
207- 

13515 

Streptothricin, a New Selective Bacteriostatic and Bactericidal 
Agent, Particularly Active Against Gram-Negative Bacteria.* 

SELMAK A. WAKSMAS AXD H. BOYD WOODRUF~. 
Froiti the New ,Tersey Agricultural Eqieriment  Station, New Eninswick, N.J.  

Most of the bacteriostatic and bactericidal substances of micro- 
bial origin that have been so far isolated act primarily against gram- 
positive bacteria, and only to a liniited extent upon grani-negative 
organisms. Even those preparations, like pyocyanase and actino- 
mycin, which act upon grani-negative bacteria are still more active 
against the gram-positive forms. The action of the different sub- 
stances is selective both qualitatively with respect to the specific 
kinds of organisms affected, and quantitatively in regard to the 
relative concentration of the active substance required to inhibit the 
growth of various bacteria or to destroy them. This selective action 
also expresses itself in the relative toxicity of the various materials 
to animals and their activity in vivo. 

A new substance can now be added to this list of antibiotic agents. 
This substance has been obtained from a soil Actinomyes, and is 
designated as streptotltriciit, derived f roni the early generic desig- 
nation Streptothrix, given to this group of organisms. This is the 
fourth type of antibiotic substance produced by actinomycetes. Of 
the three other compounds, only one has so far been isolated in a 
crystalline form, namely actinomyciit.' The other two are actino- 
mycctin,'* a water-soluble, thermostable, protein-like preparation, 
which causes lysis of certain specific bacteria, the presence of the 
living mycelium of the antagonist being favorable to its antagonistic 
action, and Z y s o q ~ ~ ~ e , ~ ~  a water-soluble, alcohol-insoluble, thermo- 
stable preparation, stated to be similar to the lysozyme of egg white. 

The new organism was isolated+ from the soil by the use of the 
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bacteria-enriched agar-plate.' I t  is in many respects similar to a 
species described a quarter of a century previously as Actizioiiiyces 
ZavenduZe,6 altho6gh it differs soniewliat from it in certain respects. 
Streptothricin is produced by gron-ing the organism in a tap-water 
medium containing 1 % glucose or starch, 0.5% tryptone, 0.2% 
I(12HP04, 0.2% NaCl, 0.001 "/. FeSo,, and 0.25% agar. It is also 
formed when the organism is growi on a n r i e ty  of simple nitrog- 
enous compounds, such as gl!wcolI. alaninc, aspartic acicl, aspar- 
gine and glutaniic acicl, with 5111alI amounts of glucose, and even in 
the complete absence of tlie carlwhytlrate, with some of the amino 
acids. No growth of the organism is obtained on tryptophane, 
phenyl alanine and certain siniplc inorganic salts of nitrogen ; with 
ammonium sulfate, groLvth is obtained but no active substance 
produced. The formation of the active substance is thus associated 
with the nitrogen nutrition oi the organism. Iron appears to  play 
an essential rble in tlie lm>ductioii o f  the sulxtance. - i n  increase 
in growth as a result of an it1crcas.e in carbohydrate concentration 
does not result in an increasc in strcptotliricin content : however, an 
increase in grou-th as a resiilt o f  an increase in the amino-acid con- 
centration, with the same amount of carbohydrate, causes an in- 
crease in the concentration o f  the active substance. When strepto- 
thricin is produced ripon an amino acid alone, in tlie absence of 
carbohydrate, there is a gradual increase in alkalinity, which results 
in the destruction of the substance. 

The A. Zcrzleizdula is grown tipon one of the above media, for 8 to 
10 days, at 28"C, and the strcptnthricin isolated. It is readily 
soluble in water aiicl in dilutc niiiieral acids. but is destroyed by 
concentrated acids. I t  is insoluble in ether, petrol ether, and cliloro- 
form. It is precipitated from the tryptone medium by protein- 
precipitants, but, upon isolation, it ceases to give proteic cliarac- 
teristics. This is due to the fact that it is bound in the culture to a 
protein, becoming inactivated tipon the coagulation of the latter. In 
the crude culture-filtrate and in  tlic alcohol-precipitated form, strep- 
tothricin is therniolabile, wliercas;. in the purified state, it is thermo- 
stable, withstanding 100 'C for 15  minutes. Treatment with pro- 
teolytic enzymes does not reduce its activity. On adjusting the 
reaction of the medium, upon the completion of growth, to pH 3.5 
with acid, a precipitate is produced, the filtrate containing virtually 
all the activity. Streptothricin is conipletely adsorbed, at neutrality, 
on charcoal (norit A ) ,  from which it can be removed by treatment 
with dilute niiiieral acid for S to 12 lioixrs. The acid-extract is 
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neutralized and concentrated it1 "c'aciio, at 5O"C, just to dryness. 
The residue is extracted with &solute alcohol, filtered, evaporated, 
and taken up in water. This particular type of preparation usually 
contains 40 to 50% inorganic matter and 2 to 3% nitrogen, on 
an ash-free basis. Further concentration and reduction in ash-con- 
tent were obtained by subsequent treatments. On electrodialysis, the 
active substance mqves to the cathode at pH 7.0. In general, the 
properties of this substance appear to be those of an organic base. 

Streptothricin is highly active, even in crude preparations, against 
various gram-negative and gram-positive bacteria, in concentrations 

TABLE I. 
Inhibitory Effect of Streptothricin upon Gr'owth of Various Bacteria. 

Crude streptothricin added per 10 cc agar, mg 

Organisui 3 1 0.3 0.1 0.03 0.01 
r 1 

Eac. siibtilis 011 0 
Bac. mycoides 
Bac. macerans 
Bac. m egat her ill )ti 
Bac. polymyxa 
Bac. cereus 
Micrococcus lysodeikticzcs 
Staphylococcus ?n mica  
Sarcina lutea 
derobacter aGrogenes" 
dbrobacter azrogenes 
Escherichia colit 
Escherichia coli 4348 
Serratia marcescens 
Serratia mrcescens 
Pseudomolzas fluorescenst 
Shigella gallinarum 
Past eurel la pseudo tu  b erculosis 
Salmomlla cholerasuis 
Salmonella schottmulleri 
Salmonella abortivoequina 
Salmomella typhimurium 
Hemophilus suis 
H emo phi1 us i@uenm 
Brucella abortus 
Azo  to  b act er agi 1 e 
Azotobacter vinelandii 
Azotobacter chroococcum 
Azotobacter indicunt 
Mycobacterium phlei 

Lact obacil Eus casei$ 
Actinomyces albus 
Actinomyces violaceus-rzcber 
Actinomyces lavendzclce 

ciostriaium butyiiamQ 

2 
2 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 

3 
2 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
1 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
1 

0 
2 
2 
0 
2 
2 
0 
0 
0 
1. 
0 
0 

Tr 
2 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 

2 
- 

0 
2 
2 
0 
2 
2 
1 
1 
0 
2 
Tr 
0 
1 
2 
2 
2 
0 

Tr 
Tr 
1 

Tr 
2 
2 
0 
0 
0 
0 

Tr 
2 
1 
2 
2 
1 

2 
- 

0 
2 
2 
1 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
0 
2 
0 
0 
2 
2 
2 
2 
2 
2 

2 
- 

1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
- 

-- 
"Representing 3 distimt strains. 
tRepresenting 5 strains of E. coEi obtained from different sources. 
$Representing 4 strzins. 
$Cultured anaerobically. 
110 = no growth, 1 = limited growth, 2 = good growth, Tr = trace of growth. 



of 0.1 nig crude material per 10 cc agar, as shown in Table I. There 
is very little difference in the degree of sensitivity between E. coli 
and S. Zzitcn; B. sirbtilis is more sensitive than either of those, whereas 
Bac. mycoidcs is not sensitive at  all. I,Tarious spore-forming bacteria 
are thus found to show niarketl differences in the degree of sensi- 
tivity to this substance. 

Streptotliricin also pswsscs strong bactericidal properties, 
especially for various grain-negative lmcteria (Table 11). How- 
ever, higher coiicentratioiis arc recluiretl than for its bacteriostatic 
act ioii. 

Siriiz iiiury. -1 new type ot' aiitagoiiistic substance, designated as 
streptothricin, has been oktainctl from a soil Actiitoiizyccs. The 
substance appears to be fortiicd from certain amino acids in the 
medium. Streptotliricin is iiisoliihle in ether, petrol ether or chloro- 
form, and is carried tlo\w by precipitating the medium with ethyl 
alcohol. It is best separatctl irorii the nieditiiii by adsorption on 
norit-A, follov-ed by elution ivith tliIute mineral acid. Further 
concentration is acconiplishcd 1>- neutralization of the acid and 
concentration iii zw-tio. The active substance is low in nitrogen, is 
not affected by proteolytic ciizynies and can withstand 100°C, for  
15 niinutes. 

The ad- 
dition of 0.1 nig of crudc iiiatcrial to 10 cc of nutrient agar inhibits 
the growth of E. cnli ancl various other gram-negative bacteria ; 
among the grain-positive bacteria, sonie, like Bnc. subtiZis arid micro- 
cocci, are more sensitive, whereas others, like Bm. wzycoides, are 
far  more resistant. Streptothriciii possesses also marked bactericidaI 
properties, especially upon ccrtain gram-negative bacteria. 

Its properties arc those of an organic base. 
The bacteriostatic actioii o f  stt-eptotliricin is tuiique. 

TABIIE 11. 
Bactericidal A4ction of Streptothricin upon E .  coli and B. su?btilis. 

Washed suspension of bacteria in 10 ml sterile water. 
~ ~ ~~~~ 

E. coli M. lyso&eilticus 
Bactcrin a t  start, pcr 1 cc 500,000,000 17,600,000 

Sumhcr of viable cells per 1 cc left afker 

17 hr 65 hr 17hr 65hr 
7- 7 

Strep to tliriciii, mg x 1000 x 1000 x 1000 x 1000 
0 450,000 413,000 1,900 393 
0.01 430,000 362,000 800 82 
0.1 290,000 313,000 500 10 
1.0 2,400 18 100 5 
5.0 1.000 7 - - 


