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Nutrigenomika a Nutrigentika

v Vychazi z péti zakladnich predpokladu (Kaput, Rodriguez, 2006):

v 1) Nutricni latky jsou schopny ptimo nebo nepfimo plisobit na lidsky genom, ménit jeho
strukturu, expresi genil a tim pribéhy metabolickych drah.

v 2) Za ur€itych okolnosti mize byt dieta u urcitych jedincti vyznamnym rizikovym
faktorem vzniku chronického onemocnéni.

v 3) Nékteré z cilovych genil nutri€nich latek obsaZenych v potravé mohou hrat roli v
nastupu, incidenci, pritbéhu a zavaznosti nékterych chronickych onemocnéni.

v 4) Mira vlivu diety na rovnovahu mezi zdravim a nemoci miiZze zaviset na konkrétni
genetické vybave jedince.

v 5) Pokud budou zndmy konkrétni potieby jedince, nutricni stav a genotyp, miize byt
nutriéni intervence cilena k prevenci, zmirnéni nebo 1é¢eni chronickych onemocnén



Molekularni metody

Nutrigenetika

v Odbér vzorku

v Izolace a extrakce DNA
v Amplifikace DNA — PCR
v Restrik¢éni analyza

v Sekvenovani

Nutrigenomika
v Odbér vzorku

v Izolace a extrakce DNA,
RNA, proteinu a metabolitu

v Epigenom

v Transkriptom
v Proteom

v Metabolom



Molekularni metody
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NUTRIGENETIKA
Metody molekularni biologie

Odbér biologického materialu — bukalni stér, odbér periferni

B |

Izolace a purifikace DNA — fenol-chloroformova extrakce,
kolonky (adsorpce na silikagel)

Molekularni metody — PCR, gelova elektroforéza, RA, RT-
PCR, sekvenovani




PCR — Polymerazova fetézova reakce

v PCR — Karry Mullis 1983
v Esencidlni molekuldrni metoda
v DNA replikace in vivo vyZaduje nékolik enzym

X

v DNA replikace in vitro vyzaduje pouze jeden enzym — termostabilni DNA
polymerazu (bakterie Thermus aquatlcus'])

FU%I&EE&)&TATNiCH PROTEINU JE in vitro NAHRAZENA ZMENOU

v opakovani cykli pomoci zmén teploty:
- denaturace (separace dsDNA)
- navazani primeru (annealing)
- elongace primert
- syntéza noveho vlakna DNA



PCR : Polymerase Chain Reaction

30 - 40 cyvecles of 3 steps :
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Elektrotoréza- ELFO

Power source

Separa¢ni metoda vyuZzivajici k déleni latek jejich odliSnou
pohyblivost ve stejnosmérném elektrickém poli (separace
m%lekﬁll o rozdilne hmotnosti, popt. odlisném elektrickém
naboji).

Vyuziva schopnosti nabitych ¢astic thybovaﬁ sev
elektrickem poli, pfi¢emz rychlost pohybu Castic je zavisla
na velikosti celkového povrchového naboje, velikosti a
tvaru molekuly a jeji koncentraci v roztoku.

Molekug, které v zasaditém prostiedi nesou zaporny
naboj (DNA, RNA)

Pfi déleni v gelu budou vSechny molekuly (fragmenty stejné
dé¢lky) putovat stejnou rychlosti a po obarveni a zobrazeni
uvidime jen jeden pruh, jehoz molekulova hmotnost
odpovida pf1 srovnani se standardem predpokladané délce

smés fragment
molekuly. ;

DNA rizné velikosti EE =
3E §
Gely tvori hustou sit’, kterou vétsi molekuly prochéazeji -v 5
pomaleji neZ mensi molekuly —technika molekulového sita. i —
E — - diouhé
Agarosa je polysacharid tvofeny D-galaktosou a anhydro- —_— — | fragmenty
L-galaktosou, ktery produkuji néktere¢ motské fasy (agar). a =
E — e | krdtkeé

Do agarosového gelu se vétSinou piimo fragmenty
piidava ethidiumbromid, ktery po vazbé na DNA [[zaro; |
pod UV emituje oranzové svétlo. ®

elektroforeticky gel



1) RFLP — Restrik¢ni analyza

Restriction Fragment Length Polymorphism (polymorfismus délky stépnych

fragmenti)

v enzymatické Stépeni molekul DNA ve specifickém §tépném (restrikénim) misté bakteridlnim
enzymem - restrikéni endonukleaza (RE)

v Kazdy typ restrik¢éni endonukledzy §tépi cilovou DNA v riznych mistech (palindrom), v zévislosti na
sekvenci DNA.

v SNP, inzerce, delece — zména Stépného mista (ziskani nebo ztrata)

v Porozdéleni vzniklych fragmenti pomoci gelové elektroforézy 1ze na zaklad¢ velikosti a poctu

fragmenti sledovat rozdily ve studovanych sekvencich, tzv. polymorfizmy.

misto stépeni

Obr.: Pfiklad restrikéni endonukleazy Haelll a jejiho St&pného mista



Restrikéni enzymy

Some restriction enzymes

EcoRlI Escherichia —G 5A—A—T—T—C—
coli
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Smal Serratia 5 G G=6—6—~]

marcescens ® _

e e e —6—6—6 e—ec—c—

t Blunt ends

(b)
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JAK?

1. Vizualizace restrikCnich fragmentu po Stépeni Taql
(Agarozovy gel) — TTGA vs TCGA

C
1. NeStépend TT 24900
Taql
2. Stépens CC —222P DoTeer
114bp
3. Heterozygot CT — 3 pruhy
4. M — Marker po 100 bp
249 bp —*

vizualizace DNA fragmentu
po restrikéni analyze




2) Real-Time PCR

«  ZaloZena na principu klasické PCR
*  Umoznuje sledovani amplifikace v realném case na zakladé (detekce: CCD kamera)

*  Genotypizace pomoci dvou rozdilné zna¢enych sond (napr. VIC, FAM), kdy kazda odpovida
jiné alele

TaqMan proby

v sekvence o velikosti primeru komplementarni k specifickému mistu templatu
v kovalentn¢ vazany fluorofor na 5" konci proby - rizné flurofory

v kovalentn¢ vazany zhase¢ (quencher) na 3" konci proby

v princip zaloZen na vyuziti 5-3" exonukleasové aktivity Taqg DNA polymerazy

v mnozstvi detekované fluorescence je primo imérné mnozstvi fluoroforu uvolnéného z DNA pfitomné v
PCR reakci

v vysoka specifita detekce



L ® Aliole X |
' & Both !
| ® AllaY |
501 g m NTC 1
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;':uz
?OI
VIC® dye fluorescence only Homozygosity for allele 1 -
104 {
FAM™ dye fluorescence only Homozygosity for allele 2 | :
Both fluorescence signals Heterozygosity for allele 1 and
allele 2 00|




3) DNA SNP chip

v tisice SNP najednou (Illumina, Affymetrix)
v Illumina chip cca 13 tis SNP — 99 USD

Cip Affymetrix Genome-Wide Human SNP Array 6.0 obsahuje
—  které pokryvaji pies 906 600 SNP, 946 000 sond pro CNV (copy number varations) — 1,8 genetickych variaci
—  Cena 300 USD

v Genomové asociaéni studie (GWAS) !!!
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4) Sekvenovani DNA
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Seqvencing by capilary electrophoresis
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Nove metody — Next generation sequencing ( e.g. [llumina) _ m==

=

Z;ji8téni skutecné sekvence (potfadi nukleotidil) DNA
Kompletni informace o nukleotidovém sloZeni dan¢ho fragmentu

Sangerova metoda — pomoci znaCenych dideoxy nukleotidi A~

<«

= select ~200-300 bp fragments

Ptesnost Sanger (99%), [llumina (98%) j e [

attach adapters to
create sequencing library ¢

cluster generation by
solid phase PCR
= — —— s (bridge amplification)
) Base)
HO —CH, ) HO —CH, = i
N |
- | v

OH H H H
Deoxynucleoside Dideoxynucleoside
i

sequencing by synthesis with reversible terminators




Celogenomove sekvenovani

v Projekt HUGO 2003 — cena 3 mld. USD
v Nové metody sekvenovani — cil dostat se pod 1000 USD
v Veritas project 2015
— cena 1000 USD Beta verze!!! screeningove, ne
diagnosticke vyuziti
— Prodej ,,direct to customer*

— zisk ne z prodeje celogenomoveého sekvenovani, ale s
dodate¢nych konzultaci vysledk?

v Potencidlni ndhrada za vSechny dosavadni genetickée testy?



Celogenomove sekvenovani —
mozna uskali

<

,,Sebenaplnujici se proroctvi® — pozitivni vs. negativni stimul

<

Socio-ekonomicky aspekt (dostupnost pro vsechny, exkluzivni

zalezitost)

v Eticky problém (zamérne preference urCitych genotypt, vybér
partnera, GATTACA — dokonali 11d¢)

v Zneuziti informaci (napf. pojiStovny)

v Zpracovani a spravna interpretace dat !!!

., I bought my husband a test, and was very impressed. I then took one for myself, and shared my results
with him. It’s great that I can check trait probabilities, make sure we don’t pass terrible genetic
conditions along to our children, and find out exciting things about ourselves that we didn’t even know
were genetic. I recommend this test wholeheartedly to all those considering having children. It’s good
to be prepared*

The company Yrgen told me that my gene A
may give me a higher chance of heant disease
unless | take a folate supplement but more
folate may affect my chances of getting cancers.
My gene B seems to protect against heart
disease, especially if | eat less

unsaturated fals.
‘Wow, confusing!

Maybe | won't ask Yrgen to assess
how my genes affect my disease risk?
The assessment will make me worry
and could affect my job, insurance, ....

?

O
O
., I decided to have a DNA test due to being unwell for so many years and it has now helped ? g OO
to push the doctors in the right direction — hopefully “ 2 ?
23andMe Health Testing review by a DNA Testing Choice user ? g




Nutrigenetika - definice

v Nutrigenetika zkouma ucinek genetickych variaci na interakci
mezi stravou a onemocnénim nebo nutri¢nimi pozadavky.
Genetika ma zasadni ulohu pro identifikaci individualniho rizika
(predispozice) rozvoje urcitého onemocnéni. Muller M & Kersten
S. (2003) Nature Reviews Genetics 4:315-322.

v Nutrigenetika predstavuje védu zabyvajici se identifikaci a
charakterizaci genovych variant souvisejicich s riznou odpovédi
na riuzné nutrienty a zaméruje se na hledani souvislosti mezi
témito variace a stavem onemocnéni.” Mutch D, et al. (2005)
FASEB Journal 19:1602-1616.



Nutrigenetika

Identification of SNPs [| Diet& genes (nutrigenetic effects)
J h FILTER :S:ﬂ :;ﬁfmu nh!llnlt?
e C arOGNSck Com

| Functionally relevant SNPs | | Nutrient intake/status ||

‘_______ COMBINE DATA ON
MULTIPLE SNPs IS

Genetic variation across
pathways affected by nutrient INTEGRATE
>
“It's a genetic thing. My parents are too

I Inter-individual variation in metabolism | N
E € RELATE TO DISEASE RISK

Susceptibility to multifactorial diseases
Nutrient requirements for optimal health

Koan Kas 1




Genetika a vyziva

jasna nutri¢ni doporuceni pro monogenni enzymopatie

Fenylketonurie

AR, 1:6000
Mutace v genu pro fenylalaninhdroxylazu (pfeména fenylalaninu na tyrosin)
Test se déla po porodu

Terapie : trvalém podavani diety s nizkym obsahem fenylalaninu (eliminace potravin bohatych na proteiny,
jako je hovézi a veprové maso, dribez, vajicka, syr, mléko..)

Pfi v€asném nasazeni diety se jedinec vyviji zcela normalng.

Homocystinurie

AR, 1:83000 (1:15000)
Nejcastéji zptisobena poruchou aktivity cystathion beta-syntazy (CBS deficit) — pfeména methioninu na cystein
V organismu nemocnych déti se hromadi kromé aminokyseliny methionin i velmi toxicky homocystein.

Terapie: velké davky vitaminu B6 (pyridoxinu), které vSak musi dosahovat az nékolika set miligramii za den
vedou u 50% s CBS deficitem ke sniZzeni homocysteinu a methioninu , U pacientti, ktefi neodpovidaji na
pyridoxin, musi byt zahdjena a po cely Zivot dodrzovana nizkobilkovinna dieta se snizenym obsahem
methioninu

Galaktosémie

AR, 1: 50000 (35000)
chybéni galaktoza-1-fosfat-uridyltransferazy, ktera metabolizuje galaktoza-1-fosfat na UDP-galaktézu

Terapie: celozivotni bezlaktézova strava, galaktdza prochazi placentou — v téhotenstvi dodrzovat
bezlaktézovou dietu



Nutrigenticke testy

v Obrovsky trzni potencial: predpovéd pro rok 2020 — obrat 20 mld.USD v U.S.A
v The Government Accountability Office (GAO) (2006)

United Staites Government Accountability Office

GAO

Testimony

Before the Special Committee on Aging,
1.5, Senate

Far Releaze on Delivery

Expected at 1000 am. EST
Thuersday, July 27, 2008

NUTRIGENETIC TESTING

Tests Purchased from Four
Web Sites Mislead
Consumers

Statement of Gregory Kute, Managing Director
Forensic Audits and Special Investigations



Nutrigenticke testy - komercCni

Figure 8: Litestyle Descriptions Directly Linked to Liet and Health
Recommendations

Table 2: Statements Promising Recommendations Based on Consumers” Unique
Geneflc Intormation

Tests purchazed
from Product Claims
Wieb site 1 » “Hecommendations ars based on your own DA
« By 'ndps-'i:f your diel and =style fo your genstic profie,
e sure that your besdy functions: &t an cptimum
Wsh site 3 " 'FEE-:clrrnEﬂl:I-u:Ii-:ln: or= based on $he unique comibination of

yaour genetic makeup™ because itis imporiant fo “maoke
ifestyle choioes™ that match your genes.
Wb sie 3 = “Hecommendations are based on your own ]
« Hecommendations will Socus on gene varnalions, the

potertial of which may b= offset by =ating cerain foods,
mnoreasing the intekos of specific micronuinents, or moking

festyle changes.”

Submitted Fictitious Submitted Lifestyle
DHA profile lifestyle information recommendations
Litthe o no emencise Increase mEmEs
B raniey Coninue o avoid smoking
Diet low in food containing atty ackds o E
Male DHA Trc-m Websiie1 Omega-3iaty acids
H 5a" S -
u&m O Maderats cafising intake Decrease cafisine conaumpiion
Regular exercise Coniinue o exerise
Meaver smicked Coniinue o avoid smioking
Diet high in crucienus Coniinue consumgiion of
Female DNA Klt from: Welb sie 2 wﬂ turmips) o
G"T%ﬁ“ Decrease otal fat intake
Heloh: 58" R
wggm o Déet high in fried foods
Mo eercise Increase axsrcise
Smoker Saop emaoking
Diet high in cabohydeEies Reduce ntake of refined
Female DNA Klt from: Welb sie 3 Diet highin fzts
e Reduce sstursied fss
Hedght: 57"
Weight: 183

- ]
Flgure 7: Comparison of Recommendad Supplement from Web Siia 1 with Ganaric

Multl¥itamin
Suppiomant rom Wab silo 1 | Cenemc multivramin
$3.28 $0.10
1,200 535
Bl prodUcts conkain:
Wiamin & Mds Caloum
WiaminC  Wiamin £ e "6
Wiamin D Folio Ackd Incding: [+ T
Wiamin E  Witamin E-12 asium yhderLm
Thiamin  Blabn a T
Paniohenic acid  Gelanium
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Nutrigeneticke testy

OMICS A Journal of Integrative Biolo icri i
Volume 19, Number 9. 20185 o Original Articles

@ Mary Ann Liebert, Inc.
DOl 1010889 0mi.2015.0109

Meta-Analysis of Genes in Commercially Available
Nutrigenomic Tests Denotes Lack of Association
with Dietary Intake and Nutrient-Related Pathologies

Cristiana Pawlidis! Zoi Lanara*® Angeliki Balasopoulou, Jean-Christophe Nebel ?
Theodora Katsila, and George P. Patrinos

v Metanalyza tykajici se 38 genli bézné pouZzivanych v komercné
dostupnych nutrigenetickych testech
Hodnoceni prognostického potencialu

524,592 jednotlivet (361,153 piipadt and 163,439 kontrol) z 1170
studii



Nutrigeneticke testy

v Zakladni otdzkou je, jestli jsou dosavadni védecké poznatky dostacujici pro
nutrigeneticke testovani s naslednymi nutri¢nimi doporuc¢enimi?

v Problém prodeje komercnich testl ,,direct to customer* — bez interakce s odpovidajicimi
specialisty (I€kaf, nutri¢ni terapeut, genetik)

4

v U multifaktorialnich chorob (kardiovaskuldrni onemocnéni, obezita, diabetes 2. typu,
hypertenze) jsou nutricni doporuceni na zakladé genetickych variaci prozatim
diskutabilni a nejednoznacné

v v soucasné dob¢ nelze doporucit komeréné dostupné nutrigenetické testy

ALE velky prislib do budoucna — potieba vice klinickych studii, funk¢ni interakce
genotyp — nutrient, interakce gen —gen, zvireci modely (knock-out)



Vystupy z komercnich testti — ,,direct to customer*

Disease Risks (100)
+ Elevated Risks

Resthess Logs Syndnorme

4 Decreased Risks
Prostate Cancer F
Alzheimers Disexse

Colorecial Cancer

Traits (50) *
Aicohal Flesh Reaction
Edler Taste Perceplion
Eanwax Type
Eyen Cosar

Hair Curl 3%

Your Risk  Average Risk
1% T.0%%
2.5% 2.0°%

MHNE »

Woarr Hisk Average Risk

12.7% 17.8%
4.9% 7.7%
4.2% 5.6%
M =
=88 3l 100 risx 1epoits.
Dioes Mot Flush
Can Tasts
Wl
Likaty Brown
Shghtly Curlier Hair on Average
See 3l 50 iraks.

Carrier Status (24)

Hemodhromaiosis ‘arian Pressnl
Alphae1 Anlitrypsin Delgisney Warsht Abesnt
Bloom's SymeiroimiE Warkani SAlrasnt
BRCA Cancer Mutalions (Seseciad) Wariant Albssnl
Canavan Cisease Warishl Albasnt
Corstic Filnods arisnt Abasnt
Familial Drysaubanimi Warksn AEaant
Factor X1 DeSciancy Warkant Akrssnt

Drug Response (19)

Wartarin (Coumading) Sensilivaty incremss
Abacavir Hyparsensifraty Typscal
Alcohol Consumplion, Smosing and Rk of Typical
Esophageasl Cancar

Clopidogrel (Piavie®y Eficacy Typic sl
Floprourac Toxcily Thypacal



Vystupy z komercénich testt — ,,direct to customer*

HOME MYRESULTS FAMILY & FRIENDS  RESEARCH & COMMUNITY et~ B3 Q
23andMe
HEALTH RISKS CONNECT  HELP
SHOW RESULTS FOR  Grant Brunner B SEE NEW AND RECENTLY UPDATED REPORTS »

These reports provide information about your possible risk for developing certain health conditions based on
genetics. Environmental and lifestyle factors also often play a large role in your risk for developing these
conditions.

Elevated Risk

NAME CONFIDENCE \;?:: AVG. RISK COMPARED TO AVERAGE
Type 2 Diabetes ik 35.1%  25.7% 1.36x ===
Agrial Fibrillation Hriricd 33.9% 27.2% 1.25x =
Colorectal Cancer *ririri 6.7% 5.6% 1.21x &
Chronic Kidney Disease rirdrd 4.2% 3.4% 1.22x 1
Ulcerative Colitis i 1.00% 0.77% 1.30= &

Prirmary Biliary Cirrhosis rirink 0.10% 0.08% 1.25x 4



Interpretace dat!!!

Analysis Your result Summary

LOWER RISK ¥our risk is 355 lower than average, which still deesn®t mean that you can't

ESsk for helng overareipht put on welght. We advise vou to follow detalled report of the analyses.

The intake of saturated fats is not additionally unfavourable for yow, Despite
Response o saturabed fats @ NORMAL that, your daily intake showld not exceed 103 of caloric Intake.
,, At the end of this section, I was told that 1
Response to @ NORMAL Your daily intake of monounsaturated fats should be 10% of caloric intake, needed a ‘balanced diet with a controlled
monounsaturated fats We recommend you to prefer olive oil when preparing the food. . s
intake of carbohydrates’. Tables were

provided to show the food groups I should

Response to polyunsaturated . NOBMAL Polyunsaturated fats should represent 7% of your daily caloric intake. You will . . X ; . .
fats find sufficient amounts of them in hazelnuts, almonds, mackerels, etc, include in my dzet, my optzmal dazly calorie
intake.
D to wour unfavourable response to carbrohydrates, we recommend you
Response fe carbohydrates @ UNFAVOURABLE tor dower their dally intake. Restrict it to 5o% of dally caloric intake,
Analysls Your result Summary
Wislir C S o > legh, ¥ 1
HDL (good) cholesterol AVERAGE LEVEL Fourgenes d-:'tur.rﬂn{' an averags HDL -:hc-_u. steral |'4..='1'¢ l, vvedaning that your
condition can be improved. Try to be physically active every day.
Your genes detenmine anaverage level of LDL cholesterol, Greal measure is
RE () chinleteval AVERAGEEEVEL Lo Jimit intake of trans fals {margarine, mayonnaise, fried foods, ete),
Triglycerides AVERAGE LEVEL Your genes determing anaverage level of trighcerides. Imprave the ITwas really happy with these results — as Zong as I

condition further by considering recommendations regaerding saturated futs,
don’t have a more unfavourable response than
average, I see no reason to worry about these

Limiting intake of foods sweetened with regular white sugar (voffee, donuts, | g0 hhoee! €
Bleod sugar AVERAGE LEVEL conkies), can have big influence on lowering bloed sugar level, i’



Prelomova doporuCeni!!!

v Don’t Smoke

¥ Maintain an Ideal Weight
v Eat a Balanced Diet

v Get Regular Exercise

v Reduce Stress.



Priklady SNP v kom. NT

GLUTATHION-S-TRANSFERAZA, BROKOLICE A RIZIKO
KARCINOMU PLIC

v Glutathion- S-transferdza M1 (GSTM1) je enzym, ktery
detoxifikuje zplodiny (napft. z cigaretového koute)

v Delece GSTMI genu (nulova alela), neni produkovan tento
enzym:

— riziko karcinomu plic (especially if you have

v Zelena brukvovita zelenina typu brokolice je null GSTM1!)
bohata na izothiokyanaty.

v Case-control studie: 2141 pacientl (karcinom plic), 2168
controls

v Vysokd konzumace - alespoi jednou tydné:)
Null GSTM1: OR =0.67 (0.49-0.91) (p = 0.0092)
v Bez protektivniho efektu u pacientii bez delece GSTM1

<

Brennan P et al. Lancet. 2005 (266), 1558-1560.



Priklady SNP v kom. NT

MTHEFR (methyltetrahydrofolatreduktasa)

Enzym zapojeny do metabolismu vitaminu B6, B12 a kys.listové
DNA syntéza a metylace

Kli¢ova uloha pii pfeméné aminokyselin homocysteinu na methionin.
MTHFR 2 SNP - C677T a A1298C

Rizikové alely - 677T a 1298C --> snizena aktivita enzymu --> hromadéni homocysteinu v krevni plazmé --> poruchy srazlivosti
krve

< < < < < K

<

Doporuceni: Zvysit piijem B6 a B12

X

wDon’t order MTHFR genetic testing for the risk assessment of hereditary thrombophilia.

The common MTHFR gene variants, 677C>T and 12984>G, are prevalent in the general population. Recent meta-analyses have
disproven an association between the presence of these variants and venous thromboembolism “

American college of medical genetics and genomics (2015)



< <

< < < <

Priklady SNP v kom. NT

cytochrom P450 — izoforma CYP1A2
Enzym I. faze biotransformace chemickych latek

Vyznamny pro sviij podil na metabolismu fady karcinogennich a prokarcinogennich latek, které¢ miaze CYP1A2
bioaktivovat na genotoxické produkty

CYPIA2*1F -163C>A

CYP1A2*1F AA — ,rychly* metabolismus, CC — ,,pomaly* metabolismus kofeinu

Aktivace prokarcinogent - Polycyklické aromatické uhlovodiky (PAH) obsaZené napf. v grilovaném mase v koufi
Doporuceni pro rychlého metabolizatora AA: omezit pfijem grilovaného masa a nekoufit ©

X

Who Genotype  VWhat It Means

Fast caffeine metabolizer:
AA drinking coffee didn'tincrease
subjects' heart attack risk

DK,



Priklady SNP v kom. NT

AMYLAZA1 A RIZIKO OBEZITY

<

Rozdil v CNV (Simpanz: 2 kopie, ¢loveék 6 — 16 kopii)
Cim vic kopii — tim vic enzymu ve slinach —> lepsi traveni $krobu — zvysena
glykémie - > zvySeny ptijem kalorii

<

<

Mnozstvi a aktivita AMY'1 ve slinach — ovlivnéni také stresem, hydratace
DOPORUCENTI: regulovat piijem sacharidii v potravé

<

X

v Falchi et al, 2015 — negativni asociace mezi poctem kopii a BMI (OR pro nartst o jednu
kopii 1,19)



Genetika obezity

t t $

Monogneni Monogenni Polygenni
(vysoka pentrance) (nizka penetrance)
|
| / / / \
| / / / N
| / / / A
| / / / I
J 4 ’
*Vzacné pripady *Populacni studie * Klinické studie
*Syndromy *Epidemiologie * “omic studie”

Napriklad: analyza tukové tkané



Syndromické formy obezity

*  Pleiotropni syndromy: cca 30 syndromd, u nichz obezita piedstavuje konstatni
syndromologickou komponentu a jez jsou zptusobeny alteracemi znamych oblasti

Syndrome Name Clinical Trans- Loci / Genes
(reference) heterogeneity mission

Prader-Willi Muscular Hypotony Autosomic 15q11
Mental retardation dominant SRNPN
Hyperphagia imprinting Micro deletion
Hypogonadism Maternal Disomy
Short stature

Bardet-Biedel Hypogonadism Autosomic BBS (1-12)

Mpykytyn Nature Genet 2002 Pigmentary retinopathy recessive chaperonin Protein MKKS
Polydactyly (Chr 20)
Mental retardation Ciliary cells proteins

Alstrom Myocardiopathy Autosomique 2pl4

Hearn Nature Genet 2002 Sensory deficit (retinopathy, | recessive ALMS1

Collin Nature Genet 2002

deafness)
Dyslipidemia, diabetes

Borjson-Forssman-Lehman
Lower Nature genet 2002

Morbid obesity, epilepsy
Hypogonadism, facial
dysmorphy

X(q26.3 / Plant homeodomain like
finger gene




Monogenni obezita — vliv na drahu leptin/melanokortin

MUTACE HYPOTHALAMUS

Paraventricular

Arcuate Nucleus
Nucleus

—» O — LepR
—» —» IR
T~ 0-MSH
B-MSH(Z) >
» O —> LepR
—»> — IR AGRP
O — GHR
Ventromedial
Nucleus
O O o l
Leptin Insulin Ghrelin
' ? ? E ticka bil
Tukova tkan Pancreas Zaludek nergeticka bliance

Mutch & Clement, 2006



Leptinova deficience

Congenital leptin deficiency
is associated with severe
early-onset obesity in humans

Carl T. Montague*f, |. Sadaf Farcooqi*ti,

Jonathan P. Whitehead*}, Maria A. Soos*}, Harald Rau*},
Nicholas J. Warehams, Ciaran P. Sewter*},

Janet E. Dighy-i, Shehla N. Mohammed|, Jane A. Hurstf,
Christopher H. Cheethams, Alison R. Earleyz,

Anthony H. Barnetts, Johannes B. Prins*}

& Stephen O’Rahilly~i

Nature, 387, pp 903-908
June 26, 1997

;;v.
F %

leptin
Child B before leptin
(wt = 42kg at 3yrs)

(isolated)

Child B after leptin
(wit = 32kg at 7yrs)




Genetika polygenni obezity

<

Familiarni agregace

<

Studie na dvojcatech (vétSi konkordance vyskytu
obezity u MZ dvojcat nez u DZ)

v Velké rodinné studie (mnozZstvi ,,statistickych
modeli* konzistentnich s genetickymi vlivy

v multifaktoridlni, polygenni

v roli hraji kombinace urCitych gentl a urcitych faktorii
zevniho prostiedi



Genetika polygenni obezity

Do

Food |
Abundance

L
Psychology

Mutch D & Clement K, Plos Genetics 2006




The GIANT study

« Genetic Investigation of ANthropometric Traits

 Locke et, 2015

« Metaanalyza 340,000 jedincu

 |dentifikace 97 GWS lokusu asociovanych s

BMI, z toho 56 lokusu novych !

* 97 lokusu vysvétluje ~ 2,7% BMI variace

« GWAS odhady - bézné polymorfismy mohou

odpovidat za vice nez 20% BMI variace

« GenFTO:
* 0,5 % variace (2 - 3 kQ)

Locke et al, 2015
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ezita — kandidatni geny

a Knlyngram of BMI and mmmnn obesity GWAS msodatlons b Position
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Loci

*KCTD15
MTCHZ2
NUDT3
*RPL2TA
*PTBFPZ2
TNNIZK
*ZNFEO8
*TMEM 160
*LRP1B
MTIF3
*FLI3STTO
*FANCL
CADMZ2
LRRNGC
Faimz
*NEGRI1
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MAP2ZKS
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—
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SLC39A8 -
SEC168 )
*MC4R ]
*TMEM18

I T T | T T T 1
0 0.050.10 0.15 0.20 0.25 0.30 0.35 0.40

Increase in BMI per-risk allele (kg/m?)

Frayling et al. (2007} Scuteri et al. (2007) &
Willer et al. (2009); Thorleifsson et al. (2009) &
Loos et al. {2008); Chambers et al. (2008) &
Thorleifsson et al. (2008) £

Speliotes et al. (2010) W

Willer et al. (2008) &

Moustafa & Froguel, 2013



Nutrigenomika
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Nutrigenomika - definice

v Nutrigenomika — vyzkum se zamétuje na to, jakym zplisobem Ziviny
nebo slozky stravy obecné meéni genovou expresi, koncentrace
proteintl a metabolitl a na to, jakym zptusobem tyto slozky ovliviiuji
metabolismus, zdravotni stav a riziko onemocnéni.

v pusobeni nutrientl na urovni bunky lze definovat jako takzvané
,,dietni podpisy* ¢i ,,dietni otisky* (dietary signatures)

v Alternativné se nutrigenomicky vyzkum muze zaméfit na stanoveni
interakce jednoho ¢i vice genii s Zivinami a na vyznam
konkrétniho genu v patofyziologii sledovaného onemocnéni.



Nutrigenomika

v Nevyhody:

Potrava — heterogenni smés bioaktivnich latek (kontrast s
farmakogenomikou — zndma koncentrace latky, mechanismus ucinku a

cilové struktury)

Nutrigenomické studie (vliv urcitého typu diety na expresi genii) ¢asto
pomijeji vliv genetické variability uvnitt zkoumané kohorty

Nepiesne extrapolace vysledki z in vitro studii



NUTRIGENOMIKA
Metody molekularni biologie

Odbér biologického materidlu — odbér periferni krve
(mononukleary), biopsie (napf. tenké stevo, zaludek, srdce),

tkanove kultury

Epigenom, Transkriptom, Proteom, Metabolom

!

Molekuldrni metody — 2D elektroforéza, qRT-PCR, ELISA,
sekvenovani, DNA , RNA chip, Western blot, hmotnostni
spektrometrie (MS), nuklearni magneticka rezonance



1) Epigenom — metylace DNA

Stanoveni metylace CpG ostruvkii:

v 1) PCR specificka pro detekci methylace

—  oSetfeni DNA bisulfitem sodnym — pfeména nemetylovanych cytosinil na uracil

—  Specifické primery pro metylovanou a nemetylovanou ¢ast — vznikaji fragmenty rizné délky

v 2) HELP assay (angl. ,,Hpall tiny fragment Enrichment by Ligation-mediated PCR
— 2 RE Hpall a Mspl
—  Oba stepi 5°-CCGG-3¢, ale Hpall ne v piipad¢ metylace
—  mnozstvi Mspl a Hpall fragment vyhodnoceno pomoci ¢ipu

v 3) Sekvenovani

—  oSetfeni DNA bisulfitem sodnym

— sekvenace modifikované DNA



1) Epigenom - methylace

\h'WW.rr‘lEdEd.’;EpE. Com

Medscapea
A.

Unmethylated DNA sequence Methylated DNA sequence

Sodium bisulphite
» CagggCgggCtilifiggtCa treatment . CagggCggoCtililiggtCa
Tl Taql
Unmethylated Methylated cytosines
cytosines modified unchanged
e UagggUgggUttUgaggtlUa PCR + analysis z UagggC u tla -
Taqi Tagi
shte lost site retained
BI
(i) Bisulphite sequanning | (i) COBRA (iii) MSP
T oooT 1T T OX) EEESaaT T Toe Tﬂfﬂ dinﬂt spﬂﬁlﬂﬂ Fcn Prlmﬂ‘m |
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Sourca:

Maurosurg Foous & 2005 Amancan Assocation of Neurological Surgeons
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Epigenetika

Epigenetika = v&da o stabilnich (reverzibilnich) genetickych modifikacich, které vedou
ke zméné exprese a funkce genll beze zmény sekvence DNA

Methylace DNA, modifikace histonti, miRNA

Parentéalni imprinting, inaktivace transpozonti

2 viny demetylaci u savcii: v zarodecnych buiikach a pred implantaci embrya
Transkripce cca 50% mikroRNA regulovana metylaci CpG ostrivki

1 miRNA = regulace (vétSinou downregulace) 100 — 200 mRNA

Zapinani, korigovani vykonu ¢i Uplné vypinani gentl - jsou vrcholem genetického tizeni.

Epigenetické zmény jsou ovlivnitelné, dédi€né a v mnoha ptipadech vratné.

[Ac] scetylstion
[Me] methylation
o mm~< ubiquination

@ phosphorylation
A

The figure illustrates nucleosome models and major pestiranslational
modifications which play essential roles in gene expression regulation
and disease processes




MikroRNA — mechanismus
ucinku

|
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mRNA target cleavage Translational repression mRNA deadenylation



Dulezité enzymy zapojené do epigenetickych modifikaci

Enzyme Type of modification Effect on gene expression

DNMT1, DNMT3L, Maintenance and de novo Gene expression suppression

DNMT3A, DNMT3B DNA methylation

TET family DNA demethylation Induction of gene expression

IDH family DNA demethylation Induction of gene expression

HMTs Methylation of lysine H3K4me3 — transcription activation;
in histone protein H3K9me or H3K27me — transcription

repression

HDMs Demethylation of lysine Transcription activation or repression
in histone protein based on the lysine residue

HATs Histone acetylation Transcription activation

HDACSs classes |-IV Histone deacetylation Transcription repression

SIRT1-7 Histone deacetylation Transcription repression

MSK1 (RPSBKAS) Histone phosphorylation Transcription activation

DMMT, DMNA methyltransferase; TET, ten eleven translocation; IDH, isocitrate dehydrogenase; HMT, histone methyltransferase;
HDM, histone demethylase; HAT, histone acetyltransferase; HDAC, histone deacetylase; SIRT, sirtuin; MSK1, mitogen- and stress-
activated protein kinase-1; RPSBKAS, ribosomal protein S6 kinase, 90kDa, polypeptide 5.



Epigeneticky aktivni slouCeniny - fytosloucCeniny

Epigenetic
diet

Broccoli | Soy beans

‘:'.

<

Grapes Blueberries]| Green tea|| Turmeric

DNMT inhibition

HDAC inhibition

Decreased cancer
incidence

miRNA regulation

HAT inhibition

Decreased incidence of
other age-related
diseases

Table 1. Bioactive dietary compounds and their epigenetic functions

Dietary compound Structure Food source Epigenetic function(s)
Epigallocatechin-3-gallate (EGCG) Green tea DNMT inhibitor, HAT inhibitor,
o mMIRNA regulator
OH
o
o o
OH
H
Sulforaphane (SFN) ﬁ i Crudiferous vegetables HDAC inhibitor, DNMT inhibitor
/3\/\/\N,,C’ (brocoli, kale, cabbage,
Brussels sprouts)
Genistein HO. 0 Soy and fava beans DNMT and HDAC inhibitor, miRNA
O ‘ O regulator
OH 0 -
Cureumin HO oOH Turmeric (curry) DNMT inhibitor
RPN o4
CHy 0 OH CH,
Resveratrol H Grapes, peanuts, mulberry, DNMT and HDAC inhibitor, miRNA
"o cocoa regulator
OH

DNMT, DNA methyltransferase; HDAC, histone deacetylase; HAT, histone acetyltransferase



gen agouti — mysSi model

v Epigenetické modelovani v pritbéhu téhotenstvi
v Geneticky identické potomstvo — rizny fenotyp

v Demetylovany gen -> Zluta barva: potomci
nachylngjsi k obezité, diabetu a nadorovému bujeni

v Podani stravy ovliviiujici metylaci DNA - vitamin
B12, kyselina listova, cholin a betain

\ 4

N4 Metvlace asouti senu — tmavi hubeni notomci se

choline

B vitamins
betaine

These Two Mice are Genetically Identical and the Same Age

While pregnant, both of their mothers were fed
Bisphenol A (BPA) but DIFFERENT DIETS:

The mother of this mousea The mother of this mouse

received a normal mouse | received a diet supplemented

diet with choline, folic acid,
betaine and vitamin B12



SAM — S-Adenosyl -methionin

* koenzym mnoha methyla¢nich enzyma (napf. pii methylaci bazi v
DNA nebo methylaci pfi tvorbé tzv. epiCky mRNA).

Sloucenina

Methionin

Kyselina listova

Vitamin B12

Vitamin B6

SAM-e (s-adenosyl-
methionin)

Cholin

Betaine

Potraviny, které je obsahuji

Sezam, Spenat, ryby,
paraofechy, pepf

Slunecnicova semena, listova
zelenina, jatra, drozdi

Maso, jatra, ryby

Maso, celozrnné vyrobky,
zelenina, orechy

Doplnék stravy, v potravindch
nestabilni

Zloutky, jatra, séja, varené
hovézi maso, kureci, teleci a
krati

PSenice, Spenat, morské plody a
cukrova fepa

AT

Epigenetické ucinky

SAM syntéza

Syntéza methioninu
Syntéza methioninu
Syntéza methioninu

primarni darce methylové
skupiny v rdznych reakci v téle
vcetné prenosu na DNA

Darce methylovych skupin SAM

Snizujete mnozstvi toxickych
latek prostfednictvim SAM



Epigenetika - karcinogeneze

Hypermetylace a inaktivace genii zapojenych do:

— Regulace bunécného cyklu: p16, p53

— DNA opravnych mechanism:
BRCAI1 (breast cancer 1)
MGMT (methylguanin methyltransferase)

— angiogeneze: (napi. THBS1)

Hypometylace a aktivace imprintovanych

protonkogenti

Micro RNA: let— 7, miR 17, 21, 221
abnormalni exprese > karcinogeneze

Modifikace histonu:

— ztrata metylace a acetylace
— H4K20me3 — trimetylace

Jecreased dietar

DNA hypomethylation

* [nappropriate proto-
oncogene activation

» Activation of latent
transposons, leading to
chromosome rearrangement
and instability

1sAM LFolate-derived
co-factors

= __

| Colorectal cancer |

Nature Reviews | Cancer

— Pacienti s nizkym hladinami of H3K4ac a vysokymi of H3K27me3 — progrese nadoru (Chen et al.,

2013)



MiRNA — antikarcinogenni
ucCinky fytochemikalii

Sulforafan, kurkumin, genistein, revestratol...

Silencing Activation
(oncomiRs) (tumorsuppressormiRs)
expression of target repression of target

cell-specific effects
by targeting pro t t action axes/signalling pathways:

Proliferation |
Apoptosis 1
Invasion |
Metastasis |
Sensitivity to chemotherapeutic agents

Krakowsky and Tollefsbol, 2015



MiRNA — antikarcinogenni
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uCinky fytochemikalii
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2) Transkriptom

Transkriptom = kompletni sada mRNA pfitomnych v daném okamzZiku v burice,
nebo tkani, odrazi miru transkripce gent, alt. sesttih a stabilitu transkripti

v 1. Kvantitativni PCR v realném ¢ase — qRT-PCR
— mRNA je nutné piepsat do stabiln€jsi cDNA

— Detekce produktu pomoci nespecifickych interkalacnich barviv (SYBR GREEN)
nebo specifickych sond (Tagman)

— V pribéhu PCR tak dochézi k uvoliiovani dalSich a dalSich molekul
fluorescen¢niho barviva ----- > roste fluorescence reak¢éni smési

— Nartst fluorescence odpovida mnozstvi produktu, ktery v reakci vznika.

— Porovnavame mezi sebou Ct (cycle treshold) — po€et cykli nutnych k dosaZeni
urcité miry fluorescence

— Detekce mRNA, mikroRNA



qRT - PCR
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2) Traskriptom

v 2. Expresni DNA microarray, ¢ip

Stanoveni stovky — tisice mRNA
Vytvofeni DNA ¢ipu

Ptiprava vzorku

Hybridizace vzorku s ¢ipem

Omyti Cipu

Skenovani Cipu (po excitaci laserem)

Zpracovani vysledkt — digitalni zpracovani obrazu

A. RNA Isolation

Sample A Sample B
o) oD
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T N

B. ¢cDNA Generation
C. Labeling of Probe

Reverse Transcriptase

* Flugrescent
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D. Hybridization
to Array
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E. Imaging
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Transkriptom

Transkrip¢ni faktory (TF) jsou
proteiny, které se spolupodileji na
iniciaci transkripce

Vazi se na jednotlivé elementy
promotoru, ¢imz usnadiiuji vazbu
prislu$né RNA-polymerazy.
Prokaryoticka RNA-polymeraza ke své
¢innosti TF nevyzaduje, transkripce u
eukaryot je na ptitomnosti TF zavisla.

Table 1 | Transcription-factor pathways mediating nutrient-gene interactions

Nutrient Compound
Macronutrients
Fats Fatty acids
Cholesterol
Carbohydrates Glucose
Proteins Amino acids
Micronutrients
Vitamins Vitamin A
Vitamin D
Vitamin E
Minerals Calcium
Iron
Zinc
Other food components
Flavonoids
Xenobiotics

Transcription factor

PPARs, SREEPs, LXR, HNF4, ChREEP
SREBPs, LXRs, FXR

USFs, SREBFs, ChREBP
C/EBPs

RAHR, RxH
VDR
PXR

Calcineurin/NF-ATs
IRP1, IRPZ2
MTF1

ER, NFkB, AF1
CAR, PXR

AP1, activating proteint; CAR, constitutively active receptor; C/EBR, CAAT/enhancer binding protein;
ChREEF, carbohydrate responsive element binding protein; ER, oestrogen receptor; FXR, farnesoid X
receplor; HNF, hepatocyte nuclear factor; IRF. iron reguiatory protein; LXR, lver X receptor; MTF1, metal-
responsive transcription factors; NFkB, nuclear factor kB; MF-AT, nuclear factor of activated T cells; PPAR,
peroxisorne profiferator-activated receptor; PXR, pregnane X receptor; RAR, retincic acid receptor; RXR,
retinoid X receptor; SREBF, sterol-responsive-element binding protein; USF, upstream stimulatory factor;

VDR, vitamin D receptor.

(Muller and Kersten, 2003).



Transkriptom - priklady

kurkumin SniZuje expresi fady genil, jeZ potencuji zanét se vztahem k rozvoji k napf.

Alzheimerovy choroby, karcinomu a ischemické choroby srde¢ni.
Indie ma nejnizsi incidenci Alzheimerovy choroby na svété

Enzymes
Latpase, LFPT, LCOX-2,
1GST, L Telomerase,
Is.L0x, LaGcL, laict,
<MMP, Lopc, LiNos,
INQO-1, ISrc-2,
ITMMP-3,
{Desaturase

factors

N

Kinases
LFAK, LAAPK, LEGFR-K,

Transcription

LINFkB, LAP-1, I Notch-1,
UsTAT-1, {STAT-3, L CREB-
BP, LEGR-1, {WT-1, B-
catenin, LHIF-1,
TNrf-2, TPPAR-y, TERE

Inflammatory
cytokines

i1, b2, LIes, Liee,

di-g, Lie-12, LiL-1s,

dmcp, IMIP, LTNF-a

Growth factors

LPTK, LMAPK, {PKA, Curcumin LFGF, LHGF, LEGF,
Lpke LPhK, | ca?*PK, LERK,| LPDGF, LTGF-B1, LVEGF
LPaK, LIAK,
LIL-1Rak, 1 Pp6OC-TK
Receptors Others
LR, {Fas R, {ER-a, Lupa, JBelxt, LBcl-2,

LEPCR, LH2R, LEGFR,
LHER-2, LIL-8R, L CXCR4,
LAHR, LLDLR, LITR, AR

TDR-4, TDR-5

LHsp-70, LIcAM-1,
dCyclin D1, LELAM-1,
J1apP-1,  MDRP,
TDEF-40, Tp53




Bidostupnost, u¢innost?

Comparative bioavailability of common phytochemicals
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Figure 3: Comparative bioavailability of phytochemicals commonly
used in supplements [90, 124, 127-129, 153].
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F1cure 2: CD values of popular phytochemicals used as supplements
and a commonly prescribed pharmaceutical. CD values refer to the
concentration of a compound required to double the activity of the
Phase II detoxification enzyme, quinone reductase [83, 87-89, 91].

Houghton et al, 2015



3) Proteom

PROTEOM = Kompletni sada bilkovin ptitomnych v daném okamziku v
bunce, nebo tkani, zahrnujici veSkeré jejich modifikace, vzajemné interakce,

lokalizaci a metabolicky obrat.

1. Western blot (imunoblot)

— Detekce specifického proteinu

- Rozdé€leni proteinu na gelu (napt. SDS-PAGE) podle velikosti

— Pfeneseni proteinu z gelu na membranu (napf. nitrocelulésovou) pomoci el.proudu

- Detekce pomoci protilatek

- Vizualizace : kolorirmetricky nebo chemiluminiscencni zptisob

- Semikvantitavni stanoveni

Blotting tank
Proteins transferred to
nitrocellulose sheet (blot)

Separation gel

- .
Labeled ‘%U
antibody

Immuno-
Develop and fix staining of blot
autoradiograph

-

Antigen bands Autoradiography
visualized

Detection in Western Blots

Detection Signal
(colorimetric or chemiluminescent)

Enzyme-conjugated — Enzyme Substrate
Secondary Anti hody

Primary Antibody Taroet Prot
\ arget Protein
4 / _,.:’_n/

. Membrane Containing Transferred Protein —

Diagram 2: ustration of detection in Western Blots.

sham RAS

— pPS————— 1
W s wwe @ transferrin
i —— alpha-2u globulin

——— ——— e ACAIN

lipocortin-5 transferrin alpha-2u globulin
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3) Proteom

2. ELISA (enzyme-linked immuno sorbent assay)

— Kvantitativni stanoveni proteini

— Interakce protilatka - antigen O (Substrat
“1 7 . , v, . v, .y o O produkt
— Neékolik modifiakci — primd (antigen), neprimad (protilatka), sendvicova o o @ ®
Antigen ®
* detekovany v testovaném vzorku enzym

* zndmy, komeréné piipravovany
Protilatka

* detekovana v testovaném séru

druha protilatka
antigen

* znama, komer¢né piipravovana prvni protilatka

Konjugat
* jedna se opét o protilatku proti na kterou je navazany enzym (konjugovana enzymem)
Substrat

* je chemicka latka, kterd reaguje s enzymem a tim zméni svou barvu

(A) Indirect ELISA
Wash Wash adion
el )
Antigen- specific antibody Enzyme-linked Substrate is added and
coated well binds to antigen antibody binds to converted by enzyme into
specific antibody colored product; the rate
of color formation is
proportional to the amount
of specific antibody
(B) Sandwich ELISA
Wash Wash £
— 6
Antigen binds A second monoclonal Substrate is added and
to antibody antibody, linked to converted by enzyme into
enzyme, binds to colored product; the rate
immobilized antigen of color formation is
proportional to the

amount of antigen



3) Proteom

3. 2D gelova elektroforéza a hmotnostni spektrometrie

— A) Rozdéleni podle izoelektrického bodu (pI) v pH gradientu
* pfi pH niZ§im neZ pl se protein pohybuje k negativnimu nabitému konci
» pfii pH vy$§im neZ pl se protein pohybuje k pozitivnimu nabitému konci
» Protein se zastavi pii pH stejném jako jeho pl
— B) Rozdéleni podle velikosti v polyakrylamidovém gelu (PAGE)
* Aplikace elektrického pole v 90°

Sample x

. 9 L) v__ I5 I8
C). Zviditelnéni e e
 Silver, Coomasie barveni m—a
— D) Kvalitativni a kvantitani vyhodnoceni S LS, . e e
S— ==} e s e o
* Hmotnostni spektrometrie (MS) ' -v,,. ; ‘:'{,* 2k
* Nuklearni magnetickd rezonance (NMR) R 3%, -
37— - ! ; . )
— Rozdéli stovky — tisice proteinti
4. Rentgenova krystalografie s—~ -} # LENFTLIEsRIEEE
—  Urceni 3D struktury proteinti 20— : ! |

15— ' ‘_.'.'--.-_ il

.n..



3) Proteom

Zakladni schéma analyzy uZivané v
proteomice

Smes =
1. Separace ey ) . e v |

H i Protein Exiraction sewst=o | Image Analyses
protein( 2D-PAGE _ ; i

2. Izolace Jednotlive
protein
epem trypsinem
Peptidy
4. Sekvenéni analyza 3. Hmotnostni analyza

Fragmentace peptidd WOstn spekroskopie '
Hmotnostni
Sekvence pe tldﬁ . =
Pep spektra peptidi 2 g e i

Flant Material

Protein
Identification

5. Porovnani s
databazi

Identifikace
proteind

DATA BASE PROCESS '
{Genome/EST/Prateama) e S Sn) I

Peplide Sequences




Proteomika

Drug Discovery \

Disease

Mechanisms

Target

Identification/validation ———

Differential Display

Yeast Genomics

Affinity Purified

Protein Complexes

Post-translational
modifications

Mouse Knockouts

; Signal
Medical ;
Microbiology Transduction
Protein Expression
Proteome Profiling
Mining
PROTEOMICS
Functional
Proteomics Structural
Proteomics

Protein-protein
Interactions

Glycosylation
Phosphorylation

Proteolysis

Yeast two-hybrid

Organelle

Protein

Composition Subproteome Complexes

Isolation

Co-precipitation

Phage Display



Proteomika - priklad

Vliv proteinovych izolati ze séji, kureciho, veprového rybiho masa na metabolické drahy v jatrech potkana
v Srovnavaci proteomika
v Identifikovano 1437 proteinti

vV porovnani s kaseinem (kontrola) v§echny izolaty snizovali mnozstvi proteint podilejicich se na metabolismu
mastnych kyselin a Ppara signalni kaskade

v Izolaty ze sdji a z ryb zvySovali zpracovani a translaci mRNA

ror v

v Studie prokézala charakteristické u¢inky proteinovych izolatl na metabolismu jater u potkant

MILE v . -
casain VS L% -

Isolated protein ;m;m o

Proteome: iTRAG & LC-ESI-MSIMS

Soy vs Casein Pork vs Casein Chicken vs Casein Fish vs Casein_
Oxid b < O
“'"nﬁd F"q‘"‘“' - "t Padty sl & C? O Fatty Acid T'lm?@:b' Fatty Ackd
Xe Kﬂw‘iﬁo: f _E\% O | oxidat ~ O;P'hun |
J I@I& 0 Y Y R - 0 I 3 Q‘l SQ%Q !
:lDGD [ ] o .. o G | h ‘." 0‘: 0O = = ,'_m ™ \*}‘A' .._
T FMet@bolism 7 Metmbouidt, b xmbﬁlBﬁ" S\ Mewbolidy
8 (&} [ 8 Q ne @ —
Q /. N, O, S - s D/ mRMA - (o)
mRNA gl ESTe : 8 B || MANA @
Précessing & i o ol ) 3 @ OD 8 o)l fﬂgg%x Pracessing o e 0
. % t“.-' (5 J < (e o ol LY i o0 ANer s i O
- E " ) G o tRNA i
e acylaticn o, Amincacylation " e o Mﬂm:r!lllan
oty (O { / e |1 A e Protoin ¢ ol @
R\ T Ooes |5 N | oul [N Juncon QO |08 "M""' comr
RNA
ITRA.EM ;;lnp gm Upstroam Regulafor Pichsgmapis coustamy of “Sgein Seng’: Copyright 20,

Song et al, 2016



Proteomika - priklad

Asociace mezi plazmatickymi hladinami a-tokoferolu a plazmatickym proteomem u
Clovéka

N4
N4
N4

<

N=1022
Analyzovano 54 proteinil

Pozitivni korelace mezi hladinami a-tokoferolu a koncentracemi apolipoproteinu C-III,
fibrinogenu( alpha, beta, gamma fetézce), fibronektinu a fibrinopeptideu A

Cirkulyjici hladiny a-tokoferolu pozitivné koreluji ze specifickymi plazmatickymi
proteiny --> Nov¢ popsané fyziologické u€inky vitaminu E

Da Costa et al, 2013



4) Metabolom

Metabolom
= kompletni soubor nizkomolekularnich latek, pfitomnych v buiice ¢i tkdni v daném cCase
= soubor meziproduktli a koncovych produkti genové exprese a enzymatické aktivity
= Soubor organickych (aminokyseliny, mastné kyseliny, sacharidy, organické kyseliny, lipidy, sekundarni
metabolity) a anorganickych latek a elementa
1) Extrakce a purifikace metaboliti
—  Extrakce na pevné fazi (SPE)
—  Superkriticka fluidni extrakce (SFE)
—  Mikrovinna extrakce (MAE)

2) Derivatizace

— Prevedeni analytu chemickou reakci na jeji derivat s pozadovanymi vlastnostmi
— Zména polarity, vneseni chromoforu, fluoroforu

3) Analytické metody

—  Kapalinova, plynna chromatografie, kapilarni elektroforéza s hmotnostni nebo UV/VIS spektrometriii
— NMR



4) Metabolom

w— i —
Metabolite extraction } 11 Data acquisition
By e
Mass
spectrometry

Features selection

-_ =

Pathway analysis & . |dentification & quantitation .

“ a2

: £ =
e T recenstruction 1; m of &i of metabolites
nJ?:__.-—-l‘iip: i 1 18 %2
— 2
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Comtrel vs. Experimental




Metabolomika

a) Cilena analyza (target analysis)- substrat nebo produkt jediného enzymu

b) Uréeni metabolického profilu (metabolic profiling) — kvantitativni analyza
predefinovanych metabolitt

c¢) Vlastni metabolomika — analyza , kompletniho* souboru metabolitl buniky, tkané

The Human Metabolome Database
>16,000 endogennich metaboliti,

>1500 metaboliti 1€kt

>22,000 slozek potravy a metabolitll potravy

< < < <



FOOD METABOLOME: AN ANALYTICAL CHALLENGE

Food metabolome = at least 25,000 compounds

Carbohydrates “’"‘ f“‘* »
Proteins N e AR
L|p|d5 "FWQ
Vitamins :fwf

3
=

Minerals 1
_ A
Flavonoids ]'f[-~.¢*. ¢
Phenolicacids pe,
B

Carotenoids o'd

Phytosterols - N"E\},Q}

Chlorophylls
\;f,_,

Alkaloids

Artificial colors M-Yﬂ .
Flavoring additives f@—‘{;

Maillard reaction products Q‘r‘j—%
Food contaminants e 4 p | Y

Large range of concentrations

S
=

Manach, 2013



THE FOOD METABOLOME DEFINITION

]
[
1
]
Metabolomes of foods = |
- ]

« Food chemicalome »? :

i

I

I

[

]

1

]

Man-made
MNon-nutrients

Matural
Non-nutrients

Polymhenols, Contaminants,
cm GAmEnDiEE, Adlivea,
Ligda, Yiaming Fhytosterols, Agrzchemicals,

Digestion

Storage Dietary habits Food M_etabolom_e

Xenobhiotic

metabaolism %
]

Micraobial -

metaholism

\Eimi nation

Metabolic
capacity

Health outcomes

Manach, 2013
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