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INTERFERON INDUCTION IN MICE 

  BY ORAL ADMINISTRATION 

   OF K-582, A NEW PEPTIDE 

        ANTIBIOTIC

Sir: 

  K-582 isolated from a culture filtrate of Metar-

hizium anisopliae is a new basic peptide antibiotic 

consisting of 7 amino acids, i.e. arginine, threo-

nine, hydroxyarginine, tyrosine, ornithine and 

lysinel•". This antibiotic was first isolated by 

its inhibitory effect on the growth of Candida al-

bicans and other yeasts at the concentrations of 

1 - 10 ƒÊg/mll). Later the same effect on the 

growth of viruses such as polio, influenza, and 

Newcastle disease virus (NDV) was noticed al-

though at higher concentrations of 100-'500 µg/ 

m11>. Furthermore, growth inhibition of experi-

mental tumors such as Ehrlich carcinoma, Sar-

coma 180 and SN-36 in mice were noted with this 

antibiotic'), although the mechanisms of these 

,effects remain unclear. 

  Since the antiviral3) and antitumor4> effects of 

poly I: C, an interferon (IFN) inducer, were 

explained by IFN induced in the body of animals, 

it was felt that some biological activities of K-582 

could probably be explained by K-582 induced 

IFN. Thus we investigated the IFN inducing 

activity of K-582 in mice. 

  Six to 8 week old male BALB/c mice obtained 

from the Institute for Experimental Animals, 

Tohoku University School of Medicine, were 

used for the IFN induction experiments. K-582, 

supplied by Kakenyaku Kako Co., Ltd. (Tokyo, 

Japan), was dissolved in sterile 0.01 M phosphate 

buffered saline (PBS), pH 7.2, and orally given to 

these mice. The effect when the antibiotic was 

given by other routes will appear elsewhere. 

  The antiviral activity of the mouse serum was 

determined by using the plaque reduction method 

on mouse L-929 monolayer cell cultures. Cells 

were grown in Eagle's minimum essential medium 

(MEM, Nissui Pharmaceutical Co., Ltd. Tokyo, 

.Japan) supplemented with 10 % calf serum (Flow 

Laboratories Inc., Maryland, U.S.A.) in micro-

titer plates (No. 3042, Falcon Plastics, California, 

U.S.A.). They were treated with 2-fold dilu-

tions of mouse serum for 24 hours at 37°C
, and 

challenged with the Indiana strain of vesicular 

stomatitis virus (VSV)5). The antiviral activity 

was expressed by the reciprocal of the highest 

dilution of test sample that reduced VSV plaques

Fig. 1. Serum interferon response of mice to varying 
 amounts of K-582. 
   A single oral administration of the indicated 

 concentration was given to male BALB/c mice and 
 serum for interferon assay was obtained after 
 24 hours.

Doses (mg/kg)

Fig. 2. Appearance and decay of induced interferon 
 with time after oral administration of 2.5 mg/kg of 
 K-582.

Time after administration (hours)

by 50 %. In conducting the plaque reduction 

assay with these mouse sera, IFNƒ¿/ƒÀ was used as 

the standard. One unit in our assay system 

equaled almost 2 units of reference mouse IFNa/ 

/3 (Catalog No. 002-904-511, National Institute of 

Allergy and Infectious Disease, Bethesda , Mary-

land). 

  The first experiment was conducted to deter-

mine the dose response of K-582 on the induction 

of antiviral activity in mouse serum. Groups of 

three mice each were sacrificed after 24 hours , and 
the sera were pooled for the assay of antiviral 

activity. When the mice were given oral doses 

ranging from 0.63 to 10 mg/kg of K-582 dissolv-

ed in 0.5 ml PBS and 24 hours sera were examined 

for antiviral activity, the optimal dose of 2.5 mg/
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kg was obtained (Fig. 1). A low but definite 
antiviral titer was also induced with 1.25 mg/kg 
or 5 mg/kg doses (Fig. 1). 
 The time course of the induction of antiviral 

activity by 2.5 mg/kg oral dose of K-582 was 
examined next (Fig. 2). Antiviral activity was 
detected as early as 18 hours after administra-
tion, reached a maximum titer of 180 unit/ml at 
24 hours, and disappeared within 42 hours. 
Thus the response was delayed when compared 
with poly I: C and lipopolysaccharide but very 
close to those obtained with pyran copolymer, 

phosphomannan and other polysaccharides, and 
mitogens such as phytohemagglutinin6). 

 In order to characterize the inhibitory activity 
found in mice serum 24 hours after oral admini-

Table 1. Properties of K-582 induced antiviral 
 preparation from mice serum.

Treatment
IFN titer 

(unit/ml)

None 

Biological properties 

 Actinomycin Da 

 Cycloheximideb 

 in WISH cellsc 

 in RK-13 cellsc 

Physicochemical properties 

 Trypsind 

 pH 2 (4•Ž, 24 hour)e

 Heat (56°C, 1 hour)f

120 

<20 

<20 

<20 

<20 

<20 

120 

<20

a Actinomycin D
, 5 ƒÊg/ml, which inhibited cellular 

  RNA synthesis by 95 % as measured by incor-

  poration of [3H]uridine, was added to the culture 

  for 1 hour and was removed by multiple wash-

  ing, and then the culture was treated with the 

  preparation for 24 hours. 

b Cycloheximide
, 10 yg/ml, which inhibited cel-

  lular protein synthesis by 90% as measured by 

  incorporation of [14C]leucine, was treated to-

  gether with the preparation for 24 hours. 

c WISH cells or RK-13 cells were incubated with 

  the preparation for 24 hours and challenged with 

  VSV. 

d The preparation was treated with 100 lug/ml of 

  trypsin at 37•Ž for 1 hour. 

° The preparation was dialyzed at 4•Žfor 24 hours 

  against 0.1 M glycin - HCI buffer at pH 2 on a 

  magnetic stirrer, and then dialyzed at 4•Ž for 

  24 hours against PBS in the same way. The 

  control preparation was dialyzed for 48 hours 

  against PBS. 

' The preparation was placed in a 56•Ž water 

  bath, and cooled after 1 hour.

stration of 2.5 mg/kg of K-582, the pooled serum 

was chromatographed on a Sephadex G-200 

column. Fractions with antiviral activity ap-

peared in the vicinity of the albumin fraction. 

Active fractions were pooled and concentrated in 

Visking cellulose tubes using negative pressure 

dialysis. This concentrate was again passed 

through a Sephadex G-100 column to estimate 

its molecular weight using aldolase, bovine serum 

albumin, ovalbumin and chymotrypsinogen as 

marker proteins. The major peak of antiviral 

activity was recovered by fractions in the 76,000-

dalton region. 

 Biological and physicochemical properties of 

this gel-filtrated preparation were examined next 

to see whether the antiviral activity could be as-

cribed to IFN or not (Table 1). The preparation 

did not induce antiviral states when mouse L 

cells were treated with either actinomycin D° or 

cycloheximidee>, whereas in the absence of either 

inhibitor, an IFN titer of 120 unit/ml was ob-

tained in the culture filtrate. In addition, the 

preparation did not show any antiviral activity 

either in human WISH cells or in rabbit RK-13 

cells'), indicating to species-specificity. These 

results suggest that the antiviral activity of the 

preparation was due to IFN. Although the anti-

viral activity of the preparation was lost after 

trypsin treatment and heating at 56°C for 1 hour, 

the activity remained stable at pH 2 after 24 hours. 

This result contrasts with those reported for IFNr. 

  K-582-induced IFN was also examined by the 

neutralization test using two types of anti-IFN 

sera, by the method previously described"). 

A sheep antiserum against L-cell-IFN was used as 

anti-IFNƒ¿/ƒÀ serum (Catalog No. G-024-501-

568, National Institute of Allergy and Infectious 

Disease, Bethesda, Maryland). This antiserum 

had a neutralizing titer of 600,000 per ml against 

8.10 reference units of IFNƒ¿/ƒÀ. Anti-IFNr 

serum, a rabbit antiserum against mouse IFNr 

induced by staphylococcal enterotoxin A"), 

kindly supplied by J. A. GEOGIADES (University 

of Texas, Galveston, Texas, U.S.A.) was used. 

One milliliter anti-IFNƒÁserum neutralized 30,000 

units of IFNr. Neutralization was expressed by 

the IFN titer remaining after a given interferon-

antibody treatment (Table 2). As noted in Table 

2, the antiserum against IFNƒ¿/ƒÀ totally neutraliz-

ed the antiviral activity of control IFNƒ¿/ƒÀwhich 

was kindly supplied by S. KOBAYASHI. Anti-

serum against IFNƒÁalso neutralized IFNƒÁ which
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Table 2. Neutralization of K-582-induced IFN by 

 anti-IFNa/(3 and anti-IFNƒÁ antisera.

Treatment

IFN titer (unit/ml)

K-582-
induced 

IFNa
IFNƒ¿/ƒÀb IFNrc

Fig. 3. Development of antiviral state in mouse L 

 cells when treated for various periods of time with 

 4 units of three different interferons. 

   0 K-582-induced IFN; • •œIFNƒ¿/ƒÀ; •¢ IFNƒÁ

None 100 
Anti-IFNa//3° 100 
Anti-IFNr 100 
Combination of anti-sera 100

100 

<2 

100 

<2

100 

100 

<2 

<2

a K -582-induced IFN was prepared to 2 unit/mg 

  protein. 
b IFNƒ¿/ƒÀ produced in mouse L cells with New -

  castle virus (NDV) was purified to the level of 

  2.2 x 108 unit/mg protein, and was kindly sup-

  plied by S. KoBAYASHI (Toray Industries, Inc.). 

  IFNr was produced in BALB/c mouse spleen cell 

  cultures with concanavalin A or in the serum 

  which was collected 3 hours after intravenous 

  challenge with BCG in BCG-presensitized mice. 

  Equal volumes of antiserum and serial 2-fold 

  dilutions of IFN were mixed, incubated for 30 

  minutes at 37•Ž, and the remaining IFN activity 

  was examined on L cells.

was produced either by concanavalin A stimula-

tion of mouse spleen cell cultures") or in serum 

3 hours after the intravenous challenge of 10° BCG 

cells (Japanese strain, Koseikai BCG Laboratory, 

Sendai, Japan) in BCG-presensitized mice"). 

However, K-582-induced IFN activity was not 

reduced after treatment with either anti-IFNa/(3 

serum or anti-IFNr. These results indicate 

that K-582 induced IFN is probably not a mix-

ture of IFNƒ¿/ƒÀ and IFNƒÁ(Table 2). 

  An experiment was conducted to determine 

the difference between K-582-induced IFN, 

IFNƒ¿/ƒÀ and IFNƒÁby examining the time course 

of the development of the antiviral state of mouse 

L cells after treatment (Fig. 3). All IFNs were 

applied at a concentration of 4 unit/ml. At 

various hours after incubation at 37•Ž IFNs 

were removed, and the cells were challenged with 

VSV at a multiplicity of infection of 0.001. After 

1 hour for viral adsorption, the cells were washed 

and overlaid with MEM containing 0.5 % methyl-

cellulose supplemented with 1 % calf serum and 

incubated for 48 hours to develope viral plaques. 

As seen in Fig. 3, the L cell cultures treated with 

K-582-induced IFN developed substantial re-

sistance as early as 6 hours after treatment, while 

IFNƒ¿/ƒÀ and IFNƒÁdid not induce such resistance 

at 6 hours. IFNƒ¿/ƒÀ took 12 hours and IFNƒÁ,

Treatment time (hours:

almost 24 hours to develop significant resistance. 
In tests of the kinetics of the development of anti-
viral state in L cells, it is known that antigenically 
different IFN displays different kinetics". Ac-
cordingly, the present data may indicate that K-
582 induced an IFN that differs from IFNa//3 
and IFNrI15> 

  These results suggest that K-582 induces an 
antiviral substance very much related to IFN in 
mice serum after oral administration of an opti-
mum dose of 2.5 mg/kg. Recently, the induc-
tion of an IFN-like antiviral substance in human 
blood after oral administration of K-582 was 
also shown (S. ARAI, et al., personal communica-
tion). Thus further investigation of K-582 as an 
IFN-inducer may be warranted. 
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