
 

 

 University of Groningen

Inhibition and detection of 15-lipoxygenase-1
Eleftheriadis, Nikolaos

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Eleftheriadis, N. (2017). Inhibition and detection of 15-lipoxygenase-1. [Thesis fully internal (DIV),
University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/0db46c21-a628-4bfb-b408-be51c793208f


Chapter 6 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Part of this chapter was published in:  

N. Eleftheriadis, S.A. Thee, M.R.H. Zwinderman,  

N.G.J. Leus, F.J. Dekker,  

Angewandte Chemie International Edition  

2016, 55, 12300 –12305 

Activity-Based Probes for 15-LOX-1 



Chapter 6 

 

154 

 

Abstract 

Human 15-lipoxygenase-1 (15-LOX-1) plays an important role in several inflammatory lung diseases 

such as asthma, COPD and chronic bronchitis as well as in various CNS diseases like Alzheimer’s, 

Parkinson’s and stroke. Activity-based probes of 15-LOX-1 are required to explore the role of this 

enzyme further and to enable drug discovery. In this study, we developed the first 15-LOX-1 activity-

based probe as an efficient chemical tool for activity-based labeling of recombinant 15-LOX-1 that 

also provides 15-LOX-1 dependent labeling in cell lysates and tissue samples. Mimicking the natural 

substrate of the enzyme, we designed activity-based probes that covalently bind to the active enzyme 

and include a terminal alkene as chemical reporter for bioorthogonal linkage of a detectable 

functionality via the oxidative Heck reaction. We believe that the activity-based labeling of 15-LOX-1 

will enable the investigation and identification of this enzyme in complex biological samples, which 

opens completely new opportunities for drug discovery. 

  



Activity-Based Probes for 15-LOX-1 

 

155 

 

6 

Introduction 

Activity-based protein profiling (ABPP) has become a powerful method for the analysis of enzyme 

function and the selectivity of enzyme inhibitors in complex disease models.[1] In ABPP, small 

molecule substrate analogues, known as activity-based probes, are used to covalently bind to the 

active site of enzymes depending on their activity. Currently, many research groups use ABPP to 

investigate various enzyme classes, like cysteine proteases[2–4], serine hydrolases[5,6], diacylglycerol 

lipase-a[7], glyceraldehyde 3-phosphate dehydrogenases[8], protein kinases[9], monoamine oxidases[10] 

and several others. However, probes are missing for Lipoxygenases (LOXs), which are important 

enzymes involved in diseases with an inflammatory component. 

The key role of LOXs in many disease processes originates from their metabolic activity on 

polyunsaturated fatty acids (PUFAs) such as arachidonic and linoleic acid. Through a radical 

mechanism, LOXs catalyze the regio- and stereospecific insertion of molecular oxygen (O2) into 

PUFAs, resulting in the production of lipid signaling molecules.[11] Based on the position of O2 

insertion in arachidonic acid LOXs are classified as 5-, 8-. 12-, or 15-LOXs. Metabolites originating 

from LOXs activity such as leukotrienes and lipoxins exert versatile regulatory roles in the immune 

system. 

In our study, human 15-lipoxygenase-1 (15-LOX-1) was selected as a starting point to develop 

activity-based probes for this class of enzymes. 15-LOX-1 is an important mammalian lipoxygenase 

that plays a role in the biosynthesis of 15-HPETE, 15-HETE, leukotrienes, lipoxins and eoxins. Several 

studies describe a role for 15-LOX-1 in allergic airway diseases[12–15], chronic airway inflammation[16], 

atherosclerosis[17], cancer[18,19] and more recently in various CNS diseases[20–29] like Alzheimer’s and 

Parkinson’s diseases as well as stroke. Therefore, this enzyme gained attention as a potential drug 

target and several classes of inhibitors have been described.[22,24–27,30–38] 

 

Figure 1. Two step identification of 15-LOX-1 using ABPP. The labeling of 15-LOX-1 was performed after two 

minute incubation with the activity-based probe followed by biotinylation via oxidative Heck reaction. 
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Results and discussion 

Development of activity-based probes for target enzymes start from irreversible mechanism-based 

enzyme inhibitors. For soybean lipoxygenase, structural analogs of PUFAs have been reported in 

which the cis-alkenes are replaced by alkynes that proved to be irreversible inactivators of LOX 

enzymes.[39,40] Inactivation is expected to proceed through single electron oxidation of the bis-

propargylic carbon resulting in an allene radical that is highly reactive and binds covalently to the 

enzyme’s active site. We aimed to use this type of inhibitor as starting structure to develop activity 

based probes for LOX enzymes.  

Mimicking the natural 15-LOX-1 substrate, linoleic acid, inhibitors were designed incorporating a bis-

alkyne core structure and their binding properties were investigated.[39,40] After modeling studies, in 

contrast with the previous inhibitors we shift the position of the bis-alkyne moiety from 9,12 to the 

5,8 position due to structural differences in the active sites between the two enzymes (Figure S9) but 

also aiming to yield less lipophilic compounds. Next, we developed ABPP probes that include both a 

bis-alkyne functionality for covalent linkage to the active enzyme and a terminal alkene as chemical 

reporter for bioorthogonal linkage of a detectable functionality (Figure 1). Application of a terminal 

alkene as chemical reporter and not the more commonly used terminal alkyne enables 

straightforward synthesis of the ABPP probe using methods shown in Figure 2 without the need for 

protection and deprotection of the reporter functionality. As demonstrated recently, terminal alkenes 

can be linked to biotinylated phenylboronic acid by application of the recently developed 

bioorthogonal oxidative Heck reaction,[41,42] which proceeds under mild conditions. Using these 

methods we demonstrate for the first time activity-based labeling of lipoxygenase activity, which 

paves the way for exploration of this novel area. 

As a first step a small library of bis-alkyne inhibitors, with aliphatic chains of various lengths, was 

synthesized in order to investigate the effect of lipophilic interactions on the binding affinities and 

inactivation kinetics of 15-LOX-1 (Figure 3A). The bis-alkyne inhibitors were synthesized by K2CO3 

mediated CuI-catalyzed cross-coupling of methyl 5-hexynoate with various propargylhalides, in 

presence of NaI. The applied propargylhalides were either commercially available or synthesized 

starting from propargyl alcohol in four steps in good yields (Figure 2). Firstly, propargyl alcohol was 

protected with tert-butyl diphenylsilyl chloride (TBDPS-Cl) to give TBDPS protected compound 1. The 

protected propargyl alcohol was then coupled with different aliphatic bromides in presence of n-BuLi 

and HMPA at -78 oC to afford, after deprotection with TBAF in THF, the corresponding propargyl 

alcohols 2. Finally, propargylhalides 3 were isolated after bromination of the alcohols 2 with CBr4 and 

PPh3 in benzene at 0 oC and subsequently applied in the cross-coupling reaction. 
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Figure 2. Synthesis of irreversible inhibitors and probes. a) TBDPSCl, imidazole, DMF, RT; b) Bromoalkanes or -

alkenes, n-BuLi, HMPA, -78°C; c) TBAF, THF, 0°C; d) CBr4, PPh3, C6H6, 0oC; e) CuI, NaI, K2CO3, DMF, RT; f) LiOH, 

EtOH/H2O (3:1), RT; g) Bromoalkanes or –alkenes, K2CO3, DMF. 

 

The newly synthesized bis-alkynes were screened for inhibition of 15-LOX-1 as described 

before.[38,43,44] IC50 determination of all the compounds showed potencies in the low micromolar range 

(Figure 3A). Bis-alkyne inhibitors with longer aliphatic chains seem to be the more potent, probably 

due to lipophilic interactions. Notable is that the IC50 values for all the compounds proved to be time 

dependent with a slight difference between 10 and 20 min preincubation time, which indicates 

irreversible inhibition. Further analysis using Lineweaver-Burk plots showed non-competitive inhibition 

for inhibitor N144, which also supports a model in which the inhibitors bind irreversibly (Figure 3D). 

Further analysis of the binding kinetics was done using Kitz-Wilson analysis to derive the inactivation 

parameters Ki and ki (Figure 3C).[45–47] Four concentrations of the respective inhibitor and four pre-

incubation times with the enzyme were chosen to measure dose and time dependent inhibition of 

15-LOX-1 activity. The inactivation parameters for all the bis-alkyne inhibitors were calculated (Figure 

3A). The Ki values vary between 40 μM to 15 μM, with the shorter inhibitors (ST018, ST022 and 

ST025) being less potent than those with five to seven member carbon chains (N86, ST024, N121, 

N331, N332, N333 and N144). The inactivation rate (ki) values range from 0.05 min-1 to 0.35 min-1, 

showing a reaction half time (t1/2) from 2 to 12 min. In conclusion, the kinetic analysis supports a 

model in which bis-alkyne inhibitors bind irreversible to 15-LOX-1. Molecular modeling studies on 

this type of inhibitors provided a model in which the bis-alkyne moiety of the compounds appear 

close to the iron in the active site (Table S5 and Figure S6,S7). Considering the enzyme kinetics and 

molecular modeling studies as well as the polarity of the compounds, chain length of inhibitor N86 

was chosen to design probes for activity-based labeling of lipoxygenases. 
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Figure 3. A) Table with the synthesized compounds, their IC50 values (10 min) and inactivation parameters. All the 

values are reported with the standard deviation. B) Highest scoring docking pose of probe N144 in the active site of 

15-LOX. C) Irreversible inhibition equation. D) Lineweaver-Burk plot of probe N144. 

 

As a next step N86 was modified with a terminal alkene as bioorthogonal tag to result in compounds 

N144 and N121 (Figure 3A). These molecule were applied in ABPP labeling experiments on the 

recombinant purified enzyme 15-LOX-1. Because of the observed fast inactivation t1/2, the labeling 

experiments were done in a relatively short time (2 min). The ABPP labeled enzyme was detected 

using covalent attachment of biotinyl phenyl boronic acid to the terminal alkene chemical reporter 

using the oxidative Heck reaction[42,48] and subsequent visualization by on blot luminescence imaging 

using HRP-conjugated Streptavidin. In the oxidative Heck reaction it proved to be important to use 

10% DMF as co-solvent in the reaction mixture to avoid non-specific binding of biotinyl phenyl 

boronic acid to the protein. Application of this method to recombinant 15-LOX-1 provided clear 

labeling of the enzyme with probe N144 in comparison to the control experiment in which this probe 
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was excluded (Figure 4A), whereas a control experiment with a 15-LOX antibody demonstrated equal 

amounts of the enzyme. Probes N144 and N121 were compared and N144 provided better labeling 

efficiency in comparison to probe N121 (Figure S13). This demonstrates that the enzyme 15-LOX-1 

can be covalently labelled and that this two-step labeling approach enables visualization of this 

enzyme on Western blot.  

 

 

Figure 4. On blot detection and Coomassie Blue staining of pure 15-LOX-1. A) Positive (with probe) and negative 

control (without probe) experiments using 15-LOX antibody or streptavidin as secondary antibody. B) Labeling of 

the enzyme after heat denaturation (right) and without heat denaturation (left). C) Labeling after pre-incubation of 

the enzyme with PD-146176 and Zileuton. 

 

Having established 15-LOX-1 labeling, we moved on to investigate its dependence on LOX enzyme 

activity. Experiments with heat inactivated 15-LOX-1 in comparison to active 15-LOX-1 demonstrated 

a clear difference in labeling as compared to the control in which the probe N144 was excluded from 

the experiment (Figure 4B). Additionally, 15-LOX-1 was subjected to small molecule inhibition by the 
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known reversible selective 15-LOX-1 inhibitor, PD-146176.[30] As a control we included the inhibitor 

Zileuton (Zyflo), which is a known reversible and selective 5-LOX inhibitor. The 15-LOX-1 enzyme 

was incubated with either PD-146176 or Zileuton for 10 min, followed by 2 min incubation with the 

probe and subsequent biotinylation. The enzyme labeling was assessed on Western blot using equal 

amounts of the enzyme. Only in the case of PD-146176 labeling was clearly inhibited compared to 

the positive control (without inhibitor), whereas Zileuton did not affect the labeling of 15-LOX-1 

(Figure 4C). Taken together, these experiments confirm that the bis-alkyne N144 can be used for 

activity-based labeling of recombinant purified 15-LOX-1. 

After having established 15-LOX-1 labeling and its activity dependence on the purified enzyme, we 

continued labeling experiment with more complex biological samples. Firstly, lysates of HeLa and IL-4 

stimulated HBE cells proved to contain 15-LOX-1 (as demonstrated by Western blotting). HBE cells 

have been reported to have higher expression of the enzyme after IL-4 stimulation.[49] Lysates from 

these samples were labeled with N144 for 2 min followed by biotinylation via the oxidative Heck 

reaction. The activity-based labeling showed pronounced and distinct bands that were not visible in 

the negative control in which the probe was excluded (Figure 5A,B). Notably, the labeling of 15-LOX-

1 in HBEs has a different pattern as compared to the labeling in HeLa cells. Nevertheless, both lysates 

show labeling at 70 kDa, which is the expected molecular weight for 15-LOX-1. In addition, a clear 

concentration dependence was observed for the labeling in HeLa cell lysate using increasing 

concentration of the probe N144 (Figure 5C). Subsequently, the HeLa lysate was evaluated for the 

presence of 15-LOX-1 in combination with the activity-based labeling. Western blotting using a 15-

LOX-1 antibody demonstrated that the antibody recognized four bands (Figure 5D). One of the bands 

appears in the expected weight for 15-LOX-1 (70 kDa) and two bands were lower. These lower bands 

either originate from degradation of the 15-LOX-1 enzyme or represent other proteins (Table S6,7). 

Subsequently, the membrane was stripped and the activity-based labeling was detected using HRP-

conjugated streptavidin. This again displayed the bands for the activity-based labeling. After the 15-

LOX-1 antibody detection and stripping in Figure 5D the band proved to become less clear 

compared to the immediate detection in Figure 5A. The apparent 15-LOX-1 band at 70 kDa as well as 

the other two proteins nicely align with bands visible in the activity-based labeling experiment. One 

of these proteins also appears in the same range (above 40kDa) in the HBE lysates (Figure 5B). In 

addition, labeling experiment after incubation of the probe N144 with intact HeLa cells was also 

performed (Figure S25). These experiments demonstrate activity-based labeling on purified or 

endogenous 15-LOX-1 from HeLa or HBE cell lysates. 

In order to investigate the 15-LOX-1 activity dependence of the labeling, we labeled active and 

inactive recombinant 15-LOX-1 in presence of heat denaturated cell lysate. We observed that the 



Activity-Based Probes for 15-LOX-1 

 

161 

 

6 

heat inactivated lysates were not labeled whereas the heat inactivated lysates supplemented with 

active 15-LOX-1 show labeling of just 15-LOX-1 (Figure S21). Next, we applied pharmacological 15-

LOX-1 inhibition with inhibitor PD-146176 in the labeling experiment with HeLa cell lysates. We 

observed a decrease of the labeling in the bands that were also characterized by the 15-LOX-1 

antibody (Figure 5E). This indicates that the labeling of these bands is activity-dependent. 

 

 

Figure 5. On blot detection of endogenous 15-LOX-1 A) Positive (with probe) (right) and negative control (without 

probe) (left) using HRP-Conjugated Streptavidin in HeLa cells lysate. B) Positive (with probe) (left) and negative 

control (without probe) (right) using HRP-Conjugated Streptavidin in HBE cells lysate after IL-4 stimulation. C) 

Concentration dependent labeling by activity-based probe. D) Positive (with probe) and negative control (without 

probe) experiments using 15-LOX antibody and after stripping HRP-Conjugated Streptavidin as secondary antibody. 

E) Labeling after pre-incubation of the endogenous enzyme with inhibitors PD-146176 (90 μM) and Zileuton (90 

μM). F) Labeling in different mouse tissue lysates. G) Labeling of mouse heart lysate after pre-incubation of the 

endogenous enzyme with inhibitors PD-146176 (90 μM) and Zileuton (90 μM). 

 

Finally, the activity-based probe has been applied in tissue lysates from different mice organs. 

Applying probe N144 and following our two-step labeling, we were pleased to observe a clear 

labeling of 15-LOX-1 in different tissue lysates (Figure 5F). The different band intensities indicate 
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different enzyme expression and activity levels in the different organs, which is an observation that is 

of particular interest for drug discovery projects aimed at targeting this enzyme. In addition, we 

noted that when fresh tissue samples were used, the labeling pattern became more clear, indicating 

that the lipoxygenases seem to be unstable under the storage conditions. Furthermore, we evaluated 

inhibitors PD-146176 and Zileuton in heart lysate in more detail. The results showed again reduced 

labeling of the three characteristic bands only upon application of the 15-LOX-1 inhibitor PD-146176 

(Figure 5G), which indicates that the observed labeling originates from 15-LOX-1 activity in this tissue 

sample. 

Conclusions  

In conclusion, we have created for the first time an activity-based probe as an efficient chemical tool 

for activity-based labeling of recombinant 15-LOX-1 that also provides 15-LOX-1 dependent labeling 

in cell lysates and tissue samples. Towards this aim irreversible inhibitors for the target enzyme were 

designed and synthesized. An enzyme kinetic study of the novel inhibitors enabled the estimation of 

the potency along with the inactivation parameters and the inhibition mechanism. Subsequently, an 

alkene tag was introduced as a tag to enable biotinylation using the oxidative Heck reaction. 

Application of the alkene as a tag was needed to enable straightforward synthesis of the bis-alkyne 

probes. Here, we applied the oxidative Heck reaction for the first time for detection of activity-based 

labeled proteins thereby demonstrating the potential of this recently developed bioorthogonal 

coupling reaction in this type of applications. Activity-based labeling studies were performed on the 

recombinant enzyme, cell and tissue lysates. In all cases we demonstrated labeling of enzymes that 

could be attributed to 15-LOX-1 activity by application of heat inactivation and/or pharmacological 

inhibition. We anticipate that further development of this type of molecules will enable the 

investigation and identification of lipoxygenase enzymes in complex biological samples, which opens 

completely new opportunities for drug discovery for this enzyme class. 

Experimental Section  

Synthesis and characterization 

General 

The solvent and reagents were purchased from Sigma-Aldrich and Acros chemicals and were used 

without further purification unless otherwise noted. Reactions were monitored by thin layer 

chromatography (TLC). Merck silica gel 60 F254 plates were used and spots were detected under UV 
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light or after staining with potassium permanganate for the non UV-active compounds. MP Ecochrom 

silica 32-63, 60Å was used for flash column chromatography. 1H NMR (500 MHz) and 13C NMR (126 

MHz) spectra were recorded with a Bruker Avance 4-channel NMR Spectrometer with TXI probe. 

Chemical shifts were referenced to the residual proton and carbon signal of the deuterated solvent 

CDCl3: δ = 7.26 ppm (1H) and 77.05 ppm (13C). Fourier Transform Mass Spectrometry (FTMS) and 

electrospray ionization (ESI) were recorded on an Applied Biosystems/SCIEX API3000-triple 

quadrupole mass spectrometer. 

Synthetic procedure 1: ester saponification 

The respective alkyne ester (1.0 mmol) and LiOH (5.0 mmol) were dissolved in a mixture of EtOH/H2O 

(3:1) (4 mL). The solution was stirred for 1 hour at room temperature. The reaction mixture was 

diluted with water (15 mL), acidified with aqueous 1N HCl (15 mL) and then extracted with 

ethylacetate (3 x 20 mL). The combined organic layers were dried over MgSO4, filtered and 

concentrated under reduced pressure. 

Synthetic procedure 2: coupling alkynes and propargylhalides 

A mixture of CuI (0.5 mmol), NaI (1.0 mmol), K2CO3 (1.0 mmol), alkyne ester (1.0 mmol) and 

propargylhalide (1.0 mmol) were suspended in DMF (5.0 mL). The  yellow suspension was stirred 

overnight at room temperature. The mixture was diluted in ethylacetate (30 mL) and filtered through 

a pad of Celite and the organic layer was washed with saturated aqueous NH4Cl and brine. 

Subsequently, the organic layer was dried over MgSO4, filtered and concentrated under reduced 

pressure. The product was purified using column chromatography with petroleum ether:EtOAc 20:1 

(v/v) as eluent. 

Synthetic procedure 3: coupling alkylbromides and ethynyltrimethylsilane 

The respective alkyne (1.1 mmol) was dissolved in dry THF (7 mL) under nitrogen atmosphere. The 

solution was cooled down to -78oC and n-BuLi (2.5 M, 1.1 mmol) was added dropwise. Subsequently, 

the mixture was stirred for 45 min followed by addition of HMPA (0.5 mL) and by the respective 

propargylbromide (1.0 mmol) were also added dropwise via syringe over 10 min at -78oC. The stirred 

solution was allowed to warm to room temperature overnight. The reaction mixture was quenched 

with saturated aqueous NH4Cl and then extracted with petroleum ether (3 x 20 mL). The combined 

organic layers were dried over MgSO4, filtered and concentrated under reduce pressure. 

Synthetic procedure 4: TMS deprotection 

The protected alkyne (1.0 mmol) was dissolved in 10 mL THF under nitrogen atmosphere. The 

solution was cooled down to 0oC and TBAF (1.1 mmol) was added dropwise. The solution was stirred 
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overnight at room temperature. The reaction mixture was diluted with water (15 mL), acidified with 

aqueous 1N HCl (15 mL) and then extracted with ethylacetate (3 x 20 mL). The combined organic 

layers were dried over MgSO4, filtered and concentrated under reduce pressure. 

Synthetic procedure 5: Bromination of propargyl alcohols 

Tetrabromomethane (1.1 mmol) and triphenylphosphine (1.2 mmol) were dissolved in 5 mL DCM. The 

solution was cooled down to 0oC and propargyl alcohol (1.1 mmol) was added. The solution was 

stirred for one hour at 0oC and then three hours at room temperature. In the reaction mixture 30 mL 

of petroleum ether was added, to precipitate the phosphine oxide (side product), and then was 

washed with 30 mL water followed by 30 mL brine. The combined organic layers were dried over 

MgSO4, filtered and concentrated under reduce pressure. The product was purified using column 

chromatography with petroleum ether:EtOAc 20:1 (v/v) as eluent. 

methyl deca-5,8-diynoate (ST022) 

The product was obtained after the cross coupling reaction between the methyl hex-5-ynoate (0.252 

g, 2.0 mmol) and 1-bromobut-2-yne (0.264 g, 2.0 mmol) using synthetic procedure 2 with CuI (0.190 

g, 1.0 mmol), NaI (0.300 g, 2.0 mmol), K2CO3 (0.276 g, 2.0 mmol) in DMF (7.0 mL). Yield 67%. 1H NMR 

(500 MHz, CDCl3) δ 3.67 (s, 3H), 3.08 (q, J =2.5 Hz, 2H), 2.43 (t, J = 7.5 Hz, 2H), 2.23 (tt, J = 7.0, 2.5 

Hz, 2H), 1.81 (m, 2H), 1.79 (t, J= 2.5 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 173.5, 79.0, 75.3, 73.3, 69.0, 

51.4, 32.7, 23.7, 18.0, 9.4, 3.3. HRMS (FTMS+ESI): m/z calculated 179.10720 and found 179.10659 for 

[C11H15O2] product, calculated 217.08406 and found 217.08330 [C11H17O3] + [Na] mono-oxidation. 

methyl undeca-5,8-diynoate (ST018) 

The product was obtained after the cross coupling reaction between the methyl hex-5-ynoate (0.252 

g, 2.0 mmol) and 1-bromopent-2-yne (0.194 g, 2.0 mmol) using synthetic procedure 2 with CuI (0.190 

g, 1.0 mmol), NaI (0.300 g, 2.0 mmol), K2CO3 (0.276 g, 2.0 mmol) in DMF (7.0 mL). Yield 55%. 1H NMR 

(500 MHz, CDCl3) δ 3.67 (s, 3H), 3.10 (q, J = 2.0 Hz), 2.43 (t, J = 7.5 Hz, 2H), 2.23 (tt, J= 7.0, 2.0 Hz, 

2H), 2.22-2.16 (m, 2H), 1.81 (m, 2H), 1.11 (t, J= 7.0 Hz). 13C NMR (126 MHz, CDCl3) δ 173.7, 81.8, 79.0, 

75.5, 73.6, 51.5, 32.8, 23.8, 18.1, 13.8, 12.3, 9.6. HRMS (FTMS+ESI): m/z calculated 209.11722 and 

found 209.11739 for [C12H17O3] mono-oxidation product, calculated 225.11214 and found 225.11229 

for [C12H17O4] di-oxidation product. 

Methyl tetradeca-5,8-diynoate (N86) 

The product was obtained after the cross coupling reaction between methyl hex-5-ynoate (0.252 g, 

2.0 mmol) and 1-chloro-2-octyne (0.288 g, 2.0 mmol) using synthetic procedure 2 with CuI (0.190 g, 

1.0 mmol), NaI (0.300 g, 2.0 mmol), K2CO3 (0.276 g, 2.0 mmol) in DMF (7.0 mL). Yield 90%. 1H NMR 
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(500 MHz, CDCl3) δ 3.67 (s, 3H), 3.11 (q, J = 2.4 Hz, 2H), 2.43 (t, J = 7.0 Hz, 2H), 2.24 (tt, J = 7.0, 2.4 

Hz, 2H), 2.15 (tt, J = 7.0, 2.4 Hz, 2H), 1.84 – 1.80 (m, 2H), 1.51 – 1.48 (m, 2H), 1.36 – 1.30 (m, 4H), 0.90 

(t, J = 6.7 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 173.7, 80.6, 79.0, 75.6, 74.2, 51.5, 32.8, 31.0, 28.4, 23.8, 

22.1, 18.6, 18.2, 13.9, 9.6. HRMS (FTMS+ESI): m/z calculated 251.16417 and found 251.16425 for 

[C15H23O3] mono-oxidation product, calculated 267.15909 and found 267.15921 for [C15H23O4] di-

oxidation product. 

1-bromodec-2-yne (ST017) 

The product was obtained after the bromination of dec-2-yn-1-ol (0.477 g, 2.2 mmol) using synthetic 

procedures 5 with tetrabromomethane (0.729 g, 2.2 mmol) and triphenylphosphine (0.628 g, 2.4 

mmol) in 7 mL DCM. Yield 85%. 1H NMR (500 MHz, CDCl3) δ 3.93 (t, J = 2.0 Hz, 2H), 2.23 (tt, J= 7.5, 

2.0 Hz, 2H), 1.53 - 1.48 (m, 2H), 1.37-1.28 (m, 8H), 0.89 (t, J= 7 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 

88.3, 75.2, 31.7, 28.7, 28.7, 28.3, 22.6, 18.9, 15.7, 14.0.  

methyl hexadeca-5,8-diynoate (ST024) 

The product was obtained  from the starting materials methyl hex-5-ynoate (0.189 g, 1.5 mmol) and 

1-bromodec-2-yne (0.325 g, 1.5 mmol) using synthetic procedure 2 with CuI (0.143 g, 0.75 mmol), NaI 

(0.225 g, 1.5 mmol), K2CO3 (0.207 g, 1.5 mmol) in DMF (6.0 mL) as a yellowish oil. Yield 33%. 1H NMR 

(500 MHz, CDCl3) δ 3.68 (s, 3H), 3.11 (q, J = 2.5 Hz, 2H), 2.44 (t, J =7.5 Hz, 2H), 2.24 (tt, J = 7.0, 2.5 

Hz, 2H), 2.15 (tt, J= 7.0, 2.5 Hz, 2H), 1.83-1.79 (m, 2H), 1.52-1.46 (m, 2H), 1.37-1.25 (m, 8H), 0.88 (t, J= 

7 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 173.7, 80.7, 79.1, 75.7, 74.3, 51.6, 32.9, 31.8, 28.9, 28.9, 28.8, 

24.0, 22.7, 18.8, 18.3, 14.1, 9.7. HRMS (FTMS+ESI): m/z calculated 279.19547 and found 279.1955 for 

[C17H27O3] mono-oxidation product, calculated 295.19039 and found 295.19043 for [C17H27O4] di-

oxidation product. 

tridec-1-yne (N107) 

The product was obtained from 1-bromodecane that was subjected to synthetic procedures 3 and 4. 

Yield over two steps, 60%. 1H NMR (500 MHz, CDCl3) δ 2.18 (td, J = 7.0, 2.7 Hz, 2H), 1.93 (t, J = 2.7 

Hz, 1H), 1.55 – 1.49 (m, 2H), 1.42 – 1.36 (m, 2H), 1.28 – 1.25 (m, 14H), according to R. Umeda et al. 2 

tetradec-2-yn-1-ol (N110) 

Tridec-1-yne (0.180 g, 1.0 mmol) was dissolved in dry THF (6 mL) under nitrogen atmosphere. The 

solution was cooled down to -78oC and n-BuLi (2.5M, 0.80 mL, 2 mmol) was added dropwise and the 

mixture was stirred for 45 min. Subsequently,  paraformaldehyde (0.084 g, 2.8 mmol) was dissolved in 

THF (2 ml) and added dropwise via a syringe to the mixture over 10 min at -78oC. The stirred solution 

was allowed to warm to room temperature overnight. The reaction mixture was quenched with 
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saturated aqueous NH4Cl and then extracted with petroleum ether (3 x 20 mL). The combined organic 

layers were dried over MgSO4, filtered and concentrated under reduce pressure. The tetradec-2-yn-1-

ol (N110) was obtained in 87% yield according to Du et al.3 

1-bromotetradec-2-yne (N112) 

The product was obtained after the bromination of tetradec-2-yn-1-ol using synthetic procedure 5 in 

43% yield according to Subhash C. Jain et al.4 

methyl icosa-5,8-diynoate (N114) 

The product was obtained after the cross coupling reaction between the methyl hex-5-ynoate (0.050 

g, 0.4 mmol) and 1-bromotetradec-2-yne (0.114 g, 0.4 mmol) using synthetic procedure 2 with CuI 

(0.038 g, 0.2 mmol), NaI (0.060 g, 0.4 mmol), K2CO3 (0.55 g, 0.4 mmol) in DMF (3.0 mL). Yield 41%. 1H 

NMR (500 MHz, CDCl3) δ 3.67 (s, 3H), 3.10 (q, J = 2.3 Hz, 2H), 2.43 (t, J = 7.3 Hz, 2H), 2.23 (tt, J = 7.3, 

2.3 Hz, 2H), 2.14 (tt, J = 7.3, 2.3 Hz, 2H), 1.82 – 1.80 (m, 2H), 1.55 – 1.46 (m, 4H), 1.30 – 1.24 (m, 14H), 

0.85 (t, J = 6.7 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 173.4, 80.5, 78.93, 75.6, 74.2, 51.3, 32.8, 31.8, 

2x29.5, 29.4, 29.2, 29.1, 28.8, 28.7, 23.9, 22.6, 18.6, 18.1, 13.9, 9.6. HRMS (FTMS+ESI): m/z calculated 

335.25807 and found 335.25803 for [C21H35O3] mono-oxidation product, calculated 351.25299 and 

found 351.25302 for [C21H35O4] di-oxidation product. 

6-bromohex-1-en-4-yne (ST023) 

6-bromohex-1-en-4-yne (ST017) was obtained as a colorless oil in 85% yield. 1H NMR (500 MHz, 

CDCl3) δ 5.84-5.76 (m, 1H), 5.31 (dd, J = 17.5, 1.5 Hz, 1H), 5.14 (dd, J = 10.0, 1.5 Hz, 1H), 3.96 (t, J = 

2.0 Hz, 2H), 3.03 (m, 2H) according to D. Parmar et al. 7 

methyl dodeca-11-en-5,8-diynoate (ST025) 

The product was obtained from the starting materials methyl hex-5-ynoate (0.189 g, 1.5 mmol)  and 

6-bromohex-1-en-4-yne (0.238 g, 1.5 mmol) using synthetic procedure 2 with CuI (0.143 g, 0.75 

mmol), NaI (0.225 g, 1.5 mmol), K2CO3 (0.207 g, 1.5 mmol) in DMF (6.0 mL) as a yellowish oil. Yield 

20%. 1H NMR (500 MHz, CDCl3) δ 5.83 - 5.77 (m, 1H), 5.32 (dd, J = 17.1, 1.6 Hz, 1H), 5.10 (dd, J = 

17.1, 1.6 Hz, 1H), 3.67 (s, 3H), 3.15 (q, J=2.3 Hz, 2H), 2.95 (m, 2H), 2.43 (t, J = 7.3 Hz, 2H), 2.23 (tt, J = 

6.9, 2.3 Hz, 2H), 1.83 – 1.80 (m, 2H).13C NMR (126 MHz, CDCl3) δ 173.6, 132.6, 115.9, 79.2, 75.2, 69.1, 

60.3, 51.5, 32.8, 23.8, 23.0, 18.1, 9.7. HRMS (FTMS+ESI): m/z calculated 221.11722 and found 

221.11725 for [C13H17O3] mono-oxidation product, calculated 237.11214 and found 237.11211 for 

[C13H17O4] di-oxidation product. 
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tert-butyldiphenyl(prop-2-yn-1-yloxy)silane (N140) 

Propargyl alcohol (0.6 mL, 10 mmol) and imidazole (1.50 g, 22 mmol) were dissolved in DMF (20 mL). 

Then, tert-butyl(chloro)diphenylsilane (2.8 mL, 11 mmol) was added and the solution was stirred 

overnight at room temperature. Subsequently, saturated aqueous NH4Cl (50 mL) was added to the 

mixture, which was then extracted with petroleum ether (3 x 50 mL). The combined organic layers 

were dried over MgSO4, filtered and concentrated under reduced pressure. 

The product (N140) was obtained in 99% yield. 1H NMR (500 MHz, CDCl3) δ 7.72 – 7.70 (m, 4H), 7.46 

– 7.38 (m, 6H), 4.31 (d, J = 2.4 Hz, 2H), 2.38 (t, J = 2.4 Hz, 1H), 1.07 (s, 9H) according to Igor Larrosa 

et al. 5 

oct-7-en-2-yn-1-ol (N142) 

The product was obtained after the acetylide of 5-bromopent-1-ene and the deprotection of the –

OTBDPS group using synthetic procedures 3 and 4. Yield over two steps 75%. In the synthetic 

procedure 3, tert-butyldiphenyl(prop-2-yn-1-yloxy)silane (0.441 g, 1.5 mmol), n-BuLi (2.5 M, 0.6 mL, 

1.5 mmol), 0.5 mL HMPA and bromide (0.149 g, 1.0 mmol) were used. In the synthetic procedure 4, 

protected alkyne (0.362 g, 1.0 mmol) and TBAF (1M, 2.0 mL, 2.0 mmol) were used. The product was 

purified using column chromatography with petroleum ether:EtOAc 2:1 (v/v) as eluent according to 

Yohei Adachiet al. 6 

8-bromooct-1-en-6-yne (N143) 

The product was obtained by bromination of oct-7-en-2-yn-1-ol (0.558 g, 4.4 mmol) using synthetic 

procedure 5 with tetrabromomethane (1.458 g, 4.4 mmol) and triphenylphosphine (1.256 g, 4.8 mmol) 

in 10 mL DCM as a colorless oil. Yield 67%. 1H NMR (500 MHz, CDCl3) δ 5.82 – 5.74 (m, 1H), 5.06 – 

4.98 (m, 2H), 3.93 (t, J = 2.3 Hz, 2H), 2.26 (tt, J = 7.1, 2.3, 2H), 2.15 (m, 2H), 1.61 (m, 2H). 13C NMR 

(126 MHz, CDCl3) δ 137.6, 115.3, 87.8, 75.6, 32.7, 27.5, 18.3, 15.6.  

methyl tetradeca-13-en-5,8-diynoate (N144) 

The product was obtained after the cross coupling reaction between the methyl hex-5-ynoate (0.756 

g, 6.5 mmol) and 8-bromooct-1-en-6-yne (1.215 g, 6.5 mmol) using synthetic procedure 2 with CuI 

(0.625 g, 3.3 mmol), NaI (0.975 g, 6.5 mmol), K2CO3 (0.897 g, 6.5 mmol) in DMF (20 mL). Yield 29%. 1H 

NMR (500 MHz, CDCl3) δ 5.83 – 5.75 (m, 1H), 5.05 – 4.96 (m, 2H), 3.67 (s, 3H), 3.10 (q, J = 2.3 Hz, 2H), 

2.44 (t, J = 7.4 Hz, 2H), 2.23 (tt, J = 7.4, 2.3 Hz, 2H), 2.18 (tt, J = 7.3, 2.3 Hz, 2H), 2.15 (m, 2H), 1.86 – 

1.80 (m, 2H), 1.60 – 1.56 (m, 2H), 13C NMR (126 MHz, CDCl3) δ 173.5, 137.8, 114.9, 80.0, 78.9, 75.4, 

74.5, 51.3, 32.7, 27.8, 23.8, 22.5, 18.1, 18.0, 9.6. HRMS (FTMS+ESI): m/z  calculated 247.13287 and 
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found 247.13286 for [C15H19O3] mono-oxidation product, calculated 263.12779 and found 263.12774 

for [C15H19O4] di-oxidation product. 

tetradeca-5,8-diynoic acid (N87) 

The product was obtained after the hydrolysis of methyl tetradeca-5,8-diynoate (N86) using synthetic 

procedure 1 without further purification. Yield 99%. 1H NMR (500 MHz, CDCl3) δ 3.12 (q, J = 2.4 Hz ), 

2.43 (m, 2H), 2.26 (tt, J = 7.0, 2.4 Hz, 2H), 2.15 (tt, J = 7.0, 2.4 Hz, 2H), 1.84 – 1.81 (m, 2H), 1.51 – 1.48 

(m, 2H), 1.36 – 1.30 (m, 4H), 0.89 (t, J = 6.7 Hz, 3H). MS (FTMS+ESI): m/z 237.14 [C14H21O3] mono-

oxidation product, 253.14 [C14H21O4] di-oxidation product. 

pent-4-en-1-yl dodeca-3,6-diynoate (N121) 

The tetradeca-5,8-diynoic acid (N87) (0.220 g, 1.0 mmol) was dissolved  in the suspension of K2CO3 

(0.414 g, 3.0 mmol) in DMF (10 mL). Then, 5-bromopent-1-ene (0.164 g, 1.1 mmol) was added and 

the suspension was stirred overnight at 50 oC. The reaction mixture was diluted with ethyl acetate (20 

mL) and washed with water (3 x 20 mL) and brine (2 x 20 mL). The organic layers were dried over 

MgSO4, filtered and concentrated under reduced pressure. 

The product (N121) was obtained as a yellowish oil in 60% yield. 1H NMR (500 MHz, CDCl3) δ 5.83 – 

5.76 (m, 1H), 5.06 – 4.98 (m, 2H), 4.09 (t, J = 6.4 Hz, 2H), 3.11 (q, J = 2.3 Hz ), 2.42 (t, J = 7.4 Hz, 2H), 

2.24 (tt, J = 7.4, 2.3 Hz, 2H), 2.15 (tt, J = 7.4, 2.3 Hz, 2H), 1.84 – 1.70 (m, 4H), 1.63 – 1.46 (m, 4H), 1.36 

– 1.25 (m, 4H), 0.89 (t, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 173.2, 137.4, 115.2, 80.6, 79.0, 

75.5, 74.2, 63.7, 33.1, 31.0, 30.0, 28.4, 27.8, 23.9, 22.1, 18.6, 18.2, 13.9, 9.7. HRMS (FTMS+ESI): m/z 

calculated 289.21621 and found 289.21622 for [C19H29O2] product, calculated 305.21112 and found 

305.21112 for [C19H29O3] mono-oxidation product, calculated 321.20604 and found 321.20606 for 

[C19H29O4] di-oxidation product. 

propyl tetradeca-5,8-diynoate (N331) 

The product (N331) was obtained as a yellowish oil in 68% yield. 1H NMR (500 MHz, CDCl3) δ 4.03 (t, 

J = 6.4 Hz, 2H), 3.11 (q, J = 2.3 Hz ), 2.42 (t, J = 7.4 Hz, 2H), 2.24 (tt, J = 7.0, 2.4 Hz, 2H), 2.15 (tt, J = 

7.2, 2.4 Hz, 2H), 1.84 – 1.78 (m, 2H), 1.67 – 1.63 (m, 2H), 1.52 – 1.46 (m, 2H), 1.36 – 1.29 (m, 4H), 0.94 

(t, J = 7.4 Hz, 3H), 0.89 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 173.2, 80.5, 79.0, 75.5, 74.2, 

65.8, 33.0, 31.0, 28.4, 23.9, 22.1, 21.9, 18.6, 18.1, 13.9, 10.3, 9.6. MS (ESI): m/z 285.26 [M + Na]+. HRMS 

(FTMS+ESI): m/z [M + Li]+ calculated 285.20365 and found 285,20398 for [C17H26O3Li] mono-oxidation 

product. 
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butyl tetradeca-5,8-diynoate (N332) 

The product (N332) was obtained as a yellowish oil in 70% yield. 1H NMR (500 MHz, CDCl3) δ 4.03 (t, 

J = 6.7 Hz, 2H), 3.11 (q, J = 2.3 Hz ), 2.41 (t, J = 7.4 Hz, 2H), 2.23 (tt, J = 7.0, 2.4 Hz, 2H), 2.14 (tt, J = 

7.2, 2.4 Hz, 2H), 1.84 – 1.78 (m, 2H), 1.63 – 1.57 (m, 2H), 1.52 – 1.46 (m, 2H), 1.40 – 1.30 (m, 6H), 0.93 

(t, J = 7.4 Hz, 3H), 0.89 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 173.2, 80.5, 78.9, 75.4, 74.1, 

64.1, 33.0, 31.0, 30.6, 28.4, 23.9, 22.1, 19.1, 18.6, 18.1, 13.9, 13.6, 9.6. MS (ESI): m/z 299.25 [M + Na]+. 

HRMS (FTMS+ESI): m/z [M + Li]+ calculated 299,21930 and found 299,21933 for [C18H28O3Li] mono-

oxidation product.  

heptyl tetradeca-5,8-diynoate (N333) 

The product (N333) was obtained as a yellowish oil in 71% yield. 1H NMR (500 MHz, CDCl3) δ 4.06 (t, 

J = 6.8 Hz, 2H), 3.11 (q, J = 2.3 Hz ), 2.42 (t, J = 7.4 Hz, 2H), 2.23 (tt, J = 7.0, 2.4 Hz, 2H), 2.15 (tt, J = 

7.2, 2.4 Hz, 2H), 1.84 – 1.78 (m, 2H), 1.64 – 1.60 (m, 2H), 1.52 – 1.46 (m, 2H), 1.36 – 1.31 (m, 12H), 0.88 

(m, 6H). 13C NMR (126 MHz, CDCl3) δ 173.2, 80.5, 79.0, 75.4, 74.1, 64.4, 33.1, 31.7, 31.0, 28.9, 28.6, 

28.4, 25.8, 23.9, 22.5, 22.1, 18.6, 18.1, 14.0, 13.9, 9.6. MS (ESI): m/z 341.27 [M + Na]+. HRMS 

(FTMS+ESI): m/z [M + Li]+ calculated 341,26625 and found 341,26660 for [C21H34O3Li] mono-oxidation 

product. 

Enzyme inhibition studies 

Activity Assay 

The 15-LOX-1 was expressed in BL21 DE3 cells and the crude lysate was used without any purification 

for the activity assay. Experiments with the His-tag purified enzyme proved to result in rapid loss of 

enzyme activity over time. 15-LOX-1 activity was determined by the conversion of linoleic acid to 

13S-hydroperoxy-9Z,11E-octadecadienoic acid (13(S)-HpODE). The conversion rate was followed for 

by UV-absorbance at 234 nm over time. The linear increase in absorbance was used to determine the 

enzyme activity. The linear part usually covers the first 10 to 16 minutes depending on the enzyme 

concentration after which the conversion rate goes down due to depletion of the substrate. The 

optimum concentration of 15-LOX was determined by an enzyme activity assay (x640 times dilution). 

Experiments with absence of the enzyme or bacterial lysates without overexpression of 15-LOX-1 

were employed as a controls for background lipoxygenase activity and no background activity was 

observed (Figure 1 and 2). The data analysis was done using the Microsoft Excel Professional 2010 

and Graphpath Prism 5.01 software. 

The assay buffer consists of 25 mM Hepes titrated to pH 7,5 using a concentration aqueous solution 

of NaOH. Linoleic acid (Sigma Aldrich, L1376) was diluted in ethanol to 500 µM. The measurement 
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was done in 96 well plate (UV-STAR MICROPLATE, 96 WELL, F-BOTTOM,CHIMNEY WELL, µCLEAR) 

employing a BioTek Synergy H1. 

 

A  
B  

Figure S6. Determination of Background Activity. To determine if the measured activity belongs to 15-LOX was 

measured by using two experiments. A) A positive and negative control was taken. Except for the positive control, 

no background activity has been observed. B) An assay with bacteria with and without the 15-LOX gene was 

performed. From this data it can be observed that the bacteria without the 15-LOX gene has no activity. Therefore 

the measured activity is confirmed to be only from the expressed 15-LOX. 

 

For IC50 determinations 50 μL of the diluted enzyme were mixed with, 140 μL assay buffer or 140 μL 

inhibitor in the assay buffer. The inhibitors were initially dissolved in DMF to give a concentration of 

10 mM before further dilution in the assay buffer. The inhibitors were pre-incubated with the enzyme 

for 10 or 20 minutes at room temperature followed by addition of 10 μL of a 500 μM linoleic acid 

solution in ethanol. This provided a mixture with a final dilution of the enzyme 1:640 and 25 μM 

linoleic acid. The mixture was incubated in the BioTek plate reader at room temperature while it was 

shaken (5 seconds) and the UV absorbance at 234 nm was read every 47 sec. The linear absorbance 

increase in absence of the inhibitor was set as 100%, whereas the absorbance increase in absence of 

the enzyme was set to 0%. 

For the enzyme kinetic experiments, the concentrations of linoleic acid was varied between 5µM to 

60µM in absence or presence of fixed concentrations of the inhibitors. The wells was filled with 80 µL 

of inhibitor solution, 60 µL assay buffer, 50 μL diluted enzyme and pre-incubated for 10 min at room 

temperature. Subsequently, 10 μL of linoleic acid ranging from 1200 μM to 100 μM was added to the 

mixture and the conversion rate was measured in the same way as done the for the IC50 values. These 

experiments were executed in triplicate. The reaction velocities (v) were plotted against the substrate 

concentrations in a Michaelis-Menten plot and the Km and Vmax in the presence of the inhibitor 

were derived. The reciprocal of the velocities were taken and plotted against the reciprocal of the 
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linoleic acid concentrations in a Lineweaver-Burk plot. Substrate inhibition was obtained in 

concentration above 60 µM and therefore concentrations below 60 µM were used. All experiments 

were performed in triplicate and the average triplicate values and their standard deviations are 

plotted. The data analysis was performed using Microsoft Excel Professional Plus 2013 and GraphPad 

Prism 5.01. 

Table S1. The Half Maximal Inhibitory Concentration (IC50) Values of the 15-LOX Bis-alkyne Inhibitors. 

Compound 

IC50 (µM) 

10 min 20 min 

N86 5.15 ± 0.62 3.78 ± 0.62 

N114 7.04 ± 4.86 4.30 ± 1.56 

N121 2.17 ± 0.16 1.62 ± 0.48 

N144 4.03 ± 0.45 2.82 ± 0.38 

ST018 14.13 ± 2.65 10.38 ± 2.02 

ST022 21.24 ± 2.71 12.65 ± 1.35 

ST024 5.86 ± 0.31 1.81 ± 0.24 

ST025 8.69 ± 1.23 7.13 ± 1.44 

N331 3.98 ± 0.54 3.52 ± 0.50 

N332 5.64 ± 1.07 4.60 ± 0.60 

N333 8.16 ± 1.08 7.19 ± 0.66 

 

Blank  Positive Control  Test Sample 

 190µL Assay Buffer 

After the incubation time 

 10µL linoleic acid 

 140µL Assay Buffer 

 50 µL 15-LOX 

After the incubation time 

 10µL linoleic acid 

 60µL Assay Buffer 

 80µL inhibitor  

 50µL 15-LOX 

After the incubation time 

 10µL linoleic acid  
 

 

Figure S7. Amounts for the 15-LOX-1 absorbance assay for 200 μL total volume. 
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Figure S8. Steady-State kinetic characterization of 15-LOX-1 in the presence of different concentrations of probe 

N144: A) Michaelis-Menten representation and B) Lineweaver-Burk representation. 

 

Table S2. Enzyme kinetic parameters for inhibition of 15-LOX-1 probe N144. 

N144 (µM) Km
app (µM) Vmax

app (absorbance/s) P-value 

0 14.6 ± 5.1 14.9 x 10-4 ± 1.7 x 10-4
 < 0.0001 

3 13.0 ± 3.0 9.3 x 10-4 ± 0.7 x 10-4 < 0.0001 

10 24.4 ± 12.3 6.1 x 10-4 ± 1.2 x 10-4 0.0066 

All the p-values were calculated in GraphPad Prism after linear regression fit. The p-values show that the slopes are 

significantly non- zero (p-value < 0.05).  

 

Assay for the Kitz-Wilson plots 

In order to derive the kinetic parameters for inactivation of 15-LOX-1 the approach described by Kitz 

and Wilson was employed. For this approach, four different concentrations of the inhibitor with four 

different pre-incubation times were selected. The well was filled with 80 µL of inhibitor solution, 50µL 

assay buffer, 50 μL diluted enzyme and after the pre-incubation time at room temperature, 20 μL of 

linoleic acid (20 µM) was added to the mixture, shaked and the conversion rate was measured as 

described for the IC50 determination. 

The four different concentrations were selected according to the IC50 value of the inhibitor. For 

example the compound N144 had an IC50 value of 4.0 µM at 10 minutes pre-incubation time, so the 

concentrations which were used were 2.5 µM, 5 µM, 10 µM and 20 µM.  The pre-incubation times 

which were selected were 0, 5, 10 and 15 minutes. 
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A  B  

Figure S9. Kitz-Wilson Kinetic Analysis Plots for 15-LOX inhibitor N144. A) The remaining enzyme activities were 

converted in natural logarithm scale and plotted against pre-incubation time. Their respective equations were 

generated, which represent the Kitz-Wilson equation. B) After linearization of the kapp equation, this equation can 

be plotted to generate its respective equation to calculate the Ki and the ki of the compounds. 

 

For the data analysis, first the pre-incubation times for the different concentration of the inhibitor 

versus the remaining enzyme activity in natural logarithmic scale were plotted, so from the linear 

regression the slope of each concentration of the probe was obtained (Figure 3). Then the 1/slope 

versus 1/[inhibitor] were plotted (Figure 4) and from the linear regression line ki was derived from the 

1/y-intercept and derived from the slope times the ki as described by Kitz and Wilson. 

 

For example, for the probe N144 the equation is:    y = 151,55x + 6,4108  

 

So, the ki and the Ki values are:   𝑘𝑖 =
1

6,4108
=  0.156 𝑚𝑖𝑛−1 

 

                                                              𝐾𝑖 = 𝑘𝑖 × 151,55 = 23,6 µ𝑀  

 

According to previous calculations, the ki and the Ki values were determined for all the probes and 

are presented in the following table.  

y = -0,0154x + 4,6029 

y = -0,0248x + 4,4983 
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Table S3. Kinetic Data of the Bis-alkyne Inhibitors 

Compound ki (min-1) Ki (µM) 

N86 0.130 ± 0.021 23.8 ± 5.8 

N114 0.097 ± 0.036 32.8 ± 5.1 

N121 0.125 ± 0.042 20.7 ± 3.8 

N144 0.156 ± 0.066 23.6 ± 3.2 

ST018 0.35 ± 0.165 41.2 ± 7.8 

ST022 0.109 ± 0.048 28.9 ± 6.5 

ST024 0.057 ± 0.009 22.1 ± 2.1 

ST025 0.156 ± 0.038 30.8 ± 2.7 

N331 0.153 ± 0.079 13.7 ± 7.1 

N332 0.159 ± 0.085 15.6 ± 8.3 

N333 0.157 ± 0.005 16.2 ± 0.5 

 

Molecular Modelling  

A docking study was performed in order to gain insight in the mode of binding of these compounds. 

Because there is no crystal structure of human 15-LOX available the study was performed with the 

crystal structure of rabbit 15-LOX as determined by Gillmor et al. This is justified by the high 

sequence similarity (87%) between rabbit 15-LOX and human 15-LOX-1 (figure S8). Linoleic acid and 

all the bis-alkyne inhibitors were docked in rabbit 15-LOX.  

A  B  

Figure S10. The sequence  A) the identity and B) the similarity between the rabbit 15-LOX (1LOX) and h-15-LOX-1 

(2ABT). The alignment was performed in MOE software.  

 



Activity-Based Probes for 15-LOX-1 

 

175 

 

6 

First, linoleic acid (LA) was docked into the enzyme. And as expected, in its best docking score pose, 

optimal position the alkene groups are located near to the iron atom to make the conversion of LA 

to 13(S)-HPETE possible (Figure S11A). Even though the reaction mechanism for the covalent binding 

between the bis-alkyne inhibitor and the enzyme is not yet clarified, it is expected that the bis-alkyne 

moiety will be near to the iron atom in the active site. All inhibitors after docking showed that its bis-

alkyne moiety is indeed near the metal cofactor as shown in Figure S11.  

When observing the 2D ligand interaction diagrams even further, the carbon tails of the inhibitors 

seem to be exposed. This is favourable, especially for probes N121 and N144 since their alkene then 

is available to bind to biotin in the oxidative Heck reaction for ABPP. It is actually quite surprising that 

the alkene of N121, which is located at the end of its additional tail, is exposed. With these findings, 

the oxidative Heck reaction can occur, whether the alkene is on the bis-alkyne side or on the ester 

group side. The short tail compounds ST022, ST018 and ST025 showed low scores, while the 5-

carbon tail compounds N86, N121 and N144 showed the better scores. The compound N114 was 

obtained the highest score due to the lipophilic interactions.  

 

Table S4. Docking scores of bis-alkyne inhibitors 

Compound Score 

Linoleic acid -7.37 

N86 -6.25 

N114 -7.25 

N121 -7.04 

N144 -6.41 

ST018 -5.57 

ST022 -4.65 

ST024 -6.93 

ST025 -5.41 

N331 -6.34 

N332 -6.89 

N333 -7.34 
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Figure S11. Docking Study of Bis-alkyne Inhibitors at rabbit 15-LOX. All the bis-alkyne inhibitors were docked into 

the crystal structure of rabbit 15-LOX. These pictures are generated using MOE software. A) Docking of linoleic acid. 

B) 2D ligand interaction diagram legend. Docking and interaction diagram of C) N86, D) N114, E) N121, F) N144, G) 

ST018, H) ST022, I) ST024, K) ST025, L) N331, M) N332 and N) N333. 
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Figure S12. Docking Study of a Selection of Bis-alkyne Inhibitors at rabbit 15-LOX (Continuation) 
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Figure S7. Docking Study of a Selection of Bis-alkyne Inhibitors at rabbit 15-LOX (Continuation) 
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Figure S7. Docking Study of a Selection of Bis-alkyne Inhibitors at rabbit 15-LOX (Continuation) 
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Sequence Alignment experiments 

Sequence alignment between soybean LOX (2SBL) and 15-LOX (1LOX) was performed using MOE 

software. The results are presented in the next figure.  

 

Figure S13. The sequence  similarity between the rabbit 15-LOX (1LOX) and soybean LOX (2SBL). The alignment was 

performed in MOE software. 

 

A detailed sequence alignment between soybean LOX (2SBL) and 15-LOX (1LOX): 

 

 

The surface of active site from the two enzyme were structurally aligned with MOE software. The 

active site of soybean LOX (Figure S14A) seems more elongated compared to 15-LOX (Figure S14B). 

In order to illustrate that, an overlap of the two active sites was performed (Figure S14C). 
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Figure S14. The surface of the active site for soybean LOX is illustrating with yellow and for the 15-LOX (1LOX) with 

purple. The alignment was performed in MOE software. 

 

Sequence alignment between 12-LOX (3D3L) and 15-LOX (1LOX) were performed using MOE 

software. The results are presenting in the next figure.  

 

Figure S15. The sequence  similarity between the rabbit 15-LOX (1LOX) and 12-LOX (3D3L). The alignment was 

performed in MOE software. 
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A detail sequence alignment between 12-LOX (3D3L) and 15-LOX (1LOX): 

 

 

The active sites from the two enzyme were structurally aligned with MOE software. The enzyme 

present a very similar active sites as illustrated in Figure S11.  

 

Figure S16. The active site of 12-LOX is illustrating with yellow and of the 15-LOX (1LOX) with purple. The 

alignment was performed in MOE software. 
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Activity-based protein profiling 

General 

Proteins were separated by SDS-PAGE on 10% polyacrylamide gels. The protein ladder used during 

SDS-PAGE was Fermentas PageRuler™ Prestained Protein Ladder. The samples were heated for 5 min 

at 96 0C after the addition of the loading buffer. The loading buffer (4x) consists of 20% of 0.2 M 

Tris-HCl pH 6.8, 8.9 % of SDS, 40% of glycerol, 10% of 0.05 M EDTA, 0.09% of bromophenol blue, 

21% of deionized H2O. The gels were stained with the coomassie InstantBlue™ (Expedeon Ltd, 

Harston, Cambridgeshire, UK). The total protein concentration was determined using the method of 

Waddell by measuring the absorbance on a V-660 spectrophotometer from Jasco (IJsselstein, The 

Netherlands). Chemiluminescence imaging was performed in G:BOX from Syngene. HeLa cells was 

used from HeLa S3, ATCC® CCL-2.2™, USA. For the cell culture, Dulbecco’s Modified Eagle Medium 

(DMEM) and Penicillin-Streptomycin (10,000 U/mL) from Life Technologies and Fetal Bovine Serum 

(FBS) from Biowest were used. The samples were centrifuged in an Eppendorf centrifuge 5810 R and 

5415 R. DPBS (10X) (without calcium and magnesium) was purchased from Life Technologies and 

Tween® 20, Molecular Biology Grade was purchased from Promega. Immun-Blot® PVDF Membranes 

from BIO-RAD were used for Western blotting. The membranes were blocked using Campina Elk 

skimmed milk powder. Bovine Serum Albumin (BSA) and Zileuton (Z4277) were purchased from 

Sigma-Aldrich. PD-146176 (BML-EI356-0010) was purchased from Enzo life sciences. Anti-15 

Lipoxygenase 1 (ab80495, Goat polyclonal to 15 Lipoxygenase 1) and Anti-5 Lipoxygenase antibody 

(ab169755, Rabbit monoclonal to 5 Lipoxygenase) were purchased from Abcam. Polyclonal Rabbit 

Anti-Goat Immunoglobulins/HRP (P0449) and Polyclonal Goat Anti-Rabbit Immunoglobulins/HRP 

antibodies (P0448) were purchased from Dako Denmark A/S (Glostrup, Denmark).  Streptavidin HRP 

(ab7403) was purchased from Abcam and Western Lightning® Plus-ECL from PerkinElmer was used 

for the Enhanced Chemiluminescence assay.  

Labelling of recombinant 15-LOX 

For the labeling of recombinant 15-lipoxygenase, the enzyme was expressed and purified, if is 

needed, as described before. Every time, the enzyme was checked with activity assay experiment 

before the labeling to prove that was active. The biotinylation of the probe-bound enzyme was 

performed via oxidative Heck reaction.10 The catalyst (Pd-EDTA) and the biotinylated phenyl boronic 

acid were prepared as the described before. 10,12 
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Control experiments with and without probe (N144) 

In a 4 mL vial, 150 µL of purified enzyme (1.1 mg/mL), 350 µL of 25 mM Hepes (pH 7.5) and 50 µL of 

1 mM (in DMF) probe N144 were transferred. After 2 min (incubation time), 10 µL SDS 10%, 10 µL of 

the catalyst (Pd-EDTA) and 2 µL of 0.1 M Biotinylated phenyl boronic acid (in MeOH) were added. 

The reaction mixture was stirred under oxygen atmosphere and room temperature for 24 hours. The 

same reaction with 50 µL of DMF instead of the 50 µL probe N144 was performed. The two reaction 

mixtures were stored overnight in -20oC.  

In order to identify the band of 15-lipoxygenase, Anti-15 Lipoxygenase 1 antibody was used. 

Western Blotting (1): 10 µL of each reaction mixture plus 10 μL of loading buffer and 3 μL b-

mercaptoethanol were loaded in 10% SDS-PAGE. The proteins were transferred with Western Blotting 

in PVDF Membrane (2 hours, 300 mA). The blot was saturated with 5% milk in PBST (PBS with 0.1% 

Tween® 20) for 1 hour at room temperature, washed 3 times 10 min with PBST, incubated 1 hour 

with 1:2000 goat polyclonal to 15 Lipoxygenase 1 (Anti-15 Lipoxygenase 1 antibody) in PBS with 1% 

milk, washed 3 times 10 min with PBST, 1:2000 Polyclonal Rabbit Anti-Goat Immunoglobulins/HRP in 

PBST with 5% BSA and washed 3 times 10 min with PBS. Signals were detected after using Western 

Lightning® Plus-ECL with the Enhanced Chemiluminescence assay. The same SDS-PAGE was done 

and stained with the coomassie InstantBlue.  

The blot was stripped in a solution of 0.3% SDS in 50 mL of PBST at 65oC for 1 hour. 

Western Blotting (2): The blot was saturated with 5% milk in PBST (PBS with 0.1% Tween® 20) for 1 

hour at room temperature, washed 3 times 10 min with PBST, incubated 1 hour with 1:1000 

streptavidin HRP in PBST with 0.2% milk and washed 3 times 10 min with PBS. Signals were detected 

after using Western Lightning® Plus-ECL with the Enhanced Chemiluminescence assay.  
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Figure S17. On blot luminescence imaging and Coomassie Blue staining of positive (with probe) and negative 

(without probe) control. 15-LOX antibody (left), HRP-Conjugated Streptavidin (middle) and Coomassie Blue staining 

(right). 

Control experiments between probes N144 and N121  

The probes were synthesized as described before are N144, N121 and ST025. According to the half 

maximal inhibitor concentration (IC50), maximal inactivation rate (ki) and inhibitor binding affinity (Ki) 

the compound ST025 is less potent compare to the compounds N144 and N121.  In order to choose 

the best probe for 15-lipoxygenase between N144 and N121 labeling experiment was done. Purified 

15-LOX was used with the concentration of 0.5 mg/mL.  

In a 4 mL vial, 150 µL of purified enzyme (0.5 mg/mL), 350 µL of 25 mM Hepes (pH 7.5) and 50 µL of 

1 mM (in DMF) probe N144 were transferred. After 2 min (incubation time), 10 µL SDS 10%, 10 µL of 

the catalyst (Pd-EDTA) and 2 µL of 0.1 M Biotinylated phenyl boronic acid (in MeOH) were added. 

The reaction mixture was stirred under oxygen atmosphere and room temperature for 24 hours. The 

same reactions with 50 µL of probe N121 (1mM) were also performed. The two reaction mixtures 

were stored overnight in -20oC. 

5 µL of each reaction mixture plus 10 μL of loading buffer and 3 μL b-mercaptoethanol were loaded 

in 10% SDS-PAGE. The proteins were transferred with Western Blotting in PVDF Membrane (2 hours, 

300 mA). The Western blotting (2) was performed as described before. The same SDS-PAGE was 

done and stained with the coomassie InstantBlue. 
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Figure S18. On blot luminescence imaging and Coomassie Blue staining of reactions with probes N144 and N121. 

HRP-Conjugated Streptavidin (left) and Coomassie Blue staining (right). 

 

Control experiments with and without inhibitor N86 

In a 4 mL vial, 150 µL of purified enzyme (0.8 mg/mL), 350 µL of 25 mM Hepes (pH 7.5) and 50 µL of 

1 mM (in DMF) N86 were transferred. After 2 min (incubation time), 10 µL SDS 10%, 10 µL of the 

catalyst (Pd-EDTA) and 2 µL of 0.1 M Biotinylated phenyl boronic acid (in MeOH) were added. The 

reaction mixture was stirred under oxygen atmosphere and room temperature for 24 hours. The same 

reaction with 50 µL of DMF instead of the 50 µL probe N86 was performed. The two reaction 

mixtures were stored overnight in -20oC.  

Western Blotting (1): 10 µL of each reaction mixture plus 10 μL of loading buffer and 3 μL b-

mercaptoethanol were loaded in 10% SDS-PAGE. The proteins were transferred with Western Blotting 

in PVDF Membrane (2 hours, 300 mA). The blot was saturated with 5% milk in PBST (PBS with 0.1% 

Tween® 20) for 1 hour at room temperature, washed 3 times 10 min with PBST, incubated 1 hour 

with 1:1000 streptavidin HRP in PBST with 0.2% milk and washed 3 times 10 min with PBS. Signals 

were detected after using Western Lightning® Plus-ECL with the Enhanced Chemiluminescence assay.  
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Figure S19. On blot luminescence imaging of reactions with (left) and without (right) the inhibitor N86. 

 

With lipoxygenase inhibitors (PD-146176 or Zileuton) 

In this experiment known lipoxygenase inhibitors (PD-146176 for 15-LOX-1 and Zileuton for 5-LOX) 

were pre-incubated before the labeling of the enzyme with the probe N144. Initially, using the same 

enzyme inhibition assay as the bis-alkyne inhibitors the IC50 value of PD-146176 was measured to be 

15.97±2.44 µM (figure S20) and as expected, data generated from the inhibition assay showed that 

Zileuton has no affinity for 15-LOX at all. However, the IC50 value of Zileuton for 5-LOX is 0.5 µM.11 

The inhibitors were used in higher concentration (90 μM) of their IC50 values in order to fully inhibit 

the enzyme and confirm that the labeling is based on the activity. 
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Figure S20. IC50 curve from the 15-LOX-1 inhibitor, PD-146176. 

 

In a 4mL vial, 150 µL of purified enzyme (1.1 mg/mL), 350 µL of 25 mM Hepes (pH 7.5) and 25 µL of 

2 mM (in DMF) inhibitor were transferred. After 10 min (pre-incubation time), 25 µL of 1 mM (in 
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DMF) probe N144 were added and incubate for 2 min. Then 10 µL SDS 10%, 10 µL of the catalyst 

(Pd-EDTA) and 2 µL of 0.1 M Biotinylated phenyl boronic acid (in MeOH) were added. The reaction 

mixture was stirred under oxygen atmosphere and room temperature for 24 hours. The same 

reactions with 25 µL of DMF instead of the 25 µL inhibitor and with 50 µL of DMF instead of the 25 

µL inhibitor and 25 µL probe,  were performed. The four reaction mixtures were stored overnight in -

20oC. 

10 µL of each reaction mixture plus 10 μL of loading buffer and 3 μL b-mercaptoethanol were loaded 

in 10% SDS-PAGE. The proteins were transferred with Western Blotting in PVDF Membrane (2 hours, 

300 mA). The Western blotting (2) was performed as described before. The same SDS-PAGE was 

done and stained with the coomassie InstantBlue. 

 

Figure S21. On blot luminescence imaging and Coomassie Blue staining of positive control (with probe),  with pre-

incubation with PD-146176, with pre-incubation with Zileuton and negative control (without probe). HRP-

Conjugated Streptavidin (left) and Coomassie Blue staining (right). 

Control experiments with heat denatured 15-LOX-1  

In this experiment 15-LOX-1 was inactivated after heating at 90oC for 7min.   

In a 4 mL vial, 150 µL of purified inactive enzyme (1.0 mg/mL), 350 µL of 25 mM Hepes (pH 7.5) and 

50 µL of 1 mM (in DMF) probe N144 were transferred. After 2 min (incubation time), 10 µL SDS 10%, 

10 µL of the catalyst (Pd-EDTA) and 2 µL of 0.1 M Biotinylated phenyl boronic acid (in MeOH) were 

added. The reaction mixture was stirred under oxygen atmosphere and room temperature for 24 

hours. The same reaction with active instead of inactive enzyme was performed. Negative control 

reaction with 50 µL of DMF instead of the 50 µL probe N144 was also performed. The three reaction 

mixtures were stored overnight in -20oC.  
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10 µL of each reaction mixture plus 10 μL of loading buffer and 3 μL b-mercaptoethanol were loaded 

in 10% SDS-PAGE. The proteins were transferred with Western Blotting in PVDF Membrane (2 hours, 

300 mA). The Western blotting (2) was performed as described before. 

 

Figure S22. On blot luminescence imaging after using HRP-Conjugated Streptavidin. Positive control (with probe), 

negative control (without probe) and using heat denatured 15-LOX-1. 

 

Labeling of endogenous 15-LOX 

Cell culture 

HeLa and HBE (human bronchial epithelial) cells were cultured in DMEM supplemented with 10% FBS 

and 100 U/mL penicillin/streptomycin, GlutaMAX™ (2 mM), and maintained at 37 oC and 5% CO2 to 

afford approximately 38x105 cells. In case of HBE cells, IL-4 (670 pM, PeproTech) was added 36 h 

before harvest. The cells were washed with pre-warmed sterile 1xPBS (Phosphate Buffered Saline) and 

harvested by rinsing with 1 mL 0.5% Trypsin-EDTA (1x) (diluted with 1xPBS from 0.5% Trypsin-EDTA 

(10x), no phenol red, Life Technologies). After the addition of 9.0 mL of cold DMED, the cells were 

transferred in a 10 mL tube and centrifuged at 1000 rpm for 5 min. The supernatant was discarded 

and the pellet was resuspended in 1x PBS (5.0 mL). Then the supernatant was removed and the pellet 

was dissolved in 1.0 mL of 25 mM Hepes (pH 7.5). The solution was sonicated two times for 30 sec. 

The concentration of cell lysate was determined by Waddell method. 

 

Activity based labeling in HeLa crude lysate with probe N144 

In this experiment, HeLa crude lysate was used without further purification with the total protein 

concentration of 1.9 mg/mL. In order to identified the protein bands of lipoxygenases, Anti-15 

Lipoxygenase 1 and Anti-5 Lipoxygenase antibodies were used. A known 15-LOX inhibitor (PD-
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146176) and a known 5-LOX inhibitor (Zileuton) were incubated before the detection reaction to 

confirm the that the labeling is based on the activity.  

 

Anti-15 Lipoxygenase 1 antibody 

In order to identified 15-lipoxygenase, 5, 10 and 20 µL of HeLa crude lysate (total protein 

concentration of 1.9 mg/mL) plus 10 μL of loading buffer was loaded in 10% SDS-PAGE and Western 

blotting (2) was performed as described before. 

 

Figure S23. On blot luminescence imaging after using 15-LOX antibody in crude HeLa lysate. 

 

Anti-5 Lipoxygenase antibody 

In order to identified 5-lipoxygenase. 5, 10 and 20 µL of HeLa crude lysate (total protein 

concentration of 1.9 mg/mL) plus 10μL of loading buffer was loaded in 10% SDS-PAGE. The proteins 

were transferred with Western Blotting in PVDF Membrane (2 hours, 300 mA). The blot was saturated 

with 5% milk in PBST (PBS with 0.1% Tween® 20) for 1 hour at room temperature, washed 3 times 10 

min with PBST, incubated 1 hour with 1:2000 Rabbit monoclonal to 5 Lipoxygenase (Anti-5 

Lipoxygenase antibody) in PBS with 1% milk, washed 3 times 10 min with PBST, 1:2000 Polyclonal 

Goat Anti-Rabbit Immunoglobulins/HRP in PBST with 5% BSA, washed 3 times 10 min with PBST, 

incubated 1 hour with 1:2000 Polyclonal Rabbit Anti-Goat Immunoglobulins/HRP in PBST with 5% 

BSA and washed 3 times 10 min with PBS. No signals were detected after using Western Lightning® 

Plus-ECL with the Enhanced Chemiluminescence assay. 

 

Control experiments with and without probe (N144) 

In a 4 mL vial, 150 µL of HeLa crude lysate (1.3 mg/mL), 350 µL of 25 mM Hepes (pH 7.5) and 50 µL 

of 1 mM (in DMF) probe N144 were transferred. After 2 min (incubation time), 10 µL SDS 10%, 10 µL 
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of the catalyst (Pd-EDTA) and 2 µL of 0.1 M Biotinylated phenyl boronic acid (in MeOH) were added. 

The reaction mixture was stirred under oxygen atmosphere and room temperature for 24 hours. The 

same reaction with 50 µL of DMF instead of the 50 µL probe N144 was performed. The two reaction 

mixtures were stored overnight in -20oC. In order to identify the band of 15-lipoxygenase, Anti-15 

Lipoxygenase 1 antibody was used. 

3 µL of each reaction mixture plus 10 μL of loading buffer and 3 μL b-mercaptoethanol were loaded 

in 10% SDS-PAGE. The Western blotting (1) was performed as described before.  

The blot was stripped in a solution of 0.3% SDS in 50 mL of PBST at 65oC for 1 hour. The Western 

blotting (2) was performed as described before. The same SDS-PAGE was done and stained with the 

coomassie InstantBlue. 

 

Figure S24. On blot luminescence imaging and Coomassie Blue staining of positive (with probe) and negative 

(without probe) control. 15-LOX antibody (left), HRP-Conjugated Streptavidin (middle) and Coomassie Blue staining 

(right). 

Control experiment with labeling of 1:1 mixture of pure enzyme with HeLa lysate 

In a 4 mL vial, 150 µL of HeLa crude lysate (0.8 mg/mL), 150 µL of purified enzyme (0.8 mg/mL), 200 

µL of 25 mM Hepes (pH 7.5) and 50 µL of 1 mM (in DMF) probe N144 were transferred. After 2 min 

(incubation time), 10 µL SDS 10%, 10 µL of the catalyst (Pd-EDTA) and 2 µL of 0.1 M Biotinylated 

phenyl boronic acid (in MeOH) were added. The reaction mixture was stirred under oxygen 

atmosphere and room temperature for 24 hours. The same reaction with 50 µL of DMF instead of the 

50 µL probe N144 was performed. A reaction with only HeLa crude lysate (0.7 mg/mL) was also 

performed. The three reaction mixtures were stored overnight in -20oC. 
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5 µL of each reaction mixture plus 10 μL of loading buffer and 3 μL β-mercapoethanol l were loaded 

in 10% SDS-PAGE. The Western blotting (2) was performed as described before. The same SDS-

PAGE was done and stained with the coomassie InstantBlue. 

 

Figure S25. On blot luminescence imaging and Coomassie Blue staining of 1:1 mixture 15-LOX-1 and Hela lysates 

with probe N144, 1:1 mixture 15-LOX-1 and Hela lysates without probe N144 and Hela lysates with probe N144. 

HRP-Conjugated Streptavidin (left) and Coomassie Blue staining (right). 

 

Control experiment with labeling of 1:1 mixture of pure enzyme with heat denatured HeLa lysate 

In a 4 mL vial, 150 µL of heat denatured HeLa crude lysate (0.8 mg/mL), 150 µL of inactive purified 

enzyme (0.8 mg/mL), 200 µL of 25 mM Hepes (pH 7.5) and 50 µL of 1 mM (in DMF) probe N144 

were transferred. After 2 min (incubation time), 10 µL SDS 10%, 10 µL of the catalyst (Pd-EDTA) and 2 

µL of 0.1 M Biotinylated phenyl boronic acid (in MeOH) were added. The reaction mixture was stirred 

under oxygen atmosphere and room temperature for 24 hours. The same reaction with active purified 

enzyme was also performed. The two reaction mixtures were stored overnight in -20oC. 

5 µL of each reaction mixture plus 10 μL of loading buffer and 3 μL b-mercaptoethanol were loaded 

in 10% SDS-PAGE. The Western blotting (2) was performed as described before. The same SDS-

PAGE was done and stained with the coomassie InstantBlue. 
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Figure S26. On blot luminescence imaging and Coomassie Blue staining of 1:1 mixture 15-LOX-1 and heat 

denatured Hela lysates with probe N144, 1:1 mixture active or heat denatured 15-LOX-1 and heat denatured Hela 

lysates with probe N144. HRP-Conjugated Streptavidin (left) and Coomassie Blue staining (right). 

 

Dose response experiments of the probe (N144) 

In a 4 mL vial, 150 µL of HeLa crude lysate (1.1 mg/mL), 350 µL of 25 mM Hepes (pH 7.5) and 50 µL 

of 2 mM or 1 mM or 0.5 mM  (in DMF) probe N144 were transferred. After 2 min (incubation time), 

10 µL SDS 10%, 10 µL of the catalyst (Pd-EDTA) and 2 µL of 0.1 M Biotinylated phenyl boronic acid 

(in MeOH) were added. The reaction mixture was stirred under oxygen atmosphere and room 

temperature for 24 hours. The three reaction mixtures were stored overnight in -20oC. 

3 µL of each reaction mixture plus 10 μL of loading buffer and 3 μL b-mercaptoethanol were loaded 

in 10% SDS-PAGE. The Western blotting (2) was performed as described before. The same SDS-

PAGE was done and stained with the coomassie InstantBlue. 
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Figure S27. On blot luminescence imaging and Coomassie Blue staining with three different concentration of probe 

positive N144. HRP-Conjugated Streptavidin (left) and Coomassie Blue staining (right). 

 

With lipoxygenase inhibitors (PD-146176 or Zileuton) 

In a 4 mL vial, 150 µL of crude lysate (1.5 mg/mL), 350 µL of 25 mM Hepes (pH 7.5) and 25 µL of 2 

mM (in DMF) inhibitor were transferred. After 10 min (pre-incubation time), 25 µL of 1 mM (in DMF) 

probe N144 were added and incubate for 2 min. Then 10 µL SDS 10%, 10 µL of the catalyst (Pd-

EDTA) and 2 µL of 0.1 M Biotinylated phenyl boronic acid (in MeOH) were added. The reaction 

mixture was stirred under oxygen atmosphere and room temperature for 24 hours. The same 

reactions with 25 µL of DMF instead of the 25 µL inhibitor and with 50 µL of DMF instead of the 25 

µL inhibitor and 25 µL probe,  were performed. The four reaction mixtures were stored overnight in -

20oC. 

3 µL of each reaction mixture plus 10 μL of loading buffer and 3 μL b-mercaptoethanol were loaded 

in 10% SDS-PAGE. The Western blotting (2) was performed as described before. The same SDS-

PAGE was done and stained with the coomassie InstantBlue. 
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Figure S28. On blot luminescence imaging and Coomassie Blue staining of positive control (with probe),  with pre-

incubation with PD-146176, negative control (without probe) and with pre-incubation with Zileuton. HRP-

Conjugated Streptavidin (left) and Coomassie Blue staining (right).  

 

Control experiment with labeling of stimulated (with IL-4) or not HBE’s cells 

The HBE cell were incubated (or not) with IL-4. After the cells were harvested, the lysates were used 

for labeling experiment using the probe N144. 

 

Figure S29. On blot luminescence imaging of positive control (with probe) of HBE’s cell lystates after stimulation or 

not with IL-4.  Labeling without stimulation (left) anf after stimulation with IL-4 (right).  
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Activity based labeling in HeLa intact cells with probe N144 

HeLa cells were grown to near confluency and incubated for 2 h with either the probe at a final 

concentration of 100 µM or with an equivalent volume of DMSO. Afterwards, cells were harvested 

and used in further experiments.  

In a 4 mL vial, 150 µL of HeLa crude lysate (with or without preincubation with N144), 350 µL of 25 

mM Hepes (pH 7.5), 10 µL SDS 10%, 10 µL of the catalyst (Pd-EDTA) and 2 µL of 0.1 M Biotinylated 

phenyl boronic acid (in MeOH) were added. The reaction mixture was stirred under oxygen 

atmosphere and room temperature for 24 hours. The two reaction mixtures were stored overnight in 

-20oC. 

12 µL of each reaction mixture plus 10 μL of loading buffer and 3 μL b-mercaptoethanol were loaded 

in 10% SDS-PAGE. The Western blotting (2) was performed as described before. The same SDS-

PAGE was done and stained with the coomassie InstantBlue. 

 

Figure S30. On blot luminescence imaging of positive (with probe) and negative (without probe) control. 

 

Preparation of tissue lysates from various mice organs 

C57bl/6 male mice were purchased from Harlan (Zeist, The Netherlands) and were maintained on 

mouse chow and tap water ad libitum in a humidity- and temperature-controlled room at 24 °C with 

a 12 h light/dark cycle. Organ collection was performed according to the national guidelines and 

upon approval of the experimental procedures by the local Animal Care and Use committee of 

Groningen University.  
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Male mice were anesthetized by subcutaneous injection of ketamine (75 mg/kg, Alfasan, Woerden, 

the Netherlands) and dexdomitor (0.5 mg/kg, Orion Pharma, Mechelen, Belgium). Organs were 

collected in 1.5 ml Eppendorf tubes containing ice-cold 25 mM Hepes pH 7.4 supplemented with 

protease inhibitors (#88266, Thermo Scientific, Rockford, IL, USA). Subsequently, organs were 

homogenized using glass beads (1.0 mm diameter #11079110, BioSpec Products, Breda, the 

Netherlands) and a Mini-BeadBeater 24 machine (BioSpec Products, Breda, the Netherlands), for 2 

cycles of 40 seconds, with 2 minutes of incubation on ice in between the cycles. Samples were then 

sonicated for 2 cycles of 10 seconds with 1 second on and 1 second off intervals at amplitude 40% 

(using a Vibra-Cell VCX 130 from Sonics & Materials, Newtown, USA). Finally, samples were cleared 

by centrifugation (14,000g, 10 min, 4 °C). 

 

15-LOX immunoprecipitation 

Protein lysate (500 µg, 1 µg/µL) was suspended in 100 µL lysis buffer (20 mM Tris.HCl, 120 mM NaCl, 

1% IGEPAL CA-630, 2 mM EDTA, 1 mM EGTA), anti-15 lipoxygenase 1 antibody (1:100, 5 µL, Abcam) 

was added and the mixture was left rotating overnight at 4 °C. Next day, protein A/G agarose (30 µL, 

SantaCruz Biotech) was added and incubation was continued for an additional 4 h at 4 °C. Protein 

A/G bound immunocomplexes were precipitated by centrifugation at 4000 g for 5 min at 4 °C. The 

precipitate was washed three times with ice-cold lysis buffer (500 µL), 100 µL 1xSDS loading was 

added and the mixture was heated for 5 min at 95 °C. Finally, the cooked lysates were centrifuged at 

14000 g for 1 min, after which the supernatant was stored at -20 °C until further use. 

 

In-gel digestion and mass spectrometry 

An immunoprecipitation sample was loaded on a homemade 10% SDS gel. The gel was run for 60 

min at 70 V. The gel was washed with several changes of water and stained overnight with 

Coomassie blue (G250, Biorad). Each lane was cut as a single band and de-stained in 50 mM 

ammonium hydrogen carbonate/acetonitrile 1:1 and washed 2 times with 50 mM ammonium 

bicarbonate. Proteins were reduced (10 mM DTT in  50 mM ammonium bicarbonate) for 30 min at 

56°C, cooled to RT and alkylated (55 mM IAA in 50 mM ammonium bicarbonate) for 30 min in the 

dark at RT. Gel pieces were washed in 50 mM ammonium hydrogen carbonate/acetonitrile 1:1 for 15 

min and covered with acetonitrile until they shrank. Acetonitrile was removed and gel particles dried. 

In-gel digestion was performed by adding sufficient 10 ng/μl trypsin in 50 mM ammonium carbonate 

to cover the bands at 37°C overnight. 
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Tryptic peptides were extracted twice by adding 5 uL 1% aqueous TFA and sonication for 5 minutes. 

Online chromatography of the extracted tryptic peptides was performed with the Ultimate 3000 HPLC 

system (Thermo Fisher Scientific) coupled online to a Q-Exactive-Plus mass spectrometer  with a 

NanoFlex source (Thermo Fisher Scientific) equipped with a stainless steel emitter. Tryptic digests 

were loaded onto a 5 mm × 300 μm i.d. trapping micro column packed with PepMAP100 5 μm 

particles (Dionex) in 0.1% FA at the flow rate of 20 μL/min. After loading and washing for 3 minutes, 

peptides were back-flush eluted onto a 50 cm × 75 μm i.d. nanocolumn, packed with Acclaim C18 

PepMAP100 2 μm particles (Dionex). The following mobile phase gradient was delivered at the flow 

rate of 300 nL/min: 3–50% of solvent B in 90 min; 50–80% B in 0.5 min; 90% B during 9.5 min, and 

back to 3 % B in 1 min and held at 3% A for 14 minutes. Solvent A was 100:0 H2O/acetonitrile (v/v) 

with 0.1% formic acid and solvent B was 0:100 H2O/acetonitrile (v/v) with 0.1% formic acid. MS data 

were acquired using a data-dependent top-12 method dynamically choosing the most abundant not-

yet-sequenced precursor ions from the survey scans (300–1650 Th) with a dynamic exclusion of 20 

seconds. Sequencing was performed via higher energy collisional dissociation fragmentation with a 

target value of 1e5 ions determined with predictive automatic gain control. Isolation of precursors 

was performed with a window of 1.6. Survey scans were acquired at a resolution of 70,000 at m/z 

200. Resolution for HCD spectra was set to 17,500 at m/z 200 with a maximum ion injection time of 

50 ms. The normalized collision energy was set at 27. Furthermore, the S-lens RF level was set at 60 

and the capillary temperature was set at 250 °C. Precursor ions with single, unassigned, or six and 

higher charge states were excluded from fragmentation selection. 

The software PEAKS 7.5 (Bioinformatics Solutions Inc., Waterloo, Ontario, Canada) was applied to the 

spectra generated by the Q-exactive plus  mass spectrometer to search against a Human Protein 

database (trEmble/SwissProt entries) (Uniprot). Searching for the fixed modification 

carbamidomethylation of cysteine and the variable post translational modifications oxidation of 

methionine was done with a maximum of 3 posttranslational modifications per peptide at a parent 

mass error tolerance of 15 ppm and  a fragment mass tolerance of 0.02 Da. False discovery rate was 

set at 0.1%. The corresponding proteins (after removal of keratins) were also run through the 

CRAPome[12] database (www.CRAPome.org) to get an estimation of the likelihood of an identified 

protein being a contaminant. 
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Table S6. List of identified proteins from the band around 50 kDa. Proteins are sorted based on the number of 

experiments in the CRAPome[12] database in which the protein was detected, giving an approximation of the 

likelihood of the protein being a contaminant (lowest first). 

Mass spectrometry CRAPome 

Protein 

ID 
Accession 

Cover

age 

(%) 

#Pe

ptid

es 

#Uniq

ue 

PT

M 
Avg. Mass Description 

Num of 

Expt. 

(found/to

tal) 

Avg. 

Spectra

l Count 

Max. 

Spectr

al 

Count 

52 

Q9Y512|SA

M50_HUMA

N 

21 10 10 Y 51976 

Sorting and assembly 

machinery component 50 

homolog OS=Homo sapiens 

GN=SAMM50 PE=1 SV=3 

8 / 411 3.6 12 

162 

P28838-

2|AMPL_HU

MAN 

11 5 5 N 52771 

Isoform 2 of Cytosol 

aminopeptidase OS=Homo 

sapiens GN=LAP3 

20 / 411 1.8 6 

272 

tr|B7Z4L4|B

7Z4L4_HUM

AN 

11 3 3 N 49921 

Dolichyl-

diphosphooligosaccharide--

protein glycosyltransferase 

subunit 1 OS=Homo sapiens 

GN=RPN1 PE=2 SV=1 

91 / 411 3.9 36 

196 

Q9Y265|RU

VB1_HUMA

N 

12 4 4 N 50228 

RuvB-like 1 OS=Homo 

sapiens GN=RUVBL1 PE=1 

SV=1 

152 / 411 12.4 75 

140 
P36578|RL4

_HUMAN 
12 5 5 N 47697 

60S ribosomal protein L4 

OS=Homo sapiens GN=RPL4 

PE=1 SV=5 

197 / 411 9.6 81 

91 
P68104|EF1

A1_HUMAN 
19 7 7 Y 50141 

Elongation factor 1-alpha 1 

OS=Homo sapiens 

GN=EEF1A1 PE=1 SV=1 

350 / 411 21.9 230 

18 
P68371|TBB

4B_HUMAN 
59 17 3 Y 49831 

Tubulin beta-4B chain 

OS=Homo sapiens 

GN=TUBB4B PE=1 SV=1 

376 / 411 29.9 310 

13 
P07437|TBB

5_HUMAN 
63 18 4 Y 49671 

Tubulin beta chain 

OS=Homo sapiens GN=TUBB 

PE=1 SV=2 

382 / 411 37.5 338 

116 

P11142-

2|HSP7C_H

UMAN 

12 6 4 N 53518 

Isoform 2 of Heat shock 

cognate 71 kDa protein 

OS=Homo sapiens 

GN=HSPA8 

396 / 411 39.2 332 

 

 

Table S7. List of identified proteins from the band around 40 kDa. Proteins are sorted based on the number of 

experiments in the CRAPome[12] database in which the protein was detected, giving an approximation of the 

likelihood of the protein being a contaminant (lowest first). 

Mass spectrometry CRAPome 

Protein ID Accession 

Cover

age 

(%) 

#Pept

ides 

#Uniq

ue 

PT

M 
Avg. Mass Description 

Num of 

Expt. 

(found/t

otal) 

Avg. 

Spectral 

Count 

Max. 

Spectral 

Count 

3230 P30504|1 11 3 3 N 40995 HLA class I 26 / 411 1.4 4 
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C04_HUM

AN 

histocompatibility 

antigen, Cw-4 alpha chain 

OS=Homo sapiens 

GN=HLA-C PE=1 SV=1 

3224 

P30508|1

C12_HUM

AN 

11 3 3 N 40886 

HLA class I 

histocompatibility 

antigen, Cw-12 alpha 

chain OS=Homo sapiens 

GN=HLA-C PE=2 SV=2 

26 / 411 1.4 4 

3229 

P30510|1

C14_HUM

AN 

11 3 3 N 40838 

HLA class I 

histocompatibility 

antigen, Cw-14 alpha 

chain OS=Homo sapiens 

GN=HLA-C PE=2 SV=2 

26 / 411 1.4 4 

3219 

Q12905|IL

F2_HUMA

N 

11 3 3 N 43062 

Interleukin enhancer-

binding factor 2 

OS=Homo sapiens 

GN=ILF2 PE=1 SV=2 

152 / 

411 
5.5 53 

101 

Q15233-

2|NONO_

HUMAN 

15 5 4 Y 43866 

Isoform 2 of Non-POU 

domain-containing 

octamer-binding protein 

OS=Homo sapiens 

GN=NONO 

220 / 

411 
18.8 386 

61 

P63261|A

CTG_HUM

AN 

55 16 8 Y 41793 

Actin, cytoplasmic 2 

OS=Homo sapiens 

GN=ACTG1 PE=1 SV=1 

363 / 

411 
36.3 716 

60 

P60709|A

CTB_HUM

AN 

55 16 8 Y 41737 

Actin, cytoplasmic 1 

OS=Homo sapiens 

GN=ACTB PE=1 SV=1 

363 / 

411 
36.4 716 

3230 

P30504|1

C04_HUM

AN 

11 3 3 N 40995 

HLA class I 

histocompatibility 

antigen, Cw-4 alpha chain 

OS=Homo sapiens 

GN=HLA-C PE=1 SV=1 

26 / 411 1.4 4 

3224 

P30508|1

C12_HUM

AN 

11 3 3 N 40886 

HLA class I 

histocompatibility 

antigen, Cw-12 alpha 

chain OS=Homo sapiens 

GN=HLA-C PE=2 SV=2 

26 / 411 1.4 4 

3229 

P30510|1

C14_HUM

AN 

11 3 3 N 40838 

HLA class I 

histocompatibility 

antigen, Cw-14 alpha 

chain OS=Homo sapiens 

GN=HLA-C PE=2 SV=2 

26 / 411 1.4 4 

3219 

Q12905|IL

F2_HUMA

N 

11 3 3 N 43062 

Interleukin enhancer-

binding factor 2 

OS=Homo sapiens 

GN=ILF2 PE=1 SV=2 

152 / 

411 
5.5 53 
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