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Biochemie parazitl

» Paraziticky zpusob Zivota vyzaduje adaptace

» Paraziti stale vyzaduji privod energie pro biosyntezu
makromolekul, rust, mechanickou aktivitu, reprodukci. ..

» Zakladni potravni pozadavky — hostitel - abundantni, bez
limitu

» Limitovany rozsah biosyntetickych drah — evoluce
zachrannych drah — nejsou purinove (A, G) biosynteticke
of=10)Y

» Specificke niky = diverzita adaptaci
aerobni vs. anaerobni prostredi — tranzice mezi prostredimi

» \olne zijici formy — ziviny jsou limitovany

» Siroké spektrum biochemickych reakci



Paraziticki helminti v kontextu biochemie
Zivotni strategie = adaptace helmintt

Uvnitr hostitelského téla helminti mizou ménit lokalizaci

NejCastejsi lokalizace uvnitr obratlovce: travici trakt, obehovy
system, dychaci system, organy/tkane

Cestoda
Nematoda Trematoda Echi
Ascaris lumbricoides Schistosoma mansoni c mcl)cocus
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Nutnost vyvinout enormni adaptacni metabolizmus



Paraziticki helminti v kontextu biochemie

Uvnitr tela bezobratlych nejCastejsi lokalizace
Travici system, haemocel, pridatni organy, tkane

Acanthocephala Trematoda

cystacants ~cercariae Trichobilharzia szidati %
Pomphorhynchus Iaevis  epatopancreasu Lymnaea stagnalis

v Gammarus

Nutnost vyvinout enormni adaptacni metabolizmus



Paraziticki helminti v kontextu biochemie

\/ prubehu zivetniho cyklu parazitické helminti meni nekolik typu prostredi

\/nejsi prostredi (vodni) vs. vnitrnii prostredi (hostitel
bezobratli/obratlovec — poikilotermni, homoiotermni)
Limitovane ziviny pro volne zijici stadia

Trematoda Cestoda Nematoda
Dicrocoelium Diphyllobothrium Loa loa

A= infective Stage

A= Diagnostic Stage

= > AR SR (&%) ~3 )
Nutnost vyvinout enormni adaptacni metabolizmus



Uvod do biochemie parazitickych helminté

Rozdily v zakladnich zivotnich procesech a metabolizmu mezi volne zijicimi
a parazitickymi stadii helmintu

Volneé zijici stadia Paraziticka stadia
Reprodukce -
Biosyntetické schopnosti
Pohyb + + +/-
Energeticky metabolizmus aerobni anaerobni
Substrat glykogén glukoza
Katabolické cesty glykolyza, Krebstv cyklus glykolyza, vznik malatu

sukcinat, propionat, acetat,
Hlavni koncové produkty = CO2 laktat

Elektronovy transfer
Proteinové komponenty Komplexy I, II, IIl a IV~ Komplex I a fumarat reduktaza
Ubiquinon,
Elektronové nosice cytochromoxidaza c Rhodoquinon
Finalni elektronovy prijimac Kyslik Fumarat
Hlavné oxidativni Fosforylace na Urovni substratu
ATP produkce fosforylace a oxidativni fosforylace




Uvod do biochemie parazitickych helminté

» Prostredi adultnich helmintt
- obecne prostredi s malo 0,
» Variabilita ve fermentativnim metabolizmu u ruznych stadii
- vV pritomnosti nebo nepritomnosti 0,
- rozdilné koncove produkty
» Spektrum metabolickych zvlastnosti (u parazitu obecng)
- anaerobni mitochondrie, hydrogenozomy, mitozomy
» Anaerobni nebo mikroaerofilni organizmy
- nepotrebuji 0, pro prezivani a mnozeni
- 0, neni terminalni elektronovy receptor
- toleruji nizkou koncentraci O,
- rust je inhibovan pfi vysoké koncentraci 0,



Ontogeneticke zmeny v metabolizmu: Trematoda

SCHISTOSOMA MANSONI
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Ontogeneticke zmeny v metabolizmu: Nematoda

Metabolické tranzice béhem vyvoje Ascaris
suum

Stadium Prostredi Mira metabolizmu Teplota
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Zivotni cyklus nematoda Ascaris suum
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Uvod do biochemie

» 4 skupiny molekul
- sacharidy.
- lipidy
- proteiny.
- nukleove kyseliny

Glucose Fructose



Oxidation

Uvoed do biechemie P =

» Hlavni typy biochemickych reakci
1. Oxidace a redukce
Pr. oxidace alkoholu na

’ | + |
aldehydy nebo ketony s redukci MO Reduction ﬂjmu‘ll
NAD+ na NADH 7 oudaton s P

2 MH2

NAD'+H' +2e- ——> NADH

2. Pohyb funkcnich skupin mezi
a uvnitr molekul
Pr. Transfer fosfatovych skupin
mezi molekulami




Uvod do biochemie

3. Pridani nebo odebrani H,0
Pr. Hydrolyza — pridani molekuly
vody k substanci zpusobi jeji
rozdeleni na dve casti

4. Reakce spojene se stepenim vazeb
Uhlikove vazby, uhlik-dusik vazba, Aty
Pr. glykolyza, proteolyza

HoHo ™

Fructose-6-phosphate

Glucose ol
ATP —y(3)

*Do steps 5-8 twice
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Uvod do biochemie

» Katabolizmus (degradace)

» Soubor metabolickych drah, u kterych dochazi ke stepeni
molekuly na mensi jednotky a uvolnovani energie

» Anabolizmus (synteza)

» Soubor metabolickych drah, u kterych dochazi ke tvorbe
molekul z mensich jednotek a spotrebovani energie

» Amfibolicke drahy

» Zahrnuji katabolizmus 1 anabolizmus pr. Citratovy
(Krebsuv) cyklus — 1. faze anabolicka (oxaloacetat ->citrat,
NAD+ -> NADH), 2. faze katabolicka (sukcinat, NADPH ->
NADP+)



Uvod do biochemie
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Uvod do biochemie

» Amfibolické cesty Krebsova cyklu
» Anapleroticke cesty — vytvareji meziprodukty KC

Acetyl CoA




Biochemie parazitli: obecné informace

» Metabolizmus parazitu determinovan zivotnim cyklem

» Parazit schopen metabolizovat ziviny z hostitele + viastni
endogenni rezervy -> energie pro biochemicke procesy a
uspesnou reprodukci
- vlastni biochemické procesy pro udrzovani vuci
nepriznivemu prostredi hostitele

» Nemaji specializovane obehove systemy a dychacl organy
-> prijimaji ziviny a O, difusi (tegument, mitochondrie)



Biochemie parazitli: obecné informace

» legument
- vysoce metabolicky aktival syncytium

- VYSOKY pocet dulezitych enzymu: glutathione S-
transferaza, ATP difosforylaza, alkaline a acid fosfatazy, [5-
glukorunidaza, aminopeptidaza, acetylcholine

esteraza, fosfofruktokinaza, glukozove transportery,
serinova hydrolaza a nekolik glykolytickych enzymu

- kazdy enzym - soucast multi-enzymatickych
metabolickych systemu je ovlivnen aktivitou dalSich
enzymu v drahach a signalizacnimi systemy mimo drah



\ /

Katabolicke drahy u parazitickych helmintt

Set metabolickych drah, ktere stépi molekuly do mensich jednotek
sSpojeno s uvolnovanim energie

Produkce organickych kyselin u helmintt
Hlavni metabolicke drahy helmintt

Uplna zavislost adultt helmintt na sacharidech — glykogen a glukéza,
zdroj energie (trehaloza, lipidy)

- metabolizmus adultt primarne anaerobni'i v pritomnosti O,

- fakultativni anaerobove — metabolizuji glukozu na neuplne oxidovane
metabolity — organicke latky

- neni oxidace mastnych kyselin, neni vyznamny katabolizmus
aminokyselin
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Katabolicke cesty - glykolyza

Anaerogna glykolyza
Koncove produkty glykolyzy:

1) U schistozom a filarii
laktat (forma (anion) kyseliny mlecne) je vylucovan

2) U dalSich helmintt (Ascaris suum a Fasciola hepatica) — ziji v
mikroaerobnych habitatech

malat (anion kyseliny jablecne)
nevylucovan, transportovan primo do mitochondrii



V an/

Podobnost klasicke glykolyze s volné zijicimi
organizmy
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Glykogenolyza a glykolyza u helmintt

Glucose Glu-1-P Elucugen

oo I
Glu-6-P + UTP ———— UDPGlu
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FIG. 41 Glycogenolysis and glycolysis in parasitic helminths. (1) hexokinase; (2} g

isomerase; (3) phosphofructokinase; (4) aldolase; (5) triosephosphate isomerase; (6) glyceraldehyde-3-P
dehydrogenase; {7) phosphoglycerate kinass; (8) phosphoglyceromutase; (9) enclase; (10) pyruvate kinase;
{11} lactate dehydrogenase; (12) phosphoenolpyruvate carboxykinase; (13) malate dehydrogenase; (14) UDP
glucosyl transferase; (15) glyeogen synthase; (16) glycogen phosphorylase; (17) phosphoglucomutase,



http://highered.mcgraw-hill.com/sites/0072507470/student_view0/chapter25/animation__how_glycolysis_works.html
http://highered.mcgraw-hill.com/sites/0072507470/student_view0/chapter25/animation__how_glycolysis_works.html

Krebstyv cyklus
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Metabolické drahy parazitickych helmintt

» Pozmeéneny Krebsuv cyklus (metabolizmus malatu)

Glycogen / Glucose — .. = -

——=— OXAC

MAL

.@l Succ ATP  Succ CoA

AcCoA 4 \CETATES}

Methylmal-
CoA \ S -
PROP

ASCT

Prop-Co. A g
FUM | sucC]| v
it NADH NAD"

F9201G
dg adatiol
erobic

succi
ham. CITR citrate; FRD, fuma
methyimalonyl-CoA; OXAC, o;
pp leAPYpr tRthq
c CoA, succinyl CoA; UQ, ubiquin

Degradace sacharidli => PEP karboxylace => oxaloacetat =>

redukce na malat => transportovan do mitochondrii a degradovan oxidativnimi procesy.
Malat => oxidace na pyruvat => oxidace na acetyl-CoA

Vznik ATP pri recyklaci sukcinyl-CoA na sukcinat. Formovani NADH.


http://highered.mcgraw-hill.com/sites/007352543x/student_view0/chapter8/how_the_krebs_cycle_works.html
http://highered.mcgraw-hill.com/sites/007352543x/student_view0/chapter8/how_the_krebs_cycle_works.html

Dychaci retezec — elektronovy transport v
mitochondriich parazitt

NADH  NAD'

Electron fransporters v veer 7
Parazitické Volne Zijici
arazitucke RQ (rhodoquinone) uUuQ(ubiquinone) Sta’dlum

NADH-fumarat reduktazovy system (NADH-FRD) —
anaerobni elektronovy transport v mitochondriich
finalni produkt drahy = fumarat

= Citric
. . . . . acid
2. Schematic representation of the mitochondrial o —
one; (I)ndmte electron-transport chain complexes, where:
ms;)irato:ynghcylochrome ¢. The open boxes represent complexes involved in the classical aerobic
g !sam, whereas grey boxes represent corpplexes involved in malate dismutation. The vertical
gl in?j‘scale for thfe standard Tegox potentials in mV. Translocation of protons by the
iy o oz:haled by H* . Abbreviations: CI, Clll and CIV, complexes |, lll and IV of the Tespiratory
ey rome c; FRp, fumarate re_dt{ctase; Fum, fumarate; SDH, succinate dehydrogenase:
iCcinate; RQ, rhodoquinone; UQ, ubiquinone. .

respiratory chains of parasitic flatworms,
as ovals represent the electron transporters

Succinate
Fumarate

Inner membrane

Intermembrane space
AR A R R R R R A A AR AR AR RARANRR



http://highered.mcgraw-hill.com/sites/0072507470/student_view0/chapter25/animation__how_the_nad__works.html
http://highered.mcgraw-hill.com/sites/0072507470/student_view0/chapter25/animation__how_the_nad__works.html

Biochemie parazitickych helmintt

» Hodne parazitickych forem adaptovalo svuj metabolizmus
(predevsim v anaerobnim prostredi — pr. strevni paraziti)

» Paraziti v.aerobnim prostredi casto taky anaerobni
metabolizmus

» ODbligatne aerobne parazity nemaji uplne aerobni viastnosti

» Larvalni stadia maji schopnost prezivat v.anaerobnich
podminkach, ale potrebuji kyslik k pohybu

» OdliSny metabolizmus parazitickych helmintu a jejich
hostitelu



Biochemie parazitickych helmintt

» Malat je hlavni mitochondrialni' substrat

» Paraziti nevyuzivaji kyslik, ktery je v hostitelich k dispozici,
ale jine systemy nez je oxidativni fosforylace pro syntezu
ATP

Glycogen / Glucose — ;.= - PEP

—————— OXAC
MAL

— PYR

A\

Succ ATP Succ CoA

AcCoR —_e= i

Methyimal- ‘
oo ‘}cc coA OXAC CITR avP, |
PROP - / (ﬁ

r
ATP i i
- t

Pi -CoA
1 IR S U CC

Fig. 20.1. Generalized scheme of the main pathways of aerobic and anaerobic carbohydrate
degradation in parasitic flatworms. The aerobic pathway is indicated by open arrows, whereas the
anaerobic pathway (malate dismutation) is indicated by solid arrows. Abbreviations: AcCoA, acetyl-CoA
ASCT, acetate:succinate CoA-transferase; C, cytochrome ¢; CI-CIV, complexes -1V of the respiratory
chain: CITR, citrate; FRD, fumarate reductase; FUM, fumarate; MAL, malate: Methyimal-CoA.
methyimalonyl-CoA; OXAC, oxaloacetate; PEP, phosphoenolpyruvate; PROP, propionate; Prop-CoA.
propionyl-CoA; PYR, pyruvate; RQ, rhodoquinone; SDH, succinate dehydrogenase; SUCC. succinate;
Succ CoA, succinyl CoA; UQ, ubiquinone.



http://highered.mcgraw-hill.com/sites/007352543x/student_view0/chapter8/how_the_krebs_cycle_works.html
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Glykogen jako zasobni zdroj

» Zasobni polysacharid, polymer tvoreny
glukbzami, energeticka rezerva =
mobilizovan v pripade potreby glukozy

» Energeticky metabolizmus dospéelcu
zalozen na glykogenu
» Hlavne u adultnich endohelmintu (na rozdil od volné

LY ¢

zijicich a parazitickych larev) — vysoky obsah sacharidu

» 15% susiny u trematod, 27% u cestod, 18%
endokomenzalni plosténci, 10% u volne zijicich plostencu
» Nematoda (filarie) 2%, Ascaris 50%

» Cestoda, Trematoda — v parenchymu, Nematoda — ve
svalove tkani



Trehaloza - zdroj energie parazitt

» Prirozeny disacharid formovany dvema glukozovymi
jednotkami

» Dulezita pro prijem glukozy (rychle hydrolyzovana na
glukozu enzymem trehalaza)

» Energeticka rezerva u nekterych nematod a jejich vajicek

» Syntetizovana v obdobi embryonalnich procesu

» Ochrana v obdobi stresu v nekterych biologickych
systemech — chrani lipidy a proteiny vuci poskozeni v.
dusledku environmentalniho stresu (vysuseni nebo
zmrznuti)



Anabolycke drahy.

» Soubor metabolickych drah, ktere konstruuji molekuly z
mensich jednotek, pricemz dochazi ke spotrebe energie

» Paraziticti helminti ziskavaji jednoduche substratove
komponenty a tvori z nich slozite molekuly (DNA, proteiny)

» Drahy podobné obratlovcim hostitelum, ale odlisne
vliastnosti zucastnenych enzymu

» Glukoza neni syntetizovana de novo — neprobiha
glukeneogeneze



Biosyntéza proteint

» vetSina aminokyselin je derivovana z hostitelu
» syntéza vlastnich proteint z uhlikovych prekurzoru
» uhlikova kostra aminokyselin v glykolyze a Krebsove cyklu

» aminokyseliny syntetizovany na koncich kratkych
metabolickych drah z prekurzoru (alanin z pyruvatu, glutamat
Z ketoglutaratu, aspartat z oxalacetatu, serin a glycin z
fosfoglyceratu), nebo z jinych dulezitych aminokyselin
(cystein z methioninu, tyroesin z fenylalaninu)



Biosyntéza proteint

» U nekterych parazitu rozsahla produkce aminokyseliny
prolinu (Fasciola hepatica, Schistosoma mansoni)

» Glutamat (prekursor) -> Prolin (soucast kolagenu) - F
hepatica a S. mansoni

» Arginin z hostitele (prekursor) -> Prolin

» Rozsahla produkce prolinu => infektivita a patogeneze



Biosyntéza proteinu

PROLINE

0 10

4-PYRROLINE-5-CARBOXYLATE

GLUTAMATE SEMIALDEHYDE

o-KETOGLUTARATE

|

TCACYCLE

FIG. 3.1 Proline metabolism. 1, Proline oxidase, 2, A“pyrroline-S-carboxylate reductase; 3, spontaneous
reaction; 4, A'pyrroline-S-carboxylate dehydrogenase; 5, plutamate dehydropenast; 6, see Fig 5.2
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FIG. 5.2 Arginine metabolism, Steps 1-3: 1, arginase; 2, omithing aminotransferase; 3, see Fig. 5.1. Steps
4-8, y-puanidinobutyramide pathway: 4. arginine decarboxyoxidase; 5, y-guanidinobutyramide aminohyd-
rolase; 6, y-guanidinobutyrate amidinohydrolase; 7, y-aminobutyrate aminotransferase; 8, succinic semi-
aldehyde dehydrogenase. Steps 9-11, Arginine dihydrolase pathway: 9, arginine deiminase; 10, catabolic
ormnithine transcarbomoylase; 11, carbamate kinase.




Degradace hostitelskych proteint: peptidazy

» zasadni vyznam Vv interakcich parazit hostitel — invaze,
migrace, degradace proteinu z potravy (hemoglobin),
vyhybani se imunitni odpovedi, aktivace a modulace zanetu
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Degradace hostitelskych proteinu: peptidazy

» predstavuji dulezity faktor virulence parazitickych nemoci

» Dulezite pro prezivani parazitu —
cilem zajmu novych leku
(Inhibitory peptidaz)
nebo komponenty novych vakcin
(katepsiny L1 a L2 Fasciola hepatica).




Syntéza lipidC

» [osfolipidy, triacylglyceroly a cholesterol

» [osfolipidy a cholesterol — hlavni komponenty biologickych
membran — kontakt mezi parazitem a hostitelem

» Metabolizmus odliSny u helmintt a obratlovcu

» Lipidy nejsou syntetizovany de novo, ziskany z cholesterolu
hostitele a jsou konstruovany z mastnych kyselin (fosfolipidy)
» Parazit modifikuje mastne kyseliny hostitele
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Syntéza lipidQ
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Fig. 18.4
The major biosynthetic pathways of lipids in Schistosoma mansoni,
Like all trematodes, the organism is unable to synthesise sterols or
fatty acids de novo and is dependent on these being obtained from the
fluids or tissues of the host. Many of the details of these synthetic
pathways remain to be clarified. PHCHO, phosphatidylcholine; MPPC,
monopalmitoylphosphatidylcholine; PHETH, phosphatidyl-
ethanolamine; PHSER, phosphatidylserine; PHLNOS, phos-
phatidylinositol. {After Furlong, 1991.)
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Fig. 20.3. Schematic representation of the main pathways in the lipid metabolism of parasitic flatworms.
Boxed substrates are supplied by the host. Pathways present in mammalian systems but absent in
parasitic flatworms are shown by open arrows. Abbreviations: DAG, diacylglycerol; CDP-DAG, cytidine
diphosphodiacylglycerol; Farnesyl PP, faresyl pyrophosphate; Geranyl PP, geranylpyrophosphate;
Geranylgerany! PP, geranylgeranylpyrophosphate; HMG-CoA, hydroxymethylglutaryl-CoA; TAG,
triacylglycerol; PA, phosphatidic acid; PC, phosphatidylcholine; PE, phosphatidylethanolamine; P!,
phosphatidylinositol; PS, phosphatidylserine.




Syntéza lipidC

Dullezitost lipidd v pr@ibéhu vyvojového cyklu pr. Schistosoma mansoni

T¥ida lipidd

Funkce

Mastné kyseliny a metabolity

Fosfolipidy a steroly

Glykolipidy

Mastné kyseliny a fosfolipidy
Fosfolipidy, steroly a lipoproteiny
Ekdysony

Dolicholy

Penetrace pokozky cerkariemi
Vylu€ované schistosomulou a dospélcem
Membranové komponenty

Membranové komponenty a antigeny
Lipidové kotvy pro proteinové antigeny

Obrana vucéi imunité hostitele

Zivotni cyklus, pohlavni vyvoj, marker infekce

Vyvoj vajicek




Anabolicke drahy: puriny, pyrimidiny a
polyaminy

» Purinove (A, G) a pyrimidinove (T, U, C) nukleotidy dulezita
slozka biochemickych molekul (DNA/RNA, ATP, NAD).

» Paraziti odlisne metabolicke drahy nez hostitele (savci)

» Puriny — neprobiha de novo synteza
» Pyrimidiny — probiha de novo synteza

» Polyaminy (pr. spermin) — pravdepodobne neprobiha de
novo synteza



Purinové drahy a syntéza pyrimidint u parazitt
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FIG. 6.11 Schistosoma mansoni purine salvage and interconversion pathways. For identity of enzymes see

follows: (1) adenine PRTase: (2) nucleoside phosphorylase; (3) ﬁun’nc (adenosine) mucleoside kinase; (4)
adenylosuceinate lyase; () adenylosuccinate synthetase; (6) AMP deaminase; (7) adenosine deaminase; (8)
hypoxanthine-guanine PRTase; () IMP dehydrogenase; (10} GMP synthetase; (11) GMP reductase; (12)
guanine deaminase; (13) AMP kinase; (14) GMP kinase; (15) ribonucleotide reductase; (16) nucleoside
diphosphokinase; (17) xanthine PRTase: (18) adenine deaminase; (19) purine nucleoside hydrolase; (20)
HGXPRTase; (21) purine nucleoside phosphotransferase; (22) guanine PRTase; (23) purine deoxyribonucleo-
side kinase: (24) deoxyribonucleoside phosphotransferase.
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FIG. 612 Pyrimidine de novo synthesis pathway. Enzymes are as follows: (1) carbamoyl-phosphate
synthetase 11 (2) asparate carbamoyl-transferase; (3) dibydro-orotase; (4] dihydro-oratate ovidase; (3) orotale
phospharibosyltranslerase; (6) orotidine-5'-phosphate decarboxylase; (T) nucleoside monophosphate kinase;
(8) nucleatide diphospho kinase; (9) CTP synthetase,




Anabolicke cesty - glykokonjugaty

» U parazitickych helmintt — klicova role v. mnoha procesech
pr. molekularni mimikry nebo modulace hostitelske imunitni

odpovedi

» Glykoproteiny, glykopeptidy, peptidoglykany, glykolipidy,
lipopolysacharidy

» Povrchove exprimovane sacharidy sdileji paraziti a hostitel
=> molekularni mimikry (S. mansoni - Lewis X, F. hepatica
— Forssman antigen)

Structures of various
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Detoxikace u helmintu

» Reaktivni kyslikove radikaly (ROS)

- chemicky reaktivni molekuly obsahujici
Kyslik

- kyslikove ionty a peroxidy.

- NICI bunecne komponenty oxidaci
proteinu, lipidu a nukleovych kyselin

- modifikace membran, receptoru,
proteinu cytoskeletu, inaktivace
enzymu a poskozeni genomu
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Fig. 1 Reactive oxygen species (ROS) generation during cellular
metabolism




Detoxikace u helmintu

» Prostredi parazitl — chude na kyslik => vysoka vnimavost
na oxidativni stres - smrt obligatnich anaerobu

» Enzymaticke a neenzymaticke antioxidacni (detoxikacnr)
systemy u parazitu = obranne taktiky vuci hostitelem
generovanych kyslikovych radikalu

» Cytochrome-c-peroxidaza - fasciolidni motolice,
schistosomy, filarie - oxidace peroxidu

» Katalaza — strevni Nematoda - detoxikace peroxid vodiku

» Superoxid dismutaza — schistozomy, Nematoda -
neutralizace superoxidovych aniontu



