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TERCERA LECCIÓN JESÚS CULEBRAS -
BIOLOGÍA MOLECULAR Y NUTRICIÓN CLÍNICA;

¿DÓNDE ESTAMOS Y ADÓNDE VAMOS?

Resumen

La Nutrición desempeña un papel fundamental en el
mantenimiento de la salud y en el tratamiento de las
enfermedades, sirviendo de encrucijada para muchas
otras disciplinas. La Bioquímica y la Biología Molecular
es una Ciencia clave para determinar los mecanismos de
acción de los nutrientes y de otros compuestos bioactivos
de los alimentos tanto en la salud como en la enfermedad.
El objeto de esta 3ª Lección Jesús M. Culebras es conside-
rar el futuro de las relaciones de la Biología Molecular y
de la Nutrición Clínica y comentar la utilización de las
nuevas herramientas moleculares y genéticas en el estu-
dio de las respuestas de los factores dietéticos y de las con-
secuencias metabólicas de la ingesta de alimentos, así
como considerar los desafíos más importantes de la nutri-
ción humana en el siglo XXI. En particular, se aborda la
importancia de disponer de nuevos biomarcadores de
interés nutricional en las enfermedades inflamatorias.
Asimismo, se discute la importancia del microbioma
humano y de cómo poder utilizar de forma segura los
microorganismos en la prevención y el tratamiento de las
enfermedades. Además, se considera la importancia clave
de la nutrigenética, la nutrigenómica y la epigenética en
la nueva era de la nutrición. La nutrigenética se refiere al
papel de las variantes de secuencias del DNA en las res-
puestas de los individuos a los nutrientes, mientras que la
nutrigenómica aborda el estudio de las modificaciones de
expresión génica mediadas por los nutrientes. La epigené-
tica es el estudio de las modificaciones en la expresión
génica mediadas por las alteraciones del DNA heredables
por mitosis. Durante la última década, se ha prestado
importancia especial a la desregulación de los mecanis-
mos epigenéticos causantes de enfermedad. Por tanto,
existe un interés especial en conocer los mecanismos epi-
genéticos que modifican el fenotipo inducidos por los
nutrientes.
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Abstract

Nutrition plays a fundamental role in the maintenance
of health and the treatment of disease, and serves as the
crossroads for many disciplines. Biochemistry and Mole-
cular Biology represents a key brand of science to ascer-
tain the mechanism of action of nutrients and other food
bioactive compounds in health and disease. The aim of
the present Jesús M. Culebras lecture is to consider the
future of the relationships between Molecular Biology
and Clinical Nutrition and to discuss the use of molecular
and genetic tools to study molecular responses to dietary
factors and the metabolic consequences of food and to
consider major challenges on human nutrition sciences in
the 21st century. Particular emphasis is given to the identi-
fication and use of novel biomarkers in inflammatory
diseases. Likewise, the importance of the human micro-
biome and how microorganisms can be safely utilized in
the prevention and management of infectious and chronic
diseases are discussed. Moreover, the key role of nutrige-
netics, nutrigenomics and epigenetics in the new era of
nutrition is considered. Nutrigenetics refers to the role of
DNA sequence variation in the responses to nutrients,
whereas nutrigenomics is the study of the role of nutrients
in gene expression. Epigenetics is the study of mitotically
heritable alterations in gene expression potential that are
not caused by DNA sequence alterations. In the past
decade, it has increasingly been recognized that dysregu-
lation of epigenetic mechanisms may play an important
role in human disease. Indeed, there is increasing interest
in epigenetic mechanisms underlying phenotype modifi-
cation modulated by nutrients. Further research in those
areas should contribute to evaluate functionality of
specific nutrients and bioactive compounds in Clinical
Nutrition and allow personalized nutritional advice. 
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Introduction

I am deeply honored to be the recipient of the Third
Jesús M. Culebras Award. I met Prof. Culebras for the
first time at the 3rd Congress of the Spanish Society of
Parenteral and Enteral Nutrition (SENPE) held in
Granada in May1986, organized by Dr. Antonio Perez
de la Cruz. At that time I was involved in the identifica-
tion of new biochemical biomarkers of nutritional
status in low-birth weight infants1-3 and in the evalua-
tion of the functional roles of dietary nucleotides,
particularly on intestinal microbiota4 and on the
lipoprotein and polyunsaturated fatty acid metabolisms
in early life.5-7 Moreover, I was interested in the
changes of plasma amino acids and polyunsaturated
fatty acid (PUFA) profiles in severely trauma injured
and infected children.8,9 In fact, one year later I joined
the SENPE and I published my first two articles in
Nutrición Hospitalaria, the journal created and directed
by Prof. Culebras for now about 40 years, on the roles
of dietary nucleotides in lipid metabolism in infants10

and on the effects on lipid metabolism of free-lipid
parenteral nutrition in severely ill patients.11

At that Congress I also met Prof. Miquel A. Gassull
and we discussed the possibility to starting to collaborate
in the area of nutrition and major gastrointestinal diseases
as in our lab we used modern tools in Biochemistry and
they had patients with severe diseases, namely liver
cirrhosis and inflammatory bowel disease. This was a
large and long lasted collaboration of biochemists and
gastroenterologists in Clinical Nutrition, which resulted
in the identification of severe alterations of the polyunsat-
urated fatty acid metabolism in those diseases and novel
approaches in the designing and utilization of modern
enteral nutrition diets.12-15

I joined the Scientific and Educational Committee of
the SENPE (CCE) by 1996 and started to work with
Prof. Simon Schwartz and later with Dr. Mercè Planas
and Dr. Julia Alvarez until 2010. During those 14 years I
had the opportunity to interact, work and to become a
friend of Prof. Jesús Culebras as he was, and he is, the
Council member within the CEE representing the inter-
ests of Nutricion Hospitalaria, the official journal of
SENPE. I always tried to collaborate and support him to
get the dream of having a nutrition focused journal of
recognized international interest, a feature he attained
recently. Besides that, Prof. Culebras also supported me
in the two editions of the Treatise of Nutrition (Tratado
de Nutrición) and had a major role in my appointment as
President of the Iberoamerican Council of Nutrition
Journals in Montevideo, with the occasion of the 5th

FELANPE Congress. Thank you very much to Jesús
Culebras for giving me the opportunity to be his friend.

Nutrition plays a fundamental role in the maintenance
of health and the treatment of disease, and serves as the
crossroads for many disciplines. Human nutrition
describes the processes whereby cellular organelles,
cells, tissues organs, systems, and the body as a whole,
obtain and use necessary substances obtained from

foods (nutrients) to maintain structural and functional
integrity and to growth and development. It also
comprises studies on how nutrients interact with cell
receptors and transporters and how are utilized at the
molecular and cellular level and studies on gene-nutri-
tion-environment interactions.16 Hence, Biochemistry
and Molecular Biology represents a key brand of science
to ascertain how nutrients and other food bioactive
compounds are used by humans and what their influ-
ences at the molecular level are in order to be able to
ascertain their mechanisms of action in health and
disease.

During the second half of the 20th century Nutrition
became a recognized multidisciplinary science that
focused on the evaluation of the effects of nutrient defi-
ciencies on organs, systems and human subjects. The
major pathways by which nutrients are digested and
metabolized were also identified. Likewise, a number of
biochemical biomarkers associated with nutritional
diseases were reported and described.17 Those biomarkers
served as important tools to ascertain the specific biolog-
ical effects of nutrients and their requirements in patients
suffering many diseases and building up Clinical Nutri-
tion as an important brunch of nutrition sciences.

The most important challenges of human nutrition in
the 21st century is to know how nutrients and food bioac-
tive compounds interact with different cell signaling
cascades in different organs and systems and their
specific effects on cell processes including gene activity
regulation, metabolism, growth and apoptosis. More-
over, understanding how nutrients and other food
components, as well as healthy lifestyle and environ-
mental factors, are influencing the epigenetic processes
and until what extent changes in the methylation pattern
of DNA could be inherited represent an outstanding chal-
lenge for nutrition sciences. Furthermore, another major
aim is to identify and ascertain how nutrients and food
bioactive compounds are able to influence the human
microbiome, and in turn how changes in the human
microorganism ecology, particularly at the intestinal
level, would have an influence in health an disease.

The main goal of the present lecture is to think about
the future of relationships between Molecular Biology
and Clinical Nutrition and to discuss the use of molec-
ular and genetic tools to study molecular responses to
dietary factors and the metabolic consequences of food
and to consider major challenges on human nutrition
sciences in the 21st century.

New biomarkers in nutrition: 
metabolomics can help

For the last decades numerous biomarkers have been
identified and related to nutrient status in health and
many diseases. In particular, many biomarkers are
currently used in routine clinical nutrition to evaluate
the nutritional status of populations, individual
subjects and patients and to diagnose a number of
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pathologies and to assess the risk factors for certain
pathologies.

Metabolomics is a metabolic-biology system
approach focused on the metabolic responses under-
standing of living systems to physio-pathological
stimuli by using multivariate statistical data on human
body fluids obtained by different instrumental tech-
niques. A metabolomic approach based on an analyt-
ical platform could be able to separate, detect, charac-
terize and quantify a wide range of metabolites and its
metabolic pathways. This instrumental approach has a
good potential in the identification and detection of
specific food intake and diseases biomarkers.18

In the present work it would be impossible to describe
the new research concerning novel biomarkers of impor-
tance in nutrition. However, there some relevant find-
ings that may serve to exemplify recent development in
this area. Polyunsaturated fatty acids (PUFA) both of
the omega-6 and omega-3 families have a profound
influence on inflammation and regular intake of
omega-3 fatty acids have a direct effect in the preven-
tion of a number of inflammatory disorders including
cardiovascular diseases, diabetes, rheumatoid arthritis
and in the alleviation of symptoms for inflammatory
bowel diseases as well as neurological disorders such
as Alzheimer’s disease and age-related macular dege -
neration.19,20 The resolution of inflammation is not a
passive process, as believed earlier; instead, resolution
is a biosynthetically active process, regulated by
biochemical mediators and receptor-signaling path-
ways, and driven by specialized pro-resolving media-
tors (SPM). A number of findings by Serhan and his
group, systematically investigated a number of SPM
(biomarkers) derived from PUFA, including lipoxins,
E-series resolvins, D-series resolvins, protectins/
neuroprotectins, and, most recently, maresins.21-23

These substances are mainly derived from eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA).
The distinct properties of EPA and DHA to form
primarily pro-resolving lipid mediators may explain
their well-known beneficial health effects. These novel
pathways may also explain some of the beneficial
effects of aspirin, since they generate epimeric lipid
mediators that are more metabolically stable and
longer lasting.21

The human microbiome and the use 
of probiotics in Clinical Nutrition

A variety of microbial communities and their genes
(the microbiome) exist throughout the human body,
with fundamental roles in human health and disease.24-26

Diverse microbial communities from habitats within
the human airways, skin, oral cavity, gut, and vagina
can be found and microbiota may help to explain indi-
vidual variability in health outcomes and be a source of
new biomarkers for environmental exposures and of
novel prognostic and diagnostic indicators.

The National Institutes of Health (NIH)-funded
Human Microbiome Project Consortium has recently
established a population-scale framework to develop
metagenomic protocols, resulting in a broad range of
quality-controlled resources and data including stan-
dardized methods for creating, processing and inter-
preting distinct types of high-throughput metagenomic
data available to the scientific community.24,25 The
resources from a population of 242 healthy adults
sampled at 15 or 18 body sites up to three times, which
have generated 5,177 microbial taxonomic profiles
from 16S ribosomal RNA genes and over 3.5 terabases
of metagenomic sequence have now been presented. In
parallel, approximately 800 reference strains isolated
from the human body have been sequenced. Collec-
tively the data represent a treasure trove that can be
mined toidentify new organisms, gene functions, and
metabolic and regulatory networks, as well as correla-
tions between microbial community structure and
health and disease. Among other future benefits, this
resource should contribute to promote the development
of novel prophylactic strategies such as the application
of prebiotics and probiotics to foster human health.24

Microbes in the human gut undergo selective pres-
sure from the host as well as from microbial competi-
tors. This typically leads to a homeostasis of the
ecosystem in which some species occur in high and
many in low abundance, with some low abundance
species, performing specialized functions beneficial to
the host.27 Over the past few years, the application of
next-generation sequencing approaches (metage-
nomics) to the study of human-associated microorgan-
isms has shown that the composition of the microbiota
within the guts of different individuals is distinct. This
distinctiveness is possible because of the marked vari-
ability that is evident at the species and strain levels
within the microbiota. By contrast, variability at the
phylum level is not individual specific. Indeed, more
than 90% of gut bacteria are members of only two
phyla, Bacteroidetes and Firmicutes, and the relative
proportions of these two major divisions exhibit a
continuous gradient within the human population, with
some individuals having a predominance of the former,
others having a predominance of the latter, but the
majority having similar proportions of each.24-26

The very recent studies of the human microbiome)
have revealed that even healthy individuals differ
remarkably in the microbes that occupy habitats such
as the gut, skin and vagina.24,25 Much of this diversity
remains unexplained, although diet, environment, host
genetics and early microbial exposure have all been
implicated. Recently, it has been reported that the
diversity and abundance of each habitat’s signature
microbes to vary widely even among healthy subjects,
with strong niche specialization both within and among
individuals.26,28 These results delineate the range of
structural and functional configurations normal in the
microbial communities of a healthy population,
enabling future characterization of the epidemiology,
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ecology and translational applications of the human
microbiome.

In an apparent contrast to the phylum distributions, it
has been suggested that variation at the species level is
discontinuous, with three clusters, or enterotypes, that
vary in proportional composition.27 This proposal was
based on multidimensional cluster analysis and prin-
cipal component analysis of faecal metagenomes from
39 samples involving six nationalities and including 22
newly sequenced European faecal samples. The
proposed enterotypes were identified by their enrich-
ment in Bacteroides spp. (enterotype 1), Prevotella
spp. (enterotype 2) and Ruminococcus spp. (enterotype
3), and were unrelated to nationality or host character-
istics such as body mass index, age or gender. It was
subsequently suggested that ‘faecotypes’ might have
been a more accurate descriptor than enterotypes, as
microbial composition and abundance varies along the
gastrointestinal tract.29

Shortly after the enterotype concept was mooted,27

Wu et al.30 showed that in subjects aged 2-50 years old,
two enterotypes were associated with diet: long-term
diets enriched for protein and animal fat were associ-
ated with the Bacteroides enterotype, whereas diets
enriched for carbohydrate were associated with the
Prevotella enterotype.

Although the enterotype distinctions appear to be
less clear than was first thought, and regardless of
whether we are dealing with gradients or clusters, traits
or states, the concept of linking patterns of microbial
composition with function is both biologically plau-
sible and clinically relevant.28 We need to move from
retrospective correlative analysis to prospective
studies linking microbiota variation with clinically
relevant outcomes. Categorizing the microbiota into
discrete groups would be attractive if these groups
overlapped with, for example, responders or non-
responders to particular therapeutics (reflecting the
role of the gut microbiota as a bioreactor capable of
drug modification)or with rates of progression in
immune-mediated disease. The struggle to clarify
microbial complexity within the gut and to link it to
clinical traits should continue. It will require longitu-
dinal studies of different populations with different
lifestyles and dietary patterns so that clustering, transi-
tions and intermediates can be identified. 

Currently, there is an increasing interest in and
demand for probiotics, after a long history of safe use
in fermented dairy products and an increased recogni-
tion of the beneficial effects of probiotics to human gut
health.31 According to the Food and Agriculture Organ-
isation of the United Nations and the World Health
Organisation,32 probiotics are “live microorganisms
which, when administered in adequate amounts, confer
a health benefit on the host.” In particular, strains
belonging to Bifidobacterium and Lactobacillus, the
predominant and subdominant groups of the gastroin-
testinal microbiota, respectively,33 are the most widely
used probiotic bacteria and are included in many func-

tional foods and dietary supplements.34-36 The yeast
Saccharomyces boulardii has also been shown to have
health benefits.37

For probiotics to be successful, they must possess
certain characteristics. The criteria for the selection of
probiotics include tolerance to gastrointestinal condi-
tions (gastric acid and bile), ability to adhere to the
gastrointestinal mucosa and competitive exclusion of
pathogens.38-40

The results of evidence-based analyses from human
studies and animal models have shown the potential
clinical effectiveness of probiotics on many diseases.41

In fact, probiotics have been reported to suppress diar-
rhoea,42 alleviate lactose intolerance43 and postopera-
tive complications,14 exhibit antimicrobial45 and anti-
colorectal cancer activities,46,47 reduce irritable bowel
symptoms48 and prevent inflammatory bowel disease.49

However, generalisations concerning the potential
health benefits of probiotics should be not made
because probiotic effects tend to be strain-specific;
thus, the health benefit attributed to one strain is not
necessarily applicable to another strain, even within
one species.50

Probiotics have been shown to promote a variety of
biological effects in a number of physiological condi-
tions and pathologies, including allergy, intestinal and
liver diseases, urinary and upper respiratory infections,
AIDS and metabolic diseases. These effects are strain-
specific and are primarily mediated through changes in
the faecal microbiota and immune modulation. RCTs
concerning the appropriate clinical evaluation of probi-
otics with an adequate and statistically sufficient
number of subjects related to main outcome variables
should be performed in a variety of diseases. In addi-
tion, multicentre and replicate studies are necessary to
evaluate the actual role of probiotics in the ameliora-
tion of symptoms for many diseases. The number of
studies concerning the mechanism of probiotics in cell
and animal models is scarce. Apparently, many probi-
otics are able to modulate both the innate and adaptive
immune responses; however, the molecular basis of
these effects remains unknown.51

The mechanisms underlying the beneficial effects of
probiotics are largely unknown but are likely to be
multifactorial, including modificationof the gut micro-
biota, competitive adherence to the mucosa and epithe-
lium, strengthening of the gut epithelial barrier and
modulation of the immune system to convey an advan-
tage to the host (fig. 1).52 Accumulating evidence
demonstrates that probiotics communicate with the
host by pattern recognition receptors, such as toll-like
receptors and nucleotide binding oligomerization
domain-containing protein-like receptors, which
modulate key signaling pathways, such as nuclear
factor-κB and mitogen-activated protein kinase, to
enhance or suppress activation and influence down-
stream pathways. This recognition is crucial for elic-
iting measured antimicrobial responses with minimal
inflammation damage. A clear understanding of these
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mechanisms will allow for appropriate probiotic strain
selection for specific applications and may uncover
novel probiotic functions.52

Nutrigenomics and nutrigenetics: 
are we ready for personalised nutrition?

The efficacy by which dietary interventions influ-
ence risk markers of multi-factorial diseases is mainly
determined by taking population-based approaches.
However, there exists considerable inter-individual
variation in response to dietary interventions, and some
interventions may benefit certain individuals or popu-
lation subgroups more than others.53

The execution of the Human Genome Project has
brought forth a wealth of information about the structure
of the genome, which can now be used to study how the
interplay between our genes and factors from the environ-
ment such as nutrition relate to a state of health or disease.
To enable such studies, novel technologies have been
designed in particular to monitor the activity of multiple
genes simultaneously at the level of the RNA by transcrip-
tomics, or the level of the proteins by proteomics (fig. 2).
In addition, genome information has boosted approaches
to study the role of genetic variation to explain individual
differences in responses to nutrition, underlying in part the
susceptibility for nutrition-related disorders. 

Nutrigenetics refers to the role of DNA sequence
variation in the responses to nutrients, whereas nutrige-
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nomics is the study of the role of nutrients in gene
expression (fig. 3). This research is predicated on the
assumption that there are individual differences in
responsiveness to acute or repeated exposures to a
given nutrient or combination of nutrients. Throughout
human history, diet has affected the expression of
genes, resulting in phenotypes that are able to success-
fully respond to environmental challenges and that
allow better exploitation of food resources. These
adaptations have been key to human growth and
development. Technological advances have made it
possible to investigate not only specific genes but also
to explore in unbiased designs the whole genome-
wide complement of DNA sequence variants or tran-
scriptome. These advances provide an opportunity to
establish the foundation for incorporating biological
individuality into dietary recommendations, with
significant therapeutic potential i.e. personalized nutri-
tion.53-54

The influence of nutrition on genome activity is
studied almost always in a comparative manner either
by a direct or an indirect approach. The direct approach
involves changes in the nutrients presented to a model
system followed by monitoring the changes in gene
expression. The indirect approach involves the study of
nutrition-related traits and disorders such as obesity,
type II diabetes and cardiovascular disorders. In those
studies, gene expression is compared between subjects
with and without the disorder and, from the differ-
ences, scientists hope to deduce the relevant molecular
pathways leading from health to disease under the
influence of diet and lifestyle.55 The results of those
studies should lead to new targets for pharmacological
or dietary intervention and to novel functional foods.56

One of the possibilities of nutrigenomic technologies
to further the concept of personalised nutrition, as well
as the process to take personalised nutrition to the
marketplace. The modulation of an individual’s
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response is influenced by both genetic and environ-
mental factors. Many nutrigenetics studies have
attempted to explain variability in responses based on a
single or a few genotypes so that a genotype may be used
to define personalised dietary advice. It has, however,
proven very challenging to define an individual’s
responsiveness to complex diets based on common
genetic variations. In addition, there is a limited under-
standing of what constitutes an optimal response
because we lack key health biomarkers and signatures.
In conclusion, advances in nutrigenomics will undoubt-
edly further the understanding of the complex interplay
between genotype, phenotype and environment, which
are required to enhance the development of personalised
nutrition in the future. At the same time, however, issues
relating to consumer acceptance, privacy protection as
well as marketing and distribution of personalised prod-
ucts need to be addressed before personalised nutrition
can become commercially viable.53

Nutritional advice has mainly focused on popula-
tion-level recommendations. Recent developments in
nutrition, communication, and marketing sciences
have enabled potential deviations from this dominant
business model in the direction of personalisation of
nutrition advice. Such personalisation efforts can take
on many forms, but these have in common that they can
only be effective if they are supported by a viable busi-
ness model. Future research should explore the
consumer responses to the diversity of “archetypical”
business models for personalised nutrition advice as a
source of market information on which the delivery of
nutrigenomics-based personalised nutrition advice
may further build.57

The relationships between diet and nutrigenomic-
metabolomic profiles, as well as between these profiles
and health, are being elucidated, and this will dramatically
alter clinical practice in nutrition. In fact, nutrigenomics
and metabolomics provide methodology that allows clini-
cians to view a broader footprint of what is going on in
metabolism than they can get using current clinical chem-
istry panels. This could greatly refine the practice of clin-
ical nutrition. When a nutrition clinical trial is conducted,
nutrigenomic methods can help investigators to under-
stand why a subgroup of study subjects responded to treat-
ment, while others did not. This could reduce the “noise”
that often clouds such clinical studies.58

Epigenetics is the study of mitotically heritable
alterations in gene expression potential that are not
caused by DNA sequence alterations.58 By stably regu-
lating gene expression potential in differentiated
tissues, epigenetic mechanisms such as DNA methyla-
tion play a critical role in mammalian development
(fig. 4). In the past decade, it has increasingly been
recognized that dysregulation of epigenetic mecha-
nisms may play an important role in human disease.60

Indeed, there is increasing interest in epigenetic mech-
anisms underlying phenotype modification modulated
by nutrients (fig. 5). Further research in this area should
contribute to evaluate functionality of specific nutri-
ents and bioactive compounds in Clinical Nutrition.

Conclusions

New biomarkers useful in the diagnosis and follow-
up of chronic diseases and in the evaluation of nutri-
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tional treatments are expanding due to the use of
metabolomics opening a new era in Clinical Nutrition

The identification of human microbiome and its
functions as well as the ascertaining of the mechanisms
underlying the effects of probiotics is opening new
perspectives to the use of microorganims in the preven-
tion and treatment of chronic diseases. 

The new “omic” sciences i.e. transcriptomics,
proteomics and metabolomics are allowing to deter-
mine the interactions between nutrients and other
bioactive food components and genes. This would
contribute to a better treatment of diseases and to a
personalized nutrition.

The incidence of chronic diseases in the adult is
related to epigenetic changes that can occur even in
early life. The prevention of those diseases through
appropriate interactions between diet, the environment
and the host constitutes one of the biggest challenges of
nutrition in the 21st Century.
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