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Clay mineral is derived from the Earth’s surface layer

and it has been used for a long time for various purposes

such as agriculture, engineering, environmental applica-

tion, geology, pharmaceutical, and construction [1−3].

They are defined to phyllosilicate minerals and/or to

minerals which conduct plasticity to clay and which

stiffen upon drying or firing [4]. The clay minerals,

which include iron, alkali metals, alkaline earths, and

other cations, are existent in the lattice structure or in

the interlayer space [3]. Clay minerals also have been

studied for the improvement of geophagy and gastroin-

testinal disorder, and elimination of aflatoxin for ani-

mals [5]. 

Zeolite is clay mineral and classified as ‘safe for

human consumption’ by FDA [6]. It contains high con-

centrations of magnesium, potassium, calcium, and

sodium, which is in the tectosilicate class [7]. Zeolite is

used as ion exchanger, separation agents, and adsor-

bents for industrial applications and mycotoxin and odor

control, and livestock feed additives for agriculture [8].

Zeolite shows a growth inhibition against pathogens,

such as Escherichia coli, Streptococcus mutans, Staphy-

lococcus aureus, and Candida albicans [9]. It is reported

A total of 262 bacterial strains were isolated from clay minerals, bentonite and zeolite, in Gyeongsangbuk-

do, Republic of Korea, and their hydrolytic enzyme activities were analyzed. Most of the isolated strains

belonged to Micrococcales and Bacillales order. Of strains, 96 strains produced α-amylase activity, 42

strains showed cellulase activity, 111 strains had pectinase activity, and 70 strains showed protease activity.

Among them, 177 isolates exhibited one or more of the hydrolytic enzyme activities and in particular Bacil-

lus cereus MBLB1321, B. albus MBLB1326 and KIGAM017, B. mobilis MBLB1328, MBLB1329 and MBLB1330

showed all of the enzyme activities. These results demonstrate the diversity of functional Bacillus species

in clay minerals as vital sources for the discovery of industrially valuable hydrolytic enzymes, which have

a great commercial prospect in various bio-industrial applications.
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that synthetic zeolite accelerated ethanol fermentation

of sugarcane molasses by Saccharomyces cerevisiae [10].

Bentonite is clay mineral, which is a dominant source of

montmorillonite in nature and it contains various ions

such as aluminum, sodium, potassium, and calcium [11].

Because of the mineral composition of bentonite, it has

various properties that sorbent effects, high dry bonding

strength, impermeability, very low hydraulic conductivity,

and high swelling capacity [11]. Especially, the roles of

bentonite are an adsorbent of pathogens, toxins, and

enzymes as a binding agent, and it enhances the health

benefit and growth of the animals [2]. In previous study,

the microflora of bentonite-treated kimchi was analyzed,

bentonite affected bacterial diversity during fermenta-

tion. In addition, increased diversity in microbial com-

munity had also affected flavor aspects of kimchi [12]. As

a result, the clay minerals are considered to have a sig-

nificant effect on the diversity of microorganisms. 

Although there have been lots of studies on physiological

characteristics and biological activities of clay minerals

themselves [13], there are not much data published on

the isolation of microorganisms from clay minerals and

evaluation of their physicochemical activities. In this

study, we isolated microorganisms from domestic clay

minerals, zeolites and bentonite to investigate cultivable

microbial diversity and also evaluated their hydrolytic

enzyme activities such as cellulase, pectinase, amylase,

and protease. In addition, we finally identified clay min-

erals-derived microorganisms with multi-hydrolytic

enzyme activity to secure the microbial sources from

domestic clay minerals and consider their applications

into bio-industries. 

One bentonite and four zeolite samples were respec-

tively collected at the Youngil, Gampo and Daebo mining

areas located in Gyeongsangbuk-do, Republic of Korea

(Table 1). Clay mineral samples were homogenized with

distilled water to measure pH and NaCl concentration

(%, w/v) by pH meter (Fisher Science Education, USA)

and HI 96821 Refractometer (HANNA instruments,

USA), respectively. All of clay mineral samples showed

to be the moderately acidic or alkali (6.3−8.1) and 0% (w/v)

NaCl concentration (Table 1). Clay mineral samples

were crushed and suspended in tryptic soy broth (TSB,

Becton, Dickinson and Company, USA) and MRS broth

(MRS, KisanBio, Korea) medium. The suspensions were

spread onto tryptic soy agar (TSA, Becton, Dickinson

and Company, USA) and MRS (KisanBio) and then

incubated at 30℃ for 1 week. After obtaining pure single

colonies, genomic DNA of each colony was isolated using

HiYield™ Genomic DNA Mini Kit (RBC, Taiwan).

Universal bacterial primer pairs 27F (5'-AGAGTTT-

GATCMTGGCTCAG-3') and 1492R (5'-TACGGY-

TACCTTGTTACGACTT-3') were used to amplify

16S rRNA gene for the bacterial identification. The

amplified 16S rRNA genes were sequenced by Macrogen

sequencing service (Macrogen Inc., Korea) and their

sequences then subjected to a homology search against

the NCBI database (BLAST) and EzBioCloud (http://

www.ezbiocloud.net/eztaxon/) [14]. After the identifica-

tion of 262 isolated strains, Pseudarthrobacter sp. (98

species), Bacillus sp. (68 species), Arthrobacter sp. (41

species) and Staphylococcus sp. (36 species) were abun-

dantly isolated from all of clay mineral samples (Fig. 1,

Fig. S1). Most of the isolated strains belong to Micrococ-

cales and Bacillales order regardless of the types of clay

mineral samples (Table S1). In a previously study about

Table 1. List of domestic clay mineral samples.

Sample ID Mining area Mineral type Region Strains pH NaCl (%)

Byi33'-b Youngil-33 Bentonite
35°58'7.83''N
129°27'5.75''E

61 8.1 0

Zgp41-b Gampo-41 Zeolite
35°49'41.47''N
129°26'5.15''E

45 6.6 0

Zgp42-b-1 Gampo-42 Zeolite
35°48'57.85''N
129°25'28.31''E

46 6.3 0

Zgp42-b-2 Gampo-42 Zeolite
35°49'0.79''N

129°25'29.99''E
50 6.9 0

Zdb130-b-2 Daebo-130 Zeolite
36°0'58.02''N
129°32'2.24''E

60 7.5 0
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Fig. 1. Neighbor-joining (NJ) phylogenetic tree based on 16S rRNA gene sequences showing the position and relationship
of strains isolated from domestic bentonite and zeolite samples and other related taxa. The evolutionary distances were
calculated using the Kimura two-parameter model. Numbers at nodes indicate bootstrap values (>70%) calculated based on the
NJ. Bar, 0.05 substitutions per nucleotide position. Micrococcaceae (A), Intrasporangiaceae (B), Nocardioidaceae (C), Pseudomonadaceae
(D), Paenibacillaceae (F), Bacillaceae (G), Staphylococcaceae (H), and Flavobacteriaceae (I) represent family level. 
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culture-dependent microbial diversity of two bentonite

samples, isolates belonging to the three phyla Proteobac-

teria, Actinobacteria, and Firmicutes were reported [15].

Similar microbial clusters were identified in zeolites col-

lected in the Gampo area. P. oxydans was the most dis-

tributed among the Pseudarthrobacter sp. belong to the

phylum Actinobacteria in the bentonite and zeolite.

Researchers were reported that the Pseudarthrobacter

sp. was isolated in the soil [16]. The genus Bacillus sp.

belong to the phylum Firmicutes was the largest propor-

tion of microorganisms in the clay mineral samples,

Byi33'-b and Zdb130-b-2, in which B. mobilis, B. glycini-

fermentans, and B. albus were the most distributed.

B. mobilis and B. albus are spore-forming and faculta-

tive anaerobic bacteria with being distributed in various

environments [17]. Generally, Bacillus sp. was isolated

from soil and B. thuringiensis was most plentiful in soil

samples from Asia [18]. A. nitrophenolicus, A. oryzae,

and A. enclensis were mainly isolated among the strains

of the genus Arthrobacter within the phylum Actinobac-

teria which were widely distributed in all of clay miner-

als. S. warneri was the most abundant among the genus

Staphylococcus sp. isolated from only Zgp-41-b, Zgp42-b-

2, and Zdb130-b-2 samples. As the isolates with minor

proportion, P. frederiksbergensis and C. rhizosphaerae

were isolated from only bentonite sample Byi33'-b.

Taken together with previous studies, our results

showed a high microbial diversity in bentonite and zeo-

lite samples, dominated by bacterial phyla Firmicutes

and Actinobacteria [15, 19, 20]. 

Cultivable isolation of diverse microorganisms from

clay minerals triggered the investigation of industrial

enzyme productions to promote the industrial applica-

tion of clay minerals-derived functional microorganisms.

We investigated the hydrolytic enzyme activities of the

isolated strains from clay minerals. First-round screen-

ing of α-amylase, 262 isolates were plated on starch agar

(TSB with 0.2% (w/v) soluble starch) and incubated at

30℃ for 48 h. The plates were then stained by Lugol’s

iodine solution to monitor a halo zone around the colonies.

On the other hand, carboxymethyl cellulose (CMC) agar

plate (TSB with 1.0% (w/v) CMC) was used to screen the

cellulase activity, followed by the incubation at 37℃ for

72 h. Thereafter, the plates were stained with 0.1% (w/v)

congo red solution for 15 min and destained by 1 M NaCl

for 1 h to detect a halo zone. Skim milk agar plate (TSA

containing with 1% (w/v) skim milk) was also employed

to screen protease-producing bacteria. The isolates were

incubated on skim milk agar plates at 30℃ for 48 h to

indicate protease production as showing a halo zone. As

the results, α-amylase activity was indicated in 96

strains, whereas cellulase and protease activities were

detected in 42 and 70 strains, respectively (Fig. 2).

Quantifications of α-amylase, cellulase, and pectinase

activity were evaluated by the modified method of DNS

(3,5-dinitrosalicylic acid) assay [20], while protease

activity was tested by simply modified Lowry method

[21]. The positive hydrolytic strains were cultivated

Nutrient Broth with 0.5% (w/v) starch, Luria-Bertani

broth with 1% (w/v) CMC and 0.5% (w/v) pectin, or TSB

for 48 h at 37℃. To obtain a crude enzyme solution, the

cultures were centrifuged (13,000 rpm, 15 min, 4℃), fol-

lowing the collection of supernatants. The reactions for

α-amylase, cellulase and protease were performed as

described by Seo et al. [20]. To measure the quantifica-

tion of pectinase activity, the enzyme reaction was car-

ried out in 200 μl reaction mixture containing 0.5% (w/v)

polygalacturonic acid in 50 mM sodium acetate buffer

(pH 5.0), and 100 μl crude enzyme. After enzyme reac-

tion in water bath for 30 min at 50℃, the enzyme activ-

ity was measured by the modified method of DNS

method.

α-Amylase activity over 0.2 U/ml was detected in only

38 strains of which majority was from Byi33'-b sample

(Fig. 3A). In particular, B. cereus MBLB1321 and B.

mobilis MBLB1328, of which both are isolated from

Fig. 2. Venn diagram representing the number of hydrolytic
enzymes-producing microorganisms isolated from clay
mineral samples. Numbers in brackets indicate the numbers
of isolates showing each of hydrolytic enzyme activities. 
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Fig. 3. Hydrolytic enzyme activities including α-amylase (A), cellulase (B), pectinase (C), and protease (D) of the strains
isolated from clay mineral samples. One unit of α-amylase and cellulase activities were defined as the amount of enzyme which
releases 1 μmole of D-glucose per min from starch and CMC, respectively. One unit of pectinase activity was defined as the amount
of enzyme which releases 1 μmole of D-galacturonic acid per min from polygalacturonic acid under experimental conditions. One
unit of protease activity was defined as the amount of enzyme which releases 1 μg of tyrosine per min from casein. 
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Byi33'-b bentonite sample, exhibited the highest α-

amylase activity, 1.25 and 1.24 U/ml, respectively. In

previous studies, B. licheniformis Shahed-07 and B.

subtilis ISOLATE-4 isolated from soil was reported to

produce α-amylases [22, 23], and B. macerans SBM1 and

SBM2 strains had α-amylase activities ranging from

0.12 to 1.30 U/ml, similar to that of B. cereus MBLB1321

and B. mobilis MBLB1328 [24]. Cellulase production

over 0.05 U/ml of enzyme activity was detected in 33

strains, among which B. glycinifermentans MBLB1413

from Zdb130-b-2, P. oxydans MBLB1345 from Zgp41-b,

and B. glycinifermentans MBLB1417 from Zdb130-b-2

showed 0.31, 0.28, and 0.25 U/ml, respectively (Fig. 3B).

There are many reports on the cellulase productions

from bacterial isolates from soil samples; e.g. B. amylo-

liquefaciens DL-3 and B. licheniformis CDB-12 [25, 26].

Our previous study also reported that 30 strains isolated

from bentonite samples showed cellulase activity,

including B. tequilensis MBLB1223 and B. siamensis

MBLB1268 [20]. Pectinase responsible for the degrada-

tion of pectin polysaccharides are industrially useful

enzyme for the clarification, extraction and concentra-

tion of tea and juice as well as textile fibre production

[27]. We screened 36 strains exhibiting the pectinase

activity over 0.1 U/ml from clay mineral samples (Fig.

3C). Almost of these strains were isolated from Zdb130-

b-2 zeolite sample, in which B. paralicheniformis

MBLB1424 and B. glycinifermentans MBLB1417 were

found to produce the highest pectinase activity, 0.44 and

0.42 U/ml, respectively. Similar with our study, several

studies reported diverse microbial strains producing

pectinase; e.g. B. subtilis CR-179 isolated from a sub-

tropical forest soil and Bacillus sp. DCU27 isolated from

wet land soil [28, 29]. Finally, we re-isolated 35 strains

showing protease activity over 5.0 U/ml of enzyme activ-

ity from clay mineral samples (Fig. 3D). Among them,

protease activities of B. luti KIGAM001 isolated from

bentonite sample Byi33'-b and P. niigatensis MBLB1467

from zeolite sample Zdb130-b-2 were 27.37 and 27.33 U/

ml, respectively. The commercially used proteases are

mostly produced by Bacillus sp., and the activity of pro-

teases is powerful [30]. Some studies have been done for

screening isolates, derived from soil, for proteolytic

enzyme production. Protease-producing B. infantis

SKS1 isolated from garden soil showed thermostable

characteristic [31] and B. thuringiensis 2.3PT3 isolated

from Thailand soil had protease activity with 3.72 U/mg

[32]. 

Taken together, 177 bacterial isolates from clay min-

eral samples showed one or more hydrolytic enzymes. In

particular, 6 strains (B. cereus MBLB1321, B. albus

MBLB1326, B. mobilis MBLB1328, B. mobilis MBLB1329,

B. mobilis MBLB1330, and B. albus KIGAM017) were

proved to be efficient producers of all four type enzymes

and thus could be considered to have high biotechnologi-

cal potential (Fig. 2). We deposited gene sequences of the

B. cereus MBLB1321, B. albus MBLB1326, B. mobilis

MBLB1328, B. mobilis MBLB1329, B. mobilis MBLB1330,

and B. albus KIGAM017 in GenBank/EMBL/DDBJ

under the accession numbers MK280734, MK280736,

MK280735, MK280737, MK280738, and MK280739 for

16S rRNA genes of multi-hydrolytic enzyme-producing

bacteria. There are several studies reporting on the iso-

lation of microorganisms with multi-hydrolytic enzyme

activities, such as B. subtilis SR60 isolated from coral

reefs showing amylase, cellulase, xylanase, and protease

activities [33] and B. subtilis CR-179 from subtropical

forest with esterase, cellulase, pectinase, xylanase, and

lipase enzyme activities [28]. 

In conclusion, the diverse members of Micrococcales

and Bacillales order were isolated from clay minerals,

zeolite and bentonite, which were collected at domestic

mining areas in Gyeongsangbuk-do, Republic of Korea.

Total 262 isolates were also evaluated to determine the

hydrolytic enzyme production including α-amylase, cel-

lulase, pectinase, and protease. Among the 177 isolates

exhibiting one or more hydrolytic enzyme activities after

evaluation of all isolates, we finally isolated B. cereus

MBLB1321, B. albus MBLB1326 and KIGAM017, B.

mobilis MBLB1328, MBLB1329 and MBLB1330 show-

ing all the hydrolytic enzyme activities. These findings

suggest the increase of attention of domestic clay minerals

due to the potential of the diverse presence of functional

microorganisms producing hydrolytic enzymes which

may be used to serve various bio-industrial purposes.
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