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Uvod

Termin Click chemie byl poprvé piedstaven v praci
Kolba a spol.". Prace odkazuje na typ reakci, které jsou
modularni, stereospecifické, produkujici vysoké vytézky
apouze neskodné (mezi)produkty. Reakce probihaji za
jednoduchych reakénich podminek (idealn¢ by nemély byt
citlivé na pfitomnost vody a kysliku), produkt musi byt
jedr}oduée izolovatelny a stabilni za fyziologickych podmi-
nek .

Jednim typem Click reakce je 1,3-dipolarni cykloadi-
ce mezi terminalnim alkynem a azidovymi skupinami,
jejichz vysledkem je vytvofeni stabilniho triazolu®. Tato
reakce vsSak pfi fyziologickych teplotach probiha pomalu,
proto byla vyvinuta tzv. azido-alkynova Huisgenova cyk-
loadice katalyzovana médi (CuAAC, Copper-Catalysed
Azide-Alkyne Cycloaddition). Pouziti médi jako katalyza-
toru umoznilo zrychleni reakce a zvySeni regiospecifity,
jelikoz vznikaly pouze 1,4-disubstituované produkty’*.
Click chemie je dnes hojné pouZzivana v riznych oblastech
vyzkumu i primyslové vyroby, jako je farmaceuticky vy-
zkum, biochemie, chemie polymerti nebo nanovédy” .

662

Click chemie je jednou z metod, které mohou byt pouZity
pro detekci, vizualizaci a identifikaci nove syntetizova-
nych a rizné syntetizovanych proteint, glykant, lipida
a/nebo nukleovych kyselin®.

Bioortogonalni chemie je definovana jako sada che-
mickych reakci, které mohou probihat v zivych organis-
mech a které neinterferuji s pfirozenymi biochemickymi
procesy v buiice®. Umoziuje vizualizaci procesti v Zivych
systémech a je dostupna pro znaceni témét jakéhokoli typu
biomolekul — proteint, glykani, lipidd nebo nukleovych
kyselin in vivo a in vitro® . Siroce pouzivana kombinace
bioortogonalni a Click chemie pro znaceni proteint je
nazyvana BONCAT (bioortogonalni nekanonické znaceni
aminokyselin, bioorthogonal non-canonical amino acid
tagging)’.

Metoda BONCAT je zalozena na zaclenéni modifiko-
vanych aminokyselin, které nesou malou nereaktivni sku-
pinu, do nové syntetizovanych proteinti. Aminokyseliny
pouzivané pro BONCAT, L-azidohomoalanin (AHA)
a L-homopropargylglycin (HPG), slouzi jako nahrada pro
methionin a jsou piijimény translacnim mechanismem
bunky'. Pozadavky pro bioortogonalitu jsou rovnéz napl-
nény; azidova a alkynova skupina jsou malé, inertni, nevy-
skytuji se v zivém systému a jsou stabilni za fyziologic-
kych podminek'™'®. Kazdy protein obsahuje teoreticky
nejméné jeden methionin, nicméné ptedchozi studie uka-
zuji, Ze ptiblizné 5 % sekvenci lidskych proteinti obsahuje
hem post-translaénich modifikaci’.

Pro detekei jednotlivych bioortogonalné znacenych
proteint jsou vyuzivany rizné piistupy. Jednou z moznosti
je elektroforeticka separace proteind, jejich elektrobloting
a detekce na membrané¢ s vyuzitim malych protein-
specifickych molekul. Tyto molekuly, napt. inhibitory
enzymt, jsou konjugované s alkynem/azidem a vazi se
kovalentn¢é na aktivni misto enzymu blotovaného na po-
vrch membréany. Pro samotnou detekci se vyuzivd CuAAC
reakce, diky které je ve vysledku na protein navaza-
na fluorescenéni znacka s naslednou detekci fluorescence
nebo biotin s naslednou detekci streptavidinem konjugova-
nym s kienovou peroxidasou'®'”. Podobny pfistup pouzil
Ohata a spol." pro detekei jednotlivych proteinti; v tomto
pripadé byly proteiny pfimo znaceny azidovou nebo alky-
novou skupinou s naslednou vazbou fluorescen¢ni znacky
Click reakci. Ve vSech téchto pfipadech byla elektroforéza
pouzita primarné k oddéleni znacenych proteini od ostat-
nich malych molekul.

Kombinace BONCAT s CuAAC predstavuje velmi
uc¢inny a jednoduchy nastroj pro vizualizaci zmén
v syntéze proteintt a identifikaci proteinit se zménénou
expresi, coz znamend velky pokrok v biochemickych
a molekularn& biologickych studiich®'*'**°. Napiiklad
Hatzenpichler a spol." znagili nové syntetizované proteiny
pomoci AHA a nechali je reagovat s DBCO-PEG,-
Carboxyrhodaminem 110 za pouziti napétim podporované
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Click reakce. Znacené proteiny byly elektroforeticky sepa-
rovany a detekovany pomoci fluorescenc¢niho signalu.

Nejpouzivanéjsi metodou pro separaci proteinil obsa-
hujicich AHA nebo HPG z reakéni smési (obsahujici ne-
zreagované znacici molekuly) je precipitace, nejastéji
s vyuzitim methanolu a chloroformu®'. Tato metoda miize
nicméné vést ke ztraté nékterych proteini™ ' a muze
ovlivnit migraci proteind v gelu a zpUsobit rozosteni sig-
nalu, ke kterému dochazi pravdépodobné v dusledku ag-
regace proteint®.

Z vySe uvedenych divodli jsme optimalizovali
BONCAT za pouziti pfistupu Click reakce na membrang
pro detekci proteinli metabolicky znacenych AHA nebo
HPG bez ptedchozi precipitace. Stejnou metodu jsme apli-
kovali na znacené proteiny separované 2D elektroforézou
a pro potvrzeni moznosti vyuZziti metody i u jinych bio-
makromolekul také pro detekci RNA znacené 5-ethynyl-
uridinem (5-EU). Domnivame se, Ze reakce Click na mem-
bran¢ je vhodnéjsi pro detekci bioortogonalné znacenych
biomolekul ve srovnani s Click reakci nasledovanou stan-
dardni precipitaci methanolem/chloroformem.

r wr

Experimentalni ¢ast

Detekce metabolicky znacenych proteintt metodou
Click na membrané

Kultivace bunék a metabolické znaceni proteintii

Lidské glioblastomové buiiky byly kultivovany
v médiu RPMI 1640 (Biowest) obsahujicim 10 % fetalniho
bovinniho séra (FBS, Sigma-Aldrich), 1 % vr-alanyl-L-
glutaminu (Biochrom) a 1 % antibiotik (findlni koncentra-
ce amfotericin B 0,25 pgml™', penicillin G 100 Uml™,
streptomycin 100 pg ml™', Biowest) pti 37 °C. Buiiky byly
promyty dvakrat ve sterilnim PBS (Phosphate Buffer Sali-
ne) a inkubovany 1 h v modifikovaném RPMI 1640 médiu
bez sirnych aminokyselin (Sigma-Aldrich), obsahujicim
0,21 mM cystinu (SERVA) a 2 mM L-alanyl-L-glutaminu
(Biochrom). Po vy€erpani methioninu bylo do média pfi-
dano AHA nebo HPG (oboji Click Chemistry Tools) ve
finalni koncentraci 50 uM a nové tvofené proteiny byly
metabolicky znaceny 2 h. Bunky byly dvakrat promyty
v PBS, uvolnény do PBS pomoci skrabky a centrifugova-
ny 10 min pfi 4 °C a 400 g. Bunéény pelet byl lyzovan
v lyzaénim pufru (1% SDS, 0,1M sodno-fosfatovy pufr,
pH 8,0) dopIlnéném o inhibitory proteas (HALT Protease
Inhibitor Cocktail, Thermo Fisher Scientific). Bunééné
lyzaty byly inkubovany 30 min na ledu, sonikovany
a zmrazeny na —80 °C. Koncentrace proteinii byla stanove-
na metodou BCA (Pierce BCA Protein Assay Kit, Thermo
Fisher Scientific).

Click reakce v roztoku

Click reakce v roztoku byla provadéna podle®. Na
kazdych 50 mg proteinti bylo pouzito 0,5 ml Click reakéni
smési obsahujici 100 uM CuSO,, 0,5 mM THPTA (Click
Chemistry Tools), 250 uM askorbatu sodného (SERVA),
100 mM draselno-fosfatového pufru, pH 7,0, a 100 uM
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biotin-PEGy-alkynu nebo biotin-pikolyl-azidu (oboji Click
Chemistry Tools) ve vzorcich znacenych AHA anebo
HPG. Reakce probihala pfi pokojové teploté 1 h.

2D elektroforéza

Pro odstranéni nezreagovanych reak¢nich slozek
a piipravu vzorki proteint pro elektroforézu byly pouzity
dva piistupy — sraZeni methanolem a chloroformem?’ nebo
ultrafiltrace. Pro ultrafiltraci byly pouzity ultrafiltracni ko-
lonky Vivaspin 2 Centrifugal Concentrator (10K MWCO,
PES, Sartorius) dle pokynt vyrobce. Vzorky byly reduko-
véany na 10 % jejich ptivodniho objemu a nafedény rehyd-
ratanim pufrem.

Vysrazené proteiny byly rozpustény v rehydrataénim
pufru (7M mocovina deionizovana Amberlitem MB-150
(cit.®™®), 2M thiomo&ovina, 2% CHAPS, 40 mM DTT,
0,2% 3-10 Pharmalytes, 0,02% bromfenolovd modf
(vSechno Sigma-Aldrich)) na vyslednou koncentraci
0,4 ug ul™'. Vzorky byly centrifugovany 10 min pii
13400 g pro odstranéni piipadnych agregatli vzniklych
béhem srazeni. 125 pl supernatantu bylo naneseno na IPG
strip s linearnim gradientem pH v rozsahu 3-10 (Bio-Rad)
a byla provedena rehydratace pfes noc pod vrstvou mine-
ralniho oleje (Sigma-Aldrich). Izoelektricka fokusace
(IEF) byla provedena na pfistroji IEF100 (Hoefer) pii 20 °C
(celkove 13 750 kVh).

Po IEF byly stripy ekvilibroviny 10 min
v ekvilibracnim pufru (8M mocovina, 0,375 M Tris,
pH 8.,8; 2% SDS, 20% glycerol) s 2% (w/v) dithiotreito-
lem (DTT) anasledné¢ 10 min v ekvilibraénim pufru
$2,5% (w/v) jodacetamidem (vSe Sigma-Aldrich). Stripy
byly pfeneseny na 10% akrylamidovy gel (Mini-
PROTEAN TGX Precast Gels, Bio-Rad) a pfevrstveny
0,5% agarosou s nizkou teplotou tani (SERVA) v elektro-
dovém pufru. Barevny proteinovy standard (10-245 kDa,
Applichem) byl nanesen vedle pozitivniho konce stripu.
Elektroforéza byla provedena podle® v aparatufe Mini-
PROTEAN Tetra Cell (Bio-Rad).

Elektroblot a Click na membrané

Proteiny separované elektroforézou byly pfeneseny na
PVDF membranu®. V piipadé vzorki, u kterych byla
Click reakce provadéna v roztoku pied elektroforézou
a blotem, byly membrany obarveny a vyvolany. V piipadé
vzorkdl, které nebyly zpracovany Click reakci v roztoku,
nasledovala po rozdéleni proteind elektroforézou a jejich
pfeneseni na PVDF membranu Click reakce na membrané.
Vsechny gely po elektroblotu byly fixovany a obarveny
tzv. Blue Silver metodou podle’’. Modifikovana Click
reakce byla provedena na povrchu membrany podle®®. Pro
jednu membranu o velikosti 7,5 cm x 8,5 cm bylo pouzito
5 ml Click reakéni smési a reakce probihala 1 h pfi poko-
jové teploté. Béhem optimalizace metody byl biotin-PEG;-
alkyn pouzit v koncentraci 5-100 uM, po optimalizaci
byla pouzivana koncentrace 10 uM. Po znaceni byly mem-
brany 2x promyty PBS-T (PBS s 0,05% Tween-20), blo-
kovany v blokovacim ¢inidle Roti-Block (Carl Roth)
v PBS-T a inkubovany ve streptavidinu konjugovaném
s alkalickou fosfatasou (AP, alkaline phosphatase). Poté
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nasledovala inkubace s biotinylovanymi anti-streptavidin
protilatkami a podruhé se streptavidinem-AP (vSe Vector
Laboratories, fedéni 1:1000 v Roti-Block). Tato trojkroko-
va detekce zajistuje vysoce citlivou detekci s nizkym po-
zadim (nepublikované vysledky). Vysledny signal byl
vyvolan ve vyvolavacim pufru (0,1M Tris, 0,1M NaCl,
0,05M MgCl,, pH 9,0) s330 pgml" BCIP (5-brom-4-
-chlor-3-indolyl-fosfat) a 165 pgml™" NBT (p-nitroblue
tetrazolium-chlorid) (oba Applichem). Reakce byla zasta-
vena po vyvolani dostatecné silného signalu promytim
membrany v destilované vode¢.

Detekce metabolicky znacené RNA pomoci reakce
Click na membrané

Kultivace bunék a metabolické znaceni RNA syntetizované
de novo

Lidska meduloblastomova bunécna linie (DAOY
ATCC HTB-186, cit.*?) byla kultivovina v RPMI 1640
médiu obsahujicim 10 % FBS, 1 % antibiotik-antimykotik,
1 % vr-alanyl-L-glutaminu a 50 nM B-merkaptoethanolu.
Buiky byly kultivovany pii 37 °C v atmosféie s 5 % CO,.
Bunky byly nasazeny do Sesti jamkovych desek v hustoté
5-10° bun&k na jamku. K buiikim byl ptidan 5-EU ve fi-
nalni koncentraci 1 mM a metabolické znaceni bylo prove-
deno v intervalech 30 min, 2 h, 4 h a 6 h. Experiment byl
provadeén v biologickych triplikatech.

Izolace RNA

Bunky byly promyty v PBS a lyzovany pfidanim 1 ml
¢inidla RNA Blue (Top-Bio) na jamku. Celkova RNA byla
poté izolovana podle manualu vyrobce. Pelety RNA byly
rozpustény ve vodé osetfené diethylpyrokarbonatem. Kon-
centrace a Cistota RNA byly kontrolovany spektrometrem
Nanophotometer Pearl (Implen).

Elektroforéza a blotovani

RNA byla separovana na 1,2% agarosovém denatu-
ra¢nim gelu pufrovaném pomoci MOPS (3-(N-morfolino)-
propansulfonova kyselina) obsahujicim 6,7 % formaldehy-
du a vizualizovana pomoci barviva GelRed (Biotium).
Poté probihal kapildrni blotting RNA na PVDF anebo ny-
lonové membrané (Cytiva) s vyuzitim 20x SSC pufru 3M
NaCl, 0,3M citrat sodny, pH 7,0). Membrana byla fixova-
né UV zéfenim (120 mJ cm™?) a promyta 0,1 M draselno-
fosfatovym pufrem, pH 7,0.

Click na membrané

Membrany byly inkubovany v Click reakéni smési
obsahujici 10 uM pikolyl-biotin-azidu 1 h ve tmé pfi po-
kojové teploté. Poté byly membrany blokovany (Roti-
Block) a znaceny trojitym systémem protilatek (kozi anti-
biotin protilatka, konska anti-kozi protilatka konjugovana
s AP, krali¢i anti-konska protilatka konjugovana s AP).
Chemiluminiscence byla detekovana pouzitim CDP-Star
kitu (Novex); ke kolorimetrickému vyvolani signalu byl
pouzit vyvolavaci pufr obsahujici 330 pgml”' BCIP
a 165 pg ml™' NBT (obé& Applichem).
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Vysledky a diskuse

Standardni postup BONCAT je zalozen na analyze
proteinu, které prochazi Click reakci v roztoku. Tento pfi-
stup je Siroce pouzivan®'®'** nicméng takto provadéna
Click reakce nemusi pokazdé vést k jasnym vysledkiim.
Jednou z nevyhod reakce v roztoku je potfeba pfidani nad-
bytku nizkomolekularniho ¢inidla, které by mélo byt pied
dalsi analyzou ze vzorku odstranéno, nebot’ jeho pfitom-
nost muze vést k faleSné pozitivnim anebo zkreslenym
vysledkiim. To predstavuje dalsi krok, ktery mtize ovlivnit
vysledek. Jednou z moznosti je srazeni®, které ale miZe
vést v nekterych piipadech ke tvorbé nerozpustnych pro-
teinovych agregatli zplsobujicich nedostatecnou fokusaci
proteinti b&hem IEF (cit.**). Proto jsme zkoumali moznost
vyuziti Click reakce na membrané po elektroblotingu.

Prvnim krokem byla optimalizace mnozstvi biotin-
alkynu pouzitého pro Click reakci provadénou na membra-
né. Click reakce ve vzorcich obsahujicich AHA byla pro-
vadéna 1 nebo 3 h s riznymi koncentracemi biotin-alkynu
(100 pM, 50 uM, 20 uM, 10 pM, 5 pM). Pokles koncen-
trace biotin-alkynu neovlivnil vyrazné intenzitu signalu ani
nebylo potieba pristoupit k prodlouzeni ¢asu inkubace
(obr. 1). Vsechny nasledujici experimenty vyuZzivajici me-
todu Click na membrané probihaly v reak¢éni smési obsa-
hujici 10 uM biotin-alkynu po dobu 1 h.

AHA znacené proteiny po Click reakei v roztoku byly
analyzovany 2D elektroforézou a western blotem. Gel
i membrana vykazovaly nedostate¢nou separaci proteint
v celém rozsahu gelu (obr. 2A, B). Pouziti HPG misto
AHA nemélo zadny ptiznivy efekt (obr. 2C, D). Proteiny
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Obr. 1. Optimalizace detekce proteinii znacenych AHA meto-
dou Click na membrané; 1 pg proteint byl separovan na 10%
akrylamidovém gelu a blotovan na PVDF membranu. Click reak-
ce byla provedena s uvedenymi koncentracemi biotin-alkynu po
dobu 1 nebo 3 h. Nové syntetizované proteiny byly detekovany
trojkrokovou detekci streptavidinem konjugovanym s AP a bioti-
nylovanymi anti-streptavidin protilatkami s naslednou chromo-
genni detekci
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Obr. 2. Porovnani 2D elektroforetickych profilii a detekce proteinii obsahujicich AHA ¢i HPG znacenych Click reakei v roztoku
nebo Click na membrané; 50 pg proteinti po Click reakci v roztoku (A — D) nebo pted Click reakci (E — H) bylo separovano pomoci
IEF nasledované SDS-PAGE. Nov¢ vzniklé proteiny v A, B, E a F byly znaceny pomoci AHA, proteiny v C, D, G a H byly znaceny
pomoci HPG. Separované proteiny byly pfeneseny na PVDF membranu a gely byly obarveny Blue Silver metodou (A, C, E a G). Click
reakce na membrané byla provedena na blotovanych proteinech v F, H. Membrany (B, D, F a H) byly blokovany a nové syntetizované
proteiny byly detekovany trojkrokovou detekci se streptavidinem-AP a biotinylovanymi anti-streptavidin protilatkami s naslednou chro-

mogenni detekci

znacené biotinem byly zviditelnény za pouziti trojkrokové
detekce (obr. 2B, D). 2D elektroforéza je metoda vysoce
citlivd k neuplné fokusaci proteind, coz se projevuje ve
form& prouzkd proteinti pies cely rozsah separace
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v jednom nebo druhém sméru a nespravnym proteinovym
profilem misto fokusovanych proteinovych spott (idealné
ve formé tecek). Snahy o zlepSeni vysledkli a odstranéni
proteinovych agregati ultrafiltraci, opakovanou centrifu-
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gaci, precipitaci nebo pouzitim deionizované mo&oviny*®
rovné€Z nepiinesly zadné uspokojivé zlepSeni (data nejsou
ukazéana). Potize se separaci bioortogonalné znacenych
proteinti (zejména malych proteinl a peptidit) v gelu byly
dokumentovany i v dalich pracich'®.

Proto jsme pfistoupili k provedeni Click reakce na
membrané misto Click reakce v roztoku pted elektrofore-
tickou separaci a elektroblotem. Vzorky proteinti obsahuji-
ci AHA byly po lyze bunék zpracovany stejné jako stan-
dardni vzorky pro analyzu 2D elektroforézou a Click reak-
ce byla provedena na blotovanych proteinech na povrchu
membrany (obr. 2F). Ve srovnani s proteinovym profilem
po Click reakci v roztoku (obr. 2B) byly proteinové spoty
Iépe ohraniCeny, pfitomnost nedostate¢né separovanych
proteinii ve formé& prouzkll byla vyrazné nizsi. Podobné
vysledky byly pozorovany pii pouziti HPG (obr. 2D, 2H).
Jednim z divodl téchto pozorovanych rozdild muze byt
zména pl modifikovanych proteind po navazéani biotin-
alkynu™®, p¥ipadné tvorba proteinovych agregati**. Analo-
gicky efekt byl pozorovan v ptipadé¢ 1D SDS-PAGE i2D
elektroforézy (nepublikovana data).

Detekce nové syntetizované RNA metodou Click
na membrané

Po uspésném pouziti Click reakce na membrané pro
analyzu AHA anebo HPG znacenych proteinil jsme ovéfili
vhodnost pouziti této metody i pro jiné bioortogonalné
znacené biomolekuly. Jako piiklad jsme testovali RNA
znaenou 5-EU a jeji detekci pomoci Click reakce na
membrané. DAOY bunky byly inkubovany s 1 mM 5-EU
30 min, 2, 4, a 6 h. Cistota a integrita izolované RNA byla
ovétena spektrofotometrickymi a elektroforetickymi meto-
dami. Barveni RNA pomoci ¢Cinidla  GelRed
v denaturovaném agarosovém gelu doklada jeji vysokou
integritu v ptipad¢ testovanych vzorkt (obr. 3A). Inkorpo-
rovany 5-EU byl detekovan kombinaci Click reakce na
membrané s 10nM pikolyl-biotin-azidem a nasledné troj-
krokové detekce biotinu pomoci protilatek. 5-EU inkorpo-
rovany v noveé vznikajici RNA byl vizualizovén za pouZiti
chemiluminiscen¢niho (obr. 3B) a chromogenniho substra-
tu (obr. 3C). Obrazek 3B ukazuje, Ze intervaly (kromé
intervalu 30 min) jsou dostate¢né pro zaclenéni detekova-
telného mnozstvi 5-EU v ptipadé 45S pre-rRNA. Na mem-
branach je u vSech vzorkd pozorovatelny nespecificky
signal pochazejici z fluorescencni barvy GelRed v oblasti
18 a 28S rRNA (obr. 3B, C).

Metabolické znaceni RNA syntetizované de novo je
hojné pouzivané, Casto s vyuzitim radioaktivnich nukleosi-
dt s inkorporovanymi radioizotopy velmi tézkého vodiku
(*H) nebo fosforu (**P) s naslednou elektroforetickou sepa-
raci a pfenesenim separovanych nukleovych kyselin na
nylonovou nebo nitrocelulosovou membranu a detekei
nové vzniklyjch RNA autoradiografii’*®*’. Click chemie
slouzi jako neradioaktivni alternativa. Fluorescencni in situ
detekce noveé vznikajici RNA s inkorporovanym 5-EU
byla popsana®® a §iroce vyuzivana®>*’, zatimco detekce
de novo syntetizované RNA na membrané pomoci Click
reakce dosud nebyla popsana.
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V této praci jsme ukazali, ze protokol metody Click
na membrané lze Gspésné pouzit i pro znaéeni RNA obsa-
hujici 5-EU, obdobné je vyuzitelny i pro detekci jinych
bioortogonaln¢ znacenych biomakromolekul. Postup je
nicméné vhodny pouze v ptipad€ pouziti odolnéjsi PVDF

inkuba¢ni ¢as S-cthynyl uridinu
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Obr. 3. Detekce nové syntetizované RNA metodou Click na
membrané; Celkovd RNA obsahujici 5-EU byla separovana
v 1,2% denatura¢nim agarosovém gelu a vizualizovana barvivem
GelRed (A). Jako velikostni standard byl pouzit RiboRuler High
Range RNA ladder (M). Sipky ukazuji na 28S rRNA (modie)
a 18S rRNA (Cerven¢). (B) molekuly RNA byly nasledné piene-
seny z gelu na PVDF membranu, fixovany pomoci UV svétla
aznaCeny metodou Click na membrané. RNA syntetizovana
de novo byla detekovana trojitym znacenim za pouziti streptavidi-
nu-AP a biotinylovaného anti-streptavidinu s naslednou chemilu-
miniscencni detekci. 45S pre-rRNA je oznacena zelenou Sipkou.
(C) Membrana byla dale pouzita pro kolorimetrické vyvolani
signalu za pouziti BCIP/NBT. V oblasti 18S a 28S rRNA v (B)
a (C) je viditelny nespecificky signal zptisobeny fluroescenénim
barvivem GelRed
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membrany, protoze pii pouziti nylonové membrany byl
pozorovan slaby signal a vysoké pozadi (data nejsou uka-
zana).

Zavér

Bioortogonalni chemie je jednou z moZnosti, jak
modifikovat rizné biomolekuly v jejich nativnim prostie-
di. Kombinace bioortogonalni a Click chemie je Siroce
pouzivana ke znaleni a analyze nové syntetizovanych
proteinil, av§ak pfi b&zné pouZivaném postupu zpracovani
vzorkli dochazi ¢asto k vyznamnému sniZeni kvality pro-
teinového profilu pii 2D elektroforéze.

Nami popsand kombinace bioortogonalni chemie
s metodou Click na membrané je aplikovatelna pro detek-
ci nové vznikajicich proteind i RNA, které jsou bioortogo-
nalné znacené, separované elektroforézou a prenesené na
PVDF membréanu.
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Science, University of South Bohemia, Ceské Budéjovice,
b Helmholtz Institute for RNA-based Infection Research,
Wiirzburg, Germany, ‘Institute of Parasitology, Biology
Centre of the ASCR, Ceské Budéjovice): Click-on-
Membrane for Detection of Metabolically Labelled
Proteins and RNA

Bioorthogonal chemistry provides one of the possibil-
ities to modify various biomolecules in their native envi-
ronment. The combination of Click chemistry with the
BONCAT method (bioorthogonal non-canonical amino
acid tagging) is widely used for tagging and analysis of
newly synthesized proteins, which are clearly distinguish-

668
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able from the pre-existing protein pool. However, the com-
monly used procedure results in low quality 2D electro-
phoretic profiles. We put a lot of effort into obtaining clear
results using a standard Click protocol, with a negligible
effect. Here we describe a Click-on-membrane approach
which we successfully used not only to monitor de novo
protein synthesis but also to detect newly synthesized
RNA.

Full text English translation is available in the on-line
version.

Keywords: Click chemistry, BONCAT, bioorthogonal
non-canonical amino acid tagging, 2D electrophoresis,
electroblotting
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Introduction

The term Click chemistry was first introduced in the
work of Kolb et al.'. It refers to a type of reactions that are
modular, stereospecific, producing high yields and only
harmless (intermediate) products. The reactions take place
under simple reaction conditions (ideally, they should not
be sensitive to the presence of water and oxygen), the
product must be easily isolated and stable under physio-
logical conditions'.

One type of Click reactions is the 1,3-dipolar cyclo-
addition between the terminal alkyne and azide groups,
which results in the formation of the stable triazole”. How-
ever, this reaction proceeds slowly at physiological tem-
peratures, so the so-called copper-catalyzed azido-alkyne
Huisgen cycloaddition (CuAAC, copper-catalysed azide-
alkyne cycloaddition) was developed. The use of copper as
a catalyst allowed for an acceleration of the reaction and
an increase in regiospecificity, since only 1,4-disubstituted
products were formed®*. Click chemistry is now widely
used in various research and industrial areas such as phar-
maceutical research, biochemistry, polymer chemistry or
nanoscience® . Click chemistry is one of the methods that
can be used to detect, visualize, and identify newly synthe-
sized or differentially synthesized proteins, glycans, lipids
and/or nucleic acids®.

Bioorthogonal chemistry is defined as a set of chemi-
cal reactions that can take place in living organisms and
that do not interfere with natural biochemical processes in
the cell®. It allows visualization of processes in living sys-
tems and is available for labelling of almost any type of
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biomolecules — proteins, glycans, lipids or nucleic acids in
vivo and in vitro®®. A widely used combination of
bioorthogonal and Click chemistry for protein labelling is
called BONCAT (bioorthogonal non-canonical amino acid
tagging)’.

The BONCAT method is based on the incorporation
of modified amino acids carrying a small non-reactive
group into newly synthesized proteins. The amino acids
used for BONCAT, L-azidohomoalanine (AHA) and
L-homopropargylglycine (HPG), serve as a substitute for
methionine and are taken up by the cell's translational ma-
chinery'!. The requirements for bioorthogonality are also
met; the azide and alkyne groups are small, inert, do not
occur in living systems and are stable under physiological
conditions'®"®. Each protein theoretically contains at least
one methionine; however, previous studies show that ap-
proximately 5 % of human protein sequences contain only
the initiating methionine, which can be removed during
post-translational modifications’.

Different approaches have been used to detect indi-
vidual bioorthogonally tagged proteins. One possibility is
electrophoretic separation of proteins, their electroblotting
and detection on the membrane using small protein-
binding molecules. These molecules, e.g., enzyme inhibi-
tors, are conjugated to an alkyne/azide and bind covalently
to the active site of the enzyme blotted onto the membrane
surface. For the detection itself, the CuAAC reaction is
used, resulting in a fluorescent label bound to the protein
followed by fluorescence detection; or biotin labelling
followed by detection with streptavidin conjugated to
horseradish peroxide'®'’. A similar approach was used by
Ohata et al.'® for the detection of single proteins; in this
case, proteins were directly labelled with an azide or al-
kyne group followed by binding of a fluorescent dye by
the Click reaction. In all these cases, electrophoresis was
used primarily to separate the labelled proteins from other
small molecules.

The combination of BONCAT with CuAAC is a very
powerful and simple tool for visualizing changes in protein
synthesis and identifying proteins with altered expression,
which represents a major advance in biochemical and mo-
lecular biology studies”'*'**°. For example, Hatzenpichler
et al."”* labelled newly synthesized proteins with AHA and
allowed them to react with DBCO-PEGy4-Carboxy-
rhodamine 110 using a voltage-assisted Click reaction.
The labelled proteins were electrophoretically separated
and detected using a fluorescence signal.

The most commonly used method for separation of
AHA- or HPG-containing proteins from the reaction mix-
ture (containing unreacted labelling molecules) is precipi-
tation, most commonly using methanol and chloroform?'.
However, this method can lead to the loss of some pro-
teins*> ** and can affect the migration of proteins in the gel
and cause signal blurring, which is likely to occur due to
protein aggregation®.

For the above reasons, we optimized BONCAT using
a Click reaction approach on the membrane to detect meta-
bolically labelled AHA or HPG proteins without prior
precipitation. We applied the same method to labelled
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proteins separated by 2D electrophoresis and, to confirm
the feasibility of the method for other biomacromolecules,
also for the detection of 5-ethynyl uridine (5-EU)-labelled
RNA. We believe that the Click-on-membrane approach is
more suitable for the detection of bioorthogonally labelled
biomolecules compared to the Click reaction in solution
followed by standard methanol/chloroform precipitation.

Experimental part

Detection of metabolically labelled proteins using
Click on membrane method

Cell culture and metabolic labelling of proteins

Human glioblastoma cells were cultured in RPMI
1640 medium (Biowest) containing 10 % fetal bovine se-
rum (FBS, Sigma-Aldrich), 1 % vr-alanyl-L-glutamine
(Biochrom) and 1 % antibiotics (final concentration of
amphotericin B 0.25 pg mL™", penicillin G 100 U mL™",
streptomycin 100 pg mL~', Biowest) at 37 °C. Cells were
washed twice in sterile PBS (Phosphate Buffer Saline) and
incubated for 1 h in modified RPMI 1640 medium without
sulphur-containing amino acids (Sigma-Aldrich) contain-
ing 0.21 mM cystine (SERVA) and 2 mM L-alanyl-L-
-glutamine (Biochrom). After methionine depletion, AHA
or HPG (both Click Chemistry Tools) was added to the
medium at a final concentration of 50 uM and the newly
formed proteins were metabolically labelled for 2 h. Cells
were washed twice in PBS, released into PBS using
a scraper and centrifuged for 10 min at 4 °C and 400 x g.
The cell pellet was lysed in lysis buffer (1 % SDS, 0.1 M
sodium phosphate buffer, pH 8.0) supplemented with pro-
tease inhibitors (HALT Protease Inhibitor Cocktail, Ther-
mo Fisher Scientific). Cell lysates were incubated for 30
min on ice, sonicated and frozen at —80 °C. Protein con-
centration was determined by the BCA method (Pierce
BCA Protein Assay Kit, Thermo Fisher Scientific).

Click reaction in solution

Click reaction in solution was carried out according to
ref.?®. For every 50 mg of proteins, 0.5 mL of Click reac-
tion mixture containing 100 pM CuSOy, 0.5 mM THPTA
(Click Chemistry Tools), 250 uM sodium ascorbate
(SERVA), 100 mM potassium-phosphate buffer, pH 7.0,
and 100 uM biotin-PEGy4-alkyne or biotin-picolyl azide
(both Click Chemistry Tools) was used in AHA- or HPG-
labelled samples, respectively. The reaction was carried
out at room temperature for 1 h.

2D electrophoresis

Two approaches were used to remove unreacted reac-
tion components and prepare the protein samples for elec-
trophoresis — precipitation with methanol and chloroform?’
and ultrafiltration. For ultrafiltration, Vivaspin 2 Centrifu-
gal Concentrator ultrafiltration columns (10K MWCO,
PES, Sartorius) were used according to the manufacturer's
instructions. Samples were reduced to 10 % of their origi-
nal volume and diluted with rehydration buffer.
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Precipitated proteins were dissolved in rehydration
buffer (7 M urea deionized with Amberlite MB-150
(ref.?®), 2 M thiourea, 2 % CHAPS, 40 mM dithiothreitol
(DTT), 0.2 % 3-10 Pharmalytes, 0.02 % bromophenol
blue (all Sigma-Aldrich)) to a final concentration of
0.4 pg ul™'. Samples were centrifuged for 10 min at
13 400 x g to remove any aggregates formed during pre-
cipitation. 125 pl of supernatant was applied to an IPG
strip with a linear pH gradient of 3—10 (Bio-Rad) and re-
hydrated overnight under a layer of mineral oil
(Sigma-Aldrich). Isoelectric focusing (IEF) was performed
on an IEF100 instrument (Hoefer) at 20 °C (total 13 750
kVh).

After IEF, strips were equilibrated for 10 min in equi-
libration buffer (8 M urea, 0.375 M Tris, pH 8.8; 2 %
SDS, 20 % glycerol) with 2 % (w/v) DTT followed by
10 min in equilibration buffer with 2.5 % (w/v) iodoa-
cetamide (all Sigma-Aldrich). Strips were transferred onto
a 10 % acrylamide gel (Mini-PROTEAN TGX Precast
Gels, Bio-Rad) and overlaid with 0.5 % low melting point
agarose (SERVA) in electrode buffer. A coloured protein
standard (10-245 kDa, Applichem) was applied next to the
positive end of the strip. Electrophoresis was performed
according to ref.?’ in a Mini-PROTEAN Tetra Cell appa-
ratus (Bio-Rad).

Electroblot and Click reaction on the membrane

Proteins separated by electrophoresis were transferred
to a PVDF membrane®. For samples where the Click reac-
tion was performed in solution prior to electrophoresis and
blotting, the membranes were stained and developed. In
the case of samples that were not processed by the Click
reaction in solution, protein separation by electrophoresis
and transfer to the PVDF membrane was followed by the
Click reaction on the membrane (see below). All gels after
electroblotting were fixed and stained using the Blue Sil-
ver method according to®'. The modified Click reaction
was performed on the membrane surface according to
ref.*. For one 7.5 cm x 8.5 ¢cm membrane, 5 mL of Click
reaction mixture was used and the reaction was run for 1 h
at room temperature. During the optimization of the meth-
od, biotin-PEGy-alkyne was used at a concentration range
of 5-100 puM, after optimization a concentration of 10 pM
was used. After labelling, membranes were washed twice
with PBS-T (PBS with 0.05 % Tween-20), blocked in Roti
-Block blocking reagent (Carl Roth) in PBS-T and incu-
bated in streptavidin conjugated with alkaline phosphatase
(AP). This was followed by incubation with biotinylated
anti-streptavidin antibodies and a second time with strep-
tavidin-AP (all Vector Laboratories, 1:1000 dilution in
Roti-Block). This three-step detection provides a highly
sensitive detection with low background (unpublished
results). The resulting signal was induced in developing
buffer (0.1 M Tris, 0.1 M NaCl, 0.05 M MgCl,, pH 9.0)
with 330 pg mL™ BCIP (5-bromo-4-chloro-3-indolyl
phosphate) and 165 pg mL™' NBT (p-nitroblue tetrazolium
chloride) (both Applichem). The reaction was stopped
after inducing a sufficiently strong signal by washing the
membrane in distilled water.
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Detection of metabolically labelled RNA by the
Click reaction on the membrane

Cell culture and metabolic labelling of de novo
synthesized RNA

A human medulloblastoma cell line (DAOY ATCC
HTB-186, ref.*?) was cultured in RPMI 1640 medium con-
taining 10 % FBS, 1 % antibiotic-antimycotic, 1 %
L-alanyl-L-glutamine and 50 nM B-mercaptoethanol. Cells
were cultured at 37 °C in an atmosphere with 5 % CO,.
Cells were seeded in six-well plates at a density of 5-10°
cells per well. 5-EU was added to the cells at a final con-
centration of 1 mM and metabolic labelling was performed
at intervals of 30 min, 2 h, 4 h and 6 h. The experiment
was performed in biological triplicates.

RNA isolation

Cells were washed in PBS and lysed by adding 1 mL
of RNA Blue reagent (Top-Bio) per well. Total RNA was
then isolated according to the manufacturer's manual.
RNA pellets were dissolved in diethyl pyrocarbonate-
treated water. RNA concentration and purity were checked
with a Nanophotometer Pearl spectrometer (Implen).

Electrophoresis and blotting

RNA was separated on a 1.2 % agarose denaturing
gel buffered with MOPS (3-(N-morpholino) propanesul-
fonic acid) containing 6—7 % formaldehyde and visualized
using the GelRed dye (Biotium). Capillary blotting of
RNA was then performed on PVDF or nylon membrane
(Cytiva) using 20x SSC buffer (3 M NacCl, 0.3 M sodium
citrate, pH 7.0). The membrane was fixed with UV light
(120 mJ em™) and washed with 0.1 M potassium phos-
phate buffer, pH 7.0.

Click-on-membrane

Membranes were incubated in Click reaction mixture
containing 10 pM picolyl-biotin-azide for 1 h in the dark
at room temperature. The membranes were then blocked
(Roti-Block) and labelled with a triple antibody system
(goat anti-biotin antibody, AP-conjugated horse anti-goat
antibody, AP-conjugated rabbit anti-goat antibody). Chem-
iluminescence was detected using the CDP-Star kit
(Novex); a development buffer containing 330 pg mL™
BCIP and 165 pg mL™' NBT (both Applichem) was used
for colorimetric signal induction.

Results and discussion

The standard BONCAT procedure is based on the
analysis of proteins that undergo the Click reaction in solu-
tion. This approach is widely used”'®"**3, however, the
Click reaction performed in this way may not always lead
to clear results. One of the disadvantages of the in-solution
reaction is the need to add an excess of the low molecular
weight reagent, which should be removed from the sample
before further analysis, as its presence may lead to false
positive or biased results. This is an additional step that
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may affect the result. One possibility is precipitation®® but
this can lead in some cases to the formation of insoluble
protein aggregates causing insufficient protein focusing
during IEF**. Therefore, we investigated the possibility of
performing the Click reaction on the membrane after elec-
troblotting.

The first step was to optimize the amount of biotin-
alkyne used for the Click reaction performed on the mem-
brane. The click reaction in AHA-containing samples was
performed for 1 or 3 h with different concentrations of
biotin-alkyne (100 uM, 50 uM, 20 uM, 10 uM, 5 uM). A
decrease in biotin-alkyne concentration did not significant-
ly affect the signal intensity, nor was it necessary to pro-
ceed to an extension of the incubation time (fig. 1). All
subsequent experiments using the Click on the membrane
method were carried out in a reaction mixture containing
10 uM biotin-alkyne for 1 h.

AHA-labelled proteins after Click reaction in solution
were analysed by 2D electrophoresis and western blot. The
gel and membrane showed insufficient separation of pro-
teins throughout the gel (fig. 2A, B). The use of HPG in-
stead of AHA had no beneficial effect (fig. 2C, D). Biotin-
labelled proteins were visualized using a three-step detec-
tion (fig. 2B, D). 2D electrophoresis is a method highly
sensitive to incomplete protein focusing, which manifests
as protein streaks across the entire range of separation in
one direction or the other and incorrect protein profiles
instead of focused protein spots (ideally in the form of
dots). Attempts to improve the results and remove protein
aggregates by ultrafiltration, repeated centrifugation, pre-
cipitation, or the use of deionized urea® have also failed to
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Fig. 1. Optimization of the detection of AHA-labelled proteins
by the Click-on-membrane method; 1 pg of protein was sepa-
rated on a 10 % acrylamide gel and blotted PVDF membrane.
Click reactions were performed with the indicated concentrations
of biotin-alkyne for 1 or 3 h. The newly synthesized proteins
were detected by a three-step detection using AP-conjugated
streptavidin and biotinylated anti-streptavidin antibodies followed
by chromogenic detection
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Fig. 2. Comparison of 2D electrophoretic profiles and detection of AHA- or HPG-containing proteins labelled by Click reaction in
solution or Click-on-membrane approach; 50 pg of proteins after the Click reaction in solution (A-D) or before the Click reaction
(E-H) were separated by IEF followed by SDS-PAGE. The newly formed proteins in A, B, E, and F were labelled with AHA, and the
proteins in C, D, G, and H were labelled with HPG. The separated proteins were transferred to PVDF membrane and the gels were stained
by the Blue Silver method (A, C, E and G). Click reactions on the membrane were performed on the blotted proteins in F, H. Membranes
(B, D, F and H) were blocked and newly synthesized proteins were detected by a three-step detection with streptavidin-AP and biotinylat-
ed anti-streptavidin antibodies followed by chromogenic detection

produce any satisfactory improvement (data not shown). Therefore, we proceeded to perform the Click reac-
Difficulties in the separation of bioorthogonally labelled tion on the membrane instead of the Click reaction in solu-
proteins (especially small proteins and peptides) in the gel tion prior to electrophoretic separation and electroblotting.

have been documented in other publications'®. After cell lysis, the AHA-containing protein samples were
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processed in the same manner as standard samples for
analysis by 2D electrophoresis, and the Click reaction was
performed on blotted proteins on the membrane surface
(fig. 2F). Compared with the protein profile after the Click
reaction in solution (fig. 2B), the protein spots were sharp-
er and more focused, and the presence of poorly separated
proteins in the form of streaks was significantly reduced.
Similar results were observed using HPG (fig. 2D, H). One
reason for these observed differences may be the change in
pl of the modified proteins after biotin-alkyne binding® or
the formation of protein aggregates®. An analogous effect
was observed for both 1D SDS-PAGE and 2D electropho-
resis (unpublished data).

Detection of newly synthesized RNA by Click-on-
membrane

After the successful use of the Click reaction on the
membrane for the analysis of AHA or HPG labelled pro-
teins, we verified the suitability of this method for other
bioorthogonally labelled biomolecules. As an example, we
tested the detection of 5-EU labelled RNA. DAOY cells
were incubated with 1 mM 5-EU for 30 min, 2, 4, and 6 h.
The purity and integrity of the isolated RNA were verified
by spectrophotometric and electrophoretic methods. Stain-
ing of RNA with GelRed reagent in denatured agarose gel
demonstrates its high integrity (fig. 3A). Incorporated
5-EU was detected by the Click-on-membrane reaction
with 10 nM picolyl-biotin-azide followed by a three-step
detection of biotin using antibodies. 5-EU incorporated in
nascent RNA was visualized using chemiluminescence
(fig. 3B) and chromogenic substrate (fig. 3C). Figure 3B
shows that the intervals (except the 30 min interval) are suffi-
cient to incorporate detectable amounts of 5-EU in the case
of 458 pre-rRNA. A nonspecific signal originating from the
GelRed fluorescent dye in the 18S and 28S rRNA region is
observable on the membranes for all samples (fig. 3B, C).

Metabolic labelling of de novo synthesized RNA is
widely used, often using radioactive nucleosides with in-
corporated radioisotopes of trittum (*H) or phosphorus
(**P) followed by electrophoretic separation and transfer of
the separated nucleic acids to a nylon or nitrocellulose
membrane and detection of the newly formed RNA by
autoradiography’®*’. Click chemistry serves as a non-
radioactive alternative. Fluorescence in situ detection of
newly formed RNA with incorporated 5-EU has been de-
scribed® and widely used®**’, whereas detection of
de novo synthesized RNA on membrane by Click reaction
has not been described so far.

In this work, we have shown that the Click-on-
membrane method can be successfully applied to detection
of 5-EU-containing RNA, and is similarly applicable to the
detection of other bioorthogonally labelled biomacromole-
cules. However, the procedure is only suitable when using
a more durable PVDF membrane, as a weak signal and
high background were observed when using a nylon mem-
brane (data not shown).
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Conclusion

Bioorthogonal chemistry is one way how to modify
various biomolecules in their native environment. The
combination of bioorthogonal and Click chemistry is wide-
ly used to label and analyse newly synthesized proteins,

5-ethynyl uridine incubation time

M 30 min_ 2 hours 4 hours 6 hours _mock

4000
3000
2000
1500
1000

19N/d10d

500
200

Fig. 3. Detection of newly synthesized RNA by Click-on-
membrane method; Total RNA containing 5-EU was separated
in a 1.2 % denaturing agarose gel and visualized by the GelRed
dye (A). RiboRuler High Range RNA ladder (M) was used as a
size standard. Arrows point to 28SrRNA (blue) and 18SrRNA
(red). (B) RNA molecules were subsequently transferred from the
gel to a PVDF membrane, fixed with UV light and labelled using
the Click-on-membrane approach. RNA synthesised de novo was
detected by triple labelling using streptavidin-AP and biotinylated
anti-streptavidin followed by chemiluminescence detection. 45S
pre-TRNA is indicated by the green arrow. (C) The membrane
was further used for colorimetric signal detection using BCIP/
NBT. Non-specific signal caused by the fluorescent dye Gel Red
is visible in the 18S and 28SrRNA region in (B) and (C)
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but the commonly used sample processing procedure often
results in a significant reduction in the quality of the pro-
tein profile during 2D electrophoresis.

Our described combination of bioorthogonal chemis-
try with the Click-on-membrane method is applicable for
the detection of newly synthesised proteins and RNA that
are bioorthogonally labelled, separated by electrophoresis

23.

24.

25.
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Song X., Zaw T., Kassiou M., Gotz J., Nicholas H. R.:
Cell. Mol. Life Sci. 71, 3339 (2014).

Bak-Jensen K. S., Laugesen S., Roepstorff P.,
Svensson B.: Proteomics 4, 728 (2004).
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and transferred to a PVDF membrane.
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Abstract

Bioorthogonal chemistry provides one of the possibil-
ities to modify various biomolecules in their native envi-
ronment. The combination of Click chemistry with the
BONCAT method (bioorthogonal non-canonical amino
acid tagging) is widely used for tagging and analysis of
newly synthesized proteins, which are clearly distinguisha-
ble from the pre-existing protein pool. However, the com-
monly used procedure results in low quality 2D electro-
phoretic profiles. We put a lot of effort into obtaining clear
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results using a standard Click protocol, with a negligible
effect. Here we describe a Click-on-membrane approach
which we successfully used not only to monitor de novo
protein synthesis but also to detect newly synthesized
RNA.
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