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This contribution is not any report of experimental or calculated data with inferences; but it is
rather a suggestion in consideration of Health Care Management of Health. This suggestion
entails an initiative of a kind of public awareness program in order that the people will be
able to take their own initiative to collect data, compile them for an appropriate scientist or
physician to interpret and enable them to monitor the parameters. It is intended that
eventually everyone in the public would become familiarized enough with the measured
quantities that they can become independent and seek experts’ assistance depending on their
requirements.
Metabolite analysis in the food products and bio fluids is a technique which is becoming very
popular. It is one of the spectroscopic techniques which is used to take into the metabolites
detectable in these spectra. The Nuclear Magnetic Resonance Spectroscopic Technique
currently is an advanced spectroscopic technique and is found well suited for the Metabolite
profiling. Metabolites are the products formed in the metabolic process in the living system,
in general the plants, animals and humans. It is possible to collect samples of bio fluids or
extracts of food items or parts of plants at regular intervals and monitor the contents by the
spectroscopy and keep record of the trends observable. Such trend analysis quantitative and
qualitative can give rich information to tag the changes occurring in the materials and
biological processes in the living systems.
A few examples of such monitoring of bio fluids and plant extracts would be illustrated and a
possible recording system would be indicated to compile data and store. How the metabolite
analysis can be helpful, simple and safe in practice for common public would be indicated
with an appraisal of the magnitude of the costs of these instruments would be given to enable
how these kinds of enterprises that can be established and maintained. For example, how to
realize the initial investment costs on the infra structure is a matter that can be brought to
discussion; if the citizens get convinced that this effort is worth the while. For example
typically a NMR spectrometer system can cost around 50 crore rupees. At the outset the
references listed in this abstract can by a cursory look indicate the importance of the case for
such facility in the interest of public involvement in the health monitoring eventually getting

educated on the spectroscopy application without having to really learn spectroscopy lessons
from first principles.
1. http://www.ugc-inno-nehu.com/compile/05-2014-DBCNTCE-FP-certi-sa.pdf
2. Applications of NMR in Dairy Research, Metabolites 2014, 4, 131-141;
doi:10.3390/metabo4010131 http://www.ugc-inno-nehu.com/prgc/metabolites-0400131.pdf
3. NMR-Based Milk Metabolomics, Metabolites 2013, 3, 204-222;
doi:10.3390/metabo3020204 http://www.ugc-inno-nehu.com/prgc/metabolites-0300204.pdf
4. Characterization of buffalo milk by 31P-nuclear magnetic resonance spectroscopy,
Journal of Food Composition and Analysis 19 (2006) 843–849 http://www.ugc-innonehu.com/prgc/Charcterization_BuffMilk_p31NMR.pdf
5. Great Expectations for Milk Metabolomics, http://milkgenomics.org/article/greatexpectations-milk-metabolomics/

6. Phospholipid fingerprints of milk from different mammalians determined by 31P
NMR: Towards specific interest in human health

http://www.sciencedirect.com/science/article/pii/S0889157506000536
7. The 31P nuclear magnetic resonance spectrum of cows' milk
https://www.cambridge.org/core/journals/journal-of-dairy-research/article/divclasstitlethe-span-classsup31spanp-nuclear-magnetic-resonance-spectrum-ofcowsandapos-milkdiv/C68B010BB05C847541B826427267D2EA
8. 31P NMR analysis of phospholipids in crude extracts from diþerent sources:
improved efficiency of the solvent system, Magn. Reson. Chem. 36, 907È912 (1998)

For a general information about NMR Spectrometer Installations
9. The NMR Lab at the School of Chemical Sciences University of Illinois.
http://www.ugc-inno-nehu.com/prgc/NMR-Chem536-2015b.pdf
10. 31P NMR analysis of phospholipids in crude extracts from different sources
improved efficiency of the solvent system, Magn. Reson. Chem. 36, 907È912 (1998)
http://www.ugc-innonehu.com/prgc/Culeddu_et_al_Magn_Reson_Chem_1998_36_90.pdf (metabolite
analysis involves preparing extracts of plant parts for example with organic solvents)
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AN INSTRUMENTAL INSTALLATION FOR THE PUBLIC TO
ACQUIRE DATA FOR MONITORING PERSONAL HEALTH AND
THE QUALITY OF MARKET PRODUCTS
1
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Abstract: Currently Nuclear Magnetic Resonance Spectroscopic Technique has advanced to such an extent, the utilization
of the potential of this technique can be for the public by the public at large. By this, it is meant here that acquiring data with
this technique is no longer the prerogative of only the scientific community preoccupied with advanced scientific research
and development. For the science to benefit the community, the initiatives need not be only from the scientists. The
prevailing technological advances have enabled the common public to avail the research findings by reaching upto the
scientists with data acquired with the advanced instruments in a convenient format that enables the professionals to interpret
the individual data conveniently and quickly, particularly monitoring health trends and categorise them as personal traits or
potential epidemics. Also, quality control by consumers of the market products, particularly the nutrition related parameters
of food products would be possible. These data acquired as a matter of routine by everyone in the public can be compiled
appropriately and conveniently owing to the rapid progress in the dedicated systems for digital formatting and storage and
retrieval of data for information processing. What is required for all such public involvements is an installation of scientific
instruments and maintenance personal. Typical example of such an installation is the X-ray and MRI scanner facilities
which have made huge strides as part of the clinical laboratories, where people can submit samples of biological fluids or
acquire images of specific organs, parts of human body as per prescription. It is hereby envisaged that a routine data
acquiring by people (voluntarily and not necessarily by only on prescription from a Qualified Physician) for health statistics
is possible by MRS, Magnetic Resonance Spectroscopy, NMR Spectroscopic Technique in particular. Then the first step
would be to realize an enterprise, organization (not necessarily a research establishments or an institution),. This paper
contains an enumeration of the typical criteria for the considerations of such a social, may be a non government organization
involving public private partnership.

1.

INTRODUCTION
When a knowledgeable common man has to
be convinced about the advantages of seeking to get
an instrument installed in the public interest, first and
foremost it is necessary to know what could be the
purpose and how it would be useful in the long run to
put in efforts and spend time on such an enterprise.
Enterprise could mean it is meant for earning a living
by a qualified unemployed, or a voluntary service by
a privileged for the benefit of the public at large. This
article is intended more for the later kind of the above
two categories of activities. Thus in the early parts of
this paper, a description of what this Magnetic
Resonance Spectroscopy (usually it is a technique
used along with the Magnetic Resonance Imaging
technique, by abbreviation spelt as MRI and MRS) is
about so that a common man would get enough
familiarity with the intended activity. Typically to
mention from the utility point of view, it is like an
MRI scanner centre which many people are aware
about. The X-ray since a very long time and MRI
facility which is much more popular nowadays, are
the facilities to cite in this context. In fact, the MRI is
a facility, the principles of the technique being
Magnetic
Resonance.
Magnetic
Resonance
Spectroscopy is the technique how the magnetic
resonance phenomena soon after its discovery

became a useful method in physical sciences and now
it is an integral part of the analytical methods in
Chemistry. Nuclear Magnetic Resonance technique is
that aspect of the Magnetic Resonance Phenomenon
which reveals the electronic structure in a molecule
around a specific nucleus of the atoms which are
bonded to make up the molecule. By specifying
Nuclear Magnetic Resonance (NMR), the Nuclear
Spin Magnetic Resonance is referred to, and the
implications are to the well known Electron Spin
Magnetic Resonance (ESR). The ESR and NMR
constitute the main subject matter of Magnetic
Resonance Spectroscopy. Because of the fundamental
differences between the nature of Electron and
atomic Nuclei, the technology related to detection fo
ESR and NMR signal vastly differ, while both the
spectroscopic techniques basically are describable in
terms of principles of magnetic resonance
phenomenon. The name Magnetic Resonance arises
from the fact that the electrons and nuclei posses
electrical charges associated with spin property. The
consequence of spin is that there is a magnetic
moment associated with these sub atomic particles.
This characteristic magnetic moment of individual
particles interact with an externally applied magnetic
field, intensity of which is several orders of

magnitude larger compared to the inherent magnetic
moment of the individual subatomic particle. Thus a
Magnet system to apply strong magnetic fields is an
integral part of the NMR spectrometer system. Even
while these atoms are bonded to form a chemical
molecule, their central nuclei retain their
specifications as much as in the free atoms. The
nuclei remain unaffected while the atom is bonded to
other atoms in a molecule and hence the bonding in
molecules are essentially the redistribution of
electronic charges by sharing of the electrons
appropriately by the atoms. Thus when the electrons
of the atoms undergo a rearrangement to enable a
stability of the molecule, the atomic nuclei remain
almost without any change. It is the changes in
electron charges in the outer most shell of atoms that
causes an NMR spectrum possible. in the Since
Nuclear Magnetic Resonance is more used in several
of the contexts, in this paper to begin with, the
Nuclear Magnetic resonance is considered. Among
the several nuclei which have characteristic Spin
value, Proton (Hydrogen), Carbon, Nitrogen and
Phosphorous are the atomic nuclei which are mostly
used in this context as would be described in the
remaining part of this paper. The scope of NMR
spectroscopy can be assessed by a glance through the
contents of documentation and books on NMR
typically as in Ref 5.
Having thus found useful for small molecule
applications particularly in organic chemistry,
scientists soon started on biological applications and
realized its potential for in-vitro and in-vivo contexts.
The applications to biology and macromolecular
characterization grew faster because of the
Technology which advanced at much faster rates and
started producing Spectrometers which had such
capabilities features which the developmental stage
was not available. The result is that biological
macromolecules could be characterize much more
simply than even the details which the small
molecules would require to be obtained only after
detailed processing and interpretation of spectral data.
If the characterization does not require such details
for processing which only experts look for, then it
becomes simple enough for many to avail this
characterization by NMR (specifically Proton NMR).
Coincidentally the small molecular spectral features
well documented and available in the form of
databases enables the usage simply a matter like
acquainting with a PC unit which receives data from
spectrometer ouput terminals. Such a black-box kind
of spectrometer operation requires a lot of automation
in the spectrometer operation to make it all a highthrough put efficient. It is in this context that in this
paper the possibility of a facility for the public utility
is envisaged. There is a recently created internet
webpage which has been published (Ref 1) to the
internet by this author on how to introduce the
Magnetic Resonance Phenomenon, instrumentation
and Spectroscopy ins and colleges. With this kind of

documentation, an effort can be made to orient
students even at the formative years for a science
education with environmental awareness and availing
these kind of centres envisaged in this paper, for a
routine monitoring of personal health linked to social
welfare.
2. OBTAINING PROTON NMR SPECTRA
Obviously availability of an NMR
spectrometer is the first requirement. To begin with
required spectra can be obtained from any of the
Sophisticated Analytical Instrumentation Facility
(SAIF) located in some of the National Laboratories,
Institues and Universites can be helpful. These
National /Regional /Institutional facilities are funded
by DST for the use by scientists on working on
research projects and students working for their
respective degrees. The procedure consists of
submitting a sample dissolved inappropriate solvent,
with a requisition form for the required spectral
features. This form is to be signed by the scientists
concerned and the Head of the Section/ Division/
Department where the scientific work is carried out.
The picture below (Fig 1) is an NMR spectrometer
Magnet inside which the sample is being positioned.
This is a picture of the NMR spectrometer housed in
the SAIF of NEHU (Ref 2).

Fig. 1
After inserting the sample and ensuring
proper positioning, the spectrometer console (consists
of required RF radiation sender, receiver for NMR
signal and the computer to monitor and display data).
can be used for setting up the NMR experimental
parameters to let the experiment start. Further there
would be a provision of software to process data and
tabulate NMR spectral parameters; finally the

spectrum can be obtained in a graphical plot with the
plotter connected to the computer. Such
Instrumentation facilities were established with a full
time operator and maintenance staff when the
instrumentation transcended the stage

Fig 2
of home-built spectrometer uses and the Scientists
themselves operating the instruments.
. The spectrometer operations could enable a
job for full time operators and a centre for housing
the instruments because the instrumentation itself
became a profession and the advances could justify
the necessity for a black-box provision to scientists,
to get reliable spectra routinely without knowing
much
of
what
entails the
spectrometer
instrumentation and operation. The sample
submission from a window and the spectra gathered
from delivery window was good enough to find the
spectra reliable and consistent for scientific
interpretations (Ref 2). This is a much more popular
version of the NMR facility, on a footing similar to
that of MRI scanners. With such a NMR facility what
the public can be engaged with is dealt with in the
article cited in reference (Ref 3). A typical NMR
system is sketched in Fig 3.

biochemical reactions) during which several products
are formed and in several ways these products get
distributed in the living system, by which it is meant
that metabolic products are necessary in several
human organs to enable them function. And the
excesses may get eliminated as excretion. Or
appropriately extracting these semi liquid samples
from appropriate organs and well predetermined
times during the biological routines, these metabolites
can be obtained as samples for NMR monitoring. A
metabolism typically consists of reversible processes
the forward process (Fig 3) may be called
CATABOLISM and the backward process
ANABOLISM. The catabolism is a process by which
large size (Mol.wt in several Kilo Daltons) macro
biological molecules get degraded by biochemical
processes into smaller size (Mol.wt of the order of a
Kilo Dalton) molecules, consequently energy is
released. The entire set of molecules from smallest to
the largest molecule encountered in the biological
processes are inclusive in the inventory of Natural
Products, and, may be specified as biologically
relevant natural products. The overall energy changes
which occur get used up in additional processes that
may be occurring if there is generation of energy. The
specified network requires input of energy; it must be
usually supplied from some other network that
generates energy. While in the balancing
phenomenon the energy remains conserved mostly
within the system, and the dissipation usually is in
terms of chemical matter rejected by the system from
the inputs conducive for consumption. Thus keeping
track of what happens to the chemical matter
consumed as food and inhaled as air (pollution again

Fig 4

3.

INTRODUCTORY BIOLOGY
Fig 3
The samples to be used are to be primarily
the human biological fluids. How these biological
fluids contain metabolites is hat the living systems are
networks
of
biological
processes
(in-vivo

being an unwanted chemical) is the main task of
chemists while noting the energy requirements and
accounting for the same. It is these molecules which
are produced as a consequence of metabolic process
in living systems which are called metabolites. When
these molecules are monitored by their characteristics
and estimated for the amount produced and present in
the system of a living object as and when it occurs,
then it is referred to as in-vivo study. When these
molecules are isolated and in a laboratory, and study
undertaken, then it is referred to as in-vitro study. or
the molecules are synthesized in the laboratory, then

it is a synthetic product and not a natural product. It is
these kinds of products (molecules) that are called
METABOLITES since the interest is in following the
metabolic processes to infer on the mechanisms and
efficiency of the process indicating the health status
of the living systems. Thus excretion in living
systems that routinely occur to evidence that the
system is undergoing changes all the time and it si the
dynamics in the network of these processes that
makes “living” possible. It is the intake of food
which supplies the stock of macro molecules to te=he
living system which eventually undergoes a catabolic
process to release the energy. The anabolism results
in production of macromolecules in the system. By
routinely monitoring these metabolites present in the
living system health trends become evident. For
example milk is a product which is yielded by cows,
the living species, routinely consists of metabolites
and monitoring these metabolites in a milk can reveal
a wealth of information pertaining to nutrition factors
and the health of the animal that is optimum for
yielding good quality milk in larger quantities. Thus
it is simultaneously a food product and the natural
product yield from a living animal species. Thus in
the next section, the metabolic profile studies
reported in the literature would be discussed.
4.

identified. However when these are existing as
peptide residues in a Protein the spectra can be

NMR SPECTRA
A beginning can be made with the
considerations on the biologically relevant small
molecules. There are 20 amino acids which are the
small molecule building blocks for macro molecular
proteins and enzymes. Most of the metabolites are
some kind of proteins, carbohydrates, lactates, and so
on. The proteins are the most often encountered
metabolic products and these protein molecules can
break up to smaller peptides. The molecular units that
are responsible for biological macromolecules – the
proteins – are amino acids. The smallest in the
analogue of amino acids are the two amino acids by
name: Glycine and Alanine. In Fig 5 and Fig 6, the
molecular structure and the proton NMR spectra of
these two amino acids are given: There is only one
line seen in the spectrum corresponding to the CH2
group and the protons of NH2 group and the OH
group are not appearing in the spectrum. While such
dynamic situations not appearing in spectra is quite
common, it is necessary at the moment to recognize
the Glycine NMR by a single line at the specific Xaxis value called chemical shift(Ref . In Fig 6 for
alanine two Proton NMR lines can be noted, unlike
the single line for Glycine. In this case as well the
two proton lines with their corresponding chemical
shift values characterises the presence of Alanine.
These chemical shift values under various conditions
for these amino acids have been tabulated and
available in databases. By recognizing such features
the presence of these two amino acids can be

Fig 5

Fig 6

different, and all such variations have been notified in
the databases with appropriate remarks. This can
enable a sequence of amino acid residues in protein
molecule and the entire set of identified lines can
mark the presence of characteristic protein / macro
molecular entity which are obtained as metabolites.
Proteins are only a class of biological macro
molecules and all kinds of metabolites that have been
found in various contexts are available as databases to
refer and identify them. When the similar bio fluids
are gathered from different members and as a
function of time, small changes on the x-axis
positions and the y-axis parameter called intensity are
to be recorded and monitored.
In fact at the early part of this article, a
mention was made that there are 4 important elements
which occur biological molecules and these four
nuclei have isotopes with reasonable natural
abundances (Ref 8), Hence the NMR of all these four
nuclei can be obtained by the current models of NMR
spectrometers commercially available.
Metabolite profiling makes it possible to
regularly aquire data NMR data of bio fluids and
watch out for the characteristics of the NMR lines
(X-axis Chemical shift value of each line and the
corresponding Y-axis intensity value of that line),
which can be analysed for qualitative and quantitative
changes in the NMR spectra. This monitoring can be
done specifically after the regular use of a drug for
cure of diseases, and the changes data of days prior
to administering drug, can be indicative of the
metabolic changes and hence mechanism for the
cause and subsequent cure. Several such efforts are
going on with animals and human patients, by
metabolic profiling. MRI and MRS combined seem to
be giving more details to make possible the precise
diagnosis. Thus the metabolic profile turns out to
contain symptoms of diseases.
5.

METABOLOMICS OF MILK
In the milk (from cows or buffalos) is
typically a bio fluid and happens to be a food
material. From both points of view, bio fluids and
food material, monitoring milk routinely can be
helpful in pointing out the health conditions of cows
and buffalos as well as nutritious contents for the
human systems. By appropriate excerpts from
published data (Ref 9) the typical names for
metabolites and the way the data is documented
would be illustrated in a typical case and this should
enable the initiators to know what kind of digital
storage facilities could be thought of for these tasks at
various stages of the project to get an installation
going. This paper in the Journal of Food Composition
and Analysis, gives a clear exposition of the NMR
application, using the Phosphorous (isotope mass-31)
for analysis of milk to characterize the milk variety
and relate it to the various consequences of milk as
food. Hence in the following few lines the figures and

tables from the paper would be used liberally to make
it even simpler for the common public to appreciate
the advantages of metabolic profiling as a public
amenity. As in Fig 7 the 13P NMR spectrum has only

Fig 7

a few lines, typically for a (solution) liquid state High
Resolution NMR spectrum, some of them are broad
(considering the width of the lines as measure) and
some of them narrow lines. As mentioned earlier, the
X-axis value corresponding to the central peak of the
lines is a characteristic parameter measured in ppm
Parts per million) units which is dimensionless
constant value assigned in this particular spectrum
characteristically. It is important to realize that all the
NMR peak values are assigned as a difference from
the line position of a conveniently chosen reference
compound. In the spectra above the reference chosen
7
is phosphocreatine lineFig.
position
set at -2.45 ppm
value. From the appearances of lines displayed in the
two spectra of Fig 7, it is possible to discern the
similarities in the two spectra may be taken to
characterize milk, and the differences between the
two spectra may be useful for recognizing the
different sources, the buffalo and the cow. Whether
such a conclusion from the first instance exposure can
have a general validity or not would be borne out by
collecting samples from a variety of species, and
assigning the spectral patterns to the characteristic
source, and recognizing these trends dependably to
know the differences in biological processes that
could be responsible. Thus generating a database and
providing software features to analyse these data to
assign these parameter trends to specific processes in
specified species.

In Fig 9, the peaks are numbered in sequence and
attributed to a specific named compound. The source
of the milk samples in two spectra also are spelt out.
Further the authors could point out such features as is
relevant for the finding out the nature of these sources
of the milk samples and the substances occurring in
them. To quote from the authors:

Fig. 8
In Fig 8 above is a table consisting of the
names of molecules identified, which are in general
referred to as metabolites. The tabulation in Fig 8
refers to the spectra in Fig 9. Again note the X-axis
chemical shift ‘ppm’ values, and their corresponding
Y-coordinate value. The chemical shifts are the
parameters which characterize the specific compound
identified, and the Y-axis relative value is a
quantitative comparison helpful to differentiate, when
samples from two different sources happen to have
the same characteristic compound.

“Phosphocreatine,
glycerophosphorylethanolamine,
phosphorylcholine, phosphorylethanolamine
were more abundant in buffalo than in cow
milk, while N-acetylglucosamine-1-phosphate,
galactose-1-phosphate, and glycerol-1phosphate were more abundant in cows than in
buffalo sample.”
.
Such are the methods, and simple enough to evolve a
system for monitoring, provided there is an
installation of the instrumental facility. In Ref 3 of the
list of references included at the end of this article,
more examples are given with appropriate references
to consider the suggestions as mooted here in.
Other animal bio fluids have been subjected
to such studies and analyses have proved the potential
of such health statistics based compilation of data.
Before the experts go through the compiled data to
derive information, it is necessary to collect such data
in large scale appropriately categorized, which cannot
be happening only at the instance of a disease or
ailments when doctors prescribe the tests. This should
be a routine voluntary activity and in such a way that

Fig. 9

implied at this stage by pleading for an installation of
this type. The crucial stage is to mobilize resources
and start up an enterprise of the type which is a nonprofit NGO. To the extent that it requires trained
persons and a consultancy with experts makes it to be
a an innovative endeavour involving huge costs.
Maintaining a super conducting magnet system
without accidents requires extreme caution. But the
consoling factor is the several clinical laboratories are
run particularly using similar systems with regard to
MRI scanning facilities but till now MRS centres
were not thought of and it is not too early to take
initiatives.

soon every citizen finds it a responsibility and to
contribute to the collection of data. in order to
compile materials for this article no special effort is
made to find standard books or library resources. The
approach has been to go by the appropriate internet
searches, almost like searching through data bases,
but of more open resources than of secured servers. It
is the effort to ensure that as much a s possible all
these contents are within the reach of common public
to further explore and mobilize support from much
privileged lot who do not probably had the means to
acquire necessary skills by appropriate training or
proper education.
6.

The references cited at the end of this article
can be leading more people to consider the
establishment of such instrumental utility. And how
much can this be a entirely initiative of social
organizations, and the extent it will have to opt the
institutional facilities are the main considerations.

METABOLOMICS IN HUMAN
NUTRITION
This section contains an elucidation of the
discussions in the review article of Ref 10. In this
review article published in the year 2005, the author
begins the article with these lines:

7.

As enough introductory notes have been
included in this paper all along, it is probably too
early at this stage to discuss more of the advances
made in this area, and the kind of research activities
pursued in institutions in India and other countries.
Hence in summary, it is high time now consider a
social venture involving huge investments financially,
and a monumental responsibility by a voluntary
participation by a cross section of the public to
undertake a task in the that is challenging to venture
into. In the webpage of this author ( Ref 11) at the
end, a variety of materials are included to evidence
the potential use of Metabolite profiling. The link to
a published article “PlantMetaboliteProfiling.pdf” is
an introductory article on Metabolite profiling which
has a comparative report on the use of Mass
Spectroscopy and NMR Spectroscopy.

“Metabolomics has been widely adopted in
pharmacology and toxicology but is relatively
new in human nutrition. The ultimate goal, to
understand the effects of exogenous
compounds on human metabolic regulation, is
similar in all 3 fields. However, the
application of metabolomics to nutritional
research will be met with unique challenges.”
and the first illustration in the review article is typical
proton NMR spectrum of human urine ( generally a
bio fluid). Further to quote from the authors as
observed:
“The first challenge must be to identify all the
chemicals in different bio fluids that are linked
to the human nutrition metabolome, and the
priority must be to gain a consensus for the
definition of a metabolome in human nutrition.
The second biggest challenge associated with
the large NMR and MS outputs is how to work
with these large total data-capture data sets in
which many compounds remain unidentified.”
Thus the magnitude of effort required in generating
data bases of bio fluids from living beings to go about
making use of this technique of metabolic profiling
for concerns of social welfare probably cannot come
about by simply instances of ailing people acting
under doctor’s prescriptions. A voluntary social
activity must be the way; but it requires an
installation on the footing as if it is being a part of a
research organization. The author discusses several
factors ( Fig 11) related to human health and possible
inferences from metabolomics studies. The article is
simple enough for beginners to follow what is

CONCLUSION
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Abstract: Currently Nuclear Magnetic Resonance Spectroscopic Technique has advanced to
such an extent, the utilization of the potential of this technique can be for the public by the
public at large. By this, it is meant here that acquiring data with this technique is no longer
the prerogative of only the scientific community preoccupied with advanced scientific
research and development. For the science to benefit the community, the initiatives need not
be only from the scientists. The prevailing technological advances have enabled the common
public to avail the research findings by reaching upto the scientists with data acquired with
the advanced instruments in a convenient format that enables the professionals to interpret the
individual data conveniently and quickly, particularly monitoring health trends and categorise
them as personal traits or potential epidemics. Also, quality control by consumers of the
market products, particularly the nutrition related parameters of food products would be
possible. These data acquired as a matter of routine by everyone in the public can be
compiled appropriately and conveniently owing to the rapid progress in the dedicated systems
for digital formatting and storage and retrieval of data for information processing. What is
required for all such public involvements is an installation of scientific instruments and
maintenance personal. Typical example of such an installation is the X-ray and MRI scanner
facilities which have made huge strides as part of the clinical laboratories, where people can
submit samples of biological fluids or acquire images of specific organs, parts of human body
as per prescription. It is hereby envisaged that a routine data acquiring by people (voluntarily
and not necessarily by only on prescription from a Qualified Physician) for health statistics is
possible by MRS, Magnetic Resonance Spectroscopy, NMR Spectroscopic Technique in
particular. Then the first step would be to realize an enterprise, organization (not necessarily a
research establishments or an institution),. This paper contains an enumeration of the typical
criteria for the considerations of such a social, may be a non government organization
involving public private partnership.

1.

INTRODUCTION
When a knowledgeable common man has to be convinced about the
advantages of seeking to get an instrument installed in the public
interest, first and foremost it is necessary to know what could be the
purpose and how it would be useful in the long run to put in efforts
and spend time on such an enterprise. Enterprise could mean it is
meant for earning a living by a qualified unemployed, or a voluntary

service by a privileged for the benefit of the public at large. This
article is intended more for the later kind of the above two categories
of activities. Thus in the early parts of this paper, a description of
what this Magnetic Resonance Spectroscopy (usually it is a technique
used along with the Magnetic Resonance Imaging technique, by
abbreviation spelt as MRI and MRS) is about so that a common man
would get enough familiarity with the intended activity. Typically to
mention from the utility point of view, it is like an MRI scanner
centre which many people are aware about. The X-ray since a very
long time and MRI facility which is much more popular nowadays,
are the facilities to cite in this context. In fact, the MRI is a facility,
the principles of the technique being Magnetic Resonance. Magnetic
Resonance Spectroscopy is the technique how the magnetic resonance
phenomena soon after its discovery became a useful method in
physical sciences and now it is an integral part of the analytical
methods in Chemistry. Nuclear Magnetic Resonance technique is that
aspect of the Magnetic Resonance Phenomenon which reveals the
electronic structure in a molecule around a specific nucleus of the
atoms which are bonded to make up the molecule. By specifying
Nuclear Magnetic Resonance (NMR), the Nuclear Spin Magnetic
Resonance is referred to, and the implications are to the well known
Electron Spin Magnetic Resonance (ESR). The ESR and NMR
constitute the main subject matter of Magnetic Resonance
Spectroscopy. Because of the fundamental differences between the
nature of Electron and atomic Nuclei, the technology related to

detection fo ESR and NMR signal vastly differ, while both the
spectroscopic techniques basically are describable in terms of
principles of magnetic resonance phenomenon. The name Magnetic
Resonance arises from the fact that the electrons and nuclei posses
electrical charges associated with spin property. The consequence of
spin is that there is a magnetic moment associated with these sub
atomic particles. This characteristic magnetic moment of individual
particles interact with an externally applied magnetic field, intensity
of which is several orders of magnitude larger compared to the
inherent magnetic moment of the individual subatomic particle. Thus
a Magnet system to apply strong magnetic fields is an integral part of
the NMR spectrometer system. Even while these atoms are bonded to
form a chemical molecule, their central nuclei retain their
specifications as much as in the free atoms. The nuclei remain
unaffected while the atom is bonded to other atoms in a molecule and
hence the bonding in molecules are essentially the redistribution of
electronic charges by sharing of the electrons appropriately by the
atoms. Thus when the electrons of the atoms undergo a rearrangement
to enable a stability of the molecule, the atomic nuclei remain almost
without any change. It is the changes in electron charges in the outer
most shell of atoms that causes an NMR spectrum possible. in the
Since Nuclear Magnetic Resonance is more used in several of the
contexts, in this paper to begin with, the Nuclear Magnetic resonance
is considered. Among the several nuclei which have characteristic
Spin value, Proton (Hydrogen), Carbon, Nitrogen and Phosphorous

are the atomic nuclei which are mostly used in this context as would
be described in the remaining part of this paper. The scope of NMR
spectroscopy can be assessed by a glance through the contents of
documentation and books on NMR typically as in Ref 5.
Having thus found useful for small molecule applications particularly
in organic chemistry, scientists soon started on biological applications
and realized its potential for in-vitro and in-vivo contexts. The
applications to biology and macromolecular characterization grew
faster because of the Technology which advanced at much faster rates
and started producing Spectrometers which had such capabilities
features which the developmental stage was not available. The result
is that biological macromolecules could be
characterize much more simply than even
the details which the small molecules would
require to be obtained only after detailed
processing and interpretation of spectral
data. If the characterization does not require
such details for processing which only
experts look for, then it becomes simple
enough
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Proton NMR). Coincidentally the small
molecular spectral features well documented and available in the form
of databases enables the usage simply a matter like acquainting with a
PC unit which receives data from spectrometer ouput terminals. Such

a black-box kind of spectrometer operation requires a lot of
automation in the spectrometer operation to make it all a high-through
put efficient. It is in this context that in this paper the possibility of a
facility for the public utility is envisaged. There is a recently created
internet webpage which has been published (Ref 1) to the internet by
this author on how to introduce the Magnetic Resonance
Phenomenon, instrumentation and Spectroscopy ins and colleges.
With this kind of documentation, an effort can be made to orient
students even at the formative years for a science education with
environmental awareness and availing these kind of centres envisaged
in this paper, for a routine monitoring of personal health linked to
social welfare.
2.

OBTAINING
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NMR

SPECTRA

Obviously availability of an NMR spectrometer is the first
requirement. To begin with required spectra can be obtained from any
of the Sophisticated Analytical Instrumentation Facility (SAIF)
located in some of the National
Laboratories, Institues and Universites
can

be

helpful.

These

National

/Regional /Institutional facilities are
funded by DST for the use by scientists

Fig 2

on working on research projects and students working for their
respective degrees. The procedure consists of submitting a sample
dissolved inappropriate solvent, with a requisition form for the
required spectral features. This form is to be signed by the scientists

concerned and the Head of the
Section/

Division/

Department

where the scientific work is carried
out. The picture below (Fig 1) is n
NMR spectrometer Magnet inside
which
Fig 3

the

sample

is

being

positioned. This is a picture of the
NMR spectrometer housed in the

SAIF of NEHU (Ref 2). fter inserting the sample and ensuring proper
positioning, the spectrometer console (consists of required RF
radiation sender, receiver for NMR signal and the computer to
monitor and display data). can be used for setting up the NMR
experimental parameters to let the experiment start. Further there
would be a provision of software to process data and tabulate NMR
spectral parameters; finally the spectrum can be obtained in a
graphical plot with the plotter connected to the computer. Such
Instrumentation facilities were established with a full time operator
and

maintenance staff when the instrumentation transcended the

stage of home-built spectrometer uses and the Scientists themselves
operating the instruments.. The spectrometer operations could enable
a job for full time operators and a centre for housing the instruments
because the instrumentation itself became a profession and the
advances could justify the necessity for a black-box provision to
scientists, to get reliable spectra routinely without knowing much of
what entails the spectrometer instrumentation and operation. The

sample submission from a window and the spectra gathered from
delivery window was good enough to find the spectra reliable and
consistent for scientific interpretations (Ref 2). This is a much more
popular version of the NMR facility, on a footing similar to that of
MRI scanners. With such a NMR facility what the public can be
engaged with is dealt with in the article cited in reference (Ref 3). A
typical NMR system is sketched in Fig 3.
3.

INTRODUCTORY BIOLOGY
The samples to be used are to be primarily the human biological
fluids. How these biological fluids contain metabolites is hat the
living systems are networks of
biological
biochemical

processes
reactions)

(in-vivo
during

which several products are formed
and in several ways these products
get distributed in the living system,

Fig 4

by which it is meant that metabolic products are necessary in several
human organs to enable them function. And the excesses may get
eliminated as excretion. Or appropriately extracting these semi liquid
samples from appropriate organs and well predetermined times during
the biological routines, these metabolites can be obtained as samples
for NMR monitoring. A metabolism typically consists of reversible
processes the forward process (Fig 3) may be called CATABOLISM
and the backward process ANABOLISM. The catabolism is a process

by which large size (Mol.wt in several Kilo Daltons) macro biological
molecules get degraded by biochemical processes into smaller size
(Mol.wt of the order of a Kilo Dalton) molecules, consequently
energy is released. The entire set of molecules from smallest to the
largest molecule encountered in the biological processes are inclusive
in the inventory of Natural Products, and, may be specified as
biologically relevant natural products. The overall energy changes
which occur get used up in additional processes that may be occurring
if there is generation of energy. The specified network requires input
of energy; it must be usually supplied from some other network that
generates energy. While in the balancing phenomenon the energy
remains conserved mostly within the system, and the dissipation
usually is in terms of chemical matter rejected by the system from the
inputs conducive for consumption. Thus keeping track of what
happens to the chemical matter consumed as food and inhaled as air
(pollution again being an unwanted chemical) is the main task of
chemists while noting the energy requirements and accounting for the
same. It is these molecules which are produced as a consequence of
metabolic process in living systems which are called metabolites.
When these molecules are monitored by their characteristics and
estimated for the amount produced and present in the system of a
living object as and when it occurs, then it is referred to as in-vivo
study. When these molecules are isolated and in a laboratory, and
study undertaken, then it is referred to as in-vitro study. or the
molecules are synthesized in the laboratory, then it is a synthetic

product and not a natural product. It is these kinds of products
(molecules) that are called METABOLITES since the interest is in
following the metabolic processes to infer on the mechanisms and
efficiency of the process indicating the health status of the living
systems. Thus excretion in living systems that routinely occur to
evidence that the system is undergoing changes all the time and it si
the dynamics in the network of these processes that makes “living”
possible. It is the intake of food which supplies the stock of macro
molecules to te=he living system which eventually undergoes a
catabolic process to release the energy. The anabolism results in
production of macromolecules in the system. By routinely monitoring
these metabolites present in the living system health trends become
evident. For example milk is a product which is yielded by cows, the
living species, routinely consists of metabolites and monitoring these
metabolites in a milk can reveal a wealth of information pertaining to
nutrition factors and the health of the animal that is optimum for
yielding good quality milk in larger quantities. Thus it is
simultaneously a food product and the natural product yield from a
living animal species. Thus in the next section, the metabolic profile
studies reported in the literature would be discussed.
4.

NMR SPECTRA

A beginning can be made with the considerations on the biologically
relevant small molecules. There are 20 amino acids which are the

small molecule building blocks for
macro

molecular

proteins

and

enzymes. Most of the metabolites
are

some

kind

of

proteins,

carbohydrates, lactates, and so on.
The proteins are the most often

Fig 5

encountered

metabolic

products

and these protein molecules can
reak up to smaller peptides. The
molecular units that are responsible
for biological macromolecules –

Fig 6

the proteins – are amino acids. The smallest in the analogue of amino
acids are the two amino acids by name: Glycine and Alanine. In Fig 5
and Fig 6, the molecular structure and the proton NMR spectra of
these two amino acids are given: There is only one line seen in the
spectrum corresponding to the CH2 group and the protons of NH2
group and the OH group are not appearing in the spectrum. While
such dynamic situations not appearing in spectra is quite common, it
is necessary at the moment to recognize the Glycine NMR by a single

line at the specific X-axis value called chemical shift(Ref . In Fig 6
for alanine two Proton NMR lines can be noted, unlike the single line
for Glycine. In this case as well the two proton lines with their
corresponding chemical shift values characterises the presence of
Alanine. These chemical shift values under various conditions for
these amino acids have been tabulated and available in databases. By
recognizing such features the presence of these two amino acids can
be identified. However when these are existing as peptide residues in
a Protein the spectra can be different, and all such variations have
been notified in the databases with appropriate remarks. This can
enable a sequence of amino acid residues in protein molecule and the
entire set of identified lines can mark the presence of characteristic
protein / macro molecular entity which are obtained as metabolites.
Proteins are only a class of biological macro molecules and all kinds
of metabolites that have been found in various contexts are available
as databases to refer and identify them. When the similar bio fluids
are gathered from different members and as a function of time, small
changes on the x-axis positions and the y-axis parameter called
intensity are to be recorded and monitored.
In fact at the early part of this article, a mention was made that there
are 4 important elements which occur biological molecules and these
four nuclei have isotopes with reasonable natural abundances (Ref 8),
Hence the NMR of all these four nuclei can be obtained by the current
models of NMR spectrometers commercially available.

Metabolite profiling makes it possible to regularly aquire data NMR
data of bio fluids and watch out for the characteristics of the NMR
lines (X-axis Chemical shift value of each line and the corresponding
Y-axis intensity value of that line), which can be analysed for
qualitative and quantitative changes in the NMR spectra. This
monitoring can be done specifically after the regular use of a drug for
cure of diseases, and the changes data of days prior to administering
drug, can be indicative of the metabolic changes and hence
mechanism for the cause and subsequent cure. Several such efforts are
going on with animals and human patients, by metabolic profiling.
MRI and MRS combined seem to be giving more details to make
possible the precise diagnosis. Thus the metabolic profile turns out to
contain symptoms of diseases.
5.

METABOLOMICS OF MILK

In the milk (from cows or buffalos) is typically a bio fluid and
happens to be a food material. From both points of view, bio fluids
and food material, monitoring milk routinely can be helpful in
pointing out the health conditions of cows and buffalos as well as
nutritious contents for the human systems. By appropriate excerpts
from published data (Ref 9) the typical names for metabolites and the
way the data is documented would be illustrated in a typical case and
this should enable the initiators to know what kind of digital storage
facilities could be thought of for these tasks at various stages of the

Fig 7

Fig. 8

project to get an installation going. This paper in the Journal of Food
Composition and Analysis, gives a clear exposition of the NMR
application, using the Phosphorous (isotope mass-31) for analysis of
milk to characterize the milk variety and relate it to the various
consequences of milk as food. Hence in the following few lines the
Fig. 7

figures and tables from the paper would be used liberally to make it
even simpler for the common public to appreciate the advantages of
metabolic profiling as a public amenity. As in Fig 7 the

13

P NMR

spectrum has only a few lines, typically for a (solution) liquid state
High Resolution NMR spectrum, some of

them are broad

(considering the width of the lines as measure) and some of them
narrow lines. As mentioned earlier, the X-axis value corresponding to
the central peak of the lines is a characteristic parameter measured in
ppm Parts per million) units which is dimensionless constant value

assigned in this particular spectrum characteristically. It is important
to realize that all the NMR peak values are assigned as a difference
from the line position of a conveniently chosen reference compound.
In the spectra above the reference chosen is phosphocreatine line
position set at -2.45 ppm value. From the appearances of lines
displayed in the two spectra of Fig 7, it is possible to discern the
similarities in the two spectra may be taken to characterize milk, and
the differences between the two spectra may be useful for recognizing
the different sources, the buffalo and the cow. Whether such a
conclusion from the first instance exposure can have a general
validity or not would be borne out by collecting samples from a
variety of species, and assigning the spectral patterns to the
characteristic source, and recognizing these trends dependably to
know the differences in biological processes that could be
responsible. Thus generating a database and providing software
features to analyse these data to assign these parameter trends to
specific processes in specified species.In Fig 8 above is a table
consisting of the names of molecules identified, which are in general
referred to as etabolites. The tabulation in Fig 8 refers to the spectra in
Fig 9. Again note the X-axis chemical shift ‘ppm’ values, and their
corresponding Y-coordinate value. The chemical shifts are the
parameters which characterize the specific compound identified, and
the Y-axis relative value is a quantitative comparison helpful to
differentiate, when samples from two different sources happen to
have the same characteristic compound.

Fig. 9

In Fig 9, the peaks are numbered in sequence and attributed to a
specific named compound. The source of the milk samples in two
spectra also are spelt out. Further the authors could point out such
features as is relevant for the finding out the nature of these sources of
the milk samples and the substances occurring in them. To quote from
the authors:
“Phosphocreatine, glycerophosphorylethanolamine,
phosphorylcholine, phosphorylethanolamine were more abundant
in buffalo than in cow milk, while N-acetylglucosamine-1phosphate, galactose-1-phosphate, and glycerol-1-phosphate were
more abundant in cows than in buffalo sample.”
.
Such are the methods, and simple enough to evolve a system for
monitoring, provided there is an installation of the instrumental
facility. In Ref 3 of the list of references included at the end of this

article, more examples are given with appropriate references to
consider the suggestions as mooted here in.
Other animal bio fluids have been subjected to such studies and
analyses have proved the potential of such health statistics based
compilation of data. Before the experts go through the compiled data
to derive information, it is necessary to collect such data in large scale
appropriately categorized, which cannot be happening only at the
instance of a disease or ailments when doctors prescribe the tests.
This should be a routine voluntary activity and in such a way that
soon every citizen finds it a responsibility and to contribute to the
collection of data. in order to compile materials for this article no
special effort is made to find standard books or library resources. The
approach has been to go by the appropriate internet searches, almost
like searching through data bases, but of more open resources than of
secured servers. It is the effort to ensure that as much a s possible all
these contents are within the reach of common public to further
explore and mobilize support from much privileged lot who do not
probably had the means to acquire necessary skills by appropriate
training or proper education.
6.

METABOLOMICS IN HUMAN NUTRITION
This section contains an elucidation of the discussions in the review
article of Ref 10. In this review article published in the year 2005, the
author begins the article with these lines:

“Metabolomics has been widely adopted in pharmacology and
toxicology but is relatively new in human nutrition. The ultimate
goal, to understand the effects of exogenous compounds on
human metabolic regulation, is similar in all 3 fields. However,
the application of metabolomics to nutritional research will be
met with unique challenges.”
and the first illustration in the review article is typical proton NMR
spectrum of human urine ( generally a bio fluid). Further to quote
from the authors as observed:
“The first challenge must be to identify all the chemicals in
different bio fluids that are linked to the human nutrition
metabolome, and the priority must be to gain a consensus for the
definition of a metabolome in human nutrition. The second
biggest challenge associated with the large NMR and MS outputs
is how to work with these large total data-capture data sets in
which many compounds remain unidentified.”
Thus the magnitude of effort required in generating data bases of bio
fluids from living beings to go about making use of this technique of
metabolic profiling for concerns of social welfare probably cannot
come about by simply instances of ailing people acting under doctor’s
prescriptions. A voluntary social activity must be the way; but it
requires an installation on the footing as if it is being a part of a
research organization. The author discusses several factors ( Fig 11)
related to human health and possible inferences from metabolomics
studies. The article is simple enough for beginners to follow what is
implied at this stage by pleading for an installation of this type. The
crucial stage is to mobilize resources and start up an enterprise of the

type which is a non-profit NGO. To the extent that it requires trained
persons and a consultancy with experts makes it to be a an innovative
endeavour involving huge costs. Maintaining a super conducting
magnet system without accidents requires extreme caution. But the
consoling factor is the several clinical laboratories are run particularly
using similar systems with regard to MRI scanning facilities but till
now MRS centres were not thought of and it is not too early to take
initiatives.
The references cited at the end of this article can be leading more
people to consider the establishment of such instrumental utility. And
how much can this be a entirely initiative of social organizations, and
the extent it will have to opt the institutional facilities are the main
considerations.

Fig 11

7.

CONCLUSION

As enough introductory notes have been included in this paper all
along, it is probably too early at this stage to discuss more of the
advances made in this area, and the kind of research activities pursued
in institutions in India and other countries. Hence in summary, it is
high time now consider a social venture involving huge investments
financially, and a monumental responsibility by a voluntary
participation by a cross section of the public to undertake a task in the
that is challenging to venture into. In the webpage of this author ( Ref
11) at the end, a variety of materials are included to evidence the
potential use of Metabolite profiling. The link to a published article
“PlantMetaboliteProfiling.pdf” is an introductory article on
Metabolite profiling which has a comparative report on the use of
Mass Spectroscopy and NMR Spectroscopy.

Fig 10
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ABSTRACT

Conventionally the natural product chemistry consists of extracting from plant resources and
analyzing for the constituents to isolated molecular systems and further characterizing and reporting
a synthetic route for the compounds. In fact, generally in living systems which naturally require inputs
for growth produce such intermediates and products that play a role synergistically and it is necessary
to know their importance exactly in the path where they alter the course or determine the
subsequent stages. Analytical methods, specifically the spectroscopic techniques have provided such
possibilities which are these days known as “high throughput” methods and the metabolomics is a
branch of study which escalates the natural product chemistry to encompass much greater
dimensions and results in medicinal chemistry also getting the due recognition as the frontier
research aspect? It is also possible to derive benefits from the Theoretical calculation-methods of
molecular interactions in order to reinforce the procedures adapted by the experimental methods, in
particular to mention the CADD, Computer Aided Drug Design.
It is being envisaged to summarize these recent trends in such a way that the beginners in the
area of Research in Chemistry would be able to find relevant simple tasks to accomplish to reach out
for an advanced research outlook for their career.

http://www.ugc-inno-nehu.com/ToxicHE.html
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INTRODUCTION
Conventionally the natural product chemistry consists of extracting from plant
resources and analyzing for the constituents to isolated molecular systems and further
characterizing and reporting a synthetic route for the compounds. The Natural Products are
produced by living cells. They are either produced as primary metabolites, which are used by
the cells for their own function or biosynthesized as secondary metabolites for various
purposes, most of which unknown to us. (Page-29, Section 2.1 Natural Products, Chapter 2
Chemical Space and the difference Between Natural Products and Synthetics, by Sheo B.Singh
and J.Chris Culberson, in Natural Product Chemistry for Drug Discovery, Edited by Antony D.
Buss and Mark S. Butler, RSC Biomolecular Seies No.18, RSC Publishing Royal Society of
Chemistry 2010). Metabolites are the products occurring at the various stages in the metabolic
pathways, and metabolism itself can be illustrated schematically as in the figure below. Thus
this means the ways and means by which the inter conversion of smaller and larger molecules
occur in living systems. Biological function of the large molecules, considering the structurefunction correlations, depend on the structures determined by the component small molecule
building blocks/units, and how the large molecules react to the presence of small molecules in
terms of the reactivity of small molecules and the corresponding active centers in the large
molecules. To what extent the small molecule chemistry can be the tool for altering and
improving the functions could be a concern of Natural Product Chemistry and the metabolomics
can be a facilitating technique in the process of identifying the small molecule natural product
requirements in the context of the larger interests of drug discovery and drug design. The small
molecule regime can be inclusive handling ions of the elemental atoms, in particular the
Toxicity and deficiency contexts. And, to derive information on these trace elemental effects, it
would be necessary to know the corresponding metabolic pathways and metabolites formed
would indicate by their constitution and concentrations the extent of trace elemental effects and
how to regulate their occurrences for the normal biological functions to prevail. Thus, for drug
discovery and drug design, the small molecule chemistry pertinent for the metabolic processes
has to be given a priority place. The clinical trials, drug administration, and targeting the drug to
the specified organ, the availability of the drug and related topics may be categorized as
biochemistry and bio-medicinal chemistry. In natural product chemistry, medicinal plants are
important sources for the small molecule information relevant for preventive (beginning with
food products) and curative consequences. The way the environmental pollution and
contamination of food products bring about unwanted manifestations to health status require an
effort, which, in the immediate surroundings, environmental regional locations and globally in
the context of ecosystems does not bring about imbalances affecting the larger interests; longrange and in the times to come. The requirement of analytical techniques, demand that
interdisciplinary strategies and multi disciplinary approaches are adapted for lasting solutions.
NATURAL PRODUCTS; Small Molecules in Biology and Macro molecular
building units:
The macro molecular building units are small molecules and the metabolism involving
the biosynthesis of larger molecules from the smaller building units may be reconstructed in
the laboratory in favorable cases and it is not unusual to find that the fast biological processes
which involve simple building units are not so simple to reconstruct in a laboratory. The entire
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set of molecules from smallest to the largest molecule encountered in the biological processes
are inclusive in the inventory of Natural Products, and, may be specified as biologically
relevant natural products. The metabolism, Fig.1, itself may be a network of reactions, with
the reactions specifiable as the building of larger molecules between certain nodes and
breakdown of larger ones into smaller ones among some other nodes, requiring the totality of
the event balance the onward and backward reactions to maintain appropriate concentrations
of reactants at specified nodes. The overall energy changes which occur get used up in
additional processes that may be occurring if there is generation of energy. The specified
network requires input of energy; it must be usually supplied from some other network that
generates energy. While in the balancing phenomenon the energy remains conserved mostly
within the system, and the dissipation usually is in terms of chemical matter rejected by the
system from the inputs conducive for consumption. Thus keeping track of what happens to the
chemical matter consumed as food and inhaled as air (pollution again being an unwanted
chemical) is the main task of chemists while noting the energy requirements and accounting
for the same.

Fig.1 Scheme Illustrating Metabolism

The following titles of publications indicate how metabolomics becomes relevant for the
context of small molecules which comes more under the purview of the subject of Chemistry.
Further the Fig.2 contains the spectrum of metabolite illustrating the kind of products one can
identify from Metabolite profiling and the extent to which these are amenable for study by
chemists.
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RESULTS FROM A VARIETY OF DISCIPLINES: An Enumeration,
To Substantiate the Recent Trends to Draw Attention of Chemists
The reference Ref.2 in the list of references at the end of this article, contains the
simplest introductory information required for chemists to make a beginning with their existing
familiarity with the NMR and MASS spectrometric analytical techniques. Following this the
series of publications from National Botanical Research Institute (CSIR), Lucknow, as can
be found from the links at the internet webpage
URL: http://aravamudhan-s.ucoz.com/BICProject_NEHU.html#OPSidhu
contains details of how the metabolomics can be useful for following the plant physiology. The
inferences as to how these evidences from metabolites can be tracked down further in terms of
small molecule chemistry are left for the chemists’ purview. The contents of Fig.2 above have
been extracted from the publication (Ref.3) in Bioresource Technology 99 (2008) 9032–9035.
The following text of the abstract of the short communication indicates the simplicity of the
entire effort for the objective of Study of Plant systems:
Seed development in Jatropha curcas L. was studied with respect to phenology, oil content,
lipid profile and concentration of sterols. Seeds were collected at various stages of development
starting from one week after fertilization and in an interval of five days thereafter till maturity. These
were classified as stage I to stage VII. Moisture content of the seeds ranged from 8.8 to 90.3%; the
lowest in mature seeds in stage VII and highest in stage I. The seed area increased as the seed grew
from stage I to stage VI (0.2–10.2 mm 2per seed), however, the seed area shrunk at stage VII.
Increase in seed area corresponded to increase in fresh weight of the seeds. 1H NMR spectroscopy of
hexane extracts made at different stages of seed development revealed the presence of free fatty acids
(FFA), methyl esters of fatty acids (FAME) and triglycerol esters (TAG), along with small quantity of
sterols. The young seeds synthesized predom-inantly polar lipids. Lipid synthesis was noticed nearly
three weeks after fertilization. From the fourth week the seeds actively synthesized TAG. Stage III is a
turning point in seed development since at this stage, the concentration of sterols decreased to
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negligible, there was very little FAME formation, accumulation of TAG increased substantially, and
there was a sudden decrease in FFA concentration. The findings can be helpful in understanding the
biosynthesis and in efforts to improve biosynthesis of TAG and reduce FFA content in the mature
seeds.

The following are the conclusions from the above study:
The present study shows variations in FFA, TAG, PUFA and MUFA apart from FAME and
sterols at various stages in development of seeds in J. curcas. The findings can be helpful for
understanding of biosynthesis and in efforts to improve biosynthesis of TAG and reducing FFA
content in the mature seeds. Earlier, attempts have been made to manipulate the rate of
triacylglycerol synthesis in maturing oil-seeds by light dark treatments (Perry et al., 1999). It has
been reported that with increase in carbon flux, the rate of TAG synthesis can be enhanced. The
present study will help in understanding of molecular mechanism implicating sterols or sterol/lipid
binding domain that affect hormonal signaling and other physiological and biological processes.

Following figure as from this publication illustrates the simplicity of spectral
appearance to follow the NMR spectra over several weeks to record the developmental stages
and monitor the changes for further interpretations. From the abstract it can be noted that no
isolation of molecules was necessary but only simple extracts from the parts of the plant in an
appropriate solvent medium.

Fig.3 NMR spectra of plant extract recorded as a function of time.
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Text books of organic chemistry prescribed in colleges and university give these
classifications of organic compounds and the characteristics; and, whether the spectral
changes address merely to concentration changes or changes in structures can be inferred by
obtaining the detailed inset of the spectral region available by data processing and plotting
from NMR spectrometer systems.
Reference 4 in the list is a study of changes occurring in plant systems due to infection.
The figure below consists of NMR spectra of healthy and infected tissues and the differences
as noticed in the spectra are studied in conjunction with certain morphological changes as
observable by the more recent Magnetic Resonance Imaging techniques and valuable
information obtained. The spectral lines below are marked with the chemical component
responsible for the NMR lines and these come under the purview of small molecule chemistry.

Fig.4 Study of healthy and diseased tissues inquiring for the identification of the
constituent small molecules.
In the URL:
http://aravamudhan-s.ucoz.com/BICProject_NEHU.html#PLANTA_MEDICA
Some of the Abstracts Links of Journal PLANTA MEDICA are included and one can find
that the titles of these abstracts corroborate further the possible role the small molecule
chemistry would have in life science studies.
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(a) TITLE: Quality Assessment of Polygonum cuspidatum and Polygonum multiflorum by 1H
NMR Metabolite Fingerprinting and Profiling Analysis (b)TITLE: Guidelines for Botanical
Identification Methods (c) TITLE: Multilab Reproduction on Component Quantification and
Qualitative Identification of Blueberry Leaf Extracts via NMR
Studies of Toxic Heavy Elements relevant from the point of view of chemists are
enumerated at the internet resource:
http://www.ugc-inno-nehu.com/St_Edmnd/FullArticle_NSToxicHeavyelements.pdf
in particular, four items is summarized as reported in research publications on NMR of Toxic
heavy elements. These items can be fall under two categories of studies:
(1). Infer the toxic effects of heavy elements (listed out in Table-1), by the
Conventional 1H,13C, 15N, 31P NMR spectroscopy without the necessity to directly detect
the Heavy Element Nuclei by Multi nuclear NMR spectrometers.
(2). Multi Nuclear NMR category of experiments.
The literature references have been cited so that the readers can access the original
articles from the literature documentations.
Item-1: This is based on the research publication (Reference-5 in list at the end) in
“Clays and Clay Minerals, Vol.48, No.5, 495-502, 2000”Title: A Nuclear Magnetic
Resonance (NMR) and Fourier Transform Infrared (FTIR) Study of Glycine Speciationon a
Cd-rich Montmorillonite”
In Fig. 5 below is the Cadmium NMR study for study of soils. Cadmium Toxicity is
studied by chemists in different contexts the important aspect highlighted is the Multinuclear
NMR technique that simplifies the study enormously by the simple way the spectra can be
obtained and the easily discernible aspects from spectral information.
The points to note are how the interlayer Cd+2 peaks and interlayer CdCl+ peaks
undergo changes with the concentration of the Organic compound. Such trends of shift in
resonant lines reflect the changes in electronic structure of the corresponding molecules and
hence evidence the chemical nature of interactions and the consequences could be biologically
significant. Thus the soil structure and transformations in such media because of organic
contaminants and heavy element pollutions can be studied with such detail and at any location
the constituents causing pollutions and the extent of contamination would indicate local
environmental factors. This publication is only an indicator as to how NMR can be utilized
for such purposes. Such inferences by studies on soils can be revealing growth characteristics
of Plants and thus the metabolic profiling and the related soil conditioning could be useful
information which can be providing for study of chemical reactions in biology and the
possible laboratory scale chemical modeling.
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Fig. 5 Cadmium NMR study for study of soils: Multinuclear NMR technique
Item-2 Based on (Reference-6 in the list at the end) the research publication in
“Chinese Journal of Chemistry, 2004, 22, 849-853” Title: “NMR and Pattern
Recognition Studies on the acute Biochemical Effects of Lu (NO3)3”
This investigation can come under the category of Metabolomics. Pattern Recognition
is a recent trend being applied to Data Processing and interpretation of NMR peaks in
biologically significant macro molecules. The conditions under which the 1H NMR
spectra of rat urine were recorded are well enumerated.
Below a NMR spectra of rat urine under a specified condition are reproduced from
which it should be evident as to how pattern recognition and principal component
analysis can be applied to such complex spectra of a biological sample, thus resulting
in such evident assignments of the metabolites. One may well be enlightened by
comparing such complex spectra with the proton NMR spectra of small molecules even
in which case it becomes an ordeal to make unambiguous assignments. The changes in
the spectral features with time and the nature of dosage of the chemical contamination
cited above. The conditions under which the 1H NMR spectra of rat urine were
recorded are well enumerated. Below a NMR spectra of rat urine under a specified
condition are reproduced from which it should be evident as to how pattern recognition
and principal component analysis can be applied to such complex spectra of a
biological sample, thus resulting in such evident assignments of the metabolites. One
may well be enlightened by comparing such complex spectra with the proton NMR
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spectra of small molecules even in which case it becomes an ordeal to make
unambiguous assignments. The changes in the spectral features with time and the
nature of dosage of the chemical contamination.

The above enumerations are illustrative of the Natural Product related biologically
important studies which require attention of Chemists. In the webpage URL:
http://ugc-inno-nehu.com/the_gamess.html
certain instances have been described as to how considerations based on Toxicity studies by
Multinuclear NMR can give rise to simple queries which beginners can investigate using
theoretical chemistry computational software. Thus engaging students at the early stages in an
almost cost-free internet environment can provide necessary background for starting with
advanced research studies in a well established research environment.
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Introduction

Although less sensitive than mass spectrometry (MS),
nuclear magnetic resonance (NMR) spectroscopy provides a powerful complementary technique for the
identiﬁcation and quantitative analysis of plant metabolites either in vivo or in tissue extracts. In one
approach, metabolite ﬁngerprinting, multivariate analysis of unassigned 1H NMR spectra is used to compare
the overall metabolic composition of wild-type, mutant,
and transgenic plant material, and to assess the impact
of stress conditions on the plant metabolome. Metabolite ﬁngerprinting by NMR is a fast, convenient, and
effective tool for discriminating between groups of
related samples and it identiﬁes the most important
regions of the spectrum for further analysis. In a second approach, metabolite proﬁling, the 1H NMR spectra
of tissue extracts are assigned, a process that typically
identiﬁes 20–40 metabolites in an unfractionated extract. These proﬁles may also be used to compare
groups of samples, and signiﬁcant differences in
metabolite concentrations provide the basis for hypotheses on the underlying causes for the observed
segregation of the groups. Both approaches generate
a metabolic phenotype for a plant, based on a systemwide but incomplete analysis of the plant metabolome.
However, a review of the literature suggests that the
emphasis so far has been on the accumulation of
analytical data and sample classiﬁcation, and that the
potential of 1H NMR spectroscopy as a tool for probing
the operation of metabolic networks, or as a functional
genomics tool for identifying gene function, is largely
untapped.

Metabolomics seeks to identify and quantify the complete
set of metabolites in a cell or tissue type, and to do so as
quickly as possible and without bias (Sumner et al., 2003;
Weckwerth, 2003). To achieve this objective, or at least to
approach it, it is necessary to draw on a range of analytical
methods. Mass spectrometry (MS) has established itself as
the method of choice, but complementary information from
other techniques, particularly nuclear magnetic resonance
(NMR) spectroscopy is potentially useful in extending the
coverage of the metabolome. In practice, most investigations of the plant metabolome tend to be based on either MS
or NMR, with little attempt to exploit the synergy between
them. In part this may reflect preferences arising from the
analytical strengths of different research groups, as well as
potential difficulties in reconciling and handling large
datasets from two techniques based on unrelated physical
principles, but it also reflects the usefulness of NMR and
MS datasets in their own right. With the latter point in mind,
it is useful to examine the practicality of using NMR as
a source of data for plant metabolomic analysis and to
review the emerging applications of NMR in metabolomics.
Until relatively recently the notion of developing experimental strategies for plant metabolomic analysis would
have been greeted with some scepticism since there was
little perceived need for such an unfocused approach.
However, when the need arose for high-throughput, systemwide analyses of plant metabolism it was possible to
harness existing MS and NMR methods that were already
well-suited to generating the necessary data. These methods
had been available for many years, and their scope for the
analysis of complex mixtures was already well known, but
these factors were not in themselves sufficient to trigger
much interest in a metabolomic approach to plant analysis.
It required a biological rationale to generate interest in
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given elsewhere (Fiehn, 2002; Sumner et al., 2003),
NMR either generates a metabolite profile, in which the
NMR signals are assigned to specific metabolites, or
a metabolite fingerprint, in which the analysis is based on
the distribution of intensity in the NMR spectrum rather
than the assignment of the signals.
Metabolite detection by NMR
Any molecule containing one or more atoms with a nonzero magnetic moment is potentially detectable by NMR
and, since the isotopes with non-zero magnetic moments
include 1H, 13C, 14N, 15N, and 31P, all biologically important molecules have at least one NMR signal. These signals
are characterized by their frequency (chemical shift), intensity, fine structure, and magnetic relaxation properties,
all of which reflect the precise environment of the detected
nucleus. Thus NMR spectra often contain a wealth of
information about the identity of the molecules in the
sample, and it is on this basis that NMR can be used to
identify and quantify metabolites in samples of biological
origin.
This simple conclusion masks the versatility of the NMR
technique as a tool for metabolite analysis in at least three
ways. First, NMR is non-destructive, and spectra can be
recorded from cell suspensions, tissues, and even whole
plants, as well as from extracts and purified metabolites
(Ratcliffe, 1994; Ratcliffe and Shachar-Hill, 2001). Second,
NMR offers an array of detection schemes that can be
tailored to the nature of the sample and the metabolic
problem that is being addressed (Ratcliffe et al., 2001).
Thus analysing the metabolite composition of a tissue
extract, determining the structure of a novel metabolite,
demonstrating the existence of a particular metabolic
pathway in vivo, and localizing the distribution of a metabolite in a tissue are all possible by NMR. However, the
nature of the NMR measurements that are required for these
tasks, particularly in relation to the hardware requirements,
the detection scheme, and the sensitivity of the analysis are
very different (Ratcliffe et al., 2001). Third, the natural
abundance of some of the biologically relevant magnetic
isotopes is low and this allows these isotopes, particularly
2
H, 13C, and 15N, to be introduced into a metabolic system
as labels prior to the NMR analysis. This has the effect of
lowering the concentration threshold for the detection of
these atoms, but more importantly it allows the exploration
of metabolic pathways, leading to qualitative information
on the links between labelled precursors and their products
and quantitative information on metabolic fluxes (Bacher
et al., 1999; Roberts, 2000; Kruger et al., 2003).
The high-throughput, system-wide objective of metabolomics puts a premium on sensitivity and ubiquity; the aim
is to detect as many metabolites as possible in the shortest
possible time. For NMR, this means restricting the detection
scheme to the most sensitive magnetic nuclei and avoiding
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system-wide metabolic analysis and this continues to be
based on two considerations.
First, it has become clear that the complexity of the plant
metabolic network is such that it is not yet possible to
construct predictive models of metabolic performance that
allow rational metabolic engineering of plant genomes
(Sweetlove et al., 2003; Kruger and Ratcliffe, 2004). The
fundamental problem is a shortage of quantitative information on the components of the metabolic network, and
the interactions between them, with the result that many of
the subtleties that determine the robustness of the network
are not yet captured by the available modelling approaches.
The progress that is being made in developing in silico
genome-scale models of bacterial metabolism may eventually offer a way out of this impasse (Reed and Palsson,
2003), but an equally valid response is to increase the scale
and scope of traditional metabolic analysis with the aim of
defining more of the parameters that determine the properties of the network (Kruger and Ratcliffe, 2004).
Second, it can be argued that the metabolome is a fundamentally important biochemical manifestation of the genome, that, in effect, it defines a metabolic phenotype and
that system-wide metabolic analysis could be a useful tool
for functional genomics (Fiehn et al., 2000; Fiehn, 2002).
Strategies for identifying the function of unknown genes
on the basis of metabolomic data have been proposed
(Raamsdonk et al., 2001; Allen et al., 2003), and more
generally there is considerable interest in using metabolic
phenotypes as the basis for discriminating between plants of
different genotypes, or between plants subjected to different
treatments (Roessner et al., 2001, 2002). Whether a phenotype based on the metabolic composition of a cell or tissue is
the most appropriate choice for functional genomic applications, or whether it would be more revealing from
a functional perspective to use the fluxes between metabolites as the basis for defining a metabolic phenotype (Kruger
et al., 2003) is a matter for debate (Ratcliffe and ShacharHill, 2005), but there is increasing evidence, for example
from investigations of transgenic plants (Roessner-Tunali
et al., 2003), that metabolomic analysis is a useful phenotyping tool. Moreover, the value of a metabolic phenotype,
however defined, is greatly increased by the possibility of
correlating the data with the system-wide analysis of gene
expression and protein content (Urbanczyk-Wochniak et al.,
2003).
This review assesses the contribution that NMR is
making to system-wide metabolite analysis in plants, providing a description of the analytical capabilities of NMR,
the suitability of the method for metabolomic analysis, and
a survey of the applications of the technique. At the outset it
should be emphasized that NMR, as with all the other
techniques that have been recruited for system-wide metabolite analysis, is restricted by sensitivity considerations
to an analysis of the subset of the metabolome that exceeds
a concentration threshold. Thus, within the definitions
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Fig. 1. 1H NMR spectrum of a chloroform-methanol extract of 10 d rice
(Oryza sativa) leaves recorded in D2O, showing (A) the full spectrum and
(B–D) expansions of the three main spectral regions. One-dimensional
1
H NMR spectra of tissue extracts contain a multitude of overlapping
signals, with multiple signals from each detected metabolite in almost all
cases. Pattern recognition techniques can be used to compare sets of
spectra for fingerprinting purposes, while detailed analysis of the spectra
can lead to the identification or 20–40 metabolites in typical extracts.
Unpublished observations of P Krishnan, NJ Kruger and RG Ratcliffe.

and in vivo applications (Exarchou et al., 2003; Hinse et al.,
2003).
Apart from sensitivity, the other crucial feature of any
metabolomic technique is that it should be able to generate
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the complications associated with in vivo detection by
analysing tissue extracts. The most sensitive commonly
occurring magnetic isotope is 1H and this is inevitably the
preferred nucleus for most metabolite fingerprinting and
profiling applications of NMR (Fig. 1). Other possibilities
include 19F, which has a comparable sensitivity to 1H, and
which can be used to profile plant tissues after treatment
with fluorinated agrochemicals (Aubert and Pallett, 2000;
Bailey et al., 2000a); 31P, which can be used to profile the
more abundant phosphate esters in tissue extracts; and 13C,
which can be used to profile amino acids, carbohydrates,
lipids, and organic acids in extracts derived from labelled or
unlabelled tissues. For 1H NMR, the concentration threshold for routine detection of a metabolite in an extract using
a modern high field spectrometer is probably 10 lM,
corresponding to a quantity of 5 nmol in the typical sample
volume of 500 ll. In practice, the achievable sensitivity is
strongly dependent on the field strength of the magnet, and
on the design of the probehead that allows the signals to be
detected. NMR spectrometers are available with field
strengths up to 21 Tesla, corresponding to a 1H NMR
frequency of 900 MHz, but most metabolic analysis is done
on the more commonly available instruments that operate in
the range 300–600 MHz. Since increasing field strength also
increases spectral resolution, reducing the number of overlapping signals in the spectrum, it is the spectrometers at the
upper end of this frequency range that are the most effective
for metabolite profiling by 1H NMR.
Probehead design has a marked influence on the achievable sensitivity at a particular field strength, and there are
two possibilities that extend the scope of 1H NMR as
a metabolite profiling technique. First, samples that are only
available in very small quantities can be analysed in scaleddown probeheads (‘microprobes’). Volumes as small as
50 ll can be analysed and the quality of the spectra is better
than can be obtained from the same quantity of material
diluted into the larger volume required for a conventional
probehead. Second, the increasing availability of cryogenic
probeheads, in which the sensitivity is increased by cooling
the detection system, offers the prospect of a substantial
improvement in the detection of signals that are at the limit
of detection in conventional probeheads. Cryogenic probeheads are mainly used to record spectra from macromolecules, but they are also suitable for metabolic analysis
and the first results with these probeheads confirm that they
can deliver substantial gains in sensitivity for both extracts
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H NMR spectrum to be identified and assigned to particular compounds. Heteronuclear correlation experiments are
also useful when the extract is derived from a tissue that has
been labelled with 13C or 15N, and both types of twodimensional NMR experiment have been used successfully
for the analysis of plant tissue extracts (Fan, 1996).

Comparison of NMR and MS as metabolomic
techniques
The next question to consider is the extent to which NMR
measures up to the metabolomic ideal of a high-throughput,
system-wide analytical technique and, in particular, to
consider the advantages and disadvantages of NMR relative
to the more commonly used MS approach. Sensitivity is
perhaps the most important requirement for metabolomics,
since high sensitivity favours the rapid analysis of a greater
fraction of the metabolome. Here 1H NMR, with a detection
threshold of perhaps 5 nmol, is several orders of magnitude
less sensitive than MS, which has a detection threshold
of 10ÿ12 mol (Sumner et al., 2003). Moreover, with the
exception of 19F, the comparison becomes even less favourable for the NMR detection of most other nuclei. This
difference in sensitivity translates into a more complete
coverage of the metabolome with MS: 326 polar and
lipophilic metabolites were detected, and 164 identified, in
an analysis of Arabidopsis thaliana leaves based on a single
phase separation (Fiehn et al., 2000); while more than 150
polar metabolites were detected, and 77 identified, in an
extract of potato tuber tissue (Roessner et al., 2000); and
over 70 metabolites were identified in a recent analysis of
hexokinase overexpression in tomato plants (RoessnerTunali et al., 2003). These figures comfortably exceed the
20 (Fan et al., 1988; Sobolev et al., 2003), 30 (Le Gall et al.,
2004), or 40 (Le Gall et al., 2003) metabolites that have
typically been identified in metabolite profiling studies of
plant samples by 1H NMR; and while the disparity with MS
may diminish as the use of in-line chromatographic separation steps in NMR increases, the greater sensitivity of MS
will ensure that MS will retain the advantage of being able to
analyse smaller samples.
In fact, a simple calculation suggests that both NMR and
MS should be capable of detecting signals from the whole
metabolome, provided the extraction procedure is scaled
correctly. Given that the Michaelis constants of most
enzymes are in the range 1 lM to 10 mM, it is likely that
1 lM is the lower limit for the concentration of most
intracellular metabolites. Assuming that a metabolite with
this concentration is restricted to just 10% of the tissue
volume, the tissue content would be 0.1 nmol gÿ1 fresh
weight. Thus the extraction of 50 g of tissue should permit
the detection of the whole metabolome by 1H NMR, and
just 10 mg of tissue should be sufficient for MS. If it is
further assumed that a typical cell might contain 5000
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identifiable signals from as many metabolites as possible.
Since most molecules of biological interest contain hydrogen, 1H NMR is again the obvious choice for system-wide
metabolite analysis by NMR (Fig. 1). However, 1H NMR
suffers from the significant disadvantage that the dispersion
of the signals in the NMR spectrum is rather small, resulting
in extensive overlap in the signals in most regions of the
spectrum. This problem is much less acute in 13C, 15N, 19F,
and 31P NMR spectra, but each of these alternatives is less
attractive for metabolite profiling than 1H NMR. Thus while
carbon, and to a lesser extent nitrogen, are ubiquitous, the
sensitivity of NMR detection is greatly reduced by the low
natural abundance of 13C and 15N (1.1% and 0.37%,
respectively). By contrast, 19F and 31P are naturally abundant, and the sensitivity with which 19F can be detected is
comparable to 1H, but these nuclei can only report on a very
restricted subset of compounds. In the light of these
considerations, it is unsurprising that 1H NMR is the most
commonly used NMR technique for metabolite profiling,
but this raises the question of how the problems arising from
the limited spectral dispersion can be circumvented, or at
least minimized.
One option is to combine the NMR analysis with an inline chromatographic separation technique, so that the
extract is effectively fractionated before recording a sequence of NMR spectra (Lindon and Nicholson, 1997;
Exarchou et al., 2003). This approach, which is analogous
in its effect to the coupling of gas chromatography to MS,
largely eliminates the overlap problem in the 1H NMR
spectrum, and indeed it is often combined with a parallel
analysis by MS to create a powerful strategy for the analysis
of pre-selected groups of metabolites. The extra information that can be teased out of the 1H NMR spectrum in this
way more than compensates for the extra time required for
the analysis.
The second option is to take advantage of NMR detection
schemes that increase spectral resolution by distributing the
signals along two frequency axes (Fig. 2; Fan, 1996;
Ratcliffe et al., 2001). Manipulating the NMR signals to
produce a two-dimensional spectrum takes longer than
a simple one-dimensional experiment, and it requires a more
complicated, although still routine, detection scheme. However, the increased information content of the spectrum, in
particular, the increase in the number of detected signals that
are diagnostic for a specific molecule, makes this an
attractive option for the analysis of tissue extracts. These
experiments exploit the interactions between the NMRdetectable isotopes in a molecule, and they result either in
homonuclear correlation, where the two frequency axes of
the spectrum correspond to the same nucleus, usually 1H, or
in heteronuclear correlation, where one frequency axis
corresponds to 1H and the other corresponds to 13C, 15N,
or occasionally, 31P. Homonuclear correlation experiments
are particularly useful in metabolite profiling, allowing
linked subsets of peaks in the conventional one-dimensional
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Fig. 2. Homonuclear correlation between 1H NMR signals in the two-dimensional TOCSY spectrum of a wheat (Triticum aestivum) exudate. The
exudate was collected under conditions that enhanced the production of 29-deoxymugineic acid (DMA; structure top right). The normal one-dimensional
1
H NMR spectrum is shown in the projection at the top of the figure, and the TOCSY spectrum distributes the intensity in two dimensions in a way that
reflects the structure of the detected metabolites. In this exanple the TOCSY spectrum links the hydrogen atoms in three isolated groups, revealing the
expected correlations between H2, H3, and H4, between H19, H29, and H39, and between H1$, H2$, and H3$. The spectrum also contains signals from
MES buffer (structure top left) apparently as a result of uptake and re-secretion. Adapted from Fan et al. (2001) with the permission of Elsevier Science.

metabolites, then it appears that MS identifies considerably
less than 5% of the metabolome, even though the whole
metabolome is potentially detectable. This argument ignores any bias against particular classes of compound
arising from the extraction method, but it serves to emphasize that sensitivity is not the only issue for metabolomic
techniques, and that the difficulty of detecting minor
components in the presence of much larger signals may
be the most serious obstacle to a complete analysis.

The actual size of the metabolome for a plant cell is
unknown, and the estimate of 5000 metabolites may be
conservative (Trethewey, 2004), so the number of metabolites identified by MS and NMR may be an even smaller
fraction of the total than the calculation suggests. However,
in considering the likely size of the metabolome, it may
be useful to consider the solvation and osmotic implications
of large numbers of metabolites present at concentrations
that permit significant binding to typical enzymes. 10 000
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protocol for separating the contributions from the different
components of complex mixtures. However, the ease with
which NMR spectra can be recorded and quantified, plus
the fact that even MS seems to be capable of identifying
only a small fraction of the metabolome, indicates that
metabolite analysis by NMR adds value to metabolomics
through complementarity. Currently, MS is closer to the
metabolomic ideal than NMR, but the fingerprinting and
profiling investigations described in the following sections
emphasize the important role that NMR can play in the
system-wide analysis of plant metabolism.
Metabolite ﬁngerprinting of plant tissues
using NMR
Fingerprinting ignores the assignment problem presented
by the multitude of signals in a high resolution 1H NMR
spectrum and, instead, uses multivariate analysis to compare sets of spectra and hence the samples from which the
spectra were derived. The signals in these spectra have their
origin in the metabolites present in biological samples used
for the NMR analysis, but the identity of the metabolites is
secondary to the task of establishing whether the spectra
from a set of samples are similar or different. This pattern
recognition approach to the analysis of NMR spectra was
developed in the biomedical field (El-Deredy, 1997; Lindon
et al., 2001) and, more recently, the approach has been
adopted for the analysis of extracts and materials of plant
origin (Defernez and Colquhoun, 2003).
In outline, metabolite fingerprinting involves sorting
datasets into categories so that conclusions can be drawn
about the classification of individual samples. Typically,
the starting point is a principal components analysis of the
digitized spectrum and this in itself may be sufficient to
divide the sample set into a number of categories. Subsequently, it may be informative to investigate the variables
that are most important in discriminating between the
samples and this leads back to the NMR signals and the
metabolites that they represent (Fig. 3). Thus the approach
has the great merit of avoiding the often time-consuming
process of signal assignment before it is necessary, and
when that point is reached, attention is focused on those
parts of the spectrum that are most relevant to the question
being addressed. The approach also has the advantage that
it is rapid, and that it is largely unbiased in detecting the
metabolites that happen to be present in the sample, making
NMR fingerprinting an attractive analytical technique for
defining metabolic phenotypes.
Some of the early applications of NMR fingerprinting in
plant analysis focused on food products, particularly fruit
juices, with the aim of discriminating between juices derived
from different varieties of the same fruit. For example, in
a study of apple juices, it was shown that the 1H NMR
spectra could be used to distinguish between three types of
apple with a success rate of up to 100% under favourable
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soluble metabolites present at 1 lM would be equivalent to
a total concentration of only 10 mM, which would have
negligible implications for solvating power and water
potential; whereas 10 000 metabolites at 100 lM, corresponding to the midpoint of the Michaelis constant range,
would generate an implausibly high concentration of 1 M.
This consideration suggests that a large fraction of the
metabolome may be present at very low concentrations in
pools that turn over slowly because of weak interactions
with protein binding sites. The significance of an abundance of very low concentration metabolites may be
difficult to assess (Nicholson and Wilson, 2003) and indeed
many of them may merely reflect the haphazard way in
which material flows through a metabolic network in which
each metabolic conversion is the result of a chance encounter with a binding site that cannot guarantee an
absolute outcome. However, in order to investigate the
implications of this analysis, it becomes even more important to develop routine procedures for measuring the minor
components of the metabolome.
Overlapping signals, and the dynamic range problem
associated with a potential concentration range of some five
orders of magnitude, limit the scope of both MS and NMR
for metabolomic analysis. For example, minor signals in
MS can be difficult to identify in the isotopomeric noise
surrounding the mass ions of major components, and minor
components can be obscured by the wings of major components as they leave the GC column. However, the precision
and range of the mass measurements is an advantage in
unravelling the mass spectrum, as is the routine use of GC
to fractionate the extract. Similarly, the restricted chemical
shift range in a one-dimensional 1H NMR spectrum is
a major hindrance to metabolite identification at even the
highest magnetic fields, but the problem is alleviated by
using two-dimensional NMR techniques or by fractionating
the sample with LC.
There are several other factors that influence the suitability of MS and NMR as metabolomic techniques. Both
methods require tissue extraction, but many classes of
compound need derivatization before GC-MS, so preparing
MS samples is more time-consuming and more likely to
generate an unrepresentative sample. NMR also has a slight
advantage for quantitative analysis, since the high stability
of modern spectrometers makes this task straightforward,
by contrast with MS where frequent calibration and variable
retention times can complicate quantitative analysis. Both
techniques usually generate multiple signals, which is an
advantage for metabolite identification and a disadvantage
in terms of spectral complexity. However, in MS, some of
this multiplicity comes from the fragmentation of the mass
ion, complicating quantitative analysis; whereas in NMR,
multiple signals arise directly from the same molecule and
thus provide a cross-check on metabolite quantitation.
Overall the comparison between MS and NMR shows
a clear sensitivity advantage for MS and a better developed
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Fig. 3. Comparison between a region of the one-dimensional 1H NMR spectrum of an extract obtained from a transgenic tomato (Lycopersicon
esculentum) fruit and the loading for a partial least squares (PLS) score derived from a multivariate analysis of the spectra of control and transgenic
tomatoes at three stages of development. This particular PLS score discriminated between control and transgenic tomatoes, and the positive and negative
loadings indicate the signals that tended to be higher in the transgenic and control fruits, respectively. Adapted from Le Gall et al. (2003) with the
permission of the American Chemical Society.

2000; Sumner et al., 2003) and it is clear that growing
conditions need to be tightly controlled if the sensitivity and
precision of the analysis is not to be swamped by factors
that are extraneous to the investigation. Moreover, even
with tightly controlled growth conditions, it may be
necessary to pool samples to reduce biological variation
(Sumner et al., 2003).
Second, stringent control of sample preparation, NMR
data collection and spectrum processing are all essential if
the benefits of the fingerprinting approach are to be maximized (Lommen et al., 1998; Defernez and Colquhoun,
2003; Ott et al., 2003; Ward et al., 2003). Operationally the
key objectives are (i) to maximize the reproducibility of
NMR data collection and (ii) to minimize misalignment of
the NMR signals before embarking on the statistical analysis
(Defernez and Colquhoun, 2003). Ideally, two replicate
samples would generate two identical NMR fingerprints,
but, in practice, there will be discrepancies in lineshape and
chemical shift, both of which will hinder the classification
of the spectra as identical. Changes in lineshape can be
minimized by using exactly the same sample volume and by
optimizing the magnetic field homogeneity before data
acquisition. This should be sufficient to generate reproducible lineshapes, but if not then the lineshapes can be
manipulated during processing, for example, by varying
the linebroadening parameter to ensure that the processed
linewidth for a particular signal is the same in every spectrum
(Lommen et al., 1998). Changes in chemical shift can also
be problematic and the negative impact of such changes
on a principal components analysis has been demonstrated
(Defernez and Colquhoun, 2003). Careful sample preparation, with precise control of the pH, and precise temperature control during the acquisition of the spectrum should
ensure that most signals occur at exactly the same chemical
shift. However, differences in ionic strength and specific
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conditions (Belton et al., 1998). This study was largely
based on principal components analysis and inspection of
the loadings identified sucrose and malate as the major, but
not exclusive, basis for the classification. A similar approach
was recently taken in a comparison of commercial feverfew
preparations (Bailey et al., 2002), and this study demonstrated the ease with which NMR, as a non-selective
analytical technique, can pick out anomalous or unusual
samples, as well as the power of multivariate data analysis
for discriminating between sets of similar spectra.
In fact, the NMR fingerprinting principle illustrated by
these investigations can be extended to many other types of
comparison, and substantial investigations have been reported in several areas, including the impact of environmental factors, for example, fluctuating growth conditions
(Lommen et al., 1998), exposure to cadmium (Bailey et al.,
2003) and herbicides (Ott et al., 2003), as well as comparisons between ecotypes of Arabidopsis thaliana (Ward
et al., 2003) and between wild-type and transgenic genotypes of tomato (Noteborn et al., 2000; Le Gall et al., 2003)
and pea (Charlton et al., 2004). Fingerprinting provided the
basis for an informative classification of the samples in each
of these applications and it is possible to draw several
general conclusions about the approach from this work.
First, NMR fingerprinting has revealed substantial variability in the metabolic composition of plants grown under
nominally the same conditions. For example, in an NMR
analysis of tomato fruit it was found that up to 30% of the
metabolites that contributed to the fingerprint varied significantly (Noteborn et al., 2000) and, in a study of the
mode of action of herbicides using 5–10-d-old maize
seedlings, several hours under altered conditions following
a growth cabinet malfunction was sufficient to produce
detectable effects on the fingerprint (Ott et al., 2003).
Similar observations have been made with MS (Fiehn et al.,
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Metabolite proﬁling of plant tissues using NMR
Although multivariate analysis of 1H NMR spectra from
samples of plant origin is a relatively recent development,
NMR spectroscopy has been used as an analytical tool to
identify the metabolites in such samples for many years
(Fan, 1996). In fact, using multivariate analysis as a tool to
identify the interesting features of a spectrum prior to

embarking on an assignment exercise provides an efficient
way to explore the plant metabolome, and it is likely to
become a standard procedure in investigations that proceed
beyond the discrimination step in a fingerprinting exercise
(Le Gall et al., 2003, 2004). However, profiling applications of NMR in plant tissues have usually focused
immediately on the identification of particular metabolites,
and so the techniques that have been developed to extract
useful analytical information from the spectra of complex
mixtures have been developed from a purely analytical
perspective (Fan, 1996).
1
H NMR spectroscopy is the most commonly used form
of NMR for metabolite identification, and in some early
profiling experiments on plant tissues this technique was
applied in vivo (Fan et al., 1986a, b, 1988). This allowed
the metabolic response of the tissues to anoxia to be
monitored directly, and it was also possible to deduce
information about the subcellular distribution of a limited
number of metabolites. However, the poorer resolution of
the in vivo spectra made the assignment problem more
difficult, both by increasing overlap and by masking the
characteristic splitting of spin-coupled resonances, and it
was concluded that a more detailed profile of the metabolic
composition of the tissue could only be obtained by
working with tissue extracts. The narrower lines in the
extract spectra made it easier to implement two dimensional
NMR techniques, allowing assignments to be made on the
basis of correlations between signals in different regions of
the spectrum. This increased the number of metabolites that
could be identified in the extract, and it also increased the
number of assignments that could be made retrospectively
in vivo. Thus the conclusion from this early work was that
quantitative information on around 20 metabolites could be
easily obtained from unfractionated extracts of plant tissues
and that the key to maximizing this number was to use twodimensional spectroscopy (Fan, 1996).
Analysing the metabolic composition of a tissue with
1
H NMR spectroscopy has several advantages: only a crude
extract, and therefore minimal sample preparation, is required; a wide range of compounds can be analysed, providing definitive structural information with no restrictions
relating to volatility, polarity or the presence of specific
chromophores; the method is non-destructive, permitting
subsequent analysis by other methods; and the method can
be applied with little prior knowledge of the composition of
the sample (Fan, 1996). Despite these advantages, and in
contrast to the biomedical field, there have been relatively
few applications of the 1H NMR method to samples of plant
origin, with the main interest being in the analysis of root
exudates and fruit juices. For example, there have been two
substantial investigations of unfractionated root exudates,
both of which resulted in the identification of numerous
organic acids, amino acids, and derivatives of mugineic acid
(Fig. 2; Fan et al., 1997, 2001). One- and two-dimensional
NMR analyses, including both homonuclear (1H-1H) and
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interactions between components in the sample may lead
to discrepancies in peak position and these can only be corrected by aligning regions of the spectra before the statistical
analysis (Defernez and Colquhoun, 2003).
Third, several of these investigations have provided the
strongest possible argument for NMR fingerprinting by
generating interesting biological insights into the systems
that have been analysed. For example, investigations of
transgenic plant material have highlighted the potential
value of NMR fingerprinting as a tool for investigating the
substantial equivalence of conventional and engineered crop
plants (Noteborn et al., 2000; Le Gall et al., 2003; Charlton
et al., 2004). Thus in one study of transgenic tomatoes
only minimal compositional differences were found between isogenic transgenic and wild-type lines after allowing
for the substantial variation caused by external factors
(Noteborn et al., 2000); while in a second study of a line
that had been modified to increase the flavonol content,
statistically significant changes in metabolites, other than
those that had been deliberately increased, were found to be
minor and within the variation that would be observed in
a field-grown crop (Le Gall et al., 2003). Interestingly, in
a recent study of the differences in composition between
wild-type and transgenic pea lines, the wild-type material
showed greater variation, and a detailed analysis of this
effect led to the conclusion that it was caused by the
transformation process selecting for a subset of individuals
rather than by the transgene itself (Charlton et al., 2004).
Biological insights have also been forthcoming from
fingerprinting analyses of abiotic stress. For example, in
a study of cadmium toxicity (Bailey et al., 2003), principal
components analysis of the 1H NMR spectra showed clear
discrimination between control plants and plants exposed to
cadmium, and the loadings plot for the first principal
component was dominated by changes in a handful of
signals that could be readily assigned to particular metabolites. Clearly the next step will be to use this information to
test hypotheses about the metabolic response to cadmium
but this was beyond the scope of the fingerprinting study.
Finally, in an impressive investigation of herbicide action,
NMR fingerprints of maize seedlings were used as the input
for a neural network analysis (Ott et al., 2003). This led to
a robust method for discriminating between 19 modes of
action and it was argued that it was sufficiently reliable to
be a useful tool in the discovery of bioactive compounds
with novel modes of action.
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latter study, sensitivity was further increased by using
a solid phase extraction (SPE) step between the HPLC
column and the NMR spectrometer, and a cryogenic probe
to detect the NMR signals. The SPE cartridge serves to
concentrate the sample and it also avoids the use of large
volumes of expensive deuterated solvents for the LC
separation, since it is only necessary to use a deuterated
solvent, which is required for the 1H NMR analysis, to elute
the sample from the cartridge.
In principle, these so-called hyphenated NMR techniques have the potential to increase the number of metabolites that can be identified in 1H NMR fingerprints of crude
extracts. However, techniques such as LC-UV-SPE-NMRMS (Exarchou et al., 2003) are mainly used in the realm of
natural products research and xenobiotic metabolism, and
they have yet to be combined with the fingerprinting
approach described in the preceding section. It seems likely
that it will only be possible to obtain a true measure of the
fraction of the plant metabolome that can be analysed by
NMR when fractionation of tissue extracts becomes a routine tool for the assignment of the spectra used in fingerprinting analysis.
Concluding remarks
Although compromised to some extent by its sensitivity,
1
H NMR spectroscopy is an effective technique for both
metabolite fingerprinting and metabolite profiling applications in samples of plant origin. These analyses have the
potential to complement high-throughput system-wide
analyses by MS, and the application of coupled techniques
that allow parallel MS and NMR analyses on the same
sample would seem to be an ideal way to increase the
fraction of the metabolome that can be revealed by routine
analysis. Curiously, the two factors that have driven the
recent growth in metabolomics, the need for more comprehensive analyses to underpin our understanding of the
metabolic network and the possibility of using metabolic
phenotypes based on composition to uncover gene function, have yet to be greatly advanced by either the NMR or
MS approaches to system-wide metabolite analysis. In this
regard it is notable that the potentially powerful strategy of
using metabolome data to reveal the phenotype of silent
mutations exploited metabolite fingerprints based on 1H
NMR analysis (Raamsdonk et al., 2001). The original
demonstration of this method was in yeast and it is
disappointing that it has apparently not yet been applied
successfully to plants.
Acknowledgements
NJK and RGR thank the UK Biotechnology and Biological Sciences
Research Council for financial support. PK thanks the Indian
Department of Science and Technology for the award of a BOYSCAST Fellowship.

Downloaded from jxb.oxfordjournals.org by guest on May 16, 2011

heteronuclear ( H- C) correlations, were complemented by
GC-MS, to identify the presence of components present at
low concentration, and by high resolution MS spectrometry,
for accurate molecular mass measurements. This combination of techniques showed clear differences between the
exudates of different species and genotypes, and it was also
possible to monitor changes in the composition of the
exudates brought about by iron deficiency (Fan et al., 1997,
2001).
Fruit juices have been the other main target for compositional analysis of unfractionated samples from plant
material and a recent study of tomato juice provides
a representative example (Sobolev et al., 2003). A comprehensive analysis of the spectra, again using a full range
of two-dimensional NMR techniques, led to the assignment
of more than 90 signals from 19 metabolites, and the
spectra were then used for a comparison between two
tomato cultivars. In a similar study of transgenic tomato
lines, NMR analysis of extracts prepared from freeze-dried
fruits led to the identification of more than 40 compounds
and this formed the basis for a quantiative analysis of the
unintended metabolic consequences of the transformation
(Le Gall et al., 2003).
It is notable that in almost all these profiling investigations the emphasis has been on determining composition
and relating it to the classification of the samples into
different groups, rather than on testing hypotheses about the
control and regulation of metabolic processes. Thus, in
contrast to metabolite profiling by GC-MS, where one of
the objectives is to use the data to further understanding of
intermediary metabolism and its manipulation (RoessnerTunali et al., 2003), the data from 1H NMR analyses have
been used almost exclusively for analytical and screening
purposes.
While one of the advantages of NMR as a metabolite
profiling technique is that informative spectra can be
recorded from crude extracts, it is also possible to use inline separation techniques to simplify the analysis. This
approach has had a major impact on the use of NMR for
metabolic analysis in the biomedical field (Lindon et al.,
1996), and the use of LC-NMR is now well established as
a technique for phytochemical analysis (Bringmann et al.,
1998; Exarchou et al., 2003). LC-NMR eliminates the need
to purify a compound before analysis, and the NMR spectra
can either be recorded in continuous flow or stopped flow
mode, the latter involving so-called peak parking in which
fractions from the column are diverted to a storage loop
while a spectrum of sufficient quality is recorded from the
fraction that is already in the NMR magnet. A further
elaboration of this scheme is to split the output from the
HPLC column into two pathways, one destined for NMR
analysis and the other for MS. This powerful combination
has been used to investigate xenobiotic metabolism in
plants (Bailey et al., 2000a, b) and to identify natural
products in plant extracts (Exarchou et al., 2003). In the
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Fiehn O, Kopka J, Dörmann P, Altmann T, Trethewey RN,
Willmitzer L. 2000. Metabolite profiling for plant functional
genomics. Nature Biotechnology 18, 1157–1161.
Hinse C, Richter C, Provenzani A, Stöckigt J. 2003. In vivo
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This is a Provisional file to indicacte and emphasize on the
magnitude of effort to get such a installation by initiatives
from PUBLIC at large.

Experimental
sample for
spectrum
BIOFLUIDS

Magnetization

Basic experimental technique

Nuclear Magnetic Resonance

Alignment
to along
(up) and
against
(down)
magnetic
field

Atoms, Chemical
Molecules and
Materials have
nuclei present

Random orientation of
moments

Experimental
sample is to be
placed in
Magnetic field
and exposed to
RF radiation

1H, 13C,

15N, 31P

Oscillating
magnetic field at
Radio frequency
can cause nuclei
(placed in
Magnetic field), to
resonate.

Magnetic Moments
can interact with
externally applied
steady magnetic
fields
Experiment in
an External
Magnetic Field
Magnet is
part of the
1H (protons in
instrument
molecules)

Several Nuclear
isotopes have
characteristic
magnetic moments

Typically spectrometer
specifications are in terms
of the RF frequency of Protons

9.34 Tesla = 400MHz
400 MHz NMR Systems
are typical

Slide numbers
are as in youtube
video cited

Obtaining FT NMR

Elaboration on the even more basic Single
spin Magnetic moment situation in a steady
applied Magnetic field and the Consequent
Magnetization can be viewed at
YOUTUBE.COM

A steady Uniform Magnetic Field of 9.34 Tesla
is applied
(find in Slide #3)

http://www.youtube.com/aram1121944
Uploaded files

Experimental sample is placed in the
magnetic field
(as in slide#3)

1_NMR and 2_NMR

Magnetization Builds up due to Relaxation
process in Time T1 (slide#3 & Slide#10)

z

A rectangular pulse of 400 MHz RF frequency
is applied to bring the magnetization to XY
Plane (slide #3, 4, &5 and others)

x

y

Magnetization decay due to T2 process. Free
Induction Decay F.I.D. acquired (as in slides #
5, & 10)

FID is digitized

(slide#6)

FID Fourier Transformed to
obtain Spectrum (slide #6)

3

A basic ( at Proton NMR frequency of
400 MHz HR liquid state ) system with
required parts and accessories may
cost typically INR 5 crore.
(50,000,000). An initiative for such
huge fund by public initiative for the
public (?) facility is the trend to be
set.

Superconducting Magnet System
“SUPERCON”
A system for Biological samples
(liquid,semisolid,solids) and for
high through put operations might
caost much more

They are used for high-resolution solid-state
(high power) NMR experiments. Some are for
running established pulse sequences, such as
cross-polarization magic-angle spinning
(CPMAS), multiple-pulse, two-dimensional
correlation experiments, and so on. Our current
target spin isotopes include 1H, 2H, 6Li, 7Li, 11B,
13C, 15N, 19F, 27Al, 29Si, 31P, 33S, 59Co, 63Cu, 77Se,
79Br, 93Nb, 111Cd, 113Cd, 117Sn, 119Sn, 195Pt, etc. In
addition, we put our effort on developing NMR
methodologies to expand the applicability of NMR
spectroscopy

Proton NMR spectrum of

Resolution:The NMR spectrum
gives details of differences in
electronic structure: different
sets of protons of molecule
have distinct Resonance line.

Integrating NMR lines for
relative Intensity ratio

2

6

High Resolution:The NMR
spectrum givesmore detail within
a line ofset of protons, indicating
how many neighboring protons
are present

In such metabolic processes Enzymes function as catalysts. Enzymes are
proteins which are macro molecules. These enzyme functions can be
modified by changing the biochemical structure and sequence. Such
changes in macromolecules involve chemical reactions due to presence of
small molecules. These metabolic processes in living systems result in
small molecules in appropriate concentrations to be part of further
sequence of metabolic processes. These are the metabolites which can be
profiled for characterizing a particular metabolic activity in living systems

Human Metabolomes : Metabolites of Human Bio Fluid
http://www.hmdb.ca/metabolites

Lysozymes, also known as muramidase or N-acetylmuramide
glycanhydrolase, are glycoside hydrolases
Lysozyme consists of a single chain polypeptide
containing 129 amino acid residues which is
cross-linked with 4 disulfide bridges.9
Its molecular mass
is 14,307 based upon amino acid sequence.
Formula Weight for Human Lysozyme: 16537; Thus a large molecule
compared to the regim of small molecules (M.Wt <500)
LYSOZYME NMR SPECTRUM IN THE NEXT SLIDE

1D 1 H NMR spectra of RNase
Sa, hen lysozyme, carbonic
anhydrase, and hemoglobin in 1
- 5 mM sodium phosphate pH
6.6 before (black curves) and
after (red curves) EDC
modification.

http://www.ugc-inno-nehu.com/prgc/PlantMetaboliteProfiling.pdf

http://aravamudhan-s.ucoz.com/BICProject_NEHU.html#PLANTA_MEDICA

Each stage corresponds to about 5-7days, in the total span of growth of a Plant

Metabolomics in human nutrition: opportunities and
challenges, Michael J Gibney, Marianne Walsh,
Lorraine Brennan, Helen M Roche, Bruce German, and
Ben van Ommen, Am J Clin Nutr 2005;82:497–503

Metabolomics in human nutrition: opportunities and challenges, Michael J Gibney,
Marianne Walsh, Lorraine Brennan, Helen M Roche, Bruce German, and Ben van Ommen,
Am J Clin Nutr 2005;82:497–503

“Metabolomics has been widely adopted in pharmacology
and toxicology but is relatively new in human nutrition. The
ultimate goal, to understand the effects of exogenous
compounds on human metabolic regulation, is similar in all
3 fields. However, the application of metabolomics to
nutritional research will be met with unique challenges.”

“The first challenge must be to identify all the chemicals in
different bio fluids that are linked to the human nutrition
metabolome, and the priority must be to gain a consensus for the
definition of a metabolome in human nutrition. The second biggest
challenge associated with the large NMR and MS outputs is how to
work with these large total data-capture data sets in which many
compounds remain unidentified.”
http://www.hmdb.ca/

http://www.hmdb.ca/metabolites

Metabolomics

2005

Currently..
As it goes on now
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