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Abstract

A fructan--degrading enzyme was partiaily purified from onion (Allium cepa) bulbs by a combination of
ammonium sulfate precipitation, concanavalin—-A affinity chromatography, and ion—exchange and gel-filtration
chromatography. The enzyme hydrolyzed sucrose more effectively than inulin and was identified as a B—
fructofuranosidase (invertase). The optimum pH and temperature were pH 55 and 35°C, respectively. The
enzyme hydrolvzed sucrose with a K., of 1.2 mM. The soluble B—fructofuranosidase is likely glycoprotein based
on its ability to bind the lectin concanavalin-A. The enzyme was heatlabile, with most activity being lost
at 50°C in 1 hr of incubation. The onion B-fructofuranosidase was partially inhibited by ZnClz, HeCl: and

CuS0,.
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INTRODUCTION

Inulin belongs to a class of fructose—based, highly soluble
polysaccharides collectively called fructans. Fructans are
the major non-structural carbohydrates in many plant
species, particularly in the prevalent and evolutionarily
advanced orders of Asterales, Lilinles and Poales (e.g.
chicory, onions, wheat) (1), Fructans are deposited in
vacuoles and play an important role as carbohvdrate
reserves in addition to or as an alternative to starch (2,
3. They are also involved in osmoregulation (4) and are
believed to function as protectants against drought and
cold stress (1,5,6). Enzymatic hydrolysis of fructans has
been found to yvield syrups with a high fructose content
which are suitable for furiher uses (7 8). There is a great
potential for the use of fructans as a raw material in
a number of interesting food and non-food applications
{9,100, Despite the widespread occurrence of fructans,
they have been studied very little in comparison to starch,
the other major non-structural carbohydrate polymer
found n plants.

fi-Fructofuranosidase (Invertase; BC 3.2.1.26) is an exo -
acting enzyme which hydrolyses sucrose and inulin
Plants contain multiple forms of invertase which can he
distinguished on the basis of pH optimum, glycosylation
state and subeellular location, Functions of the different
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f-fructofuranosidases are not clear. It has been proposed
that cell-wall B-fructofuranosidase plays an important
role in the ripening of fruits {11,12) and in stress
response (13). It has been suggested that the soluble -
fructofuranosidases participate in the regulation of the
hexose level in mature tissues (14} and in the utilization
of sucrose stored in vacuoles (15). Whether the different
B-fructofuranosidases are the products of a single gene
or net is not known.

Numerous reports on invertase purification and prop—
erties dealt with invertases of microorganisms, espe—
cially fungi and bacteria. However, very little infor-
mation Is available for purified invertases from higher
plants. Onion (Alliurm cepa L.) bulbs contain consid-
erable quantites of fructans (up to 65% dry weight) (16).
Although there have been reports of fructan-synthesizing
enzymes In onion {17), no detailed characterization of
fructan~degrading enzymes has been attempted. The
present study 18 a part of the investigation aimed at
characterizing fructan- degrading enzvmes in onion bulbs,

MATERIALS AND METHODS

Plant material

Onion (Allium cepa L. cv Changnyeong-Daege) bulbs
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were obtained from Changnyeong Onion Experiment Sta-
tion, Gyeongsangnamdo.

Extraction of plant material

Onion bulbs (approximately 2 kg fresh wt) were ho-
mogenized mn a blender with 5300 ml of ice~cold ex-
traction buffer [50 mM sodium acetate buffer, pH 5.5,
containing 05% 2-mercaptoethanol, 100 UM phenylmeth-
vlsulfonyl fluoride (PMSF) and 100 mg/ml insoluble PVF.
The homogenate was squeezed through two lavers of
cotton cloth and the collected filtrate was centrifuged at
12,000 x g for 30 min. The turbid vellowish supernatant
was used for further protein purification.

Enzyme assay

B-Fructofuranosidase activity was assayed by incu-
hating an aliquot of enzyme solution at 35°C in 50 mM
sodium acetate huffer (pH 5.5) containing 100 mM sucrose.
The reducing sugars produced were assayed using 35
dinitrosalicylic acid {(DNS) according to the method of
Miller (18). One unit of enzyme activity was defined as
the amount of enzyme which hydrolysis 1 umoel sucrose

per minute under the assay conditions.

Purification of B-fructofuranosidase

All the steps were performed at 4°C unless specified
ctherwise. Ammonium sulfate was added to the filtrate
0 70% saturation and the mixture was stored overnight
at 4°C. The precipitate obtained by centrifugation was
dissolved in 50 mM sodium acetate buffer (pH 5.5) and
the solution was dialyzed against the same buffer over-
night. The dialyzed solution was leaded onto a column
(25cm* 18 cm) of Q-Sepharose (Pharmacia LKEB Bio-
technology, Uppsala, Sweden) equilibrated with the same
buffer. Gradient elution was performed with increasing
NaCl concentration from 0 to 0.5 M. The active fractions
were collected and concentrated by ultrafiltration using
YM10 membrane (MW, cuteff 10 kDa; Amicon). The
concentrated enzyme was dialvzed against concanav-
alin A (ConA) buffer (S0 mM sodium acetate buffer, pH
5.5, containing I mM MgClz, 1 mM MnCly, 1 mM CaCla,
0.1 mM PMSE}. The dialyzed enzyme was applied on a
colummn of ConA-Sepharose 4B (Sigma Chemicals) which
was equilibrated with ConA buffer. The column was

washed with ConA buffer and subsequently eluted with
ConA. buffer containing 0.5 M a-methylmannoside. The
active fractions were collected and concentrated by
ultrafiltration The concenirated protein solution was
loaded onto a gel-filtration column (1.5 cm*< 100 cm) of
Sephacryl $-200 (Pharmacia LKB) equilibrated with 50
mM secdium acetate buffer (pH 5.5} and eluted with the
same buffer at a flow rate of 10 mi/h.

Protein determination and SDS-PAGE

Protein was measured by the method of Lowry (19)
using bovine serum albumin {Sigma) as the standard.
SDS~PAGE was carried out using 12% acrylamide with
the Bio—Rad Mini-Protein apparatus according to the
method of Laemmli (20). Gels were stained with 0.1%
Coomassie Brilliant Blue R-250 in methanol : acetic acid
twater (45:10:45, v/v) and destained in methanol:
acetic acid: water (10:10: 80, v/v).
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Fig. 1. Q-Sepharose ion~exchange profile (A) and Se-
phaeryl 5-200 profile (B) of onion B-fructo-
furanosidase.

——, absorbance at 280nm; -— &~ NaCl gracient:
—m-— @ -fructofurancsidase activity {Aaw).



Table 1. Purification of B-{ructofuranosidase from onion
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Purification step

Total protein (mg) Total activity (units} Specific activity (units/me) Activity yield (%6) Purification {—fold)

Initial extract 973.1 7993
7588 (NHA)2S04 3994 3366
Q-Sepharose 14.0 g72
ConA-Sepharose 17 711

Sephacryﬂ S-'ZOQ o (}.Z_ 184

8.2 100 1.0
84 42 1.0
694 12 85
4182 9 51.0
9200 2 1122

RESULTS AND DISCUSSION

Purification of §-Tructofuranosidase

Soluble B-fructofurancsidase was partially purified from
the crude extract of onion bulbs by successive use of
ammoniwmn sulfate precipitation, anion-exchange chro-
matography, ConA chromategraphy, and gel-filtration
chromaicgraphy, The elution profiles of the onion B-
fructofuranosidase by Q-5Sepharose and Sephacryl 5-200
chromatographies are shown in Fig. 1. Results of the
enzyme purification are summarized in Table 1. The overall
purification was 140-fold in the specific activity, and the
recovery of the B~fructofuranosidase activity was 2.3%.
All the soluble B-fructofuranosidase activity was hound
to ConA-Sepharose, indicating that the soluble B-fructo-
furanosidase of onion bulb was glycosylated. B-Fructo-
furanosidases are present in most plant tissues in
multiple forms (21,22). All plant B-fructofuranosidases
appear to be N-glycosvlated, but the multiple forms
differ in pH optima and isoelectric points, as well as their
stbcellular locations. Fig. 2 shows SDS-PAGE analysis

Fig. 2. SDS-PAGE of protein fractions obtained during
the purification of P-fructofurancsidase.
Lane 1, 7' protein molecular weight markers. Lane 2
protein extract from onion bulbs. Lane 3 fraction
after ammonium suifate precipitation. Lane 4 fraction
after Q-Sepharese. Lane 30 fraction after Con-A
Sepharose. Lane 6: fraction after Sephacrvl S-200.

of protein fractions obtained during each purification step.

Effects of pH and temperature on enzyme ac-

fivity

The effect of pH on partially purified B-fructo-
furanosidase activity was investigated by measuring the
aclivities in the pH range from 2.5~7.5 using Macllvaine
huffer at 35°C. As illustrated in Fig. 34, the enzyme
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Fig. 3. Effects of pH (A) and temperature (B) on onion
f-fructofuranosidase activity.
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displayed high B-fructofuranosidase activity over a
broad range, pH 45-6.0, with optimum activity at pH
55. Scluble B-fructofuranosidase with an acidic pH
optimum has been characterized from several plant
species (12,21,23). All soluble B-fructoturancsidases char-
acterized hydrolyze sucrose at a pH optimum between
45 and 5.5. The effect of temperature on invertase activity
at pH 55 was assayed in the temperature range of 20~
40°C. As shown in Figure 3B, the enzyme has the highest
activity at 35°C.

The enzyme solutions were kept at different tem-
perature for 1 h, pH 5.5, and the remaining activities
were determined by sampling at 10 min intervals. The
activity was fairly stable at 30°C and was completely
tost after incubation at 50°C for 1 h (Fig. 4). This showed
that the onion B-fructofuranosidase was labile to heat
treatment.

Substrate specificity

The partially purified enzyme was tested for activity
on a number of cligosaccharide substrates by monitoring
the release of reducing sugars from the appropriate carbon
source. The onion bulb B-fructofuranosidase catalyzed
the hydrolysis of sucrose, raffinose and inulin. The
enzyme was most active with sucrose as a substrate and
exhibited considerable activity with raffinose. The relative
activity for raffinose was 76%4 of that for sucrose, It hydro-
lvzed inulin weakly. No hydrolysis of substituted B-
fructofuranosides was ohserved. The Ky and Vi values
for sucrose were determined as 1.2 mM and 537 umol/
min/mi, Tespectively. This enzyme hydrolyzed ratfinose
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Fig. 4. Thermal stability of onion B-fructofuranosidase.

Table 2. Effect of metal ions and EDTA on activity of
onion invertase.

Compound  Final cone. (mM) * Relative > activity (%)

None - 1a0
CaClz 1 97
HeCl 1 40
ZnClz i 57
AgNO; 1 84
CuS0, i 31
Mn{lz 1 117
FeS0y 1 114
EDTA 1 83

Results are expressed as relative activity (%6)

with a Kim of 1.4 mM and a Ve of 494 pmel/min/ml. These
results indicate that the purified enzyme is Hkely to be
a B-fructofuranosidase, similar to those found in higher
plants.

Effects of metal ions and EDTA on enzyme
activities

The effects of various metal ions and EDTA on the
activities of the onion B~ fructofuranosidese were examined.
The enzymes were preincubated with each ion or EDTA
in 50 mM acetate buffer (pH 5.3) at 4°C for 30 min and
then the residual activities were assayed. The results are
shown in Table 2. Soluble B~fructofurancsidase activities
were partjally inhibited by HgCly, AgNQs; ZnCly, and
CuS0s, Inhibition of B-fractofuranosidase activity by Hg™
and Ag ions has heen reported for other invertases
(23-25). The inhibition of B-fructofurancsidase by Hg™"
and Ag™ suggests the involvement of sulfhydryl groups
in catalytic activity.
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