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1 Uvod

1.1 Adipokinetické hormony hmyzu

Adipokinetické hormony (AKH) jsou jedny z nejlépe studovanych neurohormonti
hmyzu. Rodina téchto hormont zahrnuje pies 30 clent, které jsou identifikovany
u vice nez 70 druhtt hmyzu (Gédde et al., 1996 and 1997; Schoofs et al., 1997,
Stone et al. 1976; Scarborough et al. 1984; Schaffer et al., 1990; Kodrik et al., 2000;
Kollish et al., 2000; Siegert et al., 2000; Lorenz et al., 2001). Jsou to malé neuropeptidy
obsahujici 8-10 aminokyselinovych zbytkd. Uplatiiuji se predevsim v fizeni homeostazy
hmyzu, tim ze kontroluji metabolismus cukrui a tukd a maji fadu dalSich pleiotropickych
ucinki (Gade a Goldsworthy, 2003; Gade et al., 1997; Kodrik et al., 2008; Krishnan a
Kodrik, 2012). AKH byl poprvé izolovan z neurohemalniho organu corpora cardiaca
sarancete stéhovavého, Locusta migratoria (Stone et al., 1976). Jeho homology byly dale
nalezeny a charakterizovany u druhd patticich do fad Phasmida (strasilky), Blattaria
(Svabi) a Lepidoptera (motyli) (Orchard et al., 1987; Géde et al., 1990).

Orthology AKH hormonti byly objeveny u koryst a obratlovei. AKH hmyzu jsou
strukturné blizce ptibuzné hormonu nachazejicimu se v chromatoforech korysu
(tzv. red-pigment-concetrating hormone). Pusobenim tohoto hormonu Ize vyvolat
mobilizaci lipidd u hmyzu. (Stone et al., 1976; Fernlund et al., 1972; Mordue et al., 1977).
Za evolucné nejblizsi peptidy nalezené u obratlovcl jsou povazovany tzv. uvoliiovace
gonadotropniho hormonu (gonadotropin-releasing hormone) (Lindemans et al., 2011).
Z funkéniho hlediska se vSak hmyzi AKH spiSe podobaji savéimu glukagonu,
peptidickému hormonu produkovaném a-ostruvky slinivky bfisni. Hlavni funkci
glukagonu je mobilizace energetickych zasob, ptedevsim glukozy, ¢imz se podili
na kontrole hladiny cukrt za stresovych podminek (Jones et al., 2012). Kontrola hladiny
cukri v hemolymfé hmyzu je méné pfesna nez u savcu, proto je hmyz schopen tolerovat
znacné vykyvy v koncentracich téchto metabolitt (Chapman et al.,, 1998).
Piitomnost endogennich peptidi podobnych glukagonu byla imunologicky prokézana
I u nékterych druhd hmyzu (Alquicer et al., 2009; Kramer et al., 1980).

1.2 Fyziologicka funkce AKH

Obecné lze ucinky AKH rozdélit do tii hlavnich kategorii: (1) Metabolické funkce,
naptiklad mobilizace cukrt a lipida a ovlivnéni syntézy prolinu. (2) Ostatni biochemické
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funkce jako je inhibice tvorby lipidd, proteini a RNA, a dale aktivace antioxida¢nich
obrannych mechanismu (3) Fyziologické funkce, kam patii stimulace srde¢niho tepu,
zvySeni svalového tonu a lokomoce, posileni imunitni odpovédi, stimulace travicich

procest a inhibice dozravani vajicek.

AKH je dilezitym regulatorem metabolické homeostazy u hmyzu (Sajwan et al.,
2015). Udrzeni stalého vnitiniho prostéedi je hlavni funkci neuroendokrinniho systému a
umoziuje organismim adaptovat se na zmény, jak vné&jSiho prostiedi (vliv teploty, toxind,
zranéni), tak vnitiniho prostredi (vysoka fyzicka aktivita, zranéni, nemoc nebo malnutrice)
(Storey et al., 2004). Zvifata vystavena ruznym nepfiznivym vlivim jsou chranéna
stresovou odpovédi, kterd zahrnuje potlaceni funkce travici soustavy a reprodukce, zvyseni
tepové frekvence a vymény dychacich plynd, mobilizaci energetickych zdsob s cilem
dodani kysliku a zivin do télnich ¢asti podléhajicich stresu. Zatimco u hmyzu je humoralni
odpovéd’ na stresové podminky zastoupena pievazné adipokinetickymi hormony,
u savcu je kontrolovana pies hypothalmicko-hypofyzarné-nadledvinkovou dréhu,

za ucasti celé fady specifickych hormont (Gade a Goldsworthy et al., 2003; Kodrik, 2008).

Stimula¢ni  G¢inek AKH na celkovy metabolismus byl zaznamenam
u ruménice pospolné Pyrrhocoris apterus, kdy doslo ke zvySeni pohybové aktivity
po injekénim podani hormonu, ale u¢inky hormonu na produkci CO2 byly nizké
(Kodrik et al., 2002, 2010; Velki et al., 2011). Silné ptisobeni AKH na produkci COz,
ukazatele metabolické aktivity, se projevilo pouze v piitomnosti stresorti jako jsou
insekticidy — pemethrin, malathion nebo endosulfan (Kodrik et al., 2010; Velki et al.,
2011).

Vlivem stresu vyvolaného vnéj§imi podminkami je kontrola hladiny cukri a
lipidovych zasob daleko komplexnéjsi. Studium na octomilce Drosophila melanogaster
ukazuji, ze stresujici podminky v podobé hladovéni nebo ischemie zvySuji hladinu
extracelularniho adenosinu (Berne a Rubio, 1974; Masino a Dunwiddie, 1999;
Rubio et al., 1975), kterd snizuje zasoby glykogenu a triglyceridi v tukovém télese,
a mnaopak zvySuje hladinu glukdézy vhemolymfé (Dolezal et al, 2003).
AvSak za normdlnich podminek je hladina extracelularnino adenosinu striktné
kontrolovana adenosin deaminazou a nukleosidovymi transportéry
(Dolezalova et al., 2005; Knight et al., 2010).



1.3 Receptory adipokinetickych hormoni

Fyziologickd funkce AKH je fizena pfes receptory adipokinetickych hormont
(AKH-R), které patii do rodiny receptori spfazenych sG proteinem (GPCRs).
Aktivaci téchto receptorii jsou spustény dvé signalni drahy vedouci k fosforylaci proteinti
(Vroemen et al.,, 1995; Vroemen et al., 1998; Huang et al., 2010). Jednou drahou
je aktivovana adenylat cyklaza, coz vyvold zvySeni koncentrace cyklického
adenosinmonofosfatu (CAMP), ktery aktivuje protein kindzu A (PKA, Obr. 1 A).
Druha draha zahrnuje aktivaci fosfolipdzy C, ktera rozklada fosfatidylinositol-4,5-bisfosfat
(PIP2) na inositoltrifosfat (IPs) a diacylglycerol (DAG). Zatimco IP3 pasobi na uvolnéni
Ca?* iontd zendoplazmatického retikula, DAG za spoluticasti Ca®" iontd aktivuje
fosfokindzu C (PKC, Obr. 1 A, B).

A Signilni molckula pFipojeni k receptoru spfazeného s G-proteinem Obr. 1: Signalizace pfes
receptory sprazené s G-
i o h proteinem. A Navazani AKH
e \\ na receptor vyvold aktivaci
il e ok dvou signalnich drah. Signalni
o / molekula se navaze na
cAMP IPs DAG extracelularni doménu
Abiowand ProteinKinéz A (P8 ! receptoru spfazeneho
l — Aktivovani Protein Kinia ¢ S PTIPOJUJICIM prOtem_em
(PKC) Guanin nukleotid (G-protein).
Piislusny receptor podléha
konformacni zmeénge
s naslednou interakci s G-
proteinem.  G-protein  se
sklada ze tfi podjednotek a,
a vy, pricemz V neaktivnim
stavu o podjednotka ma
pfipojenou GDP molekulu.
Prostfednictvim  Hydrolyzy
GTP molekuly na GDP
dochéazi k aktivaci a
podjednotky G-proteinu s jiz
pfipojenou molekulou GTP a
k uvolnéni spojenych podjednotek B a y (aktivovany stav). Aktivovana o podjednotka G-proteinu
spousti nasledujici drahy: (1) Aktivace adenylat cyklazy vede ke zvySeni intracelularniho cAMP,
ktery se pfipojuje k protein kindze A (PKA). Uvolnénim katalytickych podjednotek z PKA je
umoznéna fosforylace cilového proteinu. (2) Aktivace fosfolipazy C méni fosfatidylinositol-4,5-
bisfosfat (PIP,) na inositol trifosfat (IPs). IP; difunduje k membrané endoplazmatického retikula,
kde se pripojuje k Ca®" iontovému kanalu snaslednym uvolnénim Ca®* ionti do cytoplasmy.
Zvysena koncentrace Ca?* iontd v cytosolu spolu s diacylglycerolem (DAG) v plazmatické
membrané aktivuje protein kinazu C (PKC), ktera fosforyluje cilové proteiny. B Schématické
znazornéni signalni drahy vedouci k aktivaci PKC.

Fosforylace cilovych proteini

Fosforylace eilovych proteini

=
= ca™

V neposledni fadé bylo prokazano, ze AKH receptory se rychle vazou po stimulaci

navazanym ligandem, a to Vv zavislosti na mnozstvi a Case pies protein Kklathrin.
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Klathrin je schopen vytvofit plast pro vznik vacki na povrchu bunécnych membran,
kde nastava receptorem zprostiedkovana endocytéza. Nasledné dochazi k postupnému
navratu receptoru do ptvodniho stavu po odstranéni ptislusného AKH ligandu
(Huang et al., 2010).

Poprvé byl AKH-R identifikovan u D. melanogaster a Bombyx mori (Staubli et al.,
2002). Kandidatem na AKH-R u D. melanogater byl receptor strukturné podobny
receptorum gonadotropin stimulujicim hormondm obratlovcu (GnHR),
ktery je exprimovan zejména ve tfetim larvalnim instaru (Hauser et al.,1998).
Pro prokazani afinity pfirodniho AKH ligandu k tomuto receptoru byl v bunéénych
kulturach nesoucich receptor exprimovan aequorin. Tento enzym katalyzuje pfeménu
ptidaného coelenteracinu na coelenteramid za soucasné produkce bioluminiscen¢niho

zafeni. Tato bioluminiscenéni reakce probiha pouze v piitomnosti Ca*

iontd, tj. v pfipadé
aktivace receptori AKH ligandem. MnozZstvi vyzaiené bioluminiscence pak odrazi miru
aktivace receptord. (Schaffer et al.,1990; Noyes et al. 1995). Také synteticky Drm-AKH
exprimovany Vv transformovanych butikach vykazoval totoznou bioluminiscenéni odpovéd’

jako pfirodni ligand (Staubli et al., 2001).

Studium specificity ligandu AKH-R, tj. dulezitosti jednotlivych aminokyselinovych
zbytkli v oktapeptidu pro AKH-R signalizaci, ukazalo, ze pro aktivaci receptoru
jsou rozhodujici aminokyseliny na pozicich 2, 3, 4 a 5 (Park et al., 2002; Staubli et al.,
2002; Caers et al.,, 2012). Drm-AKH-R jsou lokalizované v plasmatické membrané
adipocytli tukového télesa (Caers et al., 2012) a vyuzivaji G-proteinovou aq podjednotku
(Gaq) k uvolnéni Ca?" iontd jako druhych posli (Baumbach et al., 2014).
S identifikaci AKH receptortu u dal$ich hmyzich druhd (Hansen et al., 2006; Belmont et al.,
2006) se ukazalo, ze hmyzi AKH receptory jsou sStrukturné a evolu¢né piibuzné
se zndmymi sav¢imi receptory (Hansen a Grimmelikhuijzen, 2014). V publikaci Hansen a
Grimmelikhuijzen, 2014 bylo sledovano evolu¢ni propojeni mezi GnRH receptory
pochézejicich z obratlovci a receptory pro AKH, peptidy podobnymi AKH/corazoninu
(ACP) a corazoninu z ¢lenovecu (Arthropoda). Bylo odvozeno, Ze tyto receptory spfazené
s G-proteinem jsou blizce pfibuzné a maji stejny evolucni ptivod s dataci pred 700 miliony
lety. Ve fylogenetické vétvi Prvoutstych byl odhalen ancestralni gen pro receptor podobny
GnRH-R, ktery byl duplikovan, podobné jako geny kodujici ligandy podobné corazoninu,
a dale podstoupil diverzifikaci vedouci ke genu kodujicimu AKH receptor, tedy genu

podobnému corazoninovému ligandu, genim pro AKH receptor a ligand podobny AKH
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u M¢kkysa (Molusca) a Krouzkovetu (Annelida). Nasledné AKH receptor a ligandy gent
byly znovu duplikovany do podoby gent, které zname u dne$nich ¢lenovca, kde existuji tii
nezavislé hormonalni systémy signalizujici drahy pro AKH, ACP a corazonin.
Vytvoreny model evoluce GnRH signalizace u Prvoustych je vyraznym ptikladem

koevoluce receptoru-ligandu (Hansen et al., 2014; Obr. 2).

A B

%. Daphnia  [CRZR M| CRZES AKH @
| I T I
Nosonia, Rhodnius cRzR_ -] [AcPR | [AKHR |ud CRZ( ACPD AKH @
| | I
ety ACPR hd [AKHR | ACPS AKH @
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Obr. 2: Navrzena evoluce a koevoluce AKH/corazonin/ACP/GnRH receptorti (A) a jejich ligandt
(B) u Prvoustych (Protosomia). CRZR = corazoninovy receptor nebo receptory podobné
corazoninovym receptorim; ACP = adipokineticky hormon a corazonin piibuzny peptid;
ACPR = ACP receptory; AKHR = AKH receptory; a-GnRHR = ancestralni GnRH receptor;
a-GnRH = ancestrdlni GnRH. Schéma navrhuje, Ze receptory podobné ancestralni GnRH a jejich
ligandy byly ptitomné béhem rané evoluce Prvoustych (vyznaceno na spodni stran¢ schématu).
Geny téchto molekul byly duplikovany jesté¢ pfed objevenim Mekkyst (Molusca) a Krouzkovceil
(Annelida), nasledn¢ divergovaly do receptortl podobnych CRZR,
receptord podobnych AKHR, corazoninu a ligandti podobnych AKH. U meékkysa a Ecdysozoa
(monofyleticka skupina zivocisnych prvoustych kment), se ligandy podobné AKH vyvinuly
jako kanonické AKH spolu s jejich pravymi receptory AKH. Hormonalni systém AKH
se jesté jednou duplikoval pred objevenim Clenovct (Arthropoda), coz vedlo k AKH a ACP lini,
zatimco corazoninovy systém dale nediverzifikoval. U nékterych druh@t ¢lenoveu byl,
jak corazonin, tak ACP signalni systém béhem vyvoje zcela eliminovan (Hansen et al., 2014).

Existuje domnénka (Staubli et al., 2001), Ze evoluce receptori spiazenych
s G-proteinem je spojena se zaménou jejich ligandi u riznych skupin zvifat.
K podobné situaci doch&zi u hmyzich receptora pro allatostatiny, které jsou strukturné
jasné spojené se somatostatinovymi, galaninovymi a opioidnimi receptory savci
(Birgul et al., 1999; Lenz et al., 2000 a 2001; Auerswald et al., 2001; Secher et al. 2001).
Opacénym piikladem je rodina receptorti oxytocin/vasopresinu, u které ligandy zlistavaji
béhem evoluce téméf neménné a jejich zahrnuti do riznych aspekti reprodukéniho procesu

je v pribéhu evoluce zachovano (Van Kesteren et al., 1995 a 1996, Gimpl et al., 2001).

Jelikoz u nekterych zastupcti hmyzu bylo identifikovano dva a vice riznych druht
AKH (Géade et al., 1997; Schoofs et al., 1997; Gé&de et al., 1997; Scarborough et al., 1984;
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Siegert et al., 2000), pfedpoklada se i zde pFitomnost dvou a vice riznych AKH receptort.
U D. melanogaster jsou znamy aminokyselinové sekvence dvou AKH receptoru
Drm-AKH  receptor-1  (CG11325; www.flybase.org) a  receptor  spiazeny
s G proteinem (CG10698; www.flybase.org) (Hewes et al., 2001).

1.4 Adipokineticke hormony a jejich receptory u bource morusového

Byly klonovény tti odlisné cDNA kodujici prekursory adipokinetickych hormont
u B. mori tzv. prepro-AKH1-3 (Roller et al.,, 2008) a jejich proteinové produkty
byly analyzovany hmotnostni spektrometrii (Gade et al., 2008). Manse-AKH (AKH1)
je identicky s nonapeptidem nalezenym u mury Manduca sexta, celed” Noctuidae
(Ishibashi et al., 1992). Zatimco Bommo-AKH (AKH2) je blizce piibuzny
s nékolika dalSimi dekapeptidy adipokinetickych a hypertrehalosemickych hormonti
(AKH/HrTH). Oba typy hormoni jsou produkovany neurohemalnimi organy,
corpora cardiaca. Naproti tomu AKH3 je syntetizovan v mozku (Roller et al., 2008;
Géde et al.,, 2008). Jedna se o dekapeptid, jehoz sekvence nevykazuje homologii
se sekvencemi AKH tadu Lepidoptera (Roller et al., 2008; Gade et al., 2008) (Obr. 3).

Primary structure of adipokinetic hormone peptides from Bombyx mori.

Adipokinetic peptides Sequence

Adipokinetic hormone 1 (AKH1) pGlu-Leu-Thr-Phe-Thr-Serl-{Ser}Trp-GlyNH;
Adipokinetic hormone 2 (AKH2) pGlu-Leu-Thr-Phe-Thr-Pro-HGly}-Trp-Gly-G1lnNH,
Adipokinetic hormone 3 (AKH3) pGlu-I1d-Thr-Phe-SerlArglAsp-Trp-Ser}GlyNH,

Obr. 3: Aminokyselinova sekvence adipokinetickych hormonti u bource moruSového.
Manse-AKH (oznacen jako AKH1) je nonapeptid liSici se v pozici 6 a 7 aminokyselinou serin
oproti Bommo-AKH dekapeptidu (oznaceno jako AKH2), kdy v pozici 6 a 7 se nachazi
aminokyseliny prolin a glycin. AKH3 se vyznaCuje vyrazné¢ odliSnou primérni strukturou
aminokyselin se zménami v pozici 2 (izoleucin), 5 (serin), 6 (arginin), 7 (kyselina asparagova) a
8 (serin) (Zhu et al., 2009).

Bour¢i AKH receptor (Bombyx AKH-R) byl identifikovan na zakladé podobnosti
s Drm-AKH-R1, jehoz aminokyselinovd sekvence vykazuje 48 % identitu
(68 % identitu v konzervovanych oblastech) sBombyx AKH-R (Obr. 5).
Aminokyselinové sekvence obou receptorti obsahuji dvé glykosylacni mista ve stejnych
pozicich (Staubli et al., 2002). Bombyx-AKH-R syntetizovany v expresnich buikach
byl aktivovan jiz nizkou koncentraci hypertrehalosemického hormonu z mdary
Helicoverpa zea (Hez-HrTH), ktery je podobny AKH. Hormon shodny s HrTH
zatim nebyl z bource izolovan (Jaffe et al., 1988), ale byl izolovan jemu pfibuzny
Bommo-AKH. Manse-AKH, Drm-AKH a Schistocerca gregaria AKH-I1 aktivuje
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Bombyx AKH-R, ale s nizsi afinitou nez Hez-HrTH (Staubli et al., 2002). Bombyx AKH-R
reaguje svysokou afinitou, jak stypem Bommo AKH, tak i sjinymi typy AKH
vyskytujicimi se u celedi Noctuidae (mdaroviti). Drozofili ortholog (Drm-AKH-R)
k Bombyx AKH-R muze byt také aktivovan jak Manse-AKH, tak i peptidy podobnymi
AKH jako je pravé Hez-HrTH (Staubli et al., 2002). Piestoze fylogenetickd analyza
predpoklada, ze hmyzi receptor corazonin, kardioaktivni peptid, a AKH receptory pochazi
ziejm¢ ze  stejného  ancestralniho  receptoru  (Yamanaka et al., 2008;
Kaufmann et al., 2009). Bombyx AKH-R neni stimulovan corazoninem,
a zrovna tak corazoninovy receptor B. mori ptibuzny k Bombyx AKH-R neni aktivovan
ani  jednim  zligandi AKH1-3  vyskytujicich se u bource moruSového
(Hansen et. al, 2010).

AKH3 byl stanoven jako specificky ligand pro dalsi dva AKH receptory spiazené
s G-proteiny pojmenované jako AKHR2a a AKHR2,. Kvantitativni RT-PCR analyzou
byla studovana genova exprese téchto receptort. Testes vykazovaly vysokou expresi
AKHR2a, a naopak jeho nizk& exprese byla detekovana v mozku, epidermis, snovacich
Zlazach, ovariich, stfevé a tukovém télese. Naproti tomu exprese AKHR2b pievazovala

v mozku a ovariich (Shi et al., 2011).

Kvantitativni RT - PCR odhalila signifikantni expresi bour¢iho AKH-R v tukovém
télese. Dale Dbyla zaznamenana niz$i hladina bour¢iho AKH-R transkriptu
ve slinnych Zlazach a v mozku s prilehlymi corpora cardiaca. Zanedbatelnd exprese
ptislusného receptoru byla pozorovana v srde¢ni tkani a zadna ve stfednim stievé
(Obr. 4, Zurovec nepublikovana data). Rozdilna exprese jednotlivych receptort Bombyx
AKH-R, AKH-R22 a AKH-R2p svédci o jejich odlisné fyziologické funkei. V predkladané
praci je lokalizovana piesna poloha bouréiho AKH-R imunoreaktivnich neuront
v centralnim nervovém systému (CNS) larev a dospélct B. mori. Za pouziti protilatky proti
Bommo-AKH byla rovnéz analyzovana pozice neuronl syntetizujici pfisluSny hormon a

byla identifikovana jejich poloha vzhledem k Bombyx AKH-R imunoreaktivnim bunkam.



Bombyx AKH-R distribuce - larvalni tkané
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Obr. 4: Genova exprese Bombyx AKH-R v mozkové tkadni a corpora cardiaca (B+CC),
stfeveé (M-gut), slinnych zlazach (SG), tukovém télese (FB) a srdci (Heart) u testovanych larev
(Zurovec, nepublikovana data).



2  Cile prace

Hlavnim cilem mé magisterské prace byla lokalizace adipokinetického hormonu a

jeho  receptoru u larev a dospélci  bource  moruSového, B.  mori,

pomoci imunohistochemickych technik aplikovanych, jak na totdlni preparaty,

tak na paraplastové fezy.

Predpokladem k GspéSnému dosaZeni stanoveného cile bylo zvladnuti né&kolika

dil¢ich ukolu:

1)

2)

3)

Samostatnou préci s fluorescenénim mikroskopem
znaCky  Axioplan 2  (Zeiss) a  konfokalnim  mikroskopem
FluoView™ 1000 (Olympus).

Detailni seznameni se s anatomii centralniho nervového systému (CNS)
u larev a dospélcti hmyzu.

Analyzu ziskané  fotodokumentace  z konfokalni  mikroskopie
pomoci programu Imaris verze 6.3.1 (Bitplane) a
Adobe Photoshop (Adobe Systems).

Béhem magisterského studia jsem se zac¢astnila dvoumeésicni pracovni staze vramci

projektu Erasmus+. Navstivila jsem laboratof Neurobiologie a Chronobiologie

na Univerzit¢ v Padové, v Italii vedenou prof. Rodolfo Costoa s cilem osvojit si dalsi

metody molekuldrni biologie. Pod odbornym vedenim pani Gabrielly Margherity

Mazzotta, Ph.D. jsem se zdokonalila v ptipravé genetickych rekombinantnich vektoru,

jejich transfekci do embryonalnich bun¢k Drosophila melanogaster, v Calmodulinové

pulldown assay a Western blotové analyze. Zpréva z této staze je piiloZena v piiloze.



3  Material a metody

3.1 Laboratorni zvifata

Larvy 5. instaru a dospéli jedinci polyvoltinni linie N4 bource morusového, B. mori
byly pouzity pro imunohistochemické (ICC) experimenty s piislusnymi proteiny.
Larvy byly chovany v nizké hustot¢ na umélé stravé (Nihon Nosanko, Yokohama,
Japonsko) nebo na moruSovych listech v inkubatoru s konstantni teplotou 25 °C,

vzdusnou vlhkosti v rozmezi 50-70 % a fotoperiodou 12 h svétlo/12 h tma.
3.2 Pouzité protilatky
3.2.1 Primarni protilatky

K detekci Manse-AKH (AKH1), Bommo-AKH (AKH2), Bombyx AKH-R
byly pouzity krali¢i polyklonalni protilatky komercné pfipravené Ctyimi imunizacemi
syntetického peptidu Manse-AKH (KLH-CELTFTSSWGNH?2),
Bommo-AKH (pELTFTPGWGQC-KLH) a Bombyx AKH-R (DIDEKVSGPGGC-KLH,
Obr. 5) firmou Moravian Biotechnology Ltd a firmou BACHEM pro Manse-AKH.
Stejny antigen byl injekéné podan vzdy dvéma donorovym zvifatim. Firmou byla zaslana
i preimunni séra, tj. séra zvifat odebrana tésné pred imunizaci antigenem,
ktera byla pouzita k ovéfeni specificity detekovaného signalu. Pied pouzitim protilatek
k immunohistochemickym analyzam, byla jejich specificita testovana metodou Elisa
(Kodrik, nepublikovana data). Primarni protilatky i preimunni séra byly fedény 1:100
v Dblokovacim médiu pro ICC provadénou na totalnich prepardtech a 1:200

pro ICC provadénou na paraplastovych fezech.

MDIDEKVSGP GGASQKNWSH LLHVNNTYDE LPLEMRFNYS HMVSMTVYSV LMVISATGNL
TVLYQLVRRR RAKRASRLDI LLMHLAVADL MVTFLMMPLE IAWAGTVQWF
AGDLMCRVMM FTRTFGLYLS SFVLICIAVD RYYAILKPLN VTWEATVRRA [IVAWVCAGL
ASLPQSFIFH VEEHPEVKGY NQCVSYGSLP TEKHEFAYFL VNMILMYVIP LVSTLYCSCA
ALFEIIRRAN TANDKMRRSG IGLLGRARAR TLKMTVTIVL VFFTCWSPYY CYCLWYWIDK
ESIKNLDPAL QKAMWLFSCT NSCANPIVYG VFNRNRWNWR AGKFQNGRCR SGSGRKGSRL
PHGESTEISA ATLSRARHSN GSDHNGRRDS SYANQNGPQK HWNTINNNHV TNGMV
Obr. 5. Aminokyselinovd sekvence Bombyx AKH-R. Receptor se sklada z 405 aminokyselin.

Zluté je vyznadena aminokyselinova sekvence, ktera byla pouzita jako antigen pro produkci
specifické protilatky.

10



3.2.2 Sekundarni protilatky

K vizualizaci navazanych primarnich protilatek byly pouzity fluorescencné znacené
kozi sekundarni protilatky firmy Life Technologies, a to Goat anti-rabbit IgG znacena
fluorophorem Alexa Fluor 488, Goat anti-rabbit IgG znaCena fluorophorem
Alexa Fluor 594 nebo Goat anti-rabbit IgG znacena fluorophorem Alexa Fluor 647.
Protilatky byly pouzity natedéné 1:200 pro ICC na totalnich preparatech a 1:500
pro ICC na paraplastovych fezech.

3.3 Imunohistochemie na totalnich preparatech
3.3.1 Odbér a fixace tkani

Larvy a dospélci bource morusového byly anestetizovany vodou nebo CO:2
a jejich mozky s pfipojenym esophagealnim gangliem, frontdlnim gangliem,
corpora cardiaca a corpora allata, ventralni nervova paska larev, vzorky tukového télesa,
stteva a pohlavnich organia dospélcti byly vypreparovany ve sterilnim 0,01 M
fosfatovém pufru (PB, pH 7,4). Tkané byly ihned fixovany 4 % paraformaldehydem v PB.
Fixace probihala 2 h pfi pokojové teploté. Nasledné byly tkané promyty 4x po 15 min v PB
a mozkova tkan byla po dobu 1 h inkubovany s kolagenazou (0,5 mg/ml PB), kterd narusi
mozkovou neurilemu a umozni tak lepsi proniknuti protilaitek do tkané. Po oSetieni
kolagenazou byly vzorky CNS dale dehydratovany a opétné rehydratovany metanolovou
fadou (50 %, 70 %, 100 % kazdy na 15 min, 70 % a 50 % kazdy na 10 min).
Poté byly promyty 4x po 15 min v PB s 05 % Triton X-100 (PB-T) a

pouzity pro imunohistochemickou detekci studovanych proteint.
3.3.2 Imunohistochemicka lokalizace proteinti

Nafixované tkané promyté v PB-T byly 2 h inkubovany s 5 % normalnim kozim
sérem (NGS) v PB-T (blokovaci médium), ktery ve tkanich vysyti nespecificka vazebna
mista. Nasledna inkubace s primarnimi protilitkami fedénymi v poméru 1:100
v blokovacim médiu probihala 3-4 dny ve 4°C. U kontrolnich preparati byla primarni
protilatka nahrazena preimunnim sérem. Poté byly tkané promyty 4x 15 min v PB-T a
inkubovany se sekundarni protilatkou fedénou 1:200 v blokovacim médiu po dobu 1-2 dnti
ve 4°C. Po aplikaci sekundarni protilatky byly vzorky chranény pied plsobenim
intenzivniho svétla, aby se zabranilo fotovysviceni fluorescenénich znacek.

Po opétovném promyti vzorkti 4x 15 min v PB-T a 15 min v PB byly tkané pteneseny

11



na podlozni sklicka do jamek vytvofenych z nékolika na sebe navrstvenych podptrnych
krouzki a zality do uzaviraciho média (Vectashield, Vector Laboratories).
Podplirné¢  krouzky  brani rozmackani tkdn¢ po  pfiloZzeni kryciho = skla.

Zhotovené preparaty byly skladovany ve tmé ve 4°C az do potizeni fotodokumentace.

3.4 Imunohistochemie na paraplastovych fezech

3.4.1 Odbér a fixace tkani

Hlavy anestetizovanych larev a dospélcti byly oddéleny a umistény do 0,01M
fosfatového pufru (PBS, pH 7,4), kde z nich bylo odpreparovano Ustni astroji.
Z t&l ponotfenych do PBS byly odebrany vzorky tukového télesa, svalové tkéané,
stteva a u dosp€lcti 1 pohlavni orgény. Dale byly tkané fixované pies noc ve 4°C
v Bouin-Hollande-sublimat (BHS) fixazi. Fixaz byla z tkani dikladné¢ vymyta 70 %
etanolem, ten byl n€kolikrat vyménén a vzorky byly promyvany v 96 % a 100 % etanolu
vzdy 2x po 20 min a prosyceny 100 % chloroformem 2x po 20 min.
Z chloroformu byly tkdn¢ pfeneseny piimo do pfedem roztaveného paraplastu nalité¢ho
v plastovych mistickdch a umistény do vakuové picky (WTC, Binder, Germany),
kde byly ponechany pies mnoc v 58°C pod vakuem 200 mbar.
Nasledujici den byly tkdné naorientovany na dné misticky (vzhledem k roviné fezu) a
vzorky ponechany alesponi 2 h ptfi pokojové teploté, aby doslo k postupné polymerizaci
paraplastu. Na mikrotomu (RM 2235, Leica) byly zhotoveny paraplastové fezy o tloustce
7 um a preneseny do kapky destilované vody na podlozni sklicko potaZzené vrtvou
pfilnavého materialu (Menzel-Glaser Superfrost, Thermo Scientific), kterd brani odpadnuti
fezi béhem nasledujici procedury. Podlozni sklo s fezy bylo pfeneseno na elektrickou
ploténku zahfatou na 42-45°C. V tomto rozsahu teplot dochazi dikladnému natazeni fezii
na hladin¢ vody. Po roztazeni fezli a odstranéni prebytecné vody byly fezy suSeny
na vyhtaté elektrické ploténce (42-45°C) po dobu minimaln¢ 48 h. Zhotovené preparaty
byly odparafinovany a rehydratovany sestupnou alkoholovou fadou, a to promytim
v xylenu 2x 10 min a v 96 % a 70 % etanolu vzdy po 5 min. Nasledné byly preparaty
oplachnuty destilovanou vodou po dobu 5 min. Pouzitim BHS fixaze byly do tkané
vneseny tézké kovy (rtut’). K jejich odstranéni byly fezy ponofeny na 3 min do Lugolova
roztoku. Jod z Lugolova roztoku byl posléze vymyt 7,5 % thiosiranem sodnym

po dobu 5 min. Po oplachnuti destilovanou vodou 1x 10 min byly preparaty promyty
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vPBS s 0,3 % Tween 20 (PBS-Tw) 1x 10 min a nasledné pouzity k imunolokalizaci

zkoumanych proteinti.

3.4.2 Imunohistochemicka lokalizace proteinil

U odparafinovanych a zavodnénych tkanovych fezti byla nespecificka vazebna
mista vysycena 5 % NGS v PB-Tw (blokovacim médiu) po dobu 30 min
pii pokojové teploté. Nasledné byly preparaty inkubovéany s primarni protilatkou fedénou
1:200 v blokovacim médiu pies noc ve 4 °C. V kontrolnich experimentech byla priméarni
protilatka nahrazena preimunnim sérem. Blokovaci médium i protilatka byly aplikovany
pfimo na jednotlivé preparaty a jejich rovhomérnd distribuce byla zajiSténa piekrytim
polyethylenovou folii. Kviili zabranéni vyschnuti preparatd, byly vzorky umistény v boxu,
ve kterém byla udrzovana vlhkost 50 — 70 %. Po odmyti nenavazané primarni protilatky
3x 10 min v PBS-Tw nasledovala inkubace s fluorescenéné znacenou sekundarni
protilatkou fedénou 1:500 v blokovacim médiu nejméné 1,5 h pfi pokojové teploté.
Preparaty byly nasledné promyty v PBS-Tw 3x 10 min a nésledovala jejich dehydratace
vzestupnou alkoholovou fadou (70 %, 96 % a 100 % ethanol, kazdy aplikovan na 2 min) a
promyti xylenem 2x 10 min. Trvalé preparaty byly zhotoveny =zalitim do média
(DPX, Fluka) a skladovéany v temnu ve 4°C.

3.4.3 Kolokaliza¢ni reakce

JelikoZ byly ob¢ primarni protilatky ziskany ze stejného druhu donorového zvitete,
musely byt na zkoumanou tkan aplikovany a vizualizovany postupné. Na paraplastové fezy
byly tedy naneseny dvé dvojice primarnich a sekundarnich protilatek. Po aplikaci prvni
primarni protilatky v kombinaci s kozi sekundarni protildtkou namifenou proti krali¢imu
IgG a znaCenou Alexa Fluor 488, byly vzorky promyty 3x 10 min v PBS-Tw a
destilovanou vodou. Poté byla pouzita druha kombinace primarni a sekundarni protilatky,
kde kozi sekundarni protildtka namifend proti kralicimu IgG byla znaena
Alexa Fluor 647. Pro vylouceni piipadné krosreaktivity sekundarni protilatky aplikované
v druhém setu, byl po€et imunoreaktivnich bunck znacenych jednotlivymi sety protilatek

piepocitan.
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3.5 Fotodokumentace a analyza ziskaného obrazu

Obrazovd dokumentace pozitivniho signdlu byla pofizena konfokalnim
mikroskopem  FluoView™ FV 1000, kterym byly zhotoveny série snimki
s rluznym proosttenim v ose Z S rozliSeni 1024 x 1024 pixeld.
Naskenovana velkoformatova obrazova data ve formatu oib (Olympus Image Binary)
byla zrekonstruovana do 3D obrazu v programu Imaris verze 6.3.1 (Bitplane) a sloZeny
obraz pfeveden do formatu tif (Tag Image File format). K jednotlivym surovym (raw)
snimkiim byl v programu Imaris pfifazen barevny filtr odpovidajici vinové délce emisniho
spektra fluophoru kovalentné pfipojeného k sekundéarni protilatce, a to Alexa 488, 594

nebo 647 (Obr. 6). Snimky byly rovnéz opatieny métitkem.

Legend
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Obr. 6: Fluorophory pouzité ke znafeni sekundarnich protilatek. Profil excita¢niho spektra
(pferusovana cara), profil emisniho spektra (plna ¢ara). Absorp¢ni a emisni spektra jednotlivych
fluorophorti se ptekryvaji. Barevné vlastnosti fluorophorii zavisi na vlnové délce emitovaného
(vyzéreného) svétla.

V programu Adobe Photoshop (Adobe Systems) byly ziskané obrazy ve formatu tif
uspofadany na plato o rozmérech 18 x 27 cm a rozliSeni 300 pixeli/palec,
v barevném rezimu RGB s bilym pozadim a 8 bitovém formatu. 3D rekonstrukce
z parafinovych fezli byly ziskdny proloZzenim snimkii po sob€ jdoucich fezi.
U kolokaliza¢nich experimenti byly v jednom obrazu prolozeny snimky jednotlivych
spektralnich barev. Poté byla provedena cilend Uprava jednotlivych obrazli zahrnujici
korekcei sytosti (saturaci) barvy, jasu a kontrastu, zaostteni (polomér 1 pixel, mira cca 70 %
- zéalezi na ostrosti obrazu). Upravené fotografie byly opatfeny méfitky, Sipkami a
pismennymi popiskami. Finalni fotografie byly ukladany ve formatech psd
(Photoshop Document), tif a jpeg (Joint photographic Experts Group — standartni metoda
ztratové komprese u digitéalnich fotografii).
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3.6 Ptiprava pouzitych roztokt

Bouin-Hollande-sublimat (BHS)

2549 octanu méd’natého (Cu (CH3COO)2)
100 ml nasycené kyseliny pikrové (CeHsN3O7)
10 mi formaldehydu (CH20)

Pied pouzitim smichame BHS roztok s nasycenym roztokem chloridu rtutnatého (HgClz)

vV poméru 10:1.

10x Fosfatovy pufr (PB), 1M, pH 7,4

Piipravit: 1M roztoku NazHPOg « 2 H20 (roztok 1)
1M roztoku NaH2PO4 « 2 H20 (roztok 2)

Zasobni 1M roztok PB byl pfipraven postupnym piilévanim cca 100 ml roztoku 2 do 400
ml roztoku 1 k ustaleni pH na hodnoté 7,4. Pracovni roztok PB byl 0,1M.

Fyziologicky roztok pufrovany fosfaty (PBS) 1 M, pH 7,4

122 g hydrogen fosfore¢nanu sodného (Na2HPO4; 8,55 mM)
1,79 dihydrogen fosfore¢nanu sodného (NaH2PO4;1,45 mM)
859 chloridu sodného (NaCl; 145 mM)

59 azidu sodného (NaNs)

11 destilované vody (dH:0)

Pracovni roztok PBS pufru je 0,1 M s pH 7,4.

Lugoliiv roztok

509 2
10g jodidu draselného (K1)
500 ml destilované vody (dH20)
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4 Vysledky

K lokalizaci Bommo-AKH, Manse-AKH a Bombyx AKH-R u bource morusového
B. mori jsem pouzila primarni protilitky namitené proti celému syntetickému
Bommo-AKH a Manse-AKH, a proti 12 aminokyselinovému peptidu na N konci Bombyx
AKH-R (Obr. 3). Jednotlivé antigeny byly injekéné podany dvéma donorovym zvifatim
(kralikim). Ziskané duplicitni protilatky jsem poté imunohistochemicky otestovala
na vybranych tkdnich bource moruSového a pro finalni experimenty zvolila takové,
které vykazovaly silny pozitivni signal. Nejprve jsem vSechny primarni protilatky testovala
na totalnich preparatech tkani. Studium imunoreaktivity na totalnich preparatech totiz
poskytuje mnohem komplexnéjSi informaci o lokalizaci peptidi ¢i proteind a
za soubézného testovnani vice antigenii umoziuje piesné specifikovat jejich vzajemnou
polohu. V piipadé, Ze protilatky obtizné pronikaly do tkan¢, at’ jiz z dtivodu jejich tercialni
struktury nebo velikosti tkané, pfistoupila jsem k imunodetekci na parafinovych fezech.
Spolu s primarnimi protilatkami jsem pii kazdém experimentu soubéZné pouZzivala
1 pfislusnd preimunni séra, ktera slouzila jako negativni kontrola pro ovéicni

specificity signalu.

VSechny primarni protilatky jsem testovala na totalnich preparatech hlavového
ganglia, ventralni nervové pasky, pohlavnich orgént, vzorkli tukového télesa,
svalové tkan¢ a stfeva, pfiCemz ventralni nervova paska byla testovana jen u larev,
a naopak ovaria a testes jen u dospélci. Vzhledem k tomu, Ze v totalnich preparatech
ostatnich tkani jsem nedetekovala signdl (data nejsou ukdzana), pfistoupila
jsem ke zpracovani tkani na parafinové fezy. Imunodetekce se vSemi pouzitymi
protilatkami odhalila reaktivitu na fezech z CNS larev 1 dospélcii. Na fezech ostatnich tkani
jsem nezazanamenala pozitivni signal (data nejsou ukazana). Aplikace preimunniho séra
misto pfislusné primarni protilatky mi pomohla stanovit, ktery z detekovanych signala
je specificky pro dany antigen. VSechny neurony znacené protilatkou Manse-AKH
vmozku larvy a dospélce byly identické stémi znaCenymi preimunnim sérem.
Pomoci této protildtky tedy nebyl zaznamenan Zzadny specificky signal a

v dalSich experimentech jsem upustila od jejiho pouziti.

Na zaklad¢ vysledkt pfedbéznych testll jsem dale provadéla imunodetekei pomoci
protilatek proti Bommo-AKH a Bombyx AKH-R pouze na vzorcich CNS,

kde jsem dukladné analyzovala ziskany pozitivni signdl. Pro kazdy experiment
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jsem pouzila nejméné 7 jedincl, ze kterych jsem vypreparovala mozky s piipojenym
esophagealnim gangliem, frontalnim gangliem, corpora cardiaca a corpora allata a
u larev téz ventralni nervovou pasku. Pro posouzeni pozice znacenych neuront
jsem se musela dokonale seznamit s anatomii celé CNS larev i dospélci hmyzu a
jednotlivé ¢asti hlavového ganglia jsem zakreslila do pfedem ptipravenych schémat

znaroznujicich uspotfadani hlavového ganglia u larev a dospélcu B. mori (Obr. 7).

A B

Obr. 7.: Anatomické schéma nervové soustavy larvy (A) a dospélce (B) bource morusového. AL,
antenalni lalok; AN, antendlni nerv; CA, corpora allata; CC, corpora cardiaca; CoC, , kruhovitd
jicnova“ konektiva (circumesophageal connective); De, deutocerebrum; DL; dorzolateralni oblast
protocerebra; FC, frontalni komisura; FG, frontalni ganglium; La, lamina; LbN, labialni nerv;
MdN, mandibularni nerv; Me, medulla; MxN, maxilarni nerv; NCAL, svazek nerva corpora allata
1; NCC 1-3, svazek nervi corpora cardiaca 1-3; OL, opticky lalok; ON, opticky nerv;
0S, opticky stvol; PoC, postesofagealni komisura; Pl, pars intercerebralis; Pr, protocerebrum;
R, retina; RN, rekurentni nerv; SOG, subesofagealni ganglium; Tr, tritocerebrum.

K pifedbéznému vyhodnoceni pozitivnich signali jsem pouzivala fluorescencni
mikroskop znacky Zeiss Axioplan 2. Zatimco ke zhotoveni vysledné fotodokumentace
jsem pouzila konfokdlni mikroskop FluoView™ 1000. Finalni fotodokumentaci
Z totalnich preparati byly 3D snimky slozené ze série fezl s rliznym proostienim v 0se Z.
Naopak snimky paraplastovych fezl jsem skladala z fotografii nékolika po sobé jdoucich

fezil. Trojrozmérmné projekce konfokalnich snimkd jsem zhotovila v programu Imaris
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verze 6.3.1 (Bitplane) a nasledné jsem snimky zkompletovala a doupravila do vysledné

publika¢ni podoby v Adobe Photoshop (Adobe Systems).

4.1 Imunohistochemické lokalizace Bommo-AKH v hlavovém gangliu larvy

Protilatku proti Bommo-AKH jsem pouzila k identifikaci neurond syntetizujici
AKH. Pozitivni signal jsem zaznamenala u dvojice bilateralnich neuronti, jejichz axony
se bohaté vétvi v centralnim mozku (Obr. 8, Obr. 9). Vzhledem k nizké intenzité signalu

v totalnich preparatech, jsem imunodetekci provedla i na paraplastovych fezech.

Obr. 8: Schématické znazornéni Bommo AKH imunoreaktivity v hlavovém gangliu larvy B. mori.

Mensi zdvojice neuroni se nachazi na dorzolateralni strané protocerebra
(Obr. 9 A-D) a vétsi neuron lezi frontoventralné v oblasti laterdlniho deutocerebra
(Obr. 9 C-D). Axony dorzolateralné polozenych neuroni tvoii vlaknité sité v ramci

protocerebra, ze kterych se formuje svazek nervovych vlaken propojujici kolateralni
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mozkové hemisfery (Obr. 9C). Vyrazné imunoreaktivni buiky jsem detekovala

v neurohemalnim organu, corpora cardiaca (Obr. 9F).

V medidlnim protocerebru v tzv. pars intercerbralis jsem zaznamenala skupinu
asi osmi velkych slabé znac¢enych bun¢k (Eerné Sipky v Obr. 9 B, C, D). Vzhledem k tomu,
7¢ tyto bunky byly znaCeny i preimunnim sérem (Obr. 9E) se jedna o signal,

ktery neodrazi pfitomnost hledané¢ho antigenu.
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Obr. 9: Bommo-AKH imunoreaktivni butiky a jejich axondlni drahy v hlavovém gangliu larvy
B. mori. A, B, F ICC v totélnich preparatech. C, D, E Snimky paraplastovych fezti zachycujici
imunodetekci s primarni ptrotilatkou (C, D) a preimunnim sérem (E). F Imunoreaktivni bunky
v corpora cardiaca (CC). Corpora allata (CA) je bez pozitivniho signalu. Bilé Sipky ukazuji
na neuron Vv dorzolateralnim protocerebru. Bilé hlavy Sipek znaci neuron ve fronto-ventralnim
lateralnim  deutocerebru. Cerné hlavy &ipek ukazuji nespecificky znatené neurony.
Metitka v A, C, E jsou 50 um. Métitka v B, D, F jsou 10 pm.
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4.2 Imunohistochemicka lokalizace Bommo-AKH v hlavovém gangliu

dospélce

Na paraplastovych fezech z mozku dospélce jsem s protilatkou proti Bommo-AKH
rovnéz detekovala dva pary bilateralnich imunoreaktivnich bunék (Obr. 10, Obr. 11),
kter¢ svym tvarem, velikosti a polohou pfipominaly neurony detekované

v larvalnim mozku.

Obr. 10: Schématické znazornéni Bommo AKH imunoreaktivity v hlavovém gangliu dospélce
B. mori.

Jeden parovy neuron se nachazel v dorzolateralni oblasti protocerebra (Obr. 11A).
Druhy par velkych neuront lezel laterdlné mezi deutocerebrem a tritocerebrem v blizkosti
baze optického laloku (Obr. 11B). Pozitivni signal byl pouze cytoplasmaticky,
nezaznamenala jsem Zadné vyrazné znacené axondlni drdhy vybihajici z téchto neurond.
Pouze jemna sit’ nervovych vlidken byla obcasné detekovatelna v oblasti lateralniho
protocerebra. Velké mnozstvi intenzivné znacenych Bommo-AKH imunoreaktivnich
bunék lezicich v husté siti nervovych vlaken jsem detekovala v corpora cardiaca
(Obr. 11D). Do této sit¢ vbihal i uzky svazek nervovych vlaken prochazejici

nervus corporis cardiaci | (NCC 1),
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Obr. 11: Bommo-AKH imunoreaktivni buiiky a axonalni drdhy na paraplastovych fezech
hlavového ganglia dospélce B. mori. A Neuron vV dorzolateralnim protocerebru (Sipka).
B Deutocerebrum s positivnim neuronem (Sipka) na bazi optického laloku. C, D vyrazny pozitivni
signél v corpora cardiaca (CC) s jasnym axonalnim propojenim mezi jednotlivymi neurony.
Br, mozek; NCC I, nervus corporis cardiaci I; Ph, jicen. M¢titka v A, B, D jsou 10 pm.
MgéFitko v C je 50 um.




4.3 Imunohistochemické lokalizace Bombyx AKH-R v CNS larvy B. mori

Vzhledem Kk vysoké imunoreaktivité protilatky proti Bombyx AKH-R v larvalni
mozkové tkani, jsem identifikaci antigenu provedla pouze za pouziti totalnich preparatd.
Podobné¢ jako pii detekci Bommo-AKH, kazda hemisféra centralniho mozku obsahovala
dvojici pozitivni bungk, které davaly vzniknout husté siti nervovych vlaken v ramci celého
hlavového ganglia (Obr. 12, Obr. 13). Tvar a umisténi obou pozitivnich bunék ptipominaly
neurony detekované s protilatkou proti Bommo-AKH.

Obr. 12: Schématické zndzornéni Bombyx AKH-R imunoreaktivity v hlavovém gangliu
larvy B. mori.

Mensi neuron lezi v oblasti frontdlniho deutocerebra v blizkosti neurilemy a
velky neuron je umistén v laterdlni oblasti centrdlniho mozku mezi deutocerebrem a
tritocerebrem (Obr. 13A, C). Axony pozitivnich neuronti tvofi hustou sit,
ktera na jedné stran¢ zasahuje do lateralni a dorsalni oblasti mozkovych téles v deuto —

a tritocerebru, zatimco jind nervova vlakna vstupuji do stiedové ¢asti mozku, kde tvofi
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slabou anastomézu (prirozené anatomické spojeni) s vedlejsi mozkovou hemisférou
(Obr. 13A, B). Sit’ nervovych vlaken vychazejici z pozitivnich bunék rovnéZz inervuje
ventrdlni tritocerebrum a nasledné vybihd pies kruhovitou jicnovou konektivu
(circumoesophageal connective, CoC) do podjicnového ganglia (subesofagealni ganglium,
SOG) nebo bézi kontralaterdlné pies postesophagealni tritocerebralni komisiru (PoC)
tvofici jeden hlavni a druhy slabsi paralelni svazek nervovych vlaken (Obr. 13C, D).
Jakmile nervové svazky vstoupi do SOG, mirné€ se vétvi a vytvari tenké kontralateralni
spojky. Z labialni neuromery opét pouze bilaterdlni par podélnych nervii postupuje
do ventralni nervové pasky. Obdobny prubéh vldken byl pozorovan u vSech testovanych
ganglii ventralni nervové pésky jako je prvni a druhy thorakalni ganglium (TG1 a TG2)
(Obr. 14). Jeden par slabé znaCenych bilateralnich neuroni byl pozorovan
v laterdlni oblasti mandibularni a labialni neuromery SOG (hvézdicky v Obr. 13E).
Vyrazna sit’ pozitivnich nervovych vldkem byla lokalizovdna v neurohemalnim organu,
corpora cardiaca (Obr. 13F). Pfitomnost pozitivniho signalu u obou nervi
corpora cardiaca (nervus corporis cardiaci I a Il, NCC I a II) naznaluje,

ze nervova vlakna sem vybihaji z centralniho mozku.
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Obr. 13: Bombyx AKH-R imunoreaktivni buiiky a jejich axonalni drahy v totalnich preparatech
hlavového ganglia larvy B. mori. A Maly neuron (bila hlava Sipky) ve frontalnim deutocerebru a
velky neuron (dvojita bila hlava Sipky) na lateralni stran¢ mezi deuto — a tritocerebrem a sit’ jejich
axont. B Detailni zabér na sit’ pozitivnich vlaken v proto — a deutocerebru. C, D Velky neuron
v mozku (dvojita bila hlava Sipky) a vétveni nervovych vlaken v tritocerebru, které vybiha
do kruhovité jicnové konektivy (bilé Sipky) a do postesophagedlni tritocerebralni komistry
(¢erné Sipky). E Sit’ nervovych vlaken (bilé Sipky) v podjicnovém gangliu, ktera je tvofena procesy
pozitivnich neuront v centralnim mozku. Par slabé znaCenych neuront v laterdlni oblasti
mandibularni a labialni neuromery podjicnového ganglia (hvézdi¢ky). F Intenzivné znaCena
nervova sit’ v corpora cardiaca a v nervus corporis cardiaci. Méfitka jsou 50 pum.
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Obr. 14: Bombyx AKH-R imunoreaktivita v totalnich preparatech thorakalnich ganglii larvy
B. mori. A Imunoreaktivni nervova vldkna (3ipky) v konektivich mezi podjicnovym gangliem
(SOG) a prvnim hrudnim gangliem (TG1) B Vyssi zvétSeni konektivy z obrazku A ukazujici
pozitivni svazek nervovych vlaken. C-F Pozitivni signal (Sipky) v TG1 (C), ve spojnici mezi TG1 a
druhym thorakélnim gangliem (TG2) (D, E) a v TG2 (F). Mé&titka jsou 50 pm.
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4.4 Imunohistochemicka lokalizace Bombyx AKH-R v hlavovém gangliu

dospélce

Prestoze protilatka proti Bombyx AKH-R vykazovala vysokou imunoreaktivitu
v larvalnich mozcich, mozky dospélcti byly jiz pro zpracovani totalnich preparati pfilis
objemné, proto jsem 1munodetekci provedla na  paraplastovych  fezech.
Celkem jsem v hlavovém gangliu dospélce detekovala 4 pary imunopozitivnich
bilateralnich neuront (Obr. 15, Obr. 16).

Obr. 15: Schématické znazornéni Bombyx AKH-R imunoreaktivity v hlavovém gangliu dospélce
B. mori.

Jedna se o par malych neurontd na spojnici optického laloku v blizkosti akcesorické
meduly (Obr. 16 A, B), dva bilaterdlni velké neurony v lateralnim mozku
mezi deutocerebrem a tritocerebrem (Obr. 16 C, D), par velkych neuront v dorzolateralni
oblasti tritocerebra (Obr. 16 E, F) a o dva bilateralni velké neurony v oblasti labialni
neuromery SOG (Obr. 16 G). Neuronove axony vychazejici z vyse popsanych bunék tvoti
jemnou sit’, ktera jednak postupuje ptes deutocerebru do protilehlé mozkové hemisféry,
a jednak prochdzi tritocerebrem k SOG (Obr. 16 E, F). Vyrazna sit’ vlaken je rozprostiena

v celé oblasti corpora cardiaca (Obr. 16 H).
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Obr. 16: Bombyx AKH-R imunoreaktivita na paraplastovych fezech hlavového ganglia dospélce B.
mori. A, B Imunopozitivni butika (Sipka) na spojnici optického laloku. C, D Velky neuron (Sipka)
v dorsolateralnim protocerebru. E, F Velky neuron (Sipka) v dorzolateralnim tritocerebru.
G Parovy neuron (oznaéeny Sipkami) v laterdlni oblasti labialni neuromery SOG. H Vyrazna sit’
nervovych vlaken vcorpora cardiaca. Mefitka A, C, E, G, H jsou 50 pm.
Mg¢titka B, D, F jsou 10 pm.
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4.5 Kolokalizaci imunoreaktivity Bombyx AKH-R a Bommo-AKH

v hlavovém gangliu larvy B. mori

Protilatky proti Bommo-AKH a proti Bombyx AKH-R odhalily dva pary pozitivnich
neurontt lezicich v podobnych oblastech centralniho mozku. K uréeni, zda se jedna
0 identické buiiky, bylo nutné aplikovat obé& protilatky soucasné na jeden preparat.
Jelikoz obé& primarni protilatky byly ziskany ze stejného typu donorového organismu,
musely byt aplikovany postupné. Pro pfesné ureni vzajemné polohy Bombyx AKH-R a
Bommo-AKH jsem pouzila imunodetekci na paraplastovych fezech larvalnich mozki.
Imunoreaktvitu obou antigenti jsem pro zjednoduSeni zaznamenala do spole¢ného

schématického znaroznéni (Obr. 17).

Obr. 17: Soubézné znazornéni imunoreaktivity Bombyx AKH-R a Bommo-AKH
v hlavovém gangliu B. mori.

Soubézna lokalizace Bombyx AKH-R a Bommo-AKH v larvalnim hlavovém
gangliu odhalila totoZznost velké imunoreaktivni buniky v oblasti ventrolateralniho
deutocerebra a naopak ukazala, ze malé neurony vyskytujici se v dorzolateralnim

protocerebru jsou odlisné (Obr. 18).
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Obr. 18: Soubézna imunodetekce Bombyx AKH-R a Bommo-AKH na parapastovych fezech
hlavového ganglia larvy B. mori. A, D AKH-R imunoreaktivita, B, E Bommo-AKH
imunoreaktivita a C, F prolozené snimky obou reaktivit na zabérech ukazuji detaily pozitivnich
neuronti nalezenych v dorzolateralnim protocerebru (A-C) a ventrolateralnim deutocerebru (D-F)
v rdmci jedné mozkové hemisféry. Méftitko je 100 pum.
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5 Diskuze

Piedkladana prace pojednava o lokalizaci adipokinetického hormonu Bommo-AKH
a jeho receptoru Bombyx AKH-R v centralnim nervovém systému bource morusového, B.
mori, za vyuziti imunohistochemickych technik aplikovanych, jak na totalnich preparatech,
tak na paraplastovych fezech. Imunoreaktivita obou antigent byla detekovéana v corpora
cardiaca (CO) a ve dvou bilateralnich neuronech v mozku.
Jeden neuron byl umistén v dorzolateralnim protocerebru a druhy ve ventro-lateralnim
deutocerebru, pii¢emz druhy zminovany neuron obsahoval imunoreaktivitu hormonu
i receptoru, coz wukazuje na moznost vzajemné autoregulacni  vazby.
Imunoreaktivita receptoru byla také nalezena ve dvou parovych neuronech podjicnového
ganglia a v husté siti nervovych vl&ken, ktera prostupovala proto-, deuto — i tritocerebrem a
vybihala i do podjicnového ganglia. U larev z této sité vybihal par bilateralnich nervovych
vlaken dale do bfisni nervové pasky. Prestoze specificita ziskanych signalii byla ovéiena
pomoci preimunniho séra, vzhledem k podobnosti vsech tti AKH u B. mori nelze vyloucit,
ze protilatka proti Bommo-AKH rozpoznava i dalsi typy bourc¢iho AKH, zejména pak
velice podobny Manse-AKH. Na druhou stranu s protilatkou proti typu Manse-AKH
nebylo v mozku detekovan pozitivni signal. To muze svéd¢it o tom, ze tato protilatka bud’

nerozpozna své specifické epitopy nebo zde neni syntetizovana.

Piitomnost AKH vCNS B. mori neni piekvapiva. Je  znamé,
7ze AKH jsou syntetizovany, ukladany a uvoliiovany pievazné v neurosekretorickych
bunikach neurohemalniho orgdnu, corpora cardiaca, ktery je spojen s mozkovymi
hemisférami  tfemi parovymi nervy (nervis corporis cardiaci I, 1, [lI).
U nékterych hmyzich zastupci jako je D. melanogaster, je AKH imunoreaktivita omezena
vyhradné¢ na bunky corpora cardiaca (Kim a Rulifson, 2004; Lee a Park, 2004;
Isabel et al.,, 2005; Noyes et al., 1995; Na&ssel, 2002; Nassel a Winther, 2010).
Naproti tomu u fady hmyzich druhd jako L. migratoria (Schooneveld et al., 1985;
Moshitzky et al., 1987; Bray et al., 1993), Carausius morosus a Sarcophaga bullata
(Clottens et al., 1989), Pyrrhocoris apterus (Kodrik et al., 2003 a Kodrik et al., 2015)
nebo Aedes aegypti (Kaufmann et al., 2009) byla ptitomnost AKH zaznamenana v mozku.
V mozku ruménice pospolné (P. apterus) bylo AKH detekovdno ve vice nez
140 neuronech a v siti jejich axont zasahujici do oblasti neuropile (Kodrik et al., 2003).

Pfitomnost hormonu v mozku L. migratoria byla identifikovand nejen prostiednictvim
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imunohistochemie, ale i radioimunoeseji (Schooneveld et al., 1985; Bray et al., 1993) a
vysoce ucinnou kapalinovou chromatografii spojenou s analyzou aminokyselinové
sekvence (Moshitzky et al., 1987). Pokusy na mozcich inkubovanych in vitro, které studuji
produkci L. migratoria AKH (Locmi-AKH) se zainkorporovanym [5-3H] tryptofanem
ukazuji, Ze tento hormon je syntetizovan de novo v mozku a neni transportovan z CC
(Moshitzky et al., 1987). Vramci CNS byla AKH imunoreaktivita pozorovana kromé
corpora cardiaca a mozku i v nékolika skupinidch neuront podjicnového ganglia P.
apterus (Kodrik et al., 2003) a v bii$ni nervové pasce n€kolika druhti komart (Kaufmann a
Brown, 2006; Kaufmann et al., 2009). Tyto vysledky imunohistochemické detekce AKH
v mozcich hmyzu v8ak byly zpochybnovany vyzkumem R. prolixus, ktery poukazuje na to,
ze imunologicky dukaz piitomnosti AKH je kvuli krosreaktivit¢ AKH protilatek
s corazoninem nebo AKH-corazonin podobnym peptidem znacné neptesny (Patel et al.,
2014). Na druhou stranu data ziskand pomoci RT-PCR testujici zastoupeni transkriptu pre-
prohormonu AKH v rozliénych tkanich fady hmyzich druhd ukazuji na ptitomnost AKH
MRNA v mozkové tkani (Abdel-latief a Hoffmann, 2007; Johnson et al., 2014,
Wicher et al., 2006; Zhou et al., 2018). Dale AKH mRNA exprese (typ Spofr-AKH)
byla stanovena v ovariich a pfidatnych zlazach, tukovém télese a svalech

u Spodoptera frugiperda.

Pritomnost AKH v axonech CNS u B. mori podporuje domnénku o mozné funkci
tohoto hormonu jako mediatoru nervové signalizace. Imunodetekce AKH v axonech
mozkovych neurond byla popsana hned u nékolika druhtt hmyzu: L. migratoria a
P. americana (Schooneveld et al., 1986), P. apterus (Kodrik et al., 2003), Anopheles
gambiae (Kaufmann a Brown, 2006) nebo A. aegypti (Kaufmann et al., 2009). Prozatim
vSak nebyl nalezen konsensus, ktery by funkci AKH jako neurotransmiteru uspokojiveé
potvrdil. Caste¢nym dikazem mutiZe byt injekce Manse-AKH do mezotorakalniho ganglia,
ktera vyvola narist elektrické aktivity piislusnych nervii inervujicich mezotorakalni svaly
u P. apterus (Milde et al., 1995) nebo injikace KCI do spojeni mezi thoraxem a
abdomenem plostice P. apterus vedouci ke zvySeni hladiny AKH v corpora cardiaca
(Kodrik et al., 2015). Pokusy s podanim vétsiho mnozstvi KCI nebo jinych toxickych latek
jako je deltamethrinu, permethrinu, toxinu z Bacillus thuringiensis (Cry 2Aa)
nebo paraquatu (latka vyvolavajici oxidativni stres) v potravé u fady hmyzich druhd,
vsak ke zvySeni hladiny AKH v corpora cardiaca nevedly (Candy, 2002; Kodrik a Socha,
2005; Kodrik et al., 2007, Kodrik et al., 201; Vecera et al., 2007, 2012; Krishnan a Kodrik,
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2012; Bednarova et al., 2013). Pfestoze U¢inky AKH na neuronovou signalizaci jsou
sporné. Lze sledovat dva zplisoby odpovédi AKH na stresové podminky, a to klasickou
AKH odezvu projevujici se ukladanim hormonu v CC a dale vice adaptabilni neuronovou

reakci zprosttedkovanou neuronovou signalizaci AKH.

Exprese AKH-R byla poprvé ukazana v neparovych neuronech abdominalniho
ganglia u P. americana (Wicher et al., 2006). Tyto neurony jsou soucasti drahy
octopaminu blizce pfibuzny norepinefrinu obratlovcii (Roeder, 2005). Stimulaci AKH-R
pomoci AKH ligandu typu Manse-AKH se u P. americana zvyS$uje hladina octopaminu,
ktera pak ovlivituje fadu bun€k (Wicher et al., 1994) a hraje vyznamnou roli v fizeni
procestt dychdni a cirkulace béhem adaptace jedince na zvySenou motorickou aktivitu.
Octopamin pozitivni neurony Vv thorakalnim gangliu u sarancete ovliviiuji svaly kiidel.
Neékteré neurony jsou béhem letu inhibovany, zatimco jiné jsou aktivni (Duch et al., 1999;
Pfliger 1999). Octopamin ma piimy ucinek i na energetické zasobovani svali kiidel
béhem dlouhotrvajiciho letu, kdy jsou cukry nahrazovany lipidy, které pak slouzi jako

hlavni zdroj energie (Mentel et al., 2003).

U mury Spodoptera frugiperda RT-PCR ukazala expresi AKH-R nejen v CC a
mozku, ale také ve stfednim stfevu, tukovém télese, svalech, ovariich a piidatnych
reprodukénich organech (Abdel-latief a Hoffmann, 2007). Také ptitomnost AKH mRNA
v ovariich viviparni partenogenetické kyjatky nachové, Acyrthosiphon pisum, objasnila roli
AKH v regulaci tvorby oocyti (Jedlicka et al., 2012). Navic mRNA exprese AKH-R byla
také detekovana, jak v mozku, tak i ve slinnych zlazach, stievé, ovariich, srdci a litacich
svalech u P. americana (Wicher et al., 2006). V neposledni tadé relativni hladina
transkriptu ~ AKH-R byla ~ zaznamendna  vtukovém  télese u lisaje,

Manduca sexta (Ziegler et al., 2011).

RT-PCR analyza u B. mori ukazala expresi Bombyx AKH-R v tukovém télese,
ve slinnych zlazach, srde¢ni tkani a v mozku s pfilehlymi corpora cardiaca

(Obr. 4, Zurovec nepublikovana data).

Ani sjednou zpouzitych protilatek proti Manse-AKH, Bommo-AKH a
Bombyx AKH-R nebyl zaznamenan pozitivni signal u vzorkti ztukového télesa,
svalové tkané, stfeva a z pohlavnich organa dospélcu. V téchto tkanich se bud’ studované
antigeny u B. mori nevyskytuji nebo zptsob zpracovani tkani pro imunodetekci byl vhodny

pouze pro mozkovou tkan. Zvlast¢ prekvapiva byla nepifitomnost Bombyx AKH-R
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pozitivniho signalu v tukovém télese, kde byla zaznamenana silnd expresni aktivita
na trovni mMRNA (Obr. 4, Zurovec nepublikovana data). Konstatovani, Ze vyse studované
tkané neobsahuji zadné AKH ani jejich receptory vyZaduje ovéfeni pomoci dalSich
molekularné biologickych technik jako je Western blotova analyza nebo kapalinova

chromatografie.

Srovnani ziskanych vysledkl s jiz zndmymi daty potvrzuje, Ze expresni aktivita
genti kodujicich AKH a AKH-R spolu se zastoupenim jejich finalnich produktt

v mozku i v dalsich hmyzich tkanich je druhové specificka.
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6 Zavér

Provedla jsem imunohistochemickou lokalizaci adipokinetického hormonu
Bommo-AKH a jeho receptoru Bombyx AKH-R v centrdlnim nervovém systému bource
morusového, B. mori a srovnala ziskané vysledky s dostupnymi daty pojednavajicimi
o distribuci  produkti geni AKH a AKH-R u jinych druht  hmyzu.
V soucasné dobé ovefuji  ziskané vysledky pomoci techniky Western blot.
Vysledky této prace budou soucasti publikace pojednévajici o funkci AKH-R u B. mori.
Cilenou mutagenezi byl AKH-R vytazen z funkce a u mutantnich jedinca byly sledovany

zmény v metabolismu cukrt a tuk.

Kromé ziskanych vysledkd jsem se zdokonalila v préci s fluorescenénim a
konfokalnim mikroskopem a naucila se zpracovavat ziskanou fotodokumentaci

K publika¢nim Géelim.
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Annotation:

The project from the Erasmus+ traineeship was focused on the question wheather
an interation between two proteins, namely Homo sapiens cryptochrome circadian
requlator 2 (hCRY2) and human Multiple PDZ domain protein (hMUPP1)
with Calmodulin (CaM) was dependent on calcium. The task was based on the recently
published novel Ca?* dependent interaction between Drosophila cryptochrome (dCRY)
and CaM where it was identified and characterized a CaM binding motif in the dCRY N
terminus (Mazzotta et al., 2018). Calmodulin pull down assay showed clearly that hCRY2
binds CaM in a Ca?" independent manner. Nevertheless, interaction hMUPP1 with CaM

did not implied evident calcium binding.
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8.1 Introduction

The main aim of my traineeship was to demonstrate whether the interaction
between two proteins, namely Homo sapiens cryptochrome circadian regulator 2 (hnCRY?2)
and human Multiple PDZ domain protein (hMUPP1) with Calmodulin (CaM) was
dependent on calcium. This work is based on the recently published novel Ca?* dependent
interaction between Drosophila cryptochrome (dCRY) and CaM where the authors were
able to identify and characterize a CaM binding motif in the dCRY N terminus (Mazzotta
et al., 2018). Similarly, they also detailed the CaM binding site of the scaffold protein
Inactivation No Afterpotential D (INAD) and demonstrated that CaM bridges dCRY and
INAD to form a ternary complex
in vivo. They suggested a process whereby a rapid dCRY light response stimulates
an interaction with INAD, which can be further associated with a novel mechanism
regulated by CaM (Mazzotta et al., 2018).

Cryptochromes (CRYSs) belong to a class of flavoproteins that detect blue light
response. In animals, CRYSs are expressed in the eyes and in the clock neurons that control
cycles of sleeping and waking included in circadian rhythmicity (Schlichting et al., 2018).
Two major groups of CRYs were found in animals, based on both their phylogenetic
position and function in the regulation of circadian clocks (Yuan et al., 2007). Drosophila-
like type 1 CRYs, which have been found only in insects, are sensitive to blue light and
function mainly as circadian photoreceptors. On the other hand, vertebrate like type 2
CRYs, which are found in both vertebrates and insects, are thought to function mainly as
negative regulators
of the transcriptional feedback loop in a light-independent manner (Griffin et al., 1999).
In contrast, hCRY2 has the molecular capability to function in a light-dependent
magnetoreception system, either as a light-sensitive magnetosensor or as a part
of the magnetosensing pathway. However, it is not yet known whether this capability
is translated into a downstream biological response in the human retina (Foley et al., 2011).
Both Human proteins hCRY1 and hCRY2 that belong in the photolyase/blue-light
photoreceptor family were presumed to function as photoreceptors because they lacked
DNA repair activity (Hsu et al.,1996). hCRY?2 is expressed more than hCRY1 in the adult
retina, especially in the ganglion cells responsible for circadian entrainment and pupillary
responses (Tresher et al., 1998; Thompson et al., 2003). Nevertheless, many studies report

that melanopsin in the retinal ganglion cells is the major mammalian circadian
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photopigment (Hattar et al., 2002; Panda et al., 2002; Ruby et al., 2002; Lucas et al., 2003;
Peirson and Foster, 2006). Similarly, mammalian CRYs could stabilize the
phototransduction complex
at the membrane of retinal cells. Since melanopsin ganglion cells have an insect-like
rhabdomeric  phototransduction cascade including Gg/ll-class G proteins and
Phospholipase C (Graham et al., 2008). The hypothesis is reinforced by finding that
hCRY2

is able to interact with human actin-beta (hActin-Beta; reported to be one of the two non-
muscle cytoskeletal actins; RefSeq, NCBI Reference Sequence Database) in a light-
independent manner. Therefore, a role of hCRY2 is rather in stabilizing the signalplex
components at the rhabdomeres (Schlichting et al., 2018).

Indeed, INAD, a five PDZ containing protein, is used frequently as a model system
for the role of scaffolds in signal transduction of microvilli in Drosophila’s photoreceptor
cells (Huber, 2001) The central scaffold in the assembly signalling complex,
signalplex is INAD and together with the three target proteins namely TRP
(Transient Receptor Potential), PLC (Phospholipase C) and PKC (Protein Kinase C)
form the core of the complex (Montell, 2012) Loss of INAD results in instability
of these three proteins and disrupts their localization in the rhabdomeres (Tsunoda et al.,
1997). Similarly, INAD is able to form homodimers to increasing the ability of the
complex
to simultaneously link multiple targets (Xu et al., 1998). The specific interaction has been
shown between dCRY C-terminus and the INAD region containing the PDZ2-PDZ3
tandem (Mazzotta et al., 2013). Therefore, Drosophila cryptochrome as the circadian
photoreceptor relates to the visual transduction complex, where it regulates visual
responses.

The intracellular signaling machinery is often organized around scaffolding proteins
localized at the plasma membrane, and multiple PDZ proteins bind to the various
constituent

of the transduction pathway, bringing them into proximity and precisely defined
stoichiometry, ultimately ensuring a rapid and specific signal transduction (Manjunath et
al., 2018). Thus, the question was whether also mammalian CRYs can act through a PDZ
scaffolding/CaM mediated signaling pathway. By search on public databases the sequence
of MUPP1 was retrieved as mammal scaffolding protein homologous to INAD

(unpublished results). A pairwise alignment was performed to find which PDZ domains

49



of hMUPP1 showed the highest sequence similarity with PDZ2-3 domains of INAD.
Indeed, hCRY2 presents functional binding sites for both CaM and MUPP1
(unpublished results), the unique mammalian multi-PDZ scaffolding protein with a key
role

in several processes, including the organization of neural synapses and the regulation
on synaptic plasticity (Lynn et al., 2012; Won Hee Jang et al., 2014).

Human Multiple PDZ domain protein (hMUPPL1), is a large ubiquitously expressed
scaffolding protein, which is composed of 13 homologous PDZ domains.
Initially, hMUPP was identified as a protein that interacts with the C-terminus of the
serotonin (5-HT2C) receptor (Ullmer et al., 1998). It has been shown that hMUPP1 binds
to the G protein-coupled MT1 melatonin receptor and directly regulates its Gi-dependent
signal transduction (Guillaume et al., 2008). Likewise, it was described a Ca?" sensitive
protein complex involved in the regulation of a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptor synaptic plasticity. The complex is comprised
of MUPP1, a synaptic GTPase-activating protein (SynGAP) and the Ca?"/calmodulin-
dependent kinase (CaMKII). The synaptic N-methyl-D-aspartate receptor (NMDAR)
complex of hippocampal neurons, SynGAP and CaMKII are coupled via direct binding to
PDZ domains of the multi-PDZ domain protein MUPP1. CaMKII only binds MUPP1 in its
Ca?* free state (Krapivinsky et al., 2004).

Several aspects of the visual response in both vertebrates and invertebrates
are regulated by a Ca?*/CaM dependent signalling mechanism. CaM is a ubiquitous sensor
protein of 148 amino acids containing two domains connected by a flexible linker and
is extremely conserved from yeast to human. Calmodulin is shaped like a dumbbell,
but with a flexible joint in its middle (Meador et al., 1992, 1993). The EF hands of
calmodulin have distinct affinities for Ca2+, and their binding affinities are often increased
by interaction with target proteins (Clapham, 2007). Binding of Ca2+ is associated
with large conformational changes in each CaM domain. In many cases, both domains
wrap around the target, compacting the structure into a globular shape. CaM interaction
regulates the activity of Ca?*/CaM dependent kinase Il (CaMKII), which is abundant in fly
retina and involved in the negative regulation of visual responses (Lu et al., 2009).
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8.2 Methods

8.2.1 Construct creation for the genes hCRY?2 and hMUPP1

8.2.1.1 Design primers for hCRY2 and hMUPPL1 in silico

Specific forward and reverse primers were designed separately for Homo sapiens
cryptochrome circadian regulator 2 (hCRY?2), transcript variant 1 (Fig. 1) and HUMAN
Multiple PDZ domain protein (MUPP1), nucleotide sequence corresponding to PDZ 8 and
9 (Fig. 2). The Forward primer of hCRY2 also contained 10 bases overlapping with the
cloning site of pAc 5.1/V5-His A vector, in order to allow the cloning with the InFusion
system and the sequence encoding for a HA (HemaAgglutinin) tag. Reverse primer of
hCRY?2
was designed as a reverse complement to the gene sequence, a restriction enzyme Notl and
7 bases overlap of pAc 5.1/V5-His A vector were included (Tab. 1). Forward and
reverse primers of MUPP1 were constructed with the same overlapping of the vector and
restriction enzymes as well as forward and reverse hCRY2 primers. His-V5 tag was

already included in the vector sequence (Tab. 1).
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ATGGCGGCAACTGTGGCAACGGCGGCAGCTGTGGCCCCGGCGCCAGCGCCCGGCACGGACAGCGCCTCTT
CGGTGCACTGGTTCCGCAAAGGGCTGCGACTCCACGACAACCCGGCGTTGCTGGCGGCCGTGCGCGGGGLG
CGCTGCGTGCGCTGCGTTTACATTCTCGACCCGTGGTTCGCGGCCTCCTCCTCAGTCGGGATCAACCGATGG
AGGTTCCTACTTCAGTCTCTGGAAGATTTGGACACAAGTTTAAGGAAACTGAACTCCCGCCTGTTTGTAGTC
CGGGGACAGCCAGCCGACGTGTTCCCAAGGCTGTTCAAGGAATGGGGAGTGACCCGCTTGACCTTTGAATA
TGACTCTGAACCCTTTGGGAAAGAACGGGATGCAGCCATCATGAAGATGGCCAAGGAGGCTGGTGTGGAA
GTAGTGACGGAGAATTCTCATACCCTCTATGACCTGGACAGGATCATTGAGCTGAATGGGCAGAAGCCACC
CCTTACATACAAGCGCTTTCAGGCCATCATCAGCCGCATGGAGCTGCCCAAGAAGCCAGTGGGCTTGGTGA
CCAGCCAGCAGATGGAGAGCTGCAGGGCCGAGATCCAGGAGAACCACGACGAGACCTACGGCGTGCCCTC
CCTGGAGGAGCTGGGGTTCCCCACTGAAGGACTTGGTCCAGCTGTCTGGCAGGGAGGAGAGACAGAAGCT
TTGGCCCGCCTGGATAAGCACTTGGAACGGAAGGCCTGGGTTGCCAACTATGAGAGACCCCGAATGAACG
CCAACTCCCTCCTGGCCAGCCCCACAGGCCTCAGCCCCTACCTGCGCTTTGGTTGTCTCTCCTGCCGCCTCTT
CTACTACCGCCTGTGGGACCTGTATAAAAAGGTGAAGCGGAACAGCACACCTCCCCTCTCCCTATTTGGGC
AACTCCTATGGCGAGAGTTCTTCTACACGGCAGCTACCAACAACCCCAGGTTTGACCGCATGGAGGGGAAC
CCCATCTGCATCCAGATCCCCTGGGACCGCAATCCTGAGGCCCTGGCCAAGTGGGCTGAGGGCAAGACAGG
CTTCCCTTGGATTGATGCCATCATGACCCAACTGAGGCAGGAGGGCTGGATCCACCACCTGGCCCGGCATG
CCGTGGCCTGCTTCYtGACCCGCGGGGACCTCTGGGTCAGCTGGGAGAGCGGGGTCCGGGTATTTGATGAG
CTGCTCCTGGATGCAGATTTCAGCGTGAACGCAGGCAGCTGGATGTGGCTGTCCTGCAGTGCTTTCTTCCAG
CAGTTCTTCCACTGCTACTGCCCTGTGGGCTTTGGCCGTCGCACGGACCCCAGTGGGGACTACATCAGGCG
ATACCTGCCCAAATTGAAAGCGTTCCCCTCTCGATACATCTATGAGCCCTGGAATGCCCCAGAGTCAATTCA
GAAGGCAGCCAAGTGCATCATTGGTGTGGACTACCCACGGCCCATCGTCAACCATGCCGAGACCAGCCGGL
TTAACATTGAACGAATGAAGCAGATTTACCAGCAGCTTTCGCGCTACCGGGGACTCTGTCTACTGGCATCT
GTCCCTTCCTGTGTGGAAGACCTCAGTCACCCTGTGGCAGAGCCCAGCTCGAGCCAGGCTGGCAGCATGAG
CAGTGCAGGCCCAAGACCACTACCCAGTGGCCCAGCATCCCCCAAACGCAAGCTGGAAGCAGCCGAGGAA
CCACCTGGTGAAGAACTCAGCAAACGGGCCCGGGTGGCAGAGTTGCCAACCCCAGAGCTGCCGAGCAAGG
ATGCCTGA

Fig. 1: Nucleotide sequence of Homo sapiens cryptochrome circadian regulator 2 (hCRY?2),
transcript variant 1 (NCBI Reference Sequence: NM_021117.4).
GAAATGGGTAGTGATCACACACAGTCATCTGCAAGCAAAATCTCACAAGATGTGGACAAAGAGGATGAGTTTGGTTACA
GCTGGAAAAATATCAGAGAGCGTTATGGAACCCTAACAGGCGAGCTGCATATGATTGAACTGGAGAAAGGTCATAGTGG
TTTGGGCCTAAGTCTTGCTGGGAACAAAGACCGATCCAGGATGAGTGTCTTCATAGTGGGGATTGATCCAAATGGAGCTG
CAGGAAAAGATGGTCGATTGCAAATTGCAGATGAGCTTCTAGAGATCAATGGTCAGATTTTATATGGAAGAAGTCATCAG
AATGCCTCATCAATCATTAAATGTGCCCCTTCTAAAGTGAAAATAATTTTTATCAGAAATAAAGATGCAGTGAATCAGAT
GGCCGTATGTCCTGGAAATGCAGTAGAACCTTTGCCTTCTAACTCAGAAAATCTTCAAAATAAGGAGACAGAGCCAACTG
TTACTACTTCTGATGCAGCTGTGGACCTCAGTTCATTTAAAAATGTGCAACATCTGGAGCTTCCCAAGGATCAGGGGGGTT
TGGGTATTGCTATCAGCGAAGAAGATACACTCAGTGGAGTCATCATAAAGAGCTTAACAGAGCATGGGGTAGCAGCCAC
GGATGGACGACTCAAAGTCGGAGATCAGATACTGGCTGTAGATGATGAAATTGTTGTTGGTTACCCTATTGAAAAGTTTA
TTAGCCTTCTGAAGACAGCAAAGATGACAGTAAAACTTACCATCCATGCTGAGAATCCAGATTCCCAGGCTGTTCCTTCA
GCAGCTGGTGCAGCCAGTGGAGAAAAAAAGAACAGCTCCCAGTCTCTGATGGTCCCACAGTCTGGCTCCCCAGAACCGG
AGTCCATCCGAAATACAAGCAGATCATCAACACCAGCAATTTTTGCTTCTGATCCTGCAACCTGC

Fig. 2: Nucleotide sequence of HUMAN Multiple PDZ domain protein (hMUPP1),
corresponding with PDZ 8 and 9 (upstream region 1329-1350).
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8.2.1.2 Polymerase chain reaction (PCR): hCRY2, hMUPP1
Each reaction was performed using 2x master mix (In-Fusion cloning Kkit),
specific forward and reverse primers (Invitrogen by Thermo Fisher Scientific) for both

genes.

Tab. 1 Primers of hCRY2 and hMUPP1.

concentration

primer name sequence (5" to 3°) M)
pAc_HA_hCRY2 | bases 10
F from the vector ECoRI HA tag
CAGTGTGGTGGAATTCATCIACEORACEAEH
IO AEARIABEE G CGGCAACTGTGGCAACGGC
pAc_HA_hCRY2 | bases 10
R from the vector Notl
GACTCGAGCGGCCGCTCAGGCATCCTTGCTCGGCAG
pAc_hMUPP1F bases 10

from the vector EcoRI
CAGTGTGGTGGAATTCATGGAAATGGGTAGTGATCACACACAGTC

pAc_hMUPP1R | bases 10
from the vector Notl

GACTCGAGCGGCCGCAAGCAGGTTGCAGGATCAGAAG

The coding sequences of hCRY2 and hMUPP1 cloned in other vectors were used as
template (DNA dilution approximately 20 ng/reaction). The milli-Q water was added to a

final volume of 50 pl. Entire reaction is summarized in the Tab. 2.

Tab. 2: PCR reaction for h\CRY?2 and hMUPP1.

ul

DNA 1
forward primer 2,5
reverse primer 2,5
2X master mix 25
milli-Q H20 19
total volume 50

The PCR program including denaturation, annealing and elongation steps in 30 repeated
cycles is shown in the Tab. 3.
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Tab. 3: PCR program for hCRY2 and hMUPP1.

initialization 98° | 17
denaturation 98° | 157
annealing 58° | 157

extension/elongation | 72° | 30”

final elongation 72° | T

final hold 4° | «©

8.2.1.3 Gel electrophoresis

PCR was visualized by gel electrophoresis. 1% agarose gel was prepared in 50 ml
final volume of 1X TAE buffer (Tris base, acetic acid, EDTA). 2,5 ul EtBr (10 mg/ml)
was added into dissolved and cold agarose solution. Each PCR reaction with 6x loading
dye was loaded into gel including 1kb DNA ladder (Thermo scientific, Fig. 3). Agarose gel
was run for 40 min, 100 V and it was visualized by the molecular imager (Bio RAD).
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Fig. 3 DNA ladder 1 kb (Thermo scientific).
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8.2.1.4 DNA purification from the agarose gel

Both DNA fragments were cut from the gel and were extracted separately by
Wizard SV gel and PCR clean-up system kit (Promega). Each DNA fragment was weighed
in 1,5 ml microcentrifuge tube. The weights were recorded to add membrane binding
solution
at ratio of 10 pl solution per 10 mg agarose gel slice. DNA fragments were incubated at
60°C for 10 min and tubes were vortexed every few minutes. Each dissolved gel slice
was transferred to the SV Minicolumn in a collection tube and it was incubated for 1 min
at RT. The SV Minicolumns were centrifuged at 14000 rpm for 1min and the supernatants
were discarded from the collection tube and the SV Minicolumns were returned to the
tubes. The columns were washed by adding 700 pl of Membrane wash solution and
centrifuged
for 1 min at 14000 rpm. The supernatants were again discarded. The wash step was
repeated with 500 pl of Membrane wash solution and the columns were centrifuged for 5
min
at 14000 rpm. The supernatants from collection tube were discarded carefully not to wet
the bottom of the column with the flowthrough and the columns were recentrifuged for
1min
to evaporate of any residual ethanol. The SV Minicolumns were transferred carefully to
clean 1,5 ml microcentrifuge tubes and 100 pl the milli-Q water was added to each
minicolumns. The samples were incubated for 15 min at 50°C for better DNA elution.
They were centrifuged for 1 min at 14000 rpm and the SV Minicolumns were discarded.
The eluted DNA samples were stored at -20°C.

8.2.15 DNA concentration measurement in NanoDrop

DNA concentration of hCRY2 and hMUPPL1 including the purity rate was
measured by NanoDrop 2000 spectrofotometer (Thermo  Scientific). The
spectrophotometer
was established firstly to add 1ul of the milli-Q water as a blank. 1ul of sample was used

for each easurement and concentrations and purity rate were recorded (Tab. 4.)

Tab. 4 Measurement of concentration and purity rate of hCRY?2 and hMUPPL1.

Name of the sample ¢ (ng/ pl) 260/280
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hCRY?2 47,1 1,91

hMUPP1 83 1,89

8.2.1.6 Cloning of hCRY2 and hMUPP1 into pAc 5.1/V5-His A vector

Good cloning efficiency was achieved using 50 ng of pAc 5.1/V5-His A vector
and 100-200 ng of inserts (hCRY2: 1926 bp, hMUPP1: 1096 bp) respectively. Before In-
Fusion cloning reaction the vector (5375 bp) was linearized by restriction enzymes EcoR |
and
Not I in MCS (received from the supervisor). Map of the pAc 5.1/V5-His A vector
including MCS (Fig. 4).

xm

"Frame-dependent variations.

Xba | and Apa | are found only in wersions A and B.
B-OE06 Sac |l is found only in version B.

BsE Il is found only in version C.

Fig. 4: The genetic map of pAc 5.1/V5-His A vector.

The In-Fusion cloning reaction also contained 5X In-Fusion HD Enzyme premix and
the milli-Q water was reached to the total volume of 10 pl (Tab. 5).
The reaction was incubated for 15 min at 50°C and placed on ice immediately.

Tab. 5: In-Fusion cloning reaction

hCRY?2 hMUPP1
pAc 5.1/V5-His A
13 1,3
vector
PCR product 1,8 0,7
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5X In-Fusion HD 5 5
Enzyme Premix

milli-Q H,0 4,9 6
total volume (ul) 10 10

8.2.1.7 Transformation of competent cells

2 pl of In-Fusion cloning reaction were used for a transformation
of Stellar competent cells. The competent cells were thawed on ice and then 50 pl
of the competent cells were added into 14ml roundbottom tubes separately. After adding
each In-Fusion cloning reaction to round-bottom tubes it was placed on ice for 30 min.
Subsequently, the cells underwent the heat shock for exactly 45 s at the 42°C water bath
and immediately they were placed on ice for 2 min. Prewarmed SOC medium at 37°C was
added to bring the final volume to 500 pl for each transformation. They were incubated by
shaking for 50 min at 37°C. After incubation each transformation were spread
proportionally
on ampicillin selective medium plates. Concentration of ampicillin (AMP) was 50 mg/mi
of LB medium. The plates were incubated upside down overnight at 37°C.

8.2.1.8 Isolation of minipreps

6 independent colonies for each transformation were inoculated into 4 ml
of LB medium with AMP (50 mg/ml) in round-bottom tubes and they were incubated
overnight at 37°C. Isolation of minipreps was performed with GenElute HP plasmid
miniprep kit (Sigma-Aldrich). 3 ml of growth cultures in the microcentrifuge tubes were
centrifuged gradually at 12000 x g for 1min and the supernatants were always discarded.
Subsequently, the bacterial pellets were resuspended with 200 pl of the Resuspension
solution containing RNase A and vortexed until homogenous solutions. Resuspended cells
were lysed by adding 200 pl of the Lysis buffer and immediately the contents were mixed
gently by tube inversion (6-8 times) until clear and viscous solutions. The lysis reaction
was in progress
no more than 5 min for protection of supercoiled plasmid DNA. The cell debris
was precipitated by adding 350 pl of the Neutralization/Binding buffer, the substances
were mixed gently by tube inversion (6-8 times) and they were centrifuged at 12000 x g
for 10 min. In the meantime, miniprep binding columns were prepared by adding 500 pl

of the Column preparation solution. They were centrifuged at 12000 x g for 1 min and
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flow-through liquids were discarded. The cleared lysates were transferred to the prepared
columns, they were centrifuged at 12000 x g for 1 min and the flow-through liquids
were discarded. Columns were washed with 500 pl of the Wash solution 1
to lower contaminants, they were centrifuged at 12000 x g for 1 min and the flow-through
liquids were discarded. Adding 750 pl of the diluted Wash solution 2 to the columns
it removed residual salt. Centrifugation and liquid discards were repeated.
The columns were centrifuged again to remove excess ethanol. The columns were
transferred to new microcentrifuge tubes. DNA elution was performed by adding 100 pl
of the milli-Q water to each column. The samples were incubated for 15 min at 50°C
to improve DNA elution step. Finally, they were centrifuged at 12000 x g for 1 min and
stored at -20°C. DNA concentration of each hCRY2 and hMUPP1 isolated colony
was measured and the values were recorded (Tab. 6).

Tab. 6: Measurement of concentration and purity rate of each clone hCRY2 and hMUPPL.

Name of the Name of the
c (ng/ pl) 260/280 c (ng/ul) | 260/280
sample sample
pAc 23,8 1,98 pAc hMUPP1_1 17,4 -
hCRY2_1
pAc 214 1,96 pAc hMUPP1_2 18,4 1,99
hCRY2_2
pAc 23,1 1,97 pAc hMUPP1_3 19,8 1,95
hCRY2_3
pAC 22.9 1,99 pAc hMUPP1 4 17,8 1,99
hCRY2_4
pAC 23.8 2.00 pAc hMUPP1_5 22,5 2,11
hCRY2_ 5
pAcC 21,7 2,00 pAc hMUPP1_6 20,2 1,93
hCRY2_6

8.2.1.9 Sequencing of pAc 5.1/V5-His A hCRY2 and pAc 5.1/V5-His A hMUPP1
plasmids

Each pAc 5.1/V5-His A hCRY2 and pAc 5.1/VV5-His A hMUPP1 isolated plasmid

was sequenced by Sanger method.
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8.2.1.10 Isolation of midipreps

After sequencing, pAc hCRY2 6 and pAc hMUPP1 5 were chosen for
subsequent experiments. Selected colonies were inoculated to 50 ml of LB medium with
AMP
(50 mg/ml) in the Erlenmeyer flasks and they were incubated overnight at 37°C.
Isolation of plasmid was performed with PureLink HiPure plasmid DNA purification kit
(Invitrogen by Termo Fisher Scientific). Firstly, the HiPure Midi Columns were
equilibrated by adding 10 ml of the Equilibration buffer and the solutions in each column
were drained
by gravity flow. The growth cultures were removed to the falcons and centrifuged at 4000
x g for 10 min and the supernatants were removed. The bacterial pellets were resuspended
with 4 ml of the Resuspension buffer included RNase. Resuspended cells were lysed
by adding 4 ml of the Lysis buffer and they were mixed gently by inverting the capped
tube five times. The falcons were incubated at RT for 5 min. Subsequently,
the lysates were precipitated by adding 4 ml of the Precipitation buffer and immediately
mixed by inverting the tubes until the mixtures were homogeneous.
The falcons were centrifuged at 6000 x g for 30min. The supernatants were loaded
onto the equilibrated columns and the solutions were drained by gravity flow.
The columns were washed twice with 10 ml of the Wash buffer and the flow-through was
discarded. A sterile 15 ml centrifuge tubes were placed under the columns, it was added 5
ml of the Elution buffer to each column and the solutions were drained by gravity flow.
The purified DNA which was precipitated with 3,5 ml of isopropanol, mixed well and
centrifuged at 6000 x g for 1 h at 4°C. The supernatants were discarded subsequently.
For wash step it was added 3 ml of 70% of ethanol to the pellets and the tubes were
centrifuged at 6000 x g for 15 min at 4°C. The supernatants were discarded, and the pellets
were let air-dry for 10 min. Purified plasmid DNA was resuspended in 100 pl
of the milli-Q water and stored at -20°C.

DNA concentration was measured, and the values were recorded (Tab. 7)

Tab. 7: Measurement of concentration and purity rate of the pAc hCRY2_6 and pAc hMUPP1 5.

Name of the sample ¢ (ng/ pl) 260/280

pAc hCRY2_6 556,6 1,88
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pAc hMUPP1_5 288,9 1,85

8.2.2 Transfection of S2R+ Drosophila embryonic cells with pAc 5.1/V5-His
A hCRY?2 and pAc 5.1/V5-His A hMUPP1

The day before transfection, the S2R+ Drosophila embryonic cells were counted
in the Blrker chamber. For counted reaction were used 50 ul of the cells, 50 pl TRYPAN
blue colour and 300 pl PBS. Subsequently, the concentration of the cell was calculated
57 x 10% cells/ml. 8 x 10° the S2R+ Drosophila embryonic cells were seeded
per the 12-well plate in 6 ml Schneider’s Drosophila medium (1ml medium per well,
Thermo Scientific). Two wells were used for each sample of hCRY2, hMUPP1 and
empty cells. The cells were incubated at 25°C overnight.

The day of transfection, 1 pg diluted DNA of hCRY2 (1,5 ul) and hMUPP1 (3,5 ul)
was dissolved separately with the DNA-condensation buffer to reach a total volume of 75
pl. Subsequently, 8 ul of enhancer was added to the both samples and mixed by vortexing
for 1 s. The samples were incubated at RT for 5 min then they were spinned down for few
seconds

to remove drops from the top of the tubes. 25 pl of Effectene Transfection reagent
(QIAGEN) were added to the DNA-enhancer mixtures and mixed by vortexing for 10 s.
The samples were incubated for 10 min at RT to allow transfection-complex formation.
While the complex formation took place, the old growth medium was aspirated gently
from each well and 800 pl of the fresh medium was added to the cells. After incubation
the growth medium (reach to volume 400 pl) was added to the tube containing
the transfection complexes, mixed twice by pipetting up and down, and immediately
the transfection complexes were added dropwise onto the cells in the 12-well plates.
The 12-wells plate were swirled gently to ensure uniform distribution
of the transfection complexes. The cells with the transfection complexes were incubated
for 72 hours at 25°C.

8.2.3 Calmodulin pulldown assay

72 hours after transfection, the Schneider’s Drosophila medium was removed,
and the cells were washed with 1ml of PBS (Phosphate Buffered Saline).

Subsequently, the cells were transferred to new tubes and centrifuged at 14000 x g for 2
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min. The supernatants were removed, the pellets were resuspended with 200 pl lysis buffer
containing inhibitors (20 mM Hepes pH 7,5; 100 mM KCI; 5% glycerol; 0,5% TritonX-
100;

1 mM DTT; 1X Complete Protease Inhibitor Cocktail-Roche) and incubated
on ice for 40 min. The samples were centrifuged at 14000 x g for 10 min at 4°C.
The supernatants were transferred to new tubes, centrifuged at 14000 x g for 3 min at 4°C
and the supernatants were transferred to new tubes again. 1 pl of lysates (hCRY2 and
hMUPP1) were used for Bradford reaction (800 pl H20 and 200 pl Bradford) to measure
protein concentration. For the blank sample was used 1 ul lysis buffer (800 pl H20 and 200
pl Bradford). The Bradford reaction was incubated at RT for 5 min. In the meantime, 400
pl

of the Calmodulin-Sepharose beads (BioVision) were centrifuged at 14000 x g for 1 min
at 4°C, the supernatants were discarded carefully. The beads were washed with H20,
centrifuged again and riequilibrated in lysis buffer. Protein concentration of hCRY2 and
hMUPP1 were measured at the wavelength of 595 nm in the Life science UV/Vis
spectrophotometer (Beckman Coulter) and the optical density of each sample

was recorded (Tab. 8).

Tab. 8: OD measurement of hCRY2 and hMUPP1.

Name of the sample oD
hCRY?2 0,080
hMUPP1 0,071

The lysates of 200 pl hCRY2 and 100 pul hMUPP1 were divided equally in two conditions;
CaClz or EDTA were added up to 2 mM and 5 mM concentration, respectively.
The lysis buffer was added to reach the final volume of 1ml per sample. 100 ul of beads
were added to each sample and the samples were incubated at 4°C for 2 hours
on a rotating wheel. The samples were centrifuged at 14000 x g for 1 min at 4°C.
The supernatant (containing unbound protein) was removed carefully and the beads
were washed three times using 1 ml of lysis buffer. The pellets containing bound proteins
were resuspended in 100 pl LDS (4X loading buffer, Invitrogen) and 20 pl DTT,

stored at -80°C. A scheme of CaM pulldown assay is shown in the Fig. 5.
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Fig. 5: The scheme of CaM pulldown assay.

8.2.4 Western Blot

The CaM pulldown assay was evaluated by Western Blot. 35ul of the unbounded
protein fractions were mixed with LDS and DTT in 50 pl of the total volume. 20 pl
of each lysate hCRY2 and hMUPP1 were used as the input and mixed with LDS and
DTT to reach final volume of 30 pl. The CaM bounded and unbounded proteins with
inputs were incubated at 70°C for 10 min to allow protein denaturation. In the meantime,
1X running buffer was prepared from 20X MOPS to reach the final volume of 800 ml.
The samples were analysed by SDS-PAGE on 4-12% NuPAGE Novex Bis-Tris Gels
(Thermo Fisher). Before running of SDS-PAGE, 500 pl of antioxidant NuPAGE
(Invitrogen by ThermoFisher Scientific) was added to SDS-PAGE gel box covered 1X
running buffer. 10 ul of each lysate, 30 ul of bound and 40 pl of unbound protein samples
were loaded into SDS-PAGE gel. The gel was running 2 hours approximately, 100-150 V.

In the meantime, a 1X transfer buffer was prepared by adding 12,5 ml

of 20X transfer buffer, 25 ml of 10% methanol and the final volume was reached to 250
ml. An electroblotting was used to transfer proteins from the gel onto nitrocellulose
membrane.
A transfer stack was prepared by adding a sponge containing 1x transfer buffer on the
bottom and gradual adding to the filter paper, the gel, the nitrocellulose membrane,
another filter paper. Finally, it was covered by soaked sponge with 1x transfer buffer (Fig.
6). The transfer stack was incubated for 1h at the X Cell Sure Lockbox at 30 V.
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Total protein staining in the membranes was performed by adding Ponceau S red
acid and washed subsequently by milli-Q Hz20. Non-specific bindings in the membranes
were blocked with 5% non-fat dry milk in 1X TPBST (Tris Buffered Saline with 0,05%
of tween; 10X TPBST: 2 M Tris-HCI pH 7,5, 1,5 M NaCl) for 1 hour at RT.
The membranes were incubated with 5 ml of monoclonal anti-HA primary antibody
for hCRY2 (1:2000; Sigma Aldrich, St. Louis. MO, USA) and 5 ml of monoclonal anti-His
primary antibody for hMUPP1 (1:2000) overnight at 4°C. Next day,
the membranes were washed three times in TBST for 10 min by shaking at 60 rpm.
Subsequently, the membranes were incubated with anti-mouse 1gG HRP secondary
antibody (1:5000; Sigma Aldrich, St. Louis. MO, USA) for 1,5 h at RT by shaking at 80
rpm.

The membranes were washed three times in TBST for 10 min by shaking at 60 rpm.

Horseradish  peroxidase (HRP) was linked to secondary antibody
to allow the detection of target proteins of hCRY2 and hMUPP1l by enhanced
chemiluminescence (ECL). For ECL reaction it was added 50 pl of luminol,
22 pl of coumaric acid and 3 pl of H202 to 1 ml of ECL buffer (1 M Tris pH 8,5).
The reaction was immediately added to the membranes, wrapped in a plastic film and
incubated for 1 min at RT. Subsequently, the membranes were put into the developing box.
Next steps were performed in the dark room. A photographic film was applied
to the membranes in the developing box and incubated for 2 min. The film was removed
to a developing buffer, time was depended on an intensity of signal, and then was placed
a fixing buffer. Finally, the film was washed with H20 and allowed to dry.
The film was evaluated visually to compare the bands of hCRY2 and
hMUPP1 with the relevant input.
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Fig. 6: The scheme of transfer stack.
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8.3 Results

8.3.1 PCR of hCRY2 and hMUPP1, gel electrophoresis

PCR reactions were performed to amplify hCRY?2 and hMUPP1 genes separately,
using specific forward and reverse primers for each gene (Tab. 1). 5 ul of each PCR
reaction
was loaded on a 1 % Fig. 7: PCR reaction of hCRY2 and hMUPP1. L — DNA ladder 1 kb

agarose gel (Fig. 7).  (Thermo scientific). 1 — PCR product of hCRY2, band size is 1926 bp.
2 — PCR product of hMUPP1, band size is 1096 bp.

8.3.2 DNA purification from the agarose gel, DNA

concentration measurement in NanoDrop

After having verified that the amplification had correctly occurred,
the rest of the PCR product was loaded on the gel (Fig. 8). Both DNA fragments were cut
from the gel under molecular imager (Bio RAD) and DNA subsequently extracted
from the gel by Wizard SV gel and PCR clean-up system kit (Promega).
DNA concentration and purity rate were measured using NanoDrop 2000 spectrofotometer
(Thermo Scientific) (Table IV.).

product of hMUPP1, band size is 1096 bp.
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8.3.3 In-Fusion cloning of hCRY2 and hMUPPL1 to pAc 5.1/VV5-His A vector,

minipreps and sequencing, midipreps

The isolated PCR products with 10 and 7 bases extensions complementary
to the vector were cloned as inserts into pre-linearized pAc 5.1/V5-His A vector
with restriction enzymes EcoR | and Not I. Each construct was transformed into competent
cells and transformant colonies were selected on ampicillin selective medium plates.
6 transformant colonies for each construct were inoculated in LB+ampicillin medium,
plasmid DNA was isolated and sequenced to check for unwanted mutations.
pAc_hCRY2 6 and pAc_hMUPP1 5 were isolated plasmid DNA with GenElute HP
plasmid miniprep kit (Sigma-Aldrich). I measured DNA concentration of each plasmid
clones and
| recorded the values (Tab. 6). | verified all the plasmids by sequencing and | selected 6"
clone of the hCRY2 and 5" clone of the hMUPP1. | inoculated into 50 ml
of LB medium+ampicillin to isolate enough amounts of DNA using PureLink HiPure
plasmid DNA purification kit for transfection of S2R+ Drosophila embryonic cells.

8.3.4 Transfection of pAc 5.1/V5-His A hCRY2 and pAc 5.1/V5-His A
hMUPP1 into S2R+ Drosophila embryonic cells

The day before transfection, S2R+ Drosophila embryonic cells were seeded
in the Schneider’s Drosophila medium (Thermo Scientific) to adhere to the 12-well plate
at 25°C overnight. In a first experiment the expression of the two constructs was verified.
After incubation for 72 hours at 25°C, cells were lysed and analyzed by western blot (Fig.
9) Protein concentration of each lysate including control empty lysate was measured in the
Life science UV/Vis spectrophotometer. Subsequently, the protein extracts were incubated
at 70°C to allow protein denaturation. 40 pl of each sample including 5 ul
of ladder (Prestained protein Sharpmass V1 5-245 kDa, Tris-Glycine 4-20 %, Euro Clone)
were analyzed by SDS PAGE. | performed an electroblotting to transfer proteins
from the gel to nitrocellulose membrane. The electroblotting was verified by total protein
staining with Ponceau S red acid. Before incubation with anti-HA and anti-His monoclonal
primary antibodies, non-specific bindings in the membranes were blocked with 5% non-fat

dry milk in TPBST. Finally, the membranes were incubated with anti-mouse IgG HRP
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secondary antibody in order to allow the target protein detection of hCRY2 and hMUPP1
by enhanced chemiluminescence (ECL) in the photographic film (Fig. 9).
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Fig. 9: Western blot evaluation of control transfection. Left part of the film: protein expression
of hCRY?2 detected by monoclonal anti-HA primary antibody, band sizes are 63 kDa and 75 kDa.

Right part of the film: protein expression of hMUPP1 detected by monoclonal anti-His primary
antibody, band size is 48 kDa.

Firstly, two protein bands, corresponding to hCRY2, with the expected size of 63 and 75
kDa were detected by monoclonal anti-HA primary antibody. With respect to hMUPP1
line wasn’t detected any specific protein band. The control S2R+ Drosophila embryonic
cells (EMPTY)didn't carry any construct and serve as a negative control.
Next, the band with the expected size of 48 kDa were detected in the hMUPP1 line
by monoclonal anti-His primary antibody. In relation to hCRY2 line wasn’t determined

any specific band. As a negative control also served empty S2R+ Drosophila embryonic
cells.

8.3.5 Calmodulin pulldown assay and western blot

72 hours after transfection, proteins from hCRY?2 and hMUPP1 were extracted
as previously described. Each lysate was subjected to a CaM binding assay in presence

of CaCl. or EDTA respectively (Fig. 5). The CaM binding was analyzed
by western blot. (Fig. 10).
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Fig. 10: Western blot evaluation of Calmodulin pulldown assay. Upper part of the film: bound and
unbound proteins of hCRY2 in presence of CaCl, or EDTA respectively detected by monoclonal
anti-HA primary antibody, Drosophila S2R+ cells overexpressing hCRY2 used as an input.
Lower part of the film: bound and unbound proteins of hMUPPL1 in presence of CaCl, or EDTA
respectively detected by monoclonal anti-His primary antibody, Drosophila S2R+ cells
overexpressing hMUPP1 used as an input.

Western blot evaluated specific bands corresponding to the bound protein
expression of hCRY2 in the presence CaClz and EDTA respectively. The bound protein
expression including hCRY2 protein lysate (input) were detected by monoclonal HA
primary antibody. Unbound protein expression of hCRY2 was detected neither in the
presence
of CaCl. or EDTA. That is to say, the interaction of hCRY2 with Calmodulin isn’t
depended on the presence of calcium.

In case of hMUPP1, specific protein bands were detected in the line
of bound proteins in the presence of CaCl2 and unbound proteins in presence of CaCl:
or EDTA including hMUPP1 protein lysate (input) by monoclonal anti-His primary
antibody. No specific band of hMUPP1 bound proteins was recorded in the presence of
EDTA.

Even though the signal strength of the individual bands was very intense,
the result didnt show a clear interaction between hMUPP1 and

calmodulin in the presence of calcium.
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8.4 Discussion

The main aim of my traineeship was to demonstrate whether the interaction between
two proteins, hCRY2, hMUPP1with Calmodulin (CaM) was dependent on calcium.

Firstly, both genes were amplified with design specific forward and reverse primers
that added 10 and 7 bases extensions complementary to pAc 5.1/V5-His A vector.
Each genetic construct containing the given inserts was transformed into competent cells.
I verified all the plasmids from each transformant colonies by sequencing.
The most appropriate clones were selected for subsequent transfection into S2R+
Drosophila embryonic cells. | previously verified control transfection by western blot. It
has been shown that each overexpressing protein extract from Drosophila S2R+ cells were
detected
by monoclonal antibodies either anti-HA for hCRY2 or anti-His for h(MUPPL.

Subsequently, | performed a new transfection of both proteins that they were
undergone Calmodulin pulldown assay in presence of CaCl2 and EDTA respectively. The
CaM binding assay again was analyzed by western blot. The result clearly shows that
hCRY?2 binds CaM
in a Ca?" independent manner. In comparison, vivo Drosophila CRY experiments showed
that CaM is part of the complex formed by dCRY and INAD in fly photoreceptors and
this association depends on Ca?" (Mazzotta et al., 2018). In contrast, the Ca?* oscillation
observed in pacemaker neurons was found to be independent from dCRY (Liang et al.,
2016). However, dCRY plays different functions. For instance, in circadian clock neurons,
dCRY acts as a circadian photopigment contributing to the resetting of the molecular clock
by promoting light-dependent TIM degradation (Yoshii et al., 2016).

Nevertheless, interaction hMUPP1 with CaM does not indicate obvious calcium
binding. With respect to forthcoming experiment, the calmodulin pulldown assay will be
repeated
with a smaller volume of hMUPP1 lysate. For instance, it will be used 25 pl of the lysate
instead of 100 pl.
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