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1. Introduction

The amino acid composition of the cell wail of
five straans of propionibacteria was studied qualiia-
tively by Cummins and Harris {1]. They found that
one strain (P, skermanii} conlains only alaning, gie-
tamic acid and meso-diaminopimelic acid (DAP),
whereas four strains show 1L L-DAP instead of meso-
DAP and, additionally, glycine. A quantitative aua-
ysis of the amine acid condent of the ceB walis of
P. peterssonii and P rubrum which contain LL-DAP
and glycine was carried out by Allsop and Work [2] ..
The approximate molar ratios of the amino acids D-
gluiamic acid : D—a!anine : L-glanine : LL-DAY : gly-
cinewere1:1: : 1. No detailed investiga ion
of the amino ac;é sequence of ihzs murem (peptido-
glycan) is known today.

-The experimenis Cescribed in the present paper
show that the crossdinkage of the teuapeptides
(1-Ala-D-Glu-L1-DARP-D.Alg) is accomplished by
glycine which is linked to the amiro group of LI-DAP
and the C-terminal D-alanme of an adjacent tetsa-
peptide.

2 ﬂgthoﬂsm

P. peterssonii ATCC 4870 was grown in yeast ex-
‘ ts;ci—dextmsab oth (1% peptone from casein, 8.5%
yeast exiract, 0.5% glucose, pH = ’i B-7.2or 'yeast
extract-lactate medinm (1% peplone from casein, -
G-S% yeast extmct 0 5% sod;um lactate, pH = 7.0—_
72at30°C and harvested in the  Stationary ;:ohase-
'?nm 16 harvesting the cell suspension wvas kept at -
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100°C for 30 min to inaciivate auiolytic enzymss
and cefl walls were prepared by ti:c usual technique
§31. Paper chromatography was corsied out on Schiei-
cher and Schifll 2043b paper in the folowing solvent
systems {v/v}v): ' )
1. Isocpropanol-acetic acid-water = 75:10:15
11. a-Picoline-ammonia solution 25%-water =
70:2:28
11X, Methanol-pyridine-formic acidH,0 =
80:10:1:19. _
Quantitative amino acic analysis was carried out by
an amino acid zralyzcr. The determnination of ¢nd-
groups of the murein and of the peptides isolated
from acié partial hydrolysaies by paper chromato-
graphy were performed ss described recently 13, 41.

3. Resuits

3.1. Amino acid COTPISTTion _
The quantiiztive amino acid composition of cell

‘wall hydrolysates is sumsiarized in table 1. Paper

chromatogiaphy 1 sclvent sysiem ¥ showed that.
only the LL-isomer of DAP waz preseei. Both cell
walls purified by iryptic digestion {CW-Tryp) as well

© as by exiraction with trichio:cacetic acic {CW-TCA)

contained muromic acid, g slecosareing, glutamic ac:d,
L1-DAP, slycine and alarine EI # ypoiar fatio ol gp-
proximately 0.5:0.8:3:1:1: 2. Ore mole of aramo-
mis was found per mole of ghitamic acid, indicating
that glutamic acid is protadly amidated as jn other .
ureing.
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Table 3

Amino acid and amino sugar composition of cell walls of P. peterssenii

(CW-TRYP = cedl walls purified by lxyplic digestion,
CW-TChA = trichlorpatelic asid extracted cell walls,
DNP-CW =dinitrophenyiated cell walls.) — = nol determaned.

CW-TRYP DNP<LW-TRYP CW-TCA i DNP.CW-TCA
Gl £.330 0.285 0.395 6.370
= Gly 0.333 0.220 5.460 0.280
2 Ala 0.547 €.500 0.630 0550
E DAP 0.343 0.300 500 0.365
= Mar 0.140 - 0.205 -
GIeNl - - : 0.210 -
2 Gy 1.01 0.77 1.0% 0.76
E 1 Aln 1,66 1.75 1.59 160
= 3 DAP 1.04 125 1.0t 098
© o Mur 0.34 — 0.52 -
GlcNHa - - 6.52 -

3.2. Dezermination 'of the free amino groups of the
murein

CW-Tryp and CW-TCA were dinjirophenylated and
hydrolyzed {6 N HCl, 100°C, 6 hr). The analysis of
the hydrolysates by paper chromatography (1.5 M
phosphate buffer pH = 6.0; n-propanol-0.2% ammo-
ria 8:2) yielded DNP-glvcine and traces of mono-
DNP-DAP. A comparisen of the molar ratio of the
amino acids of dinitrophenylated and nermai cel
walls {table 1) showed that approximately 25% of
¢lycine are susceptible to dimitrophenylation. The
Gecrease of DAP is not sigaificant. The amoupnt of
DHNP.-DAP formed is probably 1ess than 5% of the
toidi DAP of the murein.

3.3. Determination of the amino ccids sequence

CW-Tryp oi CW-TCA were partially hydrolyzed
{4 N H(Cl, 100°, 1 k1) and the hydrolysate was sub-
jected 10 two-dimensional paper chromatography
using solvent systems 1 and 1 (fig, 1).

The various peptides ‘were separated and isolated
by 1epeaied one-dimensional paper chromatography.
in solvent systems 1, 11 and 11l and subsequently
analysed as described recenily §3—33. The ocour-
rence of the peptides L-Al-D-Glu, LLDAP-T> Ala,
D-Glu-LL-DAP-D-Ala, Mur-1-Ala and Mur-i-Alg-

D Gl after 20 min hydrolysis indicates that the tetra- . -
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& — Picoline - NH; 0H-#,0

Fig. 1. Scheme of a chromatogam of an acié partial hydro-

Iysate (4 M HCL, 100°C, 1 hr) of cell walls of 7. pezerssonii o1

2 arsbinpsum. 1=LL-DAP, 2=0ly, 3= Ala, 4 =Mur, 5=

GlchHo, 6 = Gly; 7= D-Gn-1.1-DAP-D-Ala, 8 = Gly-LL-DAP-

D-Ala, 9 = LL-DAP-D-Ala, 10 = 1L-Al>-D-Gls. 11 = D-Al-Gly,

12 = Mur-1.-Ala-D-Gh, 17 =Mur-l-Ala {(Nos. 12 and 13 ap-
pear in 20 min hydroclysates only).

peptide attached to muramic acid has the same amino

acid sequence as in the case of Escherichia coli [6] or
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Laclobaczﬂus plmtamm IS], 1ame1y LAia—D—Glu—

DAP-D-Ala. There is ety 2 difference in the conﬂga;— - a

_ 7ation of DAP. L1-DAPpeours instead of meso-DAP.
The moephde -Gly-LL-DAP D-Ala and the dipep-
tide D-Ala-Gly are most importar:t for the elucidation
of the cmss—hnka,gs. The occurrence of the two pep-
tides shows that glycine is bonnd to the amino group
of DAP as well as to the C-terminal D-alanine of an
adjacent. tetrapept.ﬁe- In contrast with the parhai iiy—
“drolyszies of cell walis of Miczococcus Iysedeikiicus -
171 and Microbacterium locticum: {8] Glu-Gly was
‘not found. T’ne:efure, no glycine is attached to glu-
- tamic acid. ,
Fig. 2 shows a fragment of the murein of £ peters
sonii. 1t has o be mentioped iat the molar raiio of
glutamic arid {0 muranic acid or glacosamine is not
1:1 {table 1) like in other mnyeins studied so far, but
only 1:0.5. Therefore, the fragment shown in fig. 2
it probablr not the only possibie olipomer of the
complete murein. Further studiss are necessary to eln-
cidate the deviation from the usual structure of the

imarein which is indicaled by the low content of the
amino sugars.

4. Discussion

The murein described in this paper is the first known
case of an mmterpeptide bridge in a DAP-containing
murein. The same type of crossdinkape cccurs most
likely in the murein of certain clostridia [9] and strep-
tomyces {10]. In both cases the molar ratios of the
amine acids are the same as in P, peterssonii, Further-
17072 We were able to isolate {unpublished) the pep-
tides Gly-11-DAP-I>-Ala anc D-Ala-Gly from the acid
jrartial hydrolysate of the cell walls of Clostridium
perfringens. These findings are in contrast with the
groposal of Pickering [9] who assumed that glycine

i3 bound to gintamic acid hke in the murein of A
ivsodez‘krzczzs. -

Recenﬂy Arima et z]- {i !} ;repnrind some daia on

 the enzymatic and cheinicat degrzdation of the cell
wialls of Streptonyyces which indicaie thai giycine i is
_involved in the cmg-}nﬂcage of the murem in these
‘erpanisms 00, .
- Besides P petmsorm -evhmh was mvsugaied ex- -
. tensrvely, the cell walls of several other species were:
- mlateﬁ W detemnne the ammo acid compomuan.

| | Griober 1958
;mm1§Acfci§;1§Ac—
1Al |
!)-—G!u’ﬁi 2 ,
: w—DAP—Gly—D—A:a , ,
D——A!a’ J..—-DAP—-CEV-—
D—Giu?i}l-, ;
_ L—Aia |
-J\flurN Ac—GchxAc—

Fig. 2. Amino arid sequence of a fragment of the murein of
P, peterssonii.

P skermonii * and P, ﬁamenr-cizn ATCC 6257 con-
tained meso-DAP in addition to slanine and ghizamic
acid. All the other spacies (P 2ubrum ATCC 4371,
thoenii ATCC 4872, zeae ATCC 4954, jeusenic ATCC
4867, pentosacexria hTCC 4875, arabinosten 2 TCC

' 4965) contained glycine in addition and mieso-DAP

was replaced by LI-DAF as m ine case of P paters-
sonii. The two dimensional paper chsomatogrsnis of
the acié partial hydrolysate of £ shernacaii and
freadenrcichii were Ii'entical i those of the c=!l walls
of L. plantaruiz [5] #hite thoss of the other speeies
are identical with thse of P. peterssonii Obviovsly,
iwo types of muzein sxist withia the gsnzs Propioni-
bacterinm. The disiributicn of these two types agrees
with the different morphclogy within the genus. It is
well known that the two meso-DAP conizining spe-
cies P. shermanii grd freudenreichii are reorte or less’
coccoid, while all th: other species form coryneform
rods. ' '
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