Obehovy system a imunita

Krev nebo hemolymfa propojuje tkané vzajemné i s okolnim sveétem - transport,
obrana, hydrostaticka fce.
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Figure 8.8 Evolution of animal circulatory systems




Do urcCité velikosti a aktivity neni cirkulace nezbytna. Neexistuje prava vnitrni telni
tekutina. BiCiky a svaly obstaraji vymenu vody v gastrovaskularni dutiné.
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Do urcCité velikosti a aktivity neni cirkulace nezbytna. Neexistuje prava vnitrni telni
tekutina. BiCiky a svaly obstaraji vymeénu vody v gastrovaskularni dutine.
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(a) Sponges (Porifera) (b) Cnidaria (c) Platyhelminthes

Figure 8.3 Bulk flow in animals that lack circulatory systems (a) The body

of a sponge is full of pores that lead into an inner cavity called the spongocoel. The beating

agellated choanocytes propels water through the pores into the spongocoel and out the
um. [b] Cnidarians use muscular contractions to propel water into the mouth and through

gastrovascular cavity. [c) Platyhelminths and nematodes use contractions of a muscular

nx to propel fluid through their gastrovascular cavity.
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Oteviené a uzavrené cévni systémy.

Heart

%/ Blood vessels

(a) Open circulatory system of annelid (polychaete)

Sinus Hemocoel
(a) Open circulatory system of a bivalve mollusc (clam)

Dorsal blood vessel

Connecting vessels Systemic

heart

Hearts

Branchial
hearts

Systemic

Ventral blood vessel

hial
(b) Closed circulatory system of annelid (oligochaete) Eg;?g =
Figure 8.4 Circulatory systems of annelid
[a) Some polychaetes have open circulatory systems.
[b) Oligochaetes have closed circulatory systems.



HlavonoZci maji dobre vyvinuty uzavieny cirkulacni sst. Jak chobotnice tak sépie maji
relativné vysoky krevni tlak — b&éhem aktivity az 75 torri. Stejné jako u obratlovcl artérie
slouzi jako rezervoar kinetické energie pfi systole a rozepnou se. Struktura elastickych
bilkovin ve sténach je vSak odlisna od obratlovcu — jde o nezavisly evoluéni znak.

Arterialni systémoveé
srdce a s. pomocnha

Efferent

The d gills :
e hearts and gills of an octopus Sianekialvecesl

Major vein C
2 Cephalic

Afferent
branchial
vessel

The systemic heart, branchial X
hearts, and gills are close
neighbors anatomically.

€ 24.20 The circulatory plan of squids and octopuses

U= arrangement of the hearts, gills, and systemic tissues relative to
fi0ther. Hemocyanin, the respiratory pigment of squids and octo-
s biue when well oxygenated, but is clear or nearly clear

- ° genated. (b) A more realistic drawing of the central circula-
Stem of an octopus. (b after Johansen and Lenfant 1966.)

Systemic
heart

NBranchial
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Syslemic
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hearls

Gills Body tissue

(b) Closed circulatory system of a cephalopod mollusc (squid)




Korysi. Hmyz. Ulohu transportu plyn(i mdze pfevzit trachealni sst.

Heart

VN

{a) Brachiopod crustacean (fairy shrimp)

i

Heart

Blood
vessels

ure 8.6 Circulatory systems in crustaceans
ulation in a brachiopod crustacean. Brachiopods such
fairy shrimp have simple circulatory systems with few blood
s and a long tubular heart. (b) Circulation in a decapod
acean. Decapod crustaceans have elaborate open
latory systems with arteries and capillary beds and a
ular chamberlike heart. The heart pumps the circulatory
through the arteries into successively smaller blood
ls that drain into small channels within the head and
sues. The fluid returns to the heart via a set of ostia.

Accessory

pumping
organ

Lateral
arteries

Hemocoel

Figure 8.7 Circulatory system of insects

Insects have relatively simple open circulatory systems. The
contractile dorsal blood vessel is elaborated into a series of
hearts found along the body, often with one in each body
segment. These hearts and the contractile dorsal blood
vessel push blood using peristaltic contractions from the
posterior end to the anterior end of the body. The circulatory
fluid then discharges into the open hemocoel and percolates
back through the sinuses of the body, assisted by normal
body movements.

Decapods have among the most sophisticated
open circulatory systems of any invertebrate, and
many of their blood vessels have muscular valves
that thev can use to control the amount of hlood



Tri typy pump:

Samotny pohyb krve je mozny diky nékolika
fenoménim:

a) peristaltické kontrakce hladké svaloviny
samotnych cév.

b) sila vznikajici rytmickymi kontrakcemi
komorového srdce s chlopnémi, elasticky
navrat naplnénych cév v diastole,

c) stlaéovani cév pfii pohybu kosternich
svali s chlopnémi, U bezobratlych je relativni
uloha komorového srdce mnohem mensi nez u

obratlovcu. _——-—--=

Figure 3.1 The three types of pumps that move blood in a
circulatory system. In the peristaltic pump (a) a constriction
in a tube moves along the tube and pushes blood ahead of
it. In the common chamber pump (b) rhythmical contrac-
tions of the walls force blood out. Valves prevent backflow,
and the blood is therefore expelled in one direction only. In
another form of chamber pump (c) blood is pushed out of a
collapsible tube by pressure from surrounding tissues. In
this diagram contracting muscles provide the pressure and
valves prevent backflow. The venous pump in the legs of
humans is of this type.



(@) The heart and the arteries emanating from the heart

Ostium terior median ar v

Srdce korys( (desetinozc() omina

Srdce ma jen tepny.
Krev se nasava pod tlakem ostiemi. Stemal artery
V srdce je zavéSeno v perikardialnim
sinu

Anterior
lateral artery

(b) The array of suspensory ligaments around the heart

The heart is suspendeq
within the array of
suspensory ligaments
in the pericardial sinus,

(¢) Flow of blood through the central circulation

Dorsal body Ostium Suspensory ligament
wall of thorax LR

Pericardial sinus

...the oxygenated blood
is sucked into the heart
through the ostia during
diastole and propelled
into the arteries during
systole.

Branchiopericardial —\
/lvei n ”

Oxygenated blood from the gills
enters the pericardial sinus via
branchiopericardial “veins.” Then...

Figure 24.22 The heart of a decapod crustacean (a) The heart
and the arteries leaving it. All the vessels connected to the heartina o
crustacean are arteries. (b) The heart is surrounded by an array of elas
suspensory ligaments that run between the heart wall and the wa! °r_
the surrounding pericardial sinus, suspending the heart in the perica
dial sinus. (c) The position of the heart in the pericardial sinus an v 3
pattern of blood flow through the central circulation. (a after wilken
1999; b after Plateau 1880.)




Problém s navratem krve otevienych systémul

Srdce je obklopeno pojivovou membranou zvanou
perikard. Tlak v dutiné perikardu se méni podle
cinnosti srdce a velikost oscilaci. Zavisi jednak na
zméneé objemu srdce, jednak na rigidité (tuhosti)
perikardu. Napfiklad u zraloku je perikard tuhy.
Podobny najdeme u korySu a miza.

Systola komory pak znamena pokles tlaku
v dutiné perikardu a vznik podtlaku pusobi
roztazeni pfedsini a usnadniuje zilny navrat krve.

Takto je energie komorové systoly vyuzito dvakrat.

velevrub

Anterior
., aortic -
/ valve N
[} Atrioventricular | ]
Pericardial 1 A valve J [\
CaVIty \\ ' ' \\\\._ 9 »' f l| _\\
\02) | \98 A
X /< \ = T
M /L ' L A
| % ¥ / 1 ‘
I \ \ 1_4,_
A
401 <05/ &0 “‘07 e
M 3 J/
A(V\' : F \ (V ‘\/ .f"/ \
574 P4 ‘\—>}x\\\ /z'< x
\\\\\‘¢I,'f
Posterior 1 !
aortic |
valve } 4
Diastole Systole

Figure 12-14  In the heart of the bivalve mollusk

Anodonta, which has a noncompliant pericardium, ventricular
contraction not only ejects blood, but also reduces pressure in
the pericardial cavity, thus enhancing filling of the atria.
Numbers are pressures in centimeters of seawater, which are
expressed relative to ambient pressures. Large black arrows
indicate movements of the walls of contracting chambers;

small black arrows indicate movements of the walls of relaxing
chambers. The red arrows indicate the direction of blood flow.
[Adapted from Brand, 1972.]




Otevrené a uzavreneé sst.

1) Rozdil mezi systolickym a diastolickym tlakem je maly.

2) Periferni odpor je maly, s ¢imZ souvisi i mala intenzita srde¢ni ¢innosti (vykon srdce).

3) Krev neproudi plynule.

4) Podminky vymeény latek s tkanémi jsou horsi vzhledem k mensi ploSe styku hemolymfy
s tkanémi.

5) Transportni mechanizmus je sice méné energeticky naroCny, je vSak také méné
vykonny.

6) Omezena moznost regulace prokrveni a tlaku,

7) Misi se krev nesouci ziviny a kyslik s metabolity

Hemocél lezi mezi ekto a entodermem a muze zabirat az 40% télesného objemu. Tlak je
maly — asi jen 5-10 Torra. VysSi tlak nepi u Helix nebo mizd je vyjimecny. Nékdy je
tvofen €innosti srdce, ale u mlzu spiSe tlakem svaloviny nohy. V8eobecné maji zvirata
s otevienym systémem limitované moznosti ménit intenzitu pritoku a distribuci krve do
riznych ¢asti téla. Dusledkem je pomérné mala ucinnost vymeény kysliku.

Nicméné krabi, humfi, langusty maji také uz moznost kontroly nad srde¢nim vykonem a
distribuci krve a dosahuji vysokych metabolickych vykonda.



Otevrené a uzavrené sst.
Klasicky pohled.

(@)

Dorsal vessel Segment 13  Segment 12

3!
Tt

Gut  Septum Ventral Lateral Nerve ANTERIOR
vessel heart cord

Closed systems

Open systems

Usually high-pressure systems
High pressure requires high peripheral resistance

Blood conveyed directly to organs
Distribution to different organs well regulated
Blood return to heart rapid

Usually low-pressure systems

High pressure sustained between heartbeats, requires elastic walls Sustained pressure possible

Similar to closed systems
Distribution of blood less readily regulated
Blood return to heart often slow

Table 3.1 Major characteristics of closed and open
circulatory systems.

e \D’

Figure 12-1  In the giant earthworm (Megascolides
australis), peristaltic contractions of the dorsal vessel and
pumping by the lateral hearts are both important in moving
blood. (a) Blood flows from the dorsal vessel into the lateral
hearts, present in the 13 anterior segments, and then is
pumped into the ventral vessel. (b) Peak blood pressure in the
dorsal vessel is about twice as high as in the ventral vessel
owing to peristaltic contractions. [Adapted from Jones et al.,
1994.|




Mensi moznost regulace prokrveni, ale
i u otevienych cévnich systému je mozna jista prostorova a ¢asova regulace

prokrveni lakunarnimi kanaly.
Ruzné metabolicky aktivni tkané dostavaji na jednotku hmotnosti rizny podil

cirkulujici hemolymfy. Takze neni proporCni hmotnosti, ale spotiebé kysliku

Blood flow (ml 100 g=' min~')

100 Figure 3.22 Blood flow
sl rates in selected tissues of the
black abalone. Vertical bars
grpil B o are £ 1 SE. [Jorgensen et al,
1972]
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| v otevienych systémech existuje systém lakun vedoucich krev predevsim do mist
s nejvetsi metabolickou potrebou.

(@) Lacunac where blood flows most vigorously

The blue color marks
well-perfused lacunar
channels.Such channels
tend to be most numerous
and widest in the parts

of the leg...

igure 24.24 The microanatomy of blood flow in a lacunar
m: Blood flows most vigorously where it is needed most
ent cross sections of a tarantula’s leg are shown, The tissue seen
e the cross sections is mostly muscle, that is, the tissue of the walk-
Jmuscles. (a) Locations where blood flows particularly vigorously in
€ lacunar networks of the muscles. In this cross section, hemocyanin
as stained immunohistochemically using monoclonal antibodies

(b) Muscle fibers in leg, coded red if highly O,-dependent

...where the most
0,-dependent muscle
fibers are found.

1 mm

(antibodies specific to hemocyanin). The stain was then visualized. (b)
Locations of muscle fibers that are particularly O,-dependent. In this
cross section, fibers were assessed using their profiles of catabolic
enzymes (similar to Figure 7.10). The fibers colored dark red are the
most poised to produce ATP aerobically and are the most O,-depend-
ent. Those colored light red are also aerobically poised, but less so.
(From Paul et al. 1994.)




Tlak hemolymfy

U pavouku a Stirt je obéh podobny hmyzu, ale muze mit vétsi roli pfi dychani.
Hemolymfa Stirl mizZe obsahovat hemocyanin a obé skupiny maji jasné definované
plice promyvané hemolymfou.

U pavoukl vedou do nohou samostatné artérie, protoze relativné vysoky krevni tlak je
dulezity pro lokomoci. PavouCi nohy nemaji extenzorové svaly, takze tlak hemolymfy
pusobi natazeni nohou. U skakavek dosahuje tlak hemolymfy impresivnich 400 Torru.
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Vyuziti tlaku hemolymfy pro pohyb téla.
Pavouk v klidu 5 Torr, 45 po stimulaci.
Zakotveni mlze
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Tlak hemolymfy

U obrovské zizaly Megascolides australis (dlouhé az
6m) peristaltické kontrakce hrbetni cévy Zenou krev
do hlavového konce a plni sérii lateralnich srdci
pumpujicich krev do cévy brisni. Prvnich 13
segmentu téla ma mnohem vyraznéjsi cirkulaci nez
zbytek tela, ktery nema lateralni srdce. Diky hrbetni

peristaltice je tlak v hifbetni cévé mnohem vyraznéjsi

nez v brisni.

Dorsal vessel Segment 13  Segment 12

Gut Septum Ventral Lateral Nerve ANTERIOR

vessel heart cord
b
i Blood pressure
Dorsal vessel
50 cm H,0

MUY

Ventral vessel
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Figure 12-1  In the giant earthworm (Megascolides
australis), peristaltic contractions of the dorsal vessel and
pumping by the lateral hearts are both important in moving
blood. (a) Blood flows from the dorsal vessel into the lateral
hearts, present in the 13 anterior segments, and then is
pumped into the ventral vessel. (b) Peak blood pressure in the
dorsal vessel is about twice as high as in the ventral vessel
owing to peristaltic contractions. [Adapted from Jones et al.,
1994.]



Obéh hmyzu:
Septa (diafragmy),

siny, pomochna srdce.

Problémem otevrené
cévni soustavy je
dostateCné zasobeni
slepych vybézkua.

K tomu slouzi
pridatné pulzatilni
organy. Na bazi
nohou pumpuiji
hemolymfu z
perineuralniho sinu
do perikardialniho.
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Obéh hmyzu:
septa, siny, pomocna srdce.

Po prichodu kolem mozku
nad jicnem (oesophagem)
aorta nahle koncéi a predava
hemolymfu do télni dutiny,
pres sinus, ktery probiha za
mozkem podél eosophagu.
Tykadla a koncCetiny jsou
casto rozdéleny podélnou
membranou - septem,
priCemz krev prichazi do
tykadla nebo koncCetiny na
jedné strané a opousti ji na
druhé strané septa. Mimoto
brisni dutina nékterych
druht hmyzu je rozdélena
dvéma horizontalnimi septy
(dorzalnim a ventralnim) na
tfi Casti — siny: perikardialni,
perineuralni (zahrnujici
briSni nervovou pasku a
visceralni.




Hemolymfa proudi ho hlavové Casti dorzalni stranou a vraci se zpét

ventralni stranou téla.

Dorsal diaphragm

1,

.‘\

Alary muscles

A Dorsal vessel

Esophagus
\}
Ventral Ventral Dorsal Ostia
nerve diaphram i
id p diaphragm
Dorsal vessel
C Pericardial
sinus Dorsal diaphragm

Perivisceral
Gut sinus
Ventral
Perineural diaphragm
SHILS Ventral
nerve
cord

pulsatiie structures that ara 1
legs, wings, and antennae. In
blood of insects lacks a respir
(From Jones 1964.)

Blood flows principally from
posterior to anterior in the
dorsal part of the body...

Dorsal

aorta

Lateral

\ artery

ol 4

...and from anterior to
posterior in the ventral
part of the body.




Septa vstupuji i do konCetin, pomocna srdce na bazi nohou pomahaji prokrvit
a fizeni sméru pratoku je fizeno pomoci chlopni.

Leg heart muscle

Diaphragm

Pretarsal
flexor
tendon

et R (e Y i, R e P

Valve flap

FIGURE 7.5. An accessory pulsatile organ in the insect leg. Arrows show the direction of

hemolymph flow. From Hantschk (1991). Reprinted with permission.




Pomocna srdce na bazi tykadel.

Dilator muscle
of ampulla

Compound
eye

Esophagus

FIGURE 7.8. An ampulla and its dilator muscles that pump hemolymph into the antennae. From
Pass (1985). Reprinted with permission.



Vzdusné vaky hmyzu stladované svaly se podileji na ¢erpani hemolymfy a fizeni sméru
prutoku — pomahaiji cirkulaci. Pfepinaji tok mezi dorzalnim a ventralnim sinem v
koncCetiné hmyzu.




Svaly mohou tlacit na vzdusny vak a ten uvede do pohybu a usmérni tok
hemolymfy (Klowden).



Obéh hemolymfy ve vybézcich téla je kromé pulzatilnich organu zajistovan:
1.Castecné pohybem jejich vlastni svaloviny

2.Caste€né zmeénami tlaku v abdomenu zpusobovanymi dychacimi pohyby (larvy
Aeschna, jepic), pficemz pulzové viny v nohach jsou synchronizovany nikoliv s pulzem
srdce, nybrz s dychacimi pohyby

3. CasteCne tim, ze zadni Cast prepazené nohy (nebo jiného telniho privésku) je spojena
s perikardialnim sinem v némz je pomérne vysoKky tlak, kdezto predni ¢ast koncetiny je
spojena s perivisceralnim sinem, kde je tlak nizSi. Pohyb hemolymfy v koncetine je
nasledkem jak ¢innosti srdce, tak pulzujicich organu v thoraxu.

4. U téch druhu, u nichz je brisni prepazka (septum) dobfe vyvinuta (Orthopetra,
Hymenoptera, Lepidoptera), muze obsahovat svalova vlakna a vinovitymi kontrakcemi
aktivné napomahat pfi Cerpani krve smérem dozadu a do stran.



Kridlaté svaly-
nezbytné pro plinéni u
oteviené soustavy bez

pevného perikardu. Aorta

V diastole spolu s dor.
diafragmou vytvari
podtlak. Jako u savcu, i
u hmyzu se uplatnuje
negativni tlak pfri
diastole. Krev pritom Alary
vnika do srdce ostiemi. muscles

Stah srdce pfi systole | Pericardial
je vykonavan srdec¢ni cells
svalovinou, v srdci
vznika pretlak a krev je
tlaCena dopredu (srdce
byva vzadu vétSinou
uzaviené).

Heart

Segmental
blood vessel




Srdce myogenni a neurogenni (Decapoda, pavouci, stifi)

Humr - neurogenni

The cardiac ganglion—shown
in yellow—is composed of nine
neurons, The cell bodies of the
neurons, centered where
marked by purple ovals, are
located where labeled.

Anterolateral nerve

Dorsal nerve ~|
Cell 3

- TERG
- Small cells

CTRCUCATIUN UT7

Figure 24.5 The neurogenic heart of a lobster and the cardiac
ganglion that initiates and controls its contractions A dorsal view
of the heart of the American lobster (Homarus americanus), showing the
cardiac ganglion, which is positioned on the inside of the dorsal heart
wall. Neuronal processes go out from each of the nine cell bodies in the
ganglion and together form the structure of the ganglion. The posterior
four neurons (numbers 6-9) are small, whereas the anterior five are
large. Neuronal processes exit the ganglion to innervate the cells of the
heart muscle. Regulatory neurons from the central nervous system
enter the ganglion in the dorsal nerve, The ostia (slitlike openings
through the heart wall) are discussed later in this chapter. (After
Hartline 1967.)

- polarization, a difference in electrical potential exists
between the extracellular fluids in the depolarized re-
gions of the muscle and those in the polarized regions

‘ (Figure 24.6a). A voltage difference of this sort with-
in the heart muscle sets up ionic currents in the tissues
and body fluids surrounding the heart. In this way, the
voltage difference within the heart induces voltage dif-
ferences elsewhere in the body, even between various
parts of the external body surface. Electrocardiograms
(ECGs, EKGs) are measurements over time of voltage
differences of this sort. They are recorded using extra-

cellular electrodes, usually placed on the body surface. To record the el-

ementary ECG® of a person, a physician or nurse places electrodes on
the skin of the person’s two arms and left leg. The electrodes detect




Srdce Svaba je spojeno vpiedu dvéma lateralnimi nervy obsahujicimi srde¢ni uzlinu s ganglii
visceralni nervové soustavy. Mimoto je srdce spojeno senzitivnimi a motorickymi viakny se
segmentalni uzlinou bfiSni nervové pasky. Presto, ze Cinnost srdce je ovlivhovana nervove |
hormonalng, je schopnost rytmickych kontrakci vazana na srdec€ni svalovinu. SrdecCni tep
Svaba je tedy myogenicky.

U Fady druht hmyzu (larvy vazek Aeschna, Anax) neni srdce ve spojeni s zadnymi nervovymi
burikami nebo ganglii a pfece muUZze i zcela izolované srdce nebo jen jeho fragment
pokraCovat v rytmické Cinnosti. Tato rytmicka Cinnost je do znaCné miry ovlivnéna elastickym
pnutim perikardialnich svald, nebo dokonce tahem podminénym jejich kontrakci. Tak napf.
srdce potapnika Dytiscus tepe 30 - 70 krat za minutu, kdezto po pretéti perikardialnich svall
klesa frekvence tepu na 15 za min.

Acetylcholin pusobi zrychleni ¢innosti. Adrenalin ale vyvolava také zrychleni. Po nakrmeni
Svaba Periplaneta americana je stimulovana €innost corpora cardiaca a dalSich
neurohemalnich org. i v blizkosti aorty, které uvolnuji cardioactive peptides. Ty zvySuji
frekvenci a intenzitu srdecCniho tepu. Také pfi rozepinani kfidel, letu.



Frekvence tepu hibetni cévy znacné kolisa z mnoha duvodu. Je niz8i napf. u méné aktivnich
vyvojovych stadii, jakym je kukla: u housenek Sphinx ligustri je frekvence 40-45 tept za min.,
kdezto u kukly klesne na 20-10 za min. Pusobenim zvySené teploty se zvySuje i frekvence tepd.
ZvysSuje se také vlivem pohybové aktivity: u imaga Sphinx ligustri je frekvence tepu v klidu 40-
50 za min, béhem letu se zvySi na 110-140 za min. K podobnému kolisani tepu dochazi u
pomocnych pulzujicich organdu.




Slozeni hemolymfy hmyzu

Hemolymfa hmyzu byva zelenava nebo Zlutava, nékdy i bezbarva tekutina. Hustota se pohybuje
okolo 1.03. Reakce byva slabé kysela (pH=6.4-6.8), mUzZe se ovdem ménit béhem vyvoje.

Pufrovaci schopnost hemolymfy je dana pfitomnosti bikarbonatl, fosfatd, aminokyselin a bilkovin.
Celkova molarni koncentrace je dosti vysoka. Vyjadifeno koncentraci izotonického roztoku NacCl,
obdrzime misto 0.9% (hodnota obvykla u savcu) 1.5-2.1%.

lontové slozeni velmi rizné, zavislé na potravé. Pomér Na/K muize u riznych druhl znaéné
kolisat. U €etnych druht hmyzu je koncentrace K v hemolymfé tak vysoka, Ze miZze teoreticky
zabranit pfenosu vzruchu nervovou membranou. Neni vSak naru$ena proto, Ze bunky perineuria
(uloZené pod vlaknitym obalem, ktery pokryva nervovy systém) udrzuji kolem axonu tkanovou
tekutinu s velmi nizkym obsahem K. Jinou zvlastnosti u hmyzu je vysoky obsah aminokyselin (20-
30krat vysSi nez u savcu a Clovéka). Prolin pro let, Tyrozin pro sklerotizaci, glutamat jako
neurotransmitter.

Obsah bilkovin v hemolymfé muze byt bud podobny jako v plazmé savcu (kolem 6%) nebo byva
obvykle nizsi. Vitelogeniny, enzymy, transportni lipoforiny, imunitni b., hemoglobin, termalné
histerezni, zasobni (u housenky i pro dalSi stadia, ktera uz nezerou)

Sacharidy: museji byt ve vétsSich koncentracich diky horsi cirkulaci. Hlavné (az 5%) trehaloza, t.j.
neredukujici a nekvasitelny disacharid, stépeny trehalazou na 2 molekuly glukézy. Glc je v potravé
bézna a nizka koncentrace v hemolymfé usnadriuje jeji transport ze streva. Uziti trehalozy
umoznuje udrzet vysoké koncentrace krevniho cukru a neohrozit difuzi ze stfeva.

Pouze u nékterych druhd hmyzu je hlavnim cukrem v hemolymfé glukdza (napf. v€ela)



Cytologie, hemocyty.

V hemolymfé hmyzu nebo
prisedlé ke tkanim hemocyty,
tvarové velmi promeénlive.

PocCet hemocytl se zvétSuje
béhem metamorfézy, kdy
odstranuji produkty histolyzy.
Pfi poranéni se hemocyty
hromadi na okrajich rany,
zabranuji vytékani hemolymfy
a ucCastni se na hojeni rany.
Pohlcuji baktérie vniklé do
téla, obklopuji cizoroda
téliska i parazity a uzaviraji je
do vacku (kapsuli). Pfi tom
bunky ¢asto splynou v
membranu, z niz vymizi
bunécna jadra. Plazmatocyty
Casto obsahuji
mukopolysacharidy, které se
z nich uvolnuji v obdobi
svlékani, jakmile buriky
prilnou k povrchu tkane.

Prohemocyte

Plasmatocytes

Granulocyte



Imunitni reakce bezobratlych.

VSechny organismy maiji jistou vrozenou v§eobecnou imunitu kombinujici rizné mechanismy jako
je fagocytoza krevnich nebo tkafiovych bunék, destrukce pomoci enzymu nebo kyselymi sekrety
zaludku, enkapsulace, kozni nebo kutikulova bariéra, nebo pfitomnost latek v krvi (komplement,
protilatky), které napadaiji a likviduji cizi materialy.

VSichni zivo€ichové maji jistou formu vnitfni dutiny vyplnéné tekutinou. V té nalézame cestuijici
amoebocyty. Hlidkuji a vyhledavaji cizi vetrelce, zvlasté ty, oznaCené opsoniny. Ziskana, vysoce
specificka imunitni odpovéd je vlastni obratlovclim. Ale naznaky zmeény reakce existuji i u
bezobratlych — mozna se bude muset revidovat.

Rozeznani vlastniho od ciziho ma davné kofeny. Protozoa jsou schopni rozeznat a odvrhnout cizi,
transplantované jadro. Houby tvofi kolonie agregovanych jedincl se schopnosti odvrhovat jedince
transplantované z cizi kolonie ale prijmout jedince z kolonie vlastni. Totéz plati pro la€kovce (napf.
sasanky). Dokonce opakované odmitnuti ciziho s§tépu, transplantatu probéhne rychleji nez pfi
prvnim setkani — existuje zde pamétova komponenta odvrzeni.



Imunitni reakce bezobratlych.

Krouzkovci maji v hemolymfé baktericidni substance a amoebocyty schopné fagocytozy.
Neni tu vSak imunizace — nasledna odpovéd je stejna jako prvni. Podobné jako jini bezobratli,
reaguji na invazi paraziti enkapsulaci. Napfiklad hlisti (stejné jako inertni material) jsou
obklopeni amoebocyty a pak enkapsulovani a obaleni viaknitym obalem, ktery maze pozdéji
kalcifikovat.

MékkysSi obecné postradaji silnou adaptivni odpovéd na cizi Castice nebo bakterialni invazi.
Muze to byt volbou jiného obranného systému — totiz slizového obalu nepropoustéjiciho
baktérie — na podrazdéni se jeho sekrece zvysSuje. Jinak ale plati, Ze jejich krev obsahuje radu
hemocytl — amoebocytl, granulocytl a hyalinocytll schopnych fagocytozy, dale aglutinujicich
proteind.



Bunécna i latkova odpoved, nespecificka.
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FIGURE 7.17. Possible mechanisms of response to invading parasites by epidermal cells, hemo-
cytes, and fat body. Epidermal cells produce antimicrobial compounds, and pattern recognition and
opsinizing proteins target invaders for attack by hemocytes. Fat body cells can also mount a systemic

antimicrobial response.



Rozeznani vlastniho a ciziho je zajiStovano specifickymi pattern recognition receptors
(proteins — PRP). U savcu jsou to napf. Toll-like receptors. Dostaly jméno podle Toll
receptorll objevenych u Drosophily, kde se podileji na rozeznavani povrchovych znacek jak
pfi imunité tak ve vyvoji.

PRP hmyzu cirkuluji rozpusténé v hemolymfé a vazou se na baktérie. Po této aktivaci se
vazou na Toll receptory imunitnich bunék a zapinaji v nich geny pro produkci efektorovych
proteinU jako je napf. drosomycin.

Amébocyty (hemocyty) participuji na inflamation-like odpovédi na zranéni nebo infekci: jsou
lakany chemotaxi do mista zranéni, kde fagocytuji invadujici patogeny. U nékterych
bezobratlych produkuji reaktivni oxidové radikaly zabijejici mikroby - stejné jako u savcu.
Podileji se na enkapsulaci a produkci antimikrobialnich peptida.

Pouze Celistnati obratlovci jsou majiteli protilatek adaptivni imunity, vétSina ostatnich ma
také vrozené proteiny s pfibuznou roli: opsonizovat — oznacit patogeny pro fagocytozu.
Spoleénym typem jsou tzv. lektiny vazici se na glykoproteiny cizich bunéénych povrchu. To
vede i ke shlukovani patogenu. Také existuji opsonizujici proteiny patfici do rodiny Ig.
Mohou to byt pfedchidci Ig. Pfikladem je hemolin znamy od no¢nich motylu.

| u bezobratlych spolu imunitni bufiky komunikuji latkami podobnymi interleukintim. Tyto
cytokiny vedou k Iakani fagocyttu k mistu infekce. Jde tedy nejspiSe o starobylou funkci.



TABLE 15-10

Imunitni reakce bezobratlych.

Summary of the development of immunity in animals.

(Modified from Stites, Caldwell, and Pavia 1980.)

Immunologic Non- - Phagocytic
Specificity  Immuno- specific Ameboid Leukocyte
Graft of Graft logic Phago- Encapsu- Humoral Coelomo- Differen- Anti-
Rejection Rejection Memory cytosis lation Factors cytes tiation bodies
Protozoans Yes No No Yes No No No No No
Poriferans Yes Yes Yes No Yes No No No No
Cnidarians Yes Yes Yes No Yes No No No No
Annelids Yes Yes Yes Yes Yes Yes Yes Probable No
Mollusks Yes ? ? Yes Yes Yes Yes No No
Arthropods  Yes 2 ? Yes Yes Yes Yes No No
Echinoderms Yes Yes Yes Yes Yes Yes Yes Yes No
Tunicates Yes Probable Yes Yes Yes Yes Yes Yes No
Vertebrates  Yes Yes Yes Yes No Yes Yes Yes Yes




Pro bezobratlé typické: nodulace a enkapsulace.

Vetrelec, ktery je pfilis velky na fagocytovani, je uvéznén. U nékterych druht hmyzu je pouzivana
proti parazitickym ¢ervam, houbam, vajickum od parazitickych vosicek atd.

Povrchové proteiny na vetfelci spusti kaskadu enzymatickych reakci, které vedou k aktivaci pro-
fenoloxidazy na aktivni formu. Uvolhuje se pfi prasknuti hemocytu.

DalSi faktory lakaji dalsi hemocyty. Hemocyty obklopi v nékolika vrstvach patogen nebo porusenou
kutikulu a dojde k vytvrzeni a uzavieni nepropustné schranky.

Figure 10: Nodule formation in fatbody Figure 11: Mature dark melanized nodule of
and trachea of B.mori. Magnification 60X B.mori as observed under phase contrast

microscope at 600X magnification



Enkapsulace a nodulace.
Fenoloxidazova kaskada.

Vytvori melanizovany, toxicky a
nepropustny obal pro
mikroorganismy podobny
kutikule.
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FIGURE 7.18. Mechanism of humoral encapsulation by the deposition of melanin on foreign
invaders. The serine protease inhibitor restricts phenoloxidase activity to the site of the infection.
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Zastavé krvaceni napomaha stazeni svall v okoli rany a aktivace tvorby zatky,

ktera melanizaci vytvrdne.

Jsou zapojeny jiné proteiny nez u obratlovcu, protoze heparin je bez ucinku a
jiné spoustéci mechanismy nutné pro otevreny cirkulacni system.

Figure 16: Blood clotting system (horseshoe crab)
Horseshoe crab blood clotting system can be
activated by bacterial LPS or fugal beta-1,3-
glucans. Binding of LPS to Factor C auto
activates Factor C, which then triggers the
serine proteinase cascade, leading to activation
of proclotting enzyme. Clotting enzyme cleaves
coagulogen to form gel-like materials coagulin.
Another pathway of this system is activated by
beta-1,3-glucans, in which binding of glucans to
Factor G auto activates Factor G.
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Figure 14: Encapsulation of bacteria as evidenced
by clumped mass of bacteria and degenerated cells
of B.mori. Bar = 10 pm



Figure 5: Diagram of an insect granular cell emphasizing its multifunctional role.
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Nodlule formation

» During nodule formation insect hemocytes aggregate to entrap
bacteria. Nodules can attach to tissues or may be encapsulated.

» An insect lectin scolexin was found to be involved in nodule
formation in Manduca sexta. Scolexin is produced by epidermal
and midgut cells upon wounding or bacterial infection.

» [n the medfly (Ceratitis capitata), a protein with molecular mass of
47 kDa is secreted by hemocytes after LPS stimulation and
aggregates E.coli cells by the presence of tyrosine and tyrosinase.

T{"
4

Figure 10: Nodule formation in fatbody Flgure 11 Mature dark melanlzed nodule of

and trachea of B.mori. Magnification 60X B.mori as observed under phase contrast
microscope at 600X magnification



The Humoral Reactions

Melanisation

 The formation of the black pigment, melanin is catalysed by the
enzyme phenoloxidase, which is converted to its active form by a
serine protease cascade.

 The inactive proenzyme, prophenoloxidase is synthesized in the
hemocytes and after releasing by cell rupture it is either actively
transported to the cuticle or deposited around wounds and
encapsulated parasites.

* Prophenoloxidase has been purified and subsequently characterized
from the hemolymph of a range of insect species.

* The insect prophenoloxidase enzyme contains a sequence with
similarity to the thiol-ester region of the vertebrate complement
component proteins C3 and C4.



Immune proteins

The third humoral reaction to infection is the rapid de novo synthesis of a
battery of antimicrobial peptides (Boman, 1996; Hetru et al., 1998).

The principal site of synthesis is the fat body, but also the hemocytes, the
cuticular epithelial cells, the gut, the salivary gland, and also the reproductive
tract.

During the research work conducted in the last decade nearly 60 peptide
antibiotics have been described in insects. Though diverse in structure, they
are basically amphipathic molecules acting at membranes and thereby killing
the target cell eventually by lysis.

The insect antimicrobial proteins are grouped into families, based on
structural and sequence similarities and their proposed target in the bacterial
cell wall.

The attacin-like bacteria inducible proteins have been identified in butterflies
and in Drosophila. These proteins are active only against gram negative
organisms, where they

. The family of these factors includes
glycine-rich peptides (20-28kDa) characterized by the presence of one or
more copies of the G domain (Hultmark, 1993).



Lysozyme

Insect lysozymes are proteins(14 kDa) with sequence similarity to vertebrate lysozymes.
The lysozyme gene or cDNAs have been cloned in several insect species (Kylsten et al.,
1992; Sun et al.,, 1991; Lee & Brey, 1995). In Drosophila, the lysozymes are encoded by
at least seven genes and expressed in different parts of the digestive tract and at
different stages of development.

Cecropins have antibacterial activity against both gram-positive and gram negative
bacteria since they

. The cecropins (4 kDa) are devoid of cystein, and exhibit a structure of two a-
helices joined by a hinge region. Families of cecropin genes with some sequence
differences have been found in butterfly species, in the flesh fly (Sarcophaga peregrina)
and in Drosophila. A mammalian cecropin was identified in pig intestine (Lee et al,,
1996) and bovine adrenal glands (Strub et al., 1995) which implies that cecropins may
be widespread in the animal kingdom.

Defensins attack mainly Gram-positive bacteria in contrast to attacin-like antibacterial
peptides.

. Insect defensins are cationic peptides (4 kDa) containing six
conserved cystein residues engaged in three disulphide bridges. They possess three
distinct domains: amino-terminal loop, an a-helix, and an antiparallel B sheet. About
thirty defensins have been characterized in various insect species. Although numerous
defensins have been isolated from mammalians and from plants, further analysis
revealed that they are not homologous to the defensins of insects.



The proline rich antimicrobial peptides

. They are peptides with molecular mass of 2 - 4 kDa, lacking
cysteine and containing at least 25% proline. The O-glycosylation at the threonin
residues is essential for their biological activity. Apaedicins and abaecin from honey-
bee, drosocin and metchnikowin from Drosophila, pyrrhocoricin, lebocin and
metalnikowin belong to this family. Also, the pig intestine and bovine leukocytes have
been shown to produce proline-rich antibacterial peptides, although these peptides do
not share sequence homology to the proline-rich peptides of insects.

Diptericins have so far been described . They are 9-kDa peptides
containing both an attacin-like G domain, a C-terminal glycine rich residue and a short
N-terminal proline-rich region containing a consensus site for O-glycosylation.
Diptericins are lytic for Gram-negative bacteria which may be due to

Other inducible antibacterial proteins have been isolated from insects not fitting into
the groups described above. Coleptericin, holotricin-2, hemiptericin and gallysin-1 act
on Gram negative bacteria, while moricin, thanatin (homologous to frog-skin
antimicrobial peptides of the brevinine family), and hymenoptaecin can lyse both Gram-
negative and Gram-positive bacteria.

Inducible peptide antibiotics against fungi have been discovered in insects. The peptide
named AFP, tenecin-3 and holotricin-3 share similarities while

. Furthermore, the
antibacterial peptides metchnikowin and thanatin have antifungal activity.



