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Aims of these studies 

 

Although the accuracy of expressing different proteins is extremely high, with errors 

beneath 10-8 for bacteria and 10-10 for eukaryotic cells (Ogle and Ramakrishnan, 2005), the process 

of transcription, translation and the immediate fold of newly synthesized protein chains in to a 

fully active protein sometimes results in incorrectly folded structures. Due to these reasons, the 

cell has developed control mechanisms in key positions to overcome them and an important 

organelle where folding of most secretory and membrane proteins occurs is the endoplasmic 

reticulum (ER). To achieve their native structure the proteins undergo co- and post-translational 

modifications such as addition of N-glycans to specific sequences Asn-X-Ser/Thr immediately 

after entering the ER, formation of transient disulfide bonds to increase stability and their 

association with chaperones for folding assistance (Helenius and Aebi, 2004). Proteins that fail to 

achieve their native state are selected for proteasomal degradation mainly through the ER 

Associated Degradation pathway (ERAD) (McCracken and Brodsky, 1996). EDEM (ER 

degradation enhancing Ŭ mannosidase-like proteins) 1, 2 and 3 are members of the glycosyl 

hydrolase 47 family along with ER mannosidase 1 (ER ManI) and were proposed to be key factors 

in removal of misfolded substrates from the folding cycles and targeting them to degradation 

through ERAD (Olivari and Molinari, 2007). 

Through this thesis I aimed to understand new aspects concerning the folding mechanisms 

and the degradation of conventionally secreted proteins, with emphasis on ER degradation 

enhancing Ŭ mannosidase-like protein 3 (EDEM3). The role of this protein has yet to be decided, 

as only certain aspects were investigated and the few existing reports propose opposite results 

(Hirao et al., 2006, Ninagawa et al., 2015, Ninagawa et al., 2014). 

To extend the current available data and to achieve the above mentioned goals, knowledge 

from domains that encompass bioinformatics, mass spectrometry analysis, molecular cell biology 

and biochemical protein characterization was used in the attempt to clarify the role of EDEM3 in 

ERAD. The first chapter mainly focuses on proteomic aspects, having as main goal identifying the 

possible network of interactors for EDEM3 and how it is adjusted upon chemical inhibition of the 

glycosylation pathway. The second chapter of this thesis had as primary aim the characterization 

of EDEM3, making use of biochemical and molecular modeling methods to generate an accurate 

model of the protein organization.   
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For the third and fourth chapters I aimed to understand the role of EDEM3 subdomains for 

association with client proteins and partners in the context of ERAD.     

To establish the role of EDEM3 for ERAD substrates degradation two well characterized 

models were chosen: tyrosinase and Ŭ1-antitrypsin. Tyrosinase is a membrane spanning 

glycoprotein, synthesized and folded in the ER followed by transport towards the melanosomes 

where it functions as a rate-limiting enzyme in melanin synthesis. Being heavily glycosylated and 

requiring a longer time to achieve its native conformation can expose this protein to possible 

mutations/abnormalities; thus different pathologies (oculocutaneous albinism, melanoma) have 

been linked to it (Halaban et al., 2000, Oetting et al., 1991). Since melanoma is one of the deadliest 

forms of cancer and one of the proteins modified in cancer is tyrosinase, it is important to 

understand how this protein is processed in melanoma cells. For the purpose of these studies I used 

an artificial ERAD substrate that was previously characterized in our lab, namely soluble form of 

tyrosinase (Chiritoiu et al., 2016, Cioaca et al., 2011, Popescu et al., 2005) and mutant alpha 1-

antitrypsin (NHK), a well-studied model for soluble glycoprotein secretion employed in research 

studies as typical ERAD substrate. Mutations of this gene can produce liver cirrhosis and lung 

emphysema, due to aggregate accumulation in hepatocytes and lack of transport and inhibitory 

function to the lungs (Perlmutter, 2011, Sifers et al., 1989, Termine et al., 2005). 

 In this study, I identified and confirmed a number of potential interactors of EDEM3 by 

coupling immunoprecipitation with advanced mass-spectrometry analysis of the 

immunocomplexes isolated with EDEM3. To better understand the network that EDEM3 nucleates 

in ERAD, I analyzed the changes in interactorsô abundance in presence of different glycosylation 

inhibitors known to affect ERAD as general process (Elbein et al., 1990, Tokunaga et al., 2000, 

Andersson et al., 2000, Porto et al., 2009).  

Another objective for this thesis was to obtain structural insights on EDEM3 organization 

which I achieved by using bioinformatics tools, structure prediction and molecular modeling 

software; by creating a consensus view of these predictions and analyses, I generated and 

characterized truncated forms of this protein through biochemical and cell biology methods. 

Further, I investigated the requirement of the deleted domains in EDEM3 for association with 

ERAD substrates and partner proteins using cell biology and biochemistry methods as well as 

siRNA mediated knockdown.  
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1. Introduction  

 

Eukaryotic cells have developed, during evolution, control mechanisms to maintain protein 

homeostasis and/or overcome faults along the synthesis and folding process of proteins. The 

majority of membrane and secretory proteins are synthesized on ER-bound ribosomes, are co-

translationally translocated into the ER where resident chaperones such as BiP, 

calnexin/calreticulin and enzymes ERp 57, PDI assist the newly synthesized chain to fold (Ludyga 

et al., 2013, Bukau et al., 2006). During folding and transport through the secretory pathway a 

polypeptide undergoes many post-translational modifications and one of the first is the addition of 

oligosaccharide chains (N-glycans) to specific sequons in the structure of the protein, such as Asn-

X-Ser/Thr, that will facilitate the association of the polypeptide with lectin/ chaperone complexes 

(Cherepanova et al., 2016, Rush, 2016, Xu and Ng, 2015). 

As any biological process, protein folding is error prone and thus the cells developed 

specific mechanisms of control. The first checkpoint that arises almost immediately after synthesis 

is the ER quality control compartment; here the folding state of the proteins is evaluated and their 

transport to either the secretory pathway, back for another folding cycle or for degradation is 

decided (Caramelo and Parodi, 2015, Guerriero and Brodsky, 2012, Hebert and Molinari, 2007). 

If the protein has acquired its native conformation and passes the quality control check it will be 

exported from the ER to the Golgi apparatus; if folding fails the cycle can be up taken several 

times (Anelli and Sitia, 2008, Kleizen and Braakman, 2004, Svedine et al., 2004). However if the 

polypeptide chain fails to reach its native conformation by various reasons such as synthesis 

defects, poor association with chaperones and aggregation, failure to form correct disulfide bonds, 

the cells activate ER associated protein degradation pathway (ERAD) to dispose of excess 

misfolded proteins from the ER (Meusser et al., 2005, Ruggiano et al., 2014, Tamura et al., 2008). 

It was proposed that proteins like EDEM 1, 2, 3, OS-9, XTP-3B and others are implicated in this 

process by binding and targeting/transporting the misfolded polypeptide to the cytosol for 

proteasomal degradation (Dersh et al., 2014, Fujimori et al., 2013, Iannotti et al., 2014, Olivari and 

Molinari, 2007). In the next few pages I will describe in more detail each step of protein folding 

in the ER starting from protein synthesis selection to degradation or secretion. 
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1.1. Protein synthesis, folding and degradation in the Eukaryotic cell 

 

Since the early 1950, Romanian scientist George Palade showed that in the secretory cells 

a large part of the ribosomes are connected with endo-membranes (Palade, 1955). After almost 15 

years, data showing that the mARN for cytosolic proteins is translated on free ribosomes while the 

translation for the mRNA of secretory proteins takes place on membrane bound ribosomes with 

the insertion of the nascent polypeptide chain co-translationally into the ER emerged (Ganoza and 

Williams, 1969, Hicks et al., 1969, Redman and Sabatini, 1966, Sabatini and Blobel, 1970). It took 

another ten years to prove the existence of hydrophobic residues (approx. 20 amino acids) that act 

as tags for proteins synthesis at the ER membrane (Green et al., 1975, Sabatini et al., 1971, Blobel 

and Dobberstein, 1975). 

In order for the newly nascent polypeptide to enter the ER the complex of 7S RNA and six 

polypeptides named signal recognition particle (SRP) will bind the signal sequence of the 

polypeptide to slow the translation process (Walter and Blobel, 1980, Walter and Blobel, 1982). 

After this step the ribosome will  couple with SEC61Ŭɓɔ, a heterotrimeric membrane spanning 

complex forming a channel facilitating not only the entry of the polypeptide but also the cleavage 

of the signal sequence (Gorlich and Rapoport, 1993, Mitra et al., 2005, Meyer and Dobberstein, 

1980) and very well summarized in two recent reviews (Elvekrog and Walter, 2015, Voorhees and 

Hegde, 2016). Moreover the signal sequence may also have post-targeting role in regulation of 

gene expression (Martoglio and Dobberstein, 1998) or virus assembly (York et al., 2004). 

 

1.1.1. Protein Folding in the ER 

 

 As mentioned above, protein folding starts co-translationally and continues inside the ER 

until the native structure is achieved. By having factors that assists proteins in their folding cycle 

and supporting post-translational modifications this compartment ensures that the secretory 

proteins are prepared to remain stable under challenging extracellular conditions (McCaffrey and 

Braakman, 2016). If the polypeptide achieves its native form it is packed into a cytosolic coat 

protein II (COPII)-derived vesicles and is transported to the Golgi compartment (D'Arcangelo et 

al., 2013). 
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In order to prevent the aggregation of misfolded proteins and to ensure a correct maturation 

of the polypeptide chain, a rich concentration of molecular chaperons is needed. These are grouped 

in several categories as follows: Heat Shock Proteins (HSP) 40, 60, 70, 90 and 100 (Richter et al., 

2010). The members of the HSP 70 represent the most abundant class including the master 

regulator of the ER folding process BiP (Binding Protein or Glucose Regulated Protein 78) 

(Hendershot, 2004). This multifunction proteins maintain the permeability barrier of the ER by 

sealing the luminal side of inactive translocons (Alder et al., 2005), facilitates translocation of 

growing nascent chains in the ER lumen by acting as a molecular ratchet (Matlack et al., 1999), 

participates in protein folding and oligomerization (Haas and Wabl, 1983), regulates aggregation 

of nonnative polypeptides (Puig and Gilbert, 1994), contributes to calcium homeostasis in the ER 

(Lievremont et al., 1997), are involved in terminally misfolded ER proteins targeting for 

dislocation into the cytosol (Sorgjerd et al., 2006, Molinari et al., 2002), is involved in unfolded 

protein response (UPR) signaling (Schroder and Kaufman, 2005) all fundamental processes in 

protein homeostasis. 

During their folding and maturation process these proteins receive different post 

translational modifications (PTMs). Amongst these PTMs the most studied is N-glycans addition 

(Figure 1), they are attached at specific sequons in proteins: Asn-X-Ser/Thr (N-X-S/T, X cannot 

be a proline); the process takes place in the lumen of the ER and is catalyzed by the octameric 

membrane protein complex oligosaccharyltransferase (OST) (Breitling and Aebi, 2013, Mohorko 

et al., 2011).  

 

Figure 1. Schematic representation of 

N-glycan structure 
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The OST transfers the preassembled sugar core from the ER membrane lipid donor-

dolichol pyrophosphate to nascent polypeptide chains. The two processes, translocation and 

glycosylation take place at the same time, otherwise the nascent chain would be partially 

glycosylated and the OST would not reach all the glycosylation sites (Pfeffer et al., 2014). The 

glycan is rapidly trimmed of its two outermost core glucoses by the sequential actions of 

Glucosidases I and II in order to generate monoglucosylated side chains (Glc1Man9GlcNAc2) that 

promote binding to the lectin chaperones calnexin and calreticulin and their associate 

oxidoreductase ERp57 (D'Alessio and Dahms, 2015). Calnexin (CNX) is a type I membrane 

protein that contains a single carbohydrate binding domain and a proline rich domain necessary 

for the recruitment of ERp57, an oxidoreductase involved in disulfide bond formation and 

isomerization. As its counterpart calreticulin (CRT) is a soluble paralog (Lamriben et al., 2016, 

Caramelo and Parodi, 2008, Michalak et al., 2009). Upon exiting this folding cycle the polypeptide 

is trimmed of its last glucose, thus impeding further interactions with the CNX/CRT cycle. It is 

believed that carbohydrate binding by calnexin and calreticulin is the central dogma for substrate 

selection, but in some cases the literature also reported the possibility of binding directly to the 

protein backbone (Williams, 2006).  

Released from the folding cycle the polypeptide enters an ER quality check (ERQC); the 

quality control machinery here decides whether the proteins are misfolded molecules and if so, 

they should be given another chance to attain their native structure, or if they should be extracted 

from the folding environment and degraded. The folding sensor UDP-glucose:glycoprotein 

glucosyl transferase (UGGT1) can re-glucosylate the terminal 1,2-bonded mannose on branch A 

of high-mannose oligosaccharides through its recognition of exposed hydrophobic regions. This 

allows glycoprotein to re-enter the calnexin/calreticulin cycle (Hebert et al., 1995, Ito et al., 2015). 

Lectin-chaperone binding can direct the maturation pathway by slowing the folding process, 

inhibiting oligomerization and aggregation, and retaining non-native substrates in the ER (Daniels 

et al., 2003). Furthermore, rebinding to calnexin and calreticulin can promote the reshuffling of 

non-native disulfide bonds. One or more cycles of release/re-association 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 that the protein folding efficiency varies from 30% 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 us unable to predict this only by polypeptide sequence (Bhattacharyya et al., 2014). 

However, proteins that acquired native conformations are transported to the Golgi apparatus by 

secretory vesicles with the help of coatomer complex protein II (COPII) and it was shown to 

concentrate at specific domains called ER-exit sites (ERES) or transitional ER (tER) (Budnik and 

Stephens, 2009, Malhotra and Erlmann, 2011) and usually overlaps with the vesicular tubular 

cluster of membranes or ER-Golgi intermediate compartment (ERGIC) (D'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 Golgi apparatus. COPI vesicles retrieve misfolded proteins 

that have escaped the ERQC and mediate recycling of ER proteins exported along with COPII 

vesicles (Jackson, 2014, Popoff et al., 2011). 

 

1.1.2. Endoplasmic Reticulum Associated Degradation pathway ERAD 

 

The acronym ERAD (Figure 2) was devised by McCracken et all in 1996 when describing 

the degradation of misfolded proteins progressing in a reconstituted yeast system and requiring 

unidentified heat-labile cytosolic factors, ATP, and the chaperone calnexin (McCracken and 

Brodsky, 1996).  

It is important to understand the mechanism regarding the degradation of folding 

incompetent proteins due to the fact that rapid disposal of these polypeptides is necessary to ensure 

the cellular homeostasis (Meusser et al., 2005). If the necessary degradation rate isnôt achieved, 

then accumulation of aberrant proteins may impede the ER capacity to support the maturation of 

newly synthetized polypeptides leading to cell malfunction and eventually death (Hetz, 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 degradation thus proposing a mannose timer concept (Cabral et al., 2001). 

This notion suggested a progressive protein de-mannosylation that will end the maturation stage 

and start a cascade of events in order to clear the ER and translocate to the cytosol the terminally 

misfolded polypeptides (Tamura et al., 2008). 
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In order for these events to happen, a set of specialized proteins is  necessary to ensure the 

correct functioning of  the process, some of the most important being: EDEM 1,2,3, OS-9, XTP3-

B, ER ManI, SEL1L and HRD1 (Roth and Zuber, 2016). 

Over the past decade there has been intense debates upon the role of EDEM1,2,3, members 

of the Glycosyl Hydrolase 47 (GH47) family along with the endoplasmic reticulum mannosyl-

oligosaccharide 1,2-alpha-mannosidase (ERManI) that presents a 40% similarity in sequence and 

conserve their mannosidase-like domain (Olivari and Molinari, 2007). Although the ERAD 

pathway is well characterized, especially in yeast, the role of each protein is still unclear. This 

process requires a two-step mannose trimming process and it is believed the first one is made by 

ERManI converting Man9GlcNAc2 (M9) to Man8GlcNAc2 (M8B) (Hosokawa et al., 2003) 

allowing one of the three EDEMs to trim from M8B the Ŭ1,6 mannose bond on the B arm of the 

glycan. The puzzle consists on which one of them is the second rate-limiting enzyme.  

In 2003 Hosokawa (Hosokawa et al., 2003) and others (Hosokawa et al., 2010, Mast et al., 

2005, Hirao et al., 2006, Olivari et al., 2006) proposed that overexpressing EDEM1 and EDEM3, 

but not EDEM2 stimulates mannose trimming at various steps. This helped to reinforce the idea 

Figure 2. Schematic representation of the protein folding and quality control in the ER 
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that ERManI is the first enzyme followed by EDEM1 and EDEM3 and that the mannosidase 

domain of EDEM2 is inactive. These results were in contradiction with the previous article of the 

same lab (Hosokawa et al., 2001) in which EDEM1 lacks the Ŭ1,2 mannosidase activity and the 

involvement of ERManI in the formation of Man7-5GlcNAc2 based on knockdown experiments 

(Avezov et al., 2008) and biochemistry (Aikawa et al., 2012). Additionally, by 2009- 2010 the 

controversy got deeper as Cormier and Tamura groups and our lab showed that EDEM1 is able to 

recruit misfolded non-glycoproteins and deliver them for destruction through the SEL1-HRD1 

complex and questioning whether it functions as a mannosidase or a lectin (Cormier et al., 2009, 

Tamura et al., 2010). By 2014-2015, another point of view was added to the puzzle by Ninagawa 

et al. showing through transcription activator-like effector nuclease-mediated gene knock-out 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 EDEM3 responsible for converting M8 to M7 and less active EDEM1 

and furthermore proposing the idea that knockdown of all three EDEMs proteins activates a non-

glycoprotein degradation pathway in order to maintain the cellular homeostasis (Ninagawa et al., 

2015, Ninagawa et al., 2014). 

As mentioned above the N-glycans appear to serve as tag that provide not only the 

necessary information about protein maturation, but also as binding site for mannose-6-phosphate 

receptor homology (MRH) domain. Trimming of outermost Ŭ1,2-linked mannose on C-arm of 

high-mannose-type glycan and binding of processed Ŭ1,6-linked mannosyl residues by the MRH 

domain are critical steps in guiding misfolded glycoproteins to enter ERAD; this process is thought 

to be fulfilled by OS-9 and XTP3-B. According to Christianson et al the MRH domain of these 

proteins is required for interaction with SEL1L but not with ERAD substrates (Christianson et al., 

2008) and that the lectin activity of OS-9 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 glycans and its importance in guiding the substrates towards degradation (Yamaguchi et al., 

2010, Mikami et al., 2010, Quan et al., 2008). 

Due to the fact that hydrophobic patches are exposed on misfolded proteins, they tend to 

aggregate. In order for the ER to maintain normal conditions, ERAD substrates need to be 

disposed; this process has been shown to require them soluble, unfolded and without disulfide 

bonds (Fiebiger et al., 2002). One of the most intensely studied ERAD pathways is the protein 

Sel1 homolog 1 (SEL1L) and the E3 ubiquitin- protein ligase synoviolin (HRD1). This complex 
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is proposed to be the main route through which the misfolded substrates take to the proteasome 

due to adaptor role of SEL1L in the substrate recognition and linking to the HRD1 (Carvalho et 

al., 2010). The importance of SEL1L also lies in its ability to interact with Derlin-1, and 2, VIMP, 

UBXD8, AUP1 and HERP which helps recruiting VCP/p97 complex to drive the dislocation of 

the substrate across the ER membrane (Christianson et al., 2008, Hosokawa et al., 2008, 

Christianson et al., 2011, Klemm et al., 2011). Furthermore, it also acts as a regulator of EDEM1 

and OS-9 through LC3-I dependent sequestration into ER-derived vesicles (EDEMosomes) (Cali 

et al., 2008, de Haan et al., 2010, Bernasconi et al., 2012). It is also important to mention that the 

stoichiometry of the HRD1-SEL1L complex was proposed to be 1:1 (Sun et al., 2014) and needs 

to be maintained in order to have and efficient ERAD as well as maintaining the stability of the 

complex, leading to the conclusion that SEL1L is the central player that coordinates the misfolded 

proteins recruitment, dislocation and ubiquitination (Hosokawa and Wada, 2016, Ji et al., 2016). 

Degradation of most intracellular proteins is achieved by proteasomes. The proteasome is 

a multisubunit enzyme complex that plays a central role in the regulation of proteins that control 

cell cycle progression and apoptosis, and has therefore become an important target for anticancer 

therapy (Cohen-Kaplan et al., 2016, Goldberg, 2007). The substrates for proteolysis are selected 

based on a specific ñlabelò that directs them to the gate to the proteolytic chamber of the 

proteasome. A polyubiquitin chain plays the role of the ñlabelò and proteins conjugated with an 

ubiquitin (Ub) chain of minimum four molecules are targeted to proteasomal degradation (Stack 

et al., 2000). Upon entering the proteasome, the polypeptide chain of the protein unfolds and 

stretches along it, being hydrolyzed to short peptides. Ubiquitin per se does not get into the 

proteasome and is removed by the accessory subunit of the proteasome and recycled to tag another 

molecule; this process has been generally ñUb-dependent protein degradationò (Kriegenburg et al., 

2012). 

The proteasome that accomplishes Ub-dependent degradation of proteins consists of two 

basic sub complexes: the core 20S proteasome (20S CP, about 700 kDa) 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 Ub and ATPases that unfold the substrate and deliver it to the core 

proteasome channel (Groll and Huber, 2003). The 19S RP can dock at 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 ñ30S proteasomeò is practically not used, and the name ñ26S proteasomeò has 

been accepted to designate both isoforms (Huang et al., 2016). 

As emphasized above, the cell is able to regulate its function through well-defined 

processes, some of them well understood and others not elucidated yet. In physiological conditions 

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 homeostasis is ER associated 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 functional complexes facilitates the 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 results from the synthesis and distribution of melanin in skin, 

hair and eyes. At cellular level, melanin is produced in specialized cells (melanocytes) in cellular 

organelles called melanosomes. Two types of melanin are synthesized: pheomelanin (yellow, red) 

and eumelanin (brown, black). As an enzyme, the tyrosinase (Figure 3) importance lies in the 

synthesis of melanin. In this process there are two other proteins related to tyrosinase involved: 

TRP-1 (Tyrosinase related protein 1) and TRP-2 (Tyrosinase related protein 2) that have been 

characterized and have been assigned specific reactions in the synthesis of melanin (Gillbro and 

Olsson, 2011).  

 

The mature protein is a type 2 membrane protein and comprises three domains: the N-

terminal domain encompasses 455 amino acids with 6-7 potential glycosylation sites; the 

Figure 3. Schematic representation of tyrosinase structure 
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transmembrane region comprised of 46 amino acids which settles the tyrosinase in the melanosome 

membrane; and the cytoplasmic tail (C-terminus) (Olivares et al., 2003, Petrescu et al., 2000). 

Being a glycoprotein, the synthesis takes place in the ER, 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 first two glycans are needed, while the C-terminus glycans 

are important for protein stability and for antigenic peptide generation (Cioaca et al., 2011, 

Chiritoiu et al., 2016). It was found that tyrosinase employed both proteasomal and lysosomal 

pathways for degradation and its proteasomal degradation in melanoma cells generates antigenic 

peptides, stimulating an immune response (Mosse et al., 2001, Ostankovitch et al., 2005). 

Tyrosinase degradation generates a naturally occurring peptide YMDGTMSQV, which is 

efficiently loaded on MHC class I (major histocompatibility complex class I) molecules and 

presented to the cell surface as melanoma antigen recognized by CD8+ and CD4+ T cells. It was 

found that tyrosinase N-glycosylation is important for CD4+ T cell recognition since enzymatic 

deglycosylation abrogated this process. Moreover, N-glycosylation to the C-terminal site was 

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

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

 

1.2.2. Alpha 1 antitr ypsin (AT)  

 

Alpha 1 antitrypsin is a lung protective enzyme playing a major role in protecting the lower 

respiratory tract against proteolytic destruction by elastase. 

Alpha 1-antitrypsin was identified as a versatile protein able to undergo rapid shape 

modifications. While versatility may provide advantages, this feature also has drawbacks as a 

series of mutations have been identified. These mutations lead the misfolded proteins to 

accumulate, resulting in diseases such as liver cirrhosis and lung emphysema, due to aggregate 

accumulation in hepatocytes and lack of transport and inhibitory function to the lungs (Perlmutter, 

2011, Sifers et al., 1989).  

AT is comprised of 418 amino acids, with an N-terminal signal sequence (24 amino acids) 

and three potential glycosylation sites (Figure 4). It is synthesized as soluble monomer in the 

endoplasmic reticulum. As mentioned above, several mutations in alpha 1-antitrypsin have been 

identified out of which two of them were found to be secretion incompetent or secretion impaired, 
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NHK (truncated AT) and ATZ (point mutation), respectively. The secretion of incompetent forms 

(NHK-Null Hong Kong) are terminally misfolded, implicitly retained in the endoplasmic 

reticulum and subjected to proteasomal degradation. Nevertheless, point mutation in AT (ATZ) 

favors polymer formation and delays the secretion of monomeric protein. The cells discard this 

protein both by proteasomal or lysosomal degradation, involving canonical autophagy (Graham et 

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

As a glycoprotein, AT folding in the endoplasmic reticulum was revealed to be 

calnexin/calreticulin dependent and if the native structure is acquired it will be exported from the 

ER through COPII coated vesicles. The quality control mechanism in ER was shown to be involved 

in native protein secretion. The degradation of AT from the ER was found to be ERAD dependent 

also considering the high number of studies conducted on alpha 1-antitrypsin it was proposed this 

protein was a good model for studying the role of N-glycans in folding and degradation of 

glycoproteins associated to the endoplasmic reticulum (Termine et al., 2005). 

In this regard and considering many of the studies performed to elucidate the role of ERAD 

components in glycoprotein selection and transport to degradation using this protein as model, 

along with tyrosinase, we aim to uncover the complex and dynamic ERAD mechanism and reveal 

the role of EDEM3 in this process.  

Figure 4. Schematic representation of alfa1 anti-trypsin and its truncated mutant NHK. 
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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 (nuclear magnetic resonance, infrared spectrometry, 

ultraviolet, etc.) by not involving the use of electromagnetic radiation. Unlike other spectral 

techniques, mass spectrometry samples are converted chemically and become unrecoverable. 

It is an analytical technique that measures the mass/charge ratio of charged particles and is 

able to determine the masses of the particles and to elucidate their chemical structure. In order to 

analyze the outcome of this measurement, a mass spectrum, the sample needs to be first ionized. 

In a typical procedure the following steps are required: 

1. Injection of the sample. Depending on the sample type it can be loaded on a column on a LC 

device or manually injected. 

2. Ionization. The components of the sample are ionized by various methods, resulting in formation 

of ions. 

3. Fragmentation and separation. The ions are separated by a mass/charge in an analyzer by 

electromagnetic fields. 

4. Ion detection. The detection and signal processing of ions in a mass spectrum, leading to the 

mass spectrum output. 

MS instruments generally consist of three modules:  

Å Ion source, which can convert the molecules into gas phase. 

Å A mass analyzer, which sorts the ions according to their mass/charge ratio by applying 

electromagnetic fields. 

Å A detector 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 by the mass spectrometer. Input mode of the sample in 

the device essentially depends on ionization mode and physical-chemical properties of the 

substance to be analyzed. The analysis of samples 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. Ion sources and ionization techniques 

 

The ion source (frequently called ionization chamber) aims to achieve ionization of 

substances to be analyzed and is one of the most important components of the mass spectrometer. 

The main types of ion sources are classified, according to the embodiment of ionization as follows: 

Å Electron bombardment ionization sources (electron impact, EI); 

Å Ionization sources through sample ion collisions provide by source (chemical ionization, CI); 

Å Ionization sources through a bombardment with a beam of ions or neutral molecules (Liquid 

Secondary Ion Mass Spectrometry, and Fast Atom bombardment LSIMS, FAB); 

Å Sources of ionization using lasers (Laser Ionization Mass Analysis (LIMA) , Matrix Assisted 

Laser Desorption (MALDI) ); 

Å Ionization through dispersing the solution as fine droplets (thermospray TSP and electrospray 

ESI); 

 

1.3.2. ESI ionization 

 

In ESI a liquid is pushed through a metal capillary (Figure 5) (Fenn et al., 1989). The liquid 

containing the substance to be studied, the analyte, is dissolved in a large amount of solvent, which 

is typically more volatile than the solvate. The analyte exists as an ion in solution (either anion or 

cation). Because the same charge particles repel, the liquid will push itself out of the capillary 

forming an aerosol, a mist of droplets (10 µm). The aerosol is partly produced by a process which 

involves the formation of a Taylor cone (Wilm, 1994). A lightweight gas such as nitrogen, used as 

a carrier sometimes, helps droplet formation and evaporation of the solvent neutral drops. While 

the solvent evaporated, analyte molecules are forced to gather, thus making the ions reject one 

another (droplet formation). This process is called Coulombian fission and is given by Coulombian 

repulsive forces between charged molecules. The process is repeated until the analyte is free of 

solvent, becoming a simple ion. Ions observed are created by the addition of a proton, [M + H]  + 

or reduction of a proton [M-H] -. 
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There are two laws that govern the dynamics of charged particles in electric or magnetic 

fields in vacuum: 

F = Q (E + v x B) (Lorentz force) (1) 

F = ma*z (2) 

(M/z) a = E + v x B (3) 

Where F is the force applied to the ion, the ion mass m, a acceleration, Q ionic charge, the electric 

field E, v x B is the vector product of the ion velocity and magnetic field induction. Equation 3 is 

the equation of 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 / MS) and mass spectrum 

 

Technically MS/MS refers to a method in which a first analyzer is used to isolate a 

particular ion, M+, which will undergo fragmentation and produce ions and neutral molecules. 

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

- sweep fragment ion (daughter scan) ï consists in the selection of a precursor ion (parent 

ion) and determination of all its produced ions; 

- sweep precursor ions (parent scan) - consists in choosing an ion fragment and determining 

all its precursors; 

- cleaved fragments sweep neutral (neutral loss scan) - consists in choosing a neutral 

fragment and detecting all fragmentations causing its appearance. 

Figure 5. ESI ionization-schematic representation 
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The obtained measurements can be represented as: 

Graphic form. Ion signals are shown as vertical lines at the values of m/e appropriate and 

whose height is proportional to the intensity (abundances) of 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 called spectrum normalization. 

Tabular form. Itôs presented in the form of a table where the ions and their relative 

abundances are compared to the base ion considered having an abundance of 100%. 

 

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

 

Bottomïup proteomics (Figure 6), implies that the identification of the target 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 protein.(Zhang et al.) 

 

Figure 6. Schematic representation of the two approaches in sample preparation for MS/MS analysis. 
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To identify the proteins through bottom-up approach, the next steps are necessary: 

reduction of disulfide bond (by treatment with DTT), S-alkylation (with IAA) in order to prevent 

disulfide bonds formation, and digestion with a protease to obtain the peptides (Aebersold and 

Mann, 2003). 

Top-down proteomics (Figure 6) is a method of protein identification that uses an ion 

trapping mass spectrometer to store an isolated 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 and trapped in 

a Fourier transform ion cyclotron resonance (Penning trap) or quadrupole ion trap (Paul trap) mass 

spectrometer. Fragmentation for tandem mass spectrometry is accomplished by electron-capture 

dissociation or electron-transfer dissociation. Effective fractionation is critical for sample handling 

before mass-spectrometry-based proteomics. The main advantages of the top-down approach 

include the ability to detect degradation products, sequence variants, and combinations of post-

translational modifications.  

 

1.3.5. Mass spectrometry data analysis 

 

Most often, data dependent methods are used (Kalli 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 subjected to a second 

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 dissociation (CID) (Wells and 

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

Figure 7. Fragmentation patterns. The 

types of fragmented ions depend on many 

factors. They will be identified only if they 

have at least one charge. If the charge is 

retained on the N terminal it will be noted 

a, b, c if on the C terminal it will be x, y, z. 

The subscript indicates the number of the 

amino acid. 
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Depending on the properties of the protein and the instrument set-up parameters different 

fragments will result, the main condition that has to be met is the ionization of the sample with at 

least one charge. If the charge is 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 ions. In general CID fragmentation 

generates b and y ions and ETD or ECD tend to fragment the N-C alpha resulting c and z ions, 

also immonium ions, water loses etc. can result depending on the conditions used (Good et al., 

2007). 

 

1.3.6. Applications 

 

Due to continuous technological improvements mass spectrometry has come to be a 

possible hypothesis generating engine by evolving common experiments such as analyzing 

proteins through SDS-PAGE into approaches that can further help with (Aebersold, 2003): 

Å Determination of 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 molecule investigated. Ions 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; 

Å Molecular formula determination. The molecular formula 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 devices with higher resolution than 105 (high resolution mass 

spectrometers). 

Å Molecular structure elucidation (PTM 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 comparing the spectral data with the existing 

mass spectra libraries; 

Å Establishing isotopic markings. Mass spectrometry is the standard method for analyzing the 

results of isotopic labeling experiments, experiments of great importance for evidence of chemical 

processes occurring in living organisms. Allows for determination of highly accurate isotopic 

abundances for geo-sciences and archeology. Thus able to determine a ratio 14C/12C=1/1015 
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allowed dating of a sample of 40,000 years with an accuracy of 1%. Mass spectrometry allows for 

easy identification of isotopes and their position in the molecule.  
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2. Materials and methods 

 

2.1. Materials  

 

Table 1. Chemicals: 

Product Company 

Acetic acid EL-CHIM 

Acrylamide/Bisacrylamide 30% BIO-RAD, Merck 

Ammonium persulfate (APS) Sigma-Aldrich, Santa Cruz 

Bovine serum albumin (BSA) Sigma-Aldrich, Santa Cruz 

Bromphenol blue Sigma-Aldrich 

CHAPS (3-((3-Cholamidopropyl)-

dimethylammonio)-1-propanesulphonate) 

Sigma-Aldrich, Pierce 

Chlorophorm Merck  

DMSO (Dimethylsulfoxide) Sigma-Aldrich 

DTT (Dithiothreitol) Sigma-Aldrich 

EDTA (Ethylendiamintetraacetic acid) Sigma-Aldrich 

Ethanol EL-CHIM 

Ethidium bromide  Promega 

Glycerol MP Biomedicals 

Glycine Promega 

HEPES (N-(2-Hydroxyethyl) piperazine-N´-(2-

ethanesulfonic acid)) 

Santa Cruz Biotechnology 

Isopropanol (2-Propanol)  EL-CHIM 

Magnesium chloride Sigma-Aldrich 

2-mercaptoethanol Sigma-Aldrich 

Methanol EL-CHIM 

Paraformaldehyde Sigma-Aldrich 

DNase  Sigma-Aldrich 

Skim milk powder  Sigma-Aldrich, Santa Cruz Biotechnology 

Sodium carbonate EL-CHIM 

Sodium chloride EL-CHIM 

Sodium dodecylsulfate Sigma-Aldrich 

N,N,Nô,Nô-Tetramethylethylendiamine 

(TEMED) 

Merck  

Triton X-100 Sigma-Aldrich 

Tris(hydroxymethyl)aminomethane (Tris) 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 

expression  

NO 

2 pHAT2 Clonthech  Bacterial expression His 

3 pcDNA 3.1 Life technologies Mammalian 

expression 

NO 

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

5 soluble TYR- pTriEx 1.1 

(ST) 

Our lab Homo sapiens NO 

6 ȹall TYR-pTriEx 1.1 Our lab Homo sapiens NO 

7 WT EDEM3-pcDNA 3.1.  N. Hosokawa lab, 

Kyoto, Japan 

Mus musculus HA 

8 Null Hong Kong   HA 

 

Table 3. Antibodies 

Antigen  Antibody Method Dilution Catalog 

number/ 

Obtained from 

Tyrosinase Mouse 

monoclonal Ŭ-

TYR IgG2a 

(T311) 

WB 

1:400 

sc-20035 

    IP 

1:100 

Santa Cruz 

Biotechnology,  

    IF 1:400   

  Rabbit polyclonal 

Ŭ-TYR 

IP 1:100 Our lab 

EDEM3 Rabbit polyclonal 

Ŭ-EDEM3  

WB 1:2000 end E8906, Sigma 

Aldrich 

    
 

1:3000 ovex   

    IP 1:400     
IF 1:800 end   

      1:2500 ovex   

Calnexin Rabbit polyclonal 

Ŭ-CNX 

IP 1:500 Adi-SPA-865-

F Stressgen,  
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    IF 1:500   

  Goat polyclonal 

Ŭ-CNX 

WB 1:1000 sc-6465, Santa 

Cruz 

Biotechnology 

SEL1L Goat polyclonal 

Ŭ-SEL1L 

WB 1:500 sc-48081, 

Santa Cruz 

Biotechnology  

    IP 1:100   

    IF 1:300   

HA tag Goat polyclonal 

Ŭ-HA 

WB 0:500 sc-805-G, 

Santa Cruz 

Biotechnology 

    IP 0,100   

    IF 1:400   

ER Man1 Mouse 

monoclonal Ŭ-

ERMan1 IgG2a  

WB 1:300 

(Femto) 

sc-100543, 

Santa Cruz 

Biotechnology 

    IP 0:100   

Actin Mouse 

monoclonal Ŭ-

Actin  

WB 1:1000 Abcam 

  Goat polyclonal 

Ŭ-Actin 

WB 1:300 sc-1616, Santa 

Cruz 

Biotechnology 

Tubulin Rabbit polyclonal 

Ŭ-Tubulin alpha 

WB 1:10000 ab18251, 

Abcam 

XTP3-B Goat polyclonal 

Ŭ-XTP3-B 

WB 1:500 sc-161409, 

Santa Cruz 

Biotechnology 

  Rabbit 

monoclonal Ŭ- 

XTP3-B 

WB 1:500 ab181166, 

Abcam 

Ŭ-1 

Antitrypsin 

Rabbit polyclonal 

Ŭ-1 Antitrypsin  

WB 1:2000 A0012, Dako,  

    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. Simona Ghenea. 

2.2.1. Transformation of competent bacteria 

To transform competent bacteria (XL1Blue or BL21 strains) a calcium-phosphate protocol 

was used. More concisely, competent E. coli strains were thawed on ice approximately 10 min. 

Afterward, 1-2 µg plasmid DNA was added to 100 ɛL cells and left for 20 min on ice. The DNA 

uptake was made by heat shocking for 45 secs at 42 °C, immediately after the cells were placed 

back on ice for 5 min and 900 ɛL of antibiotic-free LB medium was added. The culture was grown 

for 45 min at 37 ÁC and 100 ɛL cell suspension were plated on agar with the selected antibiotic.  

Bacterial strains used for expression and purification as well as the culture media necessary 

for protein/DNA purification were: 

 

Table 4. E. coli strains  

Name  Recipe 

Luria-Bertani (LB) medium 10 g Bacto-Tryptone/Peptone, pH 7.4 

5 g yeast extract 

5 g NaCl 

1 ml 1M NaOH 

H2O add to 1L 

LB Agar 1.8% agar (w/v) in LB medium 

 

E. coli strain Genotype  Properties Reference  

XL1Blue ȹ(mcrA)183 

ȹ(mcrCBhsdSMR-mrr) 

173 endA1 supE44 thi-1 

recA1 gyrA96 relA1 

lac[F´ proAB lacIq HIS3 

aadA Kanr] 

-endonuclease (endA) deficient 

-recombination (recA) deficient 

hsdR mutation prevents the cleavage 

of cloned DNA by the  

EcoK endonuclease system. The lacIq 

ZæM15 gene on the FË episome 

allows blue-white color screening. 

Stratagene 

BL21 (RIL) B F- ompT hsdS (rB- mB-) 

dcm+ Tetr gal ɚendA Hte 

[argU ileY leuW Camr] 

cells contain extra copies of the argU, 

ileY, and leuW tRNA genes 

Stratagene 
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2.2.2. PCR amplification of DNA fragments 

The polymerase chain reaction (PCR) is a biochemical technique that allows amplifying a 

specific DNA fragment based on a template, in vitro. This reaction relies on repeated cycles of 

heating and cooling that will ensure DNA melting and enzymatic replication of the DNA 

To generate truncated mutants of our target protein we used a three-step PCR method. In a 

nutshell, this method consists of three sequential PCRs. During the first PCR, a DNA fragment 

was generated using a forward end primer and reverse primer lacking the specified region, while 

in PCR2 a second DNA fragment was generated with a forward primer that lacks the required 

domain and a reverse end primer. The two DNA fragments amplified by PCR1 and PCR2 were 

purified and equimolecular quantities were used for the third PCR. This PCR3 product will contain 

the full cDNA with desired mutation/mutations.  

Further, we need to insert our target mutants into the desired vector. In order to achieve 

this step, we purified by gel extraction the third PCR and digested with specific restriction enzymes 

in order to generate cohesive ends. At the same time, the desired cloning vector was digested with 

the same digestion enzymes. After these steps, the resulting digested products were purified and 

used for ligation with T4 DNA ligase at 16 oC overnight. In order to test the efficiency of the 

ligation process in the following day, XL-1 Blue competent cells were transformed with the 

ligation product. For the screening of the positive bacterial colonies, 5 colonies were inoculated in 

LB media with the selection antibiotic, and grow overnight. The plasmids were extracted from 

bacteria using the MiniPrep kit (Promega) and subjected to digestions with restriction enzymes in 

order to check if the ligation was successful. If the screening proved positive the samples prepared 

for entire cDNA sequencing to detect unwanted mutations. 

 

2.2.3. Protein concentration determination-BCA assay 

The bicinchoninic acid assay was invented by Paul K. Smith. The method is used to determine 

by spectrometric measures the concentration of protein, reflected by a color change, in a sample. 

The principle of this assay relies on two steps; the first one relies on reducing the Cu2+ sulfate ions 

to Cu+ through a temperature dependent reaction, following this reaction two molecules of 

bicinchoninic acid chelate with the Cu+ allowing a complex to be formed that absorbs at the 

wavelength of 562 nm. The amount of Cu2+ reduced is correlated with the amount of protein in the 
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sample and by reading the absorption and comparing to a curve, generally made of BSA, of known 

concentrations we can determine ours. 

 

2.2.4. Protein electrophoresis 

Polyacrylamide gel electrophoresis (PAGE) is a common biochemical technique widely 

used to separate protein or nucleic acids according to their electrophoretic mobility when an 

electric field is applied. The electrophoretic mobility of proteins is given by their length, charge 

and conformation. This technique has two approaches: native and denaturant conditions. As the 

name implies in the first one, native, the sample is separated under native conditions enabling the 

macromolecules to preserve their structure. The second one, denaturant, requires adding different 

chemicals like Sodium Dodecyl Sulfate (SDS). This anionic detergent linearizes the proteins and 

help 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 concentrations (5-25% depending on the experiment), 

a buffer to adjust the pH, ammonium persulfate and TEMED in order to start the polymerization 

process and optional SDS. After the samples are loaded into the gel a current of 20-40 mA is 

applied in order to migrate them starting from the negative electrode (cathode) to the positive one 

(anode). 

The protein bands can be viewed by Coomassie staining. This process uses Commassie 

Brilliant Blue R250 which is an anionic dye that bind non-specifically to proteins. Usually, the 

gels are incubated for 30-60 min and then washed with distaining buffer to remove the excess dye. 

 

Table 5. Gel composition and the buffers recipe used for SDS-PAGE  

Name  Composition 

Acrylamide mix ready-to-use solution 30% (37.5:1 acrylamide:bis-

acrylamide ratio) 

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

Laemmli buffer 5x (R) 250 mM Tris/HCl, 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/HCl, pH 6.8 
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50 % (w/v) glycerol 

10 % (w/v) SDS 

0.02 % Bromphenol Blue 

SDS running buffer 200 mM glycine 

25 mM Tris 

0.1 % SDS (w/v) 

Coomassie staining solution 0.25% (w/v) Coomassie Brilliant 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 (or immunoblotting) is one of the most common used analytical 

techniques to detect proteins in a sample of tissue homogenate with the help of specific antibodies 

for the target protein. This implies that firstly the proteins have to be separated by SDS-PAGE and 

transferred afterwards to a membrane (nitrocellulose or PVDF) with 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-

positives and have a cleaner view of the detected protein. This step is achieved by blocking with a 

solution of 5% bovine serum albumin or non-fat dry milk (adding a small % of detergent is 

optional) for 45 min at room temperature or overnight at 4 oC. 

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 temperature. After the 

complex of antigen-antibody is formed, a second antibody that is coupled with a horseradish 

peroxidase (HRP) is added for 1 hour. After each step of this process 3-5 washes with PBS 

(optional 0.1% Tween) are made in order to remove excess milk or antibody. 

In order to visualize the proteins, the HRP is incubated for 1-2 min with an enzyme called 

luminol, together they give a chemiluminiscent reaction that can impress photographic films. 
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Table 6. Buffer recipes used for transfer and western blotting 

Name  Composition 

Transfer buffer (semi-dry) 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 

 

Immunoprecipitation (IP), as the name implies, is a technique used to precipitate an antigen 

out of a cellular lysate with a specific antibody. There are different types of immunoprecipitation, 

starting from the individual one mentioned above to co-immunoprecipitation where intact protein 

complexes can be pulled, continuing with chromatin, RNA or tagged immunoprecipitation. 

In order to detect these interactions or complexes, mild lysing and denaturing conditions 

need to 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 the cells; this can be made using different stringency lysis 

buffers, based on the properties of the protein (membrane or soluble) and goal of the experiment. 

After this step the cell lysate was cleared by centrifugation. In order to form the antigen- antibody 

complex, the former was added to the cell lysate in a proper dilution and the mix was incubated 

overnight at 4 ºC with continuous agitation. Following this step, the previous formed complex is 

immobilized on protein A/G Sepharose for 2 hours. The last two steps consist of washing the 

antigen-antibody-resin complex in order to remove any non-specific binding and elute the protein 

of interest, thus enabling us to further proceed with SDS-PAGE 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 

200 mM NaCl 

Western blotting 

Immunoprecipitation 

 

  Triton-

X100 

50 mM HEPES pH 7,34 

150 mM NaCl 

1.5 mM MgCl2 

1 mM EDTA 

1% Triton-X100 

2% -Western blotting 

1% - Immunoprecipitation 

Cell lysis for protein-protein 

interaction 

  Digitonin 

1% 

1% digitonin (w/v) 

50 mM TRIS-HCL pH 7.4 

150 M NaCl 

5mM EDTA 

Cell lysis for protein-protein 

interaction 

Washing 

buffer 

CHAPS 50 mM HEPES pH 7,34 

200mM NaCl 

0.5% (w/v) CHAPS 

Immunoprecipitation 

  Triton-

X100 

50mM HEPES pH 7,34 

150 mM NaCl 

0.1% Triton-X100 

Immunoprecipitation 

 

 

2.2.7. Cell transfection 

In order to study different systems, understand pathologies, elucidate pathways and 

understand the behavior of proteins of interest or just to explain the effect of mutant proteins we 

need to change the expression of proteins or to induce the uptake of mutant proteins. In order 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, be it by electroporation, 

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 line we generally transfected using PEI 

(polyethileneimine) as for the other, more rigid to transfection agents, we used Lipofectamine 

2000/3000. 

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

 Table 8. Cell lines used in this study: 

Name  Description Species 

A375  Amelanotic melanoma  Homo sapiens 

HEK 293T  

 

Fibroblasts derived from kidney. Genomic integration 

of a copy of the large Tô-antigens of SV-40 virus 

Homo sapiens 

HeLa  Cervix carcinoma cells Homo sapiens 

 

Table 9. Media composition for mammalian cell culture 

Nr. Name  Composition 

1. DMEM culture medium 

(Dulbecco´s modified Eagle´s 

Medium 

DMEM (high glucose) with glutamax and pyruvate  

10% v/v, FCS (heat inactivated) 

1% v/v NEEA  

2. DMEM with G418 DMEM complete (1) 

400 µg/mL geneticin (G418) 

3. MNT-1 cell culture media DMEM (high glucose) with glutamax and pyruvate  

20 % v/v FBS,  

10% v/v AIMV media and  

1% v/v NEEA 

4. Trypsin-EDTA 0.05% trypsin ïEDTA solution with phenol red 

 

Table 10. Transfection reagents and other solutions  

Solution Composition 

Freezing solution for cells 

 

90% (v/v) heat inactivated FCS 

10 % (v/v) DMSO 

PEI (polyethileneimine) 1mg/mL PEI pH 9.0 in H2O (Sigma) 

Lipofectamine2000 Commercial formulation of liposomes (Invitrogen) 

PBS 

 

137 mM NaCl 

2.7 mM KCl 

10.2 mM Na2HPO4 

1.8 mM KH2PO4   pH 7.34 
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Table 11. Transfection mix preparation 

Type of 

oligonucleotide 
Reagent 

DNA/RNA: 

Reagent 

ratio 

Serum 

free 

volume 

Mix separate DNA 

and Reagent 

Time of 

incubation 

Plasmid DNA PEI 1:2 (w/v) 100 µl NO 30min-1h 

Plasmid DNA 
Lipofectamine 

2000 
1:2.5 (w/v) 200 µl YES 1-2h 

siRNA oligos 
Lipofectamine 

2000 
1:2 (v/v) 200 µl 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 experiment these 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 experiment that needs to be done.  

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

Table 12. Inhibitors used for cell treatment  

Product Function Working 

concentration  

Time of 

incubation 

Company  

Lactacystin Inhibits the 20S 

proteasome  

20 µM ON Toronto 

Chemicals 

    40 µM 4-8 h   

Kifunensine Mannosidase inhibitor  100 µM ON Toronto 

Chemicals 

    200 µM 4-8 h   

Cycloheximide Protein synthesis 

inhibitor 

50 µM 4-8 h Sigma-

Aldrich 

NBDNJ Inhibitor of 

glucosylceramide 

synthetase and 

glucosidase 

50 µM 4-8 h Sigma-

Aldrich 

Bortezomib Inhibits the 26S 

Proteasome 

50 nM ON Santa Cruz 

Mg132 Inhibits the 20S 

proteasome activity 

12 µM ON Santa Cruz 
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E64D Inhibits calpain and 

cathepsins B, H, and L 

100 µM ON Sigma-

Aldrich 

Tapsigargin Inhibits the ER calcium 

pump 

1 µM ON Santa Cruz 

Cloroquine Inhibits autophagic 

degradation in the 

lysosomes. 

100 µM ON Sigma-

Aldrich 

Tunicamycin Inhibits protein N-

glycosylation 

10 µg/ mL ON Santa Cruz 

2.2.9. Metabolic labeling and immunoprecipitation 

A common used label in biochemistry is radioactivity. This is achieved by incorporating 

into proteins (here amino acids containing [S35] isotopes) for 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 well as other types of experiments, allowing the user to 

determine the half-life, interaction or folding state of the protein of interest. In order to stop the 

labeling process, the cells are incubated with non-labeled amino 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 to X-ray sensitive films thus allowing the visualization of 

the results. 

In a typical experiment, transfected or not cells, are starved for 1h in medium that is free 

of cysteine-methionine. After starvation they are pulsed labeled with 100-150 ɛCi of [35S] 

methionine/cysteine (MP Biomedicals/Perkin Elmer) for 20 min. Depending on the type of 

experiment, if the half-life needs to be determined, the cells are chased for the required time points 

and harvested in cold PBS with 20 mM N-ethylmaleimide (NEM- to alkylate the free SH groups) 

and 50 µM cycloheximide (to stop protein synthesis). The next step is cell lysing using the 

appropriate buffer for 30 min on ice, followed by centrifugation at 14000 rpm, 4oC. The obtained 

supernatant was immunoprecipitated overnight with the desired antibodies at 4oC.the next day the 

complex was immobilized on protein A/G sepharose for 2h followed by elution and SDS-PAGE. 

The obtained gels were subjected to Coommassie staining and dried. The visualization was made 

using X-ray sensitive films. 
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2.2.10. Immunofluorescence microscopy 

Another use of the antigen-antibody mechanism is found in fluorescence microscopy. This 

technique allows the detection of cellular macromolecules using fluorescent dyes. Due to the 

availability of different dyes a large set of molecules such as lipids, proteins and nucleic acid can 

be stained. Adding a fluorescent tag to the protein can also make detection possible. 

In case the determination of localization of two or more proteins results in overlapping of 

the fluorophores signal we would say that they are in the same cellular compartment or co-localize.  

Briefly, the protocol consists of cultivating cells on glass coverslips and fix them with 4% 

paraformaldehyde (PFA) for 15 min at RT. Afterwards, the cells were washed with PBS to remove 

the excess (PFA), optionally another wash can be made to quench the auto-fluorescence of PFA 

using 25 mM glycine. In order to allow the antibodies to bind to their specific antigens a 

permeabilization step is made with Triton x100 0.2% for 3 minutes. The next step is incubating 

the cells in blocking solution (5% BSA in PBS) for 30 min at RT followed by washing three times 

with PBS. After this step a dilution of primary antibody in blocking solution for another 30 min is 

made. The same procedure was repeated with the secondary antibody. The coverslips were 

mounted with mounting media on a glass slide and visualized with a 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 

buffer 
BSA 0.5% in PBS. 

Santa Cruz 

Biotechnology 

DNA staining solution 
Hoechst 33343, 10000x 

solution (10mg/mL) 
Molecular Probes 

Mounting solution 
Prolong Gold Antifade w or w/o 

DAPI  
Invitrogen 

Washing buffer PBS Santa Cruz Biotech 

Secondary antibodies 
AlexaFluor conjugated 

antibodies 
Invitrogen 

Borosilicate cover slips   - VWR, Merck 

Slides  - VWR, Merck, 

Microscopy Immersion Oil - Zeiss Romania 
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2.2.11. In gel digestion of proteins 

In order to identify the possible interactors of EDEM3 a bottom ïup strategy has been used 

based on the in gel protein digestion method. The protocol was modified in order to obtain a 

maximum of data based on our experiments results. To improve the identification and lower the 

complexity of the sample when using in gel digestion method we sliced the lane into 3-5 slices 

depending on their abundance (determined by Coommassie stain) and washed with 1 mL of wash 

buffer 1 (WB1) containing 50mM ABC and 50% ACN following the second wash buffer (WB2) 

containing ACN.  To reduce the disulfide bridges the gel slices were incubated at 56 oC with 0.5 

mL of 10 mM DTT in 50 mM ABC for 1 hour. Between each phase of this protocol the two 

washing steps were made. After removing possible traces of DTT by repeated washing the next 

stage was prepared by alkylating the sample. This step will  prevent disulfide bridges formation. 

The alkylation buffer contains 0.5 mL of 50 mM IAA in 50 mM ABC and was made for 1 hour at 

room temperature. Subsequently after washing to remove the excess of IAA with WB1 and WB2, 

we proceeded with the digestion of the sample with the protease of choice, trypsin. The incubation 

procedure was made over night at 37 oC with 0.4 mL from a diluted solution of 5-10 ng/µL 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% ACN, which also serves to inactivate trypsin (due to pH < 3). After 

30 min of incubation the supernatant was collected and the step was retaken. The second fraction 

was collected mixt with the first and concentrated to dryness. The sample were kept at -20 oC until 

analyzed (Shevchenko et al., 2006). 

 

Table 14. Buffers and reagents used for sample preparation for LC-MS/MS analysis 

Name Composition  Use 

Soft elution buffer 0.2% SDS, 0.1% Tween 

20, 50mM Tris-HCl, pH 

8.0 

Elution of protein of interest from IP 

Wash solution 1 50 mM ammonium 

bicarbonate 

(ABC) 

Washing solution used between 

protocols steps in order to remove any 

traces 

Wash solution 1 Acetonitrile (ACN) Washing solution used between 

protocols steps in order to remove any 

traces 

Protein reduction buffer 10 mM DTT 

50 mM ABC 

IN gel protein reduction 
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Alkylation buffer 50-100 mM 

iodoacetamide IAA 

50 mM ABC 

In gel protein alkylation 

Protein digestion buffer 5-10 ng/µL protease 

40 mM ABC 

In gel protein digestion 

Extraction buffer 5% formic acid (FA) 

50%ACN 

Peptide extraction buffer 

Extraction buffer 5% FA 

ACN 

Peptide extraction buffer 

Resuspension buffer 0.1% ACN Resuspension buffer used to inject 

samples. 

 

2.2.12. Optimization of sample preparation for i dentification of biomarkers using mass-

spectrometry from human serum 

As emphasized earlier mass spectrometry can be used, amongst others techniques, for 

identification of biomarkers by taking advantage of its high sensitivity and applicability for 

complex samples. In collaboration with MD Alexandra Circiumaru, we aimed to identify new 

biomarkers for arthritis. For these studies we used samples isolated from patients diagnosed with 

this disease and process them for LC-MS/MS analysis. For our experiments and due to practical 

and handling reasons 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 removal. It is general known that serum albumin is the most abundant protein the 

human plasma and serum samples constituting for almost 50% of all plasma proteins (Cohn et al., 

1947). In order to improve analysis using LC-MS/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 columns (Lu et al., 2009), immunoaffinity 

purification using antibodies from generic protein A/G (Li et al.) specific antidrug antibody 

(Neubert et al.) or kits. 

However, some of these methods are not time friendly, very efficient or simply may have 

drawbacks that affect the targeted proteins. In this regard I have tried to establish a simple cost and 

time efficient way to better analyze human serum. While setting these objectives the main goal 

was to maintain the samples unmodified. In this regard, a separation of the sample using a gradient 

polyacrylamide gel ranging from 8-12% was favored as it provided the most advantages.  
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SDS-PAGE and Coomassie staining. A 20 µL aliquot from each patient sample was mixed 

with loading buffer 5x with 5mM DTT and loaded on the gel. Boiling was avoided, due to the fact 

that it may cause protein aggregation in this type of sample. The gels were made in three gradients 

starting with 12% acrylamide at the bottom, 10% in the middle and 8% top, plus a regular 4% 

stacking gel. After separation the gels were subject to 30 min of Coomassie staining and destained 

ON in a methanol-acetic acid solution.  

 

LC-MS analysis. To prepare the sample only the proteins beneath the 50kDa were selected and 

prepared for MS analysis using a protocol previously described for in gel digestion with trypsin. Briefly, 

the gel pieces were subjected to reduction with 10 mM DTT in 50mM ABC (ammonium bicarbonate) for 

1h at 56 oC, alkylation with 100 mM Iodoacetamide in 50 mM ABC for 1h at room temperature and 

trypsinization for 16h at 37oC (8-10 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: 5% HCOOH in 50% ACN and buffer 2: 5% HCOOH in ACN) followed by 

Figure 8. SDS-PAGE of serum isolated 

from human patientes. 

The blood samples collected from 

different patients with rheumatoid 

arthritis at different stages were 

centrifuged to remove the red and 

white cells. The supernatant was 

further processed for biomarker 

discovery. 

A. shows the concentration of the 

analyzed samples. Dilutions were 

made in order to better approximate 

the quantity of HSA or hemoglobin 

 

B. Coomassie staining used for 

MS/MS analysis. 10µL of sample was 

loaded for each sample and separated 

in a three gradient, 8, 10, 12 %, 

polyacrylamide gel. 
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complete drying using a Speed-Vac and kept at -20oC until further use. Before analysis, each 

sample was resuspended in mobile phase A (0.1% HCOOH and 2% ACN) and subject to nanoLC-

MS/MS analysis. The peptides were separated using an Easy nanoLC II (Proxeon Biosystems) 

equipped with C18 trap column (20 mm x 100 µm internal diameter) (Proxeon Biosystems) 

connected online to a C18 analytical column (100 mm x 75 µm internal diameter) (Proxeon 

Biosystems). The chromatographic equipment was connected online to an Orbitrap Velos Pro 

instrument operated in data dependent mode connected online to an Orbitrap Velos Pro mass 

spectrometer. A top 15 most intense ions method was used for data acquisition involving a survey 

scan at 60000 resolution (m/z 400) with Orbitrap detection. A 2-30% B (0.1% FA + 98% ACN) 

gradient was used for the chromatographic separation of the peptides. 

Data analysis of LC-MS samples. Raw data files were searched using the SEQUEST 

algorithm integrated into 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, Carbamidomethylation on 

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 1 % FDR, and mass deviation of maximum 

5 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 UniProtKB 

(UniProt Consortium, 2015). UniProtKB and the non-redundant sequence database (GenBank, 

Refseq, PDB, SwissProt, PIR and PRF) 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 modeling. Sequence alignments were performed 

with the program Multalin that creates a multiple sequence alignments from a group of related 

sequences using progressive pairwise alignments. 
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An EDEM3 consensus secondary structural prediction was built using the output of 

PORTER (1), PSIPRED (2), SSPRO (3), RAPTOR-X (4), LOMETS (5), I-TASSER (6), SPIDER2 

(7), SABLE (8) and YASPIN (9). Accessibility, charge, and hydropathic profiles were generated 

with ACCpro (3) and tools from the analysis and modeling package SLIDE (10). A consensus 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), 

RAPTOR-X, and I-TASSER were used to identify the templates for EDEM3.  

All the models were generated using INSIGHT II 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 CHARMM36 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 lower energy minimum. The validation of the 

model accuracy used QA-RecombineIT method (13). The overall models were brought to 

(GDT_TS = 72.3; RMSD (model deviation form an optimal CŬ pathway) = 2.16¡) for the 

mannosidase domain while for the PA domain (GDT_TS=61.34 and RMSD=3.03 Å) domains 

models, both scores corresponding to very good models according to the QA-RecombineIT 

validation model. 
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3. Results and discussions 

 

3.1.  Proteomics. Identifying the possible interactors of EDEM3. 

Although ERAD and the proteins involved in this process are well studies and considerable 

amount of data was reported, EDEM3 has not been thoroughly investigated. Over the course of 

this chapter I aim to provide an insight on the potential interacting proteins of EDEM3 determined 

by immunoprecipitation coupled with mass spectrometry analysis, the optimization steps to 

achieve this goals as well biochemical validation of some interacting partners.  

 

3.1.1.  In silico identification of EDEM3 interactor using STRING  

Bioinformatics tools are becoming powerful tools in biology and not only due to the 

development of technology, thus allowing us to run complex simulations and determine possible 

outcomes of experiments. In this regard we performed an in silico simulation for identifying the 

interaction partners of EDEM3 using the software STRING (Szklarczyk et al., 2015) 

The program uses a spring model to generate the protein network. The nodes are modeled 

as masses and edges as springs; the final position of the nodes in the image is computed by 

minimizing the ñenergyò of the system. High confidence edges have higher ñspring strengthò in 

order for them to reach an optimal position before lower confidence edges. An important thing to 

mention is that the physical distances between two nodes along an edge in a graph has no meaning, 

or otherwise states that the distance does not correlate with the strength of the interaction. And 

secondly, although the algorithm is deterministic - the same input will produce the same output - 

the addition of new nodes to the network can result in changing the node locations in the new 

image completely also, the input node is the ñcenterò of the network it can be located anywhere on 

the map.(von Mering et al., 2005) 

These associations between proteins can be direct (physical) or indirect (functional) and 

are derived from different sources. For this simulation I used the following search restrictions: 

experiments (protein-protein interaction databases), text mining (protein interactions extracted 

from abstracts of scientific literature) and databases (curated databases). 

In order to obtain the in silico interaction map the following settings were used. 

- Sequence of the EDEM3, Mus musculus organism was used. 

- The active interaction sources were: text mining, experiments and databases 
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- The minimum interaction score was set to medium confidence 0.400/0.900 

- To avoid crowding the map we restricted the number of interactors to 10 for the first shell 

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

 

As it can be observed in figure 9 an interaction map formed out of 10 possible direct 

interactions marked with different colors and ten possible indirect interactors marked by the white 

color. The map depicts a high inter-connectivity amongst the proteins as the number of evidences 

suggests it. Due to the complexity reasons the view from evidence to confidence was changed in 

order to better assign the strength of the simulated interaction (Figure 10). As it can be seen 

Figure 9. Predicted association map of proteins. The network nodes are the proteins and 

lines depict the associations. Shown 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. 
























































































































