Korean Jour. Botuny
Vol. 17, No. 4, 143—157(1974)

Studies dn Protein Profiles and Isozymes in Germinating Seeds

Kwon, Oh Yong
(Andong Teacher’s College, Andong, Korea)

¥ &0l QolA Protein Profilen} Isozymeo| gist pize

& k) B
(ZIREERE)

ABSTRACT

The purpose of this experiment was to study one side of germination physio-
logy based on that protein profiles and protease relating to protein metabolism,
that peroxidase, catalase, a-amylase, S-amylase, and malate dehydrogenase
involved in the carbohydrate metabolism of seed germination. All these exper-
iments were divided into the two groups with and without acetone treatment,
and were carried out.

The protein bands of each germinating stage between the groups treated with
and without acetone showed certain basic pattern in polyacrylamide gel disc
electropheresis. However, there was a little difference in the number of protein
band, optical density, and migration velocity between two groups.

The isozyme bands of peroxidase, and catalase between two groups in
polyacrylamide gel disc elsctrophoresis did not show the numeral difference, but
the optical density of certain germinating stage treated with acetone was higher
than the group untreated with it and it showed their enzyme activity.

The a-amylase and S-amylase activities which involved in starch metabolism
of sced germination were higher in the treated group than the other. On one
hand, the protease activity of hydrolase occurred in the seeds for germination was
also higher, more or less in the treated group than in the other.

The isozyme band pattern of malate dehydrogenase in TCA cycle of energy
metabolism pathway was very different hetween two groups growing for 72 hours
with and without acetone treatment in cellulose acetate electropheresis. It indicated
that two isozyme bands of malate dehydrogenase was high.

Consequently tflese experimental results mentioned above indicated that acetone
treatment before sowing had an effect on dissolving certain complexed lipid
substance involved in the seed coats, the activity of carhohydrate hydrolase
increased with water absorption which was most comfortable in its germination,
dissolved glycerin and fatty acid became certain energy source, and they stimul-
ated the acceleration of respiration metabolism,
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INTRODUCTION

The seeds of many plants will germinate as soon
as ripe if environmental conditions are suitable, Pea
seeds, for example, sometimes germinate within
the pod, corn grains may sprout while still attac-
hed to the parent plant, the seed of some citrus
species frequently germinate while still within the
fresh fruits, and carrot seeds will gradually
germinate while still imbibed adequate water.
Seeds of many other species, however, will not
sprout until after an interval of weeks, months,
or vears, even. if environmental conditions are
favorable for germination.

The intial step in germination is the imbibition
of water by the various tissues within the seed.
This generally results.in an increase in its volume.
The increase in the hydration of the seed coats
usually causes a pronounced increase in their per-
meability to oxygen and carbon dioxide which is
very low in the dry seed coats (Stiles, 1948). The
swelling of the seed often ruptures the seed coat,
but in some species this does not occur until the
emergence of the primary roct.

With an increase in the hydration of the cells,
enzymes become activated. In seeds posessing an
endosperm, enzymes apparently move into that
tissue from the embryo, Stored foods, whether
they occur in the endosperm or cotyledons, are
digested and the soluble products of the digestion
process are translocated toward the growing points
of the embryo (Bibbey, 1048).

If chemical analysis are made of samples of
seeds at successive stages during their germination,
it is found that the quantity of starches, oils, or
proteins in the seed decreases markedly. A large
proportion of the fats present are usually converted,
after digestion, into soluble carbohydrates. The
soluble carbohydrates are not present during the
process, indjcating that a large proportion of these
compounds iz consumed in respiration or assimila-
ted in the construction of the carbohydrates const-
ituents of cell walls.

In 0il seeds the soluble carbohydrates utilized in
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respiration result largely from chemical transfor-
mations of the products of the digestion of fats.
Digested proteins are usually of amino acids, asp-
aragine, etc. This indicates that proteins are not
consumed in respiration but are utilized in the
synthesis of the organic nitrogen compounds of
the growing embryo (Jones, 1950).

Accordingly, Angei (1961) proposed on the inhi-
bited matter in the germination of carrot seeds;
he reported that the germination of carrot seed
was delayed by certain yellow sterol. Therefore
the author made an effort to investigate how
many substrates accelerate the germination of
carrot seed and how many substrate is well wutil-
ized in a practical part of agriculture. These exp-
erimental results indicated that the germination
of carrot seeds was accelerated by many factors,
such ag acetone, gibberellin, penicillin, and merc-
ron. In this study, the treatment with acetone or
gibberellin was effective in the germination of
carrot seeds.

For studying on the acceleration of germination,
Kwon (1970, 1971, 1974) reported on the effect of
X-ray and ultraviolet light in the germination of
carrot seeds, effect of some inorganic compounds
in the germination of carrot seeds, effect of some
organic compounds in the germination of carrot
seeds, On the other hand, Kwon(1974) demonstrated
on the effect of acetone in the germination carrot
seeds in order to study the respiratory mechanism
of germination physiology. In these experiments,
the oxygen consumption of carrot seeds treated
with acetone before sowing was more increased
than normally germinating carrot seeds.

It demonstrated that the imbibition occurred in
the seed coats was well activated. Imbibition is
usually considered to he basically a diffusion
process, but capillary phenomena are probably
also involved. Fundamentally, however, the cause
of imbibition may be regarded as a difference in
the difusion pressure hetween the liquid in the
external medium and the liguid in the imbibant
(Gornter, 1934).

It had bheen assumed to the author that the trea-
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tment ¢l acctone for 32 “min kefore sowing had
dissolved soine kinds of lipid substances in the cell
wall of carrot seeds and stimulated some kinds of
inhibited matter in the endosperm.

In the present status of both physiology and
genetics, it is especially desirable to he able to
resolve the soluble proteins which are prfesent in
plants (Chang and Steward, 1962). Chromatogra-
phy had led to great gains by the recognition and
identification of the simpler nitrogen compounds
that these techniques made possible. A similar
degree of convenient resolution of the protein
fractions may be fraught with similar gains.

Although there have been many studies(Evanri,
1949; Jones, 1950; Ohda, 1956; Susuki, 1959; Angei,
1961; Kwon. 1968), relatively little is known abo-
ut studies on protein profiles and isozymes in
germinating carrot seeds. Therefore, the mecha-
nism of germination physiogy was analyzed for
key isozymes of some pathway in carbohydrate
metabolism, and nitrogen metabolism.

MATERIALS AND METHODS

Germination.

The seeds of Dawucus carcie Linne were used in
these experiments. The methods used here for the
germination of carrot seeds were similar to those
described for Nastutium seeds by Fuji and Ishikawa
(1962). Two hundreds seeds on the filter paper
placed in each petri dish were used for the
experimental group treated with and without
acetone. FEach dish for germination was wrapped
with a thick klack paper and that dish placed in
an incubator was usually controlled at 24—25°C
during the dark period.

Preparation of prolein solutiom.

The seeds germinated in various stages (24, 48,
72,96 hours) were prepared by rinsing it from 200
seeds on 40m! distilled water for 3 min, and were
ground in a motar and pestled with 10m/ phenol-
acetic acid-water (2:1:1 W/V/V) at a tempera-
ture of 4°C. An equal volume of 10% acetic acid

was added to the supernatant. The mixture was
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centurifuged at 12,000g for 3) min and the clear
supernatant was used as crude proteins.

Tise polyacrylamide gel electrophoresis.

Disc electrophoresis on small column at polsac-
rylamide gels, a new method for the separation of
serum proteins, has been developed by Ornsten
and Davis (1954). The authors have modified their
procedure to make possible separations of basic
proteins and peptides. On the other hand, the
modified method of Takayama(1964) was used for
detecting the protein patterns of the seeds germ-
inated in various stages.

A disc eletcrophoresis apparatus similar to that
described by Davis (1964) was used. The glass
tubes were 5mm i.d. and 70mm long. The height
of the polyacrylamide gel colum was 45mm. The
gel system consisting of 7.5% acrylamide, 35%
acetic acid, and 5 M urea was prepared as follows.

Stock solution A contained; acrylamide, 6g; N.-
N’ methylene bhisacrylamide (BIS), 0.16g;
12g; glacial acetic acid,

urea,
23m/; and water toa
volume of 60m/.

Stock solution B(prepared fresh daily) contained:
ammonium persulfate, 0.30g; urea, 12g; and water
to a volume of 20ml.

The working solution was prepared by mixing
Stock A, Stock B, and N, N, N, N'-tetramethyl-
ethylene diamine (TEMED)(3:1:0.02,V/V). The
acrylamide solution was placed in a clean glass
tube which was covered at one end with a triple
layer of Parafilm: 75% acetic acid was carefully
layered over the acrylamide solution and the tube
was incubated at 50°C for 15 min to polymerize
the acrylamide, the tubes were rinsed with 75%
acetic acid and filled with the same solution.
Atout 10—15x of the protein sample (0.10—0.15
mg) was carefully layered ketween the acetic
solution and the gel. Both upper and lower
reserveirs of the electrophoretic apparatus(Davis,
1964) were filled with 10% acetic acid. The
lower electrode served as the cathode. Elect-
rophoresis was carried out at room temperature

for one hour with a constant current of SmA per
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tube. After electrophoresis, the gel was carefully
removed from the electrophoresis tube and placed
in a test tube where it was stained for one hour
in a solution, which was 7% in acetic acid and

% in amido black. Excess stain was removed in
7% acetic acld for 24 hours. Each stained gels
were photographed, and optical absorption curves
of the protein were obtained directly with a
recording densitometer.

Peroxidase and catalase zymograms.

' The seeds germinated in verious stages(24, 48,
72,96 hours) were prepared by rinsing it from 200
seeds on 40m/ distilled water for 3 min and were
ground in a motar, and pestled 10mZ cold 0.01 M
tris-HCL buffer (pHs. 5). The mixture was centri-
fuged at 12,000g for 30min, and the clear supern-
atant was used as crude enzyme (Loyster and
Schramm, 1952; Tanaka and Akazawa, 1970). Glass
tubes (7X0.5 cm internal diameter) are tightly
élosed at one end with flat-topped rubber stoppers.
Standing upright on thess stoppers, the tubes are
each filled with 0.85 ml of small-pore solution at
room temperature. This solution is carefully over-
Jaid with 0.1 ml of distilled water and allowed
to polymerize for 3) min. The water layer is rem-
oved, and the remainder of &ach tube rinsed once
with large-pore solution, after which 0.15 ml of
this solution is added and carasfully overlaid with
0.1 ml of distilled water. A daylight flourescent
lamp (15w) is placed behind the tubes about 3 inch
away.

Th= large-pore golution becomes opalescent and
polymerizes within 15 min. The water layer is
removed and large-pore solution (0.15 m!) which
i3 mixed with a sample of 50—200 xg of crude
enzyme contained in 5-10 ¢l is added. Whenever
this amount of sample is contained in a con-
centration sufficiently higher to off-set this dilut-
ion. The sample layer is photopolymerized for 15
min. The remaining space in each glass tube is
filled with 0.2 M ethylenediamine, the rubber
caps are removed, and the tubes, sample gel upper-
most, are attached to the anode buffer compartment,

~which is then filled with tray buffer (0.2 M
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acetic acid containing 1 mM CaCl, and 1.2 M
ethylenediamine). A hanging drop of buffer is
attached to the bottom of each tube. The anode
compartment, supported on a ring stand, is placed
so0 that the tubes are immersed about 1/4 inch
into the buffer contained in the cathode com-
partment. An alternative method of sample app-
lication is to layer the sample sblution(up to 0.15
m/) on the spacer gel after the anode compartmant
is filled with tray buffer.

To prevent mixing the density of the sample
golution is increased with sucrose. Electrophoresis
carried out by applying a current of 6—8 mA
per tube for 4 hours at 4°C.

When electrophoresis is completed, the gels are
immedijately romoved from the glass tubes by
gently rimming them with a guage syringe neeedle
through which a thin stream of water is allowed
to pass.

Pcroxidase activity was revealed by soaking the
gels for one minute in a mixture consisting of
equal amounts of 1% hydrogen perioxide solution
and benzidine sslution(l g benzidine, 9 m/ acetic
acid, 35 m/ water).

Visual observatin of catalase was made possible
by first soaking ths gel for one minute in 0.5%
hydrogen perioxide, washing twice in water and
then immersing it in a 1% solution of potassium
iodide acidified with acctic acid {(McCune, 1964;
Scandalios, 1964).

Beterminations of amylase and protease
activity.

Preparation of enzyme solution. At each germi-
nation stage, 3)0 seed pieces were removed from
the incubation dish and were ground at ¢°C
0.05 M sodium citrate buffer(pH 5.7) with 0.2%

» CaCly(2 mi/g of grain) in a cold motar and pestle.

in a

The homogenate was filtered through cheesecloth
and the filterate was centrifuged at 30,000 g at
0°C for 10 min. An aliquot of the supernatant
-solution was used for the assay of amylase activ-
ities by the method of Shuster and Gifford(Shust-
er and Gifford, 1952; Baun et al., 1970; Galsky
and Lipincott, 1971).
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a-Amylase assay. One m/ enzyme solution was
added to an equal volume of (0.5 M acetate buffer
(p¥i5.0) and incubated for 10 min at 37°C. After
incubation, 2 mi of 1% soluble starch solution was
added to it, and 5m/ of 1 N acetic acid fo the
reaction mixture for ceasing enzyme activity.
Afrer it was diluted with 50 m/ distilled water,
sm/ of KI solution was added(Lee and Yoon,
1972a, b).

For th: determination of ' a~amylase activity,
Barnfeld's method (Shannon et al, 1973) was used.
Absorbancy at 520 nm was measured by a DU-
spectrophotometer.

f-amylass assay. The B-amylase activity was
determined by the measurement of reducing sugar
as glucose. For determination of reducing sugar,
Nelson’s method (1962) was wused. 1m/ enzyme
golution diluted one hundredfold was added to an
equal volume of 1% soluble starch solution buffered
by acetate (pH 4.8). After incubation for 5 min
at 40°C, 2m/ of the low alkalinity copper reagent
was added to the reaction mixture, and heated for
10 min in boiling water bath. .

After cooling, 2m/ of arsenomolybdate reagent
was added. when all the cuperous oxide was
dissolved after mixing, the solution.was diluted to
the 26 m/ mark on the test tube and then allowed
to stand for 15 min. Ahsorbancy at 540 nm Wwas
measured by a DU-spectrophotometer.

Protease activity. An aligot of the supernatant
solution gained in the preparation of crude prot-
eins was used for the assay of protease activity
(Nakamura, 1973). After the two test tubes Were
prepared, one was used for one reaction tube and
the other tube was used for a blank tube. The
two test tubes were filled with 2 m/ buffer solution
(7.29% Na,HPO,: 2,19 citric acid, 16.47: 3.53, pH
7.0) and then incubated for 10 min at 30°C. One
of the test tube (blank) was added to 5 ml of 59%
trichlorozcetie acid and then shaked complstely.
Nextly the two test tubes were added to 1 m/
crude enzyme solution and incubated for 10 min
at 30°C. After promotion of enzyme activity, the
reaction test tube was immediately added to 5 m/
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of 5%

enzyme reaction was ceased, and each tube was let

trichloroacctic acid, shaked completely,

alone for 20 min so as to precipitate wunisolated.
protein in the test tube.

Each test tube was added to 1 m/ of filterated
solution, 5 m/ of 0.4 M Na,C0O;, 1 m/ Folin rea-
gent, and it was colored for 20 min at 3p°C.
Absorbancy of 660 nm was measured by a DU-
spectrophotometer.

Separation of malate dehydrogenase isozyme.

The determination of malate dehydrogenase for
cellulose acetate electrophoresis was performed
according to the procedure of Park et al. (1971) as
employed by Kohn (1938).

Crude extracts of each 300 seed pieces for use
in preparing samples were ground at 0°C with 15
m of deionized water in a cold motar and pestle.
The homogenate was centrifuged at 12, 000 g at 5°
C for 20 min. The filterpaper (103%1.3mm) was
laid on a clear glass plate, the other filter paper
(2x2cm) was doubled on them, and 0.2 m/ of
homogenate was dropped. After the sample was
absorbed wunder the filter paper (10X 1. 3mm), it
was put on the cellulcse acetate membrane
(CAM) strip (5.6x6.6 cm, Beckman type) for 5
min and was excluded.

Electropharesis was carried out in barbituric
acid buffer (pH 8.6) at room temperature for two
hours with a constant current of 0.8 mA per
1 cm width (Park and Cho, 1972). After electro-
phoresis, the cellulose acefate menbrane strip was-
removed from electrophoretic cell and the surface
of CAM was doubled on the filter paper absorbed
with dye solution. It was removed and was put
on the filter paper ahsorbed water at 37° C for 60
min. The dyeing CAM strip was put into the
fixation solution for 5 min, washed distilled water,
and dried well. Afterward it was respectively
photographed, and the bands of each dehydrogen-

ase isozyme were obrained directly with schematic.

drawing ard oprica! density curvas of the MDH
isozymes were obtained directly with a recording

densitometer.
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RESULTS

The determination of protzin elscirophoretic

profiles.

The pattern for protein electrophoretic profiles,
uszd as a standard, photographically enlarged to
an arbitary length of 10cm. Since egual weights
of the dry extract from differnt groups did not
necessarily contain same amount of protein, opt-
ical densities were plotted as percentages of the
total for each spectrum. The protein fractions
which made up the spectrum between the seeds
treated with and without acetone for 30min before
sowing showed quantitative attributes and measu-
rable dissimilarity(Figs. 1,2).

As shown in Figs. 1—2, the group treated
without acetone for 30 min hefore sowing had
four fractions, but the group treated with acetone
for 30 min before sowing had nine fractions only
in the seed protein electrophoretic profiles. Ther-
fore, the characteristic pattern for each Fig.
1—2 was obvious at once.

The protein pattern at the stage of the seed
absorbed adequate water as soon ss sowing were
covered with the range of variability between
the seed treated with and without acetone. Acco-
tdingly, it was assumed for the author that ace-
tone treatment at the initial germinating stage
had activated protein hydrolase in the nitrogen
metabolism of seed germination.

In Fig.3—4, two groups had similarly five fra-
ctions with the exception of the migration situa-
tion of the fractions.

In Fig.5—6, two groups had also five fractions
as refering to the curves of optical density  and
migration velocity. However, the migration situa-
tion of fractions was different.

In Fig.7—8, two groups had also six fractions
-with the conception of the optical density of the
fractions.

Fig.9 gave a pattern with four bands in the
fast series with centers at —5.8, —3.2, —2.8,

and —0.5 cm.
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Fig.10 gave a pattern with eleven bands in
the fast series with centers at —8.8, —8.1, —7.1,
—~6.3, —5.8, —5.0, —4.2, —3.3, —2.4, —2.0,
and —0.3cm. In Fig.9—1p, about 70 percent of
the accessions showed 3—4 dense hands between
the rest of the
accessions’ showed 0—0.7 dense bands, 2.0 —3.0
dense bands, 5.8—6.0 dense hands,
bands centered at —5.8cm as common factor of

—~2.8 and —4.8cm, whereas
and dense

two groups.

. Fig.11 gave a.pattern with six bands in the
fast series with centers at —8.0,—46.2, —5.6,
—5.3, —3.0, and — (.2 c¢m in the curves of optical
density and migration - velocity. However, Figs.
12 gave pattcrn with six bands similarly in the
fast series with centers at —8.3, —6.7. -6.0,
~3.8, —2.2 and —0.3cm.

In Fig.11—12, about 80 percent of the accessions
showed 1.4—4.9 dense bands between —i.3 and
—5.3 cm whereas the rest of the accessions showed
mainly 7.8 —8.7 dense bands, 5.4—6.2 dense
bands and 0—0.4 dense bands."

Fig.15 gave a pattern with six bands in the fast
series with centers at —7.9, —6.2, —5.7, —5.2,
—3.0, and —0.2cm. Accordingly, Fig. 14 gave a
pattern with six bands in the fast series with
centers at ~—7.5, —6.0, —5.3, —5.0, —2.5 and
--0.lcm. In Fig. 13—14, about 70 percent of the
accessions showed 1.2—4.3 dense bands between
=1.1 and —4.5 cm, whereas the rest of the access-
ions showed 7.0~-8.3 dense bands, 5.0—6.0 dense
bands and a 0.1—0.4 dense band except for a
0. 1—0. 2 thin band.

Fig. 15 gave a pattern with six bands in the fast
series With centers at -~7.1, —6.1, —5.0, —4.7,
—2. 8, and —0.3cm. In the other hand, Tig. 15
gave a pattern with seven bands in the fast series
with centers at —7.0, —6.0, —5,7, —4.9, —4.6,
—2.8 and —0. 3 cm. In Fig, 15—16, about 40 percent
of the accessions showed 2.0—4.0 dense bands
between —2.0 and —0.4 cm, whereas the rest of
the accessions showed mainly 6. 8-—7. 8 dense bands,
4,5—5. 3 dense bands and 0.1—0.5 dense bands as

common factor of two groups.
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5 6 7z 8

Fig.1~8. Seed protein electrophoretic profiles treated with and without acetone at various germin-

ating stages.
Fig.1,

seed treated without acetone for 30 min before sowing; Fig.2, seed treated with

acetone for 30 min before sowing; Fig. 3, seed germinated for 24 hours without acetone
treatment; Fig.4, sced germinated for 24 hours with acetone treatment; Fig.5, seed germinated

for 48 hours without acetone treatment;
treatment; Fig.7,

Fig.6, seed germinated for 48 hours with acetone
seed germinated for 72 hours without acetone treatment; Fig.8, seed

germinated for 72 hours with acetone treatment.

The electrophoretic patterns of peroxidases and

catalase isozymes.

The peroxidase zymograms revealsd a main
slow-migrating zone with little variability among
the different germination stages. Accordingly, the
seeds treated with and without acetone at each
stage made no difference of electrophoretic pattern
in a zymogram showing comparative rate of pero-
xidage isozymes.

Although the peroxidase isozyme band of seeds
hefore sowing was not represented entirely, the
seeds germinated for 21—48 hours had one band
which stained with the sams desnsity. However,

the seeds germinated for 72 hours had two distinct
bands in this zone of which only two bands were
also represented in certain distance. The peroxid-
ases, like the catalase, seemed to be shown a small
variability within the seeds germinated according
to each different stage. There are several slow-
migrating zones, but among them, few had a high
enough activity to become visible.

Catalase isozyme bands between the sceds treated
with and without acetone at each germinating
stage were similar in number. Thus, the seed
germinated for 24 hours without acetone treatment

showed one very dense band which was also

— 149 —



Korean Jour.

(e 9 f!

|

w0 [oin 1

2ot K // [\\\ 1
,_,m,J\d \\___ ,.J \_

RELATIVE OPTICAL DENSITY

i~
A My N
E“)Df‘ 10 ; j Zr—)
i j ! r\ “
Ay i "y
U f / _ l{\ &
" J / \ [hoa
N\ o=
L ,_/—/'\\—A—/ S =
SR —
5
[le] D
ac wi
- =
| TN -
/AN =
i . | / \ O
/“ Lo L w
E A I \ i o
AL A~ N .
R A |
ST 5 i 5 o
[bales 5
I i
; 1
o B VT
/ -
aci Il i
LT j \\
oo ’
‘_/\‘_’JN Y, L
L . , Crign
. CRE 3 = L : L

MIGRATION, om

Botany | Vol. 17, No. 4
100§
sof
éok 13
S0 5‘..«-*\
g \\\
P, .l
5 s s T e s 4 3 2 | o¥
130
aop
£ap 12
=r / Pv\\\
26 /\‘/ \
AN, 1
- x'o El e : s é :r ia : | LI) +
1zoF
8o
&0 )
A
43 i ] \
I /
il i \ /\
e ! /
- i \\ I'J\ A ’/ \\ /
J/- hd \-_l \-“\..J/ /
=2 2 ‘ ‘: : 5. : | oo
13C-
ack
[ 15
Elv s
/\/ / N\
L k " Orig -
E) 2 | o+

MEGR&T ON.cm

Fig.9~16. Curves of optical density and migration velocity obtained from the electrophoretic gels.
Fig.9, seed untreated with acetone befors sowing. Fig.10, seed treated with acetone for 3) min
tefore sowing. Fig.11, seed germinated for 24 hours without acetone treatment. Fig.12, seed

germinated for 24 hours with acetone treatment for 30 min before sowing. Fig.13.
germinated for 48 hours without acetone treatment. Fig.14,

acctone treatment for
acetone treatment.
before sowing.

Fig. 18,

— 150

30 min before sowing. Fig.15, seed germinated for
seed germinated for 72 hours with

seed
seed germinated 48 hours with
72 hours without
acetone treatment for 30 min
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presented in the seed germinated for 24 hours with
it, but it seemed to be thin slightly. The seeds
germinated for 48 hours with and without them
had also one band which was represented in
similar density as the groups germinated for 24
hours, The seeds germinated for 72 hours showed
two bands of catalase isozyme regardless acetone
treatment. The fast band between two bands was
found in very thin form. Catalases here were the
slowest anode enzymes.

Although the role of peroxidase is not clear, it
has heen speculated that they may play an inhibi-
ting role in plant growth by limiting the amount
of the auxin, IAA, through oxidation (Hunter et
al., 1957).

Catalase activity was found to Dbe completely
but
presented in varied patterns and concentrations in

lacking in the stem, and root homogenates,
the other five tissues. The endosperm showed
one very dense band which was also presented in
the leaf but in a dilute form (Scandalios, 1964).

The assay of a-amylase, S-amylase and prot-

ease activity.

Results presented in Fig, 17—18 showed the time
sequence analysis of amylasz activity at each
germinating stage. In both the seeds treated with
and without acetone. a marked increase in enzyme
occurred from a lag pericd of about 12 hours.
However, there was notable difference between
two groups.

The breakdown of soluble starch by the crude
extract from both the seeds treated with and
without acetone at each stage as measured by the
I,—starch reaction (absorbancy at 620 nm) was
hardly affected by heating at 70°C for 15 min.

The group treated with acetone for 30 min before
sowing was more decolorized at each different
stage than the other untreated group. Although
physiological mechanism of the carrot seed germi-
nation with acetone treatment was not clear,
it was indicated that the a-amylase activity of
the seeds at each stage with acetone treatment was
higher than those without acetone treatment.

An identical trend was okserved by analyzing

Kwon—Protein Profiles and Isozvmss in Germinating Seeds

STARCH-IQDINE

1.6 [ 3 . e g §

0, I, at 520nm

0.4 ¥

24 48 12 96
HOURS AFTER INCUBATION

Fig. 17. a-Amylase activities of crude extract
from the carrot seeds treated with and
without actone.

Blank: no enzyme; I. the germinating stage
of seeds treated without acetone; J: the ger-
minating stage of seeds treated with acetone for
30 min before sowing.

the maltose formed (Bernfeld, 1953). It has thus
implicated that S-amylase may play a minor role
in hydrolyzing the reserve starch in germinating
rice seed endosperm, unlike the case with barley
1968). In Fig. 18,

density of S-amylass activity in the group treated

seads (Norris, the optical
with acetone at each germinating stage was, more
or less, also higher than the group treated without
the activity of
seeds treated with acetons was more increased than

acetone. Therefore, S-amylass
in the untreated group especizlly after the germi-
nation of 24 hours.

By comparing the results of dstecting starch
hydrolysis as presented in Fig. 18, it will be noted
that the amount of low molecluar weight reducing
sugar accounts for only a part of the total starch
broken down in seeds.

Protease which hydrolyzed various proteins was
detected in the seeds of various germinating stages,
because protzin metabolism was directly occurred
in germinating sesds. Storage protein was hydrolyz-
ed by protease and transformed into the essential
amino acids nesded for the developing of embryo.
As shown in Fig.” 19, the proteass activity of the
seeds treated with acetons for 30 min at each

germinating stage was higher than the group



Korean Jour. Botany

MALTQOSE
0.08 E
E
&
= 0,06 -
o - o o II
o
o
. I/__n 0o I
a / v
o o.osk g
P
o
y Blank
.f’
G.03 £ & a I E::ES"’
24 48 72 6

HOURS AFTER INCURATION

Fig. 18. fB-Amylage activities of crude extract
from the carrot seeds treated with
and without acetone.

Blank: no enzyme; | :the germinating = stage
of seeds treated without acetone; 1: the
germinating stage of seeds treated with acetone
for 30 min before sowing.

treated without acetone.
The pattern of malate dehydrogenase isozyme.
The pattern of malate dehydrogenase isozyme at
various germinating stages of carrot seed was
mostly separated from the two kinds of band.
Park et al., (1973) reported that the activity of
malate dehydorgenase isozyme was high in: slow-
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Fig. 19. Protease activities of crude extract from
carrot seeds treated with and without
acetone.

Blank: no enzyme; I,the germinating stage of
seeds treated without acetone; I : the germinating
stage of seeds treated with acetone for 30 min
before sowing.
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Fig. 20. Cellulose acetate electrophoretic profiles
of malate dehiydrogenase isozymes treated
with and without acetone at various
germinating stages.

a. Seed treated with (right) and without
acetone (left) before sowing. b. Sced germinated
for 24 hours with (right) and without acetone
treatment for 30 min (left) before sowing. «c.
Seed germinated for 48 hours with (right)
and without acetone treatment for 30 min (left)
before sowing, d. Seed germinated for 72 hours
with (right) and without acetone treatment for
30 min (left) before sowing.
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Fig. 21. Curves of optical density and migration
velocity obtained from the membrane
strip of cellulose acetate electrophoresis.

MDH isozyme of the seeds germinated for

72 hours with acetone treatment. MDH isozyme

of the sesds germinated for 72 hours without it.
migrating zones and was slow in fast-migrating
zones in the muscle tissue of Vertebrata.

In Fig. 20, the group treated with acetone for
30 min before sowing (a) showed certain thick
optical density in comparison with the untreated
group. However, the groups germinated for 21—¢8
hours, regardless of acetone treatment, were scar-
cely similar though the urtreated groups were thick
a little. Thus, the group germinated for 72 hours
with acetone treatment showed obviously two
bands on the surface of CAM, but the group ger-
minated for 72 hours without acetone treatment

— 152 —
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did not appear. It indicated that the activity of
malate dehydrogenase in TCA cycle was low in
the group germinating for 72 hours without acetone
treatment, but was high in the group germinating
for 72 hours with acetone treatment.
Consequently, the activity of malate dehydro-
genase in the seeds germinated with acetone trea-
tment was activated, when they were initially
sowed, and were germinated for 72 hours especially,

as shown in Fig.20 and 21.
DISCUSSION

The presznt data indicated that some remarkable
changes of protein metabolism were induced in the
seeds treated with acetone such as in the vernalized
winter wheat embryo (Pauli and Mitchell, 1960;
Zech and Pauli, 1962). Such changes did not occur
in the process of normal germination and were
caused specifically by the vernalizing at a low tem-
perature treatment. Lately, Steward (1968) repor-
ted that new proteins were formed in tulip bulbs
treated with a low temperature and these proteins
showed the highest mobility in disc electrophoresis.

The higher mobility implied that the induced
-protein by vernalization were of lower molecular
weights as compared with the other soluble proteins.
Wrigley et al. (1968) reported on the electropho-
retic separation of soluble proteins prepared from
wheat leaf. Although the age of their material
(30 day-old lsaves) was different from that of
presant ones (Teraoka, 1967), the number of pro-
tein bands they detected was approximately the
same as obtained in the work.

In the present status of both physiclogy and
genetics, it was especially desirable to be able to
resolve the solubls proteins which were presaatin
plants (Chang and Steward, 1952). A similar
degree of convenient resolution of the protein fra-
ctions may be franght with similar grains. Present-
day ideas on gene-enzymic relationships and gene-
protein relationships and on the mechanism of
protein synthesis would endow a convenient
and satisfactory procedure for separating and

e
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recognizing particular protein moieties with equal
interest for the study of metabolism and genetics.

Polyacrylamide gel electrophoresis, which has
been so successful in the fractionation of proteins
and in which the gel pore size can be clogely con-
trolled, has been little used for RNA (Fredrick,
1964). Separation of small RNA molecules has been
described by Richards, et al. (1965).

The potential of this approach to taxonomic
problems is well illustrated by studies in suecessful
work of Vaugham and his collegues on the seed
proteins of various species of Brassica and Sinapis
(Vaugham, et al. 1966: Noms, 1963). By a combina-
tion of serological and gel electrophoretic technig-
ues these studies have thrown considerable light
on some physiological status in germinating carrot

seeds and indicated the effect on possible accele-

rated relationship.

1t seemed reasonable to assume that the electroph-
oretic pattern of membrane proteins should reflect
genetic identify or nonidentify of microorganisms.
Our results appear to confirm this by showing the
electrophoretic patterns of the various species to
be specific and correlated with serological data
(Rottemn and Razin 1967). The electrophoretically
abnormal stickle cell hemoglobin differs from
normal by a single amino acid residue, since then
numerous examples of the same type have appea-
red in the literature (lngram, 1958).

Consequently, the accumulated gene mutation
which distinguish-species may be identified in

‘part through their effects on the mobility of

specific fractions of the protein spectrum (Johnson
and Hall, 1965).
mobilities than most buffer ions, even . in the
of it
necessary to minimize the lower stocking limit
(Chrambach and Rodbard, 1971).

The electrophoretic patterns confirm cytogenetic

Protein have lower constituent

substance molecular sieving, making

evidence that Emmer and Timopheevi groups stem,
respectively, from the Syric-Palestinian and Tra-
nscaucasian races of their wild progeniter, 7.
dicoseorides (Johnson, 19867). Bands in the electro-
phoretic patterns from different species are tested
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by referer;ce to for homology(that is equivalent
migration velo_city), the pattern obtained from a
mixture of their proteins (Johnson et al., 1967).
It has an albumin pattern highly constituent
among accessions with respect to a broad, dense
band centered at —9.7cm that tends to fuse with
1972). The

obvious dissimilarity of protein electrophortic pro-

a narrow one at -—9.0cm(Johnson,
files in germinating carrot seeds was showed in
that Fig.1 (without acetone) had four fractions,
Fig.2 (with acetone) had nine fractions, Fig.3—4
had similary-five fractions, Fig.5—6 had also five
fractions, Fig.7—8 had also six fractions, but fig.9
(without acetone) gave a pattern with four bands,
Fig.10 (with acetone) gave a pattern with eleven
bands, Fig.11 (the group germinated for 24 hr
without acetone treatment) gave a pattern with six
bands, Fig.12 (the group germinated for 24hr with
acetone treatment) gave a pattern with six bands,
Fig.13—14 gave also a pattern with six bands,
Fig.15 (the group germinated for 72hr without
acetone treatment) gave a pattern with six bands,
and Fig.16 (the group germinated for 72hr with
acetone treatment) gave a pattern with seven
bands.

On one hand, the activities of a-amylase, 8-
amylase and protease in the groups treated with
acetone were higher than in the untreated group,
except for the activities of peroxidase and catalase
regardless of acetone treatment.

On the other hand, the activity of malate dehy-
drogenase only when the seeds were initially sowed,
and then were germinated for 72 hours with acet-
one treatment, was markedly activated as shown
in Fig. 22.

it was suggested for the author that these
results mentioned above had explained certain
mechanism of activated isozymes in germinating
carrot seed with acetone treatment.

In the other reports, according to Kay et al.
(1967) the peroxidase isozymes of horseradish have
molecular weight of approximately 45,000 but
higher molecular weight forms have recently been
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detected in peas (Janssen, 1970), wheat embryos
(Lanzant and Galante, 1964), and in tissue cultures
which secreted complexes associated with hydroxy-
proline into the medium (Olson et al., 1969).
There is no single explanation of the stable and
multiple peaks of activity of peroxidase in extracts
from Sorgham eluted from either Sephadex or
Agarose columns(Stafford and Bravinder-Bree,
1972).

In the peroxidase zymogram, the seeds treated
with and without acetone treatment at each stage
made no difference of electrophoretic pattern in
zymogram showing comparative rate of peroxidase
isozymes. Especially, the isozyme band of the
seeds before sowing was not represented entirely
and it seemed to indicate that peroxidase activity
was activated at the first stage in germinating
seeds.

Although the role of peroxidase is not clear, it
has been speculated that they may play an ihib-
iting role in plant growth by limiting the amount
of the auxin, indoleacetic acid, through oxidation.
(Hunter apnd Markert, 1957). Interestingly, the
results of investigation show that peroxidase acti-
vity is greatest in the most actively growing
tissues (leaves, stem, silks and husk) where TAA.
activity would be expected to be predominant
(Scandalios, 1964).

Catalase, on the other hand, proved to be of
little value since the catalase derived from a wide
range of stage in germinating seeds had the same
mobility in the polyacrylamide gel electrophoretic
technique. Scandalios (1964) reported that the only
case in this investigation where enzyme activity
appeared to be completely absent from any tissue
was that of catalase in stem, root and husk hom-
ogenates. It was recently found that there are two
variants of catalase in maize endosperm under
genetic control. Catalase activity was also found
to be completely lacking in the seeds before sowing
with and without acetone treatment. Accordingly,
the difference of electrophoretic pattern in zymeo-
gram showing comparative rate of catalage isozy-
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mes was revealed betwesn the seeds treated with
and without acetone at each stage,

Tanaka(1970) demonstrated that in both embryo-
less (+GA) and embryo-attached (~GA) half-seed
endosperms, a marked increase in enzyme activity
occurred after a lag period of about 1 day. However,
there was a notable difference between the two
systems.

Amylase activity in the medium of GA-treated,
embryoless endosperm tissue showed an early linear
increase between 3 and 8 days, while that from the
extract increased slightly between 3 and 6 days and
declined thereafter.

The solution of the group treated with acetons
for 3) min was more decolorized at each different
stage than in the untreated group. Although phy-
siological mechanism in germinating seeds with
acetone treatment was not clear, it was indicated
that a-amylase activity of the seeds at each
stage with acetone treatment was higher than in
the untreated groups. Accordingly, the optical
density of S-amylase activity in the treated groups
at each stage was higher in comﬁarison to the
untreated groups.

Storage protein was hydrolyzed by protease and
transformed into the essential amino acids needed
for the developing of embryo. The protease activity
of the seeds ireated with acetone for 30 min at
each germinating stage was grsater tuan the
other.

The alkaline proteinase from Aspargillus oryzaz
and a sojae have been purified by Subramanian
and Kalnitsky (1964). Although the enzyme had
many properties in common they differed in amino
acid composition and molecular weight., These res-
ults are consistent with the observed differencas
in electrophoretgrams of the enzymes since electr-
ophoretic mobility is considered to reflect the net
charge, shape and dimension of an enzyme protein

molecule (Subramanian and Kalnitsky, 1964).
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