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Uvod:

Hmyz patii mezi ekologicky nguspésnéjSi skupiny organismu zijicich na nasi
planeté. Antigennimu tlaku prostiedi, predevSim riznym mikroorganismam, hmyz
el reakcemi své prirozené (vrozené) imunity. Absenci komplikovanych imunitnich
reakci hmyz nahrazuje na jedné strané specifickymi adaptacemi a na druhé strané
také dobie fungujicim imunitnim systémem. Adaptivni imunita, jakou zname u
obratlovct, u hmyzu (snad az na vyjimky) neexistuje, protoze pro ni nema nezbytné
genetické, morfologické a funkeni predpoklady.

Cile préce:

Cilem této préce bylo prispét k poznéni hmyziho imunitniho systému studiem
imunitnich odpovédi jednak v neovlivnéném organismu a jednak po pisobeni
nekterych stresovych faktort.

Studium fagocytézy vradmci bunééné imunity bylo zaméieno na detekc
reaktivnich kyslikovych metabolitd v hemolymfé bource moruSového (Bombyx
mori). Cilem bylo zjistit, jestli dochazi k oxida¢nimu vzplanuti hemocytti a ke
vzniku téchto metaboliti podobné jako u savéich fagocyti.

DaSim cilem bylo zjistit vliv entomopatogennich hlistovek a jgjich symbiotickych
bakterii na proteosyntézu  B. mori. Prvnim  krokem byla kultivace
entomopatogennich hlistovek na nahradnim hostiteli a dalSim krokem izolace a
determinace jgich symbiaotickych bakterii.
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Hlavni vysedky:

V Gvodni ¢asti prace se vénuji piehledu proteint hmyzi hemolymfy a stru¢nému
popisu imunitniho systému hmyzu. Pripojend publikace informuje o vlivu
podchlazeni na larvy zavijete voskovéno (Galleria mellonella, Lepidoptera).
Podchlazeni na 0°C indukuje syntézu proteini ,,de novo* a snizuje spotiebu kysliku
na minimum. Po premisténi do 30°C se spotieba kysliku zvySi na pavodni hodnoty
béhem 40 minut. Osmoticky tlak hemolymfy vykazuje také velké rozdily jako
odpovéd’ na podchl azeni organismu.

Tvorba reaktivnich kydikovych metabolitd (RKM) byla u nékterych bezobratlych
popsana jako dilezity mikrobicidni obranny mechanismus podobné jako u savéich
fagocytt. Cilem bylo zjitit, jestli hemocyty larev bource morusového (B. mori,
Lepidoptera) produkuji RKM jako prostiedek oxidativniho zabijeni invadujicich
patogent. Produkce RKM byla métena jako chemiluminiscence nestimul ované nebo
stimulované (zymozan, phorbol myristét aceté, vipnikovy ionophor, ryzovy skrob,
bakterie Xenorhabdus nematophila) hemolymfy v prosttedi luminolu nebo
lucigeninu. Nebyla detekovéna zadna produkce RKM. Aby se eliminoval
antioxidatni potencidl plasmy hemolymfy (velmi vysoky, jak prokazuje
chemiluminiscenéni méfeni), byly v nasledujicich experimentech pouzity izolované
hemocyty. Nebyla prokézana sponténni ani aktivovana produkce RKM. Stgné
vydedky byly dosazeny spektrofotometrickymi  (NBT, cytochrom c) a
fluorometrickymi (barveni dihydrorhodaminem a hydroethidinem) metodami. Zadna
pouzitd metoda tedy neprokézala tvorbu RKM hemocyty B. mori jako soucést jeich
imunitnich reakci.

Pri experimentech s hemocyty B. mori byl pouzivan lucigenin jako luminofor. Pro

optimalizaci podminek méfeni byla testovana jeho vlastni chemiluminiscence
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v zavidosti navlivu experimenténich podminek. Vliv teploty a zareni byl testovan u
roztoki 10% — 10° M lucigeninu rozpugténéno v riznych rozpoustdiech. Ozé&reni
UV z&enim (280, 297, 313, 365 nebo 400 nm) indukovalo zvySenou
chemiluminiscenci lucigeninu rozpu$téného v boratovém pufru (zgména u
koncentraci  102a 10 M). V&echny vinové déky mély podobny efekt. Pri pouZiti
destilované vody nebo dimethyl sulfoxidu jako rozpoustédd nebyla zaznamenédna
Zadna chemiluminiscence. Pri pouziti riznych rozpoustéde nebyly vysledky zavidé
na pH. Chemiluminiscence 102 M a 10° M roztoku lucigeninu rozpu&éného
v boratovém pufru vzrista v zavidosti na teploté (25, 30, 37 nebo 40°C) béhem 16
hodin méieni. Teploty vySSi nez 25°C aintenzivni svételné zéreni mohou vyznamné
ovlivnit vydedky experimenti, kde se pouziva lucigenin jako luminofor.

Dobrym piikladem piirozeného stresového faktoru pro hmyzi imunitni systém je
invaze entomopatogennich hlistovek, kdy se parazit dostava do hostitele piirozenou
cestou. Cilem bylo studovat vliv entomopatogennich hlistovek na proteosyntézu
larev B. mori. Situace byla ovSem komplikovana tim, Ze hlistovky uvoliiuji ze stieva
symbiotické bakterie, jgichz pasobeni bylo nutné oddélit od pasobeni samotnych
hlistovek. Prvnim krokem v nasledujicich experimentech byla kultivace hlistovek a
poté izolace a determinace symbiotickych bakterii.

Symbictické terestrické bakterie byly izolovany z entomopatogennich hlistovek
Heterorhabditis bacteriophora H221 (Pouzdiany) a Steinernema feltiae (Prosenice).
ProtoZe se jednal o o unikétni izoldty, byly uloZeny do Ceské shirky mikroorganismi
(CCM) v Brn¢ pod identifikacnimi ¢isly CCM 7002, 7003 a 7004, jako prvni izolaty
rodu Photorhabdus a Xenorhabdus z Ceské republiky v CCM. Izold& CCM 7002
z H. bacteriophora vykazoval jasnou bioluminiscenci, kterd je typicka pro rod
Photorhabdus, jediny rod terestrickych bioluminiscenénich bakterii. Proto byl tento

izold sovndvan stypovymi kulturami platnych druht a poddruhtt rodu
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Photorhabdus (P. luminescens ssp. luminescens, P. luminescens ssp. laumondii, P.
luminescens ssp. akhurstii, P. asymbiotica a P. temperata). |zoldty z S feltiae CCM
7003 a 7004 byly srovnavany stypovymi kulturami platnych druht a poddruhti rodu
Xenorhabdus (X. beddingii, X. bovienii, X. nematophila, X. poinarii aX. japonica).

V&echny testované kmeny rodu Photorhabdus vykazovaly bioluminiscenci, ktera
byla mérena na luminometru (BioOrbit 1251) pii 25 a 37°C po dobu 2 hod.
Luminiscen¢ni signd byl nejvysSi pii optimalni rastové teploté 25°C, zatimco se
zvySovéanim teploty na 37°C luminiscence klesdla nebo byla konstantni. Kazdy
z testovanych kmenti meél charakteristickou hodnotu bioluminiscence. NegvysSi
bi ol uminiscen¢ni hodnota byla naméiena u druhu P. temperata.

Srovnéni proteinovéno spektra testovanych bakteridnich kultur bylo provedeno
pol yakrylamidovou grandientvou gelovou el ektroforézou (SDS — PAGGE). Podatilo
se prokdzat vice nez 40 proteinovych frakci vrozmezi 6,5 — 200 kDa se
signifikantnimi rozdily mezi jednotlivymi druhy a poddruhy rodi Photorhabdus a
Xenorhabdus.

Pro studium fenotypovych vlastnosti byly pouzity komeréni identifikacni sety
(APl 20 E, APl 20 NE, ENTEROtest 24) spolu s dodatkovymi ristovymi
konven¢nimi testy (ve spolupréci s CCM).

Izol& CCM 7002 vykazoval pomérné nizkou biochemickou aktivitu, coz je
v souladu s popisem rodu Photorhabdus. Fenotypové charakteristiky ukazuji na
podobnost kmene CCM 7002 s drunem P. luminescens spp. laumondii, i kdyz
méteni bioluminiscence a srovnani proteinovych spekter testovanych kmena toto
zcelanepotvrdilo. Na jednoznagnacné determinaci izol&tu se stéle pracuje.

lzoldy CCM 7003 a 7004 lze determinovat na zékladé fenotypovych
charakterigtik a proteinovych spekter jako X. bovenii.
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Zavér:

Vysdedky mé dizertacni préce rozSituji dosavadni védomosti o imunitnim systému
B. mori a prinaSgji nové informace nejen do imunologie, ae i do dalSich védnich

oboru jako jsou mikrobiol ogie, parazitologie nebo biochemie.
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Introduction:

Insects belong to the ecologically most successful organisms living on the Earth.
An adaptation to the antigen pressure of the environment (mainly to micro-
organisms) liesin reactions of insect innate immunity. However, adaptive immunity
in the form we know it in vertebrates does not exist in insects (perhaps with some
exceptions), because there are no genetical, morphological or functional

presumptions.

Aims of the study:

Theaim of this study was to contribute to the knowledge of insect immune system
by the study of immune reactions of control and stressed organisms. Firstly it was to
investigate whether hemocytes of Bombyx mori (Lepidoptera) larvae can produce
ROM as atool for the oxidative killing of invading pathogens and secondly to study

the influence of entomopathgenic nematodes on proteosynthesis of B. mori larvae.

Main results:

In the introduction part of my Ph.D. thesis | deal with an overview of the insect
hemolymph proteins and insect immunity. An enclosed publication extends a list of
dtress factors (an influence of cooling among them), affecting larvae of Galleria
mellonella (Lepidoptera). A prolonged exposure of larvae to a sub-physiological
temperature (0°C) induced an increased amount of proteins in the hemolymph. In
addition, the oxygen consumption at this temperature exerted an immediate

decrease. In a reverse situation (transfer to 30°C), the larvae regained the origina
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levels of the oxygen consumption in approximately 40 minutes. The osmotic
pressure of hemolymph also exhibited dramatic changes in response to exposure to
low temperature.

A generation of reactive oxygen metabolites (ROM) by hemocytes has been
previousy considered an important microbicidal defence mechanism of some
invertebrates similar to those in vertebrate phagocytes. The aim of my study was to
investigate whether hemocytes of B. mori larvae can produce ROM as atool for the
oxidative killing of invading pathogens. The production of ROM measured as a
luminol- and lucigenin-enhanced chemiluminescence (CL) of unstimulated or
stimulated (zymosan particles, phorbol myristate acetate, calcium ionophore, rice
starch or Xenorhabdus nematophila) hemolymph was not detectable. To eiminate
the influence of the antioxidative potential of hemolymph plasma (extremely high
when measured by the chemiluminescence method), isolated hemocytes were also
tested. However, spontaneous as well as the activated generation of ROM by
isolated hemocytes remained at the background level. No ROM production by
isolated hemocytes was observed through spectrophotometric (NBT  test,
cytochrome ¢ assay) and fluorometric (using dihydrorhodamine and hydroethidine
probes) analyses. To conclude, none of the several experimenta approaches used in
this sudy indicated the production of ROM by hemocytes of B. mori larvae as a part
of their immune response.

During measurement of CL in hemocytes of B. mori lucigenin was used as
luminophor. To optimise the measurement, the effect of experimental conditions
such as light radiation and temperature on chemiluminescence of 102 — 10° M
lucigenin dissolved in various types of solvents was tested. Irradiation by UV light
(280, 297, 313, 365 or 400 nm) induced a significant increase in CL of lucigenin
dissolved in borate buffer (especially 102 - 10° M). All wavelengths used had a
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similar effect. UV irradiation did not induce changes in CL activity of lucigenin
dissolved in dH,O or in DMSO. Different results for various solvents were not
dependent on pH. CL activity of 102 M and 103 M lucigenin dissolved in borate
buffer increased depending on the solution temperature (25, 30, 37 or 40°C) already
at the beginning of the analysis, with a further increase during 16 h incubation
period. It can be summarised that temperatures higher than 25°C and intensive light
irradiation are among those factors which significantly affect the result of analysis
when [ucigenin is used as aluminophor.

A good example of the natural dress factor for insect immune system is the
invasion of entomopathogenic nematodes, where the parasite cames into the host
organism by the natural way. We aimed to study the influence of entomopathgenic
nematodes on proteosynthesis of B. mori larvae. However, the Situation was
complicated by the presence of symbictic bacteria into the gut of entomopathogenic
nematodes, so the separation of the influence of bacteria and nematodes was
necessary. Thefirst step in conducting experiments was the cultivation of nematodes
followed by theisolation and identification of symbotic bacteria.

Symbiotic bacteria were isolated from entomopathogenic nematodes
Heterorhabditis bacteriophora H221 (Pouzdiany) and Seinernema feltiae
(Prosenice). Because these isolates were unique, they were stored into the Czech
Collection of Microorganisms (CCM) in Brno, identification numbers CCM 7002,
7003 and 7004, as first isolates of Photorhabdus or Xenorhabdus from Czech
Republic in the CCM. Isolate CCM 7002 from H. bacteriophora shows clear
luminescence, which is known as a characteristic of genus Photorhabdus, the only
known terrestrial luminescent bacteria. Thus, our isolate was compared with type
cultures of Photorhabdus species and subspecies (P. luminescens ssp. luminescens,

P. luminescens ssp. laumondii, P. luminescens ssp. akhurstii, P. asymbiotica and P.
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temperata). Isolates 7003 and 7004 from S feltiae were compared with type cultures
of Xenorhabdus species (X. beddingii, X. bovienii, X. nematophila, X. poinarii a X.
japonica).

All Photorhabdus strains were shown to exhibit luminescence. Luminescence was
measured on luminometer (BioOrbit 1251) at 25 and 37°C for two hours.
Luminescent signal was observed to rise at 25°C and either decreased or was
constant at a temperature of 37°C. Each dstrain tested had a typical luminescent
signal. The highest values were always shown by P. temperata.

To compare the protein spectrum of the bacteria species, bacterial proteins were
anaysed by polyacrylamide gradient gel eectrophoresis (SDS-PAGGE). We found
more than 40 protein fractions in the range of 6.5 — 200 kDa. We demonstrated
significant differences between the species and subspecies of genus Photorhabdus
and Xenorhabdus.

Phenotypic characteristics were based on identification kits (APl 20 E, API 20 NE,
ENTEROtest 24) supplemented with additional conventional tests (in co-operation
with CCM, Brno).

According to the results obtained by the described tests, identification of the CCM
7002 to the species level remains dubious due to low biochemicd activity. Mostly
related species to CCM 7002 on the basis of phenotyping is P. luminescens species.
The isolates CCM 7003 and 7004 are related to X. bovenii CCM 7080". As present,

the identification process continues.

The results of my Ph.D. thesis enlarge our present knowledge about the immune
system of the slkworm (B. mori) and bring the new informations not only for

immunology, but aso for microbiology, parasitology or biochemistry.
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