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Characterization of a Thermostable Protease from
Thermophilic Bacillus amyloliquefaciens NS 15-4

Hyung-Kwoun Kim, Kee-Hyun Kim, Jung-Kee Lee,
Young-Ok Kim, Hee-Sop Nam' and Tae Kwang Oh*
Applied Microbiology Research Group, Korea Research Institute of Bioscience

and Biotechnology, PO. Box, 115 Yusung Taejon 305-600 Korea
'Research and Development Center, Nong Shim Co., Ltd, Kyung-Ki 435-030, Korea

Abstract — A thermophilic bacteria showing proteolytic activity against defatted soybean was isola-
ted from soil. It was identified as Bactllus amyloliquefaciens based on its morphological and physio-
logical characteristics. The Bacillus amyloliquefaciens NS 15-4 was cultivated at 50T by rotary sha-
king in a medium containing defatted soybean. An extracellular protease from this strain was
purified to homogeneity by ammonium sulfate precipitation, ion exchange, and hydrophobic interac-
tion chromatographies. The molecular weight of the enzyme was estimated to be approximately
30,000 by SDS-PAGE and the N-terminal amino acid sequence of the enzyme was turned out
to be AQSVPYGISQIKAPA. The optimum temperature and pH for the enzyme reaction were 60T
and 11, respectively, and its thermostability was increased by the addition of calcium ion. The
enzyme was inactivated by phenylmethylsulfonylfluoride, suggesting it be a serine protease. Compa-
ring with other commercial proteases, the enzyme showed relatively high proteolytic activity against
defatted soybean, a water-insoluble protein substrate.
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o | (polypeptone 5 g, yeast extract 5g, defatted so-
ybean bg, K.HPO; 2g KH,PO; 2g MgSO,-7H,0
0.1 g, agar 15 g/1000 mi)ol] =23} 50T} 4] 154 7F
Fob wiFaisich. 444 colonyE £ oA o
Aviergr H, vledtso-8 DR]diFeH(defatted soy-
bean)& 7|AHE ARS-gF whelAl JlpREas 24
LA vl | (defatted soybean 1g, agar 1.5 g/100 mi)el]
Wl b5Cel A 14)17F whg3l-S uf A 7o) 1cm 9]
el FH s nte 7S 138 AdEedc) Alas
WA Hal A A bR aaie] AR A
dap NA oA AEHe g A7l FAFHE )2
TARE 2, 3R A FTE Ay 1, ?f—r-“ o}-§-22 9]
B7bel] A8 A B4 0] gl #F8 "k 4319
AA 245 34 NS 164 75 A=s)sich

ol 5 &A3t7] HNA o] F9 FuA, uloks}
A, Aeld EAS Bergy's manual(12)e] F8le] =
Abslelar, wb2] AlZEu) 2|ubab 2418 GC-MSE 3
A&, MIDI A1 ~=(13)9] dlo]ele}l u]waledct

a0 Ma

Anbdd 2 & A AFS- vl X (defatted soybean 5 g,
yeast extract 5g, K;HPO, 2 g, KH,PO, 2 g MgSO,:
7H,0 0.1 g/1000 m/)el|l -F3lo] 50CellA 8217k &
s oFsteint. A ARGl =] 3eiE el Fejoks 2%
o g HEI E 50T F7]1EUE 1.0vvm,
AREEL 400 rpme HFEEA 02 12A17) Fob Hul
¥slsict.

g4 HH|
gl oFAFS-el ol ammonium sulfates 30% ¥ 3}%
A 7hsbal, S HAAEE AR Ele] Al A
U}A] ammonium sulfate3- 80% ¥3}%] A 7}3}od A
97 JAEe Aololeh o YUEe ivkel 3
ANB0mM Tris-HCl, pH8.0)2. 2 &3)A)z] & 78
st3- oz 3uje|4 3xbd] FAsledch FAME 54
od-S 30mM Tris-HCl 2H(pH 8.0)o. & 3 3}s}
DEAE-sepharose column(3.2X17.2cm)el] 217 =l
byt o v v FE gl AL 82171 & KCIE 0
MY-e] 0.5 M2 Fx71% F7MA 71 A F2pbehl Al g
TAH o v §-FAF o) DEAE-sepharose column&-
23 AL #HEEE Nol FHF ¥ FAHE S
}Oﬂl 2k5=-2- 10 mM potassium phosphate(pH 7.0)
% x|5hgl & Eolal skEolo T sl slA]zl CM-
sepharose column(3.2X17.2 cm)ol| 231 v] 532
g 427l & KCIS OMAEE 03M2] =577

=l
7 AE A FEAG A S SRR B-F4H.
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CM-sepharose columng E3] & AR L wol

5% F F4E FYste] 9348 10 mM potas-
sium phosphate, 0.5 M ammonium sulfate & ]335}
¥ 4 5o H¥3LAz2] phenyl-sepharose
column(3.2 X8 cm)ol|l ¥ 3 ammonium sulfate® 05
Mol 0Me FE712] Az} 724471dH4 T2

WAL B-FA)7|e W oZ §48 A5k}
THEA HE

Bradford WH(14)-8 ©]-8-3} protein assay kit(Bio-
Rad Lab., Richmond, Calif, US.A)E A}&3led cimy
AS HaFstgl o, o]y TFIN A hovine serum
albumin-g AH&-3}gic}.
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chl Al 7l R-sl § 4 2] o7} Matsuzawa 83HH(15)
ol <3l Hammarsten caseing 7]& 3 A}4-3}o]
37Co A &#3}edcl. Hammarsten caseing 10 mM
potassium phosphate buffer(pH 7.0)ol] 0.6%(w/v)Z
o] 7| g e AlSsleich 7|A 8 3miel &
AN 05mig Y 37Ce A 3087 kg A]q] ohe
TCA(0.44 M Trichloroacetic acid) 3.2 m/-& 7}3}od

S FA XTI ARl A 2087 WFA)A)7) &
Whatmann filter paper(No. 5)el] o33}a]7 <le 8ol

o] FREQTBmE FAskdch A4 o7t 1
unit= 37Ce A 18 Fob FEE 018 F7H)7)&

Eael oke AMabsich

Holds

A shefdlade] Feldre) Exleks
8L7] #3}ed Laemml 5(16)2] v wel Sodium
dodecylsulfate polyacrylamide gel electrophoresis
(SDS-PAGE, 10%)2 #38313d 31, Coomassie brilli-
ant blue R-250 £-<4(40% methanol, 10% acetic acid,

0.125% Coomassie brilliant blue R-250)& A}-£-3}o]
ka2l )= 2 o A0 E)edc),

N 2 olo|ist MEHEH

o] A4 Al RE U7 & N "ol o}nm
L4t Aed& BAsleich SDS AU E S g
Trans-Blot kit(Bio-Rad Lab., Richmond, Calif, U.S.
AYE AH8-sl A bl Al wi= B polyvinylidene difluo-
ride(PVDF) membrane 2 2 %7 tH17). PVDF mem-
brane Are] whuiAe| 3] Edman degradation 4}
o oluxAb MdLE F-AslelcHApplied Biosys-
tems model 471A Protein/Peptide sequencer).
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24 M-S Ao B 4xfel| Ax A A 5
NS 15-47} sajdFubef| gt Falseo] HAAuH,
A Alshes bl AR d A2 Aok Ade] -4
¥ ooluje} oA wjokr]e] &9 rirt bA AL whg
»E Alg3 BT EAS vlx)x] ¢ A
o 7wt 75 NS 15-42 8okl 9] JhafolH
A E el E2FE 7l g) e catalase FAlo) gl
Bacillus %2 A& & 7 ek el dA3#
R7pA| mae] AAAE 2AREE A3 Table 1o v
ehd wie} 7ol Bacillus amyloliquefactens(12)2] %
Axl T3z, 53] AlzEe] 2kl 2419
Table 2ol vtebyt vle} 7te] 15 0 iso, 15 : 0 anteiso,
17 1 0 iso7} F A|¥hake 2 el MIDI(13)4] Z
22} v|32%y A3 Bacillus amyloliqufaciens 2. 33+
T 9oy Relsl #FFF Bacillus amyloliquefaciens
NS 1542 w=stgdc)

Table 1. Microbiological characteristics of the isolate
strain NS 15-4

Characteristics Results

Gram stain positive
Spores ellipsoidal
Sporangium swollen negative
B-galactosidase (ONPG, PNPG) posttive
B-glucosidase (Esculin hydrolysis) positive
Lysine decarboxylase negative
Catalase positive
Indole production negative
Gelatin liquefaction positive
Nirtare reduction to nitrite positive
Motility positive
Utilization of glucose positive
arabinose positive

mannose positive

mannitol positive
N-acetylglucosamine positive

maltose positive

gluconate positive

caprate positive

adipate positive

malate positive

citrate positive
phenyl-acetate negative
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F40 22
B. amyloliquefactens NS 15-4 #3-& 12A]7} wj cgz
2wl ekAtZolo]| ammonium sulfateZ 30% i
stelAl 7heted, AR AAES fAEelsle] AA
&t thA] ammonium sulfate-s 80% EE.SE}E] :4] 7]—6’»
o AMHH HAEE HeAdch o
e A ﬂ-aﬂx] 7 & ke o a]ud
EA% 5§ 408 30 mM Tris~HC] 9]"5’ 1(pH 8.0)
3}5t DEAE—Sepharose columnel] 7}3}eq
Fig. 17} 72 5709 =93 peaksE ¥
BlE2 B9l #3118 F2elA] pro-
tease®] EAJE 7FAl= HbH, A 4009 oA

peaksoll A+ protease AL #A3FH Holx] ¢roic}

r-?L'

Table 2. Cellular fatty acid profile of the isolated strain
NS 154

Fatty acid Content (%)
14 . 0 1s0 1.82
14 . 0 —

15 .0 iso 27.08
15 - 0 anteiso 32.53
16 . 1 w7c¢ alcohol 0.94
16 . O 1s0 4.06
16 : 1 wllc 2.02
16 . 0 491
1so 17 0 1 wl0c 3.58
17 1 1so [/anteiso B 1.18
17 . 0 1s0 13.95
17 . 0 anteiso 7.94
0.4} Té'
3
— 10 -
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Fig. 1. Chromatography of crude enzyme on DEAE-Se-
pharose CL-6B column.

Enzyme was eluted with linear gradient of KCl in Tris-
HCI buffer, at a flow rate of 50 m//h and the volume
of each fraction was 10 ml.

®. Axom; O, protease activity
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Fig. 2. CM-Sepharose CL-6B chromatography of active
fractions from DEAE-Sepharoe CL-6B column.
Enzyme was eluted with linear gradient of KCl in pho-
sphate bulfer, at a flow rate of 50 m//h and the volume
of each fraction was 5 ml.

®, Axoan; O, protease activity
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Fig. 3. Phenyl Sepharose CL-4B chromatography of
active fractions from CM-Sepharse CL-6B column.
Enzyme was eluted with decreasing gradient of phos-
phate buffer containing ammonium sulfate at a flow
rate of 40 mi/h, and the volume of each fraction was
2 mi,

®. A O, protease activity

ol ez Hol Felstuzl sl Aokl pHr)
8.0 ¢lAtelzlr FA=|o, protease &Alo] S+
ks Wol WA ZHglie g (CM-Sepharose CL-6
BE AbE-gled REHZ HA, Fig 204 Jepdt v}
;;;_-o] KCl %7} 02 M7= 27121 #H A protease )

525

Fig. 4. SDS-PAGE of the protease

Lane 1: molecular weight makers, lane 2: culture supe-
rnatant, lane 3: after DEAE-Sepharose CL-6B chroma-
tography, lane 4: after CM Sepharose CL-6B chromato-
graphy, lane 5. after Phenyl Sepharose CL-4B chroma-

tography.

H7E zhs b A peakE U o] wiwiAg w
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Fig. 5. Effects of temperature on enzyme activity and
stability.

The enzyme was assayed at various temperatures and
assayed again after incubation at various temperatrres
for 30 min.

O, stability of purified protease; [, stability of crude
protease; @, protease activity

Table 3. Thermostability of the protease NS 15-4

Heat Crude Purified Purified
treatment enzyme®* enzyme enzyme
(10 min.) (%) (%) +10 mM

CaCly; (%)

None 100 100 100

40C 100 92 99

50T 79 49 70

60T 49 21 25

70C 15 15 18

*Crude enzyme: culture supernatant

e o] Zrle] ulE cialApxe] WA P ol
autoproteolysis®] 2% F712 AHEHIL UTK18).
A4l 2, Table 3ol 4 2} 7He] crude enzyme} purified
enzyme?Zte} detAAdo| A zpelv=d|, o] A& &
47} 422l "d<E autoproteolysis 7]3]7} H7)=
7] W el dojrhs AAYSE o 5 Qdch 3, o
nyol WdMELE Ca o]&o o3 ddAAe
Zrbehe Ao RHIEYEU(19), o] A HS5
i 10mM F%92 Ca o] 23] gt F
7t&tedci(Table 3). o712 o]&i A9 FZ2 Wl Ca ©]
L AR} g)oem, Ca oj3te] A T
w2 9] 3z} FR7F AR 2EZTld o5 A
HA = R] ¢7] w-Felel FA R

40 tidt pHe| A&t
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Fig. 6. Effects of pH on enzyme activity and stability.
The enzyme was assayed at various pHs and, assayed
again after incubation at various pHs for 60 min.
O, stability of the enzyme; @, protease activity

Table 4. Effects of inhibitors and metal ions on pro-
tease activity

Relative actinity (%)

Reagents

1 mM 5 mM
None 100 100
PMSF 1.8 0
EDTA 10 7.2
KCN 99 110
L-Cystein 52 10
N-Ethylmaleimide 100 200
1,10-Phenanthroline 82 80
SDS* 23 2.8
CaClz 94 80
ZnCl, 44 6.0
HgCl, 18 4.0
MnCl 72 13
MgCl, 92 88

*SDS were used 1% and 5%, respectively.

pH7} o] #A4e] &g vx|= 38§ 24V}
sty pH 694 pH1371x] z} pHEZ 1 A&
ZAgF A3, Fig 69F Zo] &4k 24 pH7| 11
olgdr}, o] &A49] pH HAHAME FAFe7] 213t pH
4ol A 13712 Z}7}e] pHell A4 60%7F wizlgk & %
Z3 48 245 A7, o} A4 pH 894 pH 1271#]
obAgE atze]Al aangle] whe )

chUE IS E S A XSRS 23
B el g whl AR & s el Ao T4
o] &9] <dgre atolmy] glate] 727t HEEEr}
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Table 5. Comparison of the N-terminal amino acid se-
quences of NS 15-4 and other proteases

N-terminal amino acid

Proteases sequences

+1 +15
Subtilisin Carlsberg AQTVPYGIPLIVAAYV
Subtilisin DY AQTVPYGIPLIVAAYV
Subtilisin Amylosa AGSVPYGISGIVAPA
Subtilisin BPN’ AGSVPYGVSGIVAPA
Apr A AGSVPYGVSGIVAPA
NS 15-4 AQSVPYGISQIKAPA

Table 6. Proteolytic activities of various enzymes on
defatted sovbean and hemmarsten casein as substra-
tes

Enzymes Defatted Hammarsten D.S/H.C
soybean casemn (%)
(unit/nv) {unit/m/)
Protease 2.9 3.1 93
NS 154
Trypsin 5.9 7.9 74
Papain 8.3 9.8 85
Elastase 6.6 9.6 69
Thermolysin 9.4 9.5 99

1 mM, 5mM =] A :147].@}.:,:1 A& 3148 243 4
7}, metalloprotease2] #sj#<l 1,10-phenanthroline
o] el B AhgA] o] A AHaA] kot se-
rine7]ol] #H§-3h= PMSFoll 93] 7ZF3bA] s #h&
7o 2 HE] FAIAFE 0 serine”|E ZH= serine

protease & FA ¥ rHTable 4). F5HolL Folli+=
Zn~ ', Hg'' ol& 5ol osiA &Ale] IA A+
et

N 2t ofo|cite] MEEH

o] AA49 N gl olujiabd s F-AM3F Ayt
Ala-Gin-Ser-Val-Pro-Tyr-Gly-lle-Ser-Gin-lle-Lys-
Ala-Pro-Alac. & wt& HcKTable 5). B. amyloliquefa-
ciens— metalloprotease®} serine proteases 48}
= Aoz odelx 9Je=d|(20). ©o]FollA serine pro-
tease2] &<l subtilisin BPN'¢] F-xleke} & 2 yl-$-
pH 2l pH st Adell 2ol & <179 il
7R 4l protease NS 15-49} f-A}8bsict. L
2JL} Table 514 o+ = 915=¢] protease NS 15-4+
subtilisin BPN'#}& N the] efe]m 4l A{do] o}&
AlgF s ARl as g S Edo)

&+A, protease NS 15-4+= Hammarsten casein®]
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