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Abstract

A potent and selective inhibitor of platelet-activating factor acetylhydrolase 1B2 (PAFAH1B2) is 

described. The compound was derived by improvement of a modest affinity primary hit isolated 

from the screening of a bead-displayed peptoid-azapeptoid hybrid library tethered to an 

oxadiazolone “warhead”. The oxadiazolone moiety of the inhibitors was found to react covalently 

with the active site serine residue of PAFAH1B2. This screening strategy may be useful for the 

identification of many selective, covalent inhibitors of serine hydrolases.

Graphical Abstract

1. INTRODUCTION

In recent years, high-throughput screening (HTS) of large compound collections has become 

the most common way to identify bioactive small molecules. Most HTS campaigns are 

conducted using functional assays in which the ability of a small molecule to stimulate or 

inhibit some process is monitored. An alternative strategy is to screen for binding to a target 
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of interest. One way to do this is to incubate a labeled target with a large number of bead-

displayed molecules, then somehow pick the beads that retain the labeled target. Vast one 

bead one compound (OBOC) libraries can be synthesized using the split and pool strategy.1,2 

This approach is particularly suitable for oligomeric compounds such as peptides3,4 and 

peptoids5,6 constructed from diverse building blocks. TentaGel beads have emerged as the 

screening platform of choice due to their unique combination of mechanical stability, swell 

ability in both aqueous and organic solvents and low non-specific protein binding.6 Of 

course, primary screening hits tend to be of modest affinity or potency, requiring 

optimization. This can also be done using OBOC screening, for example, by tethering the 

primary hit to a new combinatorial library7,8 or through the construction of a “derivative 

library” that contains thousands of compounds that explore the “chemical space” around the 

primary screening hit.9 In both cases, re-screening against the same target but under more 

demanding conditions has been shown to result in improved ligands. Many bioactive 

compounds have been identified using this approach.

The discovery of covalent inhibitors via OBOC library screening has attracted much less 

attention, despite the fact that this is an attractive strategy for the development of potent 

compounds.10,11 The idea is that a “warhead” that recognizes most or all of the members of 

a class of target proteins (“pan-specific”) will provide each molecule in the screening 

collection with a “toehold” on the target. The hope is that the additional residues tethered to 

the pan-specific ligand will not only provide additional potency through secondary contacts 

with the target, but that these contacts will also result in selectivity for a particular member 

of the target class. An attractive feature of protein binding via formation of a covalent adduct 

is that long-lived ligand-protein complexes are formed, which tends to endow compounds 

with a favorable pharmacological profile in vivo.12-15 There are two types of covalent 

warheads that can be employed in this approach, reversible and irreversible modifiers. A 

potential advantage of reversible covalent modifiers is that off-target binding is not 

permanent as is the case for irreversible inhibitors and this may provide a better safety 

profile for drug candidates.15 Thus we were interested in exploring the use of OBOC library 

screening to identify novel covalent, reversible inhibitors.

In considering where to begin with such an effort, a focus on serine hydrolases (SHs) 

seemed reasonable. SHs are one of the most diverse enzyme classes. They comprise 

approximately 1% of the genes in the human proteome and many enzymes in the SH 

superfamily are targets of approved drugs.16 Various scaffolds having electrophilic groups 

able to modify the active site serine in SHs covalently have been developed17-25, including 

many that are reversible26-40. Nonetheless, even with the existence of such diverse scaffolds, 

it is rather challenging to develop selective inhibitors against individual members of the SH 

family. A case in point is the interesting SH called platelet-activating factor acetylhydrolase 

1B2 (PAFAH1B2), which is involved in various aspects of development and has been 

implicated in cancer progression.41 Previous efforts using collections of serine hydrolase-

directed inhibitors such as lactones19, carbamates22, heterocyclic ureas24, etc. failed to 

produce any PAFAH1B2 inhibitors. Indeed, only very recently has a selective PAFAH1B2 

inhibitor been reported by the Cravatt laboratory using an elegant activity-based protein 

profiling (ABPP)-directed strategy.42 However, this is a noncovalent reversible inhibitor. 

Thus, we considered PAFAH1B2 as a challenging, worthwhile target with which to develop 
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bead-based screening for reversible covalent inhibitors. As a first step, we recently 

developed a method to synthesize 1,3,4-oxadiazol-2-one-terminated compounds on the solid 

phase.43 This moiety has been shown previously to be capable of effecting reversible 

inhibition of SHs. Examples include compound 7600 and its derivatives32 and CAY1049933, 

which are potent human hormone-sensitive lipase (HSL) inhibitors (Figure 1). Recently, 

potent and selective 1,3,4-oxadiazol-2-ones-based FAAH inhibitors have also been 

reported.35,44-46 Of the many 1,3,4-oxadiazol-2-ones we synthesized,43 one (compound 1, 

Figure 2) proved to be a moderately potent, pan-selective inhibitor of SHs as determined by 

ABPP.47 Herein, we describe the construction of a OBOC peptoid-azapeptoid hybrid library 

capped with 1. Screening of this OBOC library against His6-tagged PAFAH1B2 led to the 

discovery of a few modestly potent and moderately selective inhibitors. The optimization of 

one such screening hit led to the discovery of an inhibitor with good selectivity for 

PAFAH1B2.

2. RESULTS AND DISCUSSION

2.1. Design and synthesis of OBOC library capped with "warhead” 1

In a previous report,43 we demonstrated that 1,3,4-oxadiazol-2-one moieties could be 

constructed efficiently at the end of a peptoid chain using solid-phase synthesis as shown in 

Figure 2. In this study, we also wished to incorporate aza-peptoid units since these provide 

additional opportunities for hydrogen bonding to target proteins and also have unique 

conformational properties. To test the compatibility of solid-phase incorporation of 1,3,4-

oxadiazol-2-one moieties with azapeptoids derived from different hydrazide-based 

submonomers, we synthesized compound 2 as shown in Figure 3. To synthesize 2, the 

peptoid and azapeptoid submonomers were incorporated as described previously48,49 and 

finally the 1,3,4-oxadiazol-2-one ring was installed using our reported protocol.43 After 

trifluoroacetic acid (TFA) cleavage and diethyl ether precipitation, the crude reaction 

mixture was subjected to an analytical HPLC to obtain 2 in more than 95% purity (Figure 

S1). This shows that peptoid-azapeptoid hybrid oligomers capped with a 1,3,4-oxadiazol-2-

one moiety can be synthesized with high purity on solid phase. With these results in hand, 

we proceeded to incorporate 1 into an OBOC peptoid-azapeptoid hybrid library as a 

warhead.

A tetrameric peptoid-azapeptoid hybrid library with a theoretical diversity of 14,641 

compounds was constructed by split and pool submonomer synthesis (Figure 4) on TentaGel 

HL NH2 beads with a diameter of ~75 μm (4×106 beads per g, ~100 pmol compounds per 

bead). To allow for selective cleavage of the library compounds from the resin-support post 

screening, we first incorporated Fmoc-L-Met-OH using standard HBTU/HOBt chemistry. 

Next, a tripeptoid sequence (Nlys-Nlys-Nmea) was introduced as a spacer prior to the 

variable residues. The combinatorial library was comprised of four variable peptoid-

azapeptoid residues (positions R1-R4). 11 different submonomers were used at each position. 

To avoid side reactions48,49 primary amines and aryl acyl hydrazides were employed at 

positions R1 and R3, whereas positions R2 and R4 contain various alkyl/benzyl acyl 

hydrazides, carbazates and semicarbazides (Figure 4). After the fourth variable position, a 

peptoid unit containing methylamine was incorporated to provide some space between the 
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variable positions and the oxadiazolone warhead. We observed that without this spacer, 

unequivocal sequence determination of the compounds in the OBOC library is difficult and 

in some cases impossible by using tandem MALDI TOF mass spectrometry. Finally, 5-(4-

bromophenyl)thiophene-2-carbohydrazide was incorporated and the beads were treated with 

4-nitrophenyl chloroformate. Subsequent treatment with DIEA led to an efficient 

intramolecular ring closure to form the oxadiazolone warhead (see Figure 2).

After deprotection of the side chain protecting groups with 95% TFA, the library beads were 

washed thoroughly with DMF followed by DCM, and dried to remove residual DCM. To 

assess the quality of the library, 20 beads were picked at random and subjected to MALDI 

MS analysis. In each mass spectrum, a single predominant peak was observed. Tandem 

MALDI TOF/TOF mass spectrometry allowed each of the peptoids to be sequenced, and all 

submonomers in the library construction were represented in at least one of the sequences 

(data not shown). We concluded that the library was of high quality and suitable for 

screening.

2.2. creening of the OBOC library

We planned to screen this library by incubating it with His6-tagged PAFAH1B2 followed by 

anti-His magnetic beads (Talon beads) and pulling out beads that become magnetized.50 

Therefore, it was useful to first clear the library of any compounds that might bind to the 

magnetic beads directly. Approximately 50 mg of resin (200,000 beads) was incubated with 

a blocking buffer (1% BSA in 1:1 TBST:TBS Starting Block) for 1h. The beads were then 

washed with Tris-buffered saline containing 0.05% Tween-20 (TBST) and mixed with 120 

μL of Talon beads in blocking buffer and incubated for 1h. The conical tube containing the 

beads was then placed on a magnetic separator, which attracted the library beads that had 

bound to magnetic beads, while the remainder of the beads settled to the bottom of the 

conical tube. 29 beads bound to the magnetic Talon beads, which were discarded. This 

prescreening process was repeated, and 7 beads were removed during this second round, at 

which point the library was deemed ready for screening.

The library beads were then incubated with 2 μM His6-tagged PAFAH1B2 in the blocking 

buffer for 1h. The beads were washed with TBST to remove unbound proteins and then 

incubated with 120 μL Talon beads in blocking buffer for 1h. The bead suspension was then 

exposed to a strong magnet. After the non-magnetized beads that had settled to the bottom 

of the tube were removed, 16 positive beads ("hits") were retrieved by removing the magnet 

separator. These hit beads were treated with trypsin and then acetonitrile-water (50:50) 

containing 0.1% TFA to strip the bound proteins. The hit beads were washed extensively 

with DMF followed by DCM and then subjected to cyanogen bromide (CNBr) cleavage and 

tandem MALDI TOF mass spectral analysis. The structure of 15 of the 16 hits obtained from 

the screen could be identified unequivocally from these data (Figure S2).

2.3. Validation

The hits obtained from the screen were resynthesized on Knorr amide MBHA resin without 

the methionine residue (hit1-hit15 correspond to compounds 3-17) (Figure S3) and tested for 

their ability to prevent reaction of PAFAH1B2 with a fluorophosphonate-rhodamine 
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conjugate.51 Out of these 15 compounds (3-17), seven (3, 6, 8, 11, 13, 15 and 17) inhibited 

PAFAH1B2 more than 50% at a concentration of 50 μM under these conditions (Figure 

S4A-B). Compounds 3, 13, 15 and 17 (Figure 5A) inhibited PAFAH1B2 significantly at 25 

μM (Figure 5B), so further attention was focused on these molecules. To test their 

selectivity, we carried out ABPP studies with a HeLa cell lysate doped with recombinant 

PAFAH1B2. Compounds 3, 13, 15 and 17 showed moderate selectivity against PAFAH1B2 

with some off target inhibition of other SHs (Figure 5C). In the ABPP assay with cell 

lysates, compounds 3 and 13 showed better potency than 15 and 17. Therefore, we chose 3 
and 13 for further studies.

2.4. Identification of the minimal pharmacophore of inhibitors 3 and 13

To identify the minimal pharmacophores of compounds 3 and 13, we first deleted the 

methylamine spacer between the variable region and the warhead in 3 and 13, creating 18 
and 19, respectively (Figure 6). Removal of this residue did not compromise the activity of 

the compounds in the ABPP assay (Figure 9 and Figure S5). Compounds 18 and 19 have 

considerable sequence similarity. Variable residues 2 and 3 (counting from C-terminus) of 

the variable region are identical in 18 and 19. Therefore, we chose to synthesize compound 

20, which includes only these residues connected to the warhead along with the linker. 

Somewhat to our surprise, since this alters the spacing between the conserved residues and 

the warhead, compound 20 showed better potency against PAFAH1B2 than the parent 

compounds 18 and 19 (Figure 9). However, compound 20 showed only modest selectivity 

for PAFAH1B2 in an ABPP assay using the protein doped into HeLa cell extract (Figure 9). 

Note that due to our choice of submonomers at positions R1-R4 (Figure 3), our library did 

not have any compound with a sequence similar to that present in 20. We also observed that 

removal of the linker (Nlys-Nlys-Nmea) from compound 20 does not affect its inhibition 

potency (Figure S6A). However, removal of the linker decreases the solubility of the 

compound in buffer and also considerably reduces its peak intensity in MALDI TOF MS 

spectra (Figure S6B). Therefore, during the optimization process of 20, we kept the linker 

part (Nlys-Nlys-Nmea) as well.

2.5. Improvement of the minimal pharmacophore 20

The minimal pharmacophore 20 consists of two azapeptoid residues, excluding the warhead. 

The warhead is the result of exploring many similar structures,43 so we focused on 

improving binding by manipulating the nature of the azapeptoid side chains. We chose to do 

so initially by varying the nature of the semicarbazide, since only a single semicarbazide (4-

phenyl semicarbazide) was included in the original library. Compounds 21-37 were set as 

the initial targets (Figure 7).

As not many semicarbazides are commercially available, a solid-phase synthetic route to 

incorporate different semicarbazide residues was developed (Figure 7A). We first 

incorporated the linker region (Nlys-Nlys-Nmea) using a standard sub-monomer peptoid 

synthesis protocol.51 The beads were then bromoacylated using bromoacetic acid and DIC 

and then treated with NH2-NHDdz at 37 °C overnight (~15h). The N-terminus was then 

alloc-protected using allyl chloroformate in DCM in presence of DIEA. Next, the side chain 

Ddz group was removed using 1% TFA in DCM. The beads were neutralized by washing 
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with 1% DIEA in DCM and the free hydrazide NH2 group was reacted with 4-nitrophenyl 

chloroformate in presence of DIEA for 3h at 37 °C (twice). The beads were washed with 

DCM and DMF and then reacted with different primary amines for 24h at 60 °C to displace 

the 4-nitrophenol group. The N-terminal alloc group was then removed using Pd(PPh3)4 in 

the presence of phenylsilane. The chain extension from the N-terminus was then achieved by 

standard sub-monomer synthesis. Finally, the warhead was installed as discussed 

previously.42

The potency and selectivity of compounds 21-37 against different SHs were tested in a HeLa 

cell lysate doped with recombinant PAFAH1B2 using the single dose ABPP assay, as 

discussed above. All of the compounds (21-37) inhibited most of the SHs in a HeLa cell 

lysate detectable by ABPP (Figure S7). Many of them had a potency comparable to that of 

20, but compounds 23, 28, 35 and 37 appeared somewhat more active (Figure S7) and thus 

were analyzed more carefully in a dose-dependence experiment (Figure 8). We observed that 

compound 35 is more selective than parent compound 20 with less off-target effects at 

approximate IC50 3 μM. 35 also shows better dose dependent behavior. As can be seen from 

its chemical structure, the semicarbazide motif of 20 is derived from aniline (Figure 7). 

Among the derivatives (21-37) of 20 that we synthesized, 35 is the only compound with a 

semicarbazide motif derived from aniline (4-Br-aniline). This indicates that anilines may be 

preferred at this position over other aliphatic and benzylic amines. Therefore, we 

synthesized compounds 38-46 (Figure 7), having different substituted anilines at the 

semicarbazide position. We carried out the ABPP inhibition assay with compounds 38-46 as 

discussed above and observed that compound 45 exhibited improved selectivity towards 

PAFAH1B2 compared to 20 and 35 (Figure 9 and Figure S8) The PAFAH1B2 activity was 

completely abolished by 45 at 100 μM, with little off-target effects (Figure 9). Taken 

together, as shown in Figure 9, throughout the optimization process, we obtained the final 

derivative with better potency and selectivity than the initial hits from library screening. The 

known inhibitor methyl-arachidonyl fluorophosphonate (MAFP) was also tested as a 

positive control in the ABPP assay. As shown in Figure 9, at concentration of 685 nM, 

MAFP inhibited more than 50% of PAFAH1B2 activity in the cell lysate; however, the 

inhibition is totally non-specific with significant off-target effects.

The substrate assay was also performed to evaluate the potency of the primary hits and the 

derivatives. 2-thiol PAF was used as the substrate. Upon hydrolysis by PAFAH1B2 the 

product with free thiol can be detected by Ellman’s reagent. The IC50 values are presented in 

Figure 10. MAFP inhibited PAFAH1B2 with an IC50 value of 70 nM, which is consistent 

with the literature report.52 The derivatives have lower IC50 values than the primary hits, 

suggesting that the optimization yields more potent inhibitors. Interestingly, compound 47 
(Figure 7) that contains all the residues of 20 except the carbonyl group that is involved in 

the ester bond formation to generate the oxadiazolone ring, inhibited the enzyme with an 

IC50 value 34 μM, which is seven fold higher than 20, indicating that the 1,3,4-oxadiazol-2-

one moiety contributes significantly to the potency of the compound. This is consistent with 

the results of the ABPP assay wherein compound 47 exhibited weaker inhibition potency 

than compound 20 as well (Figure 9). This result also supports our hypothesis that the 
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peptoid moiety provides secondary contact with the enzyme active site pocket to further 

increase the reactivity of the tethered warhead.

2.6. Covalent Nature of Inhibition

The design of the warhead 1 was based on the assumption that SHs will react covalently 

with the oxadiazolone moiety as was the case with oxadiazolone containing HSL inhibitors 

such as CAY1049933 and compound 760032. To determine if covalent protein-inhibitor 

adducts had formed, whole protein MALDI-TOF mass spectroscopic analysis was 

employed. We used diluted sinapinic acid matrix (saturated sinapinic acid matrix solution 

was diluted ten-fold) to stabilize the protein-inhibitor adduct while acquiring MALDI TOF 

mass spectra. The peaks corresponding to the protein-inhibitor adducts with most of our 

inhibitors were observed after 5 hour incubation (Figure 11 and Figure S10). The protein-

inhibitor adduct peaks of PAFAH1B2 with compounds 20 and 35 became more significant 

after 24 hour incubation (Figure 11), indicating that the inhibitors are slow covalent binders. 

There is an additional peak observed on the whole protein mass spectrometric analysis of 

PAFAH1B2-inhibitor incubations, suggesting the possibility of more than one site for 

reaction (Figure 11 and Figure S10). Interestingly, no such protein-inhibitor complex peak 

was observed with compound 47 where the oxadiazolone ring is absent indicating that the 

oxadiazolone ring is necessary for covalent reaction between PAFAH1B2 and inhibitors 

(Figure 11). We failed to detect protein-inhibitor complex by MALDI TOF MS in saturated 

sinapinic acid matrix even after 24 h incubation of 2 μM PAFAH1B2 with 100 μM of the 

inhibitors suggesting that the protein-inhibitor complexes are unstable in the acidic 

condition. This is not surprising considering that these inhibitors might be reversible 

covalent inhibitors.53 It is difficult to detect protein-inhibitor complexes for covalent 

reversible inhibitors by mass spectrometry and a recent inhibition study of lipolytic proteins 

with compound 7600 also supports our observation.39 We tried to identify the protein 

residues that react with the inhibitors. We could see the disappearance of the peak 

corresponding to native active site peptide fragment of PAFAH1B2 after incubation with 

compound 20, suggesting that modification occurred at this fragment (Figure S11). 

However, we were not able to detect the modified fragment by MALDI and HPLC/MS/MS.

We also tested the time-dependent inhibition of PAFAH1B2 by our compounds using both 

ABPP assay (Figure 12) and substrate assay (Figure 13). Both assays indicated that the 

inhibition potency significantly increased for the primary hits with increase in incubation 

time, but not for the derivatives. These results suggest that the derivatives may have higher 

affinity with PAFAH1B2, therefore, the inhibition can quickly reach the equilibrium. In 

contrast, the primary hits need longer incubation time to display better potency, which is also 

reflected in their speed of protein-inhibitor adduct formation.

Unlike, HSL inhibitors CAY1049933 and compound 760032 (Figure 14A), the reaction 

mixture of PAFAH1B2 and our inhibitors (20 or 35), did not show any product 

corresponding to the hydrolysis of 20 or 35. Therefore, we believe that our compounds are 

slow covalent inhibitors that work via a different mechanism than HSL inhibitors CAY10499 

and compound 7600. Inhibitors CAY10499 and compound 7600 both have a methoxy 

substituent on the oxadiazolone ring. Once the active site serine residue of HSL attacks at 
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the carbonyl carbon of the oxadiazolone ring and opens it up, hydrolysis occurs to 

regenerate the active site of the protein and the compound gets deactivated (Figure 14A).37 

In our case, the inhibitors contain an aromatic substituent on the oxadiazolone ring in place 

of the methoxy group. We propose that the active site serine residue first opens up the 5-

membered oxadiazolone ring. The side chain –NH-hydrogen of the ring opened protein-

inhibitor complex may be reactive enough to get deprotonated at physiological pH or by 

basic amino acid residues close to the active site of PAFAH1B2 to reversibly undergo ring 

closure to regenerate the oxadiazolone ring and the active site of the protein as shown in 

Figure 14B. The difference in the mechanism may arise due to the difference in substituents 

present in inhibitors CAY10499 and compound 7600 (methoxy) and our inhibitors (aromatic 

ring). We observed that intramolecular cyclization to oxadiazolone works very efficiently 

when the substituent on the starting compounds are derived from aromatic acyl hydrazides 

whereas cyclization is very difficult when the starting compounds are derived from alkyl/

benzylic hydrazides, carbazates or semicarbazides.43 In fact, we observed that a methyl 

hydrazinocarboxylate-derived compound did not undergo cyclization even at 60 °C using the 

strategy shown at Figure 2.43

3. CONCLUSION

In summary, we have developed a solid-phase synthetic method to construct OBOC peptoid-

azapeptoid hybrid libraries capped with 1,3,4-oxadiazol-2-ones. We synthesized a OBOC 

library capped with a 1,3,4-oxadiazol-2-one “warhead” that was previously shown to be a 

moderate pan-selective SH inhibitor. On bead screening of the library against PAFAH1B2 

produced several hits that were also pan-selective inhibitors of SHs but more potent than the 

“warhead”. Identification of the minimal pharmacophore of the most potent initial hit and 

further optimization led to the discovery of a selective covalent reversible inhibitor of 

PAFAH1B2 with low μM inhibition potency in cell lysates. We observed that the 

oxadiazolone moiety of our inhibitors reacted covalently with the active site serine residue 

of PAFAH1B2. We believe that such a screening strategy of combinatorial libraries tethered 

to moderate affinity warheads against specific targets may be used on a general basis to 

identify more potent and selective compounds.
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Figure 1. 
(a) Chemical structures of hormone-sensitive lipase (HSL) inhibitors compound 7600 and 

CAY10499 having a 1,3,4-oxadiazol-2-one scaffold. (b) Covalent protein-inhibitor complex 

formation between HSLs and their inhibitor compound 7600.

Sarma et al. Page 11

Bioorg Med Chem. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
(a) Synthetic route for the incorporation of 1,3,4-oxadiazol-2-one scaffolds on solid-phase. 

(b) Chemical structure of pan-selective SH inhibitor 1.
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Figure 3. 
Synthesis of compound 2. An azapeptoid synthesized by submonomer method is capped 

with an oxadiazolone moiety. Incorporation of the oxadiazolone moiety on the solid phase is 

compatible with the hydrazide-based submonomers present in the azapeptoid.
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Figure 4. 
General structure of the OBOC peptoid-azapeptoid hybrid library tethered with the SH 

inhibitor 1. A tetrameric peptoid-azapeptoid hybrid library with a theoretical diversity of 

14,641 compounds was constructed by split and pool submonomer synthesis on TentaGel 

HL NH2 beads. After incorporating methionine, a constant tripeptoid sequences (Nlys-Nlys-

Nmea) was introduced as a spacer prior to library sequence (in black). The variable 

azapeptoid part (positions R1-R4 in blue) of the library has four residues and 11 different 

submonomers were used in each position. Positions R1 and R3 comprise of primary amines 

and aryl acyl hydrazides whereas positions R2 and R4 contain various alkyl/benzyl acyl 

hydrazides, carbazates and semicarbazides (in blue). After the fourth variable position N-

methylglycine (in pink) was incorporated to provide some space between the variable 

position and the warhead. The warhead is shown in red.
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Figure 5. 
(A) Chemical structures of most potent initial hits 3, 13, 15 and 17. (B) Dose dependent 

inhibition on PAFAH1B2 by compounds 3, 13, 15 and 17 (5, 25 and 50 μM compounds were 

used) against PAFAH1B2 (2 μM). (C) Selectivity evaluation of compounds 3, 13, 15 and 17 
(5 and 25 μM compounds were used) against PAFAH1B2 (100 nM) doped in a HeLa cell 

lysate (1 mg/mL) by ABPP assay. Compounds 3, 13, 15 and 17 show pan-selective 

inhibition against serine hydrolases (SHs) as suggested by ABPP assay. However, 

compounds 3 and 13 show better inhibitory potency than 15 and 17.
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Figure 6. 
Chemical structures of compound 18, 19 and 20.
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Figure 7. 
(A) General route for the synthesis of minimal pharmacophore derivatives 21-46. (B) 

Different substituents at the variable position of compounds 21-46.
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Figure 8. 
Dose dependent inhibition of doped PAFAH1B2 (100 nM) by compounds 20, 23, 28, 35 and 

37 in a HeLa cell lysate (1mg/mL). Compound concentrations used are 1μM, 3μM, 10μM 

and 25μM). Compound 35 shows much better dose dependence and better selectivity for 

PAFAH1B2.
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Figure 9. 
Selectivity evaluation of the initial hits and the derivatives. Two concentrations of the hits 

and derivatives (10 and 100 μM) were evaluated. Warhead compound 1 didn’t show any 

significant inhibition at 100 μM. Initial hits (3, 13) displayed significant inhibition at 100 

μM, but they were non-selective. After optimization, compound 35 and 45 showed much 

improved potency and selectivity. Interestingly, both 20 and 47 inhibited PAFAH1B2 but 

inhibition potency of the compound 47 without the oxadiazolone ring much less than 20, 

which has the ring. This means regardless of whether the oxadiazolone ring is present or not 

the azapeptoid may bind at the active site and compete with FP-Rh for binding with the 

protein. MAFP, the known inhibitor was used as a positive control. At 150 nM, it inhibited 

most of the cellular serine hydrolases but PAFAH1B2.
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Figure 10. 
(A) Determination of IC50 value of inhibition of PAFAH1B2 by MAFP by substrate assay. 

(B) Evaluation of inhibition potency of different inhibitors by substrate assay. The substrate 

analog 2-thio-PAF was used in the assay. The free thiol generated from the hydrolysis of 

thio-PAF by PAFAH1B2 was detected by Ellman’s reagents, which provide UV absorbance 

at 412 nm. Inhibiting the enzyme leads to the reduction of DTNB thiolate. IC50 values were 

calculated based on the decrease in DTNB thiolate absorbance by using UV-Visible 

spectroscopy. Some IC50 values are higher than that observed in the ABPP assay. This may 

be because higher concentration of enzyme is required in this assay and the substrate analog 

has much higher affinity than FP-Rh for the enzyme, and, therefore, higher concentration of 

inhibitors is required to achieve same level of inhibition.
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Figure 11. 
Representative MALDI TOF mass spectra of control protein [PAFAH1B2 (2 μM) with 2% 

DMSO] and PAFAH1B2 (2 μM) incubated with compounds 20, 35 and 47 (100 μM) after 5h 

or 24h of incubation. Protein-inhibitor adduct formation is clearly visible by MALDI mass 

spectroscopy for compounds 20 and 35. No protein-inhibitor adduct was seen with 

compound 47 indicating that the oxadiazolone ring is important for covalent adduct 

formation.
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Figure 12. 
Time-dependent Inhibition of PAFAH1B2 by ABPP assay. Maximal inhibition was observed 

after 24 h of incubation of inhibitor with PAFAH1B2, indicating it’s a slow reaction between 

the enzyme and inhibitor. Inhibition potency significantly increased for the primary hits with 

increase in incubation time, but it’s not as prominent for the derivatives. These results 

suggest that the derivatives may have higher affinity for PAFAH1B2, therefore, the 

inhibition can quickly reach the equilibrium. In contrast, the primary hits need longer 

incubation time to display better potency, which is also reflected in the rate of protein-

inhibitor adduct formation.
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Figure 13. 
Substrate assay showing the time-dependent Inhibition. Inhibition potency significantly 

increased for the primary hits with increase in incubation time to 24h, but not for the 

derivatives. These results suggest that the derivatives may have higher affinity for 

PAFAH1B2, therefore, the inhibition can quickly reach the equilibrium. In contrast, the 

primary hits need longer incubation time to display better potency, which is also reflected in 

the rate of protein-inhibitor adduct formation. For, compound 47, there is no difference in 

IC50 value even after increasing the incubation time suggesting noncovalent inhibition by 

47.
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Figure 14. 
(a) Mechanism of inhibition of compound 7600.37 (b) Proposed mechanism of covalent 

inhibition of our acyl hydrazide-derived oxadiazolone inhibitors.
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