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MACARBOMYCIN, A NEW
ANTIBIOTIC CONTAINING

PHOSPHORUS

Sir:

During screening studies of antibiotics
active against Staphylococcus aureus 193 (a
resistant strain to tetracyclines), a water-
soluble and acidic antibiotic was obtained
in 1964. It was extracted mainly from the
solid portion including mycelia of a cultured
broth of a streptomyces, designated as No.
C715-7. The strain was isolated from a
soil sample collected in Geneva, Switzerland,
and classified as Streptomyces phaeochromo-
genes. The antibiotic, named macarbomycin

because of its macromolecular nature, yielded
sugars in the acid hydrolysate. Macarbo-
mycin contains phosphorus and is related
to moenomycin^ and prasinomycin2), but
can be differentiated from these antibiotics
by paper and thin-layer chromatography
and also by the fact that the acid hydroly-
sate of macarbomycin does not contain 6-
deoxyglucosamine. Added to animal feed,
macarbomycin exhibited an excellent effect

on growth promotion. In the present paper,
the production, isolation, physico-chemical

and biological properties are described. The
mechanism of action was previously reported

by J. Suzuki et al.3) of the Institute of
Microbial Chemistry, who observed that
macarbomycin inhibits cell wall synthesis,
especially the process of polymerization of

N-acetylglucosamine and muramic acid pen-

tapeptide.
The macarbomycin-producing strain (C

715-7) was inoculated to a medium consisting
of 2% starch, 2.5% soybean meal, 0.05%
MgSO4-7H2O, 0.1 % K2HPO4, 0.3% NaCl,

0.0007% CuSO4-5H2O, 0.0001% FeSO4-

7H2O, 0.0008% MnCl2-4H2O, 0.0002%

ZnSO4-7H2O and 0.02 % silicone oil (pH 7),

and shake-cultured at 28°C for 4-8 days.
The activity of macarbomycin was deter-

mined by the disc or cylinder plate method
using Staphylococcus aureus 193. A standard

macarbomycin preparation was designated
1,000mcg*/mg, and the potency of the

purest macarbomycin thus far obtained was
5,000 mcg*/mg.

The cultured broth was filtered, and the
filtrate adjusted to pH 3. The precipitate
which formed was filtered. The precipitate
was extracted with 70 % aqueous acetone.
The extract was concentrated and lyophilized
to obtain a crude powder. In addition, the
solids containing mycelia were extracted with
70-80 % aqueous acetone or methanol, and
the extract concentrated to remove the

s

olvent. The residual aqueous solution was

adjusted to pH 3, the precipitate dissolved
in water at pH 7 and lyophilized to yield a
crude powder. It was found that, all the
activity in the cultured broth could be
recovered with the mycelial cake by acidi-
fication of the cultured broth to pH 3
before filtration. The crude powders from
the filtrate and mycelial cake were dissolved
in water at pH 7 and adsorbed ona column
of DEAE-cellulose (OH cycle, produced by

B

rownCo., Ltd.). The column was treated
successively with 0.5 M HCOOH, 0.5 M
HCOONH4, water and 0.1M NH4OH, and
macarbomycin was eluted with 0.2-0.4 M
NH4OH. On lyophilization a crude powder
of 200-500mcg*/mg was obtained. The
powder was dissolved in 0.05M Tris-HCl

buffer (pH 8.0) and poured on a column of

Ecteola cellulose (OH cycle) pretreated with
the same buffer. Elution was done by

raising the concentration of NaCl from 0 to
0.3M NaCl in 0.05M Tris-HCl buffer (pH

8.0). Macarbomycin appeared mainly in
thefractions of 0.04-0.25M NaCl. The

active fractions were combined and macarbo-
mycin was adsorbed on a column of DEAE

cellulose. The column was washed with
water and the activity eluted with 0.2-0.4 M
NH4OH. The active eluate was concentrated

and lyophilized, yielding a powder of 1
mg*/mg. Repetition of the procedure des-
cribed above gave a powder containing 2-

3.5 mg*/mg of macarbomycin. This powder
was purified by column chromatography us-
ing silica gel. It was successively developed
with w-propanol-2 n ammonia (95 : 5), (90 :
10), (85 : 15), and macarbomycin was eluted

with w-propanol-2N ammonia (80:20).
About eighty per cent of the activity was

obtained at the peak and its lyophilization
gave a white ammonium salt of macarbo-

mycin having activity of 5 mg*/mg.
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Macarbomycin ammonium salt does not
show a definite melting point but decomposes

at 190-195°C with foaming. It is easily
solublein water, soluble in methanol and
dimethylformamide, slightly soluble in etha-

nol, scarcely soluble in acetone, w-butanol,
ethyl acetate and benzene, and insoluble in
rc-hexane. Macarbomycin gives a purple

colorwith ferric chloride, violet when heated
with 0.2 % ninhydrin in 5 % pyridine acetone
solution, dark brown in Tollens and green
inanthrone, and no color in the Sakaguchi,

Benedict, biuret, and Elson-Morgan reac-
tions. Macarbomycin ammonium salt ex-
hibits dextrorotation, [a]!)5 +15° {c 1, Me-

OH), and shows maxima at 258-259 mju in
aqueous and 0.1 N NaOH aqueous solution

(Ei?m 120), and at 246-247 mu in 0.1 N HC1

aqueous solution (E}fm 70). When pelleted
with potassium bromide there are strong
absorption bands in the infrared region at

3300-3400cm"1 attributable to OH and NH,

1715-1730 cm"1 to carbonyl groups and a

broad band at 1030-1100 cm"1to the sugars
in the molecule. Potentiometric titration in

water shows an equivalent weight of 845+
10 with pKa' value of 4.36. Analytical

ultracentrifugation4) in 0.05 M phosphate

buffer (pH 7.0) gave 23,200+700 as the
molecular weight and in methanol5) it gave

1,800+65. Macarbomycin ammonium salt
dried at 80°C for 3 hours gave analyses of

C47.35, H7.25, N4.90, P2.12. The analy-

tical results suggest a tentative empirical
formula in the following range: C68~79-

H123~144N6~7O41~48P (m. w. 1712-1991 ; Calc'd :

C47.70-47.65, H 7.24-7.29, N 4.90-4.92,

P 1.81-1.55).

On thin-layer chrqmatography of silica
gel GF254 (E. Merck AG, Darmstadt, Ger-
many), macarbomycin can be differen-

tiated from moenomycins and prasinomycins
by a solvent system of w-propanol-2N
aqueous ammonia (70 : 30 by volume) using

ultraviolet light at 253.6 mju, spraying with

chlorosulfonic acid-acetic acid (1:2) or
exposing to iodine vapour for detection.
Macarbomycin gave one spot at Rf 0.25,
moenomycin gave two main spots at Rf
0.25 and 0.33 with two minor spots at Rf
0.41 and 0.47, and prasinomycin gave three
main spots at Rf0.25, 0.33 and 0.41 with a

T a b le 1 . A n tim ic r o b ia l a c tiv ity o f

m a c a r b o m y c in

O r g a n is m s
M ID

m cg /m l

Staphylococcus a u r e u s F D A 2 0 9 P 0 . 0 5~ 0. 2

(ST- S M - R ) 0 . 2 ~0. 4

(A m p h o m y c in - R ) 0 . 2

(N B -P C -S M -T C -EM-CM-R)
0 . 2

(B M - R ) 0. 4

S ta p hy lo co c cu s a u r eu s
0. 0 5 - 0. 2

S m ith st ra in

(A c tin o m y c in - R ) 0. 2

Staphylococcus a u r e u s s tr a in 1 9 3 0 . 0 5- 0. 2

B a c illu s s u b tilis P C I 2 1 9 4 0 0

//  m eg a te r iu m 1 , 0 0 0

ii  sp h er ic u s 1 , 0 0 0

a n th r a cis 0. 0 2 5

c er e u s A T C C 1 0 7 0 2 0 . 0 2 5

m y c oid e s s tr a in " 0 " 0 . 0 5

M ic r o c oc c u s fl a v u s M - 1 6 1 2 . 5

S a r c in a lu tea P C I 1 0 0 1 1, 00 0

E sc h e r ich ia c o li N IH T 5 0 0

//     B 5 0

Salmonella p a r a ty p h i A 1 0 1 5 5 0 0

ty p h o sa 5 0 0

S h ig e lla b py d ii 1 - 6 5 1, 0 0 0

s o n n e i l l ,3 7 1 4 8 5 0 0

M y cob a c te r iu m 6 0 7 2 5

(K M - R ) 2 5

( S M - R ) 5 0

p h le i 1 2 . 5

C a n d id a a lb ica n s 1, 0 0 0

A sp er g illu s n ig er 1 , G O O

S a c ch ar o m y ces ce r ev isia e 1, 0 0 0

X a n th o m o n a s o ry z a e 1 , 0 0 0

minor spot at Rf 0.47. The spot of macarbo-
mycin was detected at the position corres-
ponding to moenomycin Bt and prasinomycin
A, but showed strong UV-absorption,

whereas those of moenomycin Bj and prasi-
nomycin A exhibited weak or no absorption.

Acid hydrolysis of macarbomycin (2N
HC1, 100°C for 3 hours) gave glucose and glu-

cosamine, but not 2-amino-2,6-dideoxy-D-
glucose, which was obtained from hydrolysis
of both moenomycin and prasinomycin under

the same conditions. Acid hydrolysis of
macarbomycin (6n HC1, 100°C for 20 mi-

nutes) gave 48% reducing sugar and 20~
23 % amino sugar. Another acid hydrolysis
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à"of macarbomycin gave three lipids corres-
ponding to moenocen, moenocinol, and

isomoenocinol which had been isolated from

moenomycin6>7) and prasinomycin8), and also

a chromophore, 2-aminocyclopentandione-l,
3 which was found in moenomycin9).

Macarbomycin in aqueous solution (50~
100mcg*/ml, at 60°C for 1 hour) is stable

-at pH 4~-40, but unstable in acidic solution
(pH less than 3) and in an alkaline solution
stronger than 0.1 N NaOH.

The antimicrobial activity of macarbomy-
cin determined by the agar dilution method
is shown in Table 1.

The LD50 of macarbomycin injected into
mice intravenously was 750 mg/kg. Intra-
peritoneal administration of 5 and 1.25 mg*/
ig to mice infected with Staphylococcus
.aureus, Smith strain, gave 100 and 50%
protection, respectively. Subcutaneous injec-

tion of 50 and 25mg*/kg gave 50 and 25%
protection. Oral administration of 200 mg*/
kg gave 25 % protection.

Macarbomycin gave good results** in
weight gain and feed conversion with both

^broilers and swine, especially when it was
administrated to broilers in feed at a level
of 30g*/ton, and to swine at a level of 2

g*/ton. Its effect on growth promotion was
excellent with statistical significance at 5 %

level.
As shown by the results described above,

macarbomycin has strong antibacterial acti-
vity in vitro and in vivo, shows an excellent
effectas feed additive, and is clearly different
from moenomycin and prasinomycin. When
wehad finished the studies described above,

the paper of E. Meyers, et al.10) of the
Squibb Institute for Medical Research was
published reporting on the diumycins which

also do not contain 6-deoxy-D-glucosamine.
Although there are some differences between
macarbomycin and diumycin A, their iden-

tity or difference is not certain and will
have to determine by direct comparison.
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