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SDMMARS' 

Some of the dialyzable products  of the digestion of Micrococcus £,,'sodei#Uce,~.~ ceil walls 
by  lysozyme and by  a simi]ar enzwne secreted b y a  Sl, r@~omyces !~as~e beeJ? isolated 
and their compositions determined. The two simplest substances released by  both 
enzymes are (a) a di-saccharide of N-acetylmuramic acid-N-acetylglucosamh~e and 
(b) an N-acetylmuramic  acid-N-acetylglucosamine complex. Seven peptid,.>a.cety}- 
amino sugar complexes have been isolated. All seven compounds contain lysine, 
glutamic acid, glycine, alanine in the same molecular proportions z;s found in {he 
original ceil wall and a dL-saccharide moiety  of X-acetylmuramic  acid and N-acet?d- 
glucosamine. One of the peptide-amino sugar complexes contains Jn addition a poTy- 
saccharide moiety [N-acetylmuramic acid-N-acetylglucosamine].,0. 

INTRODUCTION 

As reported earlier 1, the. dialyzable fraction of lysozyme-digested 2Iicrococc~s [);so-. 
defhtic~s cell walls, contains at  least one "small fragmenff '  distinguishable by Jt~ 
RF value and by its positive MOe6AN AND ELSON reaction. I t  was also ~.,hox~;n tha i  tJ;is 
"small f ragment",  possibly di-saccharide, is composed of N-acetylglucosamine and a;~ 
unknown N-acetylamir~o sugar, subsequently shown to be muramic acid2, a. 5Im-amJc 
acid was first detected in hydrolysates  of spore peptides< '~ and laier found in m a n y  
bacterial cell walls 6-u. The structure of 3-O-a-carboxethyl-D-gluco~samine has been 
proposed for it by  ST~A>-GE AhD KEaT ~°. 

This paper describes the isolation and the composition of s(vera] compounds 
giving a positive ~IORGAN AND ]~LSON reaction, which are released from ;1S,icrococcw 
13,sodeileticr.¢s cell walls during digestion with egg-white ]ysozyme a~lc.] >~itl~ the Y~ 
fraction obtained from a bacterio]ytic Str@to~n3'ces culture ~a-l'~, 

Abbreviations: AG ~ N-acefiy]g]ucosamine.: DMAE ,- j;-dhnethy]ar.zim)benza]deh3de. 
* Associ6 du FoJ~ds Na.tional de Ia ]Zecherche ScJentifique. Be]gium. Present sdd~.ro!{s: Service 

de ]3acteriologie, Universit-d de Li6ge, Belgium. 
** Presel~t address: ])e]c)a.rtment of IgacterTology, Universit:y of Manchestc'r, ]~g!a~d. 



ENZYMIC STUDY OF M. lysodeikticus CELL WALLS. I 463 

MATERIALS AND METHODS 

Cell walls preparations 

Micrococcus lysodeikticus (NCTC 2665) was grown in vigorously aerated nutrient 
broth supplemented with 1% glucose and o.I % mannitol. The cell walls were made 
by the method of SALTON AND HORNE 14. 

Enzymes 

Crystalline egg-white lysozyme (Armour Laboratories) was used throughout 
these studies. The Streptomyces bacteriolytic enzyme was isolated by  one of us (J.M.G.) 
from culture filtrates (280 L) by a selective adsorption 13 at pH 7 on an Amberlite 
IRC 50 column. The resin was then washed three times with a N KC1 solution, 
suspended in a buffer o.o8 M KOH-o.o8 M boric acid-o.42 M NaC1 and treated 
with IOO ml (per 200 g of resin) of a 4 N K O H - N  KC1 solution. The supernatant,  
dialyzed and lyophilized (2.1 g) was readsorbed on the minimum of Amberlite IRC 50 
XE 64, previously equilibrated against a o.o125 M veronal buffer pH 7, and eluted 
at the same pH by a 0.05 M veronal-o.2 M NaC1 buffer. This elution was carried out 
four times by stirring the resin with the selected buffer system. The extracts were 
dialyzed together against distilled water and the white insoluble material (o.195 g) 
was collected. This last step of purification by precipitation at zero ionic strength was 
repeated three times and finally the insoluble purified enzyme (0.086 g) was dissolved 
in the buffer system KH2PO4-K2HPO4, /z o .o I -pH 7, o.i  M NaC1 (2 rag of dry 
weight enzyme/ml of solution), divided in lots of I ml each and freeze-dried. This 
final "F 1 preparation", at a concentration of IO ~g/ml, is without any detectable 
activity upon heated Escherichia coli cells, casein and keratin11,1~ and reduces the 
turbidity of a staphylococcal cell suspension 13,14 (lab. strain SA3) to 50 % of its original 
value in I h. 

Preparation of the dialyzable fractions of enzyme-digested walls 

I g of cell walls (dry wt.) was incubated for 20 h at 37 ° in the presence of I rag 
enzyme (lysozyme or F 1 preparation) in 4 ° ml 0.05 M ammonium acetate. The clear 
solution was dialyzed against 15o ml distilled water at 4 ° for 24 h. Dialysis was 
repeated three times and the dialyzable fraction freeze-dried in vacuo over H2SO ~. 
Under these conditions, the dialyzable fraction accounted for approx. 35 % of the 
original weight of cell walls after F l treatment,  and approximately 45 %, after lyso- 
zyme treatment.  

Chromatography 

Chromatography was performed on Whatman No. I paper in one dimension 
(descending in n-butanol-acetic acid-water (3 : I  :I, v/v/v)) or in two dimensions 
at right angles (ascending in pyridine-water (4 : I, v/v) and descending in the butanol-  
acetic acid solvent). 

Electrorheophoresis 

Electrorheophoresis was carried out without avoiding the evaporation of the 
solvent from the papers by supporting them on a frame 34 em/2o cm. Whatman 
3MM paper and glass fiber filter paper (No 934-AH; Hurlbut Paper Co.) were used 
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under a constant voltage of 700 V with tile following buffer system.¢.: 2 _:\r acetic acid 
(pH 2.35); glacial acetic acid-pyridine-water  (2:4:1ooo) (pH 5.5); o .o2N acetic 
acid + NI-I s (d 0.88) to pH 8. 9. The material to be separated by  eiectrorheophoresis 
on 3MM paper was deposited either at tile equilibrium position ne,-r the ce.:ater c~ the 
sheet (when performed at pH 2.35 ), or close to the positive electrode (for pH 5.5) or 
to the negative electrode (for p H  8.9). For all tile experiments on glass paper, the 
substances were deposited at the center of the sheet. 

S;3rays and color reactions 

On tile chromatograms and electrorheophoreograms, the amino acids and amino 
sugars were detected with ninhydrin (o.2 % in acetone) and estimated by  e::tracting 
tile spots in 5 ml of acetone-water (3 : I, v]v) and measuring tile O.D. of ti:e solution 
at  57 ° rap.. Tile reducing substances were detected with ammoniacal silver nitrate 
reagent and the acetxdamino sugar-type substances by  SALTON'S methodY'. 

Hexosamines in solution were determined by a modification 1~ of the method of 
ELSON AND ~IORGAN. 

The teclmique used by REISSlG et al. 17 for the MORGAN-ELsON ncctvJh,:::.:osa.mJne 
reaction was applied to the purified acetylamino sugar comp]exe~ as follows: I m] 
of sample, in 0.o5 M N%B.~O v was heated for art adequate period of time (see 
EXPERIMENTAL) ill a boiling water bath, and, after cooling to room temperature,  
mixed with 2. 5 ml of El~itr.lclt's reagent (I g DMAB rp-dimethylanEinobenza]dehyde.~ 
in IOO ml glacial acetic acid containing 2 ml of cone. HCI). After 20 rain zt 37", the 
O.D. was read at 585 mtJ- 

EXPERIMENTAL 

Pal~er chromatogral~hic pro/)erties 

After digestion by  ]ysozyme or by  I: 1, the dialyzable material con'esponding to 
5 mg of original Micrococcus ~,sodeikticus cell walls was examined by  paper  ct:romatog- 
raphy (Fig. I). 

The chromatograms obtained from both enzymic digests showed the presence 
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Fig. z. Diagram of paper chromatograms oi the MORC.A~'-ELsoN positive substnnces released ~rom 
Micrococcus lysodeikticus cell walls by lysozyme and F a digestion. (a) Two-dimensional chromato- 
graphy for ~ 2 h in pyridine-water (ascending) and I8 h in butanol-acetic acid-water (descending). 
(b) One-dimensional chromatography for 3 ° h in butanol-acetic acid-water (deseeJ~ding). IV 
and III  components: DMAB and AgNO s positive; ninhydrin negative. ]I and I components: 

DMAB. AgYO s and ninhydrin positive. 
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of four spots detected by  the modified MORGAN-ELSON spray reaction 15. The compo- 
nents were called respectively LI, LII ,  LI I I ,  LIV (after lysozyme digestion) or 
F J ,  F J I ,  F I l I I ,  F I lV (after F 1 digestion), the index I to IV indicating an increasing 
migration in the butanol-acetic acid solvent. In pyridine-water, components I I I  and 
IV migrated together and were very close to the solvent front, while components I and 
I I  showed considerable tailing. 

Chromatograms were also sprayed with ammoniacal silver nitrate and ninhydrin 
reagents. Compounds I, II ,  I I I  and IV showed a positive reaction with silver nitrate, 
but only compounds I and I I  were ninhydrin positive. Additional silver nitrate 
positive and ninhydrin positive spots could be detected but were not further examined*. 

Electrorheophoretic properties 
For the studies of the electrorheophoretic properties of the four MORGAN-ELSON 

positive substances liberated by lysozyme and F 1 from Micrococcus lysodeikticus cell 
walls, the dialyzable, digested fractions were applied to Whatman No. I paper as a 
band (400/~g/cm) and irrigated with the butanol-acetic acid system. After the four 
spots were located by spraying a narrow strip with the modified MORGAN-ELsoN 
spray reagenO ~, the bands were eluted with water and the solution evaporated to 
dryness. 

After electrorheophoresis on Whatman 3MM paper under the conditions described 
in MATERIALS AND METHODS, the substances were located by their positive reactions 
with silver nitrate and DMAB reagents (components I I I  and IV) and, in addition, 
with ninhydrin (components I and II). 

The migrations of the main substances are illustrated in Fig. 2. This figure also 
shows the behavior of a neutral substance (N-acetylglueosamine). 

At pH 5.50 and 8.90, all the substances were found to have a negative charge 
with a migration decreasing in the following order: L I I I  and F J I I ;  LIV and FxlV; 
LI and F J  ; L I I  and F~II. At pH 2.35, L I I I  and F J I I ,  and LIV and F~IV were neutral 
while LI  and FJ, and LI I  and F~II behaved as basic substances, the former pair 
being less positively charged than the latter pair. 

These electrorheophoretic properties and color reactions strongly suggested that  
the components L I I I  and FJII, LIV and FJV, were two different types of N-acetyl- 
amino sugar complexes, with free carboxylic groups belonging to muramic acid. On 
the other hand, the behavior of the components LI and FII ,  LI I  and F~II showed that  
they were probably peptide-N-acetylamino sugar complexes. 

The electrorheophoretie properties of these complexes were also examined on 
glass fiber paper with the same buffer systems. These studies were undertaken with 
fractions already purified by chromatography in butanol-acetic acid and electro- 
rheophoresis on Whatman 3MM paper. Since SALTON'S modified MORGAN-ELSON 
spray reagent gave irregular and generally rather weak reactions on this glass paper, 
the substances were detected only with the ninhydrin and silver nitrate reagents. 
The substances migrated more readily on the glass paper than on Whatman paper. 
Therefore, the time of electrorheophoresis on glass paper was less and the various 

* I t  is wor th  no t ing  t h a t  the  s i lver  n i t r a t e  reagel l t  showed a fifth wel l - separa ted  spot,  nin-  
h y d r i n  and lX~ORGAN-ELSON negat ive ,  w i th  a RF 0.95 in p y r i d i n e - w a t e r  and  0.50 in  b u t a n o l -  
ace t ic  acid. I t  o r ig ina ted  from the  d ia lys is  t u b i n g  and  appea red  to  be glycerol  or a r e l a t ed  
subs tance .  
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substances could ]Lot be applied close to the electrode to wh.;ch they ",ver,:. :~ttracl:ed 
by  their electrical charges. (e.g., applied at pH 5.5 near the positive e~ec,.,,,de,' '1-,," ." compo- 
nents I I I  and IV migrate off tile glass paper). 
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Fig. 2. Diagram of electrorheophoretic behavior on 1VImtman 3~h~I paper of the MoI,'G:L.'.:-J:'.Lso,~ 
positive substances released from Microce,,:mts O,s,,M.eiklic1~'s cell walls by lysozymc and ]-'~ digesti,m. 
IV and 111 components: D3IAJ3 and Ag,NO.~ positive; ninhydrin negative. Ji a.nd I cr)mpone.,z.ts: 

J)3IAB, Ag,NO z and ninhydrin positive. AG: N-acetylglucosav,~i~e. 

At p H  5.5 and after I h of electrerheophoresis, components I l i  and IV migrated 
12 cm from the center of the sheet towards the positive electrode. Although no 
further separation of lhese components occurred under these conditions, zifis electro- 
rheophoresis was a useful step in the purification of both compounds because of d~e 
removal of one or more contaminating reducing substances (with a migratior, of 3 4:o 
I5 cm). 

The situation was the same for the components I and II .  Contaminating,~l~bs1:ances 
were removed by  further electrorheophoresis on glass fiber at pH. 2.35 (2 h} or a l 
pH 5.5 (I h). In addition, a further separation was achieved with the F i l l  fraction. 
This fraction, separated alter a 5-cm migration on Whatman 3MM at pH 2.35, was 
resolved by  electrorheophoresis on glass fiber, at  the same pH (2 h}, into four compo- 
nents with a migration from the center of the sheet of o; 4..5; 7 and z3 cm. Only two 
intermediate fractions F f l I  B and F j I I  C were both sih'er nitrat,~ and ninhyd:-iJ) 
positive. 

Separa t ion  a n d  15urification 

The technique was based on the chromato~aphic  and electrorheophoretic 
properties described above. In every case, the dialyzable, digested fractions were 
first separated by  chromatography in the butanol-acetic acid system and the four 
~IORGAN-ELsoN positive areas eluted and taken to dryness. 

Fractions I I I  and IV were successively submitted to electrorheophoresis at 
pH 5-5, first on 3MM paper (deposited near the positive electrode) and ,~dterwa:'ds on 
glass fiber paper, the transfer of the substances from one paper to the other being 
made by  applying the band of 3MM paper to the center of the glass fiber j:~aper. The 
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substances were finally eluted from the glass paper, filtered through a sintered glass 
filter and evaporated to dryness by lyophilization. 

The purification of fractions I and II was more complicated since, unlike fractions 
II I  and IV, each of them contained several compounds, with different eleetrorheo- 
phoretic properties. Furthermore, the number and behavior of the compounds in 
fractions I and II varied in different enzymic digests. These variations perhaps suggest 
some difference in the degree of the enzymic digestion of the preparations or in the 
efficiency of the dialysis. Whatever the explanation, the purifications were carried 
out in the manner reported above for the components I I I  and IV, by successive 
electrorheophoresis at pH 2.35 and 5.5 on Whatman 3MM paper and on glass fiber 
paper. 

Composition of the purified compou~,ds LIII, FIlII, LIV and F J V  
Preliminary experiments showed that these purified complexes consisted only 

of N-acetylglucosamine and N-acetylmuramic acid, with no free amino groups. 
Estimations of the two hexosamines liberated by acidic hydrolysis and of the purity 
of the complexes III  and IV were performed as indicated below. 8o0/,g of each 
compound were hydrolyzed with I ml 2 N HC1, 2 h, IOO ° and each hydrolysate 
divided into four aliquots called series A, B, C, D and treated as follows. 

(A) Aliquots were chromatographed in two dimensions and the ninhydrin positive 
spots, corresponding to glucosamine and muramic acid, were eluted with the acetone- 
water solvent and the O.D. determined at 57 ° mt,. (B) Aliquots were chromatographed 
in the butanol-acetic acid solvent and the areas corresponding to glucosamine and 
muramic acid were eluted, lyophilized and analyzed ~6. (C) The same procedure as (B) 
was carried out but the analyses were performed on cut-out areas of the paper placed 
directly in test tubes. In this case, the proportion H~O-acetylacetone buffer was 
2/1.5 ml. (D) The ELSOX-MoROA> reaction 1~ was directly performed on NaHCO a neu- 
tralized hydrolysates. For these hexosamine analyses, standard N-acetylglucosamine 
was also hydrolyzed and treated as above. 

Table I shows the O.D. of glucosamine/O.D, of muramic acid obtained with 
ninhydrin (series (A)) and the ELSON-MORGAN tests (series (B), (C), (D)). In series (D), 
muramic acid concentrations could be calculated since the amount of glucosamine 
was known by the above procedures ((A), (B), (C)). 

TABLE I 

RATIO GLUCOSAMINE/MURAMIC ACID, IN TERMS OF OPTICAL DENSITY, OF THE HYDROLYZED 

AMINO SUGAR COMPLEXES RELEASED FROM J%ff~ClzOCOCCUS lysodeiklicus CELL ~VALI.S 
BY LYSOZYME AND l~ 1 DIGESTION 

Ratio estimated by 

Fraction Ninhydrin ELSON-MORGAN Reaction 

Series (AJ Series (13) Series (C) Series (1)) 

F I l I I  i .13 2.4 ° 3.28 2.30 
L I I I  i .02 2.3 ° 2.98 2.50 
! v l l V  I 2.26 3.20 2.35 
L I V  1.03 2.25 3.03 2.42 

A v e r a g e  1.o 4 2.3 ° 3.14 2.39 

t~iochim. B i o p h y s .  Ac la ,  4 ° (196o) 4 6 2 - 4 7 2  
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Both  n inhydr in  and. ELSON-MO~C~AN rat ios  showed tha t  the  ,:a;r~e proportio~x of 
glucosamine and muramic  acid occurred ii~ the four arni>o s~ga:: compie~c'~s, j35 
u l t racent r i fuga t ion  (z-5 %; ammonium ace ta te  buffer 0. 5 3¢; :e58,5o<'~ ~< g), a,::i;:,o 
sugar  L IV gave an S value of 0. 3 S which ind ica ted  tha t  i t  wa;  a di-a~ccharide. 
(P.M. about  5oo). Therefore, a ~ to ~,: proportJo~ of N-acetylglueosar~i;ee ta E'-a.cetvl- 
muramic  acid was assigned to this compound as wei! as to the t}~rce oti-!er amJr'o 
sugar  complexes.  

The ELsox-Mo~.c,A> ~ ra t io  var ied  from 2.30 to 3.~.4 according to the  i.ecimique:. 
However ,  i t  is know~., 5 tha t  muramic  acid cannot  be es t imated  with  reierer.,ce to 
glucosamine unless the  conversion? factor  is k.l~own for  the  me thod  used. ~TPA?-gGY2 AND 
KEN1 "1° repor ted  tha t  the ra t io  glueosamine/mmTamic acid., expressed it-~ term:+ of 
ELSON-MORGAN react ion cdo ra t i on ,  was r e s p e c t i v d y  >78, ~-.85 a~d >56 ,vl'_,e~? ti~c 
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, ® , ~ ,  = ~ I 

; \ " o ~-~oo 
! c~ , - ~ ° - - - o  . . . . . . . .  i 
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Duraiiof of heoting in rain 

Fig. 3. ]£fl'ect of duration of heating of the borate so]utio~] o~ color de~ elopn~e~t, a!. 585 raft, fil 
MORGAN ELSON reaction of the amino sugar complexes IV aJ]d I I I  and. of ti?e ami~)o su[.m.r-]?eptide 
complexe LII, released flora .q'ficrococc,¢s Z3~sodei]dic~.es by enzymic digestions. Rigid: ordi~?aie: 
I;N-acetylglucosaminezoo/zg; ]eft ordinate:Ii :F~IV75¢~g(corrected~acig]qt);]lI :Y~iI 75fig 

(corrected weight) ; ~V : LII B (preparation 4b) eoo fig. 

es t imat ion was made  by the methods  of ELSON AND 5tlORGAN ls, D![SHE A?',D }-~OREN-- 
FREUND la and TRACEY z°. The me thod  of NEUHAUER e~ a[. Ja was se!ec* ed %r the present  
s tudies because it minimized interferences by  sugars and amfl~o acids, b~..~t the  
effectiveness of the  ext rac t ion  procedure  %r the differe~t chromoge>~ i~ ~lo~ knower. 

Tlne pu r i t y  of eacl~ amino sugar complex was es t ima ted  by referrh~g to ~; s t anda rd  
glucosamine curve. I t  was 75 °o for Fj . I I I ,  L I I I  and  F~IV and 9 ° % for LIV. 

A ce@lhexosal;,.ir~e MORC-AN-ELSON ¢'eac[ion: Tlais react ion was applied t.o the  di- 
saccharides LIV and F , I V  using the modified method  of REISSIG e~ C4}:. r~. AS sl~own i.~ 
Fig. 3, hea t ing  the alkal ine solutior~ for .3 mJr~ provided  a ma x imum co]orad<n~ fo~ 
the  N-a.cetylglucosamine while tl~e react ion was oi71y s]ight]y posi t ive for the  di-- 
saccbarJdes. Hea l ing  fo~_ a longer t ime resulted iJa a~ increasecl cc, ioratiorl unti l  a 
m ax inmm was finally reached after  4 ° rnin. Tl~e absorpt ion  spectrum of the colored 
complexes was identica] to tha t  g h e ~  by  N-acetylglucosamJne or b y  the %:ha1] 
f r agmen t"  prev ious ly  iso]ated I from 3"Tict'ococcz~s ~.,sodei#tice.~s ceil waUs, with two 
peaks  at  545 and 585 mis and a minimunn at  565 i~/~. 

!;'iochhn. ~Uio/5id, s. 4c&,, .,~ (~9dc) 4'.-32--4 72 
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By this technique, the di-saccharides were differentiated from the N-acetyl- 
glucosamine and from the amino sugar complexes I I I  which as shown in Fig. 3 
gave no appreciable color (a faint color was, however, obtained after heating i h 
at 12o°). 

Fig. 4 shows the relationship between the O.D. and the concentration of di- 
saccharides. As the proportionality coefficient was exactly the same for both LIV 
and FIIV, we used this property for their estimation. On the basis of a molecular 
weight of 497, the molar extinction coefficient was found to be 487 ° at 585 m~. 

0.900- 
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0.7 O0 - 

0.600- 

0.500 

0,400- 

O.300- 

O.Z 00" 

0.100- 

0 

O.D. 

6-  

o,,f  ° / 
! I I l 

40 BO 120 160 
t I I 

200 240 280 

Di-soccharide in  ~ g  

Fig. 4- Relationship between the O.D. (585 m/*) and the amoun t  of di-saccharides L IV ( O ) and F I l V  
(O) released from Micrococcus lysodeikticus by enzymic digestion, using the MORGAN-ELsoN reac- 
tion. The weight of the amino sugar complexes are corrected on the basis of a pur i ty  of 75 % for FzIV 

497" lO6 x 3.5 × o.oo28 
and 90 % for LIV. Calculation of the molar extinction coefficient : = 487 o, 

IOOO 
]P.M. of the di-saccharide, 497; volume of the solution, 3.5 ml; angular coefficient, o.oo28. 

Composition of the purified compounds FJ ,  FJ I ,  LI and LII 

Seven amino sugar-peptide complexes were isolated from three different prepara- 
tions (called 3, 4 a and 4 b) of the dialyzable fractions : FII, FIlI B and FIlI C (prepara- 
tion 3), LI, L I I  (preparation 4 a) and F~I, F~II (preparation 4b). As had been found 
by STRANGE A.~I~ POWELL 4 with the Bacillus spore peptides, complete hydrolysis of 
the different compounds I and I I  demanded fairly strong conditions, so that  the 
hydrolyses were carried out in 6 N HC1, for 20 h at IOO °. 

600 Fg of each compound, as well as synthetic control mixtures of equal quantities 
of lysine, glutamic acid, glycine, alanine and N-acetylglucosamine, were hydrolyzed 
and divided into three aliquots. These aliquots were further treated exactly in the 
same way as described above for the series (A) (two-dimensional chromatography, 
detection with ninhydrin and estimation of amino acids and amino sugars at 57 ° m/~), 
C (one-dimensional chromatography; ]~LSON-MORGAN reaction on the separated 

Biochim. Biophys. Acta, 4 ° (196o) 462-472 
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ENZYMIC STUDY OF M. lysodeikticus CELL WALLS. I 471 

glucosamine and muramic acid) and D (ELSoN-MoRGAN reaction on the neutralized 
hydrolysates). 

The content of glucosamine and amino acids in each compound was obtained 
with reference to glucosamine and amino acids controls. The content of muramic acid 
was calculated from the O.D. of the colored solution on the basis of a ratio O.D. glncos- 
amine/O.D, muramic acid equal to I in series (A) and to 3.14 and 2.39 in series (C) 
and (D). 

Moreover, each unhydrolyzed compound gave a positive MOR~AN-ELso~," reaction 
when the duration of heating of the alkaline solution was increased to 4 ° min as had 
been the case for the di-saccharides FI IV and LIV (Fig. 3). Also, there was a direct 
relationship between the coloration and the amount of compound so that  the amino 
sugar moieties were considered to be, at least partially, of the same type as the free 
di-saccharides and therefore could be accurately estimated by applying the molar 
extinction coefficient of 487o. 

The results of these analyses are shown in the Table I I  and expressed in /*moles 
of amino acids and amino sugars found in 2oo/*g of each compound. Although no 
structural inferences should be drawn from the following formula, the molecular 
compositions, at least for five of these compounds were identical within the 
limits of experimental error (_+_ 2o %): lysin%-glutamic acidl-glycin%-alanin%_ a- 
[N-acetylglucosamine-N-acetylmuramic acid]v The molar proportion of alanine 
varied with the different preparations: 2 for LI  (preparation 4b); 2.5o for F l I a n d  
F~II (preparation 4a); 3 for FI I  and F~II C (preparation 3) and LI I  (preparation 4b). 

LI  (preparation 4 b) may also have this composition but its relative molar propor- 
tion of di-saccharide (o.7o) was slightly beyond the limits of error. 

F I I I  B (preparation 3) showed a much more complex amino sugar structure 
bonded to a di-saccharide-peptide moiety of the same type as the preceding one: 
i(N-acetyl)-glucosamine-(N-acetyl)-muramic acid]10-~lysin%-glutalnic acidl-glycin %- 
alaninea]- [di-saccharide]. 

The /,moles of various amino acids and amino sugars estimated by the elution 
of ninhydrin-stained spots from the hydrolysate of 2oo/*g of intact Micrococcus 
lysodeikticus cell walls are also given in Table II .  I t  should be noted that  the molar 
proportion of amino acids and amino sugars found in the original cell walls was that  
found in the amino sugar-peptide complexes isolated from the enzymic digests. 

CONCLUSIONS 

Among the small fragments released from the walls during their digestion with F 1 or 
lysozyme, two types of amino sugar complexes [N-acetylglucosamineN-acetyl- 
muramic acid]n were isolated: a di-saccharide (n = I) previously detected by 
SALTON 1 and an oligo-saccharide with n unknown. They could be differentiated on 
the basis of the positive 5{ORGAN-]~LSON acetylhexosamine reaction (with a molar 
extinction coefficient of 487 o) given, in solution, by the di-saccharide. I t  should be 
recalled however that  a positive MORGAN-ELSON reaction is given by the oligo- 
saccharide when the test is done on paper by SALTON's technique. 

Several amino sugar-peptide complexes were also isolated. Their peptide moieties 
were ahvays of the same type:  lysin%-glutamic acidl-glycinel-alanin%_ 3. I t  is 
noteworthy that  the same proportion of amino acids was found in the original cell 
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walls. These results suggest that the wall polymer is made up of pepti&~ s;~b-[mits 
of the same type, although there is as yet no information o~ the ~ci:uai seque~-;ces of 
amino acids in such peptides. On the other hand, their amino s~ga; moieties usvaal]y 
consisted of the dJ-saccl~arJde itself, and, in o~e case, of a~ a.dditio~a} residve consisting 
of ten molecules of glucosamine and ten of mm:amic acid, both very proba,bi3: 

acetylated. 
I t  is now possible to give some idea of the relative quantiti(s of t h e  ;ari(ms 

dialyzable complexes which are %treed as a resu]t of the enzymic digesi:io~: o! t>e 
cell walls. After a lysozyme-digestion of ~oo mg of 37~c~'ococcus ~3,sodeeTcl~io~.,..r eeE walls, 
it was found that the dialyzab]e fraction contained 7.2 mg of {roe di--~-:acebaride, 
~o.2 m g  of oligo-saccharide and 3.~ mg of bond di-sacctmrJde. This }after f igure wo~}d 

correspond to 8 mg of peptide-di-saccharJde complexes. Thus tee <'.ubstatecs w}~ic~ 
e -~ of the weight of ~-J~e or~gina! o::1 v;aiis have been investigated represent at 1.as,. ~o 5 % 

and 5 ° % of the dialyzabie material released during their enzymic digestio~,:. 
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