KOREAN JOURNAL OF ZOOLOGY
Vol. 17, No. 1, 5~16 (1974)

Study of the Effects of Potassium Chloride and Calcium Chloride

on the Development of Drosophila melanogaster

Moon Ju Kang and Yong Jai Chung*
(Kwangju Teacher’s College, *Ewha Womans University)

A2 ES d3tEwe 2ot Sl AT | F ol dlo

FE FA & A
(FFad - *o]ztedn)
(Received November 3, 1973)

= 2

#.3}2] (Drosophila melanogaster)?] Ad] v]x]= 23AF(KCl)zt o3}
F4CaClos) 25 9% % 45 F4¢ A2 Aok 644 S KC
o1} CaCl, 2| wdolel] 54159 zo}el & A4ete] $384 A5g 2
S Bhesh 2o

1 9382 Zate] Aol 944 Aol & & F gloy, KClojvt
CaCl®] Fxzbell= =% F4A <l Ao 7k /}P_t‘], 2 =7 AR wel
343l Rebaleh,

2. 3L mAlE CaCl¥ A3 FZab= KCld] wste] &5 =
H, oA &gt KClol =gt Ag4e] CaClel ®igt A wet =eh:
A& Tt

3. KClelw} CaCl, wlelofell 48] CaCl,o]u KCIE & 7Febe KClo] o
CaCLe] $3hge] W A4 £38) AgargEmoeln slovh, 2o o
We Aehd A B oS 29k

4. wetA zsbeld] Ao =it Kol Cat 9 oAy asted] slei4 A
3 Fgo] AL gIgE ¢ T Ak

INTRODUCTION

Many investigations of the effects of some chemicals on the development of the
drosophilid flies have been carried out. The effects of the some salts (e. g., Na,
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Ca) contained in the food media on the development have been discussed by Ru-
binstein ez al. (1936), Kalmus (1943), King (1953) and Loeb (1965). According to
Miyoshi (1959), the toxic effect of the agent upon developing flies was found
to depend on the positive Na* jon, not on the negative Cl~ ion and both K* and
Ca** ions produced a similar effect. Miyoshi (1961) also obtained a result of his
experiment that the resistibility to sodium chloride varied in different strains of
D. melanogaster. Miyoshi & Nakamura (1968) examined the effects of sodium
chloride upon the embryonic development and found that eggs were quite insen-
sitive to sodium chloride in the medium unless they were dechlorionated but the
mortality of embryo was markedly high when they were subjected to the NaCl
medium after being dechlorionated by sodium hypochlorite. It was found by Kang
et al. (1970), Chung & Kang (1971), Kang (1971), Kang & Chung (1971) that
the emergence rates of D. melanogaster (resistibility to NaCl) was not significan-
tly different among the strains but strikingly different among concentrations of
NaCl, the emergence rate decreased as the concentration of NaCl increased. The
effects of NaCl on the hatching rates (Chung & Kang, 1972) and the emergence
rates (Chung, 1972) of D. melanogaster when pretreated sodium hypochlorite were
studied and they found that the hatching rates and the emergence rates were
heterogeneous among concentrations of NaCl when pretreated NaOCl and decre-
ased as concentration of NaCl increased. Kang (1972) reported that the emergence
rates of D. melanogaster were significantly different among concentrations of NaCl
or KCI but not among strains and the resistibility to KCl was rather strong co-
mpared to the resistibility to NaCl. Chung & Kang (1973) designed an experiment
in which the emergence rates of D. melanogaster were examined when it was
raised in the medium of various concentations of NaCl and CaCl, in order to see
if any effect of the food medium on the development of the six strains of the
flies and obtained the results that the effect of CaCl, on the emergence rates was
found to be greater than that of NaCl

The present invesfigatioq‘ is attempted to see if KCl and CaCl, affect the
development of D. melanogaster and to examine the interaction of KCI and CaCl,
on the emergence rates.

MATERIALS AND METHODS

The three wild strains (Oregon-R, Kwangju, and Choon-chun) and the two SD
strains (SD™-2 and R-1) of Drosophila melanogaster were used in the present
experiment. The genetic constitutions of the SD strains were described in the
preceding paper (Kang et al., 1970). Oregon-R is the standard laboratory wild
stock. The Kwangju and the Choon-chun strains have been kept in the constant
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temperature room for a few years since originally captured from Kwangju and
Choonchun area in Korea, respectively. The food formula used in the present
experiment is presented in the preceding paper (Kang et a/., 1970). The present
experiment was performed at 25-+1°C, and the KCI medium was prepared by
adding KCl at a concentration of 0.0M (as the control), 0. 1M, 0.3M, 0.5M, 0.8M,
and 1.0M to the standard medium and the CaCl, medium was made by adding
CaCl, at a concentration of 0.0M, 0.1M, 0.2M, 0.3M, 0.5M, and 0.8M to the
standard medium.

Eggs from populations of five pairs of three to five day old flies of each strain
were transferred to the food medium of KCI or CaCl. seven to nine hours after
being laid and the number of emerging flies were counted and the emergence
rate was calculated for each vial and averaged for each concentration of KCl
and CaCl; in each strain.

In order to see the interaction of KCI and CaCl,, several combined media were
prepared by adding 0.05M, 0.1M, and 0.2M of CaCl; (or KCI) to each of six kinds
of the KCl (or CaCl,) media.

RESULTS

Six vials (3 10cm), each of which contained 50 eggs were prepared for each
concentration of KCI or CaCl, in each strain of the flies.

The emergence rates of the five strains of D. melanogaster, when various conc-
entrations of KCl were treated, are presented in Table 1 and Figure 1 (number
in parenthesis of each table in the text indicates the number of flies emerged).
The emergence rate, when KCl was treated is not significantly different among
strains (analysis of variance indicates: F=2.04, n,=4, n,=20, p>0.05) but stri-
kingly different among concentrations of KCIl (analysis of variance indicates:

Table 1. Emergence rates(%) of the five strains of D. melanogaster in the media
containing various concentrations of KCI

Concentration of KCl

. No. of eggs

Strain
tested 0.0M 0.IM 0.3M 05M 0.8M  LOM
87.7 86.7 82.3 70.7 50.3 3.7
SD¥#-2 300 (263)  260) (247 @12 (51 (95)
Ro1 300 90.3 41.7 84.7 71.3 54.7 33.3
@D @5 (@5 @l 16 (100)
86.7 84.3 80.7 69.7 52.3 37.3
Oregon-R 300 (260) (253) (242) (209) (157) (112)
. 89.3 85.7 83.7 73.3 53.3 32.7
Kwangju 300 (268) (257 (2B (220 (160) (98)

87.0 88.7 84.3 68.3 50.7 36.3
Choonchun 300 (261) (266) (253) (205) (152) (106)
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F=673.51, n,=5, n,=20, p<0.0l), as ill-
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Pig. 1. Graph showing emergence The single effect of CaCl, on the em-

rates listed in Table L. ergence rates is illustrated in Table 2,

and Figure 2. The emergence rate, as seen in the table and the figure, is not
significantly different among strains but markedly different among concentrations
of CaCl.. The analysis of variance also shows no significant difference among
strains: F=2.75, n,=4, n.=16, p>0.05, and significantly different among conc-
entrations of CaCl, : F=39.68, n,=4, n.=16, p<0.01l. As seen in Table 2 and
Figure 2, the emergence rate is almost homogeneous from the concentration of
CaCl,, 0.0M to 0.1 M but the rate decreases to about 58—67% at 0.2M and then
drops continuously to about 20—27% at 0.3M. The rate decreases even more
markedly at 0.5M (about 1%). No flies emerged from the medium of 0.8M of
CaCl,. This implies that the five strains of D. melanogaster in the present exper-

iment are considerably resistible to the CaCl, from a concentration of 0.0M to

Table 2. Emergence rates(%) of the five strains of D. melanogaster in the media
containing various concentrations of CaCl,

Strain No‘teosfteflggs o Concentration of CaCl,
0.0M 0. 1M 0.3M 0.3M 0.5M 0.8M
S 0 G B S B o
w WG & W W e
Oregon-R o S S S8 BB &
Kwangju U SO 7 ST SR - SO
Choonchun o S S & BOY o
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0. IM but susceptible from 0.2M or higher
concentrations fo CaCl,. If the comparison
of affecting pattern on the emergence
rates between KCI and CaCl, is made, the
considerable difference is found in the
present experiment. As clearly manifested
in Figure 1 and 2, the emergence rate,
when CaCl, is treated, decreases more ma-
rkedly than when KCl is treated. No flies
emerged from the medium containing 0.8
M of CaCl,, whereas quite a few flics
emerged from the medium of 0.8M and
1.0M of KCIL. This is the remarkable con-
trast between the affecting pattern of
KCI and CaCl., on the emergence rates and
this implies that the resistibility of CaCl,
on the emergence rates and that the

resistibility of Drosophila to KCI is greater than to CaCl,.

Emergence rate

melanogaster

Cengentration vf Coly,

Fig. 2. Graph showing emecrgence
rates listed in Table 2.

The interaction of KCl and CaCl, on the emecrgence rates is examined by prep-
aring the combined media and the results are presented in Tables 3—8 and Figures
3—8. The cmergence rates obtained from the media containing each concentration
of KCl -+0.05M, 0.1M, or 0.2M of CaCl; are illustrated in Tables 3--5 and Figures
3—5. As seen in Table 3 and Figure 3, no change is seen in the emergence rates
when 0.05M of CaCl. is added to each concentration of KCl. Analysis of variance
indicates that the emergence rate is not significantly different among strains of

the flies (F=2.89, n,=4, n,=16, p>0.05) but significantly heterogeneous among
concentrations of KCl (I'=175. 95, n,==4, n,=16, p<0.01). [lowever, the affecting

Table 3. Emergence rates(%) of the five strains of D. melanogaster in the media
containing 0.05M of CaCl, plus various concentrations of KCI

No. of eggs

Conc. of KCl & 0.05M CaCl,

Strain tested Control =51 0.3M 0.5M 0.8M
SD*-2 300 AN <> SN - SN L
R-1 300 ©3 g O @ o
Oregon-R 300 86.7 o3 (ggﬁ oat 2
Kwangju 300 89.3 o3 RSy o S
Choonchun 300 87.0 o G e e
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pattern of KCl on the emergence rates is
influenced by the addition of CaCl, as its

o ‘ concentration is increased.
aol. ig-ng The emergence rates obtained from the
\‘s\ medium containing each concentration
ol \\\\ of KCI +0.1M of CaCl, are pres ented in

2 : ~ Table 4 and Figure 4.
ook S As shown in Table 4 and Figure 4, the
g N :Z:a;;“ emergence rates are not significantly dif-
2 % Choonchun ferent among strains (F=-1.98, nl=4,
n,—16. p>0.05) but significantly different
bt b« among concentrations of KCI (I"==452. 48,
Coneentration of KCI & 0,05\, CaCl, n,=4, n.-—16, D<0- 01).

Fig. 3. Graph showing enwigence rates The emergence rate decreases as the
listed in Table 3. concentration of KCl increases and this

decrease is much more remarkable than in Figure 1, which is the case of no addition
of CaCl. to the KCl medium, especially it decreases 14—21% at 0.8M of KCl. This
implies that CaCl; may enhance inhibitory effect of KCI on the emergence rates.

The results of the experiment undertook by using food media containing 0. 2M
of CaCl. plus various concentrations of KCl are shown in Table 5 and Figure 5.

As illustrated in the table and the figure, the emergence rate is also significa-
ntly diffecrent among concentrations of KCl (F==675.81, n,=3, n,—12, p<0.01)
but not different among strains (F=2.87, n,=4, n.=12, p>0.05).

As seen in the graph, the reducing rate of the emergence rates is much greater,
as the concentration of KCI increases, than in the case of no addition of CaCl..
The emergence rate begins to decrease from 0.1M (62—73%) and 40% at 0.3M,

Table 4. Emecrgence rates(%) of the five strains of D. melanogaster in the media
containing 0.1M of CaCl; plus various concentrations of KCl

Conc. of KCl & 0.1M CaCl,

No. of eggs Control

Strain
testod 0.1M 0.3M 0.5M 0.8M
SD*-2 300 LA ST 7 SR S
R-1 300 9.3 oty R 03 5
Oregon-R 300 86.7 (géz()) (535:))) (?5733 %23§
Kwangju 300 8.3 SET S o o

85.3 79.7 64.7 16.7
Choonchun 300 87.0 (256) (239) (194) (50
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Table 5. Emergence rates(%) of the five strains of D. melanogaster in the media
containing 0.2M of CaCl, plus various concentrations of KCl

o Conc. of KC1 & 0.2M CaCl,
Strain No.teosfmc;lgg,s Control - ~
0.1M 0.3M 0.5M 0.8M
CH . ~ 62.3 40.7 21.3 —
SD~#-2 300 87.7 (187) (122) 61 o
B . 72.3 44.7 23.3 -—
R-1 300 90.3 217) (134) (70) (0)
. B . 73.7 46.7 21.3 -
. H 71.3 43.3 18.7 —
a 68.3 42.0 14.3 —
Choonchun 300 87.0 (205) (126) (43) )
u)’v’)’r 10‘:11
- SDMH.2
20t = ;:‘\'\é\\’\\ grzlh
o N Kwangjit
@ \E\\s Choonchiun
g Aor G- SN N 5
g e | \\\ £
L Ar——B (e \\\
w0k - A Kwang h
A=—==X Chaenchun \i \
AN
f.fm. A‘1 .5 ‘.AR AL C‘nn. .1 x lﬁ .8 M.

Concentration of KClL & 0.1M. CaCl. Concentration of KCI & 0.2M. CaCl.

Fig. 5. Graph showing emergence
rates listed in Table 5.

Fig. 4. Graph showing emergence
rates listed in Table 4.

about 20% at 0.5M. No flies emerged from the medium containing 0.8M of KCl
plus 0.2M. of CaCl,. Here is also the conspicuous enhancement of inhibitory effect
of KCI by the addition of CaCl,, that is, the addition of CaCl, to the KCl medi-
um results in weak resistibility of the flies to KCI.

In order to see any change in the inhibitory effects of CaCl; on the emergence
rates of flies if any concentration of KCl is added to the CaCl, medium, several
combined media (0. 05M, 0.01M or 0.2M of KCI plus 0.1M, 0.2M, 0. 3M, or 0.5M,
of CaCl,) are prepared and the emergence rates obtained from the media are
presented in Tables 6—8 and Figures 6—8.

The emergence rate obtained from the media of 0.05M of KCI plus various con-
centrations of CaCl, is not significantly different among strains of the flies
p>0.05), but strikingly different

(analysis of variance: F=0.13, n,=4, n,=12,
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Table 6. Emergence rates(%) of the five strains of D. melanogaster in the media

containing 0.05M of KCI plus various concentrations of CaCl,

Strain No't(gie%ggs Control - rConc. of CaCl, & 0.05M KCI, B
0.1M 0.2M 0.3M 0.5M
Sp-2 300 7.7 S ay e ©
R-1 300 0.3 S o o o
Oregon-R 300 86.7 oo o %3 )
Kwangju 300 89.3 (“23% (330? g% &
Choonchun 300 87.0 (g% (gﬁz)? (‘{% &

-

&
()
4

Fmergencr 1ars

Concentration of (aCland G O6M. KO

Fig. 6. Graph showing emergcnce
rates listed in Table 6.

among concentrations of CaCl, (F=-200. 81,
n;=3, n.=12, p<0.01), as seen in Table
6 and I'igure 6.

If the comparison of the graph in Figurc
6 and in Figure 2, it is found that the
emergence rate in the addition of 0.05M
of KCI to 0.3M of CaCl, (38—459%) is
greater than in no addition of KCl to
0.3M of CaCl; (20—27%). This implies
that the inhibitory effect of CaCl, on the
cmergence rates of the flies is counterac-
ted by the addition of KCIL

The emergence rates obtained from the
media containing 0. IM of KClI plus various
concentrations of CaCl, are shown in Table

Table 7. Emergence rates(%) of the five strains of D. melanogaster in the media
containing 0.1M of KCl plus various concentrations of CaCl,

No. of eggs

Conc. of CaCl & 0.1M. KC1

Strain tested Control 0.1M 0.2M 0.3M 0.5M
SprH_2 300 87.7 (325 <?23§ %%S ©
R-1 300 %3 5 3505 an ©
Oregon-R 300 86.7 (ggg (?37’)7 %81? (0—)
Kwangju 300 9.3 S RNy an ©
Choonchun 300 87.0 83,7 8.7 227

(251) 179 (68) (6
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7 and Figure 7. As in other cases, there is a remarkable difference in the emer-
gence rates among concentrations of CaCl, (analysis of variance also indicates F==
879.78, n;=3, n.=12, p<0.01) but not a significant difference among the f{five
strains of the flies (F==1.29, n,=4, n,=12, p>0.05). The graph of Figure 7 is
similar to that in Figure 2 with the exception that no flies emerged from the
medium containing 0. 1M of KCI plus various concentrations of CaCl, (a few flies
emerged from the single CaCl. medium). This suggests that the addition of 0.1M
of CaCl; medium neither enhance nor suppress the inhibitory effect of CaCl, on
emergence rates of flies.

The emergence rates obtained from the media containing 0.2M of KCl plus
various concentrations of CaCl, are listed in Table 8 and illustrated by graphs in

Figure 8. As seen in the table and the figure, no difference of emergence rates is

Table 8. Emergence rates(%) of the five strains of D. melanogaster in the media
containing 0.2M of KCI plus various concentrations of CaCl,

Conc. of CaCl, & 0.2M KCi

No. of eggs

Strain Control
tested 0.1M ¢.2M 0.3M 0.5M
- 73.7 38.7 2.7 .
SDv#-2 300 87.7 (221 (116) (& ©
_ 77.3 39.7 0.3 —
R-1 300 90.3 (232) (119) M )
. . 70.3 36.7 3.7 —
Oregon-R 300 86.7 21D (110) an 0
. 72.7 40.3 1.3 —
Kwangju 300 89.3 (218) 1z2h (€)) (0)
69.7 42.3 1.7 -
Choonchun 300 87.0 (209) (127) O ©
e ik
o RN
Bt . e Bl . A*\\\
- I n ok \\
\ i ” }Q\
k - \\\ i L 0
: \\\,; 7 i
- \?\ .
20p
Cen ", .".‘ L 500 C" Sl
Cencentrats woor Call & OO0 KO cwortratin of CeCly & 002M. KOt
Fig. 7. Graph showing emergence Fig. 8. Graph showing emergence

rates listed in Table 7. rates listed in Table 8.
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observed among the five strains of the flies (I'=0.74, n,=4, n,=12, p>0.05) but
a significant difference appears among concentrations of CaCl, (F=154.44, n,=3,
n,=12, p<0.01). As illustrated in Figure 8, the addition of 0.2M of KCI to the
CaCl, medium enhances strongly the inhibitory effect of CaCl. on the emergence
rates of the drosophilid flies.

In short, CaCl. influences the effect of KC! on the emergence rates of the flies
much more conspicuously than KCI does, and this becomes manifested as the con-
centration of KCI or CaCl; increases.

DISCUSSION

The present experiment is undertaken to see the single effect and the interac-
tion of KCI and CaCl, on the, emergence rates of D. melanogaster and the results
show that the emergence rate is not significantly different among strains of the
flies but conspicuously heterogeneous among concentrations of KCl or CaCl.. This
is agreed with the results of the previous papers in which the effects of NaCl on
the emergence rates of the drosophilid flies were examined (Kang et af. 1970,
Kang & Chung 1971, Kang 1971, 1972, Chung & Kang 1971, 1973). Thus it is
clear that both of KC! and CaCl, have an inhibitory effect on the emergence
rates of drosophilid flies as NaCl does.

It is also found from the present experiment that the inhibitory effect of CaCl,
on the emergence rates is greater than that of KCl. This may be due to the strong
inhibitory action of CaCl, on the hatchability of the flies. Kang (1972) compared
the effect of NaCl to KCI on the emergence rates of D. melanogaster and obtained
a result that the inhibitory effect of NaCl on the emergence rates was greater
than those of KCI, implying that the resistibility of the flies to KCI was greater
than to NaCl. Chung & Kang (1973) indicated that the inhibitory effect of CaCl,
on the emergence rates was greater than that of NaCl; in other words, the resis-
tibility of the flies to NaCl was greater than to CaCl,. Thus, the order of
resistibility of D. melanogaster, as Chung & Kang (1973) pointed out, might be
KCI>CaCl..

The examination of the interaction of KCl and CaCl, on the emergence rates
results in the finding that the addition of very small amount of CaCl; or KCI
(0.05M) to the KCl or CaCl; media counteracts the inhibitory effect of KCI or
CaCl,. The addition of a little greater amount of CaCl, or KCI (0. 1M and 0.2M)
to the KCl or CaCl, media, on the other hand, enhance the inhibitory effect
of KCI or CaCl,. This implies that there may be some antagonism between ions
(K*, Ca**) and moreover some special concentration ratio may be involved in this
antagonism. Miyoshi (1959) found that the toxic action of high concentration of
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NaCl was counteracted by the addition of a small amount of either K* or Ca**
ions. Thus the result of the present experiment may be interpreted by Miyoshi's

finding.
SUMMARY

In order to see the single effect and interaction of potassium chloride (KCI) and
calcium chloride (CaCl,) on the development of Drosophila melanogaster, the eme-
rgence rates of the five strains of the flies were examined from the media cont-
aining 0.0M, 0.05M, 0.1M, 0.2M of CaCl, or KCl plus various concentrations of
KCI or CaCl;, and the results are presented as follows:

1. The emergence rate of D. melanogaster is not significantly different among
strains but strikingly different among concentrations of KCI or CaCl.; the emer-
gence rate decreases as concentration of KCl or CaCl. increases.

2. The inhibitory effect of CaCl; on the emergence rates is greater than that
of KCl, implying that the resistibility of the flies to KCl is greater than to
CaCl..

3. The addition of small amount of CaCl; or KCI to KCl or CaCl, media coun-
teracts the inhibitory effect of KCI or CaCl,, but the addition of a little greater
amounts of CaCl, or KCI to the KCI or CaCl; media enhance the inhibitory effect
of the salts.

4. Thus, there may be some interaction of K* and Ca** ions in the inhibitory
effect on the develpoment (emergence rates) of Drosophila melanogaster.
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