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T H E  I N T R A C E L L U L A R  A M I N O  ACIDS OF 

S T A P H Y L O C O C C U S  A U R E U S :  R E L E A S E  AND A N A L Y S I S  

R. HANCOCK 

Department o[ Biochemistry, University o[ Cambridge (England) 

The investigations of GALE 1 and TAYLOR ~ showed that cells of a number of gram- 
positive bacteria (14 species) and yeasts (3 species) contain certain free amino acids, 
which were detected and estimated by enzymic methods after liberation by treatment 
of washed cells with boiling water or detergent substances. Staphylococcus aureus was 
shown to contain free glutamic acid and lysine; washed suspensions of cells of this 
organism were able to establish concentration gradients of these amino acids across 
the cell surface, and further results showed that a number of other amino acids could 
be concentrated within the cells (GALES). Chromatographic investigations of the free 
internal amino acids have been made with Corynebacterium diptheriae% Neurospora 
crassaS, 6, Aspergillus nidulans 7 and Saccharomyces cerivisiae 8. 

No evidence was found in early studies for the existence of free amino acids within 
cells of gram-negative bacteria; however MANDELSTAM 9 demonstrated chromato- 
graphically the presence of certain free amino acids within cells of Escherichia coli, and 
accumulation of radioactive amino acids in cells of this organism has been observed 1°, 11. 
Loss of internal amino acids from cells of E. coli on washing with media of low osmotic 
pressure was observed by BRITTEN 1~ and osmotic sensitivity of this type may have 
been responsible for the failure of earlier attempts to detect free amino acids in cells 
of gram-negative organisms. 

The objects of the work described here were to determine the conditions under 
which the free internal amino acids of S. aufeus are released, and to investigate the 
nature of the amino acids present in the internal pool. 
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MATERIALS AND METHODS 
Organism and media 

Staphylococcus aureus s t ra in  D uncan  (GALE AND TAYLOR 13) was  grown in Roux  bott les in 
the  med ium B (GALE1). For  exper iments  in which concentrat ion gradients  of amino acids across 
the  cell surface were to be determined,  it was  necessary to know the concentra t ion of amino acids 

( i /o ,  w/v),  thiamine,  in the g rowth  m e d i u m  and a synthe t ic  med ium was used, containing glucose o/ 
nicotinic acid and pyr idoxin  (2 /*g 9ach/ml), L-arginine-HC1, L-cysteine, L-histidine-HC1, I)L-iSO- 
leucine, Ldeucine, DL-methionine, L-lysine-HC1, L-phenylalanine, L-proline, DL-serine, DL-threo- 
nine, nL- t ryp tophan ,  LZtyrosine, and L-valine (0. 5 / ,mole each L-isomer/ml / and L-alanine, 
L-aspartic acid, L-glutamic acid and glycine (1.25 / ,mole each/ml}. Cells were harves ted  from 
cultures in the  exponent ial  phase  of g rowth  at  37 ° at a culture densi ty corresponding to c o.3 mg 
dry  weight  of cells/ml. They  were washed twice with distilled water  by  centrifugation,  and were 
suspended in distilled wate r  a t  c IO mg/ml ;  when the  effect of the osmotic  pressure  of the washing  
med ium was being investigated,  appropr ia te  concentrat ions  of sucrose or of NaC1 were used in 
place of distilled water .  

Measurement o[ rates o/release o[ soluble constituents 
A sample of a was'hed cell suspension was  added to a solution of the  ext rac t ing  agent  to give 

a final cell densi ty  of I -1 .5  mg dry  weight /ml.  The suspension was  rapidly mixed and incubated 
in a wate r  ba th  main ta ined  at  ei ther 5 ° or 37°; samples were wi thd rawn  by  pipet te  and the cells 
rapidly separated on m em brane  filters. At  zero t ime a control  sample was  taken  from an identical 
suspension in distilled water ;  small quant i t ies  of amino acids, inorganic phospha te  and 260 m/,-  
absorbing mater ia l  were found in the  filtrate, p robab ly  due to lysis of some cells dur ing prepara t ion  
of the  suspension,  and these values were subs t rac ted  f rom exper imental  est imations.  Aliquots 
of the  filtrates were taken for es t imat ion of subs tances  released. 

"Oxoid"  m em brane  filters (3 cm diameter) were used, mounted  in a metal  assembly allowing 
rapid changing of filters. Using 0. 5 mg cells/sample, complete separat ion of cell residues was ob- 
tained in lO-2O sec. Recoveries of extracted subs tances  by  this method were identical with those 
obta ined by  centrifugal separat ion,  and no contamina t ion  f rom the filters by  amino acids, phos-  
pha te  or 260 m/*-absorbing mater ia l  was  experienced. For  the prepara t ion  of larger samples for 
ch romatography ,  cells were centrifuged after  extract ion;  the supe rna t an t  was removed by de- 
canting, lyophilised, and taken up in a small volume of wate r  for application to paper  chromato-  
g rams  or in c 2 ml for column chromatography .  Samples which contained trichloroacetic acid 
were extracted wi th  ether. 

Amino acids were es t imated  by  the  method  of COCKING AND YI~MM14; it was later found tha t  
over  9o % of the  ninhydr in-react ing mater ia l  in the extracted fractions could be identified as amino 
acids, and the  resul ts  of n inhydr in  es t imat ions  are expressed as concentra t ions  of amino acids by 
reference to a glutamic acid s tandard .  

Proline was  es t imated separate ly  by  the  method of TROLL AND LINDSLEY 15. 
Inorganic phosphate was es t imated according to FISKE AND SUBBAROW TM. 

Absorption spectra 
Absorpt ion  spectra  of extracted material  were determined in the Beckman model DU 

spec t rophotomete r  against  a blank of the relevant extract ing agent;  es t imat ions  of 26o m~t- 
absorbing material  were made similarly. 

Paper chromatography 
Samples were applied to squares  of W h a t m a n  No. 4 paper  (25 cm × 25 cm), which were 

developed by  the ascending technique wi th  sec.-butanol-formic ac id-wate r  (7o:1o:2o) (solvent A) 
followed by aqueous  phenol (8o%, w/v) containing 0. 3 % (v/v) ammonia  (sp.gr. 0.88) (solvent B) 
in the second dimension. After drying, ch romatograms  were sprayed either with n inhydr in  or, 
for the detection of proline, with isatin (both reagents  o.2%, w/v, in acetone), aml developed by 
heat ing at Io5 ° for 3-5 min. Components  present  were identified by compar ison with the posit ion 
of authent ic  amino acid markers .  

Chromatography on Dowex-5 o × 4. The columns, operat ion and analyses of effluent fractions 
were as described by MOORE AND STEIN 17. Fract ions  const i tu t ing a single peak were pooled and 
lyophilised and after  desalt ing by  ion exchange TM, the components  present  were identified by 
one-dimensional paper  ch roma tog raphy  in the solvent sys tems A and B, using authent ic  amino 
acids as markers.  

Identification o/lhe unknown substance U on paper chromatograms. To minimise the possibility 
t ha t  U might  be a product  of autolyt ic  b reakdown of some cell component ,  a rapid procedure was 
used ff~r harves t ing  and ext rac t ing  cells. Cells were harvested from an exponential ly-growing 
cul ture (250 ml) on a membrane  filter (6 cm diameter) in c 3 rain at  5 ° . The cells (c IOO nlg dry  
weight) were removed from the filter l~y agi tat ing it in a small volume of ice-cold water ,  anct 
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ethanol was immediately added to the cell suspension to give a final concentration of 5o % (v/v). 
After centrifuging the sample at 3oo0 g for 3 ° min at 5 °, the supernatant was removed and 
lyophilised. The residne was taken up in a small volume of water and applied on a line near to 
one edge of a sheet of Whatman No. 3 paper; the paper was developed in chromatographic solvent 
B. Marker strips cut from the side of the paper were sprayed with ninhydrin and used to locate 
the band containing U; this band was cut out and eluted with water. The eluate was lyophilised 
and applied to a second similar paper; after development of the paper with solvent A the band 
containing U was again detected, eluted and the eluate lyophilised. Such preparations of U con- 
tained a small quanti ty of proline, but this did not interfere with subsequent tests. Preparations 
were hydrolysed with 6 N HC1 for 16 h at lO5 ° in a sealed tube; HC1 was removed in an air stream 
at 45 °, and the sample was re-evaporated from small volumes of water. A small quanti ty of water 
was added and the sample was centrifuged to remove solid material before application to paper 
chromatograms. 

Suspension densities 
Suspension densities were determined by weighing samples of a cell suspension after drying 

in an air oven at lo5 ° for 8 h. 

R E S U L T S  

Effect o~ wash medium on recovery o[ /ree amino acids 

T h e r e  is l i t t l e  d i f fe rence  b e t w e e n  t h e  q u a n t i t y  of f l ee  a m i n o  ac ids  e x t r a c t a b l e  

f rom cells of S. aureus w h e n  suc rose  or NaC1 a t  c o n c e n t r a t i o n s  r a n g i n g  f rom o . o i  M 

to I.O M are  u s e d  for  w a s h i n g  in p lace  of d i s t i l l ed  w a t e r  (Table  I). Th i s  is in c o n t r a s t  

to t he  b e h a v i o u r  of cells of E. coli s t r a i n  B (BRITTEN 12 a n d  u n p u b l i s h e d  r e su l t s  of t h e  

au tho r ) .  In  all o t h e r  e x p e r i m e n t s  r e p o r t e d  he re  cells were  w a s h e d  in d i s t i l l ed  w a t e r .  

TABLE I 

E F F E C T  O F  " W A S H I N G  M E D I U M  O N  F R E E  A M I N O  A C I D  C O N T E N T  O F  ,%'. alll'OUS 

Amino acid content 
Molarity o[ medimn (e.~tracted by 5 % TCA, 15 rain, 5 ) 

used/or washfng cells o] cdls washed in 

NaCI Sucrose 

o* 487 487 
o. o I 47,5 ,500 
o.2 5o5 54 ° 
o.4 518 475 
o.{} 543 --- 
{}.8 5"5 5 lo 
I.O 497 52I 

* Cells washed in distilh'd water. 

(omparison o/extracting agen, ls 

P r o g r e s s  cu rve s  for t h e  re lease  of a m i n o  ac ids  f r o m  cells of S. aureus b y  v a r i o u s  

e x t r a c t i n g  a g e n t s  are  p r e s e n t e d  in Fig.  I.  Pa ra l l e l  re lease  of i n o r g a n i c  p h o s p h a t e  a n d  

2{}o rn /~-ahsorbing m a t e r i a l  o c c u r r e d  in all t h e  p r o c e d u r e s  i n v e s t i g a t e d ;  t h e  re lease  

of t h e s e  s u b s t a n c e s  b y  boi l ing  w a t e r  a n d  b y  t r i c h l o r o a c e t i e  ac id  (TCA) is also s h o w n  in 

Fig. I. A b s o r p t i o n  s p e c t r a  of m a t e r i a l  r e l eased  s h o w e d  a s ingle  p e a k  at  a p p r o x i m a t e l y  

260 m/x (Fig. 2); S.\I.ION ~'q has  s h o w n  t h a t  t he  26o m t z - a b s o r b i n g  s u b s t a n c e s  r e l ea sed  

f rom 5'. aureus b y  c e t y l t r i m e t h y l a m m o n i u m  b r o m i d e  (CTAB) are p u r i n e s  a n d  

p y r i m i d i n e s  a n d  t h e  c o r r e s p o n d i n g  nuc leos ides  a n d  nuc leo t ides .  

The  s a m e  q u a n t i t y  of a m i n o  ac ids  were  r e l e a s ed  f r o m  cells b y  all t h e  e x t r a c t i o n  

p r o c e d u r e s  u s e d  (Table  II)  ; t h e  t i m e s  in  w h i c h  re lease  is c o m p l e t e  are  also s h o w n  in  

lee/erences p. 4x2, 
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Fig. I. Release of amino acids ( • - -  • ) ,  inorganicTphosphate (P) ( × - -  X ) and 260 m/x-absorbing 
material ( O - - O )  from cells of S .  a u r e u s  by various extracting agents. Cell density I. 5 mg/ml. 

TABLE II 

RELEASE OF FREE AMINO ACIDS FROM S. ag fggs  BY VARIOUS EXTRACTING AGENTS 

Temperature Time lov complete Total quantity o/ 
amino acid released Extracting agent ol extraction, o release (mini (t*mole:g)* 

W a t e r  ~oo io  43o 
C e t y l t r i m e t h y l a m m o n i u  m b r o m i d e  

( l o o / x g / m l )  37 3 ° 4o9 
Tr i ch lo roace t i c  acid (5°.i ', w /v)  5 t5 474 
Perch lor ic  acid (o.2 N) 5 5 422 
E t h a n o l  (25% v/v)  5 Io  4or 
u.- lht tanol  (Io°: ,  v /v)  5 IO 420 
N, N- l ) in le t l Iy lh  wmanl ide  5 2o* * 431 
H( ' I ,  o.l  N 5 5 448 
N a O t l ,  o . i  N 5 5 4t)7 

* 3,h.an va lues  of dt tpl icate  s amples .  
. - (  o ** [:,~[lowed by dilution to .~ ~ ,, (v/v) and incubation for a f u r t h e r  5 rain a t  5 °. 

Table 1I (in the case of CT.\l- ' ,-trcated S'. aurelts ,  a ,secondary autoly t ic  release occurs 

more slowly"q. N,N-I) imcthylf lwnlanf ide  (I)MF) was found par t icular ly  useful for the 
preparat ion of r c l a t i x c h  salt-free fractions for c x a m i n a t i . n  by pat~t ' rchromatog-  

raphy;  complete  ext rac t ion  required t rea tment  of cells at 5 with lOO'% I)MF for 
20 rain followed l u  dilution to 5 ° ",, (v x) and incubat ion for a fur ther  5 min. l .ower  
concentra t ions  of I)MI: probably do not complete ly  break the osmotic barr ier  of the 
cells, while the solubil i ty of amino acids is l imited in non-aqueous I)MF. l.ipid wa> 
r t q l i ( ) v t ' d  from I).M F ext rac ts  by the method of I)~I¢~I{;H . \Ni l  .<,t:..\'F(~N "~O, 

l¢~lr~u, tq /',, 112 
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Fig. 2. Absorpt ion spectra of material  released f rom S. aureus by boiling water  and TCA. Cell 
densi ty 1,2 mg/ml;  samples  taken at  0 rain ( × - - × ) ,  2 rain ( O - - O )  and I0 min ( 0 - - 0 ) .  

Amino acids present in the internal pool 

Examination of extracted material  by  paper chromatography shows that  almost 
all the amino acids found in the cell protein are present in the internal pool (Fig. 3). 
Cysteine and t ryptophan do not appear on the chromatograms illustrated, although 
cysteine was occasionally detected; analyses by ion-exchange chromatography showed 
that  cystine is present but that  the amount of t ryptophan is small (Fig. 4)- No amino 
sugars were detected on paper chromatograms sprayed according to the modified 
ELSON-MORGAN procedure~L 

For more detailed quanti tat ive analysis of the internal amino acids, columns of 
4 % cross-linked Dowex-5o resin were used. Fig. 4 shows the elution pat tern obtained 
when the TCA-soluble fraction from S. aureus (7 ° mg dry weight) was chromatographed 
on such a column. Substances in the effluent peaks were identified by  their elution 
volume, and also by paper chromatography in 2 solvent systems after desalting by  
ion-exchange. In addition to the amino acids identified by  paper chromatography, 
a number of other components were observed in column eluates. The peak eluted at 
95 ml correspond in its position to urea* ; that  eluted at 315 ml correspond to oxidised 
glutathione, but identification was not carried further on the small amount  of material  
available. Various slow-moving peaks were also detected; these may  have contained 
peptide components. Of the material loaded onto the column (12.2/zM glutamic acid 
equivalents), 96.7 % was recovered as amino acids and ammonia so that  the quant i ty  
of TCA-soluble peptides, if present, must  be less than c 6/~M (glutamic acid equi- 
valents)/g cells. 

* Note added in pro@ Ammonia  is l iberated on t r e a t m e n t  of the material  in peak A with  
crystalline urease; quan t i t a t ive  es t imat ions  using this method show a urea content  in the  whole 
TCA-soluble fraction of c 5 I~M/g cells, approximate ly  equal to the quan t i ty  in peak A, which 
has been calculated in Fig. 4 f rom the n inhydr in  colour yield for urea. 

Re/erences p. 412. 
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Fig. 3. Chromatograms of free amino acids of S. aureus, liberated by TCA and by DMF. The proline 
region sprayed with isatin and the remainder with ninhydrin. Identification of the unknown 

component U described in the test. Fractions from c IO mg dry weight of cells. 

Concentration o/amino acids by growing cells o /S .  aureus 

F r o m  the  resul ts  of the  analys is  shown in Fig.  4 the  in te rna l  concen t ra t ion  of 
i nd iv idua l  amino  acids  in the  cell was ca lcula ted ,  using a va lue  of 1. 7 ml /g  cells for 
the in t race l lu la r  wa te r  space of S. aureusa~; these  concent ra t ions  are shown in Table  
I I I .  Since S. aureus has ve ry  l i t t le  ab i l i t y  to  b r e a k  down amino  acids (HILLS'8), the  

Re/erences p, 4~2. 
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Fig. 4. Separation of free amino acids, released by TCA, on Dowex-5o x 4 (I50 X 0.9 cm). 
Elution with o.2 N Na-citrate-acetate buffer pH 3.I at 4o°; temperature raised to 5 °0 at 27o ml, 
and after 35o ml lmffer continuously changing to pH 5.1 and I. 4 N [Na+]. Fraction size 1. 5 ml; 
T('A extract from 7 ° mg dry weight of cells, growing in synthetic medium. A, B, C and D are 

unidentified components. 

concen t ra t ions  of amino  acids  in the  growth  m e d i u m  a t  the  t ime  of ha rves t ing  were 
ca lcu la ted  from the in i t ia l  concen t ra t ion  present ,  the  q u a n t i t y  of cells and  the  amino  
acid composi t ion  of the  cel l -prote in  f ract ion (unpubl ished  resul ts  of the  author) .  If  
any  me tabo l i sm of an amino  acid  occurred,  o ther  t han  i ts  incorpora t ion  into p ro te in  
these values  will be uppe r  l imits .  Consequent ly ,  the  ra t ios  of in te rna l  to ex te rna l  
concen t ra t ions  for ind iv idua l  amino  acids, p resen ted  in Tab le  IV, are  min ima l  values.  

Variation o// tee amino acid content during growth 

Fig.  5 shows the  t o t a l  q u a n t i t y  of free amino acids, ex t r ac t ed  b y  TCA, present  in 
cells of S. aureus at  successive t imes  dur ing  growth.  

Nature o/ the substance U on paper chromatograms 

A spot  due to an unident i f ied  subs tance  U, hav ing  RF values  s imilar  to those of 
prol ine in the  solvent  sys tems  used, was observed  on paper  ch roma tog rams  of 
f ract ions p repared  b y  all ex t r ac t ion  methods .  This  component ,  af ter  elut ion from 
paper,  was homogeneous  on r e c h r o m a t o g r a p h y  in 4 solvent  sys tems  and  also on 
clt,ctr()phorcsis at  p H  9-7 (o.o5 M carbona te  buffer), at  which p H  its mob i l i t y  was 
s l ight ly  less than  tha t  of arginine.  I t  also passed th rough  dialysis  tubing.  Paper  
ch roma tog rams  of hyd ro lysa t e s  of this  subs tance  showed the  presence of g lu tamic  

Re/erences p. 412. 
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T A B L E  I I I  

FREE AMINO ACIDS IN EXPONENTIALLY-GROWING S .  a u r e u s  

Cells growing in synthet ic  medium.  

A mino avid 
Ouantity (l~mole]g) in amino a*id pool 

(,) (2) • 

Glutamic acid 39.6 49.2 
Aspart ic  acid 38 41.7 
Proline 16.8 - -  
Isoleucine 8.5 
Leucine 2.6 / 4I"8 
Methionine 6.7 
Alanine 8. I I o.6 
Cystine** 5.5 - -  
Serine 3-4 - -  
Glycine 2.8 8.o 
Tyrosine 2.4 - -  
Lysine 2.2 6.8 
Arginine 2.2 - -  
Hist idine I. 7 - -  
Phenylalanine 1.3 - -  
Threonine I.O 3.9 
T r y p t o p h a n  0. 3 - -  

* Column i refers to  cells harves ted  under  the  condit ions described in " M E T H O D S " ;  column 2 
to an  incomplete analysis  of cells harves ted  earlier in the  exponent ia l  phase  of growth.  

** Including cysteine which  was  oxidised dur ing chromatography .  

T A B L E  I V  

C O N C E N T R A T I O N  OF AMINO ACIDS B Y  F-~qPONENTIALLY-GROWING S. a u r e u s  

Rat/o ol i~,rna/to externa/¢omentrat/on 
Am/no ae/d 

(x) (~)* 

Glutamic  acid 25. 4 36.6 
Proline 23.2 - -  
Aspart ic  acid 22.6 28.2 
Isoleucine i 3-3 - -  
Methionine 8. 3 - -  
Alanine 5-4 6.7 
Serine 5.4 - -  
Lysine 4.6 12. I 
Leucine 4.5 - -  
Tyrosine  3. i - -  

Arginine 3.o - -  
Glycine 2.3 5.6 
His t id ine  2.2 - -  
Phenylalanine 1.8 - -  
Threonine i .6 6.0 

* Column i refers to cells harves ted  under  the  condit ions described in "METHODS" ; column 2 
to an incomplete analysis  of cells harves ted  earlier in the exponential  phase  of growth.  (Tryp tophan  
and cysteine were no t  es t imated in the protein fraction so no gradients  were calculated for these 
amino acids). 

ac id ,  a l a n i n e ,  g l y c i n e  a n d  l y s i n e  (F ig .  6). T h e s e  c o m p o n e n t s  w e r e  f u r t h e r  i d e n t i f i e d  

b y  c o - c h r o m a t o g r a p h y  w i t h  r a d i o a c t i v e  m a r k e r s  a n d  b y  e l e c t r o p h o r e s i s  a t  p H  9.7  

(0.05 M c a r b o n a t e  b u f f e r ) .  N o  a m i n o  s u g a r s  w e r e  d e t e c t a b l e  o n  p a p e r  c h r o m a t o g r a m s  

R e l e r e n c e s  p .  4 x z .  
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Fig. 5. Variation of free amino acid content ( e - - O ) ,  extracted by TCA, during growth ( O - - O  
of S .  aureus .  

Fig. 6. Sep~iration at hydrolysate of substance U (Fig. 3) by paper chromatography. In addition 
to glutamic acid, alanine, glycine and lysine, a trace of aspartic acid is present in this preparation; 

this component was found only occasionally and in variable amount. 

of hydrolysates using the modified ELSON-MORGAN procedure*l; papers sprayed for 
the detection of phosphate 94 gave negative results, and preparations separated on 
paper freed of ultraviolet-absorbing material*~ showed no ultraviolet absorption. 
I t  is of interest that  the amino acids present in this peptide are the same as those 
present in the cell wall of S.  aureus .  

Re/erences p. 4xa. 
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DISCUSSION 

The selection of the most satisfactory procedure for extracting the soluble con- 
stituents of bacterial cells depends largely on the type of analysis to be carried out. 
Detergent substances, for example polymyxin ~ and CTAB 19 may  not, however, 
inhibit the secondary release of larger quantities of cell material  due to autolytic 
breakdown, and extraction by  such methods may  not give a valid estimation of the 
normal internal constituents of the cell. For certain soluble constituents the degree 
of extraction varies with different extracting agents; for example ethanol extracts 
considerable quantities of peptides from certain microbial cells 37, ~8 which have not been 
reported in extracts obtained by  other methods. For estimations of internal amino 
acids, all the procedures investigated here extract  similar quantities; for examination 
by  paper  chromatography the most satisfactory extracting agents appear  to be 
ethanol and DMF. Although membrane filters have been found satisfactory for the 
separation of cell residues of S. aureus it is possible that  filters of the type and pore 
size used here would not be as satisfactory for the separation of cells of other 
organisms. 

The amino acid pool of S. aureus contains all the amino acids found in the cell 
protein and cell wall, although it is not yet known if any of the internal amino acids 
are in the D-configuration, as are certain of the amino acid residues of the cell wall 39, 30 
Under the conditions of growth used here, the relative concentrations of amino acids 
in the pool appear to bear no relation to their relative concentrations in the cell 
protein; proline, for instance, is a major  component of the pool but  a minor com- 
ponent of the protein. I t  would seem possible that  a compensatory mechanism exists 
by  which the relative concentrations of amino acids in the internal pool are so 
maintained that  the amino acids for which the protein-synthesising systems of the 
cell have a lower affinity are maintained at a higher concentration, and vice versa. 

Results presented elsewhere 81 suggest that  in S. aureus, as in other microorganisms 
which have been investigatedS, n, the amino acid pool supplies amino acids for 
protein synthesis. 

The results of the present analysis show that  growing cells of S. aureus are able 
to maintain concentration gradients of most amino acids across the cell surface; 
these gradients are highest for glutamic and aspartic acids and proline, and somewhat 
lower for isoleucine and methionine. The relative magnitudes of the concentration 
gradients observed here are similar to those which GALE 3 measured in washed sus- 
pensions of cells using 14C-labelled amino acids, but their absolute magnitudes are 
much smaller; for instance cells in washed suspension are able to maintain a 3oo-fold 
concentration gradient of glutamic acid compared with the 3o-fold gradient observed 
here. I t  would seem likely that,  under optimal conditions, much higher gradients 
could be similarly at tained for the other amino acids which are concentrated by 
growing cells. 
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SUMMARY 

The quan t i ty  of free amino acids within exponential ly-growing cells of Staphylococcus aureus is not  
affected by  the osmcxtic pressure of the external  medium, in ~ontrast  to t ha t  of Escherichia coli ]3. 
All the extract ion procedures investigated, including most  commonly-used techniques,  liberate 
similar quant i t ies  of amino acids (of the order of 200-500 pmole/g  cells) ; progress curves of extrac- 
t ion have been determined. 

Chromatographic  examinat ion  shows the presence in this internal  pool of all amino acids 
found in the cell protein;  major  components  are proline, glutamic and aspart ic  acids, isoleucine, 
methionine and alanine. Concentrat ion gradients  exist of most  amino acids across the cell surface; 
these gradients  are greatest  for proline, glutamic and aspart ic acids, isoleucine and methionine. 

An upper  limit has been es t imated to the quan t i ty  of TCA-soluble peptides which are present  
i n  exponential ly-growing cells; one dialysable peptide, containing glutamic acid, glycine, alanine 
and lysine, has  been detected in TCA extracts .  
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