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The Scientific Committee would like to welcome you to this international workshop
entitled “Metabonomics: A new tool for exploring biocomplexity” where a leading
group of scientists in the field will explore most of the recent advancements and
applications of metabonomics.

PREFACE

Metabonomics is a new systems biology approach that promises to add significant
value to conventional disease diagnostics. It can also be applied to characterization of
genetic modification in animal models of disease and it has a major role in improving
the efficiency of the drug discovery and development process. The realization that
obtaining the genome sequence of humans and other species is not sufficient to explain
the fundamental nature of many disease processes has triggered a marked increase in
interest in approaches that relate gene expression to phenotypic outcome. Several
technologies have been, and continue to be, developed to achieve this end, namely
genomics and transcriptomics (genetic complement and gene expression, respectively),
proteomics (protein synthesis and cell signaling), metabolomics (metabolic regulation
and fluxes in individual cells or cell types) and metabonomics (systemic metabolic
profiling and regulation of function in whole organisms via analysis of biofluids and
tissues).

In complex organisms, the levels of biomolecular organization and control are
interdependent and moreover, can be affected by environmental events and stressors
throughout life. All of the -omics technologies, which rely on analytical chemistry
methods, result in complex multivariate data sets that require a variety of chemometric
and bioinformatic tools for interpretation. The aim of such procedures, particularly for
metabonomics, is to extract biochemical information that is of diagnostic or prognostic
value and that reflects actual biological events rather than the potential for
pathophysiology, which comes from the interpretation of gene expression and
proteomic data. It is crucial to relate real-world or end-point observations to the
measurements provided by the -omics technologies. This enables the understanding of
the relationships between the inputs that change -omics responses and the outputs of
those responses. As such, metabonomics provides a useful connection between the
other -omics platforms and pathological end points, such as tissue histology or
conventional clinical biochemistry measurements.

Metabonomics offers great potential in pharmaceutical drug discovery and
development programmes. All such programmes must start from an understanding of
what a "normal" physiological state looks like. From this perspective, it is then possible
to understand other physiological states that deviate from "normal". This is possible
because, by definition, any disease state will be abnormal. In this context,
metabonomics can provide invaluable information in: a) the discovery and validation of
potential targets for pharmaceutical intervention by determining the difference
between normal and diseases tissues, b) the selection and optimisation of leads by
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determining which lead candidate has a biochemical profile closest to a cell line in
which the target is knocked out, c) the identification of lead candidates that have the
fewest side-reactions in a model system, d) the development of drug candidates by
ensuring that the end-point is achieved with the introduction of the fewest secondary
effects, and e) the recovery of failed clinical candidates by a comparison of the
biochemical profiles of both responsive and unresponsive patients to identify
biomarkers of efficacy and safety.

Metabolic information can also be drawn from nutritional studies. Nutrigenomics aims
to determine the influence of common dietary ingredients on the genome, and
attempts to relate the resulting different phenotypes to differences in the cellular
and/or genetic response of the biological system. More practically, nutrigenomics
describes the use of functional genomic tools to probe a biological system following a
nutritional stimulus. The application of metabonomics to such studies will permit an
increased understanding of how nutritional molecules functionally affect metabolic
pathways and homeostatic control.

Recent advances in Nuclear Magnetic Resonance (NMR) spectroscopy and Mass
Spectroscopy (MS) have made it possible to routinely make metabolic measurements.
High resolution proton Nuclear Magnetic Resonance (1H—NMR) spectroscopy is a very
powerful, non-invasive technique that can provide information on a wide range of
molecular processes. NMR has the ability to detect and characterize an abundance of
metabolic components simultaneously, even when their identities are unknown. Most
current techniques of analysis target only previously recognized and measurable
substances, and any potential information that may be obtained from the unknown
remainder is lost. All biological molecules contain protons, and are therefore
represented somewhere within the proton-NMR spectra.

In conclusion, the workshop will offer an excellent opportunity to discuss the current
applications of metabonomics in the diagnosis and prognosis of diseases, using
complexity levels ranging from biofluids to cells and tissues. Special attention will be
paid to the drug discovery applications regarding target identification, lead
optimization, toxicity assessment of drugs, as well as other alternative applications of
this methodology.

We sincerely hope that you enjoy our city and wish you a very fruitful workshop.

The Scientific Committee
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INVITED SPEAKER ABSTRACTS

Session: Disease and Health |
Chairperson: Antonio Pineda-Lucena

IL1
Existence of different metabolic phenotypes and its implications

Claudio Luchinat

’Magnetic Resonance Center, University of Florence, Via Luigi Sacconi, 6 50019 Sesto
Fiorentino, Italy. luchinat@cerm.unifi.it

We have recently shown that a thorough statistical analysis performed on NMR spectra
of human urine samples reveals an invariant part characteristic of each person, which
can be extracted from the analysis of multiple samples of each single subject.This
finding (i) provides evidence that individual metabolic phenotypes may exist and (ii)
opens new perspectives to metabonomic studies, based on the possibility of eliminating
the daily “noise’” by multiple sample collection.

This study has been extended to more subjects, confirming the original findings and
showing that the phenotype space is far from being “saturated”. Furthermore, a new
collection of samples from the same individuals after two-three years shows that the
individual phenotype is relatively stable over this period at least in the examined cohort
of young healthy adults.

In phenotyping diseases, blood-derived samples often yield better discrimination than
urine samples, probably due to the lower day-to-day variability’. Our findings suggest
that collection of multiple urine samples may alleviate this problem. Separation of the
variable and the invariant parts of the urine NMR fingerprints may actually help add
significance to disease-related features in the fingerprints themselves.

References

1. Assfalg, M., Bertini, I., Colangiuli, D., Luchinat, C., Schaefer, H., Schuetz, B., Spraul, M.,
Proc. Natl. Acad. Sci., 2008, 105, 1420-1424.

2. Bertini, I., Calabro, A., De Carli, V., Luchinat, C., Nepi, S., Porfirio, B., Renzi, D., Saccenti,
E., Tenori, L., submitted.
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Session: Disease and Health |

L2

Metabolic Profiling as a Non-Invasive Tool for Non-Alcoholic Steatohepatitis
Diagnosis

José M Matol, Cristina AIonsoz, Rubén Sueroz, Malu Martinez- Chantarl, Jonathan Barr?

'Centro de Investigacién Cooperativa en Biociencias- CIC bioGUNE- Derio, Spain
’One Way Liver Genomics S.L. Derio, Spain

Non-alchoholic steatohepatitis (NASH) is a critical stage in the process that spans from
hepatic steatosis to cirrhosis and eventual liver failure. A potentially painful and
hazardous biopsy is the only widely accepted test for distinguishing NASH from other
forms of disease, and assessment is subjective and prone to sampling error. Here, a
metabolomics approach using ultraperformance liquid chromatography coupled with
electrospray time-of-flight mass spectrometry (UPLC-TOFMS) is evaluated as a possible
non-invasive alternative for NASH diagnosis. Serum samples taken from different sets of
patients were grouped according to the result of liver biopsy — grade of steatosis (1, 2
or 3) or NASH — and analysed together with a selection of healthy volunteers.
Multivariate statistical analysis of the data show clear metabolic separation between
NASH and other samples. Additionally, data mining techniques were used to highlight a
number of key biomarkers differentially expressed with respect to progression of the
disease.

~ ‘ INVITED SPEAKER ABSTRACTS
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Session: Disease and Health Il
Chairperson: Donald Robertson

IL3

In vivo and ex vivo MR metabonomics combined with ex vivo genomics for
supporting brain tumour diagnosis, prognosis and treatment selection. FP6
eTUMOUR project

Bernardo Celdal’z, Daniel Monleéna, MCarmen Martinez—BisbaIz, Rubén Ferrerl, José
Piquer4, José Luis Llécer4, Antonio Reverts, Enrique Mollés, José Luis Leéns, Vicente
BenIIochs, Salvador Campos6, José Gonzélez-Darder7, Concepcién Lépez-Ginéss, Miguel
Cerdé—NicoIésS, Adela Caﬁeteg, Federico V. Pallard6™

1Departamento de Quimica Fisica, Universitat de Valencia, Valencia, Spain, Centro de
Investigacion Biomédica en Red de Bioingenieria, Biomateriales y Nanomedicina (CIBER-
BBN),3Fundacién de Investigacidn del Hospital Clinico Universitario de Valencia,
Valencia, Spain, *Servicio Neurocirugia, Hospital La Ribera-Alzira, Spain, >Servicio
Radiologia, Hospital La Ribera-Alzira, Spain, °Servicio Resonancia Magnética Eresa-
Hospital Clinico Universitario de Valencia, Valencia, Spain, 'Servicio Neurocirugia
Hospital Clinico Universitario de Valencia, Valencia, Spain, °Departamento de Patologia,
Universitat de Valencia, Valencia, Spain, ’Servicio Neuroroncologia Hospital
Universitario La Fe, Valencia, Spain, 10 Departamento de Bioquimica, Facultad de
Medicina, Universitat de Valencia, Valencia, Spain

Brain tumours are the leading cause of death in children under 15, and although in
adults brain cancers are proportionately less common than other cancers, it is a
devastating disease with high mortality. There is a great need to improve our
understanding of brain tumour biology to improve diagnosis and to develop new
treatments. 'H MRS is currently the only non-invasive method that can be used to
investigate molecular profile of brain tumours and also provide molecular images, more
than six in one acquisition, of the distribution of chemicals in a tumour, which are also
generally heterogeneous. A summary of the applications of ‘H MRS to the in vivo
diagnosis and prognosis of brain tumours will be presented. In addition, examples of
metabolite limits, infiltration and high cellularity location for neurosurgery applications
by MRS molecular images will be shown. Likewise, recent ex vivo methods of studying
the detailed biochemistry of tumour biopsies as metabolomic (HR-MAS) and
transcriptomic (DNA microarrays) will be discussed as complementary to in vivo MRS
(FP6 european project eTUMOUR). A preliminary comparison between molecular
images from PET and 1H MRS will be also presented.

In conclusion, the combination among metabolic profiles from 1H MRS and HR-MAS
and expression levels alterations from DNA microarrays, using multicenter protocols,
has provided a set of biomarkers for a molecular classification of brain tumours,
allowing the identification of tumour subtypes (as in GBM, meningiomas and oligoglial)
and correlation with survival. This set of biomarkers can be used as well for improving
the diagnosis and prognosis and for helping in a better selection and control of the
therapy of brain tumours.

INVITED SPEAKER ABSTRACTS

m ‘



Workshep on Metabenomies: A new tool for explering biveomplexity ‘

Session: Disease and Health II

L4

The application of flux analysis and metabolite pattern recognition to
elucidate biological mechanisms

K. Eberhartl*, K. Dietlz*, l. Ritterl, B. Timischll, K. Dettmerl, W. Gronwaldl, E. Gottfriedz,
M. Kreutzz, P. Oefner' and Kathrin Renner"

'Institute of Functional Genomics, 2Department of Hematology and Oncology;
* the first and last two authors contributed equally

Changes in the metabolism frequently reflect but also cause pathological alterations in
a cell. The analysis of metabolite pattern but also of substrate flux provide useful
information on the nature of the perturbation and offer new possibilities for
interventions. This is shown by the mean of two completely different biological issues.

1. Flux analysis of monocytes- Two characteristics of tumors are an increased glycolytic
activity, resulting in increased lactate concentration and lowered pH in the tumor
microenvironment, and the ability to escape the immune answer. There is growing
evidence, that the two phenomena are linked to each other. The increased lactate
concentration in the tumor environment might influence the glycolysis dependent
activation of immune cells and is — in part - responsible for the depressed immune
answer. In a first step we measured the up-take of lactate by freshly isolated
monocytes, using isotopically labelled lactate. Changes in glucose metabolism were
determined by the use of 1,2 “C-glucose and its conversion to differently labelled
lactate. The use of labelled glucose allows distinguishing between lactate produced by
glycolysis or the pentose-phosphate pathway. Glycolytic activity was determined by
measuring glucose up-take and lactate production. The tumor derived lactic acid is
taken-up by monocytes, resulting in a drop in their glycolytic activity and cellular energy
level and consequentially in a depressed immune function of the cells.

2. Detection of glucocorticoid induced changes on the mitochondrial level -
Glucocorticoids are used in the therapy of childhood leukaemia for many years, but
how they induce cell death is still unclear. The elucidation of the mechanism would
offer new treatment possibilities with less severe side effects. We are currently
investigating the underlying mechanism of the synergistic effect of glucocorticoids and
2-deoxy-glucose, as a potential new drug combination in the treatment of childhood
leukaemia. Analysis of the energy metabolism revealed alterations in glycolysis and also
mitochondrial oxidative phosphorylation, which can not be ascribed simply to substrate
limitation. Therefore, changes in mitochondrial assembly under drug treatment are
analyzed on different levels, e.g. the lipid composition by NMR spectroscopy.
Mitochondria were isolated, tested for functional integrity and purity and metabolites
were extracted by a methanol-chloroform protocol, samples were dried and resolved in
chloroform Dy, one- and two-dimensional NMR experiments were performed.

Experimental set-up concerning flux analysis in cell culture and cell fractionation,

metabolite extraction, data evaluation and interpretation are presented in the talk in
detail.
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Session: Disease and Health Il

IL5
Metabolic profiling of biofluids in oncology and toxicity studies
Hector Keun

Department of Biomolecular Medicine, Faculty of Medicine, Imperial College London,
Sir Alexander Fleming Building, South Kensington, London SW7 2AZ UK

Metabolic profiling (metabonomics/metabolomics) is the untargeted analysis of
metabolic composition in a biological sample, and is principally aimed at biomarker
discovery. The frequent use of noninvasive biofluid analysis in metabonomics is suited
to the clinic and facilitates dynamic monitoring. Analytical protocols for metabolic
biomarkers are potentially robust because a metabolite is the same chemical entity
irrespective of its origin, facilitating ‘bench-to-bedside’ translational research.
Metabonomics can make an impact at several points in the drug-development process:
target identification; lead discovery and optimization; preclinical efficacy and safety
assessment; mode-of-action and mechanistic toxicology; patient stratification; and
clinical pharmacological monitoring. In particular metabolic profiling presents new
opportunities to personalise healthcare, illustrated by our current research in
toxicology and oncology.
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Session: Disease and Health llI
Chairperson: Claudio Luchinat

IL6

NMR-based metabonomics for diagnosis of parasitic infections and
discovery of infection-related morbidity markers

Axel Meissner®, Sibel Géraler, Crina Balog, Brigitte J. Vennervald, Oleg Mayboroda and
André M. Deelder

? Leiden University Medical Center, Biomolecular Mass Spectrometry Unit, Department
of Parasitology, Albinusdreef 2, 2333 ZA Leiden, The Netherlands. A.Meissner@Ilumc.nl

NMR-based metabonomics has over the last decade evolved to a well established
methodology, adding to the arsenal of —omics techniques routinely applied in systems
biology approaches for biomarker discovery, drug toxicity/safety assessment, metabolic
phenotyping and disease diagnostics. While initially the emphasis of NMR-based
metabonomics was placed on toxicology in preclinical drug development, its main focus
has more recently shifted towards clinical research applications and nutritional science.
As a consequence the average number of samples in metabonomic studies is rapidly
growing. A typical study design in preclinical toxicology for testing of several
compounds comprises not more than 200 to 300 samples, whereas clinical studies
easily exceed 500 or more subjects giving rise to several thousands of samples for
longitudinal study designs. This increased sample volume and sample collection over
longer periods of time demands for high reproducibility and robustness of the
methodology combined with a large degree of automation in order to ensure sufficient
sample throughput for data acquisition as well as data processing. In addition,
inhomogeneous cohorts in epidemiological studies present a challenge for multivariate
data analysis, since relevant changes in the metabolic profile can easily be covered by
larger non-relevant “background” variability within the data.

We conducted a NMR-based metabonomics study on 2000 urine samples from a well-
characterized cohort from rural areas in Uganda near Lake Victoria where a high
prevalence of a variety of parasitic infections occurs. Focus in this study was on
schistosomiasis (also called bilharziosis) a parasitic infection that is endemic in 76
developing countries affecting more than 200 million people in rural areas and which
ranks second behind malaria in terms of socio-economic and public health importance
in the Tropics and Subtropics. Our particular interest was on Schistosoma mansoni, a
parasite that is found in Africa, Madagascar and parts of South America. The goal of this
study was to derive biomarkers of infection and infection related morbidity markers in
order to monitor infection and morbidity status. Furthermore, the aim of this
longitudinal study was to investigate the effect of Praziquantel treatment, treatment
response and reoccurrence of infection which should provide valuable information to
facilitate improved morbidity control.

Several technical aspects concerning NMR data acquisition and processing of large
numbers of samples together with a general strategy for analysis of data from large
inhomogeneous cohorts will be presented. Unbiased multivariate data analysis as well
as targeted approaches on selected sub-groups will be used for identification of
molecular markers or specific patterns that can serve as potential biomarkers of
infection or morbidity related conditions.
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Session: Disease and Health llI

IL7

Applications of 'H-NMR Metabonomics in Disease Diagnosis and
Regenerative Medicine: A Proof-of-principle Study

David A. Maclntyrel, Beatriz Jiménezl, Eloisa Jantus Lewintrez, Sonia Prado Lépeza,
Javier Garcia Condez, Rubén Moreno Palanques3, Miodrag Stojkovic3 and Antonio
Pineda-Lucena’

'Structural Biology Laboratory, “Molecular Hematology Unit, *Cellular Reprogramming
Laboratory, Centro de Investigacidn Principe Felipe, Avda. Autopista del Saler, 16;
46012-Valencia, Spain. apineda@cipf.es

Very recently, we have initiated several studies to evaluate the potential of
metabonomics by NMR in the elucidation of the molecular basis of pathological
processes, as well as in the identification of metabolic events relevant to the field of
regenerative medicine. In particular, this presentation will focus on the application of
'H-NMR metabonomics to the characterization of the serum profiles of B-cell Chronic
Lymphocytic Leukemia (B-CLL) patients, and in the understanding of the role of hypoxia
in stem cell differentiation.

B-CLL is an adult-onset leukemia characterized by the presence of elevated numbers of
circulating clonal leukemic B cells. Clinical management of the disease is difficult as the
individual prognosis of patients is extremely variable. This heterogeneity appears to be
explained in part by differences in the mutational status of immunoglobulin heavy chain
genes (IgVy) in their clonal leukemic cells. Patients with unmutated (-mut) IgV} genes
exhibit an aggressive, usually fatal course, whereas patients with mutated (+mut) genes
follow a comparatively indolent course. However, the determination of IgVy mutations
relies upon DNA sequencing methods that are time consuming and costly. We have
evaluated the potential of metabonomics by NMR in B-CLL diagnosis by assessing the
metabolic profiles of patients with B-CLL (+tmut) and healthy controls. Initial results will
be presented demonstrating that this technique represents a promising approach for
the classification of B-CLL from serum samples.

Human embryonic stem cells (hESCs) are exposed to hypoxic environment in vivo.
Evidence suggests that this environment promotes and maintains their ability to self-
renew whilst inhibiting spontaneous differentiation. Despite this, the underlying role of
hypoxia in stem cell differentiation and renewal is poorly characterised. The aim of this
study was to use 'H-NMR-based metabonomics to examine changes in metabolic
profiles of hESCs associated with hypoxic conditions in vitro. Specifically our objectives
were to identify and quantify metabolites that change in accordance with a hypoxic
environment. Our results clearly show that "H-NMR based metabolomics is a useful tool
for assessing changes in the metabolic pathways of hESCs in vitro. The metabolic
changes identified in this study may reflect functional metabolic pathways
underpinning the role of hypoxia in maintaining and promoting hESC renewal.

We acknowledge financial support from Bruker BioSpin (Spain) and technical support
from Bruker BioSpin (Germany).
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Session: Drug Discovery and Toxicity
Chairperson: Manfred Spraul

IL8

Some Recent Metabonomics Developments with Pharmaceutical
Applications

John C. Lindon

Structural Department of Biomolecular Medicine, Faculty of Medicine, Imperial College
London, Sir Alexander Fleming Building, South Kensington, London SW7 2AZ UK
j.lindon@imperial.ac.uk

Now that the human and other genome sequences are known, there is a greater
understanding of “druggable” targets and the characterisation of these has involved the
measurement of gene expression (transcriptomics) and protein expression changes
(proteomics). However, sometimes transcriptomics and proteomics do not provide
evidence of end-point markers for disease diagnosis, or evaluation of beneficial or
adverse drug effects in the way in which altered biochemistry provides the ultimate
diagnostic information. Metabonomics holds out this possibility since many non-
genetic factors can also affect the systems biology view of an organism with the
recognition that environmental factors such as diet, age ethnicity, life-style and gut
microfloral populations can have a large influence.

Metabonomics, as a key element in top-down systems biology, can provide real
biological endpoints and is defined as “the quantitative measurement of the time-
related multiparametric metabolic response of living systems to pathophysiological
stimuli or genetic modification”. It involves the generation of metabolic databases,
based on tissue or biofluid samples, for control animals and humans, diseased patients,
animals used in drug safety testing, etc., allowing the simultaneous acquisition of
multiple biochemical parameters on biological samples. Metabonomics is usually
conducted on biofluids, many of which can usually be obtained non-invasively (e.g.
urine) or relatively easily (e.g. blood), but other fluids such as cerebrospinal fluid, bile or
seminal fluid can be used. It is also possible to use cell culture supernatants, tissue
extracts and similar preparations

The two most information-rich techniques that give atom-specific molecular structural
information are mass spectrometry (MS) and nuclear magnetic resonance (NMR)
spectroscopy, the latter including magic-angle-spinning NMR spectroscopy applied to
tissue samples. For MS-based metabonomics, it is generally necessary to carry out a
separation step, usually using liquid chromatography (LC or UPLC) or chemical
derivatisation and gas chromatography (GC) before the MS stage. Whilst MS can be
more sensitive than NMR spectroscopy and can give lower detection limits, there are
problems of non-uniform detection caused by variable ionization efficiency. The
metabolic response of an organism to a particular disease, toxin or pharmaceutical
compound can then be extracted from the complex data sets, which are also subject to
biological variation, by application of appropriate multivariate statistical analyses.
Metabonomics also allows time-dependent patterns of change in response (metabolic
trajectories) to stimuli to be measured.

INVITED SPEAKER ABSTRACTS
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Areas where metabonomics could impact pharmaceutical R&D include - validation of
animal models of disease, including genetically-modified animals, preclinical evaluation
of drug safety and ranking of compounds, assessment of safety in clinical trials and after
product launch, improved understanding of idiosyncratic toxicity, improved differential
diagnosis and prognosis of clinical diseases, better understanding of environmental
population effects through epidemiological studies, patient stratification
(pharmacometabonomics), ranking of the beneficial effects of pharmaceuticals both in
development and clinically, the effects of interactions between drugs, and between
drugs and diet, and identification of new drug targets

In this talk, some recently developed metabonomics data analysis methodologies based
on NMR spectroscopy and mass spectrometry will be introduced and their use for
sample classification and biomarker identification explored. The limits imposed by
analytical, biological and environmental variation will be covered, including the
evaluation of the effects of symbiotic gut microflora on metabolic profiles. Some
pharmaceutical applications of the approach will be illustrated, including the COMET
project for evaluating drug adverse effects, and the prediction of an individual's
response to therapy before drug administration.

= ‘ INVITED SPEAKER ABSTRACTS
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Session: Drug Discovery and Toxicity

L9
Metabonomics Technology in Drug Discovery and Safety Evaluation

Donald G. Robertson

Applied and Investigative Metabonomics, Bristol-Myers Squibb, Princeton, New Jersey,
USA

Metabonomics Technology (also known as metabolomics or metabolic profiling) is in a
state of transition in the pharmaceutical industry. The technology has passed the
“emerging technology” stage and now has made it past the value proposition phase of
evaluation. The results of this evaluation have lead to the decline of internal efforts at
metabonomics in many companies and lead to the expansion of the use of external
service providers. Additionally, with the advent of the NIH Road Map initiative in the
US, academic institutions are increasingly including metabonomics into there research
efforts. Due to this changing landscape, platform application have also changed from
primarily NMR based to largely MS (LC or CG) based. Within the industry, applications
of metabonomic technology are also changing with decreased emphasis on screening
applications and increased emphasis on mechanistic and biomarker applications and a
growing interest in using the technology for model characterization. Importantly -
combinations of metabonomics with other “omics”, particularly transcriptomics, are
being vigorously pursued. Several examples of “real world” pharmaceutical
applications will be presented covering the landscape from biomarkers of efficacy and
toxicity early in discovery, model characterization and mechanistic studies of a clinically
relevant toxicity.
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Session: Drug Discovery and Toxicity

IL10

Application of NMR based Metabonomic Analysis in Cardiac and Hepatic
Toxicological processes

Emmanuel Mikros

Department of Pharmaceutical Chemistry, School of Pharmacy, University of Athens,
Athens, Greece

NMR based metabonomics allows rapid analysis of the complex metabolic profiles of
biological samples taking advantage of the degree of inherent biochemical similarities
between samples. NMR in combination with multivariate chemometric analysis has
been used successfully in the fields of drug toxicology and disease diagnosis. In this
work we present the application of the metabonomic approach in different toxicity
processes in liver and heart.

In order to delineate the mechanisms of liver disease, various experimental animal
models of acute and chronic injury have been used. Among them, the carbon
tetrachloride and thioacetamide (TAA) administration has been widely used to
elucidate such mechanisms. The NMR metabolic profiles and the samples clustering
after multivariate statistical analysis will be presented in cases like acute liver injury
(CCl;) and chronic (TAA) experimental fibrosis and cirrhosis. Differences between the
toxic insult and regenerative state as well as between different stages of fibrosis have
been also studied. The investigation was extended to liver regeneration rate after 70%
partial hepatectomy (PH) in healthy as well as inotic and cirrhotic rats after the
administration of thioacetamide (TAA).

Myocardial toxicity has been studied in the case of the administration of Adriamycin
(doxorubicin-DXR). DXR is a commonly used antineoplastic agent, but its use is limited
by the occurrence of dose dependent cardiotoxicity. '"H NMR spectra of aqueous
myocardium extracts showed alteration in heart energy metabolism and biomarkers
like acetate and succinate relate to toxicity.

Finally in both liver (CCl, administration) and heart (DXR administration) toxicological
processes free radicals is believed to be the main mechanisms of toxicity, thus
metabolic alterations after co-administration of the antioxidant agent oleuropein has
been also studied. Oleuropein is a phenolic constituent of olive tree present in olive
fruits, olive leaves, and olive oil and several studies show that is an important factor of
Mediteranean diet benefits. NMR metabolic profiling demonstrates the protective role
of oleuropein contributing to the understanding of a more effective therapeutic
approach.
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Metabolic health assessment by nutritional metabonomics
Sunil Kochhar

Metabonomics and Biomarkers, BioAnalytical Science Department, Nestlé Research
Center, PO Box 44, Vers-chez-les-Blanc, CH-1000 Lausanne-26, Switzerland

Metabonomics is also minimally invasive, and profiling of biological fluids by NMR or
MS ensures a simultaneous analysis of a wide range of metabolites that are the
endpoints of molecular regulatory processes, diet and gut microflora metabolism and
environmental factors. By opening a direct biochemical window into the metabolome in
a holistic fashion, metabonomics is uniquely suited in developing new generations of
biomarkers that are capable of providing better understanding of complex metabolic
phenomena as well as assessing intra- and inter-individual differences. This property
makes metabonomics very efficient for the generation of biomarker patterns for the
comprehensive characterization of metabolic health, the prognostics and the
diagnostics of diseases, and the generation of new insights in the understanding of the
interactions between diet and metabolism

Defining the metabolic phenotype or “metabotype” of human populations will offer a
great opportunity to evaluate the metabolic response and the degree of this response
to specific dietary modulations at the individual level allowing pre-dietary intervention
metabolite profiling could be used to model and predict the responses of individual
subjects to special foods. As an example the presentation will report results from a
recent study where we determined the occurrence of a metabolic imprinting or
memory in relation to regular consumption of chocolate. In a study of 22 human
subjects based on their preference for chocolate and pattern of daily consumption, we
generated metabolic profiles of plasma and urine samples and analyzed those
employing multivariate statistics. A clear discrimination of subjects according to their
chocolate liking was observed. The class separation using plasma metabolic profiles was
present even from samples collected before the chocolate intake, suggesting the
occurrence of a metabolic imprint or memory independent of the chocolate intake.
Results indicate that subjects who do not like chocolate harbor statistically different
lipoprotein profile in their postprandial phase suggesting differences in dynamics of the
lipoprotein clearance in relation to regular consumption of chocolate. The class
separation was also achieved on urine metabolic profiles due to metabolites most likely
from gut microbiome metabolic activity. This could indicate differences in gut
microflora functionality and metabolism in relation to regular intake of chocolate. In
summary, nutritional metabonomics can then be foreseen as a powerful non invasive
approach to address and optimize personalized nutrition.
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Application of multi-dimensional HRMAS NMR in intact cells
Wei Li

Assistant Professor and Director of NMR Facility, Department of Pharmaceutical
Sciences, University of Tennessee Health Science Center, Memphis, TN 38163

High-resolution magic-angle spinning NMR (HR-MAS NMR) is a hybrid technique from
liquid state and solid state NMR and has been used in metabonomics studies using a
variety of biological systems. However, due to the fast rotation and unique sample
geometry, direct application of multidimensional NMR under MAS condition may not
always work well. Using whole cell mycobacteria samples, we examined and optimized
a number of 2D and 3D pulse sequences suitable to study mycobacteria cell wall
structures. Parameters such as rotor synchronization, cell density, labeling strategies
and temperature effects are investigated for optimal application of whole cell
multidimensional HRMAS NMR. We applied these optimized condition to study
metabolic changes during melanogenesis in melanoma cells, and demonstrated the
different metabolic profiles associated with this process.
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Simultaneous Acquisition of Multiple NMR Spectra
Teodor Parella

Servei de RMN- Universitat Autonoma de Barcelona, E-08193 Bellaterra (Barcelona).
Spain teodor.parella@uab.cat

New NMR experiments developed in our lab will be briefly presented and discussed.
The concepts of time-sharing (TS) multiple-frequency evolution”™ and multiple-FID
acquisition within the same scan (MA)*® will be described as a means to improve NMR
data collection. Examples of simultaneous acquisition of multiple and fully
complementary NMR spectra from a one-shot NMR pulse sequence will be
demonstrated in the structural characterization of small molecules in solution.

First, several time-sharing (TS) experiments based on the simultaneous evolution of
different frequencies in the indirect dimension of a multidimensional NMR experiment
will be demonstrated using inverse C/"°N TS experiments, such as TS-HSQC, TS-HSQC-
TOCSY, TS-HSQMBC and TS-HMBC pulse schemes, on different nitrogen-containing
small and medium-sized molecules.

The combined principles of TS and multiple-FID acquisition into the same scan (MATS
technique) will be proposed to obtain multiple and fully complementary NMR spectra in
a single-shot acquisition. The principle is applied to collect simultaneously four different
HMBC and HMBC-relayed experiments for B¢ and N at natural abundance (see Figure
1). Important savings of 75% in measuring times can be achieved when compared to
the individual acquisition. On the other hand, the concerted analysis of such data can
be used for rapid structural characterization on a wide variety of compounds.

The main advantages in spectrometer time savings, sensitivity-per-time unit
improvements and

1 Experiment 4 NMR spectra multiple information

will be outlined and

N —— discussed. All these
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Figure 1: Separate C-HMBC, C-HMBC-COSY, N-HMBC and N-HMBC spectra can be separately
obtained after proper data acquisition and data processing using the MATS technique.

References: “Nolis P.; Parella T., Magn. Reson. Chem. 2006, 44, 1031-1036. Nolis P.; Parella T., J. Biomol. NMR 2007,
37, 65-77. 3Pérez-TrujiIIo M.; Nolis P.; Parella T., Org. Lett. 2007, 9, 29-32. 4Pérez-TrujiIIo M.; Nolis P.; Bermel, W.;
Parella T., Magn. Reson. Chem. 2007, 44, 325-329. *Nolis P.; Pérez-Trujillo M.; Parella T., Angew. Chem. Intl. Ed. 2007,
46, 7495-7497. ®Nolis P.; Gil, S.; Pérez-Trujillo M.; Parella T., Magn. Reson. Chem. 2008, submitted.
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Requirements for the successful use of NMR in Metabonomics
M. Spraul, H. Schafer, B. Schiitz, E. Humpfer, S. Keller, P. Neidig, C. Fischer
Bruker BioSpin GmbH Germany

NMR in Metabonomics has to operate under very stringent quality conditions due to
the need to observe even smallest changes in the spectra, indicating for example ageing
or disease progression. This means the internal variance of the analytical system has to
be reduced as much as possible. This is as important for sample preparation,
calibration, measurement and processing. Dealing reliably with large sample numbers
needs a sample tracking system to avoid mix-up of samples and to allow rapid access to
all relevant sample information. The system requirements are described, including also
the addition of a mass spectrometry-chromatography coupling. To evaluate
metabonomics spectra and results, the use of a reference compound database allows
to identify and quantify many metabolites or assign outlier signals to biomarkers linking
directly to statistics. The most important experiments used in Metabonomics are
described as well as some of their important parameters.

Some remarks on experimental design and pitfalls are also mentioned.
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Rapid compositional profiling of Human Amniotic Fluid: Towards the
diagnosis of pregnancy disorders

Goncalo Gragal, lola F. Duartel, Brian J. Goodfellowl, Antonio Barrosz, Isabel M.
Carreiraa, Ana B. Couceiro4, Manfred Spraul5 and Ana M. Gil*

1. CICECO, Departamento de Quimica, Universidade de Aveiro, 3810-193 Aveiro
Portugal; 2. QOPNAA, Departamento de Quimica, Universidade de Aveiro, 3810-193
Aveiro Portugal; 3. Instituto de Biologia Médica, Centro de Citogenética, Universidade
de Coimbra, Portugal; 4. Maternidade Bissaya Barreto, Coimbra, Portugal; 5. Bruker
Biospin GmbH, Silberstreifen, Rheinstetten, Germany. ggraca@ua.pt

The metabolic profile of Human Amniotic Fluid (HAF) should be sensitive to the health
state of mother and foetus and developing methods to monitor HAF composition may
be the basis of new diagnostics and follow-up methods. Proton NMR spectroscopy is
well established for metabolite profiling in biofluids" 2 and has been tentatively applied
to HAF in healthy and disease pregnancies’”. These studies have, however, lacked
sensitivity, large enough number of cases and adequate statistical analysis. The aim of
this work is to develop NMR/statistical models to evaluate HAF metabolic composition
and use as diagnostic methods and biochemical probes.

HAF was collected for 75 women at amniocentesis (2nd trimester of pregnancy). After
centrifugation, samples were analysed by NMR. 1D/2D NMR and LC-NMR/MS enabled
the rapid (10-20 min) simultaneous identification of just over 70 metabolites in HAF, 7
of which detected in this biofluid for the first time, to our knowledge®®. Spectral data
was validated by multivariate methods: PCA and OPLS PLS-DA®. Multivariate analysis of
the spectra showed that several foetus malformation cases are distinguished from
controls in terms of HAF metabolic composition. The origin of metabolite changes is
discussed.

(1) Beckonert, O.; Keun, H. C.; Ebbels, T. M. D.; Bundy, J.; Holmes, E.; Lindon, J. C.; Nicholson, J. K. Nat. Protocols
2007, 2, 2692-2703. (2) Lindon, J. C.; Nicholson, J. K.; Holmes, E.; Everett, J. R. Concepts in Magnetic Resonance 2000,
12, 289-320. (3) Bock, J. L. Clin Chem 1994, 40, 56-61. (4) Groenen, P. M. W.; Engelke, U. F.; Wevers, R. A.; Hendriks, J.
C. M.; Eskes, T. K. A. B.; Merkus, H. M. W. M.; Steegers-Theunissen, R. P. M. European Journal of Obstetrics &
Gynecology and Reproductive Biology 2004, 112, 16-23. (5) Sims, C. J.; Fujito, D. T.; Burholt, D. R.; Dadok, J.;
Wilkinson, D. A. Journal of Maternal-Fetal Investigation 1996, 6, 62-66. (6) Graga, G.; Duarte, I. F.; Goodfellow, B. J.;
Barros, A. S.; Carreira, |. M.; Couceiro, A. B.; Spraul, M.; Gil, A. M. Anal. Chem. 2007, 79, 8367-8375. (7) Graga, G.;
Duarte, I. F.; Goodfellow, B. J.; Carreira, I. M.; Couceiro, A. B.; Domingues, M. R.; Spraul, M.; Tseng, L. H.; Gil, A. M.
Anal. Chem. 2008. (8) Trygg, J.; Holmes, E.; Lundstedt, T. J. Proteome Res. 2007, 6, 469-479.
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’H MAS NMR Spectroscopy Reveals Metabolite Changes in C6 Glioma Cells
after Treatment with Antimitotic Glycoside

, ¢ . . b , .
Isabel Garcia-Alvarez, ® Leoncio Garrido,’ Ernesto Doncel-Pérez,® Manuel Nieto-
, . d
Sampedro,” Alfonso Ferndndez-Mayoralas*

® Hospital Nacional de Parapléjicos, SESCAM, Finca la Peraleda s/n, 45071 Toledo,
Spain.b Instituto de Ciencia y Tecnologia de Polimeros, CSIC, Juan de la Cierva 3, 28006
Madrid, Spain.© Instituto Cajal, CSIC, Avda. Doctor Arce 37, 28002 Madrid, Spain.d
Instituto de Quimica Orgdanica General, CSIC, Juan de la Cierva 3, 28006 Madrid, Spain.
garcia.alvarez@iqog.csic.es

OH Recently we have obtained a family of N-acyl-glucosamine
HOA=7 derivatives, some of which showed antimitotic activity against
0.

o= VWV) C6 glioma cells with low ICsq values, being oleyl glycoside 1 the
CH3 C L 1 . . . .
CHy(CH,)/ most inhibitory compound.” Due to the high antiproliferative
1

G 1.3 0 activity exhibited by 1, it was of interest to obtain information

(rat glioma line C6) about its mechanism of action. With this purpose, we have
analyzed metabolite changes after treatment of C6 glioma cells with 1 using high-
resolution magic angle spinning ‘H NMR. The assignment of relevant signals was based
on the chemical shifts reported for metabolites of cultured glioma cell lines.”
The treatment of C6 cells with 10 uM of 1 gave a spectrum in which the signal for CoA
metabolites drastically decreased and the concentration of choline-containing
metabolites increased as compared to control (Figure 1). However, when the cells were
incubated in the presence of higher concentrations of 1 (40 uM) the signal for CoA
metabolites at 0.7 ppm was significantly high. In addition, the spectrum showed a
profile for low cell density and viability, as evidenced by the small intensity of the peak
from creatine (Figure 1C).
The data obtained from the 'H NMR spectra of the different experiments suggest that
oleyl glycoside 1 may be altering the metabolism of fatty acids in C6 glioma cells. At
higher concentrations (above 40 uM) a significant ratio of cell death occurred though an
apoptotic process. The typical characteristics of cell death was verified by the analysis
of DNA-fragmentation induced by 1.

Dss

Creatine
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\v‘ |
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Figure 1. '"H NMR spectra of control C6 (A), cultured C6 with 10 uM (B) and 40 uM (C) of 1.
Abbreviations: tCho, total choline metabolites; tCoA, total coenzyme A metabolites.
Acknowledgements: Financial support by the Servicio de Salud de Castilla la Mancha Community (SESCAM), CSIC
(PIF, 200580F0062) and MEC (CTQ2007-67403/BQU) is greatly appreciated. References 1Garcia—Alvarez, I.; Corrales,
G.; Doncel-Pérez, E.; Mufioz, A.; Nieto-Sampedro, M.; Ferndandez-Mayoralas, A. J. Med. Chem. 2007, 50, 364-373.
2'Govindaraju, V.; Young, K.; Maudsley, A. A. NMR Biomed. 2000, 13, 129-153.
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High-Resolution Magic Angle Spinning Proton Magnetic Resonance
Spectroscopy of Oligodendroglial Tumours. Correlation with Histopathology
and Genetic Subtypes

Rubén Ferrer—Lunal, Jose Manuel Morales, M.C. Martinez-Bisbal, Manuel Mata,
Francisco Dasi, Horacio Martinetto, Jorge Calvar, Gustavo Sevlever, Daniel Monleén and
Bernardo Celda.

'Department of Physical-Chemistry. University of Valencia. Av. Dr. Moliner sn. 46100,
Burjassot, Valencia,Spain. Rubén.Ferrer@uv.es

Oligodendroglial Tumours (OT) are constituted by pure Oligodendroglial tumors (OD),
and mixed Oligoastrocytic tumors (OA) and their respective Anaplastic grade (AOD,
AOA). According WHO classification, pure and mixed classes are considered differential
tumour entities. Both classes share genetic-molecular alterations but at different
frequency. Unfortunately, histopathological classification has a subjective component
and it is limited in treatment management. It has been observed that
Oligodendrogliomas are one of the most chemosensitive solid tumours and that loss of
chromosome (LOH) 1p was tightly associated with chemotherapy responsel. Nowadays,
it is not clear if different Oligodendroglial Tumours molecular subtypes present
differential metabolic profiles. In order to evaluate the potential benefit of metabolic
profiles 19 Pure Oligodendrogliomas and 10 Mixed Oligoastrocytomas were
analyzed.The main purpose was determine whether high resolution magic angle
spinning (HR-MAS) proton (*H) spectroscopy obtained through eTUMOR protocols’
distinguish between histopathologic types, and genomic subtypes of oligodendroglial
tumors. Spectra were acquired with a Bruker Avance DRX 600 and ARX 500
spectrometers. Tissue degradation was avoided keeping sample at 4°2C during
experiment. CPMG sequence was used as T2 filter and monodimensional spectra were
processed. Aliphatic (0.5 and 4.50 ppm) and Aromatic (4.5 and 9.5 ppm) regions were
evaluated and normalized to total spectra area. Spectra were binned into 0.01 ppm
buckets to reduce the impact of misalignment. Finally, 37 metabolites previously
identified and assigned® were quantified and evaluated by Unsupervised (PCA and
Hierachical Clustering) and supervised statistically analysis. Previous to final contrast we
take into account effects caused by spectrometers and anatomical tumour location. OT
with worst prognosis and lower survival presented increased levels of Phosphocholine,
Choline, Fatty acids and Alanine. These metabolites provide biological insights related
with behavior and tumour evolution, moreover mentioned metabolites could be used
to monitor tumour progression “in vivo” by MRS as a non invasive diagnostic tool.

In the same way we are evaluating the correlations among Fatty acid, Phosphocholine,
Choline, Glutamine, Glutamate and Alanine relative concentration and expression level
of genes implied in their biosynthesis and degradation pathways.

References. 1. Cairncross G; Cairncross JG; Ueki K; Zlatescu MC; Lisle DK., Finkelstein DM; Hammond RR; Silver JS.;
Stara PC; MacDonald DR; Ino Y; Ramsay DA; Louis DN. Journal of National Cancer Institute 1998. 90, 19. 2. Celda, B;
Monledn, D; Martinez-Bisbal, MC; Esteve, V; Martinez-Granados, B; Pifiero, E; Ferrer, R; Piquer, J; Marti-Bonmati, L;
Cervera J. Adv Exp Med Biol. 2006; 587:285-302. 3-. Martinez-Bisbal, MC; Marti-Bonmati, L; Piquer, J; Revert, A;
Ferrer, P; Llacer JL., Piotto, M.; Assemat, O; Celda, B. NMR in Biomedicine 2004, 17:191-205.
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Searching for metabolic markers of bladder cancer in urine by NMR

Ramdn Campos-Olivas®, Julen Oyarzabalb, Marta Sanchez-Carbayo*, Pilar Gonzalez-
Peramatod, Manuel Urrutia®, James K. EIIisf, Hector Keunf, Jeremy K. Nicholsonf, and
Francisco J. Blanco®.

*Spectroscopy and NMR Unit, bComputational Chemistry Section, and “Tumor Markers
Group, Centro Nacional de Investigaciones Oncoldgicas (CNIO), Melchor Fernandez
Almagro 3, 28029 Madrid; dPathology Department, Hospital General de Guadalajara;
*Urology Department, Hospital Universitario de Salamanca, fImperial College, London;
and ®Structural Biology Unit, CIC-bioGUNE, Bilbao. rcampos@cnio.es

Urine is an easily obtainable body fluid from human patients, and represents an ideal
substrate for bladder cancer biomarker research. We are applying ‘H NMR
spectroscopy to analyse the metabolic profile of urine in an initial set of 150 samples
from healthy individuals, patients with benign urological diseases, and bladder cancer
patients collected immediately before cystoscopy and urinary cytology at two
independent clinical settings. Identifying metabolic signatures would represent a non-
invasive method for bladder cancer detection which may complement current invasive
and uncomfortable cystoscopic evaluation of malignancy. Multivariate data analysis
methods are used to extract the relevant metabolic patterns from body fluids with a
complex chemical composition like urine. These methods give a simplified and
therefore interpretable view on these complicated metabolomics datasets. We have
collected the "H NMR spectra of buffered urine samples at 600 MHz under a defined
protocol using an internal standard for spectral alignment. The intensities of selected
regions of the spectra were analysed using multivariate statistical methods: Principal
Component Analysis (PCA) and Partial Least Squares-Discrimination Analysis (PLS-DA),
in an attempt to uncover possible resonances/compounds that are associated with the
presence of bladder cancer. The methods employed and the results obtained so far,
together with future plans to extend and complement this study, will be presented.
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Metabolite profiling of feces extracts from human colorectal cancers

. 1 , 2 . 3 4
Daniel Monleon’, José Manuel Morales®, Antonio Barrasa, Bernardo Celda".

! Fundacién de Investigacién del Hospital Clinico Universitario de Valencia, Valencia,
Spain ’Unidad Central de Investigacidon en Medicina, Universitat de Valéncia, Valencia,
Spain. ’Instituto Valenciano de Oncologia, Valencia, Spain. * Departamento de Quimica

Fisica, Universitat de Valéncia, Valencia, Spain

Purpose. Colorectal cancer is the second leading cause of cancer death in developed
countries. Better preventive strategies are needed to improve the outcome of this
disease. The increasing availability of high-throughput methodologies opens new
possibilities for the screening of new markers. The application of NMR metabolic
profiling to feces extracts has an interesting potential as diagnostic tool for detecting
colorectal cancer patients on general population. We obtained NMR metabolic profiles
of fecal extracts in colorectal patients and healthy individuals, to characterize possible
differences between them and to identify potential diagnosis markers.

Subjects and methods. Samples: NMR spectra were collected for 25 water fecal
extracts from 10 healthy colon controls and 15 colorectal cancer patients. Full length
colonoscopy established the diagnosis in every patient. All stool samples were collected
before surgery or endoscopic exam, and with no bowel preparation. Five grams of
stools were taken and diluted into 10 ml. of bidestilated water. NMR spectroscopy: The
whole study was performed at 10C to minimize sample degradation. The spectra were
recorded in a Bruker-AVANCE600 spectrometer. A presat experiment was recorded for
each sample. All spectra were preprocessed with 0.3Hz line broadening. Alanine
doublet was used for spectral referencing. Data analysis: Statistical multivariate analysis
was performed using in-house MATLAB scripts and the LIBRA library. Two orthogonal
components were removed by OSC prior to any feature reduction. Robust Principal
Component Analysis (RPCA) was applied to the set of spectral vectors. Principal
components chosen explained at least 80% of the variance.

Results and discussion. All NMR spectra showed narrow line widths and adequate
signal-to-noise ratios with well resolved spin-spin multiplicities. Measured NMR spectra
show significant variability due to the lack of dietary control. Multivariate analysis
performed over the NMR spectra allowed detecting some differences between the two
groups. The loadings plot showed that the major metabolic differences correspond to
some short chain fatty acids (SCFA) and some amino acids.

Conclusion. Our results demonstrate that metabolic profiling on fecal extracts is a
cheap, reproducible and effective method for detecting colonic epithelium alterations
and complement other stool screening methods. Lower SCFA levels, which have been
previously associated with colorectal cancer development, seem to be the most
effective marker between controls and patients fecal extracts. Some aminoacids also
display some correlation with the disease. Differentiation between control and
colorectal cancer patient fecal extracts by NMR spectroscopy opens new possibilities
for the development of new screening protocols.
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Mechanism-Based Biomarker Approach for Biomarker Discovery and
Diagnostic Development

Kurt Boudonck, Walt Gall, Jeffrey Shuster, Don Rose, Mike Milburn, John Ryals.

Metabolon, Inc. 800 Capitola Drive, Suite 1, Durham, NC 27713. USA
Igosselin@metabolon.com

Mechanism-Based Biomarker Approach for Biomarker Discovery and Diagnostic
Development: Historically, traditional diagnostic development has been a relatively
inefficient, long-term process involving discovery of one biomarker at a time, resulting
in product development timelines of several years. Genomics and proteomics
approaches have experienced challenges with biomarker discovery for diagnostic
development, partly due to the vast heterogeneity of populations studied and the
requirement for detecting a strong, specific signal amidst wide biological variation. In
contrast, a metabolomics approach* for identifying biomarker candidates includes
measuring a more tractable number of analytes, as well as directly identifying
metabolites which more closely reflect the molecular pathways involved in a
physiological phenotype or disease mechanism under study. This presentation will offer
insight into this application of metabolomics through the development of diagnostic
tests including a diagnostic test that distinguishes indolent from aggressive prostate
cancer tumors to help reduce the number of unnecessary biopsies and prostatectomies
as well as an easy-to-administer, fasting blood test that provides a measure of a
patient’s insulin sensitivity.

Metabolomics Approach: This presentation will present the use of metabolomics in
developing a diagnostic test. The process starts with the selection of appropriate clinical
samples for identifying relevant biomarkers. These samples are analyzed using a
metabolomics platform based on three independent analyses: LC-MS/MS (ESI +), LC-
MS/MS (ESI - ), and GC-MS. From the raw mass spectral data, biochemicals are
identified and quantified using software to filter noise from relevant chemical data and
match the spectra to a database generated from reference compounds. After data
processing, statistical modeling approaches are implemented on the hundreds of small
molecules identified in a single sample, to yield a select group of biomarker candidates
that highly correlate to a gold standard reference method for the purpose of developing
a diagnostic test. Different subsets of biomarkers are selected in a variety of
combinations when developing a multivariate diagnostic algorithm that may reflect
presence of a subclinical condition/disease or its progression. Further analyses of these
subsets of small molecules are carried out using targeted, structural elucidation
techniques, in preparation for subsequent analytical validation and clinical validation
studies for diagnostic product development.
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NMR based Metabolic Profiling of Saccharomyces cerevisiae with High
Levels of mMRNA Mistranslation

Claudio H Santos®, Jodo Paredesb, Manuel AS Santosb, Brian J Goodfellow®.

®CICECO, Dept. de Quimica, Universidade de Aveiro, 3810-193 Aveiro, Portugal
bCESAM, Dept. de Biologia, Universidade de Aveiro, 3810-193 Aveiro, Portugal
claudiosantos@ua.pt

High mRNA translation fidelity is critical for the production of stable and functional
proteomes and, therefore, mRNA mistranslation events that produce aberrant proteins
are often linked to disease. In normal physiological conditions mRNA mistranslation
errors are low (10 to 10”), however, the error frequency increases under stress, aging
and certain diseases. In order to understand this phenotype at the molecular level, we
have induced constitutive mRNA mistranslation in Saccharomyces cerevisiae, using
tRNA engineering methodologiesl.

By using NMR spectroscopy at high field, the effect of mRNA mistranslation on the
Saccharomyces cerevisiae metabolome was studied. Using an extraction method similar
to that used in Lewis et alz, low MWt (< 5kDa) metabolites were obtained and a series
of 1D and, on selected samples, 'H-"C-HSQC spectra were acquired. Using a PCA
approach, the separation of samples from control cells and samples from cells with
different levels of mMRNA mistranslation was achieved. The loadings from the PCA plots
indicated that separation was due to differing levels of trehalose, glycerol, acetic acid
and a number of amino acids. These results are consistent with previous studies that
showed important differences in gene expression in mistranslating cells'. Comparison of
these data from mistranslating cells with data from other types of stress, namely heat
shock, will allow better characterization of the Saccharomyces cerevisiae stress
response at the metabolome level.

In parallel, complete identification of the low MWt metabolites, visible by NMR, is being
carried out using 1D/2D NMR in conjunction with LC-NMR methods. A previous study
identified ca. 40 metabolites. This has now been expanded to ca. 60 using coupled NMR
methods.

References 1. Silva, R.M.; Paredes, J.A.; Moura, G.R.; Manadas, B.; Lima-Costa, T.; Rocha, R.; Miranda, |.; Gomes, A.C.;
Koerkamp, M.J.; Perrot, M.; Holstege, F.C.; Boucherie, H.; Santos, M.A. EMBO J 2007, 26(21), 4555-4565 2. Lewis,
I.A.; Schommer, S.C.; Hodis, B.; Robb, K.A., Tonelli. M.; Westler, W.M.; Sussman, M.R.; Markley, J.L. Anal Chem 2007,
79(24), 9385-9390
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Influence of Chromatographic Technique on Metabolite Identification
Don Otter®, D. Rowan®, H-M. Lin®, M. Cao®, K. Fraser® and G. Lane®

°AgResearch Ltd., Tennent Drive, Palmerston North 4442, New Zealand
°HortResearch Ltd., Dairy Farm Road, Palmerston North 4442, New Zealand
don.otter@agresearch.co.nz

Longitudinal metabolomic analysis is being undertaken with the goal of identifying
robust, causally linked metabolite-based biomarkers functionally prognostic of gut
inflammation and the health status of the IL107 gene-deficient mouse model of
Inflammatory Bowel Disease. Xanthurenic acid (M, 205 Da) has been identified as a
possible biomarker in this model' (H-M Lin, unpublished results). Mouse urine was
collected and three different chromatographic techniques were used to separate the
metabolites prior to analysis by mass spectrometry. The performance of each
chromatographic method was monitored by characterisation of the negative ion of
xanthurenic acid (204 m/z).

LC-MS/MS with a short (20 mm) column was used as the initial longitudinal metabolic
profiling method due to its high sample throughput, sensitivity and dynamic range
whilst requiring small sample volumes (4BL) and minimal sample preparation’. The
method, using a Thermo LTQ linear ion-trap MS, yielded semi-quantitative data on 500
to 1000 metabolites, together with qualitative fragmentation data on ca 200 ions,
within 8 minutes. The 204 m/z ion trace was seen as a broad smear with a peak at 3.8
minutes. Possible candidate ions were then further characterised by standard LC with
targeted MS-MS". There were at least three 204 m/z negative ions present (10.0, 11.2
and 14.4 min) but examination of the MS/MS spectra showed that only the 11.2 min
peak corresponded to xanthurenic acid.

UHPLC-MS/MS was then investigated as a possible compromise method offering both
high throughput and high ion resolution. There was good separation of individual ions
by UHPLC with a chromatogram similar to that obtained by standard LC-MS/MS in a
much shorter elution time. However the peak width for the 204 m/z ion was very
narrow (approximately 3 sec) resulting in limitations in the MS and MS" experiments
which could be performed.

Quick LC-MS/MS Standard LC-MS/MS UPLC-MS/MS
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Chromatograms of mouse urine. Grey = TIC, black = 204 m/z.
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In summary: quick LC-MS/MS gave excellent sample throughput and could be used to
identify possible candidate ions but only provided MS/MS data for the more dominant
ions due to its poor chromatographic separation. Standard LC-MS/MS was ideal for the
more detailed, targeted analysis of limited numbers of samples and UHPLC-MS/MS,
whilst giving good sample throughput and excellent ion separation, was often
handicapped by the very sharp peaks being too narrow for the acquisition rate of the
ion-trap MS.

References.lMurdoch, T. B.; Fu, H.; MacFarlane, S.; Sydora, B. C.; Fedorak, R. N.; Slupsky, C. M. Anal. Chem. 2008, 80,
5524-5531. ZLane, G. A,; Fraser, K.; Cao, M.; Koulman, A.; Cosgrove, G. P.; Death, A. N.Z. Soc. Animal Prod. 2006, 66,
230-235. This research was supported by Nutrigenomics New Zealand: a collaboration between AgResearch Limited,
Crop & Food Research, HortResearch and The University of Auckland, funded by the Foundation for Research, Science
and Technology.
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Metabolic profile differences in GBM’s by HR-MAS and findings in histology
and in vivo MRS

M.Carmen Martinez-Bisbal®, Vicent Esteve, Beatriz Martinez-Granados, Miguel Cerda,
Francisco Sancho-Bielsa, Bernardo Celda

*Networking Research Center on Bioengineering, Biomaterials and Nanomedicine
(CIBER-BBN) and Physical Chemistry Department, University of Valencia, Burjassot,
Valencia, Spain Doctor Moliner 50, 46100 Burjassot, Valencia Spain.
Carmen.martinez-bisbal@uv.es

Glioblastoma Multiforme (GBM) is the most aggressive and heterogenous glioma.
Subtle biochemical changes can be detected in intact tissues or from chemical extracts
by high-resolution MRS. These data have been used to reveal the status of tumour
micro-heterogeneity, observing tumour metabolic alterations before they are
morphologically detectable, and to correlate them to histopathological features and
diagnosis. Proton magnetic resonance spectroscopy with high-resolution magic angle
spinning (HR-MAS) was also demonstrated to preserve tissue histopathologic features
while producing well-resolved spectra of cellular metabolites in the intact tissue
specimens. Extensive metabolic identification and preliminary metabolic differences by
HR-MAS were already shown in a set of 10 GBM™.

The aim of this communication is to identify differences in GBM HR-MAS metabolic
profiles by comparing ex vivo spectra of GBM and “non-affected” tissue (verified by
histology). In vivo GBM pre-surgery spectra from these patients and a set of controls
helped to stablish the representativity of HR-MAS spectra.

25 GBM tissue samples were studied by HR-MAS. 18/25 samples underwent histological
examination after HRMAS study. 15/18 of the samples gave histological tumour result
with variable portion of tumour and necrotic content. Remaining 3/18 samples were
histologically classified as ‘not tumour’, being mainly CNS normal tissue or a small
portion of infiltrated tumour edge, and were considered as ‘reference’ tissue. To
increase the ‘reference’ group, 4 more glioma samples histologically classified as not
tumour after HR-MAS were added to the ‘reference’ group. 7/25 samples, without
histological assessment, were used as test for the group differences. In vivo
spectroscopy was presurgically performed in 10 of the GBM patients (10/25). White
matter spectra of 3 controls were used as in vivo metabolic profile reference.

In vivo 'H MRS (1.5T) and ex vivo HR-MAS (11T) data were acquired according to
eTUMOUR protocols [FP6-2002-LIFESCIHEALTH 503094]. The spectra were analyzed
using home-made software with capability for spectra visualisation and statistical
analysis.

High concentrations of NAA, Cr and other metabolites and almost null detection of
macromolecules signals clearly differentiated “non-affected” and tumour tissues.
Likewise, differences among GBM HR-MAS metabolic profiles were observed, mainly
related to the intensity of myo-Inositol, Creatine, Proline, Glycero-phosphocholine,
Posphoryl choline and other resonances without attending strictly to the amount of
lipids, drawing two sets of GBM. When more samples of GBM without histological
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information are added to the study set, they become part of the ‘reference’ group or
part of the two sets of GBM, being preserved the initial splitting up of the samples
assessed by histology. Moreover, an adequate correlation between in vivo and ex vivo
spectra for 10 GBM was as well observed.

Clear differences have been detected in specific spectra regions between GBM and
“non-affected” tissues by HR-MAS, in concordance with histology. Among GBM
histologically proven tissues, metabolic profile differences have aroused and GBM
tissues seem to be divided in two tumour pattern, which could be related to the tumour
cellular condition, tumour behaviour or to the several microheterogeneous areas in
GBM. These groups are preserved when more GBM samples are added to the set
showing their robustness. The adequate agreement between ex vivo and in vivo
metabolic characteristics, and the differences the GBM by HRMAS can provide relevant
tissue state information for a better interpretation of in vivo spectra and for increasing
their contribution to non-invasive brain tumour classification.

References. 1.Martinez-Bisbal M.C.; Marti-Bonmati L.; Piquer J.; Revert A.; Ferrer P.; Llacer J.L.; Piotto M.; Assemat
0.; Celda B.; NMR Biomed 2004, 17, 191-205
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P2

The potential of HRMAS NMR for assessing the metabolic phenotype of lung
cancer

lola F. Duarte®, Cldudia Rocha®, Ana M. Gil®, Brian J. Goodfellow®, Lina Carvalho®, Vitor
Sousab, Isabel M. Carreira®, E. Humpferd, M. Sprauld

°CICECO, Departamento de Quimica, Campus de Santiago, Universidade de Aveiro,
3810-193 Aveiro, Portugal. ®|nstituto de Anatomia Patoldgica, Faculdade de Medicina,
Universidade de Coimbra, 3001-401 Coimbra, Portugal. “Laboratério de Citogenética,
Faculdade de Medicina, Universidade de Coimbra, 3001-401 Coimbra, Portugal. ‘Bruker
Biospin GmbH, Silberstreifen, D76287 Rheinstetten, Germany
ioladuarte@ua.pt

The ability to detect and follow metabolic changes in tumours is of paramount
importance for investigating their altered cellular metabolism and finding new targets
for therapy. In this work, we have applied High Resolution Magic Angle Spinning
(HRMAS) NMR to human lung tumours and normal adjacent tissues in order to assess
their composition and identify biochemical alterations related to tumour metabolism.
The 'H NMR profiles obtained showed great complexity and a high degree of signal
overlap resulting from the many compounds present. Based on a range of one-
dimensional (1D) and two-dimensional (2D) NMR experiments, about forty of these
compounds, including amino acids, organic acids, choline metabolites, nucleosides and
lipids, could be identified. As expected, this composition was found to differ between
tumoral and non-tumoral tissue and, also, between tumours of different histological
types. Metabolic variations suggest that glycolysis, gluconeogenesis and cell membrane
turnover are affected in tumours. In the future, the analysis of an enlarged number of
samples will be combined with multivariate statistics, aiming at determining specific
compositional patterns that correlate to tumour diagnosis or grading.
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Metabolomics in pre-diabetes research

Marianna Lucio®, Rainer Lehmann®, Hans-Ulrich Héringb, Philippe Schmitt-Kopplin®

®Helmholtz Zentrum Miinchen - Research Center for Environment and Health, Institute
of Ecological Chemistry, Neuherberg, Germany. ®Division of Clinical Chemistry and
Pathobiochemistry, Dep. of Internal Medicine 4, University of Tuebingen.
marianna.lucio@helmholtz-muenchen.de

The metabolomics study applied to disease’s evaluation has the main goal to diagnose
health and identify factors that cause disease. These studies can lead to enhanced
understanding of disease mechanisms and to new diagnostic markers as well as
enhanced understanding of mechanisms for drug or xenobiotic effect and increased
ability to predict individual variation in drug response phenotypesl [Kaddurah-Daouk].
This approach combined with lon Cyclotron Resonance Fourier Transform Mass
Spectrometer (ICR-FT/MS) brings new information on the pre-diabetic state with its
high resolving power, mass accuracy, sensitivity, and flexibility.

A non target approach is applied to group non-diabetic individuals with a high risk to
develop type 2 diabetes. The major challenge in the post-genome era is to understand
how interactions among the molecules in a cell determine its form and function.
Information is achieved through multivariate display and statistical analysis tools, graph
modeling and visualization and classify and store metabolites in database. The
statistical tools start from unsupervised method to lead to supervised methods; such as
principal component analysis, partial least square regression, discriminate analysis and
a variety of clustering techniques; PCA and hierarchical cluster analysis are now
widespread; and they provide an appropriate starting point for further analysis in the
interpretation of metabolite profiling. Common to a great part of these methods is that
they build up interdependencies between metabolites, relationships between the
abundances of the metabolites as revealed by correlation, covariance or distance
matrix.
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P4

A NMR-based metabonomics approach to the study of GSPE intake in rats
fed a hyperlipidic diet

. . . . . , b . b ,
Maria Vinaixa®, Miguel A. Rodriguez’, Juan Fernandez-Larrea’, M2 Cinta Bladé”, Jesus
. ~ . . . b
Brezmes®, Nicolau Cafiellas®, Xavier Correig®, Lluis Arola’, Manfred Spraul®

*Metabolomics Platform (Universitat Rovira i Virgili -CIBERDEM)/Avda Paisos Catalans,
26 43007 Tarragona, Spain. bDepartament de Bioquimica i Biotecnologia, Universitat
Rovira i Virgili, Marcel.li Domingo s/n, 43007 Tarragona ‘Bruker BioSpin GmbH,
Rheinstetten, Germany. maria.vinaixa@urv.cat

Procyanidins are phenolic compounds from the flavonoid group that are widely found
in cereals, vegetables, and fruits such as grapes and apples, berries, cocoa and
beverages such as red wine. They are receiving significant attention because of their
potential importance to human health' and their wide range of biological activities”.
They act as cardioprotectants, antioxidants, antigenotoxics, anti-inflammatories and
anticarcenogenicss. Their protective action could extend to other metabolic
anormalities such as insulin resistance, dyslipemia, arterial hypertension and obesity
(collectivelt termed the metabolic syndrome). In spite of obesity being one of the main
problems in industrialised societies, there have been few studies relating obesity and
procyanidins3. There is a growing interest in the utilization of procyanidins for their
dietary and pharmacological properties. In this context, Metabonomics, “the
guantitative measurement of the dynamic multiparametric metabolic response of living
systems to pathophysiological stimuli or genetic modifications”*, provides a systems
approach to understanding global metabolic regulations of organisms. This concept has
arisen from the combination of NMR and pattern recognition to study the
multicomponent metabolic composition of biological fluids, cells, and tissues. The
generated metabolic profiles are processed by multivariate statistics to maximize the
recovery of information to be correlated with well-determined stimuli such as dietary
intervention or with any phenotypic data or diet habits’. Metabonomics approach is
found to be ideally suited to nutrition research and it may provide an insight into in vivo
mechanisms of action following nutritional intervention®.

In the current work, a metabonomic approach has been applied to the study of the
long-term biochemical consumption effect of GSPE (grape seed procyanidin extract) in
rats under diet induced obesity conditions. Changes in "H-NMR spectral profile of serum
collected from rats with three long term different dietary intervention studies were
evaluated. Thus, chow-fed male were compared against cafeteria-fed male rats and
against cafeteria-fed male rats orally administered with different GSPE concentration
(either 25mg/kg or 50mg/kg). By applying various chemometric techniques to the NMR
data, the biochemical effects of long-term GSPE intervention were determined. Some
differences in the plasma lipoprotein and carbohydrate profiles were observed
following GSPE intervention, suggesting a GSPE induced alteration in energy
metabolism. This study has emphasized the potential of the metabonomic approach for
studying bioactivity of polyphenols naturally occurring in many foods such as red
wine.This study describes a novel application for ‘H-NMR analysis by determining subtle
differences in biochemical profiles following dietary intervention and providing further
insight into the mechanisms of action of procyanidines in vivo.
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P5

NMR as a tool for investigating congenital disorders: the case of
glycosylation type la in cultured human fibroblasts

Nicola D’Amelio®, Stefania Biffib, Chiara Garrovob, Giovanni Maria Severini*

®Bracco Imaging S.p.A., CRB Trieste, AREA Science Park, Q building, S.S. 14, Km 163.5, I-
34012, Basovizza, Trieste, Italy. bOptical Imaging Laboratory, CBM, AREA Science Park,
Q1 building, S.S. 14, Km 163.5, 1-34012, Basovizza, Trieste, Italy. ‘Institute of Child
Health IRCCS, Burlo Garofolo, via dell'lstria 65/1, 34100, Trieste, Italy.
Nicola.damelio@bracco.com

Congenital disorders of glycosylation (CDG) are a family of multisystem inherited
disorders caused by defects in the biosynthesis of N- or O-glycans'. Although defects in
phosphomannose mutase (PMM2) are among the most common biochemical proven
causes of CDG (classified as CDGIa)Z, quantitative studies of the effects of PMM2
deficiency on mitochondrial metabolism and energetics have never been reported.

Herein, we report a biochemical investigation on fibroblasts derived from patients
affected by CDGla: enzymatic activity of PMM2 was quantitatively measured by ATP
production. Furthermore, the metabolic profile of the cells was monitored by NMR
spectroscopy providing >C labelled nutrients and observing their processing within the
fibroblasts.

These experiments proved the ability of NMR to provide insight into the biochemical
consequences of PMM2 deficiency.

References: 1. Briones P, Vilaseca MA, Garcia-Silva MT, Pineda M, Colomer J, Ferrer |, Artigas J, Jaeken J, Chabas A.
Congenital disorders of glycosylation (CDG) may be underdiagnosed when mimicking mitochondrial disease. Eur J
Paediatr Neurol., 2001, 5, 127-31. 2. Van Schaftingen E, Jaeken J. Phosphomannomutase deficiency is a cause of
carbohydrate-deficient glycoprotein syndrome type I., FEBS Lett, 1995, 377, 318-320
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Exo- and endo-metabolome patterns in differentiating B lymphoma cells:
optimizing sampling protocols

Silvia Mari®, Jose M. Garcia Manteiga®, Claudia Napoli®, Anna Minoja“, Simone Cenci”,
Roberto Sitiab, Giovanna Musco™®

*Biomolecular NMR, Dublecco Telethon Institute c/o S. Raffaele Scientific Institute, via
Olgettina 58, 20132 Milan. *Division of Genetics and Cell Biology, San Raffaele Scientific
Institute — DIBIT, Via Olgettina 58, 20132 Milan. “Bruker BioSpin S.r.l. Via Giovanni
Pascoli 70/3, 20133 Milan. mari.silvia@hsr.it

A detailed description of the metabolome in mammalian cells and tissues, particularly
in dynamic differentiation systems or in disease, is clearly a hot topic'”>; however, the
collection of reliable data has so far been hampered by the limited robustness of
guenching and extraction protocols.

When small B-lymphocytes bind their cognate antigens in the context of suitable
signals, a dramatic differentiation program is activated that leads to the formation of
professional antibody secreting plasma cells, with profound geno-proteomic changes®”.
Primary B cells and certain B lymphoma lines can be readily induced to undergo a real
metamorphosis finalised to achieve massive antibody production. In this study, we used
the murine .29+ lymphoma to analyse the dynamic metabolome changes that
underlie terminal B lymphocyte differentiation’.

Since most published studies are based on bacteria or yeasts'lo, we first explored the
introduction of quenching step(s) in the metabolome analysis, in order to properly stop
metabolism and at the same time minimize metabolite leakage, which could occur
during quenching procedures. As a complement of this study we have also analysed the
exometabolome'! of differentiating B cells at four different time points.

An NMR-1D approach has been used to analyse both endo- and exo-metabolome using
Amix Sofware (Bruker Biospin) for the data processing and statistical analysis. The
strategy of choice has been the construction of a Knowledge Base used for further
analytical profiling and principal component analysis.

References: 1. Kim YS, Maruvada P, Metabolomics, 2008, 4:105-113. 2. Kim YS, Maruvada P, Milner JA., Future
Oncol. 2008 Feb;4(1):93-102. 3. Yang C, Richardson AD, Osterman A, Smith JW, Metabolomics, 2008, 4:13-29. 4.
Romijn, E.P., Christis, C., Wieffer, M., Gouw, J.W., Fullaondo, A., van der Sluijs, P., Braakman, I. and Heck, A.J., Mol
Cell Proteomics, 2005, 4, 1297-1310. 5. Sciammas, R. and Davis, M.M., J Immunol, 2004, 172, 5427-5440. 6. Shaffer,
A.L, Lin, K.I., Kuo, T.C., Yu, X., Hurt, E.M., Rosenwald, A., Giltnane, J.M., Yang, L., Zhao, H., Calame, K. and Staudt,
L.M., Immunity, 2002, 17, 51-62. 7. van Anken E, Romijn EP, Maggioni C, Mezghrani A, Sitia R, Braakman |, Heck AJ.,
Immunity, 2003 18:243-53. 8. Villas-Boas SG, Hgjer-Pedersen J, Akesson M, Smedsgaard J, Nielsen J., Yeast, 2005, 22,
1155-1169. 9. Faijes M, Mars AE, Smid EJ., Microbial Cell Factories, 2007, 6,:27. 10. Bolten CJ, Kiefer P, Letisse F,
Portais JC, Wittmann C., Anal. Chem., 2007, 79, 3843-3849. 11. Miccheli AT, Miccheli A, Di Clemente R, Valerio M,
Coluccia P, Bizzarri M, Conti F., Biochim Biophys Acta., 2006 1760(11):1723-31.
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Global Spectral Deconvolution (GSD) and Its Applications to NMR-based
Metabonomics Analysis

Carlos Cobas®, Chen Peng®, Pablo Monje®, Stanislav Sykora®

*MESTRELAB RESEARCH, Santiago de Compostela, Spain. “Extra Byte, Castano Primo
(Mi), Italy carlos@mestrelab.com

A typical experimental NMR spectrum comprises a) spectral peaks arising from the
transitions of the studied spin system(s), b) satellite peaks from the very same spin
system(s) isotopomers, c) solvent peaks due to the employed solvent, d) impurity peaks
due to undesired chemical components of the sample, e) folded-over peaks from
outside the spectral window, f) baseline distortions due to acquisition dead-time or
undesirable broad solid-state signals, and g) spikes due to interfering RF signals from
the instrument or from the broader environment. For both quantitative and qualitative
analysis, it is desirable to decompose the spectrum into its individual components. In
particular, one would like to reduce it automatically to an editable peak list which
matches all the recognizable peaks in the experimental spectrum, leaving out any
baseline drift and noise. The peaks in such a peak list, each described in a parametric
form, can then be subjected to automatic and/or manual editing (filtering). For
example, one can automatically recognize spikes (anomalously narrow peaks), solid
impurities (very broad peaks), folded-over peaks (anomalous phase), and possibly even
rotation sidebands and isotopomer satellites.

This task can be even more challenging when dealing with biofluids spectra for
metabonomics analysis because such spectra are usually very complex and highly
overlapped. While binning and bucketing are commonly used to de-resolve the spectra
(in order to overcome peak misalignment) prior to multi-variate analysis," resolving and
deconvoluting overlapped peaks are very important operations in the later stage of
such analysis, i.e., in the identification of altered molecules (potential biomarkers) and
quantitative measurement of the changes to their concentrations.’

Several partial approaches to generate such peak lists have been developed in the past,
including parametric Linear Prediction’ and the Filter Diagonalization Method”* (FDM).
As opposed to those methods, based on the direct analysis of the FID, in this work we
present a new approach which works directly on the frequency domain and makes use
of novel methods for spectral resolution enhancement (Resolution Booster3) and
automatic peak detection. This process can be carried out either by using a fast
algorithm based on the knowledge of the first and second derivatives of the data and
on limited, local fitting, or by employing a substantially slower massive fitting method
to be used when highly accurate values are needed.

We will show several real-life examples of GSD as implemented in Mnova software.’
Current limitations and restrictions, as well as the future potential and perspectives of

this approach will be also presented.

References: 1. J.K. Nicholson, M. O' Flynn, P.J. Sadler, A. Macleod, S.M. Juul, and P.H. Sonksen, Biochem. J. 1984,
217, 365-375. 2. Q. Xu, J.R. Sachs, T.-C. Wang, W. H. Schaefer, Anal. Chem., 2006, 78, 7175-7185. 3. V.A.
Mandelshtam, H. S. Taylor, A. J. Shaka, J. Magn. Reson. 1998, 133, 304-312. 4. H. Gesmar, J. J. Led, J. Magn. Reson.
1988, 76, 183-192. 5. Carlos Cobas, Nikolay Larin, Isaac Iglesias, Felipe Seoane, Stanislav Sykora, Novel Data
Evaluation Algorithms: the 1D and 2D Resolution Booster (RB), a poster presented at 49th ENC Conference, Asilomar,
CA (USA), March 9-14, 2008. 6. MestReNova (Mnova), version 5, Mestrelab Research S.L. Santiago de Compostela,
Spain, www.mestrelab.com, 2008.
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New methodology for single human embryo selection

. , . , . * . . b /
Maria Gdmez-Mingot®, Jesus Iniesta® , Vicente Montiel®, Juan Manuel Moreno’, José
’ P , b
Jesus Lépez-Galvez

°Dep. of Physical Chemistry and Institute of Electrochemistry, University of Alicante,
Crta San Vicente s/n, Alicante, Spain. ®Unidad de Reproduccion. Hospital Clinica
Vistahermosa. Avenida de Denia, 103. Alicante, Spain*corresponding author:
jesus.iniesta@ua.es

In human in vitro fertilisation (IVF) is impossible to determine in situ the implantation
viability of embryos after retrieval. Embryonic morphology and development in an
established nutritional culture medium are the sole tools to select the best embryos for
further transfer to the female reproductive tract. However, embryos transferred
classified as good or excellent quality do not reach implantation, and by contrast those
scored as poorest quality do. The reason for this is that there are unreliable methods
which might be able for the determination of potential parameters or biomarkers
involved in implantation and pregnancy.

By using chromatographic methods (HPLC-UV), and chromatography coupled to
advanced mass spectrometry (HPLC-MS), and NMR techniques, this study focuses on
the determination of changes in the composition of a chemically defined embryo
culture media on day 2-3 (involving analysis of organics acids, carbohydrates, amino
acids and proteins). The assessment of the metabolic necessity of each embryo and the
correlation of the above with its morphology and implantation rate will be addressed in
this presentation.

Embryonic culture media are classified into three
groups. Firstly, group | contains those media whose
embryos have 100% of success and end up with
pregnancy, Group |l contains those media whose
embryos do not reach implantation, and finally
group lll, where at least one or more embryos that
are transferred, finally implant. The results
obtained for 47 couples (around 130 embryo
culture media analysed) have shown that embryos
that finally implant behave differently to those that
don’t reach implantation. This means that some analytes present in the culture media
are significantly important for embryo development. Application of Univariant and
Multivariant statistical methods, such as ANOVA, Discriminant Analysis and Principal
Component Analysis determine significant differences in metabolic capacities between
distinct groups.

All this have important consequences in terms of searching and selecting a single
embryo with the highest guarantees of implantation and result in a live baby.
Moreover, benefits may be obtained from the replacement of multiple embryos in a
treatment cycle, which results mostly in an unacceptably high multiple pregnancy rates,
with increased obstetric, neonatal and economic costs to society.
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DEMONSTRATION ABSTRACTS

D1

New NMR Data Processing Algorithms and their Potential Applications in
Metabonomics studies

Pablo Monje’,Carlos Cobas’, Chen Peng’, Stanislav Sykora®

*MESTRELAB RESEARCH, Santiago de Compostela, Spain. “Extra Byte, Castano Primo
(Mi), Italy. carlos@mestrelab.com

The processing and analysis of metabonomics spectra present specific challenges in the
sense that they require the efficient managing of large sets of data. For this reason,
manual processing is no longer an option, making it necessary to take advantage of
tools which can handle the processing of large groups of spectra in automation.

In addition, although many of the processing operations used with standard NMR
spectra of small organic molecules are also directly applied to the spectra of biofluids or
tissues, these pose some unique challenges, particularly in the context of phase and
baseline correction.

In this talk we will present our solution to these issues, Mnova. This advanced, yet easy
to use NMR software package allows the efficient processing of large sets of data in
fully automated mode and includes new, powerful algorithms designed for the
automatic phase and baseline correction of metabonomics-like NMR spectra, as well as
several tools aimed at improving the quality of these spectra. In addition, we will
introduce some of the results obtained with our newly developed GSD (Global Spectral
Deconvolution) system, which we believe may introduce new opportunities for
enhanced processing and analysis in the area of NMR based metabonomics.
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D2

NMR methodology as a powerful tool in epidemiology and disease screening
M.Spraul, H.Schafer, B.Schiitz.
Bruker BioSpin GmbH Germany

One of the fastest growing research areas currently is Metabonomics, the part of
systems biology that deals with the composition and changes in concentration of small
molecules in humans, animals, plants and cellular systems. NMR is a leading analytical
tool due to its highest reproducibility, high dynamic range and quantitative properties.
NMR is used in pharmaceutical applications like drug toxicity and efficacy screening, in
food research to show effects of nutrition to health and in clinical research to find
typical disease patterns or to investigate epidemiological studies. Also the
environmental influences to the health conditions can be studied.

Clinical Research and epidemiological studies are areas for NMR to give new insight into
disease processes, personalized metabolic profiles and ageing processes to name a few.

NMR can be hyphenated with LC-MS to increase the information content beyond the
facts learned from the individual tools using for example covariance analysis. For
human studies, urine, plasma, cerebrospinal fluid and tissue are most often
investigated. Multiple examples are given to demonstrate the power of the analytical
approach to Metabonomics described here.
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