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This invention relates to new and usefulvim 
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 antibioticus 
is a micro-organism which occurs inter alia in 
soils. Speci?cally, it is a fungus of de?ned 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 

l0 

bioticusjs. 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 speci?c bacteria. In accord 
ance with this method suspensions of cultures of 
the speci?c bacteria are mixed with an aqueous 
agar solution and the mixture added to a suit 
able soil containing the antagonizing micro-on 
ganisms. Upon one to lil 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 ?lter. The substance is sub 
stantially heat resistant at 100° C. for thirty min 
utes. 
We have found that two diiferent antimicrobial 

substances may be obtained from the actino 
mycin. 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. ‘Its aqueous 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 di?‘icultly 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 1:1Q0,000,0DG; 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 
as 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 
mg and between 230 and 250 ms. 
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 Actz'nomyces anti 
biotic'us was prepared using a medium consist 
ing of 1% tryptone-peptone, 0.5% starch,‘ 0.2% 

. K2HPO4, 0.2% NaCl and 0.25% agar in distilled 
water, grown at a temperature of approximately 
25° to 35° C., the incubation being complete-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 extraction. 



2 
The ?nal 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. or a reddish-brown resi 
due ls 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 ?ltered 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 ben 
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 

dueed pressure, taken up in 25 cc. of hot acetone, 
?ltered, 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 recit'es, by way of illustration, 
the preparation of the (ii-acetate of di-hydro 
actinomycin A. 

/E:rample 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 mg. 
of zinc dust. On stirring, the red mixture be 
comes pale yellow in color. After one hour at 
room temperature, the mixture is filtered from 
the zinc dust and the ?ltrate 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 ?nally with dilute hydrochloric acid. I 
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'l2.48. 

Example III 7 ' 

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 
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prisms melting at approximately 250° C. Ap 
proximate analysis: C 58.27; H 6.56; N 12.46. 
The method of growing cultures of antagonists 

to speci?c bacteria outlined above can be demon 
strated by way of the following example. 

Example IV 

Agar is washed in distilled water and dissolved 
so as to yield 1.5% concentration. Two gms. of 
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KzHPO4 are added per liter. 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 freshv 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 

turernedium for increasing the production of 
actinomycin or its components by‘ the cultures of 
Actinomyces antibioticus. Theculture 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 su?icient to maintain 
the pH of the culture substantially between pH 
5.6 and pH 8‘ and preferably at pH'l, 1 to 5 and 
vpreferably 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 
60 
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' the following: 
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one of the known buffering agents and preferably 
‘Kai-IP04; 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, I , 
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, 

1.5 %v agar, 0.2% K2HPO4, 0.2%_NaCl, 0.5 
starch, 0.1 to 0.2% a‘sparagine; _ ' 

1.5% agar, 0.2% K2H'PO4, 0.2% NaCl, 0.5% starch, 
' 1% peptone; '- ' 

1.5% agar, 0.2% KzHPO4, 0.2% NaCl, 0.5% starch, 
1.0% tryptone; ' 

0.25% agar, 0.2% Kai-IP04, 
0.2% NB-NOJ- _ ' ' 

Cultures a. preferably incubated at 25 ‘to as“ 

0.2% NaCl,'1.5% starch, 

. C., substantially maintaining the pH at the indi 
cated point or range. 
and is accompanied by the formation of a soluble 

ethyl acetate. ‘The same constitutes red-brick 75 dark-brown pigment‘ on organic media. '11; be 

to2%i 

Growth proceeds rapidly - 
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comes rapidly covered with a 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- v 
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 0! iso 
lating speci?c ‘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 
tratlons to be e?ective 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 speci?c 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 7.5% H, 13.05 to 13.65% 
N, and a molecular weight in excess of rI00. 

Modi?cations 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 antimicrobia 
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. 

fa 
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3 
3. In the method 01' producing an antimicrobial 

substance the steps comprising treating a cul 
ture of Actinomzlces antibioticus with petroleum 
ether to thereby extract actinomycin 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 ms and between 230 and 250 my. 

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 a 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 a 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 ma and between 
230 and 250 mp, and which has the approximate 
composition of 59.01% C, 6.81% H, 13.38% N, and 
a molecular weight in excess of 700. 
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comes rapidly covered with a 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- v 
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 0! iso 
lating speci?c ‘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 
tratlons to be e?ective 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 speci?c 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 7.5% H, 13.05 to 13.65% 
N, and a molecular weight in excess of rI00. 

Modi?cations 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 antimicrobia 
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 01' producing an antimicrobial 

substance the steps comprising treating a cul 
ture of Actinomzlces antibioticus with petroleum 
ether to thereby extract actinomycin 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 ms and between 230 and 250 my. 

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 a 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 a 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 ma and between 
230 and 250 mp, and which has the approximate 
composition of 59.01% C, 6.81% H, 13.38% N, and 
a molecular weight in excess of 700. 
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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. V 
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 Actz'nomyces lavendulae (Waks 
man, Homing, 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 
alcohol, 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 e?ect, 
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, lysozyme of Actino 
myces, tyrothricin, tyrocidine, penicillin, pyo 
cyanase, pyocyanin, etc., in that it is highly e?ec 
tive, in small concentrations, against certain 
gram-negative bacteria such as E. coli, and the 
Salmonella, Shigella, and Bruceila groups, but 
only slightly against Ps. ?uorescens. 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. mz/coz‘des. 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 
lavendu'lae, and permitting growth to proceed for 
from about 6 to 12 days, at about 20—28° C. 

After completion of growth, and ?ltration of 
the medium, streptothricin may be recovered from 
the ?ltrate. 
According to one preferred embodiment of our 

invention, the recovery of the streptothricin may 
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‘1e e?ected by treating the above-mentioned ?l 
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 ?ltered oil. Upon 
treating the ?ltrate 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, 
?ltered, and the alcohol evaporated. 
The products obtained according to the above 

procedures may be further puri?ed, as, for in 
stance, by the method outlined in the example 
given hereinafter. 
A suitable medium for the growth of Actino 

myces Zavendulae, for the production of‘ strep 
tothricin,‘ may comprise an aqueous medium con 
taining tryptone, casein, peptone, dibasic potas 
sium phosphate, sodium chloride, and a carbo 
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 
?cial 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 of 
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. 

Emmiile 
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 
Actinomvces lavendulae is 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 ?ltered off 
wit muslin, and the broth is treated as follows: 
To a batch of approximately 100 liters of ?l 

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 ?ltered, A colorless 
?ltrate 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 ?ltered, the charcoal 
residue discarded, and the brown clear ?ltrate ob 
tained is poured into 100 liters of ether, with stir 
ring. An aqueous layer separates, and is drawn 
oil. 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 oil. The aqueous 
solutions are neutralized to pH 6-7. 
The material thus obtained may‘ be further 

puri?ed by treatment thereof with a substance to 
adsorb anions (for example, "Amberlite 1115-4") 
and then treating it with a substance to adsorb 
cations (for example, "Amber-lite IR-I"), The 
material is then ?ltered. and the ?ltrate is treat 
ed with acid-washed permutite. The adsorbate 
is eluted with dilute mineral acid. A colorless 
solution containing streptothricin is thus "ob 
talned. 
Modi?cations 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., ?ltering, adsorbing 
streptothricin from the ?ltrate. and recovering 
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the adsorbed streptothricin by eluting with low 
normality alcoholic mineral acid. 

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

3. In a process of producing streptothricin by 
cultivation in a culture medium of spores of 
Actinomilces lavendulae the steps which com 
prise treating the ?ltered 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 inactivity, 
in bacteriostatic respects, which characterizes the 
aforesaid antibiotic substance toward Ps. ?uo 
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 
nmnyces lavendulae only in arti?cial media not 
naturally occurring in soil and under conditions 
favorable to such production by such organisms. 
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‘classed as 'actinom'ycetes. v I 
‘aptly described as a strain of Streptomyces of the‘type 
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This invention relates to antibiotic substances and pro 
cedure for making them, and more particularly to _a 
new and effective antibiotic substance that has now been 
produced by cultivation underarti?cial conditions ‘of a 
micro-organism, further identi?ed below, vwhich is aspe 
cies of the’ genus Streptomyces, i. e.‘ one of theo‘rgani‘srns 

The organism may alsovbe 

of Strép'tomyces fradiae, the latter having been’isolated 
from-the ‘soil in ‘1915 by Waksman (one of the'prese'nt 
applicants) and Curtis, then designated as Actinomyces 
fradii but more recently listedv in Bergey’s Manu'yalas 
Streptemyces fmdz'ae. The present strain'of organism 
of this'n'ature, which at least closely resembles the one 
named, and ‘which/is employednfor productionof, the 
new antibiotic as below described, has 'been deposited 
in the Rutgers ,Ilniversity, _Microbiology ~Department, 
Type culture'collection, under the o?icialjriu’mber ‘3535 
for the deposited ‘culture, and-‘has been dep'o _ted ‘the 
American Type Culture Collection [as ",Streptomyces 
fradiae 3535;_i_t ‘may thus be conveniently and accurately 
identi?edasStreptomyces No. v3535. ’ I n _ 

Among the antibioticsnow widelyused,‘streptcrn'cin 
has been particularly successful as awchemoth‘erapeutic 
agent for a variety of purposes byireasfon of ‘its activity 
against gram-negative as well as. ‘gram-positive bacteria, 
including the, mycobacteria, and has been’used' e?'ectively 
inthe treatment ‘and, controlof certainforms pfhuiilan 
tuberculosis. There are,'however, strains "of_ soinebac 

Vyteria ‘which are more or less resistant of ‘streptomycin, 
the most signi?cant manifestationjn'of'suchjresistance 
being its‘development, in certain cases,_upon‘prolonged 
administration of the drug. That is to say, one or mere 
resistant strains may"devel_op or?grow'aim'ong‘the infec 
tious organisms?in ‘such a case, whichiiis usually ‘a situa 

’ tion where the initial series of treatments‘h'as bee‘nfronly 
partially effective. It will therefore be appreciated'that 
an‘ especially "useful ‘antibiotic would be'one having?the 
following essential properties: ‘ (a) high activity "against 
gram-negative bacteria and mycobacteria; ([2) activity 
upon streptomycin-resistant strains of’ bacteria, especially 
'of acid-fast bacteria; and (c) low toXicity't'o ‘animals. 

It has now been discovered, i. e. in ‘accordance with 
the present invention, that the aboveéidenti?ed organisms 
(Streptomyces No, 3535) may be employed to produce 
a distinctively ‘new and preeminently useful'anti-bacterial 
substance which is of organic 'compo'sition'and ‘which'is' 
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limited‘in acid conditions, butrappears to rise as neu 
“tralityi is reached, and is de?nitely favored by an alkaline 
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different, in both chemical and antibiotic respects, from 
other substances of its general class, such as streptomycin, 
streptothricin, grisein, and actinomycin. 
vThe novel antibiotic composition, which has been 

"named “neomycin” and may be conveniently so ‘identi?ed 
"herein, ‘is v‘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 ‘antibacterial ‘properties will be made below, but it 
‘may. be noted at the outset that this substance has not 
only'shown activitylagainst a number of streptomycin 
"resistant ‘strains of _bacteria (including mycobacteria) but 
has also been less favorable to the developmentrof "re 
sistant growth ‘under circumstances where ‘the latter, in 
'the'presence of another antibiotic, such as streptomycin, 
‘rhight'be ‘e‘Xep'ecteda That is to say, among a number 

‘ of organism types which include ‘strains resistant respec 
'tively"to'other antibiotics, 'no signi?cant "di?er'e'nce in 
‘sensitivity to neomycin has been noted. 

‘Referring to ‘the drawings: _ 
‘Fig. l'is a ?ow sheet of a suitable process for v‘extract 

’ing neo'mycin from a culture in which it is produced; 
2 is a curve of the infra-red spectrum of 'neomycin 

in the free base form, and speci?cally in the form of 
‘neomycin'B, free base; 

Fig.‘ 3 is‘a‘curve‘of the infra-red spectrum of nedmycin 
in the free base form, and speci?cally in the'form of 
“ne‘ornycin C, free base; 

Fig. 4 is a curve 'of the infra-red spectrum of the 
‘sulfat'e'of'ne'omycin, speci?cally in the formiof neomycin 
B‘sulfa‘te; 

Fig.‘ 5 is a'curvewof the infra-red spectrum of the 
sulfate'of neoinyci’n,‘speci?cally in the‘fo'rrn of neomycin 
C sulfate; \ t 

‘Fig. 6 is a curve of the infra-red ‘spectrum of the 
‘hydrochloride of neomycin, speci?cally in the form of 
neomycin B hydrochloride; and ‘e V 

‘Fig. 7 ‘is a‘ curve of the infra-red spectrum of the hy 
drochloride of neomycin, speci?cally in the form of neo 

This’ new antibiotic, neomycimhas been produced by 
growing the organismQStreptomyces No. 3535, in a suit 
able nutrient medium under appropriate stationary or 
‘sub-merged aerobic (viz. shaken) conditions, and then 
‘isolating and purifying the substance, e. g. by procedure 
of the sort hereinbelow described, including various steps 
of ‘adsorption, recovery by elution, separation from im 
purities, and precipitation. 80' prepared, “neomycin is 
‘found ‘to'be a 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 vthat are ad 
, vantageous in view of the generally alkaline reaction of 
the ‘blood. The isolated substance, i. e. neomycin, is 

(readily soluble in water, in dilute acid solutions (e. g. 
dilute HCl), in aqueous methanol and in acid- alcohol 
_of low acid normality, such as the ethanol-hydrochloric 
v:acid'"or"‘methanol-formic acid solutions heretofore used 
"tor 'elution' 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 reaction, 
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 signi?cant loss of potency. 
Indeed this extraordinary heat stability of neomycin is 
a property of special utility and of de?nitive signi?cance, 
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 chlortetracycline, 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 ?nely divided state, neomycin can be safely kept 
for very long periods, practically inde?nitely. 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 signi?cant, even though 
the substance was not at ?rst produced in a completely 
pure state, and has not been fully analyzed as to molecu 
lar structure. It 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 

. speci?c and inherently unique characteristic, i. e. for pur 
poses of identi?cation 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 e?ective means of characterizing and 
identifying materials of this class. That is to say, each 
antibiotic substance has a clearly determinable and de 
?ned 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 speci?c 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 speci?c or 
ganisms and measured only in relation to each other; 
such a spectrum may be plotted or tabulated, and the 
con?guration or shape of the resulting combination of 
peaks and valleys, so to speak, provides a positive identi 
?cation of the substance and thus of its chemical as well 
as its antibiotic nature. 
A typical spectrum for neomycin, 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 e?ected 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 
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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 a?ord 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 identi?ed 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. It readily produces 
an aerial mycelium, especially on a synthetic medium, 
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 identi?cation. 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 arti?cial 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 nitrogen, a carbohydrate, and inorganic or mineral 
elements such as provided by sodium chloride and other 
material as described below. A more speci?c 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 peptone. 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 signi?cance for the produc 

, tion of the antiobiotic, and may be generally described 
as peptone material. 

II. 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, e. 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. 

III. 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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Certain mineral elements, especially when such‘ are 
found ‘lacking in the water used to make up the medium 
or Ibroth. 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 anyneed 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 ?ve (S) 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 speci?cally 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 
entindication 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 speci?c gravity than organisms 
such as Streptomyces griseus, with which less di?iculty 
is experienced in the incubation of stationary. cultures. 
Preferred results are obtainable by somewhat thickening 
the medium, as by incorporating 1%; to 1/2% of agar to 
afford a semi-solid or semi-liquid constituency. With 
such modi?cation 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 neomycin, has been achieved with shaken cul~ 
tures, i. e. relatively deep bodies of the culture'medium 
to which suitable agitation is imparted for effective aera 
tion; Thus 3 to 5 days at a temperature of about 25 ° 
C. have been found su?icient for useful production, the 
preferred temperature range being 25° to 28° C. vIt 
appearsthat for optimumresults 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 
medium‘, e. g. during the shaking, operation; while'it is 
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di?icult' to-de?ne ‘quantitatively the‘ amount vof air or 
aerationnecessary, the ‘control of the latter to the‘ desired 
point in actual practice is va‘very easy matter, involving 
at the most a few simple tests. While the times of incu 
bation stated-aboveare those heretofore found optimum 
in theexperimental practice of the'invention, it is under 
stood ‘that other times may be used or required in spe 
cial'cases. 3For;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 inoculum. 

While various procedures-may be adopted for sep 
arating the antibiotic material from the culture broth 
and for subsequently purifying it, preliminary vaccount 
may be given of certainoperations found especially con 
venient. Generally‘stated, the procedure involves steps 
of adsorption and elution, including supplemental puri? 
cation steps, and extending, if desired, to chromato 
graphic separation. By way of general example of the 
'-process,~the vculture medium, after the desired period of 
incubation, may 'be ?ltered and the ?ltrate treated'with 
a'suitable' adsorbent such as activated charcoal or other 
active'car-bon, ‘which adsorbs the neomycin. Upon sep< 
.arationr'of the adsorbate, i. -e. the carbon, it can be 
"treated with-ethanol having a hydrochloric acid content 
of 125% (for example, 72% ethanol and the vbalance wa 
vter, with HCl amounting to 2% of the total) to elute 
‘the antibiotic, or by other acid alcohol such as meth~ 
a'nol-formic acid, for like purpose. Subsequent puri? 
cation steps may include further adsorption and elution 
of the vantibiotic, followed ultimately by’ precipitation 
with an'organic liquid such as acetone and ?nal washing 
and drying of the precipitate at appropriately moderate 
temperature. 

Alternatively, the ?rst 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 ?ltration, 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 ?ltrate resulting from 
separation of the impurity-adsorbent should ?rst 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 ?ltered 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-SO, 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 speci?c 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. 

Neomycin, e. g. produced by methods of this-kindg 
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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 
signi?cant 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 
speci?cally resistant to neomycin as distinguished from 
streptomycin, for example. 
The following table represents an antibiotic spectrum 

of neomycin, compared to those of streptomycin and 
vstreptothricin, the determinations for neomycin 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 
speci?c example set forth below. Speci?c values of ac 
tivity in this table should of course be read with the un 
derstanding that the determinations may be improved 
or otherwise affected in degree upon further puri?cation 
of the antibiotic, and especially with the understanding 
that different strains of the various test organisms may 
result in some di?erences in strength of activity. How 
ever, it is believed that the over-all nature or con?gura 
tion of the spectrum is not speci?cally affected by such 
variations. For general purposes of identi?cation 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 one 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 signi?cance 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, neomycin 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] 

Ncomycin Strcpto- Strepto 
Organisni ><l,000 myciii tliricin 

><l,000 XLOOO 

1. Bacillus subtilis _____________ __ 150-750 125 12.5 
2. Bacillus mi/coidcs. 20-150 20 <0. 8 
3 Bacillus cereus ______ _- 20-60 30 <08 
4 Staphylococcus aureus. 100-250 15 50 
5 Sarcina lutea ________ __ 10 100 37. 5 
6 Escherichia coli SS__ 25 25 _25 
7 Escherichia coli RS____ 20 0 Active 
8. Pseurlomonas aeruginosa. ____ 2. 5 1 <0. 8 
9. Proteus vulgcris _____________ _- 25 10 12. 5 

l0. Bodenheimer’s organism__ __ 15 0 Active 
11. Serratia marccscehs ________ _____ 20 25 1.2 
12. Mycobacterium tubcrculoszs _ 

homi'nis 607 (SS) __________ __ 80~250 Active Active 
13. Mycobzzctcrium tuberculosis A 

homim's 607 (RS)__ 50-150 Inactive Active 
14. Mycobacterium avium 50-150 Active Active 
15. Mycobacterium ra'nac" ,_ 150 Active Active 
16. Alycobacterium phlei _________ __ 300 100 12. 5 
17. Trichophyto'n metagrophytcs____ <0.3 <0.3 Active 
18. Cryptococcus albicans ________ __ <0.3 <0.3 Active 
.19. Penicillium notaium _________ __ <0. 3 <0. 3 Active 

in the above table and elsewhere herein, the symbol SS 
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 ?gures listed 
in the table, multiplied by 1000 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 identi?ed 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 selected standard conditions, in one 
milliliter of medium. 
As shown, neomycin is fully active against all of or 

ganisms numbered 1 to'l6 inclusive in the table, includ 
ing activity against Nos. 1 to 6 inclusive, 8, 9, ll, 12 and 
14 to 16 inclusive, against which streptomycin is similarly 
etfective, 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, e. g. organisms 17, 1.8 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 signi?cant for purposes of 
comparison and spectral designation in the table. 
An especially signi?cant feature of the spectrum of 

neomycin, distinguishing it from streptomycin, is its ac 
tivity relative to organisms 7, l0 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, speci?cally 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 ?eld of 
effectiveness, e. g. against resistant strains, to which strep— 
tomycin does not extend. 
The antagonism of neomycin toward strains of or 

ganisms against which streptomycin is ineifective has been 
demonstrated in other tests beyond 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 ?rst 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 ?rst strain of organism 
showed sensitivity to the antibiotic eifect, the second or 
ganism being essentially unaifected and the third yielding 
the growth for which it requires (according to previous 
discovery) the presence of streptomycin. These tests are 
clearly signi?cant of di?erence in the biological and 
chemical nature of neomycin, from streptomycin. 
When broth or agar cultures of various bacteria con 

taining su?icient 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 Duhos Tween medium. The 
following tablesummarizes the results of such tests with a 
number of organisms or strains of organisms of this type, 
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greases 

including the human pathogenic culture of M. tuberculosis 
H37Rv. 

TABLE II 

E?ectofaeomycin vupon vz‘he- growth of different strains 
of‘M. tuberculosis in Dabos medium. 

[Incubation at 37° C. for 14 days] 

Growth 
Test‘Organism inhibition 

units/ml. 

M.-avium (SS), ____ .- 4.0 
M.lavium RKRS) _ _ _ _ _ _ _ _ _ _ _ _ _ __ 4.0 

M. tuberculosis'H37Rv (SS 0.2 
tuberculosis H37RVR (RS)- 0. 2 

MamberculosisvHMRv (SS) _____ ._ 0. 5-1. 0 
M.,tabercalosis H37RvR (RS) .... _. 1.0 
Mataberculosisl6?7 (SS) ________ ._ 0.1 
M. tuberculosis‘?MR (RS) ________________ _. ______________ __ 0.25 

It 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 
mycin. 

The fact‘that neomycin does not appearv to favor the 
ready development of resistant cultures, i.~ e.’ strains of > 
organism which are peculiarly resistant to neomycin, has 
vbeen indicated by reliable tests. In one such set of tests 
a twenty-hour-old agar culture of coli was suspended 
in water and plated out in nutrient agar containing vari 

After .9 days incubation . at 
28° C., only one colony of a yeast, but not‘of the ‘bacteria, 
\developediout of 22 billion cells on a platecontaining 
25'u./ml. (units of activity per milliliter) of neomycin 
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and only two colonies, likewise of yeasts and not bacteria, _ 
ona plate carrying 5 u./ml. of neomycin,’ no colonies at 
all beingv noted on a third plate carrying '10 u./'m1. Thus 
~it..was evident that no resistant culture had been de 
veloped inany case. It was found later, however that 
affew colonies will develop in the presence of twoto 
four units v‘of _neomycin, but much fewer (namely one 
tenth to 1/100) than in the presence of similar concentra 
tions of streptomycin. When pieces of agar .werere 
moved from these plates and inoculated into sterile agar 
plates, only some of ‘the. pieces from the plate that had 
carried'S u./ml. neomycin exhibited growth; the pieces 
fromithe plates that had contained 10 ‘u./-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 property of neomy- " 

cin- is that'it appears to be relatively nontoxic, or to 
‘have extremely low toxicity. Tests on animals and simi 
lar tests (e. g. on eggembryos) have notonly afforded 
con?rmation, 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. In these tests therac 
tivity againstbacteria has been shownwith respect to 
both gram-positive and gram-negative organisms : and 
‘against both streptomycin-sensitive and streptomycin 
resistant organisms, examples being streptomycin-sensi~ 
tive strains of Staphylococcus aareus, Klebsiella pnea 
moniae, and Shigella pullorum and streptomycin-resistant 
strains of Salmonella schottmt‘illeri and Staphylococcus 
aareus. 

mycin to control each of these organisms. With respect 
‘to toxicity, the tests on animals, e. vg. mice, indicated that 
no appreciably toxic or other adverse effects occured even 
though the treatment was increased to frornv20 to 80 
times the effective dose. > 
From what has been said hereinabove, it will be ap 

preciated that the culture medium employed for pro 
duction of the antibiotic 'mayvary considerably, depend 
enton conditions, nutrient substances available and the 
like. Simply by way of example, thefollowing : are in 

The tests revealed an effective capacity of neo- ‘ ' 
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have been found totyie'ld vvery superior results. 

10 
stances 'ofimedia which have'been employed for the culti~ 
vation of-Streptomyces )‘radiae (No. 3535) and produc 
tion of neomycin thereby: 

CULTURE MEDIUM-EXAMPLE 1 

- Soy bean pep'tone_- ______________________ __g__ 20 
Meat extract_..__. ______________________ __g__ 5 
"Glucose _____ __-__a _____________________ __g__ 5-10 

Sodium chloride’ ________________________ __g__ 5 
One liter of ‘tap water (as described above). 

CULTURE vMEDIUM——EXAMPLE 2 

‘Soy bean peptone; ________________________ __g__ 10 
Meat extract _____________________________ __g__ 5 
Glucose _________________________________ __g__ '10 
Calcium carbonate (?ne powder) ____________ __g__ 10 
Sodium chloride __________________________ __g__ 5 
One liter of tap water (as described above). 

CULTURE M'EDIUM-—EXAMPLE 3 

'Caseinhydrolysate (NZ-amine) _____________ __g__ 25 
iiBe'ef extract ______________________________ __g__ 10 
'One liter of tap water (as described above). 

CULTURE MEDIUM-EXAMPLE 4 

Casein hydrolysate (NZ-amine) _____________ __g__ 25 
Distiller’s soluble _________________________ __g__ ‘20 

~One literof 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 vcalcium 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 organism ‘S. 
No. 3535. 
By way of further and more speci?c 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 ?ltration'to remove suspended 
solids, the culture medium or broth was acidi?ed with 
concentrated‘ hydrochloric acid, reducing its pH to a 
value of 2.0 to 2.5. Activated charcoal, speci?cally 
the kind identi?ed 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 ?lter-aid, for 
example a material of the nature of diatomaceous earth, 
speci?cally a ?ltration-assisting material known as Hy 
'?o‘Super-Cel, was stirred into the mixture, in the amount 
of 5 grams per liter, and the mixture was then ?ltered 
‘through a'pad of the same material, e. g.,H-y?o 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 ?ltration provided 
a preliminary removal of certain impurities, it being un 
derstood that ‘an expedited process may in some cases 
omit this preliminary treatment. . 
The ?ltrate from the treatment just described thus 

constitutes a preliminary puri?ed ?ltrate of culture broth 
and contains the desired neomycin. The pH of this solu 
tion was then adjusted to 71:02 with 40% sodium 
hydroxide solution. An adsorbent material, speci?cally 
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 proportion 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-conta'ini'ng neomycin, was ?ltered 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 ?tted 
with a glass wool plug. A 10%, aqueous ammonium 
chloride solution was percolated through the adsorbate 
(viz. the Zeolite material containing the adsorbed neo 
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 6-60 in amount of 10 grams per 100 
ml. was added and the mixture was stirred for 30 minutes. 
The adsorbate, viz. the charcoal-containing neomycin, 
was ?ltered off, washed with water and dried with air. 
The antibiotic was eluted from thisadsorbate 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 ?ltered 
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 aqueous sodium hy 
droxide. Such solution, containing the neomycin, was 
tthereupon 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 ml. 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 resulting 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 ?nally washed with acetone and dried 
in vacuo, to yield dry, rather ?nely divided products, 
constituting isolated and separated, though still somewhat 
crude bodies of the new antibiotic substance, neomycin. 
As indicated above, further puri?cation 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 speci?cally described has been found to 
possess the new and desirable properties herein 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 selected standard strain 
of Escherichia coli, namely E. coli A. T. C. C. 9637, in 
one ml. of nutrient agar. 
By way of further example of the spectrum of neo 

mycin, the following Table HI presents a somewhat ex 
panded or more elaborate comparison of the antibiotic 
spectra of neomycin and streptomycin, it being understood 
that the explanatory or qualifying remarks preceding 
Table I hereinabove apply equally here. In the case of 
Table III the values for neomycin were found with the 
somewhat 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 I (wherein high numbers represented strong 
activity), Table Hi is directly expressed in quantities of 
antibiotic substance, so that low numerical values indi 
cate strong activity of the substance, while very high 
values mean relative inactivity. 
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TABLE HI 
Comparatzve antibiotic spectra of neomycm and strepto 

mycm 
[Expressed in amounts required to inhibit growth of organism] 

Strepto 
Organism Neomycin mycin 

(units/ml.) (micro 
grams/ml.) 

Aerobacter aerogenes _______________________ __ 0. 625 0. 5-2. 5 
Bacillus anthracis __________________________ __ 0.156 0. 375 

,, " .--__ 0.1-0.5 0.1-3.8 

B subtilis ____ __ 0. 02-0. 1 0. 12-1. 0 
Brucella abortus 1. 25-50 0. 5-3. 75 
B. melitenszsun 0 625-2. 5 0. 6 
B. suis _______ __ 0 312-2.5 0.5 
Clostridium perfringcus. _ _ _ _ >10. 0 >104 
Corynebactcrium 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 
Hemaphilus in?uenzae _ 1. 25-2. 5 1. 56-5. 0 
H. pertussis _________ _. 2. 1. 25-3 0 
Klebsiella pneumoniae 0 312-0. 625 0 625-8 0 
K. pneumoniae RS_ 0.312 >1, O00 
Malleomyces mallei. >10. 0 10—>10. 0 
Itlycobacterium avium__ 0. 1-0. 3 10 
M. phlei _____________ __ 0 05-0. 078 0.12 
M. tuberculosis. _ ___ <0. 5 1. 0-5. 0 
M. tuberculosis RS ____ __ __ <0. 5 >100 
Neisseria intracellularis- _ __ 1. 25-2. 5 5. 0 
Pasteurella pcstis ______ __ __ 0.625 0. 75-1. 5 
.P. tularensis____ 0. 156 0.15-0. 3 
Phytomonas pru 0.1 0.25 
Proteus vulgarzs _ _ _ _ __ 1. 25-2. 5 0. 4-3. 0 

Pseudomonas aeru 12.5-25.0 2. 5-25. 0 
Salmonella typhosa“ 0 1-0. 625 1.0-37. 5 
S. schotimtllleri ____ __ 0. 4-0. 7 2. 0 
,S'arcina Zulea _ _ _ _ _ _ _ _ _ __ 2. 5 0. 25 

Serratia marcescens _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ __ 1. 25 1. 0 

Shigella paradyseuteriae“ _ _ _ _ _ _ _ _ _ _ __ 0. 25-0. 5 0.25-3.75 

Staphylococcus aereus _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ __ 0 156-0. 625 0 5->16.0 

Streptococcus faecalis 5. 50.0 
Vibrz'o comma." 2. 5 6 0—37.5 
Various fungi... ______________________ _- >10. 0 >10. 

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 
sz'i). 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 sodium 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 
Bison-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 neomycin (prepared as 
described hereinabove) and employing the so-called Craig 

7 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 
butter 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, 

1 page 2264, 1944) was also effected, i. e. between sodium 
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bicarbonate buffer and pentasol, again using stearic acid 
as carrier. To provide reference points, streptomycin 
and streptothricin were distributed in the four systems, it 
being noted that the results with respect to principal, 
signi?cant peaks in the distribution curves were the same 
for the three substances (neomycin, 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 fromsuitable .bio 
assays of the contentsof the 24 tubes in the machine; 
in every case it was found that eachsubstance -was=rep— 
presented by a single, major peak. The following sum 
marizes the results obtained, it vbeing noted that. the 
stated bicarbonate-buffer system :is inherently buffered at 
pH of approximately 7.6,~.which therefore need not --be 
.speci?ed: 

TABLE IV 

Location (Tube Number) of Pea-k 

‘Buffer 
Neomycin -Strept0- Strepto 

mycin - thricin 

Borate at pH 7.3 ________________ __ 14' 3 2 
IBorate at pH 7.6_.__ 121 9 8 
Borate at pH 7.8__._ ’ 22 16 14 
Bicarbonate ____________________ _ _ 15 i 21 8 

The noted pattern of peaks for neomycin is distinctive 
and reproducible, and is vunderstood to represent an in 
herent characteristic of suchsubstance. 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 .bioeassays 
and chemical assays. A standard :cup-assay method-was 
used for the biological assays. For :the chemical analysis 
of neomycin .and streptotbricin distributions the ninhy 
,drin reaction was employed, while :the .Sakaguchi method 
.was used for :the streptomycin distributions. The bio 
logical and chemical vanalyses wererrfound to agree with 
.each other perfectly. The distributions at pH 7.3 were 
made at temperatures (0.) of about 28° (neomycin), 
35° (streptomycinyand 31° (streptothricin); those for 
pH 7.6-at about 29°; and theremainder at 1about'24° to 
26°, except that-the temperature ~ofqthe 'streptothrici-n 
distribution- at .pH 7.8‘ was about 20°. vThe results 'of 
these twelve distributions ‘of the ‘three/substances (each 
.as'hydrochloride) are shown by the followingltabulation 
in the manner of Table IV: I 

TABLE v v 

‘ Location (Tube Number) of Peak 

Bu?er 
N eomycin Strepto- Strepto 

mycin thricin 

Borate at pH 7.3 ________________ _. 13 6 3 
Borate at pH 7.6_ _ 21 , 10 11 
Borate at pH 7.8. _ 22 18 14 
Bicarbonate. _ _'_ ______ __ _ 14 21 9 

As will be noted, Table V is in good agreementwith 
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 signi?cant characteristic of neomycin. Minor variations 
of peak locations occurred, as are to be‘expected in scien 
ti?c experiments. ' e 

As will be apaprent from description hereinabove, neo 
mycin can be produced in the free base form, and also 
as acid salts, of which speci?c 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: ' 

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‘ 
wthespeci?c proceduresde?ned above usually consists ‘very 
predominantly of .asingle speci?c compound which has 
;been :designated neomycin B. It has .also been indicated 
that neomycin appears in .whatis understood to be an 
isomeric form, which has been called neomycin C. Each 
of the isomers is-understood to haveall of the chemical, 
physical and biological properties described :hereinabove, 
including the stated empirical formula, the formation of 
acid salts as explained, and the signi?cant antibiotic char~ 
acteristics that have been pointed out. Methanolysis of 
neomycin hydrochloride has been_ found to yield two frag 
ments. The ?rst fragment .is an amorphous hydrochlo 
ride vwhich is vdevoid of reducing power, which yields all 
,itsnitrogen as amino nitrogen .and which is understood 
to have the empirical formula: 

Ci2H24N40e.4HCl 
This substance is called neamine and has also been called 
neomycin -A, although it is (not true neomycin but is a 
degradation product which exhibits relatively little anti 
biotic activity, by dilut'ion 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 neobiosarninide which upon acid 
hydrolysis yields a. reducing diamine having (as at pres 
ent understood) the empirical formula: 

CsH14N2032HCl 

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 
neomyciniC isv an isomer of the same compound pro 
‘ducedffrom neomycin B .and the resulting diamines are 
similarly isomers of each other. As indicated, neomycin 
‘produced'by the speci?c procedures outlined above is 
usually found to consist very largely of neomycin B, ac 
companied in most cases by a small proportion of neo 
vmycin‘C. Neamine is distinguished from true neomycin ' 
in a numberof ways, e. g. as indicated above, and also 
in that upon counter-current distribution in the borate 
bulfer-pentasolqstearic 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, M11325, of neomycin B hydro 

chloride is +54°, neomycin B sulfate +58“, and neo 
mycin C hydrochloride +80° (all rotation measurements 
taken in water, c.=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 mixturesof the particular neomycin com; 
pound in each case, with ?nely 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 representingpercent 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.“1 and 1200 to 900 cmrl. 
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.-1 to 2200 cm.-1 indicates hydro 
gen bonded OH and NH groupings. Likewise in the free 
base spectra, absorption near 1590 cm.-1 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?1 con?rms the presence 
of OH groupings in the structure. 

In addition to the broad bands mentioned above, fur 
ther details of signi?cant 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 cmfl, 
and absorption minima at 2890, 1525, 1425, 1210 and 
800 cmrl. The neomycin B free base shows intense 
absorption maxima at 3380, 1583 and 1325 cmrrl, and a 
distinct absorption maximum at 1378 GEL-'1. Neomycin 
C free base shows intense absorption maxima at 3340, 
1590 and 1335 cmfl. In addition, it may be noted that 
the absorptions around 3150 cm.“1 and around 1040 
cmf1 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 cmrl, 
and absorption minima at 2250, 1570 and 800 cmrl. 
Neomycin B sulfate shows intense absorption with a 
single maximum at 1110 cmfl, whereas neomycin C sul 
fate shows two absorption maxima respectively at 1120 7 z 
and 1100 cmfl. Neomycin B sulfate also shows weak 
absorption maxima at 1463, 1408, 1381 and 1337 cmfl. 
It is also observed that neomycin B sulfate shows rela 
tively stronger absorption near 3240 and 3105 CHIS-1, 
than neomycin C sulfate. 
With respect to the spectra for neomycin hydrochloride 

(Figs. 6 and 7) both neomycin B and neomycin C show 
intense absorption maxima at 3400, 2900 and 1500611174", 
and absorption minima at 1750, 1150, 1430 and 800 
cmfl. Neomycin B hydrochloride shows intense ab 
sorption maxima at 1595 and 1010 cm.-1 while neomycin 
C hydrochloride shows such maxima at 1603 and 1025 
cm.—1. In addition, neomycin B hydrochloride exhibits 
weak absorption maxima at 1381, 1325 and 812 CH1._1, 
while neomycin C hydrochloride has a weak absorption 
maximum at 1343 cmrl. It also appears that neomycin 
B hydrochloride has relatively stronger absorption near 
3220 cm.—1 and in the vicinity of 2550 cm.-1 than neo- 
mycin C hydrochloride. 
As indicated above, puri?cation of neomycin prepara 

tions may include chromatography, which may be uti 
lized to effect a separation of neomycin C in puri?ed 
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 
puri?ed form and in quantity, from the collected pre 
liminary fractions of a considerable number of carbon 
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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 
acidi?ed 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 identi?ed by optical rotation and represents ?rst 
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 puri?cation, including carbon chromatography 
of exactly the same kind, yielding, from the optically sig 
ni?cant and uniform fractions, a puri?ed 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 acid 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 puri?cation, 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 speci?c 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, ?led August 5, 
1955, which was in turn a continuation-in-part of an 
application that was copending therewith, viz. Serial No. 
131,686, ?led 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, ?led 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 nutrient 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 
produciug 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 Zinc, 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 aqueous 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 suf?cient amount to 
prevent the retardation of neomycin production which 
might otherwise be the e?ect 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. In a process for producing the antibiotic substance 
neomycin, 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 medium. _ 

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 neomycin, 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 neomycinhcontaining 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 medium with an adsorbent 
to adsorb neomycin therefrom, and eluting neomycin 
from said last-mentioned adsorbent. 

9. In a process for producing the antibiotic substance 
neomycin 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, ?ltering 
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 

10 

15 

20 

25 

30 

45 

60 

55 

65 

70 

75 

therefrom, and eluting neomycin from the adsorbent 
material. 

11. In a process for producing the antibiotic substance 
neomycin, the steps of growing a culture of a neomycin 
producing strain of Streptomyces fradiae, 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 fraa'iae in an aqueous, 
nutrient-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 separatingthe 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, ?ltering 
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, ?ltering the acidi?ed culture medium, neutralizing 
the ?ltrate, adding activated carbon to the neutralized 
?ltrate 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 acidi?ed culture medium with active 
carbon to adsorb impurities therefrom, ?ltering the acidi 
?ed culture medium, neutralizing the ?ltrate, adding acti 
vated carbon to the neutralized ?ltrate 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, ?ltering the acidi?ed culture medium, neutralizing 
the ?ltrate, adding an adsorbent to the neutralized ?ltrate 
to adsorb neomycin therefrom, and eluting neomycin 
from said adsorbent. 

17. The method of producing neomycin comprising cul 
turrng a neomycin-producing strain of Streptomyces 
fradiae, adjusting the pH of the culture medium to about 
2.0, then treating the acidi?ed culture medium with an 
adsorbent to adsorb impurities therefrom, ?ltering the 
acidi?ed culture medium, neutralizing the ?ltrate, adding 
an adsorbent to the neutralized ?ltrate 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 neobiosarninide; containing the following 
elements in the following approximate proportions, 
C. 44.95%, H 7.55%, N 14.46%, 0 33.04%; substantial 
antibiotic activity against 

B. subtilis 
B. mycoides 
B. cereus 
S. marcescens 
Bod-enheimer’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 Rickettsia 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.-1 and 1200 to 900 
cm.-1; each of said neomycins in free base form shows 
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intense absorption maxima at 2900, 1460 and 1015 cmrl, 
and absorption minima at 2980, 1525,v 1425, 1210 and 
800 GEL-1; neomycin B hydrochloride. and neomycin C 
hydrochloride each have intense absorption maxima at 
3400, 2900 and 1500- cum-1, and absorption minima at 
1750, 1550, 1430 and 800 cm.-1; neomycin B in free base 
form has intense absorption maxima at 3380, 1583 and 
1325 cm.-1 and a distinct absorption maximum at 1378 
GEL-1; neomycin C in free base form has intense ab 
sorption maxima at 3340, 1590 and 1335 cmfl; neomycin 
B hydrochloride has intense absorption maxima at 1595 
and 1010 cm.-1 and Weak absorption maxima at 1381, 
1325 and 812 cmrl; and neomycin C hydrochloride has 
intense absorption maxima at 1603 and 1025 cm.-1 and a 
weak absorption maximum at 1343 cmfl. 

19. Neomycin B free base, as de?ned in claim 18. 
20. An acid salt of neomycin B, as de?ned in claim 18. 
21. Neomycin B hydrochloride, as de?ned in claim 18. 
22. Neomycin B formate, as de?ned 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 Peniciliium and by 
strains of Asperaillus nicer, has been long known, 
but the obtainment of commercial quantities of_ 
citric acid by fermentation has hitherto required 
the practice of surface or shallow processes, 
which necessitated the growth of the fungi in a 
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 
eillcient 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 Department 
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 de?nitely 
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. wentii, 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 acid by the sub 
merged process. Although each of these proce 
dures may be modified from the exact speci?ca 
tions given herein. they are e?ective 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 acid 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 60., Baltimore, 
Md.. 1926) . 

25 An agar medium which is especially favorable 

45 

to the development of A. wenfii 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, 1/2 
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 containins 

an equivalent 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 Aspergiilus nicer group. 
namely: (1) it grows rapidly under submerged 
conditions, 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. wcntii 
and A. niger, are brought 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 alkali required 
for the neutralization of the acid produced: 

M]. of 0.25N N30“ 
needed to neutralize 
5 ml. of the culture 

Days of grow th solution 

A. wcntii A. ?iger 

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

Total acid pro 
duced, ml. of 
0.25N NaOII 
needed to non 
tralize 5 ml. of 
culture solu 

lion 

Per cent 
conversion 
of sugar to 

acid 

Organism 

The numbers given to 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 than 
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 sugar ____________________ __grams-_ 150 
Urea ___________________________ __do..__- 1.0 
Magnesium sulfate (MgSO¢.'lHzO)__do..___ 0.5 
Potassium dihydrophosphate 
(KHzPOr) ____________________ -_do____ 0.08 

Potassium chloride ______________ __do___- 0.15 
Manganese sulfate (MnS04.7H2O)__do-___ 0.02 
Zinc sulfate (ZHSOi?HzO) _______ __do____ 0.01 
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. Acidi?cation 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 aaitatioln 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. went“, under submerged conditions and appro 
priate gentle agitation, at a temperature of 28° 
C., are illustrated by the following tabulation: 

Acid produced by treatment 
(tltratablo acidity, 

Days of fermentation 

Oxygen Air No aeration 

3. 0 l. 2 0. 9 
4. l 1. 4 l. l 
7. 4 2. 0 l. 4 

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. wentit, 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. Floccule'nt and ?lamentous 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".~ 0.5 
Potassium dihydrophos-phate _____ -_do____ 0.05 
Potassium chloride _______________ __do____ 0.15 
Manganese sulfate (MnSO4.4H20)__do____ 0.02 
Zinc sulfate (ZnSO4.'lHzO) _______ __do____ 0.01 
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 acid by 
A. went“, submerged during the growth stage 
and the replacement stage. illustrates: 

3 
‘provides a satisfactory medium utilizing a puri 
fled molasses: 
Puri?ed molasses, equivalent to total sugars 

5 of ___________________________ --grams-- 150 

Growth stage (medium as Repiacemontstago (medium Urea ----- -- ---d0---- 1-0 
described under “come as described under: “R'o- Magnesium sulfate (Mgso4_qgzo)__do____ 05 
position of medium ) placement of medium-2 Potassium djhydrophosphate _____ __d°____ 0'08 

D, of Potassium chloride _______________ __do-..-_ 0.15 
Mg“ e?fi?i??s‘e'?i ed?gigri'iiqgscu Manganese sulfate (MnS0t.4H:O)--do-__- 0.02 
“m” New needed 333332; New new, 5252322} 1° Zinc sulfate cznsoinmoi _______ --do-__- 0.01 

‘hf‘ti‘é?i'?é w" ‘,?ftlitg'i‘ii‘t?i em‘ Water to make ____________________ __cc__ 1000 
so“ on so“ on XII. Puri?cation of molasses-In view of the 

4 _______ 0 0'3 __________ __ M a” fact that certain grades of molasses a?ord com 
o ....... __ M 51.5 as 0.2 15 parativeiy low yields of citric acid in the sub 
§6-_-_:-_::- {:12 g; g 1% merged process, it has been found that such mo 

' lasses can be advantageously puri?ed 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- 20 which are made available under the name of 
cium hydroxide is decidedly helpful as a neutral- "Amberlites." Molasses, puritled by any one or 
izins agent in the practice of this process. since by two or more of these purifying agents, affords 
oxalic acid is produced when caustic soda or an increased yield of citric acid, during both the 
caustic potash is used as 8- neutralizins agent. growth phase and the replacement phase of the 
Partial neutralization up to about one-third of 25 fermentation process, 
the titratable acidity of the medium can be car- The "Amber-lites" are synthetic ion-exchange 
ried out with such calcium compound‘ as a means resins. "Amberlite” IE1 is a cation-exchange 
of increasing the production of the citric acid. main of the phenol-formaldehyde type, contain 
The pH should not exceed 3.0. in: free phenolic hydroxyl groups. “Amberlite" 
Ix- E'?e?t of combining the “698 TBlated-——Ii» 3o IE4 is an anion-exchange resin of the amine 

has been further found that a high yield of citric formaldehyde type, containing amino groups 
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 yields of citric the puri?cation of molasses upon the yield of 
acid obtained by the action of asubmersed growth 35 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: ' fermentation by A. wentii: 

Table I 
Sugar con 

Days ofiermentation (g?sli‘irgegigg ‘0 A m d d 
‘mm diam. 155111.) mid 'gitc?odgycg' 

incubation. S 8', mm 

Grams Grams Percent £23?!‘ 21311211 :Lgmdm 
g ------------------------- e 

1% M ‘5 to neutralize citric Mid 

1122:::::::::::::::::::::::: 1113 an in $32,333}; 
Percent 

X. Production of pure citric acid.—In the in- Untreated molasses ________________ __ 3,3 7,2 
dustrial practice of a submerged processfor pro- Mega-Sm ?ltered wire through bone a 
ducins citric acid, it is highly essential that only 5° Misha haaauasit'sssi:::::i £13 £13 
this acid is formed. In this connection, it has (Jane was! ------------------------ v» 13-2 37-5 

been found that the degree or the extent of the 
neutralization of the citric acid formed during Table 11 
the fermentation. and the kind of neutralizing 
agent used, control the result in that they pre- ‘55 
vent the formation of other acids. When caustic T323???“ sugar mm Sugar con 

soda or caustic potash is used for the neutrali- w- 0-251‘: Sumsd nation of the acid, there is a pronounced induce- NBOH 

merit of oxalic acid formation. a m P t 
XI. Use Of molasses in place DI suowr.-Mo- 60 giftlmted moi?seerwtnntna, 9,0 minus a wines 

losses can be used in place of sugar for the pro- ‘ 0 was prev in‘; l'ea e” 
duction of citric acid by the submerged process g?ihrebggsef?aiiusgflfi? 21.1 11.33 61.9 
of fermentation herein described. The use of Camsuil" ----------------- e- 2345 ‘L251 67" 

a purified, or “high-test," molasses is preferred. ‘ 
however, as a means of producing large and "5 Femmmm“ ‘2 days 
economical yields of citric acid, inasmuch as The process of producing citric acid by A. 
certain 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 "puri?cation" of the molasses is mainly di- '10 Exam 18 I 
rected to the removal of most of the ash or p 
mineral as well as some of the nitrogen com- Asperaitlus wentii is ?rst grown on a suitable 
pounds found in varying 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, adiusted to pH 2.0, 75 the production of an abundance of spore mate 



4 

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 
pressure, 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 25° to 35° C. As soon as a 
substantial quantity of citric 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 '1 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. Further such replace 
ments are made as long as the growth of the 
fungus continues to be adequately operative. 

Example 1! 

Cuban invert molasses is 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 IE4. The pale yellow liq 
uor is decanted or ?ltered 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, adjusted 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 oi’ 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 modi?cations 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 oi’ monosaccharides, disac 
charities, starches, inulin, and materials contain 
ing these carbohydrates, by means of citric-acid 
producing strains of Aspergillus wentii, which 
comprises the successive steps of sterilizing a 
medium 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 Aspergitlus 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 
calcium 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 maintaining 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 Aspergillus 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 
stantially the liquid part of the residue of the 
said nutrient culture solution, adding a fresh 
supply; of medium of carbohydrate and nutrient 
materials‘ to the residual masses-of fungalm‘y 
celium, subjecting the renewed medium and the 
fungal- myceliumgsubmergedatherein to similar 
conditions ‘01' agitation,‘ temperature, and cry 
genation‘ at atmospheric‘ pressure, meanwhile 
maintaining’the pH value of the medium at not 
more than 8.0, and conducting the fermentation 
to substantial completion. ‘ ~ ' 

4. Process for the production of 
fungal fermentation comprising the ‘successive 
steps ‘of- preparing an aqueous solution of puri 
iied molasses to afford a total carbohydrate con 
centration of about 5 to 20 percent. preferably 
15 per cent, supplementing such solution 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 mediumgwith a' pure culture of 
citric-acid-producing ‘ strains of Aspemillus 
wentii. incubating the resulting inoculated nu 

cm-ic acid or , 

10 

trient medium from about‘ 4 to 12 days. at about _ 
25° to 35’ 0., until the'maximum mycelial growth " 
has been attained, meanwhile supplying air inr 
der gentle agitation under pressure; adding a 
sterile suspension of a member of'the group con 

preparing‘a culture solution of carbohydrates se 
lected from the group ‘consisting, of monosac 
charides, disaccharides; starches, inulin, and ma 
terials‘ containing than carbohydrates, in (still-v 
centrations up'tooabout 3 to 20 per cent of total 
carbohydrates. the said solution also containing 
urea, magnesium ‘sulfate, potassiumfdihydro 
phosphate, potassium chloride, manganesesul 
fate anduncsulfate, sterilizing the said culture 
solutionby heat. adjusting the reaction to a pH 
value'ot 2.0, inoculating the sterilized culture, so 
lution with a pure culture 'of citric-acid-prcduc 
ing strains ot-Amraillus wentii, incubating the 

. inoculated ‘culture solution for about 
* 4 to 12 days. at about 25'- to‘85f' C.--until the max- 
imum mycelialgrowth‘in the term of beads has 
been attained. ‘and meanwhile agitating-the ins“ 
oculated culture solution and supplying air there-q 
to under pressure. " ‘ - ~ 

_ 7.‘ In a process ior the production ofcitrlc acid ‘ a a 
from carbohydrates selected from the group 
consisting of- monosaccharides, disaccharides, 
starches, inulin. and materials containing these‘ 
carbohydrates’, by means of citric-acid-producing 
strains oi.’ Aspcmi?us wcntii, involving the ‘oper 
ations. of preparing- a carbohydrate solution con 
~taining nutrient materials and inoculating such 

' nutrient solution with such strains, the step'of 

sisting of calcium carbonate andcalcium hydrox-i _ 
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‘ oi’ mycelium becomes characterized by 
small bead-like iorms._ addin‘g ‘to'the residual 
fungal growth' a replacement supply of liquid 
medium containing nutrient materials and puri 
?ed 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 saidrenewed medium for aperiod vary 
ing from 4 to 12 days, ‘under similar conditions 
of'agitation, aeration, pressure and temperature, 
removing .the' residual -l'nedi_um and‘ replacing it 

adjusting the pH value of the said solution to 
2.0‘ just before the inoeulationior the‘ said,so‘-~ 
lution with the spores .of ‘ Aspergillus .wentii; ‘ 

.lwhei'e'by the optimum gl‘qwth-?lsllch strains in 
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45 

by successive fresh supplies of media containing _: 

ilar concentration until the citric-acid-producf 
ing capacity of» the fungal growth ‘is substan 
tially veiizhauste‘d, meanwhile maintaining the .pI-I ' 
value of the added media at not more;than~3.0. 

5. In a process for 'thejproduction of citric 
acidfrom carbohydrates selected from the group 
consisting‘ of monosaccharides, disaocharides, 

‘ nutrient materials and puri?ed molasses in sim; ' -' 

_' theformationof-oxalicacidis' 
‘p‘ .i__ . . ,. 

starches, inulin,‘ ‘and materials'containing these " 
carbohydrates, by means oi!~ citricéacidqproduc- - . 

ing strains or Aepergillus tucniii, involving the 
operations of preparing a carbohydrate solution 
containing any of the said carbohydrates and 
nutrient inorganic‘ and nitrogen-containing ma-' 
terials. and inoculating the said soXutionwith' 
thesaid strains, the steps 02 inducing thegrowth 

vegetative bead-like forms is obtained :the 
'formation 'ofcxalic. acid‘is'substantially sup- _ 
pressed. _ 

8. In a'process for the'production citric 
acid from, carbohydrates selected from the group 3, 

disaccharidea' consisting ofv monosaccharides, _ 
starches, inulin, and materials containing these 
carbohydrates, by means of citric-acid-producing ' 
strains of ilspemillus weniii. involving the oper 
ations of'preparing a carbohydrate solution con 
taining nutrient materials and inoculating said‘ 
solutionwith such strains, the step which con-- ' 

in'adding to thefculture. medium a neu 
tralizing agent oithe group consisting-of calcium ~ _. 
carbonate and calciumhydroxide to raise the. 
pH value of these-id ‘medium to not more ‘than a 
“3.0, the‘ formation of citric‘ dens 
‘nitely p in the ‘said medium, whereby _‘ 
the production of citric acid‘isincreasedand 

-‘ : a : I ~ sup. 

9. In a process 10;" the production of citric 
acid from ‘molasses, involving the operations of 
preparing a medium containing puri?ed molasses. 
and nutrient materials andinoculating the said 
~medium with ‘ citric-acid-producing strains of 
A'speraillus wentii, the steps which consist in ?rst 
,Dtreating ~unpurided:molasses with bone char, 
-8uchar,. and resins. then ?ltering the resulting 
"product, dissolving the .said nutrient materials 

5 for the ?ltrate, and adjusting the pH .value' of the _ ' 
and maintenance oi’ the fungal mass of the said ‘ 
strains, insmall bead-like forms, and‘ or inhibit-' 
ing ?occulent and ?lamentous formations of‘the ‘ 
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 

6. In a‘ process _'for the production of citric 
‘ acid, the steps or growing-bead-like forms of 

‘strains of Aspergillus' citric-acid-producing _ 

wentii in a submerged. condition, which comprise‘, 

nitrogen-containing substances, ‘supplying ' 

‘resulting solution by acidi?cation $021); 
1o..rrcccsc of- producing citric acid comprising - - 

forming a medium or cane sugar and inorganic 

‘jthereto cirtric-acid-producing strains of Aspar 
7ocfgillus ‘.inentii. and maintaining agitation and. 

aerationsuch as to disperse oxygen through‘the 
‘ , medium {and to induce and ‘maintain the growth 

' oi’? the said ‘strains in a 
' ,throughoutthemedium. 

submerged condition 
1L Process (if-producing citric acid 

ing a medium of glucoseand inorganic 
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and nitrogen-containing substances, supplying 
thereto citric-acid-producing strains of Aspen 
villus wentii. and maintaining agitation and 
aeration such‘ is to disperse oxygen through the 
medium and to induce and maintain thegrowth 
oi’ the said strains in a submerged condition 
throughout the medium. ~ ._ s 

' camper 

13. Process for they production 0! citric acid 
whihh comprises inoculating with a 'citrichacid- ' 
producing strain of Mercator went“ an aqueous 

' medium comprising urea. magnesium sulfate.v 

__12. Processor producingcitric acid comprising i 
iorminga medium oil-molasses and inorganic and 
nitrogen-containing substances, ‘supplying thereg 
t5 citric-acid-producing ‘strains of Aspemilius 
wentii, and maintaining gagitation 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 

Patent No. 2,394,031. . 

v It is hereby certi?ed 
numbered atent requirin 
_“(IMnSO4.7 ,0)” read (I; 
read withthis correction therein th 
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‘ potassium dihydrophosphata'potassium chitride. 
manganese sulfate,v suiiate, and carbo? 
hydrate selected from the?‘?iih consisting of 
monosaccharides, diseccharides, starches, inuiin 
and materials containing these carbohydrates. 
and then agitating and aerating the inociilated 
medium so as to‘ permit submerged. aerobic mold. 
growth and fermentation. 

smear: A. WW. 
EDWARD o'rro mow, . 

oi.’ Correction 
" February 5, 1216. 

that error appears in the Frinted s eci?cetionof the above ?drrection as follows: has 
nSO4.4H,O); and that ‘the said Letters Patent should be 

at the same may conform to the ‘record of the 1 

age 2, t column, line 58, for 

Signed and sealed 23th (my .01’ May, A. I‘). 1946. 

[my] 

?rst Commissioner of Pater-m. 
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(01. 195-30) is Claims. 
This invention relates to processes for the Pro- - 

duction of fumaric acid from various carbohyr 
drates and carbohydrate-containing materials, by 
means of certain strains of fungi. . - 
The production of. fumaric acid by certain 

fungi, particularly by Rhizopus niaricans, is 
known. However, the reported yields were either 
variable or insu?icient for the utilization of the 
processes for industrial purposes. These varia 
tions were due not only to a lack of a realization 
of the existence'of a specific fungus capable of 
producing fumaric acid to the substantial exclu 
sion of other acids but also to an insu?icient 
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 certain conditions of culture. 
Though the importance of the speci?c 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 there is not only a quantitative di?erence 
but also a qualitative difference in acid-forming 
capacity between strains of Rhizopus; and that 
the various morphologically identical strains of 
Rhizopus nigrtcans, as well as the male and fe 

lted largely to species of the‘ genus Rhizopus 
and is even still further narrowed by economic ' 
considerations to certain strains of the species 
Rhizopus niaricans possessing a distinctive phys 
iological speci?city, 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. . - i 
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The‘isolation and identi?cation of the fumaric 
acid producing strain orRhizopus 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 
dium of Waksman can be used for this purpose. 
This mediumcontains, per liter, 5 gms. peptone, 
10 gms. glucose, 1 gm. KHL'POi, 1/2 gm. 
MgSO_4.7Hr0 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- . 
. files, 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 

- speci?ed 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. 7 
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 
essesjto 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 55 

dium is sterilized 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 cur: 
tures are thus obtained. These cultures are now 
grown on liquid media having the composition 
and under the conditions outlined in this speci 
ilcation. 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 show a strong fumaric acid produc 
ing capacity, to the'practical exclusion of unde 
sirable acids, are selected for the purposes of my 
processes. - I ‘ 

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

‘ These‘ strains and those of Rhizopus nz'gricans 
will be generally referred to as fumaric acid form-‘ 
ing strains. . ‘ 

I have found that the carbohydrateznitrogen 
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 
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i found to capable of producing fumaric acid. 
- In general the lower- the carbohydratemitrogen‘ 
ratio the more unfavorable are the conditions of 
fumaric acid accumulation. and conversely, up 
to a certain maximum, as higher ratio is more 
favorable for the conditions of fumaric acid ac 
cumulation'. These carbohydrate (as carbon): 
nitrogen ratios have been ascertained to range 
between about 25:1 and 300:1, respectively. 
However, it'has been found further that these 
conditions become considerably modi?ed by the 
presence (or addition) of zinc ion to the me 
dium so that in general this element greatly re 
duces the yields of fumaric acid especially dur 
ing the period of active growth. This effect is 
much reduced at higher carbohydrateznitrogen 
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 
‘pounds of nitrogen, though the in?uence of urea 
on fumaric acid formation is less favorable than 
that of ammonium sulfate. 
As it 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 reduceor 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 containing 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 carbon, com 
prise, in certain cases, to be described, nutrient 
mineral salts, and a neutralizing agent such as 
calcium carbonate. 
These nutrient mineral salts are used by me. 

in various combinations and concentrations, sub 
stantially the following’ representing a typical 
composition: (NI-102804, 0.2%; MKSOa'lHsO, 
0.05%; Kai-IP04, 0.5%. In the case- of crude 
carbohydrate materials these required salt con 
centrations may be less. 
I,have further found that the presence of cer 

tain catalytic or trace elements in the culture 
medium markedly modi?es, the physiology of 
Rhizopus. These elements have a decided effect 
both upon the growth of the fungus and upon 
the production of fumaric acid. 

Speci?cally, 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 e?ect 
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 zinc, 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 zinc, 

such as zinc sulfate, ZnSOa'iI-IsO, 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(SOi) a, in concentrations of about 1 to‘iiO 
mgs. per liter of medium containing 50 to 150 
gms. of carbohydrate. Optimum conditions 
insofar as they are inducible by these trace ele- 75 
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_ ments-are thus obtained for both the mycelial 
growth and the fumarlc acid production steps, 
which will be described in the examples to follow. 

It is to be emphasized that the‘ stated amounts 
5 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 ?gures 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 smaller 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. ' ' 

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 
de?cient, provide accurate control of the critical 
ratio oi’ zinc to carbohydrate in .the growth 
stage, as well as control of the factors involv 
ing the requirements of iron orv other heavy 
metals. - 7 ' 

I have found that up to 20 mgs., of Fe?SOa): 
per liter of culture solution, depending on the 
carbohydrateznitrogen 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 associative 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, 
their associative nature being manifested when 
the zinc and the iron exist in a ratio of ‘substan 

.1‘ 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 speci?c effect of zinc. Such 
traces do not require such rigid control as do 

45 those of zinc and iron. 
It is to be especially noted that the addition of 

zinc as well as maganese and copper and minute 
quantities 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 yields 
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 
ticn 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. 1 

Moreover, the carbohydrate concentration of 
the medium in?uences 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 (1. e. below 20 
per cent). 
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I have found .that small amounts of certain 

inorganic 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 
second and later stages of the fumaric acid pro 
duction step, and that they serve as e?lciently 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, K2H'PO4, and 
magnesium sulfate, MgSO4.7I-I20, in concentra 
tions of about 0.3 to 1 gm. each per liter of solu 
tion containing about 200 gins. of carbohydrate. 
Very small amounts of nitrogen may also be 
added.- - . - 

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 produce 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 calcium 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 calcium 
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 
I quite effectively to obviate this di?iculty. 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 

sacri?ced in order to obtain a rapid and abundant 
cell substance for use inv the replacement phase. 
Extensive experiments 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 fumaric 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 calcium 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 av 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 alkalies, 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 as HNO: or HCl, 
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 is consequently advisable to con 
duct growth at about 28°-35° 0.; 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 
peliicle in the case of stationary cultures, or by 
the removal of aliquot portions of the contents 
of the container and the weighing of the fungus 
material contained therein in the case of sub 

v merged growths. 
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The several successive process steps which I 
have found to be, by virtue oftheir speci?c com 
bination and sequence, valuable for the success 

processes. In this way, fumaric acid yields are 1/ 
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ful and economic production of funierlc acid will 
now be described. 1 

. Example 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 a pure 

culture of selected strains of the fungus Rhlzopus 
nigricans. Inoculation is e?ected by means of 
either 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 ?rst 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 q 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 to 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. 
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 stolchiometrical 
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2,390,080 
- to the anticipated 'fumaric acid yield, 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: Fen<800a 
and MgSOc'IHaO, 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- aided 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 
a surface support in the stationary cultures and . 
by aeration, by air pressure and by agitation of 
the submerged type of growth. - 
Upon theinitiation of the second stage the 

temperature is kept at about 28° (3., 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 
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 processybe 
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 yield 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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The ?nal removal of the culture liquid con 
taining calcium 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. 

Example 11 

The several steps of the ?rst 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 tothe point ' 

of substantial enzyme-system exhaustion of the 
fungal mycelium. 
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\ As in Example I, the presence of calciumcar 
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 
iumaric 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 III 

The ‘several successive steps of the ?rst 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 a nitrogen salt and a 
zinc 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 second stage of this process, this . 
growth is now treated for the production of 
fumaric acid by the addition of a solution of 
sugar or other carbohydrate, in a concentration 
up to about 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, thepresence of 45 

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, ?nal removal of the liq 

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, '01‘ starch, or a mixture of these 
carbohydrates, or materials containing them, in‘ 
solution or suspension. ' ' 
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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 a zinc 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 a 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 a temperature range of approximately 28° to 
35° C., removing the nutrient culture solution, 
supplying the developed myceliurf'i 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 at 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 acid producing strains of Rhizopus ni 
grica'ris, 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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These examples are given by way of illustra- ,65 
tion and not of limitation, as it is obvious that 
certain modi?cations 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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trient culture solution, supplying the developed 
nycelium 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 
at about 28° C. to substantial completion. 

4. Process for theproduction 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 centtot'al ‘carbohydrate, supplementing such 
culture solution with nutrient salts and salts of 
members of the group consisting of manganese, 
copper and zinc, sterilizing said culture solution 
by heat, inoculating the sterile culture solution 
with a pure culture of fumaric-acid-‘producing 
strains of species of a genus of the order Muco 
rales, incubating the resulting inoculated culture 
solution from about 24 to 60 hours at about 28° 
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 ' 
the group consisting of monosaccharides, starch, 75 taining up to about 20 per cent of carbohydrate 

when fungal growth has reached the optimum 
growth of mycelium, adding to the fungal growth 
a 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- 1 
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 solutions 
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 modi?cations: utilizing an excess of fer- . 
mentable carbohydrate selected from the group 
consisting 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 
solution by successive carbohydrate solutions is 
avoided and whereby the process of fumaric acid 
formation is continuous up to the point of sub 
stantial enzyme system exhaustion of the myce 
lial growth. - 

0. Process described in claim 4, with the. fol-" 
lowing modi?cations: substituting crude for pure 
fermentable carbohydrates selected from the 
group consisting of monosaccharides, starch, and 

a,sas,cae ~ " ' " 

150 gms. of carbohydrate, whereby mycelial 
growthisstimulated.v 

10. 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 
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materials containing these carbohydrates and . 

I nutrient salts, diluting such crude material with 
water, supplementing such solution with a nitro 
gen salt and a zinc salt, developing substantially 
maximum fungal growth on this medium, treat 
ing this growth for the production of fumaric 
acid by the addition of a solution of fermentable 
carbohydrates selected from the group consisting ~ 
of monosaccharides, starch, and materials con 
talnmg'these carbohydrates in a 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 mcnosaccharides, 
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'a car-V 
bohydrate solution containing nutrient materials 
and inoculating such solution with such fungi, 
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 
acid 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,winvolving the operations‘ of preparing a 
carbohydrate solution containing nutrient ele 
ments and inoculating such solution with such 

strains of species of a genus of ‘the order 
Mucaroles, involving the operations of preparing 
a carbohydrate solution containing 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(SO4)a per litre of 
medium containing 50 to 150 gms. of carbohy 
drate, whereby an associative balanced concen 
tration of iron and zinc salts is attained, 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 
strains of species of ‘a genus of the order - 
Mucorales, involving the operations of preparing 
a carbohydrate solution containing nutrient ele 
ments together-with zinc and iron salts and ‘in 
oculating such solution with such strains, the 
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 
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strains, the step which consists in balancing the Y 
nitrogen concentrations in the culture medium 
so thatit 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 
strains 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 
ZnSOa'IHaO per litre of medium containing 50 to 
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1 to 10 mgs. of ZnSO4.7H20 to-l to 20 mgs. of 
Fe?SOr): per litre of medium. 

12. In a process for the production of fumaric 
acid 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 
orderMucorales, involving the operations of pre 
paring a carbohydrate solution containing nutri 
ent elements together with zinc 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, K2HPO4, and about 0.3 to 1 
gm. of magnesium sulfate, MgSOa'IHaQper 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 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 partially neu 
tralizing the formed fumaric acid with alkalies, 

- whose fumarate salts are more soluble than cal 
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cium fumarate, to a pH range of about 5.0 to 6.5, 
whereby the process of fermentation is not hin 
dered by the occurrence of a solid 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, 
and materials containing these carbohydrates, by 
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means of iumaric-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 from 
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 
furnaric-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-v 
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 

...l U 
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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 sur 
?cient quantity to raise the pH value to about 
5-6.5, and conducting the fermentation at abou. 
28° C. to substantial completion. 

1'7. 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 
species 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 a 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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.jurious to the delicate silk ?bers. 
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PROCESS OF TREATING- SILK FIBERS. 

No Drawing; 

To all whom it may concern.‘ 
Be it known that T, SELMAN A. ‘VAKS: 

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 speci?cation. 
~ This invention relates to a process of 
treating and de-gumming silk ?bers through 
certain bacterial agencies whereby a more 
de?nite and expeditious result is obtained 
than has heretofore been possible. 

In the treatment of silk ?bers prepara 
tory to de-gumming, it has been customary 
to soften the gum by immersing the raw 
silk ?bers in warm Water, or in a mixture 
of soap and'oil, for a requlred period of 
time. After this preliminary softening 
treatment, the ?ber 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 
di?'erent 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. 

T have discovered that by ?rst softening 
the silk gum or sericin in any suitable man 
her, 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 r‘ap 
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 su?icient to cause arapid growth of 
the bacteria which thereafter will continue 
their activity on the softened jgum. My 
complete process, therefore, includes the 
softening of the gum or sericin, under 
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- usual and well 
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proper conditions. This may be done by 
soakin rthe silk in a mixture of neat’s-foot 
oil an 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 ?tted 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 ?ber 
is then suspended in a suitable manner as 
on sticks, so as to hang down into the vats. 
Either before the silk?ber is introduced 
into the vat, or after the preparation is 

' made, the vat is ?lled'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 is 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 su?icient 
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 

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 ?orescens 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 introducing the cul 
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ture, the bacteria begin to multiply rapidly, 
?rst using the nutrients which have been in 
troduced into the solution, and then attack 
ing the sericin of the silk and decompos 
ing it. Y . ‘ 

t is my purpose, in all cases, to introduce 
just sul?cient 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 ?ber (?broin) or in any 
way injure the same. In a period of 24 to 48 
hours,,_a\ll/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 
in some cases be necemary to supplement the 

1 treatment‘ with a weak soap solution, for 
20“ the purpose of. removing any smallparticles 

gum and impurities that may still ad 
' hereto the ?ber. ‘In such cases, it is neces 
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sary to use but ,a very weak solution, and T 
?nd that one to three pounds per one hun 
dred pounds of silk will ordinarily be suf--' 
?cient. I also ?nd 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 ‘necessary. 
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. I 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 de?nite result which 
is obtained in a very short period of time. 
T ?nd that by using the bacterial process, 
the silk ?ber 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 anyone of the above named bac 
term, or of any other bacteria, possesssing 
the deslred properties, and place the same 
into suitable containers, in quantities Su? 
cient to inoculate a given amount of solution 
properly prepared, as stated, and for de 
gumming-a de?nite quantity of silk ?ber. 
By so providing a de?nite culture medium 
treating a de?nite 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‘ e the same certain and 
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de?nite 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 m_ own 
invention, and desire to secure by tters 
Patent, is: i ' 

1. The process'of subjecting raw silk ?ber 
to the action of stronglyproteolytic bacteria 
to thereby degum said ?bers. . p i 

2. The process of treating raw silk ?bers 
for the purpose of degumming the same, 
and improving their texture, which,v com 
prises subjecting the raw silk ?bers 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 
?bers from the gum. 
. 3. The process of treating silk ?bers for 
the purpose of dissolving the sericin and 
loosening said ?bers, which consists in .pre 
paring said ?bers, then subjecting the pre 
pared ?bers to the action of strongly pro 
teolytic bacteria under proper conditions, 
and ?nally washing the silk ?bers. 
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4. The process of treating silk~ material v 
containing silk ?bers and undesirable prod 
ucts for the purpose of freeing, said ?bers 
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 suf?cient 
nutrients to stimulate rapid bacterial de 
velopment. . 

5. The process of treating silk material 
containing silk ?bers and seric-in, for the 
purpose of freeing the ?bers Jfrom 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 ?bers therefom. 

6. A bacterial culture preparation having 
strongly proteolytic properties and in con 
centrated form and of su?icient quantltiy 
to thoroughly and quickly inoculate a de?- . 
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nite and prepared solution containing stim; - 
ulating nutrients for degumming a given 
quantity of silk ?ber placed in said prepared 
and inoculated solution. ' 
In testimony whereof I have hereunto 

set- my hand on this 15th day of December. 
A. 11,1920. - 

SEL‘N A. wAK'sMkN. 
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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 

Asperyz'llus wentii, which belongs to the group of 
yellow to brown molds. It is characterized by 
certain well de?ned 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‘ 
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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 a 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 sugar ____________________ __grams-_ 150 
' Ammonium nitrate _____________ _..grams__ 3 

Peptone ______ _-_ ________ ____ _____ _-gram__ 0.5 

Magnesium sulfate (MgSOUIHzO) __gram__ 1.0 
Dipotassium hydrogen phosphate (KzHPOO 

gram__ 0.5 
Potassium chloride ______________ __gram__ 0.5 
Zinc sulfate (ZnSO4.7H20) _______ "gram" 0.3 

- Ferric chloride (FeCla?HzO) _____ "gram" 0.03 

Calcium chloride ________________ _-gram__ 0.1 
Distilled water to make ____________ __c. c__ 1000 

25 

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 certain 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 
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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 10 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 
, 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 ______________________________ -_ ' 5 

Glucose __, __________________________ __ 10 

D i p o t a s s i u m hydrogen phosphate 
(K2HPO4) _________________________ -_ 0.5 

Magnesium sulfate (MgSO4.7H2O)_____'__ 0.5 
Agar ________________________________ __ 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 ?asks or other sterile containers. 
The process may be illustrated by the following 
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example, though it is to be understood that this 
example is given in illustration and not in limita 
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. wentii, 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 a 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. . ' 

After that pelllcle has been obtained, the re 
sidual culture medium is drawn oil 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, 1. e.. about 
25° to 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 liq 
uid is neutralized from time to time by the addi 
tion of a su?icient quantity of powdered calcium 
carbonate. An excess of calcium carbonate in 
the vessels is undesirable; the amount of calcium 
carbonate added should be su?icient 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 results that 
any tendency to the formation of oxalic acid is 
substantially suppressed and the injurious ‘effect 
upon the mycelium of a large accumulation of free 
citric acid in the shallow vessels is avoided. 
In view of the fact that the production of citric 
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2,400,143 
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 citric 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 
charities 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 limit 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 a manner ’ 
similar to that of the use of starch. 
When molasses is used in, the described proc 

ess, careful prior purification of the molasses is 
not essential, though some puri?cation 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, andnot of limitation. as it 
is obvious that certain modi?cations 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 
Asperaillus wentii, in the presence of iron and 
zinc salts. 

2. Process for the production of a 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, and adding a neu 
tralizing agent during the course of the fermen 
tation to control 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‘ Asperg'illus 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 Asperaillus wentii, developing mycelial 
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growth in the presence of iron and zinc at a tem 
perature range of vapproximately 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 a process for producing citric acid by 

the fermentative action of a surface aerobic 
growth of Asperglillus wentii, the step of promot 
ing the mycelial 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. ' ' 

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 
(FeClz?HzO) and 0.3 gram of crystalline zinc 
sulfate (ZnSO4HI-IaO) 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, zinc, 
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 Aspergillwr wentii of an 
aqueous substrate containing per litre: , 

Grams, about 
Carbohydrate ___' __________________ __ 30to200 

Ammonium nitrate ________________ __ 3 

Peptone __________________________ __ 0.5 

Magnesium sulfate (MgSO4.7H20)-___ 1.0 
. Dipotassium hyd to g en phosphate 

(K2HPO4) a. ____________________ __ 0.5 

Potassium chloride _________________ __ 0.5 

Zinc sulfate (ZnSOUIHzO) _________ -_ 0.3 
Ferric chloride (FeCla?Hao) ________ __ 0.03 
Calcium 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 
face aerobic growth of Aspergillus went“, of an 
aqueous substrate containing a carbohydrate, 

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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aqueous carbohydrate substrate containing nu 
trient inorganic and nitrogen-containing mate 
rials by‘ means of a surface aerobic growth of 
Aspergillus wenti'i in the presence of iron and 
zinc 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 
ofinoculating 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 inor 
ganic 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 percent 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, 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. 

BEL-MAN A. WAKBMAN. 
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1 
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 ?rst 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 

covers; and characteristics of which were reported 
by Waksman and-Woodru?'. in Proc. Soc. Biol. 
Med. 49, 207 (1942) and Jour. oi Bact. 46. 299 
(1943), most antibiotic substances known at the 
present time, including penicillin and other mold 
products as well as gramicidin and actinomycin, 
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 ?uorescent, Pseudmnonas 
aeruginosa, and Serratia marcescens. 

It is now discovered, according to the present 
invention, that upon cultivation of strains of the 
microorganism Actinomuces g?seus 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 I below. 
In this table the units of activity for strepto 
thricin are based upon puri?ed preparations of 
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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 puri?ed to ap-v 
proximately the same degree, against E’. 0011 show 

45 

50 

2 
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 multiplied by 4 in each instance. 

Tun: I 

Comparative bacreriostatic spectra (based on ash 
free dry material) 

Units of activity 
per gram ash-[me 

G dry material 
Organism “'3: 

Btrep- Stre 
tomyein tothr cln 
X1000 X1000 

B. mum: 0 ......................... -- + 125 500 
B. mucouiu 0. + 250 <3 
B. mycoidu 317 + 20 <3 

+ ‘ 30 <3 
B. muenterim. __ + 16 ________ . 
B; meaathcrium. + 100 150 
S. aumu. _ - _ . + 15 200 

S. lutea .... _- 100 150 
M. phlei ______ __ 100 60 
M. tubercidoail___._ 30 ........ __ 
'Phyiomonas pruni .... __ - 100 400 

Lirtmlla monocytoqerm - 10 ________ __ 
Shigellu gallinarum..- - ________ _- 160 
E. ooh‘ _____________ __ — 25 100 
S. marceacms. -- 25 5 
A. aeroqenea? — 10 50 
P. vulaariln _ — 10 60 
S. aertrucke. - 2. 5 ________ _. 
S. :chotimlllleri. — ________ _ . 50 

P0. ?uorucem" . — 2 <3 
Pa. aeruainosa ............. __ — 1 (3 
Cl. buiylicum ____________ .___- — 3 <3 

It is apparent from a consideration of Table I 
that streptomycin is more active than strepto 
thricin against certain gram-positive organisms 
such as Bacillus mycoides and Bacillus cereus 
and against certain gram-negative organisms 
such as Pseudomonas ?uorescens, Pseudomonas 
aeru'ginosa, and Serratia marcescens. 

_. A further inherent property of streptomycin 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 01' Sciences, 
vol. 48, art. 2, page 137. - 
Regarded in certain 01' its broader aspects the 
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‘ novelty in the present invention comprises the 
antibiotic substance streptomycin and the proc 
ass for preparing the same by cultivating strains 
of Actinomuces 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 liquor, 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 aqueous solution 
containing approximately 1.0% 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 a 
small amount. of a complex organic substance 
containing a speci?c growth-promoting factor 
required for satisfactory elaboration oi 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 
nomvces griseus is prepared by scraping from 
agar slants or by ?rst growing the organism under 
submerged aerobic conditions to obtain a heavy 
mass of growth. Incubation takes place at a tem 

C. Elaboration of the 
streptomycin 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 oi.’ streptomycin under 

submerged and stationary conditions is illustrated 
in Table II. 

Tm: 11 

Course of production of streptomycin by A. griseus 

Submerged cultures Stationary cultures 

Dilution Di?usion Dilution Di?usion 
Days units units Day‘ units units 

2 40 10 3 6 6 
3 50 70 5 20 i2 
4 40 00 7 20 63 
7 125 70 9 76 .......... .. 

i2 100 55 

The culture broth obtained by either submerged 
aerobic or stationary cultivation of Actinomyces 
griseus is ?ltered 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 ?ltered. 
Alternately, the mixture can be stored for about 
8-12 hours at 0-10° C., with stirring at about two 
hour intervals and then ?ltered. The colorless or 
slightly yellowish ?ltrate 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 normal 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 
?ltered, the charcoal residue discarded, and the 
brown to yellow clear ?ltrate 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 aqueous wash 
ings are added to the aqueous layer previously 
drawn 01!. The aqueous solutions are then neu 
tralized to pH 6-7 and any precipitate formed is 
?ltered of! 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 carefully drained from the pellicle and replaced 
by an equal amount of fresh culture medium. 
The containers are again placed in incubation at 
22-28“ C. and production of streptomycin sets in 
immediately, reaching a 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 
streptomycin. ‘ 
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 illustration and not of limitation. 

menu! 
A medium is prepared having the following 

composition: 
Per cent 

Glucose .. 1.0 
Peptone _ 0.5 
Meat extract ___________________________ __ 0.3 
NaCl _______ _- 0.5 

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 a 
strain of Actinomuces griseus, and the inoculated 
media are maintained at an incubation tempera 
ture of 22-28° C. for 10 days. The growth is then 
?ltered off and the ?ltrates are combined for 
further treatment. 
To a batch of approximately 10 liters of ?ltered 

broth is added 150 gms. of activated charcoal. 
The mixture is stirred continuously for about ?ve 
minutes and is then ?ltered. The slightly yel 
lowish (almost colorless) ?ltrate is discarded and 
the charcoal residue is washed several times with 
distilled water- and ?nally 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 occasional stirring. 
The suspension is then ?ltered, the charcoal 
residue discarded, and the yellowish clear ?ltrate 
thus obtained is poured into 10 liters of ether, 
with stirring. A brown-colored aqueous layer 
separates and is drawn 01!. The alcohol-ether 
solution is washed with 100 cc. of water and the 
brown aqueous layer is drawn of! and added to 
the ?rst aqueous layer. The aqueous solution is 
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neutralized to pH 6-7 with dilute sodium hy 
droxide and any precipitate that forms is ?ltered 
off and discarded. A faintly colored aqueous 
solution containing streptomycin is thus obtained. 

Exam-La II 

A medium is prepared having the following 
composition: 

' Per cent 
Glucose _____________________ -s _________ __ 1.0 

Peptone ___ __ 0.5 

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 lbs. 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. 

Exulrnn III 

The process of Example I is repeated with the 
exception that at the end of the incubation period 
instead of removing the broth by ?ltering 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 media 
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. 
Modi?cations 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 Actinomuces 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 2-4 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 streptomycin 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 streptomycin 
that comprises growing a culture of a 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 streptomycin. 

4. 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 
consistinggof meat extract and 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, 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 is soluble. 

5. 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, 
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 streptomycin by elution. 

6. In a process for producing streptomycin 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 streptomycin from 
a culture broth in which it has been produced, 
comprising treating the streptomycin-containing 
broth with activated carbon to adsorb strepto 
mycin therefrom, and separating streptomycin 
from the carbon by eluting with acid-alcohol in 
which streptomycin is soluble. 

8. 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 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, 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 a 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 Actinomvces 
yriseus 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 v10 
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 
oriseus 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 
streptomycin-producing strain of Actinomyces 
grow at an incubation temperature of 22-28“ 
C. for a time of the order of 6-12 days for sta- g5 
tionary cultivation and 2-4 days for submerged 
aerobic cultivation, to form streptomycin in the 
culture broth, separating the culture broth from 

the organism growth, and recovering strepto 
mycin trom the broth. 

13. Streptomycin. 
SELMAN A. WAKSMAN. 
ALBERT SCHATZ. 
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2 
commonly known strains of S. griseus, e.g. streptomycin 
producing strains and g'risein-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 v01' 
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 

S. griaeus (streptomycin-producing) N0. 3570 

Structure of aerial mycelium on yeast 
dextrose and Czapek’s agars. 

Gelatin stab ___________________________ __ 

Czapek’s agar _________________________ __ 

Yeast-dextrose agar ____________________ -_ 

Nutrient agar __________________________ _ _ 

Glucoseasparagine ____________________ -_ 

Branching filaments forming tufts of 
straight sporulating hyphae. 

Rapid liquefaction. Greenish-yellow or 
cream colored surface growth with 
brownish tinge. _ _ 

Thin, colorless, spreading, becoming olive 
butt. Aerial mycelium thick powdery, 
water green. 

Cream colored growth elevated in center, 
grey­green powdery aerial mycelium. 

Abundant cream colored, lichnoid growth 
powdery, white to light grey aerial 
mycelium. 

Thin cream colored growth. Light grey 
aerial mycelium. No soluble pigment. 

Branching filaments forming tufts of 
curved sporulating hyphae. 

Rapid lìquefaction. 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 
mycelium. v 

Cream colored lichnoid growth, grey 
powdery aerial mycelium. 

Cream colored growth thin, powdery, light 
grey aerial mycelium. 

Same. 

Litmus milk ___________________________ __ Cream colored ring. Coagulation with Coagulation rapid with peptonization, be 
rapid peptonization, becoming aklaline. coming alkaline; 

Potato plug ____________________________ __ Brownish, lìchnoid growth, covered with Same. 
white powdery aerial mycelium. No 
soluble pigment. 

Pigment _______________________________ __ N ot soluble in medium __________________ ._ Same. 
Nitrate reduction ____________ _. -I- _____________________ _. _ +. 

Optimum temperature.___ _ 37° Cn-- _ 87° C. 
Sensitivity to phage M-1_____ _ Sensitive-__.- _ Resistant. 
Sensitivity to streptomycin.- . 100 mcg/nil­­ _ 2 mcg/ml. 
Source _________________________________ __ Garden sotl____ _ 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 efliciently fungistatic (markedly 
so against yeast and yeast-like fungi), and also fungi 
cidal toward certan organisms, particularly Candida al~ 
bìcans. The novel antibiotic, considered as a complex 
or mixture, and likewise each of its fractions, particu 
larly those hereinbelow defined las candicidin A and can 
dicidin B, is unquestionably dilferent 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 ilow diagram showing procedure 

for extracting candicidin and for separating its fractions; 
and 
FIG. 2 is a graph of the ultra-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 Strepto 
myces grz'seus, 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 (eg. upon inoculat 
ing a suitable, sterile medium with spores of the organism 
or with submerged growth) the new antibiotic or anti 
biotic 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, 
Iand is sometimes herein identified Vas 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 
tinot 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 (eg. in shallow stationary cultures), effective re 
sults have been obtained by growing the named organ 
ism on a yeast extract~coutaining 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. ‘ ' 
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, 
havingapparently no action on bacteria, mycobacteria or 
actinomycetes. As stated above, an important applica 



2,992,162 
3 

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, lthe described strain of Strepto 
myces gríseus (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 thev 
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 
following 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 inoculum. 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 ñasks 
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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4 
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 effective medium of this character contained the 
following (parts being given in grams or milliliters): 
KZHPO, ___-- g 0.5 
MgSO4-7H2O __________________________ __g-- 0.2 

Fe(SO4)3-9H2O ________ _; ______________ __g'__ 0.01 

ZnSO4-7H2O __________________________ __g'__ 0.01 
Anhydrous glucose _____________________ __g__ 10. 
L-glutamic acid _____ -i _________________ __g__ 10. 

Distilled water ________________________ __ml__ 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 ñasks each contain 
ing 100 ml. of the medium were inoculated with a washed 
one-day-old yeast-glucose shake culture of S. gríseus 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 usedwith 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. lgrowth 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 acidifled 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 acidifled culture, still including the 
mycelium, was stirred for l0 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, i.e 
the butanol, took on a deep red color and was found 
to contain the active substance. It was accordingly til 
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; lby such extraction the color 
was substantially removed, the NaHCO3 extraction thus 
being understood to separate the pigment. The residual, 
more or less decolorized butanol was then concentrated 
to dryness in vacuo­ and rthe dry residue was extracted 
with petroleum ether. It appeared that most or all of 
the activity remained in the residue which was insoluble 
in the petroleum ether, such solvent (which presumably 
removed further impurities) being correspondingly dis 
carded. The residue from the petroleum 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 Yrepresented the same 
antibiotic (crude candicidin or the candicidin complex) 
as was obtained by «the extraction procedure described 
above, except that the product of thevmore complete 
procedure was considerably purer. As explained, it was 
further found that crude candicidin essentially consists 
of three fractions, herein called A, B and C. Fractions 
A and B had almost equivalent biological activity `and 
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do not appear, from present experiments, to be diifer 
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 yto dissolve the fraction C, leaving a solid residue 
Which contains both fractions A and B. Upon extract 
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. l) for separating the 
fractions: 1.9 grams o-f 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 
laster 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 to yield 500 milligrams 
lof 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 monomcthyl ether, ethanol, 
and chloroform. The column (2.5 cm. 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 lof 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 eifected, i.e. by using a total 
series of 18 solvent cuts in a conventional manner, for 
recovery of the several fractions. The ñrst elution was 
carried out with 95 % ethanol ̀ and yielded a reddish brown 
eluate, fraction C. iFurther elution was accomplished by 
the addition of an equal mixture of ethylene yglycol 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-l 
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6 l 
tions A,"B and C were identical'with the corresponding 
fractions obtained by solvent extraction. ' 

Referring'now moreV specifically to the properties of 
candicidin, it is apparent, especially since fraction C ex 
hibited little or no antibiotic activity, that the activity of 
cnude candicidin is due to the action of fractions A and 
B. The following table represents the «antifungal spec 
trum of crude candicidin (i.e. the candicidin complex) 
extended through a considerable number ofi-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 II 

Antifungal spectrum of crude candicídin 
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 ___________________ _ . . .f8-15 

Ceratostomella ulmi (P. strain) _________ __ 0.15-0.3 
C. ulmi (H. strain) ___________________ __ ~ 3-5 

Botryt-is sp. 16-50 
Diaporthe sp. ________________________ __ 13-70 
Epicoccun sp. ________________________ __ 30-50 

Fusarium sp. ________________________ __ 66­>100 

Helminthosporium sp. _________________ __ 13-20 

Hormodendron sp. ______ __ ___________ __ 30-50 

Isaria sp. ______ ______________________ __ >100 

Oospora sp. _________________________ __ >100 
Mucor sp. ___-- 3-10 
Penicillium notatum __________________ __ 5-100 

Pestalizzia sp. ______________ __ _______ __ Y' u ’Y 0.6 

Phoma sp. 66-100 
Polyporus sulphureus _________________ __ 8-20 

Pullularia sp. ________________________ __ 1-3 

Pythium sp. _________________________ __ 66-100 

Saccharomyces cerevisiae _____________ ___ <0.15­­0.3 

Sclerotium rolfsii _________________ _____ >100 
Spicaria sp. _______ ___ ________________ __ >l00 

Stemphylium sp . _ _ _ _ ___ ______________ __ >85 

Stysanus sp. _________________________ __ >100 

Trichoderma sp. ____________________ ___» 20730 
Ustilago zeae ________________________ __ 1-20 

Verticillium 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 anyforganisms 
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. avz'um 
Mycobacterium sp. 607 
Streptomyces fradìae 
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The antifungal spectrum of fraction B, taken with `a 
considerable number of ditferent organisms is represented 
in the following table, wherein tests were made on pep 
tone-glucose agar as in the case of Table II, above, with 
results given, again, in micrograms per ml. for com 
plete inhibition: - 

TABLE III 

Antzfungal spectrum of fraction B 

Days of Incubation 
Organism 

1 5 

Aspergillus niger 1 _______________________________ _ _ 2 >10 
Candida albicans 2 _ ___ ..... _ _ 0.22 1.1 

C'. brumptii î _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 3. 3 >l0 

C'. krt/,seit 7 ____ __ 1 2. 2 
C. neoformans 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 0. 5 

C. pseudotropicalis 1 1. 7 >10 
C. stellatoides “___ 0. 14 1. 1 
C’. tropicalis 11-.-. 2 >10 
Ceratostomella ulmi (P. strain) 1_. 1. 1 
Cryptocaccus neoformans 2 ______ _. 0. 5 
Fusarium sp.11 ____________ __ 10 
Hormodeadrum pedrosoi 1_ __ >10 
Mucor sp.1 ____________ _ _ >10 

Penicillium notatum 1 1.1 
Phialophora verrucosa >l0 
Rhizapus nigricans 1_ >10 
Saccharomyces cerevisiae “_ 0. 14 
Sporotrichum schenkii 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ >10 

kTricliophytzm gypsum 1____ _ __ _ >10 
T. mentagrophyiea 1 ______________________________ _. >10 

1 incubated at 28° o. 
2 Incubated at 37° C. 

Tests also showed that Vthe .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 

Candida albicans _________________________________ ._ 2,000 3,000 
Ceraiostomella ulmi.. >10, 000 >10, 000 
Trichoderma sp _ _ __ _ 90 250 

Penicillium notatam. <90 < 250 
Aspergillus 'nig/en_.. _ 200 200 
Rhizopus nigricans _______________________________ _ _ <90 <250 

In addition to its Afungistatic 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 Va suspension of resting 
cells was eñected in three hours with a concentration of 5 
micrograms per ml., while l microgram per ml. was found 
suñicient 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 C 

Water __________________________________ _. -l- + _ - 

EthanoL.. ___________ __ -l- + _ -l 
Butanol _____________ __ + + 4.* _|_ 
Ethylene glycol (E G) ­|­ + _|_* _|_ 
EG monomethyl ethe ­|­ + +11 _§ 
Acetone _______________ __ _ +­­ __ _ _|_ 

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 
Ifraction 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, li.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 vC 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 mp. 
Fraction C ___________________ __ 358, 379. 402 ma 

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 lfractions 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.e. 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. 

‘In 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 eifective. No 
toxic reactions, e.g. in dam-age 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 yfrom 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 solubility properties and the nitrogen content of 
the two substances are clear-ly 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 (diiferent 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 Ithe 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 
40S-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 grìseus No. 3570 in a nutrient 
medium at a su-itable incubation temperature and for a 
suit-able period of cultivation to form the composition 
in the culture, and then «recovering the so produced corn 
position from the culture. 

2. A process for producing the antibiotic composition 
candicidin, which is deñned in claim l, comprising grow 
ing a culture of Streptomyces grz'seus 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 l, 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 deñned in claim l, 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 vform candicidin 
in said culture, and then recovering the so produced 
candicidin from the culture. 
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