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Isolation and Charaterization of Myxobacteria with Proteolytic Activity
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Seven isolates showing strong proteolytic activity, KYC 1028, 1100, 1134, 1139, 1151, 1159, and 1182, were
collected. Out of them, the broth of KYC 1134 and KYC 1139 showed the high proteolytic activity measured
by azocazein. To determine 16S rDNA sequences for identification, 16S rDNA of seven isolates were ampli-
fied and compared with the 16S rDNA sequences of other myxobacteria at NCBL. It is evident from the phylo-
genetic tree that the isolates belong to the genus Myxococcus. Sharing high percentage similarity values with
myxobacteria, the 16S rDNA sequences were involved in two species, Myxococcus macrospores and M. Ful-
vus. Biochemical characteristics of KYC 1134 broth, which showed the highest proteolytic activity, showed
increased activity 8 times to seven days after culture, and protein production were increased gradually and
stopped at five days. The broth had optimal temperature at 60°C for proteolytic activity, and stability of pH
was ranged from pH 5 to 10, at 50°C and 60, respectively. To classify proteases being in the broth, ten inhibi-
tors were determined and only bestatin showed 27% inhibition effect. The inhibition result demonstrates that
the broth contains kinds of amino peptidases and other exopeptidases.
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Proteases, which catalyze the cleavage of peptide bonds
in proteins, offer the possibilities and potentials for their
biotechnology application as well as commercial impor-
. tance. The value of industrial enzymes, in the worldwide
sales, is estimated over $ 1 billion per a year, and 75% of
the industrial enzymes are hydrolytic enzymes market.
Proteases represented one of the three largest groups of
industrial enzyme and explained about 60% of the total
enzymes market [6].

Most of sold proteases have been produced by bacteria to
the genus Bacillus Commercial proteases of bacteria are
mainly neutral and alkaline proteins [13].

Proteases have a long history of application in the food
and detergent industries. Their application was developed
to substitute toxic chemicals used in leather industry and to
be suitable for use in the detergent industry. Also, they
were genetically manipulated to generate new protease
with desired properties which were developed for various
application [13].

Myxobacteria are negative bacteria belonging to proteo-
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bacteria and have produced a rich source of secondary
metabolites in the pharmaceutical and agrochemical in-
dustries [3, 5, 11]. To date, about 100 different natural pro-
ducts have been characterized and secondary metabolites
are discovered for identification of novel compounds, such
as epothilones, soraphen, myxochromid, chivosazol [1, 4,
7, 8, 11].

Proteolytic enzymes in myxobacteria have indicated
considerable potential in application area, especially, for
digestive diseases and food industry [3, 12, 18]. In Korea,
myxobacteria studies are fundamental to application and
have shown application potential. This work is to show
application potential in study of proteolytic enzymes.

Media used for isolation of myxibacteria were CY medium
(0.3% casitone, 0.1% yeast extract, 0.1% CaCl,-2H,0),
VY/2 medium (0.5% Baker's yeast, 0.1% CaCl,-2H,0, 0.5
pg/mL cyanocobalamine, 1.5% agar), PDCY medium
(0.5% casitone, 0.1% yeast extract, 0.1% CaCl,, 0.24%
potato dextrose, 1.5% agar). Formation of fruiting body
was induced on WCX medium (10 mM 3-n-Morpholino-
propanesulfonic acid [pH 7.6], 0.1% CaCl,-2H,0, 300 ug/
mL cycloheximide, 1.5% agar) [14].

For isolation of myxobacteria and morphological
observation, myxobacteria were collected from soil and the
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pieces of rotted plant inoculated on WCX medium spread-
ing E. coli MC4100 at 32°C for two weeks [15]. Vegetable
cells of them were observed on PDCY medium plate at
32°C for 4 days, and fruiting body and spores were
observed on WCX medium spreading E. coli MC4100 at
32°C for 5 days. The morphological characteristics of them
were monitored by phase-contrast microscopy for cells and
spores (Nikon E600, Nikon, Japan). Fruiting body and
colony edge were monitored by anatomy microscopy
(Nikon SMZ1000, Nikon, Japan).

For phylogenetic analysis, genomic DNA was isolated
using DNA extraction kit (QIAGEN, Germany) and 16S
rDNA sequences were amplified. The primer sequences
were designed for sense primer, 5'-GAGI TTGATCCTGGC-
TGAG-3' and antisense primer, 5-AGAAAGGAGGTG-
ATCCAGCC-3'. PCR reaction was as followed; 1 cycle of
denaturation at 94°C for 5 min, 35 cycles of 94°C for 1
min, 58°C for 1 min, 72°C for 2 min, and additional exten-
sion at 72°C for 10 min. The homology search of the 16S
rDNA sequences was conducted using BLAST program at
NCBI. Multiple alignments of sequenced nucleotides were
carried out using Clustal W [19]. Neighbor joining trees
were constructed in MEGA 3.0 using bootstrapping at 1000
bootstrap trials through Kimura-2 parameters [10].

For determination of protease activity, all myxobacteria
were obtained from Myxobacteria Bank (Hoseo University,
Asan, Korea). Myxobacteria firstly were cultured on PDCY
medium with skim milk. The isolates that showed the clear
zone were collected, and then the collected isolates were
inoculated to produce protease in 300 mL of CY media at
120 rpm for 7 day at 25°C [17]. The cultured broth was
centrifuged at 11000 x g for 30 min at 4°C. The supernatant
was used to prepare protease by ammonium sulfate precipi-
tation. The precipitated pellet was centrifuged at 1100 x g
for 30 min at 4°C and dissolved in 50 mM sodium phos-
phate buffer [pH 7]. The dissolved protein were dialyzed
and kept at the 4°C until use. Protein were measured by
Bradford method [3].

‘To determine enzyme activity at temperature and pH, the
dissolved protein was determined from 30 to 80°C by 2%
azocasein and determined from pH 3 to 10 at 40, 50, and
60°C. Thermal stability also was determined by pre-in-
cubating at 50 and 80°C for 24 hours. The specific type of
protease was determined according to the method of
ProteSEEKER™ kit (Geno-technology, USA). The reaction
mixture was determined at 574 nm against the blank and

calculated the inhibition as follows;

.. test
% Protease activity present= 0D contral X 100

% Protease activity inhibition
=100—-% protease activity present

The inhibtions activity was determined by following
eleven inhibitor; antipain-dihydrochloride (papain, trypsin
and plasmin inhibitor), aprotinin (seine proteases inhibitor),
bestatin (amino-peptidases and other exopeptidases inhibitor:
not carboxypeptidases), chymostatin (o, B, v, & chymo-
trypsin inhibitor), E-64 (papain and cysteine proteases
mnhibitor), EDTA-Na, (metalloproteases inhibitor), leupeptin
(serin and cysteine proteases inihibitor), pepstatin (aspartic
proteases inhibitor), AEBSF (serine proteases inhibitor),
phosphoramidon (thermolysin, collagenase and other meta-
lloendoproteinases inhibitor), PMSF (serine, cysteine pro-
teases inhibitor).

Only isolates confirmed as myxobacteria were determin-
ed proteolytic activity on medium supplemented with skim
milk (Fig. 1). Out of five hundred isolates, only seven
isolates, KYC 1028, 1100, 1134, 1139, 1151, 1159, and
1182, showed clear zone and were determined proteolytic
activity by azocazein. Two isolates, KYC 1134 and 1139,
showed high value in proteolytic activity and better 8 to 13
times in growth than other five isolates. That is, the isolates
showing good growth indicated high value in proteolytic
activity.

The 16S rDNA sequences of the above seven isolates
were determined for identification. The amplified 16S rDNA
sequences were about 1530 base pairs in length and com-
pared with the 16S rDNA sequences of other myxobacteria
at NCBI. The evolutionary tree was inferred by bootstrap

Fig. 1. Assay of proteolytic activity on PDCY medium with
skim milk.
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Fig. 2. Phylogenetic tree of myxobacteria showing proteolytic
activity.

analysis of the neighbour-joining method based on 1000 re-
samplings from the evolutionary distance data corrected by
Kimura's two-parameter model [8, 15]. The CLUSTAL W
program was used for multiple alignment and phylogenetic
analysis [18]. It is evident from the phylogenetic tree that
the isolates belong to the genus Myxococcus (Fig. 2). Sharing
high percentage similarity values with myxobacteria, the
16S rDNA sequences of seven isolates were involved in
two species, Myxococcus macrospores and M. Fulvus. Four
isolates, KYC 1028, 1100, 1151, and 1182, formed a group
sharing high homology of 99% with M. macrospores.
Three isolates, KYC, 1134, 1139, and 1159, formed another
group sharing high homology of 99% with M. Fulvus (Fig.
2). Though sharing homology of 98% in the 16S rDNA
sequences, above two groups were divided having distinct
nucleotides. For morphological identification of myxobac-
teria, the above seven isolates were observed by phase-
contrast microscopy and anatomy microscopy (Fig. 3). All
the isolates showed the morphological characteristics of
myxobacteria.

To determine biochemical characteristics, KYC 1134
was cultured and centrifuged to collect the cultured broth.
Total protein and proteolytic activity were determined dur-
ing the culture. Proteolytic activity and protein production
of the broth was increased 10 times after seven days, and
protein production was increased higher after five days
(Fig. 4). From relationship of protein production and the
proteolytic activity of the broth, it could be seen that
protease production was correlated with growth.

The broth had optimal temperature at 60°C for proteo-
lytic activity, and stability of pH was ranged from pH 5 to
10, at 50°C and 60, respectively. The above results showed
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Fig. 3. The morphological characteristics of myxobacteria
showing proteolytic activity by phase-contrast microscopy and
anatomy microscopy.

that the broth was stable in a wide range of pH. The broth
activity was decreased to 50% after 6 hours pre-incubation
at 50°C and stayed 30% from the initial to 24 hours by pre-
incubation at 80°C. The broth retained 30% of activity after
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Fig. 4. Relationship of protein production and proteolytic
activity of KYC1134. Total protein (-@-), relative proteolytic
activity (bar chart).

Table 1. Effect of protease inhibitors

Substrate Inhibition [%]

Control 0
Bestatin

AEBSF

PMSF

Chymostatin

Aprotinin

E-64

Phosphoramidon
Pepstatin

Leupeptin

Antipain dihydrochloride
EDTA-Na,

8]
~J
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24 hours incubation both at 50°C and 80. Eleven protease
inhibitors were determined to classify proteases being in
the broth. Ten inhibitors, Aprotinin, PMSF, E-64, Chymo-
statin, AEBSF, Phosphoramidon, Pepstatin, Leupeptin,
Antipain, dihydrochloride, EDTA-Na,, were ineffective as
inhibitors, and only bestatin showed 27% inhibition effec-
tiveness (Table 1). The inhibition result could suggest that
the broth contain kinds of amino peptidases and other
exopeptidases.

Amounts of genome information about myxobacteria in
Myxococcus xanthus was opened to researchers who study
myxobacteria and several interested genes were cloned and
characterized the function [2-4, 7]. Out of the several
interested genes, proteases have been paid attention for
industrial application, for examples, demands of protease
were increased in cheese making industry due to insuffi-
ciency of world supply. In general, proteases produced by
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Fig. 5. Stability of temperature (A), pH (B), and time (C) of
KYC 1134. A. activity was assayed in 50mM sodium phosphate
buffer (pH 7.0). B. activity was assayed at 40°C (-A-), 50°C (-@-),
60°C (-O-) using azocasein as a substrate and sodium 50 mM ace-
tate buffer between pH 3 and 5, 50 mM tris-HCl buffer between
pH 6 and 8, 50 mM glycine-NaOH buffer between pH 9 and 10. c,
thermal stability was determined by pre-incubating at 50°C (- O-),
80°C (-@-) for 24 hours.
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animal were insufficient to supply to the world. The reason
has prompted research to both microbial and recombinant
rennin. Several protease genes were cloned and recom-
binant protein expressed for industrial application. Myxo-
bacteria are good resource to produce protease and known
to contain amounts of amino peptidases and other exopepti-
dases at the base of genomic database [11, 14].
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