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MASS SPECTROMETRY QUANTITATION OF P450
PROTEIN ISOFORMS IN HEPATOCYTES

CROSS-REFERENCE TO REEATED APPLICATIONS

{001] The present application claims the benefit of the earlier filing dates of LS.
Provisional Patent Applications Nos, 61/232,648, filed October 17, 2009, and 61/252. 430,

filed October 16, 2009, both of which are incorporated herein in their entireties by reference.

FIELD
{002} The present teachings relate to cvtochrome P43 enzymes (CYPs) and detection of

€nZyIMmes using mass spectrometry.

BACKGROUND
{003} Cytochrome P450 enzymes (CYPs) are major drog metabolizing enzymes and

experimental pharmaceutical compounds are generally evaluated for thetr CYP indoction
potential early in the development process. Measurement of a CYP induction profile in
response to a chemical can be used as a fundamental aspect of drug safety evaluation, but
expression of these proteins s regulated by transcriptional, post tanscriptional and
translational mechanisms. As a result, mRNA-based assays are not reliable predictors of CYP
induction.  Further, CYPs exhibit extensive amino acid sequence homology, particularly

within subtanilies, so that P430 protein expression methods are also poorly discriminatory.

SUMMARY
{004] According to various embodiments of the presenmt teachings, a method of

guantifating the 1A2, 2B6, 3A4, and 3AS isoforms of cytochrome P450 enzymes (CYPs) s
provided without the need for any chemical labeling. Isoform-specific tryptic peptides can be

observed in liquid chromatography-Tandem Mass Spectrometry {LC-MSMS) analysis of
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samples derived from hepatocytes, for example, 10 microsomes, along with their optunal Q1
and Q3 transitions.  Those observed peptides and transitions, can be used to enable a reliable
CYP gquantidation of the isoforms 1A2, 2B6, 3A4, and 3AS.

{605] According to vartous embodiments, 8 set of peptides and optimal MRM transitions
are provided as “house keeping” microsomol proteins whose concentrations are wiaffected by
drug incubation. The set can be used as normalization proteins for quantitative anlysis. In
some embodiments, guantitation can be performed by spiking nto the sample heavy forms of
the isoform-specific peptides, for example, fonms that have been enriched with C13 andior
NiS. FIG. 1 shows a tvpical MRM analysis for CYP A2, CYP2B6, and CYP3A3/3A4 from
human microsomes, wherein some of the soforme-specific peptides have been labeled n
FiG 1. The optimized transitions for each of a set of observed, mest sensitive isoform-
specific peptides, according to various embodiments of the present teachings, is shown n

Tables 1-4 balow.

BRIEF DESCRIPTION OF THE DRAWINGS

{006} The present teachings will be described with reference to the accompanying
drawings. The drawings are mtended to illustrate, not Hmit, the present teachings.

{007] FI1G. 1 shows an MRM analysis of 20ug of a microsomal preparation for CYP
TAZ, CYP 2B6, and CYP 3A4 {extracted 1on chromatogram (XICY of + MRM (412 pairs)).
jo0s] FIG. 2 shows an MRM analysis of | gl of a microsomal preparation for CYP
2B6 {extracted ton chromatogram of + MRM (15 pairs)).

009} FIG. 3 shows an MRM analysis of 2 pg of a microsomal preparation for CYP
LA2 {extracted 1on chromatogram of + MRM (57 pairs)).

{0010} FIG. 4 shows an MRM analysis of 1 ul of a microsomal preparation for CYP

3A4 (extracted 10n chromatogram of + MRM {34 pairs)).
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joott} FIG. SA shows an MRM analysis for 30 gl of a microsomal preparation for 3A5
{extracted ton chromatogram of + MRM (48 pairs)).
joo12} FIG. 5B shows an MRM analvsis for 30 gl of g microsomal preparation for 3AS
{extracted 1on chromatogram of + MRM (48 pairs)).
{0013} FIG. 5C shows an MRM analysis for 30 u} of a microsomal preparation for 3A5
{extracted ton chromatogram of + MRM (48 pairs)).
{0014} FItz. 6 shows a graph showing protein expression changes observed in a
hepatocyte sample preparation treated with inducers for CYP 2B6, using RNA assays,

enzyme activity assays and the protein quantitation method of the present teachin

g8,
{0015} FIG. 7 shows a graph showing protemn expression changes observed wm a
hepatocyte sample preparation treated with indocers for CYP A2, osing RNA assays,
enzyme activity assays and the protein quantitation method of the present teachings,

{0016} FIG. 8 shows a graph showing protein expression changes observed m a

hepatocyte sample preparation treated with inducers for CYP 3A4, using RNA assavs,

enzyme activity assays and the protein quantitation method of the present teachings.

DETAILED DESCRIPTION

{0017] According to various embodiments, a method for screening a drug for oytochrome
P4350 (CYP} induction 1s provided that comprises incubating the drug with a microsome-
containing biological sample and quantitating at least one CYP iseform.  In some
embodiments, the isoforms can comprise one or more isoform selected from 286, 3A4, 1A2,
and 3AS isoforms. The method can comprise using a liquid chromatography tandem mass
spectrometry (LOC-MSMS) technique to quantitate the amount of each isoform. The
guantitated value of each can be compared to a threshold value, and the drug can be identified

as having an acceptable CYP induction potential when the guantitated value does net exceed

1
159
'
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the threshold value. The threshold value can be selected or predetermined based on a desired
CYP induction potential or based on the CYP induction potential of one or more different
drugs, smmilar or non-simlar to the drug being screened.  In some embodiments, the
nuicrosome-containing biological sample can be denved from a manumal, from a primate, or
from a human.

{6018} According to various embodiments, the drug can be mcobated with a sample
containing human hepatocvies.  In some embodiroents, affer incubation with the drog, the
sample contamning homan hepatocyvtes can be used to obtain at least one microsome fraction
by, for example, 16 G centrifugation. The microsome fraction can be analyzed for CYP
mduction by the drug, by detecting isolated peptides specific to CYP (isoform-specific
peptides).  According to some embodiments, after incubation with the drug, the sample
containing human hepatocytes can be nsed to obtam at least one S9 fraction by, for example, 9
G centrifugation. The SO fraction can be analvzed to detect CYP induction by the drog, for
example, by detecting isolated peptides specific to CYP (isoform-specific  peptides).
According to some embodiments, the microsome fraction or the 8§89 fraction can be analyzed
using a ligoid chromatography tandem mass spectrometry (LC-MSMS) technigue in order to
quantitate at feast one CYP isoform. The guantitated valoe of each can be compared to a
threshold value, and the drug can be identified as having an acceptable CYP induction
potential when the quantitated value does not exceed the threshold valoe.

{6019} According to various embodiments, a method s provided for direetly analyzing
CYP from hepatooytes.  In some embodiments, antibody peptides can be used to pull the
isoform-specitic peptides directly out of hepatocyetes, According to some embodiments,
using antibody peptides to pull the isoform-specific peptides directly out of hepatocytes
would have the advantage of not needing to prepare S9 or microsome tractions, and would

require fess hepatocyte cells for drug mcubation.
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{0020} In some embodiments, the method comprises comparing detected induction to a
control. For example, because litle or no drog induction of CYPs 18 desirable, a threshold can
be set such that the drug mast show less than (<) 40% induction compared to the positive
control, to be considered acceptable. In some embodiments, the drug must show less than (<)
30% induction compared to the positive control, to be considered acceptable. In other
embodiments, the drug maust show less than (<) 20% induction compared to the positive
control, to be considered acceptable.

16021} According to various embodiments, ¢ method for determining an amount of at least
one isoform of cytochrome P450 (CYP) in a sample, s provided. The method can conyprise
the use of a mass spectrometry technique, wherein the at least one isoform of cytochrome
P450 comprises at least one of CYP 2B6, CYP 3A4, CYP A2, and CYP 3AS. The mass
spectrometry technique can comprise a tandem mass spectrometry (MS/MS) technigque andior
a higquid chromatography tandem mass spectrometry (LC-MSMS) techaique.  In some
embodiments, the technigue comprises an LC-MS/MS technique and the use of a triple
guadrupole instroment and Multiple Reaction Monioring (MRM).

{0622 FIG. 1 shows a typical MRM analysis for CYP 1A2, CYP 2B6, and CYP 3A4, as
well as the “housekeeping” microsomal proteins {Microsomal GST, Corticosteroid 11 beta,
and Microsomal Trvglyeeride), from a microsomal sample preparation prepared as described
below m the Examples. The quantity of CYP 1A2, CYP 2B6, and CYP 3A4 can be
determined by, for example, Isotope Dilution Mass Spectrometry, wherein the sample
preparation 1s spiked with heavy forms of the isoform-specific peptides. The quantity of CYP
1A2, CYP 2B6, and CYP 3A4 can also be determined using other conventional methods
known in the art.  In some embodiments, the method uses LOC-MSMS with multiple reaction
monitoring (MRM) quantitation of the isoform-specific peptides and isotope-coded atfinity

tags (JCAT) to generate a CYP mduction profile.  The method can use, for example,
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approaches similar to the approaches presented by Pemmngton et al. to quantitate 1soform-
spectfic cysteme-containing peptides labeled wath ICAT as desenbed in Proteonmics, 6(6),
pages 1934-1947 (March 2006}, which is mcorporated herein m 18 entivety by reference.
{6023} FIG. 2 shows a typical MRM analysis for CYP 2B6 from the microsomal
preparation prepared as deseribed herem. Isolated peptides comprising the amino acid
sequence of SEQ IDNOS: 1, 2, 3, or 4 identified in Table 1 below are specific to CYP 2B6.
{0024} FiG. 3 shows a typical MRM analysis for CYP A2 from the microsomal
preparation prepared as described herein. The isolated peptides comprising the aming acid
sequence of SEQ D NOS: §, 9, 10, 11, 12, 13, or 14 identified in Table 3 below are specific
CYP 1A2,

{0025} FIG. 4 shows a typical MRM analysis for CYP 3A4 from the microsomal
preparation prepared as described herein. The isolated peptides comprising the anmuino acid
sequence of SEQ 1D NOs: 5, 6, or 7 identified in Table 2 below are specific to CYP 3A4. It
should be understood that peptides comprising the amino acid sequence of SEQ D NOS: 5, 6,
or 7 can also be used to wdentify and/or quantify CYP 3A3.

{0026} The 1solated peptides comprising the amuno acid sequence of SEQ 1D NOs: 15, 16,
or 17 identified m Table 4 below are specific to CYP 3AS.

{0027} FIGs. 5A-5C show three different panes of a typical MRM analysis for CYP 3A35
from the microsomal prepavation prepared as described herein.  Each pane relates to specific
transitions ased for the particular peptide.  The isolated peptides comprising the amino acid
sequence of SEQ 1D NOS: 15, 16, or 17 are specific to CYP 3AS.

0028} According to various embodiments, the method can comprise detenmining an
amount of CYP 2B6 i the sample by detecting an 1solated peptide specific to cytochrome
P450 (CYP) soform CYP 2B6, for example, ong or more of the isoforms conywising the

amino acid sequence of SEQ ID NO: 1, SEQ 1D NO: 2, or SEQ 1D NO: 3 identified herein.
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The amount can be determined using a triple quadropole instrument and Multiple Reaction
Monutormg (MRM). In some embodiments; the isolated peptide can comprise the amino acid
sequence of SEQ D N 1 identified heren, and the method can comprise monitoring

precursor-prodoct ton pair transitions having an mv'z value of about S48/911, S4R/681, or

S48/566, wherein the term “about” as used herein means within a range of +/4 one {1} atomic
mass wait. o some embediments, the isolated peptide can comprise the amino acid sequence
of SEQ ID NO: 2 iwdentified herein, and the method can comprise monitoring precorsor-
product jon pair transiions baving an m/z value of about 494/777, 494/437, or 494/874. In
some embodiments, the 1solated peptide can comprise the amino acid sequence of SEQ D
NO: 3 wentified herein, and the method can comprise monitoring precursor-product ton pair
gransitions having an mvz valge of about 4217508 421/607, or 421/694. In some embodiments,
the isolated peptide can comprise the amuno acid sequence of SEQ 1 NO- 4, and the method
can comprise monitoring precursor~-product on pair transitions having an nvz vahwe of about
479/499, 479/614, or 479727

{0029} According to varicus embodiments, the method can comprise determining an
amount of CYP 3A4 in the sample by detecting an isolated peptide specific to cytochrome
P450 (CYP) isoform CYP 3A4, comprising the amino acid sequence of SEQ 1D NO: §, SEQ
ID NO: 6, or SEQ ID NO: 7 identified herein.  The method can use, for example, a triple
guadrupole mstrument and Maoltiple Reaction Moniforing (MRM). In some embodiments, the
isolated peptide can comprise the amino acid sequence of SEQ 1D NO: § identified herein, and
the method can comprise monitoring precursor-product ion patr transitions having an m/z
value of about 440/349, 440/650, or 440/532. In some embodiments, the isolated peptide can
comprise the amino acid sequence of SEQ ID NO: o identified herein, and the wmethod can
comprise monitoring precursor-product jon pair transitions having an m'z value of about

T04/794, 704/929, 364/689, 564/745, or S64/790. In some embodiments, the 1solated peptide

-



WO 2011/047150 PCT/US2010/052665

can comprise the amino acid sequence of SEQ 1D NO: 7 identified herein, and the method can
comprise monitoring precursor-product jon pair tansitions having an mdz value of abowt
TOBR10, TO8/932, or 708/1004.

{6030} According to vanous embodiments, the method can comprise deternining an
amount of CYP 1A2 in the sample by detecting an isolated peptide specific to cvtochrome
P450 (CYP) 1soform CYP 1A2, comprising the amuno acd sequence of SEQ ID NO: §, SEQ
D NO: 9, SEQ ID NO: 10, SEQ ID NO: ], SEQ ID NO: 12, SEQ ID NQ: 13, or SEQ D
NQO: 14, 1dentified herein.  The method can use, for example, a triple quadrupole instrument
and Multiple Reaction Monitoring (MRM).

{0031} In some embodiments, the isolated peptide can comprise the amino acid sequence
of SEQ ID NO: § identified herein, and the method can comprise monitoring precursor-
product ton pair transitions having an m/z value of about 432/636, 432/535, or 432/478, In
some embodiments, the isolated peptide can comprise the anune acid sequence of SEQ 1D
NO: 9 dentified herein, and the method can comprise monitoring precursor-product ion pair
transitions having an mv'z value of about 482/800, 482/628, or 482/743. In some embodiments,
the isolated peptide can comprise the amino acid sequence of SEQ ID NO: 10 identified
herem, and the method can comprise monitoring precursor-product ion pair transitions having
an miz value of about 491721, 4917834, or 491/535, In some embodiments, the isolsted
peptide can comprise the amino acid sequence of SEQ ID NO: 11 identified herein, and the
wiethod can comprise monitoring precursor-product ton pair ransitions having an miz value of
about 528/501, 528/614, or 528/727. In some embodiments, the isolated peptide can comprise
the aminoe acid sequence of SEQ ID NQ: 12 identified hevein, and the method can comprise
monitoring precursor-product ion pair transitions having an vz value of about 5717783,
STUOT71, 37171028, 381/587, 381/474, or 381/375. In some embodiments, the solated peptide

can comprise the amino acid sequence of SEQ 1D NO: 13 identified heren, and the method
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can comprise monitoring precursor-product jon payr transittions having an 'z value of about
695/685, 695/837, or 695/950. In some embodiments, the isolated peptide can compnse the
wolated peptide comprises the amno acid sequence of SEQ D NO: 14 identified herein, and
the method can comprise monttoning precursor-product jon paw transitions having an miz
value of about 536/795, 536/584, or S36/698.

{6032} According to vanous embodiments, the method can comprise deternmmng an
amount of CYP 3A3 in the samaple by detecting an isolated peptide specific to cytochrome
P30 (CYP) isoform CYP 3AS, comprising the amino acid sequence of SEQ 1D NO: 15, SEQ
1D NO: 16, or SEQ ID NO: 17 identified berein.  The method can vse, for example, a tnple
guadrupole fnstrument and Multiple Reaction Mowtoring (MRM). In some embodiments, the
isolated peptide can comprise an amino acid sequence of SEQ ID NO: 15 identified herem,
and the method can comprise monitoring precursor-product ton pair transitions having an miz
value of about 468/S81, 468/679, or 4068/736. In some embodiments, the 1solated peptide can
comprise an amino acid sequence of SEQ ID NO: 16 identified herein, and the method can
comprise womitoring precursor-product ion pair wansitions having an w2z value of about
470/494, 470/608, or 470/722. In some embodiments, the isolated peptide can comprise an
amino acid sequence of SEQ D NO: 17 identified herein, and the method can comprise
monitoring precursor-product ton pair transitions having an m/z value of abouwt 589/747,
SEH/696, or 389047,

{16033} According to various embodiments of the present teaclungs, a kit is provided that
can comprise one or more of the isolated peptides specific to one or more of evtochrome P450
{CYP) isoform CYP 2B6, CYP 3A4, CYP 1A2, and CYP 3AS, For example, the kit can
comprise one or more isolated proteins specific o CYP 2B0, comprising the amino acid
sequence of SEQ 1D NG: 1, SEQ ID NO: 2, SEQ ID NO: 3, or SEQ 1D NO: 4. The kit can

comprise one or more isolated proteins specific to CYP isoform CYP 3A4, comprising the

-9
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amino acid sequence of SEQ 1D NO: 5, SEQ 1D NO: 6, or SEQ ID N 7. The kit can
comprise one or more tsolated proteins specific to CYP isoform CYP A2, comprising the
amino acid sequence of SEQ 1D N 8, SEQ ID NO: 9, SEQ 1 NO: 189, SEQ 1D NO: 1,
SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: {4, The kit can comprise one or more
wsolated proteins specific to CYP isoform CYP 3AS, comprising the ammno acid sequence of
SEQ ID NO: 1S, SEQ ID NO: 16, or SEQ ID NO: 17,

{0034} In some embodiments, the kit can comprise at least one isolated peptide specilic o
each of CYP ssoforms CYP 2B6, CYP 3A4, CYP 1A2, and CYP 3AS. For example, the kit
can comprise cach of the solated peptides of SEQ ID NOS: 1-17 identified herein, and further
can comprise instructions for measuring Q1 and Q3 wansition values for each of the isoform-
specific peptides.  The kit can comprise enzyme digestion components including buffers and
enzymes, other buffers, and optionally other reagents andfor components.  In some
embodiments, the kit can comprise, for example, a homogencous assay such that the user need
only add a sample. In some embodiments, the kit can comprise calibration or normalization
reagents or standards. Information pertatning to instrument settings that can or should be used
to perform an assay can also be included v the kit Information pertaining to sample
preparation, operating conditions, volumetric amounts, temperatare settings, and the like, can
be included with the kit

{0035} According to vanious embodiments, different transitions can be used to measure
and benchmark assay results, depending on various factors, Accordingly, the kit can comprise
different transition values andfor suggested settings, useful to make comparative
measurements between a sample and one or more control reagents. The kit can include
mstructions to measure specific pairs of transition values, for example, the Q1/Q3 transition
pair, or the values of one or more different transition pairs.

{8036} The kit can be packaged in 3 hermetically sealed container containing one or more

- 10 -
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regent vessels and appropriate instructions.  An electronic medium can be included in the kit,
having stored thereon electronic information pertaining to one Or MOTE assays, Mmeasurement
values, transition paws, operating instructions, software for carrving out operations, a

combination thereof, or the like.

EXAMPLES
{6037} The present teachings can be even more fully understood with reference to the

examples and resulting data that follow. In the examples below and the results shown in the
attached drawing figures, a CYP induction study was undertaken as follows,

Hepatocyie Treatment

{0038} Primary cultures of human hepatocytes were treated for 72 hours with the
prototvpical liver enzyme inducers 3-methylcholanthrene (3-MC, 2 uM), phenobarbital (PB, 1
mM}, or nfampicin (RIF, 10 uM) to enhance the expression and activity of CYPIAZ,
CYP2B6, and CYP3IA4, respectively. The CYP guantitation method of the present teachings
was used to determine the amount of CYP in the sample after treatment with the liver enzyvime
nducers. In addition, CYP activity was measured by metabolite formation from selective
substrates (phenacetin, bupropion and testosterone, respectively) and mRNA was measured by
gRT-PCR (Tagman®, Apphed Biosystems).

Microsome Preparation

{8039} Microsomal subcellular fractions were prepared by lysing treated hepatocyies in
homogenization buffer (50 mM TRIS-HCL, pH 7.0, 150 mM KO, 2 mM EDTA) followed by
centrifugation at 9,000 x g for 20 minutes at 4°C. The supernatant {89 fraction) was then spun
at 100,000 x g for 60 minutes at 4°C. The resulting microsomal pellet was resuspended in 0.235

M sucrose and stored at -80°C until analysts.

-11-
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Tryptic Bigestion

{6040} To 100ul of each nucrosomal preparation, 5ul of 2% SDS was added, followed by
10wl of 30mM TCEP and incubated at 60°C for 1 hr. Sul of 0.1M MMTS was added and
mcubated at room terperature for 10 minutes. 100 ol of 100mM TRIS {pH = 8.50) was then
added followed by 50ug of trypsin and the resultant solution was digested ovemight at 37°C.
One (1) ng of each isotopically enriched synthetic peptide was added to the digest and
analyzed by LC-MS.

Chromatography

jo041} Chromatography was performed using an Agilent 1100 svstem (Agilent of Santa
Clara, California) coupled to a CI8 Jupiter Proteo 50 x 2.0 mm column {Phenomenex of
Torrance, California). The gradient was 5-40% B over 15 minutes with A consisting of 2%
ACN, 0.1% formic and B consisting of 90% ACN, 10% H20, 0.1% formic acid. Flow rate
was 700uL/min.

Mass Spectrametry

{0042} Samples were analyzed on a Apphed Biosystems MDS SCIEX 4000 QTRAPTM
LOMSMS system, using a Turbo VTM source and Analyst 1.5, For quantitation, scheduled
MRM (sMRM) was used to maximize dwell time on each transition.

Data Processing

{0043} Quanutative data was processed using MultQuantT™ 1.2 software available from

Applied Biosystems, LLC of Foster City, Califorma..

Results
0044} FIG. 6 is a graph comparing the changes in expression of CYP 2B6 observed using

the RNA assay. the CYP activity assay {designated “enzyme activity assay” in the figures), and
a CY'P quantitation method of the present teachings {designated “protein assay” in the figores).

The 3-MC 15 a vehicle control and induces basal levels of CYP 2B6. The PB is a prototypical
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mducer for CYP 286, by CAR nuclear recepior activation. The RIF is also a known inducer
of CYP 2B6. As is shown, protein expression changes observed in the CYP activity assay and
RNA assay generally muror the expression changes observed using a CYP guantitation
method of the present teachings.

0045} FIG. 7 is a graph comparing the changes in expression of CYP 1A2 observed using
the RNA assay, the CYP activity assav {designated “enzyime activity assay” in the figures), and
the CYP quantitation method of the present teachings {designated “protein assay™ in the
figures). The 3-MUC is a prototypical inducer of CYP 1A2 by AhR nuclear receptor activation.
The PB and RIF are vehicle controls inducing basal levels of 1A2, if anv. As 15 shown,
protein expression changes observed in the CYP activity assav and RNA assay geoerally
mirror the expression changes observed using a CYP quantitation method of the present
teachings, except that the RNA assav for the sample treated with 3MC exhibits very high
levels of RNA. The RNA assay cannot accurately quantify proteins because not all mRNA s
converted to protein.

{0046} FIG. 8 is a graph comparing the changes m expression of CYP 3A4 observed using
the RNA assay, the CYP activity assav (designated “enzyine activity assay™ in the figures), and
a CYP quantitation method of the present teachings (designated “protein assay” in the figures).
The 3-MC nunimally induces CYP 3A4. The PB sigaificantly induces 3A4, The RIF s a
prototvpical mducer of CYP 3A4 bv PXR nuclear receptor activation. As is shown, protein
expression changes observed in the CYP activity assay annd RNA assay generally murror the
expression changes observed using the CYP quantitation method of the present teachings.
{0047} Table | below shows sequences of the peptides determined, according to the
present teachings, to be specific to cytoclhrome P450 (CYP) isoform CYP 2B6, along with
their optimal MRM Q1, Q3 wansitions. According 1o various embodiments, these observed

peptides and transitions can be used to enable a reliable CYP guantitation of the soform CYP

'
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TABLE 1
2B6 Human Q1 Q3
IAMVDPFFR 548.3 911.4
{(SEQIDNO: 1) 548.3 681.3
548.3 566.3
IPPTYQIR 494.3 777.4
(SEQ IDNO: 2) 494.3 437.7
494.3 874.5
FSVTITMR 421.2 508.4
(SEQ ID NO: 3) 421.2 607.3
4212 694.4
ETLDPSAPK 479.2 499.3
(SEQIDNO: 4) 479.2 6143
479.2 727.4

{0048} Table 2 below shows sequences of the peptides determined, according to the
present teachings, to be spectfic to cytochrome P450 (CYP) isoform CYP 3A4, along with
thetr optimal MRM Q1. Q3 wransitions, According to various embodiments, these observed
peptides and transitions can be used to enable a reliable CYP quantitation of the 1soform CYP

3"&.‘49
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TABLE 2
3A4 Human Q1 Q3

EVTNFLR 439.7 549.3
{(SEQ IDNO: 5) 439.7 650.5

439.7 5323
LSLGGLLOQPEKPVVLK 704.4 794.5
(SEQ ID NO: 6) 704.4 929.8
LSLGGLLOQPEKPVVLK +3 564.3 789.5
{(SEQ ID NO: 6) 564.3 7489

564.3 689.4
YWGFYDGQOPVLAITDPDMIK 798.4 819.4
(SEQ IDNO: 7) 798.4 932.5

798.4 1003.3
{0049} Table 3 below shows sequences of the peptides determined, according to the

present teachings, to be specific to cviochrome P450 {(CYP) soform CYP 1A2, along with
their optimal MRM Q1, Q3 transitions. According to vanous embodiments, these observed
peptides and transitions can be used to engble a rehable CYP guantitation of the soform CYP

1A2.

16 -
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TABLE 3
1A2 Human Q1 Q3
DITGALFK 4327 6364
(SEQ ID NO: 8} 432.7 5353
4327 478.3
YGDVEQIR 482.3 800.5
(SEQIDNO: 9 482.3 628.4
482.3 743.4
FLWFLQK 491.3 T21.4
(SEQ IDNO: 1) 491.3 8344
491.3 5353
ASGNLIPQEK 5287 501.2
(SEQIDNO: 11 528.7 614.4
5287 7274
IGSTPYLVLSR +2 5714 783.5
{(SEQ IDNO: 12) 5714 971.6
5714 1628.6
IGSTPVLVLSR +3 381.1 5874
(SEQ IDNO: 12) 3811 474.3
381.1 373.2
SPPEPWGWPLLGHVLYGK 695.4 6939
(SEQIDNO: 13) 695.4 837.5
695.4 956.5
YLPNPALQR 336.3 7954
(SEQ IDNO: 1) 536.3 584.3
336.3 698.4

-17-
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{0050} Table 4 below shows sequences of the peptides determined, according to the
present teachings, to be specific to ovtochrome P450 (CYP) wsoform CYP 3AS, along with
their optimal MRM Q1, Q3 wansitions. According to vanous embodiments, these observed

peptides and transitions can be used to engble a rehable CYP guantitation of the soform CYP

JAS.
TABLE 4
3A5 Q1 3
SLGPVGFEMK 468.5 3815
{SEQ ID NO: 15) 468.8 678.1
468.5 738,58
DTINFLSK 469.5 494.3
{(SEQ 1D NO: 16) 469.5 608.4
469.5 T21.58
GSMYVIPTYALHHDPK 5892 746.8
(SEQ ID NO: 17) 89,2 696
5892 646.5

{0051} Table § below shows sequences of the peptides along with their optimal MRM Q1
Q3 transitions for the house-keepmyg microsomal protem Microsomal GST. According to
various emboduments, the concentration of this observed peptide is upaffected by drug
meubation and thus the peptide can be useful as a nonmalization protein to enable reliable

CYP gquantidation.

- {8~
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TABLE 3
Microsomal GST Q1 Q3
DVNVENVNQOR 657.8 758.3
{(SEQ IDNO: 18) 6578 887.5
637.8 54353
MYLLALK 426.3 720.5
(SEQ ID NO: 19) 426.3 557.4
426.3 444.3
NALLPEGIPSLLK 682.9 1066,7
(SEQ 1D NO: 20) 682.9 727.8
682.9 953.6

{0052} Table 6 below shows sequences of the peptides along with their optimal MRM Qt,
3 transitions for the house-keeping microsomal protein Microsomal Trglyceride. According
to various embodiments, the concentration of this observed peptide is unaffected by drug
mcubation and thus the peptide can be useful as a normalization protem to enable relable

CYP guantitation.

TABLE 6
Microsomal Tryvglveeride 01 Q3
MMLMSTATAFYR 711.8 8294
(SEQ I NO: 21) 711.8 916.2
711.8 1047.5

- 10
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{0053} Table 7 below shows sequences of the peptides along with their optimal MRM Q1
Q3 transitions for the house-keeping microsomal protemn Corticosteroid 11 beta. It should be
understood that the Q1 and (3 masses for the peptide of SEQ ID NO: 22 in Table 7 refers to
the MMTS alkylated peptide and that changing to a different alkyvlating reagent will change
the OQ1, Q3 masses. In addition, alkylating reagents other than MMTS can be used.
According to various embodiments, the concentration of this observed peptide 15 unaffected by
drug incubation and thus the peptide can be useful as a noroalization protein to enable reliable

CYP quantitation.

TABLE 7
Corticosteroid 11 beta o1 03
EECALEIK 5473 6154
(SEQ ID NO: 22) 547.3 686.4
8473 8354
FALDGFFSSIR 630.3 928.4
(SEQ ID NO: 23) 630.3 1041.5
630.3 8134

{6054} The observed isofonm-specific tryptic peptides that are detected usmg LC-MSMS
analysis of microsomes, along with their optimal Q1, Q3 transitions, enable a method for
CYP guantitation of the isoforms 1A2, 2B6, 3A4, and 3AS without the need for any
chemical labeling approaches.

{0055 Other embodiments of the present teachings will be apparent to those skilled in
the art from consideration of the present specification and practice of the present teachings

disclosed herein. It is intended that the present specification and examples be considered as

exemplary oaly.
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WHAT IS CLAIMED IS:
1. An isolated peptide specific 1o eytochrome P450 (CYP) tsoform CYP 2B6, comprising

the amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ B NO: 3, or SEQ ID NO: 4.

2. An isolated peptide specific to cytochrome P430 (CYP) isoform CYP 3A4, comprising

the amino acid sequence of SEQ IDNGQ: §, SEQ ID NQ: 6, or SEQ IDNO: 7.

3. An isolated peptide specific to cytochrome P430 (CYP) isoform CYP 1A2, comprising
the amino acid sequence of SEQ ID NO: §, SEQ 1D NO: 9, SEQ 1D NO: 10, SEQ ID NG 11,

SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14,

4. An isolated peptide speaific to eytochrome P4530 (CYP) isoform CYP 3AS, comprising

the gmino acid sequence of SEQ ID NO: 15, SEQ IDNO: 16, or SEQ ID NO: 17,

5. A method tor determiming an amount of at least one 1soform of cytochrome P450
{CYP) in a sample, comprising the use of a mass spectrometry techaique, wherein the at least
one isoform of cytochrome P4S0 comprises at least one of CYP 2B6, CYP 3A4, CYP 1A2,

and CYP 3AS.

6. The method of claim 5, wherein the mass spectrometry technique comprises a tandem

mass spectrornetry {MS/MS) techmgue.

7. The method of claim 5, wherein the mass spectrometry techmique comprises a liquid

chromatography tandem mass spectrometry (LC-MS/MS) technique.
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8. The method of claim 7, wherein said LOC-MS/MS technigue comprises the use of a

triple quadrapole nstroment and Muldtiple Reaction Monitoning (MRM}).

Q. The method of claim 5, wherein the determining comprises determining an amount of
CYP 286 1n the sample by detecting an isolated peptide specific to cytochrome P450 (CYP}
woform CYP 286, comprising the amino acid sequence of SEQ HIYNO: |, SEQ D NO: 2 or
SEQ I NGO 3, using a tniple goadrupole insttument and Multiple Reaction Momtoring

{MRM}.

10, The method of claim 9, wherein the wsolated peptide comprises the amino acid
seguence of SEQ D NO: 1, and the method comprises monttoring precursor~-product ion pasr

transitions having an méz value of about 348/911, 548/681, or 548/566.

11, The wmethod of claim 9, wheremn the isolated peptide comprises the amino acd
sequence of SEQ ID NO: 2, and the method comprises monitoring precursor-product 1on patr

transitions having an méz value of about 494/777, 494437 or 494/874.

12, The wethod of claim 9, wheremn the isolated peptide comprises the amino acd
sequence of SEQ ID NO: 3, and the method comprises monitoring precursor-product 1on pair

transitions having an méz value of about 421/508, 421/607_ or 421/694.

13, The wethod of claim 9, wheremn the isolated peptide comprises the amino acd
sequence of SEQ ID NO: 4, and the method comprises monitoring precursor-product 1on patr

transitions having an méz value of about 479/499, 479/614_ or 479727,

3]
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14, The method of claim §, wherein the determimng comprises determining an amouont of
CYP 3A4 in the sample by detecting an 1solated peptide specific to cytochrome P450 {(CYP)
woform CYP 3A4, comprsing the amino acid sequence of SEQ 1D NO: 5, SEQ ID NO: 6, or
SEQ D NO: 7, using a tnple quadropole instrument and Muoltiple Reaction Monitoring

(MRM).

15, The method of clam 14, wherein the isolated peptide comprises the amino acid
sequence of SEQ ID NO: §, and the method comprises monitoring precursor-product ion pair

transitions having an w/z value of about 440/549, 440/6540, or 440/532.

16, The method of clam 14, wherein the isolated peptide comprises the amino acid
seguence of SEQ 1D NQO: 6, and the method compnises monitoring precursor-product lon pair

gransitions having an m/z value of about 704/794, 704/929, S64/689, 564/745, or 564/790.

17. The method of claim 14, wherein the solated peptide comprises the amino acid
sequence of SEQ D NO: 7, and the method comprises monitoring precarsor-product lon pair

transitions having an m/z value of about 798/819, TO98/932, or 798/1004,

18,  The method of claim S, wherein the determimng comprises deternuning an amoont of
CYP 1A2 n the sample by detecting an isolated peptide specific to evtochrome P430 (CYP)
isoform CYP 1A2, comprising the anuno acid sequence of SEQ H NQ: 8, SEQ ID NO: §,
SEQ ID NO: 10, SEQIDNO: 1L SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14, asing

a triple gquadrupole imstrument and Multiple Reaction Monittoring (MRM).

19, The method of claim 18, wherein the solated peptide comprises the amino acid

'
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sequence of SEQ ID NO: §, and the method comprises monitoring precursor-product 1on pair

transitions having an méz value of about 432/636, 4327535 or 432/478.

20, The method of claim 18, wheremn the isolated peptide comprises the amino acid
seguence of SEQ D NO: 9, and the method comprises monttoring precursor~-product ion pasr

transitions having an méz value of about 482/800, 482/628, or 482/743.

21 The method of claim 18, wherein the isolated peptide comprises the amino acd
sequence of SEQ 1D NO: 10, and the method comprises monitoring precarsor-product ion pair

transitions having an méz value of about 491/721, 491/834, or 491/538.

22 The method of claim 18, wherein the isolated peptide comprises the amimo acd
sequence of SEQ 1D NO: 1 and the method comprises monitoring precursor-prodact ion pair

P
i

transitions having an méz value of about 328/501, 528/614, or S28/72

The method of clatm 18, wherein the wisolated peptide comprises the amimno acid

Lt

sequence of SEQ 1D NO: 12, and the method comprises monitoring precursor-product 1on patr
transitions having an m/z value of about S71/783, 371071, S71/1028, 3BU/587, 381474, or

ABI/3T75

24, The method of claim 18, wherein the solated peptide comprises the ammo acid

sequence of SEQ ID NO: 13, and the method comprises monitoring precursor-product won pawr

transitions having an m/z value of about 695/693, 6958/837, or 695/950.

25, The method of claim 18, wherein the solated peptide comprises the amo acid

.24 -
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sequence of SEQ 1D NO: 14, and the method comprises monitoring precarsor-product ion pair

transitions having an méz value of about 336/793, 336/584, or 536/698.

26. The method of claim 5, wherein the determining comprises determining an amount of
CYP 3AS 1 the sample by detecting an 1sofated peptide specific to cytochrome P453 (CYP}
woform CYP 3AS, comprising the amino acid sequence of SEQ 1D NO: 15, SEQ 1D NO: 16,
or SEQ D NO: 17, using a triple quadrupole instrament and Muluple Reaction Mowmtoring

{MRM}.

27 The method of clatm 26, wheremn the isolated peptide comprises an amino acid
seguence of SEQ ID NO: 15, and the method comprises monitoring precursor-product ion pagr

transitions having an méz value of about 468/581, 468/679, or 468/736.

28, The method of claim 26, wherein the isolated peptide comprises an amino acd
sequence of SEQ 1D NO: 16, and the method comprises monitoring precursor-product 1on patr

transitions having an méz value of about 470/494, 470/608, or 470/722.

29, The method of clam 26, wherein the isolated peptide comprises an amino acd
sequence of SEQ 1D NO: 17, and the method comprises monitoring precursor-prodact ion pair

transitions having an méz value of about 389/747, 589/696, or S8¥/647.

30.  Amethod for screenming a drog for evtochrome P45 (CYP) induction, comprising:
mcubating the drug with a microsome-contaming biological sample;
gquantitating at least one cytochrome P430 isoform selected from the group of 2B6,

3A4, TAZ, and 3AS soforms, using bguid chromatography tandern mass spectrometry (LC-

1
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MSMS)
comparing the quantitated value to a threshold value;
determining that the drug has an acceptable CYP induction potential when the

guantiiated valoe does not exceed the threshold valoe.

31, The roethod of clamm 28, wherem the microsome-containing biological sample is

derived from a human.

32, A kit comprising one or more isolated peptides specific to CYP tsoform CYP 286,
CYP 3A4, CYP TAZ, or CYP 3AS, comprising one or more of the amino acid sequences of

SEQ HYNOS: 1-17.

33, The kit of claim 32, comprising one or more ammno acid sequence of SEQ 1D NOx 1,

SEQ ID NG: 2, SEQID NO: 3, or SEQ IDNO: 4.

34, The kit of claum 32, comprising one or more anuno acid sequence of SEQ 1D NO: §,
SEQ DNO: 6, or SEQ IDNO: 7.

35, The kit of clamm 32, comprising one or more amino acid sequence of SEQ D NG §,
SEQ D NO: @, SEQ D NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ

D NO: 14

36. The kit of claim 32, comprising one or more amino acid sequence of SEQ ID NGO 15,

SEQ ID NG: 16, or SEQ ID NO: 17,

226 -
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37.  Thekt of claim 32, comprising a homogeneous assay.

38, The kit of claim 32, comprising information pertaining to transition pairs to be used as

seHings 11 a mass spectrometry mstrament, tor carrying out an assay using the kit

.27 -
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amino acid sequence selected from the group consisting of SEQ ID NOs: 1, 2, 3 and 4, and a method for determining an amount of a
P450 isoform by detecting said peptide via mass spectrometry; limited to SEQ ID NO: 1. (Note: each of claims 11, 12, and 13 will only
be searched in event that the applicant elects to pay for additional searches of each of SEQ ID NOs: 2, 3, and 4, respectively).

- Please see extra sheet for continuation -

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. |:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. }X{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1, 5-10, 32-33 and 37-38; limited to SEQ D NO: 1

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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Continuation of Box IlI: Lack of Unity of Invention

Group iI: claims 2, 5, 14-17, 32 and 34, directed to an isolated peptide specific to cytochrome P450 isoform CYP 3A4, comprising the
amino acid sequence selected from the group consisting of SEQ ID NOs: 5, 6, and 7 and a method for determining an amount of a P450
isoform by detecting said peptide via mass spectrometry; limited to SEQ ID NO: 5. (Note: each of claims 16 and 17 will only be searched
in event that the applicant elects to pay for additional searches of each of SEQ ID NOs: 6 and 7, respectively).

Group lll: claims 3, 5, 18-25, 32 and 35, directed to an isolated peptide specific to cytochrome P450 isoform CYP 1A2, comprising the
amino acid sequence selected from the group consisting of SEQ ID NOs: 8, 9, 10, 11, 12, 13 and 14 and a method for determining an
amount of a P450 isoform by detecting said peptide via mass spectrometry; limited to SEQ ID NO: 8 (Note: each of claims 20, 21, 22,
23, 24 and 25 will only be searched in event that the applicant elects to pay for additional searches of each of SEQ ID NOs: 9, 10, 11,
12, 13 and 14, respectively).

Group IV: claims 4, 5, 26-29, 32 and 36, directed to an isolated peptide specific to cytochrome P450 isoform CYP 3A5, comprising the
amino acid sequence selected from the group consisting of SEQ 1D NOs: 15, 16, and 17 and a method for determining an amount of a
P450 isoform by detecting said peptide via mass spectrometry; limited to SEQ ID NO: 15 (Note: each of claims 28 and 29 will only be
searched in event that the applicant elects to pay for additional searches of each of SEQ ID NOs: 16 and 17, respectively).

Group V: claims 30 and 31, directed to a method for screening a drug for cytochrome P450 (CYP) induction, comprising: incubating the
drug with a microsome-containing biological sample; quantitating at least one cytochrome P450 isoform selected from the group of 286,
3A4, 1A2, and 3A5 isoforms, using liquid chromatography tandem mass spectrometry (LC-MS) and determining that the drug has an
acceptable CYP induction potential when the quantitated value does not exceed the threshold value.

The inventions listed as Groups | - V do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical feature of the claims of Groups |-V is an isolated peptide and method of quantitating the peptide in a sample,
wherein each Group is directed to a different specific peptide from a cytochrome P450 isoform - not required by the claims of Group V.
The special technical feature of the Group V claims is a method for screening a drug for cytochrome P450 (CYP) induction - not required
by the claims of Groups I-IV.

The only common technical element shared by the above groups is that they are related to quantitation of cytochrome P450 peptides
using mass spectrometry. Each of Groups |, Il, il and IV further comprises the common technical element wherein the peptides are
related to CP450 isoforms 2B6, 3A4, 1A2 and 3A5, respectively. These common technical elements do not represent an improvement
over the prior art of US 2007/0092926 A1 to Alterman et al. (see abstract, SEQ ID NO: 43 in comparison to Applicants' SEQ ID NO: 1,
as well as SEQ ID NO: 172 in comparison to Applicants' SEQ ID NO: 5, SEQ ID NO: 1 in comparison to Applicants’' SEQ ID NO: 8 and
SEQ ID NO: 180 in comparison to Applicants’ SEQ ID NO: 17). Therefore, the inventions of Groups I-V lack unity of invention under PCT
Rule 13 because they do not share a same or corresponding special technical feature.
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