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3-(4-Hydroxypiperidine-1-yl) phthalic acid 1 shows potent inhibitory activity against metallo-B-lacta-
mase, which is known to inactivate p-lactam antibiotics such as carbapenems. Here, the structure of
co-crystals of the metallo-p-lactamase IMP-1 and 1 was first analyzed by X-ray crystallography, and then
used for structure-based drug design. Four novel compounds bearing substituents at the 6-position were

synthesized to produce 3,6-disubstituted phthalic acid derivatives, and their IMP-1 inhibitory activity

Keywords:
Metallo-p-lactamase
IMP-1

Pseudomonas aeruginosa

and synergistic effect with the carbapenem biapenem (BIPM) were evaluated. 3,6-Disubstituted phthalic
acid derivatives showed potent IMP-1 inhibitory activity. In particular, compound 13 showed 10-fold
higher IMP-1 inhibitory activity as compared with the parent derivative 1.

© 2014 Elsevier Ltd. All rights reserved.

B-Lactam antibiotics are widely used as clinical agents. In
particular, carbapenems such as imipenem, meropenem, and
biapenem (BIPM) have a broad antibacterial spectrum and are used
to treat serious infections caused by Pseudomonas aeruginosa. It is
well known, however, that carbapenems are inactivated by
metallo-B-lactamase (MBL).! In addition, multi-drug resistant
P. aeruginosa (MDRP) strains frequently produce MBL.?> Therefore,
the development of MBL inhibitors is worthwhile and, although
some MBL inhibitors have been reported, none has been used in
the clinic as yet.?

Previously, we reported that 3-substituted phthalic acid
derivatives, especially 3-amino phthalic acids,” have potent
IMP-1 inhibitory activity and show a synergistic effect with BIPM,
a carbapenem antibiotic, against P. aeruginosa strains that produce
IMP-1. In particular, the 4-hydroxypiperidine derivative 1 shows
strong IMP-1 inhibitory activity” (Fig. 1). In addition, this
compound was found to be effective against clinical isolates of P.
aeruginosa that produce IMP-1. Therefore, here we have continued

* Corresponding author at present address: Yokohama Branch, Marketing Divi-
sion, Meiji Seika Pharma, Co., Ltd, 2th Fl Minato Fantajia-building, 32-1, 3-Chome,
Minaminakadori, Naka-ku, Yokohama-shi, Kanagawa 231-0006, Japan. Tel.: +81 45
680 1663; fax: +81 45 680 1664.

E-mail address: yukiko.hiraiwa@meiji.com (Y. Hiraiwa).

http://dx.doi.org/10.1016/j.bmcl.2014.08.039
0960-894X/© 2014 Elsevier Ltd. All rights reserved.
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Figure 1. Chemical structure of derivative 1.

to study structure-activity relationships of phthalic acid deriva-
tives for optimization of MBL inhibitors.

To obtain guidelines for the optimization of derivative 1, we
determined the crystal structure of IMP-1 in complex with deriva-
tive 1 at 2.1 A resolution.'® In this paper, the amino acid residues of
IMP-1 are designated by the standard numbering scheme,® which
is used to facilitate the comparative analysis of structures among
subclasses of class B metallo-p-lactamases, while the amino acid
sequence number of the mature IMP-1 protein, lacking the
N-terminal 18 residues corresponding to the signal sequence, is
indicated in parentheses.

The binding mode of derivative 1 to IMP-1 is shown in Figure 2A.
Two carboxylates of derivative 1 coordinate to two Zn?* atoms and
form hydrogen bonds with the ND2 and the main-chain nitrogen of
Asn233(167), and the NZ nitrogen of Lys224(161). The piperidine
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Figure 2. Crystal structure of IMP-1 complexed with derivative 1. (A) Stereoview of the active site. IMP-1 and derivative 1 are shown as stick models colored gray and light
blue, respectively. Non-carbon atoms are colored according to atom type. Zn?* ions are shown as orange spheres. (B) Hydrophobic pocket around the piperidine moiety of
derivative 1. IMP-1 is shown as a surface model colored gray except for Val61(25), Phe87(51), His118(79), and Asp120(81), which are colored gold. The hydrogen bond
between the hydroxyl group of derivative 1 and Ser119(80) is shown as a magenta line. (C) Possibility of substitution at the 6-position of derivative 1. IMP-1 is shown as a
surface model colored gray except for Trp64(28) and His263(197), which are colored gold. Derivative 1 is shown as a stick model. The hydrogen atom at the 6-position is
calculated by Discovery Studio (Accelrys Software Inc.), and the position numbers are also shown.

moiety at the 3-position interacts with a hydrophobic pocket con-
sisting of Val61(25), Phe87(51), His118(79), and Asp120(81)
(Fig. 2B). This result is consistent with previous results showing
that a hydrophobic moiety at the 3-position of phthalic acid deriv-
atives is important for inhibitory activity against IMP-1.° The
hydroxyl group of derivative 1 forms a hydrogen bond with the
side-chain oxygen of Ser119(80). In a previous study, derivative 1
had stronger inhibitory activity than a piperidine derivative with-
out a substituent, which exhibited an ICsg value of 10.8 pM.> These
results suggest that the hydrogen bond between the hydroxyl
group of derivative 1 and Ser119(80) is important for inhibitory
activity.

The phthalic acid scaffold forms hydrophobic interactions with
Val61(25), Val67(31) and Asn233(167), and the carbon and hydro-
gen atoms at the 5- and 6-positions of the phthalic acid are wt/m-
stacked between the indole ring of Trp64(28) and the imidazole
ring of His263(197) in a relatively parallel fashion (Fig. 2A and C).

Because the 6-position, but not the 5-position that interacts
with Val67(31), has enough space to allow introduction of an
additional substituent that could strengthen the hydrophobic
interaction with Trp64(28) and His263(197) (Fig. 2C), we aimed
to synthesize 3,6-disubstituted phthalic acid derivatives to
improve inhibitory activity against IMP-1.

First, we synthesized the 6-methyl derivative from the
3-aminophthalic acid diethylester 2 (Scheme 1). Bromination with
N-bromosuccinimide (NBS), followed by methylation, yielded com-
pound 4. The piperidine ring was constructed, and then hydrolysis
of diethylester afforded 7. Next, we synthesized 3,6-disubstituted

phthalic acid derivatives from the 3,6-difluoro phthalic anhydride
8 (Scheme 2). Two-step esterification of 8 afforded the diethylester
9. Reaction with 4-hydroxypiperidine afforded compounds 10 and
11, and subsequent hydrolysis afforded 12 and 13, respectively.
The reaction of 10 and dimethylamine in a sealed tube afforded
14, and subsequent hydrolysis yielded compound 15.

The IMP-1 inhibitory activity and effect of combination with
BIPM of 3,6-disubstituted phthalic acid derivatives are shown in
Table 1.'*'> All 3,6-disubstituted phthalic acids showed potent
IMP-1 inhibitory activity except for the fluoro derivative 12. In
particular, the 3,6-bis(4-hydroxy piperidine-1-yl) derivative 13
increased IMP-1 inhibitory activity 10-fold as compared with
derivative 1. This compound also showed a potent effect of combi-
nation with BIPM against P. aeruginosa strains KG50027/pMS363°8
(AmexAB) and PAO1/pMS363 (pMS363 encodes IMP-1 such that
these transformant strains produce IMP-1). The high IMP-1 inhib-
itory activity of the 6-methyl derivative 7 can be attributed to the
CH/m interaction between the 6-methyl moiety of 7 and both the
indole ring of Trp64(28) and the imidazole ring of His263(197).
The low activity of the 6-fluoro derivative 12 is probably due to
negative electrostatic repulsion between the 6-fluoro moiety of
12, Trp64(28) and His263(197). The similar IMP-1 inhibitory activ-
ity of the 6-dimethylamino derivative 15 and derivative 1 suggests
that the favorable CH/r interaction among the N-methyl moiety of
15, Trp64(28) and His263(197) offsets steric hindrance due to the
bulky dimethylamino moiety. Recovery of the inhibitory activity of
the 3,6-bis(4-hydroxylpiperidine) derivative 13 to the same level
as the 6-methyl derivative 7 implies that the increasingly favorable
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Scheme 2. Reagents and conditions: (a) (1) HSO4, EtOH, reflux; (2) Etl, K;CO3, DMF, rt (65.4%); (b) 4-hydroxypiperidine, DMSO, 80 °C (65.4%, 10), (20.3%, 11); (c)
dimethylamine, THF, sealed tube, 80 °C (58.3%); (d) (1) NaOHaq, 1,4-dioxane, 80 °C, (2) HClaq, (98.0%, two steps, 12), (70.6%, two steps, 13), (71.2%, two steps, 15).'°

Table 1
IMP-1 inhibitory activity of 3,6-disubstituted phthalic acid derivatives

OH
Compound R IMP-1 inhibitory Effect of combination (50 pg/mL) with BIPM
activity ICso (LM) MIC of BIPM (pg/mL)
P. aeruginosa P. aeruginosa
KG5002/pMS363 (AmexAB) PAO1/pMS363
1 -H 2.70 <0.25 1
7 -CHj; 0.700 <0.25 1
12 -F 17.5 1 2
13 —NC>—OH 0.270 <0.25 0.5
CHs
15 —N 4.10 <0.25 1
CH3
(BIPM only) 64-128 64-128
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CH/m interaction among the ethylene moiety of 13, Trp64(28)
and His263(197) exceeds steric hindrance due to the bulky
6-(4-hydroxylpiperidine) moiety. From these results, 3,6-disubsti-
tuted phthalic acid derivatives have potential as MBL inhibitors.

In summary, we determined the crystal structure of IMP-1 in
complex with the 3-amino phthalic acid derivative 1. These data
led us to consider a substitution at the 6-position of the phenyl
ring. We synthesized 3,6-disubstituted phthalic acid derivatives,
and tested their IMP-1 inhibitory activity and effect of combination
with BIPM. Thus, we demonstrated that 3,6-disubstituted phthalic
acid derivatives have potential as MBL inhibitors. In particular, the
3,6-bis(4-hydroxypiperidine) phthalic acid 13 showed the stron-
gest IMP-1 inhibitory activity and also a potent effect of combina-
tion with BIPM against P. aeruginosa strains producing IMP-1. On
the basis of these findings, further studies of MBL inhibitors are
currently in progress.
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. The mature IMP-1 lacking the N-terminal 18 residues that correspond to the

signal sequence was expressed and purified for crystallization as described
previously.® Crystals of IMP-1 in the presence of derivative 1 were obtained by
the sitting-drop vapor-diffusion method using a reservoir solution containing
0.1 M sodium acetate, pH 4.8, 24% polyethylene glycol monomethyl ether
2000, 0.2 M ammonium sulfate, and 2 mM dithiothreitol. X-ray diffraction data
were collected on the BL41XU beamline at the SPring-8 synchrotron facility
(Hyogo, Japan), integrated and scaled by using the CrystalClear software
package (Rigaku Corporation, Tokyo, Japan). The crystal structure of the
complex was solved by molecular replacement method, using program
Molrep.'® Model building and crystallographic refinement were performed
using programs Coot'' and REFMAC5,'? respectively. The atomic coordinate
and structure factors have been deposited in the Protein Data Bank with
accession code 3WXC.

MBL inhibitory activity was determined spectrophotometrically using
nitrocefin (Oxoid, Basingstoke, England) as the substrate. IMP-1 was PCR
amplified from plasmid DNA prepared from a carbapenems-resistant P.
aeruginosa (PAO1/pMS363). The PCR product was cloned into pTrcHis2 TOPO
vector (Invitrogen, Carlsbad, CA) and expressed in E. coli DH5a (Toyobo, Osaka,
Japan) after induction with 0.5 mM isopropyl-B-p(—)-thiogalactopyranoside
(Wako, Osaka, Japan) for 3 h at room temperature. Soluble IMP-1 was purified
from cell extracts by Ni-NTA slurry (Qiagen, Valencia, CA). The ICs of inhibitors
were determined following 20 min incubation at room temperature with IMP-
1 (1.0nM in 50 mM HEPES, pH 7.5) in the presence of 100 uM ZnSO,4 and
20 pg/ml BSA (Sigma-Aldrich, St. Louis, MO). Using initial velocity as a
measure of activity, inhibition was monitored spectrophotometrically at
490 nm in a Wallac ARVOsx 96-well plate reader (Perkin Elmer, Waltham,
MA) employing nitrocefin as the reporter substrate at 100 pM.

The in vitro activities were determined by the microbroth dilution method in
accordance with CLSI (Clinical and Laboratory Standards Institute, 2012).
Mueller-Hinton II broth (Becton, Dickinson and Company, Sparks, MD) was
used for testing procedure. MICs were determined for BIPM alone and in
combination with the inhibitor at a constant 50 pg/ml. The bacterium
inoculum size was approximately 5 x 10* CFU/well.

Selected spectral data. Compound 13: 'H NMR (D,0 400 MHz) 1.72 (4H, m,
piperidine), 2.00 (4H, m, piperidine), 3.12 (4H, m, piperidine), 3.33 (4H, m,
piperidine), 3.90 (2H, m, piperidine), 7.61 (2H, br s, phenyl). FABMS: m/z 365
[M—H]~. Compound 15: 'H NMR (D,0) 1.77 (2H, m, piperidine), 3.08 (6H, s,
methyl), 3.21 (2H, m, piperidine), 3.41 (2H, m, piperidine), 3.94 (1H, m,
piperidine), 7.72 (1H, d, J=9.0 Hz, phenyl), 7.82 (1H, d, J=9.0 Hz, phenyl).
FABMS: m/z 309 [M+H]".
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(EEEHIFEERICEHER)
Et (I%) BmE

1996 £ 4 A BAREMIRESYFHIHAEEEPD) (1997 F3AFT)

19975 108 Ea—I 70 F4F7HA IV RTOTSLHFSP)REIETHMES
(Fv IR T+—FXE)

2000 1 A BENLECFRRAFEESECERR 2 —BF

2002 % 10 B AN KFERHEEZHZEATBIZIZ

2007 £ 4 A AWM KZEAKHEEZRAEITESS

2010 £4 A 1B ERFRFREFHRRLKIR
(5F#ZB8. BEITtRRE (201344 A~).
BIEREMRBEE LI —K (201254 A~).
EAEYERE (2014 F 4 A~))

(REE]

2008 12 A %30 HAGREZFSHMEEME
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EyEhRRZER) « MAIZHERICESW ek Y Y — A OReEFHE &
DDS ~D itz F
HE EE
PPNy N B e i

XY Y —2Ah (exosome) [THfEN D3 W AL HRIF1E 30~150nm FEEDF/NNETH D |
B Ry AR ENET D, TX Y Y — NI A & L2 ONEWE ORI
BlibHAR e UTHREET 52006, BBELRD & LI2EEM D DDS ~D X YV — LD
AR ST, =% Y Y —A@ DS IGHIZIX, FOREE - HlES, =%V YV —A
SO ORI, =% Y — KAORNEIRERIENE /2 & OHAROBRR R LI TH L A3,
D ATDWTULRE TG R RFIA e ST, &ﬁi\I#//—A%ﬂ%LkmS
DRFEZHE LT, IO OHEMOBRBICOVWTIY A TE L, ZOHT, =%V Y
— L DOENENREFIEIC LNEAR IR RANE B A L Z L2 HNE LT, =% Y YV —A
BATHES 7 BEFIRH L% Y Y — AEGREZ R Lz, =% Y VY — A TS X
78 & LT lactadherin Z#3IR L, ZI % Gaussia luciferase (gluc) E@iE L7=Z N
ZRE L. AL E R LI EA NS DX ) ) — 2 DA A= T ERAREE LT,
Fz, MBSO EENFHMIZ B E LT, gluc ZA ML N T E D ICE X /G
Z N B aREE L, P FE S biotin FER LRI U 7o AHERRIA 2 B LTz, SRk —
XYY —LERANTZX Y Y —LAOERNBEICOW T2 & & bic, TOERNERED
HEEKIZOWTHRET 2TV, #IkNE G- Sz x Y VY — Ak, v~/ e 77—Vl
DIAEND Z & THLNITIFNOGIERTHZ L2 AL TWD, KiHETIE, =%V Y
—AZHAE LU THOWDICERE L CEHERER TH L =X Y VY — LAPEARNM, JHRGEICS
WTOMERe, %Y Y —LZFIH L7-HERENE RNA O DDS OB A B E Liz=x Y Y —
L~ OFHENE RNA B AEDO BT AT 7o Fe 2 OELD AL DN T R T 5,

[Z%&30#K]

4. Takahashi Y, Nishikawa M, Shinotsuka H, Matsui Y, Ohara S, Imai T, Takakura Y.
J Biotechnol, 165:77-84 (2013).

5. Morishita M, Takahashi Y, Nishikawa M, Sano K, Kato K, Yamashita T, Imai T, Saji
H, Takakura Y. J Pharm Sci, 104:705-713 (2015).

6. Imai T, Takahashi Y, Nishikawa M, Kato K, Morishita M, Yamashita T, Matsumoto
A, Charoenviriyakul C, Takakura Y. J Extracell Vesicles, 4: 26238 (2015)
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HEWIE

[0 - BF7ENE]

WAL 56 4 3 B SUERYSEFHSE RIS
R 58 4F 3 A KNS LAEE T

HEAn 59 4F 2 A RUARRSRIRFEBY T CRRAIRAL « WHRZH%)

HEFn 62 4F 5 7 ARG

SERY ot E 4 B T AU BERED Y AKEHSEE (Ronald T. Borchardt #fs)
RE 4 F 4 H RUEIRSFERFMBN B CRAIFREEE - /6B #d%)
AR 9 4F 5 H  REIRFRFPEERFAIERI EdR (R KT 5)

YRR 26 4F 4 A SRR FFE PR R « R
HEIZE S

(= E ]

B Tx - v SFRAE CFRk 23 4 5 H)
KEFEFR 7 =w—  (FRE 21 48 11 H)
AARSE AT E (CERk 8 4 3 H)

A RSB RE B B CERk 7 4F 11 A)

iy

[P B4%]

AADDS FamlE R (2012-) - FFEA
HOARSEAI A W B B (2008-2012, 2014-) - FFak
AAS B R 2Rtk B

Globalization of Pharmaceutics Education Network (GPEN) :

Member—at—Large (1999-)

[ZEi%]
JREE R SC 274
FaRL 38
5 (FF) 18
EE (Fnd) 27 R
fifts - = O 78

Executive Committee
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AT IT DRIZEAFFE

En ®i#
T AT T ABEERA S AR RIS ERTSERT

RS TBERRICO DR A BRI L, ABOMRE & EROBEICERT <<, Al
FIEENCE D AHA TWET, L2 LR 6| AIZEOEES) BEIT4FE % & < 72 0 | BUSEH; DATA BOOK
20122kDE, AFENLHIE L CTHICHZHERIINS Ho0 1 L EbhTnET,
ZOXDREEEE T, REEEITAFEMR EAR DS - B O AT — BN TR
WEZmD 5 LREIT> TWETR, MIRICBO TR OESEZ VBRI AfL,
B 72 B O TE F OB AR T M D @ WEEMSR DA A B U, @l e E LS W EASIZHY
A THET,

BRI 2N % . AISEDRENCIXZmEBICH#Eam « B L, [T TEX 2T — AN ARA[XK
TY, KB, LT e, Eiie, ZeMEOEMEE AT OMRE N T — L5
L. 3% < DAEEAN— R ZBAZ D7 OICEMEICEITb SN - meibE L, s
R LT & £,

R VR T T A TIEARZEAE L1372 5 ONORREEZ L L TN =72 720i, 2 20
MR EBIREIT 2 OISR S L £ 97, DAAO BHEAIFZE Tl IR FED T F 7 A b R
MR A & OBEEIRD X MRS — % 215 L7 B2 HIf [Fragment Based Drug
Design (FBDD) | Z V>, HHEEHM: 2 AHANCH ESE7232602 TR LET, £/, If F
¥ RVEAIFTE T, e, Zath, EYEiElcE VW Tkay ERAET HAISGREZ T —
LJ)E THITHAR L7 W758 A O EZ B~ LB LET,

BISEA LD B BEAICRHE L, ®ERLEWEVWHRAIHT 2B EAEZ b B
IR 2 AT I6RE L. AREMTEHE & B a7 3P A O S AR RO ) % 15 2.
TEHUTENTT,

[23 3Tk
7. Hondo T, et al, J. Med. Chem., 2013, 56(9): 3582-89
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A G

1986 4= 3 H
1988 4= 3 H
1988 4 4 H
2000 4£ 3 H
2005 4 4 H
2009 4£ 10 H
2010 4 4 H
2011 44 H
2011 4% 10 H
2013 /¢ 12 H
2014 -4 H

EE VNG S SRS

SRR IER B LRRRET

1z WEEER AR AL AL E TR
i 7)) &% GRS

T AT T AGEE WIEAES ALERRSERT AL AR E R

[
[
[
[
[
[

L 2PFERT AL =R

L 2FFEnT A LR Ut R
fLEtgeT gk AEMEEE U=
LR TERT R

LZgEpTR Ak U — MEFEisE=R
AIFAL IR R
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HEARFR% 135 £

RFIRS, BREKRK
MF 2015

Rk 27 € 3 A 25 A(K) - 28 H(+)

215 MPERAY., TBERAY.
AEH > R—R—)L
FHAY - HDUIAT 1 T~
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26C-am04S
TIVFZNT )P rD15-KEBEZH L T 2EME R 22 DOVARENIE K
HH B, OKD BEL spil 3, R s (AR

[Ef)] BRTBHBAIZITAI=AT OV Z2MET 25 & 1,5-KEBE D EIT L.
TLoAAIUNELDLZ R R LY KT L= A S 3SR A AR
THZEDOLERAREBREFICRVELEEZLND, AR, T/AF= LT VY
DD 1,5-KFEBE AL T OERRERBILEMORFHERIEE LT, BfY
A T DOSREINE A R A T,

[3EBr - FER] TAXF=AT U1 E2MALT-E 2 A 15 KEBEINHEITL
T L= A 20 2 DNARFERAICAR Uiz, U7 2 1 LERY DU AERA &
BBy VA NVTHUER LI 2 A, (MK 3 DA E D 5y FNERILDET L
T ARIDBAAR 4,5 PNARIBRINICARTH 2 2 R Lo, BbR 4513V 1
T )T —T )6 ~EELS DL THE-OAERME L THEAZ ERAHETH D,

H_ _Ar Ar
Ar L\
N R [1,5]-H shift H gN oiperidine Meoch
RO OIS Q "
/ A MEOQCA\\\\),,R N fR
M902C
: 2 | i 3 |
3r E\r 8r
MeOQ,C. -~ MeO,C._ -~ MeO.C.
silicagel ’ DH + ‘ D’H TBSCI, AGNO; 2 DH
O ";R HO IIJR TBSO "!R
4 5 6

1) M. Yoshida, T. Mizuguchi, K. Namba, Angew. Chem. Int. Ed., in press.
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26H-pm02

TV az A )2 h—=)Vik ARt T I FREPIHRZAEFY 2N—¥ D OHIR E o Af
Offt i 251, AR AR H Rk A, eI 5643, B 2250, 4 W23, il %2,
A O (Al SRS, 242 2o K, SH g K BE 1)

[5] Fx 3T+ _XVIFEIC ab X UlEigs2E5H+T5 7 4 hET 2 R-1-
Uit (PCIP) FET 2 2 &2 RHL TS, 2O PCIP OAERRERIZ O
THAREZ A, BB HREMNAT T VIRETHDL T Y 2 A )
V=R ARETZ IR (GIPC) OFAK Y /X—F D (PLD) #RNOMAK I
LVELLIHEPHALNI R T, ZORISZAT O MRITH S GIPC ZHEET5
Hias# (GIPC-PLD) ToHh o, 4l RAFTET B THL I nA XTF X
T aG TR A ORI 51T D RIESRE OTEMER KONGIPC & PC1P D45 & i~ 7z,
[5ik] Wik oY x— b2 OoEICHE L, 18,000 X g DL 5y 215
f. COBESEERERE L, REO GIPC &GS, FUNRERY Y IEE%
[EIH% , TLC 2T PCIP Z B L, #iEIC K 0 @& AIT V), BERIETEZ R L7,
F7-. MR L v B A2 L, TLC 12X Y GIPC 8LV PCIP Z HiffE L, &
BIZEXVEEZITo T,

[ 5 L 252] GIPC-PLD IEMEIEF v XU ovnAf XF X F 5257 7 5 F R
YCm < Bt &, F v XY TIEAMAIO ERZE(17 nmol/mg protein) £ ¥ & £ NI
T 2 WRIOEREE(247 nmol/mg protein) THEWHERTEMEZ /R L, 77 7 T FHEY
TITHR U TEL D HREF ¥ Y 5 560 nmol/mg protein) i @ W EERTIETED i &
iz, PC1P & &13% DOMfkIc31T % GIPC-PLD iEME & L <AHBE L Tuhvi=ay,
B CTdHhoH GIPC F i & ITHB L T\ o7, GIPC-PLD {&1EIZ 7 7 7 F BHid
(CRANIC LI SN DR T IERICHKE L T 2 MMIC N TR KB L T
HEEZBNT,
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BIUTBIT R AT 7 F2 U (PA) &L, PA DHUNILMEREE AR

OZERfy I, =25 diils )y, gl avkd!, AR5 wioi, ra FIER2, A 5203, Hoh fr! (S

RS, s WL U AR 7 W RCR), S R HE)

[BEH] VU VAR RT 752 8 (LPA) IZHfa OHEFECIlE A 2 HE T HRE AT =
—HZ—=D12ThV, TOFENZEED S L 2WZHIKII T ARLE FOFOD
FIBAAIIRL O E PN BB L T D, BAITROEBIR LR RA T 7 F U U (PA)
MT A NEEE T T AL, FOAB=ALZPADENMILIZL->TAELD
HIPANEGE L TCWAZ EEHEL TS, A, FAIZPAEGEDOEVEMIZD
WTEFEZ TOICRBE L, ZTOHEBEIRIC OV TR~

[ i)l 2130, DERB LUK EORIEMAR LY Bligh - Dyer %2 W T
fEE A L, TLC £V PA Z03Hfts. AKXV ER LTz, F7-. MALDI TOF-MS
12k o> T PA DY FRESHT 24T > 72, PA DHLEIRIETINEORBRICIZT A 1E
BET L~ A& W,

[FE 5 - Z22] PA IZEMWMERSGICIZIEE A EEEN TR o7z, —F, BET
I 5 KR/ NEBNT. K 30~650 nmol/g D PA ZE ATV, KT, Y SKd PA LT
#) 1350 nmol/g £ HATEY, HELMEINDFEEA TICEMFINTND Z
ENHBA LT, ZhuE, MR E ATERERZ I CASAEITE ATEIREL/IRZE L
DU UVEENRZ WD EEXILND, Y /NO PA O FER Sy FREIT,
16;0/18:1,16;0/18:2,18;1/18:1,18;1/18:2 T o7z, T ALV VIBEET L~
AT Y NPAIM (5. Tumol/kg) &N 5T 5 &, 2 hu— /L& N FEICE
BER AR ST, TOMBITERES TH D 16:0/18:2 PA LIXITIFRERETH -
7o AREMBIZEDE, Y NITZFa o7 LTINS EIKT, 2GR E1EL
BREEI T DR ENTH SN TWD, I NTH SRS E LTOR
REMENHIRE S LD,
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260R-pm0O9S

HOGBL L 7 ) 4 7 = ) > DA

Ok B g1, ¥ A2, dvily #520, d7H B, 2005 0, B HEdh! CRATE, L KBEAR
AREPN )

WMHFFER TIE, 1,3a,6a- b U 7R 2 L ATAP)Y D)MW IEF I %7 R THY 72
MOIRWHEE EBAE R Y VAN N7 a I AL RnTENEABROHTHLZ L a2
RHLTWD, 22T, TAP ZfiEO YT a7+ TIZE AT 52 & TH LWAHE
RHEEDRBRE TE 5O TR0 eEZE L, BRETZVAMEO T a7 +7 Th
% Vibrioferrin (2)IZ TAP Z & A L8 7 0 — 7 OARICE Y $LATE,

L-Us o biBEISNA L L-V IR OHE LT-X T V7 U RFEIRS
DFEAIC LY 6 2B L., 3 TRERTTE Lz, 7TOT 2 UELIC TAP #5EK 8
i AN L7-%. TBAF (2 X 2 iR LV TAP AR Vibrioferrin 3 AT 5 2
IR LTz, BIfE, 3 OENEEZRFIT TH D, 4%IF. Ak L3 24 X705
RETUFTHE~LED AT, 3D AOEEABETLITFTETH D,

0 0
BooHN._J\ ~_oH COH 1) NC, o
(:) H EDCI OH @'}‘ﬁj_@_(
AN DMAP 7 a N 0 o8

0
NHCbz 4 — o
et A BocHN\\:)J\N/\/O ~comuse N

+

1 : 2) TBAF, AcOM
HOC ™ co,TisE 22 J3) OHO CO,TMSE 0 () H 2 e
", NHCbz NH,
HO CO,TMSE 6 7
coén T oon T LT :
0 .o, G
N\Z-QLN/\/O\H/»-/\COZH E N\ZQJ\ o : 5 NON
Sy H % : NN 7 COH! ! =/
0 4;) ™ cn OHO COH : PH . ' 11,3a6a- :
HN - o OHO COM 4 )7 gno sy
)@—@N@ : Vibrioferrin (2) N\ DN G
0 N 3 L R N e mmemmmmaan
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20R-pm23

A 2 BHE D) O ik BHEF D% aT & &K

OILAZ DD AT 22, B R, T4 /223, vhil 32, & H B, e 5,
W e (RS, 2L RBekR b, 3> M Y —ERHIAED)

A LFITRN S LX) 2 g L, RNEREEk %=
DT BRI & U TRl b LY IATe 8RR Z M HE A
N mﬁﬁ Ol =Rl 2T, LA LR S, ZOBY AT
LB (1) BIF 2572 A T = X NIRTEH LN E 72 5T R0,
ZI T, N7 URAR—F —OERELET 5 L X RS
HBRZIRVIAEHE, TOR-GEREZEL ZENTEIE, A RE - SE5ARZHD
ANV EIREETO ZRTTHEE NI TX 20O TIZRWh E B 272, AWFZE Tl
LAXRERIZY =2 N LTI EWERILEZEANT LI LI i@\b7/xf
—iHEHER & LTI T 22 OFFERLZRE - B LT THET 5,
L-7 U ATVt 7 TRTENNLD a7 LX)V AF R VIET VR
b D s ) v 7 i, f< AAHEIZ LV B &9 2 BEHIEE A L 1 (3)
DERICRE Uiz, BE, 77V H Y AT )VOIiEN A2 VW i- B AR
WXk, P UAR=F —mBLEEE AR T TH 5,

$OH CO,H  CO,H

1) N3_§
CcO,B CO,H
El 2P9co,lBu CO,Bu Cul (2 mol%) Iﬂ 2 cogH CO,H "é\/‘ k@/
—_—
1PN S ol IPNS NS
& H 2) TFA, CHsCl, & Mo
~— 0°C %“N ( )
- 2 H 2
o

1) Namba, K. et. al. Angew. Chem. Int. Ed. 2007, 46, 7060.
2) Namba, K. et. al. Angew. Chem. Int. Ed. 2010, 49, 9956.
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INA F LA Y — Tk 2 Vv 7e AL HDL K1 & 5T apoA-I Piik & D FH HAEH ZHAf
Qg‘ﬂ‘ (0, B R, VAR LR, 2 ke et (s RS, 2 S KBe HBS WF, 1=
%

[ H#] High density lipoprotein (HDL) $. {-|Z#E L2 L A7 v —/L L FEE, BR
TEALPER IR Y R 7 KT D 72 DERIRZ MR & 72> T b, L, BIFEOH
EVETIEHDL O3 L AT v — L2 E& L TEY (HDL ® = L 27 v —/LERER
PEz BRI L Ty, £oiEMid HDL Ol ¥ > N7 HTh %
apolipoprotein A-1 (apoA-DIZHKTFT 5 72 &, apoA-I1 rikiZ L 5 HDL O, 15
rEHENT SRS D E TSNS, £72, apoA-1 1L HDL RO HEE A
b3 EBNALNE /> TEY, HDL IZHEA L7- apoA-1 2385k CT& D HUAN X
LD, Lo TARNFETIE, HDL OREE 2 kK L7OIREE THUA & O AIEM 2
M CE DREROHEEEZHI LT 5,

[515] B4R apoA-1 2 KAGEFBLR TER L. N RUERf apoA-1 & L T His-
tagged apoA-I & biotinylated apoA-1 Z # 72 IZiXF L7, & / 7 v —F /LHiiRIL apoA-I
PR E LTy v AIZHE L, Ml Licfilaz a7 U F—~{b L TREL S ET,
2 — VEEBHTIEIC LV AFR L7z AL HDL % /34 4 Lo ¥ —FUkBLD M E 2 E
OctetRed 96 Ot o —F » FIZ[EE L, apoA-1 Huik & DA ZRIE LT,

[#5 R T OEER] FRE A A_T Rz X v, 1ERR L7z N RUMERT apoA-I
D _RAEES HDL JERCRE S BF AT & [R5 CTdo D Z & 2 filgsdh L 72, His-tagged apoA-I
Z[EEA L7 NI F ZVIHUR D T2 LRV IERR IS 2 7R L7275, biotinylated
apoA-1 Z [EE{k L7z Streptavidin F » 7 TIXIEFF R AE D+ IR vz, £ 2
C. biotinylated apoA-I %\ 7= A T. HDL % Streptavidin 7 v 7' IZ[E &L L. HUK
EDOHAAEMZ BLIC & » THIE L7z, TORR, TREIERS H 5% HDL K55
apoA-1 IZx 9" 2 L apoA-1 HLIKRDFEARE & E EIIZLLEENT 35 Z L ITakEh LT,



27PA-am024

TIWEFZ B apoA-1 7T 7 A FDOT I aA FigfemrE

O=y1 ;&FE, 7K 1 HG2, oL BFr2, B8 RUZS, Bk 5202, K 5202, i fdisgt? (i

R K38, s Klse HBS, *PERRHIT)

[BER) T oA R—=RADORINZ X7 ED—2>TdH D apolipoprotein
A-T (apoA-1) Tix. N RfEHL 100 BRI T I 0 R—I ALENELER L TBD, M
DT NFX = ~DERENZN, BIFRETIE, D 1 DTHD G26R BENEE
apoA—1 D AREZENE 7o b3 &z ML E IR TH D 1-835KET7 7 7 A K
DRHECR AT D 2 L2 R L TCWD, 2D 1-83 77 7 A2 ME 2 AT D
MEFE RS A A5 L. G26R 1% 1 & H OFFME R EIkIC I35, 4R, 1-83 75 7
A2 MO 2 % B ORMEE AR & £ 41D WH0R & BAR O M E L 2 72 5l &1 T
>77,

[ 5iE] 2F apoA-1, 1-83 7T 7 A MIKIGEFHZ TER L, 44-65 fEE D~
7'F RiZ Fmoc BEFAIEIC LV AR LT=, T4 7 7 B T HOEHIEIZ K 0 BRHER Rl
Z, MEEZarEilE, 77— Y BN HHEIC L SR iEE O & R
L7re E7T- B0 EFIEMEEIC L D TER 2 B2 LT,

[#ER - Z2] G26R KO W50R ZFTH1Z apoA-1 D~V v 7 A B ALFEIR I A7 AE
T 505, W50R ZZH 1T G26R A5 & [AlkE, &K apoA-1 D N K~V v 7 280 Fb
WiEAEARLZEL LTz, — . 1-83 77 7 A2 MIBWTIL G26R ZH L 1382720 |
WS0R 2 B ClrafpiE R AT ER R R 53, B RIZEE S B v — M~
DB IIIHE S, 2 % B ORHMEIZ IR Z 5 T 44-65 FRIET'F R & HW 5
R D, WS0R ZRH 13 Z OFEIK ORI L N B v — MEEERE 2 FLE L T,
PLEDZ &5, G26R TN W50R 85T, I CHRMEE A fEIR I CFET 2 T V¥ =
VERTH DN, apoA-l T I v A ROMERILAE W T R 5% E| & FF O RHErE
DIRIBEI NS,
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T 2 A2 -2 aTViR 21 KD X7 I VAT BT DI = L ¥ —
EinfEDRE
OftlE FH, K& #K Py Bded!, i gt (IR RS

[H%]@%&@@@mxmf,ﬁﬁm%%®%%EM%@@ﬁM®ﬂé%%é
HERRNSFD—DOTHDH, BIREOKEDT-DIT, BEHLEY & BRI LAY L
DARFREEIZ L D HAERE TR STV 5, Kﬁ T, #7=A> (CA) -
V2 g (0X) 2:1 HFES O AR T DI = 2L X — S IREDOREL, K
X #2EHr (PXRD) & 24 &Mt 2 VTR LT,

[55B7] CA-OX 2:1 Ao EKIL, HEIE X b U Hék A ¥ —F— (AS ONE,
MMPS-T1) # ), SEIEREEBLONEESHED L & TITo 72, FTERRIRE
W%, Hskhoky A%z L v L, MiniFlex (Rigaku, Japan) PXRD (&2 k- Tl
E LT, WIESREIZLL TomY Thsd: 7/ — K CuKa, E&EE 30KV, EEHR 15
mA, HIEME 5—45°, A7 v 7lE 0.2°, MWEMEEZLEEART MLSHE—%
A fe/N 3L (MCR-ALS 1E) CiffT LTz, £ 72, &RFEE RNV L (ATR-IR) 15
12 &> THEROIRIMNE A RS 2 & LT,

[#5 5] PXRD /8% —> & MCR-ALS [T L AH5 85, CA-OX 2:1 Hftdh & R
IS DR IEIY, BEIE A P UHBSA X —F —DREliEEE & HITHEKRT L &N
Pholo, —F, BEDEWVWICIDIAREEITRO NPT, AKX —T7—DIH
HREIZ DWW TIE, O KRIZHE-T, 0L o xLX—nE525hi-
A, R AEREEEEN ER L2 EZ BN D, —RICEIER O G T
ZORMBMDOT ENVT 7 ZERBEBR L TWAEZENMOLNTWS, LR ->T,
MR 2L X =DM KIY, CARERBIOOX RHDOT EILT 7 AL bR L T
HEHEETE S, 6T, ATR-IR DRIER RN, b bIZB T KBGO
iz & b7 ) BRekEAIREI O > 7 P LRIR TX 7=,
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