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UMAIARY Colistin, a peptide antibiotic of t}Te polymyxin group, forms insoluble
complexes \\, itIT deoxyribonucleic acid (DNA) and ribonucleic acid (RNA).

DNA is precipitated \\, itIl a Inticlt smaller amount of colistin than RNA. The coin-
piex formation occtirs between deacylcolistin and nucleic acids. The formatioiT of
these complexes is antagonized by divalent cations. The optimal pH for formation
of thc insoluble complex \\, as found to be 6.4.

INTRODUCTION

Coilstin is one of a group of basic peptide anti-
blotics, named polymyxins, \\, hicl\ \\, as first
rep. rt. d by 1<0YAA"A at at. (1950). Chaini. al
studies nave showi\ that it is composed of at
least colistin A, B and C (SUZUKI at d/.
1963 a). SUZUKI at tt1. (1965) determined its
chemical structure and found that colistin A

and B correspond to polymyxii\ Ej and E2,
respectively. The proposed chemical struc-
tures of colistiiT A and B (polymyxin E, and
Eg) are illustrated in Fig. I (SUZUKI at at.
1963 b ; 1964).

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

slightly. Its mode of actioiT ITas heelT studied
by NEWTON (1954, , b; 1956) and FE\v and
ScnuLMAN (1953). According to NEWTON
(1956), thc site of action of polymyxiiT in bac-
terial cells is polyphosphate. However, as it
has heel} reported by LATTERADE and ATA-
cnEBOEur (1950) that polymyxin B forms an
msolublc complex \\, it IT RNA, further studies
on the mode of actioiT of polimyXII\ are ITeces-
sary.

In the course of investigations on the lite-
chanism of action of colistin, \\, e observed the
formatioit of an insoluble complex between
colistiiT and DNA. Thus studies were made

on the formation of the complexes using purl-
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FIGURE I Chemical structure of colistin A and B

Dia. , Thr. and Leu. in the Figure are abbreviations for (I, ;.-diaminobutyric acid, Threcnine and Leucine, res~
pectively
Constin A : R-C, H. Colistin B : R-CH,

fled samples of constin A and B and of poly-
my xins to clarify the relationship between coin-
PIGx formation and the action mechanism.

MATERIALS AND METHODS

I. Allt!'hiOti'CS

Constin sulfate \\, as a product of Kayaku anti-
biotics Researclt Co. , Ltd. , Tokyo. Polymyxin B, ,
BE, D, , dcacylcolistin, constiiT A and B \\, ere 1<indly
given by Prof. T. Suzuki (Institute for Protein Re-
search, Osaka University). Polymyxin B sulfate
was a product of Taito-Pfizer Co. , Ltd. , Tokyo

2. All, cle, 'c acrds

DNA \\, as prepared from E. coll' strain B, and B
$116ti'I^^, strain SB-15, by Anatmur's method (1961)
and fronT calf thymus by the method of 1< Av at at
(1952). DNA of T2i' phage \\. as isolated and purified
by Mandell and Hershey's method (1960). To
obtain a I\eat denatured preparation of DNA, the
solution of DNA \\, as ITeated in a boiling water bath

for 15 minutes and then chilled rapidly in an ice
water. From E. coli strain B ribosomal RNA was

prep", ed by 1<uriand's method (1960) and soluble
RNA by TissiCres' method (1959). The RNA pre-
parations \\. ere analyzed by sucrose density gradient
centrifugation to detect the 23S, 16S and 4S frac-
tlons
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3. Pi oteJ'11

Bovine serum albumin (Fraction V of Sigma Co. ,
Ltd. ) was used
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4. T, .,>hosphates

Cytidine-5'-triphosphate and undine-5'-triphos-
phate disodium salt (Calbiochem. Co. , Ltd. ), ad.
enosine-5'-triphosphate and guanosine-5'-triphos~
phate disodium salt (Sch\^arz. Co. , Ltd. ) \\. ere used.

5. Delei, ,!lirat, 'oil of the poly, ,Iyx!',!-, incle!c acid coili-
pie\

Nucleic acids \\. ere dissolved in distilled water at

concentrations of 80 Ag-PIml and protein or nucleo-
tide-triphosphates \\. ere dissol\, ed in distilled \\. ater
at concentrations of 200 Ifgjml. To I inI of the



material to be tested, I inI of an aqueous solution of'
DoI}'in}'Kin \\'as added and titc \'o1ume \\'as adjusted
to + inI b\, adding 2 inI of CO, -free distilled water
Tite ntixttire was stood for 30 it, inntes at 25'C and
the resultiitg turbidit}. of the solution was estimated
at 420 in, ! in a Beckman tvpc Hitachi spectro-
photometer

RESULTS

I . FDi Mirinoii q/' I',!$011ib/e COM1p/e. \e. * heir, ^eeli
coll\/111 d, !d 1114c/eic tic!1/3

As showi\ in Table I, \\, heIT 20.11g-F1ml of
D\A of f. coll' \\, as mixed \\, itIl 50 11glml of
colistiiT or polymyxins, formatioit of insoluble
complexes was detected by an increase in op-
tical density at 4-20 in, u. It is notewort}^, that
deacvlcolistin, that is colistin lacking a C9-
saturated fatty acid, forms almost as niuch in-
soluble complex as intact coilstin. Bacitracin,

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 inoiety
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 \, anous sources. All the DNA
preparations tested, including heat denatured
DNA, formed as inuclt insoluble complex \\, ith
colistin as f. coll' DNA. RNAs formed coin-
piexes to a lesser extent than D\As.

NGitlTer protein ITor the nucleotide prepara-
tions formed any complex witlt constin. The
quantitative relationsltips in the formation of
complexes between colistii\ and nucleic acids
are illustrated in Fig. 2.

\\!itIT 20 11g-F1ml of f. coll' DNA there was
a visible precipitate \\, it it 5 ,!!gjml of constin.
As indicated in Table 3, DNA \\, as recovered

T, \nLr I Foil, iai!'o11 of 27,301i, 61e coinp/exes
beltcee, I miloiis A1"ds of poly?, 11, XIIis and E
coli DNH

Polymyxins

Poll, myKin B

Polymyxin 13,
Polvmvxin B,

Polymvxin D,
Deacyl coilstin
Coilstin A

(Poll. myXII, E, )
Cullstin B

(Polym}. xin E*)
Coilstin sulfate

Polymxin-DNA complex

Protamin sulfate

Bacitracin

Streptomycin sulfate

DNA extracted from E. co/,' strain B (20 11g-PIml)
was mixed witlt 50 I, g!in I of coilstin or poly-
my xins, and the In Ixture \\. as stood for 30 minutes
at 25'C. The resulting turbidities of these mixtures
^. ere Ineasured in a Beckman type Hitachi spectro-
photometer at 420 in, !. Polymyxin-DNA complex
formation was expressed as tite optical density at
420 in ,!

0252

0250

0232

0240

0198

0250

quantitative Iy from the precipitate when 80 11g-
F1ml of DNA w, re monbat, d with 5Inglml
of coilstin. RNA, Ilowever, was only precipi-
tated at a concentration of 500.1ig!inI of coilstin.
This shows that DNA forms insoluble coin-

0.235

0275

TABLE 2 Foi'"!o11'071 of till znSo/ub/e '07/1/5/ex
beltceen cohs/z'n rind cairoiis letiids of it MCIet'c
act'ds

0065

o

0048

Sources of nucleic
acids

DNA

ESC/!eiich, 'a coll' B

Calf th}, mus
Bnci/h, s 3116/11^^ (SB-15)
T2r bacteriophage
Heat-denatured (E. coll' B)

RNA

Ribosomal (E. coli B)
Soluble (E. coli B)

Colistin (50 I!gjml) \\, as nTixed witlT various 1<1nds
of DNA and RNA (204g-PIml), and these n, Ixtures
were allowed to stand under the same conditions
as described in Table I

NAKAjiNA, 1<. at al. Format, 'o71 of Iris0/"61e COM1p/exes of Nucleic AC, 'ofs and Cofist, }I

Coilstin-DNA

complex

0274

O. 264

0282

0256

0280

0028

0010
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O. 3

,

$' 0.2

O. I

DNA

o

10

.
a,

" 0.5

TABLE 3 Reco"ery of MMc/ez'c actds from aque-
ous $011, tz'on by cotistt'?I tieotme"t

RNA

o

O. 3

.
N

" 0.2

Colistin

(, glml)

}$.

'2

o
I

I

I

I
I

O. I

I

Contents of nucleic acids in
super natant fraction (3,000
rpm 15 min) after coilstin
precipitation

DNA

(Ag-F1ml)

o

0.5

5

50

500

5000

O. 05 0.5 5 50 500 5000

Conchn (Ag/inI)

FIGURE 2 Formation of insoluble complexes be-
t\\, eelT nucleic acids and constin

In this experiment, E. coll' DNA (20 11g-F1ml), RNA
(20 "g-F1ml) and Bovine serum albumin (50 11gjml)
\\ ere incubated \\Ith \. artous concentrations of colis-
tin, as described in Table I. For complex forma-
tion \\. itIT RNA, ribosomal RNA (1) and soluble
RNA (2) from E. coll^\ ere LISed

Protein

o

--- - ^^

DNA and RNA "xtr, .red f, .in E. ,, fi B (20, g-Piml)
were incubated witl\ various concentration of coli-
stin for 30 minutes at 25'C, and the precipitate
obtained was centrifuged at 3,000 rpm for 15 min-

fraction was acidified toutes. The super natant
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 BURTox (1956) and iVIEjBAUM
(1939)

19.6

18.8

0.7

0.3

<0.1

<0.1

RNA

(#g-F1ml)

PIGxes with colistin much more readily than
RNA.

20.5

20.1

19.8

17.6

0.3

<0.1

2. Effect of cations o71 the 101'111titio?! of ZIF
soh, 61e coinp/exes

It has been reported that cells cal\ be pro-
tected against the bactericidal action of poly-
myxin by divalent cations (NEWTON, 1953).

Therefore, attempts were made to demonstrate
the effects of neutral salts on the formation of
a complex between colistin and DNA. DNA
of fi. coli corresponding to 20 ,!Ig-F1ml was
incubated wit1\ 50, ugjml of constin and 0.01 M
of various kinds of neutral salts for 30 minutes
at 25'C and the resulting turbidity was me as-
tired. As shown in Table 4, only bi- and tri-
valent cations, particularly A1g" and Ca'2,
exhibited strong inhibitory effects o1\ complex
formation. Sodium citrate also antagonized
complex formation.

3. Lifect of pH o7,101'111nt, 'o71 of znSoh!b/e coli!
flexes

To investigate the ef}ect of pH on complex
formation, 20 11g-F1ml of E. coli DNA was
mixed witlt 50 14g!inI of colistin in buffers of
various pH values and the resulting turbidity
was measured. As seen In Fig. 3, maximum
turbidity \\, as obtained at pH 6.4, the turbidity
decreasing at higher and lower pH \, alues.
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TABLE 4 Effect of itei, tinl stilts on the forma-
tz'on of the col^^tan-DNH complex

Salt

H"O

i\IgClg
MgSO4
CaCl,

IVlnC12
ZnC12

FeCla
Na-citrate

Colistin-DNA

complex

Na-acetate

NaCl

LiCl

NH, Ci

DNA extracted fronT E. coll' strain B (20 I, g-Piml)
was n, Ixcd witlt 50 11gjml of coilstin in the presence
of 001 xi solutions of various neutral salts. The

experimental procedures were tite same as shown
in Table I

O. 270

0052

0049

0030

0052

O. 056

O 30

0048

O. 025

DISCUSSION

O. 20

0260

0258

0250

0262

o
N
~

LLl

The interactioiT of antibiotics and nucleic acids

has bcen reported by many investigators.
ActinomyciiT forms a complex prefercntially
with DNA (KAWAMATA and TMANisni, 1960;
KiRK, 1960; RAUEN at u1,1960). SITepto-
myciiT is knowi\ to precipitate DNA and
RNA by forming complexes \\. ith these sub-
stances (COHEN, 1947; GRos, 1948). \. lito-
myciiT C \\, as found to form cross-links with
DNA (IYER and SZYBALSKi, 1963 ; 1964) and
causes an overall inhibitioit of duplication of
admin" DNA (SHIBA at at. , 1959). C. inpi, \
formatioiT of polymyxin B with RNA Ilas also
been reported (LATTERRADE and A1ACHEBOEUF,
1950).

The mechanism of actioit of polymyxin B
and of its binding \\, itIT RNA remains unkno^. n
From a comparison of the affinities of \, anous
cations for the polym}, XIn-combining group
of the cell with their ability to reverse the

,

O. 10

2

pH

FIGrRE 3 Influence of pH o1, the formation of an
insoluble complex bet\\ccn DNA and colistin
Complex formation \\, as carried out in (1) 0.01 M
glycine btifTcr, (2) 0.01 A1 S6rcnsen phosphate buffer
and (3) 001 xi \. eroilal buffer. TITe experimental
procedures \\'crc t}, e same as titose described in
Table I

o
3 5 7 9

charge o1\ certaiiT colloids, NEWTON (1954) ITas
suggested that polymyxiiT E binds polyphos-
phatcs in the bacterial cell surface leading to
a change in the surface cliarge of the cells and
an alterat101\ in the permeability of the cell
membrane \\, hiclt results in ccll dcath.

lit our experiments colistin combined firmly
and predominantl}, \\. itIT DNA and the degree
of complex formatioi\ \\itit RNA \\, as found to
be only 11100 of that \\, itIT DNA. A similar
tendency, \\. as found witlT deacylcolistin. This
means that the basic, cydic peptide molety of
colistin is essential for complex formation.
The Teasoit \\, hy deacylcolistin is a \\, eal< in~
hibitor of the growtl} of bacteria is to be attri-
buted to thc absence of C9-fatty acid \\, hich is
thought to facilitate the penetratioiT of peptide
inoie^, througl} the permeability barrier of the
cell. The biological significance of this coin-
PIGx formation \\, itIT DNA has not yet been

11
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clarified. However, it is supposed that by
formation of such complexes, the physiological
function of nucleic acids might be inhibited.
11T another series of experiments the formation
of complexes between constin and phos-
phonpids such as CGphalin and lecithin was
observed (FF\v and SCHULMAN, 1955 ; NAKA-
JIMA and 1< AWAMATA, unpublished data).
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