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ummARY  Colistin, a peptide antibiotic of the polymyxin group, forms insoluble
S complexes with deoxyribonucleic acid (DNA) and ribonucleic acid (RNA).
DNA is precipitated with a much smaller amount of colistin than RNA. The com-
plex formation occurs between deacylcolistin and nucleic acids. The formation of
these complexes is antagonized by divalent cations. The optimal pH for formation
of the insoluble complex was found to be 6.4.

INTRODUCTION

Colistin is one of a group of basic peptide anti-
biotics, named polymyxins, which was first
reported by Kovama ef al. (1950). Chemical
studies have shown that it is composed of at
least colistin A, B and C (Suvzuxr e al
1963 a). Suvzuxi et al. (1965) determined its
chemical structure and found that colistin A
and B correspond to polymyxin E, and E,,
respectively. The proposed chemical struc-
tures of colistin A and B (polymyxin E; and
E,) are illustrated in Fig. 1 (Svzuxl et al
1963 b; 1964).

Polymyxins, including colistin, are known to
inhibit the growth of Gram-negative bacteria
greatly and that of Gram-positive ones only

slightly. Its mode of action has been studied
by NewronN (1954 a, b; 1956) and FEw and
ScavLmMan  (1953). According to NEwWTON
(1956), the site of action of polymyxin in bac-
terial cells is polyphosphate. However, as it
has been reported by LaTTErRADE and Ma-
CHEBOEUF (1950) that polymyxin B forms an
insoluble complex with RNA, further studies
on the mode of action of polimyxin are neces-
sary.

In the course of investigations on the me-
chanism of action of colistin, we observed the
formation of an insoluble complex between
colistin and DNA. Thus studies were made
on the formation of the complexes using puri-
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Ficure 1 Chemical structure of colistin A and B.

Dia., Thr. and Leu. in the Figure are abbreviations for a, y-diaminobutyric acid, Threcnine and Leucine, res-

pectively.
Colistin A: R=C,H; Colistin B: R=CH,

fied samples of colistin A and B and of poly-
myxins to clarify the relationship between com-
plex formation and the action mechanism.

MATERIALS AND METHODS

1. Antibiotics

Colistin sulfate was a product of Kayaku anti-
biotics Research Co., Ltd., Tokyo. Polymyxin By,
B,, D,, deacylcolistin, colistin A and B were kindly
given by Prof. T. Suzukr (Institute for Protein Re-
search, Osaka University). Polymyxin B sulfate
was a product of Taito-Pfizer Co., Ltd., Tokyo.

2. Nucleic acids

DNA was prepared from E. coli strain B, and B.
subtilis, strain SB-15, by Marmur’s method (1961)
and from calf thymus by the method of Kay et al.
(1952). DNA of T2r phage was isolated and purified
by Mandell and Hershey’s method (1960). To
obtain a heat denatured preparation of DNA, the
solution of DNA was heated in a boiling water bath
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for 15 minutes and then chilled rapidly in an ice
water. From E. colf strain B ribosomal RNA was
prepared by Kurland’s method (1960) and soluble
RNA by Tissieres’ method (1959). The RNA pre-
parations were analyzed by sucrose density gradient
centrifugation to detect the 23S, 16S and 4S frac-
tions.

3. Protein

Bovine serum albumin (Fraction V of Sigma Co.,
Ltd.) was used.

4.  Triphosphates

Cytidine-5'-triphosphate and uridine-5'-triphos-
phate disodium salt (Calbiochem. Co., Ltd.), ad-
enosine-5~triphosphate and guanosine-5-triphos~-
phate disodium salt (Schwarz. Co., Litd.) were used.

-

2.

plex

Determination of the polymyxin-nucleic acid com-

Nucleic acids were dissolved in distilled water at
concentrations of 80 pg-P/ml and protein or nucleo-
tide-triphosphates were dissolved in distilled water

at concentrations of 200 pgg/ml. To 1ml of the



material to be tested, 1 ml of an aqueous solution of
polymyxin was added and the volume was adjusted
to 4 ml by adding 2 ml of CO,-free distilled water.
The mixture was stood for 30 minutes at 25°C and
the resulting turbidity of the solution was estimated
at 420 mp in a Beckman type Hitachi spectro-
photometer.

RESULTS

1. Formation of insoluble complexes between
colistin and nucleic acids

As shown in Table 1, when 20 ug-P/ml of
DNA of E. coli was mixed with 50 ug/ml of
colistin or polymyxins, formation of inscluble
complexes was detected by an increase in op-
tical density at 420 my. It is noteworthy that
deacylcolistin, that is colistin lacking a Cg-
saturated fatty acid, forms almost as much in-
soluble complex as intact colistin. Bacitracin,

TapLe 1 Formation of insoluble complexes

between wvarious kinds of polymyxins and E.
coli DNA

Polymyxins Polymxin-DNA complex
Polymyxin B 0.252
Polymyxin B, 0.250
Polymyxin B, 0.232
Polymyxin D, 0.240
Deacyl colistin 0.198
Colistin A 0.250
(Polymyxin E,)

Colistin B 0.235
(Polymyxin E,)

Colistin sulfate 0.275
Protamin sulfate 0.065
Bacitracin 0
Streptomycin sulfate 0.048

DNA extracted from E. coli strain B (20 ig-P/ml)
was mixed with 50 pg/ml of colistin or poly-
myxins, and the mixture was stood for 30 minutes
at 25°C. The resulting turbidities of these mixtures
were measured in a Beckman type Hitachi spectro-
photometer at 420 my.  Polymyxin-DNA complex

formation was expressed as the optical density at
420 mpe.

one of the group of peptide antibiotics, failed
to form a complex. The fact that deacyl-
colistin forms an insoluble complex suggests
that the cyclic structure of the peptide moiety
of polymyxin group antibiotics, including
colistin, is responsible for the formation of the
complex.

Table 2 shows the formation of insoluble
complexes between colistin and nucleic acids
obtained from various sources. All the DNA
preparations tested, including heat denatured
DNA, formed as much insoluble complex with
colistin as F. coi DNA. RNAs formed com-
plexes to a lesser extent than DNAs.

Neither protein nor the nucleotide prepara-
tions formed any complex with colistin. The
quantitative relationships in the formation of
complexes between colistin and nucleic acids
are illustrated in Fig. 2.

With 20 ug-P/ml of E. coli DNA there was
a visible precipitate with 5 ug/ml of colistin.
As indicated in Table 3, DNA was recovered
quantitatively from the precipitate when 80 ug-
P/ml of DNA were incubated with 5 ug/ml
of colistin. RNA, however, was only precipi-
tated at a concentration of 500 yg/ml of colistin.
This shows that DNA forms insoluble com-

TaBLE 2 Formation of an insoluble complex
between colistin and wvarious kinds of nucleic
acids

Sources of nucleic Colistin-DNA

acids complex
DNA
Escherichia coli B 0.274
Calf thymus 0.264
Bactllus subtilis (SB-15) 0.282
Tsr bacteriophage 0.256
Heat-denatured (E. coli B) 0.280
RNA
Ribosomal (E. coli B) 0.028
Soluble (E. coli B) 0.010

Colistin (50 zg/ml) was mixed with various kinds
of DNA and RNA (20.:g-P/ml), and these mixtures
were allowed to stand under the same conditions
as described in Table 1.
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Ficure 2 Formation of insoluble complexes be-
tween nucleic acids and colistin.

In this experiment, E. coli DNA (20 pg-P/ml), RNA
(20 pg-P/ml) and Bovine serum albumin (50 giml)
were incubated with various concentrations of colis-
tin, as described in Table 1. For complex forma-
tion with RNA, ribosomal RNA (1) and soluble
RNA (2) from E. coli were used.

plexes with colistin much more readily than
RNA.

2. Effect of cations on the formation of in-
soluble complexes

It has been reported that cells can be pro-
tected against the bactericidal action of poly-
myxin by divalent cations (NEwTON, 1953).
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TABLE 3 Recovery of nucleic acids from aque-
ous solution by colistin treatment

Contents of nucleic acids in
supernatant fraction (3,000

. rpm 15 min) after colistin
Colistin b )

precipitation
(pg/ml) DNA RNA
(ug-P/ml) (ug-P/ml)

0 19.6 20.5
0.5 18.8 20.1
5 0.7 19.8
50 0.3 17.6
500 <0.1 0.3
5000 <0.1 <0.1

were incubated with various concentration of coli-
stin for 30 minutes at 25°C, and the precipitate
obtained was centrifuged at 3,000 rpm for 15 min-
utes. The supernatant fraction was acidified to
0.5~ with cold 10~ perchloric acid, and kept in
the cold for 30 minutes. After centrifugation, the
acid insoluble fraction was assayed for DNA and
RNA by methods of Burton (1956) and Mejsaum
(1939).

Therefore, attempts were made to demonstrate
the effects of neutral salts on the formation of
a complex between colistin and DNA. DNA
of E. coli corresponding to 20 ug-P/ml was
incubated with 50 ug/ml of colistin and 0.01 M
of various kinds of neutral salts for 30 minutes
at 25°C and the resulting turbidity was meas-
ured. As shown in Table 4, only bi- and tri-
valent cations, particularly Mg*? and Ca*?
exhibited strong inhibitory effects on complex
formation. Sodium citrate also antagonized
complex formation.

3. Effect of pH on formation of insoluble com
plexes

To investigate the effect of pH on complex
formation, 20 ug-P/ml of E. coli DNA was
mixed with 50 ug/ml of colistin in buffers of
various pH values and the resulting turbidity
was measured. As seen in Fig. 3, maximum
turbidity was obtained at pH 6.4, the turbidity
decreasing at higher and lower pH values.



TABLE 4 Effect of neutral salts on the forma-
tion of the colistin-DNA complex

H,O 0.270
MgCl, 0.052
MgSO;, 0.049
CaCl, 6.030
MnCl, 0.052
ZnCl, 0.056
FeCly 0.048
Na-citrate 0.025
Na-acetate 0.260
NaCl 0.258
LiCl 0.250
NH,CI 0.262

DNA extracted from E. coli strain B (20 pg-P/ml)
was mixed with 50 sg/ml of colistin in the presence
of 0.01 M solutions of various neutral salts. The

experimental procedures were the same as shown
in Table 1.

DISCUSSION

The interaction of antibiotics and nucleic acids
has been reported by many investigators.
Actinomycin forms a complex preferentially
with DNA (Kawamata and Inmanisur, 1960;
Kirg, 1960; RaveN et al, 1960). Strepto-
mycin is known to precipitate DNA and
RNA by forming complexes with these sub-
stances (Comen, 1947; Gros, 1948). Mito-
mycin C was found to form cross-links with
DNA (Iver and Szysarski, 1963; 1964) and
causes an overall inhibition of duplication of
cellular DNA (SHiBa et al., 1959). Complex
formation of polymyxin B with RNA has also
been reported (LATTERRADE and MACHEBOEUF,
1950).

The mechanism of action of polymyxin B
and of its binding with RNA remains unknown.
From a comparison of the affinities of various
cations for the polymyxin-combining group
of the cell with their ability to reverse the
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Fieure 3 Influence of pH on the formation of an
insoluble complex between DNA and colistin.
Complex formation was carried out in (1) 0.01 m
glycine buffer, (2) 0.01 M Sérensen phosphate buffer
and (3) 0.01 ™ veronal buffer. The experimental
procedures were the same as those described in
Table 1.

charge on certain colloids, NEwToN (1954) has
suggested that polymyxin E binds polyphos-
phates in the bacterial cell surface leading to
a change in the surface charge of the cells and
an alteration in the permeability of the cell
membrane which results in cell death.

In our experiments colistin combined firmly
and predominantly with DNA and the degree
of complex formation with RNA was found to
be only 1/100 of that with DNA. A similar
tendency was found with deacylcolistin.  This
means that the basic, cyclic peptide moiety of
colistin is essential for complex formation.
The reason why deacyleolistin is a weak in-
hibitor of the growth of bacteria is to be attri-
buted to the absence of C9-fatty acid which is
thought to facilitate the penetration of peptide
moiety through the permeability barrier of the
cell. The biological significance of this com-
plex formation with DNA has not yet been
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clarified. However, it is supposed that by
formation of such complexes, the physiological
function of nucleic acids might be inhibited.
In another series of experiments the formation
of complexes between colistin and phos-
pholipids such as cephalin and lecithin was
observed (FEw and ScHULMAN, 1955; Naka-
jiMa  and KawamaTa, unpublished data).
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Further experiments are necessary to deter-
mine the primary site of action of colistin.
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