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Mass spectrometry-based quantification
of transporter proteins and metabolizing
enzymes: an update on advantages and
challenges
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The International Transporter Consortium, Nature Reviews Drug Discovery 2010/ Clin Pharmacol Ther 2013




Why do we need intestinal

(unmerstso expression data? leBar
o To know which transporters are Coci >

expressed in a certain tissue

<~ e ]

o To know the absolute abundance Bleod Intestine

of enzymes / transporters ~— .
o To estimate / predict the oral ~ el

absorption of drugs

Basolateral Apical

o To estimate / predict the potential source: UCSF-FDA TransPorta

contribution of each protein to drug- Sl N
drug / drug-food interactions ea solaions from vrual popul

o To characterize cellular transporter
models or animal models

GastroPlus
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Problems of oral absorption

@ Many drugs are characterized by

fecal ntestna _hepati low and highly variable oral
i Imination o g ape
Frcretion e bioavailability
l @ Drug-drug interactions
q ? @ Food-drug interactions
v

renal
Excretion
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Small number of genes / intestinal samples
Merging of data from different donors ™
Tissue from segments assessable by biopsies

(duodenum, terminal ileum, colon)

Samples from patients

Mostly mMRNA expression data |

Miiller et al. 2017, Update on intestinal transporters (Biol. Chem; 398(2):175-92)
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Limitations of mMRNA data

MRNA expression Is not necessarily
correlated to protein expression!
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Oswald et al. 2013, AAPS Journal: 15(4):1128-40
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N All available protein data were
o generated via immunoblotting
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Mouly et al. 2003, Pharm Res
BCRP el

Standards

PGP - .d - L B
m Duodenum (protein)
a i b C j H4IIE
protein @ BCRP
CYP3A4 Pap MRP2 o
MRP2
jejunum 12.00 5.00 10.33
ileum 5.38 525 563 O ng
colon 558 7.67 490
P-value 0.0397 0.5485 0.0925

Berggreen et al. 2007, Mol Pharm Tucker et al. 2012, Biochem Pharmacol
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rifampin
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Limitations of immunoblotting

gene transcription

ol I
MDR1 P-gp

Center of Drug Absorption
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Impact of rifampin (600 mg, 6-8 d) on duodenal mMRNA and protein expression of P-gp / MDR1
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before rifampin

after rifampin

protein mRNA reference

8.3-fold 3-fold Giessmann et al. 2004, CPT
1.5-fold 4.3-fold Oswald et al. 2006, CPT
1.4- /3.5*-fold - Greiner et al. 1999, ICI
1.1-/4.2*-fold 2.4-fold Westphal et al. 2000, CPT

*Western blotting

Question: Are the observed differences real or due tue methological issues?
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Standards Pooled HIM HLM
CYPIA1 | o - -
CYP2A6 —
CYP2B6 ] -
CYP2CO W - - - -
CYP2C19 |- '
CYP2D6 ‘-— — —
CYP2E1 ‘-—7 e
CYP2J2 : - 3 &
CYP3A4 ‘-— -_— PR — -
CYP3AS | e - - —
(n=11)

Available protein data on intestinal
metabolizing enzymes

Paine et al. 2006

CYP2C19 (2%)
(0.7%)
(1.4%)

CYP2B6 (<1%) CYP2E1(9%)
CYP2A6 (6%)

CYP2D6 (2%)

CYP1A2 (18%)

CYP2C (26%)

Shimada et al. 1994
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Riches et al. 2009
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1. Antibody required (availability?,

expensive)
. Functionality uncertain (specificity?)

. Only few protein simultaneously
detectable

. Poor reproducibility

. Semiquantitative protein
determination

analytical signal (optical density, AU)

. Data about analytical quality often not
available (e.g. limit of quantification,

Limitations of immunoblotting

measured protein content (ng)
-
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80
prepared protein amount (ng)

T
60

accuracy, precision)

Oswald et al. 2013, AAPS Journal: 15(4):1128-40

protein OATP1B1 OATP1B3 OATP2B1
range (ug) 1-100 3,16 - 100 1-100
outliner (%) 16,6 20,8 13,3
CV (%) 9,6 - 94,6 38,5-70,7 33,6-87,8
rel. error (%) -33,5-101 -24 - 36 -13,1 - 108




,_ Promises of LC-MS/MS based (]
Universitatsmedizin . - . -
L protein quantification

High specificity

High accuracy and precision

High sensitivity and wide analytical range
High throughput and automatable technique

Analytical quality parameters assessable (- validation)
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Dass C et al. 1989: beta endorphine
Barr JR et al. 1996: apolipoprotein A-|
Gerber SA et al. 2003: yeast proteins

Barnidge DR et al. 2004: PSA

0

0

0

0 Barnidge DR et al. 2003: rhodopsine

0

o Anderson L et al. 2006: 53 plasma proteins
0

Since 2008: transporters, enzymes

(established groups: Terasaki lab (Japan), Smith lab (USA), Unadkat /
Prasad lab (USA), Oswald lab (Germany), Artursson lab (Sweden))
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Mass spectrometry based protein [

Center of Drug Absorption

Simultaneous Absolute Quantification of 11 Cytochrome
P450 Isoforms in Human Liver Microsomes by Liquid
Chromatography Tandem Mass Spectrometry with In Silico
Target Peptide Selection

HIROTAKA KAWAKAMI,' SUMIO OHTSUKI,' JUNICHI KAMIIE,? TAKASHI SUZUKI,* TAKAAKI ABE,* TETSUYA TERASAKI'

'Division of Membrane Transport and Drug Targeting, Graduate School of Pharmaceutical Sciences, Tohoku University, Aoba,

Aramaki, Aoba-ku, Sendai 980-8578, Japan
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Proteomics 2011, 11, 33-41 DOI 10.1002/pmic.201000456

ResearcH ARTICLE

Quantitative protein determination for CYP induction |.
via LC-MS/MS

Brian L. Williamson', Subhasish Purkayastha’, Christie L. Hunter?, Lydia Nuwaysir?,
James HilP, LaHoma Easterwood® and Jeanette HilF®
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Mass spectrometry based protein
guantification

Center of Drug Absorption

o Protein is enzymatically digested (trypsin) = proteospecific peptides
o Peptides are separated via a HPLC and detected with mass

spectrometry

o Protein identification / quantification by MRM experiment

Popl for Ropr o

H2N-CH — C—+NH— CH— C—NH— CH— C— NH—CH-COH

b1 b2 b3
- S N
T I
H:.N-CH— C—NH—CH—C NH3— CH— C— NH— CH-COH

b2 y”2

Multiple Reaction Monitoring (MRM)

O R
O o
o ©

D
lon selection Fragmentation Fragment selection

|

time



N Mass spectrometry based protein
R s guantification

CYP3A4

...,-. -W % »
SgL
ABCB1 (P-gp) N
BRVAUY

/// Targeted proteomics QconCAT proteomics Global proteomics
- (shotgun approach)

 Absolute quantification of pre-defined proteins » Absolute / relative
using proteospecific peptides and stable-labelled guantification of proteins
internal standard peptides (~1-50 proteins) without internal standards

using protein databases
(thousands of proteins)

General assumption: amount of peptides equal the

amount of proteins (complete digestion)
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Center of Drug Absorption
and Transport.

 targeted analysis vs. non-targeted screening

What is in the box?
targeted analysis:

Grape?
Apple?
Cherry?
Banana?




eriversit'ats , Targeted or global proteomics? (

—
Center of Drug Absorption
and Transport.

 targeted analysis vs. non-targeted screening

What is in the box?
targeted analysis:

Grape? no
Apple? no
Cherry? no '\

Banana? yes




@versitétsi Targeted or global proteomics?

 targeted analysis vs. non-targeted screening

What is in the box?
Non-targeted screening:

M| T |[N|] T |]O|N|S
H|B|E|L|K|R]|T
DIT|A|B|D|E]|K
O|G|U|N|C|P|J
G|F|IT | M|A|IW|YV
CI{V|F|IW|L|NJA
DIH|Z]|A|T|X|A

Center of Drug Absorption
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 targeted analysis vs. non-targeted screening

What is in the box?
Non-targeted screening:

M| T |[N|] T |]O|N|S
H|B|E|L|K|R]|T
DIT|A|B|D|E]|K
O|G|U|N|C|P]|J
G|F| I | M|A|IW|V
C|{V|F|IW|L|NJA
DIH|Z]|A|T|X]|A

Center of Drug Absorption
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 targeted analysis vs. non-targeted screening

What is in the box?
Non-targeted screening:

M| T |N|]T]O|N|S
H|B|E|L|K|R]|T
DIT|A|B|D|E]|K
O|G|U|N|C|P]|J
G|F| I | M|A|IW|V
C|{V|F|IW|L|NJA
DIH|Z]|A|T|X]|A
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Center of Drug Absorption

targeted

Non-targeted (global)

Only expected peptides detected x

No modifications detected x

Absolute quantification possible (

Validation possible (accuracy, J
precision, stability)

High sensitivity & accuracy (

Fair Throughput (run time ~1 h) (

Vast amount of present peptides (
detected

modifications detectable /
Relative quantification x
Validation not possible x

Low abundant proteins may not x
be detected

Low Throughput (run time ~3 h) x

4




vaersitats>\_~ca;:vr"- Targeted or global proteomics?

targeted

Only expected peptides detected x

No modifications detected x

Absolute quantification possible

Validation possible (accuracy,
precision, stability)

v
High sensitivity & accuracy (
v

Fair Throughput (run time ~1 h)

P
h—4
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S guantification

diges Available Assays

Transporter Enzymes Q1 mass Q3.1 Q3.2 Q3.3 Q3.4

C  ece: pla, 78 wes  mes mes s

831.4 11496 1078,5 12627 644.,4

“Criteria for selectior ABCC1 CYP2B6 8234 888,5 1088,6 1001.6 791.4
Length between 7-25 ABCC2 CYP2C8 635.4 971,86 92004 771.5 642.4
Mo posttranslational r
No single nucleotide | ABCC3 CYP2C9 618,8 621,3 894.4 807 .4 993,5

No repeated sequenc 601,3 816.4 6533 887.4 10015

gﬁergstfr!:g:z;ﬂr g ABCC4 CYP2C19 5823 7494 9795 6784 5653

ABCG2 CYP2D6

ASBT CYP2E1
P-gp (ABCB1) MATE1 CYP2J2
Na/K-ATPase CYP3A4

NTCP CYP3A7

OAT1-3 CYP4A11

OATP1A2 CYP4F2

OATP1B1/ 1B3 UGT1A1

OATP2B1 UGT1A3

0CT1-3 UGT2B7

OCTN2 UGT2B15

PEPT1-2 UGT2B17

modified according to Oswald et al. 2013, AAPS Journal
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Peptide

Tissue

Critical aspects of mass
spectrometry based proteomics

* Biological / Clinical Question

* Protein sequence data (consider SNPs, PTMs)
« Sample preparation (fractionation, whole lysate)
* Protein determination / digestion

« Selection of appropriate peptides (in silico / wet-lab)
* Number of peptides / protein

* Global or targeted proteomic analysis

* Selection of mass transitions (non- / scheduled MRM)
 Data analysis (peptides, MRMs, normalization)

* Validation of the method

— N

— F s —

—

m
Sample preparation Protein digestion LC-MS

nnnnnnnnnnnnnnnnnnnnnn
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Critical aspects of mass (]

spectrometry based proteomics
- Method Development -
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* Biological / Clinical Question

* Protein sequence data (consider SNPs, PTMs)
« Sample preparation (fractionation, whole lysate)

* Protein determination / digestion

J

» Selection of appropriate peptides (in silico / wet-lab)
* Number of peptides / protein

~N

J

» Global or targeted proteomic analysis

« Data analysis (peptides, MRMs, normalization)
» Validation of the method

» Selection of mass transitions (non-/ scheduled MRM)

~

J
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Critical aspects of mass (]

spectrometry based proteomics
- Method Development -
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* Biological / Clinical Question

* Protein sequence data (consider SNPs, PTMs)
« Sample preparation (fractionation, whole lysate)

* Protein determination / digestion

J

« Selection of appropriate peptides (in silico / wet-lab)
* Number of peptides / protein

~N

J

» Global or targeted proteomic analysis

« Data analysis (peptides, MRMs, normalization)
» Validation of the method

» Selection of mass transitions (non-/ scheduled MRM)

~

J
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Protein sequence databases

NCBI How

RefSeq 5 ‘

Resources

RefSeq

Critical aspects of mass
spectrometry based proteomics

Method Development

Using RefSeq

About RefSeq

Human Reference Genome
Prokaryotic RefSeq Genomes
FAQ

NCBI Handbook

Factsheet

Announcements

March 13, 2018
RefSeq Release 87 is available for FTP

This release includes:

Proteins: 106,245,682

Transcripts: 21,923,574

Organisms: 77,225

Available at:  ftp://fip.ncbi.nim.nih.gov/refsea/release/

Documentation:Release Notes

follow NCBI on Twitter, or

See previous
i mail list to receive

to NCBI's refseq
announcements.

e =/

RefSeq: NCBI Reference Sequence Database

A comprehensive, integrated, non-redundant, well-annotated set of reference sequences including genomic,

transcript, and protein.

New Ref
New Ref
New Ref

Searchin|

Relateq
Assembly
Gene

Genome
Genome

Annotate]

BLAST  Alig

UniProtKB results

Filter by

B neviewsd (s57,012)
Swisa-rot

Popular organisms

Human (20,316)
Mouse (16,968)

A, thaliana

Rat (8

5. cerevisiae (6,721)
Other organisms
Go

View by

Results table
Taxanomy

Keywords

Gene Ontology
Enzyme class
Pathway

UniRef
Your results in sequence clusters with
identity of:

100%, 90% or 50%
Demo

B help video

ID mapping  Pepti

search
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From June 20, 2018 all trafic will be automatically redirected to HTTPS.

ASCL_ALLCG

ASURF_HUMAN

ASXL2_MOUSE

ASY1_ARATH

ASZ1_CARPS

ASZ1_DASNO

ASZ1_FELCA

ASZ1_MACEU

ASZ1_MUSPF

ASZ1_ORMAN

ASZ1_PAPAN

ASZ1_SAIBE

AT10D_MACFA

AT10_ORYS)

AT11A_HUMAN

AT11B_RABIT

AT11C_MOUSE

AT133_MOUSE

5
5

Ascalin

ASNSD1 upstream open reading frame protein (ASNSD1 small/short open reading frame-

encoded polypeptide, ASNSD1-SEP)
Putative Polycomb group protein ASXL? (Additional sex combs-like protein 2)

Meiosis-specific protein ASY1 (Protein ASYNAPTIC 1, ALASY1)

Ankyrin repeat, SAM and basic leucine zipper domain-containing protein 1 (Germ cell

specific ankyrin, SAM and basic leu

e zipper dor

containing protein)

Ankyrin repeat, SAM and basic leucine zipper dom:
spacific ankyrin, SAM and basic leucine zipper domain-containing protein)

Ankyrin repeat, SAM and basic leucine zipper domain-containing protein 1 (Germ cell-

specific ankyrin, SAM and basic leucine zipper domain-containing protein)

Ankyrin repeat, SAM and basic lsucine zipper domain-containing protein 1 (Germ cell-

specific ankyrin, SAM and basic leucine zipper domain-containing protein)
Ankyrin repeat, SAM and basic leucine zipper dom:

specific ankyrin, SAM and basic leucine zipper domai

protein)

Ankyrin repeat, SAM and basic leucine zipper domain-containing protein 1 (Germ cell-

specific ankyrin, SAM and basic leucine zipper domain-containing protein)

Ankyrin repeat, SAM and basic leucine zipper domain-containing protein 1 (Germ cell-

specific ankyrin, SAM and basic leucine zipper domain-containing protein)

Ankyrin repeat, SAM and basic lsucine zipper domain-containing protein 1 (Germ cell-

specific ankyrin, SAM and basic leucine zipper domain-containing protein)

Probable phospholipid-transporting ATPase VD, EC 3.6.3.1 (ATPase class V type 10D)

(P4-ATPase flippase complex alpha subunit ATP10D)
Acyl transferase 10, 0SAT10, EC 2.3.1.

Probable phospholipid-transporting ATPase T, EC 3.6.3.1 (ATPase IS) (ATPase class

VI type 114) (P4-ATPase fippase complex alpha subunit ATP11A)

Probable phospholipid-transporting ATPase IF, EC 3.6.3.1 (ATPase IR) [ATPase class VI
type 11B) (P4-ATPase fippase complex alpha subunit ATP118) (RING finger-binding protein)
Phospholipid-transporting ATPase 11C, EC 3.6.3.1 (ATPase class VI type 11C) (P4-

ATpase flippase complex alpha subunit ATP11C)
Probable cation-transporting ATPase 13A3, £C 3.6.3.

Mare information or view this page using

-containing protein 1 (Germ cell-

ning pratein 1 (Germ cell-

ASDURF

Asx12 Kiaa1685

ASYL At1g67370/At1g67380,
FIN21.19/FIN21.20

ASZ1 GASZ

ASZ1 GASZ

ASZ1 GASZ

ASZ1 GASZ

ASZ1 GASZ

ASZ1 GASZ

ASZ1 GASZ

ASZ1 GASZ

ATP10D QnpA-21212

ATLO 050690594600, LOC_0s06g39390,
081_21858, POG52A05.17
ATP11A ATPIH, ATPIS, KIAALD21
ATP11B

Atp11c

Atpl3a3 Gms4z

- in silico digestion

@ nbout uniProt

1t 2500 557,012 b Show [25

n-m—-l

Allium cepa var. aggragatum (Shallot)
{allium ascalonicum)

Home sapiens (Human)

Mus musculus (Mouse)

Arabidopsis thaliana (Mouse-ear
crass)

Carollia perspicillata (Seba's short
tailed bat)

Dasypus novemcinctus (Nine-banded
armadillo)

tus (Cat) (Fels silvestris

Macropus eugeni (Tammar wallaby)
(Notamacropus eugenii)

Mustela putorius furo (European
domestic ferret) (Mustela fura)

Omithorhynchus anatinus (Duckbil
platypus)
Papio anubis (Glive baboon)

saimiri boliviensis boliviensis (Bolivian
squirrel monkey)

Macaca fa
macaque) (C

ularis (Crab-eating
nomalgus mankey)

Oryza sativa subsp. japonica (Rice)

Oryctolagus cuniculus (Rabbit)

Mus musculus (Mouse)

Mus muscuius (Mouse)

—

C_DAT

Center of Drug Absorption
and Transport

- DR

477
653
443

1,134

1,169

1,129

1,218
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CYP3A4 (503 AA)

MALIPDLAMETWLLLAVSLVLLYLYG
THSHGLFKKLGIPGPTPLPFLGNILS
YHKGFCMFDMECHKKYGKVWGFY
DGQQPVLAITDPDMIKTVLVKECYSV
FTNRRPFGPVGFMKSAISIAEDEEW
KRLRSLLSPTFTSGKLKEMVPIIAQY

AYSMDVITSTSFGVNIDSLNNPQDPF

VENTKKLLRFDFLDPFFLSITVFPFLI Mass range of MS (~ 500-3500), ~7-25 AA
PILEVLNICVFPREVTNFLRKSVKRM

KESRLEDTQKHRVDFLQLMIDSQNS Not localized in transmembrane region (transporter)
KETESHKALSDLELVAQSIIFIFAGYE _ _
TTSSVLSFIMYELATHPDVQQKLQE No genetic polymorphisms (> 1%)
EIDAVLPNKAPPTYDTVLQMEYLDM
VVNETLRLFPIAMRLERVCKKDVEIN
GMFIPKGVVVMIPSYALHRDPKYWT No repeated sequence of arginine and lysine
EPEKFLPERFSKKNKDNIDPYIYTPF

GSGPRNCIGMRFALMNMKLALIRVL No cysteine, methionine or tryptophan

QNFSFKPCKETQIPLKLSLGGLLQPE : : »
KPVVLKVESRDGTVSGA Protein (species) specific (BLAST search)

No posttranslational modifications
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CYP3A4 (503 AA)

MALIPDLAMETWLLLAVSLVLLYLYG
THSHGLFKKLGIPGPTPLPFLGNILS
YHKGFCMFDMECHKKYGKVWGFY
DGQQPVLAITDPDMIKTVLVKECYSV
FTNRRPFGPVGFMKSAISIAEDEEW
KRLRSLLSPTFTSGKLKEMVPIIAQY
GDVLVRNLRREAETGKPVTLKDVFG
AYSMDVITSTSFGVNIDSLNNPQDPF
VENTKKLLRFDFLDPFFLSITVFPFLI
PILEVLNICVFPREVTNFLRKSVKRM
KESRLEDTQKHRVDFLQLMIDSQNS
KETESHKALSDLELVAQSIIFIFAGYE
TTSSVLSFIMYELATHPDVQQKLQE
EIDAVLPNKAPPTYDTVLQMEYLDM
VVNETLRLFPIAMRLERVCKKDVEIN
GMFIPKGVVVMIPSYALHRDPKYWT
EPEKFLPERFSKKNKDNIDPYIYTPF
GSGPRNCIGMRFALMNMKLALIRVL
QNFSFKPCKETQIPLKLSLGGLLQPE
KPVVLKVESRDGTVSGA

Critical aspects of mass (]
spectrometry based proteomics C DAT

| mass Hpoﬁﬂon”

|| peptide sequence

[3821.7850][ 174-208][174:D->H 185.T->S 189:F->S |[DVFGAYSMDVITSTSFGVNIDSLNNPQDPFVENTK

[3698.0429] 2-34 |[15:L->P

HAUPDLAMETMHLLAVSLVLLYLYGTHSHGLFK

[3671.9989][213-243][218:P->R 222:5->P

”FDFLDPFFLSWVFPFUPwEVUWCVFPR

|2698.3102]343-365[349:T->N 363:T->M

[APPTYDTVLQMEYLDMVVNETLR

[2393.1845| 71-91 ||

[VWGFYDGQQPVLAITDPDMIK

|2134.2059| 36-55 ||

|ILGIPGPTPLPFLGNILSYHK (Phosphorylated?, 74%)

|1811.8598|425-440]431:1->T

|[IDNIDPYIYTPFGSGPR (Phosphorylated?, ~80%)

[1702.9196| 144-158]|

[EMVPIIAQYGDVLVR

|1691.0465|477-492]|

|LSLGGLLQPEKPVVLK

|1637.8203] 269-282|

|[VDFLQLMIDSQNSK

|1441.7984|391-403||

[GVVVMIPSYALHR

[1377.6532[116-127][118:1>V |[SAISIAEDEEWK
|1368.7369|(331-342| [LQEEIDAVLPNK
|1347.4989| 56-66 |[56:G->D [GFCMFDMECHK
|1310.6925|459-469][467:P->S [VLONFSFKPCK
|1262.6449]380-390 || [DVEINGMFIPK

[1172.6521][163-173][170:v->I [EAETGKPVTLK

[1137.6150]131-141| |[SLLSPTFTSGK

|1135.6081][106-115| [RPFGPVGFMK

|1118.4935|| 97-105 || [ECYSVFTNR

| 952.4410|407-413]| [YWTEPEK

| 878.4730|[244-250| [EVINFLR

| 854.4263|447-453|| [FALMNMK

| 847.4858]366-372]| [LFPIAMR

| 828.4825|470-476| |[ETQIPLK

| 733.3726|261-266| [LEDTQK

| 730.3366|283-288]| |[ETESHK

| 693.3171|441-446|[445:M->T [NCIGMR

| 606.2729|497-503| [DGTVSGA
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OCT1 (554 AA)

MPTVDDILEQVGESGWFQKQAFLIL
CLLSAAFAPICVGIVFLGFTPDHHCQ
SPGVAELSQRCGWSPAEELNYTVP
GLGPAGEAFLGQCRRYEVDWNQSA
LSCVDPLASLATNRSHLPLGPCQDG
WVYDTPGSSIVTEFNLVCADSWKLD
LFQSCLNAGFLFGSLGVGYFADRFG
RKLCLLGTVLVNAVSGVLMAFSPNY
MSMLLFRLLQGLVSKGNWMAGYTLI
TEFVGSGSRRTVAIMYQMAFTVGLV
ALTGLAYALPHWRWLQLAVSLPTFLF
LLYYWCVPESPRWLLSQKRNTEAIK
IMDHIAQKNGKLPPADLKMLSLEEDV
TEKLSPSFADLFRTPRLRKRTFILMY
LWFTDSVLYQGLILHMGATSGNLYL
DFLYSALVEIPGAFIALITIDRVGRIYP
MAMSNLLAGAACLVMIFISPDLHWL
NIIIMCVGRMGITIAIQMICLVNAELYP
TFVRNLGVMVCSSLCDIGGIITPFIVE
RLREVWQALPLILFAVLGLLAAGVTL
LLPETKGVALPETMKDAENLGRKAK
PKENTIYLKVQTSEPSGT

Critical aspects of mass
spectrometry based proteomics

Center of Drug Absorption
and Trans|

\mass ||position||modifications”variants

Hpeptide sequence \

37217301 114-147|

"SHLPLGPCQDGWVYDTPGSSIVTEFNLVCADSWK‘

[3259.7113]|177-206 | |189:S>L  ||LCLLGTVLVNAVSGVLMAFSPNYMSMLLFR |
[3093.6416/|235-262 [ ITVAIMYQMAFTVGLVALTGLAYALPHWR |
[3088.8423)|489-517 [ |[EVWQALPLILFAVLGLLAAGVTLLLPETK |
3041.5997|263-287 S |WLQLAVSLPTFLFLLYYWCVPESPR

2922.3549| 62-89 L |cOWSPAEELNYTVPGLGPAGEAFLGQCR
2710.3333)|148-172| |160:L>F  [ILDLFQSCLNAGFLFGSLGVGYFADR |
2596.3699||440-462 AW [MGITIAIQMICLYNAELYPTFVR
[2554.3230]|463-486 | l465:G>R  |INLGVMVCSSLCDIGGITPFIVFR |
[2552.2085| 91-113 | [ [YEVDWNQSALSCVDPLASLATNR |
]2179.0375“ 1-19 H H14:s->|: HMPTVDDILEQVGESGWFQK \
[2045.9749]|215-233 |220:6>v  |GNWMAGYTLITEFVGSGSR |
11203.6242||319-329 | [ MLSLEEDVTEK |
[1152.6047]|330-339] PHOS: 333 | |lLsPsFADLFR |
| 955.5029 301-308| [ IMDHIAQK |
| 945.5073||518-526 | [ loVALPETMK |
| 905.4210/|546-554 [ vQTsePsGT |
| 880.4774/|530-545| PHOS: 541 | [ENTIVLK |
| 857.5454)|207-214| [ lLLQeLvsk |
| 774.4508] 288-203 [ wLLsQk |
| 774.3740/|527-533 [ IpAENLGR |
| 753.4505||312-318| [ |LPPADLK |
| 675.3672] 205-300| [ INTEAIK |
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Critical aspects of mass (]

spectrometry based proteomics
- Method Development -
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* Biological / Clinical Question

* Protein sequence data (consider SNPs, PTMs)
« Sample preparation (fractionation, whole lysate)

* Protein determination / digestion

J

» Selection of appropriate peptides (in silico / wet-lab)
* Number of peptides / protein

~N

J

» Global or targeted proteomic analysis

« Data analysis (peptides, MRMs, normalization)
» Validation of the method

» Selection of mass transitions (non-/scheduled MRM)

~N

J
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spectrometry based proteomics

Mass spectrometer(MS)

lonisation source

Column | B ——
—— O==—-NmF . . 3

%
Ny

; 7 b
»
83.0x10°
2 T
£ ¥ . ¥ Data analysis
b S 1713 o8
E 1 -0 x 10 1%G.0 an 2 y2 28 > o S “an | i y8 \n)no

MW . W, soreot omakome, T 20 ] enemen

0%+ 4-‘:-1'“ 5'2 -
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
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Critical aspects of mass

spectrometry based proteomics

cycle time: 1s

[liyeoee—

30.9 31.0

6000 1

5000 1

Intensity [counts]

1000 +

6000

5000

Intensity [counts]

1000

4000 +

3000 +

2000 +

31.1

3.2 31.3 31.4

Retention time [min]

M~

cycle time: 2s

T

4000 1

3000 1

2000

]

31.1

.2 313 31.4

Retention time [min]

cycle time: 58

N

30.9 31.0

31.1

a2 31.3 31.4

Retention time [min]

Gallien et al., J Mass. Spectrom. 2011

» Mass transitions are not measured simultaneously

but consecutively = not unlimited

Time-scheduled “
MRM run

=1
4
Y X B s

I
10 peptides during 0 . a

the LC-MS run "—

3
3 3 36
2 3 60
3 3 90
2 3 120
3 3 180
2 3 240

nal staddard peptides; dssumed dwell #ffd: 30 ms

16 min

protein peptide transitions*

0.36
0.45
1.8
1.2
3.6
5.4
7.2
10.8
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Critical aspects of mass (]

spectrometry based proteomics
- Method Development -
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* Biological / Clinical Question

* Protein sequence data (consider SNPs, PTMs)
« Sample preparation (fractionation, whole lysate)

* Protein determination / digestion

J

» Selection of appropriate peptides (in silico / wet-lab)
* Number of peptides / protein

~N

J

» Global or targeted proteomic analysis

« Data analysis (peptides, MRMs, normalization)
 Validation of the method

» Selection of mass transitions (non-/ scheduled MRM)

~N

J
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Guidance for Industry

Bioanalytical Method Validation

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Veterinary Medicine (CVM)

September 2013
Biopharmaceutics

Revision 1

O

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES

21 July 2011
EMEA/CHMP/EWP/192217/2009
Committee for Medicinal Products for Human Use (CHMP)

HEALTH

Guideline on bioanalytical method validation

Draft agreed by the Efficacy Working Party

September 2009

Adoption by CHMP for release for consultation

19 November 2009

End of consultation (deadline for comments) 31 May 2010
Agreed by Pharmacokinetics Working Party (PKWP) June 2011
Adoption by CHMP 21 July 2011

Date for coming into effect

1 February 2012

Important parameters: specificity, linearity, range, LLOQ, accuracy and precision
(within- and between-day), stability (short-term, post-preparative, long-term,

freeze-and-thaw), matrix effects
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3.6e6

Intensity, cps

3.4e6+

3.2e6+
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2466
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2.0e6+

18664

1.6e6+

1466+

1264

1.0e6+

8.0e5

6.0e5

4.0e5-

2.0e5-

0.0F———

Method validation: specificity

calibration sample in HSA

CYP2D6
26.5
CYP3A4
255 CYP2B6
44.0
SIP;AZ CYP3AS ’
: 30.3
UGT2B15 UGT1A1
23.3 27.5
CYP2C8 ' Cvp2cs
738 | 34.0
CYP2C19 “ uGT287
182 32.9
\ | ‘ I {/ : ‘ 5170
\ ‘ |
““““““““““““ N‘ K\JLL "*r;'—'—M‘T*fu ‘J‘L\ T L L |
5 10 15 20 25 30 3H 45 50

Time, min

CYP2E1
37.6

v

UGT1A3
51.7

\

Groer et al. 2014, J Pharm Biomed Anal
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C_DAT

Center of Drug Absorption
and Transport

protein _ [Peptide | mass | Q1 | Q31 | Q32 | Q33 |

CYP1A2 YLPNPNALQR 1071.0 536.6 398.7 584.8 795.9

B v pnpNALQR* 1081.0 541.7 403.7 594.8 805.9
EETY I eV TNFLR 878.4 463.9 4355 650.7 549.6
B eV TN FLR 888.0 468.8 4453 660.6 559.6
BT oTiNFLSK 937.5 648.2 608.7 721.8 494.7
B oTiNFLsK* 944.0 653.3 616.3 729.9 502.6
EIZET TAEIPFSLGK 1209.6 451.9 648.7 980.9 909.9
B Ak ipFsLGK* 1217.0 456.8 656.9 989.0 918.1
SIS GHFPLAER 926.5 482.9 585.7 342.4 732.8
[ [EENEE 936.0 487.8 595.7 342.5 742.9
SIS VQEEIDHVIGR 1294.6 606.3 1067.9 581.8 345.6
B vQEEIDHVYIGR* 1304.0 610.3 1078.0 591.8 355.6
LI GIFPLAER 902.5 440.2 367.1 585.8 293.5
B GirpLAER* 912.0 4453 371.9 595.7 298.4
EZL DiEvaGFR 963.5 469.5 507.4 379.4 606.7
B oiEvaGFR* 973.0 473.9 517.5 389.5 616.8
E I F I TLVPSNLPHEATR 1695.0 566.4 562.0 718.6 611.5

FITLVPSNLPHEATR*  1705.0 570.1 567.3 724.2 616.8

TYPVPFQR 1007.0 504.6 372.5 547.6 743.8
B vPvPrQR* 1017.0 510.1 377.7 557.7 753.8

YLSIPTVFFLR 1355.7 678.8 879.9 364.5 1080.2
B visipTVFFLR* 1366.0 684.4 890.1 364.5 1090.1
ueT287 [N 1164.6 583.3 646.8 922.9 356.6
L [ERSS 1172.0 587.8 654.8 930.9 356.6
BT ELEE sviNDPY YK 1034.5 518.1 425.0 848.9 506.7
B svinDPY YK 1042.0 522.4 428.9 856.9 514.8

Groer et al. 2014, J Pharm Biomed Anal
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Center of Drug Absorption

TYPVPFQR TYPVPFQR TYPVPFQR

504.6 /372.5 510.1/377.7 504.6 /547.6 510.1/557.7 504.6/743.8 510.1/753.8

I';‘.n;l‘ﬁlﬁ.ﬂ‘ Vot 17 ]‘E‘g{m T e W\;&%ﬁ; i ]‘E‘g{m T s Wifl‘.‘él’ i

AR R A R AR RN A AR A R A R AR AR AR RAY

[REL]

t=9.51 min t=9.52 min t=9.51 min t=9.50 min t=9.50 min t=9.51 min
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s7e
S0ed

52,000 s:

Jted

Response
i

16,000 o

s Labeled

hUGT1A4
Ao VTLGYTQGFFETEHLLK | |

Method validation: specificity

Labeled ———»

hUGT1A4 - FFTLTAYAVPWTQK

A Labeled

]
\

\ / “‘\ ‘
,/’,\4-: Unlabeled Y/ 4% Unlabeled

Center of Drug Absorption
and Transport

Labeled ——»

hUGT1A4 - YLSIPAVFFWR

Labeled ——»

Unlabeled ———»

®’o 188

18.5

Fallon et al. 2013, DMD

nws

200 208 mo 215 20 28

Time (Min)

20 290 a8 220 238 20

23.5
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C DAT
Center of Drug Absorption
,,,,,,,,,,,,,,,
N — N — N —
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LA I I
I — — — — —
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
FEEs sE i I

@ Range for all proteins: 0.25 — 50 nmol/I (LLOQ = 3.75 fmol per injection)

@ Linearity proven for all 13 peptides (from at least N=6 calibration rows)



Method validation: accuracy & (]
precision lEBar

and Transport

Qniversivtéts‘ medizin

Protein | Withindaydata | Betweendaydata |  Range |
_ Accuracy (%) Precision (%) Accuracy (%) Precision (%) (nmol/L)
1.5-2.1 23-4.4 -5.3-6.3 1.1-5.2 0.25-50
1.1--4.6 2.4-5.1 4.4-40 2.8-11.5 0.25-50
-2.9-2.6 3.2--5.4 -2.9-4.2 1.4-38 0.25- 50
-1.6-9.2 2.7-13.6 -2.8-4.0 2.0-14.2 0.25-50
Bz 13.1-27 4.9-9.9 6.2-2.5 2.9-9.9 0.25-50
-0.7-6.1 46-11.4 -6.1-8.5 3.5-14.8 0.25- 50
-0.9-0.1 1.6-3.5 2.9--2.4 1.1-10.4 0.25-50
-10.1-1.8 3.1-9.4 3.2-2.3 1.6-13.6 0.25-50
-0.8-12.5 4.5-7.0 8.2-7.4 2.5-10.6 0.25- 50
T 12-47 1.2-27 -1.8-2.3 1.7-6.6 0.25-50
UGTIA3 (YD) 45-6.7 4.2-22 4.0-11.4 0.25-50
UGT287 [N 2.5-3.9 3.0-4.2 1.9-7.6 0.25- 50
UGT2815 [ ESX: 22-53 -2.3-22 1.5-6.7 0.25-50

Groer et al. 2014, J Pharm Biomed Anal
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Method validation: stability

s

—
C_ DAT

Center of Drug Absorption
nd Transport

Parameter | short-term (bench-top)stability (%) | Post-preparative (rack) stability (%) | Digestion stability (%)

2 h @ room temperature 24 h @ 5°C (autosampler) 16 h @ 37°C

CYP1A2
CYP3A4
CYP3A5
CYP2B6
CYP2C19
CYP2C8
CYP2C9
CYP2D6
CYP2E1
UGT1A1l
UGT1A3
aaply,
UGT2B15

92.7-104.7
85.1-103.7
92.0-105.1
87.8-106.4
89.9-97.2
101.3-111.4
91.9-103.6
89.2-102.1
92.2-102.8
89.5-98.4
94.9-104.0
93.8-104.2
86.8 - 102.6

100.3-101.1
101.8 - 105.6
101.2-103.1
99.2-101.6
93.5-111.2
86.0-105.0
100.7 - 102.3
97.5-110.1
93.1-98.9
99.5-101.7
92.3-101.9
90.5-97.1
100.3 - 103.0

87.6-105.9
87.7-104.2
91.0-103.3
88.1-104.4
106.4 -115.4
99.6-115.9
90.4 -103.6
91.2-103.5
102.3 - 105.9
93.3-100.0
99.7 -106.6
96.3-102.7
85.2 - 88.59

Groer et al. 2014, J Pharm Biomed Anal



Digestion efficiency (%)

150

125

100

75

50

25

iversitéitsmedizin Method validation: digestion | |

(i

GREILFSWALD

—
C_ DAT

Center of Drug Absorption
and Transport

protein trypsin

mW2h m4h m16h m24h

CYP1A2 CYP3A4 CYP3A5 CYP2B6 CYP2C19 CYP2C8 CYP2C9 CYP2D6 CYP2E1l UGT1Al1 UGT1A3 UGT2B7 UGT2B15

Groer et al. 2014, J Pharm Biomed Anal
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measured protein concentration (nmol/L)

Accuracy of the entire
analytical process

—a— CYP1A2
—e— CYP2CS8
—A— CYP2C9
—v— CYP2C19
CYP2D6
—+— CYP2E1
CYP3A4
—#— CYP3A5

30 40 S0

prepared protein concentration (nmol/L)

Groer et al. 2014, J Pharm Biomed Anal



Digestion efficiency (%)

Universitatsmedizin Validation of LC-MS/MS assays [1,:—,,“

=

m Within-day data Between-day data short-term (he;ch-top)stablllty Post-preparatl\;e(rack] stability Digestion stability (%)
B accurocy (%) Precsion (%) acawracy (%) Precision (%) (nmal/L) rotein | 2@ room temperature | 240 @ 5° (autosemple
B s 15-33 -1.9-81 3.7-133 0.1-25
IABCC2 -3.6-73 52-134 -6.2-6.4 1.7-17.2 0.1-25 98.7-96.8 100.0 - 106.4 100.4 - 110.5
ABCC3 -0.3-3.7 31-65 -1.3-7.1 3.6-10.8 0.25-25 91.1-103.2 92.2-985 85.0-104.9
ABCG2 -14.1--0.9 25-44 9.7-9.7 14-88 0.1-25 90.8-109.3 100.9-111.6 94.4-108.2
OATP1A2 -35-25 41-6.5 -2.7-33 36-9.3 0.1-25 89.3-99.9 99.0-100.4 94.4-108.5
OATP2B1 45-44 87-135 -5.5-5.2 22-89 0.1-25 97.1-106.9 100.0-102.9 92.6-94.8
G T T WY e loATP2B1 93.1-100.7 97.4-105.5 92.0-102.1
5 o 15 4560 27 124 45105 09525 80.2-113.9 99.5-118.9 99.5 - 105.4
e e : : : : : 100.3-114.4 100.5 - 109.0 89.1-1113
PEPT1 61--15 47-6.0 -8.0-7.0 43-10.2 0.1-25 8481025 9731060 939971
ASBT 0.2-12.3 1.6-3.8 3.7-74 3.4-11.8 0.1-25 T, Lo S T

digestion efficiency species specificity

150
m2h m4h ml6h m24h Protein Human (homo Mouse (mus Rat (rattus Dog (canis

125 sapiens) musculus) norvegicus) lupus)
ABCB1 X X X X

100 ABCC2 X - X X
ABCC3 X - - X
ABCG2 X X X X

75 OATP1AZ2 X - - -
OATP2B1 X - - _
0OCT1 X - - -

50 0CT3 X - - x
PEPT1 b4 - _ -

25 ASBT X _ - )

0

ABCB1  ABCC2 ABCC3  ABCG2 ASBT OATP2B1 PEPT1

Groer et al. 2013, J Pharm Biomed Anal
Groer et al. 2014, J Pharm Biomed Anal
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Critical aspects of mass (]

spectrometry based proteomics
- Application of the Method -
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* Biological / Clinical Question

* Protein sequence data (consider SNPs, PTMSs)

« Sample preparation (fractionation, whole lysate)
* Protein determination / digestion

 Selection of appropriate peptides (in silico / wet-lab)
 Number of peptides / protein

* Global or targeted proteomic analysis

 Selection of mass transitions (non- / scheduled MRM)
» Data analysis (peptides, MRMs, normalization)

- Validation of the method
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Variability in Mass Spectrometry-based Quantification of Clinically
Relevant Drug Transporters and Drug Metabolizing Enzymes

Christine Wegler, "+® Fabienne Z (;"mg“{zJ Tommy B. Anderqqon, “Jacek R. Wlemew';kl“ Diana Busch,'
Christian (;roerJ Stefan O%wad Agneta Norén, ™ Frederik Wem, Helen S. H"lmmerJ Thomas O. Joo';,#
Oliver PoetzJ Brahim Achour,v Amin Rostami-Hodj eg’m, Evita van de Steeg,

Heleen M. Wortelboer,® and Per Artursson™’

Mol Pharm. 2017; 4(9):3142-3151.

European inter-laboratory comparison

Analysis of 10 identical human livers = quantification of clinically
relevant enzymes (N=13) and transporters (N=10)

Use of different sample preparation procedures and MS
technigues
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spectrometry based proteomics
- Application of the Method -
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* Biological / Clinical Question

* Protein sequence data (consider SNPs, PTMSs)

« Sample preparation (fractionation, whole lysate)
* Protein determination / digestion

 Selection of appropriate peptides (in silico / wet-lab)
 Number of peptides / protein

* Global or targeted proteomic analysis

 Selection of mass transitions (non- / scheduled MRM)
» Data analysis (peptides, MRMs, normalization)

- Validation of the method
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Critical aspects of mass

[

GREIFSWALD 3 C DAT
spectrometry based proteomics
- Application of the Method -
Tissue Subcellular Protein Protein Peptide Peptide LC-MS/MS
preparation fractionation extraction  digestion standards enrichment analysis
S Homogenization MRM
’ Trypsin ;}'\I\ —
% Lab a - SIL peptides I
h miz
- -
— Homogenization Label-fi
[«}] Lysis MED-FASP abel-free
=) Trypsin
2 Lab b - - -
= 1 | | 1IJ .||
L miz
o Homogenization tSIM
g Lysis ot T
. | *
Labc - - Trypsin 1\ \ Multi-specific
SIL peptides antibody
miz
Homogenization Microsomes/ . MRM
Lysis Crudembrane -.\"’, y
! I — Trypsin S,L\- —_—
f LysC
« Labd @ ve (QconCAT derived) || i
o peptides
= miz
g Hnmoger:lizalinn M'Cmsmes" MRM
e Lysis rnembrane mem rane o
g i ;idu\
S Labe — Trypsin - — T
= SIL peptides | | I
E mfz
Q Enzymes Transporters
'g Homogenization Plasma MRM
N Lysis membrane I
Lab f ] — Trypsin l\l\]\ —
%' SIL peptides
miz

Mol Pharm. 2017;14(9):3142-3151.
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Critical aspects of mass

spectrometry based proteomics C.DAT
- Application of the Method -
Whole tissue | Cell fraction Whole tissue lysates
lysate enrichment 100.Lab a jLab b 00
[ | - ] ]
o S ]
= £5 "
1000] =X ]
55 o |
S® 5 ' E
o X
—_ T
o o 28 o1 .
S E ) o é AFE_ 0.65| i AFE _ 1.02
o = = T ] AAFE 1.73 AAFE 1.84
5 S ] R2 088 R? 083
S 2 oo 7 4l 437 | 168
% Sg 8 0.01 0.1 Ru1n1 10 100 0.01 0.1 Ru1n1 10 100
o . .
% £ 500 Cell fraction enrichment
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Sa 1004Lab d i
o € - 3
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LC-MS/MS analysis
(QTRAP5500)

disruption of frozen tissue

adjust concentration,
denaturation,
reduction, alkylation,
trypsin digestion

Limitation:

|solation of crude membrane (CM)
Only transporters in plasma
membrane determine function
Plasma membrane ~10% of CM >
risk of over- or underestimation

Sample preparation: transporters

determine protein
concentration (BCA)

= ] =

Center of Drug Absorption
and Transport

tissue homogenization

cell lysis

ProteoExtract®

Native Membrane
Protein Extraction Kit

extraction of membrane proteins

ProteoExtract®
Native Membrane
Protein Extraction Kit

transporter protein in
crude membrane

transporter protein in
plasma membrane
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nd Transport

Endoplasmic Bile Hepatocyte Cholangiocyte
reticulum

Phase-I
enzymes Apical uptake
CYP1A2 transporters

CYP2B6 SLCO1A2
CYP2C8
CYP2C9
CYP2C19
CYP2D6
CYP2E1

1 to 100-fold difference
between groups

CYP3A4
CYP3A5

Phase-ll

enzymes Transporters Basolateral uptake  Apical efflux Basolateral efflux
ueT1At SLCO1B1 SLCATAT ABCC3 A Laba © Labd
A SLCO1B3 ABCC2 O Labb V Labe

Total protein vs. enriched cellular fraction -
comparing apples and oranges

Whole tissue  Subcellular
lysate fraction

Whole tissue lysate
(fmol/pg total protein
(fmol/ug total protein
o
i e ]
o
[ ]
[=]

o
(=]
—_

Whole tissue lysate

-
-
QEDaD
]
-
-l
=]
Subcellular fractiol

(fmol/pg membrane prot
QNP0
-k
o
Subcellular fraction
(fmol/pg membrane protein)

Wegler et al. 2017, Mol Pharm
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A PBPK models require abundance
values in whole organs.

Enrichment of membrane fractions
determined by protein assays (BCA,
Bradford, Lowry).

Plasma Membrane Whole Organ
Abundance (pmol/mg) Abundance (pmol/organ)

Scaling Factors
[Plasma Membrane Protein / g Liver] x [Liver Mass (g)]

120 = M Plasma Membrane
Microsomal Membrane

100 B Non-Membrane

e}
(=]

Protein Content / mg
o
(=)

40
20
. . [
Whole Cell Lysate Total Membrane Plasma Membrane
Fraction Fraction

3 Protein Content (TP)
Expected Enrichment (PMF)=  s—————
Protein Content (PMF)

¥

Recovery Factor and Abundance Correction

Actual Enrichment

Fraction Recovered (FR)= -
Expected Enrichment

4

Whole Organ Abundance = Corrected Abundance x
Plasma Membrane x
Liver Mass

1
(RCF)

Recovery Correction
Factor (RCF)

Protein Abundance
(LC-MS/MS)

In Plasma Membrane In Total Protein
Fi i Fraction

i

s |y
® @
10 pmol/mg 1 pmol/mg

R

Transporter Protein Abundance in Plasma Membrane
Transporter Protein Abundance in Total Protein

Enrichment =

D Applying Recovery Factor to correct for
protein losses in centrifugation.

Harwood et al. 2014, DMD

Target protein abundance determined
by LC-MS/MS in total protein and plasma
membrane.
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5 n tissue disruption and homogenization

centrifugation
9,000 ¢

centrifugation of supernatent

supernatent: S9 fraction
100,000 g

fraction

pellet: microsomal fraction n

e DAT

Cente: HJ g Absorpti
dT

15 lomw_mvl 66 IT."'S‘G(ID
Druvo Mex
Copy Lm € IHJIv m

http://dx.doi.org/10.1124/dmd.114.058446
Drug Met: ID; 4 :1766-1772, October 2014

an Society for Pharmacology and Experimental Therapes

Perspective

Lost in Centrifugation: Accounting for Transporter Protein
Losses in Quantitative Targeted Absolute Proteomics

Matthew D Harwood, Matthew R Russell, Sibylle Neuhoff, Geoffrey Warhurst,
and Amin Rostami-Hodjegan

Gut Barrier Group, Inflammation & Repair, University of Manchester, Salford Royal NHS Trust, Salford (M.D.H., G.W.),
Simcyp Limited (a Certara Company), Blades Enterprise Centre, Sheffield, (M.D.H., S.N., A.R-H.), and Centre for Applied
Pharmacokinetic Research, Manchester Pharmacy School, Manchester (M.R.R., A.R-H.), United Kingdom

Received April 4, 2014; accepted July 24, 2014

cell debris
wash pellet
supernatent: cytosolic n centrifugation (100,000 g)

resuspension of pellet,
adjust concentration,
denaturation,

reduction,
" . i alkylation,
Limitation: U n trypsin digestion

- There are no microsomes in vivo,
they are an artificial product

- Yield of microsomes is highly
variable (in dependence on prep.)

- Not surprising: highly variable data
- better: whole tissue lysate, but...
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Endoplasmic

reticulum

Critical aspects of mass
spectrometry based proteomics

- Application of the Method -

Bile Hepatocyte Cholangiocyte

Apical uptake
transporters
SLCO1A2

[

C_DAT

Center of Drug Absorption
d Transport

Phase-|
enzymes
CYP1A2
CYP2B6
CYP2C8
CYP2C9
CYP2C19
CYP2D6
CYP2E1
CYP3A4
CYP3A5
Phase-II |
enzymes Transporters Basolateral uptake  Apical efflux Basolateral efflux
JaTia SLCO1B1 SLCATA1 ABCC3
UGT2B7 SLCO1B3 ABCC2
.
100 100
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Wegler et al. 2017, Mol Pharm

1 to 6-fold difference
between groups

Whole tissue Subcellular

lysate fraction
A Laba ©O Labd
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R spectrometry based proteomics C DAT
Scaling enriched cell fraction = total protein 3 to 30-fold difference
between groups
Scaline factor — [Protein] cell fraction Per total Per scaled
calins factor = [Protein] tissue lysate protein {t0t8| F}I'Oteln\

|

100

Protein concentration
-(D —-
- - o
IIIIIIII 1 IIIIIIIl L IIIIIII| L IIIIIII| L IIIIIIIl

e
o
g

0.001 —

A (o] O ®
[Laba Labb Labc Labej

Enzymes (mean protein concentration)



QTversjitéithme:_cljzzir\'u; Sample preparation for enzymes and
transporters: FASP

Universal sample
preparation method for
proteome analysis

Jacek R Wisniewski, Alexandre Zougman,
Nagarjuna Nagaraj & Matthias Mann

We describe a method, filter-aided sample preparation (FASP),
which combines the advantages of in-gel and in-solution
digestion for mass spectrometry-based proteomics. We
completely solubilized the proteome in sodium dodecyl sulfate,
which we then exchanged by urea on a standard filtration device.
Peptides eluted after digestion on the filter were pure, allowing
single-run analyses of organelles and an unprecedented depth of
proteome coverage.

NATURE METHODS | VOL.6 NO.5 | MAY 2009

FASP:

Filter-aided sample preparation
Suitable for complex samples

No loss of subcellular fractions -
whole tissue lysate is used
Enzymes and transporters can be
measured in the same sample

but: loss of sensitivity and enzymes
function not assessable

(3) Remove
flow-

1) Digest
() Diges through

=

(2) Spin small
peptides
through

\(4) Repeat “n” times

Center of Drug Absorption
and Transport
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80; ABCB1
70
2 6o
P
E 40
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s 20
8 10
o
O.
D J1 J2 |

Example: protein abundance of [,
transporters in human intestine and liver 'S22T

C * * L *

ABCC2

|

10;
ER
£
= 2.
g
C L
12 ABCC4
104
81

Protein amount [fmol/mg tissue]

0
D J J2 |

D Ji1 J2 |

O|*

Protein amount [fmol/mg tissue]

*

C L

-

°)
Q

=
@

=
n

@

&

0-
D

25, ABCC3
T 20
E 15
£
*§ 104
= 5
=
[a

O.

D JLJ2 | C L

ABCG2

*

Jql J2 1 C L

D: duodenum, J1: upper jejunum, J2: lower jejunum, I: ileum, C: colon, L: liver
* below limit of quantification (2.7 fmol/mg tissue)

Drozdzik et al., unpublished
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spectrometry based proteomics
- Application of the Method -
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* Biological / Clinical Question

* Protein sequence data (consider SNPs, PTMSs)

« Sample preparation (fractionation, whole lysate)
* Protein determination / digestion

 Selection of appropriate peptides (in silico / wet-lab)
 Number of peptides / protein

* Global or targeted proteomic analysis

 Selection of mass transitions (non- / scheduled MRM)
» Data analysis (peptides, MRMs, normalization)

- Validation of the method
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Critical aspects of mass
spectrometry based proteomics

- Application of the Method -

» Protein content of cell or tissue lysate samples for
proteomic analysis is normally determined by
unspecific methods (e.g. Lowry, Bradford, BCA)

» Limitations: highly variable, influenced by many
factors (pH, buffer, detergents, temperature et
cetera) - data obse BCA assay

challenged by these el A

analvttzlicf;?lnistry -

Fast and Sensitive Total Protein anc
Analysis
Jacek R. Wisniewski* " and Fabienne Z. Gaugazm’”

"Biochemical Proteomics Group, Department of Proteomics and Sig
Klopferspitz 18, D-82152 Martinsried, Germany
tDepartment of Pharmacy, §Uppsala University Drug OIFtimization an

Chemical Biology Consortium Sweden (CBCS), and "Science for L
Uppsala University, S-751 23 Uppsala, Sweden

Protein measured (relative to control)

Anal Chem. 2015 Apr 21;87(8):4110-

WF assay
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(st The Achilles Heel of proteomics: lyg_

prOteIn d|geSt|0n S

>

>

o SiL
protein trypsin "*‘\E\’J\i\
>

H2h m4h m16h m24h

150
125
100 - - T T i T T
75 -

50 -

Digestion efficiency (%)

25 -

CYP1A2 CYP3A4 CYP3A5 CYP2B6 CYP2C19 CYP2C8 CYP2C9 CYP2D6 CYP2E1l UGT1Al UGT1A3 UGT2B7 UGT2B15

Groer et al. 2014, J Pharm Biomed Anal

Completeness of protein digestion
IS a prerequisite for assessing
“absolute” protein abundance

has to be determined for each
protein and cannot be predicted

QconCAT doe not overcome this
iIssue as the resulting peptide
chain is artificial

SIL-proteins as internal standards
may be an option (but: an in vitro
model is needed, expensive)

Best practice so far: characterize
optimal digestion procedure (time /
amount of trypsin), add marker
protein as a surrogate for
digestion (inter-sample variability
can be minimized)
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spectrometry based proteomics
- Application of the Method -
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* Biological / Clinical Question

* Protein sequence data (consider SNPs, PTMSs)

« Sample preparation (fractionation, whole lysate)
* Protein determination / digestion

 Selection of appropriate peptides (in silico / wet-lab)
 Number of peptides / protein

* Global or targeted proteomic analysis

 Selection of mass transitions (non- / scheduled MRM)
» Data analysis (peptides, MRMs, normalization)

- Validation of the method




Intestinal transporters: (]
Ql-iversivtéts‘ medizin . ﬁ_'
R global proteomics C DAT

Center of Drug Absorption
and Transport

total Membrane proteins ABC transporter SLC transporter
Jejunum 3397 712 18 116
lleum 3118 736 17 103
LS180 3993 420 7 47
FHs74 3457 473 14 80
Caco-2 3673 437 14 79
3.00E-03 1 1.00E-03 -
m|.S180 ®mFHs 74int = Caco-2 - m Jejunum = lleum
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” | global proteomic data? el

Contents lists available at ScienceDirect

Contents lists available at ScienceDirect

“BRUTEOMICS
Cala¥s"y

journal homepage: www.elsevier.com/locate/jprot = journal homepage: www.jpharmsci.org

Journal of Proteomics Journal of Pharmaceutical Sciences

Pharmacokinetics, Pharmacodynamics and Drug Transport and Metabolism

The Proteome of Filter-Grown Caco-2 Cells With a Focus on Proteins @Cmm

In-depth quantitative analysis and comparison of the human hepatocyte and hepatoma ) . -,
Involved in Drug Disposition

cell line HepG2 proteomes 7
Magnus Olander ', Jacek R. Wisniewski %, Par Matsson ', Patrik Lundquist ,

Jacek R. Wisniewski **, Anna Vildhede ®, Agneta Norén , Per Artursson ¢ Per Artursson >4
© Biochemical Proteomics Group, Department of Proteomics and Signal Transduction, Max|  Journal of ! Department of Pharmacy, Uppsala University, 751 23 Uppsala, Sweden
b Department of Pharmacy, Uppsala University, Uppsala, Sweden 2 Biochemical Proteamics Group, Department of Proteomics and Signal Transduction, Max Planck Institute of Biochemistry, 82152 Martinsried, Germany
© Department of Surgery, Uppsala University, Uppsala, Sweden ro e O I I I e * Uppsala University Drug Optimization and Pharmaceutical Profiling Platform, Uppsala University, 751 23 Uppsala, Sweden
9 Science for Life Laboratory, Uppsala, Sweden * Science for Life Laboratory Drug Discovery and Development Plagform, Uppsala University, 751 23 Uppsala, Sweden
eresearch

Comparative Proteomic Analysis of Human Liver Tissue and Isolated

Hepatocytes with a Focus on Proteins Determining Drug Exposure

Anna Vildhede,” Jacek R. Wisniewski,* Agneta Norén,” Maria I\'Ar]grcn,: and Per Artursson® !

"Department of Pharmacy and “Department of Surgery, Uppsala University, 751 05 Uppsala, Sweden

#Biochemical Proteomics Group, Department of Proteomics and Signal Transduction, Max Planck Institute of Biochemistry,
82152 Martinsried, Germany

IUppsala University Drug Optimization and Pharmaceutical Profiling Platform (UDOPP), Chemical Biology Consortium,
Science for Life Laboratory, 750 03 Uppsala, Sweden

» Global proteomics is a powerful tool for high
resolution identification of proteins (using many
peptides, PTM also considered)

» no reference peptides are used - calculated
“absolute” abundance is an estimation (assumption:
each peptide generates the same intensity) .

* more than 500 million Tweets per day

People from Tibet contribute daily

T _ : about 714286 tweets
» Limitations: low abundance proteins may be + 330 million monthly active users -

overseen, same limitations as targeted proteomics distribution around the world?
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* Biological / Clinical Question

* Protein sequence data (consider SNPs, PTMSs)

« Sample preparation (fractionation, whole lysate)
* Protein determination / digestion

 Selection of appropriate peptides (in silico / wet-lab)
 Number of peptides / protein

* Global or targeted proteomic analysis

 Selection of mass transitions (non- / scheduled MRM)
« Data analysis (peptides, MRMs, normalization)

- Validation of the method




wversitéts Impact (_)f different peptld_es, _mass [ _‘
transitions and normalization et

> Different peptides can result in ver /g Gmam)
different protein amounts - 2-3 1AL Pepide 1 34 42 4el 80
. 1A1 Peptide 2 4.4 5.1 60.7 9.2
peptides should be used 1 Peudess 73 m2 s 99
1A3 Peptide 6 4.1 6.5 35 7.4
> Different mass transitions of each mi vamiers b e me e
peptides should be separately analyzed | i} 2. 5 2% 7
(no sum) pe  rawes e s % s
_ _ ] _ 1A7° Peptide 8 0 - 0
» Normalization: very different = high 1A7  Peptide 47 0 : 0
. . . 1A8 Peptide 25 0 - 0 -
Var|ab|l|ty Of pub“shed data 1A9 Peptide 12 9.0 5.1 12.3 72
1A9 Peptide 27 13.8 7.1 169 9.0
. . . e 1A10®  Peptide 13 0 - 0
- to unspecific protein (BCA) or specific | mo  pases o : 0 :
. 2B4 Peptide 54 20.8 7.5 432 7.2
prOtel N 2B4 Peptide 52 15.1 8.1 339 8.0
2B7 Peptide 34 26.0 4.6 472 8.7
- to whole tissue / cell lysate or a certain | &, ey 0o
fraction (membrane, microsomes) | & I N B
] . 2B17¢ Peptide 42 0 - 0 -
 Tissue samples represent a mixture of L2817 Pedeos 0 : 0

different cell types - housekeeper

Fallon et al. 2013, J. Proteome Res.



Q-lversnats edizin Example: Intestinal transporter

proteins

small intestine

=
©

=
i

8%

ABCC2 10%
ABCC3 7%
ABCG2 4%

=
ihe

PEPT1 50%

o
©

ASBT 6%
OCT1

OATP2B1 8%
6%

o
%

protein expression (pmol/mg)

o
w

o0—_— -

no OATP1A2
} Limitations

@ Protein determination in crude membrane fraction

@ Only one peptide per protein

@ No normalization on mucosal protein

1 ABCB1 (P-gp)

i

D JLJ2 11 12 cicz2C3cC4

Drozdzik, Mol Pharm. 2014 6;11:3547-55.

Center of Drug Absorption
and Transport



QT"BR:‘“??FSF”Q%PJZJ'] Examplg: protein E}bund_ance of | [, ]
transporters in human intestine and liver 'S227

80 ABCB1
701

Aim: To analyze protein abundance of of
clinically relevant metabolizing enzymes
(N=13) and transporters (N=20) along
the entire human intestine and in the
liver of 9 organ donors

T

201
101

Protein amount [frmol/mg tissue]
88583

O
D Ji1 J2 I C L

Limitations considered

@ Protein determination in whole tissue lysate (FASP)

- @ 2-3 peptides per protein

- @ Normalization to villin-1 (enterocyte marker protein)

Drozdzik et al., unpublished
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5000

C_DAT
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£ = OCT1
2 10000 —+ OCT2
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g

©
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X

T T T T 1
0 100 200 300 400 500
ketamine (umol/l)

Keiser, Mol Pharm. 2017
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20000

5000

ketamine (pmol/mg x min)
= =
o Ul
o o
o o
o o

6000+

4000+

20004

ketamine (pmol/mg x min)

Keiser, Mol Pharm.

OCT3
OCT1
OCT2

VvC

borot

T T T T 1
0 100 200 300 400 500
ketamine (umol/l)

netuptake

-+ OCT3
-+ OCT1

—+— 0OCT2

0 100 200 300 400 500

ketamine (umol/l)

2017

I

—

C_DAT

Center o f Drug Absorption
and Transport
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GREILFSWALD C_DAT
20000+
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& 120007 —- OCT3 specific transporterprotein in
£ —=- OCT1 Total-Protein total cell lysate

£ 10000 —— OCT2 ,
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2
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S
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0 T T T T 1
0 100 200 300 400 500
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6000 netuptake specific transporterprotein in Specific transporterprotein in

= crude membrane plasma membrane
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Keiser, Mol Pharm. 2017
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eriver’]sjitéit‘s:n]qdjzkir{n} Example: in vitro transport of ketamine ;s

30~

20000
25+
OCT3 SE 50
OCT1
OCT2 151
VC 58 .
5000
0
VC 1 2 3

T T T T 1
0O 100 200 300 400 500

proteinexpression in
plasmamembrane (pmol/mg)
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Keiser, Mol Pharm. 2017



(niversitts Summary & Conclusions (

—
Center of Drug Absorption
and Transport

o LC-MS/MS-based targeted proteomics is a powerful tool to
determine simultaneously absolute abundance of several ADME
proteins

o High sensitivity, broad analytical range, high accuracy and
precision and good reproducibility

o Limitation: completeness of protein digestion

o Sample preparation (e.g. fractionation) has a huge impact on the
generated data (even higher than the used peptide)

o More than one peptide should be used (MRM analysis separately)

o Protein data should be generated from whole tisssue lysate
(FASP) and not from enriched fractions

o Global proteomics is a complementary technique but provides per
se no absolute data
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Can Proteomics Retire the Western Blot?

Pmteomics has made great strides toward biologically useful
applications, but too often proteomics researchers and
biologists still inhabit different worlds. Proteomics as a disci-
pline grew up with the ambitions and pretensions of the
genome projects, but biologists mostly want proteomics tech-
nology to solve their humdrum analytical problems. The truth
is in between, and here | argue that true integration of
proteomics technology into molecular biology laboratories
could be a paradigm shift for all of biology and biomedicine.

Biologists currently are stuck in a time warp—they basically

the researcher the assurance that the investigated effect is one
of the major ones. Proteomics also can reveal the modification
status of the protein, which currently is seldom probed and, if
so, only for specific modifications. In most cases, proteomics
will reveal more changes than previously anticipated and
provide a wealth of new discoveries and hypotheses to follow.

What do we have to do to make this happen? Basically, we
have to make quantitative proteome measurements as acces-
sible and convenient as western blots are now. This may seem
like a tall order, but it may not be so for long. First, proteome

Matthias Mann, 2008

~
C_DAT

Center of Drug Absorption
and Transport



wversitéts,\,,_,,, LC-MS/MS-based proteomics:
R need for a consensus

X

Study of Xenoblotlcs

"Towards Reaching a Consensus on Using Quantitative
LC-MS/MS Proteomics in Translational DMPK/PD Research"
ISSX Workshop, 27th -28th September 2018, Cambridge, MA

UGT1A3 SLCO1B3 ABCCZ e
Hg%g% SLCO2B1 ABCB1
SLC22A1 ABCG2

pharmaceu’ncs

Variability in Mass Spectrometry-based Quantification of Clinically
Relevant Drug Transporters and Drug Metabolizing Enzymes

Christine Wegler, "*© Fabienne Z (.qug'tz, Tommy B. Andersson, “ Jacek R. Wlsmewskt Diana Busch,!
Christian (.roer, Stefan Oswad Agneta Norén, ™ Frederik We1~;§, Helen S. H“tmmer, Thomas O. Joos,#
Oliver Poetz Brahim Achour v Amin Rost’t‘mtéHod]egqn Evita van de Steeg,

Heleen M. Wortelboer, and Per Artursson™'

Wegler et al. 2017, Mol Pharm
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