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Oxidace aminokyselin

Podil AK na metabolicke E se silné liSi dle organismu a jeho
momentalnich potreb, napf. masozravci tesne po jidle az 90% E z
odbouravani AK

Oxidativni degradace AK probiha pfi tfech prilezitostech

— Protein turnover, Cili normalni syntéza a degradace bunécnych proteinu
(kdyZz je odbouran protein a AK nejsou potreba pro syntézu, tak jsou
odbourany)

— Jestlize mate stravu bohatou na proteiny, co je navic nad potreby
biosyntézy, je odbourano, AK NELZE SKLADOVAT

— Béhem hladovéni nebo pfi diabetes, kdyz nejsou dostupné jiné zdroje E
Obecné AK nejprve ztrati aminoskupinu a vznikla a-ketokyselina,
(uhlikata kostra) je bud’ odbourana na oxid uhliCity a vodu nebo
(Castéji) zpracovana do 3C nebo 4C mezipoduktu, zpracovatelnych
glukoneogenesi

Drahy katabolismu AK jsou ve vétSiné organismu dost podobné,
skonCi to vzdycky v CC nebo jiném obecném cyklu
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nected pathways. gluconeogenesis)



Traveni proteinu

Gastrointestinalni trakt

Gastrin — hormon sekretovany zaludecni sliznici pri prijmu
potravy, stimuluje produkci HCI (antiseptikum, denaturans)
Pepsinogen — zymogen pepsinu, autokatalyticka aktivace
(NH, strana Phe, Trp, Tyr)

Vstup do tenkého streva spusti produkci sekretinu —
hormon stimulujici pankreas

Neutralizace, dalSi Stépeni ve strevu

Cholecystokinin — hormon produkovany pri vstupu potravy
do duodena (horni Cast strev), stimuluje sekreci travicich
enzymu (trypsin, chymotrypsin, karboxypeptidasy,
aminopeptidasy)

kazdy enzym ma jinou specifitu — efektivni nastepeni

Smes vzniklych AK vstupuje do krevnich kapilar v
epitelialnich bunkach tenkého streva



Lysozomalni traveni

Lysozomy jsou organely obsahujici kyselé hydrolasy
Vznikaji z ranych endosomu odvozenych z Golgiho
aparatu

Oddéeleny membranou — mohou mit odlisné pH (typicky
pH 4,5 (cytosol 7,2))

Fuze s vakuolami a uvolnéni hydrolas

Enzymy: lipasy, proteasy, nukleasy

Degradace makromolekul z fagocytosy, endocytosy +
vnitfni degradace starych organel a proteinu

Anatomy of the Lysosome
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Metabolismus aminoskupin

S aminoskupinami je tfeba hospodarit, protoze sice dusiku je
hodné, ale je relativné inertni a fixaci dusiku ,umi“ jen par MO

vétSina AK metabolizovana v jatrech, amoniak takto vznikly je
bud' vyuZzit v biosyntéze nebo vyloucen (v néjaké forme)

amoniak vznikly v extrahepatickych bunikach je transportovan
do jater (ve formé aminoskupin glutaminu, v bunkach
kosternich svalll jsou aminoskupiny pfeneseny na pyruvat za
vzniku ALA)

Obecny ,sbérny bod“ aminoskupin jsou GLUTAMAT a
GLUTAMIN (v cytosolu hepatocytd jsou aminoskupiny vétSiny
AK transaminovany na a-ketoglutarat za vzniku glutamatu,
ktery vstupuje do mitochondrii)

GLU i GLN v buiikach v mnohem vétsi koncentraci nez jiné AK

Transaminasy (aminotransferasy), kofaktorem pyridoxalfosfat,
cilem je preveést aminoskupiny ze vsech AK na aminoskupinu
jediné AK, stejny mechanismus, specifické vzdy pro svou AK,
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FIGURE 18-2 Amino group catabolism. (a) Overview of catabolism
of amine groups (shaded) in vertebrate liver. (b) Excretory forms of ni-

trogen. Excess NHY is excreted as ammonia imicrobes, bony fishes),

urea (most terrestrial vertebrates), or uric acid (birds and terrestrial rep-
tiles). Notice that the carbon atoms of urea and uric acid are highly
oxidized; the organism discards carbon only after extracting most of
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Glutamat a glutamin

« Oxidativni deaminace GLU v mitochondriich
hepatocytu

« |L-glutamat dehydrogenasa (jediny enzym
schopny vyuzivat jak NAD tak NADP), dulezity
enzym na krizovatce N a C metabolismu, VELMI
slozité regulovany

* GLN transportuje amoniak, rel. vysoce toxicky v
krvi, amoniak vznika v mnoha tkanich
(napr.degradaci nukleotidu), glutamin syntetasa,
po transportu do jater, ledvin glutaminasa
prevede na glutamat a NH,*
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- Glukosa-alaninovy cyklus

protein
Amino acids
NHj}
Glucose - Pyruvate
y glycolysis Glutamate
alanine

aminotransferase

Alanine a-Ketoglutarate

Blood Blood

glucose alanine
i FIGURE 18-9 Glucose-alanine cycle. Alanine serves as a carrier of
ammonia and of the carbon skeleton of pyruvate from skeletal mus-
cle to liver. The ammonia is excreted and the pyruvate is used to pro-

Alanine

S Rotohtamanate duce glucose, which is returned to the muscle.
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Mocovinovy cyklus

Ureotelni organismy, objevil Krebs

Lokalisace v jatrech, vznikla mocCovina
transportovana do ledvin krvi, vyluCovana moci

Zacina v mitochondrialni matrix, koncCi v cytosolu
Regulacni enzym karbamoyl fosfat syntetasa |

Karbamoyl fosfat — donor aktivovaného
karbamoylu
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FIGURE 1B-10 (facing page) Urea cycle and reactions that feed
amino groups into the cycle. The enzymes catalyzing these reactions
inamed in the text) are distributed between the mitochondrial matrix
and the cytosol. One amino group enters the urea cycle as carbamoyl
phosphate, formed in the matrix; the other enters as aspartate, formed
in the matrix by transamination of oxaloacetate and glutamate, cat-
alyzed by aspartate aminotransferase. The urea cycle consists of four
steps. (1) Formation of citrulline from ornithine and carbamoyl phos-
phate (entry of the first amino group); the citrulline passes into the cy-
tosol. (2} Formation of argininosuccinate through a citrullyl-AMP in-
termediate (entry of the second amino group). {3 Formation of arginine
from argininosuccinate; this reaction releases fumarate, which enters
the citric acid cycle. {4)Formation of urea; this reaction also regen-
erates, ornithine. The pathways by which NH arrives in the mito-
chondrial matrix of hepatocytes were discussed in Section 18.1.
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FIGURE 18-12 Links between the urea cycle and citric acid cycle. example, some citric acid cycle enzymes, such as fumarase and malate
The interconnected cycles have been called the “Krebs bicycle.” The dehydrogenase, have both cytosolic and mitochondrial isozymes. Fu-
pathways linking the citric acid and urea cycles are called the marate produced in the cytosol—whether by the urea cycle, purine
aspartate-argininosuccinate shunt; these effectively link the fates of the biosynthesis, or other processes—can be converted to cytosolic malate,
amino groups and the carbon skeletons of amino acids. The inter- which is used in the cytosol or transported into mitochondria (via the

connections are even more elaborate than the arrows suggest. For malate-aspartate shuttle; see Fig. 19-27) to enter the citric acid cycle.



Regulace mocovinoveho cyklu

Probiha na dvou urovnich
Pomalejsi regulace syntezy
4 klicovych enzymu

Rychlejsi allostericka
regulace

Rostliny a MO
N-acetylglutamat synthasa
prvni krok v synteze
argininu z glutamatu de
novo, u savcu jen regulacni
role (nemaji dalsi enzymy
pro syntéezu)
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Energetika mocovinového cyklu

« Bereme-li samotny mocovinovy cyklus, jedna

molekula mocoviny vyzaduje 4 jednotky ATP

2NHi + HCO3 + 3ATP*” + H:O——
urea + ZADP*™ + 4P%~ + AMP?~ + 2H*

Soucasne ale v podstate konverze oxalacetatu
na fumarat (pres aspartat) a regenerace
oxalacetatu zahrnuje vznik NADH pri
malatdehydrogenasove reakci, takze tim
propojenim cyklu se snizuje E nakladnost



Degradace aminokyselin

10 — 15% E naroku u lidi, prudce se méni dle
biosyntetickych naroku

20 AK jde na 6 finalnich produktu, které vSechny
jdou do citratoveho cyklu

7 AK na acetyl CoA, 5 AK na a-ketoglutarat, 4
AK na sukcinylCoA, 2 AK na fumarat, 2 AK na

oxalacetat
Casti nebo celé ze 6 AK jdou na pyruvat

Nektere intermediaty katabolismu AK jsou
prekursory pro biosyntezu dalsich molekul
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FIGURE 18-16 Some enzyme cofactors important in one-carbon transfer reactions. The nitrogen
atoms to which one-carbon groups are attached in tetrahydrofolate are shown in blue.

Kofaktory pro pfenos 1C §tépu v ruznych oxidacnich stavech
Biotin pfenasi CO,

THF pfenasi vSechny 3 oxidacni stavy C

adoMet prenasi CH,



TABLE 18-2 Some Human Genetic Disorders Affecting Amino Acid Catabolism

Approximate
incidence
{per 100,000
Medical condition births) Defective process Defective enzyme Symptoms and effects
Albinism <3 Melanin synthesis Tyrosine 3- Lack of pigmentation:
from tyrosine monooxygenase white hair, pink skin
(tyrosinase)
Alkaptonuria <0.4 Tyrosine degradation Homogentisate Dark pigment in urine;
1,2-dioxygenase late-developing
arthritis
Argininemia <0.5 Urea synthesis Arginase Mental retardation
Argininosuccinic <15 Urea synthesis Argininosuccinase Vomiting; convulsions
acidemia
Carbamoyl phosphate  <<0.5 Urea synthesis Carbamoyl phosphate Lethargy; convulsions;
synthetase | synthetase | early death
deficiency
Homocystinuria <0.5 Methionine degradation Cystathionine 8-synthase  Faulty bone develop-
ment; mental
retardation
Maple syrup urine <0.4 Isoleucine, leucine, and Branched-chain «-keto Vomiting; convulsions;
disease (branched- valine degradation acid dehydrogenase mental retardation;
chain ketoaciduria) complex early death
Methylmalonic <0.5 Conversion of propionyl- Methylmalonyl-CoA Vomiting; convulsions;
acidemia CoA to succinyl-CoA mutase mental retardation;
early death
Phenylketonuria <8 Conversion of phenyl- Phenylalanine hydroxylase  Neonatal vomiting;

alanine to tyrosine

mental retardation




nitrification
by s0il bacteria
ie.g., Nitrohacter)

denitrification
reduction
4 by aome
. anaerobic
Iﬁtﬂfﬂ bacteria,
NOg most
plants
nitrogen fixation
by some bacteria

(e.g., Klebsaiella,
Azotohacter, Rhizobinm)

nitrification
by s0il bacteria
(e, Nitrosomonas)

synthesis in degradation
plants and by animals and
microorganizms [Iff microorganisms

Amino acids
and other
reduced
nitrogen-carbon
compounds

FIGURE 22-1 The nitrogen cycle. The total amount of nitrogen fixed
annually in the biosphere exceeds 10" kg



Biosyntéza AK, nukleotidu a
pribuznych molekul

Dusik ve formeé NH,*
asimilovan ve formé GLU

a G L N (2] y-Glutamyl phosphate + NHf — glutamine + P, + H*

(1) Glutamate + ATP — v-glutamyl phosphate + ADP

Sume: Glutamate + NHY + ATP ——

Glutamin synthetasa (ve lutamine + ADP 4 PL+ HY  @22-1)
vsech organismech)

Regulovano allostericky a
kovalentni modifikaci

G I Uta mét Synth asa a-Ketoglutarate + glutamine + NADPH+ H™ ——
(bakte I‘Ie M O) 2 glutamate + NADP™ (22-2)



adenylyltransferase

Regulace glutamin synthetasy .
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Glucose

Glucose S-phnsphate—\

TABLE 22-1 Amino Acid Biosynthetic Families,
Grouped by Metabolic Precursor

4 steps {E-HEthI utarate P},rrmrate
Glutamate Alanine
L 4 . i *
Rihose 5- Glutamine Valine
4 steps IO Proline Leucine*
Arginine Isoleucine™*
Histidine 3-Phosphoglycerate Phosphoenolpyruvate and
Serine erythrose 4-phosphate
3 Glycine Tryptophan*
. E oy th
]] 1 E:Jj% 3-Phosphoglycerate == Serine Cysteine Phenylalanine
Tyrosine™
Oxaloacetate
1 Aspartate Ribose 5-phosphate
Asparagine Histidine*
J Glycine Methionine*
Phosphoenolpyruvate Cyeteine Threonine*
Lysine*
Tryptophan ¥ Alral}ille
Phenylalanine Pyruvate . Valine *Essantlal amino aclds,
Tvrozine Leucine :
- lzoleucine
Citrate
Oxaloacetate a-Eetoglutarate
Agpartate Glutamate
Asparagine Clutamine
Methionine g .
. FProline
Threonine Areinine
Lysine Bt




Biosynteza AK

Syntéza AK regulovana allostericky
feedback iniciaCni reakce

GLU prekursorem GLN, PRO, ARG

Pyruvat a oxalacetat da vznik ALA, ASP,
ASN

3-P-glycerat dava SER, ten prekursorem
GLY

V MO je CYS vyrabén z SER, savci CYS
z MET a SER

PHE, TYR, TRP spolecCny prekursor
chorismat

Fosforibosylpyrofosfat dava TRP, HIS

TABLE 18-1 MNonessential and Essential Amino
Acids for Humans and the Albino Rat

Conditionally
Nonessential essential * Essential
Alanine Arginine Histidine
Asparagine Cysteine Isoleucine
Aspartate Glutamine Leucine
Glutamate Glycine Lysine
Serine Proline Methionine
Tyrosine Phenylalanine
Threonine
Tryptophan
Valine



AK jako prekursory biosyntezy

* nektere AK nepostradatelné pri syntéze
- nukleotidu

- nukleotidovych koenzymu
- hemu

- glutathionu

- hormonu, neuromediatoru

- alkaloidu, sloZek bunécné stény,
antibiotik, pigmentu..............



AK jako prekursory biosyntezy

Fosfokreatin z kreatinu — svalovy ,pufr® energie,
Zz GLY a ARG

Glutathion — redoxni ,pufr®, z GLY, GLU, CYS
Lignin — slozka rostlinnych pletiv, PHE, TYR

Katecholaminy — od TYR (dopamin,
noradrenalin, adrenalin)

GABA — neurotransmiter, od GLU
Serotonin — neurotransmiter, od TRP
Histamin — vasodilatans, od HIS
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* Prekursorem pro syntézu je GLY (u MO a
rostlin GLU), syntéza vede pres
O-aminolevulinat, protoporfobilinogen
(monopyrrol) na protoporfyrin

* Degradovan na bilirubin
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FIGURE 22-25 Bilirubin and its breakdown

Heme
products. M represents methyl; W, vinyl; Pr,
propionyl; E, ethyl. For ease of comparison, \\H’
Lo heme cxygenase CoO
these structures are shown in linear form,
rather than in their carrect sterecchemical \aFE-E*'
conformations.
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Metabolismus nukleotidu
- monomerni jednotky nukleovych kyselin
- ,,makroergické slou¢eniny* — pro pohanéni endergonickych pochodu
- regulacCni slouCeniny
- slozky koenzymii (NAD*, NADP*, FMN, FAD, koenzym A)
Syntéza — v témét vSech bunkach — de novo nebo z degradacnich
produktu nukleovych kyselin

Biosyntéza purinu
vychozi sloucenina - o-D-ribosa-5-fosfat
vétveni na jednotlivé nukleotidy — IMP

Origin of the ring atoms of purines.
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