
Oběhový systém a imunita



1) Rozdíl mezi systolickým a 
diastolickým tlakem je malý. 2) 
Periferní odpor je malý, s čímž
souvisí i malá intenzita srdeční
činnosti (výkon srdce). 3) Krev 
neproudí plynule. 4) Podmínky 
výměny látek s tkáněmi jsou horší
vzhledem k menší ploše styku 
hemolymfy s tkáněmi. 5) 
Transportní mechanizmus je sice 
méně energeticky náročný, je však 
také méně výkonný. 6) Omezená
možnost regulace.

Otevřené a uzavřené sst.



Srdce
Otevřených a
Uzavřených sst.





Otevřené a uzavřené oběhové soustavy – srovnání.



I v otevřených systémech regulace prokrvení lakun-obdoba kapilárních
svěračů uzavřených sst.



Oběh hmyzu:
septa, siny, pomocná
srdce.



Oběh hmyzu:
septa, siny, pomocná
srdce.



Křídlaté svaly-
Nezbytné pro plnění
u otevřených 
soustav.
Spolupráce na 
rytmu.



Pomocná srdce na bázi nohou a řízení směru průtoku.



Pomocná srdce na bázi nohou a řízení směru průtoku.



Pomocná srdce na bázi tykadel.



Dýchací pigmenty – limit výkonu.



Hemolymfa, hemocyty.



Imunitní reakce.



THE IMMUNE SYSTEM OF INSECTSTHE IMMUNE SYSTEM OF INSECTS

It was understood in the early 1930It was understood in the early 1930’’s that the immune s that the immune 
response of insects is manifested both as cellular and response of insects is manifested both as cellular and 
humoralhumoral reactions.reactions.
In cellular reactions the microorganisms or the apoptotic In cellular reactions the microorganisms or the apoptotic 
cells are cells are phagocytosedphagocytosed, entrapped by nodule formation, or , entrapped by nodule formation, or 
encapsulated by encapsulated by hemocyteshemocytes..
In In humoralhumoral defencedefence processes three immediate reactions processes three immediate reactions 
are triggered: are triggered: melanisationmelanisation, clotting of the , clotting of the hemolymphhemolymph and and 
synthesis of antimicrobial peptides.synthesis of antimicrobial peptides.



Buněčná i látková odpověď, nespecifická. 





Nodule formationNodule formation
During nodule formation insect During nodule formation insect hemocyteshemocytes aggregate to entrap aggregate to entrap 
bacteria. Nodules can attach to tissues or may be encapsulated.bacteria. Nodules can attach to tissues or may be encapsulated.
An insect An insect lectinlectin scolexinscolexin was found to be involved in nodule was found to be involved in nodule 
formation in formation in ManducaManduca sextasexta. . ScolexinScolexin is produced by epidermal is produced by epidermal 
and and midgutmidgut cells upon wounding or bacterial infection.cells upon wounding or bacterial infection.
In the In the medflymedfly ((CeratitisCeratitis capitatacapitata), a protein with molecular mass of ), a protein with molecular mass of 
47 47 kDakDa is secreted by is secreted by hemocyteshemocytes after LPS stimulation and after LPS stimulation and 
aggregates aggregates E.coliE.coli cells by the presence of tyrosine and cells by the presence of tyrosine and tyrosinasetyrosinase..

Figure 10: Nodule formation in fatbody
and trachea of B.mori. Magnification 60X

Figure 11: Mature dark melanized nodule of 
B.mori as observed under phase contrast 
microscope at 600X magnification



Figure 14: Encapsulation of bacteria as evidenced 
by clumped mass of bacteria and degenerated cells 
of B.mori. Bar = 10 µm



TheThe HumoralHumoral ReactionsReactions
MelanisationMelanisation

The formation of the black pigment, melanin is The formation of the black pigment, melanin is catalysedcatalysed by by 
the enzyme the enzyme phenoloxidasephenoloxidase, which is converted to its active , which is converted to its active 
form by a serine protease cascade.form by a serine protease cascade.
The inactive The inactive proenzymeproenzyme, , prophenoloxidaseprophenoloxidase is synthesized is synthesized 
in the in the hemocyteshemocytes and after releasing by cell rupture it is and after releasing by cell rupture it is 
either actively transported to the cuticle or deposited either actively transported to the cuticle or deposited 
around wounds and encapsulated parasites.around wounds and encapsulated parasites.
ProphenoloxidaseProphenoloxidase has been purified and subsequently has been purified and subsequently 
characterized from the characterized from the hemolymphhemolymph of a range of insect of a range of insect 
species.species.
The insect The insect prophenoloxidaseprophenoloxidase enzyme contains a sequence enzyme contains a sequence 
with similarity to the with similarity to the thiolthiol--ester region of the vertebrate ester region of the vertebrate 
complement component proteins C3 and C4.complement component proteins C3 and C4.



Enkapsulace a nodulace.
Fenoloxidázová kaskáda.



Enkapsulace a nodulace.
Fenoloxidázová kaskáda.



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.



ImmuneImmune proteinsproteins
The third The third humoralhumoral reaction to infection is the rapid reaction to infection is the rapid de novo de novo 
synthesis of a battery of antimicrobial peptides (synthesis of a battery of antimicrobial peptides (BomanBoman, 1996; , 1996; 
HetruHetru et al., 1998). et al., 1998). 
The principal site of synthesis is the fat body, but also the The principal site of synthesis is the fat body, but also the 
hemocyteshemocytes, the , the cuticularcuticular epithelial cells, the gut, the salivary epithelial cells, the gut, the salivary 
gland, and also the reproductive tract.gland, and also the reproductive tract.
During the research work conducted in the last decade nearly 60 During the research work conducted in the last decade nearly 60 
peptide antibiotics have been described in insects. Though peptide antibiotics have been described in insects. Though 
diverse in structure, they are basically diverse in structure, they are basically amphipathicamphipathic molecules molecules 
acting at membranes and thereby killing the target cell eventualacting at membranes and thereby killing the target cell eventually ly 
by by lysislysis..
The insect antimicrobial proteins are grouped into families, basThe insect antimicrobial proteins are grouped into families, based ed 
on structural and sequence similarities and their proposed targeon structural and sequence similarities and their proposed target t 
in the bacterial cell wall.in the bacterial cell wall.
The The attacinattacin--like bacteria inducible proteins have been identified in like bacteria inducible proteins have been identified in 
butterflies and in butterflies and in DrosophilaDrosophila. These proteins are active only . These proteins are active only 
against gram negative organisms, where they affect cell divisionagainst gram negative organisms, where they affect cell division
mechanisms by inhibiting the synthesis of outer membrane mechanisms by inhibiting the synthesis of outer membrane 
proteins. The family of these factors includes proteins. The family of these factors includes glycineglycine--rich rich 
peptides (20peptides (20--28kDa) characterized by the presence of one or more 28kDa) characterized by the presence of one or more 
copies of the G domain (copies of the G domain (HultmarkHultmark, 1993)., 1993).



LysozymeLysozyme hydrolyses hydrolyses ββ--(1,4)(1,4)--glycosidic bonds in glycosidic bonds in peptidoglycanpeptidoglycan of of 
bacterial cell wall. Insect bacterial cell wall. Insect lysozymeslysozymes are proteins(14 are proteins(14 kDakDa) with ) with 
sequence similarity to vertebrate sequence similarity to vertebrate lysozymeslysozymes. The . The lysozymelysozyme gene gene 
or or cDNAscDNAs have been cloned in several insect species (have been cloned in several insect species (KylstenKylsten et et 
al., 1992; Sun et al., 1991; Lee & al., 1992; Sun et al., 1991; Lee & BreyBrey, 1995). In , 1995). In DrosophilaDrosophila, the , the 
lysozymeslysozymes are encoded by at least seven genes and expressed in are encoded by at least seven genes and expressed in 
different parts of the digestive tract and at different stages odifferent parts of the digestive tract and at different stages of f 
development.development.
CecropinsCecropins have antibacterial activity against both gramhave antibacterial activity against both gram--positive positive 
and gram negative bacteria since they interact with lipid and gram negative bacteria since they interact with lipid 
membranes forming voltage dependent ion channels. The membranes forming voltage dependent ion channels. The 
cecropinscecropins (4 (4 kDakDa) are devoid of ) are devoid of cysteincystein, and exhibit a structure of , and exhibit a structure of 
two two αα--helices joined by a hinge region. Families of helices joined by a hinge region. Families of cecropincecropin genes genes 
with some sequence differences have been found in butterfly with some sequence differences have been found in butterfly 
species, in the flesh fly (species, in the flesh fly (SarcophagaSarcophaga peregrinaperegrina) and in ) and in DrosophilaDrosophila. . 
A mammalian A mammalian cecropincecropin was identified in pig intestine (Lee et al., was identified in pig intestine (Lee et al., 
1996) and bovine adrenal glands (1996) and bovine adrenal glands (StrubStrub et al., 1995) which implies et al., 1995) which implies 
that that cecropinscecropins may be widespread in the animal kingdom.may be widespread in the animal kingdom.
DefensinsDefensins attack mainly Gramattack mainly Gram--positive bacteria in contrast to positive bacteria in contrast to 
attacinattacin--like antibacterial peptides. They act on the like antibacterial peptides. They act on the cytoplasmiccytoplasmic
membrane and membrane and lyselyse cells by the formation of membrane channels. cells by the formation of membrane channels. 
Insect Insect defensinsdefensins are cationic peptides (4 are cationic peptides (4 kDakDa) containing six ) containing six 
conserved conserved cysteincystein residues engaged in three disulphide bridges. residues engaged in three disulphide bridges. 
They possess three distinct domains: aminoThey possess three distinct domains: amino--terminal loop, an terminal loop, an αα--
helix, and an helix, and an antiparallelantiparallel ββ sheet. About thirty sheet. About thirty defensinsdefensins have have 
been characterized in various insect species. Although numerous been characterized in various insect species. Although numerous 
defensinsdefensins have been isolated from mammalians and from plantshave been isolated from mammalians and from plants,



The The prolineproline rich antimicrobial peptidesrich antimicrobial peptides lyselyse GramGram--negative negative 
bacteria by increasing the membrane permeability. They are bacteria by increasing the membrane permeability. They are 
peptides with molecular mass of 2 peptides with molecular mass of 2 -- 4 4 kDakDa, lacking , lacking cysteinecysteine and and 
containing at least 25% containing at least 25% prolineproline. The . The OO--glycosylationglycosylation at the at the 
threoninthreonin residues is essential for their biological activity. residues is essential for their biological activity. 
ApaedicinsApaedicins and and abaecinabaecin from honeyfrom honey--bee, bee, drosocindrosocin and and 
metchnikowinmetchnikowin from from DrosophilaDrosophila, , pyrrhocoricinpyrrhocoricin, , lebocinlebocin and and 
metalnikowinmetalnikowin belong to this family. Also, the pig intestine and belong to this family. Also, the pig intestine and 
bovine leukocytes have been shown to produce bovine leukocytes have been shown to produce prolineproline--rich rich 
antibacterial peptides, although these peptides do not share antibacterial peptides, although these peptides do not share 
sequence homology to the sequence homology to the prolineproline--rich peptides of insects.rich peptides of insects.
DiptericinsDiptericins have so far been described only in have so far been described only in dipterandipteran species. species. 
They are 9They are 9--kDa peptides containing both an kDa peptides containing both an attacinattacin--like G domain, like G domain, 
a Ca C--terminal terminal glycineglycine rich residue and a short Nrich residue and a short N--terminal terminal prolineproline--
rich region containing a consensus site for rich region containing a consensus site for OO--glycosylationglycosylation. . 
DiptericinsDiptericins are are lyticlytic for Gramfor Gram--negative bacteria which may be due negative bacteria which may be due 
to a way of action similar to that of to a way of action similar to that of attacinsattacins..
Other inducible antibacterial proteins have been isolated from Other inducible antibacterial proteins have been isolated from 
insects not fitting into the groups described above. insects not fitting into the groups described above. ColeptericinColeptericin, , 
holotricinholotricin--2, 2, hemiptericinhemiptericin and gallysinand gallysin--1 act on Gram negative 1 act on Gram negative 
bacteria, while bacteria, while moricinmoricin, , thanatinthanatin (homologous to frog(homologous to frog--skin skin 
antimicrobial peptides of the antimicrobial peptides of the brevininebrevinine family), and family), and 
hymenoptaecinhymenoptaecin can can lyselyse both Gramboth Gram--negative and Gramnegative and Gram--positive positive 
bacteria.bacteria.



Recently inducible peptide antibiotics against fungi have been Recently inducible peptide antibiotics against fungi have been 
discovered in insects. The peptide named AFP, tenecindiscovered in insects. The peptide named AFP, tenecin--3 and 3 and 
holotricinholotricin--3 share similarities while 3 share similarities while drosomycindrosomycin shows a shows a 
significant homology with a family of plant antifungal peptides.significant homology with a family of plant antifungal peptides.
Furthermore, the antibacterial peptides Furthermore, the antibacterial peptides metchnikowinmetchnikowin and and 
thanatinthanatin have antifungal activity.have antifungal activity.

Parallels between humoral immune response of insects 
and mammalian acute phase response:
•The acute phase response of mammals is stimulated by tissue injury 
or bacterial challenge and characterized by the immediate synthesis 
of acute phase proteins mainly in the liver and in cells of the innate 
immune system. The synthesized proteins act as opsonins, blood 
clotting and wound healing factors. In insects, the rapid humoral
immune reactions are also triggered by wound or microbial 
infection. They involve proteolytic cascades leading to hemolymph
clotting and the rapid de novo synthesis of antimicrobial peptides by 
the fat body, the functional analogue of the mammalian liver, and 
the hemocytes.
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