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ENHANCEMENT OF BACTERICIDAL ACTIVITY OF A{OUSE

PERITONEAL MACROPHAGES AGAINST STAPHYLOCOCCUS

A URE Us BY ATOUSE INTERFERON PREPARATIONS

11RO TMANISHl, KINZ0 01SHl, ATSUSHI SUGANUNIAL
YOSHITAKE YOKOTA2 and TSUNATAR0 1<1SHIDA

Department of Microbiology, Kyoto Prefectural University of ATedicine, 1<nwaramachi-
Hirokoji, 1<nmikyo-ku, 1<yot0 602, Japait

(Received June 18, 1981)

uMMARY The effect of mouse interferon on the bactericidal activity of macro-
phages against pyogenic cocci \\, as examined. A10use peritoneal macrophages
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were cultivated with 81np/Iylococci!s n"lens 171 will'o alld viable Staphylococcus \\, as
recovered by treatment of the mixed macrophage-bacteria culture with sodium
dodecyl sulphate (SDS) solution. Results showed that S. durews was phagocytized
and killed by the macrophages. NIOuse L cell interferon enhanced the bactericidal
activity of macrophages. A mouse brain interferon preparation also enhanced this
activity. However, neat-in activated L cell interferon aiTd heterologous rabbit RK-
13 cell Interferon and human leukocyte interferon did not enhance it. This sug-
gests that Interferoit enhances the bactericidal activity of macrophages against S.

INTRODUCTION

Interferon has many, kinds of biological ac-
tivity besides antiviral activity. In paticular,
it is known to influences humoral (Braun and
Levy, 1972; BTOdeur and Alerigan, 1974; BTO-
deur and Alerigan, 1975; Chester at a1. , 1973)
and corium" (D. itheyer at a1. , 1975) jinmuni-
ties.

Several investigations ITave shown that in-
terferon influences \, anous functions of macro-

phages, suclT as phagocytic activity (Huang
at a1. , 1971 ; Tmanishi at a1. , 1977), tumoricidal
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activity (Schultz at a1. , 1978 ; Scl\ultz at al. ,
1977) and ^preading of manrophag. ^ (Schult"
at a1. , 1978).

Some bacteria such as My cobncteifi, "I ttibe, .-
CUIosi's, L, 'SIei'Ia 7110"DCytoge"s and By 11ce//n riboi'-
Ills can multiply withiit cultured macrophages,
but some pyogenic cocci such as Stay/Iy/ococcus
awl'elfs (S. in, lens) and 811 ep/ococciis lidemoly-
lzh!s can not multiply within macrophages and
are killed by the macrophages. Thus the be-
haviour of the first type of bacteria within
macrophages seems to be different from that
of the second type. Mizunoe at al. (A'Iizunoe
at a1. , 1973) reported that interferoiT suppresses
intracellular multiplication of A1. 1116ercw/OSI's
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of the first type of bacteria. In the present
study we examined the growth kinetics of S.
aureus of the second type of bacteria in CUI-
tures of mouse petitoneal macrophages and
the effect of mouse interferon on the bacteri-
cidal activity of the macrophages.

MATERIALS AND METHODS

I. Bacte, 111"I

S. aM, elfs Ms-D SLraiiT was grown in ITeart inIu-
sion broth for 20 h at 37 C, and then centrifuged for
10 min at 3,000 rpm. The precipitated cells \\, ere
suspended in Eagle's minimum essential medium
(MEl\{) without antibiotics, \\, ashed twice by cen-
trifugatiOn, and adjusted to all appropriated con-
centraltion \\. itIT MEM

2. Monse pe, '10/1en! nine, ON^ages
Mouse pentoneal macrophages \\, ere Isolated from

untreated normal ICR mice by washing the perlto-
neal cavity \\, ith MENl containing 10% calf serum
They were washed t^, Ice \\, itI\ physiological saline
with centrifugation at 1,000 rpm for 10 min, and
then suspended at 10'-10'1ml in the same medium
Viable cells \\, ere counted by tite nigrosin dye exclu-

Samples of 300 111 of cell suspension
were putinto test tubes (15 x 12 cm) and cultivated
in a humidified atmosphere of 5% CO2 in air at
37 C. After 5 h, cells not adhering to the glass
were reino\. ed by washing \\. ith MFM

pared from ICR mouse brain Infected \\, ItIT the
IaGArOl strain of Japanese encephalitis \, irus (IEV)
IEV was inoculated intracerebrally into ICR mice,
and 3 to S days later infected brains were removed
and emulsified \\, ith Eagle's MEM. The emulsion
of brain \\, as acidified to pH 2.0-2.2 with I N HCl,
stood for 4 days to innctivate residual virus and titen
neutralized witl\ I N NaOH. The interferon was
then concentrated by ammonium sulphate precipita-
tion and purified by CAT-sephadex C-25 ion ex-
change chromatography. The specific activity of
the purified preparatioiT was 4.0 xiO' IUjmg pro-

Human leukocyte interferon was prepared from
human peripheral Ieul<ocytes infected \\, itIt Seitdai

It \\, as concentrated by aminoniunt sulphate
and purified first I>y Cl\{- and DEAE-cellulose cltro-
matographies and then by Sephadex G-100 gel
filtration. its specific activity was 5 xiO' IUlmg
protein

Rabbit interferon \\, as 1< indly supplied by Dr. M.
112ul<a, Basic Researcll Laboratory, Torn^ Indus-
tries, Inc. , Kamakura, Japan (Tmanishi at a1. , 1977)
It was prepared in RK-13 cell cultures infected \\, Ith
NDV. The super natant was acidified to pH 2.0
with I N HCl, stood for 4 days and then readyusted
to pH 6.4 \\, itit I N 1<0H. The preparatioiT was
then concentrated about 100-fold in a rotary cvapo-
Taror at 60 C and subjected to ultrafiltration (Hollow
Fiber HIDplO atppnratus: AmicoiT Corp. )

SIOn test

teln.

3. Intelfe, o11 PI coal nilo, is

A mouse L cell Interferon preparation \\. as pre-

pared from a L cell CLIlture infected witlt the ATiya-
dera strain of Newcastle disease virus (NDV). A
mouse L cell monolayer was infected \\, Itit ND\I at
about 10 multiplicity of infection (inoi). After in-
cubation at 37 C for 24 It, tlte super natant \\. as sepa-

rated, adjusted to pH 2.0 \\, ItIt I N HCl and stood
Then itfor. 4 days to Inactivate inducing \, Irus

was iteutralized witlt I N NaOH, concentrated \\, ith
zinc acetate (Imanishi, 1975) and stocked at -80 C
to prevent inactivation of the interferon. Its spe-

A mockchic activity was I xiO' IUjmg protein
inter for o1T preparation was prepared in the same \\, ay
as the L cell interferon preparation except that UV-
mactivated NDV instead of active ND\I \\. as added
to the L cell culture.

A mouse braiit Interferon preparation \\, as pre-

\, irus.

4. Assay of flite, lei'o11 dell", Iy

NIOuse L cell interferon and mouse brain inter-
for on were assayed by the micronssay method with
L cells and \, esicular stomatitis virus (VsV) as a

challenge \, irus (Imanishi, 1975). Human leukocyte
interferon was assayed by the micronssay method
and piaque reduction method witlT FL cells and
VsV. Rabbit RK-13 cell interferon \\, as assayed by
a radioisotope method with RK-13 cells and VsV
(Suzuki at a1. , 1974). Interferon acti\, ItIes \\. ere ex.
pressed as international tinits (IU) calibrated against
a standard reference preparation
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5. Assay of unb/e bncte, in

Viable bacteria phagocytized by macrophages were
counted by the method of Mauel at al. (Mauel at al. ,
1973), by \vhiclT macrophages phagocytizing bacteria
were destroyed in a solution of sodium dodecyl
sulphate (SDS) and tite phagocytized viable 13ncteria
were reco\, ered. A sample of 100 Ifl of Inctcrial



suspension was added to the macrophage culture in
0.3 in I of IVIEA, I and tite culture \\. as incubated at

37 C for 2-31, . Then 0.1 inI of 0.25% SDS solu-
tion \\."s added conal conccntration of SDS, 0.05%),
and the mixture was stirred for 30 sec. FinalIv

4.5 inI of I\IE:\I \\. as added and tile mixttire \\, as

serialIy diluted witlt Iteart infusioiT brotll aiTd seeded
o1, agar plates. After incubation at 37 C for 481\,
bacterial colonies \\. ere counted. Almost 100% of
the \, Inbie bacteria were reco\, erud b\. this ritethod

RESULTS

I. Gloat!//I It!, letiCS qf S. n"I'elfs 111 innci'o15hngc
CHIii, ,'e$

Samples of 3.2x10'10.1 inI of bacterial sus-
pensioit \\, ere added to macophage cultures in

0.3 in I of A, IEi\, I or to an equal \, o1ume of cell-
free medium (ratio of macrophages to bacteria,
2: I). The cultures were then incubated for
3.6 and 91T, and \, lable bacteria \\, ere counted.
\\Ihen 11acteria \\, ere cultivated \\, ith n\acro-
phages, the number of viable bacteria in the
super natant decreased \\. Ith tinTe. On the con-
tmry, in A1E!\11 without macrophages the num-
her of bacteria increased witlT time (Fig. I).
TITtis S. awleus \\, as phagocytized by mouse
perltoneal macrophages. \\'hen a mixture of
macrophages and bacteria \\, as treated \\, ith
0.25 % SDS solutioiT (final concentration,
0.05%), the total nun\her of \, jable bacteria in
the super natant antl in the macrophages could
be counted. Results showe<I titat growtlt of
S. awl'errs wars suppressetl in cultLircs of macro-
ph"g. ^, but n, t in MENl "I. ne (Fig. I), ,gad^
Indicating tliat S. nili'eii$ wars phagocytized by
macrophages

2. 1:1ffect of L cell Intelfei'o11 o11 the gloat!1/1 of
SlaphylOCOCCi, S 111 Intrci'o1httge c"//111'es

NIOusc pentoneal macrophages \\, ere treated
with 500 or 200 IUjml of L cell interferon,
inocl< interfcroil or A, IElv, I alone for 241t.

Then the nTcdium \\, as replacetl by fresll me-
dium, 0.1 inI of A'IEi\I containing 1.4x105 S.
n"Jews \\, as added and the macrophage cultures
were incubated at 37 C for 18 or 24 h. \\Ihen

the macrophages \\, ere treated \\, It11 1000 IUl
in I of interferon, the total ITUmber of \, jable
bacteria recovered \\, itIT SDS was much less

than \\, hen the macrophage culture was treated
witlT mock interferon (Fig. 2a). This differ-
ence shows that L cell interIeroil enhanced

the bactericidal activity of macrophages. The
possibility that Interferon suppressed the inges-
tion of bacteria by macrophages rather than
enhancing the bactericidal activity was ex-
cluded by demonstrating in smear samples
stained \\, it IT Giemsa's solution that the ITUm-

ber of bacteria 11Tgested by macrophages was
not affected by treating macrophages \\, ith in-
terferon. InterferoiT at 500 or 200 Julml also
enhanced the bactericidal activity of macro-

phages, \\, hereas medium only did not (Fig.
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FIGURE I. Growtl, kinetics of Sinp/, irutocciis Rill', i's
in macrophage culture

NIOuse perltOncal macrophages \\'CTC coculti\'tiled
witlT 3.2 KID' bacteria. After 3.6 and 9 h, \, jablc
bacteria in medium withotit macrophages (.-.),
titose in tite super natant of macrophngc cultures
(0-0) and total \. Inbie bacteria in macrophage
cultures (.---.) were counted it^ the pour plate
method on agar of nearI In his 101, broth
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FIGURE 2. Effect of L cell interferon and mock interferon on the bactericidal activity of macrophages.
Mouse pentoneal macrophages \\, CTe treated \\, ith 2001Ujml (0-0) or 500 IUjm1 (0---0) (2b) or with

1000 IUjm1 (.-.) (2a) of L cell interferon, inocl< interferon (A---A) (2a) or control medium (.-.) for
24 h at 37 C. After 18 and 24 h, total viable bacteria recovered with SDS solution were counted. The ratio
of the number of macrophages to tl, at of bacteria was 4: I

TABLE I. eyect of ?"ouse brat'" Interferon and fretei'o10gous labhit RK-13 cell Intelfero" and
human leukocyte I'Mterje, 'on on the hocte, 'iczdn/ octi"ity of mouse pel','toned/ mac, '00hnges"

b

o

------^.

~,~ . 10'
c,

18

time (h)
after infection

..^.
~~~~, o

\

10

control

(untreated control)

mouse brain IFN"

100 IU/inI
500 IUlml

Rabbit RK-13 cell IFN

100 IUjml

500 IUjml

o

viable

410

Expt. I

24

human leukocyte IFN
100 IUlml
500 IUlml

'o

18

it Mouse pentoneal macrophages isolated from ICR mice \\, ere treated \\. ith interferons for 24 h and
inDCulated \\, ith Slaphj, /DCDcciis @111e, ,$. After 48 h, total \, jable bacteria recovered in the supernatant and
by SDS treatment of the macrophage culture \\. ere counted by the pour plate method on agar of heart
Infusion medium. The ratio of macrophages to bacteria \\. as 611

b IFN : interferon

S. @117ei, s

162

48

( xio, )

128

24

74

o

BIKEN JOURNAL V01.25 No. 21982

viable

558

1.6

1.5

Expt. H

24

178

167

S. Oilyei, s

68

169

193

48

( x 10')

159

4.9

0.1

149

118

134

157



2b).

3. 17.ffect of 1110"se bidi'?I Intelfei'o11 o11 ille bnc-
IeJiciof"/ action^ of 711"clophdges

Niouse perltoneal macrophages were treated
witlT 500 or 100 IUlml of interferon for 2411,
and tl\en 410x104 viable bacteria \\, ere added

to the macrophage cultures. \liable bacteria
decreased more in interferon-treated cultures
than in untreated cultures. Thus mouse brain

interferon also enhanced the bactericidal ac-

twity of manrophage^ (T"bl. I).

4. Effect of neat-Inncti"died L cell Intelf". 0"
o71 Ihe bdctericidtil actiony of 711ncrophoges

Next L cell interferon \\, as heated at 60 C
and at 80 C for 30 min to determine \\, hether

the enhancement \\, as due to interferon itself

or to substances contained in the interferon

preparation. During neat-treatment the inter-

feron activity decreased from 200 IUjml to 24
and 41Ujml, respectively. These mactivated
interferons did not enhance the bactericidal

activity of macrophages against S. amens, \\, hile
untreated L cell interferon (200 IDlml) en-
han. ,d it in 24 h (Fig. 3).

5. Effect of hetero/ogoi, s Intelfe, 'ons o71 Ihe bnc-
tenc, 'of a/ actibi7y of intrcrophnges

The antiviral action of interferon is spe-

cies-dependent. Therefore we examined the
species-dependency of the enhancing effect of
interferon on the bactericidal activity of macro-
phages. Mouse pentoneal macrophages were
treated with 500 and 100 IUjml of rabbit RK-
13 interferon and human leukocyte interferon,
respectively. Table I shows that neitlier pre-
paratioi} enhanced the bactericidal activity of
macrophages (Table I).

All tlie above experiments \\, ere repeated at
least tliree times and reproducible results were
obtained.
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FIGURE 3. Effect of iteat-innctivated L cell inter-

foron on tite 11nctcricidnl activity of macrophages
The antiviral activity of the L cell jitter for on pre-
primtion iteated at 80 C and 60 C for 30 min de.

creased from 200 IUjml to 4 and 241Ujml, respec-
tively

ATouse perltoneal macropltnges \\, ore treated \\, Ith
untreated L cell interferon (0-0), L cell inter-
foron heated at 80 C (0---0) or 60 C (0-.-0)
for 30 milt or control medium (.-.). After 18
and 24 h, total \. jable bacteria were counted

o
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DISCUSSION

A'Iacrophages are important in nonspecifi. c
host-resistance to viral and bacterial infections

as well as in jinmunologically specific IlOSt re-
sistance. I\Iacrophages can cause nonspecific
host-resistance by phagocytizing and killing
various microbes.

Interferon can activate macrophages or
monocytes and enhance their phagocytic ca-
parity. Huang at al. (H"ang at ^I. , 1971)
showed that mouse interferoiT enhanced the

phagocytosis of carbon particles by mouse perl-
toneal macrophages. Imanishi at al. (Ima-
nishi at a1. , 1977) showed that ITUman leukocyte
interferon also augmented the phagocytic ac-
tivity of human peripheral monocytes on latex
particles. Furthermore, Schultz at al. reported
that mouse interferon and interferon inducer

enhanced the tumoricidal activity of mouse
perltoneal macrophages against inurine Ieu-
kernic cells (Mizunoe at a1. , 1975 ; Schultz
at a1. , 1978). Th. anth. rs (Ki^hid* at al. ,
1973) found that mouse interferon enhanced

24
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the adherence of macrophages to inurine main-
mary carcinoma cells (FM3A). Mizunoe et al.
(Mizunoe at a1. , 1975) reported that interferon
suppressed the multiplication of Mycob"cterz'w?n
t"hercutoff's in mouse peritoneal macrophages.
TITus, interferon influences various actions of
macrophages.

The present study showed that macrophages
phagocytized and killed S. aureus slowly in

This finding is consistent with the sug-
gestion of Baughn and Bonventre (Baughn and
Bonventre, 1975) that S. awe"s is not a typical
extracellular parasite. The present study, also
showed that mouse L cell and brain inter-
ferons enhanced the bastericidal activity of
mouse peritoneal macrophages. This enhanc-
ing effect seemed to be due to interferon itself,
because mouse L cell interferon and mouse
brain interferon enhanced the bactericidal ac-
tivity of macrophages, but heat-mactivated

vitro.

mouse interferon and heterologous rabbit and
human interferons did not. Interferon may

suppress staphylococcal infection in vivo with
the help of interferon-activated macrophages,
because weinstein at al. (weinstein at al. ,
1970) reported that polyriboinosinic-polyribo-
.ytidylic add (p, Iy I^ C), which i^ ^ p, rent
interferon inducer, induced resistance to sta-
phylococcal infection in mice. we plan to
examine the enhancing effect of interferon on
the bactericidal activity of macrophages in vivo.
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