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; % Componels of ﬁlood
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—— ' . Plasma—55% total volume of blood
— mostly liquid water (91%)
| and Platoets - soluble blood proteins (7%)
— hormones—
' e —> electrolytes }(2%)
— nutrients

Cellular Component —45% total volume of blood
— White blood cells

— Platelets

— Red blood cells
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Platelets

Erythrocytes

cell
Platelet

cell

White blood

Red blood

Red Blood Cells
(erythrocytes)

4 million—6 million
per mm? blood

White Blood Cells

(leukocytes)
5,000—11,000
per mm? blood

Granular leukocytes
« Neutrophils

40-70%

* Eosinophils

1-4%

* Basophils

0-1%

Agranular leukocytes
* Lymphocytes

D

Platelets
{thrombocytes)

150,000-300,000
per mm? blood

Transport O, and help
transport CO,

7-8 pm in diameter;
bright-red to dark-purple
biconcave disks without
nuclei

Fight infection

Phagocytize pathogens.
10—14 pm in diameter;
spherical cells with
muitilobed nuclei; fine, lilac
granules in cytoplasm if
Wright stained.

Phagocytize antigen-antibody
complexas and allergens.
10—14 pm in diameter;
spherical cells with bilobed
nuclei; coarse, deep-red,
uniformly sized granules in
cytoplasm if Wright stained.

Release histamine and
heparin, which promote
blood flow to injured tissues.
10—12 pm in diameter;
spherical cells with lobed
nuclei; large, irregularly
shaped, deep-blue granules
in cytoplasm if Wright stained.

Responsible for specific
immunity.

5-17 pm in diameter
(average 9—10 pm);
spherical cells with large,
round nuclei.

Become macrophages that
phagocytize pathogens and
cellular debris.

10-24 pm in diameter;
large, spherical cells with
kidney-shaped, round, or
lobed nuclei.

Aid hemostasis.
2—4 pm in diameter;
disk-shaped cell fragments

with no nuclei; purple
granules in cytoplasm.

Red bone
marrow

Red bone

Plasma
55%

Rad bone

Water

(90—-92% of plasma)

Plasma proteins
(7—8% of plasma)

Albumins

Globulins
Fibrinogen
Salts

(less than 1% of
plasma)

Gases

Oxygen
Carbon dioxide

Nutrients
Lipids

Glucose
Amino acids

Nitrogenous

wastes

Uric acid
Urea

Other

Hormones,
vitamins, etc.

Maintains blood volume;
transports molecules

Maintain blood osmotic
pressure and pH

Maintain blood volume
and pressure

Transport; fight
infection

Coagulation

Maintain blood osmotic
pressure and pH; aid
metabolism

Cellular respiration

End product of
metabolism

Food for cells

Excretion by kidneys

Aid metabolism

Absorbed from
intestine

Liver

Absorbed from
intastine

Lungs
Tissues

Absorbed from
intastine

Varied




Ektoparaziti savcu

» ektoparaziti rostlin ale hlavné savcu
 selektivni tlak na hostitele = u savcu vzdy
= u rostlin nemusi byt
» savCi hostitel pfispiva k pfenosu parazitu (rostliny ne)
» imunologicky systém savciho hostitele = mohutné vyvinuty obranny systém
= kontradaptace ektoparazita
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Volne zijici hematofagove

\

» skoro 100% je Diptera

« mala hostitelska specifita (hostitel = zdroj potravy)

» velka mobilita (dobfi letci)

» problémy s vyhledavanim hostitele - gonotroficky cyklus

* nasaji zhruba 2x vétsSi mnozstvi krve, nez je jejich télesna hmotnost

» nektarofagie = cukr slouzi na pokryti energetickych naroku; & vétSinou nektarofagni;
u @ je i autogenie kdy prvni snuska vaji¢ek probéhne bez nasani krve (staci
nektar) (napf. C. molestus)




DocCasni hematofagove

(vétSina zivota na hostiteli)

,rapid feeding” » ,slow feeding®
» stfedni hostitelska specifita » saji az nékolik dni
» saji Casto a rychle * Uzce vazani na hostitele, opoustéji ho
» vétSinu zivota na hostitelovi, ale zridka (napf. k nakladeni vajicek)
nejsou na ného bezpodmineéné » dobre vybaveni proti hemostatickym a

vazani imunologickym mechanizmim hostitele



Hematofagove hnizd a nor

» Heteroptera (Cimicidae), Argasidae, blechy

» specifita urCena predevsim mikrohabitatem a mikroklimatem = do znacné miry
polyxenni

 sani trva minuty az hodiny

* pfijmou cca 10x vetsi mnozstvi krve, nez je jejich telesna hmotnost

« vydrzi dlouho bez hostitele



Trvaly ektoparaziti
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vSi, vSenky

vysoka hostitelska specifita

Casté sani v malych davkach

kratka zivotnost mimo hostitele

stfedni az nizka fekundita, protoze to nejsou r - stratégové



Vznik hematofagie

Ektoparaziti vazani na obratlovce

(méli sklon inklinovat k hematofagii)

Clenovci Zivici se sekrety
Larvy vyvijejici se v trusu
Obyvatelé hnizd

Morfologické preadaptace

Entomofagni hmyz

.

Ustni Ustroji schopné proniknout pokoZkou
(preadaptace k tomu aby se stali hematofagni)

~




 vyhledani hostitele

* nalezeni a identifikace
potravy

» zablokovani hemostaze
hostitele

e nasati krve, ukoncéeni sani,
traveni

* metabolismus

» reprodukce

PCAS FEHD



Vyhledavani hostitele

podle olfaktorickych signall, zrakem a podle teploty

v smyslové organy predevsim na tykadlech a palpach
v' rizna mnozstvi antenalnich receptort podle strategie parazita

O smyslové (,appetitive®) hledani (3 odligné
O aktivace a orientace neurologické
O atrakce programy)

V jednotlivych fazich mGze hematofag reagovat riizné na stejny signal.



/z/ Smyslové (,appetitive®) hledani

Necilené poletovani = vysSi Sance narazit na hostitele

Vylihnuti » SH

Prodleva: vyvoj gonad, dokonceni sklerotizace (?)

V prvni den po
narozeni nemaji zadné
vlastnosti hematofagu,

ty se zaCnou rozvijet
az na druhy den.

Vnitiné fizena denni aktivita

Aktivita

7:00 17:00



Odpovéd na stimuli se zesiluje s ¢asem (s ,hladem®)

Aktivita (letd za min) ;




Odpovéd na stimuli se zesiluje s ¢asem (s ,hladem®)

Aktivita (letu za min) »




blood egg

; : : oviposition
ingestion maturation

adequate nutrition, mating

host-seeking
behavior inhibited

: host-seeking
...... . behavior occurs
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FIGURE 20.5 Behavioral inputs and thresholds and their net
result on host-seeking behavior. Both blood ingestion (dotted lines)
and egg development (solid lines) inhibit host-seeking behaviors
when their inhibitory effects exceed a threshold (dashed line).



e o Aktivace a orientace

Parazit narazi na stimul a spusti se u ného program,
jak podle daného signalu najit hostitele...

Olfaktoricke stimuly: « CO,
 kyselina mlécna (lactic acid = LA)
* aceton
e butanon
 oktenol
« latky v mocCi nebo v potu ...

Vizualni stimuly: jiné spektrum vidéni posunuto do UV oblasti = pfitahuje je
cerna a modra barva




Aktivace a orientace

Rk,
TRRHK

Rozmezi atraktivnosti (m)

Emise CO, (ml/min)

Rychla habituace »  signalem je zména koncentrace CO2 (ne
primo samotny CO,)

0,05% rozdil — vyvolava odezvu
0,01% rozdil — elektrofyziologické odezvy na palpach



Zig-zag + negativni anemotaxe

Jak parazit zjisti kde je hostitel?

Podle urCovani smeru vétru Optomotoricka anemotaxe
(podle proudéeni vzduchu ale i optické koncentrace)

LA = hmyzu jsou specifické receptory na LA



Atrakce — zrak, smés olfaktorickych signalu, teplota

2,5x1,5m
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Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 98(5): 665-672, July 2003 665
Are Vectors Able to Learn about their Hosts? A Case Study with
Aedes aegypti Mosquitoes
Wiladimir ] Alonso™, Tristram D Wyatt, David W Kelly

Zoology Department, Oxford University, South Park Road, Oxtford, OX1 3PS, England
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Prizpusobeni ustniho ustroji

(k tomu aby parazit krev nasel a aby se k ni pak dostal)




Ustni astroji hmyzu

Labrum

Maxilla

X
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/ Palp

Clypeus

Labrum
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Maxilla

Labium
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a - kousaci (brouci)

Typy ustniho Ustroji

.

b - bodavé-saci (komari)
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Cc - lizavé-saci (mouchy)

d - saci (motyli)

s
Maxillary palps Q‘-x Labial palps

Maxillae /

Labrum /
Maxillary
pulp

Mandibles ~— Labium




Labrum
labrum
maxilla food
sal. gl. saliva
mandible lacinia '1.;.: ‘
labiur Y X B
L fypopharyn YLahium labium
Culicidae Hypopharynx
- : Anoplura
Stomoxyidae P
mandible food canal
\ labrum

maxilla

labium

Heteroptera

_ saliva
maxilla

Siphonaptera




., of occiput

'verlex erect scales CUIeX p ObOSCIS

frons

broad decumbent

scales narrow decumbent

scales

- tentorium

- eye

labrum

P
maillary - Y
paip

mandible’ lacinia

h
labium hypopharynx

C
AT \
lacmia! - ( /] k mandible

(*maxilta’) \ '

7 \ .

) hypopharynx / labrum
/
proboscis labellum labium
a d

Figure 5.2 Head structure of the female mosquito: (a) facial view of head and head appendages of Aedes
aegypti (Culicinae), part of one eve removed and showing internal supporting strut (tentorium); (b)
diagram of head in facial view showing upright (erect) and prone (decumbent) types of scale sometimes
eccurring on vertex and occiput; () cross-section of proboscis near middle of its length (semi-
diagrammatic); (d) stylets of the syntrophium (fascicle) spread out from the channel in the labium of the
proboscis in which they are enclosed when at rest (semi-diagrammatic). Note that on the maxillary palp
only four palpomeres are externally evident. (Part (a) reproduced with relabelling from Jobling (1987)
courtesy of the Trustees of the Wellcome Trust.)




hlava samice
Anopheles stephensi




Aedes aegypli




gualoh@ioscom ¢ Anopheles

3
<

Antenna

Proboscis

Palpus

Head of Anopheles male Head of Culex male

Anopheles




Anopheles

Video:

https://www.youtube.com/watch?v=C8CKEBwWPIY8
https://www.youtube.com/watch?v=hvsIX7AztTY



https://www.youtube.com/watch?v=C8CKEBwPlY8
https://www.youtube.com/watch?v=hvsJX7AztTY

frontal dilation compound eye

flagellum
(segments

antennal
pedicel
(segment 2)

tentorial pit
scape

(segment 1)

parafacial

genal process /

clypeus

Lutz's organ

lacinia mandible

maxillary palp labellum

Ustni astroji muchnicek
tvori kratky bodavy






Tabanidae
Chrysops

vertex
frontal callus

-~ gena —

— —

™~ clypeus —

antenna -

maxillary palp

labrum

labrum — ~
™ labellum

v','v / /
/ / /
mandible / \ /
/ lacinia mandible

/
prestomal teeth of labrum hypopharynx

lacinia

Druhy s kratkym proboscisem pouzivaji ustni ustroji na trhani, ¢imz si vytvofi louzi¢ku krvi na kuzi
hostitele a krev si pak Splichaji pomoci labia do ust.
Druhy s dlouhym proboscisem saji krev obdobné jako komari.

Video: https://www.youtube.com/watch?v=7IBuVpFC7ul; https://www.youtube.com/watch?v=mbyM2mDDRBk



https://www.youtube.com/watch?v=7lBuVpFC7uI
https://www.youtube.com/watch?v=mbyM2mDDRBk




Haematopola pluvialis
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Haematopota pluvialis © 2009
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Ustni ustroji Calliphoridae




Stomoxys

Maxillary Palp

Labrum




Palpus maxillans
Labrum




Glossina

Doporuceny zdroj: Harald W. Krenn, Horst Aspock. 2012: Form, function and evolution of the mouthparts of
blood-feeding Arthropoda, Arthropod Structure & Development, Volume 41, Issue 2, 101-118;
10.1016/j.asd.2011.12.001; http://www.sciencedirect.com/science/article/pii/S1467803911001186



mandible food canal

/
f

maxilla




Video:

1 1 https://www.youtube.com/watch?v=81P4Dn4VNRoO
C I m ex | eCtu | arl u S https://www.youtube.com/watch?v=ZXHN5LK YHU

Video: https://www.youtube.com/watch?v=i5iAMs-2uQl



https://www.youtube.com/watch?v=81P4Dn4VNRo
https://www.youtube.com/watch?v=ZXHN5LK_YHU
https://www.youtube.com/watch?v=i5iAMs-2uQI

labrum

Siphonaptera

maxilla

Pulex irritans

2 !’ Livingstone © BIODIDAC
* - -
. e e
~ - ~


http://biodidac.bio.uottawa.ca/Thumbnails/showimage.cfm?File_name=SIPH002B&File_type=GIF
http://biodidac.bio.uottawa.ca/Thumbnails/showimage.cfm?File_name=SIPH002B&File_type=GIF

Ctenocephalides felis s C. felis

\ -
N

EHT-20.98 KV WD- 43 nn Mag= 395 X
30pn St Photo No.=5 Detector= RBSD




Video: https://www.youtube.com/watch?v=I-iyReTDc78

Phthiraptera B Anoplura Pediculus h. capitis
| Sy B 4 -



https://www.youtube.com/watch?v=l-iyReTDc78

Top view Bottom view

Chelicera Hypostome Palp Chelicera Hypostome Palp

[xodes

Video:
https://www.youtube.com/watch?v=-oXLL5JHBiw
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https://www.youtube.com/watch?v=-oXLL5JHBiw

Lacinia

Maxillary palp

Labium

Food %P\\an_rhel
Mangiﬁea

Anticoagulants - Apyrase, Nitrophorin, Lipocalin Anticoagulants - Apyrase
Vasodilators - Nitrosyl heme proteins Vasodilators - Nitrosyl heme proteins
Immunomodulator - ? Immunomodulator - ?

Anesthetic ? Anesthetic ?

FIGURE 2.2 (A) Generalized mouthpart morphology based upon an orthopteran type of design.
(B) Mouthpart and feeding morphology in the heteropteran taxa Reduviidae subfamily Triatominae and
Cimicidae.



Anticoagulants - Apyrase
Vasodilators - ?
Immunomodulator - ?
Anesthetic ?

Lab Food Channel
abrum
Mandibular = e

and maxillary "\ —_—

stylets

Labrum

Saliva
Channel

lacinae

Epipharynx Maxillary  Epipharynx
lacinae

Anticoagulants - ?
Vasodilators - ?
Immunomodulator- ?
Anesthetic ?

Food
Anticoagulants - ? . Chainel
Vasodilators - ? Labial palp
Immunomodulator- ?
Anesthetic ? ediice
F Food Channel
Labrum-epipharynx
Mandible Maxillary
Hypopharynx +  palpsY ===
Saliva Channel
Labium ~ Maxillae
sheath
Anophelinge Culicinae
Anticoagulants - Anophelin Anticoagulants - Apyrase, Anti-Factor Xa
Vasodilators - Peroxidase Vasodilators - Sialokinin I and IT
Immunomodulator-? Immunomodulator - ?
Anesthetic ? Anesthetic - Adenosine deaminase

FIGURE 2.2 (Continued) (C) Mouthpart and feeding morphology in Anoplura. (D) Mouthparts in
Siphonaptera. (E) Mouthparts in Lepidoptera. (F) Mouthpart and feeding morphology in Culicidae.



Anticoagulants - Simulidin
Vasodilators - SVEP
Immunomodulator- Simulidin
Anesthetic ?

Mandible

Maxillary
palps

Right Mandible
Hypopharynx Anticoagulants - ?
Vasodilators - ?
Immunomodulator - ?
Anesthetic ?

Labrum Hypopharynx

I

Labrum Food Channel

Maxillary
palps

A Saliva

i o Maxillae

Channel
Mandibles
Lutzomyia , Phlebotomus

Anticoagulants - Apyrase

Anticoagulants - Apyrase
Vasodilators - adenosine and 5'-AMP, hyaluronidase

Vasodilators - Maxadilan,
5'- nucleotidase/ phosphodiesterase, Immunomodulator - ?
Hyaluronidase. Anesthetic - ?
Immunomodulator - Maxadilan
Anesthetic - Adenosine deaminase (ADA)
FIGURE 2.2 (Continued) (G) Mouthparts and feeding morphology in Simuliidae. (H) Mouthparts and
feeding morphology in Ceratopogonidae. (I) Mouthparts and feeding morphology in Psychodidae.

. Anticoagulants - ?
ndibl.

Mancible Vasodilators - ?

) Immunomodulator- ?

Anesthetic ?

[/ ‘ J
Hypopharynx Labrum-epipharynx

Labellum mouthparts in
a typical cyclorrhaphous §
diptera ;

Maxillary 7%

A “Maxillary

epipharynx

. palp
] :
Anticoagulants ? Labrum i Lablum
—— .
Vasodilators - none detected epipharynx J + Labium Saliva Channel _~ Labrum
Immunomodulator- ? / Labrum epipharynx
Anesthetic ? / epipharynx
/ / i\
Hypopharynx Food Channel & \
ypophary! H Hypopharynx
lypopharynx
aliva Channel

Anticoagulants - ?
Vasodilators - ?
Immunomodulator- ?
Anesthetic ?

Hypopharynx +
Saliva Channel

FIGURE 2.2 (Continued) (J) Mouthparts and feeding morphology in Tabanidae. (K) Mouthparts and feeding
morphology in Muscidae and Glossinidae. (L) Mouthparts and feeding morphology in Pupipara.



Chelicerae __ Chelicerae
/

e

$:¥ - Cal

ill
)=

Anticoagulants Apyrase, PGE,, kininase,
6-keto-PGF o, americanin
Vasodilators - prostaglandins
PGE,and PGF,.and PGI,
dipeptidyl carboxypeptidases
Immunomodulator- PGE,, PGF2,, and PGI,
IL-2 binding factor,
Anti-complement protein

Anesthetic ?

Scabies mite female
burrowing and ovipositing

in the epiderm Larvy Trombiculidae poskozuji
¥ epidermis, destruuji slinami vazivo a
pohlcuji tuto tkan, ¢imz vznikaji
ztvrdnuté kanalky, tzv. stylostomy.

Anticoagulants - ?
Vasodilators - ? Venule
Immunomodulator- ?
Anesthetic ?

Anticoagulants - ?
Vasodilators - ?
Immunomodulator- ?
Anesthetic ?

Anticoagulants - ?
Vasodilators - ?
Immunomodulator- ?
Anesthetic ?

FIGURE 2.2 (Continued) (M) Mouthpart and feeding morphology in Ixodidae. (N) Mouthparts and feedin
morphology in Mesostigmatid mites. (O) Sarcoptes scabei feeding and burrowing in the host epiderp(ﬁi
(P) Trombiculidae larva feeding through the epidermis with the secreted stylostome.
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» Culicidae, Phthiraptera
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» proniknou do tkané, rozervou ji a do této oblasti
proudi krev z okolni tkané rou saji
« Simulidae, Ixodidae, T

, neprenaseji Plasmodi
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Hemostaze - antihemostaticke latky ve slinach

* sani je Casto proces, béhem kterého
se vyviji silna odpovéd hostitele,

zahrnujici jak hemostatickou
(zastavujici krvaceni), tak i zanétlivou
slozku

« dochazi k reakci destiCek a kolagenu,
co ma za nasledek tvorbu ADP a
serotoninu = degranulace destiCek =
vazokonstrikce a zastaveni privodu
krve do poSkozené oblasti, tvorba
edému

» parazit se témto mechanismum brani
sekreci biologicky aktivnich latek ze
slinnych zlaz

Prehled antihemostatik v slinnych zlazach hemofaga:
* hlavni sloZkou je apyraza, ktera brani produkci ADP a AMP a tim zabranuje procesu srazeni krve
» Culicinae: apyraza
+ Phlebotominae: apyraza + EIS (erythema inducing substance) = vazodilatator
« Triatominae: apyraza + antikoagulat, antitromboxanova a antihistaminova aktivita
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FIGURE 21.1 (A) Triatomid (kissing) bug alimentary canal. Based on Harwood and James, 1979, Ento-
mology in Human and Animal Health, 7th ed. New York, Macmillan. AM = anterior midgut, Ca = cardia, CP =
cibarial pump, Es=esophagus, Hg =hindgut, Pr=proboscis, PM = posterior midgut, Re =rectum, SG =
salivary gland. (B) Flea alimentary canal. Based on Harwood and James, 1979, Al = anterior intestine,
PP = pharyngeal pump, Es = esophagus, MT = Malpighian tubules, PA = pyloric ampulla, Pr = proventricu-
lus, Re = rectum, Ve = ventriculus. (C) Mosquito alimentary canal. From R. E. Snodgrass, 1959, The Anatomi-
cal Life of the Mosquito. Smithsonian Misc. Coll. Vol. 139, No. 8, Washington, DC. Al = anterior intestine, AM
= anterior midgut, Ca=cardia, CP=cibarial pump, DD =dorsal diverticulum, Es= esophagus, MT =
Malpighian tubules, PP = pharyngeal pump, Pr = proboscis, PM = posterior midgut, Re = rectum, SG = sali-
vary gland, VD = ventral diverticulum (crop). (D). Tsetse fly alimentary canal. Modified from Glasgow 1963.
Ca = cardia, Cr=crop, CP=cibarial pump, Es= esophagus, Pr=proboscis, SG =salivary gland, Mg =
midgut, MT = Malpighian tubules.



Hmyz: extracelularni traveni Klistata: intracelularni traveni
» proteazy - lipazy, glykosidazy * mezenteron se zahyby
» sekrece proteaz do lumen mezenteronu « travici bunky vcestovavaji do mezenteronu
* lysozomalni enzymy
» | volnych proteaz = hostitelé pro t patogenu
Proteazy
» endopeptidazy — Stépi uprostred retézce AK; prechazi pres peritrofickou matrix do lumen
trypsin, chymotrypsin
« exopeptidazy - stépi konec
aminopeptidazy — N-konec
karboxypeptidazy — C-konec
pUsobi v ektoperitrofickém prostoru

Epitelialni bunka
stredniho streva

FIGURE 21.2 Ultrastructure of a generalized insect midgut
epithelial cell. BLm =basal lamina, He = hemocoel, LPM = lateral
plasma membrane, BLb=basal labyrinth, BPM =basal plasma
membrane, DV = dense vesicle, ER = endoplasmic reticulum, Go =
Golgi, Lu=lumen, Mi=mitochondria, Mv = microvillus, Nu=
nucleus, ZC = zonula continua. Adapted from Berridge, 1970. A
structural analysis of intestinal absorption. In Insect Ultrastructures
(A. C. Neville, ed.). Symposia of the Royal Society of London,
No. 5.
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(A) (B) (C) (D) (E)

Modely sekrece hmyzich travicich enzymu; (A) exocytoticka sekrece, (B) apokrinni sekrece, (C) mikroapokrinni
sekrece s pucicimi vezikuly, (D) mikroapokrinni sekrece s odstipanymi vezikuly, a (E) modifikovana exocytoticka
sekrece v bunce stfedného stfeva Heteroptera. BSV, pucici sekre¢ni vezikula; CE, bunécéni extruze; DSV,
sekrecni vezikula ohraniCena zdvojenou membranou; GC, Golgi komplex; M, mikrovily; N, jadro, PMM,
perimikrovilarni membrana; PSV, odstipana sekre¢ni vezikula; RER, drsné endoplasmatické retikulum; SV,
sekrecCni vezikula.

Sekrece u Heteroptera vykazuje specialni znaky. SekreCni vezikuly ohraniCeny zdvojenou membranou puci z
modifikovanych Golgi struktur (E), migruji na apikalni konec bunky, jejich vnéjSi membrany fuzuji s mikrovilarni
membranou, a jejich vnitfni membrany fuzuji s perimikrovilarnimi membranami, a vypoustéji svlj obsah.



Organizace zazivaciho traktu

— sténa stllv'evg ’
ektoperitroficky prostor
peritrofickd membrana

endoperitroficky prostor

Peritroficka membrana

« peritroficka matrix — vrstva vyluCovana z mezenteronu

« chitinové mikrovlakna, specifické proteiny vnorené do proteoglykanové matrix

» semipermeabilni — peptidy a mensSi proteiny ni prochazi

 funkce — ochrana mikroklkl, antimikrobialni, antiparazitarni, rozdéleni fazi traveni — rizné pH
a enzymy, ochrana pred kyslikovymi radikaly (ROS) — vznik pfi traveni Hb

TYP 1 je syntetizovana celym epitelem mezenteronu; univerzalnéjsi u vétSiny hmyzu;

tvofena jen po nasati pficemz po par hodinach se rozpada (dospély komar).

TYP 2 je produkovana specializovanymi bunkami pfedniho konce mezenteronu u

kardiakalni valvy a obrusta stfevo zevnitf; utvofena od vylihnuti (larvy komara).

Bodalka pousti nejdfive krev do divertikula (kym se ji nevytvori PM 2) az pak je rezistentni vuci
trypanosomam. PM pak zUstava cely zivot.



peritoficka matrix

vyznamni role peritrofické membrany (PM)
pory na PM jsou ruzné velké = druhovo
specifické (molekuly timto sitem projdou)
néktefi hematofagové vibec nemaji PM
do urcité miry zadrzi pfechod parazitt do
téla vektoru

b héusenka




Type 1
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FIGURE 22.1 Schematic diagrams showing the sites of PM1 and PM2 synthesis within the insect gut.
The PM1 surrounds a blood meal, and the PM2 surrounds food particles.

TABLE 22.1 Time of PM1 Formation in Some Medically Important Blood-Feeding Insects

Insect Species First Detected Mature Reference
Aedes aegypti 5h 12-17h Stohler (1957)
5-8h Freyvogel and Staubli (1965)
4-8h 12h Perrone and Spielman (1988)
Anopheles gambiae 13h Freyvogel and Staubli (1965)
Anopheles stephensi 32h Freyvogel and Staubli (1965)
12h 48h Berner et al. (1983)
Simulium ornatum 2-10 min 12-24h Reid and Lehane (1984)
Simulium equinum 2-10 min 12-24h Reid and Lehane (1984)
Simulium lineatum 2-10min 12-24h Reid and Lehane (1984)
Simulium vitattum 20 min 6h Ramos et al. (1994)
Phlebotomus longipes <24h 48h Gemetchu (1974)
Phlebotomus perniciosus 30 min 36h Walters et al. (1993)
Lutzomyia spimicrassa 1-3h 12-36h Walters et al. (1995)

The times of peritrophic matrix type 1 formation in mosquitoes (Aedes, Anopheles), black flies (Simulium) and sand flies (Phelebotomus,
Lutzomyia) are listed. It should be emphasized that “first detection” and “maturation” are based on highly subjective criteria and that in most
cases an exhaustive time course of PM formation has not been attempted. Moreover, in any given experiment the parameters measured vary
largely from individual to individual. Thus, the listed values serve only as guidelines.



BEFORE A BLOOD MEAL

‘Vwﬁjﬁ '}Uﬂhﬁgﬂ %ﬂﬂﬂm\ﬁw Apical microvilli

Secretory vesmles_t » :__::l }\. « §=— Cell junctions
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AFTER A BLOOD MEAL

FIGURE 22.2 Schematic diagram of ultrastructural changes in
PM1-secreting cells after blood feeding. Apical microvilli and basal
labyrinth largely disappear to accommodate the flattening of the
epithelial cells that accompanies the dramatic distention of the
midgut. As the PM1 forms, secretory vesicles disappear and the RER
whorls unfold. Not all of these changes occur in all insects.

Aedes aegypti

Anopheles gambiae

FIGURE 22.3 Electron micrographs showing the PM1 from Aedes
aegypti and Anopheles gambiae. The gut lumen is at the top and the
epithelial cell (EC) is at the bottom. The PM appears as a layered
electron-lucent structure, and in both cases it is labeled with
immunogold particles that react specifically with the PM proteins
AEIMUCT (Ae. aegypti) and Ag-Aperl (An. gambiae) (see text). Some
labeling over the microvilli also occurs, which represents newly
secreted protein. Black electron-dense heme aggregates are indi-
cated. In Ae. aegypti the aggregates are small and are also seen within
the PM, whereas in An. gambiae the heme aggregates are very large
and are observed only on the lumenal side of the PM. Magnification
is x7000. Pictures kindly provided by Dr. Hisashi Fujioka; Case
Western Reserve University.
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Traveni krve

- hemolyza

’ koncentrace
l traveni




Hematofag saje pomoci pump:

A) cibarialni pumpa (v hlavé)
B) pharyngealni pumpa

Zaroven musi rozbit erytrocyty:

1. faze = mechanickd pomoci cibarialnich
_ armatur (trubice se sklerotizovanymi
zuby pred kardiakalni vulvou)
2. faze = chemicka (hemolyze, Stépeni
rozbitych erytrocytlu pomoci
hemolyzinu v zazivacim traktu)

(a) Lateralni aspekt hlavy samice Anopheles -
cibarium a pharynx; (b) dorzalni aspekt cibaria
u rodu Anophles, (c) dorzalni aspekt hlavy
samice rodu Culex - cibarium a pharynx.
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Traveni krve

. hemblyza
» koncentrace
\ ‘ traveni
'Malplghian tubules
‘ cr K
H,0
Uric acid > H,0 Tubule cell

Midgut P
Rectum
(hindgut)

é,ienteronu do hemol

retickym hormonem, ktery i\ktlvnl pumpovani io
mfy je dale odvadéna do Malpl ch t pak dale do procto
 u Argasidu je voda pumpovana z mezenteronu do koxalnich zlaz

* u Ixodidu do slinnych zlaz a pak zpét do hostitele (regurgitace) \

- Urate crystals Microvillar border




AA- agranularni acinus
GA - granularni acinus
SP - ductus

koxalni zlazy regurgitace



Traveni krve

* hemolyza
davkovaci (,batch®) systém vs. kontinualni systém

» koncentrace
 traveni

« 2 dominantni enzymy — trypsin a chymotrypsin
» syntéza enzymuU musi byt kontrolovatelna
» syntéza enzymu a pfimé pousténi do streva
» RNA syntéza pro dany enzym a az v pripade potfeby nastava sametni syntéza enzymu

A) davkovaci systém (Culicinae) B) kontinualni systém (Triatominae)
« celé stfevo je naplnéno krvi a do traveni je » predni Cast stfeva (vole) funguje jako
zapojena cela jeho plocha zasobaren Krvi a jeho zadni ¢ast slouzi na
* jsou tam specialni bunky produkujici enzymy traveni
« zaroven tam probiha absorpce » krev se pomalu uvoliuje a travi

Systém 2 trypsinu (skory a pozdni trypsin):
« komar nasaje néco do stfeva
« skory trypsin se pusti do stfeva, kde rozlozi proteiny na aminokyseliny = do hemolymfy
» komar si okalibruje pozdni trypsin (kolik ho petfebuje) = pusti ho do stfeva (skutecny travici
enzym)
* na metabolickych procesech se podili juvenilni hormon a ekdyson




Hemiptera

House fly

Fleas - adults




trypsin

cathepsin

vhitrobunéecneé traveni




Terminal filament . .
- ovaria mezenteron
Owvary

Cvariole

Spermatheca! gland
Spermathecat duct

Lateral oviduct

Miadian oviduct ——"— "\ Accessory gland

» obvykle visceralni a periferni

» pokryté basalni membranou

» syntéza + skladovani (lipidy, cukry, proteiny)

« energeticky motor

« produkce vitelogeninu (vyzivni latka pro ovaria)
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morologickycha . ‘ krev krev FB, ovaria, NS, stfevo

anatomickych *
zmeén

[

G .
a0t
L
[Ae ‘..

|

Koncentrace
AMK ve stfevé aria
@ . .
‘ Neurosekretorni
>  bunky mozku

corpora allata-{ Y&+ JH

..
"""
..

Protorakalni Zlazy,
nékdy v abdomenu

FB

vitellogenin




hemolymfa £ Tukové t&leso 2
prolin

glykogen | vitelogenin

.
.
.

difuze> Qj
O O

aktivni transport trehaloza

QO
7’

Létaci svaly ovaria

*
*
*
*
*
“
\d

*
.
.
*
.
A4
“
.




Krev obratlovcu neni plnohodnotnym zdrojem potravy pro hematofagy, hlavné neni
zdrojem vSech vitaminu (obzvlast B vitamina).

N/ iyl

primarni symbionti
doplnéni vitamind B u hematofagu zZivicich se vyhradné krvi

Anoplura - variabilni
usporadani mycetomu,
morfologicka variabilita

, Glossinidae - S,
e : _ _ symbiontu.
Nejuzsi vztah se Cimicidae - mycetomy mycetomy jsou jako Komplikovany

symbiontami u Triatominae; isou kompaktni ztlusténiny ve stfevé. hormonalng Fl’ze’ny

Iné v I f ji L : y L
vomne viumeny strevavmajl samostatne utvary. Hyppoboscidae pfenos symbiontl z
Nocaridie (pfenos pres o g . .
Nycteribiidae mycetomu do ovarii.

vnéjSi prostredi)

Buriky obsahujici symbiotické bakterie se nazyvaji mycetocyty. Vyskytuji se hlavné
v tukovém télese, stfeveé a gonadach a jejich agregaci vznikaji mycetomy.

Nejsou tam, kde se larvy zivi neparaziticky.




U vétSiny ostatnich jde o
vnitrobunécné symbionty s
transovarialnim pfenosem




Wigglesworthia glossinidia

chromosome
697724 bp

 bakterie Zijici ve stfevé tse-tse mouchy

» mutualisticky vztah, diky kterému ztratila
Cast genomu (jeden z nejmensSich
znamych genomu zivych organizmu)




b#

Larvain
uterus

Milk gland
ducts

Hemolymph — —
YMPM - Sodalis glossinidius

QOesophagus
Route to
salivary <«—
glands

Proventriculus Midgut

Peritrophic matrix

TRENDS in Microbiology



Permanentni Vztahy mezi Patogeny a komenzaly
mutualistické spojeni &lenovci a

intracelularnimi
bakteriemi

»Arthropod-borne*
patogeny




Protanbactariz

F—IFHL‘

Bl

Eram-positive

[ ]

bacteria

Fisvobactana

Spirochastes

Chiarmmadia and

Pignctomyicas

Fhodnbactar capsuiatus
Rickeftsia prowazekii *
Wolbachia pipientis *
Erlichia risticii *[]

Mealybug symbiont ** <€
FPsaudomaonas tastostaroni

Whitefly symbiont** <

Psyilid symbiont **[] <€
Ooagnasoin i Eponicum
Paaudomanas putica
Haemophilus influenzae *[]
Coxiella burnetti*[]
Lacharichia cof

Salmanalia antarica

Buchnera-aphid symbiont * "

Candidiatus camponotii —

Mutualista

ant symbiont *+[] [ Mutualista
Wigglesworthia —
tsetse fly symbiont **[]

Bacilius subtifis
Strapincocous pyroganas
Spiroplasma offri *[]
Ureaplasma urealyticum *[]
Mycoplasima pneumoniae *[]
Mycoplasima genitalium *
Blattobactarium —

Mutualista

cockroach symbiont **[]
Bactaroidas fragilis
Laptonama ilfini
Traponama pallidum
Borrelia burgdorferi *[]
lsnsphaara palida
Planctonmicas maris
Planctommycas fimnonhilis
Chiamydia trachomatis *




Primarni endosymbionti: kospeciace hostitel-symbiont

R ) Schizaphis graminum
'j\ 2\‘// Rhopalosiphum padi HomOPte ra

3 R maidis mravenci

tse-tse mouchy
Buchnera Acyrthosiphon pisum Svaby
150-200 MY /u Diuraphis noxia vSi?
\\/

" \ 2 Uroleucon sonchi

U. rurale
Myzus persicae
‘/u & Chaitophorus viminalis
= 2 Mindarus kinseyi
it

Pemphigus betae
/9\;/\ Melaphis rhois
)

Schlechtendalia chinensis

E. coli

podobné schema Glossina + Wigglesworthia

* nejprostudovanéjsi P-symbiont u hematofagniho hmyzu
« uloZzen v mycetomech vytvorenych ve stfevni sténé

* pfenos pres mlécné zlazy




Redukce genomu

Wolbachia - 1.6 Mb < CD
Wigglesworthia - T40 kb < 0>

Buchnera - 640 kb < o>
Mycoplasma genitalium - 500 kb < a




1. Rychla redukce

()=o

E. coli
4.5-5.5Mb

Buchnera 1
630 kb

Buchnera 2
643 kb

2. Stabilni velikost genomu

O
——©
Geneticky homogenni populace;
zadni pfijem novych genu

* linie jednoho hostitele
» konstantni mutualisticky
Zivotni styl




