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the diploid culture was heterozygous for the gene-pair
controlling pantothenic acid synthesis.

Table 1 shows the turbidity readings of the original
cultures of S. cerevisiae and ‘S. carlsbergensts, their
haplophase segregants and the hybrid. Analysis of
the hybrid by dissection of ascospores indicated that
it was heterozygous for the ability to synthesize
pyridoxine, pantothenic acid and biotin.

S. globosus* is capable of synthesizing pantothenic
acid, but is incapable of synthesizing thiamin. A
hybrid was made with a haplophase from a homo-
zygous pantothenic-deficient culture of S. cerevisiae
(different from the one used above) and a haplo-
phase culture of §. globosus. Several hybrids were
produced by this mating, and one of them sporulated
well, but only a few of the ascospores were viable.
One of the hybrid-haplophases was backerossed to the
original pantothenic-deficient S. cerevisize. The re-
sulting diploid synthesized both pantothenic acid and
thiamin efficiently. Sinee neither parent could syn-
thesize both vitamins, the hybrid had obviously ob-
tained its ability to synthesize pantothenic acid from
§. globosus and thiamin from S. cerevisiae. The
hybrid was a poor synthesizer of biotin, but this was
according to expectation, since neither parent pos-
sessed the ability. The data appear in Table 2.

TABLE 2

Al all -Py -Pa T -B -N I

8. cerevisiae .... 8 362 355 50 313 19 355 300
8. globosus ..... 9 270 254 241 26 258 250
Hybrid ........ 5 290 293 258 290 15 294 300

These experiments prove that a vitamin-synthesiz-
ing deficiency in a yeast can be supplied by hybridiza-
tion and that the heterozygote usually synthesizes the
vitamin nearly as well as the homozygote.
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STREPTOMYCES ANTIBIOTICS. I. CRYS-
TALLINE SALTS OF STREPTOMYCIN
AND STREPTOTHRICIN

MerHODS have been found for securing certain
crystalline salts of streptomyein and streptothricin.

These antibiotics are water-soluble, nitrogenous,
thermostable, basic organic substances produced by
species of Streptomyces in suitable culture media.
Streptomyein! was obtained first in 1944 as a crude
concentrate which was prepared from -cultures of

4+ We are indebted to Dr. Wickerham of the NRRL,
Peoria, for the culture of S. globosus.

1A, Schatz E. Bugie and S. A. Waksman, Proc. Soc.
Exp. Biol. and Med., 55: 66, 1944,
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Streptomyces griseus. It is strongly bacteriostatic
against gram-positive organisms, including Bacillus
mycoides and Bacillus cereus, and against gram-nega-
tive organisms, including Pseudomonas fluorescens,
Pseudomonas aeroginosa and Serratia marcescens,
while its toxicity for animals is sufficiently low that
it has therapeutic interest for diseases such as tula-
remia,? typhoid fever,® tuberculosis* and brucellosis.’
Streptothricin® was obtained first in 1942 as a erude
concentrate which was prepared from cultures of
Streptomyces lavendulae. It is also active against -
gram-negative organisms, including the three men-
tioned above, but is relatively much less active! against
such gram-positive organisms as Bacillus mycoides
and Bacillus cereus. Streptothricin also appears to
have possible therapeutic applicability.?

The concentrates of streptomyein and streptothricin
which were used for these biological studies' ¢ were
prepared by adsorption of the active substance from
the culture medium by means of Norite-A, elution of
the active substance from the adsorbate with dilute
acid, neutralization of the eluate and concentration
in vacuo to a residue. A concentrate of strepto-
thricin was made also by eluting the adsorbate with
acidified aleohol, neutralizing the eluate and adding
ether to the eluate.® , v

We have studied methods for the purification and
isolation of these active substances and have found
that when rather highly purified concentrates of
streptomyein were treated with methyl orange (the
sodium salt of helianthine) a erystalline salt formed
which served for purification of the active principle.
This helianthate can be converted into the hydro-
chloride, sulfate or any other suitable salt for chein-
ical or therapeutic purposes. Concentrates of strepto-
myein hydrochloride were treated with methyl orange
and by metathetical reaction yielded the insoluble
crystalline 'streptomyein helianthate. Since this salt
is relatively insoluble in water, it separates satisfac-
torily from an aqueous methanol solution and was re-
crystallized from the same solvent. Solvent of erys-

-2 F. R. Heilman, Staff Meetings of Mayo Clinic, 19:
553, 1944.
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tallization was present, but after heating at 100° in
vacuo the anhydrous form was obtained. This an-
hydrous product darkened at 205° and melted with
decomposition at 220-226° (miero-block).

Assays were carried out by Dr. H. B. Woodruff and
Mr. D. Hendlm, of the Microbiological Department.
Employmg B. subtilis as. a test organism in a cup
assay method which they developed, they found an
activity of about 350 units/mg for streptomyecin
helianthate. The various other salts described in this
paper were assayed in the same manner.

The results of some microanalytical determinations
on the dried streptomyein helianthate follow: Found:
C, 50.38, 50.29; H, 5.86, 5.56; N, 14.48, 14.64; S, 5.76.

Streptomyecin helianthate was converted to the
hydrochloride by treating the salt with a mixture of
methyl aleohol and hydrochloric acid. The liberated
helianthine was removed and the hydrochloride was
precipitated with ether from the filtrate. The hydro-
chloride was obtained as a white powder. When dried
at 25° in vacuo over phosphorus pentoxide, strepto-
mycin hydrochloride showed a specifie rotation (o)p=
—~84° (C, 0.5 per cent. in water), and an activity of
about 800 units/mg. The results of microanalytical
determinations on a sample dried at 100° in vacuo
follow: ‘Found: C, 36.60, 36.42; H, 6.04, 6.20; N,
13.42; Cl, 14.80; ash, none. Tests for the presence
of sulfur and phosphorus gave negative results. The
ultraviolet adsorption spectra of streptomyein in
phosphate buffer at pH 7, in glycine buffer at pH
2 and in borate buffer at pH 9 showed only end ab-
sorption below about 2,300 A.

The above analytical data alone are not sufficient
for establishing firmly the true empirical formulae
of streptomyein, its hydrochloride and its helianthate.
These results need to be interpreted in conjunction
with molecular weight determinations and other infor-
mation. Furthermore, the possible molecular weight
of about 700 for streptomyein hydrochloride adds to
the difficulties of exact determination of empirical
formulae. After more complete data are obtained, the
results will be presented in detail.

The crystalline salt of streptomyecin and p-(2-hy-

droxy-l-naphthylazo)-benzenesulfonic acid was pre-
pared from streptomycin hydrochloride and Orange
II. This salt showed an activity of about 300
units/mg. The preparations of streptomycin sulfate,
which have been obtained erystalline, have shown
about 520 units/mg.
- Streptothricin helianthate was prepared usmg the
same method. The crystals melted with decomposi-
tion at 220-225° (micro-block) and had an act1v1ty
of about 400 units/mg.

The authers wish to a.cknowledge the eooperatlon
of Messrs. C. E. Hoffthine, Jr., R. P. Graber and E.
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Flynn on the isolation work, and of Dr. N. R. Trenner
and Mrs. F. A. Bacher for the absorption spectra
determinations.
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THE MICROBIOLOGICAL ACTIVITY OF AN
OXYGEN ANALOG OF BIOTIN
TuE synthesis of a dl-hexahydro-2-oxo-1-furo [3, 4]
imidazole-4-valeric acid, an oxygen analog of biotin,
has been recently deseribed.* The structural relation-
ship between biotin (I) and this new compound (II)
is indieated by the following formulae.
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The growth-stimulating aectivity of the oxygen
analog under conditions in which biotin is the limit-
ing factor has now been determined for three micro-
organisms: Lactobacillus arabinosus,® Lactobacillus
caset® and Saccharomyces cerevisiae* The methods
were, with slight modifications, those descrlbed in the
literature cited.

On a weight basis, the dl oxygen analog is one half
as active as natural d biotin when assayed with L.
arabinosus. Its activity for L. casei is slightly lower,
approximately 40 per cent. that of d biotin. With

1 K. Hofmann, Jour. Am. Chem. Soc., 67: 694, 1945,
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