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Abstract

In this study, three GRAS (generally recognized as safety) strain was isolated from Doenjang and Cheonggukjang
and identified as a protease-producing microorganism, following the appearance of a clear zone around its colony
when cultured on a medium containing skim milk. Based on an analysis of the nucleotide sequence of 16S ribosomal
RNA, the strains wereas identified as Bacillus amyloliquefaciens and wereas therefore named Bacillus amyloliquefaciens
CDDS, Bacillus amyloliquefaciens CPD4, and Bacillus amyloliquefaciens CGD3. Here, we analyzed the protease
and o-glucosidase inhibitory activities of the three B. amyloliquefaciens strains. Among the isolated strains, B.
amyloliquefaciens CGD3 exhibited the highest protease activity (9.21 U/mL, 24 hr). The protease activities of B.
amyloliquefaciens CDDS5 and B. amyloliquefaciens CPD4 reached 1.14 U/mL and 8.02 U/mL, respectively, at 48
hr. The proteases from the three B. amyloliquefaciens strains showed the highest activities within a pH range of
8.0-9.0 at 50°C, and casein was found to be the preferred substrate on evaluating enzyme activity in the substrate
specificity assay. The B. amyloliquefaciens strains exhibited maximal growth when the nutrient broth medium had
an initial pH within the range of 5.0-10.0, 6-9% sodium chloride (NaCl), and 5% glucose. B. amyloliquefaciens
CDDS exhibited a low o-glucosidase inhibition rate (5.32%), whereas B. amyloliquefaciens CPD4 and B.
amyloliquefaciens CGD3 exhibited relatively higher inhibition rates of 96.89% and 97.55%, respectively.
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Zo] #2lsAth 0.85% sodium chloride(Duksan pure
chemicals Co., Ltd., Seoul, Korea) & 9 mLE £33}
108 s|A o m S g T, Zpztel| 34 100 uLE
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Fo A&7k & mAEQNRA] Fstr] fsted 16S
ribosomal RNA 32t 47144 £4& &3 #5858 =
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At} Protease &4 Kunitz'y (20)2 W a8 sle] =4 3515
t}. A1 0.5 mL%} 50 mM sodium phosphate £+5=-84(pH
7.0)= ©]-8-3F 0.6% casein 8-} (w/v, Duksan pure chemicals.)
0.5 mLE 7Fekar Z & &-242(BS-31, Jeio tech)E ©]-83
o] 37C, 100 rpmellA 30E7+ ¥HAIZl & 044 M
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3k 43S e WA GRAS T|ABEQ! 3709 protease
A2 A6 D}(rable D). #FH 2= 168 ribosomal
RNA 37t €71 €2 o] &3kl BLAST £43 23}
Yo 3 A dFE B5 Bacillus amyloliquefaciens®t
98~99%2] FAMdS o™ 212t Bacillus amyloliquefaciens
CDD5, Bacillus amyloliquefaciens CPD4 2 Bacillus
amyloliquefaciens CGD3Z H3l3ith Jung22)> B
amyloliquefacienss ©|-83lo] F TR LR 2EE 2
& JTAS A28 T, Le E(23)£ H@Fo = HE e
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Table 1. Identification results of the strains isolated from
Deonjang and Cheonggukjang

Regions Isolated strains Species Id?%t )1ty
Daegu-si Bacillus
Dalseong-gun CDD5 amyloliquetaciens %
Gyeongsangbuk-do Pohang-si CPD4 amy/fzgzzlgab - 9
Gyeongsangbuk-do Bacillus
Gumi-si CGD3 anyloliquetaciens %

HjfAlZto| M2 =] 8 protease #d

-2l¥l B amyloliqueficiens CDDS, B amyloliquefaciens
CPD4 9 B amyloliquefaciens CGD32] 8] FA|ZHE A& =
o} proteasefﬂ/H < Fig. 13} 2th. 2} #59] A== 124
b vkt S Wl B amyioliquefaciens CDD5, B
amyloliquefaciens CPD4 2 B. amyloliquefaciens CGD37}
77k 7.13, 7.18, 7.32 log CFUmMLE H U] AHEE B o
™ protease 24 -2 0~6A| {H7hA] = protease /g ©] YERIA|
kit 6A) 7k protease%/‘é o] Az} F7lsle= A
HolZth AHSE 12~24A7F vl 2kA] H A S0] £
T} 244]3F o] B Ao AT Protease 243
93k HuAYSS frRlsks 24Xt Wi Al B anploliqueficiens
CGD3+ 921 UmLE 7H & 84S Jeilw, B
amyloliquefaciens CPD4+= 6A]7F o] & 7<1 Z7 o0 2 A§o]
Z71sltl7l 48417 i) 8.02 UmLE =& 248 el
Wt o= Ahn F@®)°] A= 2 5E el Bacillus
strains % B subtilisE 2417+ W%k A] 71 =2 protease
gado] oF 8.00 UmLe| o™, B amyloliqueficiens 5% <
24713 ¥ F AT °F 2.00~6.00 U/mL2] /32 VFEhA AT
olef] wje} B AtollA w23 B amyloliquefaciens 15
% B amyloliquefaciens CGD3 157} -5} protease 23
= Zte TS GRlsiinh oY AaE Skl B
9, 12A]7F o] 3w ko]l Q=W protease B4 A E 7
g Aoz AAREM Lim 524)0] d7-ddtel] nr=r Ao
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Fig. 1. Growth curve (A) and protease activities (B) of Bacillus
amyloliquefaciens strains CDD5, CPD4 and CGD3 isolated from
Deonjang and Cheonggukjang.

The data are expressed as the meaniSD (n=3).
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T2 ZAAFEE A A22H A5E (2015)

Uelydth o] Kim(25), Hwang 5(26), Moon 5(27), Kim
528)°| Bacillus sp.] alkaline protease®] 2% pH”}
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Fig. 2. Effect of pH (A) and temperature (B) on the protease
activities of Bacillus amyloliquefaciens strains CDDS5, CPD4 and
CGD3 isolaed from Deonjang and Cheonggukjang.

The data are expressed as the meantSD (n=3).
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YeRN Y. B amyloliquefaciens CDD5% 40~50C ol 4]
75% °17%, B amyloliquefaciens CPD4+= 40~60TC oA 73%
o\, B amyloliquefaciens CGD3E 40~60Col A 80% °]7
& HABYL BTk o] ATHE protease Y HA L
%7} 30C<! Kim 528)2] <1<} vlwshd & o] #F
7}tk e A LEE UEhion, Kim@s)] Ao
2RE e Bacilus subtillis JK-1°] 2 257} 55T
Azkst AT oleld Az B ) Feld T
odZhe] ¥ 919l pH 8 0~9.0, 50°Cell A # i protease %W—
el = 545 B3len, Bang 5(29)] A2}l
pH 10.0, 50C2] =AA ] &8 Yepd alkaline
protease®] 5732} FAFSFAT protease®] 7] ol ti gt o]
’dE 13t A3} Table 29} 22 B amyloliquefaciens
CDD5, B amyloliquetaciens CPD4, B amyloliquefaciens
CGD3 Al #F B caseing 7| A& AHE3IAS W 713
=2 protease A1 S K3 01 skim milkS 7] A 2 A}-&3
A= v 4534, 5724 B 67.12%°] LS ISk o=

im 5(30)°] vlFoll A T2l S g aaitete
Rhizopus stolonifer, Rhizopus oryze % Absidia corymbifera
¢} 28 A3 E 5 Hammastein casein®] o3t 7|2 E-0]A]
o] 7V} ot fraket Ak YEhil e, Byun S(31)°l
AZu| ol A 5213t Bacillius subtillis YG-95% soy protein
isolate(SPI)7} casein .t} A v} Aol gt AutE Yeh
Atk

Table 2. Substrate specificity of an proteases from Bacillus
amyloliquefaciens strains CDD5, CPD4, and CGD3 isolaed from
Deonjang and Cheonggukjang.

Relative activity (%)

Substrate
CDD5 CPD4 CGD3
Bovine serum albumin 0 0 0
Casein 100 100 100
Egg white 347 17.44 1.95
Elastin 0 0 0
Skim milk 4534 5724 67.12
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CDD5, B amy]o]jquefz'zciens CPD4, B amyloliquetaciens
CGD39] & ASEAS &lslr] $18] 7] pH, NaCl,
glucoseE 2]+ ulj#] oﬂ"ﬂ 5 st AS5542
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Fig. 3. Investigation of growth conditions of Bacillus

amyloliquefaciens strains CDDS, CPD4 and CGD3 isolaed from
Deonjang and Cheonggukjang.

The incuvation was carried out at 37°C for 24 hr and then cell growth was analyzed
at absorbance 600 nm, (A) The effect of pH on the B amyioliquetaciens CDDS, CPD4,
CGD3 (B) The effect of NaCl on the B ampyloliguefaciens CDD5, CPD4, CGD3 (C)

The effect of glucose on the B amyloliquefaciens CDD5, CPD4, CGD3. The data are
expressed as the meanstSD (n=3).
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A3 & 4= U3 pH 50 ©]3L, pH 100 o]/ 71
Me EeE BE dF7F Aol A5 AstE ] pH
3.0, pH 11.02] 20X #F A& 7<) gelsx] gsitt
B amyloliquefaciens®] W8/3-2 &21317] 98] NaCle &
=R H7F A dA e AEE5ES IRl 23 B
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e 1@ v R de 239 2stelA] dE s
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A FHETR acarboseTHF 53 A ZHE e
WS 2015} th(Fig. 4). B amyloliquefaciens CDD52] 73 -
a-glucosidase A& Ao UePfA] FIAT B
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gelste] 2 A E Fejgk o w3 g@rstE At

T2 ZAAFEE A A22H A5E (2015)
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Fig. 4. Effect of culture media on the a-glucosidase inhibitory
activities of Bacillus amyloliquefaciens strains CDD5, CPD4 and
CGD3 isolated from Deonjang and Cheonggukjang.

MeantSD (n=3) with different letters above a bar are significantly different by Duncan’s
multiple range test (p<0.05).
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