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The amino-ac id  composit ion of cul tures of Salmonella typhi and Salmonella paratyphi var ies  on ly  
slightly with the species ,  s t rain,  and mode of cultivation of the mic roo rgan i sms .  A relat ively high content 
of alanine, glutamic acid, valine,  and leucine (isoleucine) was detected. 

Several  recent  studies have been made of the amino-acid  composit ion of pathogenic mic roorgan i sms  
and its relat ionship to various factors :  species  of the bac ter ia ,  composit ion of the nutrient medium, condi- 
tions of cultivation, degree of aerat ion,  periods of growth, and so on [2, 4-6,  8]. However, only one report  
of an investigation of the amino-ac id  composit ion of bac ter ia  of the typhoid-paratyphoid group could be 
t raced  [13]. 

As well as bound amino acids,  free amino acids are  also found in the bacter ia l  cell. The presence  of 
f ree  intracel lular  amino acids has been demonstra ted for many mic roorgan i sms  [1, 10, 11, 14]. However,  
no information could be found in the access ib le  l i terature  on the content of free amino acids in bac ter ia  of 
the typhoid-paratyphoid group. 

The object of the p resen t  investigation was to study the quantitative amino-acid  composit ion of cul-  
tu res  of Salmonella typhi and Salmonella paratyphi A and ]3, and to determine the bound and free in t race l -  
lular  amino acids and thei r  relationship to the species and s trains  of the bac te r ia  and to conditions of cul-  
tivation: on liquid medium with aerat ion and on nut r ien t  agar .  

E X P E R I M E N T A L  M E T H O D  

Cultures of S. typhi (strains JY2 4446, 1203, and 0-901), S. paratyphi B (strains 42 and 50 602), and 
S__. paratyphi A (strain 50 503) were  grown under submerged conditions with aerat ion for  10-12 h on a syn-  
thetic medium of the following composit ion: 0.1% Na2HPO4, 0.1% KtI2PO4, 0.5% NaC1, 0.5% glucose,  0.45% 
bisubstituted ammonium ci t ra te ,  0.005% tryptophan, 0.01% cysteine,  0.01% MgSO4, 0.18% Na2CO 3 {anhy- 
drous),  and 0.0005% nicotinic acid, pH 7.2. For  comparat ive experiments the same strains  of mic roo rgan-  
i sms  were obtained under s ta t ionary conditions on Hott inger 's  nutrient agar .  The bacter ia l  mass  was col-  
lected by centrifugation, washed 3 t imes with distilled water ,  and dried with acetone.  

Free  int racel lular  amino acids were f i rs t  extracted f rom the bacter ia l  mass  with 75% ethanol fol- 
lowed by t rea tment  of the solution with chloroform.  After  extract ion of the free amino acids,  the bacter ia l  
mass  was hydrolyzed with 6N HC1 solution for 24 h at 105 ~ in sealed ampoules.  At the end of hydrolys is  
the HC1 was removed by repeated evaporation and the dry residue was dissolved in 10% isopropyl alcohol. 

The amino-ac id  content was determined by quantitative chromatography on paper [3]. Tryptophan was 
determined chemical ly  in individual samples by Horn ' s  method [9]. Proline and hydroxyproline were de te r -  
mined qualitatively with 0.2% isathine solution in acetone [11]. The content of each amino a c i d w a s  calcu-  
lated as the mean of 5-8 determinat ions.  The resul ts  were expressed in mg amino acid/g  dry  weight of 
bacter ial  mass .  
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T A B L E  t .  A m i n o - A c i d  C o m p o s i t i o n  of S. t yph i  and  S. p a r a t y p h i  A 
and  t3 w h e n  C u l t i v a t e d  u n d e r  D i f f e r e n t  C o n d i t i o n s  ( m g / g  D r y  B a c -  

t e r i a l  M a s s )  
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T A B L E  2. F r e e  I n t r a c e l l u l a r  A m i n o  A c i d s  of  S. t y p h i  and  S. p a r a -  
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E X P E R I M E N T A L  R E S U L T S  

T h e  r e s u l t s  g i v e n  in  T a b l e  1 s h o w  t h a t  17 a m i n o  a c i d s  w e r e  i d e n t i f i e d  in  t he  i n v e s t i g a t e d  s t r a i n s  and  
t h a t  16 w e r e  d e t e r m i n e d  q u a n t i t a t i v e l y .  T h e  q u a l i t a t i v e  a m i n o - a c i d  c o m p o s i t i o n  of the  p r o t e i n s  of S.  t.y~hi 
and  S. p a r a t y p h i  A and  B w a s  b a s i c a l l y  the  s a m e  and  i n d e p e n d e n t  of  the  t y p e  of  c u l t i v a t i o n  and  the  s t r a i n  Of 
b a c t e r i a .  

The general characteristic feature of the amino-acid composition of the typhi-parathyphoidbacteria 
is their high content of alanine, glutamic acid, and leucine (isoleucine). 
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No essent ial  quantitative differences were found in the amino-acid  composition, although there were 
some differences in the content of individual amino acids in the different s t rains  of bacter ia .  

Investigation of the amino-ac id  composit ion of typhoid-paratyphoid s t ra ins  cultivated on nutrient 
agar ,  i.e., under  s tat ionary conditions, showed no appreciable differences in the range of amino acids de- 
pending on the s t rains  and species  of bacter ia  (Table 1). In all three species of bac ter ia  the amino acids 
present  in the la rges t  amounts' were  alanine, glutamic acid, and leucine (isoleuciue). 

Consequently, no significant qualitative differences in the amino-ac id  composit ion were detected 
which depended on the mode of cultivation of the bac ter ia :  on synthetic medium with aerat ion or  on Hottin- 
g e r ' s  nutrient agar .  It is apparent  that the fact that all investigated s t rains  were  cultivated for the same 
time and on the same medium played an important role in determining the constancy of the amino-acid  
composition. 

Cultures of S. typhi and S. paratyphi A and B are  indistinguishable from other pathogenic mic roorgan-  
i sms in their  amino-ac id  composit ion.  

Analysis of the free in t racel lu lar  amino acids in cultures of the typhoid-paratyphoid group demon- 
s t ra ted their  considerable  qualitative var ia t ion (Table 2). Fourteen amino acids were identified and de ter -  
mined in the fraction of free amino acids.  

The few differences in composit ion of fract ions of free amino acids were  dependent not so much on the 
medium used for cultivation as on activity of cer ta in  enzyme sys tems .  

Previous investigations [71 showed that cultures of S. typhi and S.paratyphi A and B contain specific 
enzymes of t ransaminat ion and reductive amination and that glutamic acid and alanine play an active role 
in these p roces se s .  The presence  of alanine, glutamic acid, valine, and leucine in large quantities in the 
fract ions of both bound and free amino acids is d i rect ly  linked with these p roces ses .  
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