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STUDIES ON THE lv'IECHANISM OF ACTION OF COLTSTIN

111. PRECIPITATION OF ESCHERICHIA COLI RIBOSOMES WITH

COLTSTIN

KUNIHIRO NAKAjlMA and JUNICHI 1< AWAMATA
Department of Experimentul Chemotherapy, R'Searcl\ Institute for NIIcrobial Diseases,
OSal<a Uni\'ersit} , Osaka
(Recei\ed December 17,1965)

uMMARY A purified preparation of ribosomes of Zschei'Ichin coll' straiiT B could
be precipitated \\. ith colistin and other polymyxiiT group antibiotics. The

precipitation \\, as counteracted by divalent cations. A'laximum prccipitatioi\ \\, as
observed at pH 8.3. No significant difference in the extent of precipitatioiT at 4'C
and at 37'C \\, as observed. The biological significance of this precipitatioi\ is dis-
cussed in relatioit to the mechanism of polymyxin group tintibiotics.

BIKE\ JouR\AL VCI. 9.45-50, 1966

INTRODUCTION

During Investigations on the mechanism of
action of colistii\ (polymyxin E), evidence \\, as
obtained that acid soluble ribocompounds are
released by it from E. cofi cells into the medium
(NAKAJiMA and KAWAVATA, 1965 b). It \\, as
also suggested that depolymerization of CGI-
Iular ribonucleic acid (RNA) occurred \\, ith
colistin (NAKAjiMA and 1< AWAMATA, 1965 b).
Thus, the effect of colistin on E. cofi ribosomes
was studied. In this paper the precipitation
of E. coli ribosomes \\, ith colistin and related

peptide antibiotics are presented

A, IATERIALS AND A, IETHODS

01gai!rs, ,I

A colistin sensitive E. coll' strain B was used

2. HullbJotJcs

The preparation of colistin and other related anti-
blotics used are as described pre\. jously (NAKAjiNA

and 1< AWA xiA'rA, 1965 a). Streptomycin sulfate \\. as
a product of 1<nken Chemical Co. . Ltd. Tokyo. and
dihydrostrcptomyciit sulfate \\. as from 1<yo\\. a I{akko
Kog\, o Co. , Ltd. Tokyo

3. Piepn!nilo, I of 1'160so, ,, e$

fi. coll^trailt B \\, as gr0\\'11 at 37'C in flasks, con-
raining 100 n, I of broth (PIl 7.2), using a rotary
shaker operated at 130 rpm. Cultures \\erc gro\\. n
to tlTe begining of the stationary phase (about Sitours
incubation). Then the bacterial cells were collected

by centrifugation at 4,000 rpm (2,000 Ig) tit 2'C for
20 minutes and tl, e precipitated cclls \\. ere \\. ashcd
once \\'illt cold 10~* XI tris (hydroxymctl, yl) amino-
methane (tris) containing 10~' xi A1g acetate (pH 7.4)
and centrifuged again at 4,000 rpm (2,000 Kg) for
20 minutes. The \\, ashcd cell pellet \\. as stored in
a deep freezer at -20'C before LISe. Cells (7 g, wet
\^eight) were ground (4'C) witlT 20 g of alumina
(\\'ako Pure Chemical Co. , Ltd. ) for 5 to 8 minutes
The mixture \\. as extracted witlt 3 volumes of 10~* xi

tris buffer (pH 7.4) containing 10~' A1 IVlg acetate
After the addition of 10 11g!inI of deoxyribonuclease
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(DNase) (once crystalIized, \\Torthington Biochemi-
cal Co. ) the extract \\. as centrifuged at 3,000 rpm
(1,250 xg) at 2'C for 5 minutes. The precipitate
was re-extracted with 10~'M tris containing 10~' M
Mg acetate (pH 7.4) as previously. The super-
natant fractions from the two centrifugations were
combined and further centrifuged twice at 7,000
"pm (6,500 Ig) at 2'C f0" 10 minutes. The
supernatant fraction thus obtained was centrifuged
at 105,000 Kg (40,000 rpm) at 2'C for 120 minutes
and the precipitated ribosomal fraction was resus-
pended in 20 to 30 inI of buffer (10~' M tris contain.
ing 10~' M Mg acetate pH 7.4 using a tephlon hand
homogenizer

Further purification of the ribosomal fraction was
achieved by two repetitions of the centrifugation pro-
cedure, first at 8,000 rpm (8,500 xg) for 10 minutes
and then at 40,000 rpm (105,000 xg) for 120
minutes

The purified sample of ribosomal suspension in
tris containing 10~' M Mg acetate (pH 7.4) was
stored in crushed ice in an ice box. Before experi-
merits a portion of the suspension was dialyzed three
times for 12 hours each time at 4'C in cellophane
tubing against tris (pH 7.4) containing 10~' M Mg
acetate

The purified sample of ribosomes from t.
coli B was prepared by the method described
above. Then 0.2 inI of this purified ribosomal
suspension, with an optical density of 30 at
260 inn was layered on the top of 4.4 inI of a
sucrose gradient (exponentialIy 5-20 per cent)
containing 10~' M tris (pH 7.4) and 10~'M Mg
acetate in a Hitachi RPS-40 swinging bucket
tube (Beckman cellulose nitrate tube). The
tube was centrifuged at 37,000 rpm for 90
minutes at 2'C. The bottom of the tube was

then punctured with a needle for blood trans-
fusion (I mm diameter). Fractions of seven
drops each were taken to measure the optical
density at 260 inn (7 drops) in 3 in I of distilled
water.

The purified preparation gave two coinpo-
nents corresponding to 50 s and 30 s (Fig. I).

2. F1'eczpi'tatz'o71 of r!'6030, nes alit/a cofistih
The precipitation of ribosomes with colistin

was investigated by the method described

4. Esti'Mat, 'o11 DIP, ec, >it at, 'o71 of E. coll^','6030"!es arith
cohst, ,,

To a I inI portion of dialyzed sample of ribosomal
suspension in tris (pH 7.4) containing 10~' M Mg
acetate which ITad an optical density of 5.0 at 260 inn,
0.2 inI of an aqueous solution of colistin or another
antibiotic of the desired concentration was added and

0.8 inI of 10~' M tris (pH 7.4) to give a final \, o1ume
of 2.0 in I. Then the mixture was kept at 4'C for
30 minutes in a test tube. The optical density of
the specimen at 420 inn was measured \\. ith a Hitachi
spectrophotometer (EPU-2)

5. Dete, 11,111at, 'o71 of , Ib0, ,11c/e, 'c ac, 'd (RAT, ) o71d
pi oter', I in 1'160so, ,, e pi coal at, '0113

The amount of RNA in ribosomal suspensions
was determined by the method of MEjBAu\I (1939)
and protein was determined by the method of LowRY
at a!. (1951)

RESULTS

O. 30

I. S"crose density gr@d!'e?, t nit@b^sit of the
fujijied sample of fi. coll' 37'6030"res
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o
,
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FIGURE I Sedimentation analysis of ribosomes from
ESChe, Ichia coll' B

The ribosome preparation \\, as centrifuged o1T a su-
CTose gradient (5-20%) containing 10~' M tris
(pH 7.4) and 10~' M Mg acetate at 37,000 ,pm, fo,
90 minutes at 2'C. The method of analysis is de-
scribed in the text

o
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TABLE I Precz>natto" of E. colt' ribosomes
at^1'11t poly"11, xi" group antibzotics

Polymyxins*

Polymyxin B
Polvmyxin B,

Polym}, XIn B2
Polymyxin D,
Colistin A (Polymyxin E, )
Colistin B (Polymyxin Ea)
Coilstin sulfate

Deacylcolistin

Streptomycin**
Dihydrostreptomycin*'*
Bacitracin**

Polymyxin-ribosome
complex (E, ,,)

* 100 I, gjm1 ** 500 I, gjml
Polymyxin group antibiotics (100 11gjml) and other
basic antibiotics (500 11gjml) were incubated with
E. coli ribosomes (E, ,,=2.5) at 4'C for 30 minutes
The resulting turbidity was measured at 420 in"

0424

0402

0449

0436

0405

0448

O. 410

0368

= 100

above. As illustrated in Table I, 100 11g!inI
of colistin and other polymyxin group antibi-
otics including deacylcolistin resulted in the
precipitatioiT of the same amount of ribosomes.

Streptomycin and dihydrostreptomycin,
however, caused precipitation only when 5
times or more of the amount of colistin \\, as

used, and no precipitation was observed with
bacitracin.

Next precipitation was carried out with
amount of constin corresponding to a final
range of concentrations of O to 500 11g per inI.
After completion of the precipitation, each
specimen of suspension was centrifuged at
3,000 rpm for 15 minutes and the supernatant
fraction was analyzed for RNA and protein.

The results (Fig. 2) indicate that 92.3 per
cent of the RNA and 97.8 per cent of the pro-
teln were precipitated at a concentration of 100
pg!inI of colistin, provided magnesium was
not added to the mixture. \\Ihen ribosomal

suspensions were mixed with various amounts
of colistin in the presence of 10~'A1 IVlgC12,
a higher concentration of constin (300 11glml)
was required for complete precipitaton of
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FIGURE 2 Ribonucleic acid and protein remaining
in the supernatant fraction after centrifugation (3,000
rpm, 15 minutes) of the insoluble complex of E. coll
ribosomes witlt \, anous concentrations of colistin in

tris buffer (pH 7.4)
(0) Ribonucleic acid, (0) protein
Solid line : No added magi, esium
Broken line : 0.01 M MgClg added
An ajiquot (2 in I) of ribosome-colistin suspension \\. as
acidified by addition of cold perchloric acid (PCA)
to a final concentration of 0.5 N. The acid insoluble

fraction \\, as suspended in 0.5 N PCA and heated at
90'C for 15 minutes. After centrifugation, the su-
pernatant fraction was analyzed for RNA by lvlej-
b"urn's method (1939). The ITot PCA insoluble
fractioit was dissolved in a small volume of I N NaOH

and its protein \\. as determined by the method of
Low"y at a1. (1951)
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the ribosomes.

In the preceding paper (NAKAJiMA and
KAWAMATA, 1965 a) the effect of cations on
the formation of a complex between colistin
and nucleic acid was reported. In the present
experiment Mg" was also found to Itave an
inhibitory effect on the precipitation.

Therefore, studies were made on the ef-
fects of neutral salts on the precipitation. Sam-
PIGS of 0.2 inI of an aqueous solution of I ingjml
of colistin were mixed with 0.1 inI of 0.2 M

salt solution and 0.7 inI of 10~'M tris (pH
7.4) buffer in a final volume of 2 in I mixtures
were stood at 4'C for 30 minutes and then the

resulting turbidities were measured. As in-
dicated in Table 2, I\Ig" was the most potent
inhibitor of the precipitation, followed by Ca".
Monovalent cations such as Li" K" Na"

effect but sodium citrate alsohad no

NAKAlIMA, 1<. at al. Me than23"I of action of Colaitin 47



TABLE 2 Effects of Iteuti'a/ salts on the 101. -
MMIt'0" of a cohstz'n-1260some conzp/ex

Salt

(0.01 XI)

H*O

\aCl

KCl

LiCl

A, IgCl,

A"gS04
CaCl"

\a-citrate

Coilstin-ribosome

.ompl"x (E, .,)

100 11gjml of colistin and E. coli ribosomes (E"Go= 2.5)
w. ere incubated at 4'C for 30 minutes in the presence
of 0.01 xi neutral salts

0360

O. 358

0306

0350

0032

0036

0150

0040

antagonized the precipitation.

3. 1:1ffect of pH o11 the piecz/,,'toll'o71

To investigate the effect of pH on the
precipitation, 0.9 inI samples of ribosomal
suspension in tris (pH 7.4) containing 10~' M
A'Ig acetate and 0.1 inI of an aqueous solution
of 10 ing/inI of colistin were mixed with I inI
of 0.02 M buffer solutions of various pH values
in a total volume of 2 inI and kept at 4'C for
30 minutes. Then the resulting turbidity was
measured. As seen in Fig. 3, the maximum
turbidity was obtained at pH 8.3.

4. Effect of tell!pel'at",'e o" PI'ecz:PI'1,111'on
To iitvestigate the effect of temperature on

precipitation I inI of the ribosomal suspension
in 10~*it, I t"i* (pH 7.4) cont, ining 10~" M A1g
acetate \\, as mixed with aqueous solutions of
colistin at final concentrations of coilstin ranging
from O to 500 11gjml and the total volume was
adjustd to 2inI with lo' it^ tin (pH 7.4) con-
taining 10~' M Mg acetate. The mixtures \\, ere
kept for 30 minutes in a water bath either at
4'C or 37'C. Then the resulting turbidity was
measured. As seen in Fig. 4 there was no
great difference in the precipitations at the
two temperatures although slighty higher val-
ues were obtained at 37'C.

O. 40

I
I.

~
*

"

O. 20

pH

FIGURE 3 Influence of pH on the precipitation of
E. coll ribosomes \\, itIT colistin

500 fig/in I of colistin and E. coll' ribosomes (E, ,, = 2.5)
were Incubated at 4-'C for 30 ITtiiTutes in the pre-
sence of 0.01 M btiffer

O-^-O Glycine-HCl buffer
@^ @ \letonal-NaOH buffer

.^. S6rensen-phosphate buffer

o 3 7

DISCUSSION

Precipitation of ribosomes witl} various basic
antibiotics such as streptomycin or dihydro-
streptomycin can be attributed to the poly-
anionic character of the ribosomes (MOSKowiTz
1963).

Polymyxins are also basic peptide antibiotics
with I-primary amino radicals in the molecule
which contribute to the binding with the phos-
phatc radicalsin DNA, RNA and phospholipids.
Ribosomes are knowi} to be the site of protein
synthesis in the cell, coinugating with messenger
RNA (\\'ATSON, 1963). Pre. ipitati. n of "Ib, -
somes with polymyxins, therefore, possibly
brings about a disturbance in the normal func-
tion of the ribosomes as the site of protein
synthesis. Indeed basic antibiotics, such as
streptomycin, dihydrostreptomycin, neomycin

11
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system for polyphenylalanine synthesis are ITow
under Investigation.

On the other hand it ITas been reported that
self-digestion of ribosomes occurs \\, ith 0.01 xi
ethylene diaminctetraacetate (EDTA) or + xi
urea (Boi. TON, 1964). Recently \\, e nave also
found that the materials released from ff. coh

cells \\, ith colistin are acid soluble, 10\\, molecu-
Iar ribocompounds. 11\ view of the fact that
acid soluble ribocompounds are released by the
actioiT of colistin 0.10HA>; at n1. , 1963, NAKA-
JIMA and 1< AWAMATA, 1965 b) it is probable
that the structure and function of ribosomes are

greatly altered \\, hen E. coll' ribosomes are
precipitated \\, itI} colistin. RNase activi^, \\, as
also demonstrated in the ribosomal suspension
after collstin treatment (NAKAjiMA and 1< AWA-
MATA, to be publishedI. The relationships
between the formation of complexes of polv-
myXIIT group antibiotics \\, itIT DNA, RNA and
phospholipids and the relcasc of acid soluble,
low molecular ribocompounds and tlie precipi-
ration of ribosomes \\, itIT thesc antibiotics prc-
sented in this paper await further investiga-

250 400 500

Coilsiin ing/in11

Flurni: + Effect of temperature o1t tl, e precipita-
lion of fi. coll ribosomes \\'itIT collstin.
F. coll ribosomcs (E, ,,-2.5) tind \. arious conccntr"-
tions o1 collstin \\. erc Incubntcd for 30 minutes lit
+'c (. -.) and at 37'C (. - .)

O 50100

and 1< ariamycin were found to cause extensive
and specific alterations in thc coding of synthetic
polynucleotidc 111 till'0 (DAviEs at at. 1964).

Similar effects of polymvxins in a cell free
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