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Isolation, purification and properties of two new basic water-soluble anti-
biotics, BD-12 and BY-81, are reported. These antibiotics are considered to
be new members of the streptothricin-like group of antibiotics.

In the course of antibiotic screening, a new basic water-soluble antibiotic tenta

tively named BD-12 was isolated from the culture filtrate of Streptomyces luteocolor

 nov. sp. MCRL-0357. Later, another new antibiotic designated as BY-81 has been

 obtained from the fermentation broth of S. olivoreticuli nov. var. MCRL-0358.
Because of the similarity in chemical and biological nature of BD-12 and BY-81,,

 the authors wish to report the isolation, purification, physico-chemical properties and

 biological characteristics of both antibiotics together in the present paper. The

 taxonomic studies of the antibiotic-producing strains and antibiotic productions have

 been reported in the foregoing paper1}.

Isolation and Purification^

Similarly to other basic, water-soluble antibiotics, BD-12 or BY-81 in the filtered

 broth was concentrated by adsorption on Amberlite IRC-50 (Na+ type), followed by

 elution with dilute hydrochloric acid. After neutralization with Amberlite IR-45

(OH~ type), the eluate was concentrated in vctcuo and finally freeze-dried. The crude

 hydrochloride of BD-12 or BY-81 thus obtained was then converted to the corres

ponding water-insoluble picrate, from which the hydrochloride was recovered by

 treating with pyridine hydrochloride in methanol. As ninhydrin-positive contaminants

 were detected by thin-layer chromatography on MN 300 cellulose powder (solvent 2),

 * Outlines of the present paper were presented at the 157th Meeting of Japan Antibiotics Research
 Association (Sept. 22, 1967).(a) Activity was assayed by a cup or pulp-disc method using B. subiilis PCI 219 as a test
organism. The purified hydrochloride of each antibiotic was used as a standard material.
Compositions of the solvents used for chromatography during isolation and purification procedures,
are, unless otherwise noticed, as follows :
Solvent 1 : w-PrOH -pyridine-AcOH-H2O (15 : 10 : 3 : 12)
Solvent 2 : w-BuOH-pyridine-AcOH-H2O (15 : 10 : 3 : 12)
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the hydrochloride was further purified by chromatography on cellulose powder

 columns, using solvent 2 for BD-12 or solvent 1 for BY-81. Each fraction of the

 à"eluate collected on the fraction collector was assayed for antibiotic activity and also

 examined for the presence of contaminant(s) by thin-layer chromatography. The

 fractions containing only the antibiotic were gathered and freed from solvent by

 extraction with large amounts of petroleum ether. The resulting aqueous layer was

 freeze-dried to give the amorphous powder of the desired antibiotic.
Further purification procedures are different for the two antibiotics. BD-12

 hydrochloride obtained as above was again purified through its picrate(b). Purified

 hydrochloride regenerated from the picrate was recrystallized from MeOH-EtOH

 (1 : 1) mixture. Thus, BD-12 hydrochloride was obtained as white rhombic crystals.
Unlike BD-12, BY-81 hydrochloride could not be converted to the picrate again

 without decomposition, so BY-81 was further purified by repeating the cellulose

 powder column chromatography using solvent 2. BY-81 recovered as hydrochloride

 was recrystallized from MeOH-EtOH (1 : 3) mixture to yield the pure BY-81 hydro-
Fig. 1. Infrared absorption spectra (KBr)
 (a) BD-12à"hydrochloride
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Fig. 2. Summarized papergram of BD-12 and
 BY-81 (Bioautography with B. subtilis)

Table 1. Physico-chemical properties of
 BD-12 and BY-91 hydrochlorides.

vy

Fig. 3. Salting-out paper chromatography of
BD-12 and BY-81 with ammonium chloride
solution (Bioautography with B. subtilis)

Table 2. Paper chromatography of BD-12 and
 BY-81 (Biautography with B. suUilis)

Solv en t sy stem
R f valu es

B D -12 B Y -8 1

n -P rO H - py rid in e - A cO H - H 2O
0.36

0.29

0.24

0.17

(60 : 40 : 10 : 30) p lu s l .2 g N a
｣-h y drox yb en zen e su lfon ate/
140 m l

w et B u O H plu s 2 % ^-toluen e

su lfon ic acid

n-B u O H - py ridine - A cO H - H 2O 0.54

0.21

0. 45

0.07

(15 : 10 : 3 : 12)

B u O H - A cO H - H 2O (4 : 1 : 5)

B D - 12 - H C I B Y -8 1 - H C l

A p pea-

ran ee

colorless h y gros-copic cry stal(rh om b ic) colorless cry stal-lin e pow d er

m .p .
200 .5- 201.5-C
(d ecom p .)

142~ 143-C

(d ecom p .)

C 19H 3,N 7O 12�"2H C I C 23H 45N 9O 14�"H C l

F orm ula
(ten ta-

tiv e)

an d
elem en -
tary

an aly sis

A n al. C alcd . : A n al. C alcd . :
C 36 .43 , H 5.9 5, C 39 .01 , H 6.55 ,
N 15.65, C 1 11.32 N 17 .80 , C 1 5.0 1

m ol. w t. 626.48 m ol. w t. 708.15
F ou nd : F ou nd :
C 36 .37, H 6 .31 , C 39 .30, H 6.41 ,
N 15.65 , C 1 1 1.75 N 17.99 , C 1 4 .53

m ol. w t. 6 14 m ol. w t. 648
(titration ) (titration )

p K a/a) 7 .1 an d (9 .5) 4 .9 , 7.4 and (10.0 )

E lectro-

p horesis^

m ov ed tow ardcathod e4 .1 cm (pH 5.0 )0 .95 cm (p H 8.0 ) m ov ed tow ardcath od e5 .5 cm (p H 5.0 )1 .0 cm (p H 8.0 )

O ptical

rotation

[a U 5 - 7 5-

(c l, H 20 )

¥a W - 6 0-

(c l, H 20 )

en d absorp tion in

U ltra- w ater a nd acid ic en d absorption in

v iolet w ater w ater, a cid ic w a -

ab sorp-

tion

alk alin e w a ter : ter or in alk aline
L ai 260 m A w ater

(E l* 6 .5)

N .M .R .c;
8 2.8 3 p pm (s,3H )3.03 p pm (s,3H ) 8 3.04 p pm (s,3H )

S tability
stable at n eutral

pH

stable at n eutral

pH

Solu bility

solu ble in H 2O ,M eO Hslig htly solu blein E tO H rea dily solu ble inH 2Osolu ble in M eO Hslig htly solu ble�" - T7J.A TT

Ill .LVLW iJ.in solu ble in m ost in E tO H
LICSUIU UIC ill llHJOLorg an ic solven ts in solu ble in m ost

org an ic solven ts
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chloride as a white crystalline

 powder.
Starting from 105 liters (374

 mcg/ml) of filtered broth of the

 strain MCRL-0357, 4.1 g of BD-12

 hydrochloride was obtained, and

 from 247 liters (69.5mcg/ml) of

 that of the strain MCRL-0358,

 0.73 g of BY-81 hydrochloride was

 recovered.
Physico-chemical Properties

Some of the physico-chemical

 properties of hydrochlorides of

 BD-12 and BY-81 are summarized

 in Table 1. Infrared absorption

 spectra in KBr tablet are given in

 Fig. la and 1b. Titration curves

 from which pKa values were ob

tained suggested that BD-12 is a

 dibasic compound, while BY-81 is

 a monoacidic-dibasic compound.BD-12 was positive to ninhydrin,

 Tollens, Elson-Morgan and

 ferric hydroxamic acid reactions,

 and decolorized aqueous perman

ganate solution, while it was nega

tive to ferric chloride, Hopkins

Cole, Millon, maltol, Sakaguchi,

 Molisch, iodoform, nitroprusside

 and sulfuric acid reactions. It gave

 doubtful reactions to Benedict,

 Fehling and biuret reagents. Color

 reactions of BY-81 were identical

 with those of BD-12 except biuret

T ab le 3 . A n tim icrobial sp ectru m of B D -12 an d B Y -81

h y droch lorid es . (S erial d ilu tion m eth od )

T est organ ism s ,.& dm m
M .I.C . (m cg /m l)

B D -12 B Y -81

S taphy lococcus a ureus F D A 209 P I 3 .7 8 .7

S taphy lococcus a ureus S mith I 7 .5

S taphy lococcus a ureus T er ash ima I 7 .5 17 .5

S taphy lococcus a ureus
I 7 .5 17 .5

(P C , S M , T C , C P -R )

S trep tococcus h em olyticu s n 30 > 70

D ip lococcu s pn eum oniae m 30 > 70

N eisseria m en ing itidis 13077
m 15 17.5

grou p A

B ordetella pertu ssis T o h a ma n 3 0 35

B acillus subtilis P C I 2 19 I 1.8 4.35

C oryn eba cteriu m d ip hth eriae
n 7.5 70

P a e k-W illia ms N o: 8

C lostridiu m w elch ii P B 6 K K -1 "vr 60 > 70

C lostridiu m telan i V [ > 60 > 70

M ycobacteriu m tubercu losis H 37R v F 50- 100 35

E sch erichia coli K -12 I 3.7 8.7

E sch erich ia coli N IH T I 3.7 8.7

S a lm onella ty phi T -58 I 3.7 8.7

S a lm on ella typ him uriu m I 15 35

S hig ella dysen teriae I 1.8 8.7

S hig ella fl exn eri 2a I 0.9 4.35

K lebsiella pn eum oniae I 3.7 8.7

P seud om onas aeru g inosa I 1.8

P seud om on as fl u orescens I 30 4.35

P roteus vulg aris I 3.7 4.35

W illia an om ala V > 60 70

H ansen u la an om ala V 15 8 .7

T orula u tilis V > 60 70

S acch arom yces cerevisiae V 7.5 4 .35

C a nd ida albican s V > 60 70

A sp erg illu s n ig er V > 60 > 70

A sp erg illu s ory zae V > 60 > 70

A sp erg illu s f um ig a tu s V > 60 > 70

P en icillium n oiatu m V > 60

P en icillium ch ry sog en um V > 60

Abbreviation : -R : resistant, ; CP : chloramphenicol,
 PC : penicillinG, SM : streptomycin, TC: tetracycline
 Medium : I : nutrient broth (Difco), H : brain heart
 infusion broth (Difco), HI : brain heart infusion
 broth (Difco) supplemented with serum, W 'å  modi
fied Dubos medium, V : Sabouraud's liquid medium,
 M : Zeisler's blood agar

reaction to which BY-81 was negative.

The summarized and salting-out paper chromatograms are shown in Figs. 2 and 3:

 respectively. In Table 2 are listed some additional Rf values with the solvents which

 effectively differentiated both antibiotics.
Biological Properties

Antimicrobial activities of BD-12 and BY-81 hydrochlorides are summarized in Table

 3. As evident from the table, both antibiotics are mainly active against Gram-positive

 and Gram-negative bacteria. The cross resistance with streptothricin is observed
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with both antibiotics.

Mice survived more than 20 days after

 intravenous administration of doses less than

 50 mg/kg. However, similarly to streptothricin,

 necrotoxic symptoms were observed at the injec

tion site in the tails of the mice on sixth to eighth

 days after injection of doses over 12.5 mg/kg.BD-12 and BY-81 showed a protective effect

 in mice against the infection of Staphylococcus

 aureus Smith strain (diffuse type), effective dose

 being 12.5-25mg/kg with BD-12 and 25-50

 mg/kg with BY-81.
Discussion

Physico-chemical properties and paper chromato

graphic behavior of BD-12 and BY-81 suggested

 that these antibiotics were members of the so-called
 basic, water-soluble antibiotic group. Thus, direct

 comparison of both antibiotics with streptothricin

 and other typical antibiotics of the same group

 was attempted by paper chromatography. As shown
 in Table 4, no antibiotics identical with BD-12

 were found, while glebomycin2) gave nearly the

 same Rf values as BY-81. Glebomycin, albover

ticillin3) and capreomycin4) were reported to give

 similar patterns of summarized and salting-out

paper chromatograms as those of BY-81. However,
 these three antibiotics were readily differentiated

 properties. Since no other antibiotics were found

 properties with BD-12 and BY-81, both antibiotics

Table 4. Comparison of BD-12 and
 BY-81 with other basic water
soluble antibiotics by ascending
 paper chromatography (Bioauto
graphy with B. subtilis)

R f v a lu e s

S o lv e n t

A

S o lv en t

B

B D - 1 2 0 . 3 6 0 . 5 4

B Y - 8 1 0 .2 4 0 .4 5

A c tin os p ec ta cin 0 .5 2 0 .6 0

D ih y d r o s tre p to m y c in 0 .2 1 0 .4 2

G en t a m ic in 0 .2 0 0 .4 0

G le b o m y c in 0 .2 5 0 .4 5

H y d r o x y str e p to m y c in 0 .1 8 0 .3 8

K a n a m y c in 0 .1 2 0 .2 3

K ik u m y c in A 0 .3 5 0 .4 8

L in c o m y c in 0 .7 5 0 .7 4

N e o m y c in 0 .0 7 0 . 14

N e tr o p s in 0 .3 1 0 .5 0

P a r o m o m y c in 0 .l l 0 .2 2

R a c e m o m y c in A 0 .1 8 0 .3 8

R a c e m o m y c in B 0 .0 7 0 .2 0

S p o ra v ir id in 0 .5 1 0 .7 8

S tre p to m y c in 0 .2 3 0 .4 2

S tre p to th ric in 0 .1 8 0 .3 8

V io m y c in 0 .l l 0 .2 8

SolventA : w-PrOH (60 ml), pyridine
(40ml), AcOH (10ml), H2O (30ml),
Na ^-hydroxybenzene sulfonate
(1-2 g)
SolventB : n-PrOH- pyridine-AcOH
-H2O (15:10:3:12)

from BY-81 by their physico-chemical
 in the literature5) which have similar

 are considered to be new antibiotics.
Fig. 4. Paper chromatograms of hydrolysates of BD-12, BY-81 and streptothricin
 (STH) (Descending method with a solvent : pyridine-AcOEt-AcOH-H2O
 (5:5:1:3))
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 As mentioned above, BD-12 and BY-81 could be obviously distinguished from strepto

thricin, but the cross-resistance of BD-12 and BY-81 with streptothricin and the necrotoxic

 phenomena observed with both antibiotics suggested that these three antibiotics are closely

 related to each other in their structures. Thus, the preliminary examination of the acid
 hydrolysates of these antibiotics was attempted by paper chromatographic procedure.Hydrolysis was done at 100°C for 8 hours in 6N hydrochloric acid in sealed ampules.
Paper chromatograms obtained by the descending method with a solvent consisting of

 pyridine-AcOEt-AcOH-H2O (5 : 5 : 1 : 3) were visualized by spraying independently with

 ninhydrin and benzidine reagents. As shown in Fig. 4, spots detected on paper chromato

grams of BD-12 and BY-81 hydrolysates did not correspond to any of streptolidine
 (roseonine), /?-lysine or D-gulosamine, three main constituents of streptothricin. Chromato

grams of hydrolysates of BD-12 and BY-81 suggested the presence of two common

 components. The one which ran slightly faster than /?-lysine was positive to ninhydrin

 reagent, while the other which moved faster than D-gulosamine was essentially negative
 (later weakly positive) to ninhydrin reagent and positive to benzidine reagent.
After the completion of the present work, two new streptothricin-like antibiotics,
 LL-AC 5416) and LL-AB 6647), were reported by the Lederle group. On acid hydrolysis,

 the former is reported to give glycine, streptolidine, N-methyl-^-D-gulocosamine and others,

 while the latter is suggested to give glycine, N-methylstreptolidine and others. Finding

 of glycine, N-methylstreptolidine and N-methyl-^-D-gulosamine as components of strepto

thricin-like antibiotics is of significant value in classifying streptothricin group antibiotics.It will be interesting to determine if the above mentioned common components of BD-12

 and BY-81 are identical with any of the above substances.
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Addendum

After the submission of the present paper, Lederle antibiotics were kindly sent to authors
 from Dr. E. L. Patterson of Lederle Laboratories. On direct chromatographic comparison of Lederle
 antibiotics with author's, no solvent systems were found which differentiated LL-AB664 from
 BD-12, and LL-AC 541 from BY-81. SF-701 substance, a member of streptothricin-like antibiotics,
 recently reported by T. Tsuruoka et al. (J. Antibiotics 21 : 237~238, 1968) is also supposed to be
 identical with or closely related to any of the above antibiotics. On acid hydrolysis, SF-701
 substance gave N-methylglycine in place of /?-lysine.


