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Synthesis of a Fluorogenic Analogue of Sphingosine-1-Phosphate and Its
Use to Determine Sphingosine-1-Phosphate Lyase Activity

Carmen Bedia,”” Luz Camacho,” Josefina Casas,”” José Luis Abad,”” Antonio Delgado,® "

Paul P. Van Veldhoven,' and Gemma Fabrias*®?!

Sphingosine-1-phosphate lyase (SGPL1), encoded by Sgpli, is
an endoplasmic reticulum membrane protein that catalyses
the pyridoxal 5-phosphate-dependent cleavage of sphingo-
sine-1-phosphate to ethanolamine phosphate and hexadece-
nal.'® SGPL1 serves central roles in development,“*® chemo-
taxis”) and in preventing defects in reproductive structures
and function.® On the other hand, SGPL1 acts as a tumor sup-
pressor,” ' has a role in chemoresistance™'¥ and it is also im-
plicated in immunity."® Collectively, SGPL1 represents a novel
target for cancer therapy and immunosuppression."® The re-
search of SGPL1-mediated biology and the identification of
novel small chemical entities that modify SGPL1 activity in
drug discovery programmes would benefit from the availability
of an easy SGPL1 assay amenable to high-throughput screen-
ing (HTS) formats. SGPL1 determination has been carried out
using a rather tedious radiometric procedure. The enzyme ac-
tivity is measured by following the formation of labelled hexa-
decanal from [4,5-*H]dihydrosphingosine-1-phosphate.'”’ After
enzyme incubation and lipid extraction, the aldehyde is sepa-
rated by thin-layer chromatography and quantified by using
liquid-scintillation counting. A new assay using a fluorescent
substrate has been reported, but it still requires lipid extraction
and chromatographic separation."®

The use of a fluorogenic substrate as SGPL1 sensor was en-
visaged after the pioneering works by Reymond and co-work-

HOo

ers.' In this context, the coumarinic sphinganine 1-phosphate
analogue 1 was designed as potential fluorogenic SGPL1 sub-
strate. Since both saturated and unsaturated as well as truncat-
ed base phosphates are transformed by SGPL1 and the reac-
tion is highly stereoselective for the p-erythro isomer, we rea-
soned that compound 1 contains the required structural fea-
tures to behave as a SGPL1 substrate. Upon SGPL1 cleavage,
the aldehyde 2 is produced, which should undergo subse-
quent B-elimination at neutral-alkaline pH to release the fluo-
rescent product umbelliferone and acrolein® (Scheme 1).

The synthesis of 1 (Scheme 2) was accomplished from alco-
hol 3, which was obtained in five steps from Garner’s aldehyde
as described.”"’ Deprotection of 3 under p-toluenesulfonic acid
catalysis in methanol gave diol 4, which was selectively phos-
phorylated at the primary alcohol function using dimethyl-
chlorophosphate to afford 5. Finally, concurrent hydrolysis of
the two methyl phosphate esters and the tert-butoxycarbonyl
group was carried out using trimethylsilyloromide, giving 1 in
45% vyield.”? Furthermore, aldehyde 2 was also synthesized
following reported procedures®® to investigate its conversion
into umbelliferone in the enzyme reaction conditions.

To confirm that SGPL1 was specifically involved in the pro-
duction of fluorescence from 1, the assay was performed with
lysates of murine embryonic fibroblasts (MEF) prepared from
both homozygous (—/—) and heterozygous (+/—) knockout

Scheme 1. SGPL1-catalyzed fluorescence release from 1.
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OHC-CH=CH, umbelliferone

and wild-type (wt) embryos, obtained by crossing Sgpl1+/—
mice.’” Fluorescence released upon incubation of (—/—) cell
lysates with increasing concentrations of 1 was barely above
background (Figure 1A), while a concentration dependent pro-
duction of fluorescence was observed with (+/—) and wt cells,
with higher enzyme activities at all concentrations in the latter
case. Moreover, no fluorescence was released from 250 um
substrate and lysates of wt cells in the absence of pyridoxal
phosphate, which further confirmed the specificity of this sub-
strate for SGPL1. In wt cells, production of fluorescence from 1
was dependent on the amount of protein, reaching a plateau
at around 1 mg/well (10 mgmL™).

The effect of the incubation mixture components on both
maximum fluorescence and signal/background ratio were

ChemBioChem 2009, 10, 820 -822



5 steps OH

S
. H

N s
oB
0}7 ’

o}
0/7\‘/ HO
o'B
O>_ )

Garner's aldehyde

OH OH X (MeQ),P(O)CI,
: N-methylimidazol/CH,ClI,
AP W .

p-TsOH/MeOH
—_—
25°C/2.5h
59 %

HN. _O®Bu 259C/16 h
g 4 54 %
0
\Q\O
o”P\o OH A TMSBr/CH;CN 25 °C/3 h
then MeOH 95 %/25 °C/1 h
0 0" o
HN\H/O’BU 45 %
0

A) B) 0.8
0.7
3 80t wt 061
O 6x104 I 0.54
Q
- 2 047
§ 4x10° (+/_) 0.3
5 2x10 02
E (=) 01
w

0 50 100 150 200 250
[Substrate] / um

20005 0 00050010 0.015
18] —

Figure 1. Enzymatic cleavage of 1. A) Cleavage of 1 by lysates of either ho-
mozygous (—/—), heterozygous (+/—) or wt mouse embryonic fibroblasts.
Cell lysates (9 mg protein per mL) were incubated with 1 in 0.5m phosphate
buffer pH 7.4 with 0.25 mm pyridoxal phosphate at 37°C for 6 h. Data are
means =+ SD of one experiment with triplicates; B) Lineweaver-Burk plots for
cleavage of 1. Experiments were carried out with wt cell lysates (9 mgmL™")
with the same buffer as in (A) plus 25 um Na;VO,. Data are means +SD of
one representative experiment with triplicates.

examined with 1 using wt cell homogenates and compared to
the fluorescence released from pure aldehyde 2 and that of
umbelliferone submitted to the same incubation conditions.
Although BSA is commonly used as catalyst in this type of
proton transfer reaction,™ its reactivity with pyridoxal phos-
phate®*?"! precluded its use here. Nevertheless, a time depen-
dent release of umbelliferone from 2 was observed in the ab-
sence of BSA, and it reached completeness after 60 min (Fig-
ure 2B). Therefore, BSA was not necessary to fulfil the B-elimi-
nation reaction. SGPL1 assays use Triton-X100 for substrate sol-
ubilization. In our hands, production of fluorescence from 2
was dramatically decreased in the presence of Triton-X100 (Fig-
ure 2B), possibly due to the engulfing of umbelliferone in the
detergent micelles. Thus, fluorescence of umbelliferone was
reduced about sixfold in the presence of Triton-X100 (Fig-
ure 2A), which was therefore avoided in the reaction mixture.
Other additives commonly used to measure SGPL1 activity,
such as NaF and Na;VO, had no effect on the fluorescence
released either from 2 or from umbelliferone (Figure 2A, B).
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However, although NaF did not affect the production
of fluorescence from 1, significantly more umbellifer-
one was released in the presence of Na;VO, (Fig-
ure 2C). This result is in agreement with sphingosine-
1-phosphate phosphatase belonging to the PAP2-like
superfamily of phosphatases,”®*? which includes va-
nadate-sensitive lipid phosphate phosphohydrolas-
es.”% |mportantly, although dithiothreitol (DTT) had
no effect on the fluorescence produced from 2 or
that of umbelliferone (Figures 2A, 2B), it brought
about a significant reduction in the fluorescence gen-
erated from 1. These results suggested that the dele-
terious effect of DTT occurred at the SGPL1 reaction
level, although in the presence of Triton X-100 and
when using sphinganine-1-phosphate as substrate,
DTT is not inhibitory.®" Site-directed mutagenesis of
the human cDNA disclosed the importance of the
cysteine residues C218 and C317 for the cleavage
reaction,”" in agreement with the N-ethylmaleimide
sensitivity.®" The reason for this discrepancy is cur-
rently not known.

From these overall results, incubation of 1 (125 um) with
100 pL of a cell lysate (about 10 mgmL™") in 0.5m potassium
phosphate pH 7.5 containing Na;VO, (25 um) and pyridoxal
phosphate (0.25 mm) for 6 h was established as optimal. The
SGPL1 kinetic constants for 1 under these conditions were
Ky=152 um and V,,,=4.8 pmolmin~'mg (Figure 1B), and the
coumarinic aldehyde was detected at concentrations as low as
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Figure 2. Effect of incubation mixture components. A) Effect on umbellifer-
one fluorescence; B) effect on B-elimination of aldehyde 2 and C) effect on
SGPL1 cleavage of 1. In (A) and (B), the control reaction mixture contained:
0.5m phosphate buffer pH 7.4 (85 uL) containing 0.25 mm pyridoxal phos-
phate and 125 um of either aldehyde 2 (A) or umbelliferone (B) solution.
Both were added in methanol (15 pL), except in the experiment with Triton-
X100, in which they were added as 0.25% Triton-X100 solution in phosphate
buffer. Other compounds and concentrations were: DTT, 5 mm; Na;VO,,

25 um; NaF, 25 mm. Incubations were carried out at 37 °C. In (C), substrate 1
(125 pm) and wt cell lysates (10 mg proteinmL ") were incubated (37°C/6 h)
in 0.5M phosphate buffer (pH 7.4) containing 0.25 mm pyridoxal phosphate
(control) and, when indicated, 25 mm NaF, 25 pm Na;VO, and 5 mm DTT. Let-
ters atop each bar denote statistical significance (unpaired 2 tail t test,

p <0.05). Abbreviations are: Ctrl, control; OV, Na;VO,; TX100, Triton-X100.
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50 nm (50 pmolmL™"). Compared to both the physiological™
and the fluorescent substrates""® previously reported, the Ky, is
about ten-fold higher; this is likely due to the bulky w-group
in 1. Therefore, SPL affinity for substrate 1 is about ten-fold
lower than that for either the radioactive or the fluorescent
substrates reported. V,,,, are not comparable because of the
different enzyme sources used, which may contain different
SPL concentrations.

In summary, an easy procedure to measure SGPL1 activity
using a fluorogenic substrate sensor has been reported. The
measurements can be carried out directly in microtiter plates
without the need of separation of the reaction products, which
represents a significant improvement of the previously report-
ed methods. This procedure should become a suitable tool for
the discovery of new enzyme modulators within combinatorial
libraries, as well as in research to decipher the role of SGPL1 in
disease outcome and progression.

Acknowledgements

The authors thank Dr. A. Llebaria and Prof. T. Levade for their en-
couragement and insightful suggestions. This work was funded
by the Spanish Council for Scientific Research (CSIC, Grant
200580F0211), Generalitat de Catalunya (Grant 2005SGRO5-
01063 and predoctoral fellowship to L.C), the Ministerio de
Educacién y Ciencia (Grant CTQ2005-00 175/BQU and predoctoral
fellowship to CB.) and FWO-Viaanderen (Grant G.0405.02 to
PPV.V.). The latter grant supplied the fee to generate the chimeric
Sgpl1+/— mice by Lexicon Genetics Inc. (Texas) starting from
OST58278 ES cells.

Keywords: enzymes fluorescence
screening - retro reactions - sphingolipids

high-throughput

[1] P.P. van Veldhoven, G. P. Mannaerts, Adv. Lipid Res. 1993, 31, 69-98.
[2] P.P. Van Veldhoven, G. P. Mannaerts, J. Biol. Chem. 1991, 266, 12502-

12507.

[3]1 M. Ikeda, A. Kihara, Y. Igarashi, Biochem. Biophys. Res. Commun. 2004,
325,338-343.

[4] G. Li, C. Foote, S. Alexander, H. Alexander, Development 2001, 128,
3473-3483.

[5] D.R. Herr, H. Fyrst, V. Phan, K. Heinecke, R. Georges, G. L. Harris, J. D.
Saba, Development 2003, 130, 2443-2453.

[6] A.Kihara, M. lkeda, Y. Kariya, E. Y. Lee, Y. M. Lee, Y. Igarashi, J. Biol. Chem.
2003, 278, 14578-14585.
[71 A. Kumar, D. Wessels, K. J. Daniels, H. Alexander, S. Alexander, D. R. Soll,
Cell Motil. Cytoskeleton 2004, 59, 227-241.
[8] V.H. Phan, D.R. Herr, D. Panton, H. Fyrst, J. D. Saba, G. L. Harris, Dev.
Biol. 2007, 309, 329-341.
[9] U. Reiss, B. Oskouian, J. Zhou, V. Gupta, P. Sooriyakumaran, S. Kelly, E.
Wang, A.H. Merrill, Jr., J. D. Saba, J. Biol. Chem. 2004, 279, 1281-1290.
[10] B. Oskouian, P. Sooriyakumaran, A.D. Borowsky, A. Crans, L. Dillard-
Telm, Y. Y. Tam, P. Bandhuvula, J. D. Saba, Proc. Natl. Acad. Sci. USA 2006,
103, 17 384-17389.
[11] J. Min, A. L. Stegner, H. Alexander, S. Alexander, Eukaryotic Cell 2004, 3,
795-805.
[12] J. Min, P.P. Van Veldhoven, L. Zhang, M. H. Hanigan, H. Alexander, S.
Alexander, Mol. Cancer Res. 2005, 3, 287-296.
[13] G. Li, H. Alexander, N. Schneider, S. Alexander, Microbiology 2000, 146,
2219-2227.
[14] S. Alexander, J. Min, H. Alexander, Biochim Biophys Acta Gen. Subj. 2006,
1760, 301-309.
[15] S.R. Schwab, J.P. Pereira, M. Matloubian, Y. Xu, Y. Huang, J. G. Cyster,
Science 2005, 309, 1735-1739.
[16] P. Bandhuvula, J. D. Saba, Trends Mol. Med. 2007, 13, 210-217.
[17] P.P.Van Veldhoven, Methods Enzymol. 2000, 311, 244-254.
[18] P. Bandhuvula, H. Fyrst, J. D. Saba, J. Lipid Res. 2007, 48, 2769-2778.
[19] J. P. Goddard, J. L. Reymond, Trends Biotechnol. 2004, 22, 363-370.
[20] D. Wahler, F. Badalassi, P. Crotti, J. L. Reymond, Angew. Chem. 2001, 113,
4589-4592; Angew. Chem. Int. Ed. 2001, 40, 4457-4460.
[21] C. Bedia, J. Casas, V. Garcia, T. Levade, G. Fabrias, ChemBioChem 2007, 8,

642-648.

[22] S. Grijalvo, A. Llebaria, A. Delgado, Synth. Commun. 2007, 37, 2737-
2751.

[23] R. Perez Carlon, N. Jourdain, J.-L. Reymond, Chem. Eur. J. 2000, 6, 4154-
4162.

[24] P.P. van Veldhoven, Chem. Phys. Lipids 2005, 136, 164-165.

[25] K. Kikuchi, S.N. Thorn, D. Hilvert, J. Am. Chem. Soc. 1996, 118, 8184
8185.

[26] M.L. Fonda, C. Trauss, U. M. Guempel, Arch. Biochem. Biophys. 1991,
288, 79-86.

[27] F. Zhang, M. Thottananiyil, D. L. Martin, C. H. Chen, Arch. Biochem. Bio-
phys. 1999, 364, 195-202.

[28] H. Le Stunff, C. Peterson, H. Liu, S. Milstien, S. Spiegel, Biochim. Biophys.
Acta Mol. Cell Biol. Lipids 2002, 1582, 8-17.

[29] H. Le Stunff, C. Peterson, R. Thornton, S. Milstien, S. M. Mandala, S. Spie-
gel, J. Biol. Chem. 2002, 277, 8920-8927.

[30] M.F. Simon, A. Rey, I. Castan-Laurel, S. Gres, D. Sibrac, P. Valet, J. S. Saul-
nier-Blache, J. Biol. Chem. 2002, 277, 23131-23136.

[31] P.P. Van Veldhoven, S. Gijsbers, G. P. Mannaerts, J. R. Vermeesch, V. Brys,
Biochim. Biophys. Acta Mol. Cell Biol. Lipids 2000, 1487, 128-134.

Received: December 4, 2008
Published online on February 18, 2009

822

www.chembiochem.org

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

ChemBioChem 2009, 10, 820 - 822


www.chembiochem.org

