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Enzyme Production of A Protease-producing Strain, Bacillus sp SH-8 Isolated from Insect-eating Plant.
Yoon, Ki-Hong'?, Mi-Sung Lee, Bueng Wan Park!, Yong-Ha Park®, Hongik Kim®*, Jeong Hyeon Kim®,
and Moon Sook Kim®. "School of Food Science & Biotechnology, BARC, Woosong University, Daejeon 300-
718, 3Department of Applied Microbiology Yeungnam University, Gyeongsangbuk-do 712-749, “proBionic Co.
Daejeon 305-806, *Deagu Science High School, Daegu 706-852, Korea — A bacterium producing the extracel-
lular protease was isolated from insect-eating plant and has been identified as a member of the genus Bacillus
based on partial 16S rRNA sequences. In order to develop the medium composition, effects of ingredients
including nitrogen sources, carbon source, metal ions and phosphate were examined for protease production
of the isolate, SH-8. Soluble starch increased the protease productivity, while glucose repressed it. Yeast
extract was effective nitrogen source for enzyme production, but the protease production of Bacillus sp. SH-8
was reduced by large amount of yeast extract. The calcium was found to induce protease activity as well as
protease productivity. However, cell growth and enzyme production was completely inhibited by divalent ions
such as Zn**, Cu®", Co?* and Mn**. The maximum protease productivity was reached 435 unit/ml in the opti-
mized medium consisting of soluble starch (2%), yeast extract (0.3%), CaCl, (0.3%), K;HPO, (0.01%) and
KH;PO4 (0.01%). The protease activity of culture filtrate was dramatically decreased after incubation for 26 h.
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Table 1. Effects of additional carbon sources on the growth
and protease production.

Protease activity (U/ml) of

Additional Growth culture filtrate by adding
carbon sources (ODgo0)
no CaCl, 2 mM CaCl,

None 3.1 84.0 129.0
Starch 9.0 183.2 514.8
Lactose 2.2 46.9 91.7
Glucose 2.6 0 0.2
Sucrose 1.6 65.3 133.6
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Table 2. Effects of soluble starch on the protease production.
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bacto peptone, soy peptoneyd ZHZ: 0.2% ¥ 78 ¥ u)
A5 pH 7.22 A3} ekl g3ks Ak Tt
iR o2 wiskst & o) AT A S 2AVE)
goh(Table 3). 2 A3} F2 AATE yeast extract®} soy
peptones X718k wiz|ol M AL8193.27, ured-t ammonium
sulfateE 718k wiR|o| A A=} w9 2 Aoz o
ebde}. wioFAEel ] protease B2 CaCl,E A7t
A7¥e1A g2 AeolA EAslg=dl 5 soy peptonet
yeast extracts A7 Wi A =2 A2 vERiH

Yeast extract®} soy peptone®] B protease Akl A g
g AAadoez HAorE =4, soy peptone HT}E yeast
extrac7} S FPLH = Fo|A] o] AFet Aados
o AA ole] Fars Felgt wi|eA B AL FAS)
vk olw] HIIH yeast extract®] 2 0.1, 0.2, 0.4, 0.6,
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extractZ7} A7} RS W 7 =%k (Table 4). 18+t

Table 3. Effects of nirtogen sources on the growth and protease
production.

Protease activity (U/ml) of

Nitrogen sources (Gor[c;wt}; culture filtrate by adding
o noCaCl, 2 mM CaCl,
Urea 0.1 6.2 10.6
Ammonium sulfate 0.7 59.6 61.3
Bacto peptone » 1.9 135.8 123.0
Tryptone 1.6 95.8 107.1
Soy peptone 3.0 175.4 325.0
Casein 1.5 56.8 63.4
Yeast extract 32 186.7 3189

Table 4. Effects of yeast extract on the protease production.

Protease activity (U/ml) of

Protease activity (U/ml) of

Sluble starch Growth culture filtrate by adding Yeast extract Growth culture filtrate by adding
amount (%) (ODggo) amount (%) (ODgo0)
no CaCl, 2 mM CaCl, no CaCl, 2 mM CaCl,
0 3.7 33.0 12.5 0.1 2.2 198.9 306.0
0.1 49 53.0 175.1 0.2 5.5 2923 495.6
0.3 7.3 102.9 498.0 0.4 4.8 3054 506.1
0.5 8.7 94.2 582.5 0.6 6.7 711 71.4
1.0 8.9 136.7 602.9 1.0 7.8 434 54.5
1.5 8.9 175.1 559.9 1.5 8.5 0.9 1.4
2.0 9.1 198.9 562.1 2.0 10.0 0.9 1.7
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718k # SH-8& TYst 7122 wigslgieh o A%
MgSO,8} CaClLE H71gh wiz|o A= A= AJ3s)sd
2o}, A 1G] A7EE we ARl A9 e
YA eteh(Table 5). S50l 93l ol=fal v|WE A7
2] AL B. cereus BGlAME F5U3t AH}E Holy=
7oz B 10]. wFA NS protease EAS FA T
A} CaClLE 75t wiA|elA] B AAH o] 71 Fgha
MgSO,Z 4718t wi#|oj A9 & AL CaClLE A7}
sAY A1 k3l WSSl o xXfelr) & Aoz v
R}, CaClLE AH7Ieh wiAlolM AJAakel ®ao] - CaCl,
EAfof ol ulel 249 x}el7} oF 220 U/mi, MgSOZ #
7k wj Aol A AT FAe] A= oF 180 U/ml A2
FAzlol7} W}, o] Hol B cereus SH-8 23] AAHH
protease 5 CaCl,Z FAlol] B8 F = TAE A
Z Aozt gle, CaCLE BRE 3HA| g Ea
MgSOZ A7ks19-S Wiel CaCl,E A71sldS o =2 A4t
Aol zpej7} E Aoz wdsd.

CaCl¥ <& 2] Arlstd &4 QS AR A
3 Ab7) WA A E2] v el CaCLE 0, 0.1, 0.2, 0.3, 0.4,
0.5, 0.6% 37¥ste] wiokaldet. 2 Azt #) AL CaCl
o) Avekel SAgle]l & W3t sl ow wiFdu e

protease A= CaClys 7154 42 78} Arbslel s

Table 5. Effects of metal ions on the growth and protease pro-
duction.

o 3. 53] 0.2% o3} =] CaCl, A7} wiA]o]
A ABAFE proteasel= WS Aol FrPHog AHrbEl CaCly
o o] FA EAde] ZA SAEGOM, 03% oAk AVHR
Hj ol A Akl B A9 ubg-A] CaClL®] A7ied el
whE A A0 Aolr) ulw] sigden, 53] 0.5% ©|4d2
CaCl,Z 713} ux|el| A Ak EAo] 73§ CaClZ W
Aol o H7Rs1A] dgkE W B B o] 2 A2 v}
Ehdr}. o] 2EDM 02 ANl wiR ARG CaCl,
7} o EAseE §AREA] CaClLs F71 ez o A
7Vl At CaChe] 557} Fob EAe] ubgAle] yo}
A A gEes Add

FFH o= o] g Al WA VB2 S
soluble starch(20 g/L), yeast extract(3 g/L), CaCL(3 g/L,
NEEF)E 812 K,HPO,S KHPOZ 22 0%, 0.02%,
0.04%, 0.06%, 0.14%, 0.2%=A) A7 sl U 27
oA wjekst ¥ 9] AAE ¥|Ee A3} K,HPOL/KH,PO,
A7 ko] S&5F T AAo| ozt A53IsiTh(Table 7).
A YA Y] AL 0.0-0.02% AEAA = Wt A2
sglem T o] S AIEE wiA] el G ZRAsle A
22 vepgel o]2 Kol 912 protease®] AT B A=
oggfo| mulgt 21 & 4 st

el MAD LUl
Bacillus sp. SH-89] protease AAMI S F71A17]= S &

Table 6. Effects of CaCl, on the protease production.

Protease activity (U/ml) of

CaCl, Growth culture filtrate by adding
amount (%) (ODGOO)
no CaCl, 2 mM CaCl,
NONE 6.2 37.0 306.0
0.1 6.9 2334 382.8
0.2 6.9 293.0 453.8
03 6.4 501.0 574.5
04 6.2 618.0 571.6
0.5 7.4 605.0 465.4

0.6 6.6 702.5 586.8

Table 7. Effects of potassium phosphate on the protease produc-
tion.

Protease activity (U/ml) of .

Protease activity (U/ml) of

Chemicals Growth culture filtrate by adding K;HPO/KH2PO,  Growth culture filtrate by adding
(0.1%) (ODsqo) amount (g/L) (ODsg0)
no CaCl, 2 mM CaCl, no CaCl, 2 mM CaCl,
CaCl, 6.8 233.4 535.8 NONE 5.9 370.8 533.8
MgSOy4 6.9 44.0 221.0 0.2 6.0 428.3 559.9
ZnCl, 0.3 ND ND 0.4 5.5 3425 509.8
CuSOy4 0.3 ND ND 0.6 5.4 307.6 469.0
CoCl, 0.1 ND ND 1.0 6.6 241.0 432.0
MnSQO, 0.1 ND ND 1.4 6.4 263.2 404.3
2.0 6.7 107.0 82.0

ND, not detactable
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Fig. 1. Growth and protease production of Bacillus sp. SH-8.
Bacillus sp. SH-8 was grown in the optimized medium consisting
of soluble starch (2%), yeast extract (0.3%), CaCly (0.3%),
K,HPO4 (0.01%) and KH2PO4 (0.01%) at 37°C with vigorous
shaking. The cell growth (open symbol) was determined by mea-
suring absorbance of cell culture. Protease activities (closed sym-
bol) were determined with the culture filtrates.

2. geol=l w A4 E(soluble starch 20 g/L, yeast extract 3
gL, CaCl, 3 g/L, K;HPOS/KH,PO, 0.1/0.1 g/L(pH 7.2))
< o]-g3le] wiokAIZbel whE B4 A T AT
oko] FAE zAlsledd). Fig. 1004 Yehd wlel o] wjok
AIZE 10 A7 BEHE] o] AR AR o] 27 o,
A AJAPE oF 12417 o] FF Bl FV18ke AXT) vlv
31gie}. CaCl, Al B3-S A8 o 34 A4k
A& FHd 435 UmlZ webytet. wiefr]zle] 26470l o]
2FE W wikae] TR FAskA] kAT vk
Weoll protease Aol F43] A Th. o) protease|
A7 Wl doldt ML E of AR wiokAZEe] A
oA wiekAY protease FAJo] Aadhs A2 HHE B
cereus TAME BT 10, 19]. 4 Held SH-82] &
A QAL oF 5,000 Umle] PA-E Bol: B cereus
BG1[10] Erl= "4 x]qt, oF 130 Umi] proteaseE A
Absl= B, cereus MCM B-326[19)20F= =94t}

2 o

Al A E A AFE A BZHRE protease®] AR
22]¥ SH-82 2% FAZHFSE 168 rRNAY] F-2 437]
el A8 Bacillusty 452 #1=%1v}. Protease A
ARS 917 WA S AlZ3] Sl ALY, s, A, 25
o]-29] HRS W3 F|HA 7o AR EA AYAAIS B
el Teg waYoR AMEIS e 7o 4%
AR 0 2 dojuR|ul, protease AAro] 3] A
Aoz yelytor sHA RS skl oE AM8-3ed
o] &4 APabde] ZBY w9tk AN O E = yeast extact

tlo ¢ rle
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7b Ea Ak g AgEe e, vt o Ea A
Aol AslEgIEr. 3 27} F<rol & £ Zn', Cu?t, Co®,
Mn®"& iAo AsR-E wie T el Al Asi=
gon, Eh YA =2 ootrt. CaCLE 718 viA]elA
= T4 YA o] = e, A Hkgol CaClE 7}
g dx B g o] Frstelvt o2 X e} CaClye
Bacillus sp. SH-89] protease A FA& 25 714
7= Aoz wdslid JF8A AR (2%), yeast extract
(0.3%), CaCly(0.3%), K,HPO4(0.01%)%} KH,PO4(0.01%)
£ sk AR AR A3} uiF|ellA ) ES QA
A& 435 UmlZ vebston 26 Alzke] Hls o Wik
W B84 73] Al
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