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Abstract

Abstract

The glycerophosphodiesterase EDI3 (endometrial differential 3) is a key enzyme in various
metabolic signallingpathways because it crodisks the triglyceride and cholinsignalling
pathway by hydrolysingglycerophosphocholiem (GPC) to glycerd-phosphate (G3P) and
choline. The enzyme has two functional domaitise GDE domain, where the active site of

the protein is located, and the carbohydrate binding domain (CBM), whose function is
completely unknown. EDI3 is part of tk&olutionary conserved GDE protein family, whose
members have different functions. In previous work, high EDI3 expression in ptonargrs

of ovarian and endometrial carcinomas was associated with increased metastasis, increased
cell migration and poonesurvival. In this work the role of the CBM20 domain was investigated

on a large scale and a possible new role for EDI3 was found.

The present work confirms previous research on other CBM20 proteins (Laforin and STBD1)

that showed that the CBM domain issential for protein stability. The deletion of the entire

/| .aun R2YFAY op/.auwntd0 yR YdzitGAzya 2F | O2y
significantly reduced protein stability. As a consequence of these mutations, the enzymatic
activity of the prél SAYy 61 a4 RSONBFaSR 0602o0H! 0 2NJth@2 YLX Si
phenotypic migration effect was reduced. Furthermore, this work could show that EDI3 forms

dimers or oligomers and the CBM20 domain is required for this process.

A characteristic of CBM2@8 the interaction with plant starch. For laforin and STBD1, an
interaction with glycogen via the CBM20 domain was additionally demonstrated. In this work
EDI3 could be associated for the first time with glycogen in vitro and with glycsgatiated
proteins of the human skeletal and cardiac muscle. While no binding of EDI3 and glycogen
could be detected in human liver, glucagon regulation was observed in primary mouse
hepatocytes, potentially linking EDI3 to a role during gluconeogenesis. In skeletdéniti313

was associated with Type Il skeletal muscle cells and-thbules, where it cdocalizes with

ryanodine receptor 1, suggesting a role of EDI3 in calsigmalling



Zusammenfassung

Zusammenfassung

Die Gycerophosphodiesterase EDI3 (Endometrial differentials8)ein Schlisselenzym in
unterschiedlichen metabolischen Signalwegen, da es durch die Hydrolyse von
Glycerolphosphocholin (GPC) zu Glye8rBhospohat (G3P) und Cholin den Triglycerid und
den Cholin Signalweg vernetzt. Das Enzym hat zwei funktionellerigomgé@lie GDE Domane,

in welcher das aktive Zentrum des Proteins lokalisiert ist und die Kohlenhydrat
Bindungsdoméane (CBM), dessen Funktion bisher komplett unbekannt ist. EDI3 ist Teil der
evolutionar konservierten GDE Protein Familie, deren Mitgliedegngohiedliche Funktionen
haben. In friheren Arbeiten konnte eine hohe EDI3 Expression in primdren Tumoren von
ovarial und endometrial Karzinomen mit erhdhter Metastasenbildung, erhohter Zellmigration
und schlechteren Uberlebenschancen verkniipft werdenRehmen dieser Arbeit wurde die
Rolle der CBM2Domaéne in grollem Umfang untersucht und eine mdgliche neue Rolle fur
EDI3 gefunden.

Die vorliegende Arbeit bestatigt bisherige Forschumgl anderen CBM20 Proteinen (Laforin

und STBD1) die bereits zeigte, ddesCBM Domaéane unerlasslich fur die Protein Stabilitat ist.

Die Deletion der gesamten CBM802 YNY S onp/ .auwnt0 dzyR RAS a
konservierten Aminoséaure innerhalb der CBM20 (W32A) verringerten die Proteinstabilitat
signifikant. Als Folge dieser Muiaten war die enzymatische Aktivitdit des Proteins
GSNXYAYRSNI 62o0H! 0 2RSN) @2f t a dderypRandypisthdza 3 S a O
Migrationseffekt wurde reduziert. Dariber hinaus konnte diese Arbeit zeigen, dass EDI3

Dimere oder Oligomere bildet und die KBB0-Domane fiir diesen Prozess benétigt wird.

Ein Charakteristikum der CBM20 die Interaktion mit pflanzlicher Starke. Bei laforin und STBD1
wurde zusatzlich eine Wechselwirkung mit Glykogen tber die CBM20 Doméne nachgewiesen.
In dieser Arbeit konnte EDIRimm ersten Mal mit dem Glykogen in vitro und mit Glykogen
assoziierten Proteinen des menschlichen Skelatid Herzmuskels in Verbindung gebracht
werden. Wahrend in menschlicher Leber keine Bindung von EDI3 und Glykogen detektiert
werden konnte, wurde in pmaren Maus Hepatozyten eine Regulation durch Glukagon
beobachtet, die EDI3 potentiell mit einer Rolle wahrend der Gluconeogenese in Verbindung
bringt. Im Skelettmuskel konnte EDI3 mit Typ Il Skelettmuskelzellen und -derdouli
assoziiert werden, wo es tmlem RyanodifRezeptor 1 kdokalisiert, was auf eine Rolle von

EDI3 bei der Calciumsignalisierung hindeutet.
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1. Introduction

1.1Glycogen

1.11 Glycogen structure

Glycogen is one ahe many types of polysaccharides found in natukethe molecular level
polysaccharids consist of covalentinked monosaccharidesthe simplestform of sugar,
such as glucosebound together byglycosididinkagegFigurel.1). Polymers of glucosealso
known aspolyglucans form dycogenin animals and amylopectin andamylosein plants
(Figurel.1). Bothd @ 023Sy I yR | Yét 2 LISTAiglygobsidic NidBaged andy S O &
the branch pointdyh-1,6 glycosidic linkag€BiNuzzo and Schousboe 201&)the centre of
eachglycogen particle is a dimeric glycogenin moletiig is covalently connected to a single
glucose polymer chain, which gives rise to all subsequent claitise branching points
(Roach et al. 2012)Each linear chain yields two new branches and each new subset of
branches is defined as a tifffigurel.2) (ILLINGWORTH et al. 1992)a theoretical model, it
was suggested that glycogen could e&ceed 12 tiers, around 55000 glucose molecules, since
higher tiers would become inaccessible to enzynssce the surface is too largeleléndez
Hevia et al. 193). The outermost tier would harbour around ostieird of the total glucose
molecules which fits with experimental dafpBARNER et al. 1952; Meléndez et al. 19918
branching, glycogen avoids the formationdoiuble helices which would lead s insolubility

and lower binding affinity to glycogestepleting proeins thus resulting in pathological
consequence$EMANUELLE et al. 2016)

Amylose Amylopectin

& o 4 &
ﬁ@@%bgbq P B g

) ')
Glycogen 5=
AP |
(m 7 . OH_W a-1,6-glycosidic bond
. : ;’CHJDH \ z Oo_\ ) %h‘z C~.\T\
O ||

a-1,4-glycosidic bond

Figurel.1 Forms and bonds of glucose polymers
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Glycogen constitutes up to 4@Dor 8% volume of the liver, up ®0g or 2% of muscle and
1.5 g or Q1% of the brairfPrats et al. 2018)iver glycogen is usuallycatedin the cytoplasm
but closely associated with the smooth endoplasmic reticu{@ardell and Cardell 1990h
skeletal musclgglycogen is found in close proximity to the sarcoplasmaticulum and
transverse tubuds (See also section 1.4,3ndis localized throughout the braiwith high
levels in astrocytegPrats et al. 2018)Glycogae is also found in skin, retina, adipose tissue,

leukocytes, thymus and kidn€RiNuzzo and Schousboe 2019)

On a macromolecular levethree different structures have been identified by electron
microscopy (EM)i S N &R/ RA NJ v dzf $articlesyDiRochmans 1962)The biggest
glycogen structure (BB | £ (2 y 0 | LILISdraNiies wihizh isinSstly(fadril infliver.
¢tKSe& O2yaAai-grahdies gossildlySligk8oNia glycogenin,and arranged in a
WauliflowerlikeQmanner(Tan et al. 2018) ¢ 4gr&nulés (16-107 Dalton) usually contains
around 79 tierson averageand increase in numberrather thansize(Graham et al. 2010;
DiNuzzo andchousboe 2019 ¢ @8I i dzf Sa A y-@aftideR Snmpoteirdribid

compartmentswith a high electron densit{Prats et al. 2018)

1.1.2Glycogen associated pgilns

To date, severgiroteinshave been identified that can birglycogen which are necessary for
anabolism, catabolism, and size maintenatedle 1.1) The majorityof proteins aredirectly
related to catabolism or anabolism of the polyglucéowever a few proteinsare needed
glycogen homeostasisor exampleglycogenin is the core protein of each glycogen molecule.
It is an auteglycosylating proteithat catalyses and initiates the formation of a short glucose
polymer. This polymer is elongated biycogen synthase (G0 @ Adl-glydosidic linkages
until a length of at least 1@lucose molecules is reached. Téigcogen branching enzyme
changeghe position ofsevenh-1,4 glycosididinked glucose molecules from the donor chain
and fuses it to the acceptor chain Vial,6 glycosidic linkag&Vith regard to catabolism,
glycogencatalyses the transfer of glucose moieties from the glycogen molecule to inorganic
phosphate, releasing the product glucesehospate (G1P) Phosphoglucomutaséhen
metabolisesintermediate G1P to glucose6-phosphate(G6P) which feeds intoglycolysis or
other pathways.An additional glycogedebranching enzyme is necessaty linearize
glycogen which has two enzymatic functionhe first, with its4-h-glucanotransferase

activity, it can elorgate a neighbouring chain with three polymerized glucose moleciites
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last glucose molecule of theegraded chain is hydrolysed andeleased byglycogen

debranching enzynssecond enzymatic function, tremylo" -1,6-glucosidase activitfRoach

et al. 2012; Zois et al. 2014; Zois and Harris 2016)

Tablel.1: Glycogen associated proteins

Gene name Protein Functionon glyogen
GN1 Glycogenin 1 Initiation, core protein
GN2 Glycogenin 2 Initiation, liver, , core protein
TRIM7, GNIP Tripartite motifcontaining protein Regulation

GS1 Glycogen synthase 1 Synthesis

GS2 Glycogen synthase 2 Synthesis, liver

GBE1 Glycogen braching enzyme Synthesis

GP, PYGM Glycogen Phosphorylase muscle Degradationreleases G1P
GP, PYGL Glycogen Phosphorylase liver Degradationreleases G1P
GP, PYGB Glycogen Phosphorylase brain Degradationreleases G1P
GDE, AGL Glycogen debranching enzgm Degradationreleases G1P
STBD1 Starch binding domain 1 HomeostasisAutophagy
Malin E3 ubiquitinprotein ligase NHLRC1 | Homeostasis

EPM2A Laforin glucan phosphatase Homeostasis

PHKA1 Phosphorylase Kinase 1 Degradation, muscle
PHKA2 Phosphorylase kase 2 Degradation, liver

AMPK 5'AMPRactivated protein kinase Regulation

PP1 Proteinphosphatase 1 Regulation

PPP1R3A, PPP1R3B, | and targeting subunits

PPP1R3C, PPP1R3D,

PPP2CA, PPP1CA,

PPP2R1B
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Figure 1.2 Glycogen associated proteins and their functian€&lucose molecules are indicated as white circles,
hyperphosphorylated glucose is shown in yell®eleased glucose units are highlighted as red circles, newly linked glucose
moieties are highlighteevith blue circles, dotted blueirclesindicate a shift of glucose. Proteins are highlightedriange
protein function on glycogen is shown with an orange arrow, protein inhibition with red lines and protein activation with a
green arrow.The Achain repesents an unbranched and thedBain a branched chaiffhe cellular is highlighted in brown.
Proteinabbreviationcan be found in table 1.1.

The functions of glycogen associated proteins are illustratédgarel.2. While the glycogen
associated proteis are the€xecutive poweRthey are controlled by the regulatory and

counterregulatory hormonesglucagon and insulin in order toaintain euglycemia.

1.1.3Glycogen regulation viasulin andjlucagon

The main functiomf glycogen is to storenergy irthe form of glucose. During hypoglycaeni

due to for examplestarvation or physical activifyhe liver alters the leels of hepatic glucose
releasethrough controlling the processes of glycogen breakdown (glycogenolysis) or de novo
glucose productiongluconeogenesisp maintain blood sugarevels (Nordlie et al. 1999)

After a meal, during hyperglycaemia, the liver increateglucose uptake and stores glucose

as gycogen(glycogenesis). Thesequesses are regulated by twwormoneswith antagonizing

function, insulinand glucagon(Figurel.3) (ELRICK et al. 1958)
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Food

Glucose enters the blood

m Glucose
Cytoplasm transporter
Glucose
Pentose Phosphate ﬁ@ G6-pase
Glucose-6-P, pathway Glycolysis
Gl -6- :
Phosphatases, Ribose+ NADPH ucose Pyrwvate M) Lactate Kinases
Caffeine 1 Phosphate
deactivation ﬁ @ Glycogenesis deactivation '
/ Glucose-1- ) UDP-Glucose ./
Phosphate Glucose-6-P,
Glycogen Glycogen :
Glucagon, h Insulin,

‘ . phosphorylase synthase Phosph
physical activity, {\ osphatases
[ Y2 Glycogen

\ ’ activation Glycogenolysis activation ‘ k
PKA AKT

Figurel.3 A simplistic view on the egulation of glycogen metabolism by glycogegnthase and glycogen phosphorylase
Food is digested and glucose is taken up by the cells via glucose transporters and is imn@thayprylatedhe ducose
6-phosphate (@6-P). G-6-P can be rapidly used iglycolysior other pathwayslike the penbse phosphate way or stored as
part of glycogen. Therefore it is entering thcogenesipathway and @&-P is isomerized to glucodephosphate (GL-P).
This process is supported by insulin which activates the glycogen synthastvaging the AKT pattay and thusnhibiting
the glycogersynthasekinase If energy is needed due to starvatiorugagor) or physical activitfadrenaline) the process of
glycogenolysis is activateWliathe PKA pathway glycogen synthaseleactivated via conformational chgeand glycogen
phosphorylae is activated(Zois and Harris 2016)

Human nsulin isa 51 amino acidong protein with amolecular mass of 580B8a. t is a
heterodimer of an Aand a Bchain, which ardbound together via disulfide bondsand is
formed in thebeta cells in the islets of Langerhaf@iacometti 1969)In 1929 it was found
that insulin could increase glucose uptake in ygising riseto newly formed glycogen in liver
(Cori and Cori, 1929Much kter, in1980, the insulin receptor was discover@dassague et
al. 1980)andthe PI3kAkt pathway wasdentified & a key regulator of insulin signallifitne
underlying mechanism of glucosegulation via this pathway has since been a major topic of
research(Brazil and Hemmings 200The PI3KAkt signalhg cascade is highly consenesd
its activation is tightt regulated. Insulinstimulates the insulin receptorand causes
autophosphorylationat a nhumber of tyrosine residuewithin the tyrosine kinase catalytic
domainwhichnext leads to theecruitmentandphosphorylatiorof insulin receptor substrates
(IRS) prteins. Theseeventsresut in the attachmentof the lipid kinasgphosphoinositie-3-
kinase(PI3K to the plasma membrane, where it phosphorylatg@sosphatidylinositol (3,4)
bisphosphate (PIP2) to phosphatidylinositol (3,4rphosphate (PIP3% secondnessenger
that stimulates insulirdependent processessuch asincreasng the activity of 3-
phosphatidylinositedependent kinasdk (PDK1) (Brazil and Hemmings 2001PDK1
5
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phosphorylates hie serine/threonine protein kinas@&KT (from AKR mouseThymoma) at
residues$473 and T308which activates the kinaseand startsinducing a series of events
including the phosphorylation artiereforeinactivaion of glycogen synthase kina8¢GSK3)
(Brazil and Hemmings 2001; Hemmings and Restuccia.20b2) key substrate of G%i6
glycogersynthase (GY &ndphosphorylatiorof GYSeadsto the inactivity ofthis protein. The
inactivation of GR3 by AKTesults inthe dephosphorylation and thus activatiai GY Swhich
initiates glycogen synthesid.izcano and Alessi 2002; FRAME and COHEN R&3@dipis also

a major regulator of hepatic glucose output. In healthyman beings physiological
hyperinsulnemia suppresses glycogenolysis completalyd gluconeogenesis by 20%
(Gastaldelli et al. 2001; Hatting et al. 2018)

Gucagon (GLUCosAGONist)was discovered in an early preparation of insulin dimst
classified asnimpurity and described as toxic, since it increases blood sugar levelsigiien
death (Fisher 1923)Todayjt isknown that the 29 amino acids long protegreleasediuring
hypoglycaemia anohducesglycogenolysisfollowed bygluconeogenesjsvhichboth leads to
the release of glucose(Schade et al. 1979; Scott and Bloom 201Byring periods of
starvation, glycogen degradedwithin the first12 hours, andas a result thenaintenanceof
euglycemiabecomesncreasingly depereht upongluconeogenesjsvhich starts with a slow
onset after 3hours and reaches a peak at two dayahill 2006; Petersen et al. 2017)
Gluconeogenesisis the formation of glucose from pyruvate or other 8r 4-carbon
compounds The mairsourcesn humans are lactate, glycerol, alanine, and glutanmimieich
accounts for90% of gluconeogenic substes. Neverthelesscircling intermediates from the
Krebs cycleglycerotrelated pathways and fatty acidsan also serve as substrates for
gluconeogenesig¢Garrett and Grisham 2002; Gerich et al. 200&chanistically glucagon
interacts with the glucagorori -adrenergicreceptor, which is & proteincoupled receptor
(GPCIRon the plasma membranéelhe interactionwith glucagonleads to a conformational
switchwithin the receptorwhich in turnactivates Gcoupled protéens(Ramnanan et al. 2011)
Adenylate cyclase gimulatedand consequently increasegclic adenosine monophosphate
(cCAMB levels, which in turninduces activation of protein kinase A (PKA) daithe
cAMPresponse elemenbinding (CREB) protefftHabegger et al. 2010Dn the one hand,
CREB enters the nucleus and induces the transcription of glucggesphatase and
phosphoenolpyruvate carboxykinase (PEBECRCK), whichincreasegluconeogenesis. On

the other hard, PKAInduces glycogenolysis.dttivates phosphylase kinasgwhich in turn



Introduction

activates glycogemphosphorylaseand the conversion of glycogen to glucedghosphate
(G1P)is increasedPhosphoglucomutasean convert G1P to Gluce$ephosphate and be
further metabolised in other pathwaysigure 1.4). Furthermore, glycogen synthases

inhibited, which overall lowers glycogen levels and results in hepatic glucose réRetsesen

et al. 2017; Janah et al. 2019)

> B

/N

Glucagon
Receptor

Adenylate Plasma Membrane

Cyclase
Activation Glycogen (n)
T

Glycogen
Phosphorylase
Phosphorylase

Kinase Glycogen (n-1)

Glucose- UDP-
6-Phosphate Glucose

Figurel.4 Simplisticview of the PKA and AKT pathwag glycogen metabolism Duringperiods of phgical activityglucagon
and epinephrine activate the PKA pathw®ue to theactivation of glycogen phosphorylaggucose6-phosphate is released
andglycogenesiss inhibited Conversely, feeding enhances insutiediatedsignallingin the liver,leadingto the activation
of AKT thus promotirg glycogen synthesis and glucose uptake from the b(btaoh et al. 2016)

ActivationnN=A"< »

Cytoplasm

While glycogenolysis givesdetectable biological resp@@ within mnutes (due to rapid
phosphorylation cascades), gluconeogenesis relies on gene transcrgtobphysiological
effects do not result until hours after glucagon secret{®farliss et al. 1970Nevertheless,
the influence of glucagon on hepatic glucose production with exhausted glycogen &ores

rather smal(ELRICK et al. 1958; Brand et al. 1994; Braat £095; Cryer 2012)

Glucagon and insulin strongiggulatesproteinswhichare associated with the catabolism and
anabolism of glycogenThe glycosome(glycogent proteins) with a median size of
10°-107 Dalton,is a fragileorganellewhichmustbe ready to release glucose residuepidly.

To ensure efficient catabolispseveral proteins are responsible for maintaining the form and
structure of the glycogen granule. Common to these proteins is a carbohydrate binding

module, in more detail the CBM20.
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1.2 The CBM20

1.2.1 CBM alignments

A carbohydratebinding module (CBM$ adomain within a protein that gesthe protein the

ability to bind onto raw, thermally untreated, granular stardthis domain, which can be
found in either pre or eukaryoticorganisms is astructurally and functionally independent

unit which allows proteins to bind and interact with carbohydrates. In many cases proteins
which exhibit a CBM domain also contain an enzymatic domain and while the CBM domain
connects the protein andarbohydrate, the enzymatic domain can proces&itbert 1999;

Boraston et al. 2004)

,‘Wﬂ

B,

Laforin

STBD1

Figurel.5 Schematic overview of CBM2€bntaining proteins in humansAbbreviationsGLCE, Glycerophosphodiesterase;
DSP, Dual specificity Phosphatase, CBE&®ohydratebinding module20

Among the species, the CBMiffer broadly but similarities based on sequence and folding
can be detectedin 1999 he CAZy (Carbohydratective enZyme) dabase was originateds

a classification system of alBM containingenzymes that form, degrade and/or modify
saccharides (Gilbert 1999; Cantarel et al. 2008; Lombard et al. 2Did)CBMs could be
sorted due to their form and function ancceording tothe latest review, 8 different CBM
R2YlFAyas Ffaz2 1yz2ey a /.a FrLYAtASA I NB
The CBM20A & 2yS 2F (KS o0Sad OKIFNIOGSNART SR

w
Qx

~

glucosylhydrolases and glucotransferases frontdyaa, fungi, and plant€Janecek and Sevcik
1999; 0 yS6 S1  S.dn hunfads, there rarm only thrg@oteins which contain a CBM20
(Figure1.5), laforin, Starch binding domain containing protein 1 (STBD1) and Endometrial
carcinoma Dlfferential 3 (EDI3, aka: GPCPD1, GDE5, Kiaal434) (www.cazy.org)th&mo
CBM20 themselves, the CBM20 of EDI3 is structurally most similar the CBN&fOriof
(Emanuellest al. 2016).
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1.2.2 Lessons from the CBM2fucturalanalysis

The threedimensional structursof the different CBM2@in pro- and eukaryotiorganisms;
either in itsfree form or complexed with glucarmsprovide detailed insiglstinto the binding
of carbohydrates angolypeptides. FoseveralCBM20 containingroteins its structure was
already solvedria NMR or Xay (Christiansen et al. 2009aRecently the fulldforin protein
(Raththagala et al. 2014puld be crystallized as the first human CBM20 protein.

In general, he CBM20 domainsindependent form the origin organismconsiss of
approximately 96120amino acidsand its secondary structure is formed by two antiparallel
i-aKSSia K ksdandwichirfdldduith the two starch binding sitéSBD. and SBD2
(Penninga et al. 1996; Mikami et al999; Sankhala et al. 20190 maximum three
carbohydrate can be bound to one CBM20 protein, one to each SBD and furthermore a third
carbohydrate can be bound to a potential actiwentre. For glycosyltransferase dBacillus
circulans strain 25the simultaneous bindingof three carbohydrates wagxperimentally

proven(Lawson et al. 1994)

A

Figurel.6 Carbohydrate bindinglomain 20 within different speciesA, Conservedmino acids within the protein structure

of the conserved binding site 1 8&pergillus nigerThe Nterminus and the @erminus are highlighted in yellow and blue.
Conformational change upon ligand bindimgred. Liganébinding residues implicated in ligand interactions are shown as
sticks in yellowWChristiansen et al. 20098, Crystal structure of the conserved binding site lafdrin showing the conserved
amino acids in orange the substrate in green and the secondary structla#odh ingrey(Raththagala et al. 2014)

In NMR studiegor the CBM20 of th&H15 glucoanigse fromAspergillus nigeit was shown

that the SBD1 differ in their structure from SBD#hdihg site 1 consising of W543, K578,
W590, E591 and N595 conservedKigurel.6). The indole rings of residues 543 and 590 are
essentialto carbohydrate binthg. Upon interaction, the solvent exposed binding site
undergoes very little structural change and is characterized by a small ligand contact area.
Conversely, the binding site 2, has a higher structural plasticity and shows conformational

changes in compx withi -cyclodextrin(Sorimachi et al. 1997)
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The crystal structure of laforin was solved in a complex with the maltohexaose aodirast

to former studiesthe CBM20 adfaforin, despite the two SBDs, binds to only one maltohexaose
chain per CBM2Here, theéSBDJandthe same conserved residues W837 and W99omo
sapienslaforin numbering) as mentioned foAspergillus nigeW543, K578 and W590
(Aspergillus nigeiGH15 glucoamylase numberingje involved(Raththagala et al. 2014,
Kuchtova et al. 2018Additional, anothelindependentmaltohexanose chain is bound to the
catalytic domain of lafrin which would suggeghat laforin prefers to bind at branching points
of polysaccharidefRaththagala et al. 2014for the other human CBM20 proteins no crystal

structure isavailablebut similarities tolaforin'sCBM20 are likely.

1.2.3Stability and dimerization of CBM20 proteins

The mutation ofthe mentioned conserved residues3®, K87 and W99 in laforin,adds toa
complete loss of glycogen binding for W32G and a weaker binding for K87A and W99A.
Furthermore, the enzymatic activity for all three laforin mutants is decrea&dditional, he

W32 residue also seems to be very impat for protein stability, since the determination of
melting point [Tm) inthe W32G mutant is%lower compared to wild type lafori(Raththagala

et al. 2014) ForSTBD1the CBM20 isalso necessary for its protein stabilitygudies with
truncated CBM20 showed protein half-life of less than 3 (Zhu et al. 2014)For EDI3 @

knowledge is available #tis time point.

Several studies have proposed that the CBM20 domain is important for dimerization;
however,the current data are not conclusiv&he first researchers who addressed this issue
focused onthe laforin protein stowing that it could forms dimersn vitro, and that point
mutations within the CBMZ20therefore outside of the enzymatic domain, decreased
enzymatic function. Aus, he authois concluded that the dimerization of laforin is essential
for full enzymatic efftiencyand the CBM20, as a mediator, might be involved in this process
(Liu et al. 2006)Another groughowever, showed that both thiaforin -monomer and-dimer

have equal phosphatase activitynd that the protein predominantly exists as a monomer
with a smalfractionexistingas adimerin vitro andin vivo(Dukhande et al. 2011 Subsequent
work bythe same group solekethe crystal structure of laforinndicating that it existasan
antiparallel dimer mediated by the enzymatic domain but not the CBRhthagala et al.
2014) In the case of STB[HLyeast two hybrid system was performed, showing binding of full
length STBD1 tonaSTBD1 mtant containingprimarily the CBM20which supported the

10
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dimerization of STBOIbrmed by interactions between the CBM20 domajdiang et al. 2010)

For EDI3, only theoretical models are available. Information in theepratatabank (pdb)
ddza3Saida Ly | 48YYSGNRO KSEFYSNRO dzyAlG 2F 95L
further described manuscrigiSaijo et al. 2008)urthermore, EDI3 relateghzymes such as

the glycerophosphodiester phosphodiesterase (GDRDAgrobacterium tumefacienslso

form hexameric structure€Shi et al. 2008)Taken all the data together, the data suggests that

all human CBM20 proteins formiimers but the exact role of the CBM20 domain in this

dimerization still remains to be elucidated.

1.3 Function of CBM20 Proteins

1.3.1 Laforipa protein with many functions

Laforinis the most investigateaf all the CBM20 proteins, with ovel90 publcations found

on PubMed ilNovember2020. It is encoded by a 13 geneEPM2Aon chromosome 624

of the human genome. It is ubiquitously expressed in all tissues, although brain, skeletal
muscle, heart and liver havtbke highestevels of expressiom humangSerratosa et al. 1999)
Laforin whichencloses two functional domairghe CBM20 and thelualspecificity protein
phosphatase (DSBpmain which contains the enzymatic active centi®known to have two

independent functions.

One the one hand laforin can serve as in a protein complitlt the E3 ubiquitin ligasenalin,
which isencodedby EMP2KFerndndezSanchez et al. 2003)pon interactionlaforin recruis
enzymes involved in glycogen synthesihich are then ubiquitinatetly malinand degraded,
thus resulting in decreaskglycogen siz€Vilchez et al. 2007; Sot&uster et al. 2008; Worby
et al. 2008) Thelaforin-malincomplex is also involvad thermal stresgSengupta et al. 2011)
ER stress reductiofiVernia et al. 2009)cytotoxcity (Garyali et al. 2009and autophagy
(SancheaMartin et al. 2020)

On the other hand, laforibyits DSP iancatalytically active enzymehichdephosphorylates
amino acidgdGanesh et al. 2000; Wang et al. 20@2y carbohydrategWorby et al. 2006;
Tagliabracci et al. 2007)he mechanism of glycogen dephosphorylation was first described in
2007 by Tagliabracci et al. and assign lafagraproofreading protein for glycogen synthase
(GYSJFigurel.7).

11
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Figure1.7 Lafora body formation and howlaforin prevents it. A, Glucose in the cell is phosphorylated to Glucase
Phosphate (G1P) and if not needed linked via glycogen synthase (GSyeoge® branching Enzyme (BE) to glycogen. If
Glucose is needed in the cell, glycogen is degraded via glycogen phosphorylase and glycogen debranching enzyme (AGL). G1P
is releasedB, G1P is linked to glycogen \danverting it to the reactive form uridirdiphosphateglucose (UDPG) yielding

glycogen (n+1) and UDP but in one of ten thousand cases, this reaction yields Glycogen (n+1+phosphate) and uridine
monophosphate (UMP). In this case the glycogen gets hyperphosphorylated at C2 or C3 carbons. dDhisaedmtireversed

vialaforin, which can dephosphorylate glycogen in a hydrolysis readfidihe constant hyperphosphorylation of glycogen

leads to lafora bodies which can cause epilgf@@gliabracci et al. 20Q7)

During glycogen synthes(SYS elongates the glycogen branch with tWRose (ridine-
monophosphateglucosg. In this process, glycogen is also phosphorylated; howawemate

of 1phosphate/10,00B f dzO2 &S Y2 A S A S & > -pHdgphate dfyUDBINAsE NI G S &
(uridine-diphosphateglucosg¢ as C2 or C3linked monoesters, resulting in the
hyperphosphorylatiorand misbranching of glycogefihe CBM20 diforin is able tdoind to

the misbranchedylycogenthe DSP dephosphorylates it and the initial glycogen is restdfred.
the EMP2Ais mutated andthus the CBM20 or the DSP domain are not fully functional,
glycogen stays hyperphosphorylatédcomeswvater insoluble and appeaassocalledlafora

body (LB)(Tagliabracci et al. 2011Dver the years, these LBs accuntell&n most but
especially glycogen rich tiss(ieurnbull et al. 20113nd were shown tpossess &3 fold higher
amounts of phosphate compared to glycoggfokoi et al. 1967A pathological outcome of

the errichment of LBs ifafora disease (LO)afora 1911; Lafora and Glueck 19&l9evere

form of progressive myoclonus epilepsies (PM&hk)chunlike other formgsdifficult to treat,

and patients usually die within tepears of diagnosigBerkovic et al. 1991; GENTRY et al.
2009) The origin of this genetic disease can be traced to at least 86% percent of the known
cases tomutations in theEMP2Aand EMP2Bgenes(Minassian et al. 1998; Serratosa et al.

1999; Chan et al. 2004nd underlines the importance of the CBM20 as functional domain.
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1.3.3 STBD1inking ¢ycogen to autophagy

The starch+ binding domain containing protein 1 (STBD3enethonin) was identified as
GENX3414, chromosomally localized at position 4¢2b, as a novel human gene transcript
that ishighly expressed in skeletal muscle, liver, heart and plag&uaju et al. 1998)n cells,
STBD1is localized to the endoplasmic reticulum(Zhu et al. 2014)and mitochondria
(Demetriadou et al. 2017Wnlike the other two human CBM20 domaiontaining proteins,
the CBM20 domain of STBDladsated to the @erminus and the protein itself does not have
an enzymatic domairfFigure 1.5) (Janecek 2002; Machovic and Janecek 20T6g first
experimentalproof that STBD1 binds to glycogen wsswn in aproteomic anaysis where
glycogen particles from mouse and rat liver were isolated, treated with trypsin and analysed
on amass spectrometerHere, the authors couldlescribeSTBD1 as one of the proteins
bindingglycogenn liver(Stapleton et al. 2010)iang and colleaguésther showeda strong
binding of STBD1 to amylopectimcaweak bindingto glycogenin vitro. Moreover, GYS1
overexpressingOS9 cell@iang et al. 2010HeLa, C2C12 celBemetriadou et al. 2019nd
Ratl fibroblasts(Skurat et al. 2017)vere used to confirmthe interaction of STBD1 and
glycogen inliving cells. Truncations of critical residues in the CBM20Sa@BD1 (W293)
impairedthis binding.Furthermore the 24 Nterminal hydrophobic residues of STB&lbws
the protein and with it the Gterminally bound glycogen to anchor at cell membranes and

organelles(Jiang et al. 2010)

Theinteraction of STBDith GABA type A receptor associated protein ik6SABARAPL1)
connected STBD1 to a function in autoph&djiang et al. 2010)n a followup studyby the

same authorsthis link could be strengthened and STBD1 residues W203 and V206 were
determined as essential fats interaction with GABARAPLliang et al. 2011Pn a functional

level the authors prposed that STBDdan recognize pathological glycogen (like lafora bodies)
since itpreferentially binds¢o amylopectin,which converselyis less branched or misfolded
glycogen Upon binding to STBD1the pathological glycogen ianchoredto the cellular
membrane and next, GABARAPL1 and other autophagy proteins (LAMP1, GABARAPL?2) are
recruited to STBDIvhere they facilitate theforming of autophagosomegFigure 1.8).
Glycogerns transported to lysosomes where it is diredtiydrolysedto glucose by a lysosah
h-glucosidasgea processermed the autophagy of glycogemwdgf @ O2 LK 3@ € X g KA OK
accepted expression in tHeeld (Jiang et al. 2010; Jiang et al. 2011; Zhao et al. 2018; Delbridge
et al.2015)
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Glycophagy
Pathway Glc
GAAt
Glc Misfolded |
| Ph Glycogen [GABARAPL1 / [%
Glcl‘l -P Autophagosome Lysosome
UDP-Glc
GS
GBE

Figurel.8 A possible role for Stbd1 padipation in glycogen metabolisnGlucose is stored as glucesehosphate (Gld-P)

in Glycogen. Its transition via the glucosyl donor RRose (UD#sk) is accompanied by glycogenin (GN), glycogen
synthase (GS) arglycogerbranching enzymeGBE). Vice versa, glycogen degradation via glycogen phosphorylase (Ph) and
debranching enzymeQCE) yields Gid-P. Misfolded glycogen can lead tdaormal glycogerdeposits in the cell or be

detected be STBDdnd be degraded via the glycophagy pathw&yBD1 recruits autophagy proteins like GABARAPL1 which
guides the glycogen to the lysosomes where it higdrolysed i 2 3t dzO2 4 S  oglycosidésd FGARA)Y | f h
(Inspiredby Jianget al. 2010)

Taken togetherexisting data suggeshat STBD1s not dire¢ly involved in the metabolism

but in the homeostasis of glycogen. The main function seemmolve controlling the
branching of glycogen and if needed assisting as a scaffold protein on the glycogen molecule
to recruit autophagy proteinswhich transport the polysaccharide to the lysosomes or even

other compartments.

1.3.4EDI3a soefar uncharacterised CBM20 protein
The thirdhuman CBM206containingprotein is Endometrial differential EDI3 KIAA1434,
PREI4GDES)In mice the gene wasnitially identified as preimplantation protein 4 (PREI 4
U0113§, and hypothesized to b@&nportant during embryogenesisshowing figh mRNA
expressionin oocytes especiallyin the onecell state3 h after fertilization (Temeles et al.
1994; Temeles and Schultz 199If) humansEDI3 wadirst listed asKlIAA1434 in a cDNA
sequencing project carried out at the Kazusa DNA Research Institute (Qdzaa et al. 1997;
Nagase et al. 2000The correspondinggeng glycerophosphocholine phosphodiesterase 1
(EDI3 GPCPD1is localized on chromosome 20pl12e})codes grotein that is 672amino
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acids(AA)long with a mass of 76.03%alton (Da)whichcontains two functional domainghe
CBM20at the Nterminus ,AA1-115 and an enzymatic glycerophosphodiesterase (GDE)
domainat the Gterminus,AA318-618(Figurel.4)uniport.org).A phylogenetic analysis of the
GDE domainidentified EDI3 as GDE5 and categorized itinto the family of
glycerophosphodiester phosphodiesterases (GZBEgng et al. 2003)Unlike the other GDE
members EDIdoes not have a transmembrane regiand was thus placenhto a different
subgroup(Zheng et al. 2003)n independent studiegwo research groups could identify the
enzymatic functiorof EDI3 as a hydrolysisaction cleaving tl-glycera3-phosphocholine
(GPC}o glycerot3-phosphate(G3P)and choline(Stewart et al. 2012; Okazaki et al. 2Q10)
indicating that EDI3 could be relevant in several metabolic pathwBiguel.9)

Glycerol \/k/‘,i .
Kinase G3PDH
Glycerol G3P » DHAP —*,| Glyconeogenesis >
Lipolysis GPAT ’/
///' LPA
LPAAT/ Phospholipid
. EDI3
PA metabolism
e o PAP phosphocholine
' } DAGAT
.+« DAc N
NN A # Rt
TAG /PLC ‘
PtdCholine / EDI3
)
rd /
PCT / Choline ¥
- CT  Phospho- Kinase
CDP-Choline +—— choline Choline
Kennedy pathway ::\"\'N

Figurel.9 The role ofEDI3in different metabolic pathway EDI3 cleaves GPC to choliaed Glycerol3-phosphate G3B,

linkingthe choline, glycerophosphgiid, and triglyceride metabolismEDI3 maye involved ingluconeogenesis due to the

conversion of G3P to dihydroxyacetone phosphate (DHA€53RdehydrogenasG3PDH)and insignallingpathways

activated by the ligphosphatidic ad (PA, and diacylglycerol (DAGyurthermore EDI3 can participate in the choline
metabolism. Abbreviations:CDF/ K2 f A y S X -diphbsphobhblivieS CTp phosphocholine cyiidinsferase; DAGK,

DAGAT, DAG acyltransferase; GPAT, G3P acyltransferase; LPAAT, LPA acyltransferase; PAP, PA phosphatase; PCT,
diacylglycerol choline phosphotransferase; PLC, phosplsalifia PtdCholine, phosphatidylcholine; TAG, triacylglycerol

Our group first identifiedEDI3n a screening study usimifferential displayanalysigo analyse
RNA expression in metastasizing versus-matastasizing endometrial cancer (Stewart,
2012). Theaverage gene expression BDI3(GPCPDIlin metastatic tumours was 6#imes

higher than in nommetastatic tumours. KaplaMeier and multivariateanaly®s could show a
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correlationbetween highEDI3gene expression and worst prognoaisd shorter survivaime

in endometrial and ovarian cancéstewart et al. 2012)

In vitro characterization of EDI3 in different cancer cktlies where EDI3 was silenced or
overexpressedevealed a role for EDI3 in canaetated phenotypes such agmigration and
adhesion(Lesjak et al. 2014Furthermore,inhibition of theenzymatic activity of EDI3 with

the general phosphdiesterase inhibitor, gbyridamole, also decreased the migrationn

different cell culture modelg¢Stewart et al. 2012)To identify the link betwee® 5 L rolQia

migration and its metabolic function, the groupvestigated the pathways downstream of

EDI3 and showed thafycerot3-phosphate acyltransferase (GPAMhich metabolizes G3P

and the signalling lipidhich isproduced lysophosphatidic acid (LPB)NE A YLIR2 NI | y i F2
role in migration(Marchan et al. 2017)Thus,it appearsthat the enzymatic function of EDQI3

and the resulting metabolic changeme A YLI2 NI I y i F2NJ 9 Sdlate@a NP f
phenotypes.The CBM20 of EDIbwever,is not characterizedOnlyone older reviewon the

GDE familysuggestedhat due to the CBM20, EDIay bind glycogen and be involved in

glucose metabolism and/or utilization in skeletal mugdanaka 2007)

1.4 Skeletal muscle

1.4.1 General striiare of the skeletal muscle

The skeletal muscle iswell-organizedorganthat is structuredin layers. The muscle cell
(myofibril) is the smallest uniaind its basic cellulacompartmentis called the sarcomere.
Bundlesof muscle cellform the fascicleand bundles ofdscicles form the muscle tissugach
tierisencapsulated by extracellular matrix and supported by cytoskeletal netwbhieswhole
muscle is innervated and due to its need for glucose and othenetabolites highly
vascuiarized.In order to guarantee sufficient energy productjdhe muscleis equippedwith

components of the metaolic and regulatory machinefMukund and Subramaniam 2020)

1.4.2Muscle fibe classification

Muscle fibres, which are composed of myofibrilgre quite heterogeneous.The muscle
structureencompassetens to hundred ofmotor units each with itspecific roleadjusted to
specific needs within the body and tkavironment, in more detail, some cells are specialized
for long distance running other cells for weight liftifchiaffino and Reggiani 2010ne of
the oldest ways to characterize different muscle callbycolour. Skeletal muscle type | cells

are highlyascularizedsaturated with mitochondria anthyogldin, andtherefore identified
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by its red colour andptly namedred muscle cells. loontrast skeletaimuscletype 1l cells are
lessoxygenatedandlessred), andare namedwhite muscle cellNeedham 1926 0ver time,
more distinct methodsvere developedo distinguish the different muscle fibregcluding
histochemical and physiological ugsies of the individual motor units (Close 1967)
determination of oxidative and glycolytic enzymdgdstrom and Kugelberg 1968)
differentiation of mysin ATPasgGuth and Samaha 1969; Peter et al. 19&2danalysing
the intracellular Ziscand the mitochondria content of skeletal muscle fibres via electron
microscopy(Schiaffino et al. 1970; Sjostrom et al. 198®ost of these differentiation
methods are linked to the metabolprofile of the cellswhich in turnis closely associated with

its cellular inction and its resistance to fatiguthe disability to generate forcgable. 1.2)

Tablel.2 Properties of different skeletal muscle file types

Type | fibe Type Il A fibe Type Il X fibe
Contractiontime Slow Moderately fast Fast
Resistance to fatigue High Fairly high Low

Long anaerobic Short termanaerobic

Activity used for Aerobicactivities activities activities
Maximum duration Hours Less than 30 min Less than 5 min
Produced power Low Medium High
mitochondrial density Very high High Low
capillarydensity High Intermediate Low
Oxidative capacity High High Low
Major storage Qreatine phosphate Qreatine phosphate
metabolite Triglycerides Glycogen Glycogen

Phenotypically, Type | muscle le€slowtwitch) are resistant to fatiguecontractslowly and
for long periods with little force generated. Thage constantly high amounts of energy and
are needed foendurancesport, posture and to generate heat. They primarily run on oxidative
phosptorylation. Conversely, type Il muscle cells {agtch) are able to generate strong
force for a short period of time, they contract fast, afadigue much easier then type | cells.
Since these cells need energy fast, which is difficult to predict astithey rely on anaerobic
glycolysis Type Il cellshave a high glycolytic capacity ensurifficient ATP generation to
compensate for the accelerated rate of ATP hydrol{8lakund and Subramaam 2020)
Three different isoforms of type Il cells have begentified: [IA, 11B and I11X; However, type IIB
is not present in humans. Thdistinctionamong the cell types mainly relies on the protein
abundance of different myosin heavy chain isoforrH(C) depending on skeletal fibre
muscle type(Schiaffino et al. 1988; Schiaffino et al. 1988)other way to differentiate

between the skeletal muscle fibes the source of substratasedfor energy productionThe
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triglycerideconcentration in skeletal muscle type | cells is reported to be uprtoM7 while
type Il cells have only 4rAM (Gollnick et al. 1981)Additionally, the lipid droplet volume
within white muscle fiber (11X) i92%, and thus lower than the 0.5% measured in red muscle

cells(Howald et al. 1985)The opposite is found for the glycogen content.

1.4.3 Glycogen in muscle

While the highest amount of glycoges found in the liverwith 30.243.1mg/g tissue
(Khandelwal et al. 1979; Vissing et al. 1989; Kusunoki et al., 2862econd highedevels

are found in skeletal muscle with 5781 mg/g tissueg(Garetto et al. 1984, Vissing et al. 1989;
Baker et al. 2005Jollowed by the heartvith 4.1-4.5mg/g tissug(Conlee et al. 1989; Vissing
et al. 1989)Thesethree tissues represerthe major sites for maintaining energy homeostasis
in animals(Mukund and Subramaniar®020) In skeletal muscle itselflycogen levels are
higher inthe fastcompared toslow fibres, with fast fibes having 16%Vgllestad et al. 1984)

to 31%(Greenhaff et al. 1993)ore glyogen than slow fiberdeverthelessgduring exercise,
glycogen decreases first in typesecond irtype IIA and then in type 11X fibe(&ollnick et al.
1974) which is due to the motor unit recruitment sequence. During muscle contraction, the
type | cells are activated firstpllowed bythe type IIA ced, and finally the type IIX fibers
(Schiaffino and Reggiani 201Ajmong the muscle filertypes it has been reported that there

is a pronounced difference in glycogen breakdown rate during maximal contractions:
0.35(slow) and 0.52(fastymM/s, which indicates thathe breakdown in fasfibres is 32%
faster(Vollestad et al. 1992Finally, dfter intense exercise, glycogen resynthesis can take up
to 24 hwith the initial rate (first &5 h) fasterin type Ifibres(Terjung et al. 1974; Castillo et al.
2009)

Studies using electron microscopy could identify th(e@o minor and one majorjlistinct
subcellular localizations of glycogeiithin the human skeletal muscleells.First 5% of the
cellular glycogen isntramyofibrillar glycogen, which iharboured in the myofibrils
interspersed within the contractildilaments, and often associated with the sarcomere.
Second, there is theubsarcolemmal glycogen, whichfeaind near to the surfacenembrane

in close vicinitypf mitochondria, lipdsand nuclej and which makes up the final 15% of muscle
glycogen. Thirgthere is intermyofibrillar glycogen, which is located between the myofibrils in
close proximityof the sarcoplasmic reticulum (SRhe transverse tubulegt-tubules)and

mitochondria. This storenakesup 75% of the cellular glycogé€Nielsen and @rtenblad 2013)
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Between the SR and thetubules the glycogen rickriad junctionis located which istudded

with and is highly metabolic acg\proteins(Hong and Shaw 2017he triadis mostly known
for their role in muscle contractiofiere, the action potential generated #ite neuromuscular
junction (NMJ) is transmitted to the muscle fibre, initiatimgiscleto contract via calcium

signalling(Figurel.10.A)(Mukund and Subramaniam 2020)

A
Action potential <:] W

O, Ca2+
reuptake
stops muscle
contraction

TRANSVERSE
TUBULE

SARCOPLASMIC
Ca? release starts RETICULUM

B muscle contraction

SERCA1

Figurel.10Localization of RyR1 and SEREG#he skeletal muscleA, The role of the Fubules in the muscular transmission
of stimuli is shown in simplified form. A neural stimulus is converted into an action potential arespeakin the Tubules.
(DHP) is altered and controls the openindgrRdfRthrough direct molecular interaction€alciumis released from th&Rand
starts the musclecontraction After relaxationSERCA pumps calcium back into the ARreviations:RYR1Ryanodine
receptor 1; SERCAsarcoplasmic/endoplasmic reticulum Ca2+ ATP&ddP, Dihydropyridine receptor; S&rcoplasmic
reticulumB, Immunohistochemical staining in human skeletal muscle shothi@dpcalization of RYR1 aSBERCABGhm et
al. 2013)

In very shortjn skeletal musclehe action potential depolarizes the dihydropyridine receptor
(DHPRI)N the ttubules which leads tahe opening ofRyanodine receptor IRYR1) through
direct molecula interactions.As a consequencéhe intracellular release of €afrom the
sarcoplasmic reticulum (SRjtiates muscle contractionMuscle relaxationthusremoval of
cytosolic C# is performed bysarcoplasmic/endoplasmic reticulum TaATPase(SERCA)
(Mukund and Subramaniam 202@)so glycogen is involved in the’Csignalling. In a number

of studies it could be shown, that the regeneration of glycogen between difféa¢igueruns
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is nealed tokeep the calcium signalling on a constant high I€¢@&lin et al. 1997; Kabbara et

al. 2000; Helander et al. 2002; @rtenblad et al. 2013)

1.4.4 EDI3 in mouse skeletal muscle

Although there is still a lot that is not known about the physiological functioBif3 two
publicationshave describeal a role for EDI3 in skeletal muscle developmédfikazaki et al.
2010; Hashimoto et al. 2016)he authors reportedhigh Edi3 gene expression in skeletal
muscle (Quadriceps, gastrocnemiubgart muscle, brain and intermediate expression in
mouse liver Age, immobilization and remaV ofthe sciatic nerve led to decreasé&di3 gene
expression whiclkeould also be observed in a diabetic mouse mo8#éncindgdi3 with SIRNA

in C2C12 cells, an immortalized mouse myoblast celldgselted inincreasedexpression of
myogenina musclespecific transcription factor, which coordinates muscle developrasal
repair (Hasty et al. 1993)n addition, silencingdi3 resulted in an increase in theumber of
myotubes- cells thatdevelop into muscldibres formed by the fusion of multiple myoblasts.
Overexpres®n of full length Hi3, in addition to aruncated version, &3n n Tthat lacksthe
enzymatic function of the protein, decreased the numbefarming myotubes. The research
group also created a transgenic mouse motlelt overexpressednouse Edi3pn n Tgere
specifially in the quadriceps and gastrocnemius via the hum@asactin promotor. The
transgenic mice showedl significant decrease in skeletal musekEight and sizeompared to
the control mice. Furthermore, skeletal muscle typermained unchangedyut the number
skeletal muscle type dellswashighly reducedn the transgenic micdn a subsequenstudy
investigating the mouse model carrying the truncatetif3HEdi3n n § gene(Hashimoto et al.
2016) the authors reported alteratios in theneuromuscular junction (NM3)weeks after
birth compared to control miceThe neuromuscular junction is defined as the chemical
synapsethat connects the motor neuron with the muscle fibén.the4week old9 5 Lo nn 1 ™
mice, increasedmRNA level of acetylcholine esterasél- | y R subunits but not the

1 -subunitwas observedMorphological changes of the NMd&s not reported Hashimoto et
al. 2016)

In summary EDI3 is needed foh¢ developnent of skeletal muscle and regulatédYOG
levelsand impaired locomotion decreased EDI3 levels. According to mRNA data a role of EDI3

in neuromusculatransmissions possible.
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1.5 Aim of the study

Our research group idenifd EDI3as a gene associatedttv worst prognosis in endometrial

or ovarian cancerEDI3 is categorized as a glycerophosphodiesterase (GDE) because of the
GDE domain at its -terminus, and our group showed that it hydrolyses
glycerophosphocholine (GPC) to glyc&ghosphate (G3P) andholine. Among the GDE
proteins, EDI3 is unigque because it is cytoplasmic, and contains a CBM20 domain-at its N
terminus, which remains uncharacterize@lhis domaincharacterization will be the first

major goal of this thesisBased on sequence alignmeartd published knowledge of the other
CBM20 proteins, laforin and STBD1, in a §irsp, mutation of a key conserved residuwathin

the CBM20 and complete CBM20 deletwiill be created and analysed faharacteristics

such agrotein stability, enzymatiactivity, dimerization and phenotypic effects.

The CBM20 is knowto be important for bindingamylopectin and glycogeras described for
STBD1 anthforin. Since theole of EDI3 icarbohydratebinding remains unknowra second
major goal is tanvestigate whether EDI3bindsamylopectin and glycogerfirst experiments
will include glycan precipitation experiments where polysaccharides amylopectin and
glycogen will be mixeavith cell lysatefrom EDI3coverexpressing celldn a second step
binding of EIB to glycogen in cellandorganswill be tested Furthermore, a role in glycogen
degradation will be investigated-or the latter, immunohistochemicalanalyseswill be

performedin human liver and muscl@rgansassociated with high glycogen content.

Thebindingof EDI3 to glycogernf observedshould underlie a purpose aradso be regulated
Thus, he third goal of this thesis is to investigate the role of EDI3 in glycogen metabolism.
Here, EDI3BRNA and protein levelwill be investigated upon manipulaty glycogen levels
under fed and starved conditionand under thenfluence of glycogesassociated hormones

glucagon and insulin in glycogen rich cells.

According to literature EDI3 is associated with skeletal muscle development in emcke
potentially with stimulus conduction.Muscle, both skeletal and cardiabarbours high
amounts of glycogerirherefore, thdast aim of the study is to characterize the role of EDI3
in human skeletabnd cardiaanuscleusing immunohistochemicahalyses of key muscied
glycogen metabolism proteins to identifg potential link between EDJ|3jlycogenand

neuromusculatransmission
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2. Materials and Methods
2.1 Material

2.1.1 Technical equipment
Table2.1: Equipment

Equipment Company
Adapterfor 1 thickwalled tubes 3 ml LaborgerateBeranek
Autoclave VX50 Systec
Autosampler MP2 Gerstel

Axio Scan.Z1 Zeiss

Balance EW, Kern

Brady Printer BBP 33 Brady

Blot imager Vilber Fusion Fx7

Vilber Lourmat

Box VX5

Vilber Lourmat

Casy cell Counter

Roche

Centrifuge, Avant JN26

Beckmann Coulter

Centrifuge with cooling function

Biofuge Fresco, Heraeus

Centrifuge with cooling function 5424R | Eppendorf
Centrifuge MiniSpin plus Eppendorf
Concentrator Plus Eppendorf
Confocal microscope (LSMBV1000 Olympus
CQ Incubator Binder
Electrophoresis unit MilPROTEAN® Bio-Rad
Electrophoresis unit SE260 Hofer
9+hvu 9ftAGS ¢ N LXK S|Bruker
Fume hood Waldner
HM 450 Sliding Microtome Thermo
Live Insect Forceps, Narrow Sharp,ct® | F.S.T.
Magnetic stirrer IKAMAG RCT Ikamag
Microscope BX41 Olympus
Microscope eclipse B0 Nikon

Microscope Primo Vert

Zeiss, Software ZEN from Zeiss

Microwave oven

Bosch

Milli-Q

Millipore

Modular tissie embedding center

Thermo Fisher Scientific

NanoDrop NE2000

Thermo Fisher Scientific

QTrap4000 Shimadzu
pH meter Schott

t ALJSG& 6wmn > 3, 1Hml, >| Eppendorf
5ml)

Pipet boy Integra
Plate reader infinite M200 Pro Tecan
Power pack HC Bio-Rad
Power pack P25T Biometra
Precision balance EW18M Kern
Precision balance ME235P Sartorius
Polycarbonat tubes 3,0/ 3,5 ml (FA/ SW LaborgerateBeranek

13x51 mm, thickvalled

gPCR system ABI 7500

Applied Biosystems

Rotating Wheel

VWR
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Equipment

Company

Rotor, JLA6.250

Beckman Coulter

Rotor, J&25.50

Beckman Coulter

Rotor, 880 Sorvall
Rocking Platform VWR
Shaker KS 260 basic IKA

Slide drying oven TDO Sahara Medite
Sliding Microtome HM 450 Microm
Sonicator sonoplus mini Bandelin
Spin Tissue Processor STP 120 Thermo Fisher Scientific
Sterile hood Hereaus
Thermo cycler T Gradient Biometra
Thermomixer Eppendorf
Thermo shaker PHMT Gralpip Keison
Thermo shaker peglab
Transfer chamér fast blot B44 Biometra
Transfer chamber TrafBlot SD Bio-Rad
UFLC system Shimadzu
Ultracentrifuge, Discovery 90 SE Sorvall
Vacuum pump Vacuubrand
Vent Filter 12FC Millipore
F\1000 viewer software Olympus
VortexGenie2 Bender & Hobein
Water bath Labortechnik
Zen software Zeiss

2.1.2 Consumables

Table2.2: Consumables

Consumables Company
BladeN35HR (for Microtome) Thermo

Blot Filter Paper, 7 x 8.4 cm Bio-Rad

CASY cups

OLS Omni lafSciences

CASY ton

OLS Omni Life Sciences

Cell culture Microplate 96 well, PS, F
Bottom, Black

Greiner bieone

Cell scraper (25 mm) Sarstedt

Cell culture Inserts 24 well 8.0n pore Falcon

Cover slips VWR

Cover glasses, @ 14 mm Nordic biolabs
Qyogenic Vials Sarstedt
Cover slices 18x18 00816 mm Menzel
Cuvettes (Black) Sarstedt
Embedding cassettes Carl Roth

Fat pen Dako

Freezing container (Mr. Frosty)

Thermo Fisher Scientific

Glass Pasteur Pipettes

BRAND GmbH + Co

Humid chamber

Cugom made

MicroAmp® Optical Adhesive Film

Thermo Fisher Scientific

MicroAmp® Optical 98Vell Reaction Plate

Thermo Fisher Scientific

Microscope slide SuperFrost Plus

Thermo Fisher Scientific
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Consumables Company
aAyAal NIt &aeNRARy3aAS | Sartorius
Pestle and Microtube VWR

Pipets Eppendorf
Pipet tips (filtered/not filtered) Sarstedt
PVDF Membrane Perkin Elmer

RNasedree Microfuge Tubes 1.5 ml

Thermo Fisher Scientific

wbl aS%l LIx nEmingtiéh 5 S
Solution

ThermoFisher Scientific

Reaction tubes (0.550 ml) Sarstedt
Serological pipettes 5, 10, 25 ml Sarstedt
Tissue culture flask 25, 75, 175cm Sarstedt
Tissue Culture plates Sarstedt

6-, 24, 96 well (colourless)

2.1.3 Chemicaland dyes

Table2.3: Chemicals

Chemicals/dyes Company
Acetic acid Carl Roth
Acetic acid glacial Carl Roth
Ammonium persulfate SigmaAldrich
Ampicillin sodium salt SigmaAldrich
I -Mercaptoethanol Carl Roth
Bis(2-hydroxyethyl)iminetris- Carl Roth

(hydroxymethyBmethane (BisTris)

Bodipy (493/503)

Thermo Fisher Scientific

Bovine serum albumin (BSA)

Carl Roth

Bovine serum albumin (BSA), fatty acid | SigmaAldrich
free

Bromphenol blue Carl Roth
Chloroform Carl Roth
Citric acid monohydrate Carl Roth

Collagenase from Clostridium hystolyticy

SigmaAldrich

p-Coumaric acid SigmaAldrich
Creatininehydrochloride SigmaAldrich
n -damidino2-phenylindole(DAP) Thermo Fisher Scientific
Dimethyl sulfoxide (DMSQO) SigmaAldrich
Dithiothreitol (DTT) SigmaAldrich
Ethyleneglycol diamine tetraacetic acid | Carl Roth
(EGTA)

Entellan® Merck
Ethanol, absolute Carl Roth
Ethylenediaminetetraacetic acidPEA) Carl Roth
Fetal Calf serum (FCS) Sera Plus PanBiotech
Glucose Carl Roth
L-Glutamine SigmaAldrich
Glycerol Carl Roth
Glycine Carl Roth
HEPES Carl Roth
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Chemicals/dyes Company
Hydrochloric acid 32% Carl Roth
Hydrogen peroxid80% Merck
Kanamycin sulfate Roche
Luminol SigmaAldrich
Magnesium chloride Carl Roth
Methanol, HPLC grade Carl Roth
Methyl-tert-butyl ether (MTBE) Merck
Nonidet P40 substitute (NRO) Roche

Oleic acid SigmaAldrich
Paraformaldehydd% (PFA) Carl Roth
Periodic acid Carl Roth
Potassium chloride Carl Roth
Potassium dihydrogen phosphate Carl Roth
2-Propanol Carl Roth
Rotihistol® Carl Roth
Tetracycline SigmaAldrich
Schiff's reagent Carl Roth
SDS pellets Carl Roth
Sadium chloride Carl Roth
Sodium deoxycholate Carl Roth
Sodium glycolate Thermo Fisher Scientific
Sodium glyoxylate monohydrate SigmaAldrich
Sodium hydrogen phosphate Carl Roth
Sodium hydroxide pellets Carl Roth
TetramethylethylenediaminéTEMED) Carl Roth
Tris Carl Roth
TrisHCI Carl Roth
TritonX100 SigmaAldrich
Tween20 SigmaAldrich
Tween80 SigmaAldrich

2.1.4. Commercial buffers and reagents

Table2.4: Reagents

Buffer/reagent Company
Acrylamide (30% (v/v)) Carl Roth
Amino acid solution PANBiotech

Anode/Cathodebuffer concentrate A & K

Carl Roth

Diethylpyrocarbonate treated (DEPC)
water

Thermo Fisher Scientific

DAKO EnVision +System HRP (DAB) Dako
DMEM10x 1g/l Glucose PAN biotech
Cf dz2NPAKASE Ru Y2 d SigmaAldrich
Cftdz2NRAKASEt Ru ¢ A (K| SigmaAldrich
mounting medium

MG-132 Selleckchem

Lipofectamine 800

Life Technologies

Lipofectamine RNAIMAX

Life Technologies

al @ SNRA& nksbl@ionl f | dz

Merck

25




Materialsand Methods

Buffer/reagent

Company

NUPAGE® MES SDS Running Buffer (2(

Thermo Fisher Scientific

OptiMEM

Life Technologies

Phosphatasénhibitor-Cocktail 11&I11 SigmaAldrich
Precision Plus Protein Dual Colour BioRad
standards

Proteaselnhibitor-Cocktail SigmaAldrich
RNasd-ree DNase Set Qiagen
RNeasy Mini Kit Qiagen
Substrate Chromogen Dako

QIAzol LysiReagent Qiagen

Venor® GeM Classic

Minerva Biolabs

Tagman Universal PCR Master Mix

Thermo Fisher Scientific

2.1.5 Commaiial assays and kits
Table2.5: Assays and kits

Commercial assays and kits

Company

Amplex Red GPC Assay (adapted from
Amplex Red PLD Assay kit)

Thermo Fisher Scientific

BCA Protein assay

Thermo Fisher Smitific

Glycogen Assay Kit

SigmaAldrich

Gibson Assembly® Master Mix

NEB

High-Capacity cDNA Reverse Transcripti
Kit

Thermo Fisher Scientific

t ASNOSu t NPGSAY ! k

Thermo Fisher Scientific

QuantifastSYBR Green RCR kit Qiagen
Q5 $e-Directed Mutagenesis Kit NEB
RNaseFreeDNase kit Qiagen

2.1.6Enzymesind small molecules

Table2.6: Enzymes and small molecules

Enzymesand small molecuks Company
alphaAmylase (Diastase) Roche
Cdlagen rat tail lyophilised Roche
GlycerophosphocholingGPC) SigmaAldrich
GPCPD1 (EDI3) recombinant protein Origene
PrimeSTAR GXL DNA Polymerase Takara

Restriction Enzymes

NEB/ Thermo Fish&cientific

Trypsin 0.05% EDTA

Pan Biotech
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2.1.7 Pepared buffers and reagents

Table2.7: Prepared buffers and reagents for molecular biological methods

Compounds Concentration
Lysogeny broth Bactatrypton 1% (w/v)
(LBMedia) yeast extract 0.5% (w/v)
NaCl 1%
(+ Agar) (+2% (W/v))
pH 7.5
TrisAcetateEDTA (TAE) Tris 40 mM
Buffer (1x) Acetic acid 20 mM
EDTA 1 mM
in ultrapure water
TrisAcetateEDTA (TAE) Tris 2M
Buffer (50x) Acetic acid 1M
EDTA 50 mM

in ultrapure water

Table2.8 Prepared buffers and reagents for protein analysis

Compounds Concentration

Anode buffer Buffer concentrate A 10%
Methanol 20%
in ultrapure water

APS solution Ammonium persulfate 10%(wi/v)
in ultrapure water

Cathode buffer Buffer concentrate K 10%
Methanol 20%
in ultrapure water

Enhanced Luminol 2.5 mM

Chemiluminescent solution | p-Coumaric acid 0.2 mM
in 0.1 M Tris

EDI3 Activity Assay Buffer | TrisHCI 250mM

(5x) NacCl 700mM
MgCt 10mM
in ultrapure water, pl 7.4

Glycan binding buffer TrisHCI, pH 7.5, 50 mM
NacCl, 150 mM
i -Mercaptoethanol 0.1%
Triton X100 0.1%

IP Lysis buffer TrisHCI pH 4 25mM T
NaCl 150 mM
EDTA 1mM
NPR40 1%
Glycerin 5%

Lammlibuffer (5x) Bromophenol ble 0.05% (w/v)
DTT 0.25M
Glycerol 50% (wiv)
SDS 5% (w/v)
TrisHCI 0.225 M
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PBS (10x) KCI 27 mM
KHPQ 18 mM
NaHPQ 100 mM
NacCl 1.37 M
in ultrapure water

RIPA buffer NacCl 25 mM
NR40 1%
TrisHCI (pH7,4) 150mM
Sodium deoxycholate 1%
SDS 0.1%
Protease/Phosphataselnhibitor- 1%
Cocktail

Running buffer (10x) Glycine 1.92M
SDS 1% (wiv)
Tris 0.25M

in ultrapure water, ptH8.3

SDS solution SDS 10% (w/v)
in ultrapure water

Separation buffer Tris 3M
in ultrapure water, pt8.8

Stacking buffer Tris 047 M
in ultrapure water, pH6.8

Stripping buffer Glycine 0.2M
SDS 0.1% (w/v)
Tween 20 1% (v/v)
in ultrapure water, pt2.2

TBS (10x) NaCl 15M
Tris 05M
in ultrapure water, pH.4

TBST TBS (10x) 10% (viv)
Tween20 0.1% (V/v)

Table2.9: Prepared buffers forrhmunocytochemistry

Buffer Compounds Concentration
Blocking solution BSA 3%

Tween 20 0.3%

in ultrapure water
Staining solution BSA 0.3%

Tween 20 3%

in ultrapure water

Table2.10: Prepared buffers for Immunohistochemistry

Buffer Compounds Concentration
Blocking solution BSA 3%

Tween 80 3%

in ultrapure water
Citrate buffer Citric acid monhydrate 0.01 M

in ultrapure water, pH adjusted to 6
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Buffer Compounds Concentration

Haematoxylin al @SNR& KI SYI f I dzy 20% (viv)
in ultrapure water

Staining solution BSA 0.3%
Tween 80 3%
in ultrapure water

TBS (1x) TBS (10x) 10%
In Ultrapure water 90%

Table2.11: Prepared buffers for perfusion

Buffer Compounds Amount

Collagenase buffer Amino acid solution 30 ml
CacCl2 solution (19 g/l CaCl2* 2 H20O| 10 ml
Collagenase Type 1 100 mg
Glucose solution (9 g/l) 155 mi
Glutarnine (7 g/ml) 2.5 ml
HEPES (60 g/l) (pH 8.5) 25 ml
KH buffer 25 ml

EGTA buffer Amino acid solution 60 ml
EGTA solution (47.5 g/l) 1.6 ml
Glucose solution (9 g/l) 248 ml
Glutamine (7 g/l) 4ml
HEPES (60 g/l) (pH 8.5) 30 ml
KH Buffer 30 ml

KH buffer KCI 1.75¢g
KHPQ 169
NacCl 60 g
Filled to 1 | with ultrapure water
AdjusedpH to 7.4

Suspension buffer Albumin Fraction V 400 mg
Amino acid solution 30 ml
CacCl2 solution (19 g/l CaCl2* 2 H20| 1.6ml
Glucose solution (9 g/l) 124 mi
Glutamine(7 g/ml) 2ml
HEPES (60 g/l) (pH 7.6) 20 ml
KH buffer 20 ml
MgS0O4 solution (24.6 g/l MgSO4| 0.8 ml

7 H0)

Table2.12: Prepared buffers for cell culture assays

Buffer

Compound

Concentration

Crystal violet solution

MethanolUltrapure water

Crystal violet

80%420%
0.5%
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2.1.8Plasmids

For additionalnformation, the sequence of all custom designediohouse modifieghlasmids is listed
in the supplementary datéSection 6L). All plasmids wersequencedy Seglab (Gottingen).

Table2.13; Custom designeglasmids

Custom designed plasmids
Plasmids Promotor Company
EDI3turboRFP [amp/kan] CAG Vector builder
EDI33xHA [amp] Cw Vector builder
STBDBXFLAGSFP [amp] Cmv Vector builder
EDI3GFP [amp] CMV AMSbio
CMVNeo (empty vector) [amp] | CMV

Table2.14: In house modifiedplasmids

Plasmids Backbone Oligonucleotides
EDI3W32A3xHA EDI33xHA Infusion 46/57
EDI3n / . a-3xKHA EDI33xHA KLD1/KLD2

2.1.9 Small interfering RNA (siRNA)

Table2.15: Small interfering RNA using the Stealth siRN&ansfectionsKit

Target Assay ID Company

EDI3 Oligo B HSS125510 Thermo Fiker Scientific
EDI3 Oligo C HSS183474 Thermo Fisher Scientific
SiRNA Negative Contridr Lo GC | #12935200 Thermo Fisher Scientific

2.1.100ligonucleotides

All oligonucleotides for cloning were ordered fr@mgmaAldrich.

Table2.16: Oligonucleotidedfor cloning

Name Sequence

Infusion 46 GTTTCCCAAAGCATCACA

Infusion 57 TGTGATGCTTTGGGAAACGCGAATCCTCAAAATGCT
KLD1 AGGTGTCATGGTGGCAGC

KLD2 ACATGTCAGACTGAAATAAGATTACGTTTG

All Tagman assays wergurchased fronThermo Hsher Sientific.

Table2.17: Tagman gene expression assays

Target gene Mouse Human

GPCPD1 MmO01333971 _ml Hs00325631_ml
GAPDH 4352932E 4352934E

EIF2A MmO01289723 Hs00201903_m1
PCK1 MmO01247058 m1 Hs00159918 ml

All used QuantiTect Primer Assays wewchased from Qiagen.
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Table2.18: QuantiTect Primer Assays

Target gene QT code Target species
GPCPD1 QT00066598 Human
GAPDH QT01192646 Human
ACTB QT00095431 Human

2.1.11Bacteria

Table2.19: Bacteria

NEB Zalpha
Competent
E. coli

Strain of bacteria used to amplify plasmid

Genotype¥F Kdz! H fplodWEBICMc p LIK2! 3Ffy+nn uvyA
endAl thil hsdR17

Source New England BioLabs GmbH, Frankfurt am Main, Germany

2.1.12Secondary cell lines

Table2.20: Secondary celines

BT-474

The B¥474 line was isolated from a solid, invasiltestal carcinoma of the breast
from a 60 years adult Caucasian femilasfargues et al. 197.8)

HCC1954

HCC1954 was derived from a primary stage IlIA, grade 3 invasive ductal carcinor
with no lymph node metastases originating in ay&hrold East Indian woman
(Gazdar et al. 1998These cells were used as a second cell line with high EDI3
expression.

HEK293T

Human embryonic kidney 293 cells derived from human embryonic kidney cells ¢
in tissue culture that expresses a mauat version of the SV40 largeaftigen
(DuBridge et al. 1987)t is mainly used for protein expression and generation of
recombinantretroviruses.

MCF7

The slowly metastasizifdCF7 cell line is the most studied human breast cancer g
line worldwide and was derived from the pleural effusion of a 69 year old nun
suffering from a breast adenocarcinoma. It was named after the Micl@garcer
Foundation (MCHSoule et al. 1973)

SkBr3

This cell line was isolated by scientists at the Memorial gkeitering Cancer Centel
in 1970 and was derived from a pleural effusion of anradarcinoma originating in
43-yearold Caucasian femalgogh et al. 1977)t is often used if HER2 signalling
needs to be targeted.

T47D

This cell he was isolated from a pleural effusion obtained from a/&4r old female
patient with an infiltrating ductal carcinoma of the bredbtorwitz et al. 1982)It is
commonly used as an alternative to MCF7 cells.

Cdl lines created in the Leibniz Research Centre for Working Environment (IfADo)

HCC1954 A HCC1954 Luciferase positive cell line, with tetracyghdecible silencing dEDI3

shEDI3 Addition of doxycycline leads to generation of EDI3 hairpin sequencgekas the
transcription ofRFP. Created ynnika Glotzbach

HelLa EDI3 Hela cell line that stably overexpresses human EDI3. Createlichgela Lesjaknd

Moritz Anft

Cell lines used were authenticated i Leibniz institute DSM&erman Collectioof Microorganisms
and Cell Cultures.
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2.1.13Cell culture reagents

Table2.21: Cell culture reagents

Primary cell culture

Cells/cell lines Medium Company
Primary mouse hepatocyteg 500ml Williams E PAN Biotel
Primary human hepatotgs | +20ul Dexamethason€0.04%) Sigma Aldrich
(Glucocorticoid, antinflammatory)
+0.5 ml Gentamicin0.1%)(antibiotic) PAN Biotech
+5ml L-Glutamine(1%)(Nutrition enhancer)| PAN Biotech
+5ml Pen/Stre(1%)(antibiotic) PAN Biotech
(+50ml Sera plug109%) for attaching) PAN Biotech
Secondary cell culture
Cells/cell lines Medium Company
BTH74 500mI DMEM F12 PAN Biotech
+50ml Sera plus (10%) PAN Biotech
HCQ954 500ml RPMI PAN Biotech
+50 ml Fetal Bovine Serum (10%)
+5ml Sdium Pyruvate (1%)
HEK293T 500mI DMEM PAN Biotech
+50ml Sera plus (10%) PAN Biotech
MCF7 500mI DMEM PAN Biotech
+0.5 pl Insulin (If not stated otherwise) SigmaAldrich
+0.5 ml Nonessential Amino acid®,1%) PAN Biotech
+50ml Sera plus (10%) PAN Biotech
+5ml Sodium Pyruvate (1%) PAN Biotech
SkBr3 500mI DMEM PAN Biotech
+50ml Fetal Bovine Seruifi0%) Gibco
T47D 500m|I DMEM/ F12 PAN Biotech
+50ml Sera plus (10%) PAN Biotech
2.1.14Antibodies
Table2.22: Antibodies
Primary Antibodies
Antibody Host Application Company Cat#
Iy Grdctini Mouse WB Sigma AldrichA5316
Anti-EDI3 Clone 3B8G3 Mouse WB,IHC AMSBIio Custom made
Anti EDI3 #28 Rabbit WB Pinedacustom made
Anti-HATag Mouse IP, WB Abcam, ab18181
Anti-AKT Rabbit wB CST #9272
Anti-pAKT(S473) Rabbit wB CST #9271
Anti CREB Rabbit wB CST #4820
Anti-pCREB Rabbit WB Abcam ab32096
Anti-ERKL /2 Rabbit wB CST#9102
Anti GlycogerSnythase 1 | Rabbit WB, IHC Abcam, ab40810
Anti-FLAG tag Mouse WB, IP Sigma AldrichF3165
Anti Myosin Il Mouse IHC Proteintech, 66212-Ig
Anti-Myosin VII Mouse IHC SigmaAldrich, M8421
Anti-RYR1 Rabbit IHC Thermo Fisher PA34288
Anti-STBD1 Rabbit IHC Thermo FishePA552884

32




Materialsand Methods

Secondary Antibodies
Antibody Host Application Company/ Cat#
Anti-mouse HRP linked Horse WB CST, #71&
Anti-rabbit HRP linked Goat WB CST, #7074
Alexa Fluor® 488 AffiniPureg Rabbit IHC Jackson Immuno Research
Donkey IgG (H+L)
Alexa Fluor® 647 AffiniPurg Mouse IHC Jackson Immuno Research
Donkey IgG (H+L)

2.2 Methods
Molecular biological methods

2.2.1.1 Bacerial Transformation
Largequantities of DNAwere initially prepared for each available plasm@bmpetent cells

(NEB &alpha Competent E. cqlinormallystored at-80°C were slowlythawed on ice. Agar
plates, containing the appropriate antibiotineeded for the respective plasmidwere
pre-warmed to 37°C before usage an incubator 1006200ng plasmidDNA were added to
one vial (50 pl) of NEBd@phacompetent E. coli and gently mixéxy flicking the tube, and the
resulting cell/DNA mixturewas incubate on icefor 30min. In this thesisthe heat shock
method was usedor transformation.Therefore the cell/DNA mixire was heated for 4Sec

at 42°C on a heat block and thdirectly placed once for 2min. 950 plSuper Optimal Broth
cum glucosgSOQC media (without antibiotic) waghen added to thetransformedbacterig
and the vial wasincubated in a 37°C shaking incubator for 45 min. Next, 200 pl of the
transformedcells containing SOC media was added to the agar plate, distribwtdda cell
spreaderand incubated overnighat 37°C The plates were observed the next day for the

presence of single colonies

2.2.1.2 Creating Bacterial Glycerol Stocks
Glycerol stockf bacterial liquid cultures were prepared for long term storage of plasmids

After ovemnight incubation,0.5ml liquid bacterial cultures were comtad with 025ml

glycerol (100%in 2 ml screwcap tubes, which wereverted 5times, and stored at80°C.

2.2.1.3 Plasmid purification (Miniprep Scale)
Lysogeny broth (LBhedia (2ml), contaning antibiotic (dependent on plasmid)was

inoculated with singléacterid colonies from LEgar platesand incubateavernightat 37°C
in a shaking incubat@t 200round per minute (rpm)isolation of plasmid DNA was performed
dza A y 3 PlasmiaMny Kitzaccording to they Iy dz¥ | OristdzdtiBnsla Short,after
overnight incubatiorbacterid-cells were pelleted via centrifugation, resuspended, lyseu

then neutralized. Thdysate was passed through a column, to which the DNA bound. The
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column was then washedand the DNZluted in DNase/RNase frdg,O. The concentration

of the obtained plasmigvasmeasuredusinga Nano Drop 2000rqermo Scientific

2.2.1.4 Plasmid purification (Maxiprep Scale)
Togeneratelarger quantity of plasmid DNA&je NucleoBond® Xtra Maxi kiMlacheryNage)

was used A & LIQBz { wabslBstablished by inoculatingml LBmedia, containing an
appropriate antibiotiovith singlebacteria colonies from L-Bgar plates owith 30 ul bacterial

glycerol stock (2.2.1.2nd incubated at 37°C for-8h at 200rpm. C 2 NJ (i K 8ultudegy’ | A y
250ml LBmediawith an appropriate amount of antibiotiwvere inoculated with 30Ql of the

pre-culture andincubated overnight at 37°&t 180 rpm.isolationwas conduatd according to
YIEydzZFl OGdZNBENEQ Ay aidNHzO0 A 2 y aadmebdirsd uSimgyNar®y G NI (0
Drop 2000 Thermo Scientific

2.2.15 Agarose gel electrophoresis
DNA was separatedsingagarose gel electrophoresiwith gel concentrations rangig from

1%-2% agarose (w/v) according to DNA fragment diaebe detected To prepare the gel,
agarose waglissolvedin 100ml TAE (1x) and heated formdin to a gentle boil Ethidium
bromide (001%) wadhen addedunder a chemical hood once the agarosepgted boiling

and the agarose temperature decreased to approximateRCoSBext, theagarosesolution
wasadded toaprepared getasting trayand left topolymerize. Th®NA samples were mixed

with doubledistilled H-O and DNA Gel Loading Dye (@¥6wEndand Biolabg, prior to being
loadedonto the gel, whichwas immersedn the running chamber idxTAE buffer3 pl of the
GeneRuler 1 kb Plus DNA Ladder was also loaded onto the gel, which was run at a constantly
applied current ofL20 mA for 30nin. The lands were visualized usitg\-light with the Box
VX5imager(Vilber)

2.2.1.6 PCR and DNA amplification
For the PCRreaction template DNA (4.0ng) was added to a master mix containiry

25 ul (0,31 Units) PrimeSTAR XL DNA Polymerase (Takata)l (50 uM) nucleotides (dNTPs)
and 1 uL (0.3 uM) from eacholigonucleotides(custom caksigned and ordered from Sigma)
added to a volume of 1AL with doubledistilled H2O.
ThePCRReactionwas performed in a thenocycler (Biometra) using the following protocol
for 3040 times

0] Denaturation step at 98°C were the hydrogen bondsneen the DNAbases are

melting
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(I Annealing stepat 5560°C (according to the primer set), were the primers bind to
the single nucleotide template strand
(Il Extension step at 6§2°C, wherehe polymerase binds to the DNA single strand

and synthesizes the new DNA strand.

2.2.1.7 Gibson Assembly®ethod
After the successful amplification ohé desired DNAragment, an enzymatic digest was

performed usings Units(U) of Dpnl(New England Biabs)in the recommended buffer for

1-3 h. Dpnl only digests methylated DNtAerefore,only the template DNAandnot the PCR
product is rendered uselesafter the digest the Gbson Assembly® Master Mix (2% 0 6 | a
used to ligate the different fragment$or this reaction, theoncentration of the inserted

fragment (106200ng) should be tweor three times higher tha the backbone fragment
(50-100ng). Thdigationmixture wasthen diluted with DEP@reated waterto a total volume

of 5> fand the samg@s left to ligatefor 1560 min at 50°C. During the ligatiaeaction,NEB

5-alpha Competenk. colibacteria were thawed oiice, and after the1l5-60 min incubation

period2>f 2F (GKS fA3IFGSR LI I AYAR gchnmibingb&®Ri& R 2
mixture wasstored on ice for 3@nin, followed bya heat shockeaction, where thébacterid

cells were incubated at 42°C forSdmin and then immediately placedn ice for 2min. After

the heat shock950> 6GCmedia was added anithe cells incubate in a heat block foll h at

37°CAfter the incubation periol00>f 2 F (0 KS OSftf a ¢S N@htaidingl yaF SN
the appropriate antibioic and incubated at 3%C overnight

2.2.1.8 DNA digestion by restriction enzymes
The restriction enzymdigest was performetb evaluate the success of the cloning strategy.

After plasmid prrification .2.1.3, the isolatedDNA was cleaved ing) of specific restriction
endonucleasesThe restriction sites were chosen so that the cleavage pattern from the
desired plasmid differs from that of the input plasmkebr the restrictiorreaction,200ng o
DNAand 5U of matching restriction enzymes and corresponding buffer were diluted
DEPG@reated waterto a total volume of 16- f ® ¢ KeéSwaihcbétedNd 37°C for2ih.
Once the incubation period was ovédNA Gel Loading Dye ¥3fwas addedo all samples,
which were thenseparated by agarose gel electrophore@<2.1.5, and the DNA cleavage
products visualized using Uight with the Box VX5 imager (Vilbel) the size of the DNA
bands reflected the correatleavage pattern, the plasmid DNA was sequen&atjlah) as a

further validation step.
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Cell biological methods

2.2.2 Primarycellculture

Primary cells differ fronsecondary cell cultures because they are isolated directly from tigsubis

work primary mouse hpatocytes were used

2.2.21Isolation oMMouse hepatocytes
The method for the isolation of primary hepatocytes from a mouse liverb@asd on a twe

stepperfusion(Seglen 1976)

2.2.22 Human hepatocytes
Primary human hepatocytes were ordered from Lonza and stored2®°C until they were

used br experimentsDetailsof the specific donors are included in the supplementary data.

2.2.23 Cultivation of primary hepatocytes

Primary hepatocytesrom male C57BL6 micevere cultured under sterile conditionand

maintained in a humidified incubator 87°C and 5% G@-or the following experimentsyo

different typesof collagen coating wereised. For the first seOF £ £t SR Wal yRg A OK
collagenwas added to the well of a 6 well plate to produce a thin later and left to air dry
overnight or at 37 dgrees for . Once dried, hepatotgs were seededfollowed bythe

addition ofa top layerof collagen which formed a thick layer on top of the cellilayer) In

0KS &aS02yR WY, dtestweréodyNbatedwith ihelidScollagen layer on the

bottom, but the thick layer on top was omitte@monolayer) To produce the collageior the

bilayer, 10mg rat tdl collagen was dissolved in 4tl 0.2%acefc acid for the coating or in

9ml for the thick layer at 4C overnight to generate a 2503 K Y ing/R collagan

solution, respectivelydeally, the cell culture dishes that are needed for the experiment were
rinsedwith250> 3k Yt O2f f I 3Sy az2ftdziAzy yR €tSTa4 G2 RN
the cell culture dishes can be sied with the same solution and incubate in the incubator for

1h. Before cells wergipetteds G KS Y2y 2t 8SNJ) g1 a4 gl akKeSR (KN
medium withoutsupplementgo adjust the pH and remove loose collagen

The cells were diluted ih A f f Kk ima&@i@ra contaimg allsupplementsand 10% sera plus

FBStable 2.2). The cells were evenly distributed by gently shaking the plate, which was then

placed in the incubator for B to attachto the well plate After the incubation period the

thick collagen layerwas prepared on icey mixing Iml (10%) of 10x DMENPAN)to 9 ml

1.1 mg/ml collagen solution for a concentration of 1 mg/ml collagEeme neutralisation of the
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solutionwas done byadding400ul 1M NaOH which was detectedia a colour changi&om

yellow to fuchsia The attached hepatocytes were carefully washed withrm2 A f ft EI YQa
medium to remove dead and neaittached cells before being covered with the thick collagen
layer. The secondayer was addedccording to table 2.2&nd polymerisd within 45 min.

I TGSNI) 4dz00SaaTdzA L2t &Y S NiippldméntsfagabdedtoktHe telsl Y Q a
In case of monolayer preparatipthe hepatocytes were handieasdescribed above but after

the attachment time, the cells were washed and thenimdut SR Ay 2 Af f Al YQ&

supplementsovernight

Table2.23: Conditions for primary hepatocytes cultivation

Well size Cell number 1mg/micollagen |2 Af f Al YQAd 9 YSRA
6-well plate 950000cells/well 350ul 2ml

12-well plate | 400000cells/well 200ul iml

24-well plate | 200000cells/well 100l 0.5ml

2.2.3Secondary cell culture

2.2.31Freezing o$econdancell lines

Cell lines can beared for longer periodsn liquid ritrogen sinceghey remain dormant under
theseconditions(Lindl and Gstraunthaler 20Q&or storagemediumwas removedrom cells
with a @nfluency of around 70%insed once with 1x PBS prior the addition of 0.05%
trypsin with 1 mM EDTA Ran Biotech) After 510min incubdion at 37°C, cells were
transfered into 10ml fresh medium anaells werepelleted at 800>g. Next, thesupernatant
was removed and the cell pellet was resuspended in an appropriate volume of sera plus
containingmediaand counted. In total 1-2 million cells were diluted in 900ul media and
5-10% DMSQwvas addedo avoid ice crystal formatioriNext, 1ml aliquots were filled into
cryovials, placed in a freezing container and storeeBat°Covernight in areezing container
filled with 2propanol(such @ Mr. Frosty (VWR)), which facilitatesonsistent cooling rate.
Cells are then placed in the gaseous phdg@eliquid nitrogenstorage tank on the following
day.

2.2.32 Maintenance of secondary cell culture

All cell lines were cultured in an incubatat 37°C, 5% G@ an aqueous saturated vapour
All conducted work was performed undaisterile hoodusing aseptic reagents and technique

No antibiotic was us®in the cell culture media
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Cellswere subcultivatedonce they reached a confluency of%@vith media changes every
two to threedays Cells were rinsed once with 1x PBS prior to additidh@3% trypsihl mM
EDTARan Biotech)After 510 min incubation at 37°C, cells were transgtst into 10ml fresh
medium and pelleted at 808. The cell pllet was resuspended in fresh medium, cell number
was determinediusing aCASY counter and cells were addeé newcell culture distor flask

at the desired density.

2.2.33 Downregulation of gene expressionsecondary cell lines

One way to study prein function in a wide range of cell types is to knock down gene
expressiorusing RNA interference usi@@-mer oligonucleotides short/small interfering RNAs
(siRNAs)whichtransientlydecrease thexpression oé specific target gene€omplementary
binding of siRNA to its targehessenger RNANRNA, results in degradation of the mRNA,
thus preventing translation of the mRNAdfinally protein production.

CKS F2fft26Ay3 LINRGI2YO2X ( B %6 F RE LA SR 1T NENIYY & T S
The gae expressiornof EDI3was downregulatedisingspecificvalidatedsiRNAgtable 2.15

in the cells of interestising the reverse transfection methosl00 ul OptiMEMwas added per

well of a sixwell dish, to which20 nmol siRNA was addedbllowed by5 pl Lipofectamine
RNAIMAXo form transfection complexedfter 20min incubation time, the cells (for MCF7
400,000cells) were addetb each well, the contents gently mixed by tilting the plate back and
forth, andthe plateincubated at 37 °C and 5% £@r three daysGene knockdown efficiency
was verified at the RNA and protein level using quantitative real time PCR and western
blotting, respectivelyln the case of the HCC195¢hEDIZells, theshRNA sequence targeting
EDI3wasalready integrated in the call The gene knockdown regulation was induced three

days before treatment by thaddition of 0.5 ug Tetracyclingo the medium.

2.2.34 Transient transfection of cells via PEI transfection reagent

Cells were transfected with plasmid DNA using two differaethods. In the firsmethod,

DNA is introduced into the host cell using polyethylenimine (PEI), a cationic polymer. PEI
condenses DNA into positively charged particles that bind to the anionic cell surface, and this
DNAPEI complex is endocytosed by thelle and the DNAeventually released into the
cytoplasm.For transfection, cells were plateche or two days before the transfecticat a
density which resulted in at least 60% confluency on transfection(t@dofe 2.24). At first
OptiMEM was pipetted intoeaction tubes, then DNA and Rigre addedn a ratio 1:6 (DNA:

PEI) The tube was themortexedto mix contents, andncubated at room temperature for
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17-20 minutes. Theplatedcells were washed with I1RBS and the DNREI mixture waadded
dropwiseonto the cells. The cells were incubdtfor 4h at 37°C with 36 CQ. After incubation,

the DNAPEI mix was removed and replaced e respective amount(table 2.24) of
appropriate medium. After 142 h, transfection efficiency was observed under a microgcop
for fluorescence (if a fluorophore was present in the plasmid), or the protein extracted for

western blot analysis.

Table2.24: Conditions for PEI transfection

Cell Culture Plate | Cellular Density | DNA/PEI con. | + /- DMEM/+/+DMEM
10 cm 3* 10° 12> 3 k> H 3 ml/10ml

6-well plate 4% 10° 4> J kT 1mil/3ml

24-well plate 1*10* 1>3Jr d 0,.3ml/1 ml

2.23.5 Transient transfection via LipofectamB000

In addition to thePEI transfection methqdcommerciallyavailable transfection reagent,
Lipofectamie 3000 (Thermo Scientific was used  OO2 NRA y 3 02 Y|y dzi
recommendation. Foa sixwell dish, OptiMEM (25 ul) was combined with DNA &jg) and

a P3000 reagent5 pl), which increases the transfecti@fficiency and incubated for ®in in

the first tube In a separate tube, LipofectaneirB0O00 (1015pl) was diluted in 12%il

OptiMEM. Afterthe 5 min thetwo fractions were combined and vorteed, and incubated at

room temperature forl0O min to form the DNA-Lipofectamine complexeginallythe mixture
wasaddedto cells that werearound 70% confluentind left in the incubatoovernight. Media

was changed the next day.

2.2.4Gene expression analysis

2.2.41 RNA isolation via QIAzol LaRe&agent

RNA from Bpatocytes were isolated via QIlAzol reagent (Qiagen). QIAzol consists of
guanidinium thiocyanate and phenabhichlyses cells and inhibits RM&fChomczynski and
Sacchi 1987For RNAextraction, culture dishewere placed on icahen thecellswash once

in2 AfftAlFYQa 9 YSRAwayaspiraie 8nd thezelS li)sk#d- ini Q1Azal ¢l
QIAzolper 6well, 05 ml QIAzol per 1&vell). After scraping, the cell lysates were transéekr

to RNAse fregeaction tubes and sonicated on ice (50% power, 30 s, 5 s pulse, 2 s break).
Sampleswvere then either storedat -80°Cor the RNAextraction procedure performed-or

extraction,200>[ OKf 2NBF2N)Y 6SNBE | RRSR &avereSshakedt NB I O
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thoroughly for 1min, then, to improve the phase separation, incubated fonid at RT and
subsequently centrifuged at 120@Jand 4°C for 1&in. The upper aqueous RNA containing
phase was transferred to a reaction tube containing 50D-prepanol to precipitate the RNA.
After 10min incubation at RT, a I8in centrifugation step at 12008 and 4°Gollowed. The

RNA pellet was washedrice with each time850> [ first, 100% secondwith 80%and third

with 70%ethanol. After each washing gigthe samples were centrifuged forrbin at 4°C and
10000g to sediment the RNA. The supernatant was completely removed and the RNA pellet
was airdried for 5min. The RNAellet was dissolved in 280> [  5t@atdd water. The

yield of the RNA waphotometric determined with the Nanodrop2000 (Thermo Fisher

Scientific). RNA samples were stored, &0 °C until further analysis.

2.2.42 RNA isolation via RMNgKit

Another methodusedto collect and isolate RNA wasth the RNeasy ki(Qiagen) Briefly,

600 ul RLT lysis buffer was added to the well of a 6 well plate, cells scraped and addechto 1.5

tubes. Cell suspensions were vortexed fors8@ and either stored aB0 degrees or placed in

a column and centrifuged for two minutes at 13,0§0Total RNAfrom homogenized cell

lysates was precipitated with 70% ethanisiolated and purified using RNeasy mini kit and
RNaseFree5 bl aS 1 A0 OvAlFI3ISyos F2ft26Ay3 Y ydzZl Ol d

2.2.43 cDNA Synthesis

Since thasolatedRNAisanalysedn atwo-stepreaktime polymerase chain reactioRTFPCR)

for gene expressiqgnt isbeneficialto generate cyclic DNA (cDNMhich is lesdragile than

RNA. The conversionto cDNAwas conductedusing the high capacity cDNA reverse
transcription kit (Applied Biosystsh T2t f 26 Ay 3 Y| ydzfF I ORNANBE ND &
concentration wagqualized ta2 > ivith DEPC water andixedwith appropriate volumes of

10x RIBuffer, 10x random primers, 25x dNTP mix and reverse transcriptase. The total volume

of this reaction mix was adpted to 20> [ ¢ A (i K 5 Followingthd récGnidénded

programin the Thermo cycler (Biometra) was uggable 2.25)

Table2.25: Conditions for cDNA synthesis

Converting step Temperature Time
Incubation 25 °C 10 min
Reverse transcription 37 °C 120 min
Inactivation 85 °C 5 min
4°C Pause
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After the PCR reactigthe samples were diluted to a final concentration ofriglul (1:10) in
DEPG@reated water.

2.2.44 Realtime PCR

Quantitative reakime PCR is a techniquesedto detect and quantify expression of a target
gene.The roots of this method are based in the conventional PCR as described in 2.2.1.6, but
the amplified PCR product is continuously r@akttime) measured via certain fluoresit

signals whose intensity correlates the produced Ni§uchi et al. 1993; Navarro et al. 2015)

In thisthesis, two fluorescence indicators DNA intercalating dy8YBR green (QuantiFast®
SYBR Green PCR Kit from Qiagad)TagMan primersThermo Fisher Scientifiajere used.

SYBR green binds all newly synthesized DNA complexes and fluorescéisoiEseence
accumulates as the cycles of the PCR continues and is measured after each PCR cycle. The
intensity of florescence above a threshold val(€T)is measured and used tuantify the

newly generate double stranded DNA. In th€éagManassay, the florescence ignal is
harbouredin the applied primer pajrwhichcariest T dz2 NBa OSy (i -edifand2 NI S NJ
I 1j dzSy OK S-ehH. Rept iniclisd proximitythe quencher suppresses the fluorescent

signal due to fluorescence resonance energy transfer (FREfiNngEhe PCR reactigrthe
fluorescent reporter and quencher are spatially separated and thus the fluoresgrdl can

be detected whiclisproportional to the amplified DNA concentratipgnd theintensity above

the threshold level (CT) can be used tmagtify the newly synthesized DNA.

To observe the expression of different genes 7500 Realime PCRSystem (Applied
Biosystems) was used and all measuremgemisiuding a negative control were water was
used instead of cDNMere at leasperformedin technical duplicated=or a TagMan approach
(table 2.26 50ng cDNA was mixed with 2x universal mastermix and 20x specific TagMan
probe. For SYBR greefiable 2.2 50ng cDNA12.5ul QuantiFast® SYBR Greenl 2.5l
primermix wereadded.The total volumeper reactionin both approachesvas adjusted to
25> gAUOK 59t/ ¢l SN

Table2.26: Programfor TagManAssays

Standard amplification &up Temperature | Time[min] Cycles/Repetitions
Activation of DNA polyerase 50°C 2:00 1

95°C 10:00 1
DNA denaturation 95°C 0:15 40
Annealing and Elongation 60°C 1:00
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Table2.27: Programfor SYBR Green Assays

Standard amplification Setup Temperature | Time [min] Cycles/Reptitions
Activation of DNA polymerase | 50°C 2:00 1

95°C 5:00 1
DNA denaturation 94°C 0:10 40
Annealing and Elongation 60°C 0:30

To determine relative expression chaidge (0 &' Yé&6HI K2 R¢é ol ASR 2V
Livak and Schmittgen wased(Livak and Schmittgen 2001) this methodthe CT valuefor
the gene of inerest (GOlwere subtracted froma housekeeping gene (HKGyhich are
endogenous control genes whose expressisnstable that is, remains unalteredwith
treatment. In this project GAPDHEIF2Aand ACTBvere used as housekeeping genegit=
Ctcoy ¢ Ctmke). Tocalculatell KS np/ ¢ @i ordd®iGDlis Goknlized to an
untreated sample (FM or vector controli) order to see the differencdsetween the samples,
the calculation 2 "/ \Was applied.Values greater than 1 show a gen upregulativalues

smaller than 1 indicate a downreguiai.
nl ¢ dok Cie)

nnl ¢ r'(trea@d)t JE/ (htreated)

RelativeExpression2 n/ ¢ 0

42

GdKS

LJ



Materialsand Methods

2.2.5Protein Analysis
2.2.81 Lysis of eukaryotic cells

Cells were washed once with iceld 1x PB and then lysed withice cold RIPAuffer

(table 2.28)containing protease and phosphatase inhibitarsd incubated for Snin.

Table2.28: Conditions for cell lysis with RIPA buffer

Dish 12-well 6-well 10cm

RIPAbuffer [ml] | 0.1 0.1 0.1

With a cell scrapercells were detached from thplate and then transferred to a precooled
1.5 ml tube. Nextthe cells werevortexedconstantly for Imin. Cell debris were pelleted by
centrifugaton at20,000g and 4°C for 1Bin and the supernatanivas transferred to a fresh

1.5ml tube. Until further usagdysates were stored aB0°C.

2.2.52 Determination of protein concentration

The perce bicinchoninic acid (BCA) Protein Assay Kit from Thermo Fisher Scientific was used

to estimate the protein content of the lysat@stwo steps The first involved theeduction of

CW* to Cu by peptidebonds under alkaline conditionsnd for the second,the sensitive
colorimetric detection of Cuwith BCAwas used The Cémolecule (commxed with the

protein) chelates with two BCA molecules and leads to increased absorbance ran362t

is proportioral to the protein concentration.

A standard of bovine serum albumin (BSA), ranging fronfk Y &3k NOEn gl & LINBSL
in triplicate.Protein lysatesvere alsopipetted in triplicates into 9évell plates and diluted 1:5

in HO. Next,196>[ . /! @g2NJ Ay3 NBIFI3ISyaGs Ozyairaildiya 2
solution Bwere added to each wellThe plate was incubated for 30 min at 37 before the
absorbance at 562 nm was measured in a plate reader (Infinite M200 Pro, TElcap)otein

concentrations of the samples were calculatesed on the standard curve

2.2.53 SDS polyacrylamide gel electrophoresis

Proteins were resolved acating to their molecular weight via SDS polyacrylamide gel
electrophoresis (SBBAGE; Miniprotean; BiRad). Therefa, equal amounts of protein
sampleswvere diluted in 5x Lammbuffer, denatured at95°C for Gmin, briefly centrifugedand

loaded ontoa preparedgel, including theseparationgel (814%, Tris, pH 8.8) and a stacking

gel (5%, Tris, pH 6,8) a chamber filled with Ikis/Glycin/SDS Buffer (Biad) To monitor

the gel electrophoresi8kx f 2 F t NB OA a A 2 ColourStdrdards (BERadbvkay » 5 dzl
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added in one lane of the SBPAGEProteins were separated by applying a constant electric

field at25mA per Gel.

2.2.54 Protein transfer to nitrocellulose membrane

Semidry transfer was performed using the TraBot® SD Serbiry Transfer CE (BieRad).
Subsguent to the SDSPAGE, gels were removed from the glass plates and equilibrated in
cathodebuffer. Whatmarn™ paperwere cut into 8.5 X6 cm pieces (16 in totalind soakedin
anodebuffer (12 pieceg or cathodke buffer (4 pieceg. The PYWFmembrane wagpermeabilized

in methanol and therplacedin anode buffer. For the trasfer, a sandwich was prepared as
follows: 12x WhatmarfMPaper (from anode buffer), PVDFembrane gel and 4x
WhatmanPaper (cathode buffer) An electric field of @3A per gel (5 mA/cm2was
generated leading to migration of the negatively charged proteins towards the membrane
where they were bound.

Toidentify the success rate dfansfer, membranesvere stainedwith Ponceau red solution

for 30sec and therextensivey washedin water urtil the protein bands were welllefined.
TBST was used tocompletely destainthe membrane agairprior to the blotting steps

described below

2.2.55 Immunoblot

Proteins of interest werédentified by specific antibodiesia an indirectenzymatic reaction.
Sinceall proteins from the cell lysate binle PVDFnembrane the membraneavas incubated
in blocking solutioneither 5%milk-powder (w/v) or 5%BSA (w/v) in TBBfor 2h at room
temperature on a benchtop shakéy prevent unspeciti background binding. The membrane
was rinsed with TB® prior to incubation with primary antibodiesvhich were diluted in
blocking solutiont OO2 NRAY 3 (2 YI ydzFf | QabtzNBRNMEMbraiBsO2 YY Sy
were incubated over nightiith shakingat 4°C Thereafter, the membrane was washed three
times in TBS while agitating, Bninutes per wash, to remove residual primarytiandy.
Incubation with an appropriate secondary antibodyollowed for one hour at room
temperature. All secondary antibodies werengagated to horseradish peroxidase, thus
allowingprotein detection via bioluminescencevith the Vilber Fusion Fx7 (Vilpdrourmat).
For this purposethe membrane was covered wittnhanced chemiluminescence solution
(ECL) plus.06% HO,. Densibmetric analysis was performed using the software ImadeJ.
case furthemprotein detectionwas needed on the same membrane (for loading contth#,

antibodes wereremoved from the membranby incubating the membranes withstripping
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buffer for 45min and subsquent washing in TBE blocking anthcubation with theprimary

antibody.

Table2.29 Parameters for antibody incubation (Western blottingi\bbreviations ON, overnight; RT room temperature
Primary antibod/ Secondary antibody | Dilution Incubation

|y (dctini Mouse 1:1000/1:5000 BSA] ON4°C/ 15h RT
Anti-EDI3 Clone 3B8G3 Mouse 1:1000/1:5000 milk ON4°C/ 15h RT
Anti EDI3 #28 Rabbit 1:1000/1:5000 milk ON4°C/ 15h RT
Anti-HATag Mouse 1:1000/1:5000milk ON4°C/ 15h RT
Anti-AKT Rabbit 1:1000/1:5000 BSA] ON4°C/ 15h RT
Anti-pAKT (S473) Rabbit 1:1000/1:5000 BSA| ON4°C/ 15h RT
Anti CREB Rabbit 1:1000/1:5000 BSA] ON4°C/15h RT
Anti-pCREB Rabbit 1:1000/1:5000 BSA] ON4°C/ 15h RT
Anti-ERK 1 /2 Rabbit 1:1000/1:5000 BSA] ON4°C/ 15h RT
2.2.56 EDI3Activity Assay

Thisenzymatic activitywhich was adapted from the Amplex® Red phospholipase D Assay Kit
(Invitrogen),is used to indirectly measure the enzymatic activitfdfi3more specificallyor

this study,to observe if mutation of EDI3 affeattivity. EDI3 cleaves glyagphosphocholine

and generates fwline andglycerol3-phosphate. Choline is further metabolised betaine

with HO» forming as a byproduct. Horseradish peroxidagéiRP)oxidizes Amplex Red to
resorufin, which reducesH0.. The emission of resorufin can be detectedth a

spectrgohotometer at 590nm and is an indirect indicataf EDI3 activityStewart et al. 2012)

To investigate th effect of mutating conserved residues of EDI3 on actitd&iK293T cells
were chosen due to thehigh transfection efficiencyThese cells wereansfected with EDR3
3XHA or mutantsvia PEImethod (22.3.4). After 48h, cells were harvested angrotein
concentration was determined(25.1-2.25.2). A master micontaining 1x reaction buffer,
2 U/mI HRP, 0.2J/ml choline oxidase, 0.saM GPC (Sigma Aldrich) and 100 Amplex® Rk
reagent wereprepared. Asimilar master mix, it without GPGvasalsogenerded to measure

background choline
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Figure2.1 Schematic layout of thé=DI3activity assay

50 ug cell lysatevasdiluted ina total volume of 10Qul 1XEDI3 Activity Assay Buff@.1.7.1)

and pipetted into the well ofa black 96 well microplatéGreiner) followed by100ul of the
master mixwith or without GPQall samples prepared in technical replicatd®action buffer

(1x) without cell lysatewas used as a negative control. Fluoresce(teecitation 30 nm,
Emission 59@m) was measuredat Omin and every 10nin for 2 hours at 37°C using a
microplate reader (Tecanj.o define the enzymatic activity of the proteinesdch time point,
values derived from sample witlit GPC were subtracted from values ided from sample
with GPC anddxckground fluorescence was corrected by subtracting the values derived from

the buffer-control.

2.2.57 Immunoprecipitation

With thisassay, potential interaction partners of EDI3 could be identifi#K293T cells were

seedal in a 10cm culture dish and on the next day transfected with plasmids of intergsg

the PEI Method (2.3.4). After 48n, cells were lysed in ieeold IP lysis buffe(table 2.8)and

protein concentration was determinedith the BCA assay (25.2). IPswere performedusing

800>3 2F LINRPUSAY al YL S AyOdzol G§SRt 3 NIBS i KISNP @]
A/G Magnetic Beads (Thermagcording to manufactures'instructions. The beadprotein
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antibody-solution was allowed to rotate overnight at 4%@n the next day, imonocomplexes
were purified with a magnet and washed>3withIP Lysibuffer and once wittDEP@reated

water. Proteins were eluted byncubating at 95°C for 1@in in 25> 1xlammli buffer.

Proteins were separated with a magnet, and supernatants subsetyju@nalysed via

immunoblotting(2.25.3-2.25.5). The antibodiethat were used for immunoprecipitatiomre

listedin table 2.18.

2.2.58 Polysaccharide Binding Assay

The polysaccharidbinding assay was adaptexhd modified fromJianget al (Jiang et al.
2010) The aim of this assay is ftind a potential glycarbinding partner by separating
intracellulaty located or exogenouly supplied glycogenor amylopectin from the cell
homogenate. To apply this method, the molemulveight and the low watesolubility ofthese
molecules werautilized. Polysaccharides are heavy molecules which stay in solatidow
centrifugation speed but precipitate at higher speétherefore proteins thatbind to the
glycansalsosediment andconsequently omparing the proteins located in the supernatant

to thosein the sedimentouldhelp identify potential glycarbinding partners.

Cellsstably overexpressinGPCPD(@Hela_EDI3)ereplated and lysed as describeddr2.51,
and protein concetration was determined(2.2.5.2) Cell lysates(400pg/ml) and2 mg of
amylopectin(Sigma Aldrich) orgtogen from rabbit liver (Sigma Aldriet@re adledin a total
volume of 2ml glycan bindinduffer and incubatedor 1.5h at 4°Gwith rotation (table 2.8).
For the polysaccharide binding assay in mouse orgglysogercontaining organssuch as
muscle and liver were celtted, weighed, homogenized ardiluted in 3 x the weighted
volume in water and centrifuged at 10,0009 for 20min at 4°C The superatants were
transferred to polycarbonate tubesand dilutedin a total volume of 2nl binding buffer
followed byultracentrifugation(Ultracentrifuge, Discovery 90 SE, Sonal)00,000x g at 4°C
for 90min. The pellets wergvashed and centrifuged agaat 100,000< g at 4°C for 6@nin,
and re-suspended by sonicatiomhe supernatants wereoncentratedwith a Milli-Q-Filter
(Millipore). Proteinsfrom both fractionswere eluted in1x LAmmli buffer solution at 95°C for
10 min by breakingthe glycan protei binding. Proteiafrom the supernatant and pellet were
subsequentlyanalysedvia immunoblotting 2.25.3-5). As further control, Hela_EDI3 full cell

lysate or for the oran pulldown primary mouse hepatocytes were used.
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2.2.59 Glycogemuantification

Thepurpose of theglycogenassayfrom Sigma Aldricivas todetermine the concentration of
glycogen within cellsGucoamylasehydrolysesglycogen to glucosewhich is oxidizedy
glucoseoxidaseto D-gluconic acid anébO,. TheH0, itselfreacts with OxiRedhich yields a
colorimetric product that can be detected using aplate reacr, where theabsorbance at
570nm isproportional to the glucose level in the cell® calculate the trueellularglycogen

content, the free glucose needs to be subtracted fronetglycogen valu@-igure2.?2).

1. Harvest cells

U

2. Centrifugation 16,000 g (Supernatant contains Glycogen and protein)

4

3a. Digestion with glucoamylase
(total glucose)

N

4

3b. No digestion
(free glucose)

/4

4. Oxidation = Extinktion 570 nm

4

5. Glycogen= total glucose —free glucose

Figure2.2 Workflow for the Glycogen Assay

For the assgyl(® cells werewashed in PBS to remowamy glucose residue from the media
andcells wereharvested fromasix wel plateusing acell scraper in an appropriate amount of
water (100ul for six well plates Then, 20 ul of lysatewas later used for prote quantification
via BCAZ.25.2). Theremainingcells werencubated at 95°C to inactivatéygogendepleting
proteins and centrifuged at 13009m for 5min to remove cell debris. The supernatams
transferred into a new tube anthree times20pl of each samplevere pipetted into three
wells ofa 96well plate.A standard curve of glycogen, ranging from@ k YI0>d R Y =
prepared. The standard curve and twotbé three of the sample wells were treated with.2
glucoanylase(reagents were provided in the glycogen assayf&it30 min. Next, amixture
containing glucose oxidas®xiRedand assay buffewere added to the wellswhich were

thoroughly mixed by pipettingAfter 30min incubation the absorbancevas measuredat
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570nm using aplate reader (Infinite M200 Pro, Tecamhichyielded the amount of glucose
in the wels. The glycogen concentrations the samples were calculatedasedon the

standard curvexind by subtracting the value of the undigested sample.

2.2.510Challenge primary hepatocytes with glucagon and insulin

Two major regulators of glycogemmountwithin hepatocytes are insulin and gagon. The

aim of this experiment was to investigate if the two hormones have impact oBi8gene
expression on RNA and protein level. To generate pn20l stock solution 1 mg glucagon
powder (SigmaAldrich) was freshly dissolved in & 50mM acidicacid, since the acid
environment increased the solubility of glucagon in aqueous solutions. Insulin was provided
as 10mg/ml stock solution (Sigmaldrich). Glucagon and Insulin were diluted to anhol- or
100nmol working solution id A f £ A I Y Q &withSsupMednritsdEépatocytes, cultivated

a day beforg2223> ¢gSNBE g aK G6AO0OS GgAGK LIzNB 2AffAlY
and insulin containing solution were added the cells. After h, 3h, 6h and 24h RNA
(2.2.41,2.2.43-4) and protein(2.2.51-2.2.55) was collected and analysed.

2.2.511 Transwell Assay

The aim of this assay was to determine the migration rate of cancer belthis study, a
modified version of the Boyden Chamber assay is used to detect migratipfaséic insert
with a porous membrane2éd-well plate insertL.J2 NB & A 1F&Iéon) iy placedrnto¥a Xell

of a companion plate (24-well plate, Flacon) which contan medium and/or
chemoattractantsCells of interestgultivatedin deprivation(normally serurdree) media, are
plated into the insert ananigrate through the pores, to thenderside of the membrane into
the nutrition rich mediaMigratory cells are then stained and counted.

HEK293T cells were transfected via PEI method and cultivated forGdls wereletached,
counted and100,000cells were suspendedin 500ul serum free media (DMEM45 g/l
Glucosernd pipetted into theinsertwhich was positioned in the 24ell companion plate
600l of serumcontaining media (DMEM 5 g/l Glucose+10%BS) was atikd into the well

of the 24well plate After 24h of incubation, cells in the upper chamber were removed with
a cotton swab and cells which migrated through the pores were fixed and stainedawith
solution containing crystal violet and methanol (taBld2) and driedovernight Images of

migrated cells were taken with a phase contraslifise T5100 microscope (Nikon).
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2.2.6Metabolite analysis
2.2.61 Metabolitecollection fol.GMS/MS

The aim of this analysis was identify how EDI3 related metabolitesre altered in response
to glucagon treatmentin primary mouse hepatocyted-or this purposethe addressed
metabolites, the EDI3 educt GPC, the produtivlineand glycerot3-phosphateplusfurther

metabolised phosphocholinend betainewere analysed.

The primary mouse hepatocytes were isolated and cultured as described in 2.2.2.1 and 2.2.2.3.
On the next day, glucagon was added to the cells as descrilZe®.&il1 and the intracellular
metabolites were collected after i, 3h and 6h to characterizelie changen EDI3relevant
metabolitesinduced by a glucagon challendggach time point was collected in five technical
replicates.The sixwell plates were washed three times with iceld 1xPBSAfter the last
washing stepPBSvas removedand the platebriefly incubated in liquid nitrogen to rupture
the cellular membrane. Next, 530 ice-cold methanol spikedwith 50 nmol/L d3choline;

50 nmol/L d9glycerophosphocholine; 50@mol/L d9phosphocholine(Sigma Aldrich) was
added to each plate and incubat€for 15min at 4°C while shaking. The supernatant was
collected and stored a80°C until the measurementhe cellmembraneson the platewere
completely lysed with 20Ql RIPA buffer containing all protease and phosphatase inhibitors

as described i2.2.5.1 and protein concentration determinedsing theBCA2.2.52).

2.2.62LGMS/MSbased analysis of metabolites

The samples for metabolite determination were centrifuged faoni& at room temperature
with 21,100g and 2QuL of the supernatant was trarefed to a sample vial for E@S/MS
measurement. Calibration curves using internal standards were generated #8@mol/L

for choline and glycerophosphocholine and fromB000nmol/L for phosphocholine.

LCMS/MSanalysis was carried out on a QTrap@Q@iple quad mass spectrometer (Sciex,
Darmstadt) coupled to a Shimadzu UFLC system (Shimadzu, Duishurg)t 2ample were
injected into a 150mm long, 3mm I.D. Nucleoshell HILIC column with 207 particle
diameter and separated isocratically using?s solvent B (solvent A: acetonitrile; solvent B
50% methanol, 5nM ammonium formate) at a flow rate of 5Q./min within 10min. The
mass spectrometer was operated in positive mode using selesaction-monitoring with

the parameters statedn table 2.3. Data was interpreted using the Skyline Daily software
(PMID: 31984744).
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Table2.30: Transition data for selected reaction monitoring

Analyte Ql mass[Da] | Q3 mass[Da] | dwell time [ms] collision energy [V]
choline 104.1 60.0 250 23
d9-choline 113.1 69.0 250 23
phosphocholine 1 184.0 86.0 250 27
phosphocholine 2 184.0 125.0 250 27
d9-phosphocholine 1 | 193.0 95.0 250 27
d9-phosphocholine 2 | 193.0 125.0 250 27

Cellular and histological stainings
2.2.7 Celldar stainings

2.2.7.1 Fixing of transfected cells

With this methodit was possible taleterminethe intracellular location othe proteins of
interestwithin the cells which were transfected with fusion protei@.2.2.42.2.2.5.

48h after transfection cells were carefully washed with 1x PBS\d fxed with 4%
paraformaldehyde (PFAQr 20min at RT undea chemicahood. Next, the cells were washed

three times with 1x PBS to remove residual P&Ad cover slipsvith ultrapure waterto

remove residual da The cover slips werixed orto object slides usin@ f dz2 N2 A KA St Ru
DAPI histology mounting mediu(®igmaAldrich) and dried overnight. On the next day, the

cells were observed on a confocal microscope (FV1000, Olympus).

Table2.31: Florescent ectors transfected into different cell lines

Protein Fluorophore

EDI3 Turbo red fluorescent protein (RFP)
STBD1 Green florescent protein (GFP)
2.2.8 Histologicabtaining

2.2.8.1 Cutting of paraffin embeddingf tissue

Blocks of paraffirembedded liver or muscle tissue were @utb 5 > Ysectionswith a feather

blade type N35HR in a HM 450 Sliding Microtome (Thermo Fisher Scientific). The tissue
sectionswere heated for 15min at 60 °C to mount the slidestorthe slide holderThetissue

slides were storeat 4°C.In this studyonly human paraffin embedded skeletal muscle tissue

wasused.
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2.2.8.2 Chromogenic immunohistochemical staining
The aim of this method is to locaEDI3 and other glycogen binding proteins in high glycogen

containing tissuegliver and heart)

Rehydrating With this step the histological section getaccessible for further treatment.

Paraffin embeddedseria) sectionsof > Y (G KA Ol ySaa ¢SNB Rofhudo I G SR
(Roth) for tissue deparaffinizatiorLater, the tissue onthe slides were rehydratedh an

ethanol gradient (95%, 90%, 80%, 79986, 30%for 5 min each, followed by washing in

distilledwater for 5 min.

Antigen retrieval:/Antigen retrievais used tdbreak methylene bridgeformed as a result of

formaldehyde cross linkinigp order toexpose antigenic sites. In this study the heat induced
epitope retrieval (HER) was used:irst, the drate-buffer (10mM, pH6) was heated in a
pressurecooker to 96°CThetissue slides werthenincubated for 15minat 96°Gn the buffer
and thenslowly cooled for 2@nin. The slides were washed in TB$o remove the citrate
buffer.

BlockingA pap penako) was used to draw a barrier aroutige tissuesample on the slide
to ensure that all solutions added remained on the tissue itgdlfirst, the peroxidase block
solution (Dako) was applied to the tissue slides fonib to block potential endogenous
peroxidase. After washing with TBY1x)the sections weréncubatedin the blocking solution

(2.10 for 1 h to coverunspecific epitopes.

Antibody applicationThe primary antibody was diluted staining solution (2.10according
02 GKS Y| yedemineddatahs®NaBestablished beforehdtable 2.32). The tissue

sectiors wereincubated over night at 4°Theperoxidase labelled polymer (Daks)inked to
horseradish peroxidase (HR#®)the secondary antibody, whietaschosendepending orthe
host species of the primary antibody. After overnight incubation, the slides theraughly
washed in TBST, then incubated in an appropriatperoxidaselabelled polymer for 3@nin

and washed again before tee ~-DiaminobenzidindDAB treatment.

Chromogenic detectiarB, o -DiaminobenzidindDAB is a derivative of benzenk.isoxidized

by hydrogen peroxide in a reactiaratalysedby HRPo form a brown precipitate at the
location of the HRP, which latearm be visualizedsingmicroscopy. The DAB solution (20

liquid DAB+ 1ml ChromogenDAKQwas addedo the carefullycleanedtissue sample. The
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detection time isdetermined by the emergence of the brown colour, recordmad the

reaction is stopped byeturning the tissugo TBST.

Haematoxylin stainThe cell nuclei are stainedith haematoxylin The tissue slides were
incubat(R Ay al @SNJ ya | SYI f dzYstedefitecmfi DEPY wateoY p R A f

5 min. Subsequently, the slides were washed fonia under running tap water.

Dehydrating and mountindgJides were waséd in distilled water for 38ecand dehylrated
in ethanol gradient for 15ec(30%, %9, 3 min in (70%)15 sec (80%, 90%) ardminin 100%

ethanol, followed by 2x 3min incubation in Rotilstol. Subsequently, the stainedssue was
preserved with Entellar{fMerck) and covered Cover slices, Menzeland allowed to dry
overnightbefore analysi®n the next daywith the Axio Scar{Zeisslusing the Zen software

(Zeiss)

2.2.8.3Fluorescent immunohistochemical staining

The aim of thigluorescent immunohistochemical staining-(HiC)was toinvestigate whethe
EDI3 cdocalizedwith other proteinsin humanskeletal muscle tissu@dhe advantage of this
method in comparison tehromogenic stainings that it allows for the simultaneous dettion
of more than one protein and microscopic structuresare more easyl detected with

fluorescent microscopy.

Rehydration and antigen retrieval in paraffin embedded skeletal muscle tisque)(5vas
conducted as described in 2.3.8dnd the tissue wascircledwith the DAKCOPappen. The
blocking solution thble 2.1Q was adéd for 1h and then pimary antibody, in case of a
co-staining both antibodies simultaneously, was/were applied in an appropriate dilution
(table 2.32) in staining solutiorftable 2.10)vernight at 4°C. On the next day, the slides were
washed 3x in 1BSor 5min and then incubated with secondary antibotty 1.5h. In case

of a costaining both secondary antibodies were applied at the same tilreter, slides were
washed 3x with 1®BS and 1x in DEPC treated water fonis. The tissue slides were
preserved withDAPI histology mounting medium (Sigvlrich) and covere@Cover slices,
Menzel) and dried overnight at 4°C protected from light. Images were takencamfacal

microscope (FV1000, Olympus).
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Table2.32: Dilution of antibodies in staining procedures

Primary Antibodies

Antibody Host Dilution IHC
Anti-EDI3 Clone 3B8G3 Mouse 1:1500
Anti Glycogerbnythase 1 | Rabbit 1:1000
Anti Myosin Il Mouse 1:150
Anti-Myosin VII Mouse 1:2000
Anti-RYR1 Rabbit 1:50
Anti-STBD1 Rabbit 1:500

Secondary Antibodies
Antibody Host Dilution IHC
Alexa Fluor® 488 AffiniPureg Rabbit 1:100
Donkey IgG (H+L)
Alexa Fluor® 647 AffiniPurd Mouse 1:100
Donkey IgG (H+L)

2.2.84 Periodic acigSchifstainings

The Periodic Aci&chiff (PAS) reaction and Periodic ABahiff reaction with diastase (PA$

are two special staining proceduresedto detect glycogen in tissue. Periodic acid oxidizes
the vicinal diols, creating a pair of aldehydes which reacts further with thef 8ehgent. This
reaction leads to the staining of glycogen but also othercarbohydrates, such as
polysaccharides, glycoproteirand mucins in purple. PAB is a very sensitive histochemical
method for the examination of glycogen. Diastase, which is &sb 6 NNB Rmylage, actgs  h
on glycogerand depolymeriza it into smaller sugar units (maltose and glucqgsehich are
then washed out of thaissuesection. Performing the PAS and the FAStaining in parallel
allows for the differentiatiorbetween glgogen and other PAS positive staining, since only
3t 20238y RAAal LAdSlastlfeatRedzS (2 GKS b

Serial sections from human liver and skeletal muscle were rehydrat2d8 (). and treated

g A U -BEmylase (Merck) (PAS) or DEPC treated water (PAS) Tdr at 37°C. Slides were

gl AaKSR Ay gl ( Sanylase. NexSbot gides weke cubated in 0.5% periodic
acidforlOYAy @ ! FGSNI I y2UGKSNJ) gl aKAy3 aidRo@forat ARSA
15min. Thereatfter, slides were washed irkewarm tap water for 10 min in order for the

tissue to develop a pink colour. To stain the nuclei, a haematoxylmwts performed. Slides

were dehydrated mounted (22.8.2) and hardenedovernight. A successfiASD staining

shows less pink colour ¢ém the PAS staining.
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2.3 Statistical data analysis

All experiments were performed with three or more biological replicates if not mentioned
otherwise. The numeric numbers were represented as mean values with standard deviation.
To evaluatewhether a diference betweerconditions was significant, the unpaired{€st in

vitro sampleswas applied For mouse samples, the unpaireeeBt was performed, if not
mentioned otherwise. Ralues below 0.05 were accepted as significant.

GraphPadPRISM.05was used fothese analyses.
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3. Results
3.1 Characterization of the EBIBM20

The firstaim of this project wasa basiccharacterzation of thethe carbohydratebinding
module 20 (CBM20) of EDI&self. Since to date, there are no reports on EDI3's CBM20
domain, sinilar experiments were performed as previously conductetor the well-
characterizedCBM20containing proteins,dforin and STBD(ef) to gain insight ito the role

of EDI3 and its CBM2ibmain

3.1.1 EDRCBM20 shows high sequence homology to other CRIMR26ins

In order to identify whether the conserved CBM20 residuegpresent in the already
characterized CBM20 proteingaforin and STBDd are present in EDI3he sequencsof all
three proteinswere aligned. Additionallythe Edi3 sequence from mouseebrafish and
Xenopudaevis weraalso includedo find out if the residues are alsmnservecamong species
(Figure3.1).Four conserved amino acids were found in the sequatigmment of all CBMs
investigated:G24, L29, G30 and W32 (Homo sapiens EDithating).

Consensus:

ap’

AV AL LBEenD T
AVALINENET

aviLqoBloonbcnL
kKavTLo@Maceo@TL
RGAVRLRBIAGTAAGD

TYIPLHYNKDGFWSH.

1Tp

1Tp@BIQVIT FEI
IS AVRWMTFEQV

CMB20_EDI3_(human)
CBM20_EDI3_(mouse)
CBM20_EDIZ_(xenopus)
CBM20_EDIZ (zebrafish)
CBM20_Laforin_(human)
CBM20_STBD1_(human)

lpsTKMIELTV
l1RFRFGVVVPPAVAGARPELLVV
loqvBElvrrovHYvllsTovoFrIv T

Figure3.1 Sequence alignment of the CBM20 several family membersShadedetters indicate the levebf conservation
within the amino acids of the EDI3 familgrassspecies and thetwo CBM20family in humans. Thelifferent colours
representthe differentproperties of residues.

In a second approachthe sequence homology of EDi@8as comparedto the other
CBM20containing proteins using the SmitWaterman algorithm, which performs local
sequerte alignments like protein domains(Needleman and Whsch 1970; Smith and
Waterman 1981) In addition to aligning the entire protein sequence, the CBM20 domain
alone was analysedhis algorithm was used to align the CBM20 sequences of the different
proteins (EDI3, laforin, STBD1) with one another, as$ aglthe entire proteins with one
anotherthus revealing potentially unknown homologgh regions within the proteins. As a
positive control, EDI3 from mouse was included in the algorithm, as well as AMPK beta 1, a

CBM2Z%containing protein, which is phydenetically closely related to the CBM20 domain
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(Machovic et al. 2005andwas shown tanteract with both STBDIDucommun et al. 2019)

andlaforin (RomaMateo et al. 2011)

Results

Sequence alignment | Aligned | Identity [%] | Similarity [%] | Gaps [%0]
(full Protein)
EDI3 vs. EDI3_mouse 675 92 97 0,4 3332
human (675 Amino Acids)
(672 AA) | vs. Laforin_human| 380 21 31 36 74
(331 Amino Acids)
vs. STBD1 human 84 25 38 23 59
(358 Amino Acids)
vs. AMPKbeta-1 155 21 33 28 39
human
(270 Amino Adis)

Sequence alignment | Aligned | Identity [%] | Similarity [%] | Gaps [%] | Score
(CBM domain)

EDI3
human
(115AA)

vs. EDI3_mouse
(115AminoAcids)

vs. Laforin_human

131

24

35

32

63

(124 AminoAcids)
vs. STBDhuman 84 25 38 23 58
(100AminoAcids)

vs. AMPKbeta-1 62 26 36 30 31
human
(96 AminoAcids)

Figure3.2 Determination of local alignments within the human CBM20 pratei using theSmith-Waterman algorithm. A,

Full Human EDI3 protein was alignedth the CBM20 proteins laforirand STBD1, the CBMzbntaining protein
AMPKbeta-1, and full mouse EDI3 protein as a positive contrB). The corresponding CBM20/21 of théorementioned

proteins were aligned. In both cases the Smith-Waterman algorithm from EMBEBI was used
(https://www.ebi.ac.uk/Tools/psa/emboss_watey/

Using thealgorithm an alignment score isalculated which reflects the homology of the
compared proteins. A high score signifies a higind a low score low homology. As an
example, two aligned human EDI3 proteins (672 amino acids) would show an identity and
similarity of 100% and a score of 353dentical, larger proteins>672 amino acids) would
obtain a higher scoresince the score increases with a higher number of aligned amino. acids
Proteins with no homology would produce a score offBealignment of human to mouse
EDI3yielded asequerte identity of 92%Figure3.2A)for the whole protein and 90% for the
CBM20 alon€Figure3.2.B). The generated scoreom the CBM20 alonB62 (Figure3.2.B) to

the whole protein3332 (Figure3.2A) increasedalmost sixfold, indicating high homology
within the whole proteinConverselythe alignment of full length EDI3 to the other CBM20

57


https://www.ebi.ac.uk/Tools/psa/emboss_water/

Results

proteins show similar scores for the whole prot¢s®, STBD1jFigure3.2 A and the CBM20
(58) (Figure3.2 B) alignment, revealing the sequence homology between th@steins is

almost exclusive to the CBM20.

Altogether, the sequence homologlgetween human and mouse EDI3 is very highile
laforin and STBDdAnly show homology A (i K ©BBR0do@din,but not other parts of the
proteins. For AMPK beta, the same tend could be identified, although the sequence
homologybetween EDI3 CBM2@ndthe chosen CBM21 is half that observed among the
CBM20s

3.1.2 Generation of altered EDI3 constructs

According to the sequence alignmeaalysisthe CBM20domain isconsened among the
CBM20 proteinsTherefore, toinvestigate the role oEDI3'SCBM20the conserved W32 was
mutated toalanine(W32A), andthe entire CBM20 domain was deleted to generate @ . a H n
mutant (Figure3.3) from pRPCMVEDI3 Finally, ariple HA tag 8xHA) was inserted into all
designed EDI3 constructs at thetg@minus and as a result thelasmid could be used for

subsequent immunoprecipitatioaxperiments

1 830 2845 5859
pRP-CMV-EDI3-3xHA . EDI3 -
CBM20  GDE
1 830 2845 5859

pRP-CMV-EDI3- EDI3
W32A-3xHA .
CBM20  GDE
1 830 2475 5487
pRP-CMV-EDI3-

ACBM20-3xHA EDI3

ACBM20 GDE

Figure3.3 EDI3mutants used in this projectShematic plasmidglustrated as a tube. The EDI3 sequence is highlighted in
grey. Numbers above the plasmids indicate the nucleotide, sgRRCMMVEDI33xHA is shown tathe top,
pRRCMVEDI3W32A3xHA in the middle and pREMVCEDI3n / . a-3xIAA is shown at the bottom.

3.1.3 The CBM20 of EDI3 is important for protein stability

To determine if these mutantsffectthe stability of EDIZhe plasmidspRRCMVAEDI33xHA,
pRRCMVEDI3W32A3XxHA,pRRCMVEDI3n / . a-3xiHA pRRCMVEDI3turboRFP and an

empty vector were transfected into HEK293T cellsng the stable cationic polymer,
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polyethylenimine PE). The transfected cells were lysed a@ab|3protein expressioranalysed

by western blot Despite loading similar amounts of total proteihgtband obtained for the
EDI3W32A mutantwas approximatel0%lessthan thewild type EDI3while then / . a-H n
mutant was 30% les&igure3.4.A and B. These results suggest that mutating the conserved
W32 residue and removing the CBM20 domain affects protein stability, agreeing with previous
reportsfor the other CBM20 containingroteins that the CBM20 doain is needed for protein
stability (Zhu et al. 2014; Raththagala et al. 201%) estimate the transfection efficiency
during the experimentpRRCAGED3-turboRFP was transfected intdEK 293T cells and
florescence was observed after A8In all experimentver 85%of the transfected cells were

fluorescent(Figure3.4.0.

A £ B
< =
T 0
o
@ @ N =
o <« § 3 3
S I g o o Stability of EDI3 constructs
2 2 e E z s = EDI3
Q
o &) 0 Q £ = EDI3-W32A
o u L w W E, = EDI3-dCBM20
Anti HA- g —
Antibody — = —
2 0.5
- 5o
Anti aCti]"I- o EDI3 EDEl:’B-;ﬂﬂZA ED|3-di:BM20
. truct:
Antlbody -constructs

Brightfield

Figure3.4 Altering the CBN20 of EDI3 lead® destabilization of the protein. ARepresentative Western blot of EDI3 and
mutant structures HEK293T cells were transfected witRRCMVAEDI33xHA, EDRV32A3XHA, EDK / . a-3xIAA or an
empty vector. Cells were lysed after B&nd proteins were analysed via western blot. To identify the transfected proteins,
Fy FyYyGA 1! |y GAct fvdd &isedsds a loatiiigSeniBl.Densitometry analysis of the detected BBXHA,
EDI3W32A3xHA and EDIB / . a-3xHAluminescencet A Iy | £y 2 NIY-AdinsigrR, Raprseriiakv8 image of
HEK293T celi8 h after transfectionwith pRP CAG EDI3 turboRE&®bserve the transfection efficiencyN£3), ** indicates

p <0.A.**indicates p < 0.001.

3.1.4 EDI3 is a dimer with only minor impact of the CBM20

Afeature of the CBM20 proteins, which is described for STBD1 and Laforin, is their ability to
form homodimers(Liu et al. 2006; Jiang et al. 2010he solved cryal structure for laforin

indicates that the protein is aantiparallel dimer however, the CBM20 domain was not
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reported to be involvedRaththagala et al. 2014Dne publication thus far has however
reported that the CBM20 of STBDL1 is needed for dimerization. To date, no experimental data
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Figure3.5 EDI3 formsdimerswhich is not influenced by thaV32A mutation. A,Representative western blot image of an
immunoprecipitation (IP) experiment using ER81 type andmutantsconstrucs. pCMVEDI3GFP wa either cetransfected

with pRREDI33xHAor pRREDI3W32A3xHA(as indicated with + ang in HEK293T cellAdditionally EDI33xHAalonewas
transfected into HEK293T cells. Cells wiban lysed 48&h after transfection and IP experentsperformedusing 80Qug cell
lysate, HA antibody or an unspecific IgG mouse antibody (BiEtGhagnetic beads. Beads and proteins were separated via
heating (95°C). Eluted proteins (left hand side) and full cell lysates as loading control (rightidhenaiere analysedsing
western blot.B, Densitrometric analysis of theands from 3 independent experiments showing full length EI313A signal
and EDIEGFP (black bars), as well as signalof EDI3W32A3xHAand the EDIZGFP signal (white bar€)Bat to preyratio

of EDI3GFP to either EDI®xHA(black barjor EDI3W32A3xHA(white bar)(N = 3) NS=not significant

To test if EDI3 is a dimer or oligomer and if the CBM20 is important for its dimerization, an
immunoprecipitation(IP)approach with magetic beads was performe@pCMVEDI3GFP was
cotransfected with either pPRRCMVAEDI33xHA or with  pRRCMVAEDI3W32A3xHA in
HEK293T cells and lysed after M8Additionally, EBI3xHA was transfected alone
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(no EDI3GFP) The magnetic beads were either inatbd with HA antibodyor with an

unspecific antmouse antibodyas an additional control.

Next, cell lysates fronEDI33XHA/EDISGFP and the EDW32A3xHA/EDISGFPrransfected
cellswere incubated with the magnetic beadwhereonly the HAtagged proten were able
to bind the magnetic beadsn this case, th&DI3GFP protein aed asthe prey protein. The
beads were first washedand then denaturated and thereleased protein was analysed
(Figure3.5.A). TheEDI3GFP fusion protein is detected at 1KDa while EDIBHA and EDI3
W32A3xHA are detected at around Kba When expressedtogether in cells,
EDI33xHA/EDIGFPappearto form a homodimerwith a band at 7%Da and one at 10kDa
(Figure 3.5.A, lane3). Similar results were obtained after @mmunaoprecipitation with
EDISW32A3XHA/EDIGFP(Figure 3.5.A, lane4). The EDI33xHA immunoprecipitatiomonly
sample reveale@ band at 7%Da(Figure3.5.A, lane2), and the magnetic beads loaded with
the unspecific antibody show a faint band at IIDa (Figue 3.5.A, lanel). Densitometric
analysis of the EDI3XHA/EDIGFP coammunoprecipitation Figure 3.5.B) indicate strong
binding of either EDI3XHA or EDI&FP in a ratio of 1:Figure3.5.C) which suggestthat

EDI3 forns a dimer or higheoligomeiic structure.

The role of the CBM2@omain in the dimerization processvas investigatedusing the

conserved W3R mutation. As described above) additionto full length EDI3the W32A
mutant was included in the experiments anithe bait to prey ratio of both ce
immunoprecipitation- W32A and full length EDI@®aits) to the EDI3GFP(prey) - was

compared Decreasedinding could be detected fdhe bait- (EDI3W32A3xHA)as well as for
the prey protein (EBFGFP)Figure3.5 A, lanet). Decreased binding couldsal be observed
with the EDI3W32A3xHA/ED8-GFP cemmunoprecipitation Figure3.5B), which agrees
with the previous observation th&DI3W32Ashows20% lesprotein than EDIZBXHA in the
cell lysate Figure3.4). Furthermore, a comparison of thieait to prey ratio between the
EDI33XxHA/EDB-GFP co-immunoprecipitation to the EDI3W32A3xHA/ED-GFP
co-immunoprecipitationsuggests reduced binding; however, this eff@dEDI3W32Awas not

significant(Figure3.5.C).

3.1.5 Mutation or deletion of the CBMRfversthe enzymatic activity dEDI3

Previous work has shown thatutations within the CBM2Gpr instanceW32Dof laforin led

to decreased enzymatic activitfliu et al. 2006) Whether the CBM20 domain or the
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W32 mutant is important for EDI3 activity, regulated viagtgcerophosphodiestese domain
(GDE)is unknown In the present worka kinetic assayStewart et al. 2012)vas used to
measurethe enzymaticactivity of pRREDI33xHA EDI3W32A3xHA and EDI3 / . a-3xIHA.
An empty vector was use@s acontrol. Lysates extracted from cells transfected with
EDI33xHA showed significagthigher enzymatic activity compared éxtracts from cells with
EDI3W32A3xHA and EDI / . a-3xlHAmutantsat all time points measured (3400 min;
Figure3.6.A). After ® min, the EDI33xHAconstructreachal the limit of detectionof the
spectrophotometerat 66000units of relative fluorescencéigure3.6.B); whereas, at the
same time point, theEDI3W32A3xHAwas only approximately 45% activenportantly,
removing theentire CBM20 domaireEDI3n / . a-3WAA) resulted in an almost complete loss
of activity, which was comparable to the empty vectGonsideringhat there is20% less
protein in theEDI3W32A3xHA tharin the EDI&BxHAlysate(Figure3.4), it may be estimated
that mutant EDI3W32A3xHA is 30% less enzymatily active than full length EDE3xHA.
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Figure 3.6 Genetic alterations within the CBM20 of EDI3 lead to decreased enzymatic actiiitEK293T cells were
transfectedwith pRREDI33xHA EDI3W32A-3xHA ancEDI3n / . a-3xIHA and an empty vectdor 48h Cells were lysed
and theenzymatic activity was determinading the EDI3 activity assay as described imtheerials andnethodswith 25ug
protein for each conditionMeasurements were takeevery 10minutes up to 40minutes.A, Enzymatic activity dEDI33xHA,
EDI3W32A3xHA, EDR / . a-3xlHA and an empty vectaras measuredver a period of 4@nin time. EDI3-HA reachd
the limit of detection at 6@00units after 30min. B, Direct comparisorof the 30min time point of EDIBxHA, EDR3
W32A3xHA, EDK / . a-3xlHA and empty vector. EBBXHAIs significantly moreactive than the other constructs. All
experiments were performethree independent times, anth technical duplicates. ** indicates p < 0.01. *tidicates p <
0.001.
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3.1.6 EDIBnutants-W32A andpCBM20 show less migration thaildtype EDI3

In previous studies, it was shown that silencing EDI3 with siRNA, and thus decreasing its

expression and activity in different cell lines, or inhibiting itzyenatic activity with the

general phosphodiesterase inhibitoripgridamolecould decrease cell migratiqiStewart et

al. 2012) As described aboverigure3.6), mutations in the CBM20 of EDI3 decreases the

enzymaic activity as wellTherefore,a transwell assay was performedth HEK293T cells

transfected withEDI33xXHA,EDIBW32A3xHA EDI3n / .

a-3xlHAand an empty vectoto

investigate whether theltered enzymatic function of EDI3 via the CBM20 mutations would

also lead to less migration.
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Figure3.7 A mutated CBM20decreasesél migration. A, Representativémages oHEK293T cells, which were transfected

with pRREDI33xHA(full length) EDI3W32A3xHA, EDK / .

a-3xtHAor an empty vectorfor 48h and then seeded onto

cell culture inserts. €ls that migrated ¢ the underside of the insewere fixed and stained with crystal violet B4post
seeding.B, Quantification of migragd cells.Dataare mean + SD of threéiedependent experiments (*, P < 0.05**, P <
0.001). Images were taken using a Hbjective

HEK293T cells transfected witlDIB3xHA showed significalgtmore migration than cells

transfected with the empty vector contro{Figure 3.7). Furthermore, significaht less

migration was observed in cells transfected with EM32A3xHA or EDIa / .

a-3XHA

compared to cells transfected with wilgpe EDIZBXHA. No difference in migration could be

detected between the empty vector and tipe/ .

aH

n

0 Niwkleieds$rOEDARA/F2A

mutantresulted inmore migration than the empty vector controlh&seexperiments showd

that mutations within the CBM2@omain of EDI3esults in decreased migration, which may
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3.2 The binding of EDI3 to glycamsitro

¢tKS o0l aA0 OKIF NY Ol SNR & Ithiis\far jadicatd thad I&ke_oth€ £BM20 a H N
O2yFAYAYy3 LINRPGSAYyazZ 95LoQ& [/ .aun R2YLFAY
homodimerization. Since itould be shown that othethuman CBM20 proteins bind
amylopectin(Worby et al. 2006; Jiang et al. 20141)d glycogenTagliabracci et al. 2007,
Stapleton et al. 201@> 95L o Q& tabdhydiatesvas dlfoinveskigatBdin the

present work

3.2.1 EDI8o-precipitateswith amylopectinn vitro
Since cebohydrate binding is nam&rming for the CBM20 domain, we tested whether EDI3

can bind in vitro to amylopectin, the plamnalogueof glycoge. A similar experimental

approach was used as in the study of STEIzhg et al2010)

Cell lysate from Hela cells stably overexpressindetbEgene (Hela_EDI3) was incubated with
amylopectin for 1h, and then a glycan pulldown was performed where ultracentrifugation
was used to sediment the pellet containing amylopectin ang laound proteins (3.8.A). The
supernatant was also collected as the fraction containing-cartbohydrate binding proteins.
Proteins from the supernatant and the pellet were analysed with western blotting. As a control
to locate the EDI3 band on the bloteld_EDI3 full cell lysate was us€&ig(re3.8).

The data indicaté that a significanty higher amount of EDI&asfound in the pelleffraction
compared tothe supernatant suggesting that EDI3 bindmylopectin.Several controls were
also included in the@xperiment, such as blotting for ERK in both the supernatant and pellet
fractions The ERK protein was mainly found in the supernatant and not in the frali¢ion,
confirming that it does not bintb the glycanA scondcontrol included theglycan puliiown

with Hela_EDI3 cell lysate without amylopectitbere,more EDI3 prote was found in the
supernatant compared to the samples with amylopectin, wkiRK levelsemainedconstant.

Altogether, this experimensuggestshat EDIZindsamylopectinin vitro.
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Figure3.8 EDI3and amylopectinco-precipitate in vitro. A, Experimental approach used to test the hypothesis that EDI3 binds
glycans, here amylopectin and precipitates with it into the peBeRepresentative western blot image of a performed glycan
pulldown. Rull cell lysate (40@g/ml) from Hela cells stably overexpressing E@Es incubated with or without 2ng
amylopectin for 1h and then centrifuged for 1.6 at 10000y at 4°C. Supernatant wasrcentrated pellet was washed and

both fractions were analysed by western blotting for EDI3, as well as ERK as a control for a protein that does notignd glyca
C Densitrometric analysis of the EDI3 and the ERK luminescence signal show signiferanicds irthe binding of ERKnd

EDI3in the pellet and supernatantractions (n = 3) * indicates p < 0.05** indicates p < 0.01.

3.2.2 Full length EDI3 but not W3 CBM2(Qcoprecipitateglycogen irvitro

After showingsuccessful binding of EDI3 to amylopectinwas next investigated whether
EDI3could also bindglycoger 'y R K2 g Ydzil GA2ya Ay 95LoQa
binding Here, lysates frorEK293T dslwere used, which wergansientlytransfected with
EDI3-3xHA, EDRV32A3xHA, EDK / . a-3xlHAor an empty vector. HEK293T cell lysate
was incubated wittglycogenprior to the glycan pulldowrassay figure 3.9) EDI3 could be
detected in the pellet fraon in lysate from HEK293T cells transfected with ERRRA.
However, EDIV32A3xHA showed no binding, areDI3n / . a-3xlHArevealed a weak

signal in the pelletThere was no EDI3 signal in the pellet when lysates from cells transfected
with the empty vetor was usedThe ERK signal was only found in the supernatant for all

samples.
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Figure3.9 Mutant EDI3 ceprecipitates less with glycogen compared to wild type EDR®presentative western blot image
of aglycan pulldown. Full cell lysaé00ug/ml) of HEK293T cells transfected with pCRVVEDI33xHA, EDRBV32AHA,
EDI3n / . a-3xiHAor empty vector werancubated with2 mg glycogenfor 1 h and then centrifuged for 1.6 at 100000y
at 4°CProteins of the concentrated supernataandthe washed pellet weranalysed by western blotting.

In conclusionthis experimenprovides initial evidence that EDaBo bindgglycogenand that

an intact CBM20 domain is important for this binding

3.2.3EDI3 expression negatively correlates with glycogen levels in breast cancer

cell lines

Since the initial studies suggested thEDI3 bind the carbohydrates amylopectin and

glycogenin vitro, the subsequent step aimed to understand the functional consequence of

this binding, by first identifyinguitable cell culture modsl

In a first step glycogenlevels were measureth different breast cancer cell linegsing a

commerciallyavailableglycogen assayCell lysates fromMCF7, T47D, BT474, SKBR3 and
HCC1954 cell lines were treated with and withoutamylage Y SGF 62t AT S | € f

content to glucose Free glucose was ioized andthe released HO, induced in a colour

change in an added substrate which could be quantifiedan indicatoof glucosecontent.

With this assay, botlylycogerandfree glucose could be determined.

The data show that glycogen levelryin the different cell lines, where high glycogen levels

were observed in th&47D, MCF7 and BT474 cebisnpared to theHCC1954nd SKBR3 cells

(Figure 3.10.BFurthermore, the ratioRigure 3.10.¢Cof free glucosedata not shown to the

glycogen levelsHgure 3.10.B show that HCC1954 and SKBR3 cells appeabetanore

glycolytic(values <1gompared to the other three cell linégalues >1)interestingly, the more

glycolytic cell

lines (high glucose/glycogen ratio) expressed higher levels of EDI3

(Figure3.10.A)compared to the lower glycolytic cells (T47D, M@AA7J.
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Figure3.10 HighEDI3gene expression correlates with low glycogen levels EDI3 mRNA expressionrmalized to -Actin

in five breast aencer cell linesaand B,the correspondingglycogen levelsiormalized to total protein contentCells were
cultivated inhighglucose medigdysed and then treated with or without glucoamylase forrB8. Via a colarmetric reaction

the glucose and glycogelevels were measured irthe different cell lines. Protein concentration was determined via
bicinchoninic acid (BCA), Glucose talycogen ratio calculated from thealues obtained from the glycogen assay performed

in B; the area above the linedicatesa glucoseaatio >1. (N=3) *** indicates p < 0.001.

In summaryglycogen could be detected @l investigated cell linefiowever, the leveldiffer.
Importantly, there is a negative association between EDI3 expression glycogen levels, where
highEDI3mRMNA expressiorfis associated witlow glycogen leve|suggesting that EDI3 might

be needed for glycogen degradation.

3.24 EDI3 does not bind STBDL1 in breast cancer cell lines

After identifyinganinverse relationship between EDI3 expression and glycogetslén cells
in vitro, and verifying detectable glycogen levels afl cell lines,the next stepaimed to
determine whether there is ainteraction between EDI3and glycogen incells For further

experiments, the MCF7 and the HCC1954 cell line were sdlddbth cell lines express EDI3

67



Results

and contain glycogen; however, as shown above, there was an inverse relationship between

the two.

Since classid methods to detect glycogemsuch asperiodic acid schifstaining, are not
suitable for cell culturé¢Jiang et al. 2010an indirect approackvas used by investigating the
binding of EDI3 to known proteins that bind glycogen. Thus, cells were transiently transfected
with plasmids containing EDI3 and STBD1, since the lattéreessuggestedo bea glycogen

reporter protein(Skurat et al. 2017)and celocalizationwasinvestigated

MCF7 and HCG%4 cells were ctransfected with pRRCAGEDI3turboRFP and
pRRCMVSTBDAGFP plasmiddreated with or without glucose for 6 hours prior to fixation
and analysedwith confocalmicroscopy. The images indicdtéhat in both cell lines STBD1
localized to tle perinuclearregionthat were enlarged to several micrometres in diameter
(Figure3.11, left panel)This pattern decreased under glucose starvation, and for example, in
HCC1954 cellsmaller punctuated spotsvere observedhroughout the cytoplasmThese
staining patterns reflect what was reported in the literature suggesting that STBDL1 is a good

indicator of glycogen in the cell.

In contrast to the pattern seen for STBIEDI3illustrated adiffuse cytosolic distribution in
both cell lines(Figure3.11, middle panel) No punctate staining could be detecteandno
changesn localizatiorcould be identifiedupon glucose starvatigras reported for STBD1 and
laforin (Shgh et al. 2012)Rather, EDI3 remained cytoplasmigpon glucose starvatian
Furthermore no interaction could be visualizedith STBDAGFP(Figure 3.11, right panel)
STBD1 is properly linked to a cell organelle since the EDI3 and the STBD1 stzonmpteizly

separated

Theseresults suggest that EDI3 is located in the cytoplasm and is not altered by glucose
depravation. Furthermorethe images showed no evidence of-lozalization betweerEDI3

and STBD1 in MCF7 and HCC1954 ¢&dissidering thaSTBD1has been proposed as an
indicator for glycogen binding, #sedata suggest that EDIBoesnot bind glycogen in the

studiedcell lines.
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Figure3.11 EDI3 and STBOIb not interact with each othetin breast cancer cell linesA, MCF7 and,HCC1954 cells were
transfected with EDRurbo RFP and STBIGFP. After 24, media was changed to glucose free media, or normal glucose
containing media. After & cell were fixed in 4%PFA, the nuclei were stainégtl WAPI (blue), and the cells imaben a
confocalmicroscope. Representative images3ohdependent transfections
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3.25 Glycogen levels in breast cancer cell lines are not affected by reduced
EDI3levels

Previous studies have suggested that baifolin and STBDHave apotential role in glycogen
degradation(SolazFuster et al. 2008; Zhu et al. 2014he transfection of the laforirmalin
complex into a rat hepatoma cell line decreased glycogen lemettsSTBD1 shoed increased

binding to glycogerassociated proteins during glycogenolysis.

To investigatats rolein glycogen depletioni=DI3was silenced itMCF7 celland HCC1954
(HCC1954 shEDI3) cells using siRNA oligos and an inducible shRNA vector, respectively.
Threedays after sencing,the cells were starveth glucosefree media for th, 1h, 3h and

24 h, andthen glycogen levels wergetermined(Figure3.12A, C). To verify the knockdown
efficiency, RNA was collected from all conditions and analysed vidimealPCR and

norY I £ AT S\&in @Eigure3.12B,D).

In MCF7 cellseduced levels of EDI3 using two independent oligos (Figure 3dfbigd no
significant change in glycogen abundance compared to full medeelts transfected with
non-targeting siRNA (NEQ)uringglycose deprivationthe glycogen levels decreaséom
78 (+/- 7.2)ng glycogerto 7.5 (+/-4)ng per ug protein after 24h. However, the glycogen
levels were not alteredduring the different periods of glucose atvation after EDI3
knockdown compared tthe respective contro(Figure 3.12A, B). In HCC1954shEDIZells
EDI3 downregulation was controlled by the addition of doxycycline, showing a 70% decrease
in RNA expression after 72h incubation (Figure E)12n contrast to the MCF7 cells, the
HCC154_shEDIZells showed lower glycogen levels, whidompletely degradeafter 1 h of
glucose starvation. Latéime points(3 h, 24h) showed no recovery of glycogelevels FHgure
3.12D)
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Figure3.12 ReducingEDI3gene expression does not influence glycogen level$CF7 or HCC1954 cell linddCF7 were
transfected with two different siRNA oligos (EDI3#1 or EDI3#2) or-sangeting SiRNA sequence (NEG), and HCC1954 cells

were treated with 0.5 pg/mlétracycline to induce the transient knockdown in HCC1954. After 3 d, RNA was collected and
then cells were deprived of glucose for 1 h, 3 h, 6 h and 24 h. Glycogen levels were determined using the glycogen assay as
described aboveA and C,show RNA levels MCF7 and HCC1954 cells respectiigand D, Corresponding glycogen levels

of MCF7 and HCC1954 cells after EDI3 reduction and glucose starvation. Corresponding EDI3 mRNA levels were collected in

- aSLI NI GS LI I-Acth3(N=g) Ndichtésh k G085, *irdlicates p < 0.01, # under tetetimit.
Thisset of experiments suggesthat EDI3 levels have no influenge glycogerconcentration
in the investigated cell lineseither in depletion nor iproduction, regardless of the basal

levels of glycogen or endogenous expression of EDlinells
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3.3 EDIan liver

Sinceneither glycogen binding in cell culture nor an influence of EDI3 on glycogen levels in
different breast cancer cell lineuld be observedit is possible that the binding affinity of
EDI3 to glycogen ieo low. It is plausible thaa weak interactioomaybe observedf EDI3 and
glycogen areartificially forced together in highconcentrations such adike in the glycan
pulldownsshown above (3.2. and 3.22). In cancer cell lingghe glycogen levelsnay be
endogerously too low compared to glycogealevant organs, such as liver, muscle and brain,
making it difficultto observebinding of EDI3 to glycogemth conventional methodsThus in

the next chapteythe role of ECB in glycogenmetabolismin isolated hepataytes will be

investigated

3.3.1Glucagon influx increasE®Il3yeneexpression imousehepatocytes

Primary mouse hepatocytes (PMHK\ere treated with glucagon and insulin to stimulate
glycogen breakdown and production, respectively, and the effecEd8 expressionand
protein levelsis investigated PMHsfrom 8 week old male C57BLUX6micewere seeded and
cultivated overnightand thentreated with 10nM, 100nM or without glucagon for h, 3h,

6 h and 24h. After eachtime pointprotein and RNA wereotlected andanalysed

In responsedo both 10nM and100nM glucagonEdi3gene expressigmormalized tcEif2a
increasa 5-fold (3h time point) and 7-fold (6h) compared to thesampleswithout glucagon
treatment (Figure3.13.A. After 24h, the mRNAexpressiondecreasedonce moreto the
control level(Figure3.13.A. Similar increases were seen at protein levels whéte after
glucagon addition, Ediprotein expressionincreased Zold compared to the untreated
control normalized to the -actin Figure3.13.C D).To validatethat the glucagon treatment
was successfuthe geneexpressionof Pckl,which encodes for the Phosphoenolpyruvate
carboxykinaseRepck) protein, a cellular marker for gluconeogenesigas investigatedThe
highestincrease irPcklexpressiorwasdetectedafter 3h, and unlikeEdi3 did not decrease
after 24h (Figurel3.3B). In addition,phosphorylation of cCAMP response elemdaihding

protein (Creb) at position S128so supportedhe influenceof glucagon on glueneogenesis.
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Figure3.13 Treatingprimary mouse hepatocytes (PMHSs) with glucagon increaBel$3geneexpressionEdi3 protein levels
significantly. PMHswere plated in a collagen bilayer and treatedw@nm, 10nM or 100nM glucagon for h, 3h, 6h, and
24 h. After each point of time RNA and protein was colledtadanalysisA, Edi3gene expression after glucagtmeatment
over time in PMHsormalized to the housekeeping gerigif2a.B, correspondng PcK. gene expression normalized Eif2a
C,representative western blot image of proteiasalysed after glucagon chetige. Analysed proteins are Bdi-actin, CAMP
response elemenbinding protein (Creb) and corresponding phosphorylation at S133 over Biyigensitrometric analysis
of Edi3 proteirexpressiomormalized to -actin. (N=3) *indicates p < 0.05, ** indicates p < 0.01.

In addition to invespating the effecof glycogerbreakdown orEdi3expressionthe effectof
glycogen production with insulion Edi3expression was further investigatég treating PMHs
with 0nM, 10nM or 100nM insulin Protein and RNA were collected and analydedulin
had no effecton Edi3geneexpressionor Edi3 proteinlevelsnormalized toEif2a(for RNA)
(Figure3.14.A) or i -actin (for protein). Phosphorylation of S473 ofk& was measured to

confirm the activation of intracellular signalling by insifgure3.14.B).

Bothexperiments could show that glucagdout not insulinaltersthe expression oEdi3levels
in primarymouse hepatocytessuggesting aole for Edi3 in liver metabolisnfurthermore,
the upregulation ofEdi3after 3h and the simultaneous increase Btklsuggest a potential

role in gluconeogenesis.
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Figure3.14 Addition of insulin does not influence Edilevels.Primary mouse hepatocytesere treatedwith O nM, 10nM

or 100nM insulin for 1h, 3h, 6h and 24h. After each point of time RNA and protein was collected and analysdei3
gene expressiomver time normalized tcEif2a B, representative western blot image of analysed proteins after insulin
addtion. Proteins analysed are Bdi -actin, protein kinase A (Akand corresponding phosphorylation at S476 at different
points of time.C, Densitronetric analysis of the Edi3 normalizediteactin. (N=3) NS= not significant

3.3.2 EDI3 associated metabolites decrease after glucagon treatment

After observingincreased Edi3 levels in primary mouse hepatocytes after glucagon addition,
the link between E® and gluconeogenesis may be via theavageroduct of Edi3@ycerot
3-Phosphate Via G3Rdehydrogenase (G3PDH)G3P can be further metabolized to
dihydroxyacetonphosphate (DHAP) which is a major player in gluconeogedeses. Edi3 is

the only knownprotein that enzymatically cleaves intracellular GPC to Gly&pblosphate
(G3P) and cholingStewart et al. 2012)he role of cholin@nd choline associated metabolites
during glucagon challengs not welldesribedin literature andmight also be altered. To
further understand the role of Edi3 in miciae Edi3 related metabolite§GPC, choline and
PCho)vere analysedluring glucagon challenge RMHsvia LC/M&ndnormalized to protein

(Figure 3.15)
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FHgure 3.15 Edi3 associated metabolitedecreaseafter glucagon challengeHepatocytes from male C57BL6 mice were
isolated and incubated with 18M glucagon for B, 1h, 3h and 6h. Intracellular metabolitesvere collected in methanol,
spiked with internal standard and measured viaMlE/MS A, GlycerophosphocholinB, Glycerol3-PhosphateC,CholineD,
Phosphocholine were normalized to thén@lucagon time poinstructural formulaof the metabolites are icluded N=2 with

5-6 technical replicates) indicates p < 0.05, ** indicates p < 0.01.

There was aignificant reductionn GPC levelduring glucagon stimulation after &hd6 h.
Nevertheless, after 6 around 60% of the total GPC was still present éddlls Interestingly,
the concentration oEdi3 productsG3P and cholindecreasedalbeit insignificantly in a time
dependent manneicompared to the untreated control sampleSonversely, an increase in
phosphocholinevas observed, with a 50% increaafter 6h glucagon stimulatiosompared

to control.

3.3.3Glucagon does not influence the EDI3 levels in primary human hepatocytes
In the previousexperiments it could be proven, that Edi3influencedby glucagon on RNA
and protein level which were reected in alterations in cholinreslevant metabolites To
determine whether the changes were relevant for humapamary human hepatocytes

(PHHSs) from dlierent donors(regardless of gender and BMI statusre investigated. &ther
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donor information carbe found in the supplementary da{®.2.1) PHHs were cultivated as

described above and challenged withrdld glucagon. RNA and protein afteh,13h, 6h, and

; |l!z4i -”ii Fj ﬁj 2
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Figure3.16 Challenging primarhuman hepatocytes (PHs) with glucagorhas no effect on EDI8&xpression.PHHswere
treated with Onm, 10nM glucagon for h, 3h, 6h, and 24h. At each time poinRNA and protein was collected and analysed.
A, EDI3gene expression over time after glucagon addition in PMHs normalized to the housekeepingEdfena B,
corresponding®CKIgene expression normalized EIF2AC,Representative western blot image of analysed proteins after
glucagon challenge. Analysed protears EDI3j -actin, cAMP response elemehinding protein (Creb) and corresponding
phosphorylation at S133 over timét) indicates 16M Glucagon-§ indicates no glucago®, Densitrometric analysis of the
EDB protein translation normalized to-actin. (N=4) * indicates p < 0.05

EDI3gene expression in the PHHs increased-tald compared to the unchallenged control
upon glucagon treatmentHigure3.16.A). This increase was significant at the But not at

the 6h. EDI3 proteirevelshowever remains nchanged after glucagon treatmenfigure
3.16C D). An increase IRCKIRNA expressiorfFigure3.16.B), and phosphorylation of CREB
at position S133pCREBa#fter glucagon treatment verified that PHHs were responsive to
glucagon Figure 3.16C). The amaut of CREB itself remains unchangédggre 3.16.C).
Therefore, the addition of glucagon to primary human hepatocytes led to a small but
significant increase iEDI3gene expressianwhich did not translate to higher EDI3 protein
levels, indicating that BB may not be relevant in glucagonediated glycogen breakdown in

primaryhumanhepatocytes.
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3.3.4EDI3hows no cdocdizationwith STBD1 in primary human hepatocytes

Although EDI3 was shown to not be directly involved in glycogen breakdown in human

hepatocytes, it was nevertheless investigated whether EDI3 was able to bind glycogen and

known glycogerbinding proteins in human liver.

Figure3.17 No colocalizationof EDI3and glycogen or glycogeassociaed protein in human liver Arepresentative image

of primary human hepatocytes transfected withRRCAGEDI3turboRFP orpRRCMVSTBDAGFP, showing no €o
localization. Nuclei were estained with DAPIN=3) B,CPAS staining indicating glycogen in purpédt (banel), digest with
diastase followed by PAS staining (A0 show specificity of PAS signal (middle panel), and immunohistological staining
of EDI3, detected witlo Z-DiaminobenzidingDAB) indicated in brown (right panel). All images were costd@red with

al @ SNJ ya | SYhighlighit thé Butlelz&taidings were performed in two individual donors.
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First, primary human hepatocytes were transfected with EDIBORFP and STBI&EFP for
48h, prior to fixation with paraformaldehyde (FiguB17.A). Noco-localization could be
detectedbetweenEDI3 and STBDEDI3 was localized to both the cytoplasm, as well as the
nucleus, whereas, STBD1 was localized to the cellular compartment, but not where EDI3 was
located. However, these experiments wemperformed in cells; therefore to test binding in
tissue,the Periodic Acieschiff (PAS) reaction and Periodic ABahiff reaction with diastase
(PASD) were performedn serial sections gparaffin embedded liver from human donors
(6.2.2).As lllustratal in Figure3.17.B and Cthe location of glycogen in human liver could be
detected with PAS stainingand verifiedby digesting glycogen with diastasBASD). As
indicated in 3.17.Ban accumulation of glycogen within the livaid not caelocalize with he
signalfrom the EDI3 antibodylInterestingly,EDI3was abundantin regions whergglycogen

wasnot present(Figure3.18.C), overall suggesting that EDI3 did not bind glycogen in liver

Another attempt, how the bnding of EDI3 to glycogen was investightg@as using the
modified glycan pulldown as described3.2.1 and 3.2.2This timeinstead of pure glycogen,
200mg fromglycogen containing organs, liver and muscle were isolated frate C57BL6

mice. Organs were homogenized, centrifugedh&gh speedand the proteirs from the
resulting supernatarg and glycogercontaining pelles were analysedy western blot. Erk

was used as an example of a protein that does not bind glycogen and should thus be retained
in the supernatant fraction. As protein markerfull cell lysate(load)isolated from primary

mouse hepatocytes (PMH) was used.
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Figure 3.18 Coprecipitation of Hi3 and glycogenin glycogerrich mouse organsA, Representative image of a glycan
pulldown assay performed with mouse liver and muscle. In total, B@diver or muscle were homogenized, centrifuged at
100000g, and the resulting supernatants and pellets were analysed via western blot for Edi3 and Erk. As a protein marker
(load) full cell lys from primary mouse hepatocytes (PMH) were usBdDensitometric quantification of &3 and Bk

shown here as a ratio in both the supernatant and the pellet fractions of each oxg@)*(indicates p < 0.05
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As demonstrated inFigure 3.18.A, there is astrong band for Edi3 and Eik the liver
supernatant fraction; whereas, no band could be observed in the pellet fracfieralready
describedin section3.2.1 and 3.2.2 and also variouslgscribedin literature glycogen is
sedimented after high speed o#ifugation(Lazarow 1942; ORREbd 8UEDING 1964; Wang

et al. 2002; Jiang et al. 2010; Diaz et al. 2HdiBin the liverdoes not bind cell components,
such agylycogenwhich sediments in the pelletnd thusdid not precipitate Once agairEdi3

could notbe associated with glycoge@onversely, although there is a strokgi3signal in

the supernatant fraction of the skeletal muscle, there is a distinct signal in the pellet fraction
Erk, which was used as a protein that does not bind glycogen, was found primarily in the
supernatantfraction. To quantify he results, theratio of the densitrometricEdi3 and Erk
signas in the different fractions(pellet and supernatant) was determined and the ratio
between the signals was calculated (Edi3/Hikure3.18.B).A high value indicated #t in

one fraction a higher amount of Edi3 was found (>1), a low value indicated a higher amount
of Erk (<1)Equal amounts (391suggestedequal amounts of protein in the fractions. The
generated data could show thaspecially in the pellet fraction of sletal musclea high Edi3

level could be detectedrlhis indicateshat there is more Edi3 in the pellet compared to the
supernatant fraction of the muscle tissueowor equallevelsin both fractions of the liver
suggesting that Edi& not increased inhie liver pellet.Whole cell lysates from PMHs were

used to identify the EDI3 protein band.

Overall the data suggest thaEDI3does not bindglycogen in human liveasglucagordid not
increaseEDI3 protein levelsn PHHs, and there wam interactionbetween the glycogen and
EDI3in the pull down assay ndrinding to STBD1, ao-localizationof EDI3 and PAS§aining.
In a glycan pulldown of mouse orgaashinding of Edi3 in liver coultbt be associated with
glycogen binding-However, the pulldown assayggestso-sedimentation of muscle Edi3 and

glycogen suggesting possiblerole for Edi3 in skeletal muscle.
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3.4 EDI3 in muscle

After an extensive research to idefy a binding of glycogen and EDI3 in human liver and
primary hepatocytes, nonteraction could be detectedIn set of glycan pulldowna co
sedimentationof glycogen and muscle EDI3 could be fouratofding to this experiments a
binding of EDI3 to glycogen gkeletalmuscle is possibldn another attempt to identify a
binding of EDI&nd glycogen the last part of the project was the investigation of EDI3 in

human skeletal muscland identify a binding with glycogen.

3.4.1EDI3shigh in skeletal muscle typle

EDI3 expression and location was investigated in skeletal muscle atht@ore six different
donors, both male and femal®vith variousbody mass indice.2.3).In order to identify the
optimal antibody concentration for human skeletal muscle, an antibody titration was
performed with the custom made ED3B8G3antibody (AMBio) in donor 1 (6.2.5F0r each

donor, the skeletal muscle fibre type was determined by staining for Myosin Heavy Chain 7
(MYH7) and Myosin Heavy Chain 2 (MYH2), which detects skeletal muscle type | and type I,
respectively. Finally, EDI3 was stainedétermine muscle type to which it localizédgether

with recognized glycogehinding proteins, glycogen synthase and STBDL1.

In Figure3.19, arepresentative staining from one donor is illustrated. In the imabereisa
clear differentiation betweemmuscle fibers type | (MYH7) and tyb€VYHJ. Additionally, it
could be shown that EDI3 is primarily localized to ty@el9.A Interestingly, EDI3 is localized
to peripherally located cafike structureghat appears to sit atop or partially encirdlee type

| skeletal muscle cell$his caps are highlighted by the black arrowheads inB.48d in Figure
3.20.A

An association of EDI3 sheletal muscle type Il was alreadyaean literaure (Hashimoto et
al. 2016) Here, the authas postulate that in miceverexpressing th&DI$ n Tmmatant gere
skeletal muscleype Il fiberrich muscle mass was reducethe cagdike structures have not

been described until that point.
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(Type 1)
o S0 |

Figure3.19ED3 is predominantly dcated in skeletal muscle type. IRepresentativémmunohistochemical images of human
skeletal muscle stained witklyosin Heavy Chain 7 (MYH®@)detect type | fibes, Myosin Heavy Chain 2 (MYH2) to detect
type llifibres, and EDI3 amtddies and detected witB, 3-DiaminobenzidindDAB). Catike structures, which are positive for

EDI3, are indicated with black arrowheads. Stainings were performed in three different donors, two of which are shown here.

3.42 EDI3 interacts withlycogen associated proteimsskdetal muscle

One common characteristic @dst glycolyticskeletal muscle type fibreswhichdistinguishes

them from oxidative skeletal muscle type | cells is the high amount of glycogen in type Il cells.
To find out if EDI3 binds glycogen in this cgflet immunohistochemical analysis was
performed in serial sections of human skeletal muscle using antibodies against glycogen
synthase 1 (GYS1) and E[F8ure3.20) and stained with DAB. The results in 3 donors,
suggested that there is docalization béwveen GYS1 and EDI3 as exemplified in Figure 3.20
with two donors. However, although docalization of both proteins appeared primarily in

skeletal muscle typd, it was not limited to these cells.

81



Results

Figure3.20 EDI3 cdocalizes with glycogen synthase lumanskeletal muscleHuman skeletal muscle serial sections were
stained with antibalies against EDI3 and GYS1 and binding detected3w@kDiaminobenzidindDAB). Nuclei were stained
in blue via mematoxylin Three patterns of ctocalization are seend, Colocalization appears mainly in the chke
structuresB, EDI3 and GYS1-laralizes within the whole ce@t,EDI3 and GYS1-tmralizs around a cavity within the cell.
For each region showing colocalization some examples (three arrowheads) were. $hages from 2 donors.

In some cases, docalization was detected primarily in the cap léteuctures (Figure 3.20.A);
whereas, in otlers colocalization was observed either throughout the entire cell (Figure

3.20.B), or in rindike structures surrounding a cavity (Figure 3.20.C). Néxbrescent
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immunohistochemical staining (IHC)were performed to validate the DAB stainings; co

staining with EDI3 (red) and GYS1 (green).

Figure3.21 EDI3 cdocalizes with glycogen synthase lluman skeletal muscle Representative imagesf human skeletal
muscle, cestained with EDI3 (&) and GYSL1 (green). Nualare stained in blue with DAPI. dacalization is indicated in
yellow, with different patterns and signal strength observédweak celocalization of EDI3 and GYS1 within the &ll,
strong caelocalizationthroughoutthe cel (and along the fibers), as well aslogalization around a cavity structure (white
arrowhead) andC, no obvious cdocalization inside the cell, but esgaining around cavity structure (white arrowheads).
Images from 2 donors.

Two donors were cestained and while theyboth show colocalization Figure2.21) the
intensity of the cdocalization differsThe findings alreadgbservedn the DAB stainings could
be confirm, depending on the donor strong or weak-tmralization could be detectedrhe
circleround staining which surrounds the cavity could be detected in both do(figgre
3.21.B, G.
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The results thus far indicate thgtycogersynthase 1¢ a known glycogen binding proteins

a potential binding partner of EBJ suggesting that EDI3 may ifskind glycogen in skeletal
muscle. Therefore, to confirm that the interaction of EDI3 to glycogen synthase 1 is related to
glycogen, a second glycogbmding protein- starch binding domain containing protein 1
(STBD1}) was chosen. In addition to addsging a potential association with glycogen, an
interaction of EDI3 with STBD1 would confirm possible heterodimerization/interaction among
CBM20 family membergor this experimenthuman skeletal muscleas coestained with EDI3

and STBDZXntibodies, and mmunoprecipitation analyses performed with EEHA and
STBDFLAG constructs

Figure3.22 EDI3 interacts with STBDOf& human skeletal muscleA, Representative image of EDI3 (red) and STBD1 (green)
co-staining in human skeletal muscle. @eralization is indicated in yello and G Immunoprecipitation (IP) experiments
performed in HEK293T cells transfected wilhsmids containingeDI33xHA and STBEBXFLAG and lysed after 48B,
Magnetic beads linkedot different amounts of FLAG (lowg8 high=7ul) or unspecifidgG antibody(Mock, 7ul) were
incubated with the cell lysate. Protein bound to the beads was separated at 95°C an@xEIBI3bait) and STBEBXFLAG
(prey) protein were analysed via westertob Full cell lysates (FCL) of the transfected and parental cells are also shown.
Magnetic beads were linked to H#ntibody (5ul) or Mock (5u1). Bait protein is EDI3xHA, prey protein is STBRBIFLAG.
Additional FCLs with EDBXHA and STBEBXFLAGo-transfection or EDE3XHA alone are shown as controls. B antl€)

Co-localizationof EDI3 and STBD1 could be obsenwsgecially in the sarcolemmalose to
the cellular membrane (Figure 3.22.A). A weak interaction was also observed inside the cell
(Figure 3.22.A), where both antibodies showed-tillo¢ structures that were mostly red or

green, indicating no ctocalization, but with occasional evidence of yellow dots indicative of
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