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xix

The automated and integrated high-throughput sample analysis is critical to the 
drug discovery process. Traditional high-throughput bioanalytical technologies 
such as colorimetric microplate- based readers are often constrained by linear 
dynamic range. In addition, they need label attachment schemes with the propen-
sity to modify equilibrium and kinetic analysis. On the other hand, mass spec-
trometry (MS) based methods can achieve label- free, universal mass detection of 
a wide arrange of analytes with exceptional sensitivity, selectivity, and specificity. 
However, these techniques are limited by the speed of sample introduction. 
In recent decades, there have been a lot of efforts to improve the throughput of 
MS- based analysis for drug discovery. Along with those developments, a dedi-
cated book would be helpful to introduce the fundamentals, experimental details, 
and applications of a wide variety of technologies that enabled high-throughput 
mass spectrometry- based screens in supporting broad drug discovery applica-
tions. The key research areas include hit discovery by label- free screen, synthetic 
reaction optimization, lead optimization and SAR support, ADME (absorption, 
distribution, metabolism, and excretion), toxicology screening, etc.

This book starts with an overview of the 40 years of efforts to improve the analyti-
cal throughput of MS- based approaches (Chapter 1). Then, technologies with high- 
speed sequential and parallel chromatographic sample introduction, high repetition 
rate lasers, ion mobility, and low- volume MS samplings were summarized.

Due to its high specificity and high sensitivity, the LC- MS technology has been 
widely used in various steps of the drug discovery workflow. In Part 2 (Chapter 2–3), 
the efforts to improve the LC- MS analytical throughput are introduced. The devel-
opment of the high- speed sample introduction for LC- MS and its application on 
ADME and HTS applications is described in Chapter  2. Another approach for 
throughput improvement utilizing paralleled multiplexing LC is described in 
Chapter 3.

Following the conventional LC- MS- based technologies, other electrospray 
ionization (ESI)MS- based high- throughput platforms without chromatographic 

Preface
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Prefacexx

separation are summarized in Part 3 (Chapter  4–7). Direct online solid- phase 
extraction (SPE) MS and its application in ADME and HTS workflows are 
described in Chapter  4. The utilization of the acoustic energy for non- contact 
transfer samples from microplates to MS for high- throughput analysis, including 
the acoustic mist ionization (AMI) and through the open- port interface (OPI), is 
summarized in Chapter 5. By skipping the chromatographic separation process, 
these approaches demonstrated higher analytical throughput than the conven-
tional LC- MS approach. However, there would be the risk of potential isomeric/
isobaric interference. Ion mobility spectrometry (IMS) and differential mobility 
spectrometry (DMS), described in Chapters 6 and 7, respectively, provide the addi-
tional dimension of the selectively, potentially solving the specificity issues of 
these high- throughput technologies for some drug discovery assays.

Part 4 (Chapters 8–10) summarized the MS- based high- throughput hit identifi-
cation technologies based on the drug- target interaction. Affinity- selection mass 
spectrometry (ASMS) is a rapidly developing technology for high- throughput hit 
identification. The off- line and in- line ASMS approaches are introduced in 
Chapters 8 and 9. In addition, as a direct confirmation tool for the protein- drug 
binding, native MS has been rapidly developed in the past decade, which is 
described in Chapter 10.

Part 5 (Chapter  11–13) introduces developments of ambient ionization tech-
nologies other than the conventional ESI and their applications in the high- 
throughput drug discovery workflows, such as Laser Diode Thermal Desorption 
(LDTD, Chapter  11), Matrix- Assisted Laser Desorption/Ionization (MALDI, 
Chapter 12), and Desorption Electrospray Ionization (DESI, Chapter 13).

The last chapter (Chapter  14) provides perspectives for future development 
opportunities after a brief reflection of the realized impacts of high-throughput 
MS on drug discovery and the pharmaceutical industry.

We believe our goal in this book is accomplished through the extensive coverage 
of fundamentals, experimental details, and applications of state- of- art technolo-
gies that enable high- throughput MS- based screens in supporting drug discovery. 
We hope it could benefit scientists in pharmaceutical/biopharmaceutical compa-
nies and CROs who design and perform the studies and provide analytical support 
throughout drug discovery processes. We would like to acknowledge the commit-
ment and contributions of all authors of the book chapters and the support and 
valuable discussions with colleagues and collaborators in the SCIEX research 
team and Pfizer Discovery Science department. In addition, we sincerely thank 
the editorial team at John Wiley & Sons, especially Adalfin Jayasingh, Stacey 
Woods, Jonathan Rose, Andreas Sendtko, and Sabeen Aziz, for their generous 
support of this book. Finally, we are grateful to our family members for their 
understanding and support for our editing work in the evening and on weekends.

Chang Liu and Hui Zhang
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%-RBA relativebindingaffinitypercentage
μFLC microflowliquidchromatography
2d two-dimensional
2-HG 2-hydroxyglutarate
3CLpro 3-chymotrypsin-likecysteineprotease
4EBP1 Eukaryotictranslationinitiationfactor4E-bindingprotein1
A pre-exponentialfactorconstant
ACE50 affinitycompetitionexperiment50%inhibitoryconcentration
AChE acetylcholinesterase
ADC antibody−drugconjugate
ADE-OPI-MS acousticdropletejection-openportinterface-mass

spectrometry
ADME adsorption,distribution,metabolism,andexcretion
AEMS acousticejectionmassspectrometry
AMI-MS acousticmistionization-massspectrometry
AMS affinitymassspectrometry
ANSI AmericanNationalStandardsInstitute
APCI atmosphericpressurechemicalionization
API atmosphericpressureionization
APIs activepharmaceuticalingredients
APPI atmosphericpressurephotoionization
ASAP atmosphericsolidsanalysisprobe
ASMS affinityselectionmassspectrometry
ASMS Americansocietymassspectrometry
Asp asparticacid
ATD arrivaltimedistribution
ATP adenosinetriphosphate
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AUC analyticalultracentrifugation
AUC areaunderthecurve
BACC bacterialacetylcoenzyme-Acarboxylase
BACE beta-siteAPPcleavingenzyme
BAMS beadassistedmassspectrometry
Bcl-xL B-celllymphoma-extralargeprotein
bdf batchdatafile
BE bufferexchange
Bead-GPS bead-basedglobalproteomicscreening
BFA boundfractionanalysis
BKM120 Buparlisib
BSA bovineserumalbumin
BTE Boltzmanntransportequation
C18 octadecylstationaryphase
C8 octylstationaryphase
CCS collisioncrosssection
CD circulardichroism
CDMS chargedetectionmassspectrometry
CEM chainejectionmodel
cGAMP cyclicGMP-ATP
cGAS cyclicGMP-AMPsynthase
CHCA α-cyano-4-hyroxycinnamicacid
CHK1 checkpointkinase
CID collisioninduceddissociation
CIU collisioninducedunfolding
CN cyanostationaryphase
CoV compensationvoltage
CPATI cytosolicproteomeandaffinity-basedtargetidentification
CRIMP CompressionRatioIonMobilityProgramming
CRM chargedresiduemodel
CV coefficientofvariation
CYP cytochromeP450
Da Dalton,measurementunitusedinmassspectrometry
DAR drug-to-antibodyratio
DART directanalysisinrealtime
DDI drug–druginteraction
DEC desorptionenhancingcoating
DEL DNA-encodedlibrary
DESI desorptionelectrosprayionization
DHAP 2,5-dihydroxyacetophenone
DHFR dihydrofolatereductase
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diCQA dicaffeoylquinicacid
DI-GCE/MS/MS directinjection/on-lineguardcartridgeextraction/tandem

massspectrometry
DIMS differentialIMS
DIOS desorptionionizationonsilicon
DLS dynamiclightscattering
DMA differentialmobilityanalyzer
DMS differentialmobilityspectrometry
DP declusteringpotential
DQ DiscoveryQuant
DSF differentialscanningfluorimetry
DT drifttime
DTIMS drifttubeIMS
DUB deubiquitilase
Ea energyofactivation
ebox electronicsbox
Ed bounddissociationenergy
EDTA ethylenediaminetetraaceticacid
EHDI electrohydrodynamicionization
EI electronimpact
EM electronmicroscopy
ERK1/ERK2 extracellularsignal-regulatedkinase1and2
ESI electrosprayionization
ESI-MS electrosprayionizationmassspectrometry
Eλ energyassociatedwiththevibrationalwavelength
FAB fastatombombardment
FAIMS highfieldasymmetricwaveformionmobilityspectrometry
FAK focaladhesionkinase
FASN fattyacidsynthase
FIA flowinjectionanalysis
FLD fluorescencedetector
FP fluorescencepolarization
FTE full-timeequivalent
FTICR Fourier-transformioncyclotronresonance
FWHM fullwidthathalfmaximum
GABA γ-aminobutyric
GC gaschromatography
GLP goodlaboratorypractice
GPC gelpermeationchromatography
GST glutathioneS-transferase
GWAS genome-wideassociationstudies
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List of Abbreviationsxxiv

HBSS Hank’sbufferedsaltsolution
HCV hepatitisCvirus
HDMA high-densitymicropatternedarray
HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonicacid
HIC hydrophobicinteractionchromatography
HLM humanlivermicrosomes
HMW highmolecularweightspecies
HPLC high-performanceliquidchromatography
HRMS high-resolutionmassspectrometry
HT-ADME high-throughputabsorption,distribution,metabolism,

excretion
HTE high-throughputexperimentation
HT-LC/MS/MS high-throughputmassspectrometry
HT-MALDI high-throughputmatrix-assistedlaserdesorption/ionization
HT-MS high-throughputmassspectrometry
HTRF homogenoustime-resolvedfluorescence
HTS high-throughputscreening
IC50 halfmaximalinhibitoryconcentration
ID internaldiameter
IDH1 isocitratedehydrogenase1
IEX ionexchangechromatography
IM ionmobility
IMAC immobilizedmetalionaffinitychromatography
iMALDI immuno-matrix-assistedlaserdesorption/ionization
IMS ionmobilityspectrometry
IR-MALDESI infraredmatrix-assisteddesorptionelectrosprayionization
IS internalstandards
isoAsp isoasparticacid
ITC isothermaltitrationcalorimetry
ITO indiumtinoxide
IVIVC in vitrotoin vivocorrelations
k rateconstant
LC liquidchromatography
LC/MS/MS liquidchromatographytandemmassspectrometry
LC-MALDI liquidchromatography-matrix-assistedlaserdesorption/

ionization
LC-MS liquidchromatographymassspectrometry
LDLR low-densitylipoproteinreceptor
LDTD laserdiodethermaldesorption
LESA liquidextractionsurfaceanalysis
LLE liquid–liquidextraction
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List of Abbreviations xxv

LOD limitsofdetection
LogD distributioncoefficient
LOQ limitofquantitation
LPS lipopolysaccharides
M3 microfabricatedmonolithicmultinozzle
mAbs monoclonalantibodies
MagMASS magneticmicrobeadaffinityselectionscreen
MALDI matrix-assistedlaserdesorptionionization
MALDI-2 laser-inducedpostionization
MALDI-FTICRMS matrix-assistedlaserdesorption/ionizationFourier-

transformioncyclotronresonancemassspectrometry
MALDI-TOFMS matrix-assistedlaserdesorption/ionizationtime-of-flight

massspectrometry
MetAP2 methionylaminopeptidase2
MnESI microflow-nanosprayelectrosprayionization
MPS mesoporoussilica
MRM multiplereactionmonitoring
MRO medicalreviewofficer
MS massspectrometer
MS/MS tandemmassspectrometry
MSI massspectrometryimaging
MTBE methyltert-butylether
MTP microtiterplate
MuRF muscleRING-fingerprotein
NADPH nicotinamideadeninedinucleotidephosphate
NALDI nanostructure-assistedlaserdesorption/ionization
Nano-DESI nanospraydesorptionelectrosprayionization
NAPA-LDI nanopostarray-laserdesorption/ionization
NDM-1 NewDelhimetallo-lactamase1
NDX native-denaturedexchange
nESI nanoelectrosprayionization
NHS N-hydroxysuccinimide
NIMS nanostructure-initiatormassspectrometry
nL nanoliter
NMR nuclearmagneticresonance
nMS nativemassspectrometry
NSAID nonsteroidalanti-inflammatorydrugs
NSP14 nonstructuralprotein14
OATP2B1 organicaniontransportingpolypeptide2B1
OIMS overtoneIMS
OPSI openportsamplinginterface
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List of Abbreviationsxxvi

PAH polycyclicaromatichydrocarbon
PBED polybrominateddiphenylether
PBS phosphate-bufferedsaline,buffersolutionaboutpH7.4
PCB polychlorinatedbiphenyl
PCB printedcircuitboard
PC-mass-tags photocleavablemass-tags
PFAS per-andpolyfluoroalkylsubstances
PK pharmacokinetic
pKa aciddissociationconstant
PKCα proteinkinaseC-α
PMF peptidemassfingerprinting
PoC percentageofcontrol
POE percentofenrichment
PPT proteinprecipitationtechnique
PROTAC proteolysistargetingchimera
PTP1B tyrosinephosphatase1B
PUF-MS pulsedultrafiltration-massspectrometry
PVDF polyvinylidenedifluoride
QA/QC qualityassuranceandqualitycontrol
qPCR quantitativepolymerasechainreaction
qTOF quadrupoletime-of-flight
QuEChERS quickeasycheapeffectiveruggedandsafe
R universalgasconstant
R2 coefficientofdetermination
RAM restrictedaccessmedia,usuallyatypeoffilteringor

extractionmedia
RAM restrictedaccessmedium
RF-MS RapidFire – massspectrometry
ROI returnoninvestment
RXRa retinoidXreceptor-a
S/N signal-to-noiseratio
SALLE saltassistedliquid–liquidextraction
SAM S-adenosyl-l-methionine
SAMDI self-assembledmonolayersandmatrix-assistedlaser

desorptionionization
SAR structure-activityrelationship
SEC size-exclusionchromatography
SEC-TID size-exclusionchromatographyfortargetidentification
SEM scanningelectronmicroscope
SESI secondaryelectrosprayionization

0005611979.INDD   26 06-08-2023   20:04:50



List of Abbreviations xxvii

SEZ staggeredelutionzonechromatography
SIK2 salt-induciblekinase2
SIMS secondaryionmassspectrometry
Sirt3 Sirtuin3
SISCAPA stableisotopestandardsandcapturebyanti-peptide

antibodies
SLIM structuresforlosslessionmanipulations
SLS staticlightscattering
SME smallmolecularentity
SmyD3 SmyD3histonemethyltransferase
SNP single-nucleotidepolymorphism
SPE solidphaseextraction
SPE-MS solid-phaseextractionmassspectrometry
SPME solid-phasemicroextraction
SPR surfaceplasmonresonance
SRM selectedreactionmonitoring
SSP surfacesamplingprobe
SUPER SerpentineUltralongPathwithExtendedRouting
SV separationvoltage
SWATH sequentialwindowacquisitionofalltheoreticalmassspectra
T absolutetemperatureinKelvin
TCP tumorcellpercentage
THC tetrahydrocannabinol
TIMS trappedionmobility
TLC layerchromatography
TMA-lyase trimethylamine-lyase
TM-DESI transmissionmodeDESI
TM-IMS transversalmodulationIMS
TOF time-of-flight
TR-FRET time-resolvedfluorescenceenergytransfer
TRIS Tris(hydroxymethyl)aminomethane
TWIMS travelingwaveionmobility
UFA unboundfractionanalysis
UHPLC ultrahigh-performance(orpressure)liquidchromatography
UHPLC/MS ultrahigh-performanceliquidchromatography-mass

spectrometry
uHT-MALDI ultrahigh-throughputmatrix-assistedlaserdesorption/

ionization
uHTS ultrahigh-throughputscreening
UPLC ultraperformanceliquidchromatography

0005611979.INDD   27 06-08-2023   20:04:51



List of Abbreviationsxxviii

UV ultraviolet,usuallymeanttodescribeabsorbancesbetween190
and400nm

UVPD ultravioletphotodissociation
WBA whole-bodyautoradiography
XRD X-raydiffraction
Δ9-THCC CarboxylicΔ9-tetrahydrocannabinol
λ phononwavelength
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