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BIKE>;'s Jouk\A1.2, 177-185 (1959)

Spheroplasts of Colicine K Producing Escherichia coli

K235 prepared by Leucozyme C and by Lysozyme

AKiwo MiYAMA, SHINHACHiRO ICHIKAWA AND TsuNEHisA AMANo

From the Depar!merit of Bncterio!og),, OSakft Uni, erritJ, Medical School and
the Re, earclt In Flitute for Microhial DirenJer, Of ak, I Uni"erritj, , 05aka

(Receit e, ! 101 PMbticfttion, Sellember 30, 1959)

I. A fraction naving 111e activity o1 Ieucozyme C was obtained IJy alJsorbing the neutral
solution extracted froin iyophylized guinea Iiig 1.11cocytes willI 7ymozan

2. 'The ghosts of spiterical bodies ironi F$citeric/lid coli K. ,. pmpared with ICUcozyme
C as well as Iysozyinc/EDTA still retained the stable colicinc K O antigen and were
aggluiinatctl willI somatic O antiliod}. in titc colicine K antiseruin. Hence the spherical
bodies prepared by ICUcozym, C were proved to lie SI)heroplasts

3. Diiring spheroplast forInatioii in E. coli K. ^-. I)y Iysozyme/'EDTA. the colicine K O
aittigen complex was released from the cell walls. On the contrary. Ieucozyme C released
colicinc K proteii, froin the cell walls o1 the bacteria. Liberation of colicine K I, rotein was
directly demonstrated by incLtbation of Ieucozyme C with colicii, e K O antigen

4. As colicinc K protCiit was 1011nd in the SI, heroplasts prepared with ICUcozyme C
or Iysozyme/EDTA, it can I, e assLirued that colicine K plotei!t is synihcsizecl inside thn
cytoplasiiiic ritenthrane

sui\{fly{ARY

For several ycars various methods for. spheroplast formation in Gi. am negative
bacte, 'Ia have been dewl, ped (Zinder at "I. . 1956, Rep^ske, 1956). They have been
shown to retain some cell \\, all components and the term, spheropalst, has been
adopted in place or p"o10pla, I (B"enne" ,! "!., 1958). It war ,'eported 1.0m this
laboratoi. y, that Ieucozyme C of guinea pig leucocytes could convert normal E.
roli B cells to spherical bodies in a sucrose controlled medium, but the cells
changed to ghosts when sucrose was not added to the medium (Am ano at a!., 1956)
we called these spherical bodies protoplasts in the report, howevei. the evidence of
protoplasts in the strict sense was not brought to those spherical bodies

In this \\, ork, the surface structure of the sphei. ICal bodies prepared by
Ieucozyme C was reinvest Igated using colicine K producing E. toll K2s;3 and
compared the bodies \\, ith those of spheroplasts prepared with Iysozyme/EDTA
<Fraser at a1. , 1957). The latter have already been shown to retain some cell wall
components (Brenner at a1. . 1958). As the somatic O antigen of colicine K producing
E. coli Kg3:i L+OC+~ was shown to bear colicine K activity by Am ano, Goebel and
Miller Sinidth (1958), the colicine K O antigen complex was used to detect cell
wall components for characterization of the spherical bodies. To gain further
information on the distribution of the colicine K activity in bacterial cells, the
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colicine K activity \\, as assayed in every fraction during conversion of the cells to
spherical bodies.

I. B, ,cteria! $17"fits: E. coli 1<*, L'OC' and E. coli K, -,, L~OC' : 'The colicinogenic straiils
used in this study were kindly given by Dr. waither F. Goebel of the Rockefeller Institute

This non-colicinogenic mutant obtained IronT E. coli K*,, L~ OC'E. coli K, ,, L~OC~

was originally isolated by one of the present authors in the Rock!eller Institute (Am ano,
Goebel and A. filler Sinidth, 1958)

E. coli B : This strain was employed for. colicine K assay
2. Culture Inerti""!: As already described, specially defined media were required for the
sucressful conversioit of Gram negative bacteria to spherical bodies and for colicine K produc-

After several trials, the authors found the following medium was the most favorabletion

polypepione (Takeda Chemicals) 20.0g. , NaC15.0 g. , Na. HP0^ 5.0g. , yeast extract (Daigoeiyo
Chemicals) 5.0g. and H, 01,000 inI
3. Cultural condrtion o1 E. coli Kg, L'OC'for con"errion o1 cells to JPhericn! 60die$: 50
in I. of the medium was seeded with 5 x 103 cells of E. coli K, " L'OC' and incubated at
37'C. with moderate aeration. The cells were harvested at the concentration of 2 x 10s
cells I, er in I
4. Colici"e K aim), : The assay method used in this study was the methocl B described by
Goebel, Barry and Shadlovsky (1956)
5. Antigen: Purified colicine K was also kindly sent by Dr. \\'alther F. Goebel
6. Colicine K anti, ert, in : ,Antisera to purified colicine K were obtained by injecting rabbits
with a sterile solution of colicine K as previously described by Goebel and Barry (1958)
7. Lilyozyn, e JPhe, 'op!"Jting: The procedure for formation of spheroplasts by Iysozyme was
the sanie as that described by Fraser at a1. (1957)

AllYAA, IA, ICHIKA\VA AND A\. IANO

MATERIALS AND METHODS

I. A 118tti mathod 10i' Iiwinira!ion of 1214co::J'me C porn gi!illen IJig lei!cooler. '

As the preparation of Ieucozyme C repoited previously from this laboratory
was too weak to cause formation of spherical bodies in a large volume of bacterial
suspension, attempts were made to find a more efficient preparative method of
Ieucozyme C.

100 ing. (equal to about 6 x 10s leucocytes) of iyophylized guinea pig leucocytes were
added to 5.0 inI. of buffered saline (pH 7.0) and the mixture was stirred for 20 min. and
centrifuged in the cold. Zymosan was added to the supernatant to a concentration of 10
ing. per inI. The mixture was incubated at O'C. for 10 min. with occasional shaking and ceiT-
trifuged at 10,000 r. p. in. for 15 min. at O'C. The supernatant was used as the Ieucozyme C

The bacterial cells harvested at a concentration of 2 x 10s cells per inl. werepreparation

washed once with saline and resuspended in saline adjusting the optical density to D"," =
0.08 in a Goleman junior spectrophotometer using an 8 mm. diameter cuvette. The Ieucozyme
C activity was tested with this bacterial suspension. The contents of the tubes and the results
are shown in Table I.

As can be seen in the table, conversion to spherical bodies was complete in
60 min. in the presence of 17 per cent sucrose. On the other hand, bacterial cells
changed to ghosts when sucrose was omitted.

The crude extract of iyophylized guinea pig leucocytes contained Iysozyme
equivalent to about 80 Ag. per in I. of crystalline egg white Iysozyme. However

EXPERIMENTAL
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The oclivify of Ieucozyme C obtained by absorption with zymosonTable I.

Leucozyme C

M/30 phosphate buffer

8596 sucrose

Bacterial suspension

incuboled o1 37'C. and o1 following intervals observed wiih a phase contrast
microsco pe

30 min

60

120

180

+ + . A1mos1 o11 of bccierio changed 10 spherical bodies
+ + + , BCCierio coinpleiely changed 10 spherical bodies

* : A1mosi o11 of bacteria changed 10 an amorphous moss

altoi' zymozan treatment the Iysozyme content decreased to 08-12 111, . per in I.
T'his 10\\ colicentratioi\ or Iysozyme would play somc minor role in the conversion
10 sphei'ICal bodies, because addition of eg, , white Iysozyme to ICUcozyme C pre-
pal'at101T enhanced the rate of conversion to spherical bodies as already reported
in our pre\, IOUs papei' (Am ano at a!.. 1956). Ho\\, ever, the major role must be
played by Ieucozyme C, because versene and tris buffer, \\. hich are indispensable
for. the Iysozyme spheroplasting, were not employed in this experiment.

A Ieucozyme A-like substance, which changes the spherical bodies to ,hosts
in the I)I'esence of sucrose, could be eluted at pH 3.5 from thc zymosan used in
the process or Ieucozyme C purification. Formerly it was wrongly thought to be
ICUcozyme A itself (Am ano at ill. . 1956), \\. hich was also found in this laboratory
Ho\\, ever at present it is considered as a different entity from Ieucozyme A. Studies
on this Ieucozyme 'A-like substance will be reported later

2. T/!, '11/10/11i/ of ro!ifii!, K I, I'd!!fed bJ! b"trend ill Ihe log liftaJ, of g!'Drolli.

The colicine K produced by bacteria in the log phase of growth has already
been estimated by Goebel, Ba""y and Shedlovsky (1956). To measu"e the amount
of colicine K produced by the cells at the concentration of 2 x 10s cells per inI.
in the medium used in this study, estimations \\, ere made on the \\, hole culture
and also on the super natant.

'The culture was centrifuged and the cells \VCre TPSUspend"d ill saline at a concentration
of 5 x 10s cells per inI. The cell SIIspension and the supernatant were treated with several
drops o1 chloioform and centrifuged after 15 min. The colicine K content was estimated
arcording to the menlod B of Goebel, Barry and Shedlovsky (1956). Resints are present-
ed in Taiile 2

As can be seen 11'0m the table, the supernatant obtained at the concentration
or 2 XIOS cells per inI. did not contain an appreciable amount or colicine K and

Tube number

4.0

2.0

4.0

2

3.0

1.0

2.0

4.0

3

30

3.0

++

+++

+++

+++

4.0

+++

*
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Table 2. Colicine K content of E. coli K, g, L'OC'. I the concentration of 2 XIOS cells per inI.

Tested sample

Whole culture

Culture super notoni

4 Coinpleie inhibition of growth of E. coli B

O: No inhibition of growth of E. coli B

almost all of colicine 1< activity was still retained in the cells. This has already
been repo"ted by Goebel, Ba""y and Shedlovsky (1956). The colicine K content
of the whole culture seemed sufficient to permit study of the distribution of
colicine K activity in the cell.

3. Chn?wrteri. adjio?I of ghoJtJ .'

from spherical bodies by osmotic
shock still retained cell wall coin-

ponents. If the ghosts were coin-
posed only of the cytoplasmic
membrane and did not contain

cell wall components, colicine K
activity should not be found in the
ghosts fraction, and somatic O an-
tigen of E. coli 1<23;i L'OC' should
not be detected by aoglutination of
the ghosts. In addition, the ghosts
obtained from spherical bodies pre-
pared by Iysozyme should contain
colicine K and somatic O antigen,
because spherical bodies obtained
by IysozymelEDTA technique were
already shown to be spheroplasts
<ETenner at at. , 1958). Thus, the

ghosts obtained from Iysozyme
spheroplasts served as controls in
this experiment.

I^I

4

I^2

The colicine K activity or ghosts was assayed to see whether ghosts obtained
Fig. I

50 in I. of K. ", L'OC' culture

4

1.4

15

Dilulion of sample

4

1.8

}5

4

1,161,321,641,1281:256

o

4

o

3

o

2

o

15

25 in I

I Cenlrifuged

Cells

I Washed once
' with saline

Centrif uged

Sup. C. 'GhosisSup. C

Both methods for obtaining ghosts are presented in Fig. I. The ghost fractions thus
prepared were washed twice with 5.0 inI. of saline and resuspended in 5.0 InI. of saline. 0.1 inI
(10 ing. ) of DNase solution, was added to each fraction and the mixture was incubated at 37"C
for 10 min. and then centrifuged. The precipitates were washed once with saline and each
resuspended in 4.0 inl. of saline. Each suspension was divided into two equal portions. The
one portion was heated at 100'C. for 10 min. Colicine was assayed in these fom. samples.
The results are presented in Table 3

discordCells

Spheroplasiing by

discord

25 in I

Ieucozyme C

I Centrifuged

I Centrifuged

Sup. BSpheroplosis

I Washed once with
sucrose controlled

I buffer

I Centrifuged

Cells

Washed once with

I M/10 iris-buffer

Centrifuged

discordCells

Spheroplosiing by
Iysozyme/EDTA

Centrifuged

Spheroplosis

Burst with
15 in I. of wafer

Cenlri{uged

Ghosts

discord

Sup. B.Spheroplasis

Washed once with

discord

I Conlrolled medium

I 'entrifuged
Spheroplosis

, Bursi with
5 in I. of water

; Centrifuged

discord
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Toble 3. Colicine K activity of ghosts prepared by Ieucozyme C or Iysozyme/EDTA

Ghosts prepared with

Leucozyme C

Lysozyme/EOTA

n o n - healed

healed o1 100'C. I

As can be seen from the table, ghosts piepared by Ieucozyme C and also by
Iysozyme/EDTA still retained colicine K activity. In addition, the colicine K
activity in both kinds of ghosts was retained even artei. boiling at 100'C. for 10
min. The colicine K retained in both kinds of orhosts is bound with lipocarbohydi. ate
complex, because it has already heelT reported that the colicine K O antigen
complex I, v, "y active even alto" boiling at 100'C. for. 10 min. <Goebel at "!., 1958).
On the contrary, colicine protein \\. as easily denatured by this treatment (Am ano
and Goebel, unpublished).

To confirm this, agglutination tests were made on both kinds of ghost suspen-
sions with colicine K antiserum.

The gliost susp"nsioiis were concentrated by centi jingation. 'The dilutions of colicine K
antisci uru showi, in Table 4- were made. One droji of ghost suspension was added to each
tube. 'The tubes weie incubated at 37'C. for. 211rs. aild subseqtiently at +'C. overniglTt. The
restilts arc SIlown in Table J

Table 4. Agglutination of ghosts prepared with Ieucozyme C or Iysozyme/EDTA in colicine
K antiserum

'9! 10 in I n. I~~~~ ~
n on - healed

healed o1 100'C

for 10 min. I

1:1

Dilution of ghosis suspension

4

1:4

4

4

3

4

1:16

2

4

2

4

2

2

2

I : 64

o

I :256

Iesled antigen

Ghosts prepared with

Ghosts prepared with

o

Ieucozyme C

Iysozyme
Living cells of
K, :I. L~OC'

o

As shown in the table, ghosts prepared by both Ieucozyme C and Iysozyme
were agglutinated by the antiserum, though their aoglutination titers were some-
what lower than those of living cells of E. ro!i 1<. 23= L~OC'. These agglutination
were caused by somatic O antibodies and not by colicine K neutralizing antibodies,
because it has already been reported (Am ano, Coebel and Miller Sinidth, 1958)
that colicine K neutralizing antibodies in absorbed colicine K antiserum \\, itIT non-
colicinogenic E. foil Kg3;; L~OC~ \\. ere incapable of precipitating the colicine K O
antigen complex or or agglutinating E. colt K:!35 L~OC'.

This was reconfirmed by agglutination tests on both kinds of ghosts \\. ith
colicine K neutralizing antibodies.

o

o

I. 200

+r

I. 400

+F

+H

Dilution o1 onliserum

+H

1,800 I^1600 1,3200 1:6400

+}

+H

+

+

+H

+

+

+F

+

+ +
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Colicine K antiserum was repeatedly absorbed with pellets of E. roll Kg35
L~OC~ us decoribed by Am ano, Goebel and Miller Sinidth (1958). The ,e"uru thus
absorbed did not agglutinate E. coli K23;s L~OC~ or L~OC' and did not precipitate
colicine K O antigen, but still retained almost the same potency in neutralization
expel. linents as the original antiserum. Using this absorbed antiserum, agglutination
experiments were made of the two kinds of ghost suspensions. The results are
presented in Table 5.

Table 5. Agglutination of ghosts prepared with Ieucozyme C or Iysozyme/EDTA in colicine
K antiserum absorbed with E. coli K. .:1:1 L~OC~

182

An jigen

Ghosts prepared with
Ieucozyme C
Ghosts prepared with
Iysozyme/EOTA

As can be seen from the table, both kinds of ghosts could not be agglutinated.
From these above results, it can be stated that the spherical bodies prepared IJy
ICUcozyme C should also be termed spheroplasts

4. Diffi'ibt!/io!! of rolirii!e K dc!it. iOi ill Ihe fell:
11 was very peculiar that the Iysates of spheroplasts prepared by either method

contained appreciable amounts of colicine K activity. The fact led us to Charac-
tel. ize the physicochemical properties of colicine K in every, fraction listed in Fig.

Table 6. Characterization of colicine K liberated from cell walls during protoplasting

procedure

I. 100 I, 200

Dilution of antiserum

1,400 1:8001,16001:3200

Spheroplosls
prepared wilh

Leucozyme C

Tube
numbe r

Sup. B
icell wall digesll

Lysozyme/EOTA I

Sup. C
ISPheroplasi

Iysotel ^

Sup. B'
icell wall digest I

2

3

Tube number I I untreated conirol

2. healed o1 100'C. for 10 min

3 : Ireoied with Irichloroceiic acid

Sup. C'
ISPheroplosi

Iysoiel I

C*,

4

I%
o

Diluiions of Samples

2

3

*

4

o
o

co

?

3

?

3

4

o
o

4
o
o

C

3
o
o

3
o

o

4

4

4

CH
co

2

o

o

2

o
o

4

4

4

<.
C

o
o

4

115
o

o

o

co
61

4

4
4

o
o

o

o

4

o

4

4

3/5

,
to
N

%
o
o

15
o
o

4

I. :,
o

4

315
3

o

o
o

4

o
o

o
o
o

3
2
2

o

o
o

4

o

o

2

2

2

3},
o

o

o

o
o

4

o

o

o

o

o

2
o

o
o

o
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I. As al"eady desc"Ibed by Goebel and Ba", y (1958), the colicine K O antigen
complex \\. as very stable \\, hen boiled at 100'C. for. 10 min. and could not be
precipitated by 10 I)er cent trichloracetic acid ; on the other hand, colicine K
protein \\, as IJrecipitated by trichloracetic acid and \\, as labile when boiled at
100'C. for 10 min. These differences \\, ere adopted as criteria to identify colicine
K O antigen and colicine K protein

Lullcozyme C in the cell\\. alldigest (Slip. B in Fig. I) was denatured at 60'C. for' 10
111in. and centrifuged. The suiJernatant was divided into thtee portions. Tile first was Ileated
at 100'C. 101 10 min. To the second, Inchloraceiic acid was addcd at a concentratioit of 10
per cent. The Illsi served as a control. All tile tubes were centrifuged and dialyzed against
distilled water for 24 hrs. at 4'C. 1'he dialyzed solutions were centrifu, ,ed and the super-
nataiits were assayed 101' colicine K activity. The digest of cell wall by tile Iysozyme/EDTA
111ethod (SuiJ. B' in Fig. I) was first dialyzed and then the dialyzed solution was di\. ided into three
portions but was 110t heated at 60'C. for. 10 min. I:urther treatment was the same as that
of Sup. B. To eac1\ 5.0 inI. of the spheroplast Iysates (Sup. C and C') 0.1 inI. (0.4 ,rig. ) o1
DNase solution was added. and the mixture was incliliaied at 37'C. for 10 min. The cen-

In juged super nataitts were itITther treated as Sup. B. The results of colicine K assays arc
list"d in Table 6

Colicine K liberated from cells durinu the Ieucozyme C spheroplastin, ,
was in activated by heating at 100'C. for. 10 min. and precipitated by trichloracetic
acid ; on the other ITand, colicine K liberated durinu Iysozyme spheroplasting \\'as
very stable when heated at 100'C. for 10 min. and could not be piecipitated by
trichloracetic acid. Therefore Ieucozyme C liberated colicine K protein from cell
walls during the spheroplasting PIOcess and the mode of action of Ieucozyme C
is quite different from that of Iysozyme/EDTA.

From the results of Sup. C and C' shown in Table 6. it can bc seen that
osmotic Iysates of both kinds of spheroplasts contained colicine K protein. Since
even Iysozyme spheroplasts gave colicine K protein when they broken, it call be
assumed that colicine K protein was synthesized inside the cytoplasmic membrane
during the logarithmic gro\^Ih I)hase of the bacteria.

5. 1:1'etl of leii, 0. :Jine C oil Ihe rolirii!e K O d!litgei! romp/e. \ .'

In this experiment attempts were made to demonstrate the direct action or
Ieucozyme C in libel. at ing colicine K protein from the colicine K O antigen complex.

200 11u. of coliciiie K, dissolved in 4.0 inI. of 1:30 xi phosphate buffer at jin 7.0 were
added to 1.0 inI. of Ieucozyme C solution and jutuhated at 37'C. 10r 90 min. Leucozyme C

Toble 7. The effect of Ieucozyme C on colicine K O antigen complex

Leucozyme C
Ir eolmeni

Control

non- healed

healed o1 100'C. !
for 10 min.

n on- h eated

healed o1 100'C
for 10 min

4071mj

4

Dilulion ICOlicine K content in control 501.1

2071mj

4

2

4

I07'1mi

4

4

4

51 Im1. 2.51'/in I. 1.25;'/in I

234

15

4

4

4

o

4

31-2

o

4

3

o

3

2
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was denatured by ITeating at 60'C. for 10 min. and centrifuged. The supernatant was dialyzed
against distilled water in the cold for 24 hrs. .\s a control, the same solution (4.0 inI. ) of
colicine K was added to 1.0 inI. of saline and treated in the same way. Each of the dialyzed
solution was di\. ided into 2 portions. One was heated at 100'C. for 10 niin. All four samples
were assayed for colicine K activity. The results are presented in Table 7

As can be seen from the table, Ieucozyme C could liberate colicine K protein
from the colicine K O antigen complex.

MIYAAIA. ICHIKAWA AND AMANO

DISCUSSION

it is \\, ell known that the cell walls or GPam negative bacteria are mainly
composed of a lipocarbohydrate plotein complex and those of Iysozyme sensitive

positive bacteria are mainly composed of mucopolysaccharides. TheGram

spherical bodies prepared by Iysozyme from Gram negative and Gram positive
bacteria seem to be different in their surface structures. According to Brenner at
"/. (1958), the sphe"ICal bodies of E. ,, Ii p"epa"ed by the Iyso"yine/EDTA method
still retain much lipocarbohydrate. The surface structure of the spherical bodies
prepared \\, ith Ieucozyme C had not yet been characterized prior' to this work.
The pi. esent study sho\\, ed that the spherical bodies prepard with Ieucozyme C
should also be termed spheroplasts

From studies on the physicohemical properties of the colicine K liberated from
the cell walls during spheroplast formation, the mode or action or Ieucozyme C
was elucidated. Leucozyme C liberated the colicine K protein From the cell walls
but not in the form or colicine K O antigen, \\, hich is liberated by Iysozyme during
spheroplast formation. The liberation of colicine K protein by Ieucozyme C was
directly shown by incubating Ieucozyme C with the colicine K O antigen complex.
The possible enzymatic nature of Ieucozyme C is not yet known. However the
authors are inclined to regard it as some lipolytic enzyme. 11 this were the
case, Ieucozyme C would play another Important role, the detoxification OF
endotoxin. This problem is no\\, being studied.

During the study of distribution of colicine K activity in the cells, colicine K
proteii} was found in the osmotic Iysates of spheroplasts prepared by Ieucozyme
C and Iysozyme/EDTA. It is very interesting that colicine K protein \\, as produced
in the cytoplasm of the bacterial cells. Probably, colicine K protein synthesized
in the cytoplasm would combine with somatic O antigen in the cytoplasmic
membrane, \\, here somatic O antigen will be synthesized.
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