
MEMolRs oF THE CoLLEGE oF SclENcE, UNIvERslTy oF Kyoro, SERIEs B,
            Vol. XXVIII, No. 1, Article 2 (Biology), 1961

           CuS04 Resistance in DrosoPhila melanogastept

        III. Vaerious Changes of Characters acco}npanied with

                 Acguisitiolt of Resistance to Copperi)

                                  By

                         Sizue YANAGISKIMA

             Zoological Institute, College of Science, University of Kyeto

                          (Received April 6, l961)

    The present author reported in the first report (YANAersmMA and SuzuKi,
1959a) that the Iarvae of Drosopliila mela•nogaster, whose parent fiies had been
yeared in the sublethal copper medium, i.e., 0.5mM CuS04-containing medium
(tkey are called the Cu-strain in this yeport), could acquire a resistance to
4mM CuS04-containing medium, in which about 509oi of the normal larvae
could emerge. The Cvt-strain showed higher pupation and emergence rrates
in 4mM CuS04-coRtaining medium than the control (normal) strain, of which
larvae had no contact with copper; and the former developed in 4mM CuS04
medium faster than the latter.
   In the second report (YANAGismMA and SuzuKi, 1959b), the present author
examined whether any difference in tke coppey resistance acquired was found
amoftg tke Cu-strains different in their own cayeers in the experience of 0.5mM
CuS04-containing medium during the }arval stages. Of course, DresoPkila
melanogaster has three instar stages, and at first it was examined whetker any
difference in tke copper yesistance could be found between the larvae that had
been reared in 0.5mM CuSQt medium during one of the three larval stages
and those that had been reared during all of the larval stages. The result was
that the copper yesistance can be acquired during the larval period in 0.5mM
CuS04-contaiRing medium irrespective of the length of tirne in this mediurn.
Furtkermore, no significant difference in oviposition number could be found
among the fiies tkat had had different careers there.
   Number of eggs laid by the Cu-strain was not different from that laid by
the control strain. The Ctt-strain, however, showed h2gher hatching rate than
Åíhe control strain, and the difference was significant. Further reslstance ex-
periments were performed using various fiies of different careers, of which
ancestors being reared ln 0.5mM CuS04 medium or in 4mM CuS04 medium,
and some were coBtiRued rearing in tkese media, while others were returned
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to the Rormal medium. The resu}ts of these exper2ments showed thet the
resistance to copper could be acquired during the Iiie of only one generation
in the sublethal (0.5mM) CuS04 medium and the ckaRge seerned to be induced
by the adaptive processes.
    In the present report, whick is the third one of this series, the author
wisltes to show the alterations of various characters, such as behd"vioys, longevity,

sensitivity to enzyme inhibitors, and so on, evoked in accompany with the
induction of the resistance to copper.
    The autkor wishes to express her hearty thanks to Pyof. D. MiyADi, Asst.
Prof. S. MoRi and the other members of tke "Research Group for Adaptive
Variation" for their constant guidance and encouragemeRt duying this work.
Ske is also indebted to Prof. J. AsffmA for his constaRt help, to Asst. Prof.
Y. ARAKATsu and Mr. H. NAKAMuRA, K6nan University, for their aids in
chemlca! analysis of copper aRd to Asst. Pyof. M. KmARA for offering the
facilities for calculation of the experimental results.

                             Experiments

1. Fu-nda•mental method of exPerintent.

    Experiments were performed witk DrosopJtita metanegaste?' Oregon RS strain,
derived from the standard stock culture in tke Genetics Laboratory of Zoo-
}ogical Institute, Kyoto University.
    The contro} medium was PEARL's synthetic medium, 15ml of whick was
put in a 50ml cuiture bottle. The copper-coRtaining medium was prepared ln
a culture bottle, mixing PEARL's synthetic medium wlth 0.5rnM of CuSO,
immediately after boiling. Just before the employment, two drops of yeast
suspension, which had been prepared by suspending 10 mg of dry yeast in 20 ml
of distilled water, were added.
   Twenty fiies, 10 males and 10 females which had emerged two days before
were put in a oviposltion tube, 3cm ln diameter and 12cm iR leRgth, witk
cotton plugs at both ends. Then a siide glass with PEARL's synthetic medium
on it, on which yeast suspension had been dropped, was inserted into the tube,
so that the flies could deposit eggs on it. Usually several of these tubes were
used at She same time. The slide glass was renewed every day and the newly
hatched larvae were put by 20 individuals into a cultuye bettle. The renewai
of the slide glass was performed at a definite time of a day and only the larvae
whick had hatcked within 2 kours after that time were used. Tken the adults
emerged from these bottles were counted every 24 hours, and measured the
emergence rates. The culture bottle was put in an incubator at a constant
temperature of 250:k• 0.10C.

2. Body length.

   Method: The first instars of the normal strain were transferred to the
medium containing 0.5mM of CuS04. The aduit flies emerged fyom tkis

'



CttSO.t Resistance in DrosoPlt{.la Tnela•nogaster, rll 11

copper-containing medium were transferred to the ovipositioll tube in which
tke slide glass havin.a the normal medium on it was inserted. The larvae
hatched from these eggs were denoted as tke larvae of the Cu-strain..
   The larvae of the Cu-strain and those of the control strain were both put
onto the "test copper medium", which contained CuS04 in 4mM density, or
onto tke normal medium, aRd the body lengths of aduits emerged from tkese
media were mea,jured and tke differellces were examined st'atistica}ly.
   The measurements of body leRgth were performed as to those fiies one
day old after emergence, male and female separately.

   Resttits : The results of the mea$urement are shown iR Table i. In the
case of male fiies, tke Cu-strain was larger tkan the control strain wheR yeared
on the control medium (6 O.05>a'>O.02, ? 0.6>cu)>0.5). In the test medium,
no difference was foulld between the two strains, regardle$s of sex (6 0.7>a
])>0.6, ? 0.4,>ev>.-•0.3).

  Table 1. Body lengths ef the flies of the control and Cu-strains cultured on the control
     medium and the medium containing 4mM CuS04.
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        Examinations of differences between two strains (t-test).

                        69           Control O.05 )> ec )> O.02* 0.60 )> a: )'> 0.50

           CuS04 0.70>at>• 0.6e 0.40> a: >'- o.3e
                           * Significant.

3. Longevity.

   In order to find whether any differences in ecological characters existed
between the Cu- and noymai strains, the Iongevity test was performed at the
start.

a. On the aga?' medium (PEARL's medium).

   114ethod: Some applications of the metkod used in the oviposition test
mentioned in tke first report of this series wei"e made to the longevity test.
The ovipositiok tube was a giass cyiinder of 3cm in diarneter and 12cm in
length with cotton plttgs in both ends. The fiies of about 12 hours after
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emergence were narcotized and transferred into the ovlposition tube. One tube
conta2ned 5 female and 5 male fiies. A slide glass, with PEARL's synthetic
mediurn on it, on which yeast s"spension had been dropped, was inserted into
the tube. The sllde glass was renewed every day and at the same time the
}ivlng fiies were counted til} all tke fiies in the tube died away. Here the
longevity means the average lengtk of the life of adult fiies, that is to say,
from the time of the fiies' emergence till their death.

   Results : It is clear from the present resu}ts shown in Fig. 1 and Table 2
that female flies could live longer than males in both the Cu- and normal
strains, and the flies of the Cu-strain could live longer than the normal strain,
without distinction of the sex. All these differences are statistically significant
(O.OOI>a). It is of great interest that longer }ongevity is accompanied with
stronger reslstance to copper.
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1. Results of the longevity test on PEARL's synthetic mediurn.
0: fiies of the control strain. Cu: flies of the Cu-strain.
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Table 2. Results of the longevity test on PEARL's synthetic mediurn.

Strain

I e
i
l' 9

  Number
1ofi fiies

.v]" tunttt._t.t.tt.t

.Mean
length
of life

Standard

dexriation

  Number Mean
    of length
I fiies of life

Standard

deviatien

Control

Cu-strain

I
50

50

day
32.64

37.80

5.83

5.95 l

50

50

day
36.00

45.72

6.82

7.28

Examinations

      6
      9

of differences

O.OOI>' ce*

O.OOI > a,a

between two strains (t-test).

  * Significant.
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b. On giquid media containing copper.

   In order to know more about their longevity, another experiment was
carried out, using sucrose solution containing copper. As mentioned by PouLsoN
(1950a,b, 1955) and PouLsoN et al. (1951, 1952, 1958a,b), copper absorption of
fiies depends on concentrations of copper in culture medium and this phenom-
enon may have some effects on longevity of the flies. Experiment was made
by using the methods used by HAssETT (1948),
0HS".W.2,S,2S.'.S2Kil}22.2iP56.',Z"2,2S,N:,gLZ56i2 

hours old after emergence, were anesthetized
with ether and divided into male and female
groups. In this way, 10 flies were tested at

once. -
   Test bottles were the same as those used
by OHsAwA and Tsui<uDA (1956), as shown in
Fig. 2. A J-shaped glass tube which was 5mm
in diameter and 120mm in length was inserted
through cotton plug. The upper end of the
J-shaped tube was plugged with cotton tightly,
to avoid evaporation of water. Rolled filter
paper being infiltrated with test solution was
inserted into the other end of the tube. 0.IM
of sucrose solution supplemented with or with-
out 4mM CuSQi were used. After having re-
moved the cotton plug of the upper end, 1.5ml
of the test solution was carefully introduced
into the tube with a pipette. The test solution
was added every day and it was changed for
new one every 3 days. In such a test bottle,
10 fiies were put in and living individuals were
counted every day. Rearing temperature was
250Å}0.10C as usuaL

   Results ; The experimental results are
3 and 4.
   We can see from the results that the flieso
than those of the normal strain on the control
out regard to sex. The differences are
>cu>O.02, 9: O.01>cv)>O.OOI). On the
longer than the Cu-strain on the test solution
are also statistically significant (6, 9: O.OOI>
difference in longevity, between male and
test solution in both cae.es of the Cu- and
noticed here that the flies of the Cu-strain
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      f the Cu-strain could live longer
       solution
statistically

contrary,
      with
      a').
  female
     the
    could

 Fig. 2. Experimental equipment
  used in the longevity test with
  sucrose solution. Cl and C2:
  Cotton plugs. J: J-shaped tube
  containing a sucrose solution
  (S). W: Wick made by rolling
  a strip of filter paper.

 in Tables 3 and 4, and Figs.

      (sucrose 0.1 M), with-
   highly significant ( 8 : O.05

the normal strain could live
  copper. These differences
  There was also significant
flies on the copper-containing
 normal strains. It must be
 live longer than the normal
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Table 3. Results of the
   sucrose solution.

longevity test performed by supplying simple 0.IM

Strain
'

Control

Cu-strain

6

Number
  of
  fiies

Mean
length
of life

9

Standard I

deviation

60

70

day
24.98

26.27

3.87

2.76

Number
   of
  flies

Mean
length
of life

Standard

deviation

      60
      70

strains (t-test).

Significant.

day
23.70

26.22

3.80

7.72

Examinations

        6
        9

of differences between

o.os>a>o.e2*
o.ol>a>o.ool*

Table 4. Results of
   containing CuS04

the
 in

longevity
4mM.

test

two

  *

performed by supplying sucrQse solution

Strain

6

Number Mean
   of length
  fiies of life

?

          NumberStandard
             of
deviation l fiies

Mean
Iength
of life

Standard

deviation

Centrol

Cu-strain

210

250

day
5.2e

4.75

1.45 •
1.73

200

260

day
6.52

6.15

1.70

1.57

Nvpu
' x
g

'i[]

g
R

'{{}l

Examinations
        6
        9

of differences

o.ool > a*
o.ool > at*

between two

  ;ge

strains (t-test).

Significant.

Fig.

             Ttme tn days

3. Results of the longevity test
sucrose solution.

after emergenCe

performed by supplying simple 0.1 M

-
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4. Results ef the longevity test
sucrose solution containing CuS04

   78
e?nergenC2
performed by
in 4mM

9 io

supplying 0.1 M

11

strain on both 0.1M of sucyose solution and PEARL's synthetic med2um, when
they were not supplied with copper, whereas the Cu--strain showed shorter
longevity on e.1 M sucrose solution containing 4mM of copper than the control
strain. The reason of this pecuRar phenomenon will be discussed later on.
   The same type of the experiment was made, uslng 2mM of CuS04. The
results aye showR in Fig. 5 and Table 5, from which we can see that, in the
Cu-strain, the mean life duration was 13.60 days for males and 13.50 days for
females, but in the control strain, it was li.21 days for male and 12.00 days
for female fiies.
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5. Results of the longevity test performed by supplying
sucrose solution containing CuSQi in 2mM.
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Table 5. Results of the longevity test performed by supplying sucrose solution
   containing CuS04 in 2mM.

t
6

Strain Number
  ef
 flies

Mean
length
of life

Standard

deviation

day

13.60

RumbEr
 ,?g,

9

Mean
length
of life

Standard

deviation

                                                   day
                   50 8.19       Control                                            50 12.00 1.74
                                           110 13.50 2.73                  100 4.01       Cu-strain

        Examinations of differences between two strains (t-test).

               a O.OOI>a* ..                                       Significant.               g o.ol >a>o.oolti

   It is clear that the Cu-straiR can live IoRger than tke normal strain on
O.iM sucrose solution coRtain2ng 2mM of CuS04, which is inconsistent with
the result when 4mM of CuS04 is contained. On the other hand, we know
that the Cu-strain can live longer tkan the control strain iR PEARL's medium
containing 4mM of CuS04. What is the reason of tkls inconsistent phenom-
enon? The author considers that nutrient conditions of culturlng media are,
at least, coRcerned with this phenornenon, l.e. PEARL's medium is far richer
than the sucrose solution, and it is probable that the degrees of copper
absorptien or of resistaRce to copper are different among these different media.

4. Be}zavior-Pl2otokinesis.

   Photokinesis experiment (activity test) was performed in order to know
if there were any differences in behavior between the Cu-strain and the
normal one.

   Materiat and method: The following preparation was made before the ex-
perirnent, irrespective of the fiies of the Cu- and the normal strains.
   The fiies one day old afSer emergence were narcotized witk ether, and
were dlvided into male and female groups. These groups were transferred
separately into smalkubes (1.5cm in diameter and 9cm ln length) centaining
2ml of PEARL's synthetlc medium, 10 files to one tube. TeR tubeeo coRtaining
10 male fiies each and another 10 tubes containing 10 female fiies each were
used ln one test. Tke activity test was carried on in the daytime (9-15 o'clock)
from 2 to 3 days after emergence. The reason why this photokinesis test was
carried on in the daytime wae. that the fiies had the daily rhytkmic ckange in
activity and it waJq most stable IR the daytime.
   The test apparatus is showR in Fig. 6. Flies to be tested were introduced
from side arm (1.5cm in diameter and 9cm in length) to main glass tube
(3.5cm ln diameter, 40cm in length). A glass plug witlk some perforaÅíioRs,
through which air could enter but fiies could not, was plugged to the side arm.
Three rnark lines are ticked at intervals of IOcm oR outside of tke main test
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  Fig. 6. Schematic representation of the experimental
      equipment for the activity test. Upper figure: Side
      view. Lower figure: Upside view. 1: Test tube of
      3.5cm in diameter and 40cm in length. 2: Side
      arm of the test tube (diameter 1.5cm, Iength 9cm).
      3,4: Three quarterly lines marked on the test tube.
      5: Thermostat with water of 250C. Arrows show
      illumination beams of diffused light.

Table 6. Results of the activity test (photokinesis experiment).
   Each figure is the averages of five consecutive counting
   using the same materials.

Control stram

6 9

1.26

1.06

0.94

2.16

2.82

2.06

0.52

0.38

0.74

1.24

2.76

0.82

2.38

2.22

1.98

O.08

0.50

0.52

Cu-strain

6 9

L

Average 1.32 1.38

1.72

2.10

2.16

3.26

2.74

3.08

2.40

0.14

1.48

0.58

1.08

2.16

2.32

1.88

2.28

O.02

0.66

0.12

2.11 1.23

Examinations

      6
      9

of differences between

o.os>a>o.o2ai
  a> 0.20
   * Significant.

two strams (F-test).
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tube. This test tube was submerged in a thermostat of 250C in the (lark, and
after 20 minutes of adaptation in tb.e dark, a diffused light was swkclted on.
Illumination on tke test tube was about 550 iux. The number of fiies which
crossed tlte mark lines during 1 m2nute was counted and this counting was
repeated five times. The mean value of tkis five countings was taken as an
index of photokinesis.
   Ressclts : As sbown in Table 6, photokinesis iRdex was greater in maie flies
of the Cu-strain than the contyoi strain (.O.05>' a'>O.02), but in the case of
female fiies, there was no difference betweeR the Cu- and normal strains
(cu>0.20). It is very interesting tkat there is a great dueereRce in the photo-
l<inesis index between the male and the female flies of tke Cu-strain. Thus,
copper caused Rot only the resistance to cepper but also the change in moving
actlvity.

5. Eff ects of rearing temPeratu.re.

   Tkere were significant differences Rot only in loRgevity but also in pkoto-
kinesis between the copp•aur-adapted strain (Cu---strain) and the Bormal one.
Here it can be said that general physiological activities must kave also changed
in the copper-adapted strain.
   Rearing temperaSure i"es kRown to have much effect on the physiological
activities of flies, so that the effects of temperatuye on acquLe2tien of resistance
were studied. Altbough most ether experiments were carried on at 250=i]O.IOC,
the present tests were made, in one case, under tke combination of 200C and
250C, and in tke other case, under the combination of 250C and 280C.

    Method: a) In tJte case of combining 20QC and 250C. As $kown in Fig.7
schematically, as soon as the flies of the normal strain had emerged, 20 ma}e
and the same number of female flies were traRsferred into an ovipesition tube.
These tubes were div2ded into two groups, of wkich one was placed in an
incubator of 200C and the other was placed in that of 250C (these were the
control).
    Twenty lst instars which had hatched in these tubes were transferred to
a culture bottle containing P.EARL's syntketic medium. Ten cu}ture bottles
were prepared for each group, and these bottles were cultured at 200C and
250C respectively. Tke adult flies emerged from these bottle.e (Fig. 7, I and II)
were transfez'red t'o oviposition tubes. Twenty larvae katched fyom tkese eggs
were transferred to a bottle, in which 15ml of 4mM CuS04-containing PEARL's
medium was put, to test the emergence rate.
    In this case, the followiRg four 1<inds of combination.e were macle:
    (i) All treatments were dene at 200C through the experiment (Fig. 7,
I and IV).
    (ii) The parents were cultured at 200C (Fig. 7, I), but both oviposition
aRd hatching were done at 250C and the hatched }arvae were cultured at 250C
in 4mM CuSO,-medium (Fig. 7, VI).
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             Fig. 7. Procedures of the experiment to test the effect of
                rearing temperature on the acquisition of resistaRce to
                copper. I--X: adult flies, which were subjected to
                different rearing temperatures in their careers.

   (iii) The parents were cultured at 250C (II), but the treatments thereafter
(including oviposition) were all made at 200C (V).
    (iv) Ail the treatmentve were performed at 250C (II aRd VII). Of course,
all the tests mentioned above were made witlt both the normal and the Cu-
strains in parallel at the same time, and 10 bottles were used at eacli set. The
experiments were repeated thrice in all.

   b) Jn the case of combin•i•ng 25eC and 280C. As shown schematically in
Fig. 7, two l<inds of rearing temperature, 25eC and 280C, were used. Other
procedures were similar to the previous experiments. In this case, the experi-
ments were repeated twice.

   Resutts; a) Tke resultoe of the cases of combining 200C and 250C are
shown in Table 7. The emergence rates of the Cu-strain were a}ways higher
than tkose of the normal strain. The differences were demonstrated as statis-
tlcaliy significant, except the caspv of VII, as shown in Table 7.
    In alraost ail cases, there was no significant difference ln acquisitioR pattern
of copper resistance among varlous temperaSure treatments. This means that
there was no significant correlation between rearing temperatures at which
the tests had been made, i.e., two kinds of the rearing temperatures, 200C and
250C, had no effects on copper resistance. The oniy one excepeional case
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Table
   to

7. Effects of rearing temperatures
copper. IV, V, VI and VII indicate

(200C and 25CC)
the flies, whose

on the acquisition of resistance
careers are shown in Fig. 7.

i IV V
i
l
I

   Cu-strain
iNTo. of Ernerged
larvae No. r/o

1

2

3
,

200
(10)

200
(10)

200
(10)

l24 62.0

141 70.5

139 69.5

    Control
No. of Emerged
larvae No. e/.

I
i
i
1
]

   Cu-strain
Ne. of Emerged
larvae No. 0/o

I
Åí'

    Control
No. of Emerged
larvae No. O/o

200
(10)

200
(10)

2eo
(10)

98 49.0

112 56.0

114 57D

:

1

t
]

Total 600 404
(30)

67.3 600
(30)

200
(10)

2oe
(10)

200
(10)

133 66.5

130 65.e

125 62.5

        I324 54.0 600
(30)

388 64.6

200
(2e)

200
(10)

200
(10)

107 53.5

114 57.0

113 565

600 334 55.6
(30)

vi I                i
VII

    Cu-strain
iNo. of Emerged
Ilarvae No. 0/c

l Control
l
iNo. of Emerged
Barvae No. o/o

l
l
i

   Cu-strain
No. of Emerged
larvae No. o%

i Control
l
iNo. of Emerged
llarvae No. o/o

2 i 200
  i (10)
2 i 200
  i (10)

3 200    (10>

338 69.0 i 200
        I (io)
i37 6s.s l 2oo
        l ae)
        i129 64.5 l 20e
        11 (10)
        i

90 45.0

114 57D

106 53.0

:

I
1

l

200
(10)

200
(10)

200
(10)

131 65.5

129 64.5

127 63a5

I 2oo
l (10)
l 200
i (iO)

I 2oo
l (iO)

l17 58.5

121 60.5

117 58.5

Total 600
(30)

404 67.3 600 310 51.6
(3e)

600
(30)

387 64.5 600 355 59.l
(3e)

Between

 Examinations

Cu- and control

IV
VI
v
VII

of

 strams

differences in

O.OOI > as-;

o.ool>a*
o.ol >es>o.eolrk•

0.10 >tu>O.05

emergence (x2-test).

     Between two
Cu-strain

VI:IV
IV:V
IV:VII
VI:V
VI:VII
 V : VII

0.10>es>O.05
o.so>a>o.3o
0.10>es>OD5
o.so>a>o.3o

* Significant.

treatments
  Control
0.50>at>0.30
0.70>ec>0.50
0.10>ca>O.05
o.2e>a>o.lo
o.o2>a>o.ol*
0.30>es>0.20

having statisticaily significant difference is seen beeween VI and VII of the
normal strain, of which resistance test was made at 250C, but the parental
careers of both fiies were different, the former being reared at 200C and the
latter at 250C.

   b) Tke results of the cases of combining 250C and 280C are shown in
Table 8. WkeR we compare their emergence yates with the Cu-strain and the
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normal strain, there were no statisticaliy significant differences in VII, VIII
aRd IX, but statistically significant differences were found in X. Even in the
former 3 cases, the actual resu}ts sltow that the emergence rates of the Cu-
straiRs were higher than those of the normal straiBs.
   In the next place, there are remarkable effects when the treatments of
temperature are differeRt. This is a phenomenon fairly contrasted with the
former combination of rearing temperatures (200C and 250C). For example,
VII flies that were trained to copper at 250C showed higher emergence rate
than VIII fiies trained at 280C, and the same tendency was found between IX
and X. When the parental temperature careers are the same, however, no

Table
   to

8. Effects of rearing temperatures (250C
copper. Other explanations see Table 7.

and 28"C) on the acquisition of resistance

l
l
l

VII i VIII

    cu-strain l control I cu-strain
Ni o. of Emerged No. of Ernerged INo. of Emerged
larvae No. 9/o Varvae No. % lIarvae No. 9/o

1

2

200 131
(10)

200 l29
(10)

65.5

64.5

:
l
l

2oe
(10)

2oe
(10)

117 58.5

121 60.5
l

200
(le)

200
(10)

117 58.5

l13 56.5

    Control
No. of Emerged
larvae No. 9ti)

Total

200
(IO)

2oe
(10)

93 46.5

400 260 65.0
(20)

110 55.0

400 238 59.5
(2e)

i
I

I
i
i
1

.L

IX

    Cu-strain

No. of Emerged
larvae No. % i

1 I 200 '135
   l (io)
2 I 2oo 231
   i (10)

67.5

65.5

1
I

I

    Centrol
No. of Etnerged
Iarv.g_e. No, e/e ...

200
(10)

200
(10)

119 59.5

12e 6o.o

400
(20)

23o s7.s I 4oo 2o3
         I (20)
        1

50.7

x

    Cu-strain

No. of Emerged
larvae No. O/o

i Control
iNo. of Emerged
Rayvae Ne. O/n

Total

l
I

200
(10)

200
(10)

l12 s6.o l
        l
110 55.e I
        t

400
(20)

200
(10)

200
(10)

82 41.0

97 48.5

266 66.5 ' 400 239 sg.7 l
        l (2o)
        i

4oe
(20)

222
ss.s l' 4oe 17g
      (20)

40.7

Between

VII

IX
VIII

x

       Examinations

Cu- and control strains

o.2o > at > o.lo

0.10 '> cif Y'>'" O.05

o.lo>a:>o.os
O.01 > a'}:

*Significant.

of differences in emergence

VII:iX
VII:VIII
VII:X
IX : Vill

 IX:X
VIII:X

     (x2-test).

Between two treatments
C"strain
   o.so>a>o.7o
   o.os>a>o.o2*
   o.ol>a>o.ool*
   O.02>ct>O.01*
   o.el>a>o.eol*
   o.7e>a>o.so

   control

o.o2 > a•>o.ol*
o.ool>ati

o.o2 >a>o.ol*
o.oo2>a*
o.2o >ec>o.le
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."ignificant difference in the copper resistance is found between tke Cu- and
normal strains, irrespective of E's temperature careeys in the test medium.
This is clear between VII and IX or between VIII and X (refer to Table 8).
    After all, when tke effects due to 250C and 280C are compared, the parental
careers have a deci(led IRfiuence, 28eC ltav!ng a worse effect on the resistant
character to copper of Fi generation, irrespecSive of the rearing teraperature
(temperature at the time of the emergence test) of Fi generation.

6. Uptafee of coPPe7'.

    Frem She experimental results mentioned above, we saw tkat tke Cu-strain
was different from the control strain in maRy respects, such as behavior and
longevity. In these circumstances, it is important to know about the uptalge
of copper by fiies in order to mal<e clear the reason why the above-mentioned
changes have taken place in the Cu-strain.

a. Chemical a".alysis.

    Total copper content in adult fiies was measured by employing colorimetric
method. The fiies of botk strains to be used for analyzing their copper contents
were cu}tured in culture bottles, each containing 30 ml of PEARL's mediurn with
4mM of CuS04. 0ne hundred lst instar larvae which had hatched in oviposi-
tion tubes were put in an above-mentioned culture bottle at 250C. The fiies
which had emerged in these bottles were transferred to other culture bottles
containing PEARL's medium without copper, in order to make them free from
the copper attached to the body surface or accumulated ln the digestive organ.
After four days of culture on PEARL's medium, the adult fiies were narcotized
and washed with water for 1 kogr, followed by drying in an oven at 850C.
The dried flies were made into ashes witk dry combustion method and then
copper was analyzed with colorimetric method. As organic feageRts, p-dimethyl-
aminebenzylidenerbodaRin used in KoLTHoFF's meehod (1930) and dithizone
used in MEHuRiN'$ method (1935) aRd FisHER's method (1934) were used.
    llowever, the coppey contents shown by these methods were so small,
irrespective of the Cu- or normal strains, that the comparison between these
two strains was impossib}e.
    In the next test, analysis was made by using a pbotoelectric spectrophoto-
meter. The fiies were prepared in the same way as mentioned above. Materials
were decomposed with wet combustion metkod according to MiLLER and MiLLER
(1948). Copper analysis was made SANDELL's rnethod (1950), using sodium
diethyldithiocarbaminate as reagent. As shown iR Table 9, the copper centent of
tke flies increased when they were reared in the copper containing medium,
irrespective of the Cu-strain and the control strain, and thus the difference
between them was not seen.

b. Histockemical analysis.
    As chemical analysis did not bring about suthcient result, cytochemical
method was used in order to know the dfference in copper uptake by the two
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Table 9. Copper contents (gegfdry weight) of the Cu-strain and contro}
   strain grown up in 4mM CuS04 containing PEARL's medium. Copper
   content was determined by SANDELL's method. In comparison, the
   copper content of the control strain when fed by PEARL's normal
   medium is cited.

Grown up in 4mM CuS94 medium

Control strain

1.698

l.845

1.902

2.581

Cu-strain

l

1.637

1.962

2.193

2.589

Grown up in control medium

Control stram

l

0.518

0.911

             1.989                                                    0214 (Average)                              2.095

strains. The experimenta! materials were obtained by the same procedure as
mentioned above, but in this case, fixation was made with absolute alcohol
instead of washing in water. Reagents used were potassium ferrocyanide and
p-dimethylaminobenzylideRerhodanin after OKAMoTo aRd UTAMuRA's method
(1938, 1939) and sodium diethyldkhiocarbaminate after KAMAMoTo's (1938) and
WATERHousE's metkods (1945). Although about teR thousand of preparates
were made and observed, it was impessib}e te detect copper distributioR in fiy
tissues by these methods.
    After a!I, the autkor could not find any difference in copper content beÅíween
thetwostrains by the chemical ana}yses. In order to l<now the copper content
in detail, an autoradiographic methcd will be the best ef all as "qhown by
PouLsoN and his co-workers (1950, 1952, 1955), so the application of this method
will be a future task.

7. Seitsitivity to engyme i"hibitors.

    It can be assumed that some physiological changes in rnetaboiism$ must
have taken place within the bodies of fiies of the Cu-strain. In order to detect
this poiRt, the following enzyme inhibitor test was attempted. CH2I•COOH aRd
NaF were used as inhlbitors of glycolysis, 2, 4-dinitrophenol as uncoupiing agent,
and As203 and p-chlorornercuribenzoate as SH-inhibitors.

    Method; The concentrations of the inhibitors and the numbefs of test
bottles are skown in Tables 10-15. Tlte lst instar layvae of the Cu-strain and
the control strain were transferred to test bottles containing PEARL's synthetic
mediura with various kinds of inhibitors and the numbers of adult flles emerged
were counted, male and female separately.
    In the case of 2, 4-dinitrophenol 70/0oi ethyl aicohol wa$ used as solvent, so

the same quantity of alcohol was added to the control culture for blank test.

    Results: The experimenta} results are shown in Tables 10-15 and Fig. 8.



24 Sizue YANAGISI{iMA

    a) C"21•COOH. As shown iB Tabie 10, both strains sb_ewed 5-98fOof of emer-
gence rates on the culture media containing O05-75Å~10um5Mel of C}I21•COOH.
    It is noticeable that at almost all concentrations, the Cu-strain showed lower
emergence rat.e than the control strain, and the difference as a wkole was
statistically significant.

    Table 10. Emergence rates of the two strains on the media containing CH2I•COOH.
       Figures in parentheses show numbers of rearing bottles.

           1
           I
Concentration i---•
           l           ] No. of
 Å~lom5 Mol I
           i
           1

Control stram
l
l

i
Cu-strain

                  -llarvae Emerged I No. of larxrae Emerged
       No' i).60,.t.O.j No' iZ;6rvtaOe

 O.05

 0.1

 0.2

 5.0

10

l5

20

25

40

50

75

l
I
i
:
I
;
l

360 (i8)

400 (20)

360 (l8)

400 (20)

400 (20)

360 (18)

360 (18)

360 (18)

400 (20)

360 (18)

360 (18)

354

380

324

370

358

3i3

268

274

234

l89

 18

98.3

95.0

90.0

92.5

89.5

86.9

74.4

76.1

58.5

52.5

 5D

l
l
I
I
l
I
l
l

 I

-
l

360 (18)

400 (20)

360 (18)

360 (18)

360 <18)

360 (18)

4eo (2o)

360 (18)

360 (18>

353

392

324

300

219

231

204

166

 o

98.e

98.0

90.0

83.3

60.8

64.l

5I.0

46.1

o

                  4120 (206) 3082 3600 (180)        Total

      Examinations of differences between two strains (x2-test).
               O.01>a>O.OOI:'t Significant.

   b) NaF. Tke results are shown in Table 11. The Cu-strain sbowed lower
emergence rate than the control strain, in the concentxation range of 25-500Å~
10rm5Mol, and the difference was statistically significant.

    c) 2,4-dinitroPhenol. When only alcohol, used as solvent of 2,4--diltltro-
phenol stock solution, was added to PEARL's medium, no effect en emergence rates
of both strains was observed (see Table 12), whereas wheR 2,4---dinitropheRol
was used, as shown in Table 13, the Cu-sSrain skowed lower emergeRce rate
than the contro} strain, and this difference was statistically highly significaRt.

    d) p---chloromercuribenxoate (.P.C.M.B.>. The experimental results are shown
in Table 14. The emergence test was performed at the concentrations from
0.75 to 30Å~10-5 Mol. Tke tendency that the Cu-strain showed iower emergence
rate was clear, but the statistical examination fai}ed to show this difference
was significant.
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Table 11.
   NaE

Emergence
Figures in

rates of the two
parentheses show

stralns on
numbers of

tlie media containing
 rearing bottles.

Concentration

Å~10-5 Mol

 25

 50

100

200

300

400

500

Control straln

No. of larvae   Emerged
       9/o toNo.      Iarvae

Cu-strain

No, of larvae   Emerged
      0/v toNo.      Iarvae

I
i
i
I
I
I

Tota}

420

420

360

420

420

320

420

(21)

(21)

(18)

(21)

(21)

(16)

(21)

381

411

315

273

155

 48

  o

90a7

97.8

87.5

65.0

36.9

15.0

o

1 42o
I 42o
I
l 360i

I 42o
i    420

    320

    420

(21)

(21)

(18)

(21)

(21)

(16)

(21)

375

365

301

258

l26

 20

  o

89.2

86.9

83.6

61.4

30.0

 6.2

o

2780 (139) 1583
l

1
,

2780 (l39) 1445

Examinations of differences between two strains
         O.05>a>O.e2* Significant.

(x2-test>.

Table 12.
    alcehol

Emergence
 (blank test

rates of the two strains on the
 of 2, 4-dinitrophenol).

media contalnlng

Concentration

Å~10-s Mol

 1.0

 2.5

 s.e

le

15

20

30

50

Total

Control straln Cu-strain

No. of larvae   Emerged
       o% toNo.      Iarvae

No. of larvae   Ernerged
       q•6 toNo.      Iarvae

14e (

140 (

140 (

140 (

140 (

140 (

140 (

140 (

7)

7)

7)

7)

7)

7)

7)

7)

136

l32

125

131

224

132

129

130

97.1

94.2

89.2

93.5

88.5

94.2

92.1

92.8

l40

140

140

140

140

140

140

140

( 7)

( 7)

( 7)

( 7)

( 7)

( 7)

( 7)

( 7)

138

134

130

129

134

134

129

135

98.5

952
92.8

92.1

95.7

95.7

9.P..1

96.4

1120 (56) 1039        1120 (56)

strains (x2-test).

1063

Examinations of differences between
         at>e.99 Non significant.

two
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Table
   2,

l3. Emergence
4-dinitrophenol.

rates of the two strams on the media contalmng

Concentration

 Å~ 10 rm 5 Mol

            :
 l.0

 2.5

 5.0

10

15
        l20l3e

sOI        I

Control strain i Cu-strain

Ne. of larvae   Emerged
Nony fll?,vtaOe

i
i
I
l
l
l

No. of larvae   Emerged
      % toNo.      Iarvae

42e

420

420

360

420

420

420

420

<21)

(21)

(21)

(18)

(21)

(21)

(21)

(21)

396

360

396

327

282

204

135

  o

94.2

85.7

94.2

90.8

67.1

48.5

32.1

o

i
i
'

420 (21)

42e (21)

420 (21)

360 (18)

420 (21)

420 (21)

420 (21)

420 (21)

375

354

321

311

273

159

 90

  o

89.2

84.2

76.4

86.3

65.0

37a8

21A
o

Total 3300 (165) 2100 I 3300 (165) 1883

Examinations of differences
         o.ool>`ta: Highly

between two strains (x2-test).
$ignificant.

Table 14. Emergencerates of the two strains on the media contammgP.C.M.B.

Concentration

 Å~10rm5 Mel

1
1
l
li ttttttttttttt

Control straln
l

1
i No• of

I
.l.......

larvae

Cu-strain

  Emerged               No.

No• iO} .`5"r.` aOe I

of larvae
  Emerg'eH'''' '

      e/o toNo.      Iarvae

 0.75

 1.0

 l.5

20

25

30

l 2so
i

1 50o
l 2so
i

] 280
i 28e
i 280

(14)

(25)

(14)

(14)

(l4)

(14)

256

454

228

 30

 20

  o

91.4

90.8

81.4

10.7

 7al

o

l

1

t
I

280 (l4)

500 (25)

280 (14)

280 (14)

280 (14)

280 (14)

227

400

214

 16

 14

  o

81.e

80.0

76.4

 5.7

 5.0

o

Total 2080 (le4) 988     [

strams

1900 (95)

<x2-test).

871

Examinations of differenees between twe
         0.50>a>0.30 Non significant.
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Table 15. Emergence rates of the two strains on the media containing As203.

27

Concentra-
   tiott
Å~10-3 Mol

 o.e3

 O.05

 O.l

 e.3

 0.5

 l.0

 3.0

 5.0

 6.e

 7.0

10

contrel strain l

No. of
larvae

 Pupated Emerged
No• iO).6,0,.t .O, No• i0 2ii,.t.O,

 280 (14)

 280 (14)

 280 (14)

 280 (14)

 280 (14)

 280 (14)

 280 (14)

 280 (14)

 44e (22)

 280 (14)

 280 (14)

3240(162)

          246 87.8
          27e 96.4
          256 91.4
          254 9e.7
          248 88.5
          268 95.7
          252 90.0
2i3 76.0 i92 68.5
268 60.9 232 30D
 56 20.0 7 2.5

 oe oo

Cu-strain

         ?upated Emerged
ill8i.gg No• iZrv`aOe NQ' iZrvtaOe

280 (14)

280 (14)

280 (14)

280 (14)

280 (14)

280 (14)

280 (14)

280 (14) 202
440 (22) 254
280 (14) 4
28e (14) 0

     27e 96.4
     250 89.2
     270 96.4
     256 91.4
     236 84.2
     24e 85.7
     240 85.7
72.1 173 61.7
5Z7 78 17.7
 1.4 2 0.7
 o oo

                                2125 324e(162) 2015     Total

        Examinations of differences between two strains (x2-test).
             O.05>a>O.02* Significant.

    e) As203. The results are shown in Table 15. Concentrations used were
O.03-10.0Å~10mu3Mol. The Cu-strain showed Iower emergence rate than the con-
trol, and this dlfference was statisticaliy slgnificant2).

    From the experimental results mentioned above, it can be said that the
Cu-strain showed usually lower eraergence vate than the control strain on the
media contaiRing inhibltors. These results clearly show that the Cu-strain
differs from the control strain in some physiological characters concerning with
metabelism.

                                Diseussion

    As described above, the offspying of tlte flies that had spent their larval
stage on the 0.5mM CuS04-containing medium showed Rot only the definite
increase in resistaRce to copper but also various changes in morphological,
physiological and ecelogica} characters.
    1. Tlte reports on tke change of size or weight of the body of the eresistant
strain of insects to various toxic agents have been given by GREiFF (1943),
PiMENTEL et al. (1951), BocHNicT (1956) and SuzuK! and T6yAMA (1956). Accord-

   2) It is very interesting that among the fiies emerged from As203-centaining medium,
irrespective of the Cu-- or the control strains, those with curled wings and of darl< colour

were very frequently found.
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ing to•the reports of PiMENTEL et al. (1951) and SuzuKi and TbyAMA (l956),
there is no difference in body size between DDT-resistant housefly and suscep-
tible one. Ofi the other hand, BocHNiG (1956) showed that, in housefiy, the body
weigkt of the DDT-toierant strain was heavier than that of the non-toleraRt
strain. In DrosePhila melanogaster, GREiFF (1943) has said that the body weight
of imago in ZnS04-selected line is smaller than that of the control line.

    At the present investigation, the body lengtk of males of the Cu-styain,
when cultured in the control medium, became }arger than the control strain.
But when cultured in the 4 mM CuS04 containing medium, there was no differ-
ence between the two strains. Namely, the body size oy weight ls c}early the
function of environmental conditions and the inconsistent results of above
investigators may have their reason in this point.
   2. 0ne of the most obvious differences found between the Cu-strain and
the controlstrain was that of longevlty. The Cu-strain could live longer than
the control when they were cultured on the copper-free medium or on the
2mM CuS04-containing medium, but the results were reversed on the 4mM
CuS04-contalning medium. The supposition that this phenomenon was caused
by the differeRt ability of copper absorption between the two strains kas already
been referred to.
   IR both strains, female fiies could live ionger than male ones, regard}ess of
media. PEARL and PARKER (1924) described that femaie flies can live longer
tkan male ones, regardless of food supply. While GREiFF (1940, 1943) has shown
tkat in the case of wild-type, male fiies can }ive longer than female ones, when
starved. Tke results obtained by tke present author agree very well with the
data given by PEARL and PARKER (1924).
   3. It has already been reported that strains resistant to lnsecticides have
different behavior patterns from those of susceptible strains (THoMsoN, 1948;
BARBER and ScHMiTT, 1949; KiNG and GRAHAM, 1949;BRucE and DEcKER, i950;
HADAwAy, 1950; MoRRisoN, 195e; BusviNE, 1951; and CHADwicK, 1955). DDT-
resistant kousefly is less active than the susceptible one aRd the former shows
such behavior as avoiding DDT-treated surface.
   In the results obtained by the present author, pkoSokiResis index was
greater in male fiies of the Cu-strain than the control strain, but in the case
ef female flies, there was no difference between the Cu-strain and the norma}
strain. It is very interesting to know the relations between the resistant
meckanism and such change in the behavioy, but it is yet to be shown in future.
   4. As for copper metabolism of DrosoPhila, there is a series of PouLsoN
and his co-worl<er's research (PouLsoN, 1950, 1955; PouLsoN et al., 1951, 1952,
!955, 1958). According to PouLsoN (1950), the midgut epithelium of DrosoPh.iia
can accumulate rnineral elements selectively. As for copper accumulatien iR
the body of DrosoPhila, he performed some experiments, using sodium' diethyl-

dithiocarbaminate and fluorescence rnicroscopy, and found that the accumulated
copper in the fly's body was involved in porphyrins to be detoxicated. Recently,
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PouLsoN and BcwEN (1951) kave studie(l the uptake, distribut2on and excretlon
of copper, using Cu6`, mixed in culture media oR which the larvae of 4 species
of Dresophila were cultured. It was found by them that in sQrxxe cases copper
uptal<e of !arvae depends upon concentrations of copper in the culture medium,
but in other cases, there is no relatioR between the amount of copper accumu-
latedin body and the copper coRcentration in the culture medium Two path-
ways are considered to be posslble for the flies to uptake copper. One is that
fiies uptake copper directly from media in the forrn of ion, and another is that
fiies uptake copper via yeast cells to which copper has been bound (PouLsoN
et al., 1952).

   The author has performed colorimetric analysis of copper contained in the
body of the Cu-strain in order to ascertain those data mentioned above.
Copper content was measured with DuBoscQ's colorimeter, using P-dimethyl-
aminobenzylidenerhodanin and dithizon as reagents, but no significant diffeyence
in copper content between the Cu-strain and tke norma} strain was found.
The same result was also obtained, using a photeelectric spectrophotemeter.
Furthermore, the author could not detect copper ln tissues, using the histo-
chemical method after OKAMoTo and UTAMuRA (1938, 1939) and WATERfiousE
(1945). After ali the present author could not find any dfference in copper
content between the Cu-strain and the normal strain ; nevertheless, the results
of tke preseBt research may indicate that there is some d!fference in the copper
uptake between the two strains.
    5. It was found that the Cu-strain was different from the normal strain
in many respects such as physiological activities and behavior patterns. The
above mentioned changes that had taken place with2n the Cu-strain were all
thought to have been very much affected by temperatttre. CoRtrary to tke
expectation, wken the normal flies were made to acquire the cepper resistance
by training on the sublethal copper medium, the author could not find out any
different modes of results among three different rearing temperatur6s, 200, 250
and 28"C. In other words, whenever the fiies were reared by 0.5mM CuS04-
containing medium, they gained the resistance to copper irrespective of rearing
temperatures.
    However, one point must be noted here. That is, the high rearlng tem-
perature (280C) of parent fiies has a bad influence on tke degree of resistance
to copper of Fi flies, irrespective of the rearing temperatures of Fi generation.
The reason for this phenomeRon is not clear at present.
    6. Tken, the author attempted to inquire moye deep}y into the physiological
conditions of the resistant fiies, and has studied some biochemical activities,
using various kinds of enzyme inhibitors. The results indicate that the Cu-
strain is more susceptible than the control strain to all the enzyme inkibitors
tested, including those of oxidative phospkorylation and g}ycolysis togeSher

 lltrhe ?aff/rMiynhci'RttnOgrgh. It iS CIear that the metabolic actlvities of the cu_strain
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    After ali, it can be postulated from the results mentioned above that the
total physiological activities of cells of the Cu-strain have been higher than
those of the control strain.

                                 Summary

    When DrosoPhila melanogaster Oregon RS strain was cultured on the medium
containing 0.5mM of CuS04, which was sublethal dose to the fly, the larvae
of the next geReration became tolerant to copper. This coPper resistaBt stralR
was denoted as the Cu-strain by the present author.
    The rnain fesults described in this paper are as follows:
    1. The body length of males of the Cu-strain, when cultured ln the normal
PEARL's medium, was found Iarger than the control strain. But when cultured
in the test medium containing 4mM CuS04, no difference was found between
the two stralns.
    2. The Cu-strain could survive loBger than the control styain on the
normal medium and the medium containing a small amount of copper (2 mM) ;
but it was shorter on the medium containing copper ln higlter concentration
(4 mM).
    3. The photokinesis was tested, in order to compare one of the ecoiogical
characters between the two strains. In the case of male fiies, the Cu-strain
showed significantly higker activities than the control straiR, but in the case
of female fiies, there was Ro significant difference in the activities between
the two strains.
    4. Effects of rearing temperatures on the copper resistance were tested,
changing from 250 to 280C orto 200C. In ail these temperatures, the Cu-strain
showed higher emergence rates than tke control strain when they were cukured
in the 4mM CuS04-containing media. The emergence rates at 200 and 250C
were higher than that at 28"C.
    5. To know the reason why the above mentioned differences occuyred,
the copper coRtent in the body of the two strains was measured, using a
photoelectrlc spectropkotometer, but no difference couid be found between the
two strains when they were grown up oR the rr)edium containing CuS04 in
4mM.
    6. In order to know the differences of biochemical activities between the
two strains, the effects of enzyme inhibitors on emergence Tates were tested.
The Cu-strain was more sensitive tkan the control strain to all of the enzyme
inhibitors tested.
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