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Abstract

Regulation of invertase biosynthesis was studied in thermophilic and alkalophilic Bacillus sp. TA-11.
Biosynthesis of the invertase was effectively induced in the presence of 10 mM sucrose for 180 min. Glucose
repressed the invertase induction by sucrose and as late as addition time of glucose, the invertase formation was
increased, indicating that glucose repression was occurred by inducer exclusion. Catabolite repression was reduced

a little by the addition of cAMP for 180 min of induction.
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Infroduction

Invertase ( 5 -fructofuranosidase; 8 -D-fructofuranoside
fructohydrolase; EC 3.2.1.26) hydrolyzes sucrose to glu-
cose and fructose, and also catalyzes transfructosylation
reaction with sucrose as substrate, resulting in the forma-
tion of various isomers of kestose type trisaccharides
(fructosyl sucrose) ™. It is widely used in food and
medical industries for the production of fructose syrup
and fructooligosaccharides which are low-calory sweet-
ener, bifidus growth factor and anti-caries effector'™.

Although invertase has been found in various plants®

5~10 ~23)

. . 11 .
) and microorganisms , studies on the enzyme
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%) and some

have been carried out exclusively in yeast
plants4’6“'°). It was known that two forms of invertase
exist in Saccharomyces sp. : a large, secreted manno-
protein of 270 KDa molecular mass containing 50%
mannose and 3% glucosamine by weight, and a smaller,
intracellular glycan enzyme with a molecular mass of
135 KDa *. In addition, the molecular mass of microbial
invertase were 58 KDa from Zymomonas mobilis™, 180
KDa and 270 KDa from Saccharomyces sp.'”, 340 KDa
from Aspergillus nigerl3), 48 KDa from Streptococcus
mutans'®, 52 KDa from Arthrobacter sp. K-1" and 25
KDa from Bacillus sp. TA-11**.

There is little information on the biosynthetic and
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molecular biological studies of intracellular invertase
from microorganisms and plant. Only a single gene en-
coding both the intracellular and extracellular forms of
yeast invertase and sucrase gene from Bacillus subtilis™
have been cloned and sequencedz(’).

To elucidate the regulation mechanism of invertase
biosynthesis, induction and repression system of intra-
cellular invertase were investigated in themophilic and
alkalophilic Bacillus sp. TA-11.

Materials and Methods

1. Strains and Cuiture Condition

Alkalophilic and thermophilic Bacillus sp. TA-11
which was initially isolated from soil was used as a
source of invertase™. The strain was cultivated in a
fermentor (KFM-7, Korea Fermentor Co.) at 50°C for 36
hrs in SY broth containing 1% (w/v) sucrose, 0.6% (w/v)
yeast extracts and 0.1% (w/v) each of KH,PO, and
KoHPO, with 0.5 vvm aeration and pH was maintained
to 9.5 by adding 1.0 M Na,CO;™.

MY medium (1.0% maltose, 0.6% yeast extract, 0.1%
K;HPO; and KH,POy) was used for regulation study.

2. Assay of Invertase Activity

Invertase activity was assayed by measuring the a-
mount of reducing sugar released from sucrose as the
substrate >, The assay mixture contained 0.1 M sucrose,
0.1 M phosphate buffer (pH 6.5), and 0.2 mL of an
enzyme solution in total volume of 1 mL. After incu-
bation for 2 hrs at 37°C, reducing sugar formed in the
reaction mixture was measured by the methods of
dinitrosalisylic acid method. One unit of invertase activity
was defined as the amount of enzyme which require to
produce reducing sugar equivalent to 1 xM of glucose

per min.

3. Biosynthetic Regulation of the Invertase

Induction and repression test of the invertase from
Bacillus sp. TA-11 was performed as follows. After
harvested the cells, washed twice with a biosynthesis
regulation solution (MY medium without maltose). The
pellets were resuspended in the biosynthesis regulation
solution containing inducer or repressor and then incu-
bated at 50°C with agitation, and invertase activity and
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protein content of cell free extract were determined.

4. Chemicals

All chemicals used in this study were of analytical
grade which obtained from Sigma Chemical Co.(St.
Louis, Mo. USA).

Results and Discussion

1. Induction of the Invertase Bacillus sp. TA-11

Table 1 shows the effects of sugars on induction of
invertase from thermophilic and alkalophilic of Bacillus
sp. TA-11. Sucrose served as the most effective inducer
for formation of invertase and the invertase was also
induced a little by raffinose.

To investigate the effects of sucrose concentration and
culture time on the induction of invertase, sucrose rang-
ing from 1 mM to 50 mM was added in the biosynthesis
regulation medium and then induced for 5 hrs at 50C
(Fig. 1).

Induction of the invertase was increased with increas-
ing sucrose concentration up to 10 mM and the induction
was maximized at 10 mM sucrose. However, the in-
duction was not changed at over 10 mM of sucrose.
However, induction of the invertase by raffinose was
maximized at 20 mM concentration(data not shown).

Fig. 2 shows the effect of culture time on the invertase

Table. 1. Effects of various sugars on induction of
invertase from Bacillus sp. TA-11

Specific activity

Sugar (30mM) (Unit/mg protein)
Glucose 3.8
Fructose 35
Glycerol 5.2
Maltose 49
Raffinose 9.0
Ribose 55
Xylose 6.9
Sucrose 237
Control(no sugar) 49

* After cultivation of Bacillus sp. TA-11 in 0.6% yeast extract
containing enzyme regulation medium at 50°C for 18 hrs, the cell
was harvested, suspended in enzyme regulation medium (without
yeast extract) and sugars were added to a final concentration of 30

mM for further cultivation at 50°C for 24 hrs.
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Fig. 1. Effect of sucrose concentration on induc-
tion of invertase from Bacillus sp. TA-11. After
cell harvested from culture, suspended in biosynthe-
sis regulation medium containing 0~50 mM of su-

crose and then incubated at 50°C for 5 hrs.
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Fig. 2. Effects of culture time on induction of
invertase from Bacillus sp. TA-11. After cell har-
vested from culture medium, suspended in biosyn-
thesis regulation medium containing 10 mM sucrose
and incubated at 50C for 30~300 min.

induction by sucrose. The invertase was induced effec-

tively for 3 hrs of incubation.

2. Repression of the Invertase

The effects of sugars on repression of the invertase
were investigated by addition of 30 mM of sugars in
sucrose-containing biosynthesis regulation medium and
further incubating for 3 hrs at 50°C. As shown in Table
2, glucose inhibited significantly the invertase induction

by sucrose.
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Table 2. Effects of sugars on repression of in-

vertase from Bacillus sp. TA-11

Specific activity

Sugar (30m
gar (30mM) (Unit/mg protein)
Glucose 11.4
Fructose 26.1
Glycerol 20.3
Maltose 24.0
Raftinose 27.1
Ribose 35.0
Xylose 394
Control (10mM sucrose) 24.6

* After harvested cell from cultures, suspended in enzyme
regulation medium containing 10 mM of sucrose, and then various
sugars were added to a final concentration of 30 mM for further
incubation at 50°C for 3 hrs.
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Fig. 3. Effects of glucose concentration on in-
duction of invertase by sucrose in Bacillus sp.
TA-11. Afier cell harvested, suspended in biosynthe-
sis regulation medium containing 10 mM sucrose,
various concentration of glucose were added and
incubated for 3 hrs at 50°C.

Fig. 3 shows the effect of glucose concentration on the
induction of invertase by sucrose. The invertase induction
was markedly inhibited at 30 mM of glucose.

To investigate the inhibition mechanism of glucose, 30
mM of glucose was added at the different intervals to the
sucrose-containing biosynthesis regulation medium and its
invertase formation was measured (Fig. 4). As late as
addition time of glucose, the invertase formation was
increased, indicating that glucose inhibition was occurred
by inducer exclusion, that is, interference of glucose to
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Fig. 4. Effécts of addition time of glucose on in-
ductions of invertase by 10mM sucrose in Bacillus
sp. TA-11. After cell harvested, suspended in bio-
synthesis regulation medium containing 10 mM of
sucrose, glucose was added to a final concentration
of 30 mM at various culture time after the start of
induction by 10mM sucrose. V: Control-sucrose
only, ®: Added after 0 min, ©: Added after 5 min,
A: Added after 15 min.

entry of sucrose into cell.

To investigate the effect of cAMP on catabolic repres-
sion of the invertase, mixture of 5 mM cAMP and 30
mM glucose was added in 10 mM sucrose- containing
biosynthesis regulation medium and then the invertase

formation was measured (Fig. 5). Catabolic repression
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Fig. 5. Effects of cAMP on the catabolite re-
pression of invertase in Bacillus sp. TA-11. After
cell harvested, suspended in biosynthesis regulation
medium containing 10 mM of sucrose, glucose (30
mM) and ¢cAMP (5 mM) were added separately or
together and then incubated at 50°C for 3hrs. A:
Control-sucrose only, ®: GlucosetcAMP, O: Glucose.

aeAjolw T4 A<l Bacillus sp. TA-110] ABAIEHE Invertase] A3 =3 129

was reduced a little by addition of cAMP for 3 hrs of
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