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SUMlMARY 

Two polymyxin antibiotics, polymyxins B and E (colistin), have been separated 
analytically into ten to thirteen components on a commercial reversed-phase material 
by isocratic elution with a mixture of acetonitrile, phosphate/formate and acetate 
buffer containing sodium sulphate and triethylamine. The analytical system was 
transferred to a preparative system, using a C,,- bonded stationary phase, without 
extensive impairing of the selectivity. The major components of each product were 
isolated and characterized by high-performance liquid chromatography, amino acid 
analysis and identification of the fatty acid. Three components were isolated and 
characterized for the first time. The fatty acid was also identified in some cf the minor 
components. 

INTRODUCTION 

Polymyxin is the generic name of a group of chemically related fatty acyl 
decapeptide antibiotics, produced by Bacillus polytnysa and related species’. The 
general structure (Table I) comprises a cyclic heptapeptide moiety with a straight 
tripeptide side chain. The N-terminal amino-group in the side chain is acylated. 

Polymyxin B was discovered in 1948 and colistin in 1950. Following the elucida- 
tion of the corresponding structures in the mid-sixtiesl, and the establishment of the 
identity of polymyxin E and colistin in 19655, many attempts have been made to 
characterize further the commercial products polymyxin B sulphate and colistin sul- 
phate. The complex composition of these products has been demonstrated by thin- 
layer chromatography (TLC), on silanized silica gel by Thomas and Holloway6 and 
on cellulose by Junge’. Junge separated polymyxin B sulphate into ten fractions, five 
of which were microbiologically active. High-performance liquid chromatography 
(HPLC) has also been used for this purpose ‘-Il. Thus, Tsuji and Robertson’ sep- 
arated polymyxins B, and B, and E, and El by reversed-phase chromatography with 
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TABLE I 

I. ELVERDAM, P. LARSEN, E. LUND 

STRUCTURES OF CYCLIC DECAPEPTIDES OF THE POLYMYXIN GROUP OF 
BIOTKS-- 

ANTI- 

FA + L-Dab ti r-Thr 4 W 4 L-Dab + L-Dab + X -+ Y 

(I) (2) (3) T (4) 

I 

(3 (6) (7) 

!---Z + t-Dab + L-Dab 2 

(10) (9) (8) 

Numerical suffix division of the polymyxins by fatty acyl radical (FA): 1. (+)-&nethyloctanoyl (MOA); 2, 
6-methyiheptanoyl (isooctanoyl, IOA); 3. octanoyl (OA); 4, heptanoyl (HA). Dab = w;-Diaminobutyric 
acid. 

W x Y z 
_- 

Circulin I-Dab D-Leu 
Polymyxin A (M) I-Dab D-Leu 

PoIymy.tin B r-Dab D-Phe 
Polymyxin C (or P) Dab Phe 
Polytnyxin D .n-Ser D-Leu 
Polymyxin E (colistin) r-Dab D-Leu 
Polymyxin S ED-Ser o-Phe 
Polymyxin T L-Dab D-phe 
Poiymyxin F: Dab (5), Thr (I), Ser (I), Be (l), Leu(2) 

r-Be 
I-Thr 
r_-Leu 

.Thr 
_L-Thr 

_ L-Leu 
_L-Thr 
r-Leu 

I-Thr 
r-Thr 
L-Thr 
.Thr 
r-Thr 
r-Thr 
L-Thr 
r-Leu 

a linear gradient elution. Terabe et a/_9 developed an isocratic ion-pair reversed-phase 
chromatography method which was applied by Thomas et aL4 to separate polymyxin 
B sulphate into eleven components and colistin into thirteen components_ Recently, 
Kimura et af.” separated the polymyxins into two or three components, both analyti- 
cally and preparatively, using a porous styrenedivinylbenzene copolymer packing_ 

This paper describes an analytical (A-HPLC) and preparative (P-HPLC) iso- 
cratic reversed-phase chromatography method, by which polymyxin E sulphate can 
be separated into ten or eleven components and polymyxin B sulphate into twelve or 
thirteen components. The capacity ratios of the major components are shown to be 
dependent on the concentration of acetonitrile in the mobile phase. The relationships 
between the order of elution and the amino acid and fatty acid compositions are 
discussed_ Differences in the compositions of commercial products of polymyxin B 
sulphate and colistin sulphate are reported. 

EXPERIMENTAL 

Reagents 
Acetonitrile (HPLC S grade) was obtained from Rathburn (Walkerburn, 

Great Britain) and triethylamine (zur Synthese) from Merck-Schuchardt (Darmstadt, 
G.F.R.). All other solvents, except water, and reagents were obtained in analytical 
grade from E. Merck (Darmstadt, G.F.R.). Water was purified by using an ion- 
exchange column and by redistillation_ The polymyxins investigated were obtained as 
follows: A, colistin sulphate, Lot No. 162107 (Dumex, Copenhagen, Denmark); B, 
colistin sulphate, Japanese source; C, polymyxin B sulphate, Lot No. 136307 
(Dumex); D, polymyxin B sulphate, American source. 
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Fig. 8. Chromatograms from analytical runs of S-50 pg of pure components of colistin sulphate. Con- 
ditions as in Figs_ 1 and 2. 

Fig. 9. Chromatograms from analytical runs of S-50 ,ug of pare components of polymyxin B sulphate. 
Conditions ~2x1 Eigs. 3 and 4. 
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The fatty acid analyses (Tables III and IV) revealed that several components 
have the same fatty acid residue. Consequently, the test for rolistin sulphate com- 
position given in ref. 12 is a test for the relative distribution of the fatty acid residues 
in the compound rather than for the fatty acyl decapeptide composition. 

By comparing Figs. l-3 with Tables III and IV, it is seen that the elution order 
of the components is primarily dependent on the fatty acid residue, less obviously so 
on the amino acid composition_ The retention time increases in the order isooctanoyl 

(IOA) < octanoyl (OA) < (+)-6-methyloctanoyl (MOA). Regarding the amino acid 
composition. the retention time increases in the order Nva < Ile c Leu in fatty acyl 
decapeptides with the fatty acid residue MOA, and Val < Leu in those with the fatty 
acid residue IOA. 

The structures of the polymyxins are shown in Table I. Four variable positions 
in the molecules have been found. but at the present time it is not known how the 
amino acid position affects the elution order. 

CONCLUSIONS 

It has been shown that polymyxins B and E can each be successfully separated. 
both analytically and preparatively. into ten to thirteen components using a chemi- 
cally bonded C,, stationary phase and a mobile phase consisting of a mixture of 
acetonitrile and phosphatejformate and acetate buffer, containing sodium sulphate 
and triethylamine. The major components were isolated and identified by HPLC and 
analyses of the amino acids and fatty acids. None of them appeared to be degradation 
products. Three of the components represent new polymysins, which have not been 
isolated before. We suggest the names polymyxin I, (= Ile-pol. B,). 0, (= Nva-pal. 
E,) and L, (= Val-pol. El)_ The fatty acid analysis revealed that several components 
have the same fatty acid residue. 
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