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FraC (31 F > F ¥ 7 M3 W9 % Pore-Forming Toxin T& %, Pore-Forming Toxin (X FIAMEEHE & UTHBE L%,
AR U CIEEDEE T EICZ 6T 5 &0 S B EE) 2779, AT, FraC OHEAK & ROSHRAREE DR

IR, MO AEARIROFRA FraC O/MLIEHIC M 9 5528

DfFERT 7238 U C, FraC OFFHIE IR 252 LTz, FraC ©

A9 BHEE R XA NIHEERONE R R 2T 52T —TH BT LAREN, FraC DEZEMKILICIHES THUKR
7w MEABIEOSZHIIS | N T —AEBIDA A w FLIRBH T EARRENT,

1. IFL&IC
BHEIEERNOWS L T AITEET 5, EEEgRED
HNFTH S, EEEREOTHBEBEICK->T, ZNH
ROMEEKREL RS, RICHIlEZ EZiE8E e 3
HZEAMIAAMEEAE EEND, ), AR (BE
TERED ICHAAENICEAERBEEAE LT NS, C
DRRCEHEZ 70T % &, Pore-Forming Toxin (PFT) {Z
B 2EAEOMEDOMEA S AL > TL %o PFT IXAJTA
MEAEE UTERES N, AR OMEEL 2 TRE
WRZER UML) ZBKT 2EAETHS, TNET,
T D IR /INLIE B DRI 72 BEHE >, AR D FH R A
PFT /MU RRBEIC 27 5 2 % A /1 = X NG RIRATH
> 7o RAIVATEER VBRI B CASAT SR I EDE A
IS B AN A LOfRZ, EAEDO T +—IVT 1~
70 H B L OAREIN R BERICEH#NT 5 2 DRI E N
T3, AT PFT O—FE FraC Z VT, PFT DH
CHEM LRSS R O B O 7 5 U 1z,

2. FraCiatEEA L IEERSHEFDERIEE

FraC "J{ATE B B/ (Soluble monomer: S) i f it I
IMRAE 1.7 A TYUEE NIz (Fig. 1A, B). T ORI,
VEFUF v 7 H3E PFT TdH % actinoporin FHIC HIE T % 4E
EZH L TWE L, 2]o Actinoporin $H0D N KEGHICTFFETS %
MBI a- ~NU w7 2 (Fig. 1: faERs) 13 AEAE LT
a7 FAA Y (Fig 1: FEED) DHENERAENS,
HEEE R XA > Td 5 [3o
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Figure 1

Crystal structures of soluble monomeric form and membrane bound-
monomeric form of FraC. The core region and the amphipathic
N-terminal helix are depicted in blue and orange, respectively. (A) Front
view and (B) side view of the water-soluble monomer of FraC. (C)
The chemical structure of DHPC. (D) Structure of membrane-bound
monomer of FraC. The residues interacting with DHPC are depicted in
green. The region occupied by the lipid head groups and the acyl chains
are colored pink and grey, respectively.



Fiz, FraCR VI VIRE Y h 7AWV T+ AT 7 F V)
Y Y (DHPC) &Mt d 5T & T, FraC fREMEHH
1A (Membrane binding monomer: M) D 5 i 38 HY 57 fid
fE2.3 A THRESI N (Fig. 1C, D)o FraC (M) & =% 7D
DHPC &fEA L THED, ZFN 5D DHPC I A KEEE D
HZTER L Tz, FraC & IREHE & KEMBZIEK L,
X BICHHMERIEE T > T —D K S I BRI 22 Z H)
LT, RERSEHUKEHEERZ L T, 5% T
actinoporin [IfEE— R T DHZFMKT B LEAOLNTE
[4]e LM LD S FraC (M) ORGSR S, FraC [ZHIC
HAAERDOIFE —n 72V A RELT 11 THREELTWL
DT AL, FRENKE LI RHEEER Z 0T %
CTETHEMER T UL TWA T ERHENE
Tolz,

3. BBE A ZERNE LR

FraC O/NMLIEBGERRE, BERES R T v 7 e Z2nichil
ZREBRAT v THhokZeNMM5ENTHS [5], &
WrzEcid, ERBEOHKDE VD FraC OGS L 28
HWIERIC G 2 508 %, TTNVERKBETHZ ) RV —L
EHWTHEN Uiz, URY —LOERICIZ) VIEBETH
5 VLAANT A AT 7FYIVa) y (DOPC), AT
4 VABETHBAT o dITY Y (SM) ZHWV,
DOPC VRV —L, SM UKV —L, DOPC/SM EHRIES
VRV —L & FraC ZZNFN)LE 4, FraC 7z FmiGt:

Figure 2

Effect of the lipid composition on the membrane-binding and pore-
formation of FraC. (A) SEC analysis for effect of the lipid composition
of the liposomes in reaction route of FraC. Buffer contains 3 mM LDAO.
(B) Model of lipid membranes. Liposomes composed of only DOPC
or only SM have homogeneous membrane surfaces. Lipid domains are
observed in liposomes composed of DOPC/SM. Defects are formed
at the interface of the lipid domains because of the difference of lipid
packing and the mismatch in the thickness of bilayer.
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FNC K> THANAE - B LUE, Y1 AR o~
757 4 —%f7o % (Fig. 2A). ZOFER, HLHEE K
J& LTV FraC & 28 mL IZ7AH L7z, DOPC VRV —
L, H20VESM U RY — L ERIG LTz FraC O¥E 7 E
I 22 mL THH, DOPC/SMIEE Y RV — L& Kt
U7z FraC & 11 mLICiAH U7z AHAIE 28 mL, 22 mL,
11 mL @ FraC D%y Fffi% SEC-MALSIZ K D [AE Lz &
T A, TNZFN FraC (S), FraC (M), FraC iXEG@ASIZ &k
(Trans-membrane pore; P) TH o7z, TDFER KD, FraC
¥ DOPC & SM WWTNDFHEICEHTT 2D, HWEED
HF P COHREBNL RIAZEKT 2 2 EAVRENT,
DOPC H, SM B3 g—7xKT&H %7, DOPC/SM iEH
JRIGIEE FA AV ZEKT % (Fig. 2B)e TORAAL 2D
BRE T, BEOH—&T IS4V AY NHRFTICHE
TN, ROKRIKAEE E—Ei L 3Rz 5 (6,7, D
KO HIBE D TO/NE 75D % Hid defects EMEIEN S, &K
D FE7 AL Z2MIERATIC & D, defects Y FraC O N AR\
)y 7 ZADHEARERADOBATZEE L TWVD T ENHS D
Iilixolze DED, NERERAY w7 AU defect 72 BHI LI
BIZL Y —THBEVZ%, LMLEDS, FraC (M)
TATMHEBICEE L TWVWS N KA v 7 AR, EDX
I U THEREE P —E LTEI DD, ZDOEoh
IR TH 5 720 Z T T FraC KA DR SR
ERITV, HEZ(EORYIHICIE T 2 BIROMIAZE HIE L
7zo

4. FraC ZEF05ERIEE

FraC 7 S M5 DDM K U fle B Uz 1A POC & 4&
bS5 T & T, FraC “BAHE (Dimer: D) A5 fiREE
1.6 A THRE X Nz (Fig. 3A), FraC (M) DIEERE AR
5 FraC (D) & F1AkfIE & DNiERGRZMF % &, FraC (D)
AR FCHBEREDRICA TR % LT e, FraC
(D) & FraC (S) & DfEGE 217>/ &L T A, FraC (D) 5
flo7m b~ —EHEAR R UMEZE LT\, —H4
FraC (D) |07 80 b= —"TI&, NKEANVY w7 AL
1E1E S % Phel6 5RELJE D D T HREIE D FraC (S) & ld k=
B> TWwiz (Fig. 3B)o FraC (S) Tl Trpl49, Phel63,
Hel71 5830 5 7% B BUKIED R v I Phel6 FEREAH A
TNTVBDICHRHLT, ZEIKTIE Phel6 FREIBIKR T
v b SEHRN, FOBUKKT Yy M3z LZE S 1 D0
FraC @ Val60 3ENMHFA T NS LW 5, TBUKRY v Ml
NI OS] HEIEEE N7z (Fig. 3C), %7z, FraC
(D) ® Ramachandran plot Zfi#fT L7z & T A, T Phel6 5%
HEANE IRV F—NCAZLETH > Te, TORREN DS,
FraC (D) X RO 70t X TIXERIREICH =0, &
HERE N TR EELEVHETH S W E Nz, 5
B DX D EARLEGREZIR TEOE, K kO
DIRTREREE®, MM TOEHEORMICLZEDTHS
LEZLND,

ZZTHREZ, —BENRIGHRkTHE L E, i
FADZBARRITIC K > THERR L 72o (A) BUKRT v + 72 H8

BOEDWIEN 5



Figure 3

Structural analysis of dimeric form of FraC. (A) Front view of the crystal
structure of FraC in the dimer form. (B) Superposition of monomeric
FraC (yellow, light blue) and a protomer of FraC in the dimer (orange,
blue). The protein chain of the protomer of the dimer corresponds to
the left molecule in panel A. (C) Possible mechanism of dimerization
in lipid membranes. In the dimeric form an exchange of the residues
inserted into the hydrophobic pocket is observed when compared to the
monomeric form.

T % Trpl49 5k L, BB U7z FraC OBUKRT v M
AEND Valo0 HHEADEFIC XD, BUkRT v MEARE
F ORI G772 FE U 7o 28 54K Val60Glu/Trp149Ala, 2255
& Val60Glu/Trp149Ala (& /NLIE BRI EF AT O 10 73
DK FL, EHCERLRIAZNT 5T EMHR
Tholze B) VAIVT 4 REFEDEA [511C XKD N Kl
AV 7 A0 R U 722 FAA Val8Cys/Lys69Cys, 22
LK Val8Cys/Lys69Cys D BRREMREAT DFEH, N RGN
U ADEMZRET S L, ZERMEEFRRICHEE N,
TS DEFATD S, BKRT v MMRATREDO T
J5iE FraC DVINMLZTEK T 2O EEZR X7 S THB T
EHRENT, Fiz, BUKKRT » MEAFRIE O ISIC
FWVTNEKRAY v 7 ADERSEZZINE, 28K
&SRR E NV LIRS T,

5. &8

AWFSETld FraC O X KA MRS RN & E L2 FERIC
XD, FraC BA[TAMEAED SIEE@ER L BAICELT
BEROFEM R TR 2B L7z (Fig. 4)o 9 FraC (S)
33 7 O B RS AL CHERIRIC RS B9 %, FraC (M)
WD N KRR v 7 I K O EARBED defects 7
FEL, NUw I AEFERICH AT S, T 0D defects 7 12
B & LT v 7 ZDOEEBERANDOBITA =X
L, KBSy 2 v — - ALPS TF—7 [8, 9]
DIERBF UL T3, 7272 LHEEATO N KN
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Figure 4

Model of activation of FraC in lipid membranes. FraC (S) binds to lipids
possessing a phosphocholine head group (like DOPC or SM). FraC (M)
dimerizes, followed by detachment of the N-terminal helix from the
core region. The N-terminal helix inserts itself into the membrane in the
presence of defects in lipid domains, leading to pore formation (P: pore).
The oligomerization and transformation take places cooperatively.

Uy 7 A&, Phel6 WBI/KART v MHASNEEHEL
BT ET, A7 RALVICEZ LS TWS, [M5h
DES>HIDNRTNEE Y=L LTEH RV, TDES
T £ 722 DHBIKRT v MEARREOZHL G TH % &
HE5NB, FraC DL RIKENT DD EEINL, NEKiG
ANV T ADAY T A A= a VEARRERT ST LT,
NREGANY v 7 ADEHZET T AR E N, Tk
BOKART Y AR O LIS T, Valoo DR L 7z
FraC DBUKRT v MCHAI NS T LT, ZREDRE
RICBERBRL T e, 51T, BRIC RAL UFEELAEND
BE, NEEGANY w7 ZAOREMMEZRICKOEEFEI N
BE1E, Phel6 13 T3 )VF— IS ZE R TTDBIK KR k
MICER D, ZEAREARIEE N7z Actinoporin DHIEZ
{beZB2IKMiZ EB RIS AT v THRONMIES
HEROXRICIR > TE Tz, AWIZRICE D, NARIAY v
7 ADJER & Z RSO LEZ, BUKERT v MCHiA
ENBHIEOZEII)SEN U THREACHEA TN LWV S
Wl mETIVARE TN,

6. HHYIC

AWFZE Tl X ERET 77— Z DUEIC, & T )b F—his
ARFZEHEME « Photon Factory DY — /LT 1 2 AR NWI2A M
U NE3A ZHWie, Wigezi D R ITATDRE, &mIx
JUFE—I# 2T ZE A « Photon Factory D A Xy T D5 AR
DTPHNDOENFTH B, TIEHOEZLRLIZ,
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