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If this one determination represented the 
average serum concentration of chloromycetin 
during the course of treatment one would ex- 
pect the slight borderline therapeutic effect 
which was noted since this concentration of 
chloromycetin, while it does not completely 
inhibit the growth of H37Rv strain in vitro, 
will partially retard the multiplication of the 
bacilli. 

Simmur! and Conclusions. The antibiotic 
chloromj-cetin has been found to be only 
moderately bacteriostatic for virulent human 
type tubercle bacilli in vitro as compared 
with streptomycin or para-aminosalicylic 
acid. The majority of 19 human type strains 
studied were completely inhibited in their 

growth by between 6.25 and 12.5 micrograms 
or more of the drug in the presence of serum. 
One bovine strain was equally sensitive. This 
degree of bacteriostatic activity was not 
markedly affected by the number of tubercle 
bacilli present nor was the bacteriostatic ac- 
tivity of para-aminosalicylic acid or strepto- 
mycin enhanced by  the addition of chloro- 
m ycetin . 

When administered subcutaneously, chloro- 
mycetin has been shown to be ineffective, 
whereas, when admixed with the diet in con- 
centrations of 0.5 and 0.2576, it was slightly 
effective for the suppression of experimental 
rnurine tuberculosis. 

Subtenolin. ,4n Antibiotic froin Ruciflzrs suhtifis. I. Bacteriologic 
Properties . 

111 the course of a search for antibiotic 
agents iii this laboratory, an organism was 
isolated i n  February, 1945, that produced a 
substance showing antibiotic activity for cer- 
tain pram-positive and gram-negative bac- 
teria. The organism was isolated from nu- 
trient agar plates that had been seeded with 
Est-lwririziu c-oli and Staph?Zococcus aureus, 
respectively. and inoculated with material 
from dusty surfaces in the laboratory. It 
was identified as Bacillus subtilis.* Because 
of its tnicrobic source and strong enolic prop- 
erties' the name, subtenolin, has been given 
to the antagonist. The bacteriologic prop- 
erties of the antibiotic are the subject of this 

report; its isolation from the harvest and its 
chemical properties are described in the suc- 
ceeding rep0rt.l 

Production of Subtcnolin. Mediums con- 
taining peptones and other complex organic 
enrichments were found to be very poor for 
;he prriduction of subtenolin. ,4 medium con- 
taining dl-alanine produced the highest yields 
and least destruction. Ij'ith subtenolin, as 
with subtilin,2 strong stimulatory action by 
manganese was observed. Production was 
slightly stimulated by copper. 

The following medium was adopted for use 
i n  the production of subtenolin: 
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The niedium was  adjusted to pH 6.S-i.1. 
dispensed 300 nil per one-gallon bottle. and 
autoclaved a t  15 lb for 15 minute.;. The 
bottles were inoculated with 0.5 nil of c? 

standardize(! spore suzpeii>ion (tube So. 0.5 
1Ic  Fa rland bar i II i i i  .; 11 1 fate s t a ntla rcl ) that 
had been prepared from dis re te  colonie.;. To  
obtain niasimunl surface exposure, the bottles 
were incubated in a horizontal position a t  
36°C for 3 days. Suhteiiolin activity reached 
its peak when yrou-th was greatest (3 to 3 
daj-s) and remained con.-tant until one or 2 
d a y  later when antibiotic activity steadily 
decreased with increased alkalinity of the 
culture medium. 

Lyophilization of the spores in 257, gelatin 
proved to be the best method for maintain- 
ing the strain of Bacillus subtilis for con- 
sist en t maximum product ion of sub tenolin. 
By preparing a new batch of lyophilized 
spores a t  least every 3 months, the level of 
subtenolin production was held fairly con- 
stant throughout the period of this work. 

In  practice, the inoculuni was prepared by 
reconstituting the contents of an ampoule of 
lyophilized spores and preparing tenfold di- 
lutions in saline for plating on FD.4 agar.3 
-4fter incubation for 4 to 7 days a t  30’C, 
individual rough colonies were selected and 
suspended in 0.85% S a c 1  solution. This 
suspension was standardized and inoculated 
in the medium described above. Harvesting 
of the culture was done by screening through 
several layers of gauze and cotton to remove 
most of the bacterial pellicle. 

General Propcrtics of Subtenolin. Subten- 
olin diffuses very readily through agar, pro- 
ducing large and clearly defined zones with 
Staphylococcus aureus as the test organism. 
Many preparations showed the presence of 
isolated, resistant colonies within the clear 

:3 Fcrlcuil Rc{jisLo*, Ovt. l i ,  1946, 11, 12128. 

area oi inhibition. 
The antibacterial activity of subtenolin is 

varioiisly reduced by complex organic sub- 
stances. In  whole, deiibrinated rabbit blood 
there is almost complete loss of activity in 
2 hours. Several peptones also reduced the 
antibacterial effect of subtenolin. However. 
rabbit or horse serum, FD-4 broth,3 and heart 
iniusion broth had no effect when tested by 
the agar streak method. 

Toxicity studies by intraperitoiieal injec- 
tion oi mice weighing 17 to 23 g showed the 
LI), , ,  t o  !I? 30 to 60 me ( 1000 iiiiits ma).  
c‘ o n; i d e ra 111 e sub ten ol i n a c t iv i t j. wa 3 f ou n d 
in the urine 15 minutes after injection and, 
depending upon the dosage. continued 1 to 
10 hours. K i t h  a dose of 50 to ti0 mg (1000 
units mg)? subtenolin continued to be ex- 
creted for 10 hours after intraperitoneal in- 
jection. On the average. 30 to 5Oy’i of the 
administered dose was found in the urine. 

- lssay JIcthods and ,4ntibaiterial Spec- 
trum. The serial dilution method using FD-4 
broth3 was the procedure adopted for sub- 
tenolin assay. Since there was reduction of 
subtenolin activity after overnight incubation 
but none after 5 hours, the tests were read 
a t  5 hours and again a t  22 hours. The end- 
point selected was the highest dilution of a 
standard subtenolin solution showing com- 
plete inhibition of the test organism. For 
the more fastidious organisms, heart infusion 
broth containing 10% rabbit serum and 1% 
dextrose was used. This medium reduced 
subtenolin activity 50 to 80% after overnight 
incubation although no reduction in activity 
was observed after 5 hours incubation. 

The antibacterial spectrum of subtenolin 
is summarized in Table I. The most suscep- 
tible organisms were: Staphylococcus aureus, 
Staphylococcus albus, Eberthella typhosa, 
Escherichia coli, Salmonella enteritidis, Jli- 
c~’ococcus conglomeratus, and Salmonella 
srhntti)rii~lleri. Two strains of Pasteurella 
showed marked susceptibility to the antibiotic 
upon overnight incubation. The growth of 
Mycobacteriurn tuberculosis, H 3  7Rv in Du- 
bos medium4 was partially inhibited by a 
concehtration of 2000 units ml of subtenolin. 

Differentiation of Subtenolin front Other 
-4 ntagonists. ,Anti biotic substances produced 
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TABLE I. 
T 11 e Ant i ha c t e r i n 1 S prc t rum of Sub t cnol i 11. 

1 

Mini inn 1 in  liibi t i ng 
quantity (nig) 

5 lir 32 11r 
,--- 

1. 

2 .  
3. 
4. 
5 .  
(i. 

8. 
9. 

10. 
11. 
12. 
13. 
14. 
1 .i. 
1 fi. 
1;. 

I .  

P r e p r a t i o n  No. 165, 300 units/mg* 
' Staphylococcus aureus, FDA 309P 

? '  MI3 111 ) ?  

' ' 30393 
' )  H 

nlbtis, 30389 
Streptococcus, sp. (enterococcus group VD) 
Encillus antiiracis, ATCC 8703 
JIicrococcus conglonteratus, MI3 78 
l~:'.c.rherichia coli, ATCC 7011 
S i i  1 nionel la ent eritidis 
Tiberthella typhosa, M B  39 
Siilnionella schottmucllrri, 31 

Sct*t-dia marc.escois, D 
,-lo*obacfer nerogencs, ATCC 830s 

7 7  

9 7  

7 7  

7 7  typhimuriuni, ATC'C 9148 

1. 
3 -. 
3 .  
4. 

li. 

5. 
!). 

10.  
11. 
12. 
12. 
14. 
1 .i. 
l l i .  
17. 
1s. 
l!l. 
20. 

.). 
- 
i .  

Klt bsiclla pneumoniae, ATCC 9997 
Pnstewel2n pestis, A 1122 

' Stapliylococcus aureiis, FDA 309P 
S t r e p  I ococcu s p y og enes, C 2  0 3 
Diplococicais p i  cunio?1 inc,  tTpc T rl 
Clostridium nncyi, AMS 

' ' perfr ingens.  A M S  
- '  f a l lnx ,  AXIS  
" tertiuni. AJIS 

1'rep;ir:ition S o .  176, 550 units/nig" 

.lM.\l4 
i.g. 
'..I% 
1 .g.. 
11.1. 

0.55 
n.i. t 

xi. 
0.47 
1.35 
n.i. 
n.i. 
1.61 
n.i. 
1.0 
2.1) 

11.1. 

11.1. 

11.1. 

11.1. 
n.i. 
0.0 53 

11.38 
2.7 

0.5.; 
0.5.5 
0.91 
CJ.91 
1.1 
1.4 
11.1. 
x i .  
x i .  
O.l)4l 
(1.3 3 
0.f15 
2.7 

xi .  
3 .I 
1.1 

0.1; 
11.1. 

11.1. 
n.i 

11.1. 

11.1. 

11.1. 

43 1 
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statin, apparently produced by an uniden- 
tified member of the genus Bacillus, has been 
reported.!' Subtenolin difiers from these an- 
tagonists of similar origin as described below. 

Subtilin. Subtilin is extracted from the 
cellular material of the pelli~-le and is light- 
sensitive. Subtenolin is extracted froni the 
culture medium and is not li'ght-sensitivc. 

Racit racin . I; it c i t rac i n does not in  h i 1) i t  
Esclzt7ric-ltia di, - - I~r i~b( I~ - t~*r  acvwgc~rtcs n o r  
Eh c l e f  h c l / ( ~  t?lp/i os ti,  1) u t t 11 cse c) rga n i s m  s a re 
suzceptihle to the action of subtenolin. I'n- 
like bacitracin. subtenoliii is relative1~- in- 
active against Strcptororc-tis p?iogciies, pneu- 
mococcus and clostridia. 

Bacilli??. Subtenolin and bacillin display 
a loss of activitj- in the presence of certain 
complex organic substances (although not ti; 
the same degree), and their production is 
stimulated by manganese. On the other 
hand. carbohydrates promote the p;oduction 
of bacillin but interfere with the production 
of subtenolin. Also. carbohydrates are re- 
quired for demonstrating the anticoli activity 
of bacillin but not of subtenolin. Bacillin 
is not excreted in the urine of mice7 but sub- 
tenolin activity has been found in the urine 
of mice after intraperi toneal inject ions. 
Streptococcus pyogcrics and Diplococcus 
piieumoniac Type I1 I are relatively suscep- 
tihle to bacillin but resistant to the action of 

G:l l l< ,B.  (;. J'.. . \ ' ( . if  I l l ' / .  l!I-L(\. 10.1. L'h!i. 

T L ' t h 1 . 5 ,  I ] I : !  I 1.1 I I I I  I 1 \ 1 1  ! I ' I . ; I  i i I 1 1  t ' 1 .11111  11. I ;. i\.l I (  1 1  1111 fi' 
I P ~  \ l t . ; .c . l i  : t l t r l  ~ ' I ) I I ! ~ ~ : I ~ I ~ .  

subtenolin. I n  comparative studies with 
bacillin, subtenolin was found to be 5 times 
as  active against Staphylococcus QUWUS 209 
I3 on FD-A agar. 

Eumycin was reported to have 
no activity against Eberthclla typhoscl: and 
colon bacilli and only slight activity against 
staph>-lococci. Subtenolin definitely inhib- 
ited these organisms. especially staphylococci. 

Suhti />~sirz .  Subtilysin shows activity for 
\*al-ious clostridia and none for staphylococci. 
Subtenolin sliou-s the opposites of these ac- 
t ivi t ies. 

Colistatin. The presence of glucose in the 
medium is required for colistatin production, 
but this sugar is not favorable for subtenolin 
production. Contrary to subtenolin. coli- 
sta t in  inhibits the pneurnococcus. 

Simii i iur~ und Conclusions. 1. An anti- 
biotic. tentatively designated subtenolin, was 
isolated from a strain of Bacillus subtilis. 

2 .  -1lthough the antagonist displays its 
greatest activitj- against staphylococci, the 
growth of certain gram-positive as well as 
gram-nega t ive organisms is inhibited. 

3 .  The  growth of &"ycobacteriunz tuber- 
culosis is partially inhibited by subtenolin. 

4. Subtenolin activity has been detected 
in urines recovered from intraperitoneally 
i n oc u 1 a t  ed mice. 

5. .Acute toxicity studies show that the 
LT):l,, of subtenolin for mice inoculated intra- 
ptsrit;)neall>* i.; 30 to 60 mg (30,000-60,000 
units). 

EuniTcin. 
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Subtenolin. An Antibiotic from Bacillus subtilis. 11. Isolation and 
Chemical Properties. 

The method of isolation and the chemical the isolation of the antibiotic is based on its 
properties of subtenolin. an antibiotic pro- ability t o  be concentrated by adsorption on 
duced by  a strain of Bacillus subtilis, are de- activated carbon, its solubility in methyl 
scribed in this paper. The method used in alcohol, its insolubility in butanone, and its 




