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

HoppE-SEYLER'S Z. PHYSIOL. CHEM.
Bd. 351, S. 635—642, Mai 1970

Metaboli of Sphi

Bases, XIII*

Enzymatic Synthesis of 1-Phosphate Esters of 47-Sphingenine
(Sphingosine), Sphinganine (Dihydrosphingosine), 4-Hydroxysphinga-
nine (Phytosphingosine) and 3-Dehydrosphinganine by Erythrocytes

WILHELM STOFFEL, GERD ASSMANN and ERIKA BINCZEK

Institut fiir Physiologische Chemie der Universitdit Koln**

(Received 5 March 1970)

Summary: The enzymatic phosphorylation of 4¢-
sphingenine, sphinganine, 4-hydroxysphinganine
and 3-dehydrosphinganine has been carried out
with human and rabbit erythrocytes. The 1-phos-
phate esters of the long chain bases are formed in
a high yield. The reaction can be used for large scale
preparations. The reaction products have been

Zusammenfassung: Stoffwechsel von Sphingosin-
basen, X111: Enzymatische Synthese der 1-Phosphor-
sdureester von 4t-Sphingenin (Sphingosin), Sphin-
ganin (Dihydrosphingosin), 4-Hydroxysphinganin
( Phytosphingosin) und 3-Dehydrosphinganin mit
Erythrozyten. Die enzymatische Phosphorylierung
von 4¢-Sphingenin, Sphinganin, 4-Hydroxysphin-
ganin und 3-Dehydrosphinganin wurde mit Men-
schen- und Kaninchenerythrozyten durchgefiihrt.
Es wurden die 1-Phosphorsdureester der Sphingo-
sinbasen in hoher Ausbeute gebildet. Die Reaktion

Specifically labelled long chain bases made possible
the study of the biological degradation of long
chain sphingosine bases! 4. Studies in vivo proved,

characterized chemically and enzymatically. Ery-
throcytes synthesize the phosphate esters but are
no longer able to degrade them to the long chain
aldehyde and ethanolamine phosphate. The kinase
cannot be inhibited by strophanthin in analogy to
the ATPase of the erythrocyte membrane.

kann fiir die priparative Darstellung dieser durch
die chemische Synthese nur schwer oder gar nicht
zuginglicher Intermedidrprodukte genutzt werden.
Die Reaktionsprodukte wurden chemisch und en-
zymatisch charakterisiert. Erythrozyten syntheti-
sieren diese 1-Phosphorsdureester der langkettigen
Basen, bauen sie aber nicht weiter zum langkettigen
Aldehyd und Athanolaminphosphat ab. Die Kinase
kann nicht durch Strophanthin analog den ATP-
asen der Erythrozyten gechemmt werden.

that carbon atoms 1 and 2 of the sphinganine and
sphingenine molecule are released as ethanolamine
whereas C-3 to C-18 were isolated as Cjg moieties

* XII. Commun: W. STorreL and A. ScHEID, this journal 350, 1593 [1969]. For the nomenclature see IUPAC-IUB
Comission on Biochem. Nomencl., Biochem. J. 105, 897 [1967]; this journal 350, 279 [1969].
** Address: Prof. Dr. Dr. W. StoFreL, D-5 Kéln 41, Joseph-Stelzmann-Str. 52.

Enzymes:

Sphinganine-1-phosphate aldolase, sphinganine-1-phosphate alkanal-lyase (EC 4.1.2.?; not yet listed)
Sphinganine-1-phosphatase, sphinganine-1-phosphohydrolase (EC 3.1.3.2; not yet listed)

Abbreviations: S = start, F = front.
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either as palmitic acid in phospholipids and tri-
glycerides or as palmitaldehyde from plasmalogens
when [3-3H]sphinganine was administered intra-
cerebrally to young rats®. Long chain bases labelled
in position 1 yielded ethanolamine which was
utilized for phosphatidyl ethanolamine biosyn-
thesis or recovered from the aqueous liver extracts®.
Subsequent studies in vitro further supported the
conclusion derived from these studies in vive that
the cleavage of the sphingosine bases occurs after
phosphorylation because the degradation in vitro
was enhanced by ATP and furthermore yielded
palmitaldehyde and ethanolamine phosphate, al-
though the degradation rate was low?-8. However,
when synthetic sphinganine 1-phosphate was used
as substrate a rapid cleavage into palmitaldehyde
and ethanolamine phosphate occurred’. The en-
zyme sphinganine 1-phosphate aldolase is localized
on the membranes of the endoplasmic reticulum
and the mitochondrial membranes®. Despite the
evidence for the synthesis of the 1-phosphate ester
of sphinganine in a kinase reaction preceding the
aldolase type cleavage appearing to be conclusive,
we wanted to demonstrate the product formation
of the kinase reaction not only with sphinganine as
substrate but also with 4s-sphingenine and 4-
hydroxysphinganine and possibly derivatives there-
of. We had demonstrated previously in studies in
vive that 4t-sphingenine and 4-hydroxysphinganine
are, like sphinganine, rapidly degraded yielding
ethanolamine and palmitic acid and 2-hydroxy-
palmitic acid, respectively®10, However, an exact
mechanism and the isolation and identification of
the primary cleavage products of these two bases
are still pending because the chemical synthesis of
their 1-phosphate esters for studies in vitro has not
yet been achieved. We have now succeeded in the
large scale enzymatic synthesis of the 1-phosphate
esters not only of sphinganine but also of 4r-
sphingenine, 4-hydroxysphinganine and 3-dehydro-
sphinganine, which is described in this paper. Re-

5 W. Storrer and D. LEKIM, in preparation.

6 W. STorreL, G. STicut and D, LeKim, this journal
350, 63 [1969].

7 W. StorFeL, G. Sticut and D. LEKmv, this journal
349 1745 [1968).

8 R. W. Keenan and A. Maxam, Biochim. biophysica
Acta [Amsterdam] 176, 348 [1969].
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349, 1149 [1968).
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sults of our studies in vitre with these substrates
regarding their degradation are reported in the
subsequent paper''. Recently the enzymatic phos-
phorylation of sphinganine with bovine kidney
preparations has been demonstrated by Keenan!2,

Results

Our attempts to demonstrate the phosphorylation
of long chain bases with rat liver preparations using
(y-P2P]A TP were rather unsatisfactary. The yield of
radioactive phosphate ester of sphinganine was
rather low, most of the radioactive phosphate ap-
peared in ethanolamine phosphate indicating that
the aldolase reaction is a very fast one.

In related studies we made the surprising observa-
tion, that the erythrocytes of rabbit or man rapidly
phosphorylate sphinganine, 4s-sphingenine, 4-hy-
droxysphinganine and 3-dehydrosphinganine. The
mature erythrocyte does not have the enzyme aldo-
lase and therefore the phosphate esters are the only
reaction products. They can easily be separated,
purified and characterized and used for the study
of pertinent problems,

1) Sphinganine 1-phosphate

[3-14C]Jerythro pL-Sphinganine was incubated with
erythrocytes, subsequently hemolyzed and the
ghosts extracted with chloroform/methanol (1:1).
The extracts including the aqueous phase were
concentrated and analyzed by thin-layer chromato-
graphy. Fig. 1a and b represent the radio chro-
matograms of the sphinganine 1-phosphate ester
separated from unreacted substrate by silicic-acid
chromatography, the ypper thin-layer plate was
developed in chloroform/methanol/water (65:25:4),
the lower in n-butanol/acetic acid/water (60:20:20).

The yield of the phosphorylation was about 30 %
of the theory. The phosphate co-chromatographs
with synthetic sphinganine 1-phosphate (Fig. 2).
The characterization by enzymatic and chemical
degradation proved its structure: when the phos-
phate ester was treated with microsomal sphin-
ganine-1-phosphatase almost complete hydrolysis
to sphinganine occurred within 60 min. This is
illustrated in Fig. 3a and b.

11 W, StorreL and G. AssMANN, in preparation.
12 R, W. Keenan and B. HaeceLiv, Biochem. bio-
physic. Res. Commun. 37, 888 [1969].
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Fig. 1. Phosphorylation of sphinganine by human ery-
throcytes. Radio-thin-layer chromatographic analysis
after incubation of [3-14C]sphinganine. Solvent systems:
a) chloroform/methanoljwater {65:25:4) b) n-butanol]
acetic acid/water (60:20:20). A: reaction product,
B: substrate.
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When [1-14C]sphinganine was enzymatically phos-
phorylated and the reaction product submitted to
periodate oxidation, almost all the radioactivity
appeared in glycolaldehyde phosphate, which co-
chromatographed with the authentic test com-
pound. Traces of unreacted sphinganine 1-phos-
phate ran in the solvent front (solvent system: rert.-
butanol/water/picric acid 20:5:1 (v/v/w)13, Fig. 4.
This result proves that the phosphorylation occurs
at the site of the primary alcoholic group of sphin-
ganine and not at the hydroxy group at carbon
atom 3.

S I3

Fig. 3. Hydrolysis of sphinganine I-phosphate by
microsomal phosphatase. Radio-thin-layer chromato-
gram a) after 15 min; b) after 60 min of incubation.
Solvent system: chloroform/methanol/water (65:25:4).
A: substrate, B: reaction product.

«

Fig. 2. Co-chromatography of enzymatically formed
[3-14C]sphinganine phosphate (upper curve) and syn-
thetic sphinganine 1-phosphate (lower curve). Radio-
thin-laver chromatography after purification of the
reaction product. Solvent system: n-butanolfacetic
acid/water (60:20:20).

13 C, 5. Hanes and F. A. IsHERwooD, Nature [London]
164 1107 [1949].


















