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Effect of Hot Formamide on Gram-Positive and
Gram-Negative Cell Walls

Hot formamide extraction! was shown to separate the
streptococcal cell wall into soluble carbohydrate and in-
soluble mucopeptide®3. The mucopeptide residue was
found under the electron microscope as fine streptococcus-
shaped membranes susceptible to the lytic action of lyso-
zyme.

In our experiments the attempt was made to obtain
pure mucopeptide membranes from some Gram-positive
and Gram-negative bacteria by hot formamide extraction.

Gram-positive bacteria B. megaterium M and B. sub-
tilis CCM 1997 were used. 18-h-old cells were treated in
the following way: (a) mechanical disintegration with
Ballotini No. XIV in a device described by Novorny?4,
then extraction of purified cell walls by formamide at
160°C for 20 min or at 205°C for 3 min. (b) Extraction of
whole washed cells with formamide at 205°C for 5 min.
The initially turbid suspension cleared within 2 min, and
after 4 min it became yellow to orange. This material was
purified by repeated washing with distilled water, centri-
fugation for 15 min at 12,000 g, and prepared for electron
microscopic observation (Figures). Another part was fixed
either with 19 osmic acid or with 19, uranyl acetate, or
with 29, potassium permanganate for 1 h at 4°C, em-
bedded in Vestopal W and sectioned with the Porter-
Blum ultramicrotome. The samples were examined under
the electron microscope Tesla BS 242, SEM III (Werk fiir
Fernsehelektronik, Berlin) or the Elmiskop Typ I (Sie-
mens u. Halske)®.

Results. Both procedures were successful. Very fine
rod-shaped membranes were obtained with both the
strains used (Figure 1). In most cases very fine fibrils
were found at the edges of the membranes. In comparison
with this, membranes obtained after the procedure de-
scribed by Park and Hancock® were thicker and not so
pure. Formamide membranes were lysed by lysozyme (200
pg/ml) within 8 min, (examined by measurement of

Fig. 1. Fine rod-shaped membranes obtained after treating the cells
of B. subtilis with formamide at 205°C for 5 min. Shadowed by gold
palladium, enlarged = 12,000,
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Fig. 2. Ultra-thin section of B. megaterium after formamide extrac-

tion of whole cells (205°C for 5 min). Contrasted with uranyl acetate.

The cell wall is rather thin, only at one pole (arrow) a remnant of
the outer layer can be seen, enlarged x 24,000.

Fig. 3. Cell walls of Profeus vulgaris after the action of formamide at
170°C for 20 min. Shadowed by gold-palladium, enlarged x 12,000.
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turbidity and by phase contrast microscopy). The thick-
ness of the cell walls of B. megaterium when measured in
ultra-thin sections was about 310 A. After formamide ex-
traction it dropped to 110 A. At the poles of some mem-
branes, remnants of the surface layer were found, this
being evidence for the superficial localization of the re-
moved layer {teichoic acid in the case of B. megaterium,
Figure 2). Considering some literary data®? and the lyso-
zyme sensitivity of the fine membranes, it may be assumed
that they represent the mucopeptide basal layer of B.
megaterium and of B. subiilis, respectively. Detailed re-
sults, together with a conception of the ultrastructural
arrangement of the Gram-positive cell wall, will be pub-
lished elsewhere?®.

Gram-negative bacteria, 18-h-cld cells of Profeus vul-
garis Py (CCM 1799), were treated with formamide at
170°C for 20 min or longer. In no case were regular rod-
shaped membranes observed. On the contrary, irregular,
partly solubilized material with remnants of another sub-
stance was found (Figure 3). This unsuccessful attempt to
isolate the mucopeptide layer could be explained by

Metabolism of Phospholipids in Scorbutic
Guinea-Pigs

The role played by /-ascorbic acid in the metabolism of
phospholipids is as yet quite unexplored. There are a
number of works concerned with the catalysing effect of
vitamin C in phospholipid oxidation (ErrLiorr and LiBet?,
WiLLiams2, Rabpsma and vAN GRONINGEN3); but there is
only a very small amount of work on the metabolism of
phospholipids in organisms subjected to C-avitaminosis.

50 male guinea-pigs, weighing 200 g on the average,
were divided into 4 groups and fed ad libitum on a slightly
modified Lunde scorbutogenic diet. The control group ob-
tained daily 5 mg [-ascorbic acid perorally. The experi-
mental animals were killed on the 9th, 18th and 25th day
respectively of the scorbutogenic regime, and subse-
quently the concentration of phospholipids was deter-
mined according to the method of StEwart and HENDRY ¢
in their blood serum and liver. In further experiments, on
a group of control animals, guinea-pigs fed for 12 and 26
days on scorbutogenic diet, Na,HP320, was administered
intraperitoneally in doses of 0.16 uC for 1 g of their
weight; 24 h later the animals were killed, and phospho-
lipids were isolated from their liver according to the
method of DaviDson et al.8. In the fraction obtained, the
phosphorus content was determined by means of phos-
phomolybdenate and also the radioactivity was deter-
mined. The results were expressed in the form of relative
specific activity given by the relationship of the specific
activity of phospholipids to the specific activity of acid-
soluble phosphorus.

The changes which occurred in the concentration of
phospholipids in the course of C-avitaminosis are shown
in the Table. At the beginning a very significant increase
can be seen in the blood serum, returning to normal not
earlier than in the terminal phase of scurvy. In the liver,
a provable decrease takes place until the 9th day of the
avitaminosis; up to the 18th day the level increases, and
continues to increase until the terminal phases of C-
avitaminosis.
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stronger covalent bonds between the mucopeptide and a
substance of the overlying layer (peptides or lipopoly-
saccharides)?-12,

Zusammenfassung. Die obere Schicht der Zellwidnde von
B. megaterium M und B. subtilis wurde mittels Extraktion
mit heissem Formamid beseitigt. Zuriickbleibende stib-
chenférmige, etwa 110 A dicke Membranen entsprechen
offenbar der rigiden Mucopeptid-Basalmembran der Bak-
terienzellwéande,
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On studying the incorporation of P? into liver phos-
pholipids, it was found that this process undergoes no
change during a 12-day administration of scorbutogenic
diet; on the other hand, under conditions of an already
developed C-avitaminosis (in a phase when the animals
refuse food) a provable acceleration of the process
{P < 0.01) takes place (Figure).

Coucentration of lipid phosphorus (mg %) in blood serum and liver
of guinea-pigs during the development of C-avitaminosis

Blood scrum Liver
Control 2.840.2 134.2 4 2.8
C-avitaminosis 9 7.0 4+ 0.2 109.2 + 1.7
days 18 5.8 + 0.4 148.5 + 8.5
25 354 0.4 204.3 + 4.6
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