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Biochemical characterization of rice sucrose phosphate synthase
under illumination and osmotic stress
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Abstract.  Sucrose phosphate synthase (SPS) is one of a number of sucrose-metabolizing enzymes that regulates the
sucrose synthesis pathway. SPSs were purified from etiolated rice seedlings (ERS), green rice seedlings (GRS), rice
grain suspension cells under osmotic stress (RGSO), and rice grain suspension cells under illumination (RGSI). A
native molecular mass of ca. 420 and 520 kDa was found using native-PAGE. The SDS-PAGE analyses revealed SPSs
to be homotetramers composed of subunits with a mass of 116-120 kDa. The maximum activity for SPSs was ob-
served on the third day. As far as their biochemical characterization was concerned, the optimum pH of the enzyme
reactions lay generally between 6-8, the optimum temperatures between 35-40°C. The ERS and RGSO SPS Km
values for Fru 6-P and UDPG were 1.8 and 35 mM, respectively. However, the GRS and RGSI SPS had similar Km
values for Fru 6-P and UDPG of 1.5 and 28 mM, respectively. GRS and RGSI SPS activities were allosterically
regulated by Glc 6-P (activator) or Pi (inhibitor), but ERS and RGSO SPS had no effect. From their regulations and
Km values two enzyme forms (SPS-I and SPS-II) could be discriminated in the rice. SPS-II was induced by illumination,
but SPS-I by osmotic stress. All SPSs were activated by Mg2+. The nucleotides AMP, ADP, ATP, UMP, UDP, GDP
and UTP inhibited enzyme activity by about 25-50%. Thiol reagents became sensitized to the enzyme activity, but
could be restored with DTT or β-ME. Glucose, galactose, glucosamine, maltose, and lactose activated the enzymes
and were inhibited by δ-gluconolactone and mannose. SPSs were also inhibited by PCMBS, cibacron blue F3G-A, and
DEP.

Keywords: Etiolated rice seedlings; Green rice seedlings; Illumination; Isoforms; Osmotic stress; Rice grain suspen-
sion cells; Sucrose phosphate synthase.

Abbreviations: DEP, diethylpyrocarbonate; DTNB, 5,5’-dithiobis-2-nitrobenzoic acid; DTT, 1,4-dithiothreitol; ERS,
etiolated rice seedlings; GRS, green rice seedlings; RGSI, rice grain suspension cells under illumination; RGSO, rice
grain suspension cells under osmotic stress; βββββ-ME, β-mercaptoethanol; PCMBS, p-chloromercuribenzenesulphonic
acid; Glc 6-P, glucose 6-phosphate; Fru 6-P, fructose 6-phosphate; Pi, inorganic phosphate; UDPG, uridine 5’-
diphosphoglucose.

Introduction

Sucrose is the major stable product of photosynthesis
for many plants, and it is the form in which most carbon is
transported in phloem vessels from photosynthetic organs
into non-photosynthetic organs such as roots, grains,
fruits, and tubers (Chris et al., 1999; Rees, 1984). Sucrose
accumulates in most plant tissues. This is essential if the
plant is to be able to respond effectively to environmental
stresses like low temperatures (Guy, 1990), water (Morgan,
1984; Quick et al., 1989; Ramos et al., 1999), and salinity
(Balibrea et al., 1997). However, sucrose can also act as a
regulator, carbohydrate store, and substrate for biosyn-
thesis and is temporarily preserved in the leaves as a buffer
for plants (Chris et al., 1999).

Sucrose synthesis can be catalyzed by the coordina-
tion of two enzymes in higher plants: sucrose phosphate
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synthase (E.C. 2.4.1.14; SPS) and sucrose phosphate phos-
phatase (E.C. 3.1.3.24; SPP) (Huber and Huber, 1996). The
catalytic reaction is as follows:

SPS is known to be a key regulative enzyme respon-
sible for sucrose synthesis in plants (Stitt et al., 1988; Huber
and Huber, 1992; Huber and Huber, 1996). All sucrose-syn-
thesizing organisms contain SPS, which is regulated by
several interacting mechanisms, including: (i) Regulation
of gene expression (Huber and Huber, 1996), (ii) Covalent
modification via reversible phosphorylation (Huber and
Huber, 1996), and (iii) Allosteric regulation via metabolites
(Doehlert and Huber, 1985).

When purifying SPS in the leaves of plants, it was found
that SPS activity changes in coordination with the light
cycle (Galtier et al., 1995). In addition, SPS can be activated
in spinach leaves under illumination and mannose
treatments, but is inhibited under darkness and when in-
organic phosphate (Douglas and Huber, 1983) comes in
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contact with the plants. Modification by phosphorylation
/ dephosphorylation occurs in response to light and dark-
ness (Amir and Preiss, 1982; Cheink and Brenner, 1992).
In leaves, illumination induces dephosphorylation, which
leads to the enzyme being activated, and darkness results
in inactivation because of phosphorylation (McMichael et
al., 1993, 1995). SPS is also active in other sucrose syn-
thesizing organs or tissues, including those adapting to
cold or drought, fruits, etiolated cotyledons, germinating
seeds, sugar cane (Saccharum officinarum) stems, and
beet-roots (Beta vulgaris) (Huber and Huber, 1996).
However, only a few studies discuss SPS in heterotrophic
tissues under illumination, osmotic stress, and darkness.

Our previous experiments found that SPS in sweet po-
tato calli under illumination and osmotic stress had a dif-
ferent biochemical characterization (Lee et al., 2003). The
object of this report focused on darkness, illumination, and
osmotic stress as regulatory factors affecting the proper-
ties of various types of SPSs such as ERS, GRS, RGSO,
and RGSI. The effects of these regulatory factors on rice
SPSs among the photosynthetic (ERS, GRS) and non-pho-
tosynthetic (RGSO, RGSI) tissues were also observed.

Materials and Methods

Plant Materials
Etiolated and green seedlings of rice (Oryza sativa L.

cv. Tainong 67) were grown for 14 days under conditions
of darkness and illumination. Rice grain suspension cells
under illumination and osmotic stress were cultured as pre-
viously described (Wang et al., 2000). Briefly, they were
subcultured by being transferred twice weekly into a fresh
N6 salt medium containing 2,4-D 0.4 µg·mL-1, casamino acid
1 g·µL-1, and sucrose 30 g·L-1. Cells for experiments were
harvested at 14 days after routine transfer into the same
medium. ERS, GRS, RGSO and RGSI were collected at three-
day intervals for a total of 14 days of cultivation and then
were used for further analyses.

Extraction and Partial Purification of SPSs
Approximately 100 g of materials from ERS, GRS, RGSO

and RGSI were blended and homogenized in 400 mL of ice-
cold extraction buffer (50 mM Hepes-KOH, pH 7.5, 10 mM
MgCl

2
, 1 mM EDTA, 2.5 mM DTT, 0.1% [v/v] Triton X-

100, 1 mM PMSF and 1% [w/v] PVPP) containing protease
inhibitors (PMSF) as above. The crude extracts were cen-
trifuged at 6,000 g for 10 min. The supernatants were de-
canted and fractionated with polyethylene glycol (PEG)
8000. Proteins in the 30% PEG fraction were dissolved in
20 mL of buffer A (20 mM Tris-HCl, pH 7.5, 1 mM EDTA,
and 2 mM DTT) containing protease inhibitors. All proce-
dures to this point were carried out at 4°C. The precipi-
tated protein in 30% PEG fraction from rice was dissolved
and applied to a 5 mL DEAE-Sephacel column (Pharmacia),
equilibrated with buffer A. Proteins were eluted with a lin-
ear salt gradient (1 M NaCl over 50 mL), collecting all frac-
tions of 2 mL per tube. The bulk of the SPS protein was
eluted between 280-340 mM NaCl. The corresponding frac-

tions were pooled and desalted by passing them through
a MonoQ column (HR5/5, Pharmacia/LKB). The Mono Q
column was eluted using a fast protein liquid chromatog-
raphy system (FPLC, Pharmacia/LKB) at a flow rate of 0.5
mL/min, washed with buffer for 20 min, and then with a
linear NaCl gradient in buffer (0~1 M NaCl) for 60 min. Frac-
tions of 0.5 mL per tube were collected after 20 min.

Protein Quantitation
Proteins concentrations were determined by the dye-

binding method (Bradford, 1976) using bovine serum al-
bumin as a standard.

Assay of SPS
SPSs were assayed under both limiting (V

limit
) and satu-

rated (V
max

) substrate conditions (according to the method
of Huber et al., 1989). The enzymes were monitored using
the anthrone test during the purification procedure (Huber
et al., 1989). In this test, 70 µL of the reaction mixture in-
cluding the extracts were adjusted to a final concentration
of 4 mM Fru 6-P, 20 mM Glc 6-P, 3 mM UDPG, 50 mM
Hepes-KOH (pH 7.5), 5 mM MgCl

2
, and 1 mM EDTA. The

mixtures were incubated at 37°C for 15 min before adding
70 µL 30% (w/v) KOH and heated for 10 min at 95°C. To
this 1 mL 0.14% (w/v) anthrone in 95% H

2
SO

4
 was then

added. The mixtures were incubated for 20 min at 37°C, and
A

650
 was measured. Methods of biochemical characteriza-

tion were used when various nucleotides, thiol reagents,
and sugars were tested as activators or inhibitors.

Gel Electrophoresis and Western Blotting
Proteins were separated by 10% SDS-PAGE and 7.5%

native-PAGE as described in Laemmli (1970) and either
stained with Coomassie Brilliant Blue R-250 or transferred
to a nitrocellulose membrane by electroblotting. Protein gel
blots were blocked using 5% fat-free powdered milk solu-
tion in 20 mM Tris-HCl, pH 7.5, and 500 mM NaCl. Blots
were incubated with rabbit antiserum raised against RBE1,
glutathione S-transferase (GST)-SPK fusion protein and
GST-Suc synthase fusion protein (Urao et al., 1994) in or-
der to detect each protein. Immunodecorated proteins were
revealed with horseradish peroxidase-conjugated anti-goat
secondary antibody using the Vectastain ABC kit (Vector
Laboratories, Burlingame, CA) and DAB substrates
(Funakoshi, Tokyo, Japan).

Results

Comparative Analyses of the Enzyme Activty of
ERS, GRS, RGSO and RGSI

Rice seedlings (i.e., ERS and GRS) and rice grain sus-
pension cells (i.e., RGSO and RGSI) were collected and em-
ployed as primary experimental materials of this study. The
rice SPS’s activity under different conditions was recorded
every three days (Figure 1). The illuminated cells were
placed under a constant illumination of 5000 Lux
(wavelength of 700 nm) from 06:00 to 21:00 (with no illu-
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mination from 21:00 to 05:00) for 14 days (Figure 1D). It
was discovered that the activity of SPS from ERS had gone
down on the sixth day (Figure 1A) and GRS had dwindled
a little on the fourth day (Figure 1B). The highest SPS ac-
tivity from RGSO was on the third day (Figure 1C), and
RGSI beignet surged on the sixth day (Figure 1D), indi-
cating that the modulating forms of SPSs in RGSI and
RGSO were different. However, a low SPS activity was
found in normally developing suspension cells (Figure 1E)
and in the roots from ERS and GRS (Figure 1A-B).

Purification of the Enzymes
ERS, GRS, RGSO and RGSI as materials were put

through SPS purification. Analyses of the native-PAGE re-
vealed that the RGSI SPS is a tetramer with a molecular
mass of 420 and 520 kDa (Figure 4A-B). The apparent mo-
lecular mass of SPSs from ERS and RGSO as revealed in

the native-PAGE is 520 kDa, while SPS from GRS is 420
kDa (data not shown). The 420 kDa bands are thicker in
the samples from rice suspension cells under illumination
for 3, 6 and 12 days. This implied that the 420 kDa protein
can be induced by light. The SDS-PAGE analyses showed
a molecular mass of 116-120 kDa as a monomer (Figures 2,
3). From immuno-staining patterns of SPSs on native-PAGE
analyses, we propose that two isozymes exist in RGSI
(Figure 4B).

Biochemical Characterization of Rice SPSs
SPS optimum and stability pH values lay between 6-8.

When the temperature was higher than 40°C, SPS activity
in ERS, GRS, RGSO and RGSI would go down and become
unstable (data not shown). Therefore, in the process of
purification and analyses, the enzymes are best preserved
in ice water so as to maintain their activity. The optimum
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Figure 1.  SPS activities and protein level of rice varied with different treatment
under different growth phase. It was discovered that ERS, GRS, RGSI, and RGSO
display increasing SPS enzyme activity with the increase of time. A, ERS; B, GRS;
C, RGSO; D, RGSI; E, Rice grain suspension cell (control). The assay condition of
V

max
 and V

limt
 are expressed in the text. SPS V

max
 activity (�); SPS V

limit
 activity (�);

SPS roots activity (�); Protein content (�).



46              Botanical Bulletin of Academia Sinica, Vol. 46, 2005

Figure 3.  CBR staining and immuno-staining patterns of SPS fraction on 10% SDS-PAGE from RGSO (A, C) and GRS (B, D)
separated after the different purification steps. Lane 1, crude extract; lane 2, PEG 30%; lane 3, DEAE-Sephacel column; lane 4, FPLC
Mono Q column. It is estimated that the molecular mass of subunit is around 116 to 120 kDa.

Figure 2.  CBR staining and immuno-staining patterns of SPS fraction on 10% SDS-PAGE from ERS (A, C) and RGSI (B, D)
separated after the different purification steps. Lane 1, crude extract; lane 2, PEG 30%; lane 3, DEAE-Sephacel column; lane 4, FPLC
Mono Q column. It is estimated that the molecular mass of subunit is around 116~120 kDa.
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Figure 4.  CBR-staining (A) and immuno-staining (B) patterns of RGSI SPS on 7.5% native-PAGE. This research also verified that
two isozymes exist in rice grain suspension cells. Lane 1, 3 days under illumination; lane 2, 6 days under illumination; lane 3, 12
days under illumination.

temperature should be between 35-40°C. From GRS and
RGSI, SPS was allosterically regulated by Glc 6-P as an ac-
tivator and Pi as an inhibitor (Figure 5). It had the highest
activity at 30 mM (Glc 6-P). Pi at 5 mM inhibited its activity,
and 25 mM Pi exhibited the maximum inhibition effect. In
contrast, ERS and RGSO were not activated by Glc 6-P
(Figure 5A) or inhibited by Pi (Figure 5B). In fact, the en-
zymes were activated by Mg2+ at 7.5-12.5 mM (data not
shown).

Kinetic Characteristics of Rice SPSs
SPSs from various rice materials in different concentra-

tions of substrates, Fru 6-P and UDPG, did not demonstrate
the same results. The Km values for Fru 6-P and UDPG
were calculated. Similar Km values for UDPG and Fru 6-P
from ERS, RGSO and GRS, RGSI SPSs were observed.

Effect of Sugars and Sugar Phosphates
Different sugars influenced rice SPS activity (Reimholz

et al., 1994). It was found that glucose, galactose,
glucosamine, maltose, and lactose significantly stimulated
enzyme activity while δ-gluconolactone and mannose
showed contrary results at 10 mM (Table 1). However, the
activity of SPS was enhanced by 50 mM mannose. The
weaker inhibition of 10 mM mannose to SPS may be due
to the experimental error. The structure of lactone in δ-
gluconolactone is half-chair, similar to the carbonium-oxo-
nium ion, which may occupy the glucosyl transfer site of
SPS. The transition state is likely to be a glucose-enzyme
complex in which the glucosyl unit has the half-chair
conformation. This reaction occurs via the formation of
an unstable glucose-enzyme complex that leads to the in-
activation of the enzyme (Reimholz et al., 1994).
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Figure 5.  Effects of Glc 6-P and Pi on the activity of SPS from ERS, GRS, RGSI and RGSO. A, Effect of Glc 6-P on SPS from rice;
B, Effect of inorganic phosphate on SPS from rice. SPS from etiolated rice seedlings and rice grain suspension cells with osmotic
stress treatment was not regulated by Glc 6-P or Pi. ERS (�); GRS (�); RGSI (�); RGSO (�).
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Effect of Nucleotides
The effects of various nucleotides on enzyme activity

were summarized in Table 2. We found that ATP, ADP,
AMP, UTP, UDP, GDP, and UMP caused a 25~50% reduc-
tion in enzyme activity, but CTP and GTP had no effect
(Table 2). It is possible that ATP, ADP, AMP, UTP, UDP,
and UMP competed with the UDPG binding site of SPSs.

Effect of Thiol Reagents
SPS activity is subjected to the influence of the thiol

group within the protein sequences (Doehlert et al., 1985).
It was tested with different thiol reagents to determine how
the -SH group affected its activity in the amino acid se-
quence of rice SPSs. The results showed that 0.1 mM thiol
reagents had no effect on enzyme activity, but β-ME can
enhance SPS activity (Table 3). However, the SPS activity
was inhibited as the concentration was highly raised. They
also showed that the enzymes were sensitive to thiol re-
gents at higher concentrations (Table 3).

Effect of Inhibitors
PCMBS was repressive to the sulfhydryl groups com-

plex (Slabnik et al., 1968). It was found that PCMBS in-
creasingly repressed SPS when its concentration was
heightened. Cibacron blue F3G-A, similar to the substrate
UDPG, was demonstrated to be a high-affinity competitive
inhibitor (Hatzfeld et al., 1995). The results obtained in
Table 4 indicate a 50% inhibition effect for rice SPSs from
PCMBS at 20-50 mM. In wheat seedlings (Salerno and
Pontis, 1978), maize leaves (Doehlert and Huber, 1985), po-
tato tuberous roots (Slabnik et al., 1968), and spinach
leaves (Amir and Preiss, 1982), PCMBS completely re-
presses SPS activity, which can be restored by DTT.

Modifying Effect of DEP
As a chemical modification effecter, DEP modifies the

histidine in protein by producing an N-carbethoxyhistidyl
derivation. This derivate absorbance was measured at
230~250 nm  (Sinha et al., 1998). The aim of this study was
primarily to understand whether histidine affects SPS
activity. The reactions were carried out at 25°C with dif-
ferent incubation times. Twenty mM histidine was used
to stop the reaction. The results indicate that the inhibi-
tion of SPS became apparent in the presence of increas-
ing concentrations of DEP (Figure 6). It was inhibited 33%

Table 2. Effect of nucleotides on sucrose phosphate synthase
activity. We found that ATP, ADP, AMP, UTP, UDP, GDP,
and UMP caused a 25~50% reduction in enzyme activity, but
CTP and GTP had no effect. All nucleotide were added at 5 mM
final concentration.

Nucleotides
Relative activity %

ERS GRS RGSO RGSI

None 100 100 100 100
AMP 65 61 64 60
ADP 57 55 56 53
ATP 52 55 50 56
CTP 85 87 86 89
GDP 52 55 50 56
GTP 107 108 107 107
TDP 72 73 73 74
UMP 76 75 76 75
UDP 63 62 63 60
UTP 67 68 66 69

Table 1. Effect of saccharides on sucrose phosphate synthase activity. It was found that glucose, galactose, glucosamine, maltose,
and lactose significantly stimulated enzyme activity while δ-gluconolactone and mannose showed contrary results at 10 mM.

Saccharides Concentration                           Relative activity %

mM ERS GRS RGSO RGSI

None 100 100 100 100

Glucose 10 140 139 142 135
50 115 107 114 105

Galactose 10 130 132 130 134
50 93 92 94 95

Glucosamine 10 109 107 105 108
50 112 116 113 115

Glc 1-P 10 120 122 119 125
50 93 93 92 94

δ-gluconolactone 10 93 92 90 92
50 22 24 21 20

Mannose 10 78 74 80 82
50 138 135 137 135

Maltose 10 120 122 123 122
50 135 132 134 133

Lactose 10 110 112 111 114
50 131 130 132 128
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Figure 6.  Time course of the activity of
DEP-modified SPS.  DEP modifies a pro-
tein by converting His residues to N-
carbethobxyhistidyl derivative. A, Etiolated
rice seedlings; B, Green rice seedlings; C,
Rice grain suspension cell under osmotic
stress; D, Rice grain suspension cell under
illumination. 0 mM (�); 0.5 mM (�); 1.0
mM (�); 5.0 mM (�); 10 mM (�)

Table 3. Effect of sulfhydryl compounds on sucrose phosphate synthase activity. The results showed that 0.1 mM thiol reagents
had no effect on enzyme activity, but β-ME did. They also showed that the enzymes were sensitive to thiol regents at higher
concentrations.

Sulfhydryl compounds Concentration                            Relative acitivity %

mM ERS GRS RGSO RGSI

None 100 100 100 100

Cysteine 0.1 100 99 100 98
1 64 63 65 62

10 20 19 22 18

DTT 0.1 105 104 106 107
1 53 56 54 58

10 42 44 40 44

β-ME 0.1 119 117 118 119
1 39 38 41 39

10 24 25 20 26

Glutathione 0.1 84 80 84 82
1 64 65 63 67

10 20 22 20 24

Table 4. Effect of inhibitors on sucrose phosphate synthase activity. Rice SPSs showed a 50% inhibition effect from PCMBS at 20
mM.

Inhibitors Concentration                            Relative activity %

mM ERS GRS RGSO RGSI

None 100 100 100 100

Cibacron blue 0.3 105 101 106 103
0.6 86 85 87 84
1.2 54 53 51 54

PCMBS 10 92 93 92 95
20 47 49 46 48
50 43 45 42 46
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by 1 mM DEP at 25°C, resulting in a 10-min reaction. When
only DTT was applied, the activity was decreased to 60%.
No synergetic effects were apparent when DTT and DEP
were added together as compared to DEP alone (Table 5).
The influence of DTNB described in Table 5 showed that
the enzymes were activated by 1 mM DTNB.

Discussion

Nothing in the literature yet describes the biochemical
characterization of SPSs in rice under different treatments.
This report finds that SPSs underwent different isoforms
and activities depending on whether they were affected
in ERS, GRS, RGSO or RGSI. Darkness, illumination, and
osmotic stress were then used to examine the change of
SPS activity among photosynthetic and non-photosyn-
thetic tissues under various environmental treatments for
rice. Different biochemical characterizations between SPSs
were observed in ERS, RGSO and GRS, RGSI. This was veri-
fied by the following results, which distinguished two SPS
isoforms in rice: First, SPSs activity from GRS and RGSI
were subjected to allosteric regulation by Glc 6-P (activator)
and Pi (inhibitor) (Figure 5) (Douglas and Huber, 1983).
Both of them had similar Km values for UDPG and Fru 6-P.
Secondly, Glc 6-P and Pi did not affect the SPSs activity
from ERS and RGSO. Both SPSs have a similar Km to UDPG
and Fru 6-P. Furthermore, the apparent molecular mass of
SPS-I was estimated to be 520 kDa in the native-PAGE. Its
expression in rice grain tissue cultures increased in re-
sponse to the osmotic stress. On the other hand, SPS-II,
estimated at 420 kDa on native-PAGE, increased in re-
sponse to the illumination. No band existed in native-PAGE
without light treatment. From 7.5% native-PAGE and
immuno-staining patterns of RGSI SPSs, two enzyme
isoforms (SPS-I and SPS-II) (Figure 4) resulted. The results
also indicated that light could induce SPS isoforms both
in photosynthetic (GRS) and non-photosynthetic (RGSI)
tissues.

Two enzyme isoforms had similar results when affected
by saccharides, nucleotides, sulfhydryl compounds, and
inhibitors. They were activated by glucose, galactose,
glucosamine, maltose, and lactose but were inhibited by
δ-gluconolactone and mannose (Table 1). Glc 1-P increased
enzyme activity at 10 mM, but not at 50 mM (Table 1).
AMP, ADP, ATP, UMP, UDP, UTP, and TDP possibly

played the role of competitive inhibitors toward their
UDPG-binding site.

SPSs in spinach, seed of Pisum sativum and leaf of
Prosopis juliflora were affected by the thiol reagent con-
centrations (Harbron et al., 1981; Lunn and Rees, 1990;
Sinha et al., 1997). The -SH group may be directly involved
in catalysis or may be also required to maintain an appro-
priate enzyme conformation. Therefore, sulfhydryl com-
pounds may also play a peculiar role in controlling rice
SPSs activity; the results did not indicate an absolute re-
quirement of free -SH groups for enzyme activity (Table
3). Usually, the allosteric sites of most enzymes contain
the thiol group, and the substrate molecules do not.
However, this was not necessary for the catalytic site area
(Sinha et al., 1997). Most SPS amino acid sequences con-
tain 10 cysteine residues. Possibly one or more of these
ten exist in the catalytic site.

 SPSs from ERS, GRS, RGSO and RGSI were inhibited
by PCMBS and cibacron blue F3G-A, suggesting the pres-
ence of the sulfhydryl group is essential for enzyme
activity. The effects of DTT, DTNB and DEP on rice SPSs
indicated that the DEP function was not affected by the
-SH group (Harbron et al., 1981; Lunn and Rees, 1990), but
rice SPS activity was inhibited by histidine (Table 5). It is
believed that the effect of DEP is on the phosphorylate
enzyme area. The phosphate carries a negative charge
while the histidine is positively charged, and the modify-
ing of DEP in histidine in protein breaks the counter
charges, making an electrical balance which protects the
active site. So DEP modified the histidine, thus affecting
the binding between substrate and binding site.

According to biochemical characterization and enzyme
activity analyses, we conclude that at least two enzyme
isoforms, SPS-I and SPS-II, exist in rice. They can be in-
duced by illumination both in the photosynthetic and non-
photosynthetic tissues. SPS-I was found in ERS and
RGSO, and activity was regulated by osmotic stress and
darkness while SPS-II was induced and activated by illu-
mination in GRS and RGSI. But, active sites of SPS-I and
SPS-II show a similar modification pattern by chemical
reagents. This feature must be important in causing at least
some of the metabolic and physiological effects observed
in this study, and it is further shown that SPS in rice is a
enzyme in source-sink relationships in response to envi-
ronmental factors, e.g. light, osmotic stress, and darkness.

Table 5. Effect of DTT and DTNB on the DEP modification of sucrose phosphate synthase. When only DTT was applied, the
activity was increased to 60%. DTT and DEP were applied simultaneously in the only difference from the procedure with DEP
only.

Preincubation mixture
                                 Relative activity %

ERS GRS RGSO RGSI

SPS 100 100 100 100
SPS+1 mM DEP 30 32 30 31
SPS+1 mM DEP+1 mM DTT 30 34 31 33
SPS+1 mM DTT 65 62 67 63
SPS+1 mM DTNB 120 121 119 120
SPS+1 mM DTNB+1 mM DEP 41 40 43 41
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