Variabilita metabolismu



Variabilita metabolismu

e Zakladni ziviny (tuky, cukry, proteiny)
e Léky
* Navykové latky



Metabolismus skrobu
* Je zajistovan amylazou
* U cloveka se vyskytuje a-amylaza
ve ruznych tkanich, ale nejbéznéjsi
je slinna a pankreaticka
e 7genl nal.chromozomu:
slinna - AMY1A, AMY1B, AMY1C

pankreaticka - AMY2A, AMY2B oo [mor Joser oo
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Slinna a-amylaza (ptyalin)

Variabilita v poctu kopii AMY1 genu — vyhradné
u cloveka

Variabilita zalezi na typu obzivy, neni ovlivnéna
geograficky

Malo skrobu v potravé: 2 — 3 kopie

Mnoho skrobu v potraveée: az 15 kopii

Pozitivni selekce: vyssi prijem energie, nizsi
hladina cukru v krvi (diabetes melitus Il. typu,

zanetlivé procesy), vstrebavani cukru do krve u
prujmovych onemocnéni...
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Metabolismus laktozy

e Zajistén enzymem laktazou, ktery katalyzuje
stepeni mlécného cukru - laktdézu na jednoduché
sacharidy D-glukézu a D-galaktozu
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Laktozova intolerance

* Laktdzova intolerance je zpusobena neschopnosti
organismu produkovat enzym laktaza

* Pokud je laktazy nedostatek, mlécny cukr se ve
strevech nestravi a jeho prebytkem se pak zivi
prirozené strevni bakterie, které pri jeho
zpracovani produkuji plyny (CO, ¢i H,) a dalsi
latky, které drazdi tlusté strevo

e Zpusobuji nadymani, stfevni koliky, prujmy a
zvraceni, atopické ekzémy, nechutenstvi, paleni
Zahy, pocit plnosti a bolesti bricha.



Laktozova intolerance

* Vrozena intolerance

jiz pri kojeni

* Prvotni (primarni) intolerance
je zpusobena geneticky
 Druhotna intolerance

vznika napr. pfri celiakii, zanétlivych onemocnénich
strev nebo i jako dusledek uzivani antibiotik, ktera
ovlivnuji strevni mikrofléru



Laktozova intolerance




Laktazova perzistence
Perzistence laktazy je dominantni
2SNP: 13910 C/T - ,Evropska”

22018 G/A — , Asijska“

Pred 5000 — 1000 lety spolu s sirenim pastevectvi
a chovu dobytka

MIéko: zdroj vody, bilkovin a vapniku — evolucni
vyhoda




Chutnacstvi PTC

Gen TAS2R38 - receptory pro nekteré horké chuti
Chutnaci (AA, Aa) x nechutnaci (aa)
70% celosvetove jsou fenotypove chutnaci

Chromozom 7, 3 polymorfismy, ale 85%
fenotypové variability je dano dvéma
polymorfismy



Chutnacstvi PTC — evoluce a adaptace clovéka

* Nechutnadi jsou znevyhodnéni u lovcl a sbéracll a naopak u zemédélcl jsou
pristupnéjsi rostlinné stravé

* Aa-selekéni vyhoda: rozlisuji vice druhd horkosti a tim jsou schopni pfi sbéru rozlisit
zastoupeni jedovatych latek

e Superchutnaci — rozeznavaji 6 — n propylthiouracil, maji nizsi sklony k alkoholismu

The Geography of Taste

NH
©/ Map shows the prevalence of the ability to taste a prop The darker the area in this map the
higher the percentage of the native population of the area who can taste PTC

PhenylThioCarbamide

Over 85% in the darkest areas, and as low as 5% in the lightest.



Metabolismus lécCiv

Polymorfismus a variabilita je nejen v incidenci onemocneéni,
jejich prubéhu, morbidité a mortalité, ale také v odpovédi na
|écCbu

« 74dnda odpovéd na lé¢bu

* Vyskyt nezadoucich ucinku

e Personifikovana medicina

 Farmakogenomika

* Enzymy cytochromu P450

e DalSi enzymy:

MTHFR(methylentetrahydrofolat reduktaza)

TPMT (Thiopurine methyltransferaza)

NAT1, NAT2 (N-acetyltransferaza NAT1, NAT2)
UDP-glukuronosyl transferaza




CYP 450

Superrodina enzymu, které v sobé nesou zelezo

Provadi transfer elektronu a tim oxidacnée
redukcni reakce

Nachazeji se v ruznych tkanich, ale vétsina je
aktivni v jatrech

22. chromozom, 57 genu, 59 pseudogenu, stovky
izoforem

Velmi polymorfni: ztrata funkce, snizena funkce,
zvyseni aktivita enzymu, inter a intragenoveé
interakce, inhibitory....



CYP 450

Metabolizuji cizorodé latky — alkaloidy, steroly,
xenobiotika (90% l|écCiv), hormony...

Znalost polymorfismu je kliCcova pro farmakology
a lékare

Snizena nebo chybéjici funkce: hromadéni
toxickych latek

Zvysena funkce: 1éCivo je metabolizovano tak
rychle, ze neni ucinné

Farmakogenomika: warfarin, phenyotin,
olanzapin



Family

CYP1

CYP2

CYP3
CYP4
CYP5
CYPT
CYP3
CYPM
CYP17
CYP19
CYP20
CYP21
CYP24
CYP26
CYP2T
CYP39
CYP46
CYP51

Rodina 1, 2, 3 metabolizuje xenobiotika, 4 — 51 metabolizuje ostatni latky

Prehled ¢lent rodiny CYP 450 proteinu a jejich substraty

Function

drug and steroid (especially estrogen) metabolism, benzo(a)pyrene

toxification

drug and steroid metabolism

drug and steroid (including testosterone) metabolism
arachidonic acid or fatty acid metabolism
thromboxane Az synthaze

bile acid biogynthesis 7-alpha hydroxylaze of steroid nucleus
varied

steroid biosynthesis

steroid biosynthesis, 17-alpha hydroxylase

steroid biosynthesis: aromatase synthesizes estrogen
unknown function

steroid biosynthesis

vitamin O degradation

retineic acid hydroxylase

varied

T-alpha hydroxylation of 24-hydroxycholesterol
cholesterol 24-hydroxylase

cholesterol biosynthesis

Members
3 subfamilies, 3 genes, 1 pseudogene

13 subfamilies, 16 genes, 16
pseudogenes

1 subfamity, 4 genes, 2 pseudogenes

§ subfamilies, 12 geneg, 10 pseudogenes

1 subfamily, 1 gene

2 subfamilieg, 2 genes
2 subfamilieg, 2 genes
2 subfamiliez, 3 genes
1 subfamily, 1 gene

1 subfamily, 1 gene

1 subfamily, 1 gene

2 subfamilies, 1 gene, 1 pseudogens
1 subfamily, 1 gene

3 subfamilies, 3 genes
3 subfamilies, 3 genes
1 subfamity, 1 gene

1 subfamity, 1 gene

1 subfamity, 1 gene, 3 pseudogenes

Names

CYP14A1, CYP1AZ, CYP1B1

CYP2AB, CYP2AT, CYP2A13, CYP2BE, CYP2C8, CYP2CS, CYP2C18, CYP2C19, CYP2D8, CYP2E1, CYP2F1, CYP2)2, CYP2R1, CYP251, CYP2U1,

CYP2W1
CYP34A4, CYP3AS, CYP3IAT, CYF.

CYP4ATT, CYP4AZZ, CYP4B1, CYP4FZ, CYP4F3, CYP4FS, CYPEF11, CYPEF12, CYP4FZZ, CYP4VZ, CYP4X1, CYP4Z1

CYP5A1
CYP7A1, CYPTB1

CY¥P241 (prostacyclin synthase}, CvYPEB1 (bile acid biosynthesis)

CYP1MA1, CYP11B1, CYP11B2
CYPITAL
CYP1841
CYP2041
CYP2142
CYP24A1

CYP2641, CYP2681, CYP26C1

CYP2Z7A1 (bile acid biosynthesis), CYP27E1 (vitamin D3 1-alpha hydroxylase, activates vitamin D3}, CvF27C1 {unknown function)

CYP3841
CvP4gal

CY¥P5141 (lanosterol 14-alpha demethylase)

344

3



CYP 450 - adaptace a evoluce clovéka

* Dulezity faktor adaptace na obsah cizorodych
latek v potrave — odpovéed na konkrétni prostredi

e Velmi polymorfni, zastoupeni jednotlivych alel je
dano geograficky a také zpusobem obzivy

* Silny pozitivni i negativni selekcni tlak
e Lidska populace je rozdélena na dva klustery:

Africky a mimo africky, ten se dale déli na Evropa +
z. Asie, v. Asie, Amerika, Oceanie (1000 Genome
Project)




CYP 450 - adaptace a evoluce clovéka

CYP1B1: spojitost s radou rakovin

CYP2C9: velmi variabilni, metabolizuje pres 100 znamych
|ékU, alely s nizkou aktivitou enzymu zpusobuji Spatnou
srazlivost krve

CYP2D6: celd rada metabolitu, 6 — 10% Evropanu, 2% Asiatu
maji slaby metabolismus, v Africe je Cetnost slabého

vV v/

metabolismu vyssi

CYP2E1: spojitost s kolorektalni karcinomem a rakovinou
nosohltanu

. . . . . GYP206 allele and enzyme activity™
African-American Black-African | Pygmy  Asian | Caucasian ] Y

Allele CYP206 activity
CvPp2Ce=2 249 0-4.3 0 0-0.1 2-19 — p—
CYF2Ce*3 | 2.0 0-2.3 0 11-35 | 3.3-182 CYPaDee increased
CYPZCE5 | 0-17 0.8-1.8 ND 0 0 GRS
CYP2DE
CYPZCH6 | 0.6 27 ND 0 0 p—
CyP2C9*r |0 0 0 0 CYP2DE%) decrease d
CYP2CES 19 86 0 0 CYP2DE0 decreaze d
CYP2DET decrease d
CYF2Ce*8 |13 157 0 0.3
CYP2CH1 | 1.4-1.8 27 0 0.4-1.0
CYP2C9*13 | ND ND ND 0.18-0 ND



CYP3A5

Metabolismus vody a soli (zprostfedkovava metabolismus kortizolu na

[ J
6-B-hydroxykortisol v ledvinach)

* Jeho exprese se pozitivhé poji se suchym a vyprahlym prostredim

* Evropa a stfedni Asie maji nizkou / zddnou expresi
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Gilbertuv syndrom

Meulengrachtlv nebo Gilbert-Meulengrachtlv syndrom
Porucha metabolismu zlucového barviva bilirubinu v krvi
Projevuje predevsim zezloutnutim kize a o¢niho bélma
Snizeni aktivity enzymu UDP-glucuronosyltransferazy

Autozomalneé recesivni, u 3 - 15 % indoevropské populace
(v CR 5 % populace)

Inzerce skupiny nukleotidu TA do promotorové oblasti
UGT 1A1 genu (2937)



Metabolismus navykovych latek

e Alkohol

e Kofein
e Nikotin




ADH
ALDH

Alkohol

* Metabolismus probiha v Zaludku a zejména v jatrech:

 Malé mnoizstvi je odstranéno mastnymi kyselinami

* Acetaldehyd — meziprodukt metabolismu zpUsobuje celou fadu zdravotnich komplikaci
a rizik: alkoholismus, poskozeni jater, rakovina, neurodegenerativni onemocnéni

* Faktory ovliviaujici metabolismus a ucinky alkoholu:

Vek, pohlavi, velikost téla, velikost jater, typ ADH a ALDH
e Alkoholismus

CH,CH,0H ="

Ethanol
H,C-CH,-OH

ADH _ CH,CHO ALDH _CH,COO
Acetaldehyde Acetate
Alechal
dehydrogenase
Acetaldehyde Acetate
H,C-CH=Q el | C.COC™
Aldehyde
Catalase dehydrogenase
(pradsamiEs) imisoeFecrdring
P4502E1
{Miceesamas)

Red - generally "bad”
Green - generally "good"

Ethanol

Large consumption

Brain:

K-
A

- Impaired development

- Wernicke-Korsakoff

syndrome

* Vision changes

* Ataxia

* Impaired memory

- Psychological
* Cravings

* |rritability

* Antisociality

* Depression

* Anxiety

* Panic

* Psychosis

* Hallucinations
* Delusions

* Sleep disorders

- Cancer
Blood:

Mouth, trachea and esophagus:

- Anemia
Heart:

- Alcoholic cardio-

myopathy
Liver:
- Cirrhosis
- Hepatitis
Stomach:
- Chronic gastritis

Pancreas:

- Pancreatitis
Peripheral tissues:
- Increased risk of
diabetes type 2

Effects linked with both

small and large consumption

Kidney:

- Reduced risk of developing kidney stones

Potential long-term effects of

Gallbladder:
- Reduced the risk of developing gallstones

Small to moderate consumption

Systemic:
- Increases insulin sensitivity
- Lower risk of diabetes

Brain:
- Reduce the number of silent infarcts

Blood:

- Increases HDL

- Decreases thrombosis

- Reduces fibrinogen

- Increases fibrinolysis

- Reduces artery spasm from stress
- Increases coronary blood flow

Skeletal:
- Higher bone mineral density

-Joints:
- Reduced risk of rheumatoid arthritis|
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Poet alkoholikd na 100 000 obyvatel

Mnozstvi () zkonzumovaného alkoholu na osobu starsi 15 let



Variabilita v metabolismu alkoholu

Polymorfismy v genech pro ADA a ALDH
HD1B*1 — ,,rychly metabolismus® (Evropa)
HD1B*2 — ,pomaly metabolismus” (Asie)
HD1B*3 — Afrika a puvodni Americané
HD1C*1 — 50% Evropa

| DH2*2 — recesivnhi homozygot — ztrata
funkce enzymu — vyrazna prevence proti
konzumaci alkoholu (Asie)

> > > > P




Nikotin
Alkaloid, stimulant, zvysuje krevni tlak, zrychluje

cinnost srdce, stahuje cévy, zvysuje obsah mastnych
kyselin v krvi, blokuje syntézu estrogenu

Nikotinismus
Metabolismus nikotinu zajistuje CYPAG v jatrech
CYPA6*4, *5

— pomala forma, Asiati Who sald smoking Kilis?

—rychla forma, Evropané

CYPAG6*2
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Kofein

Alkaloid obsazeny v plodech nejméné 63 rostlin

Kavova zrna (Coffea arabica), kakaové boby (Theobroma cacao),
cola orechy (Cola acuminata), Cajové listky (Camellia thea), listky
maté (/lex paragueyensis) a guarana (Paullinia cupana)

70 — 80% metabolizuje CYP1A2 v jatrech

CHy
| DON'T HAVE A PROBLEM '
WITH CAFFEINE. fﬂ;\fﬁ
e ] c:aﬁ’eme

| HAVE A PROBLEM H:m?’ ":(,rw m:;r"m

WITHOUT CAFFEINE.

Faraxanthine Thenhrnmlne Thenphylllne
(B4%) {12%) (4%}



rs 5751876
rs 5751876

ADORA2A:

Kofein

Rychly a pomaly metabolismus
CYP1A2: *1F alela — pomaly, *1A/1A *rychly
Polymorfismus metabolismu je dan alelami genU:

TT — kofein vyvolava uzkost
CC — vétsi potreba konzumace kavy

+ interakce s dopaminovymi receptory

Table 2 Polymorphisms linked to acute and chronic response to caffeine

SNP Position Acute effects Long-term effects
CYPl1A2
15762551 Intron T pos. 734: Increased activity in smokers with A/A genotype Caffeine consumption does not appear to
C=A (Sachse et al. 1999) differ between the genotypes (Comelis et al. 2007)
Risk of nonfatal myocardial infarction higher for
subjects with C/C genotype (Comelis et al. 2006)
No association found for risk of Parkinson’s
disease (Facheris et al. 2008)
rs35694136 No association found for risk of Parkinson’s
disease (Facheris et al. 2008)
ADORA2A
rs5751876 1976 C/T C/C genotype associated with greater caffeine

sensitivity, sleep impairment, and increased beta

activity during non-REM sleep (Retey et al. 2007)
T/T genotype associated with greater anxiety

after caffeine (Alsene et al. 2003; Childs et al. 2008)
T/T genotype associated with greater anxiety

after caffeine (Childs et al. 2008)

rs35320474 2592 T/~

153032740
DRD2
rs1110976 Associated with greater levels of caffeine-induced
anxiety (Childs et al. 2008)
COMT
rs4680 Nucleotide codon Higher risk of acute myocardial infarction

158: Val/Met in alleles coding for low activity (Met/Met)

(Happonen et al. 2006)

No association found for Parkinson’s disease
or caffeine consumption (Tan et al. 2006)
No association found for risk of Parkinson’s

disease (Facheris et al. 2008)




