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 ENDURACIDIN, A NEW ANTIBIOTIC. I

 STREPTOMYCES FUNGICIDICUS NO. B 5477, AN ENDURACIDIN

 PRODUCING ORGANISM*

 Eiji Higashide, Kazunori Hatano, Motoo Shibata

 and Koiti Nakazawa

 Microbiological Research Laboratories, Research and Development Division,
 Takeda Chemical Industries, Ltd., Osaka

 (Received for publication August 25, 1967)

 The mycological properties and antibiotic activity of strain No. B5477,
 isolated from a soil sample collected in Nishinomiya, Hyogo Prefecture, were
 investigated. This strain forms spiral sporophores, spiny spores, and gray

 aerial mycelium. The culture is non-chromogenic. Strain No. B5477 was

 compared with known species and identified as a strain of Streptomyces
 fungicidicus Okami et al. 19541}. During the course of selecting a strain with
 high potency, a yellow mutant with yellowish aerial mycelium was obtained

 and its properties were investigated.Streptomyces fungicidicus No. B 5477 produces a new antibiotic, endura-
cidin, with a strong antibiotic activity against Gram-positive bacteria.
Acid-fast bacteria and phytopathogenic bacteria are also inhibited. Endura-
cidin shows no cross resistance with the known antibiotics examined.
It is more active in a basic medium and therefore is a basic antibiotic. The
antibiotic activity of enduracidin was not affected by horse serum in the assay
medium. Its diffusibility was less than that of the other antibiotics examined.
The antibiotic activity of enduracidin was assayed by the paper disc method
using Sarcina variabilis IFO 3067 as the test organism. Enduracidin was
produced mainly in the mycelium. The fermentation conditions for production
of the antibiotic were investigated.

Recently, strains resistant to antibiotics have appeared, and discovery of a new

useful antibiotic with activity against these resistant strains is desirable.
In the course of screening, a strain of streptomycetes, Streptomyces sp. No. B5477

 was isolated from soil collected in Nishinomiya, Hyogo Prefecture. Strain No. B5477,

 produces an antibiotic having strong activity against Gram-positive bacteria. The

 mycological properties of strain No. B5477 were investigated and the culture was

 identified as a strain of Streptomyces fungicidicus^. The new antibiotic, enduracidin2),

 is a basic antibiotic showing no cross resistance with known antibiotics.
In this paper, mycological properties of Streptomyces fungicidicus No. B 5477 and

 its yellow mutant, antibacterial properties of these strains and enduracidin, method

 of assay and fermentation conditions necessary for production of the antibiotic are

 reported.

* This work was presented at the 153rd scientific meeting of Japan Antibiotics Research Association.
Jan. 27, 1967.
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I. Mycological Properties

1. Morphological Properties

The vegetative mycelium develops well on most media. The aerial mycelium is

abundant, powdery, Olive Gray to Drab Gray. The sporophores form spirals (Plate

 1) and the spores are spherical or oval to ellipsoidal, 0.9~1.2 jux 1.1-1.6 ju. The surface

 of the spore is spiny under the electron microscope (Plate 2).

2. Cultural Properties

Growth is colorless or pale yellow and well developed. The aerial mycelium is

 abundant and gray as described above. The aerial mycelium is white on certain

 media containing an organic nitrogen source.
The cultural characteristics of the original strain shown in Table 1 are based on

 observation made after 14 days incubation at 28°C, except as noted otherwise. As

 shown in Table 1, no soluble pigment or only faint yellow pigment is produced in

 most media. The culture is non-chromogenic, no brown soluble pigment is produced

 as on peptone agar or on other media containing an organic nitrogen source. The

 cultures grow well on synthetic or organic media at temperatures ranging from 2CPC

 to 37°C and pH values ranging from 5 to 9. Strong proteolytic activity, starch

 hydrolysis and nitrate reduction are physiological characteristics of this culture.In the course of screening, a high potency mutant with yellow aerial mycelium

 was obtained by ultraviolet irradiation, gamma irradiation and monospore cultivation.
The color of the vegetative mycelium of the mutant is yellow and the aerial

 mycelium well developed. The morphological properties are the same as those of

 the original strain. The cultural characteristics of the mutant are shown in Table 2.

Plate 1. Microscopic photograph. Plate 2. Electron-microscopic
 photograph.

3. Utilization of Carbon Sources

Carbon utilization by strain No. B5477 and the yellow mutant were investigated

 using the method of Pridham and Gottlieb3). As shown in Table 3, the pattern

 of carbon utilization for these strains is almost the same.
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T able 1 . C u ltural properties of S trep tom yces fu ng icidicus N o. B 5477

V eg etative m y celiu m A erial m y celiu m R everse Solu blepig m en t

C zape k 's

ag ar

W arm B u ff
(R dg . X V , 17'

-d )

N on e

����������������������������������������������������������������������������������������������������������������������������������������������

A bu n dan t, folded , A bu n da nt, D eep O live W arm B uff N on e or
colorless G ray (R dg . L I, 23" '" ) , (R dg . X V , 17 ' fa in t

G ly cerin becom in g to L ig ht -d ) y ellow
C zap ek 's M ou se G ray (R d g .

ag ar L I, 15 " '" -d ) to L igh t
Q u ak er D rab (R dg .

L I, i " " '-b)

A bu nd an t, spread ing , A bu n dan t, L ig h t O liv e C ream C olor N on e
G lu coseaspa rag in eag ar colorless C ray (R dg . L I, 23 '" "-d ) to P ale Q u ak erD rab (R dg .L I, l'" " -d )or som etim es poor, (R dg . X V I, 19'-f) or colorless

w h ite

N u trientb roth S u rface g row th g ood ,colorless, produ cin gh ea vy sedim en t M od erate , w hite N on e

N utrientag ar A b un d ant, spread in g ,colorless M oderate, w h ite top ale Q u aker D rab(R d g . L I, l'" " -d ) W arm B u ff(R d g . X V , 17'-d) N on e

G lu cose

n u trien t
ag ar

F aintb row nor n one

G ly cerin

n u trien t
ag ar

Isabella C olor(R d g . X X X ,19 " -i) N on e orfaintbrow n

S tarch

ag ar

A b un d ant, spread in g , A b u n dan t, L ig h t L ig h t B u ff N one
colorless Q u aker D rab (R dg . L I, (R d g . X V , 17 '

V " " -b), becom in g to -f)
Q u aker D rab (R dg . L I,
V " " )

E g g (37-C )

N one , later
becom in g

pale g ray
to brow n

P otato

plu g

A b un d ant, spread in g , A b u nd ant, Q u ak er N one, later
lich en oid , colorless D rab (R dg . L I, V " " ) b ecom ing

d ark brow n

after th ree
w eeks

C a rrot

plu g

A b un da nt, sprea din g , A bu n da nt, Q ua ker
lich enoid , colorless D rab (R dg . L I, V " " )

N on e, laterbecom in g

B ack th orn
B row n (R d g .
X V , 17'-i)

C ellulose
M od erate , spreadin g ,colorless M od erate, pow dery ,Q u ak er D rab (R d g .L I, 1" '" ) N one

(To be continued)
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 Table 1 (Continued)

129

V egetative m ycelium A erial m ycelium R everse Soluble
pigm ent

Calcium
T hin, spreading, M oderate, Pallid N aples Y ellow N one or
colorless Quaker D rab (R dg . LI, (R dg . X V I, 19' faint

m alate

agar
'-f) to Pallid

M ouse G ray (R dg. LI,
15"'"-f)

-d) yellow

T yrosine
agar

Poor, thin, spreading N one Colorless N one

Y east
A bundant, w rinkled, A bundant, pow dery, Isabella Color N one
spreading, colorless L ight M ouse G ray (R dg. X X X ,

extract (R dg. LI, 15" '"-b) 19"-i)
agar to Q uaker D rab (R dg .

LI, V "" )

P eptone
agar

A bundant, spreading-,
colorless

Poor, D rab Gray (R dg.
X LV I, 17" "-d)

Cream Color
(R dg. X V I, 19'

-f)

N one

Starch
casein
agar

A bundant, spreading,
colorless

A bundant, velvety,
D eep M ouse G ray
(R dg . LI, 15""-i)

Light O live
G ray (Rdg. LI,
23'""-d)

N one

M altose
tryptone
agar

A bundant, spreading,
colorless

A bundant, M ouse Gray
(R dg . LI, 15"'") to
Q uaker D rab (R dg.
LI, V "" )

Light B uff
(R dg. X V , 17'

-f)

N one or
faint
yellow

B ennett's
agar

A bundant, spreading,colorless Q uaker D rab (R dg.
L I, V " ") to D eep
Q uaker D rab (R dg.
LI, V f/" -i) or poor,
w hite

Colorless to
W arm Buff
(Rdg. X V , 17'

-d)

N one

M oderate, colorless Poor, w hite to Pearl Peptonization

Litm us to Pinkish Buff (R dg,
X X IX , 17"-d)

G ray (R dg. LII,
35" '" -f)

w ithout
coagulation..

m ilk R eaction

(37-C) unchanges
or becom es
faintly acid.

L offler's
m edium
(37-C)

A bundant, w rinkled

colorless
Poor or m oderate.
velvety, w hite

N one Liquefaction .

G elatin
(24-C, one
m onth)

Poor, colorless N one N one Slow
liquefaction.

N utrient
gelatin
(24-C, one
m onth)

A bundant, pale
brow n

M oderate, w hite N one Rapid
liq uefaction.

Nitrate reduction in Czapek's solution : Positive.
Starch hydrolysis : Enzymatic zone/Growth zone=33 mm/10 mm, 28 mm/10 mm

 Rdg. : R. Ridgway, Color Standard and Color Nomenclature.
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T able 2 . C u ltural properties of S trep tom yces f un g icid icus N o. B 5477 y ellow m u tant

V eg etative m y celiu m A erial m yceliu m R ev erse Solu blepig m en t

C ream C olor N on e or

C za pek 'sag ar penetrating in to them ed iu m , pale yellow C ream C olor (R dg .*x v I, 19'-f) to P aleD ,.ff /D J�" (R dg . X V I, 19'-f) faintyellow

X V , 15'-f)

A bu nd an t, sp read ing , M od erate, pow dery , C ream C olor N on e

������������������������������������������������������������������������������������������������������������������������������

G ly cerinc za pek 'sag ar A bu nd an t, sp read in g ,fold ed, M u stardY ellow (R dg . X V I,19'-b) A b un da nt, pow dery ,c ream c olor (R dg .X V I, 19'-f) to N a plesY ellow (R dg . X V I,19'-d ) L ig h t O ch race-ou s-B u ff (R dg .x v , 15'-d ) too chraceou s-B uff (R d g . X V ,15'-b ) P aley ellow

N one

N u trien tbroth S urface g row th ,colorless, laterprodu cing sedim en t M oderate, pow dery ,w hite N on e

N u trien tag ar M oderate, sp read in g ,colorless M oderate, p ow d ery ,w h ite C olorless N on e

G lu cosenu trien tagar A bu n dan t, sp read in g ,w rink led, colorless M oderate, pow d ery ,w h ite to C ream C olor(R d g . X V I, 19 '-f)

G ly cerinn u trien tag ar A b u nd ant, sp read in g ,w rin k led , colorless M oderate , pow dery ,w h ite

A b un d ant, spreading", A b un d ant, pow d ery , N aples Y ellow N one or
M u stard Y ellow P ale O ch raceou s- (R d g . X V I, 19 ' fa in t

S tarch (R dg . X V I, 19'-b ) B uff (R d g . X V ,1 5'-f) -d ) to L igh t y ellow
ag ar to C ream C olor (R d g . O chraceous-

X V I, 19 '-f) S alm on (R dg .
X V , 13 '-d )

(37 -C ) M od erate , spread in g ,N aples Y ellow (R d g .X V I, 19'-d) N on e or v ery scan t,w h ite to C rea m C olor(R d g . X V I, 19 '-f) N on e

P otato
plu g

A bu nd ant, spreadin g , W h ite or P ale O ch ra-c arrot c ream c olor (R d g . ceou s-B uff (R d g . X V ,

plug

N on e

C ellulose

(To be continued)
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T able 2 (C ontinued)
V egetative m ycelium A erial m ycelium Reverse Solublepigm ent

C alcium
m alate

A bundant, spreading , Scant, w hite to Pale Cream Color N one
Cream C olor (R dg . Ochraceous-Salm on (R dg . X V I, 19'
X V I, 19'-f) to Ochra- (R dg. X V , 13'-f) -f) to Light
ceous-Buff (R dg. X V O chraceous-

agar 15'-b) Salm on (R dg .
X V , 13'-d)

T yrosine
agar

Scant, thin, colorless N one Colorless N one

Peptone

agar

M oderate, spreading.

colorless

N one

Y east

extract
agar

A bundant, spreading,

w rinkled, colorless,
to faint brow n

A bundant, pow dery,c ream color (Rdg. A ntim ony Y el-low (R dg. X V ,17'-b) to Light N one

X V I, 19'-d) to N aples Qch^ �" -
Y ellow (R dg. X V I,19'-d) Salm on (R dg .x v , 13'-d)

G elatin(24-C, onem onth) Scant, colorless Scant, w hite tocream c olor (R dg.X V I, 19'-f) N one slowliquefaction

N utrient
gelatin
(24-C , one
m onth)

A bundant, w rinkled,o chraceous-Buff(R dg. X V , 15'-b) M oderate, w hite tocream color (R dg.X V I, 19'-f) N one

L itm us
Pale yellow ring at N one

Peptonization
w ithout
coagulation

surface, producing

m ilk

(37-C )

Pinkish B uff (R dg. R eaction
unchanges
or becom es
faintly acid

X X IX , 17" -d)
sedim ent

Loffler's
m edium
(37-C )

M oderate, colorlessto pale yellow N one or scant,yellow Y ellow ishbrow n or paleyellow N one Liquefaction

Nitrate reduction in Czapek's solution : Positive.
Starch hydrolysis : Enzymatic zone/Growth zone=22 mm/ll mm, 26 mm/13 mm
 Rdg. : R. Ridgway, Color Standard and Color Nomenclature.
Table 3. Carbon source utilization of Streptomyces fungicidicus
No. B5477 and the yellow mutant

C arb on sou rces N o . B 5477 Y ellow m u tan t C a rbon sources N o. B 5477 Y ellow m u tan t

E ry th ritol ｱ + D -M altose + + + + + 4-

A don itol ｱ + S ucrose + +

D -S orb itol + + L a cto se + + + + + +

z-In ositol + + + + + + R affi n ose 4- 4-

D -M ann itol + + + + + + T rehalose + + + + +

D u lcitol + + S alicin + + + + + +

D -X y lose + + + + + + E sculin + + +

L -A ra binose + + + + + + In ulin ｱ -f

L -Sorbose 4 - + + D ex tran + + + + + +

D -G ala ctose + + + + + + S tarch + + + + + +

D -G lu cose + + + + G lycerin + + + + + +

D -M an n ose + + + + N a-A cetate + + + + +

D -F ructose + + + + + + N a-S u ccin ate + + +

R h am nose + + + + + + N a-C itrate + _i_ +

M elibiose + 4 - + + C on trol + +

+++ ± Abundant growth.
Poor growth.

++ : Moderate growth.
-:No growth.

+ : Growth.
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 Inositol, D-mannitol, D-xylose, D-galactose, D-glucose, D-mannose, glycerin, D

fructose, D-maltose, lactose and salicin support good growth. Erythritol, adonitol,

 D-sorbitol, dulcitol, L-sorbose, melibiose, sucrose, raffinose and inulin are carbon

 sources that support no growth or poor growth. The yellow mutant attains good

 growth on the medium containing sodium acetate, sodium succinate and sodium

 citrate, while the original culture shows poor growth on the medium containing

 sodium succinate and sodium citrate.
4. Comparison between Strain No. B5477 and Related Species

Based on the morphological and cultural properties, strain No. B5477 belongs to

 Section Spira and Series Gray proposed by Pridham et al.^ Comparison of the strain

 with known species, reveals that the strain resembles Streptomyces fungicidicus Okami

 et al. group GJ).
The differences between the cultural properties of strain No. B5477 and Strepto

myces fungicidicus are as follows :

 Streptomyces fungicidicus produces a pink soluble pigment only at an early age

 when grown on calcium malate agar, grows on milk medium with coagulation and

 peptonization and on Loeffler's serum medium with no or doubtful liquefaction,

 while strain No. B5477 produces no soluble pigment or only a faint yellow soluble

 pigment on calcium malate agar, does not coagulate milk and liquefies Loeffler's

 serum medium.The morphological properties of strain No. B5477 are the same as those of

 Streptomyces fungicidicus. The cultural and physiological characteristics are also

 similar, except as indicated above. Therefore, the present strain is believed to be a

 strain of Streptomyces fungicidicus, and has been designated Streptomyces fungicidicus

 No.B5477.

II. Antibiotic Activity

1. Antibacterial Spectrum by the Cross-streak Method

Strain No. B5477 was found to have antibiotic activity against Gram-positive

 bacteria by the spot inoculation test5). The antibiotic activity by the cross-streak

 method and cross streak-agar disk method5) was therefore examined.
Bouillon and glycerin bouillon agar plates were incubated with strain B 5477.

After 4 days incubation at 28°C, the test organisms were cross struk against strain

 No. B5477. After incubation at 37°C for 18 hours for general bacteria and for 40

 hours for acid-fast bacteria, the inhibition of the test organisms was measured.
As shown in Table 4, antibiotic activity was not demonstrated on bouillon agar,

 but activity was found against Staphylococcus aureus, Bacillus subtilis, and Bacillus

 cereus, etc. on glycerin bouillon agar. It was also found that the antibiotic activity

 was stronger on basic agar than on acidic agar by the cross streak-agar disc method.
The antibiotic from strain No. B5477 was thus shown to be a basic substance. The

 antibacterial spectrum of the yellow mutant was investigated by this method and

 found to be the same as for the original strain.
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T est org an ism s

In h ib ition zone (m m )

N o .

B ou illon

ag ar

E sch erichia coli 0 0 0 0

P roteu s vu lg aris 0 0 0 0

S tap hy lococcu s au reu s 0 17 0 15

B acillu s su btilis 0 17 0 15

B acillu s cereus 0 14 12

B acillu s brevis 0 0 0 0

S a rcin a lu tea 0 0 0 0

M icrococcu s fl a vu s 0 0 0 0

M ycdbact. a viu m 0 0 0 0

B acillu s su btilis pH 6

pH 8

13 .016 . 5 12 .515 .5

M y cobact. a viu m pH 6

pH 8

0 00 0

Table 5. Antibiotic activity of the fermented
 broth of Streptomyces fungicidicus No.
B5477 and the yellow mutant

2. Antibacterial Spectrum Table 4. Antibacterial spectra of Streptomyces

 r ^ ,. ,. fungicidicus No. B5477 and the yellow
 of Enduracidm mutant fey cross_streak method

A liquid medium was inocu

lated with strain No. B5477 and

 fermented on a rotary shaker.

The antibacterial activity from the

 filtrate of the fermented broth and

 acetone extracts of the mycelium

 was investigated. As shown in

 Table 5, antibiotic activity was
 found against Gram-positive and

 acid-fast bacteria. The activity

 was found to be stronger in the

 extract from the mycelium than

 in the filtrate.The agar dilution method was

 used to investigate the antibacterial

 spectrum of enduracidin. Endura

cidin was obtained from the fer

mented broth of strain No. B5477

 by the method described in a

 subsequent report2). Tests were

 carried out on bouillon agar for

 Gram-positive and Gram-negative

 bacteria, on glycerin bouillon agar

 for acid-fast bacteria, and on

 glucose bouillon agar for fungi,

 yeast and phytopathogenic bac

teria.
As shown in Table 6, enduraci

din was essentially inactive against

 the Gram-negative bacteria, fungi

 and yeast examined, and strongly

 active against some Gram-positive

 bacteria with a minimum inhibi

tory concentration of 0.1~2.0 mcg/

 ml. Moderate antibiotic activity

 was demonstrated against acid-fast

 bacteria at 5 mcg/ml and againstXanthomonas oryzae at 2 mcg/ml. Enduracidin showed no cross resistance with chlor

tetracycline, novobiocin, chloramphenicol, erythromycin, mikamycin6), glumamycin7),

 chromomycin, xanthomycin, streptomycin and neomycin. The activity was enhanced

 to some degree on basic medium.

In h ib it io n z on e (m m )

T e s t o r g a n is m s N o . B 5 4 7 7 Y e llo w m u ta n t

F ilt .b r o th [M y ce l.e x t. F ilt . M y c el .b r o th e x t .

E . c oli 0 0 0 0

P r o teu s v u lg a r is 0 0 0 0

S tap h . a u r eu s 1 3 2 0 l l 1 6

// O M & E M - R 1 3 2 0 l l 1 6

// C T C - R 1 3 2 0 l l 1 6

// C P - R 1 3 2 0 l l 1 6

// C H M - R 1 3 2 0 l l 1 6

// M M -R 1 3 2 0 l l 1 6

// G M - R 1 2 1 7 1 0 .5 14

B . su b tilis 1 2 .5 2 2 l l 17

B . c e r eu s 1 0 2 1 1 0 16

B . br e v is 1 0 . 5 2 1 1 0 .5 1 6

M y co b . a v iu m p H 6 0 1 3 0 1 2

p H 8 0 1 6 0 1 4

C a n d id a a lb ica n s 0 0 0 0

OM & EM-R: Oleandomycin and erythromycin resistant.
CTC-R : Chlortetracycline resistant.

Chloramphenicol resistant.
Chromomycin resistant.
Mikamycin resistant.
Glumamycin resistant.
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T a b le 6 . A n tim ic r o b ia l s p e ctr a o f en d u r a c id in

T e st o rg a n ism s

M . I. C . (m c g /m l) T e st o r g a n is m s M .I .C . (m cg /m l)p H 6 p H 7 p H

p H 6 p H 7 p H 8

E . c o li IF O 3 0 4 4 > 1 0 0 > 1 0 0 > 10 0 M y c o ba c ter iu m a v iu m
1 0 5 . 0 5 . 0

P r o te u s vu ls a r is IF O 3 0 4 5 > 1 0 0 > 1 0 0 > 10 0 IF O 3 1 53

e>
S ta p h . a u r e u s F D A 2 0 9 P 0 .l ~ 0 .2 0 .1 0 .1 S M - R 1 0 5 . 0 5 . 0

O M & E M - R 0 .2 0 .2 0 . 1 D M - R 1 0 5 . 0 5 . 0

C T C - R 0 .1 - 0 .2 0 . 1 0 . 1 M y c o b . s m eg m a tis

IF O 3 0 8 3
2 . 0 2 . 0 1 - 2

C P - R 0 . 1 ~ 0 .2 0 . 1 0 . 1
M y c o b . p h lei IF O 3 1 5 8 1 0 5 .0 5 .0

C H M - R 0 . 1 - 0 .2 0 . 1 0 . 1

M M -R 0 . 1 ~ 0 .2 0 . 1 0 . 1
M y c o b . sp . A T C C 6 0 7 1 0 5 .0 5 .0

G M - R 0 . 5 0 . 2 0 . 2
P ir icu la ria o r y z a e > 1 0 0 > 1 0 0 > 1 0 0

N V - R 0 . 1 - 0 . 2 0 . 1 0 . 1
A sp . n ig e r IF O 4 0 6 6 > 1 0 0 > 1 0 0 > 1 0 0

B . s u U ilis P C I 2 1 9 0 . 2 0 . 1 0 .1 - 0 .0 7
P e n . ch ry s og e n u m

IF O 4 6 2 6

C a n d id a a lb ica n s

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

B . c e r eu s IF O 3 4 6 6 2 . 0 2 . 0 1 . 0

B . b r e vis IF O 3 3 3 1 2 . 0 2 . 0 1 - 2 IF O 0 5 8 3

S a r cin a lu te a IF O 3 2 3 2 0 . 2 - 0 . 5 0 . 2 0 . 2 S a c c h . c er e v is ia e > 1 0 0 > 1 0 0 > 1 0 0

M ic ro c oc c u s fl a v u s

IF O 32 4 2
0 . 5 0 . 5 0 . 2 - 0 . 5 X a n th o m o n a s o ry z a e 5 .0 2 .0 2 .0

OM & EM-R : Oleandomycin and erythromycin resistant. CTC-R : Chlortetracycline resistant.
CP-R : Chloramphenicol resistant. CHM-R : Chromomycin resistant. MM-R : Mikamycin
resistant. GM-R : Glumamycin resistant. NV-R : Novobiocin resistant. SM-R : Streptomycin
resistant. NM-R : Neomycin resistant.

3. Effect of Serum on the Antibiotic Activity of Enduracidin

The effect of horse serum on the antibiotic activity of enduracidin was compared

 with other antibiotics. Activity was tested by the dilution method using bouillon agar

 and bouillon with or without 10 % horse serum.
The test samples used were enduracidin free base, erythromycin lactobionate,

 glumamycin calcium-salt and mikamycin complex. Staphylococcus aureus FDA 209 P,

 Bacillus subtilis PCI219, Bacillus cereus and Bacillus brevis were tested by the agar

 dilution method and Staphylococcus aureus FDA 209P by the liquid dilution method.
As shown in Table 7, the antibiotic activities of mikamycin were the same in

 both the medium containing serum or the control medium, while glumamycin showed

 decreased activity in the medium containing serum. Those of erythromycin and

 enduracidin were the same in both media or slightly higher in the medium containing

 theserum.
Table 7. Effect of horse serum on the antibacterial activity of

enduracidin and other antibiotics

T e st o rg a n ism s

M . I . C . (m c g /m l)

����������������������������������������������������������������

S ta p h . a u r eu s* 0 . 1 0 . 1 0 . 2 0 .1 - 0 .2 0 .2 0 .2 - 0 .5 2 .0 2 - 5

B . s u b tilis* 0 . 1 0 . 1 0 . 1 0 .l ~ 0 .0 5 1 .0 1 - 2 0 .5 1 .0

B . c er e u s * 2 . 0 0 . 5 0 . 5 0 .2 1 .0 1 .0 1 .0 蝣2 .0

B . br e v is * 2 . 0 1 . 0 1 . 0 0 .5 2 .0 2 .0 5 .0 1 0 .0

S ta p h . a u r e u s * * 0 . 1 2 5 0 . 1 2 5 0 . 5 0 .5 0 .2 5 0 .2 5 1 2 .5 1 2 .5

* : Agar dilution method. ** : Broth dilution method.
C : Control. S : Medium containing the horse serum.
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4. Diffusibility of Enduracidin

Although enduracidin showed strong activity against Gram-positive bacteria by

 the dilution method, its inhibition zone was found to be small. The diffusion of

 enduracidin free base on bouillon agar plate was compared with other antibiotics,

 such as mikamycin complex, glumamycin calcium-salt, erythromycin lactobionate,

 streptomycin sulfate and neomycin sulfate.These antibiotics were tested by the paper disk method using Staphylococcus aureus

 FDA 209P as the test organism and an assay medium composed of 0.5% Ehrlich

 meat extract, 0.5% Polypeptone, 0.5% NaCl and 1.5% agar (pH 7.0). Tests were

 carried out on agar plates consisting of 5ml of medium as the base layer and 4ml

 of medium as the seed layer. The diameter of the inhibition zone was measured

 after incubation for 18 hours at 37°G. The standard curve of each antibiotic is

 .shown in Fig. 1.The inclination of the standard curve of enduracidin was found to be lower

 than those of other antibiotics. The interrelation between the concentration and the

 diameter of the inhibition zone of those antibiotics was studied and the regression

 coefficients (b) between the concentration and the inhibition diameters were calculated

 as follows:
Mikamycin b = 8.46 Erythromycin
 Glumamycin b=7.S2 Streptomycin

The regression coefficient of enduracidin was found to be the smallest among

 these antibiotics. Therefore, the diffusibility of enduracidin on bouillon agar plate

 was found to be the smallest of the antibiotics examined.

b=7.64
 b=6.82

Neomycin b=5.42
 Enduracidin b=4.23

Fig. 1. Comparison of diffusibility of enduracidin
 and other antibiotics.

Fig. 2. Standard curve of
 enduracidin.

III. Production of Enduracidin

1. Assay Method of the Antibiotic Activity

Enduracidin was subjected to microbioassay by the paper disc method using

 Sarcina variabilis IFO 3067 as the test organism. The agar plate was prepared by

 pouring 5ml of assay medium as the base layer and 4ml as the seed layer.
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The assay medium was composed of 0.5% Ehrlich meat extract, 0.5% Poly

peptone, 0.2 % K2HPO4, and 1.5 % agar, and the pH adjusted to 8.0 before autoclaving.
The standard sample enduracidin free base was dissolved in 0.5m Tris buffer (20%

 MeOH, pH 8.0) in concentrations of 200, 100, 50, 25 and 12.5mcg/ml. Ten paper

 discs were soaked in the stardard samples of each concentration and dried. The

 paper discs were placed on the plates of the assay medium and incubated for 18

 hours at 37°C. After incubation, the diameters of the inhibition zones were measured.
The average values of these data are shown in Fig. 2 as black spots. The correlation

 coefficient (r) was 0.994 and regression coefficient (b) was 6.69 between the logarithmic

 value (x) of the concentration of enduracidin and the diameter (y) of the inhibition

 zone. The regression linear line could be calculated for y=6.69^+6.60 in the range

 of 200~12.5mcg/ml of enduracidin. From these results, the antibiotic activity of

 enduracidin can be assayed following the penicillin assay method by using the

 solution of 100 mcg/ml and 25 mcg/ml of endulacidin as the standard sample.The following method was used for preparing samples of the fermented broth.

Fermented broth was centrifuged, and the supernatant assayed. Activity in the

 mycelium was assayed following extraction with acetone.

2. Production of Enduracidin

Investigation was made on the production of enduracidin with shaking flasks.

Two hundred ml of Erlenmyer flasks containing 50 ml of the medium were fermented

for 5 days at 28°C on a rotary

 shaker.
The effect of nitrogen source on

 the production of enduracidin was

 studied using a basal medium com

posed of 5% soluble starch, 0.5%

 NaCl and 1% CaCO3 (adjusted to

 pH 7.0). As shown in Table 8, corn

 steep liquor, corn gluten meal and

 casein from milk were good nitrogen

 sources for antibiotic production.The effect of the carbon source on

 the production of enduracidin was

 investigated using a basal medium

 composed of 3% corn steep liquor,

 1% soy bean flour, 0.5% NaCl and

 1% CaCO3 (adjusted to pH7.0).
Soluble starch and dextrin gave high yields when used as the sole carbon source,,

 however higher yields were obtained in combination with glucose.

Also as shown in Table 8, enduracidin is found mainly in the mycelium with

 only about 20% or less of the total antibiotic in the filtrate.

T able 8. E ffect of n itrog en an d carbon sou rces

on th e produ ction of en du racid in

P otency m cg /m l

C orn steep liq u or 3 % 15 70 85

S oy b ean fl ou r 10 65 75
N itrog en M eat ex tract < 5 < 5 7

sou rces
P h arm a m ed ia 3 10 50 60

C orn g luten m eal 3 10 75 80

M ilk casein 15 70 85

G lucose 5 % < 5 20 23

S olu ble starch 15 73 88

D ex trin 16 70 86

L a ctose
C a rb on M altose

< 5

< 5

10

10

12

12

sources
G lycerin < 5 15 20

G Iucose 21 20 150s olu ble starch 3 ¥ zu it>u
170

G lu coseD ex trin 15 100
115
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