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Abstract: The purpose of this study was to isolate functional Bacillus strains from Korean fermented
soybeans and to evaluate their potential as probiotics. The L-asparaginase activity of MKHJ 1-1
was the highest among 162 Bacillus strains. This strain showed nonhemolysis and did not produce
β-glucuronidase. Among the nine target bacteria, MKHJ 1-1 inhibited the growth of Escherichia coli,
Pseudomonas aeruginosa, Shigella sonnei, Shigella flexneri, Klebsiella pneumoniae, Staphylococcus aureus,
and Bacillus cereus. 16S rRNA gene sequence analysis resulted in MKHJ 1-1 identified as Bacillus
subtilis subsp. stercoris D7XPN1. As a result of measuring the survival rate in 0.1% pepsin solution
(pH 2.5) and 0.3% bile salt solution for 3 h, MKHJ 1-1 exhibited high acid resistance and was able to
grow in the presence of bile salt. MKHJ 1-1 showed outstanding autoaggregation ability after 24 h. In
addition, its coaggregation with pathogens was strong. Therefore, MKHJ 1-1 is a potential probiotic
with L-asparaginase activity and without L-glutaminase activity, suggesting that it could be a new
resource for use in the food and pharmaceutical industry.
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1. Introduction

Probiotics are defined as live microorganisms, which, when administered in adequate
amounts, provide a health benefit to the host [1]. The majority of commercially available
probiotic strains are Lactobacillus spp. and Bifidobacterium spp. [2]. In addition, several
Bacillus species have probiotic potential. Cutting [3] has reported that the use of Bacillus
species as probiotic dietary supplements has been rapidly expanding as the number of
studies of Bacillus species on probiotic effects has increased. It is demonstrated that Bacillus
exerts beneficial probiotic effects, including the secretion of antimicrobials [4], stimulation
of the immune system [5], and overall enhancement of gut microflora [6]. Bacillus spp. have
the advantage of being able to survive in foods that require harsh processing conditions
such as high temperature and high pressure [7]. Bacillus spp. used as probiotics in humans
include Bacillus coagulans, Bacillus subtilis, Bacillus licheniformis, Bacillus cereus, Bacillus cereus
var. toyoi, Bacillus natto (subtilis), Bacillus clausii, Bacillus pumilus, Bacillus amyloliquefaciens,
and Bacillus polyfermenticus [3,8].

L-asparaginase (E.C. 3.5.1.1) is an amidohydrolase enzyme that hydrolyzes L-asparagine
to L-aspartic acid and ammonia [9]. In the pharmaceutical industry, L-asparaginase is
also used for the treatment of acute lymphocytic leukemia (ALL), Hodgkin’s disease,
acute myeloid leukemia, chronic lymphocytic leukemia, lymphosarcoma, reticulosarcoma,
and melanosarcoma [10]. The anticancer mechanism of L-asparaginase inhibits tumor cell
growth by causing the depletion of extracellular L-asparagine. Tumor cells grow depending
on extracellular asparagine because they do not produce intracellular asparagine or have
a reduced activity of asparagine synthetase [11,12]. However, L-asparaginase, which is
used to treat cancer, has various side effects such as fever, chills, vomiting, weight loss,
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pancreatitis due to hepatocellular dysfunction, and death during treatment of ALL [13].
This is due to its intrinsic toxicity associated with the presence of L-glutaminase activity.
L-glutaminase is important for nitrogen transport in the blood, and prolonged depletion of
amino acids during L-asparaginase treatment causes severe biochemical disorders in the
body [14,15].

L-asparaginase enzymes have been already found in several bacteria, Bacillus species
being one of the most abundant ones due to its resistance to extreme environments.
Ameen et al. (2020) [16] have reported that the production L-glutaminase-free L-asparaginase
activity makes B. subtilis superior to the commercially available asparaginases that show glutam-
inase activity causing diverse severe health problems to patients during anti-cancer therapy.

Thus, this study aimed to isolate Bacillus strains possessing L-asparaginase activity
and free of L-glutaminase activity from Korean fermented soybean foods and to assess the
probiotic characteristics of Bacillus strains.

2. Materials and Methods
2.1. Isolation of Strains Producing L-Asparaginase and Free of L-Glutaminase Activity

A total of 268 strains were isolated from Korean fermented soybean foods such as
chunggukjang (fermented paste made from whole soybeans, known as a type of quick
doenjang), deonjang (fermented soybean paste), gochujang (fermented red chili paste), and
soy sauce (fermented condiment made by soaking naturally fermented soybean brick),
which were collected from a home and local market, using Nutrient agar (NA; Becton, Dick-
inson and Co., Sparks, MD, USA). Representative colonies were randomly selected from
NA plates and screened for survivability in artificial gastric acid and bile salt solution [17].
Colonies with L- asparaginase and without L-glutaminase activity were confirmed using
Modified Czapek Dox (MCD) medium [18]. The selected colonies were inoculated into the
MCD medium containing L-asparagine or L-glutamine at 30 ◦C for 24 h. After incubation,
pink colonies from the MCD medium containing L-asparagine and colonies with no color
change from the MCD medium containing L-glutamine were selected.

2.2. L-Asparaginase Activity

The L-asparaginase activity of the selected strains was assessed according to the
modified Worthington Enzyme Manual [19]. The selected strains were inoculated into
asparaginase activity optimal medium [20] and incubated at 30 ◦C for 24 h. The culture
broth was centrifuged at 12,501× g for 5 min. The culture supernatants were used as crude
enzyme samples. Then, 45 µL of the culture supernatant was incubated with 650 µL of
10 mM L-asparagine in 50 mM Tris-HCl buffer (pH 8.5) at 37 ◦C for 1 h. To terminate the
enzyme reaction, 45 µL of 1.5 M trichloroacetic acid solution was added and centrifuged
at 12,501× g for 8 min. Then, 250 µL of its supernatant was reacted with 3.5 mL distilled
water and 500 µL of Nessler’s reagent (Kanto Chemical Co., Inc., Tokyo, Japan) at room
temperature for 10 min. After the reaction, the mixture was detected at 410 nm using the
Cary 60 UV/Vis spectrophotometer (Agilent Technologies, Inc., Santa Clara, CA, USA).
Ammonia solution was used for the preparation of a standard curve. One unit of L-
asparaginase activity was determined as the amount of enzyme that produced 1 µmol/mL
of ammonia per 1 min under the assay conditions at 37 ◦C.

2.3. Hemolysis

The selected strains were evaluated for hemolysis according to a modified method
described by Ritter et al. (2018) [21]. The culture of the selected strains incubated at 30 ◦C
for 24 h was streaked onto tryptic soy agar (TSA; Bacto™; Becton, Dickinson and Co.,
Sparks, MD, USA) containing 5% sheep blood (Kisan Biotech Co., Ltd., Seoul, Korea) using
a sterile cotton swab and incubated at 37 ◦C for 24 h. Bacillus cereus KCTC 1012 was used
as a positive control for hemolysis.
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2.4. β-Glucuronidase Activity Assay

β-glucuronidase activity was performed according to a modified method described
by Shokryazdan et al. (2016) [22]. The selected strains were cultivated in NB for 24 h
at 30 ◦C, and then centrifuged at 12,501× g for 5 min. The culture supernatant was
used to provide crude enzyme samples. Briefly, 0.4 mL of 2 mM ρ-nitrophenyl-β-D-
glucuronide (Tokyo Chemical Industry Co., Ltd., Tokyo, Japan), 0.1 mL of phosphate buffer
(pH 7.0), and 0.2 mL of culture supernatant were incubated at 37 ◦C for 30 min. The
reaction was stopped by adding 0.6 mL of 0.5 N NaOH. The β-glucuronidase activity
of the supernatant was determined by measuring the absorbance at 405 nm using the
Cary 60 UV/Vis spectrophotometer. ρ-Nitrophenol was used for the preparation of a
standard curve. One unit of β-glucuronidase was determined as the amount of enzyme
that can release 1 µmol/L ρ-nitrophenol per 1 min under the assay conditions at 37 ◦C.
Escherichia coli KCTC 1682 producing β-glucuronidase was used as a positive control.

2.5. Antimicrobial Activity

The antimicrobial activity spectra of the selected strains were determined on the nine
bacteria: E. coli KCTC 1682, Staphylococcus aureus KCTC 3881, Listeria monocytogenes KCTC
3710, and Listeria innocua KCTC 3586 were cultured on tryptic soy broth (TSB; Becton,
Dickinson and Co., Sparks, MD, USA) and Shigella sonnei KCTC 2518, Shigella flexneri KCTC
22192, Klebsiella pneumoniae KCTC 2208, Pseudomonas aeruginosa KCTC 1750, and B. cereus
KCTC 1012 were cultured on nutrient broth (NB; Becton, Dickinson and Co., Sparks, MD,
USA) at 37 ◦C for 18 h. The target bacteria adjusted to OD600 = 0.1 to match 7 log CFU/mL
were streaked onto the medium using sterile cotton swab. A 6 mm paper disc (Advantec,
Toyo Roshi Kaisha Ltd., Tokyo, Japan) was placed on the medium on which inoculated
target bacteria and 20 µL of each culture of the selected strains were spotted for 48 h. After
24 h incubation at 37 ◦C, the diameters of the inhibition zone were measured.

2.6. Identification of the Isolated Strain

Biochemical analysis, such as Gram staining, the endospore forming test, and the
catalase test, was performed. The selected strain was identified by 16S rRNA gene sequence
analysis performed by Solgent Co., Ltd. (Daejeon, Korea). The nucleotide sequence
comparisons were conducted using the EzBioCloud database (https://www.ezbiocloud.
net) (accessed on 1 October 2019). The selected strains were cultured in NB at 30 ◦C for
24 h and stored at −80 ◦C, with 40% sterile glycerol stock, until needed.

2.7. Tolerance to Artificial Gastric Acid and Bile Salt

Tolerance to artificial gastric acid and bile salt was measured according to the modified
methods described by Lee et al. (2017) [17] and Lee et al. (2012) [23]. A 24 h culture
of the selected strain was inoculated (10%) into 0.85% sterile saline solution containing
0.1% pepsin (pH 2.5) at 37 ◦C for 1, 2, and 3 h in a water bath (WB-22). Reaction solutions
were spread onto NA plates and incubated at 37 ◦C for 24 h.

Bile salt solution was prepared by adding of 0.3% bile salt to buffer (12.4 g/L K2HPO4,
11.37 g/L trisodium citrate dehydrate, 7.6 g/L KH2PO4, and 6 g/L (NH4)2SO4, pH 6.9). A
24 h culture of the selected strain was inoculated (10%) into bile salt solution and incubated
at 37 ◦C for 1, 2, and 3 h in a water bath (WB-22). The reaction solutions were spread onto
NA plates and incubated at 37 ◦C for 24 h. The relative survival rate (RSR) was calculated
as the percentage of Bacillus sp. colonies grown on the NA plate compared with the initial
bacterial concentration.

RSR (%) =
Log CFU/mL after reaction

Log CFU/mL at 0h
× 100 (1)

https://www.ezbiocloud.net
https://www.ezbiocloud.net
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2.8. Cell Hydrophobicity

Cell hydrophobicity was analyzed using a modified version of the method described
by Nithya and Halami (2013) [24]. The selected strain was cultivated in TSB for 24 h at
30 ◦C, and then centrifuged at 9425× g for 5 min. Cells were washed twice and adjusted
to OD600 of 0.5 with phosphate buffered saline (PBS; 8 g/L NaCl, 0.2 g/L KCl, 1.44 g/L
Na2HPO4, and 0.24 g/L KH2PO4, pH 7.4). This absorbance was used as A0. A volume
of 2 mL solvent, such as hexadecane (Daejung Chemicals and Metals Co., Ltd., Siheung,
Korea), chloroform (Samchun Pure Chemical Co., Ltd., Pyeong-taek, Korea), and ethyl
acetate (Duksan Pure Chemical Co., Ltd., Ansan, Korea), was added to 2 mL bacterial
suspension and vortexed for 5 min. The mixtures were separated into two phases, and the
solvents were removed after 30 min at room temperature. Its absorbance was measured at
600 nm and used as A1. The cell hydrophobicity percentage was calculated according to
the formula:

Hydrophobicity (%) =

(
1 − A1

A0

)
× 100 (2)

A0 = absorbance before mixing with hydrocarbons; A1 = absorbance after mixing
with hydrocarbons.

2.9. Autoaggregation and Coaggregation

Autoaggregation was assessed using the modified method described by Kang et al.
(2017) [25] to confirm the adhesion ability of the cell to the intestinal wall. The selected
strain was cultivated in TSB for 24 h at 30 ◦C and then centrifuged at 9425× g for 5 min. The
cells were washed twice and adjusted to OD600 of 0.3 with PBS (pH 7.4). The suspension
was left to stand at room temperature and monitored at different time intervals (4, 5,
and 24 h). Then, the absorbance of the suspension was measured at 600 nm (At). The
autoaggregation percentage was calculated according to the formula:

Autoaggregation (%) =

(
1 − At

A0

)
× 100 (3)

At = absorbance after 4, 5, and 24 h at 600 nm; A0 = absorbance of 0 h at 600 nm.
The coaggregation analysis was performed according to Bao et al. (2010) [26] and Jeon

et al. (2017) [27]. In the coaggregation analysis, the method for preparing the bacterial
suspension was the same as that for the autoaggregation assay. Then, 2 mL bacterial
suspension of probiotic strain (selected strain) and 2 mL pathogenic strains were mixed.
The mixtures were incubated at room temperature without agitation. The absorbance at
600 nm of the mixtures described above was monitored during incubation for 4, 5, and
24 h. The coaggregation was calculated according to the formula:

Coaggregation (%) =


(

Apat + Aprobio

)
2

− Amix

÷
(Apat + Aprobio

2

)
× 100 (4)

Apat, Aprobio = the absorbance of the pathogen and the probiotic strain at 0 h, respectively;
Amix = the absorbance of the mixed culture at different times.

2.10. Statistical Analysis

Data are expressed as mean ± standard deviation of triplicates. A one-way ANOVA
and Tukey’s test were performed to evaluate significant difference (p < 0.05) using Minitab
16.0 software (Minitab Inc., State College, PA, USA).

3. Results and Discussion
3.1. Isolation of Strains Producing L-Asparaginase and Free of L-Glutaminase Activity

A total of 268 Bacillus strains from 32 Korean fermented soybean foods survived from
acid and bile salt solution. To screen the strains that produce L-asparaginase and those
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that are free of L-glutaminase, these strains were allowed to grow in the MCD medium
containing L-asparagine or L-glutamine, respectively, as a sole nitrogen source. The pink
zone around the bacterial colony indicates pH alteration, which originated from ammonia
accumulation in the MCD medium. The 162 strains showed the presence of a pink colony in
the MCD medium containing L-asparagine, which exhibits L-asparaginase activity. These
strains showed no color change in the MCD medium containing L-glutamine, implying the
absence of L-glutaminase activity.

3.2. L-Asparaginase Activity

The 14 strains with L-asparaginase activity above 0.60 U/mL were selected. Among
the strains, MKHJ 1-1 and 2-2 showed significantly higher L-asparaginase activity than
other strains (Table 1, p < 0.05). Asparaginase therapy is used worldwide, but some
problems arise when this enzyme is used for the treatment of leukemia and other malignant
tumors. This is caused by the intrinsic L-glutaminase activity of L-asparaginase [28].
Therefore, MKHJ1-1 and 2-2 with high L-asparaginase activity and without L-glutaminase
activity seems to be suitable for use as a therapeutic agent for L-asparaginase.

Table 1. L-asparaginase and L-glutaminase activity of selected strains.

Strains Kinds of
Fermented Food

L-Asparaginase
Activity (U/mL)

L-Glutaminase
Activity (U/mL)

MKHJ 1-1 Gochujang 1.20 ± 0.03 a* 0
1-2 Gochujang 0.81 ± 0.02 c 0
2-2 Gochujang 1.11 ± 0.06 a 0
2-3 Gochujang 0.87 ± 0.05 bc 0
4-2 Soy sauce 0.91 ± 0.05 bc 0
4-3 Soy sauce 0.94 ± 0.05 bc 0
8-1 Doenjang 0.96 ± 0.02 b 0
8-4 Doenjang 0.91 ± 0.00 bc 0
8-5 Doenjang 0.97 ± 0.06 b 0

12-8 Doenjang 0.97 ± 0.03 b 0
13-2 Doenjang 0.67 ± 0.02 d 0
17-1 Doenjang 0.90 ± 0.10 bc 0
19-2 Doenjang 0.89 ± 0.03 bc 0
25-7 Soy sauce 0.96 ± 0.04 b 0

* Values with different letters indicate significant differences (p < 0.05).

3.3. Hemolysis and β-Glucuronidase Activity

MKHJ 1-1, 1-2, 2-2, 13-2, 17-1, and 19-2 strains were found to exhibit γ-hemolysis
(Table 2). Hemolytic properties can be divided into α-hemolysis (which oxidizes hemoglobin
to methemoglobin without destroying the erythrocyte membrane), β-hemolysis (which
destroys the erythrocyte membrane, causing jaundice and anemia), and γ-hemolysis (with-
out hemolysis). α-Hemolysis causes the incomplete lysis of erythrocytes, resulting in a
green-hued zone around the bacterial colonies, and β- hemolysis causes the complete lysis
of erythrocytes, resulting in a clear zone around the bacterial colonies [29]. β-Hemolysis is
considered harmful, whereas a-hemolysis and γ-hemolysis are considered safe [27].

Probiotics should not produce harmful enzymes such as β-glucuronidase, which is
the enzyme that causes colorectal cancer. β-glucuronidase catalyzes the hydrolysis the
ρ-nitrophenyl-β-D-glucuronide to the β-glucuronic acid and nitrophenol and it produces a
yellow color [30]. In this study, β-glucuronidase enzyme activity was measured quantita-
tively, using ρ-nitrophenyl-β-D-glucuronide as a substrate, after by visually confirming
color change. When observed visually, all the selected strains, except E. coli, used as
a positive control, were colorless. The β-glucuronidase activity of the selected strains
was significantly lower than that of E. coli (0.81 ± 0.16 U/mL). In the hemolysis and β-
glucuronidase activity results, only 6 (MKHJ 1-1, 1-2, 2-2, 13-2, 17-1, and 19-2) among the
14 strains were verified as safe.
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Table 2. Hemolysis and β-glucuronidase activity of selected strains.

Strains Hemolysis
β-Glucuronidase Activity

β-Glucuronidase Activity (U/mL) 4 Visible Color

MKHJ 1-1 γ-hemolysis 0.25 ± 0.02 Colorless
1-2 γ-hemolysis 0.25 ± 0.16 Colorless
2-2 γ-hemolysis 0.25 ± 0.05 Colorless
2-3 β-hemolysis 0.43 ± 0.13 Colorless
4-2 β-hemolysis 0.33 ± 0.05 Colorless
4-3 β-hemolysis 0.24 ± 0.05 Colorless
8-1 β-hemolysis 0.31 ± 0.20 Colorless
8-4 β-hemolysis 0.24 ± 0.04 Colorless
8-5 β-hemolysis 0.36 ± 0.16 Colorless

12-8 β-hemolysis 0.29 ± 0.14 Colorless
13-2 γ-hemolysis 0.31 ± 0.11 Colorless
17-1 γ-hemolysis 0.11 ± 0.11 Colorless
19-2 γ-hemolysis 0.36 ± 0.06 Colorless
25-7 β-hemolysis 0.21 ± 0.13 Colorless

B. cereus 1 β-hemolysis ND ND
E. coli 2 ND 3 0.81 ± 0.16 5 Yellow

1 Positive control of hemolysis: Bacillus cereus KCTC 1012. 2 Positive control of β-glucuronidase activity: Escherichia
coli KCTC 1682. 3 ND: not determined. 4 Unit definition: one unit of β-glucuronidase was determined as the
amount of enzyme that can release 1 µmol/L ρ-nitrophenol per 1 min under the assay conditions at 37 ◦C. 5 It
was significantly different from the isolated strains (p < 0.05).

3.4. Antimicrobial Activity

Table 3 presents the antimicrobial activity of the selected strains with L-asparaginase
and free of L-glutaminase activity. Bacillus MKHJ 1-1, 13-2, and 19-2 showed broad antimi-
crobial spectra against target bacteria. Among the selected strains, in contrast, 2-2 did not
have antimicrobial activity. Some Bacillus spp. are known to play an important role that
involves the inhibition of pathogens in the intestinal tract by producing enzymes that break
down cell walls (such as chitinase, glucanase, and protease), lipopeptide, biosurfactants,
and bacteriocin. Among them, the lipopeptides produced by Bacillus spp. include surfactin,
iturin, and fengycin [31]. Iturin is only detected in restricted species, such as B. subtilis, B.
amyloliquefaciens, and B. pumilus, whereas surfactin and fengycin are found in most Bacillus
spp. [32]. The antimicrobial activity of the selected strains may be due to the interaction of
the protease, lipopeptide, and bacteriocin. When the harmful intestinal bacteria increase,
MKHJ 1-1, 13-2, and 19-2 can be expected to stabilize the intestinal flora and inhibit the
harmful bacteria. Based on the results of L-asparaginase, hemolysis, β-glucuronidase, and
antimicrobial activity, MKHJ 1-1 were finally selected.

3.5. Identification of the Isolated Strain

MKHJ 1-1 was Gram-positive, rod shaped, endospore forming, and catalase positive
(data not shown). 16S rRNA sequencing of MKHJ 1-1 revealed 99.84% identity to Bacillus
subtilis subsp. stercoris D7XPN1 (data not shown). MKHJ 1-1 was named Bacillus subtilis
MKHJ 1-1.

3.6. Tolerance to Artificial Gastric Acid and Bile Salt

In order for the probiotic strains to function in the intestine, they must survive during
both ingestion and in the harsh environments of the gastrointestinal tract, including the
acidic condition of the stomach and bile salts [24]. As shown in Table 4, MKHJ 1-1 showed
≥85% survivability at pH 2.5. It was found to have an excellent survival rate of 97.45%
in artificial gastric acid after 3 h. Bile tolerance studies were performed using 0.3% bile
salt, a concentration similar to that of human bile juice. MKHJ 1-1 had 42.39% tolerance
in the presence of 0.3% bile salt. MKHJ 1-1 had higher acid resistance compared to B.
polyfermenticus KU3 and B. polyfermenticus SCD (RSR of 57.25% and 64.83% after 2 h,
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respectively, at pH 2.5) reported by Lee et al. (2015) [33]. At the same time, it exhibits
resistance to bile salt. Thus, MKHJ 1-1 is expected to have adequate stability as a probiotic.

Table 3. Antimicrobial activity of Bacillus strains against pathogenic bacteria.

Pathogens
Antimicrobial Activity (mm)

MKHJ 1-1 1-2 2-2 13-2 17-1 19-2

E. coli
(KCTC 1682) 13.17 ± 0.76 0 0 0 0 14.37 ± 0.58

P. aeruginosa
(KCTC 2513) 16.50 ± 1.41 0 0 16.00 ± 1.41 0 17.17 ± 1.04

S. sonnei
(KCTC 2518) 20.50 ± 1.06 0 0 21.83 ± 0.76 0 20.83 ± 1.26

S. flexneri
(KCTC 22192) 17.00 ± 1.00 0 0 15.80 ± 1.39 0 17.50 ± 0.50

K. pneumoniae
(KCTC 2242) 16.47 ± 0.45 0 0 15.87 ± 0.32 0 17.33 ± 1.53

S. aureus
(KCTC 3881) 13.00 ± 2.83 18.50 ± 2.12 0 16.00 ± 2.83 0 0

B. cereus
(KCTC 3624) 11.67 ± 0.58 0 0 0 0 13.75 ± 0.35

L. monocytogenes
(KCTC 3710) 0 0 0 0 0 0

L. innocua
(KCTC 3586) 0 20.00 ± 0.00 0 17.50 ± 1.41 18.25 ± 1.06 0

Table 4. Relative survival rate (RSR) of MKHJ 1-1.

Treatment
RSR (%)

MKHJ 1-1

0.1% pepsin
1 h 89.88 ± 3.41 b*
2 h 94.77 ± 1.28 b

3 h 97.45 ± 0.46 a

0.3% bile salt
1 h 42.33 ± 1.72 a

2 h 41.63 ± 1.90 a

3 h 42.39 ± 2.05 a

* Values with different letters indicate significant differences (p < 0.05).

3.7. Cell Hydrophobicity

Adhesion to hexadecane (nonpolar solvent) indicates the hydrophobic/hydrophilic
surface properties of bacteria. Affinity for chloroform (polar acid solvent) and ethyl acetate
(polar basic solvent) accounts for the electron donor and electron acceptor properties of
the bacterial cell surface, respectively [34]. MKHJ 1-1 presented hydrophobicity values of
31.70% for hexadecane and higher affinity for basic solvents, such as ethyl acetate, than for
acidic solvents, such as chloroform (Figure 1). These results indicate that MKHJ 1-1 has
strong electron acceptors and weak electron donors. Many studies on the physical chemistry
of microbial cell surfaces have shown that the presence of (glycol) protein material on the
cell surface increases hydrophobicity, whereas the presence of polysaccharides is associated
with hydrophilicity [35]. Therefore, it is assumed that the selected strain was composed
of polysaccharides rather than protein material. However, according to Thirabunyanon
and Thongwittaya’s (2012) [36] report, Bacillus strains with 17% to 57% hydrophobicity in
hexadecane were 2.8 to 4.9 log CFU/well attached in Caco-2 cells. It is expected that MKHJ
1-1 can attach to intestinal epithelial cells during ingestion.
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3.8. Autoaggregation and Coaggregation

In most cases, aggregation ability is associated with cell adhesion properties. Bacterial
aggregation between microorganisms of the same strain (autoaggregation) or genetically
different strains (coaggregation) is of great importance in the human gut [26].

MKHJ 1-1 showed autoaggregation ability with 91.32 ± 0.74% after 24 h (Table 5). The
autoaggregation percentages of B. clausii ATCC 700160 and B. subtilis P223 were reported
to be 93.42 ± 0.86% and 86.03 ± 2.46% after 24 h incubation, respectively [27]. MKHJ 1-1
was found to have outstanding autoaggregation ability compared to previously reported
Bacillus strains. A strain with high autoaggregation ability is known to have high cell
adhesion [35]. Thus, MKHJ 1-1 is expected to have high cell adhesion.

Table 5. Autoaggregation and coaggregation ability of MKHJ 1-1.

Microorganisms 4 h 5 h 24 h

Autoaggregation (%)
MKHJ 1-1 60.60 ± 0.16 b,1 63.03 ± 3.71 b 91.32 ± 0.74 a

Coaggregation (%)

MKHJ 1-1 with
S. aureus KCTC 3881 22.28 ± 1.45 bc 24.75 ± 1.45 b 60.49 ± 2.99 a

E. coli KCTC 1682 16.24 ± 0.81 b 18.74 ± 1.48 b 61.72 ± 1.83 a

1 Different superscript letters in the same row indicate statistical differences in each characteristic (p < 0.05).

Coaggregation ability was tested using E. coli KCTC 1682 and S. aureus KCTC 3881.
After 24 h, coaggregation of MKHJ 1-1 (61.72%) was similar to the results of Jeon’s study
(2017) [27], in which the coaggregation percentages of B. subtilis P223 with S. aureus ATCC
6538 and E. coli ATCC 25922 were 68.96% and 70.19%, respectively. Coaggregation with
a potential pathogen has demonstrated that probiotic strain can inhibit the growth of
pathogens in the gastrointestinal and urogenital tracts by producing antimicrobial sub-
stances [37].

Overall, MKHJ 1-1 exhibited desirable autoaggregation and coaggregation ability as a
potential probiotic strain.

4. Conclusions

In conclusion, MKHJ 1-1, which is isolated from Gochujang, produces L-asparaginase
and is free of L-glutaminase. It also possesses probiotic characteristics, such as excellent
resistance to acid and bile salt, nonhemolysis, non-β-glucuronidase activity, broad an-
timicrobial spectra, and aggregation ability. It is assumed that MKHJ 1-1 can be used
as a probiotic and a potential resource for the production of L-asparaginase without the
presence of L-glutaminase activity in the food industry.
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