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Abstract: Of 450 strains isolated from the soil microbes collected in various locations in Korea,
a strain had a strong inhibitory activity against bacterial a-amylase and was named strain DMC-72
of the genus Streptomyces. The amylase inhibitory metabolite produced by this strain was purified
by means of acetone precipitation, adsorption on Amberlite IRC-50 and SP-Sephadex C-25. The
inhibitor was found to be a derivative of oligosaccharides by spectral and chemical data. The
inhibitor was stable at the pH range of 1~13 and at 100°C for half an hour, also inhibited other
amylases such as salivary a-amylase, pancreatic a-amylase, fungal a-amylase and glucoamylase.
However, it showed no inhibitory activity against a-glucosidase, p-glucosidase, dextranase, and g-
amylase. The kinetic studies of the inhibitor showed that its inhibitory effects on starch hydrolysis
by a-amylase were noncompetitive.

Keywords: Sireptomyces strain DMC-72, a-Amylase inhibitor, Fermentation, Enzyme kinetics,
Oligosaccharide.

Recently several reports that were concerned
with microbial amylase inhibitors appeared (Ue-
da et al., 1973,1978; Chyama et al., 1977;
Namix, 1982; Verbear, 1982). It was suggested
that prevention and therapy of diabetes and
obesity might be achieved by reducing the diges-
tion of dietary starch with inhibitors of a-am-
ylase (Murao 1975, 1977,1979; Schindler, 1980;
Niwa et al., 1970; Udea et al., 1976; Schmidt
et al., 1977). These inhibitors are also expected
to decrease hyperglycemia and hyperinsulinemia
(Namiki et al., 1979; Kameda et al., 1980).

From these viewpoints, a number of a-amylase
inhibitors have been isolated from the microbial
cultures (Itoh et al., 1981; Yokose et al., 1983).
In the course of our screening program for a-
amylase inhibitors, an inhibitor was discovered
in the culture filtrate of Sireptomyces strain
DMC-72. The inhibitor produced by strain DMC
-72 had very effective inhibitory activity against
amylase. It was purified by acetone precipitation,
adsorption chromatography by XAD-2, column
chromatography of Amberlite IRC-50, CG-50
and SP-Sephadex C-25. The inhibitor was stable
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in a wide range of pH and temperature and
had inhibitory activities against various amylases
and related enzymes. This paper reports the
production of the inhibitor by fermentation,
purification, physico-chemical properties, its eff-

ects on various enzymes, and its kinetic studies.

Materials and Methods
Screening Method
1) Soil Sample

One gram of soil samples which were collected
in various locations in Korea was used for
screening procedure.

2) Medium

a) Oatmeal medium was used for isolation of
colonies: oatmeal 20 g, yeast extract ] g,
agar 20 g and distilled water 1,000 ml.

b) Shake culture medium (oatmeal 20 g, yeast
extract 1 g, distilled water 1,000 ml) was
used for production of a-amylase inhibitory
substances.

3) Cultivation

The colonies maintained in agar slants were
inoculated into 10 ml of the shake culture media
in a 50 ml flask and incubated for three days
in rotary shaker at 27-+1°C and 180 rpm.

4) Crude Inhibitor Solution

The culture broth was centrifugated at 3, 000
rpm and the supernatant was used for the
demonstration of amylase inhibitory activity.

The inhibitor solution was heated in a boiling
water bath for three minutes before use in
order to exclude interference by another enzyme.

5) Detection of a-Amylase Inhibitor in Cul-
ture Broth

a) Reagents
(1) a-Amylase sol'n (1.2 unit/ml)

Bacterial a-amylase (a commercial - product
from Bacillus subtilis by Sigma Chem. Co.) was
dissolved in 200:mM phosphate buffer (pH 6. 9).

(2) Soluble starch sol’'n (15 mg/ml)
Soluble starch was dissolved in 100 mM phos-
phate buffer (pH 6.9).
(3) Lugol’s so'n; 0.5 mM
b) Assay System for a-Amylase Inhibitory
Activity
The reaction mixture was composed of 0,5 ml
of enzyme solution (dissolved at the concentra-
tion of 1.2 unit/ml in 200 mM phosphate buffer,
pH 6.9, containing 20 mM sodium chloride)
and 0.5 ml of each culture broth. This reaction
mixture was pre-incubated at 37°C for five
minutes and 2 ml of soluble starch (dissolved at
the concentration of 1.5 % in 100 mM phosphate
buffer, pH 6.9) was added to this mixture.
After incubation for 15 minutes at 37°C, the
reaction was stopped by heating for five minutes
on a vigorously boiling water bath. Then the
residual amylase activity was assayed by the
blue value method. That is, five ml of 0.5 mM
Lugol’s solution was added to 0,1 m! of each
reaction mixture, and after this mixture was
agitated, the optical density was measured at
620 nm. A
As control, an assay mixture containing 0.5
ml of water in place of the culture broth was
incubated in parallel with the test sample. As
blank, an assay mixture containing 0.5 ml of
200 mM phosphate buffer (pH 6.9) and 0.5 ml
of water in place of the enzyme solution and
the culture broth was incubated in parallel
with the test sample. The percent inhibition
(=P.L.) of amylase activity was calculated from
the following equation:
T-C
B-C ‘
where T, C and B are the optical densities of
the test, control and blank.
One inhibition unit (LU.) in this assay sys-

P.l= X 100(%)

tem was defined as the amount of inhibitor

providing 50 % inhibition compared to the ori-
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Table I. Screening method of amylase inhibitors.

Addition of Test Control Blank
a-Amylase sol’n 0.5ml 0.5 ml Buffer
Culture broth 0.5 ml Water Water

Incubation for 5 min at 37°C in water bath.

Soluble starch sol’n 2 ml 2 ml 2 ml

Mixing and incubation for 15min at 37°C in

water bath. Reaction was stopped by heating.

Addition of 0.1ml out

of 3 reaction mixtures 0.1 ml

0.1 ml 0.1 ml

Addition of Lugol’s sol’'n 5 ml 5 ml 5 ml

Measurement of optical density at 620 nm.

ginal activity.
The screening assay system for amylase inhi-

bitors was shown in Table L.

Fermentation

1) Fermentation Procedure

A stock culture of strain DMC-72 was used
to inoculate 100 ml of the seed culture medium
in a 500 ml flask, and incubation was carried
out at 27i—l°b on a rotary shaker. A three-day
culture (50 ml) was aseptically transferred into
500 ml of the production culture medium in a
two-liter flask and shake culture was carried
out for five days at 27-+1°C.

The composition of the production medium
was 2 % oatmeal medium,

2) Time Course of the Amylase Inhibitor

Production

A stock of strain DMC-72 was inoculated
into 100 ml of the oatmeal medium in a 500 ml
flask and incubated at 27-+1°C on a rotary
shaker. A three-day culture (10 ml) was asep-
tically transferred into 100 ml of oatmeal medium
in a 500 ml flask and incubated. To determine
inhibitory activity and pH change of the culture

broth, culture filtrate was obtained from one
flask everyday for eight days. Inhibitory activity
aganist a-amylase was determined by a modified
blue value method and expressed by inhibition
unit (I.U.) per ml.

Purification of the Amylase Inhibitor

The culture broth of the inhibitor from Stre-
ptomyces strain DMC-72 was centrifugated at
9,000 rpm for 20 minutes to remove mycelia
(20 liters). The same volume of cold acetone
(—20°C) was added to the supernatant. The
inactive precipitate formed was removed by
centrifugation at 10, 000 rpm for 20 minutes and
supernatnat was concentrated to dryness under
reduced pressure at 50°C and dissolved in 1, 000
ml of deionized water. The aqueous solution
was applied to column of Amberlite XAD-8
(Rhom and Hass Co.), and the column was
successively washed with deionized water. The
active filtrate was evaporated to dryness. This
dry material was dissolved in 1,000 ml of deio-
nized water. This inhibitor solution was used
for chromatography.

1) Amberlite IRC-50 Chromatography of Cr-

ude Inhibitor Solution

The inhibitor solution was adsorbed on a
column of Amberlite IRC-50. Aqueous solution
was applied on a column of Amberlite IRC-50
(H* form, 4.0x35 cm) equilibrated with water.
The column was first washed with 1,000 ml of
deionized water and then eluted with 2,000 ml
of NH,OH solution (0.1 M~1.0M NH,0OH
gradient) and each 10-ml fraction was collected.
Inhibitor-containing fractions were collected and
concentrated by rotary vacuum evaporator.

2) Amberlite CG-50 Column Chromatography

(H* form)

Inhibitors, re-dissolved in deionized water and
adjusted to pH 7.0 with 1 N HCIl, were applied
on column of Amberlite CG-50 (H¥ form, 2.5
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X 60 cm) previously equilibrated with deionized
water. The column was first eluted with 0,1 N
~1.0 N NH,OH solution and then each 5 ml
fraction was collected.

3) Gel Filtration on Sephadex G-25 -

Inhibitor solution was concentrated by rotary
vacuum evaporator and applied on a column of
Sephadex G-25 (2.5%70 cm) previously equili-
brated with deionized water, and the inhibitor
was eluted with deionized water at a flow rate
of one ml per minute and each 5-ml fraction
was collected.

4) SP-Sephadex C-25 (Na* form) Column
Chromatography

The inhibitor solution was concentrated by
rotary vacuum evaporator and applied on a

column of SP-Sephadex C-25(2.0X 60 cm) pre-

viously equilibrated with 0.05 M citrate buffer
(pH 3.0), and was eluted with 0.05 M citrate
buffer (pH 3~6 gradient) at a flow rate of
one ml per minute and each 3-ml fraction was
collected.

5) Gel Filtration on Sephadex G-15

The inhibitor solution was applied on a col-
umn of Sephadex G-15 and then eluted with

deionized water to eliminate unnecessary salts.

Spectral Analysis

Physico-chemical properties of the purified a-
amylase inhibitor of strain DMC-72 were exa-

mined by infrared spectroscopic methods.
Stability of the Amylase Inhibitor

One mg of purified inhibitor wad dissolved
in various buffers and kept 100°C for 30 minu-
tes and the residual inhibitory activity was

assayed at pH 7.0.

Effects of the a-Amylase Inhibitor on
Various Amylases

The enzymes used in the test were as follows;

a-Amylase ; a commercial product produced
from Bacillus subtilis by Sigma Chem. Co.,
was employed.

Salivary a-amylase : salivary a-amylase was
prepared from human saliva.

Pancreatic a-amylase : pancreatic a-amylase
was prepared from porcine pancreas.

Fungal a-amylase : fungal a-amylase was pre-
pared from Aspergillus oryzae.

Glucoamylase : a commercial product produced
from Rhizopus genus mold was prepared.

a-Glucosidase : brewers yeast. '

B-Glucosidase : almonds.

Dextranase : Penicillium species.

B-Amylase ! barley.

The Kinetic Studies of Inhibition

Kinetic studies were conducted to observe
effects of the inhibitor on hydrolysis of soluble
starch by a-amylase. The concentration of the
soluble starch was changed from 0.25 % to
2.0 %, and its effects on initial velocity (Vo)
were determined at a fixed concentration of the
inhibitor. Then a Lineweaver-Burk plots of 1/
Vo vs. 1/S was prepared.

The reaction system was as follows:

Each enzyme solution (0.5 ml, units) was
pre-incubated with 0.5 ml of amylase inhibitor
for three minutes at 37°C and then 2 ml of
1.5 % soluble starch (Commercial preparation
for amylase test, Junsei Chemical Co., Ltd.,
dissolved in 100 mM phosphate buffer, pH §.9)
was added. After the mixture was incubated
for 10 minutes at 37°C, the reducing sugar
formed was determined by Somogyi method.

Results

Screening of the Strains for a-Amylase
Inhibitor

Of 450 .strains isolated from the soil samples
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: . . . . . t
collected in various locations in Korea, a strain Culture filtrate

was isolated from the soil sample collected in Precipitated with cold acetone (-20° C)
Seoul and designated as strain DMC-72. This
strain had a high inhibitory activity against D - 8
a-amylase. 71

Concentrated under reduced pressure

Fermentation Amberlite IRC - 50 (H*)

When strain DMC-72 was grown in the pro-
duction medium by submerged culture, the
myecelial growth showed its peak at the sixth
day, but the maximum production of the amy- Eluted with 0.01 - 1oM Nit4OH
lase inhibitor was observed at the fourth day.
At that time the fermentation broth had 3,2x
10 inhibition unit (LU./ml), and the pH of
the broth was 6.8 at this point. The results SP_- Sephadex C - 25 (Na*)
were shown in Fig. 1,

Eluted with 0.5 M - NH,OH

Amberlite CG - 50 (H')

Sephadex G- 25

Eluted with deionized water

Eluted with 0,05 M - citrate buffer
(pH 3-6 gradient)
pH 8 i

Sephadex G - 15
7 ) i kot S

Desalted with Gel - filtration
6 ) Colorless powder

o
o W T

Inhibitot activity( x10Unit/ml)

Fig. 2.%Purification procedure.

berlite XAD-8. The active {ractions were com-
bined and concentrated under reduced pressure
to a volume of one liter of brownish color
' 2 3 4 5 6 7 8 (6.0%x10° LU./total). This inhibitor solution
: was used for a series of chromatography as
shown in Fig. 2,
Fig. 1. Time course of the productions of the a- 1) Amberlite IRC-50 (H* form) Chromato-
amylase inhibitor by strain DMC-72. graphy of the Amylase Inhibitor
8:8 ;Ill;libitor activity The brown powder was dissolved in one liter .
-0 : packed volume of mycelia(ml) of water and applied onto a column of Amberlite
IRC-50.
The active eluate was combined and concen-
Whole fermentation broth (20 liters, 3.2x10 trated under reduced pressure and lyophilized
LU/ml, 6.2x10° LU./total) was treated by to yield 10.5 g of yellow powder (5.4x105 1.U./
acetone precipitation and then filtered. The total).
filtrate was concentrated under reduced pressure 2) Amberlite CG-50 (H* form) Column Chro-
to a volume of about 3 liters.
The concentrate (3 liters, 6. 2x 10° I.U./total)
was passed through a column (3 liters) of am-

o
f
o

Packed volume
— [y
o ©

TIME(day).

Purification of the Amylase Inhibitor

matography
The yellow powder was dissolved in 500 ml

of water and applied onto a column of Amberlite
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Fig. 3. Amberlite CG-50 column chromatography
(H* form).
O—O : Anthrone test
@—@® : Inhibitor activity

tnhibitor activity(x10unit/mi}
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Fig. 4. Gel filtration on Sephadex G-25 column.
O—OQ : Anthrone test
©—@ : Inhibitor activity
CG-50.

When the eluate was fractionated by column
chromatography with Amberlite CG-50, the
fractions between No. 65 and 75 had inhibitory
activities and combined. They were positive to
anthrone test. The results were shown in Fig.
3. The active eluate was combined and concen-
trated under reduced pressure and lyophilized
to give 10 g of the inhibitor as pale yellow
powder (5.2x10° L.U./total).

3) Gel Filtration on Sephadex G-25

The inhibitor (10 g, 5.2%10° LU./total) ob-
tained by Amberlite CG-50 was dissolved in
200 ml of water and applied onto a column of
Sephadex G-25.°

The water eluate fractions were monitored
by the a-amylase inhibition assay and anthrone
test. As shown in Fig. 4, there were 3 peaks
which were positive to anthrone test. The frac-
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5. SP-Sephadex C-25 (Na* form) column chro-
matography.
O—O : Anthrone test
@—@® : Inhibitor activity
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Fig. 6. Gel filtration on Sephadex G-15 column.

O—O : Anthrone test
@—® : Inhibitor activity

tions between No. 50 and 60 had inhibitory
activities and were positive to anthrone test.
The active fractions were collected and concen-
trated under reduced pressure and lyophilized
to yield 8,5 g of the inhibitor as pale yellow
powder (4.3x10° LU./total).

4) SP-Sephadex ‘C-25 (Na* form) Column

Chromatography

The inhibitor (4.3x10° 1.U./total) obtained
from Sephadex G-25 was applied onto a column
of SP-Sephadex C-25. As shown in Fig. 5,
There were 3 peaks which were positive to
anthrone test. The fractions between No. 35 and
45 had inhibitory activities and were positive to
anthrone test and were lyophilized to give
colorless powder (2.8 g, 2.1x10* LU/total).

5) Gel Filtration on Sephadex G-15

The inhibitor (2.8 g, 2.1x10* LU. /total),
which was colorless powder was desalted by
Sephadex G-15. The active eluate was collected
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and concentrated under reduced pressure and
lyophilized as colorless powder (0.5g, 2.9%10°
I.U. /total). It was positive to anthrone test. The
results were shown in Fig. 6.

Spectral Analysis

The physico-chemical properties of the inhi-
bitor were summarized in Table II.

The inhibitor was soluble in water and aceto-
nitrile but it was insoluble in other common
orgnic solvents. The inhibitor was positive to
phenol-sulfuric acid reaction, anthrone reaction
and Somogyi-Nelson reaction.

From its IR spectrum, an absorption band for
O-H stretching vibration was observed near
3300 cm~!, The C-H and C-O s‘tretching vibra-
tions appeared in 2,900~2, 950 cm~! region and
near 1,650 cm™!, respectively. The band near

Table II. Some physico-chemical properties of the
inhibitor.

Appearance
UV Spectrum -

Color reactions

Colorless

End absorption

Phenol-sulfuric acid

Anthrone reaction

+ o+

Somogyi-Nelson reaction

Ninhydrin test —
Soluble in pyridine, acetic acid, water and acetonitril.
Slightly soluble in acetone.

Insoluble in methanol, dimethyl sulfoxide and chloro-
form.

WAVELENGTH IN MICRONS
25 3 35 4 45 S 55 6 7 9 10 12 W

2000 1800 1600 1400 1200 1000 &0 600
WAVENUMBER CM™

Fig. 7. IR spectrum of the inhibitor in KBr Disk.

980~1, 180 cm™! was attributed to the C-H, C-
O bending vibration. These absorption band
showed the characteristics of oligosaccharidelike
substances. Its infrared spectrum was shown in
Fig. 7.

Stability of the Amylase Inhibitor

The inhibitor was a very stable substance
because it retained 100 % of its original inhibi-
tory activity at 100°C for 30 minutes in the entire
pH. range The results were shown in Fig. 8,

5
4
3 o_o~—o——o—o/\o—o_o—-o\o—o
2
1

Inhibitor activity
(x10 unit/ml)

. " L ¢ n " " .

1 3 5 7 9 1 13

Fig. 8. Effects of pH and temperature on stability
of the inhibitor.

Effects of the Amylase Inhibitor on Various
Amylases

It was apparent from the data that five enzy-
mes were inhibited remarkably, e.g. bacterial
a-amylase, salivary a-amylase, pancreatic a—
amylase, fungal a-amylase and glucoamylase.

The resuts were shown in Table III.

/ L L x X e

1 2 3 4 5
ls('/.')'
Fig. 9. Kinetic studies of inhibitor.
e—e : with inhibitor
o—o . without inhibitor
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Tabel III. Effects of the a-amylase inhibitor on various amylases.

Enzyme Origin Substrate pH Inhibition
a-Amylase Bacillus subtilis Starch 6.9 +
Salivary

a-amylase Human saliva Starch 6.9 +
Pancreatic

a-amylase Porcine pancreas Starch : 6.9 + .
Fungal .

a-amylase Aspergillus oryzae Starch 5.0 -+
Glucoamylase Rhizopus genus mold Starch 5.5 +
a-Glucosidase Brewer yeast Maltose 6.0 -
B-Glucosidase Almonds Maltose 6.0 -
Dextranase Penicillium species Dextran 6.0 -
B-Amylase Barley Starch 5.5 -

Kinetic Studies

Kinetic studies were conducted on the effect
of inhibitor on hydrolysis of soluble starch by
a-amylase. The typical results were shown as
a Lineweaver-Burk plots in Fig. 9. The inhibi-
tion of the inhibitor was a non-competitive type.

Discussion

In the course of our screening program for
a-amylase inhibitors, strain DMC-72 was selec-
ted among 450 strains which were isolated from
Korean soil samples. It had a very effective
inhibitory activity against bacterial a-amylase.
It was found that the strongest inhibitory acti-
vity of strain DMC-72 was shown by the four
day culture broth.

The inhibitor was a strongly charged meta-
bolite from the results of its behavior for ion-
exchange resins and was adsorbed on the resins
of cation ion-exchanger. To purify the inhibitor,
acetone precipitation, adsorption on XAD-8,
chromatography of Amberlite IRC-50, Amberlite
CG-50 and SP-Sephadex C-25 were used. After
it was purified by these methods, its colorless

powder was obtained by lyophilization. The
inhibitor was stable at various values of pH
and temperature. The inhibitor had inhibitory
activities on bacterial a-amylase, fungal a-
amylase, salivary a-amylase, . pancreatic a-
amylase and glucoamylase, but did not inhibit
B-amylase and B-glucosidase.

It appears that this amylase inhibitor showed
inhibitory effects on amylase which could hydro-

* lyze at a-1,4-glucosidic linkages. The inhibitor

showed an inhibition of the non-competitive type
in the kinetic studies. The molecular weight
of the inhibitor was estimated to be approxima-
tely 1,000 because it was eluted between the
void volume of Sephadex G-10.

The IR spectrum of this compound showed
strong absorption maxima at 3, 200~3, 400 cm™?
and 980~1,180 cm™! attributable to its oligosac-
charide nature.

From the results of spectra and anthrone test,
the inhibitor of strain DMC-72 was found to
be an oligosaccharide derivative.

Strain DMC-72 was postulated as a new
Streptomyces species according to ISP method
and Bergey’s Manual of Determinative Bacte-
riology (Kim et al., 1984). This strain also
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produced a quinone derivative antibiotic, Soulo-
mycin, whose structure elucidation is being
studied.

And further studies are in progress to deter-
mine the complete chemical structure and phy-

sico-chemical characteristics of the inhibitor.
Conclusion

A metabolite which was produced by Strepto-
myces strain DMC-72 exhibited a potent inhibi-
tory activity against a—amylase. It had strong
inhibitory activities against bacterial a-amylase,
fungal a-amylase, salivary a-amylase, pancreatic
a-amylase and glucoamylase. The inhibitor
was stable at relatively high temperature and
at the range of pH 1~13. The kinetic studies
of the inhibitor showed that the inhibitory
effect on starch hydrolysis was non-competitive.
This compound appears to be an oligosaccharide
derivative on the basis of the results of spectral

analysis and anthrone test.

Acknowledgments

This study was supported in part from a
research grant of Korea Science and Engineering
Foundation for 1985 and we acknowledge with

gratitude the support.

ksl
fo

A% 7A 2oz HE 433 EFTE screening
ote] q-amylased Adlds EAE e T3
Streptomyces DMC-72% A %319 ol

o] FF7F BAE AHA E acetone FAH F o] L
2.3 29l Amberlite IRC-50, Amberlite CG-50
SP-Sephadex C-25% o|-&3td E34c}. o] A&
a-amylase ¥utol] et } & amylasest 7B} A Ao o
AR A FELE A of EFL A<l sol-

uble starch®] 7}5¥-3] o] ® 3] 4 non-competitives}A

A AEE BT o 4 2 Qe W] pHe
Al 4dgd ERolyvh. o] £2 L anthrone A IR
spectrumol] 2]} A oligosaccharided] 3 &E9 & 4 4

AL ot
References

Chyama, K. and Murao, S. (1977): Purification and
some properties of amylase inhibitor (S-AA). Agr.
Biol. Chem. 41:2221~2228.

Itoh, J.,Omoto, S., Shomura, T., Ogino, H., Iwama-
tsu, K. and Inoug, S. (1981): Oligostatin, new
antibiotic with amylase inhibitory activity. J. Anti-
biotics 34:1424.

Kameda, Y., Asano, N., Yoshkawa, M. and Matsui,
K. (1980): Valienamine as an a-glucosidase inhib-
itor. J. Antibiotics 33.1575.

Kim, K.W., Choi, E.C., Shim, M.]. and Kim, B.K.
(1984) : Studies on antibiotic producers of Korean
soil microbes (1). Isolation and antibiotic activity
of Streptomyces strain DMC-72. Kor. J. Pharma-
cogn. 15, 156~23.

Murao, S. (1975) . New amylase inhibitor (S-AI) from
Streptomyces diastaticus var. amylostaticus No. 2476.
Agr. Biol. Chem. 39:2271~2273.

Murao, S. (1977): Isolation of amylase inhibitor-pro-
ducing microorganism. Agr. Biol. Chem. 46:919~
924.

Murao, S. (1979): Chemical structure of an amylase
inhibitor, S-Al. Agr. Biol. Chem. 43:679~681.
Niwa, T., Inouye, S., Tsuruoka, T., Koaze, Y. and
Niida, T. (1970): Nojirimycin as a potent inhibitor

of glucosidase. Agr. Biol. Chem. 34:966.

Namiki, S., Kangouri, K., Nagate, T. and Ohzeki,
M. (1979): Amylase inhibitor TAL Denpun Ka-
gaku 26:134.

Namix, S. (1982): Studies on the a-glucoside hydro-
lase inhibitor, Adiposin. J. Antibiotics 85:1156~
1236.

Schindler, P. (1980): Enzyme inhibitors of microbial
origin. Phil. Trans. Roy. Soc. Lond. B290:29]1~
301.

Schmidt, D.D., Frommer, W., Junge, B., Muller, L.,
Wingender, W., Truscheit, E. and Schafer, D.

— 211 —



Kor. J. Mycol. Vol.

(1977) : a-Glucosidase inhibitors. Naturwissenschaft.
64:535.

Ueda, S. and Koba, Y.(1973): Some properties of
amylase inhibitor produced by Sireptomyces sp.
No. 280. Agr. Biol. Chem. 37:2025~2030.

Ueda. S., Koba, Y. and Chaen, H.(1978): Action of
amylase inhibitors produced by Streptomyces sp. on
some carbohydrate and phosphorylase. Carbohydrate
Res. 61:253~264.

Udea, K. and Gocho, S.(1976): Amylase inhibitor
“NCGAI” and method for producing the same. Jpn.

13, No. 4, 1985

Kokai Tokkyo Koho 51-54:990.

Verbear, L.A.T. (1978) : Ton exéhange chromatography
of sugars, sugar alcohol, and |sugar and using U.V.
spectrometry for direct detection. Carbohydrate Res.
62:199.

Yokose, K., Ogawa, K., Sano, T., Watanabe, K.,
Marurama, H.B. and Suhaﬁa, Y. (1983) :New a-
amylase inhibitor, Trestatin. ‘. Antibiotics 36:1157
~1175.

{Received June 12, 1985; Accepted July 19, 1985)

— 212 —



