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molecular mechanism of natural antibiotics is of high interest for
the development of new routes toward antimicrobials that can be

hoped to cause minimal microbial resistafcklany natural 344

antibiotics are cationico-helical peptides that presumably act Figure 1. Structure of pushpull (1) and pull-pull @) rigid-rod
by recognizing and depolarizing anionic, highly polarized bacterial ionophores:—, permanently fixed dipole moments, 18-azacrown-6.

cell membranes.The alignment of their dipole moment with The rigid-rod molecules and2 are composed of three subunits.
negative membrane potentials in particular has been proposed toOcti(p—phenerne) scaffolds were selected because they adapt
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9 ’ membranes (Figure ®}¢'9 The terminal cyano and methoxy

would need the development of novel functional biomimétics groups were chosen asacceptorsg ~ 3.9 D) and donorsu ~
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yu 9 9 permanently fixed dipole moments hand?2. 18-Azacrown-6
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current concerfi, we here report the design, synthesis, and
evaluation of pushpull rigid-rod ionophorel that is, in clear Scheme %

contrast to octif-phenylenep with nearly identical structure but A Ho OH  MeQ OMe
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11:X=1,R=H
CI: )
) 7: X =1, R=CH,COOBu

1: X=0Me; 2: X=CN
9 I: 8: X = 4-methoxyphenyl, R = CH,COOBu

without permanently fixed dipole moment, capable of depolarizing

bilayer membranes with negative membrane potential (Figure 1). Rq PR R PR
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Figure 2. Activity of push—pull (1) and pulk-pull (2) rods in polarized
EYPC—SUVs. (A) Representatie curves forsimultaneously detected

Communications to the Editor

the diiodo tetraester with p-methoxyphenylboronic acid gave
heptamer8 in excellent 54% conversion yield and subsequent
coupling of 8 with p-cyanophenylboronic acid yielded octamer
9. Cleavage of este® with TFA and coupling of acidlO with
18-azacrown-6 gave ionophote’

The capacity of rigid-rod ionophorek and 2 to depolarize
polarized small unilamellar vesicles (SUVs) composed of egg yolk
phosphatidylcholine (EYPC) was assessed by double-channel
fluorescence kinetics using the membrane potential sensitive
safranin O (excitation: 522 nm, emission: 581 fmak an
extravesicular probe and the pH sensitive 8-hydroxypyrene-1,3,6-
trisulfonic acid (HPTS, excitation: 450 nm, emission: 510
nmyach as an intravesicular fluorescence probe. Uniformly sized
EYPC-SUVs in saline phosphate buffer, pH 6.4, with internal
HPTS and KCI (100 mM) and external safranin O (60 nM), KCI
(36 uM), and NaCl (100 mM) were prepared by the dialytic
detergent removal method described beféeg External addition
of the selective K carrier valinomycin established an inside
negative membrane potential that is, according to Nestgta-
tion,” comparable to that of bacteria=200 mV)?¢ The assay
system was completed by the application of a pH gradient, and
both membrane potential (Figure 2A, curvesc and intra-
vesicular pH (Figure 2A, curves d, €) were subsequently moni-
tored by changes of the emission intensity of safranin O and
HPTS, respectively. The presence ofid ionophore2 affected
neither membrane potential nor proton gradient significantly
(Figure 2A, curves b and e). In clear contrast, pughll rod 1
rapidly depolarized the EYPESUVs (Figure 2C and A, curve
c¢) and,after depolarizationcaused pH gradient collapse (Figure
2D and A, curve d).

Control experiments showed that both ionophores have identical
activity to mediate intravesicular pH changes in unpolarized
EYPC- and anionic EYPG-SUVs (EYP& egg yolk phosphati-
dylglycerol)! The increased activity of pustpull rod 1 in
polarized SUVs can thus benambiguouslyattributed to its
permanently fixed dipole moment. Although other explanations
are possiblé® the presence of a pustpull scaffold is likely to
increase transmembrane binding to polarized bilayers due to

changes of membrane potential (emission of external safranin O at 581favorable alignment of the fixed dipole with the membrane

nm; Aex 522 nm, curves-ac) and pH gradient (emission of internal HPTS
at 510 nme 450 nm, curves d and e) during the addition of valinomycin
(6 nM), base (NaOHApH 1), sample (curve b, e, 1M 2; curve c, d,

10 uM 1; curve a, negative control) and melittin as a function of time.
All curves were normalized to 100% @ s and 0% at 320 s; in curves
d and e, the negative control curves were subtracted after normaliZzation.
(B—D) Schematic representation for ion flux mediated by pystil rod

1. Addition of 1 to doubly labeled, polarized SUVs with low internal pH
(B) resulted in membrane depolarization by/Ka* antiport (C) followed

by H* gradient collapse presumably due td/Na" antiport (D); less
likely transport mechanisms are not shown for clarity.

iodination of the termini of substituted segiphenylene)s is
hampered by poor solubility and regioselectivity. However, Suzuki
coupling of an excess of diiodo dimate"with diboronic acid4
provided direct access to the key intermediate 10% vyield.
Coupling of diiodo hexameb with p-cyanophenylboronic acid
gave octames, which was readily converted into a ptibull
ionophore2 following our previously established protocéfd)
but the intermediate heptamer needed to preparepeutién-
ylene)s with different termini was not observed. This problem
was solved by attaching the “solubilizingért-butyl glycolate
side chaif® on the hexamer stage. Indeed, Suzuki coupling of

(6) McClellan, A. L. Tables of experimental dipole momenw. H.
Freeman and Co.: San Francisco, CA, 1963; pp 233 and 254.

potentiaf® that results in the recognition of polarized membranes.
The delayed pH gradient collapse (Figure 2D and A, curve d vs
e) further demonstrated that pusbull rod 1 acts with M™ > H*
selectivity and not by lysis.

In summary, we have shown that a permanent dipole moment
along a hydrophobically matching rigid-rod scaffold aslins
sufficient for recognition and depolarization of polarized bilayer
membranes. These findings imply the promise of pyshll rods
as potential antimicrobials.
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