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Bacillus amyloliquefaciens psychrotrophic straino] $8} 31 A X 9] Tl 3 71438 £2F A A 8} o], endopeptidase
SA o B B4 L EA 31515} Protease SEI10Z B H A A= Al W) 32 leucinesl] 972 © peptide A 33t
£ 745233} endopeptidase2. 2H-4- 9t} BAE Eo| g olv) At A7) o 2H4-3}= sparAl Al o ik-$-3H]
& o Hae] GAFS 0] Fedste olu]eAl A7) 7t SAHYE = AAG o) AHE P & e
serine& %A} 5= PMSFe]| 2] 8] endopeptidase ¥4 o] -4 3] A 5120, 7284 7157 & £4 3 =+
S04 o) o8 A 59T, lysine 244 3= PLPY| SN & 8-S 1A 4sich o] AL £ Ao
endopeptidase ¥4 o serine¥} aspartic acid 7] 7} #ed 3= A & Ju| o} F2H O 2 Jeucine S EH = FE
Aol bestatin® A4 2] endopeptidase A AAH o2 A3l
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@ i) Ghae WA FAH A JREEsE S
she daolo) o vhild ylRE| A a4 S5
2l 7157 (functional group)oll T2} serine protease S, aspartic
proteases, cysteine proteases$} metalloproteases 4 F-F% U o]
Ak, APA o R o fF R dld riitslaie
A 9 o] wE sl asoln, Bacillus 0 &k
uj Al 2o 93] AWAHTE Bacillus subtiliss %9 serine X
metalloprotease® AL 9Z FH|tH, 0|52 EF signal
peptides L= ATEHRZ AT AP ® o oA
T4 & FHL Eal processingE o] AE wpRoz YIith9).
W 20} pacteria =4 @A TR R e 2 WLl pH
ANMpH 5-8) B44L 7T duldoz e E AEEE 7
o, 7l WgolAd FEY wEEES Holr] wiE
bacteria =4 T2l 7R & 7R H food proteins:

TRl B AR AFEAdA B} {8814 o]
Z-8- 5 food hydrolysate®] 7HE3-g ol A
sheE A 24T

o] etk M2l FA protease= 71 Ao A]
oh]iate]] =& T E zhe Fo] 1 BAoth Al
] o E Vel EAE 4] pH (pH 10014 &2
L B9 71E Bolds Ko, o]Ee] &4
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A o] &-H 1 ATh2).
B dpaE WS 0jF<] X7 £ (rainbow trout)]
2NN B8 Bacillus amyloliquefaciens S94 A 4 H-8]
9 casein ¥ gelatin® 7152313k, protease SE910Z FHE
Thild JleRa)E49] endopeptidase Ao HHA 54E
A3l ol& sl 71de] A 9 A4ZA #EHE o]
Ak BAE|Ye] B4 olvleal Fvle whgahe AAE AL
gt EAE S U 11 848 #4935k 640 &
A oprl=2t 27)7F A2k B30 T = BT

60°C 5291 Aol g oluh. oleiF 5402 <l
Q7] WA SR EsEe] 4Es
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chalz 71 RS E 45 San 5 (7)2] SPHOE B amyloliquefaciens
S94E 1% casein®] X TE JufR]ol] HEFst] 30°ColA] 20
A1ZF wjj k3t wjokel © E HE] ammonium sulfate 23 2 (60-
80%), QAE-Sephadex L EZvFE 123, SP-Sephadex ABulEL
2§32} Sephacryl $-100 ZZrtE Y] WHE ARESo] £
Belslygt 4 Badhs weke Wl A s ase] 97t
£ azocaseing 7| A& AFE3lo] AT

protease &4 £73

il LR EA BALS Son 5 ()] WRHoE S4BT
T WReEFEe] 2AL 50 mM Trs-HCl (pH 8.0), 712 (0.2
mM N-succinyl-Ala-Ala-Pro-Leu-p-nitroanilide) ¥} 42 ©]F-0]
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Ao o] EFES 3rColA] vkt EAnkE-2 A vjgd
FEANGE) 7188 A7tk Whg-& AlFERAT 308 AejEle

& B3] 10% TCAE 7181 whg-& $231L daoll 10237t
x5k AHE SelEe 12,000 x goll A 387 A4 Eesie] A
AslE) 0.1 M NaOHE 718 537 o d5oie] 3=S
405 nmol| 4] ZAsIHT. F437120) ik 7iis) 842 wad
pnitroanilide®] %S, 405 nmel A e} FBASG £,,=9,620 M'em
£ o] &3l AT a48A 4= A8l R A
of #3F AP 3 BHER Faghe Aoz s Jepigih

Xm0l 28t 48N x|

A A iR EA 400 did MeiAe] anE &
2317) Q8 B4k REEEE) BAE T AsAE 37t
3] ¥he-8- AXABIAT). serine AlF BEiA rEEAY 75
A A1 PMSES} FA 0 & leucineS E3}eHe A9 2
FAFEQ] bestatin, [(2S,3R)-3-amino-2-hydroxy-4-phenyl-butanoyl]-L-
leucine 50 mM Tris-HCI (pH 8.0) €589 37°Col|A] 583t
A ek ¥ BARRSE 02 mM FA4712AH A HrrsAY
(bestatin®] -5, 57 AANRE ¥ 718 (PMSFS] 739
F2ANNRE-S AFElaL 308 O WSSt whe-golo] A, B
ZAsl] G284 tig A4S vl 431

Ha0| S84

B. amyloliquefaciens $942] protease®] o=t Z7]9] 3}5h4=
4] Lundblad (4)0] wel A#sict, EacAe) ofnmat
A& F213817] 8 HAE proteasest FAE TE 38
AAE H7F 28h8-5 8, vheEkA] ek 38 A AE
B EFEAA A A5 &E-& BioGel P-6 DG HH(1 x
1.5cm)S o83t 2500 x g2 Q4] Helshe] 48 Ak
Aek X A28AE AUk Serine F719] 4242 PMSF
(phenylmethylsulfonyl fluorideyS 50 mM Tris-HCI(pH 7.0) $%
ol H7lsle] 3ol A 2087 49kE-E AABIATE. Lysine
2719} e A 4] S47F E3E 50 mM MOPS ¢35-8
A (pH 6.8)°1l pyridoxal-5-phosphateZ H7}8}od 37°ColA] 2023+

T-& FoA vke-& AAFFYT} Carboxyl ZH7](aspartic acid
2L glutamic acid)2] 4+4-2  -cyclohexyl-3-(2-morpholinoethyl)-
carbodiimide-metho-p-toluenesulfonate S 50 mM HEPES 5%
A(pH 7.5 A7k 20°Col A 607t oIF-E FollA W&
A Histidine H7] 4% 50 mM sodium acetate (pH
6.0) 8N A diethylpyrocarbonate® H7}8}e] 25°Co A 60
B7F uhg-g HAEI) B8) 2l Aae] FogAe, 315t
FAAE HrlehA] g o] WhgoE d2 EARAS 2T
2 vustd 02 mM 7S Hrtete] 30 £3F 371°CoAA "bR
a3t 54 84S 31U

3 % D@

A% protease SE9I0E azocaseing 7)1 AZ AME-3te] 248

Biskralel] ot T JigRaEA] SR 231

B o HFWSZ AL 45°C, pH 100]9, §47]148¢] N-succinyl-
Ala-Ala-Pro-Leu-p-nitroanilideZ AM&-3 EANES-o| A& 45°C,
pH 8-92 B3 Hon, 23 kDao] #AIES 7HAE shte| 3
2 GA R o] Rl FulE A EZuiAE-S ke AR B
3 HACk7). deA sRsiEse] 713 ol Fad 9
3 AvEe fels Al AAH Qe FIEEA B2 o)
Y 1§ 29 olniito g EAZIET Protease SE910= S0]
o Jeucined Ft2E40] dZFE HEl= AFS TS
shAct Ngdetel] 2213} peptide 22 protease SE9100 23}
7hr B3 HRx Zkhs). o A} AASE A2 protease
SE910E exopeptidase B43¢] aminopeptidase 2H-3}4] 31,
2.7 endopeptidase® 2H&-31Th1 9% 4 ot

SAXN S| HE

w9 sleReEAe] 7154 BRE s duideR 49
7 el sieRas 849 AajAe] dE e HAFs=
7} 1 mM EA, 02 mM 7139 H7l2 AlFE sERe] At
S5, 71l EAAS ST AHAE Table 19] JERAY
o} B EAE serine W 7R a4 A AL PMSF
o8 Eagy o] 43 AMHUNSH, acidic (aspartic -
glutamic) TrE FlGRaE 49 FolF AHAU E-64, cystein
ol FhreRa| A ASAIQ] pepstatin B 4 T4 @A
7WERaE A AFAIQ) EDTAC 2JaiA ¢ 20% A=A
(Table 1). 0| AL &4 serine A7)|7} EA9 F38hd &40
Fojsh= AL v)e, dAEL Je 71TVl gE 9id
JlerEslEio] B protease SE910L serine ©HA 7k
Balgaol &3ithe RS AARIt) Serine @¥E TR A
Aole Al 7199 subtlisin AIE, 55 7199 chymotrypsini}
wypsin Al¥ 5o & EFEEH, protease SE9102 chymotrypsin7|
g AsA2) tosyl-L-phenylalanine chloromethyl ketone(TPCK)T+
trypsin Al A3 AL tosyl-L-lysine chloromethyl ketone (TLCK)
of oSl FAEAdd WS P vhA] WO HEE(7), protease
SE910S trypsin 2 chymotrypsinA|Bo] obd  subtilisinA| & 2
serine protease®ll 31T} Leucine peptidase A3 A|$] bestatin®]
FEFE B43IAE o bestatin (0.1 mM)S] Hrbe 4B
90%E ANSAH, =& gElste A¥dS TAEAE

Table 1. Effect of protease inhibitors on the endopeptidase activity

Inhibitor (1mM) Inhibitor class Relative activity (%)
none 100
PMSF serine protease 0
E-64 cysteine protease 88
Pepstatin aspartic protease 92
EDTA metalloprotease 80

Preincubation of enzyme with substrate (0.2 mM) at 37°C for 5 min
was followed by addition of inhibitor (1 mM). Activity was assayed by
further incubation of the reaction mixtures for 30 min as described in
“Experimental Methods”.
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o bestatin> £ &Aool thall ABH AsPAZ 2HE-SFHATHFig.
1). Dixon ¥4-& 53 bestatin®] A3 4F(Ki) 2= 450 uM
02 veEPt) bestatin®] THE leucine peptidaseol] W3 Ki #k
2 1-500 pM HAZE JERATH3). o] AHEL2 7" 5o
Aol A protease SE910-2 leucine endopeptidase® #-F AT
71578 712 wWE ERA FEA 2 wE=lol 7199 leucine
peptidaser= S0Rke-o]] F40]20] B3 metalloprocase® H 1L
HUTH3, 10). 718 Eoldd) A% &7 EAL, dE 773
E4 subtilisin® 7)< B3EHE sejolm A 29 olv=
Ato] HeE WA ¥ viwE Z7)7F & W& 71 oprAt
B FA&3te W HAY 7| Boldg RelY3). wd
protease SE9102 7]& 2] P1 H-9]o|| phenylalanine, tyrosine, ala-
nine, valine ¥ arginineS F-H-3H= FAA71AL IR HA
FUI®), 2& HF9 F2¢ HAe= Ajks Bk F& ¥
49 71" Bold& 7HA, subtilisin?Hs THE 553} serine T
A 7R aae] 548 7 Aok

slef2 0] 2Bt ZAHAHS]

A A e] AAFEE & L vIAA g1, FolFel
opulicst Z7jol gt vhg-3he 3l8lA] Alofe] of3te], AT o
2 uhgAo] & &R0 oAt 2)E B8 AR the
408488 ZATCEN B amyloliguefaciens $942] leucine
endopeptidase®] &/37-9j¢]] Fshe ofr|eAt 718 HAskaL
A Fyot. 2 B EY] Fxel A7 ANFEE £ S8 3}
SpaAel wEE ety gid vls) 5AE 3EHY &
218 3 o8 iR ok AR AAAL e Bad
WAL 02 mM 7127 A 9hg3te] FAHR] oFe BAT
Aol vhe-& tFTE 8l la B3}, Serined] =S4
(-OH)719l| Bo) o2 ¥HE3l= PMSFoll 9J3) =24l8 B g4
o] 3] A= e, 7120.5 mMyT BT ] 3
EAE of PMSFel oJ8) A8 A9 o] AL 40-50%F
FABIATHEg. 2). 01 71Fo] EABA B9 Ao
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Fig. 1. Inhibitory effects of bestatin on the endopeptidase activity. The
enzyme activities were assayed in the presence of bestatin (X: 0.5
mM, 2:0.2mM, [J: 0.1 mM, @: 0 mM) under standard conditions.
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Fig. 2. Effect of PMSF concentrations on the activity of modified
enzyme. The reactions of modification of serine residue were carried
out in the presence (A ) and in the absence (2 ) of substrates at the indi-
cated concentrations of modifier.
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Fig. 3. Modification of carboxyl group (Asp and Glu) in the enzyme.
Purified enzyme (0.2 uM) was preincubated with the modifier at the
indicated concentrations at 20°C for 1 hr. The remaining activity of
modified enzyme was assayed under standard conditions.

M PMSF| 41 wWlslste] 2o o5t 84 ZaE BIslG
ChFig. 2). Aspartic acid ¥ glutamic acid®] 7}2%E-4(-COOH)
7)ol ¥hE-Bh= carbodiimideo] 9J8) 38t =1E EAE EAo)
60-70% A& H(Fig. 3), lysined] SolFoZ HHg-3h=
pyridoxal-5-phosphate (PLP)°ll <J3} 38} A|| H4hv 548
Aol Auld oz oFsHA AS=CH, 20 pM PLPS] T2 4
289 g4 AHHEE 15~20%2 JERSTHFig. 4). Histidineol
Eo)Z oz kS5l diethylpyrocarbonated] &J3iA =21 &4
2 x| A RS etk @ vlAA). o)) A3t
2B 549 4ol serineo] 2RH o2 TS 3, LHotr]
=4HAsp 2 Glu) histidine®] 8% J¥E G 2R
A9 o]H§ AEL serine B JfrR Ao 315 &
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Fig. 4. Modification of lysine in the enzyme.

2ol AFH oz Bodle, et Do) AlLES T
aspartic acid, histidine ¥ serine®. 2 AH 8H8He @799
5 54L BAETh Azocaseing 7| AZ AME-3l] EAEHA
S o) HA wheRAL pH 1002 JePth7). 549 lysine
717} BANREol F83 4EE = AL pH 10 H2ollA
BAEAS] HsP) F3 02 wdlEe kAl SA4E Boled],
olE 7HHoZ 319& W, lysine 717t 318t A€ protease
SE9102 &4o] &3] &2 2n| Sle AEE AAH ook Frt.
224} protease SE9102] 7% lysine Z7]= S32-40l —:4743]'
A o} TAC] ekl & JTE XA G £ 84
599 lysine 717t thE 2ol HX7 lysine )R} ¥R
o] rolA] 53} f2teld Bt & %9 318 #=AA7F F
83 710 fetEnt. 318 FANgA ARl Bl ofv)
=) whERA| T ARG e obr|At 7] vhel| HolF
°2 WhgatA] 7] WFe] FAF-oll HA|BHRA] L o=t
719 vhggit). 318t ARl oJa) =248tE '] 37
B} 843290 Boditly AaEE 271e B H8-L A}
/¢ 849 F T FEFHHR1 G499 AR FAF o]
A 4= 30}, Serine®] A-F- F4Alel ¥Rk AL 9] A2
FAHY o5 WhgAol 73t AL 1.4 (asymptote in Fig. 2)7]
2 298 v G495 7k 2ol A8 o] rle
845 28493 A1 AEE F2EQ] HMIE AEdas Ao
2 waE) Acidic oFR=At 2719 A 347 Zolel g
o] FAEAES 745 Aoka g Bo) gdst £4e
)M+ arginineoll ZH&-81= phenylglyoxal, tyrosine®] phenol”]
Z 2F3}A]7)+= N-bromosuccinimide (NBS), cystein®] -SHZ]oll
A85h= p-chloromercuribenzoic acid (pPCMB) 2] 313} 424
o3 A7 A = o] &4 FAAT FEYEH site-
directed mutagenesisS &3 £47 @iiF e 33} 72Ut AAH
o B ARt 3 b & 2o guEn)

2L
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Fig. 5. Inhibitory effects of PMSF on the endopeptidase activity.
Lineweaver-Burk plot for the hydrolysis of substrate was determined
in the presence of PMSF. Enzyme was preincubated with substrate
(0.2 mM) at 37°C for 5 min prior to the addition of PMSF. (X: 0.1
mM, A :0.05mM, O : 0.0l mM, @ : 0 mM)

To 93 Asft-S HES7] 98] N-succinyl-Ala-Ala-Pro-
Leu-p-nitroanilide® 712 3lo] M7 558 2alsle §484
S Z43l9 Lineweaver-Burke] Hol u}g} plotdled Fig. 590
Vet EAVEE(pH 7.0)9 EAE $=9 71dF a4E
5 3 vk33 & PMSFE #HUtate] Asinkg-& AlAlste] 7o
g4s 2431 PMSF] =7t FU1RE A =
A velkon, aAnhge] eV, ek HekA] &, 7]
Aol 3t Michaelis A=K )gke] HBHEE PMSFE &40
el A A2 2834t o= AAZE Eiel HXG
7149l ATl 71;‘]3’/} ARAHeE AR F v o=
PMSF7} 7132 22 SRl A3 serine 2719
BhgEy) Wil AoE wgEch £ a4 gk PMSF A
AR B 20 uME AlEE )

HAle| &

o] =EL 20039 AgeiATshn ) AT Ao o]
olpom aTulAe] A=A,
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ABSTRACT : Characterization of Endopeptidase of Bacillus amyloliquefaciens S94 by Chemical
Modification
Jong-1l Kim (Department of Food and Microbial Technology, Seoul Women's University 126
kongnung 2-dong, Nowon-Gu, Seoul 139-774, Korea)

An extracellular protease of Bacillus amyloliquefaciens S94 was purified to apparent homogeneity. The enzyme
activity was strongly inhibited by general inhibitor for serine protease, PMSF, suggesting that the enzyme is a serine
protease. The purified enzyme activity was inhibited by leucine peptidase inhibitor, bestatin, suggesting that the
enzyme is a leucine endopeptidase. When the enzyme was chemically modified with PMSF, which specifically reacted
with serine residue on the enzyme, the activity was eliminated. The endopeptidase activity was inhibited by the
modifier which chemically modified carboxyl group of aspartate and glutamate. PLP, which would modify lysine
residue, did not affect the endopepetidase activity to a greater extent. This demonstrates that serine and aspartate (or
glutamate) residues of enzyme would participate in a important function of the endopeptidase activity.



