IMUNITNI SYSTEM HMYZU

/\

BUNECNA IMUNITA

ﬂ

-pohyblivé krevni bu fky — hemocyty

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

ﬂ

- koagulace

- fagocytdza (oxidativni vzplanuti?)

- nodulace

- enkapsulace

~

<>

HUMORALNI IMUNITA

ﬂ

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

- aglutininy

- koagula €ni kaskada

- fenoloxidasova kaskada

- baktericidni peptidy

- antimikrobialni faktory
hemolin)

- lysozym

(lektiny,

e

stresove faktory




Hmyzi hemocyty:

- prohemocyty
- plasmatocyty
- granulocyty

- spherulocyty

- oenocyty

Imunitni reakce hemocit

- fagocytoza
- enkapsulace
- nodulace

- koagulace




mikrobialni elicitory
(LPS, peptidoglykan, kapsularni polysacharidy )

e
receptory plazmy (lektiny)

L
inaktivni serinové proteazy
koagulogen P
aktivni serinove proteazy
koagulin
pPO
{inaktivni)
— degranulace
spontanni aktivace . e e
(napf. nizka konc. Ca 2+ mediatorove __ —zabijeni
teplo, atd.) ! proteiny 7 — OpsoniZace
! ] — proteiny imunity
— hemopoéza ?
|
PO
{aktivni)

podle Turner 1994
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Elektroforéza SDS — PAGGE

(sodiumdodecyhulfat polyacrylamidegradientgel electrophoresis)
gely vznikaji polymeraci akrylamidu a N’,N’-methyleisbkrylamidu

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

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

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




Vyhodnocovani gél:

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

Profilova analyza:

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

mezi samci a samicemélem vyvoje




Profilova analyza:

* rozcklené vzorky na polyakrylamidovem gelu
 absorldni kiivka (osa x — vzdalenost od startu, osa y — opticka hustota
o tabulka s wtfenou molekulovou hmotnosti frakci (MW) a plochou piku
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Bombyx mori (Lepidoptera, Bombycidae)

bulharsky monovoltinni 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.

lipophorin 203 kDa
vitellogeniny 178 kDa

PF1 128 kDa

zasobni proteiny 70-80 kDa

PF2 52 kDa
PF3 45 kDa
PF4 42 kDa
PF5 40 kDa

polypeptidy 30 kDa
PFe 26 kDa

PF7 18 kDa
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Galleria mellonella (Lepidoptera, Pyralidae)




Protein Profiles

ApoLpI 230 - 250 kDa —

Storage proteins
72 - 84 kDa

45 kDa

ApolLp IIT 14 - 18 kDa —

Fig. 1. Acrylamide gradient gel

pupae (samples 6-9) hemolymph of &. mellonella. Samples with increasing concentration of boric
acid: 0.00 ppm (1, 6); 156 ppm (2, 7); 620 ppm (3, 8); 1250 ppm (4, 9) and 2500 ppm (5).
Main protein groups of proteins are described on the left margin as well as 45 kDa protein

RESULTS

fraction according to protein standards (S).




Aktivita lysozymu v hemolymfé




Gram (-) Gram (+)

300

E coli K112 E. coli DH5c, S. parotyphi A 8. choleraesuis B. subtilis M. luteus
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radialni diftze v agaroze




Folia Microbicl, 49 (33, 315-319 (2004) http://www.bicmed.cas.ca/mbu/folia/

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

of Defense Mechanisms

P. HYrSL2, M. Cizb, L. Kusarab, A, Lojekb*

!

fux =420

riaent af ©

Animal Physiology and Gemeral Zoology, Facull

ABSTRACT. To investigate whether hemocytes of Bombyvx meri (Lepidopicra) larvae produce reactive
oxygen species (ROS) as part of the oxidative killing of invading pathogens, the production of ROS was
measured a5 a luminel- and lueigenin-enhanced chemiluminescence of unstimulated or stimulated (zymosan
particles, phorbol myristate acetate, calcium tonophore, rice starch or Xeaorfabdus nematopiila) hemo-
Iymph. No detectable ROS production was found. The spontaneous and activated ROS production measured
with hemocytes, e, under the conditions when the antioxidative potential of hemolvmph plasma was elimi-
nated, was again undetectable. Likewise, ROS production by isolated hemocytes was observed by spectro-
photometric (NBT test, cylochrome ¢ assay) and fuorimetric (using dihydrorhodamine and hydrocthidine
probes} methods, Hence none of the experimental approaches used indicated the production of ROS by
hemocytes of B, mori larvae as part of their immune response,

Hemocytes are basic to the invertebrate innate immune system that 1s divided into cellular and hu-
maoral defense responses. The most common types of hemocytes reported in the literature are prohemocytes,
plasmatocytes, granulocytes, spherulocytes and enocytes (Yamashita and Iwabuchi 2001; Lavine and Strand
2002}, These have been identified by their morphology and histochemical and functional reactions (e.g.,
Gardiner and Strand 19997, Four basic types of hemocyte immune reactions have been described: phagocy-
tosis, encapsulation, nodulation and coagulation. These activities are always connected with a particular type
of hemocytes. During phagocytosis, plasmatocyles and granulocytes are mainly activated while other types

of hemoeytes have mostly no possibility to phagoeytose. Mechanisms participating in the recognition of

foreign mat

ial are still under study (Lavine and Strand 2002).

The production of reactive ¢ =11 species (ROS) seems to be an important microbicidal factor in
both invertebrate hemecytes and vertebrate phagocvtes since an increase in ROS production by activated
hemocytes of some invertebrates such as Bivalvia, Clitelfata, Malacostraca, Avachaida, Echinoidea or Asci-
dincea has been reported (e.g., Nakamura ef al. 1983; 1to ef al. 1992: Bell and Smith 1993; Valembois and
Lassegues 1995; Lambert and Nicolas 1998; Ordas er ol 2000; Pereira ef o, 2001; Azumi ef af. 2002). How-
reports about similar mechanisms in insects are controversial. The aim of the present study was W

or stimulated hemoceyles of Bombnx mori can produce ROS as part of oxidative killing inva-
ding pathogens. Understanding of the defense mechanisms of £, mori has a high significance for providing
a better 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 » CO2 hybrid of the silkworm,
Bembyx mori LINNE 1758 (Lepidoptera, Bombyeidae), was obtained from larvae of the Sth instar, Lar

were reared on mulberry leaves {Morus afba) ad libitum, The sex was not determined, After the collection of

the hemalymph from the first-pair proleg {approximately 150 pl per larva), phenylthiourea was added 10
protect the hemolymph from melanization, (It was verified that this agent does not have a significant effect

Reactive oxygen metabolites
detection:

- chemiluminiscence

- spectrophotometry

- NBT test

- cytochrome c reduction
- fluorometry

- DHR 123 staining

- HE staining

- total radical-trapping antioxidativ
potential (TRAP)

e




Entomopatogenni hlistovky (EPN)

trida: Nematoda (Nematoda)

rad: Ha&ata (Anguilata)

celed: Seinernematidae
Heterorhabditidae

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

* vyuzivaji se jako progtdek biologického boje




METODY

1. Kirozena invaze EPN;

- larvy G. mellonella nebo larvyAmphimallon sp.,Hoplia sp. + 25 EPN, 10% vihkost

- inkubace 20 — 24 hodin za laboratorni teploty
- celkem bylo pouzito 70 k€. mellonella, 23 ksAmphimallon sp. a 23 kddoplia sp.




Shrnuti:

Enkapsulace: ANO / NE

A [ pfirozenda invaze

G. mellonella | Amphimallon sp. Hoplia sp.

H. bacteriophora ANO NE NE

S. glaseri NE NE NE

S. scarabaei NE NE NE

B / injikace EPN

G. mellonella | Amphimallon sp. Hoplia sp.

H. bacteriophora ANO ANO NE

S. glaseri NE NE NE

S. scarabaei NE ANO NE




—_Experimentalni model — modulace imunity Drosophily _—

Gal4/UAS systémem Fizena exprese genu

wdriver line* — specificky promotor urcCujici misto a ¢as syntézy Gal4
» Gal4 — vaze se na DNA a aktivuje transkripci

sresponder line* — Upstream Activating Sequences mistem pro vazbu Gal4
* RNAI konstrukt — jeho transkripce je pod vlivem UAS

Responder line Driver line

[UAS GFP) [RE-GALA]

+

GFP expression

GALA expression
O GAL4 Protein

° GFP
RE Regulatory Elements
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Duffy. Genesis, 34(1-2): 1-15, 2002.
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—____[ransglutaminaza ma take imunitni funkci ~__—

» centralni enzym koagulaéni kaskady
» homolog Faktoru Xllla obratlovcu

» infekce H. bacteriophora, 100 |IJ na larvu, 22 <C:
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Wang et al. PLoS Pathogens, 6(2): 1-9, 2010.




—____[ransglutaminaza ma take imunitni funkci ~__—

 transglutaminaza zprostfedkuje zachyceni baktérii prostfednictvim tvorby
koagulaéni matrix

C@) ) transglutaminaza
&

bakterialni povrchové
proteiny

O latkové prokoagulanty
OO0 (napf. hexamerin)

matrix koagulaéni zatky
(Fondue, FBP1)

gl pattern recognition proteins

Wang et al. PLoS Pathogens, 6(2): 1-9, 2010.




~—~—_____ Potrebneé substraty transglutaminazy... = __—

* RNAI linie, PPL driver (cilem tukové téleso a slinné zlazy)
* H. bacteriophora, 25 IJ na larvu, 29 C

100 - Ow1118
“o SU o @A Tiggrin
§ BGP150
> 60
g 40 O Hemomucin
o =
= 20 % B Fondue
% % NDScRI
0 A= =
BFBP1




——Eikosanoidy zprostredkuji obranu proti infekci hlistovkami_—

 ovlivnéni metabolismu kyseliny arachidonové pomoci inhibitort biosyntézy
eikosanoidu (IBE)

Q

_ oon S e
CCCl on = dexamethason (inhibitor PLA,)
| arachidonova kyselina cox PGE;

{ » esculetin (inhibitor 5- a 12-LOX)

Lox cyrochrom Py, epoxygendza

L coon = indomethacin (inhibitor COX-1 a -2)

SHPETE . aH
cose

11,12-EET

podle Stanley et al. Neotropical Entomology, 31(3), 341-350, 2002.




—Eikosanoidy zprostredkuji obranu proti infekci hlistovkami —

* larvy Drosophily (w1118) injikované 50,6 nl IBE v PBS
« infekce H. bacteriophora, 100 IJ na larvu, 22 <C:

100 100
80 80
g 80 dneinjikovane g 60 Oneinjikovane
g mPBS g mPBS
£ mDEX 1 mg/ml f:: mDEX 5 mg/ml
= 40 mDEX 5 mg/ml S 40 SIND 5 mg/ml
BDEX 8 myg/ml ESC 5 mg/ml
20 20
0 - 0 - -
24 h 48 h 72h 24 h 48 h 72h




