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Abstract

Bacillus subtilis PCA20-3 was isolated from meju and was found to produce a protease. The strain produced
the maximum amount of enzyme in the medium containing soytone (0.2%), soluble starch (2%), (NH,),SO,
(0.1%), CaCl, (0.1%), yeast extract (0.01%), K,HPO, (0.1%), and KH,PO, (0.1%). Protease was first concen-
trated by ammonium sulfate (80% saturation, w/v) precipitation of culture supernatant. Then the enzyme was
purified by column chromatography using CM Sephadex C-50. The collected proteins were rechromato-
graphed using Sephadex G-100 gel filtration column. The fraction with protease active from Sephadex G-100
gel chromatography was found to be pure when examined by SDS-polyacrylamide gel electrophoresis and
YMC-pak reverse phase chromatography. Specific activity, yield and purity were 76 U/mg. 2.7%, and 7.6
fold, respectively. The molecular weight of the enzyme was estimated to be 31.5 kDa by SDS-PAGE. The
number of amino acids calculated from molecular weight was evaluated about 321 residues. N-terminal
sequence of the enzyme was Val'-Pro’-Tyr-Gly*-Val'-Ser®-GlIn’-Gly*-Lys"-Ala'.
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Table 1. Summary of purification of protease from Bacillus subtilis PCA20-3.

Ste T. protein T. activity Specific activity Yield Purity fold
P (me) (Unit) (Unit/mg) (%) (%)
Crude Enzyme 1690 16,900 10 100.0 1.0
Ammonium sulfate 80% ppt 63 3,300 52 19.5 52
CM Sephadex C50 9 1,335 148 79 14.8
1st Sephadex G-100 8 991 124 59 124
2nd Sephadex G-100 6 453 76 2.7 76
10 4 8 . 08 —~
- L ap
8t 18 7
4 . $ o L
E 6+ g E L 30 _E|
§ i3 § c 04 Z
& 4r 2 2 8 20 €
© g =
¢ 2t 1. 3
< - ; 02 Lo &
0.0 4 00 5 %
0 0.00 - ROCOD ——M_ 0 <«
Fraction No. 20 40 80 80
Fig. 1. CM Sephadex C50 column chromatography. Fraction No.
@—@ : absorbance at 280 nm, O—CQ : protease activity, Fig 2. Ist Sephadex G-100 gel filtration chromato-

---: concentration of sodium chloride. About 120 mL of the
enzyme was applied ; column size, 2.6 X 55 cm; flow rate,
70 mL/hr ; tube volume, 6.6 mL/tube ; elution buffer, 20 mM
Tris-HCI (pH 8.0); active fraction, 73-75.
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Bacillus subtilis PCA 20-32] wjoF 22 2E] pro-
teaseZ 5-5A1717] 8] 80% X3 HAUEFS ol %
3lod @At FAEIET FAe 300 mL63 mg)e] A
22 20mM Tris-HCl buffer(pH 8.0)2 3 32|z}
CM Sephadex C-50 column(2.6X 55 cm)el] F%1A13)
¥ 70 mLmre] 522 6.6 mLy SE3lHchFig. 1).
FAE FFAZ] F(fraction No. 5-58), AF7] e o
2 A"E MAY oFS(fraction No. 59~68), 0.5M
NaCl20 mM Tris-HCl buffer(pH 8.0)% 7}#] &34
A Al S Byt o A, F oale] of
85%°ll s B]EAA peak H-EoME HAYA
o] A&HA ¥kt NaCl 8w 7HAIAHFH
protease ¥AJe] Z& el 73~75% FHE 4L+t of
o} FE2 7.9%, AZE 1489 TH(Table 1).

HHEE TS F 5HAZ3)3! Sephadex G-100
A 2.6X65cmpll 7] E8E9 A 3 mL9 mg)
E ZZA) & 717 mLhee] $4522 52mLd 2

graphy.

@—@ : absorbance at 280 nm, O—C : protease activity.
About 3 mL of the enzyme was applied ; column size, 2.6 X
55 ¢m ; flow rate, 71.7 mL/hr ; tube volume, 5.2 mL/tube ;
elution buffer, 20 mM Tris-HCI (pH 8.0) ; active fraction, 55-
63.
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9} o] 52~731 F-HelA protease Tl HEHAU
o}, 52~-7291 RBH2] fractiond SDS-PAGE HA{3t #
Fig. 3), 54~708 fractionll M F WHZr} AEEQ]
L] wize] Mo] A2 55-668 FH-E A protease
2 a4} olde] g8 27291 YAXE 764,
B EE 76 unitymgTh(Table 1). 2nd gel filtration
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Fig. 3. 2nd Sephadex G-100 gel filtration chromato-
graphy and SDS-PAGE.

@—® : absorbance at 280 nm, O—O : protease activity.
About 3 mL of the enzyme was applied; column size, 2.6 X
55 cm; flow rate, 71.7 mL/hr; tube volume, 3.4 mL/tube ;
elution buffer, 20 mM Tris-HCI (pH 8.0) ; active fraction, 56-
66.
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Fig. 4. Molecular weight estimation of the protease by
129% SDS-PAGE

(Log 10 molecular weight vs. relative mobility) Size marker :
a. Phosphorylase B(102 kDa), b. Bovine serum albumin(81
kDa), ¢. Ovalbumin(46.9 kDa), d. Carbonic anhydrase(32.7
kDa), e. Soybean trypsin inhibitor(30.2 kDa), f. Lysozyme(24
kDa)

Sample : 31.5 kDa
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Table 2. Compeosition of amino acids of protease from Bacillus subtilis PCA20-3.

Amino acids mg% Yo Molecular weight* Residues*** Residues of BPN*#*
Asp+Asn 1.849 11.265 115.00 31(30.9) 28
Ser 1.954 11.905 87.07 43(43.1) 37
Glu+Gln 0.794 4.838 127.50 12(11.9) 15
Gly 1.399 8.524 57.05 47(47.1) 33
His 0.202 1.231 137.14 3(2.8) 6
Thr 0.332 2.023 101.10 6( 6.3) 14
Arg 0.609 3.710 158.18 7 7.4 2
Ala 1.807 11.010 71.07 49(48.8) 37
Pro 0.850 5.179 97.11 17(16.8) 14
Tyr 1.180 7.189 163.17 14(13.9) 9
Val 1.951 11.887 99.14 38(37.8) 30
Ile 0.552 3.363 113.15 9( 9.4) 13
Leu 1.436 8.749 113.15 24(24.3) 15
Lys 1.157 7.049 128.17 17(17.3) 11
Phe 0.341 2,078 147.17 4( 4.4) 3

Total 16.414 100 31,500%* 321 275

*molecular weight of amino acid **molecular weight of enzyme by SDS-PAGE***number of expected residues ****BPN'.
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Fig. 5. Reverse phase-HPLC pattern.
A solution, 0.1% TFA ; B solution, 0.1% TFA/acetonitrile ;
gradient, 10-60% B solution(50 min); flow rate, 1 mL/min.
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subtilisin BPN'#= o} proteased 7FsAE A= A
22 eyl

2 %

WA A F2Re] Belst Bacillus subtilis PCA20-
30] AWASH:= protease® £ - AAIBHAG. HA &L
A AL-E Wl 2] (0.2% soytone, 2% soluble starch, 0.1%

1 5 10 13
PCA 20-3 Val-Pro-Tyr-Gly-| | Val-Ser-Gin- | | lle-Lys~Ala-
BPN' Ala-Gln-Ser- | Val-Pro-Tyr-Gly-| | Val-Ser-Gin-| | lle-Lys-Ala-
Carls Ala-Gin-Thr- | Val-Pro-Tyr-Gly-! He~Pro-Leu- Tle-Lys~Ala~
DY Ala-Gin~Thr- | Vai~Pro-Tyr-Gly-| lle~Pro-Leu~
NAT Ala-Gin-Ser- { Val-Pro-Tyr-Gly-] [He-Ser-Gin-

Fig. 6. Comparison of N-terminal amino acid sequences
of the Bacillus subtilis PCA20-3 protease with those of
other proteases.

PCA20-3, extracellular protease from Bacillus subtilis
PCA20-3(this study); BPN', subtilisin BPN', extracellular
protease from Bacillus amyloliquefaciens; Carls, subtilisin
carlsberg, extracellular protease from Bacillus licheniformis:
DY, subtilisin DY, extracellular protease from Bacillus
subtilis; NAT, subtilisin NAT, extracellular protease from
Bacillus subtilis(natto).

(NH,),S80,, 0.1% CaCl,, 0.01% yeast extract, 0.1%
K,HPO,, 0.1% KH,PO)E ©]83}e 30°CellA 2047k
wjekat o, YA-ReiEle] dANE HHR F 80%
E3} Akt gel 28 9M3 CM Sephdex C-50 H
Sephadex G-1002 o|-83td v]&AI ™ 76.0 unit/mg, 5
£ 2.7%, AAMP 7.6 iR BAE AAStET A
whuzl o] YMC-pack protein-RP column chromato-
graphyell 213t SEAFNA £E7 95% o]l AL
2 viebstel. SDS-PAGE #AMellA F Wi=e] Fxje
& 9 315kDaclgl elvlixAl AL alanine,
glycine, serine, valine®| ¥3Fo] wWetomw RExjgf
31,500 DaE 7)E22 39e A% £ proteased] 2]
£ 321%7)90t. RP-HPLCE. 3% main peak2]
N-terminal amino acid sequence® #¢lgt H3} val-
Pro*-Tyr-Gly*-Val’-Ser®-Gln’-Gly*-Lys-Ala'Q] 722 u}
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