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During an antibiotic screening programme,
a new biologically active complex was
isolated from an unidentified Streptomyces,

strain Ac6 5691}, which was obtained from
a garden soil in Calcutta, India. This
antibiotic complex was found to contain

two water-soluble active fractions of which
the major one was designated as boseimycin.

This commuication describes the isolation,
purification and characterization of bosei-
mycin. It was found to have a close rela-
tionship to the streptothricin group of

antibiotics but was differentiated from them
on the basis of its physico-chemical and
microbiological properties.

Production and Isolation

The medium used for antibiotic production
was composed of : 0.6 % soya peptone, 0.2 %

yeast extract, 0.4 % KC1, 0.5 % (NH4)aSO4,

0.04% KH2PO4, 0.05% CaCO3 and 2%

glucose. The pH was adjusted to 7.2 before

sterilisation. The fermentation was carried

out under agitation and the maximum anti-
biotic titre was reached at the end of 72
hours of incubation.

Boseimycin was isolated following either
of two method. (1) The fermented broth
was decanted off the solid mycelia. The

culture filtrate was adjusted to pH 2 with
hydrochloric acid and stirred with Darco G

60 (0.5% w/v). The clarified nitrate was
treated again with Darco G60 (2.5% w/v)

after bringing the pH to 6.8 and filtered.
The carbon cake was washed twice with

aqueous methanol (60 % v/v), and the active
principles were eluted with a mixture of

methanoland 0.01N HC1 (6:4, v/v). (2)

The harvested broth was passed through a

column of Amberlite IRC-50 in the Na^
cycle. The column was thoroughly washed,

with deionized water and the antibiotic:
complex was eluted from the column by

0.1N HC1.
The active eluates were neutralized over

Amberlite IRA-400 in the OH" cycle and
were concentrated to a small volume under
reduced pressure at 35°C. Boseimycin com-

plex was precipitated as the hydrochloride

i

n acetone after the pH was adjusted to 6.8.
A separation of boseimycin from the anti-

biotic complex was achieved over a column
of Amberlite IRC-50 (Na+), 0.01 N ammo-
nium hydroxide being used as the eluting

agent. Further purification of boseimycin
was achieved over a column of Darco G60<
and Celite 545 (1:1) with 1% aqueous,
acetone as the developing agent. Active
fractions were concentrated and lyophilised

yielding boseimycin hydrochloride as a white:
powder.

The homogeneity of boseimycin was esta-

Table 1. Descending paper chromatography
of boseimycin (development: 18 hours)

Solvent systems

1. n-Propanol, pyridine, acetic
acid, water (15:10:3:12)

2. Pyridine, acetic acid, water
(50:35:15)

3

. n-Butanol saturated with water
containing 0.25 % ^-toluene
sulphonic acid

4

. w-Butanol saturated with water
cantaining 2 % ^-toluene
sulphonic acid

5.w-Butanol, acetic acid, water
(2:1:1)

Boseimycin
(Rf)

0.14

0.25

0.02

0.08

0.07

Table 2. A comparative study by thin-layer
chromatography (Silica gel G, 3-hour run)

S o lv e n t s y s te m s

R f v a lu e s

Bosei-mycin Strepto-I Yazu-thricin mycin

1. n - P ro p a n o l, p y rid in e ,

acetic acid, w a te r(1 5 : 1 0 : 3 : 1 2 )
0 . 7 5 0 . 7 2 0 . 6 4

2. P y r id in e , a c e tic a c id , w a te r (5 0 : 3 5 : 1 5 )
0. 6 8 0 . 8 5 0 . 9 0

3.  w - B u ta n o l, a c e tic a c id , w a te r (2 : 1 : 1 )
0. 0 9 0. 1 2 0 .2 0
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Fig. 1. Infrared absorption spectrum of boseimycin hydrochloride in 1.5 % KC1 pellet.
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Fig. 2. Descending paper chromatography of
acid hydrolysates (5.7 n HC1 at 110°C for
12 hours) of streptothricin, roseothricin
A and boseimycin compared with strepto-
lidine and /3-lysine in Whatman No. 1.

Solvent systems: w-butanol, acetic acid
and water (3:1:1)

Detection: ninhydrin
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Roseon lne f i -Lys ine Roseo- St repfo- Bose imyc in
fhr ic in th r ic in

blished by counter-current distr ibut ion in a
so lven t sys t em of w-bu tano l and wa te r (1 : 1 )

con t a in ing 2 % ^- to luenesu lphon ic ac id as

the carr ier and also by paper chromato-
graphy, th in- layer chromatography (Tables
1 and 2) and paper elect rophoret ic s tudies .
In paper elect rophores is , boseimycin hydro-
chlor ide moves 2.4cm in pH 3.9 (0.1M

aceta te buffer) and 3.8cm in pH 7.2 (0.1M

T

ab le 3. Ant imic rob ia l spec t rum of bose imyc in
(Ser ia l d i lu t ion method)

T e s t  o r g a n i s m s  M i n i m a l  i n h i b i t o r y c o n c e n t r a t i o n ( j u g / m l )

S t a p h y l o c o c c u s  a u r e u s 0 . 0 3

B a c i l l u s  s u b t i li s  P C I  2 1 9 0 . 1

E s c h e r ic h i a  c o li  K 1 2 1 . 0

D ip l o c o c c u s  p n e u m o n i a e 1 0 . 0

S a l m o n e l l a  ty p h i m u r i u m 3 . 0

P r o t e u s  v u lg a r is 3 . 0

Klebsiella  p n e u m o n i a e 3 . 0

P s e u d o m o n a s  a e r u g i n o s a 3 0 . 0

C a n d i d a  a lb i c a n s  A T C C  1 0 2 5 7 0 . 3

C r y p t o c o c c u s  n e o f o r m a n s 0 . 3

Trycophyton  m e n t a g r o p h y te s 1 0 . 0

Epidermophyton  fl o c c u s u m 3 . 0

Microsporum  g y p s e u m > 3 0 . 0

N o c a r d i a  a s t e r o i d e s > 3 0 .  0

A s p e r g i l l u s  f u m i g a t u s > 3 0 . 0

phosphate buffer) towards the cathode in a
2 hour run. Consistent microanalytical
results of different derivatives of boseimycin

established the purity of the product. Fur-

ther purification did not either change the
analytical results or the biological activity.

Properties

Boseimycin hydrochloride is readily soluble
in water, partially in methanol, almost in-

soluble in ethanol, acetone, diethyl ether,
butanol, chloroform, petroleum ether and

benzene. It is stable at room temperature
for more than three months in the dry

powdery state. The antibiotic is fairly stable

at acidic pH but very little activity is
retained when it is treated with alkali at

pH 10 for 6 hours at room temperature.
An aqueous solution of the antibiotic loses

60 % of its antimicrobial activity when it is
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Table 4. C om parison of boseim ycin w ith oth er k no w n strepth ricin -lik e a ntibiotics

A n tibiotics

C olor reactions Acid h yd roly sed p ro du cts

R em ark s
Saka-GUCHI N in h yd rin

F eh l- IN G M o -

LISCH
B iu ret 0 -

L y sine
S trepto -

lidin e

O th er

am in o
acid s

B oseim y cinl^ + 4- 4 - + +

T w o u niden tified

produ cts

Two u n iden tified
produ cts

g-1ycin e

Complex A 47883^ 4 - + 4 -

+

4 - + +

B D -124) + 7 ?

B Y -814) +

+

C itrom y cin5)

E -749 C

(in w a ter)

+
(in

p y rid in e)

+
(w eak )

+ +
(w ea k)

+

+

G eom y cin

LL A B 6648)LL A C 5 419)

+
(w eak )

+

+

4- 4-

N -

m eth yl

+

ff ly , a la ,

asp , g in ,
th reo,

ser

gly cine

g-1y cin e

D iffers in bio-
logical activ ity

M y cothricin lO)

P leocid in ll)

R acem om y cin-O 12)

+

+

+ 4-

+

+

+

serin e

N -

m ethy l
g ly

Ser, a, Rd iam in o

p rop io-
n ic acid

Ros eo th ric in A 13) + + + + +

S F -70114)

S trep tolin 15)

+

+

+

+

+ +

4-

+

S treptoth ricin 16̂ + + + +

V iom ycin 17)

Y a zu m y cin 18)

+

+

+

+

+

+

+

+
(w ea k)

+

(+)..Positive (-) Negative (?) Doubtful

placed on a boiling water bath for three

minutes.Boseimycin is optically inactive (c 1,
water). It shows only end absorption in

the ultraviolet spectrum. The IR absorption
spectrum in 1.5 % KC1 is presented in Fig.

1. It has characteristic absorption at the
following frequencies : 3320, 3260, 3100, 2960,

2080, 1713, 1653, 1560, 1456, 1395, 1310 and
975cm"1. Thebands at 1713 and 1653cm"1

are probably attributable to the presence of
carbonyl and guanidino groups in the anti-

bioticmolecule. The antibiotic is positive
to Molisch, Sakaguchi (strong), ninhydrin,

Elson-Morgan,anthrone, biuret and Ehrlich
(weak) tests, but negative to Fehling,

Benedict,maltol,Tollens, Pauly, Schiff,

ferricchloride, neutral potassium perman-

ganate and Millon tests.

Boseimycin is a tetraacidic base with pKa'
7.50,8.35, 9.85 and >11.0. An equivalent

weight 146 was obtained when boseimycin
hydrochloride was titrated with perchloric

acid in glacial acetic acid2). The molecular
weight was calculated as 584 and the corres-

ponding hydrochloride as 730. Elemental
analysis and molecular weight determination

indicate the molecular formula for bosei-
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mycin hydrochloride as C24H46N9O8-4HC1,

m.p. 216~218°C (decomp.).

Calcd. for C24H46NBO8à"4HC1:

C39.23, H 6.81, N17.20, Cl19.40.
Found:

C39.24, H 7.25, N 18.28, Cl19.81.

Calcd. for C24H46N9O8à"2H2SO4:

C36.73, H6.37, N16.10, S8.32.

Found:
C36.23, H6.91, N16.48, S8.04.

m.p. 255~260°C (decomp.)

Calcd. for boseimycin picrate, C24H46N9O8à"4C6H3
N3O7:

C38.30, H3.86, N 19.35.

Found:
C38.88, H 4.62, N 19.47.

m.p. 174-176°C (decomp.)

Paper chromatographic patterns of acid
hydrolysates of boseimycin and the known
streptothricins are shown in Fig. 2. The
hydrolysate of boseimycin corresponds to
the spots of /?-lysine and roseonine (strepto-
lidine), two main constituents of strepto-
thricins.

Antimicrobial activities of boseimycin are
summarised in Table 3. The antibiotic is
mainly active against gram-positive and
gram-negative bacteria and highly active
against Candida albicans (MIC 0.3 jug/ml).
Fungi are in general less sensitive to bosei-

mycin than bacteria. It does not exhibit any
cross-resistance relationship with strepto-

mycin and streptothricin (unpublished data).
The rate of formation of resistance in vitro

against Staphylococcus aureus and Escheri-
chia coli with boseimycin is much slower

than that of streptomycin and streptothricin.
This work will be reported elsewhere in
detail.

The toxicity of boseimycin expressed as
LD50 was 63 mg/kg (intravenously) in mice.
However, in keeping with the similarity to

streptothricin, delayed toxic symptoms began
to appear after 3 days at 69mg/kg, 4 days
at 63 to 40mg/kg, 5 days at 33mg/kg, 6
days at 28mg/kg and 10 days at 24mg/kg.

Discussion

Boseimycin is a water-soluble, basic anti-
biotic. Its characteristic IR and UV spectra,

the presence of j9-lysine and streptolidine
in acid hydrolyzed products and its delayed

toxicity, identify boseimycin as a strepto-
thricin-streptolin group of antibiotic. As a
rule, the antibiotics of this group have been
obtained as water-soluble substances with
the characteristics in common that they
produce amorphous hydrochlorides and sul-
phates, show end adsorption in UV region
and in general they are highly toxic. They
have been further characterised by qualita-

tive color reactions, being negative to maltol
and Sakaguchi but both boseimycin and
yazumycin are positive to Sakaguchi. Yazu-
mycin contains sulfur in the molecule and
is further differentiated from boseimycin
in thin-layer chromatographic study on silica
gel plates (Table 2). A comparative study
of boseimycin with other known strepto-
thricin-like antibiotics was carried out (Table
4). Lack in optical rotation in boseimycin
molecule is an unique property for which
no explanation has yet been obtained.

Although, the acid hydrolyzed products
of boseimycin correspond with those of
several streptothricin type of antibiotics,
particularly of roseothricin A, racemomycin-

O, streptothricin, streptolin, a comparison
of their physico-chemical as well as bio-
logical properties establish boseimycin as a
new addition to streptothricin group of
antibiotic.

Summary

Boseimycin was isolated from an uniden-
tified strain of Streptomyces and identified

as, a streptothricin-like antibiotic. It was
isolated by adsorption on Darco-G60 or by

column chromatography on Amberlite IRC-
50 (Na+) and purified over a column of Darco

G60 and Celite 545. It is active against
gram-positive and gram-negative bacteria
and also against fungi and yeast.

Acknowledgements

The author expresses his deep sense of gratitude
to Dr. P.N. Nandi, Head of the Dept. of Micro-
biology, Bose Institute, Calcutta for his help in
carrying out this work and to Dr. S.M. Sircar,
Director, Bose Institute for providing him labora-
tory facilities. Sincere thanks are due to Dr.
Kenji Maeda, Institute of Microbial Chemistry,
Tokyo and to Dr. Hiroshi Yonehara, Institute of

Applied Microbiology, University of Tokyo, Tokyo,



364 THE JOURNAL OF ANTIBIOTICS JULY 197O

Japan for their valuable suggestions in writing
out this manuscript. Gift samples of /?-lysine
and streptolidine from Dr. H. E. Carter, roseo-

thricin A and roseonine from Dr. Toshio Goto,
streptothricin from Upjohn Co. and yazumycin

fromDr. Hiroshi Yonehara are gratefully acknow-
ledged.

References

1) Sinha, R.K. & P.N. Nandi: Anewanti-

bacterial agent produced by a Streptomyces
sp. Ac6 569. Experientia 24 : 795-796, 1968

2) Vogel, A. I.: ElementaryPractical Organic
Chemistry. Part III. Longman, Greeen &

Co., Ltd., 1958
3) Lumb, M.; H. Chamberlain, J. Gross, P.E.

Macey, J. Si-yvee, J. M. Ufrichard & R. D.

Wright: An antibiotic complex A 4788 con-

taining streptothricin and having activity
against powdery mildews. J. Sci. Food &
Agr. 6 : 343-352, 1962

4) Ito, Y.; Y. Ohashi, Y. Sakurai, M. Sakura-

ZAWA, H. YOSHIDA, S. AwATAGUCHI & Y.
Okuda: New basic water soluble antibiotics
BD-12 and BY-81. J. Antibiotics 21 : 307-

312, 1968
5) Kusakabe, Y.; Y. Yamauchi, C. Nagatsu,

H. Abe, K. Akasaki & S. Shirato: Citro-
mycin, a new antibiotic. J. Antibiotics

22 : 112-118, 1969
6) Shoji, J.; S. Kozuki, M. Ebata&H. Otsuka:

A water-soluble basic antibiotic E-749C,
identical with LL-AC 541. J. Antibiotics
21 : 509-511, 1968.

7) Brockmann,H. & H.Musso: Geomycin, ein
neues gegen Gram-negativ Bakterien wirk-
sames Antibiotikum. Naturwiss. 41 : 451-
452, 1954

8) Sax, K.J.; P. Monnikendam, D.B. Borders,

P.Shu,L.A. Mitscher, W. K. Hausmann &

E

. L. Patterson: LL-AB 664, a new strepto-
thricin like antibiotic. Antibiot. Agents &

Chemoth. -1967 : 442-448, 1968
9) Zbinovsky, V.; W. K. Hausmann, E. R.

Wetzel, D.B. Borders & E.L. Patterson:
Isolation and characterisation of antibiotic
LL-AC 541. Appl. Microbiol. 16 : 614-616,

1968
10) Rangaswami, G.; C.P. Schaffner & S.A.

Waksman: Isolation and characterisation
of two mycothricin complexes. Antibiot.
& Chemoth. 6 : 675-683, 1956

ll) Charney, J.; W.S. Roberts&W.P. Fisher:

Pleocidin, a new antibiotic related to strepto-
thricin. Antibiot. & Chemoth. 2 : 307-310,

1952
12) Taniyama, H. & S. Takemura: Chemical

studies on antibiotics produced by actino-

mycetes on racemomycin-O. Chem. Pharm.
Bull. Japan 8 : 150-153, 1960

13) Goto, T.; Y. Hirata, S. Hosoya & N.

Komatsu: Structure of roseothricin A.
Bull. Chem. Soc. Japan 30 : 729-737, 1957.

14) Tsuruoka, T.; T. Shoumura, N. Ezaki, T.

Niwa & T. Niida: SF-701, A newstrepto-
thricin like antibiotic. J. Antibiotics 21 : 237

-238, 1968
15) Smissman, E.E.; R.W. Sharpe, B.T. Aycock,

E. E. van Tamelen & W. H. Patterson:
Streptolin, preliminary investigations and

separation of acid hydrolysed products. J.
Am. Chem. Soc. 75 : 2029-2031, 1953

16) Carter, H.E.; R.K. Clark, Jr., P. Kohn,

J.W. Rothrock, W. R. Taylor, C. A. West,
G.B. Whit field & W. G. Jackson: Strepto-

thricin. I. Preparation, properties and hy-
drolysis products. J. Am. Chem. Soc. 76 :
566-569, 1954

17) Haskell, T.H.; S.A. Fusari, R.P. Frohardt

& Q. R. Bartz: The chemistry of viomycin.
J. Am. Chem. Soc. 74 : 599-602, 1952

18) Akasaki,K.; H.Abe, A. Seino&S. Shirato:

Yazumycin, a new antibiotic produced by
S. lavendulae. J. Antibiotics 21 : 98-105,
1968


