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METHOD AND DEVICE FOR PROCESSING OF LC-MS OR LC-MS/MS DATA IN METABONOMICS

Related Application

This application claims the benefit of a United States provisional application
entitled “4 System and Method for Metabonomics Directed Processing of LC-MS or LC-

MS/MS Data”, Serial No. 60/474, 499, filed on May 29, 2003.
Field of the Invention

The illustrative embodiment of the present invention relates generally to
metabolic analysis and more particularly to the programmatic processing of LC-MS and

LC-MS/MS data for peak deconvolution and subsequent chemometric analysis.

Background

Metabolism may be defined as the chemical changes that take place in a cell or
organisms that are used to produce energy and the basic materials which are needed for
important life processes such as mitosis. The byproducts of the chemical reaction may
be referred to as metabolites. By analyzing and identifying the metabolites that are
present in a sample, it is possible to determine the route of metabolism. For example, an
analysis of metabolites in biofluids such as urine may be used to determine what
substances were ingested by the individual that produced the urine. The identification

and analysis of the metabolites is often performed using liquid chromatography in
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combination with mass spectrometry. The profiling of complex metabolic patterns in

biofluids is referred to as metabonomics.

Liquid chromatography separates the individual components contained within a
sample so that they may be identified. In liquid chromatography two phases are
involved, a mobile phase and a stationary phase. A liquid sample mixture ( the “mobile
phase”) is passed through a column packed with particles (the “solid phase”) in order to
effect a separation of the constituent components. The particles in the column may or
may not be coated with a liquid designed to interact with the mobile phase. The
constituent components in the mobile phase ( i.e.: in the sample ) pass through the
packed column at different rates based upon a number of factors. The separation of the
sample into its constituent components is then analyzed by observing the sample as it

exits the far end of the column.

The speed with which the different constituent components pass through the
column depends on the interaction of the mobile phase with the solid phase. The
components in the sample may physically interact with the particles or a substance
coating the particles such that their movement through the column is retarded. Different
components in the sample being analyzed will react differently to the particular particle
and/or coating by interacting with the particular particles and/or coating with differing
degrees of strength depending upon the chemical makeup of the component. Those
components which have a greater affinity for the particles and/or coating will pass
through the column more slowly than those components which bond weakly or not at all
with the particle/coating. In addition to chemical reactions, the size of the components

in the sample may dictate the speed with which they pass through the column. For
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example, in gel-permeation chromatography, different molecules in the solution being
analyzed pass through a matrix containing pores at different speeds thereby effecting a
separation of the different molecules in the sample. In size exclusion chromatography
the size of the particles and their packing method in the column combine with the size of
the components in the sample to determine the rate at which a sample passes through the
column( as only certain size components may easily traverse the gaps/interstitial spaces

between particles ).

The separated sample travels into a detector at the far end of the column where
the retention time is calculated for the various components in the sample. The retention
time is the time required for the sample to travel from the injection port
( where the sample is introduced into the column ) through the column and to the
detector. The amount of the component exiting the solid phase may be graphed against
the retention time to form a chart with peaks which are known as chromatographic

peaks. The peaks identify the different components.

The separated components may be fed into a mass spectrometer for further
analysis in order to determine their chemical make-up. Systems that have one mass
spectrometer stage combined with a liquid chromatography stage are referred to as LC-
MS systems. Systems with two mass spectrometer stages are referred to as LC-MS/MS
systems. A mass spectrometer takes a sample as input and ionizes the sample to create
either positive or negative ions. A number of different ionization methods may be used
including the use of an electrospray ionization. The ions are then separated by the mass
to charge ratio in a first stage separation commonly referred to as MS1. The mass

separation may be accomplished by a number of means including the use of magnets
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which divert the ions to differing degrees based upon the weight of the ions. The
separated ions then travel into a collision cell where they come in contact with a
collision gas or other substance which interacts with the ions. The reacted ions then

undergo a second stage of mass separation commonly referred to as MS2.

The separated ions are analyzed at the end of the mass spectrometry stage(or
stages). The analysis graphs the intensity of the signal of the ions versus the mass of the
ion in a graph referred to as a mass spectrum. The analysis of the mass spectrum gives
both the masses of the ions reaching the detector and the relative abundances. The
abundances are obtained from the intensity of the signal. The combination of liquid
chromatography with mass spectrometry may be used to identify chemical substances
such as metabolites. When a molecule collides with the collision gas covalent bonds
often break, resulting in an array of charged fragments. The mass spectrometer
measures the masses of the fragments which may then be analyzed to determine the
structure and/or composition of the original molecule. This feature is significantly
enhanced from nominal mass MS when using a mass spectrometer capable of accurate
mass measurements e.g. hybrid quadrupole orthoganol TOF instrument or FTICR,
allowing analyte elemental composition information to be derived. This information may

be used to isolate a particular substance in a sample.

Chemometrics is the mathematical treatment of data such as LC-MS/MS data
and includes types of multi-variate analysis such as PCA (Principle Component
Analysis) and PLS-DA(Partial Least Squares-Discriminate Analysis) or similar
statistical approaches. Chemometrics attempts to reduce large amounts of data to a

manageable size and apply a statistically driven model in order to determine latent
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variables indicative of hidden relationships between the observed data. Chemometrics
may thus be applied to the field of metabonomics. Unfortunately, conventional methods
of data acquisition often lose valuable relevant data in the process of reducing the
collected data set as the processing/collecting of MS data for chemometric analysis is
reliant upon the summing of the whole MS spectrum and thus results in the loss of any
retention time data. Additionally, conventional methods do not integrate the raw data,
filtered data and statistical analysis into a single data processing application with the
result that the mapping of the raw data to filtered data to analyzed data is awkward at

best.

Summary of the Invention

The illustrative embodiment of the present invention provides an automated
mechanism for rapidly reducing the set of collected LC/MS or LC-MS/MS data such
that true chromatographic and MS peaks are identified. The identified peaks are used to
create a list of LC/MS signals and responses for a batch of samples which appear in a
Master Entity List. The samples in the Master Entity List can then subjected to isotope
de-clustering and adduct removal prior to chemometrics being applied to automatically
identify biomarkers. An LC-MS/MS acquisition list is generated for the signals
identified as responsible for the PLS-DA or PCA group clustering or separation. The
LC retention time, accurate mass and MS/MS spectrum may be compared to databases
of known compounds and identified compounds associated with biological parameters

may be stored in a new compound database.
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Brief Description of the Drawings

Figure 1 depicts an environment suitable for practicing the illustrative
embodiment of the present invention;

Figure 2 is a flow chart of the sequence of steps used to perform liquid
chromatography and mass spectrometry;

Figure 3 depicts a visual display of a Sample List generated by the illustrative
embodiment of the present invention;

Figure 4 depicts a visual display of a Master Entity List generated by the
illustrative embodiment of the present invention

Figure 5A depicts a visual display of the loadings plot markers graph generated
by the illustrative embodiment of the present invention;

Figure 5B depicts a visual display of a trends plot graph generated by the
illustrative embodiment of the present invention;

Figure 6 depicts a visual display of the scores plot graph showing group
similarities generated by the illustrative embodiment of the present invention

Figure 7 is a flow chart of the overall sequence of steps followed by the .
illustrative embodiment of the present invention to perform metabonomics-directed
processing of LC-MS/MS data; and

Figure 8 is a flow chart of the sequence of steps followed by the illustrative

embodiment of the present invention to perform chemometric analysis.



WO 2004/106915 PCT/US2004/016797

Detailed Description

The illustrative embodiment of the present invention provides a mechanism for
using chemometric analysis on programmatically filtered LC-MS or LC-MS/MS data for
the purpose of determining metabonomic profiles. Collected LC-MS or LC-MS/MS
data is programmatically filtered to determine true chromatographic and MS peaks. A
Master Entity List is created from the LC-MS or LC-MS/MS signals and responses for a
batch of samples. The samples in the Master Entity List are further filtered and

chemometrics are applied to automatically identify metabonomic biomarkers.

Data for the illustrative embodiment of the present invention is performed in a
metabolite analyzing system such as an LC-MS/MS system as depicted in Figure 1.
Other types of metabolic analyzing systems such as LC/MS systems may be used instead
of an LC-MS/MS system without departing from the scope of the present invention.
Those skilled in the art will recognize that this approach could also be applied to the
analysis of LC-UV or other similar hyphenated chromatographic techniques such as GC-
MS and DIOS-MS as well as MALDI-MS (Matrix Assisted Laser
Desorption/Ionization- Mass Spectroscopy )-MS and DIOS-MS. The metabolite
analyzing system 2 includes a chromatography module 4, such as a liquid
chromatography module. Also included is an ionization module 10. The ionization
module 10 receives as an input sample the output from the chromatography module 4.
The ionization module performs ionization of the sample. Those skilled in the art will
recognize that there are a number of different ways in which the sample may be ionized,

such as by bombarding the sample with a stream of high energy electrons.
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The ions produced by the ionization module 10 are passed on to the MS1 first
stage mass separation module 12. The mass separation may be performed using any of a
number of well-known techniques. For example, the ions may be subjected to magnetic
forces which alter the path of the ions based upon the mass of the ion. The separated
1ons are then be passed into a collision cell module 14 where they are subjected to
additional reactions, such as exposure of the ions to a gas designed to react with the
separated ions. The sample may be further separated in an MS2 second stage mass
separation module 16 prior to arriving at a detector module 18. The detector module 18
is used to generate a mass spectrum based on the detected signal generated by the exiting
ions. Those skilled in the art will recognize that a number of different methods of mass
separation may be used and different substances may be introduced into the collision cell
14 in order to react with the ions of particular interest. Similarly, the illustrative
embodiment of the present invention may also be performed with a number of different
metabolite analyzing systems including an

LC-MS system performing only one stage of mass separation.

An electronic device with a processor 6 is interfaced with the detector
module 18 and the chromatography module 4. The electronic device 6 may be a server,
desktop computer system, laptop, mainframe, network attached device or some other
similar device with a processor. The electronic device may also be integrated into one
of the modules in the metabolite analyzing system 2 without departing from the scope of
the present invention. The electronic device 6 includes storage 8 which is used to record
the results of sample runs. Those skilled in the art will recognize that the storage 8 may
be located in any location accessible to the metabolite analyzing system 2. Also located

on the electronic device 6 is a Toxicological Screening and Biomarker Identification
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application 20 that may be used to identify biomarkers for different types of Systems
Biology such as Metabonomics, Functional Genomics, Peptidomics, Lipidomics,
Glycomics and Proteomics. Those skilled in the art will recognize that this approach
could also be used for natural product evaluation, impurity profiling, environmental
analysis, food and nutrition and product release. The Toxicological Screening and
Biomarker Identification Application 20 is discussed further below. Those skilled in
the art will recognize that the Toxicological Screening and Biomarker Application 20
may be located in any location in which it can access the saved raw LC-MS or LC-
MS/MS data, including being integrated into the modules of the metabolite analyzing

system 2 or on a separate electronic device.

The sequence of steps performed to conduct a single LC-MS or LC-MS/MS run
to collect raw data is depicted in the flow chart of Figure 2. The sequence begins with a
liquid chromatography separation of the components in a sample (step 30). The sample
components exiting from the liquid chromatography system are passed into the
ionization module 10 where ionization is performed (step 32). The first stage of mass
separation is performed (step 34) and the separated ions are passed into the collision cell
where they react to the collision cell reactant (step 36). Second stage mass separation is
then performed on the reacted ions exiting from the collision cell (step 38). The
separated ions are passed into the detector module 18 where a mass spectrum is
generated from collected data thereby enabling the identification of metabolites

contained within the sample (step 40).
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Once the raw LC-MS or LC-MS/MS data has been collected, the illustrative
embodiment of the present invention works to identify true chromatographic and MS
peaks. The Toxicological Screening and Biomarker Identification Application 20
performs peak deconvolution on the raw LC and MS data. Peak deconvolution
identifies the actual analyte signal peaks and filters out noise from the raw LC and MS
data. The Toxicological Screening and Biomarker Identification Application 20 next
creates a sample list of signals. Figure 3 depicts a Sample List 50 of signals. The
Sample List 50 is used to create a batch of samples from the signals and responses that
appear in a Master Entity List 60. Figure 4 depicts a display of a Master Entity List 60
that is generated by the illustrative embodiment of the present invention. Each sample in
the Master Entity List 60 includes an ID 61, a Retention Time 62, a Mass 63, a
Significance 64, an Exclusion value 65, and ion intensity/ response value columns 66.
As an example, each response value column may be for a separate test animal. The
Master Entity List lists all of the similarities of two different groups and may exclude
certain masses. Every true peak or analyte detected by the system in each sample is
cross-referenced with each of the other samples programmatically. Samples missing a

signal are assigned a value.

The Toxicological Screening and Biomarker Identification Application 20 then
further filters the sample data. The samples undergo isotope de-clustering and adduct
removal to remove unwanted trace elements. Adduct removal refers to the removal of
ion such as sodium and potassium or dimmer/trimers etc which if unaccounted for can

skew the analysis of the collected data.
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Once the samples have undergone isotope de-clustering and adduct removal, the
Toxicological Screening and Biomarker Identification Application 20 uses chemometric
analysis to identify potential biomarkers in the sample data. The chemometric analysis
will identify clusters of interest among the samples. The clusters represent similarities
among the samples and are used to identify the metabonomic profiles. A number of

different types of chemometric analysis may be used including PCA and PLS-DA.

For example, Principal Component Analysis (PCA) uses mathematical
algorithms to determine the differences and similarities in a data set. PCA transforms a
number of possibly related variables into a smaller number of unrelated variables which
are referred to as principle components. The first principle component accounts for as
much of the variability in the data as possible. Each additional component attempts to
account for as much of the remaining variability in the data as possible. The collected
data may be arranged in a matrix and PCA solves for eigenvalues and eigenvectors of a
square symmetric matrix with sums of squares and cross products. The eigenvector
associated with the largest eigenvalue has the same direction as the first pririciple
component. The eigennvector associated with the second greatest eigenvalue determines
the direction of the second principle component. The sum of the eigenvalues equals the
trace of the square matrix and the maximum number of eigenvectors equals the numbers
of rows (or columns) of this matrix. Once determined, it is possible to draw screen plots
of the calculated eigenvalues. Those skilled in the art will recognize that a number of
different algorithms may be used to calculate the eigenvalues and eigenvectors. The
data is displayed using two plots: i) the scores plot which shows the group clustering and
ii) the loadings plot in which the analytes/ions responsible for the group clustering are

identified as those being the greatest distance from the origin.
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Chemometric analysis is used to determine latent variables which represent
hidden connections between data points. Each data sample has a number of features
such as signal intensity, mass and retention time. The chemometric analysis applies a
function to the features and graphs the result of the function on an n dimensional plot.
Conventional methods of processing the data for plotting involve bucketing data from
time intervals of the sample run. This results in the loss of the retention time variable.
The illustrative embodiment of the present invention presents a Loadings Plot 70 as
shown in Figure 5A showing the analytes peak of the various markers. The ions the
greatest distance from the origin, using eigen vectors, are those most responsible for the
group clustering or separation. The Loading Plot 70 may also be used to create a Trends
plot showing the correlation between signal intensity and sample dose. Figure 5B shows
a trends plot 73 for a selected ion. A Scores Plot 75 as shown in Figure 6 indicates the
similarities between samples( such as a control sample and a dosed animal sample). The
data in Figure 6 shows the PCA of LC/MS data generated from rat urine obtained
following the administration of vehicle alone or a candidate pharmaceutical at low and
high dose. The display generated for a user visually indicates obvious points of
similarity which are ascertainable with the naked eye. These suggestions of similarity

may then form the basis for further study.

Figure 7 is a flow chart of the overall sequence of steps followed by the
illustrative embodiment of the present invention to perform metabonomics-directed
processing of LC-MS or LC-MS/MS data. The sequence begins with the collection of
raw LC-MS/MS data and the identification of actual LC and MS peaks as described

above (step 70). A list of the identified peaks is then generated (step 72). This list
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forms the basis for the samples appearing in the Master Entity List. The samples are
further filtered, undergoing isotope de-clustering and adduct removal, and chemometric
analysis, such as PCA and PLS-DA analysis, is performed (step 74). Peaks responsible
for clustering in PLS-DA loadings are identified ( step 76). The peaks are then
compared to a database of known endogenous biochemicals in order to identify the
compound associated with the peak (step 78). The compounds may be toxic
compounds, drugs, chemicals, agricultural chemicals or other compounds. A compound
database may be generated from the identified compounds containing retention times,
m/z values with accurate mass where appropriate and other biological parameters such
as sex, dose levels, day, and toxin. Those skilled in the art will recognize that identified
biomarkers may be used in a number of different areas of science such as Metabolomics,

Functional Genomics, Peptidomics and Proteomics.

The chemometric analysis performed by the illustrative embodiment of the
present invention is further shown in Figure 8. The sequence of chemometric analysis
steps begins when the LC-MS data is reduced to the samples of the Master Entity List
(step 80). Xenobiotics are then removed from the samples to leave only the endogenous
metabolites(step 82). PCA and PLS-DA analysis is then carried out on the data batch
(step 84). Signals from the PLS-DA plot furthest away from the clusters are removed

until there is no separation between groups (step 86).

A user of the Toxicological Screening and Biomarker Identifier Application 20
may thus easily transition between raw data, filtered data and analyzed data all by
selecting the appropriate view. Conventional software packages lack this integration

between the raw and filtered data and the analyzed data since two or more separate
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software packages are required for the task. The requirement of two or more software
packages presents a user with difficulty in mapping from analyzed data to the

corresponding spot in the raw data.

It will thus be seen that the invention attains the objectives stated in the previous
description. Since certain changes may be made without departing from the scope of the
present invention, it is intended that all matter contained in the above description or
shown in the accompanying drawings be interpreted as illustrative and not in a literal
sense. Practitioners of the art will realize that the sequence of steps and architectures
depicted in the figures may be altered without departing from the scope of the present
invention and that the illustrations contained herein are singular examples of a multitude

of possible depictions of the present invention.
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We Claim:

1. In a metabolite analysis system, a method, comprising the steps of:

programmatically identifying chromatography peaks and mass spectrometry
peaks from a sample run; said mass spectrometry peak being one of an MS peak and
MS/MS peak and using nominal or exact mass;

generating a list of sample data having said identified peaks;

performing chemometric analysis on said sample data to identify biomarkers;
said chemometric analysis performed without loss of retention time data by the same
application performing the programmatic identification of said chromatography and

mass spectrometry peaks.

2. The method of claim 1 wherein said chemometric analysis is performed using one of
Principle Component Analysis (PCA) and Partial Least Squares Discriminate Analysis

(PLS-DA).

3. The method of claim 1, comprising the further steps of:

comparing said identified biomarkers with a database of known compounds.
4. The method of claim 1, comprising the further step of:

removing unwanted material traces from the sample data prior to performing

chemometric analysis.
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5. The method of claim 1 wherein said unwanted material traces are at least one of
xenobiotic traces, dosing vehicle traces, extraneous food traces, and contamination

traces.

6. The method of claim 1 wherein said sample data includes mass data, retention time

and signal intensity values.
7. The method of claim 1 wherein said biomarkers are used in Systems Biology.

8. The method of claim 1 wherein said chemometric analysis further comprises the steps
of:
plotting said sample data on an n-dimensional plot, said n-dimensional plot

indicating the analyte peaks of a plurality of said biomarkers.

9. A medium in a metabolite analysis system, said medium holding executable steps for
a method, said method comprising the steps of:

programmatically identifying chromatography peaks and mass spectrometry
peaks from a sample run; said mass spectrometry peak being one of an MS peak and
MS/MS peak and using nominal or exact mass;

generating a list of sample data having said identified peaks;

performing chemometric analysis on said sample data to identify biomarkers;
said chemometric analysis performed V\;ithout loss of retention time data by the same
application performing the programmatic identification of said chromatography and

mass spectrometry peaks.
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10. The medium of claim 9 wherein said chemometric analysis is performed using one

of Principle Component Analysis (PCA) and Partial Least Squares Discriminate

Analysis (PLS-DA).

11. The medium of claim 9, wherein said method comprises the further steps of:

comparing said identified biomarkers with a database of known compounds.

12. The medium of claim 9, wherein said method comprises the further step of:
removing unwanted material traces from the sample data prior to performing

chemometric analysis.

13. The medium of claim 9 wherein said unwanted material traces are at least one of
xenobiotic traces, dosing vehicle traces, extraneous food traces, and contamination

traces.

14. The medium of claim 9 wherein said sample data includes mass data, retention time

and signal intensity values.

15. The medium of claim 9 wherein said biomarkers are used in Systems Biology.
16. The medium of claim 9 wherein said chemometric analysis further comprises the
steps of:

plotting said sample data on an n-dimensional plot, said n-dimensional plot

indicating the analyte peaks of a plurality of said biomarkers.

-17 -



WO 2004/106915 PCT/US2004/016797

17. A metabolite analysis system, comprising:

one of a chromatography-mass spectroscopy type system, MALDI-MS
Matrix Assisted Laser Desorption/Ionization-Mass Spectroscopy) system, and DIOS-
MS ( Desorption Ionization On Silicon) System;

a toxicological screening and biomarker identification facility, said toxicological
and biomarker identification facility programmatically identifying analyte peaks and
mass spectroscopy peaks from at least one sample run performed on said one of 2
chromatography- mass spectroscopy type system, MALDI-MS system, and DIOS-MS
system, said toxicological and biomarker identification facility further performing
chemometric analysis on said sample data to identify biomarkers, said chemometric
analysis performed without loss of retention time data.; and

a storage location accessible to said toxicological and biomarker identification
facility holding a collection of raw and filtered data from said at least one sample run
performed on said one of a chromatography- mass spectroscopy type systém, MALDI-

MS system, and DIOS-MS system.

18. The system of claim 17 wherein said toxicological and biomarker identification
facility is implemented in software on an electronic device interfaced with said one of a
chromatography- mass spectroscopy type system, MALDI-MS system, and DIOS-MS

system.

19. The system of claim 17 wherein said collection of raw and filtered data includes

mass data, retention time and signal intensity values.
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20. The system of claim 17 wherein said biomarkers are used in at least one of
Metabonomics, Proteomics, Functional Genomics, Lipidomics, Glycomics,

Metabolomics and endogenous peptide profiling.

-19-



PCT/US2004/016797

WO 2004/106915

19

8
3iNpol
Joyos)a(

02

uoneoljddy uoneayuapy
Jayjewolg pue |eaibojoaIxo |

8

abeloig

9

108S3901d YA S01A8Q 21U0ND8[T

[

9 _ 73 -
uoneledag 7 co_amm%m 0}
SSeW [« jlap uaisyjop ¢ S|y 1 bflad
abe)g puooag abeys 1si4 uoneziuoj
¢S |SW

A

314

14
3INPON
Aydeibojewoiyn




WO 2004/106915 PCT/US2004/016797

2/9

Liquid Chromatography I30
Separates Constituent
Components

Y

/32

Sample Molecules lonized

A

j34

First Stage Mass Separation

y

36
Collision Cell Gas Reacts J/
With lons

A\ 4

_ 38
Second Stage Mass Separation f
Further Separates Sample

A 4

40
Mass Spectrum Produced s
For Sample

Fig. 2



PCT/US2004/016797

WO 2004/106915

3/9

£ 31

[w][>]
G¢ sod”swol [ 7667020 00000 [0S0 ON3 +S3 Of ay0yOELOH ON 0¢
5 sod swo| | G602 0 00000 | 6¥0 ONJ +S3 O Ay0rOEOH ON 6l
G'e sod"swo| | G602 0 00000 | 870 ON3 +S3 Or ApOYOLOH ON 8l
Gc sod™swo| | “G6 0Z 0 00000 | Z¥0 ON3 +S3 OF ay0F0EOH ON Ll
6'e sod"swo| | G602 0 00000 |9¥0 ON3 +S3 Or ApOPOEOH ON 91
Ge sod swo| [ 766 0Z 0 00000 |SPO ON3 +S3 Of Ar0¥0SOH ON Gl
G sod swo| | 766 0Z 0 00000 | Y0 ON3 +S3 Or ar0¥0EOH ON 14"
Ge sod swol [ G602 0 00000 |[€¥0 ON3 +S3 Or ApOFOEOH ON €l
GC sod"su| | G602 0 00000 | ¢¥0 ONI +S3 O ap0pOEOH ON l
ge sod"sw| | G602 0 00000 | L¥0 ON3 +S3 O ar0¥0E0H ON bl
2 sod"swo| | G602 0 00000 oL1 ON 0!
gC sod swol [ G602 0 00000 61 ON 6
A4 sod"swoj [ 766702 0 00000 gl ON 8
[4r4 sod"swo| | G602 0 00000 L ON A
(At sod™swo| | 766 0Z 0 00000 91 ON 9
At sod swo| | G602 0 00000 gl ON G
2 sod"swo| | "G5 0Z 0 00000 vl ON 14
24 sod"swo| [ G670z 0 00000 £ ON €
A4 sodswop | G602 0 00000 A ON 14
[At4 sod"swo| [ "G5 0Z 0 00000 bl ON 3 o

MSVL QI dNVS [ ¥3LLINGNS | ¥3SN | "I4FHVIA| FU4SIN | FTHLTINE | TSV | PIS [eusgu| 314v1iva “"NITJWVYS | papnjox3 X

@ MM

| X|«d+ |6 B

dioR mopuipy Buissacoid Aeidsig meinA W3 o)

« Pajun - xufjiexiep

)s1] dpdwreg




PCT/US2004/016797

WO 2004/106915

/4

81,

4/9

(<] I [»]
A | G000 0 8614 10S S8EZ b G000 O OSvR'S6 0000 0 2880 L ZEST SO L 858’8 00000 46386'GL ELTEST 0000 0 on Qis0'0 2U3T S0P SE00 £ THSi 13
ZvZ 101 | OISE69 | O81LvZ | OZv6 S | OBIZZv | Divo 28 | LG Ve | ZJevd iz | 26V %9 | ZOSC v | OVGOZE | PeSOEE | 95l et oN 7v300 Sv100GEZ | €06LS T
J910'E9 €20¥'66 $ZLL LS 80sv' 6T 2529 1E 8CLWEL *vi2'0C 8102 PE 2482408 ZENC SO 0980 IS 8ZEV'ZE ZEv8 ¥alL o 2580°0 eLI0T8Z S8I6'Y 285 F
>v8i28 COEP'EY 1802 L6 PGGL T £208° b2 Z8iv 08 859452 660658 860C PZ L BESE'88 BELEED 851648 PE00 LE OoN £290'0C S5LESET 6659’ 805 [3
S2BE 601 0000’0 £828'0S £Z98' LY £TBT 99 £266'¥8 QOLZ 8L SHIE LS Q8Ly 2L 1445 b¥ 2L23°TOL BZE6'ES S0Z8'82 o 88900 SOL 4 SBZ [3Z5K] £18 i£
00000 #SB0 68T 10rE POL 08e 0L 181E S LWL LT P41 TYTOTSL 0y8L°94% $THYO'0L REOR S €T EC £208°99 on $S590'0 LT T S0£8'9 8OO 9¢
15€489 1999654 1965 ZC PLGT 9L S8L0'8% 6002 9T e’ TS 6 8L B522°04 S069 09 9362 26 O 1803 $00P LE on 80400 60Tq° 151 9924 L 592
6080’0 TIEVO0L b eiiiad vl 0000 ¢ 0000 6 0000°C Qo0 0 0000’0 o000 Qo000 0000'0 1929'6ZE ON ££L00 6626 0vC S¥28'S 3] [
32989T 0000 0 SLOOSL STV ol B1EG' LY 8P EEY 8ES° ) 20T 9 R Le's [ o] 6050 ¥ G000 0 r62 04 on 25400 0120642 6999'S 959 £e
40T SL VSES'0B I8381'€9 LB8U 98 1698901 G000 0 £255 0 866£ 8T SBLT iy CO00'0 L89E°68 8sHi'Es [4- 74 >43 ON S£400 SLET SIE 9958 B8SCL Z¢
Si5C°T 316 02T PLZO°2S 858 L2 001002 Co00'0 808 S Z999'0S 22060 S982'0T 680 05 €588 LY $3EI65 1 oN SeL00 Q90 £8E 2190 ) [
S0 Pt €ZL9TL oZsL'e8 COLLBR L SUSLEE Q0000 [3:13:3] LBEY LT 26ET'FEL 8859 1L P LEE B0 278158 STHE'S8 o (800 2880 25T $088'S a8 0
G000'0 G000 0 00000 00000 0000 0 0000 0 80000 ST 0000 © 00000 0600 0 2586 1% G0000 oN [T 609588 | 6004 Sevz_ | 62
¥OLE 63 SESLYET £3bv° 0% [ 113 £8986° 68 6496 208908 PSLR'e0L SEL6'RE 199¢€° 18 21069 BIZTEE aoono ON 8,800 6600 L1} 2181°1 14 (T4
Joaz'ie SEPO'RS SBL V' EC 8L66°ibt DOPZ 06 LIYE BL 6390'6r OLZE S04 8rI'6ZL 61589 ZieZ WL $509 P2 £H0 061 o £690'0 266'85T 61129 655 1
TTo00L | 0esv0S | S960 18 | vopZ el TeE0B8 | GveLbi | vooep8 | BC00GOL | 16V e | 169155 | POZZ96 | B6eces | 100968 SN 3560 0 0860 V26 | 9096 € Bovt | %
o000 OA8E'SS 0920 628205 55919 221682 BLETSTL 2869°19¢ 2682 9E 2ELL L 4626 vE Se8E'6 SPSE LE ON 8/60'0 S00E pav 1699’9 »Z0Z SZ
3666 0% BLE°EL 8989750} 63008 [+ 4113 €992 (A1 66E6°AS ISIE'98 s 0L O5S8' €01 STILTL £ELS P on oo’ SZTEH'TLEL 0SEL'9 0T 12
04T LE1 TL25ZE 9ZZE SOL SpeE v BZB0OkL LSWETLS SB88 98 295C vb L 6220821 Obv¥2 €04 BSPSEEL SPSE 0L 2ESYSEL OoN 9504’0 BLOU £LT $458'S |9 2
200251 | e8z@8vy | 0ZZ0SLL | 696905 | VOvS S 00000 221628 | 962158 | OCGLPLl | BLSCSIL | 09T 0L | #BES 3 | 6SLZ ST o 59010 EhZ0SLZ | 27696 659 | ¢
.Y PEES L 14£36'9TH tSLL 6P SGIL YT c09L96 €09TEL L 868 12€ $884'6€ 1802°€01L €094 St 8LIS UL SBSL 60T 8Z0L'09 oN opLig 8883 Gy 6E£95'9 BOBL 1
3TE0" ¥8 [ £804'08C 429 0000'C 80000 00000 0000 0 0000’0 [es e POST S0 1862'S 00000 ON S8 89866 LIT ] Ze
TZe0eT | 2BIves | 1Svle8 | TWIE IEC | PPPOOLY | GOVEO0Gr | cOBL 405 | 50163 | 500198 | T9GV6LL | OVOS68 | IZLLEb | VAP0 ER o TZiro 0521 Evy | 25512 €8sl | 6!
302006 Visa X443 owaes 97ES 8 215082 0105 0E eTe8 L9 218913 Si6Y' 08 866959 15 Z4%41] GBLLER IEY IOL N 2010 OZSOESL ££39'S [ 724 81
SpELOLL 6865 90L enee 0z 860982 H0S° 08 L a8TH vl o0y 19 BLET 0% 968y 501 295 55 FESO'851 9668 08 LeZLEB1 oN 11 % IBEHIPT (33041 Tib 1
968 6€ b ELLLSOL 9626'98 PGS L S6LE ¢ 160 S0E £6Z3 i E8LTS 2898 PEL BIBE DG LGP E0Y CEPTYEL ZEYY EET ol *iELQ TELO'SYT 251’9 28k 9
LSO 629025 S008' L SOBY S6 $OI6'EL B496'C8 £24929 TETH 62 T980°6L LB €6 2922524 B% L0'66 Q109 LS ON 9310 SBED WE £896'S 6001
SO6TOL S80S +I08'9L £810°09¢ L8SE Lk 230222 LSOt 08PTOIT ar6s'631 [97E' 89T QISTSOC G8S5 15T SPECTTI oN svLo BOET BYE c218'8 2EZ1 y
"T85 ZE b £EZL8°TL 6S6L°T4) £6Z5'8T 1624058 0000’0 6436'€L LIES 622 883¢€'93StL Z9TS'8LL Z0ST 654 0ZHS 80t EETT'ES on 810 £604 L5€ ZEVL ¥ £0C4 t
LS50 B6YE LY bEL 32564 | S0 0EL £8LSEY 6626 €L 9608 08 [ =YAY 3 9588 ££T SBSLTLL 8BS 09 E606 S S5 861 ON ¥SSLVO 80 R L000'% 8501
£2STTL ZEROCLT oS0 L PREOSL L SEPI LBL S6p6'86 EH2TETL SEPY 6T 81’824 T6RSG I 217373 +081'88 L3 00 oN LLSVO PISOBLL 74 2% 4 (44 31
112966 | Z0EVSS | SZ1Z0bh | EH06BZL | SSBSEC | ELIFZIZ | VOLBEE | SZ1S081 | 5000V | $65.95 | PL¥S 1TV | E62ZC0LL | IZEVSHL o S€91 0 GLB0ER | BbELS 858 | 0}
SEE 18 8SSIENE ZZL0' LYy LIE9'G 283STEL BEZYTE 16888 8102°5¢L Z800°0S 8L \TZ LSEP RO $SLT LS PO IV o 259V0 68T PEL ISty p: 74}
B0T60C | Z5v6 0L | BYGO LTI | B66L981 | ibZ950L | FPSEESC | SGBS ICL | OBPZOLC | I6I648V | LOZZE68 | SOZLELL | SIETSEL | 0556 k61 ] 61200 SSPIcib | OVEDS SVZ
00000 0000 0 0000’0 0000 0 SOSTZE Qo000 aooo' o 0ETY LS 0000'C 00000 00000 LE2£°2kL 00000 oN 1020 SESS 518 LE20°L PEPE
12E.0 LEC 2#80'68 1 £8LE'Z61 TP Sii P LE 206 ¥eT £8I9T81 6128591 OSIGEPT SLOS 8rE $R66 L6 8|8ION69} ZEVL' 62 Ol 0CET 0 8080 LSE COPp € 86C) 9
TOOO0 | 2225 18v | v 0b | GCive: | GISCE4L | SIEVSL | GoGLOP | BBveeBL | BBESOT SN € S12055 | cvio66z | 00000 oN seez 0 61T 200 | 86102 9881 | §
5900'96 +E€S3'S8E TRIFOEE LLSVEL 686993 84T viL (I 10082 8CEY Ly 1868 v5Z ‘SO05'eC o189’ 8% 566" 194 ond 8ZPZ 0 258129y 65659 4002 12
B0 LH 067 L6E SOp12T 8538 79¢ 6ZE0'BLY 86Z9'EET 83198C1 £190'80C LITO 1B TS0 8 00S0'STE 5SRO IS BOLI £8E ON [, 544 ooz Lv0¥'8 £Z€ £
£S5 Ly 02 ebl 8801061 509 965 5988 45 8618 LIS pra:y=:>4 818 805 SOrE'2B SOE 843 KeL v B82S BHZ €806 148 on SOSY' 0 6800 19T X44: 34 08S Z '
120€°089 | 89t0 69¢ 8039831 BBE0 OYE 8629 91T 6926 LET 0rgLecgl Y662 618 £8Z 1 IESS L4 82 66T Gt 1 gL' ZCSE 1709992 onN 92960 $8L1° 19 Z8ES'9 466} | E
wlg o | sooe0 | sease0 | seaweo | seaeeo | ewaeeo | seaie0 | sed0e0 | swaee0 [ ewaeed [ eTau0 | 6400 | s974TSe0 | popwd [ eyl | ssew [ oun ey

99

59— 99 99 997 99~ 99— 99~ 99— 99— 99 99 99~ 8_!@_

SR

%T@@*_m B

H1D 68 4 BaNz6LySO - xukqiayep

disH

9iA 1p3 alid

99— $#9— €9

29— 19—




PCT/US2004/016797

WO 2004/106915

5/9

V¢ Bl

| =

000 G20 0520 Geeo oo_m.o ﬁ_—.o om_ 0 mw_vo oo_fo m%.o omw.o mw_o.o 0000

} WBUOAOD ===t s i S e = === - s e 0£0-
Hgﬁwwmmm:%mzzuu .... I Jm,, o e . N IO 0z o
S SO RO -n.--,--é,am%r@mu--i SN NN VIR BROUOVOL N YOS S P 0o
L%.%mm...ﬁd m Hisvad il ) “ P :N_M :n» P 7 14 m ; oot ; 000
° -n;;n.imimwwwumqudm‘.&aﬂw ............... .;-%m\bh ww%v § _r ...... k.r T
e y o e b e [ -  me e X ._m ¥ - 8 S YR
) P P Jmumm ﬁww,ﬁan @3&@2% 990(:£64'609, iaaod SorSizoy [ Tovo
O S e A m, — - — [0
. O S ] camaeak comdan Ammcmame 1 ———- e m - 4=~ o

: \ ' : | ) H H 3

- e T S I e ety S 0£0g
e R it R B R B e ! M R et I 3
R S B e R Lt S H s O I SRS e VAN
R S — I ; S— S S 050
B T i o e 090
T m lllll [ v oTTET ] lll“ll vt ON.O
S p e : feseeeses S e -
O e T T T m |||||||||||| - * llllll e 4=
S T N oo OezyyEReEZES Ll b 060

2 Wuauodwo) - | ywauodwo?) :sbujpeon

malA sbulpeoq

0/ S SIINIRTA :)0]q SSuipeor]



PCT/US2004/016797

WO 2004/106915

6/9

g¢ 3t

(nN) [ I (| . fpeay
0ec 0¢C 0le 00c 0O6L 08 0 09 06 0¥k 0€b 02 O 000 06 08 02 09 06¢ 0y 0€ 02 04 00
ww_QEmm- 1 1 1 1 1 1 1 1 1 1 1 ) 1 1 1 1 1 1 A 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 o
— %
(44
# -
Ll
v L
o) - 00!
200+9G€£8'G

oMM OEKM X 8| ¢ ®m

[MaIA pualf] - H71D 68p 4 FaNAjiqeiepasoq - xuAjiaxeyy

disH mopuipy bBuissasoid Aeidsig meiA Wp3 8pg




PCT/US2004/016797

719

N 1] kpeay

mN_N_o om_m.o G0 or_m.o 8020 N_F.o o\._ﬁo G _ G610 0S1'0 mv_ﬁo OvL'0 SELO .
| Jusuodwo) S = ISt R 3 L e T T SRR EEEEEE yem-oes 4mmmme R T _ ....... _ 0020
M S O PN
............. : e O e S X\
: : : s ! : : ; m
.................... : R T
: : : W ” : —10000
_ : m " : PO
i I— R L beeeeee- SR 11 N
m P s L 09
1 e N A ; I S S LUUY
. ) ' 1l I [l el
T ! " : : : e]
~ Fommeaan EEETEEEE - o-r e to---1 =1
' ] ] . . i [¢2]
: : " ' ' : ' =
: . foreeeef L0020
. T R e R L
: RN NN SRS N1 7 S— R
................. e e w14
Z auodwo) - | jusuodwo?) ;91005

MB3IA $31098

WO 2004/106915




WO 2004/106915 PCT/US2004/016797

8/9

Programmatic Peak Detection
70

y
Generate Peak List
712

y

Chemometric Analysis Performed
74

\
Peaks Responsible For Clustering in PLS-DA

Loadings Plot Identified
76

Y
Peaks Compared to Database of Known Compounds
78

Fig. 7



WO 2004/106915 PCT/US2004/016797

9/9

LC-MS Data Reduced to Samples of Master Entity
List
80

y
Xenobiotics Removed
82

y

PCA and PLS-DA Analysis Carried Out On the Data
Batch

84

\ 4

Signals From PLS-DA Loadings Plot Are Removed
Until No Separation Between Groups

86

Fig. &



INTERNATIONAL SEARCH REPORT

t=+===7tional Application No

/US2004/016797

CLASSIFICATION OF SUBJECT MATTER

PC 7 G0IN30/ 88

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 GOIN

Minimum documentation searched (classification system followed by classification symbols)

Documentalion searched other than minimum documentation to the extent Ihat such documents are included in the fields searched

EPO-Internal, BIOSIS

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X PLUMB ROBERT S ET AL: "Metabonomics: The 1-20
use of electrospray mass spectrometry

coupled to reversed-phase liquid
chromatography shows potential for the
screening of rat urine in drug
development.”

RAPID COMMUNICATIONS IN MASS SPECTROMETRY,
vol. 16, no. 20, 2002, pages 1991-1996,
XP009037995

ISSN: 0951-4198

the whole document

WO 03/017177 A (BEYONG GENOMICS INC)

27 February 2003 (2003-02-27)

page 2, line 6 - page 5, line 28

_____ o

1-20

m Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

'L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" documment referring to an oral disclosure, use, exhibition or
other means

*P* document published prior 1o the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not In conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of parlicular relevance; the claimed invention
cannot be considered 1o involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the an.

'&" document member of the same patent family

Date of the actual completion of Ihe international search

13 October 2004

Date of mailing of the intemational search report

27/10/2004

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 eponl,
Fax: (+31-70) 340-3016

Authorized officer

Miller, T

Form PCT/ISA/210 (seccnd sheet) (January 2004)




INTERNATIONAL SEARCH REPORT

International Application No

US2004/016797

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of docurmnent, with indication, where appropriate, of the relevant passages

Relevant 1o claim No.

X,P

EP 1 327 883 A (MAX PLANCK GESELLSCHAFT)
16 July 2003 (2003-07-16)

column 1, lines 3-6

column 10, lines 9-12

column 12, lines 29-58

1-20

Form PCT/ISA/210 (continuation of second sheat) (January 2004)




INTERNATIONAL SEARCH REPORT

nformation on patent family members

International Application No

'US2004/016797
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 03017177 A 27-02-2003 CA 2457432 Al 27-02-2003
EP 1425695 A2 09-06-2004
WO 03017177 A2 27-02-2003
US 2003134304 Al 17-07-2003
EP 1327883 A 16-07-2003 EP 1327883 A2 16-07-2003
WO 03058238 Al 17-07-2003

Form PCT/ISA/210 (patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

