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Optimum Culture Conditions for a-Amylase Inhibitor Production of
Streptomyces minoensis DMCJ-144, a o-Amylase Inhibitor Producing
Actinomycetes

Seong-Ok Seo, Eung-Chil Choi* and Byong-Kak Kim
College of Pharmacy, Seoul National University, Seoul 151-742, Korea

Abstract—Streptomyces minoensis DMCJ-144 isolated from soil produces the a-amylase inhibitor.
Optimum culture conditions for a-amylase inhibitor production of the strain were determined in
this experiment. The optimum composition of the culture medium was studied by supplementing
various carbon sources, nitrogen sources, vitamins, and metal salts to the basal medium containing
1% glucose, 0.1% asparagine, 0.005% MgSO,-7H,0, 0.005% K,HPO,, 0.005% NaCl. Other culture
conditions such as the culture temperature, initial pH of the medium, aeration, and culture time
were also investigated. When the strain was cultured in a 100 m/ flask containing 20 m/ of 2%
glucose, 0.5% beef extract, 0.0002% riboflavin, 0.0002% thiamine - HC], 0.01% ZnCl;, 0.005% MgSO,
- TH;0, 0.005% CuS0,-5H,0, 0.005% K;HPO,, 0.005% NaCl, pH 7.2, 180 rpm at 30C, the maximum
production of the a-amylase inhibitor was observed after 5 days of the cultivation.

Keywords [] a-amylase inhibitor, Streptomyces minoensis DMCJ-144, optimum culture conditions.
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Table I—Effects of carbon sources on a-amylase inhi-
bitor production

Carbon source Growth Inhibitory  activity (%)
Arabinose ++ 29 (15)
Fructose ++ 19 10)
Galactose ++++ 87 45)
Glucose +4++ 4+ 100 (52)
Glycerol +++ 87 45)
Inositol +++ 81 42)
Lactose + 4+ 23 12)
Mannose ++ 19 10)
Maltose ++ 19 o)
Raffinose ++ 15 ( 8)
Rhamnose ++ 19 10)
Soluble starch +++ + 85 44)
Sorbitol +++ 87 45)
Salicin + 4 (2
Sucrose + 4 (2)
Xylose +++ 81 42)

Each carbon source was supplemented to a final con-
centration of 1% to the medium containing 1% glucose,
0.1% asparagine, 0.005% K.HPQO,, 0.005% MgSQ,. The
cultivation was carried out at 27C for 6 days.

() : Percent inhibition
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Fig. 1—Effect of glucose concentration on alpha-amy-
lase inhibitor production by Streptomyces mi-
noensts DMCJ-144.
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Table II-Effects of nitrogen sources on a-amylase
inhibitor production

Nitrogen source Growth Inhibitory activity (%)
Arabinose +++ 87 (65)
Beef extract ++++ 100 (75)
Casein ++++ 81 (61)
Malt extract +++ 83 62)
Peptone +++ 95 71
Soy bean meal ++ 89 67)
Urea +++ 77 (58)
Yeast extract ++++ 93 (70)
(NH,), HPO, + 65 49
(NH,). SO, + 64 48)
NH,H.PO, + 60 (45)
NH,Cl1 ++ 83 (62)
NaNQ; +++ 67 (50)

Each nitrogen source was supplemented to a final con-
centration of 0.3% to the medium containing 2% glu-
cose, 0.005% MgSO0,-7H,0, 0.005% NaCl, and pH 7.0~
7.4. The cultivation was carried out at 27C for 6 days.
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Fig. 2—Effect of beef extract concentration on alpha-
amylase inhibitor production by Streptomyces
minoensis DMCJ-144.
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Table II—-Effects of vitamins on o-amylase inhibitor

Table ITV—Effects of metal sallts on a-amylase inhibi-

production tor production

Vitamin Growth Inhibitory activity (%) Metal salt  Growth  Inhibitory activity (%)
None +++ 82 (65) None +++ 83 (79)
Ascorbate-Na ++++ 72 67 CaCly ++4++ 90 (85)
d-Biotin ++++ 95 (75) CaS0, ++++ 84 (80)
Folic acid + 4+ 4+ 96 (76) CuSO, +++ 92 87
Niacin ++++ 71 (56) FeSO, ++ 57 54

, Nicotinamide ++++ 76 60) Li;SO, ++ 54 (G)Y)]
p-Aminobenzoic acid ++++ 91 (72) MgCl, +++ 90 (85)
Ca-pantothenate +4+++ 67 (53) MgSO, ++++ 95 90)
Pyridoxin. HCI ++++ 71 (56) MnSO, +++ 78 (74)
Riboflavin ++++ 100 (79 ZnCl, +4+++ 100 (95)
Thiamine. HCl ++++ 98 (i) ZnSO, ++++ 96 91)
Ribo.+ Thia. ++++ 106 (84) Each metal salt was supplemented to a final concentra-
Ribo.+ Thia.+ Fol. +4++4+ 109 (86) tion of 1 mM to the medium containing 2% glucose,
Ribo.+ Thia. + Bio. ++++ 108 (85) 0.5% asparagine, 0.0002% riboflavin, 0.005% K:HPO,,
Ribo.+Thia.+Fol.+Bio + +++ 109 (86) 0.005% NaCl, and pH 7.0~7.4. The cultivation was car-

Each vitamin was supplemented to a final concentra-
tion of 0.0002% to the medium containing 2% glucose,
0.5% asparagine, 0.005% K,HPQO,, 0.005% MgSO0,-7H,0,
0.005% NaCl, and pH 7.0~74. The cultivation was car-
ried out at 27C for 6 days.

None : 2% glucose, 0.5% asparagine, 0.005% K,HPO,,
0.005% MgSO,-7H;0, and 0.005% NaCl.

( ) Percent inhibition
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ried out 27C for 6 days.

None : 2% glucose, 0.5% asparagine, 0.0002% ribofla-
vin, 0.005% K,HPO,, and 0.005% NaCl.

{ ): Percent inhibition
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Fig. 3—Effect of concentration of ZnCl, on alpha-amy-
lase inhibitor production by Streptomyces mi-
noensts DMCJ-144.
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Table V—Comparison of a-amylase inhibitor produc-
tion in the various media

Media Inhibitory activity (%)

(2% Glucose, 0.5% Beef extract,
0.0002% Riboflavin, 0.01% ZnCl,, 110
0.005% MgS0,-7H;0, 0.005%

NaCl, 0.005% K.HPO,.)

( )+0.0002% Thiamine. HCl 120
( )+0.0002% Thiamine. HCl + 125
0.005% CuSO4'5H20.

Oat meal medium 100
50 -40.08
=
=
3
= =
- C]
k4 £
=4 F3
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Fig. 4—Effect of cultural temperature on the inhibitor
production.
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Fig. 5—Effect of initial pH of the culture medium on
the inhibitor production.
The cultivation was carried out at 27C for
6 days in the medium 2% glucose, 0.5% beef
extract, 0.0002% riboflavin, 0.0002% thiamine.
HC], 0.01% ZnCl,, 0.005% MgSO,-7H:0, 0.005
% CuS0,-5H,0, 0.005% K,HPO,, and 0.005%
NaCl.
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Fig. 6—Effect of agitation of the culture medium on
the inhibitor production.
The cultivation was carried out at 30C for
6 days in the medium 2% glucose, 0.5% beef
extract, 0.0002% riboflavin, 0.0002% thiamine.
HCI, 0.01% ZnCl,, 0.005% MgSQ,-7H;0, 0.005
% CuS0,-5H,0, 0.005% K,HPO,, 0.005% NaCl,
and pH7.2.
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Fig. 7—Time course of alpha--amylase inhibitor pro-
duction by Streptomyces minoensis DMCJ-144.
The composition and initial pH of the culture
medium were 2% glucose, 0.5% beef extract,
0.0002% riboflavine, 0.0002% thiamine. HCI,
0.01% ZnCl, 0.005% MgSO,-7H,0, 0.005%
CuS0,-5H,0, 0.005% K, HPO,, 0.005% NaCl,
and pH7.2. The cultivation was carried out
at 30T.
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Table VI—Optimum cultural conditions for a-amylase
inhibitor production by Streptomyces mino-
ensis DMCJ-144

Glucose 2%
Beef extract 0.5%
Riboflavin 0.0002%
Thiamine. HCl 0.0002%
ZnCl, 0.01%
MgSO,-7H,0 0.005%
CuS0s-5H,0 0.005%
K,HPO, 0.005%
NaCl 0.005%
Initial pH 7.2
Temperature 30t
Agitation 180 rpm
Culture time 5 days

o wE pHO 3}, A Y, dAFS =AM
A= Fig 754 2} sl 3UA 7k = pH7F M43
dolx|tlr} wok 4dAFE= oA Frkste] wiak 8
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494 Haxo| =Esidom, AH|A Yk wjek
5AA e 7} F3tch

o)Ak A R Streptomyces minoensis DMCJ-144
FFEZHE Q] aqamylase AdA] AALE $13 HA
wjeF =74 Table VId| QoFs}eir).

2 £

Streptomyces minoensis DMCJ-1442] q-amylase
A A s $13 Al 21E& AR A,
2% glucose, 0.5% beef extract, 0.0002% riboflavin,
0.0002% thiamine - HCI, 0.01% ZnCl,, 0.005% MgSO,
-7H,0, 0.005% CuSO,-5H.0, 0.005% K,HPO,, 0.005
% NaClg &3l w4 pHE 728 2331
30C o4 180 rpmoE A'b wiksiwiy 59 EFob
okt wf AsiA Aakege] H ok

ZAtel
B ATE SRSk Qi) 2 THO1104

07-073-2)¢F &g RCNDDe] =|9o] ola) +
49 Ao Age] o] A



396 RS - 58 - AT

g H#

1) Truscheit, E., Frommer, W., Junge, B., Muller, L.,
Schmidt, D. and Wingender, W.: Chemistry and
biochemistry of microbial a-glucosidase inhibitor.
Angew Chem. Int. Ed. Engl, 20, 744 (1981).

2) Wallenfels, K. and Malhotra, P.O.: B-Galactosidase
in The Enzyme, 3rd ed., Vol. VII., Academic Press,
pp. 617-663 (1972).

3) Murao, S., Miyata, S.: Isolation and characteriza-
tion of a new trehalase inhibitor, S-GI. Agric Biol.
Chem., 44, 219 (1980).

4) Lemboke, B., Folsch, UR. and Creutzfeldt, W.: Ef-
fect of 1-desoxynojirimycin derivatives on small
intestinal disaccaridase activities and active trans-
port in wvitro. Digestion 33, 120 (1985).

5) Puls, W, Keup, U., Krause, HP., Thomas, G. and
Hoffmester, F.: Proceedings of First International
Symposium on Acarbose, ed. by W. Creutzfeldet,
Excerpta Medica, Amsterdam, p. 16 (1982).

6) Puls, W.,, Keup, U,, Krause, H.P,, Thomas, G. and
Hoffmeister, F.: Glucosidase inhibiton. A new app-
roach to the treatment of diabetes, obesty and hy-
perlipoproteinemia. Natfurwissenschaften 64, 536
(1977).

7) Tayor, R.H., Barker, HM., Bowey, E.A. and Can-
field, J.E.: Regulation of the absorption of dietary
carbohydrate in man by two new glycosidase inhi-
bitors. Gut. 27, 1471 (1986).

8) Puls, W., Krause, H.P., Muller, L., Schutt, H., Sitt,
R. and Thomas, G.: Inhibitors of the rate of carbo-
hydrate and lipid absorption by the intestine. 4t
Int. Congr. Obesity, New York (1983).

9) Puls, W. and Keup, U.: Resent advances in Obesity
Research 1, (A. Howard, ed) London, p.391 New-
man (1975).

10) Brodbeck, U.: Enzyme inhibitors in Verlag Chemie,
pp. 109-162 (1980).

11) Murao, S. and Ogura, S.: Isolation of a-amylase

inhibitor-producing microorganism. Agric. Biol.
Chem., 41, 919 (1977).

12) Kwak, J.H,, Choi, E.C. and Kim, BK.: Studies on
screening and isolation of a-amylase inhibitors of
soil microorganisms(I) Isolation and activities of
the inhibitor of Streptomyces strain DMC-225. Arch.
Pharm. Res, 8, 67 (1985).

13) Gray, G.M.: Carbohydrate digestion and absorp-
tion. New Engl. J. Med. 292, 1225 (1975).

14) Murao, S. and Ohyama, K.: Chemical structure of
an amylase inhibitor, S-AL Agric. Biol. Chem. 43,
679 (1979).

15) Namik, S., Kangour, K, Nagate, T., Sugita, K., Oh-
mura, S. and Ohzeki, M.: Amylase inhibitor TAL
Denpun Kagaku 26, 134 (1979).

16) Schmidt, D.D., Frommer, W., Junge, B., Muller,
L., Wingender, W., Truscheit, E. and Schafer, D.:
a-glucosidase inhibitors new complex oligosacch-
arides of microbial origin. Naturwissenschaften 64,
535 (1977).

17) Itoh, ], Omoto, S., Shomura, T. and Ogino, H.:

Oligostatins, new antibiotics with amylase inhibi-

tory activity I. Production, isolation and chracteri-

zation. | Antibiotic, 34, 1424 (1981).

Fukuhara, K., Murai, H. and Murao, S.: Amylosta-

tins, other amylase inhibitors produced by Strepto-

myces diastaticus. Agric. Biol. Chem., 46(8), 2021

(1982).

19) Kazuteru, Y., Tamotsu, F., Yasuji, S. and Prison,

18

~—~

W.: Trestatin, a-amylase inhibitor, in Novel Micro-
bial Products for Medicine and Agriculture, p. 117
(1989).
Yokose, K., Ogawa, K., Sano, T., Watanabe, K., Ma-
ruyama, H.B. and Suhara, Y.: New a-amylase inhi-
bitor, Trestatin. J. Antibiotics 36, 1157 (1983).
21) Marao, S. Goto, A, Matsui, Y. and Ohyama, K.
New proteineous inhibitor (Haim) of animal a-am-

20

=

ylase from Streptomyces griceosporeus YM-25. Agric.
Biol. Chem., 44, 1679 (1981).

J. Pharm. ' Soc. Korea



