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ROZVRH

Prednaska 2 x 1 den (4 kredity)
1. Den 9:00 -16:00 (Helmintologie, RNDr. Martin Kasny, Ph.D.)
2. Den 9:30-16:00 (Protozooologie, RNDr. Vit Dvorak, Ph.D.)

PREDPO KLADY - Bi6330 Obecna parazitologie
OSNOVA

Pfednd&ska charakterizuje infekce obratlovcU i bezobratlych parazitickymi prvoky a
helminty, a to od priniku do hostitele az do faze patentnich infekci. Zabyva se interakcemi
helmintd a jejich hostiteld na Grovni tkdnové, bunécné i molekularni, a to pomoci pristupU
biochemickych, imunologickych, fyziologickych a molekuldrné biologickych. Konkrétni
témata predndsky jsou zamérena na prUnik helmintd do hostitele (rozpoznavaci
mechanismy, mechanismy priniku, orientace v téle hostitele), Gnikové strategie helmintl v
obratlovcich a bezobratlych, ontogenetické regulace u parazitickych helmintd,
hormonalni interakce mezi helmintem a hostitelem, intracelularni parazitismus u helmintd a
boj proti helmint6zam (biologicky boj, antihelmintika, vakciny). Doporucend literatura: Volf
a Horak 2007: Biologi. Maurr J. J., Muller M.: Biochemistry and Molecular Biology of Parasites,
Academic Press, London, 1995. Mehlhorn H. (ed.): Encyclopedic Reference of Parasitology,
Springer, Berlin-Heidelberg-New York, 2001



KONCEPCE PREDNASKY

Uvod

Orientace helmintu

Proniky

Hormony

Interakce s imunitnim systémem hostitele
Uniky

Intracelularni parazitismus helmintu
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SHRNUTI PROBLEMATIKY

Molekuldrni a bunééné interakce parazita a hostitele
v jednosemestralnim bloku predndsek

NEMOZNE? => OBROVSKA VYZVA!

Co druh to ,,unikat* ;-) !


http://parasite.org.au/para-site/contents/helminth-intoduction.html
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STUDIJNI MATERIALY

ZAKONCENI: pisemny test

predndsky

predndsky — Zaklady parazitologie, helmintologie

Petr Volf
Petr Horak
a kol.

TRITON

Helmintologie

ANNELIDA

NEMERTINI

MOLLUSCA

TENTACULATA
PLATYHELMINTHES
ARTHROPODA

GASTROTRICHA LOPHOTROCHOZOA
NEMATODA
ECDYSOZOA
PROTOSTOMIA

0Obr. 3-1 Zjednoduseny fylogeneticky strom protostomnich Hvotichi. Konstrukee dle
185 rRNA a Hox gend {dle Tessmar-Raible a Arendt, 2003, upraveno).

Vyznam helmintd jake patogeni
clovéka 1 zvifat je nesporny, o femi
swéddi odhady poctu infikovanych lidi.
Napfiklad schistosomy parazituji asi
u 200 milioni a ohrozuji kelem 600 mi-
liona osob, pocet lidi infikovanych
Iymifatickymi filiriemi je asi 120 milio-
nit. Kolem miliardy osob je nakazeno
skrkavkami, téméf jedné miliardy do-
sahuje odhad poctu infekci tenkohlav-
i ( Trichuris frichiura) (viz tab. 1-2).

3.2 Molekularni interakce
helminti s hostiteli

Prenos helmint mez hostiteli i pre-
Zivani v nich jsou podminény existen-

ci cetnych adaptaci. Mezi nejndpad-
néjsi patti morfologické adaptace ve
formé specializovanych pfichycovacich
organt &i povrchovych struktur slou-
#icich pfijmu Zivin (viz Gvod k jednot-
livym taxoniim). Ale i na molekularni
tdrovni vyuZivaji helminti nejriuznési
mechanismy pro hledini hostitele,
prinik do jeho téla a ndsledny vivoj.

Jiz ve fazi hledani hostitele mohou
volné iijici stadia nékterych helminta
identifikovat nového hostitele podle
chemickych signdla. Napfiklad cer-
kirie echinostomnich motolic reaguji
na pfitomnost aminokyselin uvolfio-
vanych de vody druhymi mezihostite-
li a larvy hlistic rodu Strongyloides se
mohou orientovat podle koncentrace
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VYZNAM PARAZITU

Leishmaniags | Onchocerciasis (hagas disese Leprosy Tuberculosis

Schistosomiasis  Lymphatic flariass Malaria Nerican trypan ceomiass Dengue
RESEARCH AREAS

10 nejvyznamnéjSich infekCnich onemocnéni na sveté

$

8 z nich je parazitdarnich nebo parazity prenasenych
$

3 z nich jsou vyvolany helminty



LIDSKA POPULACE + HELMINTI

At-risk population (million) People infected (million) ymfaticke filariozy
, Soil-transmitted” helmintdzy
(Ascaris, Trichuris,
Ancylostoma, Necator)

TRENDS in Parasitology

Figure 2. Estimated at-risk population worldwide and number of people infected
with LF (blue), schistosomiasis (yellow) and STH (red). The numbers suggest that
there is significant overlap in both measures, although the exact amount of overlap

is not known. Data from Ref. [11].
(Trends in Parasitology 2006)

www.sciencedirect.com



VYZNAM HELMINTU

Table 1. The Major Meglected Tropical Diseases Ranked by Prevalence.®

Slobal
Prevalence Population
Disease [millicns) at Risk Regions of Highest Prevalence Source
[ Ascariasis BOT 4 2 billion East Asia and Pacific Islands, Bethory et al.,® de Sikva et al.”

sub-Saharan Africa, India,
South Asia, China, Latin
America and Caribbean

Trichuriasis (SIS 3.2 billion Sub-Saharan Africa, East Asia Bethorny et al.,® de Silva et al.”
and Pacific Islands, Latin
America and Caribbean, India,
South Asia

Hoolworm infection 576G 3.2 billion Sub-Saharan Africa, East Asia Bethorny et al.,® de Silva et al.”
and Pacific Islands, India,
South Asia, Latin America
and Caribbean

Y

Y

sSchistosomiasis 207 FFo million Sub-Saharan Africa, Latin America Steinmann et al ®
and Caribbean
| Lymphatic filariasis 120 1.3 billion India, South Asia, East Asia Ottesen,® WHOM™

and Pacific Islands, sub-
Saharan Africa

Trachoma 24 520 million Sub-Saharan Africa, Middle East International Trachoma
and Morth Africa Initiative, ! Madecins
sans Frontigres!2

\

Onchocerciasis 37 20 million Sub-Saharan Africa, Latin America Basaifez et al.®®
and Caribbean

VYV VWV VY

\

Leishmaniasis 12 350 million India, South Asia, sub-Saharan Dresjeux
Africa, Latin America and
Caribbean

Chagas' disease 29 25 million Latin America and Caribbean WHOE

Leprosy 0.4 M India, sub-Saharan Africa, Latin International Federation
America and Caribbean of Anti-Leprosy Associ-

ations*®

Human African trypancsomiasis 0.3 &0 million Sub-Saharan Africa Févre et al.®”

Crracunculiasis 0.01 M Sub-Saharan Africa Carter Center'®

Buruli ulcer ™ O ML Sub-Saharan Africa Global Buruli Ulcer Initiative®

# MDD denotes not determined.

Trends in parasitology 2006



TROPICAL DISEASES “HOTSPOTS™

Mesoamerica
and Texas

Middle East and
North Africa

" Chad, Niger,
Mali &
adjoining area

Nigeria

3 i DRC and
Brazil and the \ adjoining
Amazon Region [ nations

India and South
Asia

Indonesia and
Papua New
Guinea

(Hotez, PLoS Neglected Tropical Diseases 2014)

25



NOBELOVA CENA 2015 - OBOR
FYZIOLOGIE NEBO LEKARSTVI . 10,

http://www.nobelprize.org/nobel_prizes/medicine/laureates/2015/press.html
http://edition.cnn.com/2015/10/05/world/nobel-prize-medicine/index.htmi

e 3 veédcive 2 parazitologickych vyzkumech

e William C. Campbell (USA) a Satoshi Omura (JP) - vyvinuli €k
lvermectin (blokace prenosu elektro.-chem. signdll v nervové a
svalové soustavé bezobratlych) proti puvodcUm Fcni slepoty
(Onchocerca volvulus) a lymfaticke filariozy (Wuchereria bancrofti,
Brugia malayi a Brugia timori). Jedna se fermentacni produkt
bakterie Streptomyces avermitilis.

ORIGINAL RESEARCH ARTICLE

TS G IO
Functional characterization of ivermectin binding le“k"clr’te nuclei M+ H\d "1‘& "'f 7 M ’,
sites in alp2y2L GABA(A) receptors ‘/ ' g "2ch 1ok ;
2 x longer Avermectin ]
Argel Estrada-Mondragon' and gy Joseph W. Lynch'~ "L
than broad
o T ooy o i S 010 i Onchocerca ] h m H
volvulus

Avermectins, New Family of Potent Anthelmintic Agents:
Producing Organism and Fermentation

RICHARD W. BURG,'* BRINTON M. MILLER,' EDWARD E. BAKER,' JEROME BIRNBAUM,' SARA
A. CURRIE,' ROBERT HARTMAN,' YU-LIN KONG,' RICHARD L. MONAGHAN,' GEORGE OLSON,'
IRVING PUTTER,' JOSEFINO B. TUNAC,} HYMAN WALLICK,' EDWARD O. STAPLEY,' RUIKO

OIWA,” aNp SATOSHI OMURA’ 20um
Merck Sharp & Dohme Research Laboratories, Rahway, New Jersey 07065, and The Kitasato Institute and [T— (5
Kitasato University, Shirokane, Minato-ku, Tokyo 108, Japan®

a % l_:' .-. '._' » l-il" .d..-lJ.:
iy
® Ivermectin - T L"\_ h
g ol

tail . :
oo o Nosheath x

Received for publication 15 November 1978



http://www.nobelprize.org/nobel_prizes/medicine/laureates/2015/press.html

NOBELOVA CENA 2015 - OBOR
FYZIOLOGIE NEBO LEKARSTVI . 10)

e Youyou Tu (CN) - V pelynku rocnim (Artemisia annua) identifikovala
UCinnou latku proti pUvodci malarie (Plasmodium spp.) - latka
Artemisinin (dihydroartemisinin - polosynteticky derivat).

« Mechanismus UCinku neni prozatim zcela objasnén (predpoklad:
degradace hemoglobinu - uvolnéni Zeleznych iontU - redukce
peroxidovych vazeb v artemisininu a oxidace :zeleza - vznik
kyslikovych radikdald).

« Znovuobjeveni tradicni Cinské mediciny.

-

A molecular mechanism of artemisinin resistance in

- “\
B e
R
Artemisinin-based combination therapies (ACTs): Best hope
for malaria treatment but inaccessible to the needy! ’y
TK. Mutabingwa®"*

D f Infecti d Tropical Di: , London School of Hygi d Tropical Medicine, London, UK

P Natona st for edicl Rescarch, RO, Box 565, DorsSlaam, Toraania - %

Received 6 June 2005; accepted 7 June 2005



PARALELY

Adv Parasitol. 2009,69:205-97. doi: 10.1016/S0065-308X(09)69004-7.

Chapter 4. Peptidases of trematodes.

- Kasny M'. Mikes L, Hampl V, Dvorak J, Caffrey CR, Dalton JP, Horak P.
\.

' PLoS Med. 2007 Jan;4(1):e14.

|
i Schistosomiasis mansoni: novel chemotherapy using a cysteine protease inhibitor.
| Abdulla MH', Lim KC, Sajid M, McKerrow JH, Caffrey CR.

.

K11777 (N-methyl-
piperazine-phenylalanyl-
homophenylalanyl-
vinylsulphone phenyl)
inhibitor cathepsinu B
=> vyznamne snizeni
poctu parazito.



http://www.ncbi.nlm.nih.gov/pubmed/19622410
http://www.ncbi.nlm.nih.gov/pubmed/17214506

MOZNE ZPUSOBY INTERAKCE

o Kontaktni - bezprostfredni kontakt s hostitelem — morfologické adaptace
- pritomnost v orgdnovych soustavach nebo na hostiteli
- viscerdlni vs. tkdnova lokalizace

lidska cysticerk6za - pozreni tepelné
neupraveného masa, onkosféra
uvolnénd ve stfrevé migruje do
roznych casti t€la vcéetné svaloviny
(CR - cca. 1 pfipad ro¢né - import)

- celosvétoveé 2.5 mil. osob s taeniézou

(tasemnice dlouhoClend) _  celosvétové 20 mil. osob s cysticerk6zou

Taenia solium


http://bioweb.uwlax.edu/bio203/s2008/geske_rich/nutrition.htm

MOZNE ZPUSOBY INTERAKCE

 Nekontaktni
— produkce parazitarnich a hostitelskych molekul (vné, uvnitr h.org.)

- pritomnost receptoru
Vnéjsi prostredi
- miracidia reaguji na miraxony — chemickeé latky produkované plzem

(Trichobilharzia regenti jejich riuznd glykosylace - specifické

rozpoznani mezihostitele)

Chemotaxis MIRACIDIAL CHAMBER éO:DER LINE = 'S.|4 J‘
V3 B
- - +
T-choice chamber
................................................................... o g £
5 g 3 = 2 =
Chemokinesis = 3 E k] =
= = = £ 5 2
: = < -2 =
Increase of the rate of change of direction 2 - k= %E 2
TESTSUBSTRATE K | £
+ + (+) LU
i 2

S,/

SECTION
- MIRACIDIAL i
CHAMBER d
H i
© : adSE=AD
i\ N < o5 AN
T
1
| S —)

Tumback response
©)) Ex B,
( =:3 E3 ¢
2= B =
One-am chamber = 5 E =



MOZNE ZPUSOBY INTERAKCE

« Nekontaktni
— produkce parazitdrnich a hostitelskych molekul (vné, uvnitf h.org.)
pfitomnost receptoru

Vnitrni prostredi - endoparaziti

Spirometra mansonoides (,,the zipper tapeworm®)
— cizopasnik selem
— 1MH - buchanky (procerkoid)

- 2MH - rUzni obratlovci (mys, krysa) (plerocerkoid -
sparganum az 35 cm v podkozi)

- DH - selmy
- paratenicti hostitelé

- produkce PGF (,plerocercoid growth factor®) Tento protein
Jhe hypothalamem hostitele vniman jako viastni rUstovy
ormon a diky tomu je prostfednictvim somatostatinu
tlumena produkce ristového hormonu v somatotropnich
bunkdch  hypofy z?/ obdoba rUstového hormonu (-
somatotropin, STH), lipogenni tcinek faktoru — hostitel tloustne
vykazuje jen nékteré aktivity ristového hormonu a pusoboni
jen v nekterych tkanich - predeviim vazba na jaterni
receptory kde stimuluje produkci rUstovych faktor®
(somatomedind).




MOZNE ZPUSOBY INTERAKCE

 Interakce mezi parazity

Schistosoma mansoni
- dospélci — permanentni kopulace a
stimulace samice ze strany samce

Hymenolepis nana

8cm

mezihostitelé hmyz (blechy, brouci) ve zkracené var.
(krysy, potkani) )

DH - hlodavci (mysi, potkani), Clovék (ZC 2 tydny)
kosmopolitné rozsirend - nejCastéjsi cestoddza - 50
mil. lidi

Castym experimentalnim modelem — snadny
chov hostiteld (MH potemnici rodu Tribolium ,

potkani jako definitivni hostitelé)
u MH broukU - zmény chovani a snizeni reprodukce
blokovanim vajec¢nych receptor( pro vitelogenin

U DH ,,crowding efekt” - pfi siinych nakazach
zUstdvaji nékteré tasemnice nevyvinuté,
rychleji rostouci tasemnice produkuji latky,
které inhibuji syntézu DNA ostatnich
tasemnic o R







ORIENTACE HELMINTU

Tyka se:
Monogenea - onkomiracidium

Trematoda — miracidia a cerkarie

Nematoda - infekcni 3 larvdlni stadium




MONOGENEA

Digenea, Monopisthocotylea , pr. Entobdella soleae

e parazit na povrchu ryb - oviparni druh, zivi se slizem
« onkomiracidium
- pravdépodobné vnimda molekuly slizu hostitele - glykoproteiny,
klicova je zrejmé pozice sacharidu (pravdéepodobné manozy )



http://www.esciencecentral.org/journals/some-aspects-of-the-biology-of-monogenean-platyhelminth-parasites-of-marine-and-freshwater-fishes-2332-2632-2-117.php?aid=23501

MONOGENEA

Digenea, Monopisthocotylea , pr. Gyrodactylus derjavini

e parazit na povrchu ryb (lososoviteé) - viviparni druh
« onkomiracidium
- chemické slozeni kUze a slizu, které pritahuji juvenily Gyrodactylus derjavini
- hl. atraktanty slizu - proteiny, polypeptidy a sacharidy
kUze - mukopolysacharidy nesouci galaktézu, mandzu
- nékterée slozky slizu Ci krve (konkrétné plazma) naopak repelenty(Buchmann K., 1998a; b)



https://www.researchgate.net/figure/237655741_fig2_Figure-5-Two-Gyrodactylus-derjavini-on-the-cornea-of-a-rainbow-trout-Oncorhynchus

TREMATODA

Digenea, Diplostomida, pf. Schistosomatidae §

........

Schistosoma mansoni

- zivotni cyklus

- MH - plzi se sporocystami 1. .
a 2. generace

- pfimd penetrace S ———— A = tective sage
furkocerkarii do def. spoeyutinsnt O o‘”"”"'"‘“"”“""“"'“'“' A - visguostc sage

[successive generalions)

hostitele - odvrzeni /__..
ocasku(schistosomulum) / ﬁ _.

lese lails during
on and become
C ymulae

- prepatentni perioda 5-8 s @

tydnu (S’
- doba Zivota az 30 let é@m 4 é t
- po kopulaci migrace do \-namrm'l &

kapilar specifickych orgdnu

Biomphalaria, Sm  Bulinus, Sh

ocirc ulatian

Migrate 1o portal blood
in liver and matura

intn |d|.||'li
In Fl:u A In uriru .
Y ,-
Eggs hatch \ 2 e "‘L

Oncomelania, Sj

teleasing miracidia ‘." Y /2 h“ { " H'\“'
G bt (e
'. ‘-l;\
o' Palred adulls worms migrate to:
x_/ £3 f‘“"“”‘“ - mesenteric venules of bowelrectum
5. mansoni D §, haomatoblum (laying eggs thal circulale o the

o c] [ liver and shed in stools]

venous plexws of bladder



TREMATODA

Digenea, Diplostomida, pr. Schistosomatidae

Miracidia — orientace — hledani habitatu plze (vVéfinou nereaguje pfimo na latky
vylu€ované ze svého mezihostitele) nejsou interakce
- hledani plze




TREMATODA

Digenea, Diplostomida, pr. Schistosomatidae
Miracidia

terebratorium
- senzoricka fce, penetrace mezihostitele

50 ym

Obr. 11: Miracidium stavba téla

A: Povrch miracidia (SEM). B: Miracidium podélny fez (H&E). a — cilie, b - apikilni papila,
¢ - ciliarni desticky, d — jadro ciliarni desticky, e - hlavové ganglium, f - oéni skvrna, g —
zarodecné buiiky, h — apikalni zlaza, i — jadro lateralni zlazy.

Trichobilharzia regenti — ap. Zlaza
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Nahunkova 2010 - bakaldrskd prdce




TREMATODA

Digenea, Diplostomida, pr. Schistosomatidae

« Orientace - hledani plze
»Shail-conditioned water* (SCW)

Obsahuje: aminokyseliny (glycin, serin a alanin),

horecnaté ionty, kratké retézce

mastnych kyselin, N-acetylneuraminoveé kyseliny, )
amoniak, glutathion atd. NAHORE

Aftraktivni ¢ast SCW je pro miracidia frakce =~ ™A = ? = SVETLO

s molekuldrni hmotnosti vétsi nez 30 kDa
\q___/\u___,/\x___,/\\____/\____/\ﬁ___ﬁ_/\k__A_f_ ___,7..._

MAGs souCasti ,,snail-conditioned water* (SCW)

~ S.mansoni - miracidium

y

DOLE rychlost pohybu
miracidia je priblizné
—_— 2,5 cm/s

Proces hledani mezihostitele miZzeme rozdélit na nékohk ﬁizi:@-llcdéni habitatu mezihostitele pomoci svétla a

gravitace, {2) ndhodné hledani mezihostitele v hahjtalu,@;pcciﬁc ké rozpoznani plze a chemoorientace smérem

k hostiteli {upraveno podle Sukhdeo a Sukhdeo 2004). NAahunkova 2010 - bakaldrskd prdce



TREMATODA

Digenea, Diplostomida, pr. Schistosomatidae

Miracidia -orientace - hledani plze

miracidia reaguji na miraxony — chemickeé latky produkované plzem

MAGs - ,,miracidia attracting glycoproteins“ — rozhodujici koncentrace a struktura
miracidia nékterych druhU nedokazi rozlisit jednotlivé druhy plzd pred kontaktem
napf. S. hematobium - rozlisi jednotlivé druhy plzd pred kontaktem

(Trichobilharzia regenti jejich rdznd glykosylace - specifické rozpoznani mezihostitele)

- sacharidoveé rfetézce vazané O-glykosidickou vazbou k proteinu nejspise pres threonin Ci serin a
N- acetyl-D galaktosamin o oo s e ¢

- signdl rozpozndvany miracidii je v sacharidoveé C. /(
- Casti kyselina muramova - soucdst glykoproteinC /

%)
h-acetylglukasamin CcHoH  N-acetylgalakiosamin 5 e
CHEDS 0 £ 0 T-choice chamber 3 -
...............................................
[:I DH NH DH D ‘ Increase of the rate of change of direction
TESTSUBSTRATE
CHBCD'NH \l:l:l CH3CD-NH cH - MRACIOIAL secm? it (+)
ﬁN Tumback ] j
x"‘\u H i s i + + +
/‘ ) S, Haas W
0 / Q/
asparagin threanin diian e



TREMATODA

Digenea, Diplostomida, pr. Schistosomatidae
 Miracidia -orientace - hledani plze
A B C

KLINOTAXE ORTHOKINEZE KLINOKINEZE

A; pohyb miracidia smérfujici pfimo ke stimulu s urCitymi symetrickymi odchylkami. B; miracidium
zpomaluje svou rychlost tim vice, ¢im je blize podnétu. C; miracidium zvysuje pocet zmén sméru pohybu

s intenzitou stimulu, ale rychlost je stale stejna. (upraveno podle Sukhdeo a Mettrick 1987)
Nahunkova 2010 - bakaldiskd prace



TREMATODA

Digenea, Diplostomida, pr. Schistosomatidae

Trichobilharzia s

 Miracidia -orientace
miraxony: selektivni vyhledavani mezihostitele - Schistosoma spp., (Trichobilharzia szidati

100

75

50

25

0

L.stagnalis G.truncatula R.peregra P.corneus P.planorbis Kontrola

chemokineze miracidii — prokazana také u napr. F. hepatica, S. douthitti, S. haematobium, S. mansoni
(Maclinnis 1965; Shiff 1969; Chernin 1970; Haas a kol. 1991, 1995a; Sukhdeo a Sukhdeo 2004)



TREMATODA

Digenea, Diplostomida, pr. Schistosomatidae

» Cerkarie — opousténi MH plze
vyskyt ve stejném Case a na stejném misté jako hostitel
Obr. zndzornéni denni doby s maximdalnim uvolnovanim cerkarii z MH xﬂ
1) S. margrebowiei
2) S. curassoni
3) S. bovis
= 4) S. mansoni
= 5) S. haematobium
= 6) S. intercalatum
7) S. mansoni (mysovitych)
8) S.rodhaini



http://2010.igem.org/File:Cercaria.jpg

TREMATODA

Digenea
Rozmisténi cerkarii v prostoru odpovida vyskytu hostitele

Cercarial ( ) targets:

beach AMpPNipOda =77 77 77T T T T T e L.

surface Teleostei ~  ~~------ T
Teleostei in intermediate Ieveis.
benthic Bivalves o V

Maritrema

Cardiocephalus
misenensis

longicollis
T ' Renicola
lari

! Lepocreadium
V pegorchis

| \_.-fl —
sandy substrate

= distribution of the cercariae in the water-layers

O = benthic molluscs which release the cercariae

Fig. 2. Meeting-places: the dispersion of cercariae of various trematodes in the water, correlated with the usual
position of their downstream or target host (from data collected bv Bartoli & Combes, 1986).



TREMATODA

Digenea, Diplostomida, pr. Schistosomatidae

» Cerkarie - orientace - hleddani obratlovcino DH
o faze:
1. zmény pohybu S. mansoni vpred/vzad pri zaregistrovani hostitelskych molekul
(mastné kyseliny, L-arginin, malé peptidy s L-argininem), zastinéni - Trichobilharzia
2. prisednuti, kontakt a setrvani na kizi — zasadni role L-arginin, ceramidy, cholesterol
- teplota

3. penefracni stimuly mastné kyseliny - neutralni pH

- nasycené 10-12C MK

- nenasycené MK < 22C - kys. linolova (C18:2)

- kys. linolenova (C18:3)

1% o i
_M
e
1=
Lirnnoleic acid
1= 15 1= o

W“W o H
ce-Linolenic acid
- Popsany ruzné typy pohybu u riznych druh0 schistosom - sfiddni aktivni a pasivni faze

napr. S. haematobium - po opusténi MH cerkarie plave rovné na co nejvétsi vzdalenost, pak se
zastavi a potapi se ke dnufazi nastava pasivni faze, ve které se cerkarie potapi



TREMATODA

Digenea, Diplostomida, pr. Schistosomatidae

Cerkarie - orientace - hledani obratlovce

[ ]
Schistosoma mansoni

Trichobilharzia szidati
o N SO
schistosoma: —— . U = N ‘: B ety
Trichobilharzia {7 R 1 Res
szidati g
klidova ooy Heb7y
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NEMATODA

Nematoda, Chromatodera, Strongylida p‘f Necator americanus, Ancylostoma duodenale

e Larvy - infekéni L3
« Orientace - zejména v reakci na chemicke a fyzikalni podnéty

4 faze:

1. larvaz nehybné faze na aktivni vlivem tepla nebo vibraci substratu (k tomu maji larvy
prizpUsobené termoreceptory a mechanoreceptory), role vzdusné vihkosti, svétla Ci proudéni v.
- pohyb plazivym zpUsobem

rozeznavani hostitele — teplota, c. CO, a vlhkost vzduchu

plazi se po povrchu, pfitahovanda opét teplotou a hydrofilnimi a slozkami kuze

SO

Pl
%..
|/ Rhabditiform lare
hatches

hes

A = Infective Stage
A\ = Diagnostic Stage

Dalsi prokazané atraktanty
- hydrofilni slozky kize (i stimulace penetrace) - A. caninum
- mastné kyseliny - signalu pro penetraci N. americanus


http://www.infectionlandscapes.org/2012/02/hookworm.html
http://tropicalhealthsolutions.com/taxonomyofhookworms

NEMATODA

Nematoda, Chromatodera, Rhabditida pr. strongyloides stercoralis

 Larvy - infekCni L3
« Orientace - zejména v reakci na chemické a fyzikalni podnéty
« Strongyloides stercoralis €g0s I

small intestine small intestine Rhabditiform
larvae in feces

-délka 2’2 L) > Eggs Feces deposited in soil
- parazit tenkého streva clovéka a psa (pouze o hatch - 1@

samicky) K s

- pozfenim kontaminované potravy nebo ® Au:nfedim e nTe
kontaktem s larvami v mokré hliné - N Y
perkutanni infekce t . (@) Freeviving cycie (3) birect route
- prL"ijy, nechutenstvi, t&zké enteritidy Complete develop in intestine J

- [C: stfidani generaci (parazitické in intestine o Free-living male and
partenogenetické samice a volné fijici A lostnalwall e Sauts develop /
generace Obou pOhIaV|) Enter A€ Eggs “ Filariform larvae develop in soil

circulation

- oportunni parazitdéza (imunosupresiva, HIV...)
— autoinfekce (larvy se vyviji ve strevé az do
infek&niho stadia — krevni systém)

produced (infective for humans)

& i
| Rhabditiform — W
\ larvae hatch R PSP

Break through ¢
to alveoli

Swallowead


http://blogs.discovermagazine.com/bodyhorrors/2011/09/08/the-things-they-carried-threadworm-infection-among-former-pows-working-on-the-burma-railroad/

NEMATODA

Nematoda, Chromatodera, Strongylida pr. stongyioides stercoralis

Larvy - infekCni L3
Orientace - zejména v reakci na chemické a fyzikaini podnéty

chemické atraktanty:

urokanova kyselina(metabolit histidinu), pUsobi uz v malych koncentracich), obsazena v kUzi a
koznich sekretech mnoha savcu, kde pravdépodobné plni Ulohu protiinfekéni bariéry a také
gradient NaCl

pohyb ve sméru zvysujicino gradientu NaCl - Strongyloides ratti , opak Strongyloides stercoralis
naopak larvy S. stercoralis — opusténi zony s 2,8 M NaCl

N kys. urokanova vliv i na rozpoznani hostitele

/ \ OH

W



NEMATODA

Nematoda, Chromatodera, Rhabditida pr. strongyloides ratti

e rozhodovani L1 larev

— amfidialni neurony
- iImunoreceptivni neurony (heimunizovany hostitel: kratky cyklus larev

mimo hostitele s nastupem imunity - indukce dlouhého cyklu samic
zvyseni podilu samcu)

- termoreceptivni neurony (pfi nizsSich teplotach dlouhy cyklus mimo
hostitele, pri vyssich teplotdch indukce kratkého cyklu samic - t > 34 °C)

4

Rat

/ Egg

Infective L3

Homogonic
development
L2 - L2

L1 L3

Heterogonic
development /
Egg ‘< gf:y L4

Fig. 1. The life cycle of Strongyloides ratti has both parasitic and
free-living phases. The progeny of the parasitic female phase
can develop by two different routes, termed heterogonic and

homogonic. L, larval stage.

(amfidy u rod Equinurbia; foto: Mike Kinsell)



http://www.wormbook.org/chapters/www_genomesStrongyloides/genomesStrongyloides.html

HELMINTI

Nékteré vybrané Iatky zapojené do kontaktniho rozpozndvani hostitele

neékteré proteiny a glykoproteiny
Opisthorchis
Romanomermis culicivorax (povrch komarti s D-mannosou a D-glukosou)

mocovina
Entobdella solae (lihnuti z vajicka na povrchu ryby)

glykosaminoglykany
Opisthorchis, Trichobilharzia (?)

aminokyseliny (L-arginin)
zasadni pro Schistosoma mansoni
x S. japonicum nevyuziva chemické signaly

mastne kyseliny
schistosomy, Diplostomum
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TREMATODA
Digenea, Diplostomida, pr. Schistosomatidae

Miracidia — penetrace do MH (plze)

Trichobilharzia regenti — penetracni zldza
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TREMATODA

Prunik helmintu do obratlovce

Mode of helminth larval invasion

Direct Into bloodstream

| ( Migrates from
invasion from vector

., vector bite site

Connective
tissue

Onchocerca

Schistosoma, Brugia,
Strongyloides, or Wuchereria
or Ancylostoma

Mcekerrow JH, et al. 2006,
Annu. Rev. Pathol. Mech, Dis. 1:497-536



TREMATODA

Prunik helmintu do obratlovce
Cerkarie — penetrace do ki)ze DH

e __..-_h—-—-:-;_—__—___._‘_:—::::‘:-—-—:;ﬂ-sf_' g — ————

Trichobilharzia szidati, T. regenti, S. mansoni



TREMATODA

Digenea, Diplostomida, pr. Schistosomatidae

Orientace larev v téle hostitele _ .
- orientace dle gradientu L-argininu (orientace v kuzi)

- vhimani svetla atmy
- registrace koncentraci D-glukézy (hledani cév)

48 h post-exposura Maive

McKerrow JH, et al. 2006.
TRENDS in Pacasitology Annu. Rev. Pathol. Mech. Dis. 1:497-536



TREMATODA

Digenea, Diplostomida, pr. Schistosomatidae

Cerkarie — penetfrace do kize DH
penetracni zlazy - hlavova zlaza

- postacetabularni z.

T. regenti

Produkty penetracnich zlaz

(Bruckner 1974, ngasova et al. 2011, Dorsey et aI 2002 M. Kasnyi



TREMATODA

Prunik helmintu do obratlovce A swimmersitchshits e
penetrace schistosom kuzi a koznireakce Views:  juos) Desin Y

4
| . swimmer's
itch

- cerkariova dermatitida

@ Higgins Lake, Michigan

http://dermatlas.med.jhmi.edu



http://dermatlas.med.jhmi.edu/

TREMATODA

Digenea

Cerkarie — produkty penetracnich zldz
Vyznamné slozky — proteolytické enzymy (peptidazy) => dlouhodoby vyzkum

J Infect Dis. 1956 Jul-Aug;99(1):1-14.

Quantitative studies of the collagenase-like enzymes of cercariae of Schistosoma mansoni and the larvae of
Strongyloides ratti.

LEE CL LEWERT RM.

60 let!

J Proteome Res. 2015 Nov 6;14(11):4623-34. doi: 10.1021/acs jproteome.Sb00465. Epub 2015 Sep 29

Proteomic Analysis on Cercariae and Schistosomula in Reference to Potential Proteases Involved in Host
Invasion of Schistosoma japonicum Larvae.

Liu M', Ju C? Du XF', Shen HM?, Wang JP', LiJ', Zhang XM?, Feng Z2, Hu W'2-3,

Annu Rev Pathol. 2006;1:497-536.
Proteases in parasitic diseases. 2009 Peptidases of Trematodes

McKerrow JH', Caffrey C. Kelly B, Loke P, Saijid M. Martin Kainy,* Libor Mikes,* Vladimir Hampl,*
Jan Dvorak,’ Conor R. Ca‘F‘I’rey,T John P. Dalton,
and Petr Horak*



http://www.ncbi.nlm.nih.gov/pubmed/26370134
http://www.ncbi.nlm.nih.gov/pubmed/26370134
http://www.ncbi.nlm.nih.gov/pubmed/18039124
http://www.ncbi.nlm.nih.gov/pubmed/19622410

PEPTIDAZY

Digenea PROC?

Cerkarie — produkty penetracnich zldz

proteolytické enzymy (peptidazy)

Motolice tvori vyznamnou skupinu parazitickych helmintU, jak z hlediska

humanni tak veterinarni mediciny.

Je zndmo vice jak 18 000 druhU motolic, pricemz minimdiné 18 druhu je
patogennich pro clovéka.

(V prObéhu svych komplikovanych zivotnich cykld mohou byt jednotlivd stddia motolic
jednotlivych druhu lokalizovdna témér v jakékoliv Cdasti [organu] obratlovciho
organismu).

Mezi nejvyznameéjsi lidské patogeny patfi zastupci Celedi Schistosomatidae, rodu
Schistosoma, e.g. Schistosoma mansoni - podle WHO je schistosom&za 2. nejvyznaméjsi
parazitézou (600 mil. lidi je ohrozeno, 200 mil. lidi nakazeno a 11000 rocné zemre).

Mezi nejvyznameéjsi zvireci patogeny patfi zastupci celedi Fasciolidae, rodu Fasciola,
e.g. Fasciola hepatica - fasciol6za (az 600 mil USD ekonomicé ztraty).



PEPTIDAZY

Digenea
Cerkarie — produkty penetracnich zldz
proteolytické enzymy (peptidazy) - PROC?

Peptiddzy jsou naprosto esencidlni pro zivot viech druhU organismu; véetné
motolic.

Peptiddzy hydrolyzuji peptidické vazby peptidU &i bilkovin - az milion
peptidickych vazeb/s (=> bez katalytického puUsobeni peptiddz by stépeni
peptidické vazby mohlo trvat roky).

Jsou kddovdny nejméné 2% viech zndmych genU viech organisma.

(14% z min. 500 znamych lidskych peptidaz je zkoumano jako potencialni chemoterapeutické cile)

Jsou (nejen) pro motolice nepostradatelné napr. béhem penetrace, traveni
(metabolismu) nebo modulace imunitni odpovédi hostitele ve svUj prospéch.

Jsou vyznamnymi virulentnimi faktory parazitarnich onemocnéni (tematodoz).

esencialni nastroje schistosom a fasciol atd. = cil pro vyvoj vakcin a chemoterapie



PEPTIDAZY

Zakladni rozdéleni peptidaz podle mista jejich pusobeni.

Stépi peptidickou vazbu "uvniti' polypeptidového Fetézce.
Endopeptidazy

Stépi peptidickou vazbu "uvnitf'pe ptidd
ale ne protein.

Odstépuji z kratké petidy z polypepidového Fetézce od N- €i C-
konce.

Oligopeptidazy

Odstépuji jednotlivé aminokyseliny z N-
konce.

Exopeptidazy Carboxypeptidazy (k):ri;cgpup jednotlivé aminokyseliny z C-
Dipeptidyl-peptidazy Odstépuji dipeptidy z N-konce.

Aminopeptidazy

Tripeptidyl-peptidazy Odstépuji tripeptidy z N-konce.

Peptidyl-dipeptidazy Odstepuji dipeptidy z C-konce.

\ Dipeptidazy Odstépuji dipeptidy z N- z C-konce.
L~

ISOm ega-peptidézp Stépi peptidickou vazbu bez preference z N- &i C-konce.

McKerrow J., Caffrey C., Kelly B.,Loke P., and Sajid M. (2006)



PEPTIDAZY

Zakladni rozdéleni peptidaz podle katalytického typu.

Proteass lass

Role in pathogenesis

Comment

Tissue mvasion (Entamocha and Fasciola)

Nutrient degradation (trypanosomes, helminthes, malaria)
Immune evasion (Trypanosoma cruzi)

Processing other key proteins (malaria, Leishmania)

Cysteine proteases mMost COMMON In Protwzoa
and primitive metazoa and may reflect a
common reducing environment and anaerobic
metabolism

Anticoagulation (helminthes)
Tissue invasion (schistosomes)
Processing other key proteins (malaria)

Trypsin famuly serine proteases implicated n
anticoagulation and invasion

Subtilisn family serine proteases in protein
processing

Nutrient degradation (helminthes, malaria)

[nteresting parallel use by helminthes and
malaria parasites for hemoglobin degradation

Metalloproteases

Anticoagulation (helminthes)
Tissue invasion (helminth larvae)
Nutrient degradation (malaria)

Most evidence from studies of hookworm
anticoagulation and tissue invasion




PEPTIDAZY

Zakladni rozdéleni peptidaz podle katalytického typu.

Serine 5
Cysteine C
Threonine T

Aspartic A
Metallo M

Glutamic

Unknown

The nucleophile attack during catalysis is facilitated
by reactive group at AA side chain, a hydroxyl
group (OH7) of serine and TPs or a sulphydryl
group (SH ) of CPs.

Catalytic triad of serine peptidases: Ser195, Asp102,
His57 (numbered for chymotrypsin,

e.g. Hedstrom, 2002)

Catalytic triad of CPs: Cys25, His159, Asnl75
(numbered for papain, e.g. Lecaille et al., 2002)

Catalytic triad of TPs: Thr is conserved in active
sites of all proteasomes (Guerra-5a et al., 2005).
All known threonine-type peptidases are
N-terminal nucleophile peptidases (Rawlings
et al., 2008).

The nudeophile attack during catalysis is usually
fadlitated by an activated water molecule and
tollowed by formaton of tetrahedral
intermediate.” The water molecule is bound by
the side chains of aspartic residues of APs or by
metal ions (e.g. one or two zinc ions, Zn®*) of MPs

Catalytic diad of APs: Asp32 and Asp 215
(numbered for pepsin (e.g. Dunn, 2002)

Catalytic zinc site of MPs is usually formed by His,
Glu, Asp or Cys, which supply ligands for zinc
(e.z. Auld, 2004).

The mechanisms of catalysis are similar to APs
including an activated water molecule and
tetrahedral intermediate. The water molecule is
bound by the side chains of glutamic acid and
glutamine residues

Catalytic diad of APs: GIn24 and Glul10
(numbered for aspergilloglutamic peptidase
(e.z. Rawlings et al., 2008).

The peptidases of unknown catalytic type, that is,
proteins where the sequence is known to belong
to peptidases, but the mechanisms of catalysis
are not determined (Rawlings et al., 2008).

Icovalent catalysis

R'— NHy
- o J H,O
s
CP s G o =
oo J cp: ] R—C— OH
mos-ﬂ ? /
H,0
R'— NH,
Q
R—{— OH

FIGURE 4.1 Chemical mechanisms of peptidase catalysis. Notes: Five catalytic types of
peptidases are generally defined by two chemical mechanisms determining how the
tetrahedral intermediate is established. (The tetrahedral intermediate reaction is a
chemical process during which the trigonal double-bonded carbon atom is converted to
tetrahedral one.) The nucleophilic attack of cysteine, serine and threonine peptidases
is mediated via reactive group (OH ™, 57 ) of the peptidase side chain [covalent catalysis),
whereas for MPs and APs nucleophilic attack is provided by an activated water molecule
(non-covalent catalysis). Pink oval: CP, cysteine peptidase (T. regenti cathepsin B1,
QAVRWI), green oval: AP, aspartic peptidase (S mansoni cathepsin D, P91802). Scissors
show the cleaved peptide bond of peptide substrate. In yellow and purple, catalytic
residues of CP active site Cys29./His199; in orange: catalytic residues of AP active site
Asp33/Asp23l. Letters a—c; refer to the order of molecules ‘entering’ and ‘leaving’ the
reaction (water and products of cleavagereaction). The example of reaction scheme

of peptide substrate degradation by ‘CP peptidase group’ (pink oval) shows how the
nucleophilic thiolate of cysteine attacks the double-bonded carbon leading to a
tetrahedral intermediate formation. This reaction step is followed by an additional
intermediate step, not included in peptidase—substrate reactions of the "AP peptidase
group'. The tetrahedral intermediate is transformed into an acyl-erzyme intermediate
(acylation; release of C-terminal substrate part), which is subsequently hydrolyzed via
water molecule to the second tetrahedral intermediate, and finally transformed to the
recovered enzyme (deacylation; release of M-terminal substrate part) (not shown). The
tetrahedral intermediate is formed by mediation of Asp231 AA—deprotoning the water
molecule and Asp33 AA—protoning carbonyl oxygen atoms of the cleaved peptide bond.
It is followed by hydrogen transfer from the Asp231 residue to the nitrogen of the peptide
bond, which leads to breaking of the peptidase bond, releasing two products (C-terminal
substrate and M-terminal substrate part) and simultaneous enzyme recovery.
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TREMATODA

Digenea, pr. Schistosomatidae a Fasciolidae

Dospélci a larvalni stadia

peptidazy larvalnich stadi (velmi Casto pro migraci tkdnéminebo imunitni Gnik)
peptiddzy dospélcU (velmi casto pro stfevni trdveni, antikoagulacia imunitni Gnik)
ontogenetické zmény ve spekiru nebo UCinku peptiddz

Larva or juvenile Addult

Serine Cathe
5 psin,
protease B+L aspartyl
k proteases (gul)

Schistasoma
frenrrad v’
Schistosoma
FITEMSO
—_—

Zerine and
meetalioprotease
(surface)
Cysieine
profeasea [7]

*\ e,

Cathepsin,
B+ L aspartyl
Schistosoma prodeasas (gul)
JFRpOrvcoT

Cathepsin B (\
O Eomche: f/’“f‘ {—é‘;‘f‘hmn R
_
-
Cathepsin B f/



PEPTIDAZY

Digenea, Diplostomida, pr. Schistosomatidae

Dospélci - proteolytické enzymy (peptidazy) — traveni krve

8 Ingestion:

-‘;E {j. ~104 erythrocytes/h
| g Q ~105 erythrocytes/

Cathepsins

° 5 — B1 @

-E I& - F(L1)

13| 8 E L(L2)?

g % s I

{1111 o i |11 CiB1,LAP

Kasny et al. (2009)



TREMATODA

Digenea, Plagiorchida, pr. Fasciolidae O \J
Fasciola hepatica

-velikost az 3cm

-hostitel: ovce, skot, jeleni, Clovék (hlavné Jizni Amerika, Egypt, Iran, Pyrenejsky poloostrov
-od r. 1970 vice jak 300 000 klinickych pripadu élovéka (celosvétové)

-odhad infikovanych 2,4 milionu

Stimuly:

lihnuti z cysty — kys. glykocholova

pene’rroém’ aktivita - kys. deoxycholova, duodenalniproteiny
-mechanickérozruseni

- pUsobeni pepsinu, trypsinu

-zvysena teplota(37-39°C)

- nizky redoxpotencial

- pritomnostCO,

- pritomnostzluCi

| peroralni infekce




TREMATODA

Digenea, Plagiorchida, pr. Fasciolidae

Fasciola hepatica

Ontognetické zmény v expresi katepsinU
(a) prunik strevem do brisni dutiny

(b) (b) migrace jaternim parenchymem
(c) (c) pobytve zluCovodech

(a) Infective larvae (b) Immature stage (c) Mature stage

Cathepsin B Cathepsin B ¥ Cathepsin L1
Cathepsin L3 Cathepsin L3 4 Cathepsin L2
Cathepsin L1 4 Cathepsin L5

Cathepsin L2
(Trends in|Biochemical Sciences 2008) SepS g TiBs




TREMATODA

Digenea, Diplostomida, pr. Schistosomatidae

Cerkarie — produkty penetracnich zldz
Vyznamné slozky - proteolytické enzymy => dlouhodoby vyzkum

» 25-31 kDa cerkarialnielastaza

- chymotrypsin-like peptidaza

- u nékterych schistosom (napr. Schistosoma mansoni, Schistosoma haematobium)
zrejmé hlavni enzym pro penetraci (jinde asi cysteinové peptidazy - katepsiny)

- lokalizace zejména v cirkumacetabularnichzlazach

-substraty: elastin, kolagen, Zelatina, keratin,laminin, proteoglykany, fibronektin, imunogl.

« cysteinové peptidazy (papain-like) - katepsiny B (pripadné L)
katepsiny B jako penetracni peptiddzy u cerkarii schistosom Schistosoma japonicum
a Trichobilharzia regenti (postacetabularni zlazy)

| cysteinové peptidazy podil na degradaci tkani: keratin, kolagen, fibronektin, myelin
basic protein (migrace nervovou tkani), elastin (ndhrada za chybéjici serinovou
cerkarialni elastazu?)

katepsiny B i L - dalsi vyznam u migrujicich larev a dospélcU jokotravici enzymy



TREMATODA

Digenea

proteolytické enzymy (peptidazy) - ptaci schistosomy
- fasciolidni motolice

Laboratory of Helminthology

Charles University in Prague, Czech Republic

fascioloides

tric ilharzia

ESEARCH ESEARCH
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Copyright © 2016 by Petr Horak
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TREMATODA

proteolytické enzymy (peptidazy) v Praze

T. regenti TrCB1
(Dvordk et al. 2005)

T. regenti TrCB2
(Doleckova et al. 2010)

CATHEPSINS B1 AND B2 OF TRICHOBILHARZIA
SPP., BIRD SCHISTOSOMES CAUSING
CERCARIAL DERMATITIS

Martin Kasny,*! Libor Mikes,' Katefina Doleckova,! Vladimir Hampl.'
Jan Dvotak.? Marian Novotny? and Petr Horak’

D(’p?r men ofPa."ﬂ: tology, Faculty of Science, Charl st na n Prrv 1e, Czech R(pu!: ic; Ia 1stitute o,r

‘tment of Cell Biology, Facul 1ofor. .anc:[a iversity aPm?nc' Pmafc Czech R:pu ic.
tCorresponding Author: M. Kainy—Email: kasa@post.cz

Fascioloides magna cathepsin L1

Vlastnosti exkre¢né—sekrec¢nich proteinu motolice

Fascioloides magna

Characterization of excretory-secretory proteins of liver fluke

Fascioloides manga
Katefina Berankova

Diplomova prace

Skolitel: RNDr. Martin Kaén¥, Ph.D.




TREMATODA

proteolytické enzymy (peptidazy) v Praze - fylogenetika
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Figure 3. Phvlogenetic tree of cathepsin B protein sequences. The cathepsin B peptidases split into two
groups. cathepsins B1 and B2 (blue and green branch). Cathepsins B1/2 of trematodes are highlighted
by bold labels and cathepsins of Trichebilharzia by grey ovals (T regenti/T. szidati CBl1—light gray
oval and CB2—dark gray oval). All cathepsin B sequences are supplemented by GenBank accession
number. The black star indicates cathepsin Bl of Fasciola hepatica which was previously mcorrectly
named as cathepsin B2. The tree was constructed using maximum likelihood method in RAxML
(PROTGAMMAWAG meodel of amino acid change).” Values at internal branches represent maximum
likelithood bootstraps/Bayesian posterior probabilities (asterisk designates values lower than 50% or
0.50). Cathepsin C sequences were chosen as outgroups to root the tree. To illustrate relationships to
nontrematode peptidases the representative cathepsins B from other large groups of organisms were
included in the tree (http://www ncbinlm nih gov/Genbank/index html).”

Kasny et al. (2010)



TREMATODA

DalSi biologicky aktivni molekuly

Eikosanoidy

-produkty metabolismu (oxidace) volnych nenasycenych mastnych kyselin
(k. linolenova, k. linolova)

- eikosanoidy cerkarii schistosom
leukotrieny — korelace s penetraci cerkarii kOzi

leukotrien B4 — Ca2+ ionofor - mozna podil na uvolnovdani Ca2+ depend. peptidaz
schistosom

prostaglandiny — korelace s transformaci cerkarii na dalsi stadium, vasodilatacni UCinek

Eicosanoids

(8]

FH0—E AN
M o AR A P e Studie: Imunosupresivni role PGE, LTB4 a 15-HETE, ktera
' je znama, ma podle vieho vliv na schopnost krevnicky
e iz vyhnout se pUsobeni imunitniho systému hostitele, aby
@ jim nebyla napadana (Fusco et al., 1986).
) V dalSich pokusech zalozenych na predchozich
vysledcich byl pak vliv imunosupresivnich eikosanoid(
Lo/ : gt potvrzen podanim inhibitord biosyntézy eikosanoidu,
i ktery vyrazné snizil schopnost parazita napadat
e hostitele a penetrovat skrz jeho pokozku (Salafsky a
‘Eioosemeiti Fusco, 1987).



TREMATODA

DalSi biologicky aktivni molekuly

Hyaluronidaza — histolyticky enzym
kromé schistosom i u dalSich helmintu
Stépi hyaluronan (= kyselinahyaluronova)

glykosaminoglykan (GAG = nejCastéjSi heteropolysacharidy v lidském téle
sloZzen z opakujicich se disacharidovych jednotek — (D-glukuronova kyselina + N-
acetyl-D-glukosamin)n

COO CHOH
H/f © H/—Q —0
oH H) O [H 4
- H oM
H OH H  HNCOCH; |



TREMATODA

Dalsi biologicky aktivni molekuly
Muciny

» soucast mukusu (hlenu) ve streveé ¢i na

povrchu (ryby) hostitele - ochranny pokryv
epitell

» glykoproteiny s prevazujici O-glykosylaci, O-
ﬁlykosidické vazba, sacharid (obv. GalNAc) -
ydroxylova skupina, obvykle na serinu nebo
threoninu

» sekretované tvori gel polymerll spojenych
pres S=S mustky membranove vazane jsou
monomerni

Generic siruciure of a Mucin monomer

th'—o-ma) oH
Side  SlREEELiAbe 2 &

@ oligosacchande
& Cysteing residus
3 repeat strociurs




TREMATODA

DalSi biologicky aktivni molekuly
Muciny — vyznam v interakci parazita a hostitele

obrana hostitele proti parazitovi
» vypuzeni echinostom ze streva

» vypuzeni hlistic Strongylc)ldes ze streva (vysoce sulfatované muciny),
Trichinella (muciny vysoce sialovangé)

rozpoznavani hostitele a nasledna penetrace

» cerkarie Opisthorchis: slozky kozniho hlenu ryby (degradovatelné
hyaluronidazou) stimuluji prichyceni, lepsi prinik hlenem po aplikaci
hyaluronidazy

» cerkarie Acanthostomum: kozni hlen ryby bohaty na NeuNAc stimuluje
prichyceni

» prichyceni cerkarii echinostom k povrchu plz{

Imunitni unik parazita (mimikry/maskovani)

» E-S produkty a povrchové slozky L3 larev Toxocara canis odpovidaji
komponentam mukusu

potrava cervii
» muciny ve streve Nippostrongylus




TREMATODA

DalSi biologicky aktivni molekuly
Lektiny — proteiny vdzaijici cukry, rzné fce

» proteiny nebo glykoproteiny neenzymaticke a
neimunoglobulinove povahy

» déleni lektin{: rada réiznych skupin
typu C (— rlizné ligandy) — vazba vyzaduje Ca2+ ionty

» selektiny — specialni C-lektiny — bunécné interakce
typu L — T-lymfocytarni (targeting k lymfatickym uzlinam)
typu E — endotelialni (interakce s neutrofily a monocyty)

typu P — endotelialni (interakce s neutrofily a monocyty) a na krevnich
destickach (vazba k endoteliim)

ligand = predevsim sialovany Lewis-X antigen (tetrasacharid)
typu S (—B-galaktosidy) = galektiny
ostatni: napr. i TNF, [L1, |2
> 32 znamych nebo hypotetickych lektinG u helmintd
hitp.//www.schistosomes cz/lectins him




ZAVER
helminti rozpoznavaji hostitele ve vnéjsim prostredi

helminti maji ndstroje pro prunik do téla hostitele

helminti se orientuji ve vnitinim prostredi hostitele



	Snímek číslo 1
	Snímek číslo 2
	Snímek číslo 3
	Snímek číslo 4
	Snímek číslo 5
	Snímek číslo 6
	Snímek číslo 7
	Snímek číslo 8
	LIDSKÁ POPULACE + HELMINTI
	Snímek číslo 10
	Snímek číslo 11
	Nobelova cena 2015 - obor fyziologie nebo lékařství (5. 10.)c
	Snímek číslo 13
	PARALELY
	MOŽNÉ ZPŮSOBY INTERAKCE
	MOŽNÉ ZPŮSOBY INTERAKCE
	MOŽNÉ ZPŮSOBY INTERAKCE
	MOŽNÉ ZPŮSOBY INTERAKCE
	Snímek číslo 19
	Orientace Helmintů
	MONOGENEA
	MONOGENEA
	TREMATODA
	TREMATODA
	Snímek číslo 25
	TREMATODA
	Snímek číslo 27
	Snímek číslo 28
	Snímek číslo 29
	TREMATODA
	TREMATODA
	TREMATODA
	TREMATODA
	NEMATODA
	NEMATODA
	NEMATODA
	NEMATODA
	Helminti
	více
	Snímek číslo 40
	TREMATODA
	TREMATODA
	TREMATODA
	TREMATODA
	TREMATODA
	TREMATODA
	TREMATODA
	Peptidázy
	Peptidázy
	Snímek číslo 50
	Snímek číslo 51
	Snímek číslo 52
	Snímek číslo 53
	TREMATODA
	Peptidázy
	TREMATODA
	TREMATODA
	TREMATODA
	Snímek číslo 59
	Snímek číslo 60
	Snímek číslo 61
	TREMATODA
	TREMATODA
	TREMATODA
	TREMATODA
	TREMATODA
	závěr

