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SUMMARY

1. Study was made to investigate effects of desoxyribonucleates on copper-resistance in veast.

2. It is found that the resistant to copper is a type of mutant, which is under-grown than the
sensitive in multiplication in non-copper-media.

3. In the occurrence of the resistant strain there exists the phenomic lag.

4. Desoxyribonucleate isolated from copper resistant culture is capable of inducing the
resistant strain, which is the same type as donor of the resistant type. It accelerated the
rate of variation to the resistant, but it is of no effect on the resistant strain.

5. Desoxyribonucleate derived from non-resistant type inhibits growth of the resistant strain
and delays the initial phase of growth. However, it is of no effect on the sensitive strain.
It is concluded that desoxyribonucleate derived from resistant culture is capable of inducing

the resistance, however, nonresistant type desoxyribonucleate is of no effect on inducing the

resistance.
INTRODUCTION

Various studies on drug-resistance in microorganisms have been carried out not only a phenomenon of
Pacterial variation but also practical application of antibiotics and bacterial bioassay. On the original
mechanism of resistance, Hinshelwood® indicated that the resistance is a result of adaptation; on the other
hand Luria'® rcported that the resistant strain is a typs of mutant. Subsequently Lea and Coulson!®? and
Ryan reported that the variant is a mutant, which bscams= to be a dominant through selection. Demerecs
found that copper sulphate is a mutagen to microorganism. The phenomena of copper resistance in yeast
had been described by J. Ashida!® and Yanagijima?’ : copper resistance of yeast is a outcome of mutation
and selection, the substance derived from resistant culture is capable of inducing the similar resistance.
The latter opinion was recently supported by Lee et al'®. Recently Avery and McCarty? succeded in
inducing transformation of Pneumococcus type with desoxyribonucleic acid. Hotchkiss® also reported the
transfer of penicillin resistance with desoxyribonucleate. Lederbsrg reported transmissibility of some
unknown inheritable substance in microorganism.

The present study is to investigate the transferability of resistance and its hereditability under the
influence of desoxyribonucleic acid considered as the substance of genic system.

The major interest lies in the attempt to survey the effect of desoxyribonucleate on the occurrence of
the resistance, and heredtiability of desoxyribonucleate in copper resistance of veast, to discuss induced
mutation and adaptive variation.

The authors are grateful to Dr. K. N. Lee for assistance in planning the experiment and to M. K.
Chyung for assistance in performance of experiment.
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METHODS AND MATERIALS

Pure strains of Saccharomyces cerevisiae® and Saccharomyces sake®* which are sensitive to copper were
1solated ‘and cultured. Henneberg's and Malt-Henneberg's media were used in the cultivation. The growth
of yeast was estimated by the counting of cell numbers with Thomahemacytometer.

The extraction of desoxyribonucleic acid from yeast was done according to the method of Chargaff and
Zamenhoff2). Approximately 20 mg. of sodium desoxyribonucleate was obtained as a coarse fibroid
precipitate. The precipitate was tested for and it was found to be desoxyribonucleic acid by diphenylamin
reaction of Dische’s. -

In order to investigate specific activity of desoxyribonucleic acid two types of desoxyribonucleates were
used : one of which was derived from the resistant culture (resistant type desoxyribonucleate) and the other
was a chemical product of Nutritional and Biochemical Co. in U. 8. A (labeled as non-resistant type
desoxyribonucleate.). Each desoxyribonucleate 0.5 zg/cc and 5 pg/ce was added into every group of culture

prior to the treatment.
EXPERIMENTS AND RESULTS

EXPERIMENT I. Occurrence of the resistant and its hereditability

The sensitive strain was transferred into agar medium with copper sulphate. The cbserved results ara as
following: (Table 1)

(1) The inhibitory action of copper against growth of the sensitive was initiated by the concentration of
0.2 millimole(mM), and was completely inhibited by 3 mM.

(2) The gradual increase in concentration of copper "solution (such as 0.1 mM—0.2 mM—0.4 mM—0.6
mM—1 mM~2mM) permitted the growth and formation of its colonies, however, growth was completely
inhibited and was killed thoroughly at 6 mM concentration of copper.

(3) The resistant strain®™* at 1mM concentration of copper menifested the ability of brown pigment
production, and the rate of separation from mother cell in reproduction was slower than that of the sensitive.
Furthermore, the resistant strain was able to grow in higher concentration of copper solution such as 4 mM
and 5 mM. -

Table 1 Ability of colonization of yeast as gradually inoculated in copper-media.

Saccharomyces cerevisiae ‘ Saccharomyces sake
- Strain
Sensitive Res. Var.* RIb(O) Sensitive Res. Var.® RI1b(O)
Conc. R
0. 2mM + + + + + +
0. 4mM + + + + + +
1 mM + + + + + +
4 mM + -+ + + + +
3 mM - + -+ — + -+
4 mM - + + - + +
5 mM — + + - + +
6 mM — — - - + +
7 mM — - - — + +
8 mM — - - - - -
9 mM - - - - - -

* Res. Var. Resistant Variant,

* This was kindly donated by Mr. Seong of O. B., Co.
**+ Thig was kindly donated by Mr. Tae of 5. R. I., M. N. D.
#¥¥ Tt is hereafter called RI(b) strain.
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(4) The RI(b) strain which had been (s

cultured in non-copper medium for six days _OmM (XN~ Capper ) Wedia-
never lost its resistant property and it was e
a - . -
able to grow readily in copper medium L . of Coprer Hatio.

without any inhibitory action. -

(5) Scores of hours were needed for occu- .
rrence of the resistant strain, this phenom- L
enon her'eafter is called phenomic lag or | ./ ,: e - L - T e
a-phase(Fig. 1D.

FM Cone.uf Copper Medias

Fig. 1 Growth curve of yeast in copper-media and non-copper-media.

EXPERIMENT II. Extraction of desoxyribonucleic acid from resistant culture
The method of extraction was that of Chargaff and Zamenhoff’s, in order to protect nature of nucleic
acid from decomposition and denaturalization sodium citrate was added to the condensed wet yeast, then
sodium chloride method and chloroform method were applied. With addition of alcohol 2 coarse fibroid
precipitate of sodium desoxyribonucleate was obtained, and it weighed about 20 mg. in dehydrated form.
It was found to be the nucleic acid of desoxyribose type through diphenylamin reaction of Dische’s.

EXPERIMENT III. Effects of desoxyribonucleates on the sensitive which is in

the process of resistant induction in copper-media

Desoxyribonucleate(non-resistant type) was added to C: and Cz groups of sensitive culture which is in

& the process of resistant induction. It was
P found that occurrence of the resistant was
p—— ..cgn.trol.

2 inhibited and there were considerable pheno-
mic lag, that is, a-phase. These phenomena
resembled to those of the control.

When resistant-type desoxyribonucleate was
added to Ei and E: groups vigorous growth
has been observed, and the progeny was
found to be the similar resistant type(Fig. 2).

- + % e The groups of control is exclusive of any
Fig. 2 Effects of desoxyribonucleates on resistance desoxyribonucleate, E1 and Ez groups are
(Behaviour of the sensitive strain in copper-media) treated with resistant type desoxyribonucleate,

and Ci and Cz groups are treated with non-resistant type desoxyribonucleate.

EXPERIMENT IV. Effects of desoxyribonucleates

on the resistant strain in copper-media Log. s

A fraction of 0.5 g and 5 pg of desoxyribo- f
nucleate(nonresistant type) was added to Ci and
Ca groups, and to E1 and Ee groups 0.5 g#g and
5 pg of resistant type desoxyribonucleate was
added. Then the behaviour of the resistant
strain under influence of desoxyribonucleate was

=21 (hours)

20 £ & 33 37 7o

observed. Similar to the control in E; and E: i

groups it was found that the resistant strain Fig. 3 Effects of desoxyribonucleates on the

grew normally, however, in C: and C: the sensitive strain in copper-media.
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growth were considerably inhibited(Fig. 3).
EXPERIMENT V. Effects of desoxyribonucleates on the resistant strain in mon-copper-media

0.5 ug and 5 g of desoxyribonucleate(non-resistant type) was added to groups of Ciand Co. 0.5 ug
and 5 pg of resistant type desoxyribonucleate was added to group Ei1 and Ee. The control was excluded
from any nucleic acid.

It was observed that non-resistant type desoxyribonucleate inhibited growth of the resistant strain in Ci
and Cz groups. The amounts of growth

in each of Ci and Cz were found to be . y’p
op . )
two and a half times more than those - »
of E1 and Ez respectively. The pattern i ;-“ —
of growth in the control group was P Gantred

similar to C: and Cz groups, but the
amount of growth differed. The yield

of the control was considerably, about |

one half times, less than C: and C C1Ca (mun-resistant Zypn DAA wit sdded )

groups. o . . . . .
. " a0 30 A0 &0 0 7o B2  honurs)
In group of Ei and Ez, the resistant —1
grew regularly under influence of resis- Fig. 4 Growth of the resistant strain in non-copper-media

tant type desoxyribonucleate except for under influence of desoxyribonucleates.

a slight delay of initial stationary phase(Fig. 4).

DISCUSSION AND CONCLUSION

The results from Experiment 1. indicate that the variant strain which is resistant to copper is a type
of mutant for its phenotvpes are specific and different from those of the sensitive strain and never lose
jts resistant characteristics, these findings support those previously reported by Demerec(1953), Ashida
(1955) and Lee(1956).

The results from Experiment 2. is significant in that the delay of initial stationary phase of growth in
C1, Cz and control groups is a type of phenomic lag for resistance(Demerec). The growth curves of Ci
and Ce were compared with those of E1 and Ez and analysed mathematically.

Differential equation for bacterial growth is

L —Ky(L—y) and

¥ : Cell numbers at a certain time
K ; A proportional constant

- L
1+e—r{i—a)

L ; Cell numbers at saturated stationary phase

¥ (%)t:ax%—

From above equations the “first order different equation” is derived,

e=rh

yE+E) +ary(D) —a2=0
If yeast continued to multiply at normal condition then values such as 1/y({+7%) and 1/(5) would
Jocate on a straight line in discriminative different diagram of two dimensional reciprocals(Diagram 1).
The results of the present investigation were analysed and the non-resistant type desoxyribonucleate
has no effect on inducing resistance in Ci and Cz groups, for Ci and Cz pass through phenomic lag. It
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seems thet the resistant type desoxyribonucleate affects positively on the sensitive strain and induces the
sensitive to the resistant, consequently there 1 1
is no phenomic lag. pACTD)

These phenomena are considered as specific
activities, that is, the specific type of deso-

e

. . . % £4,Cs
xyribonucleate participates solely in the same
specific type of metabolic pool of desoxyrib- £.f2 Controt
onucleic acid, therefore menifests the same
. Ca . . / 1 Kyead
specific physiclogical phenotype. This sugges- Y 1
tion was made by Hotchkiss and Avery in Diagram 1

their studies of transformation. In the results

from Ci and Cp groups indicate that the non-resistant type desoxyribonucleate may not participates in
the metabolic pool which is operated by the resistant type nucleic acid. Therefore the non-resistant type
desoxyribonucleate was of no effect on activation of resistance.

Regard to the results of group Ci and Cz in experiment 4. it is suggested that the non-resistant type
desoxyribonucleate is able to participate in the metabolic pool of nucleic acid and, therefore, would
change the resistant type metabolism to non-resistant type or induce to backmutation such as from the
resistant to the sensitive since phenomic lags exist in Ci1 and Cz. However, it may be reasonable to
consider that the non-resistant type desoxyribonucleate may inhibites growth of the resistant strain in
copper-media. In group E1 and Ez2 the results indicate that the resistant type desoxyribonucleate has no
effect on the resistant type strain.

In Experiment 5. it is indicated that the non-resistant type desoxyribonucleate participates in metabolic
pocl of the resistant type nucleic acid and may causes the disorder of the metabolic pool, or may induces
the mutation. However, the growth activity of the non-resistant type desoxyribonucleate seems to be
great. In general growth of the strain in Ci and Cz is accelerated by the non-resistant type desoxyribo-
nucleate greately in non-copper-media but the resistant type desoxyribonucleate doesn’t affect on growth.

The question whether non-resistant type desoxyribonucleate acts as a accelerating agent for growth of
the resistant strain or as a mutagenic agent which may produce a type of mutant of a well growing type
is to be answered.

In general, through this study, it is established that characteristics of desoxyribonucleate is specific to
metabolism, and resistance is a result of either transformation or transduction as pointed out by Avery,
Hotchkiss and Lederberg.
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