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The new antibiotic, moenomycin, isolated from Streptomyces bambergiensis
is a mixture of several, chemically very similar components, which are
particularly characterized by their phosphorus content. The moenomycin
complex can be separated into components A, Bu B2 and C by means of
column chromatography on silica gel with w-propanol - 2n ammonia as eluant.
The use of other chromatographic procedures, e. g. chromatography on anion
exchange resins, results in a further separation of fraction Bx into components

D, E and F; similarly fraction B2 can be separated into components G and
H. Isolation and properties of moenomycins D, E, F, G and H are described.

The new antibiotic moenomycin isolated from Streptomyces bambergiensis whose
isolation, characterization and biological properties have been reported2~4), is a

complex of several, chemically very similar components which include various sugars,
a lipoid portion, an UV-chromophore and phosphorus bound in ester-like form. By

means of column chromatography on silica gel, the moenomycin complex can be
separated into components A, B1? B2 and G, using rc-propanol-2N ammonia as the
eluant. Identification of the components separated in various fractions has been
carried out by thin-layer chromatography on silica gel GF with isopropanol-2N

ammonia (70 : 30) as solvent system, spraying with chlorosulfonic acid-glacial acetic
acid (1 : 2) and heating to 100°C, the moenomycins becoming visible as reddish-violet

spots with different Rf-values3).
Moenomycin A is the main component; when it is hydrolyzed with 2n hydro-

chloric acid, a crude lipoid fraction, two amino sugars, two neutral sugars and the
UV-chromophore are split off. From the lipoid fraction three compounds could be

isolated and identified5'65 : moenocinol-a G25-polyisoprenoid with five isolated double
bounds-its allyl rearrangement product, and the olefin moenocene obtained from

it by the splitting off of water. The amino sugars were identified as D-glucosamine
and D-quinovosamine, the neutral sugar fraction contains D-glucose and a substance
Zx whose structure is still unknown7). The UV-chromophore belongs to the group

o

f amino reductones and possesses the structure of a 2-amino-cyclopentane-l,3-dione1).
A comparison of the biological, chemical and physical properties of the moeno-

mycins with the recently described prasinomycins8~10) shows that related compounds
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are involved; the lipoid substances obtained by hydrolysis of prasinomycin are
identical with the moenocinol, isomoenocinol and moenocene isolated from moeno-
mycin hydrolysate10).

Materials and Methods

Preparation of components E and F from moenomycin Bl9 by means of preparative
thin-layer chromatography :

A solution of 30mg moenomycin Bj in 2ml methanol-water (1:1) is applied with a
capillary pipette in the form of a narrow band to the starting line of 20x20cm silica
gel HF (E. Merck A. G., Darmstadt, Germany) thin-layer plates ; the solution is distributed
over 30 plates, i.e. 1 mg of the substance per plate. The chromatograms are developed
in closed chambers in the chloroform-ethanol-water system (40:70:20). For the
subsequent localization of the peak, a narrrow strip, parallel to the flow direction, in the
middle as well as along the edge of the thin-layer plate, is sprayed with a solution of
antimony chloride in chloroform. The zones made visible in the middle and on the edge
indicated the peaks of moenomycin E and F to be marked on the thin-layer chromatogram.

The two substance-containing bands are lifted off from the glass plate ; the sprayed
bands are left out. By repeated swirling in methanol and centrifuging, the moenomycin

E

or F adsorbed on the silica gel is leached out and the methanolic solution evaporated
in vacuo to dryness. The residue is taken up in a little methanol (about 5 ml), filtered,
and the moenomycin precipitated with ether from the filtrate which is made slightly

a

lkalinewith ammoniacal methanol. By centrifuging the precipitate, washing with ether
and drying, moenomycins E (ll mg) and F (8.5 mg) are obtained as ammonium salts.

Preparation of components E and F from moenomycin Bx by means of ion-exchange
chromatography :

Moenomycin is adsorbed on an anion-exchange column consisting of 100 ml Dowex 1
(chloride form ; particle size 200-400 mesh) from a solution of 500 mg moenomycin Bt in
5ml water which has been adjusted to pH 8.0 with 2n ammonia. The column iswashed

with 100ml water, subsequently with 100ml of a mixture of methanol-water (4:1).
The column is then eluted with 600 ml of a 0.6% potassium chloride solution in methanol-

water (4:1), the volume per fraction is 15ml; the drop rate is 30ml per hour. The
individual fractions are evaluated by thin-layer chromatography on silica gel GF in the
chloroform-ethanol-water system (40:70:20) and by making the spots visible with

chlorosulfonic acid -glacial acetic acid (1 : 2) as the spray reagent. Under these conditions,
moenomycinE is found in fractions 8-14, moenomycin F in fractions 23-36; mixed

fractions do not occur.
Moenomycins E and F are isolated in the following way from the two indicated

fractions : first the methanol is removed by evaporation in vacuo and then the remaining
aqueous solution is subjected to dialysis for 24 hours to separate the moenomycin from

the potassium chloride ; in this process the greater part of the moenomycin remains in
the internal dialyzate owing to its property of associating in neutral, aqueous solution

to particles of high molecular weight. The dialyzed moenomycin solution is then carefully
evaporatedto dryness in high vacuum, the residue taken up with 10ml methanol, the
solution filtered and the moenomycin precipitated from the nitrate by mixing with the

threefold volume of ether. The precipitate is separated by centrifuging, washed with
etherand dried. 105mg moenomycin E and 136mg moenomycin F in the form of the

potassium salts are obtained.
Preparation of components G and H from moenomycin B2 by ion-exchange chromato-

graphy:
Moenomycin B2 (500 mg) is dissolved in water and after adjusting the pH to 8.0, adsorbed

from this solution on 100ml Dowex 1 (chloride form; 200-400 mesh). The column is
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consecutively washed with 100 ml water and 100 ml methanol - water (4 : 1) and the moeno-
mycin components G and H fractionally desorbed by elution with 600 ml of a 0.6% potas-
sium chloride solution in methanol-water (4: 1). Fractions, each of 15ml, are collected
and the drop rate so adjusted that 30ml of eluate are obtained per hour. On the basis
of the thin-layer chromatography test on silica gel GF in the chloroform- ethanol-water
system (40 : 70 : 20), the components G and H are distributed over the following fractions :
moenomycin G over fractions 9~17 and moenomycin H over fractions 24^43.

In analogy to the preceding example, moenomycin G or H is obtained from the
combined fractions by evaporation of the methanol, removal of the potassium chloride
by dialysis of the aqueous solution, freeze-drying of the internal dialyzate and precipita-
tion of the residue from methanolic solution by the addition of ether. Centrifuging and
drying of the precipitate yields 76mg moenomycin G and 128 mg moenomycin H in the
form of the potassium salts.

Preparation of moenomycin D by column chromatography on silica gel :
A crude fraction (200 mg) consisting of moenomycin Bx and D is adsorbed from aqueous

solution on 1 g silica gel (particle size 60-75 ju) by evaporation of the water. The dry
powder is placed on top of a column to which a suspension of 40g silica gel (particle
size 60-75 ju) in isopropanol had previously been applied. Chromatographic development
is carried out first with 150ml isopropanol-2n ammonia (10:2) and then with (9:2);
finally elution is carried out with 750 ml of a mixture of isopropanol-2n ammonia (80 : 25)

with simultaneous fractionation. The volume per fraction is 10 ml, the drop rate 20ml
per hour. Thin-layer chromatographic analysis of the individual fractions on silica gel
GF in the chloroform-ethanol-water (40 : 70 : 20) and isopropanol-water-borate buffer
pH 9.0 (70 : 25 : 5) systems shows that initially mixed fractions consisting of moenomycins

D

, E and F or D and F occur: fractions Nos. 57-65 contain component D exclusively.
To isolate moenomycin D, the combined fractions 57-65 are evaporated to dryness

in vacuo: the residue is dissolved in methanol and after filtering, the antibiotic is
precipitated by addition of an excess of ether. The precipitate is centrifuged off, washed

with ether and dried. In this way moenomycin D is obtained as the ammonium salt (34 mg).

Results and Discussion

Separation of the Moenomycins Bt and B2 into
Components D, E, F, G and H

The moenomycin complex can be fractionated into the four components A, Bu
B2 and G by silica gel chromatography with propanol-ammonia mixtures3). Moeno-
mycins A and G are characterized by an UV-absorption at 258xnju whilst this
absorption band is lacking in the components Bt and B2.

The use of other solvent systems in thin-layer chromatography on silica gel GF
results in further separation of moenomycin Bj and B2 into two components each:
moenomycin Bt is separated into components E and F, moenomycin B2 into com-
ponents G and H. An additional component D can be obtained from crude Bt
fractions which exhibit weak UV-absorption ; moenomycin D, like components A
and G, exhibits a pronounced UV-absorption maximum at 258xxiju. The mixtures
chloroform-ethanol-water (40 : 70 : 20) and isopropanol-water-borate buffer pH 9.0
(70 : 25 : 5) are suitable for these separations by thin-layer chromatography.

Table 1 gives a survey of the chromatographic behaviour of the newly discovered
moenomycin components on silica gel thin-layer plates. With the aid of the solvent
systems listed in the table, it is possible to separate and identify the afore-mentioned
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Table 1. Behaviour of moenomycins D, E, F,

G and H in thin-layer chromatography
on silica gel GF.

S o lv e n t

s y ste m *

R f - v a l u e s  o f  th e  m o e n o m y c in s

M o e n o m y c i n B x  M o e n o m y c i n B 2 G  I  H

I

IT

Ill

��������������������������������������������������������������

* Solvent systems:
I=Isopropanol -2n ammonia (70 : 30)

11=Chloroform - ethanol - water (40 : 70 : 20)
III=Isopropanol - water - borate buffer pH 9.0

(70:25:5)

moenomycins by means of single or re-
peated thin-layer chromatography which
can also be performed two-dimensionally
on one silica gel plate.

Isolation of the individual com-
ponents in small quantities is also pos-

sible by means of preparative thin-layer
chromatography on silica gel, using the

chloroform - ethanol - water (40 : 70 : 20)

system.
Component D which is present only

in traces can also be prepared in the
pure state by chromatography of a mixed fraction consisting of moenomycin Bj

(==E+F) and D, on silica gel columns with isopropanol-2N ammonia as the eluant.
Column chromatography on anion-exchangers has so far proved to be the best

method for the preparative isolation of components D, E, F, G and H. From an
ammoniacal solution adjusted to pH 8.0, the moenomycin Bx or B2 is first adsorbed
on the exchanger resin (Dowex-1) in chloride form. After washing with water and
aqueous methanol, the individual components are fractionally eluted with a solution

of 0.6 % potassium chloride in methanol-water (4 : 1). After distillation of methanol,
followed by dialysis from potassium chloride and elimination of the water by distilla-
tion under high vacuum, the moenomycins are obtained as potassium salts by addition

o

f ether to their methanolic solutions.

Physical and Chemical Properties of the Moenomycins
Moenomycins D, E, F, G and H are colourless, amorphous and weakly acidic

substances with very similar properties. They are particularly characterized by their
phosphorus content of about 1.9%. Moenomycin D, like moenomycins A and C,

exhibits a pronounced absorption maximum at 258 mju (E}?m 49) in phosphate buffer

pH 7.0 and thus differs from components E, F, G and H which do not have a

characteristic UV-absorption above 220mju- The IR-spectra only show slight

differences in the location and intensity of their bands ; Fig. 1 gives as an example the
IR-spectrum of moenomycin F in potassium bromide.

Fig. 1. Infrared spectrum of moenomycin F in potassium bromide.
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All moenomycins are readily soluble in water, in lower aliphatic alcohols and in

other polar organic solvents such as dimethyl formamide and glacial acetic acid.

T

hey form water-soluble salts with alkali metals.

The moenomycins are stable in neutral, aqueous and methanolic solutions but

decompose slowly in an acid or alkaline medium. By acid hydrolysis, first the lipoid

portion is split off which can be extracted with chloroform. In the case of drastic

acid hydrolysis, besides a mixture of phosphoric acid esters, it is possible to identify
several neutral sugars and amino sugars, e.g. D-glucose, D-glucosamine and d-

quinovosamine ; in the hydrolysate of moenomycin G there is no D-quinovosamine

and in the hydrolysate of components F and H glycine is detectable in addition to
the sugars named.

Thin-layer chromatography on silica gel GF is suitable for the rapid identifica-
tion of the moenomycin components ; the Rf-values in three different solvent systems

are compiled in Table 1. In addition the moenomycins are characterized by the
following data :

Moenomycin D: Elementary analysis (NH4-salt): C 43.7, H 7.1, N 5.7, P 1.9. IR-

r

spectrum (in potassium bromide) : 2.95, 3.42, 5.82, 6.02, 6.45 (shoulder), 7.13, 7.55, 9.40 ju.

Moenomycin E: Elementary analysis (K-salt): C 46.3, H 6.7, N 4.4, P 1.8, K 2.6.
IR-spectrum (in potassium bromide): 2.95, 3.38 (shoulder), 3.42, 5.85, 6.00, 7.30, 7.58,

£

.10, 9.40 fi.

Moenomycin F: Elementary analysis (K-salt): C 44.9, H 5.4, N 4.0, P 1.7, K 4.5.

IR-spectrum (in potassium bromide): 2.95, 3.38 (shoulder), 3.42, 5.85, 6.02, 6.10, 6.48,

7

.28, 7.55, 8.12, 9.40 p..

Moenomycin G: Elementary analysis (K-salt): C 47.2, H 6.4, N 4.6, P 2.0, K 2.3.

IR-spectrum (in potassium bromide): 2.95, 3.42, 5.82, 6.00, 6.43 (shoulder), 7.28, 7.58,

.8.15, 9.40 ju.

Moenomycin H: Elementary analysis (K-salt): C 46.1, H 6.3, N 4.1, P 1.9, K 4.3.

IR-spectrum (in potassium bromide): 2.95, 3.42, 5.83, 6.02, 6.13 (shoulder), 7.25, 7.58,
£.20, 9.40 ju.

Biological Properties of the Moenomycins

The spectrum of action of moenomycins E, F, G and H compared with the
moenomycin complex as determined by a serial dilution test is shown in Table 2.
The individual components exhibit an increased antibiotic effect against some test

Table 2. Antimicrobial activity of the moenomycins.

T e s t o rg a n ism

M in im u m in h ib it o ry c o n ce n tr a tio n o f

m o en o m y cin c o m p o n e n ts (ju g /m l)

C o m p le x

Staphylococcus a u r eu s F D A 2 0 9 P 0. 0 0 8 0 . 0 6 0. 0 6 0 . 0 6 0. 0 5

S tap h . a u r e u s , p e n ic illin - r e s is ta n t 0. 0 0 5 0. 03 0. 0 3 0 . 0 3 0. 0 5

B a c illu s su btilis 0. 0 0 2 5 < 0 . 0 02 5 0. 0 0 2 5 < 0 . 0 02 5 0. 1

Streptococcus f a e ca lis 1 1 4 0 3 . 0 0 . 1 0 . 0 2 5 3 . 0 2. 0

E s ch er ich ia c olt 8 1 5 8 3 1. 5 1 8 8

P r o te u s v u lg a r is > 2 5 0 1 2 5 1 5 6 0 2 4

Mycobacterium 6 0 7 6 2 2 2 4

C a n d id a a lb ic a n s > 2 5 0 > 2 5 0 > 2 5 0 > 2 5 0 > 2 5 0
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bacteria, especially against Escherichia coli and Bacillus subtilis. The antibiotic
activity of moenomycin D corresponds to that of the moenomycin complex4).
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