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Summary: The distribution and properties of di-
hydrosphingosine-1-phosphate aldolase (sphinga-
nine-1-phosphate-alkanal-lyase EC 4.1.2.7) have
been described. This enzyme cleaves dihydro-
sphingosine 1-phosphate into palmitaldehyde and
phosphorylethanolamine in a pyridoxal phosphate

Zusammenfassung: Sroffwechsel von Sphingosin-
basen, XI: Verteilung und Eigenschaften von Di-
hydrosphingosin-1-phosphat-Aldolase ( Sphinganin-1-
phosphat-Alkanal-Lyase). Es wird iiber die Ver-
teilung und die Eigenschaften der Dihydrosphingo-
sin-1-phosphat-Aldolase (Sphinganin-1-phosphat-
Alkanal-Lyase EC 4.1.2.?) berichtet. Dieses Enzym
spaltet Dihydrosphingosin-1-phosphat in Palmitin-
aldehyd und Phosphorylidthanolamin. Es besitzt

Previous studies have demonstrated that sphingo-
sine bases are rapidly degraded in the animal cell
and in the yeast Hansenula ciferrii>. Palmitic
acid, phosphorylethanolamine and free ethanola-
mine have been isolated in experiments in vivo as
degradation products of specifically labeled ery-

dependent catalysis. The presence of this enzyme
has been shown in all organs investigated so far:
liver, brain, heart, muscle, kidney, spleen and lung
of the rat, liver and kidney of pigs, beef liver and
Hansenula ciferrii. 1t is bound to the membranes of
the endoplasmic reticulum and of the mitochondria.

Pyridoxalphosphat als Coenzym. Das Enzym wurde
in folgenden untersuchten Organen nachgewiesen:
Leber, Gehirn, Herz, Muskulatur, Niere, Milz und
Lunge der Ratte, in Schweineleber und -niere,
Rinderleber sowie der Hefe Hansenula ciferrii. Das
Enzym ist an die Membranen des endoplasmati-
schen Reticulums und der Mitochondrien ge-
bunden.

thro- or threo-dihydrosphingosines and of sphin-
gosine. The overall reaction in the breakdown of
the 2-amino-1,3-dihydroxy-alkane or -4-alkene ex-
hibits no particular chain length specificity. Eicosa-
dihydrosphingosine as well as medium and short
chain 2-amino-1,3-dihydroxy-alkanes are rapidly
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Enzymes:

Dihydrosphingosine-1-phosphate aldolase, sphinganine-1-phosphate alkanal-lyase (EC 4.1.2.?; not yet listed)
Dihydrosphingosine-1-phosphatase, sphinganine 1-phosphohydrolase (EC 3.1.3.?; not yet listed)

Threonine aldolase, L-threonine acetaldehyde-lyase (EC 4.1 2:9)

Allothreonine aldolase, L-allothreonine acetaldehyde-lyase (EC 4.1.2.6)
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cleaved in experiments in vive®S. All substrates
vielded phosphorylethanolamine and the corre-
sponding hydrocarbon fragment with two carbon
atoms shorter than the substrate. The degradation
reactions were studied in experiments in vitro in
order to gain insight into the reaction mechanism?.
We were able to demonstrate that the cleavage of
the long-chain bases a) required ATP and b) yielded
as the primary products the fatty aldehyde and
phosphorylethanolamine. Palmitic acid isolated in
the experiments in vivo resulted from the oxyda-
tion of palmitaldehyde, because our experiments
in wvitro with [3-14C; 3-3H]dihydrosphingosine
clearly proved that the 3H/MC ratio in [1-1C;
3H]palmitaldehyde isolated as cleavage product re-
mained unchanged compared with that of the
substrate. The main intracellular sites of this de-
gradation are the endoplasmic reticulum and the
mitochondria.

Both degradation products are very effectively
utilized for the synthesis of phospholipids; phos-
phorylethanolamine for the hydrophilic part of
phosphatidylethanolamine and phosphatidylcho-
line, palmitic acid for the acylation of 3-glycero-
phosphate in the biosynthesis of ester lipids!—3-8,
Young rats (10—25 days of age) incorporate the
palmitaldehyde liberated from dihydrosphingosine
effectively into plasmalogens®10.

In this communication we report on the distribu-
tion and properties of the enzyme and the further
characterization of the lyase reaction, which leads
to the cleavage of dihydrosphingosine 1-phosphate.

Results

1) Distribution of dihydrosphingosine-1-phosphate
aldolase in the rat liver cell

a) Intracellular distribution

The kinetics of the lyase reaction using [3-Clery-
thro-pL-dihydrosphingosine 1-phosphate as sub-
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strate were measured with the different subcellular
fractions of rat liver prepared according to SiE-
keviTz!! in order to localize the sites of the degra-
dation. Fig. 1 indicates that the major site of the
lyase reaction is the endoplasmic reticulum fol-
lowed by the mitochondrial fraction. The super-
natant is essentially free of enzymic activity.
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Fig. 1. Kinetics of the dihydrosphingosine-1-phosphate
aldolase reaction in cell fractions from rat liver.

The incubation contained in a total volume of 2.5 m!:
0.6 umoles of [3-1“Clerythro-pL-dihydrosphingosine
1-phosphate (268000 dpm), 35 mg enzyme protein,
1 pmole of pyridoxal phosphate, 20 pmoles of NaF,
250 pmoles of sodium potassium phosphate buffer,
pH 7.4. 0.5m/ samples from the incubation were
analyzed at times indicated for [1-14C]palmitaldehyde
and fatty acids as described under Experimental.

The outer and inner mitochondrial membranes and
the matrix were isolated according to SOTTOCASA
et al.'? and investigated for their ability to degrade
dihydrosphingosine 1-phosphate. The inner mito-
chondrial membrane possesses by far the highest
enzymic activity (Table 1), if one takes into account
that the mass of inner membranes is about 10—20
times higher than that of the outer membrane.

11 p, SiekeviTz, Methods in Enzymol. 5, 61 [1962],
12 G, [* SorTocasA, B. KUYLENSTIERNA, L. ERNSTER
and A, BerGsTrRAND, J. Cell Biol, 32, 415 [1967].
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able 1. Degradation of dihydrosphingosine 1-phos-
wate by outer and inner mitochondrial membrane.
icubation components in a volume of 2 m/: substrate
| umole; pyridoxal phosphate 0.5 umoles; NaF
) wmoles; phosphate buffer 200 wmoles, pH 7.4; pro-
in as indicated.

Mitochondrial
membranes matrix
outer inner
rotein [mg] 0.4 0.6 2.0 5.0 Fii 33
almital-
dehyde for-
med [dpm] 480 600 1530 2370 172 505

) Distribution in organs of the rat

Jsing the same substrate concentrations and re-
ction conditions the organs listed in Table 2 were
creened for enzymic activity. Homogenates were
yrepared and their enzymic activities related to rat
iver homogenate. Rat liver contains the highest
Idolase activity followed by spleen and kidney.

Table 2. Distribution of dihydrosphingosine-1-phos-
shate aldolase in different organs of the rat.
Incubation components in 2.0 m/: protein (homogenate)
10 mg; substrate 0.1 pmole; pyridoxal phosphate
).5 wmole; NaF 20 umoles; phosphate buffer 200 pmo-
les, pH 7.4. Incubation for 2 h at 37°C. The incubation
with liver protein yielded 9.8 nmoles (9.8 %) of palmital-
dehyde. Pig kidney, pig liver and beef liver showed enzy-
mic activities comparable with the rat organs,

Organ Relative activities
[%]

Liver 100

Spleen 87+ 2

Kidney 55+3

Brain 34 4

Lung 3241

Heart 3043

Muscle 11+2

Hansenula ciferrii, which is known to secrete large
amounts of acetylated phytosphingosine!?, also
degrades dihydrosphingosine and phytosphingo-
sine. In-vivo studies have shown, that radioactive
palmitic acid and 2-hydroxypalmitic acid can be

13 L, J, WickerHaM and F. J. StopoLa, J. Bacteriol. 80,
484 [1960].
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isolated when [3-14C]dihydrosphingosine or phyto-
sphingosine serve as substrates?. We therefore in-
cluded this yeast in our in-vitro studies. Incubation
of [3-14C]dihydrosphingosine 1-phosphate with the
microsomal fraction of this yeast, which proved to
be the most active subcellular fraction, led to a
measurable degree of degradation as determined by
measurement of the radioactivity of palmitaldehyde
formed during the incubation. However, rat liver
microsomes proved to be ten times as active as
Hansenula cif. microsomes. Table 3 summarizes
the relationship between the yield in the cleavage
reaction and the concentration of Hansenula cif.
microsomal protein.

Table 3. Degradation in vitro of dihydrosphingosine
I-phosphatz by Hansenula ciferrii microsomal protein.
The conditions of the incubations are the same as
described in Table 2.

Hansenulacif. microsomes. Degradation

[mg] [ %]
1.1 1.35
22 1.51
4.4 1.96
8.8 2.86
13.2 2.74
Rat liver microsomes
[mg]
5.0 19.05

2. Reaction conditions for and properties of the en-
zyme dihydrosphingosine-1-phosphate aldolase

a) Characterization of reaction products

The results described in the previous section led us
to use the microsomal fraction of rat liver as the
enzyme source for our further studies.

When a batch incubation of [3-14Clerythro-prL-di-
hydrosphingosine 1-phosphate (2 pmoles) was car-
ried out under optimal conditions, which are de-
scribed in the following sections, and inactive pal-
mitaldehyde was added after the incubation, radio-
active [1-14CJpalmitaldehyde (0.165 pmole) was
isolated in 8.2% vyield and characterized as its
crystalline semicarbazone (mp. 104.5°C from hep-
tane (uncorrected), lit. 107°C). This derivative had
constant specific radioactivity over four recrystal-
lizations. The same experiment was carried out with
[3-3H : 3-19Cerythro-pL-dihydrosphingosinel-phos-
phate. [1-3H:1-1*C]Palmitaldehyde was obtained





















