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A new antibiotic polyetherin A was isolated from cultures of Streptomyces
hygroscopicus strain E-749. The antibiotic is active against Gram positive
bacteria including mycobacteria, and phytopathogenic fungi. The substance is
obtained as colorless needles, m. p. 183.5-185°C, and is a lipophilic acid with
the molecular formula C42~43H72~74O12. It is dextrorotatory active and has no
absorption in the ultraviolet and visible regions. The infrared and n. m.r.
spectra of the antibiotic and some derivatives revealed a carboxyl, a methoxyl
and two vicinal hydroxyl groups but no carbonyl function. This information
suggested polycyclic polyether structure for the antibiotic.

In the course of a systematic screening for new antibiotics, a strain E-749, which
was identified as Streptomyces hydroscopicus Waksman et Henrici 1948, was found to
produce three antibiotics. The main product was named polyetherin A because of

the structural features suggested from the present studies. Another product which is

a water-soluble basic antibiotic active against gram positive and negative bacteria,
will be described in a separate paper.

Polyetherin A was extracted with organic solvents from the mycelium and filtrate
ofcultures of the strain. The extract containing the antibiotic in free acid form was

treated with n-hexane to remove insoluble impurities. Then it was converted to the
sodium salt followed by treatment with n-hexane to precipitate the sodium salt as a

crystalline powder. Further purification was achieved by column chromatography on
silica gel with chloroform-methanol and/or recrystallization with various solvents. A
minor product tentatively designated as component B, was also contained in the solvent
extract, but was easily removed from polyetherin A during the above purification

process. The homogeneity of purified polyetherin A was confirmed by three kinds
of thin-layer chromatography with a single entity shown in each of three systems.

The antibiotic is mainly active against gram-positive bacteria, mycobacteria and
phytopathogenic fungi (Table 4). LD50 value of 10-15 mg/kg (mouse, i.p.) was

observed.
Polyetherin A, colorless needles, m. p. 183.5-185.0°C sintering at 181°G, is soluble

in alcohols, acetone, ethyl acetate, chloroform, benzene and ether, slightly soluble in

saturated hydrocarbons, and insoluble in water. Its lipophilic and hydrophobic nature
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Fig. 1. Infrared absorption spectra

(a) Polyetherin A free acid (Chloroform)
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(c) Polyetherin A methyl ester monoacetonide (Nujol)
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is shown even by the sodium salt which is soluble in chloroform and insoluble in
water. This agrees with the unusual behaviour demonstrated in so-called "pH-
chromatograms" 1} (see experimental section). The antibiotic is optically active, \_a~\1}
+36.2°+0.9° (c 0.842, GHG18).

A molecular formula C^-^H^-t^^ (768-782) was indicated from repeated ele-
mental analyses. The molecular size was confirmed by potentiomeric titration.
No absorption was observed in methanol solution (approximately 100 mcg/ml) at

220-750 mju. This indicated that there is neither an aromatic ring nor conjugated
unsaturated system in the antibiotic molecule.
In the infrared spectrum* (Fig. 1), an absorption band at 1,722 cm"1 for the free acid

shifted to a broad absorption at 1,555 cm"1 for the sodium salt, indicating the presence of
a carboxyl group. Further, no other absorption observed at 1,800-1,500cm"1 indicated
the absence of carbonyl functions other than the carboxyl group. The presence of a

single carboxyl group was deduced from the equivalence of molecular weight and
equivalent weight. Methylation with diazomethane gave polyetherin A methyl ester.

A broad absorption band at approximately 3,600-3,200cm"1 observed in the

* Infrared absorption spectra were recorded with a Nihon Bunko Model DS-201B spectrophotometer.
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(b) Monoacetylpolyetherin A methyl ester

infrared spectra of the sodium salt Fig"- 2. Nuclear magnetic resonance spectra
, , . , + . ,. + , , (60MC,CDC13)

and the methyl ester indicatedthe
(a) PolyetherinA free acid

presence 01 nyaroxyi groups. Ace-
tylation of the methyl ester with

acetic anhydride in pyridine afforded
monoacetylpolyetherin A methyl
ester. Reaction with acetone cata-

lyzed by ^-toluenesulfonic acid gave
the methyl ester monoacetonide. The

absorption attributable to hydroxyl
groups did not disappear in the in-

frared spectrum of monoacetylpoly-
etherin A methyl ester, whose n.m.r.

spectrum* also showed a signal pro-
bably attributable to a hydroxyl

proton (1.34 ppm) which disappeared
by shaking with deuterium oxide
(Fig. 2). However, hydroxyl absorp-

tion completely disappeared from the
infrared spectrum of the methyl
ester monoacetonide (Fig. 1). These observations indicated two vicinal hydroxyl

groups in the antibiotic molecule. One of them was resistant to acetylation, suggesting

it has a tertiary nature.

One methoxyl group found by Zeisels' method was shown also by the n. m. r.
spectrum of monoacetylpolyetherin A methyl ester (Fig. 2), where the peak areas of
methyl protons of a methoxyl (3.32ppm), a methyl ester (3.71 ppm), and an acetyl

(2.1 ppm) were comparable to each other.

Information obtained up to now indicated a carboxyl, a methoxyl and two
hydroxyl groups as oxygen function, and no carbonyl function. Therefore, the

remaining seven oxygens out of the twelve in the molecular formula were considered
to exist as ether linkages. Several intense absorptions at 1,117-1,045 cm"1 in the

i

nfrared spectrum of the antibiotic supported this conclusion.
Polyetherin A did not decolorize potassium permanganate and bromine in aqueous

methanol solutions. The negative reactions and no sharp signal observed at 8.0-4.5
ppm in the n.m.r. spectrum suggested the absence of a double bond in the antibiotic

m

olecule. Thus, the structure must contain five or six rings.
From these considerations, polyetherin A was characterized as a polycyclic poly-

ether compound with a carboxyl, a methoxyl and two vicinal hydroxyl groups, possibly

similar to the structure of monensic acid2) which has been elucidated by X-ray

å diffraction analysis.

** N. m.r. spectra were taken with a Varian-A 60 spectrometer on solutions in deuterochloroform
containing trimethylsilan as an internal reference at normal probe temperature. Calibration of
the spectrometer was checked by the usual side-band technique.
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  Polyetherin A was compared with nigericin3), antibiotic X-206, X-4694) and
monensic acid, and found to be different.

                    Experimental

  Taxonomic Studies on Polyetherin A-producing Strain : The strain E-749 which pro-duces a new antibiotic, polyetherin A, was isolated from a soil sample collected at
Amagasaki City of Hyogo Prefecture in 1963. Morphological, cultural and physiological
characteristics

 of the strain were studied and the results were described below :
  (a) Morphological characteristics. The microorganisms were incubated on each mediumat 28°C for 14 days. The morphological properties were observed on Bennett's agar medium
and detailed observations were made with the agar-cylinder culture method5). The struc-
ture of spore surface was observed with electron microscope. Aerial mycelium is formed
abundantly on Bennett's agar and looked powdery to velvety macroscopically. The sporo-
phores are formed on aerial mycelium arising as short side branches from the main stem
and their forms are mostly tight spirals, occasionally loops and hooks. The spores are
formed in chains and the shape of spore is oval to short cylindrical (0.9 to 1.0^ in width,
1.0 to 1.5ju in length). The surface of the spore is smooth. Sporangium and flagellated
spore are not observed and also fragmentation and sclerotia in substrate mycelium are not
observed. (b) Cultural and physiological characteristics of the strain are given in Tables
1 and 2. Utilization of carbon sources by the strain on Pridham-Gottlieb's basal agar
medium is summarized in Table 3.
  From the above results, the strain E-749 belongs to genus Streptomyces and the charac-
teristics will be summarized as follows : (1) The aerial mycelium exhibits the characteristic
            Table 1. Cultural characteristics of the strain E-749*

M edium G row th A erial m ycelium
Substrate m ycelium (R everse) Soluble

pigm ent

Czapek 's G ood Abundant, early brow nish w hite, later Pale yellow ish brow n N one

agar
G ood

G ood

brow nish gray
Pale yellow ish brow n

B row nish gray

N one

N one

G lucose- A bundant, early brow nish w hite, later

asparagm e
agar
Starch agar

brow nish gray

A bundant, early brow nish w hite, later
dark brow nish gray

N o aerial m yceliumCellulose Scant B row nish gray N one

agar
Bennett's G ood

Fair

Abundant, early brow n ish w hite to P ale yellow ish brow n

Pale yellow ish brow n

N one

N one

agar

N utrient

brow nish gray, later becom es m oist

and exhibits brow nish black patches,
gradually spreading over the w hole
surface.
N o aerial m ycelium

agar
G lucose-
bouillon
agar
Potato plug

G ood

G ood

Fair, w hite

Fair, w hite

Y ellow ish brow n

Pale yellow ish brow n

N one

N one

Skim m ilk G ood Scant Pale yellow ish brow n N one

G elatin
m edium

Poor to
fair

P o o r , brow nish w hite Light brow nish gray N one

Growth type in glucose-bouillon medium : Bottom type.
Growth response to temperature (Bennett's agar, 10 days incubation) : Good growth at 28°C,

fair growth at 27°C, scant growth at 45°C.
* All cultures were incubated at 28°C for 14 days except the test of growth response to

temperature.
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Table 2. Physiological characteristics of
the strain E-749*

P r o p e r ty R e s u lt

P ro d u ct io n  o f  m e la n o id  p ig m e n t N e g a tiv e
T y ro s in a se  r e a c tio n N e g a tiv e
A c id  fo r m a tio n  f r o m  g lu co s e N e g a tiv e
N itra te  re d u ct io n P o s itiv e
S ta r c h  h y d r oly s is P o s itiv e
G e la tin  liq u e fa ct io n P o s itiv e,  s tro n g
M ilk  p e p to n iz a tio n P o s it iv e
C e llu los e  r e a c tio n N e g a tiv e

Table 3. Utilization of carbon
sources by the strain E-749*

C a rb o n s o u r c es R e s u lt* *

D - G lu c o s e + +

G ly c e r in e + +

L -A ra b in o s e + +

D - X y lo s e + +

D L - In o s ito l + +

D - M a n n ito l + +

D - F ru c to s e + +

R h a m n o s e + +

R a ffi n o s e + +

G a la c to s e + +

M a lto s e + 4 -

L a c to s e + 4 -

M a n n o s e + +

S u cr o s e +

S a lic in +

S o r b ito l +

S o r b o s e

D u lc ito l

T im lin

N o ca rb o n

All cultures were incubated at 28°C for 14 days.

moist, glistening, dark hydroscopic patches, gradually
spreading over the whole surface on Bennett's agar
medium. (2) The sporophores are mostly tight spirals,
occasionally loops and hooks and the surface of spore
is smooth. (3) The color of aerial mycelium is brown-
ish gray on almost media and no soluble pigment on

almost media. (4) The melanoid pigment is not pro-
duced and also tyrosinase reaction is negative. (5)

Acid formation from glucose is negative. (6) Growth
type on glucose broth is bottom type. (7) Optimal

growth temperatureis28°C.(8)Liquefactionofgelatin*Allcultureswereincubatedat
is positive. ^'C forr l dlysrt

r ** ++ :Good growth,
Among the known species of Streptomyces des- + : Moderate growth,

cribed in Bergey's manual of determinative bacteriology, ± : Poor growth,
1957, 7Ed.6\ Waksman's The actinomycetes, 1961 Vol. ~ : No £rowth-

27), Treasner and Backus8) and other literatures the characteristics of the strain E-749
were identical to those of Streptomyces hygroscopicus Waksman et Henrici 19485) in
fundamental characteristics, i. e. hygroscopic feature of aerial mycelium, sporophores

terminate in tight spirals of many turns, brownish gray aerial mycelium on almost media,
no production of melanoid pigment, and positive peptonization of milk and liquefaction of

gelatin. Thus, the strain E-749 was named Streptomyces hygroscopicus E-749.
Fermentation of a Streptomyces Strain E-749 : The strain was shake-cultured for 48

hours at 27°C with a medium consisting of glucose 1.0%, peptone 0.5%, meat extract
0.5%, sodium chloride 0.3%, and calcium carbonate 0.3%, pH 7.0. A 450-ml portion of

the culture was then transferred into a 30-liter jar fermentor containing 20 liters of a
fermentation medium whose ingredients were starch 1.0 %, glycerine 0.5 %, soy bean meal
1.0%, corn steep liquor 0.5%, yeast extract 0.01 %, sodium chloride 0.3%, and calcium
carbonate 0.3 %, pH 7.0. Fermentation was carried out for 96 hours at 27°C under agitation
of 200 r.p.m. and aeration of 20 liters per minute. Production of polyetherin A was

a

pproximately 100 mcg/ml as an average of several fermentations.

Isolation of Polyetherin A: Sixty liters of the above cultured broth were filtered
with Gelite (600g) at pH 3.0. The nitrate was extracted with chloroform (6 liters). The
mycelial cake was extracted with methanol (3 liters) twice. The methanol extracts were

then concentrated, and the active substance was transferred into chloroform. The chloro-
form solutions from the nitrate and the mycelial cake were then combined, washed with
water, dried with anhydrous sodium sulfate, and concentrated to an oily material. This
concentrate was then extracted with rc-hexane to remove an insoluble residue. After

evaporation of the n-hexane, the resulting syrup was dissolved in chloroform, which was
then shaken with dilute sodium hydroxide to convert polyetherin A free acid into its
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Calcd.
Calcd.

Calcd.
O1&4 +36.2+0.9°

Fig. 3. "pH-Chromatograms" of
polyetherin A and a minor
component

Solvent : Water-saturated ether.
Bioautograph against B. subtilis.

sodium salt. The chloroform solution was again dried and concentrated. Addition of n-
hexane to the concentrate resulted in precipitation of polyetherin A sodium salt (4.5 g)
as a crystalline powder.

In some cases, a crystalline material was not obtained, but only an oily substance was
produced by the above procedure. In such cases, purification was effected by column

chromatography on silica gel (Merck, 0.2-0.5 mm) with a mixture of chloroform and

m

ethanol, the methanol concentration of which increased over a 0 to 5 % gradient.
Repeated recrystallization from methanol-water afforded colorless needles of polyetherin

A sodium salt, m. p.* 245-255°C (dec).
Anal. Found: C 64.19, 64.25; H 9.18, 9.ll; Na 3.74, 3.27

Calcd. for C42H71O12Na : C 63.80; H 8.99; Na 2.91

Calcd. for C43H73O12Na : C 64.18; H 9.01; Na 2.86 %.

Shaking a chloroform solution of the sodium salt with dilute hydrochloric acid fol-
lowed by recrystallization from methanol-water gave polyetherin A free acid as colorless
needles, m. p. 183.5-185.0°C (sintering at 181°C).

Anal. Found : C 65.39, 65.86; H 9.45, 9.36; 0 24.48, 23.62; OCH3 4.70, 4.61;

MW (Osmometry, chloroform) 728, 827.
for C41H7001:

C 65.25; H 9.28;025.64;MW754.

for C41H69On(OCH3) : C 65.59; H 9.44; 0 24.97; OCH3 4.04; MW 768.

for C43H74O12 :
C 65.98; H 9.46;024.62;MW782.

(c, 0.842, chloroform), +10.1+0.2° (c, 2.124, methanol).

"pH-Chromatograms" of Polyetherin A and a Minor
Component : When polyetherin A was chromatographed

by the technique of so-called "pH-chromatograms"^,
a straight line moving to the top was observed (Fig.

3). Though various solvents were tried, an S-shaped
curve was not obtained, the antibiotic behaving like a
nonelectrolyte. Thus, "pH-chromatograms" are not
always useful to determine the ionic character of un-
known antibiotics.

In the crude preparation, i, e., the chloroform ex-
tract oi the culture broth, a minor component was
also detected at the origin of the chromatogram (Fig. 3). The minor component (named

B), which was active against B. subtilis but not Piricularia oryzae, was isolated by cellulose
column chromatography but not completely purified.

Thin-Layer Chromatograph : Three kinds of thin-layer chromatograms visualized by
sulfuric acid were utilized in order to check the purity of the samples. Polyetherin A
gave the following Rf values with considerable deviation : Rf 0.44~0.60 on silica gel G with
chloroform-methanol (9 : 1), Rf 0.40~0.46 on silica gel G with benzene-ethyl acetate-

methanol (6:4:1), and Rf 0.33^0.48 on aluminum oxide with a lower phase of ethyl

a

cetate -tetrachloroethane - water (3 : 1 : 3).
Antimicrobial Activity : The usual agar dilution technique was employed for bacteria

and fungi, and the broth dilution technique for tuberculosis bacilli. The minimal inhi-

b

itory concentrations observed are listed in Table 4.
Potentiometric Titration : (a) One hundred and fifty mg of polyetherin A free acid

dissolved in a mixture of methanol (14ml) and water (5 ml) were titrated with 0.1 N NaOH
using an automatic titrater (Multi-Dosimat E 415) with intervals of 0.05 ml, and pHs were
measured by a Radiometer pH-meter. A sharp titration curve was plotted, in which

1.956m moles of NaOH was consumed at the neutralization point and pH 6.98 at a half
neutralization point was observed. From this, an equivalent weight of 767 for the acid

was calculated, (b) Polyetherin A sodium salt (151.00 mg) was similarly titrated with 0.1 N

<p

Polyt

Component B

lyetherifl A

pH 2

* All melting points were uncorrected and were determined using a micro melting point apparatus.
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Table 4. Antimicrobial spectrum of polyetherin A HC1. An equivalent weight of
777 for the sodium salt was
found.

Polyetherin A Methyl Ester :
To a suspension of polyetherin A
free acid (151.5 mg) in ether (10

ml), an ethereal diazomethane
solution was added with chilling

by ice and the mixture was al-
lowed to stand for 1.5 hours.
After decomposition of excess

diazomethane with acetic acid, the
reaction mixture was washed

with sodium bicarbonate solution
and subsequently with water,
followed by drying with anhy-

drous sodium sulfate. Evaporation
of the solvent afforded polyethe-

rin A methyl ester (157.5 mg) in
a foam-like state.

IR chloroform: 1,730, 1,155
cm"1(-CO2CH3), 3,600-
3,200 cm"1 (-OH).

N.m.r. : -CO2CH3, 3.71 ppm
3H; -OCH3, 3.30 ppm 3H.

Monoacetylpolyetherin A
Methyl Ester : The methyl ester

(101mg) obtained as above was
dissolved in a mixture of pyridine
(2 ml) and acetic anhydride (1 ml),

and the solution left overnight

a

t room temperature. Ice water
was added to the reaction mixture
followed by ether extraction.

The ether layer was washed with
dilute hydrochloric acid, sodium
bicarbonate solution and water

consecutively. After drying with

anhydrous sodium sulfate, evapo-

ration of the solvent gave the
monoacetyl derivative as an
amorphous powder.

IR (Nujol) : 1,745, 1,160 cm"1 (-CO2CH3, -OCOCH3), 3,580, 3,200 cm"1 (-0H).

N.m.r. : -CO2CH3, 3.71ppm 3H; -OCOCH3 2.1ppm 3H; -OCH3 3.32ppm 3H.

Polyetherin A Methyl Ester Monoacetonide : The methyl ester (100 mg) and p-to\u-
enesulfonic acid (17 mg) was dissolved in acetone (9 ml) and allowed to stand for 18 hours
at room temperature. Then the reaction mixture was neutralized with 10 % sodium bicar-

bonate solution and concentrated under reduced pressure. The concentrate was extracted
with ether after addition of water, and the extract was washed with sodium bicarbonate

solution and water, followed by drying with anhydrous sodium sulfate. The methyl
ester acetonide was obtained by solvent evaporation as a crude powder (100 mg). Purifi-

cation was performed by preparative thin-layer chromatography on silica gel G with

T e st o rg a n is m
M . I. C .

(m cg /m l)

N u tr ie n t a g a r ,

3 7 -C , 1 8 h o u r s

S h ig ella d y se n te r ia e > 5 0

S a lm o n ella ty p h o sa > 5 0

E s ch e r ic h ia  c o li, U m e z a w a > 5 0

P se u d o m o n a s a e r u g in os a > 5 0

K le bs ie lla p n eu m o n ia e > 5 0

B a cillu s s u b tilis , P C I- 2 1 9 1. 0

1 B a cillu s a n th r a c is 0. 5

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

S a r c in a lu te a , P C I- 1 0 0 1 0 . 5

B lo o d a g a r ,

D ip lo co c cu s p n e u m o n ia e, T y p e I 0 . 5

S tr ep to c oc cu s h e m o ly tic u s , D e n k e n 1. 0

3 7 -C , 1 8 h o u rs Corynebacterium d ip h th e r ia e , T ro n t 1. 0

S t a p h y l o c o c c u s a u r eu s, F D A 2 0 9 P 1. 0

4^ G ly c e r in

a g a r , 3 7 -C ,
4 d a y s

Mycobacterium 6 0 7

Mycobacterium p h le iM y co b a cte r iu m s m eg m a tis

M y c o b a c t e r i u m a v iu m

5 . 0

2. 0

5. 0

2. 0

K ir c h n e r 's

5. 0
b r ot h
containing l O % M y co b a c te r iu m tu b e r cu los is , H 37R v

h u m a n p la s m a ,
3 7 -C , 2 1 d a y s

P o ta to - g lu c o s e

a g a r , 2 8 -C ,

P ir icu la r ia o ry z a e 0. 8

C o lle totr ich u m s p . 3. 2

P h y to p h o r a inf e sta n s > 1 0 0

C o r ticiu m sa sa k ii > 1 0 0

C o c h lio b o lu s m iy a be a n u s 1. 6
7 d a y s

Fusarium o x y sp o r u m > 1 0 0

S c le r o tin ia lib er tia n a 6 . 3

A lte r n a r ia k ik u c h ia n a > 1 0 0

S a b o u r a u d

g lu c os e a g a r ,

2 8 -C , 7 d a y s

T ric hop hyt on m en tag r op h y tes

T r ich op h y to n r u b r u m

> 1 0 0

> 10 0

Trichophyton p u rp u r e u m > 10 0

Trichophyton f er r u g in eu m > 1 0 0

Epidermophyton fl oc c os u m 2 5

Microsporum g y p s eu m > 1 0 0

A sp er g illu s n ig er > 1 0 0

C a n d id a a lbic a n s 1 2. 5

C r y p to co c cu s n e of o r m a n s > 1 0 0

S a c ch a r o m y c es ce r e visia e 1 2. 5
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toluene-ethylacetate (3 : 1). An Rf of approximately 0.31 was determined by ultraviolet

light with a spray of 1 % morin methanol solution. The purified sample of the methyl
à"ester acetonide was obtained as an amorphous powder (67.8 mg).

IR (Nujol) : 1,742, 1,170 cm"1 (-CO2CH3).

N.m.r.: "S^C^SS3, 1.40ppm 3H and 1.50ppm 3H; -OCH3, 3.30ppm 3H;

-CO2CH3, 3.71 ppm 3H.
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