Bacterias, alimentacion y salud: una trilogia fascinante

Daniel Ramon Vidal
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 El 15 de febrero del 2001 se publicaba en la revista Nature el primer borrador del genoma humano obtenido por el
“International Human Genome Project”; un dia mas tarde, la revista Science publicaba un segundo borrador obtenido por la

compaiiia norteamericana Celera Genomics

» Estas dos publicaciones abrieron la puerta a la necesidad de secuenciar miles de genomas; para ello habia que mejorar las
técnicas de secuenciacion gendmica y secuenciar mas genomas con menos coste y en menos tiempo

* Obtener estos resultados costé diez afios de trabajo de tres mil cientificos y una inversion de tres mil millones de délares



Las plataformas de secuenciaciéon genémica masiva &= ctu
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200000 genomas
bacterianos secuenciados




El increible mundo microbiano &= cru

* Las bacterias son ubicuas; hay bacterias en los sitios mas inhdspitos: en los lagos helados de |la Antartida, en los geiseres del
Parque Nacional de Yellowstone o en el desierto de Atacama

* Se calcula que en 1 gramo de tierra hay 10 millones de bacterias y en un mililitro de agua de un rio 1 millén

* Son los seres vivos mas numerosos en el planeta; se calcula que en la Tierra hay del orden de 5 X 103° bacterias (5
quintillones = 5 billones de trillones),

* Por cada humano tocamos a 6.4 X 102° bacterias (640 trillones de bacterias/humano)



El microbioma humano

Microbioma oral

7-10 células
bacterianas por
cada célula humana

Microbioma de la piel ) _
Microbioma del

tracto digestivo

Microbioma del
aparato respiiratorio

Microbioma del
aparato urinario y
reproductor

0.2-2 kg de
bacterias en los 70
kg de peso de un

individuo




Moduladores del microbioma &= cru
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La “limitada” primera generacién de moduladores &= ctu
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Bacillus Bifidobacterium Lactobacillus FOS GOS

Probioticos, prebioticos y sinbioticos




Para el futuro necesitamos un abordaje distinto &= cru
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FOUNDATION

GUILD

Moduladores de 12
generacion

Bacillus
Bifidobacterium
Lactobacillus
Saccharomyces
FOS
GOS
HMO

Muchas oportunidades

G

Probidticos de 22
generacion

Akkermansia
E. coli Nissle
Faecalibacterium
Odoribacter
Roseburia
“Traditional-healthy” strains

Nuevos moduladore
microbianos

Bacteriocinas
Exopolisacaridos
Exovesiculas
GpC rich oligoDNA
LTA
Postbidticos
Proteasas
Pili
Péptidos microbianos
Restos de pared celular
SCFA

FOUNDATION

GUILD

Nuevos moduladores
no microbianos

Antocianos
Bacteriofagos
Enzimas liticos de fagos
Isoflavonas
Nuevas fibras prebidticas
Péptidos
Polifenoles
Terpenos



Probioticos anaerobios estrictos

Akkermansia
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Probioticos GMO

Escherichia coli Nissle

Lactobacillus gasseri

Lactobacillus helveticus

Lactobacillus rhamnosus

Lactococus lactis

Vibrio cholerae

Diabetes

Fenilcetonuria

Hiperamonemia

Inflamacion
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Engineering probiotics as living diagnostics
and therapeutics for improving human health

olin Shen”, Xinxiao Sun’, Yajun

Background
The human gastrointestinal tract harbors complex
diverse microbes that act as a key factor in main "y
the homaostasis of the intestinal microenvironment [1].
s estimated that approximately 10%°-10" bacterial
cells from more than 1000 different species are presentin ~ mation and breakdown of t

gut, which form a natural ecosystem in the human body  sis and enteric nerve function, and regulates the host’s
3], Those commensal bacteria can utilize the nuirients  immune system [6]. On the other hand, the abnormal
put ecosystem are associated with patho-
ns such as atherosclarosis, b

chronic kidney disease, obesit;

human health and diseases [5]. On the one hand, the
uman gut microbiota contributes to supply essential

metabolic axes [3]. Within those metabolic axes,
able to regulate nutrient absorption, energy metabolism
and various iological processes in host [4]. Recently,
study of interaction between gut flora and human host

treatment also contribute to the composition and effect
he gut flora [18, 19].



Postbioticos
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The International Scientific Association
of Probiotics and Prebiotics (ISAPP)
consensus statement on the definition
and scope of postbiotics

Seppo Salminen('=, Maria Carmen Collado®, Akihito Endo?®, Colin Hilli*F,

Sarah Lebeer®, Eamonn M. M. Quigley’, Mary Ellen Sanders(»®, Raanan Shamir®'?,
Jonathan R Swann''?, Hania Szajewska ' and Gabriel Vinderola't

Abstract | In 2019, the Inte rnational Scientific Assodation for Probiotics and Prebiotics (ISAPF)
conveneda panel of expertsspecializing in nutrition, microbial physiology, gastroenterology,
paediatrics, food science and microbiology to review the definition and scope of postbiotics.

The term ' post biatics' is increasingly foundin the scientific lirerature and on commercial products,
yet s inconsistently used and lacks a clear definition. The purpose of this panel was to consider
the scientific, commercial and regulatory parameters encompassing this emerging term, propose
a useful definition and thereby establisha foundation for future developments. The panel defineda
posthioticas a“pre paration of inanimate microorganisms and/or their components that confers
a health benefit on the host”. Effective post biotics must containinactivated microbial cels or cell
components, with or without metabolites, that contribute toobserved health benefits. The panel
also discussed existing evidence of health-promoting effects of posthiotics, potential mechanisms

of action, levels of evidence required to meet the stated definition, safety and implications for
stakeholders. The panel determined that a definition of postbiotics is useful so that scientists,
clinical triallists, industry, regulators and consumers have common ground for future activity in
this area. A generally accepted definition will hopefullylead to regulatory clarity and promaote
innovation and the developme nt of new postbiotic products.

The past few decades have demonstrated unequivo-
cally the importance of the human microbiota to both
short-term and long-term human health. Early pro-
gramming of the microbiota and immune system dur-
ing pregnancy, delivery, breastfeeding and weaning
is important and determines adult immune function,
microbiome and overall health'. We have also seen rapid
growth in the number of products that daim to affect the
functions and composition of the microbiota at different
body sites to benefit human health.

Improving human health through modulation of
microbial interactions during all phases of life is an
evolving concept that is increasingly important for
consumers, food manufacturers, health-care profes-
sionals and regulators. Microbiota-modulating die-
tary interventions include many fermented foods and
fibre-rich dietary regimens, as well as probiotics, prebi-
otics and synbiotics, some of which are available as drugs
and medical devices, as well as foods®. The rich, diverse

microbial ecosystems and immune cells inhabiting all
mucosal and cutaneous surfaces provide targets for
intervention, with the goals of reducing the risk of dis-
eases and improving health status’. Consensus defini-
tions of probiotics, prebiotics and synbiotics have been
published previously. Probiotics are “live microorgan-
isms that, when administered in adequate amounts, con-
fer a health benefit on the host™, whereas a prebiotic is a
“substrate that is selectively utilized by host microorgan-
isms conferring a health benefit™. A synbiotic, initially
conceived as a combination of both prohiotics and preb-
iotics, has now been defined as "a mixture comprising
live microorganisms and substrate(s) selectively utilized
by hast microorganisms that confers a health benefit
on the host™. The concept of posthiotics is related to
this family of terms and is emerging as an important
microorganism-derived tool to promote health.
Probiotics are by definition alive and required to
have an efficacious amount of viable bacteria at the

NATURE REVIEWS | GASTROENTEROLOGY & HEPATOLOGY

VOLUME 18| SEPTEMBER 2021 648

Un postbidtico es “una preparacion de microorganismos
inanimados y/o sus componentes que confiere un
beneficio para la salud del huésped”

Pueden vehiculizarse en cualquier alimento o bebida,
aunque sufran un tratamiento térmico

No son un riesgo para personas inmunodeprimidas



Respondedores versus no respondedores

Trvads iz Food Scmace & Tachnclogy 107 (3031) 340-20

Contenits liss avadable at “monlime

Trende in Food Science & Technology >

F1 Sk { fasrrmi BavappE W w st comie eelle ‘

Lol
Gut microbiota targeted nanomedicine for cancer therapy: Challenges and (5%
future considerations
Muhammad Shahid Riaz Rajoka ™, Hafiza Mahreen Mehwish ', Yoangai Xiong*, Xun Song?,
Nazim Hussaiin ®, Qinchang Zhu ™", Zhendan He >~
b it of Parss skn d e sgdiong Koy Liendiwy S (e Gy A Mavew anas Presninn, Dovten. Koy Liduoitury of Nowel Nadod Vak
i Py, Rongiuering Labueciny of Sewaton Kt Sl Mubecde bvwwaios Dngs, et Siwnis Conte, Shvaom Dniverdcy, Shovabon, 5190064, F% Cows

* ot for Al Mo aslingy (CAMRL, Usborsty of the Mg, Libuwe S0, Pl
" Sl of Parenacy, Duaston Tatukigy Usbmrdty, Sandn, 515060, P (vt

ARTICLEINFO AZSTRACT

Kayoumie Badground Nascmeaors hat accme S2e of e DO POTESE BRSO 10 Todenas the Txiroral
(s b food. Towmevr, not caly the pubilc paaption of the tew tacknokogy  uacematn, bet o e mgdston bave
Cantes BOE et 40 agree on rulee thas apply glotaly. The o

arm coneidecd & Assdamntal par of the buzan body. The st micoobion & rajor pars of the Sos secbicts
and conmine sppeoczataly 3« 107 bacsrial calls £ & comsranand mlsscralin with e hot. Tlowewss, coce
the gutre acomoas U Ak, TR bacaral ipeces (ag, anmbictic-reamars Frasoccis st Cosidae
Apicle) can incrams w2 Sevelop pattoguelc Fheanctype. Racms evidence migpes that the gut micmbicts I
Lewolved 3 BETEOMOAGL K34 S5 EHATCA Ta TIVITY, WECACY, B LORICTY of ERUCACHT SHSapia Facatly,
thers & fae-growing ccooems mEding the ellect of Sanopartiche on the eras gut micesbion. Nanamaoertals
a3 wzter the hnan body vis don cootac, bagetion, and irkaletion.

Scope end approachus: 15 the pomcs T, the IRcest Advances o3 the ol of Ticroblots and rancrmaterias s
cazoar thangy, e microblots s their metsbclic ntarvestion via rancmateriss, micrbid inticn v
rancmaterial, s Se chalecgw amocivted with sing razcoamoia in bamars aod axials b dcowed 13
short, this swwiew well focus on the cumvet st aod fution penpectie of 9 rocmhion Boed wac-
techaclogy b cnonr Senpy 538 aomrmbesd metatolc dwee.

Koy findigs and conchasions: The chasges . the g reicrobions or micmblome play vita! mies i hovan diasses
mach s cancer. Toditioeal reiaohiome testects have ad 1o SIpeoved CRMON tRESTMGR I MOme CAUA
howeres, probiama sach m cclatenl iajury 5o the nEbkosc micoobiona aad selabilty of S Cwtmest
meazhods bave ind 30 e tachaclogical developanss Gedgrad specificaly for cancer TUCTObICER COMR POETE.
Tlanice, he peopercumie of sancesateial 1 canoer pooveasion hee led 10 $ie lea St nanamaseral cas alter
th o thatr 0 el At e CEROMT FETOACIVA TR
Thendoos, sanceusterial cn be used 22 nowed eTatagie 0 Tt cancer. Tiowewes, this snseging sweerch ama
e farthar i viwe chdcal tiala o deteenins She exact mackaziens of actice Scived I Twasng Sncer v
rancmateriak. Parhar sndie dould explors te sommection betwees nasomusetals, the séambiot, microbil

cancer aad L = anirmals and Seraaae

Mentese
Muritets wecabdive

1. Introduction (Arbys et b Aoy, Won, Koog, & Lee, 2019). Dagite the the-
apeutic advences in tresting canoer, Tedsece © i
oy b now the mujor cae of desth in developing countsies agees renaine the hallmack of cncer thenpy. Chanotherpestic

o= wemhor. Schocl of . Serahan Teckoology Ustveity, Shacsdes, 513000, PR Quna.
** Cormepomdzg sstior. e Uzreary, ekt Scne Casoer, School of Prasmacmstcal Soimom, Dezzhe, 510060, PR Chiza.

S addrenes: 1akiionjoks @yadoncom, dutkinadm ada s (ME Risx Rajoka), e w wiah @y eton com (JUM. Meiwiah), yosgetc ongiiral
mckazz (X. Soeg), sams Qs acts ok (N, Massatn), i (2. Al

Pesadam Q. D), besbuadas

bty /ol oeg 0. 10145248, 2000,10.004

Raceived 11 July 2000; Racetwed i wviend b 19 Oracbar 2000 Accepesd 34 October 2020
Awiatie coitze | Novessber 2000

OR24-2344C 000 Daeviar 132, Al 7ighins swsacved.

Med

@ CellPress

Heterogeneity in statin responses explained
by variation in the human gut microbiome
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Prior work has indicated that stain therapy impacts gut microbiome composition
and that gut bacteria can metabolize statins, but the clinical implications of these
interactions remain unknown. Wilmanski et al. identify robust associations
between microbiome composition and on-target and adverse responses to

statins, which could prove useful in drug personalization,

Translation to Patients

Tomasz Wilmanski, Sergey A.
Komilov, Christian Diener, ...,
Noa Rappaport, Andrew T
Magis, Sean M. Gibbons

noa.appapon@isbscience.org (N.R.)
amagis@isbscience.org (AT.M.)
sgibbons@isbscience.org (SM.G.)

Highlights

HMG in blood identified as a
potential cross-sectional
biomarker for statin responses

Gut microbiome a-diversity
negatively associated with on-
target statin responses

Bacteroides-enriched individuals
at higher risk of statin-induced
metabolic disruption

Firmicutes-dominant individuals
at lower risk of statin-induced
metabolic disruption

Wikmanski ot al., Med 3, 1-18

Juns 10, 2022 © 2022 The Authoris). Published

by Elsevier |
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Unlocking the Microbiome Communities of Banana
(Musa spp.) under Disease Stressed (Fusarinm wilt)
and Non-Stressed Conditions
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Recwmived: 4 February 2020; Accepted: 14 March 2020; Published: 20 March 2020 updates
Abstrack We assessed the diversity, structure, and assemblage of bacterial and fungal communities
associated with banana plants with and without Fusarium oxysporum f. sp. aubense (Foc) symptoms.
A total of 117,814 bacterial and 17,317 fungal operational taxonomy units (OTUs) were identified
in the rhizosphere, roots, and corm of the host plant. Results fevealed that bacterial and fungal
microbiota present in roots and corm primarily emanated from the rhizosphere. The composition
of bacterial communities in the thizosphere, roots, and corm were different, with more diversity
observed in the rhizosphere and less in the corm. However, distinct sample types ie., without
(asymptomatic) and with (symptomatic) Fusarium symptoms were the major drivers of the fungal
community composition. Considering the high relative abundance among samples, we identified
core microbiomes with bacterial and fungal OTUs classified into 20 families and colonizing distinct
plant components of banana. Our cone microbiome assigned 129 bacterial and 37 fungal genera to
known taxa,

Keywords: Musa; Fusarium wilt; thizosphe re; microbiome diversity; Fusarfum oxysporum £ sp. cubense

1. Introduction

Rhizospheric and endophytic microbiota have been shown to significantly improve plant health and
development [1,2]. Beneficial microorganisms in the thizosphere/roots of bananas have been investigated
for potential beneficial impacts [3]. Both roots as well as the thin seil layer adhering to roots, called
rhizosphere, host diverse microbial communities. To date, however, most research has focused on only a
small fraction of a pre-targeted group of the rhizosphere microbi Hence i is missing of the
entife associated microbial diversity and influencing factors.

Bananas (Musaceae spp.)  are cultivated throughout the humid tropies and sub-tropics.
In sub-Saharan Africa (SSA), bananas are an important component of the diet and a crucial source
of income for many small holder farmers. Disease pressure is the major threat threatening banana
productivity in the region [4-6]. The devastation of bananas by Panama disease caused by the soil
borne Fusarium oxysporum . sp. aubense (Foc), lack of pesticides, and appropriate resistant varieties
encouraged the search for alternatives to sustain productivity. Foc race 1 is present everywhere in §5A
hampering dessert banana {of the Musa subgroup AAB) productivity [7]. In addition, Foc race 4 is
present in Mozambique [3]. The pathagen can spread from infected to non-infected fields through
banana suckers, water, and movement of people. Foc enters through the roots and infects the plant
vascular system. Initial disease expression is yellowing of leaves. In later stages, maroon color lines

Microorganisms 2020, 8, 43; doi:10 3390 microonganismsB030443 www.mdpi conjoumalmicoorganisms
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The Bacterial Microbiome of the
Tomato Fruit Is Highly Dependent on
the Cultivation Approach and
Correlates With Flavor Chemistry

Carofina Escobar Rodriguce®, Johannas Movak™, Franziska Buchholz', Pia Ustz?,

Lnurs Bragagna’, Marija Gumzs, Livia Antoniolid and Birgit Mittce?
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The miodas of Interactions between plants and plant-associstad microbiota ar maniiod,
and seoondary metabolies ofen play & centrdl role I plant-microbe Interactions.
Ablotic BN biotic (ncudng boin plant pethogens and andophytes) stress can afect
the composition and concentration of secondary plart metabolies, and thus have an
nfiuenca on chamical compounds that make up for the teste and arma of . While
e roke of micrtiola In growih and heakh of plants |s widsly acknowiedged, reiaiively
Ittie ks kmown about the possibie effact of microngenisms on the qualty of fult of plants
thesy are colonizing. In this work, tomeate (Solnum iycopersicum L) pents of fee dfferent
cafthvers were grown In 5ol and In hydroponics o nvestigate tha impact of the cultivation
method on the flavor of frull, and bo assess whether verlaions In their chemical
composition are atiibutsbie fo shits I bactersl micrmbiota. Fps it were hanvested
and used for bacterial community analysls and for the analysis of tomato volatiies,
sugers and acds, @l contrbuting to flavr. Frult grown I scil showed significanty
rigner sugar content, whereas fomatoss Fom plants under Mydroponic conditions ad
sigriicantty higher Ievels of crganic ackes. In conlrast, BFOMA profies of TUE were
shaped by the tomatn cuftivers, rather than the cultivation method. In bamns of bactedsl
communitiss, ihe cuttvalion method signifcanity deinad the community compasttion n
&l cuttivars, wilh e bactanal communities In iyaropanic tomatoes belng Mo vanesie
st those In tomaboes grown N soll. Bactenal ndicator spacies In 508-rown tomatoss
comeiated wiih higher concentrations of woeties descricad to be perceled &s “green
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veriants) classied &5 BacWus detacted sclely In “Solainc” tomatoss, which ware ihe
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¢Es posible modificar el microbioma de las partes & c:u
comestibles de las plantas?

scientific reports

UPEN The Edible Plant Microbiome
represents a diverse genetic
reservoir with functional potential
in the human host
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microbiome and its metabolome together
with the host metabolome contribute to
individualized dairy cow performance

Ming-Yuan Xue', Hui-Zeng Sun'?, Xue-Hul WU', Jian-in Liu' znd Le Luo Guan™

Abstract

Background: Recently, we reported that some dairy cows could produce high amounts of milk with high amounts
of protein (defined as milk protein yield [MPY]) when a population was rised under the same nutritional and
management condition, a potential new trait that can be used to increase high-quality milk production. It is unknown
to what extent the rumen microbiome and its metabalites, as well as the host metabalism, contribute ta MPY. Here,
analysis of rumen metagenomics and metabolomics, together with serum metabolomics was performed to identify
potential regulatary mechanisms of MPY at bath the rumen microblome and hast levels.

Results: Metagenomics analysis revealed that several Prevorelia species were significantly more abundant in the umen
of high-MPY cows, contributing to improved functions related to branched-chain amino acid biosynthesis. In addition,
the rumen microbiome of high-MPY cows had lower relative abundances of organisms with methanogen and
methanogenesis functions, suggesting that these cows may produce less methane. Membolomics analysis revealed
that the relative concentrations of rumen microbial metabolites (mainly amino acids, carboxylic acids, and faty acids)
and the absolute concenmrations of volatile famy acids were higher in the high-MPY cows. By associating the rumen
microbiome with the rumen metabolome, we found thart specific microbial @a (mainly Prevoralls species) were
positively comelated with ruminal microbial metabalites, including the amino acids and carbohydrates involed in
glutathione, phenylalanine, starch, sucrose, and galactose metabolism To detect the interactions between the rumen
microbiome and hast metabolism, we assaciated the rumen microbiome with the host serum metabolome and found
thiat Prevotelis species may affect the hast’s metabolism af amino acids (including glycine, serine, threonine, alanine,
aspartate, glutamate, cysteing, and methionine). Further analysis using the linear mixed effect model estimated
contributions to the variation in MPY based on different omics and revealed that the rumen microbial compasition,
functions, and metabolites, and the serum metabolites contributed 17.81, 2156 2976, and 25.78%, respectively, to the
host MPY.
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dictates dairy cow productivity and emissions
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A 1000-cow study across four European countries was undertaken to understand to what extent ruminant microbi-
omes can be controlled by the host animal and to identify characteristics of the host rumen microbiome axis that
determine productivity and methane emissions. A core rumen microbiome, phylogenetically linked and with a

preserved hierarchical structure, was iden

ied. A 39-member subset of the core formed hubs in co-occurrence

networks linking microbiome structure to host genetics and phenotype (methane emissions, rumen and blood
metabolites, and milk preduction efficiency). These phenotypes can be predicted from the core microbiome using
machine learning algorithms. The heritable core microbes, therefore, present primary targets for rumen manipu-

lation toward sustainable and environmentally friendly agriculture.

INTRODUCTION

Hosting one of the most complex microbial communities known to
man, ﬂ.e rumen has long attracted the keen interest of microbiolo-
gists. Physiol and also und d the pivotal role
of the rumen in digesting fibrous feed and providing nutrients to
the host animal. These activities enable ruminants to provide humans
with foods, mainly milk and meat from nonhuman-edible plant
material, including industrial by-products, and enable many rural
communities worldwide to survive where arable agriculture is
impossible. There is an environmental cost, however, in which rumi-
nants, via their ruminal microbiome, produce substantial amounts
of the greenhouse gas, methane (I). Furthermore, production effi-

ciency is linked to the composition of the ruminal microbiome, as
was previously shown by an association between microbiome com-
ponents and residual feed intake (2, 3). Characterizing, quantifying,
and understanding the role of ramen microbiome are therefore of
significant scientific, economic, and environmental interest.

The main members of the rumen microbiome are now well un-
derstood. Bacteria, which usually comprise most of the species rich-
ness, are widely persistent geographically across multiple ruminant
species and individual animals (4), and many species can be considered
symbiotic with ruminants, as they provide metabolic activities and
products essential for the host (5). Ciliate protozoa, at up to about
half the biomass, consist of species that occur uniquely in the rumen
(6). Their abundance and i across ruminants
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are much more variable than bacteria, indeed, protozoa may be ab-
sent in some animals without detrimental effect to the host (4, 7).
Anaerobic fungi are fewer in number but seem to play an important
role in breaking down the toughest of plant cell walls (8). Archaca
are key players in methane emissions (9).

Generally speaking, the relationship between members of the
microbiome and rumen function is reasonably well understood
(10). A host genetics microbiome axis of control has alse been im-
plied in several studies (11-13), analogous to, but much less detailed
than the remarkable advances in our understanding of the role of
the heritability of the human gut microbiome and its role in health
(H). In the present study, by applying network analysis to a com-
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array of microbiome, phenotype, and genotype analysis,
we have made a significant contribution in transforming the descrip-
tive understanding of the rumen microbiome to a predictive one,
using an unprecedentedly large number of animals and measure-
ments. [t emerges, as suggested by an earlier, much more restricted
study (15) that rumen function and ruminant productivity can be
predicted from the abundance of a small number of microorganisms
that form part of the core community across geographical breed
and dietary differences. As these microbes show significant herita-
bility estimates, e.g., their abundance is explained to a significant
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Ultimos mensajes

“A lo desconocido no hay que
tenerle miedo, simplemente hay
gue entenderlo” (Marie Curie;
1867-1934)

“Es mas facil desintegrar un atomo
que un prejuicio” (Albert Einstein;
1879-1955)




