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This invention relates to new and useful im-
provements in bio-chemical substances -and more
particularly in antimicrobial substances.

In accordance with our invention antimicrobial
substances are prepared from cultures of Acti-
nomyces antibioticus. Actinomyces antibiolicus
is a micro-organism which occurs inter alia in
soils. Specifically, it is a fungus of defined mor-
phology characterized by spore-bearing hyphae
produced in the form of straight aerial mycelium;
the sporophores are arranged in clusters, no
spirals being formed; the spores are nearly spher-
ical to somewhat elliptical. Actinomyces anti-
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bioticus is fully described and characterized in -

our publication, Journal of Bacteriology, 42, 231—
249, (August, 1941).

The following method was used by us for ob-
taining cultures. of micro-organisms capable of
‘antagonizing various specific bacteria. In accord-
ance with this method suspensions of cultures of
the specific bacteria are mixed with an agqueous
agar solution and the mixture added to a suit-
able so0il containing the antagonizing micro-or-
ganisms. Upon one to 1¥ days’ incubation, col-
onies of the antagonists will form which may be
transferred to fresh bacterial nutrient media and
later isolated as pure cultures in accordance
with conventional methods.

By means of this method, we have isolated an

organism which we have described as Actino-
myces antibioticus. The method of isolation is
illustrated in Example IV.
- In the practical application of our invention, a
suitable culture of Actinomyces antibioticus is
extracted with a suitable solvent. Suitable sol-
vents are, for instance, ethyl ether, ethyl alcohol,
carbon bisulphide, acetone, and chloroform. Ethyl
ether is the preferred solvent. Upon evaporation
of the solvent, a solid remains. This substance,
hereinafter designated as “actinomycin” possesses
marked bacteriostatic and bactericidal proper-
ties against a large variety of bacteria, anti-
nomycetes and fungi. In most cases, gram-posi-
tive bacteria are much more sensitive against the
substance than gram-negative organisms, The
antinomycin is completely removable by charcoal
from liquid media but is only partly removed
therefrom by a Seitz filter. The substance is sub-
stantially heat resistant at 100° C. for thirty min-
utes.

We have found that two different antimicrobial
substances may be obtained from the actino-
myecin. These substances, which will be herein-
after referred to respectively as “actinomycin A”
and “actinomycin B’ may be obtained by selec-
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tive extraction with suitable solvents from the
actinomycin. Thus, for instance, the actinomycin
B being substantially soluble in petroleum ether
may be extracted as a solution in this solvent in
which the actinomycin A is substantially insolu-
ble. Alternatively, instead of extracting the acti-
nomycin A or actinomycin B from actinomycin,
they may be obtained by direct selective solvent
extraction from the original cultures.
Actinomycin A is a highly pigmented (red)
product substantially soluble in either, ethyl alco-
hol, water, carbon bisulphide, acetone, chloro-
form and substantially insoluble in petroleum
ether. Tts agueous solutions are of a yellow to
orange-red color, depending on concentration.
The actinomycin B is substantially soluble in
ether, carbon bisulphide, acetone, chloroform, pe-

‘troleum ether, but difficultly soluble in alcohol,

and substantially insoluble in water. -

The actinomycin A is highly bacteriostatic,
gram-positive bacteria being inhibited by dilu-
tions as low as 1:100,000,000; the A compound is
also effective, though not in such degree of sen-
sitivity against gram-negative bacteria which are
inhibited by concentration of, for example, 1:5,000
to 1:100,000. The actinomycin A also possesses
bactericidal activity, through not as pronounced
ag its bacteriostatic characteristics. The acti-
nomycin B is markedly bactericidal and to a
lesser extent bacteriostatic:

Actinomycin A crystallizes from suitable solu-

" tions, such as acetone-benzene or acetone-ether
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mixtures or  ethyl-acetate, as vermillion red
platelets which melt at 250° C. with slow decom-
position. The actinomycin B crystallizes sub-
stantially colorless. The A component exhibits
characteristic absorption in the visible and ultra-
violet regions. It shows strong absorption at 450
my and between 230 and 250 mu.

The following examples illustrate methods of
obtaining actinomycin as well as its A and B com-
ponents, and it is to be understood that the same
is furnished by way of illustration and not of
limitation.

Example I

An incubated culture of Actinomyces anti-
bioticus was prepared using a medium consist-
ing of 1% tryptone-peptone, 0.5% starch, 0.2%

) K.HPOs, 0.2% NaCl and 0.25% agar in distilled

water, grown at a temperature of approximately
95° to 35° C., the incubation being compléte after
six to ten days. Fifty liters of this incubated cul-
ture are extracted approximately six times with
ether, using 20 liters of ether for each exfraction.
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The final extract is faintly pale yellow in color,
whereas the previous extracts are orange. The
combined ether extracts are concentrated to dry-
ness and about 3 gms. of a reddish-brown resi-
due is obtained. The residue is stirred with ap-
proximately 400 cc. of petroleum ether for two
to three hours, the solvent decanted and the
residue treated again with approximately 400 cc.
of petroleum ether. A pale yellow oil constitut-
ing crude actinomycin B is recovered by evapora-
tion from the petroleum ether.

The dark petroleum ether insoluble residue is
dissolved in one liter of benzene with gentle heat-
ing. Usually a small amount of black amorphous
material remains undissolved and is filtered off.
The benzene solution is permitted to drop through
a chromatographic tower (60 x 5. cm.) packed
with aluminum oxide (according to Brockman).
The pigment is readily adsorbed. The column is
washed with about one liter of benzene during
which operation very little migration of the color
bands occurs.

The column is then washed with benzene ace-
tone solution (15:85) whereby a chromatogram

_ develops. By continued washing, light yellow col-
ored pigments pass out of the column. When
the main band (orange-red) reaches the lower end
of the column, a solution of 30-70 acetone bhen-
zene is passed through the column. The latter
solvent elutes the pigment and when the eluate
is very pale in color, washing is discontinued.

The eluate is concentrated to dryness under re-
duced pressure, taken up in 25 cc. of hot acetone,
filtered, and diluted with ether. The pigment
which crystallizes as red-brick colored platelets
is essentially pure but may be recrystallized if de-
sired- from hot ethyl acetate. An analysis of the
product showed C=59.01; H=6.81; N=13.38.

In accordance with our invention, a variety of
derivatives of actinomycin A or actinomycin B
may be prepared. Thus, for instance, the fol-
lowing Example II recites, by way of illustration,
the preparation of the di-acetate of di-hydro
actinomycin A.

 Example II

25 mgs. of actinomycin A are dissolved in 1 cc.
acetic anhydride and to this is added 3 drops of
pyridine (or 3 drops triethylamine) and 100 me.
of zinc dust. On stirring, the red mixture be-
comes pale yellow in color. After one hour at
room temperature, the mixture is flltered from
the zinc dust and the filtrate is concentrated to
dryness under reduced temperature. The pale
yellow residue is dissolved in chloroform and
washed with water, with aqueous sodium bicar-

bonate, and finally with dilute hydrochloric acid. -

The chloroform solution is concentrated to dry-
ness under reduced pressure and the residue is
taken up in 1 cc. acetone. On adding two volumes
of ether, the product separates as a pale yellow
solid melting at approximately 241° C. Approxi-
mate analysis: C 58.32; H 6.36; N 12.48,

Example IIT

25 mg. of actinomycin A in 1 cc. of pyridine
and 0.5 cc. of acetic anhydride are allowed to
stand ten hours at room temperature, and then
for two hours at 80° C. The red solution upon
concentration to dryness under reduced pressure
is dissolved in chloroform and the latter solution
washed in the order mentioned with dilute hydro-
chloric acid and aqueous sodium bicarbonate.
The chloroform solution is concentrated to dry-
ness and the resulting product recrystallized from

ethyl acetate. The same constitutes red-brick 78 dark-brown pigment on organic media.
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prisms meliing at approximately 250° C. Ap-
proXimate analysis: C 58.27; H 6.56; N 12.46,

‘The method of growing cultures of antagonists
to specific bacteria outlined above can be demon-
strated by way of the following example,

Example 1V

Agar is washed in distilled water and dissolved
so as to yield 1.5% concentration. Two gms. of
K2HPO4 are added per Hter. Ten milliliter por-
tions of this agar are distributed in test tubes and
sterilized. A washed suspension of Escherichia
coli, or some other suitable bacterium, obtained
by cultivation on solid or in liquid nutrient media
is prepared and added to the washed agar which
has previously been melted and placed in a water
bath at 42° C. One milliliter portions of the still
viable bacterial suspension are added to the agar
tubes and thoroughly mixed with the agar.

A suitable soil is suspended in sterile tap water
using a series of dilutions from 1:10 to 1:10,000.
One milliliter portions of these dilutions are
placed in sterile Petri dishes and the bacterial
agar, prepared as above, is added. The plates are
well shaken to distribute the soil suspension thor-
oughly and are incubated at 28° or 37° C. After

' one to ten days’ incubation of the plates, colonies
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of the antagonists will appear being surrounded
by clear zones. These colonies are transferred
to freésh bacterial ‘agar plates and are later iso-
lated in pure culture by the use of convenient
media. Actinomyces antibioticus is one of the
antagonists isolated by this method.

We have further discovered a method and cul-
ture -medium for increasing the production of
actinomycin or its components by the cultures of
Actinomyces antibioticus. The culture medium

" in accordance with this embodiment essentially

comprises 1 to 10 and preferably 5 parts by weight

40 of starch, 1'to 20 and preferably 10 parts by

45

weight of a suitable nitrogen containing material
of an organic or an inorganic nature, a small-
amount of buffering agent sufficient to maintain
the pH of the culture substantially between pH
5.6 and pH 8 and preferably at pH7, 1 to 5 and
preferably 2 parts by weight of a mineral salt,
preferably sodium chloride, and 2 to 20, prefer-
ably 15 parts by weight agar, and 1000 parts by

- weight of water. The buffering agent may be any
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one of the known buffering agents and preferably

"Ka2HPO4; amounts of 1 to 3 and preferably 2 .
-parts by weight of the buffering agent will yield

the desired pH or pH range. As a source of nitro-
gen a variety of substances may be used including .
organic and inorganic nitrogen containing mate-

rials such as asparagine, alanine, phenylalanine,

peptone, tryptone and sodium nitrate. We prefer,
however, for best results, to use tryptone as the
nitrogen yielding substance. Representative com-
positions of preferred formulae are, for instance,

- the following:
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1.£%. agar, 0.2% K:HPO4, 0.2% NaCl, 05 to 2%
starch, 0.1 to 0.2% asparagine;”

1.5% agar, 0.2% KzHPO4 0.2% NaCl 0.5% starch

© 1% peptone;

1.5% agar, 0.2% K2HPOs, 0 2% NaCl 0.5% starch,
1.0% tryptone;

0.25% agar, 0.2% KzHPOy, 0.2% NaCl '1.5% starch,
0.2% NaNO; ’

Cultures are preferably incubated at 25 to 35"

. C., substantially maintaining the pH at the indi-

cated point or range. Growth proceeds rapidly -
and is accompanied by the formation of a soluble
It be-
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‘comes rapidly covered with & white mycelium
having a faint yellowish-green tinge. .After 6 to
10 days’ incubation, growth and production of
actinomycin are usually complete.

We have found that the actinomycin in accord-

ance with our invention possesses a selective bac-

teriostatic action with respect to different vari-
eties of bacteria and that the markedly greater
sensitivity of some bacteria to actinomycin than
of others may be utilized for the purpose of iso-
lating specific organisms from a mixed popula-
tion. Actinomycin has a bacteriostatic effect in
relatively small concentrations on gram-positive
bacteria, while it requires much higher concen-

trations to be effective bacteriostatically with re- -

spect to gram-negative bacteria. Thus, for in-
stance, when adding 0.1 mg. actinomycin to 10
cc. agar and incubating thereon a substrate such
as milk or sewage containing both gram-positive
and gram-negative bacteria, the growth of the
gram-positive bacteria will be inhibited by the
actinomycin. Generally, concentrations of 0.1 to
1.0 mg. per 10 cc. agar permit the selective growth
of various bacteria by reason of the differentia-
tion in sensitivity of varying amounts of the active
actinomycin with respect to specific bacterial
_growth. .

Both the actinomycin A and actinomycin B
possess a relatively high molecular weight. Actin-
omycin A has the general empirical composition
of 58.7 to 59.3% C, 6.5 to '1.5% H, 13.05 t0'13.65%
N, and a molecular weight in excess of 700.

Modifications may be made in carrying out
the present invention without departing from the
spirit and scope thereof, and we are to be lim-
ited only by the appended claims.

We claim: ’

1. An antimicrobial substance predominantly
comprising a substantially ether-soluble concen-

. trate, extracted from an Actinomyces antibioticus

culture, and composed of a high molecular, sub-
stantially water-soluble, petroleum ether insolu-
ble component and a substantially high molecu-
lar, water-insoluble, petroleum ether-soluble com-
ponent.

2. In the method of producing an antimicrobial
substance the steps comprising treating a cul-
ture of Actinomyces antibioticus with ethyl ether

to thereby extract actinomycin and recovering

actinomycin from said ether extract.

“
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3. In the method of producing an antimicrobial
substance the steps comprising treating a cul-
ture of Actinomyces antibioticus with petroleum
ether to thereby extract actinomyein B.

4. In the method of producing an antimicrobial
substance the steps comprising treating a culture
of Actinomyces antibioticus with a solvent com-
prising at least one member selected from the
group consisting of ethyl ether, ethyl alcohol,
carbon bisulphide, acetone, and separating by se-
lective solvent extraction actinomycin A and
actinomycin B.

5. Crude actinomycin A, an antimicrobial sub-

' stance predominantly comprising a high molecu-
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lar, substantially ether- and water-soluble, petro-
leum ether-insoluble concentrate, extracted from
an Actinomyces antibioticus culture, and recov-
ered as a dark reddish solid exhibiting strong ab-
sorption at 450 mu and between 230 and 250 mg.

6. Crude actinomycin B, an antimicrobial sub-
stance predominantly comprising a high molecu-
lar, substantially water-insoluble, ether- and pe-
troleum ether-soluble concentrate, extracted from
an Actinomyces antibioticus culture, and recov-
ered as & pale yellow oil.

7. The process that comprises treating a cul-
ture of Actinomyces antibioticus with an organic
solvent 'to thereby extract from said culture a
concentrate comprising at least one antimicrobial
substance of the class consisting of actinomycin
A and actinomycin B.

8. The process that comprises treating s cul-
ture of Actinomyces antibioticus with a solvent
comprising at least one member of the class con-
sisting of ethyl ether, ethyl alcohol, ethyl acetate,
carbon disulfide, acetone and chloroform to
thereby extract actinomycin from said culture.

9. As a new product, pure actinomycin A, which
is identical with the actinomycin A extracted
from cultures of Actinomyces antibioticus, which
is a brick-red colored, crystalline, thermostable
solid melting at approximately 250° C., and ex-
hibiting strong absorption at 450 mu and between
230 and 250 mu, and which has the approximate
composition of 59.01% C, 6.81% H, 13.38% N, and
a molecular weight in excess of 700.

SELMAN A. WAKSMAN.
HAROLD B. WOODRUFF.

CERTIFICATE OF CORRECTION.

Patent No. 2,378,876

June 19, 1945.

SELMAN A. WAKSMAN, ET AL.

It is hereby certlf

of the above
colurn, line L2, for "gntinomycetes

elther" read --1n ether--; and that the said

1ed that error appears in the printed spe

numbered patent requiring correctlon as
" pepd --actinomycetes--; 1line L6, for

‘"antinomycin" reed -—actinomycin--; and second column, line 11, for

cification
follows: Page 1, first

"in

letters Patent should be read

with this correction ‘therein that the same may conform to the record of the

nsase 1n the Patent Office.

Signed and sealed this 20th day of November, A. D. 1945.

(Seal)

Leslie Frazer

First Assistant Commissioner of Petents.



2,378,876

‘comes rapidly covered with & white mycelium
having a faint yellowish-green tinge. .After 6 to
10 days’ incubation, growth and production of
actinomycin are usually complete.

We have found that the actinomycin in accord-

ance with our invention possesses a selective bac-

teriostatic action with respect to different vari-
eties of bacteria and that the markedly greater
sensitivity of some bacteria to actinomycin than
of others may be utilized for the purpose of iso-
lating specific organisms from a mixed popula-
tion. Actinomycin has a bacteriostatic effect in
relatively small concentrations on gram-positive
bacteria, while it requires much higher concen-

trations to be effective bacteriostatically with re- -

spect to gram-negative bacteria. Thus, for in-
stance, when adding 0.1 mg. actinomycin to 10
cc. agar and incubating thereon a substrate such
as milk or sewage containing both gram-positive
and gram-negative bacteria, the growth of the
gram-positive bacteria will be inhibited by the
actinomycin. Generally, concentrations of 0.1 to
1.0 mg. per 10 cc. agar permit the selective growth
of various bacteria by reason of the differentia-
tion in sensitivity of varying amounts of the active
actinomycin with respect to specific bacterial
_growth. .

Both the actinomycin A and actinomycin B
possess a relatively high molecular weight. Actin-
omycin A has the general empirical composition
of 58.7 to 59.3% C, 6.5 to '1.5% H, 13.05 t0'13.65%
N, and a molecular weight in excess of 700.

Modifications may be made in carrying out
the present invention without departing from the
spirit and scope thereof, and we are to be lim-
ited only by the appended claims.

We claim: ’

1. An antimicrobial substance predominantly
comprising a substantially ether-soluble concen-

. trate, extracted from an Actinomyces antibioticus

culture, and composed of a high molecular, sub-
stantially water-soluble, petroleum ether insolu-
ble component and a substantially high molecu-
lar, water-insoluble, petroleum ether-soluble com-
ponent.

2. In the method of producing an antimicrobial
substance the steps comprising treating a cul-
ture of Actinomyces antibioticus with ethyl ether

to thereby extract actinomycin and recovering

actinomycin from said ether extract.

“

10

3

3. In the method of producing an antimicrobial
substance the steps comprising treating a cul-
ture of Actinomyces antibioticus with petroleum
ether to thereby extract actinomyein B.

4. In the method of producing an antimicrobial
substance the steps comprising treating a culture
of Actinomyces antibioticus with a solvent com-
prising at least one member selected from the
group consisting of ethyl ether, ethyl alcohol,
carbon bisulphide, acetone, and separating by se-
lective solvent extraction actinomycin A and
actinomycin B.

5. Crude actinomycin A, an antimicrobial sub-

' stance predominantly comprising a high molecu-

25

30

40

lar, substantially ether- and water-soluble, petro-
leum ether-insoluble concentrate, extracted from
an Actinomyces antibioticus culture, and recov-
ered as a dark reddish solid exhibiting strong ab-
sorption at 450 mu and between 230 and 250 mg.

6. Crude actinomycin B, an antimicrobial sub-
stance predominantly comprising a high molecu-
lar, substantially water-insoluble, ether- and pe-
troleum ether-soluble concentrate, extracted from
an Actinomyces antibioticus culture, and recov-
ered as & pale yellow oil.

7. The process that comprises treating a cul-
ture of Actinomyces antibioticus with an organic
solvent 'to thereby extract from said culture a
concentrate comprising at least one antimicrobial
substance of the class consisting of actinomycin
A and actinomycin B.

8. The process that comprises treating s cul-
ture of Actinomyces antibioticus with a solvent
comprising at least one member of the class con-
sisting of ethyl ether, ethyl alcohol, ethyl acetate,
carbon disulfide, acetone and chloroform to
thereby extract actinomycin from said culture.

9. As a new product, pure actinomycin A, which
is identical with the actinomycin A extracted
from cultures of Actinomyces antibioticus, which
is a brick-red colored, crystalline, thermostable
solid melting at approximately 250° C., and ex-
hibiting strong absorption at 450 mu and between
230 and 250 mu, and which has the approximate
composition of 59.01% C, 6.81% H, 13.38% N, and
a molecular weight in excess of 700.

SELMAN A. WAKSMAN.
HAROLD B. WOODRUFF.

CERTIFICATE OF CORRECTION.

Patent No. 2,378,876

June 19, 1945.

SELMAN A. WAKSMAN, ET AL.

It is hereby certlf

of the above
colurn, line L2, for "gntinomycetes

elther" read --1n ether--; and that the said

1ed that error appears in the printed spe

numbered patent requiring correctlon as
" pepd --actinomycetes--; 1line L6, for

‘"antinomycin" reed -—actinomycin--; and second column, line 11, for

cification
follows: Page 1, first

"in

letters Patent should be read

with this correction ‘therein that the same may conform to the record of the

nsase 1n the Patent Office.

Signed and sealed this 20th day of November, A. D. 1945.

(Seal)

Leslie Frazer

First Assistant Commissioner of Petents.



(19) I*I Canadian

Intellectual Property
Office

An Agency of
Industry Canada

Office de la Propriété (1) CA 461146 (13) A
Intellectuelle
du Canada (40)  15.11.1949

Un organisme
d'industrie Canada

(12)

(21) Application number. 461146D
(22) Date of filing:

(51) Int. CI:

(71) Applicant: MERK AND CO.

RUTGERS RES AND ENDOWMENT FOUN.

(72) Inventor: WAKSMAN SELMAN A ().
WOODRUFF HAROLD B ().

(54) ACTINOMYCIN
(54) ACTINOMYCINE

(57) Abstract:

This First Page has been artificially created and is not part of the CIPO Official Publication



This inventlon relates to new and useful lmprovements

in blo=chemlical substances and more particularly in anti-

mlcroblial. substances.

1

2

3

4 In accordance with our invention antimicroblal sub-

5 stances are prepared from cultures of Actinomyces antibiotlcus .
6

Actinomyces antlibioticus is a micro~organism which occurs

7. Inter alia in soils. Speciflcally, it 1s a fungus of defined
jé;‘ﬁOrphology characterized by spofeubearihg hyphae produced in
9 . the form of stralght aerial mycelium; the sporophores are ar-
10 ranged in clusters, no spirals being formed; the spores are
P 11 'mearly spherical to somewhat elliptlcal.

12 The following method was used by us for obtaining

13 cultures of mlcro-organisms capable of antagonizing various
14 speciflc bacteria. In accordance with this method suspen-

15 slons of cultures of the specific bacteria are mixed with an
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aqueocus agar solution and the mixture added to a sultable

soll containing the antagonizing mlocro-organisms.,, ggbn

one to 10 days? incubation, colonies of éie antagonists

willl form whlch may be transferred to fresh bacterial nutrient
media and later isolated ags pure cultures in accordance with

conventional methods.

By means of this method, we have isolated an organism

 which we have described as Actinomyces antibloticus. The

method of isolatlon is illustrated in Example IV,
In the practical application of our invention, a

suitable culture of Actinomyces antibloticus is extracted

with a sultable solvent. Sultable solvents are, for instance,
ethyl ether, ethyl alcohol, carbon bisulphide, acetone, ami
chloroform, Bthyl ether is the preferred solvent. TUpon
evaporatlon of the solvent, a sollid remains. This substance,
hereinafter designated as "actinomyein" possesses marked
bacteriostatlic and bactericidal properties against a large
variety of bacteria, actinomycetes and fungi. In most
cases, gram—positive bacteria are much more sensitive against
the substance than gram-negative organisms. The actinomycln
1s completely removable by charcoal from liguid media but is
pnly partly removed therefrom by a Seitz filter. The substance
i1s substantlally heat resistant at 100°. for thirty minutes.
We have found that two different antimicrobial sub-
stences may be obtained from the actinomycin. These sub=
stances, which will be herelnafter referred to respectively
as "actinomycin A" and Yaetinomycin BY may be obtalned by
selective extraction with suitable solvents from the actino-
myeln. Thus, for‘instance, the actinomycin B being sub~

stantially soluble 1n petroleum ether may be extracted as a
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solution 1n this solvent in which the actinomycin A is sub-
stantially Insoluble. Alternatively, Iinstead of extracting
the actinomycin A or actinomycln B from actinomycih, they
may be obtained by direct selsctive solvent extraction from
the original culbures.

Actinomycin A is a highly pilgmented {red) product
substantially soluble in ether, ethyl alcohol, water, carbon
bilsulphide, acetone, chloroform and substantially insoluble
in petroleum ether. Its agueous solutions ars of a yellow
to orange-red color, depending on concentration. The
actinomycin B is subsﬁantially goluble in ether, carbon bi-
sulphide, acetone, chloroform, petroleum ether, but difficult-
1y soluble in slcochol, and substantially insoluble 1n water.

The actinomycin A i1s highly bacteriostatie, gram-
positive bacterlia being'gnhibited by diiutions as low as
1:100,000,000; the A compound lg also effective, though
not in such degree of sensitlivlity agalnst gram-negative bac-
teria which are inhibited by concentration of, for example,
1:5,000 to 1:100,000. The actinomycln A also possesses
bactericidal activlity, though not as pronounced as its bac~
teriostatic characteristics. The actinomyclin B is markedly
bactericidal and to a lesser exbent bacterlostatic,

“Actinomyecin A crystallizes from sultable solutlons,
such as acetone-benzene or acetone-~ether mixtures or ethyl-
acetate, a3 vermillion red platelets which melt at 250%¢.,
with slow decompositlon., The actinomycin B crystallizes

substentially colorless. , The A component exhlblts characteris-

_tlc absorption in the vislble and ultra-violet regions. It

shows strong absorption af 450 mp and between 230 and 250 mp.

The followlng examples illustrate methods of obtaln-
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Ing actinomycin ag well as its A and B components, and 1t
ig to be understood that the same is furnished by way of

1llustration and not of limitation.

BExampls T

An Incubated culture of Actincmyces antibioticué

wag prepared using a medium consisting of 1% tryptone-peptone,
0.5% starch, 0.8% KoHPO,, 0«26 NaCl and 0,25% egar in distllled
water, grown at a temperature of approximately 25° %o 35°C.,
the 1ncubgtion belng compiete after slx to ten days. PFifty

litera of this incubated culbture are extbracted approximately

. 8ix tlmes with ether, using 20 liters of ether for each ex-

ﬁraction. The final extrasct is faintly pale yellow in color,
whereas the previous exﬁracts are orange. The comblined ether
extracts are concentrated to dryness and about 3 gms. of =
reddish-brown residue 1s pbtained. The resldue is stirred
with approximately 400vcc. of petrolsum ether for two to
three.hours, the solvent decanted and the residue treated
again wilith approximately 400 cc. of ﬁetroleum ether. A pale
yellow oll cdnstituting crude actinomyein B is recovered by
evaporatlon from the pebtroleum ether,.

The dark pebtroleum ether insoluble reslidue 1s dis-
‘solved in one liter of benzene with gentle heating. TUsual-
1y a smail amount of biack amorphous material remains undls-
golved and 1s filtered off. The bénzene solution 18 permltted
to drop through a chromatogrephic tower (60 x 5 cm.) packed
with aluminum oxide (according to Brockman). The pigment
is readlily adsorbed. The column 1s washed with about one
liter of benzené during which operation very little migration
of the color bands ococurs.

The columm 1s then washed with benzene acetone




551146

1de

1 solution (15:85) whereby a chromatogram develops. By con-

£ tinued washing, light yellow colored pigments pass out of

3 the column. When the main bahd (orange-red) reaches the

4 Jlower end of the column, a soiution of 30~70 aceétone benzene

5 18 passed through the colwm. The latter solvent elutes the

»

pilgment and when the eluate 1s very pale in color, washing is
7 discontinued. :

a8 The eluate le concentrated to dryness under’reduced
9 pressure, taken up in 25 cc. of hot acetone, filtered, and

10 diluted with ether. The pigment which crystallizes as red-

11 brick colored platelets 1s essentially pure but may be re-

12 crystallized if deslred from hot ethyl acetate. An analysis :
15’ of the product showed C = 59.01l; H = 6.8L; N = 13.38. (
14 -In accordancs with our invention, a variety of |
15 derivatives of actinomyeclin A or actinomycin B may be pre-

16 pared. Thus, for instance, the following example IT recites,

17 by way of i1llustration, theﬂpreparation of the di-acetate of

18 di-hydro actinomycin A.

19 Bxeample IT,

20 25 mga. of actinomycln A are dissolved in 1 cec. acetic ‘
21 anhydrlide and to thils 1s added 3 drops of pyridine (or 3 drops ;
22 triethylamine) and 100 mg. of z nc dust. On stirring, the

25 red mixture becomes pale yellow in color. After one hour at

- 24 room temperature, the mixture is filtered from the zinc dust

25 and the filtrate is concentrated to dryness wnder reduced

temperatufe. The pale yellow residue 1s dissolved in chloro-

form and washed with wabter, with aqueous sodium bicarbonate,

28 and finally with dilute hydrochloric. acid, The chloroform

29 solution is concentrated to dryness under reduced pressure

30 and the residue 1s taken up in 1 cc. acetone. On adding
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two volumes of ether, the product separates as a pale vellow
gsolid melting at approximately 241°C. Approximate e alysis:

C 58.32; H 6.36; W 12.48,

Iixample IIT

25 mg; of actinomycin A in 1 cc. of pyridine and
0,5 cec. of acetlc anhydride are allowed to stand ten hours i
at room temperature, and then for two hours at 80°C. The
red solution upon concentration to dryness under reduced
pressure ls dissolved in chloroform and the latter solution
washed in the order mentioned wilth dilute hydrochloric acid
and agueous sodlium bicarbonate. The chloroform solution is
concentrated to dryness and bthe resulting product recrystal-

lized from ethiyl acetate. The same constitutes red-brick

prisms melting at approximately 250°¢. Approximate analysis:
¢ B8,27; H 6.563; N 12.46.
| The method of growing cultures of antagonists to
speclfic bacteria outlined above can be demonstrated by way E

of the following example,

Hxample IV
Agar is washed in distilled water and dissolved so
as to yield 1.5% concontration. Two gms. of KolP0Oy are added éft
per liter. Ten milliliter portions of this agsr are distri~ ‘
buted in pest tubes and sterilized. A washed suspension of

Bscherlichlie coll, or some other sultable bacterium, obtained

by cultivation on solld or in liquid nutrient media is pre=
pared and added to the washed ager which has previously been
melted and b1aced 1n a water bath at 420C. One milliliter
portiong of the still viable bacterialysuspension are added

to the agar tubes and thoroughly mixed with the agar.

A sultable soll 1s suspended in sterile tap water

J .
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using a series of di lutions from 1:10 to 1:10,000. One
milliliter portions of these dilutions are placed,}n sterile
Petrli dishes and the bacterial agar, prepared as above, 1s
added. The plates are well shaken to distribute the soil
suspension thoroughly and are incubated at 28° or 37°C.
After one to ten days! incubation of the plates, colonies

of the antagonists will appear beling surrounded by clear
zones., These colonies are transferred to fresh bacterial
agar plates and are later isolated in pure culture by the

uge of convenient media. Actinomyces antibioticus is one

of the antagonisty isolated by this method.
We have further discovered a method and culture
mediun for incredsing the production of actinomycin or its

components by the cultures of Actinomyces antibiobticus.

The culture medium in accordance with this embodiment es-~
sentially comprises 1 to 10 and preferably 5 parts by weight
of starch, 1 to 20 and preferably 10 parts by weight of a
sultable nitrogen containing material of an organic or an
lnorganic nature, a small emount of bulffering agent suf=~
ficlent to maintaln the pH of the culture substantlially
between pH 5.6 and pH 8 and preferably at pH 7, 1 to 5 and
preferably 2 parts by welght of a mineral salt, preferably
sodium oploride, and 2 to 20, preferably 15 parts by welght
agar, and 1000 parts by weight of water. The buflfering
agent may be any one of the known buffering agents and pre-
ferably KoHPO,; esmounts of 1 to 3 and preferably 2 parts by
welght of the burfering agent will yield the desired pH

or pH range. As o source of nltrogen a variety of substances

mey be used including organic and inorganic nitrogen contain-

ing materials such as asparagine, alanine; phenylalanine,
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peptone, tryptone and sodium nitrate. We prefer, however, for
best results, to use tryptone as the nitrogen ylelding substence.
Representative compositions of preferred formulae are, for in-
stance, the following:

1.5% Ager, 0.2% KoHPO,, 0.2% NaCl, 0.5 to 2% starch, 0.1 to

0.2% Asparagine:

1.5% Agar, 0.29% K, HPO 0.2% Na(l, 0.8% Starch, 1% Peptones

4°
1.5% Agar, 0.2% K HPO, , 0.2% NaCl, 0.5% Starch, 1.0% Tryptone;
0.25% Agar, 0.2% KgHPO,, 0.2% NaCl, 1.5% Starch, 0.2% NaNOz.

Cultures are preferably incubated at 25 to 3506., sub-
stantially maintaining the pH at the indicated point or range.
Growth proceeds rapidly and is accompanied by the formation  of
a soluble dark-brown plgment on organic media. It becomes
rapldly covgred with a white myeceliuvwm having a feint yellowlsh-
green tinge. After 6 to 10 days! incubation, growth and
production of actinomycin are usually complete.

We have found that the actinomycin in accordance with
our Ilnvention possesses a selective bacteriostatic action with
respect to diffsrent varleties of bacteria and that the marked
ly greater sensitivity of some bacteria to actinomycin than of
others may be utilized for the purpose of isolating specifiec
orgeani sms from a nmixed population. Actinomycin has a bacterio~
'statlic effect In relatively small concentrations on grem-positive
bacterla, while 1t requlres much higher concentrations to be
effective bacteriostatically with respect to gram-negative
bacterial” Thussvfor instance, when adding 0.1 mg. actinomycin
to 10 cc. égar and incubating thereon a substrate such as milk
or sewage containing both gram-positive and gram-negative § 
bacteria, the growth of the gram—positive bacteria will be ‘

inhibited by the actinomycin. Cenerally, concentrations of

A
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0.1 to 1.0 mg. per 10 cc. agar pernit the selective growth
of various bacteria by reason of the differentiation in sensi-
tivlty of varying amounts of the active actinomycin with
respect to specific bacterial growth.

Both the actinomycin A and actinomycin B possess a
relatively hlgh molecular weight. Actinomycin A has the
general empirical composition of 58.7 to 59.3% C, 6.5 to
7.5% H, 13.05 to 13.65% N, and a molecular welght in excess
of 700,

Modiflcations may be made in carrying out the
present Inventlon wlthout departing from the spirit and scope

thereof, and we are to be limited only by the appended clalms.
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Having regard to the foregoing discfosure, the patent
of which thls specification forms part eonfers, subject to
the conditions prescribed In the Patent Act, 1935, the
sxcluslive right, privilege and/liberty of making, constructing,
ﬁsing and vending to others to be used, the invention as

defined in claims submitted by the patentees ss follows:

l. The procsss that comprises treating s culture of
Actlinomyces entibloticus wilith an organic solvent to thereby
extract from sald culture a concentrate comprising at least
one antimicrobiel substance of the class conslsting of

actinonycin A and actinomycin B,

2. The process that comprises treaﬁing a culbture of
Actinomyces antlbleoticus with a solvent comprising at least
one member of the class consisting of eth&l ether, ethyl

aleohol, sthyl acetate, carbon disulflde, acetone and

chloroform to thereby extract actinomycin from sald culture.

3. 1In the method of produding an antimlicrodblal sube
gstance the steps comprlsing treating a oculture of Actinomyces 5
antibiotlicus with ethyl ether to thereby extract actinomyecin i
AN

and récovering actinonycin from sald ether extract.

4. In the method of producing an antimicroblal sube

‘stance the Steps comprising treating a culture of Actlinomyces

antibictlcus with a solvent comprising at least one member
selected from the group conalsting of ethyl ether, ethyl
aleohol, carbon blsulphide, acetone, and separating by

selective solvent extraction actinomyeclin A and actinomycin B.

Fo
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5¢ In the method of producing an antimicrobial
subgtance the steps comprising treating a culture of
Actinomyces antiblotlicus with petrolesum ether to the reby

extract actinomyecin B,

6. An anbtimicrobial substance predominantly con-
prising a substantially ether-soluble concentrate,
extracted from an Actinomyces sntibioticus culture, and
composed of a high molecular, substantially water-goluble,
petroleum ether insoluble component and a substantially
hlgh molecular, water-insoluble, petroleum ether-soluble
component, when prepared by a process according to claims

l, 2 or 3,

7+ Crude actinomycin A, an antimicroblal substance
predominantly ¢omprising & high molecular, substantially
othior= and water-soluble, petroleum ether-insoluble cone=
centrate, extracted from an Actinomyces antibloticus culture,
and recovered as a dark reddlsh solid exhibiting strong
absorption at 450 mu and betwesn 230 and 250 mu, when

prepared by a process according to claims 1 or 4,

8o As a new product, pure actinomyeclin A which is
ldentlcal with the actinomyein A extracted fronm uultures
of Actinomyces antlblotlocus, whioh ls a brick-red colored,

crystalline, bhermostable s0l1d melting at approximately
2500 C., and exhibiting strong absorption at 450 mp and
betwoeen 230 and 250 mp, and which has the approximate come
position of 59.01% C, 6.81% H, 13.38% N, and a molecular

wolight in excess of 700, when prepared by a process according
to clalms 1 or 4. '




9s Crude actinomycin B, an antimicrobial substance

predomlnantly comprising a high moleecular, substantlally

water-insoluble, ether- and pestroleum etherwsoluble con-~
; contrate, extracted from an Actinomyces antibioticus culture, ‘
. and recovered as a pale yellow oll, when prepared by a
a process acocording to daime 1, 4 or 5.
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4 Claims.
1

This invention relates to new and useful Im-
provements in bio-chemical substances and, more
particularly, to new and useful improvements in
antibiotic substances. '

In accordance with our invention, a new, pow-
erful antibiotic substance, which we have called
streptothricin, is prepared from cultures of cer-
tain Actinomycetes, notably certain strains of a
type described as Actinomyces lavendulae (Waks-
man, Horning, Welsch, & Woodruff, Soil Science,
vol. 54, pp. 281-296, 1942).

Our new substance, streptothricin, is an organic
material, having the characteristics of a base, and
of low nitrogen content. It is not affected by
proteolytic enzymes. It is soluble in water, acid-
aleohol, and in dilute mineral acid but not soluble
in ether, petroleum ether, and chloroform. It is
inactivated by concentrated acids and alkalis.
Streptothricin is thermostable, being substantially
resistant to heat at 100° C. for 15 minutes.

Streptothricin is active both bacteriostatically
and bactericidally but does not exert a lytic effect,
and higher concentrations are required for strep-
tothricin to be effective bactericidally than are
required for its bacteriostatic effectiveness. It is
substantially non-toxic to animals when Injected
into the bloodstream or when taken orally.

The bacteriostatic action of streptothricin is
unique, as compared with that of other antibiotic
substances of microbial origin, such as actino-
mycin A or B, actinomycetin, Iysozyme of Actino-
myces, tyrothricin, tyrocidine, penicillin, pyo-
cyanase, pyocyanin, etc., in that it is highly effec-
tive, in small concentrations, against certain
gram-negative bacteria such as E. coli, and the
Salmonells, Shigella, and Brucélla groups, but
only slightly against Ps. fluorescens. Also, strep-
tothricin is highly active against certain gram-
positive bacteria, such as Bac. subtilis, but not
against other very closely related gram-positive
bacteria, such as Bac. mycoides. In the selectivity
of its action, streptothricin is entirely different
from other antibiotic substances derived from
Actinomyces.

On electrodialysis, streptothricin moves to the
cathode at pH 7.0.

Streptothricin may be produced by inoculating
a suitable medium with spores of Actinomyces
lavendulae, and permitting growth to proceed for
from about 6 to 12 days, at about 20-28° C.

After completion of growth, and flltration of
the medium, streptothricin may be recovered from
the filtrate.

According to one preferred embodiment of our
invention, the recovery of the streptothricin may
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2

ve effected by treating the above-mentioned fil-
trate, at neutral or alkaline pH, with an ad-
sorbent such as activated carbon or permutite,
the streptothricin being completely adsorbed
thereon. The adsorbate is then eluted with low-
normality alcoholic mineral acid, such as alco-
holic hydrochloric acid, for example, after which
the adsorbent material may be filtered off. Upon
treating the filtrate thus obtained with ether, an
aqueous layer forms, which is removed and evap-
orated to dryness.

According to another embodiment of our in-
vention, the acid-alcoholic eluate containing
streptothricin may be neutralized, and evapo-
rated to dryness.

According to still another embodiment of our
invention, the eluate obtained by washing the
acid-alcoholic adsorbate is neutralized and con-
centrated just to dryness. The residue thus ob-
tained is then extracted with absolute alcohol,
filtered, and the alcohol evaporated.

The products obtained according to the above
procedures may be further purified, as, for in-
stance, by the method outlined in the example
given hereinafter.

A suitable medium for the growth of Actino-
myces lavendulae, for the production of strep-
tothricin, may comprise an aqueous medium con-
taining tryptone, casein, peptone, dibasic potas-
sium phosphate, sodium chloride, and a carwo-
hydrate, such as glucose, starch, etc. Traces of
iron salts, such as ferrous sulfate, for example,
may also be present, and appear to exert a bene-
ficial effect upon the growth of Actinomyces laven-
dulae. The presence of a small amount of agar,
talc, or other similar material, to aid in maintain-
ing a surface pellicle of growth, is helpful in the
production of streptothricin.

‘We have discovered, furthermore, that strep-
tothricin is formed when Actinomyces lavendulae
is grown on certain simple nitrogenous com-
pounds, such as glycocoll, alanine, aspartic acid,
asparagine, and glutamic acid, in the presence of
a small amount of a carbohydrate. In the case
of some of the amino acids, such as asparagine
and glycocoll, for example, streptothricin is
formed even in the complete absence of the car-
bohydrate. However, when streptothricin is pro-
duced upon an amino acid alone, in the absence
of carbohydrate, there is a gradual increase in
alkalinity, which results in the destruction cf
streptothricin, and for that reason, the pH of
the medium should be periodically adjusted to
near the neutral point.

The following example illustrates a method of
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carrying out the present invention, but it is to
be understood that this example is given by way
of illustration, and not of limitation.

Example
A medium consisting of

1.0% dextrose,

0.5% tryptone,

0.2% dibasic potassium phosphate,
0.2% sodium chloride, and

distilled water, is distributed in appropriate ves-
sels to a depth of 1-2 inches. The medium is
sterilized at 15 lbs. steam pressure for 15-20
minutes, and then cooled.

- A water suspension of spores of a strain of
Actinomyces lavendulae 1s prepared by scraping
from agar slants. The medium is inoculated with
a heavy suspension of the Actinomyces spores.
Incubation is at a temperature of 20-28° C.
Streptothricin elaboration is usually complete
in 6-12 days. Flakes of growth are filtered off
wit muslin, and the broth is treated as follows:

To a batch of approximately 100 liters of fil-
tered streptothricin broth are added 1500 gms. of
active charcoal, The mixture is stored for about
8-12 hours at 0~10°, and stirred up at about two-
hour intervals. It is then filtered. A colorless
filtrate is obtained, and discarded. The charcoal
residue is then suspended in 10 liters of 95%
ethanol made 0.15 normal with hydrochloric acid.
It is placed in an ice bath, stirred for two hours,
and then permitted to stand for 8-12 hours in the
cold. The suspension is filtered, the charcoal
residue discarded, and the brown clear filtrate ob-
tained is poured into 100 liters of ether, with stir-
ring. An aqueous layer separates, and is drawn
off. It is a black thick liquid. One liter of water
is then added to the alcohol ether solution with
stirring. ‘The aqueous layer, which is a dark
brown solution, is then drawn off. The aqueous
solutions are neutralized to pH 6-7.

The material thus obtained may be further
purified by treatment thereof with a substance to
adsorb anions (for example, “Amberlite TR-4")
and then treating it with a substance to adsorb
cations (for example, “Amberlite IR-I""), The
material is then filtered, and the filtrate is treat-
ed with acid-washed permutite. The adsorbate
is eluted with dilute mineral acid. A colorless
solution containing streptothricin is thus ‘ob-
tained.

Modifications may be made in carrying out the
present invention, without departing from the
spirit and scope thereof, and we are to be limited
only by the appended claims,

‘We claim:

1. A process for the production of strepto-
thricin comprising cultivating a culture medium
inoculated with spores of a streptothricin-produc-
ing strain of Actinomyces lavendulae for about
6 to 12 days, at 20-28° C., filtering, adsorbing
streptothricin from the filirate, and recovering
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: 4
the adsorbed streptothricin by eluting with low
normality alcoholic mineral acid.

2. A pracess for the production of strepto-
thricin comprising cultivating a culture medium
inoculated with spores of a streptothricin-pro-
ducing strain of Actinomyces lavendulae for about
6 to 12 days, at about 20-28° C., filtering, treat-
ing the filtrate thus obtained with an adsorbent
material, eluting the adsorbate with low-normal-
ity alcoholic mineral acid, filtering, treating the
filirate with ether, and recovering streptothricin
from the aqueous layer thus formed.

3. In a process of producing streptothricin by
cultivation in a culture medium of spores of
Actinomyces lavendulae the steps which com-
prise treating the filtered culture medium con-
tain streptothricin with an adsorbent material
to adsorb streptothricin, and recovering the ad-
sorbed streptothricin by eluting with low normal-
ity alcoholic mineral acid. :

4. As a new composition of matter, an organic,
antibiotic substance which is thermostable;
which has the characteristics of a base; which
is soluble in water, acid-alcohol, and dilute min-
eral acids and insoluble in ether, petroleum ether,
and chloroform; which is strongly active bac-
teriostatically against the gram-negative bacteria
E. coli and the bacteria of the Salmonella, Shi-
gella, and Brucella groups, and against the gram-
positive bacteria B. subtilis, said activities being
strong in comparison with the relative i.activity,
in bacteriostatic respects, which characterizes the
aforesaid antibiotic substance toward Ps. fluo-
rescens and B. mycoides; and which is identical
with antibiotic material, having the aforesaid bac-
teriostatic characteristics, that is produced by
cultivation of organisms of the species Acti-
nomyces lavendulae only in artificial media not
naturally occurring in soil and under conditions
favorable to such production by such organisms.
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This invention relates to new and useful improvements
in bio-éhemical substances and, more partlicularly, to new and
useful improvements in antlblotic substances.

In accordance with our.inventioh, 8 new, powerful
antiblotic substance, which we have called streptothricin, is
prepared from cultures of cértain Actinomycetes, notably certain

strains of a type described as Actinomyces.lavendulae (Walksman,

Horning, Welsch, & Woodruff, Soll Science, Vel. 54, pp. 281-296,
1942). | S

Cur new substance, streptothficin, is an organié

material, having the characieristics of a base, and of low

ﬁitrogen content. It 1s not affected by proteolytic enzymes.
It 18 soluble in water, acld—=alcohol, and 1in dllute mineral

acid but not sdluble in ether, petroleum sether, and chloro~-

form. It is inactivated by con-
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”céntrated acids and alkalis. Streptothricin is thermostable,

being substantially resistant to heat at 100°C for 15 minutess
Streptothricin is active both bacteriostatically

and bactericidally but does not exert a lytlc effect, and higher

concentrations are required for streptothricin to be effective

bactericidally than are required for its bacteriostatic effective-
ness. It is substahtially non*tdxic to animals when_injected Into
the bloodstream or when taken ofally.

The bacteriostatic action of streptothricin is unique,
as compared with that of other antibiotic substances of microbial
origin, such as actinomycin A or B, actinomycetin, lysozyme of
Actinomyces, tyrothricin, tyroclidine, peniclllin, pyocyanase,
pyocyanin, etc., in that it is highly effective, 1in small concen-=
trations, agalnst certain'gram~negative bacteria such as E. Coll,

slightly

and the Salmonella, Shigella, and Brucella groups, but only/ against
Ps. Flﬁorescens. Alsos streptothricin is highly actlive agalnst
certain gram-positive bacteria, such as Bac. subtilis, but not
agalnst other very closely related gram-posltive bacteria, such
as Bac. Mycoldes. In the selectlvity of its action, streptothricin
is entirely different from other antibilotic substances derived '
from Actinomyces. " .

On electrodialysis, streptothricin moves to the cathode
at pH 7.0.

Streptothricin may be produced by inoculating a sultable

medium with spores of Actinomyces lavendulse, and permitting

growth to proceed for from about 6 to 12 days, at about 20-28°C.

After completion of growth, and filtration of the medlum,

'streptothricin may be recovered from the iltrate.

Accqrding to one preferred embodiment of our invention,

the recovery of the streptothricin may be effected by treating
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the above-mentioned filtrate, at neutrai or alkaline pH, with
an adsorbent such as activated carbon or permutite, the stispto=
thricin being completely adsorbed thereon. The adsorbate is

then eluted with low-normality aslconoclic mineral acid, such as

~ alcoholic hydrochleric acld, for example, after which the adsorbent

matefial may be filﬁered offs TUpon treating the filtrate thus

obtained with ether, an aqueous layer forms, which is removed

and evaporéted to dryness.

‘According to another embodiment of ourvinventiong the
acid-alcoholic eluate containing streptothricin may.be neutrellzed,
and evaporated to dryness.

According to still another embodiment of our invention,
the eluate obtained by washing the acid-slccholic adsorbate 1s
neutralized énd concentrated just to dryness. The residue thus
obtained is then éxtracted wlith absolute aleohol, filtered, and
the .alcohol evaporated.

The products obtained according to the above procedures
mey be further purified, as, for ingtance, by the method outlined
in the example glven hereinafter. w

A sultable médium‘for'the growth of Actinomyces

lavendulae, for the production of streptothricin, may comprlse
an aqueous medium contalning tryptone, easeln, peptone, dibasic
potassium phosphate, sqdium chloride, and a carbohydrate, such
as glucose, starch, etc., Traces of iron salts, such as ferrous
‘sulfate, for example, may also be present, and appear to exert

a beneficial effect upon the growth of Actlnomyces lavendulas.

The presence of a small amount of agar, talc, or other similar
material, to ald in maintaining a surface pellicle of growth, 1is

helpful 1n the production of streptothricin.
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"We have discovered, furthermore, that streptothricin

is formed when Actinomyces lavendulae is grown on certain gimple

nitrogenous compounds, such as glycocoll, alanine, aspartic acid,

asparagine, and glutamic acid, in the presence of a small amount

of a carbohydrate. In the case of some of the amino acids, such

as asparagine and glyeocoll, for example, streptothricin is formed

~even in the complete absence of the carbohydrate. However, when

streptothricin is produced upon sn amino acld alone, in the absence
of earbohydrate, there is a gradual increase in alkalinity, which
results in‘the destruction of streptothricin, and for that reason,
the pH of the medium should be periedically adjusted to near the
neutral point.

The follewling example illustrates a method of carrying
out the present lnventlon, but it 1ls to be understood that this

example is_g%yeqmby way of 1;1gstpatipq, and not of limitation.

Example

A medium consisting. of
1.0% dextrose,
0.5 % tryptone, .
0.2 % dibasic potassium phosphate,
0.2 % sodium chloride, and
distilled water, ls distributed in appropriate vessels to a depth

of 1-2 inches. The medium ls sterilized at 15 lbs. steam préﬁgurg

for 15-20 minutes, snd then cooled.

. 'A water suspension of spores of a strain of Adtinomyces

lavehdulae is prepared by scraping from agar sleants. The medium
is inoculated with'ﬁ.heavy suspension bflfﬁg Actlinomyces spores,
Incubation is at a temperature of 20~28°C. Streptothricin elabora-
tion 1s usually complete in 6=~12 days. Flakes of growth are
flltered off with muslin, and the broth is treated as follows:
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To a batch of approximately 100 liters of filtered
streptothricin broth are added 1500 gms. of active charcoal. The
mixture is stored for about 8 - 12 hours at 0 - 100, and stirred up at
;a.bout two-hour intervals. It is then filtered., A colorless filtrate is
obtained, and discarded. The charcoal residue is then suspended in 10
liters of 95% ethanol ma?le 0. 15 normal with hydrochloric acid. Itis
placed in an ice bath, stirred for two hours, and then permitteci Ito stand
for 8 -~ 12 hours in the cold. The suspension is filtered, the charcoal
residue discarded, and the brown clear filtrate obtained is poured into
100 liters of ether, with stirring. Aﬁ agueous layer‘ separates, and is
drawn off. It is a black thick liquid. One liter of water is then added to
the ailcohoi ether solution with stirring. The aqueous layer, which is a
dark brown solution, is then drawn off. The aqueous solutions are
neutralized to pH 6-7.

The métérial thus obtained may be further purified by treat-
ment thereof with a substance to adsorb anions (for example, "Amberlite
IR‘-?i") and the.ﬁ treating it with a substance to adsorb cations (for example,
"Amberlite IR-I"). The material is then filtered, and the filtrate is
treated with acid-washed permutite. Tl;le adsorbate is eluted with dilute
mineral acid. A colorless solution containing streptothricin is thus ob-
tained.

Modifications may be made in carrying out the present invention,
without departing from the spirit and scope thereof, ana we are to be limited

only by the appended claims.
While the term "Actinomyces" includes the organism used in

producing streptothricin as herein described, the word Streptomyces is now

known to more accurately define the genus organism with which the in-

- vention is concerned. Accordingly the latter term is used in the appended

claims.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. - In the production an antibiotic substance which is soluble in

water and insoluble in organic solvents by growing a culture of a

Streptomyces to produce the antibiotic substance the method which com-
prises separating the Streptomyces growth from the culture broth, sub-
jeéting the culture broth in non-acid condition to an adsorbent on which
the antibiotic substance is adsorbed, separating the adsorbent containing
the _antib’idtid $ubstance from the mixture and eluting the antibiotic sub-
stance from the adsorbent with an aqueous acid-alcohol reagent.
2. The process defined in claim 1 wherein the adsorbent is
activated carbon.

0 3. .In the productioﬁ of the antibiotic substance streptothricin by - r

éro_wing a culture of a Stre};tomyces to produce streptothricin, the method

which comprises separating the Streptorriyces growth from the culture
broth subjecting the culture broth in non-acidic condition to an adsorbent

on which streptothricin is adsorbed, separating the ‘adsorbent containing-

the streptothricin from the mixture and removing the streptothricin from

the adsorbent by elution with acid-alcohol in which streptothricin is

soluble.

4. Streptothricin.
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This invention relates to antibiotic substances and pro-
cedure for making them, and more part1cular1y to a
new and effective antibiotic substance that has now ‘béen
produced by cultivation under artificial cond1t10ns of a
‘micro-organism, further’ 1dent1ﬁed below, which is a spe-
cies of the genus Streptomyces i.e. one of the orgamsms
‘classed as actinomycetes, The organism may also_be
“aptly described as a strain of Streptomyces of the type
of Streptomyces fradiae, the laiter having been’ ‘isolated
from the soil in 1915 by Waksman (one of the present
applicants) and ‘Curtis, then designated as Actmomyces
fradii but more recently listed in Bergeys Manual as
Streptomyces fradiae. 'The present strain of orgamsm
of this nature, which at least closely resembles the one
named, and ‘which is employed for productlon of the
new antibiotic as below described, has been deposned
in the Rutgers, University, Microbiology Department
Type Culture Collection, under the official number 3535
for the dep051ted ‘ctiltire, and has been depo te_d ‘the
American Type Culture Collecthn_ as Streptomyces
fradiae 3535 it may thus be convemently and ‘accurately
identified as Streptomyces No. 3535.

Among the antibiotics now widely ‘used, streptomcm
has been partlcularly successful as a chemotherapeutrc
agent for a variety of purposes by reason of ‘its-activity
against gram-negatrve as well as gram-posrtlve ‘bacteria,
1ncludmg the mycobacteria, and has been used eﬁectlvely
in the treatment and control of certain forms of "human
tuberculosis. ‘There are, however, strams of some bac-
_teria which are more or less resistant of streptomycm,
‘the most 31gn1ﬁcant mamfestatlon of - such ‘resistance
bemg its development in’ certain cases, “apon’ prolonged
administration of the drug That is to. say, one or more
resistant strains may “develop or grow among the 1nfec-
tious organisms in such a case, Whrch s usually a 51tua-
" tion where the initial séries of treatments has been’ only
partlally effective. It will therefore be apprecrated that
an’ especially "useful ant1b1ot1c would be one havrng the
following essential properties: (a) high actrvrty “against
gram-negative bacteria and mycobacteria; (D) activity
upon streptcmycm—resxstant strains of bactena, especrally
“of acid-fast bacteria; and (¢) low toxrcrty fo animals.

It has now been discovered, i. e. in accordance with
the present invention, that the above-identified orgamsms
(Streptomyces No, 3535) may be employed to produce
a distinctively new and preemmently useful antt—bacterral

substance which is of organic composition’ and ‘which s’
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‘purities, and precipitation.
‘found to be a

: reaction.
-limited "in" acid conditions, but appears to rise as neu-
‘trality:is reached, and is definitely favored by an alkaline

2

tdrfferent in both chemical and antibiotic respects, from
other substances of its general class, such as streptomycin,

streptothncm grisein, and actinomycin.
The novel antibiotic composition, which has been

:named “neomycm” and may be conveniently so identified
“herein, 'is ‘distinctively characterized by its possession, in
substantial measure, of the desirable properties that are

enumerated above and that are indicative of extraordinary
utility for the substance. More complete reference to
the “anti-bacterial properties will be made below, but it
thay be noféd at the outset that this substance has not
omly” ‘sHown activity against a namber of streptomycin-

“resistant ‘strains of bacteria (including mycobacteria) but

has also been less favorable to the development of Te-
sistarit growth ‘under circumistanées where the latter, in
the ‘preserice of another ant1b10t1c, such as streptomycin,

‘thight be ‘exepected. ‘That is to say, among a number
“of organrsm types which include strains ‘Tesistant respec-
‘tlvely ‘to other ant1b10t1cs ‘no significant ‘difference in
“sensitivity to neomycrn has been noted.

‘Referring to the drawings:
Fig. l'is a flow sheet of a suitable process for -extract-

ing neomycm from a culture in ‘which it is produced

Fig. 2 is a curve of the infra-red spectrum of neomycin
in“the free base form, and specifically in the form -of

’neomyem B, free base;

Fig. 3 is'a curve of the infra-red spectrum of ncomycm
in the free base form, and specifically in the’ forrn of

‘neomycin C, free base;

Tig. 4 is a curve of the infra-red ‘spectrum of the
sulfate of neomyein, specifically in the form of neomycin
B sulfate;

Fig. 5 is a curve of the infra-red spectrum of the
silfate’ of neoinycin, specifically in the form of neomycin

sulfate;

Fig. 6 'is a curve of the infra-red spectrum of the

‘hydrochloride of neomycin, spe01ﬁcally in the form of

neomycm B hydrochlorrde and
‘Fig. 7 is a"curve of the infra-red spectrum of the hy-
drochloride of neomycin, specifically in the form of neo-

This new ‘antibiotic, neomycin, ‘has been produced by

gréwing the organism, ‘Streptomyces No. 3535, in a suit-

able nutrient medium under -appropriate stationary or

’submeraed aerobic (viz. shaken) conditions, and then
‘isélating -and purifying the substance, e. g. by procedure

of the sort hereinbelow described, including various steps
of adsorption, recovery by elution, separatlon from im-
So prepared, ‘neomycin is
basic compound (i. e. forms salts with
acids and forms a reineckate), most active at an alkaline
That is, its anti-microbial activity tends to be

condition of the medium, characteristics that are ad-

. vantageous in view of the generally alkaline reaction of

the blood. The isolated substance, i. €. neomycin, is

klread1ly soluble in water, in dilute acid sclutions (e. g.
dilute HCI), in aqueous methanol and in acid- alcohol-
of low acid normality, such as the ethanol-hydrochloric
“acid or methanol-formic acid solutions heretofore used
“Yor elation” of streptomycin from adsorbents.

It is rela-
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tively insoluble in various organic solvents, such as ether,
chloroform and acetone.

Neomycin has been found to be unusually thermostable,
especially at neutral or slight acid or alkaline reactlon,
but also otherwise, and may thus be heated to 100° C.
for substantial periods without destroying its activity. In
one set of tests, separate batches of neomycin at pH 2,
7 and 10 respectively, were kept at a temperature of 100°
C. for four hours, without significant loss of potency.
Indeed this extraordinary heat stability of neomycin is
a property of special utility and of definitive significance,
differentiating the substance from chlortetracycline, pen-
icillin and even streptomycin, and indicating the chemical
distinctiveness of neomycin. It is also remarkably stable
in solution, when' stored for long periods of time such
as a month or more. Solutions of it have been kept both
at room temperature and under refrigeration, for at least
three months without impairment of activity. Such fur-
ther type of stability also affords a sharp distinction from
substances such as penicillin and chiortetracycline, which
deteriorate in solution in a matter of days, the latter of
these being reported to be seriously impaired (even when
refrigerated) in a few days. In the dry, i e. crystalline
or other finely divided state, neomycin can be safely kept
for-very long periods, practically indefinitely. It is not
inactivated in the blood or in the presence of serum or
other organic material, but it is inactivated by nucleic
acid. :

While the precise chemical structure of neomycin has
not yet been determined, its novel composition seems
fully demonstrated by its unique set of properties, in-
cluding those mentioned above and elsewhere herein and
especially including its antibiotic spectrum. Such prop-
erties are believed to be amply significant, even though
the substance was not at first produced in a completely
pure state, and has not been fully analyzed as to molecu-
lar structure. Tt appears, however, that neomycin does
not give the maltol reaction as streptomycin does; nor
does it give the Sakaguchi reaction for mono-substituted
guanidine, its thus indicated lack of a guanidine group
being a feature of distinction from various forms of strep-
tomycin.

As stated, the antibiotic spectrum of neomycin is a

-specific and inherently unique characteristic, i. e. for rur-
poses of identification relative to other antibiotic sub-
stances. Indeed it is generally recognized that such a
spectrum, e. g. of bacteriostatic or like activity or in-
activity toward a number of different organisms, con-
stitutes a peculiarly effective means of characterizing and
identifying materials of this class. That is to say, each
antibiotic substance has 4 clearly determinable and de-
fined spectrum which uniquely distinguishes it from other
antibiotic materials without any necessity of numerical
comparison among such substances as to their absolute
activity toward any specific one or another of the many
- organisms against which they might be employed. Thus
the spectrum of a given antibiotic consists, in effect, of
points of relatively strong and weak activity (or inactiv-
ity), exhibited respectively toward various specific or-
ganisms and measured only in relation to each other;
such a spectrum may be plotted or tabulated, and the
configuration or shape of the resulting combination of
peaks and valleys, so to speak, provides a positive identi-
fication of the substance and thus of its chemical as well
as its antibiotic nature.

A typical spectrum for meomycin, to the extent of
presently made tests, is set forth in detail hereinbelow,
but certain features of it may be noted here. Generally
speaking and relying on the determinations that have thus

" been effected up to the present, neomycin has a spectrum
which involves activity toward the same important bac-
teria (including mycobacteria) to which streptomycin is
effective, and inactivity toward fungi, again in the same
way that streptomycin is relatively ineffective against such
organisms. In consequence, neomycin is distinguished

10

15

20

25

30

35

40

45

4

by its antibiotic spectrum from other materials (such as
streptothricin, actinomycin, grisein, penicillin, clavacin)
by most of the same general characteristics that distinguish
streptomycin from them. The spectrum of neomycin
also includes points of activity, so to speak, relative to
a number of organisms that are insensitive to strepto-
mycin; these regions of the spectrum which correspond-
ingly afford distinction from the latter material are rep-
resented by streptomycin-resistant strains of E. coli and
M. tuberculosis, and by the so-called Bodenheimer’s or-
ganism.

The organism that has been employed to produce neo-
mycin was isolated from the soil; as stated, it is one of
the actinomycetes, has been identified as Streptomyces
fradiae, and has been designated Streptomyces No. 3535.
It gives a yellowish to brownish growth on synthetic and
organic media, but no soluble pigment; it belongs, there-
fore, to the non-chromogenic group. 1t readily produces
an aerial mycelium, especially on a synthetic medinm,
the mycelium being pigmented white colored to rose, sea
shell pink or pink. The color of the mycelium may ap-
parently be described as light russet-vinaceous, according
to Ridgeway’s nomenclature for color identification. Ob-
servations have also indicated that in the case of strain
No. 3535 the sporulating hyphae are usually straight;
some other neomycin-producing strains of S. fradiae, e. g.
No. 3554 of the Rutgers collection, may produce spirals.

As indicated above, the new antibiotic substance has
been produced by cultivation of the stated organism un-
der highly artificial conditions, for example upon inocu-
lating a suitable medium with spores of the organism
or with submerged growth. In the light of experimental
work with the process, it appears that considerable vari-
ation is permissible in the composition of the medium,
preferably so long as suitable organic and inorganic con-
stituents are present both to favor the growth of the or-
ganism and to stimulate production of the antibiotic.
Thus it appears that best results are obtained when the
culture is grown in a medium containing a suitable source
of mitrogen, a carbohydrate, and inorganic or mineral
elements such as provided by sodium chloride and other
material as described below. A more specific enumera-
tion of the types of components which can all be ad-
vantageously incorporated in the culture medium is as
follows:

I. A peptone or protein digest; ordinary peptones, or
protein digests such as casein digests seem to be satis-

“factory, and results have been obtained with materials

- such as soy bean peptone, sometimes called soya peptone.
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- digests such as the material known as NZ amine.

~per liter.

Particularly good results have been obtained with casein
An-
other .useful example is bacto peptome. A component
of these types may advantageously be included, for ex-
ample, in the proportion of 10 to 20 grams (or more,
e. g. 25 grams) per liter of the medium. This compo-
nent appears to be of special significance for the produc-

. tion. of the antiobiotic, and may be generally described

as peptone material.

I.-Meat extract, or a similar type of material such as
yeast extract or distiller’s soluble, included in an amount,
say, of 3 to 5 grams per liter or more, €. g. to 20 grams
Although it is believed that this ingredient
is of relatively less importance and may indeed be dis-
pensed with in some cases, it appears to contribute mate-
rially to the desired results. This component may be
described as extractive-type nutrient material, or alter-
natively as vitamin-containing material.

IIT. Carbohydrate material, preferably represented by
glucose or a similar sugar such as maltose. Glucose or
the like may be used in an amount, for instance, of 5
to 10 grams per liter and appears to be primarily helpful
for good growth of the organism, although not, in a direct
or strict sense, critically essential for production of neo-
mycin. . Indeed glucose can be omitted entirely in many
media for neomycin production.
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V. Certain mineral elements, especially when such are
found lacking in the -water used to make up the medium
or broth. An element that seems particularly important
is zinc in the form of a zinc salt, such as zinc sulfate,
included in relatively small amount, e. g. 10 parts per
million or thereabouts. It also appears that sodium chlo-
ride is an extremely desirable component, say in'the pro-
portion of about 5 grams per liter. .

V. Water, usually in the form:of ordinary tap water.
While distilled water may be used, e. g. by supplement-
ing it with a zinc salt as indicated above, tap water
which naturally contains a trace of combined zinc has
been found entirely suitable and avoids any.need for addi-
tion of mineral components other than a salt such as
sodium chloride.

Using a medium of the sort just described and con-
taining all five (5) of the listed ingredients, the pH is
preferably adjusted with NaOH to about 7 or 7.2. While
it is possible to begin with an acid medium, e. g. having
a pH as low as 6, experience indicates that the produc-
tion of the antibiotic is then materially delayed, and
indeed an increase of acidity may ensue. In fact it ap-
pears that glucose or the like tends to produce or favor
.an increase of acidity and a consequent delay in pro-
duction of neomycin. This effect of glucose has been
overcome by employing peptone or casein hydrolysate
in relatively substantial amount, i. e. toward the upper
end of the range of proportions indicated. above. Dimi-
nution of the unfavorable effects of glucose in the pro-
duction of the. antibiotic may also be achieved, at least
in part, by decreasing the amount of the glucose (pref-
erably while increasing the proportion of peptone as just
explained) or by specifically adding a neutralizing agent
such as calcium carbonate. For the latter purpose cal-
cium carbonate has the further advantage of being self-
neutralizing; while other substances such as sodium car-
bonate might be employed, it then becomes necessary to
make daily or other regular additions of such agent, in
order to maintain conditions favoring the production
of the antibiotic. Alternatively, glucose can be omitted
entirely, provided that the protein hydrolysate is increased,
as above.

Using media of the foregoing or equivalent character,
neomycin can be produced with either stationary -or
shaken cultures. In the case of stationary cultures, pres-
ent -indication is that a satisfactory yield of the anti-
biotic requires incubation at room- temperature, e. g.
within a range of 22° to 28° C. (preferably 25° to 28°
C.), for a period of 7 to 12 days. For stationary cul-
tures, the medium should be very shallow; even then,
the spores of this organism tend to drop, i. e. to become
submerged, and thus to fail in production of the- anti-
biotic.. It appears that this organism is characterized by
a heaviness or greater specific gravity than crganisms
such as Streptomyces griseus, with which less difficulty
is experienced in the incubation of stationary. cultures.
Preferred results are obtainable by somewhat thickening
the medium, as by incorporating %4 to ¥2% of agar to
afford a semi-solid or semi-liquid constituency. “With
such modification of the medium, the organism appears
to have a suitable support so that the culture grows on
the surface as a pellicle, receiving the necessary quan-
tity: of -air for elaboration of the antibiotic substance.

Considerably more rapid incubation, for .satisfactory
yield of meomycin, has been achieved with shaken cul-
tures, i. e. relatively deep bodies of the culture medium
to which suitable agitation is imparted for efiective aera-
tion; Thus 3 to 5 days at a temperature of about 25°
C. have been found sufficient for useful production, . the
preferred temperature range being 25° to 28° C. It
appears-that for optimum results the extent of agitation,
or-more strictly the extent of aeration, should be rather
carefully controlled. It is, of course, extremely impor-
tant that. considerable air be caused to permeate the
piedium, e. g. during the shaking operation; while it is
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difficult’ to-define “quantitatively ‘the amount of air ot

-aeration necessary, the control of the latter to the desired

point-in actual practice is a very-easy matter, involving
at the most a few simple tests. While the times of incu-
‘bation stated-above -are those heretofore found optimum
in the -experimental practice of the-invention, it is under-

-stood ‘that other ‘times may be used -or required in spe-

cial-cases. ‘For instance, experience in the art of anti-
biotic production has generally indicated that the incuba-
tion period may be materially reduced by using a rela-
tively large ineculum,

While various procedures may. be adopted for sep-
arating- the -antibiotic material from the culture broth
and -for ‘subsequently purifying it, preliminary -account
may be given of certain operations found especially con-
venient. Generally stated, the procedure involves steps
-of adsorption and elution, including supplemental purifi-
cation steps, -and extending, if desired, to chromato-
-graphic separation. By way of general example of the

-process, the ‘culture medium, after the desired period of
-incubation, may be filtered and the filtrate treated-with

a suitable adsorbent such as activated charcoal or other
.active‘carbon, 'which adsorbs the neomycin. Upon sep-

‘aration--of the -adsorbate, i. ‘e. the carbon, it can be
“treated ‘with -ethanol -having a hydrochloric acid content

0f 2% (for example, 72% ethanol and the balance wa-

“ter, with ‘HCI -amounting to 2% of the total) to elute

the ‘antibiotic, or by other acid alcohol such as meth-
anol-formic acid, for like purpose. Subsequent purifi-
cation ‘steps may include further adsorption and elution
of the -antibiotic, followed ultimately by- precipitation
with an - organic liquid such as acetone and final washing
and drying ‘of the precipitate at appropriately moderate
temperature.

Alternatively, the first adsorption of the neomycin
may be effected with an adsorbent of the cation-exchange
type. In such -case (as likewise when carbon is used
to adsorb neomycin) there may be a preliminary treat-
ment of the culture medium after filtration, by strongly
acidifying it-and introducing activated carbon to adsorb
impurities, it ‘being understood that neomycin: is not ad-
sorbed under strongly. acid conditions. For use of the
cation-exchange type of adsorbent (or similarly when
the carbon type of adsorbent is employed after the pre-
liminary cleaning) the pH of the filtrate resulting from
separation of the impurity-adsorbent should first be
brought to an approximately neutral value. The anti-
biotic is then adsorbed by treatment with the stated ad-
sorbent, and the latter, i. e. a neomycin-containing ad-
sorbate is filtered and subjected to elution for separation
of the antibiotic. Examples of cation-exchange adsorb-
ents are zeolites, such as Decalso (a sodium aluminum
silicate) and ion exchange resins, e. g. of sulfonic acid
type and especially those of the. carboxylic acid type,
an especially useful instance of the latter being the prod-
uct known as Amberlite IRC-50, which is stated to be
a copolymer as disclosed in Patent No. 2,340,111, issued
January 25, 1944, it being further understood that any
of the specific examples of copolymers therein described
would be suitable. In the case of a cation-exchange
type of adsorbent, such elution may be effected with
ammonium chloride solution or with dilute HCl. The
resulting liquid in which the antibiotic is dissolved may
thereafter be subjected to successive adsorption and
elution operations, terminating with appropriate proce-
dure for precipitation and physical separation and dry-
ing of the desired, active material, i. e. neomycin.

A ‘more generic description of adsorbent materials
useful for separation of neomycin is material selected
from the class consisting of active carbon and cation-
exchange adsorbents; as indicated above, however, the
cation-exchange materials have exhibited unusual ef-
fectiveness.

Neomyein, e. g. produced by methods- of- this: kind,
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. has been found to possess a remarkably wide antibiotic
spectrum, showing extremely useful activity against both
gram-positive and gram-negative bacteria, and including
significant activity - against mycobacteria, both of the
streptomycin-sensitive and the streptomycin-resistant
types. . Furthermore, in tests of a sort which have shown
contrary results with streptomycin, there has been lesser

. development of resistance to neomycin among the tested
organisms, such results tending to indicate the limited
number of strains of such organisms- which might be
specifically resistant to neomycin as distinguished from
streptomycin, for example,

The following table represents an antibiotic spectrum
of neomycin, compared to those of streptomycin and

. streptothricin, the determinations for meomycin being
made by the agar-streak method (i. e. an agar plate di-
lution method) with the isolated antibiotic material such
as prepared in accordance with the procedure of the
specific example set forth below. Specific values of ac-

tivity in this table should of course be read with the un- 2

derstanding that the determinations may be improved
or otherwise affected in degree upon further purification
of the antibiotic, and especially with the understanding
that different strains of the various test organisms may
result in some differences in strength of activity. How-
ever, it is believed that the over-all nature or configura-
tion of the spectrum is not specifically affected by such
variations. For general purposes of identification of the
_antibiotic by the shape of its spectrum, it will likewise
be understood that no particular meaning need be at-
tached to a comparison of the absolute activities of
neomycin on the cne hand, and streptomycin or strepto-
thricin on the other hand, i. e. for any given organism
against which neomycin and one or both of the others
are substantially active. The chief significance of the
spectrum is to exhibit the over-all relationship, for each
substance, of the various activities and inactivities. It
may be noted, however, that according to present ex-
perience, necmycin is a highly active or potent substance,
permitting economy in the amount required, and facilitat-
ing actual administration, when it may be used for con-
trol of various infections.

TABLE I
Antibiotic spectrum of crude neomycin, as compared to
that of crude streptomycin and streptothricin

[Expressed in dilution units per gram of crude preparation required to
inhibit growth of test organisms]

Neomyein [ Strepto- Strepto-

Organism X1,000 myecin thricin

X1,000 %1,000
1. Bacillus subtilis_______________ 150-750 125 125
2. Bacillus mycoides. [ 20-150 20 <0.8
3. Bacillus cereus. ... . 20-60 30 <0.8
4, Staphylococcus eureus. P 100-250 15 50
5. Sarcing lutea._________ ——— 10 100 37.5
6. Escherichia coli 8S__ ——— 25 25 25
7. Escherichia coli RS_.__ e 20 0 Active
8. Pseudomonas qeruginosg....... 2.6 1 <0.8
9. Proteus vulgariS. . _.coueeee 25 10 12.5
10. Bodenheimet’s organism_. 15 0 Active
11, Serratia marcescens_ .. ...____- 20 25 1.2

12, Muycobacterium tuberculosis i
hominis 607 (38).___________ 80-250 Active Active
13. Mycobacterium_ tuberculosis .

hominis 607 (RS)._ 50-150 Inactive Active
14. Mycobacterium avium 50-150 Active Active
15, Muycobacterium ranae__ . 150 Active Active
16. Mycobacterium phlei . ... 300 100 12.5
17. Trichophyton metagrophyies. . _ <0.3 <0.3 Active
18. Crypiococcus albicans .. _______ <0.3 <0.3 Actlve
19, Penicillivm notatum__.__._..__ <0.3 <0.3 Active

in the above table and elsewhere herein, the symbol 33
means a streptomycin-sensitive strain and RS, a strepto-
mycin-resistant strain. It will be understood that the
reference to dilution units (which are the figures listed
in the table, multiplied by 1600 in each instance) expresses
the number of times that the given preparation of the given
antibiotic may be diluted and still inhibit growth of the
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organism under test. ‘Thus in the table high values repre-
sent strong activity, while the very lowest values repre-
sent relative inactivity. = For convenience and brevity, the
several organisms in the table may be identified by the
numbers arbitrarily assigned to them in the left-hand
column. A standard unit of activity is that amount of
material which will inhibit the growth of a selected stand-
ard organism under sclected standard conditions, in one
milliliter of medium.

As shown, neomycin is fully active against all of or-
ganisms numbered 1 to 16 inclusive in the table, includ-
ing activity against Nos. 1 to 6 inclusive, 8, 9, 11, 12 and
14 to 16 inclusive, against which streptomycin is similarly
effective, and in contrast with streptothricin which ex-
hibits relatively small or no activity against organisms 2,
3, 8 and 11. On the other hand, while streptothricin is
active against various fungi, ¢. g. organisms 17, 18 and 19
of the table, neomycin is relatively inactive. It may be
noted in passing that whereas the numerical values in the
table represent determinations made on a basis warranting
numerical comparison, some of the activities, e. g. of
streptomycin and streptothricin, were determined by tests
of different grades of the substance or under other circum-
stances, and for the results of such other tests, the charac-
teristics are simply reported as “active” or “inactive.”
It is believed that the characteristics of activity and inac-
tivity thus reported are amply significant for purposes of
comparison and spectral designation in the table.

An especially significant feature of the spectrum of
neomycin, distinguishing it from streptomycin, is its ac-
tivity relative to organisms 7, 10 and 13, i. e. of the same
character of activity as toward many other organisms in
the table, and in comparison with the relative inactivity
of neomycin toward organisms 17, 18 and 19. Boden-
heimer’s organism, Number 10 in the table, has been em-
ployed in assaying antibiotic substances, specifically to
determine streptothricin in the presence of streptomycin,
the latter exhibiting relatively no activity toward this or-
ganism. Sensitivity of organisms 7 and 13 toward neo-
mycin is of special utility, i. e. representing the capability
of neomycin to control these streptomycin-resistant strains
of bacteria.” As will be appreciated, organisms 12 and 13
are among those responsible for tuberculosis in human
beings, it being thus apparent that neomycin has a field of
effectiveness, e. g. against resistant straius, to which strep-
tomycin does not extend.

The antagonism of neomycin toward strains of or-
ganisms against which streptomycin is ineffective has been
demonstrated in other tests bevond those summarized in
Table I. Thus for example, when plates containing dif-
ferent concentrations of neomycin were streaked with
streptomycin-sensitive, streptomycin-resistant and strepto-
mycin-dependent strains of E. coli, the first two were
found to be sensitive alike to neomycin while the last
exhibited no growth at all. Upon conducting the same
test with streptomycin, only the first strain of organism
showed sensitivity to the antibiotic effect, the second or-
ganism being essentially unaffected and the third yielding
the growth for which it requires (according to previous
discovery) the presence of streptomycin. These tests are
clearly significant of difference in the biological and
chemical nature of neomycin, from streptomycin.

When broth or agar cultures of various bacteria con-
taining sufficient neomycin to inhibit growth were incu-
bated for relatively long periods of time, no further de-
velopment of the bacteria occurred; thus the stability of
the antibiotic was further demonstrated, in contrast to
other substances such as chlortetracycline. »

For additional evidence of the action of neomycin on
mycobacteria, determinations were made of the sensitivity
of various streptomycin-sensitive and streptomycin-re-
sistant strains of these organisms by the use of turbidi-
metric procedures in the Dubos Tween medium.. The
following table summarizes the resulis of such tests with a
number of organisms or strains of organisms of this type,
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including the human pathogenic culture of M. tuberculosis
H37Rv.
TABLE I
Effect .of -neomycin-upon the growth of -different strains
of M. tuberculosis in Dubos medium
[Incubation at 37° C. for 14 days]

Growth
Test Organism inhibition
-units/ml

M. .avium (S8) e 4.0
M. avium BARS) o oo i 4.0
M, tuberculosis H3TRV (SS)... 0.2
. M. tuberculosis H37TRVR (RS) 0.2
M., tuberculosis H37TRV (88) ___ ... 0.5-1.0
M., tuberculosis H3TRYR (RS) 1.0
M. tuberculosis:607 (SS).._- § 0.1
M. tuberculosis 60TR (RS).... 3 - - 0.25

Jt was found that:neomycin was -active against all of the-
“listed types -of organisms, and as shown in the table, in
-each instance the streptomycin-resistant and streptomycin-
sensitive :strains were in effect equally sensitive to-neo-
myecin.

The fact that neomycin does not appear:to favor the

ready development of resistant-cultures, i.-e. strains -of :

organism which are peculiarly resistant to neomycin, has
‘been indicated by reliable tests. In one such set-of tests
a. twenty-hour-old agar culture of E. coli was suspended
in water and plated out in nutrient agar containing vari-
.ous-amounts of neomycin. After 9 days incubation.at
28° C., only one colony-of a yeast, but not of the bacteria,
developed -out of 22 billion cells on a.plate. containing
25-u./ml. (units of activity per milliliter) of neomycin
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and only two colonies, likewise of yeasts and not bacteria,

-on-a plate carrying 5 u./ml, of neomycin, no colonies at
all being noted -on a‘third plate carrying 10 u./ml. Thus
‘it.was evident that no resistant culture had been de-
veloped in.any case. It was found later, however that
a-few colonies will develop in the presence of two to
four units ‘of -neomycin, but much fewer (namely one-
tenth to Yoo):than in the presence of similar concentra-
tions of streptomycin. When ‘pieces of agar were  re-
moved from these plates and inoculated into sterile agar
plates, only some of the. pleces from the plate that -had
carried' 5 u./ml. neomycin exhibited growth; the pieces
from : the plates that had contained 10 w./ml and 25
u./ml. of neomycin yielded no growth at all. These, as
well as other tests, reveal that neomycin is highly bacteri-
cidal as well as bacteriostatic.

Another and extremely important propeity of neomy-
cin is that'it appears to be relatively non-toxic, or to
have :extremely low toxicity. Tests on animals and simi-
lar tests: (e. g. on egg. embryos) have not-only afforded
confirmation, in such tests, of the relatively strong activ-
ity of neomycin against various bacteria, but have also
indicated that - the. toxicity, if.any, -of the .antibiotic to
animals is -at most very limited. Tn these tests the :ac-
tivity against-bacteria has been shown.with respect : to
both gram-positive and gram-negative organisms :and

against both streptomycm-sensmve and streptomyecin- °

resistant organisms, examples being streptomycin-sensi-
tive strains of Staphylococcus aureus, Klebsiella . pneu-
moniae, and Shigella pullorum and streptomycin-resistant
strains of Salmonella schottmiilleri and Staphylococcus
aureus.
mycin to control each of these organisms. = With-respect
to toxicity, the tests on animals, e. g. mice, indicated that
no appreciably toxic or other adverse effects occured even
though the treatment was -increased to from 20 to 80
times the effective dose.

From what has been said heremabove, it will be ap-
preciated that the culture medium employed for pro-
duction of the antibiotic may vary ‘considerably, depend-
ent.on conditions, nutrient substances available and ‘the
like. Simply by way of example, the following - are in-

The tests revealed an effective capacity of neo~
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-have been found to.yield ‘very superior resuls.

-value of 2.0 to 2.5. Activated charcoal,

10

stances 6f‘media which have been employed for the culti-

vation of-Streptomyces fradiae (No. 3535) and produc-

‘tion of ‘neomycin thereby:

CULTURE MEDIUM—EXAMPLE 1

- S0y bean PePLoNe v mammmmmm e e e g.- 20
Meat eXtraCt o o e e e g 5
“@lucose e o i e e e e e g.. 5-10
Sodium chlonde e g 5
One liter of tap water (as described above).
CULTURE MEDIUM—EXAMPLE 2
'S0y bean Peptone . - o oo g.- 10
Meat extract VDY - SRR, 1
GIICOSE e e e g_- 10
Caleium carbonate (fine powder) ~ e g.. 10
‘Sodium chloride - e g.. 5
One liter of tap water (as described above).
CULTURE MEDIUM—EXAMPLE 3
‘Casein hydrolysate (NZ-amine) - ceeeeeee g 25
“Beef extract oo o e g-- 10
‘One liter of tap water (as descnbed above).
CULTURE MEDIUM———EXAMPLE 4
‘Casein hydrolysate (NZ-amine) e g~ 25
Distiller’s soluble _ _ e g 20

-‘QOne liter-of tap water (as described above).

‘As -explained. above, the medium of Example 2, ‘which

“has a relatively low peptone content and a relatively high

glucose content, also includes a quantity of calcium car-
‘bonate to prevent possible undesirable effects of increased
acidity - during . incubation. While each of the above
media has been usefully employed, Examples 3 and 4
In each

case, shaken cultures were used. In each instance, the

pH is -adjusted to approximately 7 before inoculation

with spores ‘or submerged growth of the orgamism 'S.
No. 3535.

By way of further and more specific example of a set
of operations for separating and partially purifying neo-
mycin, the following procedure is set forth, as shown in
Fig. 1. After preliminary filtration to remove suspended
solids, the culture medium -or broth was acidified with
concentrated  hydrochloric acid, reducing its pH to a
specifically
the kind identified as Darco G-60, was added in an
amount of 5. grams per liter and the mixture stirred for
about 30 minutes. Thereafter a suitable filter-aid, for
example a material of the nature of diatomaceous earth,
specifically a filtration-assisting material known as Hy-

flo Super-Cel, was stirred into the mixture, in the amount
-of 5 grams per liter, and the mixture was then filtered
through a pad of the same material, e. g. Hyflo Super-
‘Cel,

in like amount. Since neomycin is not found to
be adsorbed at strongly acid reaction, the result of this
treatment with charcoal and subsequent filtration provided
a preliminary removal of certain unpurmes it being un-

‘derstood that an expedited process may in some cases

omit this preliminary treatment.

The filtrate from the treatment just desnlbed thus
constitutes a preliminary purlﬁed filtrate of culture broth
and contains the desired neomycin. The pH of this solu-
tion was then adjusted to 7.1+0.2 with 40% sodium
hydroxide solution. -An adsorbent material, specifically
of ‘the ‘zeolite type (sodium-aluminum silicate) was then
introduced, a suitable substance being the product known
as Decalso. The amount of this adsorbent may vary,

effective results having been had where it was introduced

in a proportlon of 1 gram for each 7000 activity units of
neomycin in the solution. The mixture was then stirred

for about 30 minutes and the adsorbate, i. e. the adsorb-

ent-containing neomycin, was filtered off, washed with
water and permitted to dry in-air overnight.
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The dried Decalso adsorbate ‘was then placed in a -

column having an inside diameter of 30 mm. and fitted
with a glass wool plug. A 10% aqueous ammonium
chloride solution was percolated through the adsorbate
(viz. the zeolite material containing the adsorbed meo-
mycin) and successive fractions were collected for assay.
Thus the neomycin was effectively eluted from the adsorb-
ent. The assay of the several fractions can be effected
either by the streak method using E. coli, or by the agar
cup method, then conveniently using B. subtilis. The
fractions having the highest potencies were combined to
make a single body of solution and the pH of the mixture
was adjusted to 7.0 A further quantity of activated char-
coal, e. g. Darco G-60 in amount ¢f 10 grams per 100
ml. was added and the mixture was stirred for 30 minutes.
The adsorbate, viz. the charcoal-containing neomycin,
was filtered off, washed with water and dried with air.
The antibiotic was eluted from this adsorbate by stirring
the latter for 30 minutes with 0.05 N hydrochloric acid in
50% methanol, using 5 ml. of the dilute acid alcohol per
gram of the charcoal. The eluted charcoal was filtered
off and subjected to a second elution in the same manner.
The eluates were combined, the pH of the combination
being then adjusted to 6.0-7.0 with agueous sodium hy-
droxide. Such solution, containing the neomycin, was
thereupon concentrated in vacuo to a volume of about 3
ml.

The described small residue of liquid, containing the
antibiotic, was picked up in methanol; the resulting mix-
ture was treated with 8 to 10 volumes of acetone to precipi-
tate the neomycin. The precipitate was collected and
dried. It was then treated with about 10 ml. of metha-
nol ‘and centrifuged to remove insoluble material. This
material was again treated with 10-15 mi. of methanol.
Again the insoluble residue was centrifuged off. The neo-
mycin-containing solutions, viz. the supernatant liquids at
the end of each centrifuging operation, were then treated
with 8 to 10 volumes of acetone to precipitate the neo-
mycin. The resnlting suspensions were permitted to stand
a few hours at 5° C., whereupon they were again centri-
fuged. The separated solid materials this time constituting
the neomycin, were finally washed with acetone and dried
in vacuo, to yield dry, rather finely divided products,
constituting iselated and separated, though still somewhat
crude bodies of the new antibiotic substance, neomycin.
As indicated abeve, further purification steps may be
followed, leading to a product of high purity correspond-
ing to the quality of certain other antibiotics now com-
mercially available. However, the product resulting from
the procedure specifically described has been found to
possess the new and desirable properties hersin set forth,
both antibiotically and otherwise.

For reference purposes herein, a unit of neomycin is
the minimum amount of such substance that will com-
pletely inhibit the growth of a selecied standard strain
of Escherichia coli, namely E. coli A. T. C. C. 9637, in
cne ml. of nutrient agar.

By way of further example of the spectrum of neo-
mycin, the following Table ITI presents a somewhat ex-
panded or more elaborate comparison of the antibiotic
spectra of neomyein and streptomycin, it being understood
that the explanatory or qualifying remarks preceding
Table I hereinabove apply equaily here. In the case of
Table Il the values for neomycin were found with the
scmewhat crude complex, obtained as described above.
In this table the quantities set forth are the amounts of
the antibiotic required to inhibit growth of the respective
organisms, in 1 ml of culture, the neomycin values be-
ing given in units per ml. and the streptomycin values in
micrograms (of pure streptomycin) per ml. Thus un-
like Table T (wherein high numbers represented strong
activity), Table IIf is directly expressed in quantities of
antibiotic substance, so that low numerical values indi-
cate streng activity of the substance, while very high
values mean relative inactivity.
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TABLE III
Comparative antibiotic spectra of neomycin and strepto-
mycin
[Expressed in amounts required to inhibit growth of organism,]

Strepto-

Organism Neomyein mycin

(units/ml.) (micro-
grams/ml,)
Aerobacter aerogenes . . ..o 0.625 0.5-2.5
Bacillus anthracis . ... __._. 0.156 0.375
B.mycoides. ... ... 0.1-0.5 0.1-3.8
B. subtilis.._. 0.02-0.1 0.12-1.0
Brucella abortus 1.25-5.0 0.5-3.76
B. melitensis 0.625-2. 5 0.5
B, suis_ . 0.312-2.5 0.5
Clostridium perfringens. __.._...__._.____ >10.0 >104
Corynebacterium diphtheriae...._____._._______ 0,156 | 0.375-3.75
Escherichia coli.._. 1.25-2.5 0,3-3.75
E. coli RS - 1.5-5.0 >1,000
Hemophilus influenzae . oo ____._._____ 1.25-2.5 1.56-5.0
H., pertussiSa ... 2.5 1.25-3.0
Klebsiella p iae. .. - ——--| 0.312-0.625 0.625-8.0
K. p J - 0.312 >1,000

.M'aileomyces malli.._ >10.0 10->10.0

Mycobacterium avium 0.1-0.3 10
M. phlei - 0.05-0, 078 0.12
M. tuberculosis. o ... ________ - <0.5 1.0-5.0
M. tuberculosis RS oo <0.5 >100
Neisserig intracellularis. __.____.______ 1.25-2.5 5.0
Pasteurella pestis.. 0.625 0.75-1.5
P.tularensis oo oo _._ 0.156 0.15-0.3
Phytomonas pruni 0.1 0,25
Proteus vulgaris 1.25-2.5 0.4-3.0
Pseudomonas aeruginosae. 12.5-25.0 2.5-25.0
Salmonella typhosa.- ... 0.1-0. 625 1.0-37.5
8. schottmillers. ... 0.4-0.7 2.0
Sarcing lutea. ... 2.5 0.25
Serratia marcescens..._.._. 1.25 1.0
Shigella paradysenterige__ 0.25-0.5 0.25-3.75
Stephylococcus aereus_ - _ 0.156-0.625 | 0.5->16.0
Streptococcus faecalis. 5.0 50.0
Vibrio comma... 2.5 6.0-37.5
Various fungi ... __________.___ >10.0 >10.0

A further inherent feature of the antimicrobial prop-
erties of neomycin is that it is inactive against Rickettsiae,
such as Rocky Mountain spotted fever (Rickettsia rickett-
sif).  Additional properties of neomycin, likewise in-
herently characteristic of the substance, are that it gives
a negative response to test by the biuret reaction, that

it is not inactivated by hydroxylamine or cysteine, and

that its potency is not affected by sodium chloride, for

-example even when sodjum chloride is present to the

amount of 20% in solutions of neomycin used for anti-
bacterial test. Neomycin gives positive Molisch and car-
bazole tests for carbohydrate residues and a negative
Elson-Morgan test for glucosamine. It gives a positive
ninhydrin test, and shows no acidic or carbonyl groups.
It does not reduce Fehling’s or Tollens’ reagents. It con-
tains no methoxyl groups.

Counter-current distributions of neomycin in a number
of solvent systems and at various values of pH, have been
made, using a hydrochloride of meomycin (prepared as
described hereinabove) and employing the so-called Craig
24-plate counter-current distribution machine (see Craig,
in J. Biol. Chem., vol. 155, page 519, for 1944). The
distributions were effected between a buffered aqueous
phase and pentasol, using stearic acid as carrier. Three
systems that were employed respectively involved borate
buffer at pH 7.3, 7.6 and 7.8, the procedure being as de-
scribed by E. A. Swart (The use of counter-current dis-
tribution for the characterization of Streptomyces anti-
biotics, in Journal of the American Chemical Society, vol.
71, page 2942). Like distribution in the system of Plaut
and McCormack (Journal Amer. Chem. Soc., vol. 71,

- page 2264, 1944) was also effected, i. e. between sodium

70

bicarbonate buffer and pentasol, again using stearic acid
as carrier. To provide referemce points, streptomycin
and streptothricin were distributed in the four systems, it
being noted that the results with respect to principal,
significant peaks in the distribution curves were the same
for the three substances (neomyecin, streptomycin and
streptothricin) whethr distributed in a mixture or sepa-
rately. As will be understood, the distribution in each
case involved 24 transfers. )
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The distribution curves were plotted from suitable bio-
assays of the contents of the 24 tubes .in the machine;
in every case it was found :that each.substance -was rep-
resented by a single, major peak. The following sum-
marizes the results obtained, it ‘being noted that the
stated bicarbonate-buffer system dis. inherently buffered at
pH of approximately. 7.6, which therefore need not -be
_specified:

“TABLE 1V
Tocation (Tube Number) of Peak
Buffer
Neomyein | -Strepto- Strepto-
mycin - thricin

Borate at PH 7.8 cmoccamemee 14’ 3 2
‘Borate at pH 7.6...._ 21 9 8
Borate at pH 7.8... 22 16 14
Bicarbonate. o eeeaoo 15 21 8

The noted pattern of peaks for neomycin is distinctive
and reproducible, and is understood. to represent an in-
herent characteristic of such substance. A careful repe-
tition of these distribution. tests has also been made, with
precisely the same solvent systems and the same distribu-
tion procedure. The peak .concentrations .of the several
antibiotics (each being distributed separately -in .each of
the .solvent systems) were -determined both by bio-assays
and chemical assays. A standard -cup-assay method.was
used for the biological assays. For.the chemical analysis
of neomycin -and streptothricin- distributions the ninhy-
drin reaction was employed, while the Sakaguchi method
.was used for the streptomycin distributions, The bio-
logical and chemical analyses were-found to agree with
each other perfectly. The distributions at pH 7.3 were
made at temperatures (C.) -of .about 28° (neomycin),
35° (streptomycin)- and 31° (streptothricin); those for
PH 7.6 at about 29°; and the remainder at-about24° to
26°, except - that-the temperature -of -the streptothricin
distribution- at pH 7.8 was -about 20°.. “The results -of
these twelve. distributions :of the three-substances -(each
as hydrochloride) -are shown by the following: tabulation
inthe manner of Table IV: :

TABLE'V
| Loeation (Tube Number) of Peak
Buffer
Neomyein | Strepto- Strepto-
mycin thricin

Borate at pH 7.8 oo 13 6 3
Borate at pH 7.6 21 10 11
Borate at pH 7.8. 22 18 14
Bicarbonate. . ioocaaau- 14 21 9

As will be noted, Table V is in good agreement With
Table IV, wherefore the approximate pattern of either
table, especially as to the peak locations of neomycin
and their general relation to the peak locations ‘for the
other antibiotics in the same systems, may be taken as
a significant characteristic of neomycin.. Minor variations
of peak locations occurred, as are to be-expected.in scien-
tific experiments. ' :

As will be apaprent from description hereinabove, neo-
mycin can be produced in the free base form, and also
as acid salts, of which specific examples already noted
or indicated are the hydrochloride, formate and picrate.
Another such readily produced salt is the sulfate. .

Neomycin has been found to contain, e. g. in its free
base form, the following approximate proportions of the
following elements, carbon 44.95%, hydrogen 7.55%,
nitrogen 14.46%, oxygen 33.04%. This analysis indi-
cates the following empirical formula: :

C20H58N35016

It will -be -understood that the acid salts, such as men-
tioned above, are formed in a conventional manner.
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Studies have indicated that neomycin -as produced- by

_the specific procedures.defined above usually consists very

predominantly of.a.single specific compound which has

been -designated neomycin B. ‘It has.also been indicated

that necmycin appears -in what-is understood to be an
isomeric form, which -has been called neomycin C. Each
of the isomers .is-understood to have .all .of the chemical,
physical .and biological properties described hereinabove,
including the stated empirical formula, the formation- of
acid salts as explained, and the significant antibiotic char-
acteristics that have been pointed out. Methanolysis of
neomycin hydrochloride has been found to yield two frag-
ments. The first fragment .is -an amorphous hydrochlo-
ride .which is .devoid of reducing power, which yields all

its. nitrogen as amino -nitrogen -and which is understood

to have the empirical formula:
Ci12H24N406.4HCl

This substance is called neamine and has also been called
neomyecin ‘A, although it is not true necmycin but is a
degradation product which exhibits relatively little -anti-
biotic activity, by dilufion tests, against gram-negative
organisms (examples of such organisms being S. mar-
cescens, Bodenheimer’s organism, E. coli and A. aero-
genes), i. e. in comparison with the activity of true neo-
mycin toward gram-negative bacteria and also in com-
parison with the activity of neamine against gram-positive

_organisms.

“The -other fragment of methanolysis of neomycin is a

.compound called methyl neebiosaminide which upon acid

hydrolysis yields a reducing diamine having (as at pres-
ent understood) the empirical formula:

CeH14aN203.2HC1
The remainder of the methyl neobiosaminide is a pentose
as'shown by the production of furfural on acid hydrolysis.

The. methyl neobiosaminide produced by methanolysis of
neomycin:C is an isomer of the same compound pro-

‘duced. from neomycin B and the resulting diamines are

similarly isomers of each other. As indicated, neomycin

-produced by the specific procedures outlined above is
usually found to consist very largely of neomycin B, ac-

companied in most cases by a small proportion of neo-

‘mycin C. Neamine is distinguished from true neomycin -

in a number of ways, e. g. as indicated above, and also
in that upon counter-current distribution in the. borate-
buffer-pentasol-stearic acid system at pH 7.6, it exhibits a
peak at about tube 15 (24 transfers) whereas true neo-
mycin appears at about tube 21.

The optical rotation, [«I1P,, of nmeomycin B hydro-
chloride is -+54°, neomycin B sulfate -}-58°, and neo-
mycin C hydrochloride 4-80° (all rotation measurements
taken in water, ¢.=0.5% ).

Infra-red absorption spectra have been obtained with
respect to neomycin, in various forms, and are illustrated
in the drawings, Figs. 2 and 3 showing the spectrum of
the. free base respectively for the forms of neomycin B
and neomycin C, Figs. 4 and 5 showing the spectra for
neomycin B and neomycin C sulfates, and Figs. 6 and 7
showing the spectra for neomycin B and neomycin hydro-
chlorides. It will be noted at the outset that the spectra
for neomycin B and neomycin C are very closely alike,
indicating their near-identity and presenting what are
believed to be a number. of distinguishing characteristics
(the same for both compounds) in relation to other sub-
stances.

These spectra were made with the respective com-
pounds embodied in pressed potassium-bromide disks,
i. e. by taking mixtures.of the particular neomycin com-
pound in each case, with finely divided potassium bro-
mide, the intimate, uniform admixture being compressed
to a disk or tablet of appropriately transparent or trans-
lucent character for infra-red radiation. The spectra
were taken in conventional fashion, with various points
on the curves representing:percent transmission and- the
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curves being extended through a wide range of frequen-
cies or wave lengths. The frequencies are conveniently
stated in reciprocal centimeters (cm.~1). Translation of
the values to wave length in microns can be readily ef-
fected, if desired, in conventional manner.

It is noted that each of the spectra, i. e. for the free
base, sulfate and hydrochloride of both neomycin B and
neomycin C, exhibits broad intense absorption maximum
bands at 3600 to 2400 cm.—! and 1200 to 900 cm.~l.
These bands appear to be distinctively characteristic of
neomycin.

By way of preliminary chemical interpretation of the
spectrum, it may be noted that in the case of the free base
spectra, the strong broad absorption extending over the
spectral range 3800 cm.—! to 2200 cm.—! indicates hydro-
gen bonded OH and NH groupings. Likewise in the free
base spectra, absorption near 1590 cm.—! demonstrates
at least a part of the nitrogen in the compound to be in
primary amino grouping or groupings. A strong absorp-
tion in the vicinity of 1000 cm.~! confirms the presence
of OH groupings in the structure.

In addition to the broad bands mentioned above, fur-
ther details of significant features of the spectra are as
follows, again expressed as approximate locations of
maxima and minima at frequencies designated in recipro-
cal centimeters:

With respect to the spectra for the neomycin free base
(Figs. 2 and 3) both neomycin B and neomycin C show
intense absorption maxima at 2900, 1460 and 1015 cm.™1,
and absorption minima at 2890, 1525, 1425, 1210 and
800 cm.—!. The neomycin B free base shows intense
absorption maxima at 3380, 1583 and 1325 cm.—, and a
distinct absorption maximum at 1378 cm.~1. Neomycin
C free base shows intense absorption maxima at 3340,
1590 and 1335 cm.~1. In addition, it may be noted that
the absorptions around 3150 cm.—! and around 1040
cm.—1 are stronger for neomycin B than for neomycin C.

With respect to the spectra for neomycin sulfate (Figs.
4 and 5) both neomycin B and neomycin C show intense
absorption maxima at 3400, 2910, 1625 and 1525 cm.—},
and absorption minima at 2250, 1570 and 800 cm.—.
Neomycin B sulfate shows intense absorption with a
single maximum at 1110 ¢m.—-, whereas neomycin C sul-
fate shows two absorption maxima respectively at 1120
and 1100 cm.—?.
absorption maxima at 1463, 1408, 1381 and 1337 cm.— 1,
It is also observed that neomycin B sulfate shows rela-
tively stronger absorption near 3240 and 3105 cm.—%,
than neomycin C sulfate.

With respect to the specira for neomycin hydrochloride ’

(Figs. 6 and 7) both neomycin B and neomycin C show
intense absorption maxima at 3400, 2900 and 1500-cm.™%,
and absorption minima at 1750, 1150, 1430 and 800
cm.—1, Neomycin B hydrochloride shows intense ab-
sorption maxima at 1595 and 1010 cm.—! while neomycin
C hydrochloride shows such maxima at 1603 and 1025
cm.—L. In addition, neomycin B hydrochioride exhibits
weak absorption maxima at 1381, 1325 and 812 cm.— %,
while neomycin C hydrochloride has a weak absorption
maximum at 1343 cm.~%. It also appears that neomycin
B hydrochloride has relatively stronger absorption near

3220 cm.~! and in the vicinity of 2550 c¢cm.—! than neo-

mycin C hydrochloride.

As indicated above, purification of neomycin prepara-
tions may include chromatography, which may be uti-
lized to effect a separation of neomycin C in purified
form, relative to neomycin B. For example, upon sub-
jecting neomycin which contains a major amount of B
and a minor amount of C (e. g. produced as explained
above), in appropriate acid salt form, to carbon chroma-
tography, the major eluate fraction contains neomycin B,
while a small fraction eluted prior to the main fraction
removes neomycin C, which may thus be. obtained in
purified form and in quaatity, from the collected pre-
liminary fractions of a considerable number of carbon

Neomycin B sulfate also shows weak
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chromatograms. By way of example, a suitable column
can be prepared, say to a bed depth of 42 inches, with an
acidified aqueous slurry of 2 kilograms of activated car-
bon (Darco G-60) and one kilogram of diatomaceous
earth. 400 grams of neomycin sulfate (containing both
B and C) are prepared in an aqueous solution, 760 ml.,
at pH 2.5 (sulfuric acid), with the addition of some of
the same materials as used in the column (total 300 g.)
to form a slurry. The slurry is introduced into the top
of the column and the column is developed with water,
with the active fractions collected in 50 ml. cuts. After
withdrawal of optically inactive liquid representing liquid
holdup, the active material (in the further eluate frac-
tions) is identified by optical rotation and represents first
a small eluate containing neomycin C, and a main eluate
from which neomycin B (sulfate) is recovered by suitable
drying. The small neomycin C sulfate fractions recovered
from a considerable number of carbon chromatograms as
described above are combined and subjected to appropri-
ate further purification, including carbon chromatography
of exactly the same kind, yielding, from the optically sig-
nificant and uniform fractions, a purified product of neo-
mycin C sulfate (optical rotation, -}-82°).

It will be understood that where neomycin is produced
in the form of a particular acid salt, the free base form
may be obtained by suitable or conventional procedure,
and other acld salts readily obtained from the free base.
For instance, by treating the sulfate with a strongly basic
anion exchange resin, the neomycin base is obtained.
From the latter, other salts may be produced, for example,
the hydrochloride being obtained by dissolving the base
in dilute hydrochloric acid. These operations are equally
applicable to neomycin in its B, C or mixed forms.

It will be understood that other procedures may be
employed for the production of neomycin, and for its
isolation and purification, for instance in accordance with
variations of the sort indicated hereinabove, as well as in
other ways consonant with the nature of the substance and
its characteristics of solubility and of response to reagents
appropriate for use in procedures of this general char-
acter. It is therefore to be understood that the invention
is not limited to the specific steps and compositions herein
described but may be embodied in other ways without
departure from its spirit.

This application is a continuation-in-part of our co-

-pending application Serial No. 526,753, filed August 5,

1955, which was in turn a continuation-in-part of an
application that was copending therewith, viz. Serial No.
131,686, filed December 7, 1949, now abandoned. Said
last-mentioned application, Serial No. 131,686, was in turn
a continuation-in-part of an application that was copend-
ing therewith, viz. Serial No. 76,184, filed February 12,
1949, now abandoned.

We claim:

1. In a process for producing the antibiotic substance
neomycin, the steps of growing a culture of a neomycin-
producing strain of Streptomyces fradiae in an aqueous
medium favorable to such production and containing pep-
tone material and a nufrient extract, to form said sub-
stance, said medium including a minor mineral content
favorable to the production of neomycin, and separating
the substance from the culture medium.

2. In a process for producing the antibiotic substance
neomycin, the steps of growing a culture of a neomycin-
producing strain of Streptomyces fradiae in an aqueous
medium favorable to such production and containing pep-
tone material, a nutrient extract, and a small amount of
‘combined zine, to form said substance, and separating the
substance from the culture medium.

3. In a process for producing the antibiotic substance
neomycin, the steps of forming said substance by grow-
ing a culture of a neomycin-producing strain of Strep-
tomyces fradiae in an agueous nutrient medium favorable
to such production and containing a small amount of
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combined zinc, and separating the substance from the
culture medium. . . .

4. In a process for producing the antibiotic substance
neomycin, the steps of forming said substance by grow-
ing a culture of a neomycin-producing strain of Strep-
tomyces fradiae in an aqueous nutrient medium favorable
to such production and containing glucose, said medium
also including peptone material in sufficient amount.to
prevent the retardation of neomycin production which
might otherwise be the effect of the glucose, said medium
including a minor mineral content favorable to the pro-
duction of neomycin, and separating the substance from
the culture medium. .

5. In a process for producing the antibiotic substance
neomycin, the steps of forming the substance by grow-
ing a culture of a neomycin-producing strain of Strep-
tomyces fradiae in an aquedus nutrient medium favorable
to such production and containing glucose in amount
greater than 5 grams per liter, said medium also includ-
ing calcium carbonate to prevent the retardation of neo-
mycin production which might otherwise be the effect
of the glucose, the aqueous content of said medium being
tap water, and separating the substance from the culture
medium.

6. Tn a process for producing the antibiotic substance
neomyein, the steps of forming the substance by growing
a culture of a neomycin-producing strain of Streptomyces
fradiae in an aqueous medium favorable to such produc-
tion and containing peptone material, material of the
class consisting of meat extract and yeast extract, and a
small amount of combined zinc, and separating the sub-
stance from the culture medinm. )

7. In a process for producing the antibiotic substance
neomycin, the steps of growing a culture of a neomycin-
producing strain of Streptomyces fradiae in an aqueous
nutrient medium favorable to such production and under
submerged conditions with aeration, to form said sub-
stance, while controlling the extent of aeration to a limited
value to provide an essentially maximum production for
the aforesaid culture and conditions, said medium includ-
ing a minor mineral content favorable to the production
of reomycin, and separating the substance from the cul-
ture medium.

8. Procedure for recovering neomycin from a culture
medium in which it has been produced, comprising reduc-
ing the pH of the neomycin-containing medium to a
strongly acid value, treating the medium with an ad-
sorbent to adsorb impurities therefrom, separating the
treated medium from said adsorbent, adjusting the pH
of said separated medium to a value at least as high as
about 7, treating said adjusted medinm with an adsorbent
to adsorb neomycin therefrom, and eluting neomycin
from said last-mentioned adsorbent.

9. In a process for producing the antibiotic substance
necmycin by growing a culture of a neomycin-producing
organism under conditions favorable to the formation of
neomycin, the steps in separating the substance from the
culture medium containing it, which comprise prelimi-
narily purifying the medium by acidulating it to a pH
of about 2, treating it with an adsorbent to adsorb im-
purities therefrom, and separating the treated medium
from said adsorbent, and thereafter establishing the pH
of the medium at a value at least as high as about 7,
treating the medium with an adsorbent to adsorb the sub-
stance, and eluting the substance from the adsorbent with
an aqueous solvent.

10. Procedure for recovering neomycin from a culture
medium in which it has been produced, comprising acidu-
lating the medium to a pH of about 2, treating it with
active carbon to adsorb impurities therefrom, filtering
the impurity-containing carbon from the medium, there-
after adjusting the pH of the medium to a value of about
7, treating the neomycin-containing medium with a cat-
ion-exchange adsorbent material to adsorb neomycin
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therefrom, and -eluting neomycin -from the adsorbent
material.

11. In a process for producing the antibiotic substance
neomyein, the steps of growing a culture of a neomycin-
producing strain of Streptomyces fradige, under sub-
merged aerobic conditions, in an aqueous medium favor-
able to.such production and containing nutrient material,
to form said substance, said medium including a minor
mineral content favorable to the production of neomycin,
and separating the substance from the culture medium.

12. In a process for. producing the antibiotic substance
neomycin, the steps of growing a culture of a neomycin-
producing strain of Streptomyces fradiae in an aqueous,
nuirient-containing medium favorable to such produc-
tion, having a pH greater than 6, and containing a source
of nitrogen, to form said substance, said medium includ-
ing a minor mineral content favorable to the production
of neomycin, and separating the substance from the cul-
ture medium.

13. Procedure for recovering neomycin from a culture
medium in which it has been produced, comprising acidu-
lating the medium to a pH of about 2, treating it with
active carbon to adsorb impurities therefrom, filtering
the impurity-containing carbon from the medium, there-
after adjusting the pH of the medium to a value of about
7, treating the neomycin-containing medium with active
carbon to adsorb neomycin therefrom, and eluting neo-
mycin from the adsorbent material.

14. The method of producing neomycin comprising
culturing a neomycin-producing strain of Streptomyces
fradiae, adjusting the pH of the culture medium to about
2.0, filtering the acidified culture medium, neutralizing
the filtrate, adding activated carbon to the neutralized
filtrate to adsorb the antibiotic, and eluting the antibiotic
from the charcoal with an acid solution.

15. The method of producing neomycin comprising
culturing a neomycin-producing strain of Streptomyces
fardiae, adjusting the pH of the culture medium to about
2.0, then treating the acidified culture medium with active
carbon to adsorb impurities therefrom, filtering the acidi-
fied culture medium, neutralizing the filtrate, adding acti-
vated carbon to the neutralized filtrate to adsorb the anti-
biotic, and eluting the antibiotic from the second-men-
tioned carbon with an acid solution.

16. The method of producing neomycin comprising
culturing a neomycin-producing strain of Streptomyces
fradiae, adjusting the pH of the culture medium to about
2.0, filtering the acidified culture medium, neutralizing
the filtrate, adding an adsorbent to the neutralized filtrate
to adsorb neomycin therefrom, and eluting neomycin
from said adsorbent.

1.7 . The method of producing neomycin comprising cul-
turing a neomycin-producing strain of Streptomyces
fradiae, adjusting the pH of the culture medium to about
2.0, then treating the acidified culture medium with an
adsorbent to adsorb impurities therefrom, filtering the
acidified culture medium, neutralizing the filtrate, adding
an adsorbent to the neutralized filtrate to adsorb neomycin
therefrom, and eluting neomycin from said last-mentioned
adsorbent.

18. An organic antibiotic composition selected from the
group consisting of neomycin B, neomycin C and the acid
salts of said neomycins, each of said neomycins being a
substance: which is thermostable, soluble in water, dilute
hydrochloric acid and acid-alcohol of low acid normality,
insoluble in ether, chloroform and acetone, essentially
non-toxic to animals in amounts effective to control in-
fection, stable in aqueous solution for at least one month,
and incapable of inactivation by hydroxylamine; and
which is characterized by: negative reaction to test for
guanidine; failure to give the maltol reaction; negative
responses to the biuret reaction test and to test for glu-
cosamine; positive responses to the ninhydrin test and to
tests for carbohydrate residues; absence of acidic, car-
bonyl and methoxyl groups; production, on methanolysis,
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of neamine and neobiosaminide; containing the following
clements in the following approximate proportions,
C. 4495%, H 7.55%, N 14.46%, O 33.04%:; substantial
antibiotic activity against

B. subtilis

B. mycoides
B. cereus

S. marcescens

Bodenheimer’s organism

and against both streptomycin-sensitive and streptomycin-
resistant strains of

E. coli

S. aureus

M. tuberculosis
M. avium

and relative inactivity against fungi and Rickertsia rick-
ettsii; further properties of said neomycins being that:
neomycin B hydrochloride and neomycin C hydrochloride
exhibit optical rotation, in water, of +54° and --80°
respectively; and said neomycins have characteristic infra-
red absorption, observed with the substances in pressed
potassium bromide disks, and measured in frequencies of
the infra-red region expressed in reciprocal centimeters,
as follows: both of said neomycins in free base form and
their hydrochlorides exhibit broad intense absorption max-
imum bands at 3600 to 2400 cm.~! and 1200 to 900
cm.—%; each of said neomycins in free base form shows
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intense absorption maxima at 2900, 1460 and 1015 cm,1,
and absorption minima at 2980, 1525, 1425, 1210 and
800 cm.—%; neomycin B hydrochloride and neomycin C
hydrochloride each have intense absorption maxima.at
3400, 2900 and 1500- cm.—L, and absorption minima at
1750, 1550, 1430 and 800 cm.~%; neomycin B in free base
form has intense absorption maxima at 3380, 1583 and
1325 cm.—! and a distinct absorption maximum at 1378
cm.~1; neomycin C in free base form has intense ab-
sorption maxima at 3340, 1590 and 1335 cm.—%; neomycin
B hydrochloride has intense absorption maxima at 1595
and 1010 cm.~! and weak absorption maxima at 1381,
1325 and 812 c¢m.~1; and neomycin C hydrochloride has
intense absorption maxima at 1603 and 1025 cm.~! and a
weak absorption maximum at 1343 cm.—.

19. Neomycin B free base, as defined in claim 18.

20. An acid salt of neomycin B, as defined in claim 18.

21. Neomycin B hydrochloride, as defined in claim 18.

22. Neomycin B formate, as defined in claim 18.

23. A method of producing neomycin in high yields
without the use of added buffering agent, which com-
prises culturing Streptomyces fradiae in contact with an
aqueous nutrient medium essentially comprising an as-
similable source of nitrogenous and growth-promoting
substances and an assimilable carbohydrate component, a
substantial proportion of said carbohydrate component
being maltose.

No references cited.
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This invention relates to fermentation and to
processes of fermentation for the production of
citric acid. .

The production of citric acid by fungi, particu-
larly by certain species of Peniclllium and by
strains of Aspergillus niger, has been long known,

but the obtainment of commercial guantities of.

eitric acid by fermentation has hitherto required
the practice of surface or shallow processes,
which necessitated the growth of the fungi in &
stationary position for the formation of a sur-
face pellicle. Surface processes of fermentation
are disadvantageous in that they require an ex-
tensive plant, and are therefore generally less
efficient industrially than deep or submerged
processes.

Prior to the present invention, a satisfactory
economic industrial process for the production of
citric acid, substantially free from other acids,
by the submerged growth of fungi, has not been
achieved. Wells and Ward, of the Bureau of
Chemistry and Soils, United States Depariment
of Agriculture, in “Industrial and Engineering
Chemistry,” vol. 31, February, 1939, page 175,
considered the prevailing evidence of the impos-
sibility of developing a submerged fermentation
process for citric acid, stating:

“Considerable research effort has been ex-
pended on attempts to develop a submerged fer-
mentation process for citric acid, and undoubt-
edly a large amount of unpublished work has
been done on the problem. All reliable evidence
indicates the impossibility of such technique.
The reason for this failure is not definitely
known, but it appears likely that some vital de-
rangement in the enzyme system is responsible.”

An object of this invention is to provide proc-
esses for the successful production of citric acid
on an industrial scale by submerged fungal
growth,

Another object of the invention is the utiliza-
tion, in a submerged condition, of a species of
Aspergillus, namely, A. wenti, which has not
been hitherto employed in citric acid fermenta-
tion processes.

A further object is the utilization of this fungus
in a form of growth peculiarly adapted to intense
fermentative activity while in a submerged state.

Another object is to provide a comparatively
simple and easily operable process for the fer-
mentation of carbohydrates by means of this
fungus, in a submerged condition, in the presence
of suitable nutritional materials, and under such
other environmental requirements of agitation,

aeration, pressure and temperature, as are most
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conducive to a high yield of citric acid to the
substantial exclusion of other acids.

Other objects will be apparent and a fuller
understanding of this invention will be had by
reference to the following description and claims.

In the present invention the applicants have

‘developed a number of important procedures for

the specific production of citric acld by the sub-
merged process. Although each of these proce-
dures may be modified from the exact specifica-
tions given herein, they are effective as a group
and preferably as a sequence for the success of
this process.

1. Choice of organism.—The applicants have
found that, among the numerous organisms ca-
pable of producing citric acld and belonging to
the Aspergillus and Penicillium groups, none is
so effective as a strain of Aspergillus wentii.

The organism Aspergillus wentii, which one of
these applicants isolated from the soil in 1915,
was first described by Wehmer in 1896. Thom
and Church more recently described it in “The
Aspergilli” (Williams and Wilkins Co., Baltimore,
Md., 1926).

25  An agar medium which is especially favorable

405

to the development of A. wentii in the isolation
and the identification of this organism and in
the production of abundant spore material is one
containing 5 grams of peptone, 10 grams of glu-
cose, 1 gram of potassium dihydrophosphate, 2
gram of crystalline magnesium sulfate, and 15
to 25 grams of agar, per liter. The medium is
sterilized at 10 pounds pressure for 30 minutes,
and inoculated with a tube culture of A. wentii.
The cultures are incubated, at 25° to 35° C., for
about 7 to 20 days.

Cane sugar, or purified molasses containing
an equlvalent quantity of fermentable carbohy-
drates, may be used instead of glucose in an agar
medium for the production of cell material and
spores.

This organism, A. wentii, has three distinct
advantages over the Aspergillus niger group,
namely: (1) it grows rapidly under submerged
conditlons, as well as under surface conditions;
(2) it produces citric acid abundantly; (3) it has
only a slight tendency to produce oxalic and glu-
conic acids, and this tendency is substantially
suppressed under the conditions of the processes
herein described. A further advantage which
A, wentii has is that it can withstand high acid-
ity, whereas the members of Penicillium usu-
ally cannot. These facts, in relation to A. wentii
and A. niger, are hrought out in the following
two illustrations.
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(a) In the appended table is indicated the in-
fluence of the duration of the incubation upon
citric acid production by A. wentii in comparison
with the acid production by a vigorous strain of
A. niger, measured in terms of the alkall required
for the neutralization of the acld produced:

MIl. of 0.25N NaOH
needed to neutralize
5 ml. of the culture

Days ol growth solution

A. wentii A. niger

o

7
¢
.3

bl
W
o

(b) The following tabulation presents the rela-
tive data as to the acid-production capacity of
A, wentii and various citric-acid-producing
straing of A. niger, under comparable conditions:

Total acid pro-

duced, ml. of

0.26N° NaOHL

needed to ncu-

tralize 5 ml. of

culture solu-
tion

Per cent

conversion

of sugar to
acid

Organism

SRR
AN ] [ R=T N ¥ Y4 .

2
o

ARRRRRRRRRD
SRS PO m D
2R ol GD g R IR

-

niger 40____

The numbers given tv A. niger in this table are labo-
ratory numbers of different cultures.

The differences found in the capacity to pro-
duce citric acid per se were actually greater thdn
those shown in the foregoing illustrations of total
acid production, because many of the A. niger
strains produced oxalic acid as well as citric acid,
whereas A. wentii produced practically only citric
acid.

II. Composition of medium.—From the results
of a large number of experiments it was found
that a very favorable medium for the growth of
A. wentii and the production of citric acid by this
organism, under submerged conditions, is one
having the following composition:

Cane SUBAr— - oo grams__
Urea
Magnesium sulfate (MgSO4.TH20)__do____
Potassium dihydrophosphate

(KH2PO4)

150
1.0
0.5

0.15
Manganese sulfate (MnSO4+7TH20)__.do.___. 0,02
Zinc sulfate (ZnSO4.7TH0)_________ do.__.. 001
Water to make______________________ cc.- 1000

It has been found experimentally that urea can
be used as a very satisfactory source of nitrogen.
Glucose can be used in place of cane sugar.

III. Acidification of medium.—The pH of the
medium is adjusted to 2.0 with hydrochloric acid,
or other acid, just before the inoculation with the
spores of A. wentii, in view of the fact that it has
been found that a pH of about 2.0 to 3.0 is the
optimum factor for the growth of the fungus in
the most desirable vegetative type, for the pro-
duction of citric acid by these submerged proc-
esses, and that this pH range is also a factor
which is conducive to a substantially complete
suppression of oxalic acid formation.
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IV. Oxygenation and agitation of medium.—
The results obtained by the applicants in studies
of the effect of aeration of the medium described
under “Composition of medium” by means of
oxygen and of air, and of the effect of the absence
of aeration, upon the production of citric acid by
A. wentii, under submerged conditions and appro-
priate gentle agitation, at a temperature of 28°
C., are illustrated by the following tabulation:

Acid produced by treatment
\&[iSl (titratable acidity,

Days of fermentation

Oxygen | Air | No aeration
2R 3.0 1.2 0.9
T e 4.1 1.4 1.1
Y .. 7.4 2.0 L4

Agitation of the culture medium is requisite
throughout the course of the processes herein
described, and, depending on the type of the
chamber in which the fermentation is conducted,
may be brought about in any suitable way, as by
gentle stirring, rotating, rocking, or shaking, or
by a combination of such procedures.

V. Conditions of incubation.—In the prepara-
tion of cultures of A. wentif, an optimum tem-
perature for the incubation of the spores has
been found to be 25° to 35° C., although temper-
atures of about 18° to 37° C. may be employed.
The period of incubation varies from 7 to 15 days.

VI. Form of fungus growth.—In the attain-
ment of the best results in every phase of the
process, and in the development of the fungus
growth which is most suitable in the practice of
the process, it is important to obtain a granular,
preferably a pearl-like or bead-like, type of
growth. Flocculent and filamentous growth
greatly reduces the effectiveness of the fungus.
The best growth is bead-like in size and form,
and is gray to yellowish or almost greenish in
color. The formation and maintenance of this
type of growth, which is most active in producing
citric acid under submerged conditions, is gov-
erned primarily by the four factors outlined under
I-IV. The optimum stage of development of
the fungal growth can be determined by exam-
ination of the bead-like growth and the size of
the beads, and by observation of their color.

VII. Replacement of medium.—When the op-
timum growth stage of the fungus has been sub-
stantially attained, the residue of the original
medium is replaced. From the results of a large
number of experiments, it has been found that a
favorable medium for replacement is one having
the following composition, which is adjusted to
a pH of 2.0:

Cane sugar_.. ... ___ grams__ 150
Urea do_... 05
Potassium dihydrophosphate__.____ do____ 005
Potassium chloride_ . . ____________ do_._. 0.15
Manganese sulfate (MnS0:.4H:0)__do__.__ 0,02
Zinc sulfate (ZnSO4+.7TH20) .________ do.... 001

Water to make___ .. _______________ cc-. 1000

This replacement medium may also contain mag-
nesium sulfate, and glucose can be used instead
of cane sugar.

Such a replacement of the medium effects con-
siderable savings in the time and the sugar re-
quired to produce the fungal growth. The pro-
duction of citric acid sets in immediately, and
much higher yields are obtained, as the follow-
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ing example of the production of citric acld by
A. weniii, submerged during the growth stage
and the replacement stage, fllustrates:

3

provides a satisfactory medium utilizing a purl-
fied molasses:

Purified molasses, equivalent to total sugars

of ——— eeoe——_-Brams._ 150
Growth stage (medium as | Replacementstage (medinm 8 Urea —cocemmemoee- ——do_... 10
descfibed under *Com- 88 described, under: ““Re- Magnesium sulfate (MgS04.TH20) __do_-_. 0.5
position of medium®} placement of mcdium—)- Potassium dihy droph osphate__—-- do._. 0.08
Days of ) Potassium chloride  —ccomceeee - do_-_. 0.15
fermen- eﬁﬁﬂ,_‘;‘,‘{)‘_‘;& Sugar con- eﬁf’};‘,l}:,',%‘?;:N Sugor con. 10 MaDgaReESE sulfate (MnSO«4H20) __do_.... 0.02
N needed | yeriog oy | NSO, nSeded | verted per 20O sulfate (ZnSOLTH20) ——ooomvo do---- 0.01
mi. of culture cent | of eulture cent Water to make. - ccocmmcommma oo cc__ 1000
sommton Sofutfon XTI. Purification of molasses.—In view of the
03 b 5.2 mo  Iact that certain grades of molasses afford com-
5.4 51.5 9.3 4.2 15 paratively low yields of citric acid iIn the sub-
e B2 122 411 " merged process, it has been found that such mo-
lasses can be advantageously purified by various
agents, such as by bauxite, bone char, “Suchar
VIII. Partial neutralization of acid—It has CSP” (activated carbon), and by certain resins
been found that either calcium carbonate or cal- 59 which are made available under the name of
clum hydroxide is decidedly helpful as a neutral- «Amberlites.”” Molasses, purified by any one or
jzing agent in the practice of this process, since by two or more of these purifying agents, affords
oxallc acid s produced when caustic soda or an increased yield of citric acid, during both the
caustic potash is used as a neutralizing agent. growth phase and the replacement phase of the
Partial neutralization up to about one-third of g5 fermentation process.
the titratable acidity of the medium can be car- The “Amberlites” are synthetic jon-exchange
ried out with such calcium compound. as a means resins. “Amberlite” 1R1 is & cation-exchange
of increasing the production of the citric acid. resin of the phenol-formaldehyde type, contain-
The pH should not exceed 3.0. ing free phenolic hydroxyl groups. “Amberlite”
IX. Effect of combining the steps related.—It g5 1R4 is an anlori-exchange resin of the amine-
has been further found that a high yield of citric formaldehyde type, containing amino groubs
acid can be obtained by combining the several capable of forming amine salts.
treatments already indicated. This is brought The following tables illustrate the effect of
out in the following figures of the ylelds of citric the purification of molasses upon the yield of
acid obtained by the action of a submerged growth g3 citric acid, as compared with the yield of citric
of A. wentii in a partially neutralized sugar acid from cane sugar, in processes of submerged
medium: : tfermentation by A. wentii:
Table I
Sugar con-
Days of fermentation agziitSSo- m&'ﬁ:} (g?g\’rgegig: 40 Acid produced
duced |gigm,1gm)| 24 Acer s days’
incubation., 8 .
ML, of 0.25N | Sugar tan
e Grams | Groms | Percet, NaOH nected|  Jiiccia
el B2 s A S sion
X. Production of pure citric acid.—In the in- Untreated mOIAsses. - .- -.-wznzmco 3.3 Per “"‘7,2
dustrial practice of a submerged process for pro- Mogasses filtered twice through bone [v
Gueing citric acid, it is highly essential that only 50 yoisses fitered through resins. 2~ &8 %0
this acid is formed. In this connection, it has CNe SUGAT oo omenmmommmon o sm e 13.2 37.8
been found that the degree or the extent of the
neutralization of the citric acid formed during Table I
the fermentation, and the kind of neutralizing
agent used, control the result in that they pre- 65 T R
vent the formation of other acids. When caustic ;gﬁﬁfy,]e Sugar con- | Sugar con-
soda or caustic potash is used for the neutrali- 0o 020N | sumed | Jerled o
zation of the acid, there is & pronounced induce- NaOH
ment of oxalic acid formation. Grams Per cent
XI. Use of molasses in place of sugar.—Mo- 60 Elmlmwd m"'?.?“s:“'i"'i'a‘ 9.0 TS, it v
lasses can be used in place of sugar for the pro- Molasses previously treated
duction of citric acid by the submerged process with bone char, “Suchar,” 2.7 1.33 LY
of fermentation herein described, The use of Cane SUGAL...- ..o oonennnons .35 25 | 7.1
a purified, or “high-test,” molasses is preferred, .
however, as & means of producing large and 85  Fermentation 12 days.
economical yields of citric acid, inasmuch 8s The process of producing citric acid by 4.
certaln types of grades of molasses have been wentii under submerged conditions can be con-
found to contain various substances which may ducted by the following steps preferably in their
tend to impair the fullest activity of the process. sequence and combination:
The “purification” of the molasses is mainly di- 70 Ezample I
rected to the removal of most of the ash or
mineral as well as some of the nitrogen com- Aspergillus wentii is first grown on a suitable
pounds found in verying amounts in some mo- agar medium, such as that which has been indi-
lasses. cated herein, for a period of 7 to 20 days, for
The following composition, adjusted to pH 2.0, 756 the production of an abundance of spore maie-
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rial. One of the described media for the pro-
duction of citric acid is now sterilized, adjusted
to pH 2.0, and inoculated with a heavy suspen-
sion of spores in sterile water. The inoculated
medium is then placed in a suitable chamber, or
the medium may be sterilized in the chamber
and then inoculated. Any chamber having an
inner surface of enamel, or stainless steel, or
other metal resistant to the medium and to citric
acid, may be used. Next, the growth phase is
initiated. The contents of the chamber are now
continuously agitated, while either air under
bressure, or oxygen at atmospheric pressure, or
a mixture of oxygen and air under pressure, is
simultaneously admitted into the chamber. The
contents of the chamber are maintained at a
temperature of about 256° to 35° C. As soon as a
substantial quantity of ecitric acid has been
formed, a sterile suspension of calcium carbonate
or calcium hydroxide is added to neutralize such
a quantity of the formed acid that the pH does
not exceed 3.0. Agitation and aeration are con-
tinued for a period of 7 to 15 days. When the
fungal growth has attained an optimum stage
of development, as previously indicated, and
when most of the sugar has been converted to
citric acid, the acid solution is withdrawn from
the chamber, and the replacement phase is be-
gun. The withdrawn solution is replaced with a
supply of the replacement medium. The fer-
mentation is resumed for another 5 to 10 days,
under similar conditions. Purther such replace-
ments are made as long as the growth of the
fungus continues to be adequately operative.

Example I1

Cuban invert molasses 1s diluted with distilled
water to afford a solution containing about 15
per cent of total carbohydrates. The solution is
treated with bone char, “Suchar CSP,” and
“Amberlites” 1R1 and 1R4. The pale yellow lig-
uor is decanted or filtered from the resulting
mixture. To this liquor are now added urea and
inorganic salts in the concentrations indicated
in the foregoing formula under the “Use of mo-
lasses in place of sugar.” The medium thus pre-
pared is sterilized by heat, adijusted to a pH of
2.0, and inoculated with the cell material of
Aspergillus wentii previously developed on a cane
sugar or other carbohydrate medium. Sub-
merged fermentation in a deep culture tank is
then conducted, under continuous agitation and
aeration under pressure or oxygenation at at-
mospheric pressure, at a temperature of about
25° to 35° C. and at a pH value not exceeding
3.00, as described in the foregoing example.
Practically all the carbohydrate Is converted into
citric acid in about 12 days,

The references herein to “sugar,” “cane sugar,”
“glucose,” and ‘“carbohydrate” are intended to
imply the operativeness in these processes of all
monosaccharides and disaccharides, or mixtures
thereof. Mixtures of monosaccharides, disac-
charides and starch or starches can also be used.
Starch or starches, without sugar, can be uti-
lized, due regard being had to the viscosity of a
starchy dispersion. In this regard, the practi-
cal limit of starch concentration has been found
to be at about 5 per cent, preferably about 3 per
cent. Inulin may also be employed in these
processes.

The examples herein are given by way of illus-
tration and not of limitation, as it is obvious
that certain modifications may be made in the
compositions of the media and in the steps of
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the fermentation process, and in the kinds and
proportions of the materials employed, without
departing from the spirit and the scope of the
invention and the purview of the claims.

We claim:

1. Process of producing citric acid comprising
forming a medium of carbohydrate selected from
the group consisting of monosaccharides, disac-
charides, starches, inulin and materials contain-
ing these carbohydrates, and nutrient inorganic
and nitrogen-containing substances, supplying
thereto citric-acid-producing strains of Asper-
gillus wentii, and maintaining agitation and aera-
tion such as to disperse oxygen through the me-
dium and to induce and maintain the growth
of the said strains in a submerged condition
throughout the medium.

2. Process for the production of citric acid
from fermentable carbohydrates selected from
the group consisting of monosaccharides, disac-
charides, starches, inulin, and materials contain-
ing these carbohydrates, by means of citric-acid-
producing strains of Aspergillus wentif, which
comprises the successive steps of sterilizing a
medium contalning nutrient materials and such
carbohydrates, adjusting the pH value of the said
medium to 2.0, inocculating the said medium with
the said strains of Aspergillus wentii, continu-
ously agitating and simultaneously aerating the
resulting Inoculated medium under pressure,
meanwhile developing fungal growth in a sub-
merged condition in the said inoculated medium
at a temperature range of approximately 18° to
37° C., adding to the resulting nutrient culture
solution a member of the group consisting of
calcfum carbonate and calcium hydroxide to raise
the pH value to not more than 3.0 after a sub-
stantial quantity of citric acid has been produced
therein, meanwhile subjecting the said nutrient
culture solution to similar conditions of agita-
tion, aeration, pressure and temperature, remov-
ing substantially the liquid part of the residue
of the said nutrient culture solution, adding a
fresh supply of medium of carbohydrate and nu-
trient materials to the residual masses of fungal
mycelium, subjecting the renewed medium and
the fungal mycelium submerged therein to simi-
lar conditions of agitation, aeration, pressure and
temperature, meanwhile maintajining the pH
value of the medium at not more than 3.0, and
conducting the fermentation to substantial com-
pletion,

3. Process for the production of citric acid from
fermentable carbohydrates selected from the
group consisting of monosaccharides, disaccha-
rides, starches, inulin, and materials containing
these carbohydrates, by means of citric-acid-pro-
ducing strains of Aspergtllus wentii, which com-
prises the successive steps of sterilizing a me-
dium containing nutrient materials and such
carbohydrates, adjusting the pH value of the said
medium to 2.0, inoculating the said medium with
the said strains of Aspergillus wentii, continu-
ously agitating and simultaneously supplying
oxygen at atmospheric pressure to the resulting
inoculated medium, meanwhile developing fungal
growth in a submerged condition in the said
inoculated medium at a temperature range of
approximately 18° to 37° C., adding to the result-
ing nutrient culture solution a member of the
group consisting of calcium carbonate and cal-
cium hydroxide to raise the pH value to not more
than 3.0 after a substantial quantity of citric acid
has been produced therein, meanwhile subject-
ing the said nutrient culture solution to similar
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conditions of agitation, temperature and oxy- -

_genation at atmospheric pressure, removing sub-
stantigily the lquid part of the residue of the
seid nutrient culture solution, adding & fresh
supply, of medium of carbohydrate and nutrient
materials to the residual masses-of fungal my-

cellum, subjecting the renewed niedium and the-

fungal mycellum submerged - therein to similar
conditions of agitation, temperature, and oXy-
genation at atmospheric’ “pressure, meanwhile
maintaining the pE value of the medium at not

more than 3.0, and conducting the. fermantatlon

to substantial completion.

4, Process for the production of cltrlc acld by ,

fungal fermentation comprising the successive
steps of preparing an aqueous solution of puri-
fied molasses to afford a total carbohydrate con-
centration of about 5 to 20 per cent, preferably
15 per cent, supplementing such solutlon with
nutrient materials, sterilizing the resulting nutri-
ent medium by heat, adjusting the pH value of
this nutrient medium- to 2.0, inoculating the
sterile nutrient medlum with a pute culture of
citric-acid-producing - strains of Aspergilius

wentdi, incubating the resulting inoculated nu- -

prepa.rlnc a culture solution of carbohydrates se-
lected from the group consisting of monosac-
charides, disaccharides; starches, inulin, and ma-
terials containing these carbohydrates, in con="
centrations up to about 3 to 20 per cent of total
carbohydrates, the sald solution also containing
urea, msgnesium sulfate, potassium -dihydro-
phosphate, potassium chloride, manganese -sul-
fate and zinc sulfate, sterflizing the said culture
solution by heat, adjusting the reaction to a pH
value of 2.0, inoculating the sterilized culture so-
Tution with a pure culture of citrie-acid-produc=
ing strains of Aspergillus weniii, incubating the

. résulting . inoculated | culture solutinn for about-

15

trient medium from about 4 to 12 days; at about
25° to 35° C., until the’ maximum mycelial growth :

has been attained, meanwhile supplying air un-
der gentle agitation under pressure; adding a
sterile suspension of & member of the group con-

4 to 12 days, &t about 25° to 35° C.-until the max-
imum mycelial growth in the form of beads has
heen attained, and meanwhile agitating the in- -
oculated culture solution and supplying sir there-
to under pressure.

1. Inaprocessiortheproductionof.cltﬁcncid R
“from -carbohydrates selected from the group

consisting of monosaccharides, dIsaccharides,
starches, inulin, and materials containing these
carbohydrates, by means of citric-acid-producing
strains of Aspergillus wenti, involving the oper-
ations of preparing a carbohydrate solution con-

-iaining nutrient materials and ingculating such

* nutrient solution with such strains, the step of

a0

sisting of calcium carbonate and calcium hydrox-.

ide to neutralize a part of the formed acid and
to raise the pH of the nutrient medium to not
more than 3.0, removing the residual ‘medium
from the fermenting chamber when the fungal
growth of mycelium becomes characterized by
small bead-like forms, adding to the residual
fungal growth-a replacement supply of liquid
medium containing nutrient materials and puri-
fled molasses to afford a total carbohydrate con-
centration of about 5 to 20 per cent, preferably
15 per cent, allowing ‘the fungal growth to act
upon the sald renewed medium for & period vary-
ing from 4 to 12 days, under similar conditions
of agitation, aeration, pressure and temperature,
removing. the residual medium and replacing it
by successive fresh suppliés of media containing
* nutrient materials and purified molasses in sim.
ilar concentration until the citric-acid-produc-
ing capacity of. the fungal growth is substan-

tially exhausted, meanwhile maintaining the pH

value of the added media at not more than 3.0.

5. In a process for ‘the production of cliric
acid from carbohydrates selected from the group
consisting’ of monosa.ccharides, disaccharides,

33

adjusting the pH value of the sald solution to

2.0 just before the inoculation of the said so--

lution with the spores .of - Aspergillus . wentd,
‘wheteby the optimum growth .of such strains in

vegetative bedd-like forms is ‘obtained and the

“formation ‘of oxalic acid is substantially sup-

pressed. -
8. In a process for the- m'oduction of citrlc

acid from earbohydrates selected from the group - ,'

consisting of monosaccharides, disaccharides,
starches, inulin, and materials confaining these
carbohydrates, by means of citric-acid-producing
strainsg of Aspergillus wentii, involving the oper-
ations of preparing a carbohydrate solution con-
taining nutrient ‘materials and inoculating sald-
solution with such strains, the step which con-

. sists In. adding to the’ culture medium a peu.-
»tmuzingagentofthegroupconsisﬁngo!eelcmm~ K
carbonate and calcium hydroxide to raise the.

PH value of the said medium to not more than .

.30, after the formation of citric acid. has defi-
-nitely progressed in the sald medium, whereby

the production .of citric acid is. increased and

B ﬂleformaﬁonoroxancacidissuhstanﬁallysup-
- pressed. .

55

starches, inulin, ‘and materials containing these -
carbohydrates, by means of citric-acid-produc~ - .

ing strains of Aspergillus wentif, involving the
operations of preparing a carbohydrate solution
containing any of the said carbohydrates and

nutrient inorganic and nitrogen-containing mea~
terials, and inoculating the sald solutfon with ~

the said strains, the steps of indircing the- growth
and maintenance of the fungal mass of the said

strains in small bead-like forms, and of inhibit-

ing flocculent .and filamentous formations of the

: “in the filtrate, and adjusting the pH value of the -
resulting solution by actdification to 2.0 N
10. .Process of producing citric acid comprising -

said strains, by continual agitation and aeration -

of the inoculated carbohydrate nutrient solution
during the growth stage -and throughout the
entire fermentation periods, at a temperature
‘range of about 18°to 37°C. . .

6. In a- process for the ‘production of citric

" acid, the steps of .growing -bead-Hke forms of .=
citric-acid-producing strains of Asperpillus

9. In & process Ior ‘the production of citric
acid from molasses, involving the operations of
preparing a medium containing purified molasses -
and nuttient materials and inoculating the said

‘medium with . citric-acid-producing - strains of

Aspergillus wentH, the steps which consist in first

.treating unpurified . molasses with bone char,
‘Suchsr, and resins, then filtering the resulting

‘product, dissolving the said nutrient materials

forming 8 medium of eane sugar and inorganic

-and hitrogen-containing substances, supplying

“thereto cirtric-acid-producing strains of Asper-
- gillus wentil, and maintaining sagitation and.

70

aeration such as to disperse oxygen through the

" medium and to Induce and ‘maintain the growth

"~ of the sald strains In a submerged condltion
. throughout the medium. :

11, Process of producing citrlc acid comm'ls—

weniii in a submerged condition. wh!ch comprlse ’“ lng forming a medium of glucose and !norganic
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and nitrogen-containing substances, supplying
thereto citric-acid-producing strains of Asper-
gillus wentdl, and maintaining agitation and
aeration such as to disperse oxygen through the

medium and to induce and maintain the growth 5

of the sald strains in a submerged condition
throughout the medium. - ‘ ) } :
12, Process of producing citric acid comprising .
forming-a medium of molasses and inorganic and
nitrogen-containing substances, supplying there-
to citric-acid-producing strains of Aspergillus
wenlil, and maintaining .agitation and aeration.
such as to disperse oxygen through the medium
and to induce and maintain the growth of the
said strains in a submerged condition throughout 15
the medium. ’ : . i
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13, Process for ths. production of citric acid
whith comprises inoculating with & cltric-acid- -
producing strain of Aspergilius wentii an aqueous

" medium  comprising urea, magnesium sulfate;

potassium dibydrophosphate, potassium chlbride,
manganese sulfate, “zinc sulfdate, and carbos:
hydrate selected from the group consisting of
monosaccharides, disaccharides, starches, inulin -
and matevials containing these carbohydrates,
and then agitating and aerating the inoctllated
medium 50 as to permit submerged, aerobic mold.
growth and fermentation. g
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and nitrogen-containing substances, supplying
thereto citric-acid-producing strains of Asper-
gillus wentdl, and maintaining agitation and
aeration such as to disperse oxygen through the

medium and to induce and maintain the growth 5

of the sald strains in a submerged condition
throughout the medium. - ‘ ) } :
12, Process of producing citric acid comprising .
forming-a medium of molasses and inorganic and
nitrogen-containing substances, supplying there-
to citric-acid-producing strains of Aspergillus
wenlil, and maintaining .agitation and aeration.
such as to disperse oxygen through the medium
and to induce and maintain the growth of the
said strains in a submerged condition throughout 15
the medium. ’ : . i
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hydrate selected from the group consisting of
monosaccharides, disaccharides, starches, inulin -
and matevials containing these carbohydrates,
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This invention relates to processes for the pro- -

duction of fumaric acid from various carbohy--

drates and carbohydrate-containing materials, by

means of certain strains of fungi. .

The production  of fumaric acid by certain
fungi, particularly by Rhizopus nigricans, 1is
known. However, the reported yields were either
_variable or insufficient for the utilization of the
processes for industrial purposes. These varia-
tions were due not only to a lack of s realization
of the existence of & specific fungus capable of
producing fumaric acid to the substantial exclu-
sion of other acids but also to an insufficient
recognition of the fact that an economic pro-
duction of fumaric acid depends strictly on a
knowledge of the physiology of the specific or-
ganism and on certaln conditions of culture.

Though the importance of the specific strains
of fungi, from a standpoint of merely a tendency
to form fumaric acid, has hitherto been recog-
nized, it has not been previously perceived that
the ability to form fumaric acid is not a prop-
erty characteristic of all strains of Rhizopus;
that thére is not only a quantitative difference
but also a qualitative difference in acid-forming
capacity between strains of Rhizopus; and that
the various morphologically identical strains of
Rhizopus nigricans, as well as the male and fe-

ited largely to species of the genus Rhizopus

.and i3 even still further narrowed by economic

considerations to certain strains of the species
Rhizopus nigricans possessing a distinctive phys-
lological specificity, I have found that other or-
ganisms belonging to the order Mucorales are
also capable of forming fumaric acid in indus-
trially important quantities according to my

- processes herein described.
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The isolation and identification of the fumanc
acid producing strain of  Rhizopus nigricans can
be accomplished as follows:

Various natural materials such as soil, decaying
organic material, spoiled bread and other spoiled
foodstuffs can be used as a source of the organ-
ism. This material is plated out on certain
bacteriological media, especially those favorable
to the development of fungi. The fungus me-
dlum of Waksman can be used for this purpose.
This medium contains, per liter, 5 gms. peptone,
10 gms. glucose, 1 gm. KH:PO: Y% gm.
MgS04.7TH30 and 25 gms. agar. The reaction of

_ this medium is adjusted to pH 4.0. The me-
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male races of even the same strain of this spe-

- ¢les, may differ strikingly in their acid-forming-

capacities.

I have now invented processes for the pro-
duction of fumaric acid which give consistently
high yields of fumaric acid under standardized
- specified conditions of fungal growth, treatment,
and control.

My processes are carried out in two distinct .

ways—the one whereby the solution in which
the fungal growth takes place is removed and is
replaced by one or more solutions in which the
fermentation for the production of fumaric acid
predominates; the other whereby the growth of
the fungus and the entire production of the fu-
maric acid take place in the same solution. Asep-
tic technique is practised throughout. v

In my processes I preferably use certain se-
lected strains of species of fungi belonging to
the genus Rhizopus. :'These are strains of Rhizo-
pus nigricans. These strains are selected as pos-
sessing in particular an abundance of the en-
zyme mechanism by which they are able, when
suitably grown and treated according to my proc-

esses, to produce fumaric acid in industrially im- -
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portant quantities. However, though the abun- -

dant production of fumaric acid by fungi is lim-
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dium is sterillzed at 10 pounds pressure for 30
minutes. The natural material is plated out in
this medium in various dilutions and allowed to
incubate at 25° C, for a period of 2 to 3 days.
The colonies of Rhizopus, which can easily be
recognized by the trained observer, are then
picked and transferred, either to the same me-
dium in‘test tubes or to any other medium suit-
able for the growth of this fungus. Pure cul=
tures are thus obtained. These cultures are now
grown on liquid media having the composition
and under the conditions outlined in this speci-
fication. The medium is tested for fumaric acid
by known chemical methods after various in-
tervals of incubation at 25° C. to 37° C. Those
strains, which, under conditions comparable to
those of my processes, give rapid and abundant
growth and shew a strong fumaric acid produc-
ing capacity, to the practical exclusion of unde-
sirable acids, are selected for the purposes of my
processes.

Suitable strains of other members of the Muco-
rales, such as certain species of Mucor, Cunning-
hamella, and Circinella, can be simnarly selected.

‘These strains and those of Rhizopus nigricans
will be generally referred to as fumaric acid form-.

ing strains.

I have found that the carbohydrate:mtrogen
ratio present in the nutrient culture medium is
of great importance in the fumaric acid produc-
ing capacity of the described strains of Rhizopus
nigricans as well as other Mucorales which were




 found to be capable of producing fumaric acid.

. In general the lower the carbohydrate:nitrogen

ratio the more unfavorable are the conditions of
fumaric acid accumulation, and conversely, up
to & certain maximum, & higher ratio is more
favorable for the cenditions of fumaric acid ac-~
cumulation. These carbohydrate (as carbon):
nitrogen ratlos have been ascertained to range
between about 25:1 and 300:1, respectively.
However, it has been found further that these
conditions become considerably modifled by the
presence (or addition) of zinc ion to the me-
dium so that in general this element greatly re-
duces the ylelds of fumaric acid especially dur-
ing the period of active growth. This effect is
much reduced at ligher carbohydrate:nitrogen
ratios, as described more fully later.

The most favorable sources of nitrogen have
been found to be ammonium sulfate and other

salts of ammonia, as well as urea and other com- 2

~pounds of nitrogen, though the influence of urea
on fumaric acid formation is less favorable than
that of ammonium sulfate.

As 1t is highly important to balance the nitro-
gen concentration in the culture medium, since
an excessive amount of nitrogen will consider-
ably delay the production of fumaric acid and
will reduce or even prevent the yield of fumaric
acid, I have determined that, for example, the
presence of 200 mgs. to 500 mgs. of nitrogen per
liter of medium contalning 50 to 150 gms. of car-
bohydrate gives favorable results, Maximum
mycelial growth is attained, accompanied and
followed by the production of fumaric acid..

The other constituents of the basal medium,
besides carbohydrate, as a source of garbon, com-
prise, in certain cases, to be described, nutrient
mineral salts, and a neutralizing agent such as
calcfum carbonate,

These nutrient mineral salts are used by me
in various combinations and concentrations, sub-
stantially the following' representing a typical
composition: (NH«)2S04, 0.2%; MgSO4.TE20,
0.06%.; KsHPO4, 0.5%. In the case of crude
carbohydrate materials these required salf con-
centrations may be less.

I, have further found that the presence of cer-
taih catalytic or trace elements in the culture
medium markedly modifies the physiology of
Rhizopus. These elements have a decided effect
both upon the growth of the fungus and upon
the production of fumaric acid.

Specifically, zinc has a decided stimulating
effect upon mycelial growth of Rhizopus at the
expense of the accumulation of fumaric acid,
whereas iron has a decided stimulating effect
upon the production of fumaric acid by Rhizopus
with a repressive effect upon its mycelial growth.

It has also.been found that it is necessary to
balance the nutrient culture medium in such a
way as to produce the optimum mycelial growth
by accelerating such growth through the pres-
ence of zine, so that this growth will be ac-
companied and immediately followed by the
maximum formation of fumaric acid.

In attaining this balance, I add a salt of zine,
such as zine sulfate, ZnSO47H20, to the culture
medium in concentrations of about 1 to 10 mgs.
per liter of medium containing 50 to 150 gms.
of carbohydrate, and balance the effect of the
zinc with a salt of iron, such as ferric sulfate,
Fea(SOu)3, in concentrations of about 1 to*20
mgs. per liter of medium containing 50 to 150
gms, of carbohydrate., Optimum conditions—
insofar as they are inducible by these trace ele-
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~ ments—are thus obtained for both the mycelial
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growth and the fumaric acid production steps,
“which will be described in the examples to follow.
It is to be emphasized that the stated amounts
of zinc and iron salts may not all have to be
added to the medium and that somewhat higher
concentrations of zinc and iron salts are not
eliminated by the figures here given. The mi-
nute amounts of these elements which are re-
quired render it quite likely that they may be
contained in larger or smalier quantities as im-
purities in some or all of the other major constit-
uents of the medium. The fact remains, how-
ever, that zinc and iron are important elements
in my processes. o
‘The stated amounts of these elements, zinc and
iron, are intended to apply when chemically pure
nutrient salts are used together with a crystal-
line carbohydrate of a high degree of purity,
Analyses of the materials for contents of zinc,
iron, and other heavy metals, and supplementary
additions thereof, if the contents of them are
deficient, provide accurate control of the critical
ratio of zinc to carbohydrate in .the growth
stage, as well as contfol of the factors involv-
ing the requirements of iron or other heavy
metals. . .
I have found that up to 20 mgs. of Fez(SO4)3
per liter of culture solution, depending on the
carbohydrate:nitrogen ratio, provides a satis-
factory concentration of iron for the acid-form-
ing capacity of my selected strains of Rhizopus.
It has further been found that, on the one
hand, the assoclative nature, or, on the other
hand, the antagonistic nature of these two trace
elements, zinc and iron, depends on the ratio in
which they are present in the culture medium,
_thelr associative nature being manifested when
the zinc and the iron exist in & ratio of substan-

“tially 1 to 2 of their stated salts.

In addition to iron, trace amounts of maganese
and copper may be introduced in order to accen-
tuate the described specific effect of zinc. Such
traces do not require such rigid control as do
those of zinc and iron.

It is to be especially noted that the addition of
zine as well as maganese and copper and minute
quantitles of iron may be highly desirable in
order to obtain as rapidly as possible an abun-
dant mass of cell substance, especially when a pure
carbohydrate is used. This cell substance would
be formed without the simultaneous high ylelds
of fumaric acid, since the presence of these heavy
metals promotes the conversion of the carbon of
the consumed carbohydrate into cell substance
rather than allowing the carbon to accumulate
in the form of fumaric acid. Such desirability
depends upon the economic interest. Such addi-
tion may be particularly desirable when the
mature growth substance is supplied with replace-
ment sugar solutions. The cell substance will
convert the sugar under such conditions into
fumaric acid at a high rate. This procedure is
described below. :

Moreover, the carbohydrate concentration of
the medium influences the intensity of the effects
of zinc and iron, and I have determined that the
net effect of zinc and iron on fumaric acid pro-
duction is associative when the initial carbo-
hydrate concentration of the medium is high
(1. e. 20 to 30 percent), but that the net effect of
zinc and iron on fumaric acid production is
antagonistic when the initial carbohydrate con-
centration of the medium is low (. e. below 20
per cent).
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I have found that small amounts of certain
inorganie salts, namely, phosphates, and sulfates,
accelerate both the process of fumaric acid pro-
duction and ‘the yield of fumaric acid if these
salts are added to the culture liquid during the
sgcond and later stages of the fumaric acid pro-
duction step, and that they serve as efficiently as
iron in this respect and may be substituted there-
for. For purposes of this acid-forming accelera-
tion I may therefore use instead of iron, for
example, dipotassium phosphate, K:HPO¢, and
magnesium sulfate, MgS047Hz20, in concentra-
tions of about 0.3 to 1 gm. each per liter of solu-
tion containing about 200 gms. of carbohydrate.
Very small amounts of nitrogen may also be
added.- L

I have further found that the mycelial mass of
Rhizopus can produce free fumaric acid in large
amounts even in the complete absence of a neu-
tralizing agent. The free acid accumulates as
- such in the culture medium and eventually attains
concentrations sufficient to crystallize out in the
culture as free acid. This accumulation of
fumaric acid has been found to lower the pH of
the medium to about 2.4, at which point the
crystallization of the acid occurs. The capacity
of Rhizopus to producé fumaric acid at this high
hydrogen ion concentration is noteworthy, as this
PH range is much below that of the activity of
most living systems. ]

However, the removal of the free fumaric acid,
by its neutralization with calcium carbonate or
other such agent, is decidedly conducive to an
abundant mycelial growth especially in the pres-
ence of zinc. I, therefore, use a suitable neu-
tralizing agent for this purpose as an essential
step toward the attainment of optimum mycelial
growth. ‘ _ :

In view of the fact that an alkaline environ-
ment has a depressive effect on the germination
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of Rhizopus spores, calcium carbonate is added to -

the culture after mycelial growth has fairly well
advanced, i. e., shortly after spore germination.
The accumulation of free acid soon tends to
retard both the total amount and the rate of
" fumaric acid formation. Therefore, it is desir-
able to neutralize this acidity. I have found
that caleium carbonate or magnesium carbonate
serves very satisfactorily to neutralize this acid
- and results in a more rapid conversion of sugar
to fumaric acid and at a higher rate, This is true
during both the original growth phase and dur-
ing the subsequent replacement phase. The
‘nature of these phases will become evident from
the examples to follow.

I have found further that the soluble ealcium
fumarate salt reaches a concentration which
exceeds its solubility and it crystallizes out abun-
dantly throughout the medium and throughout
the cell mass until the whole culture presents a
solid mass of crystalline material,
conditions the conversion of sugar to acid ceases.
It is, therefore, desirable to neutralize the acid
with alkalies whose fumarate salts are more
soluble and hence would not crystallize so readily.

- I have found that KOH or NaOH can be used
quite effectively to obviate this difficulty. Care

" should be exercised when using the soluble alka~
lies not to add enough to render the pH above 7.0.
It is preferable to adjust the pH periodically at
frequent intervals to approximately 5.0 to 6.5.

I have further found that I can readily substi-
tute for pure sugar or other pure carbohydrate a
cheap crude material, such as molasses or starch
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materials, even in the first or growth-phase of my
processes.
sacrificed in order to obtain a rapid and abundant
cell substance for use in the replacement phase.

Extensive experimentg in respect to the use of
submerged growths of Rhizopus have been made,

-and I have determined that the utilization of the

fermentation processes by means of this fungus
for fumari¢ acid production is industrially prac-
ticable, = ° , _—

Selected strains of Rhizopus nigricans can be
grown rapidly and abundantly, in a submerged
condition, in large containers corresponding to
tank conditions, with the aid.of rapid aeration
or under air pressure and adequate agitation,
with or without calcium carbonate or other neu-
tralizing agents, The rate of growth under these
conditions is greatly accelerated (twenty-four to
forty-eight hours as compared to five to seven
days for stationary surface growth) and the
yields of fumaric acid obtained-have practical im-
portance, The advantages of a deep-tank fun-
gus fermentation process over shallow-pan proc-
esses are obvious. The original nutrient culture
solution may be drained off through the false

leaving the mass of fungal mycelium in the con-
tainer, which is then recharged with carbohy-
drate solution and, if desired, with caleium car-
bonate, or neutralized periodically with soluble
alkalies. The fermentation of this replaced
sugar by the preformed mycelium begins imme-
diately at a high rate, resulting in considerable
economy of time. The mass of fungal mycelium
still possesses & high fermentation capacity
through several sugar replacements although
with gradually diminishing vigor,

If during submerged fermentation some in-
terference with the process should tend to arise
from the crystallization and the solidification of
the culture solution as a result of the limited

‘solubility of calcium fumarate, such interference

can be readily overcome by the use of lower con-
centrations of carbohydrate in the replacement
solutions, or by the use of soluble alkalles, such
as KOH or NaOH.

The use of pure sugar solutions in submerged
fermentation results in the occurrence of a prod-
uct of a high degree of purity, and. the relative
insolubility of fumaric acid permits the liberation
of the free fumaric acid directly from the culture
solution merely by concentration and by addition
of a mineral acid, such ag HNO; or HCI,

The temperature optimum for mycelial growth,
with complete disregard for acid production, is
about 35° C. However, the optimum for fumaric
acid production during the replacement phase is
about 28° C. - It {s consequently advisable to con-
duct growth at about 28°-35° C.; fermentation
is best; conducted at about 28° C,

The maximum growth of the fungus can be
empirically observed to have occurred by the ex-
tent of the proliferation; or it can be determined
from the nitrogen consumed; or it can be rough-
ly ascertained by the removal from the process
container and the weighing of a glven area of the
pellicle in the case of stationary cultures, or by
the removal of aliquot portions of the conténts
of the container and the weighing of the fungus
material contained therein in the case of sub-

~ merged growths.

({7

The several successive process steps which I
have found to be, by virtue of their specific com-
bination and sequence, valugble for the success-

In this way, fumaric acld ylelds are .-

=
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ful and economic production of fumeric acid will
now be described, :
. Ezxample I

A culture solution, containing glucose or an- .

other carbohydrate or a mixture of carbohy-
drates, in concentrations of about 5 to 15 per
cent total carbohydrate, is supplemented with the
described nutrient salts and salts of catalytic or
trace elements, and is sterilized by heat.

This culture solution is inoculated with & pure
culture of selected strains of the fungus Rhizopus
nigricans. Inoculation is effected by means of
elther the fungal spores or a predeveloped sus-
pension of germinated spores, the latter result-
ing in considerable economy of time. The cul-
ture is incubated at about 28°-35° C.

In respect to the first stage, or growth phase,
of this process, the culture is now allowed to
grow either in a stationary manner, wherein a
surface mass of growth or pellicle develops, or
in a submerged condition, wherein the culture is
gently agitated with air or with a mechanical
stirrer, being held at atmospheric pressure. or

under increased air pressure, for 24 to 60 hours.

A lattice-like or other suitable support for the
growing fungus Is essential for the rapid devel-
opment of an abundant mass of mycelial growth
into a heavy pellicle in the stationary vessels,
especially where a large surface area of liquid is
to be covered by the growth. The lattice should
preferably be approximately parallel to the
liquid surface. :

Calcium carbonate or other alkali is added to
the culture liquid, stoichiometrically and asep-
tically, to neutralize the fumaric acid which the
fungus has produced from the carbohydrate.

In stationary gowth tanks the liquid is agitated
under the culture and care is taken not to injure
the thin pellicle of growth which has formed on
the surface.

The submerged culture is subjected to aera-
tion either in rotating or in stationary tanks with
air passing through the culture or under in-
creased pressure. ]

When the growth of the fungus has reached its
maximum at about 28°-35° C., which is usually
within 2 to 7 days, depending on the relative con-
centration of the nutrient materials, trace ele-
ments and conditions of growth, such as tem-
perature, the nutrient culture liquid in the con-
tainers in which growth has occurred is removed
as completely as possible by drainage, by siphon-
ing or by centrifuging,

This removed culture liquid contains the
- equivalent of about 10 to 45 per cent of fumaric
acid on the basis of the carbohydrate consumed
by the fungus, and this liquid is saved -for the
recovery of the fumaric acid therein. .

The cell substance remaining in the containers
(such substance being called “pellicles” in the
case of the growths in stationary cultures) is
then washed with sterile water fo remove the
last traces of nutrient salts, and this wash solu-
tion is drained off, This step is not essential
for successful production of fumaric acid.
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. to the anticipated fumaric acid yleld, which may

be up to about 50 per cent of the carbohydrate
consumed by the fungus, is added to the fresh

‘culture liquid, or neutralization is effected pe-

riodically by KOH or NaOH.

Accelerators of fumaric acid formation are
also added at this step, for example: Fea(SOd)s
and MgS0«TH20, each in concentrations of 0.1
gm. to 1.0 gm, per liter of solution containing
up to 20 per cent of carbohydrate. .

The mass of fungal growth, which abundantly
provides a strong enzyme mechanism for pro-
ducing fumaric acid, is now allowed to act upon
this carbohydrate solution for a period varying
from 1 to 7 days, being alded by agitation and
aeration or air pressure similar to that described.

The rates of growth and fumaric acid produc-
tion are greatly accelerated by the presence of -
8 surface support in the stationary cultures and .
by aeration, by air pressure and by agitation of
the submerged type of growth. -

Upon the.initiation of the second stage the
temperature is kept at abouf 28° C., which ap-
pears to be about optimum for fumaric acid pro-
duction. - .

The culture solution is removed, as before, and
the replacement of the carbohydrate by new

. solutions is repeated several times until the

enzyme system of the Rhizopus mycelium is sub-
stantially exhausted. :

The mature cell substance retains for some time
its function as an enzyme system under these
conditions, converting the carbohydrate and so
continuing to produce fumaric acid with gradu~

5 ally reduced vigor, however, to the practically

complete exclusion of other acids, from as many -
as three or four successive replacements with
new carbohydrate solutions.

No vegetative growth, or very little, occurs in
the replacement phase since nitrogen and other
essential growth elements are lacking.

The addition of calcium carbonate or other
neutralizing agent in the replacement phase
is not absolutely essential in this process; be-

5 cause a substantially pure fumaric acid is formed

and it crystallizes from the culture liquid owing
to its low solubility. However, in order to bring
about a high rate and an increased yleld of
fumaric acid formation, calcium carbonate or

_other neutralizing agents may be stoichiometri-

cally added in this second stage.
Small amounts of other acids may be produced

" during both stages.
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In respect to the second stage, or the replace- '

ment phase, of the process of fumaric acid pro-.

duction, the growth culture liquid is now sub-
stituted by the addition to the preformed cell
substance of a solution of carbohydrate in con-
centrations containing up to about 20 per cent
of carbohydrate, without supplementary nitrogen
or other nutrient mineral salts. Simultaneously,
calcium carbonate, substantially stoichiometrical

(]

The final removal of the culture liquid con-
taining calciurn fumarate or other salts of
fumaric acid and of the precipitated crystalline
mass produced in the vessel completes the proc-
ess. The fumaric acid is recovered as described.

Ezample IT

The several steps of the first stage or growth
phase, of the process described in Example I are
followed, but the replacement of the culture
medium solution by successive carbohydrate
solutions, as described in the second stage of
the process of Example I, is avoided by utilizing
an excess of carbohydrate (such as 20 to 30
per cent) over nitrogen in the medium in its
initial preparation. This excess of carbohydrate
over nitrogen functions in the manner already
stated. Aeration is effected as previously de-
scribed. .

‘Thus, this process is continuous up to.the point
of substantial enzyme-system exhaustion of the
fungal mycelium,
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" As in Example I, the presence of calcium car-
bonate as a neutralizing agent is not essential,
though it or other neutralizing agents may be

5

- and materials containing these carbohydrates by

used in substantially stoichiometrical propor- -

tions for the purpose of increasing the yield of
fumaric acid.

As also in Example I, removal of the liquid
from the substantially exhausted fungal my-
celium and removal of the crystalline mass
formed in the vessel complete the process.

Example 11T

Fhe several successive steps of the first stage,
or growth phase, of the process described in Ex-
ample I are followed, except that a cheap crude
carbohydrate-rich material, such as molasses or
starch materials, is used in place of pure sugar
and nutrient salts.

This crude material is diluted with water to
afford a concentration from 5 to about 30 per
cent of carbohydrate content, depending on the
nature of the material, and, for reasons stated,
it is supplemented with & nitrogen salt and a
zingc salt, especially if these are lacking, as shown
by analysis of the crude carbohydrate material.
Excellent mycelial growth is produced on this
medium. '

As to the seéond stage of this process, this .

growth Is now treated for the production of
fumaric acld by the addition of a solution of
sugar or other carbohydrate, in a concentration
up to ahout 20 per cent of carbohydrate, as well
as calcium carbonate or other neutralizing agent
previously stated. An iron salt, and potassium
phosphates. and magnesium sulfate in propor-
tions previously indicated may also be intro-
duced. Aeration is effected as previously de-
scribed,

By the introduction of pure sugar solutions in
the second stage of this process, a fumaric acid
of high purity can be obtained in each of several
successive treatments of the mass of fungal my-
celium, until the latter’s acid-producing activity
is substantially exhausted,

As In the process of Example I, the presence of g5

calcium carbonate during the second stage is not
essential, as enough slightly soluble fumaric acid
goes into solution and attains concentration to
crystallize from the culture liquid. A neutraliz-
Ing agent may be used, however, to cause a con-
siderably Increased yield of fumaric acid. .

As also in Example I, final removal of the lig-
uid from the fungal mycelium and removal .of
the crystalline mass formed in the vessel com-
plete the process.

References made herein to “various carbohy-
drates and carbohydrate-containing materials,”
“other pure carbohydrate,” “solution of carbohy-
drate,” “carbohydrate-rich material,” and all ex-
pressions concerning the use of carbohydrate or
carbohydrates in these processes, relate to glu-
cose, or sucrose, or starch, or & mixture of these
carbohydrates, or materials contalmng them, in
solution or suspension.

These examples are given by way of illustra-

tion and not of limitation, as it is obvious that
certain modifications may be made in the steps

of these processes, and in the kinds and propor-

tions of the materials employed, without depart-
-ing from the-spirit and scope of the invention
and the purview of the claims,

I claim:

1. Process for the production of fumaric acid
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means of a fumaric-acid-producing strains of
species of a genus of the order Mucorales, which
comprises the successive steps of inoculating a
carbohydrate solution containing nutrient mate-
rials with the said strains, developing maximum
fungal growth in the presence of & zine salt at a
temperature range of approximately 28° to 35°
C., removing the nutrient culture solution, sup-
plying the developed mycelium with a fresh car-
bohydrate solution in the presence of an iron -
salt, adding a neutralizing agent in sufficient -
quantity to raise the pH value to about 5-6.5,
and conducting the fermentation at about 28° C
to substantial completion.

2. Process for the production of fumaric acid
from fermentable carbohydrates selected from
the group consisting of monosaccharides, starch,
and materials containing these carbohydrates by
means of Rhizopus, which comprises the succes-
sive steps of inoculating & carbohydrate solution
containing nutrient materials with fumaric acid
producing strains of Rhizopus, developing maxi-.
mum fungal growth in the presence of a zinc salt
at & temperature range of approximately 28° to
35° C.,, removing the nutrient culture solution,
supplying the developed mycellum with a fresh
carbohydrate solution in the presence of an iron
salt, adding a neutralizing agent in sufficient
quantity to raise the pH value to about 5-6.5,
and conducting the fermentation ag about 28° C
to substantial completion.

3. Process for the production of fumaric acid

from fermentable carbohydrates selected from

the group consisting of monosaccharides, starch,
and materials containing these carbohydrates by
means of Rhizopus nigricans, which comprises
the successive steps of inoculating a carbohy-
drate solution containing nutrient materials with
fumaric acld producing stralns of Rhizopus ni-
gricans, developing maximum fungal growth in
the presence of a zinc salt at a temperature range

- of approximately 28° to 35° C., removing the nu-
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trient culture solution, supplylng the developed
nycelium with & fresh carbohydrate solution in
the presence of an iron salt, adding a neutralizing
agent in sufficient quantity to raise the pH value
to about 5-6.5, and conducting the fermentation
at about 28° C. to substantial completion.

4, Process for the production of fumaric acid
by fungal fermentation of carbohydrate mate-
rial, comprising successive steps of preparing a
culture solution of fermentable carbohydrates se-
lected from the group consisting of monosaccha-
rides, starch, and materials containing these car-
bohydrates in concentrations up to about 5 to 15
per cent total carbohydrate, supplementing such
culture solution with nutrient salts and salts of
members of the group consisting of manganese,
copper and zine, sterilizing said culture solution
by heat, inoculating the sterile culture solution
with & pure culture of fumaric-acid-producing
strains of species of & genus of the order Muco-
rales, incubating the resulting inoculated culture

5 solution from about 24 to 60 hours at about 28°
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to 35° C. until maximum mycelial growth has
been attained, meanwhile supplying air under
gentle agitation at not less than atmospheric
pressure, adding an alkaline agent to neutralize
the formed acid and to favor fungal growth, re-

. moving the culture solution from the container

from fermentable carbohydrates selected from -
she group consisting of monosaccharldes, starch, 75 tainmg up to about 20 per cent of carbohydrate

when fungal growth has reached the optimum
growth of mycelium, adding to the fungal growth
& solution of carbohydrate in concentrations con-
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and a neutralizing agent, all in the presence of
phosphates and sulfates, allowing the mass of

fungal growth to act upon the said renewed carbo- :

hydrate solution for a period varying from 1 to 7
days at about 28 C., removing the culture solu-
tion and replacing it by successive fresh golutions
of carbohydrate material until the fumaric acid
forming capacity of the fungal growth is sub-
.stantially exhausted. ,

8. Process described in claim 4, with the fol-

lowing modifications: utilizing an excess of fer-.

mentable carbohydrate selected from the group
eonsisting of monosaccharides, starch, and mate-
rials containing these carbohydrates, over nitro-
gen in the medium In its initial preparation,
whereby the replacement of the culture medium
sotution by successive carbohydrate solutions is
avoided and whereby the process of fumarie acid
formation is continuous up to the point of sub-
stantial enzyme system exhaustion of the myce-
Hal growth. .

6. Process described in claim 4, with the fol--

Jowing modifications: substituting crude for pure
fermentable carbohydrates selected from the
group consisting of monosaccharides, starch, and

materials containing these carbohydrates and .
nutrient salts, diluting such crude material with .

" water, supplementing such solution with a nitro-
gen salt and & zinc salt, developing substantially
maximum fungal growth on this medium, treat-
ing this growth for the production of fumaric
acld by the addition of a solution of fermentable

carbohydrates selected from the group consisting

of monosaccharides, starch, and materials con-
talning these carbohydrates In s concentration
up to about 20 per cent of carbohydrate.

7. In a process for the production of fumaric
acid ‘from fermentable carbohydrates selected
from the group consisting of monosaccharides,
starch, and materials containing these carbohy-
drates by means of a fumaric-acid-producing
strains of a species of a genus of the order Muco-

rales, involving the operations of preparing & car-

bohydrate solution containing nutrient materials
and inoculating such solution with such funegi,
according to claim 1, the added step which con-
sists in growing the fungi In a submerged condi-
tion in deep culture tanks.

8. In a process for the production of fumaric
_aeid from fermentable carbohydrates selected
from the group consisting of monosaccharides,
starch, and materials containing these carbohy-
drates by means of fumaric-acid-producing
strains of species of a genus of the order Muco-
rales, involving the operations of preparing a
carbohydrate solution containing nutrient ele-
ments and inoculating such solution with such

strains, the step which consists In balancing the

nitrogen concentrations in the culture medium
so that it will contain substantially 200 mgs. to
500 mgs. of nitrogen per litre of medium contain-
ing 50 to 150 gms. of carbohydrate.

9. In a process for the production of fumaric
acid from fermentable carbohydrates selected
- from the group consisting of monosaccharides,
starch, and materials containing these carbohy-
drates by means of fumaric-acid-producing
straing of species of a genus of the order
Mucorales, involving the operations of preparing
a carbohydrate solution containing nutrient ele-
ments and inoculating such solution with such
strains, the step which consists in adding to the
culture medium a zinc salt in substantially the
concentrations represented by 1 to 10 mgs. of
ZnSO«TH30 per litre of medium containing 50 to
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- 150 gms, of carbohydrate, whereby mycelial
growth is stimulated.

10. In a process for the production of fumaric
acld from fermentable carbohydrates selected
from the group consisting of monosaccharides,
starch, and materials containing these carbohy-

. drates by means of fumaric-acid-producing
straing of species of a genus of the order
Mucaroles, involving the operations of preparing
a carbohydrate solution contalning nutrient ele-
ments together with zinc salt and inoculating
such solution with such strains, the step which
consists in adding to the culture medium an iron
salt in substantially the concentrations repre-'
sented by 1 to 20 mgs. of Fea(80«)3 per litre of
medium containing 50 to 150 gms. of carbohy-
drate, whereby an assoclative balanced concen-
tration of iron and zinc salts is attalned, and
whereby fumaric acid formation is stimulated.

11, In a process for the production of fumaric
acid from fermentable carbohydrates selected
-~ from the group consisting of monosaccharides, .

starch, and materials containing these carbohy-

drates by means of fumaric-acid-producing
o5 strains of specles of & genhus of the order -
Mucorsales, involving the operations of preparing
a carbohydrate solution containing nutrient ele-
ments together with zine and iron salts and in-
oculating such solution with such strains, the
80 step which consists in balancing the initial car-

bohydrate concentration of the medium by pro-

viding a carbohydrate content of 20 to 30 per

cent, whereby the net effect of the zinc and the

iron is associative in the medium in concentra-
35 tions substantially represented by the relation of
1 to 10 mgs. of ZnSO«TH20 to 1 to 20 mgs. of
Fea(804) 3 per litre of medium.

12. In a process for the production of fumaric
acld from fermentable carbohydrates selected
selected from the group consisting of mono-
saccharides, starch, and materials containing
these carbohydrates by means of fumaric-acid- -
producing strains of species of a genus of the
order Mucorales, involving the operations of pre-
paring a carbohydrate solution containing nutri-
ent elements together with zine salt and inocu-
lating such solution with such strains, the step
which consists in adding to the culture medium
phosphates and sulfates in substantially the typ-
ical concentrations of about 0.3 to 1 gm. of di-
potassium phosphate, KaHPO4, and about 0.3 to 1
gm. of magnesium sulfate, MgSO0+«TH30, per litre
of solution containing about 200 gms, of carbo-
hydrate, whereby the effect of zinc is neutralized
< and fumaric acid formation is stimulated,

13. In a process for the production of fumaric
acid from fermentable carbohydrates selected
from the group consist{ng of monosaccharides,
starch, and materials containing these carbohy-
drates by means of fumaric-acid-producing
strains of species of a genus of the order Muco-
rales, involving the operations of preparing &
carbohydrate solution containing nutrient ele-

.ments and inoculating such solution with such
strains, the step which consists in partially neu-
tralizing the formed fumaric acid with alkalies,

. whose fumarate salts are more soluble than cal-
clum fumarate, to a pH range of ahout 5.0 to 6.5,
whereby the process of fermentation is not hin-
dered by the occurrence of a solld mass of crys-
talline material within the container.

14, Process for the production of fumaric acid
from fermentable carbohydrates selected from
the group consisting of monosaccharides, starch,

75 and materials containing these carbohydrates, by
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means of fumaric-acid-producing strains of
species of a genus of the order Mucorales, which
comprises the successive steps of inoculating such
a carbohydrate solution containing nutrient ma-
terials with the said strains, developing fungal
growth in a submerged condition in the culture
solution at not less than atmospheric pressure in
the presence of a zinc salt at a temperature range
of approximately 28° to 35° C., meanwhile sub-
jecting the nutrient culture solution to aeration,
removing that solution, supplying the residual
fungal mycelium with a fresh solution of such
carbohydrate in the presence of an iron salt, con-
ducting the fermentation at about 28° C. to sub-
stantial completion, and meanwhile subjecting
the renewed solution to similar aeration.

15. Process for the production of fumaric acid
from fermentable carbohydrates selected {rom
the group consisting of monosaccharides, starch,

and materials containing these carbohydrates by :

means of Cunninghamella, which comprises the
successive steps of inoculating a carbohydrate
solution containing nutrient materials with
fumaric-acid-producing strains of Cunning-
hamella, developing maximum fungal growth in
the presence of a zinc salt at a temperature range
of approximately 28° to 35° C., removing the
nutrient culture solution, supplying the devel-
oped mycelium with a fresh carbohydrate solu-
tion in the presence of an iron salt, adding a
neutralizing agent in sufficient quantity to raise
the pH value to about 5-6.5, and conducting the
fermentation at about 28° C. to substantial com-
pletion.

16. Process for the production of fumaric acid :

from fermentable carbohydrates selected from
the group consisting of monosaccharides, starch,
and materials containing these carbohydrates by
means of Circinella, which comprises the suc-
cessive steps of inoculating a carbohydrate solu-
‘tion containing nutrient materials with fumaric-

&
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acid-producing strains of Circinella, developing
maximum fungal growth in the presence of a zinc
salt at a temperature range of approximately 28°
to 35° C., removing the nutrient culture solu-
tion, supplying the developed mycelium with a
fresh carbohydrate solution in the presence of
an iron salt, adding a neutralizing agent in suf-
ficient quantity to raise the pH value to about
5-6.5, and conducting the fermentation at abou.
28° C. to substantial completion.

17. Process for the production of fumaric acid
from fermentable carbohydrates selected from
the group consisting of monosaccharides, starch,
and materials containing these carbohydrates by
means of fumaric-acid-producing strains of
species of a genus of the order Mucorales, which
comprises the successive steps of inoculating a
carbohydrate solution containing nutrient mate-
rials with the said strains, developing fungal
growth in the presence of a zinc salt, removing
the nutrient culture solution, and supplying the
developed mycelium with a fresh carbohydrate
solution in the presence of an iron salt.

18. Process for the production of fumaric acid
from fermentable carbohydrates selected from
the group consisting of monosaccharides, starch,
and materials containing these carbohydrates, by
means of fumaric-acid-producing strains of
specles of a genus of the order Mucorales, which
comprises the steps of inoculating such a carbo-
hydrate solution containing nutrient materials
with the said strains, developing fungal growth
in & submerged condition in the culture solution
in the presence of a zinc salt, meanwhile sub-
jecting the culture solution to aeration, remov-
ing that solution, supplying the residual fungal
mycelium with a fresh solution of such carbo-
hydrate in the presence of an iron salt, and
meanwhile subjecting the renewed solution to
similar aeration.

SELMAN A. WAKSMAN.
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of the above rumbered patent requiring correctionas follows: Page 2, first
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in the Patent office. : ‘
Signed and sealed this 16th day of November, A. D. 1943,

! Henry Van Arasdale,
(Seal) Acting Commissioner of Patents.
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_jurious to the delicate silk fibers.

UNITED STATES

1,432,312

PATENT OFFICE.

SELMAN A. WAXKSIAN, OF NEW ¥OREK, N. ¥.

PROCESS OF TREATING SILE FIBERS.

No Drawing.’

To dll whom it may concern:

Be it known that I, Serman A. Wags-

MAN, a citizen of the United States, resid-
ing in the city of New York, county of
Bronx, and State of New York, have made
new and useful Improvements in Processes
of Treating Silk Fibers, of which the fol-
lowing is a specification.

- This invention relates to a process of
treating and de-gumming silk fibers through
certain bacterial agencies whereby a more

definite and expeditious result is obtained -

than has heretofore been possible.
In the treatment of silk fibers prepara-
tory to de-gumming, it has been customary

to soften the gum by immersing the raw

silk fibers in warm water, or in a mixture
of soap and oil, for a required period of

“time. After this preliminary softening

treatment, the fiber is then immersed in a
concentrated soap solution for the purpose
of dissolving the gum. This process is not
only expensive, but is, to some extent, in-
Further,
by this process, all the gum will be removed,
and it is not possible to leave a certain
amount of gum, as is often desirable for
different grades of silk. _

To, therefore, obviate these difficulties
and disadvantages, it has heretofore been
proposed to substitute various enzymes for
the soap treatment. But all such proposed
processes have met with certain difficulties,
and the soap treatment is today still quite
generally practiced.

I have discovered that by first softening
the silk gum or sericin in any suitable man-
ner, and under suitable conditions, it will
then become available as a food for certain
proteolytic bacteria which will, under favor-
able conditions, thrive and multiply rap-
idly, and in so doing, will cause disintegra-
tion of the softened gum. -

My invention, therefore, includes the prep-
aration and supplying of proper nutrient

and stimulating materials in a prepared’

solution into which a pure culture of the
selected and prepared strongly proteolytic
bacterium is introduced. The supply of
nutrient and stimulating material is aimed
to be sufficient to cause a rapid growth of
the bacteria which thereafter will continue
their activity on the softened gum. My
complete process, therefore, includes the
softening of the gum or sericin, under

Application filed February 3, 1821.

Serial Wo. 442,277.

proper conditions. This may be done by
soaking-the silk in a mixture of neat’s-foot
oil and olive oil soap, or in a mixture of oil
and soap, which will result in softening the
gum. In place of a mixture of oil and soap,

-hot water at about 90° to 95° C. may be used

for a period of 20 to 30 minutes. The silk
thus treated is -then washed with warm
water or steam and put into suitable vats.
These vats are fitted with aerating appara-
tus for the purpose of supplying oxygen to
the bacterial growth, and with steam pipes
for regulating the temperature. The vats
may be made of any suitable material not
injurious to the bacterial growth, as wood,
glass, metal, or the like. The raw silk fiber
is then suspended in a suitable manner as
on sticks, so as to hang down into the vats.
Either before the silk fiber is introduced
into the vat, or after the preparation is

“made, the vat is filled with water to which

has been added the proper and necessary
nutrients for stimulating bacterial growth.
These nutrients may consist of peptones,
potassium phosphate and magnesium sul-
fate. Any other salt which 1s useful for
stimulating bacterial growth may obviously
be substituted for those named above. The
concentration of these nutrients varies some-
what, depending on the gum content of the
silk, and on the water which is used, and
the quantity in all cases should be sufficient
to start a rapid growth of the bacteria
which are then introduced. After the solu-
tion has been prepared and the silk softened
as stated above, a pure culture of a strongly
proteolytic bacterium is introduced. This
culture has previously been prepared by the

-usual and well known bacteriological

methods, and may preferably be put up in
suitable containers and in suitable quantities
for the silk to be treated.

The quantity of the bacterial culture to
be added to the vat should be sufficient to
thoroughly inoculate the solution. Any
strong proteolytic bacterium may be used,
such as Bacillus florescens liquefaciens, and
Bacterium mycoides or other spore forming
or non-spore forming types, and it is im-
material whether these are isolated from the
soil, water, air or foodstuffs, the important
feature being that the culture must be pure.

A suitable temperature is maintained.
The entire liquid is kept preferably at 30°
to 37° C. Soon after mtroducing the cul-
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ture, the bacteria begin to multiply rapidiy,
first using the nutrients which have been in-
troduced into the solution, and then attack-

ing the sericin of the silk and decompos-

111% it. :

t is my purpose, in all cases, to introduce
just sufficient nutrients to start bacterial
growth, and the quantity of nutrients intro-
duced should in no case be more than is re-
quired for this purpose. The bacteria will not
attack the pure silk fiber (fibroin) or in any
way injure the same. In a period of 24 to 48
hours, .all the , or sericin, of the silk
will have ‘been dissolved off. The solution
may then be removed, or, if preferred, the
silk may be taken from the vats and washed
with water or steam. At this point, it may

treatment with a weak soap solution, for
the purpose of removing any small particles
gum and impurities that may still ad-

~ here to the fiber. ‘In such cases, it is neces-
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sary to use but a very weak solution, and I
find: that one to three pounds per one hun-

dred pounds of silk will ordinarily be suf-

ficient. I also find that because of the prac-
tically entire disappearance of the gum, this
bath can be used several times, thus greatly
reducing the expense, even when a, separate
treatment of a soap solution is Tnecessary.
On the other hand, with the old process,
it was necessary to use 20 to 30 pounds of
soap for each hundred pounds of silk treat-
ed, and usually this solution could be used
only once. T have found that by varying
the time of incubation or silk treatment,
any desired quantity of gum may be re-

© moved.
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My process, therefore, results in a great
saving in the cost of the soap, if soap is
used at all, and in a definite result which
1s -obtained in a very short period of time.
I find that by using the bacterial process,
the silk fiber will also be stronger than in
the case where the soap treatment and
strong alkalies are necessary.

For practical purposes, I prepare a pure
culture of any one of the above named bac-
teria, or of any other bacteria, possesssing
the desired properties, and place the same
into suitable containers, in quantities suffi-
cient to inoculate a given amount of solution
properly prepared, as stated, and for de-
gumming -a definite quantity of silk fiber.

By so providing a definite culture medium
treating a definite quantity of silk under
suitable conditions, as indicated above, I am
enabled to standardize, not only the culture
employed, but also the mode of operation,
to thereby greatly facilitate the degumming
process; so as to make the same certein and

1,432,312

definite at a great saving of time and ex-
pense. , '

Having now set forth the object and na-
ture of my invention, and the manner of
carrying the same into operation, what I
claim as new and useful and of my own
invention, and desire to secure by Letters
Patent, is: ) :

1. The process of subjecting raw silk fiber
to the action of strongly proteolytic bacteria
to thereby degum said fibers. . .

2. The process of treating raw silk fibers

for the purpose of degumming the same,
and improving their texture, which, com-
prises subjecting the raw silk fibers to the
action of strongly proteolytic bacteria under
conditions to thereby cause a rapid develop-
ment of the bacteria, and permitting said
bacteria to act on the gum to free the said
fibers from the gum.
. 3. The process of treating silk fibers for
the purpose of dissolving the sericin and
loosening said fibers, which consists in pre-
paring said fibers, then subjecting the pre-
pared fibers to the action of strongly pro-
teolytic bacteria under proper conditiomns,
and finally washing the silk fibers.
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4. The process of treating silk material |

containing silk fibers and undesirable prod-
ucts for the purpose of freeing said fibers
from the undesirable products and improv-
ing the texture, which comprises treating
said material under favorable conditions, in
a solution containing bacteria possessing
strongly proteolytic properties and sufficient
nutrients to stimulate rapid bacterial de-
velopment. .

5. The process of treating silk material
containing silk fibers and sericin, for the
purpose of freeing the fibers from the seri-
cin, and for loosening their texture, which
includes softening the silk material and
treating the same in a solution containing
a pure culture of bacteria possessing strong-
ly proteolytic properties, and having been
developed in said solution for the purpose
of attacking the sericin and freeing the
silk fibers therefom.

6. A bacterial culture preparation having
strongly proteolytic properties and in con-
centrated form and of sufficient quantitiy

to thoroughly and quickly inoculate a defi-

90

95

100

105

110

nite and prepared solution containing stim- -

ulating nutrients for degumming a given
quantity of silk fiber placed in said prepared
and inoculated solution. :

In testimony whereof I have hereunto
set my hand on this 15th day of December.
A. D. 1920. -

SELMAN A. WAKSMAN.
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11 Claims.

This invention relates to a process for the pro-
duction of citric acid, and particularly to a sur-
face process for such production by fermenta-
tion.

It has been known, since Wehmer’s work in
1892 on the Citromyces group of fungi, and since
Zahorski’s work in 1913 and Currie’s later work
on the Aspergillus niger group, that some fungi
or molds are capable of producing citric acid from
sugar and sugar-containing materials. However,
the citric acid which has been so produced has
been commonly accompanied by the production
of other acids, such as oxalic and gluconic,

The objects of this invention concern the use
of a fungal organism, which has not been previ-
ously recognized as a producer of citric acid,

.under suitable conditions of nutrition and by
procedures which result in the production of
citric acid in high yield, to the substantial exclu-
sion of other acids.

These and other objects will be apparent and
a fuller understanding of this invention will be
had by reference to the following description and
claims,

The organism employed in this invention is
Aspergillus wentii, which belongs to the group of
yellow to brown molds. It is characterized by
certain well defined morphological features,
which distinguish it from other molds, especially
those belonging to the Aspergillus niger or black
group of molds, as is clear from the comparative
descriptions which are given of these two groups
in “The Aspergilli,” by Thom and Church (Wil-
liams & Wilkins Co., Baltimore, Md., 1926).

The process herein which the applicant has

developed for the production of citric acid by-

Aspergillus wentii advantageously comprises a
growth phase and a fermentation phase.

For growth, a medium is provided which is
favorable for the rapid and the extensive growth
of the fungal organism, A. wentii. It has been
found that this medium must have certain prop-
erties such as those afforded by the supply of a
good source of energy (sucrose, dextrose, the
sugars of molasses, as instances), a source of ni-
trogen (for examples, ammonium sulfate, sodium
nitrate, ammonium nitrate, urea, or peptone),
and cerfain minerals comprising those essential
to the growth of the organism (especially, phos-
phate, sulfate, calcium, magnesium, potassium,
iron and zinc).

In connection with the provision of the growth
elements, the iron and zinc are presented in such
a balanced concentration as to favor growth but
to retard sporulation of the fungus.

Such effects‘

Inc., Rahway, N. J., a
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are realized by keeping down the iron concen-
tration to a minimum necessary for growth and
by maintaining the zinc concentration at g max-
imum tolerable by the fungus, as indicated in
the culture medium formula below, which illus-
trates such a balance,

Thus, a typical culture medium which is favor-
able for the surface aerobic growth of Aspergillus
wentii is one composed of:

Cane sugayr_._____ . _______ grams.. 150

- Ammonium nitrate _______________ grams. .. 3

Peptone____ .. e gram__ 0.5

Magnesium sulfate (MgSO4+.7H:0) __gram__. 1.0
Dipotassium hydrogen phosphate (K:HPO4)

gram__. 05

Potassium chloride oo ____ gram__ 0.5

Zinc sulfate (ZnSO.TH20) - ______ gram_. 0.3

- Ferric chloride (FeCl:.6H20) .____.__ gram__ 0.03

Calcium chloride. .. _______ gram__ 0.1

Distilled water tomake_ .. ____ c, c-— 1000
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It has been found that the best results are
attained when the culture medium is adjusted to
about pH 2.0.

The concentrations of the constituents of this
medium are not absolute; considerable variation
still affords favorable results. For instance, the
cane sugar content may vary from about 1¢ per
cent to about 20 per cent, or molasses may be
utilized to provide about 10 per cent to about 20
per cent of total carbohydrates required for the
growth of the fungus and the production of citric
acid.

This culture medium is sterilized by heat and

5 is then inoculated with an aqueous suspension of

spores of Aspergillus wentii which has been grown
upon an appropriate solid or liquid medium

.adapted for extensive spore production, such as

a nutrient agar medium comprising, as a typical

example:
Grams

Peptone - e 5
GIUCOoSe e 10
Dipotassium hydrogen phosphate

(BaHPO4) oo 0.5
Magnesium sulfate (MgSO+.TH20) _____._ 0.5
AL o e 15
Water to make... ——— - -~ 1000

As a saying in time, the spores of this fungus

- may be pregerminated in a water suspension or

in a dilute solution of this nutrient agar medium,
for about 24 hours, at about 25° to 32° C. ‘This
pregermination procedure can be carried out in
small sterile flasks or other sterile containers.
The process may be illustrated by the following



2

example, though it is to be understood that this
example is given in {llustration and not in Hmita-
tion:

Large shallow vessels containing the described
culture medium, which has been inoculated with
the suspension of spores or with the pregermi-
nated spores of A. wentil, are now placed in an
incubating chamber at about 25° to 32° C. This
range of temperature is favorable for the growth
of the fungus. Within about 3 days, a good sur-
face pellicle of the fungus, white in color and
almost free from brown spores, is obtained. The
period of growth depends upon the temperature
and the composition of the culture medium.
Such period may be completed in 2 or 3 days, or it
may need to be extended to 4 or 5 days.

The described growth phase thus results in the
production of s firm, well-developed pellicle of
A. wentii,
is also produced during this period. However,
the more active production of citric acid occurs
during the subsequent fermentation. . i

After that pellicle has been obtained, the re-
sidual culture medium is drawn off and is then
available for the recovery of citric acid therefrom
by known methods.

The main fermentation is now begun by re-
placing the drawn-off residual culture medium by
a solution containing from about 15 per cent to
20 per cent of total carbohydrate or carbohy-
drates, such as sucrose, maltose, lactose, glucose
or dextrose, levulose, invert sugar, or the sugars
contained in molasses, or mixtures of these car-
bohydrates.

During this main fermentation the temperature
of the carbohydrate solution, which has been in-
troduced below the formed fungus pellicle, is
maintained at about the range of that which
prevailed during the growth phase, i. e., about
25° t0 32° C. The formation of citric acid begins
to take place immediately. :

In order to prevent an undue accumulation of
free citric acid in the shallow vessels, the prev-
alence of which would tend to interfere with
the activity of the mycelium, the fermenting lig-
uid is neutralized from time to time by the addi-
tion of a sufficient quantity of powdered calcium
carbonate. An excess of calcium carbonate in
the vessels is undesirable; the amount of calcium
carbonate added should be sufficient to neutralize
excess acidity without raising the pH of the me-
dium above 3.0.

It has been found by the applicant that even
an alkali-metal hydroxide, such as caustic soda
or caustic potash, can be used as a neutralizing
agent in this process, provided that it is used
under carefully controlled conditions.
surprising, since the use of an alkali-metal hy-
droxide ordinarily induces the formation of OX~
alic acid. It is therefore necessary to add the
alkali-metal hydroxide solution, for example, a
normal solution of sodium hydroxide or potas-
sium hydroxide, every few hours, or in a slow con-
tinuous stream, so that the pH value of the fer-
menting liquid is adjusted to not more than 3.0,
preferably from 2.0 to 3.0, to avoid an-excess of
such alkali. - If this addition of alkali-metal hy-
droxide solution is made by the stirring of the lat-
ter below the pellicle or fungus pad, the pH value
is kept not in excess of 3.0, with the regilts that
any tendency to the formation of oxalic acid is
substentially suppressed and the injurious effect
upon the mycelium of & large accumulation of free
citric acid in the shallow vessels is avoided.

In view of the fact that the production of citric

This is-
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acid involves an aerobic process, it is essential
either that the solution or the dispersion of carbo-
hydrate should be very shallow, that is, about 1 to
3 inches in depth, or that, where deeper vessels
are used, air either should be pumped under pres-
sure into the fermenting liquid below the fungus
pellicle or should be supplied above the growth of
the fungus, until the completion of the process.

During this fermentation phase, active citric
acid formation occurs, with a yield of about 30 to
60 per cent, substantially corresponding to the
amount of carbohydrate or carbohydrates and the
kind or kinds thereof used. The ecitric acid is ob-
tained from its resulting salt by known methods.

The references herein to “dextrose,” “glucose,”
“levulose,” “invert sugar,” “sugars of molasses,”
“sugars contained in molasses,” “sucrose,” “cane
sugar,” “maltose,” “lactose,” “carbohydrate,” and
“carbohydrates,” are intended to include all
monosaccharides, disaccharides, or mixtures
thereof. Any mixtures of monosaccharides, disac-
charides and/or starches can also be used.
Starch or starches, as well as dextrins, without
monosaccharide or without disaccharide, can be
utilized. When starch is used due regard must be
had to the viscosity of a starchy dispersion. In
this latter respect, the practical mit of starch
concentration has been found to be about 5 per
cent, preferably about 3 per cent. Inulin may
also be employed in these processes, in & manner
similar to that of the use of starch,

When molasses is used in the deseribed proc-
ess, careful prior purification of the molasses is
not essential, though some purification of some
grades of molasses is advantageous by way of
diminishing their content of mineral and some
nitrogen compounds which, when excessive, may
adversely affect the yield of citric acid.

_The foregoing examples have been given by
way of illustration, and not of limitation, as it
is obvious that certain modifications may be
made in the composition of the culture medium
and in the kinds and proportions of the materials
employed, and in the steps of the fermentation
process, without departing from the spirit and -
the scope of the invention and the purview of
the claims.

I claim:

1. Process for the production of a member se-
lected from the group consisting of citric acid
and its salts, comprising the fermentation of an
aqueous carbohydrate substrate containing nu-
trient inorganic and nitrogen-containing mate-
rials by means of a surface aerobic growth of
Aspergillus wentii, in the presence of iron and
zinc salts.

2. Process for the production of & member se-
lected from the group consisting of citric acid
and its salts which comprises inoculating a me-
dium containing a carbohydrate and nutrient in-
organic and nitrogen-containing materials with
Aspergillus wentii, in the presence of iron and
zinc salts, then aerating the medium so as to per-
mit surface aerobic growth of the said fungus
and to promote fermentation, ang adding a neu-
tralizing agent during the course of the fermen-
tation to contro] acidity.

3. Process for the production of a member se-
lected from the group consisting of citric acid
and its salts by means of a surface aerobic growth
of  Aspergillus wentii, which comprises the steps
of sterilizing a culture medium containing nutri-
ent inorganic and nitrogen-containing materials
and carbohydrates, inoculating the said medium
with Aspergillus wentii, developing mycelial
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growth in the presence of iron and zinc at a tem-
perature range of approximately 25° to 32° C,,
under free access of air, removing the residual
nutrient culture medium, supplying the devel-
oped mycelium with a solution of carbohydrate,
adding a neutralizing agent to control acidity,
and conducting the fermentation at about 25° to
32° C. under free access of air to substantial com-
pletion,

4. In & process for producing citric acid by
the fermentative action of a surface aerobic
growth of Aspergillus wentii, the step of promot-
ing the mycella] growth of the said fungus by
growing the spores of the said fungus in a me-
dium comprising nutrient inorganic and nitro-
gen-containing materials, salts of iron and zinc,
and carbohydrate. v ’

5. In a process for producing citric acid by
means of a surface aerobic growth of Aspergillus
wentii, involving the operations of preparing a
culture solution containing nutrient inorganic
and nitrogen-containing materials, and carbo-
hydrate, and inoculating such solution with the
said fungus, the step which consists in adding to
the said culture solution soluble salts of iron and
zinc in substantially the concentrations repre-
sented by 0.03 gram of crystalline ferric chloride
(FeCl3.6H20) and 0.3 gram of crystalline zine
sulfate (ZnSO+TH20) per litre of the said cul-
ture solution, whereby a balanced ratio of iron
and zinc salts is attained, and whereby the
growth of the fungus is favored and the sporula-
tion of the fungus is retarded.

6. In a process for producing citric acid by
means of a surface aerobic growth of Aspergillus
wentii, involving the operations of preparing a
culture solution containing nutrient inorganic

. and nitrogen-containing materials, iron, zine,
and carbohydrate, and inoculating such solution
with the said fungus, the step which consists in
adding to the fermenting liquid a solution of an
alkali-metal hydroxide in sufficient quantity to

maintain the pH of the fermenting liquid at a-

value of not more than 3.0, whereby the forma-
tion of oxalic acid is substantially avoided.
7. Process for the production of citric acid,

comprising the fermentation by means of a sur-

face aerobic growth of Aspergillus wentii of an
aqueous Substrate containing per litre:

Grams, about—

Carbohydrate —--——ewommmemmamm—a—eon 30 to 200
Ammonium nitrate - - 3
Peptone .cceeuea - 0.5
Magnesium sulfate (MgSO«.TH20) .- 1.0

. Dipotassium hydrogen phosphate

(K2HPO4) i ————— 0.5
Potassium chloride. - cae o 0.5
Zinc sulfate (ZnSO+.TH20) oo eeae 0.3
Ferric chloride (FeCl3.6H20) o eccceeeo 0.03
Calcjum chloride....—- 0.1

the said substrate being adjusted to a pH value
of about 2.0,

8. Process for the production of citric acid,
comprising the fermentation, by means of a sur-

3

.ammonium nitrate, peptone, magnesium sulfate,

dipotassium hydrogen phosphate, potassium chlo-
ride, zinc sulfate, ferric chloride, and calcium
chloride.

9. Process for the production of a member
selected from the group consisting of citric acid

- and its salts, comprising the fermentation of an
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face merobic growth of Aspergillus wentii, of an 65

aqueous substrate contalning a carbohydrate,

aqueous carbohydrate substrate containing nu-
trient inorganic and nitrogen-containing mate-
rials by means of a surface aerobic growth of
Aspergillus wentii in the presence of iron and
zine salts, removing the residual medium after
the development of a pellicle, supplying a carbo-
hydrate solution to the thus developed pellicle,
and conducting further surface aerobic fermen-
tation by means of the said pellicle.

10, Process for the production of a member
selected from the group consisting of citric acid
and its salts by means of a surface aerobic growth
of Aspergillus wentii, which comprises the steps
of inoculating & solution containing nutrient in-
organic and nitrogen-containing materials and
about 10 per cent to 20 per cent of total carbo-
hydrate with & suspension of pregerminated
spores of the said fungus, the said nutrient inor-
gahic and nitrogen-containing materials com-
prising compounds of nitrogen, phosphorus, sul-
fur, calcium, potassium, magnesium, iron and
zinc, conducting the growth of said fungus. at a
temperature range of about 25° to 32° C. for
about 2 to 5 days, in the presence of an abundant
air supply, for the production of a pellicle, then
removing the residual culture solution and re-
placing it by a solution containing about 3 per
cent to 20 per cent of total carbohydrate, adding
to that solution of carbohydrate a neutralizing-.
agent to maintain a pH value not in.excess of
3.0 during the fermentation, and conducting the

‘fermentation at a temperature range of about

25° to 32° C. to substantial completion, in the
presence of an abundant air supply.

11. Process for the production of a member
selected from the group consisting of citric acid
and its salts by means of a surface aerobic growth
of Aspergillus wentii, which comprises the steps
of inoculating a solution containing nutrient in-
organic and nitrogen-containing materials and
about 10 per cent to 20 per cent of total carbo-
hydrate with a suspension of pregerminated
spores of the said fungus, the said nutrient in-
organic and nitrogen-containing materials com-
prising compounds of nitrogen, phosphorus, sul-
fur, calcium, potassium, magnesium, iron and
zinc, conducting the growth of the said fungus
at a temperature range of about 25° to 32° C. for
about 2 to 5 days, for the production of a pellicle,
then removing the residual culture solution and
replacing it by a solution containing about 3 per
cent to 20 per cent of total carbohydrate, adding
to that solution of carbohydrate a neutralizing
agent to maintain a DH value not in excess of
3.0- quring the fermentation, meanwhile supply-
ing air under pressure into the substrate, and
conducting the fermentation at a temperature
range of about 25° to 32° C. to substantial com-

pletion,
SELMAN A, WAKSMAN,
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The object of this invention is to prepare
a fungus culture capable of developing &
high degree of proteolytic power. =
y invention is based upon the utilization
of the property possessed by certain fungi
when properly cultivated on suitable media
or substrata under proper conditions of
treatment of developing proteolytic power.
The first step in the process employed in
carrying out my invention is the develop-
ment of a proper culture capable of being
developed or propagated under proper con-
ditions into a condition possessing strong
proteolytic action. In the development of
the desired culture possessing the-capacity
referred to certain microscoplc fungi can be

_employed, particularly organisms belonging

to Aspergillus flavus, Aspergillus oryze and
Aspergillus wentii groups. -

The organism is cultivated in accordance
with the principle of my invention for a
series of successive generations upon a medi-
um or substratum which is rich in protein in
order to still further increase or augment
the proteolytic power acquired by such or-
ganism in the cultivation thereof.

Various media or substrata may be em.
ployed for the successive generations of the
selected organism. In practice I have found
that a medium or substratum'composed of
one part of rice and two parts of soya bean
cake are satisfactory for this purpose. The
rice and soya bean cake are mixed together
and cooked with water so that the water
content forms approximately foriy per cent
of the total mass. I do not desire, however,
to be ¥mited in respect to the specific per-

_centage of the water content. After cooking

40

the mass it is suitably sterilized, as, for

example, with steam pressure, or any other -

suitable manner.

Other media or substrata may be used
with good results. In practice a medium
which is poor in carbohydrates and rich in
proteins in the presence of the necessary
salts such as potassium or magnesium salts
and phosphates, and media containing pep-
tone, pure protein, such as casein, and the
like, well answers the purpose. The culture
after propagation on a medium of the nature
above referred to is resown on fresh masses
of the medium for successive generations,
allowing a sufficient time for each propaga-
tion for the development of the spores.

The second step in carrying out my inven-
tion is the development of a mass of growth

“power.

Application filed January 19, 1920.  Serial No. 352,553.

of the culture, after its propagation, as
above described, which furnishes a sufficient
quantity of spores to inoculate large batches
of medium or substratum for the production
of enzymes. . ‘

. The medium or substratum for the devel-
opmnent of the culture in quantity may have

the same composition as that above described

for the initial successive generations of the
culture. If desired, however, other media
may answer the purpose. I have found that
this medium can be prepared by mixing to-
gether two parts of wheat bran and two
parts of soya bean cake and one part of
alfalfa meal. The soya bean cake should
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be ground. To the mixture of the wheat -

bran, soya bean cake and alfalfa meal is
added about forty per cent of water, and
the mixture is then steamed for a sufficient
length of time to sterilize it. I have found
that steaming for a period of two hours is
sufficient. TIf, however, the mixture is not
sufficiently steamed to completely sterilize
it, sterilization wunder pressure, fifteen
pounds for a period of an hour and a half,
may be resorted to. After sterilizing the
mass it is permitted to cool and is then in-
oculated with the culture produced by the
propagation and successive generation as
above described. The culture is then allowed
to develop and grow under suitable condi-
tions of temperature and for a sufficiently
long period of time to permit an abundance

. of spore production. I have found in prac-

tice that an abundance of spore production
results when the inoculated mass is main-
tained at a temperature of about 30° C. for
a period of about seven days. My inven-
tion, however, is not to be limited or re-
stricted in respect to this temperature or
length of time. _
At the end of a proper period the spores
of the fungus may be utilized for the pro-
duction of a growth in order to secure a sub-
stance possessing the desired proteolytic
The mass or. medium upon which
the spore production has been secured may
itself be employed as an inoculum for a me-
dium or substratum on which the final prop-
agation is effected. Instead of using the
mass containing the fungus growth as the
inoculum the mass upon which the spores
have been grown may be dried -and sifted
in order to_separate out the spores for utili-

.zation in the subsequent operations of the

invention. Instead of employing the me-
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dium directly or sifting the medium in its
dry condition, the mass may be agitated with
water in order to detach the spores from the

" particles of the medium upon which they
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have been developed and grown, the detached
spores becoming suspended in the water.
This water containing the spores is then
strained, or otherwise manipulated, to re-
move any of the coarse material of the
stratum upon which the spores have been
developed, and the strained water carrying
in suspension therein the seed spores. de-
tached from the mass may be used to in-
oculate the medium employed for final prop-
agation.

The third step in the operation in carry-
ing out my invention is the production of a
growth from the spores developed and
grown as above described, which growth re-
sults -in the production of a substance pos-
sessing the desired proteolytic power. Any
suitable medium or substratum may be em-
ployed upon which this production growth
is effected. In practice I prefer to-employ
a substance or a mixture of substances which
are rich in proteins. I have found that a
mixture of one part of wheat or other bran
with one to two parts of bean cake, for ex-
ample, soya bean cake, which has been freed
from oil and ground, to which may or may
not be added one-half part of ground alfalfa
meal is suitable. To this mixture water of
about forty per cent is added. Instead of
soya bean cake other substances may serve
the purpose, such for example, as linseed oil
cake, cotton seed meal, dried blood, etc.,
which are rich in proteins. The ground al-
falfa meal employed in this mixture serves
partly as a filler or body and partly as a
nutrient. ,

The mass produced as above described ‘is
steamed from one to two hours. After the
steamed mass has been permitted to cool it
is inoculated with the spore material pre-
pared and in the form above described. This
inoculated mass is maintained under suitable
conditions of ventilation and temperature
and for the desired period of time for the

. fungus to develop its maximum enzymatic
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power. I have found it convenient to place
the inoculated mass about one inch in thick-
ness in trays, which are placed in a conven-
ient chamber having means to provide suffi-
cient ventilation and maintained at a suit-
able temperature, for example, from 28° C.
to 82° C.. for a period of from twenty-four to
forty-eight hours. At the expiration of this
time the fungus has developed its maximum
enzymatic power and then its development or
growth is arrested.

The next step of the process embodying
my invention relates to the extraction of the

" enzymes for utilization for the various pur-

‘66

poses for which enzymes possessing a high
proteolytic power are desired.

1,811,700

The enzymes developed in the final stép of

ropagation can be utilized in various ways. -

for example, the mass containing the growth
can be dried at a low temperature, say below
45° C., and ground, and in that form utilized
for the enzymatic power it possesses. If de-
sired the mass containing the growth may be
ground andthen extracted with water by
percolation, or otherwise, and the extract
thus obtained which contains the enzymes in
solution 'may be concentrated by employing
the same extract to percolate successive fresh
batches of the mass. If desired, the extract
is filtered through suitable filier material,
such for example as infusorial earth for the
purpose of eliminating any suspended par-
ticles, spores, etc., contained in the extract.
The extract may then be used as such with a
suitable antiseptic added thereto, such as so-
dinm fluoride phenol, cresol, chloroform,
toluene, thymol, etc., in sufficient quantity
to prevent fermentation, and to preserve and
stabilize the extract. If desired, the water
extract obtained as above described and with-
out the antiseptic may be evaporated at a

-80
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low temperature, below 45° C., and under -

suitable conditions of pressure and aeration,
for example, partial vacuum. This concen-
trated material itself possesses stability and
does not ferment even in the absence of an
antiseptic.

If desired, a very strong enzymatic sub-
stance is obtained by precipitating the water
extract without an antiseptic and without
evaporation, with a substance having the
power of carrying down the enzyme, such,
for example, as alcohol, or certain salts, for
example, ammonium sulphate. The precipi-
tate is then dried over sulphuric acid in par-
tial vacuo at a temperature of from 30° C.
to 40° C. In this case the precipitate thus

ioe
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obtained may be used directly for industrial .

and other purposes. For food or medicinal
purposes it is preferable to dialyze the salt
precipitate and then either dry the same in
vacuo or precipitate with a small quantity
of alcohol and then dry the same. As an

110

industrial example we might point to the -

process of dissolving the proteins from fi-
brous materials, and as an example in medie-
inal use the application as an agent to aid
digestion is named, in which case it is taken
internally after meals to digest the protein
part of foods where individuals suffer from
mndigestion of proteins.

I have found that when precipitation is
effected with ammonium sulphate a product
is obtained which possesses a much higher
enzymatic power than if precipitation of the
water extract is accomplished with alcohol.

The product prepared in any of the ways
above described possesses strong proteolytic
vower although it also contains other en-
zymes such as starch splitting lipolytic
or fat splitting, etc., but to a comparatively

130
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less degree than the proteolytic power, which

is the special purpose in view in carrying
out my Invention.

Having now set forth the object and nature
of my invention, and a method of carrying
the same into practical operation, what 1
claim as new and useful and of my own in-
vention and desire to secure by Letters Pat-
ent is,— -

- 1. In the manufacture of enzymes, the
process of producing an inoculum which con-

sists in developing and growing a culture

having strong proteolytic properties capable
of producing a growth possessing a high de-
gree of proteolytic power, upon a medium or
substrata consisting of wheat bran, bean
cake and alfalfa meal. :

2. In the manufacture of enzymes, the
process of producing an inoculum which con-

: sists in mixing together wheat bran, ground

bean cake, alfalfa meal and water, then ster-
ilizing the mass, and then inoculating the
same with a culture having strong preteoly-
tic properties capable of producing a growth
possessing a high degree of ~proteolytic
power.

3. In the manufacture of enzymes, the
process of producing an inoculum which
consists in mixing to%we

ther wheat - 'bran,
ground bean cake, alfalfa meal and water,

8

then sterilizing the mass, and then 1noculat-
ing the same with a culture having strong
proteolytic properties capable of producing
a growth possessing a high degree of pro-
teolytic power, and finally maintaining the
inoculated mass at a temperature of about
30° C. for a period of several days.

4. In the manufacture of enzymes, the
process which consists in mixing together
wheat bran, alfalfa meal and water, then
sterilizing the mixture and then inoculating
the sterilized mass with a culture having
strong proteolytic properties capable of pro-
ducing a growth possessing a high degree of
proteolytic power.

5. In the manufacture of enzymes, the
process which consists in mixing together

bran, alfalfa meal and water, then steriliz- -

ing the mixture and then inoculating the
sterilized mass with a culture having strong
proteclytic properties capable of producing
a growth possessing a high degree of pro-
teolytic power and maintaining the inocu-
lated mass at a temperature of from 28° C.
to 32° C. for a period of twenty-four to
forty-eight hours.

In testimony whereof I have hereunto set
my hand on this 10th day of Janudry, A. D.

1920.
SELMAN A. WAKSMAN.
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This invention relates generally to antibiotic
substances and more particularly to a new and
useful antibiotic substance, streptomycin, and the
process for preparing the same by cultivation un-
der particular controlled conditions of strains of
the microorganism Actinomyces griseus. 'This
organism was first isolated from the soil and
characterized by one of the present applicants,
S. A, Waksman, and is described in his publica-~
tion in Soil Science 8, 71 (1919). )

With the exception of streptothricin, the dis-
covery and characteristics of which were reported
by Waksman and Woodruff in Proc. Soc. Biol.
Med. 49, 207 (1942) and Jour. of Bact. 46, 299
(1943), most antibiotic substances known at the
present time, including penicillin and other mold
products as well as gramicidin and actinomyecin,
act largely upon gram-positive bacteria. Strep-
tothricin is very active against a number of gram-
positive and gram-negative bacteria but has very
little activity against certain bacteria of both
groups, particularly the gram-positive Bacillus
mycoides and Bacillus cereus and the gram-neg-
ative Pseudomonas fluorescens, Pseudomonas
aeruginosa, and Serratia marcescens.

It is now discovered, according to the present
invention, that upon cultivation of strains of the
microorganism Actinomyces griseus in a suitable
nutrient medium a new substance can be isolated
from the resulting culture broth, which substance
is thermostable; has the properties of a base; is
soluble in water, acid alcohol and dilute acids
but is insoluble in ether and chloroform; has a
low toxicity to animals; and is strongly active
bacteriostatically against many gram-positive
and gram-negative bacteria. This substance has
been designated as streptomycin. It is in many
respects similar to streptothricin but differs from
streptothricin as will be apparent from the com-
parative bacteriostatic spectra in Table T below.
In this table the units of activity for strepto-
thricin are based upon purified preparations -of

13 Claims. (Cl 260—236.5)
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streptothricin while the units for streptomycin .

are based upon the crude and hence less concen-
trated substance. (A unit of activity is that
amount of material which will inhibit the growth
of a standard strain of Esherichia coli in 1 ml.

of a suitable culture medium.) Comparative -
tests of the two substances, both purified to ap--

proximately the same degree, against E. coli show
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that they have substantially the same activity
against this organism. For a better comparison
of the bacteriostatic spectra of streptomycin and
streptothricin of the same purity, the units of
activity for streptomycin in Table I should there-
fore be muitiplied by 4 in each instance.

TaBLE I

Comparaﬁve bacteriostatic spectra (based on ash
free dry material)

Units of activity
per gram ash-free
G dry material
ram |-
Organism ) stain
Btrep- Stre

tomyecin | tothriein

X1000 X1000
B, sublilis 0. + 125 500
B. mycoides 0___ -- + 250 <3
B. mycoides 317-911 _ _ + 20 <3
B.cereus ... ... __..__.__._ + 30 <3
B. mesentericus________..____._ 7" + ) 3. T I
B. megatherium_________._____ . 7" + 100 150
S.aureus. ... + 15 200
S. lutea. . - 100 150
M.phle_____.____ .. T 100 50
M, tuberculosfs_._._.____ - T TTT7C 30 .
“Phytomonas pruni_._._.________ ol 100 400
Listerella tog 4 - 10 i .
Shigella gallinarum.... JORN B . 150
E.eoi. ... e = 25 100
S. marcescens. PR . 25 5
A. aerogenes._ . A = 10 50
P. vulgaris.__ . _ N I 10 50
S. aertrycke._ - - 25 .
S, scholtmllleri. _ B 50
Ps, fluorescens . _. N 2 <3
Ps, aeruginosa_ ... _____ . ] - 1 <3
Cl butylicum ___.__________ .- - 3 <3

It is apparent from a consideration of Table I
that streptomycin is more active than strepto-
thricin agajnst certain gram-positive organisms
such as Bacillus mycoides and Bacillus cereus
and against certain gram-negative organisms
such as Pseudomonas fluorescens, Pseudomonas
aeruginosa, and Serratia marcescens,

. A further inherent property of streptomyein is
that in comparison with all of the activities listed
for it in Table I, it is generally inactive against
fungi. Representative fungi, against which strep-
tomycin is relatively ineffective in comparison
with the high activity of streptothricin, are listed
in Annals of the New York Academy of Sciences,
vol. 48, art. 2, page 137. -

Regarded iIn certain of its broader aspects the
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'fovelty in the present invention comprises the
antibiotic substance streptomycin and the proc-
ess for preparing the same by cultivating strains
of Actinomyces griseus, under either stationary or
submerged aerobic (viz., submerged growth with
agitation and aeration) conditions, in a nutrient
medium containing a growth-promoting factor
of the type present in meat extract and corn
steep lliquor, separating the organism growth
from the culture broth, treating the culture broth
with activated charcoal to adsorb the active prod-
uct, eluting the adsorbate with low normality al-
coholic mineral acid and recovering streptomycin
from the eluate.

For the preparation of streptomycin a culture
medium is used comprising an agueous solution
containing approximately 1.09, of carbohydrate
such as glucose; 0.5% of complex nitrogenous
material such as peptone or tryptone; 0.5% of
inorganic salt such as sodium chloride; and &
small amount.of a complex organic substance
containing a specific growth-promoting factor
required for satisfactory elaboration of the active
product. This growth-promoting factor is pres-
ent in varying degrees in such complex organic
materials as meat extract, corn steep liquor, and
the like.

This medium is distributed in appropriate ves-
sels of a depth of 1-2 inches for surface cultiva-
tion. For submerged aerobic cultivation, it is
placed in deep tanks having suitable means for
aeration and agitation of the medium. The me-
dium thus distributed is sterilized at 10 lbs. steam
pressure for 35-60 minutes and then cooled.

For inoculation of the culture medium a heavy
water-suspension of spores of a strain of Acti-
nomyces griseus is prepared by scraping from
agar slants or by first growing the organism under
submerged aerobic conditions to obtain a heavy
mass of growth. Incubation takes place at a tem-
_perature of about 22.28° C. Elaboration of the
streptomyecin is usually complete in 6-12 days in
the case of stationary cultures and in 2-4 days
when cultivation is under submerged aerobic con-
ditions.

The course of production of streptomycin under
submerged and stationary conditions is illustrated
in Table IL

Tasre II
Course of production of streptomycin by A. griseus
Submerged cultures Stationary cultures
Dilution | Diffusion Dilution | Diffusion
Days | “ynits units Days units units

2 40 10 3 5 8

3 50 70 ] 20 12

4 40 60 7 2 53
7 125 70 9 b { T R

12 100 55

The culture broth obtained by either submerged
aerobic or stationary cultivation of Actinomyces
griseus is filtered or centrifuged to remove the
growth of the organism. Activated charcoal is
then added to the filtered broth and the mixture
is stirred for about 5 minutes and then filtered.
Alternately, the mixture can be stored for about
8-12 hours at 0-10° C., with stirring at about two-
hour intervals and then filtered. The coloriess or
slightly yellowish filtrate obtained is discarded.
The charcoal residue with the adsorbed strep-
tomycin is washed several times with distilled
water and finally with 95% ethanol.

The washed material is then suspended in 95%
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ethanol made approximately 0.15 rormal with
mineral acid, such as hydrochloric, and the sus-
pension is stirred for several hours and then
allowed to stand in the cold for another 6-8 hours
with occasional stirring. The suspension is then
filtered, the charcoal residue discarded, and the
prown to yellow clear filtrate thus obtained is
added, with stirring, to approximately an equiva-
lent amount of ether. A brown-colored aqueous
layer separates and is drawn off. The alcohol
ether solution is washed with additional small
amounts of water and the brown agueous wash-
ings are added to the aqueous layer previously
drawn off. The aqueous solutions are then neu-
tralized to pH 6-7 and any precipitate formed is
filtered off and discarded. A faintly colored aque-
ous solution containing streptomycin is thus
obtained. :

When stationary cultivation is employed, the
pellicle (or growth of organism) once formed can
be utilized again several times. The culture broth
after complete elaboration of the active substance,
is carefuily drained from the pellicle and replaced
by an equal amount of fresh culture medium.
The containers are again placed in incubation at
29-928° C. and production of streptomycin sets in
immediately, reaching & maximum in 3 to 5 days.
The broth obtained by re-using the pellicle in
this manner is treated as previously described to
give a substantially colorless aqueous solution of
streptomyecin.

The following examples illustrate methods of
carrying out the present invention, but it is to be
understood that these examples are given by way
of {llustration and not of limitation.

Examrrz I

A medium is prepared having the following
composition:

Per cent
Glucose . 1.0
Peptone - 0.5
Meat extract oo oemmeeee e mmmemee 03
NaCl e 05
Tap water,

This medium is distributed in appropriate vessels
to a depth of 1-2 inches, sterilized at 10 lbs. steam
pressure for 45-50 minutes, and then cooled.

The medium in each vessel is then inoculated
with a heavy aqueous suspension of spores of &
strain of Actinomyces griseus, and the inoculated
media are maintained at an incubation tempera-
ture of 22-28° C. for 10 days. The growth is then
filtered off and the filirates are combined for
further treatment.

To a batch of approximately 10 liters of filtered
broth is added 150 gms. of activated charcoal.
The mixture is stirred continuously for about five
minutes and is then filtered. The slightly yel-
lowish (almost colorless) filtrate is discarded and
the charcoal residue is washed several times with
distilled water and finally with 95% ethanol.
The washed material is then suspended in 1.5
liters of 95% ethanol, made 0.15 normal with
hydrochloric acid. The suspension is stirred for
about an hour and allowed to stand in the cold
for about 10 hours more with oceasional stirring.
The suspension is then filtered, the charcoal
residue discarded, and the yellowish clear filtrate
thus obtained is poured into 10 liters of ether,
with stirring. A brown-colored aqueous layer
separates and is drawn off. The alcohol-ether
solution is washed with 100 cc. of water and the
brown aqueous layer is drawn off and added to
the first aqueous layer. The aqueous solution is
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heutralized to pH 6-7 with dilute sodium hy-
droxide and any precipitate that forms is filtered
off and discarded. A faintly colored agueous
Solution containing streptomyein is thus obtained.

ExampLE IT

A medium is prepared having the following
composition:

" Per cent
Glucose __________ __________ 1.0
Peptone — - 05
Sodium chloride _____________________ 0.5
Corn steep liquor—___________________ 1.2
Tap water.

This medium is distributed in appropriate deep
vessels having suitable means for agitation and
aeration of the medium, sterilized at 10 1bs. steam
pressure for 45-50 minutes and then cooled.

The medium in each vessel is then inoculated
with a heavy suspension of spores of a strain of
Actinomyces griseus, and the inoculated media
are maintained at an incubation temperature of
22-28° C. for 3 days, with constant agitation and
aeration. The growth is then removed by cen-
trifuging and the culture broth is combined and
further treated as described in Example I to
isolate a substantially colorless, clear aqueous
solution containing streptomycin.

ExamprLE IIT

The process of Example T is repeated with the
exception that at the end of the incubation period
instead of removing the broth by filtering it is
carefully drained from the pellicle, An amount
of fresh medium equivalent to the amount of
broth drained from the pellicle is added to each
vessel and the fresh media are again placed in
incubation at 22-28° C. After 5 days in incuba-
tion the broth is again carefully drained from
the pellicle and replaced by fresh medium. The
broth obtained after each period of incubation
is treated as in Example I to obtain a clear, sub-
stantially colorless, aqueous solution of strepto-
mycin.

In the foregoing examples it is to be under-
stood that the compositions of the culture medig,
are merely illustrative and can be varied as, for
example, by employing tryptone in place of pep-
tone, and by employing meat extract and corn
steep liquor alternatively in the several examples.

Modifications may be made in carrying out the
present invention without departing from the
spirit and scope thereof, and the invention is to
be limited only by the appended claims.

What is claimed is: .

1. A process for the production of streptomycin
that comprises growing a culture of a strepto-
mycin-producing strain of Actinomyces griseus
in a medium containing material of the group
consisting of meat extract and corn steep liquor,
at an incubation temperature of 22-28° C. for a
time of the order of 6-12 days for stationary
cultivation and 24 days for submerged aerobic
cultivation, to form streptomycin in the culture
broth, separating the culture broth from the
organism growth, adsorbing streptomycin from
the broth, and recovering the adsorbed strepto-
mycin.

2. A process for the production of streptomycin
that comprises growing a culture of a strepto-
mycin-producing strain of Actinomyces griseus
in a medium containing meat extract, at an
incubation temperature of 22-28° C. for a time of
the order of 6-12 days for stationary cultivation
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and 2-4 days for submerged aerobic cultivation,
to form streptomyein in the culture broth, sepa-
rating the culture broth from the organism
growth, adsorbing streptomycin from the broth,
and recovering the adsorbed streptomycin.

3. A process for the production of streptomyecin
that comprises growing a culture of & strepto-
mycin-producing strain. of Actinomyces griseus
in a medium containing corn steep liquor, at an
incubation temperature of 22-28° C. for a time of
the order of 6-12 days for stationary cultivation
and 2-4 days for submerged aerobic cultivation,
to form streptomycin in the culture broth, sepa-
rating the culture broth from the organism
growth, adsorbing streptomycin from the broth,
and recovering the adsorbed streptomyecin.

4. A process for the production of streptomycin
that comprises growing a culture of g strepto-
mycin-producing strain of Actinomyces griseus
in a medium containing material of the group
consisting of meat extract and corn steep liquor,
at a suitable incubation temperature and for g
suitable period of cultivation, to form strepto-
mycin in the culture broth, separating the culture
broth from the organism growth, treating the
broth with activated carbon to adsorb strepto-
mycin therefrom, and separating streptomycin
from the carbon by eluting with acid-alcohol in
which streptomycin ig soluble.

5. A process for the production of streptomyecin:
that comprises growing a culture of a strepto-
mycin-producing strain of Actinomyces griseus
in a medium containing material of the group
consisting of meat extract and corn steep liquor,
to form the latter in the culture broth, separating
the culture broth from the organism growth,
adsorbing streptomycin from the broth and re-
covering the adsorbed streptomyein by elution.

6. In a process for producing streptomyecin by
growing a culture of a streptomycin-producing
organism under conditions favorable to the for-
mation of streptomycin, the steps which comprise
separating streptomycin from culture broth con-
taining it, by treating the broth with active car-
bon, and recovering streptomycin from the car-
bon by eluting with acid-alcohol in which strep-
tomycin is soluble, said acid-alcohol being of low
acid normality.

7. Procedure for recovering streptomyecin from
a culture broth in which it has been produced,
comprising treating the streptomycin-containing
broth with activated carbon to adsorb strepto-
mmycin therefrom, and separating streptomyecin
from the carbon by eluting with acid-alcohol in
which streptomyein is soluble,

8. A process for the production of streptomyecin
that comprises growing a culture of a strepto-
mycin-producing strain of Actinomyces griseus
in a medium containing material of the group
consisting of meat extract and corn steep liquor,
at a suitable incubation temperature and for a
suitable period of cultivation, to form strepto-
myecin in the culture broth, separating the culture
broth from the organism growth, treating the
broth with activated carbon to adsorb strepto-
mycin therefrom, and recovering streptomycin
from the carbon.

9. A process for the production of streptomycin
that comprises growing a culture of a strepto-
mycin-producing strain of Actinomyces griseus
in @ medium containing meat extract, at a suit-
able incubation temperature and for a suitable
period of cultivation, to form streptomycin in the
culture broth, separating the culture broth from
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the organism growth, and recovering streptomycin
from the broth.

"~ 10. A process for the production of strepto-
mycin that comprises growing a culture of a
streptomycin-producing strain of Actinomyces
griseus in a medium containing corn steep liquor,
at a suitable incubation temperature and for a
suitable period of cultivation, to form strepto-

mycin in the culture broth, separating the culture
broth from the organism growth, and recovering 10

streptomycin from the broth. ]

11. A process for the production of strepto-
mycin that comprises growing a culture of a
streptomycin-producing strain of Actinomyces
griseus at a suitable incubation temperature and
for a suitable period of cultivation, to form
streptomycin in the culture broth, separating the
culture broth from the organism growth, adsorb-
ing streptomycin from the broth, and recovering
the adsorbed streptomycin.

12. A process for the production of strepto-
mycin that comprises growing a culture of a
streptomycm-producing strain of Actinomyces
griseus at an incubation temperature of 22-28°

C. for a time of the order of 6-12 days for sta- 25

tionary cultivation and 92_4 days for submerged
aerobic cultivation, to form streptomycin in the
culture broth, separating the culture broth from

the organism growth, and recovering strepto-
mycin from the broth.
13. Streptomycin.
SELMAN A. WAKSMAN.
ALBERT SCHATZ.
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T'o all whom it may concern: -

Be it known that I, SELMaN A. WARSMAN,
a citizen of the United States of America,
residing at New Brunswick, in the county
of Middlesex and State of New Jersey, have
invented certain new and useful Improve-
ments in Concentrated Enzymic Substances
and Methods of Preparing Same, of which
the following is a fuli, clear, and exact de-
seription. -

This invention relates to enzymic sub-

~ stances and processes for producing the same
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and has for one of its principal objects to
provide a stable enzymic substance which is
more concentrated than those heretofore pro-

duced, and a method of producing the same.

Enzymes are unorganized ferments, or
chemical substances of vegetable or animal
origin that cause certain chemical trans-
formations by their presence. Enzymes are
produced by living cells, either animal or
vegetable, including various bacteria and
molds, for example, by the propagation of
mold fungi such as Aspergillus oryse or
other mold fungi of the genera Aspergillus,
Penicillium and Mucor upon various sub-
stances of plant or animal origin, including
bran of various grains. When brought into
relation with certain organic compounds, the
action of the enzymes tends to decompose
such compounds into simpler combinations
without themselves undergoing theoretically
any change, although practically the
enzymes gradually disappear in the course
of the reaction. Their precise mode of ac-

tion is not definitely understood but it is-

apparently catalytic. Enzymes act only in
the presence of; water and a small quantity
serves to break up or change a large mass
of the substance or substances on which it
acts. Enzymes have well knoswn properties

such as diastatic and proteolytic. By virtue-

of their diastatic property, they may be em-
ployed to convert starch into sugar, this
property being predominantly present in
saliva which Is an enzymic solution. By
virtue of their proteolytic property enzymes
exert a digestive action upon meat and other
- proteins, this property being predominantly
present in the enzymic digestive juices in the
stomach and pancreas of human beings and
animals. o
The present invention has to do with

enzymes of vegetable origin having various

properties including diastatic and proteo-
lytic properties. The novel process may
be generally described as follows. A suit-
able mass of fungus-impregnated ‘culture
medium is prepared and lixiviated with a
suitable liquid such as water to extract the
enzymic properties from such mass. A dif-

ferent or separate mass of fungus-impreg-
is then soaked or

nated culture medium
steeped in the liquid extract. The liquid is
then evaporated, i. e., the mixture is dried,
leaving the desired enmzymic substance.
Preparation of the fungus-impregnated
culture medium may be effected in various
ways. For example, it may be prepared in
the manner disclosed in' the now expired
United States Patents Nos. 525,820 or
525,823 in which the fungus-impregnated
mass is given the name of taka-koji.
Another, and in many respects preferable
method of producing the fungus-impregnat-
ed mass is substantially as follows.
bran, or other equivalent material; apple
pomace, or another ventilating agent; and
water are mixed, preferably in the following
proportions: apple pomace—120 to 200
pounds; bran—enough to weigh with the
pomace—about 1000 pounds; water—about
50 gallons. The mixture so formed is then
sterilized by steaming for about one hour
and then cooled down to a temperature of
about 30° C., about one hour being consumed
in the cooling operation. To this mixture
so prepared is added about 35 zallons of
water containing the seed spores. These
seed spores are preferably those formed by
mold fungi belonging to the genera Asper-
gillus, Penicillium or Mucor, such as the
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species Aspergillus oryse (or Eurotivm .

oryze) or Aspergillus flavus which are read-
ily procurable. The mass or mixture of
bran, pomace, water and spores is then
placed in trays and maintained at a tem-
perature of 30° C. for about 40 to 48 hours,
at which time the growth is arrested and if
desirable the prepared mass is dried. For
convenience I shall refer to this so-prepared
dried or undried mass of fungus-impreg-
nated vaterial as protozyme.

Preparation of the liquid extract.

A dried, or undried, mass of fungus-im-
pregnated culture medium is lixiviated with
water., This may be done by permitting
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ass
“in the liquid.. If desired, the strengt% of

>
water or other suitable liquid to percolate

through the mass, or by steeping the

this solution may be increased by repeatedly
treating a fresh quantity of the mass there-

- with. The extract may then be filtered or

10
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strained giving the desired liquid extract.
Another, and preferred, method of pre-
paring the liquid extract is to place undried
or preferably dried mass of the fungus-im-
pregnated medium (for example—pro-
tozyme as described above) in a percolator,
into which liquid is poured, allowing it to
stand for about one or two hours. The liquid
may then be drained off through a thick
cloth strainer and this liquid, either strained

. or unstrained, constitutes the desired: ex-
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tract. Water is added to the same batch of
culture medium and drained off to be em-
ployed as the liquid' for lixiviating a suc-
ceeding batch of fresh culture medium.

The next step ds to soak or steep a fresh
mass of culture medium, prepared as above
described, in the liquid extract,
above described.” The mixture is allowed to
soak or steep for one or two hours and then
dried, i. e., the liquid is evaporated off, until
the moisture content is reduced to 5 per cent
or less. The resultant novel substance is
conveniently referred to as Protozyme con-
centrated. Further concentration of the de-
sired product may be secured by steeping or
soaking the Protozyme concentrate , Ppro-
duced as described above, in a fresh quantity
of li(}uid extract, again drying it, and if de-
sirable again repeating this process as many
times as desired. .

Summarizing a preferred method of car-
rying out the process: two or more lots of
Protozyme are prepared, each in the man-
ner above described. One lot, is allowed to
dry. The other lot or lots are lixiviated to
form a liquid extract, as above described.
The lot of dry Protozyme is then soaked in
the liquid extract and is then dried. The

~ last mentioned dry  product “may then be
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-mixture out in a dry place.

“koji-but in its enzymic

steeped or soaked in a fresh batch of liquid
extract, again dried, and this process re-
peated as often as desired, depending upon
the degree of concentration desired.® The
drying may be effected by an air current in
a partial vacuum, or by éxposure to the sun
on a dry day, or by simply spreading the
" In any case, the
drying is continued until the moisture con-
tent is reduced to 5 per cent or less. The re-
sultant dry product is Protozyme concen-
trated. '

This resultant product not only possesses
the stability of dry Protozyme or dp taka-
properties (diastatic
and proteolytic and others) it is more than
twice as concentrated as either of its con-
stituents—Protozyme and liquid extract of
Protozyme. .

prepared as’

- fungus on a culture medium,

1,564,385

It has been proposed by various workers
in the enzymic art (see pages 769 and 770 of
“Allegemeine Mikrobiologie”, Kruse 1910,
published at Leipzig, Germany) to preserve
enzymic solutions by employing antiseptics
of various kinds. In my process I employ
no antiseptic whatsoever, yet the resultant
product does not deteriorate because it is
in dry form. : _

The novel product resulting from the
above described novel process may be de-
seribed as a dry enzymic substance compris-
ing a fungus-impregnated culture medium
and the concentrate (i. e., a product of a
process of concentration by drying or evap-
oration) of a liquid extract of a fungus-im-
pregnated culture medium. This product is

‘powertul in its enzymic properties, though

of small bulk. Being dry, i. e., of reduced
moisture content, it will keep and preserve
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its enzymic properties, practically indefi- -

nitely, ,

The novel product may be employed to
great advantage in the clarification of fruit
Juices, as a medicinal preparation against
‘dyspepsia and in various other fields, arts
and industries,

What I claim is: . .

1. The process of preparing an enzymic
substance
gus-impregnated culture medium, soaking in
‘the liquid extract a fresh mass of fungus-
impregnated culture medim, and drying the
mixture, :

2. The process of preparing an enzymic
substance which comprises preparing two
lots of fungus-impregnated culture medium,
drying out one lot, lixiviating the other lot
to form an aqueous extract, soaking the dried
lot in the extract formed from the other lot,
and drying the mixture. ’

3. The process

of preparing an enzymic
substance “which i

comprises propagating a
drying one lot
of such medium, lixiviating another lot of
such medium with a liquid fo which a third
lot of culture medium has been subjected,
soaking the dried lot of culture medium in
the extract, and reducing the moisture con-
tent of the mixture until not more than &
per cent moisture remains. »
- 4. As a new article of manufacture, a dry
enzymic substance comprising a fungus-im-
pregnated culture medium and the concen-
trate of a liquid extract of a fungus-impreg-
nated culture medium. ,

5. The process of preparing an enzymic

-substance-which comprises lixiviating a fun-

gus-impregnated culture medium, soaking in
the liquid extract a fresh mass of fungus-
impregnated culture medivm, drying the
mixture, soaking the dried product in - a
fresh quantity of liquid extract of fungus-
impregnated “culture medium, and drying
the mixture. _

which comprises lixiviating a fun-.
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6. As a new article of manufacture, a dry pregnated culture medium and the concen-
enzymic substance comprising a fungus-il- trates of liquid extracts of a fungus-impreg-
pregnated culture medium and the concen- nated culture medium. . ‘
trate of a liquid extract of different lots of  In testimony whereof I hereto affix my

5 fungus-impregnated culture medium. . signature.
7. As a new article of manufacture, a dry - '
~ enzymic substance comprising a fungus-im- : SELMAN A. WAKSMAN.
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‘ This invention relates to processes for the
production of fumaric acld from various carbohydrates
and carbohydrate-containing materials, by means of
certaln stralns of fungl.

The productlion of fumaric acid by certain fungi,
particularly by Rhizopusg nigricans, is known. However,

the reported yields were elither variable or insuffi-

W 3 G U o G N P

clent for the utilization of the processes for industrial
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purposes. These variations were due not only to a lack
of a realization of the existence of a specific fungus
capable of producing fumaric acld to the substantial
exclugion of other acids but alse to an insufficient
rocognition of the fact that an ecounomie production of
fumarie acid depends strictly on a knowledge of the
physiology of the specific organism and on certain condi-
tions of culturs.

Though the importance of the specific strains of
fungi, from & standpoint of merely a tendency to form
fumaric acid, has hitherto been recognized, it has not
been previously.perceived that the ability to form fumariec
acid 1s not a property characteristic of all étrains of
Rhizopug; that there is not only a gquantitative difference
but also a qualitative difference in acid-forming capacity
between sgtrains gf Rhizogus; end that the various morphological-
1y identical strains of Rhizopug nigricans, as well as
the male and female races of even the same strain of
this specles, may differ strikingly in their acld-forming
capacities. |

. I have now invented processes for the production
of fﬁmario acid-which glve . consistently high yields of
fumeric acld under standardized speclfied conditions of
fungal growth, treatment, and oohtrol.

My procesgses are carried out in two distinet ways -
the one whereby the solutlon in which the fungal growth
tekes place is removed and is replaced by one or more
solutions in which the fermentation for the praduction

of fumaric acid predominates; the other whereby the
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" acid producing strain of Rhizopus nigricans can be ac-
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growth of the fungus and the entire production of the
fumaric acid take place in the same seolution. Aseptic
technigue 1ls practised throughout.

In my processes 1 preferably use certain selected
strains of specises of fungl belonging to the genus
Rhizopus. These are strains of Rhizopus nigricans.
These strains are selected as possessing in partieular
an abundance of tpe enzyme mechanism by which they are
able, when sultably grown and treated acceording to my
processes, to produce fumaric acid in industrially im-
portant quantities. However, though the abundent pro-
duction of fumaric acid by fungl 1s limited largely to : !
species ef_the genus Rhizopus and is even still further
narrowed by economic considerations to certaln strains
of the species Rhizopus nigricans possessing a distinctive
physiological specificity, I have found that other

organlsms belonging to the order Mucorales are alseo

guantitlies according to my processes hereln deseribed.

The isolation and identification of the Pfumaric

complished as followss:

Varioushatural meterials such as soil, decaying
organlic material, spoilea bread and other spolled food-
stuffé, can be used as a source of the organism. This
material is plated out on certain bacteriological media,
especially those favorable to the development of fungl.

The fungus medium of Weksman can be used for this purpose.
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This mediuvm contains, per liter, 5 gms. peptone, 10 gms.
glucose, 1 gm. KHgPO,, 1/2 gm. MgSO4.7H20 and 25 gms.

agar. The reaction of this medium is adjusted to pH 4.0.
The medium is sterilized at 10 pounds pressure for 30
minutes. The natural material is plated out in this

medium in various dilutioms and allowed to incubate at 259C.
for a period of 2 to 3 days. The colonies of Rhizopus,
which can easlly be recognized by the trained observer,

are then plcked and transferred, elther to the same

medium in test tubes or to any other medium suitsble for
the growth of this fungus. Pure cultures are thusg obtained.
These cultures are now grown on liquid media having the
composition and unﬁer the conditions outlined in this
specification. The medium is tested for fumaric acid

by known chemical methods after various'intervals of
incubation at 25YC. to 37YC. Those strains, which, under
conditions comparable to.those}of my processes, glive

rapld and ebundant growth and show a strong fumaric acid
producing capacity, to the practical exelusion of un-
desirable acids, are selected Ffor the purposes of my pro-
cesges. o
w Suitéblé strains of other members of the Mucorales,

such as certaln species of Mucor, Cunninghamella, and

Cireinella, can be similarly selected. These strains and

those of Rhizopug nlgricans will be generally referred to as
fumaric acld forming strailns.

I have found that the carbohydrate: nitrogen ratio

present in the mutrient culture medium is of great importance
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in the fuma:ie acid producing capacity of the describved
stwins of Rhizopus nigricans as well as other Mucorale
which were found to be capable of producing fumaric acid.
In general the lower the carbohydrate:nitrogen ratio the
morevunfavorable are the conditions of fumaric acid
accumulation, and conversely, up to a certain maximum,

a higher ratio is more favorable for the conditions of

- fumaric acid accumulation. These carbohydrate (as carbon):

nitrogen ratios have been ascertalned to range between
about 25:1 and 300:1, respectively. However, it has been
found furiher that these condlitions become considerably
modified by the presence (or addition) of zinc ion to the
medium so that in general this element greatly reduces
the yields of fumaric acld especially during the period
of active growth. This effeect is muech reduced at higher
carbohydrate-nitrogen ratios, as described more fully
later.

The most favorable sources of nitrogen have been
found te be emmonium sulfate and other salts of ammonia,
as well as urea and other compounds of nitrogen, though
the influence of uresa on fumaric acid formation is less
favorable than that of ammonium sulfate.

| As it is highly impa:tant to balance the nitrogen
oogcentration in the culture medium, since an excessive
amount of nltrogen will considerably delay the production
of fumaric acid and will reduce or even prevent the yield
of fumarie acld, I have determined that, for example, the
presence of 200 mgs. to 500 mgs. of nitrogen per liter

-5e
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of medium containing 50 to 150 gms. of carbohydrate
gives favorable results. Maximum mycelial growth is
attained, accompanied and followed by the production of
fumaric acid.

The other constituents of the basal medium, besides
carbohydrate, as a source of carbon, comprise, in certain
cases, to be described, nutrisnt mineral salts, and a
neutralizing agent such as calcium carbenate.

These nutrient minéral salts are used by me in
various combinations and concentrations, substantislly
the following representing a typlecal compositions
(NH,) 5504, 0.2%; MgSO4.7H20, 0.05%; KéH P04, ©.05%.

~In the case of crude carbohydrate materials these required

salt concentrations may be less.

I have further found that the presence of certaln

catalytic or trace elements in the culture medium

markedly modifies the physiology of Rhizopus. These

elements have a decided effect both upon the growth of
the fungus and upon the production of fumaric aeid.
Speclfically, zinc has a declded stimulating effect

~ upon mycellal growth of Rhizopug at the expense of the

acctmnlation of fumearic acid, whereas iron has a decided
stimulatingieffect upon the production of fumaric acid
by Rh;zopus wlith a repressive effect upon its mycelial

 growth,

It has also been found that it le necessary to

balance the nutrient culture medium in such a way as

“to produce the optimum mycelial growth by accelerating
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such growth through the presence of zinc, so that this
growth will be accompanied and immediately felleowed by
the meximum formation of fumarlic acld.

In attaining this balance, T add a salt of zine,
such as zine sulfate, ZnSG,.7Ho0, to the culture medium
in concentrations of about 1 to 10 mgs. per liter of
medlium containing 50 to 150 gms. of ecarbohydrate, and
balance the effect of the zinc with salt ef iren, such
as ferric sulfate, Feg(S04)z, in concentrations of about 1
to 20 mgs. per liter of medium containing 50 to 150 gms. of

carbohydrate. Optimum conditlons - insofar as they are

inducible by these trace elements - are thus ebtained for
both the mycelial growth and the fumaric acid productien
steps, which will be described in the examples to follew.

It is te be emphasized that the stated amounts eof
2ine and iron salts may not all have to be added to the
mediuwm eand that somewhat higher concentrations of‘zinc
and iron salts are not eliminated by the figures here
glven. The minute amounts of these elements which are
required render it quite likely that they may be contained
in larger or smaller qpantities as impuritles in some or
all of the other major constltuents of the medium. The
fact remains, however, that zinc and iron are important
elements 1n my processes.

The stated emounts of these elements, zinc and
iron, are intended to apply when chemically pure nutrient
salts are used together with a crystalline carbohydrate
of a hlgh degree of purlty.
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Analyses of the materials for contents of zine,
iron, and other heavy metals, and supplementary additions
thereof, 1f the contents of them are deficient, provide
accurate control of the critieal ratio of zine to carbo--
hydrate 1n the growth state, as well as control of the
faetors invelving the requirements of iron and other
heavy metals.

I have found that up to 20 mgs. of Fey(S04)3 per
liter of culture solution, depending on the carbohydrates
nitrogen rgtio, provides a satisfactory concentratien of
iron for the acid-forming capacity of my selected strains
of Rhizopus. |

'rIﬁ‘has Turther béen found that, on the one hand, the
associative nature, or, on the other hand, the antagonistic
nature of'these two tface'elements, zine end iron, depends

on the ratio in which they are present in the culture

: medium, thelr assoclative nature being manifested when

the zinc and the lron exist in a ratio of substantially 1
to 2 of thelr stated salts.

In addition to iron, trace amounts of manganese and

vcopggr may be intrqduch,in order.to accentuate the

degceribed specific effect of zine. Suech traces do not

regulre such rigid contrél ag do those of zinc¢ and iremn.

It 1s to be especially noted that the addifion of
zine as well as manganese and copper and minute quantities
of iron meay be highly desireble in order to obtain as
rapldly as possible an abundant mass of cell substance,

especlally when a pure carbohydrate 1s used. This cell



RS

0 O 9 e O o R

I B O T S T < T S R S U T
G ™ F O ©® @ a9 o O ok @ N M O

&5
26
av

28

y L4474

substance would be formed without the simulteneous high
yields of fumeric acld, since the presence of these
heavy metals promotes the conversion of the carbon of the
consumed carbohydrate into cell substance rather than
allowing the carbon to accumulate in the form of Ffumarie
acid. ©Such desirability depends upon the economic in-
terest. Such gddition may be particularly desirable when
the mature growth substence is supplied with replacement
sugar solutions, The cell substance will convert the-v
sugar under such conditions into fumariec acid at a high
rate. This procedure is described below.

-Moreover, the carbohydrate concentration of the
medium influences the intensity of the effects of zinc and
iron, and I have determined that thenep effect of zinc
and iren on fumaric acid production is assoeiative when
the initial carbohydrate concentration of the medium is
high (i.e. 20 to 30 percent), but that the net effect of

zinc end iron on fumaric amcid preduction is antagonigtic

" when the initial earbohydrate concentration of the medium

i1s low (i.e. below 20 per cent).

| I have found that smell amounts of certain inorganie
salts, nemely, Phosphates, and sulfates, aceelerate both
the process of fumeric soid production and the yield of
fumeric acid 1f these salts are added to the culture liquid
during the second and later stages of the fumaric acld
productlon step, end that they sServe as efficlently as
lron in this respect and may be substituted therefor. For

purposes of this acld~forming acceleration I may therefore

“
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1 use insead of iron, for example, dipetessium phosphate,

2 K HPO, , and magnesium sulfate, MgSO,.7H20, in concentra-

3 tions of about 0.3 to 1 gm. each per liter of seolution

4 containing about 200 gms. of carbohydrate. Very small

ﬁ, 5 amounts of nitrogen may also be added.

6 I have further found that the mycelial mass of

7 Rhlzopus can produce free fumaric acid in large amounts

8 even in the complete absence of & neutralizing agent. The

9 free acid accumulates as such in the culture medium and
10 eventually attaing concentrations sufficient to crystallize
11 out in the culture as free acid. This accumulation of
12 fumaric acid has been found to lower the pH of the medium
13 to about 2.4, at which point the erystallization of the
14 acid occurs. The capacity of Rhizopus to produce fumarie .
15 acid at this high hydrogen ilon concenfration is noteworthy,
16 as this pH range is much below that of the activity of
17 wmeost living systams;.
18 However, the removal of the free fumaric acid, by its
19 neutralization with calcium carbonate or other sueh agent,
20 is decidedly conducive to an abundant mycelial growth
él, especially in the presence of zine. I, therefore, use a
82 .sqitable'neutralizing agent Tor this purpose as:an essentid
23 step toward the attainment of optimum mycelial growth.
24 In view of the fact that an alkaline enviromment has
25 a depresslive effect on the germination of RBhlzopus spores,
26 caleclum carbonate is added to the culture after mycellial
27 growth has falrly well advanced,l.e., shortly after spore
28 germination, - |
29 The accumulation of free acid soon tends to retard
30

both the total amount and the rate of fumaric acid formation.

-1~
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1 Therefore, it 1s desirable to neutralize this acidity.

2 I have found that cale¢ium carbonete or magnesium carbonate

3 serves very satisfactorily to neutralize this asld and

: 4 results in a more rapid conversiomn of sugar to fumaric
i 5 acld and at a higher rate. This is true during both

6 the original growth phase and during the subseguent

7 replacement phase. The nature of these phases will hecome

8 evident from the examples to follow.

9 I have found further that the soluble calelum fumarate
10 salt reaches a concentration which exceéds its solubility
11 and it crystallizes out abundantly throughout the medium
12 and throughout the cell mass until the whole culture
13 presents a solid mass ef crystalline material. Under these
14 sonditions the conversion of suger to acid ceases. It 1is,
15 therefore, desirable to neutralize the acid with alkalies
16 whose fumarate salts are more soluble and hence would not
17 erystallize so readlly. I have found tﬁat KOH or NaOH can
18 Ybe used quite effectively to ebviate this difficulty. Care
19 should be exerclised when using the soluble alkalies not
20 to add enough to render the pH above 7.0. It is preferable
2L to adjust the pH periodically at frequent Intervals to
22 approximetely 5.0 to 6.5. ‘ '

23 T have further found that I can readily substitute
24 for pure sugar or other pure carbohydrate a cheap crude

25 material, such as molasses or starch materials, even in

26 the first or growtli-phase of my processes. In this way,
a7 funario acid ylelds are sacrificed in order to obtain a

28 rapid and sbundant cell substance for use in the replace-
29 ment phase.

~11=
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Extensive experiments in respeet to the use of
submerged growths of Bhizopus have been made, and I have
determined that the utilization of the fermentatlion pro-
cesses by means of this fpngus for fumaric acid preduection
is industrially practicable.

Selected strains of Rhlzopus nilgricans ean be grown
rapldly and abundently, in a submerged condition, in large
containers corresponding to tenk conditions, with the aid
of rapid seration or under air pressure and adeguete agita~
tion, with or without caleium carbonate or other neutralizing
agents. The rate of growth under these conditions isg great-
ly accelerated (twenty-four to forty-eight hours as compéred
to filve to seven days for statlonary suface growth) and the
vields of fumaric acid.obtained have practical immortance.
The advantages of a deep-tank fungus fermentation process
over shalloWbpan Processes are obvicus. The original
nutrient culture solution may be drained off through the
Talse bottom used for aeration or otherwise filtered off
leaving the mass of fungael mycelium in the container, which
1s then recharged with carbohydrate solution and, if desired,
with calelum carbonate, or- neutralized périodically with
soigple alkelies. The fermentation of this replaced sugar
by the;preformed mybelium.begins immediately at a high rate,
resulting in consldereble economy of time. The mass of
fungal mycelium stlll possesses a high fermentation capaclty
through several sugar replacements although with gradually
diminishing vigor.

If during submerged fermentatlon some interference
with the process should tend to arise from the crystallization

and the sollidificatien of the culture solution as a result

P
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of the limited solublillty of calcium fumarate, such
interference can be readily overcome by the use of lower
concentrations of carbohydrate in the replacement solu=-
tlons, or by the use of soluble alkalies, such aé KoH or
NaOH.

The use of pure sugar solutions in submerged fermenta-~
tion results in the occurrence of a product of a high
degree of purity, and the relative insolubility of
fumaric acid permits the liberation of the free fumaric acid
directly from the culture solution merely by concentration
and by addition of a mineral acld, such as HNOz or HCl.

The temperature optimum for mycelial growth, with
complete disregard for acid production, is about 35YC.
However, the 6ptimnm for fumaric acid production during -
the replacement phase is about 28%YC. It is consequently
advisable fto conduét growth at about”28-35uc; fermenta-
tion is best conducted at about 28YC.

The maximum growth of the fungus can be empirically
ebserved to have occurred by the extent of the prollfera-
tion; or it can be determined from the nitrogen con-

sumed; or it can be roughly ascertained by the removal

from the process contalner and the weighing of a given

area of the pellicle in the case of statlonary cultures,
or by the removal of aliquot portions of the contents
of the container and the welghing of the fungus material
contained therein in the case of submerged growths.

The several successive process steps which I have
found to be, by virtue of their specific combination and
Seqpence, valuable for the successful and economic

production of fumarie acid will now be described.

-l B
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EXAMPLE T.
A culture sclution, containing glucese or another
carbohydrate or a mixture of carbohydrates, In concentra-
tions of about 5 to 15 per cent total carbohydrate, is
supplemented with the described nubtrient salts and salts
of catalytic or trace elements, and is sterilized by heat.
This culture seclution is inoculated with a pure cul-

ture of selected strains of the fungus Rhizopus nigricans.

Inoculation is effected by means of either the fungal
gpores or a predeveloped suspenslon of germinated spores,
the latter resulting in comsiderable economy of time. The
culture is incubated at about 28%-35%C,

In respect to the~first stage, or growth phase, of
this process, the culture is now allowed to grow either in
a stationary manner, wherein a surface mass of growth or
pellicle develops, or in a submerged condition, wherein the
culture 1s gently agitated with alr or with a mechanical
stirrer, belng held at atmospheric pressure or under in-
creased alr pressure, for 24 to 60 hours. h

A lattice-like or other sultable support for the

growlng fungus is essential for the rapid development of

‘an abundent mass of mycelial growth inte a heavy pelliocle in

the statlonary vessels, especlally where a large surface
area of liguid 1is to be oovered'by’%he growth. The
lattlce should preferably be approximetely parsllel to the
ligquid surface.

Caloium: carbonate or other alkeli is added to the
culture liquid, stoichiometrically and aseptically, teo
neutralize the fumaric acid which the fungus has produced

from the carbohydrate.

I Y P
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In stationary growth tanks the liguld is agitated

1l
2 under the culture and care is taken not to injure the thin
3 pellicle of growth which has formed on the surface.

4 The submerged culture ls subjected to asration

5 elther in rotating or ln stationery tenks with air passing

6 through the culture or under increased pressure.

7 When the growth of the fungus has reached its maxi-

8 mum at about 28°-359%C., which is usually within 2 to 7 days,
9 depending on the relative concentration of the mutrient

10 materials, trace elements and conditions of growth, suech

11 as bemperature, the nutrient culture liquid in the ceon-

12 tainers in which growth has occurred is removed as completely
13 as possible by dralnage, by siphoning or by eentrifuging.

14 This removed culture liquid contains the equivalent
15 of about 10 to 45 ﬁer cent of fumaric acid on the basis

16 of the carbohydrate consumed by the fungus, and this liguid
17 is saved for the recovery of the fumaric acid therein.

8 The cell substance remaining in-the containers (suech
19 substence being called "pellicles" in the case of the

20 growths in stationary caltures) 1s then washed with sterile
21 water to remove the last traces of nutrient salts, and

22 tp;s wash golution is drailned off. This step is not

23 essential for successful production of fumaric acid,

24 In respect to the second stage, or the replacement

&5 phase, of the process of fumarie acid production, the

26 growth oulture liquid is now substituted by the additiom

27 to the preformed cell substmoce of a solution of carbo-

28 hydrate in concentrations containing up to about 20 per

29 cent of carbohydrate, without supplementary nitrogen or

S0 other nutrient mineral selts. Simultaneously, caleium

=15~
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carbonate, substantially stoichlometriecal to the anticipated
fumaric aecld yleld, which may be up to about 50 per cent
of the carbohydrate consmmed by the fungus, is added to

- the fresh culture liquid, or meubtralization is effected

periodigally‘by KOH or HaQOH.

Accelerators of fumaric acld formation are also added
at this step, for example: Fez(S0,)s and MgSO,.7Ho0, each
in concentrations of 0.1 gm. to 1.0 gm. per liter of
gsolution containing up to 20 per cent of carbohydrate.

The mass of fungal growth, which abundantly provides
a strong enzyme mechanism for producing fumaric’aeid, is
now allbwed to act upen this carbohydrate solution for
a period varying from 1 to 7 days, beling aided by agita-
tion and aeration or air pressure similar to that described.

The rates of growth and fumaric acid production are
greatly aecéleraﬁed by the presence of a surface support
in the stationary cultures and by aeration, by air pressure
and by agitation of the submerged type of growth.

Upon the initiation of the second stage the tempera—
ture is kept at about 28°C., which appears to be about
optimum for fumaric acld production.

Thé.cﬁltufeJSOIution is remoﬁed, as befo}e, and the

" replacement of the carbohydrate dy new solutlions 18 re-

peated several times until the enzyme system of the
Rhizopug mycelium is substantially exhausted.

. The mature cell substance retains for some time 1ts
function as an enzyme system under these conditions, con-
verting the carbohydrate and se continuing to produce .

fumarie aeid with gradually reduced vigor, however, to the

‘practically complete excdlusion of other acids, from as

-] B
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1 many as three or four successive replacements with new
2 carbohydrate solutions.
3 No vegetative growth, or vary‘little, occurs in the
4 replacement phase since nitrogen and other essential
5 growbth elements are lacking.
8 The addition of calecium carbonate or other neutralizingi
; 7 agent in the replacement phase is not absolutely essentisl
?l 8 in this process, because a subsbtantially pure fumaric acid
9 1s formed and it crystalllzes frdm thé culture liquid
10 owlng to 1ts IOW'solﬁbility. However, in order to b#ing
11 sebout a high rate and an increased yieid of fumaric acid
12 formation, calecium carbonate or other neutralizing agents
13 may bé‘stoichiometiioally added in this sgecond stage.
14 7 Small amounts of other acids may be produced
15 during both stages.
‘16 The final removal of the culture.liquid containing
fl? calelum fumarate or other salts of fumarie acid'and of the
~13;8 precipitated crystalline maés produced in'the vessel‘
19 éompletes the proeess. The fumaric acid is recovered as
20 descrlbed.
21 EXMAPLE IT
22 The §evqra; steps of the first stage or growth
23 phase, of the process described in Example I are followed,
24 but thé replacement of the culture medium solution by suo-
25 ceasslve carbohydrate solutlions, as described in the second
26 Stage of the process of Example I, is avolded by utilizing
27 an excess of carbohydrate (such as 20 to 30 per cent)
28 over hitrogen in the medium in its initial preparation.
29 This excess of carbohydrate over nitrogen functions in the
30 manner alreadj atated.' Aration is effected as previously
31 described.

~17-
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Thus, this process is continuous up to the point of
substantial enzyme-system exhaustion of the fungal mycelium.

As in Example I, the presence of calcium carbonate as
a neutralizing agent is not essential, though it or other
neutralizing agents may be used in substantially stoichlio-
metriecal proportioné for the purpose of inereasing the
yield of fumaric acid.

As also in Example I, removal of the liquid from the
subgtantially exhausted fungal mycelium and removal of the
crystalline mass formed in the vessel complete the process.

EXAMPLE IITY

The several successive steps of the firat stage, or
growth phase, of the,ﬁrocess described in Exemple I are
followed, except that a cheap erude carbohydrate~rich
material, such as mglasses'or starch materials, is used in
place of pure sugar and nutrient salts.

| This crude material is diluted with water to affeord
a concentration rram 5 to about 30 per cent of carbohydrate
content, depending on the naturé of the material, and, for
reasons stated, it is supplemented with a nitrogen salt and

a zinc salt, especlally if these are lacking, as shown by

anelysis of the orude carbohydrate material. Excellent

! | 4

.myéelial growth is produced on this medium.

As to the second stage of thls process, this growth
1s now treated for the production of fumaric acid by the
addltion of a solution of sugar or other earbohydrate, in
a concentration up to about 20 per cent of carbohydrate,
as well as calelum carbonate or other neutralizing agent
previously stated. An iron salt, and potassium phosphates

and magnesium sulfate in proportions previously indicated

) B
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1 may also be introduced. Aeration is effected as previously

2 described.

3 By the introduction of pure sugar scluitions in the

4 second stage of this process, a fumaric acld of high purlity

S can be obtained in each of several successive treatments of

6 +the masgs of fungal mycelium, untll the latter's acid-

7 producing activity i1s substantially exhausted.

8 Ag in the process of Exauple I, the presence of ealcium‘
9 carbonate during the second stage is not essential, as |

10 enough slightly soluble fumaric acid goes into solution

11 and attains concentration to crystallize from the eulture
i2 llquid. A neutralizing agent may be used, however; to ;
13 eause a considerably ilncreased yileld of fumaric acid.
14 As also in Example I, final remoﬁal of the liguid
15 from the fungal mycelium and removal of the crystalline
16 mass formed in the vessel complete the process.
17 These exaﬁples are glven by way of fLliustratlion and

18 not of limitation, as it is obvious that certain modifica-

19 +tions may be made in the steps of these processes, and in
20 +the kinds-and proportions of the materials employed,

21 w;thuut departing from the spirit and scope of the inven-
22 tion and the purview of the claims.

1D
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Having regard to the foregoing disclosure, the patent of
which this specification forms part confers, subject to the
conditions presceribed in the Patent Act, 1935, the exclusive
right, privilege and liberty of making, constructing, using and

vending to others to be used, the invenmtion as @defined ln c¢laims

submitted by the patentee as followxg

1. ©Process for the production of fumaric acld from ferment= -
able carbohydrates selected from the group consisting of monow |
saccharides, starch, and materials containing these éarbohydrates
by means of fumaric-acid-producing strains of species of a genus
6f the order Mucorales, which comprisesg the successive steps of
inoculating a carbohydrate solutlon containing nutrient materials
with the said strains, d eveloping maxlimum fungal growth in the
presénce~of a zinc salt at a temperature range of approximately
289 to 35° C., removing the nutrient culture solution, supplying
the developed mycellum with a fresh carbohydrate solution in the
’presence of an iron salt, adding a neutralizing agent In suffle
eient guantity to ralse the pH value to6 about 5=6.5 and conducting %
the fermentation at about 28° C. to substantial completlon. %

2. Process for the production of fumaric aclid from ferment—j
. able Qgrbphydratés selected from the group conslsting of mono= :
saccharides, starch, and materials containing these ca;bohjdrates
by means of Rhlzopus, which comprlses the successive steps of
inoculating & carbohydrate solution contalning nutrient materials
with fumarice-scid=producing stralns of Rhizopus, developilng
meximum fungal growth in the presence of a zinc salt at a temperw-
sture range of approximately 28° to 35° (., removing the nutrient
culture solutlon, supplylng the developed mycellum with a fresh
carbohydrate solutlion in the presence of an iron salt, addlng a
neutralizing agent in sufficlent quantity to raise the pH value
to about B=8.5, and conducting the fermentation at about B0 ¢,

to :substantial completion.
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3» Process for the productlon of fumaric acid from fermentw
able carbohydrates selected from the group consisting of monosace
charldes, starch, and materials contalning these carbohydrates by

means of Rhlzopus nigricans, which comprises the successive steps

of inoculating a carbohydrate solutlon conbainling nutrlient materials

with fumaric-acld-producing strains of Rhizopus nigricans, develw

opling maeximum fungal growth in the presence of a zinc salt at a
temperature range of approximately 28° to 35° Ce, removing the
nutrient culture solution, supplying the developed mycellum with a
fresh carbohydrate dolution in the presence of an iron salt, adding
a neutralizing agent in sufficient quéntity to raise the pH value
to about B«6.5, and conducting the fermentation at about 28° ¢, to

substantlial completion.

4. Process for the productlon of fumaric acid by fungal fermene

tation of carbohydrate material, comprising successive steps of

preparing e culture solutlon of fermentable cafbohydratesselected
from the group consisting of monosgaccharides, starch, and materlals
contalning these carbohydrates ln concentratlons up to about 5 tol5:
percent.total carbohydrate, supplementing such culture solutlon with
nutrient salts and salts of members of the group consisting of men-
ganese, copper and zine, sterllizing sald culture solution by heat,
1noculating the sterile culture solutlon with ajpure sulture of

fumaric~acld-producing strains of specles of a genus of the order

Mugorales, incubating the resulting inoculated culture solution fran

about 24 to 60 hours at about 28° to 35°C. until maxlmum mycellal
growth has been attalned, meanwhlle supplying alr under gentle agi-
tatlon at not less than atmospheric pressure, adding an alkaline
agent to neutralize the formed aeid and to favor fungal growth, re=
moving the culture solution from the container when fungal growthles
reached the optimum growth of mycelium, adding to the fungal growth |

a solution of carbohydrate in concentrations containing up to about



.20 percont of carbohydrate and a neutralizlng agent, all in the
presence of phosphates and sulfates, allowlng the mass of fungsal
growth to act upon the saild renewed carbohydrate solutlion for a

- period wvarying from 1 to 7 days at about 28° (., removing the
culture ;olution and replacing 1t by successlve fresh solutlons of
carbohydrate material until the fumarliec acid forming capacity of
the fungal growth is substantlally exhausted.

5+ Process described in claim 4, with the followlng modifica-
tlons; utilizing an excess of fermentable carbohydrate selected
from the group consisting of monosaccharides, starch, and materials
containling these carbohydrates, over nitrogen In the medium in 1lts
initial preparation, wheréﬁy the replacement ofAthe culture medlum
solution by‘successive carbohydrate solutions 1s avoided and wheroby
the process of fumaric acld formstion is continuous up to the polint:

of substanbial'enzyme system exhaustion of the mycellal growthe

6« Process described in dalm 4, with the following modifican
tibﬁég substltuting crude for pure fermentable carbohydrates selected
from the group conslsting of monosaccharides, starch, and materlals
containing these carbohydrates and nutrient ;alté, diluting such
crude material with wster, supplementing such solution with a n&tré;
gen salt anq“a zine salt, deveioping substantlally maxirum fungal
_growth on thils medi&m, treating thils growth for the productlon of
fumaric acld by the addltbn of a solutlion of fermentable carbohye
drates selected from the group consisting of monosaccharides, starch,
and materlials contalning these carbohydrates in a concentratlion up

to about 20 percent of carbohydrate.
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7« 1In a process for the production of fumaric acid from
fermentable carbohydrates selected from the group conslsting of
monosaccharides, starch, and materilals contalning these carbohye
drates by means of fumaric-acld-producing strains of a species of

a genus of the order Mucorales, involving the operations of preparw

ing a tarbohydrate solutlon containing nutrlent materials and
inoculating such solutlion with such fungi, according to claim 1,
the added step which consists 1n growing the fungl in a submerged

condlition in deep culbure tanks.

8s In a process for the production of fumaric acid from
fermentable carbohydrates selected from the group consisting of
monosaccharides, starch, and materials contalning these carbohy-
drates by means of fumaric~acid-producing stralns of specles of a
genus of the order Mucorales, involving the operations of preparing
a carbohydrate solution contalnling mutrient elements and inoculat-

ing such solution with such strains, the step which conslsts in

?E% balancing the nltrogen concentrations in the culbure medium so that
1t will conbaln substantially 200 mgs. to 500 mgs. of niltrogen per
litre of medlum contalning 50 to 150 gms. of carbohydrate.

9. In a process for the production of fumaric acld from
fermentable carbohydrates selected from the group consisting of
monosaccharides, starch, and meterials containing these carbohyw
drates by means of fumarilc-acid=producing strains of specles of a
genus of the order Muporales, involving the operations of preparing
a carbohydrate solutlon containing nutrient elements and inoculating
such solutlon wlth such stralns, the step which consists in adding
to the culture medium a zinc salt in substantlially the concentratims
represented by 1 to 10 mgs. of ZnS0,.7Hp0 per litre of medium cons
taining 50 to 150 gms. of carbohydrate, whereby mycelial growth
1s stimulated.
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10, In a process for the production of fumarlc acid from
fermentable carbohydrates selected from the group consisting of
monosaccharides, s tarch, and materials containing these carbohy=

drates by means of fumaric~-acid-prcdiaclng strains of specles of a

genus of the order Mucorales, involving the operatlions of preparing

a carbohydrate solution contalning nutrient elements together wlth
zinc salt and inoculating such solublon wlith such strains, the step
which consists in adding to the culbture medium an iron salt in SUbw
stantially the concentratlons represented by 1 to 20 mgse of

Feg (S04)s per litre of medium containing 50 to 150 gms. of carboe
hydrate, whereby an assoclative balanced concentration of lron and
zine salts is attained, and whereby fumsric acid formation is

stimilated.

" 11. In a process for the production of fumaric acid from
fermentable carbohydrates selected from the group consisting of
monosaccharides, starch, and materials containing these carbohy-
'dratés by means of fumarilceacld-producing strains of specles of a
genus of the order Mucorales, involving the operations of preparing
a carbohydrate solution containing nutrient dements together wilth
zinc and iron salts and inoculating such s olution with such stralns,

the step which consists 1n balancing the inltial c arbohydrate con=

centration of the medium by providing a carbohydrate content of 20
to 30 percent, whereby the net effect of the zinc and the iron is
assoclative In the medium 1ln concentrations substantlally represented
by the relation of 1 to 10 mgs. of ZnS04.7HgO to 1 to 20 mgs. of

i Tog(S0,)s per lltre of mediuﬁ.

12, In a process fqr the production of fumaric acid from
fermentable Carbohydrates selected from the group consisting of
L monosaccharides, starch, and materlals containing these carbohy=
drates by means of fumarilc-acid-producing strains of species of =
genus of the order Mucorales, involving the operations of preparing

a carbohydrate solution containing nutrient elements together with

zinc salt and inoculating such solutlion with such stralns, the step
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which consiats in adding to the culture medium phosphates and sule-
fates 1n substantlally the typical concentratlons of about 0.5 to 1
gm. of dipotassium phosphate, K HPO,, and about 0.3 to 1 gm. of
magnesium sulfate, MgSQu.7Hg0, per litre of solutlion containing
sbout 200 gms. of carbohydrate, whereby the effect of zinc is

neutralized and fumaric acid formation is stimulated.

13, TIn a process for the productlion of fumaric acld from
fermentable carbohydrates selected from the group conslsting of
monosaccharides, starch, and materlals containing these carbohy=
drates by means of fumarice~acld-producing strains of specles of a
genus of the order Mucorales, involving the operations of preparing
a carbohydrate solution containing nutrlent elements and inoculating
sueh solution with such strains, the step which consists in partlale
1y neutralizing the formed fumaric acid wlth alkalies, whose fumerate
‘salﬁs(are_morelsoluble than calcium fumarate, to a pH range of
about 5.0 to 6.5, whereby the process of fermentatlion ls not hin-
dered by the occurrence of a solld mass of crystalline material

within the contaliner.

14. Process for the production of fumarlc acld from ferment- .
able carbohydrates selected from the group consisting of monosac=
charides, starch, and materilals containing these carbohydrates, by
means of fumaric=-acid-producing strains of specles of a genus of
the order Mucorales, which comprises the successlve steps of lnocw
nlating such a carbohydrate solution containing nutrient materlals
with the sald strains, developing fungal growth In a submerged cone
dltion in the culture solutlon at not less than atmospheric pressure
in the presence of a zinc salt at & temperature range of approxlie=
mately 28° to 35° (., meanwhile subjecting the nutrient culture
solution to. aeration, removing that solution, supplylng the resldual
fungal mycelium with a fresh solutlion of such carbohydrate in the
presence of an lron salt, conducting the fermentation at aboub 28°¢C.

to substantial completion, and meanwhile subjecting the renewed

solution to simllar serationa
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commonly known strains of S. griseus, e.g. streptomycin-
producing strains and grisein-producing strains. This
newly identified strain of .S. griseus has been deposited
in the culture collection of the Department of Microbiol-
ogy of Rutgers University, the State University of New
Jersey, as No. 3570. The following table describes cer-
tain morphological and cultural properties of the ‘or-
ganism, together with corresponding properties of a strep-
tomycin-producing strain of the same species: -

TABLE I

Morphological .and cultural properties of S. griseus
- and No. 3570

8. griseus (streptomyein-producing)

No. 3570

Structure of aerial mycellum on yeast-
dextrose and Czapek's agars.
Gelatinstab .

Ozapek’s agar. oo

Yeast-dextrose agar. ..o ... . ..

Nutrient agar .o

Branching filaments forming tufts of
straight sporulating hyphae,

Rapid liquefaction. Greenish-yellow or
cream  colored surface growth with
brownish tinge. .

Thin, eolorless, spreading, hecoming olive
buff. Aerial mycelium thick powdery,
water green.

Cream colored growth elevated in center,
grey-green powdery aerial mycelium.
Abundant cream colored, lichnoid growth

powdery, white to light grey aerial

Branching filaments forming tufts of
curved sporulating hyphae.

Rapid liquefaction. Flaky growth falls to
bottom. Faint brownish pigment.

Poor growth, thin cream colored, with
brownish dark tinge in vegetative
growth and greenish tinge in aerial
myeelium. .

Cream colored lichnoid ‘growth, grey
powdery aerial mycelium.

Cream colored growth thin, powdery, light
grey aerial myeelium.

Glucose-asparagine._. ... ...

Litmus milk_ oo Cream colored ring. Coagulation with
rapid peptonization, becoming aklaline.

Potato plug. oo oo Brownish, lichnoid growth, covered with
white powdery aerial mycelium. No
soluble pigment.

Pilgment. .. oo Not soluble in mediom oo

Nitrate reduction .. oo | o

Optimum temperature. - - - 37°O0:..

Sensitivity to phage M-1..... _| Sensitive.._--

Sensitivity to streptomyecin.._ .| 100 meg./fml_.

SOOI 08 oo o o m e Garden sofl. ...

mycelium. .
Thin cream colored growth. =Light grey
aerial mycelium. No soluble pigment.

Same.

Coagulation rapid with peptonization, be-
coming alkaline.
Same.

_S’_ame.
37°C.
Resistant.

2 meg./ml.
Cow manure,

This invention relates to new organic chemical sub-
stances, viz. antibiotic compositions of the class of Strep-
tomyces antibiotics, and to methods of preparing such
substances. More particularly the invention relates to
a new antifungal composition or complex and certain
fractions of it, which have now been produced by cul-
tivation under artificial conditions of a micro-organism
of the genus Streptomyces, specifically a strain of Strep-
tomyces griseus. The new antibiotic has been named
“candicidin” and may be conveniently so identified herein.
It exhibits high antifungal activity against a considerable
variety of fungi, being efficiently fungistatic (markedly
so against yeast and yeast-like fungi), and also fungi-
cidal toward certan organisms, particularly Candida al-
bicans. The novel antibiotic, considered as a complex
or mixture, and likewise each of its fractions, particu-
larly those hereinbelow defined as candicidin A and can-
dicidin B, is unquestionably different from known anti-
fungal agents such as actidione, antimycin A, fradicin,
fungicidin, rimocidin and actinone. Candicidin, espe-
cially with respect to its fractions A and B and mixtures
of them, has shown important utility in treatment of fun-
gus infections of animals and plants, with no toxic effects
and no detriment to the germination or growth of plant
life.

In the accompanying drawings:

FIG. 1 is a combined flow diagram showing procedure
for extracting candicidin and for separating its fractions;
and

FIG. 2 is a graph of the ulfra-violet spectra of the
respective fractions.

The micro-organism which was used in the operations
discovered (as described below) .to product candicidin
has been classified as belonging to the species Sirepto-
myces griseus, by reason of its cultural and morpho-
logical properties. Minor differences distinguish it from
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It has thus been discovered that by cultivation of this
organism under artificial conditions (e.g. upon inoculat-
ing a suitable, sterile medium with spores of the organism
or with submerged growth) the new antibiotic or anti-
bictic complex, candicidin, is produced, including its par-
ticularly useful fractions A and B. It may be noted that
the substance resulting from such cultivation and from
initial stages of separation procedure as described below,
usually constitutes a complex of fractions A, B and C;
and is sometimes herein identified as crude candicidin;
although fractions A and B are of particularly useful anti-
fungal character (both individually and in admixture with
each other); the complex or crude candicidin which also
includes fraction C has nevertheless been found of dis-
tinct utility and because of less complexity in its pro-
duction, may be deemed to represent a definitely new
product of practical value as such. While other culture
media may be employed, and likewise other modes of
growth (e.g. in shallow stationary cultures), effective re-
sults have been obtained by growing the named organ-
ism on a yeast extract-containing medium under sub-
merged aerobic conditions. After cultivation for a pe-
riod of several days at appropriate temperature with
shaking as on a conventional shaking machine, crude
candicidin may be extracted from the culture, e.g. by
suitable adsorption and solvent extraction as explained
below. By further treatment, for example involving
solvent separation or chromatography, fractions A, B
and C are individually recovered. ‘ i

The crude candicidin, which is not necessarily so
styled because it has foreign impurities (from which in
some cases it may even be essentially free) but because it
contains all three fractions, if found to represent a sub-
stantially stable and highly effective antifungal agent;
having apparently no action on bacteria, mycobacteria or
actinomycetes. As stated above, an important applica-
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tion of candicidin, both in its crude or complex state and
in the form of either of its fractions A and B, is in
controlling fungus infections or disease of plant and
animal life.

The following are some examples of procedures for
producing and extracting this antibiotic.
* In one such process, the described strain of Strepto-
myces griseus (No. 3570) was grown in yeast-dextrose
broth, i.e. in shaken culture, for four days, the broth
at the end of this time being found to have a pH of 8.1
and to exhibit an activity of 900 candicidin “units” per
milliliter. For this and other assay purposes mentioned
herein, so-called dilution assays were employed rather
than diffusion methods, in that candicidin does not diffuse
readily in agar media. Thus using the streak-dilution as-
say method, one unit of candicidin was defined as the
minimum amount of the antibiotic per one milliliter of

peptone-glucose agar, which would completely inhibit the.

growth of Candida albicans. The peptone-glucose agar
medium utilized for assay purposes consisted of 1%
glucose, 0.5% peptone, 0.5% sodium chloride, 0.3%
meat extract and 1.5% agar, in tap water, the pH being
adjusted to give 7.2 after sterilization. For assay pur-
poses, the inoculum consisted of an 18 hour old culture
of C. albicans grown on yeast-glucose agar, although it
appeared that differences in the age of the C. albicans
culture used for assays by the streak dilution method did
not cause appreciable variation.

It will be understood, therefore, that references herein
to the activity or potency of candicidin preparations in
the above units (i.e. “dilution units”) are generally to
be taken as meaning the number of the defined minimum
quantities of candicidin per milliliter of the prepara-
tion in question,

For extraction of crude candicidin from the yeast-
dextrose broth cultivated as described above, one pro-
cedure was as follows: the broth, after separation of the
mycelium by filtration, was extracted three times with
one-sixth of its volume of n-butanol.  The aqueous layer,
which had no appreciable activity, was discarded, and the
butanol extract was concentrated in vacuo and then
freeze dried. The resulting solid preparation of crude
candicidin was found to have a strength of 900 units per
milligram. The yield by this method of operation repre-
sented 20 to 40% of the activity in the culture broth.

Another and particularly effective mode of producing
candicidin comprised the cultivation of the stated organ-
ism on yeast-glucose medium. A satisfactory, specific
medium of this character consisted of bacto yeast extract
1%, cerelose (commercial glucose) 1%, and tap water;
before sterilization the pH was adjusted to 7.5 with 20%
sodium hydroxide solution, and the medium was then
sterilized in a conventional manner. For effective pro-
duction in substantial quantity with this medium, the
followmg steps were found useful. A primary inoculum
of S. griseus No. 3570 was first prepared by transferring
spores from agar slants into 250 ml. flasks each contain-
ing 100 ml. of the described yeast-glucose medium. These
flasks were shaken for 24 hours at 28° C. and the cultures
were used to inoculate a series of similar flasks, which
were identically incubated for a further 24 hours, to
provide a secondary incculum. Finally, large flasks,
i.e. 2000 ml. flasks, each containing 300 ml. of the same
medium, were then each inoculated with one of the cul-
tures of the second inoculum and were shaken at 28° C.
for four days. At the end of that time the large flasks
were found to contain broths having candicidin potencies
of 1000 to 5000 units per ml., the cultivation thus being
very effective for production of the antibiotic, i.e. in its
crude or complex state.

Using the same method of sterilization, inoculation
and incubation, the following medium gave even higher
yields (10,000 to 20,000 units per ml.) than the yeast-
glucose medium: a soya peptone-glucose medium, for
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example consisting of 2% soya peptone (De Lamar-
Hendrey) and 1% cerelose, in tap water.

Yet another cultivation process for making candicidin
involved the use of a glutamic acid-glucose medium.
One eﬁectlve medium of this character contained the

KHPO; . g 05
MgSO - THO oo g.. 02
Fe(S0,4)3-9H,0 ___._ g 0.01
ZDSO4'7H20 I < S 0.01
Anhydrous glucose .ol g 10,
L-glutamic acid oo g 10.
Distilled water —..—— . mi__ 1000

The pH of the medium was adjusted to 7.3 (with
NaOH) before sterilization in a conventional manner,
e.g. sterilization by autoclaving at 15 pounds for 15
minutes. In this case, 250 milliliter flasks each contain-
ing 100 ml. of the medium were inoculated with a washed
one-day-old yeast-glucose shake culture of S. griseus No.
3570. So inoculated, the culture medium was incubated
by maintaining the flasks on a shaking machine at 28° C,,
for five days. Broths having candicidin potencies of
3000 to 5000 units were obtained by such operation.

An improved and particularly effective extraction pro-
cedure, which has been utilized for the yeast-glucose and
glutamic acid-glucose broths (it being understood never-
theless that each of the various extraction procedures
described herein can be used with any of the cultivation
methods) was the following, illustrated in the upper part
of FIG. 1. As the result of growth of the organism
under the conditions outlined above, e.g. growth on the
yeast-glucose medium, the culture attained a pH value of
7.5 to 8.5. The entire culture, including the mycelium,
was treated with hydrochloric acid to give a pH of 2.5.
The acidified broth was then treated with material to ad-
sorb or retain the active material, a suitable adsorbent
being filter aid material such as diatomaceous earth.
Thus specifically, the acidified culture, still including the
mycelium, was stirred for 10 minutes with 0.5% Hyflo
Super-Cel, viz. a filter aid substance of the type de-
scribed. = The resulting Super-Cel pad was filtered off and
was found to retain, at least in substantial measure, the
antibiotic present both in the broth and in the mycelium.

A suspension was then made by mixing equal volumes
of the wet Super-Cel and n-butanol. The solvent, ie
the butanol, took on a deep red color and was found
to contain the active substance. It was accordingly fil-
tered, and the insoluble material was discarded. The
butanol solution was then treated by extracting it ex-
haustively with 2% of its volume of one-third normal
sodium bicarbonate solution; by such extraction the color
was substantially removed, the NaHCO; extraction thus
being understood to separate the pigment. The residual,
more or less decolorized butanol was then concentrated
to dryness in vacuo and the dry residue was extracted
with petroleum ether. It appeared that most or all of
the activity remained in the residue which was insolublé
in the petroleum ether, such solvent (which presumably
removed further impurities) being correspondingly dis-
carded. The residue from the petrolenm ether extraction
was then suspended in water and freeze dried, to produce
a preparation of crude candicidin which contained ap-
proximately 3000 units per milligram.

The extraction thus resulted in a relatively potent
candicidin product, the actual yield (measured against
the cultivated broth) being from 40 to 60%. It con-
clusively appeared that this product represented the same
antibiotic (crude candicidin or the candicidin complex)
as was obtained by the extraction procedure described
above, except that the product of the more complete
procedure was considerably purer. As explained, it was
further found that crude candicidin essentially consists
of three fractions, hérein called A, B and C. Fractions
A and B had almost equ1valent bloloowal act1v1ty and
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do not appear, from present experiments, to be differ-
entiated by their anti-microbial spectra. The third frac-
tion, i.e. fraction C, was found to have negligible activity,
although as a component of crude candicidin, fraction C
does not seem deleterious.

It was discovered that the three fractions could be
separated by a variety of procedures, one convenient
mode being with organic solvents. For instance, crude
candicidin may be extracted first with acetone, which
is found to dissolve the fraction C, leaving a solid residue
which contains both fractions A and B. Upon exfract-
ing this residue with alcohol (i.e. ethanol) candicidin A
is separated in solution, the remaining alcohol-insoluble
solid then constituting candicidin B.

By way of specific example of this solvent method (as
shown in the lower part of FIG. 1) for separating the
fractions: 1.9 grams of crude candicidin obtained (as
described above) by the more complete extraction proc-
ess from an incubated yeast-glucose broth and having an
activity of 3000 units per mg., were extracted four times
with acetone, using 25 milliliters each time. The acetone
fractions were combined and found to contain fraction
C of the crude material, such fraction being isolated by
a suitable process such as evaporation in vacuo and ap-
propriate freeze drying. As explained, fraction C has
no significant biological activity.

The solid residue from the butanol extraction in itself
constitutes a very useful antibiotic composition, being
a concentrate of fractions A and B, although a somewhat
purer preparation of such character may be obtained by
later re-mixing the ultimately separated and dried frac-
tions. For effecting such separation the above-described
solid residue (from butanol extraction) was extracted
twice with 25 ml. of 95% ethanol. Combining the quan-
tities of ethanol (separated from the solid) the alcohol
solution was then freeze dried fo yield 500 milligrams
of a solid product, identified as fraction A and having
an activity of 5500 candicidin units per milligram. The
solid residue left from the ethanol extraction was then
extracted four more times with 25 milliliters of ethanol,
the further alcohol solutions being discarded. After such
washing, the remaining solid (upon appropriate drying)
was found to represent fraction B, having a weight of
420 mg. and an activity of 6500 candicidin units per
milligram. It will thus be seen that candicidin A and
candicidin B are distinguished by insolubility in acetone,
in which fraction C is soluble. At the same time, frac-
tion A is soluble in ethanol, while fraction B is not.

Crude candicidin has also been purified, and specifically
separated into its fractions, by chromatography, for ex-
ample on a chromatographic column composed of cel-
lulose powder. The column was prepared by pouring a
water suspension of cellulose powder into a glass tube;
while still moist, it was washed successively with equal
amounts of ethylene glycol monomethyl ether, ethanol,
and chloroform. The column (2.5 c¢m. in diameter and
70 cm. high) was then loaded with a chloroform suspen-
sion of crude candicidin, e.g. the product of the more
complete extraction process described above, having an
activity of 3000 units per mg. The chloroform suspen-
sion, with which the column was loaded, contained ap-
proximately 40 million units of candicidin.

Successive elutions were effected, i.e. by using a total
series of 18 solvent cuts in a conventional manner, for
recovery of the several fractions. The first elution was
carried out with 95% ethanol and yielded a reddish brown
eluate, fraction C. Further elution was accomplished by
the addition of an equal mixture of ethylene glycol mono-
methyl ether and ethanol. This mixture eluted first a
reddish brown compound, fraction A, followed by a
greenish compound, fraction B. As far as could be de-
termined from the comparison of their biological spectra,
solubility properties, ultra violet adsorption spectra, and

Rf-value upon paper chromatography, these three frac-
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tions A, B and C were identical ‘with the cotresponding
fractions obtained by solvent extraction. -

Referring now more specifically to the properties of
candicidin, it is apparent, especially since fraction C ex-
hibited little or no antibiotic activity, that the activity of
crude candicidin is due to the action of fractions A and
B. The following table represents the antifungal spec-
trum of crude -candicidin (ie. the candicidin. complex)
extended through a considerable number of fungus -or-
ganisms, including particularly yeasts and yeast-like
fungi. . In attaining this spectrum, the various organisms
were tested on peptone-glucose medium, with incubation
in each case for 2 to 5 days-at 28° C. The readings are
expressed in micrograms of crude candicidin (being the
3000 unit material) per milliliter of medium for complete
inhibition; thus the lower the value of the reading, the
greater or more potent the activity against a' given or-

ganism.
TABLE 1I

Antifungal spectrum of crude candicidin
Microgram/per ml, for

complete inhibition
Acrostalagmus sp. >10
Alternaria sp. —————- - 0.6-10
Aspergillus niger .- - 5-70
Candida albicans — 0.3-0.5
Cercospora . kikuchii _....8-15
Ceratostomella ulmi (P. strain) e ——= 0.15-0.3
C. ulmi (H. strain) 3-5
Botrytis sp. 16-50
Diaporthe sp. 13-70
Epicoccun Sp. ~m———— 30-50
Fusarium sp. -.-- -~ 66->100
Helminthosporium sp. 13-20
Hormodendron sp. - 30-50
Isaria Sp. —ce——ue - >100
Oospora Sp. wm——wen >100
Mucor sp. ——eome—memm 3-10
Penicillium notatum 5-100
Pestalizzia sp. 06
Phoma sp. 66-100
Polyporus sulphureus 8-20
Pullularia sp. - 1-3
Pythium sp.. - 66-100
Saccharomyces cerevisiae -~z wocmmcne—=x <0.15-0.3
Sclerotium rolfsii >100
Spicaria Sp. ——eee- >100
Stemphyliuom sp. - >85
Stysanus sp. >100
Trichoderma sp. - 20-30
Ustilago zeae _._ —— 1-20
Verticilliom sp. - 0.6->100

The spectrum of crude candicidin was also extended
through a considerable range of other types of organisms,
such as bacteria (including mycobacteria) and actino-
mycetes, but no activity was found against any organisms
of these kinds, despite the test of a considerable variety.
Thus even with concentrations of crude candicidin equal-
ing from 85 to 100 micrograms per milliliter of a nutrient
agar medium, effective inhibition was not: obtained (in
streak dilution tests involving incubation at 37° C. for
18 to 48 hours), with any of the following organisms:

Escherichia coli
Aerobacter aerogenes
Serratia marcescens
Pseudomonas fluorescens
Bodenheimer’s organism
Staphylococcus - aureus
Bacillus subtilis
Mycobacterium phlei
M. avium
Mycobacterium sp. 607
Streptomyces fradiae
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The antifungal spectrum of fraction B, taken with a
considerable number of different organisms is represented
in the following table, wherein tests were made on pep-
tone-glucose agar as in the case of Table 1I, above, with
results given, again, in micrograms per ml. for com-
plete inhibition: :
TABLE III

Antifungal spectrum of fraction B
Days of Incubation
Organism
1 5
Aspergillusniger V. 2 >10
Candide albicans ... ... ... 0.22 1.1
C.brumplit?. . eeis 3.3 >10
C. kruseii?_ ... 1 2.2
C. ne0fOrmans 3 ..o cieccecccne | ecieaeee e 0.5
C. pseudotropicalis 2_ _ 1.7 >10
C. stellatoides 3. ... 0.14 L1
C.Eropicalis 3. oo 2 >10
Ceratostomelle ulmi (P. strain) 1.. R 1.1
Cryptococcus neoformans®...__ .. 0.5
Fusarium sp2___...________ 10
Hormodendrum pedrosof L.__ >10
Mucor Spe e c oo >10
Penicillium notatum___ 1.1
Phialophora verrucosa . >10
Rhizopus nigricans 1. _._ >10
Saccharomyces cerevisiae 3. 0.14
Sporotrichum schenkii1.__.__ >10
Trichophyton gypsum?____ R >10
T. mentagrophytes .. oo >10

1 Tnenbated at 28° C.
2 Incubated at 37° C.

Tests also showed that the antibiotic spectra of fractions
A and B differed only in degree of inhibition of the test
organisms, a representative comparison being shown in
the following table, where assays were made on the pep-
tone-glucose medium, but wherein the results are ex-
pressed in candicidin dilution units per .milligram (for
inhibition), such that the larger figures represent greater
activity.
TABLE IV

Comparison of antifungal activities of fractions A and B

Dilution units per
mg. Fractions

A B
Candide albicans. oo oo e com—— e 3,000
Ceratostomella ulmi. - >10, 000
Trichoderma sp.-._. 250
Penicillium notatum. <250
Aspergillus niger_____ 200
Rhizopus migricans ... ..o ol <250

In addition to its fungistatic effect, candicidin was found
to have substantial fungicidal activity. Thus the crude
material was applied to heavy suspensions of cells Candida
albicans; complete sterilization of a suspension of resting
cells was effected in three hours with a concentration of 5
micrograms per ml., while 1 microgram per ml. was found
sufficient to sterilize a culture of growing cells in three
hours. When C. ulmi and A. niger were tested in a
similar manner only little fungicidal activity was obtained
for candicidin.

Crude candicidin, i.e. the complex containing fractions
A, B and C, was found to be soluble in the higher al-
cohols (such as glycerol and benzyl alcohol) but insolu-
ble in benzene, petroleum ether, carbon tetrachloride,
xylol, carbon disulfide, ethylene dichloride, ether, and
ethyl acetate. Each of the fractions is therefore likewise
soluble in the higher alcohols and insoluble in each of
the last-named group of organic liquids. Further data
on solubility of the crude or complex material and the
fractions are set forth in the following table, wherein
plus signs indicate solubility, minus signs indicate that
the material is insoluble and wherein a combination of
plus and minus signs indicates partial solubility:
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TABLE V
Solubility of candicidin (complex and fractions)
Fraction
Crude
candicidin|

A B (o
WAt o el 4 4 — —
Ethanol.... B + 1 — 1 +
Butanol .. _._...__._ - + + | 4] +
Ethylene glycol (EG) R + e
EG monomethyl ethe - -+ + 4+ 4+
Acetone . . o — — +

The solubility indicated by plus signs represents generally
a high solubility, except in the instances marked with an
asterisk, where there was somewhat less, but nevertheless
substantial, solubility. That is, the fraction B solid prepa-
rations appeared to have a solubility in these solvents of
about 100 micrograms per ml. It will be noted that only
fraction A is soluble in water, and that only fraction C is
soluble in acetone and that there is likewise a difference
among the fractions with respect to solubility in ethanol.

Candicidin appeared to have reasonably good stability,
both at room and other temperatures, concentrated solu-
tions being more stable than dilute ones. At neutrality,
each of fractions A and B effectively. withstood heating
for 10 minutes at 60° C., and in one set of tests was kept
for a week at 4° C. without appreciable loss of activity.
Thus it would appear that the antibiotic, especially its
active fractions, can be effectively stored under low tem-
perature conditions for relatively long times. Each of
fractions A and B showed progressive loss of activity
upon standing at room temperature, i.e. when dissolved
in ethylene glycol monomethyl ether.

The three fractions of candicidin had very similar ultra
violet absorption spectra as shown in FIG. 2. These
spectra were attained with solutions of the respective
substances, i.e. fractions A, B and C, in absolute metha-
nol, by conventional procedure using a Beckmann spec-
trophotometer. The concentration of fraction A was 0.04
milligram per milliliter, of fraction B 0.02 mg. per ml.,
and of fraction C 0.1 mg. per ml. In the graph shown,
wave lengths are measured along the horizontal axis and
spectral intensity is indicated on the vertical axis by
specific extinction, a conventional representation of in-
tensity duly correlated with the actual concentration of
the substance in its solution. Specifically, significant peaks
were obtained for the three substances as follows, the
wave length being measured in millimicrons in each in-
stance:

Fraction A ___ . 360, 380, 403 my
Fraction B 362, 381, 404 mu
Fraction C .. 358, 379. 402 mpu

The sets of three peaks noted respectively for the three
fractions constitute distinctive characterizations of them,
distinguishing them from other antibiotic substances of
this class.

It was also found that crude candicidin did not dialyze
through a cellophane membrane, it being correspondingly
apparent that none of the fractions would so dialyze.

Elementary analysis of fraction A gave the following
values on an ash free basis: H=9.6%, C=62.9% and
N=4.7%. Fraction B was somewhat different: H=9.9%,
C=57.8% and N=7.3%. Some sulfur could also be
detected in both fractions but it is very possible that
it was present as an impurity in the ash.

As stated above, candicidin {and thus its active frac-
tions A and B) has exhibited utility for controlling fungus
infections in plants, with no deleterious effects on germi-
nation, growth, foliage or other factors of importance
in agriculture. For example, in one set of tests crude
candicidin was found to have no ill effect upon the
germination of pea seeds, i.e. in concentrations (of can-
dicidin complex) of 125 micrograms per milliliter or
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less, and even at somewhat higher concentrations the
effects were not very serious. In making these tests,
2 ml of the candicidin solution (i.. the 3000 unit ma-
terial described above) were added to 5.5 centimeter
petri dishes each containing 5 to 10 pea seeds. These
dishes were placed inside regular size (9.0 cm.) dishes
containing an absorbent pad saturated with water. The
seeds were incubated for 5 to 6 days at 20° C., and
both germination and root growth were measured, rela-
tive to controls which were similarly incubated but with-
out the candicidin. As stated, no ill effects were ob-
served in either respect, up to a rather large concentra-
tion of the antibiotic.

Tn one set of practical tests relative to the utility of the
antibiotic for control of fungus infections, it was found
that upon spraying young bean plants once a week with
an aqueous suspension of crude candicidin (660 micro-
grams per ml.) there resulted an effective and useful
decrease of a powdery mildew infection. The spraying
was started about 5 days before the mildew infection
was apparent on the plant leaves, it being known that
the plants had been or would become infected with the
organism causing the infection. Although a single
spraying before the appearance of the mildew did not
reveal therapeutic value, the use of a plurality of spray-
ings, e.g. at the indicated intervals, was effective. No
toxic reactions, e.g. in damage to foliage or otherwise,
were noted in the tests.

It will be appreciated that upon comparison with other
antibiotics that are produced by actinomycetes and that
are antifungal and lack antibacterial activity, candicidin
is clearly distinguished in a number of ways, including
its various properties and characteristics outlined above.
Critical distinction is afforded by the ultra violet absorp-
tion spectra since such spectra for the candicidin frac-
tions were distinctly different from the spectra for acti-
dione, antimycin ‘A, fradicin, fungicidin and rimocidin.
Although the substance actinone was not available for
the making of spectra for comparison, clear distinction
was evident in other respects; thus known data indicate
that actinone is less active in vitro than candicidin and
that the soltubility properties and the nitrogen content of
the two substances are clearly dissimilar.

Although by way of example reference has been made
above to S. griseus No. 3570, other strains of S. griseus
have been isolated from soil which have been found to
have the capacity to produce the candicidin complex.
Likewise, still other Streptomyces strains (different from
S. griseus) such as a culture identified as No. 3633 in
the above-mentioned Rutgers ‘University culture collec-
tion, have the capacity to produce selectively fraction A
(the water soluble fraction) of candicidin.

It is to be understood that the invention is not limited
to the specific preparations and procedures hereinabove
described but may be carried out in other ways without
departure from its spirit.

We claim:

1. Candicidin, an organic antifungal antibiotic com-
position: which is soluble in methanol, butanol, glycerol,
benzyl alcohol, ethylene glycol, and monomethyl ether of
ethylene glycol; which is insoluble in acetone, benzene,
petroleum ether, carbon tetrachloride, xylol, carbon di-
sulfide, ethylene dichloride, ether and ethyl acetate;
which in methanolic solution displays absorption peaks
of ultraviolet light at approximately the following wave
lengths expressed in millimicrons, 360-62, 380-81 and
403-4; which is strongly active against fungi, including
yeasts, yeast-like fungi and plant-pathogenic fungi; which
has substantial fungistatic effect upon

Candida albicans

Ceratostomella ulmi
Saccharomyces cerevisiae

which is relatively inactive against bacteria, mycobac-~
teria and actinomycetes; which has substantial fungicidal
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effect on Candida albincans; which is capable of embodi-
ment in water-soluble form A and in water-insoluble form
B, each of said forms having all of the aforesaid proper-
ties; and which is produced by the process of growing a
culture of Streptomyces griseus No. 3570 in a nutrient
medium at a suitable incubation temperature and for a
suitable period of cultivation to form the composition
in the culture, and then recovering the so produced com-
position from the culture.

2. A process for producing the antibiotic composition
candicidin, which is defined in claim 1, comprising grow-
ing a culture of Streptomyces griseus No. 3570 in an
aqueous, sugar-containing nutrient medium at a suitable
incubation temperature and for a suitable period of culti-
vation to form candicidin in the culture, and separating
candicidin from the culture medium.

3. In a process for producing the antibiotic substance
candicidin, which is defined in claim 1, the steps of
establishing a material containing candicidin by growing
a culture of Streptomyces griseus No. 3570 in an aqueous
nutrient medium, separating the candicidin from said
material by treatment with butanol to dissolve the can-
dicidin, separating the butanol solution from said mate-
rial, and separating candicidin from the butanol.

4, A process for producing the antibiotic composition
candicidin, which is defined in claim 1, comprising grow-
ing a culture of Streptomyces griseus No. 3570 in a
nutrient medium at a suitable incubation temperature
and for a suitable period of cultivation to form candicidin
in said culture, and then recovering the so produced
candicidin from the culture.
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- This inveﬁtion relates generally to antiblotie
substancés'and more particularly to a new and useful
antibiatié substance, streptomycin, and the process

for preparing the same by cultivation under particular
controlled conditions of strains of the microorganism
Actinomyces griseus. This organlsm was first isolated
from the soll and characterized by one of the present
applicants, S.A. Waksman, and 18 described in his
publication in 8o0il Science 8. 71 (1919).,

With the exception of streptothriein, the
discovery and characteristics of which were reported
by Waksman and Woodruff in Proc. Soc. Biols Med. 49, 207
(1942) and Jour. of Bacte 46, 299 (1943), most antibiotic

substances known at the present time, lncluding penlcillin

and other mold products as well as gramleidin and actinomycin,

act largely upon gram-posltive bacterla. Streptothricin is
very active against a number of gram-positive and gram-~
negative bacteria but has very little activity against

certain bacteria of both groups, particularly the gram=

- positive Bacillus mycoides and Bacillus cereus and the

. gram-negative Pseudomonas fluorescens, Pseudomones aeruginosa,

and Serratia marcescens,

It 1s now discovered, according to the present

~invention, that upon cultivation of strains of the micro-

organism Actindmzces griseus in a suitgplé mutrient medium

a new substance can be isolated from the resulting culture
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broth, which substance is thermostable; has the properties
of a basej 1s soluble in water, acld aleohol and dilute

aclds but 1s insoluble in efher and chloroform; has a low
toxicity to animalss and is strongly active bacteriostatically
against many gram-positive and gram-negative bacterla. This
substanée has been deslgnated as streptomycine It is in many
respects‘similar to streptothricin but differs from strepto-
thricin as will be apparent from the comparative bacterio-
static spectra in Table I below. In this table the units of
activity for streptothricin are based upon purified prepara-
tions of streptothricin while the units for streptomycin are
based upon the crude and hence less concentrated substancee
(Aiunit of "activity is that amount of material which will
inhibit the growth of a standard strain of Esherichia coli
in 1 ml. of a sultable culture medium). Comparative tests
of the two substances, both purified to approximately the
same degree, against E. coll show fhat they have substantially
the same actlvlity against this organism. For a better com-
parison of the bacterlostatlic spectra of streptomycin and
streptothricin of the same purity, the units of activity for
streptomycin in Table I should therefore be multiplied by 4

in each instance,
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IABLE I

Comparative Bacteriostatic Spectrag
(based on ash free dry material)

Units of activlity per gram
ash=-free dry materisl

Organism Gram {?;E;éptomycin Streptotg;;;;;;\
: ' Stain X 1000 X 1000
B, subtilis O 4 125 500
. Bas mycoides 0 + 250 . 3
- Bs ‘mycoides 317~911 4 20 ' 3
Be cereus : 4 30 3
B, mesentericus + 15 —
Ba. megatherium + 100 150.
5. aureus + 15 200
- .8s lutes + 100 150
Ms phlei, .i 100 50
Mo " tuberculosis + 30 —
Phytomonas pruni — 100 400-
Listerella monocytogenes .. 10. Rp——
Shigella gallinarum —_— . 150
Es Coll - 75 100
S« marcescens — 2 5
A. -aerogenes. — 10 50
Pe vulgaris .- —_ 10 50
‘ S,'aertrycke ’ — 2.5 _—
~..Sa schottmilleri . —_— o 50.;
""Pg,. fluorescens — 2 - 3
-Pss @erugincsa — 1 M 3 i
Cl. bu'tYlicum e 3 if

g

It is apparent from a consideration of Table I
o that streptomycin is more active than streptothricin &gainst
\certain gramnpositive organisms such as Bacillus mxcoides and

: Bgeillus cereus and agalnst certalin gram-negative org&nisms

such as Pseudomonas fluorescens, Pseudomonas aeruginosg, and

#
- Serratla marcescens, 1

Regarded in certaln of its broader aspects the
novelty in the present invention comprises the antibiotic
~substance streptomycin and the process for preparing the

same by cultivating strains of Actinomyces griseus, under
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elther statlonary or submerged aerobic (viz., submerged

"growth with agltation and aeratlon) conditions, in a nutri-
ent medium contalning a growth-promoting factor of the type
'pfesenﬁ in meat extract and corn_steep liqubr,fseparating
the @réaniém growth from the culture broth; treating the

culture Brdth.With activated charcoal tbiadsorb the active

product, eluting the adsorbate with low normality alcoholic

minerhl.acid and récovering,streptdmycin from the eluate,

For the preparation of streptomycin a culture
medium is used comprising an aqueous solution contalning
approximately 1.0% of carbbﬁ?drahe such as glucose; 0,5% of
complex nitrogenous material such as peptone or tryptone;
0.5% of inorganic salt such as sodium chloridej and s small

.HNEFQHQFMR?;g complex organic substance containing a specific

| growth=-promoting factor required for .satisfactory elaboration _

"Il of the active product. This growth-promoting factor 1ls present
in varying degrees in such complex organic materials as meat

extract, corn steep liquor, and the like.

This medlum 1s dlstributed in appropriate vessels
of a depth of 1 - 2 inches for surface cultivation. For
submerged aeroblc cultivation, it is placed in deep tanks
having suitable means for aeration and agiltation of the
medium. The medium thus distributed is sterilized at 10 1lbs.

steam pressure for 35 - 60 minutes and then cooleda

" Eor inoculation of the culture medium a heavy water=

suspension of spores of a strain of Actlnomyces grilseus l1s

prepared by scraping from agar slants or by first growing
the organism under submerged aeroblic conditions to obtain a

ﬁeavy mass of growth. Incubation takes place at a temperature

-5
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of about 22 - 28°C, Elaborabtion of the streptomyecin is
vsually complete in 6 = 12 days 1ln the case of stationary
cultures and in 2 - 4 days when cultivation ls under sub-

merged asroblc conditions.

The course of production of streptomycin under
submerged and stationary conditions is illustrated in

Table II,

TABIE IT

Course of Production of Streptomycin
by A, griseus

Submerged culbures Statlonary culbures
Dilution Diffusion - Dilution Diffusion
Days Units unlts * Days uni ts unlts
2 40 10 3 5 6.
3 50 70" 5 20 . 12
4 40 60 7 20 53
7 125 70 9 75 —
12 OO 558

The culture broth obtalned by eilther submerged

seroblec or statlonary cultlvatlon of Actinomyces griseus is

ffiltered or centrifuged to Pemove the growth of the organlsme
;J;Aqﬁivétéd}charcoal”is then added to the filtered broth and
the gixture is atirred for about 5 minutes and then filtered;
Alternately, the mixture can be stored for about 8 = 12¥hours
at 0 = 1000, with stirring at about two~hour intervals and
then filtered. The colorlsss or glightly yellowish flltrate
obtaihed is dlséérded.' The charcoal residue wilth the adsorbed
streptomygin 13 washed several btimes with.dlstilied water and
finally with 95% ethanol.

om
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The washed material is %then suspended in 95%
sthanol mpade approximately 0.15 normal with mineral acid,
guch ag hydrochloric, and the suapension is stirred for
‘sevaral hours and then allowed to stand in the cold for
- another 6 =~ 8 hours with occaslonal stirring. The suspension
is then flltered, the charcoal residue discarded, and the
brown to yellow clear filtrate thua obtained is added, with
stirring, to approximately an sgquivalent amount of ather. A
'fréﬁﬂ~coloréd aqhéous‘iéyéf separates and is drawn off. The
alcohol ether solution is washed with additional small amounts
of water and the brown aqueous washings are added to the aqueous
layer previously drawn off. The agqueous solubicns are then
neutrallzed to pH 6 - 7 and any precipltate formed is filtérédﬁ
off and discarded. A failntly colored aqueous solution contain-

Ing streptomyoin ls thus obtailned.

Wﬂen g tationary cultivation is employed, the pellicle
(or growth of organlsm) once formed can be utilized again-’ '
several times. The oculbure broth after complete elaboration
of the actlve substance, 1s carefully drained from bthe pelliclé,
and replaced by an equél aount of fresh culbure medium. The’
' containers are agaln placed in incubation at 22 = 28°C and
production of streptomycin sets in lmmediately, réaching.a
maximum In 3 to 5 days. The broth obtained by re-ﬁsing the
pelllicle 1n this manner 1s treated as previously degecribed to

substantlally colorless aqueous solubtlon of streptomycine.

The followlng examples 1llustraté methods of carrying
out the present invention, but it 18 to be understood that these

eXamples are glven by way of lllustratlon and not of limitatione
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Example I
A medium is brepared having the following compositions

1.0% glucose
0.5% peptone
0.3% meat extract
0.5% NaCl
tap water
This medium is distributed in appropriate vessels to a depth
of 1 - 2 inches, sterilized at 10 1bs. steam pressure for
45 =« 50 minutes, and then cooled.
The medium in each vessel is then inoculated with a

- heavy aqueous suspension of spores of a strain of Actinomvces

griséus, and the inoculated media are maintained at an incuba-

tion temperature of 22 - 28°C for 10 days. The growth is then

filtered off and the filtrates are combined for further treatménﬁ,

To a batch of approximately 10 liters of filtered broth -
1s added 150 gms. of activated charcoal. The mixture is
stirred continﬁcusly for about five minutes and is then filteréd;
The slightly'yellowish (almost colorless) filtrate»is discarded
and the charcoal residue is washed sevéral times with distilled
o water and flnally with 95% ethanol. The washed materlial is then
suspended in 1.5 liters of 95% ethanol, ma@e 0.15 normal with
hydrochloric acid., The suspension isgs stirfed for about an hour

and allowed to stand in the cold for about% 10 hours more with

. occasional stirring, The suspension is then filtered, the charcoal |

residue discarded, and the yellowish clear filtrate thus obtained
is poured into 10 liters of ether, with stirring. A brown-colored
aqueous layer separates and is drawn off., The,alcohol-ethér
solution is Washed with 100 cc. of water and the brown agqueous
layer 1s drawn off and added to the first aqueous layer. The
agqueous solutlon is neutralized to pH 6 - 7 with dilute sodium
hydroxide and any precipitate that forms is flltered off and

discarded. A falntly colored agueous solution containing strepto-

myciﬁ is thus obtained,




481108

Example II

A medlum 1s prepared having the following composition:

1.0% glucose

0.5% peptone

0.5% sodium chloride
1.2% corn steep liguor
: tap water

Thig»medium is distributed in appropriate deep vessels having
sﬁitéble_means for agitation and aeration of the medium, ster-
iiized”at 10 1bs., steam pressure for 45 - 50 minutes and then
coolédg _ L
The medium in each vessel is then inoculated with a

heavy suspension of spores of a strain of Actinomyces griseus,

and the inoculated media are maintained at an incubation tempera-
© ture of 22 - 28%°C for 3.days, with constant aglitation and aera~
tion. The growth is then removed by centrifuging and‘the culture
broth 1s combined and further treated as déscribed in Example I‘
to isclate = subétantially_colorless, clear aqueous solution

containing streptomycin,

Example TIT

The process of Example I is repeated with the ex-
ception that at the end of the incubation perlod instead of
removing the broth by filtering it is carefully drained

from the pelllcle. An ambunt of fresh medium equivalent
to the amount of broth firained from the pellicle 1s added to

each vessel and the fresh media are again'placéd in incubation

0k at 22 --289C, - After 5 days in Qinnnbation the broth is again o

carefully draiﬁed frolm the pelllcle and replaced by fresh
medium, The broth obtained after each period of incubation

is treated as in Example I to obtaln a clear, substantially

colquess, agueous solution of streptomycing



In the foregoing examples it is to be understood
that the compositions of the culture media are merely illus-
trative and can be varied as, for example5 by employing
tryptone in place of peptone, and by employing meat extract

and corn steep liquor alternately in the several examples.

Modifications may be made in carrying out the
present invention without departing from the spirit and scope

thereof, and the invention is to be limited only by the
appended claims .

10
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A process for the production of streptomycin which comprises
growing a cuiture of a streptomycin-producing organism in a liquid culture
medium under conditions favourable to the promotion of streptomycin,
separ atiné the streptomycin-containing culture broth from the organism
growth, admixing to the culture broth an adsorbent on which streptomycin
is adsorbed, separating the adsorbent containing the streptomycin from the
mixture, and eluting streptomycin from the adsorbent.

2. The process defined in claim 1 wherein the elution is effected
with acid-alcohol in which streptomycin is soluble.

3. The process as defined in claim 1 or 2 wherein the adéorbent‘
is activated carbon.

4. A process for the prodg_g:;tidn of streptomycin that compriées

growing a culture of a streptomycin~producing strain of Actinomyces

griseus at a suitable incubation temperature and for a suitable period of
cultivation, to form streptomycin in the culture broth, separating the
culture broth from the organism growth, adsorbing streptomycin from the
broth, and recovering the adsorbed streptomycin.

5. A process for the production of streptomycin that comprises
growing a culture of a streptomycin-producing strain of Actinomyces
griseus at an incubation temperaﬁxre of 22-28°C for a time of the order of

6-12 days for stationary cultivation and 2-4 days for submerged aerobic

‘:};ﬁltivation, to form streptomycin in the culture broth, separating the

culture broth from the organism growth, adsorbing streptomycin from the
broth and recovering the adsorbed streptomyéin.

6. Streptomycin.

//
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This invention relates to enzymic substances and
processes for producing the same and hes for one of its
principeal objects to pvrovide & stable enzymie substance
which is more concentrated than those heretofore produced,
and & method of producing the same.

Inzymes are unorgenized ferments, or chemical
gutstances of vegetable or animal origin that cause certain
chemical transformations by their presence. EnZymes ars
produced by living cells, either animal or vegetatle,
including various bvaocterie and molds, for example, by the
propagation of mold fungil such as Aspergillus oryzee or
other mold fungl of the geners Aspergillug, Penicillium
and Mucor upon various substences of plant or animel origin,
ineluding bran ef various grains. When dbrought into rele-
tion with certain orgdnio csompounds, the &ction of the
enzymes tends to decompose such compoﬁnds into simpler
combinations without themselves undergoing theoretically
any oh&nge,‘although practically the enzymes greadually
disappear in the course of the reaction. Their precise
‘mode of sotion i§|nat définitely understood dbut it is
apparently catalytic. Enzymes act only in the presence
of water and & omall gueantity serves 1o breasak up or change
a large nmass of the éubstanoe or substances on which it
aots. Znzymeshave well known properties such as diastatio
and proteolytic. By virtue of their diastatic property,
they may be employed to convert staroch into sugsar, this
properiy Yeing predominantly present in salive which is &an .
enzymio solution. By virtue of their pfotaolytic property
enzymes exert & 4digestive aotion upon meat and other pro-

teinsa, 1lhis property being predominantly present in the
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enzymic digestiive julces in the stomech and psnoreas of
human beings and animels,

The present invention has to do with enzymes of
vegetable origin having verious properties including disa-
static and proteolytic properties, The novel process may
te generally described sg follows, A suitable mass of
fungus-lmpregnated culture medium is prepared and lixiviat-
ed with & suitable liguid such as water to extract the
enzymic properties from such mass. A4 different or separate
mass of fungué-impregnated culture medium is then goaked
or gtesped in the ligquid extract. The liguid is then
evaporated, i,e.,, the mixture is dried, leaving the
desired enzymic substanae,

Preparation of the Fungus-Impregneted Culture Medium

mey be effected in various ways. For example, it may be
prepared in the manner disclosed in the now expired United
Stetes patents Noa. B25,880 or 585,823 in which the fungus-
impregnated mass is given the name of take-koji.

~ Another, and }n‘many regpects preferable methgd
of produéing the fungus-impregnated mass is substantially
as follows. Wheat bran, or other equivalent materisl ;
apple pomaoce, or another ventilating agent; and water are
mixed, preferably in the following proportions: eapple
poméce, 120 to 200 pounds; Dbran, enough to weigh with
the pumace, about 1000 pounds; water, about 50 gallons.
The mixture so formed is then sterilized by steaming for
about one hour and then cocled down to & temperature of
aboﬁt 30° C., about one hour being consumed in the cooling
operation, To this mixfure so prepared is added sbout 35

gallong of water containing the seed spores. These sead



spores are preferably those formed by mold fungi belonging

to the genera Aspergillus, Penicillium or Mucor, such as

the species Aspergillus oryzae (or Eurotium oryzae) or

Aspergillus flavus which &re readily procuratle, The .
mass or mixture of bran, pomece, water and spores 1is then
pleced in trays sand maintained et a temperature of 30° C.
for sbout 40 1o 48 hours, &t which time the growth 1s
errested and if desireble the prep&red mass is dried., For
convenience I shall refer to this so-prepared dried or

undried mass of fungus-impregnated meterial as FProtozyme.

Preparation of the Liguid Hxtrect.

A dried, or undried, masg of fungus-impregnated
gulture medium is lixiviated with water. This mey be done
by permitting water or other suitatble liquid to peroolete
through the mess, or by steeping the mass in the liquid.
If desired, the strength of this solution may te increasgsed
by repeatedly treating & fresh guantity of the mass there-
with. The extract may then be filtered or strained giving
the desired 1iqui@ extract.

| Another, and preferred, method of preparing fhe
-liquid extract is to place undried or preferably dried
mass of the fungus-impregneted medi wn (for example, Pro-
tozyme aa desoribed above) in & psroolator, into which
liquid 1s poured, allowing it to stand for about one or
two hours. The liguid may then be drained off through &
thiok cloth sgtrainer and this liguid, eithér gtrained or
uns trained, constitutes the desired extract. VWater is
‘added 1o the same batch of culture medium and drained off
to be employed as the liguid for lixiviating & suoceeding

bateh of fresh culture medium,
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The next step is to soak or steep & fresh maas
of culture medium, prepared as aTove deseribed  in the
liguid extract, prepared as above degsoriked., The mixture
is allowed to sosk or steep for one or two hours and then
dried, 1.e., the liguid is evaporated off, until the mois-
ture content 1s reduced to b per cent or legs. The result-
ent novel substance is conveniently referred 1o ag Frotozyme
Concentrated. HFurther concentration of the desired product
mey be seoured by steeping or soaking the Protozyme Con-
centrated, produced as described above, in & fresh quantity
of liguid extraot, again drying it, and if deasirable agein
repeating this process as many times as desired.

Summarizing & preferred method of oarryling out
the process: two or more lots of Protozyme are prepared,
eéoh in the menner sbove described, One lot is allowed to
dry. The other lot or lots are lixiviated to form & liguid
extraot, as above desoribed. The lot of dry Protozyme is
then soaked in the ligquid extract and is then dried. The
lest mentioned er prngct nay then be steeped or sosked in
& fresh iatoh of liguid extract, agsin dried, and thislpro-
cess repeated as often as desired, depending upon the
degree of concentration degsired, The drying may te effeot-
ed by an air current in a partisl veacuum, or by exposure
to the sun on & dry day, or by simply spreading the mix-
ture out in a dry place. In any ocase, the drying is contin-
ued until the moisture content is reduced to 5 per cent or
lesg. The resultant dry produet is Protozyme Concentrated.

This resultent product not only possesses the
statility of dry Protozyme or dry teke-koji but in its

enzymic properties (diastatic and proteolytic and others)

1 i
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it is more than twioce as concentrated 2a either of its
constituents, Protozyme and liguid extract of Protozyme,

It hag been proposed by various workers in the
enzymlc art (see pages 769 and 770 of "Allegemeine
Mikrobiologle", Kruse 1910, published at Leipzig, Germaﬁy)

lto breserve enzymic solutlions by employing entiseptiocs of
various kinds. In the present process no antiseptic what-
soevef i8 employed, yet the resultant product does not
deteriorate because it is in dry form,

The novel product resulting from the sbove
desoribed novel process mey be described as & dry enzymioc
substance comprising a fungus-impregnated oculture medium
end the concentrate (i.e., & product of a process of con-
centration by drying or eveporation) of & liguid extract
of & fungus-impregneated culture medium. This product is
powerful in its enzymic propertiés, though of small bulk,
Being.dry, i.e., of reduced moisture content, it will keep
end praegserve itg enzymic properties practically indefin- -
i1tely. ‘ ; ‘

- The no#éllproduet may te employed to gfeat
-advantage in the clarification of fruit juices, as a
mediocinal preparation egainat dyspepsia and in various

other flelds, arts and industries.
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What is claimed is:

1. The process of preparing an enzymic substance
which comprises lixiviating a fungus-impregnated culture medium,
soaking in the ligquid extract a fresh mass of fungus-impresgnated

culture medium, and drying the mixture,

2. The process of preparing an enzymicec substance
which comppises preparing two lats of fungus-imyregnated,oul-
ture medium, drying out one lot, lixiviating the other lot
to form an aqueous extract, soeking the dried lot in the ex~-

tract formed from the other lot, and drying the mixture,

3. The process of preparing an enzymlc substance
wkich.eomyrises propagating a fungus on & culture medium,
:“dryihg one lot of suoh medium, lixiviating enother lot of
such medium with a 1iquid to which a third lot of culture med~
fuﬁ‘hﬁs been subjected, scaking the dried lot of oulture medium
}in'fhé exfrgeﬁ, snd. re&ﬁoing the moisture content of the mim=

' ture until not more than 5 per cent moisture remains,

" 4. Ais & new article of menufacture, & dry énzymie
s#batance comprising e fungus-impregnated culture medium and
'fthef§onqentrate of a liguid extract of a fungus~impregnated

'aulﬁn?o meaium.

6+ The process of preparing an enzymic substance -
whibhveomprises lixiviating a fungus-impregnated culture
ﬁeéiﬁm;‘soaking in the liquid extract a fresh mass of fungus-
”impiégnatad culture medium, drying the mixbure, goaking the
dried product in a fresh guentity of liquid extraet of fungug-
impregnated culture medium, aﬁd drying the mixture,

i : ‘ i Lo
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6. As a new article of manufacture, a dry enzymic

substance comprising a fungus-impregnated culture medium and
the concentrate of a liquid extract of different lots of

fungus-impregnated culture medium.

7. As a new article of manufacture, a dry enzymic
substance comprising a fungus-impregnated culture medium and
the concentrates of liquid extracts of a fungus-impregnated

culture mediam,
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