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Abstrakt

Kardiovaskuldri nemoci jsou nejéast&jsi piicinou smrti jak na celém svétg, tak v Ceské
republice. Hlavni faktory pfispivajici k rozvoji srde¢nich onemocnéni, kromé véku a pohlavi, jsou
obezita, vysoky krevni tlak a vysoka hladina cholesterolu a triglyceridl v krvi. Spontanné hypertenzni
potkan (SHR) byl vyvinut a pouzivan k vyhledavani genetickych determinant téchto projevt. Tento bézné
pouzivany potkani model rozviji hypertenzi, dyslipidemii a inzulinovou rezistenci diky abnormalnimu
genu translokazy mastnych kyselin Cd36. Pfedchozi studie ukazaly, Ze transgenni oprava Cd36 u kmene
SHR-Tg19 zlepSuje ¢innost beta-adrenergniho systému v srdci, mirné zvySuje srde¢ni hmotnost a vede
ke zvyseni nachylnosti k arytmiim.

Tato prace méla dva hlavni cile:

1) Zjistit, zda a jak transgenni ndhrada Cd36 v SHR ovliviiuje proteinové slozeni,
mitochondrialni funkci a aktivitu vybranych metabolickych enzymu srdce.

2) Studovat expresi a distribuci vybranych slozek beta-adrenergniho signalniho systému v
lipidovych raftech izolovanych pomoci solubilizace membran detergentem TX-100.

Rozhodli jsme se porovnat dva bézné pouzivané proteomické piistupt, 2D elektroforézu
spojenou s MALDI-TOF hmotnostni spektrometrii a tzv. label-free LC-MS. Vysledky neukazaly piekryv
mezi odliSné exprimovanymi proteiny identifikovanymi témito dvéma metodami. Porovnavali jsme
vzorky z obou komor a zjistili, ze ob& metody identifikovaly vice zmén v pravych nez v levych komorach
SHR-Tg19. Tyto zmény se tykaji nékolika enzymu energetického metabolismu a strukturnich a
regulacnich proteint cytoskeletu. Zmény v levych komorach byly pozorovany u metabolickych enzymu
a také u proteinovych produktii pseudogenti, podobnych nékterym OXPHOS enzymiim, coz muze
poukazovat na jejich moznou regulacni roli.

Malat dehydrogenaza je enzymem, ktery podle MALDI-TOF MS mél 6 krat nizsi expresi v LV
u SHR-Tg19. Tento enzym mél také vyznamné nizsi aktivitu ve vzorcich cytoplazmy a v mitochondriich
izolovanych z levych komor SHR-Tg19. Aktivita cytoplazmatické hexokinazy byla také nizsi v z levych
komorach SHR-Tgl9. Rovnéz jsme zjistili snizenou hladinu exprese podjednotky sukcinat
dehydrogenazy SdhB (soucast komplexu II) a 70 kDa peroxisomalniho membranového proteinu v levych
komorach SHR-Tg19. Ackoli respirometricka méfeni neodhalila vyznamné rozdily mezi kmeny, ziskané
vysledky demonstrovaly vy$si miru respirace u mitochondrii izolovanych z levych nez z pravych komor.

Nakonec jsme pievzali a rozpracovali zjednoduSeny postup pro izolaci lipidovych raftd ze
srde¢ni tkang. Pouzitelnost této metodologie byla testovana pomoci proteomického pfistupt. Ziskané
vysledky ukazaly, Ze tato metoda vedla k uspé$né separaci typickych raftovych a neraftovych proteind.
Pouzili jsme tuto metodu pro analyzu distribuce nekolika klicovych komponent beta-adrenergniho
signalniho systému v levé komote srde¢ni u obou potkanich kment. Raftova lokalizace G beta
podjednotky byla vyznamné snizena u SHR-Tg19, coz by mohlo byt spojeno se zvySenim signalizace
cAMP. Celkova exprese konexinu 43 byla vyssi v levych komorach SHR-Tg19, coz je moznou piic¢inou
zvySené arytmogeneze pozorované u téchto zvifat. Také jsme nalezli zvySenou expresi ERKI1 a
fosforylaci RhoA, jejichz funkce muze byt spojena s hypertrofickymi projevy v srdci u star§ich SHR-
Tgl9. Konexin 43, ERK1 a RhoA jsou povazovany za efektory signalizacni sit¢ cAMP, coz poukazuje
na jeji Siroky vliv na funkci srdce.



Abstract

Cardiovascular diseases account for the majority of deaths both worldwide and in the Czech
Republic. Main factors contributing heart disease development, aside age and sex, are obesity, high blood
pressure and high blood cholesterol and triglyceride levels. Spontaneously hypertensive rat (SHR) was
developed and used for search of genetic determinants of these traits. This commonly used rat model
develops hypertension, dyslipidemia, and insulin resistance naturally which is caused by aberrant Cd36
fatty acid translocase gene. Previous studies have shown that rescue of Cd36 performed in the transgenic
SHR-Tg19 strain enhances cardiac beta-adrenergic system, slightly increases heart mass and leads to
higher susceptibility to arrhythmias.

The present thesis had two main aims:

1) To investigate whether and how a transgenic rescue of Cd36 in SHR affects protein
composition, mitochondrial function and activity of selected metabolic enzymes of the heart.

2) To study the expression and distribution of selected components of beta-adrenergic signaling
system in lipid raft isolated form membranes using the TX-100 detergent.

We set to compare two commonly used proteomic approaches, 2D electrophoresis with MALDI-
TOF mass spectrometry and label-free LC-MS. The results did not reveal any overlap between differently
expressed proteins identified by these two methods. We also compared samples from both ventricles and
found that both MALDI and LC-MS identified more changes in the RV of SHR-Tgl9 than in the LV.
These changes included several energy metabolism enzymes and cytoskeletal, structural and regulatory
proteins. Changes in the LV included metabolic enzymes and, interestingly, translated products of
pseudogenes similar to some OXPHOS enzymes, implicating their regulatory role.

Malate dehydrogenase, the enzyme that according to MALDI-TOF MS underwent a 6-fold
downregulation in the LV of SHR-Tgl9, had significantly lower activity in both cytoplasm and
mitochondria samples of the LV from SHR-Tg19, as determined using an enzymatic assay. Activity of
cytoplasmic hexokinase was also lower in the LV of SHR-Tgl19. We also detected downregulated
expression of the succinate dehydrogenase subunit SdhB (complex II) and 70 kDa peroxisomal
membrane protein in the LV of SHR-Tgl9. Although respirometric measurements did not reveal
significant differences between the strains, our data demonstrated higher respiration rate of mitochondria
isolated from the LV compared to RV.

We also adopted and elaborated a simplified method for lipid raft isolation from cardiac tissue.
Feasibility of this methodology was tested by using a proteomic approach. The obtained results indicated
that the method led to successful separation of typical raft and non-raft proteins. We used this method to
analyze the distribution of several key components of beta-adrenergic signaling system in the LV of both
rat strains. Expression of G protein beta subunit was lower in the raft fraction which could be linked to
the enhanced cAMP signaling. Additionally, we found higher expression of connexin 43, which could be
linked to increased arrhythmogenesis seen in SHR-Tgl9, and higher expression of ERKI1 and
phosphorylation of RhoA, which may lead to an increase of heart mass observed in older SHR-Tg19.
Connexin 43, ERK1 and RhoA are considered effectors of cAMP signaling network, thus showing its
broad impact on heart function.
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CESKA CAST
1 UVOD

Podle Svétové zdravotnické organizace ma 17 milion imrti roéné (tfetina vSech) diivodem
kardiovaskularni onemocnéni, ptiblizné 50 % z nich je disledkem komplikaci hypertenze. Hypertenze a
rizikové faktory jako centralni obezita, inzulinova rezistence a dyslipidémie jsou seskupeny do
metabolického syndromu. Umrtnost na kardiovaskuldrmi onemocnéni je u pacientii s timto syndromem
zvyS$ena tfikrat (Isomaa a kol., 2001).

Spontanné hypertenzni potkan (SHR) je Siroce studovany geneticky model vhodny pro vyzkum
polygenni hypertenze (Okamoto a Aoki, 1963). Kromé hypertenze vykazuje SHR zvySené hladiny lipidi
v plazmé, inzulinovou rezistenci, defektni pisobeni katecholaminu a vy$§i pomér glukozy k oxidaci
mastnych kyselin (FA) ve srovnani s normotenznimi potkany (Christe a Rodgers, 1994, Iritani a kol.,
1977, Rao a kol., 1993; Reaven a kol., 1989). Analyza genovych vazebnych skupin vedla k identifikaci
mutovaného genu Cd36 jako determinanty téchto ptiznaku (Aitman a kol., 1999). Byl vytvofen
transgenni kmen SHR-Tgl19 zavedenim divokého typu Cd36 do genomu SHR. Toto mélo za nasledek
zmirnéni vysky krevniho tlaku, inzulinové rezistence a hyperlipidémie (Pravenec a kol., 2001). SHR-
Tgl9 také vykazuje vyrazné zvysSeni frekvence ventrikularnich arytmii (Neckar a kol., 2012) a zlepSené
funkce nékolika slozek B-adrenergniho signalizacniho systému, vetné vyssi exprese B2-adrenergnich
receptort (B2AR) na membrané a aktivity adenylylcyklazy (AC), ale také mirn€ vyssi srde¢ni hmotnost
v porovnani s SHR (Klevstig a kol., 2013).

Samotny Cd36 je transmembranovy multifunkéni protein, ktery patii do rodiny
scavengerovych® receptorti. Je schopen vazat mnoho ligandtl véetné trombospondinu-1, PfEMPI na
erytrocytech infikovanych P. falciparum a oxidovaného LDL (PrabhuDas a kol., 2017). U bunék
citlivych na inzulin Cd36 usnadiuje az 80 % intracelularniho transportu FA (Abumrad a kol., 1993).
Bylo prokazano, ze Cd36 vaze FA, které pak prochazeji tunelem uvnitf proteinu a vkladaji se do vné&jsi
vrstvy plazmatické membrany (Hsieh a kol., 2016). Uvnitt buitky FA ovliviiuji regulaci metabolismu
pies aktivaci PPAR receptori (Drover a Abumrad, 2005). Cd36 je schopen intercelulari signalizace
prostiednictvim aktivace kinaz fyn a lyn, které reguluji funkci AMPK (Samovski a kol., 2015). Studie
Cd36 v kosternim svalu ukazala jeho roli ve preferenci metabolického substratu (McFarlan a kol., 2012),
ktera je zasadni pro bézné fungujici srdce. Chronické zvysené spoléhani na glykolyzu je skodlivé a vede
k srde¢nimu selhani.



2 CILE

Chtéli jsme zjistit, jaké zmény muze vyvolat transgenni exprese Cd36 u SHR potkant v
proteinovém slozeni srdecnich komor, ale v metabolické aktivité a distribuci vybranych signalnich
proteind. Byly stanoveny nasledujici cile:

1. Zkoumani vlivu exprese Cd36 u SHR na proteinové slozeni levé a pravé komory srde¢ni
pomoci kombinace ,,top-down “ a ,,bottom-up* proteomickych piistupt.

2. Hodnoceni aktivity a exprese metabolickych enzyml a méfeni respirace mitochondrii
izolovanych z levé a pravé komory srdecni SHR a SHR-Tg19.

3. Charakterizace exprese a distribuce v membranovych frakcich vybranych slozek B-
adrenergniho signalniho systému a konexinu 43.

3 MATERIAL A METODIKA

Pokusna zvifata: Byli pouziti dospéli samci potkant ve véku 4 mésict (250-270 g) ze dvou
kmenti, SHR a SHR-Tg19. Druhy kmen nese divoky typ genu Cd36 (Pravenec a kol., 2001).

Priprava vzorki: Srdce byla rychle vyjmuta a po oddéleni komor a septa zvazena. Pro ptipravu
PNS byla rozsttihana tkain homogenizovana. Po centrifugaci homogenatu byl odebran supernatant a pelet
resuspendovan. Pak byl pelet homogenizovan a znovu centrifugovan, poté byly oba supernatanty spojeny
dohromady. Frakce PM byla izolovana z PNS za pouziti 18 % Percolu. Vzorky byly centrifugovany pfi
26000 ot. za min po dobu 15 minut (rotor Beckman 50.2 Ti). Frakce PM byla izolovana pomoci druhé
centrifugace. Pro testy respirometrie a enzymovych aktivit byly izolovany vzorky subsarkolemalni
mitochondridlni populace z intaktnich potkanich srdci. Tkan byla nakrajena, homogenizovana a
centrifugovana, vysledny supernatant byl zfiltrovan pfes nylonovou sitku o velikosti 56 pm a potom
znovu centrifugovan pii 8000 x g po dobu 10 minut. Pelet byl resuspendovan a pouzit ve stejny den.
Zbytky vzorkl byly pouzity pro enzymatické testy. Pro izolaci lipidovych mikrodomén byly vzorky PM
oSetieny 1 % detergentem Triton X-100 po dobu 1 h na ledu. Vzorky byly centrifugovany (128000 x g,
1 hodinu, 4 ° C) ve stolni ultracentrifuze Beckman.

SDS-PAGE a western blotting: Vzorky byly denaturovany a separovany pomoci SDS-PAGE
na 10-15 % polyakrylamidovych separacnich gelech. Nasledné proteiny byly elektrotransferem
preneseny z gelii na nitrocelulé6zovou membranu. Membrany byly blokovany odstfedénym mlékem a
nasledn¢ inkubovany se vhodnymi primarnimi a sekundarnimi protilatkami.

Dvourozmérna elektroforéza: Vzorky PNS byly vysrazené, opracované a nanesené na
prouzky Immobiline DryStrips (linearni pH gradient 3-11 NL, 13 c¢m) pro izoelektrické zaostieni. Poté
byly proteiny rozdéleny pomoci SDS-PAGE.

MALDI-TOF MS/MS: Gely byly barvené koloidnim CBB a kvantifikovany v PDQuest
software (Bio-Rad). Jednotlivé skvrny nabarvené CBB byly vyfiznuté, $t€pené pomoci trypsinu a
prenesené na MALDI-TOF analyzator (Applied Biosystems / MDS Sciex).

LC-MS: Vzorky prosly zpracovanim vcetné jejich trypsinizace. Jednotlivé peptidy byly
separované za pouziti vysoce vykonné kapalinové chromatografie. lonty plynné faze byly analyzované



na hmotnostnim spektrometru Orbitrap Fusion (Thermo). Vysledky byly analyzované pomoci softwaru
MaxQuant.

Respirometrie: Izolované mitochondrie byly vlozeny do komor respirometru Oxygraph-2k
(Oroboros) pfi RT s mitochondridlnim respira¢nim médiem MiR05. Polarograficky signal byl
zaznamenan a zpracovan pomoci softwaru DatLab 5 (Oroboros).

Spektrofotometrické analyzy: Enzymova aktivita (MDH, HK, CS, NCOR, SCOR) byla
hodnocena spektrofotometrem Shimadzu UV1601 a 96-jamkovym desti¢kovym Synergy HT (BioTek).

Imunofluorescenéni zobrazovani: Srdce byla fixovana pomoci perfuze 4 % PFA. Rezy o
tloustce 12 pm byly pfipraveny v kryostatu Leica CM1850. Po blokovani oslim sérem a
nekonjugovanymi sekundarnimi protilatkami byly fezy inkubované se vhodnymi primarnimi a
sekundarnimi protilatkami. Obrazy byly snimany pomoci systému Olympus Cell"R a zpracovany pomoci
aplikace Huygens Software a FIJL.

Statisticka analyza: VSechny vysledky byly vyjadieny jako pramér + stfedni chyba praméru.
Statistickd vyznamnost porovnavani rozdili v normalné¢ distribuovanych proménnych mezi skupinami
byla ur¢ena Studentovym t-testem nebo dvoucestnou ANOVA a naslednym post-hoc testem Bonferroni.
P < 0.05 byly povazovany za statistické vyznamné.

4 VYSLEDKY A DISKUZE

Transgenni exprese Cd36 indukovala vice proteinovych zmén v pravé nez v levé komoie SHR

Celkové 2D gely obsahovaly 411 proteinovych skvirn ve vzorcich LV a 357 u RV. Byly
identifikovany 3 zmény proteini v LV a 8 vRvu SHR-Tgl9 pomoci MALDI-TOF MS. Vysledky
ziskané pomoci LS-MS ukazaly 7 zmén proteini v LV a 10 v RV u SHR-Tg19. Vétsina pozorovanych
zmén byl pokles, pouze proteasomalni podjednotka o typu 1 (12.4 krat) a akonitaza (12.2 krat) byly
zvysené. Tyto zmény lze povazovat za protektivni. Akonitaza je enzym iniciujici Krebstiv cyklus, jeji
vysoka exprese je dulezita pro spravnou funkci mitochondrii (Matasova a Popova, 2008).

Vice neZ polovina identifikovanych zmén proteinii v SHR-Tg19 jsou enzymy energetického
metabolismu

Mnozstvi proteini zodpovédnych za energeticky metabolismus bylo 7z 10vLV a6z 18 vRV,
véetné MDH, SDHA, ALDH, G3PDH, LCAD a DLAT. Kromé¢ MDH a G3PDH jsou vSechny tyto
proteiny mitochondrilni. Vétsina proteinti v RV byla snizena 2 az 3 krat, kromé& ALDH (|4 krat). Pokles
ALDH u SHR-Tg19 mtize byt spojen s niz§im obsahem TG v srdci. Studie ukazuji, ze exprese ALDH
mize byt potlacena aktivitou PKA, ktera je zvySena u SHR-Tg19 v disledku zvysené signalizace $2-AR
(You a kol., 2002). G3PDH je klicovy glykolyticky enzym a DLAT zprostiedkovava vstup pyruvatu do
Krebsova cyklu. Jejich snizeni mtize byt znamenim posunu smérem k B-oxidaci, ktera je dostatecné
energeticky pfijatelna. Navic GAPDH ma pro-apoptotickou funkei zprostiedkovanou permeabilizaci
mitochondrialni membrany, takze niz$i hladiny tohoto enzymu mohou indukovat kardioprotekei u SHR -
Tgl9 (Tarze a kol., 2007). Na druhou stranu, downregulace SDHA je $kodliva v kontextu srde¢nich
onemocnéni (Chouchani a kol., 2014).

Pét proteint z téch, které byly identifikovany pomoci LC-MS v LV, jsou produkty pseudogend.
BLAST algoritmus potvrdil jejich podobnost s kratkymi oblastmi ribozomdlniho proteinii S20 a



podjednotek 3 a 4 subkomplexu NADH dehydrogendzy 1f. Tyto podjednotky jsou casti
mitochondridlniho komplexu I a jsou nezbytné pro jeho sestaveni (Calvo a kol., 2012). Studie naznacuyji,
Ze translatované pseudogeny mohou regulovat expresi jejich piibuznych proteint (Poliseno a kol., 2010).

V RV jsme také pozorovali downregulaci néckterych proteinii souvisejicich s tvorbou
cytoskeletu, a to bud’ strukturni (tubulin beta 1, |2,5 krat; tubulin beta 6, |2,5 krat) nebo regulacni
(BMP10, |2,4 krat; Septin-11, |3,3 krat). MEK1, kindza MAPK drahy, byla také snizena v RV SHR-
Tgl9 (|2 krat), stejn¢ jako PKla (]2,5 krat), coz je inhibitor aktivity PKA. Toto posledni snizeni miize
souviset se zvySenou B-adrenergni signalizaci u SHR-Tg19. Identifikované proteiny jsou uvedeny v
tabulkach 3 az 8 v disertacni prace.

Méieni enzymatické aktivity MDH potvrdilo proteomické vysledky

Exprese cytoplazmatické malat dehydrogenazy byla nizsi jak u LV (6,2 krat), tak u RV (2,7
krat) SHR-Tg19. Vyuzili jsme spektrofotometrické stanoveni, které prokazalo vyznamné snizeni jeji
aktivity (asi 0 20 %) v izolovanych mitochondriich jak z LV, tak zZRV az PNS z LV SHR-Tg19. Aktivita
HK byla také nizsi (asi 0 30 %), ale pouze u PNS z LV, nikoliv v mitochondriich. Aktivity komplexu CS
a NCOR nebyly zménény u SHR-Tg19. Namérena aktivita komplexu SCOR byla nizkd ve srovnani s
NCOR, ale byla vyssi u LV SHR-Tg19 ve srovnani s SHR o pfiblizné 40%. To bylo také vyznamné vyssi
v RV obou kmeni nez v LV (Obr. 1).

Nadmeérna NADH produkovana glykolyzou v hypertrofovaném SHR srdci byla prokazana
oxidaci MDH (Atlante a kol., 2006; Nielsen a kol., 2011). Déle jsme pozorovali vyznamné snizenou
aktivitu HK (o pfiblizné 30 %) ve vzorcich z LV SHR-Tg19 ve srovnani s SHR, coz naznacuje potlaceni
glykolyzy v transgennim kmeni.

Daéle jsme zaznamenali vyznamné snizeni exprese 70-kDa peroxisomalniho membranové
proteinu PMP70 (o 40 %) v LV SHR-Tg19 (Obr. 2). Absence zmén v expresi katalazy naznacuje, ze
celkové mnozstvi peroxizomu zistalo stejné. Vzhledem k tomu, ze PMP70 se tGi¢astni transportu molekul
LCFA-CoA pfes peroxisomalni membranu, lze spekulovat, Ze u zvitat s deficienci Cd36 je peroxisomalni
oxidace vyrazngjsi.

Nebyly zaznamenany Zadné vyznamné zmény respira¢ni rychlosti subsarcolemalnich mitochondrii
izolovanych z SHR-Tg19 ve srovnani s SHR

Rychlost mitochondrialni oxidace se liSila pouze mezi komorami. Rozdil miry vyuziti O, byl
téméf dvojnasobny pro komplex I a 30 % pro komplex II. Tento vysledek kontrastuje s pfedchozimi
pozorovanimi (Neckar a kol., 2012), které ukazala o 20 % vyS$8i miru respirace v homogenatu ze srde¢ni
tkané¢ SHR-Tg19 v porovnani s SHR. Podobny nesoulad mezi vlastnostmi izolovanych mitochondrii a
srdecnich vldken byl pozorovan v publikaci Jillig a kol. (2008). V této studii mély mitochondrie
izolované z SHR a WKY potkantl stejné respiracni aktivity, ale srdecni vlakna z WKY byla aktivnéjsi.
Campbell a kol. (2004) popisuji lokalizace Cd36 na mitochondrialni membrané. Detekovali jsme expresi
Cd36 v mitochondrialnich frakcich pfipravenych z LV obou kmenti potkanti, ale v mnozstvi niz§im nez
v PM (Obr. 3). Jiné studie neukazaly zadny vliv pfitomnosti mitochondrialniho Cd36 na p-oxidaci (King
a kol., 2007), coz je v souladu s nasimi vysledky.
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Obr. 2. Exprese proteinti PMP70 a katalazy ve vzorcich PNS izolovanych ze LV a RV obou kment. * -
P <0,05.

Fig. 2. Expression of PMP70 and catalase in samples of LV and RV PNS isolated from SHR and SHR-
Tgl9. * - P <0,05.
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Obr. 3. Representativni imunoblot ukazujici expresi Cd36 ve vzorcich PM a mitochondrii izolovanych
ze srdei SHR a SHR-Tg19.

Fig. 3. Representative immunoblot showing the expression of Cd36 in samples of PM and mitochondria
from heart of SHR and SHR-Tg19.

™
P SHR SHR-Tg19 Obr. 4. Distribuce typickych markért
SHR Ts;:!; S sol. Sol  Insol. lipidovych raftd ve vzorcich plazmatickych
. membran a membran izolovanych pomoci

y ¢ \ ¥ o solubilizace detergentem TX-100. Vzorky
Oo \ . . pochazeji z levé srde¢ni komory SHR a

SHR-Tg19.
47\Da b o D s W | Fotd
Fig. 4. Distribution of typical lipid raft

2e | S 8D - - caeq  Markers in PM and TX-100 solubilized
membrane fractions. Samples were prepared

from the LV of SHR and SHR-Tgl19.

ST — cava
o (@ - | ™
™00
') SHR SHR-Tg19
sHr SHR  soi  insdl. Sol. Insol.
Tgie
s D@ e» | =

ukn.P - |

Obr. 5. Distribuce p-adrenergnich receptorti ve vzorcich plazmatickych membran a membran
izolovanych pomoci solubilizace detergentem TX-100 z levych komor srdci potkanti SHR a SHR-
Tgl9.

Fig. 5. Distribution of B-AR in PM and TX-100 solubilized fractions from the LV of SHR and SHR-
Tgl9.
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Zjednodu$ena metoda pro piipravu membranovych frakei

Pfevzali jsme rychly a u¢inny zptisob detergentem zprostfedkované izolace lipidovych rafti
(Rubin a Ismail-Beigi, 2003). Kvalita separace byla testovana pomoci Western blottingu stanovenim
exprese hlavnich markérd raftovych a neraftovych membran, z nichz vétSina byla distribuovana v
ptislusnych frakcich véetné Cav-1, GM1 a TfR (Obr. 4).

Pro zjisténi proteinového slozeni frakcionovanych membran jsme pouzili label-free LC-MS. V
obou oddélenych frakcich bylo identifikovano celkem 1676 proteini. Vybrali jsme pouze ty, které
vykazaly minimalné dvojnasobnou zménu mezi vzorky membranovych frakci. Pomoci webové databaze
DAVID Bioinformatics Resources jsme utfidili tyto proteiny do funkéné-lokalizaénich skupin.

Bylo zjisténo, ze osmdesat jedna bilkovin je obohaceno ve frakci membran rezistentnich viici
detergenti (DRM). Pét z nich (Cav-1, Flot-1, Cx43 a dv¢ isoformy kavinu) patii do frakce lipidovych
raftd. Dvacet Sest proteint identifikovanych ve frakci DRM bylo cytoskeletalnich. Je znamo, Ze lipidové
rafty a kaveoly jsou asociované se mnohymi cytoskeletalnimi proteiny v kardiomyocytech (Head a kol.,
2014). Frakce DRM také obsahovala mnoho kontraktilnich a ECM proteinl, které maji znamou
kolokalizaci s proteiny cilenymi do rafti. Vzhledem k tomu pfedpokladame, ze frakce DRM skute¢né
obsahuje lipidové rafty a jejich integralni proteiny.

Druha skupina obsahovala 97 proteinti identifikovanych v DSM. Tato skupina byla vice rozsahla
a nemohli jsme vSechny tyto proteiny definitivné kategorizovat. Nejvétsi kategorie obsahuje proteiny
ucastnici se energetického metabolismu. Frakce DSM obsahuje také proteiny, které jsou citlivé na vysoky
obsah cholesterolu, a proto jsou funkéni mimo membrany raftd. Ty zahrnuji Na*/K*-ATPazu (Sutherland
a kol., 1988) a ¢tyfi ¢leny GTPazové rodiny Rab (Chen a kol., 2008), které byly identifikovany v DSM.

Lokalizace G proteinové podjednotky p je potlatena v DRM z SHR-Tg19

S pouzitim Western blottingu jsme nezjistili zadné vyznamné rozdily v lokalizaci f-
adrenergnich receptorti mezi kmeny. B1-AR byl nalezen pouze ve frakci DSM, zatimco f2-AR pouze v
DRM u obou kmenii (Obr. 5). Existuji dikazy ko-lokalizace f2-AR s lipidovymi rafty, které tento typ
receptoru opousti po své aktivaci (Allen a kol., 2005).

Pomoci imunofluorescencniho zobrazeni jsme nezjistili témét zadnou ko-lokalizaci mezi Cav-3
a B2-AR. Tento vysledek je v souladu s pozorovanym rozdilem v distribuci Cav-3 a B2-AR ve
frakcionovanych membranach. Nicméné to je v rozporu s bézné uvadénou asociaci 2-AR s kaveolami
tvofenymi Cav-3 v kardiomyocytech (Ostrom a Insel, 2004). Moznym vysvétlenim této nesrovnalosti by
mohlo byt to, Ze pouzité protilatky proti 2-AR se nemohou navazat na receptory lokalizované uvniti
kaveol.

Komponenty B-adrenergni signalizace jako Ga a AC se lokalizuji v lipidovych raftech zpisobem
zavislym na cholesterolu (Pontier a kol., 2008). Toto potvrzuji vysledky distribuce proteinu Ga, ktery
byl pozorovan v DRM frakci v obou kmenech. Na druhou stranu vétsinu exprese Gf podjednotky jsme
pozorovali ve frakci DSM (Obr. 6). Nékteré studie ukézaly, Ze ve srovnani s Ga ma Gf slabsi asociaci s
kaveolarnimi mikrodoménami (Oh and Schnitzer, 2001). Komplexy Gy maji vyznamné inhibi¢ni u¢inky
na GPCR signalizaci (Pitcher a kol., 1992, Tang a Gilman, 1991). SniZeni poctu GB asociovnych s rafty
muze proto byt v souladu s pfedchozim pozorovanym zvySenim aktivity AC a fosforylace PKA u SHR-
Tgl9 (Klevstig a kol., 2013).



Srdce SHR-Tg19 vykazuje vyssi expresi konexinu 43, vyssi expresi ERK1 a fosforylaci RhoA

Ackoli jsme nepozorovali upregulaci exprese proteinu epacl u kmene SHR-Tgl9, miizeme
spekulovat, ze ma zvySenou aktivitu, protoze a) AC aktivita je zvySena u SHR-Tgl9 (cAMP epacl
aktivuje); b) pozorovali jsme pozitivni zmény efektori epacl.

Drivejsi studie prokazaly, ze SHR-Tgl9 ma vyssi citlivost na arytmie, které jsou
predpokladanym duisledkem zvysSené vodivosti srdce (Neckar a kol., 2012). Existuji diikazy, ze jak cAMP
efektory PKA, tak epacl pozitivné ovliviiyji funkci $térbinovych spojii (Somekawa a kol., 2005).
V soucasné studii jsme pozorovali vyznamné zvySeni mnozstvi konexinu 43 v PNS a PM z LV SHR-
Tgl9 (Obr. 7). Nicméné nepodafilo se nam najit vysvétleni vyznamného poklesu mnozstvi Cx43 ve
vzorcich DRM z SHR-Tg19 v porovnani s SHR. Pouzili jsme imunofluorescenéni barveni pro zjistovani
ko-lokalizace Cav-3 a Cx43 ve vzorcich srdci obou kment, ale nenalezli jsme zadné viditelné nebo
kvantifikovatelné rozdily mezi nimi.

U SHR-Tg19 jsme detekovali zvySenou hladinu (o 15 %) fosforilované formy malé GTPazy
RhoA. Signalizace tohoto proteinu je prohypertrofickd a modulovana fosforylaci na Serl88, ktera
indukuje jeho translokaci do cytosolu a chrani RhoA pied degradaci (Lang a kol., 1996).

Nakonec jsme zjistili, ze exprese ERK1 byla vyznamné vyssi v LV z SHR-Tg19. Nekteré studie
ukazuji, ze aktivita MEK1 vede ke zvySeni tloustky srde¢ni stény a exprese ERK1 (Lips a kol., 2004).
Navic bylo prokazano, ze aktivace epacl pomoci cAMP vede k pozitivni regulaci ERK zprostfedkované
MEKI1 (Enserink a kol., 2002). Proliferacni u¢inek signalizace cAMP prostfednictvim ucinkti RhoA a
epacl by proto mohl vysvétlit maly, ale vyznamny nariist poméru hmotnosti srdce k hmotnosti téla
pozorovany u SHR-Tg19 v predchozich studiich (Klevstig a kol., 2013).

5 ZAVER

Souhrnné lze fici, naSe vysledky podporuji predpoklad, ze fungovani Cd36 je zakladem
flexibility kardialniho metabolického substratu a poukazuji na ptispévek této translokazy k preferenci
substratu v srdci. Pochopeni zmén indukovanych expresi Cd36 u SHR by mohlo pomoci zjistit ucinky
tohoto multifunkéniho proteinu v intracelularni signalizaci kardiomyocytu.

Porovnanim vysledkt ziskanych pomoci ,,bottom-up” and ,,top-down” proteomickych strategii
jsme zjistili, ze tyto metody se navzajem dopliiuji. Oba piistupy ukézaly, Ze transgenni exprese CD36
ovlivnila hladiny exprese proteint silnéji v pravé nez v levé komote. Ziskané vysledky poukazuji na
posun energetického metabolismu a zmény v apoptotické signalizaci, coz mize souviset se zlepSenym
vyuzitim energie zejména v pravé komofe.

Vysledky proteomické analyzy byly podpofeny méfenim aktivit respiracnich enzymu. Tato
méfeni odhalila nizsi aktivitu mitochondrialni malatdehydrogenazy v levé i v pravé komote u SHR-Tg19.
Spolu s nizsi aktivitou cytosolické hexokinazy v levé komote tento vysledek ukazuje ulohu funkéni
exprese Cd36 v metabolické substratové preferenci.

Piedlozena prace se také zabyvala ulohou Cd36 v hypertrofickych a pro-arytmickych
odpovédich zprosttedkovanych B-adrenergnim signalnim systémem. Podafilo se demonstrovat
upregulaci konexinu 43, RhoA a ERK1 v LV z SHR-Tgl9 v porovnani s SHR. Pfedpokladame, ze
snizena asociace G podjednotky a lipidovych rafti by mohla ¢astecné piispét ke zvyseni aktivity AC
pozorované u SHR-Tg19.



ENGLISH PART

1 INTRODUCTION

According to World Health Organization, 17 million deaths a year (one third of the total) are
accounted to cardiovascular disease, around 50% of these are the result of complications of hypertension.
Hypertension, together with such risk factors as central obesity, insulin resistance and dyslipidemia, is
clustered into the metabolic syndrome. Cardiovascular mortality is increased three-fold in subjects with
MetS (Isomaa et al., 2001).

Spontaneous hypertensive rat is a widely studied phenotype-driven genetic model suitable for
the research of polygenic hypertension (Okamoto and Aoki, 1963). Besides hypertension SHR exhibits
elevated levels of lipids in plasma, insulin resistance, defective catecholamine action and higher ratio of
glucose to fatty acids (FA) oxidation compared to normotensive rats (Christe and Rodgers, 1994; Iritani
et al., 1977; Rao, 1993; Reaven et al., 1989). Genetic linkage analysis led to identification of a mutated
Cd36 gene as a determinant for these traits (Aitman et al., 1999). Wild-type Cd36 was introduced to SHR
which resulted in alleviation of high pressure, insulin resistance and hyperlipidemia (Pravenec et al.,
2001). SHR-Tg19 transgenic strain also exhibited a marked increase in ventricular arrhythmias frequency
(Neckaf et al., 2012) and improved function of several components of B-adrenergic signaling system,
including higher membrane expression of f2-adrenergic receptors (B2-AR) and AC activity, but it also
exhibited a slightly higher heart mass compared to SHR (Klevstig et al., 2013).

Cd36 itself is a transmembrane multifunctional protein that belongs to a scavenger receptor
family. It is able to bind many ligands including trombospondin-1, P. falciparum protein PFEMP1 on
infected erythrocytes and oxidized LDL (PrabhuDas et al., 2017). In insulin-responsive cells Cd36 is
facilitating up to 80% of FA uptake (Abumrad et al., 1993). Cd36 was shown to bind FA which then
passes through a tunnel inside the protein and gets inserted into an outer leaflet of plasma membrane
(Hsieh et al., 2016). Once inside the cell, FA influence regulation of metabolism by activating PPAR
receptors (Drover and Abumrad, 2005). Beside this, Cd36 is capable of intercellular signaling via
activation of kinases fyn and lyn which regulate AMPK function (Samovski et al., 2015). A study of
Cd36 in skeletal muscle indeed shows its role in metabolic fuel selection (McFarlan et al., 2012) which
is crucial for normally functioning heart. While initially cardioprotective, increased reliance in glycolysis
is detrimental and leads to heart failure.



2 AIMS

We wondered what changes could bring the restoration of Cd36 expression in SHR to the protein
makeup of cardiac ventricles, to metabolic activity and distribution of selected signaling proteins. Our
aims can be summarized as follows:

4.  Investigation of the effect of Cd36 expression in SHR on a broader protein composition of
left and right ventricles using a combination of top-down and bottom-up proteomic
approaches.

5. Assessment of activity and expression of metabolic enzymes and respirometric evaluation
of mitochondria isolated from the left and right ventricles of SHR and SHR-Tg19.

6.  Characterization of expression and membrane fraction distribution of connexin 43 as well
as selected components of B-adrenergic signaling system.

3 MATERIALS AND METHODS

Animals: Adult male rats around the age of 4 month (250-270 g) from two strains, SHR and
SHR-Tg19 were used. The latter strain harbors the wild type of Cd36 transgene (Pravenec et al., 2001).

Sample preparation: Hearts were rapidly excised, dissected into chambers and septum and
weighted. For the PNS preparation the tissue was dispersed and homogenized. The homogenate was
centrifuged to collect the supernatant and resuspend the pellet. The pellet was then homogenized and
centrifuged again, then the two supernatants were pooled together. PM fraction was isolated from PNS
using 18% Percoll. Samples were centrifuged at 26000 rpm for 15 min (Beckman 50.2 Ti rotor). The PM
fraction was isolated by second centrifugation. For high-resolution respirometry and enzyme activity
assays samples of subsarcolemmal mitochondrial population were isolated from intact rat hearts. Tissue
was minced, homogenized and centrifuged, the resulting supernatant was filtered through a 56 pm nylon
mesh and then centrifuged again at 8000 x g for 10 min. The pellet was resuspended and used for
measurements on the same day. Leftover samples were used in enzymatic assays. To isolate lipid
microdomains samples of PM were treated with 1% Triton X-100 for 1 h on ice. The samples were
centrifuged (128000 x g, 1 h, 4 °C) in Beckman tabletop ultracentrifuge.

SDS-PAGE and western blotting: The samples were denatured and separated by sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) on 10-15% polyacrylamide separating
gels. The resolved proteins were electro-transferred from the gels to nitrocellulose membrane.
Membranes were blocked with skimmed milk, and subsequently incubated with appropriate primary and
secondary antibody.

Two-dimensional electrophoresis: PNS samples were precipitated, processed and loaded into
the Immobiline DryStrips (linear pH gradient 3-11 NL, 13 cm) for the isoelectric focusing. After that the
proteins were resolved using SDS-PAGE.

MALDI-TOF MS/MS: The gels were stained by colloidal CBB and quantified in PDQuest
software (Bio-Rad). Individual CBB-stained spots were excised, digested using trypsin and transferred
onto MALDI-TOF analyzer (Applied Biosystems/MDS Sciex).



LC-MS: The samples underwent processing including their trypsinization. Individual peptides
were separated using high-performance liquid chromatography. Gas-phase ions were analyzed on an
Orbitrap Fusion mass spectrometer (Thermo). The results were analyzed with MaxQuant software.

High-resolution respirometry: Isolated mitochondria were loaded into a respirometer
Oxygraph-2k (Oroboros) at RT with a mitochondrial respiration medium MiRO05. Polarographic signal
was recorded and processed using DatLab 5 software (Oroboros).

Spectrophotometric analyses: Enzyme activities (MDH, HK, CS, NCOR, SCOR) were
assessed using Shimadzu UV1601 spectrophotometer or 96-well plate reader system (Synergy HT,
BioTek).

Immunofluorescence imaging: Hearts were perfusion-fixated using 4% PFA. 12 um thick
sections were prepared in Leica CM1850 cryostat. After blocking using both donkey serum and
unconjugated secondary antibodies, the sections were incubated with appropriate primary and secondary
antibodies. The images were acquired using Olympus Cell*R system and processed using Huygens
Software and FIJI application.

Statistical analysis: All results were expressed as means + SEM. Statistical significance of
comparing differences in normally distributed variables between the groups was determined by either
Student’s t-test or Two-Way ANOVA and a subsequent Bonferroni post-hoc test. P < 0.05 were
considered to be statistically significant.

4 RESULTS AND DISCUSSION

Transgenic Cd36 expression induced more protein changes in the right than in the left ventricles
of SHR

In total, 2D gels contained 411 protein spots in samples from the LV and 357 in the RV. We
identified 3 protein changes in the LV and 8 in the RV of SHR-Tg19 using MALDI-TOF MS. Results
obtained by LS-MS showed 7 proteins in the LV and 10 in the RV of SHR-Tg19. Most of observed
changes were downregulations, only proteasome subunit o type-1 (12.4-fold) and aconitase (12.2-fold)
were upregulated. These changes could be viewed as protective. Aconitase is a TCA cycle initiating
enzyme, its high expression is important for proper mitochondrial function (Matasova and Popova, 2008).

More than a half of the identified altered proteins in SHR-Tg19 are energy metabolism enzymes

The number of proteins responsible for energy metabolism was 7 out of 10 in the LV and 6 out
of 18 in the RV, including MDH, SDHA, ALDH, G3PDH, LCAD and DLAT. All of these except MDH
and G3PDH were mitochondrial proteins. Most of the RV proteins were downregulated 2- to 3-fold
except ALDH (|4-fold). The downregulation of ALDH in SHR-Tg19 may be associated with lower
cardiac TG contents. Research indicates that ALDH expression can be suppressed by PKA activity, which
is elevated in SHR-Tg19 due to enhanced 2-AR signaling (You et al., 2002). G3PDH is a key glycolytic
enzyme and DLAT mediates entry of pyruvate into the TCA cycle. Their downregulation may be a sign
of shift towards more energy-sufficient B-oxidation. Additionally, GAPDH has pro-apoptotic function
mediated via mitochondrial membrane permeabilization, thus lower levels of this enzyme may induce
cardioprotection in SHR-Tg19 (Tarze et al., 2007). On the other hand, downregulation of SDHA is
detrimental in the context of heart disease (Chouchani et al., 2014).
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Five proteins of those identified by LC-MS in the LV were determined to be translated products
of pseudogenes. BLAST algorithm confirmed their similarity to short regions of ribosomal protein S20
and NADH dehydrogenase 1f subcomplex subunits 3 and 4. Two latter proteins are parts of the
mitochondrial Complex I that are necessary for its assembly (Calvo et al., 2012). Studies suggest that
translated pseudogenes may regulate the expression of their cognate proteins (Poliseno et al., 2010).

In the RV we also observed downregulations of some proteins related to cytoskeleton formation,
either structural (tubulin beta 1, |2,5-fold; tubulin beta 6, |2,5-fold) or regulatory (BMP10, |2,4-fold;
Septin-11, |3,3-fold). MEK1, a kinase of MAPK pathway, was also downregulated in the RV of SHR-
Tgl9 ({2-fold) as well as PKla (|2,5-fold) which is a strong suppressor of PKA activity. The latter
finding may be related to enhanced f-adrenergic signaling in SHR-Tg19. The identified proteins are listed
in tables 3-8 of the thesis.

Measurements of MDH enzymatic activity corroborated proteomic results

Expression of cytoplasmic malate dehydrogenase was lower in both LV (]6.2-fold) and RV
(12.7-fold) of SHR-Tg19. We utilized spectrophotometric assay which showed a significant reduction of
its activity (by about 20%) in isolated mitochondria from both LV and RV and in PNS from the LV of
SHR-Tg19. Activity of HK was also lower (by about 30%) but only in the PNS from the LV and not
mitochondria. Activities of CS and NCOR complex were not altered in SHR-Tg19. Measured activity of
SCOR complex was low compared to NCOR, but it was higher in the LV of SHR-Tg19 compared to
SHR by about 40%. It was also significantly higher in the RV of both strains than in the LV (Fig. 1).

The excessive NADH produced in glycolysis in hypertrophied SHR heart was shown to be
oxidized by MDH (Atlante et al., 2006; Nielsen et al., 2011). Furthermore, we observed a significantly
reduced activity of HK (by about 30%) in samples from the LV of SHR-Tgl19 compared to SHR,
indicating suppression of glycolysis in the transgenic strain.

Additionally, we observed a significant downexpression of the 70-kDa peroxisomal membrane
protein PMP70 (by 40%) in the LV of SHR-Tgl9 (Fig. 2). Absence of changes in the expression of
catalase suggests that total number of peroxisomes remains the same. Because PMP70 participates in
transport of LCFA-CoA molecules across the peroxisomal membrane it could be speculated that in Cd36-
deficient animals peroxisomal oxidation becomes more pronounced.

There were no significant alterations in respiratory rates of subsarcolemmal mitochondria isolated
from SHR-Tg19 compared to SHR

Rates of mitochondrial oxidation differed only between the ventricles. The difference was
almost two-fold for complex I and about 30% for complex Il-restricted O, utilization rates. This finding
contrasts previous observations by Neckaf et al. (2012) who observed 20% higher respiratory rates in
cardiac tissue homogenate of SHR-Tgl9. A similar discrepancy between the properties of isolated
mitochondria and skinned heart fibers was observed by Jiillig et al. (2008). In that study mitochondria
isolated from SHR and WKY rats had similar respiratory activities and skinned cardiac fibers were more
active in WKY. Campbell et al. (2004) have reported mitochondrial membrane localization of Cd36.
Indeed, we have detected some Cd36 expression in the mitochondrial fractions prepared from the LV of
both rat strains, albeit in much lower amounts than in the PM (Fig. 3). Other studies did not show any
influence of mitochondrial Cd36 presence on B-oxidation (King et al., 2007). Our current results agree
with this observation.



A simplified method for preparation of membrane fractions

We adopted a fast and efficient method of detergent solubilization described by Rubin and
Ismail-Beigi (2003). The quality of separation was tested using Western blots for major raft and non-raft
markers most of which were distributed in the relevant fractions, including Cav-1, GM1 and TfR (Fig.
4). To elucidate the proteomic composition of TX-100 fractionated membranes we used label-free
LC/MS. There were 1676 proteins identified in both separated fractions. We chose only those that were
expressed 2-fold change between the samples of membrane fractions. By using DAVID Bioinformatics
Resources, we clustered these proteins into functional-localizational groups.

Eighty-one proteins were identified to be enriched in the detergent resistant membrane (DRM)
fraction. Five of them (Cav-1, Flot-1, Cx43 and two isoforms of cavin) belong to lipid raft fraction.
Twenty-six of the proteins identified in the DRM fraction were cytoskeletal. Lipid rafts and caveolae are
indeed known to tether with many cytoskeletal elements in cardiomyocytes (Head et al., 2014). The DRM
fraction also contained many cardiac contractility machinery and ECM proteins which have known
known associations with proteins targeted to rafts. It may be therefore correct to assume that the DRM
fraction indeed contains lipid rafts with their integral proteins.

Second group contains 97 proteins identified in the DSM. As it is more diverse not all of these
proteins could be decisively categorized. The largest category contains proteins participating in energy
metabolism. The DSM fraction also contains proteins that are sensitive to high cholesterol content and
therefore are functional outside of raft membranes. These include Na"/K*-ATPase (Sutherland et al.,
1988) and four GTPase members of the Rab family (Chen et al., 2008) that were identified in DSM.

Localization of G protein subunit f§ is almost diminished in DRM from SHR-Tg19

Using Western blotting we detected no significant differences in the localization of f-adrenergic
receptors between the strains. The f1-AR signal was found only in the DSM fraction, while the 2-AR
signal only in the DRM in both strains (Fig. 5). p2-AR are known to co-localize with lipid rafts and leave
them upon activation (Allen et al., 2005).

Using immunofluorescence imaging we determined almost no co-localization between Cav-3
and P2-AR. This result is consistent with the observed difference in the distribution of Cav-3 and 2-AR
in the fractionated membranes. However, it conflicts with the consensus which suggests f2-AR
association with Cav-3 caveolae in cardiomyocytes (Ostrom and Insel, 2004). A possible explanation for
this discrepancy could be that our antibodies to $2-AR could not bind to those receptors inside the
caveolae.

Some components of P-adrenergic signaling like Ga and AC localize to lipid rafts in a
cholesterol-dependent manner (Pontier et al., 2008). This corroborates our results of the distribution of
Ga,; protein that was predominantly observed in the DRM fraction in both strains. On the other hand, we
observed most of the G subunit expression in the DSM fraction (Fig. 6). Some studies showed that
compared to Ga proteins, G has weaker association with caveolar microdomains (Oh and Schnitzer,
2001). GBy complex have multiple inhibitory effects on GPCR signaling (Pitcher et al., 1992; Tang and
Gilman, 1991). Therefore, the decrease in raft-associated Gf could be in line with our previous
observations of increased AC activity and PKA phosphorylation in SHR-Tg19 (Klevstig et al., 2013).
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Heart of SHR-Tg19 exhibits higher expression of connexin 43 as well as higher expression of ERK1
and phosphorylation of RhoA

Although we failed to observe an upregulation of epacl expression in SHR-Tg19, we suspect it
may increased activity in this strain because a) AC activity upstream of epacl is enhanced in SHR-Tg19;
b) we observed positive changes in epac] effectors.

Previous studies have shown that SHR-Tg19 has a higher susceptibility to arrhythmias which as
we hypothesized might arise from increased conductivity (Neckar et al., 2012). There is evidence that
both cAMP effectors PKA and epacl positively influence gap junction function (Somekawa et al., 2005).
In the present study we observed a significant increase in the amount of connexin 43 in both PNS and
PM from the LV of SHR-Tg19 (Obr. 7). However, we were not able to find explanation to a significant
decrease in Cx43 amount in the DRM samples from SHR-Tg19 other than it was an artefact of the
preparation. In order to elucidate these results, we used immunostaining to inspect co-localization of Cav-
3 and Cx43 in both strains but did not found any visible or quantifiable differences between them.

In SHR-Tg19 we detected a 15% increase in the level of phosphorylated form of small GTPase
RhoA. Signaling of this protein is prohypertrophic and modulated by phosphorylation on Ser188 which
induces its translocation to cytosol and protects RhoA from degradation (Lang et al., 1996).

Finally, we found that the expression of ERK1 was significantly higher in the LV of SHR-Tg19.
Studies show that MEK1 activity leads to increased heart wall thickness and ERK1 expression (Lips et
al., 2004). Additionally, activation of epacl by cAMP was shown to lead to MEK1 mediated regulation
of ERK (Enserink et al., 2002). Proliferative effect of cAMP signaling through RhoA and epacl effects
could therefore explain a small but significant increase in heart to body weight ratio observed in SHR-
Tgl19 in previous studies (Klevstig et al., 2013).

5 CONCLUSIONS

In conclusion, our results support the assumption that Cd36 functioning underlies cardiac
metabolic substrate flexibility and suggest a contribution of this translocase to cardiac substrate selection.
The present findings regarding changes induced by of Cd36 restoration in SHR could help elucidate the
effects of this protein in cardiomyocyte signaling.

We also compared bottom-up and top-down proteomic strategies and found these methods to be
complementary to each other. Both approaches indicated that transgenic expression of CD36 affected
protein levels more strongly in the right than left ventricles. The observed results could be linked to a
shift in energy metabolism and alterations in apoptotic signaling which can lead to improvement of
energy utilization particularly in the right ventricle.

Respiration enzymes activity measurements corroborated our proteomic analysis and revealed
downregulation of mitochondrial malate dehydrogenase activity in both left and right heart ventricles of
SHR-Tg19. Together with lower cytosolic hexokinase activity in the left ventricles this result shows a
role of functional Cd36 expression in metabolic substrate preference.

Current work also elaborated the role of Cd36 in hypertrophic and pro-arrhythmic responses
mediated by p-adrenergic signaling system as it demonstrated upregulation of connexin 43, RhoA and
ERKI1 in SHR-Tg19 compared to SHR. We suggest that diminished association of G subunit with lipid
raft membranes may contribute to enhanced AC activity observed in SHR-Tg19.
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