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Summary: This communication describes the in-
tracellular distribution of sphingosine kinase in
human and pig thrombocytes (platelets), its
properties and specificities. The enzyme is soluble
and present in the cytoplasm. It is ATP-dependent;
UTP is only half as active as ATP, while CTP and
GTP are ineffective as phosphate donors. The
kinase exhibits a pH optimum around 7.0 and the

optimum chain length for saturated long chain
bases is 14 to 16 carbon atoms. It has the highest
affinity for (+ )erythro-4t-sphingenine followed by
D(+)erythro- and L(—)threo-sphinganine. The Kp
values for these and the inhibition by L(—)erythro-
and p(+)threo-sphinganine were determined. The
enzyme is stable at —18°C and can be lyophilized
without appreciable loss of enzymic activity.

Isolierung, Eigenschaften und Spezifititen der Sphingosin-Kinase aus Thrombozyten

Zusammenfassung: Es werden Isolierung, Eigen-
schaften und Sperzifititen der Sphingosin-Kinase
aus Thrombozyten beschrieben. Das Enzym be-
findet sich im Cytosol und ist ATP-abhingig. UTP
ist halb so wirksam wie ATP, wihrend CTP und
GTP als Cofaktoren gegeniiber dem Kontrollwert
zu keiner Steigerung der Phosphorylierung fiihren.
Es zeigt sich ein pH-Optimum bei 7,0 und ein
Kettenldngen-Optimum fiir Basen mit 14 und 16

In the preceding publication!!] we demonstrated
that human and pig platelets contain a very active
sphingosine kinase, which phosphorylates the
primary alcohol group of the different long chain
bases. This reaction initiates the degradation of the

C-Atomen in der Reihe der gesittigten langkettigen
Basen. Die héchste Affinitéit besitzt das Enzym fiir
D(+ )erythro-41-Sphingenin. Die Kp-Werte fiir
D(+)erythro-4t-Sphingenin, »(+)erythro-Sphin-
ganin und r(—)threo-Sphinganin sowie die Hem-
mung durch die L(—)erythro- und D(+ )threo-Iso-
meren wurden bestimmt. Das Enzym ist bei — 18°C
stabil und kann ohne Verlust der enzymatischen
Aktivitédt lyophilisiert werden.

long chain bases[2-7], In this paper we report the
results of further studies on the intracellular distri-
bution, properties, kinetics and stereospecificities of
the enzyme.
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Enzymes:

Sphingosine kinase, ATP: sphingosine-1-phosphotransferase /

(EC 2.7.1.7, not yet listed)
(Sphingosine stands for all natural long chain bases)
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Results

Intracellular distribution

Human platelets were disrupted for fractionation
studies by the glycerol load hypotonic lysis tech-
nique of Barber er al.l8], and pig platelets were
lysed by repeated freezing and thawing. /A
100000 x g supernatant, a membrane fractiont8.9]
and a granular fraction!®] were isolated and their
specific activities determined. The valuable tech-
nique described before[l], which separates the free
long chain base (unreacted substrate) from the
I-phosphate ester by ion exchange chromato-
graphy, allowed a rapid and reproducible assay.
The intracellular distribution of the enzyme activity
is given in Table 1.

Table 1. Intracellular distribution of sphingosine kinase
activity in human platelets,

Cell fraction Activity
[mU % (mg prot.y1]
Membranes 0.077
Granules 0.033
100000 x g supernatant 0.450

Each assay mixture, in which radioactive long
chain bases were used as substrates, was also
analyzed by radio thin-layer chromatography for
product formation. An example is given in Fig, 1.
Increasing amounts of enzyme from the platelet
homogenate caused a linear increase of product
formation as shown for [3-*H]4t-sphingenine 1-
phosphate (Fig. 2).

‘On ammonium sulfate fractionation, the enzyme
activity precipitated at 20 to 509, saturation. The
specific activity of the 100000 % g supernatant was
determined at 0.49 mU/mg, that of the 0—209%
(NH4)2S04 fraction at 0.07 mU/mg, that of the
20—509 fraction at 0.56 mU/mg, and that of the
50—1009% fraction at 0.10mU/mg. The 100000 x g
supernatant was free of sphingenine 1-phosphatase,
which is present in the 100000 % g sediment. There
was therefore no hydrolysis of substrate, which
would have lowered the substrate concentration
and thus the product formation.

8 Barber, A. J. & Jamieson, G. A. (1970) J. Biol. Chem.
245, 6357—6365.

9 Marcus, A. J., Zucker-Franklin, D., Safir, LB, &
Ullmann, H. L. (1966) J. Clin. Invest. 45, 14—18.
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Fig. 1. Radio thin-layer chromatogram of extracted
radioactive compounds after incubation of sphingenine
with 100000 x g supernatant of human platelets in the
presence of ATP.

a) Before and b) after ion exchange separation. A : sphin-
genine 1-phosphate, B: sphingenine. Solvent system:
chioroform/methanol/water 65:25:4, For details see
Experimentall],
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Fig.2. Formation of sphingenine 1-phosphate as a func-
tion of enzyme concentration in platelet homogenate.
For conditions see Experimental.

Attempts to purify the enzyme by DEAE-cellulose
or Sephadex chromatography failed because of the
rapid loss of enyzmic activity under the separation
conditions used.

Cofactor and ion requirements

At 3.5 to 7.0x10-3m ATP gave maximal phos-
phorylation, UTP was less effective (in the forma-
tion of 4r-sphingenine 1-phosphate, the ratio of
ATP:UTP activity was 2:1), and GTP and CTP
had no effect. Of the bivalent cations, only Mg2®
and Mn2® at concentrations equimolar to the ATP
stimulated the reaction. EDTA inhibited the reac-
tion.

pH Optimum

In sodium phosphate and Tris maleate buffers at
different pH values, the optimum of the kinase
reaction was observed at pH 7.0. The phosphoryla-
tion yields were identical in the two buffers (Fig. 3).

Kinetic studies

Incubations with increasing concentrations of
[3-3H]p( + Jerythro-sphinganine and [3-3H]p(+)ery-
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Fig. 3. pH-Optimnm of sphingosine kinase.
For conditions of the incubations see Experimental,

thro-4t-sphingenine were carried out under condit-
ions at which the velocity of the reaction was linear
with time and enzyme concentration. From the
Lineweaver Burk plot the X, for n(+ )erythro-4t-
sphingenine was found to be 0.72 x 10~4m (Fig. 4)
and for D(+)erythro-sphinganine, 1.0 % 10-4mM
(Fig. 6).

Stereospecificity

In order to assess the stereochemical properties of
the kinase, the L(—)erythro, D(+)threo and
L(— )threo isomers of sphinganine were also incu-
bated at 3 X 10~%M concentrations with the enzyme
preparation (20509, (NHy4)2SO4 saturation) and
ATP as coenzyme. 1{— )threo-Sphinganine was
?ﬂosphorylated to a significant extent, whereas the

(—)erythro and D(+ )threo isomers did not under-
go significant phosphorylation. Fig. 5 shows the
reaction rates of 4t-sphingenine, sphinganine,
L(—erythre-, o(+)threo-, 1{— Ythreo- and 4D-hy-
droxysphinganine. The K,, for L(—)threo-sphin-
ganine, derived from the Lineweaver Burk plot,
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Fig. 4. Determination of K,-value of 4/-sphingenine.
K, =0.72%10"%,

was found to be 103m. The L(—)erythro-,
D(+ )threo- and L(—)threo-sphinganine isomers are
competitive inhibitors of the kinase. They all inhibit
the reaction up to 509 at concentrations between
0.35 and 3.6 % 10~4m. This is demonstrated in Fig. 6
for L(—)erythro-sphinganine as an example, the Ky
of which is 1.62 x 10~4m.

Chain length specificity

In a series of experiments homologous [3-*H]pL-
erythro-sphinganines of chain length Ci4, Ci6, Cis
and Caq were incubated under optimal conditions
with the 100000 x g supernatant as enzyme source.
If the chain lengths and reaction rates are plotted
semilogarithmically, the reaction rates increase in
a linear fashion from Cig to Cag-DL-erythro-sphin-
ganines. These results may well reflect the solubility
of the substrates, which decreases with chain length.

Stability of the enzyme

The enzyme, present in the 100000 X g supernatant,
was stable at —18%C for at least three weeks with-
out any loss of activity. When this enzyme pre-
paration or the dialyzed 20-509; (NHg)2504
precipitate was stored at 4°C, a linear decrease of
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Fig. 3. Rates of the kinase reaction with different long
chain bases, A: 4-sphingenine, B: sphinganine, C:
L(—)erythro-sphinganine, D: D(+)threo-sphinganine,
E: 1(—)threo-sphinganine, F: 4D-hydroxysphinganine.
Each incubation mixture contained in a total volume of
1.0 m/: 100 wmol Tris maleate buffer pH 7.0, 0.30 ymol
long chain base, 7 pmol ATP, 7 umol MgCly, 1.5 mg
protein. The yield of [3-3H]p(+ )erythro-sphingenine
1-phosphate formed was 60 nmol x h=1. This value was
taken as reference (100%).

the enzymic activity was observed, which could not
be prevented by 10 mM mercaptoethanol. On lyo-
philization the enzymic activity was almost com-
pletely retained.
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Fig. 6. Determination of Kt of L(—)erythre-sphinganine
in the sphingosine kinase reaction by the Dixon plot
with D(+)erythro-sphinganine as substrate. Substrate
concentration: 0=2X 10~%M; @=5x10"5M.
Kr=1.62x10"%m.









