METABOLISMUS

= souhrn vSech chemickych (a fyzikalnich) procesu zahrnutych v:
1. Produkci energie z vnitinich 1 vnéjSich zdroju
2. Syntéze a degradaci strukturalnich a funk¢nich prvku tkani

3. Odstranovani odpadu

PORUCHY METABOLISMU
1. Vrozene metabolické poruchy (enzymopatie)
2. Kombinované metabolicke poruchy (DM,

dna, degenerativni onemocnéni kloubt a kosti)

o R METABOLISMUS
3. Metabolickée poruchy ze zevnich pricin

*Proteinu
eSacharidu

Lipidi




Total body

metabolic fuel
Total Body 23.3 grams of circulating nutrients: 113 kcal |
Composition .._.759 hepatic glycogen: 300 keal
100

" 150g muscle glycogen: 600 keal

kg protein: 24,000 kcal J Circulating fuel

15kg fat: 141,000 kcal ]

' % {209 glucose: 80 kcal }<

otein: 18%

Total solids = 40% {39 triglycerides: 30 kcal
Total Fluid = 60%
© 0.3g free fatty acids: 3kcal | L

[In total: in storage there is 165,900 kcal: in circulation there is 113kcal. ]

http://www.derangedphysiology.com/main/required-reading/endocrinology-metabolism-and-nutrition/Chapter%203.1.8/physiological-adaptation-prolonged-starvation



VYZIVA
Vyvazena strava Clovéka musi obsahovat:
— cukry (50 -55 %)
— tuky (30 %)
— bilkoviny (15 -20 %)
— vitaminy, ruzn¢ anorganicke latky
— vodu - denni potieba odpovida 2,4 1
— 7. tohoto objemu prijima dospély Clovek
* vodu v objemu kolem 1200 ml,

* 900 ml je piijato ve strave
* 300 ml vody je vytvoreno béhem metabolické premény

Denni potreba energie je:

—u dospélého muze ~12600 kJ

—u dospéle Zzeny ~9200 kJ

— skutecna potreba vSak zavisi na:
* télesné hmotnosti

* rozsahu télesné aktivity
» dalSich fyziologickych a patofyziologickych faktorech



NUTRIENT POOLS AND METABOLISM

DIET
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Fig. 22.3 Adapted from L. L. Langley, Homeostasis (New York: Reinhold, 1965).
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TABLE 18-1 Summary of Nutrient Metabolism

during the Absorptive Period

1. Energy is provided primarily by absorbed carbohydrate.
2. There is net uptake of glucose by the liver.

3. Some carbohydrate is stored as glycogen in liver and
muscle, but most carbohydrate and fat in excess of that
utilized for energy are stored mainly as fat in adipose
tissue.

4. There is some synthesis of body proteins, but many of
the amino acids in dietary protein are utilized for energy
or converted to fat.

Muscle

Almost all tissues .
- Triacylglycerols

Adipose tissue

Urea

)

3

phosphate
NH o—Ketoacids ]
Glycogen
) > Amino acids Glucose ﬁ

Glycogen CO; + H,O + energy
An?no || w-Glycerol ;
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Glucose
LI
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COs + H,0 + energy
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(Chylomicrons)

FIGURE 18-1

Major metabolic pathways of the absorptive state. The arrow from amino acids to protein in muscle is dashed to denote the
fact that excess amino acids are not stored as protein (see text). All arrows between boxes denote transport of the substance

via the blood. VLDL = very low density lipoproteins.
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TABLE 18-2 Summary of Nutrient Metabolism
during the Postabsorptive Period \ > Amino acids Ketones Energy +
[ COz + H20
1. Glycogen, fat, and protein syntheses are curtailed, and ‘
net breakdown occurs. J> Ketones
2. Glucose is formed in the liver both from the glycogen

stored there and by gluconeogenesis from blood-borne

lactate, pyruvate, glycerol, and amino acids. The kidneys
also perform gluconeogenesis during a prolonged fast.

3. The glucose produced in the liver (and kidneys) is FIGURE 18-2

released into the blood, but its utilization for energy is Major metabolic pathways of the postabsorptive state. The central focus is regulation of the blood glucose concentration. All

greatly reduced in muscle and other nonneural tissues. arrows between boxes denote transport of the substance via the blood.

4. Lipalysis releases adipose-tissue fatty acids into the blood,
and the oxidation of these fatty acids by most cells and
of ketones produced from them by the liver provides
most of the body’s energy supply.

5. The brain continues to use glucose but also starts using
ketones as they build up in the blood.




Absorptive state Postabsorptive state

Proteins Triacylglycerol Glycogen Protein Triacylglycerol Glycogen
) ﬁ ﬂ

Amino o - Glycerol Fatty Glucose Amino Glycerol Fatty acids Glucose

acids phosphate acids acids
Most cells Most cells
CO, + H,O Fatty acids
2 Gl > 27772 atty
@) ree=d | + energy and | €O, + H20
ketones 9y
L/
£
Liver
Pyruvate, Liver
lactate
Gl ’

) yeogen glycerol, | > Glucose |

Glucose and

amino acids
Fat

FIGURE 18-3

Summary of critical points in transition from the absorptive state to the postabsorptive state. The term “absorptive state”
could be replaced with “actions of insulin,” and the term “postabsorptive state” with “results of decreased insulin.” The
numbers at the left margin refer to discussion in the text.




Liver glycogen
becomes glucose.

Liver
glycogen
stores

acids

Ketone
bodies

Glucose

Adipose lipids

become free Triglyceride stores ' .

Free fatty

fatty acids and
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\ Free fatty
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Gluconeogenesis [F———
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production

A

Gluconeogenesis
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Brain can use
only glucose and
ketones for energy.

Ketone

Muscle glycogen can be used for energy.
Muscles also use fatty acids and break
down their proteins to amino acids that
enter the blood.




NUTRIENT ABSORBED AS FED-STATE METABOLISM FASTED-STATE METABOLISM

Carbohydrates Glucose primarily; e Used immediately for energy through aerobic * Glycogen polymers broken down
also fructose and pathways” (glycolysis and citric acid cycle) (glycogenolysis) to glucose in liver and kidney
galactose e Used for lipoprotein synthesis in liver or to glucose 6-phosphate for use in

e Stored as glycogen in liver and muscle glycolysis
(glycogenesis)

® Excess converted to fat and stored in adipose
tissue (lipogenesis)

Proteins Amino acids ¢ Most amino acids go to tissues for protein ¢ Proteins broken down into amino acids
primarily plus some synthesis” ¢ Amino acids deaminated in liver for ATP
small peptides e |f needed for energy, amino acids converted production or used to make glucose

in liver to intermediates for aerobic (gluconeogenesis)
metabolism (deamination)

e Excess converted to fat and stored in adipose
tissue (lipogenesis)

Fats Fatty acids, e Stored as triglycerides primarily in the liver ¢ Triglycerides broken down into fatty acids
triglycerides and and adipose tissue” (lipogenesis) and glycerol (lipolysis)
cholesterol e Cholesterol used for steroid synthesis or as » Fatty acids used for ATP production through

a membrane component aerobic pathways (B-oxidation)
¢ Fatty acids used for lipoprotein and
eicosanoid synthesis

* Primary fate




(a)

1 Plasma insulin

{

<

Muscle

% Glucose uptake and

utilization
Net glycogen synthesis
Net amino acid uptake
Net protein synthesis

Adipocytes

t Glucose uptake and
utilization
Net triacylglycerol
synthesis

Liver

Glucose uptake

Net glycogen synthesis
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synthesis

No ketone synthesis

b
(&) { Plasma insulin
Muscle Adipocytes Liver
4 Glucose uptake and } Glucose uptake and Glucose release due to
utilization utilization net glycogen catabolism
Net glycogen catabolism Net triacylglycerol and gluconeogenesis
Net protein catabolism catabolism and Ketone synthesis and
Net amino acid release release of glycerol release
Fatty acid uptake and and fatty acids
utilization
FIGURE 18-4

Summary of overall target-cell responses to (a) an increase or (b) a decrease in the plasma concentration of insulin. The
responses in (a) are virtually identical to the absorptive state events of Figure 18-1 and the left panel of Figure 18-3; the
responses in (b) are virtually identical to the postabsorptive state events of Figure 18—2 and the right panel of Figure
18-3. The biochemical events that underlie these responses to insulin are shown in Figure 18-6.
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FIGURE 18-6

Reference illustration of the key biochemical events that
underlie those responses of target cells to insulin
summarized in Figure 18-4. Each green arrow denotes a
process stimulated by insulin, whereas a dashed red arrow
denotes inhibition by insulin. Except for the effects on the
transport proteins for glucose and amino acids, all other
effects are exerted on insulin-sensitive enzymes. The bowed
arrows denote pathways whose reversibility is mediated by
different enzymes (Chapter 4); such enzymes are commonly
the ones influenced by insulin and other hormones. The
black arrows are processes that are not directly affected by
insulin but are enhanced in the presence of increased insulin
as the result of mass-action.
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FIGURE 18-7

Nature of plasma glucose control over insulin secretion.



FASTED STATE

Adipose and resting skeletal muscle

(a) In the absence of insulin, there are no GLUT4 transporters
in the membrane.

Extracellular (- - |
fluid Glucose—__ |

(-

Insulin receptor

ﬁ'}tisp;zecz.; Secretory
vesicle
GLUT4 —— |
transport protein
Liver hepatocytes

(c) In the fasted state, the hepatocyte makes glucose and
transports it out into the blood, using GLUTZ2 transporters.

) [Glucose] o

L
Low insulin KT m
jy
— | o u.] J
- |

GLUT2

J .
—[Glucose] high .

{ -

Glycogen stores and
gluconeogenesis

Hepatocyte

Fig. 22.17 Glucose transport in the fed and fasted states

FED STATE

(b) In the fed state, insulin signals the cell to insert GLUT4
transporters into the membrane, allowing glucose to enter cell.

Insulin binds
to receptor

Signal
transduction
cascade

= >—GLUT4

(d) In the fed state, the glucose concentration gradient reverses,
and glucose enters the hepatocyte.

ECF O

Insulin - [Gluccse] hi;;h )
(- |

Gluoose] PEr

Signal
cascade

Hexokinase- medlated conversion
of glucose to glucose 6-phosphate
keeps intracellular [glucose] low.
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FIGURE 18-8

Major controls of insulin secretion. GIP is a gastrointestinal hormone.




| Plasma glucose

!

Pancreatic islet alpha cells

t Glucagon
secretion

t Plasma glucagon

L
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1t Plasma ketones

Liver

FIGURE 18-9

Nature of plasma glucose control over glucagon secretion. §




1 Plasma glucose

Reflex via glucose
receptors in the central nervous system

Adrenal medulla

t Epinephrine secretion

= t Activity of sympathetic nerves

t Plasma epinephrine to liver and adipose tissue
Skeletal muscle Liver Adipose tissue
t Glycogenolysis t Glycogenolysis t Lipolysis
% Gluconeogenesis

t Plasma glucose, fatty acids, glycerol

FIGURE 18-10

Participation of the sympathetic nervous system in the response to a low plasma glucose concentration (hypoglycemia).
Glycogenolysis in skeletal muscle contributes to increased plasma glucose by releasing lactate and pyruvate, which are
converted to dlucose in the liver



TABLE 18-4 Summary of Glucose-Counterregulatory Controls*

Glucagon Epinephrine Cortisol Growth Hormone

Glycogenolysis v v
Gluconeogenesis J J J v
Lipolysis J J J
Inhibition of:

glucose uptake J J

by muscle cells and

adipose-tissue cells

*A / indicates that the hormone stimulates the process; no ,/ indicates that the hormone has no major physiological effect on the process. Epinephrine
stimulates glycogenolysis in both liver and skeletal muscle, whereas glucagon does so only in liver.



KRATKODOBE VERSUS DLOUHODOBE HLADOVENI

Hladovéni béhem spanku

 Pokles hladiny
snizeni  inzulin
utilizace Glu

 Mobilizace FAs + substratii pro
glukoneogenezi (jatra, ledviny)

e Vzestup hladiny glukagonu,

inzulinu =
dependentni

glykogenolyza

e Jatra — cca 50 % Glu z
glykogenolyzy, 50 % z
glukoneogeneze

* Proteolyza a degradace AMK =
svaly, splanchnicka oblast
« Zejména Ala a Gln (syntéza ve

svalech) — Glu-Ala cyklus
 Cast Glu vyuzita (+ substrat pro

glukoneogenezy v ledvinach) —

produkce Ala/amoniaku
* Ala=2zdroj moCoviny

AQPY

B

~ Cori cycla

+ Glucose-alanine cycle

Ll L, GLUT2 ECF
4 RBC
Glycogen = > : Lactate <f o2/
\ ‘ Glucose Insulin
Gy~ G1P . -5 mM independent
"’Wy GGP » L)
59, : W
J—= Glycerol = i > |Gluconeogenesis —_Bein__}
o rL Adipocytes
C ' Pyruvate = O
t GF::* Glycerol———————
FA X - i
1 Almitinu Lnr:lalo GLUT4 i, FA
\ TAG
% Muscle
| Te=r Glucose .o
_Alanine | Gluconecgenic :
P—(s**—- substances: Lactate- /Pyruvam
! Lactate =| | alp<—7Glu
F;% — Alanine = r:KEIuAA
| Glutamine Glutamine Gin-;r-\glu uKA‘)
Fatty acids — -
(’I':A) — aKA “AA~—p 10in
~FA—+~—+ ’fﬁ.‘
Glycerol =—+

Figure 58-13 Overnight fast. a AA, a-amino acid; AQP9, aquaporin 9; ECF, extracellular fluid; aKA, a-keto

acid; aKG, a-ketoghitarate.

 Lipolyza — zdroj FAs a glycerolu = zdroj pro periferni tkané, glycerol = substrat pro

glukoneogenezi



Fatty tissue
triglycerides: 160g

Free fatty acids: 160g

Glycerol: 16g

120g 40g
In the liver
02
H20
Free fatty acids 120g Ketones 60 g

Fatty acid and ketone oxidation tissues:
Myocardium, renal cortex, skeletal muscle

Tissues which happily use glucose switch overto
using exclusively fatty acids and ketones

protein: 75g

LMuscle Jhodnoty pro 24 hod.

//-quino acids: 75g l

4
[

Gluconeogenesis » Emergency reserve
of hepatic glycogen

This emergency tank is kept
In reserve for some sort of a
fight-or-fight situation

Lactate 36 g Glucose 180g

369 1449
Anaerobic glycolysis tissues: Aerobic glycolysis tissues:
RBCs, WCCs, bone marrow, Central nervous system
renal medulla, peripheral nerves
Participate in the Con cycle by The CNS continues to use only
converting glucose back to lactate and glucose for its metabolism

pyruvate, thus these tissues indirectly
denve energy from the oxidation of fat
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ECF

Ketone EHOO%
Dlouhodobe hladovéni pods: C@
Pokles energetickych potieb (= Ao PSS e ke T =
C BMR (' 20 - 25 kcal/kg/den) Gluam“ : {? Glucose &
GLUT2 ~3 mM P_ Insusn
® Vét§ 1mna efektﬁ J (] déna ,’E :ﬂr TOA otn independent
. . J4 L4 . b4 ° gaaacascd 1] luconeoganasis
hypoinzulinémii, vliv na jatra je il — S e
, ) Pyruvate —o— S Q
dan glukagonem i Wil
J4 v r__r W FA Alanine Lactate GLU-T-t FA:
 Postupné zvySovani poméru - . | | TG
of Kidne 1
glukoneogeneze - D o S
v 7 r v r . utem| Gluconeogenic I
« Zpocatku  zvySeni  rychlosti T fosmes | | moen
y Alani - - |Alanine
proteolyzy —E f-tu;am"ﬁ- = ;_;,l_{s‘";,:t-. C it
r v 4 . . /4 (FA) Ketone bodies
 ZvySeni rychlosti lipolyzy - -

aktivace hormon-sensitivni lipazy
= mobilizace FAs a glycerolu
» Glycerol = dalsi substrat pro glukoneogenezi; nadbytek FAs = substrat pro svaly (inzulinova
rezistence, interference s ,,aktivaci GLUT4) a periferni tkané¢ = dostatek glukozy pro
nervovou tkan
» Dalsi hladovéni:
* Snizeni proteolyzy (snizena produkce mocoviny = sniZzeni exkrece vody), zvySeni
vyuZziti tukl pro ketogenezi
*  Vyuziti ketolatek nervovou tkani (-hydroxybutyrat + acetoacetat)
* Snizeni jaterni glukoneogeneze X zvySeni glukoneogenez v ledvinach (az 40 %
produkce)
« Dalsi mobilizace lipolyzy = zvySeni jaterni ketogeneze (100 g/d)
» Dalsi lipolyza = tibytek tukové tkan€, hormonalni zmény (leptin, FSH, LH — anovulace)

Figure 58-14 Prolonged starvation. AAc, acetoacetate; ECF, extracellular fluid; BHB, B-hydroxybutyrate.



Fatty tissue
triglycerides: 160g

Muscle | o —
\protein: 20g |

!

Free fatty acids: 160g

Glycerol: 16g

’J,,—E?!l\mino a;.:ids:?(_lg_ - 1

\

120g 40g

In the liver

02
H;0
Free fatty acids 120g Ketones 60 g
10g||50¢g
Fatty acid and ketone

oxidation tissues:
Myocardium, renal cortex,
skeletal muscle

Tissues which happily use
glucose or ketones switch over
to using exclusively fatty acids

Ketone loss in the urine

Some ketones are wasted:
they are too water-soluble

Gluconeogenesis > Emergency reserve
of hepatic glycogen

This emergency tank is kept
in reserve for some sort of a
fight-or-fight situation

Lactate 36 g Glucose 80g _

36g 449

/

Anaerobic glycolysis tissues:
RBCs, WCCs, bone marrow,

renal medulla, peripheral nerves

Aerobic glycolysis tissues:

Central nervous system
The CNS continues to use some _
glucose for its metabalism, but much

of its energy is derived from ketones
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Gluconeogenic phase: Protein conservation phase:
Protein calabolism s used (o feed Protein catabolism is decreasedto a
glucose lothe CNS, while other | minimum, fally acids are used everywhere
lissues feed on ketones and fat | | and ketones instead of glucose fuelthe CNS )

Post-absorptive phase:

The CNS and many other lissues
preferentially use glucose, produced
from glycogen breakdown
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AN ot P
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Dalsi zmény v dusledku hladovéni:

Ztraty K™ v pocatecni fazi, stabilni koncentrace 3 mmol/L
Mg?* - beze zmény nebo jen mirna hypokalémie

Ca’" - beze zmény

Fosfaty — beze zmény

Kyselina mocCova — vzestup (katabolismus proteinil)

Dale:

Pokles srde¢ni frekvence (35 t/min, od 4. tydne mirny vzestup)
Pokles TK

Zmény EKG — oplosténi T viny, sniZzeni amplitudy QRS intervalu
Pt1 extrémnim hladovéni — prodlouzeni QT intervalu, inverze T viny,

deprese ST useku
Proc?

L COO0O00

Pokles syntézy proteinu — myofibrily, myofilamenta
Zmény slozeni ECT/ICT

Ztraty stopovych prvku (Cu — ischémie)
Sympatikus (katecholaminy) - arytmie

O O O O



Normokalemia

Normal
PR im‘ewol\ I
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Fwave QRS hormal-size it present
T wave
Hypokalemia
| la |
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prolonged |
PR interval \ |

5|ighf|',rJ | Prominent
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/
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P wiave Depressed

ST segment

Fig. 4-7. Electrocardiogram Changes with Potassium Imbalance
Copynight © 2008 by Mosby, Inc., an affiliate of Elsevier Inc.



VYSETROVANI METABOLICKYCH PORUCH

LABORATORNI METODY (biochemie)

* Chybéni nebo nedostatek metabolitu (krev, moc, tkan, bunky)
« Nadbytek metabolitu

« Patologicke ukladani metabolitu v tkanich (histochemie)

« Patologicky metabolit

ZJISTENI PRICINY METABOLICKE PORUCHY
* Porucha ve vstiebavani nebo vyluCovani (funkcni zatézove testy)
e Mg¢feni aktivity uritych enzymu nebo enzymovych systému

GENEALOGICKE VYSETRENI

SCREENINGOVE TESTY (fenylketonurie, hyperlipoproteinémie,
aminoacidurie, hormony Stitné zlazy...)



METABOLISMUS CUKRU

1.Zdroj energie

2.Soucast glykoproteint, glykopeptidi, glykolipidi — strukturalni ¢i
funkéni (kolagen bazalnich membran, mukopolysacharidy, myelin,
hormony, receptory...)

Karbohydraty z potravy — hexozy (glukoza, fruktoza, galaktoza)
KliCovy substrat — glukoza.

Postprandialni plazmatické hladiny glukozy: 3,5 — 6,5 mmol/l
Glykémie. Hypoglykémie, hyperglykemie.

Hypoglykémie: pokles kyslikového zasobeni CNS

Glykolyza, glukoneogeneza. Humoralni tizeni glykémae.

Glykolyza: hlavni produkty — laktat a pyruvat — prumérné
koncentrace v plazmé 0,7 a 0,07mmol/l (pomér 10:1 zustava
zachovan 1 pfi ruzném obratu); v hypoxii — 30:1 (metabolicka
acidoza)



*Glukdzovy obrat: 2 mg/kg/min (11 mmol/kg/min)~9 g/hod~ 225
g/den

*55% glukozove utilizace — terminalni oxidace (CNS)

«20% - glykolyza, laktat zpét do jater, glukoneogeneza (Coriho
cyklus)

*20% - zpétne vychytavani jatry a splanchnickymi tkdnémi

*70% vyuziti glukozy v klidu je insulin-independentni

*Cirkulujici zasobdrna (pool) glukdzy — jen o trochu vétsi nez vydej
jatry za 1 hod

*Mozkovou oxidaci udrzi jen cca 3 hod (zasoby glykogenu v mozku —
cca 10 min)

‘NUTNOST NEUSTALE PRODUKCE GLUKOZY Z JATER za
hladovéni

80 % - glykogenolyza, 20 % - glukoneogeneza (vice nez 50 % z
laktatu vychytan¢ho jatry pro glukoneogenezu, zbytek — AMK, zvl.
alanin; laktat z glykolyzy ve svalech, ery, leu, aj.; AMK — z
proteolyzy ve svalech)



*Ranni prijem glukdzy — 70 % spotiebuji periferni tkané (svaly), 30 %
- splanchnicke organy (jatra)

«20-30 % prijate glukozy — oxidovano béhem 3-5 hod. na pokryti
narokt GIT, 70-80 % uloZeno do glykogenu (sval, jatra)

*Svalovy glykogen — pozd¢ji presunut do jater (laktat z glykolyzy ve
svalech, reuptake, glukoneogeneza v jatrech, glykogenolyza)

*Béhem maximalni resorpce exogenni glukdzy — vyplaveni glukozy z

jater je potlaceno (inzulin a glukagon facilituji tento d¢y)



JATERNI GLUKOSTAT
UdrZovani konstantni glykémie
Endokrinné fizen:
* glykogenolyza (glukagon, adrenalin, noradrenalin = aktivace
glykogenfosforylazy)
* proC pouze jatra a ne svaly? (glukoza-6-fosfataza v jatrech)
* glukoneogeneze (glukagon, adrenalin, noradrenalin,

glukokortikoidy, hormony Stitne zlazy)



REGULACE ODBOURAVANI GLYKOGENU

ADRENALIN (plsobi na jatra i sval)
GLUKAGON (pUsobi jen na jatra) Poznamky:

Glykogensynthasa | = aktivni defosforylovana,
nezavisla na Glc-6-P

adenylatcyklasa Glykogensynthasa D = fosforylovana, méné
aktivni, zavisla na aktivaci Glc-6-P
Fosforylasa a = fosforylovana, aktivni tetramer
Fosforylasa b = inaktivni dimer

ATP ~. cCAMP

glykogensynthasa | fosforylasa b
A
: I
I proteinkinasa :

fosfatasa | _ 0 el

I | fosforylasakinasa :
1
1 aktivovatelna svalovou :
! praci

glykogensynthasa D fosforylasa a

aktivivatelna glukosa-6-fosfatem

POKLES TVORBY (prevaha odbouravani) GLYKOGENU




GLYKOSURIE

*Renalni glykosurie (vrozeny defekt glukozoveho transportu v
ledvinach, glykémie je normalni)

*Alimentarni glykosurie (renalni prah pro glukozu = 10mmol/l)

*Pozn. inhibitory SGLT?2

The Kidney and Glucose Homeostasis Cellular Glucose Homeostasis

~180 g of glucose filtered per day

Tubular lumen ] Interstitium

K* Na*/K*
31 segment of
proximal tubule ATPase
~80% Na* Pump

=1 0%
Reabsorption :

~180 g/d Distal 52/53
segment of
proximal tubule

Active transport

Glucose

Glucose
Passive
diffusion

Virtually no glucose
Chao EC, Henry RR. Nat Rev Drug Discov. 2010;9:551-559.1 excreted in the urine Mair S, Wilding JP. J Clin Endocrinof Metab. 2010,95:34-42.13



METABOLISMUS TUKU

*Tuk — cca 50 % denni davky substratu pro oxidaci (100g, 900kcal)
*Hlavni a nejvyhodnéjsi forma zasoby energie

*Denni prijem: cca 100g (40% denni diety)

*Hlavni komponenta potravinovych zdroju 1 zasob v téle: triglyceridy
*Neexistuje striktni dietni doporuceni (Cast MK syntetizovana v jatrech
a tukove tkani)

*ALE: 3-5% MK polynenasycené!!! —- ESENCIALNI MK
*Prekurzory membranovych fosfolipidu, glykolipidu, prostaglandint
*Cholesterol — soucast membran, prekurzor zluCovych kyselin,
steroidnich hormonti; denni piijem — 300-600 mg/den, t€z syntetizovan
*Lipoproteiny: transport lipidu krevni plazmou

* Apoproteiny (z jater C1 streva), katalytickd funkce, receptory



*Chylomikrony —z potravy, nejmensi densita, lipoproteinova lipaza
(endotel kapilar), aktivace apoproteinem C-II, transport HDL

*volné MK vstiebany adipocyty (resyntéza triglyceridi, zdsoba) 1
ostatnimi tkanémi (oxidace)

«/bytek lipoproteinovych Castic (vice cholesterolu) —
chylomikronové zbytky — degradace v jatrech

*VLDL — endogenni syntéza v jatrech (meén¢ sttevo), v postabsorpcni
fazi

*Denzni, vice cholesterolu, delsi poloCas v plazmé

*Rychlost tvorby: 15-90 g/den

«ZacCatek metabolismu — viz. chylomikrony

*Produkty ucinku lipoproteinové lipazy — IDL (intermediate-density
lipoprotein)

*50% IDL — zpét do jater (jako chylomikronové zbytky)

*50% IDL — obohaceny cholesterolem — LDL

*Kolujici LDL — transport cholesterolu do bunck

*Vstrebani LDL, IDL, zbytku ch. — apoproteiny, receptory,
endocytoza

Uptake LDL-cholesterolu do bun¢k — downregulace LDL receptoru
(zpomaleni vstfebavani) a zpomaleni syntézy de novo



HDL — dlouhy plazmaticky polocas, syntéza v jatrech a stieve
Facilitace pohybu ostatnich partikuli

*Vymeéna klicovych apoproteint

* Akceptuji molekuly volného cholesterolu, esterifikuji je (lecithin-
cholesterol-acetyltransferaza) a inkorporuji zpét do partikuli

*Hlavni t¢inek: zrychleni clearance triglyceridi z plazmy a regulace
pomeéru volny:esterifikovany cholesterol

*Volné MK

*Primérna koncentrace: 400uM/1

*Vazané na molekuly albumint

*Rychly obrat (cca 8g/hod): 50% - oxidace, 50% - reesterifikace do
triglyceridu

*Celkovy cholesterol: 185mg/1
*LDL cholesterol: 120mg/1

*HDL cholesterol
 Ateroskleroza, geneticke predispozice (LDL apo €1 receptor)



Fat Synthesis

(a) Transport and Fate
of Dietary Fats

AN

> Monoglycerides

Intestinal
lumen

oo ; Phospholipids
“AC Cholesterol Free fatty acids (FFA)
| |
Intestinal
cells
I Lymph
Bile — (" Blood v N Adipose cells
duct
He @ Lipolysis by lipases
Y {
Ipl FFA —_
\ —> Reassemble — TG
> Glycerol > to triglycerides  storage
O Q)
OO
CM v
B ants ®) £ Most cells \
HDL-C LDL-C o
FFA oxidized
L J l T > for energy
Liver o O @) Cholesterol
i T for synthesis
Metabolized OOO \ J
Lipoprotein
complexes KEY
T dapo = apoproteins
‘ Cholesterol + FFA + Lipoproteins ‘ Ipl = lipoprotein lipase
| LDL = low-density lipoprotein

* Bile salts

A )

HDL = high-density lipoprotein
C

= cholesterol



Digestion and Absorption: Fats

Most lipids are hydrophobic and must be emulsified to facilitate

digestion in the agueous environment of the intestine.

(a) Bile salts coat lipids to make emulsions.

Hydrophobic side —,
associates |

Py f

9 (:} with lipids. .;’

~ p

zl;,!' Bile salt—coated ?4 : .’
£ lipid droplet

Water

Q water)

(b) Micelles are small disks with bile salts, phospholipids, fatty acids,
cholesterol, and mono- and diglycerides.

Dlglyoende Monoglycende Phospholipids

m%

\ Free fatty acids Choles1&rol

(d) Fat digestion and absorption

Cholesterol is
transported
into cells.

Polar side chains
(hydrophilic side
% associates with

Sphincter
of Oddi

Pancreatic lipase
and colipase

(c) Lipase and colipase digest triglycerides.

_ Monoglyceride
Lipase,
Triglyceride
colipase
MV
Free fatty acids

Absorbed fats combine l
with cholesterol and

Lacteal Lymph to

teins in the intestinal
B O ~¥ vena cava

cells to form chylomicrons. |

Bile salts from
liver coat fat

i,

g

Pancreatic lipase

| Cholesterol + triglycerides + protein |

A X
Q p\h.ﬂ?ﬁolgi

Chylomicron | apparatus
P\ oo |
Q‘R% ER

N ©€o

Chylomicrons are
removed by the
lymphatic system. | """

Capillary

O O and colipase break
down fats into Monoglycerides and fatty
O monoglycerides acids move out of micelles
and fatty acids and enter cells by diffusion.

stored in micelles.

AL

Lumen of small infestine

-
=

Cells of small intesting W Interstitial fuid

Fat droplet

Bile salts
Phospholipids

Q O O Emulsion
| droplets
Bile salts :-nl-::':i:'ln:lf
Pancreatic lipase | B
O0o © tract
oo _oo0oO O
000096 ¢ Q0000 Micelles

Free molecules
of fatty acids and
monoglycerides

MWW IV

Diffusion

-~ Fatty acids and

\ VWA monoglycerides
cylglycerol synthetic I Epithelial
enzymes in endoplasmic cell
reticulum
% / |
Droplets of trlacylglycerol
enclosed by membrane —
from the endoplasmic
reticulum
I Lacteal

Chylomicron

FIGURE 17-12

Summary of fat absorption across the walls of the small
intestine. §

Prevzato. Silverthorn, D. U. Human
Physiology — an Integrated Approach.
6th. edition. Pearson Education, Inc.
2012.x



(b) Triglyceride
and Cholesterol
Synthesis from
Glucose

Cholesterol

-

Glucose

N—N<rr00<ro

Pyruvate

v

synthesis

Acetyl CoA

CoA ML» o—e

Fatty acid
synthetase

s s 8 s 8 0
_9_’ SNSNSNSSNSNN S T
L] [ ] ] L] L] ] [}

Y

Glycerol

Fatty acids

(3 22
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Triglyceride

Glycerol can be made
from glucose through
glycolysis.

(2

Fatty acids are made
when 2-carbon

acyl units from acetyl
CoA are linked
together.

One glycerol plus 3
fatty acids make
a triglyceride.




LIPOLYSIS

Triglyceride

Lipases digest triglycerides

? into glycerol and 3 fatty acids. o

Glycerol becomes a
glycolysis substrate.

\—v Glycerol —e—b

Y

™
e
HO

/. [ ] . - ] [ ]
b W W W T
Fatty acid

N—O<rO0O0<ro

Cytosol

<

Pyruvate

—

? B-oxidation chops 2-carbon

acyl units off the fatty acids.

) -oridation

—
Acyl unit

Acyl units become acetyl

CoA and can be used in the

citric acid cycle.




Dietary
cholesterol

Liver, Gl tract, other cells

Synthesis of cholesterol

L

Gl tract :>

Plasma cholesterol
(on lipoproteins)

|}

L

Various cells

Incorporation into
membranes, steroid
hormones, etc.

Excretion S
in feces

Liver

Secretion into bile,
catabolism to bile salts

FIGURE 18-13

Cholesterol balance.




PORUCHY METABOLISMU CUKRU

1. Diabetes mellitus
2. McArdleuav syndrom: glykogeneze z deficitu myofosforylasy

Hromadéni glykogenu ve svalech
Svalova ztuhlost, ztuhlost pf1 namaze, sniZena tolerance k vykonu
3. Galaktosémie (vrozeny deficit fosfogalaktosauridyltransferasy;

poruchy rustu a vyvoje)
PORUCHY METABOLISMU TUKU

1. HYPERLIPIDEMIE, HYPERLIPOPROTEINEMIE
2. VZACNE PORUCHY LIPIDOVEHO METABOLISMU



Ad 1) 5% obyvatelstva

Primarni a sekundarni formy

Aterosklerdza

*Tuky indukovana hyperlipoproteinémie

Familiarni hypercholesterolémie (xantomatoza)
*SmiSena hyperlipoproteinémie

Familiarni hypercholesterolémie s hyperlipémii
*Sacharidy indukovana triglyceridémie

*Sekundarni hyperlipoproteinémie (druhotné; alimentarni)

Ad 2)

Lipidozy

*Abetalipoproteinémie (LDL, VLDL; hromadéni lipidu v epitelu stieva)
*Analfalipoproteinémie (HDL; hromadéni esteru CHOL v tkanich)

*Vrozeny defekt acetyltransferazy LCAT (hromadéni lecitinu)



HNEDY TUK

LIPIDY: strukturalni, neutralni a hnédy
Specificka lokalizace

Sympaticka inervace jak cév, tak lipocyti
Nekolik kapének tuku v lipocytu

Vice mitochondrii

Produkce tepla

Adaptace na chlad

Po najezeni se zvySuje produkce tepla

b itoor

Source: Mescher AL: Jungueira’s Basic Histology: Text and Atlas,
12th Edition: http://vaww.accessmedicine.com

Copyright € The McGraw-Hill Companies, Inc. All rights reserved.



Irisin = ?7? (pfeména bil¢ho tuku na
hnédy...), produkce zvySena pi1 fyzicke
namaze ?

Fgf21 = zvySeny ptijem Glu perifernimi
tkanémi, zvysSena oxidace FAs

Natriuretickeé peptidy = ANP — zvySeni
lipolyzy; protekce pred nizkymi teplotami?
Bmp8b = produkovan hnédymi adipocyty a
nckterymi  hypotalamickymi  jadry -
regulace sympatickée aktivity

T4/T3 — zvySeni exprese termogennich
genll

Neurons and s @

immune cells / /@ >
\ % .
Orexin

Natriuretic
peptides
Heart Bmp(rll Fgf21
..... QO Liver
g
o o
L) [+]

Thyroid
0
[0}
N
©
=
Q
2 &=
[}
QO Muscle

In rodents, a number of tissues and cell types have been found to secrete factors that regulate brown and beige adipose activity through systemic, autocrine
and paracrine mechanisms. Neurons and alternatively activated macrophages secrete norepinephrine; cardiac tissue secretes natriuretic peptides; liver and
BAT secrete Fgf21; muscle secretes irisin; and thyroid secretes the hormone T, (which is then converted to T3). BAT also produces Bmp8b and Vegf, which
increase thermagenic function in an autocrine manner. Additionally, orexin and Bmp7 promote brown fat development, but their cellular source is unknown
Oxr1, oxidation resistance 1; Alk7 (also called Acvric), activin A receptor type 1C

http://www.nature.com/nm/journal/v19/n10/fig_tab/nm.3361 F4.html



ucp-1/ PGC-1¢/DIO2/
PRDM16/CIDEA

TRENDS in Endocrinology & Metabalism

Figure 2. Endocrine factors affecting WAT and BAT depots. The SNS has been
long known to upregulate the expression and activity of genes related to
thermogenesis such as UCP-1, PGC-1a, DIO2, PRDM16, and CIDEA in both BAT
and WAT depots. However, metabolically important peripheral organs including
liver, heart, and muscle were recently shown to secrete factors such as FGF21, NPs
|specifically ANP and BMNP), and irisin, respectively, which could mediate similar
effects. Although there is some evidence to indicate that NPs may work in concert
with SNS to execute these effects, it remains to be determined whether FGF21 and
irisin mediate their effects via the SNS or, alternatively, whether the SNS can
contribute to the regulation of secretion of these factors from heart, liver, or
muscle. Monetheless, these observations point towards plausible crosstalk
between various organs to regulate thermogenesis and hence overall energy
expenditure in rodents and plausibly in humans.

Abbreviations: ANP, atrial natriuretic peptide; BNP, brain-derived natriuretic
peptide; BAT, brown adipose tissue; CIDEA, cell-death inducing DFFA-like
effector A; DIO2, type Il iodothyronine deiodinase; FGF21, fibroblast growth
factor 21; NPs, natriuretic peptides; PGC-1a, peroxisome proliferator activated
receptor-y coactivator-le; PRDM16, PR domain-containing protein 16; SNS,
sympathetic nervous system; UCP-1, uncoupling protein-1; WAT, white adipose
tissue.

S — R

P "
Temperature/cold [ ] . Positive energy
&= | Central nervous system balance/diet

Brown adipocyte @ o
1 Energy expenditure

Energy storage
" "4

l Obesity and
related disease

TRENDS in Endocrinology & Metabolism

Figure 3. Metabolic implications of active BAT thermogenesis. Upon cold exposure, central mechanisms increase sympathetic tone and NE release to BAT and WAT that
translates into lipolysis via B-ARs mediated increase in intracellular cAMP levels and activation of lipolysis mediated by ATGL, HSL, and MGL in both tissues. Although
lipolysis in WAT results in breakdown of intracellular TG and hence increased release of FFA into circulation, lipolysis in BAT activates UCP1 and thermogenesis via p-
oxidation of FFA. Once activated, brown adipocytes can significantly enhance energy expenditure by combusting intracellular TG stores. However, continued activity can
result in the utilization of circulating glucose and FFA by brown adipocytes. An upregulation of LPL expression and activity of active BAT can also result in the increased
uptake of TRLs by BAT. Together these mechanisms enhance whole-body energy expenditure and promote weight loss. In addition, active BAT is expected to aid in the
clearance of circulating glucose, FFA, and lipoproteins, thereby ameliorating conditions of insulin resistance and hyperlipidemia. The role of diet in the stimulation of BAT
thermogenesis in humans, however, remains unclear at this peint.

Abbreviations: ATGL, adipose triglyceride lipase; BAT, brown adipose tissue; B-ox, B-oxidation; B-AR, p-adrenergic receptor; FFA, free fatty acids; HSL, hormone-sensitive
lipase; LPL, lipoprotein lipase; MGL, monoacylglycerol lipase; NE, norepinephrine; SNS, sympathetic nervous system; TG, triglycerides; TCA, tricarboxylic acid cycle; TRLs,
TG-rich lipoproteins; UCP1, uncoupling protein-1; WAT, white adipose tissue.

Chechi K, Carpentier AC, Richard D: Understanding the brown adipocyte as a
contributor to energy homeostasis. Trends Endocrinol Metab 2013, 24(8):408-420.



Peroxisome proliferator-activated receptor-gamma coactivator (PGC)-1a
T e

Exercise

Skeletal muscle cells

=,

Lt FNDC5 Ly FNDC5 I i
/

7= —_— b
DNA % FNDCS5 is cleaved to
l produce irisin

Irisin reaches WAT and BAT
via circulation
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Irisin

WAT l binding l BAT

Energy storage Energy expenditure

| |
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Obesity Diabetes Weight loss

Castillo-Quan JI: From white to brown fat through the PGC-1 alpha-dependent
myokine irisin: implications for diabetes and obesity. Disease Models & Mechanisms

2012, 5(3):293-295.

Unidentified receptor

Mitochondria

Improved glucose homeostasis
and insulin sensitivity

Exercise-induced adipose tissue
browning through PGC-la and
irisin.  Exercise increases the
expression levels of PGC-1a in the
muscle. This, in turn, upregulates
the expression of FNDCS, a type I
membrane protein, which is C-
terminally cleaved and secreted as
irisin into the circulation. Binding
of irisin to an unknown receptor on
the surface of adipocytes in WAT
changes their genetic profile. In
particular, irisin induces the
expression of PPAR-a, which is
thought to be an intermediate
downstream effector that increases
the expression of UCP1 (highly
expressed in BAT and a marker of
browning). The browning of WAT
1s associated with augmented
mitochondrial density and oxygen
consumption. Browning is
accompanied by an increase in the
energy expenditure profile, leading
to favourable effects on
metabolism.
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Fig. 1.

Svmpathetically activated thermogenesis in brown adipose tissue. lipid mobilization from white adipose

tissue, and induction of beige cells. Sympathetic nerve activity in adipose tissues is increased in response to

cold exposure and oral ingestion of some food ingredients through the activation of transient receptor

potential channels (TEP). Noradrenaline binds to p-adrenergic receptors (BAR) and initiates signaling

cascades for triglyceride (TG) hydrolysis. The released fatty acids actrvate uncoupling protein 1 (UCP1) and
http://www.e- are oxidized to serve as an energy source of thermogenesis. Activated UCP1 uncouples oxidative
dmj.org/Viewlmage.php?Type=F&aid phosphorylation from ATP synthesis and dissipates energy as heat. Chronic sympathetic activation produces
=284781&id=F1&afn=2004 DMJ 37 1 ot only brown fat hyperplasia but also an induction of beige cells mn white fat. thereby increasing whole-
_22&fn=dmj-37-22-g001_2004DMJ body energy expenditure and decreasing body fat.
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METABOLISMUS PROTEINU

*Proteiny = AMK spojene peptidovymi vazbami (nad 100 AMK)
*Peptidy (2-10 AMK), polypeptidy (10-100 AMK)

*Primarni, sekundarni, terciarni a kvartérni struktura proteinu

Transmembrane

proteins Peripheral

--membrane
protein

Phospholipid)
bilayer

e Key:

» e . carbohydrate (O-linked)
il <2 Seror Thr
i

“carbohydrate (N-linked)f
Asn

R Integral
Peripheral membrane
membrane proteins

protein

*Proteiny, lipoproteiny, glykoproteiny



Struktura
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Struktura proteinu
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»Packing

»Interaction
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*Celkove proteiny v téle: 10 (- 14) kg

Z toho metabolicky aktivni: 6 kg

*Proteolyza svalu: 50 g proteinu / den
\

*Minimalni denni pfijem: 50 g

*Bilkovinn¢ minimum: 0,5 g / kg télesn¢ hmotnosti

*Bilkovinne¢ optimum: 0,7 g / kg télesn¢ hmotnosti

«/vySeny prisun (rust, rekonvalescence, t€hotenstvi,

kojeni): 1,5 -2,0 g/ kg

*Turnover —cca 300 g



AMINOKYSELINY

Esencialni (nejsou syntetizovany), semi-esencialni (Arg, His, rist)
*Non-esencialni (z gluk6zoveho metabolismu — citratovy cyklus)
Aminokyselinovy pool (hotovost)

*Potieba esencidlnich AMK: 0,5 -1,5 g/ den

*Poruchy proteosyntézy

*Nejvhodnési zdroj E-AMK:NE-AMK mléko, vejce

*V rustu: 40% E-AMK, v dospélosti: 20%

*Prekurzory: puriny, pyrimidiny, polyaminy, fosfolipidy, kreatin,
karnitin, donory metylove skupiny, katecholaminy, hormony Stitn¢

zlazy, neurotransmitery



AMINOKYSELINY - nadbytek

v potravé
* Degradace, vyuzity télem jako zdroj
energie
* AMK jako dalsi substraty:
* Glukogenni AMK — vystavba
sacharidu
* Ketogenni AMK — ketolatky +
lipidy

isoleucine,
alanine, cysteine, leucine,

glycine, serine, p s threonine,
threonine, tryptophan l e tryptophan
A 1-SCoA
GLUCONEOGENESIS | T—= fAccoacelyloCon
aspartate, \ P Citrate
asparagine ™ Oxaloacetate
/ KETOGENESIS leucine,
Malate lysine,
f phenylalanine,
phenylalanine, g C.alct:(lic - tyrosine
tyrosine s \‘ i bt Isocitrate
Succinate /
isoleucine, Succinyl-SCoA r-Ketoglutarate arginine, glutamate,
methionine, — b SR — glutamine,
valine histidine, proline



A GUIDE TO THE TWENTY COMMON AMINQ ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.

Chart Tey: @ rupraic

AROMATIC . ACIDIC . BASIC

HYDROXYLIC SULFUR-CONTAINING . AMIDIC O NON-ESSENTIAL l:—:l ESSENTIAL
- N - N - N
’ A S 4 A ’ S
Chemical /1 : 7 \ I o\ / o \
Structure IV%OH 1 INOH ] | oH |
single letter \ NH, ] \ NH, 7 \ NH, ]
code A S 4 S 4 5 7’
~ o N ~o -
NAME ALANINE @) GLYCINE ) ISOLEUCINE @) LEUCINE @B PROLINE @ VALINE @)
three letter code Ala Gly ile Leu Pro Val
-
y / S
0 h 0 o o LYC‘L / 0\
oH NH: on ° o OH | NJ/\I)LOH 1
NH, on HO itz e\lc‘)/\ll\i_l\OH NH, \H</N , NH, J
° \ ’
S
PHENYLALANINE TRYPTOPHAN TYROSINE ASPARTIC ACID 0 GLUTAMIC ACID G ARGININE 0 HISTIDINE o
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-
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Lys Ser Thr Cys Met Asn

TGT, TGC

ATG

AAT, AAC

Gin
CAA, CAG

Note: This chart only shows those amino acids for which the human genetic code directly codes for. Selenocysteine is often referred to as the 21st amino acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used.

@ COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem
Shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.
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lonizacni stavy aminokyselin jako funkce pH:

2- | N-acoa—= HN-aHCcOoH

A Urceni pK1, pK2 a p/ alaninu.
p/ =(pK1 + pK2) | 2 (izoelektricky bod, p/ = 6)

P
2F gca@.—_- HN—-H-COO-H
1 1 | J
0 QQ 10 15 20
Dswioaré H iaty/ mddda
0 B 'D nr 'D + G
H W H H
>\~ OH J  —oH A - o _ (‘*}a— o
/ N (’ N N v
\ pK, = 2.09 pK, = 3.86 DK, = 9.82
) NHg' (0-COOH) >— NH,* (B-COOH) NHg* (—NHg")
{ { 0 0~
0 0 O 0
A B C D
In strong acid Around pH 3; Around pH 6-8; In strong alkali
(below pH 1); net charge =0 net charge = —1 (above pH 11);

net charge = -2

retchaee=+1 - |zoelektricky bod - pl

Figure 3-1. Protonic equilibria of aspartic acid.



Derivaty AMK s fyziologickou

funkci O
oor-m U Va4 FO—@—CH
N HN-G+ HN-H
-Arironisdnitysdim Hskain Dxpanin



Neproteimnogenni aminokyseliny

300 neproteinogennich AMK
Vysoka metabolicka interakce
Ptimi antagonist¢ AMK
Nepiimi antagonisté AMK (hypoglycin)
selenoAMK — selenova intoxikace — selendza
— Se-methyl-L-selenocystein
o alkali disease*
» Hepatotoxicita
— L-selocystathionin
S-methyl-L-cysteinsulfoxid
— Hemolytickd anémie hospodaiskych zvirat
— Inhibice protektivnich mechanismu (superoxid)



DABA HoN OH
— Fabaceae, Asteraceae, Liliaceae (Polygonatum)
— Inhibice karbamoyltransferazy
— Snizuje jaterni funkce, tremor, slabost zadnich koncetin
Hypoglycin B
— Blighia sapida (Sapindaceae), Acer spp.
— Stavy hluboké glykémie
— Inhibice Coriho a glukézo/glukoza-6-fosfatového cyklu \V,
— Inhibice oxidace mastnych kyselin
— Jesté toxictéjsi je L-hypoglycin s GIT symptomy
L-indospicin

— Indigofera spp. H
— Teratogen, abortifaciens, hepatotoxicka latka HoN
— Inhibitor NO-synthazy
in
N -~

NHo

L-kanavanin
— Analog argininu

0
_‘;\YLUH
NH.
H
OH
NH2
O
_ e azalll!
Argm.yl tRNA syntaza!!!! O (S)
L-mimosin HoN OH
— Hospodaiska zvifata
p 2 NH,

— Ztrata srsti, nechutenstvi, zpomaleni ristu
— Teratogenni tcinek
— Inhibice pfijmu Zn a Mg




Vazba na ubiquitin (74 AMK).
Oxidace na CO, a H,O po odstranéni aminoskupiny (deaminace).

Glukoneogeneza (krome leucinu), ketogeneza (SAMK,
acetoacetat nebo CoA prekurzory), ureageneza (vSechny AMK,
¢pavek ve vazbé na glutamin nebo alanin, jatra, Krebs-Henseleituv
cyklus).

Regulovana rychlost degradace (svalova hypertrofie, atrofie
denervovaného nebo nenamahané¢ho svalu).



MOCOVINA

Metabolicka degradace

aminokyselin znamena

odbourani pomoci:

« dekarboxylace = odstranéni
CO, a vznik aminu

« deaminace = odstranéni
aminoskupiny ornithinovym
cyklem

- transaminace = prenos -NH, na
ketokyselinu

 metabolismus kostry
aminokyselin = vstup zbytku
aminokyselin do Krebsova
cyklu



Degradace proteinu

v lysozomech jsou degradovany
« extracelularni proteiny
 membranove proteiny
« jiné proteiny s dlouhym

poloCasem
» proces nevyzaduje ATP

*V cytosolu jsou degradovany
« metabolické bilkoviny
« proteiny s kratkym poloCasem
» proces vyzaduje ATP a

ubikvitin

ATl' } )
ADP + Pi
Protein 26S
Substrate Proteasome
Peptides
Ub P
? Q 195

* Se S
©-

AMP+PPi ATP

Figure 5. The ubiquitin-proteasome proteolytic system. Ubiquitin is activated by the ubiquitin-activating enzyme, E1 (1) followed by its transfer
to a ubiquitin-carrier protein (ubiquitin-conjugating enzyme, UBC), E2 (2). E2 transfers the activated ubiquitin moieties to the protein substrate
that is bound specifically to a unique ubiquitin ligase E3. The transfer is either direct ([3] in the case of RING finger ligases) or via an additional
thiol-ester intermediate on the ligase ([4, 4a] in case of HECT domain ligases). Successive conjugation of ubiguitin moieties to one another
generates a polyubiquitin chain that serves as the binding (5) and degradation signal for the downstream 26S proteasome. The substrate is
degraded to short peptides (6), and free and reusable ubiquitin is released by de-ubiquitinating enzymes (DUBs) (7).
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Figure 2. The four digestive processes mediated by the lysosome. (i) Specific receptor-mediated endocytosis, (i) pinocytosis (non-specific
engulfment of cytosolic droplets containing extracellular fluid), (iii) phagocytosis (of extracellular particles), and (iv) autophagy (micro- and
macro-; of intracellular proteins and organelles). (Reprinted with permission from Ref. 83).



METABOLISMUS PURINU A PYRIMIDINU

Puriny a pyrimidiny — fyziologicky vyznamn¢ jsou nukleosidy
(slouCeniny s ribosou); z potravy nebo synteza de novo z AMK v
jatrech; RNA v rovnovaze s AMK poolem, DNA stabilni.

Recirkulace nebo katabolismus, prip. vylouceni moci.
Pyrimidiny — CO, a NH;, puriny — kys. mocova.

KYSELINA MOCOVA

Kyselina mocCova vylucovana moci.

4 mg/100 ml krevni plazmy

Ledviny: filtrace, zpétna resorpce (98% filtrace), tubularni sekrece
(80%)

Denné: cca 1g vyloucen moci

P11 poruSe metabolismu kyseliny mocCove — dna.

Hyperurikémie — primdrni (nadmérna tvorba) C1 sekundarni
(snizené vylu€ovani, zvySeny pfisun purini ve strave, , krevni‘
choroby).



Syntéza purinovych nukleotidu
* de novo (nova vystavba purinového kruhu)
 Setrici reakce (syntéza z bazi a nukleosidu)
» mnohem méné energeticky naro¢né nez de novo syntéza
> snizuji syntézu de novo

> substraty: a) baze (adenin, guanin, hypoxanthin)
PRDP

b) ribonukleosidy
ATP



Syntéza purinovych nukleotidu de novo
(1)
velka spotreba energie (ATP)

cytoplazma bunék ruznych tkani, hlavné jatra

substraty: * S-fosforibozyl-1-difosfat
(= PRDP = PRPP)
* aminokyseliny
(GIn, Gly, Asp)
* derivaty tetrahydrofolatu, CO,

koenzymy: * tetrahydrofolat (= kys.listova)
* NAD™




Syntéza pyrimidinovych nukleotidu

* de novo (nova vystavba pyrimidinového kruhu)

o Setrici reakce (syntéza z bazi nebo nukleosidi)

> substraty:

a) * baze (kromé cytosinu)
* PRDP

b) * ribonukleosidy
* ATP



Syntéza pyrimidinovych nukleotidu de novo

(D

* kromé jedné reakce probiha v cytoplazmé
(dihydroorotat-DH je v mitochondrii)

e substraty: * karbamoylfosfat (GIn,CO,,2 ATP)
* aspartat
* PRDP
* derivat THF (pouze pro thymin)

Karbamoylfosfat vznika i pfi syntéze MOCOVINY
(pouze v mitochondriich hepatocytu)



Analoga bazi a nukleosidu se pouzivaji jako cytostatika
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5-lodo-2"-deoxyuridine 5-Fluorouracil 6-Azauridine 8-Azaguanine

SH

A
\\\“\‘\N/"A‘\N> H,N J\ /\“N>

H

6-Mercaptopurine 6-Thioguanine

Figure 33-12. Selected synthetic pyrimidine and purine analogs.

Obrazek pitevzat 7 knihy Harper's Illustrated Biochemistry 26" ed./ R.K.Murray; McGraw-Hill Companies, 2003, ISBN 0-
07-138901-6.



DNA (arthritis urica)

*Primarni a sekundarni dna

*Akutni (zachvat) a chronicka (dnavé tofy, urolitiaza) forma
*Celkové metabolické onemocnéni - porucha metabolismu purinu
*Mistni nahromadéni soli kyseliny mocCové (uratiu) v tkanich, v
moci (klouby, ledviny), primarni hyperurikémie

*Dnave¢ zachvaty — opakované zachvaty artritidy, typicka
lokalizace — metatarsofalangedlni kloub palce (podagra; omagra,
cheiragra...)

*Bolestivost pfi zachvatu — fagocytoza krystalka uratt

*Terapie: NSA, kolchicin — inhibice fagocytozy, allopurinol —
inhibice xantinoxidazy, fenylbutazon a probenecid — inhibice

Iresorpce



DUSIKOVA BILANCE

Nutnost udrzeni AMK poolu. Smésit AMK.

Mnozstvi N v moC1 — indikdtor intenzity nevratného rozpadu
proteini a AMK.

Dusikova rovnovaha: mnozstvi N v mo¢i = mnozstvi N v
proteinech stravy

*Negativni dusikova bilance: ztraty ptevysuji pifijem (hladovéni,
imobilizace, katabolismus, chybéni E-AMK!!!...)

*Pozitivni dusikova bilance: pfijem prevySuje ztraty (anabolika,
rust, rekonvalescence...)

Synteéza a degradace télesnych bilkovin: 3—4g/kg télesné hmotnosti
(vyvazena strava)

Z toho: 5% - syntéza albuminu a rychle se obnovujicich proteint v
jatrech

U deficitni diety (energeticky, mnozstvim proteinu ¢1 E-AMK) —
zpomaleni proteosyntézy, kompenzacné¢ — zpomaleni degradace
(ALE menSiho stupné — ztrata télesnych proteinu)



Tissue protein
plasma protein
ENZVMES

hormaones Glycogen

antibodites Lipids
hemaoglobin

M on-protein
compounds
Other new heme
amino acids heterocyclic
dmings




KREATIN A KREATININ

CoO’ NH;
(L.Hg N =g
H C"\IJ I 0 </ | j
KREATIN = NH,  + o—lrll'—o—llv—o—P—o o NN
/4 c 7 . . . H-N -
Syntéza v jatrech (methionin, glycin, o " e
o . OH OH
arg lnln) * ) (Ijoc_)' u NH,
Fosforylace v kosternim svalu — CHy N Ay
. Hac—N 0 o o </ | )
fosfokreatin. NS0T e 0mho0po0m ) NN
2 O O O
PCr . ADP
+H OH OH
KREATININ

V moci1 z fostokreatinu.

Rychlost vyluCovani relativné konstantni.

KREATINURIE

Fyziologicka — u déti, v t€hotenstvi, po ném,

obcas 1 u negravidnich.
Pf1i  rozpadu svalu
mnozstvich (hladovéni,
thyreotoxikoza...)

v obrovskych
DM, myopatie,

Wyss M, Kaddurah-Daouk R: Creatine and
creatinine metabolism. Physiol Rev 2000,
80(3):1107-1213.



Dietary Cr

Ad'bHcy

+Cr
GAMT T '
AdoMet + GAA

GAA +
ornithine

AGATT
Arg + Gly

Urinary excretion
of Crn

FiG. 4. Major routes of Cr metabolism in the mammalian body. The
most part (up to 94%) of Cr is found in muscular tissues. Because muscle
has virtually no Cr-synthesizing capacity, Cr has to be taken up from the
blood against a large concentration gradient by a saturable, Na™- and
Cl™-dependent Cr transporter that spans the plasma membrane (). The
daily demand for Cr is met either by intestinal absorption of dietary Cr
or by de novo Cr biosynthesis. The first step of Cr biosynthesis probably
occurs mainly in the kidney, whereas the liver is likely to be the principal
organ accomplishing the subsequent methylation of guanidinoacetic
acid (GAA) to Cr. It must be stressed that the detailed contribution of
different bodily tissues (pancreas, kidney, liver, testis) to total Cr syn-
thesis is still rather unclear and may vary between species (see text).
The muscular Cr and PCr are nonenzymatically converted at an almost
steady rate (—2% of total Cr per day) to creatinine (Crn), which diffuses
out of the cells and is excreted by the kidneys into the urine.

H,C H,C
L2 % Ak
Hafin pe NN SOH + ADP + H-

OH + ATP =—

NH,* Creatine O \\O NH,*
Creatine o Phosphocreatine
-

N

N

2 H
Creatinine

Wyss M, Kaddurah-Daouk R: Creatine and creatinine metabolism. Physiol
Rev 2000, 80(3):1107-1213.



PORUCHY METABOLISMU BiLKOVIN
ZMENY KVANTITATIVNI

Proteinémie = hladina krevnich bilkovin.

Kontrolovana:

1. Pfivodem plnohodnotnych bilkovin a jejich vyuzitim
2. Syntézou bilkovin

3. Katabolismem a ztratou bilkovin z organismu

Ad 1) poruchy vyzivy, zvlastni vyzivove sméry
Ad 2) nemoci jater, endokrinni poruchy
Ad 3) pri redukci bilkovin ve stravé uvolni jatra a svaly E-AMK



PORUCHY METABOLISMU BILKOVIN

ZMENY KVALITATIVNI

1.

Dysproteinémie = zména zastoupeni jednotlivych bilkovin
(posun frakci) — nefroticky syndrom, jaterni cirhoza, akutni
zanéctliveé reakce, chronicke zanétlive reakce, nadory

Paraproteinémie = pritomnost patologickych imunoglobulinu
(bez protilatkove specificity) — monoklonalni imunopatie

. Defektni proteinémie = néktera ze slozek krevnich bilkovin

chybi nebo je snizena (1/10 — 1/1000 normalnich hodnot) —
syndromy nedostatku protilatek, symptomatické hypo- a
dysgamaglobulinémie (familiarni chybéni IgA), polyklonalni
hypergamaglobulinémie



PORUCHY METABOLISMU AMINOKYSELIN

1. Poruchy metabolismu AMK pifi  hypovitamindézach a
avitaminozach

2. vit. C (syntéza kolagenu — hydroxylace prolinu; metabolicke
osteopatie, hemoragie, Spatné hojeni ran), vit. B6 (metabolismus

tryptofanu — nedostatek kyseliny nikotinove)

3. Poruchy metabolismu AMK pi1 chorobach jater — regulace
hladiny AMK v plazmé (transaminace, oxidace, dekarboxylace,
deaminace, amoniak, mocovina, ledviny); Spatné rozpustné
AMK (cystin, tyrosin) mohou v moci vykrystalizovat; jaterni

encefalopatie, jaterni koma, glutamin v mozkomisnim moku



AMYLOIDOZA
= infiltrace organti amyloidem (komplexy (fragmentii) proteinu +

koprecipitaty)

Imunoalteracni mechanismus choroby

Primarni a sekundarni amyloidoza

Primarni — idiopaticka; postizeno srdce, svaly, GIT; starSi lide; bez
rozdilu pohlavi

Sekundarni — komplikace chronickych zanétlivych onemocnéni,
nadoru; Castesi; postiZzena ledvina (nejCastéji), slezina, jatra,

nadledviny



Ap amyloidogenesis involves the transition from soluble
protein to toxic oligomers and fibrils in AD

Each image 1 pm x 1 pm

protofibrils®™"

|

Cell death
|

Disease Slide courtesy of Jeff Kelly based on data
of Teplow, Glabe, Krafft, and Lansbury



Nemoci Proteiny

Alzheimerova choroba Amyloid-f3
Parkinsonova choroba a-Synuclein
Diabetes mellitus typ II. Amylin

Amyotroficka lateralni sklerosa Superoxid dismutasa
Amyloidosa spojena s B2-mikroglobulin

hemodialisou

Cysticka fibrosa Cysticka fibrosa transmembranovy
regulator (chloridovy kanal)

Srpkovita anémie Hemoglobin

Hungtingtonova choroba Huntingtin

Creutzfeldt-Jakobova nemoc Prion protein

Amyloidosy 10 ruznych proteinu
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