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S u m m a r y

the molecular characteristics of partly purified sucrose synthase (NDP-glucose: D-fructose 
2-α-D-glucosyltransferase, ec 2.4.1.13), extracted from the bird cherry (Prunus padus L.) 
leaves was elucidated. the sucrose synthase was successfully purified by using a four-step 
protocol including ammonium sulfate precipitation, dialysis, gel filtration on Sephadex 
g-150 and ion-exchange chromatography with the use of Deae-cellulose. the analysed en-
zyme occurred in two isoforms (SuSyi and SuSyii). the relative molecular weight of native 
isoenzymes was estimated to be 200 and 180 kDa, respectively. isoform SuSyi contained 
two different subunits of 57.5 and 52.8 kDa, whereas the structure of SuSyii was consisted 
of identical 63 kDa subunits. experimental data indicated that the structure of both SuSy 
isoforms was composed of three subunits.
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introduction

the purpose of presented studies was to elucidate molecular characteristics 
of partly purified sucrose synthase extracted from the bird cherry leaves (Prunus 
padus L., rosaceae). Sucrose is a major transport form of reduced carbon within 
the most higher plants [1, 2]. Sucrose synthase (SuSy, NDP-glucose: D-fructose 
2-α-D-glucosyltransferase, ec 2.4.1.13) plays a substantial role in regulation of 
intracellular homoestasis and ontogenetic development of plants. its subcellular 
localisation is not restricted to cytosolic or vacuol compartments, but also may 
occur as membrane-bound and associated to actin cytoskeleton forms [3-5].
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biochemical and physiological importance of the analysed enzyme is connected 
with its unique functions. the reaction catalysed by SuSy is completely reversible 
and depends on metabolic requirements of the cells or tissues. the equilibrium 
state in vivo may be displaced into direction of sucrose synthesis or degradation 
[6, 7]. the hypothesis that a broad spectrum of SuSy isoforms fulfill distinct me-
tabolic functions is supported by the existence of multiple isoenzymes in many 
plant species that possess differentiated structure properties. on the other hand, 
level of expression and catalytic activity of those isoforms are influenced by tissue 
and subcellular localisation, phase of plant development and environmental fac-
tors (especially the presence of abiotic or biotic stressors) [7, 8]. 

MAtEriAL And MEtHodS 

Plant material

Fresh leaves of the bird cherry grown in aleksandria Park, Siedlce (central-east-
ern Poland) were used in the experiments. tested organs were at sixth flushing 
stage (completely mature and fully expanded) in the carter’s scale [9]. the plant 
material was placed in solid carbon dioxide, immediately transferred to labora-
tory and subjected to biochemical analyses. 

Enzyme isolation

extraction of the sucrose synthase from P. padus leaves was carried out with the 
use of röhring et al. method [10]. analysed organs were cut and homogenized at 
4°c with tris-Hcl buffer (pH 7.5) containing 10 mM Mgcl2, 0.5 mM cacl2, 1 mM 
eDta, 250 mM sucrose, 5 mM Dtt (dithiothreitol) and 1 mM PMSF (phenylmethyl-
sulfonyl fluoride). obtained homogenate was subsequently filtered through four 
layers of cheesecloth and centrifuged for 30 min. at 13,500 g. Pellets were discar-
ded, and supernatants were used for further analyses. 

Sucrose synthase purification

a) ammonium sulfate precipitation and dialysis

Solid ammonium sulfate (35.4 g) was added to each portion of the superna-
tant (100 cm3) to obtain 30% saturation. Precipitated proteins were centrifuged 
for 30 min at 13,500 g. Supernatant was decanted and ammonium sulfate was 
added to obtain 55% saturation. the mixture was centrifuged as described above. 
Supernatant was discarded and the pellet was dissolved in extraction buffer at a 
temperature of 4°c. Subsequently, the solution was subjected to dialysis against 
tris-Hcl buffer (pH 7.5) for 6 h.
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b) gel filtration 

Further phase of purification which consisted of separation of SuSy isoen-
zymes and determination of molecular mass of native isoforms was accomplis-
hed with use of klotz et al. method [11]. Dialysates (each portion of 10 cm3) 
were loaded onto a glass column (2 × 40 cm) filled with Sephadex g-150 bed 
and equilibrated with 200 cm3 of extraction buffer. enzyme elution was perfor-
med with the same buffer at the flow-rate of 0.8 cm3 · min-1. the eluates were 
collected in portions of 2 cm3 and the fractions of SuSy activity were pooled. 
Molecular weight of native SuSy isoforms (in kDa) was calculated with the use 
of experimentally outlined calibration curve showing relationship between 
kav (coefficient of partitioning) and log10 molecular mass of the used standard 
proteins. 

c) ion-exchange chromatography 

the pooled gel filtration fractions were applied onto a glass column (1 x 34 cm) 
filled with Deae-cellulose, pre-equilibrated with extraction buffer. elution of SuSy 
isoenzymes were performed by means of a linear Nacl gradient (0-500 mM) at the 
flow-rate 0.3 cm3 · min-1. the eluates exhibiting SuSy activity were pooled in two 
separate fractions.

determination of SuSy subunit composition 

evaluation of subunit composition of tested isoenzymes was determined 
electrophoretically with the use of SDS-Page technique. Separation of SuSy iso-
forms was carried out on 12.5% polyacrylamide gel by the procedure of Laemmli 
[12]. the standard discontinuous system under denaturing conditions (with the 
application of sodium dodecyl sulfate) was used. after electrophoresis, protein 
subunits were visualized within gel by staining with coomassie brilliant blue 
r-250. 

Enzyme activity assay

the specific activity of the analysed enzyme towards the cleavage direction 
was calculated as μg reducing sugars · min-1 · mg protein, whereas activity in 
the direction of sucrose synthesis was expressed as a loss in μg reducing sugars· 
min-1 · mg protein. Quantitative analyses of reducing sugars within the enzyme 
preparates were conduncted according to the standard method of Somogyi-
Nelson [13]. the protein content was measured by using the method of Lowry 
et al. [14]. 
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rESuLtS And diScuSSion

the performed purification techniques (ammonium sulfate precipitation, dia-
lysis, gel filtration on Sephadex g-150 and ion-exchange chromatography with 
the use of Deae-cellulose) allowed to obtain near-homogenous preparate of the 
sucrose synthase (tab. 1, fig. 1-2). two different peaks that possessed SuSy activity 
were identified in the gel filtration (Sephadex g-150) step, and the two isoforms 
were named in order of elution as SuSyi and SuSyii (fig.1). after the ion-exchange 
chromatography on Deae-cellulose, specific activity of the analysed SuSy isoforms 
slightly increased (approximately 2-fold increase of activity in relation to the prior 
phase of purification, see fig. 2). 

Figure 1. Fractions of SuSy obtained from bird cherry leaves, eluted from chromatographic 
column filled with Sephadex g-150 (a and b – fractions that possess activity of SuSy, subsequent 
peaks represent  other biomolecules)

Figure 2. Fractions of sucrose synthase isolated from P. padus leaves eluted from column filled with 
Deae-cellulose (i, ii –protein fractions that possess activity of SuSy, iii, iV –other protein fractions)
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ta b l e  1 . 

Purification of sucrose synthase isolated from bird cherry leaves

purification phase
protein 
content

(mg ∙ cm-3)

specific activity of sucrose 
synthase

purification efficiency
(n-fold)

cleavage 
reaction

synthesis 
reaction

cleavage 
reaction

synthesis 
reaction

crude extract 120.00   1.13   0.39   1.00   1.00
ammonium sulfate precipitation   98.20   4.70   2.61   4.16   6.69
dialysis   40.02   6.35   5.55   5.62 14.23

sephadex 
g-150

fraction a   12.40   8.55   8.26   7.58 21.17
fraction b   10.30   9.02   8.77   8.00 22.49

Deae-cellulose
fraction i     6.20 20.56 19.40 18.20 49.74
fraction ii     5.80 23.90 22.60 21.19 57.95

the relative molecular mass of the native sucrose synthase isoenzymes was 
estimated to be 200 kDa (kav=0.12) and 180 kDa (kav=0.14), respectively (fig. 3). 
electrophoretic separation of identified SuSy isoenzymes was carried out in di-
scontinuous system under denaturing conditions, using the SDS-Page technique. 
analyses of the electropherograms revealed that isoform SuSyi contained two 
different subunits of 57.5 kDa (rf=0.36) and 52.8 kDa (rf=0.39), whereas the stru-
cture of SuSyii was consisted of identical 63 kDa monomers (rf=0.31) (fig. 4). 

Figure 3. calibration curve for molecular weight estimation of chromatographically separated 
proteins on Sephadex g-150 gel
kav – coefficient of partitioning, a – cytochrome c (12.3 kDa), b – trypsin  (23.8 kDa), c – 
ovoalbumin (45.0 kDa), D – bovine serum albumin (66.0 kDa), e – myosine (205.0 kDa)
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Figure 4. electropherograms of sucrose synthase fractions isolated from bird cherry leaves 
separated with the use of SDS-Page

the sucrose synthase has been isolated and highly purified from several organs 
and tissues of different plant species, i.e. wheat, cucumber, Japanese pear fruit, 
soybean nodules, sugarcane, tobacco and sycamore cells [5-8, 15]. Many authors 
emphasize that number of SuSy isoenzymes occurring within relevant subcellular 
compartments or tissues depends on numerous factors [16-18]. one of the most 
important variables affecting the sucrose synthase profile within cells is maturing 
and physiological modifications of plant organs. according to klotz et al. [11] 
activity of SuSy isoenzymes was correlated with phase of ontogenetic develop-
ment of sugar beet. SuSyii showed its biochemical activity only in mature organs, 
whereas SuSyi catalysed reactions of sucrose synthesis and cleavage mostly within 
growing tissues. the DNa of Arabidopsis thaliana (L.) encodes six SuSy-like genes 
with distinct expression, down- or up-regulated by various environmental stres-
sors such as anoxia, dehydration, cold treatment and wounding [19-22]. the two 
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SuSy isoformes of analysed enzyme which were distinguished in presented stu-
dies have also been found in several eudicotyledons, i.e. potato, carrot, Japanese 
pear fruit and by-2 tobacco heterotrophic cells [5, 6, 8]. Matic et al. [6] suggested 
that SuSyi is more involved in channeling metabolites into glycolysis, and SuSyii 
is more active during cell wall biosynthesis. Differences in net charges or charge 
distribution within isoenzymes implicate variable biochemical functions they act. 
in maize, the SS1 isoform was involved in starch synthesis and dominated in the 
endosperm, whereas the SS2 isoenzyme was active in providing substrate for cell 
wall formation and glycolysis [6]. 

application of gel filtration with the use of Sephadex g-150 bed for native SuSy 
molecular mass estimation allowed to determine that both isoenzymes possessed 
comparable molecular weight (SuSyi – 200 kDa, SuSyii – 180 kDa). review of pub-
lished experimental data indicate that molecular weight of this enzyme is placed in 
the range of 320 kDa (Beta vulgaris L., Daucus carota L.) to 540 kDa (Cucumis sativus L., 
Ipomoea batatas L.) [20]. Depending on ionic strength of buffer solution, the enzyme 
may form aggregated structures. explanation of high molecular mass of SuSy is also 
S170 phosphorylation that promotes the formation of complex dimensional forms.

Subunit composition of the sucrose synthase was evaluated using the SDS-Page 
technique under denaturing conditions. this method allowed to separate and re-
veal SuSy subunits within polyacrylamide gel. electropherograms of the analysed 
isoenzymes isolated from bird cherry tissues indicated that their structure was pro-
bable composed of three subunits. Published data referring to analysed enzyme 
extracted from different plant species proved that SuSy may possess monomers 
with molecular mass reaching up to 94 kDa and form complex three-dimensional 
structures, mostly tetrameric or oligomeric [5, 7, 8, 20]. klotz et al. showed that 
SuSyi isolated from Beta vulgaris L. roots was consisted of two 84 kDa subunits and 
two 86 kDa subunits (heterotetramer), whereas sucrose synthase isoform ii (SuSyii) 
was composed of four subunits of 86 kDa (homotetramer) [11].

the proposed protocol of isolation and purification of two SuSy isoforms ex-
tracted from bird cherry leaves enables elucidating their more extensive kinetic 
properties (i.e. nature of inhibition in sucrose synthesis and cleavage reactions) 
and also evaluating metabolic mechanisms regulating isoenzymes’ activity. 

concLuSionS

1. two isoforms of SuSy have been isolated from bird cherry leaves with high 
yield and purified to near-homogeneity state.

2. the relative molecular mass of the native isoenzymes was estimated to be 200 
and 180 kDa, respectively.

3. isoform SuSyi was a heteromer contained two different subunits (57.5 and 
52.8 kDa), whereas the structure of SuSyii was consisted of identical 63 kDa 
subunits (homomer).
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4. the dimensional structure of the sucrose synthase isoenzymes is probably 
composed of three subunits. 
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S t r e s z c z e n i e

w przeprowadzonych badaniach dokonano charakterystyki molekularnej częściowo  
oczyszczonej syntazy sacharozy (NDP-glukoza: D-fruktoza 2-α-D-glukozylotransferaza, ec 
2.4.1.13), ekstrahowanej z liści czeremchy zwyczajnej (Prunus padus L.). Syntaza sacharozy 
została oczyszczona w wysokim stopniu przy wykorzystaniu czteroetapowej procedury 
obejmującej precypitację siarczanem amonu, dializę, filtrację żelową na złożu Sepha-
dex g-150 i chromatografię jonowymienną na złożu Deae-celuloza. analizowany enzym 
występował w postaci dwóch izoenzymów (SuSyi i SuSyii). względny ciężar cząsteczkowy 
natywnych form analizowanego enzymu wynosił odpowiednio 200 i 180 kDa. izoforma 
SuSyi zawierała w swym składzie dwie różne podjednostki (57,5 i 52,8 kDa), podczas gdy 
struktura SuSyii składała się z monomerów o ciężarze cząsteczkowym 63 kDa. Przeprowa-
dzone badania wskazują, że obydwie izoformy SuSy zawierały po trzy podjednostki. 

Słowa kluczowe: syntaza sacharozy, Prunus padus, ciężar cząsteczkowy, skład podjednostkowy


