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The interaction of antibiotic valinomycin with 
manganese (II) has been studied using circular dichroism, 
electron snin resonance and infrared techniques. Results 
show that &(I11 forms complexes with valinomycin in both 
2:l (valinomycin-ion-valinomycin sandwich) and 1:l (equi- 
molar) stoichiomctries. The 1:l type observed here is 
very different from the well knobm K+-valinomycin bracelet 
conformation. 

IFTKODUCX!IO~: \ 

Several physicochemical studies have been carried out 

both in solution (1) and in solid state (2-4) to correlate 

the conformations of free and cation bound valinomycin with 

its ionophoric activity aLnd selectivity. So far, onl~y 

erruimolar stoichiometric complexes have been reported and 

this evidence led to the suggestion that 1:l comple:: j-3 

r?:;nonsible for ion transport across model and biological 

membranes (5) . Recently, om- laboratory ri73orted ? novel 

conformation fcr t'-:e v,7linomycin-3a 2+ cor;rolex (G) . In thi.s 

communication, vie renort our snectrosco-)ic eVi,Gcnc,: to 

show th.at valinomycin forms mi:-:ed co:391 e::ec ~l.tJ: manganfsc(I1) 

iii <acetonitrile. 

biATERZALS X!D IIGL‘i-IODS - ---1_ 
Valinomycin and manganese perchlorate were from 

Sigma Chemical Company 2nd ?lfa Inorg<mics resnectively. 
kcetonitrile was distilled over P2C5 before use. The 
Circular Dichroism spectra were run on a JFSSCC-J 30 
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automatic spectropolarimeter calibrated with d-lo-cam:>hor 
sulfonic acid. The ESR spectra VJere recorded on a varian 
E-300 instrument using a @artz cell used for aqueous 
Solutions. The proton i;P;R spectra were run on a Bruker 
NH270 instrument. 

RESULTS X:D DISCUSSI0N 

The circular dichroism (CD) spectra of valinomycin 

(VFi) in ncctonitrile showed significant changes on 

addition of manganese perchlorate. The molar ellipticity 

value, 64 8 at '2.17 nm showed a ch.arqe from a small 

positive value (2.87 x lo3 deg.cm2 o dmo I 
-1 

) in free valino- 

mycin to a large negative value (-17.64 x IO3 
-1 

deq.cm2.dmol 1 

in the valinomycin-manganese complex. The CD titration 

graph is shown in Figure 1. A non-linearity in the Scatchard 

plot (7) of the changes in 61 over the concentration range 

studied indicated that the binding is not of a simple tyne 

and suggested the presence of multiple complexes in solution. 

Using a four parameter computer fit (71, the stability 

Figure 1 : Circular Dichrolsm titration graph of 
valinomycin-maganese perchlorate in 
acetonitrile. (a) computed four para- 
meter fit with experimental points 
represented by circles (b) computed 
contribution of 2:l complex (c) computed 
contribution of 1:l complex ; concen- 
tration of valinomycin used is 4.54 fll. 
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constants KI and K 2 obtained corresponding to the following 

equilibria are 1.6 x lo2 lit.mole -1 and 1.0 x lo3 lit.mole -1 

respectively (computed curves for 181 and 2:l species are 

also shown in Figure 1). 

I<1 
VP1 f Pln(I1) e Vbl Nn (I I ) 

VI4 Mrl(II) + w 
2 Nn(I1) 

The nature of t'ne valinomycin-manganese com~lez 

was also studied using electron spin resonance technique. 

It has been shoTm (S-12) that the electron spin relaxation 

of 6 S state ions is governed by tne distortions in the 

symmetry around the metal ion which produce a permanent 

zero field splitting ( 2.F.S ) and by fluctuations of t'ne 

instantaneous Z.F.S produced by molecular vibrations and 

collisions. The changes in line width ,and signsl. intensity 

of the fourth hyperfine line are indicative of the mobility 

and environment around tne manganese ion. 'i'he e.s.r 

titration graph of the line width and intensity of the 

fourth hyperfine line is given in Figure 2. As seen in 

0’ 
I I I , I 

4 12 16 20 24 26 32 

[VM] m  mM [VM] m  mM 

Figure 2 : E.S.R. titration graph of manganese pti~- 
chlorate with valinomycin in acetonitrile. 
The linewidth ( A ) and intensity (0) of 
the fourth hyperfine line are plotted 
against concentration of valinomycin. 
Manganese perchlorate concentration I 4.68 n-N. 
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the figure, the intensity of the fourth hxccrfine line at 

first decreases on addition of manganese pcrchlorate and 

then increases. The line width changes show a reverse 

trend. Based on the CD results, the proposed scheme 

consistent with these data is as follows : 

2+ 
i-w + 

B 

11 
1 

2+ 
L= (CH3CN)3 VM 

The loss in e.s.r line intensity is indicative of the 

existence of unsymmetrical inner sphere cowlexes (C) 

in which some solvent molecules are displaced from the 

first coordination shell (13) D Further increase in intensity 

is due to formation of the symmetrical inner sphere 

complex D w‘nich has a small static L.F.S. value. 'I'ilC 

increase in e.s.r linewidth at first is due to the 

formation of outer sphere complex 3 which &le to its 

decreased symmetry produces larger Z.F.S. (13). Furt!-lcr 

decrease in linewidth at higher concentrations of valinomycin 

is due to the formation of symmetrical inner sphere 

complex D. It is clear from these results that valinomycin 

forms both unsymmetrical (C) and symmetrical (D) inner 

sphere complexes. 

The inLrared spectra of the vnlinomycin-manganese 

complex in acetonitrile s:hoF.red a new band at 1700 cm-' 

in addition to the band at 1739 cm-' corresponding to 

ester cjrbonyl stretch in free valinomycin (1) whereas 

the nclide I band at 16 50 cm-' o?xerved in free v-l;.noqcin 

did not cl:an.7c on corqlexation. These data indic?tc that 

only one sot of the si:: ester carbonylr of t5c vilinor.ivcin 
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bracelet are involved in coqle::aticn. The i.r. spectra 

in solid state sho:,r the ester carbonyl stretch unaffected 

and the amide I band shifting to lower fre3enci.es 'by 

1 about 30 cm--. ?resuna'Jl:r, . _ . Lx t.3~ co57-le:: in the solid state 

is similar to the v?linomycin-barium comple?: (6). Proton 

XiG? spectra recorded at -40°C showed two sets of XI! 2roton 

signals due to free and complexed valinomxycin. I-Zoweve r, 

even at this low temperature the lines were excessively 

broadened +-An& no information on the conformation of the 

complex based on coupling constant data could be 

obtained. 

Our results show Mat bot'n 1:l and 2:l stoichiometries 

are possible for the valinomycin-manganese complex. 

The 1:l complex observed here has only one set of the 

six ester carbonyls on the side of the bracelet available 

for comnlexation whereas all the six ester car?>onvls 

com?le;c with potassium which is trapyled inside the bracelet 

(l-4). This 1:l complex is a direct demonstration of 

the compleAxation reaction at the membrane-water interface. 

The 2:l complex has manganese sandwiched between two 

valinomycin molecules and its presence indicates the 

handing over of the metal ion from one valinomycin molecule 

to another in the lipid bilayer. This is different from 

the valinomycin-barium complex in that the latter has 

a completely flat structure'(6). Support for the proposal 

that 1:l complex is the only species responsible for 

transport of potassium by valinomycin comes from mainly 

two sources (5). Gne is t'ne slope of unity r+hen t'ne 

logarithm of ionophore concentration is plotted against 

conductivity and the other is the exclusive observation 

of 1:l complex in solution. To our knowledge, there 
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exist no data in the literature on the concentration 

dependent conductivity measurements for divalent ion 

transport. In the light of our results, it is likely 

tiiat these metal ions are transported by a relay carrier 

mechanism wherein the metal ion is handed over from 

one ionophore to another in the lipid bilayer. 

This work, in part, is supported by the De.partment 
of Science and Technology, India, research grant on 
'Conformational Studies on Ionophores'. Ue are thankful 
to Prof.R.Srinivasan for use of the e.s,r facility and 
some discussions. 
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