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SUMMARY

An antistaphylococcal substance was demonstrated in extracts of guinea pig spleen and liver but
not of kidney. The distribution of this substance was in good ‘accord with the fate of pathogenic
staphylococei in these organs, as described by Smith and Dubos (1956).

The active substance was shown to be in cells of RES, because it was found in the Kupfier's cells
of the liver. The activity was assayed by measuring the decrease in the number of colonies, but it
was shown that this decrease in the number of colonies was the result of a bactericidal effect and not
of agglutination by staphylococcal agglutinins,

The active substance was precipitated at between 25 and 50 per cent saturation of ammonium
sulfate. It was resistant to heat treatment at 56°C for 30 minutes, but it was inactivated by heat
treatment at 70°C for 30 minutes or at 100°C for 10 minutes. It had an isoelectric point at pH 4.5-
5.0 and the resulting precipitate recovered activity on solution at pH 7.0.

Escherichia coli B, Klebstella pneumoniae and Shigella flexneri type 2a were sensitive to it, while salmon-
cllae were not.

INTRODUCTION

Rogers and Tompsett (1952) reported that pathogenic staphylococci could
multiply actively in human leucocytes but that nonpathogenic strains were killed and
rendered Gram negative in the leucocytes. The same phenomena were also observed
in guinea pig leucocytes and the active substance was identified in this laboratory as
“leucozyme A, one of the antibacterial substances in guinea pig leucocytes (Amano
et al., 1956). No antibacterial substance could be found in guinea pig leucocytes even
when the extraction method was changed.

Smith and Dubos (1956), reported that when the pathogenic staphylococci were
injected intravenously into mice there was a decrease in the viable count in the sple-
en and liver and marked increase in the kidney. Therefore further attempts to demon-
strate an antistaphylococcal substance in the spleen and liver were made in vitro,
using a modification of the most sensitive method of Hirsch (1958). The present study
is on this antistaphylococcal substance which was found in the spleen and liver.

* The research reported in this document has been made possible through the support and sponsor-
ship of the U.S. Department of Army, through its Far East Research Office.
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MATERIALS AND METHODS
1. Bacleria used

The following bacterial strains were used in this study.

1) Staphylococci

a) Séaphylococcus aureus Newman strain (designated as the N-1 strain in this laboratory). It is a
typical pathogenic strain, kindly supplied by Dr. E.S. Duthie. It possesses free and bound coagu-
lases.

b) N-3 strain. A mutant obtained from the N-1 strain. It is free coagulase negative and bound
coagulase positive and is streptomycin resistant (independent) (Kashiba et al., 1959).

¢) N-4 strain. A mutant isolated from the N-3 strain which is devoid of both coagulases (Kashiba
et al., 1959).

d) Air-1 strain. This strain was isolated in our laboratory. It lacks both coagulases and is non-
pathogenic.

2) Escherichia coli B, Klebsiella pneumoniae, Shigella flexneri type 2a, Salmonella typhosa EL 90TW, Sal-
monella paratyphi 1015 and Salmonella schottmuelleri 8006, all well known strains kept in this Institute.

2. Preparation of organ extracts

Normal guinea pigs weighing 400-500 g were killed by exsanguination. The peritoneal cavity
was opened, and the lungs, liver, spleen and kidneys were removed. The organs were well washed
with saline, weighed, cut into small pieces and suspended in an equal weight of M/15 phosphate
buffer at pH 7.0. The suspensions were homogenized in a Waring blender, and the homogenates
were frozen and thawed twice and then centrifuged at 4000 rpm for 20 minutes at 5°C. The super-
natant was again centrifuged at 15000 rpm for 30 minutes by a Servall high speed centrifuge at 5°C.
The clear supernatant was sterilized by passage through a Millipore filter membrane. The filtrate
was named the crude extract. Serial dilutions were made with M/15 phosphate buffer at pH 7.0.

3. Assay method for antistaphylococcal activity

An over night broth culture of staphylococci was diluted 1:50 and the new culture was incubated
at 37°C, with shaking. After 3 hours the culture (1109 viable units per ml) was diluted 1:106
with 1:2 diluted broth containing 0.5 per cent gelatin. 0.2 ml aliquots of the bacterial suspension
were distributed into small sterile metal capped tubes. An appropriate amount (usually 0.2 ml) of
serial dilutions of the organ extracts was added to each tube. The total volume was adjust to 1.0 ml
with M/15 phosphate buffer at pH 7.0. Two tubes containing 0.2 ml and 0.1 mi of the bacterial
suspension were also included as controls to compare the number of colonies. The total volume was
adjusted to 1.0 ml. All the tubes were incubated at 37°C for 2 hours. After incubation, 2 ml of
melted nutrient agar (1 per cent agar) were added to each tube, and the contents mixed well and
cooled. The surface of the solidified agar was covered with 0.5 ml of melted 1 per cent plain agar
and the tubes cooled. They were then incubated at 37°C overnight. The number of colonies in the
test tubes was compared with that in the two control tubes. When no decrease was observed and ap-
proximately 200 colonies were detected, the tube was given the value of 4. When the colony number
was intermediate between the two control tubes (200 and 100), the value was expressed as 3.-When
approximately 100 colonies were found, the value was expressed as 2. When less than 100 colonies
were found, it was expressed as 1. '

EXPERIMENTAL
1. Fate of intravenously injected pathogenic staphylococct in guinea pig

Smith and Dubos (1956) stated that, after four days of intravenous injections
into mice, the number of the pathogenic staphylococci decreased markedly in the
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spleen and liver and that, on the contrary, they increased greatly in the kidney result-
ing in renal abscesses. We repeated their experiments in guinea pigs, because anti-
bacterial substances in guinea pig leucocytes have been extensively studied in this
laboratory and thus it is possible for us to differentiate antistaphylococcal substances
from leucocytic antibacterial substances.

Ten healthy guinea pigs were injected intravenously with 0.1 ml of an actively growing broth
culture (13108 per ml) of the pathogenic N-1 strain. After 5 days the guinea pigs were sacrificed
and various organs were removed aseptically. The organs were weighed and homogenized with equal
weights of sterile M/15 phosphate buffer at pH 7.0 in a Waring blender. The viable units (clusters
of cells) were estimated by plating. The results are shown in Table 1.

Table 1. Pathogenic staphylococci recovered from guinea pig organs 5 days after
intravenous injection.

Spleen Liver Kidney

Bacteria {units) : |
found in 1.0 ml of 1.8x108 ! 1.5x105 ! 1.4x107
organ homogenate

As can be seen, the ratio of viable units in the spleen to those in the liver and
kidney was approximately 1:100: 10000. In the spleen the decrease in viable units was
most marked. To exclude an error due to air-born contamination by micrococci, the
experiment was repeated using the streptomycin-resistant strain N-3 and adding
streptomycin to the agar medium used for measuring the viable count. The same re-
sults were obtained.

2. Antibacterial action on pathogenic staphylococci of crude organ extracts

Table 2. Antibacterial action of a crude spleen extract on pathogenic staphylococci (N-1)

Control  Control

1 2 3 4 5 6 7 8 1 2
ml m} ml ml ml ml ml ml
Crude spleen extract 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 — —
Dilutions of extract 1:1 1:1 1:2 1:4 1:8 1:16 1:32 1:64
M/15 phosphate buffer, 0.4 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.8 0.9
pH 7.0
Bacterial suspension® 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1
{IN-1)

After incubation at 37°C for 2 hrs., 2 ml of melted nutrient agar (1% agar) were added to each
tube and the contents mixed well, and then incubated at 37°C overnight

Number of colonies** 1 1 1 1 1 2 3 4 4 2

* The bacterial suspension contained ca. 1000 viable units per ml.
** The number of colonies was expressed as follows
4, ca. 200 colonies; 3, ca. 150 colonies; 2, ca. 100 colonies;
1, ca. 50 colonies or fewer
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Table 3. Antibacterial action of crude liver, lung and kidney extracts on pathogenic
staphylococei (N-1)

Control Control

1 2 3 4 5 6 7 8 9 1 2
ml ml ml m} ml ml ml mi m!
Crude liver 0.4 0.2 0.1 — — e e - — —
extract
Cryde lung — =  — 0.4 0.2 0.} -— - - - -
extract
Crude kidney — - - — = — 0.4 0.2 0.1 — -
extract
M/15 phosphate 0.4 0.6 0.7 0.4 0.6 0.7 0.4 0.6 0.7 0.8 0.9
buffer, pH 7.0
Bacterial sus- 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1
pension (N-1]
Results 2 4 4 4 4 4 4 4 4 4 2

Studies were made on the antibacterial action of crude spleen, liver, lung and
kidney extracts on the pathogenic staphylococci strain N-1.

The crude extracts were prepared as described in the Methods section. The assay method used
in this study was a modification of the plastic tray technique of Hirsch (1958), the details of which
are described in Methods. The tube contents and results are shown in Tables 2 and 3.

The results indicate that the spleen extract was the most active of the organ ex-
tracts tested. The liver extract showed very weak but definite activity against patho-
genic strain N-1. On the other hand kidney and lung extracts were completely
inactive. As these findings are in good accord with the observations made by Smith
and Dubos (1936), it can be assumed that the active substance shown in these ex-
periments, plays a major role in the phenomena which they described.

3. The physico-chemical nature of the antistaphylococeal substance

1) Salting out by ammonium sulfate

To purify the substance the effect of salting out by ammonium sulfate was stud-
ied.

A crude extract of guinea pig spleen was divided by ammonium sulfate into four fractions, i.e.
those precipitating at 0-25, 25-50, 50-75, 75-100 per cent saturation. Each precipitate was dissolved
in a small amount of M/15 phosphate buffer at pH 7.0 and then dialyzed against saline containing
M/ 75 phosphate buffer, pH 7.0, in the cold overnight, with constant shaking. The volume of the
dialyzed solutions was adjusted to the original volume of the crude extract with M/15 phosphate
buffer at pH 7.0. Each fraction was sterilized by passage through a Millipore filter membrane. The
activity of each fraction was examined using pathogenic strains N-1, N-3 and N-4 and a nonpathog-
enic strain Air-1. The results are presented in Table 4.

The activity was found in the fraction precipitating between 25 and 50 per cent
saturation of ammonium sulfate. The antistaphylococcal substance was effective on
strains N-3 (free coagulase negative, bound coagulase positive and pathogenic), N-4
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(free and bound coagulase negative and pathogenic) and the nonpathogenic Air-1
strain.

Table 4. Salting out of the antistaphylococcal substance by ammonium sulfate in
a crude spleen extract

Control  Control

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV 1 2 3 4 5 6 7 8 1 2
ml ml ml ml ml ml ml ml
0-25 per cent saturation 0.4 0.2 — — — - . . —_
25-50 per cent saturation - — 0.4 0.2 — — — . —
50-75 per cent saturation - = == — 0.4 0.2 — e e
75-100 per cent satyration - = e 0.4 0.2 — —_
M/15 phosphate buffer, 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 0.8 0.9
pH 7.0
Bacterial suspension 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1
(Strain used)
N-1 4 4 1 4 4 4 4 4 2
N-3 4 4 1 1 4 4 4 4 4 2
N-4 4 4 1 1 4 4 4 4 4 2
Air- 1 4 4 1 4 4 4 4 4 2

The active substance in the liver extract was found in the same fraction as that
of the spleen after ammonium sulfate fractionation. On the other hand, no active
substance could be found even in 10 fold concentrations of fractions of kidney extract
prepared from precipitates formed between 25 and 50 per cent saturation of am-
monium sulfate. From these results it can be concluded that the active substance is a
protein and is present in the spleen and liver but not in the kidney.

2) Heat stability

Though staphylococci are quite resistant to the bactericidal action of antibody
and complement, studies were made on the requirement of the complement system
for this antistaphylococcal activity. The experimental conditions and results are

Table 5. Heat stability of the antistaphylococcal substance in
a crude spleen extract

. Control  Control
1 2 3 4 5 6 1

| heated heoted heated heated
Crude spleen un- un- at 56°C at 56°C at 70°C at 100°C o .
extract (0.2 ml) treated treated for for for for
30 min. 30 min. 30 min. 10 min.
Dilution of the 16 132 16 1:32 14 11
extract
M/15 phosphate
buffer, pH 7.0 0.6 0.6 0.6 0.6 0.6 0.6 0.8 0.9
Bocterial suspension 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1

(N-1)

Results 2 3 2 4 4 4 4 2
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shown in Table 5.

As can be seen, the antistaphylococcal activity was not affected by heating at
56°C for 30 minutes at neutrality but was inactivated by heating at 70°C for 30 mi-
nutes or at 100°C for 10 minutes at neutrality. Therefore the complement system is

not required for antistaphylococcal activity.

3) Isoelectric precipitation at pH 4.0

When the pH of the crude spleen extract was adjusted to 4.0, a large precipitate
formed. The supernatant was neutralized and centrifuged and its activity estimated.
The precipitate formed at pH 4.0 were suspended in M/15 phosphate buffer at pH7.0
and the pH of the solution was adjusted to 7.0. After mixing and centrifugation, the

resulting supernatant was also tested.

Table 6. lsoelectric precipitation of the antistaphylococcal substance in a crude

spleen extract at pH 4.0

Control  Control

N 1 2 3 4 5 1 2
ml ml ml ml mi ml ml
Preparation® 0.4 0.2 0.4 0.2 0.1 — —
(A} (A) (B} (B) (B)
M/15 phosphate
buffer, pH 7.0 | 0.4 0.6 0.4 0.6 0.7 0.8 0.9
Bacterial suspension (N-1) 0.2 0.2 0.2 0.2 0.2 0.2 0.1
Results | 4 4 1 1 1 4 2

* Preparation A was obtained as follows: A crude spleen extract was adjusted to pH 4.0 and
centrifuged. The supernatant was neutralized ond the supernatant ofter centrifugation was

used as Preparation A.
* Preparation B was obtained as follows: The precipitate obtained at pH 4.0 waos suspended

in M/15 phosphate buffer at pH 7.0 and the pH was adjusted to 7.0. After solution and cen-

" trifugation, the supernatant was used as Preparation B.

As shown in Table 6, the active substance was precipitated at pH 4.0 and could
be brought into solution again at pH 7.0. This property is very useful for purification

of the active substance.
4. Cellular distribution of the active substance in the liver

As liver consists mainly of liver cells and Kupffer’s cells, these two kinds of cells
were fractionated by the method of Kamahora et al., (1954) and the antistaphylococ-

cal activity of each examined.

10 guinea pigs were killed by exsanguination and their peritoneal cavities were opened. After
cutting the hepatic vein, the liver was perfused with Lock’s solution containing no calcium, at pH
7.4. Then the liver was weighed, cut into small pieces and suspended in 5 volumes of Robinson’s
solution. Homogenates were prepared in a Waring blender run at lowest speed for 4 minutes, and
were filtered through 6 layers of gauze. The cell suspension was fractionated by differential cen-
trifugation as shown in Table 7. Thus three cell fractions A, B and C were obtained. The cells of
fraction A were mainly liver cells while fraction C was rich in Kupffer’s cells. The yield of cells was
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greatest in fraction A and least in fraction C. These cells were resuspended in 5.0 ml of chilled Rob-
inson’s solution. Extracts of these fractions were prepared as described above, and their antistaphyl-
ococcal activity assayed. The results are presented in Table 8.

Table 7. Differential centrifugation of liver cells

Filtered homogenate of liver

centrifuged ot 500 rpm for 40 sec.

Fraction A Supe}nctonr

- centrifuged at 500 rpm for 70 sec.

i
Fraction B Supernatant

| centrifuged at 500 rpm for 3 min.

Fraction C Supernatant

Table 8. Cellulor distribution of the active substance in liver

Control  Conirol

B 1 2 3 1 2
Extract of fraction (0.4 mi) ! A B C — —
M/15 phosphate buffer, pH 7.0 0.4 0.4 0.4 0.8 0.¢
Bacterial suspension (N-1} 0.2 0.2 0.2 0.2 0.1
Results 4 4 1 4 2

As can be seen, fraction A contained no antistaphylococcal activity, although
the concentration of cells before extraction was highest in this fraction. To the con-
trary, fraction C rich in Kupffer’s cells had activity although the cell concentration
before extraction was lowest in this fraction. Therefore the Kupffer’s cells contain the
antistaphylococcal substance. Thus the cells which contain the active substance in
the spleen may also be cells of RES.

5. Antibacterial spectrum of the active substance

The susceptibility of various gram regative bacteria to the antibacterial sub-
stance was examined.

Escherichia coli B, Klebsiella pneumoniae, Shigella flexneri type 2a, Salmonella typhosa, Salmonella paratyphi
and Salmonella schottmuelleri were tested. The assay method used was the same as described above. The
growth of flagellated bacteria was restricted to isolated colonies by the soft agar used in this ex-
periment. Fractions: of spleen extracts obtained by ammonium sulfate fractionation were used for
the assay, as shown in Table 9.

E. coli B, Klebsiella pneumoniae and Shigella flexneri type 2a were found be suscepti-
ble to the active substance in the same fraction which was active with pathogeric
staphylococci. It is very interesting, that salmonellae were insensitive to this sub-
stance, though the chemical composition of the somatic 0 antigen of these sensitive
and insensitive enteric bacteria is quite similar.
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Table 9. Antibacterial spectrum and salting out of the active substance in the
crude spleen exfract

Conirol Control

Vo2 3 4 5.6 7 8 1 2
ml mi ml ml ml mi ml ml ml ml

0-25 per cent saturction

(NH4J2SO4 0.4 0.2 — - - - - - - -
25-50 per cent saturation

(NH412504 — e 0.4 0.2 = = e e —
50-75 per cent saturation

(NH412504 - - — - 0402 - - - -
75-100 per cent

saturation (NHg)2SO4 - - - — — — 0402 - _“
M/15 phosphate buffer, 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 0.8 0.9

pH 7.0
Bactericl suspension 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1
Strain used
E. coil B 4 4 1 1 4 4 4 4 4 2
Kl. pneumonice 4 4 1 1 4 4 4 4 4 2
Sh. flexneri 4 4 1 1 4 4 4 4 4 2
Sal. typhosa 4 4 4 4 4 4 4 4 4 2
Sal. paratyphi 4 4 4 4 4 4 4 4 4 2
Sal. schottmuelleri 4 4 4 4 4 4 4 4 4 2

6. Effect of an extract of ascitic mononuclear cells of guinea pigs

It was important to examine the activity of extracts of large mononuclear ascitic
cells (histiocytes or monocytes), because these cells are macrophages, like the cells of
RES which had been shown to contain the active substance.

Ascitic large mononuclear cells were collected from the peritoneal cavities of 25 guinea pigs,
which had been 5 days previously administered intraperitoneally with 5 ml of 5 per cent broth. The
peritoneal cavities were washed with saline containing 0.5 per cent sodium citrate and the cells were
washed twice with saline. The cells were suspended at a concentration of 1108 cells per ml in M/
15 phosphate buffer at pH 7.0 and an extract was prepared by freezing and thawing the suspension
4 times. After centrifugation at 8000 rpm for 20 minutes, the clear supernatant was named extract
A. Large mononuclear ascitic cells were also lyophilized and extracted with M/15 phosphate buffer
at pH 7.0 after suspension at a concentration of 1108 cells per ml. This supernatant after centrifu-
gation was designated as extract B. The assay method was the same as described above.

Extracts A and B from the large mononuclear ascitic cells were completely de-
void of antistaphylococcal activity. Therefore it can be assumed that the antistaphyl-
ococcal substance was present only in cells of RES and not in macrophages in general.

7. Distinction of antistaphylococcal substance from normal staphylococcal agglutinins

It was very important to exclude the possibility of an apparent decrease in the
number of colonies due to agglutination by the staphylococcal agglutinins in normal
sera and tissue fluids. There are three reasons for excluding this possibility.

The first reason is that mutual collisions of bacterial clusters causing agglutina-
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tion are unlikely, because a cell concentration of 200 per ml was used in this assay
method. Several authors, and especially Maalge (1946) stated that at such a low con-
centration bacteria could not be agglutinated by addition of specific antibodies.

The second reason for excluding the possibility of agglutination was given by
studies on the effect of normal guinea pig sera. A pool of fresh sera from 50 normal
guinea pigs showed an agglutination titer of up to 1:1280 and this dropped to 1:64
after heat treatment at 56°C for 30 minutes. However, neither fresh nor heated sera
exhibited antistaphylococcal activity. The agglutination titer of crude spleen extracts
was also tested at dilutions of up to 1:104. No agglutination could be detected. There-
fore the apparent decrease in the number of colonies cannot be e\plamed as being
due to normal agglutinins in the spleen extract.

The third reason was obtained from an experiment on the clumping of bound
coagulase positive and free coagulase negative staphylococci in rabbit plasma.

0.2 ml of varying dilutions (1: 10, 1:20, 1:40 and 1:80) of fresh citrated rabbit plasma were ad-
ded to tubes comammg 0.6 ml of M/15 phosphate buffer at pH 7.0 and 0.2 m! of the staphylococcal
suspension containing about 200 viable units. The medium of the bacterial suspension was prepared
in the same way as for the assay of the antistaphylococcal activity. As a control, 0.2 ml of crude
guinca pig spleen extract was used in place of the diluted rabbit plasma. Two further control tubes
containing 0.2 (200 viable units) and 0.1 ml (100 viable units) of bacterial suspension and 0.8 and
0.9 ml of the phosphate buffer were also included. The tubes were incubated for 2 hours at 37°C
and then treated in the same way as for assay of antistaphylococcal activity. The tube contents and
rvesults are presented in Table 10.

Table 10. Effect of rabbit plasma on the bound coagulase positive and free coagulase
negative strain N-3

Control  Control

B 1 2 3 4 5 6 1 2
ml ml mi ml mi ml ml ml

Diluted rabbit plasma 0.2 0.2 0.2 0.2

{Dilution) (1:10) (1:20) (1:40) (1:800 — — - —
Crude spleen extract — — —_ — 0.2 0.2

(Dilution} {11} (L1}
M/15 phosphate buffer, pH 7.0 0.6 0.6 0.6 0.6 0.6 0.6 0.8 0.9
Bacterial suspension (N-3) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1

Results 4 4 4 4 1 2 4 2

The results indicate that clusters of bound coagulase positive bacteria could
not be clumped by the fibrinogen in fresh rabbit plasma, because no decrease in the
number of colonies was observed. The clumping activity of rabbit plasma was demon-
strated by the fact that clusters in a turbid suspension (1:21010 per ml) of bound
coagulase positive staphylococci were clumped together by addition of 0.2 ml of a
1:10 dilution of the same rabbit plasma. Therefore a bacterial cluster had no chance
to collide with other clusters to form aggregates even after all the cells in the suspen-
sion had been sensitized by the fibrinogen in the rabbit plasma. Nevertheless, the
number of colonies definitely decreased when the spleen extract was mixed with 200
viable units.
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These three reasons proved that the decrease in the number of colonies was not
caused by normal agglutinins in the active extracts.

8. Effect of aseptic peritonitis cn the antistaphylococcal substance in guinea pig spleen

After the leucocytes had been removed from guinea pig peritoneal cavities hav-
ing aseptic inflammations the spleens, which had increased in weight, were tested.
However, only a very weak activity could be demonstrated. It is very interesting that
such a rapid change in concentration of the antistaphylococcal substance should oc-
cur when inflammation took place in some tissue of the body.

9. Precipitation of the antistaphylococcal substance with ethyl alchol

As far as the authors are aware there has only been one report on an anti-
staphylococcal substance extracted from human and bovine RES tissues (Nutini ef
al., 1942, 1945). This active substance was soluble in 80 per cent (vol.jvol.) ethanol
and active against Staphylococcus auress (pathogenic?) exclusively. It was not active
against Staphylococcus albus (nonpathogeric?). Thus it was necessary to compare our
substance with Nutini’s substance.

40 ml of absolute ethanol were added to 10 ml of the spleen extract at —5°C and then the mix-
ture was centrifuged at --5°C. The precipitate was dissolved in 5.0 ml of chilled M/15 phosphate
buffer at pH 7.0 and dialyzed against the same buffer in the cold. The supernatant was concentrated
to dryness in vacuo on a water bath in the way used by Nutini. The dried material was dissolved in
5.0 ml of chilled buffer and dialyzed against the same buffer in the cold. Two dialyzed solutions
were adjusted to 10 ml with buffer. After sterilization by passage through a Millipore membrane, the
antistaphylococcal activity was assayed. The results are shown in Table 11.

Table 11. Precipitation of the antistaphylococcal substance by ethanol

Conirol Control

o 1 2 3 4 5 6 7 8 1 2
ml ml ml ml mi ml mi ml

Fraction® A A B B B B B B

Volyme 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 — —

Dilution 1:1 1:1 1:1 1:2 1:4 1:8 1:16 1:32

/

M/15 phosphate buffer, 0.4 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.8 0.9

pH 7.0

Bacterial suspension (N-1) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1

Results ! 4 4 1 1 1 2 2 4 4 2

* Fraction A of the crude spleen extract was soluble in 809 ethanol and Fraction B was
insoluble in 809 ethanol. These preparations were obtained as described in the text.

No antistaphylococcal activity could be found in the 80 per cent ethanol soluble
fraction, in which Nutini detected an active substance from human and bovine sple-
en and brain. Moreover, our substance was active against pathogenic as well as non-
pathogenic staphylococci. Therefore ro substance similar to the antistaphylococcal
substance of Nutini was present in guinea pig spleen.
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DISCUSSION

It was important to see whether animal tissues contain some bacteriostatic or
bactericidal substance which was active against pathogenic staphylococei. Since
staphylococci can infect and invade some animals, it may be assumed that the tissues
of susceptible animals do not possess any antistaphylococcal substance. However such
a concept cannot explain the natural healing of staphylococcal infections in man.
Therefore the present studies on an antistaphylococcal substance active against patho-
genic staphylococci were made in animal tissues. First attempts were made to find
such a substance in polymorphonuclear leucocytes of the guinea pig, an animal in
which antibacterial substances have been extensively studied in this laboratory.
However, no active substance was demonstrated in the leucocytes.

Our attention was turned to various organs, because Smith and Dubos (1956)
described the very interesting phenomenon that staphylococci, injected intravenously
into mice and trapped in the spleen and liver, showed a decrease in viable units while
those in the kidney increased in viable units during the course of infection. As the
antistaphylococcal activity of the spleen and liver was supposedly very weak, the
most sensitive assay method had to be employed. For this purpose, the plastic tray
technique of Hirsch (1958) was modified using small glass tubes in place of holes in a
plastic tray. Using this assay method, a new antistaphylococcal substance was demon-
strated in spleen and liver extracts of normal guinea pigs, and it was proved to be a
protein. Though its activity was weak or undetectable when 1 < 108 viable units were
tested with the active extract, it was definitely demonstrated when 200 viable units
were tested. As some viable units of bacterial suspensions were composed of several
cocci and moreover a single coccus had been divided by transverse septa into two
or four cells, 200 viable units were equivalent to approximately 2000 viable cells.
Nevertheless, the activity of the substance was far weaker than that of leucozyme A
which is only active against nonpathogenic staphylococci. If the activity of the sub-
stance had been as strong as that of leucozyme A, all the staphylococci would have
been nonpathogenic to guinea pigs.

It was also very important to see what kind of cells in the spleen and liver con-
tained the antistaphylococcal substance. As the spleen contains many kinds of cells,
liver cells were separated into three fractions by low speed differential centrifugation.
One fraction, very rich in Kupfler’s cells, was active. The fraction containing liver
cells, which had the highest cell count of the three fractions, had no activity. Results
suggest that in spleen also the active substance was present in cells of RES. On the
antistaphylococcal substance in RES tissue only one report was published (Nutini ez
al., 1942, 1945). Nutini found it in human and bovine brain and spleen. The nature of
the active substance in guinea pig spleen differs from that of Nutini and no substance
similar to Nutini’s could be demonstrated in guinea pig spleen.

It might be that the decrease in the number of colonies was due only to aggluti-
nation by normal staphylococcal agglutinins in the active extracts, because, 1) the
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activity of the antistaphylococcal substance was assayed by measuring the decrease
in number of colonies, 2) the heat stability of the active substance was similar as that
of the antibodies and 3) no other direct evidence could be gained on the death of the
bacteria because of the few cells in the reaction mixture. However as described in the
Experimental section, three indirect lines of evidence exclude this possibility. First,
several authors, especially Maalgpe (1946), have shown that, at as low a concentration
as was used in this work, bacteria could not be agglutinated by homologous anti-
bodies, because the sensitized bacteria had a negligible chance of collision to form
agglutinates. Second, guinea pig sera did not contain the active substance although
they contained staphylococcal antibodies capable of agglutinating turbid suspensions
of the bacteria. Third, fresh rabbit plasma, capable of clumping a turbid suspension
of bound coagulase positive and free coagulase negative staphylococci, did not de-
crease the number of bacterial colonies. Nevertheless the number of viable units in
the bacterial suspension decreased when tested with an active spleen extract. From
these reasons the spleen and liver extracts must contain a bactericidal substance
active against pathogenic as well as nonpathogenic staphylococci.

REFERENCES

Amano, T., Seki, Y., Kashiba, S., Fujikawa, K., Morioka, T. and Ichikawa, -S. (1956). The ef-
fect of leucocyte extract on Staphylococcus pyogenus. Med. J. Osaka Univ. 7, 233-243.

Hirsch, J.G. (1958). Bactericidal action on histone. J. Exptl. Med. 108, 925-944.

Kamahora, ], and Uenishi, A. (1954). Antibody in the liver. Med. J. Osaka Univ. 5, 621-630.

Kashiba, S., Niizu, K., Tanaka, S., Nozu, H. and Amano, T. (1959). Lysozyme, an index of
pathogenic staphylococei. Biken's J. 2, 50-55.

Maalge, O. (1946). On the relation between alexin and opsonin. Munksgaard, Copenhagen.

Nutini; L.G. and Kreke, C.W. (1942). The toxic effects of splenic extracts on Streplococcus he-
molyticus. J. Bact. 44, 661-666. ‘

Nutini, L.G., Kreke, C.W. and Schroeder, M.P. (1945). Further studies on the effects of spleen
extract on bacteria. J. Bact. 50, 177-185.

Rogers, D.E. and Tompsett, R. (1952). The survival of staphylococci within human leucocytes.
J. Exptl. Med. 95, 209-230.

Smith, J.M. and Dubos, R.J. (1956). The behavior of virulent and avirulent staphylococci in
the tissues of normal mice. J. Expil. Med. 103, 87-108," ‘





