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of transporter proteins and metabolizing
enzymes: an update on advantages and
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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 ntesiina hepati low and highly variable oral
; imination Elimination . . .
Excretion e bioavailability

l @ Drug-drug interactions
q ? @ Food-drug interactions
v

renal
Excretion
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**f‘ _ small intestinal expression

A Small number of genes / intestinal samples
A Merging of data from different donors "
A Tissue from segments assessable by biopsies

(duodenum, terminal ileum, colon)

A Samples from patients

A Mostly mRNA expression data |

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



Qniversiytats: medizin

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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Limitations of immunoblotting

gene transcription
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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

8.3fold 3-fold Giessmann et al. 2004, CF
1.5+old 4.3fold Oswald et al. 2006, CPT
1.4-/ 3.5*fold - Greiner et al. 1999, JCI
1.1-/4.2*-fold 2.4-+old Westphalet 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 ] -
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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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o
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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 (]
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L protein quantification

High specificity

High accuracy and precision

High sensitivity and wide analytical range
High throughput and automatable technique

Analytical quality parameters assessable (A validation)

nnnnnnnnnnnnnnnnnnnnnn
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Center of Drug Absorption

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) A 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

b, yo

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)

A Absolute quantification of pre-defined proteins A 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.

A targeted analysis vs. non-targeted screening

What is in the box?
targeted analysis:

Grape?
Apple?
Cherry?
Banana?
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Center of Drug Absorption
and Transport.

A targeted analysis vs. non-targeted screening

What is in the box?
targeted analysis:

Grape? no
Apple? no
Cherry? no '\

Banana? yes
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A 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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A 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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A 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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U guantification

diges AvailableAssays

Transporter Enzymes Q1 mass Q3.1 Q3.2 Q3.3 Q3.4
947.9 889.4 1176.6 988,5 5883
ABCB1 CYP1A2 831.4 11496  1078,5 1262.7 644.4
Criteria for selectior ABCC1 CYP2B6 8234 888,5 1088.,6 1001.6 791.4
hzngézt?r‘;m:;o;-j5r ABCC2 CYP2CS8 635.4 971,86 92004 771.5 642.4
No Zing\e nucleotide | ABCC3 CYP2C9 618,8 621,3 894.4 807 .4 993,5
E’E ;ﬁgfh?;i?nfgr“f:; 6013 816.4 653,3 887.4 10015
Check for protein spe ABCC4 CYP2C19 5823 7494 979,5 678.4 565,3
ABCG2 CYP2D6
ASBT CYP2E1
P- ABCB1
9p ( ) MATE1 CYP2J2
NaK-ATPase CYP3A4
NTCP CYP3A7
OAT13 CYP4A11
OATP1A2 CYP4F2
OATP1B11B3 UGT1Al
OATP2B1 UGT1A3
OCT13 uGT2B7
OCTN2 UGT2B15
PEPTR uGT2B17

modified according to Oswald et al. 2013, AAPS Journal
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ABiological / Clinical Question

AProtein sequence data (consider SNPs, PTMs)
ASample preparation (fractionation, whole lysate)
AProtein determination / digestion

ASelection of appropriate peptides (in silico / wet-lab)
ANumber of peptides / protein

Peptide

AGlobal or targeted proteomic analysis

ASelection of mass transitions (non- / scheduled MRM)
AData analysis (peptides, MRMs, normalization)
Avalidation of the method

— § s —

m
Tissue Sample preparation Protein digestion LC-MS

— N
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Critical aspects of mass (]
spectrometry based proteomics C.DAT
- Method Development -

ABiological / Clinical Question A

AProtein sequence data (consider SNPs, PTMs)

A Sample preparation (fractionation, whole lysate)

A Protein determination / digestion y
~N

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

J

A Global or targeted proteomic analysis )
A Selection of mass transitions (non-/ scheduled MRM)
A Data analysis (peptides, MRMs, normalization)
AValidation of the method y
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Critical aspects of mass (]
spectrometry based proteomics C DAT
- Method Development -

ABiological / Clinical Question A

AProtein sequence data (consider SNPs, PTMs)

A Sample preparation (fractionation, whole lysate)

A Protein determination / digestion y
~N

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

J

A Global or targeted proteomic analysis N
A Selection of mass transitions (non-/ scheduled MRM)
A Data analysis (peptides, MRMs, normalization)
AValidation of the method y
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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




(\. Critical aspects of mass [,
Universitatsn . —
spectrometry based proteomics C DAT

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 C DAT
- Method Development -

ABiological / Clinical Question A

AProtein sequence data (consider SNPs, PTMs)

A Sample preparation (fractionation, whole lysate)

A Protein determination / digestion y
~N

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

J

A Global or targeted proteomic analysis )
A Selection of mass transitions (non-/ scheduled MRM)
A Data analysis (peptides, MRMs, normalization)
AValidation of the method y
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spectrometry based proteomics

Mass spectrometer(MS)
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Critical aspects of mass

spectrometry based proteomics

cycle time: 1s

[liyeoee—

30.9 31.0
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5000 1

Intensity [counts]

1000 +

6000

5000

Intensity [counts]

1000

4000 +

3000 +

2000 +

31.1
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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

U Mass transitions are not measured simultaneously
but consecutively A not unlimited

Time-scheduled “
MRM run

=1
4
Y X B s

i
10 peptides during 0
the LC-MS run "—

s
i Drotein peptide transitions*

W N W N W

w W w w w

36
60
90
120
180
240

nal stadard peptides; assumed dwell §68: 30 ms

0.36
0.45
1.8
1.2
3.6
5.4
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10.8

min
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Critical aspects of mass (]
spectrometry based proteomics C DAT
- Method Development -

ABiological / Clinical Question A

AProtein sequence data (consider SNPs, PTMs)

A Sample preparation (fractionation, whole lysate)

A Protein determination / digestion y
~N

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

J

A Global or targeted proteomic analysis )
A Selection of mass transitions (non-/ scheduled MRM)
A Data analysis (peptides, MRMs, normalization)
AVvalidation of the method y
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Center of Drug Absorption

Guidance for Industry FE-JR.%"E*‘N\,“(‘?FLNES e

21 July 2011
EMEA/CHMP/EWP/192217/2009

BiO an alytical Method Validation Committee for Medicinal Products for Human Use (CHMP)

Guideline on 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) Draft agreed by the Efficacy Working Party September 2009
SlEptethl' 201.3 Adoption by CHMP for release for consultation 19 November 2009
Biopharmaceutics
End of consultation (deadline for comments) 31 May 2010
Revision 1
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 precisiol
(within- and betweenday), stability (shorterm, postpreparative, longerm,
freezeandthaw), matrix effects



(st Method validation: specificity

3666 CYP2EL
37.6

a6, calibration sample in HSA \ UGT1A3

51.7

3.2e6+ \]
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2,666

2466
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2.266+ 26.5

20567 CYP3AU
255 CYP2B6

1.8e6+ 44.0
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SiPAg CYP3A5 |
1466 : 30.3

UGT2B1 UGT1A1

1264 23.3 275

1,066 \

8,051 ‘ L
CYP2C8 ' CYP2C9
6.0e5- 23.8 “ 34.0

4.0e5+ CYP2C19 [ :LSJE;ZB?
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7 \ “““ N }(Jk\ Vﬁ_ﬁmjfut e

Time, min

Groer et al. 2014, J Pharm Biomed Anal
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STV Y LPNPNALQR 1071.0 536.6 398.7 584.8 795.9
B YL PNPNALQR® 1081.0 541.7 403.7 594.8 805.9

Y EVTNFLR 878.4 463.9 4355 650.7 549.6
B eV TNFLR® 888.0 468.8 445.3 660.6 559.6
S DTINFLSK 937.5 648.2 608.7 721.8 494.7
B OTINFLSK® 944.0 653.3 616.3 729.9 502.6
S TAEIPFSLGK 1209.6 451.9 648.7 980.9 909.9
B TAEIPFSLGK® 1217.0 456.8 656.9 989.0 918.1
S GHFPLAER 926.5 482.9 585.7 342.4 732.8
_GHFPLAER* 936.0 487.8 595.7 3425 742.9
S VQEEIDHVIGR 1294.6 606.3 1067.9 581.8 345.6
_VQEEIDHVIGR* 1304.0 610.3 1078.0 591.8 355.6
I GIFPLAER 902.5 440.2 367.1 585.8 293.5
B GIFPLAER® 912.0 445.3 371.9 595.7 298.4
S DIEVQGFR 963.5 469.5 507.4 379.4 606.7

DIEVQGFR* 973.0 473.9 517.5 389.5 616.8
SZZFI TLVPSNLPHEATF  1695.0 566.4 562.0 718.6 611.5

FITLVPSNLPHEATF  1705.0 570.1 567.3 724.2 616.8

TYPVPFQR 1007.0 504.6 372.5 547.6 743.8
B 1Y PVPFQR* 1017.0 510.1 377.7 557.7 753.8

YLSIPTVFFLR 1355.7 678.8 879.9 3645  1080.2
B Y LSIPTVFFLR? 1366.0 684.4 890.1 3645  1090.1
Ve =7 (EIYPTSLTK 1164.6 583.3 646.8 922.9 356.6
B EIYPTSLTK* 1172.0 587.8 654.8 930.9 356.6
Ve S SVINDPVYK 1034.5 518.1 425.0 848.9 506.7
B sVINDPVYK® 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

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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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
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Method validation: linearity & range

Center of Drug Absorption
and Transport
W S et W S et W S E
20
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1
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oy Core 5o e G 1o e Gore 15

@ Range for all proteins0.25¢ 50 nmol/l (LLOQ = 3.78nol per injection)

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



Method validation: accuracy &
precision
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Center of Drug Absorption
and Transport

_ Accuracy(%) Precision (%) Accuracy (%) Precision (%) (nmol/L)
1.5-2.1 2.3-4.4 -5.3-6.3 1.1-5.2 0.25-50
1.1--4.6 2.4-5.1 -4.4-4.0 2.8-11.5 0.25-50
-2.9-2.6 3.2--5.4 -2.9-4.2 1.4-3.8 0.25- 50
-1.6-9.2 2.7-13.6 -2.8-4.0 2.0-14.2 0.25-50
-13.1-2.7 4.9-9.9 6.2-2.5 2.9-9.9 0.25-50
0.7-6.1 4.6-11.4 -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 45-7.0 8.2-7.4 2.5-10.6 0.25- 50
1.2-4.7 1.2-2.7 -1.8-2.3 1.7-6.6 0.25-50
-5.6-6.2 45-6.7 4.2-2.2 4.0-11.4 0.25-50
7.5-9.6 2.5-3.9 -3.0-4.2 1.9-7.6 0.25- 50
-0.7--2.8 2.2-5.3 2.3-2.2 1.5-6.7 0.25-50

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

Parameter | short-term (benchtop)stability (%) | Postpreparative(rack) stability (%)| Digestionstability (%)

2 h @room temperature 24 h @ B8C (autosampler) 16 h @ 37C

CYP1A2 92.7-104.7 100.3-101.1 87.6-105.9
CYP3A4 85.1-103.7 101.8-105.6 87.7-104.2
CYP3AS5 92.0-105.1 101.2-103.1 91.0-103.3
CYP2B6 87.8-106.4 99.2-101.6 88.1-104.4
CYP2C19 89.9-97.2 93.5-111.2 106.4-115.4
CYP2C8 101.3-111.4 86.0-105.0 99.6-115.9
CYP2C9 91.9-103.6 100.7-102.3 90.4-103.6
CYP2D6 89.2-102.1 97.5-110.1 91.2-103.5
CYP2E1 92.2-102.8 93.1-98.9 102.3-105.9
UGT1Al 89.5-98.4 99.5-101.7 93.3-100.0
UGT1A3 94.9-104.0 92.3-101.9 99.7-106.6
UGT2B7 93.8-104.2 90.5-97.1 96.3-102.7
UGT2B15 86.8-102.6 100.3-103.0 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

—
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Center of Drug Absorption
nd Transport

protein trypsin

m2h m4h m16h m24h

CYP1A2 CYP3A4 CYP3A5 CYP2B6 CYP2C19CYP2C8 CYP2C9 CYP2D6 CYP2E1 UGT1Al UGT1A3 UGT2B7UGT2B15

Groer et al. 2014, J Pharm Biomed Anal



Accuracy of the entire (]
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analytical process C DAT
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Groer et al. 2014, J Pharm Biomed Anal



