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Anion Recognition by Thiostrepton
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Abstract—A bicyclic polypeptide antibiotic thiostrepton forms both 1:1 and 1:2 complexes with anions (as tetrabutylammonium
salts) in organic solvents with K, >K; for F~ and K, <« K, for all other anions studied. Relative stabilities of 1:1 complexes in
DMSO are AcO ~F >Cl, Br, HSO, , H,PO, , but in CHCI; they follow a different order: CI” ~HSO4™
>F ~AcO™ > Br~ > H;PO, . The binding mode of anions to thiostrepton is discussed on the basis of solvent effects on the

complexation selectivity. © 2001 Elsevier Science Ltd. All rights reserved.

Molecular recognition of anions by synthetic receptors
has attracted considerable interest.! Particularly impor-
tant are neutral hydrogen bonding receptors,!d->3 which
show higher selectivities, although they operate only in
apolar noncompeting media. Surprisingly little attention
has been paid to polypeptides as neutral anion recep-
tors, although they possess the required structural ele-
ments. Few reported studies involve binding of 4-
nitrophenyl phosphate* and ditopic simultaneous com-
plexation of cations and anions® by synthetic cyclic
hexapeptides in DMSO. At the same time, phosphate-
and sulfate-binding proteins are known to bind anions
strongly and selectively via neutral proton-donor
groups, the majority of which are main chain protein
NH groups.®»? Also, a glycopeptide antibiotic vanco-
mycin has an anion binding site constructed from pep-
tide NH groups.®® This paper reports the anion
complexation properties of a natural bicyclic polypep-
tide antibiotic thiostrepton (1),” which contains a large
number of potential anion binding sites involving nine
peptide NH and five aliphatic OH groups. Thiostrepton
binds very tightly to ribosomes and inhibits protein
biosynthesis via not yet clearly understood mechan-
ism(s).”> The detection of the anion binding ability of
thiostrepton may be important for better understanding
of its interactions with ribosome components bearing a
large number of anionic groups.

Interactions of 1 with BuyNX salts were studied first by
'"H NMR spectroscopy in DMSO-ds. Sharp resonances
for the NH protons of 1 broaden into the baseline on

*Corresponding author. Fax: +1-525-616-2010; e-mail: anatoli@
servidor.unam.mx

addition of BuyNF (Fig. 1). Addition of BuyNF causes
considerable upfield shifts with broadening of the
signals at & 4.609 and 6.26, which can be attributed to
1-CH (Ad=—0.147 ppm) and 3-CH (Ad=—0.084 ppm),
respectively, and a downfield shift of the signal at & 6.82,
which is attributed to 4-CH (A6=0.126 ppm) in the
quinaldic precursor in 1. Upfield shifts in the presence
of added anions are typically observed for CH protons
adjacent to hydrogen-bonded O-H**f and NH?
groups. It seems, therefore, that the 1-C-OH group of
the quinaldic precursor is involved in F~ binding
together with the peptide N—H groups. Under similar
conditions, addition of BuyNX (X=Cl, Br, HSO,)
caused small, less than 0.02 ppm, upfield shifts. Larger
upfield shifts were also observed with BuyNH,POy:
Ad=—-0.08 ppm for CH, protons of the first dehy-
droalanine (at 065.62) in the side chain of 1 and
Ad=—(0.05-0.1) ppm for unidentified signals between
4.6 and 5.6 ppm.
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Figure 1. 'H NMR spectra of 0.00362 M 1 (top) before and (bottom)
after addition of 0.01 M BuyNF in DMSO-d.
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The above results indicate a possible stronger binding of
fluoride and dihydrogen phosphate anions to 1. In
CDCl;, solvent addition of all employed BuyNX salts
caused noticeable characteristic downfield shifts?*b-32.
of the peptide N-H groups, which indicates stronger
anion complexation in this less polar medium. Attempts
to use the '"H NMR titration method for quantitative
study of anion complexation with 1 were unsuccessful,
because in the presence of BuyNX salts the spectra were
poorly resolved in both solvents. Determination of
binding constants appeared to be possible by the UV
titration of 1. In preliminary experiments, the thio-
strepton absorbance was measured as a function of its
concentration in the range 0.005-0.1 mM in DMSO and
CHCI;. In the former solvent, the perfect proportion-
ality was observed, but in CHCIlj; the plot was curved at
concentrations above 0.02mM indicating significant
self-aggregation of thiostrepton in this solvent. All
titration experiments were performed therefore with ca.
0.0lmM thiostrepton in both solvents. Addition of
BuyNX salts induced a red shift of the absorption
shoulder of 1 in the range 260-300 nm. As in 'H NMR
spectra, the largest spectral shift in DMSO was
observed for BuyNF. Also, a significant shift was
observed with Buy,NOAc, but additions of BuyNX when
X~=Cl-, Br-, HSO,~, and H,PO,  did not cause
detectable spectral changes. In CHCI;, the complexa-
tion-induced spectral shifts were similar for all salts.

The shape of titration plots was dependent on the
wavelength used. As an example, Figures 2a and b show
titration plots for BuyNF in DMSO at two different
wavelengths. Such behavior clearly indicates formation
of more than one host—guest complex. In particular, a
minimum in the plot in Figure 2a indicates the suc-
cessive binding of two anions: the first inducing a
decrease and the second inducing an increase in the
absorbance of 1. The titration plot for BuyNOAc (Fig.
3) shows a rapid initial increase in the absorbance at
[BuyNOACc] < 0.001 M followed by a slower depen-
dence, again indicating the successive binding of two
anions. The titration plot for BuyNF in CHCI; (Fig. 4)
has a ‘sigmoid’ shape that is typical for a cooperative

O.IOOO ' 0.'002 ' 0.,004
[Bu,NF], M
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binding of two species. Titration plots for other salts in
CHCl; were similar to that for BuyNOAc in DMSO. All
titration plots have been fitted satisfactorily to eq 1
derived for the case when both 1:1 and 1:2 host:guest
binding are observed and [guest]>>[1]:®

A (g0 + &1 K, [guest] + &K Ko[guest]))[1];

1
1 + K [guest] + K K»[guest]* M

where A is the absorbance, gy, € and &, are molar
absorptivities of free 1 and its 1:1 and 1:2 complexes,
respectively, K; and K, are stepwise formation con-
stants, and [1]; is the total concentration of 1. The
values of K; and K, were calculated from the fitting of
titration plots at several wavelengths to eq 1 using non-
linear least-squares regression implemented with Origin
3.5 program and averaged; the mean values are given in
Table 1.

Binding of more than one anion to 1 is not unexpected
taking into account large numbers of potential hydro-
gen bond donor groups in the host. The cooperative
binding of two F~, while for all other anions K,
< K|, probably is due to a complexation-induced con-
formation change of the host in the presence of F~. The
opposite solvent effects on K; and K, on going from
DMSO to CHCI; (Table 1) are consistent with intra-
cavity binding of the first anion (see below), but the
second anion probably binds to the more exposed
hydrogen bond donor groups of 1. Comparison of
binding constants of all anions studied shows the fol-
lowing order of affinities for the first bound anion in
DMSO: AcO~~F~>Cl—, Br—, HSO4~, H,PO, . Bind-
ing of ClI-, Br—, HSO4~ and H,PO,~ may be undetect-
able simply due to too small complexation-induced
spectral changes in the UV region and the above NMR
results indicate that this may be the case for H,PO, ™,
although Cl~, Br~, and HSO,4~ anions do not induce
changes both in UV and NMR spectra and most prob-
ably have really very low affinities to 1 in DMSO.
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Figure 2. Titration plots for 1 and BuyNF at (a) 261 and (b) 300 nm in DMSO. In this and other figures, solid curves are theoretical profiles

calculated from eq 1 and the binding constants given in Table 1.
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Table 1. Binding constants (M~!) of anions to 1 calculated from UV titration data

Quinaldic
Precursor

Anion K,, in DMSO K, in DMSO K, in CHCl, K>, in CHCl;
F- 1.1x103 (£200) 1.9x103 (£300) 700 (& 100) 5.0x10% (£900)
cl- —a 5.2x10° (£200) <10

Br- _a 180 (£20) b
AcO~ 1.6x 103 (£100) 17 (£10) 550 (£80) <10
HSO,~ —a 5.7x10% (£1500) b
H,PO,~ _a 100 (£20) _b

2Undetectable spectral changes.
®Very small K, value.

Binding affinities in CHCI; essentially follow a differ-
ent order: CI-~HSO,~ >F~~AcO~ >Br~ >H,PO,;".
Thus, while the affinity in DMSO correlates, as expected,
with anion basicity, affinity in CHCl; shows a more
complex trend. This solvent, as compared to DMSO
has much lower hydrogen-bond basicity, but higher
hydrogen-bond acidity as follows from the respective o
and B parameters:” for DMSO o=0 and p=0.76, for
CHCIl; o=0.2 and B=0.1."2 Therefore, a strong
increase in K; for acidic HSO4~ reflects its binding as a
hydrogen bond donor and decrease in K for most basic
F~ and AcO~ as compared to Cl~, Br—, and H,PO4~
probably reflects stronger solvation of the former
anions by chloroform.!® Interestingly, not only relative
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Figure 3. Titration plot for 1 and BuyNOAc at 300 nm in DMSO.

— : : :
0000 0002 0004 0006 0008 0.010
[BusNOAc], M

but even absolute values of K; for F~ and AcO~ are
smaller in CHCI; than in DMSO indicating a larger
importance of anion stabilization with CHCI; than
solvation of hydrogen-bond donor sites in 1 with
DMSO. In the case of intracavity anion binding such a
situation is possible because donor binding sites of 1
turned inside the macrocycle cavity should be partially
hidden from the solvent. Solvent-dependent selectivity
of anion recognition by 1 certainly exemplifies a general
phenomenon, which requires detailed study of solvent
effects on anion binding for its interpretation.!! Such a
study with 1 is now in progress.
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Figure 4. Titration plot for 1 and BuyNF at 306 nm in CHCl; (insert
graph shows the region of low guest concentrations where the
‘sigmoid’ shape of the plot is more clearly seen).
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In conclusion, we would like to discuss briefly a possible
structure of anion complexes. The crystal structure of
thiostrepton is incomplete,’® but shows that two large
cycles are folded over one another creating a globular
structure maintained by intramolecular hydrogen
bonding. Probably anions are intercalated between the
cycles and are bound to the intracavity hydrogen donor
groups. In addition, a large number of electron-acceptor
dehydroalanine and dehydrobutirine groups in thio-
streptone should make possible a significant contribution
of charge-transfer type interactions with anions.
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