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For further resolution of the peptide antibiotic complex S-520, a dinitro-
phenyl derivative and an acetyl derivative were prepared. Two forms (I and II)
were isolated on thin-layer chromatograghy of the derivatives, but they were
found to be interconvertible, and were suggested to be £-lactone and acid
forms respectively. Studies on the acid hydrolysate of the antibiotic complex
indicated the presence of glycine (1 mole), D-valine (ca. 0.74 moles), d-
isoleucine (ca. 0.18 moles), ornithine (ca. 0.75 moles), lysine (ca. 0.27 moles)
and four previously unknown amino acids (named a-I, w-I, w-II, w-III). The
construction of the antibiotic complex was discussed.

The isolation of a new peptide antibiotic complex S-520 from Streptomyces
diastaticus has been reported1). The hydrochloride of the antibiotic exhibited a single

spot (Rf 0.58+0.05) on thin-layer chromatography (T.L.G.) using Silica gel GF with

n-butanol-acetic acid-water (3: 1 : 1). For further resolution of the antibiotic com-

plex, it was necessary to prepare derivatives possessing increased solubility, because

of the extremely limited solubility of the native antibiotic, as reported in the previous
paper. A dinitrophenyl derivative (DNP-S-520) was prepared for this purpose. The

elemental analysis and molecular weight determination corresponded to G4oH58~99010-
N8~9C1(C6H3O4N2), which indicated that a single dinitrophenyl group was introduced

for each mole of peptide in the complex. An acetyl derivative (Acetyl-S-520) was.

also prepared, and gave an analytical result corresponding to C40H58~59O10N8~9Cl-

CH3CO. DNP-S-520 gave two spots on T.L.G. using Silica gel GF with chloroform-

methanol (4 : 1), which were tentatively designated DNP-S-520-I (Rf 0.80) and DNP-
S-520-IT (Rf 0.20). Acetyl-S-520 also gave two spots on the same T.L.G. system;

acetyl-S-520-I (Rf 0.70) and acetyl-S-520-II (Rf 0.10).

These spots were isolated by preparative T.L.C., and analyzed by an automatic

amino acid analvzer after acid hydrolysis. DNP-S-520-I and II gave identical amino

acid analyses, differing from that of the native antibiotic in that the basic amino-

acids ornithine and lysine were lacking. Acetyl-S-520-I and II gave identical ammo-

acid analyses to each other and to the native antibiotic. The only difference
between the I and II forms of DNP-S-520 was seen in their IR spectra; an absorp-

t

ionat 1725 cm"1 was observed with DNP-S-520-I, but not with DNP-S-520-II.

The relative contents of I and II in the antibiotic complex S-520 was determined
by the following procedure : dinitrophenylation, separation of DNP-S-520-I and II by
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T.L.C., then measurement of the optical density at 350m// due to dinitrophenyl
group. In;the usual preparations of S-520, contents of I and II were estimated as
50~60% and 40~50%, respectively. When a preparation of S-520 was treated with
dilute hydrochloric acid in aqueous mothanol, increased content of I to approximately

80 % was observed. Reversely, treatment with dilute sodium hydroxide or ammonium
hydroxide increased the content of II to approximately 80%. When alternative
treatments with acid and alkali were carried out successively, alternate increases in
I and II occurred.

From the above results, it seems that between S-520-I and S-520-II, there is no
essential difference as a component of the complex, they have the same constituents
as found so far, and they are readily convertible. The only difference, found in

their IR absorptions, suggests that I contains a $-lactone-like moiety in its structure
and that II is its acid form. The antimicrobial activity, tested on an assay plate with
Bacillussubtilis, was similar for both I-rich and II-rich preparations. So far then,

isolation of components which make up the antibiotic complex S-520 has not been
successful.

The acid hydrolysate of S-520 was examined by two-dimensional paper chromato-
graphy; development in one direction was by tz-butanol-acetic acid-water (4: 1 :2)
migration in the other direction was effected by electrophoresis at 300 volt for 3 hours

in 1N acetic acid. As shown in Fig. 1, two acidic substances (a-I and a-II), six
neutral substances (glycine, valine, isoleucine, n-l, n-ll and n-III), and two basic
substances (ornithine and lysine) were detected by ninhydrin reaction. By automatic

.amino acid analysis (Fig. 2), glycine, valine, isoleucine, ornithine, lysine and ammonia
were identified by direct comparison with respective authentic specimens. It is of
interest to note that the peaks of n-II and n-III were observed under the analytical

condition for basic amino acids, though they were neutral amino acids.
These amino acids were isolated from the hydrolysate. Glycine, D-valine, d-

Fig. 1. Two dimensional paper chromatogram Fig-. 2. Amino acid analysis of S-520
of S-520 hydrolysate. hydrolysate.

50cm column, 0.2M sodium citrate pH 3.25 and pH 4.25

Gly

Val
lieu

n-I

a-l

180 ml

<=;nr>rr> rnlumn n 7M cnrlill

o!
Orn

NH,

l l<-ys0

Gly <v ^(Orn,Lys)

o-/

® INAcOH, 300V, 3hours ©
150 180ml



434 THE JOURNAL OF ANTIBIOTICS SEPT. I97Q

T a b le 1 . A m in o a c id s fo u n d (m o le s p e r m o le )

S a m p le te s te d       a - I
G ly V a l I H e I n - I

n - 1l n -Ill O r n L y s A m m

S -5 2 0 h y d r o c h lo r id e (m ix t u r e o f

 L o t. 3 a n d 4 )
0. 4 6 1 1 . 0 4 1 0. 7 6 1 0 . 2 6 5 0 . 2 9 7 0 . 4 3 0 0 . 2 1 8 0. 8 1 6 0 . 1 7 9

S - 5 2 0 h y d r o c h lo r id e (L o t. 5 )
0.449 0.9950.509 0.9440.560 1.0780.563 1.07C

0. 7 7 1 0. 1 6 5 0. 1 9 8 0. 3 6 1 0. 3 8 3 0 . 7 6 1 0 . 2 7 5 0 . 6 7 8

D N P - S - 5 2 0 (L o t. 5 ) 0. 6 5 7 0 . 1 7 0 0. 1 7 9 0. 3 0 1 0 . 3 6 3 0 0 0 . 6 5 0

A c e ty l- S - 5 2 0 (L o t. 5 ) 0. 7 6 9 0. 1 8 0 0. 1 7 8 0. 3 4 9 0. 3 8 0 0 . 6 7 3 0 . 3 1 1 0 . 7 6 8

S -5 2 0 h y d ro c h lo r id e (L o t . 6 ) 0 . 7 6 3 0. 1 1 8 0 . 3 7 0 0 . 3 9 6 0 . 1 3 8 0 . 7 6 6 0 . 3 0 6 0 . 6 6 2

isoleucine were confirmed from their analytical data and optical activities. Prepara-
tive isolation of ornithine and lysine was not yet carried out, but they are thought
to be in the D-series from a measurement of the optical rotatory dispersion (O.R.D.)

of their mixture. The a-II found by paper chromatography could not be isolated.

It seemed to be degraded by ion-exchange resin procedures, and was not observed
on automatic amino acid analysis. Isolation and structure elucidation of the unknown

amino acids, a-I, n-I, n-II and w-III, will be reported in following papers2>3).
Quantitative analyses of these amino acids were carried out on several batches

of S-520 hydrochloride as well on as DNP-S-520 and acetyl-S-520. The molar contents
were calculated on the basis of a molecular weight of 898, which was tentatively

assumed for the antibiotic complex hydrochloride as an average molecular weight.
As seen in Table 1, glycine was found to be one mole per mole. The amino acid
a-I was found to be approximately 0.50 mole per mole. However, the content of this
amino acid was deduced to be one mole, because its recovery rate by the same

condition of acid hydrolysis was estimated as approximately 50 %. The yields for the
other amino acids varied somewhat with the production batches used. However,
sum totals of valineand isoleucine; n-I, n-II and n-III; and ornithine and lysiney

w

ere consistently shown to be approximately one mole.
These data allow us to make the following postulation : the antibiotic complex

S-520 is composed of several closely related peptides, which have three replaceable
units in their structures ; the first unit is valine or isoleucine in each component of
the complex, the second is n-I, n-II or w-III, and the third is ornithine or lysine.

Examples such as this are commonly found in peptide antibiotics produced by actino-
mycetes. Usually these occur as a complex consisting of several peptides, as in the

actinomycin group antibiotics4), quinoxaline antibiotics5), ostreogricin-vernamycin B
group antibiotics6) and so on.

In the case of the antibiotic complex S-520, isolation of each of the components,
which make up the complex, seems to be difficult because of its limited solubility.

Experimental

Dinitrophenyl derivative of S-520 (DNP-S-520) : Some 400 mg of S-520 hydrochloride
was dissolved in 20 ml of methanol and to it a solution of sodium bicarbonate (400 mg)
in water (20 ml) was added. The solution, in which a gel-like precipitate formed, was
then mixed with 20 ml of 10 % 2,4-dinitrofluorobenzene in methanol. The mixture |was
stirred for 2 hours at room temperature. A yellow gel-like precipitate which formed was
filtered and washed with 50 % aqueous methanol. The precipitate was then dissolved in



VOL. XXIII NO. 9 THE JOURNAL OF ANTIBIOTICS 43S

15ml of hot methanol and again precipitated by addition of 5ml of water to yield a
yellow powder (438 mg). The re-precipitation procedure was repeated twice more to give

a

yellow powder (180 mg) free from dinitrophenol, m.p. 254~258°C (dec).
Anal. Found: C 53.55, 54.14; H 6.16, 6.30; N 14.20, 14.20;

Cl 3.05, 3.52 ; MW 917 (osmometry in pyridine).

Calcd. for C40H59O10N9Cl(C6H3O4N2): C 53.72, H 6.03, N 14.99, Cl 3.45, MW 1027.5

C40H58O10N8Cl(C6H3O4N2): C 54.52, H 6.02, N 13.83, Cl 3.51, MW 1012.5

Cea°H : 227 mju (El*m 472), 265 mju (Ej?m 122.5), 290 mju (El*m 81.3), 305.5 mju (El*m 74.2),

3

50 mu (EJL 178).

Acetyl derivative of S-520 (Acetyl-S-520) : S-520 hydrochloride (200 mg) was dissolved

in pyridine (10 ml), and acetic anhydride (10 ml) was added. The solution was kept in an
ice box for 1 hour. Ice water (50 ml) was added to the solution, which was then extracted
with ethyl acetate (50 ml). The extract was dehydrated with sodium sulfate, and con-
centrated to dryness under reduced pressure. The residue was dissolved in a small amount
of methanol-ethyl acetate, and ether was added to give a colorless powder (120 mg), m.p.

245-255°C (dec).

Anal. Found: C 56.49, H 6.95, N 12.41, Cl 3.83
Calcd. for C40H59O10N9Cl-CH3CO: C 55.78, H 6.86, N 13.95, Cl 3.93, MW 903.5

C40H58O10N8Cl-CH3CO: C 56.72, H 6.87, N 12.61, Cl 4.00, MW 888.5
Ca°H : 227 mju.(E}*m 408), 283 m^ (E}*m 57.5), 290 mju (El*m 58.6), 299.5 mju (EJ&x 43.1).

Conversion of I and II forms of S-520 byacid and alkali: Treatment with acid: A
preparation of S-520 hydrochloride (10 mg) was dissolved in methanol (1ml), and 1 N HC1
(1 ml) was added. The solution was kept at 37°C for respective periods. Sample solutions,

t

o be tested were concentrated and then lyophilized.
Treatment with alkali : A preparation of S-520 hydrochloride (10 mg) was dissolved

in methanol (1 ml), and mixed with 0.2N NaOH (1 ml). The solution was kept at 37°C
for respective periods. The sample solution was then neutralized by adding dry ice (CO2)

t

o pH 6~7, concentrated and lyophilized.
Measurement of I and II : The residues prepared as above were dissolved in methanol,

and admixed with water (1 ml) and sodium bicarbonate (10~20 mg). To that, 0.5 ml of
10 % 2,4-dinitrofluorobenzene in methanol was added. The mixtures were shaken for
30 min. at room temperature and

then a small amount of water
was added to ensure complete
precipitation. The yellow preci-
pitate (DNP-S-520) was collected

by centrifuge, washed with water
and dried. The residue was
applied to a Silica gel GF plate

and developed with chloroform -
methanol (9: 1). The separated spots of DNP-S-520-I and II were extracted with 4 ml of
methanol, and optical densities at 350 mju were measured. The relative contents of I and

I

I were calculated from their optical densities. The results are shown in Table 2.
When S-520 hydrochloride (10 mg) was treated with methanol (1 ml) and 1.5 N NH4OH

(

1 ml) for 24 hours at 37°C, the content of II was measured as approximately 80% bythe
same manner as above.

Amino acid analyses : Analysis was carried out by a Hitachi autuomatic amino acid
analyzer with a column, 50x0.9 cm, packed with Hitachi spherical resin No. 3105, under a

flow rate of 30ml/min. at 50°C. For analytical condition of acidic and neutral amino
acids, 0.2M sodium citrate buffer pH 3.25 was run, followed after 170 min. by 0.2M
sodium citrate buffer pH 4.25. For analytical condition of basic amino acids, 0.7M

Table 2. Contents of I and II of S-520 after
treatments with acid and alkali

T im e o f

t re a t m e n t

T r e a tm e n t w ith H C l T r e a t m e n t w ith N a O H

I IT I II

0 h ou r 4 8 % , 6 2 % 5 2 % , 3 8 % 1 8 % 8 2 %

2 0 h o u r s 8 3 % , 1 1 % 1 7 % , 2 3 % 2 1 % , 2 2 % 7 9 % , 7 8 %

4 4 h ou r s 8 2 % 1 8 % 1 6 % 8 4 %
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s

odium citrate buffer pH 5.28 was used.
The results are shown in Fig. 2 and Table 1.
Isolation and identification of known amino acids : S-520 hydrochloride (1.447 g) was

hydrolyzed with 6n HC1 for 24 hours at 105°C. The hydrolysate was evaporated to
dryness, :and dissolved into 50 ml of water. The aqueous solution was extracted with n-
hutanol (50 ml). The aqueous fraction, which contained ornithine, lysine, a-I, glycine, valine,

isoleucine and small amounts of n-l, n-ll and w-III, was subjected to preparative paper
chromatography carried out on Toyo Roshi No. 525 with ^z-butanol-acetic acid-water

(4: 1 : 2). Two mixtures (ornithine and lysine ; and a-I and glycine), valine and isoleucine
were isolated. These were extracted with acidic aq. methanol (HC1) from the paper and
concentrated to dryness to give respective crude preparations : a mixture of ornithine and

lysine (181mg), a mixture of a-I and glycine (176mg), valine (78mg) and isoleucine
(30.4mg). The mixture of a-I and glycine was passed through an IR-4B (OH) column
(7x0.9cm). The effluent was dried to give glycine, which was then crystallized from
water-ethanol as colorless crystals.

Anal. Found: C 31.61, H 6.66, N 18.10.

Calcd. for C2H5O2N: C 32.00, H 6.71, N 18.66%.

Valine hydrochloride was crystallized from water-ethanol as colorless plates.
Anal. Found: C 38.75, H 7.82, N 9.58.

Calcd. for C5HUO2N-HC1: C 39.08, H 7.81, N 9.12%.

O.R.D. : [c£]25o-1644, W>]227-3644 (trough), [0]215-248O (c, 0.0171, 0.5 n HC1).

[a]h3 -16.2°±0.5° (c, 0.554, I n HC1).

The crude preparation of isoleucine was adsorbed on a small column of Dowex 50x8
(NH4 type) and eluted with 1 N NH4OH. Concentration of the eluate and crystallization

f

rom water-ethanol gave colorless plates of isoleucine.
Anal. Found: C 55.49, H 9.60, N 10.83, 0 24.18.

Calcd. for C6H13NO2: C 54.94, H 9.99, N 10.68, O 24.40%.

O.R.D. : [0]25O-1121, [0]225-418O (trough), [c£]2120 (c, 0.01638, 0.5 n HC1).

[>]d -33.3°±1.5° (c, 0.489, I n HC1).

The n.m.r. spectrum measured on D2O solution was identical with that of D-isoleucine.
Ornithine and lysine: The crude mixture of ornithine and lysine was examined by

paper chromatography on Toyo Roshi No. 51 with isopropanol-acetic acid-water (3 : 1 : 1).
The spots of ornithine (Rf 0.24) and lysine (Rf 0.28) were confirmed by direct comparison

w

ith respective authentic specimens and by color reaction with vanillin reagent.
O.R.D. was measured with this mixture ; ornithine/lysine (approximately 4 : 1).
O.R.D.: [0]3OO-22O, [<£]25o-534, [<£]225-1666 (trough), [<£]215-796 (c, 0.1328, 0.5 n

HC1).
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