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Abstract 

A series of potential active-site sphingosine-1-phosphate lyase (S1PL) inhibitors have been 

designed from scaffolds 1 and 2, arising from virtual screening using the X-ray structures of 

the bacterial (StS1PL) and the human (hS1PL) enzymes. Both enzymes are very similar at the 

active site, as confirmed by the similar experimental kinetic constants shown by the 

fluorogenic substrate RBM13 in both cases. However, the docking scoring functions used 

probably overestimated the weight of electrostatic interactions between the ligands and key 

active-site residues in the protein environment, which may account for the modest activity 

found for the designed inhibitors. In addition, the possibility that the inhibitors do not reach 

the enzyme active site should not be overlooked. Finally, since both enzymes show 

remarkable structural differences at the access channel and in the proximity to the active site 

cavity, caution should be taken when designing inhibitors acting around that area, as 

evidenced by the much lower activity found in StS1PL for the potent hS1PL inhibitor D. 
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Introduction 

Sphingosine-1-phosphate lyase (S1PL) is a key enzyme of sphingolipid (SL) 

catabolism that catalyzes the irreversible degradation of sphingosine-1-phosphate (S1P) into 

phosphoethanolamine (PEA) and (E)-hexadecenal in the endoplasmic reticulum (ER).
1
 

Together with sphingosine-1-phosphate phosphatase (S1PP), S1PL regulates the levels of S1P 

and contributes to the so-called “sphingolipid rheostat”, a system that controls cell fate based 

on the ratio of intracellular proliferative S1P and the apoptogenic sphingosine (So) and 

ceramide (Cer).
2,3

  

Some functional S1PL inhibitors have been reported in the literature (Figure 1). 

4-Deoxypyridoxine (DOP) is a non-selective inhibitor of PLP-dependent enzymes,
4,5 

whereas 

THI and related second-generation analogs are regarded as functional S1PL antagonists, 

whose activity has been attributed to their interference with vitamin B6.
6–8 

Concerning 

competitive S1PL inhibitors, phosphonate A (Ki = 5 μM) (Figure 1), showed properties of 

being a tight substrate binder,
9
 whereas the S1P receptor agonist FTY-720

10
 (Figure 1) also 

inhibits S1PL, although at around 100-fold higher concentration (52.4 μM)
11

 than that 

required for (S)-FTY720 phosphate for direct S1P agonism.
12

 In the last years, the 

development of HTS programs has led to some interesting hits as S1PL inhibitors. For 

example, in the library developed by Lexicon, compound B (Figure 1) showed high inhibition 

in cellular assays (IC50 = 2.1 μM), which was not reproduced in vivo.
6,13

 More recently, 

researchers at Novartis reported on the potent piperazinophthalazine derivatives C
14

 and D
15

 

(Figure 1) as S1PL inhibitors with IC50 values of 210 nM and 24 nM, respectively. In the 

course of this work, a recent HTS program has led to the discovery of compound E, as a new 

hS1PL inhibitor (IC50 = 230 nM) in a cell assay.
16

 Likewise, several S1PL potential inhibitors 

based on a virtual screening approach, have been suggested.
17
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Figure 1. Some of the most representative S1PL inhibitors reported in the literature.  

 

From a mechanistic standpoint, S1PL belongs to the superfamily of PLP (pyridoxal 5’-

phosphate)-dependent enzymes. The enzyme is located in the ER and possesses an N-terminal 

lumenal domain, a transmembrane segment and a soluble PLP-binding domain, responsible 

for the catalytic activity.
18

 The enzyme is active as an intertwined dimer with two active 

sites.
19,20

 The recombinant human enzyme (hS1PL) has been expressed in E.coli 
21

 and, more 

efficiently, in Sf9 insect cells.
15

 The crystal structures of yeast S1PL and that of a putative 

prokaryotic homolog from Symbiobacterium thermophilum (StS1PL) were reported and used 

to generate a reliable homology model of the human enzyme that allowed the identification of 

the key residues involved in S1P cleavage.
19

 More recently, a co-crystal of the human 

recombinant enzyme with a bound selective inhibitor has also been reported.
15

 Interestingly, 

the structure of this hS1PL showed a high sequence and structural similarity with those of 

previously reported homologues.
20

 Based on the high similarity between the X-ray structures 

of hS1PL
15

 and that of the bacterial homologue StS1PL,
19

 we envisaged the structure-based 

design of potential S1PL active site-directed inhibitors. For that purpose we performed a 

virtual screening study against both enzymes with the goal of identifying structural features to 

build a common pharmacophore that guide the design of new potential S1PL binders. As a 

result, a small collection of compounds has been designed, synthesized and tested on both 

hS1PL and StS1PL enzymes. In addition, we have also compared both enzymes against our 

fluorogenic substrate RBM13
22

 and the potent inhibitor D (Figure 1). The results of these 

studies, together with the determination of the kinetic constants for RBM13 in purified hS1PL 

and StS1PL, are reported in this paper. 
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Results and discussion 

1. Library design 

Comparison of the active site structures from StS1PL (PDB 3MAD)
19

 and hS1PL (PDB 

4Q6R)
15

 revealed a high level of sequence and structural similarity (Figures S1 and S2). Thus, 

from 30 residues that conform their active site cavity and access channel, 26 are identical and 

3 are conserved in both proteins, and the RMSD among the Cα-atoms of these residues is only 

0.71 Å. This suggested that StS1PL could be a good active site protein model for the 

discovery of hS1PL inhibitors. 

A database of about 650000 lead-like commercial chemical structures
23

 was virtually 

screened against StS1PL and hS1PL to find potential active site binders. For that purpose, a 

virtual screening workflow
24

 that uses the docking software Glide
25–28 

to perform the flexible 

docking of the compounds at different levels of accuracy was employed. The results of this 

virtual screening showed that ionized carboxylic acids that bind at, or close to, an anion 

binding site near to the PLP cofactor (Figures S3 and S4, Charts S1-S4) were among the best 

scored hits for both targets. This site is formed by residues Y105, H129 and K317 of StS1PL, 

which correspond to Y150, H174 and K359 in hS1PL, and it has been postulated as the 

binding site for the phosphate group of the natural substrate S1P.
19

 This was not surprising, 

since carboxylate is a well-known phosphate surrogate. 
29 

In addition to the carboxylate 

group, many of these compounds also showed, as a common feature, the presence of a 

variable moiety that links the carboxylate group to an aromatic ring, which, in turn, is 

decorated with one or more variable substituents (Figure 2 and Charts S1-S4). The linker 

moiety was of variable nature, mostly formed by a short linear chain (e.g. -CH2O-), although 

longer chains with different functionalities (e.g. amide groups) were also found. This 

suggested that the binding site for the aromatic group of the hits is not in a well delimited 

region, but rather in a relatively large hydrophobic patch formed by residues L128, H129, 

Y249, W340 and Y345 of StS1PL, which correspond to L173, H174, F290, W382 and Y387 

of hS1PL, respectively. Finally, the variable region decorating the aromatic ring included, in 

most cases, one or more additional aromatic rings, which occupied the same protein region as 

the known S1PL inhibitor C
15

 (Figure 1). 
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Figure 2. General structure of the putative S1PL ligands and derived scaffold structure 

RBM7, as detected by virtual screening, and constituted by a carboxylate group, a linker and 

a substituted aromatic ring. 

Taking into account the above features, we proposed RBM7 as a suitable scaffold to 

develop a small library of potential S1PL binders. In this structure, the triazole central core 

was chosen as part of the linker for its synthetic availability, since it can be easily assembled 

using standard click chemistry protocols based on alkyne-azide cycloadditions. Furthermore, 

by binding to the phenyl ring, it would provide an extended aromatic region able to establish 

strong interactions with the aromatic residues present in the above mentioned receptor 

hydrophobic patch. On the other hand, an amide group bound to the phenyl ring would allow 

the exploration of a diversity of R-substituents, coming from suitable carboxylic acid 

precursors, which would interact with the more external part of the channel that leads to the 

active site cavity of S1PL. A virtual library of compounds with the general structure RBM7 

was enumerated starting from a diverse collection of 6048 commercial carboxylic acids 

(R-COOH), which were combined in silico with scaffolds 1 and 2 (Scheme 1), to yield a final 

library of about 12000 compounds. This library was docked against StS1PL and hS1PL using 

Glide XP.
27

 To refine their structures and docking scores, a further induced fit docking 

protocol
30–32

 was applied to some of the best poses determined. Based on their scores, the 

diversity of their structures and other practical criteria, like synthetic suitability or commercial 

availability, 12 virtual hits were selected for synthesis (see Table 1 and Charts S5 and S6 for 

docking scores). These virtual hits showed similar binding modes (Figures S5-S10), with their 

carboxylate groups located at the anion binding site and the central triazole and phenyl rings 

interacting with the residues of the hydrophobic patch of each protein, in many cases through 

π-stacking interactions. 
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2. Chemical synthesis 

The general synthetic approach to the N-acylanilino carboxylates RBM7 is summarized in 

Scheme 1. Scaffolds 1 and 2 were obtained by Cu-catalyzed cycloaddition between 

3-ethynylaniline and azidoesters 3 and 4, which were obtained from commercially available 

bromoesters. Subsequent N-acylation and alkaline hydrolysis of the intermediate methyl 

esters afforded the required carboxylates RBM7 (see Table 1). 

 

Scheme 1. a: 3-Ethynylaniline, CuSO4·5H2O, sodium ascorbate, THF/H2O (1:1), rt; b: amide 

coupling (see Experimental); c: LiOH, THF/H2O (3:1), 0ºC (see Table 1) 

 

Table 1. Compounds synthesized in this work 

 

Compound R
1 

n Yield 
a 

RBM7-30 

 

2 48 

RBM7-31 1 41 

RBM7-42 

 

1 43 

RBM7-43 
 

1 52 

RBM7-44 

 

1 23 

RBM7-45 

 

2 54 

RBM7-46 

 

2 22 
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RBM7-47 

 

1 35 

RBM7-48 

 

2 29 

RBM7-49 

 

2 65 

RBM7-66 
 

2 51 

RBM7-67 
 

2 50 

 

(a) Overall yield (from starting bromoesters, see Experimental and Scheme 1) 

 

3. Inhibition studies on StS1PL and hS1PL 

3.1. Optimization of the inhibition assay 

Among the several assays reported for the determination of S1PL activity,
33,34

 those amenable 

to “on-plate” analysis are particularly interesting for their application to HTS protocols. In 

this context, some time ago we developed the fluorogenic probe RBM13,
22

 a S1PL substrate 

that affords the fluorescent reporter umbelliferone, after base-promoted decomposition of the 

intermediate aldehyde product (Scheme 2). 

 

Scheme 2. Generation of the umbelliferone reporter from RBM13  

 

 So far, the only kinetic constants for RBM13 have been determined in cell lysates of 

murine embryonic fibroblasts.
22

 In this work, these parameters have also been determined in 

purified StS1PL and hS1PL, which required a thorough protocol optimization (Figure 3). 

StS1PL was expressed and purified following an adapted version of a reported protocol
19

 (see 

Supporting Information). Initially, RBM13 was tested as StS1PL substrate at 62 µM, in 
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agreement with the above protocol. Incubation of RBM13 with different amounts of StS1PL 

showed linearity in product formation up to 50 µg/mL StS1PL (Figure 3A). The optimal 

enzyme concentration was fixed at 25 µg/mL, in which 12 % of the substrate was 

metabolized, with a 12-fold increase of the fluorescence signal with respect to the blank. 

Product formation was also time-dependent, since the amount of umbelliferone increased 

linearly up to 90 min (Figure 3B). From these results, an incubation time of 60 min was 

considered suitable for further assays. Kinetic parameters for RBM13 against StS1PL were 

thus determined (Figure 3C) as KM = 1522 ± 73 µM and Vmax = 46 ± 2 pmol·min
-1

·µg
-1

 

(Vmax/KM = 0.03 ± 0.002). Concerning hS1PL, the ability of RBM13 as substrate was also 

evidenced, as shown in Figure 3D. At 3 µg/mL of hS1PL (corresponding to a 2% substrate 

conversion) a 4-fold increase in the fluorescence signal was observed with respect to a blank 

experiment without enzyme. Under these conditions, product formation increased linearly up 

to 2 h of incubation time (Figure 3E). Hence, an incubation time of 60 min was considered 

suitable. The reaction rate was dependent on the substrate concentration (Figure 3E), with KM 

= 1994 ± 121 µM and Vmax = 107 ± 11 pmol·min
-1

·µg
-1

 (Vmax/KM = 0.05 ± 0.006). Since the 

determined kinetic parameters were in the same order of magnitude for both bacterial and 

human enzymes, a similar behaviour of RBM13 towards both enzyme sources can be 

inferred. 
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Figure 3. Enzyme concentration (A, D) and time-dependence (B, E) of the S1PL reaction using 

RBM13 as substrate against StS1PL (A,B) and hS1PL (D,E). Substrate concentration was 62 µM 

(A,B) and 125 µM (D,E). In A and D, incubation time was 60 min. Enzyme concentration was 25 

µg/mL (B) and 3 µg/mL (E). Substrate concentration dependence of the StS1PL reaction (C) and the 

hS1PL reaction (F) using RBM13 as substrate at graded concentrations. In both cases, the substrate 

was incubated for 60 min with 25 µg/mL (C) or 3 µg/mL (F) of StS1PL and hS1PL, respectively. Data 

correspond to one representative experiment performed twice (with triplicates). 
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3.2. Activity of compounds RBM7 as StS1PL and hS1PL inhibitors 

Using RBM13 as fluorogenic substate, carboxylates RBM7 (Table 1) were evaluated as 

S1PL inhibitors at 250 µM in both enzyme sources. The recently reported potent and selective 

hS1PL inhibitor D
15

 (Figure 1), was also included in this study as positive control of 

inhibition. The results are collected in Figure 4. Carboxylates RBM7 showed activities 

ranging from low to moderate against both enzyme sources. In the case of hS1PL, only 

carboxylates RBM7-42, RBM7-43, RBM7-44, RBM7-45 and RBM7-48 exerted significant 

inhibition. Compound RBM7-43 was the most active compound of this series with a 33 % 

inhibition. In contrast, compounds RBM7-31, RBM7-44, RBM7-47, RBM7-48, and 

RBM7-49 showed significant inhibition of StS1PL, being carboxylate RBM7-48 the most 

active compound of this series (31 % of inhibition). Comparison of activities for compounds 

RBM7 showed small differences on their behavior against each enzyme source. Only 

RBM7-43 showed a significant selectivity towards hS1PL (P < 0.001; unpaired two-tailed t-

test; n = 6). Conversely, RBM7-48, the most active against StS1PL, showed little selectivity. 

As expected, compound D behaved as a potent hS1PL inhibitor in our fluorogenic assay, with 

a residual enzyme activity of around 2 % at 10 µM (Figure 4) and IC50 = 93.5 ± 6.0 nM 

(Figure S13B), consistent with the reported value.
15

 However, compound D turned out to be 

significantly less active against StS1PL (P < 0.001; unpaired two-tailed t-test; n = 6), even at 

an equimolar concentration with the substrate (125 µM). Under these conditions, only a 

moderate decrease on the StS1PL activity (around 34 %) was observed (Figure 4). This lower 

activity showed by compound D against StS1PL was unexpected. Nonetheless, this result was 

confirmed using a slightly modified version of a reported LC/MS method to measure enzyme 

activity with natural S1P as substrate.
15

 Briefly, S1PL activity in the presence of the inhibitor 

(50 μM) was determined using natural S1P (10 µM) as substrate and trapping the enzyme 

reaction product (trans-2-hexacedenal) as an isonicotinylhydrazone, prior to LC/MS 

quantification. Under these conditions, compound D also behaved as a potent hS1PL inhibitor 

(97 % inhibition), while it only exerted a moderate 15 % inhibition on StS1PL, consistent 

with the results obtained in our fluorogenic assay (See Figure S13A). 
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Figure 4. Activity (% of control) of hS1PL (3 µg/mL) and StS1PL (25 µg/mL) in the absence 

(C, control) or in the presence of compounds RBM7 (indicated with the last two digits, for the 

sake of clarity) and compound D (taken as positive control of inhibition). Compounds were 

tested at 250 µM, except for compound D, which was tested at 10 µM (for hS1PL) and 125 

µM (for StS1PL). In both cases, compound RBM13 was used as substrate at a final 

concentration of 125 µM. Data are the mean ± SD of two independent experiments with 

triplicates. Data were analyzed by one way ANOVA following by Dunnet’s multiple 

comparison post-test if ANOVA P < 0.05. (*, P < 0.001 from control). 

 

 The different activity of inhibitor D against hS1PL and StS1PL can be explained on 

the basis of the structural differences between both proteins at the access channel and 

vestibule to the active site cavity. Superimposition of the surface of hS1PL on the structure of 

StS1PL shows a protrusion from the surface of several sidechain residues of the bacterial 

protein, in particular those of L344, F346 and L497 (Figure 5), in agreement with a very 

recent report.
35

 This could preclude the binding of inhibitors C or D at that site, as we have 

experimentally observed for D. These structural differences between StS1PL and hS1PL 

should be taken into account if the more easily available StS1PL is taken as a model for the 

design of potential inhibitors targeting the S1PL access channel.
16,35
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Figure 5. (A) Crystal structure of hS1PL (PDB 4Q6R, grey) 
15 

with the bound inhibitor C 

(light purple) and superposed structure of StS1PL (PDB 3MAD, green).
19

 StS1PL residues 

L344, F346 and L497 (corresponding to I386, A388 and S542 of hS1PL) are labeled. (B) A 

close up view of the hS1PL surface (grey) at the inhibitor binding site and StS1PL residues 

(green) protruding from the surface. Red dashed lines indicate bad clashes between the 

StS1PL residues and a hypothetically bound inhibitor C. 

 Concerning the modest activity of compounds RBM7 (Figure 4), a number of causes 

might explain the discrepancy with what was expected, based on the computational docking 

results. One concern is the ionization state of the carboxylate group present in our compounds 

and that of the ionizable protein residues at the anion binding site. Despite the fact that our 

virtual screening study considered two possibilities for the protonation state of the 

3-hydroxypyridine and the imine moieties on the K359-PLP complex (in hS1PL) or 

K311-PLP complex (in StS1PL), the results obtained in both cases were similar (Charts S1-

S4, Figures S3-S4). On the other hand, there are two additional residues at the anion binding 

site of both proteins that might be ionized, i.e. H129 and K317 of StS1PL or H174 and K359 

of hS1PL. Our assumption was that these residues were in their ionic form, allowing the 

establishment of strong electrostatic and hydrogen bond interactions with the ligands. This 

assumption is probably right when the anion is a phosphate group (either from the buffer or 
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that present in the natural substrate S1P), and it seemed also reasonable for a carboxylate 

group, since there is in fact one molecule of citric acid bound at the same site in the crystal 

structure of hS1PL (PDB 4Q6R).
15

 However, the fact that compounds RBM7 could be less 

acidic than expected in the protein environment should not be disregarded, thus precluding the 

interaction with the protein in their anionic form. Similarly, it is conceivable that the histidine 

residue at the anion binding site could be in its neutral state if there is not a strongly anionic 

bound ligand. This could have led to an overestimation of the potency of the polar interactions 

between the ligands and the proteins. Moreover, scoring functions in docking software are 

usually too crude to rank ligands according to their binding potency
36

 and results arising only 

from docking estimates should be taken with caution.
17 

 In addition, the possibility that the 

inhibitors do not reach the enzyme active site should not be overlooked. In any case, a strong 

structural similarity between hS1PL and its bacterial surrogate at the active site can be 

inferred from structural data and also by the similar biochemical parameters found for our 

fluorogenic substrate RBM13 (see above). This justifies the use of the more easily available 

bacterial source when planning the design of active-site directed inhibitors, as we have 

observed in a series of substrate analogs.
37

 However, more caution should be taken for 

inhibitors targeting the active site access channel, for which alternative chimeric constructs 

from bacterial origin represent interesting alternatives.
35

 

 

Conclusions 

In summary, attempts to rationally design a set of active-site directed S1PL inhibitors using 

scaffold RBM7 have met with limited success. Either overestimation of the ionic interactions 

in the active site or the inability of our compounds to reach it, may explain the observed 

results. On the other hand, the structural differences between StS1PL and hS1PL found at the 

access channel to the enzyme active site cavity can explain the lack of activity found for 

inhibitor D on StS1PL and questions the use of the more easily available StS1PL as template 

for the design of inhibitors acting on this access area. Finally, our previously reported 

fluorogenic probe RBM13 was revealed as a suitable substrate for hS1PL, which widens the 

scope and the applicability of this substrate in this area of research.
16,35 
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Supporting 

Experimental protocols for compounds obtained from general procedures 2 and 3 and NMR 

data for all compounds. 

Alignment of human (hS1PL), Symbiobacterium thermophilum (StS1PL) and Saccharomyces 

cerevisiae (ScS1PL) S1PL sequences and structures 

Computational virtual screening methods and docking scores 

Docked poses for compounds RMB7 

 

Experimental 

General 

Unless otherwise stated, reactions were carried out under argon atmosphere. Dry solvents 

were obtained by passing through an activated alumina column on a Solvent Purification 

System (SPS). Commercially available reagents and solvents were used with no further 

purification. All reactions were monitored by TLC analysis using ALUGRAM
®

 SIL G/UV254 

precoated aluminum sheets (Machery-Nagel). UV light was used as the visualizing agent and 

a 5% (w/v) ethanolic solution of phosphomolybdic acid as the developing agent. Flash 

column chromatography was carried out with the indicated solvents using flash-grade silica 

gel (37-70 mm). Preparative reversed-phase purifications were performed on a Biotage
®

 

Isolera
TM

 One equipment with the indicated solvents using a Biotage
®
 SNAP cartridge (KP-

C18-HS, 12 g) at a flow rate of 12 mL/min. Yields refer to chromatographically and 

spectroscopically pure compounds, unless otherwise stated. 
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NMR spectra were recorded at room temperature on a Varian Mercury 400 instrument. The 

chemical shifts (d) are reported in ppm relative to the solvent signal, and coupling constants 

(J) are reported in Hertz (Hz). For CDCl3/CD3OD solvent mixtures, chemical shifts are 

expressed relative to the residual peak of CD3OD. The following abbreviations are used to 

define the multiplicities in 
1
H NMR spectra: s = singlet, d = doublet, t = triplet, q = quartet, dd 

= doublet of doublets, ddd = doublet of doublet of doublets, m = multiplet, br = broad signal 

and app = apparent. 

High Resolution Mass Spectrometry analyses were carried out on an Acquity UPLC system 

coupled to a LCT Premier orthogonal accelerated time-of-flight mass spectrometer (Waters) 

using electrospray ionization (ESI) technique. 

All biochemical reagents were commercially available and were used without further 

purification. RBM13, S1P and pentadecanal were synthesized in our laboratories following 

previously described methods.
22,38,39

  

General Synthetic Methods 

General procedure 1: Copper-catalyzed cycloaddition between 3-ethynylaniline and 

azides 3 and 4 

To a solution of 3-ethynylaniline (1.5 mL, 1.56 g, 13.3 mmol) and the azide 3 or 4 (1.2 

eq/mol) in a mixture H2O/THF (1:1) (75 mL), CuSO4·5H2O (0.1 eq.) and sodium ascorbate 

(0.1 eq.) were added. After stirring under argon at rt for 1 h, the reaction mixture was 

extracted with EtOAc (3 x 50 mL). The combined organic layers were dried over anhydrous 

MgSO4 and concentrated to give a residue which was purified by flash chromatography on 

elution with DCM/MeOH (98.5:1.5) to afford the corresponding cycloaddition adducts. 

Methyl 2-(4-(3-aminophenyl)-1H-1,2,3-triazol-1-yl)acetate (1) 

Compound 1 (pale yellow solid, 3.72 g, quantitative yield) was obtained from 3-

ethynylaniline (1.8 mL, 16.0 mmol), azide RBM7-019 (2.21 g, 19.2 mmol), CuSO4·5H2O 

(399 mg, 1.6 mmol) and sodium ascorbate (317 mg, 1.6 mmol), according to general 

procedure 1. 

1
H NMR (400 MHz, CDCl3) δ 7.86 (s, 1H), 7.29 – 7.27 (m, 1H), 7.23 – 7.14 (m, 2H), 6.68 

(ddd, J = 7.7, 2.4, 1.2 Hz, 1H), 5.21 (s, 2H), 3.83 (s, 3H). 
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13
C NMR (101 MHz, CDCl3) δ 166.9, 148.4, 146.8, 131.3, 129.9, 121.2, 116.3, 115.3, 112.5, 

53.2, 50.9. 

HRMS calcd. for C11H13N4O2 ([M + H]
+
): 233.1039, found: 233.1037. 

Methyl 3-(4-(3-aminophenyl)-1H-1,2,3-triazol-1-yl)propionate (2) 

Compound 2 (pale yellow solid, 2.54 g, 97%) was obtained from 3-ethynylaniline (1.2 mL, 

10.7 mmol), azide RBM7-020 (1.65 g, 12.8 mmol), CuSO4·5H2O (266 mg, 1.1 mmol) and 

sodium ascorbate (211 mg, 1.1 mmol), according to general procedure 1. 

1
H NMR (400 MHz, CDCl3) δ 7.82 (s, 1H), 7.26 – 7.25 (m, 1H), 7.22 – 7.12 (m, 2H), 6.66 

(ddd, J = 7.8, 2.4, 1.2 Hz, 1H), 4.69 (t, J = 6.4 Hz, 2H), 3.71 (s, 3H), 3.01 (t, J = 6.4 Hz, 2H). 

13
C NMR (101 MHz, CDCl3) δ 171.2, 147.9, 146.9, 131.5, 129.8, 120.7, 116.1, 115.1, 112.4, 

52.3, 45.6, 34.6. 

HRMS calcd. for C12H15N4O2 ([M + H]
+
): 247.1195, found: 247.1188. 

 

General procedure 2: HATU-mediated coupling between 1 or 2 and carboxylic acids. 

In a typical run, a 15 mL screw cap tube was charged with the selected carboxylic acid (0.5 

mmol), HATU (2 eq/mol), DMF (1 ml) and DIPEA (2 eq/mol.). A solution of 1 or 2 (0.5 

mmol) in DMF (1 ml) was then added dropwise. The tube was flushed with argon, sealed, and 

the mixture was stirred overnight at 40 ºC. After cooling down to rt, the crude reaction 

mixture was diluted with water (10 mL) and extracted with EtOAc (3 x 15 mL). The 

combined organic layers were washed with brine (3 x 15 mL), dried over anhydrous MgSO4, 

filtered and concentrated under reduced pressure to give a residue, which was purified as 

indicated for each compound. (see Supporting Material). 

 

 

General procedure 3: EDC/HOBt-mediated coupling for amide-bond formation. 

To a stirred solution of the selected carboxylic acid (0.5 mmol) and HOBt (1.2 eq/mol) in 

DMF, was added dropwise a solution of aniline 2 (0.5 mmol.) in DMF. EDC (1.2 eq/mol) was 

then added portionwise and the mixture was stirred overnight at rt. The crude reaction mixture 

was diluted with water (10 mL) and extracted with EtOAc (3 x 15 mL). The combined 
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organic layers were washed with brine (3 x 15 mL), dried over anhydrous MgSO4, filtered 

and concentrated under reduced pressure to give a residue, which was purified as indicated for 

each compound in the Supporting Material. 

 

General procedure 4: base-mediated hydrolysis of methyl esters. 

To a stirred solution of the starting methyl ester (0.05 mmol) in THF/H2O (3:1) (20 mL), 

LiOH (3 eq/mmol.) was added at 0 ºC. After stirring at the same temperature for 1.5 h, the 

reaction mixture was acidified with aqueous 1N HCl and extracted with EtOAc (3 x 15 mL). 

The combined organic layers were dried over anhydrous MgSO4, filtered and concentrated 

under reduced pressure to give a residue, which, unless otherwise noted, was purified by 

preparative RP chromatography using 0.2 % formic acid in acetonitrile (A) and 0.2 % aq. 

formic acid (B) as solvents (from 5 to 100 % A in B). 

 

(S)-3-(4-(3-(1-(2-(((benzyloxy)carbonyl)amino)acetyl)pyrrolidine-2-

carboxamido)phenyl)-1H-1,2,3-triazol-1-yl)propanoic acid (RBM7-030) 

Compound RBM7-030 (white solid, 31 mg, 91 %) was obtained from methyl ester RBM7-

028 (35 mg, 0.066 mmol) and LiOH (5 mg, 0.196 mmol), according to general procedure 4. 

1
H NMR (400 MHz, CD3OD, major rotamer) δ 8.26 (s, 1H), 7.98 (t, J = 1.8 Hz, 1H), 7.60 – 

7.51 (m, 1H), 7.42 – 7.22 (m, 6H), 5.09 (s, 2H), 4.69 (t, J = 6.6 Hz, 2H), 4.58 (dd, J = 8.3, 3.7 

Hz, 2H), 4.02 (app q, J = 17.1 Hz, 2H), 3.74 – 3.66 (m, 1H), 3.65 – 3.58 (m, 1H), 3.00 (t, J = 

6.6 Hz, 2H), 2.32 – 2.21 (m, 1H), 2.19 – 1.92 (m, 3H). 

13
C NMR (101 MHz, CD3OD, major rotamer) δ 173.9, 172.9, 170.4, 159.1, 148.4, 140.2, 

138.2, 132.3, 130.4, 129.4, 129.0, 128.8, 122.9, 122.5, 121.3, 118.6, 67.8, 62.5, 47.8, 47.2, 

44.2, 35.2, 30.7, 25.9. 

HRMS calcd. for C26H29N6O6 ([M + H]
+
): 521.2149, found: 521.2178. 

(S)-2-(4-(3-(1-(2-(((benzyloxy)carbonyl)amino)acetyl)pyrrolidine-2-

carboxamido)phenyl)-1H-1,2,3-triazol-1-yl)acetic acid (RBM7-031) 

Compound RBM7-031 (white solid, 32 mg, 82 %) was obtained from methyl ester RBM7-

027 (40 mg, 0.077 mmol) and LiOH (6 mg, 0.231 mmol), according to general procedure 4. 
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1
H NMR (400 MHz, CD3OD, major rotamer) δ 8.28 (s, 1H), 8.00 (t, J = 1.8 Hz, 1H), 7.60 – 

7.52 (m, 2H), 7.41 – 7.22 (m, 5H), 5.30 (s, 2H), 5.08 (s, 2H), 4.57 (dd, J = 8.3, 3.7 Hz, 1H), 

4.01 (app q, J = 17.1 Hz, 2H), 3.73 – 3.64 (m, 1H), 3.64 – 3.56 (m, 1H), 2.32 – 2.19 (m, 1H), 

2.17 – 1.95 (m, 3H). 

13
C NMR (101 MHz, CD3OD, major rotamer) δ 172.9, 170.4, 169.9, 159.1, 148.6, 140.2, 

138.2, 132.3, 130.4, 129.4, 129.0, 128.8, 123.9, 122.5, 121.3, 118.6, 67.8, 62.5, 51.8, 47.8, 

44.2, 30.7, 25.9. 

HRMS calcd. for C25H27N6O6 ([M + H]
+
): 507.1992, found: 507.1996. 

2-(4-(3-(2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanamido)phenyl)-1H-1,2,3-triazol-1-

yl)acetic acid (RBM7-042) 

Compound RBM7-042 (white solid, 27 mg, 56 %) was obtained from methyl ester RBM7-

034 (50 mg, 0.109 mmol) and LiOH (8 mg, 0.327 mmol), according to general procedure 4. 

1
H NMR (400 MHz, CD3OD/CDCl3 (1:1)) δ 8.15 (s, 1H), 7.93 (t, J = 1.8 Hz, 1H), 7.62 (ddd, 

J = 8.1, 2.1, 0.9 Hz, 1H), 7.54 – 7.46 (m, 3H), 7.42 – 7.21 (m, 7H), 5.22 (s, 2H), 3.84 (q, J = 

7.0 Hz, 1H), 1.57 (d, J = 7.0 Hz, 3H). 

13
C NMR (101 MHz, CD3OD/CDCl3 (1:1)) δ 174.0, 168.9, 160.3 (d, JC-F = 248.5 Hz), 148.2, 

143.6 (d, JC-F = 7.1 Hz), 139.7, 136.2 (d, JC-F = 1.0 Hz), 131.3 (d, JC-F = 8.1 Hz), 131.3, 130.0, 

129.4 (d, JC-F = 3.0 Hz), 128.9, 128.3 (d, JC-F = 14.1 Hz), 128.1, 124.0 (d, JC-F = 3.0 Hz), 

123.0, 122.0, 120.7, 117.8, 115.6 (d, JC-F = 24.2 Hz), 51.4, 47.2, 18.9. 

HRMS calcd. for C25H22FN4O3 ([M + H]
+
): 445.1676, found: 445.1664. 

(S)-2-(4-(3-(2,6-bis(((benzyloxy)carbonyl)amino)hexanamido)phenyl)-1H-1,2,3-triazol-1-

yl)acetic acid (RBM7-043) 

Compound RBM7-043 (white solid, 31 mg, 63 %) was obtained from methyl ester RBM7-

035 (50 mg, 0.080 mmol) and LiOH (6 mg, 0.239 mmol), according to general procedure 4. 

1
H NMR (400 MHz, CD3OD/CDCl3 (1:1)) δ 8.16 (s, 1H), 7.94 (br s, 1H), 7.59 – 7.54 (m, 

3H), 7.39 – 7.14 (m, 10H), 5.23 (s, 2H), 5.08 (s, 2H), 5.01 (s, 2H), 4.25 (dd, J = 8.1, 5.5 Hz, 

1H), 3.12 (t, J = 6.5 Hz, 2H), 1.91 – 1.78 (m, 1H), 1.77 – 1.64 (m, 1H), 1.58 – 1.36 (m, 4H). 
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13
C NMR (101 MHz, CD3OD/CDCl3 (1:1)) δ 172.4, 168.9, 158.1, 157.6, 148.2, 139.2, 137.3, 

137.0, 131.4, 130.0, 129.0, 128.9, 128.6, 128.5, 128.4, 128.3, 123.0, 122.2, 120.8, 118.0, 67.5, 

67.0, 56.2, 51.4, 40.8, 32.7, 29.8, 23.3. 

HRMS calcd. for C32H35N6O7 ([M + H]
+
): 615.2567, found: 615.2552. 

(S)-2-(4-(3-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-cyclohexylpropanamido) 

phenyl)-1H-1,2,3-triazol-1-yl)acetic acid (RBM7-044) 

Compound RBM7-044 (white solid, 20 mg, 41 %) was obtained from methyl ester RBM7-

033 (50 mg, 0.082 mmol) and LiOH (6 mg, 0.247 mmol), according to general procedure 4. 

1
H NMR (400 MHz, CD3OD/CDCl3 (1:1)) δ 8.15 (s, 1H), 7.93 (t, J = 1.8 Hz, 1H), 7.74 (d, J = 

7.5 Hz, 2H), 7.65 – 7.53 (m, 4H), 7.40 – 7.32 (m, 3H), 7.27 (app t, J = 7.4 Hz, 2H), 5.24 (s, 

2H), 4.46 – 4.31 (m, 3H), 4.22 (t, J = 6.8 Hz, 1H), 1.82 (br d, J = 11.8 Hz, 1H), 1.77 – 1.56 

(m, 6H), 1.40 (br s, 1H), 1.32 – 1.09 (m, 3H), 1.04 – 0.88 (m, 2H). 

13
C NMR (101 MHz, CD3OD/CDCl3 (1:1)) δ 173.2, 168.9, 157.7, 148.2, 144.5, 144.4, 142.0, 

139.3, 131.4, 130.1, 128.3, 127.7, 125.6, 123.1, 122.3, 120.9, 120.5, 118.1, 67.5, 54.3, 51.5, 

47.8, 40.5, 34.8, 34.3, 33.0, 27.0, 26.9, 26.7. 

HRMS calcd. for C34H36N5O5 ([M + H]
+
): 594.2716, found: 594.2716. 

(R)-3-(4-(3-(2-(((benzyloxy)carbonyl)amino)-2-phenylacetamido)phenyl)-1H-1,2,3-

triazol-1-yl)propanoic acid (RBM7-045) 

Compound RBM7-045 (white solid, 36 mg, 74 %) was obtained from methyl ester RBM7-

038 (50 mg, 0.097 mmol) and LiOH (7 mg, 0.292 mmol), according to general procedure 4. 

1
H NMR (400 MHz, CD3OD/CDCl3 (1:1)) δ 8.10 (s, 1H), 7.89 (br s, 1H), 7.59 – 7.53 (m, 

2H), 7.52 – 7.44 (m, 3H), 7.37 – 7.22 (m, 8H), 5.40 (br s, 1H), 5.09 (d, J = 2.6 Hz, 2H), 4.67 

(t, J = 6.5 Hz, 2H), 2.98 (t, J = 6.5 Hz, 2H). 

13
C NMR (101 MHz, CD3OD/CDCl3 (1:1)) δ 173.1, 170.1, 157.1, 147.8, 139.2, 138.0, 136.9, 

131.4, 130.0, 129.4, 129.0, 128.6, 128.4, 127.8, 122.2, 120.7, 117.8, 67.6, 59.9, 46.6, 34.8. 

HRMS calcd. for C27H26N5O5 ([M + H]
+
): 500.1934, found: 500.1917. 

(R)-3-(4-(3-(2-(((benzyloxy)carbonyl)amino)-2-cyclohexylacetamido)phenyl)-1H-1,2,3-

triazol-1-yl)propanoic acid (RBM7-046) 
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Compound RBM7-046 (white solid, 21 mg, 43 %) was obtained from methyl ester RBM7-

039 (50 mg, 0.096 mmol) and LiOH (7 mg, 0.289 mmol), according to general procedure 4. 

1
H NMR (400 MHz, CD3OD/CDCl3 (1:1)) δ 8.15 (s, 1H), 7.92 (br s, 1H), 7.61 – 7.56 (m, 

1H), 7.54 – 7.50 (m, 1H), 7.39 – 7.16 (m, 6H), 5.08 (s, 2H), 4.69 (t, J = 6.5 Hz, 2H), 4.10 (d, J 

= 7.1 Hz, 1H), 2.99 (t, J = 6.5 Hz, 2H), 1.83 – 1.61 (m, 6H), 1.28 – 1.03 (m, 5H). 

13
C NMR (101 MHz, CD3OD/CDCl3 (1:1)) δ 173.1, 171.9, 157.7, 147.9, 139.1, 137.1, 131.4, 

130.1, 129.0, 128.6, 128.4, 122.2, 120.8, 117.9, 67.5, 61.3, 46.6, 41.5, 34.8, 30.3, 29.2, 26.6, 

26,5, 26.5. 

HRMS calcd. for C27H32N5O5 ([M + H]
+
): 506.2403, found: 506.2391. 

2-(4-(3-(1-((benzyloxy)carbonyl)piperidine-3-carboxamido)phenyl)-1H-1,2,3-triazol-1-

yl)acetic acid (RBM7-047) 

Compound RBM7-047 (white solid, 20 mg, 41 %) was obtained from methyl ester RBM7-

041 (50 mg, 0.105 mmol) and LiOH (8 mg, 0.314 mmol), according to general procedure 4. 

1
H NMR (400 MHz, CD3OD/CDCl3 (1:1)) δ 8.15 (s, 1H), 7.90 (br s, 1H), 7.59 (br d, J = 7.6 

Hz, 1H), 7.52 (br d, J = 7.6 Hz, 1H), 7.39 – 7.22 (m, 6H), 5.23 (s, 2H), 5.15 – 5.06 (m, 2H), 

4.28 – 4.21 (m, 1H), 4.10 (app d, J = 13.0 Hz, 1H), 3.06 (br s, 1H), 2.88 (br s, 1H), 2.50 (tt, J 

= 11.0, 3.7 Hz, 1H), 2.05 (br d, J = 10.8 Hz, 1H), 1.86 – 1.70 (m, 2H), 1.59 – 1.43 (m, 1H). 

13
C NMR (101 MHz, CD3OD/CDCl3 (1:1)) δ 174.0, 169.4, 156.7, 148.5, 140.0, 137.6, 131.9, 

130.3, 129.3, 128.9, 128.6, 123.5, 122.3, 120.9, 118.1, 68.2, 51.6, 47.3, 45.1 (br), 44.7, 28.8 

(br), 25.4 (br). 

HRMS calcd. for C24H26N5O5 ([M + H]
+
): 464.1934, found: 464.1924. 

(R)-3-(4-(3-(2-(((benzyloxy)carbonyl)amino)-3-(4-hydroxyphenyl)propanamido)phenyl)-

1H-1,2,3-triazol-1-yl)propanoic acid (RBM7-048) 

Compound RBM7-048 (white solid, 19 mg, 39 %) was obtained from methyl ester RBM7-

040 (50 mg, 0.092 mmol) and LiOH (7 mg, 0.276 mmol), according to general procedure 4. 

1
H NMR (400 MHz, CD3OD/CDCl3 (1:1)) δ 8.11 (s, 1H), 7.78 (br s, 1H), 7.54 – 7.51 (m, 

1H), 7.49 (ddd, J = 8.1, 2.1, 1.1 Hz, 1H), 7.37 – 7.16 (m, 6H), 7.04 (d, J = 8.5 Hz, 2H), 6.73 – 

6.68 (m, 2H), 5.05 (d, J = 11.4 Hz, 2H, major rotamer), 4.68 (t, J = 6.5 Hz, 2H), 4.46 (t, J = 
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7.0 Hz, 1H), 3.05 (dd, J = 13.7, 6.7 Hz, 1H), 2.99 (t, J = 6.5 Hz, 2H), 2.91 (dd, J = 13.6, 7.6 

Hz, 1H). 

13
C NMR (101 MHz, CD3OD/CDCl3 (1:1)) δ 173.1, 171.7, 157.3, 156.4, 147.8, 139.0, 137.0, 

131.4, 130.9, 130.0, 129.0, 128.6, 128.3, 127.9, 122.3, 122.2, 120.9, 118.1, 115.9, 67.4, 57.8, 

46.6, 38.5, 34.8. 

HRMS calcd. for C28H28N5O6 ([M + H]
+
): 530.2040, found: 530.2048. 

3-(4-(3-(2-hydroxy-2-(4-hydroxy-3-methoxyphenyl)acetamido)phenyl)-1H-1,2,3-triazol-

1-yl)propanoic acid (RBM7-049) 

Compound RBM7-049 (white solid, 59 mg, 91 %) was obtained from methyl ester RBM7-

037 (67 mg, 0.157 mmol) and LiOH (11 mg, 0.471 mmol), according to general procedure 4. 

Once evaporated, the crude reaction mixture was dissolved in DMSO/H2O (1:1) and loaded 

on an Amberlite XAD-4 column (5 g), which had been washed thoroughly with acetone and 

then equilibrated with water. Elution with a linear gradient from 0 to 40 % MeCN in H2O 

provided pure RBM7-049. 

1
H NMR (400 MHz, CD3OD/CDCl3 (1:1)) δ 8.13 (s, 1H), 7.95 (t, J = 1.8 Hz, 1H), 7.61 (ddd, 

J = 8.1, 2.1, 1.0 Hz, 1H), 7.56 – 7.52 (m, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.04 (d, J = 2.0 Hz, 

1H), 6.95 (dd, J = 8.2, 2.0 Hz, 1H), 6.80 (d, J = 8.1 Hz, 1H), 5.08 (s, 1H), 4.68 (t, J = 6.5 Hz, 

2H), 3.86 (s, 3H), 2.98 (t, J = 6.5 Hz, 2H). 

13
C NMR (101 MHz, CD3OD/CDCl3 (1:1)) δ 173.2 (br), 173.0, 148.2, 147.8, 146.8, 138.7, 

131.9, 131.5, 130.1, 122.3, 122.2, 120.6, 120.2, 117.9, 115.5, 110.6, 74.9, 56.1, 46.6, 34.9. 

HRMS calcd. for C20H21N4O6 ([M + H]
+
): 413.1461, found: 413.1473. 

3-(4-(3-benzamidophenyl)-1H-1,2,3-triazol-1-yl)propanoic acid (RBM7-066) 

Compound RBM7-066 (white solid, 111 mg, 93 %) was obtained from methyl ester RBM7-

065 (125 mg, 0.357 mmol) and LiOH (26 mg, 1.07 mmol) in THF/H2O (3:1) (50 ml), 

according to general procedure 4. 

1
H NMR (400 MHz, CD3OD) δ 8.33 (s, 1H), 8.12 (t, J = 1.8 Hz, 1H), 7.98 – 7.94 (m, 2H), 

7.73 (ddd, J = 8.1, 2.1, 1.0 Hz, 1H), 7.63 – 7.56 (m, 2H), 7.56 – 7.50 (m, 2H), 7.44 (t, J = 7.9 

Hz, 1H), 4.72 (t, J = 6.6 Hz, 2H), 3.02 (t, J = 6.6 Hz, 2H). 
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13
C NMR (101 MHz, CD3OD/CDCl3 (1:1) δ 173.6, 168.6, 148.1, 140.0, 135.7, 132.6, 131.7, 

130.2, 129.2, 128.3, 122.5, 122.5, 121.8, 118.9, 46.9, 35.1. 

HRMS calcd. for C18H17N4O3 ([M + H]
+
): 337.1301, found: 337.1299. 

3-(4-(3-(2-phenylacetamido)phenyl)-1H-1,2,3-triazol-1-yl)propanoic acid (RBM7-067) 

Compound RBM7-067 (white solid, 114 mg, 79 %) was obtained from methyl ester RBM7-

54 (150 mg, 0.412 mmol) and LiOH (30 mg, 1.23 mmol) in THF/H2O (3:1) (50 ml), 

according to general procedure 4. 

1
H NMR (400 MHz, CD3OD/CDCl3 (1:1)) δ 8.12 (s, 1H), 7.88 (t, J = 1.8 Hz, 1H), 7.60 (ddd, 

J = 8.1, 2.1, 1.0 Hz, 1H), 7.52 – 7.48 (m, 1H), 7.37 – 7.28 (m, 5H), 7.26 – 7.20 (m, 1H), 4.67 

(t, J = 6.5 Hz, 2H), 3.68 (s, 2H), 2.98 (t, J = 6.5 Hz, 2H). 

13
C NMR (101 MHz, CD3OD/CDCl3 (1:1)) δ 173.2, 171.6, 147.9, 139.6, 135.7, 131.3, 130.0, 

129.6, 129.1, 127.5, 122.1, 122.0, 120.6, 117.7, 46.6, 44.4, 34.9. 

HRMS calcd. for C19H19N4O3 ([M + H]
+
): 351.1457, found: 351.1454. 

 

Fluorogenic assay of S1PL enzyme activity 

Recombinant bacterial or human S1PL (50 µL from stock solutions in buffer A (StS1PL) or B 

(hS1PL), final concentration: 25 μg/mL for StS1PL and 3 μg/mL for hS1PL) was added to a 

mixture of RBM13 (added from a stock solution in 0.5 M potassium phosphate buffer, pH 

7.2; final concentration: 125 μM,) and putative inhibitors (added from stock solutions in 

DMSO; final DMSO: 2.5 %) in either buffer solution A (StS1PL) or B (hS1PL) (final 

volume: 100 µL). Buffer solution A correspond to a 1 mM potassium phosphate buffer, pH 

7.2, containing 100 mM NaCl, 1 mM EDTA, 1 mM DTT, 10 µM pyridoxal 5’-phosphate. 

Buffer solution B correspond to a 100 mM HEPES buffer, pH 7.4, containing 0.1 mM EDTA, 

0.05 % Triton X-100, 0.01 % Pluronic F127 (Biotium), and 100 µM pyridoxal 5′-phosphate. 

The mixture was incubated at 37 ºC for 1 h and the enzymatic reaction was stopped by the 

addition of 50 µL of MeOH. Finally, 100 µL of a 200 mM glycine-NaOH buffer, pH 10.6, 

were added to the resulting solution and the mixture was incubated for 20 additional min at 37 

ºC in order to complete the β-elimination reaction. The amount of umbelliferone formed was 

determined on either a SpectraMax M5 (Molecular Devices) or Synergy 2 (BioTek) 
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microplate readers (λex/em = 355/460 nm), using a calibration curve. Vmax and KM values were 

determined by measuring initial velocities at different RBM13 concentrations and fitting the 

data to the Michaelis−Menten equation in Prism 5 (GraphPad Software, La Jolla). IC50 values 

were determined by plotting percent activity versus log [I] and fitting the data to the 

log(inhibitor) vs. response equation in Prism 5 (GraphPad Software, La Jolla). In both cases, 

settings for curve adjustments were kept with their default values. 

LC/MS assay of S1PL enzyme activity 

Recombinant bacterial or human S1PL (50 µL from stock solutions in buffer B; final 

concentration: 0.8 μg/mL) was added to a mixture of S1P (added from a stock solution in 1 % 

aq. Triton X-100; final concentration: 10 μM,) and compound D (added from a stock solution 

in DMSO; final concentration: 50 µM; final DMSO: 2.5 %) in buffer solution B (final 

volume: 100 µL). The reaction mixture was incubated at 37 ºC for 1 h and stopped by the 

successive addition of pentadecenal (5 µL; final concentration: 3.7 µM) and isoniazid (95 µL; 

final concentration: 3.1 mM) stock solutions in ACN/300 mM aq. H2SO4 (1:1). Samples were 

analyzed using a Waters Aquity UPLC system connected to a Waters LCT Premier 

Orthogonal Accelerated Time of Flight Mass Spectrometer (Waters, Millford, MA), operated 

in positive electrospray ionization mode. Full scan spectra from 50 to 1500 Da were obtained. 

Mass accuracy and reproducibility were maintained by using an independent reference spray 

via LockSpray. A 100 mm x 2.1 mm id, 1.7 mm C18 Acquity UPLC BEH (Waters) analytical 

column was used. The two mobile phases were acetonitrile (phase A) and water (phase B), 

both phases with 0.2% of formic acid. The linear gradient was: 0 min, 90% B; 5 min, 100% 

A; 6.5 min, 100% A; 7.2 min, 90% B and 8 min, 90% B at 0.3 ml/min. The column was held 

at 30 C. Positive identification of compounds was based on the accurate mass measurement 

with an error <5 ppm and its LC retention time calculated with authentic 2EC16-ISO and 

C15-ISO standards. Exact masses ([M+H]
+
) of both (E)-N'-[(E)-hexadec-2-en-1-ylidene] 

isonicotinohydrazide (2EC16-ISO) and (E)-N'-(1-pentadecylidene)isonicotinohydrazide (C15-

ISO) (m/z: 358.2858 and 346.2858, respectively) were extracted from TIC chromatograms 

and the area of the resulting peaks was calculated using MassLynx. The area ratio between 

2EC16-ISO and C15-ISO was used as a measure of S1PL activity. 
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