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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 260mpy. 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.
Ribose leak out less than that of carbohydrate from irradiated cell, the dose response curve

™o

of loss is straight and proportional to the increasing of radiation doses, slope of the curve
is much lower than of carbohydrates.

3. Amino acids also leak out and the curve of losses to radiation is mot proportional, 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 mpy. 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 mD)

N toni ' .
S - Sarvation (Unomros g Samvation
Rad@@&”'mde]} 2. !y.mole‘ Hg.
Irradiation control ' 0.29 54.21 1.04 187.2
24(Kr.) 0.44' 79.2} 1.14{ 205. 2
48 0.50 90.0] 1.25 225.0
72 0.5 99.0 1.37| 246.6
120 | 0.80 144.0, 1.57) 282.6
240 1.28 230.4' 2.20, 396.0
480 2.55, 459.0 3.29 592.2
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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.

(#. moles and u.g./mg. of dried yeast in suspension
of 1 mD)

\\.\Starvdfian Control

S~ T |(Un-starved) Starvation
~ - COnC_ | Ty
Radiation dose. ~—.___ y.mo]e‘ #8- ,u.mo[el #-g
Irradiation control | 0,063 9.39 0.099! 14.79
24(Kr.) 0067, 10.06| 0. 10| 16. 52
48 0.072{ 10.81 0.119) 17.87
79 0. o7si 11.75 0. 130i 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 methiod.
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Table 3. Loss of total amino acid from gamma-
irradiated yeast cell.

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

of 1 mD)

\w (Unstarongy | Starvation

Radiation dos“é\gi “;}‘5’12[ #8. ’F%ng,,, ne

Irradiation control 0.483 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,

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

of 1 ml)

T Starvation] Control |
. ,\\\(Un-starved)'

Conc. [p.mole( p.g. ip.mole| p.g.

Radiation dose = x1073] x1072) x1o-3l x10~2

Starvation

Irradiation 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 0.94! 2.9
480 5.84; 16.8] 6.45! 20.0
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Fig: 9. Dose-response curve for inorganic P. in
supernatant of yeast suspension irradiated
by gamma-ray.
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Table 5. Loss of organic phosphate from gamma-
irradiated yeast cell

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

= Starvation  Control | g
\\» —_(Un-starved) | Starvation

~

~~___ Conc.lu.molef p.g. pmole[ p.g
Radiation dose \\“ xl():‘" x107% x10-% x10°?

Irradiation control 3.71 1.1 0.52 1.6
24(kr.) 3.71 1.1 0.71] 2.2
48 5.200 1.6 0.94 2.9
72  5.89 1.8 1.19 3.7 .
120 6.63 2.1} 119 3.7
240 10.82) 3.2 1.48 4.6
480 20.97 6.5,5 .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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sl =t

7. Inorganic phosphate % amino acid =
R PR MeEste

8. 260mu RS Wil RS MATRIRATl fstel T @msta gleh

REE B

o WHRBLOl m#del ¥ 3o], ion transport Bfzel B

References

J. of Chromatography. 5;546~64. 6;548.
9. Bacchetti, S., 1965. Recovery from sublethal

X-ray damage in surviving yeast cells. Radiation

1. Ambe, K.S., and Tappel,: L., 1961. Improved
separation of amino acids with a new solvent

system for two dimensional paper-chromatography.

60



June. 1968)

Res. 25;103.

3. Berenblum, ., and E, Chain. 1938. An improved
method for the colorimetric determination of
phosphate. Biochem, J. 32¢295-208.

4. Billen, D., et al., 1953.
of adenosine triphosphate from E. coli B/r.,
Arch. Biochem. Biophys. 43;1~10.

5, Bair, W.]., 1954, The effects of X-radiation on
the metabolism of Baker’s yeast Univ. of Ro-
chester, Report. U.R. 321-1-of-7.

6. Billen, D., 1957. Modification of the release of

Postirradiation release

cellular constituents by irradiated E. coli. Arch.
Biochem. Biophys. 67;333-340.

Billen, D., 1953. Postirradiation release of A.
T.P, from E. coli B/r. Arch. Biochem. Biophys.
43;1.

8. Caputo, A., and B. Giovanella., 1960. The action

=

of ionizing radiations of the respiration, on the
aerobic and anacrobic glycolysis of ehrlich mouse
ascites cells. Radiation Res. 13;809-813.

9. Carney, G.C., 1965.

properties of house fly sarcosomes after in vivo

Swelling and shrinkage
exposure to X-rays. Radiation Res. 25;637-645.

10. Conway, EJ., and Duggan, P.F., 1958. Use
of K® in the determination of the amount of K
carrier in the yeast cell wall. Peaceful uses of
Atomic Energy. vol. 25;52. 1. A.E.A.

11. Daniel, L.M., 1948. Quantitative determination
of carbohydrates with Dreywood’s anthrone
reagents. Science. 107; 254-255.

12. Dexter. Rogers., 1964. Solubilization of protein
accompanying loss of permeability of Escherichia
coli. J. Bacteriol. 88;279-292.

13. Dreywood, R., 1946,
carbohydrate material, Ind. & Eng. Chem. 18;

Quantitative test for

499,
14. Dubois, M., et al. 1956. Colorimetric method

for determination of sugars and related substances.
Anal. Chem. 28;350.

15. Edward Spoerl.,, and Quiner, C.W.,
Glucose uptake and dissimilation by X-irradiated.
Starved and division-inhibited yeast. J. Bacteriol.
82;764-9.

16, Emily, J.B., Christian & S. Phyllis stearner.,

1961.

Kim: Studies on the Cellular Metabol. in Microorganism(V)

61

0

1965. Gamma-ray-induced permeability changes
in relation to early mortality in the chick.
Radiation. Res. 25;146~157.

17. Fiske, C.H., and Subbarow, Y., 1925. The
colorimeteric determiatnion of phosphorus. J.
Biol. Chem. 66;375.

18. Fowden, L., 1951. The quantitative recovery
and colorimetric estimation of amino acid by
paper-chromatography. Nature. 195;846-847.

19. Freeland, J.C., and Gale, E.F., 1947. The
amino acid composition of certain bacteria and
yeasts, Biochem. J. 41;1335.

20. Gallsgher, et al., 1960, Effects of antihistamines
on mitochondrial swelling and liver injury. Nature
1853 390.

21. Hatano, H., 1967. Radiation effects on amino
acids, proteins and enzymes in various states. vol
2; No. 1 78-85. Food Irradiation Japan.

22. Harold, F.M., 19562.
shment of the inorganic polyphosphate pool in
neurospora crassa. J. Bacterol. 83;1047-1057.

23. Kaindl, K., 1966. International project on the

Depletion and repleni-

irradiation of fruit and fruit juices. Food irra-
diatiow,, proceedings of a symposium at karlsruhe,
6-10 June 966. 701-729. I.A.E.A. Vienna.

24. Kim, J.H., 1967. Studies on the cellular met-
abolism in microorganisms as influenced by
gamma-irradiation,on the respiration rate and
dehydrogenase activity in yeast cells. Korean
Journal of Microbiology, vol. 5. No. 2 $9-78.

25. Kim, J.H., 1967. Studies on the changes of
protein content and free amino acid pool in yeast
cells irradiated by #-ray. Korean Journal Micro-
biol. vol. 5. No. 2. 79.

26. Kim, J.H. 1968. Studies on cellular metabolism
in microorganism as influenced by gamma-
irradiation (IV) Kor. J. Microhiol. 6. Vol. 2.

27. Klein, H.P., 1967. Membranes of saccharom-
yces cerevisiae. J. Bacteriol. 94;475-481.

28. Maliovakil, O.V., Mityushova, N.M., 1967.
Intensity of postradiational regeneration of yeast
cell on various media in the period preceeding
development of radiational damage to the mul-
tiplication process. Nuclear. Science, Abstracts,

21:26700.



62 KOR. JOUR.

29. Martin, J.B. and Doty, D.M., 1949. Determin-
ation of incorganic phosphate. Modification of
isobutyl alcohol procedure. Anal. Chem. 21:965.

30. O’Brien, R.T., 1960. Radiation effects on me-
mbrane permeability in yeast. Hanford Biology
Research Annual Report. 87p. HW-65000.

31. O,'Brien, R.T., 1963. Effects of X-irradiation
on the permeability of yeast. Nuclear. Sience
Abstract vol. 17. 21466.

32. Rothstein, A., et al.,, 1946. The relationship

to carbohydrate metabolism in
baker’s yeast. K. cell Comp. Phys. 28;231-252.

33. Rothstein, A., 1959. Biochemical and physi-

of potassium

ological changes in irradiated yeast. Effects of
radiation on specific cellular constituents. Radiation
Res. suppl. 1;356-371.

34, Schonffeniels, E., 1966. A study of the effects
of ionizing radiation and on their modification by
chemical protectors on the permeability chara-

cteristics of living membranes, I.A.E.A, Research

MICROBIOL. [Vol. 6, No. 2

Contract Report. No 74:47.
35. Sheppare, C.W., 1951.
potassium and cell physiology. Science. 114;85.

New developments in

36. Spoerl, E. 1964. Permeability changes in yeast
cells after X-irradiation and starvation, Radiation
Research, 21, 86-90.

37. Trevelyan, W.E., and ].S. Hasrison., 1952.
Fractionations and microdetermination of cell
carbohydrates Biochem. J. 50;2908.

38. Trevelyan, W.E. and J.S. Harrison., 1956.
Studies on yeast metabolism. Yeast carbohydrate
fractions. Separation from nucleic acid analysis,
and behaviour during anaerobic fermentation.
Biochemical. J. 63; 23.

39. Wolstenholme, G.E.W., et al., 1956. lonizing
radiations and cell metabolism Ciba Foundation
symposium. Brown and Co. Boston.

40. Yphantis, D.A., Dainko, J.L., and Shlenk, F.,
1967. Effect of some proteins on the yeast cell
membrane. J. Bacteriol. 94;1509.

62



