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New α-glucosidase inhibitors, CKD-711 and CKD-711a were produced from the

fermentation broth of Streptomyces sp. CK-4416 which was isolated from a forest soil of Jeju
Island, South Korea. CKD-711 and CKD-711a were purified by Dowex 50W-2X and Sephadex
G-10 column chromatography. In in vitro studies, CKD-711 showed a potent inhibitory activity
against α-glucosidase from mammalian, but less inhibition against α-amylase from

microorganism and mammalian. CKD-711a showed a lower inhibitory activity than CKD-711.

Several α-glucosidase inhibitors such as acarbose,1)

trestatin,2) amylostatin3) and valiolamine4) were isolated

from microorganisms. Among these inhibitors acarbose5,6)

isolated from Actinoplanes sp. has been developed a

clinically useful drug for the treatment of type II insulin-

independent diabetes. And valiolamine isolated from

Streptomyces hygroscopicus var, limoneus is an important

component to obtain voglibose, another α-glucosidase

inhibitor in clinical use7,8).

In the course of screening for new bioactive metabolites

from microorganisms, CKD-711 and CKD-711a, α-

glucosidase inhibitors, were discovered in the fermentation

broth of Streptomyces sp. CK-4416. Taxonomy of the

producing organism, fermentation and isolation of

CKD-711 and CKD-711a are discussed in this paper.

Biological properties and structure elucidation are

described in the following papers9,10).

Materials and Methods

Microorganism and Carbohydrate Hydrolases

Streptomyces sp. CK-4416 was isolated from a forest soil

sample in Jeju Island, South Korea. Crude rat intestinal

α-glucosidase was prepared from rat intestinal mucosa

and other enzymes were purchased from Sigma chemical

company.

Taxonomic Studies

For taxonomic studies, cultures were grown in

accordance with methods adopted by the International

Streptomyces Project. For experiments on cultural

properties, all cultures were incubated at 28℃ and

observed for 15-20 days. The colors recorded for mature

cultures were described scoring to the "Methuen Handbook

of Colour"11). Physiological properties including utilization

of carbon sources were examined by the method of

PRIDHAM and GOTTLIEB12,13) Diaminiopimelic acid in the

cell wall was analyzed by the method of BECKER et al.14).

Analytical Method

The production and purity of CKD-711 and CKD-711a

were monitored by high performance liquid

chromatography (HPLC). Whole broth (10ml) was

adjusted to pH 3.0 with 2N HCl. After being stirred at room

temperature for 10 minutes and centrifuged at 4000rpm for
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10 minutes, the supernatant (2ml) was passed through a

column (1ml) of Dowex 50W-2X (pyridinium form). The

column was washed with water and eluted with 1N

NH4OH. The active fractions were concentrated to dryness

under reduced pressure and the residue was dissolved with

water. The amount of CKD-711 and CKD-711a was

determined by HPLC: The HPLC (HP-1100, Hewlett-

Packard, Germany) was performed using a column of

Daisopak ODS-BP (4.6×250mm, DAISO Co., Japan) and

the column was eluted with deionized water at 1ml per

minute of flow rate. The elute was monitored on an

evaporative light scattering detector (ELSD-Sedex 55,

SEDERE Co., France) at 41℃.

Inhibitory Effect of Carbohydrate Hydrolase

The inhibitory effects of CKD-711 and CKD-711a were

compared in in vitro experiments using carbohydrate

hydrolases from microorganism, plant and mammalian

sources. Enzyme activity was assayed according to the

method of DAHLQVIST15). The inhibitory activity was

determined by incubating a solution of an enzyme (50μl),

phosphate buffer (pH 7.0, 500μl) containing 0.4mg/ml

sucrose or maltose, or 1% soluble starch, and a solution

(50μl) with various concentrations of CKD-711 and

CKD-711a at 37℃ for 30 minutes. The reaction mixture

was heated in a boiling water bath to stop the reaction for

2 minutes, and then the amount of liberated glucose was

measured by the glucose oxidase method16). The inhibitory

activity was calculated from the formula as follows.

Inhibition (%)=(C-T)/C×100, where C is the enzyme

activity without inhibitor and T is the enzyme activity with

inhibitor.

Results

Taxonomy of the Producing Strain

A scanning electron micrograph of spores of the strain

CK-4416 is shown in Fig. 1. The spores were oval in shape,

0.5-0.6×0.8-1.0μm in size with a smooth surface. The

strain produced aerial mycelium with spiral, which

comprised of more than 20 spores per chain. Sclerotic

granules, sporangia and motile spores were not observed.

Substrate mycelium of the strain was developed well and

branched irregularly.

The cultural and physiological characteristics are shown

in Table 1 and 2, respectively. Aerial mass color was

grayish white on yeast extract-malt extract agar and

reverse color of growth was yellowish. Melanoid pigments

were not produced in trypton-yeast extract broth and on

peptone-yeast extract-iron agar. Soluble pigments were not

produced. L,L-Diaminopimelic acid was detected in the

whole cell hydrolysates of the strain.

Based on the morphological and physiological

characteristics described above, the strain CK-4416 is

considered to belong to the genus Streptomyces sp. The

strain has been deposited in the Korean Collection Type

Culture (KCTC), Korea, as Streptomyces sp. CK-4416 with

the accession No. KCTC 0131 BP.

Fermentation of CKD-711 and CKD-711a

A mature slant culture of Streptomyces sp. CK-4416 was

inoculated into a 500ml Erlenmeyer flask containing

100ml of medium consisting of corn starch 1%, glucose

1%, peptone 0.25%, yeast extract 0.5% and CaCO3 0.1%.

The pH was adjusted to 7.0 before sterilization and the

culture was incubated for 22hours at 28℃ on a rotary

shaker (Infors Shaker, Switzerland) at 240rpm. Fifty

milliliters of the seed culture was transferred into 5-liter

Erlenmeyer flasks containing 1000ml of the same medium.

After shaken for 36hours, 360ml of the second seed

culture was inoculated to a 30-liter tank fermentor

containing 15-liter of the production medium consisting of

corn starch 5%, glucose 3%, soybean flour 1.5%, corn steep

liquor 1.5%, KH2PO4 0.1%, CaCO3 0.5% and chemical

antifoamer 0.05%. The fermentation was carried out at

28℃ for 7 days. The dissolved oxygen level was

maintained around 5ppm by adjusting the agitation rate. As

shown in Fig. 2, the production of CKD-711 and CKD-

711a started at the third day after maximum levels of

growth were achieved. During growth in the production

Fig. 1. Scanning electron micrograph of strain

CK-4416.
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medium, the broth pH was maintained neutral through day

7 after an alkaline shift was observed. The increase in pH

on day 7 was associated with a decrease in titers of

CKD-711 and CKD-711a. The production of CKD-711 and

CKD-711a was measured by the method described in the

above. CKD-711 and CKD-711a were eluted with retention

times of 9.7 and 11.3, and 21.4 and 23.2 minutes,

respectively, indicating the presence of α,β-isomers in

aqueous solution. The analytical HPLC elution profile of

CKD-711 and CKD-711a is shown in Fig. 3. The

Table 1. Cultural characteristics of Streptomyces sp. CK-4416.

Table 2. Physiological properties of Streptomyces sp. CK-4416.

+: utilization, -: no utilization
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production of CKD-711 and CKD-711a in the fermentation

broth reached about 800 and 1200μg/ml on the sixth day,

respectively.

Isolation of CKD-711 and CKD-711a

CKD-711 and CKD-711a were isolated according to the

scheme as shown in Fig. 4. The 7-day old whole broth (15

liters) of Streptomyces sp. CK-4416 filtered with the aid of

diatomaceous earth. The filtered broth (10 liters) was

applied to an active carbon column (8×50cm) and the

column was eluted with 50% acetone. The active fractions

were concentrated under reduced pressure, passed through

a column of Dowex 50W-2X (H+, 5.5×50cm)and washed

with water (2 liters) to remove neutral oligosaccharides.

CKD-711 and CKD-711a were eluted from a column with

0.1N NH4OH (1.2 liters). The active fractions were

combined for concentration under reduced pressure and

applied to a Sephadex G-10 column (2×100cm), and the

column was eluted with deionized water. The active

fractions were concentrated carefully under reduced

pressure below 35℃, followed by lyophilization to yield a

powder (pale-yellowish brown). Fig. 4 shows the over-all

process and amount of isolated CKD-711 and CKD-711a.
Each compound could be further purified with Sephadex G-

10 to give colorless amorphous powder.

Fig. 2. Typical HPLC chromatogram of CKD-711

and CKD-711a.

Fig. 3. Isolation procedure for CKD-711 and

CKD-711a.

Table 3. Carbohydrate hydrolase inhibitory activity of CKD-711 and CKD-711a.
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Enzyme Inhibitory Activities

CKD 711 and CKD-711a were tested in vitro against α-

amylase and α-glucosidase. Of particular interest was that

the inhibitory activity was more effective to the mammalian

origin than the microorganism and plant origin. CKD-711

and CKD-711a showed a strong inhibitory activity against

some selected α-glucosidases as shown in Table 3.

Interestingly, CKD-711 (IC50, 78μg/ml) was shown similar

effect to CKD-711a (IC50, 104μg/ml) on porcine pancreatic

α-amylase, whereas it had about 3-fold higher inhibitory

activity (IC50, 2.5μg/ml) on rat intestinal α-glucosidase

than CKD-711a (IC50, 6.5μg/ml).

Discussion

In the course of screening for new bioactive metabolites

from soil actinomycetes, we first targeted active

components to Gram-negative bacteria. From 600 selected

actinomycetes in the first screening, we discovered

CKD-711 and 711a having an α-glucosidase inhibitory

activity. The producing strain was identified Streptomyces

sp. CK-4416. Furthermore, CKD-711 and 711a showed

more α-glucosidase inhibitory activity to the mammalian

origin than the microorganism and plant origin. More

detail investigations to characterize the pecise inhibitory

activity of α-amylase and α-glucosidase are in the

accompanying paper.10)
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