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Discovery of Non—Cysteine-Targeting Covalent Inhibitors by Activity—Based
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Small molecule pharmaceuticals that form covalent bonds with their targets
have historically been avoided due to misconceived concerns including off-target
toxicity and potential immune responses. However, after the recent FDA approval
of the rationally designed covalent drugs and the appreciation of covalent
mechanisms of existing drugs, there has been increasing interest in discovering
and designing covalently reacting bioactive molecules. Covalent inhibitors offer
potential benefits over classical non-covalent counterparts: prolonged duration of
action, less frequent or lower dosing requirements, improved ligand efficiency, drug
resistance evasion when the amino acids required for the catalysis of enzymes are
targeted, and high selectivity when non-conserved amino acids are targeted. The
most popular approach to designing covalent inhibitors has been the incorporation
of an electrophilic group into a non-covalent inhibitor. However, discovering
brand-new covalent inhibitors, in particular those targeting non-cysteine residues,
remains challenging. This thesis describes an intriguing experience during the
activity-based proteomic screening of 1,601 electrophilic molecules against
cell-lysate proteome, which led to the discovery of non-cysteine-targeting inhibitors
with a cysteine-reactive probe.

In the initial screening, proteomic lysates of HEK293 cells were pre-treated
with 1,601 electrophilic molecules, followed by treatment with an
iodoacetamide-based probe (IA probe). The IA probe used was a conjugate of
TAMRA for fluorescent detection with iodoacetamide, which displays broad
reactivity with proteins with reactive cysteines. The samples were separated by
SDS-PAGE and visualized by in-gel fluorescence scanning. In this context, a
compound that reacts with an IA probe-reactive protein will compete with the
probe, resulting in the loss or decrease of fluorescence labelling of the protein in the
gel profile.

During the screening, an unexpected observation was made. One epoxide
molecule, F8, exhibited an increase in the probe labelling of a 40 kDa protein.
Mass-spectrometry-based microsequencing analysis showed that the 40 kDa
protein was glyceraldehyde-3-phosphate dehydrogenase (GAPDH), a key glycolytic
enzyme that catalyzes the conversion of glyceraldehyde-3-phosphate (G3P) into 1,
3-bisphosphoglycerate. A combination of mutational and mass spectrometric
studies indicate that F8 forms a covalent adduct with an aspartic acid in the active
site to displace NAD*, a cofactor of the enzyme, with concomitant enhancement of
the IA probe reaction with the catalytic cysteine.

A number of synthetic or naturally occurring GAPDH inhibitors have been
reported; however, all of them have been proposed to react with the catalytic
cysteine. The activity-based proteomic screening described in the present thesis
led to the discovery of a new class of the epoxide-containing GAPDH inhibitors
that covalently react with an aspartate residue. Since the GAPDH inhibitory
activities of these molecules remain modest, further structural optimization is
needed to generate specific Asp-targeting GAPDH inhibitors. Nevertheless, this
case-study on GAPDH exemplifies that activity-based proteomic screening with a
cysteine-reactive probe can be used for discovering covalent inhibitors that react
with non-cysteine residues.

GRlHBEEOMREOEER)

FEROIARAIHFEANIERRGL DL — X LTETEIHER SN TS, v, AT A
YUSNDT X BRIZBUST D IEREAPHERI R RS D Z L IIIRE L THEETH 5, Aam
TiE, 1601 BEORIGHRS TALEMDT 0T I 7 AR ) —= 7 L GG RUERIC L -
T TANRT X RO DAL EAIZ R LI,

KL DA V== TR, TAT T VR FCKDVATA U7 n—7 &7 a T
— LHDFEOS D GRS AR LT\ D, TASMRZ 212, 7r—7L 40 kDa
DE NI EDISETA T T V53 F0O—> (F8) MY 5 Z LITHFEE bIIK OV, H
BN LV, 2D T BIZZ VAT AT e R-3-1 UET b R4 —+ (GAPDH)
EIRE ST,

ER AT L 0 | F8 IIIEMEEII D7 A 8T X UMk & HATMIMAZ TR L. BEE Ol
FTHDNDHEERLL | il 27 A & T o —T ORIGEISET 5 Z LAVRBR S, 20

T

KD IR AT = AL ERGIEEVEARE DL KV IEVED @ NT AT F AU GAPDH FHE A2
[FE LT D,

PLEOHIZEL, VAT A VRIS m =T\ L 67 a7 A IV AR V== T8, FEV A
TA VRS L O DR ETHEROFEUIKIITE D Z L Z2FREL TR | B LIRS
BRHEFIOBIRICF 595,

L7zdoC, AsslEitit: (ERM) OEhmmst e LClifEd 5 & o L5805,

728 AR G- FEEIEL, A4 424 A 20 H MO SINA & EAUZBhE L7-sf 25217,
B LD LN LD TH D,

HEABAATRER - &£ A SN




