was observed as shown on a typical autoradiographic picture 
in Fig. 3. Some colonies show only a weak incorporation 

35 of S (colony A). The darkest one (colony B) was chosen 
for further investigation. 

The 50 yeast strains selected by sutoradiography 
to be high in SO. incorporation were analyzed with the 
use of a liquid scintillation counter. From the data 
gathered, 29 mutants were selected. The data from these 
29 mutants are presented in Table I. Only yeast strains 
No. 1, 42, 44, 47, 4, 3, 49, 50, 2 & 39 appear to show 
any promise as putaive high-S mutants. 

DISCUSSIONS -
The available nutritional information on food yeast 

was presented by Bressani (1968) describing that the 
nitrogen content of yeasts varies between 7,0% and 9,0% 
percent on a dry-seight basis and approximately 80% of the 
total nitrogen was protein nitrogen. Yeast protein is a 
good source of lysine and has adequate amounts of other 
essential amino acids such as trytophan and threonine, the 
concentration of which is low in cereal proteins (Rosenberg, 
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1959). However, protein of yeast was found to be rela
tively poor in the sulfur-containing amino acids which 
limits its nutrient value.' 

In an attempt to find yeast strains rich in sulfur-
containing protein, a preliminary screening procedure to 
isolate appropriate mutants was considered. Our method 
is based on an autoradiographic screening and needs a 

35 
weak beta emitter like S which has 0„617 Mev. There
fore, it was necessary to put colonies on agar plates. 
Somehow in the process of film sxposure chemical reaction 
in the photographic emulsion was observed. However, the 
problem was overcome by putting some pieces of 3terile 
filter paper on areas of the agar surface free from 

colonies just enough to guarantee a small air space 
between film and colonies. In addition, a period of two 
weeks from incubation of yeast and exposure to the film 
was allowed to elapse for the drying up of the agar plates. 

The most remarkable advantage of this method of 
screening was the easy detection and isolation of living 
mutants that incorporate large amounts of sulfur. It also 
permits screening of thousands of colonics in one experi
ment. 
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It still has to be shown that selection by autora
diography is an efficient preliminary screening method. 
This can be done by comparing the sulfur content, as 
determined with the use of a liquid scintillation counter, 
of the top fifty yeast strains and the bottom fifty yeast 
strains as selected for sulfur content using a itoradio-
graphy. 

As a third step, it has to be proven that this 
enriched sulfur is incorporated not only in the form of 
SO. ~ but in the form of S- containing amino acid. Yeasts 
selected by this screening method will have to be analyzed 
for the S-containing amino acids. 
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Table I. The amount of oulfur incorporates into the yeast 
cells. Cpr. in 10 s cells of CP1 strain of yeast-

Sair>ple rtean Value: 
cpsp 

Hunker of Ce l l s : qpia/1© c e l l s 

C 
1 
a 
I 
4 
I 

10 
11 
12 
13 
16 
20 
12 
34 
3$ 
36 
37 
31 
39 
46 
41 
43 
43 
44 
45 
46 
47 
40 
m 
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15»0S 
36996 
16725 
51696 
1S47I 
6131 
21602 
117*4 
12693 
155£§ 

8504 
HlfTt 
11144 
1477ft 
29892 
43406 

53is*0 
19560 
96522 
31773 

1124S4 
€WM 
356S7 
3*4 2$ 
12091 
2imn 
39033 
9370 

W$L 

7.8 X 
3.7 X 
5.0 x 
8.R x 
2 .1 x 
1-8 X 

Iff 
101 

10* 
101 

i t * 
i« 10 

3.4 x i r 
3.3 X 
5.7 x 
1.8 x 
1.0 X 
4.7 X 
3.2 X* 
2.4 x 
1.6 x 
1.3 X 
1.5 x 
1,S 
4.0 X 
2.3 
1.8 X 
1.1 X 
3.7 X 
•j * # X 

2.7 X 
2.1 x 
2.8 x 
2 .1 *• 
Jfc # *# X 

10-
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10a 

10! 

10S 

10 
10 S 

10 ' 
10* 
10* 
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10 
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10 
10s 

10 
10S 

10 -

10 ! 

10 
10S 

10S 

10S 

0 

a 

i 

9 

s 
M a 

2 
111 

53 
$ $ 
73 
21 

C 
4 
2 
9 
$ 
2 
5 
6 

If 
11 
17 
II 
4* 
41 
17 
95 
10 
86 
15 
19 
77 
14 
62 
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SURVIVAL FRACTION 
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Fi<j. 1. Survival fraction of CPl strain of yeast 
ui'tei- exposure to Co-60. The curve was 
i>lot of yurvivincj colonies plated three 
hourr; following irradiation. (Bars are 
the standard deviations of the means. 
l.Pg0 was; found at 200 krad an determined 
by linear regression). 



cover 

colony 

Hitiinmimmniiiiiniirmiiiniiiiiiiiiiiiiiiniiiit I ?v v^v v v ̂ v^-^v v^^x^vT^i 

• * ' * v pn r <tfr 

- V. -iuy f rf-n 

-culture mtvMwi «*-ff> r. 

.Fig. 2. Arrangement of X-ray film on agar plate 
for autoradiographic screening. 

to 

Fig. 3. A typ ica l autoradiographic p i c t u r e showing 

a weak (A) and s t rong (U) incorporat ion of 

S i n t o :he yeast c e l l s (magnified X6). 


