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STUDIES ON THE MECHANISM OF ACTION OF COLISTIN

V. ACTION ON THE RIBOSOMES

KUNIHIRO NAT<AllMA and JUNICHI KAWAMATA
Department of Experimental Chemotherapy, Researcll Institute for NIIcrobial Diseases, Osaka
University, Osaka

(Received August 31,1966)

uMMAm' Colistin caused the degradation of purified 30 S ribosomes of E. coli
resulting in the breakdown of 30 S ribosomal RNA but not that of 50 S ribosomes.

Incubation of externalIy added 'H-RNA \\, ith 30 S ribosomes and constin caused the
degradation of 'H-RNA to acid soluble compounds, indicating the activation of
" latent " ribosomal ribonuclease (RNase I) associated \\, ith the 30 S ribosomes.

Most of the radioactivity of 'H-constin A taken up by fi. coll' cells \\, as distributed
in the ribosomal fractions.

'H-colistin A combined \\, ith the 30 S and 50 S ribosomes but not the 70 S ribo-
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INTRODUCTION

During an investigation on the mechanism of
action of colistin (polymyxin E), evidence was
obtained that acid soluble, low-molecular
weight ribocompounds were released from E.
coll' cells on treatment with colistin at 37'C

(NAKAjiMA and 1<A\vAMATA, 1965b) and that
constin formed an insoluble precipitate in o, 170
with a ribosomal preparation of E. cofi (NAKA-
JIMA and 1<A\\, AMATA, 1966a). In the preced-
ing paper we reported that constin caused the
breakdown of ribosomal RNA of fi. colt' to

acid soluble compounds, and that externalIy
added 'H-RNA was degraded by incubating
the ribosome preparation with the antibiotic
at 37'C (NAKAJiMA and 1<AWAMATA, 1966b).
Evidence was also reported indicating the
activation of " latent " ribonuclease and the

depolymerizatioiT of cellular RNA 111 o100

somes.

(NAKAjiMA and 1<AWAMATA, 1966b).
The abundant evidence no\\, available in-

dicates that three enzymes \\, ith RNase activity
are associated with the ribosomal fraction of

E. coll'. These enzymes are so-called " latent "
ribonuclease (RNase I), \\, hich is an endonuc-
lease (ELSON, 1959 ; SPAHR and I{oLLiNG-
WORTH, 1961 ; CESTELAND, 1965, 1966),
potassium-activated phosphodiesterase (RNase
11) (SPARR and SCHLESSiNGER, 1963 ; SPAHR,
1964 ; Singer and To thert, 1965) and poly-
nucleotide phosphorylase (LITTAUER and KORN-
berg, 1957 ; SEKiGucHi and COHEN, 1963)
respectively.

This paper is chiefly on the mechanism of
activation of " latent ' ' RNase (RNase I) by
constin associated \\, ith the 30 S ribosomes in
connection \\, ith the mode of action of constin.
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The mode of binding of constin to the ribosomes
and its intracellular distribution in E. coh

using a purified sample of 'H-constin A are
also presented.

MATERIALS AND METHODS

I Organ, 'sin
A constin sensitive ESChe, ,'chi@ coli B was used.

2. Meat!,,, I alld co, Idrt, b, Is of cultw, e

The organism was grown as descrtbed previously
(NAKAjiMA and KAWAMATA, 1965c) at 37'C in Sim-
mons' medium (pH 7.2) containing 0.3 per cent
glucose and shaken by a rotary shaker at 130 rpm.

3. Alit, 'hioti'CS

The constin sulfate used \\, as a product of Kayaku
Antibiotic Research Co. , Ltd. , Tokyo and strepto-
mycm and dihydrostreptomycin sulfate \\, ere pro-
ducts of Riken Chemical Co. , Ltd. , Tokyo and

Kyowa Hakko Co. , Ltd. , Tokyo, respectively
Gramicidin S ITydrochloride \\ as supplied by Prof.
S. Otani (Medical School of Osaka City University).
Colistin A Itydrochloride was kindly provided by
Prof. T. Suzuki (Institute for Protein Research, Osaka
University)

MMg acetate, 0.8 inI of the same buffer and 0.2 inI
of the drug solution in distilled \\, ater. After in-
cubation at 37'C for 30 minutes, the reaction mixture
(2 inI) was chilled in an ice-water bath and acidified
by the addition of 0.1 inI of cold 10 N perchloric
acid (PCA) at a concentration of 0.5 N. It was then
stood in the cold for 30 minutes and the resulting
precipitate was immediately removed by filtration
through a Millipore filter (HA 0.45 A). The ab-
sorbancy of this acid soluble filtrate \\. as read at
260 inn with a Hitachi spectrophotometer (EPU-2)
employing 0.5 N PCA as a blank

For assay of " latent " RNase, the incubation
mixture (2 inI) consisted of 0.1 inI of 'H-labelled
RNA (E, ,,-13.0,24,000 cpmjml) f"om E. col, ^rid
IinI of ribosome suspension (Ego, -5.0) in 10~'M
tris (pH 7.4) containing 10~*\I Mg acetate, 0.7 inI of
the same buffer and 0.2 inI of an aqeous solution of
colistin of the concentration shown for each experi-

After incubation at 37'C for 30 minutes, themerit

reaction mixture (2 in I) was chilled in an Ice. water
bath and mixed \\, itIT 0.1 inI of 10 N PCA at a con-

centration of 0.5 N. It \\, as stood in the cold for 30

minutes and the resulting precipitate was immediately
removed by intratioiT through a Millipore filter (HA
0.45 11). The acid insoluble precipitate on the Mil-
lipore filter was layered on an aluminum planchet,
dried and assayed for radioactivity of acid insoluble
aH-RNA witlT a Nuclear-Chicago gas flow counter.

4. 1301nt, 'o11 and pi, Tiltc@tio, , qf '*C-I'mci! labelled
riboso, rigs I, .rim E. coll

Preparation of "C-uracil labelled ribosomes was
carried out by labelling 200 inI of exponentialIy grow-
ing cells of E. coli in glucose-Simmons' medium
(EGG"-0.5) at 37'C for 45 minutes \\, ith 0.05 PCIml
of 2. '*C-uracil (specific activity- 4.2 inclmM, Dai-
ichi Chemical Co. , Ltd. , Tokyo). At the end of the
labelling period, the culture was chilled in an ice-
water bath and centrifuged. Isolation and punfica-
tion of the ribosomal fraction were carried out as

described pre\, IOUsly (NAi<AllMA and KAWAMATA,
1966a)

5. Assays of " self-deg, addt, 'o11 " and " late, it "
RNose of the E. coli , '60so, ""! fraction

All procedures \\. ere carried out as described in
the preceding paper (NAKAjiMA and KAWAMATA,
1966b). For assay of " self-degradation " of ri-
bosomal fraction, the reaction mixture consisted of
I inI of a suspension of purified E. coli rlbosome
preparation (E, ,,=5.0) in 10'M tris (pH 7.4)-10~'

6. Sepnrotr'o11 and PI, jiltcntio, , of 30s alld 50s ,i-
6030, "es fro, " E. coll

Preparation of 30s and 50s ribosomes \\, as carried
out by sedimentation in a sucrose density gradient
(5-20%). An aliquot of 3 inI of this ribosome sus-
pension (E, ,,-100) \\, as layered on top of 26 inI of
sucrose gradient (exponentialIy 5-20%) containing
10~'\l tris (pH 7.4) and 10~'itI Mg acetate. The
gradient was centrifuged for 5 hours at 25,000 rpm
at 4'C in a Hitachi RPS-25 swinging bucket rotor.
The bottom of the tube \\, as then punctured \\, ith a
hypodermic needle. Specimens of 50 drops each
were taken to measure the absorbancy at 260 in"
(0.1 inI in 3 inI H, O) with a Hitachi spectrophoto.
meter (EPU-2). The peal{ fractions corresponding
to 30 S and 50 S ribosomes were collected, and then
dialyzed against buffer containing 10~'M Mg2+ at
4'C for 18 hours
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7. Prepnrnt, 'on and parjjicotio, , of 'H-coint, '" A

aH-colistin A (polymyxin E, ) \\. as prepared by the



gas eXchange method \\, ith tritium by Dr. T. Komai
at the National Institute of Health, Tokyo. This
preparation of randomly labelled 'H-colistin A was
purified by silicic acid-CGIite (2 : I-wjw) column
chromatography and dried in 2/@ci, o

I) Prepo, at 1'01, of tile de"e/OA',, g solvent
The solvent system employed \\. as composed of

5 inI pyridine and 100 inI of the upper layer of the
mixture of acetic acid : n-butano1 : \\. ater-I : 4 : 5

(v/v)

2) Preparation of the chro, natographic coin"111
20 g of silicic acid (Nakarai Chemical Co. , Ltd. ,

Kyoto) and log of cente (Nakarai Chemical Co. , Ltd. ,
Kyoto, 45 gals, 'sq. ftlhour) were mixed in a mortar in
the presence of 100 inI of tlTe solvent. The resulting
suspension \\, as poured into the column (2 x 70 cm)
and the column \\, as \\. ashed \\. itit about 200 inI of the

solvent

3) 0peiat, 'o11 of the coll, ,, 111
Two inI of "H-colistin A solution (containing 50

rug) \\. hiclt ITad previously been dissolved in the sol-
vent, \\. erc placed on the column. After the coilstin
solution had beeiT adsorbed onto the column, about

300 in I of the same solvent \\, CTe then placed on the
column. Elution was performed at 20'C usually
at the HD\\, rate of 10 inI per hour and 2 inI fractions
were collected

Small portions of the individual fractions were
taken up and N-contents and radioactivity of the
individual fractions were measured with ninhydrin
reagent and a Nuclear-Chicago gas flow counter,
respectively. The ninhydrin positive fractions,
which coincide with the radioactivity of 'H-coilstin
A, were collected and the organic solvent was elim-
mated in a rotary evaporator in a \\, ater bath at
30-35'C. The resulting residue was dissolved in
a small volume of distilled water and the water \\. as

evaporated off ill uric, 10 in the cold. This procedure
was repeated six times and a \\, hite powder of 'H-
colistin A \\, as obtained (about 20 ing)

4) Pill', Iy of the pi, rifled 'H-cointi, , A prepnrot, 'o11
The purity of the preparation \\, as examined by

paper chromatography (Toyo No. 50 filter paper,
2 x 40 cm) developing with the solvent system for
12 hours. The purified preparation of 'H-colistin
A showed a single spot of the characteristic purple
colour of peptide witlT ninhydrin reagent (RF==0.52)
and a specific activity of 75.2 ntc/inM. Antibacterial
activity and radioactivity on the paper were located
only in tltis spot

8. Interact!'o11 of 'H-collit, ',, A 201'1/I E. coll^1'60so"res

A ribosome suspension (E, ,, - 10.0) \\. as dialyzed
overnight against 10~*31 tris (pH 7.4)-10~*A-I or 10~'
M A, Ig*' buffer at 4'C and 5 inI of the dialyzed
ribosome suspension \\ ere dialyzed again for 18
hours at 4'C against 500 inI of buffer (10~'A1 or 10~'3.1
A1g'+) containing tritiated colistin A at a final con-
centration of 3 Ag!inI. An allq\lot of 0.2 inI of the
ribosome suspension \\. as layered on 4.4 in I of sucrose
gradient (5-2090) and the gradient \\. as spun at
37,000 rpm at 4'C for 90 minutes (10~'\I ATg") or
150 minutes (10~'xi itIg"). Fractions of 0.15 inI
(about 8 drops) were collected and diluted \\. itIT 3 in I
of \\, ater. The absorbancy at 260 in 14 \\, as mensLired
and the radioactivity of the samples \\, as counted
with a Nuclear-Chicago gas flow counter

9. 1,111'ace//!, in, ' d, ill 1'61,11'0, I of 'H-cointi', I a 1'11 E.
coll

Two hundred in I of exponentialIy growing cells
of E. coliBin glucose-Simmons' medium (E, ,,-0.5)
were grown at 37'C and 3 11glml of 'H-colistin A
\^as added 30 minutes before It ar\, esting the cells.
Cells were \\, ashed repeatedly in SImmons' ritedium
until no trace of radioactivity remained in tlte \\. ash.

ings and \\, ere 1< GPt frozen at -20'C before LISe.
Cellular fraction ation by differential centriftigation
was carried out according to a SIigltt modification of
tl, c method of Connamacher and I\lande1 (1965)
The bacteria were resuspended in 10 inI of 10~'M
tris (pH 7.4) containing 10~"itI Mg acetate and dis-
integrated mechanicalIy in a B. Brown cell hornogen-
izer (MsK) \\. itit 20 g of glass beads (0.1 mm in
diameter) at 2'C at 2,000 rpm for 4 minutes. Tllen
the broken cell suspension \\, as centrifuged for 10
minutes at 3,000 xg to remove unbroken cells, cell
debris and glass beads. On centrigugation of the
supernatant fraction, three different fractions \\. CTe
obtained, namely tite cell \\, all fraction \vhiclT tip-
peared cell free tinder the microscopic and may con-
tain cytoplasmic membranes (precipitated by centri-
fugation at 10,000 xg for 10 minutes and at 20,000 xg
for 10 minutes), the ribosomal fraction (precipitated
at 105,000 xg for 120 minutes) and the stipernatant
fraction (supernatant after centriftigation at 105,000
Ig for 120 minutes). All procedures \\. ere carried
out in a cold room The radioadtivity of aH-
colistin A in each fraction was determined in a

Nuclear-Chicago gas Ho\\, counter
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RESULTS

I. Degiadat!'o11 of "C-"rnc, 'I labelled 71'bosonz@I
RNH. bj, colttnn

Samples of "C-uracil labened ribosomes of
E. cola were incubated with concentrations of

constin ranging from I to 1,000 11gjml at 37'C
f0" 30 minut. ^ in 10~*M in^ buffer (pH 7.4)
containing 10~'M Mg acetate. As illustrated
in Table I, remarkable degradation of inherent,

TABLE I Degrndatt'on of ''C-1470cz'I labelled
7160s0"201 RNA by colt^12n and hasz'c compounds

Coilstin conc.

(Agjml)

O co min. )

O (30 min. )

radioactive ribosomal RNA was observed with

100 and 1,000 11glml of constin. Some anti-
biotics having a basic character, such as strepto-
my cm and dihydrostreptomycin, were also
found to cause the breakdown of the radio-
active ribosomal RNA of E. cofi to acid soluble

ribocompounds, whereas on incubation with
10~'AT or 10~'M gramicidin S no decrease of
ribosomal RNA detected. A similar result

was obtained with ribosomes of E. cofi prepared
in the logarithmic as well as the stationary
phases of growth, although the degradation of
the latter was greater.

For comparison, experiments with 0.01M
EDTA (pH 7.4) and 4M urea were also carried
out. Both agents caused remarkable degrada-
tion of "C-uracil labelled ribosomal RNA of
E. colt'.

10

100

1000

Acid insoluble 14C.
uracil labelled

ribosomal RNA

0.01 M EDTA (pH 7.4)
4 itI urea

streptomycin*

streptomycin**

dihydrostreptomycin*

dihydrostreptomycin**

gramicidin S*

gramicidin S**

11,528

12,200

11,468

9,998

1,935

3,560

L, C-uracil labelled E. coli ribosomes (E2,0 =2.5,
13,500 cpm) were incubated with coilstin at levels
of I, 10, 100 and 1,000 11g per in/ in 10~' M tris
(pH 7.4) containing 10~'M Mg acetate. After in-
cubation at 37'C for 30 minutes, the reaction mixture
(2 in I) was chilled in an ice-water bath and acidified
by the addition of 0.1 in I of 10 N perchloric
acid (PCA) at a final concentration of 0.5 N. The
mixture was stood for 30 minutes in the cold and

the resulting precipitate was filtered througlT a
Millipore filter (HA 0,454). The radioactivity of
14C on the Allillipore filter was counted with a
Nuclear-Chicago gas How counter. Degradation of
ribosomal RNA is indicated by the decrease of acid
insoluble radioactive compounds

As controls, ribosomes were incubated with 0 .01 M
EDTA (pH 7.4) or 4M ure, . (*)=10-, M, (**)=
'0-, M

780

1,240

2. Se!I-ofeg, 'addtz'o71 of 30 S ribosomes by coltit, '"
it \\'as showiT in the preceding paper (NAT<A-

JIMA and KA\\, AMATA, 1966b) that colistin
caused the activation of " latent " RNase in

the ribosome fraction, \\, hich was reported to
be found associated with onIv 30 S ribosomes

(Eison, 1958, 1959 ; EISOn and Ta1, 1959 ;
Spahr and Honingworth, 1961 ; Tal and EISOn,
1963 ; Commacl< and wade, 1965 ; Gesteland,
1965, 1966). Therefore, 30 S and 50 S
ribosomal subunits were isolated from E. coli

ribosomes by sucrose density gradient centri-
fugation and the mechanism of activation of
RNase by constin was investigated. A purified
preparation of each ribosome subunit \\, as
incubated with various amounts of constin

at 37'C for 30 minutes in a buffer similar to

that used in the above experiment.
As shown in Table 2, constin only caused

the breakdown of 30 S ribosomes to acid

soluble compounds but not that of 50 S ribo-

10,998

2,561

'1,050

2,467

12,050

10,986
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somes.

3. Demonstratz'on of " late?zt " 1.1'bont, clense
(RNase I) actt'ui, , o71 30 S jiboso, ,Ies by co/?tit', I

while investigating the self-degradation of
30 S ribosomes by constin, it was found that
incubation of externalIy added 'H-RNA with



TABLE 2 Seff-degradation of a pi, rined sqm^e
of 30 S 7160somes by cointt'"

Collstin conc

("gjm!)

O (O min. )

O (30 min. )

10

100

1000

Acid soluble

materials (E. G. )

50 S30 S
ribosomes ribosomes

0.01 M EDTA (pH 7.4)
4 A1 urea

Purified samples of 30 S and 50 S ribosomes
(Earn=2.5) of E. coliB werc incubated with colistin
at concentrations of I, 10, 100 and 1,000 11g per
in I, respectively, in 10' M tris (pH 7.4) containing
10~" A1 Mg acetate. After incubation at 37'C for
30 minutes, the reaction mixture was chilled in an
ice-water bath and acidified by the addition of cold
10 N PCA at a final concentration of 0.5 x. The

mixture was stood for 30 minutes in an ice-water

bath and resulting precipitate was removed by
filtration through a Millipore filter (HA 0451, )
The absorbancy of the acid soluble fraction was
measured with a Hitachi spectrophotomctcr (EPU-2)
at 260 in". As controls, 50 S and 30 S ribosomes
were incubated with 4\. I urea or 0.01M EDTA

(PI{ 7.4).

0005

0004

TABLE 3 Donz0,1stratz'on of 7160""clease acttbi'01
o11 the 30 S ribosomes of E. coli by cofist!}!

0005

O. 019

0780

0550

0004

0005

0005

0005

0010

0018

I. 020

0987

Collstin conc

(/, glm!)

O co min. )

O (30 min. )

O. 680

0650

10

100

1000

colistin and 30 S ribosomes, but not with 50 S
ribosomes, of Z. coli resulted in the break-
down of 'H-RNA to acid soluble compounds.
The effects of 4M tirea and 0.01M EDTA (pH
7.4), which are thought to activate " latent "
RNase, namely " RNase I " bound to 30 S
ribosomal particles, were studied for coin-
parison.

As illustrated in Table 3, 100 and 1,000
11glml of constin resulted in a remarkable
activation of the RNase on the 30 S ribosomes
but not on the 50 S ribosomes within 30

minutes at 37'C in 10~'M tris buffer (pH 7.4)
containing 10~'M Mg acetate. EDTA and
urea caused the degradation of externalIy
added radioactive RNA to acid soluble coin-

pounds when they were incubated not only

Acid insoluble

'H-RNA (. pm)

30 S 50 S
ribosomes ribosomes

0.01 M EDTA (pH 7.4)
4 M urea

Purified preparation of 30 S and 50 S ribosomes
of E. coli (EE, ,=2.5) were incubated with E. coli
'H-RNA (E, ,,=0.75,2,460 "pm) and conchn at
levels of I, 10,100 and 1,000 11g per inI, respectively
at 37'C for 30 minutes in 10~'M tris (pH 7.4) con-
tainig 10~'itI Mg acetate and the assay of latent
RNase was carried out as described in the text.

The 'H-radioactivity of the acid insoluble fraction
was counted with a Nuclear-Chicago gas flow counter
As controls, 50 S and 30 S ribosomes were incubated
witlt 4M urea or 0.01M EDTA (pH 7.4) respcc-
tively

2,210

2,246

2,246

2,198
359

698

2,246

2,180

2,350

2,200

1,987

1,989

139

287

with 30 S ribosomes but also with 50 S ribo-

somes of E. coll' although in the former case
this was much greater. This indicates that
colistin preferentialIy activates " latent "
RNase, viz. " RNase I " associated \\, ith 30 S
ribosome particles. ExternalIy added 'H-
RNA was degraded by incubating the 50 S
ribosome preparation with 0.01M EDTA (pH
7.4) or 4M urea, \\, hich suggests that the RNase
might also be located on the 50 S ribosome
particles. It Is, however, uncertain whether
the RNase I is merely adsorbed onto the 50 S
ribosomes during the course of preparation of
cell extract or \\, hether the enzyme is actually
associated \\, ith 50 S ribosomes as \\, ell as 30 S
ribosomes.

it is concluded from these results that the

sensitivity of ribosomes to constin is associat-
ed exclusively with the 30 S subunit of ribo-
somes by analogy with the action of strepto-

479

498
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mycm (Davies at a1. , 1964 ; Davies, 1964 ;
Cox at a/., 1964).

The mechanism of activation of the enzyme
was examined in the following way. Non-
radioactive ribosomes were treated with constin

to provide a latent period before self-degrada-
tion took place. Self-degradation was me-
asured by the appearance of acid soluble
UV-absorbing materials. At zero time 3H-
labelled RNA of high specific radioactivity, was
added. The degradation of the added substrate
was determined by the appearance of 'H-RNA
degradation compounds in the acid soluble
fraction. The result is illustrated in Fig. I.
it is clear that the added RNA was largely
degraded before the inherent RNA is attacked.
Ribosomes that have not been treated with

EDTA or 100 11glml of colistin did not attack
either substrate. Thus, it is concluded that

the RNase from the ribosomes is released by
the action of colistin.

A cid
s o1u bie

4. littrncel/Migi' dtit716"ti'on of 'H-colait111 a an
the cells

From the above observations, it \\, as con-
cluded that the ribosomes are a site of constin

action resulting from the formation of a complex
between constin and ribosomes and the de-

gradation of ribosomal RNA as a result of the
activation of " RNase I ".

The demonstration of the actual localization

of colistin in the cells, therefore, seems to be a
good appioach to the elucidation of its action.
Differential centrifugation of cells treated with
a purified sample of 'H-constin A was con-
sidered to be a useful method for this purpose.

E'. coll' cells were treated with 3 Aglml of
*H-coltstin A (75.2 in. !inM) at 37'C for 30

15

colistin (loop g/inI)

.
C
~

" 1.0

o

05

o

_ _ 9_ - - * - - *~ ~ ~ ~ ~ ~
--*---^--- ---,.-- ---.

o

incubation time inn!

FIGURE I Degradation of externalIy added 'H-RNA and of nonradioactive inherent ribosomal RNA by constin.
E. co!,^Ibosomes (E, ,,-2.5) were incubated with purified E. coli"H-RNA (E, ,,-0.75,2,160 cpm) and colistin

at a level of 100 11g per inI at 37'C in 10~'M tris (pH 7.4)-10~'xi Mg acetate. At intervals, the UV-absorbing
materials and 'H-radioactivity in the acid soluble fraction were measured as described in the text. Degradation
of externalIy added 'H-RNA is shown by the appearance of acid soluble 'H and that of inherent ribosomal RNA
by acid soluble ultraviolet-absorbing compounds
.^. : degradation of inherent ribosomal RNA of E. colt
O^0 : degradation of externalIy added 'H-RNA of E. coll
In this figure, the dotted line shows the values of the untreated controls.

o
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TABLE 4 I?Itrace//141ar of 1strib"tio?, of aH-coll\-
till A 111 E. coli B

Cellular fractions

intact cells

Cell wall fraction

(containing membranes)
10,000xg, 10 min

20,000xg, Tomin.
Ribosome fraction

(105,000xg, 120 min. )
Supernatant fraction

(105,000xg, 120min. )

aH-constin A

(. pm)

Two hundred in/ of the cell suspension of E. coh
(EGG0=0.5) was shaken witlt 3Itgjm! of 'H-colistin
A at 37'C in glucose-Simmons' medium for 30
minutes and the cells wetc disrupted by mechani-
cally disintegration and fractioncd by differential
centrifugation. The radioactivity of each fraction
was measured as described in the text

81,030

22,875

7,600

50,120

2,528

(%)

then at 20,000 xg in 10 minutes). It is clear
that the affinity of the ribosomal fractioiT of
E. cofi is much greater than that of the cell \\, all
fraction. The accumulation of radioactivity
particularly in the ribosome fraction was
demonstrated after treatment of E. colt' cells

\\, ith aH- constin A.

5. Bz',, dr, Ig of 'H-col^ill'?, A t"7/1 E. coll' 71'60-
somes

To identify the mode of bindino of aH-
constin A \\, Ith ribosomes, a sample of purified
E. coli ribosomes was dialyzed in 10~'M tris
buffer containing 10~'A. I or 10~'itl Mg acetate
at 4'C for 18 hours in the presence of aH-
constii\ A and the ribosome-colistin complex
was analvzed by sucrose densitv gradient
centrifugation (5-20'. 6 sucrose)

it is clear from Fig. 2 that constin was bound
to both 50 S and 30 S ribosomes of f. coll'.

In a sucrose gradient containing 10~'M Mg
acetate, colistiit was not found to be bound to
the 70 S ribosomes. Binding to the 50 S or
30 S ribosomes also took place \\, hen constin
was added directly to ribosomes at 2'C, in-
dicating that the substance with which it coin-

minutes in glucose-Simmons' medium and
then fractionated by centrifugation.

As shown in Table 4, the radioactivity of
constin was mainly distributed in either the
" ribosomal fraction " (precipitated at 105,000
Kg in 120 in11\utes) or the " cell \\, all fraction "
(precipitated at 10,000 xg in 10 minutes and

100.0

282

9.4

61.8

31

0.20

10~'M Mg*?

.
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bined was not a metabolic product of the anti-
blotic.

To ascertain whether or not the particles of
the complex of colistin with 50 S or 30 S
ribosomes were sensitive to the action of the

RNase released from 30 S ribosomes, at-
tempts were made to depolymerize the ribo-
somal RNA of these partiales with pancreatic
RNase (\\'orthigton Biochem. Co. , New Ier-

to)

.
C
~

LLl

020

sey). Ribosomes were dialyzed at 4'C for 18
hours against 10~'M tris buffer (pH 7.4) con-
taming 10~'M 1.1g acetate and 3 ,"glml of aH-
constin A. Then the dialyzed preparation of
ribosomes was treated with 25 11g/'inI of pan-
creatic RNase at 37'C for 15 minutes and

then analyzed by sucrose density gradient
centrifugation (5-2096 sucrose).
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The results illustrated in Fig. 3 clearly
demonstrate that the RNase depolymerized
not only the ribosomal RNA's of both the
30 S and 50 S particles but also caused the
disappearance of 'H-colistin A from these
particles. It is concluded from these results
that 'H-constin A was actually bound to the
ribosomal RNA but not to the ribosomal pro-
tein. This supports the assumption that the
RNase I released from 30 S ribosomes by form-
ing a complex of colistin \\, ith ribosomes is
capable of attacking both 30 S and 50 S
ribosomes.

DISCUSSION

it was reported in the preceding papers that
constin activated " latent " RNase (NAKAJiMA
and KAWAMATA, 1966b) by forming a complex
with the ribosomes of E. coll^NAKAJiMA and
KA\vAMATA, 1966a). In the present paper
evidence Is reported that constin treatment
resulted in the self-degradation of a purified
sample of 30 S ribosomes at 37'C but not of
50 S ribosomes when incubated in 10~'M tris

buffer (pH 7.4) containing 10~'M A"g acetate.
ExternalIy added 'H-RNA was decomposed to
acid soluble compounds by incubation of
radioactive RNA and constin with 30 S ribo-
somes but not 50 S ribosomes. These results

indicate that colistin activates " latent " RNase,
namely, " RNase I " associated with 30 S
ribosome particles.

It is well 1<nown that the ribosomes from 17.

coff contain three enzymes with RNase activity.
These included (1) so-called ' ' latent " RNase
(Ri. !ase I). \\, hich is an endonuclease located
exclusively in the 30 S ribosomal fraction
(Ei. SON, 1958, 1959 ; SPAHR and I{oLLiNc-
WORTH, 1961 ; TAL and ELsoN 1963 ; COM-
MACi< and \\'ADE, 1965 ; GESTELAND, 1965,
1966), (2) pointsium-,. tiret. d ph. ^ph, di, st-
erase (RNase 11), \\, hich acts only in the
presence of 10' and IVlg" ions and is quite
distinct from RNase I (SPAHR and SCHLEs-
SINGER, 1963 ; SPAHR, 1964 ; SINGER and
ToLBERT, 1965) and (3) polynucleotide phos-

phorylase, which in the presence of phosphate
decompose RNA (LITTAUER and KORNBERG,
1957 ; SEKicucHi and COHEN, 1963). " De-
bris " RNase (ANRAKu and MizuN0, 1965),

acid-soluble " ribosomal RNase (ANDERsoN
and CARTER, 1965) and RNase released from
spheroplasts of E. coll' (NEu and HFPPEL,
1964a, b, c) are all very similar to Ri. !ase I.
These enzymes differ, however, from Ri. :ase
I in chromatographic beha\, 10r and substrate
affinity (GESTELAND, 1966). RNase I is in ac-
tive as long as it remains attached to ribo-
somes and disruption of ribosomes by urea or
FDTA (BOLTON at a/., 1959 ; EISOn, 1958,
1959 ; SPAHR and I{oLLiNc\\, ORTH, 1961)
releases active RNase. with regard to the
mechanism of activation by these agents, urea
is 1<nown to decompose ribosomes by breaking
hydrogen bonds \\, hile EDTA does so by
chelating with Mg"ion.

Ribosomes require a bivalent catioi\ such as
Mg2' or Ca" ion to preserve their integrity
(CHAo and SCHACHMAN, 1956 ; CHA0, 1957).
These cations interact with the negatively
charged RNA phosphate groups (HAMILTON
and PETERMAN, 1959 ; RODGERs, 1964) and
probably play an essential role in maintaing
the structure of the ribosomes (T'so at at. ,
1958). NEWTON (1955) chim. d that 1001
combining \\, Ith polymyxin in bacteria are
polyphosphates. we reported that colistin
interacts \\, ith nucleic acids and ribosomes

(NAKAJiMA and 1<AWAMATA, 1965a, 1966a) to
form water-insoluble complexes perhaps by
binding to the phosphate radicals in the
macromolecules and the formation of these

complexes counteracted by a higher
concentration of Mg" or Ca" ion. Similar
effects of these ions were observed in the activa-

tion of the RNase (NAKAJiMA and 1< AWAMATA,
I966b\ and the release of UV-absorbing materi-
als (NAKAJiMA and KA\\, AMATA, 1965b).

These obser\, ations that constinSIIggest
combines competitiveIy with these divalent
cations for phosphate radicals of ribosomal
RNA and cosequently results in a structural
change of the ribosomes. This structural

,,

\\, as
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change must be essential for the activation of
ribosomal RNase by constin, although the
actual mechanism of the release of the RNase

from ribosomes still remains unknown.

To demonstrate the actual localization of

constin in E. coti cells 'H-constin A (polymyxin
Et) was prepared and purified by silicic add-
cente column chromatography. It was found
by differential centrifugation that lit orbo when
E. co/z' cells were treated with 'H-constin A

and then were disintegrated mechanicalIy, the
radioactivity of 'H-constin A was distributed
largely in two fractions, viz. , the ribosomal
fraction and the cell wall fraction. The con-
centration of constin in the ribosomal fraction

of E. colt' was much greater than that in the
cell wall fraction. According to NE\vTON
(1955), polymyxin was found associated equally
with (a) the cell wall fraction (sedimented at
10,000 xg, in 20 minutes) and (b) the small
particle fraction (supernatant at 100,000 xg, for
15 minutes) of Ps. der"ginos@. The discrepancy
of his results with ours might be based upon
the differences of bacterial species and the
techniques employed.

The mode of binding of constin with ribo-
somes of El. coll' was further investigated by tit
o3'tro dialysis experiments and constin was found
to combine with both 30s and 50s ribosomal

particles but not with 70s ribosomes, which
indicates that the binding of constin with ri-
bosomes was extremely dependent on Mg2'ion
unlike that of tetracycline, which binds pre-
forentially with 30s and 70s ribosomes (CONNA-
MACHER and MANDEL, 1965). This specificity
of binding of constin to different sizes of ri-
bosome particles and the activation of ribo-
somal RNase will provide a useful approach to
studies on the detailed structure and biological
function of the ribosomes in bacteria.

The first step in the action of constin and
other polymyxin group antibiotics, therefore,

should he the interaction of the antibiotic with

phospholipids contained in the bacterial cell
surface. The possible resulting alteration of
the surface barrier would lead to the release

of some important cellular substances. The
penetration of the antibiotic further into the
bacterial cells, however, will result in the forma-
tion of complexes with both RNA and DNA
in the cells. As indicated in the results, this
antibiotic is localized chiefly in the ribosome
fraction. The activated RNase thus produced,
therefore, will lead to the degradation not only
of ribosomal RNA but also of other types of
RNA. All the changes described above caused
by the antibiotic in the cells are direct causes
of bacteria death and the mechanism of the

action of the antibiotic can be explained as the
consequence of the over all effects of the reac-
tions.

To verify this assumption it would be useful
to do experiments with mutant bacteria which
have no ribosomal RNase. Experiments with
constin resistant E. colt' would also provide
evidence for this assumption if it could be de-
monstrated that there is a difference in the

attitude of the ribosomes or the cell surface to

the antibiotic in resistant bacteria. Investiga-
tions on this are now in progress.
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