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Summary: The degradation of [3-14Clerythro-pL-
dihydrosphingosine, [5-3H]#hreo-L-dihydrosphingo-
sine, [7-3H]erythro-DL-sphingosine and [1-3H;
3-14CJerythro-pL-dihydrosphingosine has been stu-
died in rat liver. All these long chain bases yield
1-1C or 3H labeled palmitic acid and a two carbon
unit. This has been identified as ethanolamine.

[1-8H ;3-14CJerythro-oL-dihydrosphingosine is de-

Zusammenfassung: Es wird iiber Untersuchungen
zum biologischen Abbau des fiir die langkettigen
Sphingosin- und Dihydrosphingosinbasen charak-
teristischen ervthro- und three-2-Amino-1.3-di-
hydroxy-alkan- bzw. -alk-4-en-Systems berichtet.
Der Abbau von [3-14Clerythro-pL-Dihydrosphingo-
sin, [7-3H]erythro-Sphingosin, [5-*Hlthreo-L-Di-
hydrosphingosin und [1-3H;3-14Clerythro-pL-Di-
hydrosphingosin wurde in Versuchen in vivo
untersucht.

Sphingosine has set many puzzles in different re-
spects and this is indicated in the name of this com-
pound or, as we know today, group of compounds.
70 years elapsed between the isolation of sphingo-
sine from phrenosin by THuDICHUM? in 1882 and
the final establishment of its structure. THIERFELDER?
and Levene"? found two hydroxyl-, one amino-
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graded to [1-14C]palmitic acid and [1-°H]2-amino-
ethanol. Palmitic acid is partially elongated to
stearic acid and both incorporated into ester- and
sphingolipids. The sphingosine bases are incorpo-
rated only into ceramide and sphingomyelin.
[3H]ethanolamine is incorporated into phosphatidyl
ethanolamine and phosphatidyl choline as its
methylated derivative.

[3-14C]Jerpthro-Dihydrosphingosin fiihrte zur Iso-
lierung von [1-14C]Palmitinsdure, [7-*H]erythro-
Sphingosin und [5-H]Dihydrosphingosin zu [*H]}-
Palmitinsdure. [1-3H:3-14Clerythro - pL-Dihydro-
sphingosin wurde zu [1-14C]Palmitinsdure und
BH]JAthanolamin abgebaut. Die Palmitinsiure wird
als Acylgruppe in die Ester- und Sphingolipoide
(Ceramid und Sphingomyelin), das Athanolamin in
das Phosphatidyl-dthanolamin eingebaut.

group and one double bond as functional groups.
Kienk and DieBoLDS showed, that the sphingosine
molecule consists of 18 C-atoms, with the double
bond in the 4 position. CArRTER and coll.7-8 un-
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ambiguously determined the positions of the func-
tional groups and the configuration of carbon atom
2 of dihydrosphingosine. According to their findings
natural sphingosine is erythro-p-2-amino-4r-octa-
decene-1,3-diol and dihydrosphingosine erythro-
p-2-aminooctadecane-1,3-diol. These results were
confirmed by Kiss, Fopor and BanFI? and KLENK
and FAILLARD!Y. The final proof of this structural
work was achieved by the total syntheses of the
two compounds by SHariro and coll.ll:12 and
Gros and coll.13. 14,
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These long chain aminodiols, predominantly the
unsaturated sphingosine, are structural elements of
all sphingolipids of the animal cell such as sphingo-
myelines, cerebrosides, ceramide polyhexosides and
the N-acetyl neuraminic acid containing ceramide
polyhexosides, the gangliosides. Whereas cerebro-
sides contain only Cig-sphingosines, this base is
substituted by Cszo-sphingosines in brain ganglio-
sides with increasing age. Lower homologues are
present only in trace amounts, if at all. In yeast
{Hansenula cifferi) phytosphingosine (p-ribo-2-
aminooctadecane-1,3,4-triole) is produced and ex-
creted as the triacetyl-derivativeld. 16,

The experiments of Zasin and coll.!7 and SpriNG-
son!® indicate that C-1 and C-2 of the sphingosines
are derived from C-2 and C-3 of L-serine and the rest
of the carbon chain from palmitic acid.
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Brapy et al.l? postulate, that palmitoyl-CoA is
reduced by NADPH to palmitic aldehyde, which
then condenses with serine in a pyridoxalphosphate
catalyzed reaction with the loss of CO2 to give di-
hydrosphingosine. Finally the trans double bond is
thought to be introduced by an FAD enzyme.

So far nothing is known about the degradation of
dihydrosphingosine and sphingosine. The 2-amino-
1,3-diol system with or without the allylic trans
double bond is unique in nature. The degradation
of these long chain bases therefore must involve a
novel reaction sequence.

We first approached this problem of the biological
oxidation of dihydrosphingosine and sphingosine
by studying the oxidation and utilization of these
bases, which were labeled in different positions of
the hydrophilic and hydrophobic part of the mole-
cule in experiments in vivo. The chemical syntheses
of a number of radioactive substrates is reported in
subsequent papers20:2L,

This paper describes the degradation and utilization
of [3-YClerythro-pL-flihydrosphingosine, [7-H]-
erythro-pL-sphingosine, [5-3H]threo-1.-dihydro-
sphingosine and [1-3H; 3-14Clerythro-pL-dihydro-
sphingosine in the rat liver.

Results

The free bases or their hydrochlorides bound to
albumin were administered intravenously to rats in
all experiments. In those experiments, in which 4C
labeled substrates were used. the animal was kept
in a metabolic cage and the respiratory air exa-
mined for *COQs.. After certain periods of time
(between 6 and 10 hours) the liver of the experi-
mental animal was isolated and the total lipids
extracted. The ester- and sphingolipid mixture was
separated by silicic acid chromatography and each
fraction analyzed.

In the preceding short communication! we re-
ported that [3-14Clerythro-pL-dihydrosphingosine
intravenously administered to rats is degraded at a
rate comparable with the oxidation of long chain
fatty acids. During the first four hours radioactivity
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20 [11. Commun.: W. STorreL and G. STicHT, this jour-
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21 W. StoFfFEL, G. SticeT and D. LEKM, this journal,
in preparation.
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corresponding to 0.715 pmoles/hour of [3-14C]-
erythro-nL-dihydrosphingosine is released into the
respiratory air as COs and after ten hours
approximately 25% of the injected radioactivity is
trapped as 4COy. In this and another experiment
about 20% of the injected radioactivity was re-
covered in the lipid mixture from liver. This mixture
was separated by silicic acid chromatography into
neutral lipids, ceramides, phosphatidyl ethanol-
amine, phosphatidyl choline and sphingomyelin
(see fig. 3). The distribution of the radioactivity in
the different lipid classes is demonstrated in the thin
layer chromatograms of fig. la—c. Mainly the
fatty acids of the mono- and triglycerides (fig. 1a)
were labeled with [YC]palmitic acid and stearic
acid. The radioactivity of fraction 2 (fig. 1b) was
located only in the ceramide band, which was con-
firmed by rechromatography in a second system
(fig. 1c).

Whereas the radioactivity of the ester lipids was
present only in the fatty acid fraction, ceramide
and sphingomyelin both were labeled in the fatty
acid (45%,) and base moiety (55%) with a similar
distribution,

The radiogaschromatographic analysis of the fatty
acid methyl ester mixtures of each of these fractions
strikingly showed, that palmitic acid carries more
than 80%, of the radioactivity, the rest being in-
corporated into stearic acid. If this [*C]palmitic
acid is a fragment of dihydrosphingosine, the mar-
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Fig. 1. Thin layer chromatogram of fractions after silicic
acid chromatography. a) fraction I (mono-, di- and
triglycerides, cholesterol and cholesterol esters) system:
petroleum ether (30—60°C)/ether/acetic acid 90:10:2.
b) fraction 2 (ceramide), 3 phosphatidyl ethanolamine,
4 phosphatidyl choline and 5 phosphatidyl choline +
sphingomyelin. System: chloroform/methanol/water
63:25:4, Kieselgel H. c) fraction 2 rechromatographed
in system: chloroform/methanol 8: 1.















