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ABSTRACT

PREDICTING CARBON SPECTRUM IN
HETERONUCLEAR SINGLE QUANTUM
COHERENCE SPECTROSCOPY FOR ONLINE
FEEDBACK DURING SURGERY

Emin Onur Karakaslar
M.S. in Computer Engineering
Advisor: A. Erciiment Cigek
September 2020

'"H High-Resolution Magic Angle Spinning (HRMAS) Nuclear Magnetic Reso-
nance (NMR) is a reliable technology used for detecting metabolites in solid
tissues. Fast response time enables guiding surgeons in real time, for detecting
tumor cells that are left over in the excision cavity. However, severe overlap
of spectral resonances in 1D signal often render distinguishing metabolites im-
possible. In that case, Heteronuclear Single Quantum Coherence Spectroscopy
(HSQC) NMR is applied which can distinguish metabolites by generating 2D
spectra (*H-'3C). Unfortunately, this analysis requires much longer time and
prohibits real time analysis. Thus, obtaining 2D spectrum fast has major im-
plications in medicine. In this study, we show that using multiple multivariate
regression and statistical total correlation spectroscopy, we can learn the relation
between the 'H and '*C dimensions. Learning is possible with small sample sizes
and without the need for performing the HSQC analysis, we can predict the *C
dimension by just performing 'H HRMAS NMR experiment. We show on a rat
model of central nervous system tissues (80 samples, 5 tissues) that our methods
achieve 0.971 and 0.957 mean R? values, respectively. Our tests on 15 human
brain tumor samples show that we can predict 104 groups of 39 metabolites with
97% accuracy. Finally, we show that we can predict the presence of a drug re-
sistant tumor biomarker (creatine) despite obstructed signal in 'H dimension. In
practice, this information can provide valuable feedback to the surgeon to further
resect the cavity to avoid potential recurrence.

Keywords: Metabolomics, HRMAS NMR, HSQC NMR.
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OZET
TURKCE BASLIK

Emin Onur Karakaslar
Bilgisayar Miihendisligi, Yiiksek Lisans
Tez Damigmani: A. Erctiment Cicek
Eylul 2020

'H Yiiksek Coziintirliikli Sihirli Ag1 Dondiirmeli (HRMAS) Niikleer Manyetik Re-
zonans (NMR) kat1 numunelerde metabolitlerin bulunmasim saglayan giivenilir
bir teknolojidir. Hizli geridoniig stiresi ile tiimor ameliyatlar: sirasinda, tiimortin
cgikarildigr bolgede arta kalmig olabilecek kanserli hiicrelerin belirlenmesi ve
cerrahin gercek zamanl olarak yonlendirilmesinde kullanilabilir. Fakat, tek
boyutlu NMR verilerinde sinyallerin iistiiste binme olasiligi oldugundan, bu du-
rum metabolitlerin birbirinden ayrilmasini imkansizlagtirabilir. Bu durumda,
Heteroniikleer Tek Kuantum Uyumluluk Spektroskopisi (HSQC) NMR teknolo-
jisi verilerin iki boyutlu halini olugturmak i¢in kullanihr (Hidrojen ve Karbon
boyutlarl). Bu yiizden, bu iki boyutlu spektrumu hizh bir sekilde elde et-
menin tibbi agidan biiyiik bir onemi vardir. Fakat, ne yazik ki, bu spektrumu
olugturmak uzun stireler almaktadir ve bu durum gercek zamanli analizi imkansiz
kilmaktadir. Bu caliymada, ¢oklu varyasyonlu baglanim (NSPLR) ve istatis-
tiksel tiim korelasyon spektroskopi (STOCSY) yontemleri ile, HSQC nin hidro-
jen ve karbon boyutlar1 arasindaki baglantiy1 ogrenebilecegimizi gosterdik. Bu
ogrenmenin kiiclik veri miktarina ragmen miimkiin oldugunu ve HSQC meto-
dunu kullanmak zorunda kalmadan sadece hidrojen boyutu ile karbon boyutunun
tahmin edilebilecegini bulduk. Elimizde bulunan fare kohortumuz ile (80 adet,
5 farkl organ) NSPLR’yi kullanarak 0.971 ve STOCSY ile 0.957’lik ortalama
R? degerleri elde ettik. 15 insan numunesinde yaptigimiz deneyler sonucunda
104 gruptan 39 farkli metabolitin %97 gibi yiiksek bir dogruluk oraniyla bulun-
abilecegini gosterdik. Son olarak, Kreatin gibi hastanin ilag¢ ve tedaviye cevap
vermesini ileriki safthalarda engelleyebilecek bir metaboliti, sinyali gizlenmis ol-
masina ragmen, sadece hidrojen NMR teknolojisi ile bulabilecegimizi gosterdik.
Pratikte bu bilgi cerrahin tiimor bélgesinden daha fazla g¢ikarim yapmasini ve

hastaligin ileride tekrarlanmasinin ontine ge¢cmesini saglayabilir.

Anahtar sézcikler: Metabolomik, Niikleer Manyetik Rezonans.
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Chapter 1

Introduction

Metabolomics is a powerful omics platform, which reflects a snapshot of the state
of the cell and provides the most direct cues about the phenotype, as it is the
highest layer in the hierarchy of the omics. High Resolution Magic Angle Spin-
ning (HRMAS) Nuclear Magnetic Resonance (NMR) spectroscopy is a technology
that can efficiently detect and quantify metabolites in solid tissues [1]. HRMAS-
NMR does not need any chemical extraction procedure, which is a must for MS
technologies and liquid-state NMR. Thus, it is frequently used in biopsy analyses
and provides high resolution [2, 3]. Sample preparation is fast and the results can
be obtained in < 20 minutes. Rapid response enables giving feedback to surgeons
during an ongoing surgery. Recently, Battini et al. proposed using HRMAS-NMR

for pancreatic adenocarcinoma surgeries [4].

One of the primary concerns during a surgery is even if it might seem like
the tumor is completely removed, it is possible that residual tumor cells are left
over in the excision cavity. Then there is the trade-off between removing healthy
tissue, which risks the well being of the patient and leaving tumor cells in the
body, which risks recurrence and further surgeries. In this system, the surgeon
gets samples from the excision cavity for identifying possible left-over tumor cells.
After HRMAS NMR analysis, parts of the cavity that have tumor-like spectrum

are reported for further resection. This pipeline is possible because the feedback



is available within 20 minutes.

Even though 'H is commonly used in NMR analysis due to high sensitivity
and natural abundance in samples, identification of bio-marker metabolites can
be impossible due to overlapping signal in 'H HRMAS NMR spectrum. In that
case, a second experiment called Heteronuclear Single Quantum Coherence Spec-
troscopy (HSQC)-NMR is performed. This analysis generates a 2D correlation
plot for 'H and '3C spectra. However, it requires approximately 15 hours to

complete and therefore is outside of the time frame of surgery.

In this thesis, we propose two methods to predict *C spectrum in an HSQC
experiment, without performing the HSQC experiment at all. These methods are
(i) performing multivariate multiple regression and (ii) re-purposing STOCSY for
a blind prediction of a single sample. Using a set of 'H-'3C HSQC experiments,
methods learn how each position in 'H-dimension affects each position in *C-
dimension. Applying these methods to a rat model of central nervous system, we
show that average R? values of each model are 0.973 and 0.958 for regression and
STOCSY, respectively. Then, using 'H HRMAS NMR spectrum of 14 human
brain tissue samples and predicting their corresponding *C spectrum, we show
that we can successfully identify presence and absence of 104 metabolite groups
belonging 39 metabolites. Both methods achieve 97% accuracy in less than a

second.

We also show that regression model can also be used to reconstruct the 2D
HSQC experiment as accurately. We demonstrate that we are able to predict the
presence of the Creatine even though its position is overlapping with Lysine in
'H dimension. Creatine is an indicator of hypoxia and possibly drug resistant
tumor tissue [5, 6]. Thus, our approach can make it possible to provide accurate
feedback to the surgeon during the surgery even if 'H HRMAS NMR results are
inconclusive. Even though we experiment on 'H - 1¥C HSQC NMR dimensions
in this thesis, all methods can be used with any other multidimensional spectra

as well.



Chapter 2

Related Work

High Resolution Magic Angle Spinning (HRMAS) NMR is an spectroscopy tech-
nique, which permits the quantification of metabolic contents of a given sample
at high spectral resolutions. It is achieved by subjecting the solid-state tissue
to a constant magnetic field while mechanically rotating the tissue at a specific
(magic) angle. Unlike its predecessors, e.g. solid-state NMR, it keeps the tissue
intact therefore allows for further pathological and histological analyses [7]. Given
its reproducible and easy-to-implement nature, it is widely applicable to many
scenarios such as determining the different sub-types of cancers, personalizing

medicine and even controlling the crops quality [8, 7, 9, 10].

'H HRMAS NMR is the most widely used HRMAS NMR technique due to high
abundance of 'H in living organisms and its high sensitivity. Sample preparation
along with the analyses takes <20 minutes to complete, thus making it a cost
and time effective solution. However, the inherent natures of the bio-marker
signals allow them to emerge at close proximity in the spectrum, thus sometimes
overlapping with each other and making them impossible to differentiate one
from the other. To compensate this possible error other dimensions are added
to the spectrum, such as *C and '”N. This addition of new dimension adds a
time overhead to the analyses, thus makes the pipeline inefficient for real-time

analyses during a surgery.



There are algorithms in the literature to identify all metabolites occuring in
a sample using a combination of 1D and 2D analyses [11, 12]. However, these
methods need both type of experiments to work on. One very widely used ap-
proach to identify metabolites is STOCSY - Statistical Total Correlation Spec-
troscopy [13, 14]. Using a set of independent samples, this method generates
a pseudo 2D NMR spectrum for all analyzed samples that displays the corre-
lation of the signals in two dimensions. The correlation plot is combined with
Orthogonal Partial Least Squares Discriminant Analysis (O-PLS-DA) to iden-
tify the compounds explaining the variation. Variants of this method have been
developed for purposes like (i) assigning chemical structures, (ii) preprocessing
datasets for downstream analysis, and (iii) identifying pathway relations between
metabolites [15].

Another approach to circumvent the time over head of multi-dimensional anal-
yses is to accelerate the experiment via sampling. That is, as the number of
indirect dimensions increases; the complexity, memory demand and the time re-
quirement of the analysis also increases and one way to solve this problem is to
reduce the number of free induction decay (FID) acquisitions. FID is the sum
of few decaying exponentials which are obtained from NMR experiments [16],
and they are usually transformed into frequency domain via Discrete Fourier
Transform (DFT) so as to observe those exponential components. Two typical
approaches in the literature to reduce the number of FID acqusition are focusing

on interested regions and random selection [17].

Focusing on sub-spaces, which contains signals, and sampling those regions
in indirect dimensions may reduce the search space and data size significantly,
however, this approach does not yield the full reconstructions [17]. The latter
approach is sampling the indirect dimension(s) randomly, which is generally fol-
lowed by a reconstruction algorithm in order to reconstruct the multi-dimensional
spectra. Here one has to choose between achieving high spectral resolution and
sensitivity or a minimal measurement time [18]. There are two types of sampling

schemes which are uniform and non-uniform sampling (NUS).

Conventional uniform sampling is not generally adopted since it may result

4



in loss of signal differentiation in indirect dimensions [19]. Therefore, various
scheduling methods are proposed. For instance, Barna et al. proposed using
exponential weighting scheme since it characterizes the NMR signal (FID) and
leads into higher signal to noise ratio [20]. On the other hand, Schmieder et
al. suggested uniform random sampling which tends to be a good fit for signals
with little decay [19, 21]. A more recent approach called poisson gap scheduling
by Hyberts et al. focuses on the ends or on the middle parts of the signal to
minimize the error rate [22]. However, adopting a NUS approach introduces a
new challenge as the DFT is not applicable hereupon for the reconstruction of the
indirect dimension. Therefore, this challenge paves the way to the development

of new reconstruction methods.

Hoch et al. uses an iterative approach called maximum entropy to converge
to an indirect dimension starting with empirical values and a trial spectrum.
They report 3 times faster 2D experiment time with comparable accuracy [23].
Coggins and Zhou proposed using a set of procedures called CLEAN, which is
used in radio-astronomy, and demonstrated that complete processing of a 4D
spectrum takes less than 2 hours with adequate SNR [24]. However, these are
still long time frames for a surgery, thus remain inefficient for providing real
time feedback during an ongoing surgery. Therefore, a method which could both
provide comparable accuracy and an experiment time which is in the time frame

of the surgery has a potential use as a real time feedback mechanism.

Recently, Cakmakci et al. [25] demonstrated that using 'H HRMAS NMR
datasets (n=568) and machine learning based approaches, they can stratify
glioma patients from controls with high accuracy and precision (mean AUC =
85.6%). Furthermore, they also showed that the models are predictive in terms

of classifying the malignant and benign tumor samples.

However, none of the above mentioned studies aim at blindly predicting the
outcome of a 2D HSQC NMR experiment for a single sample, after learning the
relations between two spectra from a mixed training cohort. In this respect, here
we exploit the relation between 'H and *C NMR spectra and use this relation in
order to forecast the outcomes of 'H-¥C HSQC NMR experiment with the help



of 'TH HRMAS NMR.



Chapter 3

Methods

3.1 Surgical Pipeline

After the removal of the tumor from the tissue, several samples are collected from
the excision cavity by the surgeon. The samples are sent to the MRI room via
pneumatic tube. HRMAS takes approximately 20 minutes. The learning stage
of the algorithms are offline and therefore the time requirement is irrelevant for
the online analysis. Prediction stage takes time in the order of seconds, and
thus, allows concluding presence/absence of bio-marker metabolites and giving
real time feedback to the surgeon. Evaluation of both spectra takes less than
10 minutes. Figure 3.1 shows the overall workflow of the procedure (including
our alternative methodology) and this pipeline can be repeated as many times as

surgeon requests.
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Figure 3.1: This figure shows the workflow of the feedback mechanism that we
suggest. Surgeon extracts a sample from excision cavity and sends it to the spec-
troscopy room where HRMAS NMR analysis is conducted. If there are no over-
lapping signals after the analysis, the results are then sent back to the surgeon
during surgery. Otherwise, if there are overlapping signals, another procedure
called HSQC NMR is conducted which approximately takes 15 hours or the feed-
back is provided with one of our methods which can be conducted less than a
second.

A

HRMAS analysis

3.2 Tissue sample preparation for HRMAS
NMR spectroscopy

All tissue specimens were collected during surgery just after tumor removal and
were snap-frozen in liquid nitrogen. Then, the sample preparation was performed
at the temperature of —20°C. The amount of tissue used for the HRMAS NMR
analysis ranged from 15 mg to 20 mg. Each tissue sample was placed in a 25yl
disposable insert. Next, 12l of deuterium oxide, were added in every biopsy’s
insert in order to get a resonance frequency reference for the NMR spectrome-
ter. Finally, inserts were kept at —20°C until the HRMAS NMR analysis was
performed. The insert was placed in a 4-mm ZrO2 rotor just before the HRMAS
NMR analysis.



3.3 HRMAS NMR data acquisition

All HRMAS NMR spectrum were obtained on a Bruker Avance III 500 spec-
trometer (installed at Hautepierre Hospital, Strasbourg) operating at a proton
frequency of 500.13 MHz and equipped with a 4 mm quadruple resonance gradient
HRMAS probe (*H, 2H, 3C and 3'P).

The temperature was maintained at 4°C throughout the acquisition time
in order to reduce the effects of tissue degradation during the spectrum ac-
quisition. We realized: 1) A one-dimensional (1D) proton spectrum using a
Carr—Purcell-Meiboom-Gill (CPMG) pulse sequence was acquired for each tis-
sue sample. The inter-pulse delay between the 180 pulses of the CPMG module
was set to 285 ms and the number of loops was set to 328, resulting in a total
CPMG pulse train of 93 ms. 1D CPMG parameters are: Fid size: 32768; number
of dummy scans: 4; number of scans: 4; spectral width (ppm): 14; acquisition
time (s): 2.33; experiment time: 9 min 57 secs . The chemical shift was calibrated
to the methyl proton of L-lactate at 1.33 ppm. 2) A two-dimensional (2D) het-
eronuclear single quantum coherence experiments (1H — 13C) were also recorded
immediately after ending the 1D spectrum acquisition in order to confirm reso-
nance assignments in all the samples. HSQC parameters are: Fid size: F2:208
and F1: 256; number of dummy scans: 32; number of scans: 136; spectral width
(ppm): F2:14.00 and F1: 165.65; acquisition time (s): F2:0.146 and F1:0.0066;

experiment time: 16 hours 23 min 17 sec.



3.4 Predicting Carbon Spectrum in HSQC
NMR

In this section, we describe two methods: STOCSY and multivariate multiple lin-
ear regression in order to predict 1D 3C spectrum of a sample when 'H spectrum

is inconclusive and we also propose one regression based algorithm to reconstruct

HSQC NMR.

3.4.1 1D-NMR spectrum Prediction by Linear Regression
(NSPLR)

Multivariate multiple regression is concerned with finding the linear relation-
ship between multiple response variables (multivariate) and multiple predictor
variables. In our setting, the response variables are 3C signal values, and the
predictor variables are 'H signal for n samples. Let y; be a c-dimensional vector,
where ¢ denotes the number of observed signal values in 1*C dimension for sample
J such that 1 < j < n. Similarly, let z; be a h-dimensional vector corresponding
to 'H signal values for sample j where h denotes the number of observed signal
values in 'H dimension. Finally, let z; be a (h + 1)-dimensional vector which
is same as z; with an extra 1 padded to the beginning: z; = [zoj, z1j, .., Tn;] ,
z;; denotes the i* 'H value for the j sample and zp; = 1 for all j. Then the

regression model can be stated as follows:

Y = 2B+ ¢ (3.1)

where 3 € R"*D*¢ and represents the estimated coefficients and ¢; is the error
vector. Then, the multivariate multiple regression model is defined as follows.
Let Y be the response matrix such that Y € R™*¢. Similarly, let Z be the design
matrix such that Z € R**(+1D_ Then,

Y=73+c¢ (3.2)

10



where € € R™°. The [ matrix is unknown and is estimated using ordinary
least squares. Let = [by;..;b.], then each column vector b; (1 < j < ¢) is a
vector of coefficients [wgj, w1, .., wpi]T. wo; is the mean effect of all hydrogen
values on the jth carbon value and w;; (1 < i < h) denotes the weight of the
effect of the i'® hydrogen value on the j* carbon value. The 3C spectrum of
a sample is then found by simply multiplying the 'H spectrum of that sample
(also h 4 1-dimensional vector with a “1” padded as the zeroth index) with the

£ matrix.

3.4.2 Statistical total correlation spectroscopy - STOCSY

Using a set of independent samples, statistical total correlation spectroscopy
(STOCSY) method generates a pseudo 2D NMR spectrum for all analyzed sam-
ples that displays the correlation of the signal intensities in two dimensions [13].
Here, we use C for a different purpose: To transform a 'H spectrum into 3C
domain. In short, the method computes the correlation matrix C' of the two
dimensions (in our case *C spectrum and 'H spectrum). A correlation matrix is
a dy by dy matrix where d; and dy denote the number of variables (i.e., ppm) in
each dimension. Each index (4, j) in this matrix denotes the correlation of the i
variable in dimension d; with the j** variable in dimension d, over all samples.
Let X; € R™% and X, € R™%: d; and ds are the number of variables in each
spectra and n is the sample size. STOCSY calculates the correlation matrix as

follows:

1
C = leT X, (3.3)
In our setting, X; and X, represent 'H and 3C spectra of the samples, respec-

tively. Only statistical assumptions are that the relationship between the 'H and

13C spectra is linear and the observations are independent.
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. var(Xy) var(Xy)

B =corr(Xy, Xp)~——=<=C x C (3.4)

where var denotes the variance of a given signal, and corr is the correlation matrix
of two signals in which each index (i,j) denotes the correlation coefficient between
two variables of X; and X,. We predict the '*C vector y; that corresponds to 'H

vector z; as follows: y; = sz . Thus, one can also use C instead of B sy = z;C.

Note that even if the equal — variance assumption is violated, correlation
matrix is a scaled version of the design matrix. Since, we are not interested in
predicting the exact signal values, but presence and absence of the metabolite

groups in ¥C spectrum of the signal, this scaling effect can be ignored.

3.4.3 HSQC NMR Reconstruction based on NSPLR

Let matrix A be a HSQC NMR sample, A € R"*¢ where h and ¢ are defined as
in Section 3.4.1. Then, each k' column vector of a sample can be treated as the
response variable, yé-“, as y; in Section 3.4.1 where 1 <k < hand 1 < j <n.
In this way, h regression matrices (8¥) are obtained for a given sample. So the
regression model becomes:

y;-“ = 2" + ef (3.5)

where 5% € R"+1%¢ and represents the estimated coefficients and e? is the error
vector. Then, the multivariate multiple regression model is defined as follows.
Let Y be the response matrix such that Y € R™*¢. Similarly, let Z be the design
matrix such that Z € R**(+1D_ Then,

Y = Zp" 4 ¢ (3.6)

where € € R"*¢. The B¥ matrix is unknown and is estimated using ordinary least
squares. Let 8% = [by;..;b.], then each column vector b; (1 < j < ¢) is a vector
of coefficients [w;, w1, .., wp;]*

the j* carbon value and w;; (1 <14 < h) denotes the weight of the effect of the

. Wp; is the mean effect of all hydrogen values on

i'" hydrogen value on the j** carbon value. The k™* carbon column vector of

12



the HSQC NMR sample is then found by simply multiplying the 'H spectrum
of that sample (also h + 1-dimensional vector with a “1” padded as the zeroth
index) with the 8% matrix. Finally, HSQC NMR (matrix A) is reconstructed by

concatenating these column vectors.
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Chapter 4

Results

We tested our prediction scheme on two different datasets. First, a rat cohort of
experimental allergic encephalomyelitis (EAE) is used to establish a baseline for
further investigation. Next, we evaluated our scheme on 14 samples of epilepsy
and cerebral tumor patients to predict presence and absence of metabolites as a
simulation of a surgery. The ground truth is obtained by the manual inspection
of domain scientists at Department of Nuclear Medicine, University Hospitals of

Strasbourg, Hautepierre Hospital, Strasbourg, France.

4.1 Experimental allergic encephalomyelitis (EAE)
Rat Cohort

This study included 20 female Lewis rats (Charles River, France), aged 6-8 weeks,
(weight: 130-145g). Ten rats were immunized with intradermal injection of a
0.1mg of MBP in a complete Freund adjuvant containing 0.5mg of attenuated My-
cobacterium tuberculosis strain H37RA (EAE group). Ten other non-immunized
rats constituted the control group. All rats were sacrificed the same day when
clinical signs were maximal (appearance of typical paraplegia, on the 12! day) in

the EAE group. The whole CNS and optic nerves were collected and snap-frozen
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in liquid nitrogen before storage. 84 samples (44 in the EAE group and 40 in
the control group) were kept for NMR data processing: 19 brain tissue samples
(respectively 10 and 9), 17 cervical spinal cord tissue samples (respectively 8 and
9), 20 thoracic spinal cord tissue samples (respectively 10 and 10), 20 lumbar
spinal cord tissue samples (respectively 10 and 10) and 8 optic nerve tissue sam-
ples (respectively 6 and 2). We excluded 4 samples due to high variance in the

signal indicating systematic error.

4.1.1 Prediction Performances of NSPLR and STOCSY

Above mentioned, NMR Spectrum Prediction by Linear Regression (NSPLR)
and STOCSY methods were used for blindly predicting the *C-NMR spectrum
of 80 samples of the EAE rat cohort. We used 5-fold cross-validation. For each
fold, a design matrix was trained using rest of the data. Then the left-out fold of

I3C-NMR spectra was predicted via corresponding 'H-NMR spectra.

First subpanel of Figure 4.1 displays the box plots of R? values of all and sub-
ject based separated versions of the EAE rat cohort for both methods. NSPLR’s
average R? for all rat samples was 0.971 and STOCSY’s average R? was 0.957.
We also repeated the same analysis within all 5 tissue types which are shown in
the subsequent subpanels of Figure 4.1. The mean R? values for NSPLR and
STOCSY, (i) are 0.971 and 0.957 for the full cohort; (ii) are 0.955 and 0.959 for
brain tissue; (iii) are 0.981 and 0.980 for cervical tissue; (iv) are 0.975 and 0.946
for lumbar spinal tissue; and (v) are 0.985 and 0.964 for thoracic spinal tissue; and
finally, (vi) are 0.988 and 0.990 for optic nerve tissue, respectively. Also, we show
the best and the worst performances of both methods on ¥C-NMR spectrum in

Panels (a) and (b) of Figure 4.2, respectively.
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4.2 Epilepsy and cerebral tumor dataset

This study included 15 samples obtained from 14 patients retrospectively selected
after they had undergone epilepsy and cerebral tumors’ surgery, from February
2015 to February 2017, in the Department of Neurosurgery (University Hospitals
of Strasbourg, Hautepierre Hospital, Strasbourg, France). Patients’ characteris-

tics are detailed in Table 4.1. Among the 15 samples obtained from 14 patients:

e ( samples from patients who had undergone epilepsy surgery (normal tissue)

e 9 samples from patients who had undergone cerebral tumor’s surgery (tumor

tissue)

All sample tissues were collected just after resection by a pneumatic system con-
necting the neurosurgery operative room to the spectrometer room and were
then snap-frozen in liquid nitrogen before storage. A written informed consent
was given by all the included patients. We excluded one sample (Sample 15 in

Table 4.1) due to high variance in the signal indicating a systematic error.

4.2.1 Prediction Performances of 1D-NSPLR and STOCSY

We tested NSPLR and STOCSY on NMR spectrum of human brain samples.
Again, using leave-one-out cross-validation, each *C-NMR spectrum was pre-
dicted with both methods. Panels (¢) and (d) in Figure 4.2 display prediction
performance of both methods on two '*C-NMR spectrum (best performance on
the left, worst performance on the right). We also provide boxplot of R? values
of each human sample for both methods in Figure 4.5. For R? values of human
samples, NSPLR’s average was 0.81 and STOCSY’s average was 0.77. NSPLR
and STOCSY yielded similar results, they both have 97.1% accuracy, and 94.1%-

94.0% recall rates, respectively.

Specifically, we predicted the presence and absence of 104 metabolite groups
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Table 4.1: This table demonstrates the patient characteristics; gender, age and
pathological results. Patient names are hidden intentionally and each patient are
given an ID to ensure their privacy.

ID Gender Age (years) Pathology

Sample 1 M 76 Glioblastoma

Sample 2 M 46 Glioblastoma

Sample 3 M 34 Epilepsy

Sample 4 M 34 Epilepsy

Sample 5 F 35 Epilepsy

Sample 6 M 66 Epilepsy

Sample 7 M 51 Epilepsy

Sample 8 M 44 Oligoastrocytoma grade II-111
Sample 9 M 37 Pineal tumor

Sample 10 F 22 Oligodendroglioma grade III
Sample 11 M 56 Glioblastoma

Sample 12 M 46 Oligodendroglioma grade 111
Sample 13 M 42 Astrocytoma grade 111
Sample 14 F 51 Oligodendroglioma grade III
Sample 15 M 47 Epilepsy

belonging to 39 metabolites in these 14 patients (>2100 predictions). Supple-
mentary Table 1-14 shows all detected/undetected metabolite groups in each
BC-NMR sample with respect to our database (ground truth).

4.2.2 Prediction performance of HSQC NMR Recon-

struction

Using leave one out cross validation, we predicted the 2D spectrum for all 14
samples in the epilepsy and cerebral tumor dataset. To plot HSQC NMR pre-
dictions, we used NMRglue toolkit[26] with default parameters: 20 contours for
each reconstruction starting from 30,000ppm in z-axis with a scaling factor of
1.2. After normalization, we calculated the mean squared error (MSE) for all
14 samples which is ~0.04% on average. Observing that our predictions fit well
to the 2D signal, we checked if we correctly predicted the presence/absence of

the 104 metabolite groups of 39 metabolites as also done for 1D reconstructions
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above. We report 97.26% accuracy for >2100 predictions (see the details in 2D
Reconstruction - In database tab in Supplementary Table 1) which shows that our
NSPLR approach is also performing well in reconstructing two dimensional spec-
trum. Additionally, when we only focus on the metabolites that have overlapping
signals in the 'H dimension and check if we correctly predicted the signals of these
metabolite groups in 2D reconstruction, we observed that our method correctly
differentiated 106 metabolites out of 109 in *C dimension (see 2D Reconstruction
- 1H overlaps tab in Supplementary Table 1). Also, the reconstructed versions of

the samples were plotted along with the original spectra (Supplementary Figure
1-14).

4.2.3 Predicting the presence of creatine as a hypoxia

biomarker

We reconstructed the HSQC NMR of Sample 3 using the method described in
Section 3.4.3. Rest of the dataset is used for training. Panel A in Figure 4.3
shows the actual HSQC experiment and Panel C shows the close up to 2 signals
which correspond to creatine and lysine’s overlapping metabolite groups. Panel
C clearly shows that the 1 dimensional 'H signal cannot distinguish these two
metabolites. This is because the CH3 group of the creatine overlaps with the
CH2 group of lysine, the two metabolites having an identical hydrogen chemical
displacement of 3,03ppm. If HSQC is performed we can distinguish these two
metabolites thanks to their chemical carbon displacement: 39.61ppm for creatine
and 41.9ppm for lysine, respectively. Panels B and D show our reconstruction
for the same experiment. Figure suggests that without the need to perform
HSQC, we can distinguish overlapping metabolite groups accurately. Panel A
of Figure 4.4 shows our one-dimensional NSPLR prediction for the same sample
(Section 3.4.1) and Panel B shows the original "H-HRMAS NMR spectrum and
overlapping metabolite groups of creatine and lysine. This approach also clearly
predicts the existence of two distinct metabolites. This distinction is important

because creatine is a biomarker for tumor cells that are hypoxic since the tumor
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cells use phosphocreatine as a source of high-energy phosphate that can be trans-
ferred to ADP to generate ATP and creatine [5]. As hypoxic cells are resistant to
chemotherapy and photodynamic therapy [6], leaving those cells in the excision
cavity is a major risk for the patient which suggests recurrence with drug resis-
tance. Thus, distinguishing creatine and lysine in this example has implications

for this patient.

4.3 Time Performance

Training time to obtain all £ matrices, defined in Section 3.4.3, for a given sample
of HSQC NMR takes approximately 70 seconds, yet this is irrelevant for the time
frame of surgery. Analysis of the 'H NMR spectrum can be conducted in matter

of seconds for all methods described in Section 3.
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Figure 4.1: The figure shows the box-plots of R? values of NSPLR and STOCSY
for EAE rat cohort obtained via 5-fold cross validation. First panel shows the
results obtained on the full cohort of 80 samples. Following panels show the
results obtained per tissue. The mean R? values for NSPLR and STOCSY, (i)
are 0.971 and 0.957 for the full cohort; (ii) are 0.955 and 0.959 for brain tissue;
(ili) are 0.981 and 0.980 for cervical tissue; (iv) are 0.975 and 0.946 for lumbar
spinal tissue; and (v) are 0.985 and 0.964 for thoracic spinal tissue; and finally,
(vi) are 0.986 and 0.990 for optic nerve tissue, respectively.
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Figure 4.2: This figure shows 4 predicted samples of C-NMR spectrum (blue)
and their corresponding predictions with NSPLR (orange) and STOCSY (green)
methods. For all figures x-axes show the ppm values and all y-axes values are
normalized in order to be able to compare the locations of signal values. Panels
(a) and (b) show the best and worst performing predictions of both methods
for EAE rat cohort, respectively. Panels (c) and (d) show the best and worst
performing predictions of both methods for epilepsy and cerebral tumor dataset,
respectively.
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Figure 4.3: This figure shows the 'H-13C HSQC NMR of Sample 3 and its recon-
structed version. (A) Original spectrum captured with Bruker TopSpin3.5. (B)
Reconstructed version of the spectrum in (A) predicted using only "H-HRMAS
NMR sample. (C) Zoomed version of sample in (A), this figure shows metabolite
groups of Creatine and Lysine overlapping on 'H dimension of HSQC NMR, yet
they are distinguishable on *C dimension. (D) Zoomed version of (B).
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Figure 4.4: This figure shows (A) reconstructed *C NMR spectrum of the Sample
3 using NSPLR and STOCSY via its original form. Creatine and Lysine peaks
are clearly seperated using both methods. (B) 'H-HRMAS NMR spectrum of
Sample 3, overlapping metabolite group signals of Creatine and Lysine are shown
near 3ppm.
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Figure 4.5: This figure shows the boxplot of R? values of 14 human cancer patients
each obtained via leave-one-out cross validation method. The mean of NSPLR
method is 0.812 and mean of STOCSY is 0.774 which are indicated by the red
lines.
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Chapter 5

Conclusion

Metabolomics-guided surgery is a promising technique to guide the surgeons on
distinguishing tumor and normal tissue. HRMAS NMR spectroscopy can quantify
biomarker metabolites in solid tissues and its rapid response time fits very well
into this surgical pipeline. However, overlapping signals in one dimensional spec-
trum might prohibit observing presence/absence of metabolites using this tech-
nique. We proposed two techniques to overcome this bottleneck and resolve those
ambiguous cases. We showed on a rat model of central nervous system as well as
on a human brain dataset that our proposed methods work with high accuracy.
Our work addresses an important challenge in the realization of metabolomics

guided surgery.

In the current state of the pipeline, making a binary prediction (i.e., whether
a metabolite is present) is sufficient for the tumors we considered. However, in
more complicated biomarkers where concentration of a metabolite matters, then
precision of the height of the predicted signal is also going to be an important
aspect in assessing the performance of the method. We show that on the rat
model we achieve high R? values in regression, even though that was not the
primary evaluation metric in our pipeline. Still, this aspect of the method needs
further research depending on the precision requirement of the application at

hand.
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Appendix A

Supplementary Figures
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Figure A.1: Sample 1: Original HSQC-NMR spectra and reconstructed version
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Figure A.2: Sample 2: Original HSQC-NMR spectra and reconstructed version
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Sample 3
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Figure A.3: Sample 3: Original HSQC-NMR spectra and reconstructed version
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Sample 4
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Figure A.4: Sample 4: Original HSQC-NMR spectra and reconstructed version
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Figure A.5: Sample 5: Original HSQC-NMR spectra and reconstructed version
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Figure A.6: Sample 6: Original HSQC-NMR spectra and reconstructed version
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Figure A.7: Sample 7: Original HSQC-NMR spectra and reconstructed version
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Figure A.8: Sample 8: Original HSQC-NMR spectra and reconstructed version
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Figure A.9: Sample 9: Original HSQC-NMR spectra and reconstructed version
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Figure A.10: Sample 10: Original HSQC-NMR spectra and reconstructed version
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Figure A.11: Sample 11: Original HSQC-NMR spectra and reconstructed version
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Figure A.12: Sample 12: Original HSQC-NMR spectra and reconstructed version
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Figure A.13: Sample 13: Original HSQC-NMR spectra and reconstructed version
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Figure A.14: Sample 14: Original HSQC-NMR spectra and reconstructed version
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Appendix B

Supplementary Tables

Title Explanations

Metabolites: Name of the metabolites

Group: Carbon group related to the metabolite

1H (ppm): The locations of the signal for the metabolite in 'H dimension

13C (ppm): The locations of the signal for the metabolite in *C dimension
Subtitle Explanations

C-NMR/TopSpin: Real C-NMR spectrum results taken from TopSpin 3.67
NSPLR: The results obtained via NSPLR method

Stocsy: The results obtained via Stocsy method

Table legends

+: Represents the presence of the metabolite at given position.

x: The metabolite exists in given C-NMR, spectrum but not predicted by the
corresponding method

False Positive: The metabolite does not exist in original C-NMR spectrum, but
it does in predicted

Peak: There is an undefined peak in the given position coming from original C-
NMR data

Offset: There is an offset in the x-axis but the metabolite is identified
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Table B.1: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 1

Metabolites Group 9 1H (ppm) ¢ 13C (ppm)  Sample 1

C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08 + + +
2-oxoglutarate CH2CO 3.01 38.25 + + +
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9 + + +
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09 + X X
Alanine CH3 1.48 18.70 + + +
Alanine CH 3.78 53.05
Allocystathionine CH2 2.18 32.52 + X +
Allocystathionine CH2-S 2.72 29.37 + + +
Allocystathionine CH2’-S 3.11 34.31 + X X
Allocystathionine CH-NH2 3.87 56.17 + + +
Allocystathionine CH’-NH2 3.96 55.96 + + +
Arginine ~vCH2 1.68 26.28
Arginine BSCH2 1.92 30.17
Arginine 0CH2 3.25 43.11
Arginine aCH 3.78 57.02
Ascorbate CH2 3.74 65.12
Aspartate CH2 (u) 2.69 38.93 + + +
Aspartate CH2 (d) 2.81 39.1 + + +
Aspartate CH-NH2 3.89 54.66 + + +
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06
Betaine CH2 3.93 68.67
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91 + + +
Choline CH2-OH 4.07 58.19 + + +
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17 + + +
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11
Epinephrine CH2 3.28 57.03 + + +
Ethanol CH3 1.19 194
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81 + + +
Ethanolamine CH2-OH 3.82 60.18 + X X
GABA £-CH2 1.90 26.26
GABA ~-CH2 2.30 36.97
GABA a-CH2 3.00 41.82 + + +
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + + +
Glutamate CH 3.76 57.16 + + +
Glutamine CH2 2.14 29 + + +
Glutamine CH2-CO 2.45 33.29 + + +




Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD

Table B.1 continued from previous page

CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
0-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48

+ 4+ +

+ o+ + 4

+ 4+ +

+ 4+ +

+ 4+ +

++ 4+ +

+ 4+ +

+ 4+ + +

+ 4+ +

+ o+ o+

+ 4+ +

+ 4+ + +




Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine

0CH2

aCH

CH2 (u)
CH2 (d)
CH-NH2
ortho-CH*2
meta-CH*2
N-+-(CH3)3
N-+-CH2
CH2-O
CH3

CH2

Table B.1 continued from previous page

3.05
3.79
3.13
3.28
3.99
7.32
7.42
3.23
3.61
4.16
3.04
3.96

gamma-CH2 et beta-CH2(u) 2.02

beta-CH2(d) 2.36
delta-CH2(u) 3.33
delta-CH2(d) 3.42
alpha-CH 4.14
CH3 2.37
(CH)6 3.34
CH-NH2 3.84
CH2-OH 3.96
CH2-S 3.27
CH2-N 3.42
CH3 1.33
CH-NH2 3.59
CH-OH 4.26
CH2 (u) 3.06
CH2 (d) 3.20
CH-NH2 3.94
2*meta-CH 6.89
2*ortho-CH 7.18
CH3 0.99
CH3 1.04
CH 2.28
CH-NH2 3.61
C-CH2 (u) C-CH2(d) 3.56
CH2 (u) 3.69
meta-CH 3.41
meta-CH 3.53
para-CH 3.71
CH2 3.83
ortho-CH 3.85
meta-CH 3.24
meta-CH 3.41
ortho-CH 3.47
para-CH 3.49
CH2 (u) 3.76
CH2 (d) 3.89

3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54
69.00
60.57
39.23
56.38
26,30 et 31,58
31.58
48.69
48.69
63.7
29.07
76.19
58.96
62.84
50.15
37.93
22.12
63.08
68.56
38.05
38.08
08.57
118.39
133.41
19.26
20.65
31.78
62.91
66.55
66.31
72.1
73.89
75.18
63.06
74.04
76.74
72.1
78.43
78.42
63.2
63.2
42.89

+ 4+ +

+ + +

+ 4+ +

_l’_

+ 4+ +

_l’_




Table B.2: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 2

Metabolites Group 5 1H (ppm) ¢ 13C (ppm)  Sample 2

C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9 + + +
Acetone 2*CH3 2.23 32.82 + + +
Adénosine CH2 (d) 3.91 64.09
Alanine CH3 1.48 18.70 + + +
Alanine CH 3.78 53.05
Allocystathionine CH2 2.18 32.52 + + +
Allocystathionine CH2-S 2.72 29.37 + + +
Allocystathionine CH2’-S 3.11 34.31 + X X
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96 + + +
Arginine ~vCH2 1.68 26.28
Arginine BSCH2 1.92 30.17
Arginine 0CH2 3.25 43.11
Arginine aCH 3.78 57.02
Ascorbate CH2 3.74 65.12
Aspartate CH2 (u) 2.69 38.93
Aspartate CH2 (d) 2.81 39.1
Aspartate CH-NH2 3.89 54.66 + + +
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06
Betaine CH2 3.93 68.67
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91 + + +
Choline CH2-OH 4.07 58.19 + + X
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17 + + +
DOPA CH-NH2 3.93 58.49 + X X
Dopamine CH2 3.22 43.11
Epinephrine CH2 3.28 57.03
Ethanol CH3 1.19 194
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81
Ethanolamine CH2-OH 3.82 60.18
GABA £-CH2 1.90 26.26
GABA ~-CH2 2.30 36.97
GABA a-CH2 3.00 41.82
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + + +
Glutamate CH 3.76 57.16 + + +
Glutamine CH2 2.14 29 + + +
Glutamine CH2-CO 2.45 33.29 + + +



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD

Table B.2 continued from previous page

CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48

+ o+ +

_l’_

+ 4+ +

+ 4+ +

+ o+ o+

_l’_

+ 4+ + + o+

+ 4+ + +

+ o+ +

_l’_

+ 4+ + + o+

+ 4+ + +



Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine

0CH2

aCH

CH2 (u)
CH2 (d)
CH-NH2
ortho-CH*2
meta-CH*2
N-+-(CH3)3
N-+-CH2
CH2-O
CH3

CH2

Table B.2 continued from previous page

3.05
3.79
3.13
3.28
3.99
7.32
7.42
3.23
3.61
4.16
3.04
3.96

gamma-CH2 et beta-CH2(u) 2.02

beta-CH2(d) 2.36
delta-CH2(u) 3.33
delta-CH2(d) 3.42
alpha-CH 4.14
CH3 2.37
(CH)6 3.34
CH-NH2 3.84
CH2-OH 3.96
CH2-S 3.27
CH2-N 3.42
CH3 1.33
CH-NH2 3.59
CH-OH 4.26
CH2 (u) 3.06
CH2 (d) 3.20
CH-NH2 3.94
2*meta-CH 6.89
2*ortho-CH 7.18
CH3 0.99
CH3 1.04
CH 2.28
CH-NH2 3.61
C-CH2 (u) C-CH2(d) 3.56
CH2 (u) 3.69
meta-CH 3.41
meta-CH 3.53
para-CH 3.71
CH2 3.83
ortho-CH 3.85
meta-CH 3.24
meta-CH 3.41
ortho-CH 3.47
para-CH 3.49
CH2 (u) 3.76
CH2 (d) 3.89

3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54 + + +
69.00

60.57

39.23

56.38

26,30 et 31,58

31.58

48.69

48.69

63.7

29.07

76.19 + X X
58.96

62.84 + + +
50.15

37.93

22.12

63.08

68.56

38.05

38.08

58.57

118.39

133.41

19.26 + + +
20.65 + Offset Offset
31.78

62.91

66.55 + + +
66.31

72.1

73.89 + + +
75.18

63.06

74.04

76.74

72.1

78.43

78.42

63.2

63.2

42.89

+ o+ +
+ 4+ +
+ 4+ +



Table B.3: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 3

Metabolites Group 5 1H (ppm) ¢ 13C (ppm)  Sample 3

C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9 + + +
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09
Alanine CH3 1.48 18.70 + + +
Alanine CH 3.78 53.05
Allocystathionine CH2 2.18 32.52
Allocystathionine CH2-S 2.72 29.37
Allocystathionine CH2’-S 3.11 34.31
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96
Arginine ~vCH2 1.68 26.28
Arginine BSCH2 1.92 30.17
Arginine 0CH2 3.25 43.11 + + +
Arginine aCH 3.78 57.02 + + +
Ascorbate CH2 3.74 65.12
Aspartate CH2 (u) 2.69 38.93 + + +
Aspartate CH2 (d) 2.81 39.1 + + +
Aspartate CH-NH2 3.89 54.66 + X X
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06 + + +
Betaine CH2 3.93 68.67
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91 + X X
Choline CH2-OH 4.07 58.19 + X X
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11 + + +
Epinephrine CH2 3.28 57.03
Ethanol CH3 1.19 194
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81
Ethanolamine CH2-OH 3.82 60.18
GABA £-CH2 1.90 26.26 + + +
GABA ~-CH2 2.30 36.97 + + +
GABA a-CH2 3.00 41.82 + + +
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + + +
Glutamate CH 3.76 57.16 + + +
Glutamine CH2 2.14 29 + + +
Glutamine CH2-CO 2.45 33.29 + + Offset



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD
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CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48

+ 4+ + 4+

+ + + + + +

+ 4+ + +

+ 4+ + 4+

+ o+ + + 4+ +

+ 4+ + +

+ 4+ + 4+ +

+ + + + + +

+ 4+ + +



Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine

0CH2

aCH

CH2 (u)
CH2 (d)
CH-NH2
ortho-CH*2
meta-CH*2
N-+-(CH3)3
N-+-CH2
CH2-O
CH3

CH2
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3.05
3.79
3.13
3.28
3.99
7.32
7.42
3.23
3.61
4.16
3.04
3.96

gamma-CH2 et beta-CH2(u) 2.02

beta-CH2(d) 2.36
delta-CH2(u) 3.33
delta-CH2(d) 3.42
alpha-CH 4.14
CH3 2.37
(CH)6 3.34
CH-NH2 3.84
CH2-OH 3.96
CH2-S 3.27
CH2-N 3.42
CH3 1.33
CH-NH2 3.59
CH-OH 4.26
CH2 (u) 3.06
CH2 (d) 3.20
CH-NH2 3.94
2*meta-CH 6.89
2*ortho-CH 7.18
CH3 0.99
CH3 1.04
CH 2.28
CH-NH2 3.61
C-CH2 (u) C-CH2(d) 3.56
CH2 (u) 3.69
meta-CH 3.41
meta-CH 3.53
para-CH 3.71
CH2 3.83
ortho-CH 3.85
meta-CH 3.24
meta-CH 3.41
ortho-CH 3.47
para-CH 3.49
CH2 (u) 3.76
CH2 (d) 3.89

3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54
69.00
60.57
39.23
56.38
26,30 et 31,58
31.58
48.69
48.69
63.7
29.07
76.19
58.96
62.84
50.15
37.93
22.12
63.08
68.56
38.05
38.08
58.57
118.39
133.41
19.26
20.65
31.78
62.91
66.55
66.31
72.1
73.89
75.18
63.06
74.04
76.74
72.1
78.43
78.42
63.2
63.2
42.89

+ 4+ +

+ 4+ +

+ 4+ +

+ 4+ +

+ 4+ +

+ 4+ +



Table B.4: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 4

Metabolites Group d 1H (ppm) ¢ 13C (ppm)  Sample 4

C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9 + + +
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09
Alanine CH3 1.48 18.70 + + +
Alanine CH 3.78 53.05 + + +
Allocystathionine CH2 2.18 32.52
Allocystathionine CH2-S 2.72 29.37
Allocystathionine CH2’-S 3.11 34.31
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96
Arginine ~vCH2 1.68 26.28
Arginine SCH2 1.92 30.17 + + +
Arginine 0CH2 3.25 43.11 + + +
Arginine aCH 3.78 57.02 + + +
Ascorbate CH2 3.74 65.12
Aspartate CH2 (u) 2.69 38.93 + + +
Aspartate CH2 (d) 2.81 39.1 + + +
Aspartate CH-NH2 3.89 54.66 + + +
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06
Betaine CH2 3.93 68.67
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91 + + +
Choline CH2-OH 4.07 58.19 + + +
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11 + + +
Epinephrine CH2 3.28 57.03
Ethanol CH3 1.19 194
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81 + + +
Ethanolamine CH2-OH 3.82 60.18 + + +
GABA £-CH2 1.90 26.26 + + +
GABA ~-CH2 2.30 36.97 + + +
GABA a-CH2 3.00 41.82 + + +
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + + +
Glutamate CH 3.76 57.16 + + +
Glutamine CH2 2.14 29 + + +
Glutamine CH2-CO 2.45 33.29 + + +



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD
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CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48

+ o+ +

+ +

e e e s

+ 4+ + +

+ 4+ +

+ o+ o+

+ +

tH+ A+t A+

+ 4+ + +

+ + +

+ o+ +

+ +

i e s

+ 4+ + +

+ + +



Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine
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0CH2 3.05
aCH 3.79
CH2 (u) 3.13
CH2 (d) 3.28
CH-NH2 3.99
ortho-CH*2 7.32
meta-CH*2 7.42
N+-(CH3)3 3.23
N-+-CH2 3.61
CH2-0O 4.16
CH3 3.04
CH2 3.96
gamma-CH2 et beta-CH2(u) 2.02
beta-CH2(d) 2.36
delta-CH2(u) 3.33
delta-CH2(d) 3.42
alpha-CH 4.14
CH3 2.37
(CH)6 3.34
CH-NH2 3.84
CH2-OH 3.96
CH2-S 3.27
CH2-N 3.42
CH3 1.33
CH-NH2 3.59
CH-OH 4.26
CH2 (u) 3.06
CH2 (d) 3.20
CH-NH2 3.94
2*meta-CH 6.89
2*ortho-CH 7.18
CH3 0.99
CH3 1.04
CH 2.28
CH-NH2 3.61
C-CH2 (u) C-CH2(d) 3.56
CH2 (u) 3.69
meta-CH 3.41
meta-CH 3.53
para-CH 3.71
CH2 3.83
ortho-CH 3.85
meta-CH 3.24
meta-CH 3.41
ortho-CH 3.47
para-CH 3.49
CH2 (u) 3.76
CH2 (d) 3.89

3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54
69.00
60.57
39.23
56.38
26,30 et 31,58
31.58
48.69
48.69
63.7
29.07
76.19
58.96
62.84
50.15
37.93
22.12
63.08
68.56
38.05
38.08
58.57
118.39
133.41
19.26
20.65
31.78
62.91
66.55
66.31
72.1
73.89
75.18
63.06
74.04
76.74
72.1
78.43
78.42
63.2
63.2
42.89

+ o+ o+t + 4+ +

- -

+ 4+ +

+ o+ o+ + + 4+ +

- -

+ 4+ +

+ o+ + + 4+ +

- -

+ 4+ +



Table B.5: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 5

Metabolites Group 5 1H (ppm) ¢ 13C (ppm)  Sample 5

C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08 + + +
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024 + + +
Acetic acid CH3 1.92 25.9 + + +
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09
Alanine CH3 1.48 18.70 + + +
Alanine CH 3.78 53.05 + + +
Allocystathionine CH2 2.18 32.52
Allocystathionine CH2-S 2.72 29.37
Allocystathionine CH2’-S 3.11 34.31
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96
Arginine ~vCH2 1.68 26.28
Arginine SCH2 1.92 30.17 + + +
Arginine 0CH2 3.25 43.11
Arginine aCH 3.78 57.02
Ascorbate CH2 3.74 65.12
Aspartate CH2 (u) 2.69 38.93
Aspartate CH2 (d) 2.81 39.1 + + +
Aspartate CH-NH2 3.89 54.66 + + +
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06 + + +
Betaine CH2 3.93 68.67 + + +
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91 + + +
Choline CH2-OH 4.07 58.19 + + +
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11
Epinephrine CH2 3.28 57.03
Ethanol CH3 1.19 194
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81
Ethanolamine CH2-OH 3.82 60.18
GABA £-CH2 1.90 26.26 + + +
GABA ~-CH2 2.30 36.97 + + +
GABA a-CH2 3.00 41.82 + + +
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + X +
Glutamate CH 3.76 57.16 + + +
Glutamine CH2 2.14 29 + + +
Glutamine CH2-CO 2.45 33.29 + + +



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD
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CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48

+ 4+ +

+ o+t + o+ +

+ 4+ ++++

+ 4+ +

+ 4+ +

+ o+ + + 4+ ++++

+ o+ o+

+ 4+ + +

+ 4+ +

+ o+ + 4+ ++

+ 4+ ++++

+ 4+ + +



Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine
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0CH2 3.05
aCH 3.79
CH2 (u) 3.13
CH2 (d) 3.28
CH-NH2 3.99
ortho-CH*2 7.32
meta-CH*2 7.42
N+-(CH3)3 3.23
N-+-CH2 3.61
CH2-0O 4.16
CH3 3.04
CH2 3.96
gamma-CH2 et beta-CH2(u) 2.02
beta-CH2(d) 2.36
delta-CH2(u) 3.33
delta-CH2(d) 3.42
alpha-CH 4.14
CH3 2.37
(CH)6 3.34
CH-NH2 3.84
CH2-OH 3.96
CH2-S 3.27
CH2-N 3.42
CH3 1.33
CH-NH2 3.59
CH-OH 4.26
CH2 (u) 3.06
CH2 (d) 3.20
CH-NH2 3.94
2*meta-CH 6.89
2*ortho-CH 7.18
CH3 0.99
CH3 1.04
CH 2.28
CH-NH2 3.61
C-CH2 (u) C-CH2(d) 3.56
CH2 (u) 3.69
meta-CH 3.41
meta-CH 3.53
para-CH 3.71
CH2 3.83
ortho-CH 3.85
meta-CH 3.24
meta-CH 3.41
ortho-CH 3.47
para-CH 3.49
CH2 (u) 3.76
CH2 (d) 3.89

3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54
69.00
60.57
39.23
56.38
26,30 et 31,58
31.58
48.69
48.69
63.7
29.07
76.19
58.96
62.84
50.15
37.93
22.12
63.08
68.56
38.05
38.08
58.57
118.39
133.41
19.26
20.65
31.78
62.91
66.55
66.31
72.1
73.89
75.18
63.06
74.04
76.74
72.1
78.43
78.42
63.2
63.2
42.89

++ + o+ o+t + 4+ + + + +

_l’_

+ o+

+ 4+t + o+ o+ + + 4+ + + + +

_l’_

+ o+ R

+ 4+ + o+ + + 4+ + + + +

_l’_

+ o+



Table B.6: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 6

Metabolites Group 5 1H (ppm) ¢ 13C (ppm)  Sample 6

C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15 + + +
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9 + + +
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09
Alanine CH3 1.48 18.70 + + +
Alanine CH 3.78 53.05 + + +
Allocystathionine CH2 2.18 32.52
Allocystathionine CH2-S 2.72 29.37
Allocystathionine CH2’-S 3.11 34.31
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96
Arginine ~vCH2 1.68 26.28 + + +
Arginine SCH2 1.92 30.17 + + +
Arginine 0CH2 3.25 43.11 + + +
Arginine aCH 3.78 57.02 + + +
Ascorbate CH2 3.74 65.12
Aspartate CH2 (u) 2.69 38.93 + + +
Aspartate CH2 (d) 2.81 39.1 + + +
Aspartate CH-NH2 3.89 54.66 + + +
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06
Betaine CH2 3.93 68.67
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91 + X X
Choline CH2-OH 4.07 58.19 + + +
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11
Epinephrine CH2 3.28 57.03
Ethanol CH3 1.19 194 + + +
Ethanol CH2 3.66 60.06 + + +
Ethanolamine CH2-NH2 3.14 43.81 + + +
Ethanolamine CH2-OH 3.82 60.18 + + +
GABA £-CH2 1.90 26.26 + + +
GABA ~-CH2 2.30 36.97 + + +
GABA a-CH2 3.00 41.82 + + +
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + + +
Glutamate CH 3.76 57.16 + + +
Glutamine CH2 2.14 29 + + +
Glutamine CH2-CO 2.45 33.29 + + +



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD
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CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48
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i i i i ai ae SE S

+ o+

_l’_

+ o+ o+

+tH++++++ A+

+ o+ o+

_l’_

+ o+ +

+tH++++ A+ o+

+ o+ o+

_l’_



Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine

Table B.6 continued from previous page

0CH2 3.05
aCH 3.79
CH2 (u) 3.13
CH2 (d) 3.28
CH-NH2 3.99
ortho-CH*2 7.32
meta-CH*2 7.42
N+-(CH3)3 3.23
N-+-CH2 3.61
CH2-0O 4.16
CH3 3.04
CH2 3.96
gamma-CH2 et beta-CH2(u) 2.02
beta-CH2(d) 2.36
delta-CH2(u) 3.33
delta-CH2(d) 3.42
alpha-CH 4.14
CH3 2.37
(CH)6 3.34
CH-NH2 3.84
CH2-OH 3.96
CH2-S 3.27
CH2-N 3.42
CH3 1.33
CH-NH2 3.59
CH-OH 4.26
CH2 (u) 3.06
CH2 (d) 3.20
CH-NH2 3.94
2*meta-CH 6.89
2*ortho-CH 7.18
CH3 0.99
CH3 1.04
CH 2.28
CH-NH2 3.61
C-CH2 (u) C-CH2(d) 3.56
CH2 (u) 3.69
meta-CH 3.41
meta-CH 3.53
para-CH 3.71
CH2 3.83
ortho-CH 3.85
meta-CH 3.24
meta-CH 3.41
ortho-CH 3.47
para-CH 3.49
CH2 (u) 3.76
CH2 (d) 3.89

3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54
69.00
60.57
39.23
56.38
26,30 et 31,58
31.58
48.69
48.69
63.7
29.07
76.19
58.96
62.84
50.15
37.93
22.12
63.08
68.56
38.05
38.08
58.57
118.39
133.41
19.26
20.65
31.78
62.91
66.55
66.31
72.1
73.89
75.18
63.06
74.04
76.74
72.1
78.43
78.42
63.2
63.2
42.89

+

+ 4+ ++++

+ o+ o+ Rt

+tH++++++ A+

+

+ 4+ ++++

+ o+ o+ R

tH+++++ A+ E

+

+ 4+ ++ +

+ o+ H

tH++++++ A+ E A+



Table B.7: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 7

Metabolites Group 5 1H (ppm) ¢ 13C (ppm)  Sample 7

C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9 + + +
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09
Alanine CH3 1.48 18.70 + + +
Alanine CH 3.78 53.05
Allocystathionine CH2 2.18 32.52
Allocystathionine CH2-S 2.72 29.37
Allocystathionine CH2’-S 3.11 34.31
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96
Arginine ~vCH2 1.68 26.28
Arginine BSCH2 1.92 30.17
Arginine 0CH2 3.25 43.11 + + +
Arginine aCH 3.78 57.02
Ascorbate CH2 3.74 65.12 + X X
Aspartate CH2 (u) 2.69 38.93
Aspartate CH2 (d) 2.81 39.1
Aspartate CH-NH2 3.89 54.66
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06
Betaine CH2 3.93 68.67
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91 + + +
Choline CH2-OH 4.07 58.19 + + +
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11 + X X
Epinephrine CH2 3.28 57.03
Ethanol CH3 1.19 194
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81
Ethanolamine CH2-OH 3.82 60.18
GABA £-CH2 1.90 26.26 + + +
GABA ~-CH2 2.30 36.97 + + +
GABA a-CH2 3.00 41.82
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + + +
Glutamate CH 3.76 57.16 + + +
Glutamine CH2 2.14 29 + + +
Glutamine CH2-CO 2.45 33.29 + + +



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD
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CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48

_l’_
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Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine

0CH2

aCH

CH2 (u)
CH2 (d)
CH-NH2
ortho-CH*2
meta-CH*2
N-+-(CH3)3
N-+-CH2
CH2-O
CH3

CH2
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3.05
3.79
3.13
3.28
3.99
7.32
7.42
3.23
3.61
4.16
3.04
3.96

gamma-CH2 et beta-CH2(u) 2.02

beta-CH2(d) 2.36
delta-CH2(u) 3.33
delta-CH2(d) 3.42
alpha-CH 4.14
CH3 2.37
(CH)6 3.34
CH-NH2 3.84
CH2-OH 3.96
CH2-S 3.27
CH2-N 3.42
CH3 1.33
CH-NH2 3.59
CH-OH 4.26
CH2 (u) 3.06
CH2 (d) 3.20
CH-NH2 3.94
2*meta-CH 6.89
2*ortho-CH 7.18
CH3 0.99
CH3 1.04
CH 2.28
CH-NH2 3.61
C-CH2 (u) C-CH2(d) 3.56
CH2 (u) 3.69
meta-CH 3.41
meta-CH 3.53
para-CH 3.71
CH2 3.83
ortho-CH 3.85
meta-CH 3.24
meta-CH 3.41
ortho-CH 3.47
para-CH 3.49
CH2 (u) 3.76
CH2 (d) 3.89

3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54
69.00
60.57
39.23
56.38
26,30 et 31,58
31.58
48.69
48.69
63.7
29.07
76.19
58.96
62.84
50.15
37.93
22.12
63.08
68.56
38.05
38.08
58.57
118.39
133.41
19.26
20.65
31.78
62.91
66.55
66.31
72.1
73.89
75.18
63.06
74.04
76.74
72.1
78.43
78.42
63.2
63.2
42.89

+ 4+ +

+ 4+ +

+ 4+ +

+ 4+ +

+ 4+ +

+ 4+ +



Table B.8: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 8

Metabolites Group 5 1H (ppm) ¢ 13C (ppm)  Sample 8

C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15 + + +
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9 + + +
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09
Alanine CH3 1.48 18.70 + + +
Alanine CH 3.78 53.05
Allocystathionine CH2 2.18 32.52 + X X
Allocystathionine CH2-S 2.72 29.37 + + +
Allocystathionine CH2’-S 3.11 34.31 + X X
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96 + + +
Arginine ~vCH2 1.68 26.28
Arginine BSCH2 1.92 30.17
Arginine 0CH2 3.25 43.11 + + +
Arginine aCH 3.78 57.02
Ascorbate CH2 3.74 65.12 + + +
Aspartate CH2 (u) 2.69 38.93
Aspartate CH2 (d) 2.81 39.1
Aspartate CH-NH2 3.89 54.66
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06 + + +
Betaine CH2 3.93 68.67 + + +
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91
Choline CH2-OH 4.07 58.19
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11 + + +
Epinephrine CH2 3.28 57.03 + + +
Ethanol CH3 1.19 194
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81
Ethanolamine CH2-OH 3.82 60.18
GABA £-CH2 1.90 26.26
GABA ~-CH2 2.30 36.97 + + +
GABA a-CH2 3.00 41.82 + + +
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + + +
Glutamate CH 3.76 57.16 + + +
Glutamine CH2 2.14 29 + + +
Glutamine CH2-CO 2.45 33.29 + + X



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD
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CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48
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+ 4+ ++++
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Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine

0CH2

aCH

CH2 (u)
CH2 (d)
CH-NH2
ortho-CH*2
meta-CH*2
N-+-(CH3)3
N-+-CH2
CH2-O
CH3

CH2
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3.05
3.79
3.13
3.28
3.99
7.32
7.42
3.23
3.61
4.16
3.04
3.96

gamma-CH2 et beta-CH2(u) 2.02

beta-CH2(d) 2.36
delta-CH2(u) 3.33
delta-CH2(d) 3.42
alpha-CH 4.14
CH3 2.37
(CH)6 3.34
CH-NH2 3.84
CH2-OH 3.96
CH2-S 3.27
CH2-N 3.42
CH3 1.33
CH-NH2 3.59
CH-OH 4.26
CH2 (u) 3.06
CH2 (d) 3.20
CH-NH2 3.94
2*meta-CH 6.89
2*ortho-CH 7.18
CH3 0.99
CH3 1.04
CH 2.28
CH-NH2 3.61
C-CH2 (u) C-CH2(d) 3.56
CH2 (u) 3.69
meta-CH 3.41
meta-CH 3.53
para-CH 3.71
CH2 3.83
ortho-CH 3.85
meta-CH 3.24
meta-CH 3.41
ortho-CH 3.47
para-CH 3.49
CH2 (u) 3.76
CH2 (d) 3.89

3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54
69.00
60.57
39.23
56.38
26,30 et 31,58
31.58
48.69
48.69
63.7
29.07
76.19
58.96
62.84
50.15
37.93
22.12
63.08
68.56
38.05
38.08
58.57
118.39
133.41
19.26
20.65
31.78
62.91
66.55
66.31
72.1
73.89
75.18
63.06
74.04
76.74
72.1
78.43
78.42
63.2
63.2
42.89

_l’_



Table B.9: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predic-

tionsvia NSPLR and STOCSY for Sample 9

Metabolites Group 5 1H (ppm) ¢ 13C (ppm)  Sample 9

C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09
Alanine CH3 1.48 18.70 + + +
Alanine CH 3.78 53.05
Allocystathionine CH2 2.18 32.52
Allocystathionine CH2-S 2.72 29.37
Allocystathionine CH2’-S 3.11 34.31
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96
Arginine ~vCH2 1.68 26.28
Arginine BSCH2 1.92 30.17
Arginine 0CH2 3.25 43.11
Arginine aCH 3.78 57.02
Ascorbate CH2 3.74 65.12
Aspartate CH2 (u) 2.69 38.93
Aspartate CH2 (d) 2.81 39.1
Aspartate CH-NH2 3.89 54.66
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06
Betaine CH2 3.93 68.67
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91 + X X
Choline CH2-OH 4.07 58.19
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36 + + +
DOPA CH2 (u) 3.00 38.17
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11 + + +
Epinephrine CH2 3.28 57.03
Ethanol CH3 1.19 194
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81 + + +
Ethanolamine CH2-OH 3.82 60.18 + Offset Offset
GABA £-CH2 1.90 26.26
GABA ~-CH2 2.30 36.97 + + +
GABA a-CH2 3.00 41.82 + + +
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + + +
Glutamate CH 3.76 57.16 + + +
Glutamine CH2 2.14 29 + + +

Glutamine CH2-CO 2.45 33.29



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD
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CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48

+ 4+ + 4+

+ 4+ +

+ 4+ +

_l’_

+ +

+ 4+ + 4+

+ 4+ + +

+ 4+ + +

+

+ +

+ 4+ + 4+ +

+ 4+ + +

+ 4+ + +

+

+ +



Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine

0CH2

aCH

CH2 (u)
CH2 (d)
CH-NH2
ortho-CH*2
meta-CH*2
N-+-(CH3)3
N-+-CH2
CH2-O
CH3

CH2

Table B.9 continued from previous page

3.05
3.79
3.13
3.28
3.99
7.32
7.42
3.23
3.61
4.16
3.04
3.96

gamma-CH2 et beta-CH2(u) 2.02

beta-CH2(d) 2.36
delta-CH2(u) 3.33
delta-CH2(d) 3.42
alpha-CH 4.14
CH3 2.37
(CH)6 3.34
CH-NH2 3.84
CH2-OH 3.96
CH2-S 3.27
CH2-N 3.42
CH3 1.33
CH-NH2 3.59
CH-OH 4.26
CH2 (u) 3.06
CH2 (d) 3.20
CH-NH2 3.94
2*meta-CH 6.89
2*ortho-CH 7.18
CH3 0.99
CH3 1.04
CH 2.28
CH-NH2 3.61
C-CH2 (u) C-CH2(d) 3.56
CH2 (u) 3.69
meta-CH 3.41
meta-CH 3.53
para-CH 3.71
CH2 3.83
ortho-CH 3.85
meta-CH 3.24
meta-CH 3.41
ortho-CH 3.47
para-CH 3.49
CH2 (u) 3.76
CH2 (d) 3.89

3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54
69.00
60.57
39.23
56.38
26,30 et 31,58
31.58
48.69
48.69
63.7
29.07
76.19
58.96
62.84
50.15
37.93
22.12
63.08
68.56
38.05
38.08
58.57
118.39
133.41
19.26
20.65
31.78
62.91
66.55
66.31
72.1
73.89
75.18
63.06
74.04
76.74
72.1
78.43
78.42
63.2
63.2
42.89



Table B.10: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 10

Metabolites Group d 1H (ppm) ¢ 13C (ppm)  Sample 10
C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09
Alanine CH3 1.48 18.70 + X +
Alanine CH 3.78 53.05
Allocystathionine CH2 2.18 32.52
Allocystathionine CH2-S 2.72 29.37
Allocystathionine CH2’-S 3.11 34.31
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96
Arginine ~vCH2 1.68 26.28
Arginine BSCH2 1.92 30.17
Arginine 0CH2 3.25 43.11 + + +
Arginine aCH 3.78 57.02
Ascorbate CH2 3.74 65.12
Aspartate CH2 (u) 2.69 38.93
Aspartate CH2 (d) 2.81 39.1
Aspartate CH-NH2 3.89 54.66
Asparagine CH2 (u) 2.87 36.95 + + +
Betaine (CH3)3 3.28 56.06 + + +
Betaine CH2 3.93 68.67
Choline N+-(CH3)3 3.22 56.42
Choline N+-CH2 3.54 69.91
Choline CH2-OH 4.07 58.19
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11
Epinephrine CH2 3.28 57.03
Ethanol CH3 1.19 19.4
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81
Ethanolamine CH2-OH 3.82 60.18
GABA £-CH2 1.90 26.26
GABA ~-CH2 2.30 36.97
GABA a-CH2 3.00 41.82
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + + +
Glutamate CH 3.76 57.16
Glutamine CH2 2.14 29 + Offset Offset
Glutamine CH2-CO 2.45 33.29



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD
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CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48

+ o+ +

+ + + + + +

+ 4+ + +

+ o+ o+

Offset

+ o+ +

+ 4+ + +

+ o+ +

+
+
Offset

+ 4+ +

+ 4+ + +



Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine

Table B.10 continued from previous page

0CH2

aCH

CH2 (u)
CH2 (d)
CH-NH2
ortho-CH*2
meta-CH*2
N-+-(CH3)3
N-+-CH2
CH2-O
CH3

CH2

gamma-CH2 et beta-CH2(u)

beta-CH2(d)
delta-CH2(u)
delta-CH2(d)
alpha-CH
CH3

(CH)6
CH-NH2
CH2-OH
CH2-S
CH2-N

CH3
CH-NH2
CH-OH

CH2 (u)
CH2 (d)
CH-NH2
2*meta-CH
2*ortho-CH
CH3

CH3

CH

CH-NH2

C-CH2 (u) C-CH2(d)

CH2 (u)
meta-CH
meta-CH
para-CH
CH2
ortho-CH
meta-CH
meta-CH
ortho-CH
para-CH
CH2 (u)
CH2 (d)

3.05
3.79
3.13
3.28
3.99
7.32
7.42
3.23
3.61
4.16
3.04
3.96
2.02
2.36
3.33
3.42
4.14
2.37
3.34
3.84
3.96
3.27
3.42
1.33
3.59
4.26
3.06
3.20
3.94
6.89
7.18
0.99
1.04
2.28
3.61
3.56
3.69
3.41
3.53
3.71
3.83
3.85
3.24
3.41
3.47
3.49
3.76
3.89
3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54
69.00
60.57
39.23
56.38
26,30 et 31,58
31.58
48.69
48.69
63.7
29.07
76.19
58.96
62.84
50.15
37.93
22.12
63.08
68.56
38.05
38.08
58.57
118.39
133.41
19.26
20.65
31.78
62.91
66.55
66.31
72.1
73.89
75.18
63.06
74.04
76.74
72.1
78.43
78.42
63.2
63.2
42.89

+ 4+ +

Offset

+ 4+ + +

+ 4+ + +



Table B.11: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 11

Metabolites Group d 1H (ppm) ¢ 13C (ppm)  Sample 11

C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15 + + +
2-hydroxyglutarate CH 4.03 74.71 + + +
2-oxoglutarate CH2 2.45 33.08
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9 + + +
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09
Alanine CH3 1.48 18.70 + + +
Alanine CH 3.78 53.05
Allocystathionine CH2 2.18 32.52
Allocystathionine CH2-S 2.72 29.37
Allocystathionine CH2’-S 3.11 34.31
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96
Arginine ~vCH2 1.68 26.28
Arginine BSCH2 1.92 30.17
Arginine 0CH2 3.25 43.11
Arginine aCH 3.78 57.02
Ascorbate CH2 3.74 65.12
Aspartate CH2 (u) 2.69 38.93 + + +
Aspartate CH2 (d) 2.81 39.1 + + +
Aspartate CH-NH2 3.89 54.66 + + +
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06
Betaine CH2 3.93 68.67
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91
Choline CH2-OH 4.07 58.19 + + +
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11 + X X
Epinephrine CH2 3.28 57.03
Ethanol CH3 1.19 194
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81
Ethanolamine CH2-OH 3.82 60.18
GABA £-CH2 1.90 26.26 + + +
GABA ~-CH2 2.30 36.97 + + +
GABA a-CH2 3.00 41.82 + + +
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + + +
Glutamate CH 3.76 57.16 + + +
Glutamine CH2 2.14 29 + + +
Glutamine CH2-CO 2.45 33.29 + + +



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD
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CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48

+ 4+ +

+ 4+ +

I

+ 4+ +

+ + +

+ 4+ ++ o+t

+ 4+ +

+ 4+ +

+ 4+t



Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine
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0CH2

aCH

CH2 (u)
CH2 (d)
CH-NH2
ortho-CH*2
meta-CH*2
N-+-(CH3)3
N-+-CH2
CH2-O
CH3

CH2

gamma-CH2 et beta-CH2(u)

beta-CH2(d)
delta-CH2(u)
delta-CH2(d)
alpha-CH
CH3

(CH)6
CH-NH2
CH2-OH
CH2-S
CH2-N

CH3
CH-NH2
CH-OH

CH2 (u)
CH2 (d)
CH-NH2
2*meta-CH
2*ortho-CH
CH3

CH3

CH

CH-NH2

C-CH2 (u) C-CH2(d)

CH2 (u)
meta-CH
meta-CH
para-CH
CH2
ortho-CH
meta-CH
meta-CH
ortho-CH
para-CH
CH2 (u)
CH2 (d)

3.05
3.79
3.13
3.28
3.99
7.32
7.42
3.23
3.61
4.16
3.04
3.96
2.02
2.36
3.33
3.42
4.14
2.37
3.34
3.84
3.96
3.27
3.42
1.33
3.59
4.26
3.06
3.20
3.94
6.89
7.18
0.99
1.04
2.28
3.61
3.56
3.69
3.41
3.53
3.71
3.83
3.85
3.24
3.41
3.47
3.49
3.76
3.89
3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54
69.00
60.57
39.23
56.38
26,30 et 31,58
31.58
48.69
48.69
63.7
29.07
76.19
58.96
62.84
50.15
37.93
22.12
63.08
68.56
38.05
38.08
58.57
118.39
133.41
19.26
20.65
31.78
62.91
66.55
66.31
72.1
73.89
75.18
63.06
74.04
76.74
72.1
78.43
78.42
63.2
63.2
42.89

+ 4+t

++ 4+ ++

+ 4+ + 4+



Table B.12: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 12

Metabolites Group d 1H (ppm) ¢ 13C (ppm)  Sample 12

C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15 + + +
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9 + + +
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09 + + +
Alanine CH3 1.48 18.70 + + +
Alanine CH 3.78 53.05 + + +
Allocystathionine CH2 2.18 32.52
Allocystathionine CH2-S 2.72 29.37
Allocystathionine CH2’-S 3.11 34.31
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96
Arginine ~vCH2 1.68 26.28
Arginine BSCH2 1.92 30.17
Arginine 0CH2 3.25 43.11 + + +
Arginine aCH 3.78 57.02
Ascorbate CH2 3.74 65.12 + + +
Aspartate CH2 (u) 2.69 38.93
Aspartate CH2 (d) 2.81 39.1
Aspartate CH-NH2 3.89 54.66
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06
Betaine CH2 3.93 68.67
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91 + + X
Choline CH2-OH 4.07 58.19 + X X
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11 + X X
Epinephrine CH2 3.28 57.03
Ethanol CH3 1.19 194
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81 + + +
Ethanolamine CH2-OH 3.82 60.18 + + +
GABA £-CH2 1.90 26.26
GABA ~-CH2 2.30 36.97 + + +
GABA a-CH2 3.00 41.82 + + +
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + + +
Glutamate CH 3.76 57.16 + + +
Glutamine CH2 2.14 29 + + +
Glutamine CH2-CO 2.45 33.29 + + +



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD

Table B.12 continued from previous page

CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48

+ o+ +

+ 4+ +

+ 4+ + +

+ o+ o+

+ + +

+ 4+ + +

+ o+ +

+ 4+ +

+ 4+ + +



Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine

Table B.12 continued from previous page

0CH2

aCH

CH2 (u)
CH2 (d)
CH-NH2
ortho-CH*2
meta-CH*2
N-+-(CH3)3
N-+-CH2
CH2-O
CH3

CH2

gamma-CH2 et beta-CH2(u)

beta-CH2(d)
delta-CH2(u)
delta-CH2(d)
alpha-CH
CH3

(CH)6
CH-NH2
CH2-OH
CH2-S
CH2-N

CH3
CH-NH2
CH-OH

CH2 (u)
CH2 (d)
CH-NH2
2*meta-CH
2*ortho-CH
CH3

CH3

CH

CH-NH2

C-CH2 (u) C-CH2(d)

CH2 (u)
meta-CH
meta-CH
para-CH
CH2
ortho-CH
meta-CH
meta-CH
ortho-CH
para-CH
CH2 (u)
CH2 (d)

3.05
3.79
3.13
3.28
3.99
7.32
7.42
3.23
3.61
4.16
3.04
3.96
2.02
2.36
3.33
3.42
4.14
2.37
3.34
3.84
3.96
3.27
3.42
1.33
3.59
4.26
3.06
3.20
3.94
6.89
7.18
0.99
1.04
2.28
3.61
3.56
3.69
3.41
3.53
3.71
3.83
3.85
3.24
3.41
3.47
3.49
3.76
3.89
3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54
69.00
60.57
39.23
56.38
26,30 et 31,58
31.58
48.69
48.69
63.7
29.07
76.19
58.96
62.84
50.15
37.93
22.12
63.08
68.56
38.05
38.08
58.57
118.39
133.41
19.26
20.65
31.78
62.91
66.55
66.31
72.1
73.89
75.18
63.06
74.04
76.74
72.1
78.43
78.42
63.2
63.2
42.89

+ 4+ +

+ 4+ +

+ 4+ +



Table B.13: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 13

Metabolites Group d 1H (ppm) ¢ 13C (ppm)  Sample 13
C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09
Alanine CH3 1.48 18.70
Alanine CH 3.78 53.05
Allocystathionine CH2 2.18 32.52
Allocystathionine CH2-S 2.72 29.37
Allocystathionine CH2’-S 3.11 34.31
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96
Arginine ~vCH2 1.68 26.28
Arginine BSCH2 1.92 30.17
Arginine 0CH2 3.25 43.11
Arginine aCH 3.78 57.02
Ascorbate CH2 3.74 65.12
Aspartate CH2 (u) 2.69 38.93
Aspartate CH2 (d) 2.81 39.1
Aspartate CH-NH2 3.89 54.66
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06
Betaine CH2 3.93 68.67
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91
Choline CH2-OH 4.07 58.19
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11
Epinephrine CH2 3.28 57.03
Ethanol CH3 1.19 194
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81
Ethanolamine CH2-OH 3.82 60.18
GABA £-CH2 1.90 26.26
GABA ~-CH2 2.30 36.97 + + +
GABA a-CH2 3.00 41.82 + + +
Glutamate CH2 2.09 29.58
Glutamate CH2-CO 2.34 35.99
Glutamate CH 3.76 57.16
Glutamine CH2 2.14 29 + + +

Glutamine CH2-CO 2.45 33.29 + + +



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD

Table B.13 continued from previous page

CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83 + + +
28.77

33.89

56,76 et 45,93

64.99

64.99

74.61

56.56

64.42

68.54

62.09

43.99 + + +
30.41

30.45

119.53

13.76

17.35

26.86

26.86

38.53

62.12

22.66 + + +
71.05 + + +
24.6
42.4
26.53
55.86
24.15
34.4
32.91
41.83
57.3
65.74
73.18
65.74
39.87
32,18 et 16,48
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
924.34
32.76
57.35
67.37

+ 4+ + +
+ 4+ + +
+ 4+ + +



Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine

Table B.13 continued from previous page

0CH2

aCH

CH2 (u)
CH2 (d)
CH-NH2
ortho-CH*2
meta-CH*2
N-+-(CH3)3
N-+-CH2
CH2-O
CH3

CH2

gamma-CH2 et beta-CH2(u)

beta-CH2(d)
delta-CH2(u)
delta-CH2(d)
alpha-CH
CH3

(CH)6
CH-NH2
CH2-OH
CH2-S
CH2-N

CH3
CH-NH2
CH-OH

CH2 (u)
CH2 (d)
CH-NH2
2*meta-CH
2*ortho-CH
CH3

CH3

CH

CH-NH2

C-CH2 (u) C-CH2(d)

CH2 (u)
meta-CH
meta-CH
para-CH
CH2
ortho-CH
meta-CH
meta-CH
ortho-CH
para-CH
CH2 (u)
CH2 (d)

3.05
3.79
3.13
3.28
3.99
7.32
7.42
3.23
3.61
4.16
3.04
3.96
2.02
2.36
3.33
3.42
4.14
2.37
3.34
3.84
3.96
3.27
3.42
1.33
3.59
4.26
3.06
3.20
3.94
6.89
7.18
0.99
1.04
2.28
3.61
3.56
3.69
3.41
3.53
3.71
3.83
3.85
3.24
3.41
3.47
3.49
3.76
3.89
3.29

41.39

56.6

39.03

39

58.62

131.92

137.71

56.54 +
69.00

60.57

39.23

56.38 +
26,30 et 31,58 +
31.58

48.69

48.69

63.7

29.07

76.19

58.96

62.84

50.15

37.93

22.12

63.08

68.56

38.05

38.08

58.57

118.39

133.41

19.26

20.65 +
31.78

62.91

66.55

66.31

72.1

73.89 +
75.18

63.06

74.04

76.74

72.1

78.43

78.42

63.2

63.2

42.89



Table B.14: This table shows the comparison of the occurrences of signals in C-NMR and its corresponding predictions

via NSPLR and STOCSY for Sample 14

Metabolites Group d 1H (ppm) ¢ 13C (ppm)  Sample 14

C-NMR/TopSpin NSPLR  Stocsy
2-hydroxyglutarate CH2 2.26 36.15
2-hydroxyglutarate CH 4.03 74.71
2-oxoglutarate CH2 2.45 33.08 + + +
2-oxoglutarate CH2CO 3.01 38.25
5-hydroxytryptophane  CH-NH2 4.03 57.024
Acetic acid CH3 1.92 25.9
Acetone 2*CH3 2.23 32.82
Adénosine CH2 (d) 3.91 64.09
Alanine CH3 1.48 18.70 + + +
Alanine CH 3.78 53.05
Allocystathionine CH2 2.18 32.52
Allocystathionine CH2-S 2.72 29.37
Allocystathionine CH2’-S 3.11 34.31
Allocystathionine CH-NH2 3.87 56.17
Allocystathionine CH’-NH2 3.96 55.96
Arginine ~vCH2 1.68 26.28
Arginine BSCH2 1.92 30.17
Arginine 0CH2 3.25 43.11
Arginine aCH 3.78 57.02
Ascorbate CH2 3.74 65.12 + + +
Aspartate CH2 (u) 2.69 38.93
Aspartate CH2 (d) 2.81 39.1
Aspartate CH-NH2 3.89 54.66
Asparagine CH2 (u) 2.87 36.95
Betaine (CH3)3 3.28 56.06
Betaine CH2 3.93 68.67
Choline N+-(CH3)3 3.22 56.42 + + +
Choline N+-CH2 3.54 69.91 + + +
Choline CH2-OH 4.07 58.19 + X X
Créatine CH3 3.03 39.56 + + +
Créatine CH2 3.94 56.46 + + +
Cystéine CH-NH2 3.98 58.36
DOPA CH2 (u) 3.00 38.17
DOPA CH-NH2 3.93 58.49
Dopamine CH2 3.22 43.11 + X X
Epinephrine CH2 3.28 57.03
Ethanol CH3 1.19 194
Ethanol CH2 3.66 60.06
Ethanolamine CH2-NH2 3.14 43.81
Ethanolamine CH2-OH 3.82 60.18
GABA £-CH2 1.90 26.26
GABA ~-CH2 2.30 36.97 + + +
GABA a-CH2 3.00 41.82 + + +
Glutamate CH2 2.09 29.58 + + +
Glutamate CH2-CO 2.34 35.99 + + +
Glutamate CH 3.76 57.16 + + +
Glutamine CH2 2.14 29 + + +
Glutamine CH2-CO 2.45 33.29 + + +



Glutamine
Glutathione
Glutathione
Glutathione
Glycerol
Glycerol
Glycerol
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycerophosphocholine
Glycine
Histidine
Histidine
Histidine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Isoleucine
Lactate
Lactate
Leucine
Leucine
Leucine
Leucine

Lysine

Lysine

Lysine

Lysine

Lysine
Mannitol
Mannitol
Mannitol
Metformine
Methionine
Methionine
Myo-inositol
Myo-inositol
Myo-inositol
Myo-inositol
NAA

NAA

NAA

NAA

NAAG

NAAG

NAAG
N-acetylLysine
N-acetylLysine
N-acetylLysine
NAD

Table B.14 continued from previous page

CH-NH2
CH2
CH2-CO
CH-NH2 et CH2-NH
(CH2 (u))2
(CH2 (d))2
CH
N-+-(CH3)3
N+-CH2
CH2-OH
CH2-0O

CH2

CH2 (u)

CH2 (d)
CH-C
CH3-(CH2)
CH3-(CH)
CH2 (u)

CH2 (d)
CH-(CH3)
CH-NH2
CH3

CH

(CH3)2

CH2
CH(-CH3)2
CH-NH2
~v-CH2
5-CH2
pB-CH2

e-CH2

a-CH

CH2 (u) *2
HO-CH(-CH2)
CH2 (d) *2
(CH3)2

CH2 (u) et CH3
CH-NH

CH

(CH)2

(CH)2

CH

CH3

CH2 (u)

CH2 (d)

CH

CH2 (d) (glu) et CH3
CH2-COOH
CH2 (u) (glu)
gamma-CH2
alpha-CH2
CH-NH2
CH2 (d) et CH-O

3.78
2.17
2.56
3.79
3.55
3.65
3.78
3.24
3.65
3.70
4.33
3.56
3.16
3.26
7.12
0.94
1.01
1.27
1.47
1.99
3.68
1.33
4.12
0.96
1.72
1.72
3.7
1.47
1.73
1.91
3.02
3.77
3.67
3.76
3.87
3.05
2.13
3.88
3.27
3.53
3.62
4.05
2.02
2.49
2.70
4.39
2.05
2.22
1.90
1.40
1.88
3.73
4.39

56.83
28.77
33.89
96,76
64.99
64.99
74.61
56.56
64.42
68.54
62.09
43.99
30.41
30.45

et 45,93

119.53

13.76
17.35
26.86
26.86
38.53
62.12
22.66
71.05
24.6

42.4

26.53
55.86
24.15
34.4

32.91
41.83
57.3

65.74
73.18
65.74
39.87
32,18
56.33
76.89
73.65
74.93
74.79
24.58
42.13
42.12
55.88
24.35
36.32
30.90
24.34
32.76
57.35
67.37

et 16,48

+ o+ +

+ 4+ +

+ o+ o+

+ 4+ + +

+ o+ +

+ 4+ + +



Ornithine
Ornithine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phenylalanine
Phosphocholine
Phosphocholine
Phosphocholine
Phosphocréatine
Phosphocréatine
Proline

Proline

Proline

Proline

Proline
Pyruvate
Scyllo-inositol
Serine

Serine

Taurine
Taurine
Threonine
Threonine
Threonine
Tyrosine
Tyrosine
Tyrosine
Tyrosine
Tyrosine

Valine

Valine

Valine

Valine
a-Fructose
a-Fructose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
a-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose
B-Glucose

Serotonine

Table B.14 continued from previous page

0CH2

aCH

CH2 (u)
CH2 (d)
CH-NH2
ortho-CH*2
meta-CH*2
N-+-(CH3)3
N-+-CH2
CH2-O
CH3

CH2

gamma-CH2 et beta-CH2(u)

beta-CH2(d)
delta-CH2(u)
delta-CH2(d)
alpha-CH
CH3

(CH)6
CH-NH2
CH2-OH
CH2-S
CH2-N

CH3
CH-NH2
CH-OH

CH2 (u)
CH2 (d)
CH-NH2
2*meta-CH
2*ortho-CH
CH3

CH3

CH

CH-NH2

C-CH2 (u) C-CH2(d)

CH2 (u)
meta-CH
meta-CH
para-CH
CH2
ortho-CH
meta-CH
meta-CH
ortho-CH
para-CH
CH2 (u)
CH2 (d)

3.05
3.79
3.13
3.28
3.99
7.32
7.42
3.23
3.61
4.16
3.04
3.96
2.02
2.36
3.33
3.42
4.14
2.37
3.34
3.84
3.96
3.27
3.42
1.33
3.59
4.26
3.06
3.20
3.94
6.89
7.18
0.99
1.04
2.28
3.61
3.56
3.69
3.41
3.53
3.71
3.83
3.85
3.24
3.41
3.47
3.49
3.76
3.89
3.29

41.39
56.6
39.03
39
58.62
131.92
137.71
56.54
69.00
60.57
39.23
56.38
26,30 et 31,58
31.58
48.69
48.69
63.7
29.07
76.19
58.96
62.84
50.15
37.93
22.12
63.08
68.56
38.05
38.08
58.57
118.39
133.41
19.26
20.65
31.78
62.91
66.55
66.31
72.1
73.89
75.18
63.06
74.04
76.74
72.1
78.43
78.42
63.2
63.2
42.89
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