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BIKEN's JOURNAL I, 26-34 (1958)

An Analysis of the Bacfericidal Effect of Leucocytes

Extract on Sfaphylococci

TsuNEHisA AMANo, SYuzo KASHIBA, MUTsuMi SATANi AND 1< incHOKU Nilzu

Leucozyme A, an active substance or substances from an acidic extract of guinea pig
leucocytes, is adsorbed by the cell walls of non-pathogenic and coagulase-negative staphylococci.
The cell walls of pathogenic and coagulase-positive staphylococci do not adsorb it. The same
results were obtained when the cell walls had been heated or treated with enzymes (ribonuclease,
Iysozyme or trypsin).

Adsorption of Ieucozyme A by cell walls of coagulase-negative staphylococci was not observed
after treatment of these cell walls with a cell extract or a partially purified coagulase prepara-
tion obtained from the supernatant of a culture of coagulase-positive staphylococci. Both pre-
parations were shown to contain free coagulase. The free slaphylococcal coagulase is suspected
to be one of the active principles, because both the extract and the partially purified coagulase
are resistant to boiling for 15 min. at neutral pH.

Department of Bacteriology, Orek@ Uni, ersi4y Madtta! School

(Re"i, ed fir publication, October 25, 1958)

SUMMARY

Rogers and Tompsett (1952) showed by use of stained preparations and
viable counting and slide culture tcchniques that pathogenic, coagulase-positive
strains of staphylococci could survive in human polymorphonuclear leucocytes after
being ingested, whereas non-pathogenic, coagulase-negative strains could not.

in the course of studies, in our laboratory, on the phagocytosis of staphylococci
by leucocytes of the guinea pig, an animal which is moderately resistant to
staphylococcal infection, the observations of Rogers at a1. (1952) were confirmed
to the extent that ingested pathogenic staphylococci were distinctly Gram positive,
whereas phagocytized non-pathogenic staphylococci were Gram negative and only
stained faintly.

As we knew that four active substances exist in , umea pig leucocytes, we
tried to identify the active principle concerned with the in orphological change of
non-pathogenic staphylococci in the leucocytes.

As described in our previous report (Am ano at o1. , 1956), the active substance
is " Ieucozyme A ", which can be extracted at acidic pH and is very heat stable.
Although there is a strict parallelism between coagulase activity and pathogenicity
of staphylococci, Ieucozyme A was not inhibited by staphylococcal coagulase.

This report describes further some aspects of correlation between pathogenicity
and resistance to Ieucozyme A.

INTRODUCTION
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Bar/end

KAT. :-Free and bound coagulase-positive strain, isolated from a human abscess.
KAT. -\\':-A white variant of 1<AT. , free and bound coagulase-positive.
209-P:-Free coagulase-positive and bound coagulase-weakly-positive strain,

obtained from the Japan Antibiotics Research Association.
Newman-I:-Free and bound coagulase-positive strain, kindly supplied by Dr. E.

S. Duthie.

Newman-2:-Free coaqulase-negative and bound coagulase-positive, a variant OF
Newman-I.

AKM. :-Free and bound coagulase negative strain, isolated from human urine.
Air-I and Air-2:-Free and bound coagu!ase-negative strains, isolated fi. om air in

our laboratory.
Buc!21'iai JUJ/Ienrio?if, gilt"err-pig fernin and Iruco<yn!e A 11'end}ajionJ. Similar to those

described previously (Am ano at a/., 1956).
Con"lilyuled find partially 111i'yied prepm'alton of codgu!aJe. A slight modification

or the method of Duthie (1952) was cmployed. A broth culture of strain Newman-I
which had been shaken was centrifuged and the resultino cell free super natant
containing coagulase was cooled. All subsequent procedures were carried out at
4'C. Cadmium sulphate was added at a final concentration of 0.5% <\v/v) and
the mixture adjusted to pH 5.8. The Hocculent precipitate was collected next
day by centrifugation and dissolved by the gentle agitation in N-HCl at a final
pH value of ca. 2.0. Insoluble material was removed by centrifugation. The clear
solution \\, as dialysed against a large volume of dilute-HCl at pH 2.0 for 48 hours
and then against distilled water for 24 hours. The resultant precipitate was
removed and the clear supernatant was iyophilized.

staining procedi!re. Dried smears were fixed in a gas name and Hucker's
modification of the Gram technique was employed.

hdex of microJcopica! InchMgJ
- : All bacteria were staincd Gram positive and distinctly.
+ + + : All bacteria were stained Gram negative and the greater part was

changed to an amorphous mass.

BAGTl, RIGIDAL EFFECT OF LEUCOCYTE EXTRACT
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bileractioii of Ieukoeyine A coin! Jian4ylococcnl fellJ.
As shown In the previous paper, living pathogenic staphylococci had no

inhibitory effect on Ieucozyme A (Am ano at o1. , 1956). In previous experiments,
relatively small amount of bacteria was used.

Now, even larger amounts of bacteria were used and the effect of bacterial
cells of coagulase-positive and -negative strains on Ieucozyme A was examined.

The bacteria harvested from agar slopes after 18 hours culture were thickly
suspended and washed twice by saline. The optical density of the bacterial
suspension at 550m/t was corrected to 05500=0.5 with a Goleman junior spect-
rophotometer. One in I of each suspension \\, as packed by centrifugation and

RESULTS
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mixed with 0.5 in I. of Ieucozyme A. These mixtures were centrifuged after
incubation for 30 min. at 3'7'C. The supernatant of each \\, as added to the system
containing guinea-pig serum and the bacterial suspension of AKM.

Packed bacterial cells

Table I. Interaction of Ieucozyme A with slaphylococcol cells

Leucozyme A

Physiological saline

Following incubation of 37'C for 30 min. and centrifugafon, the super natonfs were added
to each system described below

AKM. !C-I* AKM
' 1000cj5' I

Guinea pig serum

Bacterial suspension
10.25 in I. respectively I

inI
05

2

* C-: Free and bound coagulase negative
C+: Free and bound coagulase POSiti\, e

As shown in Table I, Ieucozyme A activity was inhibited by AKM. (non-
pathogenic> cells, either living or dead, rather than by KAT. <pathogenic) cells.
These results suggest a possibility that Ieucozyme A was adsorbed by the
Ieucozyme A sensitive strain, and not by the resistant one'

This possibility was confirmed by the following experiment using cell-walls
in place of bacterial cells.

AdJo?In on of Ihe leitco<, line A oil/o Ihe cell refill$ of Ji"11010rocci
Cells of each strain of bacteria \\, ere disrupted by a Mickle disintegrator and

centfriuged at 3000 r. pm. for. 20 min. to remove intact cells. This supernatant
was centrifuged at 8000 r. pm. for. a further 20 min. and the sedimented cell walls
were washed twice by saline ancl resuspended in saline. The optical density of
this cell wall suspension at 550 inIL was corrected to 05500 =0.2 with a Goleman
junior spectrophotometer. One in I. of each suspension was packed by centrlruga-
tion at 10000 r. pm. for. 20 min. Following procedures were the same as those
of the preceding experiment.

As shown in Table 2, Ieucozyme A was completely lost after treatment with
the cell walls of AKM. , although the cell \\, alls of KAT. had no effect on it.

it is suggested from these results that Ieucozyme A \\, as adsorbed by the cell
walls of the Ieucozyme A sensitive strains.

Rein!ionJhi/I beltoee?I Ihe richoip/toil of I'llcoeyme A by flap4y/ococcal cell roanJ alld
i!5 bartericidal ac!ion

The correlation found in the preceding expel. linent \\, as studied in several
strains.

Microscopicai findings I

3

I KAT. !C+I I KAT

I 1000Ci5' I
inI
0.5

0.25

AKM

inI

0.5

4

0.25

incubated o1 370C for 2 hours

AKM

inI

0.5

5

I AKM

0.25

inI
05

6

025

AKM

+

inI

0.5

0.25

AKM

+ ; +++

I AKM

0.25
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Table 2. Adsorption of the Ieucozyme A aclivi*y by the cell walls of stophylococci

Packed bocjeriol cell walls I
Leucozyme A

Physiological saline

Following incubation of 37'C for 15 min. and centrifugation, the supernatonts were

added to each system described below.

Guinea pig serum

Bacterial suspension
10.25ml respective Ivl

AKM. IC -I

Microscopicol findings

0.5 in!

2

KAT. !C+I

Teble 3. Relationship between the adsorption of Ieucozyme A onto stophylococcal
cell walls und its bac*ericidol oction

0.5 in I

0.25

Strain of
bacteria

AKM

Incubated o1 37'C for 2 hours

3

KAT

K AT. . W

N ewmo n-I

N ewmon- 2

209-P

AKM

Air - I

Air-2

0.5 in I

Color of colony I

0.25

AKNA,

29

4

Golden yellow

While

Yellowish while

Golden Yellow

Golden yellow

While

I Yellow

While

+++

0.25

AKM

As sho\\n in Tabic 3, KAT. , KAT. -\.\;, Newman-I, NG\\. man-2 and 209-P
were pathogenic and coagulase-positive and not affected by Ieucozyme A. Leuco-
zyme A was not adsorbed onto the cell \\'alls of these strains.

However, Ieucozymc A was completely adsorbed onto the cell walls of AKM. ,
Air-I and Air-2, \\, hich \\, ere non-pathogenic, coao'alase-negative and sensitive to
Ieucozyme A.

it is interesting that therc exists a strict parallelism between the adsorption
bactericidal action of Ieucozyme A and the coaoulaseof Ieucozyme A,

activity, especially the bound coagulase activity, of staphylococci.
T/!e den of' Ilen! o7 ei!<Jing lira/ment of cell wallr o11 Ihe doffor/moil of I'llcozJ, me A.
As the precedinu results \\, ere obtained with the native cell walls, the effect

of heat or enzyme treatment or cell walls on the adsorption of Ieucozyme A was
examined.

0.5 in I

I I ree I bound I

+++++

I ~'~" I "'
+++ +++

+++

+++ ^ *

Coogulose

+++

0.25

I Adsorption O' I Lysis of bacteriaIeucozyme A
on 10 cell by Ieucozyme A

wall

AKM

I. e.

+

T

T

+++

+++

+++
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Table 4. The effects of heat or enzyme Irealmenf of cell walls on the adsorption of Ieucozyme A

Cell wall

Treatment

Clumping by dilute
plasma
Ibound coogulosei
Adsorption of

Ieucozyme A

AKM.

As shown in Table 4, adsorption of Ieucozyme A was not affected by boiling
the cell \\, alls for 15 min. or by treatment with certain enzymes, such as riboiiuc!e-
ase, Iysozyme or trypsin.

Furthermore, trypsin treated cell walls of Newman-I, in which bound coagulase
was completely destroyed, did not adsorb the Ieucozyme A, as well as did the
untreated cell walls.

it is therefore suggested that the resistance of coagulase-positive staphylococci
to Ieucozyme A is not dependent on the cell surface being coated with bound
coagulase.

The deci of cell ex/Tactr of codgM/a3e-10Jiti"e Jimin <Newman-I) on Ihe doffoip!ion of
!elfcoc, !lite A oil!o Ih, cell roan$ of AKM.

Another possibility as to the resistance of coagulase-positive staphylococci
to Ieucozyme A is that certain active substances in the pathogenic staphylococci
would destroy the site of adsorption of Ieucozyme A which has been suggested
to exist in cell \-valls of the Ieucozyme A sensitive and coagulase-negative staphylo-

To investigate this possibility the following experiment was perfomed. A
150 in I. broth culture of Newman-I \vhiclL had been shaken was centrifuged and
the sedimented cells were washed twice with saline and resuspended in 5 inI. of
saline. This suspension was disrupted with glass beads for 30 ruin. in a Mickle
disintegrator. Ten inI. of saline was added, and the suspension centrifuged at 12000
r. pm. for 20 min. . The clear supernatant was used as the cell extact of Newman-I.
A cell extract AKM. was prepared by the same method.

As shown in Table 5, cell walls of AKM. treatd by a cell extract of
Newman-I were no longer able to adsorb the Ieucozyme A. The same effect
was observed with a boiled cell extract of Newman-I. Furthermore, coagulase

activity in the cell extract was still strongly positive after boiling the extract for
15 min. . On the other hand, the cell extract of AKM. had no effect on the cell
walls of AKM.

it is therefore suggested that the Ieucozyme A adsorbing ability of the AKM.
cell walls is lost by treatment with cell extract of Newman-I. Because of its
heat stability, coagulase would be one of the factors affecting the cell wall of
AKM.

Simi!in' atec!r of Ihe concentrated 31,181'rid!all!$ of Daito"J $17din$ of codgttla$8-10fiti"e
Jtap/!1110cocci on Ihe cell roan of AKM.

RNase

2

AKM

tvsozyme

,I, I, I
AKM. I

+

by*,,'.,'I ^.". I
AKM I

+ +

AKM I New""' I Newmqn-I ; Newmon. I

6

+

Trypsin

cocci.

+

7

I 1000cj5' I

I+I

8

None

+
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Table 5 The effects of cell extracts of coogulase-positive (Newmon. 11 and

coogu!OSe-negative (AKM. I strains on the adsorption of

Ieucozyme A onto AKM. cell walls

Cell exiroct

15.0 in I. respectively I

I '

Physiological saline I - ~ , ~ ~ 5.0 ' ~ ~

ID, :100=04 I AKM. I AKM. I AKM. ' AKM. ' AKM- I ~ I ~10 in I. respeclivelyi I I I

Toluene I ' 10.1 0.1'0-1, ~I~

Ne;^I'm-'1 'I!0:^ I j;"',' I I!o013 I _ I _ _
2

Following incuba*ion of 37'C for 16 hours and centrifugation, sedimented cell walls
of the samples were washed twice with saline, resuspended and mixed with Ieucozyme A.

tsucozyme A

Physiological saline

3

Following incubation o1 37'C for 20 min. and centrifugation, the super natonfs were added

4

Guinea pig serum I
Bacterial suspension I
ID, :;o0=0.1 AKM
0.25 in I. respectivelyI

0.5

5

mm"""" I "' " I ~findings

0.5

an

6

to each system described below

05 I 0.5 I O. 505

ill

I AKM. I AKM. AKM. I AKM
Incubated at 37'C for 2 hours

0.5

In these experiments, concentrated super natants of cultures of coagulase-
positive staphylococci were used in place or cell extracts and their effect o1} the
Ieucozyme A adsorbing ability of the cell walls of AKM. was cxamincd.

The broth dialysate was prepared as described below. Fifty in I. or yeast-
extract <2.5gr. ) and Peptone <10.0gr. ) was dialyzed against 950 inI. of a solution
containing lactose <2.0 g".), 1<2HP04 <5.0 g".), NaH2P04 <2.0 g".) and NaCl
<5.0gr. )for 72 hours in a cold room. Two hundred inI. allquots of this broth dialyzate
containing only dialysable components was seeded with the strains listed in Table
6 and shaken for 16 hours at 37'C. The shaken cultures \\, ere centrifuged and
cell free culture super natants \\, ere dialyzed against distilled water for 72 hours
in a cold room to remove the components of the media. The dialyzed culture
super natants were Iyophilized.

The dried material of each sample was dissolved in saline at a concentration
of 2mg. per inI. and used as the concentrated culture super natants.

0.5

7

0.5 0.5 0.5

05

05

AKM

O. 5

I AKM

+++
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Table 6. Effect of concentrated culture super natan*s of various strains of coqgulose-positive

stophylococci on the cell wolls of AKM

Concentrated culture

15.0 in I. respectivelyI

Coogujase activity I
Physiological saline

Cell wall suspension
103.0u=0.4,1.0 inI
respectively I

To Iue ne

+++

2

N ewmo n - I
1000cj5'

Following incubation of 37'C for 16 hours, the Ieucozyme A adsorbing ability of the
Ireafed cell walls of AKM was tested

Adsorption of
Ieucozyme A

AKM

+++

3

N ewmo n-2

inI

0.1

As shown in Table 6, concentrated culture supernatants of ITec coagulase-
positive staphylococci (Newman-I, 209-P) were able to destroy the Ieucozyme A
adso"bing ability of the cell walls of AKM. (tube I and 5). A similar' effect was
observed with boiled preparations <tube 2 and 6). However, a native prcparations
of a free coagulase-negative and bound coagulase-positive strain (Ne\\, man-2)
exerted a similar effects on the cell \Nans of AKM. (tube 3), while the boiled

preparation had no effect <tube 4).
11 is suggested that the culture supernatant of coagulase-positive slaphylococci

<Newman-I) contains at least two active substances affecting the Ieucozyme A
adsorbino ability of the cell \-vans of AKM. One in^, be the free coagulase and
the other a heat labile factor as seen in the case of Newman-2.

T/!e 4/8rtr of rodgi!IQJe pip, dintionJ on Ihe call lotilA' of codg!!IdJe-?legd!ite flyaii!J
As shown above the concentrated super natants of cultures of coagulase-positive

staphylococci were able to destroy the Ieucozyme A adsorbing ability of the cell
walls of AKM. To identify the active principle contained in the concentrated
culture supernatant, a partially purified coagulase preparations from culture
super natant \\, ere used. This effect on the cell \\, alls of coagulase-negative
staphylococci was examined.

Coagulase preparations from culture super natant \-\, ere concentrated and
pa"tially pu"med by the method of Duthie (1952), and theI" effects on the cell
walls of AKM. \\, ere observed.

As shown in Table 7, coagulase preparations of NG\\, man-I, 209-P, KAT. and
KAT. -W affected the adsorption of Ieucozyme A by the cell \\, alls of AKM.

AKM

*^,*,~"~- I am- I
4

inI
0.1

^, I, I, ^, I,

AKM. I AKM. I AKM. I AKM. I AKM
inI
0.1

I, + +I' + +I

inI
01 I in " I in I. I in I

I ;10

+

AKM I AKM
in I. I in I
0.1 I 0.1

+I+I+
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Table 7. Effect of coogulose preparations on the cell walls of AKM

8 96 75432

___,_____,__ _.__ ___ _ __ _ _ ___ _ ---- I KAT. -W^

12 ing/inI. 5.0ml. res. !Newmon-I ''';"'~I 209-F I DCIS, IKAT-1100'C 'V, - 100'C; -
pectivelyl ____ ______ _ I_____' '__ ,,,,,, ~ ~~~~~
Cell wall suspension I I I ~ ~~ ~~~~ I I IID:,, on=0.4.1.0 inI. AKM. AKM. I AKM. AKM. I AKM. AKM. IAKM. AKM. IAKM.
respectivelyI I ___,______ ___ _____ ____; ____^_ __________ _ ___ _ __

-----

Physiological saline - - ~ ~ ~ I I ~ ~ 5.0
^ - ^ ---^- - -- -- ^

in I. in I. in I. in I. I in I I in I- I in I in in '
Toluene o. 1 0.1 0.1 I 01 0.1 01 01 0.1 I o. 1

Incubated of 37'C for 16 hours, and washed twice by centrifugation. The sedimented cell
walls of the samples were examined for adsorption of Ieucozyme A.

Adsorption of
Ieucozyme A

Cell wall suspension
ID, 500=0.4.1.0 inI
respeclivelyl
Coogulose preparalion
12mg/in I. . 5.0 in I
respeclivelyl

Physiological saline

Incubated of 37'C for 16 hours, Grid washed twice by centrifugation.
The sedimen, ed cell walls of each sample were examined for adsorption of Ieucozyme A.

Tobie 8. Effect of coogulase preparations of Newman-I on the cell
walls of coogu!use-neg olive $1 a phylococci IAir-I and Air-2)

432

33

Adsorption of Ieucozyme A

Air-I

N ewmon- I
INewmOn~11 1000c 15' '

Furthermore as shown in Table 8, under tlie action of coagulase preparation
of Newman-I the cell \\, alls of Air-I and Air-2 lost their ability to adsorl, the
Ieucozyme A.

it is obvious from this experiment that the coagulase preparations from the
culture super natant of coagulase-positive staphylococci as well as the concentrated
culture supernatant are effective in destroying the Ieucozyme A adsorbing ability
of cell \\, alls of coagulase-negative strains.

factorsit is suggested that free coagulase is one or the most important
affecting the Ieucozyme A adsorbing ability of cell \\, alls of coagulase-negative
staphylococci.

Air. I Air- I Air-?

I Newman-I

inI
50

5

+

DISCUSSION

It is repoi'ted in this paper that coagulase-negative and Ieucozyme A sensitive

Air-2

N ewmon- I
I000C I5'

6

+

Air. ?

inI
5. O

+
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strains of staphylococci could adsorb Ieucozyme A, whereas coagulase-positive
and Ieucozyme A resistant strains did not adsorb it. These results are coinparable
to those of Few and Schulman (1953) who found that polymyxin sensitive bacteria
were capable of adsorbing much greater quantities of the antibiotics than resistant
organisms.

it was generally considered that the ability to produce coagulase is one of
the most reliable indices of pathogenicity of staphylococci, even if it is not the
determinant factor of pathogenicity.

It may be probable that coagulase affects the Ieucozyme A adsorbing sites of
cell walls of pathogenic staphylococci and subsequently renders them resistant to
Ieucozyme A. However, it may be also explained to be independent from the
production of coagulase, because coagulase production and the lack of Ieucozyme
A adsorbing sites are controlled by different genes.

With regard to the first possibility, it can be stated that coagulase enables
pathogenic staphylcocci to survive in phagocytic cells and initiate staphylococcal
infections.

34

Amano, T. , Seki, Y. , Kashib. , S. , Fujik"wa, J. , Mo"i, k", T. and I. hik, w*, S, (1956) , The
effect of leucocytes extract on Jtaphy!o, 066"$ Iyoge"eJ, Med. I. OJak@ Uniu. , 7,233-243.

Duthie, E. S. (1952) : Staphylococcal coagulase : Mode of action and antigenicity. I. gal.
Microbi0!., 6.95-107.

Few, A. V. and Schulman, J. H. (1953) : Tha absorption of polymyxin E by bacteria and
bacterial cell walls and its bacteriddal action. I. gen. Microbi0!., 9,354-466.

Rogers, D. E. and Tompsett, R. (1952) : The survival of slaphylococci within human
leucocytes. I. Exp. Mad, . 95, 209-230.

REFERENCES




