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SEZNAM POUZITYCH ZKRATEK

ACB - Nucleus accumbens

ACTH - Adrenokortikotropni hormon (Adrenocorticotropic Hormone)

AgRP — Agouti Related Peptide

i APS - Amonium-perchlorosiran

ARC — Nucleus arcuatus

BioCART(61-102) — Biotinem znac¢eny peptid CART(61-102)

BPTI — Hovézi pankreaticky inhibitor trypsinu (Bovine Pancreatic Trypsin Inhibitor)

BSA — Hovézi sérovy albumin (Bovine Serum Albumine)

CART - Cocaine and Amphetamine Regulated Transcript

CNS - Centralni nervova soustava

CREB - Vazebny element cyklického AMP (CREB, Cyclic AMP-Response-Element-

Binding)

CRH - Kortikoliberin (Corticotropin releasing hormone)

DSG — Disukcinimidyl-glutarat

DSS — Disukcinimidyl-suberat

EDTA - Kyselina ethylendiamintetraoctova (Ethylendiamintetraacetic acid)

EGS - Ethylenglykol-bis[sukcinimidylsukcinat]

ERK 1/2 — Extracelular Regulated Kinase 1/2

FBS — Fetalni hovézi sérum (Fetal Bovine Serum)

FluoCART(61-102) — Fluorescenéné znac¢eny peptid CART(61-102)

GABA - y-Aminomaselna kyselina (y-amino butyric acid)

GFP — Zeleny fluorescenéni protein (Green Fluorescent Protein)

GPCR - Receptory sptazené s G proteiny (G Protein Coupled Receptors)

HEPES — N-(2-hydroxyethyl)piperazin-N"-(2-ethansulfonova kyselina)

HPA - Hypotalamo-hypofyzami osa (Hypothalamus-Pituitary-Adrenal Axis)

HPT — Hypotalamo-tyroidalni osa (Hypothalamus-Pituitary-Thyroidal Axis)

ICV — Podani latek do mozkové komory (Intracerebroventricular neboli
intracerebroventrikularni podani)

JNK — c-Jun-N-Terminal Kinase



LHA - Lateralni hypotalamus

LC-MS/MS - Kapalinova chromatografie s tandemovou hmotnostni spektrometrii

MALDI-TOF — Hmotnostni spektrometrie (Matrix Assisted Laser Desorption — Time of

Flight)

MAPK — Mitogen Activated Protein Kinase

MBS — N-hydroxysukcinimid-3-maleimidobenzoat

MDMA - 3,4-Metylendioxy-N-metyl-amfetamin
(3,4-Methylenedioxy-N-Methyl-Amphetamine)

mRNA — Mediétorova ribonukleova kyselina (Messenger Ribonucleotic Acid)

MSG - Glutamat sodny (Monosodium Glutamate)

a-MSH — Hormon stimulujici a-melanocyty (a-Melanocyte Stimulating Hormone)

NGF — Nervovy rustovy faktor (Nerve growth factor)

NMR - Nuklearni magneticka rezonance

NPY — Neuropeptid Y

NTS — Nucleus tractus solitarius

PACAP - Pituitary Adenylate Cyclase Activating Polypeptide

PAGE - Elektroforéza na polyakrylamidovém gelu (Polyacrylamide Gel Electrophoresis)

PC1/2/3 — Prohormon-konvertaza typu 1, 2 nebo 3

PEI - Polyethylenimin

POMC - Pro-opiomelanokortin (Pro-opiomelanocortin)

PVN — Paraventrikulérni jadro

PYY — Peptid YY

RP-HPLC - Vysokouc¢inna kapalinova chromatografie na reverzni fazi

RTK — Receptor tyrosin kindza (Receptor Tyrosine Kinase)

SAM — Sympato-adrenalni osa (Sympathic-Adrenal-Medullary axis)

SDS - Dodecylsulfat sodny

SNP — Polymorfismus jednoho nukleotidu (Single Nucleotide Polymorphism)

TEMED — N,N,N’,N’-tetrametyl-1,2-diaminometan

TRH - Tyroliberin (Thyrotropin Releasing Hormone)

TSAT — Tris-succinimidyl aminotriacetat

TSH — Tyrotropin (Thyrotropin Stimulating Hormone)

Dale jsou uzivany zkratky podle doporué¢eni IUPAC-IUB (53).



1. UVOD

1.1. CART (COCAINE- AND AMPHETAMINE-REGULATED TRANSCRIPT)

1.1.1.Objev transkriptu a peptidu

Skupina védct pod vedenim J. Douglasse objevila v roce 1995 genovy transkript,
jehoZz mnozZstvi bylo u¢inkem kokainu a amfetaminu zvySeno; odtud tedy pochazi i
samotny nazev tohoto produktu cocaine-and amphetamine-regulated trancript (CART) [1].
Ukazalo se, Ze tento genovy transkript kéduje novy protein, jehoZ C-koncova sekvence
odpovida peptidu, ktery byl jiz v roce 1981 izolovan z ovéiho hypotalamu Spiessem a kol.
a jehoz funkce nebyla tehdy znama [2]. V roce 1998 pfipravili Thim a kol. tento novy
hypotalamicky peptid rekombinantné v kvasinkach [3]. Poté Jensen a kol. potvrdili pomoci
kvantitativni polymerazové fetézové reakce expresi CART mRNA v hypotalamu,
v ruznych tumorech odvozenych z Langerhansovych ostrivkii a v Langerhansovych
ostrivcich [4] a pomoci in situ hybridizace a imunocytochemie lokalizovali expresi
peptidu CART také v o-buiikdch pankreatu [4]. Periferni podani leptinu stimulovalo

expresi CART mRNA v nucleu arcuatu hypotalamu u obéznich mysi [5].

1.1.2.Struktura peptidu CART

Lidsky gen pro CART je velky ptiblizné 2,5 kb, je umistén
na chromozomu 5q13-ql4 a obsahuje 3 axony a 2 introny [6]. Gen peptidu CART je
evoluéné konzervovany, coZ ukazuje na jeho podobnou funkci u riznych Zivoc¢isnych
druhi a tedy i velkou dileZitost [6]. Transkripci genu vznikaji dva alternativni produkty
mRNA, které maji odliSnou délku. Prepropeptid CART je tvoifen 129 nebo 116
aminokyselinami [1]. Signalni sekvence ma 27 aminokyselin, vysledny propeptid CART se
pak sklada ze 102 aminokyselin v piipadé dlouhé formy (potkani, mysi) nebo 89 v ptipadé
kratké formy (potkani, mysi, lidsky). Kratky mysi a potkani propeptid se od lidského 1isi
v pozici 42 (lidsky ma valin misto (i%}leucinu), pficemZ C-koncova sekvence je vzdycky
stejna [1]. Struktura peptidu CART\ je znazornéna na obr. 1 na str. 9. Propeptid obsahuje

n€kolik Stépnych mist pro prohormon-konvertdzu typu 2 (PC2), kterd dava vzniknout



dvéma piirozenym biologicky aktivnim fragmentim, CART(55-102/42-89) a CART(62-
102/49-89) [7]. Jak prokazala NMR spektroskopie, CART(55-102) obsahuje kompaktni

jadro stabilizované 3 disulfidickymi miustky s neuspotadanou N-koncovou sekvenci [8].

Obr. 1 Struktura peptidu CART [3]

Cervené  zvyraznéné  aminokyseliny
oznacuji  pocdtek  dvou  biologicky
aktivnich  fragment.  Zelené  jsou
zndzornény cysteiny tvorici disulfidické
mustky. Misto jodace oznacuje tyrosin
v pozici 62, ktery byl pro ucely
kompetitivnich vazebnych experimentu

Jjodovan.

1.1.3. Vyskyt

Peptidy CART se vyskytuji jednak v centralni nervové soustavé (CNS), jednak
v periferii. V CNS jsou pfitomny prakticky ve vSech cCastech mozku, ale v riznych

cvr

koncentracich. CART je jednim z nejhojnéjsich transkriptti v hypotalamu [9] a rovnéz tak
nucleu arcuatu (ARC), v paraventrikularnim jadru (PVN), nucleu accumbens (ACB) a
lateralnim hypotalamu (LHA), jak ukazuje obr. 2 na nasledujici stran€ a v hypofyze [11,
12]. Z perifernich organti se vyskytuji v dreni nadledvin, Langerhansovych ostrivcich

pankreatu a v travicim traktu [11, 12].



zadni mozek

velky mozek

hypotalamus

Obr. 2 Schéma Fezu mozku — nejvétsi exprese CART mRNA v mozku [12]

Ach — nucleus accumbens, Arc — nucleus arcuatus, LH — laterdlni hypotalamus, PVN —
nucleus paraventricularis. Barvou zvyraznéné Ccasti predstavuji oblasti souvisejici
§ pFijmem potravy.

Peptidy CART mohou byt zatfazovany mezi neurotransmitery. Vyskytuji se pouze
v neuronech a jsou lokalizovany spoleéné s dalSimi neurotransmitery, napf. s y-
aminomaselnou kyselinou (GABA) [11]. Navic uvolnéni peptidi CART z hypotalamu
vyvolané draselnymi ionty je zavislé na vapenatych iontech [13].

Peptidy CART jsou fizeny dennim rytmem, kdy jsou jejich hladiny v hypotalamu,

amygdale a v krvi potkanti rano nizké a veCer vysoké [14].

1.1.4. Fyziologické uc¢inky peptidiit CART

Peptidy CART pusobi v celé fadé fyziologickych procest v lidském organizmu a
maji rozdilné fyziologické ucinky v periferii a v CNS [15].

Ucastni se centralni regulace pfijmu potravy (anorexigenni uéinek — snizovani
pfijmu potravy, opak orexigenniho ucinku) a energetického metabolizmu, endokrinni
regulace [16, 17], mohou snizovat bolest nezanétlivého charakteru [18] a ovliviiyji funkci

pankreatu [19].
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Peptidy CART ovliviiuji neuroendokrinni systémy, jako hypotalamo-hypofyzo-
adrendlni osu [20], hypotalamo-hypofyzo-tyroidalni osu [12, 21] a sympato-adrendlni
systém [22].

1.1.4.1 Role peptidu CART v regulaci pfijmu potravy

V poslednich letech se ukazuje jako zvlast' vyznamné hleddni novych mozZnosti
v terapii lidské obezity. Obezita je v soucasné dobé velkou hrozbou ve vyétu zavaznych
onemocnéni na svété s trvale vzestupnym trendem vyskytu. MiZze vyznamné zkratit Zivot a
sama je pak predispozici vzniku dal$ich onemocnéni. Kratce po objevu peptidi CART se
ukazala jejich spojitost s regulaci piijmu potravy, a to na zéklad¢ distribuce peptidi CART
v mozku, zvlasté v hypotalamu (v ARC, LHA, PVN, ACB), ktery je hlavnim centrem
regulace pfiyjmu potravy [10, 20]. Déle byly peptidy CART nalezeny i v perifernich
oblastech souvisejicich s pfijmem potravy [23, 24, 25].

Schéma CNS znazornujici vztah dlouhodobé pusobicich signalii a kratkodobé
pusobicich signall a jejich vliv na pfijem potravy je videt na nasledujici stran€ na obr. 3.

Lambert a kol. [26, 27] ukazal, Ze intracerebroventrikularmi (ICV, podané do
mozkové komory) podani fragmentu peptidu CART(62-76) potkanim sniZuje piijem
potravy a ICV podané protilatky proti témto peptidim zvySuji pfijem potravy u potkant.
Neurony nucleu arcuatu obsahujici peptidy CART byly lokalizovany pobliZ nervovych
zakon¢eni neurond neuropeptidu Y (NPY), ktery je nejznaméj$im stimulatorem piijmu
potravy. Toto zji§téni poukazovalo na vzajemny vztah mezi peptidy CART a NPY. Peptid
CART tlumil orexigenni aktivitu NPY [5]. Krom anorexigennich u¢inki peptidd CART
bylo také pozorovano snizeni CART mRNA v nucleu arcuatu u hladovych zvifat a
periferni podani leptinu obéznim my$im zvySovalo hladiny CART mRNA v nucleu arcuatu
[5]. V modelech mysi obezity s mutaci v genu pro leptin (ob/ob mysi) exprese CART
mRNA téméf vymizela.
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Hypotalamus Zadni mozek

neurony odpovédné za
ukonéeni pfijmu potravy

anabolické
procesy

nervus vagus

ZVYSEN{ NEBO SNiZENi
PRIJMU POTRAVY

kratkodobé pusobici signaly
cholecystokinin
dlouhodobé pusobici signaly zvétieni objemu Zaludku

leptin inzulin ghrelin

Obr. 3 Hypoteticky model CNS zndzorfiujici vitah dlouhodobé pusobicich signdlu a
krdtkodobé pusobicich signdlu a jejich vliv na pFijem potravy, upraveno dle [28].

Neurony orexigennich peptidi NPY a AGRP (agouti-related peptide) a neurony
anorexigennich peptidii pro-opiomelanokortinu (POMC) a CART jsou soucdsti ARC a jsou
to tzv. neurony 1. Fadu. Tyto neurony reaguji na dlouhodobé pusobici signdly z periferie,
tedy leptin, inzulin a ghrelin. Neurony 1. Fadu vysilaji signaly k neuronium 2. Fadu, tedy
napv. k neuronum LHA a neuronum PVN. Nucleus tractus solitarius (NTS) reaguje na
kratkodobé pusobici signaly z periferie, nap¥. na cholecystokinin. Mezi PVN, LHA a NTS
se integruji signaly z periferie a signadly centrdlni a tyto vztahy maji vliv na zvySeni nebo

sniZeni pFijmu potravy.

Model mysi obezity, vyvolané glutamatem sodnym (MSG), je charakteristicky
vznikem 1ézi v nucleu arcuatu v hypotalamu po subkutannim podani glutamatu sodného

novorozenym mysim, coz zpusobi vyraznou obezitu [29]. Poskozeni nucleu arcuatu vede
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ke ztrat¢ produkce peptidi CART, pfi¢emZz po jejich podani exogenné je jejich
anorexigenni aktivita zachovana [30].

Peptidy CART byly také nalezeny ve stfevech [13, 31, 32, 23, 24, 25] a v nervu
vagu [33, 34]. ICV a intracisternalni podani (podani do prostoru mezi mozeckem a
prodlouzenou michou, ktery je vyplnén mozkomi$nim mokem) peptidu CART(55-102)
inhibovalo sekreci Zalude¢nich §t'av a vyprazdnovani zaludku [35].

Nucleus accumbens se povaZuje za jednu z oblasti plisobeni anorexigenni aktivity
peptidi CART, nebot’ krom vysoké koncentrace endogennich peptidi CART 1 jejich
podani do této oblasti mozku potlauje pfijem potravy [27]. Aktivaci receptord pro
serotonin-4 v nucleu accumbens se v této oblasti zvySily i hladiny CART mRNA a byl
potlaten pfijem potravy, zatimco sniZeni hladiny peptidi CART vedlo ke zruseni
anorexigenni aktivity agonisty receptoru pro serotonin-4 [36]. Toto sniZeni hladiny CART
mRNA také snizilo anorexigenni u¢inek 3,4-metylendioxy-N-metyl-amfetaminu (MDMA),
peptidy CART tedy mohou v nucleu accumbens zprostiedkovavat u¢inky MDMA [36].

Po podéani peptidu CART(55-102) do hypotalamu byly v oblastech mozku
souvisejicich s pfijmem potravy zvySeny také hladiny proteinu c-fos, ktery je nepfimym
indikatorem aktivity neuronti v mozku [37]. Chronické (10denni) ICV podani peptida
CART snizovalo pfijem potravy u §tihlych i obéznich potkant [38]. I pfes vySe zminéné
ucinky peptidi CART mély v8ak napf. mysi s vyfazenym genem pro CART normalni
té¢lesnou hmotnost a pfijem potravy, ale byly vice nachylné k obezité po vysokotuc¢né dieté
neZ mysi bez tohoto defektu [39].

Vztah peptidi CART k pfijmu potravy lze pozorovat i z jejich vztahu k jinym
peptidim a hormontim ovliviiujici ptijem potravy. Peptidy CART jsou v potkanim nucleu
arcuatu také spole¢n¢ lokalizovany s hormonem stimulujicim a-melanocyty (a-MSH) [40,
41], coz je znamy inhibitor piijjmu potravy. Receptory pro leptin byly nalezeny
v neuronech nucleu arcuatu, které produkuji peptidy CART, a to miZe znamenat, Ze
peptidy CART mohou zprostfedkovévat v hypotalamu t¢inek leptinu [42].

Dalsim dikazem je 1 vztah peptidi CART sendokanabinoidy [43].
Endokanabinoidy jsou orexigennimi latkami a inhibuji anorexigenni aktivitu peptidl, mezi
které fadime 1 peptidy CART. Spojeni peptidi CART s endokanabionidy potvrzuje i fakt,
Ze byla nalezena spole¢na lokalizace téchto peptidi s kanabinoidnim receptorem CBI.
Endokanabinoid anandamid zvySuje pfijem potravy aktivaci receptoru CBI1, zatimco

antagonista receptoru CB1 inhibuje pfijem potravy. Pisobeni agonisty receptoru CB1 u
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mysi zvySuje hladiny peptidd CART v nucleu accumbens, ale antiobezitni 1ék rimonabant,
jenZ je antagonistou CB1 receptoru, nema na mysi s vyfazenym genem pro CART Zadny
ucinek [43, 44]. Peptidy CART tedy mohou mit vliv na orexigenni aktivitu anandamidu
[44].

Ucinky peptidi CART jsou pozorovany i u lidi. Clenové italské rodiny s mutaci
v genu pro CART trpéli vysokym stupném obezity [45]. U jiné studie provedené s vice jak
500 lidmi se zjistilo, Ze 5" oblast genu pro CART je vysoce polymorfni a tento
polymorfismus muizZe souviset s obezitou [46]. Dalsi studie se tykala vysoce obéznich
jedincli, u kterych se identifikoval polymorfismus v jednom nukleotidu (SNP, single
nucleotide polymorphism) v genu pro CART, ktery muze byt genetickou predispozici
k obezité [47].

Ukazuje se tedy, Ze peptidy CART pisobi jako anorexigenni latky, ackoliv nejsou
dosud znama vsechna mista jeho ptisobeni a neni dosud zatim zcela objasnén mechanizmus
tohoto plisobeni. Z literatury je ztejmé, Ze takovychto mist a mechanizmii muze byt vice.
Velkou nevyhodou je vsak to, Ze dosud neni zndm receptor/receptory pro peptidy CART
[48]. Peptidy CART mohou pomoci k pochopeni dal§ich mechanizmi vedoucich k obezité
a mohou byt také nadgji v jeji terapii jako potencialni antiobezitni 1€k [49], i kdyZ se na
regulaci pfijmu potravy podili fada dal$ich faktort, které je tfeba brat v potaz, nebot’

regulaci pfijmu potravy ovliviiuje fada dalSich neurotransmiterti a hormonti [48].

1.1.4.2 Peptidy CART a jejich vliv na vnimani bolesti

V souvislosti s distribuci CART mRNA v 8edé kufe mozkové, v locus coeruleus
mozkového kmene, v nucleus raphis dorsalis a v miSe se uvaZuje o jejich roli v regulaci
bolesti [10]. V jednotlivych dil¢ich testech se zkoumal jejich vliv na bolestivost, zda jsou
antihyperalgenni (dokaZzi potlacit zvySujici se bolestivy stimul) ¢i antiallodynni (potlaci
Zjistilo se, Ze peptidy CART zmirtuji hyperalgesii a allodynii u zvifat s neuropatickou
bolesti, to je s blize nespecifikovanym onemocnénim nervii [18]. Nemaji vSak velky vliv
na bolesti zanétlivého charakteru. Mechanizmy tohoto plsobeni vSak nejsou zatim zcela

znamy a je to pfedev§im dano tim, Ze neni znam receptor/receptory pro CART.
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1.1.4.3 Drogova zavislost a zneuZivani drog jako dal3i oblast pusobeni peptidd CART

Expresi CART mRNA lze detekovat v oblastech ventral tegmentum mezencefalonu
a nucleus accumbens, tedy v oblasti mozku, ktera poukazuje na moZnou roli téchto peptidi
pti drogové zavislosti a zneuZivani drog. CART byl plivodné objeven jako mRNA, ktera
byla zvySena po podani kokainu a amfetaminu [1], v pozd¢;jsich studiich se to vSak ne
zcela podafilo zopakovat. SpiSe se jevi, Ze exprese téchto peptidi je zvySena po
dlouhodobém podani téchto latek nez akutnim [48]. Nicméné fada farmakologickych
experimentll a pokusu tykajicich se socialni interakce a chovani oznacuje peptidy CART
jako peptidy, které jsou schopny ovliviiovat u¢inek psychostimulantli [SO]. Potvrzuje to i
studie s obétmi drogové zavislymi na kokainu, které mély vyznamné zvySené hladiny
CART mRNA [51,52]. Jako dalsi diikazy miZeme zminit i spole¢nou lokalizaci neuronti
pro CART s neurony dal$ich neurotransmitert, jako dopaminu, GABA a glutamatu. Dale
peptidy CART reguluji mezokortikolimbicky dopaminergni systém a mohou tak
ovliviiovat reakci a odpovéd’ na plisobeni psychostimulantii [52], navic byly na neuronech
obsahujicich peptidy CART také nalezeny receptory pro dopamin [53, 54]. Exprese genu
pro CART je také regulovana transkripénim faktorem vazebnym elementem cyklického
AMP (CREB, cyclic AMP-response-element-binding protein), ktery je znam svou roli pfi
zavislosti na drogach [50]. Nedavné studie také potvrzuji zvySeni hladiny CART mRNA

v nucleu accumbens po podani metamfetaminu, MDMA nebo ethanolu [36, 55].

1.1.4.4 Peptidy CART a jejich regulaéni role v pankreatu

Langerhansovy ostrivky pankreatu jsou tvotfeny nékolika druhy bunék. Radime
mezi né B-buriky produkujici inzulin, o—buriky produkujici glukagon, 6—buriky produkujici
somatostatin, PP-buiiky produkujici pankreaticky polypeptid a nedavno objeveny novy typ
bunék produkujici ghrelin. Mezi dalsi peptidy produkované pankreatem fadime NPY,
peptid YY (PYY) a mnoho dal3ich. Rada z nich se vyskytuje v nervové siti, ktera pankreas
inervuje [56]. Peptidy CART jsou daldimi z peptidi, které jsou produkovany jednak
samotnymi buiitkami Langerhansovych ostriivkli, ale 1 parasympatickymi nervovymi
vlakny inervujici tuto tkan. Misto jejich exprese se li§i ve vyvoji i v ramci jednotlivych
zvifecich druhti (mys, potkan), nicméné praveé u lidi se vyskytuji v nervech pankreatu a
jejich exprese je spojovana s ur¢itym stupném diferenciace nadoru pankreatu [57]. Peptidy
CART by tak mohly slouzit jako tumorové markery pankreatu, jejich role v8ak nebyla

zatim zcela objasnéna [56].
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U potkanich modeld s diabetem druhého typu je jejich exprese v f-burikach
zvySena. Peptidy CART inhibuji sekreci inzulinu stimulovanou ulinkem glukézy a
zaroven se zvysSuje sekrece inzulinu po stimulu cAMP. Ukazuje se, Ze peptidy CART jsou
dalezitymi regulatory pankreatu, protoze mutace jejich genu vede krozvoji diabetu

druhého typu u lidi a dysfunkci pankreatu u mysi [58].

1.1.4.5 Uloha peptidtt CART v hypotalamo-hypofyzo-adrenalni ose

Hypotalamo-hypofyzo-adrenalni osa (HPA), jak je znadzornéna na nasledujici strané
na obr. 4, je dllezitou soucasti neuroendokrinniho systému, fidi a reguluje reakce
organizmu na stres a mnoho dal$ich télesnych pochodt, naptiklad traveni, imunitni systém,
emoc¢ni stavy, sexualitu a hospodafeni organizmu s energii. Hlavnim centrem je
hypotalamus, ktery je fizen limbickym systémem, a ktery syntetizuje a produkuje
kortikoliberin (CRH). CRH stimuluje sekreci adrenokortikotropniho hormonu (ACTH)
v adenohypofyze (pfednim laloku hypofyzy) a ten aktivuje tfeti Cast této osy, kiru
nadledvin a stimuluje tak tvorbu mineralokortikoidd, glukokortikoidd a androgena [59].
Vyznamnym hormonem, ktery fadime mezi glukokortikoidy, je pravé kortizol nebo
kortikosteron.

Peptidy CART se ucastni vSech trovni této osy. Stimuluji CRH, ACTH 1 sekreci
kortizolu a zarovent CRH a glukokortikoidy zvyS$uji transkripéni aktivitu genu pro CART
[60]. Adrenalektomie (odnéti nadledvin) sniZuje koncentraci CART mRNA a peptidi
CART jak v PVN a v ARC v hypotalamu, tak i v krvi. Podéni kortizolu pak ¢aste¢n€ vraci
hladiny CART do stavu pred adrenalektomii [60]. Ugast peptidt CART na vech tirovnich
této osy signalizuje jejich vliv v regulaci odpovédi organizmu na stres [60]. HPA osa je
také pojitkem mezi faktory ovliviiyjicimi fyziologické pochody jakymi je pfijem potravy,

drogova zavislost a reakce na stres [60].
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Obr. 4 Uloha peptidit CART v hypotalamo-hypofyzo-adrendlni ose [61]
Peptidy CART se ucastni vSech urovni hypotalamo-hypofyzarni osy, maji viliv na
uvolfiovani kortikoliberinu (CRH), adrenokortikotropniho hormonu (ACTH) a také na

uvolnovani kortizolu

1.1.4.6 Uloha peptidi CART v hypotalamo-hypofyzo-tyroidalni ose

Hypotalamo-hypofyzo-tyroidalni (HPT) osa je stejné jako HPA osa soucasti
neuroendokrinniho systému a podili se na regulaci metabolizmu. Ugastni se ji hypotalamus,
ktery produkuje tyroliberin (TRH), adenohypofyza a stitna zlaza. Adenohypofyza
produkuje krom jinych peptid prolaktin a glykoprotein tyrotropin (TSH). Prolaktin je pak
hormonem zprostfedkovavajicim piimo fyziologické funkce, TSH pisobi ve §titné Zlaze a
vysledkem tohoto plisobeni je stimulace tyroxinu [59].

Peptidy CART se podili na regulaci hypotalamo-hypofyzo-tyroidalni osy [12, 21].
Vztah TRH a peptidi CART je dan spole¢nou lokalizaci jejich neuront v PVN hypotalamu
[12]. Inervace TRH neurontt CART neurony probiha ze dvou zdroju, jednak ze spole¢né

lokalizace peptidi CART a dal$iho anorexigenniho peptidu hormonu stimulyjiciho
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a-melanocyty (0-MSH) a jednak z CART neuront v oblasti prodlouzené michy [12].
Peptidy CART nemaji pfimy vliv na sekreci tyrotropinu (TSH) ani na sekreci prolaktinu
z bunék adenohypofyzy [21]. Peptidy CART inhibuji stimula¢ni uc¢inek TRH na sekreci
prolaktinu, nemaji vSak vliv na zvySeni hladiny TSH po stimulu TRH. Spole¢na sekrece
TRH a CART do hypofyzdmiho ob&hu muze znamenat, Ze peptidy CART se podili na
uc¢inku TRH v hypofyze [12].

Hladovéni a periferné podany leptin v HPA ose mohou aktivovat CART neurony
v nucleu arcuatu, které jsou na leptin citlivé, zatimco vystaveni organizmu chladu (jeden

z mozZnych stresoril) aktivuje CART neurony v oblasti prodlouZené michy [12].

1.1.4.7 Uloha peptidi CART v sympato-adrenlnim systému

Pod periferni nervovy systém se fadi nervy vegetativni a somatické. Vegetativni
nervstvo zahrnuje parasympatikus a sympatikus, jez fidi dfen nadledvin, pankreas nebo se
ptimo ucastni regulace fyziologickych procest. Sympato-adrenélni osa (SAM) zahrnuje
sympatické nervy (vedouci z mozku), které inervuji dreri nadledvin. Dieri nadledvin tvofi
chromafinni buiiky a ty jsou hlavnim producentem neurotransmitert typu katecholamint -
adrenalinu, noradrenalinu a dopaminu [59].

Na zakladé imunohistochemie byla zjisténa spojitost peptidi CART s SAM osou,
nebot’ CART imunoreaktivni neurony byly uspofadany po celé délce této osy [22], at’ uzZ se
jedna o preganglionické neurony sympatiku (nikoliv parasympatiku), které inervuji
postganglionické neurony v paravertebralnich a prevertebralnich gangliich sympatiku, tak
také o lokalizaci peptidi CART v dfeni nadledvin [22]. CART neurony jsou spojeny
sneurony ARC, nucleu retrochiasmaticu a s neurony medulla rostralis venrolateralis.
Peptidy CART tak mohou pfimo aktivovat neurony po celé SAM ose.

Nasi skupinou byla publikovana specificka vazba IBLCART(61-102)
k feochromocytomalnim burikam PC12, jak k nediferencovanym tak i k diferencovanym
v neuralni fenotyp a bunéénym membranam PC12 [62]. Jednalo se o buné&nou linii, jez
byla ziskana z potkaniho feochromocytomu, nadoru diené nadledvin.

Peptidy CART =zesiluji u¢inek glutamatu na NDMA ionotropnich receptorech.
Mohou tak tedy i nepfimo aktivovat neurony po celé SAM ose [22]. Aktivace SAM osy
peptidy CART potvrdila i studie, kdy potkanim a kralikim ICV, intracisternalni a
intratekalni (do hrudni patefe) podani peptidu CART zvysilo krevni tlak, srde¢ni tep a

plazmatickou koncentraci adrenalinu a noradrenalinu [22].
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1.1.4.8 Shrnuti fyziologickych uéinkt

Pochopeni mechanizmu ucinku téchto peptidu pfispiva k pochopeni celé tfady
metabolickych a endokrinnich d&ji. Z anorexigenni aktivity peptidi CART vyplyva, Ze by
mohly slouzit jako potencidlni antiobezitni 1€ky, jak bylo popsano v kapitole tykajici se
regulace pfijmu potravy [49].

At uZ by byly fyziologické u¢inky téchto peptidlii vyuZivany jakkoliv, je nezbytné
znat receptor/receptory pro tyto peptidy, proto se této oblasti vyzkumu vénuje velké usili,

nicméné dosud nebyla publikovana Zadn4 identifikace a charakterizace receptoru/ii pro tyto

peptidy.

1.1.5. Fragmenty peptidu CART

Nejvice studovanymi fragmenty jsou CART(55-102) a CART(61-102). Dalsim
popsanym biologicky aktivnim peptidem je CART(54-102/41-89) [3]. Fragment peptidu
CART(61-102) neni piirozen¢ se vyskytujicim fragmentem, nicméné je komercné
dostupny a je 1€pe piistupny pro radioaktivni znaceni jodem.

Prohormon konvertaza PC1/3 $tépi propeptid na intermediaty CART(33-102) a
CART(10-89) [7]. V klasické praci Thima a kol. CART(54-102), (55-102), (61-102) a (62-
102) po ICV podani hladovym mys$im inhibovaly pfijem potravy témét stejné [3],
CART(55-102) byl mirn¢ u¢inné&jsi nez ostatni peptidy [8]. MozZné rozdily v jejich aktivite
a v u¢inku mohou byt pfic¢itany skute¢nosti, Ze peptidu CART(62-102) chybi flexibilni N-
koncova cast, kterou ma peptid CART(55-102) [63], pfesto se rozdily v jednotlivych
pokusech lisi.

CART(1-26) a CART(1-27) jsou N-koncové fragmenty CART(1-102), nevykazuji
biologickou aktivitu a slouzi jako negativni kontrola pifi pokusech s peptidem
CART(55-102) [15]. Dale se podatilo izolovat v periferii del§i formy peptidi CART,
konkrétné¢ CART(1-89) a (10-89) a to z nadledvin [15]. CART(10-89) inhiboval piijem
potravy u mysi po ICV podani [63].

CART(55-76) piedstavuje N-koncovou ¢ast peptidu CART(55-102) a CART(62-76)
N-koncovou ¢ast peptidu CART(62-102). V praci Kaska a kol. [64] oba tyto fragmenty
sniZovaly pfijem potravy potkani po ICV podani a to potvrdila i prace Lamberta a kol.

[26].
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Dylag a kol. [63] syntetizoval C-koncové derivaty CART(55-102) s redukovanymi
thiolovymi skupinami, jeden byl linearni a druhy cyklicky. Lineami fragment
CART(85-102) byl schopen inhibovat lokomo¢ni aktivitu (zvySenou schopnost pohybu)
vyvolanou po ICV podani morfinu mySim [63]. Je zndmo, Ze pfirozené se vyskytujici
CART(55-102) snizuje lokomoci po podani kokainu a amfetaminu do nucleu accumbens
potkanl [65, 66]. OvSem srovnani téchto dvou studii je velmi komplikované, nebot’ se
porovnava ucinnost peptidi, které¢ byly zkoumany na jinych zvitecich druzich, navic po
podani do odliSnych mozkovych oblasti.

V roce 2007 byla provedena strukturné-aktivitni studie na nasem oddé¢leni [67]
mapujici jednotlivé strukturni dseky biologicky aktivnich peptidi CART s cilem najit
minimalni strukturu, kterd by si zachovala plnou biologickou aktivitu [67]. Tato publikace
popisovala syntézu jednotlivych fragmenti a jejich schopnost vytésiovat vazbu
'I.CART(61-102) k buiikam PC12, ve kterych byla diive zmétena vazba tohoto peptidu
[62]. Fragmenty peptidu CART byly syntetizovany tak, aby odpovidaly strukturnim
smyckam mezi jednotlivymi cysteiny.

Fragmenty kopirujici  aminokyselinovou sekvenci CART(61-102) mezi
disulfidickymi mistky (obr. 1), kde cysteiny byly nahrazeny glycinem, nebyly ucinné
v rozmezi testovanych koncentraci (10™ az 10'° M). Opét byl syntetizovan linearni
fragment CART(62-76) s volnymi cysteiny a jeho derivat, ktery mél cysteiny v pozici 68 a
74 chranény amidem kyseliny octové byly odvozeny od fragmentu CART(62-76), viz vyse
[26, 64]. Linearita fragmentu v na$i praci byla potvrzena hmotnostni spektrometrii [67].
Zadny z nich se k nediferencovanym ani diferencovanym buitkim PC12 a membranam
nevazal [67].

Analogy CART(74-86) a CART(62-86) obsahujici disulfidické mistky mezi
cysteiny v pozici 74-86 nebo 68-86 vykazovaly slabou afinitu k burikam PC12 [67].

V nasi strukturné-aktivitni studii byly podle prace Dylaga a kol. [63] znovu
syntetizovany C-koncové derivaty peptidu CART(61-102), linearni a cyklicky
CART(85-102). Byla ovéfena jejich vazebna afinita k butkam PC12 a jejich linearita
kontrolovana béhem vazebného experimentu pomoci hmotnostni spektrometrie [67].
Zadny ztéchto dvou fragmentd nevytésiioval vazbu 'I.CART(61-102) u PC12 ani
v koncentraci 10 M a nebyly schopné potlagit ptijem potravy u hladovych mysi [67].

Z vysledkil méfeni tykajicich se fragmentd s N-koncem, které tvofily vn&j$i smycku,

se da usuzovat, Ze biologicka aktivita peptidiit CART je do jisté miry spojena s N-koncovou
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smyckou molekuly spiSe neZ s C-koncovou a pro zachovani vysoké vazebné afinity
k butkdm PC12 a bunéénym membrandm je nezbytna kompaktni struktura peptidu

s tremi disulfidickymi miustky [67].

1.2. RECEPTOR PRO CART A BUNECNA SIGNALIZACE

Je ztejmé, Ze k uplnému pochopeni mechanizmu u¢inku peptidd CART je zapotiebi
identifikace jejich receptoru/i a zjisténi signalizace peptid do buriky. Ackoliv identifikace
a charakterizace receptoru pro peptidy CART je sttedem pozornosti fady laboratofi na
celém svét¢ a tomuto tématu se vénuje nemalé usili, dosud nebyl tento receptor
identifikovan. K identifikaci receptoru je nutné najit jeho zdroj, to je tkai nebo buné¢nou
linii, k niz se peptidy CART specificky vazi, a k tomu slouzi vazebné studie, jeZ jsou
jednim z prvnich pfistupli k hledani receptorové molekuly. Kromé toho je dilezZité zjistit

signalni drahu, ktera je s receptorem spojena.

1.2.1. Bunééné signalizace peptidi CART

Ackoliv se zpocatku nedafilo najit tkan ¢i buné€nou linii, ve které by byla
pozorovana specificka vazba peptidi CART k receptoru, byla publikovéna celd fada
experimentt, ktera pfitomnost receptoru pro peptidy CART dokazovala.

Napriklad se zjistilo, Ze podani peptidi CART do mozku zvySuje hladiny mRNA
proteinu c-Fos, ktery je nepfimym indikatorem aktivity neurontt v mozku [37].

Obr. 5 na str. 23 shmuje soucasné poznatky o bun&cné signalizaci peptidu CART
[48]. Zjistilo se, Ze peptid CART(55-102) inhiboval aktivitu vapenatych kanala
v neuronech hippocampu a to pfes pertussis toxin, ktery katalyzuje ADP-ribosylaci G
proteinli a tim zabranuje jejich interakci s receptory spfazenymi s G-proteiny (GPCR) [68].
Citlivost na pertussis toxin poukazuje na to, Ze inhibice vapenatych kanall a nasledné
sniZeni koncentrace vapenatych iontl peptidem CART(SS-IOZ)/mﬁZe byt zprostfedkovana
pfes Gi/Go proteiny, které inhibuji vapenaté kanaly L-typu v nékterych burikach [68].

Naznac¢eny mechanizmus je patrny z obr. 5 na str. 23.
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V nékterych neuronech hypotalamu (neurony CRH) hladovych a sytych potkanu
vedlo podéani peptidd CART do mozku k fosforylaci CREB [69], opét 1ze vidét na obr. 5 na
str. 23.

Lakatos a kol. zvefejnili studii, ve které pozorovali signalizaci peptidu
CART(55-102) do bun€k hypofyzarni bunécné linie (AtT20), bunétné linie diené
nadledvin (PC12), buné¢né linii z lidskych zarode¢nych buné¢k ledvin (HEK239) a bunééné
linie pfipravené z mysiho neuroblastomu (N2a). Casové i koncentradné zavisla fosforylace
MAP kinazy (ERK1/2) byla pozorovana u hypofyzamni bunééné linie AtT20 [70]. Dale
bylo v této studii pouZzito n€kolik inhibitori signalni drahy GPCR a receptor tyrosin kinaz
(RTK). Pertussis toxin na rozdil od genisteinu (inhibitor RTK) tuto fosforylaci sniZoval.
Utinek peptidu CART(55-102) na fosforylaci MAPK byl také potladen inhibitorem kinaz
MEKI1 a MEK2, U0126 [70]. Naznaceny mechanizmus je patrny z obr. 5 na nasledujici
strang.

V posledni dosud publikované studit zabyvajici se vlivem peptidi CART na
chovani a lokomo¢ni aktivitu bylo pozorovano, Ze fosforylace ERK1/2 vyvolana kokainem
byla inhibovana peptidem CART(55-102) v tkéani pfipravené z nucleu accumbens. To
vedlo k zavéru, Ze pusobeni kokainu v ACB muze peptid CART(55-102) kompenzovat a
tato regulace je zprostiedkovana inhibici fosforylace ERK1/2 [71].
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Obr. 5 NavrZené signdlni drahy pro peptid CART, upraveno dle [48]

Shrauti ze studii zabyvajici se bunécnou signalizaci, ve kterych peptidy CART aktivovaly
nejméné 3 signdalni mechanizmy. CART(55-102) inhiboval vdpenaté kandly L-typu pres
pertussis toxin (zabranuje interakci G proteinu s GPCR) v neuronech hippocampu [68].
CART(55-102) aktivoval fosforylaci proteinu CREB v jddru neuronu produkujici CRH
v hypotalamu u sytych a hladovych mysi [69]. CART(55-102) aktivoval fosforylaci
extracellular signal-regulated kinase (ERK1/2) v linii hypofyzdrnich bunék AtT20 a tento
efekt byl blokovan UQI126 (inhibitorem kinazy MEKI/2) a pertussis toxinem [70].
Prerusovana Sipka naznacuje, Ze u tohoto mechanizmu neni znamo, zda je zprostFedkovdn
pres G proteiny. Hypoteticky receptor pro peptid CART je zde zndzornén modre jako
integralni membranovy protein.
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1.2.2.Vazebné studie s peptidy CART

M

Vazebné studie obvykle vyzaduji splnéni nasledujicich obecnym podminek [72]:

e Vazba ligandu s receptorem vykazuje vysokou afinitu
e Schopnost saturace receptoru ligandem

e Specificita

Dosud byly publikovany tyto vazebné studie:

1.

Specificka vazba '*I-CART(61-102) k buiikdm hypofyzarni nadorové bun&né linie
AtT20 [73, 74]. U této hypofyzami bunécné linie byla diive pozorovana buné¢na
signalizace peptidu CART(55-102), viz str. 22 [70]. Pocet vazebnych mist By, u
saturanich vazebnych experimentli ¢inil 101,4 £ 8,8 vazebnych mist/buriku.
Rovnovézna disociaéni konstanta K4 ur€ena ze satura¢nich vazebnych pokust ¢inila
21,9+ 8 pM [73, 74].

Vazba fizniho proteinu, skladajictho se zpeptidu CART(55-102) a zeleného
fluorescen¢niho proteinu GFP (green fluorescent protein), k disociovanym buitkdm
hypotalamu a hepatocytarni buné¢né linii HepG2 [75]. ICV podani komplexu peptidu
CART(55-102) s GFP mysim signifikantn¢ potlacoval ptfijem potravy, jeho biologicka
aktivita ziistala zachovéna.

Specificka vazba '*I-CART(61-102) k feochromocytomalnim bufikim PC12, jak
k nediferencovanym, tak 1 k diferencovanym v neurdlni fenotyp a bunéénym
membranam z téchto bunék [62]. V nasi skupiné byly kompetitivni vazebné
experimenty provedeny s '“I-CART(61-102), ktery byl vytdsiiovan peptidem
CART(61-102), CART(55-102) a di-jodovanym peptidem I,-CART(61-102) u
nediferencovanych bunék PC12 a membran ztéchto bun¢k a to srovnovaznou
disocia¢ni konstantou inhibujiciho kompetitoru K; v nizkém nM rozmezi [62].
Biologicka aktivita CART(61-102) zlstala zachovana po jeho jodaci na dijodovany I,-
CART(61-102) [62]. Pocet vazebnych mist By, u saturacnich vazebnych experimenta
nediferencovanych bunék ¢inil 2228 + 529 vazebnych mist/buiiku a pro diferencované
byl Bmax dokonce 5 krat vyssi a to 11194 + 261 vazebnych mist/buriku. Rovnovazna
disocia¢ni konstanta Ky, uréena ze satura¢nich vazebnych pokusi pro nediferencované

PC12 bunky ¢inila 0,48 nM. Pro diferencované buiiky méla K4 hodnotu 1,90 nM [62].
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Vysledné saturacni kiivky pro diferencované a nediferencované buitky PC12 1ze vidét
na obr. 6. Detekce vazebnych mist pro peptid CART v diferencovanych a

nediferencovanych burikach PC12 ukazuje na moZnou roli tohoto peptidu v SAM ose.
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Obr. 6 Saturaéni vazba '"I-CART(61-102) k nediferencovanym a diferencovanym
burikam PC12 [62]

Buiiky byly inkubovdny s rostouci koncentraci '’ I-CART(61-102) v nepFitomnosti (celkovd
vazba) nebo pritomnosti (nespecificka vazba) 2.1 0% M CART(61-102) pri 37°C 30 minut.
Specificka vazba byla vypocitana jako rozdil celkové a nespecifické vazby. Saturacni
vazebné krivky byly vypocitany metodou nelinedrni regrese pro a) nediferencované PCI2 a
b) bunky PCI2 diferencované pomoci nervového ristového faktoru (nerve growth factor,
NGF) v neurony.

4. Vazba peptidu '®I-CART(61-102) k primarni bun&éné linii pfipravené z potkaniho
nucleu accumbens [76]. Rovnovazna disocia¢ni konstanta Ky, ur€end ze saturatnich
vazebnych pokusti ¢inila 1,43 £ 0,25 nM a pocet vazebnych mist Bmax u saturacnich
vazebnych experiment ¢inil 49,03 + 2,33 vazebnych mist/buiku. Afinita peptidu
k receptoru byla sniZena v pfitomnosti analogi GTP, narozdil od analogi ATP, které
nemély na afinitu vliv. Toto zjisténi mize také poukazovat na to, Ze receptor pro

CART je ze skupiny receptori GPCR [76].

Je mozné, Ze existuje vice druhti receptort pro CART, nebot’ dva biologicky aktivni
fragmenty CART(55-102) a CART(62-102) vykazuji odlisné biologické aktivity [43, 51,
74].

Byla provedena studie [73], ve které bylo zjisténo, Ze 'BI.CART(61-102) se nevaze

k fadé¢ z dosud znamych receptorti, naptiklad opioidnim receptorim, receptorim pro
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somatostatin, progesteron, cholecystokinin, NPY, oxytocin, TRH a dal§im. Také v nasi
vazebné studii [62] sbun&nou linii PC12 '"®I-CART(61-102) nebyl vytésnén tadou
peptidd, napf. cholecystokininem, a-MSH, TRH, angiotenzinem II, neurotenzinem,
leptinem atd. a z toho lze usoudit, Ze hledany receptor pro peptidy CART je patrné unikatni.

Nalezeni receptoru je naprosto kli¢ové pro dalsi vyzkum a vyuZiti biologickych

vlastnosti peptidi CART, jak byly zminény vyse.

1.3. BUNECNA LINIE - FEOCHROMOCYTOMALNI BUNKY PC12

1.3.1. Pivod

Jedna se o buné¢nou linii, jeZ byla ziskdna z potkaniho feochromocytomu, nadoru
potkanich nadledvin. Drfeni nadledvin postihuji dva druhy nadort. Jedna se o nadory

z chromafinnich bun¢k- feochromocytom a feochromoblastom.

1.3.2.Charakteristika bunééné linie PC12

PC12 buky maji morfologické a cytochemické vlastnosti podobné
vlastnostem normalnich chromafinnich bunék a lidskému feochromocytomu. Buriky jsou
schopné syntetizovat a ukladat neurotransmitery typu katecholaminu, tedy dopamin a
noradrenalin, ne v§ak adrenalin [77].

Nediferencované buiiky jsou kulovitého tvaru, pisobenim NGF se burky PC12
pfestavaji délit, zastavuji svij rast, vytvaieji nervoveé vybézky axony a tedy nervovou sit’
[77]. Dale jsou vice citlivé na plsobeni acetylcholinu a maji zvySené mnozZstvi vapenatych
kanalu [77]. Tato diferenciace je reverzibilni, nebot’ po odebrani NGF buriky do 24 hodin
ukon¢uji proces diferenciace a do 72 hodin se za¢inaji opét délit a vracet se ke svym
pavodnim vlastnostem [77]. Diferencované burky vytvaieji shluky 30 aZ 120 nm dlouhych
granuli a 30 aZz 70 nm dlouhych vacka (vezikul), které se podobaji granulim a vackim
v neuronech, uvolnujicich adrenalin a acetylcholin.

Diferenciaci této bunécné linie v neuralni fenotyp lze docilit 1 pouZzitim peptidu
PACAP (pituitary adenylate cyclase activating polypeptide) [78]. Pisobenim syntetického
glukokortikoidu dexamethasonu vyzravaji bunky PC12 v typicky fenotyp normalnich
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dreflovych chromafinnich buné€k, které vykazuji zvySenou aktivitu tyrosin hydroxylazy
[79].

Bunéénéd linie PC12 slouZi jako modelovy systém pro studium signaliza¢nich
kaskad [79]. Mechanizmus diferenciace v neuralni fenotyp dosaZené uzitim NGF a uzitim
PACAP neni stejny. Piesto, Ze oba vyuzivaji cestu pies MAPK kinazu, PACAP na rozdil
od NGF nepotiebuje ke své signalizaci protein Ras [78]. To vedlo ke zji§téni, Ze a¢ je
vysledkem stejna diferenciace a podobna signalni drdha a PACAP i NGF sdileji ¢ast
stejnych signalnich komponent, mohou se opirat i o jiné signalni molekuly [78]. Bunétna
linie PC12 je diky svym vlastnostem zvlast’ vhodna pro studium fady problematik v oblasti

neurobiologie a neurochemie.

1.4. PRISTUPY K HLEDANI VAZEBNEHO MIiSTA PRO PEPTIDY CART

e Prvnim krokem pii hledani vazebného mista jsou vazebné studie, pii kterych se

méii afinita znaCenych peptidd (napf. radioaktivné, fluorescencn¢, biotinem)

k buné¢né linii nebo tkanim zvifat za stale stejnym podminek a za rovnovazného
ol

stavu. <

e Vazebny komplex znaceného peptidu a vazebného mista je nestabilni, metodou
sitovani lze spojit dvé nebo vice molekul chemickou kovalentni vazbou pomoci
sitovacich ¢inidel, kterd mohou byt bifunkéni nebo trifunkéni, a kterd maji
rozdilnou délku raménka.

e Takto zesitovany komplex vazebného mista se znaCenym peptidem pomoci

vhodného sitovaciho ¢inidla Ize rozdélit od ostatnich proteind elektroforeticky na

SDS-polyakrylamidovém gelu. Vyhodou napi. radioaktivniho znaceni mize byt to,
7e komplex vazebného mista s radioaktivné zna¢enym peptidem lze po provedeni
elektroforézy detekovat autoradiograficky, pti¢emz lze sledovat i vytéZzek dané
reakce.

e Komplex vazebného mista se znaCenym peptidem lze izolovat z gelu, Stépit
trypsinem nebo chymotrypsinem a takovéto Stépy lze identifikovat pomoci

hmotnostni spektrometrie.
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2. CIL DIPLOMOVE PRACE

Charakterizace vazebného mista pro peptid CART(61-102) v buné&éné linii PCI12,

konkrétn¢ tedy:

e Radioaktivni, fluorescen¢ni a biotinyla¢ni znaceni peptidu CART a vazba

téchto analogi k feochromocytomalnim buiikam PC12.

e Zesitovani vazebného mista s peptidem CART pomoci S riznych sitovacich
¢inidel na membranach z nediferencovanych bunék PC12 a celych
nediferencovanych buiikach PC12 a nasledna detekce zesitovaného komplexu

vazebného mista s peptidem CART.

¢ Bunécna signalizace peptidu CART v nediferencovanych buiikach PC12.

28



3. MATERIAL

Bunééna linie PC12

BSA

BéZné chemikalie

BODIPY (viz str. 32)
CART(54-102), (61-102)

Destic¢ky (24-jamkoveé)

Femto Pierce SuperSignal

Filtry GF/C

Fosfo-p44/42 MAPK (Thr202/Tyr204)
mysi mAB

Fosfo-p44/42 MAPK (Thr202/Tyr204)
mySi mAB AlexaFluor

fosforylovana MAPK (ERK?2)
Iodo-Gen

Protimysi IgG peroxidazovy konjugat
Na('2T)

NGF

PEI

RPMI 1640

SDS-PAGE elektroforéza

Sitovaci ¢inidla

Standard dual color

Manassas, VA, USA

Serva, Heidelberg, Némecko

Sigma, St. Louis, MO, USA
Invitrogen, Carlsbad, CA, USA

Novo Nordisk, Kodan, Dansko

Nuclon, NUNC, Roskilde, Dansko

Thermo Fisher Scientific, Rockford, IL, USA

Whatman, Maidstone, Velka Britanie

Cell signalling Technology, Beverly, MA,USA

Cell signalling Technology, Beverly, MA,USA
Cell signalling Technology, Beverly, MA,USA

Pierce Chemical Co., Rockford, IL, USA

Sigma,St.Louis,MO,USA

MP Biomedicals, Illkirch, Francie
Sigma, St. Louis, MO, USA
Sigma, St. Louis, MO, USA
Sigma, St. Louis, MO, USA
Bio-Rad, Hercules, CA, USA

Thermo Fisher Scientific, Rockford, IL, USA

Bio-Rad, Hercules, CA, USA
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4. METODY

4.1. PEPTIDY CART A JEJICH ZNACENI

4.1.1. Peptidy

Peptid CART(61-102) a peptid CART(54-102) byly darovany farmaceutickou
firmou Novo Nordisk (Kodan, Dansko).

4.1.2.Jodace CART (61-102)

CART(61-102) byl podle instrukci vyrobce jodovan s Na'*I (MP Biomedicals,
[likirch, Francie) s pouZzitim Iodo-Gen (Pierce Chemical Co., Rockford, IL, USA) [80]
v 0,1 M sodnofosfatovém pufru o pH 7,2, obsahujici 0,15 M NaCl. Jodace probihala 15
minut pfi laboratorni teplot& v laboratofi Radioizotopy, UOCHB, v.v.i., AVCR Praha.

Separace nejodovaného, mono-jodovaného a di-jodovaného peptidu CART (61-102)
byla provedena na RP-HPLC spouzitim kolony Luna 3u fenyl-hexyl 150x4.6mm
(Phenomenex, Torrance, CA, USA) a 20 az 25 % gradientu acetonitrilu ve vodé obsahujici
0,1% trifluoroctovou kyselinu a to po dobu 60 minut [62]. Molekulové hmotnosti
jodovanych peptidi byly méteny na MALDI-TOF, Reflex IV hmotnostnim spektrometru
(Bruker Daltonics, Billerica, MA, USA).

Mono-jodovany '*I-CART(61-102) byl uchovan v alikvotech pfi -20 °C a

spotfebovan pro vazebné experimenty a sitovani do jednoho mésice.

4.1.3.Biotinylace a fluorescenéni znaceni peptidu CART (61-102)

Peptid CART(61-102) ma ve své molekule 6 NH; skupin, které mohou byt
biotinylovany. K biotinylaci byl pouzit Biotin-NHS (Fluka, Sigma-Aldrich, St. Louis, MO,
USA). Pro biotinylaci byl pfidan trojnasobny piebytek biotinu. Biotinylace byla provedena
ve 20 mM HEPES pufru o pH 7,4, reakce probihala 1 hodinu pfi pokojové teploté za
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ttepani a byla ukon¢ena pfidanim 100 mM Tris/HCI o pH 7,6. Alikvoty byly uchovany pti
-20°C.

Pfi fluorescencnim znaceni peptidu CART(61-102) bylo pouzito ¢inidlo BODIPY
(Invitrogen, Carlsbad, CA, USA). Opét byl pouzit trojnasobny piebytek tohoto ¢inidla a
ten byl prfidan k roztoku CART (61-102). Reakce prob&hla v 20 mM HEPES pufru o pH
7,4 za pokojové teploty po dobu 30 minut ve tm¢ a zastavena byla pfidanim 100 mM
Tris/HCI pufru o pH 7,6. Alikvoty byly uchovany pii -20°C.

Molekulové hmotnosti znaenych peptidi byly méfeny a kontrola poctu
navazanych skupin byla provedena na MALDI-TOF, Reflex IV hmotnostnim spektrometru
(Bruker Daltonics, Billerica, MA, USA). Struktury ¢inidel jsou znazornény na obr. 7.

o)
0 R
CHZCH2—C —NH(CHZ)S—C-O =N

o)

b) HN NH

Obr. 7 Struktura a) fluorescencniho Cinidla BODIPY b) biotinylaéniho Cinidla biotin-
NHS
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4.2. BUNECNA LINIE PC12

4.2.1.Péstovani bunééné linie PC12

Potkani feochromocytomalni buiiky PC12 byly zakoupeny u firmy ATCC
(Manassas, VA, USA). Bunky byly vyzivovany ristovym médiem RPMI 1640 (Sigma, St.
Louis, MO, USA), obsahujici 10% konského séra, 5% fetalniho hovéziho séra (FBS), 4,5
g/l glukézy, 1 mM pyruvatu sodného, 10 mM HEPES, 2 mM L-glutaminu, 1,5 g/
uhli¢itanu sodného, o pH 7,4 a uchovavany v inkubatoru v atmosféte obsahujici 5 % CO2.

Pro dosazeni exponencialniho riistu byla bunééna linie pasdZovana jednou tydné.
Pro vazebné pokusy jsme pouzili 24-jamkové desticky (Nuclon, NUNC, Roskilde,
Dansko), potazené polyethyleniminem (PEI) (Sigma, St. Louis, MO, USA) s primérem
jamky 15 mm.

Pro sitovaci experimenty byly pouZity stejné desticky.

Vzorky pro metodu signalizace ERK v butikach PC12 byly pfipraveny z lyzatu
bunék, které byly napéstovany na 24-jamkovych destickach potazenych PEI. Asi 16 hodin
pfed pokusem bylo buitkam vyménéno médium se sérem za médium c¢isté obsahujici jen
0,5% FBS.

Nediferencované buiiky rostly dva dny, aby dosahly hustoty 5x10° bungk na jamku
(optimalni hustota pro vazebné experimenty). Z nediferencovanych bun¢k PC12 bylo
uzitim NGF (50 ng/ml média) (Sigma, St. Louis, MO, USA) dosazeno diferenciace bun€k
v neuralni sit. Médium bylo ménéno vzdy kazdy prvni, tfeti a paty den. Diferencované
buniky byly pouZzity sedmy den, kdy byla dosaZena hustota priblizné 5x10° bun&k na jamku
desticky.

Pocet bunék byl pocitan pred pokusem i po pokusu. Stav, kvalita a diferenciace

bun¢k byla kontrolovana pted kazdym pokusem mikroskopicky.

4.3. KOMPETITIVNi VAZEBNE EXPERIMENTY

Vazebné pokusy jsou charakterizovany specifickou (Byp) a nespecifickou (Bngp)
vazbou, jeZz dohromady tvofi vazebnou radioaktivitu, tedy celkové mnozstvi vazaného

radioligandu B,[72].
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Bt = Bsp + anp
odtud: By, = B¢ - Bysp
Specificka vazba zna¢i vazbu na receptor, nespecifickd vazba oznaCuje vSechna
vazebna mista mimo receptor.

Kompetitivni vazba je zaloZena na méfeni vazby pti zachovani jediné konstantni

koncentrace radioligandu v pfitomnosti riznych koncentraci neznateného ligandu, neboli
kompetitoru a to pii splnéni rovnovaznych podminek. Kompetitivni vazbu charakterizuje
cela fada konstant. ICsy zna¢i koncentraci kompetitoru, pfi které je vytésnéna polovina
radioligandu z vazebnych mist. Maji-li radioligand a kompetitor stejnou afinitu, mizZzeme
urCit pocet vazebnych mist (Bn.x) a afinitu ligandu pro receptor, neboli rovnovaznou
disocia¢ni konstantu (Ky) [72]. Bylo prokazano, Ze jodace CART (61-102) neméni jeho
biologickou aktivitu [62], tudiZ miZeme fici, Ze podminka zachovani afinity je splnéna.

K, oznacuje rovnovaznou disocia¢ni konstantu kompetujiciho ligandu a vypocte se
podle rovnice Chenga a Prusoffa [81]:

K - IC,
"l |radioligand |’
Kd

kde ICsy je konstanta vychazejici zpodminek daného pokusu, udavana
v jednotkdch mol/l. V nasich pokusech byla koncentrace radioligandu 0,1 nM a
K4 (rovnovazna disocia¢ni konstanta radioligandu) byla pouZita z ptfedchozich satura¢nich
vazebnych experimenti [62], kdy Kq4 pro nediferencované buiiky ¢inila 0,48 = 0,16 nM a
1,90 £+ 0,27 nM pro buriky diferencované.

4.3.1. Kompetitivni vazba na celé buiiky na desti¢kach

Kompetitivni vazebné experimenty byly provedeny spouZitim principi

Motulského a Neubiga [72]. Metoda byla optimalizovana dtive [62].

Byly pouzity nasledujici pufry:

e Promyvaci
10 mM HEPES pufr o pH 7,4, 118 mM NaCl, 4,7 mM KCl, 5 mM MgCl,, 5,5
mM glukézy
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e Vazebny
20 mM HEPES pufr o pH 7,4, 118 mM NaCl, 4,7 mM KCI, 5SmM MgCl,, 5,5
mM glukézy,1 mg/ml BSA, 0,1 mg/ml BPTI

Provedeni

Nejprve bylo odsato médium ze vSech jamek, dale byla kazda jamka promyta 1 ml
promyvaciho pufru o teploté 37°C. Desticky byly inkubovany s 10" M '*’I-CART(61-
102) a s fluorescenéné znaenym peptidem fluoCART(61-102) nebo s biotinylovanym
peptidem bioCART(61-102) nebo speptidem CART(61-102) a nebo s peptidem
CART(54-102) o koncentraci v rozmezi 10" — 10° M ve vazebném pufru o celkovém
objemu 0,25 ml na jamku po 30 minut pfi 37°C. Po inkubaci byly buriky promyty
promyvacim pufrem a solubilizovany v 0,1 M NaOH po dobu 15 minut. Radioaktivita
vazana na bunky byla urena pomoci y-¢itace (Wizard 1470 Automatic Gamma Counter,
Perkin Elmer, Wellesley, MA, USA). Celkova vazba (B;) ¢inila 2 az 5% z ptidané
radioaktivity. Nespecifickd vazba (B,) v kompetitivnich vazebnych experimentech €inila
méné nez 15% celkové vazby. Pokusy byly provedeny v duplikatech alesponi tfikrat pro
danou latku. V§echny zkoumané peptidy byly rozpustény v deionizované vodé a uchovany

v alikvotech zamrazené piedtim, nez byly pouZity v samotném pokusu.

4.3.2. Kompetitivni__vazba na _bunééné membrany z nediferencovanych a

diferencovanvch bunék PC12

Izolace membrdn 7 bunék PC12 diferencovanych a nediferencovanych

Byly pouZity nasledujici pufry

e Izolacni

20 mM HEPES o pH 7,4, 2 mM EDTA

e Homogeniza¢ni

20 mM HEPES pufr o pH 7,4, 118 mM NacCl, 4,7 mM KCl, 5 mM MgCl,
Provedeni

Bunééné membrany nediferencovanych bunék PC12 byly izolovany z bunék

zamrazenych pii -70 °C. Pii izolaci bylo nutno buiiky suspendovat v 30 ml izola¢niho

34



pufru, homogenizovat pomoci sklenéného homogenizatoru s teflonovym ditkem 30
sekund 10 krat, poté byla suspenze zifedéna na 60 ml izolanim pufrem a opét
homogenizovana 30 sekund 6 krat. Centrifugace probéhla nejprve na centrifuze Jouan
(Jouan centrifuge C31/CR 3 Thermo Fisher Scientific, Waltham, MA, USA) pii 1000 x g
po dobu 10 minut pfi 4°C. Supernatant byl pak dale zpracovan na ultracentrifuze
Beckmann (Optima™ L-00XP-Ultracentrifuga, typ rotoru 90-TI), po dobu 45 minut p#i
4 °C a 100000 x g. Sediment byl resuspendovan v homogenizanim pufru a alikvoty byly
uchovany pii -70 °C.

Stanoveni mnozstvi bilkovin

Bilkoviny byly stanoveny podle Bradfordové [82]. Odpovidajici koncentrace byla
odectena z kalibra¢ni kfivky s pouZitim hov€ziho sérového albuminu (BSA). Vysledna

hodnota pak byla priimérem tfi koncentraci proteinu.

Kompetitivni vazebné pokusy

Kompetitivni vazebné pokusy byly provedeny s 50 pg membranovych proteint
podle podminek optimalizovanych v pfedchozich experimentech [62] do celkového
objemu 0,25 ml/zkumavku stejné, jak bylo popsano v odstavci pro vazbu na celé buriky na
destickach, pouze do vazebného pufru nebyla pfidana glukéza. Inkubace probéhla pii
teploté¢ 37 °C 30 minut. Filtry GF/C (Whatman, Maidstone, Velka Britanie) byly pfedem
namoceny v promyvacim pufru, do které¢ho byl jest¢ pfidan PEI (1g PEL/200 ml
promyvaciho pufru). Vazebny pokus byl ukonéen rychlou filtraci na Brandlové pfistroji
(Biochemical and Development Laboratories, Gaithersburg, MD, USA). Celkova vazba
¢inila 3 az 10 % z celkové piidané radioaktivity. Nespecificka vazba v kompetitivnich
vazebnych experimentech ¢inila méné jak 15% z celkové vazby. Bylo pouZito duplikatl a

pokusy byly provedeny alespon tfikrat pro kazdy peptid.

4.4. ANALYZA DAT ZISKANYCH Z VAZEBNYCH POKUSU A STATISTIKA

Kompetitivni vazebné kiivky byly vypocteny programem Graph-Pad Prism
Software (San Diego, CA, USA), byl pouzit model pro vazbu k jednomu vazebnému mistu

(hodnoty ICsy byly ziskany metodou nelinearni regrese). Inhibi¢ni konstanty (K;) byly
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spo¢itany dosazenim ICsy do rovnice Chenga a Prusoffa [81]. Ziskané hodnoty byly
statisticky zpracovany a jsou uvedeny jako prime€ma hodnota + stfedni chyba priméru
(SEM). Statistika vazebnych experimentd byla provadéna v programu one-way ANOVA.
Rozdily byly povazovany za vyznamné, pokud P < 0,05.

4.5. METODA SITOVANI POMOCI SITOVACICH CINIDEL

Metoda, pfi niz se dvé nebo vice molekul chemicky spoji kovalentni vazbou
pomoci sitovacich Cinidel. Sitovaci €inidla maji reaktivni konce, které se vazi ke
specifickym funk¢nim skupinam (primarni aminy, sulfhydryly, atd.) na proteinech nebo
Jinych molekulach. Sitovaci ¢inidla také mohou slouzit ke zméné¢ molekuly nukleovych

kyselin, 1é¢iv a pevnych povrch molekul [83].

Vyznam [83]:
e pomahaji urcit protein-proteinove interakce
e pomahaji urcit 3D strukturu proteint
e imobilizace na pevné fazi
e pochopeni molekularnich mechanizm v bunéénych membranach
e mohou slouzZit k pfipravé komplexti enzym-protilatka, imunotoxini a dalSich

znacenych proteint

Konformaéni zmény mohou byt analyzovany pfed i po interakci se sitovacim
¢inidlem. Porovnani dvou sitovacich ¢inidel srozdilnou délkou raménka informuje o
vzdalenosti mezi interagujicimi molekulami. Pouziti sitovacich ¢inidel se vyuziva pii
studiu povrchu receptorti, miZzeme izolovat i ligand-receptorovy komplex. V tomto piipadé

je vyhodou radioaktivni ¢i jiné znaceni ligand-receptorového komplexu [83].

Vybér sitovaciho ¢inidla

O vybéru sitovaciho ¢inidla rozhoduje povaha chemické reakce, napt. specifita pro
pfislusné funkéni skupiny a kompatibilita reakce s ¢inidlem. Proto je nejlep$im ¢inidlem to,

které jiZ bylo empiricky vyzkouseno [83].
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Pfi vybéru ¢inidla se mizZeme fidit t€émito charakteristikami [83]:
e chemicka povaha molekuly
e dé¢lka raménka
e rozpustnost ve vodé a propustnost pies membranu
e stejné (homobifunkéni) nebo rizné (heterobifunkéni) reaktivni skupiny
e spontann¢ reaktivni nebo fotoreaktivni skupiny
e schopnost Stépeni
e (inidlo mizZe mit chemické skupiny, které 1ze znacit radioktivné i jinou chemickou

znackou.

Funkéni skupiny jsou vétSinou primami aminy, sulfhydryly, karbonyly,
karbohydraty, karboxylové kyseliny.

Pro intramolekularni studie se vybiraji spiSe ¢inidla s kratkym raménkem, pro
intermolekulami spiSe s dlouhym. Kompletni informaci o vazebnych interakcich zjistime

pouZzitim kombinace sit'ovacich ¢inidel [83].

Reakéni podminky [83]

e vétsinou se pozaduje nativni struktura komplexu, proto je dilezité neutralni pH
e musi byt ur€eny molarni poméry mezi ¢inidlem a ligandem, stupen konjugace a
pocet funkénich skupin

e meélo by byt co nejmén¢ dalsich komponent v reakéni smési.
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4.5.1. Zesitovani '>’I-CART(61-102) a vazebného mista

Experiment ma t¥i casti:

1. A Kompetitivni vazba na bunéénych membranach z nediferencovanych bunék PC12

Kompetitivni vazebné pokusy byly provedeny se 100 pg membranovych proteint
podle podminek optimalizovanych v piedchozich experimentech [62] do celkového
objemu 0,5 ml/zkumavku stejné, jak bylo popsano v odstavci pro vazbu na celé buiiky na
destickach, pouze do vazebného pufru nebyla pfidana glukéza. Inkubace probéhla pfi
teplot¢ 37 °C 30 minut. Koncentrace radionuklidu . CART(61-102) byla 10° M, byla
pouzita pouze celkova a nespecificka vazba a to v duplikatech. Celkova vazba €inila 2 az
5% z ptidané radioaktivity. Nespecificka vazba ¢inila méné neZ 15 % celkové vazby.
Reakce byla ukoncena pfidanim promyvaciho pufru do zkumavky sreakéni smési.
Suspenze byla po ukonéené vazebné reakci stoéena na centrifuze Jouan T40 po dobu 10
minut pfi 4000 otackach/min (3000xg) pii teploté¢ 4°C. Supernatant byl opatrné odsan a
cely postup byl od pfidani promyvaciho pufru opakovan. Radioaktivita vysledné pelety se

zméfila na y-¢itaci.

1. B Kompetitivni vazba na celych burikach na desti¢kach

Postup byl stejny jako v odstavci pro vazbu na celé burniky na destickach s tim
rozdilem, Ze koncentrace radionuklidu '*I-CART(61-102) byla 10® M, opét byla pouZita
pouze celkova a nespecificka vazba v duplikatech. Reakéni smés byla po uplynuti doby

inkubace odsata a buriky byly tfikrat promyty promyvacim pufrem.

2. Proces zesit'ovani pomoci 5 sit'ovacich ¢inidel

Sitovaci ¢inidla (Thermo Fisher Scientific, Rockford, IL, USA):

e MBS (N-hydroxysukcinimid-3-naleimidobenzoat)
e DSS (Disukcinimidyl-suberat)

e DSG (Disukcinimidyl-glutarat)

e EGS (Ethylenglykol-bis[sukcinimidylsukcinat])

e TSAT (Tris-sukcinimidyl-aminotriacetat)
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Kromé& TSAT a MBS jsou vSechna ¢inidla homobifunkéni, jejich reaktivni skupina
Je NHS-esterova. TSAT je homotrifunk¢ni, reaktivni skupina je také NHS-esterova. MBS
je heterobifunkéni a vyuzivalo jak NHS-esterovou vazbu, tak vazbu s SH skupinou

sitovaného proteinu. V3echny se od sebe li§i délkou raménka, jak je patrmé z obr. 8.
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Obr. 8 Struktury pouZitych sit ovacich Cinidel

a) Struktura MBS. Molekulova hmotnost 314,25; délka raménka 7,3 A. b) Struktura DSS.
Molekulova hmotnost 368,35; délka raménka 11,4 A. c) Struktura DSG. Molekulova
hmotnost 326,26; délka raménka 7,7 A. d) Struktura EGS. Molekulova hmotnost
456,36:délka raménka 16,1 A. e) Struktura TSAT. Molekulova hmotnost 482,36, délka
raménka 4,2 A.
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Byly pouzity nasledujici pufry:

e Sitovaci

20 mM HEPES pufr o pH 7,4, 118 mM NaCl, 4,7 mM KCl, 5§ mM MgCl,
e Pufr pro ukonéeni reakce (STOP pufr)

50 mM Tris/HCl pufr o pH 7,6

Komplex '*I-CART(61-102) a vazebného mista byl inkubovan s 1 mM nebo
s 0,1mM pfislusnym sitovacim ¢inidlem (rozpusténé v dimethylsulfoxidu), a to
v sitovacim pufru o celkovém objemu 0,5 ml v pfipadé celych buné€k na desti¢kach nebo o
celkovém objemu 1 ml v pfipadé bunéénych membran po dobu 30 minut pii 25°C a za
tiepani. Tyto reakce byly ukonéeny v pfipadé celych bunék na destickach odsatim reak¢ni
smési a promytim tfikrat 1 ml promyvaciho pufru a v pfipadé¢ bunéénych membran PC12
pfidanim 1 ml stop pufru pii 4°C, centrifugaci a odsatim supernatantu. Radioaktivita

vysledné pelety byla op€t zmétena na y-Citaci.

3. SDS-PAGE elektroforéza [84] zesitovaného komplexu 2ILCART(61-102) a vazebného
mista (Bio-Rad, Hercules, CA, USA)

Byvly pouzity nasledujici pufry a roztoky

e Vzorkovy pufr redukujici (0,5 M Tris-HCI o pH 6,8, glycerol, 10% SDS, 0,5 %
bromfenolova modr, destilovana voda, 3-merkaptoethanol)

e 1,5M Tris-HCl o pH 8,8

e 0,5M Tris-HCl o pH 6,8

e Bis-akrylamid

e 10 % dodecylsulfat sodny (SDS)

e 10 % amonium-perchlorosiran (APS)

e N,N,N’,N’-tetrametyl-1,2-diaminometan (TEMED)

3. A Celé bunky na destickach

Po odsati reakéni smési bylo k burikam ptidano 30 pl vzorkového pufru a inkubace
probihala alesponi 30 minut pifi pokojové teploté v digestofi. Lyzat byl odebran do
zkumavek a do jamek bylo ptidano dalSich 20 pl redukujiciho vzorkového pufru, kterymi

byla jamka promyta.
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3. B Bunééné membrany z nediferencovanych bunék PC12

K peleté bylo pfidano 20 pl redukujiciho vzorkového pufru.

Pfiprava vzorku

Vzorky byly po dobu 15 vtefin sonikovany a po sonikaci zahfaty na 100 °C po
dobu 2 minut. Zahtaté vzorky byly dany na S minut do mikrocentrifugy.

Takto pripravené vzorky byly nanaSeny na 15% SDS-polyakrylamidovy gel
v duplikatech. Pro identifikaci molekulovych hmotnosti byl pouzit standard dual color
(Bio-Rad, Hercules, CA, USA). Elektroforéza probihala pod konstantnim napétim 130 V.

Vysledné gely byly vysuSeny, standard molekulovych hmotnosti byl radioaktivné
oznaCen a radioaktivita vysuSenych gell detekovdna na pfistroji Typhoon 9410

(Amersham Biosciences, GE Healthcare, Buckinghamshire, UK).

4.6. FOSFORYLACE MAPK(ERK1/2) V BUNKACH PC12

MAP kinazy fosforyluji substratové proteiny a nebo se mohou translokovat do jadra
a fosforylovat fadu dalSich proteint, transkripénich faktord aj., a tim regulovat expresi

dulezitych proteind.

MAP kindzova rodina byva roziazovana do 6 skupin [85]:

e ERK (extracelular signal-regulated kinase) typu 1 a 2. ERK1/2 byvaji oznacovany
jako klasické MAP kindzy a preferen¢né byvaji aktivovany ristovymi faktory.

JNK (c-Jun N-terminal kinase) nebo jinak MAPKS8, MAPK9, MAPK10 oznacuji
skupinu kindz aktivované stresovym podnétem (cytokiny, UV, osmoticky Sok atd.)

e izoformy p38, t¢Z MAPKI11, MAPK12, MAPK13, MAPK14. TaktéZz aktivovany

stresovym stimulem.

e ERKS neboli MAPK?7, objevena nedavno. Podili se na bunééné proliferaci a muize
byt aktivovana jak ristovymi faktory, tak stresovym podnétem.

e ERK3/4 neboli MAPK6/4 jsou strukturné netypickymi kinazami, ERK4 je na rozdil
od ERK3 relativné stabilni.
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e ERK?7/8 neboli MAPKI15 je taktéz netypicka MAP kinaza objevena nedavno.

Podstatné je, Ze kindzova kaskdda umoZiluje multienzymovou regulaci a amplifikaci
signalu.

Molekulova hmotnost MAPK (ERK1/2) je 44/42 kD.

4.6.1. Metoda fosforylace MAPK(ERK1/2) v buiikach PC12

Byly pouZity nasledujici pufry a roztoky:
¢ Cisté médium RPMI 1640 s 0,5% FBS

e Promyvaci pufr (viz str. 34)

e Vzorkovy pufr redukujici (viz str. 41)

e 10°M CART(61-102) v &istém médiu RPMI 1640 s 0,5% FBS

e NGF o koncentraci 50 ng/ml v ¢istém médiu RPMI 1640 s 0,5% FBS

e 10°M CART(61-102) a NGF o koncentraci 50 ng/ml v &istém médiu RPMI 1640
s 0,5% FBS

Provedeni

Pro tento druh pokusu bylo dilezité ziskat co nejvétsi po€et bun€k na jamku. Asi
16 hodin pfed pokusem bylo burikdm vyménéno médium se sérem za Cisté médium s 0,5%
FBS, jak bylo popsano v kapitole péstovani bunééné linie na str. 32.

Dalsi den bylo burikdim odsato médium. V Casovych intervalech bylo do kazdé
jamky ptidano bud’ 250 pl ¢Cistého média RPMI 1640 s 0,5% FBS nebo 250 pl 10° M
CART(61-102) v ¢istém médiu RPMI 1640 s 0,5% FBS nebo 250 pl NGF o koncentraci
50 ng/ml v ¢istém médiu RPMI 1640 s 0,5% FBS nebo 250 pl roztoku obsahujici 10° M
CART(61-102) a NGF o koncentraci 50 ng/ml v ¢ist¢ém médiu RPMI 1640 s 0,5% FBS, to
vée v duplikatech. Cist¢ médium RPMI 1640 bylo piedem temperovano na 37°C. Obsah
byl zamichan a ponechan inkubovat podle rozpisu bud’ 5 nebo 20 minut. Po uplynuti doby
inkubace byla reakéni smés odsata a promyta 1 ml promyvaciho pufru o pokojové teploté.
Solubilizace byla provedena ptidanim 30 pl vzorkového pufru a toto mnoZstvi bylo
v jamce ponechdno je$t€¢ minimalné¢ 15 minut a po 15 minutach po promyti 20 pl
ptemistén do ependorfek. Vzorky byly uchovavany na ledu. Poté byly po dobu 15 vtefin

sonikovany, zahtaty na 100°C po dobu 4 minut a 5 minut mikrocentrifugovany. Vzorky
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byly v duplikatech nanaseny na 10% SDS-polyakrylamidovy gel [84]. Na tento gel byl

nanesen i standard molekulovych hmotnosti standard dual color (Bio-Rad, Hercules, CA,

USA) a fosforylovana MAPK z lyzatu bunék ERK2 (Cell signalling Technology, Beverly

MA, USA) jako pozitivni kontrolni protein. Metoda tzv. pfenosu (z angl. ,blotting*)

proteinu z elektroforetického gelu na nitrocelulézovou membranu se nazyva Western blot.

Po provedeni elektroforézy byly vysledné prouzky z gelu pfeneseny na nitrocelulézovou

membranu. Pienos (Bio-Rad, Hercules, CA, USA) probihal ptes noc pii 4°C za

konstantniho napéti 30 V v pfenosovém pufru obsahujici 25mM Tris, 192 mM glycin, 20%

v/v methanol, pH 8,3. Druhy den byly membrany detekovany pomoci protilatek proti

fosforylované MAPK (ERK1/2). Buriky byly pocitany pied pokusem i po pokusu.

Pouzité roztoky pro detekci:

10x Tris-buffered saline (TBS) o pH 7,6

0,2 M Tris, 1,4 M NaCl

Blokujici pufr s 5% netu¢nym su$enym mlékem
1x TBS, 0,1% Tween-20, 5% netu¢né suSené mléko
Blokujici pufr s 3% BSA

1x TBS, 0,1 % Tween-20, 3% BSA

Vymyvaci pufr TBS/T

1x TBS, 0,1% Tween-20

Pufr pro primarni a sekundarni protilatku

1x TBS, 0,1% Tween-20, 5% netu¢né susené mléko
Pufr pro primarni protilatku fluorescen¢né zna¢enou
1x TBS, 0,1% Tween-20, 3% BSA

Primarni protilatky

o Fosfo-p44/42 MAPK (Thr202/Tyr204) mysi mAB (Cell signalling
Technology, Beverly MA, USA)

o Fosfo-p44/42 MAPK (Thr202/Tyr204) mysi mAB AlexaFluor (Cell
signalling Technology, Beverly MA, USA), protilatka fluorescenéné
znacena

Sekundarni protilatka
Protimysi IgG peroxidazovy konjugat pfipraveny v kraliku

(Sigma,St.Louis,MO,USA)
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Detekce membrdn byla provedena dvéma zpiisoby
A. Detekce pomoci fosfo-p44/42 MAPK (Thr202/Tyr204) mySi mAB a peroxiddzou

konjugované protimysi protilatky

Po provedeni pienosu byly nitrocelulozové membrany promyty ve 25 ml
vymyvaciho pufru po dobu 5 minut pti pokojové teploté. Poté byly membrany inkubovany
s 25 ml blokujiciho pufru s 5% netuénym suSenym mlékem po dobu 1 hodiny pti pokojové
teploté. Po inkubaci byly 3krat po 5 minutach promyty ve vymyvacim pufru. Promyté
membrany byly inkubovany s primarni protilatkou v poméru 1:2000 v 10 ml pufru pro
primarni protilatku ptes noc pfi 4°C a za mimého michani. Druhy den byly membrany
3krat po 5 minutach promyty ve vymyvacim pufru. Promyté membrany byly inkubovany
se sekundarni protilatkou v poméru 1:12000 v 10 ml blokujiciho pufru po dobu 1 hodiny
za pokojové teploty a mirmého michani. Nasledné byly membrany opé&t promyty 3kréat po 5
minutach ve vymyvacim pufru. Postup byl proveden podle doporu¢eného protokolu firmy
Cell signalling technology (Beverly MA, USA), odkud byla dodéna i priméarni protilatka a
kontrolni pozitivni protein.

Detekce pomoci protilatek byla provedena pomoci ¢inidla Femto Pierce
SuperSignal (Thermo Fisher Scientific, Rockford, IL, USA). Chemiluminiscence byla
detekovana v CCD kamete LAS-3000 (Fujifilm, GeneTiCa, Praha, CR).

B. Detekce pomoci fosfo-p44/42 MAPK (Thr202/Tyr204) mysi mAB AlexaFluor

Po provedeni pienosu byly nitrocelulézové membrany promyty ve 25 ml
vymyvaciho pufru po dobu 5 minut pfi pokojové teploté. Poté byly membrany inkubovany
s 25 ml blokujiciho pufru s 3% BSA po dobu 1 hodiny p#i pokojové teploté. Po inkubaci
byly 3krat po 5 minutich promyty ve vymyvacim pufru. Promyté membrany byly
inkubovany s primarni protilatkou v poméru 1:20 v 1 ml pufru pro primami protilatku 1
hodinu pfi pokojové teploté. Poté byly membrany 3krat po 5 minutach promyty ve
vymyvacim pufru.

Detekce pomoci fluorescenéné znacené protilatky byla provedena na

ptistroji Typhoon 9410 (Amersham Biosciences, GE Healthcare, Buckinghamshire, UK).
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5. VYSLEDKY

5.1. ZNACENI PEPTIDU CART(61-102)

5.1.1.Jodace CART(61-102)

CART(61-102) byl jodovan radioaktivnim izotopem na oddéleni Radioizotopy,
UOCHB, v.v.i., AVCR Praha podle rutinniho postupu, jak jiz bylo popsano diive [62, 67].
Hlavni produkt jodace mono-'*’I-[Met®’sulfoxid] CART(61-102), ktery mé stejnou afinitu
k burikdm PC12 a membranam z téchto bundk jako monojodovany '*I-CART(61-102)
[67], byl pouzit pro ucely vazebnych a sitovacich pokusi. Vychozi peptid CART(61-102)

se ve smé&si po prob¢hnuti reakce nevyskytoval.

5.1.2.Biotinylac¢ni a fluorescen¢ni znaceni peptidu CART(61-102)

Kontrola znaceni peptidu CART(61-102) biotinem provedena na hmotnostnim
spektrometru MALDI-TOF, Reflex IV ukazala, Ze smés peptidi CART(61-102) znaCenych
biotinem obsahovala pii 3-6ti nasobném piebytku biotinu 2-5 obsazenych NH; skupin
peptidu CART (molekulova hmotnost biotinu je 244).

Kontrola znaceni fluorescen¢ni znackou BODIPY provedend na hmotnostnim
spektrometru MALDI-TOF, Reflex IV ukézala, Ze smés peptidi CART(61-102) zna¢enych
fluroscenéné obsahovala pii 3 nasobném piebytku pouze 1-2 obsazenych NH; skupin

peptidu CART (molekulova hmotnost fluorescenéni znacky BODIPY je 608,45).
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5.2. BUNECNA LINIE PC12

5.2.1.Péstovani bunécéné linie PC12

Buniky PC12 byly kulatého tvaru a mély tendenci tvotit shluky. Po ptfidani NGF
tvofily axony a ménily se v neuralni fenotyp. Buiiky dobfe ptfisedaly na desticky potazené
PEI a pokusy byly provedeny za sterilnich podminek dulezitych pro zachovani bunécné

linie. Obrazek 9 ukazuje buniky PC12 nediferencované a diferencované ucinkem NGF

v neuralni fenotyp. Diferencované bunky tvofi typickou neuralni sit’.

Obr. 9 Bunéénad linie PC12

(a) Nediferencované PCI2, fotografovino v 6. dnu rustové kiivky, hustota bunék byla
6x10° bunék/ml média (b) Diferencované PC12, fotografovano v 6. dnu rustové krivky,
hustota bunék byla 3x10° bunék/ml média

5.2.2.Sklizeni bunék na membrany

Nediferencované a diferencované bunky PC12 byly sbirdny v del§im fasovém
obdobi, uchovany pfi -70 °C a znich byly pfipraveny membrany, jak je popsano
v metodach (kap. 1.3.2).
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5.3. KOMPETITIVNiI VAZEBNE EXPERIMENTY S PEPTIDY CART

5.3.1. Kompetitivni vazba k nediferencovanvm a diferencovanvm buiikam PC12

Optimalizace pro kompetitivni vazebné pokusy byla publikovana jiz diive [62].

Pfi kompetitivnich vazebnych pokusech byly zachovavany stale stejné podminky,
tedy inkubace po dobu 30 minut pii 37 °C s 5x10° bunék/jamku. Vazebné kiivky '*’I-
CART(61-102) vytésiiovaného peptidy CART(61-102), CART(54-102) a modifikovanymi
peptidy CART k nediferencovanym a diferencovanym buiikam PC12 Ize vidét v obr. 10 na
nasledujici strané.

Ki byla vypocitana podle rovnice Chenga a Prusoffa [81], kdy koncentrace
radioligandu byla 0,1 nM a hodnota Ky byla pouZita ze saturatnich vazebnych experimentt
[62], kdy pro nediferencované PC12 buriky byla 0,48 nM a pro diferencované PC12 buriky
byla 1,90 nM.

Vytésnéni radioaktivniho '*’[-CART(61-102) pomoci CART(61-102), CART(54-
102) a znacenych peptidi bioCART(61-102) a fluoCART(61-102) je popséano v tabulce 1
na stran¢ 49. V kompetitivnich vazebnych pokusech u nediferencovanych bun¢k PC12 se
CART(61-102) a CART(54-102) a bioCART(61-102) vazaly s inhibi¢ni konstantou Kj;
v nizkych hodnotach v rozmezi 10° M a fluoCART(61-102) s nizi afinitou v rozmezi
hodnot 107 a2 10® M. FluoCART(61-102) mél statisticky sniZzenou afinitu vii¢i CART(61-
102) (p < 0,01), statisticky sniZzenou afinitu vii€éi CART(54-102) (p < 0,05), statisticky
sniZenou afinitu vi¢i bioCART(61-102) (p < 0,05). Rozdily v afinit¢ mezi CART(61-102),
CART(54-102) a bioCART(61-102) nejsou statisticky vyznamné.

Buné¢na linie PC12 se po pridani NGF uspésné diferencovala v neurdlni fenotyp,
jak jiz bylo dfive popsano [76]. CART (61-102), CART(54-102) a bioCART(61-102) se
k diferencovanym  buiikdm vazaly sinhibi¢ni konstantou Kj srovnatelnou
s nediferencovanymi bunikami, jak znézormuje tabulka 1 na stran¢€ 49 a obr. 10 na str. 48.
FluoCART(61-102) se k diferencovanym burikam vazal s niz$i afinitou v rozmezi hodnot
107 M. FluoCART(61-102) mél statisticky sniZenou afinitu vi¢i CART(61-102),
CART(54-102) a bioCART(61-102) (p < 0,01). Rozdily v afinit¢ mezi CART(61-102),
CART(54-102) a bioCART(61-102) nejsou statisticky vyznamné.
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Obr. 10 Kompetitivni vazebnd krFivka peptidi CART k a) nediferencovanym a
b) diferencovanym burikam PCI2

a) Vytésneni 'PI-CART(61-102) peptidem CART(61-102), CART(54-102) a biotinem a
fluorescencné  znacenym  peptidem  CART(61-102)  (bioCART a  fluoCART)
v nediferencovanych burikdch PC12. (b) Vytésnéni ' I-CART(61-102) peptidem CART(61-
102), CART(54-102) a biotinem a fluorescencné znacenym peptidem CART(61-102)
(bioCART a fluoCART) v diferencovanych bunkach PCI12. Grafy jsou reprezentativnimi
vysledky z nejméné 3 samostatnych experimenti, vzorky byly méreny vidy v duplikdtech.
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Tab.

znacenych peptidu bioCART(61-102) a fluoCART(61-102)

1 Vytésnéni 'PI-CART(61-102) pomoci CART(61-102), CART(54-102) a

Ki je rovnovazna disociacni konstanta inhibujiciho kompetitoru v jednotkdach mol/l.

K; (mol/l)

Membrany Membrany z dif. Nedif. buriky Dif. buriky PC12

Peptid
z nedif. bunék bunék PC12 PCl12 na na desti¢kach
PC12 desti¢kach

(5.92+0.76)10" (5,99 +0,91)10"° (2,36 +0,94)10° (2,28 £ 0,92)10”

CART (1.81 £0.8D10° (7,16 +0,86)10"" (3,58 £0,72)10° (5,00 + 0,93)10”
(54-102)

BioCART (7,07 +0,75)10™"° (2,99 + 1,02)10° (3,09 +0,94)10°
(61-102)

Fluot \RT (1,28 +0,78)10® (8,44 +0,76)10° (4,11 +1,82)107

(G1-162)
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5.3.2. Kompetitivni vazba k membranim z nediferencovanych a diferencovanych

bunék PC12

Membrany byly izolovany podle rutinniho postupu, jak bylo jiz dfive popséano [62].
Také optimalizace pro kompetitivni vazebné pokusy byla publikovéna jiz dtive [62].

Pti kompetitivnich vazebnych pokusech byly zachovavany stale stejné podminky,
tedy inkubace po dobu 30 minut pti 37 °C s 50 ug proteinw/zkumavku. Vazebné kfivky
'"PLLCART(61-102) vytésiiovaného peptidy CART(61-102), CART(54-102) a znatenymi
peptidy CART(61-102) k membrandm z nediferencovanym bun€¢k PC12 lze vidét v obr.
11a na nasledujici strang. Vazebné kiivky '*I-CART(61-102) vytésiiovaného peptidy
CART(61-102), CART(54-102) k membranam z diferencovanym bunék PC12 Ize vidét
naobr. 11b na nasledujici strané. FluoCART(61-102) a bioCART(61-102) u membran
z diferencovanych bun¢k PC12 nebyly testovany, nebot’ je velmi obtizné ziskat dostate¢né
mnoZstvi membran ptipravenych z diferencovanych bun¢k PC12.

K; byla vypocitdna podle rovnice Chenga a Prusoffa [81], kdy koncentrace
radioligandu byla 0,1 nM a hodnota K4 byla pouZita ze satura¢nich vazebnych experimentt
[62], kdy pro nediferencované PC12 buriky byla 0,48 nM a pro diferencované PC12 burky
byla 1,90 nM. U membran z nediferencovanych bun¢k mél fluoCART(61-102) statisticky
snizenou afinitu vic¢i CART(61-102) (p < 0,001), statisticky sniZenou afinitu vuci
CART(54-102) (p < 0,01), statisticky sniZenou afinitu vici bioCART(61-102) (p < 0,001).
Rozdily v afinit¢ mezi CART(61-102), CART(54-102) a bioCART(61-102) nejsou
statisticky vyznamné.

U membran z diferencovanych bun¢k PC12 nebyly rozdily v afinit¢ u CART(61-
102) a CART(54-102) statisticky vyznamné.

Vytésnéni radioaktivniho '*I-CART(61-102) pomoci CART(61-102), CART(54-
102) a znacenych peptidii bioCART(61-102) a fluoCART(61-102) je popsano v tabulce 1
na strané¢ 49. V kompetitivnich vazebnych pokusech u membran z nediferencovanych
bunék PC12 se CART(61-102) a bioCART(61-102) vazaly s vysokou afinitou v rozmezi
10'° M, CART(54-102) vazal s inhibi¢ni konstantou K; v nizkych hodnotach v rozmezi
10° M a fluoCART(61-102) sniz§i afinitou v rozmezi 10® M. CART (61-102) a
CART(54-102) se k membranam z diferencovanych bunék PC12 vazaly s inhibi¢ni
konstantou K; srovnatelnou s membranami z nediferencovanych buné¢k PC12, jak

znazoriiyje tabulka 1 na stran€ 49 a obr. 10 na str. 48 a obr. 11 na str. 51.
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Obr. 11 Kompetitivni vazebnd kiivka peptidit CART k membrdndm z nediferencovanych
a diferencovanych bunék PCI2

a) Vytésnoni "PI-CART(61-102) peptidem CART(61-102), CART(54-102) a biotinem a
Sfluorescencné znacenym peptidem CART(61-102) (bioCART a fluoCART) v membrandch
z nediferencovanych bunék PC12. (b) Vytésnéni ' I-CART(61-102) peptidem CART(61-
102), CART(54-102) v membrandch z diferencovanych bunék PCI12. Grafy jsou
reprezentativnimi vysledky z nejméné 3 samostatnych experimenti, vzorky byly méreny
vzdy v duplikatech.
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5.4. ZESITOVANI '®I-CART(61-102) A VAZEBNEHO MISTA

Experimenty byly provadény s membranami z nediferencovanych bunék a s celymi
nediferencovanymi burikami na desti¢kach.

Pfi vazebnych pokusech byly zachovavany stale stejné podminky, pfi¢emZ
optimalizace téchto pokusii byla publikovana diive [62], viz kompetitivni vazebné
experimenty. Metoda sitovani byla provedena se 100 pg membranovych proteind nebo
s hustotou 5.10° bundk/jamku. Usp&nost vazby peptidu '’I.CART(61-102) k buiikdm
PC12 i k membrandm ztéchto bun€k byla kontrolovana béhem pokusu zméfenim
radioaktivity vdzané na celych burikach ¢i membranach z téchto bunék na v ¢itaci, kdy byla
potvrzena celkové a nespecificka vazba v pfitomnosti neznac¢eného peptidu CART(61-102),
a to vzdy v duplikdtech. Celkova vazba ¢inila 2 az 5% zpiidané radioaktivity.
Nespecificka vazba ¢inila méné nez 15% celkové vazby.

Zesitovani '*I-CART(61-102) s vazebnym mistem pomoci MBS, DSS, DSG, EGS,
TSAT bylo provedeno v koncentracich 0,1 mM a 1 mM v pfipadé¢ experimenti s
buné¢énymi membranami a v koncentraci 0,1 mM v pfipadé€ experimentd s celymi burikami.

Zesitované komplexy (promyty a rozpustény ve vzorkovém pufru) byly nanaseny
v duplikatech na 15 % SDS-polyakrylamidovy gel spolu se standardem molekulovych
hmotnosti. Po provedeni elektroforézy byly gely vysuSeny a standard molekulovych
hmotnosti byl na gelu radioaktivné¢ oznacen. Vysledky autoradioagrafie lze vidét na

nasledujicim obr. 12 na str. 53 a na obr. 13 na str. 54.
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Obr. 12 Autoradioagram komplexu '“I-CART(61-102) a vazebného mista
v membrdndch 7 nediferencovanych bunék PC12 zesit’ovaného pomoci DSS, EGS, DSG
a TSAT

Jednotliva pismena zkratek oznacuji: M — standard molekulovych hmotnosti, CV — celkova
vazba, NV — nespecificka vazba. Celkova a nespecificka vazba byla provedena vidy
v duplikatech. Zelenda vodorovna cara v levé cdsti kazdého gelu oznacuje molekulovou
hmotnost 35 kD. Koncentrace jednotlivych sitovacich cinidel 0,1 mM a 1 mM jsou pro
kazdou sérii CV a NV uvedeny pod kazdym gelem. Gely predstavuji reprezentativni vybér
z nejméné 3 samostatnych experimentu.
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Obr. 13 Autoradioagram komplexu I51.CART, (61-102) a vazebného mista na
celych nediferencovanych burikach PCI12 zesitovaného pomoci DSS, EGS, DSG a
TSAT

Jednotliva pismena zkratek oznacuji: M — standard molekulovych hmotnosti, CV — celkova
vazba, NV - nespecificka vazba. Celkova a nespecificka vazba byla provedena vidy
vduplikatech. Zelend vodorovna cara v levé casti kazdého gelu oznacuje molekulovou
hmotnost 35 kD. Koncentrace jednotlivych sitovacich Ccinidel byla 0,1 mM. Druh
pouZitého sitovaciho cCinidla je uveden pod gelem vZdy pro kaZdou sérii CV a NV. Gely
predstavuji reprezentativni vybér z nejméné 3 samostatnych experimenti.
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Mnozstvi vazané radioaktivity po zméfeni na y &itadi bylo vyssi u '*’I-CART(61-
102) vazaného k burikam ¢i membranam (celkova vazba) nez u nespecifické v pfitomnosti
1000 nasobného prebytku neznaceného peptidu CART(61-102). Rozdil je ziejmy i na obr.
12 na str. 53 a na obr. 13 na str. 54.

Sitovani '®I-CART(61-102) a jeho vazebného mista pomoci sitovacich Cinidel
bylo podle autoradiografie nejucinngjsi pii pouziti sitovaciho ¢inidla DSS, dale EGS,
mén¢ ucinné pti pouziti DSG a jest€ méné pii pouziti trifunk¢niho ¢inidla TSAT, pficemz
s pomoci ¢&inidla MBS se komplex '*I-CART(61-102) a vazebného mista nepodatilo
zesitovat. Koncentrace sitovacich ¢inidel byly 0,1 mM a 1 mM v pfipadé membran
z nediferencovanych bun¢k PC12 a 0,1 mM v ptipadé celych nediferencovanych bun¢k
PC12. Vysledky na membranach z nediferencovanych bunék odpovidaly vysledkim u
celych nediferencovanych bun¢k PC12.

Autoradiografie vyslednych gelt ukézala, Ze komplex 'BL.CART(61-102) a
vazebného proteinu ma molekulovou hmotnost 35 kD, stejnou pii pouziti kteréhokoliv

uéinného sit'ovaciho ¢inidla.

5.5. FOSFORYLACE MAPK (ERK1/2) V BUNKACH PC12

Stav a kvalita bunék byla kontrolovana mikroskopicky pfi 4 nasobném a 40ti
nasobném zvétseni jednak druhy den po vyménéni média se sérem za médium ¢isté s 0,5 %
FBS a jednak byly buiiky kontrolovany béhem kazdého pokusu. Vyménou média se sérem
za médium Ccisté s 0,5 % FBS se docililo sniZeni urovné bazalni hladiny fosforylace
v burkach.

Doba inkubace s peptidy byla dodrZovana podle pfesné stanoveného intervalu 5 a
20 minut (Cas byl zvolen podle literatury [70], fosforylace MAPK je nejvétsi po 5
minutach, pfetrvava jesté¢ 20 minut a dale klesa). Poté byly buriky lyzovany nejméné 15
minut ve vzorkovém redukujicim pufru. Vzorky byly rozdéleny SDS-elektroforézou v 10
% polyakrylamidovém gelu a pak pfeneseny na NC membrany.

Detekce fosforylované MAPK na NC membrané byla provedena dvojim zplGsobem.
Detekce byla provedena primami fosfo-p44/42 MAPK (Thr202/Tyr204) mysi
monoklonalni protilatkou a nasledné sekundami protilatkou (peroxidasovy konjugat) a

bylo detekovano Iluminiscenéni zafeni. Druhym zpisobem detekce byla detekce
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fosforylované MAPK na NC membrané¢ fosfo-p44/42 MAPK (Thr202/Tyr204) Alexafluor
my$i monoklondlni protilatkou (znacena fluorescencné). Pfi tomto zpisobu detekce byla
méfena intenzita fluorescencniho zéfeni.

Jako kontrolni pozitivni protein byla pouzivana fosforylovana MAPK (ERK2)

z lyzatu bunék.

fosfoMAPK NK NK NGF NGF CART CART NGF+ NGF+
CART CART

A\

SO
- e ——

42 kD .
detekce: fosfo-p44 42 MAPK (Thr202. Tyr204) myvsimAB  1:2000

Obr. 14 NC membrdna po detekci luminiscencniho zdreni — detekce fosforylované
MAPK (ERK1/2)

Zkratky oznacuji:  fosfoMAPK — kontrolni pozitivni protein fosfoMAPK (ERK2) s
molekulovou hmotnosti 42 kD, NK — negativni kontrola (neni pritomen Zdadny peptid), NGF
— vysledek po inkubaci s nervovym rustovym faktorem (50 ng/ml), CART — vysledek po
inkubaci s 10° M peptidem CART(61-102), NGF+CART — vysledek po inkubaci
s nervovym riistovym faktorem (50 ng/ml) a s 10° M roztokem peptidu CART(61-102).
Inkubace probihala 5 minut a to vZdy v duplikdtech testovanych ldatek. Primdrni protilatka
byla Fedéna v poméru 1:2000 a detekce byla provedena pomoci Cinidla Femto Pierce

SuperSignal.
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detekce: fosfo-p44 42 M[APK (Thr202:Tyr204) mysi mAB AlexaFluor  1:20

Obr. 15 NC membrdna po detekci fluorescencniho zdfeni — detekce fosforylované MAPK
(ERK1/2)

Zkratky oznacuji: NK — negativni kontrola (neni pritomen Zadny peptid), fosfoMAPK —
kontrolni pozitivni protein fosfoMAPK (ERK2) s molekulovou hmotnosti 42 kD, NGF —
vysledek po inkubaci s nervovym rustovym faktorem (50 ng/ml), CART — vysledek po
inkubaci s 10°° M roztokem peptidu CART(61-102), M — standard molekulovych hmotnosti,
oznacuje molekulové hmotnosti 75 kD a 25 kD. Inkubace probihala 20 minut a to vidy
v duplikatech testovanych latek. Primarni protildatka byla Fedéna v poméru 1:20 a byla

mérena intenzita fluorescence fluorescencné znacené protilatky.

Fosforylovandi MAPK (ERK1/2) byla detekovana narozdil od negativni kontroly
pouze u bun€k po inkubaci s NGF. Obé metody detekce potvrdily stejny vysledek, jak je
patrné z obr. 14 na str. 56 a z obr. 15 na str. 57. Inkubace bun€k s NGF v koncentraci 50
ng/ml aktivovala fosforylaci MAPK (ERK1/2) a to po 5 1 20 minutach. V témzZe ¢asovém
intervalu 10° M peptid CART(61-102) neaktivoval fosforylaci MAPK (ERK1/2) a nebyl
ani schopen potlacit fosforylaci MAPK (ERK1/2) vyvolanou NGF-.
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6. DISKUZE

6.1 Vyznam peptidi ovliviiujicich pFijem potravy pro moznou lécbu obezity

Objev leptinu vroce 1994 [86] odstartoval novou etapu ve vyzkumu regulace
pfijmu potravy a vyvoje obezity. Leptin, hormon produkovany tukovou tkani a ovliviiyjici
dlouhodobé energeticky metabolismus pisobenim v CNS, sice nesplnil pivodni oéekavani
a nestal se lékem proti obezité, ale zahajil obrovsky vzestup vyzkumu sloZitych
mechanizmi regulace pfijmu a vydeje energie v organizmu a nasledné doslo k objevu celé
fady novych latek ucastnicich se téchto déju, zejména neuropeptidt [87, 88].

Epidemie obezity a sni spojenych dal$ich chorob (diabetes mellitus 2. typu,
kardiovaskulamni choroby, nadorova onemocnéni a jiné) predstavuje v dne$ni dobé zavazny
zdravotni problém vyskytujici se jiz nejen v zapadni spolecnosti, ktery je disledkem nasi
genetické predispozice a sou¢asného nevhodného Zivotniho stylu (piejidani, nevhodné
sloZeni stravy, nedostatek pohybu). MnozZstvi obéznich lidi celosvétové stoupa nesmirné
rychlym tempem, a to i v Ceské republice. Stale je k dispozici velmi malo 1ékd, které
v kombinaci s upravou diety a Zivotniho stylu pomahaji sniZovat hmotnost — prozatim je to
pouze orlistat, inhibitor lipazy, a sibutramin ovliviiujici plsobeni serotoninu, v USA a
nékterych statech Evropy navic rimonabant, novy 1€k, ktery je inhibitorem
endokanabinoidniho receptoru. Ani jeden z téchto 1€kt ale neni bez vedlejsich ucinku [89].
Vyzkum mechanizmi ovliviiujicich pfijem potravy a novych latek ucastnicich se téchto
déji, které by mohly byt potencialnimi antiobezitiky, je tedy velmi dtlezity.

Jednou z takovych latek je i pred vice nez deseti lety objeveny centralné plsobici
peptid CART [5]. Jak jiz bylo podrobné popsano v uvodu, tato latka se hojné vyskytuje
v CNS 1 periferii a ma celou fadu fyziologickych uéinkd v organizmu [48]. Bylo také
zjisténo, Zze mRNA pro CART se zvySuje ucinkem leptinu [5] a Ze peptid CART sniZuje
piijem potravy také v synergistické interakci s jinymi peptidy (CCK, [90], GLP-1, [91]).
Vyvoj potencidlnich 1€kt proti obezit€¢ zaloZzenych na vyvoji analogl peptidu CART vsak
prozatim neni mozny, protoZe stale neni znam receptor tohoto peptidu. Hledanim vazby
peptidu CART k burikdm a tkanim a nasledné identifikaci receptoru se v minulych letech
zabyvala fada védeckych tymi na celém svété, ale navzdory tomu receptor dosud nebyl

identifikovan. NaSe  skupina nalezla specifickou vazbu peptidu CART
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k feochromocytomalnim buiikdm PC12 [62] a na zakladé téchto poznatkli se snazi o
identifikaci vazebného mista pro peptid CART. Téma moji diplomové prace je soucasti

tohoto usili.

6.2 Znaceni peptidu CART a vazba analogu k buiitkam PC12

V publikacich na$i skupiny byla popsana radioaktivni jodace Tyr na N-konci
peptidu CART(61-102) [62]. S uspéchem byl vyuzit fakt, Ze CART(61-102) obsahuje
pouze jeden Tyr a Ze jodace neméni afinitu peptidu k bunikam PC12 [62]. Dale byly take
v nasi publikaci [67] a moji bakalaiské praci [92] testovany krat$i fragmenty peptidu
CART, které ale mély afinitu k burikdm PC12 nizkou nebo nulovou v rozsahu testovanych
koncentraci.

Ke znaceni peptidu je pouzit '*I, jehoz detekce ma fadu vyhod, zejména vzhledem
k vysoké citlivosti detekce. Nicméné se radioligand '*I-CART(61-102) ned4 vyuZit pro
identifikaci molekuly potencialniho receptoru pro peptid CART, protoZze radioaktivné
znaceny ligand je nevhodny pro pouziti v hmotnostni spektrometrii. Hledali jsme proto jiné
moznosti znaCeni, bylo vyuZita biotinylace a fluorescen¢ni znafeni jak N-koncoveé
aminoskupiny, tak postrannich aminoskupin lysinu v CART(61-102) (peptid obsahuje 5
lysinll). Zaroven bylo nutné, aby ¢ast aminoskupin zistala volna a k dispozici pro nasledné
sitovani vazebného komplexu). Vysledné analogy obsahovaly vZzdy nékolik NH,
navazaného biotinu nebo fluorescenéni znacky, jak potvrdila hmotnostni spektrometrie.

Dosud bylo publikovano jen velmi malo praci jinych skupin popisujicich vazbu
peptidu CART k tumorovym bunéénym liniim nebo primarnim buiikkdm. Byla popséna
vazba komplexu CART(55-102) se zelenym fluorescenénim proteinem k disociovanym
bunikam hypotalamu a hepatocytarni bundéné linii HepG2 [75], vazba '“I-CART(61-102)
k my$im hypofyzamim burnikam AtT20 [73,74] a nedavno také vazba peptidu 1251
CART(61-102) k primarni bunééné linii ptipravené z potkaniho nucleu accumbens [76].
V nasi laboratofi byla v minulych letech testovana vazba 'ZL.CART(61-102) jak
k bunéénym membranam z mozku a jinych organu i perifernich tkani potkani a morcat,
tak bunkam izolovanym z potkaniho nebo mysiho hypotalamu, kortexu i celého mozku.
Specificka vazba vsak nebyla nalezena (nepublikované vysledky). Pokusili jsme se také
zopakovat experimenty zminéné v pfedchozim odstavct popisujici vazbu '2I.CART(61-

102) k lidskym hepatocytarnim buitkdm HepG2 a k mySi hypofyzami linii AtT20 za
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podminek, které byly publikované [73, 75]. Zadna specificka vazba v$ak nebyla nalezena
(nepublikované vysledky).

Ze vSech diive vyzkouSenych bunétnych linii v na$i laboratofi (kromé bunék
AtT20 a HepG2 také hypofyzami buriky GH3 a neuroglialni buriky NG108) byla pouze
bunéénd linie PC12 vhodna pro studium kompetitivnich vazeb s peptidy CART, nebot’
bylo zjisténo [62], Ze se peptid CART specificky vazal pouze k bunééné linii PC12.

Tato prace navazala na specifickou vazbu radioaktivng zna¢eného '*’I-CART(61-
102) k bunkam PC12 1 tim, Ze byly testovany neradioaktivné znacené analogy peptidu
CART a to biotinylovany a fluorescen¢né znaceny analog CART(61-102) k buitkkam PC12
a jejich afinita byla srovnavdna s afinitou standardnich peptidi CART(61-102) a
CART(54-102). Z pozorovani buné¢né linie pod mikroskopem, kdy byl do ristového
média pfidan NGF o koncentraci 50 ng/ml média, se potvrdilo, Ze se buitkky PC12
diferencuji v neurony a tvofi nervové vybézky. PotaZeni dna jamek desticky PEI zvy3uje
schopnost bun¢k piisedat k bunéénym destickam, zajisti se homogenni rozmisténi bunék
na desticce a silngjsi bunécnou adhezi se zvysi odolnost pii vazebnych pokusech [93].

Kompetitivni ~ vazebné  experimenty s CART(54-102), CART(61-102),
bioCART(61-102) a fluoCART(61-102) vazajici se k nediferencovanym a diferencovanym
buikdm PC12 a bunéénym membranam z diferencovanych a nediferencovanych bunék
PC12 probéehly za stejnych podminek, jez byly popsany diive pro radioaktivné znaceny
peptid CART [62]. CART(61-102) a CART(54-102) se vazaly k bunéénym membranam
z diferencovanych a nediferencovanych bunék s vys$si afinitou neZ k nediferencovanym
butkkdm a diferencovanym buiikdm PC12 a to v nizkém nM rozmezi. Biotinylovany
CART(61-102) se vazal k diferencovanym 1 nediferencovanym burikim PC12 a
membranam z nediferencovanych bunék spodobnou afinitou jako CART(61-102) a
CART(54-102). FluoCART(61-102) se vazal k diferencovanym a nediferencovanym
bunkam PC12 a membranam z nediferencovanych bunék s afinitou o fad niZ$i nez
CART(61-102), CART(54-102) a bioCART(61-102). Vzhledem ke své struktufe a velké
molekulové hmotnosti (608,45) ma fluorescenéni znacka BODIPY negativni vliv na
schopnost vazby (afinitu) k PC12 buiikkdm a membranam z té€chto bun€k a tudiZ sniZuje
schopnost vytésiiovat '°I-CART(61-102). Proto tento analog neni vhodny pro sitovani a
dal$i analyzy. Naopak biotinylace peptidu CART neméla vliv na afinitu peptidu
k receptoru, a proto pro ucely dalSich planovanych pokusti bude analog bioCART(61-102)
vhodny.
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6.3 Zesitovani vazebného mista s CART(61-102)

Metoda sitovani mize slouzit jako prvni metoda pro charakterizaci vazebného
mista, zvlasteé je-li ligand-receptorovy komplex radioaktivné oznacen. Navic Ize sledovat
vytézek béhem pokusu, nebot’ radioaktivita ligand-receptorového komplexu miize byt
méfena na y-Citai béhem pokusu 1 po ném. Lze pozorovat 1 specifitu pouZitim celkové a
nespecifické vazby.

Firma Pierce (Thermo Fisher Scientific, Rockford, IL, USA) nabizi velké mnozstvi
sitovacich ¢inidel [83]. Vybér sitovaciho ¢inidla byl volen podle dfive publikovanych
studii [94, 95, 96, 97] a také byla volena rozdilna délka raménka 4.2 — 16.1 A. Vé&tSina
¢inidel byla homobifunkéni (DSS, DSG, EGS) vyuzivajici NHS-esterovou vazbu, ¢inidlo
TSAT bylo trifunkéni a vyuzivalo ksitovani stejnou vazbu, ¢inidlo MBS bylo
heterobifunkéni a vyuzZivalo jak NHS-esterovou vazbu, tak vazbu s SH skupinou
sitovaného proteinu.

PFi pouzit{ ¢inidla MBS pro sitovani komplexu '*I-CART(61-102) s vazebnym
mistem nebylo Zadné zesitovani detekovano. V literatufe je popsana identifikace CCK-A
receptoru cholecystokininu pomoci tohoto ¢inidla [97], vtomto piipadé bylo ¢inidlo
nevhodné.

Jako vhodna z hlediska vytéZzku a nespecifické vazby se ukazala NHS-esterova
vazba homobifunkénich nebo trifunkéniho sitovaciho &inidla. Cinidlo DSS s délkou
raménka 11,4 A se osvéd&ilo jako prvni, proto byla hled4na dalsi sitovaci ¢inidla s délkou
raménka krat$i (DSG), s délkou raménka del§i (EGS) a bylo vyzkouSeno také trifunkéni
¢inidlo s kratkymi raménky (TSAT). Metoda sitovani s 5 riznymi sitovacimi ¢inidly byla
Uspésna pro 4 z nich (DSS, DSG, EGS, TSAT) a to v koncentracich 0,1 mM a 1 mM u
membran z nediferencovanych bunék PC12 a v koncentraci 0,1 mM v ptipadé celych
buné€k na destickach. To znamena, Ze po separaci komplexu pomoci SDS-PAGE byl
autoradiograficky detekovan komplex o molekulové hmotnosti 35 kDa (v ptipadé celkové
vazby '
vazby (po inkubaci bunék ¢ membran jak s '*’I-CART(61-102), tak s CART(61-102)

[-CART(61-102) k buitkdm nebo membranam), a naopak v piipad¢ nespecifické

v koncentraci 1000x vys3i) nebyl komplex detekovatelny.
Vyssi koncentrace €inidla rozpusténého v dimethylsulfoxidu u celych bunék na
destickach zplsobovala odlepeni bunék od svého povrchu v jamce, proto byla pouZita

pouze niz§i koncentrace sitovaciho ¢inidla. Jako prvni byly provedeny sit'ovaci pokusy na
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membranach z nediferencovanych bunék. Vyhoda pouziti celych bun€¢k na destickach
oproti membranam je v tom, Ze lze sitovat pouze ligand-receptorovy komplex na povrchu
celych bunék, kdezto v druhém piipad€ se izoluji vSechny membrany dané buiky, proto
byla metoda sit'ovani pouZita i pro celé buiiky na destickach. Ac¢koliv se délka ramének u
sitovacich ¢inidel li$ila, ve vSech ptipadech byla vysledna molekulova hmotnost ligand-
receptorového komplexu asi 35 kD.

Jednou vyznamnou nevyhodou pti metod¢ sitovani je fakt, Ze v prib&hu reakce,
kdy se komplex peptid-receptor sit'uje, dochazi zaroven k disociaci tohoto komplexu a ob¢
reakce jsou v rovnovaze. To potom zpusobuje sniZzeni vytéZku reakce, v naSem pfipadé
klesla radioaktivita komplexu asi o 2 tietiny po sitovani v porovnani s radioaktivitou po
vazebném pokusu. Presto jsme vSak po optimalizaci podminek dosahli koncentrace
komplexu, kterd byla dostate¢na pro detekci. Pro izolaci a identifikaci komplexu bude ale

nutné vétsi mnozstvi.

6.4 Signalizace peptidu CART v nediferencovanych buiikkach PC12

Vazebné misto pro peptidy CART jsme dale planovali charakterizovat pomoci
signalizace peptidu do buriky. Lakatos a kol. [70] jiz dfive zvefejnili studii, ve které
CART(55-102) vyvolaval fosforylact MAPK (ERK1/2) v my$ich hypofyzamich burikach
AtT20, ve kterych byla nasledné pozorovana specifickd vazba peptidu CART(61-102)
k této hypofyzarni bunééné linii [73,74]. V nasi studii jsme vyzkouseli podobnou strategii
v bunikach PC12.

Metoda fosforylace MAPK (ERK1/2) byla provedena 2 zptsoby. Detekce pomoci
primarni fosfo-p44/42 MAPK (Thr202/Tyr204) mysi monoklonalni protilatky a sekundarni
HRP konjugované protimys$i monoklonalni protiladtky, kdy bylo k vizualizaci proteinu
pouzito ¢inidlo Femto Pierce SuperSignal, byla citlivéj$i nez detekce proteinu na NC
membrané pomoci primarni fosfo-p44/42 MAPK (Thr202/Tyr204) Alexafluor mysi
monoklonalni  protilatky, znacené fluorescentné, kdy byla méfena intenzita
fluorescen¢niho zafeni. Nicméné vysledek byl obdobny u obou pouzitych metod —
fosforylace ERK1/2 pomoci peptidu CART nebyla pozorovana. Fosforylovana MAPK
(ERK1/2) byla aktivovana pouze inkubaci bunék PC12 s nervovym ristovym faktorem. Je
obecné znamo, Ze ristové faktory aktivuji signalizani kaskady uvnitf bunék a NGF
aktivuje fosforylaci MAPK (ERK1/2) [77, 78]. V na$i praci se nejen nepotvrdilo, Ze by
peptid CART(61-102) aktivoval fosforylaci MAPK (ERK1/2) v buiikdch PC12, u kterych
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byla pozorovédna specifickd vazba tohoto peptidu, ale ani nebyl schopny potladovat
fosforylacic MAPK (ERK1/2) vyvolanou NGF a to v koncentraci 1000x vétSi nez byla
koncentrace NGF. Existuje v§ak hypotéza, Ze receptorti pro peptidy CART muze byt vice
typl, nebot’ dva odlisné pfirozené biologicky aktivni fragmenty CART(55-102) a
CART(61-102) vykazuji odli$né biologické aktivity [15, 98], a proto i buné¢né signalizace
mohou byt odlisného typu v zavislosti na charakteru pouZzitych bun¢k (dreri nadledvin u

PC12, hypofyzarni buniky AtT20) a Zivo¢isném druhu (potkani PC12, mysi AtT20).

6.5 DalSi planované studie

Poznatky ziskané v této praci budou vyuZity k naslednému vyzkumu a formulovani
dalsi metodiky v hledani receptoru pro peptid CART.

Z této prace vyplyva, Ze dalsi moZnosti v charakterizaci vazebného mista pro
peptidy CART muze byt vyuziti peptidu CART(61-102) znafeného biotinem, jeho
zesitovani s vazebnym mistem nejlépe s pomoci sitovaciho ¢inidla DSS ¢i DSG, pfipadné
EGS. Takto zesitovany komplex by mohl byt dale purifikovan s pouzitim metody
imunoprecipitace (s vyuZitim protilatek proti peptidu CART) a s vyuzitim metody afinitni
chromatografie zaloZzené na vazbé biotin-avidin (vyuziti Streptavidin-Agarosy). Detekce
tohoto komplexu po separaci pomoci SDS-PAGE a nasledna identifikace tohoto komplexu
pomoci chymotryptického $té€peni a hmotnostni spektrometrie by mély byt dal§imi kroky.
Identifikace receptoru pro peptid CART by pak umoznila hledani biologicky aktivniho
analogu tohoto peptidu s anorexigennimi u¢inky jak in vitro, tak poté in vivo, sméfujiciho

k nalezeni potencialniho antiobezitniho 1é€iva.
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7. SOUHRN

Znaceni peptidu CART a vazba téchto analogu k potkanim
feochromocytomalnim buiikam PC12

Peptid CART(61-102) byl znafen biotinem (bioCART(61-102)) a fluorescenéné
(fluoCART(61-102)). Hmotnostni spektrometrie prokdzala u obou analogli rizny pocet
modifikovanych NH, skupin peptidu: v pfipad¢ biotinylace to bylo 2-5 skupin, v pfipadé
florescen¢niho znaceni 1-2 skupiny.

V kompetitivnich vazebnych testech kbutikim PC12 nediferencovanym a
diferencovanym pomoci nervového rustového faktoru (NGF) se biotinem znaéeny peptid
vazal k celym buikkam 1 membranam z té€chto bun€k s afinitou srovnatelnou s peptidy
CART(61-102) a CART(54-102). Fluorescenén¢ znaceny peptid se vazal k buitkkam PC12
a membranam s afinitou o jeden fad niZ$i ve srovnani s peptidy CART(61-102), CART(54-
102).

Zesitovani vazebného mista s peptidem CART

Komplex vazebného mista s radioaktivng zna&enym peptidem '*I-CART(61-102)
byl Gspésné zesitovan pomoci 4 sitovacich ¢inidel s rozdilnou délkou raménka, pficemz
autoradiografie tohoto komplexu ukazala molekulovou hmotnost komplexu shodnou pii

pouziti kteréhokoli ¢inidla: pfiblizn¢ 35 kD.

Bunécna signalizace peptidu CART v nediferencovanych buiikach PC12

Peptid CART(61-102) po inkubaci s buiikami PC12 (5 a 20 minut) neaktivoval
fosforylaci mitogen activated protein kinase (MAPK), konkrétné extracelular regulated
kinase (ERK1/2) a nebyl ani schopen potladit fosforylaci MAPK (ERK1/2) vyvolanou
NGF.

Tato studie provérila biotinylovany CART(61-102) jako analog s afinitou plné
srovnatelnou s puvodnim peptidem a urcila molekulovou hmotnost zesit'ovaného
komplexu vazebného mista s peptidem CART. Na zikladé téchto informaci bude

mozné v budoucnu izolovat komplex bioCART(61-102) s vazebnym mistem pomoci

64



imunoprecipitace nebo s vyuZitim vazby biotin-avidin a nasledné identifikovat

vazebné misto pomoci hmotnostni spektrometrie.
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ABSTRACT

CART (cocaine- and amphetamine-regulated transcript) peptides are neuropeptides abun-
dant in the central nervous system and periphery found to be involved in the regulation of
food intake behavior and other physiological processes. Recently, we reported specific
binding of *I-CART(61-102) to the rat adrenal pheochromocytoma cell line PC12, both
intact cells and cell membranes. In this study, several fragments of CART(61-102) corre-
sponding to its structural loops were synthesized and tested for their potency in binding
experiments using PC12 intact cells and cell membranes and in feeding test with fasted
mice. From all shorter peptides tested, only CART(74-86) and CART(62-86) containing
disulfide bridges kept partial binding potency of the original molecule with K; in 10~°
and 10~* M range. However, these fragments were not able to inhibit food intake after their
central administration up to a dose of 4 nmol/mouse. The results showed that a compact
structure containing three disulfide bridges is necessary for preservation of full biological
activity of CART peptides.

& 2007 Elsevier Inc. All rights reserved.

1. Introduction

the regulation of feeding and energy expenditure, reward and
reinforcement processes, stress, endocrine regulation, and

CART (cocaine- and amphetamine-regulated transcript) pep-
tides were discovered by Douglass et al. [6,7] and since that
they have been found to be expressed in specific parts of the
central nervous system such as hypothalamus and pituitary
[4,20], as well as in periphery (in adrenal medulla [8], islets of
Langerhans [16,32], or gut [11]). CART peptides are involved in

* Corresponding author. Tel.: +420 220183525, fax: +420 220183571.

E-mail address: maletin@uochb.cas.cz (L. Maletinska).

sympathetic nerve-regulated activities (for reviews, see [2,14]
and the entire issue of Peptides [19]).

ProCART of rat and mouse is identical, consists of 102
amino acids and is processed to two main biologically active
CART peptides, i.e. to CART(55-102) and CART(61-102),
containing three disulfide bonds between cysteins in positions

Abbreviations: ANOVA, analysis of variance; Abu, 2-aminobutyric acid; Acm, acetamidomethyl; AP, anterior-posterior; CART, cocaine-
and amphetamine-regulated transcript; DCC, N,N'-dicyclohexylcarbodiimide; DCM, dichloromethane; DIC, N,N’-diisopropylcarbodiimide;
DMF, dimethylformamide; DVB, divinylbenzene; EDT, ethanedithiol; HOBt, N-hydroxybenzotriazole; i.c.v., intracerebroventricular; i.p.,
intraperitoneal; MBHA, methylbenzhydrylamine; NGF, nerve growth factor; NMP, N-methylpyrrolidinone; TBTU, 2-(1H-benzotriazole-1-
y1)-1,1,3,3-tetramethyluronium tetrafluoroborate; TEA, triethylamine; TFA, trifluoracetic acid; TIS, triisoprolylsilane; V, ventricular.
0196-9781/$ - see front matter . 2007 Elsevier Inc. All rights reserved.

d0i:10.1016/j.peptides.2007.07.022
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68 and 86, 74 and 94, and 88 and 101 [29]. Reduction of the
disulfide bridges not only deteriorated anorexigenic effect of
the peptide, but also changed its character into an orexigenic
one [5]. As determined by NMR spectroscopy, CART(55-102)
contains a compact core stabilized by disulfide bonds and
disordered N-terminus [25].

The central nervous system contains both CART(55-102) and
(62-102) peptides, whose biological activity differs in specific
tests [1,9,29]. In the periphery, longer CART peptides, namely
CART(1-89) and (10-89), were isolated from adrenal glands [29].

Peptides of the pro-part of CART(1-102) are considered
biologically inactive. CART(1-27) failed to attenuate food
intake in freely fed rats [24], activate cell signaling [23] and
displace ***I-CART(61-102) binding to mouse pituitary cell line
AtT20 [31].

N-terminal fragments of CART(55-102), i.e. CART(55-76)
and (62-76) were found active in feeding and behavioral tests
in rats [17,24]. C-terminal peptide CART(85-102) was also
synthesized and its ability to attenuate sensitization to
morphine-induced hyperlocomotion was reported [9,10].

Despite enormous effort, no receptors for CART have been
isolated and cloned to date. Specific binding of *?*I-CART(61-
102) to the AtT20 tumor cell line has been reported [30,31].
Besides, binding of a fusion protein consisting of CART(55-102)
and green fluorescent protein to dissociated hypothalamic
cells and HepG2 cells was described by Keller et al. {18].
Recently, we have reported specific binding of **I-CART(61-
102) to PC12 cells, both non-differentiated and differentiated
into a neuronal phenotype [26].

PC12 is single cell clonal line from rat adrenal pheochro-
mocytoma which responds reversibly to nerve growth factor
(NGF). By exposure to NGF, the PC12 cells cease to multiply
and begin to extend branching processes similar to those
produced by sympathetic neurons in primary cell culture
[13]. The findings from our previous studies point to a
possible role of CART in the sympatho-adreno-medullar
system [8].

In this study, we present synthesis of several new peptide
fragments corresponding to structural loops of CART(61-102).
We report their binding to PC12 cells both non-differentiated
and differentated. The anorexigenic effect of selected frag-
ments after intracerebroventricular (i.c.v.) administration in
fasted mice was also determined.

Previously studied peptides CART(62-76) {17] and C-
terminal [Abu®®**|CART(85-102) [10] were also resynthesized
in order to evaluate their binding to PC12 cells and their
anorexigenic activity under our experimental conditions.

2. Materials and methods
2.1, Peptides

Peptides CART(61-102) and (55-102) were obtained from
Bachem (Bubendorf, Switzerland). Structures of their shor-
tened analogs 1-14 are described in Table 1. Peptides 2, 4, 5
and 7 were synthesized at the University of Gdansk, Poland.
Peptides 1, 3, 6 and 8-14 were synthesized in the Institute of

Table 1 - Structure of CART peptide fragments

55 61 68 74 8 88 94 101
CART (55-102) VPIYEKKYGQVPM(‘TDAGEQ?AVRKGARIGKL?D?PRGTS?NSFLLK%L

|

CART (61-102)
Lo

KYGQVPMCDAGEQCAVRKGARIGKLCDCPRGTSCNSFLLKCL
! J

|
[

1 YGQVPM -NH;

2 GDAGEQG-NH;

3 GAVRKGARIGKLG- NH;

4 GPRGTSG-NH;
5 GNSFLLKAL-OH
6 ARKOARIHLS

7 CAVRKGARIGKLC-OH

8 YGQVPMCDAGEQC(Acm)AVRKGARIGKLC -NH,

9 YGQVPMCIZDAGEQC(Amc)AVRKGARIGKL(})-NH;

10 YGQVPMCI)(Acm)DAGEQCAVRKGARIGKL(I}NHz

11 YGQVPMCDAGEQCAYV - OH

12 YGQVPMC(Acm)DAGQ C(Acm)AV-OH

13 LAbuDCPRGTSAbuNSFLLKCL-OH

14 LAbuDCPRGTSAbUNSFLLKCL-OH
L ]
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2.1.1. Synthesis of peptides 2, 4, 5 and 7

The peptides were synthesized manually by the solid-phase
method, by stepwise coupling of Boc-amino acids to the
growing peptide chain on MBHA resin (Senn Chemicals AG, 1%
DVB, 200400 mesh, 0.67 mmol/g) or on Boc-Cys(MeOBzl)-
Merrifield Resin (GL Biochem Ltd. (Shanghai) 1% DVB, 100-
180 mesh, 0.7 mmol/g). Fully protected peptide resins were
synthesized according to standard procedures involving (i)
deprotection steps using 33% TFA in the presence of anisole
(1%), 5 and 25 min; (ii) neutralization with 10% TEA/DCM, 3 and
7 min and (iii) couplings mediated by the DCC/HOBt or TBTU/
HOBt reagents. On completion of the syntheses, the protected
peptide resins were treated with liquid HF in the presence of
anisole at 0 °C and free peptides oxidized with I, in methanol.
The crude products were desalted on a Sephadex G-15 column
and eluted with aqueous acetic acid (30%) at a flow rate of 3 ml/
h. After freeze-drying, the fractions comprising the major peak
were purified by preparative RP-HPLC using a Waters instru-
ment (Milford, MA, USA).

2.1.2. Synthesis of peptides 1, 3, 6 and 8-14

The peptide sequences were assembled either in a solid-phase
synthesizer ALADIN II (Development Workshops, IOCB,
Prague, Czech Republic, peptides 1, 3, 6, and 10-12) or ABI433A
(Applied Biosystems, Foster City, CA, USA, peptides 8, 9, 13,
and 14) by stepwise coupling of the corresponding Fmoc-
amino acids to the growing chain on Rink amide resin (1% DVB,
200-400 mesh, 0.65 mmol/g) or on Wang resin (1% DVB, 100~
200 mesh, 0.82 mmol/g), both from IRIS, Biotech GmbH,
Marktredwitz, Germany. Fully protected peptide resins were
synthesized according to a standard procedure involving (i)

cleavage of the N*-Fmoc protecting group with 20% piperidine
in DMF, (ii) coupling, mediated by mixtures of coupling
reagents DIC/HOBt in DMF or TBTU/HOBt in NMP. On
completion of syntheses, the deprotection and detachment
of linear peptides from the resins were carried out simulta-
neously, using a TFA/H,O/EDT/TIS (94:2.5:2.5:2) cleaving
mixture. Each of the resins was washed with a TFA/H,0
(96:4) mixture and the combined TFA filtrates were evaporated
at room temperature. The precipitated residues were tritu-
rated with cold tert-butyl-methylether, collected by suction
and dried in vacuum at 30 °C. The linear peptides were purified
by HPLC using a Spectra Physics instrument with SP 8800
pump, SP4290 integrator and Thermo Separation Products
Spectra 100 UV detector. The disulfide bonds were closed by
oxidation with pure oxygen in 0.1 M pyridine-acetate buffer
(pH 6.8). The resulting peptides were purified by HPLC using a
Spectra Physics instrument (San Jose, CA, USA).

The purity and identity of all peptides was determined by
analytical HPLC, amino acid analysis, and by the FAB MS
technique (Micromass, Manchester, UK) (Table 2).

2.2.  lodination of CART(61-102)

CART(61-102) was iodinated at Tyr®? either with Na **I (MP
Biomedicals, Illkirch, France) or non-radioactive Nal (Sigma,
St. Louis, MO, USA) using lodo-Gen (Pierce Chemical Co.,
Rockford, IL, USA) [12] in 0.1 M Na-phosphate buffer, pH 7.2,
containing 0.15M NaCl for 15min at room temperature
according to manufacturer’s instructions. Both radioactive
and non-radioactive iodinations were performed under
identical conditions (i.e. 5 equiv. of the peptide were used
for 1 equiv. of non-radioactive Nal or Na *?I). Non-, mono- and
di-iodinated CART(61-102) were separated by RP-HPLC using
an Luna 3 p phenyl-hexyl 150 mm x 4.6 mm column (Phenom-

Table 2 - Analytical data of CART peptide fragments

Peptide Formula® MW/(M + 1)* HPLC® RT
1 CART(62-67)-NH, C31H4sNg0gS 692.8/693.2 10.948
2 [Gly*®’*|CART(68-74)-NH, Ca3H36N1206 631.6/632.3 10.58¢
3 [Gly’*#]CART(74-86)-NH, CssHi0aN25013 1281.6/1281.8 9.91¢
4 [Gly*®*|CART(88-94)-NH, CaHeuN110g 629.7/630.3 10.50°
5 [Gly™, Ala'®'JCART(94-102)-OH CasH7sN11052 962.2/962.8 15.62f
6 CART(74-86)-NH,(S-S, 74-86) Cs7H106N52013S, 1371.8/1371.7 19.028
7 CART(74-86)-OH(S-S, 74-86) Cs7H10sN21014S2 1372.7/1372.8 8.00"
8 [Cys(Acm)’*, Cys(H)®®®¢|CART(62-86)-NH, C113H101N3703054 2724.3/2723.3 20.52!
9 [Cys(Acm)”*|CART(62-86)-NH,(S-S, 68-86) C113H135N3701354 2722.3/2721.3 20.05
10 [Cys(Acm)*®|CART(62-86)-NH,(S-S, 74-86) C113H136N3703354 2722.3/2721.3 25.598
11 [Cys(H)®8#|CART(62-76)-OH CeaHosN17023S3 1569.8/1569.6 28.798
12 [Cys(Acm)®®74|CART(62-76)-OH Cr0H100N19025S3 1712.0/1711.7 24.228
13 [Abu®®%*, Cys(H)®1°'|CART(85-102)-OH CgaH141N2302S, 1937.3/1937.0 31.274
14 [Abu®®**|CART(85-102)-OH(S-S 88-101) CaqH139N23025S, 1935.3/1935.1 29.80¢

® Determined with FAB MS technique (Micromass, Manchester, England).

® Retention time in minutes, 25 cm x 0.4 cm column, 5 pm (Vydac, Separations Group, Hesperia, USA), detection at 220 nm.

¢ Gradient 40% ACN in 0.1% aqueous TFA, 20 min, flow 1 ml/min.
4 Gradient 0-100% of ACN in 0.05% aqueous TFA, 40 min, flow 1 ml/min.

¢ Gradient 5-70% ACN in 0.05% aqueous TFA, 60 min, flow 1 ml/min.

f Gradient 30-90% ACN in 0.1% aqueous TFA, 20 min, flow 1 mV/min.

& Gradient 0-50% ACN in 0.05% aqueous TFA, 50 min, flow 1 ml/min.
b Gradient 10-70% ACN in 0.1% aqueous TFA, 20 min, flow 1 ml/min.

I Gradient 10-60% ACN in 0,1% aqueous TFA, 20 min, flow 1 ml/min.
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enex, Torrance, CA, USA) applying 20-25% gradient of acetoni-
trile in H,0O with 0.1% trifluoroacetic acid in 60 min (flow rate
1 ml/min, UV detection at 215 and 275 nm and gamma detection
of the radioactive peptide (Radio-HPLC detector Ramona Star,
raytest Isotopenmess gerdte GmbH, Straubenhardt, Germany,
equipped with BGO cell)). The molecular weights of the
iodinated peptides were determined by MALDI-TOF, Reflex IV
mass spectrometry (Bruker Daltonics, Billerica, MA, USA).
Identification of methionine® oxidation was accomplished by
LC-MS/MS (2D CapLC chromatograph with Q-TOF micromass
spectrometer (Waters-Micromass, Milford, MA, USA)) after
tryptic digestion. The iodinated or non-iodinated CART(61-
102) was digested with trypsin (0.03 pg/ul) for 8 h at 37 °C in
50 mM ethylmorpholine acetate buffer pH 8.1, 10% acetonitrile
and 0.01% B-mercaptoethanol [28].

Specific activity of ***I-CART(61-102) was about 2000 Ci/
mmole. The peptide was kept in aliquots at —20 °C and used
for binding studies within 1 month.

2.3. Cell culture

Rat pheochromocytoma cell line PC12 was obtained from
ATCC (Manassas, VA, USA). The cells were grown in RPMI 1640
medium (Sigma, St. Louis, MO, USA) supplemented with 10%
horse serum, 5% fetal bovine serum, 4.5 g/l glucose, 1 mM
sodium pyruvate, 10 mM HEPES, 2 mM tr-glutamine, 1.5 g/l
sodium bicarbonate, pH 7.4, and passaged once a week to
maintain the cells in exponential growth. For binding studies,
cells were seeded on polyethylene imine-coated 24-well plates
(Corning, NY, USA). To reach the density of 5 x 10° cells/well,
which was found optimal for binding experiments, non-
differentiated cells were allowed to grow for 2 days.
Differentiation of cells was performed by addition of the
nerve growth factor (50 ng/ml) to the fresh medium on days 1,
3, and 5. On day 7, the cells at a density of 5 x 10° cells/well
were used in the experiment. The differentiation was checked
microscopically and the number of cells per well was counted
before and after the experiment.

2.4.  Binding to intact plated cells

Competition binding experiments were performed according
to Motulsky and Neubig [27].

Plated cells were incubated with 107 ° M *I-CART(61-102)
and 10! to 10”3 M non-radioactive CART peptides, in a total
volume of 0.25 ml of binding buffer (20 mM HEPES buffer pH
7.4, 118 mM NaCl, 47 mM KCl and 5mM MgCl,, 5.5mM
glucose, 1 mg/ml BSA, and 0.1 mg/ml basic pancreatic trypsin
inhibitor) for 30min at 37 °C. Non-specific binding was
determined using CART(61-102) in concentration 10 ¢ M.

After incubation, cells were washed with washing buffer
(20 mM HEPES buffer pH 7.4, 118 mM NacCl, 4.7 mM KCl and
5mM MgCl;, 5.5mM glucose) and then solubilized in 0.1N
NaOH. Bound radioactivity was determined by +y-counting
(Wizard 1470 Automatic Gamma Counter, Perkin-Elmer,
Wellesley, MA, USA). The total binding (about 2000 cpm per
tube for binding to non-differentiated cells, about 5000 cpm
per tube for binding to differentiated cells) amounted to 2-5%
of the radioactivity added, the non-specific binding to less
than 15% of the total binding. Experiments were carried out in

duplicates at least three times. All compounds tested were
dissolved in water and stored frozen in aliquots until used in
the experiment.

Linearity (i.e. free Cys residues without disulfide bridges) of
peptides 8, 11 and 13 was determined before and after binding
experiments by MALDI-TOF mass spectrometry.

2.5.  Binding to cell membranes

Cell membranes from non-differentiated PC12 cells were
isolated as described earlier [26]. Binding experiments were
performed with 50 pg of membrane protein in a total volume
of 0.25ml under conditions optimized previously [26] and
described for plated cells. Binding was terminated by quick
filtration using a Brandel cell harvester (Biochemical and
Development Laboratories, Gaithersburg, MD, USA). The total
binding (about 8000 cpm per tube) was less than 10% of the
radioactivity added, the non-specific binding amounted to less
than 15% of the total binding. The assays were performed in
duplicates at least three times.

2.6.  Food intake experiments

Male C57BV/6 mice from the Institute of Molecular Genetics
(Prague, Czech Republic) were housed at a temperature of
23°C and a daily cycle of 12 h light and dark (light from 6:00 h).
They were given ad libitum water and standard chow diet (St-
1, Velaz, Koleé, Czech Republic). All experiments followed the
ethical guidelines for animal experiments and the Act of the
Czech Republic Nr. 246/1992.

At the age of 16 weeks, mice were implanted with cannulas
into the third ventricle (AP 2 mm, V 3 mm) as described earlier
[26]. Animals were placed into separate cages and allowed to
recover from surgery for at least 7 days before being used in
the experiment. For 3 days before the food intake experiment,
the mice had access to food only from 8:00 to 15:00 h and free
access to water for 24 h. The amount of food consumed was
monitored.

On the day of the experiment at 8:00, fasted mice were
injected i.c.v. with 5ul of either saline or CART(61-102) or
CART(55-102) at a dose of 0.5 ug/Sul, i.e. 0.1 nmol/mouse
(dissolved in saline) or CART peptide fragments 6,9, 11 and 13
at a dose of 4 nmol/mouse (n = 6-8).

Fifteen minutes after i.c.v. injection, mice were given
weighed food pellets. Food consumption was followed every
30 min for 5 h. Animals had free access to water during the
experiment. The results are expressed in grams of food
consumed. The placement of the cannula was verified
histologically after the experiment.

2.7.  Analysis of binding data and statistics

Data are presented as mean + S.E.M. Competitive binding
curves were plotted using Graph-Pad Software (San Diego, CA,
USA) using the best fit for single binding site models (ICso
values were obtained from non-linear regression analysis).
Inhibition constants (K;) were calculated from ICs, using
Cheng-Prusoff equation [3].

Food intake data were analyzed by one-way ANOVA
(analysis of variance) followed by Tukey post hoc test using
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Graph-Pad Software; P < 0.05 was considered statistically
significant.

3. Results

3.1. Synthesis of CART peptide fragments

Structures of CART peptide fragments used in this study are
given in Table 1. Physicochemical properties of the peptides
are presented in Table 2.

Linear sequences of the peptides were assembled on solid
support using common protocols of peptide synthesis and
disulfide bonds were closed by pure oxygen in 0.1M
ammonium acetate buffer (pH 6.8) as described in the Section
2. The purity of all peptides was higher than 90%.

Peptide 1 is N-terminal hexapeptide of CART(61-102).
Peptides 2-5 are sequences of CART(61-102) between
cysteines 68-74, 74-86, 88-94, 94-101, where cysteines were
replaced by glycines (peptides 2-4) or Gly and Ala (peptide 5)
(see Table 1 and structure of CART peptide in Thim et al. [29]).
Peptides 6 and 7 with cysteines both on the N- and C-terminus
are cyclic analogs of peptide 3, they differ only in their C-
terminal group that is either an amide or a free carboxyl,
respectively. Compounds 9 and 10 correspond to sequence 62—
86, and contain three Cys residues with one of them blocked by
Acm, i.e. Cys(Acm)®® in peptide 10 and Cys(Acm)’* in peptide 9,
which enables formation of disulfide bridges in two different
positions (Table 1). Peptide 8 is a linear precursor of peptide 9.

Linear peptides 11 and 12 consist of 15 amino acids,
compound 11 contains two free cysteines, protection of these
cysteines®®’* by Acm groups secures linearity of peptide 12.

Finally, linear peptide 13 and its cyclic derivative 14
corresponds to the C-terminal part of CART(61-102); both
have been already reported by Dylag et al. [9,10] and were re-
synthesized by us.

3.2.  Iodination of CART(61-102)

CART(61-102) was mono-iodinated with both radioactive and
stable isotope. Under reaction conditions described in Section
2, four major peaks were found both in radioactive and non-
radioactive preparations by means of HPLC with retention
times of 40.7, 41.7, 44.4 and 45.8 min (not shown). The peaks
were identified as mono-iodinated peptide with oxidized
Met®” (MW/M + H* 4657 expected/4657.770 found), mono-
iodinated peptide (4641 expected/4643.078 found), di-iodi-
nated peptide with oxidized Met® (4783 expected/4785.382
found) and di-iodinated peptide (4767 expected/4768.467
found) by mass spectrometry. Typically, mono-iodinated
CART(61-102) made about 50% of peptide content. The original
peptide CART(61-102) was not present in the peptide mixture
after the iodination procedure.

LC-MS/MS analysis of tryptic digests of iodinated CART
(61-102) and non-iodinated CART (61-102) confirmed oxida-
tion of methionine in position 67 of the iodinated peptide
(results not shown).

3.3.  Competitive binding to non-differentiated PC12 cells
and cell membranes

For competitive binding studies, 30 min incubation at 37 °C
using 50 ug of protein (cell membranes) or 5 x 10° cells (plated
intact cells) was routinely used. Typical binding curves to cell

B CART 61-102
100 Y e 100 IR s CART 61-102
o DR A 4 CARTS5-102 o — =, A CART 55-102
"_2 ‘x"‘\ v peptid 6 2 b\\ v peptide 6
o a K
2 5] A * peptid 9 Q50 3 e peptide 9
L & ,
§_ s\ §_ "“ + peptide 10
) '\“ @» ‘,‘\
S . ——— = — 7
-10 -9 -8 -7 -6 -5 -4 -3 - -6 -5 -4 -3
log conc [M] log conc [M]
(c)
100 — 0. ® CART 61-102
gz D N,
: =N, s CART 55-102
3 “\ v peptide 6
£ 50 ‘\\ ® peptide 9
§. lv + peptide 10
< t
R
0 T T T T T
10 9 8 -7 -6 -5 -4 -3
log conc [M]

Fig. 1 - Displacement of ***I-CART(61-102) binding to (a) membranes from non-differentiated PC12 cells, (b) non-
differentiated PC12 cells and (c) NGF-differentiated PC12 cells. '2°I-CART(61-102) at a concentration of 0.1 nM was displaced
by increasing concentrations of CART(61-102), CART(55-102) and CART peptide fragments (30 min incubation at 37 °C).
The results are expressed as % of specific binding (after subtraction of non-specific binding in the presence of 10°M
CART(61-102)). A representative example of at least three independent experiments carried out in duplicates.
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Table 3 - Displacement of '*”I-CART(61-102) binding by CART peptide fragments on PC12 cells
Ki (M)

Peptide

Membranes from non-differentiated cells Non-differentiated cells on plates Differentiated cells on plates

CART(61-102)
CART(55-102)

(2.99 + 0.65) x 107°
(2.98 £0.33) x 10 °
>10
>107*
>107*
>107*
>10 *
(1.08 + 0.38) x 10°°
>10 *
>10*
(3.98 £ 0.49) x 107*
(4.14 £+ 0.56) x 10 *
>107*
>107*
>10*
>107%

W0 NV o WN R

B s e
o W N = O

(1.36 £ 2.62) x 1078
(1.29£1.65) x 10 8

(8.01 £ 2.14) x 107°
(5.40 £ 0.44) x 10 *

>10 * >10 4
>107* >107*
>107* >107*
>107* >107*
>10 * >107*
(7.29 + 2.64) x 107° (5.00 +£0.26) x 10~*
»10 * >10 *
>107* >10 *

(3.96 £ 0.02) x 10~*
(1.62 £ 0.49) x 10 *

(4.09 £ 0.06) x 107*
(1.26 £0.35) x 10°*

>107* >107*
>107* >107*
>10* >107*
>1074 >107%

Mean + S.EM. of at least three separate experiments. K; was calculated using Cheng-Prusoff equation (concentration of the radioligand was
0.1 nM and K4 taken from saturation experiments was 0.48 nM for non-differentiated cells and 1.90 nM for differentiated cells [26]).

membranes, non-differentiated cells and differentiated cells
are shown in Fig. 1a—c.

Results of displacement experiments of 12°I-CART(61-102)
binding by CART(61-102), CART(55-102) and the synthetic
CART fragments 1-14 are summarized in Table 3. CART(61-
102) and CART(55-102) have K; in low 1078 range, peptide 6 in
10 M range and peptides 9 and 10 in 10 *M range (see
Table 3, Fig. 1a and b). The rest of the analogs tested did not
displace '*°I-CART(61-102) binding even at a concentration of
10"*M (Table 3).

Formation of disulfide bridges due to spontaneous oxida-
tion was checked by mass spectroscopy before and after the
experiment; after the incubation, compounds 8 and 11
contained about 10% of oxidized form and compound 13
about 20% (results not shown).

E2CART (61-102)

MCART (55-102)

 peptide 6 T .
N peptide 9
G2 peptide 11
(3 peptide 13

15

-
o

food intake (g)
o
(4]

00

time (min)

Fig. 2 - Effect of CART(61-102) and CART(55-102) and
selected fragments on food intake of fasted mice.
CART(61-102) and CART(55-102) were administered i.c.v.
in a dose of 0.1 nmol/mouse, peptides 6, 9, 11 and 13 in a
dose of 4 nmol/mouse. Food intake was monitored 45 and
75 min after injection and is expressed in grams of food
consumed per mouse. Significance is P < 0.01 and

P < 0.001 vs. the respective saline-treated group (n = 6-8).

3.4.  Competitive binding to differentiated PC12 cells

The PC12 cell line was successfully differentiated using NGF
treatment to the neuronal phenotype, as described earlier [13].
CART(61-102), CART(55-102) and peptides 9 and 10 were
bound to differentiated cells with K; comparable with that of
non-differentiated cells (Table 3, Fig. 1c). Peptide 6 competed
with '%°I-CART(61-102) for binding to differentiated cells with
K; one order of magnitude higher than to non-differentiated
cells (Table 3).

3.5.  Food intake experiments

The course of food intake after i.c.v. administration of
CART(61-102), CART(55-102) and CART peptide fragments 6,
9,11 and 13is shown in Fig. 2. The decrease in food intake after
administration of the standard CART(61-102), corresponded to
the published values [26], but none of the fragments tested
showed any anorexigenic activity even at the 40 times higher
dose, i.e. 4 nmol/mouse.

4, Discussion

Most of the in vivo studies with CART peptides have reported on
naturally occurring CART(55-102) and/or CART(62-102) with the
focus on feeding behavior afteri.c.v. injection {9,14,22,29]. Thim
et al. [29] first published that CART(54-102), CART(55-102),
CART(61-102) and CART{(62-102) administered i.c.v. to fasted
mice produced a similar dose-dependent decrease in food
intake, with CART(55-102) being slightly more potent than the
other peptides. Another extensive study comparing effects of
i.c.v. injected CART(55-102) and CART(62-102) in fasted mice
showed CART(62-102) as five times more potent than CART(55-
102) in inhibition of food intake [1].

In our food intake test, i.c.v. administered CART(61-102)
lowered food intake in fasted C57 mice significantly and dose-
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dependently as described earlier [26]. In this study, an i.c.v.
dose (0.1 nmol/mouse) of both CART(55-102) and CART(61-
102) resulted in equivalent decrease in food intake, which was
statistically significant compared to that of the saline treated
controls (P < 0.001).

Recently, specific binding of **I-CART(61-102) to mouse
pituitary tumor AtT20 cells [30] and to mouse pheochromo-
cytoma PC12 cells [26] was reported. Non-related peptides
such as cholecystokinin, a-melanocyte-stimulated hormone,
thyroxin releasing hormone, angiotensin II, neurotensin, and
leptin did not displace **I-CART{(61-102) binding to the cell
membranes even at a concentration of 10 > M [26]. Binding
studies with fragments of the CART peptides can be a powerful
tool for comparing affinity of different parts of the molecule
and looking for the minimal biologically active structure of the
CART peptide.

A comprehensive structure-activity study of various CART
peptide fragments in different pharmacological assays con-
ducted under comparable experimental conditions has not
been performed yet. Here, for the first time we present the
synthesis of series of peptide fragments covering stepwise the
structure of the CART(61-102) molecule and describe their
binding to pheochromocytoma cells PC12. Peptides that
showed affinity to the PC12 cells were tested in the food
intake experiment.

Shortened fragments of CART peptides corresponding to
sequences of structural loops were tested in order to search for
the minimal structure that would still preserve biological
activity of the CART peptide.

CART(61-102) was iodinated with a radioactive and a stable
isotope. Four peaks were separated by means of HPLC under
conditions of narrow gradient of acetonitrile (20-25%) in
60 min; they corresponded to mono- and di-iodinated peptides
with unmodified or oxidized Met®” (methionine sulfoxide).
Mass spectroscopy confirmed that partial oxidation occurs
during iodination. In competitive binding experiments to non-
differentiated PC12 plated cells, four above-mentioned pep-
tides were displaced identically by increasing concentrations
of CART(61-102) (D.B., L.M., unpublished results). This is in
agreement with our previously published results showing that
iodination of CART(61-102) did not alter affinity of the peptide
to PC12 cells [26]. Di-iodinated CART(61-102) was bound to
PC12 cells and cell membranes with an affinity similar to that
of CART(61-102). We also confirmed partial preservation of the
anorexigenic activity of CART(61-102) after its iodination [26].
All competitive binding studies with CART fragments were
performed using mono-iodinated '?*I-CART(61-102) that
formed the major fraction of the iodinated CART(61-102)
preparation.

N-terminal peptide 1 and peptides 2-5 corresponding to
amino acid sequences between Cys residues of CART(61-102),
where cysteines were replaced by glycines (or Ala in position
101) (Table 1), did not bind to PC12 cells or cell membranes in
the range of concentrations tested (Table 3).

Peptides 6 and 7 are cyclic analogs of peptide 3; both
contain Cys residues at the N- and C-terminus. Even though
they differed only in their C-terminal group, they behaved
differently. While compound 7 with the COOH group at the C-
terminus did not displace **°I-CART(61-102) binding to PC12
cells, compound 6 with the amide group at the C-terminus

was bound to non-differentiated cells and cell membranes
with K; in 10™° M range and to the differentiated ones with K;
in 107*M range (Table 3, Fig. 1). Affinity of peptide 6 to
differentiated cells was 7 times lower compared to non-
differentiated ones. The possible reason is that after
differentiation to neuronal phenotype, environment of
binding site could be altered and/or the CART binding
molecule might be modified. However, the receptor for CART
peptide has not been characterized yet and therefore, further
studies are needed.

Compounds 9 and 10 are elongated versions of compound
6; they differed only in the position of their disulphide bridges
(positions 68-86 and 74-86, respectively (Table 1)). They
showed comparable binding affinity to both non-differen-
tiated and differentiated cells that was slightly lower than that
of peptide 6. Peptide 8, which is the linear analog of 9 and 10,
was devoid of any affinity in the range of concentrations tested
(Table 3). These findings point to enormous importance of
compact cystine knot structure for preservation of binding to
putative receptor on PC12 cells.

It was therefore not surprising that in the feeding test,
CART peptide fragments 6 and 9 did not inhibit the food
intake at the dose of 4 nmol/mouse, i.e. 40 times higher than
that used for CART(61-102) and CART(55-102) (Fig. 2). The
dose corresponded to the highest doses of CART fragments
that were found to affect significantly food intake in
the previous studies [17,24]. Regarding peptides 6 and 9,
we cannot exclude their possible antagonistic, i.e. orexi-
genic character. Couceyro and Fritz [S5] showed that
unfolded CART(55-102) increased food intake in non-fasted
rats. However, we found no significant increase in food
intake up to a dose of 4 nmol/mouse (Fig. 2). Further in
vitro functional studies with PC12 cells are under in
vestigation.

Linear peptide 11 and its derivative 12 were deduced from
already reported CART(62-76) [17,24]. According to these
authors, linear peptides CART(55-76) and (62-76), if adminis-
teredi.c.v. to freely fed rats, attenuated both unstimulated and
neuropeptide Y-stimulated food intake. However, in the
reports mentioned above, it was not stated clearly whether
SH groups in the peptides were oxidized during the experi-
ment or not. In this study, CART(62-76), i.e. compound 11
contained free cysteines while peptide 12 had cysteines®’*
protected by Acm groups. Linearity of peptide 11 was
confirmed after the binding experiment by mass spectroscopy.
As shown in Table 3, neither peptide 11 nor 12 displaced *I-
CART binding to plated PC12 cells and their membranes up to
the concentration of 107*M. Besides, peptide 11 failed to
inhibit food intake after its i.c.v. administration to fasted mice
(Fig. 2). The discrepancy between our feeding test results and
those of Lambert et al. [24] and Kask et al. [17] could be
attributed to different animal species (mice versus rats) and
experimental design used (fasted versus freely fed animals).
However, our feeding test results are in agreement with the
data from binding experiments.

Last year, Dylag et al. [9,10] reported synthesis and
biological activity of C-terminal derivatives of CART(55-102)
with reduced thiol groups, such as linear and cyclic form of
[Abu®***|CART(85-102), and [Abu®®88-3+191CART(85-102). Both
linear CART peptide analogs were able to inhibit ampheta-
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mine- and cocaine-induced locomotor activity after theiri.c.v.
administration into mice [10]. Also, naturally occurring
CART(55-102) is known to reduce cocaine- [15] or ampheta-
mine- [21] induced locomotion when injected into nucleus
accumbens of rats. However, it is difficult to compare the
potency of CART(55-102) with that of [Abu®®**|CART(85-102)
and [Abu®®®89410CART(85-102), because the authors used
different animal models and administration into different
brain areas.

We re-synthesized [Abu®®**]CART(85-102) both as a linear
peptide 13 and its cyclic derivative 14 (Table 1). Linearity of
peptide 13 was checked during binding tests since this peptide
is especially susceptible to spontaneous oxidation. The
content of oxidized, i.e. cyclic form amounted to about 20%
after the binding experiment. Table 3 shows binding of
fragments 13 and 14 to PC12 cells and membranes. Both
peptides were not able to displace **I-CART(61-102) binding
even at 10™*M concentrations. Besides, linear peptide 13 did
not show any activity in the feeding test at a dose of 4 nmol/
mouse (Fig. 2). In the study of Dylag et al. [9,10] the importance
of the C-terminal part of CART peptide molecule for interac-
tion with the opioid system is suggested. However, we propose
that the part of CART(61-102) containing all three disulfide
bridges is necessary for preservation of the anorexigenic
effect.

In conclusion, a series of CART peptide fragments
representing different parts of the CART(61-102) molecule
were characterized by their binding to non-differentiated and
differentiated PC12 cells and cell membranes and by the
feeding test in mice. The results showed that a compact
structure containing three disulfide bridges is necessary for
high affinity binding to PC 12 cells and anorexigenic activity.
From all peptides tested, only CART(74-86) and CART(62-86)
containing disulfide bridges in positions 74-86 or 68-86
showed low affinity to PC12 cells (about 3 orders of magnitude
lower than CART (61-102)). These peptides failed to inhibit
food intake after their i.c.v. administration up to a dose of
4 nmol/mouse. As the peptides mentioned correspond to the
sequences at the N-terminus of CART (61-102), which seems to
form outer loops of the molecule, we conclude that the
biological activity of CART peptides is connected rather with
the outer N-terminal loops of the molecule than the inner C-
terminal ones.

The abundance and wide distribution of CART peptides in
the central nervous system and periphery suggest multiple
roles of these peptides and the existence of several putative
receptors in the mammalian organism. Binding to specific
tumor cells with possibly over expressed CART receptor(s), as
well as the use of CART peptide fragments for CART research
may help to identify CART receptors and further elucidate the
physiological role of the CART peptides.
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Summary

Monosodium glutamate (MSG) treatment of neonatal mice results in a selective
damage to the arcuate nucleus (ARC) and development of obesity with increased
adiposity at sustained body weight in the adulthood. Feeding pattern of the MSG
obese mice is unusual; as our previous results showed, after 24-hour fasting, MSG
mice consumed negligible amount of food in several hours and therefore, it was
impossible to register effect of peptides attenuating food intake such as
cholecystokinin (CCK) or cocaine- and amphetamine-regulated transcript (CART)
peptide. To overcome this problem, two findings were used: firstly, orexigenic effect
of neuropeptide Y (NPY) was attenuated both by CCK or CART peptide in lean fed
mice and secondly, orexigenic effect of NPY was preserved in fed rats with MSG
obesity. In this study, short-term food intake in fed lean and MSG obese C57BL/6
male mice was measured after simultaneous central administration of orexigenic
NPY with either CART peptide or peripherally administered CCK. Anorexigenic action
of exogenous CART peptide was preserved in MSG obese mice. On the other hand,
satiety effect of exogenous CCK was completely lost in MSG obese mice; in

conclusion, effective leptin signaling in ARC is necessary for satiety effect of CCK.

Key words: monosodium glutamate (MSG) obesity; neuropeptide Y (NPY);
cholecystokinin (CCK), cocaine and amphetamine regulated transcript (CART)

peptide



Introduction

The prevalence of obesity is increasing worldwide, which indicates that the primary
cause of obesity lies in environmental and behavioral changes rather than in genetic
modifications (for reviews, see Coll et al., 2007 and Cawthorne, 2007). Among the
environmental influences that disrupt body weight regulation, two factors play a major
role: the passive overconsumption of energy-dense, high-fat diets and the decline in
physical activity. It is important to emphasize that even a minor imbalance between
energy intake and energy expenditure may lead to severe obesity. Obesity is
accompanied with high risk of type 2 diabetes, cholelithiasis, hypertension and
coronary heart disease. The scale of the obesity problems and the increasing
understanding of the complex systems regulating body weight have led to a renewed
effort to identify possible explanation of the mechanisms regulating food intake and
treatment of obesity, metabolic syndrome, and diabetes.

Information on the metabolic status of the organism enters and is processed in the
hypothalamus and in the nucleus tractus solitarii (NTS) of the brainstem, which are
interconnected reciprocally by hypothalamic neurons projecting to the brainstem and
the NTS projections directed to the hypothalamus (for reviews, see Broberger 2005,
Broberger and Hokfelt 2001, McMinn et al. 2000).

In the hypothalamic arcuate nucleus (ARC), adiposity signals leptin and insulin
enhance expression and secretion of anorexigenic proopiomelanocortin (POMC) and
of cocaine- and amphetamine-regulated transcript (CART) peptide by one type of
neurons and attenuate production of of orexigenic neuropeptide Y (NPY) and agouti-
related protein (AgRP) by another neuron type (for review, see Broberger and Hokfelt
2001; Elmquist et al. 1999; King 2005; Coll et al. 2007). POMC/CART and

NPY/AgRP first order neurons with cell bodies in ARC project to the paraventricular



nucleus of hypothalamus (PVN) where reduction in energy intake is mediated and to
the lateral hypothalamic area (LHA), the “feeding” center of the brain (Broberger
2005; Broberger et al.1999b). From PVN and LHA, second order neurons project to
the brainstem where gastrointestinal satiety signals such as cholecystokinin (CCK)
are processed (McMinn et a., 2000).

NPY is the most powerful regulator of food intake (Lambert et al. 1998). However,
its orexigenic effect could be eliminated by anorexigenic peptides such as centrally
administered CART peptide (Kristensen et al. 1998) or peripherally injected CCK
(Rowland 1988; McMinn et al. 2000).

Pathogenesis and therapy of obesity are studied using appropriate animal models.
Models of monogenic (such as ob/ob or db/db mice, deficient in leptin or its receptor),
chemically induced (such as monosodium glutamate-induced (MSG) obesity) or diet-
induced obesity (DIO) were established (for review, see Butler and Cone 2001,
Buettner et al. 2007, Casper et al., 2008).

MSG obesity results from treatment of rodents in their first days of life. Specific
lesions occur in ARC (Olney 1969) leaving most cells of ARC damaged and those of
other hypothalamic nuclei untouched (Elefteriou et al. 2003; Maletinska et al. 2006).
Subsequent changes show the importance of ARC in the regulation of metabolism. In
the MSG treated animals, ARC area is shrunk, third ventricle widened, and median
eminence thinned (Broberger et al. 1998). MSG treatment lowers production of
growth-hormone releasing hormone (Tamura et al. 2002) that results in shortened
body length, and atrophy of pituitaries, gonads, and optical nerves. In ARC of MSG
rodents, leptin and insulin signaling is impaired (Maletinska et al. 2006; Dawson et
al.1997) and production of anorexigenic CART peptide and orexigenic NPY is

inhibited (Broberger et al. 1998, Broberger 1999a). Both NPY and CART are



produced also in other hypothalamic areas such as PVN and LHA. NPY
immunoreactivity was preserved in the PVN of MSG mice (Broberger et al. 2000),
probably by local NPY expression (Kerkerian and Pelletier 1986). Besides, CART is
expressed in half of cell bodies of nodose ganglion in the vagus nerve also express
CART (Broberger 2000, Broberger 2005). The extra-ARC sources of NPY and CART
are preserved after the MSG treatment.

MSG treated rodents do not differentiate feeding at light and dark because of their
deteriorated retina cells (Edelstein et al. 1995; Mistlberger et al. 1999), and develop
obesity with increased adiposity at sustained body weight (Djazayery et al. 1979),
which results rather from a lower metabolic rate than from elevated food intake
(Morris et al. 1998). The possible reason could be a reduced effect of anorexigenic
peptides that are produced or processed in ARC. After 24-hour-long fasting, the MSG
obese NMRI mice showed substantially attenuated food intake compared with their
lean controls which made impossible to follow their response either to peripherally
administered satiety hormone cholecystokinin octapeptide (CCK-8) (Maletinska et al.
2006) or to centrally injected anorexigenic CART peptide (our preliminary
experiments).

Two previous findings inspired us how to overcome this problem: a) in lean fed
mice, both CCK and CART peptide inhibited orexigenic effect of NPY (Rowland 1988;
Lambert et al. 1998; Kristensen et al. 1998), b) the MSG treated rats had preserved
orexigenic effect of NPY (Tang-Christensen et al. 1998). In this study, food intake in
freely fed MSG obese C57BL/6 mice after parallel administration of orexigenic NPY
with either CART peptide or CCK was followed. The aim was to find out whether

anorexigenic CART peptide and satiety peptide CCK take part in food intake



regulation of mice with MSG obesity and whether functioning ARC is necessary for

anorexigenic effect of CCK or CART peptide generally.

Research Methods and Procedures
Experimental animals

Male C57BL/6 mice (Institute of Molecular Genetics, Prague, Czech Republic) were
housed at a temperature of 23T and a daily cycle of 12 h light and dark (light from
6:00). They were given ad libitum water and standard chow diet that contained 25, 9,
and 66% calories as protein, fat and carbohydrate, with energy of 3.4 kcal/g (St-1,
Velaz, Kole¢, Czech Republic). Daily food intake (24 hour food intake) was
determined regularly every week from 6 to 16 weeks of age. All experiments followed
the ethical guidelines for animal experiments and the law of the Czech Republic Nr.
246/1992.

For MSG obesity, newborn mice were subcutaneously (SC) administered with L-
glutamic acid sodium salt hydrate (Sigma, St. Louis, USA) (4 mg/g body weight) daily

from postnatal day 2 to 8.

MSG treated mice at 16 weeks of age and their age-related controls were used in
feeding experiments. After completing food intake experiments, mice were sacrificed
next morning between 8:00 and 9:00 a.m. (n=20-25). In their blood sera, leptin, and
glucose levels were determined. White adipose tissue (subcutaneous, abdominal,
and gonadal) of all mice were dissected and weighed.

Brain histology
Three controls and three MSG-treated mice, 16 week-old, were perfused as

described in Maletinska et al. 2006. Coronal sections from the whole hypothalamus



were collected and lesions in the arcuate nucleus were inspected (Maletinska et al.
2006).
Blood serum components

Leptin concentrations in sera were quantified by ELISA assay (BioVendor, Brno,
Czech Republic). Serum glucose levels were measured by a glucometer (Glucocard,
Arkray, Kyoto, Japan).
Food intake experiments
Cannula placement

At the age of 16 weeks, lean or MSG mice were implanted with cannulas (Plastics
One, Roanoke, USA) into their third ventricle (AP 2mm, V 3mm) as described earlier
(Maletinska et al. 2007). Animals were placed into separate cages and allowed at
least seven days to recover from surgery with free access to food and water before
being used in the experiment.
Peptides

Porcine NPY and cholecystokinin octapeptide (CCK-8, Asp-Tyr(SO3;H)-Met-Gly-
Trp-Met-Asp-Phe-NH;) were obtained from NeoMPS (Strasbourg, France). CART(61-
102) was purchased from Bachem (Bubendorf, Switzerland).
Feeding test

Between 8:00 and 9:00 a.m., each individual group of 6-8 mice underwent one of
the following treatments: 1) intracerebroventricular (ICV) injection of saline using an
infusion pump, 2) ICV injection of NPY at a dose of 5 pg per mouse, 3) ICV injection
of CART(61-102) peptide at doses a/ 0.1 and b/ 0.5 ug per mouse, 4) ICV co-
injection of NPY at a dose of 5 pg plus CART(61-102) peptide at doses a/ 0.1 and b/
0.5 pg per mouse, 5) intraperitoneal (IP) injection of CCK-8 at a dose of a/ 4 and b/

40 pg/kg, 6) ICV injection of NPY at a dose of 5 ug per mouse followed 45 min later



by IP injection of CCK-8 at a dose of a/ 4 and b/ 40 ug/kg. All peptides were
dissolved in saline. Volume of IP injected solutions was 0.2 ml/mouse; that of ICV
injected solutions was 5 pl per mouse. All ICV administered solutions were infused in
20 s and the infusion cannula was left in place for further 20 s to prevent reflux. Each
animal was used only once; the experiment was repeated with a new set of mice.

Fifteen min after the ICV injection, mice were given weighed food pellets. Food
intake was registered every 30 min and followed for 6 hours. Animals had free
access to water during the experiment. The results were expressed in grams of food
consumed. The placement of cannula was verified histologically after the experiment.
Statistics

Data are presented as means + SEM for the number of animals indicated in the
Figures and Table. They were analyzed by one-way ANOVA followed by Tukey post
hoc test using Graph-Pad Software (San Diego, CA, USA). p < 0.05 was considered

statistically significant.

Results

C57BL/6 mice treated in their neonatal period with MSG developed severe obesity
at the age of 16 weeks even though their average daily food intake was lower than
that of lean untreated controls (3,62 + 0,23 g versus 4,07 £ 0,16 g). The ratio of fat
weight (subcutaneous, abdominal, plus epididymal) to body weight was about 8 times
enhanced and leptin level was very substantially increased in MSG mice compared
with lean controls. On the other hand, glucose level of the MSG mice did not differ
from that of lean controls (see Table 1). Analysis of serial coronal sections of the

hypothalamus showed an obvious disappearance of neurons in ARC of MSG treated



mice (Fig. 1) while adjacent hypothalamic nuclei did not show any sign of damage
similarly as in our previous study with NMRI mice (Maletinska et al. 2006).

In freely fed lean controls and MSG obese mice, cumulative food intake was
negligible after the ICV injection of saline and so was that after two different doses of
either IP injected CCK-8 (4 or 40 pg/kg) or ICV administered CART peptide (0.1 or
0.5 pg/mouse) (results not shown). NPY at a dose of 5§ ug/mouse substantially
increased food intake in freely fed lean mice up to 2 hours after its administration, its
action in the MSG obese mice was slower, but persisted longer (Fig. 2a,b).

To determine whether NPY pretreatment attenuates the feeding response to CCK,
mice received 5 ug ICV of NPY, followed 45 min later (at a time of the first food
intake measurement) by IP injection of CCK, similarly as in the study of McMinn et al.
(2000). In lean controls, orexigenic action of NPY was completely abolished by CCK-
8, which acted in a dose-dependent way (Fig. 2a, 3); similarly, it was lowered by co-
administration of CART peptide also in a dose-dependent way (Fig. 2b, 3). In MSG
obese mice, CCK-8 did not affect orexigenic effect of NPY at all, CART peptide
attenuated the NPY induced feeding to a lower extent than in lean controls (Fig.2a, b,

3).

Discussion

NPY exerts effects on food intake at the level of the PVN and LHA which receives a
dense projection from the arcuate nucleus and where NPY Y1 receptors are
expressed (Broberger and Hokfelt 2001). MSG treatment of neonatal rodents cut
virtually all projections from ACR but disabled neither the orexigenic effect of
exogenous NPY nor the anorexigenic effect of exogenous CART peptide in the MSG

obese C57BL/6 mice (Fig. 3a, b). In this study, exogenous CART peptide attenuated



orexigenic effect of NPY most probably through specific binding sites for CART
peptide (Maletinska et al. 2007) that are located outside ARC. Until now, molecular
character of CART peptide receptors has not been elucidated. It is possible that in
MSG obese mice, exogenous NPY and CART peptide can act through PVN or LHA
via their intact neurons and preserved neuronal circuits.

Anorexigenic effect of CCK is mediated by CCK-A receptors that are located both
in central nervous system and periphery. CCK produces satiety in two different brain
areas: in nucleus tractus solitarius (NTS) of the brainstem and in medial-basal
hypothalamus (Luckman and Lawrence 2003; Cummings and Overduin, 2007). Even
though none of these areas was damaged by the MSG treatment, CCK-8 did not
affect NPY-induced feeding in MSG obese mice in this study which was in
concordance with our previous results using NMRI mice (Maletinska et al. 2006). It
was shown previously that MSG obese rodents responded neither to systemic nor
central leptin administration (Dawson et al.1997, Tang-Christensen et al. 1999)
similarly as did Koletsky obese fa*/fa* rats (Takaya et al. 1996, Morton et al. 2003) or
obese db/db mice (Morton et al. 2003), from a common reason - lack of functional
leptin receptors, which was restricted to ARC in the MSG obese rodents or was total
in Koletsky rats or db/db mice. Interestingly, both MSG obese mice and rodents with
impaired leptin receptor did not provide satiety response to CCK (Morton et al. 2005,
Maletinska et al. 2006). After leptin signaling had been restored in ARC of Koletsky
rats using ARC directed injection of human lepr® adenovirus, effect of CCK on the
activation of neurons of NTS and area postrema, where satiety-related inputs are
processed, was re-constituted (Morton et al. 2005). It shows that ARC-based leptin
receptors are necessary for CCK-induced satiety and explains irresponsiveness to

CCK-8 in MSG obese mice.
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In MSG obese mice, CART peptide production in their damaged ARC is disabled,
but anorexigenic action of exogenous CART peptide is preserved. On the other hand,
CCK production is untouched in MSG obese mice, but CCK satiety effect is lost;
possibly due to a non-functional leptin signaling in the ARC, which is crucial for

mediating satiety response to CCK.
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Table 1

Metabolic parameters of freely fed 16-week-old lean and MSG male C57BL/6 mice

Characterization = Rate of fat/body Glucose Leptin

weight (mmol/l) (ng/ml)
Control 1.41+0.41 8.20 £ 0.64 7.00 £ 1.21
MSG 13.48£0.99 *** 7.88+0.62 45.55 £ 6.54 ***

All values are expressed as the mean + SEM (n=20-25). Significance was ***p<0.001

versus controls.
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Figure legends

Fig. 1

MSG lesions in hypothalamic arcuate nucleus (ARC). Coronal sections of the
hypothalamus of MSG-treated mice stained with 0.1% cresyl violet acetate show
disappearance of neurons in ARC compared with control mice (3V — third ventricle)

(n=3 per group).

Fig. 2

a/ Cumulative food intake response of freely fed lean and MSG mice to NPY at a
dose of 5 pg/mouse and NPY at a dose of 5 pg/mouse plus CCK-8 (dose 40 pg/kg);
b/ cumulative food intake response of freely fed lean and MSG mice to NPY at a
dose of 5 pg/mouse and NPY (5 pg/mouse) plus CART(61-102) at a dose of 0.5
Hg/kg. Food intake is expressed in grams of food consumed (n = 6-8 mice per group).

*** p< 0.001 versus respective group treated by NPY at a dose of 5. pg/mouse.

Fig. 3

Inhibition of NPY-induced food intake (dose 5 pg/mouse) by CART(61-102) (0.1 and
0.5 pg/mouse) or CCK-8 (4 and 40 pg/kg), 195 min after administration of NPY in
lean and MSG mice. Food intake is expressed in grams of food consumed per 180
min (n=6-8 mice per group). * p< 0.05, ** p< 0.01, *** p< 0.001 versus respective

group treated by NPY at a dose of 5 yg/mouse.
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Fig.
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