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After the finding of MacPFarlane and Knight (1941) that the
hemolytic factor of C.welchii a-toxin exhibits phosphatidase
activity, various specificity characteristics of this enzyme
(phosphatidase D) have been described (MacFarlane, 1948;
Zamecnik et al., 1947). As regards the ability of phosphatidase
D to liberate phosphoryl choliné from saturated lecithins,
opinions appear to differ. Hanahan and Vercamer (1954) observed
that in an ether — ethanol medium both a fully saturated and an
unsaturated lecithin were completely hydrolysed, which fact was
also found by Meduski et al. (1956) in an aqueous medium. On
the other hand, Long and Maguire (1954) reported that in the
latter medium saturated lecithins resisted phosphatidase D
action. In the course of an investigation into the susceptibili-
ty of red cells from different animal species against hemolytic
agents, it appeared necessary to obtain additional information
on the substrate specificity of phosphatidase D. Beside vari-
ations in the phosphatide composition we found the fatty acid
pattern of glycero-phosphatides from red cell membranes to vary
greatly between various species of mammals (K8gl et al. 1960a).
For this reason the action of phosphatidase D was studied on a

series of synthetic lecithins carrying very different fatty

1) Contribution No.17 in the series: Metabolism and functions
of phosphatides.
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acids, In addition some experiments were performed on synthetic

phosphatidyl ethanolamines.

MATERIALS AND METHODS

In the quantitative experiments use was made of a purified
preparation of phosphatidase D, isolated by Meduski and Olkows-
ka et al. (1958) from C.perfringens (strain SR 12). The results
were qualitatively confirmed with a widely used C.welchii fil-
trate (300 MLD per ml), generously supplied by Lederle Labora-
tories, Pearl River, N.Y. The synthesis of the'leoithins has
already been described (de Haas and van Deenen 1960a, 1960b;
K8gl et al. 1960b). The "mixed-acid" cephalins were prepared
fully synthetically according to a modification of the method
developed for the synthesis of the corresponding lecithins (de
Haas and van Deenen 1960a); L-a-[dioleoyllphosphatidyl ethanol-
amine was prepared by F. Daemen using a method which will be
published shortly. To 1 ml of an 0,05 M aqueous solution or
emulsion of phosphatides (borate buffer pH=7,0; (ca**]=0,0025
M) was added 5 mg of the bacterial toxin, and the mixture was
subsequently incubated under gently shaking at 37°. Control
experiments without toxin were carried out under identical con-
ditions. After the desired incubation periods samples contain-
ing 15}ALg of phosphorus were withdrawn and the proportions of
the formed phosphoryl choline and resulting phosphatides were
determined after paper-chromatographical separation. Paper
chromatograms were developed on Whatman paper No.1 with butahol—
ethanol - water (5:5:2 v/v) as described before (K8gl et al.
1960b) and in the case of long~chain compounds on silica im-
pregnated paper according to Marinetii et al. (1959). The spots

were ashed directly with 70 % perchloric acid and phosphorus
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determinations were carried out according to Hooghwinkel and

van Niekerk (1960).

RESULTS

The results (table I) demonstrated, in contrast to the ob-
servations of Kushner and Heimpel (1957) and of Long and Maguire
(1954), that in a merely agueous system pure lecithins are at-
Yacked by C.welchii phosphatidase and that both saturated and
unsaturated compounds are hydrolysed. Within the class of the
saturated lecithins the 010 homologue (IV) which gives stable
dispersions in water, was readily converted. An increase of the
chain length of the fatty acid, viz. C,, (branched), Ci50 Cyg
and C,, homologues (V-VIII), brought about a significant de-
crease of the rate of hydrolysis. Since in the given sequence
the possibility to prepare aqueous emulsions of these lecithins
decreases, the observed effect is probably due to an inability
of enzyme-substrate interaction, because of uneffective emulsi-
fying of these lecithins (compare Hanahan 1957).

The short-chain C7 homologue (III) being rather water—
soluble, was hydrolysed, which fact agrees with the observations
of Roholt and Schlamowitz (1958) on L-a-(dicaproyl)-lecithin.
Surprisingly, the readily water-soluble C4 and 02 compounds
(II and I) resisted phosphatidase D action. Two interpretations
of this observation can be offered. According to the first it
is presumed that the concerning rather water-soluble diglyceri-
des are formed to a small extent and strongly inhibit the enzy-
matic reaétion. The second interpretation implies that a minimal
chain length of the fatty acids is required for the (inter-
facial) lecithin-enzyme interaction. These possibilities are

being investigated.
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As expected, the lecithins IX and X, each carrying two
mono unsaturated fatty acids, were readily attacked by the bac-
terial phosphatidase. The structural isomeric lecithins XI and

XII, like many naturally occurring lecithins containing one
saturated and one unsaturated fatty acid, were also hydrolysed.

Table I

Rate of hydrolysis of phosphatides in an aqueous medium by
phosphatidase D of C.perfringens

Hydrolysis
Substrates % after
1h 3h 22h

Saturated lecithins

I L-a~(diacetyl)lecithin 0 0 0

IT L-a-(dibutyryl)lecithin 0 0 <5
III L-d-(diheptanoyl)lecithin 33 44 74
IV I-d-(didecanoyl)lecithin 60 89 100
\4 L—d-(di—10—methylundecanoyl)lecithin1) 0 4 31

VI L-d-(dipentadecanoyl)lecithin'’ 15 20 27
VII IL-d-(distearoyl)lecithin' 0 0 <o
VIII L—d—(ditetracosanoyl)lecithin1) 0 0 0

Unéaturated lecithins

IX L-a-(di-undecenoyl)lecithin 87 95 100
X L-a-(di-oleoyl)lecithin 55 100 100

Mixed-acid lecithins

XI (7-stearoyl-B-oleoyl)-L-a-lecithin 6 40 90
XII (Y-oleoyl-f-stearoyl)-L-d-lecithin 2 5 50
Cephalins ‘

XITII I-o-(di-oleoylphosphatidyl)ethanolamine 0] o |

XTIV (r-stearoyl-p-oleoyl)-L-c-phosphatidyl- 0 o ¢
- ethanolamine

XV (Y-oleoyl-B-stearoyl)-L-a-phosphatidyl- 0 o
ethanolamine

1) The lecithins V, VI and VII were incompletely dispersed;
VIII was not emulsifiable at all.

As regards the action of C.welchii phosphatidase on other
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types of phosphatides, Zamecnik et al. (1947) and MacFarlane
(1948) did not observe a hydrolysis of natural cephalins. Chu
(1949) obtained a similar result, but pointed out that B.cereus
phosphatidase(s), acting upon lecithins like a phosphatidase D,
could hydrolyse brain cephalins. This finding was confirmed by
Robinson et al. (1957), who agreed with Chu that the occurrence
of another phosphatidase in B.cereus filtrate is not precluded.
Kushner and Feldman (1958), however, observed that both a
C.perfringens and B.cereus toxin released phosphoryl ethanol-~
amine from human brain thromboplastin. Our experiments with
C.perfringens phosphatidase showed no detectable hydrolysis of
three synthetic phosphatidyl ethanolamines (XIII-XV) under con-
ditions allowing the degradation of the corresponding lecithins
(X~-XII). However, in current experiments we observed that ce-
phalins present in red cell membranes were attacked by phospha-

tidase D, Details will be publisned shortly.
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