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“On the membrane permeability changes and leakage of cellular constituents

of irradiated yeast cell”
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Abstract

The effect of gamma-ray on yeast cells Sacch. cerevisiae, and the leakage of cellular constituents

such as carbohydrates, ribose, amino acids, inorganic phosphates and organic phosphates have

been studied.

The samples of yeast cells had washed throughly and starved intensively, radiation effects were

compared with those of control (un-starved), the irradiation dose rates are in the range from 24

Kr. up. to 480 Kr.

The loss of 260my. absorbing material are also observed. Mechanisms of membrane damage by

gamma-irradiation are discussed corelating to permeability changes and loss of substances, then

active and passive transport process are also under considerations in discussion.

The experimental results are as follows,

1. Carbohydrates of yeast cell leak out by gamma-irradiation, and amounts of loss increase
proportionally as the increasing of radiation dose, curve of carbohydrates loss in starved
cells is parallel with those of non-starved cells.

2. Ribose leak out less than that of carbohydrate from irradiated cell, the dose response curve
of loss is straight and proportional to the increasing of radiation doses, slope of the curve

is much lower than of carbohydrates.

w

. Amino acids also leak out and the curve of losses to radiation is not proporticnal, it is
revealed that there are little losses from yeast at lower doses of irradiation.
4. The losses of inorganic phosphates increase unproportionally to the increasing of irradiation
doses, there are little leakage at the lower doses of irradiation. The losses of organic phos-
phates increase proportionally to the increasing of irradiation doses, and the amount of losses
are much more than that of inorganic phosphate at lower doses of irradiation.
5. Leakage from irradiated yeast cells was shown to be due to passive transport process not an
energy requiring process of ion transport.

6. Loss of 260 my. absorbing material is little more than that of control yeast by the gamma-

irradiation dose of 120K.r. and 240K.r.
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Table 1. Loss of total carbohydrates from gamma-
irradiated yeast cell.

(u. moles and u.g./mg. of dried yeast in suspension

of 1 ml)

——_____ Starvation| Control | .
N T |(Un-starved) | Starvation )
Radiation dose. Conc. v/z.mole} ©.g. f;umoleg g
Trradiation control 0.29 54.2 1.04] 187.2
24(Kr.) 0.4/ 79.2 L 14) 205.2
48 0.50 90.0, 1.25 225.0
72 0.55 99.0 1.37| 246.6
190 0.80' 144.0, 1. 57‘ 282.6
240 1.28/ 230.4' 2.20, 396.0
480 2.5 459. 0 s. 29’ 592.2
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Fig. 6. Dose-response curve for total carbohydrates
in supernatant of yeast suspension irradiated
by gamma-ray.
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Table 2. Loss of ribose from gamma-irradiated
yeast cell.

(p. moles and p.g./mg. of dried yeast in suspension
of 1 ml)

S ot S
Radi Q?nc p.mole| p.g. \x.mo ei_—
adiation dose — #.mole| p2.8.

Irradiation control 0.063| 9.39' 0.099| 14.79

24(Kr.) 0.067| 10.06] 0.110| 16.52

48 0.072 10.81! 0.119} 17.87

72 0.078: 11.75 0. 130’ 19.52

120 0.087, 13.06| 0.152| 22. 60

240 0.112/ 16.82| 0.203 30. 48

480 0.194 29.13 0.263, 89.41

*Remark: Ribose were measured with orcinol reagent,
and colorimetric method. .
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Fig. 7. Dose-response curve for ribose in super-
natant of yeast suspension irradiated by
camma-ray.
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Table 3. Loss of total amino acid from gamma-
irradiated yeast cell.

(g moles and p.g./mg. of dried yeast in suspension

of 1 ml)

e Starvation] Control | .
\\\ i ] (Un-starved) Starvation
~ Cone¢. |y mole} 1. mole‘
Radiation dose ™~__ | x10-3 #8- | x10-8 #8-
Irradiation control 0. 483‘1 0.043 0. 819“ 0.073
24(kr.) 0.569| 0.051; 0.881 0.079
48 0.668 0.060; 0.977, 0.087
72 0.730; 0.065/ 1.067' 0.095
120 0.875| 0.078 1.234% 0.110
240 1.690! 0.152| 2.694] 0.240
480 3. 352\ 0. 299 5. 517; 0. 492

*Remark: The amount of total amino acids were

expressed as the alanine.
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Fig. 8. Dose-response curve for total amino acids
in supernatant of yeast suspension irradiated
by gamma-ray.
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Table 4. Loss of inorganic phosphate from gamma-
irradiated yeast cell.

(g#.moles and p.g./mg. of dried yeast in suspension

of 1 ml)

T Starvation| Control

N ~___ |(Un-starved) Starvation

~.. Conc. |p.mole| p.g. lp.mole| p.g.

Radiation dose | x1073 x107? x10~3 x10-2
Trradiation control 0.34 1.06 0.521 1.6
24(kr.) 0.35/ 1.08 0.69‘ 2.1

48 0.35 1.08 0.71 2.2

72 0.35) 1.10] 0.77] 2.4

120 0.35 1.10] 0.84 2.6
240 | 0.35 1.10 094‘ 2.9
480 | 5.84 16.8 6.452 20.0
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passive transport 8] F siteo] A=A A FEE 3=
Table 5. Loss of organic phosphate from gamma-

irradiated yeast cell

(z.moles and p.g./mg. of dried yeast in suspension
of 1 ml)

\\\ Staxjiot_l (Ugg?sigtd) ’ Starvation
e Conclumole g il g
Radiation dose ™| x103 x1072 XIO‘al x10~2
Irradiation control 3.71 1.1 0.52 1.6
24(kr.) 3.71 1.1 o071 2.2
48 5.20 1.6/ 0.94 2.9
72 5.89) 1.8 1.19 3.7
120 6.63] 2.1; 1.19] 3.7
240 10.32; 3.2] 1.48 4.6
480 20.97 6.5 3.21 8.9

Remark: The amount organic phosphate are ex-
pressed as phosphours.
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Fig. 10. Dose-response curve for organic P. in
supernatant of yeast suspension irradiated
by gamma-ray.
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