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Program prednasky:

 imunocytochemie
e typy protilatek a jejich vyroba

e postup imunofluorescencniho barveni
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Nevlastni (vnejsi) fluorescence

Prima vazba fluorochromu na molekuly nebo bunécné
struktury - sondy

DNA, bunécna sténa, plazmatickd membrana...
mitochondrialni aktivita - respiracni vzplanuti, pH
indikatory, membranovy potencial.

Neprima vazba fluorochromu — znacky

navazani na imunoglobulin (protilatku) nebo Usek nukleové
kyseliny, annexin V, phalloidin..
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Imunocytochemie (ICC)

soubor metod, které umoznuji detekci
antigenu v tkdni nebo burice (in situ)

pomoci znacenych protilatek

ERS
SNEZ,

Bi8920 Fluorescencni mikroskopie - jaro 2018 - 03 / 28.3.

<N SV
O
NENS1S

2

Klan A B



Albert Hewett Coons, M.D.

(1912 - 1978)

* zakladatel imunofluorescence

* pouziti fluorochromem znacené protilatky

Coons, A. H., CreecH, H. J. and JonEgs, R. N. (1941).
‘Immunological properties of an antibody containing

a fluorescent group.” Proc. Soc. exp. Biol. (N.Y.), 47,
200.

LOCALIZATION OF ANTIGEN IN TISSUE CELLS

II. IMPROVEMENTS IN A METHOD FOR THE DETECTION OF ANTIGEN BY
MEANS OF FLUORESCENT ANTIBODY* }

By ALBERT H. COONS, M.D., axo MELVIN H. KAPLAN§
(From the Department of Bacleriology and Immunology, Harvard Medical School, Boston)

(Received for publication, August 6, 1949)
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Protilatky

e patii do skupiny imunoglobulin(

« tridy: IgA, IgD, IgE, IgG, IgM (u savcu)

* sloZeni: 2x tézky retézec (H), 2x lehky retézec (L)

* H retézce: ruzné dle antigennich a strukturalnich vlastnosti Ig
-> podtypy (alfa, delta, epsilon, gama, mi)

e L retézce: lambda nebo kapa — ruzné, v zavislosti na typu Ig

e Hal-spojenidisulfidickymi vazbami, podil na terciarni
strukture, udrzuje stabilitu Ig

* nejcastéji pro imunofluorescenci lgG a IgM
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Name  Heavy Chain

IgA 1,2 o

1gG 1,234 vy

Description Antibody Complexes

Found in mucosal areas, such as the gut,
respiratory tract and urogenital tract, where
it prevents colonization by pathogens. Also
found in saliva, tears, and breast milk.

Functions mainly as an antigen receptor on

B cells that have not been exposed to antigens. Monomer:
It has also been shown to activate basophils IgD, IgE, IgG
and mast cells to produce antimicrobial factors.

Binds to allergens and triggers histamine
release from mast cells and basophils, and is
involved in allergy. Also protects against
parasitic worms.

Dimer:
IgA

In its four forms, provides the majority of

antibody-based immunity against invading

pathogens. The only antibody capable of ‘
crossing the placenta to give passive \
immunity to the fetus.

s

K

N\

Expressed on the surface of B cells as a
monomer, and in a secreted form as a pentamer
with very high avidity. Eliminates pathogens in '

the early stages of B cell mediated (humoral) i ‘

immunity before there is sufficient IgG.

»

Pentamer:
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Antibody

IgA

IgE

gD

lgG

Light
Chain

K or A
K Or A

K Oor A

K Oor A

K or A

Light
Chain

Kor A
Kor A
K or A
KorA

Human and Mouse

Subtype

19Aq
IgA2

None

None

None

Human

Subtype

19G1
1gG2
19G3
19G4

Heavy
Chain

a1
a2

Heavy
Chain

Y1
Y2
Y3
Y4

Light
Chain

K Oor A
K Or A
K Oor A
KorA
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<« WY a dore

Mouse
Subtype Heavy
Chain
19G1 Y1
19G2a ¥2a
19G2p ¥2b
19G3 Y3
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1gG

obecny vzorec:

gama, lambda, nebo gama, kapa, ‘
primeérnd Mr = 150kDa, H = 50kDa, L = 25kDa S &

¢ 7
domény - variabilni (V) a konstantni (C), A S
velikost 80-120AA Cho®
)
na N-koncich : OS
L fetézec: 1x V, doména

H fetézec: 1x V,, domeéna

ha C-koncich :
L fetézec: 1x C, doména
H fetézec: 3x-C,1,C,2,C,3

Bi8920 Fluorescencni mikroskopie - jaro 2018 - 03 / 28.3.



V| a V,, tvofi vazebné misto antigenu, v této casti hypervariabilni

oblasti
(0,2-0,3 nm)

— tyto se béhem reakce s antigenem dostavaji nejblize

Struktura vazebného mista, ktera je unikatné charakteristicka pro
danou protilatku, se nazyva idiotyp -> kazdy klon protilatky ma

jiny idiotyp

-

.

constant immuoglobulin
domain

basic antibody
structure

VH CH1 CL VL

VL CL Cm VH
CH2

~CH3

variable immuoglobulin
domain

hypervariable

Figure modified from Alberts et al Aeculy Salgy of the Ced 4th ed. 2000, Garland Publishing figure 24-34

p 1383

~
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Struktura - odvozena od
enzymatického stépeni

* papain- stépi v pantové
oblasti H retézce
vznik:
»  2x monovaletnich Fab
(Fragment antigen binding)
»  1x Fc (Fragment crystallizable)

* pepsin —stépi v C-koncové oblasti H
retézce
vznik:
»  1xbivalentni F(ab“),
»  zbytek Fc fragmentu je
degradovan
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IgM

* pentamer, Mr=900kDa, 5x podjednotka po 180kDa

* obecny vzorec (mi, kapa,). nebo (mi, lambda,).

e struktura spojena retézcem ,J“ (15kDa)

* stejné Stépeni proteindzami jako IgG, vznik 10x Fab a Fc; 5x F(ab),

* Fc - cyklicky pentamer (340kDa)
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Imunitni odpovéd

* imunizace antigenem - vyrovnani koncentrace mezi intra a
extravaskularnim prostorem

* zachytavani antigenu v uzlinach

* latentni (indukcni) faze — asi tyden

* prvnitvorba IgM — primarni odpovéd

* pozdéji nebo po dalsi imunizaci (booster)— prevazneé tvorba IgG —
sekundarni odpovéd

* ruzna délka polocasu - IgM = 4-6 dni, IgG = 3 tydny

anary Boster
Yaccination Dose

' '

IgG

Serum titre of antibodies
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Polyklonalni protilatky pro ICC
* produkce riznymi klony B- lymfocytd

* reakce s ruznymi epitopy daného antigenu

* nejcastéjsi producent — kralik (New Zeeland White rabbit) ,

koza, prase, ovce...
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RAISING ANTIBODIES IN ANIMALS

Antibodies can be made in the laboratory by injecting an animal
(usually a mouse, rabbit, sheep, or goat) with antigen A.

inject antigen A take blood later

Repeated injections of the same antigen at intervals of several weeks
stimulates specific B cells to secrete large amounts of anti-A
antibodies into the bloodstream.

.

-

amount of anti-A
antibodies in blood

A J

Because many different B cells are stimulated by antigen A, the
blood will contain a variety of anti-A antibodies, each of which
binds A in a slightly different way.
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Priprava polyklonalnich protilatek .

lllllll

* navrzeni a syntéza peptidu

IIIIIIII

e overeni Cistoty hmotnostni spektrometrii

IIIIIII

a chromatografii R S

vvvvvvvvvvvvvvvvvv

e coupling —vazba s KLH glykoproteinem

« KLH — Keyhole limpet hemocyanin

 meékkys (Megathura crenulata)

e produkce vysoce imunogenniho
glykoproteinu KLH

 dodd imunogenitu i peptidu
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Priprava polyklonalnich protilatek

* imunizace — kontrola specificity vici antigenu

 ziskani sera

Nom w Date a

Description

03.12.2009

Peptide ordered

28.12.2009

Peptide ready

05.01.2010

Peptide coupling via C-terminal cysteine

08.01.2010

Immunisation of rabbits number 26 and 27: 1st injection

29.01.2010

Immunisation of rabbits number 26 and 27: 2nd injection

05.02.2010

Rabbit sera after second injection of antigen

09.02.2010

Testing of the sera after 2nd injection of antigen using dotblot

01.03.2010

Immunisation of rabbits number 26 and 27: 3rd injection

O o0 NOYUTL B WN =

08.03.2010

Rabbit sera after third injection of antigen

11.03.2010

—
o

Testing of the sera after 3rd injection of antigen using dotblot

—
—

01.04.2010

Immunisation of rabbits number 26 and 27: 4th injection

—
N

08.04.2010

Final bleed after fourth injection of antigen

ERS7,, g

oy
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Priprava polyklonalnich protilatek
* imunizace

Immunisation protocol

1) First injection — day I: subcutaneous injection of 100 — 500 g of purified protein or

E % h peptide coupled to KLH (in complete Freund’s adjuvans).

' 2) Second injection — day 15: subcutaneous injection of 100 — 500 pg of purified protein or

peptide coupled to KLH (in incomplete Freund's adjuvans).

'/,\ 3) Test sera—day 20: 5 mls of test sera

4) Third injection — day 46: subcutaneous injection of 100 — 500 pg of purified protein or

’ peptide coupled to KLH (in incomplete Freund’s adjuvans).
; 5) Test sera or final bleed — day 54: either 5 mls of the test sera or 50 - 80mls of the final

i sera.

6) Fourth injection — day 76: subcutaneous injection of 100 — 500 pg of purified protein or
’ : peptide coupled to KLH (in incomplete Freund's adjuvans).
A /A“ 7) Final sera collection — day 84. 50 - 80mls of the final sera.

%ﬂ SViy
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Ovérovani afinity protilatky k antigenu

metoda: dot-blot

1) na membranu nanesen antigen

2) kapka ruzné redéné protilatky

3) detekce anti-kralici protilatkou konjugovanou s chromogenem
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tumor cell from B cell from animal

M O n O k I O n a I n | p rOtl I atky p rO l CC cell culture divides injected with antigen

indefinitely but A makes anti-A
produ kova ny pouze jedn im klonem does not make antibody but does

antibody not divide forever

B-lymfocytU

vsechny molekuly imunoglobulinu @
jsou totozné
reaguji pouze s jednim specifickym \'/

epitopem na antigenu FUSE ANTIBODY-SECRETING
o .. B CELL WITH TUMOR CELL
nejcasteji mysi
priprava pomoci hybridomu: \
o , hybrid cell

fuze B-lymfocytu a myelomové b. makes anti-A
antibody and
divides
indefinitely
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y mouse immunized mutant cell line derived from
TVO rba monoklona | n ICh with antigen X a tumor of B lymphocytes

protilatek /o

(e6s)

http://sites.sinauer.com/cooper7e/ani cellmeking .. 1.8 908

anti-X antibody —@g® .:.
M 0413 ht I B lymphocytes (will die (cells will grow indefinitely in normal
m at I O n . m after a few days in culture) medium, but will die in selective medium)

FUSllON

products plated in multiple wells

secreted
anti-X antibody
]
00000 o [¢] o000
eo@oo o.o .00 0000 ©

only hybridomas grow on the selective medium

i ] L ] i J
test supernatant for anti-X

antibedy and clone cells from
positive well at ~1 cell per well

REEREREREREREERERE

Lo elo

allow cells to multiply, then test
supernatant for anti-X antibodies;

positive clones provide
a continuing source of
anti-X antibody
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Prvni monoklonalni protilatka (1975)

* mysi monoklonalni protilatka — klon Sp1 (IgM)
* proti SRBC (sheep red blood cells)
* flze mysich bunék z myelomu a sleziny

Myeloma cells (107 P3-X67A
Nature Vol. 256 August 7 1975 g8) were fused to 10% spleen cells from an

immunised BALB/c mouse. Mice were im-
munised by intraperitoneal injection of 0.2 ml
packed SRBC diluted 1:10, boosted after 1

Continuous cultures of fused cells month and the spleens collected 4 d later.
. . fi TR After fusion, cells (Sp-1) were grown for 8 d
secreting antibody of prede ned specificity in HAT medium, changed at 1-3 d intervals.

Cells were then grown in Dulbecco modified

Eagle’s medium, supplemented for 2 weeks

G. KSHLER with hypoxanthine and thymidine. Forty days
< ‘ after fusion the presence of anti-SRBC act-

C. MILSTEIN . . .
t | L
MRC Laboratory of Molecular Biology, :l;zu\:a;omfggege?lssfttmnn:]n?b;hgfr:ggr?g
Hills Road, Cambridge CB2 2QH, UK cells was 1/30.
Qé\\JERS]rq&.
2 2
. v s . . . é
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Konjugace protilatky s fluorochromem

vazba pres aminoskupinu, vznik amidu

O 0
// //
R-C + HN-R” — R-C_
O-R’ N—R"
H
ester amin amid

NH,-Reactive Fluorescein Fluorescein - IgG conjugate
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Konjugace protilatky s fluorochromem

e vazba pres thiolovou skupinu (-SH)

nutné v redukujicim prostredi — poruseni disulfidickych
vazeb

vyssi senzitivita konjugatu — specifictéjsi misto znaceni

_w e,
Q°
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Prima vs. neprima imunofluorescence

e primaimunofluorescence — plvodni metoda (1942)

* prima vazba protilatky s fluorochromem na antigen

VV/

e vyuziti pro flow-cytometrii
fluorochrom

imunoglobulin

‘ epitop antigenu
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Prima imunofluorescence

a) znacena protilatka od dodavatele

b) vlastni oznaceni zvolené protilatky vybranym fluorochromem

prepare incubate

Lightning Link®-Rapid prepare and add the

add the quenc

label —>_  modified antibody solution
_—
00.00 29 secs 15 minutes [ 1sec ‘ 4 minutes < 20 minutes
S ‘ <UL ‘

JERS7
Innova Biosciences, Lightning-Link® .&x\ 7;1&

%‘d SViy
(4
VENSIS®

Bi8920 Fluorescencni mikroskopie - jaro 2018 - 03 / 28.3. ,}M

ZANA B



Neprima imunofluorescence

dvoukrokova
1) primarni protilatka x antigenu

2) sekundarni znacena protilatka

Secondary
antibody

X primarni protilatce

Epitope

* univerzalni, vice primarnich protilatek z jednoho organismu lze
kombinovat s jednou sekundarni protilatkou

Vé

e vyssi citlivost - na |. Ab vice rozeznatelnych epitop,
vice navazanych molekul Il. Ab

~é}dS\VLV
NENSIS®
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Zakladni postup imunofluorescencniho
barveni bunécnych kultur

1

S

2)
3)
4)
5)
6)

fixace

permeabilizace

blokovani nespecifickych vazeb
inkubace s protilatkou / protilatkami
counterstaining (detekce DNA)

montovani

Bi8920 Fluorescencni mikroskopie - jaro 2018 - 03 / 28.3.
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Zakladni postup imunofluorescencniho
barveni tkanovych rez(

1)
2)
3)
4)

5)
6)

5)
6)

parafinové rezy (x4 um) na podloznim skle
deparafinizace — xylen

rehydratace — sestupna alkoholova rada

reaktivace antigenl (antigen retrieval) v tlakové komore
pri vyssi teploté (97°C)

blokovani nespecifickych vazeb

inkubace s protilatkou/-ami

(chromogen — plati jen pro IHC)

counterstaining

montovani

Bi8920 Fluorescencni mikroskopie - jaro 2018 - 03 / 28.3.
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Fixativa

pozadavky

* rychle pronika do buriky/tkané

e fixuje b. struktury a zabranuje reakci bunky a tim vzniku
strukturalnich artefaktt

e zamezi ztraté rozpustnych protein(
 nesmi vykazovat autofluorescenci

e rozdily v zavislosti na detekované strukture

e chemicka fixativa
e mrazova substituce

e mikrovlnna fixace

Bi8920 Fluorescencni mikroskopie - jaro 2018 - 03 / 28.3.




Chemicka fixativa

koagulacni chemicka fixativa

 MetOH - nejcastéji/-20°C, bez permeabilizace
 EtOH

* aceton

vyhody

* rychla fixace, diky dehydrataci

e proteiny jsou koagulovany nebo extrahovany
e zachovava rozpoznani antigenu

nevyhody
* vyrazné smrsténi vzorku (az o 50%)
’ . . . JERS
e zkresleni morfologie a velikosti g g

<N SVIy
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Crosslinkujici chemicka fixativa

vytvari metylenové vazby -CH,- (crosslinks) mezi ruznymi skupinami
makromolekul

@)
 formaldehyd PN

e glutaraldehyd.. o#>">"¢ .
Ho{é_o}H
nejcastéji paraformaldehyd (4% PFA) VI

e reaktivni skupiny: amidova, guanidinova, thiolova, fenolova,
imidazolova a indolylova

e crosslinky i v nukleovych kyselinach (ne vsak v lipidech)

 pomalejsi vytvareni crosslinkl, ale rychlejsi prunik do bunky (nez
glutaraldehyd)

. s .« 7 ’ . Q\QERSIT«]
* toxicky, potencialni karcinogen ;”lM“‘“-g
> Z
w &
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Permeabilizace

e pouziti v zavislosti na umisténi detekované molekuly

* na externi strané pl. membrany — netreba

e po fixaci aldehydy, nutnost permeabilizovat membranu,
aby mohly byt detekovany intracelularni molekuly

e pouziti organickych rozpoustédel nebo detergent(

mv—rm ——

nejcasté;ji:

 TRITON X-100 (0,1-1%),
e Tween 20

 NP-40 (= Igepal)

e Brij...
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Blokovani nespecifickych vazeb

nutnost vyvazani:

* nespecifickych vazebnych mist, na ktera by mohla
nasednout protilatka

* nevymytého fixativa

e polarnich nebo velmi hydrofobnich struktur

* zvysuje specificitu protilatky
* snizuje signal z pozadi

nejcastéji pouzivané:

* bovinni sérovy albumin (BSA): 1-10%,

* sérum (ze stejného zvirete jako II. Ab,
nebo jiné nez l. a ll. Ab)

» Zzelatina
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Prima a neprima
imunofluorescence

o Loy
F

— —
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Dvojité znaceni
neprima imunofluorescence

http://www.youtube.com/watch?v=0H2GFeaGV6w

Celkovy postup
neprima imunofluorescence

http://www.youtube.com/watch?v=pteO6FRWo3g

Bi8920 Fluorescencni mikroskopie - jaro 2018 - 03 / 28.3.
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Negativni kontrola

nutné pro vylouceni falesnych vysledk

* vicenasobneé znaceni — kontroly pro jednotlivé fluorochromy

* pouziti isotypové kontroly — stejny typ protilatky s fluorochromem bez
specificity

* pouziti neznacenych bunék — vylouceni autofluorescence

.Q\A\QERSITKIJ\.
S 2
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Pozitivni kontrola
* detekce ,overeného” proteinu (tubulin, aktin)
* linie s ovérenou expresi daného proteinu

* transfekovana linie s over-expresi daného proteinu

Hela: a-tubulin A431: EGFR

Bi8920 Fluorescencni mikroskopie - jaro 2018 - 03 / 28.3.
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Montovani = uzavirani

e uchovani preparatu na delsi dobu
* bez pristupu vzduchu
e v prostredi branicim vyhasinani fluorescence

* mohou soucasné oznacovat nukleové kyseliny (+DAPI, aj.)

tuhnouci vs. netuhnouci montovaci meédia

* na bazi polyvinyl alkoholu (napf. Mowiol) — tuhne
* na bazi glycerolu (napr. Vectashield) — potreba zaramovat sklo —
gel, parafin, lak na nehty..
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Celkovy postup neprimého
imunofluorescenc¢niho znaceni — 1. cast

Cells are harvested by
centrifugation
_ >

Shdes incubated with
solution of neutral protein
to block surface of the shde

Mitochondria or other

* ‘\\ 'y / Other proteins ;\
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Celkovy postup neprimého
imunofluorescenc¢niho znaceni — 2. cast
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Neprima vazba fluorochromu — znacky
navazani na imunoglobulin (protilatku) nebo Usek nukleové kyseliny, phalloidin..

Phalloidin

* mykotoxin - obsaZen v nékterych jedovatych druzich muchomurek
* Amanita phalloides - muchomurka zelena (obsah pfriblizné 0,01 %)
* inhibice depolymerizace aktinovych filament

* vazba na F-aktin

* konjugace s fluorochromy
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Alexa Fluor 488 phalloidin
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Annexin V + fluorochrom

detekce fosfatidylserinu (,,eat me“ signal) v apoptdze

membrane asymmetry
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Interaktivni materialy

*http://www.proteinatlas.org/

*http://www.abcam.com/

*http://www.cellsignal.com/index.jsp

*http://www.agilent.com/en/dako-products

*http://www.thermofisher.com/cz/en/home/brands/molecular-probes.html

*https://www.scbt.com/scbt/home/

*http://www.sigmaaldrich.com/czech-republic.html

*http://www.protilatky.cz/ SNERSI
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