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Isolation and Enzyme Production of a Neutral Protease-Producing Strain, Bacillus sp. DS-1. Dae-Sik
Chun, Dae-Kyung Kang’, and Ha-Kun Kim*. Division of Life Science and BioMed RRC, Pai Chai University,
Daejon 302-735, Korea, 'Easy Bio System Inc., Chungnam 330-820, Korea — A bacterium producing the neutral
protease was isolated from soil, and was identified as Bacillus sp. DS-1 by 16S rRNA sequence comparison and
biochemical determinations. The production of protease from Bacillus sp. DS-1 was increased 20% and 30% by the
additions of 1% glucose and 1% yeast extract, respectively. The optimum pH and temperature for the protease activ-
ity were pH 7.0 and 55°C. Bacillus sp. DS-1 produced a metalloprotease as a major protease in culture medium,
since the protease activity in culture supernatant was inhibited by the presence of 1 mM EDTA significantly.
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chila] slpRal kA S 2 3lel= protease= Z Al Aol
A PRI Qe B A F oF 60%E ARk Q= A
gHo= wi§ F83 Fdolt) [9]. AFIH SR protease:
AT AEE B ober T gAY, 3 A3t Al
A F o8] okl S8 gt [9]. A7} Abelrt
7] $13iA= protease 7} HEEA] DoFE R AlE FE n
A= SolA Sk EAsla, ol B2 E 71UE o7 &
F2] proteaseZ} AFHAH LR o] 45T gl Al ERHE F
@) &} protease:= papain, bromeliain, keratinase S-0] 9|3,
F=2Y5% FN3} protease:= trypsin, chymotrypsin, pepsin,
rennin 5-°| ok AEZ FEZHE FH3 protease= v}
T AAH £RE FElel Tl AltEe] glorms,
o] EZHE] AR E 83 proteaseS AFAlel7] sl
B2 xS 7S] ok AA v AEZRE e
protease”t A AAl T A1AFe] 40%E AFE TH3).

Ao 2 XE 283 protease= Bacillus 422 HE] F
2 neutral protease®} alkaline protease7} AF4l % 28454
o7 Ak} HFo2HE] falE neutral protease:
whl o2 zhg pH W7} Fom(pH 5.0~8.0), W& o ot
g Zragleh zeh Al F o2 E 8 neutral
protease’= FEol|A gt A Bo) chalg Rag o &
ste] 231, 4 kA o] W] wfe] &4 uke-S AEES)
717F folgt Aol 9lom g AFAR A F-gshA AR
o} AlFezRe G208} alkaline protease:= bzta] =4
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X 2g3}al 71" BolAo] 2 goln] ¥]iA IgelA]
gate 54 el AAAGAM F2 o] &= 9.
Bacillus < o] 2]l = Mucor pusillans, Aspergillus oryzae,
Rhizopus sp. 58 FFo]ZHE] a3 protease 5=
chymosin THE884 22 oo A4 chizl B G4z
A AFAR e ol 4= 30} [6].

Protease’™ B8] ZH8-5-9)e] ulehr Fejsle| = Ao
et B9lol| A 2h8-8= exopeptidase?} N-Zgha} Cczgho
2H7E doizl el = W] Wel= A 243l
endopeptidase 2. -}, =3k, TA4o] AR o)A 2}8-
3= 7|5 71l wE}A] serine protease, aspartic protease,
cystein protease, metalloprotease 522 F-EE}4].

Aoz AHAAo] =2 proteased WA 9l FaF
L2 84F HERe FE AAZRE] AE A
v} FL2 protease AJAF TR0 WEZA S A3k 5o
AT S ARl g6, 7). B Aol gRERot
sl FupRle A DA Belss Hol= 52 &
foRHE] ghAGle] protease B o] L FFE Haldle]
16S rRNAS| d71M Y EAa A3lsld B4 52 2Abs)
o Bacillus sp2 48130}, &3, 2] #5<2] Bacillus sp.
M 9|2 EB|%E= protease?] T A1 A4 pHollM =
<+ 845 Heol& neutral protease®. Bl T, o Eoi A
W= 24 ARl 98l Bacillus sp7}b A= protease A
Aol PR o3FS 2Alsle] HIshe wloln,

Mz o wy

Protease &t @Fe| 22| Y i
AAdA A proteases AAFH= v| B8 FelEl) 3



OORIE- 1 g& S 10miell Fgsial o g A9

g 2% "HAEFZS 713 LB H 3 vl R] (bacto-tryptone,
0 g; yeast extract, 5g; NaCl, 10 g; skim milk, 20 g; Bacto-
igar 15 g per liter, pH 7.0)0)] =%l 37°Col| A wilekalsd
F. Huk Aol A Mol o8 DR E{TF BalEe] 22
J F9el T 3 A8l protease EHTS AWl
3. Eel" 7352 AL Bergey's Manual of Systematic
3acteriologyell 71€=o] Q) Bacillus subtilis®] 3ENH, A
e BUES Fxsje] FRSLH2). w2 2e) TR
16S TRNA f-Az1e] 97|M9-E A8 £ #5359
NefzAE AES7) 918 wiA= LB brothE 7|3 Wiz 2
S, B8 A shAglS abE Fsle] Frlsiald
59 8- F-3335A (Shimadzu, UV-2401PC)E 600
mej A FFEF FAst] ZARKH.

Protease &4 =3

Ha| 7571 WA= protease B4 Aol #| = pH
P 259 Pgkg ool r] 93 LB HAWEA] 100 miol] A
ekl 19%5 AHEsle] 250 pmOE 37°CellA] 1247} wjok
siaivt. AR A4S s vl 5,000 g% AN ¥
2te] 1 ATAE zEAM o2 AMEEY Bady &
-2 1%2) azocasein 7] A4 (0.1 M glALHE4-Y pH
7.0) 450 plof] 2] EAo Ak A ez Mg 2EAY
SOUFE 3L AelE F 50°CellA 30%-2F Hhg-AIH 1. 4t
S ¥ 25%(w/v) trichloroacetic acid £ 250 W& 7}s) vt
ZaAZTH s 23 F 158 B9k hedS M)A
7131 Eppendorf QA1E8]71E AHE-sled 10,000 rppmoi|A] 5
B LA sk, L A 600 wE F 3t 600 pio
IN NaOH 893} Ao} Fdvt. &40 971 1 unite A7)
Z71e) 4 189 33 440 nmell M F2= 0.012 F7HA)7)
o g8k 84 ofo= 3o

16S rRNA X 7MY 24

279 16S rRNA 42} HE PCR ¥h-o2 53
sl M) 16S rRNA 3R] BEA x]He] 9f7]A

£ primer® #4391 THOF, 5-AGA GTT TGA TCC
TGG CTC AG; 926R, 5-CCG TCA ATT CCT TTR AGR
TT). PCR ¥h&-of) AHS-¥ 73 DNA: FahlA]ellA 34
g FEUE o|FAPE FHele] wAE AA PCR U
Hol Yol A23}9c}. PCR ¥FE-2 10 mM Tris(pH 8.3),
50 mM KCI, 1.5 mM MgCh, 0.2mM dNTPE A% 1t
4& 100 ol 50 pmol primers®} Tag DNA polymerase
SUE AREsle] 94°CellA 30%, 55°CellA 30%, 72°Cel|A 2
o2 o]Foixl #HA L 30 ubEFFe 2N 168 rRNAal
FAAE FF3)9v}h. PCR HESES A7[92% sl £53%=
DNA =& QIAEXI gel extraction kit 3]3}E Ll o]
S F3 o7 ko] PCR gl 143 primers3 T/
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Protease ditt2Fe| E2| & &3

kAol A protease FAJo] 943 M-S BE]sl7] 94,
ECABE 3N 3le] AHuiRlol| =3l IRE-{-E £l
g 4 e AlTE #EE 2 B s zﬂ‘:f}"—q—o—
2RE YA 22T T iR ARA A1 e
FE el S22 Tl 7 B e IFEA
galsdeh, Be2lgt Al FAE sl 16S rRNA 3%k
UHES PCR HM-0E FE le DNA 971X9& AAst
951‘:}(1:1%- 1). &9 16S RNA 97199 dF- 528
NCBI®] BLAST X2 738 AR-3le] AFEAS ZALshe
B A3} Bacillus £o1X Bagl 971Md9} -2 AHEAE
Bodv} vlawgt 80670 971 & 802707} Bacillus subtilis
o} A3t 99.5%2] AEA) LS Xl olvlell Bacillus
amyloliquifaciens, Bacillus licheniformis 53} Z+7ZF 798
M) G717F dAske] 99.0%2] AHEAIS R.gith(data not
shown). 28] 7% T3k Il 1, catalase, Voges-Prosk-
auer, citrate ©]-8 53, pH 5.79] Sabouraud dextrose agar
A AR FollA A kS-S el ok =8 API 50
CHB kitZ °]83leq 7 #3l 55 =
arabinose, ribose, D-xylose, D-glucose, D-fructose, D-man-

nose, inositol, mannitol, sorbitol, N-acetylglucosamine, esculine,
salicine, cellobiose, maltose, lactose, sucrose, trehalose,
inuline, D-raffinose, starch 2 o8& 4= ¢lglom] o] 4
= Bacillus subtilis®] ——/H_,,]. ¢ fAlslel wepa] 2

2] @5 Bacillus sp. DS-12% SR =T 2].

HHEAZHOf| [IN2 ZA|o] ME 2 &4 MM WS}

Bacillus sp. DS-15 A1t wioFa}ol & u) wiofr|zPE A
AAra) oldl] whe}l A protease B FAMEHE THFig.
2). A ek 1%E LB wiRle] QES}ed 37°Co)M Ae) u

1 cttgcteeet gtatgttage ggcggacggg tgagtaacac gtgggtaace tgectgtaag
61 actgggataa ctccgggaaa ccggggetaa taccggatgg ftgtttgaac cgeatggttc

121 agacataaaa ggtggettcg getaccactt acagatggac ccgeggegea ttagetagtt
181 ggtgaggtaa cggctcacca aggcgacgat gegtagecga cctgagaggg tgatcggeca
241 cactgggact gagacacgge ccagactcct acgggaggea geagtaggga atcttccgea
301 atggacgaaa gtctgacgga gcaacgecgc gtgagtgatg aagattttcg gatcgtaaag
361 cictgttott agggaagaac aagtgccgtt caaataggge ggcaccttga cggtacctaa
421 ccagaaagcc acggcetaact acgtgecage ageccgeggt aatacgtagg tggcaagegt
481 tgtccggaat tattgggegt aaagggettc geaggegott tcttaagtct gatgtgaaag

541 ccceeggete aaccggggag gotcattgga aactggogaa ctigagtgea gaagaggaga
601 gtggaattcc acgtgtageg gtgaaatgeg tagagatgtg gaggaacacc agtggcgaag
661 gcgactctcet ggtetgtaac tgacgetgag gagegaaage gtggagageg aacaggatta
721 gatacccigg tagtccacge cgtaaacgat gagtgctaag tgttaggggg titccgecce
781 ttagtgetge agctaacgea ttaage

Fig. 1. Nucleotide sequence of the partially amplified 16S
rRNA gene from Bacillus sp. DS-1 by PCR.
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Fig. 2. Growth and protease production of Bacillus sp. DS-1.
Bacillus sp. DS-1 was cultured in LB broth at 37°C with vigor-
ously shaking. The cell growth (closed circles) was determined by
measuring the optical density at 600 nm. The protease activities
(open circles) were determined with the culture supernatant.

FshaA 9A AIZPERE mAES 3] 600 nmoll A9 F
AEE Sl mAEY S s, vt
9] protease A& FA sl BATAL] WHIE A
A9 AE-E uloF 241 7HTE] Al&3] o] FoiA|u] wioF 8A]
74l Al ODggo= 5.5 o|2% Fd FHEE ez 104]
ZHEe FEr) as] AlRbskdeh. ey, Bacillus
sp. DS7} AAkslE proteased] B2 Al 713l A
A7]17F Bl AR 76l o] 2= AJAHQl 12417 ellA 430U/
mi2 HHF JepIL o] F HAH o2 7hAasdv)

UiX] pHol ot | ME X 4 MY

wlx)e] 27| pHZ} Bacillus sp. DS-12] A} &4 A4k
Ael] A= o8S ARSI LBYA] wix]e] 27] pHE:
4.0~9.022 AF F A wFY 1%5 FHEF3L 37°CHlA
1247} Ze} wjek F FHEE o] &3led AE] A o]
of uje} AJakd BAES SASIICH(Fig. 3). woke] 2
7] pHZ} 5.0~8.07VA1%= Bacillus sp. DS-19] AdA}e] <f33}
of 122]7F A1 ekl & o 600 nmol| Mo FREE 2
2po] 2 Ho|x] ekt 7] pHE 4.05} 9.00% A3} uj
Al M= Bacillus sp. DS-12] A37e] 7] deuiA] 3%l
oh EA AJARE pH 7.0 wiR]eA] sieFsld s o =S
Hg3 pH 8.091 wiAlAM = AdA o] FEIHA o] FolF Bl
X 854 Aake] At S Bl wifde] 27] pHE
5.0~8.08te) = ZAIsE iRl A 12213 AdARE 5 wiA)e] pH
= 27|80} Abssle] AAHCE pH 8.0 B2 fAks 7t
£ Jehigdd. gy, 27] pHE 4.09 9.092 A8
Aol M= Aol AL dojuiA] ot wioF 12A17F F2] pH
= 27 429 9.1 EAEH. o] A2 FE Ee] 45
Bacillus sp. DS-1& Z27] wiA] pH7} 464 E8Ho=7
dApeo] dejdel= S & 4 93, Bergey's Manual of
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Fig. 3. Effect of initial medium pH on the cell growth and pro-
tease activity of Bacillus sp. DS-1. Bacillus sp. DS-1 was cul-
tured in LB broth adjusted in various pH at 37°C with vigorously
shaking for 12 hrs. Closed circles (@) represent the cell growth
and open circles (O) represent the protease activities.

Systematic Bacteriology®ll 71<% o1 91 Bacillus subtilis
o] B4 F pH 5.5~8.5 AlolellA] i3] AJAte] o] Folxlt}
+ A fAksie2].

Et2240f (2 protease it

Bacillus sp. DS-10] A3} 54t gk49 o] protease A}
Aol w2 of3FE ZARE| $18] LB AAuiAlel glucose,
mannose, mannitol, lactose, sucrose, maltose 525 1%(w/v)
oot HE=8 a2 gdsle] H s Bacillus sp. DS-
1A woflS 1% HFsbed 37°ColM 124]7F A8} wijoFs}
of ME] A o]of wiet Abd B4 XS FA3
H(Table 1). D37} o|FFE A7 WA= v| £l
ofs A HAF Flo] S HIBIR] 42 R TRE} A
2 & ARE 19t o)) 7% maltoseE 9S #
protease Aol tlFTe} vlwaled 18% F7Islsdct. PTS-
dependent %41 glucose, mannose, mannitol 2] ©H-F&
H7181990-& W glucoses A7t miA[o| A oF 20% A A
Ato] F71EN T, mannose= HHERT9} FARE B4 A4S
2ot 28+t mannitold H7HaE iAo HHET-9} B
o] A AR ksl ot BA HAo] WlETe] 42%
of] E-3}3}o] protease A Abe] mannitolel] ]} catabolite
repressions W= AL E FdEe

22000 WE protease A

Bacillus sp. DS-19] protease AAFAdol] m]x]= 2A%19] of
S ZARP] $sl LB dAIR|oA A4 tryptoneS ]
AstE f71-A A0 2 2 peptone, yeast extract, beef extract,
casamino acidE, F7]3A AU S 2= NaNO;, (NH,),SO04,
NHClE 27 1% 558 YolFeo] wiAE A x3)g) ok
Bacillus sp. DS-1 & wiFl & 1% AF F 37°ClA 124]



T ieksled 600 nmell M FREE 2o 24 A Yo
FE iAo A AARRE FAle) AR AEE wlashd s, W
RS ol &sle] Bt AL Sysialvi(Table 2). #
717 A4 Q) peptone, yeast extract, beef extract, casamino
wcid & 7819 S W yeast extracts A 9Jslal 2F o
Hl2] Adabe] tf 271l uyproned] Hls} Astsigich et
yrotease?] EA1-2 peptoned A 93l BF HFET H
ApEEAYE oF 10% 3F3E 7S Ralo) £3)) yeast extract
g Aoz s9ls o 84 B2 dlaTe) vlasl oF
0% S7HHE Bedod 8 casein®] Ab Zhpe)abEel
sasamino acidE H7FaE WA A wieFslgdS o A5
srotease B4l o] W22} wimsle A slEx] ¢k Q)9
ol o ¥ 728 Hol Bacillus sp. DS-12 ¥ ¥
8] AbEell 2]8) protease®] BAte] repression®lA] &-E-S Al
Abgtel, elebe tfRA O R NaNO;, (NH),S0,, NHLCl ¥
FrIARAE FE WM B MEE ODgeo= 0.96~
L7790 2331, protease AMARE SRS §52~72.6%¢) ¥
Haigiet.

Bacillus sp. DS-10] MA8H= protease §22| 84

o) 2heshed] oleld A-LexE 2t §4
gh-go g 25°CH-E] 65°C] ohE 2EelA HhEAIZ S W)
55°CellA] 7H 8BS VebisiTh(Fig. 4). Bacillus sp.
DS-10] AARSE= protease £ Aol njZ|= pHO| 8k
ZAFE7] A8 pH 4.0l A 10.071R]12] 28RS o]-8-8}o]

Table 1. Effects of various carbon sources on the cell growth
and the protease production.

Carbon sources  Cell growth (ODggp} Protease activity (U/ml)

none 4.6 433.0
ghucose 119 523.2
mannito} 7.6 183.4
mannose 6.7 469.7
sucrose 10.2 357.8
maltose 6.3 514.2
lactose 6.7 492.5

Table 2. Effects of various nitrogen sources on the cell growth
and the protease production.

Nitrogen sources  Cell growth (ODgo) Protease activity (U/mi)

tryptone 4.60 433.0
yeast extract 4.85 567.8
peptone 2.94 392.9
* casamino acid 2.97 476.6
beef extract 2.60 474.8
NaNO; 0.96 253.7
NH4C1 1.76 238.9
{(NH4}3504 177 314.2
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Bh 9G4S 24slgch(Pig 5). B2TAS pH7.09] A4
oM 7 w2 ﬁfﬁ%}"é%ﬁuﬂ?}qﬁif"r.

z8}h vijoFA-Eo S of4slod protease inhibitore]] 2] ¢
S e ARS 2APSIICHTable 3). Bacillus sp. DS-19]
AAVER= protease A BA1E T4 whEolo]] serine protease
A &iAlel PMSEZF 1 mM 218 o w29} w]isled of
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&
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Fig. 4, Effect of reaction temperature on the protease activity,
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Fig. 5. Effect of pH on the protease activity. The reaction was
carried out at 50°C using various buffers to determine the opti-
mum pH for the enzyme reaction. The following buffer systems

were used : pH 4.0 10 6.0, 50 mM citrate; pH 6.0 to 8.0, 30 mM
sodium phosphate; pH 8.0 to 10.0, 50 mM glycine.

Table 3. Inhibition of protease activity by protease inhibitors

Inhibitors Cone. (mM) Ren:::g;}%{ Izgzt)ease

None 100.0
EDTA 1 16.0
5 125

10 12.5

PMSF 1 727
5 68.0

10 57.8
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27% BAdo| ZkAslgd i, PMSFE 10 mM H)3llS o <
Z7l Bls] oF 2% o] Fradtet. 2By S5
23} 3= EDTA of 2J3]4:= PMSF B} A3 &7}
9% W ekl vhehbAl, EDTAZH 1 mM EA1% 3]
84% o14) 4ol AshEe WS vehiLIs McConn
Soll 98l Bacillus$] neutral proteaset 84S 98] Zn
o]£S PR d31, EDTAS 0.5mM Yol Fivl &
2493 Gt WnakeleHs) olel Lol 8 Bacillus
subtilisZH-E] protease® TR FAAEo] S22
o] 5-2] Wt A o] B ilx o] Qlt}[10-12,15-17]. Bacillus
subtilise W23 37] el neutral protease A[17], subtilisin
(alkaline protease)[10], extracellular protease[15], metallopro-
tease[11], bacillopeptidase F[12,16] 5= Egsle] Holx 5
Z579 proteaseZ At 4 A H13]. ol & F
subtilisin®} neutral protease”} WX| 2 ¥-H]=E= 58 protease
o) Bacillus subtilis7} #8)&= A protease A 2
20%3} 70%% 27 AR|gear RarEe gle}5,10,17). o
Z}4 10 mM2e] EDTA &4 slollA= miokAkEe9] protease
Aol 12.5% dob e A B A7l A 540}
AAZE Aol oW, Bacillus sp. DS-12] wosd e &
Ao ARgElel7] il Aoz wEn. o] A3t
2 Yo} B Alg] F7|A Bacillus sp. DS-1-= &4 pH
oA ZH &AL Hol:= neutral proteaseo|mir] Aol F
0] &-& P82 3= metalloprotease® T2 AYAFE &

% ole,

o [=]]
) =

Eoko 25| protease o] $53t TE AH3l 3
efehs, skl $AHAA 2 16 (RNA 97149 ¥4 F
o] WS o|-&3}e] Bacillus sp. DS-12.2 TA skl
Bacillus sp. DS-12 %7] wixj2] pH7} 7.021 ZZe)|A] A=
Z1elA 7V e 84S JeRASIh. Bacillus sp. DS-12
2HE proteases A7) A8l =haolo2: 1% glucose,
= 1% yeast extracts H7FE o] dl2Te} v]w
shed 247k 20%% 30% ©f EFAQ Ao vielyth
Bacillus sp. DS-1¢] A8l protease®] ZH#A4-2 55°C
2} pH 7.0°1¢ict. 1 mM2] EDTA A7kl &3l protease &
Aol 84% A& =gl o] AZHE Bacillus sp. DS-12)
Apsolel] A8l 5 protease FA-S metalloproteased

< &7 e

EERI

TN

2 A7= 20029 % vl x93 = A A E](Bio-Med
RRC, Pai Chai University) A2 =35 gl.en] o]of] 7ka}
==y},
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