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In this work we have cultivated several B. cereus strains in a complex LB medium in order to study the production of
phospholipase C (PLC), and among them B. cereus 318 showed the highest productivity of PLC. Some components, i.e., 5

g/lL glucose, 5 g/L yeast extract, 5 g/L peptone, 0.5~1.0 g/L K:HPO,4, 0.02~0.04 g/L ZnSO. -

7H.0 and 3 g/l NaHCOs

were found to be optimal for the high production of PLC by B. cereus 318. Optimal culture temperature and pH were found
to be 30°C and pH 7.5 for the PLC production, respectively. Optimum reaction temperature and pH of the PLC produced by
B. cereus 11 and 318 were 45T and pH 4.0, while they were 50°C and pH 7.0 for the PLC by B. cereus 559. The PLC
produced by B. cereus was activated by Mn®, Co® and dimethyl suffoxide (DMSO), but its activity was inhibited by Cu®
and partially by glycerol, isopropanol and sodium dodecyl sulfate (SDS).
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HAs7) A8 g Hes °]-r°17é] T AT, 4, 10).
8, €8 AX A E3|AAE Bacillus, Clostridium, Listeria,
Pseudomonas 53 2 ]gﬁa ol &ate] AitEed Wi
2}, AAREH, ofd5old ALEN WgdFd wt 54
9] 714 Eo|Xo] thEtH5-T). Bacillus cereuss] 3 AAH
CY dAA EeAsE oldS FAdtm UE 285 kDad] B
sz wEAE  §422HM  phosphatidylinositolo] Lt
phosphatidylcholine 3} 2-& ¢1x)Ao]| ¥]50]2 (nonspecific) ¥k
$2 e AAS JHAT ATHS, 9). EF, TAETRE I

oAz C¥ XA EHFAE {704k Az, #3504
AAHo 7 L4435k (enantiomerica.lly pure) Tlold FIAEZ
(diacylglycerol, DAG)2] A4t T3 7o Azn] A uhgof
A8 Bk olel 5110“_ FrAFd o] €3 (degumming)
4009 &4 7FeAHE AAEI k3, 10-11).

2 QrdAE A9Hez 1 246 3 Fen
Jde CH SAA Rads (PLC) = Z+E B. cereusS 0|
|3t Aideta, 53] Al4bd PLCY ¥k A, &, A4
pH, H3 &= 9 F&ol, 478w, AHGAd A7
of W& PLC &4 % ¢4 S& dHRnA do.
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2 AF0)A PLCE A4S 98l Mgl EFE 5 2
golZate wigimel BE4e] w4yt AFT Bacillus
cereus 11, 318, 5599} B. cereus ATCC10987 (American Type
Culture Collection, USA)o|t}. 59l BAIEE 98 LB agar
ulz] (Yeast extract: 5 gfL, Tryptone: 10 g/L, NaCl: 10 g/L)
2 Agstgor EFwel Aujg 2 Rkl LB WA E
LSt H9). T8, B cereusE o)§3td PLCE AAlshe
o) ok Rel d3kd-e AR U3l AHSE ZIRWAE S
g/l glucose, 5 g/l yeast exwact, 5 g/l peptone, 3 g/L
NaHCO;o|th. wjokale 121C, 14 psiaclAd 158 3 B
S ALgegck

HE 5 AlS]

WE B#=Ql B cerens TFE AWY 5% 4 LB
agar ¥jAo] @3k 37CoN FAANAT DAEAAA
Ao g43lE colonyE HEWjU%7] (Jeiotech Co., Korea)l]
A 37C, 180 pmoZ 1247+ S (ART); 5 mLl)
3 1% (Vv AF wiA (#ER-g); 50 mLyd) It
gt Aol A¥e BujeF wjx] 100 mLo)] MujF o)
1% (VS AEste] AgujE A 37C, 180 rpmo.2 H
okalith ABNISY) AP Y 25 L RETEY
(KoBiotech Co., Korea)2 AME3lQEd wH&7) el 2uieF
) iR 1 Lye] Adgde) 198 JFeA WS

719} &R ZAL 37T, 400 ipm, F7/1F 1 wmlE FHHL
o, ¥gde] pH 232 3 N NaOH$¢} 3 N HClI-S A3+
o AENSY) e 4F FHASE, S, pH, §EUAE T
T, Wy 58 BUEHE 98] pH A5 (H
electrode. METTLER Co., Germany), £&42AA (02
sensor. METTLER Co., Germany), 0,/CO; 7} ¥-4(7]
(LOKAS Co., Korea) 5% AMEatgch. AAR ZYEHHE
ARE FRE7 A8 cﬂ olH $FHE (PCI 6024E DAQ
board, National instrument Co., USA)E AM-atHoH,
LabVIEW ver. 6.1 (National instrument Co., USA)YE o] 83}
o Zg sk

A AN8E 3% FHRFE 1208
843t 600 nm JJr% o EFFE (ODew)E Z33k e
Wy dwEedle] s e EAshs PLCY #42
p-nitrophenylphosphoryl-choline (p-NPPC)& 7]8= dh= S.
Kurioka®] spectrophotometric assayH< H@3lo] AM&-3t o
(12. &, pNPPCE C¥ XA Eajdid 93
p-nitrophenol @} phosphorylcholine®. 2 #3j=w A€
p-nitrophenol & A8 dozith oled ¥g-E |83t
o Ag (= X& PLC) 90 9} 100 mM p-NPPC 10 ¢
(100 mM borax buffer, pH 7.5 Z&3$ F microplate
reader (Victor 1420, Perkin Elmer, Finland)& 405 nmoA] &
Aste) Ng29 PLCY BAL &3sHh 7kEs F 4
A E)E p-nitrophenold] FFAFE WS pHel wet thE7]

x =
% o2
ofy
X
I
OH‘
r\r

W Bo B HAWMS o]gdly) feie wEAlee] pHE o
AsA Aol gtk B AFolA 1 unite) PLCE e
27 (pH 75, 44 18 Zotell 1 mmol®] p-NPPCE
p-nitrophenol ¥} phosphorylcholine 0.2 ¥-38l= 8498 42
Z A3t £ B cereuss] 8} A2+E PLCE A
oz BA7] Hsl 10-12%9) o= olr|=g ASShe
SDS-Page®-& ]88t

PLC S4 48

A28 PLCY] #HA 258 AAsEY) 98 30~80T ¥4
A 5T AR AT HARE FAsUT PLC §9
of 712& #rrely) Ad PLCE A4 2EA 13 &
Qb WA A AL ZASYL T AT T F3AA
exol g PHEE Avimsich

PLCS #A pHE ZAMS}7] $13) pH 4.0~8.0 HHAA
pH 10 V40 PLCS) B4 NS BASSL 247
DE pHE 2= 9389 (100 m)E olgdel 14 E
vigln AAE PLCE o) 95898 o)&3ste AFsart
= pHZ o2 ZASHT: %, pH 40~50 dME citrate
buffer, pH 6.0~7.09) 4= sodium phosphate buffer, pH 8.0
o)M= borax buffer® AHE-EETE PLCY pH A4 718
H7}817) Ao 40THAA 1247 B¢ w83 T 243

R

PLCo] W@ & o)L IS AwH7)9s PLC &
Az} 2, 6, 10 mM9) 24, Ftadl4, ofd, B3 I¥E 1
gz Fa) o) §4L 11 HER EF3IY 40TA 34
b S WA B A A 1 BAE 2
o oExn AREAAG R71Evle) B SR
PLC 8§94 ZtZ+ 1% (wiv)S ABEZGA Triton X-100,
sodium dodecyl sulfate (SDS), cetyltromethyl ammonium
bromide (CTAB)9} 30% (v/v)9) F7]-&} glycerol, methanol,
isopropanol, aceton, dimethyl sulfoxide (DMSO)E H7}Vého
40CAN 1A B A F VRS ket 848E
=23390.

B,_EL

A7 9 D

ZtE B. cereus HFof mE PLC #4 54

jgEe WS EFaAM AAEHE PLCE HFEC B
cereusdl Q)34 AAFHTHY, 13). B AFdMe A8 R
B. cereusE wjFabaA Azt wE FA4Q%, pH WE ¥
PLC 4eE 343 7 #Fo] mE PLC 44 S4E
AR oF %S 9siAM LB wjAE AMSSte 37T,
180 pmoil A AP AL Ak Fig. 1@ & F50
Be #4473, pH 9 PLC Aat#e vehldch dAAd%
o ujok 447k o]F o WE &EE olFojFHon wg 8~11
A7 o)Fo] Hu wAZS e B. cereus 55971 Hi
9k 8A17F Fo) ODew o] 9.0& Ho|wA Hul dAFE B
Ay, Yux FFES ODgo #°] 7~85 old& Ho|EA
B3 FAAA EAL Veldoh W] pHE WF 27
o 73904 67744 tha: BAHATT W 227 ol ol
A1 pH 8.574A #&3| U1 ol AFS EE

=V
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Fo A} el el EY, Wik 20l gt WRE of$-
st F714E oAl AASHEA pHIE AstE, )
o] ZIYEHEA T, onkitge]l EHI g0l
AEgogR truolr) AlgElo] pHtel deHe AL
Azpg), PLCY AARe 7 w3 uet Wi & 5~114
T Adigg Jeistth B3], PLCE AEle 338 A
A de] 48 d B, cereus ATCCI0987-& uwfok 11A]7F Fof
30 wnitsfmL 9] Hol P4FS BYR, M 5L F4 UGS
VEMIE B cereus 559% HISF 5213 ol 45 unitymLe}
o) Aaeks gt a2y B cerews 113 3182 ik 114
T 29k 10413 ol ZHd 80 unitsmL$} 85 units/mLe] 3
t) PLC 448 Jehdch 9, Fig. 1(b)o] Zb B. cereuso)
A A4t PLCY HedozRy 4L gdd WeEE gl
Bl B cereus 11, 3187} 5590fr] Qe ARzdlda] 285
kDa®l HajolA v W= gvigiAvsl &A% + 9
Atk 28u B cerens ATCCI09870) A A4t® PLCAME
285 kDa ofx @iz W= 4 UG = ey e
PLCE| o] 4% AEAY] HEY Aoz Hzhgict

—#— B.cereas 11 —0—1heerens 318 —C—B. cereus 559 —b—B.cereus ATOCH0987
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Figare 1. (1) Cell growth, pH change and PLC production by
several B. cereus strains and (b) Protein bands of culture supernatants
of B. cereus 11, 318, 539 and B. cereus ATCC 10987 by SDS-Page.
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K| MEo] T2 B. cereus 3180jA] PLC MA BN

H} PLC AabEke Wl B cereus 318 o}&8led umlAY
B ouwjoke] ¥adh 8 A 480 Fxo wE PLCY A
o 2 gA AR BAL ARG

AR A AE 2 Axe FAHR4E gl A}
SHe g4 549 0@ 71 AAS PLC 44t 545
ZAVE7] A8 5 gfl yeast extract, § g/l peptone, 3 g/L
NaHCOs0] 2gd® 712 iAol €299  D-glucose,
D-fructose, mannitol, mannose, sucrose, starch® Ztz} § gfL¥
A7t gy 438 $Yshh Table 1] g499
5o e Hd oA AFT FHd PLC A4S Jeldch
A AL SIS R sucroseE ©}E3 B$ ODwo 3tol
6.092 7P wgten, glucose?t mamnose® o]§8 %ol
ODeo #ko] 7.06~7.192 A viehteh Ao PLCY] @xbek
& oA 43 ALl nlgshe AR Holv, glucoseE ]
238 7% 116.30 units/mL2] HZhE B3, mannosed
o}-4-8 AL0x 10692 units/mL2} ¥lwA &2 PLC Alalek
¢ 2och zeiy g4Y90F mamitold o83 ALde
34.40 unitsfmL¢] PLC MAbFS BYa, oA Aol 7+
B sucroseE o8¢ FSOE 37.65 unitsmLe] B
PLC A44g HYd. B H4¥e B3 3F algdA
glucosel} mannose 55 wiokdle] H7lEle g@hagon HY
spARE, Pl BE BigAl w8 AES fE B ddae
mannose L THE glicose® ©429L7 o] &35t

Table 1. Maximal cell mass and PLC production by different
C-sources '

D-glucose D-fractose Mannitol Mannose Sucrose  Starch
Gpl) OCgly Gghy Oghy Ggly Sl
7.06 6.62 6.33 7.19 609 631

Max. cell
mass {ODgw)
Max. PLC
activity 116.39 49.83 3440 10692 3765 6525

(Ujml)

AEE TSk 9N 434S Hd geier b
Ao FEEHolek s Hide FRA wWe @H 43
PLCE] A2 B 2AE7] 98 5 gL glucose, 3 gl
NaHCO;0] E3he wjAjof] ZAAHUS 2 S g/l yeast extract, 5
gfL. peptone, 5 g/L tryptone, 5 g/L casein sodium salt, 5 g/L.
soybean flour, 5 g/L com steep liquorE 2~3 £{4 Hrg
of AgHF 4FE Yk Table 2¢) ALY F70)
0E o FAP PLCY Ao BAS Vehdth @49
o FF 0B BAHE Aafe g4 2y Hu Aol
ODeo gt 40~7.0& HAEY, SAYE glucosed A5
H48E FEYSA= B ol Ayt e Rz
Hol Aiglol AR A IFE vAe AR AFH
#e} A4S F yeast exiract, peptone, tryptone-g 3715t %
47} casein sodium salt, soybean flour, corn steep liquorE
A4S AR o & 4 4%Es 29tk PLCY 4
AFE yeast extract®} peptoneS FHIEIEES W 168.83
units/mL o} HIES Holw thE A$RU YB3 2o &
48 BT}t I8y} yeast extract, pepione, tryploned 25
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2 Ho A PLC] AAHA
2 F ER9 A4YE A FEY 9 72aEgE ¢ 4 3
Aok APHo R wof o]§HE F4Y casein sodium salt,
soybean flour, corn steep liquorg H7}3t A$de w53
oA A3 AAPE Holg AeZ ey £ HEE
23] & g e FAYOZ yeast extract®} peptoneS
ol-&3te Aol TAGFolL CF AAH Eajaie] Aito|
aRAolzty & 4 Qloh

Table 2. Maximal cell mass and PLC production by different
N-sources

YE+PT YE+TR YE+PT+TR CS+SO CS+CL CS+SO+CL

Max. cell
mass 6.87 6.76 6.93 4.46 4.14 432
(ODsoo)
Max. PLC
activity 168.83 11238 10220 10526 100.17 11441
(U/mL)
YE: Yeast Extract, PT: Peptone, TR: Tryptone, CS: casein sodium salt,
SO: soybean flour, CL: comn steep liquor

Ae WAEY diAE 8 Bad ®u ohel FA4
pH dger #4FZ8-& stnZ wj|e] pH WgtE FHA3s)
€ 948s drH1d). Y TR E CH AAA FI)u
Ao AN EXE ZAE7] 98 5 g/l glucose, 5 g/L yeast
extract, 5 gfL peptone, 3 g/l NaHCOs, 1 g/l (NH4).SOs,
0.02 g/L MnSO; - HO, 0.05 g/L FeCl; - 6H0, 0.05 g/L
MgSOs « H0, 0.02 g/l ZnSO, - TH,00] X3+ uiA|o] Z+zt
0, 0.5, 1, 1.5 glL.e] K;HPOLE Hrlste] g 4E &+
Pt Fig. 29 <t F=of wE PLCY AEE e
uisith. Mg 3 4AZ7HAE 40 unitsmL o] H#]52§F PLC A
g Holtprl o ool AiEE] of7ke] Rolg B
o] Agt Al&dted PLC7F AE AT Wi 12417 o= 7+
Z 05 gL ¢ 1 g/L9] KHPOE H71g 79 Fd 100
units/mL9] PLCE A48}, KHPOE H7IsHA & 74
2 A 70 units/mL, 1.5 g/l.9] K:HPO,Z Hr}st A$
o= Hu) 80 units/mLe] PLCE A2lsiith. watM, B )
F AP 53 Rl 05~1.0 g/Le] KHPOE )
Aol Hrtsle Zo] CH A EaA] Aitd AHH
olgtn & 4 Utk '

B. cereus ¥+3) PLC= ofd o] FAZE ¥42A A7 W
2ol shopAe] EAStE o oledl Fmo| wE PLCY
A B ZAREY] #lE] 5 gL glucose, 5 g/l yeast
extract, 5 g/L peptone, 3 g/L NaHCOs, 1 g/L K,HPO,, 1 g/L
(NH4),S04, 0.02 g/ MnSO4 - HO, 0.05 g/ FeCls - 6H0,
0.05 g/l MgSO, - H,00] ¥£34 Hjx|o| ZnSO.7H,0E Z}7z}
0, 0.02, 0.04, 0.08 g/L® A3l A AES $8s}
ek Fig. 30 ofel 0|29} ¥wo] W PLCY BUFE 1}
BT PLCS) AEE A4 SEd mE 488 +u3
2 @9} waEA WY F SAAAE 45 uis/mLE Ao
HSE g2 Holthl 1 olfdE 2] e AY &x2
z7ch M 12407 Fo 2H2 002 gLk 0.04 gL
ZnSO, - THOE 713t A%¢] o) 100 unitsmLe] PLC7}

AAE T, ZnSOs - THOE A7EEA 4gke A%< 0.08
g/lL9] ZnSO, - TH0E H7F&tE& H$olle <F 70 units/mL
9] PLC Ate Btk £ ujd HYS Tl 3 Euidol
AME 0.02~004 gL9 ZnSO. - TH,0E A718he Ao PLC
Akl gHAolgtn AZtgch Qlate] A99 ribiA=
Higde] old HE-S AHF HFSA &dskS F9WR oy

e, T ol H¥ol F7t HE W= PLC A4tapol
AaFE & 7 AU
100 L 00 /L KHPO,
| —0—0.5 gLKHPO, /
~ —A— 1.0 /L K,HPO,
"EJ 80 | —v— 1.5 g/L K,HPO, /73 v
E’ / o ;74-
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Figure 2. Effects of phosphate ions added to culture medium on
PLC production.
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Figure 3. Effects of zinc ions added to culture medium on PLC
production.

HiQk 2=0f M2 B. cereus 3180{|A| PLC MM EA

Wk &5o] wWE B cereus 318¢] PLC MAEAR S Ay
B7) $13] 5 g/L glucose, 5 g/L yeast extract, 5 g/L peptone,
3 g/L NaHCO;Z WA Z 3} 30, 35, 40°CoA euyjer Al
& YA Fig. 4o 2xof w2 PLCO YFE v
Efidedl &xd wer Hi PLC AEFE 80~95
mits/mL. FE=H oW, A7 W3] mE PLC AAEA0] 2
=] wet & A3dE Bk 30T wigelMe Wit & 8
AZH7kAL PLC AAbeke] 25 wnitsmL2 Ao AAFHT7}
2 olF WE HEE FUIIEA WY 14X Fele Hd
95 units/mLoll =E3IATE 35T wjFAME wiF 3 6417
74} PLC AJAFEEo] 25 unitsimLE LASIGT7E 2 0] &d
&8l F7vste v 14Xt o= Holl 80 units/mLo] A
S%e vesion, 40T WYAE HY AT 3
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PLC AJitgo] 1F3) Zvlsle]l wlek 9A)1F o= 80
units/mL 9] Hifl A2 ®YTh

100 —a—30°C
[—o—3s5°C "
= —A—40°C
£ sop A A7g
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g / o
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Figure 4. Effects of culture temperature on PLC production.
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Figure 5. Effects of culture pH on PLC production.

tjfekoio] pHEtol mMZ B. cereus 3180||A PLC MM
=4

wjokeie]l pHzto| W2 B. cerews 3189 PLC AAEAL
AHB7) 93] 5 g/l glucose, 5g/L yeast extract, 5 g/L
peptone, 3 g/l NaHCO;E #{x|& 3lu #j<koie] pHE 5.5,
6.5, 752 2Ast Qg wer] P& Y3k Fig. 5
o ujeFele] pHoll W2 PLC AAHEES el St vkl o
pHe| @2 PLCY Hu AAMES 110~165 units/mL AL
. Ao pHE 559 658 AT Aol H%F 97
Zo Hd) PLC AFE BFGorn 1 o|Fdw Ao i
3, wiFYe pHE 752 23 A W% 747 &
o] 165 unitsfmLo] PLCE AJAFSIT 1 olFole T AL
o SHIAZ B40) Fadte Ao etk 2 olfie
B. cereus ¥]|okol] 23] A4tE PLCE FA pHE A A
7 egAde] A3 pHE oM B ul ¢ wtova, Hu PLC
7h AE F agAuiel ] 1 gAe] F43] it RS
& 4 QUth pH 659 pH 559 ALz #FAE AL
Uebded pH 7.5 Blusiy &4 Ao a7t o ¥y
oh E3, AEZTE o83t wdE S FAHS
7t Jgug 48S $YEHAE GEG U PLC A =
il AlZbel @] =EEs B 4 gtk

(o2

O

k=
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20 oZE PLCo| & w3

Z+% B. cereus © 23 A2tE PLCY 2% @ PLCY
B4 (activity)? A (stability)S ZAMIIT}. Fig. 6914
B. cereus 11914 A" PLCE 45Co|A Ao 4L, 30T
oA Hd tFHE HYOm, B cereus 31844 AiHe
PLCE Hul A Aol BEF 45CA dozth B
cereus 113} 318014 AAE FAE 2% @& PLC &4
| & H3E Holxw ¢stAT, Au 4% 10022 3
S o 45TCHT B LEME 70%74A o] A3y
t}. B. cereus 559914 AR PLC= 50TA ol &4+
AL HYoH, AU A4S 100%2 A& @ 65Co]
oA ol 50% olaE FAS) TASIAT, HE B
cereusol| Al AAEl PLCO= 98 60C7AE 90%7} &
2 PLC 84& /AP

[+]

—&— B. cereus 11 —O— B. cereus 318 —&— B. cereus 559
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Figure 6. Effects of incubation temperature on PLC activity and
stability.
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Figure 7. Effects of pH on PLC activity and stability.

pHol| m= PLCO| & tHa}

B. cereusol] 93] AAtE PLC2] pHol| W& &4 (activity)
I} YA (stability)S ZAFSIAT) Fig. 79 B. cereus 11,
318, 559 <J3) Aibgl PLCe| pHel| w}g @43 HEAL
UEPAEY], B. cereus 113} 31864 Aat® C¥ AAA B
slEAE pH 4004 Hd €49 RS BT 28y
Hdl 24¢ Jebd pH 406149 PLC EX47H& 100%=2 3}
g o HA 42 Jehd pH 7.09 4= 65%717 PLC &
Aol ZA4slPch olkE vl HlFAOSE B cereus 5599
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Figure 8. Effects of metal ions on the PLC activity.
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