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Nutrition, Foods , Health

Nutrition is the biochemical |l A LJLJ2 Oleédfdodhie thy
and physiological process by | medicine, and let medicine bd
which an organism uses food| thy foodé

to support its life.

Plant Selection

= Agriculture begins with the
collection and planting of seeds from
wild plants

=Occurs in 8 locations throughout the Ji2
world between 700812000 years
ago

=Selections were made based on
yield, seed size, and taste
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Biotechnology and Agriculture, development
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Landraces, Diversity

Refers to the particular kinds of old
seed strains and varieties that are
farmer-selected in areas where local
subsistence agriculture has long
prevailed. Landraces are highly
adapted to specific locales or groups.

Definition :
modified by native and also
immigrant farmers.

The term is usually applied to
varieties of corn, squash, and beans
that were domesticated by

native farmers,
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T. Malthus: 1766 1834
Crisis in food production
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Watthus' Basic Theory
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GREEN Revolution

Term coined by U.S. Agency 1968)
Movement to increase yields by using:
. New crop cultivars

. Irrigation

. Fertilizers

. Pesticides

. Mechanization

A planned international effort funded by: Rockefeller
Foundation

Ford Foundation

Many developing country

governments

Purposed to eliminated hunger by improving crop
performance Norman Borlaug ( 1970 Nobel price)

Models for population growth and food security:
Pessimistic or Alarmist Theory

Malthus - 19" century, Coale& Hoover (1958),

Paul Ehrlich (Population Bomb),

Meadows (Limits to Growth}, 1960s and 1970s.

Focus on population policy & fixed, nerenewable resources.

Optimistic Theory
EsterBoserupg 1960s; 70s (agric. Intensification)
Julian Simorg, 1970s- 80s (human capital)

Neutralist or Revisionist Theory



Pflanzenziichtung
Breeding, yield, time for development
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Hybridziichtung, Heterosis

= Three Main Principles
o Inbreeding
© Hybridization
Heterosis

= Main Goals
Increase the homozygosity at all or specific loci
in the plant genome
Produce a plant which breeds true
Produce uniform plants
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Klassische Ziichtungsmethoden

Ausleseziichtung/Selektionsziichtung
ie

it dem Anbau genetische Linien, auch Wildpflanzen) an. Aus dem nach
gemeinsameAbblateerzeugten Saatgut werden Pflanzen mit

Kombinationsziichtung

Die E:

Heterosiszlichtung

In derHeterosiszlchtungierden beFremdbefiuchient a b AAZ w2338y X0 Ay YSKNENKNAISNI %NOKG dzy 3
Kreuzt man zwei solche Linien, it bel der F1
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Hybridziichtung
Die Hybri in Beispiel Erzielung einer

bei der
miteinander der (F1) eier solchen der

Fir dent doch, dass das Jahr wieder neu
.da

‘wenn er den Ertragsvortell
gegeniber in der dan verloren
geht.

Mutationsziichtung
Bei der

um neue erzielen, die einen positiven Effekt aufweisen. Damit wird
die Ziichtung neuer Sorten erheblich beschleunigt.

Hybrid: Heterosis effect

The purpose of crossing is to make use of the heterosis effect partly to improve fertility and partly to
combine the different characteristics for vhich the lines were previously selected, For meat praduction
2 desirable quality in the final product is to produce large numbers of rapidly growing individuals.
This requires geod fertiity in the mother combined vith good grouth rate in the progeny.

The heterosis effect makes the hybrid pigs better than the average of the parents. The traits vith thel
lower heritability show the largest heterosis affect, This is particularly trus for fartility, mothering
abilities and bady structure, which have @ low heritability.

Average of
[l - - 'Elm'parents

Breed A  AxB BreedB
Heterosis Effect



http://de.wikipedia.org/wiki/Genotyp
http://de.wikipedia.org/wiki/Genotyp
http://de.wikipedia.org/wiki/Fremdbefruchtung
http://de.wikipedia.org/wiki/Heterozygotie
http://de.wikipedia.org/wiki/Homozygotie
http://de.wikipedia.org/wiki/Inzuchtlinie
http://de.wikipedia.org/wiki/Heterosis-Effekt
http://de.wikipedia.org/wiki/Heterosis-Effekt
http://de.wikipedia.org/wiki/Heterosis-Effekt
http://de.wikipedia.org/wiki/Pflanzenz%C3%BCchtung#cite_note-1
http://de.wikipedia.org/wiki/Heterosiseffekt
http://de.wikipedia.org/wiki/Landwirt
http://de.wikipedia.org/wiki/R%C3%B6ntgenstrahlung
http://de.wikipedia.org/wiki/Neutronenstrahlung
http://de.wikipedia.org/wiki/Mutagen
http://de.wikipedia.org/wiki/Pflanzenz%C3%BCchtung#cite_note-2
http://de.wikipedia.org/wiki/Mutation

17

19

Introducing new traits in a plant
family:(Random) Mutation Breeding
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Tissue culture , Clones ?
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SomaclonaVariation

ZProduction of a new variety gdpanese
butterbur usir iation. upper

lower:native variety)

Breeding using transposons

EinTransposonist ein DNAAbschnitt bestimmter Lange im Genom, der seine
Position im Genom verandern kann (Transposition). Man unterscheidet
Transposonsderen mobile Zwischenstufe von RNA gebildet wird (Retroelemente
oder Klassé-Transposoj von denjenigen, deren mobile Phase DNA ist (DNA
Transposoroder Klassél-Transposoh

Transposan o snes
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Transposon tagging

The molecular isolatior
of transposable
elements now permits
the cloning of genes in
which the element
resides. The major
advantage of this syste
is that genes whose
function is not known
can be cloned
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Molecular marker directed breeding Models for population growth and food security:

Welcome to Innovative Methods for Rice Breeding - Combining Pessimistic or Alarmist Theory

Participatory Plant Breeding (PPB) with Molecular Marker Techniques althus - 19 century.Coal ver Paul Ehrlich (Populati
- 19h ¢ lation Bomb),

sy M(% dows Agdv%bt%r&rerg%@%o S anggg%s. Hocus on ;gopBIuatlon pollcy?&)
Optimistic Theory
EsterBoserupg 1960s¢ 70s (agric. Intensification)
Julian Simox 1970s- 80s (human capital)
Neutralist or Revisionist Theory
1EfS StfSe 2 SSk{AY2 Ydd y&dakbh it !
mid 1930%10 K]e resenl.e Eo‘év S Xn |CILI ™ K&élicy {eeancks, nﬂx%s uax 4
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Landuse and property Nature and property g

Sciencel3 December 1968:
Vol. 162. no. 3859, pp. 12433 1248

conservation : expolitation Articles
The Tragedy of the Commons
Garrett Hardin
professor of biology, University of California, Santa Barbara.

use : property

When a resource is held "in common," with many people having
"ownership" and access to it, Hardin reasoned, a-isg¢éfrested

"rational" actor will decide to increase his or her exploitation of the
resource since he or she receives the full benefit of the increase, but the
costs are spread among all users.
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" Frisdrich August von Hayek: Ein
Leben fir den freien Markt

o i e e i

A M2, August 1940 Landate der Siterrwichisehe
Nationsidkonom Ludwig Edier von Mises (1881 bis 1973) in
New York. .Die Weit war in Aufrusy, der Krieg witete,als wir
von Europa Abschied rahmen’, schraibt seine Frau Margit 1978
im Vorwort zu den Erinnerungen ihres Mannes. Als fidiacher
Inteliektueller, der zu allem Uberfluss auch noch den
Kapitalisnmus rechtfortigte, war fir von Mises s
Gstarreichischen Universiziten kein Piatz.
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Nicholas Warshe!
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WhoWas Friedrich Hayek?
What Was His Economic
Theory?
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As Keynes stood to the left, so Mises
stood to the right and for the right.
While Keynes would arm the
government with extraordinary
peacetime powers oblivious to the
Actonian principle that powecor-

tst
Misescalled for limited, non
interventionistic government.
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Keynesians believe that, because
prices are somewhat rigid,
fluctuations in any component of
spending consumption,
investment, or government
expenditures cause output to
change. If government spending
increases, for example, and all
other spending components
remain constant, then output will
increase.

Keynesian Theory
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Nature and property. Public goods

Industrial and Corporate Change
Pp. 131159

OSTROM, E© 19950xford University Press

researcharticle

Selforganization and Social Capital
( building public goods )

ELINOR OSTROM

(Workshop in Political Theory and Policy Analysis, Indiana
University Bloomington, IN 47468895, USA)


/
http://scholar.google.com/scholar?q=%22author:E.+author:OSTROM%22
/misc/terms.shtml
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Benefitsharing geneticressources
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Introduce vectors.
into bactada

Toclonea piece of DNA,DNA
is cut into fragments using
restriction  enzymes that

recognize specific sequences
of bases in DNA The
fragments are pasted into

vectorsthat havebeencut by

the samerestriction enzyme

Vectors (e.g., plasmids or

viruses)re neededto transfer
and maintain DNAin a host

cell
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Cloning, Definition

Clonings the procesof makingan identical
copyof something

In biology it collectivelyrefersto processes
usedto

-- copiesof DNA Fragmentsr(olecularcloning
-- cells(cellcloning
-- organism

Theterm alsocoverswhenorganismssuchasbacteriag insects
or plantsreproduceasexually

ReproductiveCloning

18.12.2025

Reproductivecloningis a technologyusedto generatean animal that
has the samenuclearDNAas another currently or previouslyexisting
animal Dolly was created by reproductive cloning technology In a
processcalled"somaticcell nucleartransfer” (SCNJ scientiststransfer
geneticmaterialfrom the nucleusof a donor adultcellto an eggwhose
nucleushasbeenremoved Thereconstructedeggcontainingthe DNA
from a donor cell must be treated with chemicalsor electriccurrentin
order to stimulate cell division Once the cloned embryo reachesa
suitablestage,it is transferredto the uterus of a female host where it

continuesto developuntil birth.



Reproductive Cloning

cloned animal

Lt
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Therapeutic cloning

Egg cell Body cell
(o ==
~

Nucleus @ @ Nucleus

removed \ l removed

Nucleus from the
=D body cell inserted
into egg cell

Cloned cell
Induced to form
an embryo

Stem cells harvested
from embryo cells
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Nuclear reprogramming
Skin cells

Genes inserted to
Induce reprogramming

¥

®
o

\-l\&
Reprogrammed cells resemble
embryonic stem calls

SOURCE: Science Media Centre

TherapeuticCloning
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Therapeuticcloning,also called"embryo cloning,"is the production of
humanembryosfor usein research The goal of this processis not to
createclonedhumanbeings but ratherto harveststemcellsthat canbe
usedto study humandevelopmentandto treat disease Stemcellsare

extractedfrom the eggatfterit hasdividedfor 5 days

The extraction processdestroysthe embryo, which raisesa variety of
ethicalconcerns Many researcherdiopethat one day stemcellscanbe
usedto serveasreplacementcellsto treat heart disease Alzheimer's,

cancerandother diseases
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Horticultural cloning

All plantswhichare originatedfrom vegetativreproductions
areclones

Theyhavebeenderivedfrom a singleindividual multiplied by
someprocesther than sexuareproduction

Examplesire bananasgrapesand potatoes

40
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GM plants, Tranferring traits in ways which
are not used in nature: GMOs
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Agrobact. tumefaciens

backeial

Homologiaecombination

Hemologe Rekombination J

Integration J
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Antibiotic resistance marker gene

Testing whether the gene has been
transferred

Plants with new genes

Cells without new genes
grow despite antibiotics

are killed by antibiotics,
50 plants do not grow

Plasmid for gene transfer:
desired ———————
gene o

Y

H marker
gene

Genetransferwith viruses

Virus Carrying
Therapeutic Gene
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Gene gun

125

Main GMOs, Herbicide tolerance,
glyphosate

Glyphosate
|- T
PV-LEGT02 control

12



BEFORE

HERBICIDE APPLICATION
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Old and new Problems: Resistance

Herbicide Resistant Weeds

w
L) w
- Meiie eace
restasc ¥
o O e
Pt earcs i
% et resstancy
@ Number ¢ Evolved Glyphosate -
40 of agenic ot 98¢ Resistaf{ weed Species
0 st miant o 200
% 2
0
0

1996 1997 1990 1999 2000 2001 2000 2003 2006 2035 2006

51

Herbicide Resistance: more or less
herbicide? depending on local
agricultural background

ZRoundup Ready Soy, Corn,
Canola
ZAllows postemergence herbicide spraying
Zincreases yield
ZFacilitates naill farming
=89% U.S. Soy crop (2006)

131
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Herbizide resistance, gene transfer

W 3
i s
i A
Modifiad Plant with min
Harbiciae Redsiance W ersicge

Cross-Pollination

Wead With Incre
Harbicidal Rasist
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Gene flow: multiresistant Rape

Insect resistance, BT maize

Detection of feral transgenic oilseed rape
with multiple-herbicide resistance in Japan

53

BT resistance: B. thuringiensis proteins

Roundup ready, Monsanto

_Insect Resistant Maize

14
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Esgibt

A mechani ind L l aufdem Feld
verbliebenen Pflanzenreste

A o !

A it Hilfe von Trict

A BT ToxirPraparate

A gentect Mais)

Bt Concerns

=Bt pollen harms noarget species?
=Bt crops select for resistant insects
=Bt pollen can drift to organic fields
=Food system failed to keep BTarlink
corn out of human food products

58
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Bt Corn

=Natural insecticide from
Bacillusthuringiensis
=Non+oxic to humans
ZTarget insect: corn borer
=Potential to:
¢ reduce insecticide use
¢ reducemycotoxins
Z40% U.S. Corn crop Bt (2006)

Disease Resistance, viruses

Genetically enginered papaya resistant
papaya fingspo virus

=Cantaloupes
=Cucumbers
=Corn

=Rice
=Papaya
=Potatoes
=Soybeans
=Squash
=Tomatoes
=Wheat

15
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Growth-enhanced fish

Salmon Growth hormone
expressed in cold

waters & unlinked

from seasonal temp.

Auto-transgenic mud
10 a c-fuctin pismoter
linked to GH gene.

I E = E ﬂ (et etal 1994

A Atlantischer Lachs von Aq@ounty
A WachstumshormorGendesChinookLachs

A FrostschutzProtein-Gen
A bessere Entwicklung in kalten kanadischen Gewasserf?
A Wachstum tiber das ganze Jahr

A normales Gewicht in der Halfte der Zeit erreicht

BELFONDURIEUX, O.L etal before production
case of Science & Policy 12; 170 ~189; 2009.

62
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GM Salmon

A Probleme der Lachsindustrie
A gvLachs von AquBounty
A Produktionssteigerung iiber Erndhrung, Krankheitsresistenz

A Gefabhr fir die Wildlachspopulationen
A Abhangigkeit des Fischfutters

A Umweltverschmutzung durch Lachszucht

GMO tobacco,
expression of human proteins in plants

16
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GMOs in development: CLAIMED BREEDING OBJECTIVES
CLAIMED BREEDING OBJECTIVES

152 153

65 66

09.12.2008

Claimed breeding objectives BREEDING OBJECTIVES

Blockade der Gene fur Linamarin-Produktion

Linamarin wird in Blausaure umgewandelt und
kann so zu Vergiftungen fuhren  in Entwicklung

67 68
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Breeding objectives

Starkekartoffel

| * husschalten
eines Gens.
—_—

‘GMO Stirkekartoffel

i oo et

P
255

Relner Bastandtoll

Mischung von 2 Starketypen

GM FLowers

Auto Toyota Turns to GMO Flowers to Relieve it

of Prius Manufacturing Pollution

Seurce: DayTech 17 + Octabar 30,2009

. EEm

156
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GMOTrees

Safety: Random integration,
Insertional mutagenesis

e

1. Ineruptcoding regon and nacivate gene

—

Vector

Vector
2. Insert next to gene and activate its expression inappropriately.

18
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Safety 1t of tr genic food

Unintended Effects

Specific analysis Profiling techniques R .
= targeted approach = non-targeted approach e P i Y

ousrmoven xasrmown
o e v ety ot
B e e TR ol

T o
S e | e St
T NS o) i oy

i

73 74

in

Detectionof unintendedeffects in vitro,
ToxicologysessmentDifficulties Animal Feeding Studies Vivo
Whole Foods

Small doses to be fed (bulk, satiety)

Nutritional imbalance of the diet i’
Many confounding factors

enhanced
Small safety margins, if any m....,t

Insufficient sensitivity for specific endpoints

75 76
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GMOtests PCRprimers areas array NewObjectivedor genetransfer

Conventional
Transgenic Approaches

Drawbacks:

» Random insertion of transgene

» Not suitable for gene targeting or precise gene mutation

» Difficult to perform gene replacement or create allelic variation
» Introduction of undesirable DNA fragments (T-DNA, selection markers)
» Extensive reguiatory requirements

» Public concerns over transgenic crops

Gmo
negative Pt by st

New technology is much needed:
» To precisely and efficiently manipulate genome for crop improvement

» To reduce regulatory hurdles and public concerns

77 78

Geneediting

Cas-9 (CRISPR associated protein 9)

+ isan RNA guided DNA endonucleases
enzyme.
associated with CRISPR
which plays an role in adaptive
immunity system, found in bacteria
Streptococcus nes.

+ involved In Type Il CRISPR mechanism

1) e s e v o e

T T
-

79 80
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CRISPR/CAS9

Genomic DNA

CRISRRas9

Broad Application of CRISPR-Cas8 Technology
Technical advantages for basic plant biology and crop breeding
» Targeted gene mutation (multiple or redundant genes)

» Site-specific integration and gene stacking
» Gene replacement via hamologous recombination
» Site-directed mutagenesis to create allelic variation

c such as deletion or
> Modification and labeling of multiple genomic sites
» Transcriptional modulation of multiple genes and pathways
» Epigenome editing such as methylation and demethylation
» Cisgenesis without introducing undesirable foreign DNA

Economic, regulatory and socletal benefits:

» Reduce costs for precise and efficient molecular breeding
» Eliminate or significantly reduce reguiatory requirements
# Alleviate public concerns about GM crops

82
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Targeting RNA

RNA-targeting CRISPR-Cas? (RCas?)

CasigRNA
PN actated
s NG inding.
s s s cloerg
iyl ==
“‘_ ShiA o

RNA-targeting CRISPR-C2c2

Type VI CRISPR locus

l
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ey
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R
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CRISRRas9, applications

Near-term Applications for Crop Breeding

1. Targeted deletion of single or multiple genes for transgene-free,
mutational breeding in various crop species.

2. Site-specific integration and precise gene stacking for transgenic
or cisgenic breeding

3. Multiplex: editing to create allelic variation at quantitative trait oci
to improve multiple agronomic traits (yield, quality, disease
resistance and abolic stress tolerance).

Genome editing in rice for 59184 conversion in Pita

e PO e
= T TR H
T e -l H
Gomst N [~ 8
Taonme b e |5 |
e S =
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Video geneediting
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Novelfood, functionalfood,
pro-, pre-, syn, postbiotics
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KEYNOTE LECTURE 1

G¢KS NBtS 2F 3Jdzi YAONRGAZ2YS FYyR
YR RA&SIasé “
Prof. KonstantinosGerasimidis Universityof Glasgow, UK l

Important roles of gut microbiota in body metabolism

Ernéhrung und
Mikrobiom sind eng
verbunden mit nicht
ubertragbaren
Erkrankungen.

88
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KEYNOTE LECTURE 1 N L - o . -
GCKS NBRES 2F 3Jdzi YAONRGAZYS
FyR RA&SHaSE

Prof. KonstantinosGerasimidis Universityof Glasgow, UK

Das Zusammenspiel von
Mikrobiota und
Darmgesundheit
beeinflusst entscheidend
wesentliche Vorgénge im
Korper.

Van Hul et al, Gut, 2024 [e-publ

Structuremicrobiota

Microbiome-  collecinaf wierbl gemmes
Microbisa-  cketionof wirobes

+ s bt s st
ool buman body

5 150xmorebacterial
genes than our
human genome

92

90

Development ofnicrobiota |.s, andepigenetic
system,jmprinting

o | y .
Di in 1000daysof life
L 1G| Microbiota
HUMAN
Stomach & GASTROINTESTINAL TRACT Colon
Duodenum 10©7 102 CFU/mL
10t 102 CFU/mL T S Bacteroides
Helicobacter \ Prevotella
Streptococcus Facaelbacterium
Ruminococcus
Jejunum & lleum Roseburia
1047 10° CFU/mL Clostridium
Bacteroides Bifidobacteria
Streptococcus Collinsella
Lactobacillius Desulfovibrio
Bifidobacteria Bilophila
Fusobacteria Akkermansia
Methanobrevibacter

icensed by R Alen from shutterstockcom

18.12.2025
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a/ 2 NB ¢ a A € Microbiota Functions

ABacteroidete§22,9 %)
AFirmicutes(64 %)

QZ% ofC. Cluster IN36 % ofC.
ClusterXIVaand 5 % of

Lactobacilli)

(Mariatet . 2009)
AActinobacterig1- 4 %)
AVerrumicrobialeg1- 4 %)
AArchaeadomain (% 2,5 %)
AEukaryotic microorganisms (< 0,1 %)

(Gerritsenet al., 2011)

93

« Protective functions

+ Structural functions

+ Metabolic functions
Fermenting dietary fiber into short-chain fatty acids
Synihesizing vilamins

Ways of delivery anehicrobiota
a long lasting difference

Infants born by elective cesarean delivery had particularly low bacterial
richness and diversity. formufed infants had increased richness of species,
with overrepresentation oflostridiumdifficile

CHILD involves more than 10 000 people, =
including 3 500 infants.

95

Variation inmicrobiotastructureis high

Despitehighvariation, Glmicrobiotadependon :

1. Individuum

2. Areaandlifestyle
3. Diet

4. Interventions

94

Glmicrobiota Diversityof groupsand
functionsimportantfor health

L Cratefier €. et a, 2013)

96
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Interactions Microbiotdiversity - I.S- epigenetic
AgingandMicrobiota system irsenescence

Ty

c

The Impact of the Microblome on
IMMUNOSenescence

Daniel Amsterdsm & Barbara € Datroy
[ Toddier Adun Eiderty

Inflammaging

97 98

Bacterialcellwall componentsand Inflammation:
dysbiosis LPS and gytermeability obesityasa
model

e foss etal, Nature Reviews Microbiolo

olism (Cani etal, 2011)

99 100
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Endotoxinssaturatedfats’ chylomicrondrigger
inflammation insulinresistance
SCFAmaytrigger GLPIactivation

GLP1incretin
improvesDMII and
obesity

leakygut: amajorhealthproblem
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Obesity FirmicutesBacteroidetes
Akkermansiandthe cellwall

102
Microbiotametabolites SCFAs birtd
G-ProteinReceptorsGPR 41/43 (FFARS)
Colonocyte Lumen
oty
pomtegit L 2 M—:’
T“’ P SHCT! (apha, 29) |
SCFA SCFA 4———— SCFA
e MCT1 {3pH")
IIII L
GPRASS % GPRAY =
Basolatersi Apical
Immune cells ‘mambrane membrane
Antrinflammatory; (Husteret al., 2013; Fiint et al., 2009,
Inhibition of NF* . Nature Rev)
104

26



18.12.2025

Microbiotaandfermentationproducts Pathwaysindcrossfeedingfor SCFAs/
e.g. SCFAs Butyrate
Clostridiatluster
ClostridiatlustedV lea.

Faecalibacterium| Eubacteriunhalli

prausnitzii Anaerostipesoli
Butyricoccus Roseburiapp.
Clostridiuni.eptum E.rectalespp.
Nonstarch

(Louis and Flint, 2009, FEMS) **

105 106

Butyrateandepigenetichistonemodulation Butyrateandepigenetics

Diet ) Iotetin microflors
by F D puiruas precig Sechei

———4

>
A famtey el S, e

> 62 e

>

#ffects o candiovascula disemes review s e

The epigenetic effects of butyrate: potential
therapeutic implications for clinical practice

107 108
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Butyrate:apoptosisautophagy mi RNAsegulating
inflammation vitro
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Mechanism of action of fibre: Shathain
fatty acids (SCFAs)?

ASCFAs are major metabolites produced by the microbiota

~ SCFAs GPCR activation

P

UM Acetate = GPR43

-
/{\\I —_

Dietary fibre| .
Commensal =0 N Propionatem=p GPR41
bacteria

\*O

o
/\)‘0 Ha” Butyrate - GPR109a
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Dietdictatesthe productionof SCFAgliversity of
the microbiota, many types of complex carbs

Inonssed sccuss o
compes cambydntes
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= b
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1owrsty
TMeszckecupit

< P auad : Illl .h q00%

S B

TEEET ) e
orglecty b Pa o 1 Owers
T8 Y e

110

The gut microbiome and SCFAs

18.12.2025

A not defined as a hallmark of aging, causal i 7‘ -
relationships have been observed between the g
microbiome and age

A Firmi i and

A Inter-individual changes are determined by
genetic, age, diet, health and geographic origin

A Composition and diversity declining with age
A Epigenetically active metabolitesSCFAs
A Target HDACs, GPCRs, used for energy
production
A declines with aging
A Decline leads to obesity, inflammation, insulin
resistance with further DM2, cardi a
RA&SI a8y ySdNef23AO0t

) S, N M
112

o el iom Doy Fiber o Host Pyscogy ik Faty Acds s ey Baceral Weibores, 2016
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Gut-Microbiota-
Brain
Communication

ryan, Jomn ., an Timothy . Dinan. “Mind akring

ne mpactof e gut
o171

113

Session 8: Guletabolsim

Gut microbiome and its interaction with host metabolic and 0%.2

neurologicafunctionsnNordicmedit,. Diet

Prof. MarieChristine Simon, University of Bonn, Germany

GLPTezeptorim Rortex hippocampus GLRmprovescognition Alzheimer
Prophylaxe ?probioticsstimulate GImicobiota, enhanceGLP1

115

114

116
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SE'SSION 3: Mental HEALTH “ o i %%
Lifestyle factorsand the gotN> Ay | EA &Y NBf sﬁiy@
Neurogenese -
Prof. YvonneNolan, University Cork, Ireland

Mikrobiota mit Einfluss auf die Neurogenese
im Hippokampus

Yakult
Srimncm o et 1

. .O%%
SESSION 3: Mental HEALTH -
Lifestyle faciors and the got NI Ay | EA&Y NB* & byt

Prof. YvonneNolan, University Cork, Ireland

LifestyleFaktoren beeinflussen das
Mikrobiom

Midlife phaseist wichtig

Yakult
Srimoe o Lo 1
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SESSION 3: Mental HEALTH

Lifestyle factors and the got NJ- A Y

Prof. YvonneNolan, University Cork, Ireland

Mediterranean giet

il

Positiver Einfluss der

mediterranen
m Ernahrung
i oo S
A\ Gl
WHO ek e Meterssnan i gt
e
Yakult
Probiotic

APositiveeffectson healthalready100yearsagosuggestedy Nobel
Prizewinner Elie Metchnikoff [Metchnikoff, 2004]

ADefinition:a t A S YAONR2NHIyAaYa GKFGX
I RSljdzt 4S FY2dzytaz O2y TSN
[FAO/WHO, 2002]

AOver 8000 research articles published since 2§08veral probiotic
products on the market [Hill et al., 2014]

AcCell components of probiotics able to induce effects in hDstgn
andRachmilewitz2005] but requirement for survivable cells remains
a crucial factor for efficacy [Ma et al., 2004]

119

Interventions examples

Fasting CR
Probiotika, Prebiotik&gynbiotikaPostbiotika
Epigenetiactivefoods

1953 003
Kalathuses the encemic e
1857-1864 1878 1807 w30 torm probictia 1989 genomasaquence
teur discovers LAB olated s forsetive  Fullr defines probi of 3 probiatic. FDA/CBER
1B asspolage mile shstances 35 toctobocilus guidsines for
e promotingheatth  supplements ©  plantzrum e biotheraeutics

__

a9 L 1900 165
Bifdsbacterrn " Liley

by Lister  associatedwith health _ Loctabacilus co

F 2005

FAD/WHO definition Relman uses high toughput
ofprobiotics 163 amplicon sequencing o
catalogue gut microblome.

S

ther microorganisms.

120
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Definitions

“Uive microorganisms which when administeredin
adequate amounts confer o health benefit on the host’

==y
|
{

121

Antimicrobiakubstances

AProbioticsproducevariousantimicrobialactingsubstances

AExampleslacticacid hydrogerperoxide microcinesdeconjugated
bile acids[Oelschlaege2010],bacteriocindMaquedaet al., 2008]
AAntibioticsalsoproducedby probioticsA reuterin:
ABroadspectrumantibiotic
AActiveagainstyeast grampositiveand gramnegativebacteria fungi, viruses
protozoa
AProducedby strain ATCC5573fom L. reuteri [Cleusiet al., 2007]

123
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_——
Fyndallized

Posbiotics  Paraproblotics
prabiotics.

122

Species

ALactobacilli
APresentin GIT, oratavityand vaginaof humans{Walter, 2008]
AWidespreadusein productionand fermentation of foodsA ability to convert
hexosesugargo lacticacidA preservation[Fijan 2014]
AExcellenfor useasprobiotics hightoleranceto acidandbile, capabilityto
adhereto intestinalsurfaced Tulumogluet al., 2013]
ABifidobacteria
AFirstcolonizersof the human guttogetherwith lactobacilli[ Turroniet al.,
2012]
AWellknownfor resistanceagainstbile salts[Fijan 2014]

124
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127

Bile acids and

f-Defensin2 «——
. ®

IgM and IgG in 4)
infant mucosa

L-10

X

Tight junctions
Zo2)

IFN-y, IL-8,
IL12, TNF-a

Figure2. Various ways of immune modulation by E. dbisle1917
(summary of data from in vitro g(r)'ngé]n vivo experimenBglinseret al.,

126

128

Species

ABacillusspecies

18.12.2025

AEithersporeforming aerobicor facultativeaerobig gram positivéacteria
AB.subtilis B.cereus B.coagulansare memberswith probiotic characteristics

[Fijan 2014]
AEscherichaoliNissle1917:

AAbleto colonizethe gutand competewith residentand pathogenicbacteria

through multiple fitnessfactors[Behnseret al., 2013]

AStimuIationof epithelialdefensinproductionA restorationof disturbedgut

barrier

AcSealingeffectt  8gift junctionsof enterocytesSonnenborrand Schulze,
2009]
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Treatment of acute diarrhea with probioticsneta-analyses

L Figure10. Conerat 2008 -
Durationof i o, 2004 (1) -
_ [ st e :
i st 2007 1) 18—
. K ot l. 2005 (200 —
T Karugl ot 2008 21) .
e Aot ot 2007 (24 -
Foatpour an Lo, 2006 26 .
- Rosmedts ot o, 202 (28] e
s Bt 007 () 37)
&
) i F] 3 4 3
[—— TL Figure11. Durationof
hospitalizatior{Salariet al., 2012]
129
Probiotic- Next-generation Synbiotic Host gut Health outcome
targeted foods probiotic products icrobial on the host

Gut homeostasis’
SN
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Methods: We conducted searches of MEDLINE, EMBASE, CENTRAL, PsycINFO, CINAHL, ProQuest, LILACS, and
Science up to February 2020 to identify randomized controlled trials (RCTs) investigating the efficacy of probiotics
associated with or without ical or ical therapies for outcomes including relief

of depressive, anxiety and stress symptoms, cognitive functions, adverse events and quality of life. We used the GR/
approach to rate the overall certainty of the evidence by outcome. The protocol of the systematic review was
registered with PROPSERO and published under the number CRD4202016329.

Results: 16 RCTs including 1,125 patients proved eligible. Results suggested a significantimprovement in using Becl
Depression Index (MEB.20 [95% C#5.91 t0-0.49], p = 0.02; 12 = 21%, p = 0.28) for depression symptoms and State
Trait Anxiety Inventory (STAI) (MB,88 [95% CH12.35 to-1.41], p = 0.01; 12 = 24%, p = 0.25) for anxiety with overall
certainty in evidence rated as moderate and low, ively. However, D i (MD, 2.01
[95% C1;0.80 to 4.82], p = 0.16; 12 = 0%, p = 0.62), MontgomeatyergDepression Rating Scale (MADRAS) (R1B1

[95% C:10,55 t0 5,72], p = 0,56; 12 = 87%, p = 0,006), Anxiety scale-ADAIBS) (MD, 0.49 [95% G4,05 t0 5.02], p
=0.83; 12 = 74%, p = 0.05), and Stress Scale{EASS) (MD, 0.84 [95% €,64 to 4.33], p = 0.64; 12 = 34%, p = 0.22)
showed no significant decrease in the relief of depression, anxiety and stress symptoms of probiotics compared to
placebo with overall certainty in evidence rated as very low for all outcomes. We also found no differences in the Bec
Anxiety Index (BAI) (MEB.21 [95% C}6.50 to 0.08], p = 0.06; 12 = 0%, p = 0188) overall certainty in evidence

rated as lowResults suggested a netatistically significantly effect of probiotics in the adverse events outcomes.

Conclusions: The current review suggests that probiotics may improve symptoms of depression and anxiety in clinice
patients. However, given the limitations in the included studies, RCTs withdangollow-up and large sample sizes
are needed.

130

Probioticsaandanxiety

HOW DO PROBITICS HELP

WITH ANXIETY? B

. imestina Borrer

GUT-BRAIN AXIS

132

33



18.12.2025

asignificantdecreasan
depressivesymptomsfavoring
probioticscontainingstrains
suchasLactobacillus
acidophilus Lactobacillus

] e - paracasei, Lactobacilloasej e
L i 5

s = e Lactobacillusalivarius SRS .J-—L—LL-l 2=
Anoresia Diabetic Bifidobacteriumbifidum, - g +

neuropathy (- Bifidobacteriumiactis
Bifidobacteriumbreve, and
Bifidobacteriumongum (MD=
2.69, CI195%#.22/-1.16, p
value 0.00) ConverselyRCTs
usingHAMDshoweda nor
significanteductionin
depressivesymptomsgMD:-
1.40, C195%38.29/0.48, p
v value 0.14). RCTamploying
DASS and MADRGalesalso
showedno significant
differences

133 134

|

Bl Moutes 297,02 153160

1 Physiological
Mechanisms
s o b s
R S P § randomised.
Lumen Pebgrs Bl Probiotics e Ty B
< Laeie = el e BTt K NG 1 Gomd’. Kb’ . e, K. S, . Kol . o'

i

- B e e S \

S o JE S mm = . 5 4
vimn. Yt e

;L'?”(“U‘—Ei{'a;a*—L 12 a5 | T -

Roceved 31 August 3016/ Acceped 16 D 306
ST ——" v

oPeN ACCESS XD RESEARCH ARTICLE

res. A deable S,
prariiel

1

135 136

34



Mikrobiom-Intercell’ £ [ |

137

139

EVERYMIND

Childhoodallergy probiotics bifibacteria

18.12.2025

AtopicdiseasegAllergyand pre, prebiotics

THE MECHANISM OF ALLERGY

R

138

Meta-analysigrobiotic allergy

Methods
We performed a comprehensive search on PubMed Cochrane leran/ EMBASE vaY relevant publlcallons from 1 Ja
2000 to 1 July 2021. Physical ity of Life i (PRQLQs),

Total Nasal Symptom Score (TNSS), Nasal or Eye Symptom Score (NSS or Ess), serspecifieigand
eosinophil were used as evaluating indicators for AR and allergic asthmain children and adol@eemtsta
analysis was performed using Review ManaBewviMan Version 5.3).

Results

15 randomized controlled trials (RCTs) with a total of 1388 partici were included for ong
them, 729 patients treated with probiotics served as the probiotics group, and 659 patients with placebo as control
INBdAIP {A3YAFAOIYGte& INBFGSNI NBRAOGAZY Ay twv[va FN

t f onoamoE b{{ o6{a5 I b /L & b mGcoX b mb:
t f nonmo 6SNB 20aSNBSR 20404 INBdLI O2 YLI NE
ta ot

A2
B ndamo d

So

serumigel YR S§2 & Ay 2 LK
Conclusion

The results of this metanalysis indicatethat probiotics treatment may reduce PRQLQs, NSSnEfa8ents with
allergic airway disease. More research involving the mechanism of probiotics are needed to clarify the role of
probiotics in AR and allergic asthma in children and adolescents.
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Clinical Efficacy of Probiotics for Allergic Rhinitis: Results of an
Exploratory Randomized Controlled Trial
r— Francesca Mansa 1 29, Ao Contarn
G vt s ichesshaye?
oo Aesai Coror
Sara Govonti 3 10, Faio Caputa ! 2, Robarto Do Gorg ' © nc Glcome Calo 1
R) is an the upper airways of predisposed subjects exposed to

of amix of rhamnosus LRHO20, B.
breve BB077, and B. longum subsp. longum BLG240) on symptoms and fecal microbiota modulation in subjects with
R. Methods: Probiotic effects were evaluated at the beginning (T0), at four and eight weeks of treatment (T1 and T2,
respeciively), and afer four weeks ofolw-up rom the end o veatment (T3 (n = 19) compared o the placebo group (1 =22)-AR
min rhinitis quality of life t each time point. Allergic
immune respanse andloca meronon. compositions were assessed at T0, T2, and T3. The sumy was registered on Clinical-
Trial. gov (NCT05344352). Results: The probiotic group showed significant improvement in the MiniRQLQ score at T1, T2, and T3
¥5.T0 (p <001 p < 005, p< 001, respectively). M T2, theprabitcgroup shoed an cease n Dores, which can be neganve\y
anintestinal

FDI d= u 0074 and 0. un ly). Conversely, at T3 shnwed anincrease
in B e , (p-value FDI 3 canbe
corrected = 0.023). Concll formulation quuhly of life in R, promoting a
shift rd: ry speciesin the i i i
Pro-, prebiotika und SCFAS
Butyrate and eir d seem
02 Ki@s axw\um ukeaxi(iaxou AYFLdSyOAy 3 LINE
@it effects or caloric tion andapee
; A
is able of hulyvate (SMD
MASTERARBEIT)  £50 0507 andanmprovementlderesumscre (b 0S8 070)
and 157;p=017) 3
denmss\on am possible

d
E— analyzed g fasting as

well as further needed
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Probioticseffectthe Epigeneticegulation

Epigenetic aspects of new probiatic concept - a pilot study

Mk S Dl o M
" Nevens T, T

s Q' Ve S i K S Pl
Ksenije Velihugic, eiita Dpediensc

The novel probiotic approach consisting of Lactobacillus plantarum,
a positive

effect on regulating the expression of certain miRNAs and mRNAs
important for regulating inflammation and adipogenesis, which are
essential for obesity onset and control. , in print

20; AG Haslberger
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Prol() iLsi

Prediction of individual responses to
prebiotics and probiotics intervention

A Prebiotics and Probiotics Task Forces' collaboration

Eackgroum and Oblectives

2025 AG Haslberger
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Probiotics newways

concept exploratory study Iehende?

Commensal Obligate Anserobic Bacteria and
Health: Production, Storage, and Delivery
jes

8 s o
[t
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Butyrateproductionor crossfeeding ?

e B a2 e e e
Butyrate-Producing Probiotics Reduce N

Fatty Liver Disease Progression in Rats: New Insight into
the Prabiotics for the Gut-Liver Axis

147
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Spores

The ingredient

146

Prebioticavhatisit?

Prebiotict

i [N
"Ctasand ||( Homenmite )|
PURAS | clnosaccharides )i { SRR R St

"Dﬁgut’lmdﬂvw P, [E—

e.g. FOS. Inulin. [ Phenolics and

G85.MOS 05 |_phytochemicats | G
Nature Reviews | Gastro

Credit: Gibson GR, et al. Nature Reviews Gastroenterology & Hepatology. 2017; 14: 481-502. (CC-BY)
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Fibersand SCFA

149 150
Fibersandobesity butyrogenic Receptorof SCFAs
151

152
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Breastmilk
formula

Muttermilch (breastmilk) ist die natiirliche Nahrung fiir
Sauglinge und enthalt alle wichtigen Nahrstoffe, Antikérper und
Enzyme die das Immunsys!em des Babys starken und seine

opnma Sie passt sich an
die les Kind durch in
der Zusammensetzung wahrend des Stillens oder iiber dle
ZeltFormuIanahrunglormuIamllk) ist elne industriell

die auf

baslen und mit Vitaminen, Mineralstoffen und anderen

wird, um i gut wie
maglich groRer itte k sie
jedoch nlch| alle Iebenden Immunstoffe und Enzyme enthalten,
die Versuch, in der
iert sich heute

auf:Zusatwon Praund Probiotika, um die Darmflora zu

fordern, Iangkemg&nsauren (DHA ARAur Unterslutzung
der Gehiraund
(mehr Molken als Kasemprotem) .Zugabe von bioaktiven

Das Oli das der
YNOKAGSY 12YYi

0 HDg ein sogenanntes Human Milk

Oligosaccharid (HMO).

155

wie Ol die das
2 s NGANNSYs 3,24 Sy oMb %A St RASaSN

immer ahnlicher zur Muttermilch
zu macherg auch wenn sie deren komplexe, lebendige
noch nicht andig erreichen kann.

18.12.2025

Human milloligosaccharideomposition

Human milk
oligosaccharide
compositionblueprint
HMOcompositionfollows
abasicblueprint shownin
the center HMOcan
contains different
monosaccharides
differentnumberand
linkages namelyglucose
(bluecircle), galactose
(yellowcircle), N-
acetlylactosaminéblue
square), fucose(red
triangle), andsialicacid

154

Formulabreastfed

Control group.

7 N =
(e .S o S'/’
Siandard cow's milk formula
Active group

(3o

Partahy |y Hydrolyzod Protal
Formuta with Prebiatics

26 weeks 18 months
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GOS

Galactooligosaccharid&OS) sind tatsachlich ein
wichtiger Bestandteil vieldformulanahrungepaber sie
unterscheiden sich etwas von den echten Human Milk
ht A32&1 OOKI NRA R&ysyllactose Migriein & A
Uberblick iber GOS im Vergleich und ihre

Milk replacer plugalacte
oligosaccharides significantly
improved gut architectural features
and villus/crypt ratio throughout

o oo Wirksamkeit?, Was GO®t:GOSsind prabiotische e e Goapolgumcbardes the gastrointestinal tract, increased
e B Ballaststoffe, die meist aus Laktose (Kuhmilchzucker) s T the number of goblet cells and
= o ° o om industriell hergestelltverden.Siggehodren nicht zu den revealeq elldlfferelntl.al abundlance
natiirlichen HMOs der Muttermilch, wirken aber dhnlich, of beneficial probiotic bacteria,
indem sie das Wachstum niitzlicher Darmbakterien particularly Lactobacillus and
fordern ¢ vor allem von Bifidobakterien und Bifidobacterium.

Lactobazillen

157 158

Synbiotics

At this time, on the basis of currently available data;"‘;emﬁ;ﬁ"i;gﬁg&g :;'VTI’; :;'Eégﬁhaig d‘g:‘g?:i":;::?::‘iﬁf)
supplementation with probiotics for prevention of o o 1o mimic these functional characteristics of breast Prebiotics
allergies in children cannot be recommended, eveng

itis possible to underline the net benefit in higisk (G'é‘,gi,i";,ﬁé.’;,ﬁ;ﬁ‘;?;’ﬂ:‘,}ﬂgﬁggﬁé’g;%?fpﬁgféos Food for bacterial - Synbiotics Probiotics
infants in the prevention of eczema, as this effect is109) was prebiotic of choice in a number of intervention trials. Prebiotics are Synbiotics are

predominantly constant across studies available in Acidic oligosaccharides (AOS), polydextrose (PDX) (with or substances that a combination

the literature. However, the optimal strains, dose  without lactulose), different content of lactose, oligofructose can only be of both pro

and timing, and duration of supplementation are stiplus inulin have also been tested (Table 1). Modification of metabolized by, and prebiotics.

unknown, although a combined prand postnatal intestinal microbiota represents the principal way by which this the gut bacteria,

intervention appeared of stronger benefit. Moreovefffect has been orchestrated (93) and has been reported in and not the
the evidence f’:)’: recommenda(gion of prebiotic Several studies (82, 90, 92, 94, 95K ST e02 & & { F1) OU human host

| o im i n sively Muman milk oligosaccharide (HI@he most plentiful HMO in
supplementation in infants who are not exclusively most human milk, has been recently synthesized and is now

breastfed is of very low certainty and quality. commercially available in few supplemented infant formulas,
Therefore, conclusive evidence is still lacking to be bringing the composition closer to human milk (95).

able to recommend routine use of pre/probiotics for
allergic preventive purposes.

159 160
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Postbioticconcepts
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Figure I8. ealth benefits of postbiotic molecules [165]
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162

164

Postbiotics

/Bacteriocins(protective compounds that make life hard for

the bad guys)*

metabolic processes)*
Aitamins6 f A1 S G(KS . Q&

brain and can even affect appetite)*
immune cells)*

intestinal lining strong and healthy)*

maintain the correct pH in the Gl tract)*

Fermentatiorspontaneoustater cultures

A Future Place for Saccharomyces Mixtures and Hybeids in Wire Making

Aamino acids(building blocks of protein)*
MNeurotransmitters(carry messages between the nerves and

Ammune-signaling compounds G K $ &

ANitric oxide (crucial for cardiovascular health)*
/fOrganic acidgsuch as Fulvic artdumicacid. They combine
with minerals, making them easier to absorb and help

18.12.2025

Zenzymeghelp to digest food, get rid of toxins and assist other

FYR @AGE YA

& dzLJLJ2 NI

/fshortchain fatty acidg(created from fiber, they keep the

41



Mukherjee et 3] 2024 Nat Rev Gastra Enteral
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Fermentation ofood wasteresultsin usefull

molecules
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Fermentatiorbetweentradition andnovel
possibilities

Shannon Stonger Main categories of criteria

Navel fermented
plant -based

y
Fermented Foods
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Bioactiveplantingredientsfuctionalfoods
sekundaerdéPflanzeninhaltsstoffe

Gruppe Grundhustene Substansklasse

—
Phenciische Verbindungen Sk rmat

Isapreoide Verbindmgen , aktives lsspren” (€,) Wemiterpece (€.)
I

[— Tersanoidn, Pophetid
e Akaloide Asgartat
Lyin
Genithi, Arginin
Tyresin
Trptechan
fycin
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Polyphenols Polyphenols antheir plantsources

[r—y
Iy Polyphenols are molecules chemically i i e T s B e v iy,
e characterized by the presence of at least i -02< :
— aromatic ring with one or more hydroxyl groups R ITI 1-EC (  1 OTY ———
attached . Polyphenols are plastcondary R, SSE -
metabolitesthat are thought to help plants to ——— e

survive and proliferate, protecting them against
microbial infections or herbivorous animals, or
luring pollinators . Polyphenols are found in
many medicinal and edible plants which
represent important alimentary sources, — L. e — e
including fruits, vegetables, beverages (such as x
tea and red wine) and extra virgin oil

169 170

Typesandclassificatiorof bioactive

compoundsgrom food Nutraceuticals

Maijor Food Bioactive Compounds (FBCs) sources
and classification

o= Arumal

* Stabilityof study

o= Bacteria

171 172
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Thebestnutraceuticafor healthyaging:CR
fasting takenasan exampléefor desiredactivities

Caloric restriction Caloric restriction
f 3 mimetics

fae Tadothrssy A “
N el \__J

Chemotherspy 4

173

So, can we increase health span by fasting, CR ?

Healthspan Age-Related Disease

Normal Aging
Today

Lifespan
Optimal
Longevity

So what contributes to age related diseases/premature aging

T e ees Y e Sopumme
175
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Fasting

Aabstain from all/or some kinds of food or drink for a defined
time. Has been implicated in religiseultures through out
the world

AVoluntary in contrast to starvation,

AHippocrates (460870v.Ch) und Hildegard von Bingen
(10981179)

A20" century: DrBuchingei(Witzenhauseri8781966),

ACR: fasting, intermitted fasting, alternative day fasting..
without malnutrition

ASdwi Y. Lot i e S o2 SR2T @) €1y 388 Ay kel 36 VAONSE
{38938 Sck vo 5, p. o35,

201933

O oy
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Aging/ health are defined by its hallmarks
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Short term Caloric restriction mechanisms :

AMPK, SIRT, mTOR, p53
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LONGEVITY Growth/Aging
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mMTORRapamyciimmunesuppressiv,

longevityrelevant

179

Inhibition of the protein
kinase mechanistic target of
rapamycin (NTOR) with the
Food and Drug
Administration (FDA)
approved therapeutic
rapamycin promotes health
and longevity in diverse
model organisms.

178
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Fastingpathways Sirt, mTORpathways

SRATS e e gt b Bupst Bha

Metabolism Throagh Farmesoid and
T o Too ot Fopemn Somsine

Fasting> 3days, Buchingefasting production of
Butyrate andetogenianolecules

Ketoes During Extended Fasts

Ketone bodies
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R T ]
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Ketonebodies e
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Ketone bodies and its metabolism
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Caloricrestriction fasting andagingchange
epigeneticCpG-methylationstructure

wiey Aging (ol @

' ‘ Global remodeling of the mouse DNA methylome during.
= aging and In response to calorie restriction
| 4

i Seiikl | Abesander Tyshbermboy™ | Vit N, Gladyshs”
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Histones Aging
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Fastingandsirtuins
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Histone deacetylases, Sirtuins

 Histone deacetylases J
(HDACs)
| HDACZinc HDAC NAD
Dopondent
@ Class 11
1
HDAC

el enzymes SIRTs
12348 "5""07’9 L b

J A Hall, 3. Domin Y. Lee, and Puigservel.  GstloF | YA {8 08 NE € § 382 OR BN SR JIHAINEBE 35 3,69, 91979, 2013001 10.11720C164094,
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Fasting and Microbiota

Virischa

Toatig: a pit sty ict ot
At e

Why Your Gut Micrabes Love
Intermittent Fasting

187
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Caloricrestriction Rejuvenetiorby senolysigrole for

autophagy?

Senolytic therapeutics

senolytics
Is fasting senolytic? | Josh Mitieldorf
s st cisncs0iod Cem2DTT. i

Senolytics improve physical function and increase
lifespan n old age

186

188

83rd ICREA Colloguium, 2018

Effect of Plant Ingredient and Diet on Microbiota and

Metabolites

Ingredients Shot

= ]
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Casestudy. comparingFastingand a b
Fastingmimetic sirt-food shot Microbiota, =
epigenetics

Active (N. 131) Placebo (n: 30)

BuchingerFasting < 120 kcal/day
Intervention 3 months

n: 22 in PerneggVlonastery
Feces , blood spots, before and Feces, Blood spots before, after 1,3 month
After the end, first solid feces

ine ionbi R, HRICA,
RNAMIRNARTQPCRi
'AG. Haslb 2

Haslberger 2021

189

Buchingefasting resulted in a rise in the distribution of Proteobacteria,
increased microbiota diversity and a significant increase in
Christensenella

191
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positive correlation of the abundance of butyrasducing
Bacteroidetewith Mir125, siRL expression, telomere length

190

3M sirtinducingdrinkincreasedActinobacteria.
Firmicute#Bacteroidetesatio decreased and correlated with BMI. Only

Fasting increased Butyrate sigrahtly

R E—
5 ¢ o,
i e B
i ju N
3 4@ Frman
H i e
: w e
H I e
. =
moom Erary

AG. Haslberger 2021
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STUDY SENOLYTICS, SENESCENCE
MARKERS IN BRDU TREATED PRE
ADIPOCYTES, ADIPOCYTES, 3T3

. B-Gal;senescence
B
Phloretin, BHB, Butyrate (Merck) Adipocytes
fat droplets
2025 AG Hasherger 103

e

P oo Busssned

CRfastingmimetics

195

18.12.2025

Fasting or Fasting mimetics

ASecondary plant ingredients
A i i ATP/ NAD =
AKetogenlc diet [ AP N
ACold therapy/ Sauna p |

AFasting mimicking Diet

ASport (endurance) . [ Fastingnimetics |

AMetformin .
.

Sirtuine

Fastingnimetics

194

196

AgingJongevity, bigbusinessscience

Senolytic CART cells reverse semescence assoclated
pathologies
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Examples
Resveratrol

Resveratrol <

Rusverabos 1 8 s¥Eencid, & 1ype of il pheres
e phytnnsin prodases by severs plars Iy
sporte 1y ce whe he sl s under tack by
pithogan, such 4 bactera cr g Soucss of
resveratrol infood Inchade e sk of grapes.
tuwcmmes, gt e

-

| Resueratrol
| :‘iw £ .
TG i R
VA l R
T iR

Previous studies have demonstrated that resveratrol is well
absorbed following oral administration, with ~75% of the dose
absorbed. Following absorption, resveratrol undergoes rapid and
extensive i ilabili

leading to low bi

x-!m“‘\cv e g &“
& D .

Novelfood ?!

198

200

T?j i &
g
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Resveratrol Vitro : Vivo

[ e

Can resverstrol suppiement change
inflammatory mediators? A systematic.

Greenteaextract EGCGCatechines

Epigallocatechin gallate

Epigatocatectin galate, aiso known 8
epigatocatechin3.galate, s e exier of
epgatocatechin and gall: ace, and s 3 fype of
catechin. EGCG - the most abundant catechin i tea

Is 3 polyphensol unds basc research for s polential
10 affect human health and disease, Wikipedia
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EGCG I

FFHD

T oo et s Rescarch Artice

et o e EGCG Prevents High Fat Diet-Induced Changes in Gut
[ I Microbiota, Decreases of DNA Strand Breaks, and Changes
s CSLEREITEED inExpression and DNA \mm.m-ofpmu

and MLH1 in C57BL/6) Male Mic

Sk Rl Framéoba Tk S St Taberch St
Srivi o Kepeie. Rl oeckih! brene e rtem G
ks Teck i, Ko i g, Soeod K

Fipesine enhances the bty of the

heas ) epgscatecin-1 e mce
Rescardly Article PO ) e

n Gallate Effectively Affects Senescence and Anti-
SASP via SIRT3 in 313-L1 Preadipocytes in Compurison with o
Other Bioactive Substances

Stephanic Lilfa ol Oblenburs. Angelika Poistncs.” Loues Devald’ Mariam Lerch”
Berlt Wippe, e Selzemy, ad Aessadr Hasberer -

201 202

EgcgEffectively reduce Senescence (p21) and SASP Gallicacid
EGCGspermidingresveratrojanthocyanstimulateSIRT3

Gallic acid, a common dietary phenclic protects against high fat diet

induced DNA damage
o e Yy e " bt e i
O JOH m“_n s oy Wk G Wb e Nt g
HO OH « [
OH m
Gallic acid <

GO,

2025 AG Haslberger
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Astaxanthin

Astaxanthin <

uding dietary supplement and food dye. 1 belong
toa larger class of chemical compounds krown as

terpenes bultfrom five carbon precursors,
Isapenteny! diphosphate, and dimethyally!
diphosphate. Wikipedia

Quercetin

Astaxanthirist ein natirlicher, orangeroter Farbstoff. Er zahit zu den
Carotinoiden, genauer gesagt zu den sauerstoffhaltigen Xanthophylle
Das sind farbige Inhaltsstoffe bestimmter Pfianzen. Es wurde friiher
auch alHHamatochrond ST SA OKy S 6 dhainfar | ¥ K BIN.
dzy Rhramai FNNJ o CI NBSdo® 5AS {dzoail
Mikroalgen wie der Blutregenalgeigematococcupluvialig, aber auch
der roten dem

carotinifaciengebildet.1

Astaxanthirdient der Alge als natrlicher USthutz und als Molekal
zur Um unter jieri L

starker Wasseder zu
Uberleben, stellt sie ihre Stoffwechselvorgéange ein und bildet zum
Schutz eine blutrote Zyste, deren Pigmente Asgxanthirbestehen.2

Das Carotinoid ist jedoch nicht nur im Plankton enthalten, sondern
gelangt iber die Nahrungskette in das Tierreich. Wassertiere wie Lac
Garnelen, Forellen, Krill oder Krebse, aber auch Flamingos fressen d
Mikroalge. Sie erhalten durdhstaxanthirihre rotliche Farbung und
schiltzen sich damit ebenfalls vor den schédiichen Auswirkungen von
UVALicht und aggressiven Sauerstoffradikalen.3 Der Nahrstof ist auct
ein wichtiger Zusatz in Futtermitteln und hilft bei der gesunden
Aufzucht von Jungfischen.4

206

Phloretin

DAY

WO OH o

Phloretin

Quercetin Benefirs

Additons Informs

Almondsasdaines com

18.12.2025

ASTAXANTHIN

Zusammenfassend lasst sich sagen, dass sowohl durc
naturtriiben Apfelsaft als auch
durch Apfelsaftextrakt inApcMirf+ Maus
Modell eine Verminderung der Anzahl an
im Diinndarm werden

konnte

52
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Fisetin

_ow - -

[
extensive interindividual variability exists in the S gﬂ'
Food® | ZWHSES excretion of phioretin phasé conjugates Ul o= P= =
following consumption of ” teng term
-3 Supseesscn ot
[y

m apple snacks, which could be related to oral Actvsson of et
microbiotaphloridzihydrolysingactivity, lactase = -%¢ = C2
B, Assessment af human inter-indivk iability of i trait or = -
Tl edioibtib-suoe L i i which the subject belongs. There were = s s I— "‘—Ii R
Fisetin % =

: This study aimed to assess the intedividual variation in inconsistent effects on postprandial serum
phioretin absorption and metabolism glucose concentrations but there was a tendency il cemmpond -
and to seek possible phloretinetabotypegollowing apple for decreases to be associated with T ==
possible p v 9 app higher excretion of phioretin phaséconjugates. L —— e | e
prencis. lcane p

snack consumption. Methods: The excreted

phloretin metabolites in 24 h urine samples were determined
by UPL@/S/MS in 62 volunteers after

acute and sustained (6 weeks) interventions in a randomized
and parallel study with a daily supplementation of 80 g of a
low-phloretin (39.5> Y 2dr a highphloretin (103> Y 2 £
freezedried apple snacks
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Curcumin Berberin, Berberitze

o

Biological Effects of Turmeric/Curcumin

Enhance Anti- inflammatory
wound healing o )
Anti-oxidant activity

Immunomodulatory /
*

Turmeric/ Curcumin | ——#> Anti- mutagenic

Curcumin < Prevents IRI/ <g—
el comp Neuroprotection
A Ant-metastatic
Anti- viral
‘Anti-fungal
Anti-bacteria Anti- angiogenic

211 212
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Anthocyans

o HEALTHBENEFITS.OF gV
G anth ocya«nms

* boost immune system SIORCES:
« improve brain functions %
‘ =2 + prevent cancer development
« antiinflammatory
Anthocyanin « protect from diseases
i 3 « fight viruses
« balance blood sugar
= maintain healthy weight
« fight free radicals
* support heart health

-

A

213

Spermidin

Spermidine (Spermidin) < @ o

Spemidine .3 payamine compaund foun

‘scaed bom semen. Witped:

215
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Biological properties.

Antiasidont activiies
Antiinflammatory activities

Spermidirmechanisms

es
mof anti-aging First,

, ndit IF
5Ato promote the synthesisof transcriptionfactor TFEBThird,sperm

Atgge
tubulin dueto inhibitio

nof aTAT:

y uchasROS, NFB,
I-1" and I1-18. Moreove it isinvolvedin regulationof cellproliferatio
n,

motingcellgrowth andinhibiting cell death
As

Mor

cover on i prom
n th

b Lt

P J=—

216

eother hand it anevsnplu profile, modulalesl\pogemogeneexpvess\on

agmgmmugnspecumgna\mg:amways suchasSIRTUPGQ Bsuli
n/ IGF, AMPKOXO3a, and CK2/MARihalingpathways

54



Fishoil EPA, DHA

Fish oil -

Fish 4 1.0 ciemass mom e Sz of iy e, Pl
s o the omega-3 iy ackls scosapentaenic
043 1 doccsabaanch: K, procunon of ol
cosancds It e 0w 10 reduce lamTaton n
e by and Imgecve hyperiglyostdemia, Wikpeda

'll"lll[][%‘ PURA Sl
\ fection,
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Bluezones

Haslberger 2022

219

Blaue Zonen sind Regionen der Welt in
denen Menschen viel langer als der
Durchschnitt leben sollen. Das Konzept
wird von Dan Buettner vertreten und
wurde erstmals im November 2005 im
Magazin National Geographic in der
¢AGSt 3Sa0OKAOKES ac
[ A ¥o8 Buettner vorgestellt.

Buettner identifizierte funf Regionen,
RAS SNIIta a.fl dS
Okinawa (Japan), Sardinien (ltalien), die
NicoyaHalbinsel (Costa Ric#jaria
(Griechenland) und unter den
SiebenterTagsAdventisten in Loma
Linda, Kalifornien.

Er gibt eine Erklarung, basierend auf
Daten und Beobachtungen aus erster
Hand, warum diese Bevolkerungs
gruppen gestnder und langer leben.

210

218

Longevityandbeyond

18.12.2025

Von derBluezonegernen wir personliche, regional spezifische
Massnahmeigegen vorzeitiges Altern, altebedingte Erkrankungen,
Zentral: bioaktive Molekiile

220
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Die Menschen in den Blauen Zonen haben

gemeinsame Lebensstilerkmale, die zu ihrer

Langlebigkeit beitragergechs gemeinsamen

Merkmale der Menschen in Okinawa, Sardinjefamiliec wichtiger als andere Anliegen
und den Blauen Zonen von Loma Linda: Nicht rauchen

Pflanzenbasierte Erndhrurggder Grofteil
der verzehrten Nahrung stammt aus
Pflanzen.

Standige moderate kérperliche Aktivitét
ein untrennbarer Bestandteil des Lebens.
Soziales EngagemenMenschen jeden
Alters sind sozial aktiv und in ihre
Gemeinschaften integriert.
Hulsenfriichteg haufig konsumiert

== =

== =

=

221 222

Bluezonedimitations

DasBluezonesonzept wurde durch Arbeiten von Giafesund Paulain2004 im Journal of
experimentalGerontologyerstmals erstellt. Dan Buettner, Griinder von BlueZones.com und
mehrfacher New York Times baute auf deren i Arbeit auf. Kritik kam
unter anderem von Harriet Hall 2021. Sie schrieb fiir Sci@asedviedicine, dass es keine

Studien uber die Hur 1in den und dass die g in den
BlueZonesauf Spekulationen und nicht auf Beweisen durch eine strenge wissenschaftliche Methode
beruhe.
Ich teile deshalb die Bedenken von SJ Newman und bin sehr froh, dass auch seine Kritik zu einer
genaueren Evaluation der Daten auf denen Bagzonedonzept beruht fithren wird.
Leider ist es richtig, dass Daten, die so lange in die Vergangenheit reicheBdaieAlter schwierig
sind und z.B. viele Daten wéhrend des Weltkrieges verloren gingen. Besonders sind auch die
Ernahrungsgewohnheiten von sehr vielen Faktoren abhangig. Lifestyle und Ernahrung konnen kaum

voneinander getrennt werden. Neue bi werden hier

Aussagen bringen und vielleicht auch neue Regionen i Auch fehlen die Kor von
personlichen Einflissen ( siehe mein Bpetsonalisechutrition ). Und die neuen Moglichkeiten und
Analysemethoden der Epigenetik miissen in ein werden.

223 224
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Buettner: Faktoren die den Lebensstil der Menschen in den blauen
Zonen behandeln:

1 MaRige, regelmafige korperliche Aktivitat.

1 Lebensinhalt.

1 Stressabbau.

9 MaRige Kalorienzufuhr.

9 Pflanzenbasierte Ernahrung.

1 MéRiger Alkoholkonsum; tUiberwiegend Wein.
1 Engagement in der Spiritualitat oder Religion.
9 Engagement im Familienleben.

1 Engagement im gesellschaftlichen Leben.

D.Sincliamndthe endlesdife
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Sci
IR

ientific Innovations & Theories of David Sinclair

ANlidzAya FyR b!5sa tlidKsle

1. Sinclair has done foundational work situinsz. | Of | 44 27F

tylasessinclair.hms.harvard.edu+2nad.com+2

His lab showed that as organisms dge, 57 § !Z' SMhlah mFbSrG)ilrWuﬂﬁhcllorPubMedﬂ
.8 o022adAy3 b!5a 68 NE&E
supports genomic stability, stress reslslance metabolic heallh and potentially longevity.
providence.elsevierpure. com+2nad com
He also helped di (STACsich as
molecules (e.g., SRT1720), whlch can enhance the activity of SIEEbM+1

LINZ (i S /dapendeatSy T & Y

wn

AL

IS

and synthetic

225
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Theory of Aging /

Sinclair has contributed to a provocative theory often calleddhie y ¥ 2 N F A2y TheS2 NE 21
idea: aging is not just about damage ( but
informationt A ®S®3 G KS Gaz2Fld et NB¢ BMC+PdENBI@St fa 0502YSa
In a landmark 2023 Cell paper, his team showed that artificially inducing DNA diubriel breaks in
YAOS 66AGK2dzi OF dAAy3 Ydzil GA2y&a0 OFy YE1$
but that this process can beversecby reprogramming factors (pama\ Vamanaka factdrs)C
This suggests that some aspects of agingeversibles. 6 Gol O dl¥ $LI
FNB adAtt GKSNBTIMER Oy DS UNBDZQUSRCDE
4.¢KAA ARSI A& Ffa2 o0SAy3 GNIyafl (SR payfid @IulE LIS NA Y

reprogramming(using 3 of the 4 Yamanaka factors) in mice to restore more youthful epigenetic

patterns without turning cells fully into stem celSME

N

N

dKSANI

w

1 Opllmlzedl Minimal Cocktail (2Compound)

folloy i i i ad H
02 Y L2 dzy doekai asimplifi the 7-molecule mi: ingo a
pSox-Ti ici i 0type
stress) ipells Fight Aging!
t butthis
3% ight Aging!+1

2h (i K S NJ Kdledule@ltsideReprogramming

supplements
1b!

and NRr(i remain

central nad.com+1

ad.com

2.
3.
4.

Senolyﬂcs other drugs In asummary’e F anti-pgingmedicines Imsgroup(wwlh other
LPL g.0zempig, nad.com
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KeyRecenMoleculesk Recipes {Al/Yy OAgkRedeRarhinking

1.Chemical Cocktaifsr EpigeneticReprogramming

1. Ina 202%apet{ A y Olabl( i i il in
restoredamor i ithin a week Aging
US+2PMC+2
2. Importar RA R G (i.e.,theyR A Rfyfigtiirn cellsinto stem

cell§ T they pamal\yreprogrammedhem AdingUS
3. Thebase(or écore

PAY a DACHnhibitor. PMC+1
2 CHIR99021t a GSK’B kinhibitor, whlcha"ectsslgnahng)a(hwaysPMC+1

3.E61f D aTGl PMC
4. i
5. Forskollm i PMC
4. Inadditionto these i TTNPBY-27632
agnmso ABT869,sodi h ResearchHub
5 heir i for example VPA ~ 250 uM,

CH\R99021 10 pMRepSox-10 uM,Tranylcypromine- 5 uM,Forskolin- 50 uM.ResearchHub
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L. StemCellExhaustion &Rejuvenation
the declinein

Approaches

/Reactivatinglormant stemcells

Usingsignaldike Wnt, Notch,or TGF inhibitorsto restoreyouthful function.
/Reducingtemcellsenescence

restore
ANicherejuvenation
i i EC

2. StemCellReplacemenbr Transplantation
i youngeror

Examples
A HSC
Canpartiallyrejuvenateimmunefunction.
AMesenchymabtemcell(MSCherapies

Anducedpluripotent stemcells(iPSCp
adult cells canb

youthful, patient

228
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https://sinclair.hms.harvard.edu/people/david-sinclair?utm_source=chatgpt.com
https://pubmed.ncbi.nlm.nih.gov/23870130/?utm_source=chatgpt.com
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Agroundbreakingconcept

OSK|

Effectsobservedin research
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educeckpigeneticage

Amprovedmitochondrialfunction
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nhancedissuerepair

Thechallenge

Insteadof

% 4. Tissue Engineering & Organdieplacement
in place

Examples
forganoidsor liver, kidney or gut

.3
A

T

ngineeredskinor cartilage

fi et
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5. ClearingpamagedCellsto SupportStemCellHealth
Stemcellsdeclinepartly dueto:
flammation
AccumulatedNAdamage
Hsenescentellburden
Avitochondrialdysfunction
Approaches
Hsenolyticgremovesenescentelly

/Redoxbalance/ mitochondrial repair
T ot § i

by

# 6. GeneEditingto EnhanceStemCellLongevity

UsingCRISP#Y epit fy
Concepts

/Boostgenomicstability
Ancreasaelomeraseexpress\on
(Carefully raisescanceniskif uncontrolled
KCorrectageassociatednutations

JEnhanceDNArepairpathways(e.g., SIRT6, FOXO3)
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[ 3. Partial CellulaReprogramming & , I Y Regét 101

Agroundbreakingconcept
0SK

Effectsobservedin research
Reduceckpigeneticage
Improvedmitochondrialfunction
Enhancedissuerepair
Reversedigeassociatedieneexpression
Thechallenge

s 4. Tissue Engineering & OrganBieplacement

Insteadof repairingin place you gro
Examples

Organoidsor liver, kidney or gut
Engineeredskinor cartilage
Labgrownthymusfor immunerejuvenation
b=
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factors
microRNAsandsignalingnolecules

Potentialeffects
Reducednflammation
Jenhancedissuerepair
A

Avitochondrialtransferto damagectells
T
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The Yamanakactorsareasetof four genes {(Oct4,Sox2 KIf) and\ (c-Myd\)) that can
cellsinto i Ch

oi
cellsto b BT IHike stat i iatei y
type inthe body.

Thisdi

modeling
Thefour factors Thespecifidranscriptionfactorsare Oct4, Sox2, KIf4, and\yc.
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YOI AL Il GEN MIOCNIONGNENEn KIAIWETKEN UELEIIE. ESUNGIETT aIS KOTAKIOT IN Uer GIYKOIYSe, Uem CITaizyKius
uni Infiesen nimmt NYQA{+)) und Protonen auf, wird dabei zu NADH
reduziert, und transportiert die Energie dann zur TP i

ReparatuNAD ({}{+}) spielt eine zentrale Rolle bei der Reparatur geschadigterSthsturen. Eseguliert die
Wechselwirkung zwischen den Proteinen PARP1 und DBC1, wodurch die Aktivitat von PARP1 fiir die Reparatur
ermoglichtwird. 3. Zellschutz und Ammxldauve Wirkuiie reduzlene Form NADH wirkt als starkes Antioxidans und
schutzt die Zellen vor i freien und Dieskann dazu hemagen die Zellalterung zu

des ist auf NAQA+)) um die
i 0 Esilft, vor Stress zu schutzen was mit besserer
Konzentrationsfahigkeit und mentaler Klarheit und D({}*{+}) istan der

Umwandlung von Nahrung in Enerdeteiligt. Dadie NADSpiegel mit dem Alter abnehmen wird die
Aufrechterhaltung eines ausreichenden Spiegels als Weg um zu
'von NADNADr (oxidierte Form): Nimmt Elektronen und Protonen von anderen Molekiilen auf
NADH (reduzierte Form): En's(ehl durch die Aufnahme von Elek(ronen und Protonen durch NADerdtAen:

wie Nicotil ) und Nicotil ) kénnen vom Korper in NM@{(+})
umgewandelt werden, um dessen Splegel zu erhohen.
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Epigenetics in early cancer diagnosis: Combination of
markers from different OMICS improves prediction: SNP
CPG methylation, miRNAs from liquid biopsies

Sex-Spacific mIRNA Differences in Liquid Blopsies from
suaf.’!.'s wih Solid Tumors and unni‘.y m.“::.
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Discussedctivitiesof nutraceuticalsalongthe
hallmarkf aging facts, hypothesis, fiction ?

I
Anti oxydative Epigenetiactive
inflammation neuroinflammation
Telomers Mitochondria % )
Autophagy Apoptose m 4
Senolytic DNarepair
Immunesenescence Nuroinfl 7 w
Anti bacterial Anti viral
AGING
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Antioxydants
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Superoxide Peroxidases
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Oxygen Superoxide Hydrogen Water

peroside

Enzymatic pathway for detoxification of reactive oxygen species
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ROS and antioxydatigetivities
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Ros, stresgnpairs all mechanisms of the
epigenetic machinery > aging
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Stress and/litormesis

ECG and EGCG are considered antioxidants, which means they
counteract or prevent oxidative stress in the body caused by
F3IANBAAA N} R A QuiorPro®sEor 2 £ & 3 ¢
MichaelRistow a researcher in the Department of Health Sciences

and Technology at ETH Zurich and the Department of Human

Nutition at the Friedrich Schiller University Jena, and his colleagus.

G yGAL y263 AG 6Fa FaadySR (K
N} RAOIfa FyR (Kdd LINBOSYd REY
Ghy$S a2dNDS 2F 2Ee3S5y FNBS
the mitochondriarthe powerhouses of the cell are working to
LINE Rdz0S Sy SNB& of

@z$ G221 P Otz2asSNytz221 Fd K2é OF{
‘worm Caenorhabits elegarnd came to a diflerent, seemingly
paradoxical conclusion: rather than suppressing oxidative stress,
INBSy (S OFASOKAya LINBY20GS Alot
In their experiments, the researchers found that applying the green

tea catechins EGCG and ECG at a low dose extends the lfespan

of Caenorhabis elegans

“The longterm effects also included reduced fat content in the.

nematodes after 5 days of catechin treatment.
a9 FYR 9D/ D AyAGAbtte AyONBlas
but that this has the subsequent effect of increasing the defensive
OFLIOALAGASE 2F (KS OS(ta FyR (K¢

Novelfoods functionalfoodsandepigenetics

Fagare 4. Polyphenols address ll epigenesic mochsnisess
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DNA CpGmethylation
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Figwre 1. Mihormesis Thevertcal curvs showing how bow donen of 8 stressor
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61



245

Bestmarkerfor aging Theepigeneticclock(Horvath)
evaluatesthe biologicalage acceleratedor decelerated

healthy aging( CpGmethylation of 100s of genes )
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Figare 6. Effects of cpigentic active plat ingredsents oa histones, chroentin.
and gene expression.
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Figure 9. Polyphenols and ncRNAs
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Polyphenols and Inflammatiomechanisms
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Epigeneticsegulatesagingmechanismsnvolvedin
telomereattrition, mitochondriaffunctions autophagy
1.S.inflammation senescencand DNArepair
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