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PROTEOMICS-BASED APPROACHES FOR VALIDATION OF ANTIBODIES AGAINST
OTR AND Vl1aR

Bojan Kuridza

The oxytocin receptor (OTR) and the vasopressin 1a receptor (V1aR) are two G protein-coupled
receptors involved in mediating various physiological processes and social and sexual
behaviors. Producing specific antibodies to study these receptors is challenging due to their
sequence homology and structure similarity, along with two additional closely related
vasopressin receptors. Thus, this thesis aimed to validate ten antibodies to OTR and seven
antibodies to V1aR produced against distinctive receptor peptide epitopes, using western blot
and immunoprecipitation followed by mass spectrometry. The validation process pointed
towards one V1aR antibody (1G1), which showed promising results in both western blot and
immunoprecipitation experiments, and needs to be further tested. The best OTR antibody
identified in immunoprecipitation experiments (1B2) did not perform well in western blots.
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SAZETAK

VALIDACIJA ANTITIJELA ZA OTR I V1aR PRISTUPIMA TEMELJENIMA NA
PROTEOMICI

Bojan Kuridza

Oksitocinski receptor (OTR) 1 vazopresinski 1a receptor (V1aR) dva su receptora spregnuta sa
G-proteinom ukljuc¢ena u posredovanje raznih fizioloSkih procesa te drustvenog i seksualnog
ponasanja. Proizvodnja specifi¢nih antitijela za proucavanje ovih receptora predstavlja izazov
zbog sli¢nosti njihovog slijeda i1 strukture, kao i slicnosti dva dodatna blisko povezana
vazopresinska receptora. Stoga, cilj je ovog rada bio validirati deset antitijela za OTR i sedam
antitijela za V1aR proizvedenih prema karakteristicnim peptidnim epitopima receptora,
koriste¢i western blot i imunoprecipitaciju povezanu s masenom spektrometrijom. Jedno
antitijelo za V1aR (1G1) u procesu validacije pokazalo je obecavajue rezultate u
eksperimentima western blota i imunoprecipitacije. Najbolje od OTR antitijela identificiranih
u eksperimentima imunoprecipitacije (1B2) nije se pokazalo uspjeSnim u western blotovima.
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§ ProSireni saZetak xiii

PROSIRENI SAZETAK

Oksitocin (OT) 1 vazopresin (VP) dva su strukturno veoma bliska ciklicka neuropeptida od
devet aminokiselina, koji igraju vaznu ulogu u mnogim fizioloskim procesima, kao i u regulaciji
drustvenog i seksualnog ponasanja mnogih vrsta, pa i Covjeka.! Spomenuti neuropeptidi djeluju
preko Cetiri, takoder strukturno sli¢na receptora, koji pripadaju skupini receptora spregnutih sa
G-proteinom (GPCR, engl. G protein-coupled receptor): OTR (oksitocinski receptor), V1aR
(vazopresinski la receptor), VIbR (vazopresinski 1b receptor) i V2R (vazopresinski 2
receptor).! V1aR djeluje u sredi$njem zivEéanom sustavu (CNS, engl. central nervous system) i
utjee na ponasanja poput agresije ili izbora partnera, ali i na kognitivne funkcije poput
memorije. V1aR na periferiji djeluje uglavnom kao vazokonstriktor sistemskih krvnih zila. !
OTR u CNS-u djeluje na socijalne odnose poput emocionalnog povezivanja ili vezanja majke
za dijete. Na periferiji, OTR, igra veoma vaznu ulogu u inicijaciji i kontroli kotrakcija tijekom
poroda, kao i u sekreciji mlijeka.!V-V' S obzirom da su izrazeni i na periferiji i u CNS-u, gdje
igraju vaznu ulogu u regulaciji socijalnih ponaSanja, OTR i V1aR su dva receptora interesantna
za proizvodnju antitijela. Osnovni pristup istrazivanju ovog tipa receptora temelji se na upotrebi
specifi¢nih antitijela. V! Zbog homologije i velike sli¢nosti slijeda medu spomenuta Getiri
receptora, proizvodnja specificnih i za njih selektivnih antitijela nije lak zadatak te takvih
antitijela nedostaje. Posljedicno, napredak u istrazivanju OTR i V1aR je ogranicen. Bez

antitijela, preciznu lokalizaciju i rasprostranjenost ovih receptora tesko je odrediti. V!

I'Z. R. Donaldson and L. J. Young, Oxytocin, vasopressin, and the neurogenetics of sociality, Science 322 (2008)
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receptors to social neurocircuits, Front. Neurosci. 9, 335 (2015) 1-21.
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Mol. Pharmacol. 30 (1986) 171-177.

IV A. Argiolas and G. L. Gessa, Central functions of oxytocin, Neurosci. Biobehav. Rev. 15 (1991) 217-231.

V' H. H. Zingg, Vasopressin and oxytocin receptors, Baillieres Clin. Endocrinol. Metab. 10 (1996) 75-96.

VI A. Gupta, A. S. Heimann, 1. Gomes and L. A. Devi, Antibodies against G-protein coupled receptors: novel
uses in screening and drug development, Comb. Chem. High Throughput Screen. 11 (2008) 463.—467.

VI'M. Yoshida, Y. Takayanagi, K. Inoue, T. Kimura, L. J. Young, T. Onaka and K. Nishimori, Evidence that
oxytocin exerts anxiolytic effects via oxytocin receptor expressed in serotonergic neurons in mice, J. Neurosci.
29 (2009) 2259-2271.
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§ ProSireni saZetak xiv

Istrazivanje veze izmedu strukture receptora i njihove funkcije je takoder otezano, $to dovodi
do slabog razumijevanja njihove uloge u fiziolo§kim procesima i bolestima. V!X

Zbog navedenih razloga, postoji veliko zanimanje za razvojem novih monoklonskih
antitijela koja bi se mogla koristiti u istrazivanju ovih receptora. Shodno tome, cilj je ovog rada
bio pribliziti se validaciji antitijela za OTR 1 V1aR, slijede¢i pritom predlozene putove za
validaciju antitijela, * koriste¢i pristupe temeljene na proteomici: western blot (WB) te
imunoprecipitaciju povezanu s masenom spektrometrijom (IP-MS).

Za validaciju je odabrano deset antitijela za OTR (1A3, 1B2, 1C10, 1E4, 1F1, 1H11, 4E3,
4F3-4, 4F3-5, 5A5) te sedam antitijela za V1aR (1G1, 1H1, 3C1, 3D2, 3F8, 4A7, 4G9). To su
ze¢ja monoklonska antitijela u mediju kulture stanica HEK293 proizvedena prema peptidnim
fragmentima odgovarajucih receptora karakteristicnima za svaki od njih, a koji odgovaraju
regijama C- 1 N- kraja, druge i tre¢e unutarstani¢ne petlje te trece transstani¢ne petlje, tj.
regijama s najvec¢im razlikama medu strukturama ovih blisko povezanih receptora.X! Navedena
antitijela odgovaraju onima koji su na temelju rezultata enzimskog imunotesta na ¢vrstoj fazi
(ELISA, engl. enzyme-linked immunosorbent assay) pokazali najbolje rezultate glede
reaktivnosti prema odgovaraju¢im peptidima. Antitijela je proizvela i dostavila tvrtka Origene
s partnerima Nacionalnih instituta za zdravlje (NIH, engl. National Institutes of Health).

Generalno, antitijela prepoznaju konformacijsku determinantu antigena, linearnu
determinantu antigena ili neoantigensku determinantu. Konformacijska determinanta
predstavlja znaCajku trodimenzionalne strukture proteina, tj. oblik proteina koji antitijelo
specificno veze. Linearna determinanta definirana je nizom od do otprilike Sest susjednih
aminokiselina u tocno odredenoj kombinaciji. Ove determinante mogu se, kao posljedica
razli¢itih uvjeta denaturacije proteina, otkriti ili sakriti, a u slu€aju linearne determinante moze
biti dostupna antitijelu i prije i nakon denaturacije. Neoantigeni obi¢no nisu dio antigena, ali su

posljedica mutacija, modifikacija i drugih promjena antigena koje rezultiraju prepoznavanjem

VITC, J. W. Smith, B. T. DiBenedictis and A. H. Veenema, Comparing vasopressin and oxytocin fiber and
receptor density patterns in the social behavior neural network: Implications for cross-system signaling, Front.
Neuroendocrinol. 53, 100737 (2019) 1-43.

X M. Meyer, B. Jurek, M. Alfonso-Prieto, R. Ribeiro, V. M. Milenkovic, J. Winter, P. Hoffmann, C. H. Wetzel,
A. Giorgetti, P. Carloni and I. D. Neumann, Structure-function relationships of the disease-linked A218T
oxytocin receptor variant, Mol. Psychiatry 27 (2022) 907-917.

X T. Stojanovic, M. Orlova, F. J. Sialana, H. Hoger, S. Stuchlik, I. Milenkovic, J. Aradska and G. Lubec,
Validation of dopamine receptor DRD1 and DRD2 antibodies using receptor deficient mice, Amino Acids 49
(2017) 1101-1109.
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§ ProSireni saZetak XV

od strane antitijela.*! T linarne i konformacijske determinantne odgovaraju¢ih receptora
testirane su metodama WB i IP-MS, koje s obzirom na denaturiraju¢e/nativne uvjete u kojima
su provedene predstavljaju ortogonalne metode koje koriste antitijela. X!

Kao izvor proteina koriStenih u eksperimentima posluzile su embrionalne stanice bubrega
covjeka 293 (HEK293, engl. human embryonic kidney 293) koje stabilno prekomjerno
eksprimiraju OTR-GFP, V1aR-GFP, V1bR-GFP ili V2R-GFP, receptore oznacene zelenim
fluorescentnim proteinom (GFP, engl. green fluorescent protein) na C-kraju. Uz Ccetiri
navedene, takoder je koriStena i normalna stani¢na linija HEK293 kao jedan vid kontrole.
Stanice su lizirane ultrazvuénom sondom u puferu za homogeniziranje. Ukupna frakcija
membranskih proteina nakon lize izolirana je slijedom centrifugiranja, a membranski proteini
potom su solubilizirani puferom za solubiliziranje. Taj pufer sadrZzava neionski deterdZent
Triton X-100 kako bi se sprijecila denaturacija receptora, §to je od iznimnog znacaja za
eksperimente provedene u nedenaturiraju¢im uvjetima gdje je vazno ocuvati nativnu strukturu
proteina. XIV Za odredivanje koncentracije tako dobivene otopine membranskih proteina
koristena je metoda bicinhoninske kiseline (BCA, engl. bicinchoninic acid), koja omogucuje
odredivanje koncentracije na mikroplo¢icama s 96 jazica. Detektirana je absorbancija nastalog

kompleksa pri 562 nm i iz linearne regresije apsorbancija standardnih otopina albumina

govedeg seruma (BSA, engl. bovine serum albumin) odredena je koncentracija proteina. XV

I. WESTERN BLOT

Prilikom izvedbe WB-a koristena je elektroforeza na poliakrilamidnom gelu (PAGE, engl.
polyacrylamide gel electrophoresis) u denaturirajuéim uvjetima, koja je zbog u puferu
prisutnog jakog anionskog deterdZenta natrijeva dodecilsulfata (SDS, engl. sodium dodecyl
sulfate) poznatija pod kraticom SDS-PAGE. Dodatnoj denaturaciji proteina doprinose

reducirajuce sredstvo B-merkaptoetanol te grijanje uzoraka prilikom priprave.XV! Za prijenos

XU A K. Abbas, A. H. Lichtman and S. Pillai, Cellular & Molecular Immunology, 7th Edition, Saunders,
Philadelphia, 2011, pp. 101-103.

XM MacNeil, I. A. Vathiotis, S. Martinez-Morilla, V. Yaghoobi, J. Zugazagoitia, Y. Liu and D. L. Rimm,
Antibody validation for protein expression on tissue slides: a protocol for immunohistochemistry, Biotechniques
69 (2020) 461-468.
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proteina s gela na membranu koristen je polusuhi prijenos (engl. semi-dry transfer), a koristena
membrana je poliviniliden difluorid (PVDF, engl. polyvinylidene difluoride). Membrane su po
prijenosu proteina blokirane 5 %-tnom otopinom nemasnog suhog mlijeka (NFDM, engl. non-
fat dried milk), a potom inkubirane u otopinama antitijela za validiranje. Sekundarna antitijela
konjugirana su enzimom peroksidazom hrena (HRP, engl. horseradish peroxidase), koja
omogucuje detekciju kemiluminiscencijom. Signali su detektirani digitalno, sustavom za
snimanje ChemiDoc koji sadrzi uredaj sa spregnutim nabojem (CCD, engl. charge-coupled
device).

Izvedena su dva tipa blotova. Prvi tip gdje je svaki blot sadrzavao tri razli¢ite mase (10, 20
ili 30 pg) istog proteina OTR-GFP ili V1aR-GFP, a provjeravala se veza izmedu jacine signala
odgovarajuceg antitijela i koli¢ine proteina. U drugom tipu svaki je blot sadrzavao istu koli¢inu
(20 pg) svakog od cetiri receptora i frakcije normalne stanicne linije, a provjeravala se
specificnost svakog od validiranih antitijela prema odgovaraju¢em receptoru u odnosu na
ostale.

Od kontrola, izvedena je kontrola koriStenog sekundarnog antitijela za oba uzorka OTR-
GFP i V1aR-GFP. Takoder, s obzirom da su svi prekomjerno ekspirirani proteini rekombinantni
s GFP oznakom, izveden je blot u kojem je koriSteno fluorescentno oznafeno primarno
antitijelo za GFP, gdje su od uzoraka bili nanijeti OTR-GFP, V1aR-GFP i V1bR-GFP. Dodatno,
provjerena je specificnost dva komercijalno dostupna antitijela, jednog za OTR 1 drugog za
V1aR, u odnosnu na ostale receptore.

Sve membrane po detekciji obojene su AmidoBlack bojom za proteine kako bi se potvrdila

uspjesna separacija proteina prilikom elektroforeze te uspjesan prijenos proteina na membranu.

LI.  WB rezultati

Blotovi koji su koristili fluorescentno obiljezeno primarno antitijelo za GFP dali su po dvije
vrpce u stupcima OTR-GFP i V1aR-GFP. Jedna od vrpci prisutna je na podrucju ulaska u gel,
a druga pri oko 102 x 10°. Takav rezultat dao bi naslutiti prisutnost agregata, kao i sugerirati
specificno prepoznavanje GFP-a od strane antitijela te poziciju receptora u gelu nakon

elektroforeze XVl

XVILE, Selcuk Unal, R. Zhao, A. Qiu and 1. D. Goldman, N-linked glycosylation and its impact on the
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Komercijalno dostupna antitijela za OTR i1 V1aR u naS§im WB eksperimentima nisu se
pokazala specificnima. Ovakav rezultat dovodi u pitanje ispravnost rezultata istraZivanja
provedenih koriste¢i ova antitijela.

Od validiranih antitijela za V1aR, samo je antitijelo 1G1 pokazalo specificnost prema
V1aR-GFP u odnosu na ostale receptore. Ovo antitijelo dalo je snazan signal u podrucju
membrane koje odgovara ulasku proteina u gel, Sto je u skladu s pozicijom receptora
oCekivanom nakon koriStenja antitijela za GFP. Ostalih Sest antitijela dalo je slabe ili
nespecifi¢ne signale.

Medu OTR antitijelima, snazne, ali nespecifi¢ne signale dala su antitijela SAS, 4E3 1 IH11.
Dodatno, vrpce su bile pri razli¢itim molekulskim masama za sva tri antitijela. Ostalih 7
antitijela takoder je dalo slabe ili nespecifi¢ne signale.

Cesto se u blotovima ponavljala vrpca pri oko 115 x 10% za koju je pretpostavljeno da je
predstavljala poziciju receptora. Kontrolom je provjereno radi li se mozda o nespecifi¢cnom
vezanju sekundarnog antitijela. I uistinu, uoceno je pojavljivanje te vrpce nakon otprilike 100
sekundi izlozenosti za uzorke V1aR-GFP, §to je za mnoga testirana V1aR antitijela odbacilo
mogucénost ciljanog prepoznavanja antigena. Za pojavljivanje te vrpce kod kontrole OTR-GFP
uzoraka bilo je potrebno viSe vremena.

Pokazana je pozitivna ovisnost jacine signala o koliini nanijetog proteina, a bojenje

proteina bojom Amido Black potvrdilo je uspjeSnost prijenosa proteina na membranu.

II. IMUNOPRECIPITACIJA

U imunoprecipitaciji su koriStene magnetne kuglice obloZene proteinom A, koji prepoznaje Fc
regiju ze¢jih antitijela. XV Kuglice su prvo inkubirane u otopinama validiranih antitijela, a tek
potom u otopinama membranskih receptora. Takav redoslijed omogucava bolju kontrolu
koli¢ine koristenog antitijela, kao i moguc¢ih negativnih utjecaja medija antitijela na receptore
od interesa. XX Receptori su prepoznati u svojim nativnim strukturama, a precipitirani
kompleksi potom su isprani glicinskim puferom niskog pH. Proteini su istalozeni hladnom

otopinom acetona, odvojeni od supernatanta te solubilizirani u puferu ureje. Tako solubilizirani,

XVIL A ffinity of Protein A/G for IgG Types from Different Species | NEB, https://international.neb.com/tools-
and-resources/selection-charts/affinity-of-protein-ag-for-igg-types-from-different-species (Date accessed:
08/03/2023)

XIX J. S. Bonifacino, D. C. Gershlick and E. C. Dell’ Angelica, Immunoprecipitation, Curr. Protoc. Cell Biol. 71
(2016) 7.2.1-7.2.24.

Bojan Kuridza Diploma Thesis



§ ProSireni saZetak xviii

izlozeni su alkiliranju tiolnih skupina jodoacetamidom (IAA, engl. iodoacetamide) te
procisceni na filtrima (engl. filter units), gdje su podvrgnuti razgradnji tripsinom. Nastali
peptidi su u konacnici analizirani tandemnom masenom spektrometrijom.

Svako od validiranih antitijela inkubirano je u otopini odgovarajuceg receptora. Nakon
elucije kompleksa, uzet je alikvot eluata za masenu analizu intaktnih receptora prije razgradnje.
Od kontrola, provedene su tri: 1. kontrola nespecificnim imunoglobulinom G (IgG, engl.
immunoglobulin G), gdje su umjesto u validiranom antitijelu kuglice inkubirane u otopini
normalnog zecjeg IgG; 2. kontrola kuglica, gdje su umjesto u validiranom antitijelu kuglice
inkubirane u puferu za solubiliziranje; 3. kontrola receptora, gdje su otopine solubiliziranih
receptora bez prociS¢avanja magnetnim kuglicama, pri ¢emu je ostatak protokola proveden
normalno, podvrgnute razgradnji tripsinom. Sve kontrole provedene su za oba receptora OTR-

GFP i V1aR-GFP.

IL.I.  Rezultati imunoprecipitacije

Analiza intaktnih receptora davala je dva signala oko 73 x 10° za koje je pretpostavljeno da
predstavljaju mali ili veliki lanac antitijela. Takoder, pokazao se izraZeni signal koristenog
deterdzenta CHAPS-a, $to je motiviralo njegovo smanjivanje i u konac¢nici potpuno uklanjanje
u koracima koji su slijedili kako bi se osigurala neometana detekcija peptida nakon razgradnje.

Od sedam VlaR antitijela, najuspjesnijim se ponovno pokazalo 1Gl1, rezultirajuci
detekcijom Cak Sest peptida jedinstvenih za V1aR, §to odgovara pokrivenosti sekvence od 12 %.
Dodatno, 1G1 antitijelo rezultiralo je detekcijom pet peptida koji potjecu od GFP. Antitijelo
3D2 dalo je tri jedinstvena peptida koja odgovaraju 7,9 % pokrivenosti sekvence, dok je 1H1
antitijelo rezultiralo samo jednim prepoznatim peptidom sa 6,7 % pokrivenosti sekvence.
Ostala Cetiri antitijela nisu dovela do identifikacije nijednog jedinstvenog peptida za V1aR ili
GFP, §to daje sugerirati da ne prepoznaju antigene V1aR.

Tri od deset testiranih antitijela za OTR dala su pozitivan rezultat. Antitijelo 1B2, unato¢
WB rezultatima koji nisu dali nikakvu informaciju od veéeg znacaja, najuspjesnije je od svih
OTR antitijela sa dva prepoznata jedinstvena peptida. Jedan od tih peptida odgovara cijeloj
drugoj transmembranskoj uzvojnici, a pokrivenost sekvence ovog antitijela iznosi 14,4 %.
Drugo po uspjesnosti bilo je antitijelo SAS s takoder dva identificirana jedinstvena peptida i
pokrivenosti sekvence od 12,1 %. Antitijelo 4E3 dalo je jedan jedinstveni peptid koji odgovara

5,1 % pokrivenosti sekvence.
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Kontrole nespecifi¢nim imunoglobulinom i kuglicama pokazale su da nema nespecificnog
vezanja V1aR-GFP ili OTR-GFP, odnosno da detektirani peptidi stvarno potjecu od
usmjerenog prepoznavanja i vezanja receptora odgovaraju¢im antitijelima. Kontrola receptora
za OTR-GFP bila je uspjesna i rezultirala je detekcijom jedinstvenih peptida, dok je za V1aR-
GFP detekcija izostala.

Ukupno gledano, antitijelo 1G1 za V1aR pokazalo se najuspjeSnijim od svih testiranih
antitijela, i u eksperimentu WB-a i u imunoprecipitaciji, te ima najviSe potencijala za daljnja
istrazivanja. Medu OTR antitijelima, najuspje$nijim se pokazalo antitijelo 1B2, iako bez
znacajnijih rezultata WB-a.

Generalno, ovaj rad pruzio je vrijedne uvide u efikasnost ovih antitijela prema V1aR i OTR.
Medutim, vise istrazivanja je potrebno provesti kako bi se akumulirao Siri spektar korisnih
informacija iz kojih bi se sa ve¢om sigurnoSéu mogao izvesti neki konkretniji zakljucak o
specificnosti 1 selektivnosti testiranih antitijela. Za antitijelo 1G1 koje je pokazalo najveci
potencijal valjalo bi provesti WB-ove s izmijenjenim uvjetima kako bi se pokusSali izbjeci
problemi s agregatima prilikom elektroforeze, kao npr. optimizacijom SDS-a, smanjenjem
temperature grijanja, ili koriStenjem manje koliine proteina. Ili u cilju postizanja boljih
rezultata, koriStenjem gelova nize gustoce ili otopina antitijela nizih koncentracija. Za detaljnije
istrazivanje svih antitijela, valjalo bi provjeriti unakrsnu reaktivnost antitijela u eksperimentima
imunoprecipitacije prema tri nepripadajuca receptora, svaki zasebno. Takoder, eksperimente
imunoprecipitacije u kojima bi u istoj smjesi bila sva Cetiri receptora, gdje bi se provjeravala
selektivnost antitijela. Budu¢i da su u eksperimentima ovoga rada koriSteni rekombinantni
receptori oznaceni GFP-om na C-kraju, potrebno je generirati stani¢ne linije koje bi stabilno
eksprimirale nefuzionirane receptore, koji bi vjerodostojnije predstavljali one nativne i koji bi

se koristili za provedbu daljnjih eksperimenata.
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§ 1. INTRODUCTION

The hypothalamic neuropeptides oxytocin (OT) and vasopressin (VP) are well-studied
hormones that play a significant role in many physiological processes. Within the central
nervous system (CNS) they are involved in the regulation of social and sexual behavior, such
as emotional or maternal bonding, partner selection, territoriality, memory and learning, stress
responses, and many more."? In the periphery, VP regulates renal water absorption and blood
pressure, while OT causes uterine contractions and milk secretion.>* OT and VP exert their
effects by binding to their respective receptors, the oxytocin receptor (OTR), and the
vasopressin la receptor (V1aR), both of which are expressed in both the CNS and in the
periphery.>® Two more structurally similar receptors exist: vasopressin 1b receptor (VIbR)
expressed primarily in the brain, and vasopressin 2 receptor (V2R) expressed only in the
periphery.’

Antibodies are an essential tool for studying these receptors and their expression at the
protein level and are used in a variety of techniques and methods, such as immunofluorescence,
immunocytochemistry or immunohistochemistry.®® However, the development of specific
antibodies for the OTR and V1aR has been a challenge for scientists, as these receptors, belong
to the same class of G protein-coupled receptors (GPCRs)!? and possess high similarity in their
structure.!! The first extracellular loop and transmembrane helices are the most conserved
domains, with the four receptors having a total similarity of 36 to 46% and a transmembrane
region-only similarity of 42 to 57%.'%!3 Interestingly, due to their similarity, OTR can also
accommodate VP molecule, enabling its binding and making VP promiscuous in that sense.!*
A lack of reliable, specific, and sensitive antibodies for OTR and V1aR stands in the way of
progress in this research area.!> Without antibodies, the precise localization and distribution of
these receptors within tissues is difficult to determine.!¢ Investigation of the relationship
between receptor structures and their function is also hindered, which in turn results in a poor
understanding of their role in physiological processes and diseases.!’

For the reasons mentioned, there is a huge interest in the development of novel monoclonal
antibodies that secure lower cross reactivity and are more sensitive than polyclonal antibodies,'®
and which could be used in and facilitate the research of these receptors. The objective of this

thesis was to get a step closer to the validation of monoclonal antibodies against OTR and
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V1aR, in accordance with established/proposed pathways for antibody validation.!®2! Ten
antibodies against OTR and seven antibodies against V1aR were obtained from partners from
National Institutes of Health, USA for validation. Antibodies were anticipated to interact with
their respective receptors while displaying specificity, as they were produced against specific
and distinctive receptor peptide fragments and selected based on their strength of immune
response as determined by ELISA assay. In the validation process, western blot (WB) and

immunoprecipitation followed by mass spectrometry (IP-MS) were employed.
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§ 2. LITERATURE REVIEW

2.1. G protein-coupled receptors

2.1.1. The overall structure, signaling, and potential of G protein-coupled receptors in drug
development

G protein-coupled receptors (GPCRs) are the largest protein family encoded by the eukaryotic
genome.?? In humans, this family of signaling integral protein receptors includes around 800
different identified GPCRs, which represent around 2% of the human genome.?-** A protein
should meet two major conditions to be categorized as a GPCR. The first condition is for seven
segments of around 25 to 35 successive amino acid residues to have a fairly high predicted
hydrophobicity.?>?¢ These segments are thought to be seven o-helices that cross the plasma
membrane, establishing a receptor or a recognition unit that allows an external ligand to have a
particular impact on the cell.?” The receptor being able to interact with a G protein is the second
most important condition.?> Since the seven hydrophobic transmembrane stretches constitute a
distinguishing structural property of these receptors, and also because signal transduction via G
proteins is not always observed, these proteins are also known as seven-transmembrane (7TM),
heptahelical or serpentine receptors, which may be more technically appropriate, however,

GPCR term is more often used.?®? Illustration of 7TM GPCR structure is shown in Figure 1.
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Figure 1. Illustration of 7TM structure of GPCR molecule. The illustration is taken from

Neumann et al. [*!].

The first crystal structure of ground-state bovine rhodopsin was determined in 2000.* As
GPCRs share a large part of structural properties, solving this crystal structure offered the basis
for understanding the transmembrane motif of seven helices connected by three extracellular
and three intracellular loops of different and variable lengths, i.e., elements of secondary
structure that all receptors have in common, as well as the positions of amino acids conserved
in most GPCRs.** GPCRs maintain a highly organized structure through numerous interhelical
hydrogen bonds and hydrophobic interactions, many of which are enabled by highly conserved
amino acid residues of the GPCR primary structure.>* Disulfide bridges are also present in the
extracellular region conserved in most GPCRs, including one between two cysteine residues
from extracellular loop EL-2 and the extracellular end of helix TM-3, also from two cysteines
in EL-1 and EL-2.2* Their purpose is to stabilize and restrict the possible number of
conformations and preserve the structural integrity of the receptor’s heptahelical region.°

This protein family has been classified using a variety of classification systems, some of
them categorizing receptors based on their ligand way of binding, whereas others consider both
physiological and structural factors.’>—3® Extensive phylogenetic analysis showed that there are
five major classes of GPCRs family into which vertebrate GPCRs can be classified: glutamate,

rhodopsin, adhesion, frizzled/taste2, and secretin, composing a GRAFS classification system,
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based on the first letters of the class names.?>° All the members of each class have a shared
evolutionary origin, but classes demonstrate no sequence similarity.*® Additional proteins exist
that are unable to be classified into formed classes and are referred to separately.?>*!' Among
those mentioned, by far the greatest is the rhodopsin class, which consists of four major groups
(o, B, v and 8) with 13 distinct sub-branches.*? The B group doesn’t have any of the main sub-
branches, and all the receptors included have peptides as known ligands.*® Receptors contained
in this rhodopsin-f group, along with many others, are OTR, V1aR, V1bR and V2R.!%* Most
rhodopsin receptor ligands bind inside a pocket between the transmembrane regions, apart from
ligands binding the N-terminus.** Except for the rhodopsin class, all the classes have a long N-
terminus. Just a few receptors in the rhodopsin class also have it long.?

GPCRs communicate messages through the cell membrane in response to the recognition
of diverse extracellular ligands, such as ions (e.g., Ca?"), organic odorants, amines, and small
molecules such as amino acid residues, nucleotides, nucleosides, lipids, peptides, proteins, but
also photons in case of rhodopsin.?*3%4° Signals are enhanced and transduced to downstream
effectors within cells mainly through interactions with G proteins. When activated, receptors
initiate complex cascades of events that control fundamental cellular and physiological
functions.* Discovery and characterization of cyclic adenosine monophosphate (cAMP) as the
first secondary messenger of glucagon and epinephrine activity in the metabolic pathways of
glucose, as well as the discovery of adenylyl cyclase responsible for its biosynthesis, was the
first stepping stone in clarification of the signaling cascades connecting ligands with
intracellular effector proteins via membrane receptors.*® The most extensively researched of a
variety of cAMP effectors is protein kinase A (PKA), with a large number of targets and
downstream signaling pathways.*’ Also, a lot of other molecules were identified and
characterized as secondary messengers in GPCR signaling pathways, such as cyclic guanosine
monophosphate (cGMP), diacylglycerol, inositol (1,4,5)-trisphosphate, phosphatidyl inositol
(3,4,5)-trisphosphate, arachidonic acid, phosphatidic acid, and free intracellular calcium.*®
Downstream effector systems in the GPCR signaling pathways include adenylyl and guanylyl
cyclases, phosphodiesterases, phospholipases, and kinases, with the purpose of promoting or
inhibiting the synthesis of corresponding secondary messengers. Additionally, ion channels
play an important role in ion and small molecules flux.*

G proteins are in fact heterotrimeric (o, B and y subunits) guanosine triphosphate (GTP)

binding proteins, consisting of four major classes: Gs (activates adenylyl cyclase), Gy, (inhibits
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adenylyl cyclase), Gg/qq (activates phospholipase C) and Gi2,13 (unknown function) and/or 3-
arrestin (scaffolding protein).?® In the guanosine diphosphate (GDP) bound, heterotrimeric
form, G proteins are inactive and must be activated by guanine nucleotide exchange catalyzed
by the receptor, that is GTP binding to the a.-subunit.’® GTP binding causes Go-GTP to separate
from Ggy subunits and activate downstream effectors through both separated Go-GTP and Gg,
subunits.’!2 Known GPCR structure offers some insight into the molecular mechanisms of
GPCR ligand recognition and receptor activation processes. Experiments show that the
transition from inactive to active form due to ligand binding is accompanied by a shift in the
relative orientation of TM-3 and TM-6 (twist of TM-6 and its distancing from TM-3), affecting
the conformation of the intracellular loops, pulling ICL-3 inside the cell, where G protein is
recognized and activated.** One receptor may activate many G proteins, but various receptors
can also converge on one G protein, resulting in different combinations of transduced
signals.?430:53

Approximately 40% of all approved and marketed drugs are used to target GPCRs.>* Around
17% of human GPCRs and GPCR-related genes/proteins (those upstream or downstream from
GPCRs in the signaling pathway) are targets for approved drugs, with GPCRs alone accounting
for approx. 12% of drug targets, making them the most frequently therapeutically targeted
gene/protein family.?® Drugs targeting these receptors and related proteins are mostly peptides
and other small molecules.> The prospective for new drug development in this area is huge

since created drugs target only a limited subset of GPCRs.>¢

2.1.2. Oxytocin receptor and vasopressin la receptor

In mammals, the OTR, Vl1aR, VIbR, and V2R are four closely related GPCRs that
neuropeptides OT and VP bind to and activate to regulate their biological function.!*>7>8 The
transmembrane helices, alongside the first extracellular loop, are the most conserved domains
among these receptors, suggesting a strong relationship between these receptors, with the total
similarity of the four receptors to each other in humans ranging from approximately 36 to 46%,
and from 42 to 57% in the transmembrane region alone.'?!* A number of conserved residues
found in EL-1 and EL-2 are present only in the vasopressin/oxytocin group of the GPCR family
and so may be components of the recognition sites for the structurally closely related ligands
OT and VP.* Recently, the structure of active human OTR with bound OT has been solved by

cryo-electron microscopy (cryo-EM), confirming the importance of extracellular loops and
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transmembrane helices’ hydrophobic pocket in binding.!* Determined structure model of the
active OTR complex is given (Figure 2). N and C terminus, along with intracellular loops, are
less conserved areas.! However, all VP and OT receptors have two consecutive Cys residues at
their C-terminus areas, which is a characteristic highly conserved across the whole GPCR
family. At these residues, the C-terminus of the protein is attached to the inside of the cell
membrane by prenylation.* Significant differences in ICL-3 may be responsible for diverse

interactions with G proteins.>

OTR

'(J

scFv16

Figure 2. Cryo-EM molecular model of OTR complex with OT and mini-G protein, stabilized
by scFv16. The model is taken from Waltenspiihl ez al. ['4].

OT has only one known receptor, while VP has three. These receptors mediate a wide range of
activities in both the central nervous system (CNS) and periphery, which are separated by the
blood-brain barrier,’® and have different roles depending on the localization.®! VP operates in
the CNS on its two receptor subtypes, V1a and V1b, and is responsible for behavioral functions,
such as aggressiveness, partner selection, sexual behaviour or cognitive functions like memory
and face recognition,%> but is also responsible for central endocrine roles, and central
cardiovascular activity regulation.’> Of the two, V1aR is the more important in vasopressinergic
regulation of social behavior, so the majority of studies looking at VP’s function in controlling
social behavior focuses on the V1aR.? While V1bR is expressed mainly in the brain,” VlaR is

also found in liver, uterus, smooth muscle cells, and acts as a vasoconstrictor of systemic
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vessels.>% On the other hand, V2R is located only in the periphery with the primary location
in the kidney, where it mediates renal water absorption and so acts on fluid homeostasis and
blood pressure regulation.* OTR is in the brain expressed in large amounts and mediates the
effects of OT on social behaviors, such as emotional bonding, sexual behavior or maternal
bonding.!”%* The most well-known function of the OTR system in the periphery is the initiation
of myometrial contractions within the uterus and their regulation during labor.*® It is also
expressed in the mammary glands where it causes secretion of milk.?

The requirement of these receptors to accept cyclic peptides, whose structures will be shown
later, may be indicated by the enlarged binding pocket located in the upper part of the
transmembrane region to the extracellular area.’’ This characteristic is shared by all four
members of this strongly related OT and VP receptor family.!? Additionally, it has been
demonstrated that conserved extracellular residues play a part in ligand binding and activation
of the receptor.®® Ligand binding induces reorientation of the transmembrane region, and
consequently the arrangement of the intracellular region, enabling the opening of docking sites
for interacting with different G proteins.'?% All four receptors are coupled to various G
proteins, or even other signaling molecules (e.g., B-arrestins),®” making them promiscuous in
that matter, triggering a variety of signaling pathways, and controlling a variety of cellular
functions.®!26%% Upon activation, the V2R stimulates adenylyl cyclase and increases the
synthesis of intracellular cAMP. On the other hand, the OTR, V1aR, and V1bR largely signal
through the activation of different phospholipases, namely C, D, or A2.%70-72

Upon phospholipase C activation, phosphatidylinositol-4,5-bisphosphate (PIP2) is
hydrolyzed to produce inositol-1,4,5-trisphosphate (IP3) and diacylglycerol (DAG), which in
turn stimulate the release of Ca** from the sarcoplasmic reticulum and the activation of protein
kinase C (PKC), respectively.®”® An increase in the level of intracellular Ca?* is additionally a
result of extracellular Ca?" influx, which is connected to a long-lasting phospholipase D
activation, or voltage-gated calcium channels downstream from PKC.*™* Elevated Ca®*
concentration finally stimulates calmodulin that activates myosin light chain kinase (MLCK),
which then phosphorylates light chains of myosin at Ser-19, enabling its interaction with actin,
which causes cell contractions. These are particularly important in myometrium during

labor.%73 Scheme of the signaling pathway described is illustrated in Figure 3 for the OTR.
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Figure 3. OTR in the myometrium after activation leads to contraction. Phospholipase C
activation after OTR activation causes phosphatidylinositol-4,5-bisphosphate (PIP2) hydrolysis
to inositol-1,4,5-trisphosphate (IP3) and diacylglycerol (DAG), which stimulate the release of
Ca?" from the sarcoplasmic reticulum and the activation of protein kinase C (PKC),
respectively. An increased intracellular Ca®* is also due to extracellular Ca?" influx through
voltage-operated Ca?" channels (VOCC) downstream from PKC. Elevated Ca** stimulates
calmodulin that activates myosin light chain kinase (MLCK), which then phosphorylates light
chains of myosin, enabling its interaction with actin, and causing cell contractions. The image

is taken from Arrowsmith [°].

Mammal cell plasma membranes contain a significant amount of cholesterol, which has been
found to have a crucial role in membrane protein regulation. Several GPCRs, including the
OTR, have been reported to have their function modified by cholesterol.”>’¢ This can be
accomplished by either modifying the lipid bilayer's physical properties (e.g., membrane

fluidity) or directly through interactions with proteins.’”-”” GPCRs are allosteric molecules by
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nature, and the monovalent cation Na* negatively regulates many of them. Divalent cations like
Mg?* (but also Ni**, Zn**, Mn?**, and Co**) have on the other hand been demonstrated to act as
positive allosteric modulators of the OTR.”®7 In order to restrict prolonged stimulation upon
agonist binding and receptor activation, desensitization follows in many GPCRs.
Phosphorylation and concurrent sequestration/internalization have been linked to ligand-
occupied receptor desensitization. Receptor phosphorylation may be caused by a variety of
protein kinases. GPCR kinases (GRKSs) are those that phosphorylate the agonist-occupied
receptor. Other kinases, including the cAMP-dependent and Ca?*-dependent (e.g., PKC) protein
kinases, can also phosphorylate receptors. Since these are activated by a rise in secondary
messengers, they may help attenuate receptor activity, as indicated for a V1aR that has a number

of PKC phosphorylation sites.”*%

2.2. Oxytocin and vasopressin

2.2.1. Oxytocin and vasopressin — two structurally similar neuropeptides with significant
tasks

OT and VP homologs have been found in a variety of organisms, including worms, molluscs,
insects, vertebrates, and hydra, and date all the way back to at least 700 million years ago.>* A
local duplication led to the evolution of OT and VP from a single ancestor gene in a
gnathostome.3! Mammalian OT and VP are nonapeptides differentiated by only two amino
acids in positions 3 and 8. While OT contains Ile in position 3 VP contains Phe, and in position
8 OT has Leu and VP Arg.? Structures are presented in Figure 4. An ancestral molecule, present
in other, non-mammalian, vertebrates is vasotocin, containing Ile in position 3 and Arg in
position 8.82 These peptides are structurally specific for their cyclized structure realized through

cysteines at positions 1 and 6, forming a disulfide bridge.*?
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Figure 4. Structures of cyclized nonapeptides OT and VP, with distinct amino acid residues
highlighted in red.

In contrast to VP, which is more promiscuous, binding to both VP and OT receptors with high
affinity, OT is a rather selective ligand for the OTR.!* This is supported by the K; values stated
in Table 1.

Table 1. Selectivity of the human OTR and human V1aR, V1b, and V2R for OT and VP. Values
represent binding affinity defined as Ki / nmol dm 3. Following a selectivity criterion stating
that for the receptor to be selective the receptor/ligand K; is required to be two orders of

magnitude lower than for other receptors and that ligand. Only hOTR is defined as selective for

OT. Adapted from Manning et al. [34]

Ligand Ki/ nmol dm3
hOTR hVlaR hV1bR hV2R
oT 0.8 120 >1000 3500
VP 1.7 1.1 0.7 1.2

In mammals, the hypothalamic brain areas are the primary sites of OT and VP production.?
These peptides are next sent to the pituitary for peripheral secretion or directed to other regions
of the brain.3>-8

Both OT and VP influence behavior in males and females,? and frequently exhibit sexually
dimorphic expression and behavioral impacts on animals.?” In mammals, OT has taken on quite
diverse roles in female sociosexual responses crucial for mammalian reproduction, including

sexual behavior, uterine contractions during parturition,® lactation,® maternal attachment, and
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pair bonding.2* OT also modulates social and emotional responses, including social bonding,
trust, aggressiveness, anxiety, fear, and many more.!”*° VP, on the other hand, typically affects
male sociosexual behavior, so it’s related to erection and ejaculation and moreover influences
aggression and territoriality, but also affects pair bonding in different species.>”! In general, the
particular social behaviors these peptides have an impact on demonstrate wide variations among
species, but also between the individuals within the same species.””® Instead of peptide
differences, these behavioral effects are more likely to be mediated by variability in the genetic
regulation of their receptors and variance in brain receptor patterns.”

The physiological functions of VP and OT are distinct. VP causes vasoconstriction and
regulates blood pressure and osmolarity by stimulating the reabsorption of water by the
kidneys.* Apart from that, VP is comparable to OT as it’s also a strong stimulant of uterine
contractions.”> OT on the other hand in addition to uterine and mammary cells’ contractions
can affect proliferation in developing mammary glands, but also differentiation in breast cancer

cells.?

2.2.2. Oxytocin and vasopressin analogs as medications

OT as a OTR agonist is clinically used as a medication, predominantly infused intravenously
or less frequently intramuscularly to stimulate uterine contractions and initiate labor.”*7 It is
suggested by WHO to be given in order to control or stop heavy postpartum bleeding, one of
the main causes of maternal deaths in developing countries.”® Sometimes OT can be
administered intranasally to improve lactation.” It has also been investigated for a treatment of
autism and related intellectual conditions, and in general has a great clinical potential for
treating mental health disorders.!%

Thousands different peptidic and non-peptidic OT/VP analogs have been developed over
the years, and while mainly used in research, they have also been synthesized and employed
for therapeutic purposes.®* Carbetocin (Figure 5) is a peptidic OT/VP analog effectively used
to prevent postpartum hemorrhage in vaginal deliveries.!®! In contrast to OT employed for this
use, carbetocin has a prolonged time of action, and can also remain active for a longer period
of time in warm and humid conditions, making it quality-wise a better choice for utilization in

less developed countries.!??

It acts as an OTR agonist and has been used to investigate the
OTR/Gq coupling function in the brain.!® Interestingly, while activating the OTR, it acts as an

antagonist towards V1aR and V1bR.!%4
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Atosiban, a peptidic OT derivative (Figure 5), is an effective OTR antagonist, a potent
molecule in preventing preterm labor by suppressing uterine contractions.*!% At the same time,
it acts as a competitive antagonist on OTR-Gaq and as an agonist of OTR-Gai coupling, thereby
becoming the first coupling-selective/biased antagonist of OTR.!>!% The only medications
used expressly to treat preterm labor are OTR antagonists, with atosiban being the only OTR
antagonist approved for this use at the moment,%!%7 but not in the USA owing to the potential

link to the preterm newborn deaths.!%®

Despite all of this, atosiban is an unusual drug in which
it has a reduced affinity for the OTR and acts mainly as a V1aR antagonist, so it has been
unclear on which receptor it acts antagonistically and potential side effects of its use have been
considered.®!%

Another potential tocolytic, peptidic OT analog barusiban (Figure 5), is being
developed.®>!'? It is also OTR antagonist, somewhat smaller than atosiban, but unlike atosiban
demonstrates a roughly 300-fold greater affinity for OTR than for V1aR.!!! However, it did not
manifest efficacy in preventing premature labor other than placebo effect.®

Retosiban is another really effective, though non-peptidic (Figure 5), OTR antagonist with
over 1400-fold selectivity for OTR over the three VP receptors.’”>!!2 In vitro studies on human
myometrial explants were promising.!!’® In a phase 2 proof-of-concept research, retosiban

demonstrated good performance and safety profiles for the prevention of spontaneous

premature labor.!!*
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Figure 5. Molecular structures of peptidic OTR agonist carbetocin and OTR antagonists;

peptidic atosiban and barusiban, and non-peptidic retosiban.

2.3. Methods used for validation of antibodies
For an antibody to be validated, it has to be shown selective, specific, and reproducible in the
settings of the intended way of use.!® Specific antibody is the one that recognizes a single
epitope and discriminates the similar epitopes displayed by off-target proteins. Selective
antibody is the one binding to the unique target protein epitope that is not present across
different off-target proteins.!!> A set of guidelines to adhere to in the process of antibody
validation has been proposed,?! and was followed in the study of dopamine receptors 1 and 2.2
In that study, validated antibodies were tested by western blots (WBs) and
immunohistochemistry, and further by immunoprecipitation coupled with mass spectrometry
(IP-MS). Conducted work covered by this thesis on the antibodies against OTR and V1aR
includes experiments with WBs and IP-MS, therefore a shorter review of these methods will be
given in the following pages. For these methods to be employed and performed successfully,
isolation and quantification of receptor proteins of interest had to be completed and will also be
covered accordingly in the following sections.

Generally, antibodies can be either polyclonal, targeting various antigen regions, or
monoclonal, targeting only a particular region of antigen.!®!'® Regarding antigen recognition,

antibodies can recognize either conformational antigen determinant, linear antigen determinant,
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or neoantigenic determinant (Figure 6).!!7 Conformational determinants are the parts of an
antigen that are in contact with an antibody, and they usually involve the shape of the antigen,
i.e., the feature of the 3D structure is a recognition element.!'® This determinant in protein is
lost due to denaturation since the native structure disappears.!!” Linear determinants are the
parts of an antigen formed by around six neighboring amino acid residues.'?° This determinant
in a protein is a feature of the primary structure, and it can be hidden (inaccessible to the
antibody) within the protein 3D structure until the denaturation reveals it. It can also be
accessible in both the native and denatured form, if it’s on the surface of the native structure,
and remains accessible after denaturation.!?! Neoantigens are molecules or their parts that are
not normally present on the surface of the antigen but can be recognized by antibodies. These
can be derived from mutations, post-translational modifications, or other changes to the antigen,
such as proteolytic cleavage.!?> Hence, the denaturing conditions of SDS-PAGE can cause the
loss of, but also the appearance of new recognition patterns. Later will be discussed that the
goal of IP-MS on the other hand is to preserve the native protein conformation. Here lies the
reasoning for the combination of various antibody validation approaches, as different
conditions affect recognition sites in different manners, changing and shifting the antibody
efficacy. Approaching the problem with two distinctive, orthogonal methods in sense of

determinant denaturation represents one of the key points of antibody validation.!3
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Figure 6. Antigenic determinants and their properties. Antigenic determinants marked in
sequence thickening depend on both the tertiary and primary structure. A — Certain determinants
are available in native proteins and are lost with denaturation; B — others become accessible
only after protein unfolding; C — post-translational modifications stand behind the antigenic

determinants. The image is taken from Cellular & Molecular Immunology [''].

2.3.1. Western blot

2.3.1.1. Membrane protein isolation

Proteins used in WB experiments can be extracted from a variety of sources, including cells
and tissues. For their extraction, especially from tissue samples reflecting a higher structural
degree, mechanical and chemical methods are employed.'>* The most popular mechanical
methods include homogenization, sonication, and disintegration with metallic or glass beads.
In chemical methods, lysis buffers are used. The presence of ionic detergents like sodium
dodecyl sulfate (SDS) in some buffers enables the solubilization of proteins. Other detergents,
such as non-ionic or zwitterionic, are also an option, and the choice is based on the necessary
lysis speed and extraction efficacy of the protein of interest. While, for example, SDS may
quickly lyse cells, it also denatures proteins. Triton X-100 on the other hand, as a non-ionic
detergent, may lyse cells gently while preventing protein denaturation, which is important if the

protein structure needs to be preserved for further experiments.!?
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To prevent protein denaturation and its degradation by proteases and phosphatases, samples
of cells and tissues after incubation and prior to protein isolation should be frozen, and the
whole procedure of protein extraction should be performed on ice. It’s important to keep in
mind that repeated freezing and thawing will result in lower sample quality. Hence, if not
frozen, samples should be lysed as soon as possible after incubation.!?6-128 Release of proteases
and phosphatases during lysis calls for the addition of their inhibitors to the lysis buffer to
maximize the amount of protein obtained with a maintained structure that would be
recognizable by the appropriate antibodies.!!®

Following the sample lysis procedure, cellular fractions can further be separated using
differential centrifugation. First centrifugation is performed to remove unlysed cells and larger
bits of debris contained in the pellet from the supernatant containing both membrane and
cytosolic proteins. The second one, ultracentrifugation employing higher speeds, enables the
separation of soluble cytosolic proteins contained in the supernatant from the fraction
containing total membrane proteins in a form of a pellet.!? Membrane proteins from the pellet
are further solubilized in a solution containing non-ionic detergent aiming to preserve their
functional conformation outside the lipid bilayer environment in a process implicating the

emergence of protein:detergent micelles.'3%!3!

2.3.1.2. Protein quantification methods

Before preparing the samples for loading into the wells for gel electrophoresis, the
concentration of the isolated proteins needs to be determined.'*? Loaded protein amounts need
to be uniform between different wells and consistent throughout many gels so that the results
obtained can be comparable.!* Numerous different methods enabling protein quantification are
available,!** and in the text following the more popular of them will be briefly explained. The
bicinchoninic acid assay, the method used for determining protein concentration in our
laboratory, will be explained in more detail.

The simplest of all the methods is by determining protein absorbance at 280 nm since
aromatic amino acid residues absorb ultraviolet radiation at that wavelength. The absorbance at
this wavelength is mostly contributed to by the amino acids tryptophan and tyrosine, with their
relatively high molar extinction coefficients, but also somewhat by phenylalanine with a
notably smaller extinction coefficient. The method complies with the Beer-Lambert law, so the

protein concentration is proportional to the determined absorbance.!*
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Another important method, based on the well-known biuret reaction, is the Lowry method.
What differentiates this method from the biuret reaction is improved detection sensitivity,
accomplished by adding a mixture of phosphomolybdic and phosphotungstic acid.!*¢ In the
biuret reaction, four nitrogen atoms from the peptide bonds combine with copper creating a
cuprous complex. By adding the acids mixture and their interaction with cuprous ions and the
tyrosine, tryptophan, and cysteine residues, a blue-green coloration detectable between 650 and
750 nm is produced.'??

Bradford protein assay is another method for protein quantification and is based on
Coomassie Brilliant Blue G-250 dye binding to protein. This dye principally interacts with
arginine, but slightly also with another basic (lysine, histidine), and aromatic (tyrosine,
tryptophan, and phenylalanine) residues under acidic conditions.!3>!37 Free dye is brown-red
with an absorption maximum of 465 nm. Binding to protein shifts the maximum to 595 nm,
causing a blue coloration, and is almost complete in only around 2 minutes, staying stable for
about 1 hour. Because of the relatively high dye-protein complex extinction coefficient, the
method is highly sensitive. The presence of detergents causes interferences, so this method is
not suitable for determining membrane protein concentrations, where some of the most often
used detergents enabling protein solubilization, like Triton X-100, cause high background.!3%13°

Among all the mentioned methods, the Bicinchoninic Acid (BCA) assay was developed
last.!*0 Tt is similar to the Lowry method in that it uses a biuret reaction to transform Cu?* ions
under alkaline conditions into cuprous Cu” ions, which then further react with the sodium salt
of bicinchoninic acid, forming a complex with the absorbance maximum at 562 nm, causing a
purple coloration.!*> As the BCA reagent is stable under alkaline conditions, the method has
the benefit over the Lowry method in that it can be performed in one step, while the Lowry
method requires two steps, making it less complicated to carry out.'#!

Two reagents composing the BCA assay, reagents A and B, can be purchased as part of a
kit from different suppliers. Reagent A is a solution containing bicinchoninic acid, sodium
carbonate, sodium tartrate, and sodium bicarbonate at a final pH of 11.25 adjusted with NaOH
or NaHCOs. Reagent B is a copper(Il) sulfate pentahydrate (40 g dm™3) solution.!*> Kept at
room temperature (RT) of approximately 25 °C, they stay stable and are fine to use after a long
time of non-use. As the amino acid content influences the BCA assay outcome, absolute protein
concentration cannot be measured. For that reason, relative concentration is determined in

comparison to the calibration curve formed by measuring the set of standard samples of, most
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commonly, bovine serum albumin (BSA), whose concentrations are known.!#! This assay can
be conducted both at RT and at higher temperatures up to 60 °C to improve the sensitivity.!3
An additional benefit of the BCA assay is its compatibility with the chemicals interfering with

)135

the Lowry assay. It is unaffected by a variety of detergents (up to 5%)'°> and denaturing

chemicals.!4!

This assay can also be performed in a 96-well plate, reducing the amount of
necessary reagents, and adding to all the aforementioned benefits. Concern to have in mind is
that, since the assay employs the Cu?* reagent, chelating agents such as EDTA greatly interfere
with the measuring outcome. Also, reducing agents and reducing sugars that reduce Cu?* to

Cu", interfere with this assay. 135141

2.3.1.3. Sodium dodecyl sulfate polyacrylamide gel electrophoresis
After knowing the protein concentration, samples can be prepared for separation on a gel
electrophoresis system. Gel electrophoresis comes in a variety of forms, but the most common
is the one that for protein separation employs polyacrylamide gels.!?” This polyacrylamide gel
electrophoresis (PAGE) can be run under either non-denaturing/naive or under denaturing
conditions. The former uses non-denaturing and non-reductive loading buffers, such as Tris-
glycine in a pH range of 8.3 to 9.5, to preserve the structure of the protein. Under these
conditions, separation depends on the protein’s electric charge, size, and form.!?> On the other
side, denaturing polyacrylamide gel electrophoresis, also known as SDS-PAGE, uses a buffer
that contains strong anionic detergent sodium dodecyl sulfate (SDS) and reducing agent [3-
mercaptoethanol, and employs the effect of heat. SDS disrupts the hydrophobic interactions and
denatures the protein covering proteins in a negative charge,'?® while B-mercaptoethanol aided
with heating the samples breaks the disulfide bonds, additionally assisting in denaturation by
structure dissociation. The binding of SDS ensures that all the proteins have the same negative
charge, enabling their separation by molecular weight only.!25-127

The most frequently used type of electrophoresis is exactly the SDS-PAGE.!?’ Protein
samples for electrophoresis are prepared in a loading buffer, colored due to bromophenol blue
present to enable visibility and tracking of separation progress, and dense because of glycerol
to enable sample loading into the gel’s well. In the preparation, the samples are heated at
temperatures of 70 to 95 °C to aid the denaturation of orderly protein structures.'?> Prepared
samples are loaded onto the gel along with a molecular weight marker, and since being covered

in the negative electric charger, they travel through the gel towards the positive electrode after
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applying the voltage.!>* The most commonly employed polyacrylamide gel consists of two gels
(discontinuous system); an upper ‘stacking’ gel with a lower percentage of acrylamide and, and
a lower ‘resolving’ gel. Two of the gels have different pH values and ionic strengths because
of the different buffers used in their preparation, with the stacking gel being weakly acidic at
pH 6.8, and the resolving gel being basic at pH 8.8.12%!43 Gels can be either purchased precast
or made in the lab to regulate acrylamide and bisacrylamide percentages, which in turn
determines the pore sizes in the gel. Proteins move through the gel at varying rates, with smaller

proteins traveling faster, causing their separation into distinct bands within every lane.!2%!27

2.3.1.4. Protein transfer methods

After the proteins have been separated using the SDS-PAGE system, they’re transferred from
the gel onto the solid phase. The most employed solid phases are microporous materials and
membranes such as cellulose, cellulose acetate, polyethersulfone, nylon, nitrocellulose (NC),
and polyvinylidene difluoride (PVDF). These materials have a high capacity for protein binding
as they have a high volume-to-surface ratio. They can store the immobilized proteins for short
or long times, as well as permit the interaction of the immobilized protein with the solubilized
reagents. They allow for greatly reproducible results due to the low number of interferences
during detection procedures. Microporous materials are used as sheets or membranes, and their
interaction with the proteins is of a non-covalent type, with the details of the interaction not
entirely known, 44143

The membrane used in this work was PVDF, which structurally is a linear polymer
composed of repeating -(CF2-CHb»)- groups, and it achieves protein binding through both dipole
and hydrophobic interactions. What gives it an advantage over some other membranes is its
strong mechanical properties and compatibility with numerous organic solvents and chemicals
in use.!*>1% They can also be stripped and reprobed after the blot has already been probed,
something the NC membrane doesn’t allow.!?*

Proteins from the gel after SDS-PAGE can be transferred to the PVDF membrane in
different ways, such as simple diffusion blotting, vacuum blotting, and electroblotting
methods.!*” The most used of the methods is electroblotting for its rapid and efficient transfer,
and it comes in different variations, such as a semi-dry or wet transfer. Both of these require
the preparation of a ‘transfer sandwich’, where it’s of crucial importance that the gel and the

membrane stay together in direct contact, with the filter paper surrounding it from both sides.!?
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143 it demands a

And while the wet transfer is more suitable for the transfer of larger proteins,
larger amount of transfer buffer and takes more time to perform, on top of the need for the
cooling system due to excessive heat generation (2—12 h at 4 °C), in comparison to the semi-
dry transfer (7-30 min at RT).'?> The more trustworthy of the two is considered to be the wet
transfer since it more effectively keeps both the gel and the membrane from drying out, but at
the expense of time, resources, and effort put in. For these reasons, it is frequently substituted
with a semi-dry transfer, which is the type used for the purposes of this thesis.

Since the PVDF is hydrophobic, the membrane must be wet/activated in methanol or ethanol
before packing into the sandwich, to be able to interact with the aqueous buffer used.!*> Buffers
in use are based on the one from Towbin, containing Tris (25 mmol dm™),
glycine(192 mmol dm™2), methanol (¢ = 20%), and none to 0.1 g dm™3 SDS. 145148 Buffers are
usually preferred without SDS when the membrane used is PVDF, since the proteins tend not

to bind properly if SDS is used,'¥

except for the cases when the proteins are prone to
aggregation, then the use of SDS is advised.!** Also, the complete removal of methanol from
the transfer buffer is possible and advised when trying to preserve conformational sites of
transferred proteins, as well as to prevent the changes in the size of the used polyacrylamide gel
that could otherwise shrink,!*® and so restrict the transfer of proteins.!*° The prepared sandwich
must be placed in a way so that the membrane stands in between the gel and the positive
electrode, since the principle of protein transfer is almost the same as in the SDS-PAGE, with
the negatively charged proteins moving towards the positive electrode, with the membrane on
their way to catch them.'?* Sandwich is placed in between two plate electrodes that provide a
homogenous electric field. The smaller proteins migrate faster from the gel and blot more
efficiently on the membrane. Also, the thinner the gel used or the lower the percentage of
acrylamide in the gel, the faster the protein transfer.!#®

Once transferred from the gel, the proteins maintain their original distribution in the

membrane. Becoming easier to manipulate on the membrane, proteins can be used in

immunodetection to interact with specific antibodies.

2.3.1.5. Washing, blocking, and primary/secondary antibody incubation
Blocking the membrane, after protein transfer, reduces the background by preventing the
nonspecific binding of primary antibody against the target protein to the membrane.!>* The most

used blocking solution is 5% bovine serum albumin (BSA) or 5% non-fat dried milk (NFDM)
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in phosphate-buffered saline (PBS) or in Tris-buffered saline (TBS) often with moderate
addition of Tween 20.'26 Membrane is soaked into the prepared blocking solution and slowly
agitated, occupying the membrane protein-binding sites with inert protein.'?® Since it is
relatively cheap and easy to procure, using the NFDM is often the way to go. But it must be
considered that the milk protein casein is actually a phosphoprotein, so it is unsuitable as a
blocking agent if the primary antibody reacts against phosphoproteins as it could cause false
positives and high background.!?*!43

After blocking, the primary antibody solution against the specific protein on the membrane
is added to the membrane and incubated overnight at 4 °C or for an hour or two at RT. The
primary antibody is diluted in a blocking solution to the optimal concentration, since the signal
could stay absent or become too strong with a higher background.!?#!26 This concentration
needs to be determined by testing different concentrations in a process known as primary
antibody titration.!>!

After incubation, the membrane is washed from the excess primary antibody by multiple
rinses with a buffer previously used for the preparation of blocking solution, for example, TBS-
T. After washing, a secondary antibody solution is added to the membrane and incubated
typically for around an hour at RT. The prepared secondary antibody solution also needs to be

126

of the appropriate concentration and determined experimentally.'*® It targets the species-

specific region of the primary antibody, which is usually the Fc region with its’ constant heavy

2

chains,'>? and carries a label that allows for direct or indirect detection, with horseradish

peroxidase (HRP) or alkaline phosphatase (ALP) being two important examples, 26143

2.3.1.6. Membrane visualization

If the secondary antibody with a radiolabel was used, protein detection is direct and uses
autoradiographic film to capture the signal. More widely used chromogenic or fluorogenic
labels require an extra substrate and allow for indirect protein detection. Secondary antibodies
may also be fluorescently labeled and require no additional reagents for detection. As
mentioned above, two examples of chemiluminescent labels are HRP and ALP. These labels
employ the chemiluminescence substrate, cleave it and the reaction product emits
luminescence. The resulting light is then detected either on photographic film or digitally using

a charge-coupled device (CCD) camera, providing better resolution and sensitivity.!2>-127
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One of the more popular methods, enhanced chemiluminescence (ECL), uses the ECL mix.
ECL mix is a combination of two substrates: luminol/enhance reagent and peroxide reagent.
When luminol in the presence of peroxide is oxidized by HRP, it goes over a peroxy
intermediate to form a 3-aminophthalate dianion in the excited state and consequently results
in light emission.'*? Described mechanism is presented in Figure 7. It requires only the short

membrane incubation of a few minutes and ensures high sensitivity.'!

HRP + H,0,
0 o *
COO
l}lH O\ hl—> _— h’v
NH ON COO
NH, O NH, O_ NH;
luminol peroxy intermediate [3-aminophthalate dianion]*

Figure 7. Chemiluminescence by ECL substrate and HRP. In the presence of H>O> luminol is
oxidized by HRP and over the peroxy intermediate leads to the formation of 3-aminophthalate
dianion in the excited state and consequently to the emission of light. Mechanism is adapted

from Bio-Rad ECL instruction manual ['3].

Captured images are further analyzed. Multiple software have been developed and are available
for this purpose, enabling automatic or manual analysis, or a combination of the two, with many
analysis and editing options included. CCD cameras often come with their own data capture,

processing, and analysis software.!?’

2.3.2. Immunoprecipitation coupled with mass spectrometry

An immunoprecipitation (IP) method combined with a mass spectrometry (MS) technique is a
typical approach for studying, discovering, and validating protein interactions.!>*!> The IP step
in IP-MS is responsible for the isolation of the protein of interest from a complex protein
mixture, usually a cell lysate.!>® This is generally performed by employing a specific antibody
that binds to protein A- or G-coated agarose or magnetic beads, along with the protein of interest
(antigen), called a ‘bait protein’.!>*!57 Either monoclonal or polyclonal antibodies could be
utilized, and they may identify the protein of interest, a specific posttranslational modification
(PTM), or in the case of an overexpressed protein an epitope tag. Their Fc regions, depending

on the species of origin (Table 2), are recognized by the immobilized protein A or G, where

protein A is the less expensive of the two, but protein G binds a broader range of classes of
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antibodies. In the Table 2 is visible that Protein A has a somewhat stronger affinity to rabbit

antibodies.!>%15%

These two proteins are originally bacterial receptors that bind Fc regions of
the broad variety of immunoglobulins. Protein A comes from Staphylococcus aureus and has 5
binding sites for IgG, while protein G with 2 IgG binding sites comes from strains G and C
streptococei.’>13%160 The use of a non-denaturing lysis buffer that contains a non-ionic
detergent such as Triton X-100 or CHAPS leads to the release of membrane (except for a
smaller fraction) proteins, enabling the IP that employs antibodies targeting native protein
epitopes. In case antibodies cannot reach to recognize these epitopes, or the non-ionic detergent
is unable to isolate the antigen from the cell, denaturing conditions should be used.!>

The order of steps, regarding the adding of the antibody to the protein mixture or binding it
to the beads first, can vary among the different protocols. Traditionally, an antibody is added
directly to the protein sample (lysate) and the formed complex is then captured onto the protein
A- or G-coated beads. The alternative way is to bind the antibody to the suitably coated beads
before being exposed to the protein mixture.!>® The arguments for the latter sequence are strong,
since prebinding antibody to the beads enables unbound antibody to be removed, hence
allowing for better control over the amount of antibody employed and consequently for a more
effective recovery of immunoprecipitated protein. Furthermore, potential interactions of the
other proteins other than desired antibody (e.g., serum proteins) from the antibody sample with
the target protein in the protein mixture are eliminated due to not coming in touch with the
lysate, avoiding any potential negative effect of these proteins on target protein isolation.!*

After incubation of the antibody with the beads coated with the corresponding protein A or
G, the antibody is bound to the bead in a non-covalent manner.!>> The cell lysate (protein
mixture) is then incubated with the resulting antibody-bead complex for a certain period,
allowing the antibody to bind to the target proteins, forming a protein-antibody-bead complex.
This complex is separated from the sample by centrifugation (in the case of agarose beads), or
by using the magnetic rack to pull the complex to the walls of the tube (in the case of magnetic
beads). Magnetic beads have an advantage in that they allow for complete buffer removal
without unintentional bead loss and without the buffer carry over, but they also allow for
quicker washing due to a lower porosity.!> The pellet is then subjected to denaturing or low-
pH conditions to break down and elute the complex.!>® The most often used elution buffer is

0.1 M glycine in HCI, pH 2.5-3.0, effectively breaking antibody-antigen and protein-protein
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interactions without altering protein structures.!é! Released proteins can further be analyzed

using enzyme-linked immunosorbent assay (ELISA), immunoblotting, or MS.!62

Table 2. Antibody-binding to Protein A and Protein G affinities, where the number of plusses
represents the binding strength and minus represents no binding. The table is adapted from New

England Biolabs [!%].

Species Immunoglobulin Binding to Protein A Binding to Protein G
IgG (normal) -+ 4+
IgGl1 -+ -
IgG2 -+ -
IgG3 - -+
Human IgG4 -+ -
IgM - -
IgA - -
IgE - -
IgG1 + -+
IgG2a ++++ -+
Mouse I1gG2b +++ +++
IgG3 ++ -+
IgG1 - +
IgG2a - ++++
Rat I1gG2b - ++
IgG2c + ++
Goat IgG +- =+
Rabbit IgG - +++
Sheep IgG +- ++

In the IP-MS, eluted proteins are then digested using one or sometimes a combination of
proteolytic enzymes.!*1%* Owing to its high efficiency and specificity, along with its
availability at a relatively low cost, trypsin is the most commonly used protease in proteomics
analyses. It breaks the proteins down into smaller peptides with an average size of 1.8 x 103
hydrolyzing the peptide bonds after two basic and frequently occurring amino acids: arginine
and lysine.!®* Membrane proteins with their large transmembrane regions naturally consist of a
greater amount of hydrophobic amino acids, and the number of trypsin recognition sites is
reduced. For that reason, chymotrypsin with an affinity for hydrophobic Phe, Trp, and Tyr,!®®

or some other proteases, can be used along the trypsin in the analysis of transmembrane
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proteins, providing a piece of extra information about the protein sequence.'®* These peptides
are further analyzed employing a powerful and sensitive technique; MS, allowing for the

identification and quantification of the proteins.!6
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§ 3. EXPERIMENTAL SECTION

3.1. Materials

3.1.1. Validated antibodies

For conducting WB and IP experiments, rabbit monoclonal antibodies in a HEK293 (human
embryonic kidney 293) cell culture media without antibiotics (¥~ 5—7 pg/mL) produced against
specific OTR or V1aR peptide fragments and selected based on ELISA assay results were
obtained from the NIH and Origene company. Ten antibodies against OTR (1A3, 1B2, 1C10,
1E4, 1F1, 1H11, 4E3, 4F3-4, 4F3-5, 5A5), and seven antibodies against V1aR (1G1, 1H1, 3C1,
3D2, 3F8, 4A7, 4G9) were obtained, as indicated in Table 3 and Table 4 with the ELISA results
displaying reactivity towards the plate-coupled peptides, respectively. Peptides of interest
correspond to either C- or N-terminus, intracellular loops 2 or 3, or transcellular loop 3. The
amounts of antibodies obtained were limited and in total received in two rounds: 3 mL in the
first round, and 5 mL in the second round (only 1B2 was produced in 10 mL culture and

concentrated by ultrafiltration to ca. 3 mL).

Table 3. Ten antibodies against OTR with the ELISA results displaying activity towards the
peptides/epitopes corresponding to the C-terminal, TCL-3, and ICL-2 regions of OTR. Stronger
interactions are marked in more intense color; antibodies are ordered according to the

interactions from the most to the least active, and the epitope regions as well.

OTR antibody OD for different peptides
C-TERM TCL-3 ICL-2

4F3-5 0.12 0.09
1B2 1.35 0.21
1A3 1.32 0.21
4F3-4 0.27 0.10
1F1 1.53 0.23
4E3 0.08 0.09 1.85
1E4 0.09 1.50 0.09
SAS 0.09 0.10 1.48
1H11 1.38 0.21 0.27
1C10 0.09 0.90 0.09
1B2 batch 2 1.80 0.41
1B2 batch 3 0.36
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Table 4. Seven antibodies against V1aR with the ELISA results displaying activity towards the
peptides/epitopes corresponding to the C-terminal, N-terminal, and ICL-3 regions of V1aR.
Stronger interactions are marked in more intense color; antibodies are ordered according to the

interactions from the most (green) to the least (white) active, and the epitope regions as well.

V1aR antibody OD for different peptides
C-TERM N-TERM ICL-3
1H1 0.10 0.10
3C1 0.09 0.09
3F8 0.09 0.08
3D2 0.09 1.67 0.09
4A7 1.60 0.09 0.09
4G9 0.08 0.09 1.00
1G1 0.28 0.68 0.08

3.1.2. Protein isolation and quantification
The following chemicals and solvents were used in protein isolation: ROTISOLV® HPLC
gradient grade water (Carl Roth), Dulbecco’s phosphate-buffered saline (modified, without
calcium chloride and magnesium chloride, 10%, liquid, sterile-filtered, suitable for cell culture;
Sigma-Aldrich), HEPES (Sigma-Aldrich), CaCl, (Sigma-Aldrich), D(+)-saccharose (Carl
Roth), sodium chloride (Sigma Aldrich), glycerol (Sigma-Aldrich), sodium hydroxide (pellets;
Merck), sodium phosphate monobasic, anhydrous (Sigma-Aldrich), sodium phosphate dibasic
dihydrate (Sigma-Aldrich), Triton X-100 (Sigma-Aldrich), cOmplete protease inhibitor
cocktail tablets (Roche), PhosSTOP phosphatase inhibitor cocktail tablets (Roche).

For determining the solubilized protein concentration, the following solutions and kits were
used: pre-diluted protein assay standards: bovine serum albumin (BSA) set (Thermo Scientific),

Pierce™ BCA protein assay kit (Thermo Scientific).

3.1.3. Western blot and protein staining

For preparing the gels for the electrophoresis, the following reagents were used: acrylamide (2
cryst.; Carl Roth), N,N’-methylenebisacrylamide (Carl Roth), hydrochloric acid fuming 37%
(Carl Roth), Trizma® base (Sigma-Aldrich), ammonium persulfate (APS; Bio-Rad), sodium
dodecyl sulfate(SDS, ultra-pure; AppliChem), 2-propanol (Sigma-Aldrich), glycine (Sigma-
Aldrich), TEMED (Carl Roth).
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For preparing the samples and running the electrophoresis, transferring and detecting the
proteins, the following solvents, agents, and compounds were used: Milli-Q (from ELGA lab
water purification system, Veolia Water), Laemmli sample buffer (4x; Bio-Rad), 2-
mercaptoethanol (Bio-Rad), PageRuler™ plus prestained protein ladder (Thermo Scientific),
methanol (LiChrosolv®, gradient grade for chromatography; Merck Millipore), Tween® 20
(Carl Roth), skim milk powder (Sigma-Aldrich), FITC goat polyclonal anti-GFP (ab6662,
GR3286332-13, Abcam), peroxidase-AffiniPure donkey anti-goat IgG (H+L) (260310, Jackson
ImmunoResearch), rabbit monoclonal [EPR5642] to AVPR1A/V1aR (ab124907; Abcam),
rabbit monoclonal [EPR24409-146] to oxytocin receptor (ab300443; Abcam), peroxidase-
AffiniPure donkey anti-rabbit IgG (H+L) (711-035-153; Jackson ImmunoResearch), Clarity™
western ECL substrate — peroxide solution and luminol/enhancer solution (Bio-Rad), Clarity
Max™ western ECL substrate — peroxide solution and luminol/enhancer solution (Bio-Rad)

For staining purposes, the following was used: acetic acid (99-100%; Carl Roth),
Coomassie® Brilliant Blue G 250 (Fluka), Ponceau S solution (Sigma-Aldrich), naphthol blue
black (Sigma-Aldrich).

3.1.4. Immunoprecipitation

For performing IP, the following reagents were used: SureBeads™ protein A magnetic beads
(Bio-Rad), phosphate-buffered saline (PBS, 10x;Bio-Rad), acetone (LiChrosolv®, Merck
Millipore), urea (Sigma-Aldrich), triethylammonium bicarbonate buffer (1.0 M, pH 8.5 = 0.1;
Sigma Aldrich), CHAPS (Carl Roth), DTT (Carl Roth), IAA (Carl Roth), trypsin (sequencing
grade modified, porcine; Promega), trypsin resuspension buffer (Promega), formic acid
(Thermo Fisher Scientific), universal indicator (MColorpHast™ pH-indicator strips,

1.09535.0001; Krackeler Scientific)

3.1.5. Instruments

For the practical work, following tools and equipment were used: precision balance BCE62021-
IS (Sartorius, Gottingen, Germany), vortex-genie 2 (Scientific Industries, New York, USA),
lab pH meter pH 7110 (inoLab, Kladno, Czech Republic), WTW pH electrode SenTix® 41
(Xylem Analytics, Weilheim, Germany), see-saw rocker SSL4 (Stuart Equipment, Stone, UK),
PURELAB® pulse, ELGA LabWater (Veolia Water, Paris, France), centrifuge 5702 R
(Eppendorf, Hamburg, Germany), centrifuge 5804 (Eppendorf, Hamburg, Germany), Sonopuls
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HD 2200 (Bandelin electronic, Berlin, Germany), Sonopuls UW 2200 (Bandelin electronic,
Berlin, Germany), Sonopuls LS 5 (Bandelin electronic, Berlin, Germany), centrifuge 5427 R
(Eppendorf, Hamburg, Germany), Optima MAX-XP ultracentrifuge (Beckman Coulter, Brea,
USA), GloMax®-multi+ detection system (Promega, Madison, USA), thermomixer compact
(Eppendorf, Hamburg, Germany), PowerPac™ basic (BioRad, Hercules, USA), vertical midi-
format electrophoresis Criterion™ cell, 18-well (Bio-Rad, Hercules, USA), Trans-Blot® SD
semi-dry transfer cell (Bio-Rad, Hercules, USA), ChemiDoc™ MP imaging system (Bio-Rad,
Hercules, USA), rotator SB3 (Stuart Equipment, Stone, UK), concentrator 5301 (Eppendorf,
Hamburg, Germany).

3.1.6. Software

Instinct® Software (Promega, Madison, USA) was used to read and export data from the
microplate reader for determining protein concentration. Image Lab software (Version 6.1.0.07;
Bio-Rad, Hercules, USA) was used for the analysis of gel and blot images. Xcalibur (Version
4.5; Thermo Fisher Scientific, Waltham, USA) was used for processing raw data from a Thermo
Fisher Scientific Mass Spectrometer. MaxQuant (Max Planck Institute, Miinchen, Germany)
and Protein Prospector (Version 6.4.5; University of California, San Francisco, USA) were used
for MS data analysis and database search. ChemDraw (Version 21.0.0.28; PerkinElmer,
Waltham, USA) was used for drawing molecule structures and chemical reactions. Protter
(Version 1.0; Wollscheid Lab, ETH Ziirich, Germany; “https://wlab.ethz.ch/protter/start/”’) was
used to predict tryptic cleavage sites based on protein sequences and visualize identified

peptides following the IP.

3.2. Methods

3.2.1. Western blot and protein staining

3.2.1.1. Membrane protein isolation

For homogenization and solubilization buffers to be prepared, following solutions were
prepared: 10 mL of HEPES (1 mol dm ) by dissolving 2.38 g of HEPES (M = 238.30 g/mol)
in HPLC-grade water, referred to as ultra-pure water (UPW); 10 mL of CaCl, (0.1 mol dm™3)
by dissolving 0.111 g of CaCl, (M = 110.98 g/mol) in UPW; 10 mL of sucrose (2 mol dm™3)
by dissolving 6.85 g of sucrose in UPW; 10 mL of NaCl (2 mol dm3) by dissolving 1.17 g of
NaCl (M = 58.44 g/mol) in UPW; 10 mL of glycerol (¢ = 50%) by mixing 5 mL of glycerol (¢
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=100%) with 5 mL of UPW; 100 mL of NaOH (5 mol dm3) by dissolving 20.0 g of NaOH (M
= 40 g/mol) in UPW; 0.5 L of phosphate buffer (1 mol dm™, pH = 7.4) by dissolving 23.52 g
of NaH,PO4 (M = 119.98 g/mol) and 54.109 g of Na,HPO4 x 2H,O (M = 177.99 g/mol) in
around 400 mL of UPW and further titrating with prepared NaOH (5 mol dm ™) up to pH of 7.4
(measured with the pH-meter) and then filling up to 0.5L; 0.5L of phosphate buffer
(0.1 mol dm3, pH = 7.4) by diluting 50 mL of prepared phosphate buffer (1 mol dm™, pH =
7.4) with 450 mL of UPW; 10 mL of Triton X-100 (¢ = 10%) by dissolving 1 mL of Triton X-
100 in UPW.

For the preparation of 10 mL of homogenization buffer, mixed was 100 uL. of HEPES
(1 mol dm™3), 10 uL of CaCl> (0.1 mol dm™3), 1.6 mL of sucrose (2 mol dm™), 1 tablet of
cOmplete, and 1 tablet of PhosSTOP and adjusted to 10 mL with UPW. Homogenization buffer
composition: HEPES (10 mmol dm™?), CaCl, (0.1 mmol dm™?), sucrose (320 mmol dm™), 1x
cOmplete, 1% PhosSTOP.

For the preparation of 10 mL of solubilization buffer, mixed was 1 mL of Triton X-100 (¢
=10%), 750 puL of NaCl (2 mol dm™), I mL of glycerol (¢ = 50%), 1 mL of phosphate buffer
(0.1 mol dm3, pH=7.4), 1 tablet of cOmplete, and 1 tablet of PhosSTOP and adjusted to 10 mL
with UPW. Solubilization buffer composition: Triton X-100 (¢ = 1%), NaCl (150 mmol dm™),
glycerol (¢ = 5%), phosphate buffer (10 mmol dm3), 1x cOmplete, 1x PhosSTOP.

To obtain the proteins to work with, C-terminally GFP-tagged hOTR, hV1aR, hV1bR, and
hV2R overexpressing cells (HEK293) from stably transfected cell lines were grown, together
with native HEK293 cell line. Cell lines were prepared within the Institute of Biological
Chemistry, Vienna, and available for use. All steps upon obtaining frozen or fresh cell pellets
were performed on ice to prevent protein complex degradation and all the reagents and
equipment used were pre-cooled prior to the start of isolation. For the easier following, a
simplified scheme of the workflow that will be described in this paragraph is depicted in Figure
8. After being brought in a medium, cells were first spun down for 5 min at 1200 g. The pellets
was resuspended in 5 mL of 1x PBS, then centrifugated for 3 min at 1000 g. The supernatant
was discarded and to the pellet was added 700 pL of ice-cold homogenization buffer and then
transferred to a 2 mL Eppendorf tube. The residue was collected by adding 300 pL. more of
homogenization buffer and transferring it to the same tube. Homogenization using an ultrasonic

bath in parallel with an ultrasonic needle (sonicator) was tried, and the needle was around
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doubly effective, so the content of the tube was homogenized with an ultrasonic needle — 10 s
on 50% (5 shots of 10%), and then centrifugated for 15 min at 1000 g at 4 °C. Supernatant was
collected in a new ice-cold ultracentrifugation tube, and the pellet was resuspended in 400 pL.
of homogenization buffer and once again centrifugated for 15 min at 1000 g at 4 °C. Second
supernatant was added to the ultracentrifugation tube with the first supernatant. Supernatants
were ultracentrifugated for 1 h 10 min at 110,000 g at 4 °C. Supernatants (containing cytosolic
fraction) were discarded, and the pellets (containing total membrane fraction) were further
solubilized by adding 400 puL of ice-cold solubilization buffer and gently resuspending without
creating bubbles. Samples were solubilized on ice for 1 h by vortexing every 5 min for 30 s,
after which they were centrifugated for 1 h 5 min at 14,000 g at 4 °C. Supernatants (containing
only solubilized membrane proteins, GPCRs included) were collected in new microtubes and

stored at —20 °C, and pellets (containing insoluble proteins) were discarded.

Overexpressing Spun down cells Cells resuspended Cytosolic and
HEK293 cell culture | in homogenization membrane fractions
buffer without organelles

e —

Transfer to Falcon
tube, spin down, and

Add homogenization
buffer and transfer

Homogenize with | 4
sonicator, centrifugate; \_/

wash in PBS pellet to Eppendorf tube transfer supernatant,
discard pellet
X
Pellet containing Solubilized total Solubilized Solubilized
total membrane membrane fraction membrane proteins membrane protein
fraction stock solution

=

Ultracentrifugate; 1 — Centrifugate; transfer  |— Perform BCA assay 7
discard supernatant,,__ ./ \/ supernatant, discard pellet, \.” A\
keep pellet \ ™

Figure 8. Workflow for membrane protein extraction from overexpressing and native cell lines.

Created with BioRender.com [!¢7].

3.2.1.2. Protein quantification
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To each well of a 96-well microplate was pipetted 10 pL of each dilution from the set of
BSA standard dilutions (125, 250, 500, 750, 1000, 1500, and 2000 pg/mL) in triplicates. To
each well of the microplate, 10 pL of solubilized protein stock samples was further pipetted.
This was also performed in triplicates. If the samples were too concentrated and out of the
range, they were diluted with solubilization buffer before being loaded onto the microplate. A
Blank solution was prepared by mixing 10 uL of solubilization buffer with 40 pL of HPLC-
grade water (1:5 ratio) and 10 pL was pipetted to each well of the microplate in triplicate. To
each well was further added 200 pL of freshly prepared BCA working reagent, mixed according
to the manufacturer instructions (50:1, Reagent A:B).!®® The prepared microtiter plate was
covered and shaken on a plate shaker for 1 min at 450 rpm and then incubated for 30 min at
37 °C. After cooling to RT, absorbance was measured at A = 560 nm on microplate reader. The
Blank solution's average absorbance measurement was subtracted from all other individual
standard and solubilized protein sample replicates. Blank-corrected measurements for each
standard dilution were plotted against their known concentration to form a standard curve. The
concentrations of solubilized protein stock samples were determined from the standard curve,

with the dilution factor prior to loading considered at calculating stock concentrations.

3.2.1.3. Sodium dodecyl sulfate polyacrylamide gel electrophoresis

For carrying out the SDS-PAGE, following solutions were prepared: 200 mL of acrylamide
mix (300 g dm™®) by dissolving 58.4 g of acrylamide (M = 71.08 g/mol) and 1.6 g of N,N'-
methylenebisacrylamide (M = 154.17 g/mol) in UPW on a magnetic mixer overnight at
450 rpm; 40 ml of HCI (aq, 1:1) by mixing 20 ml of fuming hydrochloric acid with 20 mL of
UPW,; 200 mL of stacking buffer Tris (0.50 mol dm™3, pH = 6.8) by dissolving 12.13 g of
Trizma base (M = 121.14 g/mol) in around 150 mL of UPW water and further titrating with
prepared HCI (aq, 1:1) down to pH of 6.8 (measured with the pH-meter) and then filling up to
200 mL; 400 mL of separation buffer — Tris (1.50 mol dm™3, pH = 8.8) by dissolving 72.63 g
of Trizma base (M = 121.14 g/mol) in around 350 mL of UPW and further titrating with
prepared HCI (aq, 1:1) down to pH of 8.8 (measured with the pH-meter) and then filling up to
400 mL; 30 mL of APS (100 g dm™>) by dissolving 3 g of ammonium persulfate (M =
228.20 g/mol) in UPW, after which the volume was separated into 30 microtubes (1 ml to each)
and stored at —20 °C to prevent freezing and thawing; 50 mL of SDS (100 g dm %) by dissolving
5 g of'sodium dodecyl sulfate (M = 288.38 g/mol) in UPW on a magnetic mixer at 20 °C; 50 mL
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of isopropanol (¢ = 50%) by mixing 25 mL of UPW with 25 mL of 2-propanol; 5 L of 10x
Laemmli SDS-Running Buffer by dissolving 151.4 g of Trizma base, 750.7 g of glycine and
50g of SDS in Milli-Q water (MQW), making the composition of the buffer: Tris
(250 mmol dm™), glycine (2 mol dm™3), SDS (10 g dm™); 1 L of 1x Laemmli SDS-Running
Buffer by mixing 100 mL of prepared 10x Laemmli SDS-Running Buffer with MQW and
fillingup to 1 L.

1 L of 10x transfer buffer by dissolving 58.11 g of Trizma base (M = 121.14 g/mol), 29.3 g
of glycine (M = 75.07 g/mol), and 3.75 g of SDS (M = 288.38 g/mol) in MQW; 1 L of 1x
transfer buffer by mixing 100 mL of prepared 10x transfer buffer with MQW and filling up to
1 L; 1 L of 10x TBS by dissolving 15.76 g of Trizma base (M = 121.14 g/mol) and 90.00 g of
NaCl (M = 58.44 g/mol) in around 900 mL of MQW and further titrating with prepared HCI
(aq, 1:1) down to pH of 7.5 (measured with the pH-meter) and then fillingupto 1 L; 1 L of 1x
TBS-T by mixing 100 mL of prepared 10x TBS with MQW, dissolving 1 mL of Tween 20 and
fillingup to 1 L; 0.5 L of 1x TBS by mixing 50 mL of prepared 10x TBS with MQW and filling
up to 500 mL; 50 mL of NFDM (50 g dm3, blocking solution) by dissolving 2.5 g of skim milk
powder in prepared 1x TBS-T.

To cast a gel, 10 mL of 10% or 8% resolving/separation gel solution was prepared by mixing
the volumes of prepared reagents as stated in Table 5. First, all the reagents except for APS
(100 g dm?) and TEMED were mixed, and the solution was vortexed. Worth noting here is
that SDS (100 g dm™®) needed to be heated to 40-50 °C every time before use since it
crystallized at RT. Right before loading the gel solution into the gel casting cassette, APS
(100 g dm ) was added, the solution was vortexed, and then the TEMED was added, and the
solution was vortexed again. The volume of 8.5 mL of so prepared solution was quickly loaded
into the gel casting cassette by pipetting and on top was evenly added 1 mL of isopropanol (¢
=50%), so the gel wouldn’t dry out while polymerizing. After the gel polymerized, which was
noticeable by the smile effect (slightly downwards directed edges), isopropanol was poured out
from the top of the gel and the gel was rinsed with water, followed by drying the cassette with
a paper towel. After it was dried of any water, 4 mL of stacking gel solution was prepared the
same way but following the volumes of prepared reagents as stated in Table 6 and quickly
loaded into the gel casting cassette on top of the polymerized resolving gel, after which the
well-creating comb was inserted in a way that no bubbles were trapped under it. The gel was

left to polymerize for at least an hour, then wrapped in a wet paper towel and additionally
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wrapped in a plastic foil, and stored at 4 °C for a day or two to prevent unpolymerized
acrylamide from cross-linking with proteins,!®® when it was to be loaded with samples for

running on the SDS-PAGE.

Table 5. Amounts of reagents required for the preparation of 10 mL of 10% resolving gel.

Reagent 10 mL - 10% 10 mL - 8%
HPLC-grade H.0 4.05 mL 4.63 mL
300 g dm ™ acrylamide mix 3.30 mL 2.66 mL
1.50 mol dm Tris, pH 8.8 2.50 mL 2.50 mL
100 g dm™ SDS 100 pL 100 uL
100 g dm™® APS 100 uL 100 uL
TEMED 10 uL 10 uL

Table 6. Amounts of reagents required for the preparation of 4 mL of 4% stacking gel.

Reagent 4 mL -4%
HPLC-grade H>O 2.22 mL
300 g dm™ acrylamide mix 680 pL
0.50 mol dm 3 Tris, pH 6.8 1 mL
100 g dm™® SDS 40 pL
100 g dm™ APS 40 uL
TEMED 4 uL

First, 10% gels were loaded to check for the chemiluminescent signal-to-protein amount ratio
for each of the validated antibodies and their corresponding receptor proteins; 10, 20, and
30 pg/well of solubilized membrane proteins containing recombinantly expressed OTR-GFP or
V1aR-GFP was loaded onto the gel, in a way presented in Table 7. Samples were prepared and
diluted with Laemmli running buffer based on protein stock concentration, ensuring uniform
loading volumes for different amounts. The protein aliquot diluted with the solubilization buffer
was mixed with the 4x Laemmli Sample Buffer (4x LSB) mix in a 3:1 ratio. The 4x LSB mix
was prepared by mixing 4x LSB with B-mercaptoethanol in a 9:1 ratio. Mixed samples were
heated for 10 min at 70 °C shaking at 450 rpm, then left to cool to RT and loaded onto the gel,
together with 4 uL of PageRuler Plus Prestained Protein Ladder. Electrophoresis was run with
the following program: 1. 30 min at 50 V, 2. 30 min at 100 V, 3. 40 min at 150 V.
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Table 7. Gel (10%) arrangement for SDS-PAGE to compare how different amounts of the same
receptor protein (either OTR-GFP or V1aR-GFP) loaded per well result in different
chemiluminescent signal strength after developing the WB with the corresponding antibody to

be validated, where: L — 4 uL of PageRuler Plus Ladder.

OTR-GFP OTR-GFP OTR-GFP
v v v
V1aR-GFP V1aR-GFP V1aR-GFP
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
L 10 20 30 L 10 20 30 L 10 20 30
pg pg pg pg pg pg pg pg pg

Then, 8% gels were loaded to check for the specificity of the validated antibodies for the
corresponding receptor among the other receptor proteins; 20 ng/well of OTR-GFP, V1aR-
GFP, V1bR-GFP, V2R-GFP, and HEK293 solubilized membrane proteins were loaded onto
the gel, in a way presented in Table 8. Samples were prepared the same way, loaded onto the
gel, and the electrophoresis was run with the same program: 1. 30 min at 50 V, 2. 30 min at

100V, 3. 40 min at 150 V.

Table 8. Gel (8%) arrangement for SDS-PAGE to test the specificity of validated antibodies for
the corresponding receptor among the same amount of other receptor proteins, where: L —4 uL

of PageRuler Plus Ladder.

o ) ) -9
= =3 ]
< S 3 3 2
o =2 =2 ™
[ = = =
S = = > a
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
L 20 20 20 20 20
pg pg pg pg pg

Two 10% gels were loaded in the same arrangement as the 8% gels would normally be loaded
for testing the specificity. These two gels would be used as a control checking the specificity
of two commercially available antibodies against OTR and V1aR.

Gels (10%) that had some spare lanes were additionally loaded with 20 pg of OTR-GFP or
20 pg of V1aR-GFP with 4 puL of PageRuler Plus Ladder in the first lane to the left of it. These
were to be cut and used as a secondary antibody control.

Another 10% gel was loaded as presented in Table 9 with samples of 5 pg of OTR-GFP,
V1aR-GFP, and V1bR-GFP diluted so that the loading volume was 30 pL and prepared the
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same way as before to carry out the WB employing a primary FITC-labeled antibody against
GFP, as all the receptors used were GFP-tagged.

Table 9. Gel (10%) arrangement for SDS-PAGE to test a FITC-labeled antibody against GFP
after developing the WB, where: L — 4 uL of PageRuler Plus Ladder.

-9 B A

<] =
S S O
: =4 =4
SR
o > >

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
L Sug

3.2.1.4. Transfer and detection

Two pieces of Whatman filter paper and one piece of PVDF membrane were cut to size 7,5 cm
% 14 cm. Whatman papers were soaked in 1x transfer buffer for around 15 min. The membrane
was activated by soaking in methanol for 1 min, then washed 3% with 1x transfer buffer and
soaked in 1x transfer buffer for another 10 min. The gel casting cassette after electrophoresis
was disassembled, stacking gel was cut off, and the resolving gel was washed with MQW, then
3x with 1x transfer buffer and soaked in 1x transfer buffer for 5 min. A sheet of Whatman paper
was placed on a semi-dry transfer device, a PVDF membrane was placed on top of it, then the
gel was laid down, and on top came the other sheet of Whatman paper. The prepared sandwich
was rolled over with a roller to remove any trapped air bubbles. The sandwich was covered
with semi-dry device lids, and the current was set to run as follows: for 10% gels at 210 mA for
45 min; for 8% gel at 210 mA for 40 min. After the transfer had finished, the membrane was
rinsed 3x with MQW, washed 3x with 1x TBS-T for 10 min on a see-saw shaker, and then
soaked in 50 mL of prepared blocking solution for 2.5 h on a see-saw shaker. Membranes
coming from 10% gels were then cut into three pieces with equal lane disposition, while the
ones from 8% were kept in one piece. Primary antibody solutions were prepared by mixing
1 mL of validated antibody (y = 5—7 ng/mL) in a cell medium with 4 mL of blocking solution
(around 1:1000) and cut membrane pieces were then incubated in so prepared antibody
solutions overnight at 4 °C, with the containers wrapped in plastic foil. Prepared primary
antibody solutions were reused to incubate membranes from 8% gels for the specificity check.
After incubation, the membranes were washed 3x with 1x TBS-T for 5 min on a see-saw shaker

at RT, then incubated for 1 h at RT in a secondary antibody solution prepared by mixing 6 pL.
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of HRP-conjugated donkey anti-rabbit antibody (DoxRb-HRP, 711-035-153, 1:2 in glycerol)
with 30 mL of blocking solution (around 1:10,000). After incubation, the secondary antibody
solution was poured out and the membrane was washed 3% with 1x TBS-T for 10 min on a see-
saw shaker at RT, and then washed once again with 1x TBS only, since Tween 20 could later
interfere with ECL and disturb the chemiluminescent signal during detection causing high
background.!”® The solution excess from the membrane was collected with a piece of paper, the
membrane was laid on a plastic folder and properly covered in detection substrate ECL max
freshly prepared in a brown Falcon tube according to the manufacturer instructions (1:1,
luminol/enhancer solution:peroxide solution), depending on the size of the membrane but no
more than 6 mL per membrane. After incubation for 5 min, the plastic folder was closed, and
the remaining liquid was squeezed out. The covered membrane was then laid into the
ChemiDoc imaging system and chemiluminescence was detected. The exposure settings used
were either rapid autoexposure or manual exposure, adjusted to avoid overexposed images to
the time limit where the image started to appear or disappear. The ladder was also detected
without moving the membrane using the colorimetric program.

Western blotting workflow is depicted in a simplified form in Figure 9 to be easier to
visualize and understand the important steps.

Control blots employing two commercially available antibodies against OTR and V1aR
were carried out, testing their specificity among four different receptors and normal membrane
protein fraction. Primary ab124907 rabbit to V1aR and ab300443 rabbit to OTR antibody
solutions (1:500) were used, and secondary DoxRb-HRP antibody solution (1:10,000) was
used.

Secondary antibody control WBs were performed on the membranes obtained from gels
loaded with 20 pg of OTR-GFP or 20 pg of V1aR-GFP. Instead of incubating in the primary
antibody solutions, membranes were incubated in the blocking solution under the same
conditions. After the incubation in the secondary antibody (DoxRb-HRP; 1:10,000) solution
and the ECL reagent, chemiluminescence was detected after both the rapid autoexposure and
manual exposure time of 100 s, so that the exposure time and blots obtained are comparable
with those from validated antibodies.

Primary FITC-labeled goat polyclonal anti-GFP antibody (ab6662) 1:1000 solution was
prepared and the membrane after the transfer was then incubated in it overnight at 4 °C. Since

the FITC tag has an excitation maximum of 493 nm and an emission maximum of 528 nm, the
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signal after the primary antibody incubation was acquired on the Alexa 488 program. A
secondary antibody (DoxGoat-HRP, 260310) 1:2000 solution was used to finish the blot, and
the chemiluminescence was detected together with the colorimetric blot.

In some of the first experiments performed while optimizing conditions for conducting
WaBs, gels after SDS-PAGE or after transfer were stained to visualize separated protein bands
or transfer success, respectively. These images will not be included as they served only to
determine conditions under which all the other blots would later be performed, and do not
provide any significant information for the purpose of this study. To conduct such an
experiment, the following solutions were prepared: 1 L of fixation solution by mixing 500 mL
of methanol with 100 mL of acetic acid and filling up with MQW to 1 L; 150 mL of staining
solution by dissolving 0.15 g of Coomassie Brilliant Blue dye in 150 mL of prepared fixation
solution; 1 L of acetic acid (p = 7.5%, destaining solution) by mixing 75 mL of acetic acid with
MQW.

Proteins in the gel after SDS-PAGE or after transfer for some of the experiments leading to
the optimization of conditions were fixed by incubating in prepared fixation solution for 10 min
on a see-saw shaker for 10 min. After fixation, the gel was stained with the prepared staining
solution until it appeared blue and then soaked in acetic acid (¢ = 7.5%) solution to remove
excess coloring. Results will also not be included for the reasons discussed.

Another type of staining was tried in the initial experiments to showcase the success of the
semi-dry transfer, but instead of staining the gel, the membrane was stained. After the transfer
finished, the membrane was taken out of the semi-dry device and rinsed 3x with Milli-Q water,
and then soaked in Ponceau S solution for around 5 min on a see-saw shaker at RT. Ponceau S

is a reversible dye,!”!

and was successfully washed off in water, which enabled the protein
bands to be distinguishable if present at all. Results will also not be included for the reasons
discussed.

Yet another way of staining the membrane was employed, this time after
chemiluminescence detection to prove the success of transfer and visualize the presence of
separated protein bands on the membrane. These images will be included to support blot images
provided. To conduct such an experiment, the following solutions were prepared: 100 mL of

amido black staining solution by mixing 25 mL of propan-2-ol with 10 mL of acetic acid,

dissolving 100 mg of naphthol blue black and filling up with UPW, making the composition of
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the solution: naphthol blue black (1 g dm™), propan-2-ol (¢ = 25%), acetic acid (p = 10%);
500 mL of acetic acid (¢ = 5%, destaining solution) by mixing 25 mL of acetic acid with MQW.

Membranes after chemiluminescence detection were washed in water on a see-saw shaker
overnight at RT and then stained with amido black staining solution for 1 min. Then, destained
with acetic acid (¢ = 5%) by washing twice for 1 min. Membranes were then washed in water
twice for 10 min, and after washing left to air-dry. When dried, membranes were laid into the
ChemiDoc imaging system and an amido black signal was detected. One could assume that due
to the presence of the blocking reagent BSA on the membrane, no bands would be
distinguishable. But, the cationic residues of basic amino acids bind the anionic groups of the
dye, resulting in different proteins being able to bind the dye with varying affinities, allowing

for the distinction of the proteins on the membrane.!”
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__— Filter Paper

— Gel Container

— — —— Membrane

~ Filter Paper

_
® T Anode
1 load the  prepared 2. Carry out the semi-dry 3. Block the membrane with the
membrane protein samples and transfer of the separated 5 % NFDM.
run the SDS-PAGE proteins onto the PVDF
membrane. Substrate
HRP Light

Product

AN AN AN
PAAAA AP AP

4. Incubate the membrane with 5. Incubate the membrane with 6. Incubate the membrane with
the primary antibody, and wash. the HRP-labeled  secondary the chemiluminescent HRP
antibody specific to the primary substrate and detect the signal.

antibody, and wash.

Figure 9. Workflow for the western blotting procedure. Taken and adapted from

BioLegend.com ['73].
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3.2.2. Immunoprecipitation

To conduct the IP, the following solutions were prepared: 400 mL of 1x PBS-T (1x PBS +
Tween 20, ¢ = 0.1%) by dissolving 400 pL of Tween 20 in PBS and filling up to 400 mL;
100 mL of glycine (200 mmol dm—3, pH 2.0) by dissolving 1.50 g of glycine (M = 75.07 g/mol)
in around 90 mL of UPW and further titrating with prepared HCI (aq, 1:1) down to pH of 2.0
(measured with the pH-meter) and then filling up to 100 mL; 100 mL of urea buffer without
EDTA by mixing 48.05 g of urea (M = 60.06 g/mol), 5 mL of TEAB (1.0 mol dm™, pH 8.5 +
0.1), 4 g of CHAPS (M = 614.9 g/mol) and 1.54 g of DTT (M = 154.25 g/mol), dissolving in
UPW and filling up to 100 mL, making the composition of the buffer: urea (8 mol dm™), TEAB
(50 mmol dm™®), CHAPS (40 g dm™3), DTT (100 mmol dm?); 100 mL of urea (8 mol dm™3)
in TEAB (50 mmol dm™3) by mixing 48.05 g of urea (M = 60.06 g/mol) and 5 mL of TEAB
(1.0 mol dm3, pH 8.5 & 0.1), dissolving in UPW and filling up to 100 mL; 100 mL of TEAB
(50 mmol dm™) by mixing 5 mL of TEAB (1.0 mol dm™3, pH 8.5 + 0.1) with UPW and filling
up to 100 mL; TAA (0.5 mol dm ) by dissolving IAA (M = 184.96 g/mol) in MQW after which
the volume was separated into microtubes containing 1 ml of so prepared solution and stored
in dark at —20 °C.

Since all validated antibodies were of rabbit origin, protein A-coated magnetic beads were
used.!®® SureBeads Protein A were thoroughly resuspended in their solution and 100 uL, i.e.,
1 mg of SureBeads (y = 10 mg/mL) was transferred to 1.5 mL low-binding tubes labeled
accordingly. Beads were magnetized on the magnetic rack and the supernatant was discarded.
Beads were then washed 4% with 1 mL of PBS-T, with each wash step including short
vortexing, spin-down, magnetizing, and discarding the supernatant. To the washed SureBeads
was added 1 mL of validated antibody (=~ 5-7 ug/mL) in a cell medium and the tubes were
rotated for 1.5 h at the speed of 18 rpm at RT. Antibody-bound beads were magnetized,
supernatants were stored (to reuse in case no antibody would bind) and the beads were washed
4x with 1 mL of PBS-T. Depending on the concentration of the solubilized OTR-GFP and
V1aR-GFP stock solutions, the appropriate volume (from approx. 200 to 400 pL) that
corresponded to around 200 pg of receptor protein on average was added to corresponding
antibody-bound beads and the volume was adjusted to 500 uL in each tube with the
solubilization buffer. Tubes were rotated for 2 h at the speed of 18 rpm at RT. Beads were
magnetized, supernatants were collected as an FT (flow-through) fraction and the beads were

washed 4x with 1 mL of PBS-T, all washings collected in the same falcon tube as a W
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(washing). Beads were then eluted by adding 25 pL of glycine (200 mmol dm=3, pH 2.0) and
incubating for 5 min on a shaker at 600 rpm at RT. Beads were magnetized and the eluate was
transferred to a new tube labeled with E (eluate fraction). Elution was repeated with another
25 pL of glycine, and the eluate was then combined with the already collected fraction. Beads
were, after adding 1 mL of PBS-T, stored at 4 °C. Since the concentration of target protein in
the eluate fraction was supposed to be high (before further dilutions) and no detergent to
interfere with signals on MS spectra should have been present, from each eluate was taken
10 pL for MS-analysis to search for the intact/undigested receptors. To the remaining 40 uL of
each eluate was added 200 pL of ice-cold acetone (1:5, eluate:acetone) and was left overnight
at —20 °C to precipitate. Precipitated samples were centrifugated for 30 min at 14,000 g at 4 °C.
Supernatants were transferred to other tubes and protein precipitates were left out on air for
several minutes to dry. After, proteins were solubilized by adding 90 uL of urea buffer without
EDTA and vortexing several times, then leaving on a shaker for 3 h at RT. To each sample was
added 10 pL of IAA (0.5 mol dm™?), samples were vortexed and then left to incubate for 30 min
in the dark. VIVACON 500 filter units (cut-off 30 x 10%) were washed by adding 200 puL of
urea (8 mol dm™3) in TEAB (50 mmol dm~?) and centrifugated for 15 min at 12,000 g at 21 °C.
Flow-through was discarded from the collection tube. To each sample after incubation in the
dark was added 100 pL of urea (8 mol dm™3) in TEAB (50 mmol dm™?), samples were vortexed,
and all 200 pL of samples were transferred to the filter units and then centrifugated for 15 min
at 12,000 g at 21 °C. Filter units were transferred to new collection tubes, washed 3% by adding
200 uL of urea (8 moldm™) in TEAB (50 mmol dm™) and centrifugating for 15 min at
12,000 gat21 °C to eliminate the CHAPS from the samples. Together with CHAPS, DTT could
have been eliminated because once it reduced all disulfide bridges, all the produced thiol groups
were alkylated with TAA into a form that cannot be reoxidized back into disulfide bridges.!”
Filter units were additionally washed 3x by adding 100 uL of TEAB (50 mmol dm™) and
centrifugating for 10 min at 12,000 g at 21 °C. Collecting tubes with the flow-through were
discarded and filter units were transferred to new collecting tubes. To filter units was then added
40 uL of TEAB (50 mmol dm™) to avoid them from drying while preparing trypsin for
digestion. To a vial of trypsin was added 200 pL of trypsin resuspension buffer, and to each
filter unit was then added 40 pL of prepared trypsin solution. Filter units were closed and
wrapped in parafilm, shaken for 1 h at 37 °C, and left to incubate overnight at 37 °C without

shaking. After an overnight (around 16 h) digestion, filter units were centrifugated for 20 min
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at 12,000 g at 21 °C into the clean collection tubes, into which was collected every solution
onward. Filter units after adding 100 uL of TEAB (50 mmol dm™) were centrifugated for
10 min at 12,000 g at 21 °C, and this step was repeated once. To stop digestion, 10 pL of pure
formic acid was then added directly into the collection tube and vortexed, pH was checked with
a universal indicator to be around 2. Samples were taken to a Speed-Vac (45 °C) to evaporate
for a couple of hours and then brought to MS-centre for analysis. See Figure 10 for the visual

representation of the IP protocol.

© ® ® ® ®
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Figure 10. IP workflow. Created with BioRender.com ['¢7].

Controls that were carried out for the IP include the following: non-specific IgG control, where
5 uL =5 pg of Normal Rabbit IgG was added to 200 pL of solubilization buffer and added to
beads instead of validated antibodies; Beads control, where 200 pL of solubilization buffer was
added to beads instead of validated antibodies. The IP procedure was followed for both controls

as described above for both the OTR-GFP and V1aR-GFP samples.
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Another control was performed: Receptor control, where the samples of solubilized
receptors for both OTR-GFP and V1aR-GFP were tryptically digested, without prior
purification with magnetic beads. To 90 pL of solubilized OTR-GFP (1062.9 ng/mL) and to
90 uL of solubilized V1aR-GFP (867.4 ug/mL) was added 10 pL of IAA, left in the dark for
30 min, and after dark incubation added 100 pL of urea (8 mol dm™?) in TEAB (50 mmol dm™?)
and transferred to filter units. The rest of the procedure leading to digestion and peptide
detection on MS stayed the same as described.

To check that the protein concentration after the binding was reduced, the BCA protein
assay as described before was conducted for FT fractions, considering the decrease of
concentration caused by adjusting the volume to 500 pL in each tube in the calculation. BCA
assay was also conducted for pure W fractions, to check if any protein was washed off from the
beads during the washing steps. Results will not be included as they don’t provide any
meaningful information for this research but will be briefly discussed here. The concentrations
determined for FT fractions after the binding decreased, indicating that the beads bound with
antibody had pulled down some protein from the protein mixture. Ideally, the pulled down
protein should be the corresponding receptor. Concentrations determined for W fractions were

negative values, suggesting that during the washing steps, no undesired washout had occurred.

3.2.3. Mass spectrometry

3.2.3.1. Nano liquid chromatography tandem mass spectrometry Velos method - digested
protein

Mass spectra were obtained using LTQ Orbitrap Velos mass spectrometer (Thermo Fisher
Scientific, Bremen, Germany) equipped with a nanospray ion source, coupled to the nano
HPLC-system (UltiMate 3000, Dionex). 5 pL of the sample was first loaded on a pre-column
(trap column) Acclaim PepMap100 (Thermo Scientific, 100 um x 2 cm, nanoViper C18, 5 um,
100 A) using (p(ACN) = 2%, p(H20) = 98%, ¢(FA) = 0.1%) at a flow rate of 10 uL/min.
Separation was carried out on a C18 analytical column Acclaim PepMap RSLC (Thermo
Scientific, 75 pm x 50 cm, nanoViper C18, 2 um, 100 A) at a flow rate of 300 nL/min.

e Column Oven Temperature = 40.0 °C

e Mobile phase A: (p(ACN) = 2%, p(H20) = 98%, p(FA) = 0.1%)

e Mobile phase B: (p(ACN) = 80%, p(H20) = 20%, ¢(FA) = 0.1%)

e Gradient: see Table 10
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Table 10. Flow gradient for peptide separation on a C18 analytical column.

Retention / Flow /

min ul, min™! oB)/ % o(A)/ % Curve
0.000 0.300 2.0 98.0

0.000 0.300 2.0 98.0 5
10.000 0.300 5.0 95.0 5
105.000 0.300 60.0 40.0 5
110.000 0.300 100.0 0.0 5
115.000 0.300 100.0 0.0 5
118.000 0.300 2.0 98.0 5
135.000 0.300 2.0 98.0 5

MST1 scans were acquired in positive ion mode at 350—-1500 m/z range at a resolution of 60,000
(FWHM at 400 m/z). Using a data-dependent acquisition mode, the 6 most intense precursor
ions of all precursor ions with +2 to +4 and up charge were selected for fragmentation at 35%
normalized collision energy and analyzed in the orbitrap at a resolution 15,000 (at m/z = 400)
(digested HR) and the second acquisition were analyzed in the ion trap (digested LR). The
dynamic exclusion for the selected ions was 30 s. The electrospray voltage was 2.1 kV and the

ion transfer capillary temperature was 300 °C.

3.2.3.2. Nano liquid chromatography tandem mass spectrometry Velos method - intact
protein

Mass spectra were obtained using LTQ Orbitrap Velos mass spectrometer (Thermo Fisher
Scientific, Bremen, Germany) equipped with a nanospray ion source, coupled to the nano
HPLC-system (UltiMate 3000, Dionex). 5 pL of the sample was first loaded on a p-precolumn
(trap column) PepMap300 (Thermo Scientific, 300 pm i.d. x 5 mm, C4, 5 pm, 300 A) using
(p(ACN) = 2%, p(H20) = 98%, p(FA) = 0.1%) at a flow rate of 10 puL/min. Separation was
carried out on a C4 analytical column Accucore (Thermo Scientific, 75 pum x 50 cm, nanoViper
C4,2.6 um, 150 A) at a flow rate of 300 nL/min.

e Column Oven Temperature = 40.0 °C

e Mobile phase A: (p(ACN) = 2%, p(H20) = 98%, p(FA) = 0.1%)

e Mobile phase B: (p(ACN) = 80%, p(H20) = 20%, ¢(FA) = 0.1%)

e Gradient: see Table 11
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Table 11. Flow gradient for protein separation on a C4 analytical column.

Retention uflfnviv L e® % e(A)/ % Curve
0.000 0300 2.0 98.0 i
0.000 0300 2.0 98.0 5
10.000 0300 10.0 90.0 5
25.000 0300 60.0 40.0 5
26.000 0300 100.0 0.0 5
30.000 0300 100.0 0.0 5
31.000 0300 2.0 98.0 5
35.000 0300 2.0 98.0 5

MST1 scans were acquired in positive ion mode at 400-2500 m/z range at a resolution of 7500

(FWHM at 400 m/z) (second acquisition at a resolution of 60000). The electrospray voltage

was 2.1 kV and the ion transfer capillary temperature was 300 °C.
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§4. RESULTS

4.1. Western blot

Seven rabbit monoclonal antibodies against V1aR and ten rabbit monoclonal antibodies against
OTR obtained from Origene company were tested by WBs using solubilized membrane protein
fractions of C-terminally GFP-tagged hOTR, hV1aR, hV1bR and hV2R stably overexpressing
cells (HEK293) and native HEK293 cells. Two types of blots were conducted: one type
exhibiting different signal strengths due to different amounts of the receptor for the appropriate
antibody tested; and the second type testing the specificity of the tested antibody among four
different receptors and normal membrane protein fraction.

The specificity of two commercially available antibodies was also tested by WB among four
different receptors OTR-GFP, V1aR-GFP, V1bR-GFP, V2R-GFP and native HEK293
membrane protein fraction.

Since no native receptors, but rather the GFP-tagged receptors were used for the
experiments, a WB employing primary FITC-labeled antibody against GFP was performed, and
the signal was acquired on Alexa 488 program. As visible in Figure 11A, weak bands are
present at ~102 x 10° for OTR-GFP and ~85 x 103 for VIbR-GFP, together with some weak
bands accumulated at the entry to the gel. A secondary DoxGoat-HRP antibody was employed
to finish the blot, and the result is displayed in Figure 11B. Strong bands are visible at
~102 x 10° and at the entry for OTR-GFP, medium strong bands at ~85 x 10° and at the entry
for VIbR, and weak bands at ~102 x 10° and at the entry for V1aR-GFP. The same localization
of the primary and secondary antibody signals suggests that the secondary antibody only bound
to, and thus amplified the signal of the primary antibody. Furthermore, the presence of only two
bands per lane suggests that the lower one denotes the position of the migrated receptor, while

the upper one possibly indicates receptor aggregates that did not enter the gel.??
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Figure 11. A — Alexa 488 acquired signal after incubation in primary FITC goat anti-GFP
antibody, ab6662 (1:1000), 2 s manual exposure; B — Chemiluminescence acquired signal after
incubation in secondary DoxGoat-HRP antibody (1:2000) and Clarity, 9.412s rapid

autoexposure; Each lane contains 5 pg of the marked receptor.

WBs employing two commercially available antibodies against OTR and V1aR have also been
carried out to test for their specificity. Primary ab124907 rabbit to V1aR and ab300443 rabbit
to OTR antibody solutions (1:500) were used, and secondary DoxRb-HRP antibody solution
(1:10,000) was used. Figure 12A displays the result of the V1aR antibody blot, with multiple
bands visible, and two prominent bands at ~115 x 10° and ~130 x 10° across all the lanes. The
manufacturer-reported WB results indicate the presence of a single band at ~47 x 103, which
corresponds to the size of native human V1aR. Since our samples contain C-terminally GFP-
tagged receptors, the presence of multiple bands at higher molecular weights for all the lanes,
including HEK2393 control that does not have the receptor expressed, implies that the tested
antibody lacks specificity. The lower of the two more prominent bands (highlighted in red) was
assumed to be due to PTMs related to the previously observed band in the blot experiment
employing an anti-GFP antibody.!”> The V1aR-GFP band position expected from the anti-GFP
antibody blot is also indicated under the observed band. Alternatively, the signals may be non-

specific since the tag-altered receptors may not be recognized by the antibody. However, the
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10 s exposure time that was used to acquire the image likely means that the signal is coming
from the secondary antibody bound strictly to the primary, as it often takes longer to obtain a
signal, as later will be seen. Figure 12B presents an amido black staining of the membrane after

the chemiluminescence detection, confirming the success of the transfer.
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Figure 12. A — Specificity of commercial primary rabbit to V1aR antibody, ab124907 (1:500)
after incubation in secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 10 s manual

exposure, in red ~115 x 10%; B — Amido black staining after chemiluminescence detection.

The outcome of the commercial OTR antibody blot is presented in Figure 13A, with two
stronger bands repeating across all the lanes, one at ~53 x 10° and the other at ~115 x 10°. A
single lane observed by the manufacturer for the native human OTR is at ~55 x 10, which
differs from the sequence predicted band position at ~43 x 10, likely due to PTMs, such as
glycosylation for which OTR has three N-glycosylation sites,'’® or phosphorylation which was
observed to happen before.!”” Such modifications are known to commonly reduce binding of
SDS to transmembrane proteins, which in turn decreases the protein migration rate and shifts
the band to higher molecular weights.!”®!7 If not for PTM, shift could be due to recognition of
another protein. The presence of multiple bands in our receptor samples and in the HEK293
control without the receptor expression suggests that the tested antibody also lacks specificity.
The higher of the two more prominent bands (highlighted in red) could be related to the already
observed band in the blot experiment using an anti-GFP antibody, and to the band observed

while testing the other commercial antibody against V1aR. The OTR-GFP band position
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expected from the anti-GFP antibody blot is also indicated under the observed band. The lower
band found at around the same position as the one observed by the manufacturer suggests that
it may represent the same protein, which in that case would not be OTR, but something else.
Signal acquisition lasted for 50s, and the longer exposure time is comparable to the
manufacturer’s WB, which took 3 min for the OTR antibody, and up to 1 min for the V1aR

antibody. Figure 13B demonstrates the success of the transfer with an amido black stain.
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Figure 13. A — Specificity of commercial primary rabbit to OTR antibody, ab300443 (1:500)

after incubation in secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 50 s manual

exposure, in red ~115 x 10%; B — Amido black staining after chemiluminescence detection.

4.1.1. Antibodies against vassopresin 1a receptor

One of the most promising WB results comes from the 1G1 primary antibody against V1aR.
The blot demonstrating the chemiluminescent signal's reliance on receptor protein load is
presented in Figure 14A, with the confirmation of successful transfer in Figure 14B. Strong
bands are located on top of the membrane, at the position corresponding to that of the entry to
the gel, suggesting the presence of the aggregates being recognized and strongly bound by the
1G1 antibody. Really weak bands are barely visible at ~115 x 10° (highlighted in red), possibly
due to only a smaller part of the receptor protein entering the gel, hence causing a faint signal.
The V1aR-GFP band position expected from the anti-GFP antibody blot is also indicated under

the observed band. A more interesting result is displayed in Figure 15A, with the signal present
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in only one lane — the one corresponding to the V1aR-GFP sample. Given that the tested 1G1
is indeed an antibody raised against V1aR peptide, demonstrating the highest reactivity towards
its N-terminus epitope, and that such a strong signal was observed after only 15 s of exposure,
this strongly suggests that the antibody selectively recognized V1aR-GFP and that it is specific
for V1aR-GFP. The faint band is also present at ~115 x 103, which as mentioned earlier could
be the smaller proportion of the receptor entering the gel. However, if this explanation was
correct, then receptor protein aggregates should be visible at the entry to the gel for all the
antibodies’ blots that have this band at 115 x 10°. Such aggregate bands were observed in the
blot employing the anti-GFP antibody, along with equally strong bands something lower, at
~102 x 10°. Yet, no aggregate bands were observed for the commercial antibodies, which raises
doubts about the source of the recurrent bands at ~115 x 10°. To confirm the identity of this
protein band, in-gel or on-membrane digestion could be performed and generated peptides sent

to MALDI-MS or LC-MS/MS for analysis and protein characterization,!6%180.181
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M/, 272 % M, 2 2 2
103 g S = 103 S Q R
ZSO—P-- 250
130—— 13088
e ]
100—— exp. 100
70 70
55— 35
35 35
25w
1G1-V1aR-AB
A B

Figure 14. A — 1G1 antibody (~1:1000) signal dependence on V1aR-GFP load after incubation
in secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 8.260 s rapid autoexposure, in

red ~115 x 10%; B — Amido black staining after chemiluminescence detection.
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Figure 15. A — Specificity of primary 1G1 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 15 s manual exposure, in red ~115 x 10%;

B — Amido black staining after chemiluminescence detection.

An interesting case happened with the 4G9 antibody against V1aR (Figure 16A). The antibody
strongly recognized some protein at the lower part of the membrane (highlighted in green), out
of range to accurately determine the molecular weight based on the visible ladder bands. Figure
16B demonstrates the transfer success. The molecular weight of the recognized protein was
determined to be ~30 x 10° from the specificity blot in Figure 17A, where the more visible
ladder allowed for it. The same band is present for all four receptor samples, but also for the

HEK293 control, proving its’ non-specificity for the target protein.
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Figure 16. A — 4G9 antibody (~1:1000) signal dependence on V1aR-GFP load after incubation
in secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 66.839 s rapid autoexposure,

in green ~30 x 103; B — Amido black staining after chemiluminescence detection.
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Figure 17. A — Specificity of primary 4G9 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 30 s manual exposure, in green ~30 x 103;

B — Amido black staining after chemiluminescence detection.
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Although not representable, two additional V1aR antibodies' blots will be discussed as these
antibodies successfully bound V1aR-GFP in IP experiments, as will be demonstrated later.
The first of the two antibodies, 3D2, exhibited no bands after a rapid autoexposure of
~127 s, as can be seen in Figure 18 A. The transfer was not a problem as it was shown successful
(Figure 18B). On the specificity test at 100 s manual exposure, many non-specific bands
appeared, as displayed in Figure 19A. Some of the faint bands are also present at ~115 x 103,
but not in the V1aR-GFP lane. This raises the question of whether these bands originate from
the non-specific binding of the secondary antibody, and thus the secondary antibody control
blot needed to be performed. The transfer was successful (Figure 19B), revealing that the V1aR-
GFP protein lane appeared somewhat fainter, which could explain the missing band. SDS-
PAGE, and thus WB, linearizes proteins and the recognition determinant can be lost, contrary
to IP where the antibody has the ability to recognize conformational epitopes of native 3D
protein structures. This is why IP may still result in a positive outcome, even when WB fails to

demonstrate any results.
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Figure 18. 3D2 antibody (~1:1000) signal dependence on V1aR-GFP load after incubation in
secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 126.951 s rapid autoexposure; B

— Amido black staining after chemiluminescence detection.
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Figure 19. Specificity of primary 3D2 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 100 s manual exposure, inred ~115 x 10%;

B — Amido black staining after chemiluminescence detection.

The second of the two antibodies, 1H1, also displayed no bands after autoexposure of ~88 s
(Figure 20A). The transfer was successful (Figure 20B). On the specificity test at 180 s manual
exposure, many non-specific bands appeared (Figure 21A), with the strongest bands at
~115 x 10° present in all five lanes. Here, it took almost double the exposure time to result in
band signals, which raises serious suspicions about the non-specific secondary antibody
binding. Looking at the receptor regions targeted by the antibodies displaying this band, nothing

could be concluded about their connections. The successful transfer is presented (Figure 21B).
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Figure 20. 1H1 antibody (~1:1000) signal dependence on V1aR-GFP load after incubation in
secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 88.164 s rapid autoexposure; B

— Amido black staining after chemiluminescence detection.
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Figure 21. Specificity of primary 1HI1 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 180 s manual exposure, in red ~115 x 10%;

B — Amido black staining after chemiluminescence detection.
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As mentioned, a secondary antibody control was needed to assess the exposure time needed for
the non-specific signals to appear and compare it to the exposure times of the blots carried out
with the primary antibodies being validated. Figure 22A exhibits many non-specific bands, the
one at ~115 x 10% included and being the strongest, after ~8 min of rapid autoexposure. To
make the exposure times comparable with other signal acquisitions, chemiluminescence was
also detected after 100 s manual exposure (Figure 22C). Faint bands are visible to start
appearing, with the one at ~115 x 10° being the strongest, thus indicating that for such long
exposure times for V1aR-GFP samples the band signals originate from the secondary antibody
non-specific binding. This leads to the conclusion that for 3D2 and 1H1 antibodies with manual
exposure times greater than 100 s blots do not accurately reflect their recognition of the

receptor, but rather non-specific signals from the secondary antibody.
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Figure 22. A — secondary antibody (DoxRb-HRP; 1:10,000) control with Clarity Max to 20 pg
V1aR-GFP, 487.242 s rapid autoexposure, in red ~115 x 10°; B - Amido black staining after
chemiluminescence detection; C — secondary antibody control, 100 s manual exposure, in red

~115 x 10°,

The rest of the images of the WB for the antibodies validated against V1aR is given in the
appendix.
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4.1.2. Antibodies against oxytocin receptor

Secondary antibody control was also performed for the OTR-GFP samples. Figure 23 A presents
the bands resulting from the non-specific secondary antibody binding after ~13.5 min, with the
band at ~115 x 10° appearing the most prominent. After 100 s manual exposure (Figure 23C),
a time comparable to other signal acquisitions, no signal was detected. This leads to the
conclusion that for the OTR-GFP samples, secondary antibody generally requires more time to
cause non-specific bands than for the V1aR-GFP samples. This could be due to differences in
the amount of protein in the loaded samples, or slight variations in concentrations of the

antibody solutions, as all these preparations are prone to smaller inconsistencies.

=9 a9 a9
f S
S S 3
M & M, e M,/
r &
106 O 103 S 103 %
250 250 250
— 1
130 130 30
100 ’ 100— 100
70 : 70— 70
ss— 55— 55—
P
2°AB 2°AB
control control
A B C

Figure 23. A — secondary antibody (DoxRb-HRP; 1:10,000) control with Clarity Max to 20 pg
OTR-GFP, 800.695 s rapid autoexposure, in red ~115 x 10°; B - Amido black staining after

chemiluminescence detection; C — secondary antibody control, 100 s manual exposure.

One of the OTR antibodies, 5A5, produced extraordinarily strong bands at ~115 x 10° after
~109 s rapid autoexposure (Figure 24A) and 50 s manual exposure (Figure 25A) for all the
loaded samples. Blots, however, contain some more non-specific bands. To conclude is that

despite the primary antibody aiding strong signal production at the band pointed out, the
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antibody did not demonstrate any particular specificity towards the receptor of interest
compared to the other receptors and proteins present in the loaded samples. It is worth
mentioning that the faint bands are visible at the gel entry positions and for the OTR-GFP lanes
only, which goes well with the earlier given explanation of possible aggregates formation.

Figure 24B and Figure 25B depict successful protein transfers.
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Figure 24. 5AS antibody (~1:1000) signal dependence on OTR-GFP load after incubation in
secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 108.817 s rapid autoexposure, in

red ~115 x 10%; B — Amido black staining after chemiluminescence detection.
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Figure 25. Specificity of primary 5AS5 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 50 s manual exposure, in red ~115 x 10%;

B — Amido black staining after chemiluminescence detection.

The strongest band for the 4E3 antibody is not the recurrent one at ~115 x 10° (highlighted in
red), as can be seen in Figure 26A, but rather slightly higher at ~125 x 10°. Figure 26B
evidences the protein transfer success. Figure 27B presents a successful transfer for the
specificity testing blot. The blot in Figure 27A resulted in band signals after the shortest of all
exposure times for the OTR antibodies, after only 15 s. And for such a short exposure time,
multiple nonspecific strong bands are present in each sample lane; at ~185 x 103, ~125 x 103,
and ~67 x 10°. But being almost equally strong and present in each lane, this would suggest no
particular specificity of the tested antibody whatsoever. It could be concluded that the antibody

has a strong recognition of the sample proteins, but not necessarily of the target receptors.
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Figure 26. 4E3 antibody (~1:1000) signal dependence on OTR-GFP load after incubation in
secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 45.877 s rapid autoexposure, in

red ~115 x 10%; B — Amido black staining after chemiluminescence detection.
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Figure 27. Specificity of primary 4E3 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 15 s manual exposure; B — Amido black

staining after chemiluminescence detection.
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For the 1H11 antibody, images were also acquired after a relatively short times of exposure,
after ~39 srapid autoexposure and 35 s manual exposure. Figure 28A revealed two fairly strong
bands; at ~115 x 103 (in red) and somewhat higher at ~130 x 10°. Figure 29A displays the
same bands, along with additional bands as low as ~37 x 10°. However, whatever was
recognized by the antibody, no specificity was evident among the receptors. Figure 28B and

Figure 29B represent successful transfers.
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Figure 28. 1H11 antibody (~1:1000) signal dependence on OTR-GFP load after incubation in
secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 39.149 s rapid autoexposure, in

red ~115 x 10%; B — Amido black staining after chemiluminescence detection.
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Figure 29. Specificity of primary 1H11 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 35 s manual exposure, in red ~115 x 10%;

B — Amido black staining after chemiluminescence detection.

The rest of the WB images for the antibodies validated against OTR is given in the appendix.
WB images for the 1B2 antibody that, later will be shown, delivered positive results in the IP

experiment can also be found there as WB did not prove successful for this antibody.

All in all, each of the antibodies validated against V1aR and OTR using WB displayed different,
characteristic results. On the anti-GFP blot, bands were observed at the gel entrance and
attributed to the possible receptor aggregates. This band also appeared in the 1G1 blot in the
respective receptor V1aR-GFP sample lane. Key findings for each of the antibodies discussed

above are shortly summarized in Table 12.
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Table 12. WB results for antibodies validated against V1aR and OTR; only 1G1 was shown to

be specific for the respective recombinant receptor (V1aR-GFP).

Target Epitope
Antibody Observations Specificity
receptor region

- 8—15 s exposure for 20 pg V1aR-GFP load (1:1000 1G1,
1:10,000 DoxRb-HRP)
- 1 strong band at gel entrance (receptor aggregates)

1G1 N-term ) YES
- 1 faint band at ~115 x 10* (secondary antibody artefact)
- no bands for OTR-GFP, V1bR-GFP, V2R-GFP, and
control HEK293

V1aR - intense band at ~30 x 103 for all samples (OTR-GFP,
a

4G9 ICL-3  V1aR-GFP, V1bR-GFP, V2R-GFP, and control HEK293 no
- additional non-specific bands
- OTR-GFP, V1bR-GFP, V2R-GFP, and control HEK293

3D2 N-term no
displaying non-specific bands, V1aR-GFP no bands at all
- non-specific bands for all samples (OTR-GFP, V1aR-GFP,

1H1 C-term  V1bR-GFP, V2R-GFP, and control HEK293) no
- varying V1aR-GFP loads blot displaying no bands
- intense band at ~115 x 103 for all samples (OTR-GFP,

SAS ICL-2  V1aR-GFP, V1bR-GFP, V2R-GFP, and control HEK293) no
- more non-specific bands for all samples
- non-specific bands for all samples

OTR 4E3  ICL2 no

-no ~115 x 103 band
- non-specific bands for all samples (OTR-GFP, V1aR-GFP,

IHI1 C-term no

V1bR-GFP, V2R-GFP, and control HEK293)

- VlaR antibodies (3C1, 3F8, and 4A7) tested, but non-specific
- OTR antibodies (1A3, 1C10, 1E4, 1F1, 4F3-4, 4F3-5, and 1B2) tested, but non-specific

4.2. Immunoprecipitation

The aim of performing IP-MS was to test the applicability of antibodies in IP. As IP is a

technique used to isolate a protein of interest from a complex mixture of proteins, it involves

binding the target protein to an antibody that specifically recognizes it. To that end, seven

different antibodies against V1aR-GFP and ten antibodies against OTR-GFP were tested

following the protocol from Figure 10. Suggesting that the respective receptors were pulled
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down, obtained samples were then tryptically digested and the resulting peptides subjected to
analysis with MS and to protein identification using different methods and search tools.
Additionally, undigested/intact receptor samples were obtained after elution from the beads
that pulled them down, and analysis was conducted using MS. This revealed interesting peaks
at around 73 x 103, which were thought to potentially be a small chain of the antibody, or even
a large chain, as two peaks were observed at a similar position. The presence of intense CHAPS
signals in these samples also motivated us to slightly modify the protocol, to completely remove
CHAPS from the final samples for MS analysis, as its’ excess in the samples could suppress
our signals of interest. For that reason, CHAPS has been removed from the urea buffer in steps
for buffer exchange on filter units, and additional washing steps with TEAB were introduced.
The size of the protein at around 73 x 10 also justified the choice to use filter units with a cut-
off value of 30, instead of 5 x 10°, as it was anticipated that using a filter with too low of a cut-
off value could result in the peptides after digestion becoming stuck and clogging the
membrane, given that the peptides bigger than that were expected to be produced with digestion
if the receptors with a high proportion of hydrophobicity were present. Apart from that, the

analysis of intact samples did not result in receptor detection.

4.2.1. Antibodies against vassopresin 1a receptor

Of all the tested antibodies, the 1G1 antibody against the V1aR receptor delivered the most
promising results with 6 unique peptides belonging to the V1aR identified by a high-resolution
search in Protein Prospector. Five peptides with different sequences were identified (12%
sequence coverage), one of which was found in both a modified and unmodified form, with the
modified form being oxidized at Met. The same 5 peptides were identified through a high-
resolution search in MaxQuant. MaxQuant failed to recognize the special peptide modification
detected by the Protein Prospector, justifying the use of the two different protein identification
search tools. A Protter illustration!®? of the V1aR protein with the observed peptides highlighted
is presented in Figure 30, where the peptide termini correspond to the predicted tryptic digestion
sites, suggesting that the identified peptides indeed are the products of the successful digestion
of pulled down receptor molecules. As 12% sequence coverage may not seem enough to
determine protein in the digested sample, it is important to remember that the protein of interest

is a membrane receptor with a large proportion of the sequence belonging to the hydrophobic
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transmembrane regions, hence being poorly soluble and consequently unavailable for tryptic

digestion. Each detected peptide should be taken into account and given importance.

un. pep. 1 HR_PP; HR_MQ
un. pep. 2 HR_PP; HR_MQ
un. pep. 3 HR_PP; HR_MQ
un. pep. 4 HR_PP; HR_MQ
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Figure 30. Protter illustrated high-resolution Protein Prospector and high-resolution MaxQuant
search results against hV1aR for sample tryptically digested after [P with 1G1 antibody.
Identified unique peptide sequences are highlighted in green and predicted tryptic cleavage sites

are marked with dashed lines.

Additionally, 5 unique peptides to GFP were identified by performing a high-resolution search
in Protein Prospector after IP with 1G1 antibody. Four peptides with different sequences were
identified (17.2% sequence coverage), one of which was found in both a modified form
oxidized at Met and an unmodified form. This further serves as evidence of the receptor being
pulled down by the tested 1G1 antibody, as the receptor carries a GFP tag on its C-terminus.
On top of that, ELISA results revealed the highest 1G1 activity towards the other end of the

receptor, towards its N-terminus, so the GFP label ideally should not interfere with the
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recognition site and the receptor should be perfectly recognizable to the antibody. Observed
peptides are portrayed in Figure 31 within the Protter illustration of GFP. Once again, all the
peptides produced by tryptic digestion match the peptide sequences and lengths predicted,

confirming that both the antibody binding to the target receptor and digestion were successful.
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Figure 31. Protter illustrated high-resolution Protein Prospector search result against GFP for
sample tryptically digested after IP with 1G1 antibody. Identified unique peptide sequences are
highlighted in green and predicted tryptic cleavage sites are marked with dashed lines.

IP-MS results from another antibody demonstrated successful recognition and binding of the
V1aR-GFP protein. For the 3D2 antibody, three unique peptides were identified altogether and
highlighted in green in Figure 32. One of the peptides was discovered by the low-resolution
MaxQuant search, another by the high-resolution MaxQuant search, and the third by the high-
resolution Protein Prospector search and the two already mentioned MQ search methods
additionally. The overall sequence coverage equals 7.9%. Once again, the employment of
multiple search tools and methods was advantageous, as different methods succeeded in

recognizing different peptides.
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un. pep. 1 HR_PP; HR_MQ; LR_MQ
un. pep. 2 LR_MQ

un. pep. 3 HR_MQ
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Figure 32. Protter illustrated high-resolution Protein Prospector and high- and low-resolution
MaxQuant search results against hV1aR for sample tryptically digested after IP with 3D2
antibody. Identified unique peptide sequences are highlighted in green and predicted tryptic

cleavage sites are marked with dashed lines.

1H1 is the final V1aR antibody that led to the receptor fragment recognition. Only one unique
peptide was identified with the high-resolution MaxQuant search, equaling 6.7% sequence
coverage. Protter illustration with the highlighted peptide is given (Figure 33). All the other
Vl1aR antibodies: 3C1, 3F8, 4A7, and 4G9 did not result in identifying any of the unique
peptides to V1aR or GFP after performing IP-MS.
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Figure 33. Protter illustrated high-resolution MaxQuant search result against hV1aR for sample
tryptically digested after IP with 1H1 antibody. Identified unique peptide sequence is
highlighted in green and predicted tryptic cleavage sites are marked with dashed lines.

Controls carried out in conditions without antibody (V1aR beads control), and with the
non-specific IgG (V1aR nslgG control) did not result in any identified unique peptides
belonging to either V1aR or GFP. This indicates that there is no non-specific binding of V1aR-
GFP to magnetic beads and suggests that the positive experiment outcomes arise from the
specific recognition of the receptor by the antibodies validated.

Another control of the V1aR-GFP tryptic digestion (V1aR control) was also performed and,
contrary to expectations, no unique peptides to V1aR or GFP were identified. This control
differs from the other experiments in that digestion was performed on the solubilized membrane

protein fraction sample and not on the receptor sample purified by IP. Trypsin concentration
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could have possibly been too low for the number of different proteins present in the sample,
which could have potentially had more available sites for trypsin digestion, hence the resulting
number of unique peptides in the digested mixture not being enough for detection. Or simply
IP step was missing to concentrate the receptors and separate them from the other proteins
present in high amounts, whose unique peptides after digestion would mask the detection of

receptor’s peptides.

4.2.2. Antibodies against oxytocin receptor

Control of the OTR-GFP tryptic digestion (OTR control) resulted in OTR unique peptides
identification. One of the peptides was recognized by HR PP, HR MQ, and LR_MQ search
methods, and the other which is a two amino acids shorter fragment of the same sequence was
only recognized employing HR PP. The two amino acids peptides’ length difference is because
of the two tryptic digestion sites located two amino acids apart, as predicted according to the
sequence. Identified peptides are highlighted in the Protter illustration of OTR (Figure 34)
together with predicted cleavage sites. It is also visible that the identified unique peptides stem
from the 3™ intracellular loop, the largest of all the loops with multiple predicted tryptic
cleavage sites. Due to the loop size, a certain degree of flexibility could be assumed to facilitate

trypsin access, site recognition, and digestion.
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un. pep. 1 HR_PP; HR_MQ; LR_MQ
* un. pep. 2 HR_PP
-~ Tryps
N-term: UniProt
TMRs: UniProt

Figure 34. OTR control — Protter illustrated high-resolution Protein Prospector and high- and
low-resolution MaxQuant search results against hOTR for tryptically digested OTR-GFP
sample. Identified unique peptide sequences are highlighted in green and predicted tryptic

cleavage sites are marked with dashed lines.

Control performed with the non-specific IgG (OTR nslgG control) also didn’t exhibit any
unique peptides to either OTR or GFP, suggesting no non-specific binding to OTR-GFP.
HR PP search against Immunoglobulin G-binding protein A resulted in identifying four unique
peptides, highlighted in the Protter illustration of the protein in Figure 35. The ability to
recognize the magnetic beads’ coating protein and not discover the target receptor reinforces
the argument of non-existent non-specific binding as it indicates that the washing steps were
performed thoroughly, and the digestion step was successful. Meaning that if any non-specific

protein was present, it should have been detected.
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Figure 35. OTR beads control — Protter illustrated high-resolution Protein Prospector search
result against [gG-binding protein A for sample tryptically digested after IP without the use of
an antibody. Identified unique peptide sequences are highlighted in green and predicted tryptic

cleavage sites are marked with dashed lines.

Control without the antibody (OTR beads control) also resulted in no identified unique
peptides, which was expected and went along with the presumption of the positive experiment
outcomes coming from the specific antibody recognition.

Out of the OTR antibodies tested, 1B2 resulted in the identification of the fragment
corresponding to the 2" transmembrane region. Two unique peptides were identified by
HR MQ and LR_MQ search separately, as demonstrated in the Protter illustration (Figure 36).
General sequence coverage equals 14.4%. It is interesting to see the TM region detected as it
represents a 34 amino acids big fragment of hydrophobic residues, but it also serves as strong
evidence of successful IP where the 1B2 antibody recognized and bound the OTR-GFP from

the proteins sample.
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un. pep. 1 HR_MQ
un. pep. 2 LR_MQ
== Tryps

N-term: UniProt
TMRs: UniProt

Figure 36. Protter illustrated high- and low-resolution MaxQuant search results against hOTR
for the sample tryptically digested after IP with 1B2 antibody. Identified unique peptide
sequences are highlighted in green and predicted tryptic cleavage sites are marked with dashed

lines.

Antibody 5A5 had one unique peptide to OTR identified by LR MQ and one more by both
LR MQ and HR MQ, equaling 12.1% sequence coverage. Peptide fragments and digestion
sites are highlighted in the Protter illustration of OTR (Figure 37).
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Figure 37. Protter illustrated high- and low-resolution MaxQuant search results against hOTR
for sample tryptically digested after IP with SAS antibody. Identified unique peptide sequences
are highlighted in green and predicted tryptic cleavage sites are marked with dashed lines.

4E3 is the final OTR antibody that led to the receptor fragment recognition. Only one unique
peptide was identified with both HR_ MQ and LR_MQ, equaling 5.1% sequence coverage.
Protter illustration with the highlighted peptide is given in Figure 38. All the other OTR
antibodies: 1A3, 1C10, 1E4, 1F1, 1H11, 4F3-4, and 4F3-5 did not result in identifying any of
the unique peptides to OTR or GFP after performed IP-MS.
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un. pep. 1 HR_MQ; LR_MQ
~~~~~ Tryps

N-term: UniProt

TMRs: UniProt

Figure 38. Protter illustrated high- and low-resolution MaxQuant search results against hOTR
for sample tryptically digested after IP with 4E3 antibody. Identified unique peptide sequence
is highlighted in green and predicted tryptic cleavage sites are marked with dashed lines.

Generally, IP-MS was rather successful in employing validated antibodies for recognizing and
binding their respective receptors and identifying their unique peptides after digestion. A
shorter summary of all the IP-MS results discussed above for validation of antibodies against

Vl1aR and OTR is given in Table 13.
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Table 13. IP-MS results for antibodies validated against V1aR and OTR; showing number of

identified respective receptor unique peptides and receptor sequence covered by these peptides.

Target receptor Antibody Epitope region ~ Unique Peptides Zeo(i:f’:;:
161 N-term 6(5+1)* 12%
3D2 N-term 3 89,
1H1 C-term 1 7%
Vl1aR 3C1 C-term
3F8 C-term
4A7 C-term 0 0%
4G9 ICL-3
1B2 C-term Dk 14%
5A5 ICL-2 2 12%
4E3 ICL-2 1 59
1A3 C-term
OTR 1C10 TCL-3
1E4 TCL-3
1F1 C-term 0 0%
1H11 C-term
4F3-4 C-term
4F3-5 C-term

* Additional 5 (4 + 1) unique peptides to GFP, with 17% GFP sequence coverage
** One of the peptides (34 residues) corresponds to entire TM-2 region

Three out of seven antibodies against V1aR, and three out of ten antibodies against OTR
resulted in identification of unique peptides corresponding to their respective receptors after
performed IP-MS, strongly suggesting efficacy of these antibodies in binding these receptors.
The most successful antibody in regard of receptor sequence coverage is 1B2 antibody to OTR
with 14% coverage. In regard of number of unique peptides identified, 1G1 antibody for V1aR
is the most successful with 6 unique peptides identified. Additionally, 1G1 resulted in 5 unique
peptides to GFP identified, accounting for 17% GFP sequence coverage. Two controls by the
beads or non-specific IgG demonstrated no non-specific receptor binding, further supporting
the success of the IP-MS and the efficacy of antibodies in recognition and pulling down their

respective receptors.
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§ 5. DISCUSSION AND CONCLUSION

Antibodies are valuable tools for investigating receptors at the protein level and are employed

3 neuroscience,!®* drug development,'®> and

in many fields, including immunology,'®
forensics.!%® They detect their target proteins and allow for the evaluation of protein expression,
localization, or quantification within investigated biological specimens.!®* Antibodies are
particularly valuable in elucidating correlations between receptors and diseases or physiological
functions.!’

OTR and V1aR are two receptors involved in many physiological processes and behaviors,
expressed in both the periphery and the CNS.!! In the CNS, V1aR regulates cognitive functions,
sexual behaviors and emotional responses, including memory and learning, partner selection,
aggressiveness, and anxiety.®>!®” OTR in the CNS influences sexual behaviors, emotional
bonding and maternal connection.% In the periphery, their actions include stimulation of
lactation and initiation of labor for OTR, or vasoconstrictions for V1aR.* Due to their high
structural similarity, it is extremely difficult to prepare and validate antibodies specific for only
one of these receptors.!! Furthermore, VIbR and V2R are two additional and very similar
receptors that make this task even more challenging. V2R is located only in the periphery
regulating fluid homeostasis, and while VIbR is expressed mainly in the brain, it is less
important in behavioral regulation than V1aR.? For these reasons, the research primarily
revolves around V1aR (also express in periphery) and OTR (also expressed in both sites). Due
to lack of validated antibodies for OTR and V1aR, their research is hindered, and for that reason
there is an immense interest in developing their specific antibodies. For carrying more
importance in physiological and behavioral regulation, they have the priority for developing the
novel antibodies compared to the other two. The aim of this thesis was to validate recently
developed monoclonal antibodies against OTR and V1aR (10 OTR and 7 V1aR antibodies
produced by the NIH, USA) against their distinctive peptide fragment epitopes.

WB and IP-MS, two complementary methods, were used for antibody validation. WB
separates the proteins based on size and recognizes a target protein under denaturating
conditions (SDS-PAGE). IP-MS uses non-denaturing conditions, maintaining the target
receptor tertiary structure and displaying epitope within the context of receptor’s overall

structure. Employing both methods is important to determine the application potential of the
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developed antibodies. In this project, OTR-GFP, V1aR-GFP, VI1bR-GFP, and V2R-GFP
isolated from individual receptor-overexpressing HEK293 cells were used, together with native

HEK?293 cells’ membrane fraction as a control.

S5.1. Antibody validation results

5.1.1. Western blot in validation of antibodies

Due to their high sequence and structural similarity, the production of OTR and V1aR
antibodies presents a challenge. Commercially available antibodies targeting these receptors
are available, but there have been concerns about their specificity.'® This raises doubts about
the accuracy of the research performed utilizing these antibodies. Polyclonal rabbit antibodies
specific for OTR have been successfully developed before and used for investigation of OTR
distribution within mouse CNS.! In this study, four different peptides corresponding to the
mouse OTR were synthesized and used for rabbit immunization. These peptides corresponding
to the N-term, ICL-3, and C-term were chosen as their sequences in these regions maximally
differed from vasopressin receptors. The resulting immune sera were tested by dot and western
blot and immunohistochemistry before OTR antibodies were recovered via affinity purification.
All four antisera were positive, but the focus for further analysis was put on the one
corresponding to the N-terminus with the highest indicated sensitivity. Specificity of antibody
was evaluated by western blots on HEK293 OTR-expressing cells and untransfected control
cells, and was successful with the purified antibody employed. Immunocytochemistry was also
performed on these HEK293 cells expressing OTR-Venus construct by co-labelling for both
OTR and Venus, and had a positive outcome. Immunohistochemistry by the antibody was also
performed on brain and uterus tissues from wild-type and knock-out mice and proved effective.
After the high specificity of the antibody to the OTR was demonstrated, the antibody was
employed to examine OTR expression distribution within brain and its subcellular localization.
In this thesis, our goal was to validate more sensitive monoclonal antibodies developed by
rabbit hybridoma technology, a technology first introduced in 1975.!8% Here the obtained
antibodies specifically target antigens and pure antibodies are easily produced in large
quantities.'®> Our monoclonal antibodies against OTR and V1aR were also produced based on
selected peptides from significantly different receptor regions corresponding to C-term, N-term,
TCL-3, ICL-2 and ICL-3. Specificity of the obtained antibodies was tested by western blots on
OTR-GFP, V1aR-GFP, VIbR-GFP, and V2R-GFP from individual receptor-overexpressing

HEK293 cells, and untransfected HEK293 cell membrane protein fraction as a control.
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Five conceptual pillars for antibody validation have been proposed; genetic pillar where the
reduction of antibody labelling wants to be observed after target protein expression silencing
by RNA interferences or genome editing; orthogonal pillar where the notable correlation
between the protein expression estimation by antibody and by antibody-independent method
(e.g. MS) wants to be observed; independent antibody pillar where the notable correlation
between the protein expression estimation by two distinct antibodies for nonoverlapping
epitopes of the same protein wants to be observed; immunocapture with MS pillar where the
protein peptides want to be identified by MS after capturing it with the antibody; and tagged
protein expression pillar where the notable correlation between antibody labelling and a tag that
the protein was expressed with wants to be observed.?! That last pillar for our antibody
validation we have examined with one of our WB experiments employing FITC-labelled
antibody against GFP tag fused to our receptor proteins (Figure 11). The idea was to find the
band correlation between the position of anti-GFP FITC-labelled antibody fluorescence signal
or the secondary chemiluminescent signal and the validated antibody labelling. In our
experiment, both FITC fluorescence of anti-GFP antibody labelling and chemiluminescent
signal of the secondary antibody were detected to check for the WB positions of tagged
receptors. The receptor position was observed at the top of the stacking gel for OTR-GFP and
V1aR-GFP, where the strong signal was later observed for one of the V1aR antibodies (1G1,
Figure 15), indicating its efficacy in receptor recognition and binding. Another receptor position
was observed at ~102 x 10° for both OTR-GFP and V1aR-GFP, but our validated antibodies
did not result in such signals.

GFP tag is, except for determining position of the receptor on the WB, good as an indicator
of successful receptor expression in the cells.!®® And overexpression of such fusion construct
aids in testing the antibody specificity since a correlation between evaluated antibody’s signal
and a GFP signal for examined group of samples indicates the antibody specificity. This can be
performed on two separate western blots, but also on a single multiplex blot testing
colocalization of two signals, ensuring better accuracy by eliminating mistakes between
membranes.'”® One of the issues that could arise with overexpression is the possibility of
masking off-target recognition, so it is recommended to have the tag expressed endogenously
whenever possible.?! Furthermore, as GFP at 27 x 10° is a rather big protein, there is a worry

about GFP altering receptor conformation features in the fusion construct.'!
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Our WB tests for validated antibodies did not completely correlate with the GFP-tag signals,
except for 1G1 at the top of the gel. Despite the second GFP-tag signal observed at ~102 x 103
for both tagged receptors, many of the antibodies resulted in a recurring band present at
~115 x 10°. For these two types of blots, equal percentage gels were used, so the discrepancy
shall not arise from different sample running. It could be due to different posttranslational
modifications, such as glycosylation, as these receptors have such sites on their N-terminus.!”
This cannot be concluded before conducting further experiments, and in-gel digestion followed
by LC-MS/MS should be performed to identify these protein bands.!" In case these two bands
can be correlated to each other, and the one at ~115 x 10° is indeed the result of PTMs like
phosphorylation or glycosylation, LC-MS/MS could have some problems directly identifying
them since the modifications compete with the peptide bonds for a collision-activated
dissociation and the resulting MS/MS spectrum of such modified precursor peptides will
entirely lack of peptide ion fragment m/z necessary for peptide identification, so these peptides
could be masked by modificatios.!®? It would still show a single m/z corresponding to these
peptides with a lost modification if there was one to be lost, and it would also show other
unmodified peptides that could be enough for protein identification. The PTM’s chemical
stability is decisive for its effective MS/MS detection, and the MS/MS is generally useful

method for their determination.'®3

For the seven V1aR antibodies the results of the WB experiments indicate that only one of
them, 1G1, can be considered specific for V1aR-GFP, as it displayed strong signals in the
V1aR-GFP sample lanes and no signals in the lanes consisting other receptors (Figure 15). This
antibody demonstrated the strongest ELISA activity towards the N-terminus of V1aR. This
value was rather small in comparison to other antibodies’ strongest activities (Table 4), where
it was actually the lowest activity demonstrated among all 17 validated antibodies (Table 3 and
Table 4). This is not as surprising, as the antibodies were raised against specific peptide
fragments, where they are out of their structural context. Hence, they are likely to lose their
structural determinants, and may possibly present some neoantigenic determinants at the
fragment ends. This would suggest that many antibodies could have been raised against epitopes
in the linear peptide form, which could be presented differently when part of the receptor
structures. In case an antibody recognized linear determinant, this possibly wouldn’t pose a

problem, but it is worth mentioning that even antibodies binding to linear epitopes will
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recognize a specific linear epitope conformation and it might have an effect.!!® Exactly this
could be the explanation for most the antibodies that despite demonstrating high ELISA
activities displayed no specificity towards respective receptor. Especially the antibodies
demonstrating high activities towards multiple epitope regions, for example 1B2 antibody
against OTR. It had the highest receptor sequence coverage of all the antibodies after IP-MS,
and at the same time provided no useful information after performing WB.

The 1G1 antibody exposed strong band at the entry to the stacking gel, which suggested the
presence of V1aR-GFP aggregates. Protein aggregation and immobilization within stacking gel
was observed before for another transmembrane protein,!” where the effect of temperature on
membrane protein stability was examined. The protein temperature lability and increased
aggregation with increasing temperature was observed for that membrane protein with 12 TM
regions. Thermal aggregation was also observed for SARS-CoV membrane protein,'** and to
avoid this issue, heating our membrane receptor samples before loading on lower temperatures
for longer times should be considered. Another study demonstrated that heating wasn’t even
needed for SDS-PAGE sample preparation of two membrane proteins, one of which with 6 TM
regions.!”” In fact cold treatment in LSB for 1 h at 4 °C increased the detectable amount of
resolved proteins. Trichloroacetic acid treatment without employing heat is another way of
tackling the issue of membrane protein aggregation presented in this study, but it is a bit more
complicated and could potentially cause a degradation of some membrane proteins.!”® Another
paper reported that substitution of LSB with SDS-HEPES buffer with applied ‘boiling
treatment’ did not cause the aggregation of chromaffin granule membrane proteins, but adding
the B-mercaptoethanol to SDS-HEPES restored the thermal aggregation.!®” This would further
suggest the possible involvement of cysteine oxidation in the aggregation process. This was
observed to happen in the stacking gel where the proteins concentrate before their resolution
due to presence of oxidizing agent APS used for gel polymerization and is dependent on the
amount of loaded protein.!”® Aggregation was found to be preventable by irreversible alkylation
with TAA after reduction of thiol groups. Another possible explanation was offered where an
SDS could be acting as an organic solvent, since their analysis showed that organic solvents
also promote the membrane proteins’ aggregation.!”” Different lysis buffers and lysis
procedures were tested elsewhere to solve the problem of aggregation, but it was showed that
regardless of the lysis condition, only the non-heated samples enabled the resolution, while

‘boiled’ samples were stuck on top of the gel.!”?
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Apart from 1G1, other six V1aR antibodies displayed weak or non-specific bands within
the same V1aR-GFP lane and within OTR-GFP, V1bR-GFP, V2R-GFP lanes and receptor non-
expressing HEK293 lane, clearly proving these antibodies non-specific. Therefore, these
antibodies are not suitable for detecting V1aR in WB experiments.

Of the 10 antibodies tested against OTR-GFP: 5AS5, 4E3, and 1H11 resulted strong bands,
although the specificity of the antibodies was also not demonstrated, indicating that the WB
simply did not work properly for these antibodies. The bands displayed were different for each
of the antibodies.

Our WB experiments revealed a lack of specificity in commercially available antibodies
against V1aR and OTR towards V1aR-GFP (Figure 12) and OTR-GFP (Figure 13),
respectively. Since the experiments were conducted for GFP fused receptors, which do not
accurately represent native receptors due to plausible different folding and different structural
features, they cannot be regarded as non-specific for their native receptors for which they were
validated.!”! Especially since the peptide sequences against which these receptors were raised
are not known, as proprietary to Abcam. For V1aR commercial antibody ab124907 was stated,
though not the exact information, that the peptide originated somewhere around 350—450 amino
acids. This region could correspond to the C-term of 418 amino acids long V1aR, so the GFP

tag could indeed influence the recognition of such fused receptor.

5.1.2. Immunoprecipitation coupled with mass spectrometry in antibody validation

IP-MS as a method has been used in the antibody validation processes numerous times.??’ This
method complements WB and adds another dimension to the validated antibodies and their
efficacy in recognizing their respective receptors. After receptors are pulled down in IP and
tryptically digested, tandem MS separates the resulting ions based on their m/z values.?®! In the
first MS scan, all the precursor ions with the intensity/abundance above the set minimum signal
threshold are during data dependent acquisition automatically selected for sequential

fragmentation, starting from the most abundant.?*?

These peptides, typically fragmented at the
amide bonds, are then analyzed using a second MS.2® And while mainly used for qualitative
determination of peptides and proteins, this method also allows for protein quantification by
quantifying the identified peptides unique for these proteins.?** And despite being highly

specific and accurate, LC-MS/MS due to its performance complexity lacks reproducibility and
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can face a multitude of potential issues from sample preparation, over choosing the
corresponding parameters, to appropriate database searching algorithms for matching obtained
data with peptide sequences.?? A large number of false positive protein identifications has been
reported in the literature so stringent quality control measures must be taken.?%

Results obtained after IP-MS offer valuable evidence of the successful binding and
recognition of the V1aR-GFP and OTR-GFP proteins by the validated antibodies, as peptides
corresponding to the expected tryptic digestion sites of the receptors were identified and their
sequences confirmed, demonstrating the potential of this technique for helping to detect and
analyze membrane proteins. Moreover, in one study this method was used for a phosphorylation
analysis and enabled discovery of a novel phosphorylation site in the ICL-3 of V2R.27

Of all V1aR antibodies, 1G1 demonstrated the highest activity in IP-MS with 6 unique
peptides to V1aR detected and a sequence coverage of 12% (Figure 30), along with 5 unique
peptides to GFP (17.2%, Figure 31). To present the meaning of these 12%, we must remember
that these receptors are membrane proteins with seven transmembrane regions, which accounts
for the big part of their structure estimated at around 40%, somewhat less than for the other

members of rhodopsin class GPCRs.?%

Due to hydrophobic nature of these regions, there is a
lack of sites being recognized by trypsin, so these proteins are hardly digested, leading to lower
sequence coverages.??” It is encouraging to find peptides unique for GFP, since GFP protein is
part of the fusion construct, confirming the antibody's efficacy in pulling down the target
receptor. Combining the 1G1 results from WB with IP-MS results makes this antibody a very
good candidate for further investigation and potential validation.

The 3D2 Vl1aR antibody was the second most successful with 3 unique peptides to V1aR
identified and 7.9% sequence coverage (Figure 32). The 1HI antibody yielded the least
successful result with only one unique peptide to V1aR identified and 6.7% sequence coverage
(Figure 33). The remaining four antibodies were not successful in binding the V1aR-GFP, as
they did not result in identifying any of the unique peptides to V1aR or GFP after performed
IP-MS. Reason for this could simply be the antibodies not being able to bind the receptor, but
it could also be due to tryptic digestion difficulties, as explained earlier.

The antibodies against OTR tested in this research have varying success in terms of
recognizing and binding the OTR-GFP from the protein sample. Antibodies 1B2, 5AS, and 4E3
have successfully recognized and bound the receptor, as demonstrated by sequence coverage

of 14.4% with 2 unique peptides (Figure 36), 12.1% with 2 unique peptides (Figure 37), and
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5.1% with 1 unique peptide detected (Figure 38), respectively. The 1B2 antibody, despite
failing to produce any significant information on WB was the most successful of all the OTR
antibodies tested by IP-MS, with one of the transmembrane regions identified, and the potential
reasonings for this observation were explained in the previous section.

Controls carried out including no antibody conditions, non-specific IgG and fused receptor
sample digestion suggested the efficacy of the validated antibodies in binding their respective
receptors, since no non-specific binding was observed in the first two control types for both
receptor samples, as was expected. Digestion of V1aR-GFP sample, contrary to expectations,
did not result in receptor identification. This could be because of too low trypsin to target protein
ratio since these samples were not IP purified prior digestion, or if not, because of the presence
of other proteins in the mixture whose precursor peptides after digestion could have been more
abundant and prevented the selection of target protein peptides for fragmentation, and so
disabled their recognition on MS/MS spectra.??? Digestion of OTR-GFP, as expected, resulted
in receptor identification, with recognized peptides originating from ICL-3 (Figure 34). This
loop is the biggest of all and has many predicted cleavage sites, so the identification could be
possible due to loop flexibility enabling easier trypsin access and enhancing cleavage.?!® Maybe
another positive control to think of, same as the GFP tag was employed as a control in the WB,
would be to employ it in IP to pull down these receptors using an anti-GFP antibody.!>* This
would concentrate these receptors based on a tag we know is there, separate them from off-
target proteins whose resulting peptides after digestion might have masked the detection, and
facilitate their identification.?!! A specific GFP-binding protein has been engineered that can
almost quantitatively isolate GFP-tagged fusion proteins from complex protein mixtures, and

can be used in IP step followed by MS analysis.?!?

5.2. Limitations and future directions

The anti-V1aR 1G1 antibody was the most promising antibody for further research. Suggestions
for future experiments include different sample preparation or electrophoresis running
conditions, such as omitting SDS, decreasing protein and antibody concentrations, or using
lower percentage gels.!”® Using lower temperatures, different sample loading buffers,
detergents, or sonication could help with the receptor aggregation problem,!9+197:213

For IP-MS, the same procedure should be performed for each antibody against the three

other closely related receptors to confirm IP-MS receptor specificity. Furthermore, all four
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receptors should be mixed together to confirm receptor specificity. Besides that, for WB
experiments in-gel or on-membrane digestion followed by MS should be performed to
characterize the observed aggregates and recurring bands at ~115 x 10,

Subsequent research for this project will focus on producing the receptors without a GFP
label, which will be of particular interest for antibodies 4F3-5, 1B2, 1A3, 4F3-4, 1F1, 1HI11,
4A3, 5A5, 1H1, 3Cl1, 3F8, 4A7, and 4G9 that target the intracellular parts of the receptors. For
that, new plasmid construct carrying sequences for native V1aR or OTR overexpression should
be synthesized. Such plasmids could be constructed following the Gibson assembly from DNA
fragments with overlapping ends for V1aR/OTR and GFP that would serve as a marker of
successful transfection, IRES sequence that would enable the V1aR/OTR and GFP translation
from a single promoter, antibiotic resistance sequence as a selectable marker, and some other
components for normal plazmid replication.?!*?!> For combining these sequences into a single
plasmid, DNA exonuclease, DNA polymerase and DNA ligase would be required.?!® With
constructed plasmids, HEK293 cells would be transfected to generate stable cell lines
overexpressing unfused receptors.?!”-2!8 The use of these receptors for conducting WB and IP-
MS experiments would eliminate the potential negative side effects of GFP on antibody
recognition and provide results that are more applicable for validating the antibodies, especially
those targeting C-terminus and intracellular loops of the receptors.

Antibodies that proved successful and demonstrated potential for future development (1G1
and 1B2) could also be evaluated by immunohistochemistry on receptors-rich tissue regions,
such as uterus or brain specimens, or more accessible brain surrogates tissues.?!” In another
study after validating antibodies against dopamine receptors by WB and
immunohistochemistry, the validation process was followed with IP-MS for the antibodies
specific in these two tests.?’ Receptor-knock out mice should be used as a control in such

experiments.

5.3. Conclusion

Overall, this research has provided valuable insights into the specificity of newly raised
monoclonal antibodies for both V1aR and OTR, and their efficacy in methods such as WB and
IP-MS by recognizing and binding to their respective targets. Out of 10 antibodies validated
against OTR, the most promising was 1B2. This antibody in the IP-MS experiment resulted in

the highest receptor sequence coverage of 14.4% among all 17 tested receptors. Out of two
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unique peptides identified by this antibody, one corresponded to 34 amino acids long 2" TM
region. Out of 7 antibodies validated against V1aR, antibody 1G1 is the only one with V1aR
specificity. This antibody in the WB experiment distinguished V1aR from all other structurally
similar receptor samples and the negative control, but also identified six unique peptides to
V1aR by the IP-MS. In addition to that, as V1aR-GFP constructs were employed, 1G1 yielded
5 unique peptides to GFP, which amounts to 17.2% GFP sequence coverage. These two
antibodies have a promising potential for further investigation, and the future work will show

their true efficacy.
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§ 6. LIST OF ABBREVIATIONS AND SYMBOLS

3D

3V
7T™M
ALP
APS
BCA
BSA
C18

C4
cAMP
CCD
cGMP
CHAPS
CTX
DAG
DoxGoat
DoxRb
DTT

E

ECL
EDTA
EL
ELISA
Fc
FITC
FT
FWHM
GDP

three-dimensional

third ventricle
seven-transmembrane

alkaline phosphatase

ammonium persulfate
bicinchoninic acid

bovine serum albumin
octadecylsilane

butylsilane

cyclic adenosine monophosphate
charge-coupled device

cyclic guanosine monophosphate
3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate
cortex

diacylglycerol

donkey anti-goat

donkey anti-rabbit

dithiothreitol

eluate fraction

enhanced chemiluminescence
ethylenediamine tetraacetic acid
extracellular loop

enzyme-linked immunosorbent assay
fragment crystallizable
fluorescein isothiocyanate
flow-through fraction

full width at half maximum

guanosine diphosphate
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GFP / eGFP
GPCR
GRAFS
GRKSs

GTP
HEK293
HEPES
HPLC

HR

HRP

IAA

IgG / nslgG
ICL

1P

IP3

Ki
LC-MS/MS
LR

LSB

LTQ

m/z
MALDI-MS
MLCK

MQ

MQW

MS

NC

NFDM
NIH

OD

oT

OTR / hOTR

green fluorescent protein / enhanced green fluorescent protein
G protein-coupled receptor

glutamate, rhodopsin, adhesion, frizzled/taste2, secretin
G protein-coupled receptor kinase

guanosine triphosphate

human embryonic kidney 293
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
high-performance liquid chromatography
high-resolution

horseradish peroxidase

iodoacetamide

immunoglobulin G / non-specific immunoglobulin G
intracellular loop

immunoprecipitation

inositol-1,4,5-trisphosphate

inhibitory constant

liquid chromatography tandem mass spectrometry
low-resolution

Laemmli sample buffer

linear trap quadrupole

mass-to-charge ratio

matrix-assisted laser desorption/ionization mass spectrometry
myosin light chain kinase

MaxQuant

Milli-Q water

mass spectrometry

nitrocellulose

non-fat dried milk

National Institutes of Health

optical density

oxytocin

oxytocin receptor / human oxytocin receptor
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PAGE
PBS
PBS-T
PFC
PIP2
PIR
PKA
PKC
PP
PTM
PVDF

RT

scFvl6

SDS

TBS

TBS-T

TCL-3

TEAB
TEMED

™

UPW

Vl1aR /hVl1aR
VIbR /hVIbR
V2R /hV2R
VOCC

VP

W

WB

polyacrylamide gel electrophoresis
phosphate-buffered saline

phosphate-buffered saline with Tween 20

prefrontal cortex
phosphatidylinositol-4,5-bisphosphate

piriform cortex

protein kinase A

protein kinase C

Protein Prospector

posttranslational modification

polyvinylidene difluoride

revolutions per minute

room temperature

single-chain variable fragment 16

sodium dodecyl sulfate

Tris-buffered saline

Tris-buffered saline with Tween 20

transcellular loop 3

triethylammonium bicarbonate
tetramethylethylenediamine

transmembrane helix

ultra-pure water

vasopressin la receptor / human vasopressin la receptor
vasopressin 1b receptor / human vasopressin 1b receptor
vasopressin 2 receptor / human vasopressin 2 receptor
voltage-operated calcium channel

vasopressin

washing fraction

western blot
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§ 8. APPENDIX

Predicted and partially confirmed sequences of two plasmids for overexpression of recombinant
proteins hOTR-eGFP and hV1aR-eGFP are given below. Plasmids were sent for sequencing,

but the information obtained was limited.

>hOTR-eGFP fused
ATGGAGGGCGCGCTCGCAGCCAACTGGAGCGCCGAGGCAGCCAACGLCCAGLCGLCGLGLCGLCEEGEGGLCGAGGGL
AACCGCACCGCCGGACCCCCGCGGCGCAACGAGGLCLCCTGGCGCGELETGGAGGTGGCGGETGCTGTGTCTCATCCTG
CTCCTGGCGCTGAGCGGGAACGCGTGTGTGCTGCTGGCGCTGCGCACCACACGCCAGAAGCALCTCGLGCCTCTTC
TTCTTCATGAAGCACCTAAGCATCGCCGACCTGGTGGTGGCAGTGTTTCAGGTGCTGCCGCAGTTGCTGTGGGAC
ATCACCTTCCGCTTCTACGGGCCCGACCTGCTGTGCCGCCTGGTCAAGTACTTGCAGGTGGTGGGCATGTTCGCC
TCCACCTACCTGCTGCTGCTCATGTCCCTGGACCGCTGCCTGGCCATCTGCCAGCCGLCTGLCGLCTCGLCTGLCGLCLCGL
CGCACCGACCGCCTGGCAGTGCTCGCCACGTGGCTCGGLCTGCCTGGTGGCCAGCGCGCCGCAGGTGCACATCTTC
TCTCTGCGCGAGGTGGCTGACGGCGTCTTCGACTGCTGGGCCGTCTTCATCCAGCCCTGGGGACCCAAGGCCTAC
ATCACATGGATCACGCTAGCTGTCTACATCGTGCCGGTCATCGTGCTCGCTGCCTGCTACGGCCTTATCAGCTTC
AAGATCTGGCAGAACTTGCGGCTCAAGACCGCTGCAGCGGCGGCGGCCGAGGCGCCAGAGGGCGCGGCGGCTGGL
GATGGGGGGCGCGTGGCCCTGGCGCGTGTCASCAGCGTCAAGCTCATCTCCAAGGCCAAGATCCGCACGGTCAAG
ATGACTTTCATCATCGTGCTGGCCTTCATCGTGTGCTGGACGCCTTTCTTCTTCGTGCAGATGTGGAGCGTCTGG
GATGCCAACGCGCCCAAGGAAGCCTCGGCCTTCATCATCGTCATGCTCCTGGCCAGCCTCAACAGCTGCTGCAAC
CCCTGGATCTACATGCTGTTCACGGGCCACCTCTTCCACRAACTCGTGCAGCGCTTCCTGTGCTGCTCCGCCAGC
TACCTGAAGGGCAGACGCCTGGGAGAGACGAGTGCCAGCAAAAAGAGCAACTCGTCCTCCTTTGTCCTGAGCCAT
CGCAGCTCCAGCCAGAGGAGCTGCTCCCAGCCATCCACGGATCCACCGGTCGCCACCATGETGAGCAAGGGCGAG
GAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGETGTCC
GGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGETG
CCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAG
CACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAAC
TACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTC
AAGGAGGACGGCAACATCCT CACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGAC
AAGCAGAAGAACGGCATCAA AACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGAC
CACTACCAGCAGAACACCCcCcC GGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCC
GCCCTGAGCAAAGACCCCAAC AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACT
CTCGGCATGGACGAGCTGTACAAGTA

AR
_ hOTR — not sequenced part, assuming it is correct

G
T
TC

GGGG
GGTG

QP o

AG
AG

_ hOTR - sequenced part
_Linker
_eGFP
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§ 8. Supplement xvi

>hVlaR-eGFP fused
ATGCGTCTCTCCGCCGGTCCCGACGCGGGGCCCTCGGGCAACTCCAGCCCATGGTGGCCTCTGGCCACCGGLGCT
GGCAACACAAGCCGGGAGGCCGAAGCCCTCGGGGAGGGCAACGGCCCACCGAGGGACGTGCGCAACGAGGAGLTG
GCCAAACTGGAGATCGCCGTGCTGGCGGTGACTTTCGCGGTGGCCGTGCTGGGCAACAGCAGCGTACTGCTGGLT
CTGCACCGGACGCCGCGCAAGACGTCCCGCATGCACCTCTTCATCCGACACCTCAGCCTGGCCGALCCTGGCCGETG
GCATTCTTCCAGGTGCTGCCGCAAATGTGCTGGGACATCACCTACCGCTTCCGCGGCCCCGACTGGLTGTGCCGL
GTGGTGAAGCACCTGCAGGTGTTCGGCATGTTTGCGTCGGCCTACATGCTGGTAGTCATGACAGCCGACCGCTAC
ATCGCGGTGTGCCACCCGCTCAAGACTCTGCAACAGCCCGCGCGLCCGCTCGCGCCTCATGATCGLCGGCCGLCLTGG
GTGCTGAGCTTCGTGCTGAGCACGCCGCAGTACTTCGTCTTCTCCATGATCGAGGTGAACAATGTCACCAAGGCC
CGCGACTGCTGGGCCACCTTCATCCAGCCCTGGGGETTCTCGTGCCTACGTGACCTGGATGACGGGCGGCATCTTT
GTGGCGCCCGTGGTCATCTTGGGTACCTGCTACGGCTTCATCTGCTACAACATCTGGTGCAACGTCCGCGGGAAG
ACGGCGTCGCGCCAGAGCAAGGGTGCAGAGCAAGCGGGETGTGGCCTTCCAAAAGGGGTTCCTGCTCGCACCCTGT
GTCAGCAGCGTGAAGTCCATTTCCCGGGCCAAGATCCGCACGGTGAAGATGACTTTTGTGATCGTGACGGCTTAC
ATCGTCTGCTGGGCGCCTTTCTTCATCATCCAGATGTGGTCTGTCTGGGATCCCATGTCCGTCTGGACCGAATCG
GAAAACCCTACCATCACCATCACTGCATTACTGGGTTCCTTGAATAGCTGCTGTAATCCCTGGATATACATGTTT
TTTAGTGGCCATCTCCTTCAAGACTGTGTTCAAAGCTTCCCATGCTGCCAAAACATGAAGGAAAAATTCAACAAA
GAAGATACTGACAGTATGAGCAGAAGACAGACTTTTTATTCTAACAATCGAAGCCCAACAAACAGTACGGGTATG
TGGAAGGACTCGCCTAAATCTTCCAAGTCCATCAAATTCATTCCTGTTTCAACTGATCCACCGGTCGCCACC

*(this sequence is purely theoretical, as it was not sequenced successfully)
_hV1aR —ref seq
_Linker (assuming the same as in hOTR-eGFP fused)

WB images and corresponding amido black stained membranes for the antibodies validated

against V1aR: 3C1, 3F8, and 4A7, are presented in Figure A1-Figure A6.

WB images and corresponding amido black stained membranes for the antibodies validated
against OTR: 1A3, 1C10, 1E4, 1F1, 4F3-4, 4F3-5, and 1B2, are presented in Figure A7-Figure
A20.
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Figure Al. 3C1 antibody (~1:1000) signal dependence on V1aR-GFP load after incubation in
secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 173.118 s rapid autoexposure; B

— Amido black staining after chemiluminescence detection.
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Figure A2. Specificity of primary 3C1 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 200 s manual exposure; B — Amido black

staining after chemiluminescence detection.
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Figure A3. 3F8 antibody (~1:1000) signal dependence on V1aR-GFP load after incubation in
secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 268.826 s rapid autoexposure; B

— Amido black staining after chemiluminescence detection.
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Figure A4. Specificity of primary 3F8 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 90 s manual exposure; B — Amido black

staining after chemiluminescence detection.
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Figure AS5. 4A7 antibody (~1:1000) signal dependence on V1aR-GFP load after incubation in
secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 301.865 s rapid autoexposure; B

B

— Amido black staining after chemiluminescence detection.
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Figure A6. Specificity of primary 4A7 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 150 s manual exposure; B — Amido black

staining after chemiluminescence detection.
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Figure A7. 1A3 antibody (~1:1000) signal dependence on OTR-GFP load after incubation in
secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 471.973 s rapid autoexposure; B

— Amido black staining after chemiluminescence detection.
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Figure AS8. Specificity of primary 1A3 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 120 s manual exposure; B — Amido black

staining after chemiluminescence detection.
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Figure A9. 1C10 antibody (~1:1000) signal dependence on OTR-GFP load after incubation in
secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 189.130 s rapid autoexposure; B

— Amido black staining after chemiluminescence detection.
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Figure A10. Specificity of primary 1C10 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 80 s manual exposure; B — Amido black

staining after chemiluminescence detection.
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Figure A11. 1E4 antibody (~1:1000) signal dependence on OTR-GFP load after incubation in

secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 338.204 s rapid autoexposure; B

— Amido black staining after chemiluminescence detection.
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Figure A12. Specificity of primary 1E4 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 150 s manual exposure; B — Amido black

staining after chemiluminescence detection.
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Figure A13. 1F1 antibody (~1:1000) signal dependence on OTR-GFP load after incubation in
secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 77.773 s rapid autoexposure; B

— Amido black staining after chemiluminescence detection.
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Figure Al4. Specificity of primary 1F1 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 120 s manual exposure; B — Amido black

staining after chemiluminescence detection.
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Figure A15. 4F3-4 antibody (~1:1000) signal dependence on OTR-GFP load after incubation
in secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 145.701 s rapid autoexposure;

B — Amido black staining after chemiluminescence detection.
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Figure A16. Specificity of primary 4F3-4 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 50 s manual exposure; B — Amido black

staining after chemiluminescence detection.
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Figure A17. 4F3-5 antibody (~1:1000) signal dependence on OTR-GFP load after incubation
in secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 40.509 s rapid autoexposure;

B — Amido black staining after chemiluminescence detection.
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Figure A18. Specificity of primary 4F3-5 antibody (~1:1000) after incubation in secondary
DoxRb-HRP antibody (1:10,000) and Clarity Max, 40 s manual exposure; B — Amido black

staining after chemiluminescence detection.
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Figure A19. 1B2 antibody (~1:1000) signal dependence on OTR-GFP load after incubation in

secondary DoxRb-HRP antibody (1:10,000) and Clarity Max, 218.506 s rapid autoexposure; B

— Amido black staining after chemiluminescence detection.
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Figure A20. Specificity of primary 1B2 antibody (~1:1000) after incubation in secondary

DoxRb-HRP antibody (1:10,000) and Clarity Max, 120 s manual exposure; B — Amido black

staining after chemiluminescence detection.
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