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Probiotics have been used in animals and human, and

their effectiveness has been widely discussed [5]. Bacteria

associated with probiotic activity are most commonly lacto-

bacilli and bifidobacteria, but non-pathogenic organisms,

such as Escherichia coli and yeast, Saccharomyces bou-

lardii, have also used. The characteristics of probiotics have

been reviewed extensively, including their survival in gastric

conditions and colonization of the intestine, reduction of lac-

tose intolerance, prevention of antibiotic-induced diarrhea,

prevention of colon cancer, and stimulation of the immune

system such as atopic ezema [3, 12, 13].  

Most in vitro studies of probiotics were confirmed their

positive effect in host’s digestive tract while their effect

could not be guaranteed in vivo system. The reduction of

probiotic effect in vivo system is caused by a complex envi-

ronment of the lower intestinal pH, various digestive

enzymes, and defensive factor in host [2]. The vegetative

cell of Bacillus sp. does not proliferate in the gastrointestinal

tract like other probiotics. However, bacterial spores are

inherently robust bioparticles, so they may possess higher

survival rates through the stomach as well during transit

through the intestine. Therefore, Bacillus sp. may possess

higher survival rates through the stomach without other

expenses during transit through the intestine. Bacillus pro-

biotics include commercial strains, such as Bacillus licheni-

formis, Bacillus subtilis, Bacillus coagulans, and Bacillus

polyfermenticus [6, 10, 16]. Therefore, the aims of this

study were to investigate the probiotic properties of isolated

Bacillus KU801 strain as probiotics for animal use. 

Bacillus KU801 strain was isolated in the condition of pH

3 for 1 h and incubation at 80oC for 30 min using tryptic soy

broth (TSB, Difco, Sparks, MD, USA) from chicken feces.

This strain was cultured in 100 ml of TSB in a 500 ml baf-

fled flask with shaking at 37oC. This strain was stored at -

70oC in TSB with 20% (v/v) glycerol. 

Bacillus KU801 strain was Gram positive and rod-shaped

bacteria. Analysis of 16S rRNA sequences showed that

strain KU801 had 97% similarity to B. amyloliquefaciens

(Fig. 1). Based on these results, strain KU801 was finally

identified as B. amyloliquefaciens KU801. B. amyloliquefa-
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ciens was originally reported as an agricultural biomaterial

[4], therefore B. amyloliquefaciens KU801 was investigated

about its potential probiotic properties. 

The method of Kobayashi et al. [11] was used to analyze

the artificial digestive fluid tolerance of B. amyloliquefaciens

KU801. Vegetative cells of B. amyloliquefaciens KU801

was shown low survival rate at gastric juice (pH 2.5 with 1%

pepsin), whereas spore cells of B. amyloliquefaciens

KU801 was shown high survival rate (Fig. 2). Similarly,

most described Bacillus species cannot proliferate in the

gastrointestinal tract, and also have no normal interaction

with the gastrointestinal tract [9]. Bacterial spores as probi-

otics was reported as the strain B. licheniformis, B. subtilis,

B. polyfermenticus SCD, B. clausii, and etc. Spore cells of

B. polyfermenticus SCD and B. licheniformis were reported

high survival rate against artificial gastric juice [8, 10].

These spore cells were acid tolerant and reached the intes-

tines without activity loss. In artificial bile acid (0.3% oxgall),

vegetative and spore cells of B. amyloliquefaciens KU801

was shown high survival rate without activity loss (Fig. 3). In

artificial bile acid, B. polyfermenticus SCD was reported

Fig. 1. Phylogenetic tree based on 16S rRNA sequences

showing the position of strain KU801 and representatives

of some related taxa. 

The scale 0.1 substitution per nucleotide position.

Fig. 2. Survival of (A) vegetative cells and (B) spore cells

of B. amyloliquefaciens KU801 in artificial gastric juice. 

○, Non-treated with artificial gastric juice (control); ●, treated

with artificial gastric juice (pH 4.0, 1% pepsin); □, treated with

artificial gastric juice (pH 2.5, 1% pepsin). 

Fig. 3. Survival of (A) vegetative cells and (B) spore cells

of B. amyloliquefaciens KU801 in artificial bile acid after

treated with artificial gastric juice (pH 2.5, 1% pepsin) at

37oC for 2 h. 

○, non-added bile acid after treated with artificial gastric

juice (control); ●, treated with artificial gastric juice and bile

acid.
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high survival rate against artificial gastric juice [8], but B.

licheniformis was shown low viability below 25% [9].

The enzyme production of B. amyloliquefaciens KU801

was investigated by using API ZYM kit (BioMerieux, Lyon,

France). B. amyloliquefaciens KU801 did not produce the

carcinogenic enzyme, β-glucuronidase. Alkaline phos-

phatase, esterase, and esterase lipase were produced.

Murine macrophage cell line (RAW 264.7, KCLB 40071)

was used for NO and IL-1α production, cultured in Dul-

becco’s Modified Eagle Medium (Gibco, Grand Island, NY,

USA) supplemented with 10% fetal bovine serum (Gibco)

and penicillin G (100 U/ml, Sigma, St. Louis, MO, USA)/

streptomycin (100 µg/ml, Sigma) at 37oC in a humidified

5% CO2 incubator. These supernatant or concentrates of B.

amyloliquefaciens KU801 were treated in RAW 264.7 cell

line. The production of NO was measured by using Griess

reagent (Sigma, St. Louis, MO, USA). IL-1α production was

measured by the quantitative ELISA with commercially

available kits (Koma Biotech Inc., Seoul, Korea). NO pro-

duction of polysaccharides, flavonoids, and phenolic com-

pounds in Lipopolysaccharides (LPS)-activated RAW 264.7

macrophages was reported [7, 13]. The supernatants of B.

amyloliquefaciens KU801 suppress NO production in LPS-

activated macrophages. LPS treatment of macrophage

cells elevated the oxidative product of NO (34.53 ± 2.20

µmol/l) was compared to LPS-untreated negative control

(3.81 ± 0.09 µmol/l). Also, treatment using the supernatant

of B. amyloliquefaciens KU801 in LPS-activated macroph-

ages decreased oxidative stress by suppressing NO pro-

duction (12.22 ± 0.22 and 8.50 ± 0.18 µmol/l in case of 50

and 100 µl of B. amyloliquefaciens KU801 supernatant,

respectively). IL-1α stimulates the growth and action of

immune system cells that fight disease. The treatment of B.

amyloliquefaciens KU801 produced 444 pg/ml of IL-1α.

Chungkukjang fermented with Bacillus spp. strains pro-

duced about 100 pg/ml of IL-1α [1]. The non-lipopolysac-

charide component of Lactobacillus acidophilus (La 1)

stimulates the production of IL-1α and TNF-α by mouse

macrophages in vitro as our results [14]. 

Fig. 4 shows the antigenotoxic effect of B. amyloliquefa-

ciens KU801 against MNNG (Fluka Co., Buchs SG, Swit-

zerland) in phagocyte cells using the comet assay [15, 16].

Firstly, lyophilized B. amyloliquefaciens KU801 (vegetative

or spore cells) was suspended in Hank’s balanced salt

solution (HBSS) at a concentration of 0, 10, 25, and 50 mg/

ml. Each suspension was then preincubated with MNNG at

a final concentration of 50 µg/ml for 30 min in a shaking

incubator (37oC, 150 rpm). The increased DNA damage

induced by MNNG was significantly inhibited by preincubat-

ing MNNG together with the vegetative cells of B. amy-

loliquefaciens KU801 in a dose dependent manner. The tail

intensity of vegetative and spore cells of B. amyloliquefa-

ciens KU801 was significantly decreased by 21% and 51%

versus the positive control at 25 mg/ml, respectively. Nota-

bly, the extent of comet formation in cells treated with 50

mg/ml of B. amyloliquefaciens KU801 was lower than that

seen in the PBS-treated negative control. These results

provide new insights into the mechanism of the anticancer

properties of B. amyloliquefaciens KU801. As a result, B.

amyloliquefaciens KU801 could be used as feed additives

having immunomodulatory effects.
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국문초록

면역조절능과 유전독성 억제능을 가지는 Bacillus amyloliquefaciens KU801. 이나경1, 김소연1, 장효일2, 박은주3, 백현동1
*. 
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닭분변으로부터 면역활성능이 뛰어난 KU801 균주를 분리하고 16S rRNA 서열분석을 통해 Bacillus amyloliquefaciens KU801

로 동정하였다. B. amyloliquefaciens KU801의 영양세포와 아포세포는 인공위액 (pH 2.5, 1% pepsin)과 인공담즙 (0.3% oxgall)

에 대한 저항성을 나타내었다. B. amyloliquefaciens KU801은 산화질소 (NO)의 생산을 감소시켰으나 인터루킨-1α (IL-1α)의

생산은 증가시키는 것을 확인하였다. Commet assay를 통한 유전독성능에 미치는 영향을 확인한 결과, B. amyloliquefaciens

KU801을 첨가하였을 때 DNA 손상을 처리 농도에 비례하여 감소시키는 것을 확인하였다. 이들 결과를 토대로, B.

amyloliquefaciens KU801은 사료용 정장제로서의 이용 가능성을 확인할 수 있었다.


