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SUMMARY 

The crystal and mlecular structure of the rubidium/picrate canplex of the 
peptide cycle-(D-val-Gpro-Gvdl-I)-pro 

d 
,calledprolincanycin,has beendeter- 

mined by X-my cxystallogmphy and foun to be similar to the well known ion- 
carrier valinomycin. Prolimmycin crystallizes in the triclinic system with 
twoprolinomycinmlecul.es andtwoeachmbidimcations andpicrate anions in 
the unit cell. There are also ordered toluene and chloroform molecules, which 
are the solvents of crystallization, in the unit cell. The conformation of the 
two crystallographically independent prolinomycin molecules in the unit cell 
arevexysimilar. Potential energy calculations show that the cation is bound 
mre stmnglyinprolinomycincompamdtovalincmycin. This was also observed 
in solution (7). 

INTROBWIION 

The cyclic dodecadepsipeptide valincmycin has been the subject of many 

investigations because of its abilities to complex and solubilize monovalent 

cations intomnaqueous solvents oflawpolarity. I'bnovalentcations so cm- 

plexedmtaintheir +lcharge and canbe Wansportedthroughnonaqueous barri- 

ers such as lipid bilayer membranes provided that scme mechanism is present to 

compensate for the movement of charge. The conformation of complexed valino- 

mycin was determined independently by spectroscopic methods (1) and by X-ray 

crystallography (2). Fran these studies it was suggested that the geomtry of 

the ester linkages invalincmycinwouldbe little changedby~placementby 

peptide linkages, and that the solubility in nonaqueous solvents would be pm- 

served as long as peptide hydrogen atans were not exposed to the exterim. 

Pmm such considerations Gisin and Merrifield (3) synthesized the pmline ma- 

logue of valinomycin, Cycle-(&val-&pro-Oval-&pm)3, also called peptide PV 
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or prolincmycin, in which each ester linkage is replaced by the hydrogenless 

peptide linkage of the same chirality furnished by proline. A series of stud- 

ies by Gisin, Tosteson and their co-workers (4-7) showed that prolincmycin 

muld complex monovalent cations even more strongly than would valinomycin but 

would transport cations through lipid bilayer membranes more slowly. 

This present work announces the successful determination by X-ray cays- 

tallography of the complex of prolinomycin with rubidium picrate. 

MEJIHODSANDNYERIALS 

Rubidium picrate was dissolved with an equinolar amount of prolincmycin 
in methylene chloride and evaporated to dryness. The complex was recrystal- 
lized from a 1:l mixture of chlorofomutoluene. A single crystal was sealed in 
a thin-walled capillary tube, space group and unit cell parameters as deter- 
mined by the diffractometer were as follows: 

a = 16.139(11) i b= 16.312(9) ;; c = 18.270(11) ;; 

a = 106.70(3)“ B = 86.95(3P y = 106.70(3Y' 

The space group is Pl or Pi with two molecules in the unit cell. Reflections 0 
with h+k+l odd were weak but present. Complete three-dimensional data to 1.0 A 
resolution consisting of 7240 unique reflections were collected on the Hilger- 
Watts four circle diffractcmeter using filtered copper radiation in the lab+ 
ratory of Dr. Herman Watson, Department of Biochemistry, University of Bristol, 
Bristol, England. 

Structure determination and refinement 

It was assumed initially that the space group was Pl, although other space 
groups were considered because of the unusual cell lengths and angles and the 
twc molecules per unit cell. Inspection of the Patterson synthesis revealed 
only one possible Rb-Rb vector, at l/2,1/2,1/2. The statistical distribution 
of the intensities of the reflections was of no help in making a decision about 
the space group, nor had it been for the structure of valinomycin. A heavy 
atom synthesis calculated on the basis of the two Rb atoms was uninterpretable. 
Application of the direct methods as Pl or Pi were unsuccessful. The structure 
was finally solved by our use of rotation function (8). We have had consider- 
able success applying the rotation-translation functions to cycloheptaamylose 
complexes which again could not be solved by other methods (9). The orienta- 
tion of the three-fold axes of the two crystallographically independent mole- 
cules were determined using the rotation function. The backbone atoms of the 
twomolecules werelocated from the heavyatomphased electron densitymap 
averaged about the molecular three-fold axes. The side chain atoms and the 
solvent molecules wer$ located from the difference Fourier maps. The structure 
is being refined as Pl by block-diagonal least squares using Dr. Stewart's 
X-my 76 crystallographic programs. The R-value with 5949 observed reflections 
and 116 non-hydrogen atoms is 0.164. 

R?ZSULTS 

Fachprolinomycin-Rb+ ccmplex,whichhas a 3solecular symmetry, sits ona 
center of syrrpnetry of the crystal so that there are two independent half can- 
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plexes in the crystallographic asymmetric unit. There are two picrate anions 

in the unit cell sitting at a general position balancing the +l charge on each 

prolinmycin-Rb+ canplex. In addition there are three toluene and two chloro- 

form molecules, which are the solvents of crystallization, in the unit cell; 

the chloroform and two toluenes sit at general positions and the third toluene 

in the unit cell sits on a center of synmetry. The unit cell therefore con- 

tains three toluene molecules and two each: prolinomyci.n,Rb,picrate and 

chloroform. The solvent molecules seem to be well ordered although they have a 

mch higher thermal vibration cmpared to the prolinmtycin mlecules. 

The conformation of the two crystallographically independent molecules, 

kblecules I and II, are essentially the same. The conformation found for pro- 

linomycin is in general the same as that found for valincanycin with the B-fold- 

ing, the 1-k hydrogen bonding, and the valyl carbonyl residues turned inward to 

coordinate with the metal cation. The similaritybetweenpnAincmycinand val- 

inanycin conformations was in fact predicted by Davis, Gisin and Tosteson (6) 

from their NMR studies. Hmever, pmlincmiycin, in conlmst to valinomycin, has 

anexactcenterof synmatry. This requires an internal racmization of the 

chirality of the amino acid residues resulting necessarily in no optical ac- 

tivity, and Ecl*'D - 2.2 ?r 1.2O was observed by Gisin and Merrifield (3). 

Stereo diagrams viewing dawn the %-fold axis of Molecules I and II of prolino- 

mycin and the Rb aurichloride cmplex of valincmycin (2) are shown in Figure 1. 

Although the backbone confonnationangles,hydrogenbondlengths andan- 

gles,andcoordinationdistances ofprolinmycinare similartowhatwas ob- 

served with valin~cin canplexes, the 3 symwtry of the molecule is in general 

maintainedbetterinpxolinar&n. 

The isopropyl groups of the valyl residues are in staggered conformation 

with the angle x around * 60° and 180°. The 3-fold s-try of the molecules 

appears to be closely follow& by these side chain atoms too. 

The picrate anion is on one side of the prolinomycin mlecule and does not 

have any direct interaction with the cation. It seems to be stabilized by the 
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Fig. 1. Stereo view dawn the molecular three-fold axes of (a) Molecule I of 
p~~~lincanycin, (b) Molecule II of prolinomycin and (c) valinanycin. 

hydrophobic interaction with the proline rings. 

It was observed that prolincmycin has a much hipher affinity for alkali 

metal ions and a much poorer efficiency in transporting the cations across lip- 

id-bilayer membranes compared to valinomysin (7). We sought an explanation for 

this observation from our knowledge of the crystal structure coupled with po- 

tential energy calculations (lo-121 with the Rb complex of prolinomycin. S&n- 

ilar calculations with other ion-transporting antibiotics have been very effec- 

tive in understanding the mechanism of complexation (12). We carried out the 

potential energy calculations (a) between the Rb ion in Molecule I and its en- 

cirolingpmlihomycinmlecule, (b) between the Rb ion in I%lecule II and its 

encircling prvlinonycin rmlecule, and (c> between the Rb ion and the encircling 

valinomycin mlecule. The midmum energy position of the cation in prolin~cin 

turned out to be the same as the one observed in the crystal structure, and the 

minirmrm energy values for ldolecules I and II are -191 kcal/mole and -193 kcal/ 

nole, respectively. The corresponding value for the Rb complex of valirmnycin 

is -170 k&L/mole. Molecules I and II of pmlinomycin are crystallographically 
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independent determina tions and their conformations are similar though not iden- 

tical; there are several significant differences in their bond lengths and 

angles. However, the potential energies of the two molecules differ only by 

2 kcal/aole and this lends support to the correctness of the constants used in 

these calculations. If we therefore treat this 2 koal/mole to be the standard 

deviation, the difference of 22 kcal/nole observed between prolinomycin and 

valinomycin should indeed be significant and does not reflect any artifact due 

to the constants used in the potential energy calculations. Thus the cation 

appears to be bound stronger in prolinomycin over valinomycin, and this seems 

to be at least part of the explanation for the higher affinity of prolinomycin 

to cations observed by Tosteson and co-workers in solution (7). 

The differences in the affinities of cations by valincmycin and prdino- 

lT@rl must also come from the differences in the potential energies of the un- 

complexed forms and in the mechanism of conversion from complexed to uncqlexed 

forms. In prolh~~~Cin the restricted freedom of rotation due to prolyl resi- 

dues may not Allah the insertion or withdrawal of the cation as easily as do 

the hydroxy acid residues of valinomycin. Another possibility is that prolino- 

mycin is unable to achieve as compact a conformation in the unccmplexed form 

as does vali.nomycin,again due to the restricted freedanresulting fromthe 

prolyl residues. Indeed it is interesting to compare the ccmplexed and uncom- 

plexed forms of several cyclic host molecules; examples are valinoqcin (2, 

12,131, beauvericin (14,151, and cyclohexa and cyclohepta amyloses (9,161. In 

each case the complex form is circular and the unccmplexed form is flattened 

into an oval. The crystal structure of uncomplexed prolin~~in should throw 

sore light on the structure-function relationship of valinomycin and its pep- 

tide analogue. 

We tl-&c the Ccanputer Service of Indiana University-Purdue University at 

Indianapolis for providing computer time. Sane of the crystallographic calcu- 

lations were done with X-ray 76 Cunputer progrems created by Dr. James Stewart, 
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