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Abstract

Aspartate aminotransferase (GOT) isoenzymes separated by means of elec-
trophoresis on cellulose acetate gel were examined. Five GOT isoenzymes
were discovered in cucumber roots after several days of their growth. The
activity of these isoenzymes was dependent upon the mineral composition of
the medium. If the medium did not contain nitrogen, isoenzymes 1, 3, and 4
showed only slight activity. Activity of all of the isoenzymes in the roots ~
of seedlings assimilating NHS ions was higher than in the roots of seedlings
assimilating NOjy ions. Higher activity was observed in all of the isoenzymes
in the nitrate or ammonium medium lacking calcium, while only some
showed higher activity at the lack of potassium.

INTRODUCTION

Aspartate aminotransferase (GOT) occurs in the cytoplasm as like-
wise in many cell organella (Splittstoesser and Steward 1970,
Yamazaki and Tolbert 1970, Hatch and Mau 1973, Miflin
1974). The enzyme contained in organella is located mainly in their
soluble matrix, the membrane fraction shows but slight GOT activity
(Wightman and Skinner 1978).

Liu and Huang (1977) observed that etiolated cotyledons of four
days old cucumbers contain six GOT isoenzymes, of which two are
glioxysomes and disappear after greening of plants, three are linked
with proplastides, and one with the cytoplasm. Four various isoenzymes
are present in spinach leaves, in which case the occurrance of each is
limited to one subcellular fraction (Rehfeld and Tolbert 1972,
Huang et al. 1976).

Previously obtained data (Kubik-Dobosz 1981la, 1981b) showed
that GOT activity in cucumber seedlings depended upon the mineral
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composition of the medium. In this connection it was decided to exa-
mine the influence of mineral nutrition on the level of activity of GOT
isoenzymes in the roots of cucumbers growing in nitrate or ammonium
medium differing with respect to the content of K* and Ca?" ions.

MATERIAL AND METHODS

Cucumber (Cucumis sativus L. of the “Monastyrski” variety) seeds
were germinated in distilled water at 27°C, in darkness. After two days
the seedlings were transferred to media. The plants were given 17 h
of light (5000 lux) and 7 h of darkness for 1 to 4 days. The following
types of media were used: complete nitrate or ammonium (200 mg of N)
medium, the composition of which has been presented previously (K u-
bik-Dobosz and Soroka 1979), medium lacking nitrogen, nitrate
or ammonium medium not containing potassium or calcium ions. The
cucumber roots were homogenized with an addition of chilled 0.04 M
tris-HCl buffer (pH 7.5) containing 0.25 mM EDTA and 0.2% Triton
X-100; 2.5 cm? of the buffer was used per 1 g of roots. The homogenate
was filtered through a Whatman 1 filter paper and the filtrate was used
to electrophoresis. Electrophoresis was carried out on cellulose acetate
gel. Strips of 40 X 170 mm from the cellulose acetate gel (Cellogel)
were soaked for 10 minutes in a buffer solution (pH 7.2) containing:
6.35 mM Tris, 6.3 mM maleic acid, 0.64 mM EDTA, 0.62 mM MgCl,.
This buffer was also used to fill the electrophoresis apparatus according
to Buczek and Dobosz (1976). Cellogel strips were lightly dried by
means of filter paper and 3 mm? of the enzymatic extracts deposited
on each. Electrophoresis took place at a temperature of 4°C for 40 min.
at 400 V (3 mA). Cellogel strips were next transferred to a staining base
made up of 4 cm3? 2%, agarose with 4 cm?® of a buffer contained 0.2 M
tris-HCI (pH 7.8), 40 mM L-aspartate, 10 mM alfa-ketoglutarate, 0.2 mM
pyridoxal phosphate, 50 units of glutamate dehydrogenase (GDH), 4 mg
NAD*, 1 mg 3-(4,5-dimethyl-thiazolyl-2)-2,5-diphenyl tetrazolium bromi-
de (MTT), 1 mg phenazine methosulphate (PMS). Staining took place
in darkness at a temperature of 37°C for 30 minutes.

Chemicals. Tris (Hydroxymethyl) aminomethane was purchased from
Koch-Light Laboratories LTd. Enzyme cofactors, substrates and purified
glutamate dehydrogenase were obtained from Sigma Chemical Co. Cel-
lulose acetate gel (Cellogel) was produced by Chemetron, Italy.

-RESULTS

After two days of germination of seeds, the roots showed a presence
of five isoenzymes GOT of various activity (Fig. 1). The number of
isoenzymes contained in the cucumber roots corresponded to the num-
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Fig. 1. Aspartate aminotransferase isoenzymes in cucumber roots after two days
of germination in distilled water. Symbols order presents increasing enzyme activity

@ 1day
© O 60 606 6 O

OO OO0 0|

08k O ©

en 3
1 2
!
| 1
L
e -N  Complete -K —-Ca Complete -K -Ca
medium _"medium -
Nitrate nutrient Ammonium nutrient

Fig. 2. Aspartate aminotransferase isoenzymes in cucumber roots after one day
of growth in nutrient media. Explanations as in Fig. 1

ber obtained by Liu and Huang (1977) from etilated cotyledons of
two day old cucumbers. After one day of growth of seedlings on nu-
trient media differing with respect to nitrogen content and potassium or
calcium ions, it was noted that activity of certain isoenzymes depends
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upon the presence of nitrogen in the nutrient media (Fig. 2). At further
growth of the cucumber seedlings in differing media it was also noted
that activity of particular isoenzymes differed in connection with the
lack of K* or Ca?* (Fig. 3). If the nutrient medium did not contain ni-
trogen, only trace activity of isoenzyme 1 and low activity of isoenzy-
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Fig. 3. Aspartafe aminotransferase isoenzymes in cucumber roots after four days

of growth in nutrient media. Explanations as in Fig. 1

mes 3 and 4 was noted after four days. On the other hand all of the
isoenzymes in seedlings growing on a complete ammonium medium
showed higher activity than isoenzymes from seedlings developing on
a complete nitrate nutrient medium. Increased activity of almost all of
the isoenzymes was noted with the lack of calcium in the medium,
irrespective of the mineral nitrogen form used (Fig. 3). Increased acti-
vity of isoenzymes 1, 2 and 4 was noted after four days of growth of
seedlings in nitrate or ammonium medium not containing K* ions.

DISCUSSION

Previous studies (Kubik-Dobosz 1981a, 1981b) showed increase
GOT activity in the roots of cucumbers growing in the presence of
ammonium ions, or at lowered availability of K* or Ca®" ions. The pre-
sent studies showed distinct correlation between increased GOT acti-
vity in the roots of cucumbers observed previously, and activity of GOT
isoenzymes in the mentioned organs. It was namely found that higher
GOT activity connected with the lack of K* in the medium is caused
by the increase in the activity of certain isoenzymes (Fig. 3). Results
obtained indicate that with respect to various GOT isoenzymes the
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effect of the lack of K* in the medium is not uniform, this probably
being linked with the location of particular isoenzymes in the various
subcellular structures. Effect of NH; and Ca?* ions has a more general
character and is linked with increased activity of practically all of the
isoenzymes, Studies of Epstein (1965) and Nilshammar et al
(1972) point to the role of calcium in the organization of cytoplasm and
permeability of cytoplasmatic membranes. Lack of calcium causes dis-
organization of plasmatic membranes, changes their properties and in
effect such membranes lose their selectivity. The participation of calcium
ions in regulating activity of all GOT isoenzymes might be the result of
disruption in the compartmentation of compounds regulating activity
of this enzyme.

During the first days of cucumber seedlings development no in-
creased activity of GOT isoenzymes was noted in the roots in the pre-
sence of nitrate ions, this probably being due to the considerably lower
reduction of nitrates in the cucumber roots (Buczek and Burzy n-
ski 1979). Lower availability of the substrate (NH}) for glutamate
synthesis probably limits activity of the GOT isoenzymes. Ammonium
ions assimilated in the roots from the external solution are rapidly
included into the amino acid biosynthesis system (Muhammad and
Kumazawa 1974), indirectly also influencing activity of GOT iso-
enzymes.

The results indicate that supplying of NH] ions to cucumber seed-
lings leads to a distinct increase of the activity of five GOT isoenzymes
in the roots of these plants. A similar correlation was not observed if the
plants assimilated NO; exclusively. Lack of calcium in the nutrient
media led to a significant increase in the activity of all of the GOT
isoenzymes and the lack of K* to increased activity of only some.
Results indicate that Ca?* and K* ions regulate the level of activity
of GOT isoenzymes,
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Izoenzymy aminotransferazy asparaginianowej w korzeniach ogérkéw
w zaleznosci od mineralnego sktadu pozywki

Streszczenie

Badano izoenzymy aminotransferazy asparaginianowej (GOT) rozdzielane me-
toda elektroforezy na octanie celulozy. W kilkudniowych korzeniach ogoérkéw wy-
kryto pieé¢ izoenzyméw GOT, ktérych aktywnosé byla uzalezniona od mineralnego
skladu pozywki. Jezeli pozywka nie zawierala azotu, izoenzymy 1, 3 i 4 wykazy-
waly niewielkg aktywno$é. W korzeniach siewek pobierajagcych jony NH} aktyw-
nos¢ wszystkich izoenzyméw byla wyzsza niz w korzeniach ogorkéw pobierajg-
cych jony NOj. Przy braku jonéow Ca®* w poiywce azotanowej badZi amonowej
stwierdzono podwyzszenie aktywno$ci prawie wszystkich izoenzymow, natomiast
przy braku K+ tylko niektérych.
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