Sonderdruck aus
Hoppe-Seyler’s Zeitschrift fiir Physiologische Chemie
Walter de Gruyter & Co., Berlin 30

Hoppe-Seyler’s Z. Physiol. Chem.
Bd. 355, S. 911—923, August 1974

Studies on the Desaturation of Sphinganine

Ceramide and Sphingomyelin Metabolism in the Rat and in BHK 21 Cells in Tissue Culture*

Wilhelm Stoffel and Klaus Bister

(Received 15 May 1974)

Summary: Studies in vivo with doubly labelled
dihydroceramide and dihydrosphingomyelin were
carried out in the rat. The desaturation of the long
chain base sphinganine occurs at the level of N-
acylsphinganine (dihydroceramide). This has been
demonstrated in rat liver after intravenous and in
rat brain after intracerebral administration. Dihy-
drosphingomyelin which has been reassembled
with apoproteins of high-density lipoprotein for
administration is readily taken up by the liver
cell, hydrolyzed to dihydroceramide and reutilized
after desaturation to N-acyl-47-sphingenine for
the biosynthesis of sphingomyelin. The kinetics
of dihydrosphingomyelin uptake, hydrolysis and
the appearance of N-acyl-47-sphingenine species

as free ceramide and incorporated into sphin-
gomyelin prove this conclusion.

Furthermore, N-acyl-4i-sphingenine species also
serve preferentially as acceptor molecules in the
biosynthesis of ceramide monohexoside, ceramide
lactoside and particularly of hematoside. This has
been demonstrated in BHK 21 cells in tissue culture
after supplementing the medium with doubly
labelled dihydrosphingomyelin. Here too, dihydro-
sphingomyelin is hydrolyzed to dihydroceramide,
which is desaturated to N-acyl-4¢-sphingenine. In
hematoside biosynthesis a much higher specificity
for the N-acyl-47/-sphingenine moiety as acceptor
molecule for the glycosyl residues is apparent, as in
ceramide monohexoside and ceramide lactoside
synthesis.

Untersuchungen zur Desaturierung des Sphinganins. Stoffwechsel von Ceramid und Sphingomyelin in der

Ratte und in BHK-21-Zellgewebekulturen

Zusammenfassung: In-vivo-Untersuchungen mit
doppelt markiertem Dihydroceramid und Dihydro-

sphingomyelin ergaben, dafl sowohl in der Leber
als auch im Gehirn der Ratte die Desaturierung der

* Part of the results has been reported on the 9th International Congress of Biochemistry, Stockholm, July 1—7,

1973.
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Enzymes:

Acyltransferase, acyl-CoA :sphinganine N-acyltransferase (EC 2.3.1.7; not yet listed)

Ceramide cholinephosphotransferase, CDPcholine:ceramide cholinephosphotransferase (EC 2.7.8.3)
D-Dehydrosphinganine synthase, acyl-CoA :serine C-2-acyltransferase (decarboxylating) (EC 2.3.1.?; not listed)
D-3-Dehydrosphinganine reductase, D-sphinganine: NADP® oxidoreductase (EC 1.1.1.7; not yet listed)

Abbreviations:

Stationary phases in gas-liquid chromatography: SE 30 = methyl silicone, EGS = ethylene glycol succinate,
polyester. MesSi = trimethylsilyl; S = start; F = front; apo-HDL = apoproteins of high-density lipoprotein; BHK
= baby hamster kidney; hematoside = sialyl-(« 2— 3)-galactosyl-(B1 —4)-glucosyl-(81 — 1)-ceramide; Neu = neura-
minic acid; globoside = N-acetylgalactosaminyl-(31 —3)-Gal-(et1 —4)-Gal-(B1 —4)-Gle-(B1 — 1)-ceramide,
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gesittigten langkettigen Base Sphinganin zu 4+-
Sphingenin auf der Stufe des Ceramids erfolgt.
Dihydrosphingomyelin, das als Substrat gebunden
an die Apoproteine der ,,high-density*‘-Lipoprote-
ine intravends appliziert in sehr hoher Ausbeute
von der Leberzelle aufgenommen wird, unterliegt
der Hydrolyse zu Dihydroceramid, das nach der
Desaturierung erneut zur Synthese, jetzt aber des
4¢-Sphingenin-haltigen Sphingomyelins verwendet
wird. Eine Zeitstudie der Sphingomyelinaufnahme,
der Hydrolyse sowie des Erscheinens des 47-Sphin-
genin-haltigen freien und im Sphingomyelin ge-
bundenen Ceramids fithren zu diesen SchlufBfolge-
rungen.

The basic steps in the biosynthesis and degradation
of the saturated long chain sphingosine bases have
been elucidated!1 61, The two centers of chirality of
the 28,3 R-2-aminodiol system are introduced in the
condensation reaction between palmitoyl-CoA and
1.(28)-serine, which retains the asymmetric center,
and in the stereospecific reduction of 3-dehydre-
sphinganine (2-amino-l-hydroxyoctadecan-3-one)
by an NADPH-dependent hydrid transfer by D-3-
dehydrosphinganine reductase with the formation
of the 3R-configuration.

Extensive studies have been carried out in this
laboratory regarding the precursor relationship for
the desaturation reaction in which the 4-trans
double bond is introduced. Our observation that
3-dehydrosphinganine, on intravenous administra-
tion to rats, is rapidly transformed into the 4¢-
sphingenine of complex sphingolipids, mainly
ceramide and sphingomyelin of rat liver, suggested
also from chemical reasoning that the reaction
product of the initial condensation reaction could
be the substrate of the desaturation enzyme.
In fact Hammond and Sweeleyl?! claimed to
have demonstrated this pathway in the yeast
Hansenula ciferrii and enzyme preparations of
oysters. Other authors, including Di Mari, Brady
and Snelll®] and Polito and Sweeley!®], reported
the precursor function of 2¢-hexadecenoyl-CoA for
the synthesis of 3-dehydro-4¢-sphingenine. Finally
Nakano and Fujinol0:11] suggest a direct isomer-
ization of 3-dehydrosphinganine to 4¢-sphingenine.
However, our studies with doubly labelled [3-3H;
3-14C]1D(+ )-erythro-sphinganine in the rat con-
vincingly eliminated the possibility of double bond
introduction prior to sphinganine formation, as
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Untersuchungen an BHK 21 Zellen in der Gewebe-
kultur zeigten, daB auch in der Biosynthese des
Ceramidmonohexosids, Ceramidlactosids und vor
allem des Himatosids Ceramidspezies mit 4s-
Sphingenin bevorzugt als Akzeptormolekiile ver-
wendet werden. Dabei werden im Verlauf der
Hématosidbiosynthese ganz iiberwiegend (809%)
N-Acyl-4t-sphingenin-Spezies als Akzeptormole-
kiile fiir die Glykosyliibertragung verwendet, wih-
rend im Ceramidmonohexosid und Ceramid-
lactosid N-Acylsphinganin und N-Acyl-4¢-sphinge-
nin bei der gleichen Versuchsdauer zu etwa gleichen
Teilen eingebaut werden.

concluded from the unaltered isotope ratio in 4¢-
sphingenine of ceramide and sphingomyelin™2],

Further studies on the stereospecificities in the
metabolic reactions of the four isomeric sphinga-
nines13] proved these results and demonstrated
that the desaturase reaction procedes with geometric
specificity to a trans double bond. In this reaction
the 4-pro-R and 5-pro-S hydrogen atoms are lost
by cis-elimination in a highly stereospecific manner.
We also noted that the desaturated long chain base
was concentrated in ceramide and particularly
sphingomyelin and ceramide monohexoside, the
latter being present in rat liver in only minute
amounts. No free saturated or unsaturated long
chain bases were found in liver when the naturally
occurring 25,3 R-isomer was administered, but 64 %,
of the radioactive precursor occurred in its desatu-
rated form in ceramide and 80% in sphingomyelin.
These observations then indicated that the de-
saturation might occur at the level of the more
complex sphingolipids ceramide and sphingo-
myelin, which prompted studies of these precursors
in the desaturase reaction, particularly since all
attempts to demonstrate a desaturation in vitro
with substrates such as 2S-dehydrosphinganine
hydrochloride, 25,3R-sphinganine, N-acetylsphin-
ganine and 4D-hydroxysphinganine, using cell-free
extracts of rat liver, rat brain and Hansenula
ciferrii were unsuccessful (unpublished results).

The results of studies in vivo with ceramide and
sphingomyelin as precursors in the desaturase re-
action in rat liver, rat brain and in BHK 21 cells in
tissue culture are the subject of the present publi-
cation.




































