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Deficit biotinidazy, v¢. Poruchy purinta | | CDG; 15; 2% | | Ostatni; 21; 3%
parcidlniho deficitu; 35; pyrimiding; 3; 0%

5% Lysosomalni
onemocnéni; 195; 27%

Peroxisomalni
onemochéni: 19;: 3%

Poruchy B-oxidace
mastnych kyselin; 34; 5%

Aminoacidpatie; 57; 8%

Organické acidurie; 20;
3%

Mitochondrialni
onemochéni; 284; 39%
Poruchy cyklu mocoviny;

Glykogendzy; 25; 3% 12; 2%
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5 SRAOVY Zal

fenylketonurie (PKU)

glutarova acidurie typu 1 (GA) *LJa é dZI\:IQ 2 | dZL] 2 a

homocystinurie z poruchy cystathionin-g-syntazy (CBS)

— ~~ - rr ~ 4
neonatalni encefalokardiomyopatie s 3-methylglutakonovou acidurii a poruchou R S R A O y. 2 a u

autosomalné recesivni proteinu TMEM70

deficit fosfomanomutézy 2 (PMM2-CDG) S H OX d h d t . C
Pompeho nemoc (glykogendza typu 1) ' F ‘ AH ySC O n rOS e OS I -~
syndrom Hurlerove (MPS typu ) !

Zellwegertv syndrom

GLUT1 deficit (glukozovy transporter 1)

atrofie optiku - OPA1

akutni intermitentni porfyrie

Kufsova nemoc (NCL)

AD deficit GTP cyklohydrolazy-1 AC H H e F H

CADASIL

autosomalné dominantni

porucha ornitintranskarbamylazy (0OTC)
X-vazana adrenoleukodystrofie (X-ALD)
Leschiv-Nyhanlv syndrom

Menkesova nemoc Hemofilie, DMD/BMD

vazana na chromosom X Danonova nemoc
Huntertv syndrom (MPS typu II) XLH (PH EX)
porucha PDH Ela
deficit kreatinového transportéru
Rettiv syndrom

NARP syndrom

MELAS syndrom

MERRF syndrom

LHON syndrom

maternalné dédi¢né poruchy sluchu

maternalné dédiény diabetes a porucha sluchu (MIDD)

sporadicky vjskyt Kearnstv-Sayrelv syndrom
Pearsonuv syndrom

CADASIL = cerebraini autosomainé dominantni arteriopatie se subkortikéinimi infarkty a leukoencefalopatii; GTP = guanosintrifosfat; LHON =
Leberova hereditarni neuropatie optiku; MELAS = mitochondrialni myopatie, encefalopatie, lakiatova acidoza a iktu podobné prihody: MERRF =
myoklonicka epilepsie s RRF (ragged-red fibers); MPS = mukopolysacharidoza; NARP = neuragenni svalova slabost, ataxie a retinitis pigmen-

maternalni dédiénost

tosa; NCL = neuronalini ceroidlipofuscindza; OPAl=opticka atrofie 1; PDH Ela = pyruvatdehydrogenaza, podjednotka Ele; TMEM70 = transmem-
bramovy protein 70
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Hocket al. (2020Biochem]

Komplex Il

Sukcinat

Fumarat

NADH NAD*
Number of| Number of
Mass different mtDNA
Enzyme Prosthetics groups
(kDa) types encoded
subunits subunits
NADH dehydrogenase FMN,
Complex I ~ 1000 |44 7
EC1.653 8 [Fe-S] clusters
Succinate dehydrogenase FAD, 3 [Fe-S]
Complex IT ~ 140 4 0
EC 1351 clusters, heme b
Cytochrome ¢ oxidoreductase heme b and cl,
Complex ITT ~ 240 11 1
EC1.10.2.2 2 [Fe-S]
Cytochrome c oxidase heme a and a3,
Complex IV ~ 200 14 3
EC193.1 Cud, CuB
ATP synthase
Complex V ~ 650 18 2 -
EC7.122

Komplex llI Komplex IV Komplex V

Vercellinoand Sazanoy2022)Nature



Kontrolni oblast

12s rRNA Tézky (H-)
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16s rRNA
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16 569 bp
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Komplex | v
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Rodokmen rodiny se |
syndromem MELAS
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Homoplazmiea heteroplazmie
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NARP

norma
syndrom

retinitis Leightv
pigmentosa syndrom

(upraveno podleBakareet al.2021)




CASOVA OSA PRUBEHU ONEMOCNENI

svalova slabost, 1. stroke progrese hypertrofické
Unavnost, distalni polyneuropatie kardiomyopatie {(HCM)
nechutenstyvi
CPEOQ, neurodegenerace,
ptoza, tézky regres, progrese
dg. MELAS depresivni HCM se srdecnim
syndrom selhavanim
veék (roky)
] | ] | ] | | ] | ] | 1 | | | | )
I I I ! I 1 I I I 1 | I I I I I 1
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
l 5. stroke
|cefalea, epilepsie] |hypacusis| 3. stroke prakticks slepota
hypertrofie 4. stroke

oplosténi rastove kiivky

interventrikularniho septa

1. ataka rhabdomyolyzy

21 4206 Vi1 2 NREIINAMREER S RY 2 (af SAYZLIG@RY BIA Pioé O K
syndrom MELAS u chlapce s LINBE @I f YSdytiill ylge43A>G s hladinou
heteroplazmie78 %ve svalu,57 %vkrvia70%ve @t | a FolkéldorK



Hladina heteroplazmie v krvi (%)

Pokles hladiny m.3243A>G v k

—e— Snizeni
'__‘_.—————"" . ’ v ’ v
—e— ZvySeni / beze zmény
£ Pozorovani < 4 roky

20 40 60 80
Vek

(upraveno podle Grady et &018)
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Number of mitochondria per cell

@,f Fertilized 100,000
oocyte
progenitory organu

EMBRYO

OOCYT ysoe
heteroplasmie
vazné poskozeni O Blastocyst 1000
stredni
heteroplasmie
mirnéjsi fenotyp o 9952, pimorda 1 [—
7690 germ cells

nizka ,
heteroplasmie 20,000 @ Oogonia 200
asymptomaticky ‘

mitochondrie
@ WT mtDNA
mut mtDNA

Primary
(upraveno podleMcCormick EMt al. CurrGenet Med Re2019 900 ® oocyte 000

400 v \ Mature
‘ oocyte 100,000

ShoubridgeandWai (2007)CurrTopDevBiol



Poruchy metabolism

aminokyselin
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Fenvylketonurie (PK

1934 1958 NS-Mmdcoz ™ d
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A Beta2-thienylalanin v mediu
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Prof. RobertGuthrie 19161995

Imbecilitas
fenylpyruvica

®

Lofenalac Pediatrics1963
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PKU- etiopatogeneze

DOPAMINERGNI i JATRA

=) NEURONY
2 v FENYLALANIN (Phe)

= TYROSIN TRYPTOFAN
a :
S .
[as]
2
oz TYROSIN w TRYPTOFAN
ze HYDROXYLAZA HYDROXYLAZA g
o 1
|_
E B o
< LEVODOPA 5-HYDROXYTROPTOFAN
= i v
= | TYROSIN |,
7 |

KATECHOLAMINY x

MELANIN «— boramin| LseroTonin

-~ TFENYLALANIN PATOFYZIOLOGIE
PORUCHA METABOLISMU BHa J, PATOFYZIOLOGIE i i - P¥ima neuronalni cytotoxicita PKU
. (MALIGNI PKU) TYROSIN PKU ! -\LTransport tyrosinu, tryptofanu a methionin pies HEB
Turosi PATOFYZIOLOGIE - Porucha kognice - \L3-OH-3-MetylglutaryI CoA reduktdzy v oligodetrocytech —»
‘l’ yrosin f i - Parkinsonismus :
BH. deficith . Cholesterol —» leukoencefalopatie
']‘ Fenylalanin - Porucha zrakové kontrastni citlivosti i
d ) - Svétlé vlasy, svétla kiize 5 T Fenylpyrohroznova kyselina a fenyloctova a fenylmlécna —p-
i sgrfjc?:r; : Ekzém, zdpach po mysiné, fotosensitivita
in, E o .
J katacholaminy, x x porucha - TROS, porucha kalciové homeostazy

J, melanin B cnzym



Tolerance fenylalaninu za den-20mg/kg/den
30NRL)] O R2 alaDigioen OS | dz

al 0SnNa1ls Yt S1-&mgrisomet I £ |
MmannY3d FSyetlflyAydz 25

vlDk |doporul ens§ frekvence
(roky) (Omol /1) monitor|lovgn?
hladin

0i 1 1001 240 1x tldnn

11 3 1001240 2x mNDs3 |l nD

4i 6 100K 360 1x mnhDs3| nDn

7110 100480 4x rol{nh
117 18 100/ 600 46 x rollnh

mu g i 100 700 2X rol|nD
geny pSed 5600 4x rollnn
graviditou ’
gravidita 1001 240 1x t1dnn
geny 100700 3x rollnn
gr avi




PKUCc t OO

Potravina B T C Energie Fenylalanin Methionin
100 g g g g kcal mg mg
sTr Eidam (45 26 26 1,0 343 1370 614
| ol k a 24,3 1,2 60,3 319 1261 187
hovhDz2 maso 22,3 1,3 - 101 912 613
kuSe 20,5 6 - 136 852 573
vepSov® maso 228 | 3,8 - 125 819 587
vejce 12,5 11 0,9 151 728 403
rohl 2k 11,4 1,4 73,1 351 518 163
rige 6,9 0,7 | 79,5 349 350 137
opl atky Kol ond 54 15,0 75,5 449 220 40
ml ®ko kravsk®| 33 3,5 4,8 63 145 73
brambory 2,8 0,2 20 98 86 25
ml ®ko gensk® 1,2 3,1 7 67 47 22
grapefruit 0,6 0,2 10 40 16 6
jablko 0,3 0,4 15 57 15

pomer an| 0,7 0,2 20 84 12 3
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Villasanaet al., 1989

RSLINBE&aS>E yNI 1S aS0SOSR2YN

Ourcase



Tvrosinemiel. typu

A2R oa @S] dz
Al SRYdzi00S 0 njN
Ahepatomegalie
Aascites
ANJ OK

AGA & N
Al nNjA ORI S |

Norma

Vysetieni Hodnota

ALT (ukat/1) 1,39 <06

AST (ukat/I) 4,63 =06

ALP (ukat/1) 22,07 <6,2

INR 36 0,812 -

APTT (s) 784 <40 C a OKTf I L
Antitrombin IIl (%) 40 90-130 % v 4 z, A

Protein C (%) <10 70-125% a u I )f 2 @ S )/ f
o,-fetoprotein (ug/l) 150 000 <81

Vapnik v séru (mmol/1) 1,88 2,0-2,75

Fosfor v séru (mmol/I) 0,42 116-19

Tyrosin (umol/1) 488 30-180

Sukcinylaceton v mo¢i (1umol/l) 614 <2

Kyselina 5-aminolevulova v mo&i (mmol/mol kreatininu) 103 nedetekovano




yrosinemiel. typu

T TYROSIN (Tyr)

CYTOPLAZMA
4-Hydroxyfenylpyruvat x porucha
¢ I enzym

Homogentisova kyselina

v

T Maleylacetooctova kyselina (MAA) —  Sukcinylacetooctova kyselina (SAA) T

/ l |—>C02
Sukcinylaceton (SA) T

T Fumarylacetooctova kyselina (FAA)

/\ ; |
FUMARY! ACETOACETAT I

PATOFYZIOLOGIE |
o

'HYORULLAZA T

iTS—AminoIevqunové . PorfobilinogenJ, |
| kyselina

Fumarat Acetoacetat

TeaA, MAA —» |, Glutationin —# TROS ‘
Poskozeni DNA

_____________________________________________________________________

X TYROSINEMIE TYP 1
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: S8 ﬂﬂ;;-ﬁ e T
M Met Essential amino acid H IMet

1] \
[ 1]
— Hcy . 1 Hcy
l Methylated
product I

O ] u
Methyl group — Cys < . Cys
(+ folates + l Semiessential amino acid
vitamin B,,)

[ ] Sulfate [_|sulfate

Inorganicsulfur === / Inorganic sulfur

Environment

ANIMALS PLANTS/MICROBES
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Vit (Cbl)
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METHIONINSYNTAZA

REMETYLACNI FORMY
HOMOCYSTINURIE
Deficit

Vit. B12 (Cbl) a FOLATU

X
X

PATOFYZIOLOGIE
J METHIONIN
J, SAMTSAH ———— porucha metylacnich reakci
" HOMOCYSTEIN

porucha myelinizace

porucha neurotransmiterd
Tros
J’kreatin

>100 pmol/I TEN
J CsF-folat (remetylagni formy)

Methylfolatova past —p  J.syntéza DNA

X porucha
B enzym

GLUTATHIONIN (GSH)

————% METHIONIN

i

METHYL SKUPINA

v
S-ADENOSYLMETIONIN
(SAM)

|

S-ADENOSYLHOMOCYSTEIN
(SAH)

—»  DIMETHYLGLYCIN

X

BETAIN

HOMOCYSTEIN

CYSTATHION!N BCTA-SYNTAZA

l

SERIN
R

CYSTATHIONIN

, CYSTEIN
A e \\
/ I I ~
// I I \\
7 v v ~
/ D SIROVODIK (H.S) \\
SULFAT TAURIN

GLYCIN +

METHYLOVANE PRODUKTY (> 300 SAM
DEPENDENTNICH METHYLTRANSFERAZ)

+ SARCOSIN

napf. kreatin

bazicky myelinovy protein
neurotransmitery
fosfolipidy atd.

X

KLASICKA HOMOCYSTINURIE (def. CBS)

PATOFYZIOLOGIE

T HOMOCYSTEIN > 100 pmol/l ——» TEN
Stres ER, porucha sekrece k.f.
Porucha intraceluldrni signalizace
Porucha neurotransmise (S-sulfohomocystein,
k. homocysteova)

T SAM aTSAH —» porucha metylaénich reakci

T syntéza H.S

‘L CYSTATIONIN A CYSTEIN
Indukce apoptdzy
J GsH—pROS
Porucha intracelularni signalizace
Porucha pojiva (disulfidovych vazeb)
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Officigournal ghthe European Paediatric NeWrolagy Society

Clinical presentation and metabolic consequences in 40
breastfed infants with nutritional vitamin B, deficiency -
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y Toigas Honzig ™ m Adamovjgoua * tislgu Smolka ’, Mg#tin Magner °,
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‘ﬁmﬂnr of Paediatr irst Faculty of Medicing, Charles University in Prague a eneral L.‘muerslt‘, Hospital in P
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(20%), hypotonie (40%),
YAUNROSTI{AS OHOFRNLY 2IRORS ‘SZ;LN

28 5Ehember 2009 with L'bl deficiency.

0 Accepted 10 December 2009 Medes Chllevelsin serum and breast milk determined by an electroch
O re re S e hylmalonic acid level by GC/MS, plasma homocysteine by HPLC and pro-
3 .

Keywards: pionylcarnitine by Mb."MS.. Profound Chbl deficiency was found in 17 children (89 + 17 ngl,

Vitamin B,, deficiency

controls 200-900), and milder Chl deficiency in 23 children (167 + 40 ngf). Maternal Chbl defi-
O 0 Breastfeeding ciency was mostly caused by insufficient Cbl absorption. Only six mothers were vegetarian.
O I O Failure to thrive Results: The average age at diagnosis was 4.4 + 2.5 months. Clinical symptoms included

Hypaotonia failure to thrive (48% of children), hypotonia (40%), developmental delay (38%) and
7 Developmental delay

N .,. ~ F microcephaly (23%). 63% of children had anaemia (megaloblastic in 28% of all children). All
. Methymfonic Sgd {: r:\ but one patient had methylmalonic aciduria, 80% of patients had hyperhomocysteinemia
Hypes Cystell A and §7% had increased aminotransf i arnitine was elevated in two out of

[a}

25 infants. Comparing groups with severa and mild Chl deficiency, a marked difference was
found in severity of clinical and laboratory changes.

Conclusion: Maternal Chl status and diagnostic delay are the major factors influencing
severity and progression of Chl deficiency in breastfed infants. In our cohort, propio-
nylcarnitine was not sufficiently sensitive marker of Chbl deficiency. Although symptoms
are r:flble on E.Mbsl:\tunon rmawft neurclogical damage can result. Selective

~ ~ hd
O S R I scree for Cbl @ @ bry d infants with fﬁm mO ]—I
o ~

Vd
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’~ \\ e 1
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* @ IS O e Y I E S I A n_Ar A]a minogan: IESE¥MPEHE‘E amin) an(erayl Chl, Vitamin B,; (cobalamin);, Hb, Hemoglobin,
MCV, Mean ce].l wvolume; P-HCY, Flasma homocysteine; 5D, Standard iation; U-MMA, Urinary methylmalonic acid.
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