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INTRODUCTION

Since the discovery of isozymes, the existence of many enzymes in multiple

molecular forms within an organism and within a single cell has become a gen-

eral biological principle. Consequently the investigations of such multiple mole-

cular forms of various enzymes have been extended to many organisms ranging

from microorganism to man by many workers. The progress of those isozyme
g ¥

studies is largely due to the improvements in the techniques for protein separa-
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tion, such as the method of cellulose acetate-, agar gel-, starch gel-, or acrylamide
gel-electrophoresis (Brewer, 1970).

Studies on the isozymes of insects are specially promising because of their
remarkably good experimental materials for the investigations of isozymes, par-
ticularly from a genctlic standpoint of view. Ior this reason, number of insect
geneticists have begun to look for isozymic forms in insects, in particular, house
fiy (Chung, 1973) and drosophild fly (Chung and Lee, 1972).

The genetic variation in «- amylases has been reported in various drosophilid
species by many investigators (Abe, 1958; Kikkawa, 1960 a,b, 1963 a,b,c, 1964,
1965 a,b; Kikkawa and Abe, 1958; Kikkawa and Ogita, 1962; Ogita, 1963; Doanc,
1963, 1965, 1966, 1967, 1968 a,b,c,d, 1969 a,b, 1971 a,b; Bahn, 1967, 1971 a,b;
McCune 1969 a,b; Pujik, 1972).

Recently the genetic variations in the natural populations of many organisms
tend to be analyzed under the protein level which is the primary product of gen-
etic informations as interpretation of hereditary phenomenon by the molecular
level and the application of physicochemical methods to the biological science
have been progressed. Thus the study of the genetic variations of enzymes is
also very significant from the standpoint of population genetics.

Chung and Lee (1972} examined the electrophoretic patterns, mobilities, and act-
ivities of the alcohol dechydrogenase (ADH) isozymes in the strains of Drosophila
melanogaster {rom 18 localitics of Korca with cellulose acelate media and indica-
ted that the isozyme zymograms were different cach other among the strains.
The ADH was also examined by starch gel clectrophoresis (Chung, 1973) and
acrylamide gel electrophoresis (Chung and Oh, 1974) and found that the numbers
of bands, staining intensily, and mobility were considerably variable among the
str-ains of D. melanogaster in Korea. »

The purpose of the present investigation is to examine the clectrophoretic pat-
tern of the amylase isozymes in the strains of D. melanogaster from the five

Jocalities of Korca by means of acrylamide gel electrophoresis.

MATERIALS AND METHODS

1. Drosophila stocks: The five strains of D. melanogaster from Korca were used
for the present investigation, Yusu, Choongju, Jeju, Sinchon [, and Sinchon V.
The collection sites and dates arc illustrated in Table 1.

Flies were captured originally from breweries or traps with fermenting peaches,
apples, or grapes. Flies thus obtained had been kept in the constant temperature
room (254+1°C) until they supplied the amylase extracts to be used in the pres-

ent experiments,



September 1974 Chung & Park—Amylase isozymcs in drosophila 119

Approximately 100 generations of the Yusu strain and about 20 generations of
the Sinchon [ strain had elapsed between collection and the examinations of
the amylases. The remaining three strains had been raised for only one or two
months since captured originally (particularly the Sinchon [V strain had been
kept for only a few weeks until used in the present experiment), implying
that those strains could maintain the features of the natural populations of D.
melanogaster in those localities of Korea.

The food used for the culture media was a standard corn meal, yeast agar
type with 0.5% propionic acid as a mold inhibitor.

2. Electrophoresis: The electrophoresis was performed in the flat slabs of 5%
polyacrylamide thin layer gel (Raymond and Weintraub, 1959).

For the preparations of buffer and gel medium, the following solutions were
mixed such that A:B:C=2:1:1(vol) and about 20 cc of them was poured into
the gel mold (16X 4cm), resulting in a polyacrylamide gel thin layer of 1-—-1.5

mm.

Az T N HGC L eeenrerorenreeneminresserimmmierierenrernesenerseernerisiriesnesns 5 ml
T LiGe e revonsarennsrenmensernnuanenenansraeeenserrsassestansseetnnsanrsneesnen 4.56 g
Acrylamide «eeroreereerremrerniien e 9.5 g
BIS cevneerrneetnnrtumeneunstnmieeressernassenernirraentttnnsanneenraniesnns 0.5 g
DEIONIZEA WALEE -+ eerresrerrrrremmrnseeemanreeeenraeemieeteeensserans 95 ml

B: TEMED(N,N,N’,N’—tetramethylethylene-

QIAININE) +vverrsreerreesnnrmntennneennte e e e st ea et e e e 1 ml
DEioNIZEd WALTEE «evrereereersireeenrarerimneeranerentnreansaeseesses 100 m1

C: AMMONIUM PErSUIfAtE «eerereerrresrermmmirnnrannreasienansianans 120 mg

Deionized water---eoreeereens e eeeretertirenrere e aearrarnaaanns 200 ml

And the vessel buffer solution was prepared by mixing the following agents

(pH=8.8):
BOFIC SCIdeeeererrrrrreerremtmmmmnuesnrenmnaenenteraaasaaaeseaeeearaesaenens 37 g
INZOTL e eeeeeeeremrermenernmrannesranarareeseestereeeree rereensannssaneaes dg
DEIONIZEA WALELr+++++resrerrrrmrneeremtrmrmmnrratessemmiinneasraraes 2,000 ml

In order to prepare the enzyme extracts, a single adult fly was placed and
homogenized in a 0.025 ml of phosphate buffer (pH=7.4) in the hole slide glas-
ses. The crude enzymes thus extracted were centrifuged at 0°C for 30 minutes
at 12,000 rpm to remove debris and the supernatant immersed strips of filter
paper (8x1mm) and placed the gel. The gel was left in 5~10°C for 30 minutes,
and then the strips were taken off which was ready for the electrophoresis.

The gel was connected to buffer in electrode vessels with filter paper. An
electrophoresis was carried out with 0.8~1.0 mA per cm width of the gel layer
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Table 1. The collection records of the five strains of D. melanogaster in Korea used
in the present investigation.

Strains Collection sites Collection dates
Inside of breweries located in Yusu City, July-September,

Yusu Chunnam Province 1968

< . Inside of breweries locatea 1 Cheoongju City, July-August,

Choongju Choongpuk Province 1973

Jeju Trapping around Samsunghyul located in June-July,
J 1973

Jeju City, Jeju Provinee

Sinchon 1II Trapping around Sinchen area in Scoul City July-October, 1972

Sinchon IV Trapping around Sinchon areca in Seoul City August-November. 1972

for 90 minutes in a low temperature room (5°C).

After electrophoresis the gel was incubated at 37°C in 1% (wt/vol) soluble
starch solution containing 0.2% sedium chloride for 90 minutes. After incubation
the gel was immersed in 5% (vol/vol) acetic acid for three minutes and stained
with L-KI solution. This activity was observed as color free band in a purple

background and the zymegrams were photographed or diagramed.

RESULTS

The results obtained from the present experiments show the unique patterns
of the amylase zymograms in the five strains of D. melanogaster from Korea.

1. Comparison of =ymograms among the strains: The electrophoresis was repeated
seveal times for each strain and the zymograms were taken pictures or diagra-
med as seen in Fig. 1-—3.

As shown in Fig. 1, zymograms obtained from the Choongju, Jeju, Yusu and
Sinchon III strain exhibt uniformly only one band whereas the Sinchon IV str-
ain shows two bands. In order to confirm this difference, the experiments were
repeated and the same results were obtained from the four strains (Choongju.
Yusu, Jeju, and Sinchon III) showing only one unique band in the zymograms
while the Sinchon IV strain presents various band patterns as illustrated in
Fig. 2.

If amylase isozyme symhols (Doane, 1969 a. ) are employed to the present
zymograms, the isozyme pattern of the four strains presenting only one band
is determined to be Amy'. As Fig. 2 shows, the Sinchon IV strain is involved
Amy % and Amy>* in the homozygous and heterozygous states.

When the comparison of zymograms obtained from the present strains to
those from the amrvlase strains which had been kept in the Genetics Laboratory

of Osaka University (Fig. 3) was made, the band patterns of present strain show
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Fig. 1. Diagram showing the zymograms of amylases obtained from five
strains of D. melanogaster in Korea.

‘Pig. 2. Diagram showing various patterns of isoamylases in the Sinchon v
strain of D. melanogaster in Korea.
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Fig. 3. Diagram showing the comparison of zymograms
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obtained from the

Japanese strains and the Sinchon IV stain of D. melanogaster in Korea.

Table 2. The results of hybridization studies.

Cross F, progeny
Male X Female ;%Sggg' Males Females Total
Choongju Sinchon IV No. 1 8 14 22
(Amy!/Amy?t)* (Amy*/Amy?) No. 1,2 i1 9 20
Sinchon IV Choongju No. 1 9 15 24
(Amy!/Amy?) (Amy!/Amy?)
Jeju Sinchon IV No. 1 2 1 3
(Amy!/Amy?) (Amy'/Amyt9 NI ; :
Sinchon IV Jeju No. 1 4 8 12
(Amy'/Amyt?) (Amy'/Amy?) No. 1,2 3 4 7
Yusu Sinchon IV No. 1 4 4
(Amy!/Amy?) (Amy'/Amyb?) No. 1,4 10 11 21
Sinchon 1V Yusu No. 1 9 13 22
(Amy'/Amy?") (Amy!/Amy?)
Sinchon IV Sinchon I1I 1\10. 1 18 15 33
Amyramyss Ay N ST
~ Sinchon IV Sinchon 1V No. 1 2 3 5
(Amy!/Amy?) (Amy!/Amyh?) No. 1,2 4 3 7

* Descriptions in parenthesis indicate the possible genotypes for the amylase isozymes.
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the remarkable contrast to those in Japan.

Judging from the above descriptions, the Yusu, Choongju, Jeju and Sinchon IIT
strain may be homogeneous whereas the Sinchon IV strain heterogeneous for
the amylase constitutions.

2. Hybridization studies: When any two different strains were mated to each
other, the F, individuals showed the mixtures of the parental patterns with a
few exceptions (Table 2). However the distribution of the band patterns in F,
progeny, as seen in Table 2, is so complicated that any definite conclusion could
not be established. Nevertheless it may be confirmed once again that the Sin-
chon IV strain is heterogeneous for the the amylase isozyme constitutions.

DISCUSSION

Recently many investigations concerning the existence of isozymes of various
enzymes in many species of organisms have been reported. Among them, the
amylase isozymes found in drosophilid species are particularly complicated and
unique.

Thus far, the amylases of 42 species of Drosophila covering 18 species groups
have been analyzed electrophoretically (nine by Kikkawa, 1963 b, 1964, 1965 a;
the remainder by Doane, 1968 d).

The progress in the isozyme studies is largely due to the improvements in
the electrophoretic techniques. For instance, various kinds of electrophoretic
media were developed for the amylase study on the drosophilid flies: agar gel
(Kikkawa and Ogita, 1962; Kikkawa, 1963 a,b,c, 1964, 1965 a,b; Ogita, 1963 ; Bahn,
1967), acrylamide gel (Doane, 1965, 1966, 1967, 1968 ¢, 1969 a), and recently
McCune (1969 a, b) devised a 7% cyanogum gel electrophoresis. Among them
thin layer polyacrylamide gel has been recognized as the superior electrophoretic
medium (Ogita, 1965, Ogita et af, 1966, Doane, 1967) which was employed in the
present experiment.

Genetic control of amylase in D. melanogaster was first described by Kikkawa
and his coworkers (Abe, 1958; Kikkawa, 1960 a,b; Kikkawa and Abe, 1958) who
suggested a single controlling locus on the right armof the second chromosome.
The most recent estimates place the Amy region at 2-77.3 (Doane, 1963, 1969 a),
2-78.1 (Kikkawa, 1964) and 2—77.9 (Bahn, 1967).

Since Kikkawa (1964) separated seven kinds of isoamylases, a multiple forms
of amylase in D. melanogaster (symbols: Amy', Amy"?® Amy*, Amytt, Amy®s,
Amy¥s, Amy™*), Amy"? (Doane, 1967), Amy®* (Bahn, 1967) and Amy® (Pujik and de
Jong, 1972) were added, resulting in a total of ten kinds of isoamylases.

The present strains except the Sinchon IV one exhibit only one band (Amy')
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in the zymograms. Kikkawa (1964) indicated that the amylase pattern, Amy' was
predominated and McCune (1969 a) also reported that the Amy' gene was the
most common in natural populations of D. melanogaster. Thus it is highly conc-
lusive that the Amy* is the commonest one among isoamylase loci

As Kikkawa (1964) described, studies on amylase isozymes in D. melanogaster
may contribute the population genetics of this species, as lethal gene or inversi-
ons did in this field. Chung and Lee (1972) and Chung (1973) examined the alcohol
dehydrogenase (ADH) variations in  D. melanogaster strains of various localities
in Korea from the population genetic point of view. The present work also is
an attempt to find a population genetic system as to amylase isozyme in this
species.

The interpretation of the trend that various numbers of bands appeared in
the zymograms of the Sinchon IV strain may be made such that only a few
weeks had clapsed between the collection of flies and the amylase studies to
maintain the original features of natural populations in Sinchon area, resulting
in heterogeneous conditions of amylase constitutions.

According to Kikkawa (1964) and Doane (1969 b), hybrids from cross between
any two Amy strains produced banding patterns that were a composite of the
parcnial types, with no hybrid enzymes formed. The present experiment also was
designed to examine this trend but it was hard to establish a definite conclusi-
.on since the results were not simple.

The amylase study on the Korean strains of D. melanogaster should be exten-
ded to many other strains from the various localities other than the present
sites of collections and the detailed analysis of Amy strains also should be done
in future.

SUMMARY

The amylase isozyme of the five strains of D. melanogaster in Korea (Yusu,
‘Choongju, Jeju, Sinchon III and Sinchon 1V) was examined by the polyacrylam-
ide thin layer gel electrophoresis and the results obtained are presented below:

1. The most strains except the Sinchon IV show only one band (Amy') in the
zymograms. This implies that those strains may be homogeneous for amylase
-constitutions.

2. The Sinchon IV strain exhibits variable band patterns (mostly Amy“? and
Amyv?) suggesting that this strain may be of heterogeneous amylase constitu-
tions.

3. The Amy' strain may be the commonest one in the Korean D. melanogaster
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populations as in other tountries.
4. The results of hybridization studies arc hard to interpret.

5. Further studies wa be extended to many other strains {rom various local-
ities of Korea.
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