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STUDIES  ON T H E  AMINO-ACID METABOLISM OF 

M Y C O B A C T E R I U M  T U B E R C U L O S I S  

I. PRELIMINARY INVESTIGATION BY PAPER CHROMATOGRAPHY* 

by 

G. P A U L E T T A  AND A. D E F R A N C E S C H I  

Laboratorio di Microbiologia, Istituto Carlo Erba per ricerche terapeutiche, 
Milan (Italy) 

Recent studies revealed that the amino-acid metabolism of bacteria is closely 
related to the mechanism of antibacterial action 1. A new convenient method to follow 
such metabolism is offered by paper partition ehromatography~,3,4, ~. With the aid of 
this method we succeeded in following the amino-acid composition of a number of 
Mycobacterium cultures, at different periods of growth and in different fractions; 
namely,  in the culture filtrate, in the cell homogenate,  and in the cell hydrolysate.  

MATERIALS AND METHODS 

Organisms and growth media 
The following strains of JVIycobacterium were used: 

i. Myeobaeterium tuberculosis var. hominis H37Rv  (Streptomycin sensitive). 
2. JVIyeobaeterium tuberculosis var. hominis H37Rv  (Streptomycin resistant) .  
3: Myeobacterium tuberculosis var. hominis H37Ra  (At tenuated  variant) .  
4. Mycobaeterium tuberculosis var. hominis T b I  
5. Mycobacterium tuberculosis var. boris P. 
6. Mycobacterium avium Panisset .  

The medium employed in the  major i ty  of exper iments  was the PROSKAUER AND BECK synthet ic  
medium, modified by  YOO~ANS s. In  some tes ts  th is  med ium was modified by  subs t i tu t ion  of aspara-  
gine (0. 5 %) wi th  NH4C1 (0.405 %),  so t h a t  the ni trogen percentage in bo th  media remained the same. 
250 ml Er lenmeyer  flasks containing IOO ml of medium were employed. Each  flask was inoculated 
wi th  a loopful of a I4-day pellicle surface growth,  and incubated  a t  37.5 ° C. A numbe r  of flasks 
sufficient to provide i g of wet  cells was collected a t  various days of growth.  

Preparation o/culture [ractions 
Each cul ture was divided in three fractions for the chromatographic  analysis :  

I. culture filtrate 
2. cell homogena te  
3- cell hydrolysate  

The scheme followed for the prepara t ion  of tile various fract ions is i l lus t ra ted in Table I. The 
POTTER-ELVEHJEM 7 glass homogenizer  was used for cell d i s rupt ion  a t  the beginning of this  work. 
Later, since the same resul t  was obtained by  heat ing the cell suspension at  IOO ° C for io minutes ,  
as pointed ou t  a l ready by  GALE s , it was decided to adopt  this  second easier method.  Cell hydrolysis  
was made according to the procedure described by  BLOCK 9. 

* Par t  Of the  mater ia l  in this  paper  has been presented before the X I I  In te rna t iona l  Congress 
of Pure and Applied C h e m i s t r y - - N e w  York  Ci ty - - -Sep tember  io, 1951. 
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filtrate 
Fi l tered again th rough  Pyrex  U.F. 
sintered glass filter, io  ml of the  
fil trate were evapora ted  to dryness  
in vacuo at  4o-5 °o C. The dry  
residue was dissolved in I ml  of 
i o %  isopropanol. 

T A B L E  I 

S C H E M E  F O L L O W E D  F O R  T H E  P R E P A R A T I O N  O F  T H E  T H R E E  F R A C T I O N S  

F R O M  Mycobacterium C U L T U R E S  

The culture was filtered th rough  sintered glass (Jena 3G4) 
I 

cells 
washed free f rom the med ium 5-6 t imes  
wi th  io ml  port ions  of distilled water  
dried on the  filter and then  divided in two 
par ts .  

I Culture fil trate I I _ 

A por t ion of abou t  500 mg  was placed 
into a weighed centrifuge tube,  and 
then  weighed wet. A volume of water  
corresponding to ten  t imes  the  weight  
of the  cells was added and  the result ing 
suspension was heated in boiling water  
for ten  minutes,  then  centrifuged and  
filtered t h rough  Pyrex  U.F. filter. 

[ Cell homogena te  I I  ] 

Chromatographic analysis 

1 
5oo mg of wet  cells were hydroly-  
sed wi th  25 ml of N Hydrochlor ic  
acid. The residue obtained af ter  
hydrolysis  was  taken up  wi th  a 
volume of lO% isopropanol, corre- 
sponding to ten  t imes the weight 
of the  cells. 

Cell Hydro lysa te  I I I  ] 

The amino-acid composi t ion of culture fract ions was inves t igated by  paper  ch roma tog raphy  as 
suggested by  C O N S D E N ,  G O R D O N ,  A N D  M A R T I N  10 a n d  W O I W O D  2. 

One dimensional  ch romatograms  were run  on W h a t m a n  No. 4 paper  wi th  a mix ture  of n-butanol ,  
acetic acid and water  (125:3o: 125 by  volume). The same mixture  was used as first solvent  for two- 
dimensional  ch roma tog raphy  while water -sa tured  phenol  was the  second solvent.  Wi th  th is  solvent  
combinat ion,  methionine cannot  be separated f rom valine, leucine f rom isoleucine nor cystine f rom 
ae-diaminopimelic acid. The last  one could be evidenced after  hydrogen peroxide t rea tment ,  n -bu tano l  
was purified by  distillation, and only  the fraction distill ing a t  I i 6 - I I 8 °  C was used. Phenol  was 
a lways distilled in vacuo over zinc dust.  Chromatograms  were developed wi th  solvent  by  descending 
technique,  us ing a wood cabinet,  as suggested by  DENT 11, placed in a cons tan t - t empera tu re  room 
at  25 ° C (=k 2 °) for 16 hours.  The various fract ions were placed on the paper  using a o.I  ml pipette,  
g raduated  in o.ooi ml divisions, wi th  a capil lary r ight-angled tip. The volumes of cul ture fractions, 
which were found to give clear chromatograms,  are repor ted in Table I I .  

T A B L E  I I  
V O L U M E S  O F  T H E  C U L T U R E  F R A C T I O N S  A P P L I E D  O N  T H E  P A P E R  F O R  C H R O M A T O G R A P H Y  

Fractions 
One-dimensional Two-dimensional 
Chromatography Chromatography 

ml ml 

Broth  filtrate I o.oo 5 O.Ol 5 
Cell homogena te  I I  o . ioo o.2oo 
Cell hydro lysa te  I I I  0.020 0.o50 

After i rr igation wi th  solvent the paper  sheets  were dried wi th  a current  of w a r m  air. For  colour 
development  the  dried papers  were sprayed  wi th  a solut ion of n inhydr in  in chloroform (o.1%),  
containing o.I  % 2 -4 -6  collidine. After  spraying,  the paper  was heated in an infrared oven for 5 
minutes ,  then  exposed to s team and finally dried again in the oven. 

In  the two-dimensional  chromatograms,  the  amino acids were identified by  compar ing  the 
posi t ion of the spots  wi th  a " m a p "  as indicated by  DENT n.  In  the one-dimensional  chromatograms,  
a mix ture  of known amino acids was run  s imul taneous ly  on the same sheet  of paper  for comparison.  
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RESULTS 

Mycobacterium tuberculosis H37Rv grown on asparagine mediurh 

The results ob ta ined  wi th  this s t ra in  are shown in Table  I I I .  The hydrolysates from 
cells harves ted  at  different days of growth conta ined  most  of the common amino acids, 
b u t  no t  hydroxyprol ine .  The concent ra t ions  of this group of amino  acids remained  
cons tan t  dur ing  growth, ae-diaminopimelic  acid and  other n inhydr in-pos i t ive  substances  
(R 1, B 1, B2, and  P) were found, bu t  the last  four did not  remain  cons tan t  dur ing  growth, 
and  if at  all, they  were present  in low concent ra t ions  only. The posit ions of the spots 
corresponding to these four substances  are d iagrammat ica l ly  shown in Fig. I. Substance  
R 1 was identif ied as 7 -aminobu ty r i c  acid, and  substances  B1 and  B 2 as meth ion ine  
sulphone and  sulphoxide respectively. The ident if icat ion was made by  r u n n i n g  simul- 
taneous ly  a s t anda rd  substance.  Besides, by  hydrogen peroxide t r ea tment ,  the methi-  
onine sulphoxide spot disappeared,  bu t  no t  the one corresponding to meth ion ine  
sulphone.  The subs tance  P was not  yet  identified. These substances  could not  be found 
in the other  fract ions except 7 -aminobu ty r i c  acid which was cons tan t ly  found  in  cell 
homogenates .  

TABLE III  

A M I N O - A C I D  C O M P O S I T I O N  OF F R A C T I O N  I, I I ,  I I I  F R O M  M. tuberculosis 
HB7Rv G R O W N  F O R  V A R Y I N G  D A Y S  ON A S P A R A G I N E  M E D I U M  

Culture filtrate I Cell homogenate I I  Cell hydrolysate I I I  

Days o/growth Days o/growth Days o/growth 

7 14 21 28 35 7 14 21 28 35 7 14 21 28 35 

Asparticacid + + + + + + + + + + + + + 
Glutamicacid - -  + + + + + + + + + + + + + + 
Asparagine + + + 
Lysine + + + + + + + + + + + + + 
Histidine + + + + + 
Arginine + + + + + + 
Alanine - -  + + + + + + + + + + + + + + 
Phenylalanine + + + + + 
Glycine + + + - -  ! + + + + + + + + 
Leucine-isoleucine :k + + 4. + + + + + + + 
Methionine-valine 4. 4. + ± 4- + + + + + + 
Proline + + + + + 
Serine + + + + + + 
Tyrosine + + + + + 
Threonine + + + + + 
Cystine + + + + + 
Cysteic acid + + + 
ae-diaminopimelic acid + + + + + 
Polypeptide R + + + + + 
y-aminobutyricacid + + + + + - -  + - -  4- - -  
Methionine sulphone + + + + - -  
Methionine sulphoxide + + 
Amino acid P + 

+ = presence of the amino acid in both one- and two-dimensional chromatograms 
4. = presence of the amino acid only in one-dimensional chromatograms 
- -  = absence of the amino acid in both chromatograms. 

Relerences p. 282. 
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In  the cell homogenates, glutamic acid, lysine, alanine, v-aminobutyr ic  acid and the 
substance R were constant ly  present.  

Fig. I. Diagram showing the posi- 
tion of the spots from cellhydroly- 
sates in two-dimensional chromato- 
grams. Solvents, n-butanol-acetic 
+ phenol. I. Aspartic acid, 2. 
cystine-ae-diaminopimelic acid, 
3- glutamic acid, 4. serine, 5. gly- 
cine, 6. threonine, 7. alanine, 8. ty- 
rosine, 9. lysine, io. arginine, II.  
histidine, 12. methionine-valine, 
13. phenylalanine, 14. leucine-iso- 
leucine, 15. proline, R 1. ~,-amino- 
butyric acid, B 1. methionine sul- 
phone, B~. methionine sulphoxide, 

P. unidentified. 

_ 01s 
oo 

" 
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The comparison between Fig. 2 (chromatograms of the homogenate  from cells after 
7 days '  growth) and Fig. 3 (chromatograms of the homogenate  from cells after 35 days '  

growth) clearly reveals tha t  the ala- 
nine concentra t ion increases during 
growth,  and the concentra t ion of the 
substance R decreases bu t  only 
during the last days of growth.  

This substance R deserves a 
r ,  part icular  a t tent ion : it is no tewor thy  

tha t  it has been cons tant ly  found in 
15 ! i ....... the homogenates  of all Mycobaderi- 

~"J i ~ ¢ urn strains investigated. Fur ther ,  it 
/7 , , J  has a polypept ide s t ructure  as has 

5" W been revealed by  our prel iminary 
studies. Indeed,  the spot corres- 
ponding to this substance (Fig. 2) 
disappeared after hydrolysis,  while 
other  spots were revealed in corres- 
pondence to the following amino 
acids: aspart ic acid, leucine-iso- 
leucine, methionine-valine,  serine, 
glycine, threonine, cysteic acid, and 

Re#rences p. 282. 

Fig. 2.7-day cell homogenate, from strain 
t-I37Rv grown on asparagine medium, 
run on two-dimensional chromatogram. 
Solvents, n-butanol-acetic acid + phenol. 
2. glutamic acid, 5. polypeptide R, 6. ly- 
sine, 7. alanine, 8. ~,-aminobutyric acid. 
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ano the r  un iden t i f i ed  subs tance  Br, and  the  colour s t r eng th  of the  spots  cor responding  
to  g lu t amic  acid  and  a lan ine  increased  (Fig. 4). 

The  fol lowing amino  acids  were presen t  a f te r  fu r ther  g rowth :  aspar t i c  acid, g lycine 
meth ion ine-va l ine ,  leucine-isoleucine, and  l a t e r  serine (Fig. 3). 

The  c h r o m a t o g r a p h i c  analys is  of the  culture filtrates showed,  as expected ,  t h a t  the  
asparag ine  concen t ra t ion  decreases  dur ing  growth.  As for the  o ther  amino  acids, the  
resul ts  co r responded  closely enough to those  o b t a i n e d  wi th  the  homogena te  ; only  poly-  
pep t ide  R and  y - a m i n o b u t y r i c  ac id  were no t  p resen t  in this  f ract ion.  Aspa r t i c  acid,  
g lu t amic  acid  and  a lanine  a p p e a r e d  in h igher  concen t ra t ion .  These  las t  two subs tances  
inc reased  dur ing  growth .  

Mycobacterium tuberculosis H37Rv  grown on NH4Cl medium 

W h e n  compar ing  the  resul ts  ob t a ined  wi th  H 3 7 R v  s t ra in ,  grown on YOUMANS 
medium,  to the  one o b t a i n e d  wi th  the  same s t ra in  grown on a s imi lar  med ium,  modif ied  
b y  subs t i t u t i on  of a spa rag ine  wi th  NH4C1 (Table IV),  no s ignif icant  va r i a t ion  was 
obse rved  in the  amino-ac id  compos i t ion  of the  cell hydrolysate. 

TABLE IV 

A M I N O - A C I D  C O M P O S I T I O N  OF F R A C T I O N  1, II ,  I I I  F R O M  M. tuberculosis 
H37Rv G R O W N  F O R  V A R Y I N G  D A Y S  ON NH4C1 M E D I U M  

Culture filtrate I Cell homogenate I I  Cell hydrolysate I I I  

Days o/growth Days o/growth Days o/ growth 

9 16  21 28 35  47  9 i 6  21 28  35  47  9 16  21 28  35 4 7  

Aspartic acid 
Glutamic acid 
Asparagine 
Lysine 
Histidine 
Arginine 
Alanine 
Phenylalanine 
Glycine 
Leueine-isoleucine 
Methionine-valine 
Proline 
Serine 
Tyrosine 
Threonine 
Cystine 
Cysteic acid 
ae-diaminopimelic acid 
Polypeptide R 
~-aminobutyric acid 
Methionine sulphone 
5Iethionine sulphoxide 
Amino acid P 

+ - -  + + + + + + 
+ + + +  + + + + + + + + + 

+ + + + + + + 

+ 
+ + + + + + + 

+ + + 
+ 4- 
i ± - -  4- 

+ - -  

+ + + + + + 
+ + + + + + 

+ + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + + 
- - +  - - +  
+ + + + + + 

+ + + 
- - + - - +  + + 
- - +  - - +  + + 
- - +  + 

-t- = presence of the amino acid in both one- and two-dimensional chromatograms 
~= ~ presence of the amino acid only in one-dimensional chromatograms 
- -  = absence of the amino acid in both chromatograms. 
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Fig. 3- 35-day cell homogenate,  from strain H37Rv grown on asparagine medium, run on two- 
dimensional chromatogram. Solvents, n-butanol-acetic acid + phenol. I. aspartic acid, 2. glutamic 
acid, 3- serine, 4. glycine, 5. polypeptide R, 6. lysine, 7. alanine, 8. ~,-aminobutyric acid, 9. methionine- 

valine, IO. leucine-isoleucine. 

Fig. 4. Acid hydrolysate of 7-day cel lhomogenate,  from strain H37Rv grown on asparagine medium, 
run on two-dimensional chromatogram. Solvents, n-butanol-acetic acid + phenol. I. aspartic acid, 
2. glutamic acid, 3. serine, 4. glycine, 6. lysine, 7. alanine, 8. y-aminobutyr ic  acid, 9. methionine- 
valine, io. leucine-isoleucine, II.  threonine, x2. unidentified substance Br, 13. cysteic acid. 
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Fig. 5. 9-day's cell homogenate, from 
strain H37Rv grown on NH4C1 medium, 
run on two-dimensional chromatogram. 
Solvents, n-butanol-acetic acid + phenol, 
2. glutamic acid, 5. polypeptide R, 6. 
lysine, 7. alanine, 8. y-aminobutyric acid. 

l© 

Fig. 6. 35-day cell homogenate, from strain H37Rv 
grown on lqH4C1 medium, run on two-dimensional 
chromatogram. Solvents, n-butanol-acetic acid + 
phenol. I. aspartic acid, 2. glutamic acid, 3. serine, 
4. glycine, 5. polypeptide R, 6. lysine, 7- alanine, 

8. y-aminobutyric acid. 

As for the  homogenate, qua l i t a t i ve  differences were no t  observed,  in re la t ion  to the  
homogena t e  of cells grown on asparag ine  med ium,  excep t  t h a t  the  a lanine  concen t ra t ion  
r e m a i n e d  cons t an t  (Fig. 5 a n d  Fig.  6) while i t  inc reased  in the  asparag ine  med ium.  
Genera l ly ,  the  amino-ac id  concen t ra t ion  was lower, b u t  for g lu t amic  acid  and  poly-  
pe p t i de  R. 

I n  the  culture filtrate, no amino  ac id  was de t ec t ab le  dur ing  the  first 35 days '  growth,  
but ,  in the  c h r o m a t o g r a m s  of f i l t ra tes  f rom cul tures  a f te r  47 days '  growth,  g lu tamic  
acid, a lanine,  lysine,  arginine,  va l ine-meth ion ine ,  and  leucine-isoleucine were found 
presen t  in ve ry  low concent ra t ions .  Meanwhile ,  the  concen t ra t ion  of the  free amino 
acids  of the  cells decreased.  

Comparison between M. tuberculosis H37Rv and other five strains 

Amino-ac id  composi t ions  of the  three  f rac t ions  f rom five different  2"Flycobacleriurn 
s t ra ins ,  a f te r  7, 14, 21, 28, 35 days '  growth,  were c o m p a r e d  wi th  the  amino-ac id  com- 
pos i t ion  of the  s t ra in  H 3 7 R v  descr ibed  above.  Al l  these s t ra ins  were grown on YOUMANS 
m e d i u m  (asparagine  0.5 %), under  the  same cu l tu re  condi t ions .  

As for the  amino-ac id  composi t ion  of the  cell hydrolysate, no difference was observed  

Re]erences p. 282. 
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Fig. 7. I4-day cell homogenate, from 
strain H37Rv grown on asparagine medi- 
um, run on two-dimensional chromato- 
gram. Solvents, n-butanol-acetic acid + 
phenol. 2. glutamic acid, 5. polypeptide R, 
6. lysine, 7. alanine, 8. y-aminobutyric 

acid. 

Fig. 8. I4-day cell homogellate, from strain H37Ra 
grown on asparagine medium, run on two-dimensional 
chromatogram. Solvents, n-butanol-acetic acid + 
phenol, i. aspartic acid, 2. glutamic acid, 5. polypep- 
tide ~R, 6. lysine, 7. alanine, 8. y-aminobutyric acid. 

for the group of the common amino acids, ae-diaminopimelic acid could be evidenced 
in cell hydrolysates of all strains. Since the four other substances, y-aminobutyric acid, 
methionine sulphone, methionine sulphoxide and substance P, if present, could be found 
only in low concentrations approaching the sensitivity limits of the analytical method, 
the evaluation of the differences was difficult. The only significant difference seems to 
be the constant absence of y-aminobutyric acid from the cell hydrolysate of M. tuber- 
culosis var. bovis P: this result is in agreement with the one obtained with the homo- 
genate. 

The results obtained with the chromatographic analysis of the cell homogenate do 
not show qualitative differences in the amino-acid composition of this fraction from 
the six strains studied. 

The most outstanding observation is that  polypeptide R was always present in 
the cell homogenate of all the strains considered. Though the quantitative estimation 
by chromatographic method is far from accurate, certain differences were found between 
strain H37Ra and the others, particularly after the I4th day of growth. Comparing 
Fig. 7 (cell homogenate of H37Rv strain after 14 days' growth) with Fig. 8 (cell homo- 

ReJerences p. 232. 
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Fig. 9. 21-day culture filtrate, from strain 
H37Rv grown on asparagine medium, run 
on two-dimensional chromatogram. Sol- 
vents, n-butanol-acetic acid + phenol. 
i. aspartic acid, 2. glutamic acid, 3. as- 
paragine, 4. glycine, 5. alanine, 6. lysine. 

Fig. io. 2i-day culture filtrate, from 
strain H37Ra grown on asparagine medi- 
um, run on two-dimensional chromato- 
gram. Solvents, n-butanol-acetic acid + 
phenol, i. aspartic acid, 2. glutamic acid, 

3. asparagine, 5. alanine. 

gena te  of H 3 7 R a  s t ra in  af te r  14 days '  growth) ,  i t  can be seen t h a t  the  g lu tamic  acid  
and,  more  ev iden t ly ,  p o l y p e p t i d e  R concen t ra t ions  are higher  for H 3 7 R a  homogena te .  
Cons tan t ly ,  a lan ine  r ema ined  in low concen t ra t ion  t h roughou t  growth.  As for the  
M. tuberculosis var.  boris P s t ra in ,  i t  could  be no ted  t h a t  ~ , -aminobutyr ic  acid, which 
r ema ined  in cons t an t  concen t ra t ion  in the  homogena te  from the  o ther  s t ra ins ,  decreased 
dur ing  growth,  and  tho rough ly  d i sappea red  af te r  35 days '  growth.  

As for the  culture filtrates of the  six s t ra ins  the  only qua l i t a t i ve  difference concerned 
the  s t ra in  H37Ra .  In  the  cu l tu re  f i l t ra tes  from this s t ra in  the  group of amino  acid  
which a p p e a r e d  l a t e r  dur ing  g rowth  in the  b ro th  f rom H 3 7 R v  (lysine, arginine,  glycine,  
leucine-isoleucine, methionine-val ine)  was not  de tec ted .  

In t e re s t ing  q u a n t i t a t i v e  differences could be observed  wi th in  the  l imi ts  of the  
method ,  wi th  regard  to this  s t ra in .  Compar ing  Fig.  9 (culture f i l t ra te  f rom H 3 7 R v  s t ra in  
af te r  21 days '  growth)  wi th  Fig.  IO (culture f i l t ra te  f rom H 3 7 R a  s t ra in  af ter  21 days '  
growth) ,  i t  can be seen t h a t  in the  l a t t e r  g lu tamic  acid  and  a lanine  are presen t  in low 
concent ra t ions .  Alan ine  r ema ined  cons t an t ly  in low concen t ra t ion  dur ing  growth,  while 
i t  increased  in the  cu l tu re  f i l t ra tes  f rom the  o ther  s t ra ins .  In  the  f i l t ra te  of H 3 7 R a  
s t ra in  an  ev iden t  decrease  of asparag ine  was not  de t ec t ed  (Fig. io) .  M. avium Panisse t  
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18 



280 (~. PAULETTA, A. DEFRANCESCHI VOL. 9 (1952) 

was the only strain in which a similar phenomenon could be observed, though it was 
less remarkable. In the culture filtrate of this strain, a weak spot was found after 
28 days '  growth; its RF corresponded to that  of ~-aminobutyric acid present Jn the 
homogenate. 

CONCLUSIONS 

The method (paper chromatography) selected for the study of the amino-acid 
composition of Mycobacteria, in spite of its limitations as a quantitative test, permitted 
certain general observations, interesting enough to encourage the extension of the 
work presented. Tubercle bacilli, owing to the slowness of their growth, are particularly 
suitable for a study in which the amino-acid composition as a function of the time 
period of growth might have a particular importance. 

The amino-acid composition of the different fractions from cultures in asparagine 
medium was relatively similar, from a qualitative point of view, in all the Mycobacterium 
strains tested. Quanti tat ive differences could be estimated only with approximation by  
the method employed. Though these seem to be of a limited extent they will be evaluated 
by  more suitable quanti tat ive methods. Some difference could be noted in the amino- 
acid concentration in cultures of M. tuberculosis H37Ra. In the homogenates of this 
strain, alanine and the other amino acids are in lower concentration. But  glntamic acid 
and particularly polypeptide R are in higher concentration than in the homogenates 
from the other strains. Also in the culture filtrates all the amino acids remain in low 
concentrations and the asparagine utilization appears less evident in the chromatograms. 

This picture shows some analogy with the one described in strain H37Rv , grown 
on NH4C1 medium. This observation can be explained by  a slow metabolism in both 
cases. 

In the hydrolysate of the strains tested all the common amino acids could be 
detected in higher concentrations except hydroxyproline, ae-diaminopimelic acid was 
found constantly present, in agreement with WORK 12. Four more ninhydrin-positive 
substances were found at much lower concentrations. 

Three of these substances were identified as 7-aminobutyric acid, methionine 
sulphone and methionine sulphoxide. The inconstant presence of the last two substances 
and of cysteic acid can be explained by  considering them as products derived from 
other amino acids (methionine and cystine) during technical manipulation. The sub- 
stance P has not yet  been identified. 

The 7-aminobutyric acid spot was not constantly found in the chromatograms of 
cell hydrolysates, probably because this substance is present only in the free state inside 
the cells and is not combined in the protein material;  hence, in cell hydrolysates its 
concentration is much lower than tha t  of other amino acids, at the sensitivity limits 
of ninhydrin reaction. 

Our s tudy indicates tha t  the analysis of the homogenates derived from Myco- 
bacterium strains can give more valuable information on the amino-acid metabolism 
than the other fractions considered. In tha t  fraction glutamic acid, lysine, alanine, 
7-aminobutyric acid, polypeptide R, aspartic acid, glycine, leucine-isoleucine, methi- 
onine-valine and serine, were detected. The first five appear as free substances inside 
the cell during early growth. All these substances are present even when the sole source 
of nitrogen is an ammonium salt. In this case the concentration is lower, except for 
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g l u t a m i c  ac id  a n d  p o l y p e p t i d e  R.  S o m e  a n a l o g y  c o u l d  b e  o b s e r v e d  b e t w e e n  t h e  c o m -  

p o s i t i o n  of  t h e  cel l  h o m o g e n a t e  a n d  of  t h e  c u l t u r e  f i l t r a t e .  T h e  m o s t  s t r i k i n g  d i f f e r e n c e  

is t h e  c o n s t a n t  a b s e n c e  of  p o l y p e p t i d e  R a n d  7 - a m i n o b u t y r i c  a c i d  f r o m  t h e  f i l t r a t e s .  

T h e  l a t t e r  a m i n o  a c i d  w a s  f o u n d  o n l y  in  t h e  f i l t r a t e s  f r o m  M. avium. 
T h e  c o n s t a n t  p r e s e n c e  of  p o l y p e p t i d e  R i n s i d e  t h e  cel l  r e p r e s e n t s  a n  o b s e r v a t i o n  

w o r t h  of  f u r t h e r  a t t e n t i o n .  I n v e s t i g a t i o n s  o n  t h e  s t r u c t u r e  of  t h i s  p o l y p e p t i d e  a r e  u n d e r  

w a y  in  o u r  l a b o r a t o r y .  

ACKNOWLEDGEMENTS 

T h e  a u t h o r s  a r e  g r e a t l y  i n d e b t e d  to  D r  E .  WORK, L o n d o n ,  for  s a m p l e s  of  ae- 
d i a m i n o p i m e l i c  a c i d  a n d  7 - a m i n o b u t y r i c  ac id  a n d  to  M r  W .  STEENKEN, J r . ,  T r u d e a n ,  

N . Y . ,  for  t h e  Mycobacterium s t r a i n s  H 3 7 R v  a n d  H 3 7 R a .  

SUMMARY 

The amino-acid composition of a number  of Mycobacterium cultures was investigated by the 
paper chromatography technique. The chromatographic analysis was carried out  a t  different periods 
of growth and  in different culture fractions; namely, in the culture filtrate, in the  cell homogenate 
and in the  cell hydrolysate.  

The results obtained for the different strains tested were found relatively similar from a quali- 
ta t ive point  of view. Quant i ta t ive  differences could be est imated with the approximation permit ted  
by the method. In the hydrolysate al l  the  common amino acids could be detected in higher concen- 
trat ions except  hydroxyproline, ae-diaminopimelic acid was found constant ly  present. The presence 
of y-aminobutyr ic  acid, methionine sulphone and methionine sulphoxide was not  found constant.  

More interest ing results could be obtained from the analysis of the cell homogenate. In t ha t  
fraction glutamic acid, lysine, alanine, y-aminobutyric  acid, polypeptide R, aspartic acid, glycine, 
leucine-isoleucine, methionine-valine,  and  serine, were detected. 

The first five appeared as free substances inside the  cell during early growth and they remained 
present  throughout .  Some analogy could be observed between the composition of the cell homogenate 
and the culture filtrate, but,  in the last  fraction polypeptide R and  ~-aminobutyric  acid were absent.  

RgSUMt~ 

On a 6tudi6 5~ l 'aide de chromatographies sur papier la composition en acides amin6s de quelques 
souches de Mycobacterium. Les analyses chromatographiques ont  6t6 execut6es en diverses p6riodes 
sur diff6rentes fractions de culture et  plus pr6cis6ment sur le filtrat, sur l 'homog6n~isat e t  sur l 'hy-  
drolysat des cellules bact6riennes. 

On a trouv6 que les r6sultats obtenus pour les diff6rentes souches dtaient  re la t ivement  analogues 
au point  de rue  qualitatif .  On a pu appr6cier, dans les l imites consenties par  la m6thode, des diffdrences 
quant i ta t ives .  

Dans les hydrolysats  on a pu met t re  en 6vidence t o u s l e s  acides amin6s communs except~ 
l 'hydroxyproline.  On a cons tamment  trouv6 de l 'acide ae-diaminopim61ique, tandis  que l 'acide 
F-aminobutyrique,  le sulfone, e t  le sulfoxyde de la m6thionine n '6 ta ient  pas toujours pr6sents. On 
a pu obtenir  des r~sultats plus int6r6ssants ~ l 'aide de l 'analyse de l 'homog6n6isat. Dans eette fraction 
on a trouv6 l 'acide glutamique, la lysine, l 'alanine, l 'acide F-aminobutyrique, un polypeptide R, 
l 'acide aspartique, la glycine, le groupe leucine-isoleucine, le groupe m~thionine-valine et  la s6rine. 
Les cinq premiers produits  6taient presents dans l 'homog6n6isat d~s les premiers moments  du d6velop- 
pement  et  on les y a cons tamment  trouv6s. 

I1 existe une certaine analogie entre  les r6sultats obtenus avec les homog6n6isats et  ceux obtenus 
avec les filtrats de culture. Mais dans cette derni~re fraction de culture, l 'acide ~-aminobutyrique 
et  le polypeptide R n '6 ta ient  pas pr6sents. 

ZUSAMMENFASSUNG 

Es wurde die Zusammensetzung der Aminos~iuren einiger Stiimme yon Mycobacterium chromato-  
graphisch (Papierchromatographie) untersucht.  Die chromatographische Analyse wurde in verschie- 
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denen  E n t w i c k l u n g s s t a d i e n  u n d  bei ve r s ch i edenen  I~u l tu r f r ak t ionen  (Kul tu r f i l t r a t ,  Bak te r i en -  
h o m o g e n a t  u n d  B a k t e r i e n h y d r o l y s a t )  durchgef i ih r t .  

Aus  den  Ergebn i s sen  der  Ana l y se  der  ve r sch i edenen  S t ~ m m e  g ing  hervor ,  dass  diese q u a l i t a t i v  
sehr  ~ihnlich s ind.  Q u a n t i t a t i v e  Un t e r s ch i ede  k o n n t e n  geschi i tz t  werden,  e n t s p r e c h e n d  der Genau ig-  
kei t  dieser  Methode .  In  den  B a k t e r i e n h y d r o l y s a t e n  w u r d e n  al le gewShnl ichen  A m i n o s ~ u r e n  ausse r  
Oxypro l in ,  nachgewiesen .  Die ae-Diaminopimel ins~iure  war  i m m e r  v o r h a n d e n ;  h ingegen  waren  die 
~ -Aminobu t t e r s i iu re  u n d  das  Me th ion insu l fon  u n d  - su l foxyd  n ich t  i m m e r  zugegen.  

Die i n t e r e s s a n t e s t e n  Ergebn i sse  e rh ie l ten  wi t  a u s  der  Ana lyse  der  B a k t e r i e n h o m o g e n a t e .  
G lu t amins~ure ,  Lys in ,  Alanin ,  y -Aminobu t t e r s i i u re ,  e in  besonderes  R :polypeptid,  A s p a r a g i n s ~ m e ,  
Glyzin,  die Leuzin-Isoleuzin Gruppe,  die Meth ion in -Val in  Gruppe  u n d  Serin waren  i m m e r  v o r h a n d e n .  

Die e r s t en  fiinf S u b s t a n z e n  wa ren  in  den  B a k t e r i e n h o m o g e n a t e n  schon  in den  A n f a n g s s t a d i e n  
der  E n t w i c k l u n g  in  freier F o r m  zugegen,  u n d  b l ieben  es a u c h  nachher .  Es  b e s t e h t  eine gewisse 
_~hnlichkeit  zwischen  den  E r g e b n i s s e n  der  Ana l y se  der  B a k t e r i e n h o m o g e n a t e  u n d  der Ku l tu r f i l t r a t e  ; 
n u r  die v -Aminobu t t e r s i i u r e  u n d  das  R :polypept id waren  in den  K u l t u r f i l t r a t e n  n i ch t  v o r h a n d e n .  
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