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by 
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Until  fairly recently there has been little evidence as to the exact chemical composit ion of 
bacterial  cell walls; bu t  the results  of earlier macro- and micro-chemical studies of wha t  has been 
largely assumed to be cell walls have left few doubts  about  their  probable complexity and variat ion 
from one organism to another  1. Several procedures for the prepara t ion of bacterial cell walls in a 
high state  of pur i ty  have now been described2,3, 4. Recent studies~,3, 5-s have made it abundant ly  
clear t ha t  the composit ion of the rigid cell walls of different bacteria varies considerably. Fur ther -  
more, a comparison of the  results  of the  investigation of the cell-wall composit ion of the Gram- 
negative Esch. coli2, 3 with those of the  Gram-posi t ive Strep. /aecalisS, 6 and Staph. aureus 7 suggested 
t ha t  there m a y  be some well-defined differences between the composit ions of the cell walls of Gram- 
negative and Gram-posi t ive  bacteria. Wi th  this in mind, studies of the composit ion of bacterial  
cell walls have been extended to several Gram-posi t ive and Gram-negat ive bacteria. 

Cell walls of Strep. pyogenes, M. lysodeikticus, Sarcina lutea, B. subtilis, Esch. coli and Salmonella 
pullorum have been prepared by  mechanical  disintegration of the cells, according to the procedure 
outlined in a previous communicat ion  4. Invest igat ion of the composit ion of the cell walls of these 
bacteria has revealed several interesting differences between the Gram-posit ive and Gram-negative 
groups of bacteria.  The lipid content  of the cell walls of the two Gram-negat ive bacteria, Esch. coli 
and Salmonella pullorum, is considerably higher t han  tha t  of any  of the walls of the Gram-posit ive 
bacter ia  invest igated (e.g. total  lipid contents  of 22.6% and 19.o% for Esch. coli and Salmonella 
pullorum respectively, compared wi th  2.6 % for B. subtilis, 1.2 % for M. lysodeikticus and for Sarcina 
lutea, i . i  %). The amino-acid components  of the cell-wall prepara t ions  have been examined by  
paper -chromatography ,  and wi th  the exception of Strep. pyogenes cell wall, which has retained its 
type-specific M-protein, the cell walls of the Gram-posi t ive bacteria have a limited complement  of 
amino acids, being devoid of bo th  aromatic  and sulphur-containing amino-acids. The cell walls of 
the two Gram-negat ive  organisms investigated possess a much more complete range of amino acids, 
including aromatic,  certain sulphur-containing amino acids, arginine and proline. On removal  of 
the M-protein from the cell wall of Strep. pyogenes (by t r ea tmen t  wi th  i % trypsin,  in PO 4 buffer 
at  p H  8, for 2 hr  at  37 ° C according to the  method described by  LANCEFIELDg), its amino-acid consti- 
tu t ion conforms to the general features observed for the other  Gram-posi t ive wall preparat ions,  and 
fur thermore  reveals a striking similari ty to the amino-acid const i tut ion of the cell wall of Strep. 
[aecalis 5 ,6. 

The inclusion of Strep. pyogenes cell wall in the present  studies has been of interest  from the 
immunological  viewpoint.  The cell wall of this organism appears  to be characterized by  antigenic 
heterogeneity.  The retent ion of the M-protein by  the cell wall, on mechanical  disintegration of Strep. 
pyogenes, was not  surprising in view of the observat ions reported by  ZITTLE ANn MUDD TM. The 
presence of the M-protein was  confirmed by the s trong positive precipitin reaction obtained wi th  
ext rac ts  of Strep. pyogenes cell wall and M-protein ant iserum. Trea tmen t  of the cell wall wi th  t rypsin  
removes the M-protein wi thout  apparent ly  affecting the mechanical  propert ies or the general ap- 
pearance of the cell wall. I t  would appear  t ha t  the group-specific polysaccharide (C substance) is 
at  least par t ly  involved as a s t ruc tura l  uni t  of the cell wall. The enzyme prepara t ion from Streptomyces 
albus, which MAXTED 11 had shown was capable of l iberating the C substance from /5-haemolytic 
Streptococci, was also found to be capable of lysing the turbid cell-wall suspensions of Strep. pyogenes. 
Ext rac t s  of Strep. pyogenes wall obtained with this enzyme prepara t ion  also gave positive precipitin 
tests,  specific for group A ant iserum. The cell walls of Strep. pyogenes could be dissolved by  alkaline 
hypochlorite,  and the  material  precipitated by  adjust ing to p H  4-5 wi th  acetic acid and adding 
2 vols. ice-cold e thanol  was  water-soluble and gave a s t rong specific precipitin test  with group A 
ant iserum. The group A Streptococcus polysaccharide investigated by  SCHMIDT 12 contained glucos- 
amine and rhamnose,  and it was not  surprising therefore t ha t  hexosamine and rhamnose  were tile 
only reducing substances  detected in the cell wall of Strep. pyogenes. 

Details and discussion of the  results of the invest igation of the composit ion of the cell walls 
will be submi t ted  for publicat ion in this journal. 
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Although the action of carboxypept idase  has been generally related to the hydrolysis  of simple 
peptides,  evidence has come to fore tha t  this peptidase is also capable of l iberating amino acids 
f rom protein  subst ra tes l ,  -~, p re sumab ly  from the carboxyl  (C-terminal) end of polypept ide chains. 
This enzymat ic  reaction is of interest  since it permi ts  the controlled, stepwise degradat ion of proteins  
and the identification of C-terminal amino acids of the original and residual protein. However,  the  
success of this  method as an analytical  tool depends on the removal  of the last t races of active 
endopept idases  (ehymotryps in  and trypsin) and free amino acids from the prepara t ions  of enzyme 
and substra te .  In  applying this method to chymotryps inogen  and DFP-a -chymot ryps in  as substrates ,  
purified crystalline prepara t ions  of these proteins were subjected to additional crystall izations unti l  
chymot ryps in  and t ryps in  contents  (as determined by  hydrolysis of synthet ic  substrates)  were 
reduced to less t han  o.2%. Las t  traces of these proteinases were inactivated by  diisopropylfluoro- 
phospha te  (DFP) 3 which does not  significantly inactivate carboxypeptidase,  and free amino acids and 
peptides were removed by exhaus t ive  dialysis against  o.ooi M HC1. Carboxypeptidase,  dissolved 
in l i thium chloride, and subs t ra tes  were incubated for varying lengths of t ime at  25 ° and pt-I 7.8 
and the liberated amino acids were determined with a modified colorimetric n inhydr in  method 4 after  
precipi tat ion of proteins by  trichloracetic acid. 

Wi th  chymot ryps inogen  as subs t ra te  ( subs t ra te /enzyme mole ratios of 17 and 5o) not  more 
than  o.2 to 0. 3 moles of amino acids per  mole of chymot ryps inogen  (molecular weight  22,5oo ) were 
maximal ly  found in less t h a n  3 ° minutes  of hydrolysis.  However,  when crystalline DFP-a -chymo-  
t rypsin  was used as subs t ra te  ( subs t ra te /enzyme mole ratio of 22 and 32), 2 moles of amino acids 
per  mole of subs t ra te  were maximal ly  liberated after  2 to 3 hours of incubation.  Carboxypept idase  
remained fully active even after  6 hours  of incubation. 

In  order  to identify the amino acids, one- and two dimensional paper  ch roma tography  was 
used wi th  p h e n o l - - w a t e r ,  and n -bu tano l - - ace t i c  a c i d - - w a t e r  (2oo:3o:75), respectively, as solvent  
systems.  The enzymat ic  reaction was  te rminated  either by  the addition of trichloracetic acid or by  
acidification wi th  HC1 to p H  3.o. No suppor t ing  buffers were employed bu t  l i thium chloride (o.5%) 
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