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For over 30 years, the polyene antibiotic amphotericin B (AmB, in most solvents hampered product recovery during purification,
1) has been used for the treatment of systemic fungal infections. the coupling reaction itself proceeded in moderate yield of ca. 20%
Its antifungal action is generally accounted for by the formation of for 4 and5.
an ion-permeable channel across the lipid bilayer, where the drug

has a higher affinity for ergosterol, an abundant sterol in fungal Scheme 1 —
membranes, than for cholesterol, a major constituent of mammalian <|)/, o Me
plasma membranes. Despite extensive investigations by UV/CD ang m '
spectroscopic methotland by molecular dynamics calculatiohs, Ft HO™ OH

Zun

details of the molecular architecture of the ion-permeable channel
are not fully understood; a generally accepted model is a barrel-
stave assemblage comprising around eight pairs of AmB/sterol.
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The mechanism of bimolecular recognition by AmB/AmB or by 8 R= —€—(CHy=C-0(CHly—0-C-(CHa),—C~ (EGS Linker)
AmBJ/sterol is essential for the better understanding of the drug’s 1. FmocNHICHnaGHO | T

. . . . . . then NaBH;CN
action, which may lead to a reduction of serious side effects in 2 pipercine O, 0 Mo  conos O, O Me
mammals. However, the molecular assemblage is thought to reach AMB ———— o on N Ho““(loa
a dlssomatlon/ass_ouatlon equmbrlum,_ resulting in an exchange HRL ) NH, Hﬁﬁ/n
between conducting and nonconducting states of the channel, (v)n n 4R
hampering spectroscopic observation of the active assemblage. As & Re —2~Hget-, n=3
i - e . 5 ht

suggested for channel-forming peptides, dimers, instead of 5 Re —O—(CHg—8, N =6

monomers, participate in this process, the equilibrium should shift 6 R 8o -%-o—m ) _O_g_(CH ) 2 £GS Linken, =6

to the associated state, thus stabilizing the assemblage long enough o = e '

for NMR measurements (Figure 1). We therefore attempted to It has been reported that cation current across a liposome
prepare covalently linked conjugates of AmB/AmB and AmB/sterol. membrane can be monitored by pH-dependent changes #Rhe

In this communication we report preparation of AmB dimers with  NMR chemical shift of phosphafeln spectrac andd of AmB
channel-forming ability that can be utilized in investigating some and dimer5 (Figure 2), new signals appearingse3.1 were derived

of the details underlying bimolecular recognition. from phosphate entrapped in liposomes on which AmB or diner
formed ion-permeable channels and ldaked out at the expense
of K* influx. This pH rise caused a downfield shift of a phosphate
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Figure 1. Possible equilibrium shift in formation of molecular assemblages Dimer 2:
by covalently linked dimers. Dimer 3: n = 0 (EGS Linker)
Dimer4:n=1,m=3
AmB dimers2 and3 were prepared by linking each amino group Dimer5:n=1,m=6
of AmB with dicarboxylic acid. These dimers bearing Mracy! Dimer 6:n = 1, m = 6 (EGS Linken)

substitutent at their amino groups showed no significant bioachvity,
as suggested by previous repdridle next prepared dimers that
retained amine functionality After several trials, bioactive con-
jugates, which had aN-aminoalkylamide linkage via dicarboxylic
acid, were successfully furnished (Scheme 1). Among other dimers
4, 5, and6 exhibited the prominent hemolytic activity, exceeding
that of AmB> Although the extremely low solubility of these dimers

signal. AmB and dimers elicited an all-or-none ion flukin
ergosterol-containing lipid membranes, where the conductance of
their channels was so large that, once the channel was forniéd, K
H* exchange instantly reached equilibrium, thus leaving only two
'kinds of liposomes. One kind, which was free of the channels,
retained an initial pH ¢ 1.2), and the other, which had been
permeabilized, showed a higher pHl 8.1)82 The spectra in the
absence of sterol or in the presence of cholesterol (spacnab

* To whom correspondence should be addressed. E-mail: murata@ch.wani.osaka-; N . :
u.ac.jp. in Figure 2) showed markedly different features from those in the
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Figure 2. 3P NMR spectra of liposome-entrapped phosphate for AmB
and Dimer5. The peak around 1.2 corresponds to JRO, at pH 5.5 of
intact liposomes, and that aroudd.1 corresponds to HFﬁOat pH 7.5 of

the buffer. (a) No sterol was present in liposome membr&re, 1072 (R:
sample/lipid molar ratio). (b) Phosphatidylcholine (PC)-cholestdRot:

1073. (c) PC-ergosterolR = 1073. (d) PC-ergosterolR = 10~4. Control,
where no AmB or dimer was added, depicted the intensity of the peak at
0 1.2 when liposomes stayed intact. *AmB Rt = 10~2 showed an
unexpected pattern, where the intensity of a phosphate signal due to
permeabilized liposomes was smaller than that in tca@emB, R = 10"4).

This can be explained by disruption action of higher concentrations of AmB,
which should result in not only influx of K but efflux of phosphate.

presence of ergosterol, indicating that ion conductance of these
channels was not high enough to induce the all-or-none flux
although reductions in the intensity of signalsdat.2 suggested
that liposome membranes were partly permeabilized by AmB or
dimer5. These spectral characteristicsspparticularly ergosterol-
dependent all-or-none type flux, are essentially similar to those of
AmB although the efficacy of the dimer was more or less reduced.
Dimers4 and6 also revealed a typical NMR change of the all-or-
none type flux in ergosterol-containing liposomes (see Supporting
Information), whereas the directly linked dim&and3 were found

to lack ion-conducting activity. Assemblage formation by direr
was further examined by CD spectra. In ergosterol-containing
phospholipid liposome& showed a larger split Cotton effect than
that of AmB (Figure 3).° This spectral difference appears to reflect
close vicinity of heptaene chromophores of the dimers in a
molecular assemblage.

These findings suggest that dimérs, and6 form a molecular
assemblage that is functionally similar to that of AmB. With
bioactive dimers in hand, regio-specific labeling with NMR nuclei
for each monomer part could facilitate the determination of an
interatomic distance even in highly symmetrical structures proposed
for AmB channels. For this purpose, we are trying to synthesize
dimers that are labeled witiC and*®F nuclei for use in structure

studies based on solid-state NMR.
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Figure 3. CD spectra of dimeb and AmB in phospholipie¢tergosterol
liposomes and in buffer without liposomes. CD spectra of diterere
measured in MeOH, in buffer and in liposonfes= 0.5 x 1072 (R: sample/
lipid molar ratio), and a trace for AmB was obtained in the same conditions
exceptR = 1072 (the same concentration as monomer AmB). The liposomes
were prepared in the same manner as thafoNMR measurements except
for addition of FCCF Concentrations of dimef and AmB were kept at
2.5 and 5uM, respectively Ae was normalized to the concentration of the
monomer part for dimeb.
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An all-or-none ion flux is reported to occur with channel-forming

ionophores such as AmB and gramicidin D, which are reported to elicit

a biphasic evolution of phosphate NMR signials.
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(as seen in Figure 3) was confirmed by different experiments, see

Supporting Information. Bolard et al., however, reported that micelles of

AmB formed in water give rise to the Cotton effect at 330 nm as seen for

the trace for AmB in buffer (Figure 3). The large CD split for dinter

therefore, may be partly due to micelles of dindan aqueous phase. (a)

Bolard, J.; Seigneuret, M.; Boudet, Biochim. Biophys. Act4980 599,

280—-293. (b) Bolard, J.; Legrand, P.; Heitz, F.; CybulskaBi&chemistry

1991, 30,5707-5715.

JA012026B

9)

(10)

J. AM. CHEM. SOC. = VOL. 124, NO. 16, 2002 4181



