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In recent  years  it has been shown that ~ , f l -unsatura ted acid res idues  are present  in many natural sub- 
s tances .  In view of this, the hypothesis has been put forward that compounds of this se r i e s  are important  
in termediates  in the biosynthesis  of some unusual f ragments  of peptides of microbia l  origin.  It is assumed, 
for example,  that the epimerizat ion of L-amino acids into the D forms  and the formation of a - h y d r o x y -  
amino acids takes place via dehydroamino acids; it is also considered that dehydroamino acids are nothing 
other  than p r e c u r s o r s  of a number  of l inear  sys tems  {lanthionines) and cyclic sys tems (thiazolidine, thia- 
zole, oxazole, etc.). Interest ing examples of such t ransformat ions  are given by Bycroft  [1]. 

In addition to this, it is known that res idues  of a , f i -unsa tura ted  amino acids can impar t  specific func- 
tional or physiological activity to peptides or  proteins.  Thus, dehydroalanine is a component of the active 
center  of histidine ammonia lyase [2] and, possibly, of phenylalanine ammonia lyase [3]. So far  as con-  
cerns  the antibiotics nisin and subtilin which we have studied, their  antibacterial  activity is due to the p r e s -  
ence of ~ -dehydroalanyl lysine as the C- te rmina l  f ragment  [4, 5]. It must  also be noted that the c o m p a r a -  
t ively high content of unsaturated amino acids (in nisin 3 out of 29; in subtilin not less  than 2 out of 28) and 
sulfur-containing amino acids (7 and 5, respectively) impar ts  a se r ies  of unusual physicochemical  p rope r -  
ties to these compounds.  For  example, nisin is capable of polymerizing in aqueous solution, giving poly-  
m e r s  with molecular  weights of up to 35,000 [6]. It is sensitive to the action of oxidizing agents and under-  
goes degradation in a weakly alkaline medium with f i-el imination in respec t  of the lanthionine res idues .  
Thus, even at the isolation stage the danger a r i ses  of obtaining preparat ions  which are heterogeneous,  both 
because of polymer iza t ion  and because of the modification of individual f ragments .  We have previously r e -  
ported the prepara t ion of nisin under conditions pract ical ly  excluding its inactivation. The isolation scheme 

TABLE 1. Amino Acid Composition of Subtilin 

Amino acids 
_ No. of residues Literature 

time of hydrolysis, h data 
24 48 72 96 [9, 10] 

Lysine 
Aspartic acid 
Glutamic acid 
G_lycinc 
Alanine 
Valine 
Isoleucine 
Lcucine 
Phenylalanine 
Lanlhionine 
~ e~yllanthionine 
roline 

Sarcosine , 
Tryptophan 

3,10 
1.05 
3,40 
2.C6 
t 10 
0,37 
0,94 
4,00 
0,93 
3,10 
1,20 
+ 
+ 
? 

2,03 
1,05 
3,06 
2,02 
1,02 
0,62 
1,15 
3,93 
0,96 
4,05 
0,91 
2,02 
0.88 

) 

3.30 
1,09 
3,28 
1,94 
1,04 
0,75 
1,07 
4,06 
0,90 
3,74 
t ,06 
÷ 
+ 
? 

* The content of tryptophan was not determined.  

2,30 
1,01 
3,03 
1,93 
0,99 
0,75 
1,01 
4,05 
0,98 
4,85 
0,77 
2,36 
1,76 
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Fig. 1. Gel f i l trat ion of a concentrate  of subtilin through Sephadex G-25 [column 90 x 5.6 
cm, eluent 0.2 M acetic acid, charge 150 ml of solution with an activity of 0.3 7 / m l  (Sar- 
cin___a lutea / rate 250 m l / h ] .  1) e lect r ical  conductivity; 2) optical density at 250 urn; 3) dilu- 
tion units. 

Fig. 2. Analytical chromatography of subtilin on CM-cellulose (column 40 x 0.9 cm, elu-  
ent 0.01 M sodium acetate buffer, pH 4.8, sodium chloride concentrat ion gradient,  charge 
30-40 mg of a preparat ion with an activity of 0.03 ~ / m l ) :  1) optical density at 250 urn; 2) 
dilution units. 

included gel fi l tration and chromatography on CM-cel lulose [7]. As we have shown, the same operations 
may be useful in the purification of other antibiotics related to nisin. In the present  paper  we descr ibe  a 
method for  the isolation of subtilin and give its proper t ies .  

A ser ies  of methods has been proposed previously for the isolation of subtilin, but only chromatog-  
raphy on sil ica gel and countercurrent  distribution bare been used with success  [8-10]. By just these 
methods,  Amer ican  workers  have obtained a preparat ion of subtilin A charac te r i zed  by its amino acid com-  
position (Table 1). As we have shown previously,  countercurrent  distribution leads to considerable inact iva-  
tion of the antibiotics of the nisin group.  The scheme which we propose enables chromatographical ly  homo-  
geneous subtilin with a high antibacterial  activity to be obtained. It follows f rom Table 1 that the amino 
acid composit ion found agrees  well with l i tera ture  data. Only some deviations in the content of proline and 
an inversion of the contents of lanthionine and fl -methyllanthionine are  observed.  We did not determine the 
content of tryptophan and %5 -unsaturated amino acids.  

E X P E R I M E N T A L  

As the producing agent for  subtilin we used the s train Bacillus subtilis ATCC 6633; its proper t ies  and 
the conditions of fermentat ion have been descr ibed by Feeney et al. [11]. The B. subtilis was grown in 
flasks with shaking for  72 h on a medium containing, in addition to minera l  salts ,  sucrose  (100 g / l i t e r ) ,  
c i t r ic  acid (2 g / l i t e r ) ,  glutamic acid (2 g / l i t e r ) ,  and L-asparag ine  (2 g / l i t e r ) .  At the end of fermentation, 
the pH of the culture fluid (15 liters) was brought to 5.5. The antibiotic was extracted in the cold with 7.5 
l i ters  of butanol. Sodium chloride (100 g / l i t e r )  was added to the extract ,  and it was kept in the cold for 
severa l  hours .  The precipitate that had deposited was separa ted  in a centrifuge and dried in a vacuum 
des icca tor .  The concentrate  (2 g) was dissolved in 0.5 N acetic acid (2 x 400 ml), the solution was evapo-  
rated at 30°C to 150 ml,  and the precipitate was fil tered off with suction. The result ing solution was de- 
salted by gel f i l trat ion through Sephadex G-25 (Fig. 1). The fract ions containing the antibiotic were f r e eze -  
dried.  A preparat ion (237 mg) with an activity of 0.015 y / m l  (Sarcina lutea) was chromatographed on CM- 
cellulose (0.01 M sodium acetate buffer, pH 4.8) in a sodium chloride concentration gradient (Fig. 2). The 
fractions containing the antibiotic were combined and concentrated at 30°C. The sodium chloride was 
eliminated by gel f i l trat ion under the conditions descr ibed above. After f reeze-dry ing ,  42 mg of a color less  
amorphous prepara t ion  with an activity of 0.002 y / m l  with respec t  to Sarcina lutea (the activity was de te r -  
mined by the ser ial-di lut ion method with a bacter ia l  load of 1000 c e l l s / m l  and incubation at 37°C for  19 h) 
and 0.07 y / m l  with respec t  to Staph. aureus was obtained. 

The prepara t ion gave a single spot on chromatography in a thin layer  of MN 300 cellulose in the amyl 
a l c o h o l - i s o p r o p a n o l / b u t a n o l - p y r i d i n e - w a t e r  (1 : 1 : 1 : 3 : 3) sys tem [12]. When the N- terminal  amino acids 
were determined in the form of the DNS (dansyl) derivat ives,  only e -DNS-lysine was found in the hydrolysate-  
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[~]~ -36 o (c 0.5; H20). Li terature data: [(~]~ -34.4 ° (c 0.2; 1% acetic acid [8]), e250nm 7000 (at tool. wt. 
3500); 4.5 mg of subtilin was hydrolyzed with 4 ml of 5.7 N HC1 at 105 ± 2°C for 24, 48, 72, and 96 h. The 
amino acid composition was determined on a Unikhrom analyzer. The results of the analysis are given in 
Table 1. 

SUMMARY 

A simple method for obtaining subtilin has been proposed which enables a homogeneous preparation 
with a high antibacterial activity to be isolated. 
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