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Bacillus cereus is one that causes of opportunistic human infections. Sphingomyelinase produced by B. cereus is as-
sumed a virulence factor for the infection. Sphingomyelinase from Bacillus cereus (Bc-SMase) is Mg?*-containing
metalloenzyme. Bc-SMase is a family of neutral SMase (nSMase) and mimics the actions of the endogenous mammalian
nSMase in causing differentiation, development, and apoptosis. Bc-SMase may be a good model for the poorly charac-
terized mammalian nSMase. Activation of Bc-SMase by divalent metal ions was in the order Co?* >Mn2* >Mg2* >
Ca2*>Sr2*. Crystal structure analysis of Bc-SMase bound to Co?*, Mg2*, or Ca2™ revealed that the water-bridged dou-
ble divalent metal ions at the center of the cleft in both the Co?"- and Mg2*-bound forms is the catalytic architecture re-
quired for sphingomyelinase activity. In contrast, the architecture of Ca2* binding at the site showed only one binding
site. A further single metal-binding site existed at one side edge of the cleft. Based on the highly conserved nature of ami-
no acid residues of the binding sites, the crystal structure of Bc-SMase with Mg2* or Co?™ provided a common structural
framework applicable to phosphohydrolases belonging to the DNase I-like folding superfamily. In addition, our analy-
sis provided evidence that f-hairpin containing the aromatic amino acid residues and the metal ion of the side-edge par-
ticipate in binding to sphinogmyelin and membranes containing sphingomyelin. This article summarized current
knowledge of characteristics and mode of action of Bc-SMase.

Key words——Bacillus cereus; sphingomyelinase; 3D structure; metal ion; hydrolysis

1. FL&®IC

( Bacillus cereus) ,

UZXTYUTH, ®B7 RUEK

EREEZERT DY CIEEE, WG, 2L
T, MENOT7F IV E{T D BERAERSTFO
1DOTh%. UVREELTRZUO—)LEKE
AI27080U VEEEZAT 0 > B ERE
DAT 4 >dV URENFEET 5. FIZ, BER
o AR IC KR BICHFEEST A A 7 > dI Y &~
(SM) NRETHS. SMIE, X744 >d3IL1Y
T—t“ (SMase) IZ&LVDEFIREFAFRY)I Y

WK RSN 5. SMase 1%, BEHIEM 2K
?6té¢®inH’€°$)§Eﬂz‘l‘$ o T DOn
OREFEICHHIND. T30 LMEEEO R ER
74 >d3TYF—1t (nSMase) 1%, EL U AH

TEE SRR EI AW AEY 8= (T770-8514 ST

(L] PER B 7R 180)

e-mail: masa@ ph.bunri-u.ac.jp

ZM’J;EELEI SERR 20 4F F H AR SE 2 o v ] DU ] 52 HR 52 B
B AL T L2dbDTH 5.

W, 503, b, RO, YURRE, #MENS
e £ TIA<FEEL, TS D nSMase DY 2
JEEBCFNZ, NG <, BRRONICEE SHER
INDT I BB, K<REINTVS. 1989
W, Mt D > 7 FIVREEEICB T2 SM K
H ORG-S SN TLLE, 20K 20 fF£RICHEWN
T, SMase O AFEENICEET 5 L OWFFE A H
HINTERL, L LN S, nSMase i3, MES
BRI S OEENREE TH > 72720, il
DHFEDRELND BTN ND 5T, BHESTHT
D@ F > DREEIREESL RG22 E0
FHTH>/. LEN>T, TOMBEAHIZZXLD
FHMIIARBIHOEETH > 7.

bbb, nSMase DS & HERE & fREA S % 7=
¥, L7 AE® nSMase (Be-SMase) 1273 H L /=
Bc-SMase {713, 1988 4F, Johansen? %, Yamada?
SIZ&-oTru—>r7 3Nk, O SMase #Eix



1234

Vol. 129 (2009)

FIX, BV ZAEPEAR ETRA Ty F2)ay >
FRPBARY N—F CELEFTO FRIC tandem (2
WATHEEL TS, LT AEIZHBIT % SMase
DOFHIL, plcR EIEEN S pleiotropic regulator M
J> b=V FIZHO, [FU pleR TI> bO—)b
INBERAT 7y F2I)Ia) VRERRARY N—t
CKRUNEUYBLOFEHEESBIZOY FO—)b
EIN T3, Y SMase BT, 27O I /B
S5B52TFINRTFREI6EDT X /BN
LREAL NV E A& T — R L TW%, 2 Be-SMase
DA EL, FERS.6 DHHAIESY >N E
ThHO, AEBERF, FETEOETITRDTRITT
TRITLATDEZOIENASGNTNS. Y L
MUIRIS, BFHNIT R T LT UMEEEIVI
7% 0.2 (nmol/nmol of protein) E/NIWNT &M 5,
—ROBEHELDORE (TR TLTFY)
fEe mes<, aFNeEIE, BHITEHT S EE
AbNTW5S, Y

Bc-SMase 75 Effl & H1 & nSMase O R (1) 75 1 H
&, Rk ZERIET 2EMEEEZRTIETHD,
ABEFEIL, BEAT 1+ T—ELEBETH 28
FINAEYE nSMase & [RIgR, MifdD b, ik, 7R
= ZABHIERIT. LAEN>T, MEHEKD
nSMase Dl X /1 = X L1Z, AWz EZ TLE
ThHdEEZ BN, Be-SMase filtlit X f1 = X 1L O
Ze, M2 T TR < BMIIEN O nSMase D 8=
ZRIAS 5 ETRELET S EEbND. 51T,
Bc-SMase O i & #HE D RFZEIE, AT Rk

BN AN Y — - Y EY 7 EREMEDR
WE NS nSMase WIH I NS Z &EHHEN TN S
ZENG, BROHEE, 3513, 7 hE—MHK
JE472 E12xEd 5 nSMase OB 5- OfEHEIZ Bk
5EEBZBNS.

2. BREFHL_MEBEA L OBRK

Bc-SMase 1%, BERIEMEIC M2t 72 & i & 1
FaERTDIENHSNTINS, Y Be-SMase D
HRIEEE MBI A OBRET 1> - U
IN—=N—2r7 0y MEfT % &, Co?t, Mn2t,
Mg?*, Cat, St [ZXBBEOREHMME (K,
i) OZCIIFED BN, A DR ARG HE
B (Vmay) V&, Co?t, Mn2t, Mgt fE FCTa<,
Ca?t, Sr’t OH, KRWETHS. £/, &1F
CORERERIVA ABRIRE & Vg DBIRIE,  Vinax
MENE (Co2t, Mn2t, Mg>t) &, 142 fR%
MANE L, VA ARIBENR S, Viax DRV &
(Ca2*, Sr2t), A F¥ENKEL, V1 Ak
ENFHOBERICH D, Ladt> T, BERIEMEIC M
BERAT DA T EENERER T 7 VI —TbhH5D
EEZ65NS (Fig. 1.7

3. X iRfEREERT

Bce-SMase & Co?*, Mg?*, KUX, Ca?t OI:fh G
ZERL, XBMBIICX o ZRooEzH s M
L7= (Fig.2). ZD#®R, (1) Be-SMase O K1
L, o/BEF—TMSRD LY R FHEET
HBDZ L, (2)Bc-SMase |L, ME—DHIRDZ L 7
FETLFITINIIBETLRHELZpATE >

20 20 7 1.4

= s 1 1.3
o 16 £ 16 | <
2E = 112 ¢
3"-: X \ . =}
g E 12 ¢ ‘é 12 Metal ionradius | 1.1 £
TR £
g 5 8 | S g L 4 1.0 o
X — o Coz** Mg2+ Sz ®
(1] é 0 .E
=g = 109 T
3 4 % 4 [1'4

E 7 0-8

0 L 0 L L |v 1 1 1 AI 0.7

3.6 3.8 4.0 4.2

Lewis acid intensity! (v.u.)

Fig. 1. Effect of Various Divalent Metal Ions on SM Hydrolysis
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Fig. 2. The Overall Structure of Bc-SMase

Fig. 3. The Coordination of Metal Ions at the Central Site of Bc-SMase
a) Co?t-bound form, b) Ca2*-bound form.
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Fig. 4. The Complex Model of Bc-SMase and SM
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