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BRIEF COMMUNICATION

Hexokinases of tobacco leaves: influence of plant age
on particulate and soluble isozyme composition
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Abstract

Changes in hexokinase particulate and seluble isozyme composition and activitics in
leaves of 65- and 115-d-old tobacco plants were determined by ion exchange
chromatography on DEAE cellulose. During plant ageing, the activities of glucosc
and of fructose phosphorylating isozymes of particulatc hexokinase decreased to 9.9
and 9.2 % of initial value, respectively. The activity of soluble hexokinase decreased
to a lesser extent: that of glucose phosphorylating isozyme to 49.8 % and of fructose
phospharylating isozyme to 37.8 %. The activity of soluble fructokinase isozyme
dropped to 34.8 %. Thus also the ratio of particulate and soluble isozymes was
dependent on the age of leaf tissue.

Additional key words: glucokinase, fructokinase, Nicotiana tabacum 1.

The complex of hexokinases controls the rate of utilization of the both storage and
[ree sugars and consequently the rates of the glyoulysis and of the oxidative pentose
phosphate pathway (for review see, e.g., Turner and Turner 1980). Considerable
attention was devoted to the study of their properties in animal tissues, whereas
relatively little has so far been known about their subcellular localization and other
properties in photosynthesizing plant tissues. First studies concentrated on non-
photosynthesizing tissues (Medina and Sols 1953, Marré e al. 1968). Several studies
have shown that plant tissue contains three to live ditterent hexokinases ( lurner and
Turner 1980, Kruger 1990) distributed in soluble and particle cell fractions
(Sindelafova and Sindela 1988) which differ in their chromatographic and kinetic
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propertics. Previously investigated tissues included pea seeds (Tumer ef al. 1977ab;
Turner and Copeland 1981), spinach leaves (Baldus er al 1981, Schnarrenberger
1990), maize endosperm (Dochlert 1990), soybean nodules (Copeland and Morell
1985), avocado (Copeland and Tanner 1988) and tomato fruits (Martinez-Barajas and
Randall 1996), and barley leaves (Baysdorfer ef al. 1989),

Ihe functional signiticance of different hexokinase forms is only partly
understood. In most cases, some of the isozymes were more or less specific for
fructose. These so-termed fructokinases could be important during sucrose
maobilization. Some of the complexity could be due to differing subcellular locations.
Hexokinases have been reported on the outer membranes of mitochondria from
spinach leaves (Baldus ef al. 1981) and on the outer membranes of spinach leaf
chloroplasts (Stitt e al. 1978). A hexokinase has also been described in the stroma of
castor-bean leucoplasts (Miernik and Dennis 1983) and fructokinase has been
attributed to spinach chloroplasts (Schnarrenberger 1990). Nevertheless, most studies
have found several soluble isozymes, and enzymes bound on the outer side of
organclles are also, functionally located in the cytosolic metabolic compartment,
making it unlikely that function of the multiple enzyme forms ean he explained solely
in terms of subcellular compartmentation. Mitochondrial hexokinases are relatively
loosely bound to the outer membrane. The properties and composition of the applied
extraction and washing media are of great importance, because under unfavourable
conditions they may cause extensive solubilization of hexokinases even during the
isolation of intact mitochondria (Sindelafova and Sindelar 1988).

In this paper we present the changes in the content of particulate and soluble
isozymes determined by ion exchange chromatography on DEAE cellulose. The
activities were compared in photosynthetically active leaves of 65- and 115-d-old
lobacco plants.

Tobacco plants (Nicotiana tabacum L. cv. Samsun) were grown in soil, at 16-h
photoperiod, irradiance of 60 umol m™ s (5- 10 % of natural irradiance), and
average temperature of 25 °C. Leaves (12 g) from similar insertion level at both plant
ontogenetlc stages were homogenized at 0 to 4 °C in mortar (without sea sand) with
the 60 cm’ IMT isolation medium (with the strict and consistent control of pH values
during the isolation procedure) according to Tanner et af. (1983) and Sindelafova and
Sindelat (1988). IMT contained 1 mM TES-KOH (pH 8.0), 0.3 M mannitol, 1 mM
EDTA, 5 mM MgCl,, and (added just before extraction) 50 mM 2- -mercaptocthanol,
I mM benzamidine, 1 mM e-aminocaproic acid, 0.5 mM phenylmethylsulphonyl
fluoride and 2 % (m/w) insoluble polyvinylpyrrolidone. The homogenate was filtered
through four layers of Miracloth and onc layer of nylon net with 100 um meshes and
ccn’mtuged (15 000 g, 15 min). The pellet ("partlcle fraction”) was washed with
10 cm” TMT, centrifuged, resuspended in 5 cm® buffer A (50 mM Tris-[1C1 pH 8.0,
5mM MgCl, , 1 mM EDTA and 30 mM 2-mercaptoethanol) and quickly frozen
at -80 °C. Combined supernatants were centrifuged at 105 000 g for 90 min and
supernatant was precipitated by solid (NH,);SQy. The precipitate formed at 30 % to
80 % salt saturation ("soluble fraction") was collected by centrifugation, dissolved in
5 cm® buffer B (the same composition as buffer A, but with 20 mM Tris-HCI),
desalted by centrifugation method through Sephadex G-25 Fine and applied to a
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column of DE-52 cellulose with 35 ¢cm® bed volume previously equilibrated with
buffer B. After washing with one bed volume of buffer B, the isozymes were eluted
with 60 cm® of a linear gradient of Tris-HCI between 20 aud 100 mM, followed by
240 cm’ of a linear gradient of KC1 between 0 and 500 mM in 100 mM buffer C {the
same composition as buffer A, but with 100 mM Tris-HC1). Fractions of 6 cm® were
collected, desalied by centrifugalion passage through Sephadex G-23 Fine and
assayed for enzyme activity. All operation were performed at 0 - 4 °C.

The 10 % Triton X-100 (Sigma Chemical Company, St. Louis, USA) was added to
the "particle fraction” to the final concentration 1 % and the suspension was shirred
for 1 h in an ice bath. The supernatant was centrifuged (20 000 g, 10 min), then
applied to a column of DE-52 cellulose as described above, with the difference that
all buffers contained | % Trifon X-100. Active fractions (6 cm’) were combined,
desalted by centrifugation passage through Sephadex G-25 Fine and assayed for
enzyme activity. All operations were done at 0 - 4 °C.

Enzyme activities were determined at 25 “C. Glucose phosphorylation was
determined photometrically at 340 nm on the basis of NADP™ reduction in the
presence of an excess of glucose-6-phosphate dehydrogenase. The assay mixture
(1 em’) contained 100 umol of Tris-HCI buffer, pH 8.0, 5 umol glucose, 2.5 pmol
MgCly . 60 umel KCI, 0.5 pmol NADP™, 2.5 umol ATP, | U of glucose-6-phosphate
dehydrogenase, and from 0.05 to 0.1 cm® of enzyme solution. Fructose
phosphorylation was determined similarly; the assay mixture contained 50 umol of
fructose and in addition 1.5 U of glucosephosphate isomerase.
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Fig. |. Elution profile of particulate (A} and solubie (B} glukokinases (GK) and fructokinases (FK)
obtained from leaves of 65-d-old tobacco plants.
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The results are means of 4 independent experiments with 3 replicate determina-
tions each.

In tobacco leaves, three main isozyme fractions in elution profiles [rom ion
exchange chromatography on DEAE cellulose were obtained: one particulate fraction
(hexekinase phosphorylating both glucose and fructose), and two soluble fractions
(hexokinase, and fruclokinase which phosphorylate exclusively fructose). All these
isozymes had similar elution profiles and were released from the column at the same
KC1 concentrations. It is likely that these fractions represcnted the same isozymes.
The content of the isozymes, however, differred in tobacco leaves of different age
(the contents were determined by integration of eluting profile areas of individual
ispzymes with respect to fraction volumes; Table 1). The activity of glucose
phosphorylating particulate hexokinase isozymes considerably decreased from 894.1
(in tobacco leaves of 65-d-old plants) to 88.6 nmol min™' (115-d-old plants), ie. to
9.9 % . Similarly, the activity of fructose phosphorylating isozymes fell from 596.3 to
54.8 nmol min™', ie. to 9.2 % .The same course of activity was observed in soluble
hexokinase isozymes; the decrease of glucose phosphorylating isozymes from 261.7
to 130.2 nmol min"' (i.e. 49.8 %) and in fructose phosphorylating isozyme from 239.2
to 90.4 nmol min’ (ie. 37.8 %). The activity of soluble fructokinase isozymc
dropped from 414.9 to 144.2 nmol min™ (i.e. 34.8 %),
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Fig. 2. Elution profile of particulate (4} and soluble (B) glukokinases (GK) and fructokinases (FK)
obtained from leaves of 115-d-old tobacco plants.
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The ratio of particulate and soluble isozymes was in dependence on the age of leaf
tissuc (Table 1). In leaves of 65-d-old plants, total phosphorylating activity of
glucose was 1155.8 wmol min, 77.4 % ol which represented the activity of
particulate isozymes. In leaves of 115-d-old plants, the total phosphorylating activity
was 218.8 nmol min’, 40.5 % of which represented the activity of particulate
isozymes. The 1otal phosphory]atmg activity of' fructose from leaves of 65-d-old
plants was 1250.4 nmol min™, 47.7 % of which represented the activity of particulate
isozymes, 19.1 % the activity of soluble isozymes of hexokinase type and 33.2 %
represented the activity of isozyme of fructokinase type. In leaves of 115-d-old
plants, the total phosphorylating activity was 289.4 nmol min™ of which only 18.9 %
represented particulate isozyme, 31.2 % the activity of soluble isozyme of hexokinase
lype and 49.8 % represented the activity of seluble isozyme of fructokinase type.

Table 1. Glucose and fructose phosphorylation activities in particulate and soluble fractions
obtained o leaves of 65- and 115-d-old twobacco plants after DEAE-cellulose column

chromatography (the values given are means + standard errors of means).

Time after Origin Llucose pnosphorylation Fructose phosphorylation
sowing [d] [tmol min'] [nmol min™']
A5 particulate 801.1 £ 79.6 596.3 £ 102.4
soluble 261.7+£524 2392+ 483
4149+ 115.7
115 particulate 886+ 153 S48+ 1235
soluble 1302 £ 47.1 904+ 286
1442+ 373

All the isozymes showed a very broad pH optimum. In Tris-HCI buffer solutions
the actlvmcs did not change within the pH range of 8.0 to 8.6 . All of these i 1so7ymcs
were Mg dependent. The highest cnzyme activity occurred at cqu1m01a1 Mg and
ATP concentrations, at higher and/or lower concentration of Mg the isozyme
activities were decreased.

During the years 1994 - 1996, the isozyme composiion of hexokinases and
fructokinases in leaves of 60 to 125-d-old tobacco plants werc determined six-times
with similar results. Therefore it could be suggested that the activity of particulate
and soluble isozymes considerably decrcases during ageing of plants and reaches the
minimum value between 90 and 100 d after sowing, since then it does not change.
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