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ABSTRACT

Nutritional requirements and cultural conditions for the production of extracellular gelatin-degrading
proteolytic enzyme by Bacillus subtilis BO021 were investigated. Optimum carbon source for proteolytic
enzyme production was salicin, but it was substiluted by glucose for economical reason. The fermenta-
tion medium giving a maximum proteolytic enzyme activity was consisted of 1.5%(w/v) glucose, 2.5%
(w/v) yeast extract, and 0.001% (w/v) manganese sulfate and 0.002% (w/v) ferrous sulfate. Proteo-
lylic enzyme activity of B. subtilis B0021 was completely inhibited by 0.5%(w/v) tannic acid. Initial pH
was optimal at 7.0 and the enzyme activity in the flask culture usually reached a maximal level after
36 hours of fermentation at 30°C. In the 5 ¢ fermentor fermentation at 30°C, enzyme activity was max-
imum at 36 hour of cultivation but after this enzyme activity was decreased rapidly. Initial viscosity of
45% (w/v) gelatin(2,800mPas) was decreased rapidly to 96% (mPas) after hydrolysis for 4hr at 40°C

by crude enzyme of B. subtilis BO021.
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ZA}8E7] $J8ke] 7] e Aol yeast extract thAl zh
& AaAE 1% (w/v)A 71sbe] 30T shaking in-
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Table 1. Composition of proteolytic enzyme pro-
duction media.

Composition Conc(%, w/v)
Soluble starch 20
Pharmamedia 0.4
Bacto soytone 0.3
Polypeptone 0.2
Yeast extract 0.1
CaCOs 03
MgSO: 7THO 0.05
NaCl 0.2
KHPO, 0.1
FeSO: 7HO 20mg/0
MnCl; 10mg/¢
ZnSO; 10mg/¢
CoCle | . v/l
pH 7.0
Table 2. Composition of LBG medium.
(E(;mposmon Conc%, w/v)
Yeast extract 0.5
Glucose 1.0
Trypone 1.0
NaCl ) o5
PH 6.5

7] Ysted A g4k 0.5% (w/v) tannic acid
5 7hal 48217k wioF & wiok AFHA S paper disk
(0.8mm)ell 7}8 skim milk:gelatin:agar(3:3:2
%, w/v) platee| 4] diftusion assaya}gict. =+
2 tannic acidg 7F81A] 32 wioF A NS of
43ttt

2a|ol i

E4EHE EX 9 G404 2L xAlE7
215 500m! triole-baffled shake flask(Bellco Co.)
o Table 2¢] LBG 100mlE 7}s] 121°Col4 15
57’7 % nutrient agar(NA) plateol] 4] Zuj
ofs] ¥ FoAEe 4y A HET T 30T
ol A 10417 Aufekstz, o wiokde oA
wf Rl 2% (v/v)E A =38 £ 307 rotary incu-
bator(goFe]stet7] 7], gk )olA 48417 kst
ook

Korean J. Biotechnol. Bioeng.

M &5H
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phate buffer(pH 7.0) ] 23 433 F 1057 dry

ovenoll 4 7ZAx3t T AxFekg ZAJ3)eict.
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2 BHE SAH Fed xE4LEHL F4
A 2] (Table 1)o] 354 LBG mediumsl] 4
et wfokdE 2% (v/v) HE8hed 30°C rota-
ry incubatore] 4] 48417} wio} & od& AR
71({CEPA, 30,000rpm)ol] 2J& dAIE2)3t AbA
g zazoor Aedon

%

YaW M2lo ot Gelatin2] ML bist

Eokf-ale] B subtilis B0021¢] AJAFstE gela-
tin-degrading proteolytic enzyme 2] gelatin 23
& Falstuat 45%(w/v) gelatin §-A4& A%
glo] g2g=2ol 4] 14}7} swellingdto] 40°C 2 Y
g F LdgAs rw(%, v/iv)E Ml 4
Al7b ol F47tEE 3l gelating A=
8H5 volumetric viscometer(<l o, ) E o] &3}
of 60°C el 4 =Hs}aic

o2

o i

Proteolytic Enzyme Activity £

o] E Fale] oA Eaase gMHx =23
2 Haginhara®®¥(17)& o]&3to] EAatgon
Hammarsten casein(Merck) o] bzl H 3] § 2 of
o)sf WA E= tyrosine(Sigma)efo & =xslgjcl
(Fig. 1). 449 0.5mlg 0.6%(w/v) Hammar-
sten casein(in 0.05M potassium phosphate, pH
7.0) 2.5mlz} E3+s}e] 30°C incubator W4 10
E7b w227l & 25mle] TCALH(0.11M tri-
chloroacetic acid, 0.22M sodium acetate, 0.33M
acetic acid)& 7}k AR A} o] &3
2 30T incubatorol 4] 30% A3 ¥ 3,000rpm,
30% LAEsted vl caseing A ARz,
275nmel A FHEE FA3to] A Ea gl
olsl A E tyrosine?) ¢FL tyrosine EZZA ol
38 A=tstqit. olwl T4 lunitys 30ColA 18
Zotol| tyrosine lygg A I|= Theko 2 &

A}

Invertase Assay
Invertase ¥7}l= Keilin 5(18)2] vhie] o}=}
EAstodct. wjeked 1.5mlE 3,000rpmel} 4 3057}
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0.5ml Enzyme sol.
2.5ml 0.6% Hammarsten casein{w/v)
(0.05M potassium phosphate buffer, pH 7.0)

blank test
Incubation 30°C, 30min
2.5ml TCA(Q.11M trichloroacetic acid+0.22M
sodium acetate +0.33M acetic acid)
Incubation 30°C, 30min
centrifugation 3,000rpm, 30min

AZT')nm

calculation of Tyrosine conc.
Fig. 1. Procedure of proteolytic enzyme assay.
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crose &9 (in 0.1M acetate buffer, pH 4.0)ol] &
gatol 30C FEFXolM 1087 whSA ¥
DNSH (21) ¢ 93] glucose ZFZAol F3l 24
o Aabstdd, ojdf £4 lunity® 0. D 550nm
o 44 108 Fatell 0. D 157} A7) E4se R 3
et

a-Amylase Assay

g4 BAE 232 Bernfeld 5(19)¢ DNS #
We olgstgnh. zaad Imlg 1% (w/v) HE
(in 0.02M acetate buffer, pH 5.0) 1mlel] &3+s}o]
40C FFFolA 3%7F vbsA1Zl & 2ml DNS
4o (3,5-dinitro salicilic acid, 1g;NaOH, 1.8g;Ro-
chelle salt, 30g;100ml Z&F5)& 718 #E Eol
537 Hel, WA & 16ml /55 7H8] 575nm
dA FF=E FAsg e, glucosed: BFIUT
o7 o] FAFAHT At F2 lunite
Iml g4H0o] 40°C, pH 55014 A Imlg 3%
2} imge] glucosed AAEIE E ko & o)

Salicinase Assay

4 BAEE 05ml FELLAE Tk 1%
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Z4 glucosed TT TG0 3lo} 2BAEE
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4A(pH 7.0)oll4 30% &<t Imgo glucosed A
Adte a4so B st

HE Fa

=
& zacde] Zas 49 ve] g 5
A& Lowry whilal Aakw](20) & o]4-3ich. Pro-
tein standard2+ bovin serum albumin(Sigma)
S o]&3t9gem Folin-phenol reagent(Merck)el|
o] viepubs HANEES 540nm FREE ST
of el FFFAel| wlwste] AHkaisic).

ak

& o8t AEdlold. EE ¥UPoERE gl
cose(Sigma)& AF&3dlglen  DNS(3,5-dinitro
salicilic acid, Junsei, Japan)el| ]3] viefi}= whbd
H}-2-&  U. V-spectrophotometor(Shimazu, UV-
265, Japan)2& ©]&3}o] 550nmoll A =Aste] FTF
Badne] o Gersholn.

Flask HH2t

e ARa oS FEE) 94
250ml triole-baffled shake flask(Bellco) o] & 448
Abf Al 100mlE 7Fa) 121°CelM 1627 B9 F
Tl okl FujekAE 2% (v/v)EA 7hsf 30
C oA shaking incubation 3}, 64|7tujt) A8
2 AFiskel Fo) AT FoMEE B
sk A1be) At e A 34 LA 5ml
E AJAEgsle] 3% precipitant(ppt) & 0.1M
phosphate buffer(pH 7.0)2 23] 4 xst & pptE
Azl AzFUE FAsdn wo Guiye
U. V-spectrophotometer(Shimazu, U.V-265, Ja-
pan)& o|-&3ted 550nmell 4] & ataich.

Jar Fermentor B+

El42del 1.5%(w/v) glucose®t A<l 25%
(w/v) yeast extractZ o|&3s}o} 5¢ fermentor
(NBS, top drive 32, U.S. A.)¢l4 working vol.
2 3¢0&% 3] 180rpm, ¥k x=+ 30T, D.O. 1,
AF A= silicon A (silicon 30%, igdelitzlal)
AHgske] pH 7.0004 7247k wrastw A Fof
AT g4 S Zaldkednt. 4 A RE
A B3E F& 500ml triole-baffled shake flask
(Bellco)ell Table 29] LBG broth 200mlE 7}l
121°Coll 4 1587 Haah F FoAefoll A 22+

o o o
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Table 3. Effect of Carbon Sources on the Gelatin-degrading Proteolytic Enzyme Production in Bacillus

subtilis B0021.

C-sources Cell growth Final pH R. A(%) C-sources Cell growth Final pH R. A(%)
D-Xylose 1.10 43 152 D-mannitol 1.50 4.0 118
Glucose 1.20 44 162 Galactose 1.30 5.7 117
D-Fructose 1.15 4.5 106 D+ Trehalose 0.90 4.3 111
Sucrose 1.10 4.5 110 Dulcitol 1.50 49 157
D-Lactose 1.40 5.8 137 Salicine 090 4.5 243
Maltose 135 54 139 Raffinose 130 4.3 125
Glycerol 090 4.2 117 Corn starch 0.60 5.8 123
L-Sorbose 130 4.3 122 Adonitol 1.50 5.8 150
Solstarch 1.50 5.8 121 Cellulose 0.30 8.4 103
Dextrin 1.50 6.4 102 [nuline 0.70 86 121
Melibiose 120 4.4 102 Mannitol 1.40 40 183
L-Arabinose 1.35 56 136 [nositol 1.50 6.2 137
Rhamnose 125 4.2 112 D+ Ribose 1.30 4.1 172
Control 100
R. A :Relative activity

A S L A 10 A #h(31). Gelatin EajFo] d& 2740 e
2500 L 19 of 2Jg gelatin(45%, w/v)e] M=zl &3

3 s 27]9] gelatin §o42] Hx = 2800(mPas)e|gix
5 200 17 - 2~25%(v/v) HE 2R LY Al ofs st
P | R P H1Z0 A3k 96% (mPas) o499 FAR A= A5t
1, g vjeblleteh. pH Wbl dE 27)(pH 5.8)s}
5 rooo | 4 HeER(H 5.6)d4 0.29) 4F delRlen
= wske BRsA gorth. ole Ward $(31)9)
1°? FA od#ste B, sublilis B0021 o] 4tst= 54

h 2 O;O'n‘f%’n'm]‘;"“ YR 7} gelatin®] peptide bondE Agsle] subunit#}

Fermentation broth %(v/v)

Fig. 2. Hydrolysis of gelatin by fermentation
broth.

AFstel 30°C oA 104)7h whekgh dufek
F3tadet.

1 loop-&
HE 2% (v/v) A

At g uz

Cuture Broth 2|0 2/t Gelatine| HTH#s}
Gelatin& 20~25°C ol 4 #A]7F 3
gt =o 10T oldtel e A gel% 3433}
gelatin 159 Hz, 72=F RKA8kA ) wet
gelatin® 4}, o7z, E_l_ﬂ of s pH7} 7
she A veple HE, AEe] A e}

ol o Hx Astaldo] vepibs Aoz oit=
r/}(Fig 2). Gelatin®] 7}5Eal] oz vy

aohel gEAQl ool M 2%( V/V)OHHE 2]
EH—4 ThR-al Z(96% ) BEAHI)E fAEHE
Aol EOP 2% (v/v) ) WE Z2EsY AHejd 9
s FET e THE de eR A=
ok

I-N

Carbon Source2| Hst

Proteolytic enzyme Aol vlx= El4glo] of
?'SC}:‘_C} Table 331,]. 71{]. *]6-173‘\,}_ Eol: EHH l:}ﬂ_l‘lzl
Side T4ATAHEE salicin{Merck), mannitol
(Junsei), D(—)ribose(Junsei), glucose(Junser)
Z9] gojodom, dextrin, melibiose, cellulose, D
(-)fructose(Sigmarl) Follaly He FLTFATE
vef gl et A S nesto] glucosed BHAY



Vol.10, No.4

100 T v g T

D
<
T

-
>
=
2 ~
> 80 {
£ q6 3
S a
«
2 0F g
k] ~—Oo—O0—0g—0o 4
-4

60

- 2
50 1 1 1 L | I3

0.5 1.0 1.5 2.0 2.5 3.0 3.5
Glucose concentration(%)

Fig. 3. Effect of glucose concentration on the gel-
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Fig. 4. Time course of amylase activity ot differ-
ent culture temperature.

0 2 ol&slydtt. #HA glucose AL glucose
E 05~3%(w/v)E 3lo] o] AR E
ZA48 A3} Fig. 33} o] 1.5% (w/v)ellA v
A Yellliglen 2% (w/v) o)l Me 5~10
% (AABAE) 9 FodaE JeRde] glucose
7} 2713kl wpel AR ES} Hx) Fasts @
’z}% vehdle 2o 2 galslgleth. Salicind &3g

A9 o]&7}sAL sucrose & A<l invertase
9} 339 g1—-4 7B Escl amylase %
salicin 28§49l salicinase?] &4 AT ZHo|
Z3lgdct. Salicing stado 2 gh chwly Hafg b
9] F4BHT Z2HoHE 1% (w/v)e salicinz
yeast extract7} 7Faizl H@e) Al & HZ3
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Fig. 5. Time course of invertase activity at differ-
ent temperature.

o] 4827} vlekat &
e e
ANE e 22 F &
ofe}. Amylase AT &4
7b wjek Al Hole] § 4843 (1.5unmt/ml) & Holchr}
A 7bo] 7Agtel| ube} & 434 (specific activity) o]
7haslar, 25T 4247 wiekx) o] &

428X (1.2unit/ml)E vellelont 30CHM=
36417 aiekA] Hde ZAZAL(0.6unit/mh)E
vrebie] 30°C, 36417F wjok wjEc} 25u) o] w4-F
Mol ZFrlsbedm 257, 42417 wioF wjRohE oF
1.3uh9) &4l Zrvistalnh(Fig. 4). 2% (w/v)
sucrose(in 0.1M acetate buffer. pH 4.0) & 7|A =&
3} invertase assayoll A& 35°C, 3047k ujeF A
25unit/mle] A& vefdie] 30T e 184
7F ekl BAT (1L3unit/ml) B} ok 2wje) %

L Z4EAS veludz, 25T M A7kl 38
glo] axEAdr = Z718kA kol (Tig. 5).

oA 7px] BalEael BT
o Yo salicinase BAHE =3
A0 Wy} vlehbz] ¢f

ot

o = 35CllA 36*]

rglof o
723 Azge] 4% g Haks Table 49} 72
)|

o A97s Ardel Yl T ey eE
Aol 4 = yeast extractol| 4 7} EA &
AME)gii, casein? gelatin® yeast extractZth
25~48% & FATAHLE vlehfedct. Ures,
(NH,).S0,, KNO,, NH,Cl, NaNO,, NH,NO; 5ol 4
= oARE e ZAaBAEE vehdginh A4de

249 yeast extract & =7} A Aol o]
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Table 4. Effect of Nitrogen Sources on the Gela-
tin Degrading Proteolytic Enzyme Pro-

Korean J. Biotechnol. Bioeng.

Table 5. Effect of Metal Ion on the Gelatin-de-
grading Proteolytic Enzyme Production

duction in Badllus subtilis BOO21. in Bacillus subtilis BOO21.

N-sources (oclell)l_g;(\)&::l) Final pH R.A(%) Metal ions (gég.g;;::]) Final pH R. A(%)
Casein 0.2 74 315 AgNO; 3.2 83 74
Polypeptone 1.0 6.0 257 FeCly 49 7.7 98
Pharmamedia 7.5 6.5 198 MnCl, 34 6.7 94
Soybean flour 8.5 7.1 398 MnSO, 34 6.9 100
Gelatin 03 7.4 217 MgSO, 1.9 8.5 70
Urea 0.01 83 100 KCl 23 8.3 73
NaNO; 0.02 0.8 91 KHPO, 19 8.3 79
NH.NO; 0.03 5.5 79 CuSO, 1.2 7.2 70
(NHS0, - 55 76 CaCl, 19 8.4 75
KNO; 0.03 5.5 84 ZnCl, 14 69 57
Tryptone 038 8.0 293 CoCl: 0.1 6.7 53
NH{CI 0.01 5.5 78 CaCOs 2.1 83 75
Beef ext. 1.5 8.0 385 FeSO4 78 76 101
Yeast ext. 30 7.7 415 AgNO; 3.2 8.3 74
Bacto peprone 04 7.4 275 R. A :Relative activity
Bacto soytone 30 7.7 220

— :Cell growth was not detected
R. A :Relative activity

100 T T I/t » 10
/.
~ 80 | [ ]
[ ]
%
e v 18 ~
: e
= 60 - T
: — a
¢ v voov
E \V/
@
=4 40
=46
20 L ) L L 1

1.0 1.5 2.0 2.5 3.0 3.5
Yeast extract concentration(%)
Fig. 6. Effect of yeast extract concentration on
the proteolytic enzyme production.

& A7) $Eke] 1% (w/v) glucose7} 7}
A x 7] =Eu) x]ol] 1.0~3.0% (w/v) yeast extract®
7l EAAARE S ZAksbdnh. AR AT 2.5% (w/
v) yeast extractoll A ZHje] Al g ABAHE (100
%)E vetldoem, 1% (w/v) yeast extract®ch
42% o) A B A7 Frlet ek, 3% (w/v) yeast

extractell &= 2.5% (w/v) yeast extract®t} 0.2
%9 ANEABHE} skl HA Aade 5
T 25%(w/v)e g dAstqdc). Yeast extract
5 S7bel w2 2F pH Wl Me Adisg
A F7hel AubalA tashs #@abe dehlgle
o, 2.0%(w/v) yeast extractell 4] 7}& & pH
(6.4)5 vehlislch(Fig. 6). Hafdo2 A9 ujz]
H7bAl ol ek gelatin o] & 7hgAd e Zabol A=
0.1%(w/v)9] gelatin(unhydrolysed)& 7}s}ed
oGS 2 A, ciEne 2 FAAR
B gagAdzel Fob abo] vehta] okict. wh
W E AT gelatin £EAHZ 2] o] PE wjx] A}
A2 FA47 ofvlat ZAH(31)E AER
o SgolulAl A bAEA 9] o]fo] 45T Ao
2 Atz =)

B Z 4] Adell vz F4 iond
FFE ANBYEE SAs g o Table 59 2
o AEAR Eokfale] wwlAl RalgFe Zn*,

Co*, Cu**, Ag®, K**, Mg 5ol o3} maAkA
F FAAe] $A dehdod), Fet', Mn* iong
EARAAT FAL ] 2RA 2 2hgets AR
el le}. o] Murray(22) 7} Fe!*, Mntto] 2
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Table 6. Effect of Amino Acids on the Gelatin-
degrading Proteolytic Enzyme Produc-

tion in Bagllus subtlis BO021.

Amino acids (gflg.ggz(\;:r:) Final pH R.A(%)
L-Phe. 3.7 7.1 104
L-Val. 9.0 8.0 102
L-Glu. 75 7.5 103
L-Leu. 85 7.7 102
L-Pro. 79 76 102
L-Tryp. 68 73 102
L-Ser. 73 76 103
L-Gly. 70 75 100
L-Asp. 78 75 102
L-Lys. 56 7.3 101
L-Meth. 8.0 77 98
L-Thr. 8.0 8.1 101
L-Iso. 6.5 7.3 101
L-Ala. 7.3 7.4 103

R. A :Relative activity

[o]

2} Atz Ao 4 Fed xR AHgste 12 of
AR Rulo] 32 Foldbthe FAIY AdAE =
o g #olxgir}. ZntE dHl-E o R bacteria
sporesl] Ex3lm g-amylasee} tt}~2] protease
9] stability % cofactorZ4] o]&¥ti=(22) 21
L oglond, B e g8 Ad & 43S v
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Fig. 7. Proteolytic enzyme activity at different
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Fig. 10. Effect of tannic acid on 3%(w/v) skim
milk :3%(w/v) gelatin:2%(w/v) agar A:
0.5%(w/v) tannic acid added culture
broth, B:Tannic acid not added culture
broth.
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Fig. 11. Flask fermentation of B. subflis BOO21.
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Fig. 12. Fermentation curve of B. subulis BO021.
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