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IMUNITNI SYSTEM HMYZU

-pohyblivé krevni.bu. nky — hemocyty

(pocet a aktivita hemocyt U je modulovana
humoralnimi faktory a neuroendokrinnim
systémem)

- molekuly v hemolymf &
- antigenem indukované antibakterialni a
regula €éni faktory

ﬂ

- koagulace

- fagocytoza (oxidativni vzplanuti?)

- hodulace

-
| - enkapsulace

- aglutininy

- koagula €éni kaskada

- fenoloxidasova kaskada

- baktericidni peptidy

- antimikrobialni faktory  (lektiny,
hemolin)

- lysozym




Uké4zka klasifikaénich schemat hmyzich hemocytu

Classification - Authors equivalent classes to:
scheme Prohaemocytes Plasmatocytes Granular cells  Cystocytes Spherule cells Oenocytoids
Hollande (1911) proleucocytes phagocytes granular spherule cells oenocytoids
leucocytes
adipoleucocytes
Metalnikov (1924)  lymphocytes cells
proleucocytes «—— leucocytes ———> spheruleuses
Cameron (1934) lymphoocytes leucocytes leucocytes? spherule cells oenocytes
Yeager (1945) proleucocytoids plasmatocytes chromophilic cystocytes spheroidocytes ~ oenocyte-ike
podocytes cells? cells
vermiform cells
Wigglesworth (1959) proleucocytes phagocytic phagocytic oenocytoids
amoebocytes amoebocytes?
Jones (1962) and prohemocytes plasmatocytes granular cystocytes spherule cells oenocytoids
Arnold (1974) podocytes hemocytes
vermiform cells adipohemocytes
Brehélin et al. (1978) prohemocytes plasmatocytes granulocytes coagulocytes  spherule cells oenocytoids
granulocytes?
thrombocytoids
podocytes
Gupta (1979) prohemocytes plasmatocytes granulocytes coagulocytes  spherulocytes oenocytoids

Svobodova 1995




Fig. 1. Morphology of different types of hemocvles first placed mto
culture. { a) Prohemocyte, (b) spherulocyte, ic) oenocytord, unlysed. (d)
granulocyte, after 10 min of culture, (2) granulocyte, which partially
protruded filopodia, after 20 muin of culture, (f) fully spread cranulo-
oyte, after 40 mun of culture, (g} plasmatocyte, after 10 min of culture,
ih) early-spreading plasmatocyte, after 2 h of culture, and (1) fully
spread plasmatocyte, after 3 h of culture, Scale bar=10 Lim,

HemocytyB. mori podle Yamashita & Iwabuchi, 2001.




Hmyzi hemocyty:

R e e —

_ plasmatocyty

- granulocyty
- spherulocyty

- oenocyty

Imunitni reakce hemociyt

- fagocytoza
- enkapsulace
- nodulace

- koagulace




mikrobialni elicitory

(LPS, peptidoglykan, kapsularni polysacharidy )

receptory plazmy (lektiny)

e

L

inaktivni serinové proteazy

koagulogen

koagulin

spontanni aktivace
(napi. nizka konc. Ca 2 +,
teplo, atd.)

|-

aktivni serinove proteazy

pPO
{inaktivni)

mediatorove
proteiny 7

o

PO
{aktivni)

— degranulace

— pohyb bunék

— zabijeni

— OpsoniZace

— proteiny imunity

— hemopoéza ?

podle Turner 1994



Altacin (Ps)

Sarcotoxin || Attacin-
ling

Quter

Diptericin — LPS
pleric membrane — =09

Coleoptericin

_. Peptidoglyca

Lysozyme (P7) Cell wall
Inner
Cecropin membrane

(P9, sarcotoxin |, bactericidin,
lepidopteran) /
insect defensin

(sapecin, phormicin, royalisin)

Proline-rich peptides
(apidaecin, abaecin, drosocin)

Obr. 1 : Navrzené schemégobeni indukovanych antibakterialnich protemn
peptidi na bur¢nou sénu bakterii  (Hultmark 1993)
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Elektroforéeza SDS — PAGGE

(sodiumdodecyhbulfat polyacrylamidegradientgel electrophoresis)
gely vznikaji polymeraci akrylamidu.a N’,N’-methylesbkrylamidu

SDS (sodium dodecylsulfat) se vaze shoda vSechny proteiny

v poneru 1,4 g/ 1g proteinu ar@dava jim silny zaporny naboj

mercaptoethanol - roz%ii disulfidické mistky v molekulach protein

vertikalni elektroforéza SE 600 (Hoefer Scientifistiuments)

5 % koncentréni gel a sepatmi gel (14 x 10,5 cm) s gradientem
akrylamidu 7,5 — 20,0 %

déleni proteirti probihalo ve dvou gelech, kazdy z nich pro 15 vizork
standard (SDS-PAGE Molecular Weight Standard Broatgea
Bio-Rad; 6,5 - 200 kDa)

gely byly barveny stbrem podle Kirkeby et al. (1993)
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Vyhodnocovani gél.

- videodensitometr GS-670 a software Molecular Analgsd-Rad)

Profilova analyza:

o kvalitativni:
MW jednotlivych proteinovych frakci hemolymfy
o kvantitativni:
pomer zastoupeni jednotlivych proteinovych frakei

mezi samci a samicemélem vyvoje




Profilova analyza:

* rozcklené vzorky na polyakrylamidovem gelu
 absorldni kiivka (osa x — vzdalenast od startu, osa y — opticka hustota
o tabulka s utfenou molekulovou hmotnaosti frakci (MW) a plochou piku
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Proteinoveé spektrum hemolymfy

bource morusoveho Bombyx mort)




Bombyx mori (Lepidoptera, Bombycidae)

bulharsky monovaoltinni hybrid AS x KK







Bombyx mori — samice

S —standard; 1. - 9. den V. instaru; PR — prepupari;,. de
Z — kukla z&atek; S — kukla $&d; K — kukla konec.

vitellogeniny 178 kDa _y, p— !E.‘ﬁ

PF1 128kDa >

zasobni proteiny 70-80 kDa -’L’F;"

PF2 52 kDa _ypt
PF3 45 kDa

PF4 42kDa _y i
PF5 40 kDa

polypeptidy 30 kDa {::,..,,
PF6 26 kDa —y i e

PF7 18kDa _y/




Proteinove spektrum hemolymfy
zavijece voskovéeho Galleria mellonella)




Galleria mellonella (Lepidoptera, Pyralidae)




Galleria mellonella - housenky VII. instaru




* v hemolymeg starych kukel (tmavéd) byl detekovan male specific

protein (MSP), popsany r. 1998 (Lee et al.)

statidard 31 kDla

standard 21,5 kDa

standard 14,4 kDa

stanidard 6,5 kDa




Proteinové spektrum hemolymfy

mandelinky bramborové
(Leptinotarsa decemlineala




- 36 samic a 35 samcu jako potomstvo 18 ruznych samic

- odbér hemolymfy - 5 dni stara imaga




MW (kDa)

202 Apolpl

154

115
112

S0 diapausel
79 Apolpll

B3
2&
21
49

40

- celkem  byla hemolymfa L.
decemlineata rozdelena na 25
= proteinovych frakci v rozmezi 6,5 - =

202 kDa

- lipophoriny

- zasobni proteiny




variabilita v populaci —

kazdy vzorek je potomek jiné samice
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Aktivita lysozymu v hemolymfé




Gram (-) Gram (+)

E coli K112 E. coli DH5a S. parotyphi A S. choleraesuis B. subtilis M. luteus
y =7,245x + 88,08

012 3456 7 8 9 101112 1314151617 1819 20
100 1 100 lysozym mg/ml
Lysozyme Concentrations (ug/ml)

radialni difuze v agaréze




Entomopatogenti hlistovky (EPN)

trida: Nematoda (Nematoda)
rad: H&ata (Anguilata)
celed’: Seinernematidae

Heter orhabditidae

* vyskytuji se volg v padé
» selektivita - vyhradé& entomopatogenni
* nizké teplotni optimum - do 20°C

* vyuzivaji se jako progtdek biologického boje







Detekce enkapsulace EPN . mellonellg
Amphimallon sp. aHoplia sp.:

1. Heterorhabditis bacteriophora

2. Senernema glaseri

3. Sanernema scarabaei

DJ - H. bacteriophora DJ - S glaseri DJ - S scarabaei




1. Galleria mellonella (Lepidoptera, Pyralidae)

% e ] - 7 - i ‘s
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2. Amphimallon sp. (Coleoptera, Scarabaeidae




METODY

(1. Hirozenainvaze EPN:

= larvy G. mellonella nebo larvyAmphimallon sp.,Hoplia sp. + 25 EPN, 10% vlhkost

bace 20 — 24 hodin za laboratorni teploty
2ikem bylo pouzito 70 k€. mellonella, 23 ksAmphimallon sp. a 23 kdHoplia sp.







. N Shrnuti:

r—

Enkapsulace: ANO.LINE -

v

firozena invaze

Al iz o S0, Hoplia sp.

Hy b o I \|= NE

. glaseri N = N =

= . scarabaei N = NE

/ |nJ|kace EPN

G. mellonella | Amphimallon sp. Hoplia sp.

H. bacteriophora ANO ANO NE

S. glaseri = = =

S. scarabaei NE NE




Témata bakal&kych a diplomovych praci tykajicich se
entomopatogennich hlistovek |sou zgema na:

o testy patogenicity jednotlivych EPN
» srovnani invaze EPN do hostiteledznych prostedich

e obrana hostitelei¢i EPN

e moznosti biologického boje s hmyzimiisici




sledkem |sO

bakal&skeé a diplomove prace

postery a pednasky na konferencich

publikace
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Silkworm (Bombyx mori) Hemocytes Do Not Produce
Reactive Oxygen Metabolites As a Part

of Defense Mechanisms
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ABSTRACT, To investigats wholsr hetmocyies of Sombyi morl (L boplar) Jervae:prodice esctive
yeen specis (ROS) as pert of the oxidative killing of invading pathogens, the production of ROS was

mesured as a luminol- and | of d or stimulated (zymosan

particles. phorbol myristate acefate, calcium mmmhsm rice starch or Amm/v.r/n/m nema

Iymph. No detectable ROS production was found. The spantaneons and activated ROS praduction me:

Wvih hemoeyte, .. under the condiions whe the antioxidative potential of hemolymph plasina was Umm,

nated, was again undetcetable. Likewise, ROS production by isolated hemocytes was

‘ﬂmwm‘hm (NBT test, cylochrome ¢ assay) and fluorimetric (using dihydrorhodsmine and hydrocthidine

probes) methods. Hence none of the experimental approaches used indicated the production of ROS. by

hemocytes of . mori larvae as past of their immune respanse.

Hemocytes are basic (0 the invertebrate innate immune system that is divided into cellular and hur
defense responses. The most common types of hemoeytes reported in the literature are prohemocytes,
s, spherulocytes and enocytes (Yamashita and Iwabuchi 2001; Lavine and Strand
have been identified by their morphology and histochemical and functional reactions (e.g.
Gardiner and Strand 1999). Four hasic Lypes of hemocyle immune reactions have been described: phagocy-
tsis, cncapalation,nodalation nd oo, Theseaeiviissar ahways comnisd it parilar e
of hemocytes. During phagoeytosis, plasmatoeytes and granuloeyles are maialy activated while other types
st e RaS A4 70 G b phksovies Mo ase BAPHED bR 1€ v e o
foreign matesial are still under study (Laving and Strand 2002).

The production of reactive oxygen species (ROS) scems to be an important micrabicidal factor in
both invertebrate hemocytes and vertebrate phagacytes sinee an increase in ROS production by activated
hemocytes ¢ inver as Bivalvia, Clitellata, Matacostraca, Aracknida, Echinoidea or Ascis

Nakamura ef af. 1985; I ef al. 1992; Bell and Smith 1993; Valembeis and

00: Pereira ef al. 2001; Azumi et al. 2002). How-

& are controversial. The aim of the present study was

imestigate whether stimulated hemoeytes of Bonys mor can produce ROS as part of oxidative Killng invi-

ding pathogens. Understanding of the defense mechanisms of B, e has a high significance for providing

abetter insight into the evolution of animal immune systems; it also has a greal impact on silk production
sericulture,

MATERIALS AND METHODS

Sample preparation. The hemolymph of the Japan polyvoltinne NO2 x CO2 hybrid of the silkwortn,
Bombye mori LINSE 1758 (Lepidoptera, Bombycidae), was oblained from larva of the Sth instar. Larvae

were reared on mulbarry leaves (Morus afbe) ad libitun. The sex was not determined. After the collection of
the hemolymph from the first-puir proleg (approximately 150 L per larva), phenylthiourea was added 1o
protect the hemolymph from melanization, (It was verified that this agent docs not have 4 significant effect
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Chemiluminescence of lucigenin is dependent on

experimental conditions
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ABSTRACT: The air of he siudy was (0 test the effect of experimental conditions such as

on chemiluminescence (CL) o 10 mol/L lucigenin dissolved in various types of solvents. Tn

313 or 400 am) induced a significant increase in CL of luc
10" mol/L lucigenin. All wavelengths sed hadl a s
ed i di10 or in dimethyl sulphoric (onson
of 10 mol/L. and 10°* mol/L lucigenin dissolve
( 37°C or 40°C) already at
can be summarized thal temperatures higher than

Ived in bozate buffer. This effect was the most abvious for
13 it i o sl chavges e CL activity of
Different resuls for yerfous solvenia were ol dependent o6 P
110 orste e b epending on the solution femper-
6 h incubation period. I

irnadiation are among those factors which signiicantly

affect the result of analysis when lucigenin is used as @ luminophor. Copyright © 2064 John Wiley & Sons, Lid.

KEYWORDS: chemiluminescence: lucigenin light irradiatior

INTRODUCTION

Lucigenin has frequently been used in the Tuminescent
detection of superoxide anion radical (O,) pro

by various enzymatic and cellular systems (1-3). The
three key steps for det (2) one electron
reduction of Lucigenin (Luc*) to cation radical (Luck')
(b) reaction with O; Lo vield lucige:

and (¢) the decomposition of Iucig

clectronically excited N-methylacridone which emits
photons when relaxed to ground state (1),

The auto-oxidation of LucH™ with 4 simultaneous
producton of 0 gan be complicatin fator (3,4) and
thus experimental conditions can significantly affect th

abseived ananexpectad
excitation of lucigenin in various types of previous
experiments (see Resuls and Discussion). Therefore,
the aim of this study was 10 test the effect of experi-
mental canditions, such as temperature and |
ation, on chemiluminescence (CL) of lucigenin dissolved
in various types of solvent

Correspondence to: A Lojek, Tastitute of Biophysics, Academy of
Sciences of the Crcelr Republic, Kralavopelskar 135, Brno 61263, Crech
Repiic

E-mait: alojok@ibp.er

Contract/grant. spossor: Grant_ Agency of the Croch Republic
Contrset/gtant number: 5241

Capytight £ 2004 John Wiley & Sons, Lid
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MATERIALS AND METHODS

Reagents

Solutions of  107-10° molL.  lucigenin  (bis-N-
methylaeridinium nitrate, Sigma) were prepared in thre
types of solvents: sodium borate buffer. pH 9.0 (1.24 g
HLBO, and 7.63 g Na,B,0,10H,0 in 500 mL distilled
water, both chemicals from Fluka). dimethyl sulphoxide
(DMSO, Sigma) or distilled FLO. All solutions were
stored at =30°C before use. All chemicals used were of
analytical grade.

Chemiluminescence assay

Lucigenin solutions or solvents alone were pre
incubated for 1S min to raise them to the required
temperature (25°C, 30°C. 37°C or 40°C). CL emission
of samples (reaction volume 200 uL) was measured in
triplicates in 10 min intervals for 16 h using BioOrbit
1251 luminometer (Bio-Orbit. Finland), The data are
preseated in mV

The effect of radiation

To test the effect of radiation, 1 mL 107 mol/L fucigenin
was irradiated in plastic dishes al room temperature
with UV light (280, 247, 313

29 e Oriol Solar Simclator for 10 min, the doseswas




Spoluprace:

Biofyzikalni Gstav AV CR (Brno, Laborath patofyziologie
volnych radikah — méreni RKM, fagocytoza)
Vyzkumny ustav velarstvi a hedvabnictvi (Dol)

Entomologicky Ustav AVCR (Ceské Budjovice,  oddleni
Patologie hmyzu, Fyziologie hmyzu — antioxidaenzymy...)
Ustavem zoologie SAV (Bratislava, adeéni Entomologické)
problematika entomopatogennich hlistovek je napojena n
evropsky program COST 850

Socrates Erasmus: Turku, Bari, Zonguldak




