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Actinomyecin, discovered by Waksman and Woodruff in 1940,! was the first anti-
biotic to be isolated in crystalline form from a culture of an actinomycete (Strepto-
myces antibioticus). Waksman et al.? found that it was a red-pigmented substance,
highly active against Gram-positive bacteria and, to a lesser degree, Gram-negative
organisms; it proved to be extremely toxic to experimental animals. Waksman
and Tishler? reported that actinomycin was optically active ([a]®¥ = —320°
+ 5°), possessing a molecular weight of about 768-1,000, and gave a melting point
of 250° C. It exhibited characteristic absorption in the visible (450 mgu) and
ultraviolet (between 230 and 250 myu) regions. On the basis of the analytical data,
an approximate empirical formula, Cy;Hs01; Ny, was suggested. Actinomycin was
thought to be a polyeyclic nitrogen compound, possessing a quinonoid system.
Initially, it was believed that actinomyecin represented two active substances, which
were designated A and B. Subsequently it was discovered that the B fraction con-
sisted of lipoidal material contaminated with small quantities of A, and the recog-
nition of an actinomycin B was dropped. The homogeneity of actinomyecin A was
based on the constant optical rotation and absorption spectra obtained when prep-
arations of the antibiotic were crystallized repeatedly from acetone and from ethyl
acetate.

Further studies* revealed the fact that actinomyein is produced by different spe-
cies of actinomycetes belonging largely to the genus Streptomyces. Since then,
numerous investigators have reported the isolation of actinomyecin or actinomyein-
like substances from different cultures of Streptomyces.® & 7 8

A crystalline preparation, isolated by Lehr and Berger? and designated ‘“Anti-
biotic X-45,” exhibited activity against bacteria and fungi and toxicity in mice very
similar to that of actinomycin A. The color, melting point, optical rotation, and
absorption spectrum of this preparation were in good agreement with the pub-
lished data for actinomycin A. However, the elementary analyses (carbon value)
and the molecular weights of these preparations appeared to differ. Dalgliesh and
Todd" re-examined ‘‘Antibiotic X-45" and designated it actinomycin B. While
some discrepancies existed between the analytical values of the two preparations,
there was a remarkable degree of coincidence in their chemical and physical prop-
erties and, in particular, in their infrared spectra.!* Vigorous acid hydrolysis of
actinomycin B gave five amino acids: sarcosine, p-valine, L-threonine, L-proline,
and N-methyl-L-valine.'? On hydrolyzing a preparation of actinomycin A, the
same five amino acids were found. The conclusion was reached that the two were
probably identical.

Soon after, Brockmann and Grubhofer!* 4 isolated from a culture of S. chryso-
mallus another actinomycin which they designated as C. It appeared to be differ-
ent from A and B on the basis of crystal form, melting point, solubility, color reac-
tion in ethanolic alkali, infrared spectrum (between 1500 and 700 em.'), analyti-
cal composition (especially the lower nitrogen content), and the nature of the amino
acids present. Hydrolyzates of actinomycin C contained the six amino acids:
p-valine, sarcosine, L-threonine, L-proline, N-methyl-L-valine, and p-alloisoleucine.
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As a result of screening various cultures for new actinomycin preparations,
Brockmann and Pfennig’® and Brockmann et al.'® reported the isolation of a crys-
talline product that differed from actinomycin C in certain physical and chemical
properties and that gave, on hydrolysis, the same amino acids as actinomycin B.
It was concluded that this antibiotic was very similar to B; nevertheless, it was
labeled “‘actinomycin X.” Shortly thereafter, Brockmann” and Brockmann
and Grone® reported the isolation of another actinomyecin preparation, which was
considered to be similar to actinomycin A but was given the designation “actino-
mycin I.”

Beginning in 1953, a renewed search for actinomycin-producing strains was con-
ducted in our laboratories, resulting in the isolation from cultures of S. parvullus
of still another crystalline substance which was named ‘“‘actinomyecin D.”’1?

In addition to the actinomycins listed above, the alphabetical designations
AA, AC, J, and M have been employed by several investigators to name other
preparations isolated by them.

Multiple Nature of the Actinomycins.—Although actinomycins A, B, and C had
been obtained as crystalline substances and were considered to be homogeneous
compounds by criteria such as constancy of melting point and optical rotation
after repeated recrystallization, it was soon realized that actinomycin C was not
a single chemical compound but a mixture of very similar substances.!* This con-
clusion was based on the fact that actinomyein C, prepared at different times, ex-
hibited different characteristics (e.g., solubility in absolute alcohol, analytical
values). By means of countercurrent distribution and circular paper chroma-
tography, it was possible to separate actinomycin C into three distinct com-
ponents, which were designated C;, C,, and Cs;.!> 2 21 Subsequently, by counter-
current, distribution and partition chromatography on cellulose columns, Brock-
mann and Gréne?? also demonstrated the presence of two other components, pres-
ent in trace amounts, which they named Coq, and Co. The chemical and physical
properties of the various components are given in Table 1. Unfortunately, little
biological information was presented.

Employing the same techniques of countercurrent distribution, circular paper
chromatography, and cellulose column chromatography, Brockmann et al.16 18 21 22
separated actinomycin X into a number of components, designated X,,, X, X,
Xia, X2, X3, and Xy, Only X; and X, were obtained in crystalline form, the latter
representing 80-90 per cent of the complex. Brockmann and Pampus?? reported
briefly on the isolation of a crystalline fraction from Xa which they named Xg.
The remaining components were present in trace quantities and have not been
studied further (Table 1). It was also reported that X5 was four to five times less
active against Staphylococcus aureus than X; and Xo.

Actinomycin I was also shown to be a mixture of several components, designated
Ipa, I, I;, I, and I;.  Only actinomyein I, and I, have been obtained in erystalline
form, the latter making up more than 80 per cent of the complex.?? No informa-
tion was presented concerning their biological activity (Table 1).

Brockmann and Grone® also examined samples of the actinomycin A studied by
Waksman and Tishler? and the actinomycin B studied by Dalgliesh and Todd.!" 2
They reported that actinomycins A and I were identical on the basis of their amino
acid content, melting point, and behavior to circular paper chromatography.
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Actinomycins B and X behaved exactly alike on chromatograms, and the agree-
ment in their melting points, amino acid contents, and other properties led to the
conclusion that they were also identical. Subsequently, two crystalline com-
ponents (named B; and B,) were isolated from the B mixture and found to be
identical with X; and X,.22

Brockmann and Gréne?? thus reported a total of 17 fractions from the actino-
mycins C, X, and I. Thirteen of these components were found to be different,
namely, Cy,, C,, C,, C,, C;, Xia, Xo, Xia, X1, X, X3, X4, and I; three were similar,
namely, Cp, = Iy, C, = I, and C, = I,; it was also suggested that C; could be
identical with I3, although this was not certain.

The confusion in the actinomycin nomenclature had now attained the highest
degree. Not only were actinomycins A, B, C, D, X, etc., reported, but each of
these was found to be a mixture of closely related chemical components; it further
appeared that each component was different from most of the others.

To ascertain whether such a multiplicity of actinomycins actually existed and
to attempt a rationalization of the highly complicated actinomycin nomenclature,
Vining and Waksman?* and Gregory et al.?® used paper chromatography for the
separation of the various ecrystalline actinomycin preparations. They demon-
strated that A, B, X, and C were mixtures of a number of components, whereas
D was essentially a homogeneous substance. They also showed that the C; of
actinomycin C and the D component were present in the A, B, and X preparations
and that B and X actinomycins consisted essentially of the same components in
slightly different proportions. Actinomycin A was very similar to B and X,
whereas two of the components of C, namely, C, and C;, were unique and were not
found in any of the other preparations.

Roussos and Vining® subsequently corroborated and extended these initial
findings. By means of circular paper chromatography and partition chroma-
tography on powdered cellulose columns, they separated seven pure components
from actinomycins A, B, and D. An examination of their chemical properties
(Table 2) revealed that the actinomycin component Ay is equivalent to By, that Ay
= Byv = Div, and that Ay = By. A study of their biological properties fully con-
firmed these conclusions.?” On the basis of these results, Roussos and Vining sug-
gested that the naturally produced actinomyecins A, B, X, and D are made up of the
same components and that the differences observed may be attributed to the rela-
tive amounts ¢f each produced by the respective Streptomyces species.

Composition of Actinomycin A.—An examination of the various samples of actino-
myecin A isolated in our earlier studies (1940—42) and of the more recent prepara-
tions, obtained from the same culture of S. anttbioticus, revealed the fact that dur-
ing the initial isolation and purification of actinomycin A on alumina? one of its
components (Aj) was apparently lost. Such a sample of actinomycin A was sent
to Brockmann for his examination. On the basis of paper chromatograms, Brock-
mann and Gréne'8 considered it to be a homogeneous substance and at first claimed
that it was similar to, if not identical with, actinomyecin I; later, however, they con-
cluded that it was similar to the I, component.??

We have also examined the same A material but concluded that it was a mixture
rather than a homogeneous entity. The components present corresponded in Rf
value with those of B, though the relative amounts of each differed in the two
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samples. Moreover, an A; component was lacking.?*~%* Since Brockmann
and co-workers had reported that there were differences between I and X(B) in
their behavior to paper chromatography in certain solvent systems as well as in
the properties of the isolated pure components of each complex, the two sets of re-
sults appeared to be in conflict. It was concluded by Roussos and Vining® that
Brockmann’s earlier paper chromatographic evidence was probably in error and

Fie. 1.—Circular paper chromatographs of actinomycin A, B, and D preparations. The
system was composed of equal parts of a 10 per cent aqueous solution of sodium-ortho-cresotinate,
and a mixture of ethyl acetate and n-dibutyl ether (2:1). 1, actinomycin B; 2, actinomycin A
produced in 1948; 3, actinomycin A produced in 1940; 4, actinomycin D.

that, in fact, actinomycin I was different from A. The evidence for a close rela
tionship between I and C seemed more plausible.2?

In 1953, in order to carry out additional comparative studies with actinomycin
A, we prepared fresh lots of this actinomycin employing the original culture of s.
antibioticus, from which actinomyein A was first isolated in 1940. We found that
the material produced could be considered as a B-type complex. While these
results were quite unexpected, it was believed possible that the difference in the
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process of cultivation of the organism employed in 1940 (surface process) and in
1953 (shaken process) might ifluence the composition of the actinomycin thus pro-
duced.

Since some questions have arisen concerning the composition of the actinomyecin
A complex, due, on the one hand, to the loss of component A, through purification?
and, on the other, to the production of a B-type complex® in 1955, we decided to
enlarge upon these investigations to resolve these discrepancies.

It has been possible to obtain from several different laboratories samples of the
actinomycin A produced in our laboratory in 1940 and in 1948, and placed at that
time at the disposal of various investigators in those laboratories. By means of
circular paper chromatography, we were now able to show that actinomycin A
preparations consisted of several components. By the use of different solvent sys-
tems, these components were found to be identical with those present in a sample of

TABLE 3
RELATIVE PERCENTAGES OF VARIOUS COMPONENTS OF ACTINOMYCIN A
PREPARATIONS
RELATIVE PERCENTAGE oF COMPONENTS _—
Actinomycin A Actinomycin A
COMPONENT Produced in 1940 Produced in 1948
Ap 7.9 7.0
Arv 84.6 71.7
v 7.5 24.1
TABLE 4
INFLUENCE OF NITROGEN SOURCE ON COMPOSITION OF ACTINOMYCIN COMPLEX
NITROGEN — —RELATIVE PERCENTAGE OF COMPONENTS
ORGANISM SOURCE I II III v v VI VII
S. antibioticus  L-glutamic acid 6.2 2.1 2.8 80.4 8.4
S. antibioticus  L-threonine 7.1 2.4 2.9 29.2 58.4
S. antibioticus  L-glutamic acid plus
sarcosine 7.1 24.6 35.6 27.2 5.5 ..
S. chrysomallus KNO; .. L. .. 10.0 60.0 40.0
S chrysomallus Glycine 7.0 43.2 49.8

actinomycin B obtained from Hoffmann-LaRoche, Inc.; one of these components
was identical with the main constituent of actinomyecin D, as illustrated in Figure 1.
The relative percentages of the various components in the original actinomycin A
complex are given in Table 3. Production of this antibiotic was carried out under
static conditions during several weeks’ incubation of the culture, a procedure used
in 1940.

Recent studies with another strain of S. antibioticus grown under both static and
shaken conditions have revealed that, with increased time of incubation, there oc-
curs in the actinomycin complex a continuous rise in the relative percentage of
component Ay to 70-80 per cent and even more, and a concomitant drop of Ay to
5 per cent and of Ay to 10-20 per cent. Purification of such actinomycin A prep-
arations was accompanied by a selective loss of A; (adherence to impurities on the
alumina column, discarding certain fractions of the eluate), which thus gradually
resulted in an actinomyecin A lacking Aj. This conceivably occurred during the
purification procedure employed by Waksman and Tishler?; the actinomyecin A
thus obtained in crystalline form consisted essentially of A;y and Ay components.

The explanation for the production of a B-type complex by S. antibioticus in
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1953 resides solely in the poor yields of the actinomyecin. This culture, regardless
of the medium used, was now unable to form more than a microgram or two of
actinomyecin per milliliter of broth. Recently it was found that cultures of S.
antibioticus are able to form a B-type complex during the early stages of actino-
mycin production (0-30 ug/m;) and later an A-type complex (30-150 uz/ml), when
grown on complex as well as on chemically defined media.?® #® The actinomycin
extracted from a broth during the early stages of growth or when the antibiotic
yield was extremely low was a B-type mixture.

Effect of Age of Culture and Composition of Medium.—Further studies of the
course of biosynthesis of actinomyecin yielded much information that has a bearing
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F1e. 2.—Relative percentages of the components in an actinomycin preparation
produced by S. antibioticus 3720, growing on a galactose—glutamic acid-mineral salts
medium. I, component Ar; 2, component Arv; 3, component Ay.

upon the question of the nomenclature of the actinomycins. This information may
be summarized briefly as follows:

During the course of actinomycin production in various complex and in chemi-
cally defined media by several strains of S. antibioticus, the proportion of the various
components in the actinomycin preparations varied from day to day, so that a.
single component might represent 30 per cent of the actinomycin at one time and
70 per cent at another (Fig. 2). This was also true of other Streptomyces species
producing actinomycin.??

The nature of the actinomycin formed by the various organisms also depended
to a considerable extent on the nitrogen supply in the medium.? When threonine
was present, S. antibioticus produced only the B-type complex, but when glutamic
acid was supplied as the sole nitrogen source, the B type was first produced and then
the A type. Streptomyces species 3723 (Streptomyces X-45 of Lehr and Berger)
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produced a B-type actinomycin on many complex media, but, when supplied with
glutamic acid, glycine, or KNOj; in a chemically defined medium, the A type was
formed. The actinomycin C producer, S. chrysomallus, gave a C-type complex
which contained C; as the major component when KNO; was the source of nitrogen,
but C; was the major constituent when glycine was the sole nitrogen source.

Discussion.—On the basis of the various chemical, biological, and microbiological
studies presented in this paper, it is proposed that a revision of the existing acti-
nomyecin nomenclature be made.

Since a single Streptomyces culture is capable of producing mixtures of actino-
myecins with widely varying proportions of components, depending almost as much
on the nutrient medium used and the age at which the culture is harvested as on
the strain of organism, the use of symbols to designate either the number, the type,
or the proportion of components present is certain to result in hopeless confusion.
Moreover, the precise composition of the mixture would not be clearly indicated.

We now know that actinomycin complexes A, B, X, and D consist of the same
chemical components but differ in the relative proportions of each present.?® Acti-
nomycin A (1940) actually represents the primary complex, which possesses the
different components found in the actinomycins B, X, and D. Moreover, actino-
mycin C, is identical with component IV found in the above complexes. These
results have been confirmed and extended by Brockmann?®, who has shown by circular
paper chromatography that A; = By = Xy; Ajy = Biy = Dy = G, = I, = Xj;
and Ay = By = X,. Actinomycin C; and C; remain the only other clearly defined
chemical entities which have been sufficiently characterized.

Corbaz et al.®® concluded that there were three actinomycin types, namely, C, I,
and X. They also stated that they clearly recognized the priority of the A and B
complexes; however, they promptly proceeded to ignore such precedence. Brock-
mann3! also recognizes only the existence of the actinomycin complexes C, I, and
X. On the basis of the data obtained by Brockmann and reported here, as well
as our own findings, it would be more proper to state that A = B = X and that
D represents only a component (Ary) found in the actinomycin A complex.

The relationship of actinomycin complex I to ccmplexes A and C has never been
clearly settled. Published paper chromatograms of I are not sufficiently well de-
fined, so that it is impossible to decide what its components are related to. Brock-
mann has indicated, at one time or another, that I = A; I, = A; Cyy = I, G, =
I, C; = I; Ci = I, = Apy, and, in a recent publication,®* I = D. If I is nearly
homogeneous but possesses additional components in small concentrations, it may
be similar to an A complex harvested after prolonged incubation of the culture
(Table 3); or it may represent an A complex which has lost certain components
through purification, or it may be similar to actinomycin D. It may also be a C
complex, with C; as major component. In this case it should contain p-alloisoleu-
cine. Data published on the amino acid content of the I complex and the pure
components I, and I; indicate that it is absent, but if I, and I; are equivalent to
C, and C; respectively and represent only about 6 per cent of the complex, it is not
unlikely that its presence may have been overlooked on the chromatogram. In
view of the results of Brockmann and Gréne?? quoted above, it appears possible
that I may bear the same relationship to C as A does to B and X.

The actinomycin preparations AA, AC,3% 3 M 3% and J7 % 3 have been inade-
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quately studied, and it is not entirely certain whether they represent new or pre-
viously described actinomycin complexes or components. For example, actino-
mycin AA and AC are fractions obtained by Sarlet through alumina chromatography
of an actinomyein preparation. The amino acid content of the material was identi-
cal with that of actinomycin C; the amino acid composition of the fractions sug-
gested that AA = Apv (C)) and AC = C,. Actinomyecin M was examined in our
laboratory and found to be of the B type. Until the nature of these preparations
is more completely known, we propose that their designations be abolished.

Trace components designated as Cy,, Xga, Xy, ete.,2? may represent either actino-
myecin components or degradation products derived therefrom. The amount of
these substances isolated in crystalline form has been negligible, and consequently
little or no information is available concerning their chemical and biological prop-
erties. Until more data are published, we propose that such substances remain
unclassified ; the present practice of giving a designation to these poorly defined frac-
tions has resulted in a rash of meaningless letters and numbers which contribute
nothing but confusion to the actinomycin nomenclature.

The new biosynthetic actinomycins, designated E and F by Schmidt-Kastner,*
and similar preparations we have obtained in our own laboratory may represent
a unique group of actinomyecins which have been produced through special condi-
tions of nutrition. Whether they should be given new designations, e.g., E and F,
or represent members of an actinomycin type normally produced in trace amounts,
e.g., with sarcosine S. antibioticus produces an A complex containing up to 60 per
cent actinomyecin Ay and Ajyp, remains to be decided on the basis of more com-
plete chemical and biological characterization. This is brought out in Table 4.

Conclusions.—On the basis of the facts presented above, we therefore propose the
following:

1. The term “actinomycin’ should be restricted in use to chemically pure sub-
stances. Where a product is known to consist of a mixture, it should be referred
to as an “actinomycin complex” or “actinomycin mixture,” to indicate chemical
inhomogeneity.

2. The present system of classification based on the combination of components
present in varying amounts, e.g., A, B, X, C, etc., be abandoned. Also the use of
letters, subscripts, and other confusing symbols be done away with. Since identical
actinomyecins can be found in different complexes, the use of any symbol indicating
the complex of origin should be avoided. The pure actinomycin components
should be renamed, but, in order to avoid superimposing a completely new set of
symbols, only the Roman subscripts already employed shall be used:

Ay, B, X = Actinomyecin I,
A, B = Actinomycin II,
Anr, B = Actinomyecin III,

Ay, By, Dyy, Ci, I, Xi = Actinomycin IV,

Ay, By, X, = Actinomycin V,
C, = Actinomycin VI,
C; = Actinomycin VII.

Other minor components of different complexes and the new biosynthetic actino-
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mycins might all be given a similar distinguishing symbol as soon as their homo-
geneity and difference from already named types is established.

3. The naturally produced actinomycin complexes will thus be made up of the
various actinomyecins in different proportions. What was known as “actinomycin
A" will simply be an ‘“actinomycin mixture” consisting of actinomycins I-V, and
“actinomycin C”” will consist of actinomycins IV, VI and VII.

* This study was supported by a research grant from the United States Public Health Service
and by funds supplied by Rutgers Research and Educational Foundation.
t Now located at Prairie Regional Research Laboratory, Saskatoon, Saskatchewan, Canada.
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