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Studies on the chemistry of bacterial mureins (mucopeptides) have 

shown\,, th8t these polymers are built according to a common prin- 

ciple (1): The polysaccharide backbone consists of alternating 

9 (l-4) glycosidically bound N-acetyl-glucoeamine (G~cNAo) and 

N-acetyl-muremic acid (MurNAc). The carboxyl group of muramic aoid 

is substituted by a tetrspeptide of the general sequence Gels-D- 

glu-diamino acid-D-ala. Therefore, the most simple chemical compo- 

sition of a murein, expressed in molar ratios iar GlcNAcrMurNAcrAlat 

Glutdiamino 8Cid P Irlr2rl:l. If a murein contains glyoine, aapartio 

acid, eerine, threonine or additional L-slanine, theee amino acids 

are bound singly or in short peptides to the second amino group of 

the diamino acid and are involved in the croee-linking of the murein 

by forming a peptide bond with the C-terminal ILalanine of BP adja- 

cent tetrapeptide (2,3). The murein of Micrococcue lseodeikticus in 

which glycine is bound to glutemic acid repreeents the only exception 

80 far (4). 

In Butyribacterium rettneri, however , a murein has been found, whioh 

differs coneiderably from thie general principle in that it poeeeaee 

two different diamino 8Cida and only one mole of D-alenine per mole 

of glutamic acid but no L-alanine. 
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dErperimental and Results 

Bb. rettneri ATCC 10825 was grown at 37'C in broth containing 0.5s 

glucose, 0.596 peptone from casein and 0.01s cyatine. Cells were har- 

vested in the stationary growth phase and the cell walls prepared aa 

described by Cummine and Harris (5). Extraction of the cell walls 

with lO$ trichloroacetio acid (TCA) in the cold (6) yielded no 

teiohoic acid. TCA-extracted cell walle have been used for further 
, 

analysee. 

Amino acid oompoeition. Paper chromatography 1) of a cell wall hy- 

drolyeate (4 N HCl, 100°C, 16 hrs) revealed the presence of muramic 

acid, glucoeamine, alanine, glutamic acid, aerine, and both ornithi- 

ne and lyeine. The reeulta of a quantitative analysis 2) are shown 

in tab. 1. 

Table 1. Amino sugar and amino acid composition of the cell wall6 
of Butyribacterium rettEed and Lactobacillua viridescene. 

Components a 
B. rettgeri L. virideecene 

pole/w ratio b 
pole/w ratio il 

Glucosamine 

Muramic acid 

L-Alanine 

D-Alanine 

Glutamic acid 

Serine 

Lyeine 

Ornithine 

0.31 

0.33 

0.31 

0.34 
0.31 
0.19 

0.42 

0.93 1.10 1.66 c 

0.97 0.71 1.07 

1.78 2.70 

0.92 0.56 0.85 

1 ;oo 0.66 1.00 

0.91 0.63 0.95 
0.57 0.64 0.97 

1.25 

a. Valuee caloulated include correction for loseea during hydrolysis. 
b. Ratio calculated aeeuming glutamic acid ae 1.00. 
c. Cell walls extraoted with TCA and formamide. 

')Solvent syetema used: A) ieopropanolracetic acid:water = 75:10:15, 
B) a-picolinetammoniarwater = 70x2:28 and C) methanoltpyridinet 

waterrformic acid I 80:10:19:1. 
2) amino acid analyzer of the Bender do Hobein Company, Munioh. 
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The configuration of alanine (7) and ornithine (8) were determined 

enzymatically. Alanine ehowed the D-, ornithine the L-configuration. 

The oocurence of serine suggested a comparison with the 

murein of Lactobacillue viridescene (tab. 1) where L-serine is bound 

to the t-amino group of lysine (3.9). In contrast, however, Bb.rett- 

ge& contains no L-alanine, while L.viridescens containe 3 mole of 

L-alanine per mole of glutamic acid. The second difference is the oc- 

curence of two diamino acids in Bb.rettgeri, namely ornithine and 

lysine at a ratio of lr0.5. 

Digestion by lyeozyme. The cell walls were digeeted by lysozyme and 

the solubilized componenta separated by paper chromatography in bu- 

tanolracetic acidtwater (10). While moet of the material remained 

at the origin or very clolre to it , one ninhydrine-positive band 

moved a few cm. This band, which was supposed to contain low mole- 

cular muropeptidea, was eluted and hydrolysed (4 N HCl, 100°C, 16 

hrs.). The amino acid analysis revealed the same composition a8 

that of the whole cell wall. This indicate61 that all the amino 

sugara and amino acide are present in the muropeptidee and are the- 

refore components of the lysozyme sensitive murein, 

Determination of free amino grouts of the murein and the muroueptidee 

The cell walls aa well a8 the muropeptidee were dinitrophenylated (10) 

and hydrolyeed (4 HCl, 1OO’C; 16 hrs.). The analysis of the hydroly- 

sate by paper chromatography (I,5 M phosphate buffer, pH 6.0; Propa- 

no180.2$ NH 
3 

= 8r2) ehowed the preeence of 6-DNP-ornithine and o(- 

DNP-lysine. The occurence of GDNP-lyeine contrasts with the fin- 

dings in other lysine containing mureina , where dinitrophenylation 

yields E-DNP-lyeine (11,3). Prom thisl discrepancy one can aonclude, 

that in the murein of Bb. rettueri lyeine is bound in a way different 

from the mureins inveetigated 80 far. 

The quantitative determination of the DNP-derivatives (11) revealed\ 
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that DNP-ornithine 8nd DNP-lyeine are present at 8 ratio of lr0.5 

corresponding to the ratioe of the total 8mount of both amino acids 

in the murein. The comperieon of the amount of DNP-derivetivtie with 

the total 8mount of ornithine and lyeine preaent before dinitrophe- 

nylation showed, th8t about 30$ of the d-aminogroups of ornithine 

8nd thee<-aminogroups Of lyeine, respeotively, are acceaeible to di- 

nitrophenylation. This ie much lees than in E. coli, where 66s of 

the termin8Laminogrcup of DAP may be dinitrophenylated (12). 

Tentative determination of the SminO 8Cid eeauence 

Cell walle were partially hydrolysed at 100°C in 4 H HCl for 2 hre. 

and the hydrolyeate ~88 subJected to two-dimeneionsl paper chroma- 

tography using solvent eyetema A 8nd B. Fig. 1 ehowe 8 typical ohro- 

m8togT8m. 

T isoprapaml I acetic acid I t+O (A) 

4 0 6 

7 

oc -&din/NH) /l+O(S, 
, 

1~ anithinr 

2: Lysine 

3: plutandc acid 

4= alanine 

5= serinr 

6= mwamic acid 

7= glucasamiru 

9= sryl-gldamic acid 

9= L-amithyl-D-alanine 

lO= N6-glutamyt-[pine 

11 = Paptidesamtainiig srinc, 

glutwnic acid, arnithinc. danin* 

Fig.1 ChrOmatOgr8m Of 8 p8rti81 hydrOlJe8te Of 
Bb.rettReri cell wrlle 

The v8rioue peptidee were separated end isolated at Pmounte of about 

0.1 mg by repeated one-dimensional paper chromstogrepby in solvent 

ayeteme A end B end identified by qrrentitetive eetinution of the 8mino 

acid.conetituenta and of the 8mino groups by dinitrophenylation 

ae recently described in more detail (13). 

In contrast with the murein of II. virideecens (3,9), eerine ia found 

to be bound to glutamic acid, but not to lyeine. Obviously the peptide 
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serylglutamic acid replaces the peptide L-alanylglutamic acid which 

is found in all other mureine investigated so far (3,9,13,14). 

The position of ornithine is elucidated by the occurence of the di- 

peptide Irornithyl-D-alanine. This observation together with the 

forementioned finding that dinitrophenylation of the murein yields 

d-DNP-ornithine suggests the following amino acid sequence of the 

tetrapeptide attached to muramic acidt ser-glu-L-orn-D-ala. The con- 

figuration of serine and glutamio acid has not been determined so 

far. 

- GlcNAc - MpNAc - GloNAc - MyNAc - 

8er 

+l - t - 
Yr 

lye - ": 
L- orn L - orn 

I 
D- ala 

\ 

I 
D - ala 

\ 
D - ala D- ala 

L 
I I 

- orn---- - orn---- 

+ - f- lys ” + 

ser se2 

- GlcBAc - MULNAC - GlcNAc - LNAC 

Fig. 2 Proposed amino acid sequence and cross-linkages of the murein 
of Bb. rettgeri. 

Lysine is bound by its [-aminogroup to glutamic acid, as indicated 

by the occurence of the dipeptide N6-glu-lys. The substitution of 

glutamic acid by lysine resembles the binding of glycine to gluta- 

mic acid in Micrococcus lysodeicticus murein (4). 

Since only 30$ of the d-amino group of ornithine and of the d-amino 

group of lysine are free, as already mentioned above, a high degree 

of cross-linking is to be expected. 

The d-amino group of ornithine might form a peptide bond with the 

carboxyl group of D-alanine of an adjacent tetrapeptide in analogy 

with the cross-linking between diaminopimelic acid and D-alanine in 

other mureins like that of E. coli (15). On the other hand lysine 
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could be attached by its &amino group to the free carboxyl group of 

glntamic acid of an adjacent tetrapeptide. The croaB linking of two 

glutamic acida by one lysine would explain, why lyeine amounts to only 

about 0.5 mole per one mole of glutamic acid. The structure of the 

complete murein may be written as shown in fig. 2. However, no direct 

evidence for the proposed mode of cross-linking ie available so far. 

The example of the Bb. rettgeri murein shows- that in Gram-positive 

bacteria variations are not only found in the amino acids or peptides 

involved in the cross-linkage of murein, but also in the amino acid 

sequence of the tetrapeptide attached to mucamic acid. 
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