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WFFER S OBEEL (JE3L) : Lipoproteins possessing the lipid-attached cysteine residue at the N-terminus
are widely distributed among bacteria and anchored to membranes through the N-terminal lipids.
Lipoproteins are involved in various functions present in cell surfaces and localized in either the inner or
outer membrane of Gram-negative bacteria depending on their sorting signals. We have reveled that five
Lol factors are involved in the membrane sorting of lipoproteins. The mechanisms underlying the

specific membrane sorting of lipoproteins by Lol proteins are examined in this study.

SR YE R
(GAFHAL : 1)
R R &
2007 4 5, 700, 000 1,710, 000 7,410, 000
2008 4 5,100, 000 1, 530, 000 6, 630, 000
2009 4 ¥ 3, 700, 000 1,110, 000 4, 810, 000
EE
L
o 14, 500, 000 4, 350, 000 18, 850, 000

WEFEST B AR AL
PO O3 F - fBH - RS - IS AED
F—U—F:BERENL. ABC T U AR—F— fiyny XU TFITXL UREAH

TG AR LTc, W 13— BT
1. WML IDOE & h ' "

N 1 s VAl A 2 FE ' /D =1
U ﬁ%ﬁg@‘ﬁ%”ﬁﬁ‘%% LOl “/X?JA%*%EE B /N I//I/E:H:%JEVC\ WDB&\— U /—J:EE‘\Elg@HEI

THEFO 5B, LolA & LolBlcownTigsg  [HBZcMET 5B LN SHAES



YET A —NbYVREAZOMEY A b
LI SN, F2, VAREREMATE L
T LolCDE #HE&RZ MY % 5tk & Ruvie
L. PIETEE 2 9IRS D5 T2 D0
TEBERMRZ/HT,

2. MO BEW
B N E BF2Ei L . OLolCDE #4123,

HMILEMT ATP 2oL, U 7T XLl
TUREABEL RS 2, @0Fv v
2 LolA 73 ) WEHHE L rREEE KR E Y
R DR, @V REAEZANE LolB 2
LolA 7206 U REAEAZZITERY | AFICE
F S DB @Lol K1 o FH B AE FAE,
OFIEEICRIT D Lol & 2T LADOHERE, 726
NV REAEENS 7T VO R ET
ol

3. WrZEDITIE

OfFIEE OB > 7 F L OfHT L, N RbE
HRICEREZEA LY REAEZ SRR TR
B, RIEOWERRIEZ N2 HIEL | fk
RENOREM LT Lol Hva2 7T URY
— LIZHERT D FIETHAT, @QKRBGE
LolCDE #%. JREMmEEZ =7 T4 IR
VY — NIERER LIBRINC 5 2 D B2~
@LolC, LolD. LolE % %2 U Bz rEH
L7a 7 A VRY—ACHEMELTY AEH
BIEREEE 2T~ T, @OFRJSHEATH 2 5
B #t6 Lz LolCDE, LolA, LolB #, %i
e REIHR L THITICHWZ, @LolA
& LolB DBUKMES ¥ ©F ¢ —DfFHFIZIE, &
JEWVE bis-ANS % iz, @NZEEED T 2
/W7 F w7 % Lol RHIZEAL, RFHD
FREAE A AT L7, DLolB D FERE % fEHT 7
L1z, N RN IEEEM S g Rk

(mLolB) #HEEE L7,

4. BFZERR

ORBGE L I38R2R Y | FRIRE T+ 340, +
ANEDT X ) BRIEIL DA A o E AR v
TINTHHIEEMOTHLNI L,
DEFEIL, ZD% 7 T AD Pugsley 5D
TN—TIZ LM EFE LT, @K AT 7
FIONTH )= VT IVERAT 7 F U
77U a— VXER S S FIVICEATH D
ZEEWLMI LT, @LolE & LolD D&
5 U AR 1V O WEBETEME S AR C X |
DIEVEIZIZ LOlC W AETH H Z & & R iE
L7z 2 DF 7 = N DIEMEZ TR
L72f1ix ABC k7 > AR —% — Tl T
»5H, @LolA & LolB OHUKMEFx v 7 ¢
— XV REAEOREICLVEE, ) REHA
Bafts LML EE2HLNILT,
S BT, LolA O L7ED AN Y REH
HEHEEEE R 2 L &R LT, ®LolA 23
LolB X LolC & #HEAER ¥ 2 #n LBkt
FYET A —DAVAOTHDHZ L, LolB N
LolA LAHEAER T 2 EML b BKMES v B
A—DAYVATHDHZLERASHT L, T
725 LolA 75 LolB ~V RE LT “n
BLUTZIESNDZ 2D THLMIC
L7z, ®LolB iZid, LolA 726 U REHE %
S D HERE, Y CNEE L AR T DR,
MELTWDUREAEZ Y CIEEEICH
FFADHEEENR HH Z L 2B LN LT, 2Th
DOBHERRERIZ LY . ATP O~ 7F
RLZEMIT, SRRV REAED LolA H
5 LolB Z #% H1 L CHMEIZ & 45T 2 it O 7
MB—B LW LN oT, 51T, ABC
N7 AR —F—LolCE 2L bV REHE



BERERS T, LolC 2% LolA DfE&HA k&
LCifE L. LolE 75U KEEHORMAS A b
E UTHEET 5 = & 241 THI B ANC L,
5. ERFRMIE

(WFZEARFE . WFFEHE K QT 728 11X
TH#)

UdEstam ) (B2 314)
(DNishiyama, K., Maeda, M., Abe, M., Kanamori,
T., Shimamoto, K., Kusumoto, S., Ueda, T., and

Tokuda, H. A novel complete reconstitution system

for membrane integration of the simplest membrane
protein. Biochem. Biophys. Res. Commun. 394,

733-736 (2010).

@Tokuda, H. Biogenesis of outer membranes in
Gram-negative  bacteria. Biosci.  Biotechnol.
Biochem., 73, 465-473 (2009).

@ Okuda, S., and Tokuda. H. Model of

mouth-to-mouth transfer of bacterial lipoproteins
through inner membrane LolC, periplasmic LolA,
and outer membrane LolB. Proc. Natl. Acad. Sci.,
USA, 106, 5877-5882 (2009).

@Tsukahara, J., Mukaiyama, K., Okuda, S., Narita,

S., and Tokuda, H. Dissection of the LolB function;

lipoprotein binding, membrane targeting, and

incorporation of lipoproteins into lipid bilayers.
FEBS J. 276, 4496-4504 (2009).
® Narita, S.,

and Tokuda, H. Biochemical

characterization of an ABC transporter LptBFGC
complex required for the outer membrane sorting of
lipopolysaccharides. FEBS Lett. 583, 2160-2164
(2009).

(6)Nakada, S., Sakakura, M., Takahashi, H., Okuda,
S., Tokuda, H.,

and Shimada, 1. Structural

investigation of the interaction between LolA and

LolB using NMR. J. Biol. Chem. 284, 24634-24643

(2009).
(DYasuda, M., Iguchi-Yokoyama, A., Matsuyama,
S., Tokuda, H.,

and Narita, S. Membrane

topology and functional importance of the
periplasmic region of ABC transporter LolCDE.
Biosci. Biotechnol. Biochem., 73, 2310-2316
(2009).

(®Tsukahara, J., Narita, S., and Tokuda. H. Real

time analysis of lipoprotein transfer from LolA to
LolB by means of surface plasmon resonance.
FEBS Lett. 583,2987-2990 (2009).

@Nishiyama, K., and Tokuda, H. Development

of a functional in vitro integration system for an
integral membrane protein, SecG. Biochem.
Biophys. Res. Commun. 390, 920-924 (2009).

Taniguchi, N., and Tokuda, H. Molecular

events involved in a single cycle of ligand
transfer from an ATP-binding cassette transporter,
LoICDE, to a molecular chaperone, LolA. J. Biol.
Chem. 283, 8538-8544 (2008).

DOkuda, S., Watanabe, S., and Tokuda, H. A

short helix in the C-terminal region of LolA is
important for the specific membrane localization
of lipoproteins. FEBS Lett. 582, 2247-2251
(2008).

@Kawashima, Y., Miyazaki, E., Miiller, M.,

Tokuda, H., and Nishiyama, K. Diacylglycerol

specifically blocks spontaneous integration of
membrane proteins and allows detection of a
factor-assisted integration. J. Biol. Chem. 283,
24489-24496 (2008).

@Oguchi, Y., Takeda, K., Watanabe, S., Yokota,

N., Miki, K., and Tokuda, H. Opening and

closing of the hydrophobic cavity of LolA

coupled to lipoprotein binding and release. J.



Biol. Chem. 283, 25414-25420 (2008).
@Watanabe, S., Oguchi, Y., Takeda, K., Miki, K.,

and Tokuda. H. Introduction of a lethal redox switch

that controls the opening and closing of the
hydrophobic cavity in LolA. J. Biol. Chem. 283,
25421-25427 (2008).

®Ito, H., Ura, A., Oyamada, Y., Yoshida, H.,

Yamagishi, J., Narita, S., Matsuyama, S., and

Tokuda, H. A new screening method to identify
inhibitors of Lol (localization of lipoproteins)
system, a novel antibacterial target. Microbiol.
Immunol. 51, 263-270 (2007).

(0 Narita, S., and Tokuda. H. Amino acids at

positions 3 and 4 determine the membrane

specificity of Pseudomonas aeruginsoa lipoproteins.
J. Biol. Chem. 282, 13372-13378 (2007).

@ Tanaka, S., Narita, S., and Tokuda. H.

Characterization of the Pseudomonas aeruginosa Lol
system as a lipoprotein sorting mechanism. J. Biol.
Chem. 282, 13379-13384 (2007).

Miyamoto, S., and Tokuda, H. Diverse effects of

phospholipids on lipoprotein sorting and ATP

hydrolysis by the ABC transporter LolCDE

complex. Biochim. Biophys. Acta-Biomembranes
1768, 1848-1854 (2007).

9Kanamaru, K., Miyamoto, S., Narita, S., and
Tokuda reconstitution  of

H. Complete an

ATP-binding cassette transporter LolCDE complex
from separately isolated subunits. FEBS J. 274,
3034-3043 (2007).

@Watanabe, S., Oguchi, Y., Yokota, N., and Tokuda

H. Large-scale preparation of the homogeneous
LolA-lipoprotein complex and efficient in vitro
transfer of lipoproteins to the outer membrane in a

LolB-dependent manner. Protein Sci. 16, 2741-2749

(2007).

(FR¥*E] GH3F)
(DTokuda, H. Sorting of lipoproteins to the outer

membrane of Gram-negative bacteria. Final

Keynote Address, FEBS Special Meeting
“ATP-binding cassette proteins: from multidrug
resistance to genetic diseases”, February 27-March
5, 2010, Innsbruck, Austria

@Tokuda., H. Molecular events involved in a s

ingle cycle of ligand transfer from an ATP-bi
nding cassette transporter LolCDE to a molecul
ar chaperone LolA. FEBS Special Meeting “A
TP-binding cassette proteins: from multidrug re
sistance to genetic diseases”, March 1-8, 2008,

Innsbruck, Austria

(®Tokuda, H. Sorting of lipoproteins to the outer
membrane of Gram-negative bacteria. The 2007
ASBMB meeting, April

28-May 2, 2007,

Washington DC, USA

(&) G4 1)
(DNarita, S., and Tokuda. H. Sorting of bacterial

lipoproteins to the outer membrane by the Lol
system. In “Methods in Molecular Biology; Protein
Secretion”, A. Economou (ed), Humana press, pp.
117-129 (2010).

@ Narita, S., and Tokuda. H. Biogenesis and

membrane targeting of lipoproteins. In “E. coli
and Salmonella”, Tracy Palmer (ed), ASM Press.

® Tokuda, H., Matsuyama, S., and

Tanaka-Masuda, K., Structure, function and
transport of lipoproteins in Escherichia coli. In
“The Periplasm”, M. Ehrmann (ed), ASM press,
pp- 67-79 (2007).

@Narita, S., and Tokuda, H. The function of the

ABC transporter LolCDE in protein transport to



the outer membrane of E. coli. in The Enzymes, vol.

25, pp. 149-172 (2007).

(PE € PEAE ]
OmIREL G 11F)

7 RIGHEREZ X7 B AR T

FAE LB —, fHx, AR, &4
2 MARE—, ATHENF. BAKET

MERNE Yo R Y —R— LT ¢ T AR St
FEYE . RFEF

7 FFRE 2010-048520

HEFEA R P2 24234 5 H
EWs ORI EAN

ORI (G0 1)

AV N
FHE
HERIF
FH¥E -
HaG
BB4EA R
E N2 DR -

(Z Dfth)
R rl—

6. WAL

(1) wFgefizess

H & (TOKUDA HAJIME)
BRUKEE « T A 2 ak e i - 8%
e ®=:40125943

(2) WFFE 53 03
#L

(3) MR LS
L




