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Fagocyty larev morskée
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Polymorfonuklearni leukocyty (PMNS)

*40-65% vSech leukocyti (3-5 x 103 /ul krve)

*prvni obranna linie v boji proti patogennim
mikroorganismim

*chemotaxe

*fagocytoza

*generovani RMK a RMD

*degranulace



Monocyty/Makrofagy

fagocytoza, zabijeni,
obnova tkani, prezentace
antigenu pro specifickou
im. odpoved

charakteristickeé jadro a
CD14 membranovy
marker. adheruji na plast a
sklo

aktivuji se pusobenim
cytokind,

samy cytokiny produkuji
» likviduji i maligni a
pozménéneé vlastni

struktury




Morfologie

Lokalizace

Po zabiti bakterie

Prezentace
antigenu

Monocyty/makrofagy

Velké mononuklearni bufiky s granularni
cytoplasmou

Krev/tkané

Migruji do lokalnich lymf. uzlin

Mohou prezentovat Ag (MHC 2. tfidy
upregulované IFNy)

Neutrofily

Malé bunky s ,,multi-lobed* jadrem a neutralnimi
cytoplasmatickymi granulemi

Krev — odvod do mista infekce

Umiraji na mist€ apoptozou (zbytek je zlikvidovan makrofagy)

Nemohou prezentovat Ag (neexprimuji MHC 2. tfidy)




Aktivace fagocytu v zanetu

€ SOS signaly
—N-fMLP
—Peptidy z kaskady
srazeni krve
—-PGs, LTs, PAF
— Komplement
—Prozanétlivé cytokiny

€ Odpovéd fagocytl
—chemotaxe
— adherence
—diapedéza
—aktivace
—fagocytdza a zabiti
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Opsonizace

& @D Extracelularni

LN bakterie Opsonizace (Ab, C)




Iniciace fagocytozy

Adheze cestou

U ScavengerR
LI 1gG FcR




Class of mechanism

ZabijeCské mechanismy fagocytu

Specific products

Acidification

pH=~3.5-4.0, bacteriostatic or bactericidal

Toxic oxygen-derived
products

Superoxide O,~, hydrogen peroxide H,0,, singlet oxygen 105,
hydroxylradical OH", hypohalite OCI~

Toxic nitrogen oxides

Nitric oxide NO

Antimicrobial peptides

Defensins and cationic proteins

Enzymes

Lysozyme—dissolves cell walls of some Gram-positive bacteria.
Acid hydrolases—further digest bacteria

Competitors

Lactoferrin (binds Fe) and vitamin Biz-binding protein

Figure 2-6 Immunobiology, 6/e. (© Garland Science 2005)




Charakteristika granuli

neutrofilu
primarni granula kundarni granul
azurofilni; characteristické pro specifické pro zralé neutrofily
mladé neutrofily
Obsahuji: neutralni proteasy obsahuji lysozym, NADPH
- cathepsin G, elastasa, oxidasa, laktoferrin,
proteinasa 3 elastasa, kolagenasa

lysozym, defensiny, proteasy,
fosfolipasu A2 a
myeloperoxidasu

Terciarni granula — na prednim konci migrujicich fagocytu —
gelatinasa (destrukce membran)

Lysozomy —obsahuiji kyselé hydrolasy

SekrecCni vacky — reservoir membranovych komponent




Chemotaxis and adherence
of microba 1o phagocyte.

£} Ingestion of microbe
by phagocyte.

9 Formation of a phagosome.

Fusion of the phagosome
with a lysosome to form a

phagolysozsome.

£} Digestion of ingested
microbe by enzymes.

() Formation of residual body
containing indigestible
material,

Indigestible o 9 '
material _ ) Discharge of waste

materials.

(a) Phases of phagocytosis
Copyright & 2001 Banjamin Cummings, an imprint of Addison Weslay Longman, Inc.
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How NEUTROPHILS KirLL MICROBES

Anthony W. Segal
Center for Molecular Medicine, University College London, London WCIE 6JJ,
United Kinedom; email: t.seeal @ucl.ac.uk



Figure 1 Transmission eleciron micrograph ol a human neubrophil. Inset is an image taken
from aneuirophil 20 s afier the phagocyiosis of latex particles opsonised with TgGoY, vacuol),
The saction was stained For myeloperoxidase (VPO o reveal the electron-dense product in
the aeumphil granules, some of which can be seen degranulating inbo the phagooytic vaoole
farrowesd, Bar = 1 o, (Figume from 17



NADPH OXIDASE ACTIVATION
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Schematic representation of the NADPH oxidase enzyme. The integral membrane of the
phagocyte consists of two subunits: p22phox and gp91phox which respectively produce the
smaller and larger chain of the cytochrome-b558. Two cytosolic subunits: p67phox and p47phox;
a p40phox accessory protein and a Rac-GTP binding protein then translocate to the cell membrane
upon cell activation to form the NADPH oxidase complex which generates a respiratory burst.
Superoxide can react to form hydrogen peroxide and hypochlorus acid, which together participate

in bacterial killing.
Assari Medical Immunology 2006 5:4 doi:10.1186/1476-9433-5-4
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The classical NADPH oxidase comprises a membrane-bound gp9 1Phox/p22phox heterodimer and
other subunits (p67Phox, p47phox p40pPhox and Rac) which associate with this complex in the
activated enzyme. The NADPH-binding domain 1s predicted to be on one side of the
membrane, whereas O, - generation is predicted to occur on the other. The oxidase may be
located on the plasma membrane or on intracellular membranes depending upon the cell type.
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Obr. 155. Schéma respiraéného vzplanutia fagocytov a tvorby toxickych foriem kyslika
HMPS —- hexdézomonofosfatovy skrat, G6PD glukoza-6-fosfitdehydrogeniza, GSSG a GSH -- redukovana
a oxidovana forma glutationu, NADPH a NADP* -- redukovani a oxidovana forma nikotinamidadenindinukleotid-
fosfitu, SOD — superoxiddismutaza, MPO - myeloperoxidaza, 0; - superoxidovy anionovy radikal, -OH —
hydroxylovy radikal, 'O., - singletovy kyslik



Oxidative activity |
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Reaktivni formy kysliku a dusiku

Volné radikaly Latky neradikdlove povahy
Reaktivni formy kysliku
Superoxid O, Peroxid vodiku H,0,
Hydroxylovy radikal HO- Kyselina chlorna HOCI
Alkoxylovy radikal RO- Ozon O,
Peroxylovy radikal ROO- Singletovy kyslik 0,

Reaktivni formy dusiku

Ox1d dusnaty NO- Peroxynitrit ONOO-
Oxid dusicity NO,* Dusitany NO,
Dusi¢nany NO;

Nitrosyl NO*




Regulation of INOS Expression
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Spravna funkce fagocytu je pro organismus nezbytna
Deficience ve funkcich fagocytu = tézky prubéh banalnich infekci.

Priklad: CGD — defektni NADPH oxidaza

Naopak hyperaktivace fagocytl — problémy:

poskozeni okolnich bunek a tkani reaktivnimi metabolity a
proteolytickymi enzymy



Metody stanoveni reaktivnich metabolitu kysliku
fagocyty

Kolorimetrické metody

Stanoveni spotreby kysliku
Elektronova paramagneticka rezonance
Luminometrické metody

Fluorescen¢ni metody



Kolorimetrické metody

NBT test - princip metody spociva v redukci zluté tetrazolioveé soli (NBT)
superoxidem na modry produkt formazan.

Redukce cytochromu ¢ — superoxidovy anion redukuje bezbarvy
oxidovany (ferri-) cytochrom c na barevnou formu.



Stanoveni spotreby kysliku

Metoda zalozena na detekci zmény koncentrace kysliku v meédiu
pomoci Clarkovy elektrody.
Je pouzivana predevsim k detekci intenzity respiracniho vzplanuti.

Elektronova paramagneticka rezonance

Radikal reaguje s prislusnou prébou (tzv. spin-trapping).
Nasledné jsou pomoci specialniho pfistroje analyzovana paramagneticka
spektra.



Luminometrické metody

Luminometrické proby (luminofory) jsou oxidovany RMK

Pri navratu do zakladniho energetického stavu emituji fotony.
Jejich detekce je mozna pomoci luminometru nebo scintilacnich
spektrofotometru.

Nejcastéji pouzivané luminofory:
- Luminol

- Lucigenin

- |zoluminol

- Pholasin




luminol

[zoluminol

lucigenin



PHOLASIN

Photoprotein of the bioluminescent mollusc
Emits light in the presence of free radicals, oxidants
and oxidases

Pholasin 1s 1solated and purified by:
Knight Scientific Limited (UK)
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Fluorescencni metody

Princip

Reakci s RMK se puvodné nefluorescencni latky (tzv. fluorescenéni proby)
méni na latky fluorescencni. Tuto fluorescenci je mozné detekovat pomoci:
- fluorimetru

- fluorescencéniho mikroskopu

- konfokalniho mikroskopu

- flow cytometru

Vyhody detekce pomoci flow cytometru

- analyza velkého poCtu bunék v kratkém Case (1000 bunék/sec)

- moznost souCasného hodnoceni vice bunécnych populaci v jednom vzorku
- hodnoceni funkCnich vlastnosti Zivych i fixovanych bunék

Prikladem fluorescencénich préb jsou:
dichlorofluorescin diacetate, dihydrorhodamin 123 nebo hydroethidin




Fluorescent Indicators

How the assays work:

» Superoxide: Utilizes hydroethidine the sodium
borohydride reduced derivative of EB

« Hydrogen Peroxide: DCFH-DA is freely permeable
and enters the cell where cellular esterases hydrolyze

the acetate moieties making a polar structure which
remain in the cell. Oxidants (H,O,) oxidize the DCFH

to fluorescent DCF

 Nitric Oxide: DCFH-DA can also be used as an
indicator for nitric oxide in a manner similar to H,O,
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Detekce NO

- cell-permeabilni fluorescencni indikatory (4,5- diaminofluorescein
diacetate (DAF-2 DA)

- celkova koncentrace nitrati/nitrit
- aplikace NO donorti compounds, NO scavengeru, a guanylyl cyklasy

- NOS aktivita v bunécnych homogenatech méfenim enzymatické
konverze argininu na citrulin béhem tvorby NO

- inhibitory NOS (L-NAME)

- aplikace protilatek k isoformam NOS (imunocytochemie,
imunoblotting)

- exprese genu pro iINOS



Duo+18 3

Now records data directly from NOMKII, EVOMX,
1S02, pH electrodes and lon Selective Electrodes!

1SO-NO Nitric Oxide Meter

{cable not included)

Steel Base



Schéma experimentu: A - referenéna elektréda B - pracovna elektroda C — pomocna elektroda
1. RAW 264.7 vysadime na kultivaénu misku

a kultivujeme v DMEM médiu v inkubatore pri

5% CO2 a 37°C.
2. Pocet buniek stanovujeme pomocou Coulter -'E"- B C
Countru (Coulter®, Coulter Electronics LTD,
England)
3. Bunky o koncentracii 1x108/800 pl inkubujeme
60 min. v 800yl MEM média. = -
4. Nasledne do skumaviek s adherovanymi
bunkami aplikujeme lipopolysacharid (LPS) —
5ng/ml.
5. Mikroskumavku umiestnime do merace;j
komorky a snazime sa umiestnit’ elektrodu na
dno, tesne az k povrchu buniek.
Zapojime elektrédu a spustime meranie.
Po ukonéeni pokusu a odpojeni elektrody
odpipetujeme médium.
8. V médiu nasledne pomocou Griessovej metddy
spektrofotometricky stanovujeme koncentraciu

nitritov (NO,-), ktoré su jednym z koncovych ooy, | o
-\-H\"-\_ _I-'-'_.

metabolitov NO.

No

DMEM + 10% FBS (5% CO2, 37°C).
MEM (NaHCO, , stale pH)
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Detekce NO

- permeabilni fluorescencni indikatory (4,5-diaminofluorescein
diacetate (DAF-2 DA)

NH,

H,N
Esterase NG, O,
g neutral pH
O 0 O
DAF2-DA DAFZ DAF-2T
4,5 Diaminofluorescein 4,5 Diaminofluorescein Triazolofluorescein

Diacetate
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