|

) <

The University of Osaka
Institutional Knowledge Archive

. On the radiosensitivity of the radiation induced
Title . X X
aminopterin resistant yeast cells

Author(s) |=it, &=R; LR, BE; A, Sz b

Citation | HAEZMGTIRFESMEE. 1970, 30(6), p. 518-524

Version Type|VoR

URL https://hdl. handle.net/11094/14823

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



518—(38)

HAEZRARERERE $30% ek

On the Radiosensitivity of the Radiation Induced Aminopterin

Resistant Yeast Cells

Hirotugu Munechika, Takashi Kitahara, Nobuyuki Ishikawa,

Kiyomaro Kamakazu and Masami Kiga

Department of Radiology Faculty of Medicine Showa University

X@RHickvBohi7 I/ 77 ) viEHEERE

DOBEREZMEICDINT

RIS S4B 2 8 U HRER 4
&K, d& K &, & )l f8
B X B E O

= St

%
¥ W

(FE #0454 2 A21H #4)

By A XBRcXh7 s2 FTF Y v
IEH A 8. 2T TM P& RO Ok
Wk 2 qfagE & OBIE O R EL T, =
D7 3777 G L FEkE A, W
fa D BUHR R H A BB L, TMPAROM
BAHUFEE O target © 1 2T H 5 A HEM: DFEHL%
BRLI.

KRIER LY, 732 77 SEGMREEH
fa X 0 RGHRREHEL, Rila% TM P THf

(I) Introduction
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Various evidences have been accumulated to believe that DNA should be at least one of the
target of radiation in cell death as well as in molecular damage.®® Since TMP synthesis should be
one of the rate limiting factor of DNA synthesis and TMP was synthesized from dUMP, de nove, in

case of necessity, even a slight disturbance caused by radiation might be related to the cell

damage.l?

As it was well known that the path way from dUMP to TMP was mainly inhibited by

aminopterin,¥ comparative studies were carried out to find out correlation between radiosensitivity

and this path way on original and aminopterin resistant cells. The aminopterin resistant cells were

induced by irradiation in the preliminary experiment.

(II) Materials and Methods

Yeast cells (Saccharomyces Cerevisiae Sake) were cultured in Nigeli’s solution (10 ml) in the test
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tube kept in the temperature-control (28 °C) incubator. The purified agar was added to Nigeli’s
solution in concentration of 2.09, to produce the plating medium on which the colony forming
ability was studied.

Composition of Nigeli’s solution

Ammonium tartrate 0.1

g
Potassium phosphate 0.1 ¢
Calcium chloride 0.02 g
Magnecium sulphate 0.02 ¢
Glucose 10.00 ¢
Aqua dest 100.00 ml

All irradiations were given with a 160 KVp X-ray apparatus. The doses were delivered at a dose
rate of 2,500 R /min.

(IIT)y EXPERIMENTS

(Experiment. A.) Radiation induced aminopterin resistant cells.

(Methods of experiment. A.)

The yeast cells harvested from the stationary phase which had been incubated in Nigeli’s solution
at temperature 28°C for several generations, were mingled enough by stirring with pipet. And these
cells were put into the small plastic test tube and were irradiated with the dose of 37.5 KR. Im-
mediately after the completion of irradiation, these cells were put into the test tube containing
Nigeli’s solution (10 ml) with or without aminopterin, the cell number being 100 cells/0.]1 mm3 of
the solution and were incubated to get the growth curve.

As the control, not irradiated cells were incubated also in Nigeli with or without aminopterin.
The comparison on the dose dependency was studied with cell growth curves. The cells incubated
in aminopterin added medium, were pipetted on the plating medium containing aminopterin and the
plate was incubated for 12 hours at 28°C to form colonies, The cells from the colony formed were
returned to Nigeli’s solution again and were incubated for some generations.

(Results of experiment. A.)

1) Non irradiated original cells were unable to grow in the aminopterin containing medium.
(at final concentration 10-* M.)

In Nigeli’s medium without aminopterin, the growth of irradiated cells (37.5 KR) was some 24
hours slower than that of unirradiated cells. In aminopterin added medium (at final concentration
10~ M.), irradiated cells (37.5 KR) could begin to grow from 7 days after incubation, contrary to
unirradiated cells which never grow. (Fig. 1)

2) Dose dependency of the induction of aminopterin resistant cells was not observed in the
range of 12.5 KR to 50 KR. (Fig. 2)

3) In the aminopterin minus medium, the growth curve of the aminopterin resistant cells was
quite similar to that of the original cells, however in aminopterin added medium, the growth was

delayed some 12 h. (Fig. 3)

(Experiment. B.) Comparison of radiosensitivities in colony formation of aminopterin resistant



520—(40)
10%
4 /‘jﬂ“"—,—_—-‘
Eﬁ 3- /.ﬂ -
=] X
= 10 3
S x/ ;'J
- A H
s / ;"
:,_' * _,_;—-------;:':"“'w“"
0q =
1 ~— CONTROL
1 »—x375KR IRRADIATION
1 -~ AMINOPTERIN 10M
%--% 3T5KR IRRAD. +Am.10™M
10

0 2 4 6 8 10 12

14

iReADiATion  INCUBATION TIME (DAYS)

Fig. 1.
Growth curve
left solid line:
right brocken line:

control medium.

istant cells.

CELL NUMBER

10

medium with aminopterin.
radiation induced aminopterin res-

AARE SRR HES¥ER 5308 $6 5

// @g:i
Am 104
#——2 [IHKR
b

07 & 5 0 © 1
INCUBATION TIME (DAYS)
IRRADIATION

Fig. 2. Dose effect of X-irradiation on induction
of aminopterin resistant cells growing in am-
inopterin added medium. (right group) and
in control medium. (left)

/' «——CONTROL CELL
AmEMEDIUM
o-=--2 Am(~)RESISTANT CELL
AmEMEDIUM

x=-= AmRESISTANT CELL
Am [07*ME) MED.

T T T

0 2 4 6 8
INCUBATION TIME (DAYS)

Fig. 3. Growth curves of both original (contral) and
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in arninopterin containing mediurn.

cells.
(Methods of experiment B.)

Both original or aminopterin resistant cells on growing phase were put in the small plastic tube

respectively and were irradiated as described in experiment A. Immediately after irradiation (25,

37.5, 50, or 75 KR) both cells were diluted with saline and pipetted on the plating medium. After
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the incubation for 15 h at 28°C, the cell death was determined by the colony forming ability to get
the dose survival curve. Colonies containing less than 3 cells were scored as dead. 500 colonies
were counted by microscope in each plate and the average survival %, was calculated. To examine
the role of TMP, TMP was added to the suspension of both cells in lag phase (16 or 24 hours after
incubation) TMP final concentration being 10-5 M., 2 or 5 hours after addition of TMP, these cells
were irradiated and incubated to get the does survival curve as above.

(Redults of experiment B.)

1) The dose survival curves of the cells harvested from growing phase both of original and of
aminopterin resistant cells were shown in Fig. 4.

2) The dose survival curves of both cells treated with TMP were represented in Fig. 5.

3) It was represented in Fig. 6. that the growing curve of aminopterin resistant cells was quite
similar to that of original cells, and aminopterin resistant cells were more radioresistant than original
cells at every time of the growing phase. And the cells treated with TMP prior to irradiation in-
creased the surviving fraction in original cells but not in aminopterin resistant cells.

(Experiment C.) Effects of DNA inhibitors on growth of aminopterin resistant cells.

(Methods of Experiment C.)

In my previous experiment,'® it was proved that excess of AdR, of TMP and of dUMP or
Hydroxyurea inhibited the growth of the original cells. These DNA inhibitors habing been known
to act as a feed back inhibition on the path way from CMP to dCMP,?&9101810171920 were added
in to Négeli’s solution (10 ml) in final concentration 2 x 108 M respectively. The aminopterin

resistant cells in stationary phase were examined to obtain the growth curve in the medium in which
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Fig. 4. Dose survival curves of both original Fig. 5. Effects of TMP pretreatment on surviving
and aminopterin resistant cells with respect fraction irradiated in lag phase. No effect

to incubation time at irradiation. on aminopterin resistant cells. (right)
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aminopterin was added in addition to DNA inhibitor,

(Results of experiment C.)

The growth was not inhibited by excess of AdR as well as of TMP, contrary to that it was in-
hibited by excess of dUMP or by hydroxyurea. (Fig. 7.)

(IV) Results

1) The aminopterin resistant cells were induced by X-ray irradiation in yeast cells.

2) The aminopterin resistant cells were more radioresistant than original cells. And by TMP
pretreatment, original cells became more radioresistant.

3) Hydroxyurea or excess of dUMP inhibited the cell growth of aminopterin resistant cells
however excess of AdR or of TMP did not.

(V) Consideration and Conclusion

The aminopterin resistant cell was induced by irradiation, though dose dependency being
undecided. Concidering the action of radiation, characteristics of the resistance seemed to imply
repression of a certain enzymic activity as the result of DNA change which otherwise should take part
in repression of the activity. _

Regulatory mechanisms of TMP over-production or of unknown path way of TMP synthesis in-
dependent of folic acid contribution or of folic acid overproduction or of FH 2 reductace,!-)6)12)16)

were to be taken into account. Comparative studies of radiosensitivity were carried out on both
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original and resistant cells. Owing to the similarity of both cells in growing pattern, it was able
to compare the radiosensitivity which should vary with the growing phase of the cell. As the
results, the aminopterin resistant cell was proved to be more radioresistant than the original cells.

From these experiments, it was suggested that the radiosensitivity was closely related to the
quantity of TMP. Considering the folic acid dependent path way of TMP synthesis being in-
hibited by irradiation, TMP should be decreased in original cells and should not be influenced in
resistant cells, another expriments which supported the difference of the two kinds of cell in TMP
synthesis were that excess of AAR or TMP never inhibited the growth of aminopterin resistant cells
contrary to that excess of deoxynucleotides except for dCMP inhibited the growth of original
cells. 1)

Further, the original cells survived well by TMP addition to the medium prior to irradiation,
contrary to the resistant cells being not influenced by TMP addition. My previous experiment!®
which indicated the enhancement of radiation effect by pretreatment with deoxynucleotides above
mentioned also suggested the correlation between radiosensitivity and quantity of TMP. These
evidences had a good reason to lead us to believe that path way from dUMP to TMP was closely

related to the radiosensitivity or was of a possibility to be one of the target.

Summary

The aminopterin resistant cells were induced by radiation exposure in yeast cells.

Assuming that even a slight disturbance of TMP synthesis caused by radiation should be related
to the cell damages, it was expected that a correlation should exist between radiation resistance and
aminopterin resistance. In the present experiments, comparative studies of radiosensitivity were carried
out on both original and resistant cells to evaluate this correlation in yeast cells, and it was proved
that the aminopterin resistant cells were more radioresistant than original cells, and that original
cells became more radioresistant by TMP pretreatment.

In these condition it was shown that though hydroxyurea or excess of dUMP inhibited the cell
growth of aminopterin resistant cells, excess of AdR as well as of TMP never inhibited that.

From these evidences, it was proposed that path way from dUMP to TMP was closely related
to the radiosensitivity.

References

1) Anton, H. and Nichol, C.A.: Some characteristics of A-Methopterinresistant strains of S. Faecalis.
Proceedings of the American. Associ. for Can. Res. 2, 91, 1956,

2) Broquist, H.P. and Kohler, AR.: Studies on the enzymatic formation of citrovorum factor by strepto-
coccus faecalis. Journal of Biological Chemistry. 202, 59-66, 1953.

3) Bertino, T.R., Donohue, D.R., Gabrio, B.W., Silber, R., Alenty, A., Meyer, M. and Hoennekens, F.M.:
Increased level of dihydrofolic reductase in leukocyte of patients treated with amithopterin, Nature 193, 140—
142, 1962.

4) Chargaff, E. and Davidson, J.N.: The Nucleic Acids. Academic press inc. New York and London, 3, 456—
469, 1960.

5) Freifelder, D.: Lethal changes in bacteriophage DNA produced by X-rays. Rad. Res. Suppl. 6, 80-96,
1966.

6) Friedkin, M., Crawford, E., Humphreys, S.R. and Goldin, A.: The association of increased dihydro-
folate reductase with amethopterin resistant in mouse leukemia. Can Res. 22, 600-606, 1962,



524—(44) HAESZRABE S H30% Bek

7)
8)
9)
10)

11)
12)

13

==

14)
15)

16

e

17

—

18

==

19)

20)

. Holnegren, A., Reichard, P. and Thelander, L.: Enzymatic synthesis of DNA. The effects fo ATP and

dATP in the CDP reductase system from E. coli. Proc. Natl. Acad. Scien. 54, 830-836, 1965.

Kim, J.H., Kim, S.H. and Eidinoff, M.L.: Cell viability and nucleic acid metabolism after exposure of
HelLa cells to excess thymidine and deoxyadenosine. Bioch, Parmacology. 14, 1821-1829, 1965.

Krakoff, I.H., Brown, N.C. and Reichard, P.: Inhibition of ribonucleoside diphosphate reductase by
Hydroxyurea. Can. Res, 28, 1559-1565, 1968.

Kraloff, I.H.,, Brown, N.C. and Reichard, P.: Inhibition of ribonucleoside diphosphate reductase by
hydroxyurea. Can. Res. 28, 1559-1565, 1968.

SRET, fb: B HRER T 2 HBmAHofM, BARESHERESME, 26 (1966), 535—547.
Laboro, R., Maley, G.F. and Maley, F.: The effect of methotrexate on enzymes induced following
partial hepatectomy. Can. Res. 29, 366, 1969.

Lambert, W.C. and Studjinski, G.P.: Recovery from prolonged growth induced in HeLa cells by high
concentrations of thymidine. Can. Res. 27, 2364-2369, 1967.

Moore, E.C. and Hurlbert, R.B.: Regulation of mammalian deoxyribonucleotide bicsynthesis by nucleotides
as activators and inhibitors. J. Biol. Chem. 241, 4802-4809, 1966.

23p 42k : DNA B Deoxynucleotide fU#ffils: & st oM RIEMic> T (e Thymidine Rr
Deoxcytidine # s & T 204 OB IC X %), FFER 24K, 29 (1969), 504—517.

Misra, D.K., Humphreys, S.R., Friedkin, M., Goldin, A. and Crawford, E.J.: Increased dihydrofolate
reductase activity as a possible basis of drug resistance in leukemia. Nature. 189, 3942, 1961.

Pfeiffer, S.E. and Tolmach, L.J.: Inhibition of DNA synthesis in HaLa cells by hydroxyurea. Can. Res.
27, 124-129, 1967.

Szybalski, W.: Molecular events resulting in radiation injury repair and sensitization of DNA. Rad. Res.
Suppl. 7, 147-159, 1967.

Yarbro, J.W.: Further studies on the mechanism of action of hydroxyurea. Can. Res. 23, 1082-1087,
1968.

Yong, C.W., Schochetman, G., Hodas, S. and Balis, M.E.: Inhibition of DNA synthesis by hydroxyurea
structure actibity relationships. Can. Res. 27, 535-540, 1967.




