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Aims of thesestudies

Although the accuracy of exgssing different proteins is extremely high, with errors
beneath 18 for bacteria and 18 for eukaryotiacells(Ogle and Ramakrishnan, 200&)eprocess
of transcription translationand the immediate fold afewly synthesized proteichainsin to a
fully active potein sometimegesults in incorrectly foldedtructures Due to these reasqrihe
cell has developed control mechanisms in key @mostto overcome them and an important
organele where folding of nost secretory and membrane proteatsursis the endplasmic
reticulum (ER).To achieve their native structure the proteins undegg@nd sttranslational
modificationssuch as addition dN-glycans to specific sequences A$rSer/Thr immediately
after entering the ERformation of transient disulfide bds toincrease stabilityand their
associatiorwith chaperongfor folding assistancéHelenius and Aebi, 2004Prdeins that fail to
achieve their native state are selected for proteasomal degradaioty through theER
AssociatedDegradation pathwayERAD) (McCracken and Brodsky, 1996EDEM (ER
degradationen h a n ¢ mangosidasdike proteins)1, 2 and 3are members of thglycosyl
hydrolase 47 famit along with ER mannosidase 1 (ER Manl) arete proposed to be key factors
in removal of misfolded substratéom the folding cycles anthrgetingthem to degradation
throughERAD (Olivari and Molinari, 2007)

Through this thesisaimedto understandiew aspects concermgjrihe folding mechanisms
and the degradation afonventionallysecreted proteinswith emphasis orER degradation
en h a n ¢ mannysidikdike protein 3 (EDEM3)The role of this protein has yet to becitled
as onlycertainaspects were investigated athd few existingreportsproposeopposite results
(Hirao et al., 2006, Ninagawa et al., 2015, Ninagawa et al., 2014)

To extend the current available data and to achieve the abot®nesl goalsknowledge
from damainsthatencompasbioinformatics, mass specinetry analysismolecular cell biology
andbiochemical protein characterizatioraswusedin the attempt to clarify the role of EDEMS3 in
ERAD. The first chaptemainly focuses on proteomic aspeti@vingasmain goal identifying the
possible network of interactors for EDEM8Bdhow it is adjusted upon chemical inhibitiontbé
glycosylationpathway The seconahapter of this thesisad & primary aim the characterization
of EDEMS3, making use of biochemicahd molecular modeling methods to generate an accurate

model of the protein organization.



For thethird and fourth chapteisaimed to understaritie role of EDEM3 subdomains for
association with client proteirmdpartners in the context &RAD.

To establish the role of EDEMf®r ERAD substratedegradation two well characterized
models were chosert y r o s i n a-@rgitrypaim d'yroéinhsds a membrane spanning
glycoprotein synthesized and folded in the E&lowed bytransporttowards the melassomes
where it functions aa ratelimiting enzyme in melanin synthesBeing heavily glycosylatednd
requiringa longer time to achieve its native conformataan expose this protein to possible
mutations/abnormalitieghus different pathologies (oacutaneous albinism, melanoma) have
been linked to i{Halaban et al., 2000, Oetting et al., 19"ince melanoma is one of the deadliest
forms of cancer and one of the proteins modified in cancer is tyrosimhdaseimportant to
understand how this protein is processed in melanomalfeetithe purpose of these studies | used
anartificial ERAD substrat¢hat was previously characterized in our, laamely soluble form of
tyrosinasg(Chiritoiu et al., 2016, Cioaca et al., 2011, Popescu et al., 20@bnutantlpha 1-
antitrypsin (NHK) a well-studiedmodel forsolubleglycoprotein secretioemployed in research
studies as typical ERAD substrate. Mutations of this gameproduce liver cirrhosis and lung
emphysema, due to aggregate accumulation in hepatocytes and lack of transport and inhibitory
function to the lungéPerlmutter, 2011, Sifers et al., 1989, Termine et al., 2005)

In this study, lidentified and confirmeda number of potential interactors of EDEM3 by
coupling immunoprecipitation with advanced massspectrometry analysis of the
immunocomplexes isolated with EDEM3. To better understand the network that EDEM3 nucleates
in ERAD, | analyzed the changesiinn t e r a@buntdamae g @presence of different glycosylation
inhibitors known to affect ERAD as general proc¢Btbein et al., 1990, Tokunaga et al., 2000,
Andersson et al., 200 Porto et al., 2009)

Another objective for this thesis was to obtsiructural insights on EDEM3 organization
which | achieved byusing bioinformatics tools, structure prediction andlecular modeling
software; by creating a consensus view of thpsalictions and analyse$ generatedand
characterizedruncated forms of this proteithrough biochemical and cell biology methods
Further, linvestigated theequirement of the deleted domains in EDEM3 dssociation with
ERAD substrates and partnemofeinsusing cell biology and biochemistry methaoals well as
siRNA mediated knoadkown



1. Introduction

Eukaryotic cells have developed, during evolution, control mechanismeinbainprotein
homeostasis and/a@vercomefaults along thesynthesis and fding process ofproteirs. The
majority of membrane and secretory proteins are synthesized emoERd ribosomesare ce
translationally translocated into the ER whereesident chaperonessuch as BIP,
calnexin/calreticulirand enzymeERp 57, PDBbssist thenewly synthesized chain told (Ludyga
et al., 2013, Bukau et al., 200®)uring folding and transport through the secretory pathway a
polypeptide undergoes many pasinslational modifications and one of thesfiis the addition of
oligosaccharide chains ¢lycans) to specific sequons in the structure of the pratach ag\sn
X-Ser/Thg that will facilitate the association of the polypeptidéhviectir/ chaperone complexes
(Cherepanova et al., 2016, Rush, 2016, Xu and Ng, 2015)

As any biological procesgrotein foldingis error proneand thus the cellgeveloped
specificmechanismsf control. The firstheckpointhatarisesalmost immediately after synthesis
is the ER quality control compartment; here the folding state of the proteins is evaodtedir
transport to either the secretory pathway, back for another folding cycle or for degradation is
decided(Caramelo andParodi, 2015, Guerriero and Brodsky, 2012, Hebert and Molinari, 2007)
If the proteinhas acquiredts native conformation angasses the quality control check it will be
exported from the ER tthe Golgi apparatus; if folding fails the cycle canupetakenseveral
times(Anelli and Sitia, 2008, Kleizen and Braakman, 2004, Svedine et al.,.2004¢ver if the
polypeptide chain fails to reach its native conformatignvarious reasons such as synthesis
defects, por association with chapones andggregation, failreto form correct disulfide bonds,
the cells activateER associated prate degradationpathway (ERAD) to dispose of excess
misfolded proteins from the E®1eusser et al., 2005, Ruggiano et al., 2014, Tamura et al., 2008)
It was proposed tharoteins like EDEM 1, 2,,30S9, XTP-3B and others are implicatéua this
process by Iding and targeting/transporting the misfolded polypeptide to the cytosol for
proteasomal degradatigipersh et al., 2014, Fujimori et al., 2013, lannotti et al., 2014, Olivari and
Molinari, 2007) In the next few pagelswill describe in more detail each step of protein folding
in the ER startig from protein synthesis selection to degradation or siecre



1.1.  Protein synthesis folding and degradationin the Eukaryaotic cell

Since the early 1950, Romanian scientist George Palade showed that in the secretory cells
a large part of the ribosomes amnected with endmembranegPalade, 1955)After almost 15
years datashowingthat the mARN for cytosolic proteins is translated on free ribosomes while the
translation for the mRNA of secretory proteins takes place on membrane bound ribasttmes
the insertiorof thenascent polypeptide chain-t@ngationallyinto theER emergedGanoza and
Williams, 1969, Hicks et al., 1969, Redman and Sabatini, 1966, Sabatini and Blobel]tiBdR)
another ten years to protiee existence of hydrophobic residuepprox.20 amino acids) that act
as tags for proteins synthesis at the ER memlfareen et al., 1975, Sabatini et al., 1971, Blobel
and Dobberstein, 1975)

In order for thenewly nascent polypeptidi® enter the ERhecomplex of 7S RNA and six
polypeptides namedignal recognition particle (SRP)will bind the signal sequence of the
polypeptide to slovthe translatiorprocesgWalter andBlobel, 1980, Walter and Blobel, 1982)
After this stepthe ribosomewill c ou p | e wi t, A he@rBtinGedctlenbrane spanning
complexforming a channel facilitatingot only the entry of the polypeptide but also the cleavage
of the signal sequend¢&orlich and Rapoport, 1993, Mitra et al., 2005, Meyer and Dobberstein,
1980)and very well summarized in two recent revidwlvekrog and Walter, 2015, Voorhees and
Hegde, 2@6). Moreover the signal sequence may also have-tpogéting role inregulation of

gene expressiofMartoglio and Dobberstein, 1998) virus assemblgYork et al., 2004)

1.1.1. Protein Folding in the ER

As mentioned aboverotein folding stad co-translationdly and continues inside the ER
until the native structure is achieved. By having factors that assists proteins inltheg éycle
and supporting podtanslational modifications this compartment ensures that the secretory
proteins are prepared to remain stable under challenging extracellular condito@effrey and
Braakman, 2016)If the polypeptide achieves its native form it is packed atytosolic coat
protein Il (COPIl}derived vesicles and is transported to the Golgi compart(@&iicangelo et
al., 2013)
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In order to prevent the aggregation of misfolded proteins and to ensure a correatiomatur
of the polypeptide chajma rich concentration of molecular chapermseeded. These are grouped
in several categoriess follows:HeatShockProteins(HSP) 40, 60, 70, 90 and 1(Richter et al.,
2010) The members of the HSP 70 represent the most abundantiradasding themaster
regulator of the R folding processBiP (Binding Protein orGlucose RegulatedProtein 78)
(Hendershot, 2004)rhis multifunction proteinsnaintainthe permeability barrier of the ER by
sealing the luminal side of inactive translocgAsder et al., 2005)facilitates tanslocation of
growing nascent chains in the ER lumen by acting as a molecular r@tattsick et al., 1999)
participates in protein folding and oligomerizatiptaas and Wabl, 1983)gulates aggregation
of nonnative polypeptidg®uig and Gilbert, 1994¢ontributes to calcium homeostasis in the ER
(Lievremont et al., 1997)are involved in terminally misfolded ER proteinsargeting for
dislocation into the cytos@Borgjerd et al., 2006, Molinari et al., 200B) involved inunfolded
protein response (UPRJgnaling(Schroder and Kaufman, 200&) fundamentalprocesses in
protein homeostasis

During thar folding and maturation procesthese proteins receivedifferent post
translational modification@TMs). Amongst these PTMs the most studedl-glycansaddition
(Figure 1), theyare attachedt specific sequonis proteins Asn-X-Ser/Thr (NX-S/T, X cannot
be a proline)the process takgsace in the lumen ahe ERandis catalyzed by thectameric
membrane protein compl@tigosaccharyltransferase (OSByreitling and Aebi, 2013, Mohorko
et al., 2011)

Figure 1. Schematic representation
N-glycan structure

ASN
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The OST transfers the preassembled sugar core from the ER meniimid donor
dolichol pyrophosphate to nascent polypee chains. The two processeémnslocation and
glycosylation take place at the same time, otherwise the nascent chain would be partially
glycosylated and the OST would not reach all the glycosylatites(Pfeffer et al., 2014)The
glycan is rapidly trimmedof its two outemost core glucosedy the sequential actions of
Glucosidases | and ih orderto generate monoglucosylated side chains (Glc1Man9GI2)Nthat
promote binding to the lectin chaperones calnexamd calreticulin and their associate
oxidoreductase ERp5{D'Alessio and Dahms, 2015Falnexin (CNX) is a type | membrane
protein that contains a singlerbahydrate binding domain and a proline rich domain necessary
for the recruitment of ERp57an oxidoreductase involved in disulfide bond formation and
isomerization As its counterpart calreticuli(CRT) is a soluble paralo@amriben et al., 2016,
Caramelo and Parodi, 2008, Michalak et al., 200@pn exiting this folding cycle the polypeptide
is trimmed of its last glucose, thus impeding further interactions with the CNX/CRT tysle.
believed thatarbohydrat binding by calnexin and calreticulin is the centi@mafor substrate
selection,but in some cases the literature also reggbitie possibility ofbinding directly to the
protein backbon@Williams, 2006)

Released from the folding cycle the polypeptide entefsRx quality check (ERQC}he
guality control machinerperedecides whether the proteins are misfolded molecules and if so,
they should be given another chance to attain tlaiven structure, or if they should be extracted
from the folding environment and degraded. The folding sekHoP-glucose:glycoprotein
glucosyl transferase (U&I'1) can reglucosylate the terminal /@ nded mannose on branch A
of highrmannose oligosacchdgs through its recognition of exposed hydrophobic regions. This
allowsglycoprotein tae-enterthecalnexin/calreticulircycle (Hebert et al., 1995, Ito et al., 2015)
Lectin-chaperone binding can direct the nration pathway by slowing the folding process,
inhibiting oligomerization and aggregation, and retaining-native substrates in the ERaniels
et al., 2003) Furthermore, rebinding to calnexin and calreticuin promote the reshuffling of
nontnative disulfide bonds One or more cycles of releaseagsociation might be required to
eventually attain the unique native architecture of the mature polypeptide chain for proper
secretion(Solda et al., 2007, Ferris et al., 2013)

It has been reported thdtet protein folding efficiencyaries from30% up to 70%and it

usually depends on the structure of the protein, rate of synthesis, stress factors and others, thus
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rendering 8 unable to predidhis only by polypeptide sequendBhattacharyya et al., 2014)
However, proteins that acquiredtive conformations are transpen to the Golgi apparatus by
secretory vesiclewith the help of coatomer complex protein Il (CORANd it was shown to
concentrate agpecific domains called EBXit sites (ERES) or transitional EEER) (Budnik and
Stephens, 2009, Malhotra and Erlmann, 204rid usually overlaps with the vesicular tubular
cluster of membranes or ERolgi intermediate compartment (ERGIC)'Arcangelo et al., 2013)

The reverse traffic from the Golgi back to the ER is mediated by COPI coated vesicles, also part
of the anterograde transport inside the Golgiaaptus. COPI vesicles retrieve misfolded proteins
that have escaped the ERQC and mediate recycling of ER proteins exported along with COPII
vesiclegJackson, 2014, Popoff et al., 2011)

1.1.2. Endoplasmic Reticulum Assciated Degradation pathway ERAD

The acronym ERARFigure2) wasdevisedoy McCracken et alh 1996 when describing
the degradation of misfolded proteins progressing in a reconstituted yeast system and requiring
unidentified heatabile cytosolic factorsATP, and the chaperone calneXiMcCracken and
Brodsky, 1996)

It is important to understand the mechanism regarding the degraddtitridimg
incompetent proteins due toetfact thatrapid disposal of these polypeptides is hecessary to ensure
the cellular homeostas{®leusser et al., 2005 the necessary degradati on
then accumulation of aberrant proteins may impede the ER capacity to support the maturation of
newly synthetized polygidesleading to cell malfunction and eventually de@iletz, 2012, Sano
and Reed, 2013)

N-glycan trimming was proposed to be the signal for selection of misfolded proteins to
ERAD due to the finding that inhibiting the removal of mannose residues will protect the non
native proteins from degradatidhus proposing a mannose timer concépabral et al., 2001)

This notionsuggested a progressive proteiand@nnosylation that will end the maturation stage
and start a cascade of events in order to clear the ER and translocate to théheytesminally

misfolded polypeptide(Tamura et al., 2008)
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In order for these events @ppenaset of specialized proteins isecessary to ensure the
correctfunctioning of the processpme of the most importabeing EDEM 1,2,3, O, XTP3
B, ER Man, SEL1L and HRD1(Roth and Zuber, 2016)

Ribosome
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\ Translocon ER \
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\ Chaperones vesicles
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aggregates Quality @ @
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\ and aminoacids ’\-\-\ k J

Figure 2. Schematic representation of the protein folding and quality control in the

Over the past decade théxas been intense debatepon the rolef EDEM1,2,3,membes
of the Glycosyl Hydrolase 4{GH47)family along with the endoplasmic reticulum mannesyl
oligosacchade 1,2alphamannosidase (ERManthatpresents a 40% similarity in sequence and
conservetheir mannosidaskke domain (Olivari and Molinari, 2007) Although the ERAD
pathway iswell characterized, especially yeas, the role of each proteiis still unclear This
process requires two-step mannose trimming process anig believel the first one is made by
ERManl converting Man9GIcNAc2ZM9) to Man8GIcNAc2(M8B) (Hosokawa tal., 2003)
allowing one of the three EDEMSs to trim froB8B theU 1 , 6 mlsondroo theeB arm of the
glycan The puzzle consists on which one of them is the se@adimiting enzyme.

In 2003HosokawaHosokawa et al., 20038)nd othergHosokawa et al., 2010, Mast et al.,
2005, Hirao et al., 2006, Olivari et al., 20@pposedhat overexpressing EDEM1 and EDEM3
but not EDEM2 stimulates maose trimming at various stepkhis helpé to reinforcethe idea
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that ERManlis the first eayme followed by EDEM1 and EDEM3 and that the mannosidase
domain of EDEMZ2 is inactive. These results were in contradiction with the previous artioée of
same lab(Hosokawa et al., 2001) which EDEM1 lacktheU 1, 2 man n otgandthes e ac't
involvement of ERManin the formation of ManbGIcNAc2 based on knockdown experiments
(Avezov et al., 2008and biochemistryfAikawa et al., 2012)Additionally, by 2009 2010 the
controversy gotleepelas Cormier and Tamugaoupsand our lalshowed that EDEML1 is able to
recruit misfolded nosglycoproteins and deliver them for destruction through the SERD1
complex and questioning whether it functions as a mannosidase or g§@sotmer et al., 2009,
Tamura et al., 2010By 20142015, another point of viewas added to the puzzle by Ninagawa

et al. showing though transcription activatdike effector nucleasenediated gene knoebut of

EDEM 1,2,3 and ERMan1 that EDEM2 has mannosidase activity and is the first step in trimming
from M9 to M8 followed by EDEM3esponsible for converting M8 to Mahd less active[BEM1

and furthermore proposing the idea that knockdown of all three EDEMSs proteins activates a non
glycoprotein degradation pathway in order to maintain the cellular homedqdtasmgawa et al.,

2015, Ninagawa et.a2014)

As mentioned above the-§lycans appear to serve as tag that provide not only the
necessary information about protein maturatimrt also as binding site fonannoses-phosphate
receptorho mol ogy ( MRH) domai n. TFlinkiedmnannosg onoc@m o ut e r me
highrmannosé ype gl ycan and b iimkedimarmosy fesidpes byche MRH d U 1
domain are critical steps in guiding misfed glycoproteins to enter ERADis processs thought
to be fulfilled by OS9 and XTP3B. According to Christianson et #ie MRH domairof these
proteins is required for interaction with SEL1L but not with ERAD subst(@esstianson et al.,
2008)and that the lectin activity of OS is not required for binding to misfolded glycoproteins.

In contrast to these results other groups reported the specificity of the MRH domains for the M1
6 glycansand its importance in guiding the substrates towards degradqatamaguchi et al.,
2010, Mikami et al., 2010, Quan et al., 2Q08)

Due b the fact that hydrophobic patchare exposed on misfolded proteins, they tend to
aggregate. In order for the ER to maintain normal candit ERAD substrates need to be
disposedthis processias beershown to requirghem soluble, unfolded and without disulfide
bonds(Fiebiger et al., 2002)0ne of the most intedy studied ERAD pathways is theqgtein
Sell homolog 1 (SEL1L) and the E3 ubiquitprotein ligase synoviolin (HRD1). This complex
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is proposed to be the main route through which the misfadedtrates take to the proteasome
due toadaptor role oSELILL in the substrate recognition ahiking to the HRD1(Carvalho et
al., 2010) The importance of SEl1also lies in its abity to interact with Derlinl, and2, VIMP,
UBXDS8, AUP1 and HERP which helps recruitiggP/p97 complex to drive the dislocation of
the substrateacross the ER membrar(€hristianson et al., 200&losokawa et al., 2008,
Christianson et al., 2011, Klemm et al., 2Q018)rthermore, it also acts as a regulator of EDEM1
and OS9 through LC3l dependent sequestration into HRrived vesicle$EDEMosomesjCali
et al., 2008, de Haan et al., 2010, Bernasconi et al., 2@i&plsoimportantto mentionthat the
stoichioméry of the HRDXSEL1L complexwas proposed to k1 (Sun et al., 2014andneeds
to be maintained irder to have and efficient ERA&s well agnaintaining the stability of the
complex leadingto the conclusion that SEL1L is the central player that coordinates the misfolded
proteins recruitment, dislocation and ubiquitinatjplosokawa and Wada, 2016, Ji et al., 2016)
Degradation of most intracellular proteinsashievedby proteasomes. The proteasome is
a multisubunit enzyme complex that plays a central role in the regulation of proteins that control
cell cyde progression and apoptosis, and has therefore become an important target for anticancer
therapy(CohenKaplan et al., 2016, Goldberg, 200The substrates for proteolysis are selected
based on a shatedirdactt them té thgate ¢ol tiie proteolytic chamber ofeth
proteasomeA polyubiquitin chan pl ays t he r o preteine donjugdieel withn a b el 0
ubiqutin (Ub) chain of minimunfour moleculesare targeted to proteasomal degradaftack
et al., 2000) Upon entering the proteasom#éhe polypeptide chain of the protein unfolds and
stretches along it, being hydrolyzed to short peptides. Ubigpémsedoes not get into the
proteasomand is removed by the accessory subunit of the proteasome and rézyatpdnother
molecule; his process has beganerallyi U-d ependent pr oreegenburdetg.r adat i
2012)
The proteasome that accomplishesd#ipendent degradation of proteins consists of two
basicsub complexeghe core 20proteasome (20S CP, abouOKDa) and the PA700 activator
or the 19S regulatory particle (19S RP, about 900 kDa). The 20S CP contains protease subunits,
while the 19S RP includes subunits capable of binding the polyUb chains and the substrate, as well
as isopeptidases cleaving UbdaATPases that unfold the substrate and deliver it to the core
proteasome chann@broll and Huber, 2003)The 19S RP can doek the 20S CP either from one

or both ends, as a consequence of which the 26S and 30S proteasomes are formed, respectively.
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However, the term A30S proteasomeodo i s practic

been accepted to designate both isoffHuang et al., 2016)

As emphasized above, the cell is able to regulate its function througtdefiekd
processesome of them well understood and others not elucidated yet. In physiologicalamnditi
in addition to a tight control of protein folding, to maintain the specific concentration of proteins
in the cell, constant protein degradation is encountered, process generally called protein turnover.
The primary process regulating ER homeostasisRsassociated degradation (ERAD) through
which proteins from the endoplasmic reticulum are transported to the cytosol and degraded in the
proteasome.

Currently the most likely model for ERAD is an adaptive one, where dynamic network of
interacting functioal complexedacilitatesthe recognition, recruitment, dislocation, extraction,

ubiquitination and degradation of the diverse classes of secretory proteins.

1.2. Model ERAD substrates

1.2.1. Tyrosinase and its role in melanogenesis

Pigmentation in mammals resuftem the synthesis and distribution of melanin in skin,
hair and eyes. At cellular level, melanin is producespiecializectells (melanocytes) in cellular
organells calledmelanosomes. Two types of melanin are synthesized: pheomelanin (yellow, red)
and eumelanin (brown, black). As an enzyntlee tyrosinasd€Figure 3) importance lies in the
synthesis ofmelanin. In thigorocesghere aregwo other proteins related to tyrosinaseolved
TRP-1 (Tyrosinase related protein 1) and FRFTyrosinase relatedrgtein 2) that have been
characterized and have been assigned specificopadti the synthesis of melani@illbro and
Olsson, 2011)

ses see
......

1 g6t 1117 1617 2307 2007 3377371 529
-

]

The mature proteims a type 2membrane protein ancbmpriseshree domainsthe N-

SS Cysl Cul Cys 2 { T

Figure 3. Schematic peesentation of tyrosinase structu

terminal domain encompasss 455 amino acidswith 6-7 potental glycosyation sites the
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transmembrane region comprised of 46 amino acids which settles the tyrosinasesiatizsome
membrangandthe cytoplasmic tail (@erminus) (Olivares et al., 2003, Petrescu et a00@).

Being a glycoproteirthe synthesis takes place in &, but to become fully active it needs to be
transported to the melanosomes. Up to date it was proven that to attain its native conformation and
enter the calnexin/calreticulin cycle the fitsb glycans ar@eededwhilethe Gterminus glycans

are important for protein stability and for antigenic peptide generdé@omaca et al., 2011,
Chiritoiu et al., 2016)It was found that tyrosinase employed tbgtroteasomal and lysosomal
pathways for degradation and its proteasomal degradation in melanoma cells generates antigenic
peptides, stimulating an immune resporidosse et al.,, 2001, Ostankovitch et al., 2005)
Tyrosinase degradation generates a naturally occurring peptide YMDGTMSQV, which is
efficiently loaded on MHC class | (major histocompatibility complex class I) molecules and
presented to the cell surface as melanoma antigen recognized bya@D8D4 T cels. It was

found that tyrosinase dglycosylation is important for CD4T cell recognition since enzymatic
deglycosylation abrogated this process. Moreoveglydosylation to the @erminal site was

shown to enhance antigenic peptide presentation towédice(Chiritoiu et al., 2016, Housseau

et al., 2001, Malaker et al., 2016)

1.2.2. Alpha 1 antitrypsin (AT)

Alpha 1 antitrypsin is a lung protective enzypiaying a major rolén protecting the lower
respiratory tracagainst praolytic destruction by elastase.

Alpha ZlLantitrypsin was identified aa versatile protein able to dergo rapid shape
modifications. While versatility may provide advantagiés feature also has drawbacks a
series of mutations have beédentified These mutations leathe misfolded proteins to
accumilate resulting in diseasesuchasliver cirrhosis and lung emphysema, due to aggregate
accumulation in hepatocytes and lack of transport and inhibitory function to thgRertmautter,
2011, Sifers et al., 1989)

AT is comprised o118 aminacacids, with an Nlerminal signal sequence (24 amamds)
and thre potential glycosylation sitg$igure 4. It is synthesized as soluble monomer in the
erdoplasmic reticulumAs mentioned abovyeseveral mutations in alphadahtitrypsin have been

identified out of whichtwo of them were found to be secretion incompetent or secretion impaired,
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Figure 4. Schematic representation of alfal-tipisin and its truncated mutant NHK

NHK (truncated AT) and ATZ (point mutationmespectivelyThe secretionof incompetent forms
(NHK-Null Hong Kong) are terminally misfolded, implicitly retained in the endoplasmic
reticulum and subjected to proteasomal degradabienerthelesspoint mutation in AT (ATZ)
favors polymer formation andelaysthe secretio of monomeric protein. The cells discard this
protein both by proteasomal or lysosomal degradation, involving canonical autg@raggm et

al., 1990, Le et al., 1990)

As a glycoprotein AT folding in the endomsmic reticulum wasevealedto be
calnexin/calreticulin dependent aifidhe native structure is acquired it will le&ported from the
ER through COPII coated vesicles. Tqwlity control mechanism in ER was shown to be involved
in native protein secretn. The degradation of AT from the ERsvaund to be ERAD dependent
alsoconsidering the high number of studies conducted on akamdittypsin it was proposed this
protein was a good model for studying the role eglifcans in folding and degradation of
glycoproteins associated to the endoplasmic retici{termine et al., 2005)

In this regardand consideringhany of the studies performed to elucidate the role of ERAD
components in glycoprotein selection and transport to degradagiog this protein as model,
along with tyrosinase, we aim to uveo the complex and dynamic ERAD mechanism and reveal

the role of EDEM3 in this process.
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1.3.  Mass spectrometry (MS)

Mass spectrometry is one of the most sensitive methods of structural analysis. This differs
fundamentally from other spectral techniques [@aicmagnetic resonance, infrared spectrometry,
ultraviolet, etc.) by not involving the use of electromagnetic radiatinlike other spectral
techniques, mass spectrometry saspte converted chemically and become unrecoverable.

It is an analytical tdmique that measures the mabsrgeratio of charged particles and is
able to determine the masses of the particles and to elucidate their chemical struotaley. to
analyze the outcome of this measuremamtass spectrunthe sample nesdo be first ionized
In a typical procedurthe following steps are required
1. Injection of the sampldepending on the sample type it can be loaded on a cadmnanL.C
deviceor manuallyinjected
2.lonization The components of the sample are ionized by uanmethodsesulting in formation
of ions
3. Fragmentation and separatioffhe ions are separated by a niesarge in an analyzer by
electromagnetic fields
4. lon detection The detection and signal processing of ions in a mass sped¢aging to the
mass spectrum output

MS instrumentgenerallyconsist of three modules
Alon source which can convethemoleculesnto gas phase
A rmass analyzer which sorts the ionsiccording to their mass/charge raby applying
electromagnetic fields.

A datector that measures the value of a quantitative indicator thus providing data to calculate the
abundance of each ion present.

The ions are analyzed in gas phase byrhssspectrometernnput mode of the sample in
the device essentially depends mmizaion mode andphysial-chemical properties fothe
substance to be analyzékhe analysis ofsample in the mass spectrometer should consider the

following issues: the purity of the sample, their volatility, sample availability and complexity.
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1.3.1. lon sourcesand ionization techniques

The ion source (frequently called ionization chamber) aims to achieve ionization of
substances to be analyzed and is one of the most impcotapbnent®f the mass spectrometer.
The main types of ion sources are classifiedpatting to the embodiment of ionization as follows:
AElectronbombardment ionization sources (electron impact, El);
Alonizationsourceghroughsample ion collisions providey source (chemical ionizatip@l);
Alonization sourcesthrough a bombardmentith a beam of ions or neutral molecules (Liquid
Secondary lon Mass Spectrometry, and Fast Atom bombardment LSIMS, FAB);
ASourcesof ionizationusing lases (Laser lonization Mass Analys{&IMA), Matrix Assisted
Laser DesorptiogMALDI) );

Alonizationthroughdispersing the solution as fine droplets (thermospray T8Rekattrospray
ESI);

1.3.2. ESIl ionization

In ESla liquid is pushed through a metal capilléfigure5) (Fenn et al., 1989 he liquid
containing the substance to be studied, the anadydissolved in a large amount of solvent, which
is typically more volatile than the solvate. The analyte saistan ion in soition (either anion or
cation). Because theamecharge patrticles repehe liquid will push itself out of the capillary
forming an aerad, a mist of droplets (10 wnThe aerosol is partly produced by a process which
involves the formation of a Taylopne(Wilm, 1994) A lightweight gas such astrogen usedas
a carrier sometimeselps droplet formation and evaporation of the solvent neutral drops. While
the solvent evaporated, analyte molecules are forcedtteer,thus making the ions rejeaine
another (droplet formation). This pra&ses calledCoulombiarfissionandis given by Coulmbian
repulsive forces between charged molecules. The process is repeated until the analyte is free of
solvent, becoming araple ion. lons observed are created by the addition of a proton, [M+ H

or reduction of a proton [MH] ".
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Figure 5. ESI ionizatiolschematic representation

There are two laws that govern the dynamics of charged partiofscitnic or magnetic
fields invacuum:
F = Q (E +v x B) (Lorentz force)1)
F =ma*z(2)
(M/z)a=E +wx B (3)
Where F is the force applied to the ion, the ion massaccelerationQ ionic charge, the electric
field E, v x Bis the vector product of the ion velocity and magnetic field induction. Equation 3 is
the equatiorof motion for charged particles. Together with the original terms of the particle can

completely determine the movement in time and space in terms of m/ z.

1.3.3. Tandem mass spectrometry (MS / MSand mass spectrum

Technicdly MSMS refers to a method in wih a first analyzer is uset isolate a
particular ion, M-, which will undergo fragmentaticemdprodiwceions and neutral molecules.

There are three main ways of achieving techniques MS / MS:

- sweepfragment ion (daughtescan) i corsists inthe selectiorof a precursor ion (parent
ion) and determination of alis producedons

- sSweep precursor ions (parent scaocynsists in choosing an ion fragmeamnid determining
all its precursors;

- cleavedfragments sweep neutral (neutral loss scaepnsists in chosing a neutral

fragment and detdalg all fragmentations causints appearance.
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The obtained measurements can be represented as:

Graphic form. lon signals are shown as vertical lines at the vafue& appropriate and
whose height is proportional toghntensity (abundancesf ions. For practical reasons, these
abundances are recalculated according to the most intense signal (base peak), which is assigned
the value 100%. The operation is caligmbctrunnormalization

Tahular form. I presented inhe form of atable where theions and their relative

abundanceare compared to tHeaseion consideredavingan abundance of 10

1.3.4. Bottom-up and top-down approaches in proteomics

Bottomi up proteomicg(Figure 6), implies that the identification of thirget or bait
proteins to be made by comparing the masses of peptides obtained by enzyme digestion or their
tandem mass spectra with those predicted from a sequence database. By identifying multiple
peptides, we can assemble them and identify a pr(@aeng et al.)

Bottom-up Top-down
Protein fractioning SDS-PAGE, LC,IEF, Gel,LC,IEF etc
l Gel (optional)
Proteolytic digestion Trypsin, LysC etc
Peptide fractioning Gel,LC,IEF
(optional)
v
LC MS/MS Peptide Peptide
fragmentation fragmentation
l (CID,ETD...) (CID,ETD...)
Y ¥
Protein database Protein Protein
search identification by identification by
algorithm algorithm
(SEQUEST, (SEQUEST,
MASCOT...) MASCOT...)

Figure 6. Schematic representation of the two approaches in sample prepardfisfiviS analysis.
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To identify the proteins through botteap approach,the next steps are necessary:
reduction of disulfide bon¢by treatment with DTY, S-alkylation (with IAA) in order to prevent
disulfide bonds formatigrand digestion witha protease to obtain the peptidé&bersold and
Mann, 2003)

Top-down proteomicgFigure 6) is a method of protein identification that uses an ion
trapping mass spectrometer to starésalated protein ion for mass measurement and tandem mass
spectrometry analysis. It is capable of identifying and quantitating unique proteoforms through the
analysis of intact proteins. Proteins are typically ionized by electrospray ionization aretitiapp
a Fourier transform ion cyclotron resonance (Pentmag)or quadrupole ion trap (Paul trap) mass
spectrometer. Fragmentation for tandem mass spectrometry is accomplished by-egattron
dissociation or electretransfer dissociation. Effectifeactionation is critical for sample handling
before masspectrometrsbased proteomicsThe main advantages of the talown approach
include the ability to detect degradation products, sequence variants, and combinations of post

translational modificatios

1.3.5. Mass spectrometry data analysis

Most often, data dependent methods are ygedli et al.). This is a mode of data collection
in tandem mass spectrometry in which a fixed number of precursor ions whose m/z values were
recorded in a survey scan are selected using predetermined rules and are subgestabnal
stage of mass selection in an MS/MS analysis. From the data obtained in the second stage the
peptide sequence can be retrieved based on the pattern of ions produced. Among all the
fragmentation methods the most used is Collision induced dissocigfiiD) (Wells and

McLuckey, 2005)which consists of collision of fragments iomgh a neutral gas like He or Ar

)_% y?‘ Z3 %2 y2 Z_"‘_ X" 3_(1. z_“. H*| Figure 7. Fragmentation patterns. The
' types of fragmented ions dependroany
RI'O ' 'R20' ‘RO R4 factors. They will be identified only if they
Lol vl have at least one charge. If the charge ig
H2N_?TCTTT?7CTTT?TCTTTC —COOH | retained on the N terminal it will be noted
Hi H'H ! ‘THIH! IHIH a, b, ¢ if on the C terimal it will be x, y, z.
“’ ' I The subscript indicates the number of the
a; by ¢4 a, by, c, a3 by c3 amino acid.
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Depending on the properties of the protein and the instrumenpsgarameters different
fragments will result, the main condition that has torteis the ionization of the sample with at
least one charge. If the charg retained on the N terminus side of the peptide will result in a. b.
c ions or if it is retained on the C terminus will form X, y, z idnsgeneral CID fragmentation
generates b and y ions and ETD or ECD tend to fragment-Gialdharesulting ¢ and: ions,
also immonium ions, water losesc. can result depending on the conditions ug&edod et al.,
2007)

1.3.6. Applications

Due to continuous technological improvements mass spectrometry has come to be a
possible hypothesis generating engimg evolving common experiments such as analyzing
proteins through SDBAGE into approaches that camther help wih (Aebersold, 2008
ADeterminatiorof molecular weight. It is the most common feature offered by mass spectrometry.
The possibility of determining the molecular weight is based on the primary process of forming
the molecular ion expulsion of an electron from the moleitiestigated. lons thus formed will
have practically the same molecular molecule comes from. For this reason, the identification of
the molecular ion is an interpretation of a key step in the mass spectrum;

AMolecularformula determination. The molecufarmula of an ion can be determined directly if

it is possible to measure with an accuracy of at least four decimal places of the molecular weight.
This requires precision diges with higher resolution than *Qhigh resolution mass
spectrometers).

AMolecularstructure elucidatioPTM discoveries)Determination of the structural formula can

be performed in some cases as a result of the interpretation of the fragmentation of the molecular
ion incurred. Structural assignment can be made by comparisgéctral data with the existing
mass spectra libraries;

A stdblishing isotopic markings. Mass spectrometry is the standard method for analyzing the
results of isotopic labeling experiments, experiments of great importance for evidence of chemical
processg occurring in living organism&llows for determinationof highly accurate isotopic
abundances for gesciences and archeology. Bhable to determine a ratio 142C=1/1015
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allowed dating of a sample of 40,000 years with an accuracy of 1%. Mass sgéctraiows for

easyidentificationof isotopes antheir position in the molecule.
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2. M aterials and methods

2.1. Materials

Table 1.Chemicas:

Product

Company

Acetic acid

EL-CHIM

Acrylamide/Bisacrylamide 30%

BIO-RAD, Merck

Ammonium persulfate (APS)

SigmaAldrich, Santa Cruz

Bovine serum albumin (BSA)

SigmaAldrich, Santa Cruz

Bromphenol blue

SigmaAldrich

CHAPS (3((3-Cholamidopropybh
dimethylammonio)l-propanesulphonate)

SigmaAldrich, Pierce

Chlorophorm Merck

DMSO (Dimethylsulfoxide) SigmaAldrich
DTT (Dithiothreitol) SigmaAldrich
EDTA (Ethylendiamintetraacetic acid) SigmaAldrich
Ethanol EL-CHIM
Ethidium bromide Promega
Glycerol MP Biomedicals
Glycine Promega

HEPES (N(2-Hydroxyethyl) piperazind\’-(2-
ethanesulfonic acid))

Santa Cruz Biotdmology

Isopropanol (ZPropanol) EL-CHIM
Magnesium chloride SigmaAldrich
2-mercaptoethanol SigmaAldrich
Methanol EL-CHIM
Paraformaldehyde SigmaAldrich
DNase SigmaAldrich

Skim milk powder

SigmaAldrich, Santa Cruz Biotechnolog

Sodiumcarbonae

EL-CHIM

Sodiumchloride EL-CHIM
Sodiumdodecylsulfate SigmaAldrich
N,N,NGN& Tetramethylethylendiamine Merck
(TEMED)

Triton X-100 SigmaAldrich

Tris(hydroxymethyl)aminomethar{@ris)

Santa Cruz Biotechnology

Tween 20

Santa Cruz Biotechnology
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Table 2.Plasmids

No Name Reference Species Tag

1 pTriEx-1.1. Novagen Mammalian NO
expression

2 pHAT?2 Clonthech Bacterial expressior His

3 pcDNA 3.1 Life technologies Mammalian NO
expression

4 wt TYR-pTriEx 1.1 (WT) | Our lab Homo sapiens NO

5 solube TYR- pTriEx 1.1| Our lab Homo sapiens NO

(ST)
6 pa l | -pTriExRL.1 Our lab Homo sapiens NO
7 WT EDEM3-pcDNA 3.1. N. Hosokawa lab| Musmusculus HA
Kyoto, Japan
8 Null Hong Kong HA

Table 3.Antibodies

Antigen Antibody Method Dilution Catalog
number/
Obtained from
Tyrosinase [Mouse WB s¢20035
monocl-or )
TYR IgG2a 1:400
(T311)
IP Santa Cruj
1:100 Biotechnology
IF 1:400
Rabbit polyclonal IP 1:100 Our lab
UTYR
EDEM3 Rabbit polyclonaj WB 1:2000 end | E8906, Sigma
UEDEMS3 Aldrich
1:3000 ovey
IP 1:400
IF 1:800 end
1:2500 ovey
Calnexin Rabbit polyclonal IP 1:500 Adi-SPA865
UCNX F Stressgen,
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IF 1:500
Goat polyclona|WB 1:1000 s¢6465, Sant
UCNX Cruz
Biotechnology
SEL1L Goat polyclonal |WB 1:500 s¢48081,
USELI1L Santa Cruz
Biotechnology
IP 1:100
IF 1:300
HA tag Goat polyclonal |WB 0:500 sc¢805G,
UHA Santa Cruz
Biotechnology
IP 0,100
IF 1:400
ER Manl Mouse WB 1:300 sc100543,
monocl-or (Femto) Santa Cruz
ERManl IgG2a Biotechnology
IP 0:100
Actin Mouse WB 1:1000 Abcam
monocl o7
Actin
Goat polyclona|WB 1:300 s¢1616, Sant
U-Actin Cruz
Biotechnology
Tubulin Rabbit polyclonaj WB 1:10000 ab18251,
UTubulin alpha Abcam
XTP3B Goat polyclonal WB 1:500 sc¢1614009,
UXTP3-B Santa Cruj
Biotechnology
Rabbit wB 1:500 ab181166,
monocl o7 Abcam
XTP3-B
U1 Rabbit polyclonal WB 1:2000 A0012, Dako,
Antitrypsin | U1 Antitrypsin
IP 1:500
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2.2. Methods:

All the molecular biology experiments were performed under the supervision and with the help

of Dr. Simora Ghenea.

2.2.1. Transformation of competent bacteria

To transform competent bacte(®dL1Blue or BL21 strains)a calciumphosphate protocol
was usedMore mncisely competentE. coli strains were thawed on ice approximately 10 min.
Afterward 1-2 ug plasmid DNAwasadded t o 100 ec20mimenide®heDNAd | ef t
uptake wasnade byheat shocig for 45 secsat 42 °C, immediately after thelts were placed
back onice fobmi n a n dof étibticfeee LB medium waadded. The culture was grown
fora5mi n at 37 AC and 100 &eL cwith the selecegamtibistic on we r

Bacterialstrainsused for expression and purification as well as the culture media ngcessar

for protein/DNA purificatiorwere

Table 4.E. colistrains

E. colistrain | Genotype Properties Reference
XL1Blue o( mcr A) 18 3 |-endonuclease (endA) deficient Stratagene
( mc r CB hmrd S -recombination (recA) deficient
173 endAl supE44 ti | hsdR mutation prevents the cleavé
recAl gyrA96 relAl| of cloned DNA by the

lac[F" proAB laclg HIS3| EcoK endonuclease system. The la
aadA Kanr] ZaxeM15 gene on
allows bluewnhite color screening.
BL21 (RIL) | B F-ompT hsdS (rBmB-) | cells contain extra copies of the arg Stratagene

dem+ Tetr galijleY,andleuW tRNA genes
[argU ileY leuwW Camy

Name Recipe

Luria-Bertani (LB) medium 10g BacteTryptone/Peptone, pH#.
5 g yeast extract

5 g NaCl

1 ml 1M NaOH

H>O add to 1L

LB Agar 1.8% agar (w/v) in LB medium
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2.2.2. PCR amplification of DNA fragments

The polymerase clrareaction (PCR) is a biochemical technidhat allowsamplifying a
specific DNA fragment based on a template, in vitro. This reaction relies on repeated cycles of
heating and coolinthatwill ensure DNA melting and enzymatic replication of the DNA

To generatdruncated mutantsf our target protein waseda threestepPCR methodin a
nutshell,this method consists of three sequential PARsing the first PCRa DNA fragment
was generated using a forward end primer and reverse gaokeng the speafied region while
in PCR2 a second DNA fragment was generated with a forward ptiraefacks the required
domainandareverse end primer. The two DNA fragments amplified by PCR1 and PCR2 were
purified and equimolecular quantities were used for thid /CR. This PCR3 produgill contain
thefull cDNA with desired mutation/mutations.

Further, we need to insert our target mutants into the desired vector. In order to achieve
this step, we prified by gel extractiothe third PCRanddigested wittspecfic restriction enzymes
in order togenerate cohesive ends. At the same timajéleedcloning vector wasligestedwith
the same digestion enzymdster these steps, the resulting digested products puaiged and
used or ligation with TADNA ligaseat 16 °C overnight.In order to test the efficiency of the
ligation process in the following day, XL Blue competent cells were transformed with the
ligation product. For the screeninfthe positivebacterial colonies colonies were inoculated in
LB media withthe selection antibiotjcandgrow overnight. The plasmids were extracted from
bacteriausing the MiniPrep ki(Promegaand subjected to digestions with restriction enzymes
order tocheckif the ligation was successfuf the screening prad positive the samples prepared

for entire cONAsequencing to detect unwanted mutations

2.2.3. Protein concentration determinationBCA assay
The bicinchoninic acid assayas invented by Paul K. Smith. The method is used to determine
by spectrometric measurdgetconcentration of ptein, reflected by a cala@hange, in a sample.
The principle of this assay relies on two steps; the first one relies on reducing tsalfate ions
to Cu through a temperature dependent reaction, following this reaction twauteseof
bicinchoninic acid chelate with the Callowing a complex to be formed that absorbs at the
wavelength of 562 nm. The amount of’Creduced is correlated with tiaenount of protein in the
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sample and by reading the absorption and comparing tve, generally made of BSA, of known

concentrations we can determine ours.

2.2.4. Protein electrophoresis

Polyacrylamide gel electrophoresis (PAGE) isaanmonbiochemical technique widely
used to separaterotein or nucleic acidaccording to their electrophdie mobility when an
electric field is appliedThe electrophoretic mobilitgf proteinsis given by the length charge
and conformationThis technique has two approaches: native and denaturant conditions. As the
name implies in the first one, nativegtsample is separated under native conditions enabling the
macromolecules to preserve their structure. The second one, denaturant, requires adding different
chemicaldike Sodium Dodecyl Sulfate (SDS). This anionic detergent linearizes the proteins and
hdp distribute an overall negative charge, thus allowing to say that the proteins are separated based
on their molecular weight.
The gels consist of acrylamide in different concentratior25% depending on the experiment),
a buffer to adjust the pH, ammam persulfate and TEMED in order to start the polymerization
process and optional SDS. After the samples are loaded into the gel a curretOom20is
applied in order to migrate them starting from the negative electcatt®o@¢ to the positive one
(anodé.

The protein bandsan be viewed by Coomassie staining. This process uses Commassie
Brilliant Blue R250which is an anionic dye that bind nepecifically to proteins. Usually, the

gels are incubated for 380 min and then washed with distainingfieuto remove the excess dye.

Table 5. @I compositiorand the buffers recipe used for SBAGE

Name Composition

Acrylamide mix readyto-use solution 30% (37.5:1 acrylamide:h
acrylamide ratio)

Radical starter (APS) 10 % (w/v) ammonium persulfate

Laemmli buffer 5x (R) 250 mM Tris/HCI, pH 6.8

50 % (w/v) glycerol

10 % (w/v) SDS

500 mM DTT

0,02 % Bromphenol Blue
Laemmli buffer 5x (NR) 250 mM Tris/HCI, pH 6.8
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50 % (wi/v) glycerol
10 % (w/v) SDS
0.02 % Bromphenol Blue

SDS running buffer 200 mM glycine
25mM Tris
0.1 % SDS (w/v)
Coomassie stainingplution 0.25% (w/v) CoomassiBrilliant Blue R250

50% (v/v) methanol
10% (v/v) acetic acid
Destaining solution 25% (v/v) methanol
10% (v/v) acetic acid

2.2.5. Immunoblotting

Western blotting (orimmunoblotting) isone of the most commonsed analytical
techniquegso detect proteins in a sample of tissue homogeniditethe help okpecific antibodies
for the target proteinthis implies that firstly th proteins have to be separated by S&SGEand
transfered aftewardsto a membrane (nitrocellulose or PVDKith the help of an electric field.

This process allows the proteins to be accessible for antibody detection.

After transfer, a blocking step is required in order to reduce the background, remove false
positivesand have a cleaner view of the detected protein. This step is achieved by blatkiag
solution of 5%bovine serum albumin or neat dry milk (adding a small % of detergent is
optional)for 45 min at room temperature or overnight &C4

Following blocking, the next step is to incubate the membranes with the primary antibodies
that will recognize the target protein. The incubation period is determined by the quality of the
antibody, its dilution, the sample concentration, number of uses and the aampeAfter the
complex of antigerantibody is formed, a second antibody that is coupled wittoraeradish
peroxidase (HRP) is added for 1 holfter each step of this processb3washes with PBS
(optional 0.1% Tween) are made in order to remove exogk®or antibody.

In order to visualize the proteirthe HRPis incubated for 2 minwith an enzymealled

luminol, togetherthey give a chemiluminiscent reaction that can impress photographic films.
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Table 6. Buffer recipes used for transfer and wedikating

Name Composition
Transfer buffer (semilry) 48 mM Tris
39 mM glycine
1.3 mM SDS
20 % methanol (v/v)
Washing buffer Tween 20 0.2% solution in PBS
PBS
Blocking solution 5% milk in PBS
1% milk in PBS
Incubation buffer 5% or 1% milk in PBS

2.2.6. Immunoprecipitation and western blotting

ImmunoprecipitatiorflP), as the name implieis, a technique used poecipitatean antigen
out ofa cellular lysatevith a specific antibodyThere are different types of immunoprecipitation,
starting from the indidual one mentioned above to-tbmunoprecipitation where intact protein
complexes can be pulled, continuing wetiromatin RNA or tagged immunoprecipitation.

In order to detect these interactions or complexes, mild lysing and denaturing conditions
need b be used. Also this process can be used to concentrate any protein of interest from a crude
lysate.

The first step in IP is to lyse theells; this can be made using differesitingencylysis
buffers, based on the properties of the protein (membrare@ulries) and goal of the experiment
After this stepghe cell lysate was cleared by centrifugationorder to form the antigemntibody
complex, the formewas added to the cell lysatearproper dilution and the mix wascubated
overnight a¥4 °C with continuousagitation Following this step, the previous formed complex is
immobilized on protein A/G Sepharose for 2 hours. The last two stepsstof washing the
antigenantibodyresin complex in order to remove any repecific binding and elute theotein

of interest, thus enabling us to further proceed with-FBDSE and visualization by western blot.
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Table 7. Buffers used for lysis and immunoprecipitation
Category Name Composition Application

Lysis buffer | CHAPS |50 mM HEPES pH 7,34 | Western blotting

200mM NacCl Immunoprecipitation

Triton- 50mM HEPES pH 7,34 | 2%-Western blotting

X100 150 mM NacCl 1% - Immunoprecipitation
1.5 mM MgCp Cell lysis for proteirprotein
1 mM EDTA interaction
1% Triton-X100
Digitonin | 1% digitonin (w/v) Cell lysis for proteirprotein
1% 50 mM TRISHCL pH 7.4 | interaction
150 M NaCl
5mM EDTA
Washing CHAPS |50 mM HEPES pH 7,34 | Immunoprecipitation
buffer 200mM NaCl

0.5% (w/v) CHAPS
Triton- 50mM HEPES pH 7,34 | Immunoprecipitation
X100 150 mM NaCl

0.1% TritorrX100

2.2.7. Cell transfection
In order to study different systems, understgradhologies, elucidate pathwagsmd
understandhe behavior of proteins of interest or just to explain the effect of mutant proteins we
need to change the exssion of proteins or to induce the uptake of mutant proteirsdbr to
achieve this, we need a process that can introduce nucleic acids, peptides, proteins into cells, called

transfection.
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Although there are many possible ways to transfect cells, txy ielectroporation,
nanoparticles, or viruses, we employed a chemical one based on different agents that are able to
transport the DNA through the cell membrane.

Depending on the type of experiment and cell linegeaerally transfectedsing PEI
(polyethleneimine) as foithe other, more rigid to transfection agemt®, usedLipofectamine
20003000

Below are the tables with the used cell lines, transfection reagents and culture media.

Table 8. Cell linesised in this study

Name Description Species

A375 Amelanotic melanoma Homo sapiens

HEK 293T Fibroblasts derived from kidney. Genomic integratt Homo sapiens
of a copy -artigenslofsSW0 arusg e

HelLa Cervix carcinoma cells Homo sapiens

Table 9. Media composition for mammalianl eeilture

Nr. Name Composition
1. DMEM culture medium DMEM (high glucose) with glutamax and pyruva
(Dulbecco’s modified Eagle] 10% v/v, FCS (heat inactivated)
Medium 1% v/iv NEEA
2. DMEM with G418 DMEM complete (1)
400 pg/mL geneticin (G418)
3. MNT-1 cell culture media DMEM (high glucose) with glutamax and pyruval
20 % v/v FBS,
10% v/v AIMV media and
1% v/v NEEA
4. TrypsinEDTA 0.05% trypsiri EDTA solution with phenol red

Table 10. Transfection reagents and other solutions

Solution Compositon
Freezing solution for cells 90% (v/v) heat inactivated FCS
10 % (v/v) DMSO
PEI (polyethileneimine) 1mg/mL PEI pH 9.0 in ED (Sigma)
Lipofectamine2000 Commercial formulation of liposomes (Invitrogen)
PBS 137 mM NacCl
2.7 mM KCI
102 mM Na2HPO4
1.8 MM KH2PO4 pH 7.34
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Table 11. Transfection mix preparation

DNA/RNA: . :

Type of / Serum Mix separate DNA Time of
. ., | Reagent Reagent free . .
oligonucleotide : and Reagent incubation
ratio volume
Plasmid DNA | PEI 1:2 (wiv) 100 pl NO 30min-1h

Plasmid DNA ;go%fe‘:tam'”e 1:25 (wiv) | 200l | YES 1-2h
SiRNA oligos ;'(')Oc‘)’(;e‘:tam'”e 12 (viv)  |200u | YES 1-2h

2.2.8. Inhibitors and chemical treatment
For different experiment, some chemicals were needed in order to stimulate or block a

pathway in the cell. Depending on the expemmthese chemicals were added in serum free or
complete media overnight at different dilutions and incubation times. Following this treatment, the
cells are harvested and subject to the type of experimemntebdtio be done.

Below are the tables witthe used inhibitors, concentration and incubation time.

Table 12. Inhibitors used for cell treatment

Product Function Working Time of| Company
concentration |incubation
Lactacystin Inhibits the 20S 20 uM ON Toronto
proteasome Chemicals
40 uM 4-8 h
Kifunensine Mannosidase inhibitor| 100 uM ON Toronto
Chemicals
200 puM 4-8 h
Cycloheximide Protein synthesi 50 uM 4-8 h Sigma
inhibitor Aldrich
NBDNJ Inhibitor of| 50 uM 4-8 h Sigma
glucosylceramide Aldrich
synthetase an
glucosidase
Bortezomib Inhibits the 26950 nM ON Santa Cruz
Proteasome
Mg132 Inhibits the 20912 uM ON Santa Cruz
proteasome activity
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E64D Inhibits calpain an({100 uM ON Sigma
cathepsins B, H, and L Aldrich

Tapsigargin Inhibits the ER calciun 1 uM ON Santa Cruz
pump

Cloroquine Inhibits autophagi{ 100 uM ON Sigma
degradation in th Aldrich
lysosomes.

Tunicamycin Inhibits  protein  N|10 pg/ mL ON Santa Cruz
glycosylation

2.2.9. Metabolic labeling and immunoprecipitation

A common used label in biochemistry is radioactivity. This is achieyaeddworporating
into proteinghere amin@cidscontaining B> isotopesyor a limited time. While the new proteins
are being synthetized they will take the marked isotopes, thus becoming labeled. This method is
used in pulse chase experiments, as welbther types of experiments, allowing the user to
determine the hallife, interaction or folding state of the protein of interdstorder to stop the
labelingprocessthe cels areincubated with notabeledamino acids and let grow for a period of
time. For the target protein to be identified, immunoprecipitation is employed followed by SDS
PAGE. The gels are dried and exposed f@¥ sensitive films thus allowing the visualization of
the results.

In a typial experiment, transfectext notcells, ar starved for 1h in medium that free
of cysteinemethionine. After starvation they are pulsed labeled W1 50 ¢ C¥S] o f
methionine/cysteine (MP Biomedicals/Perkin EIméy) 20 min. Depending on the type of
experiment, if the halfife needs to be determined, the cells are chased for the required time points
and harvesteoh cold PBS with 20nM N-ethylmaleimide (NEM to alkylate the free SH groups)
and 50 uM cycloheximide (to stop protein synthesi®)e next step is cell lysing using the
appropriate buffer for 30 min on ice, followed by centrifugation at 14000 rjXtn,The obtained
supernatant was immuoprecipitated overnight with the desired antibodieS@tthe next day the
complex was immobilized on protein A/G sepharose for 2h followed by elution andPB80E.
The obtained gels were subjected to Coommassie staining and dried. The visualizati@adwas

using Xray sensitive films.
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2.2.10. Immunofluorescencemicroscopy
Another use of the antigeantibody mechanism feundin fluorescence microscopVhis

techniqueallows the detection of cellular macromolecules using fluorescent Byesto the
availability of differentdyes a largsetof molecules such as lipids, proteins and nucleic acid can
be stainedAdding a fluorescent tag to the protein can also make detection possible
In case the determination of localization of two or more protesglts in @erlapping of
the fluorophores signal we would say that they are in the sarméacelbmpartment or elmcalize
Briefly, the protocotonsists of cultivating cellsn glass coverslipand fix them with 4%
paraformaldehyd@FA)for 15min at RT.Afterwards, the cells were washed with PBSremove
the excess (PFA), optionally another wash can be made to quench tilei@etscence of PFA
using 25mM glycine In order to allow the antibodies to bind to their specific antigens a
permeabilization step isade with Triton x100 0.2% for 3 minuteBhe next step is incubating
the cells inblocking solution $% BSA in PBS) for 30 min at Rfbllowed by washing three times
with PBS After this stepa dilution of primary antibody in blocking solution for anoth@mBinis
made The same procedure waspeatedwith the secondary antibodyrhe coverslips were
mounted with mounting media on a glass slide and visua#fda confocal microscope.

Table 13. Reagent and solutions used for immunofluorescence

Solution Composition Provider

Fixative 4% Paraformaldehyde in PBS| Sigma Aldrich
Permeabilization buffer Triton X-100 0.2% in PBS Sigma Aldrich
Fixative/permeabilization agent Ice cold methanol

Blocking buffer/incubation BSA 0.5% in PBS. Sfanta Cruz
buffer Biotechnology

Hoechst 33343, 10000
solution (10mg/mL)
Prolong Gold Antifade w or w/

DNA staining solution Molecular Probes

Mounting solution DAPI Invitrogen

Washing buffer PBS Santa Cruz Biotech

Secondary antibodies Ale_x aFI}J or conjugate Invitrogen
antibodies

Borosilicate cover slips - VWR, Merck

Slides - VWR, Merck,

Microscopy Immersion Oil - Zeiss Romania
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2.2.11. In gel digestionof proteins
In order to identify the possible interactors of EDEMS3 a boftamstrategy has been used

based on the in ggdrotein digestion method. The protocol was modified in ordesbtain a
maximum of data based on our experiments reshitémprove the identification and lower the
complexity of the sample when using in gel digestion method we sliced the laneSrHac&s
depending on their abundance (determined by Coommassieastdimjashed with 1 mL of wash
buffer 1 (WBJ containing 50mM ABC and 50% ACfollowing the second wadbuffer (WB2)
containing ACN. To reduce the disulfide bridges the gel slices werabated at 56C with 0.5
mL of 10mM DTT in 50 mM ABC for 1 hour. Between each phase of this protocol the two
washing stps were made. After removimpssible traces of DTT biyepeatedvashing the next
stage was prepared by alkylating the samphes stepwill prevent disulfide bridges formation
The alkylation buffer contain3.5 mL of 50mM IAA in 50 mM ABC and was mad#r 1 hour at
room temperature. Subsequently after washing to remove the excess of IAA with WB1 and WB2,
we proceeded with the digestiofithe sample with the protease of choice, trypBire incubation
procedure was made over night af@xvith 0.4 mL froma diluted solution of 80 ng/|L protease
in 40 mM ABC. The following day we proceeded with the extraction steps. The first was made
using 0.8 mL of 5% FA in 50% ACNvhich also serves to inactivate trypsin (due to3). After
30 min of incubation the supernatant was collected and the step was rétakeecond fraction
was colected mixt with the first and concentrated to dryng@ée sample were kept-@&0°C until
analyzed'Shevchenko et al., 2006)

Table 14. Biffersandreagents used for sample preparation forNIE/MS analysis

Name Composition Use
Soft elution buffer 0.2% SDS, 0.1% Twee| Elution of protein of interest from IP
20, 50mM Tris-HCI, pH
8.0
Wash solution 1 50 mM ammonium| Washing solution used betwe
bicarbonate protocols steps in order to remove ¢
(ABC) traces
Wash solution 1 Acetonitrile (ACN) Washing solution used betwe
protocok steps in order to remove a
traces
Protein reduction bufferl 10 mM DTT IN gel protein reduction
50 mM ABC
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Alkylation buffer 50-100 mM | In gel protein alkylation
iodoacetamide IAA
50 mM ABC

Protein digestion buffer| 5-10 ng/pL protease In gel potein digestion
40 mM ABC

Extraction buffer 5% formic acid (FA) Peptide extraction buffer
50%ACN

Extraction buffer 5% FA Peptide extraction buffer
ACN

Resuspension buffer | 0.1% ACN Resuspension buffer used to inj

samples.

2.2.12.0Optimization of sample preparation for i dentification of biomarkers using mass
spectrometry from human serum
As emphasized earlier mass spectrometry can be assuhgt otherstechniquesfor

identification of biomarkes by taking advantage afs high sensitivity and applicability for
complex samples. In collaboration with MD Alexandra Circiumaru, we aimed to identify new
biomarkers for arthritisFor these studiewe usedsamples isolated from patients diagnosed with
this disease and process them forMS/MS analysisFor our experimestanddue to practical
and handlingreasons we choose to work with human serum, which is what remains after the

normal clotting process has occurred, resulting in the removal of the white and red cell.

HSA removallt is general known that serum albumsgithe most abundant protein the

human plasma and serum samples constituting for almost 50% of all plasma f&xbmet al.,

1947) In order to inprove analysis using LMS/MS either for separation or detection, a
preliminary step in albumin removal need to be made. There are different methods reported in
literature like: albumin depletion using plates or colunfbs et al., 2009) immunoaffinity
purification using antibodies from generic protein A(G et al.) specific andrug antibody
(Neubert et al.pr kits.

However some of these methods are not time friendly, vengiefit or simply may have
drawbacks that affect the targeted proteins. In this rddeade tried to establish a simple cost and
time efficient way to better analyze human serum. While setting these objebgvesin goal
wasto maintain the samples umgified. In this regard, a separation of the sample using a gradient

polyacrylamide gel ranging fromB2% was favored as it provided the most advantages.
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SDSPAGE and Coomassie stainingy 20 uL aliquot from eaclpatientsample was mixe
with loading bdfer 5x with 5mM DTT and loaded on thgel. Boiling was avoidedjue to the fact

that itmaycause protein aggregationthis type of samplelhe gels were made in three gradients
starting with 12% acrylamide at the bottom, 10% in the middle and 8%pltepa regular 4%
stacking gel After separation the gels were subject to 30 min of Coomassie stainidgstached

ON in a methanehcetic acidsolution.

A Non-diluted Dilution 1:100 Dilution 1:1000
&
N
260 _ Figure 8.SDSPAGE of serum isolateq
140 8% Acrylamide .
o from human patientes.
18
10% Acrylamide The blood samples collected from

>0 different patients with rheumatoid
%g arthritis at different stages were
15 - 12% Acrylamide centrifuged taemove the red and
10 white cells The supernatant was

; further processed for biomarker

discovery.

B A. shows the concentration of the
kDa analyzed samples. Dilutions were
260 made in order to better approximate
;gg 8% Acrylamide the quantity of HSA or hemoglobin

50

3

15
10

10% Acrylamide B. Coomassie stainingsed for

MS/MS analysis. 10uL of sample was
loaded for each sample and separate
© o+ 12%Aaylamide | i g three gradient, 8, 10, 12 %,

o

LC-MS analysisTo prepare the sample only the proteins beneath the 50kDa were selected and

prepard for MS analysis using a protocol previously describedrfayel digestion with trypsirBriefly,
the gel pieces were subjected to reduction witmMDTT in 50mM ABC (ammonium bicarbonate) for

1h at 56°C, alkylation with 100mM lodoacetamide in 50nM ABC for 1h at room temperature and
trypsinization for 16h at 3T (810 ng trypsin/protein). Before each step two washes were made
with 50 mM ABC in 50% ACN and 100% ACN, respectively. Peptides were extracted with two
buffers (buffer 1. 594HCOOH in 50% ACNand buffer 25% HCOOH in ACN) followed by
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complete drying using a Spe#@c and kept at20°C until further useBefore analysis, each
sample wasesuspended in mobile phase A (0.1% HCOOH and 2% ACN) and subject to ranoLC
MS/MS analysis. The peptides weseparated using an Easy nanoLC Il (Proxeon Biosystems)
equipped withC18 trap column (20 mm x 100 pm internal diameter) (Proxeon Biosystems)
connected online to a C18 analytical column (100 mm x 75 um internal diameter) (Proxeon
Biosystems). The chromamaphic equipment was connected online to an Orbitrap Velos Pro
instrument operated in data dependent moalenected online to an Orbitrap Velos Pro mass
spectrometerA top 15most intense ionsiethod was used for data acquisition involving a survey
scanat 60000 resolution (fm 400) with Orbitrap detectiorA 2-30% B (0.1% FA + 98% ACN)
gradient was used for the chromatographic separation of the peptides.

Data analysis of LEMS samplesRaw data files were searched using the SEQUEST
algorithm integratedito Proteome Discoverer v1.4 using trypsin as the proteolytic enzyme and a
maximum of two missed cleavages. The following settings were used during the search: 10 ppm
as mass accuracy for precursor ions, 0.5 Da for fragment ion tolerance, Carbamidoimeibylat
Cys residues as a static modification and oxidation on Met residues as a dynamic modification.
For Peptide Spectrum Match (PSM) validation the Peptide Validator node available in Proteome
Discoverer v1.4 was used. The results were filtered for D®, lend mas deviation of maximum

S ppm.

2.2.13. Modeling of EDEM3 domains

Sequence and structural data
The amino acid sequences for the proteins to be modeled were obtained from UniProtkKB
(UniProt Consortium, 2015)JniProtKB and the nomedundant sequence dbaase (GenB,
Refseq, PDB, SwissProt, Pi&hd PRIF were searched to obtain homologous sequences, while
PDB (Berman et al., 2000; Berman et al., 2002) was used as search database for obtaining crystal
structures suitable as templates for homology modefeguence alignments were performed
with the program Multalirthat creates a multiple sequence alignnsdrdm a group of related

sequences using progressive pairwise alignments.
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An EDEM3 consensus secondary structural prediction was built using thet aftpu
PORTER (1), PSIPRED (2), SSPRO (3), RAPFRR4), LOMETS (5), {TASSER (6), SPIDER
(7), SABLE (8) and YASPIN (9). Accessibility, charge, dangiropathicprofiles were generated
with ACCpro (3) and tools from the analysis and modeling package SLIDEAIconsensus of
disordered regions prediction was used based on DisEMBL (14), RONN (15), DISOPRED (16),
IUPRED (17), SCRATCH (3) methods. Fold recognition methods such as PHYRE (11),
RAPTORX, and FTASSER were used identify the templates for EDE®]

All the models were generated using INSIGHT Il from Accelrys and were refined by
rounds of implicit solvent Generalized Born and explicit solvent molecular dynamics (MD)
experiments using NAMD (12) on a 14 x HP BL280c G6 high performance computing.cluster
The simulation used the CHARMMS36 force field and harmonic position restraints on the backbone
of the protein in regions of secondary structure, whereas the loops were left to move freely so as
to eliminate steric conflicts and bring the model to a loeveargy minimum. The validation of the
model accuracy used QRecombinelT method (13). The overall models were brought to
(GDT_TS = 72. 3; RMSD ( model deviation form
mannosidase domain while for the PA domain (GDT_TIS34 and RMSD=3.03 A) domains
models, both scores corresponding to very good models according to tirRec@fbinelT

validation model.
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3. Resultsand discussions

3.1. Proteomics. Identifying the possible interactors of EDEMS3.
Although ERAD and the proteimsvolved in this process are well studies and considerable
amount of data was reported, EDEM3 has not been thoroughly investiQatdthe course of
this chaptet aim to provide an insight onélpotentialinteracting proteinsf EDEM3 determined
by immunoprecipitation coupled with mass spectrometry analysis, the optimization steps to

achieve this goalas wellbiochemicalalidaion of some interactingartners

3.1.1. In silico identification of EDEM3 interactor using STRING

Bioinformatics tools a becoming powerful tools in biology and not ordue to the
development of technology, thus allowing us to run complex simulations and determine possible
outcomes of experimén In this regard we penfimed anin silico simulation for identifying the
interaction partners of EDEM3 using the software STRI($2klarczyk et a).2019

The progranuses a spring model to generate the protein network. The nodes are modeled
as masses and edges as springs; the final posifithe nodes in the image computed by
mi ni mi zi ng oftheeyst@niigle corgideice edges hatei gher Aspmi ng st
order for them taeach an optimal position before lower confidence edgesmportant thing to
mention is thathe plysical distances between two nodes along an edge in a graph has no meaning
or otherwise states that tléstancedoes notcorrelate with the strength of the interactiomdA
secondly, although the algorithm is deterministibe same input will producéé same output
the addition of new nodes to the network can resutthenging thenode locations in thaew
image completelyalso t he i nput robthk eetworlit can bedocdied angwthera oa
the map(von Mering et al., 2005)

These associations between proteins can be direct (physical) or indirect (functional) and
are derivedrom different sources. Fdhis simulation| usel the following search restrictions
expeaiments (proteirprotein interaction databases), temining (protein interactions extracted
from abstracts of scientific literatyranddatabasegcurated databases).

In order to obtain the in silico interaction map the following settings were used.
- Seqeenceof the EDEM3Mus musculusrganism was used.

- Theactive interaction sources wetext mining experiments and databases
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- Theminimum interaction score was set to medium confidence (4D

- Toavoid crowding the map we restrictdee number of irdractors to 10 for the first shell

(direct) and also for the second shell (indirect)

Figure 9. Predicted association map of protéihe network nodes are the proteins and
lines depict the associations. [®own here is the evidence mode where the light blue line
represents the database evidence, the green line stands for text mining and the purple
one for the experimental evidence.

As it can be observed ifigure 9 an interaction map formed out of 10 possible direct
interactions marked with different colaaadten possible indirect interactors rkad by the white
color. The map depicts a high inteonnectivity amongghe proteins athe number of evidences
suggests it. Due to the complexity reasons the view from evidence to confid@nchangeth
order to better assign the strength of the &ed interaction(Figure 10. As it can be seen

46




















































































































































































