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Abstract: The enzyme invertase (B-D-fructofuranoside fructohydrolase; E.C. 3.2.1.26) was isolated
and partially purified from healthy tomato juice. The purification involved buffer extraction, DEAE-
cellulose and Sephadex G-75 chromatography. The purity of the enzyme preparation was determined
by SDS-PAGE. The enzyme was purified 29.9 fold with 23.19% yield, giving a final specific activity
87.62 U/mg. The molecular weights of the purified enzymes measured by gel filtration chromatogra-
phy and SDS-PAGE were found to be 54 kDa and 49 kDa, respectively. The purified invertase was a
glycoprotein with 17.5% sugar. The optimum pH of the purified enzyme was 5.5 and the activity was
stable at pH 3.5-7.5. The enzyme showed maximum activity at 35°C and was found to be stable at the
temperature ranged from 10°C to 35°C. The K value of this enzyme for sucrose was 4.5 mM at pH 5.
Tris, glucose and fructose reduced invertase activities poorly while urea, EDTA, acetic acid, Zn** and
Cd*+ decreased moderately. Ag+ and Al*+ produced a slight inhibitory effect on invertase activity. Ca**
had almost no effect on tomato invertase activity. Mn?*, Mg*", K+, Na+ and Ba>" increased invertase
activity slightly, while Cu®* accelerate invertase action moderately. Hg?* almost completely ceased the
tomato invertase activity.
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Introduction

Sucrose is the most abundant transport-
able free carbohydrate in the plant kingdom. It
is formed by plants but not by higher animals.
Sucrose is a major intermediate product of pho-
tosynthesis. In many plants, it is the principal
form in which sugar is transported from the
leaves to the portions of plants via their vascular
systems. Sucrose serves as an important storage
carbohydrate in plants, especially sink organs as
tuber, root, fruit and seed. During germination,
sucrose is a readily degradable source of energy.
In storage organs, invertase (B-D-fructofurano-
side fructohydrolase; E.C. 3.2.1.26), hydrolyzes
sucrose to yield glucose and fructose.
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Invertase was one of the enzymes isolated
from yeast more than a century ago [1]. The en-
zyme occurs widely in many plants, microorgan-
isms and animal sources [2,3,4]. The expression
and distribution of plant invertase have been es-
pecially well documented, because it plays an
important role in sugar metabolism [5,6,7,8].
Strong invertase activity has been detected in
ripe grape berries and the accumulation of sugar
in the fruit during maturation has been shown
to correlate with high level of invertase activity
[9]. Grape invertase isolated from certain white
grapes has been shown to be present in both
soluble and bound forms [10,11]. Soluble inver-
tase purified from Semillon [12] is stable under
acidic conditions. Peter and Stephanie [13] have
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reported that invertase activity is positively cor-
related with reducing sugar accumulation in
tomato. Invertase protein is present through-
out fruit development in tomato. However,
the increase in activity during ripening is due
to changes in the activation state of the protein
rather than the amount of protein present [1 ari-
fied by centrifugation at 8000 r.p.m. for 15 min-
utes at 4°C. The clear supernatant was collected
and concentrated to about 1/8th of the original
volume using dialysis tube and dialyzed against
deionized water for 12 h followed by 20 mM
acetic acid-sodium acetate buffer (pH 5) for 24
hours at 4°C. The dialyzed extract was clarified
by centrifugation at 7000 r.p.m. for 10 minutes
at 4°C to remove any insoluble materials pres-
ent. The clear supernatant obtained was used as
the crude enzyme extract.

Purification of the invertase enzyme
Step-1: DEAE-cellulose column chromatography

The crude enzyme extract was applied to a
DEAE-cellulose column (24%2.1 cm, flow rate
30 ml/h) at 4°C previously equilibrated with 20
mM acetic acid-sodium acetate buffer (pH 5.0)
and eluted with increasing concentration (gradi-
ent) of NaCl (0.05-0.3 M).

Step-2: Shephadex G-75 column chromatography

The active fractions from DEAE-cellulose
column chromatography were pooled, concen-
trated and applied to a column of Shephadex G-
75 (100x0.9 cm) at 4°C, pre-equilibrated with
20 mM acetic acid-sodium acetate buffer (pH
5.0). The protein was eluted with the same buf-
fer at a flow rate of 9 ml/h. The peak with the
invertase activity was checked for purity using
10% SDS-PAGE (75 pl protin was loaded) ac-
cording to the method of Laemmli [15]. The
gel was stained with Coomassie Brilliant Blue.
The purified enzyme thus obtained was used for
physicochemical analysis.
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Enzyme assay

Invertase activity was assayed following
the method of Mahadevan and Sridhar [16].
The invertase activity was determined by mea-
suring the amount of glucose formed by inver-
tase catalyzed sucrose hydrolysis at pH 5.0. The
assay mixture contained 375 ul of enzyme so-
lution, 750 pul of 0.1M acetic acid-sodium ac-
etate buffer pH 5.0 and 375 pl of 2.5% sucrose
solution. The reaction was performed at 37°C
for 15 minutes. The assay reaction was stopped
by the addition of 1.5 ml of 3, 5-dinitrosalicylic
acid reagent [17]. The mixture was heated for 5
minutes in a boiling waterbath. After the color
had developed, 0.5 ml of 40% sodium potassi-
um tartrate was added when the contents of the
tubes were still warm. A control tube was also
prepared in which the enzyme was denatured
by heating before the addition of the substrate.
The absorbance of the solution was measured at
575 nm. The enzyme activities were obtained
from a calibration curve prepared by following
the same procedure with D-glucose as standard.
One unit of invertase activity was defined as the
amount required for liberating 1 pg of glucose
and fructose from the breakdown of sucrose per
minute at 37°C.

Determination of protein concentration and
molecular weight

Protein concentration was determined
colorimetrically by Lowry method [18] using
bovine serum albumin as a standard. The mo-
lecular weight of the purified tomato invertase
was determined by Shephadex G-75 gel filtra-
tion through a column (100%0.9 cm) at 4°C,
equilibrated with 20 mM acetic acid-sodium ac-
etate buffer (pH 5.0) as described by Andrews
[19]. Trypsin inhibitor (MW-20 kDa), bovine
serum albumin (MW-67 kDa) and B-galacto-
sidase (MW-116 kDa) were used as molecular
weight markers. The molecular weight of the
purified enzyme was also determined by using
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10% SDS-PAGE as previously described [15]
using the same molecular weight markers used
in gelfiltration.

Determination of K  value of tomato invertase

The initial value is equal to the amount of
product formed per minute. The initial velocity
(V,) was determined by measuring the amount
of one of the products (glucose or fructose) at
various time intervals [20].

Test for glycoprotein and estimation of sugar

Phenol, in the presence of sulfuric acid,
can be used for quantitative calorimetric micro
determination of sugars and their methyl deriv-
atives, oligosaccharide and polysaccharides as
described by Dubois [21]. The method was also
employed for detecting the presence of sugar in
protein.

Determination of optimum pH and pH stabil-
ity of tomato invertase

The invertase activities from pH 2 to 10
were measured at 37°C following the procedure
described by Mahadevan and Sridhar [16]. Su-
crose solution (2.5%) was made in the above-
mentioned buffer of different pH and was used
as substrates for the determination of invertase
activities. Stability of the invertase activities at
the selected pH range was examined by incu-
bating the reaction mixture for 15 minutes at
37°C.

Determination of optimum temperature and
temperature stability of tomato invertase

The invertase activities from 10 to 80°C
were measured at pH 5 according to Mahadevan
and Sridhar [16]. To examine the heat stability
of tomato invertase, the enzyme solution (pH 5)
was pre-incubated at various temperatures for
30 minutes and cooled at 0°C for 5 minutes. The
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residual activities of the treated enzymes were
assayed under the standard assay conditions.

Effect of various chemicals on the activity of
tomato invertase

The enzyme activities were determined in
the presence of various concentrations of chem-
icals following the procedure described by Ma-
hadevan and Sridhar [16].

Effect of various metallic salts on the activity
of tomato invertase

The enzyme activities were determined in
the presence of various concentrations of metal-
lic salts following the procedure described by
Mahadevan and Sridhar [16].

Results and Discussion
Purification of the enzyme

The concentrated dialyzed crude enzyme
extract was passed over a column of DEAE-cel-
lulose previously equilibrated with 20 mM ace-
tic acid-sodium acetate buffer of pH 5.0 at 4°C.
The crude enzyme extract was first eluted with
the buffer and then with increasing concentration
of NaCl (0.05-0.3M). The proteins were eluted
as two major peaks and two minor peaks. Only
the major peak, which was eluted with the buffer
containing 0.05 M NaCl contained the invertase
activity with specific activity 9.75 U/mg, puri-
fication 3.33 fold and a yield of 31.37% (Table
1). The active fractions were pooled separately
and the purity was checked by SDS-PAGE (Fig.
la). The fraction gave more than one band, in-
dicating that it contained some other proteins.
Purification by gel filtration using Sephadex G-
75 of the active fractions from DEAE-cellulose
chromatography gave single peak, in which in-
vertase activity was regular with specific activ-
ity 87.62 U/mg, purification 29.9 fold and yield
23.19% (Table 1). The single band obtained by
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SDS-PAGE (Fig. 1a) indicated that the protein
was a single polypeptide.

Table 1. Purification profile of invertase from tomato

Total Total Spe_m'flc . Purifi-
. . activity  Yield .
Step protein  activity . cation
(mg)  (units) (unitsf - (%) (fold)
mg)
Crude extract 1082.6  3173.3 2.93 100 1
DEAE-cellulose ) 13 9055 975 3137 333
ion exchange
Sephadex G-75
ol filration 8.4 736 87.62 2319 299

Properties of the purified invertase

The molecular weight of the purified toma-
to invertase estimated by gel filtration on Sep-
hadex G-75 was 54 kDa. Very similar molecular
weight of invertase has been reported (50 kDa)
in tomato [25] by gel filtration. SDS-PAGE, on
the other hand, gave a mol. Wt 49 kDa (Fig. 1b).
This is slightly lower than that obtained by gel
filtration and this might be due to some specific
interactions with gel components or electrical
disturbance during electrophoresis. The present
value (49 kDa) is very close to the molecular
weight of 51 kDa reported by Endo et al. [§]
but lower than the molecular weight of 56 kDa
observed by Peter and Stephanie [13] in tomato
invertase.

The K value of tomato invertase against
sucrose as substrate was found to be 4.5 mM
at pH 5.0 in acetic acid-sodium acetate buffer.
Konno et al. [21] reported 4.35 mM K _ value
for tomato invertase. A value of 5.25 mM K _
value was reported for mango flesh invertase
[26]. Isla et al. [27] observed K_ value of 6.6
mM for Oryza sativa invertase using sucrose as
substrate.
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The purified tomato invertase was glyco-
protein in nature and it contained 17.5% of sug-
ar. Peter and Stephanie [13] and Nakagawa et
al. [2] have also shown that purified tomato in-
vertase is a glycoprotein. Invertase from grape
berries has been reported to contain about 25%
carbohydrate [11]. Geracimo and Jhon [28], us-
ing sucrose as a standard, have reported that the

purified potato invertase is a glycoprotein with
10.9% carbohydrate.

The enzymic activity of the invertase was
determined at different pH values at 37°C. As
shown in Fig. 3, the pH for maximal activity
was 5.5, with 29% and 24% activities at pH 3.0
and 8.0, respectively. Very similar pattern of pH
profiles has been reported for cherry invertase
[29], invertase of Oryza sativa [27], grape ber-
ries [30] and tomato invertase [8]. The enzyme
was fount to be stable at pH values of 3.5-7.5
(Fig. 2). This result demonstrates that the tomato

L, L, L L, L.

Fig. 1. (a) SDS-PAGE of partially purified tomato
invertase at various stages of purification (L,: Crude
enzyme extract, L,: Fraction from DEAE-Cellulose
column, L,: Fraction from Sephadex G-75 column).

(b) SDS-PAGE of purified tomato invertase (L,: Molecu-
lar weight markers; Trypsin inhibitor MW-20 kDa, bovine
serum albumin MW-67 kDa and 3-galactosidase MW-116
kDa, L,: Fraction from Sephadex G-75 column).
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invertase is more stable in the acidic pH region.
Peter and Stephanie [13] have reported that the
activity of buffer-insoluble tomato invertase is
optimum at pH 5.0 and stable from pH 3.5-7.0.
The effects of temperature on the activity and
stability of the purified invertase are shown in
Fig. 3. The enzyme displayed maximal activ-
ity at 35°C. Further, the activities gradually de-
creased with the rise of temperature and there
was a drastic drop in the activity above 50°C.
The enzyme was found to be stable at tempera-
ture between 10-35°C. Finger et al. [31] have
reported the optimum temperature of 35°C for
acid invertase from Beta vulgaris roots. They
also noted that the rapid inactivation of this en-
zyme occurs at 40°C and complete inactivation
occurs at 55°C.

The effect of various chemicals and metal-
lic salts on the activity of tomato invertase is
cited in the Table 2. Tris, glucose and fructose
reduced invertase activity poorly. Alexander
[32] found that acid invertase is 25% inhibited
by 0.05 M tris at pH 5.5. Tomato invertase was
inhibited by its product glucose and fructose.
Fructose is stronger inhibitor (15.67%) than
glucose (14%) at 0.05 M. Darren et al. [24] have
found that sugarcane neutral invertase is inhib-
ited about 27% and 37% by its products glucose
and fructose, respectively. On the other hand,
moderate inhibition effects on tomato invertase
activities at 0.05 M have been found by urea
(32.67%), EDTA (48.15%), acetic acid (52%),
Zn** (44.50%) and Cd** (37%). Darren et al.
[24] have observed almost complete inhibition
of sugarcane neutral invertase with ZnCl,. The
invertase activities were decreased slightly by
AgNO, and AICI,. Plant invertase is character-
istically inhibited by heavy metals and reagents
that react with sulthydryl groups [3,10,33,34].
The activity of invertase decreased drastically
with the increased concentration of HgCl, and
was completely inhibited by 0.05 M HgCl,.
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Similar type of inhibition has been reported
for sugarcane neutral invertase [24] and mango
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Fig. 2. Effect of pH on the activity (e) and stability (A)
of purified tomato invertase.
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Fig. 3. Effect of temperature on the activity (e) and
stability (A) of purified tomato invertase.

invertase [26]. Complete inhibition of inver-
tase by HgCl, is consistent with the reports of
Pressy and Avants [34] and Schwimmer et al.
[35]. Calcium had almost no effect on tomato
invertase activity, which receives support from
the works of Darren et al. [24] and Hari et al.
[29]. Mn?*, Mg?, K*, Na* and Ba*" increased
invertase activities slightly, while Cu®* acceler-
ated invertase activity moderately.
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Table 2. Effect of metal ions and chemicals
on enzymic activity of tomato invertase.

.. Concentra- % Relative
Additives tion (mM) activity*
Tris 5 85.00 + 1.63
Glucose 5 86.00 £ 0.81
Fructose 5 84.40 + 3.90
Urea 5 67.33 +£1.40
EDTA 5 51.85+1.57
Acetic acid 5 48.00 £ 1.04
ZnSO, 5 55.50 £ 1.75
CdCl, 5 70.37 £ 1.50
AgNO, 5 87.00 £ 0.79
AICI, 5 82.00 + 0.98
HgCl, 5 3.70 +£0.93
CaCl, 5 98.10+ 1.33
MnCl, 5 105.00 +£2.11
MgCl, 5 120.37 £ 1.55
KCl1 5 114.81+1.12
NaCl 5 115.80 £ 2.05
BaCl, 5 114.80 +2.89
CuCl, 5 137.00 + 3.05

*Invertase activity without added compounds was taken
as 100% activity.

Conclusion

We have partially purified and charac-

terized invertase from inexpensive raw plant
source, the pulp of tomato (Lycopersicon es-
culentum Mill). Further complete purification
will enable explosive use of invertase in various
commercial sectors. Extensive research can be
carried out to enhance the activity of invertase
using various metal ions.

References

1.

Berthelot, M. 1860. Surla fermentation gluco-
signe du sucre de canne. Compt. Rend. Acad. Sci.
50:980-984.

Nakagawa, H., Kawasaki, Y., Ogura, N. and
Takehata, H. 1971. Purification and properties
of two types of B-fructofuranosidase from tomato
fruit. Agric. Biol. Chem. 36:18-26.

10.

11.

12.

13.

14.

15.

16.

17.

18.

102

Krishnan, H.B., Blanchette, J.T. and Okita, T.
W. 1985. Wheat invertase: Characterization of
cell wall bound and soluble forms. Plant Physiol.
78:241-245.

Hirayama, M., Sumi, N. and Hidaka, H. 1989.
Purification and properties of a fructooligosac-
charide producing p-fructofuranoside from As-
pergillous niger ATCC 20611. Agric. Biol. Chem.
53:667-673.

Doehlert, D.C. and Felker, F.C. 1987. Character-
ization and distribution of invertase activity in de-
veloping maize (Zea mays) Kernels. Physiol. Plan-
tarum. 70:51-57.

Ligle, S.E. and Dunlop, J.R. 1987. Sucrose me-
tabolism in netted muskmelon fruit during fruit de-
velopment. Plant Physiol. 84:386-389.

Lowell, C.A., Tomlison, P.T. and Koch, K.E.
1989. Sucrose metabolizing enzymes in transport
tissues and adjacent sink structures in developing
citrus fruit. Plant Physiol. 90:1394-1402.

Endo, M., Nakagawa, H., Ogura, N. and Sato, T.
1990. Size and levels of mRNA for acid invertase in
ripe tomato fruit. Plant cell Physiol. 31:655-659.
Hawker, J.S. 1969. Changes in the activities of en-
zymes concerned with sugar metabolism during the
development of grape berries. Phytochemistry 8:9-12.
Arnold, W.N. 1965. B-fructofuranoside from grape
berries. Biochem. Biophys. Acta. 110:134-147.
Arnold, W.N. 1965. B-fructofuranoside from grape
berries II. Solubilization of bound fraction. Bio-
chem. Biophys. Acta 128:124-129.

Nakanishi, K. and Yokotsuka, K. 1990. Purifica-
tion and some properties of thermostable invertase
from wine. Ferment. Bioeng. 69:16-22.

Peter, B. and Stephanie, D. 1994. Sugar accumu-
lation in tomato and partial purification of buffer-
insoluble invertase. Phytochemistry 36:837-84.
Sarah, E.H., Barry, J.T., Alison, H.K-S. and
Christine, H.F. 2001. Invertase protein, but not ac-
tivity, is present throughout development of Lyco-
persicon esculentum and L. pimpinellifolium fruit.
New Phytologist 150:73-81.

Laemmli, U.K. 1970. Cleavage of structural pro-
teins during the assembly of the head of bacterio-
phage T, . Nature 227:680-685.

Mahadevan, A. and Sridhar, R. 1982. Method in
Physiological Pathology. Sivakami Publication,
Madras, pp. 316.

Maller, G.L. 1972. Use of dinitrosalicylic acid re-
agent for the determination of glucose. Anal. Chem.
31:426-428.

Lowery, O.H., Rosenbrough, N.J., Faar,A.L. and
Randall, R.J. 1951. Protein measurement with the
Folin-phenol reagent. Biol. Chem. 183:265-275.



103

19.

20.

21.

22.

23.

24.

25.

26.

Andrews, P. 1965. The gel filtration behavior of
proteins related to their molecular weights over a
wide range. Biochem. J. 96:595-605.

Robyt, J.F. and White, B.J. 1990. Biochemical
techniques: Theory and practical. Waveland press.
Inc., [llinois, USA, pp. 295-296 and 304-305.
Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers,
P.A. and Smith, F. 1956. Colorimetric method for
determination of sugars and related substances.
Anal. Chem. 28:350-356.

Konno, Y., Vedick, T.V., Fitzmaurice, Z. and
Mirkov, T.E. 1993. Purification, Characterization
and subcellular localization of soluble invertase
from tomato fruit. J. Plant Physiol. 141:385-392.
Prontaveewat, W., Takayanagi, T. and Yokot-
suka, K. 1994. Purification and properties of inver-
tase from Muscut Bailey A grapes. J. Ferm. Bioeng.
78:288-292.

Darren, J., Vorster, L. and Frederic, C.B. 1998.
Partial purification and characterization of sug-
arcane neutral invertase. Phytochemistry 49:651-
655.

Miron, D. and Schaffer, A.A. 1991. Sucrose phos-
phate synthase, sucrose synthase and invertase
activities in developing fruit of Lycopersicon es-
culentum Mill. and the sucrose accumulating Lyco-
persicon hirsutum Humb. and Bonpl. Plant Physiol.
95:623.

Rahman, M.H., Akand, A.S.M.A.H., Yeasmin,
T., Uddin, M.S. and Rahman, M. 2001. Purifica-
tion and properties of invertase from mango fruit.
Pakistan J. Biol. Sci. 4:1271-1274.

217.

28.

29.

30.

31.

32.

33.

34.

35.

M. J. Alam et al.

Isla, E., Pontis, M.A. and Vattuone, A.R. 1995.
Purification and properties of the stable acid inver-
tase from Oryza sativa. J. Plant Biochem. 53:837-
838.

Geracimo, E.B. and Jhon, R.W. 1990. Purifica-
tion and partial characterization of potato invertase
and its endogenous proteinaceous inhibitor. Plant
Physiol. 92:386-394.

Hari, B., Krishan, J. and Steven, G.P. 1990.
Cherry fruit invertase: Partial purification, charac-
terization and activity during fruit development. J.
Plant Physiol. 135:662-666.

Ishikawa, N.H., Nakagawa, D. and Ogura, K.
1989. Isoforms of invertase in grape berries. Agric.
Biol. Chem. 53:837-838.

Finger, F.L. and Klotz, K.L. 2000. Properties of
soluble acid invertase from Beta vulgaris L. roots.
Plant Biology, pp. 597.

Alexander, A.G. 1969. Comparative studies of
yeast and sugarcane invertases. J. Agric. Univ. P. R.
53:41-56.

Morell, M. and Copeland, L. 1984. Enzymes of
sucrose breakdown in Soybean nodules. Alkaline
invertase. Plant Physiol. 74:1030-1034.

Pressy, R. and Avants, J.K. 1980. Invertase in
oat seedlings. Separation, properties and changes
in activities in seedling segments. Plant Physiol.
65:136-140.

Schwimmer, S., Makower, U. and Rorem, E.S.
1961. Invertase and invertase inhibitor in potato.

Plant Physiol. 36:313-316.



