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Introduction

The present author has already demonstrated that Drosophila melanogaster
Oregon RS strain, whose parents were cultured in PEARL’s medium containing 0.5mM
of CuSO, during their larval stage, shows markedly resistance to the test medium
containing 4 mM of CuSOs, which is known to be 50% emergence dose (EDs)
(YanacisHIMA and Suzukr 1959 a). The copper resistant strain mentioned above
was called the Cu-strain by the author. The author has also reported that the Cu-
strain differs from the control one not only in copper resistance but also in longevity,
photokinetic activity and metabolic pattern (Yanacisaima 1961 a). The cu-strain
also shows cross resistance or collateral sensitivity to other bivalent metallic salts
than copper (YanacisuiMa 1961 b). Furthermore, it is worth pointing out that the
copper resistance of the Cu-strain can be transmitted through sexual reproduction
and degree of resistance neither increases nor decreases, at least phenomenally,
during culture on the normal culture medium or on the medium containing 0.5 mM
of CuSO, for successive generations (YanNacisaiMA 1961 c).

In order to throw some light on mechanisms by which the Cu-strain can acquire a
resistance to copper, the present experiments described in this paper were performed.
It is important to know whether the acquisition of resistance under conditions where
no selection is considered is observable only with copper and whether acquired
resistance is specific to a given agent if resistance can be acquired with some other
agents than copper. If a resistance induced by a given agent is specific to it, some
specific changes of mechanisms must be considered. The agents used in this
experiment were such bivalent metallic salts as CuSOs, MnSOj, CoSO,, NiSQ,, ZnSO,
and CdSO;, some of which had been known to be mutagenic in gene and cytoplasmic
mutations (LAw 1938, MAGRAZHIKOVSKAYA 1938, YanacisHIMA 1956, LiNDEGREN et al.



1958, NAKAMURA 1960).

Before going further, the author wishes to express her hearty thanks to Prof.
D. Mrvapr, Prof. S. Mor: and Prof. R. Yosu for their constant helps and encour-
agements shown while this work was carried on. She also wishes to acknowledge
her indebtedness to Prof. J. Asuma and Asst. Prof. M. Kinara for their supporting
of her work.

Experiments

1. Resistant Strains Induced by Various Kinds of Bivalent Metallic Salts

Whether resistance to a given metallic salt might increase, when flies were
cultured in a medium containing sublethal dose of a metallic salt, was tested, using
the same method as in the case of CuSO, (Y anacisaiMA and Suzukr 1959 a, Y ANAGISHIMA
1961 a). Care was taken specially to avoid affects of selection during the training
in media containing metallic salts. The training was made in the larval stage and
the acquired resistance was tested in a culture medium containing EDs of each
metallic salt. All experiments were performed at 25°+£0.1°C.

a. Preliminary experiments

CuS0:, MnSQs, CoSO,, NiSO;, ZnSO, and CdSO, were used as metallic salts.
As the first step of the experiment, concentrations of metallic salts to be added to
the media for the training were determined. The emergence-dose curve was made
for each metallic salt and a concentration at which no difference in emergence rate
was observed between the media with and without metallic salt supplement was
determined, and the training of larvae was performed at this concentration. This
concentration was called sublethal dose. The sublethal dose of each salt was : for
MnSQ;, 2.5mM ; CoSO,, 0.10 mM ; NiSO,, 0.75mM ; ZnSOy, 4.0mM and CdSO;,
0.007 mM. The medium used in the emergence test contained 50% emergence dose
(EDs) of each metallic salt. EDso of each metallic salt was : for CuSOy, 4 mM ;
MnSOs, 15 mM ; CoS0s, 0.5 mM ; NiSOs, 5 mM ; ZnS0s, 20 mM and CdSO,, 0. 07 mM.

The flies used were originated from the same strain of Drosophila melanogaster
Oregon RS as used previously by the author. The basic culture medium was PEARL’s
synthetic medium. Other experimental methods were fundamentally same as those

used previously.
b.  Larval resistance lo various kinds of bivalent metallic salts (the emergence test)

First instar larvae of the normal strain stocked in PEARL’s synthetic medium
were transferred to culture media supplemented with sublethal doses of metallic
salts, 20 individuals for a culture bottle. Larvae hatched from the eggs laid by the



Table

1. Emergence rates of the variant strains in the media containing ED; of various kinds of metallic salts (Emergence test). Figures in parentheses show numbers of bottles.
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adult flies which had grown in the culture media mentioned above, were transferred
to the media for the emergence test. The larvae whose parents had spent their
larval stages in the media supplemented with metallic salts were called Mn-, Co-,
Ni-, Zn- and Cd-strains respectively, according to the metallic salts with which
their parents had been trained. Numbers of culture bottles and those of larvae
used in the tests are shown in Table 1. Emergence and pupation rates in the test
media containing EDs, of metallic salts were measured.

The experimental results and those of statistical examinations of them are shown
in Tables 1~3.

In the normal medium, emergence rate of each strain did not differ from that
of the control strain (Cu-strain, 0.20>>a>>0.10; Mn-strain, 0.10>a>0.05; Co-
strain, 0.20>a>>0.10 ; Ni-strain, 0.50>a>0.30 ; Zn-strain, 0.70>a4>0.50 ; Cd-
strain, 0.50>a>0. 30. ‘

The Mn-strain had higher emergence rates in both MnSO; and CoSO; test media
than the control strain and lower one in NiSO, test medium, but there was seen
no more difference in the emergence rates among other test media than those between
the Mn-strain and the control strain. The Co-strain showed a higher emergence
rate only in CoSO; test medium and lower ones in MnSQs and CdSO, test media,
when compared with the control strain. Emergence rates of the Ni-strain were
higher than those of the control strain in CuSOi, MnSOi, CoSO; and NiSO, test
media, but the result was reversal in CdSO, test medium. In the case of the Zn-
strain, the emergence rate was higher in CoSQ,, NiSO, test media and lower in
CdSO0;, test medium, as compared. with the control strain. The Cd-strain showed
a higher emergence rate in all test media.

The above-mentioned results will be summarized as follows :

1) The Mn-, Co-, Ni- and Cd-strains showed markedly higher resistance in each
test medium containing the same metallic salts as used in the training, but on the
contrary, the Zn-strain did not show resistance to ZnSO, test medium.

2) The Mn-strain had cross resistance to CoSO, test medium and collateral
sensitivity to NiSO, test medium.

3) The Co-strain showed collateral sensitivity to both MnSOQ. and CdSO: media.

4) The Ni-strain exhibited cross resistance to all test media, except CdSO; medium
to which it showed collateral sensitivity.

5) The Zn-strain had cross resistance to CoSO; and NiSQ. test media and collateral
sensitivity to CdSO, test medium.

6) The Cd-strain exhibited markedly cross resistance to all test media.

7) The Cu-strain showed cross resistance to ZnSO, test medium and collateral
sensitivity to CoSO; test medium.



Table 2.

Examinations of differences in emergence

* significant

Between
strains Control CuSO, MnSO,
Control : Cu 0. 20> a« =>0. 10 0.05 > a>>0. 02% 0.70 = a>-0.50
: Mn 0.10> a>0.05 0.90 > a>0.80 0.001> a*
: Co 0. 20> a>0.10 0.10 >« >0.05 0.001>>a*
: Ni : 0. 50> a >-0. 30 0.001>a* 0.01 > a>0. 001%
:Zn | 0. 70> a >>0. 50 0.50 > «>0. 30 0.70 > a>0.50
: Cd ‘ 0. 50> a =>0. 30 0.05 > a>>0. 02* 0.001>a*
Cu : Mn 0. 90> a=0. 80 0.05 = a>0. 02* 0.001> a*
: Co 0. 20> a =>0. 10 0.95 >« >>0.90 0.001> a*
: Ni 0. 70> a=>0. 50 0.20 > a>0.10 0.05 > a=>0.02%
:Zn a>>0.99 0.01 >a* 0.20 >a/0 10
: Cd 0. 50> a =>0. 30 0.90 > a>0.80 0.001>a*
Mn : Co 0. 90> a =>0. 80 0.05 = a>0.02* 0.001>a *
: Ni 0. 70> a =>0. 50 0.001> a* 0.10 >a>0.05
:Zn = 0.20 > «a>0.10 0.01 = «>0.001*
: Cd 0. 70> a =>0. 50 0.05 => a=>0. 02* 0.90 > «>>0.80
Co :Ni 0. 98> a >0. 95 0.10 > «>>0.05 0.001>a*
:Zn 0. 90> a >-0. 80 0.001> a® 0.001> a®
1 Cd 0. 70> a =>0. 50 0.70 > a>0.50 0.001> a*
Ni :Zn 0. 70> a =-0. 50 0.001> a* 0.50 > a>0.30
: Cd a=>0.99 0.50 =>a>0.30 0.05 = a>>0. 02%
Za :Cd 0. 70> a =>0. 50 0.01 = a>0. 001* 0.01 = a=>0.001%
* significant o o » A
Table 3. Examinations of differences in emergence
Between media Control Cu Mn
Control : CuSOy 0 001/- a* 0.001> a* 0.001>>a*
: MnSO, 0.001>a* 0.001<a® 0.001> a*
: CoS0, 0.001> a ¥ 0.001>a* 0.001>a*
: NiSO, 0.001>> a * 0.001>>a* 0.001>a¥®
1 ZnSO, 0.001>a® 0.001>a* 0. 001> a*
: CdSO, 0.001>a¥ 0.001>a* 0.001>a*
CuSO, : MnSO, 0.10 > a>0.05 0.02 > a>0.01* 0.001>a*
: CoS0y 0.20 > a>0.10 0.05 > a>0. 02* 0.001>a*
: NiSO, 0.05 > o =>0. 02% 0.02 > a>>0.01* 0.001>a*
: ZnSO, 0.20 > «>0.10 0.80 > a>0 70 0.001>a*
: CdSO, 0.80 = a=>0.70 0.001>a* 0.20 > a>0.10
MnSO, : CoSO, 0.05 = a=0.02* 0.50 = a>0.30 0.01 > a>0.001*
: NiSO, 0.20 > a>0.10 0.98 > a>>0.95 0.001>a*
: ZnS0O, 0.50 > a>0.30 0.02 > a>0.01* 0.001>a*
: CdSOq 0.70 = a=>0.50 0.05 > a>0.02* 0.001>a*
CoSO : NiSOq 0.001>> a® 0.70 > a>>0.50 0.001>a*
1 ZnSO, 0.001> a* 0.01 >a /0 001% 0.001>a*
1 CdSOy 0.01 =« =0. 001* 0.20 = «>0.10 0.01 > a>0.001*
NiSO, :ZnS0, 0.70 = a>-0.50 0.05 >« /0 02% 0.01 > a>0.001%
: CdSO4 0.50 > a>-0.30 0.05 > a>0.02% 0.001>a*
ZnSO4 : CdSO, 0.80 > a>0.70 0.001>> a* 0.05 > a=>0.02%



rates among strains shown in Table 1 (y2-test).

Medium

CoS0, NiSO, ZnS0, CdSso,
0.05 > a>>0.02% 0.10 >« >0.05 0.001> o * 0.30 > a>0.20
0.001>> o *® 0.02 > a>0.01% 0.20 > «>0.10 0.90 > a>0.80
0.001>a* 0.30 > a>0.20 0.90 > «>0. 80 0.001>a *
0.001> a* 0.001>> a® 0.70 > «>>0.50 0.02 > a>0.01*
0.001>>a* 0.05 > a>>0.02% 0.50 > a>>0.30 0.001>a*
0.001> o * 0.01 = a>0.001% 0.01 > a>>0. 001% 0.001> e *
0.001>n* 0.001> a* 0. 001> o * 0.50 > a>0.30
0.001 > n* 0.001>* 0.001 > * 0.001>a*
0.001> o * 0.01 > a>-0. 001% 0.05 > a>0. 02% 0.20 > a>>0.10
0.001>a * 0.70 = a>0.50 0.01 > a>0.001* 0.001>a*
0.001>a* 0.30 > a>0.20 0.30 >a>0.20 0.001>a*
0.10 > a>0.05 0.10 > a>=-0.05 0.50 = a>+0.30 0.001> o ¥®
0.95 > a>0.90 0.001> ¥ 0.01 > a=0.001* 0.0 1> a>0.001*
0.98 > a>0.95 0.001>a* 0.01 > a>0.001% 0. 001> o *
0.10 > a>0.05 0.001>a* 0.001> ¥ 0.001>a*
0.20 >a>0.10 0.001>a* 0.05 = a>0.02* 0.001> a*
0.30 > a>0.20 0. 001> ac 0.10 = a>0.05 0. 001> a *
0.01 > a>>0. 001* 0.001>a* 0.001>a* 0.001>> o *
0.70 = a>0.50 0.01 > a>0.001% 0.50 = «>>0. 30 0.05 = a>0. 02%
0.001> a * 0.10 > a>0.05 0.30 == a>0.20 0.001 > n*
0.05 > a>0. 02% 0.50 => a=>0.30 0.10 > a>0.05 0. 001>« *

rates among media shown in Table 1 (y2-test).

Strain

Co Ni Zn Cd
0.001> ¥ 0.001>>n* 0.001> v * 0.001> e *
0.001>> e * 0.001> a ¥ 0.001> « * 0.001> n *
0.001>a* 0.001> o * 0.001> ® 0.001> a*
0.001>> n * 0. 001> * 0.001> a * 0.001>a*
0.001> a* 0. 001> a ¥ 0.001> n* 0. 001> a*
0.001>a* 0.001>a* 0.001>> ¥ 0.001> a *
0.001> a® 0.20 > a>0.10 0.02 > a>0.01* 0.20 > a>0.10
0.001> a* 0.001> a* 0.001>a* 0.001> ¥
0.001>«* 0.80 > a>0.70 0.20 > a>=0.10 0.50 > a>=>0.30
0.001>a* 0.001> a*® 0.90 > a>=>0.80 0.30 > a>0.20
0.001>a* 0.001> o * 0.001>a* 0.001> o *
0. 001> o * 0.001=> a* 0.001> a* 0.001=>a*
0. 001> a* 0.20 >a>0.10 0.50 > a>0.30 0.01 > a>0.001%
0. 001> a* 0.05 = a>0.02% 0.05 > a>0. 02% 0.01 > a>0.001%
0.001>a* 0.001>>a* 0.001>a* 0.01 > «>0.001%
0.001>a® 0.001> a* 0.001> « * 0.001>a*
0.001>=>a* 0. 001>« * 0.001>a* 0.001>a*
0.001>a* 0.001>a* 0.001>a* 0.70 = a>>0.50
0.10 > a>0.05 0.001>a* 0.20 >a>0.10 0.90 > a>0.80
0.001>«a* 0.001> a* 0.001> a® 0.001> ¥

0.001>a* 0.001>a*

0.001>a*

0.001 > a*




In the next place, the resistance of each strain in each test medium will be
described comparatively. ' ' ' ‘
1) In CuSO; test medium
Strains more resistant than the control were the Cu-, Ni— and Cd-strains. The
other strains did not differ from the control strain.
2) In MnSOs test medium
Strains more resistant than the control strain were the Mn-, Ni- and Cd-strains.
The Co-strain was less resistant than the control strain.
3) In CoSO, test medium
All the strains tested except the Cu-strain which showed lower resistance
exhibited higher resistance than the control strain.
4) In NiSO, test medium
Strains more resistant than the control strain were the Ni-, Zn- and Cd-strains.
Only the Mn-strain was less resistant than the control strain.
5) In ZnSO. test medium
Strains more resistant than the control strain were the Cu- and Cd-strains.
6) In CdSO. test medium
Only the Cd-strain was more resistant than the control. The Co-, Ni- and

7Zn--strains were less resistant than the control.

Table 4. Developmental rates of each strain on the media containing various

Strain | Cu-strain | Mn-strain | . Co-strain
\ Average periods Tt T T T
. from hatching! Pupa- Emer- ‘ Pupa- Emer- Pupa- Emer-
. to tion gence ! tion gence tion gence
B (days) (days) (days) (days) (days) (days)
Test mﬁm* o ,‘ R P,
CuSO, 1 7.20 12.16 8.38 12.11 8. 00 11. 26
s.d | €0.73) 0. 42) (1.4D (2.06) (1.34) 0. 61)
MnSO 5.37 8.22 | 4. 84 8. 41 8.35 11. 80
s.d | (0.6 (0. 56) (0.53) 0.83) | .40 (1.00
CoSO, | ee7 1437 7.36 142 9.05  12.86
s.d | (0.9 (1.85) \‘ (0. 85) 1.22) 0. 95) (.27
NiSO, i 4.87 9.01 | 5.33 9.43 ! 6.95 10. 38
s.d % (0. 55) (0.13) (0. 86) 0.55) | (0.83) €0.67)
ZnS0, ‘ 7.63 11.83 ! 7.67 11.98 10. 82 15. 40
s.d (1.1 2400 | 6D .34 . (2.3 (1.78)
CdSO, ‘ 9.21 13.37 6.92 10.93 | 1414 17. 00

s.d | (0.8 0.78 (0.72) (0.3 L (2.03) .24




c. Developmental rate

The developmental rate of each strain on media supplemented with metallic
salts was investigated in order to see one aspect of change in resistance. The same
method as used previously by the present author (1959 a,b) was used. The results
are shown in Table 4 and Figs. 1~2 and its statistical examinations are shown in
Tables 5 and 6.

From the results shown in Tables 4~6 and Figs. 1~2, we can see the following
things.

1) In MnSO; test medium

The Mn-strain (4. 84 days) was significantly shorter in the length of the larval
period than the control strain (5.33 days) but there was no significant difference
in the length of the period up to emergence between the two (Mn-strain, 8.41 days ;
control strain, 8.18 days). .

2) In CoSO, test medium

The Co-strain was significantly shorter in the lengths of the larval periods
(control strain 9.81 days ; Co-strain, 9.05 days) and the period up to emergence
(control strain, 13.97 days ; Co-strain, 12.86 days) than the control.

3) In NiSQ; test medium
There was no difference in the length of the larval period between the control

kinds of metallic salts. Figures in parentheses show standard deviations (s.d).

Ni-strain j Zn-strain Cd-strain Control
Pupa- Emer- Pupa- Emer- Pupa- Emer- Pupa- Emer-
tion gence tion gence tion gence tion gence
(days) (days) (days) (days) (days) (days) .,  (days) (days)
6. 26 10. 58 ‘ 7.16 11.16 7.64 12. 38 8.19 13.33
(1.26) (0. 89 (1.25) (1.42) P (2.5 (0.9 (0.63) (3.04)
5.61 8.00 5.71 9.03 5.83 9.15 5.33 8.18
(2.16) (0. 24) o (0.46) (0. 00D (1.13) (0.42) (0.54) (0. 48)
7.34 10.17 8.97 11. 67 9.51 14. 58 9.81 13.97
.70 (1.63) (1.49) (1.90) 1 (1.3 (1.12) 1.12) (1.52)
5. 84 8.45 6.77 10. 58 5.92 9.29 5.55 9.09
(1.8D) 0.75) (0. 86) 0.61) (0. 83> (0. 24) . (0.68) (0. 68)
6. 60 10. 33 7.88 10. 83 ! 8.90 12.33 7.40 10. 45
(1.65) (1. 300 .27 (1.43) (1.59) (1.32) (0.99 (1.51)
7.76 11.35 7.81 11. 60 8.60 12.26 9.54 14.78

(0.92) (0.93> (0. 81> 1.03) (1.18) 1.04) €0.97 (1.05)




strain (5.55 days) and the Ni-strain (5.84 days), but the Ni-strain (8.45 days) was
significantly shorther in the length of the period up to emergence than the control
(9.09 days).

4) In ZnSO; test medium

The Zn-strain was significantly longer in the length of the larval period than
the control strain (Zn-strain, 7.88 days ; control strain, 7.40 days). No difference
was found in the length of the period up to emergence between the two (Zn-strain,
10. 83 days ; control strain, 10.45 days).

5) In CdSO, test medium

The Cd-strain was significantly faster in the developmental rate than the control
strain (larval period : Cd-strain, 8,60 days ; control strain, 9.54 days ; period up
to emergence : Cd-strain, 12.26 days ; control strain, 14.78 days).

The above-mentioned results will be summarized as follows :

When the normal flies were cultured in media containing sublethal doses of
CuS0;, CoS0: and CdSOs respectively during the larval stage, the flies of the next
generation developed faster than the normal control flies. A shortening in the
length of the larval stage was remarkable with the Mn-strain in MnSO. test medium
and a shortening in the period up to emergence was observed with the Ni-strain in
NiSO, test medium. On the contrary, in the case of the Zn-strain, the larval stage
became longer than the normal strain in ZnSO, test medium. It is interesting that
the Zn-strain which showed less resistance to ZnSO. than the control, when
comparison was made with emergence rate, developed slower than the control in
ZnS0O, test medium.

Next, the comparisons of developmental rates of each strain in a given medium
were made statistically from the results described in Tables 4~6. Main results
obtained are as follows.

1) In CuSO; test medium

The strains which did not differ in developmental rate from the control were
the Mn- and Co-strains. The Cu-, Ni- and Zn-strains were faster than the control,
but the Cd-strain showed shorter larval period than the control, while it did not
differ from the control in the period up to emergence.

2) In MnSO, test medium

It must be noticeable that only the Mn-strain was shorter in the larval period
than the control strain, while all the strains tested except the Cu-strain which did
not differ from the control strain showed longer larval period than the control. As
for the period up to emergence, the Cu- and Mn- strains did not differ significantly
from the control strain, the Ni-strain was shorter and the Co-, Zn- and Cd-strains
were longer than the control strain significantly.



Table 5. Examinations of differences in developmental rates in each medium among strains (t-test).

Examinations of -
a ations o Medium

et ences amang | CuSO, MnSO, CoSO, NiSO, ZnS0, Cdso,
o _ hatching to |~ B - T T T e S T - ’ oo T T ’ T
Pupation Emergence Pupation Emergence ‘ Pupation Emergence Pupation Emergence Pupation Emergence i Pupation Emergence
Between strains , o , - : o L , , L] O (S
Control : Cu C0.001> a* 0.001>> a * . 0.40 > a>0.30 0.60 > a=>0.50 0.30 = a>=0.20 0.10 > a>0.05 F0.001 = a* 0.001> a* 0.10 >> «>0. 05 0.001> a* 0.01 > a>0.001* 0.001>a*
: Mn 0.20 > a>>0.10 0.30 >>a>0.20 | 0.02 = a>=0.01% 0.40 = a>0.30 10001 a* 0.001> o * 0.10 = a>>0.05 0.001> a® ‘ 0.20 >a>0.10 0.001> «* | 0.001> a* 0.001>>a*
: Ce 0.40 > a>0.30 0.30 >> a>0.20 C0.001> a¥* 0.001 > * . 0.001 0 o ® 0.001> a®* 0.001>> a® 0.001>>a® 0.001> w * 0.001>a* ‘ 0.001>a* 0.001>a*
: Ni 0.001> a* 0.001>a* 0.001> a® 0.001>a* 0 0.001>> o ® 0.001> ¥ 0.20 > «>+0.10 0.001> a* C0.001>a* 0.001> o * | 0.001>a* 0.001>>a*
:Zn 0. 001> ¥ 0.05 = a>=0.02% :0.001> a¥* 0.001 > a* 0.001> a* 0.001>a* 0. 001> 0.001>a* ‘ 0.0l > a>>0.001* a=>0.90 0. 001> * 0.001> a*
:Cd C0.001> e ¥* 0.20 > a+0.10 i 0.001> a* 0.001>* 0.05 = a>=0. 02% 0.001>«* 0.001> a* 0.001> ¥ ‘ 0.01 >=> a>0.001 0.001> ¥ ' 0.001"> a* 0.001>  *
Cu :Mn L 0,001 a* 0.80 > a>0.70 i 0.001>a® 0.05 = a>>0. 02% 0.001> a* 0.001> * 0,001 a* 0.001>a ¥ | 0.90 > a>0.80 0.60 = a>0.50 - 0.001> a * 0.001>> «c *
: Co C0.001> e ¥® 0.001>a* £ 0.001>a* 0.001 > a* 0.001> a* 0.001>a* 0.001>a* 0.001>a* ‘ 0.001>a* 0.001>a* 0.001 > a* 0.001> a*
¢ Ni 0.001>n* 0.001>> ac * : 0.01 >>a>0.001* 0.001>a* 0.001> a* 0.001>a* 0.001>a* 0.001>a* J 0.001>a* 0.001>a* 0.001>a* 0.001> ¥
1 Zn 0.80 > a>0.70 0.001> ¥ 0.001> a* 0.001>a* 0.001> a* 0.001>>a® - 0.001> a* 0.001> o * ; 0.20 > a>0.10 0.001> o * 10.30 > a>0.20 0.001>a*
: Cd 0.001> a ® 0. 001> a* 0,001 a* 0.001>a ¥ 0.001>a* 0.001> ¥ 0.70 = a=>0.60 0.001>n * i 0.001>a* 0.02 >a>0.01* | 0.001>a* 0.001> a'*
Mn :Co . 0.20 >a>0.10 0.01 = a>0.001* - 0.001>«* 0.001>> o ® 0. 001> ® 0.001>a* ; 0.001> a* 0.001>a* 0. 001> a ¥ 0.001>a* | 0.001> a* 0.001> a ¥
: Ni - 0.40 = a>0.30 0.001> a* 0.001> a* 0.001>a® ; a=>0. 90 0.001> o * , 0.05 > a>0. 02% 0.001>>a ¥ 0.001>a* 0.001>a* [ 0.001>a¥® 0.001>a®
:Zn 70,0017 a* 0.20 > a>0.10 0.001> ¥ 0.001> a® . 0.001> a* 0.30 > a>0.20 1 0.001> ¥ 0.001>> a* 0.30 > a=>0.20 0.001> ¥ | 0.50 = «>0.30 0.001>a*
: Cd 10.001> o 0.30 > a>0.20 0.001>a* 0.001>a* ; 0.001> a* 0.001>a* 0.001>n* 0.05 => a>>0.02% 0.001>a* 0.20 >a>0.10 | 0.001>a* 0.001>a*
Co :Ni  0.00>a* 0.001= a * 0,001 a* 0.001= o * 0.001=> o * 0.001=> o * | 0.001> a * 0.001> o * 0.001=>a* 0.001=> o * ‘ 0.001>> ar* 0. 001> ar
1 Zn 0.001>a* 0.05 >a>0.02% . 0.001>a* 0.001> a* 0.70 = «>>0.60 0.001>a* £0.20 >a>0.10 0.10 > a>0.05 0.001>a* 0.001>a* £ 0.001>a* 0.001>a *
: Cd 0.10 > a>0.05 0.001>a * 0.001>a* 0.001> ¥ 0.01 > «>>0.001* 0.001>a* 0.001> * 0. 001> a* 0.001>a* 0.001> a* 0. 001> a* 0.001>a*
Ni :Zn 0.001> a* 0.001> a* 0.20 > a>0.10 0.001>n * 0.001>> a* 0.001>a¥ 0.001>a * 0.001> a* 0,001 0.05 > a=0.02%  0.70 = a>>0.60 0.20 > a>-0.10
: Cd . 0.001- a* 0.001> o * ‘ 0.10 > a>0.05 0.001>a® 0.001>> a * 0.001> a * 0.80 =>a=>0.70 0.001> a* 0.001> a* 0.40 > «>-0.30 ‘ 0. 001> «c * 0.001>a *
0. 1 0.001>a* 0.001>a* 0. 001> a® 0.001> a* ‘ 0. 001> * 0.001>a*

Zn :Cd ; 0.02 = a>0.01* 0.001> « * 0.001>> a ® 0.001> ¥ 0. 001> a* 0.001> o *

* significant



Table 6. Examinations of differences in developmental rates of each strain among media (t-test).

Examinations of

differences among

average periods from

hatching to

Between media — -
Control : CuSO,
: MnSO,
: CoSO,
: NiSO,
: ZnSO,
: CdSO,

: MnSO,
: CoSO,
: NiSO,
1 ZnSO,
: CdSO,

: CoSO,
: NiSO,
1 ZnSOy
1 CdSO,
: NiSQ,
: ZnSO,
: CdSO,

: ZnSO,
: CdSO,

CuS0,

MnSO,

CoS0,

* Sigﬁiﬁcant 7

i

Control

Pupation Emergence
001> ¥® 0.001> a*
L 001> a* 0.001>a¥*
. 001> a* 0.00I>a*
. 001> a ¥ 0.001>a*
. 001> a * 0.001>a*
. 001> a* 0.001>a*
001> a® 0.001>a*
. 001> * 0. 001> a*
001> a® 0.001>>a*
L 001> a* 0.001> *
001> ¥ 0.001> o *
001> e ¥ 0.001>a*
.01 > «>>0.001% 0.001> ¥
. 001> ¥ 0.001>a¥*
. 001> ¥ 0. 001> a*
. 001> ¥ 0.001> « *
001> * 0.001>a*
.05 = a 0. 02% 0.001> ¥
001> o ® 0.001>a*
001> * 0.001>a*

. 001> ¥

0.001>a®

Pupation

0.001> a *
0.001> a*

0.00l>a*
0.001> o *
0.001>a *
0.001>a*
0.001>a*

0. 001> a*
0.001> a'*
0.001>a*
0.001>a®
0.001>a*
0.001>w *
0.001> a *

0.001> a*
0.001>n*

i 0.001>a*

Cu

Emergence ‘

0.001>a*
0.001>a*
0.001>>a*
0. 001>
0. 001>
0.001>>

0.001>-a*
0. 001> «
0.001> a*
0.02 > a>>0.01%
0.001> o *

*

*

2R 2 R R

*

*

0.001> a *
0.001>a*
0. 001>
0.001> a*

n*

0.001>n*
0.001> c *
0.001> o

0. 001> *
0.001>> a®

0.001>a*

0.
0.
0.
0.
0.

0.

0.
0.
)

0.
“0.
0.
0.
0.

o,

Strain

Mn Co
Pupation Emergence Pupation Emergence !
|
|
001>« * 0.001>> c* ©0.01 = a>0.001* 0.001>a*
001> o * 0.01 => w>=0.001*  0.001>a* 0.001> o ¥
001> o * 0.001> «w* 0. 001> * 0.001>a*
01 > a>0.001* 0.70 > «>0.60 0.001>n* 0.001> *
001> a® 0.001>  * S 0.001> a* 0.001>a* ‘
001>t * 0. 001> * 10.001> a* 0. 001> a* |
001> a* 0.001>a* 1 0.001> a* 0.001>> a *
001> * 0.001> « ‘ 0.001> a ¥ 0.001 > a®
001> * 0.001> a* ,0.001>a* 0.00L>>  *
001> a* 0.001= a* 001> a* 0. 001 e *
10 > a>-0.05 0.01 = «>>0.001% | 0.001> o * 0. 001> e ®
001> a* 0.001> a* " 0.001> a* 0. 001 o ¥
001> o ® 0.001>a* 2 0.001> a* 0.001> a®
001> a* 0.001>> a*® 1 0.001=> o * 0. 001> a *
\
0.01 = a>>0.001% |

001> o

(=
| @
=)
i
Y,
N
*

0.001> a *

Pupation

0.001> « *
0. 001> a *
0.10 = «>>0. 05
0.20 >>a>0.10
0.001> v *

0. 001> ®

1 0.30 > @>0.20

0.001>a*

" 0.001> a®

0.001> a*

1 0.01 > az>0.001%

0.05 = a>>0.02%
0.01 > a>0.001*

©0.001> a*

0.001>n *

Ni

Emergence

0.001 ¥

0.05 = a>>0.02%
0.001> w*
0.20 > a>>
0.001> ¥

0.10

0.001> o ¥
0.001>a*
0. 001> a*
0.001> o *

0. 001> «*
0.50 > a>>0. 40
0. 001> e ®

0.001> ¥
0.001>a*

Pupation

0.001> a*
0.001>: a*
0.05 = a0, 02%
0.02 = a>>0.01*
0.001> *

- 0.70 7> a>>0. 60
©0.001> e ®
0.001> w*
0.001> w*

0.001= *
0.001>>  *
0.001> o *

| 0.001=> o
|
| 0.001> a*

; 0.70 > a>>0. 60

Emergence

0.001 = w*

[
0.001 e *
0.01 ~a=>

a

0.90

0. 90

0.001> a*
0.001>a*
0.001> a®
0.001> a®
0.001> a*

0.001* '

0.01 = a>0.001* .

0.90 > a>0.80

0.20 > a>0.10
0.001> a*

\
\
!
|

Cd
Pupation Emergence
0.001- o ¥ 0.001>a*
0.001> e ® 0.001>a*
- 0.001> a* 0.001>a*
0. 001> o * 0.80 > a>0.70
0.001> o * 0.50 > a>>0.40
0.001>a ¥ 0. 001> a*
0.60 > a>0.50 0.01 >>a>0.001%
0.001> a* 0.001>a*
0.001>a* 0. 001> a *
0.001>a* 0.001>a*
0.001> n* 0. 001> a*
0.001> a* 0.001>a*
0.001> a* 0.001>a*
0.001> a* 0.001>a*

0.01 > a>0. 001* ; 0.20 >a>0.10 0.70 => a>0.60
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3) In CoSO; test medium
Only the Cu-strain did not differ from the control strain. The Mn-, Co-, Ni-
and Zn-strains showed significantly faster developmental rate than the control. In
the case of Cd-strain, larval period became shorter but the period up to emergence
became longer than the control.
4) In NiSOs test medium
The Cu-strain was significantly faster in the developmental rate than the control
strain, but, on the contrary, the Co-, Zn- and Cd- strains were highly significantly
slower. There was no difference in the length of the larval period between the
Mn-strain and the control strain, but the Mn-strain had highly significantly longer
period up to emergence than the control strain. In the case of Ni-strain, the larval
period ‘became longer but the period up to emergence became highly significantly
shorter than the control strain.
5) In ZnSO, test medium
The Ni-strain was accelerated its developmental rate, but both Co- and Cd-
strains were retarded than the control strain. In the cases of Cu-and Mn- strains,
only the period up to emergence became longer than the control. It is interesting
that the Zn-strain showed longer larval period than the control strain, while there
was no difference in the length of the period up to emergence between the two.
6) In CdSO, test medium
All the strains tested except the Co-strain which became significantly slower,
showed highly significantly faster developmental rate than the control strain.
Judging from the results mentioned above, it can be said that each strain
obtained by the training in a culture medium containing sublethal dose of each salt
is faster in the developmental rate than the control strain in the culture medium
containing EDs, of the same salt as that used in the training, except the case of
ZnSQs. When comparisons are made among the strains on the same medium, the
strain established by the training in that medium containing sublethal dose of the
metallic salt is not always fastest on the medium containing EDs of the same
metallic salt as that used in the training.

d. Comparative studies in the oviposition numbey and the halching rate

The experimental methods used in this test were the same ones as these used
in the second report (Yanacismima and Suzukr 1959 b). Ten flies, 5 males and
5 females, were put into a oviposition tube, immediately after the emergence. Five
such tubes were prepared. Oviposition numbers were counted during 15 days after
emergence as follows and at the same time, the hatching rate was determined.
A slide glass with the normal culture medium on it was inserted into the oviposition
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tube and it was exchanged with a new one every day, and the number of eggs
laid on it was counted. After counting the number of eggs, the larvae which had
already hatched out were removed from the slide glass. The slide glass was then
maintained at 25°C under a moist condition for 24 hours to know the number of
hatched larvae.

The oviposition number and the hatching rate are shown in Tables 7 and 8.
The Mn- and Ni-strains showed significantly greater oviposition number than the
control strain, whereas no difference was observed in the oviposition number
between the control and the other strains.

The Zn-strain did not differ in the hatching rate from the control strain, but
the Cu- and Ni-strains were higher and the Mn-, Co- and Cd- strains were lower
than the control strain, each highly significantly, After all, only the Ni-strain was
greater in the oviposition number and the hatching rate. In some cases only the
hatching rate became higher accompanied with no change in the oviposition number,
and in other cases, the latter became greater, without any changes in the former.
Judging from these results, it can be said that all the strains tested, but for the
Zn-strain, must have been given some effects in their genital organs by being reared
in the media supplemented with metallic salts.

Table 7. Average numbers of eggs laid by a female of each strain during 15 days
after emergence.

No. of Strain
tubes* } Control Cu Mn Co Ni Zn Cd
1 ‘ 216. 8 242.6 242. 2 198.2 277. 4 218.6 211.4
2 } 241.5 296. 3 313.4 236. 6 296.9 231.6 214.6
3 209. 4 202.4 275.7 247. 8 268. 2 225. 4 141.1
4 ‘{ 272.2 230.5 325.1 145.2 237.6 244.6 229. 2
5 1 245. 2 256. 4 368. 2 250. 4 300. 6 265. 6 241. 8
Average 237.0 245.6 304.9 215.6 276. 1 249.7 207.6
* Each tube contains 59 X593
Examinations of differences between strains (t-test).
Control strain : Cu-strain 0.70>> a>>0. 60 Mn-strain : Co-strain 0.02>> a>>0.01*
: Mn 0. 05> a >>0. 02% : Ni 0. 40> a>-0. 30
: Co 0. 40> a>0. 30 1 Zn 0. 10> a >0. 05
: Ni 0. 05> a >>0. 02* : Cd 0. 01>> o >0. 001%
:Zn 0. 60> a=>0. 50 Co-strain : Ni-strain 0.05> a>>0. 02*
: Cd 0. 30> a>0.20 :Zn 0. 30> a=>0. 20
Cu-strain : Mn-strain 0. 10> «>0. 05 : Cd 0.80> a>=>0.70
: Co 0. 30> a>0. 20 Ni-strain : Zn-strain 0. 20> a>>0.10
: Ni 0.20> a>0.10 : Cd 0. 02> a>>0.01%
:Zn 0. 90> o >0. 80 Zn-strain : Cd-strain 0. 20> «>0. 10

:Cd 0. 20> a>0.10
* significant
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Table 8. Hatching rate of each strain on the control medium during 15 days after

emergence.
Strain ‘Control Cu Mn  Co  Ni Zn  cd
Sum of 5 tubes ‘ Total number of eggs 4200 4862 4911 4163 4338 5100 4005
Ceach tube N5, of larvae 3596 4323 4011 3449 3807 4317 3354
52 X54") Hatching rate &, 85.61 88.91 81.67 82.84 87.75 8164 83.74
Examinations of differences in hatching rate between strains (y2-test).
Control strain : Cu-strain 0.001> a* Mn-strain : Co-strain 0.20 > a>>0.10
: Mn 0.001>a* : Ni 0.001>a*
: Co 0.001> a* :Zn 0.001>> v *
: Ni 0.01 = a>0.001%* :Cd 0.02 = 2-0. 01%
:Zn 0.20 > a>-0.10 Co-strain : Ni-strain 0.001:> «*
. Cd 0.02 > a>0.01*% 1 Zn 0.05 0. 02%
: Mn 0.001>a* : Cd 0.30 - 20.20
Cu-strain : Co-strain 0.001> a* Ni-strain :Zn-strain 0.001 .- o*
: Ni 0.10 > a=-0. 05 : Cd 0.001 - ¥
1 Zn 0.001 > a* Zn-strain  : Cd-strain = 0.30 -« -0.20
: Cd 0.001> a®

* significant

e. Comparison of the longevity of each strain

In the next place, the author examined the longevity of flies of each strain,
rearing them on a sugar solution containing the same kind of metallic salts as that
used in the training of each strain. The same methods used in the previous test
were employed (YAnNAcIsHIMA 1961 a). The same test bottle as designed by Onsawa
and Tsukupa (1956) was used throughout this test. The test solution was 0.1 M
sucrose solution containing ED;, of various kinds of metallic salts.

A simple 0.1 M sucrose solution was used as the control. Ten male flies or
10 female flies were put into a test bottle and the number of survivors was counted
every day.

Mean longevity in days and the survival rate of each strain on the salt-supplemented
solution are shown in Fig. 3.1-6 and Tables 9~13, and those on the simple solution,
in Fig. 4.1-3 and Table 14. From the results obtained, the following things can
be said.

On the test solutions, containing each metallic salt by which the parents of the
tested flies had been trained, the Cu-, Co~, Ni- and Zn- strains died sooner than
the control strain regardless of sex, while in the case of the Cd-strain, female flies
died sooner than the control flies, but male flies did not differ from the control
strain. It is interesting that the Mn-strain could live longer than the control on the
test solution supplemented with 15 mM of MnSQ, regardless of sex.

On the simple sucrose solution, both the Cu-strain and the Mn-strain could live
longer than the control regardless of sex, but the Ni-strain died sooner. In the
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Results of the longevity test performed with the control and Mn-strains

Table 9.
in 0.1 M sucrose solution containing 15 mM MnSO,.
A — S
Strain | Number Mean length Standard Number Mean length Standard
. of flies of life (days) deviation of life of life (days) deviation
Control 60 5.70 1.55 | 80 8.12 1.12
Mn-strain 50 7.18 .09 50 9.30 0.93
Examinations of differences (t-test).
3 0.00l>a* 2 0.001>a* * significant

Table 10. Results of the longevity test performed with the control and Co-strains
in 0.1 M sucrose solution containing 0.5 mM CoSO,.

- R 3 “ -
! Number Mean length Standard | Number Mean length Standary
of life (days) deviation | of flies of life (days) deviation

Strain Cof flies
Control } 60 18. 46 1. 38 40 18.98 1. 82
Co-strain 40 16. 90 1.10 40 15. 30 2.94

Examinations of differences (t-test).
& 0.001>a* ? 0.001>a* * significant

Results of the longevity test performed with the control and Ni-strains

Table 11.
in 0.1M sucrose solution containing 5.0 mM NiSO,.

o ? 3 ?
Number Mean length Standard | Number Mean length Ssandard
of life (days) deviation of flies of life (days) deviation

Strain ' of flies
‘Control 50 6.06 0.23 50 5. 82 0.88
Ni-strain 60 2.00 60 2.00
Examinations of differences (t-test).
3 0.001>a* ? 0.00l>a* ¥ significant

Results of the longevity test performed with the control and Zn-strains

Table 12.
in 0.1 M sucrose solution containing 20 mM ZnSO,.

— — — B - -
Number Mean length Standard
of life (days) deviation

Strain Number Mean length Standard ]
r of flies of life (days) deviation | of flies
Control i 60 4. 26 0. 44 40 4. 80 0.51
Zn-strain ‘ 50 3.26 0.52 50 4,04 0.27
Examinations of differences (t-test).
2 0.001>a¥® * gignificant

S 0.001>a®
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Fig. 3. Results of the longevity test with 0.1 M sucrose solution containing various metallic salts.

Survival curves of the control and Cu-strains on the solution containing 4mM of CuSO,.
Survival curves of the control and Mn-stsains on the solution containing 15mM MnSO,.
Survival curves of the control and Co-strains on the solutions containing 0.5 mM CoSO,.
Survival curves of the control and Ni-strains on the solution containing 5.0 mM NiSO,.
Survival curves of the control and Zn-strains on the solution containing 20mM ZnSO,.
Survival curves of the control and Cd-strains on the solution containing 0.07 mM CdSO,.
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simple 0.1 M sucrose solution.

Table 13. Results of the longevity test performed with the control and Cd-strains
in 0.1 M sucrose solution containing 0.07 mM CdSO,.
— > — - 5 -
Strain Number Mean length Standard Number Mean length Standard
of flies of life (days) deviation of flies of life (days) deviation
Control | 60 11.63 1.02 “ 60 11.76 0.56
Cd strain “ 40 11. 80 0.98 | 50 11.34 0.70
Exammatlons of dlfferences (t-test).
3 0.50>> a>0. 40 2 0.001>a* * significant
Table 14. Results of the longevity test performed with all the variant strains in

Strain

Control
Cu

Mn

Co

Ni

Zn

Cd

) o g
Number Mean length Standard Number Mean length Standerd
of flies  of life (days) deviation of flies of life (days) deviation

60 24.98 3.87 60 23.70 3.80

70 26.27 2.76 70 26. 22 7.71
50 27.60 3.52 50 26. 14 2.81
40 26.75 5.33 40 25. 40 4.19
40 19. 60 7.99 40 20. 42 5. 66
50 26. 28 6.05 50 24. 88 4.17

40 27.62 6.38 40 24.90 3.72

Examinations of differences in longevity (t-test).

) g
Control-strain : Cu-strain 0.05 > a/O 02* 0.01 >« /0 001*

: Mn 0.001>a¥ 0. 001> «

: Co 0.10 > a>0.05 0.05 > a>0. 02%

o Ni 0.001>a* 0.01 = a>>0.001*

:Zn 0.20 > a>0.10 0.20 > a>0.10

: Cd 0.02 > a>0.01* 0.20 >a>0.10
Cu-strain : Mn-strain  0.05 > a>0. 02* 0.90 = a>>0. 80

: Co 0.60 = a>0.50 0.20 > a>0.10

: Ni 0.001>a ¥ 0.001>a*

:Zn a>0.90 0.05 = a>0.02%*

: Cd 0.20 > a>0.10 0.05 > a>0. 02*
Mn-strain : Co-strain 0. 40 >a’>~ 0.30 0.40 > a>0.30

: Ni 0. 001/ a* 0.001> a*

:Zn 0.20 = a/O 10 0.10 = a>0.05

: Cd (). 90% 0.10 = a=0.05
Co-strain  : Ni-strain 0.001>: a® 0.001 - a®

1 Zn 0.70 = a>>0.60 0.60 = a>0.50

: Cd 0.60 => «=0.50 0.60 = u>>0.50
Ni-strain : Zn-strain 0.001>a* 0.001> ¥

: Cd 0.001>a* 0.001>a*
Zn-strain : Cd-strain 0.40 => a>>0.30 a>>0. 90

* significant
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Results of the longevity test with 0.1 M of sucrose solution.
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case of the Co-strain, male flies did not differ from the control one but female
flies lived longer than the control. In the Cd-strain, male flies showed a tendency
to live longer than the control strain and in the Zn-strain, no difference in the
longevity from the control strain was observed regardless of sex.

The above-mentioned results suggest that the flies whose parents had been
spent in salt-supplemented media during larval stages showed markedly changed
characters in physiological activities.

f.  Enzyme inhibitor test

In order to add further knowledges about differences in physiological activities
among the strains mentioned above, the effects of some enzyme inhibitors different
in their physiological actions on emergence rates were studied.

Enzyme inhibitors used were 2,4-dinitrophenol, As,0;, NaF and p-chloromerc-
uribenzoate. Both the concentrations of the inhibitors and the numbers of culture

Table 16. Examinations of differences in emergence rates among strains (y2-test).

Inhibitor

Isititavivgsn NaF 2. 4-Dinitrophenol As;03 P.C.M. B.

Control : Cu ; 0. 20> «>-0. 10 0.70 = a>0.50 0.01 > a>0.001% 0.99 > a«>0.98
:Mn ' 0.50> a>0.30 0.50 > a>0.30 0.001>> a=>* 0.90 = a>0.80

: Co 0. 30> o =>0.20 0.01 > a>>0.001* 0.01 >> a>0.001% 0.70 = a>>0.50

. Ni 0. 30> ¢ 2--0. 20 0.20 >a>0.10 0.20 = «>-0.10 0.95 = a>0. 90

1 Zn 0. 05> a =-0. 02% 0.001>a* 0.30 > a>0.20 0.70 > a>0.50

:Cd 0. 50> a >+0. 30 0.01 - a>>-0.001% 0.02 > a>0.01% 0.80 = «>0.70

Ca :Mn 0. 02 a =>0. 01% 0.20 = a>=0.10 0.30 > a>=0.20 0.70 = «a>+0. 50

: Co i 0.30>a> 0. 20 0.01 > a>>0.001% 0.70 > a>>0.50 0.50 > a>0.30

: Ni 0. 50> o =>-0. 30 0.20 =>a>0.10 0.10 = a=>0.05 0.70 > a>0.50

1 Zn 0. 50> a >>0. 30 0.001> a® 0.70 > a>>0.50 0.50 > a>0.30

: Cd 0. 20> a>0.10 0.01 = a>>0.001* 0.95 > a>>0.90 a>0.99

Mn :Co 0. 05> a =>0. 02% 0.001>a* 0.90 > «>0.80 0.30 >a>0.20

: Ni 0. 05> a=>0. 02% 0.01 > a>>0.001% 0.01 = a>>0. 001* a>>0.99

:Zn | 0.01>a>0.001* 0.001>a* 0.02 >> a>0.01* 0.95 > a>0.90

: Cd ; 0.20>> o >0.10 0.001> a* 0.50 > a>>0.30 0.80 > a>0.70

Co :Ni | 0.30>a>0.20 0.01 = a>0.001* 0.01 > a>0.001*  0.90 > a>>0.80
Zn | 0.50>a<0.30  0.05 >a>0.02%  0.10 >a>>0.05  0.90 > a>0.80

: Cd 0. 50> « >0. 30 0.01 > a>0.001* 0.50 => a=>0.30 0.30 > a>0.20

Ni :Zn | 0.70>a>0.50 0.001> a* 0.80 = a>0.70 0.95 > a>0.90

:Cd | 0.05>a>>0.02%* 0.50 >a>>0.30 0.01 > a>0.001%  0.70 > a>0.50
Zn :Cd 0.01> «=>0.001% 0.001>«* 0.05 > a>>0.02* 0.50 > a>0. 30

* gignificant



Table 15. Emergence rates of various strains on the media containing various kinds of enzyme inhibitors. Figures in parentheses show numbers of bottles.

Mn-strain

Co-strain

Ni-strain

Zn-strain

Cd-strain

Strain Control Cu-strain
Inhibitor ‘No. of Pupated Emerged No. of Pupated Emerged No. of Pupated Emerged No. of Pupated Emerged No. of Pupated Emerged No. of Pupated Emerged No. of Pupated Emerged
m Mol llarvae No. % No. % larvaeNo. % No. % flarvae No. % No. % jlarvae No. % No. 9 ilarvaeNo. % No. % ilarvae No. % No. % larvaeNo. 9% No. %
1 140 99 70.1 ‘ 140 86 61.4 : 140 108 77.1 ‘ 140 66 47.1 140 83 59.3 | 140 58 41.4 v‘ 140 79 56. 4
2 @ D) ; @ D ) ) P!
. 140 94 67.1 200 116 58.0 ‘ 140 112 80.0 - 140 78 55.4 | 140 78 55.7 140 84 60.0 ' 140 77 55.0
NaF ‘ D 10) D) ) D) @ (M
© 140 92 65.7
@ ‘ | |
Total ;| 420 285 67.9 | 340 202 59.4 | 280 220 78.6 = 280 144 51.4 | 280 161 57.5 . 280 142 50.7 ‘ 280 156 55.7
‘ [@2)) L Aan QL)) QYY) [QLY) ‘ 4 ‘ a4
‘ 200 62 31.0 . 140 50 35.7 | 140 54 38.6 | 140 20 20.7 © 140 51 36.4 l 140 49 35.0 140 31 22.1
3 (10 @ @ @ P ‘ > o (D
| 140 57 40.7 140 38 27.1 1 140 57 40.7 140 40 28.6 : 140 53 37.9 140 52 37.1 } 140 29 20.7
) D] P P D ey NP
| 140 48 34.3 " 100 35 35.0
™ | ‘ S
Total | 480 167 34.8 | 280 88 31.4 | 280 111 39.6 | 280 69 24.6 280 104 37.1 1 380 136 35.8 | 280 60 21.4
j (24> ‘ 14 14 (14 ey Qa9 (1D
140 27 19.3 140 22 15.7 140 39 27.9 140 16 11.4 140 19 13.6 . 140 15 10.7 140 17 12.1
4 P D) D) . P, D D)
140 30 21.4 ; 140 11 7.9 140 37 26.4 ;. 140 9 6.4 140 20 14.3 ' 140 12 8.6 140 18 12.9
Q) @ Q) D Q) D D
140 22 15.7 140 10 7.1 100 13 13.0
P <P ‘ 16))
Total 420 79 18.8 . 420 43 10.2 ° 280 76 27.1: 280 25 8.9 280 39 13.9 ‘ 380 40 10.5 280 35 12.5
[¢2)) i (@29 (14 ‘ (14) Q4 QL)) i (14)
140 127 90.7 “ 140 121 86.4 140 117 83.6 140 135 96. 4 i 140 109 77.9 140 124 88.6 ! 140 117 83.8
0.1 <P NP, i M )] ) D NG
o 140 125 89.3 + 140 107 76.4 140 112 80.0 | 140 126 90.0 140 111 79.3 ‘ 140 119 85.0 140 120 85.7
2, 4-dinit- ) %) N LD ) L (D 1)
rophenol 120 109 90.8 |
6 | 1 |
Total \ 400 361 90.3 280 228 81.4 « 280 229 81.8 280 261 93.2 | 280 220 78.6 - 280 243 86.8 | 280 237 84.6
“‘ (20D | Q4) (14 4 (14> a4 (14
| 140 68 48.6 | 140 57 40.7 140 49 35.0 ! 140 107 76. 4 140 69 47.3 140 102 72.9 140 88 62.9
0.2 @ O ) - - (D @ D]
140 64 45.7 140 53 37.9 140 47 33.6 i 140 91 65.0 ‘ 140 74 52.9 140 90 64.3 1 140 93 66.4
M @ @ P, N¢)) P (D @
| 140 56 40.0 | |
P! 1 :
Total =~ 420 188 44. 8 280 110 39.3 : 280 96 34.3 280 198 70.0 280 143 51.1 280 192 68.6 | 280 181 64.6
i (€3] 14) i (14) (14) (1D (1D ‘ a4
l 140 45 32.1 140 38 20.0 ‘ 140 39 27.9 140 72 51.4 140 30 21.4 140 88 62.9 140 33 23.6
0.3 | @ D) M NG @ ) - (D
i 140 40 28.6 140 21 22.1 140 41 29.3 ‘ 140 57 40.7 140 32229 140 85 60.7 | 140 32 22.9
P, D) D) D D! D) M
| 140 33 23.6
P . | ‘
Total 420 118 28.1 . 280 59 21.1 ' 280 80 28.6 i 280 129 46.1 280 62 22.1 ! 280 173 61.8 280 65 23.2
2D | as s (14 a9 a®

a4




Strain

Control

Inhibitor No. of Pupated Emerged 'No. of Pupated Emerg
m Mol larvae No. % No. % larvae No. % No.
' 140 100 71.4 88 62.9 ' 140
0oy D N
140 106 75.7 87 62.1 140
As0, D Q)
140 102 72.9 98 70.0
D)
Total | 420 308 73.3 273 65.0 280
2D an
140 87 621 50 35.7 | 200
0 D ao
| 140 78 55.7 3827.1! 140
D) (M
Total | 280 165 58.9 88 31.4 ' 340
| as an
140 21150 8 57 140
0.75 | P 7
140 18129 3 21 140
D ™
140 27 19.3 4 2.9 140
P )
Total | 420 66 15.7 15 3.6, 420
@D 21
I 140 131 93.5 140
0.015 | D @
200 180 90.0 | 140
P.C.M.B. ao - @D
| 140 131 93.5
D ‘
Total 480 442 92.1 ' 280 -
L (24 (14)
|
140 125 89.3 ; 140
0.020 D D
200 176 88.0 160
e ®
140 113 80.7
)
Total , 480 414 86.3 300
e as
. 140 114 81.4 140
0.025 | - @
| 200 168 84.0 | 140
[€10)) D!
120 96 80.0
6 |
Total 460 378 82.2 | 280
23

as

Cu-strain

\
%

ed No. of

Mn-strain

93 66. 4

101 72.1

72 51.4

140
<P
82 58.6 | 140
P

90 64.3

82 58.6

194 69.3 154 55.0 ' 280 172 61.4
14

132 66.0
81 57.9

213 62.6

7 50
12 8.6
2 1.4

21 5.0

3819.0 140 46 32.9 8

<P
140
a

280

|
20 14.3
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280
a4

140
)
140
@

1 0.2
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245 87.5 280

| (14>
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160
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C®

320
as
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<))
140
P

113 80.7 i
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160

42 30.0

88 31.4

131 8L.9
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97 34.6

130 92.9

252 90.0 -

127 79. 4
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100 71. 4

208 74.3
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Ao
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-
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D)

340
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ao
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an
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10
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@
540
P (27D

140
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280
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280
(14
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P
140
m

280
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31221 10
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117

243

102
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202

97
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195 69.6

QYY)
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9.0
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rrﬁgawt'ed Emergréici“glzlro'. ofriPli;;{eciEnérgedi‘Ir\g. orfil";l;);tediarerged

No.

81 57.9 53

79 56.4 54

160 57.1 107

63 45.0 31

70 50.0 29

133 47.5 60
6 4.3 1

3 2.1

124

127

251

115
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38.2 280
QYY)
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an
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(D

72.1 140
)

75.0 280
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Zn-strain

80 57.1

67 47.9

147 52.5

102 36. 4

5 3.6

9 6.4

14 5.0

16)

2316.4 160
@®

20 14.3 160
- (®

3154 320
16)

1 0.7 160
@

— — 160
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1 0.4 320
16)
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Q)]

127 90.7 | 140
P,
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CAD
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am
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P
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an
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S ®

43 30.7 © 160
®

Cd-strain

larvae No. % No

No. of Pupated Emerged No. of Pupated Emerged
larvae No. 9% No. % )

%

59 36.9 29181

57

3.6 29181

93 33.2 320 116 36.3 58 18.1
C

L as)

36
37
73
26

20

46

22.5 5 3.1
23.1 5 3.1

22.8 10 3.1

16.3 1 0.6

12.5

14. 4 1 0.3
174 87.0

116 82.9

290 85.3

166 83.0

131 93.6

297 87.4

126 78.8

110 78.6

236 78.7



Table 17. Examinations of differences in emergence rates among strains, according to concentrations of enzyme inhibitors (x2-test).

-~ Inhibitor
m Mol ™ T
Between 2
strains B ;
Control : Cu . 0.05 = a=0. 02%
:Mn ! 0.01 = a=0.001%
:Co | 0.001> ¥
:Ni 0 0.01 = a>0.001%
:Zn ' 0.001 ¥
:Cd 0.01 = a20.001%
Cu :Mn ; 0.0017-«a*
: Co ‘ 0.10 >~ >+0.05
iNi | 0.70 2o @ >0.50
Zn 0 0.05 T-a0.02%
:Cd | 0.50 “ 0. 30
Mn:Co 0.001a*
NI L 0.001> ¥
:Zn 0. 001> a *
|
:Cd | 0.001 a*
Co :Ni | 0.20 = a>0.10
:Zn ' 0.80 > a>0.70
:Cd | 0.50 = a>=0.30
Ni :Zn 0.20 >a>0.10
: Cd 0.80 = a>0.70
:Cd 1 0.30 =

Zn

* significant

~a >0, 20

50 > >0.30
30 = 0. 20
01 = >=>-0.001%
70 T 0. 50
90 T 0. 80
01 = «>-0.001%
10 7= 0. 05
10 = a2=0.05
20 = 0. 10
30 = w=0.20
01 = a=0.001%
= >0, 001%
a =>0. 50
= a0, 30

= a>0. 001%
= a=>0.001%
= a=0. 30

80 = a>0.70

4 0.1
0.01 =>a=0.001%  0.01 = a>0. 001*
0.02 = a2-0.01*  0.01 = a=0.001*
0. 001> ac* 0.30 = a>0.20
0.20 == a20.10  0.001> a*

0.01 > a==0.001% 0.20 = a=0.10
0.05 = >0, 02% 0.05 = a=0.02%
0.01 >> n>=0. 001% a>0.99
0.70 == a0. 50 0.001 - ™

0.20 > a=>0.10  0.50 = = 0.30
0.99 = a>=0.98  0.20 > a7 0.10
0.50 = a=0.30  0.50 = a>-0.30
0. 001> a * 0. 001>« *

0. 001> a* 0.50 = a=~0. 30
0.001>a* 10,20 2+ a>20.10
0. 001> a* £ 0.50 > a=0.30
0.10 =-a>=0.05  0.001=a*

0.70 = a>0.50  0.02 = a=>0.01*
0.30 = a>=0.20  0.05 2> >0, 02%
0.30 = a>0.20 , 0.02 =>a>>0.01*
0.80 =a>0.70 ' 0.10 > a>>0.05

0.70 =>a>>0.50 1 0.70

~—~
o

-0. 50

2, 4-dinitrophenol

0.2

20 > a>0.10
01 > a>0.001*
001> *

20 > a=>0.10
01 = a>0.001%
001~ a*
30 >-a:
001> ®
01 Z:- 0. 001%
001 = a®

001>~ a*

0. 20

001> a®

001> a *

001> a*

001 >a®

001> a*

70 = a>0.50
20 > a>0.10
001> a®

01 > a>0. 001*
50 > a>0.30

0
0
0
0
0
0

0
0
0
0
0

0
0
0.
0.

0

0
0
0
0

0

0.3

.05 == a>0. 02%
.98 = a>0.95
001> ®

.10 == >-0.05
001> a*

.20 T a>>0.10
.05 == a0, 02%
001>

.90 > 0. 80
001> a®

.70 > a>0. 50

001> *
.20 > a>>0.10
. 001> *
.20 > a>0.10
. 001> a*
. 001> a®
001> a ¥

001> a®
.90 > a>0. 80

. 001> ®

0.01 = «>>0. 001*

0.001>a*
0.001> e ®

2 0.001 > ¥

0.001>a*
0.001>a*

F0.001 > ®

0.001>a*
0.001>a*
0.001>a ¥
0.001>a*

0.99 > a>0.98

' 0.50 = a=>0.30
. 0.80 = a=0.70

0.001>a*

0.50 > a>>0.30
0.90 > a>0. 80
0.001>a*

- 0.30 > a>0.20

0.001>a*
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0.0017 w*
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001> a*
95 > «>0.90

02 > a>>0. 01*
001> a*

02 > a>0.01%
001>

80 = a>0.70
02 > a>0.01*
99 = a>0.98
10 == a>+0. 05
05 == a 0. 02%

05 == a 0. 02%
30 T= @ >>0. 20
001> a *

50 > a>0.30
05 > a>>0. 02%

01 = a>>0. 001*

0.50 = a>+0.
0.02 = a>0.01*
0.001>a*
0.05 > a>>0.
0.001>a*

0.

0.
0.
0.
0.
0.

0.
0.
0.
0.

0.
0.
0.

0.
0.

30

20
01
30
01
90

30
95
20
30

20
95
02

20
50

=

a >0.
a >>0.
a =0,
a>>0.
>0,

>0,

e >0,
a >0,
a 0.

a 0.

a0,

o =>0.

a =0,
a ==0.

a >0,

30

02

20

10
001*
20
001*
80

20
90
10
20

10
90
01%*

10
30

0.01 = a>0.001%*
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bottles used are shown in Table 15. Fundamental methods used in this test are
described in the previous report (YanacisHiMa 1961 a).

In Table 15, the results of this test and in Tables 16 and 17, their statistical
examinations, are shown respectively.

The Cu-, Ni-, Zn— and Cd- strains were all more sensitive to all the enzyme
inhibitors tested than the control strain ; in other words, there was no specificity
in reaction to enzyme inhibitors. The Mn-strain was more sensitive to all the enzyme
inhibitors except NaF, and the Co-strain was more resistant to 2,4-dinitrophenol
but more sensitive to the other enzyme inhibitors, than the control strain.

It can be said from these results that raising in sensitivity of flies to various
kinds of enzyme inhibitors is observed when their parents have been trained with
metallic salts and this phenomenon may probably indicate that raising in activity
of metabolism in general is taken place with the treatment in the sublethal metallic

salts.

II. Continuance of Acquired Characters

In the 5 th report, the present author (1961 ¢), has demonstrated that the copper
resistance acquired by training larvae in a medium containing sublethal dose of
copper, can be transmitted from generation to generation through sexual reproductions
during culture in the normal medium. Furthermore, it has been demonstrated here
that some metallic salts other than CuSO: can also produce resistant strains, just
as CuSO4 did. It is of great interest to know whether these resistant strains behave
like the copper resistant strain in hereditary patterns. Some experiments performed
to know the hereditary characters of these resistant strains will be described in
the following.

Resistant strains used in this test were obtained by rearing larvae of the normal
strain in each culture medium containing sublethal dose of each metallic salt. The
adult flies which had emerged were transferred to oviposition tubes for laying eggs.
The larvae hatched out from these eggs were transferred to the normal medium
to grow up to adult flies (F: generation). These flies of F; generation were made
to deposit eggs on the normal medium and the larvae hatched (F. generation) were
transferred to the test media containing ED;, of metallic salts to measure emergence
rates. In this case, the flies subjected to the test media were denoted as the Cu-,
Mn-, Co-, Zn-, Ni and Cd-strains, according to the metal with which the grand
parents had been trained. The experimental results are shown in Table 18. The
examinations of results were performed referring to this table together with the
results described in Table 1, which shows the emergence rates of flies in the EDso
test medium, whose parents had grown up in the sublethal training medium. The

results may be summarized as follows :
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Table 18. Emergence rates of various variant strains in the
For the method to make variant strains see text.

Strain Control ‘ Cu-strain : Mn-strain
Test | No. of Emerged | No. of Emerged  No. of Emerged
medium i larvae  No. % : larvae No. 2 larvae  No. %
CuSO 100(5) 53 53.0 140(7) 94 67.1 140(7) 70  50.0
4 100(5) 56 56.0 140(7) 98 70.0 140(7 93  66.4
Total ‘ 200C10> 109 54.5 280(14) 192 68.5 | 280(14) 163 58.2
MnSO ‘ 100(5) 53 53.0 @ 100(5) 57 57.0 ' 160(8) 78 48.8
4 | 100(5) 61 61.0 - 140(7) 77 55.0 140(7> 67 47.9

Total | 200100 114 57.0 i 240(12) 134 55.8 300(15) 145 48.3

CoSO 100(5) 62 62.0 100¢5) 54 54.0 160(8) 118 73.8
4 100(5) 67 67.0 140(7) 86 61.4 140(7> 97 69.2

Total =~ 200(10> 129 64.5 240(12) 140 58.3 ; 30015 215 71.6

| 10005) 52 520  100(5) 58 580  160(8) 77 48
1005 55 550 1 o) 6 49.3 | MOCD 64 45

Total\ 200C10) 107 53.5 ‘ 240(12) 127 52.9 © 300(15) 141 47.0

NiSO,

KT

R ; ‘ . e
ZnSO0, 100(5) 46  46.0 ° 100(5) 49  49.0 150(8) 51  31.

1005 55 55.0 | 140(7> 79 56.4 140(7) 43 30.
- Total . 200(10> 101 50.5 240(12) 128 53.5 300(15) 94 31.3

~1©O

Cdso | 100(5) 54 54.0 100¢5> 37 37.0 160(8) 95 59.
4 ‘ 100(5) 43 43.0 140(7) 56 40.6 140(7) 85  60.

Total" 200C10) 97 485 | 240(12) 93 387 300(15) 180 60.0

-~

a. Examinations of the results shown in Table 18

The results of the statistical examinations are shown in Tables 19~20. We
can see the following facts from the results.

1) When the cu-strain was cultured in the normal medium for one generation,
the acquired copper resistance did not change, but the cross resistance to NiSO,
and ZnSO, media became so weak that no difference could be found from the control
strain, and the collateral sensitivity to CdSOs and CoSO. became insignificant
statistically, though the emergence rate was lower than the control strain.

2) The Mn-strain could keep the cross resistance to CoSO; and CdSOs media and
the collateral sensitivity to NiSO; and ZnSO. media, and it showed a lower emergence
rate in MnSO: medium than the control though the difference was statistically
insignificant.

3) The Co-strain could keep the cross resistance to CuSOs, the collateral sensitivity
to CdSOs, NiSOs and MnSOQ. ; at the latter two cases, however, the degrees were
insignificant statistically. It is of interest that CoSO. resistance of the Co-strain
became statistically insignificant, though the emergence rate itself was higher than
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test media containing EDy, doses of various metallic salts.
Figures in parentheses show numbers of bottles.

Co-strain Ni-strain Zn-strain ' Cd-strain

No. of Emerged No. of Emerged ! No. of Emerged No. of Emerged
larvae No. 2, 1+ larvae No. 9% larvae No. %  larvae No. %

100(5) 69 69.0 100(5) 54 54.0 100(5) 64 64.0 | 2000100 135 67.5
140(7> 89 63.6 140(7> 83 59.2 140(7) 83 59.2 | 140(7) 97 69.2

240C12) 158 65.8 240(12> 137 57.0 240(12) 147 61.2 340(17) 232 68.2

140(7) 72  51.4 100(5) 48 48.0 100(5) 59  59.0 140(7) 68 48.6
140(7) 70 50.0 140(7) 67 47.8 140(7) 77 55.0 140(7> 70 50.0
7

280(14> 142 50. 240(12) 115 47.9 240(12) 136 56.7 280C14) 138 49.2

160(8) 117 73.1 140(7) 111 79.3 140(7) 106 75.7 160(8) 104 65.0
140(7) 98 70.0 140(7> 97  69.2 140(7> 98 70.0 | 140(7) 85 60.7
300(15> 215 71.6 280(14) 208 74.2 280C14) 204 72.8 \ 300(15) 189 63.0
100¢5) 46 46.0 100(5) 68 68.0 100(5) 58 58.0 160(8) 97 60.6
140(7) 68 48.6 140(7> 74 52.8 140(7 71 50.7 140(7) 88 62.9

240(12) 114 47.5 . 240(12) 142 59.1 240C12) 129 53.7 300(15) 185 61.6

140(7> 77  55.0 120(6) 70 58 140(7) 72 5l 160(8) 9% 60.0
140(7> 69 49.3 140(7) 68 48 140(7) 69  49. 140(7> 81 57.8
1

280(14> 146 52 260(13> 138 53.0 280(14> 141 50.3 300(15) 177 59.0

L3

100(5) 10 10.0 ; 100(5) 13 13.0 120(6) 35 29
140(7) 16 11.4 ¢ 140(7) 16 11.4 140(7) 43 30.

140(7) 12 8.5
140(7> 10 7.1

(=3}

24012 26 10.8 240(12) 29 12.0 260(13) 78 30.0 280(14) 22 7.8

that of the control strain.

4) The Ni-strain could keep the cross resistance to CoSO. and the collateral
sensitivity to CdSO,, but it did not show significant resistance to NiSO.

5) The Zn-strain could keep the cross resistance to CoSQO; (though the difference
was statistically insignificant) and the collateral sensitivity to CdSOs. No difference
was seen in the emergence rate in ZnSQO, test medium between the control and
the Zn-strains.

6) The Cd-strain could keep the cross resistance to CuSQs, NiSO; and ZnSO,
and the collateral sensitivity to MnSQs. It showed a lower emergence rate in CdSOq
medium than the control. The difference was statistically significant in both CuSO.
and CdSO, test media.

b.  Comparison of the results shown in Table 18 with those in Table 1

Table 18 was obtained with the flies whose grand parents had been subjected
to the sublethal doses of various metallic salts but parents were cultured by the
normal medium. On the other hand, the results shown in Table 1 were obtained
by using the flies which had grown up in the medium containing sublethal doses
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Table 19. Examinations of differences in emergence rates of various strains

Between

media Control Cu Mn
Control : CuSO, !
: MnSO,
. CoSO,
: NiSO,
: ZnS0,
: CdSO,
Cu : MnSO, 0. 70>> a =>0. 50 0.01 > a>-0.001%* 0.05 > a>>0. 02%
: CoSO, 0. 10> « >>0.05 0.02 = a>>0.01% 0.001>a*
: NiSO, 0. 90> a >>0. 80 0.001>a* 0.01 > a>0.001*
:ZnSO, 0. 50> a >0. 30 0.001>a* 0.001>a*
: CdSO, 0. 30> a=>0. 20 0.001>a* 0.80 = a>0.70
Mn : CoSO, 0. 20> a >0. 10 0.70 > a=>0.50 0.001>a*
: NiSO, | 0.70>=> a=>0.50 0.10 > a>>0.05 0.90 > a>0. 80
: ZnSO, 0. 30> a>0. 20 0.70 > a>>0.50 0.001>a*
:CdSO, ' 0.20>a>>0.10 0.01 >a* 0. 001> a=>>0. 001*
Co :NiSO, |  0.30>a>0.20 0.30 > a>0.20 0. 001> o *
: ZnSO, 0. 01> « >0. 001* 0.50 > a>0.30 0.001>a*®
: CdSO, 0. 01> a>0.001* 0.001>a* 0.01 > a>0.001%
Ni :ZnSO; |  0.70> «=0.50 equal 0.001> o *
: CdSOy ‘ 0. 50> a =0. 30 0.01 > «>=-0.001% 0.01 > «a>0.001*
Zn :CdSO,  0.80>a>0.70 0.01 = a>0.001% 0. 001> a ¥
T *significant ’ ' -
Table 20. Examinations of differences in emergence rates on various media
Between )
strains i CuSO0O, MnSO, CoSO0,
Control : Cu 0.01 > a>0.001%* 0.90 > a>0. 80 0.30 >>a>0.20
: Mn 0.50 = a>0.30 0.10 > a>0.05 0.20 > a>0.10
: Co 0.05 > a=>0.02% 0.30 > a>0.20 0.20 > a>0.10
: Ni 0.70 >> a>0.50 0.10 > a>0. 05 0.05 > a>0.02%
:Zn 0.20 > a>0. 10 0.98 >a>0.95 0.10 = a>>0.05
: Cd 0.01 > a>0.001* 0.20 > a>0.10 0.90 > a>0.80
Cu :Mn 0.02 > a>0.01* 0.10 > a>0.05 0.01 > «>>0.001*
: Co 0.70 > a>0.50 0.30 > a«>0.20 0.01 > a>=0. 001%
: Ni 0.01 > a>0.001* 0.10 > a>0.05 0.001>a*
:Zn 0.20 > a>0.10 0.95 > a>=0.90 0.001>a¥®
: Cd a >0.99 0.20 > a>0.10 0.50 = a>0.30
Mn : Co | 0.10 > a>0.05 0.70 = a>0.50 equal
: Ni i 0.90 > «>0. 80 a>>0.99 0.70 > a>>0.50
:Zn 0.70 > a>0.50 0.10 > a>0.05 0.90 > a>0. 80
:Cd 0.02 > «>0.01* 0.90 > a>0.80 0.05 > o >0. 02%
Co :Ni 0.10 > a>0.05 0.70 = a>0.50 0.50 = a=>0.30
:Zn 0.50 > a>0.30 0.30 > a>0.20 0.90 > a>0.80
: Cd 0.70 > a>-0.50 a =0. 80 0.05 = a>>0. 02%
Ni :Zn 0.50 > a>>0.30 0.10 > a>0.05 0.80 > a>0.70
:Cd ! 0.01 > a>>0.001%* 0.90 >> a>>0. 80 0.01 > a>>0.001%
[ 0.10 = 0

Zn : Cd ‘

 * gignificans

a=>0.05

0.20 > a>>0.10

.02 > a>0.01*
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Stram
Co. Ni Zn Cd
0.001> a* 0.10 > a>0.05 0.50 > a>0.30 0.001> a*
0.20 > a>+0.10 0.001> a* 0.01 > a>0.001* 0.70 > a>>0.50
0.001>a* 0.80 > a>0.70 0.20 > a>0.10 0.10 > a>0.05
0.01 > «>=0.001% 0.50 > a>>0. 30 0.02 > a>0.01* 0.05 = a >>0. 02%
0. 001>~ a* 0.001>a* 0.001> a* 0.001>a*
0.001 0.001>a* 0.001> a* 0.01 > a>0.001*
0. 70 = a>0. 50 0.02 > a>0.01* 0.70 > a>0.50 0.01 > a>0.001*
0. 95 >a>0 920 0.30 /a/O 20 0.20 > a>0.10 0.05 > a=>0. 02%
0.001>a* 0.001>a* 0.001>a* 0.001> a*
0.001>a* 0.001>a* 0.001> a* 0.95 > a>0.90
0.001>a* 0.001>a* 0.001> o * 0.50 = a>0.30
0.001>a* 0.001> a* 0.001>a* 0.001> ¥
0.50 > a>0.30 0.30 > a>>0.20 0.50 > (x/ 0. 30 0.70 => a>>0.50
0.001>a* 0.001>a * 0.001> a * 0.001>a*
0.001> o * 0.001>a* 0.001> n* 0.001>>  *
among various strains (y?-test).
Medium
NiSO, ZnS0, CdSO4
0.98 > a>0.95 0.70 =>a>0.50 0. 10 >a>0 05
0.20 > a>>0.10 0.001>a* 0.02 =>a>0.01%
0.30 > a>0.20 0.50 > a>0.30 0.001 > ¥
0.30 > a>0.20 0.70 > a>0.50 0.001>a*
0.98 > a>0.95 0.98 >a>0.95 0.001> o ¥
< 0.10 >« >0.05 0.10 >a>0.05 0.001>a *
0.30 > a>0.20 0.001>n* 0.001> o *
0.30 = a=0.20 0.90 > «>0. 80 0.001> a ¥
0.20 > a>0.10 0.98 > a>0.95 0.001> *
0.95 > a>>0. 90 0.70 > a>0.50 0.05 =« >0.02*
0.10 > a>0.05 0.30 > a>0.20 0.001> ac®
0.98 > a>>0.95 0.001> a* 0.001> o *
0.01 > a>-0. 001* 0.001>a* 0.001> « *
0.20 > a>0.10 0.001>a* 0.001> o *
0.001> a* 0.001>a* 0.001> a*
0.02 == a>0.01* 0.90 > a>0. 80 0.80 >a>0.70
0.01 > a>0.001* 0.80 >a>>0.70 0.001> a*
0.01 >>a>0.001* 0.20 > a>>0.10 0.50 > a>-0.30
0.50 > a>=0.30 0.70 > a>0.50 0.001>a*

0.70 > a>0.50
0.10 > a>>0.05

0.20 > a>0.10
0. 05 = a 0. 02*

0.20 > a>0.10
0.001>a *
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Table 21. Examinations of differences in emergence rates on test media
with sublethal training media during larval stage (Table 1) and

o strain |
; Control Cu Mn
“medium e

CuSO0, 0. 70>> « =-0. 50 0.30> «>>0. 20 0.80 > >-0.70
MnSO, 0. 70> « >0. 50 0.90>n20.80 0.001= a*
CoS0, 0. 70> a 0. 50 0. 50 a>-0. 30 0.10 == 0. 05
NiSO, 0. 507> -0. 30 0. 50> a>-0. 30 0.05 > a0, 02%
ZnS0O, 0.95> n>-0. 90 0.027 -« >-0.01% 0.001 ac ®
CdSO, , 0. 507> «>-0. 30 0.02 -« =0. 01% 0.05 a0, 02%

* significant

of various metallic salts. The comparison between these two results is made in
Table 21, the brief conclusion of which is as follows.
1) Cu-strain

The cross resistance to ZnSQ. and collateral sensitivity to CdSO. decreased
markedly when the parent flies were returned to the normal medium, but the
resistance to other metallic salts did not change.

2) Mn-strain

The resistance to CuSO; and CoSO: did not change but that to MnSOs and

7ZnSO. decreased significantly, while that to NiSOs and CdSO. increased markedly.
3) Co-strain

The resistance to MnSOQ; increased highly significantly and the resistance to

the other metallic salts did not change.
4) Ni-strain

The resistance to CoSO, and ZnSO, slightly changed but that to the other

metallic salts decreased significantly.
5) Zn-strain

The resistance to CuSO: increased but that to CdSO. decreased, while that to

the other metallic salts did not change.
6) Cd-strain

The resistance to MnSQs, CoSOs and CdSO; decreased highly significantly, while
that to the other metallic salts remained unchanged.

These results will be summarized as follows :

The resistance acquired by culturing larvae in media containing sublethal doses
of metallic salts could be kept after having been returned to the normal medium
for one generation in the cases of CuSOs and CoSOs, but decreased significantly in
the cases of the other metallic salts. The cross resistance and the collateral
sensitivity exhibited by the above mentioned strains trained in media supplemented
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seen between the variant strains whose parenfs had been treated
those whose grand parents had been treated (Table 18).

Co

0.50 == a>0.30
0.001 e *

0.70 = a=0.50
0.70 =>«a=>>0.50
0.50 > a>=>0. 30
0.98 > a>0.95

Ni

0.01 > a>=0.001%
0.001 >« ®

0.50 > a>=0.30
0.05 =« =0.02%
0.50 = a>=>0.30
0.001> a*

Zn

0. 05 ¢ ==0. 02%
0. 502> « =+0. 30
0. 507> o 0. 30
0. 50> a ==0. 30
0. 50> a =0. 30

0. 05> a >=0. 02*

Cd

0.50 = «>0.30
0.001> a *
0.001>an®

a =0.70
0.20 > a>0.10
0.001>«a*

with sublethal doses of metallic salts, also more or less changed, after a culture

of a generation in the normal medium.

At last, in order to know more clearly the hereditary pattern of the acquired

resistance, an Index of the acquired resistance was devised, which was calculated

as follows.

Taking the emergence rate (shown in Table 1) of the control strain

in a definite test medium as 1. 00, the relative values of emergence rates of various

strains in this test medium were calculated.

These relative values are the indices

of the acquired resistance of each strain, which show at the same time the degrees

of cross resistance or collateral sensitivity., The results are shown in Table 22.

Table 22.

Indices of acquired resistance which were calculated as relative values of

emergence rates of various strains on a certain test medium, when the emergence
rate of the control strain on each test medium was estimated as 1.00. The original
values of emergence rate are seen in Table 1.

Strain

Test Control Cu
medivm
Control 1.00 0.92
CuSO, 1.00 1.12
MnSO, 1. 00 1.02
CoS0y 1. 00 0. 87
NiSO, 1.00 1.13
ZnS0O, 1.00 1.22
CdSOy 1. 00 0.92
Cu-strain
Mn-strain
Co-strain
Ni-strain  Ni;
Zn-strain
Cd-strain

Mn Co Ni Zn Cd

0. 96 0. 96 0.97 0.96 0. 98
0.99 1. 09 1.19 0.93 1.12
1. 26 0.54 1. 15 1. 10 1.27
1.25 1.18 1.29 1.22 1.33
0. 80 0. 89 1.35 1.16 1.22
0. 80 0.95 1.08 1.04 1.15
0.99 0.21 0.83 0.72 1.52

media

Zn>NizCu>Mn>Control=Cd>>Co
&?Coﬁ: Cu=CdControl>Zn>=Ni
Co=-Cu>-Control=»Zu>Ni>MnZ=Cd
Ni>Co=Cu»Mn>+Zn>Control=Cd
Co=-Ni=-Mn> Zn>>-Control>Cu>Cd
Cd=-Co»Mn=NizZn> Cu=Control
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When the data of Table 18 are used, the results will become as Table 23.

From Table 22 we can see that : 1) When each strain is tested in the test medium
containing the same kind of metal as it had been trained, the resistance is higher
than the control. The resistance of the Zn-strain, however, does not change from
the control. 2) Four strains (Mn, Co, Ni and Cd), except Cu and Zn, are the most
resistant among the various strains when they are tested on the same media as
they had been trained respectively (see the under column of the table).

Table 23. Indices of acquired resistance of the variants, whose parents were cultured
in the normal medium and grand parents were cultured with media containing
cublethal metallic salts. The original values of emergence rate are seen in Table 18.

Test Strain Control Cu Mn Co Ni Zn Cd

medium ] )
CuS0, 1.00 1.25 1. 06 1.20 1.04 1.12 1.25
MnSO, 1.00 0.97 0. 84 0. 88 0.84 0.99 0. 86
CoS0O, 1. 00 0. 90 1.10 1.10 1.15 1.12 0.97
NiSO, 1. 00 0.98 0. 87 0. 88 110 1.00 1.15
ZnS0, 1. 00 1.05 0.61 1.03 1.04 0.99 1.16
CdSO, 1.00 0.79 1.23 0.22 0.24 0. 61 _0.16

media

Cu-strain  Cu>Zu>Control>Ni>Mn>Co>=Cd
Mn-strain  Cd>Co>>Cu>Control>Ni>Mn>Zn
Co-strain  Cu>>Co>>Zn>Control>>Mn=Ni>Cd
Ni-strain  Coz»Niz»Zn=Cu>Control>>Mn>-Cd
Zn-strain  Cu=Co>Ni=Control>Mn=7Zn>Cd
Cd-strain  Cu>>Zn>Ni>Control>Co>Mn>Cd

Then, from Table 23 we can see that : 1) The indices of resistance of Mn-
and Cd-strains, especially of the latter, are fairly decreased, when they are tested
in the media containing the same kind of metals their grand parents had bkeen
trained. This seems to indicate the appearance of bad effect of the training of the
grand parents. 2) The value of the Zn-strain is nearly 1, and when considered
together with the data of Table 22, it can be said that the effect of pretraining in
Zn medium is negligible. 3) On the other hand, the acquired resistance of Cu-strain
is most stable ; those of the Co- and Ni-strains rank next. 4) Generally, the
degree of index of each strain obtained on the same medium as it had been trained
is lower than that shown in Table 22, except the Cu-strain, and this seems to show
the acquired resistance of most strains is rather temporary, though that of the
Cu-strain is stable enough as has been explained in the previous reports in detail,
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Discussion

In the previous reports (YANAcIsHiMA and Suzuxi 1959 a, b, YANAGISHIMA 1961
a, b, ¢) the author has demonstrated that copper induces a resistance to copper
under conditions where no or, if any, little selection is possible, and this resistance
can be transmitted through sexual reproductions and maintained more than several
generations in the normal medium. It is important to determine whether the copper
resistance is specific phenomenon to copper, in order to know the mechanisms of
resistance and origin of resistance. In the present report, some experiments
designed along this line were described.

Tt is clear from the results mentioned in this paper that not only copper but
also other bivalent metals can induce resistant variations, but each variation caused
by each metal is markedly specific. Among the metals treated, cobalt and copper
show the same tendency to cause relatively stable resistance which can be kept
through sexual reproductions for more than one generation on the normal culture
medium, but the resistant variant caused by copper is not at all the same as one
caused by cobalt,

Some other metals cause more or less unstable resistances which are apt to
decrease when resistant variants are cultured on the normal medium. No correlation
between the chemical nature of metals and the biological action mentioned above
is found. As each variant caused by each metal is highly specific, and the variation
can take place under the condition where no or, if any, little selection against the
normal flies is possible, there is no inevitable necessity to explain the phenomenon
described in this paper by random mutation followed by selections. As for the
possible mechanisms supposed, the present author has already discussed in the
previous paper, concentrating her attention on nucleo-cytoplasmic relations (1961 c).

Summary

When a strain of Drosophila melanogaster Oregon RS strain is cultured in a
culture medium containing sublethal dose (0.5 mM) of CuSO,, the flies of the next
generation show an obvious resistance to a culture medium containing EDs, (4 mM)
of CuSOs, and such characters as developmental rate and ecological and physiological
activities also change, associated with the acquisition of the copper resistance
(YanacisHiMA and Suzuki 1959 a, b, YanacisHimMa 1961 a, b, ¢). The changed
characters mentioned above are transmissive through sexual reproduction even on
the normal culture medium.
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In order to make clear the mechanisms through which the resistance is acquired,
it is necessary to know whether such a phenomenon as mentioned above is caused
only by copper with high specificity or not. Comparative studies on the induction
of resistant variations have been performed, using such bivalent metallic salts as
MnSQO,, CoSO4, NiSO: ZnSOs and CdSO.. The larvae whose parents spent their
larval stages in culture media containing sublethal doses of MnSQ,, C0oSQ,., NiSOs,
ZnSO; and CdSO, are called Mn-, Co-, Ni-, Zn- and Cd- strains respectively.
Main experimental results obtained are as follows :

1) The Mn-, Co-, Ni- and Cd- strains are obviously resistant to the test media
containing EDs, of the same metallic salts with which the parent flies were trained,
while the Zn-strain does not show resistance to ZnSO; test medium.

2) The Mn-, Co-, Ni-, Cd- and Cu-strains show highly significantly faster
developmental rates than the control strain in the test medium containing EDs, of
the same metallic salt as used in the training, but only the Zn-strain does not show
such a tendency.

3) Some changes in oviposition numbers and hatching rates are observed when
the trained strains are tested on the normal medium. The Ni-strain is greater in
both the oviposition number and the hatching rate. The Mn- and Ni- strains show
significantly greater oviposition numbers than the control. The Mn-, Co- and
Cd-strains are lower in the hatching rate, while the Cu-strain is higher.

4) Significant differences are observed in the longevity on both simple sucrose
solution and sucrose solutions supplemented with the metallic salts used for the train-
ing, among the variant strains induced with the metallic salts.

5) Sensitivity to various kinds of enzyme inhibitors different in their physiological
actions was tested with each variant fly. All the variants produced by the training
with the metallic salts except the Mn- and Co-strains are more sensitive to all the
enzyme inhibitors tested than the control strain.

6) The Cu- and Co- strains can keep the resistance to copper and cobalt
respectively, even after being reared for a generation in the normal medium, while
in the other variants than the above mentioned two strains, the acquired resistance
becomes weaker, when cultured on the normal medium. The cross resistance and
collateral sensitivity observed in each variant are also kept more or less, even after
it is cultured for a generation in the normal medium.

7) The Index of acquired resistance was calculated with each variant to compare
one another. From the index, it can be seen that the resistance exhibited by
each variant has high specificity.
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