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Small molecule discovery funnel

Assay development and optimization to validate the biology & fit-for-purpose assay development

Target identification 
and validation driven 
by biology

Compound library screening 
(high throughput in vitro and 
in silico screening)

Hit Validation 
(confirm genuine and 
reproducible hits)

Hit-to-lead optimization
(potency, selectivity, and 
drug-like properties)

Lead optimization
(pre-clinical asset)
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Phenotypic

Read-out

~10e9 – 10e5 ~ 10e3
~ 10e1 ~ 0.1e1

# of compounds
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How do we achieve screening large sample space by MS?

High Throughput Mass Spectrometry
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Case studies of MS in early drug discovery 

Affinity: Affinity selection Mass spectrometry 

Incubate: Target + 
small molecule library

Enrich and separate 
target-bound small 
molecules

Denature and detect

+ Target

- Target

Activity: Cellular enzymatic MS assay

P
S

Native MS
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Affinity Selection Mass Spectrometry (ASMS) Outline
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Parameters to consider for successful implementation of ASMS

Molecular library and appropriate controls

384-well format

212-pooled compounds per well at 47.2 µM

x2 pooled compound plates per assay

1. + Target (or + Protein)

2. - Target (or + buffer)

Target-binder enrichment

❑ aSEC followed by RPLC-MS

❑ Multi-well gel filtration plate to separate target-
bound compound(s) from unbound free 
compounds. 
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Parameters to consider for successful implementation of ASMS

Method optimization

Optimized parameters:

• Sample diluent (75% MeOH)

• Sample loading or spotting

• Sample transfer automation (Bravo)

 

DetectionIonizationSample preparation

100 700m/z

TOF

SWATH

Optimized parameters:

• Laser power

• Addition of  start and end delay (0.5 sec)

• Developed 5 sec and 11 sec methods
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Compound screening against a protein target carbonic anhydrase II

POE: Percent of Enrichment; SD: Standard deviation

❖Total compounds screened: 67,848

❖Total hits: 59

❖% hit: 0.07

❖Compound selection filter (dotted line)
➢ Mass accuracy (+CA II): +/- 20 ppm

➢ POE: Mean+3xSD, 1594

Area (+CA II)
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Example of  compound enrichment w/ CA II 60k+ compound library screening result
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Summary

Substructures of  positive 

control
Compounds

Total hit 

compounds

% Total hit 

compounds

Benzothiazoles 2 59 3

Alkyl aryl ethers 13 59 22

Organosulfonamides 57 59 97

Benzenoids 5 59 8

Thiazoles 2 59 3

Azacyclic compounds 31 59 53

57/59 hits show structural similarity w/ positive 

control and 97% of  the hits contain benzyl-

sulfonamide as a common structural feature

Example of  top 4 hits re-confirmed 

in orthogonal enzymatic assay 

Sahasrabuddhe et al. SLAS Discovery 2021
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Cellular target activity assessment by mass spectrometry (where 

probe-based methods perform poorly)

Goal: Cellular enzyme inhibition assay by MS to verify and expand the hit compounds

Target: 15-LO-1

Therapeutic area: Inflammation

• hPBMCs expresses hALOX15 upon +IL4 treatment 

• Cellular hALOX15 metabolizes cellular Arachidonic acid 

to 15(S)-HETE.

• Extract and enrich cellular metabolites.

• LC-MS method selects 319.23 ion (15-HETE) and 327.28 

(15-HETE-d8) and tracks MS/MS transitions (or detects 

signature fragment ion)

• Extract 15-HETE/15-HETE-d8 ratio as a measure of  

relative intensity of  15-HETE, thereby measuring cellular 

enzymatic activity. 
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Cellular enzymatic assay by MS

hPBMC in RPMI+10%HI FBS/well; 96-well

Day 0

Add 1uL 200X compound (12.5 uM Top; 

1:3) in DMSO (0.5% final) and  pre-

incubate for 20 min

Add IL-4 (8 ng/mL) and incubate for 

48hr

Day 2

Centrifuge, remove cell media, and 

wash cells with 200uL of 150 mM 

ammonium acetate.

Aspirate the wash, snap freeze cell 

pellets on crushed dry ice, then store at 
-80°C until further usage i.e. LC-MS 

assay

Day 3

Extract cell pellet with 100 µL 80% 

MeOH w/15-HETE-d8 (internal standard) 

and run LC-PRM/MS assay method

Optimize cell density

Optimize IL-4 induction 

and incubation time

Optimize metabolite 

extraction, LOD, and 

LC-MS PRM method
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Method parameters
LC Waters ACQUITY H-Class

Column
Peptide BEH-C18 300Å, 1.7 

µm, 2.1 mm X 50 mm 

Column Temp 40°C

Solvent A 0.1% formic acid/ H2O

Solvent B
0.1% formic acid/ 99.9% 

acetonitrile

Injection 20 uL

Time (min) %B Flow rate (mL/min)

0 30 0.7

0.9 30 0.7

1 80 0.7

2.8 80 0.8

2.9 30 0.8

3.5 30 0.8

MS Thermo Q-Exactive Plus

HESI source

Sheath gas flow rate 58

Aux gas flow rate 16

Sweep gas flow rate 3

Spray voltage (kV) 3.5

Capillary temp (°C) 281

S-lens RF level 50

Aux gas heater temp (°C) 463

▪ FTMS - p ESI SIM ms [310.0000-340.0000]
▪ FTMS - p ESI Full ms2 319.2300@hcd20.00 [50.0000-345.0000] (15-HETE) 

Extract the m/z range 219.13-219.15
▪ FTMS - p ESI Full ms2 327.2800@hcd20.00 [50.0000-350.0000] (15-HETE-d8)
      Extract the m/z range 226.17-226.19

Y:\DAS\...\QE20220201-183 02/06/22 10:46:17

RT: 0.00 - 3.51
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NL: 5.09E5

Base Peak m/z= 
219.13-219.15 F: FTMS - p 
ESI Full ms2 
319.2300@hcd20.00 
[50.0000-345.0000]  MS 
QE20220201-183

NL: 4.65E6

Base Peak m/z= 
226.17-226.19 F: FTMS - p 
ESI Full ms2 
327.2800@hcd20.00 
[50.0000-350.0000]  MS 
QE20220201-183

Analyte of interest:15-HETE

Internal standard:15-HETE-d8

Method developed by Chris Spahr
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Summary
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ID IC50 (µM) Note

AMG01 2.2840 Pharmacological Control

AMG02 1.6260

AMG03 0.8304 Inactive VHL based target degrader

AMG04 0.8224

AMG05 0.2929

AMG06 0.0048 Active VHL based target degrader

AMG07 1.7610

AMG08 0.0437 Cereblon based target degrader

Cellular enzymatic LC-

PRM/MS assay

In vitro enzymatic LC-MS 

assay

ID IC50 (µM) IC50 (µM)

AMG03 0.8304 0.1200

AMG06 0.0048 0.0918

AMG08 0.0437 0.0258
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Platforming native MS

TIC chromatogram for the separation of 

alcohol dehydrogenase (ADH) by a Yarra 

X150 SEC-MS

Deconvoluted mass spectra demonstrating the removal of 

non-volatile components from proteins in common 

biological buffers by OBE-MS

Native aSEC-MS Native OBE-MS

VanAernum Z.L. et al. Nat Protoc. 2020 
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Platforming native MS

Native aIEX-MS

1. Protein mixture

Equimolar mixture of  

AA’, BB’,…….GG’

5 M guanidine 

hydrochloride and 

incubate at 75°C for 

30 minutes  

2. Denature

3. Re-equilibrate

Dialysis in 150 

mM ammonium 

acetate

SEC-MS

WCX-MS

Subunit
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Non-specific hetero dimer

Specific hetero dimer

Chen et al. Nature 2019 
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Where platformed native MS fits into therapeutic research?

▪ Early discovery reagent protein screening: To check metal ions, cofactor, peptide binding, and oligomerization 

stoichiometry

▪ Conjugate characterizations (protein-drug, protein-peptide, protein-oligo, etc.)

▪ Design-and-test of multispecific modalities (multichain antibodies)

▪ Protein-small molecule/molecular glue/PROTAC screening 
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