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Isolation and purification of largomycin from the culture nitrate of
Streptomyces pluricolorescens MCRL-0367 is described. The crude complex
of largomycin was obtained from the culture nitrate by means of precipitation
with ammoniumsulfate. Three active components were separated by the
following procedures : gradient extraction with aqueous ammonium sulfate
solution, isoelectric point precipitation, preparative electrophoresis on poly-
acrylamide gel, AE-collulose column chromatography, gel-filtration on Sepha-
dex G-100 and dialysis with a cellophane membrane. As a result, the most
biologically active component, largomycin F-II, was obtained, the homogeneity
of which was proved by ultracentrifugation and electrophoretic analyses.
Largomycin F-II proved to be a chromoprotein of high molecular weight
(25,000) containing a pH-indicator chromophore in the molecule. The most
unique characteristic of largomycin F-II, which differentiate it from similar
antibiotics is the lack of hexosamine and cysteine in its molecule.

In the course of screening for antitumor antibiotics, a new macromolecular
antibiotic complex named largomycin was isolated from the culture filtrate of

Streptomyces puricolorescens MCRL-0367. Taxonomic studies of the antibiotic-produc-
ing strain and antibiotic production have been reported in a previous paper15. The
present paper gives details of the isolation and purification, which made it possible
to separate the largomycin complex into three active components named largomycin

F-I, F-II, and F-III, and also gives the physichochemical properties of each component.
Antitumor activity against transplantable animal tumors and biological characteristics
of the antibiotics will be dealt with in the following paper2).

Isolation and Purification

As will be mentioned below, largomycin and its active components are macro-
molecular proteinaceous substances with an unidentified chromophoric moiety, and
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are relatively stable at neutral
and weakly acidic pH. Gonsider-
ring these properties, the isolation
of largomycin from the culture

broth was carried out as follows :
The harvested broth was filtered
with 2% Celite 545, and ammo-
nium sulfate added to the
filtrate to give 0.7 saturation.
The filtrate was kept overnight
at 4°C to yield an active precipi-

tate which was collected by filtra-
tion. The precipitate thus obtain-
ed was dissolved in distilled water
and dialysed against water with a

cellophane membrane. The inner

solution was lyophilized to yield

crude largomycin complex.
Asshownin Fig. 1, when the

crude largomycin complex was
analyzed by gel-filtration on

Sephadex G-100 equilibrated with
m/15 phosphate buffer, three
major peaks which were named

F-I, F-II and F-III were observed.

It was noted that the protein and
sugar contents exactly run paral-
lelled antimicrobial, anti-HeLa
cell and antitumor activities. Of
the three fractions, F-II showed

the highest biological activity.
The largomycin complex was

successfully separated into the
three components, F-I, F-II and
F-III, by applying the following
procedures in succession.

1) Gradient extraction with
aqueous ammonium sul-
fate solution33.

2) Isoelectric point precipita-
tion

3) Gel-filtration on Sephadex
G-100

Fig. 1. Gel-filtration of largomycin complex with

Sephadex G-100.

Column Sephadex G-100 10x 60 cm
Material Largomycin crude powder 10 g
Elution m/15 Phosphate buffer (pH 7.2)

B

roken line : Optical density at 280 mjte
(Folin's method for protein content)

Chain line : Anti-Sarcina lutea activity
Solid line : Optical density at 470 m.(x

(Phenol-sulfric acid method for sugar content)
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Fraction No. (Each fraction 15 ml)

Isolation and purification of largomycin

Fermentation broth
filtered with Celite 545 (2 %)

Filtrate, 2,000 liters
added with Celite 545 (2 %)
pptd. with Celite (NH4)2SO4 (70 %)
filtered

Largomycin crude complex, 60 kg
(Content of largomycin complex

estimated: about 3,690 g)

extracted with 0.7 satd. (NH4)2SO4
Residue

extractedwith 0.5 satd. (NH4)2SO4?

pptd. with (NH4)2SO4, filtered
Hyflo-super-cell

Extract
dialyzed

Inner solution
lyophilized
gel-filtration

Largomycin F-II and F-III mixture
Largomycin F-I washedwith 0.7.satd.(NH4)2SO4

p

owder 1.0 g Residue

extracted with 0.53 satd. (NH4)2SO4
Extract

pptd. with (NH4)2SO4
filtered with Hyflo-super-cell

Yellowish powder

extracted with 0.5satd.(NH4)2SO4
-m/10 acetate buffer mixture
^1:1, ptt 4.U;

Extract Residue

dialyzed extractedwith0.5satd.(NH4)2SO4
lyophilized -m/10 acetate buffer mixture
gel-filtration (1 : 1, PH 6.0)

Largomycin F-III
powder 1.0g

Extract

dialyzed, lyophilized,

gel-filtration
Largomycin F-II

powder 1.5 g
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As shown in Chart 1, largomycin crude complex obtained from the broth filtrate
was first extracted with 0.7 saturated ammonium sulfate solution* to separate the F-I
component from the insoluble F-II and F-III components. Largomycin F-I was then
dialyzed, lyophilized, and purified through gel-filtration. Thus, largomycin F-I
powder was obtained. The F-II and F-III components, which remained undissolved

in 0.5 saturated ammonium sulfate solution were extracted with 0.5~0.53 saturated
ammonium sulfate solution to free them from other impurities. The yellowish

powder recovered from the extract was then treated with pH 4.0 acetate buffer
solution and an equal volume of 0.5 saturated ammonium sulfate. Largomycin F-III
was soluble and was thus removed from the insoluble F-II component. Largomycin

F-III in the extract was recovered as a brown powder by dialysis, lyophilization, and
gel-filtration. Largomycin F-II was extracted with a 1 : 1 mixture of pH 6.0 acetate

buffer solution and 0.5 saturated ammonium sulfate, and recovered as a light brown
powder.

Sephadex G-100 gel-filtration analyses of the samples thus obtained revealed that
the each component was still contaminated with small amounts of the other fractions.
However, repetition of Sephadex G-100 gel-filtration of each component yielded
components F-I, F-II and F-III in an almost pure state.

Ghromatography utilizing an ion-exchanger was the most suitable procedure for

further purification of largomycin F-II. The light brownish powder containing
impure largomycin F-II (1 g) was dissolved in 0.01 M phosphate buffer (pH 7.0) and

dialysed in a cellophane tube against the same buffer overnight in a cold room.
The inner solution was applied to an AE-cellulose column (2.4x47cm) which had
been equilibrated with 0.01M phosphate buffer (pH 7.0). The column was first

washed completely with the same buffer and then developed with a linear gradient
of phosphate buffer (pH 7.0) of concentrations ranging from 0.01 to 0.2M. Eluates
were scanned at 280 m/x and the sugar content in each eluate was determined by the

phenol-sulfuric acid method5) at 470mju. As shown in Fig. 2, the fractions which
were eluted with buffer of around 0.07m showed a maximum absorbancy at 280 mju

and had an O.D.28o/O.D.47o ratio of 7~10. These fractions (Aj-III) were combined
and dialysed in a cellophane tube against water overnight in a cold room. The

Fig. 2. Chromatography of largomycin F-II
on AE-cellulose column.

Fig. 3. Rechromatography of largomycin F-II
on AE-cellulose column.
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Ammoniumsulfate solutions used in the present experiment were prepared by Hoffmeister's
method.
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Fig. 4. Gel-filtration of largomycin Fig. 5, Isoelectric focussing pattern of largomycin F-II.
F-II on Sephadex G-100 column. qq 280mp

1.2r
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A2-N-S-///

5'

O.D. 230mp

O.D. 470 mp
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Fig. 6. Sedimentation pattern of largomycm F-II at 60,000
r.p.m. (synthetic boundary cell) sw. 20, 2, 2.
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Effluent volume (ml)

dialyzed solution was
refractionated by the
same AE-cellulose gra-
dient chromatography
(1.5x57cm)(Fig. 3). The

fractions which showed
maximumabsorption at

280 mju (A2-II) were com-

bined and lyophilized
without dialysis. The
lyophilized (A2-II) frac-

tion was then redissolved
in 5ml of water and
chromatographed with
water on Sephadex G-
100 in a 2.4x47cm co-

lumn (Fig. 4). Pure

largomycin F-II was

recovered by lyophilizng

fractions from the se-

cond peak (A2-II-S-II)

with the maximum ab-

sorption at 280mju. A2-

II-S-I fraction was less biologically active and contained minor components which
could be detected by electrophoretic analyses in polyacrylamide gel6). The last com-
ponent, A2-II-S-III, contained strongly bound phosphate which could not be removed
by repeated gel filtration chromatography on Sephadex G-100 and G-75. The last
component, however, showed no biological activity.

Further purification of largomycin F-II fraction (A2-II-S-II) was accomplished by
preparative electrophoresis using polyacrylamide gel*. The acrylamide gel column
was extruded from the apparatus, and the zone containing the active principle was
cut into small pieces and extracted with distilled water. The active extract was

* This apparatus was devised by one of the authors (T. Kashida) in our laboratory and will be
described elsewhere.

45 min. 60 min. 75 min.
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dialysed against water and lyophilized to yield a powder, which was again subjected
to gel filtration, dialysis and lyophilization. The final product was a pale yellow

amorphous powder, the homogeneity of which was proven by electrofocussing
analysis4) and also by ultracentrifugation as shown in Figs. 5 and 6 respectively.

Physicochemical Properties

Physicochemical properties of largomycin F-I, F-II and F-III are summarized in
Table 1. Whereas largomycin F-II was homogenous, largomycin F-I and F-III were

s

till contaminated with minor impurities.
Purified largomycin F-II is an acidic protein with an isoelectric point at pH 4.24)

(Fig. 5). The molecular weight of largomycin F-II was estimated to be about 25,000
by the Archibald method,7>8) and from amino acid analysis. The value was also

supported by the sedimentation constant of about 2.2 S and by gel-filtration utilizing
Andrew's procedure9).

As shown in Fig. 7, the infrared spectra of largomycin components in KBr
tablets were quite similar to each other and were typical of a polyamino-polyoxy
compound. As shown in Fig. 8, the ultraviolet absorption spectrum of largomycin

F-II showed a maximum at 278mju (EjJm 19.4) in 0.1n HG1 and 540m/z (E}?m 4.0) in
0.1 N NaOH solution. The latter suggested the presence of a chromophoric moiety

in largomycin F-II molecule.
The pH-indicator constituent in largomycin F-II which could not be removed by

Sephadex chromatography or dialysis in cellophane tube against distilled water was

Table 1. Physicochemical properties of largomycin
P r o p e r ties       L a rg o m y c in F - I    L a rg o m y cin F - II  L a r g o m y c in F - III

N a tu re            A c id ic , p a le y e llo w    A c id ic , y ello w B r o w n a m o r p h o u s
a m o r p lio u s p o w d e r    a m or p h o u s p o w d e r p o w d e r

Molecular w e ig h t 50 , 0 0 0 * 25, 0 0 0 20, 000-10, 0 0 0 *

M e ltin g - p o in t (d e c o m p .) n o d e fi n ite

Is o e le c tr ic p o in t p H 4 . 2

E le m e n ta ry a n a ly s is , C : 4 7 .9 3 47. 8 3 46. 7 9
f ou n d ( % )            H : 7 .4 6 8. 3 0 6. 5 7

N :  6. 5 0 13. 6 3 8. 6 4

U V a b s o rp tio n

S :  0 .8 2 0 . 2 5 1. 0 8

m a x . in 0 .1 n H C 1           2 7 5 m u 278 m n 2 7 5 m ju
m a x .  i n 0. 1 n N a O H                        5 4 0 m u         4 2 5 m a

S u g a r  c o n t e n t ( P h e n o l - H 2 S O 4 ) s u g a r  i d e n t i f i e d    5 6 ｱ 1  % G l u c o s e   3 + 1 %Glucose 2 2 + 1

G lu c o s e

A m in o a c id a n a ly s is (F - II)
L y s , A rg , H is , A s p . G lu , T h r , S e r , P r o , G ly , A la , V a l,

L e u ,  lie u, T r y , T y r , P h e , M e t

C o lo r r e a c tio n   P o s it iv e N in h y d r in , B iu r e t, X a n th o p r o te in , S a k a g u c h i, M o l isc h , A n th ro n e ,
P h e n o l- H 2S O 4, F o l in - C io c a l t e u

N e g a tiv e E l so n - M o r g a n

Precipitation         P P tn . w ith 5 0 % (N H 4) 2S O 4 , 5 0 % M g S O 4 , 5 0 % Z n C L , 2 0 % T .C .A .,
5 % r iv a n o l

These values were obtained by Sephadex gel filtration method.
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Fig. 7. Infrared spectra of largomycin F-I, F-II and F-III.

3 4 5 6 7 8 9 10 M 12 13 141516p

2600 2000

extracted with glacial acetic acid from F-II

as in the case of plurallin10).

The glacial acetic acid extract was dried
in vacuo to yield pigment mixtures which

were dissolved in chloroform and the chloro-

form solution was extracted with acidic water

(pH 5.0, HG1). The aqueous layer was lyo-

philized to yield the crude hydrochloride of
the pigment which was again dissolved into
a small amount of chloroform. The chloro-
form solution was applied to an alumina

column, developed with chloroform - methanol
(95:5). The eluates were tested for activity

1000 900

Fig. 8. Ultraviolet absorption spectra
of larg-omycin F-II.

n-(cm

200r

100

100 200 300 400 500 600mp

against HeLa cells and those in a single peak were combined and evaporated in vacuo

to yield a yellowish brown hydrochloride. To obtain the free base of the pigment,

the aqueous solution of the hydrochloride was extracted with chloroform at pH 7.5.
The chloroform layer was concentrated in vacuo and precipitated with petroleum

ether to yield a yellowish powder of the free base. This did not show any clear

melting point up to 270°C. The ultraviolet absorption spectrum showed absorption

maxima at 244mju (Ej?m 556), 275mju (Ej?m 380) and 433 mju (E!*m 87) in methanol or

methanol-1n HG1 (9:1) solution and 255m/z (E}?m 151) and 550mu (E}*m 56) in

methanol-I n NaOH (9: 1) solution (Fig. 9). In the infrared absorption spectrum, the

major bands were at 3390, 2920, 1660, 1470, 1325, 1270, 1090 and 850cm"1 (Fig. 10).

Elementary analysis gave following values: G 62.83, H 6.58, N 3.23%. Thin-layer

chromatography on silicagel with the solvent system EtOH-NH4OH-H2O (8: 1 : 1)
and on aluminum oxide with the solvent system ^-BuOH-MeOH-H2O (4:1:2),

gave Rf values of 0.95 and 0.74 respectively. The pigment showed anti-HeLa cell

activity at a concentration of 0.2 mcg/ml and also antitumor activity against Ehrlich
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Fig. 9. Ultraviolet absorption
spectra of largomycin F-II
pigment.

Table 2. Amino acid composition of
largomycin F-II

~lcm

400

300

2001

MeOH- INHCI

MeOH- INNaOH

200 300 400 500 600 mfJ

A m in o a c id m o l. r a tio

L y sin e 6

H is tid in e 2

A rg in in e 5

A sp a r tic a cid a n d a sp a r ag in e 1 2

T h re o n in e 8 - 9

S e r in e 7

G lu ta m ic a cid a n d g lu ta m in e 1 7

P ro lin e 4 - 5

G ly c in e l l - 1 2

A la n in e 1 6

C y s tin e 0

V a lin e 10 - l l

M e th io n in e 1

Is o le u cin e 4 ~ 5 ¥

L eu c in e l l - 1 2

T y ro s in e 2

P h e n y la la n in e 5

T r y p to p h a n * 4 - 5

: The content of tryptophan was determined by a
colorimetric method13) and an ultraviolet absorption

method14).

Fig. 10. Infrared spectra of largomycin F-II pigment.

12 13 14 15p

ascites carcinoma at 1.6 mg/kg. In infrared and ultraviolet spectra, the chromophore
pigment of largomycin F-II was similar to that of iyomycin Bi15). Although some

discrepancy was observed on elementary analysis, the difference between largomycin
pigment and iyomycin Bx is not certain in this moment.

Table 2 illustrates the amino acid composition of largomycin F-II determined
after hydrolysis with constant boiling hydrochloric acid at 110°C for 24 hours in an
evacuated tube. The content of tryptophan was determined by a colorimetric

method13) and by ultraviolet absorptionu). It was characteristic that cysteine was not
detected in largomycin F-II hydrolyzate. Amino acid analyses were also attempted
on the hydrolyzates of largomycin F-I and F-III fractions. In these cases, cysteine

was not detected as well.
Hydrolyses to examine for neutral sugars and amino sugars were carried out with

0.24N hydrochloric acid at 100°C for 18 hours and 4N hydrochloric acid at 100°C for
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4 hours respectively. The sugar components in the acid hydrolysate of largomycin
F-II were analysed by paper chromatography* and by gas chromatography of

pertrimethylsilyl derivatives.** Glucose and traces of galactose, mannose and xylose
were found. However, no amino sugar was detected.

Discussion

Three antitumor components, largomycin F-I, F-II and F-III, were obtained from
the culture nitrate of S. pluricolorescens MCRL-0367. The most biologically active
component F-II was obtained in a pure form. The physicochemical properties of largo-
mycin F-II suggest that it is a member of the chromoprotein group of antitumor

antibiotics. From published data, plurallin10), iyomycinn), and prunacetin12) seem to be
related to largomycin F-II that they contain a pH-indicator chromophore. However,
prunacetin is apparently different from largomycin F-II in the physicochemical charac-

t

eristics of its protein moiety and chromophore.

Since plurallin was isolated from the same species of Streptomyces as the largomycin-
producing strain, the antibiotics were compared most carefully. They could be differen-
tiated from each other in the following points. Unlike largomycin F-II, plurallin gave a
positive Elson-Morgan test. After acid hydrolysis plurallin gave cysteine which was not
obtained from largomycin F-II. Furthermore, the pH indicator pigment extracted from
largomycin by the same method as used with plurallin had a different infrared spectrum
from the indicator prosthetic group of plurallin.

Since the iyomycin A complex reported in the literature seems to be a mixture and
no details are reported on the prosthetic group of this antibiotic, a precise comparison of

these antibiotics is difficult at present. However, iyomycin A could be differentiated
from largomycin F-II by the fact that largomycin F-II does not contain cysteine.
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