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would be compatible wi th  those of K,wl ;  for the I T P  also since no Zn - ITP  complex 
is observed and  it could not  compete  for the zinc present t t lereby releasing the ATP, 
nor is I T P  configurat ional ly  sa t is factory,  wi th  or wi thou t  Zn ion, to  subs t i tu te  
direct ly for the ATP. 
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,% UMMARY 

The detection of N-ace ty lawino  sugars on paper  ch romatograms  has been made  more  
sensitive by  the use of an e thano l -bora te  spray,  followed by s teaming  and  spray ing  
with a modified DMAB spray. As little as I ~g of N-acetylglucosamine can be de tec ted  
on paper. By ex t rac t ing  the  cnloured complexes f rom the  paper, the  me thod  can be 
adap ted  for quan t i t a t ive  studies. The r~ethod was applied to the detect ion of acetyl-  
amino sugar compounds  in par t ia l  acid hydro lysa tes  and lysozyme digests of bacter ia l  
cell walls. 

I N T R O D U C T I O N  

P A R T R I D G t  - t  demons t ra ted  tha t  the reagents used in the MORGAN :X.N'D EI.SOx "~ react ion 
for N-acet3;lamino sugars could be adap ted  for the detect ion of these compounds  on 
paper  chromatograms.  The s tabi l i ty  and  yield of the  coloured complex formed under  
the  condit ions of the N-acety lamino sugar react ions is susceptible to such factors as 
the  dura t ion  of heat ing with alkali, the presence of salts, the concent ra t ion  of hydro-  
ctdoric acid in the p -d imethy lamino  benzaldehydo reagent ",-~. I t  is therefore not  
Re[ere~ces p. 3x2. 
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surpris ing tha t  the  react ion on pape r  has not  a lways  been reliable. The  colourimetr ic  
me thods  for de te rmin ing  N-ace ty lamino  sugars llave been modif ied in recent  years~, ~ 
and  a d v a n t a g e  of these i mprovem en t s  has been t aken  in the deve lopment  of a more  
reliable and  sensi t ive me thod  for de tec t ing  these corn pounds on paper  chromatograzns.  
The  m e t h o d  has been successfully applied to the detect iol t  of N-ace ty lamino sugar 
subs tances  in par t ia l  acid hydro lysa tcs  and  iysozyme digests of bacter ia l  cell walls. 

METHODS 

Paper J~rom,~togmpldc pr~.:cd.urcs cmd spray rc,~ems 
N-ace ty lg lucosamine  (Light and Co. and Nutr i t ional  Bioct~emicals Corporat iol t  

p r epa ra t ions  were used} solut ions were applied to XVhatman pape r  No. r and the  
papers  were i r r iga ted  with a va r i e ty  of solvent  sys tems (pyr id ine-water ,  4: x, v /v ;  
m e t h a n o l - w a t e r ,  4: x, v.lv; n -bu tano l -g lac ia I  acet ic  ac id-water ,  3: I ' r  by  volume).  
Af te r  evapo ra t i ng  the solvents ,  t he  foUowing steps were used for the  de tec t ion  of 
t h e  a c e ty l a mino  sugars on the  paper  c h r o m a t o g l a m s :  

I .  Pa pe r  c h r o m a t o g r a m s  were sp rayed  wi th  an e t h a n o l - b o r a t e  mix tu re  (95 °; 
e thano l -o .o5  31 NaaBaO 7, I : I  b y  volume),  care  being taken  to see t ha t  the papers  
were ful ly  mois tened ,  ye t  not  flooded. 

2. T h e  papers  were freely suspepded  from glass rod.s in a s team oven (bacterio- 
logical s t eamers  p roved  mos t  convenien t  for the  purpose).  The  ch roma tog rams  were 
s t e a m e d  for  I o  rain. 

3- The  s t eamed  ptapers were then sp rayed  wi th  a p -d ime thy lamb:o  benzaldehyde 
(DMAI¢) reagent  sp ray  having  the  following composi t ion  : Io  ml  of a 2 o0 w/v ~olution 
of DMAB in glacial acetic acid + 30 ml ~-bu tano l  - -  o.4 ml cone. HCI. 

For  mos t  of the  expts ,  r epor t ed  below, bo th  the e t h a n o l - b o r a t e  mix tu re  and 
the  D3IAB s p r a y r e a g e n t  were made  up freshly each day.  However ,  sa t i s fac to ry  
results  were also ob ta ined  with reagent~ tha t  had been s tored  at room t e m p e r a t u r e  
for  one week. 

Developme~t a~d extractioi~ o/ll~e N-acdylamiJ~o s¢~gar ~olourcd ~omfllcx 

Before  tl~e o p t i m u m  condi t ions  for the fo rmat ion  of tl~.e coloured complexes  
could  be de te rmined ,  a sui table  solvent  sys tem had  to bc developed for the  ex t r ac t ion  
of these  complexes  from the  paper  chromatogrmns .  The coloured produc ts  formed 
on reac t ion  with the  N-acetylaxnino sugar sp ray  reagents  described above were 
unsaable in water ,  and  mix tu res  of ace tone  or methanol  or e thanol  with acetic acid. 
Ra p id  e x t r a c t i o n  was ach ieved  with a m i x t u r e  conta ining e thy l  ace ta te -g lac ia l  acet ic  
ac id -wa te r ,  3 : I : I by  volume.  Reproducib le  resul ts  were ob ta ined  when the  colourcd 
areas  on  c h r o m a t o g r a m s  were e x t r a c t e d  individual ly  and  the opt ical  densit ies of the  
solut ions immed ia t e ly  de te rmined .  The  colour  in the  e thy l  acetate--acet ic  acid- water  
m i x t u r e  also faded bu t  less rap id ly  than  in some of the  o the r  solvents  tr ied.  However ,  
the  colour could  also be e x t r a c t e d  much  more  slowly in glacial acetic acid. E x t r a c t i o n  
in a d o s e d  tube  wi th  f requent  shaking took  abou t  i h a t  room tempera tu re .  Once 
e x t r a c t e d  the  colour  r emained  qui te  s table  in the glacial acetic acid for several  hours .  

To  de te rmine  the  condi t ions  for m ax ima l  colour deve lopment ,  the  t ime course 
of the  reac t ion  on paper  was foUowed a t  2o °, 35 ° and  t} 7 °. For  this purpose,  a solut ion 
of N-ace ty lg lucosamine  to give 250/zg ace ty l amino  sugar  on each c h r o m a t o g r a m  
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" spo t " ,  was applied to W h a t m a n  No, z paper  and ascending ch roma tog raphy  was 
then perfoiTned in me thano l -wa te r  4 :x ,  v/v.  The paper  chromatograms  were sprayed  
according to the procedure out l ined above. Colour development  at the three  tempera-  
tures was followed by  cut t ing ou t  duplicate  " spo t s "  a t  various intervals  of t ime. 
From these papers,  the colours were ex t rac ted  individually with 4 ml e thyl  a c e t a t e -  
glacial acetic ac id -wate r  mix ture  and the optical  densities de termined  in a Model DU 
Beckman spec t ropho tomete r  at a wavelength of 585 intL. The results are summar ized  
in Fig.. x. 

" 2 o °  - -  

~h ~.o.5~ / ./\ r --"---- ° .~ - 
/ /  / 1~ 35  

.. ! / \  

~ f . .  " 

o 3 0  6 0  gO 1~o 
Time (rain) 

:Fig. ~. The effect t~f temperature on the development of the 1N--acetylamino sugar eolour reaction 
on paper chromatograms as determined by the spraying, and extraction tec.hniqnes described 

in the text. 

W h e n  t h e  c01onrs  fo ]zned  o n  p a p e r  c h r o m a t o g r a m s  a t  2o ° a n d  35 ° w e r e  e x t r a c t e d  

and  examined  in the spec t rophotometer ,  t hey  were found to  possess spec t ra  identical  
to  those  obta ined by  react ion of N-acety lamino sugars in solut ion with the  modified 
MORC.x.~- :L~D ELSON reagentsa, 4. HeatiI~g at  97 ° for more than  xo rain resul ted in 
a blue-purple colour. The complex so formed was unstable  in the ex t rac t ion  mix tu re  
and a residual blue-grey pigment  could not  be removed from the paper. Thus  for  
quan t i t a t ive  est imation of N-ace ty |amino  sugars f rom paper chromatograms,  develop-  
ment  of the colour should be carried ou t  at  t empera tures  below 50% 

Sensitivity o/ the ~zethod 

With  the  procedure  described in this paper,  as little as I pg of N-acetylglucos-  
amine or N-aeetylgalactosamine can be de tec ted  on paper  ch romatograms  and the  
purple spots given by  these quant i t ies  of ace ty lamino sugars were visible for several  
days. 25 ~g N-acetylglucosamine gave ch romatogram "spo t s"  of sufficient in tens i ty  
to  be visible for at  least one week. For  ex t rac t ion  from the  paper,  abou t  ~o t~g acetvl -  
amino sugar was required to give a sui table reading at  585 mt~. The  coloured complex  
der ived from xo/~g N-acetylglucosamine on ex t rac t ion  i~tto 4. ml e thyl  acetate-- 
acetic ac id -wate r  mixture ,  gave an E l  e,, of approx ima te ly  o.I ,  at  585 mt~. 

N-acetylneuraminie  acid reacted very  slowly on paper  chromatograms,  when 
t rea ted  under  the  condit ions of the present  method.  However ,  x5 t~g of syn the t i c  
N-acetylneuraminic  acid (kindly provided by  Dr. J. W. COR.~FORTn) was readi ly  
detectable  and the colour when folzned, remained stz3ge for several  weeks. 

g~plication o] the method to the d,;teetion o] a~etylamino sugar compounds i~ #arlial aoid 
hydrolysates and lysozyme digests o/bacterial call ~,alls 

Cell wails of Microeoccus lysodeikti~us were hydrolysed  with x~ N HC1 for 6 days  
at  4 ° and  for I, 2 aud 7 days at  37°; the HCI was removed  h~ vacuo over  H=SO 4 in 
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the  presence of N a O H  pellets. Lysozyme  digests were prepared  as previous ly  de- 
scribed ~. The  hydro lysa tes  and  digests were then  sub iec ted  to separat ion b y  the  
"f ingerpr int ing" technique  of combined  paper  electrophoresis  and ch roma tog raphy  
described b y  I~GRAM u. The  concen t ra ted  dia lysable  products  of lysozyme diges ted  
walls and  the  ac id  hydro lysa tes  were appl ied to Wh~xtman No. 3MS[ paper  af ter  prior  
mois tening wi th  a volati le buffer of pyr idine-glaeia l  acetic ac id-water ,  i o : o . 4 : 9 o ,  
b y  vo lume 7. Electrophoresis  was per formed  at  p H  6.4 for 2 h at  r4  V/era ~tnd Mter  
d ry ing  the papers ,  ascending ch roma tog raphy  in u~butanol-glacial  acetic ac id -wa te r ,  
3 : I : I ,  b y  volume,  was  ea rned  ou t  overnight .  The  fingerprints were dried a t  room 
tempera tu re ,  sp rayed  as descr ibed above  and the colours al lowed to  develop at 35 °. 
Dupl ica te  ch roma tograms  prepared  in this w a y  were sprayed  wi th  n inhydr in  and 
ammoniaca l  silvm ni trate .  Only the N-aee ty tamino  sugar  compounds  t ha t  were well 
sepa ra ted  I t em the  free amino sugars or  free amino acids were selected for fur ther  
identification. Fox this purpose  dupl ica te  fingerprints were p repared  and  the areas  
cor responding  to the  purple  " spo t s "  on the sprayed  fingerprints were eluted,  b_ydro- 
lysed  for I6  h at  Io7 ° with 6 N FtCI a~)d examined  for the  cons t i tuent  amino sugars 
an d  amino  acids b y  two dimensional  ch roma tog raphy  using pyr id ine -wate r ,  4 :x ,  v/v  
in the  first direct ion and  ~ -bu tano l -aee t i c  ac id-wate r ,  6 : i : z ,  v/v,  in the  second 
direct ion.  

In  all of the  par t ia l  ac id  hydro lysa tes ,  N-ace ty lamino  sugars,  free amino sugars  
a n d  free amino  acids were detec ted .  N-aee ty lg tucosamine  and  a smaller a m o u n t  of 
N-ace ty lmuramic  acid were l ibera ted  b y  hydrolys is  for 6 days  at  4 ° and in addi t ion  
an acidic c o m p o u n d  of N-acety lg lucosamine  and N-ace ty lmuramic  ac id  was also 
present .  Hydro lys i s  for I and  2 days  a t  37 ° gave intense spots  for b o t h  N-ace ty l -  
g lucosamine and  N-ace ty lmuramic  acid;  the  a m o u n t s  of bo th  ace ty lamino  sugars 
decreased  on hydro lys i s  fi)r 7 days  a t  37 ° due  to  deacetyta t ion .  A number  of N-acetyl-  
amino  sugar-react ing sabs tances  possessing negat ive  charges a t  p H  6.4- have been 
de t ec t ed  in the  2 d a y  hydro lysa tcs ,  bu t  these have not  yet  been  identified. 

The  d ia lysable  fract ion p repa red  from lysozyme-diges ted  walls of :1,I. lysodcikticus 
con t a ined  a subs tance  composed  of N-ace ty lg lucosamine  and  N-ace ty lmuramic  acid s. 
W i t h  the  increased sens i t iv i ty  of the  present  method,  an addi t ional  compound  
possessing a s t rong ace ty lamino  sugar  react ion has now been detected.  The c o m p o u n d  
was  sepa ra t ed  as a neut ra l  subs tance  at p H  6. 4. On hydrolys is  it )delded glueosamine,  
m u ramic  acid, alanine, glycine, g lu tamic  acid a, td lysinc in tlie following app rox i ma t e  
p ropor t ions :  3: 1 :2 .4 :  I : x : x. 4 (as d -*ermined b y  ninhydr in  colour), i f  the  n in lwdr in  
colour  gives a sa tmfac tory  measure  of the  ra tms of amino  sugars, then these  resul ts  
suggest  t h a t  lysozyme can b reak  the glycosidic bonds as close as 3 amino sugar  uni ts  
from the  muramie  ac id -pep t ide  par t  of the  molecule. The results from enzymic  
digest ion and  par t iM acid hydrolys is  show tha t  repeat ing sequences of N-ace ty l -  
g l u c o s a m i n e - N - a c e t y l m u r a m i c  acid form impor t an t  s t ruc ta ra l  " b a c k b o n e "  or 
" 'br idge" uni t s  in the  cell walls of ~lt. lysodeikticus. Although the  behav iour  of the  
c o m p o u n d  (disaccharide?) of N-ace ty lg lucosamine -N-ace ty lmuramie  acid on the 
f ingerprints  is fair ly similar  for b o t h  p roduc t s  ob ta ined  b y  par t ia l  acid hydrolys is  
and  enzymic  digestion, it is not  known  whe t he r  the subs tances  are identic'aL PERKtNS 
A N D  R O G E R S  t~ found  a deace ty l a t ed  c o m p o u n d  of gtucosaminc and  murarnic acid 
under  thei r  condi t ions  of hydrolysis .  

The  locat ion of some of the  N-ace ty lamino  sugar  subs tances  on fingerprints of  

.References p. 3 t2 .  
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hydrolysates and lysozyme digests is i l lustrated in Fig. 
detected are listed in Table I. 

The spray reagents used in this study have  also been 
useful in detect ing the N-acetylamino sugar residues of 
the non-dialysablo components of the lysozyme-digestcd 
walls of ~I. lysodvikticus, when these substances have 
been separated by electrophoresis on glass fibre "paper". 

Fig.  .'. T h e  l o c a t i o n  of  N - a c e t y l a m i n o  s u g a r  c o m p o u n d s  on  
" f i n g e r p r i n t s "  of p a r t i a l  a c i d  h y d r o l y s a t e s  a n d  l y s o z y m c  d i g e s t s  
of  31. t ) 'sodcikl ict ts  cel l  wal l s ,  E l e c t r o p h o r e s i s ,  c h r o m a t o g r a p h y  
a n d  s p r a y i n g  p e r f o r m e d  as  o u t l i n e d  in  t h e  t e x t .  H N - a c e t y l -  
m u r a m i c  a c i d ;  ~. N - a c e t y l g l u c o s a m i n e ;  3. N - a c e t y l m u r a m i c  ac id  
-- S - a c e t y l g l u e o s a m i n e  c o m p o u n d  p r e s e n t  in h y d r o l y s a t c s  a n d  
d i a l y s a b l e  f r a c t i o n s  of  l y s o z y m e  d i g e s t s ;  t h e  s u b s t a n c e  f r o m  t i le  
l a t t e r  p r e p a r a t i o n s  g e n e r a l l y  s h o w e d  m o r e  s t r e a k i n g  in  t h e  
d i r e c t i o n  of e l e c t r o p h o r e s i s .  4. N - a c e t y l a m i n o  s u g a r  - pcp~ ide  
cumplc-x f r o m  t i le  d i a l y s a b l e  p r o d u c t s  of l y s o z y m e  d i g e s t e d  wal l s .  
U n i d e n t i f i e d  N - a c e t y l a m i n o  s u g g r - r e a c t i n g  s u b s t a n c e s  s h o w n  b y  

s h a d e d  " ' s p o t s " .  

2 and some of the products  

0 
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T A B L E  I 

SOhIE OIr THE I~RODUCTS OF I~ARTIAL ACID 1-IYDnOLYSI~ AND LYSOZ;YI~ll3 DIGE;~TION OF 
THE X~'ALLS OF Zvlicvococcus lysodaik t ic t t s ,  DETECTED BY TBI~ "FINGI~RPRINT" TECHNIQUE 

Ilydzvl3'sis and 
direr'slier] coPl4~l~l~JJzs CO~IIIt'~DU~I~$ daectt'd 

z2 .\r HCI,  6 d a y s  a t  ,1% 
, a n d  2 d a y s  a t  37 ° 

L y s o z y m e ,  24 h a t  37 z 
1)ill  ys,-tb le f r a c t i rm  

N - a c e t y l g l u c o s a m i n e ; N - a c e t y l m u r a m i e  ac id  ; a c o n a p o u n d  of  N - a c e t y l -  
m u r a m i c  ac id  a n d  N - a c e t - y l g l u c o s a m l n e ;  u n i d e n t i f i e d  s u b s t a n c e s  
g i v i n g  p o s i t i v e  a c e t y l a m i n o  s u g a r  r e a c t i o n s ,  f ree  a m i n o  a c i d s  a n d  f r e e  
a m i a o  suga r s .  

A c o m p o u n d  of  N - a c o t y l m u r a m i G  a c i d  a n d  ~ - a c e t y l g l u c o s a m i n e ;  
n e u t r a l  a c e t y l a m i n o  s u g a r  - pep t i¢ le  c o m p l e x  c o n t a i n i n g  g l u c o s a m i n e ,  
mur&mic  ac id ,  a l a n i n c ,  g lyc ine ,  g l u t a m i ¢  a c i d  a n d  l y s i n e  in  tt~e p r o -  
p o r t i o n s  3 : l : z .4  : 1 : x : t .  4 ; u n i d e n t i f i e d  s u b s t a n c e s  g i v i n g  p o s i t i v e  
a c e t y l a m i n o  s u g a r  r e a c t i o n s .  
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