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All mycobacteria contain a chloroform extractable,
ether soluble, acetone insoluble glycolipid fraction re-
ferred to in previous communications as wax D [1,2].
Wax D fractions of human strains of Mycobacterium

tuberculosis have important biological properties [3,4]:

Freund’s adjuvant effect [5]; induction of adjuvant
arthritis [6], etc. Wax D fractions from several bovine
strains of M. tuberculosis were found inactive. In an
effort to purify this material, Joilés et al. [2] carried
out a fractional ultracentrifugation in ether, yielding a
non-sedimentable, “light” fraction, which was biologi-
cally inactive (wax Dg), and several “heavy” active
fractions, sedimentable after different time intervals
(waxes D). The principal chemical difference noted
between active and inactive wax D fractions was the
presence of a peptide moiety in the former and its ab-
sence in the latter. This peptide contains meso-o,o'-di-
aminopimelic acid (DAP), D-glutamic acid (Glu) and
D- and L-alanine (Ala), in approximate molar ratios
2:2:3 (1D- and 2L-Ala). Jollés et al. [7] established
later that only the “active™ fractions contained amino
sugars, mainly glucosamine and muramic acid. The
same authors submitted the fractions obtained after
ultracentrifugation to an acetylation followed by fur-
ther purifications [8]. The arthritis-inducing ability
of an *“active” wax D was lost after acetylation. Fur-
thermore, rats injected with an acetylated wax D were
protected against the arthritis-inducing ability of unal-
tered wax D [9].

The acetylation of wax D was achieved in view to
purify wax D as suggested by Tanaka [10]. However,

* 12th communication on waxes D of Mycobacteria; 11th com-

munication : [9].

we observed a deep modification of wax D during the
treatment, when we worked with the material ob-
tained from different human strains of M. tuberculosis
(Brévannes, Canetti, Hy;RvSr), as waxes Dp; 5 and
Dpj35v. A part of the important “nitrogen containing
moiety ” was split off [8]. This latter substance,
soluble in alcohol and in water, and which did not
dialyse, was analyzed: it contained DAP, Glu, Ala, N-
acetylglucosamine, N-acetylmuramic acid (molar ratios,
2:2:3:2:2) and only traces of non amino sugars. Al-
most all the phosphorus of the purified waxes D ob-
tained by ultracentrifugation was found in this
“pitrogen-containing moiety”. In conclusion, acetyla-
tion was able to split off a peptidoglycan from an ac-
tive wax D.

It is important to point out that the chemical anal-
yses suggest a close relationship between the peptido-
glycan obtained after acetylation of an active wax D
and the material which constitutes the backbone of
mycobacterial as well as other cell walls. As a peptido-
glycan with a similar composition was also obtained
during the acetylation of the mycobacterial cell walls
[11] and as “bound wax D”” was characterized by Ko-
tani et al. [12] as a component of BCG cell walls
which possessed the adjuvant activity, we suggest to
attribute to the peptidoglycan, split off from waxes
D of humain strains of M. tuberculosis during the
acetylation, the formula indicated in table 1.

At the present state, this formula has not been en-
tirely verified, but the following experiments are in
its favour: a) the elemental analysis of the entirely
acetylated peptidoglycan (with 1—2P residues)
seemed in accordance with formula 1 (C: calc. 45.4%;
found 46%:; H: calc. 5.8%; found 6%; N :calc. 8.7%;
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Table 1
Tentative structure of the peptidoglycan obtained by acetyla-
tion from an adjuvant active wax D of Mycobacterium tubercu-
losis var. hominis.

P P

N AN

GleNAc — MurNAc — GleNAc — MurNAc

Ala Ala

|

Glu(COOH) * Glu(COOH) *

(NHj3) DAP(COOH) *

|

Ala

DAP(2 COOH) *

* 2 carboxylic groups are amidated; from time to time, a resi-
due of Ala is linked to one of the tow Glu residues (see dis-
cussion).

found 8.7%); b) the amino acid and sugar compositions
(molar ratios) were in agreement with the indicated
formula; c) after reduction by LiBH, in 0.05 M

sodium tetraborate [13] of the peptidoglycan, one half
of the muramic acid disappeared, but the glucosamine
content remained stable; thus, only one residue of
amino sugar out of the four seemed to have a free re-
ducing group; d) hen egg-white lysozyme (EC 3.2.1.17)
could not digest the peptidoglycan, as it was acetyl-
ated; after deacetylation in an alkaline medium, the
amino sugar part of the peptidoglycan seemed modified
as indicated by analyses; this explained again the ab-
sence of action of lysozyme; e) during the chromato-
graphy of the amino sugars, obtained after acid hydrol-
ysis, on Amberlite CG-120 columns, a small peak was

eluted at the place usually occupied by phospho-muramic

acid [14]; recently, it was suggested that this phospho-
amino sugar may constitute the link between peptido-
glycans and polysaccharides [15]; f) no N-terminal
amino acid was characterized. By Sanger’s method,
only mono-DNP-DAP was obtained; g) by hydrazino-
lysis, no C-terminal amino acid was obtained in high
yield; only 0.3 residue of Ala, out of the 3 residues,
was characterized; k) the presence of two amide
groups was characterized; i) the peptidoglycan was sub-
mitted to partial hydrolyses (HC14N; 1 hr and 3 hr;
1109). The partial hydrolysate was purified by a two
dimensional paper chromatography (Whatman No. 1;
solvent No. 1: isopropanol-acetic acid-H,0, 75 :10:15,
v/v; solvent No. 2: methyl-2-pyridine-NH,OH-H, 0,
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70:2:28,v/v; [16]. The peptides were eluted and
analysed with an Autoanalyzer; their structure was es-
tablished by usual methods. The yields of the peptides
were closely related to the hydrolysis conditions. The
following peptides were characterized: DAP-Ala; Ala-
DAP; Glu-Ala; Ala-Glu.

Previously [7] these same peptides, as well as
Glu{DAP, Ala), were obtained from wax Dp35,
strain Test and from total wax D (before ultracentri-
fugation), strain Brévannes; in this latter case [17],
an additional peptide Glu-Glu was characterized
which was no more obtained in more recent studies.

All the peptides are in accordance with formula 1
except Glu-Ala; its yield is low and we suggest that a
part of the Glu residues are linked to an alanine resi-
due, as suggested also by the result obtained by
hydrazinolysis. Finally, it is worth mentioning that
the bi-dimensional paper chromatograms (“‘finger-
print) of partial hydrolysates from wax D (Brévannes
Dy,35) and from cell walls of M. tuberculosis var.
hominis, strain Peurois, sprayed with ninhydrin, seem
identical {11].

This note is based on a part of a thesis submitted
by one of us (D.M.) in partial fulfillment of the re-
quirements for the degree of “Docteur &s Sciences”,
Paris (A.O. 2442).
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