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The amino-acid composition of cultures of Salmonella typhi and Salmonella paratyphi varies only.
slightly with the species, strain, and mode of cultivation of the microorganisms, A relatively high content
of alanine, glutamic acid, valine, and leucine (isoleucine) was detected.

* * Xk

Several recent studies have been made of the amino-acid composition of pathogenic microorganisms
and its relationship to various factors: species of the bacteria, composition of the nutrient medium, condi-
tions of cultivation, degree of aeration, periods of growth, and so on [2, 4-6, 8]. However, only one report
of an investigation of the amino-acid composition of bacteria of the typhoid-paratyphoid group could be
traced [13].

As well as bound amino acids, free amino acids are also found in the bacterial cell. The presence of
free intracellular amino acids has been demonstrated for many microorganisms [1, 10, 11, 14]. However,
no information could be found in the accessible literature on the content of free amino acids in bacteria of
the typhoid-paratyphoid group.

The object of the present investigation was to study the quantitative amino-acid composition of cul-
tures of Salmonella {yphi and Salmonella paratyphi A and B, and to determine the bound and free infracel-
lular amino acids and their relationship to the species and strains of the bacteria and to conditions of cul-
tivation: on liquid medium with aeration and on nutrient agar.

EXPERIMENTAL METHOD

Cultures of S. typhi (strains Jy, 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 aeration for 10-12 h on a syn-
thetic medium of the following composition: 0.1% Na,HPO,, 0.1% KH,PO,, 0.5% NacCl, 0.5% glucose, 0.45%
bisubstituted ammonium citrate, 0.005% tryptophan, 0.01% cysteine, 0.01% MgSO,, 0.18% Na,COj; (anhy-
drous), and 0.0005% nicotinic acid, pH 7.2. For comparative experiments the same strains of microorgan-
isms were obtained under stationary conditions on Hottinger's nutrient agar. The bacterial mass was col-
lected by centrifugation, washed 3 times with distilled water, and dried with acetone.

Free intracellular amino acids were first extracted from the bacterial mass with 75% ethanol fol-
lowed by treatment of the solution with chloroform. After extraction of the free amino acids, the bacterial
mass was hydrolyzed with 6N HC1 solution for 24 h at 105° in sealed ampoules. At the end of hydrolysis
the HCl was removed by repeated evaporation and the dry residue was dissolved in 10% isopropyl alcohol.

The amino~-acid content was determined by quantitative chromatography on paper [3]. Tryptophan was
determined chemically in individual samples by Horn's method [9]. Proline and hydroxyproline were deter-
mined qualitatively with 0.2% isathine solution in acetone [11]. The content of each amino acid was calcu-
lated as the mean of 5-8 determinations. The results were expressed in mg amino acid/g dry weight of
bacterial mass.
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TABLE 1. Amino-Acid Composition of S. typhi and S. paratyphi A
and B when Culiivated under Different Conditions (mg/g Dry Bac-
terial Mass)

Liquid mediem with aeration Hottinger's nuurient agar
. S. pa- S. pa-
Amino S. typhi [S. paratyphi B| raty- S. typhi S. paratyphi B | raty-
. . phi A phi &
acid
4446 | 1203 | 50602 | 42 | 50503 | 4446 | 1203 {0-90) | 50602 | 42 | 5DSOS
Cystine 3,357 2,551 2,884 3,09 3,08 2,46 2,30] 1,82 298} 2,45 4,88
Lysine 14,68 | 8,551(11,42116,83|14,27 11,71 {1520 12,50 | 14,90 {12,821 §,10
H>;st1dme 14,04 | 6,95| 8,19 7,05| 7,70 8,98 892| 4,70} 605| 839 9,i1
Arginine 15,43 | 11,48 | 12,74 18,71 | 15,24 | 11,15 { 15,14 | 14,54 | 17,73 { 14,63 | 7,72
Aspartic
acid 15,341 9,85| 10,43 14,84 | 15,09] 10,73 13,78 | 14,50 20,63 | 12,00 5,70
Serine 16,05 | 12,38 | 12,48 | 20,65 | 15,13 | 13,33 | 14,56 | 13,24 | 19,70 | 16,60 | 7,36
Glycocol 10,73 7,831 7,80 111,63 785| 826 8211 6,30 7,93;11,41] 4,43
Glutamic
acid 40,68 | 21,08 | 53,66 | 34,44 | 44,70 | 21,14 | 24,41 | 20,30 | 30,63 | 27,44 | 10,50

Threonine 18,18 | 13,73 | 13,70 { 22,76 | 15,90 | 10,20 | 15,56 | 13,65 | 17,50 | 18,10} 2,90
a~Alanine 41,66 | 29,31 | 42,31 | 50,60 | 45,87 | 29,14 | 29,91 | 29,25 | 43,30 | 35,59 } 18,03
T tosine 11,29 11,63 800 (14,15 11,58 | 11,83} 9,99 8,70114,2510,40] 3,10
y tophan 111,27] 876} 1385125151 4,866} 73811167} 7,13)11,5611,68] 6,35
ionine 8,16 7,28114,35113,91|15,67) 6,43 | 889| 8,01|10,80 8,44} 4,36

Valme 21,96 | 15,80 123,30 (21,23 | 19,20 | 17,51 1 12,35 13,11 ) 21,51 | 20,45 | 8,50
Phenyl~
alax){ine 10,26 1 5,80|15,13 10,08 119,00{ 7,10} 896} 7,74|12,021 9,83 5,13
Leucine

(isoleucine) | 34,02 | 21,75 | 29,45 | 38,00 | 33,13 | 23,80 | 32,45 | 24,65 | 35,71 | 31,59 | 9,56

Total 903 ,25|233,22|203, 15{287,00|251 ,42115, 73

287 ,00\194 ,81\‘279 ,69«323, 1 li288 07

TABLE 2. Free Intracellular Amino Acids of S. typhi and S. para-
typhi A and B when Cultivated under Different Conditions (in mg/g
Dry Bacterial Mass)

Liquid medivm with aeration | Hottinger's nutrient agar
. s. - 8. pa-
Amino S. typhi S. paratyphi B rat;;ra- S. typhi S. paratyphi B ratpya-
acid phi A phi A
4446 | 1203 | 50602 | 42 50503 | 4446 | 1203 | 0-901| 50602 | 42 | 50503
Cystine 0,72 1089099 | 1,35 | 1,27 | 1,61 { 0,96 | 090 | 0,76 | 0,58 | 1,40
Lysine 0,691 1,001 0,85} 0,89 | 1,301 1,98} 1,30 { 1,281 1,13} 1,60} { 90
Histidine 0361068078075 252| 1,181 1,02 0981 0,690 | 0,81 2 34
Asparnic .
acid 041 ] 0,8 | 0,79 | 0,77 | 1,01 | 1,63 | 1,20 | 1,04 | 0,84 | 0,95 | 1,38
Serine 0,56 | 1,06 { 1,0t | 0,79 | 0,94 | 1,08 | 1,00 { 1,08 | 0,91 | 1,02 | 1, a1
Glycocol 09 | 1,131 1,04 j 0,66 1 1,07 | 1,021 1,22 ] 1,01 | 0921 0,94 | 1, 05
Glutamic
acid 3,39 | 1,66 | 5,00 | 5,11 | 4,50 | 3,63 | 2,40 | 1,38 | 1,44 | 1,70 | 2,69
a-Alanine 3,96 | 1,36 | 320 1,79 | 6,40 | 2,60 | 2,17 | 1,95 | 1,35 | 1,52 | 4,37
Tyrosme 0641057 108710701076 088112310721 1131099 0,83
ophan 0,81 ]09 |076} 09 |075]| 00501 1,03] 31,1509 ] 077 1,28
Met fonipe | 1,06 { 0,96 1 0,98 | 1,04 | 1,23 { 1,13 | 1,20 | 0,86 | 0,89 | 0,80 { 1,38
Valine 1,62 | 1,80 | 1,40 [ 2,10 [ 1,43 3,40 { 1,85 | 2,05 | 1,45 | 1,43 | 2,18
Phenyl~
alan}i,ne 0,76 | 0,75 | 0,41 | 0,55 | 0,87 | 1,18 | 1,00 | 0,72 | 0,75 | 0,91 | 1,20
Leucine
(isoleucine) 1,76 | 1,70 { 1,57 1 1,07 | 2,13 | 3,41 | 2,50 | 2,86 | 1,94 | 2,35 | 1,90
t
Total \ 17,331 15,36} 19,65 | 18,47 | 27,18 { 25,63 { 21,38! 18,021 15,14 | 16,27 125,04

EXPERIMENTAL RESULTS

The results given in Table 1 show that 17 amino acids were identified in the investigated strains and
that 16 were determined quantitatively. The qualitative amino-acid composition of the proteins of 8. typhi

and 8. paratyphi A and B was basically the same and independent of the type of cultivation and the strain of
bacteria.

The general characteristic feature of the amino-acid composition of the typhi-parathyphoidbacteria
is their high content of alanine, glutamic acid, and leucine (isoleucine).



No essential quantitative differences were found in the amino-acid composition, although there were
some differences in the content of individual amino acids in the different strains of bacteria.

Investigation of the amino-acid composition of typhoid-paratyphoid strains cultivated on nutrient
agar, i.e., under stationary conditions, showed no appreciable differences in the range of amino acids de-
pending on the strains and species of bacteria (Table 1). In all three species of bacteria the amino acids
present in the largest amounts were alanine, glutamic acid, and leucine (isoleucine).

Consequently, no significant qualitative differences in the amino-acid composition were detected
which depended on the mode of cultivation of the bacteria: on synthetic medium with aeration or on Hottin-
ger's nutrient agar. It is apparent that the fact that all investigated strains 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 8. typhi and S. paratypki A and B are indistinguishable from other pathogenic microorgan-
isms in their amino-acid composition.

Analysis of the free intracellular amino acids in cultures of the typhoid-paratyphoid group demon-~
strated their considerable qualitative variation (Table 2). Fourteen amino acids were identified and deter-
mined in the fraction of free amino acids. ~

The few differences in composition of fractions of free amino acids were dependent not so much on the
medium used for cultivation as on activity of certain enzyme systems.

Previous investigations [7] showed that cultures of 8. typhi and S. paratyphi A and B contain specific
enzymes of transamination and reductive amination and that glutamic ‘acid and alanine play an active role
in these processes. The presence of alanine, glutamic acid, valine, and leucine in large quantities in the
fractions of both bound and free amino acids is directly linked with these processes.
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