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ABSTRACT 

STRUCTURAL ASPECTS OF ASC SPECK FORMATION AND ITS 

POTENTIAL NOVEL FUNCTIONS 

 

Inflammasomes are cytoplasmic sensors that detect presence of intracellular patho-

gens or cellular damage. Activation of NLRP3, NLRC4 and AIM2 inflammasomes is ac-

companied by formation of a micrometer sized perinuclear structure called the ASC speck 

which is thought to be the platform for inflammasome activity. We carried out a mutational 

screen on the EGFP-ASC fusion protein in to determine ASC speck disrupting mutations. 

The ASC protein has two domains, namely pyrin domain (PYD) and caspase recruitment 

domain (CARD) which form filament structures when overexpressed in HEK293T cells as 

seperate domains.  A subset of mutations we introduced in the full length ASC protein 

changed the globular ASC speck structure into filaments, which were similar to the fila-

ments formed by the individual domains of ASC. We repeated a parallel mutational screen 

on PYD or CARD as seperate domains and found that mutations disrupting the ASC speck 

in the full length ASC construct also disrupt the filaments in the domain only constructs. 

The filaments formed by PYD was proposed to be formed by type I interactions. By using 

the type I binding mode deficient D48A mutant PYD, we showed that D48A-PYD is able 

to interact with wt PYD filaments, which indicates that PYD has alternative binding 

modes. Our results suggest that the ASC speck is an organized structure, as single muta-

tions introduced in ASC changes the ultimate structure completely. The second part of the 

thesis is based on the observation that the ASC speck is able to co-aggregate a wide range 

of cytosolic proteins on itself. We postulate that antigen co-aggregation of the ASC speck 

might be important in antigen presentation. The ASC protein has already been implicated 

in the antigen presentation pathway via inflammasome dependent and independent mecha-

nisms. Co-aggregation of cytosolic proteins on the ASC speck has potential implications in 

antigen presentation pathway which could be exploited to build better vaccines in the fu-

ture. 
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ÖZET 

ASC ZERRESİ OLUŞUMUNUN YAPISAL ÖZELLİKLERİ VE 

POTANSİYEL YENİ İŞLEVLERİ 

 

Enflamazomlar sitoplazmada bulunan patojenleri ve hücresel hasarı tespit eden al-

gılayıcılardır. NLRP3, NLRC4 ve AIM2 enflamazomlarının uyarılması sonucu hücre çe-

kirdeğinin yanında mikrometre boyutlarında ASC zerresi adında, enflamazom aktivitesinin 

gerçekleştiği platform olduğu düşünülen bir yapı oluşmaktadır. ASC proteini payrin bölge-

si (PYD) ve kaspaz bağlanma bölgesi (CARD) isimli iki bölgeden oluşmuştur ve bu bölge-

ler yüksek miktarda anlatıldığı durumda filament yapıları oluşturmaktadır. EGFP-ASC 

kaynaşık proteini üzerinde mutasyonlar oluşturarak ASC zerresini bozan mutasyonları ta-

radık. Oluşturduğumuz mutasyonların bir bölümü ASC zerresini, ASC’ı oluşturan bölge-

lerinin oluşturduğu filament yapılarına benzer yapılara dönüştürdü. Bu mutasyon tara-

masına paralel olarak, PYD veya CARD ayrışık mutant bölgelerini tek başına anlatarak 

yaptığımız deneylerde; tam boyutlu ASC proteininde ASC zerrelerini bozan mutasyonların 

kısaltılmış proteinlerde filament yapısını bozduğunu tespit ettik. PYD’nin oluşturduğu fil-

ament yapılarının tip I etkileşmesi sonucu oluştuğu önerilmiştir.  Tip I etkileşmesini bozan 

D48A mutasyonlu PYD kullanarak, yabanıl PYD filamentlerine mutant D48A-PYD’nin 

bağlanabildiğini gösterdik. Bu sonuç PYD’nin alternatif bağlanma modlarının olduğunu 

önermektedir. ASC proteininde oluşturduğumuz mutasyonların ASC zerrelerinin yapısını 

tamamen değiştirmesi, ASC zerre yapısının düzenli bir yapı olduğunu önermektedir. Tezin 

ikinci kısmı, ASC zerrelerinin sitozolik çeşitli proteinleri ko-agrege edebildiği gözlemine 

dayanmaktadır. ASC zerrelerinin sitozolik proteinlerini ko-agrege edebilmesinin antijen 

sunumunda önemli olabileceğini önermekteyiz. ASC proteini halihazırda enflamazoma 

bağlı ve bağımsız yolaklar ile antijen sunumu ile ilişkilendirilmiştir. ASC zerreleri 

üzerinde sitoplazmik proteinlerin ko-agregasyonu ve antijen sunumundaki potansiyel 

ilişkisinden, ileride aşı teknolojisinin geliştirilmesinde yararlanılabilir. 
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1.  INTRODUCTION 

1.1.  The immune system 

The evolutionary history of pathogens goes hand in hand with the development of 

the immune system. All multicellular organisms, including plants, have a fast responding, 

simpler form of immunity, called innate immunity [2-6]. This type of immune response de-

pends on antimicrobial peptides and hard-coded pattern recognition receptors [7, 8]. On the 

other hand, a relatively novel type of immunity, which first evolved in jawless fish, is 

based on somatic recombination of B- and T-cell receptors, yielding highly specific im-

mune responses against a diverse range of pathogens, called adaptive immunity [9, 10].  

1.2.  Innate immunity and pattern recognition receptors 

Innate immunity is orchestrated by a diverse set of membrane bound and cytoplas-

mic pattern recognition receptors [11]. Among these, toll-like receptors (TLR) are present 

on plasma and endosomal membranes. TLRs sense extracellular pathogens and activate the 

NF-κB pathway. Each TLR has evolved to recognize a particular pathogenic motif such as 

LPS, flagellin and unmethylated DNA (CpG) recognized by TLR-4,-5 and -9, respectively. 

Of note, TLR agonists are potent antigen presenting cell (APC) activators and employed in 

vaccines as proven adjuvant molecules [12]. Others, including RIG-I-like receptors (RLR), 

NOD-like receptors (NLRs) and the absent in melanoma 2 (AIM2) receptor are cytoplas-

mic receptors [6, 11]. 

1.2.1.  Inflammasomes 

The inflammasomes are cytosolic sensors that detect pathogen associated molecular 

patterns (PAMPs) and damage associated molecular patterns (DAMPs) [5, 6, 13]. The cel-

lular damage created by pathogens (or other factors) are termed as DAMPs, whereas mo-
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lecular patterns on pathogens are called PAMPs. The inflammasome complexes contain 

receptors (such as NLRP3, NLRC4 and AIM2) that oligomerize upon activation [6]. 

1.3.  Activation mechanisms of inflammasomes 

The NLRC4-NAIP5 inflammasome recognizes flagellin [14, 15] and the AIM2 in-

flammasome recognizes cytosolic dsDNA [16]. NLRC4-NAIP5 and AIM2 have been 

shown to physically interact with their ligands. On the other hand, the extensively studied 

NLRP3 inflammasome does not have a specific ligand shown to directly interact with; yet 

it can be activated by a diverse set of particulate stimulants and membrane permeabilizing 

agents [5]. It has been postulated that lysosomal damage induced cathepsin B release or po-

tassium ion efflux across the plasma membrane might contribute to downstream signaling 

events [5]. 

1.3.1.  The NLRP3 inflammasome activation requires a prior priming step 

The NLRP3 inflammasome activation takes place in two steps. First, the stimula-

tion of TLR4 by LPS activates NF-κB signalling, which increases cellular levels of NLRP3 

as well as immature forms of cytokines proIL-1β and proIL-18. Upregulation of proIL-1β 

and proIL-18 synthesis is not sufficient for their processing and release, which is accom-

plished by the second signal.  After signal 2, the inflammasome complex is asssembled and 

cytokines are processed and prepared for secretion [5]. 

1.3.2.  Specific pathogens and their inflammasomes 

The inflammasomes can be triggered by a diverse range of bacterial, viral and fun-

gal pathogens. The list of pathogens and their respective inflammasome sensors are sum-

marized in Table 1.1. 
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Table 1.1. Bacterial, viral and fungal pathogens and their corresponding inflammasomes. 

Inflammasome Pathogen Type Reference 

NLRC4 Salmonella Bacterial  [17] 

  Legionella Bacterial   

  Pseudomonas Bacterial   

  Yersinia Bacterial   

  Shigella Bacterial   

  A. veronii Bacterial   

NLRP3 SeV RNA virus  [18] 

  Influenza A RNA virus   

  ECMV RNA virus   

  VSV RNA virus   

  MV RNA virus   

  HCV RNA virus   

  Adenovirus DNA virus   

  MVA DNA virus   

  Myxoma Virus DNA virus   

  VZV DNA virus   

  S. pneumoniae Bacterial   [17] 

  L. monocytogenes Bacterial    

  S. pyogenes Bacterial   

  A. hydrophila Bacterial   

  A. veronii Bacterial   

  V. vulnificus  Bacterial   

  V. cholerae Bacterial   

  S. aureus Bacterial   

  M. marinum  Bacterial   

  M. tuberculosis Bacterial   

  C. trachomatis  Bacterial   

  C. pneumoniae  Bacterial   

  K. pneumoniae Bacterial   

  P. gingivalis Bacterial   

  N. gonorrhoeae Bacterial   

  C. albicans Fungal  [19] 

AIM2 Vaccinia Virus DNA virus  [16] 

  mCMV DNA virus   

  F. tularensis Bacterial   

  LVS Bacterial   
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1.3.3.  Sterile inflammation 

The NLRP3 inflammasome can be also triggered by stimuli that are not originating 

from pathogens. These stimuli include extracellular ATP, monosodium urate (MSU) crys-

tals and amyloid-β [20]. Extracelullular ATP is thought to be released from necrotic cells 

and functions as a ligand for P2X7R, which permeabilizes the plasma membrane for K
+
 

ions and activates signal 2. MSU crystals and amyloid-β are examples of particulate stimu-

li that can activate the NLRP3 inflammasome. The NLRP3 inflammasome is also known 

to be activated by a large range of synthetic particulate stimulants such as alum, silica and 

asbestos crystals [20].  

1.4.  Subsequent events following the inflammasome activation 

 

 

 

1.4.1.  Assembly of the inflammasome complex 

It is generally accepted that monomeric inflammasome components oligomerize 

upon inflammasome activation. According to the classical model, NLRs change their con-

formation upon activation in a way that the inhibition of LRR on NACHT domain is abro-

Figure 1.1. Schematic representation of the NLRP3 inflammasome pathway 

members and their domain compositions. 

 Adopted from [21].  
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gated (Figure 1.1). The conformational change is followed by oligomerization of NLRs via 

their NACHT domains [6, 22]. 

1.4.2.  The induced proximity model 

The oligomerized inflammasome receptors recruit the ASC protein which interacts 

with inactive zymogen procaspase-1. Thereby, procaspase-1 proteins that are brought into 

close proximity cleave each other. The processed mature caspase-1 is capable of hydrolyz-

ing proIL-1β and proIL-18 which are subsequently secreted from the cell. The mechanistic 

model of caspase self-activation is termed as the induced proximity model [23, 24]. This 

theory was proposed to explain initiation of inflammatory procaspase-1 as well as apoptot-

ic procaspase-8 and procaspase-9 self-cleavage [25-28]. According to this model; inflam-

masome complexes, death-inducing signaling complex (DISC) and apoptosome complex 

are responsible for induced proximity-mediated self-activation of procaspase-1, -8 and -9, 

respectively [5, 24, 29]. 

1.4.3.  The inflammasome: An oligomeric or a supramolecular activation platform 

for caspase-1? 

The crystal structure of pentameric human DISC, the electron microscope structure 

of the heptameric human apoptosome, the crystal structure of octameric Caenorhabditis 

elegans apoptosome and the electron microscopy structure of the octameric Drosophila 

melanogaster apoptosome have been revealed [30-33]. However, there is currently no pub-

lished oligomeric structure of any inflammasome complex. In fact, it has been shown that 

upon inflammasome activation, inflammasome components form a micrometer-sized su-

pramolecular structure called ASC specks/ASC foci/pyroptosome near the nucleus [34-37]. 

This structure is implicated in the induced proximity mediated procaspase-1 self-activation 

[36, 38]. 
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1.4.4.  Cytokine processing and secretion 

The primary function of the inflammasome complex seems to be the processing of 

inactive forms of proIL-1β, proIL-18, proIL-33 and their subsequent secretion from the 

cell (Figure 1.1) [39, 40]. There is evidence that cytokine processing is taking place at the 

ASC speck [36]. Upon processing of cytokines, IL-1β and IL-18 are released from the cell 

via an unconventional protein secretion system, which is independent of the ER-Golgi 

pathway and does not depend on targetting signals [41-47]. The released active IL-1β and 

IL-18 contribute to progression of local inflammation by promoting fever, edema, lympho-

cyte activation and leukocyte infiltration at the site of injury or infection. 

1.4.5.  Pyroptosis 

Apart from cytokine processing, inflammasome activation is attributed to another 

role, which is the caspase-1-dependent pyroptotic cell death [48]. Pyroptotic cell death is 

observed in macrophages and dendritic cells upon inflammasome stimulation with loss of 

membrane integrity, similar to necrosis [48, 49]. Pyroptosis was suggested as a mechanism 

used by macrophages to clear bacterial infection [50, 51].  The ASC protein has been sug-

gested to play a role in the fate of the cell upon stimulation of the NLRC4 inflammasome. 

According to this model in the absence of ASC, NLRC4 inflammasome activation leads to 

pyroptotic cell death by direct interaction with procaspase-1, whereas in the presence of 

ASC, ASC specks favor cytokine processing rather than cell death [34]. However, another 

report suggested that the ASC speck is responsible for pyroptotic cell death by itself and 

referred to the ASC speck as “pyroptosome” [36]. 

1.4.6.  Inflammasome inactivation 

A recent report has shown that ASC specks are cleared by the autophagy pathway 

[52]. The clearance of assembled inflammasomes was carried out by their ubiquitination 

and subsequent recruitment of autophagic adaptor p62. The autophagic removal of the 
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ASC speck is suggested as a mechanism to limit cytokine processing and pyroptotic cell 

death [53].  

1.4.7.  The ASC protein and the inflammasomes 

NLRP3 and AIM2 inflammasomes require ASC protein as an adapter in order to 

interact with procaspase-1. In contrast, NLRC4 can directly interact with procaspase-1 in 

the absence of ASC. However, NLRC4 activation can also induce ASC speck formation. It 

has been suggested that ASC-independent NLRC4 activation leads to caspase-1-dependent 

cell death, called pyroptosis, whereas ASC-dependent NLRC4 activation results in IL-1β 

secretion [34].  

1.5.  The structure of the ASC protein 

 

 

 

 

 

 

 

Figure 1.2. The NMR structure of the ASC protein.  PYD (blue), CARD (red), 

linker (green). The structure is created using PYMOL software based on the NMR struc-

ture downloaded from RCSB Protein Data Bank with the reference ID: 2KN6 [1]. 
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ASC is a 22kDa, 196 amino acids long protein having an N-terminal pyrin domain 

(PYD) and a C-terminal caspase recruitment domain (CARD) linked by a 23 amino acids 

long flexible linker (Figure 1.2) [1, 54]. Both PYD and CARD are members of the death-

fold super family. The death-fold superfamily is a conserved folding motif, characterized 

by a 6-helix bundle structure. Members of the death-fold super family are commonly found 

in proteins involved in apoptosis and inflammatory pathways. Other members of this fold-

ing motif are the death domain (DD) and the death effector domain (DED) [55]. 

1.5.1.  The short isoform of ASC 

In humans, the ASC protein has two isoforms. The protein product encoded by the 

longer transcript is the main isoform and responsible for the compact shape of the ASC 

speck, whereas the short isoform was reported to form filaments [56]. The shorter isoform 

encodes in frame PYD and CARD but lacks a 19 amino acids long fragment of the 23 ami-

no acids long linker region between the two domains [56]. The protein product level of the 

long isoform was reported to be around 10 times higher than that of the short isoform [36, 

56]. In reconstitution systems, the short isoform was shown to be able to recruit procaspa-

se-1 for promote IL-1β processing [56]. Interestingly, the compact shape of the ASC speck 

was reported even in the evolutionarily distant species such as zebrafish [57], which raises 

the question whether the compact shape of the ASC speck formed by the long isoform has 

any evolutionarily advantage over the short isoform.   

1.5.2.  Interaction modes of the death fold super family members 

Chronologically, the NMR structure of the PYD of ASC, and then the NMR struc-

ture of the full-length ASC protein have been resolved [1, 58]. The NMR structures have 

revealed two opposing surfaces on the PYD, one surface (H1-H4) having a negative and 

the other (H2-H3) having a positive electrostatic surface potential. These two surfaces 

were proposed to be responsible for the filaments formed by PYD, when expressed as a 

truncated protein [58, 59]. Based on structural studies carried out on other members of the 

death fold super family, three types of interaction modes have been identified. The interac-
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tion mode between H1-H4 and H2-H3 is termed as the type I interaction mode [55].  The 

type II interaction mode is observed between H4, loop H4-H5 on one surface and the loop 

H5-H6 on the other surface, and the type III interaction mode is observed between H3 on 

one surface and the loop H1-H2, loop H3-H4 on the other surface [55]. Yet, it has not been 

reported whether type II and type III interaction modes are present in PYD or CARD of 

ASC. 

1.5.3.  Mutational screens carried out on the ASC protein in the literature 

In the first mutational screen paper on the ASC protein, the authors cloned the PYD 

of ASC, fused it to EGFP and overexpressed it in COS-7 cells. In the wild type PYD-

EGFP construct expressing cells, PYD filaments were observed, whereas a subset of the 

mutations generated on the PYD disrupted the filaments [60]. Later, two studies have been 

published after this thesis project was initiated. In one of these studies, the authors moni-

tored the effect of mutations they have created on PYD of ASC via co-

immunoprecipitation and GST pull-down assays [59]. They have identified which residues 

are responsible for ASC PYD-ASC PYD, ASC-NLRP3 and ASC-POP1 interactions. They 

have further claimed that PYD filament structures were formed via type I interaction sur-

faces on H1-H4 and H2-H3. The last mutational screen paper on ASC was focused on 

CARD, and identified several mutations that inhibited ASC speck formation and inflam-

masome activation [61]. 

1.6.  Antigen presentation and adjuvant pathways 

Adaptive immunity works in cooperation with innate immunity. CD4
+
 and CD8

+
 T-

lymphocytes (which are responsible for activation of B-cells and elimination of pathogen-

invaded or cancerous cells, respectively) do require activation by innate immune cells, 

such as dendritic cells and macrophages in a process called antigen presentation [62, 63]. 

All nucleated cells are capable of presenting degradation products of cytosolic proteins by 

major histocompatibility class I (MHC-I) molecule to CD8
+
 T-cells. In addition, special-

ized antigen presenting cells (APC) can process extracellular antigens, load their degrada-
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tion products into major histocompatibility class II (MHC-II) molecules and present to 

CD4
+
 T-cells. The antigen presentation ability of cells is greatly enhanced by several in-

nate immunity pathways, which include TLR and NLR pathways, and they are collectively 

called adjuvant pathways [64]. 

1.6.1.  MHC class I and MHC class II mediated antigen presentation pathways 

The MHC class I-mediated antigen presentation pathway surveys cytoplasmic anti-

gens, which can be viral, tumoral or self-antigens [62]. Antigenic proteins are processed in 

the proteasome and transported to the ER via TAP1/TAP2 proteins, where 8-10 amino ac-

ids long short peptides form a complex with MHC-I. Antigen-MHC class I complexes are 

subsequently transported to the plasma membrane via a secretory pathway for recognition 

by CD8
+
 T-cells. Extracellular antigens are engulfed and processed via an endoso-

mal/lysosomal pathway in APCs [65]. This type of antigen presentation depends on MHC 

class II, which is assembled in the ER. In the late endosome/lysosome, MHC class II is 

loaded with degradation products of extracellular antigens, which are subsequently trans-

ported to the plasma membrane for recognition by CD4
+
 T-cells [66]. The classical para-

digm of MHC class I and class II-dependent presentation of cytoplasmic and extracellular 

antigens, respectively, is complicated by cross-presentation. Briefly, cross-presentation is 

the presentation of extracellular antigens via MHC class I and cytoplasmic antigens by 

MHC class II. There are various pathways proposed for the mechanistic details of cross-

presentation, and autophagy has been associated with both types of cross-presentation [67].  

1.6.2.  Particulate adjuvants 

Peptide or protein antigens are loaded to nanometer or micrometer-sized particles 

in order to facilitate their engulfment by APCs in vaccine development studies. The parti-

cles used in the delivery and controlled release of antigens are called particulate adjuvants 

[68]. Various antigen delivery methods are being actively investigated. Immunostimulant 

complexes, virus-like particles, gold, silica particles, emulsions, liposomes and polymer-

based particles are being used for this purpose. The polymer-based particles can be com-
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posed of either biodegradable compounds, such as poly(D,L-lactid) (PLA) and 

poly(D,L,lactic-co-glycolic acid) (PLGA) or non-biodegradable compounds, such as poly-

styrene. The other examples of polymer-based antigen delivery methods are layer-by-layer 

capsules, chitosan particles, micro- and nanogels. By increasing its size, these delivery 

methods facilitate the engulfment of antigen by APCs [69]. Furthermore, particulate vac-

cines slow down the enzymatic degradation of the antigens either extracellularly or intra-

cellularly following the engulfment, so that the time period in which antigens stay in the 

environment increases. All of these factors contribute to enhance the capacity of APCs to 

present antigens to T cells.  

1.6.3.  The ASC protein and antigen presentation 

The inflammasomes are functional in professional antigen presenting cells such as 

dendritic cells (DCs) and macrophages as well as in other cell types that are frequently in 

contact with pathogens, such as keratinocytes and neutrophils [70]. Alum, a widely used 

adjuvant in human vaccines, has been shown to exert its adjuvant activity via stimulation 

of NLRP3 inflammasome in an ASC-dependent manner [40, 71].  Furthermore, the ASC 

protein has also been implicated in antigen presentation via inflammasome-independent 

mechanisms [72-74].  

1.7.  The ASC specks and aggresome-like structures: Differences and similarities 

The ASC specks were initially discovered in HL-60 human leukemia cells upon in-

duction of cell death by treatment with all-trans retinoic acid [54]. Upon treatment, the 

ASC specks were observed as micrometer-sized perinuclear protein aggregates. Although 

these structures were initially linked to the apoptosis pathway due to the conserved CARD 

that is shared between the ASC protein and the apoptotic protein caspase-9, subsequent ev-

idence showed that ASC specks are mainly involved in IL-1β and IL-18 processing and a 

specific type of cell death, called pyroptosis, which is dependent on caspase-1.  
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Formation of the ASC specks upon stimulation of NLRP3, NLRC4 and AIM2 in-

flammasomes with various pathogenic or sterile challenge conditions were reported before 

[34-38]. Cellular localization, shape and size of the ASC specks resemble aggresome-like 

structures. The ASC speck is a perinuclear structure, 1-2 µm in diameter, and composed of 

mostly inflammasome components [36, 54]. It is reported to co-localize with the microtu-

bule organizing center (MTOC) and surrounded by a vimentin cage [75, 76]. Furthermore, 

it is associated with proteasomes and inhibited by nocodazole treatment [75, 76]. Recently, 

it has been reported that inflammasome components in the ASC specks are ubiquitinated 

and subjected to clearance by autophagy [52]. Once ASC speck formation is started, it 

takes only minutes for all the cytoplasmic and nuclear ASC protein pool to aggregate into a 

single ASC speck per cell [36, 76]. The aggresome-like structures are thought to arise from 

defects or capacity overload in the ubiquitin-proteasome protein degradation pathway [77, 

78]. The examples of aggresome-like structures include the aggresome, IPOD, JUNQ and 

DALIS [77-79]. 

1.7.1.  The aggresomes 

The aggresome is a clump of misfolded and ubiquitinated proteins near the nucleus, 

co-localizing with the MTOC [77]. The aggresome is surrounded by a cage of intermediate 

filament protein vimentin and it is associated with proteasomes [77, 78]. Aggresome for-

mation can be abrogated by the microtubule inhibitor nocodazole [77]. The process of ag-

gresome formation is a slow process which takes hours [80, 81].  

1.7.2.  IPOD and JUNQ 

Insoluble protein deposit (IPOD) consists of non-ubiquitinated proteins, does not 

attract proteasomes and localizes at the cell periphery whereas juxtanuclear quality control 

(JUNQ) is a cytoplasmic structure adjacent to the nucleus, composed of ubiquitinated pro-

teins and associated with proteasomes.  It was also shown that proteins residing in the 

JUNQ are misfolded but soluble which can exchange with the cytoplasmic pool whereas 
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those proteins at IPODs are mostly aggregated and non-diffusing. Neither IPOD nor JUNQ 

co-localize with the MTOC [78, 82]. 

Table 1.2. Comparison of the ASC speck with aggresome-like structures. 

 
ASC 

speck 
Aggresome IPOD JUNQ DALIS 

Vimentin 

cage 
+ + - - - 

Co-

localization 

with MTOC 

+ + - - - 

Ubiquitination + + - + + 

Perinuclear  

localization 
+ + - + - 

Time required 

for formation 
Minutes Hours Hours Hours 4 h 

Stimulation 

Inflam-

masome  

activation 

Overexpres-

sion,  

proteasome  

inhibition 

Stress  

condi-

tions 

Stress  

conditions 

LPS treatment, 

enhanced by pro-

teasome  

inhibition 

Size/Number  

per cell 

microme-

ter 

sized/one 

per cell 

micrometer 

sized/usually 

one per cell 

microme-

ter sized 

microme-

ter sized 

Dynamic, small 

DALIS can fuse 

together to form 

a bigger one. 

Inhibition by  

microtuble 

depolymeriza-

tion 

+ + + + - 

Association 

with  

proteasome 

+ + - + + 

References 
[36, 52, 

75, 76] 
[77, 81] [78, 82] [78, 82] [83-86] 
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1.7.3.  DALIS 

Dendritic cell aggresome-like induced structures (DALIS) are perinucluear cyto-

plasmic aggregates of ubiquitinated proteins observed in dendritic cells upon stimulation 

with LPS [79, 87]. After their initial discovery in DCs, DALIS were observed in several 

different other cell types including macrophages upon exposure to various stress conditions 

[83, 85, 88]. DALIS are observed 4 h after and cleared 24-36 h after LPS stimulation. DA-

LIS do not co-localize with MTOC nor are they surrounded by vimentin, unlike ag-

gresomes [79]. DALIS formation requires de novo protein synthesis [84]. It has been sug-

gested that transient aggregation of ubiquitinated proteins in DCs might be functional in 

antigen presentation [79]. This suggestion was supported by the observation of the influen-

za nucleoprotein (NP) co-localizing at DALIS in influenza virus infected DCs [86].  

1.7.4.  Similarities and differences of aggresome-like structures with the ASC speck 

The comperative analysis of the ASC speck with aggresome-like structures is given 

in Table 1.2. 
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2.  PURPOSE 

The first purpose of this thesis project is to gain insight into the nature of the ASC 

speck and to determine whether it is an organized structure and if so, obtain as much in-

formation as possible about its structural details. To achieve this goal, we carried out two 

overlapping sets of mutational screens, first on the full length ASC and the second on the 

isolated domains, pyrin domain (PYD) and caspase recruitment domain (CARD). We have 

designed experiments to understand how monomeric ASC proteins ultimately form the 

ASC speck and identify different levels of compaction. Specificity of PYD-PYD and 

CARD-CARD interactions as well as involvement of alternative interaction modes other 

than type I for the PYD were investigated. 

The second purpose is to understand whether aggresome-like properties of the ASC 

speck are instrumental biologically. We observed co-aggregation of a set of cytoplasmic 

proteins on the ASC speck, which might be important in antigen presentation. Shared 

properties of co-aggregating and non-aggregating proteins (hydrophobicity, ubiquitination) 

were investigated. We propose three different routes where co-aggregation might be im-

portant in antigen presentation. Experimental evidence on the extracellular route involving 

release of ASC speck upon pyroptosis and subsequent uptake by other cell was obtained.  
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3.  MATERIALS 

3.1.  Cell Lines 

Table 3.1. Cell lines used in this study. 

  
Catalog  

number 
Main Source Provider 

HEK293(F)T R700-07 Invitrogen, USA 
Kindly provided by 

Prof. Maria Soengas 

THP-1 
ATCC TIB-

202 
ATCC, USA 

Kindly provided by 

Prof. Ahmet Gül 

 

3.2.  Chemicals, Plastic and Glassware 

Chemicals were purchased from either Sigma-Aldrich (USA), Merck (Germany) or 

AppliChem (Germany), plasticware from TPP (Switzerland) for cell culture, tips, and 

tubes from Axygen (USA). All glassware, tips, and tubes were autoclaved at 121
o
C for 20 

minutes for sterilization prior to use.  

3.3.   Buffers and Solutions 

3.3.1.  Cell Culture 

Table 3.2. Solutions and media used in cell culture. 

0.5% Trypsin-EDTA 10X Gibco Invitrogen, USA 

DMSO AppliChem, Germany 
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Table 3.2. Solutions and media used in cell culture (cont.). 

Dulbecco’s Modified Eagle Medium (DMEM) Gibco Invitrogen, USA 

Fetal Bovine Serum (FBS) Gibco Invitrogen, USA 

MEM Non-essential amino acid (NEAA) 100X Gibco Invitrogen, USA 

Penicillin/Streptomycin 100X 

(5000 u Penicillin + 5000 µg Streptomycin per ml) 

Gibco Invitrogen, USA 

 

Table 3.3. Buffers used in cell culture. 

Freezing Medium 20% FBS 

1X Pen/Strep 

100 µM MEM-NEAA 

7.5% DMSO 

PBS 10X 80 gr NaCl 

2 gr KCl 

2.4 gr KH2PO4 

14.4 gr Na2HPO4 Add ddH2O upto 1 lt (pH 7.2) 

  

3.3.2.  Cloning and Analytic Digestion 

Table 3.4. Enzymes used for cloning. 

 
Restriction Enzymes ( NheI, XhoI, EcoRI, HindIII, 

BglII, NotI) 

NEB, USA 

T4 DNA Ligase NEB, USA 

High fidelity polymerase (Phusion) NEB, USA 
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3.3.3.  Agarose Gel Electrophoresis 

Table 3.5. Buffers and solutions used for agarose gel electrophoresis. 

50X Tris Acetic acid EDTA (TAE)  2 M Tris-acetate 

50 mM EDTA pH 8.5 

DNA Ladder DNA Ladder Mix 

Fermentas, USA 

Ethidium Bromide (EtBr) Merck, USA 

Loading Dye  6x Loading Dye 

Fermentas, USA 

 

Table 3.6. Solutions for liquid and solid bacterial culture. 

LB Agar (Solid culture, autoclaved) 1 L LB medium, 15 g Agar 

LB Medium (1 L) (Liquid culture, autoclaved) 10 g Tryptone 

5 g Yeast Extract, 5 g NaCl 

Ampicillin (1000X = 100 mg/ml in 70% EtOH) AppliChem, Germany 

Kanamycin (1000X = 50 mg/ml in ddH20)  Sigma-Aldrich, USA 

3.3.4.  Transfection of human HEK293T cells via calcium phosphate method. 

Table 3.7. Buffers and solutions used in transfection. 

2X HBS Buffer  50 mM HEPES pH 7.0 

280 mM NaCl, 1.5 mM Na2HPO4 

Chloroquine AppliChem, Germany 

HEPES Gibco Invitrogen, USA 



19 

 

3.3.5.  Western blotting 

Table 3.8. Chemicals for western blotting. 

Lumi-Light Western Blotting Substrate Roche, Switzerland 

SDS AppliChem, Germany 

TWEEN CalbioChem, Canada 

Protein Ladders PageRuler Prestained 

(SM0671) Fermentas, USA 

PageRuler Prestained 

(26616) Thermo, USA 

 

Table 3.9. Recipes for western blotting. 

Acrylamide:Bisacrylamide 

29.2 gr Acrylamide 

0.8 gr bisacryalmide 

in 100 ml 

Ammonium Persulfate 10% APS (w/v) 

Blocking Solution 
5% BSA 

in TBS-T 

Coomassie Blue Staining Solution 

0.1% Coomassie Blue 

10% Acetic acid 

50% Methanol 

in ddH2O 

Coomassie Blue Destaining Solution 

10% Acetic acid 

40% Methanol 

in ddH2O 

Lysis buffer for sonication 
1X PBS including 2mM EDTA+ protease 

inhibitor cocktail 

15% Resolving Gel Stock 

50 ml 30% Acrylamide 

1 ml 10% SDS 

20 ml 1.875M Tris 8.8, 29 ml ddH2O 
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Table 3.9. Recipes for western blotting (cont.). 

15% Resolving mini gel 

4 ml 15% Resolving gel 

40 µl 10% APS 

4 µl TEMED 

Running Buffer 
1X Tris-Glycine buffer 

0.1% SDS 

6X Laemmli Sample Buffer  

1.2 gr SDS 

0.9 gr DTT 

6 mg BPB 

4.7 ml Glycerol 

1.2 ml Tris 0.5M (pH 6.8) 

2.1 ml ddH2O 

4% Stacking Gel Stock 

3.3 ml 30% Acrylamide 

250 µl 10% SDS 

6.3 ml 0.5 M Tris (pH 6.8) 

15 ml ddH2O 

4% Stacking gel 

1 ml 4% Stacking gel 

10 µl 10% APS 

1 µl TEMED 

10X TBS 
90 gr NaCl 

121.14 gr Tris base 

TBS-TWEEN 
1X TBS 

0.1% TWEEN 20 

10X Tris-Glycine Buffer 

15 gr Tris-Base 

72 gr Glycine 

in 0.5 L ddH2O 

3.4.  Kits 

Table 3.10. Kits used in this study. 

High Pure PCR Purification Kit Roche, Switzerland 

High Pure Plasmid Isolation Kit Roche, Switzerland 

Genopure Plasmid Midi & Maxi Kits Roche, Switzerland 
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3.5.  Equipment 

Table 3.11. Equipments used in this study. 

 

 

 

 

 

 

 

 

 

 

Agarose Gel  

Electrophoresis 
Thermo Scientific, USA 

Agarose Imaging Gel Doc XR System, Bio Rad, USA 

Autoclaves 
MAC 601, Eyela, Japan 

ASB260T, Astell, UK 

Centrifuges 

Allegra X22-R, Beckman, USA 

Himac CT4200C, Hitachi Koki, Japan 

J2-MC Centrifuge, Beckman, USA 

J2-21 Centrifuge, Beckman, USA 

Freezers 
2021D, Arçelik, Turkey 

4250T, Arçelik, Turkey 

Incubator 
Hepa ClassII Forma Series, Thermo, 

USA 

Heat Block VWR, USA 

Laminar Flow Cabinets 
Class II A, Tezsan, Turkey 

Class II B, Tezsan, Turkey 

Magnetic Stirrer Yellowline MSH Basic, USA 

Microscopes 

Zeiss, Axio Observer, Germany 

Z1 Inverted Mic., USA 

Leica, TCSSP5II, Germany 

Nikon, Eclipse TS100, Japan 

Microwave oven Arçelik, Turkey 

pH meter H221, Hanna Instr., USA 

Pipettes Gilson, USA 

Plate reader  VersaMax, Molecular Devices, USA 

Sonicator  Sonoplus, Bandelin, Germany 

Spectrofluorometer 
Cary Eclipse, Agilent Technologies, 

USA 

Pipettors 
Greiner-bio one, UK 

RatioLab acupetta, Germany 

Power Supplies 
EC135-90, Thermo Electron Corp 

Power Pac Universal, BIO-RAD, USA 

Western blot  

visualization 
Stella, Raytest, Germany 

Scales Precisa XT4200C, Germany 
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Table 3.11. Equipments used in this study (cont). 

 

 

 

 

 

 

 

 

 

 

3.6.  Fine Chemicals 

3.6.1.  Antibodies 

Table 3.12. Antibodies used in this study. 

anti-FLAG 2368S, CST, USA 

anti-ASC (monoclonal) Kindly provided by Prof. Masumoto, Japan 

anti-ASC (polyclonal) AKIL, Turkey 

anti-Caspase-1 sc-515, Santa Cruz 

anti-EGFP Vatoz, Turkey 

anti-mCherry Kindly provided by Assoc. Prof. Çelik, Turkey 

anti-Rabbit IgG, HRP 7074S, CST, USA 

anti-Mouse IgG, HRP 7076S, CST, USA 

 

 

SDS-PAGE  

Electrophoresis System 

Mini-PROTEAN 4Cell, BIO-RAD, 

USA 

SDS-PAGE Transfer 

System 

Mini Trans-Blot® Electrophoretic 

Transfer Cell  BIO-RAD, USA 

Shakers Polymax 1010 , USA 

 Polymax 1040 , USA 

 Heildophl, Germany 

Spectrophotometer  Nanodrop ND-100 , Thermo, USA 

Vortex Fisons Whirli Mixer, UK 

 GmcLab, Gilson, USA 

Water Bath  GFL, Germany 

 Memmert, Germany 

Water filter UTES, Turkey 
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3.6.2.  Plasmids 

Table 3.13. Plasmids cloned for this project. 

pEGFP-C3-hASC WT pEGFP-PYD WT 

pEGFP-C3-shortASC pEGFP-PYD E13A 

pEGFP-C3-hASC E13A pEGFP-PYD E19A 

pEGFP-C3-hASC E19A pEGFP-PYD K21A 

pEGFP-C3-hASC K21A pEGFP-PYD L25A 

pEGFP-C3-hASC L25A pEGFP-PYD K26A 

pEGFP-C3-hASC L25M pEGFP-PYD R41A 

pEGFP-C3-hASC K26A pEGFP-PYD D48A 

pEGFP-C3-hASC R41A pEGFP-PYD D51A 

pEGFP-C3-hASC D48A pEGFP-PYD E62A 

pEGFP-C3-hASC D51A pEGFP-PYD E67A 

pEGFP-C3-hASC E62A pEGFP-PYD L68A 

pEGFP-C3-hASC G65A pEGFP-PYD L73A 

pEGFP-C3-hASC E67A pEGFP-peptide_1 

pEGFP-C3-hASC L68A pEGFP-peptide_2 

pEGFP-C3-hASC L73A pEGFP-peptide_3 

pEGFP-C3-hASC R74A pEGFP-peptide_1_19aa 

pEGFP-C3-hASC H90A pEGFP-peptide_1_12aa 

pEGFP-C3-hASC G101A pEGFP-peptide_1_8aa 

pEGFP-C3-hASC P103A pEGFP-hydrophobic_1 

pEGFP-C3-hASC H113A pEGFP-hydrophobic_2 

pEGFP-C3-hASC M159A pEGFP-hydrophilic_1 

pEGFP-C3-hASC R160A pEGFP-hydrophilic_2 

pEGFP-C3-hASC C173A pmCherry 

pEGFP-C3-hASC L181A pmCherry-C3.1 

pEGFP-C3-hASC R182A pmCherry-C3-hASC 

pEGFP-C3-hASC K26A-R160 pmCherry-C3-shortASC 

pEGFP-C3-hASC L68A-R160 pmCherry-C3-CARD 

pLenti-Ef1a-EGFP-hASC pmCherry-C3-UBB 

pFliC-C3-hASC pEYFP-C1-CytOVA 

pEGFP alone pmCherry alone 
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Table 3.14. Other plasmids used in the project. 

pEGFP-C3 Clontech, USA 

pEYFP-N1 Clontech, USA 

pcDNA3-hASC Nunez Lab, University of Michigan, USA 

pcDNA3-procaspase-1 Nunez Lab, University of Michigan, USA 

pcDNA3-NLRP3-FLAG Nunez Lab, University of Michigan, USA 

pCGN-HA-Ubiquitin Nunez Lab, University of Michigan, USA 

pCMVdeltaR8.74 Deisseroth Lab, Stanford University, USA 

pMD2.G Deisseroth Lab, Stanford University, USA 

pLenti-EF1a-hChR2(H134R)-EYFP-

WPRE Deisseroth Lab, Stanford University, USA 

pCI-neo-sOVA Addgene, USA 

 

3.6.3.  Primers 

Table 3.15. Oligonucleotides used for oligo-annealing procedure. 

Peptide_1_19aa_BglII_F gatcttgtcgcccttattcccttttttgcggcattttgccttcctgttttttg 

Peptide_1_19aa_EcoRI_R aattcaaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacaa 

Peptide_1_12aa_BglII_F gatcttgcggcattttgccttcctgttttttg 

Peptide_1_12aa_EcoRI_R aattcaaaaaacaggaaggcaaaatgccgcaa 

Peptide_1_8_BglII_F gatcttcttcctgttttttg 

Peptide_1_8_EcoRI_R aattcaaaaaacaggaagaa 

Hydrophobic_1_BglII_F gatcttatcgtgctgctggtgttcttcctgttcgtgctgttcatcatcatctg 

Hydrophobic_1_EcoRI_R aattcagatgatgatgaacagcacgaacaggaagaacaccagcagcacgataa 

Hydrophobic_2_BglII_F gatcttctgtttatcctgttcgtgattgtgattgtgttcatcttcctgctgtg 

Hydrophobic_2_EcoRI_R aattcacagcaggaagatgaacacaatcacaatcacgaacaggataaacagaa 

Hydrophilic_1_BglII_F gatcttaagaacaacgagagaaaggacaaggacgacgagaacagagagaggtg 

Hydrophilic_1_EcoRI_R aattcacctctctctgttctcgtcgtccttgtcctttctctcgttgttcttaa 

Hydrophilic_2_BglII_F gatcttagagacaacaacagaaaggacaaggaggaggaggaggacaacaggtg 

Hydrophilic_2_EcoRI_R aattcacctgttgtcctcctcctcctccttgtcctttctgttgttgtctctaa 
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Table 3.16. Primers used in the study. 

Primer Name Sequence 

ASC_E13A_F gatgcgctggccaacctgaccgccgaggagctc 

ASC_E13A_R ggtcaggttggccagcgcatccaggatggcgtc 

ASC_E19_F accgccgaggccctcaagaagttcaagctgaagc 

ASC_E19_R cttcttgagggcctcggcggtcaggttctcc 

ASC_K21A_F gaggagctcgccaagttcaagctgaagctgctgtc 

ASC_K21A_R gcttgaacttggcgagctcctcggcggtcagg 

ASC_L25A_F gaagttcaaggccaagctgctgtcggtgccgctg 

ASC_L25A_R cagcagcttggccttgaacttcttgagctcctc 

ASC_L25M_F gaagttcaagatgaagctgctgtcggtgccgctg 

ASC_L25M_R cagcagcttcatcttgaacttcttgagctcctc 

ASC_K26A_F aagctggccctgctgtcggtgccgctgcgcgag 

ASC_K26A_R ccgacagcagggccagcttgaacttcttgagc 

ASC_R41A_F cgcatcccggccggcgcgctgctgtccatgg 

ASC_R41A_R agcgcgccggccgggatgcgcccgtagcc 

ASC_D48A_F ctgtccatggccgccttggacctcaccgacaag 

ASC_D48A_R gtccaaggcggccatggacagcagcgcgcc 

ASC_D51A_F gacgccttggccctcaccgacaagctggtcagc 

ASC_D51A_R tcggtgagggccaaggcgtccatggacagcag 

ASC_E62A_F gcttctacctggccacctacggcgccgagctcac 

ASC_E62A_R gccgtaggtggccaggtagaagctgaccagcttg 

ASC_G65A_F gagacctacgccgccgagctcaccgctaac 

ASC_G65A_R agctcggcggcgtaggtctccaggtagaag 

ASC_E67A_F ctacggcgccgccctcaccgctaacgtgctgcg 

ASC_E67A_R gcggtgagggcggcgccgtaggtctccagg 

ASC_L68A_F cgccgaggccaccgctaacgtgctgcgc 

ASC_L68A_R gttagcggtggcctcggcgccgtaggtctc 

ASC_L73A_F gctaacgtggctcgcgacatgggcctgcag 

ASC_L73A_R tgtcgcgagccacgttagcggtgagctc 

ASC_R74A_F cgtgctggctgacatgggcctgcaggag 

ASC_R74A_R gcccatgtcagccagcacgttagcggtgagc 

ASC_H90A_F gccacggcccagggctctggagcc 

ASC_H90A_R gagccctgggccgtggccgcctgcagctg 

ASC_G101A_F gggatcgccgcccctcctcagtcggcagcc 

ASC_G101A_R gaggaggggcggcgatcccagctggcgcggctcc 

ASC_P103A_F caggccgcccctcagtcggcagccaagcc 

ASC_P103A_R cgactgaggggcggcctggatcccagctggc 

ASC_H113A_F gcctggcctttatagaccagcaccgggct 
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Table 3.16. Primers used in the study (cont.). 

ASC_H113A_R gctggtctataaaggccaggcctggcttggctgc 

ASC_M159A_F caagcaaggcccggaagctcttcagtttcacacc 

ASC_M159A_R aagagcttccgggccttgcttgggttggtgggct 

ASC_R160A_F aagcaagatggccaagctcttcagtttcacaccagc 

ASC_R160A_R ctgaagagcttggccatcttgcttgggttggtgg 

ASC_C173A_F aactggaccgccaaggacttgctcctccagg 

ASC_C173A_R aagtccttggcggtccagttccaggctg 

ASC_L181A_F tccaggccgccagggagtcccagtcctacc 

ASC_L181A_R ggactccctggcggcctggaggagcaagt 

ASC_R182A_F aggccctagccgagtcccagtcctacctggtg 

ASC_R182A_R ctgggactcggctagggcctggaggagcaagt 

BglII_Ova_R ataagatctgagtaaggggaaacacatctgccaaag 

CARD_Hind_F  tccaagcttggcctgcactttatagaccag 

CMV-F cgcaaatgggcggtaggcgtg 

EcoRI_EGFP_stop_R tgaattcacttgtacagctcgtccatgc 

EcoRI_NotI_Ubb_R atagaattcgcggccgcttaaccacctctcagacgcagg 

Ef1a_F atggagtttccccacactgag 

EGFP-CF agcacccagtccgccctgagc 

FliC_BglII_R tatagatctgaacgcagtaaagagaggacgttttg 

FliC_NheI_F atgctagcaccatggcacaagtcattaatacaaac 

HindIII_Ubb_F ttaaagcttatgcagattttcgtgaaaacccttac 

NheI_Kozak_CytOVA_F atagctagcaccatgagcaccaggacacagataaataag 

NheI_mCherry_F  gctagcaccatggtgtctaagggcgaaga  

Peptide_1_BglII_F  ataagatcttatgagtattcaacatttccgtgtc 

Peptide_1_EcoRI_R  tgaattcaaaaaacaggaaggcaaaatgcc 

Peptide_2_BglII_F  tctagatcttgctcacccagaaacgctggtg 

Peptide_2_EcoRI_R  tgaattcagtaacccactcgtgcacccaac 

Peptide_3_BglII_F  ataagatcttatcgaactggatctcaacagcg 

Peptide_3_EcoRI_R  tgaattcacattggaaaacgttcttcgg 

PYD_EcoRI_R tgaattcctggtgcgtggccgcctg 

shortASC_F accagggcctgcactttatagaccag 

shortASC_R ctataaagtgcaggccctggtgcgtggccg 

SV40-pArev cctctacaaatgtggtatgg 

WPRE_R agaataccagtcaatctttcac 

XhoI_mCherry_R  ctcgagtttcttgtacagctcgtccat 
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4.  METHODS  

4.1.  Molecular Cloning 

4.1.1.  Plasmid DNA isolation 

Plasmid DNA isolation was conducted according to manufacturer’s instructions 

(Table 3.15). 8 ml of bacterial liquid culture for mini-scale, 200 ml liquid culture for midi-

scale and 500 ml liquid culture for maxi-scale DNA isolation were used. In mini-scale 

DNA isolation, DNA was eluted from the mini-spin column using 50 ul EB. For midi and 

maxi-scale DNA isolations, DNA was resuspended in 1 ml ddH20. 

4.1.2.  High-fidelity PCR reaction 

DNA fragments to be cloned into plasmid vectors were amplified using the proof 

reading polymerase (Phusion® High-Fidelity DNA Polymerase, NEB, USA).  PCR reac-

tions were carried out according to manufacturer’s instructions. The protocol is summa-

rized in Table 4.1. 

Table 4.1. PCR protocol using the Phusion polymerase. 

Step #no Description Temperature (°C) Duration 

1 Initial denaturation 98 30 s 

2 Denaturation 98 5 s 

3 Annealing Primer specific Tm 30 s 

4 Elongation 72 20 s per 1 kb 

5 Return to step 2 (32x) 

  6 Final elongation 72 5 min 
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4.1.3.  Restriction enzyme digestion of plasmids and PCR products 

Plasmid DNA or purified PCR products were digested with suitable restriction en-

zymes for molecular cloning purposes. Restriction enzymes from NEB (USA) were pre-

ferred and digestion reactions were carried out according to manufacturer’s instructions us-

ing the appropriate digestion buffers and temperatures, specific for each restriction en-

zyme.  

4.1.4.  Agarose gel electrophoresis 

DNA fragments were run on agarose gels for diagnostic purposes and agarose gel 

extraction procedure. For routine applications, 1% agarose gel was employed. In order to 

differentiate large DNA fragments between 5-10 kb, low percent agarose gels (0.7%); for 

small DNA fragments (50-200 bp), high percent agarose gels (2%) were used. 400 ml of 

1% agarose gel stock solution was prepared from 4 g agarose resuspended in 400 ml of 1X 

TAE buffer. The stock solution was boiled in a microwave until the agarose was complete-

ly dissolved. For one mini-agarose gel, around 50 ml of stock solution was mixed with 3 µl 

of EtBr under fume hood. The rest of the stock solution was kept in 65 °C oven until later 

use. DNA samples were run in 1X TAE buffer containing gel electrophoresis tanks. Or-

ange G was used in all experiments as the loading dye.  

4.1.5.  PCR purification and agarose gel extraction 

PCR products and restriction enzyme digested DNA fragments were purified with 

spin columns using the PCR purification kit according to manufacturer’s instructions (High 

Pure PCR Purification Kit, Roche, Switzerland), when the PCR products or the digested 

DNA fragments were composed of one type of DNA fragment. Primer dimers or other 

small DNA fragments smaller than 100 bp do not efficiently bind to spin columns, so that 

DNA fragment of interest can be purified from small DNA fragments using PCR purifica-

tion method. In other cases, where there are several DNA fragments larger than 100 bp, the 
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DNA sample was run on agarose gel and the DNA fragment of interest was cut using a ra-

zor under UV light. The DNA was extracted using the agarose gel extraction protocol ac-

cording to manufacturer’s instructions (High Pure PCR Purification Kit, Roche, Switzer-

land). 

4.1.6.  Oligo-annealing 

In order to clone short DNA fragments (less than 100bp) into plasmid vectors, 2 

complementary oligonucleotides were designed so that upon annealing of oligonucleotides 

to each other, the desired sticky restriction enzyme cutting sites were formed, without the 

need of actually cutting the DNA fragment. To anneal oligonucleotides, 1 µl of each oligo-

nucleotide (100 pmole/µl) was mixed with 1 µl of 10X ligation buffer and 7 µl of ddH20. 

The annealing reaction was incubated at 95 °C for 5 minutes and gradually cooled to room 

temperature in 1 hour using a PCR machine.  

4.1.7.  Ligation of DNA fragments 

Restriction enzyme digested plasmid vectors and inserts were ligated using T4 pol-

ymerase (NEB, USA). In all ligation reactions, vector and insert concentrations were ad-

justed in a way that 1:5 (vector : insert) ratio was established. In each ligation reaction 10-

30 ng of vector and corresponding amount of insert DNA were added, without exceeding 

the threshold of 100 ng (vector+insert) per 10 µl ligation reaction.  

For example, in order to ligate 4000 bp vector and 1000bp insert, 20 ng of vector 

and (20 X 5) / 4  = 25ng of insert were added to ligation reaction. 1 µl of 10X ligation 

buffer and 0.5 µl T4 ligase were added and reaction was added up to 10 µl using ddH20. 

The ligation reaction was incubated at 4 °C overnight. It is important to aliquot 10X liga-

tion buffer for single use only since repeated freeze-thawing destroys ATP which decreas-

es ligation efficiency.  
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4.1.8.  Transformation of plasmids into competent bacteria strains 

The ligated DNA fragments or plasmids were transformed into competent bacterial 

strains. For molecular cloning and re-transformation purposes, Top10 strain of E. Coli was 

used. Top10 strain does produce enzymes that methylate plasmid DNA. In order to obtain 

dam or dcm methylation free plasmid DNA, the plasmids were transformed into SCS110 

strain when necessary.  

Half of the ligation reactions or 1-2 ng of plasmid to be re-transformed were added 

on top of the Top10 strain competent cell aliquots. Efficiency of re-transformation into 

SCS110 competent cells is very low and it requires around 5-10 µg of plasmid DNA for re-

transformation.  Competent cells + DNA were incubated on ice for 20 minutes and then in-

cubated at 42 °C for 45 s in water bath (heat shock). 100 µl of antibiotic-free LB was add-

ed on competent cells and incubated at 37 °C at rocking agitation (recovery). Finally, cells 

were plated on pre-warmed LB-agar plates including suitable antibiotics and incubated at 

37 °C for 16 h.  

4.1.9.  Colony PCR 

16 h after ligation products were transformed into competent cells, colony PCR 

procedure were executed to screen for positive colonies. Briefly, 20 µl of ddH20 was ali-

quoted into 8-strip PCR tubes. One backup plate with suitable antibiotics was marked with 

grids and numbered. With sterile micropipette tips, colonies were sampled, then touched to 

backup plate and then into PCR tubes. Bacterial samples in ddH20 were incubated at 95 °C 

for 15 minutes (lysis). Then, PCR mixtures were added on top (Table 4.2) and the PCR re-

action was executed (Table 4.3). Primer pairs used in colony PCR reaction were chosen in 

a way that the size of the resulting band can be differentiated from negative colonies (emp-

ty vector plasmid containing). Ideally, one of the primers anneals to the vector and the sec-

ond primer anneals to the insert so that only the recombinant, newly synthesized constuct 

is able to give the correct band. 
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Table 4.2. PCR mixture for the colony PCR reaction. 

Reagent Initial concentration Volume (µl) 

Buffer 10X 3 

MgCl2 50mM 1.05 

dNTP 10mM 0.6 

Forward primer 10 pmole/µl 1.5 

Reverse primer 10 pmole/µl 1.5 

Template 

 

+ 

Taq  1 

ddH20  20 + 1.35 

Total  30 

 

Table 4.3. PCR protocol for the colony PCR reaction. 

Step #no Description Temperature (°C) Duration 

1 Initial denaturation 95 30 s 

2 Denaturation 95 5 s 

3 Annealing Primer specific Tm 30 s 

4 Elongation 72 60 s per 1 kb 

5 Return to step 2 (32x) 
  

6 Final elongation 72 5 min 

 

4.1.10.  Analytic digestion (Diagnostic digestion) 

Positive colonies identified with the colony PCR procedure were screened via ana-

lytical digestion reactions. Briefly, positive colonies were picked with a sterile tip from the 

backup plate and put into LB with the suitable antibiotics (liquid bacterial culture). Bacte-

ria were grown at 37 °C for 16 h with rocking agitation. Mini-scale DNA isolation was ex-

ecuted as in Section 4.1.1. Subsequently, isolated plasmid DNA was digested as in 4.1.3 

using a restriction enzyme pair that gives rise to a pattern that can be distinguished from 

negative colonies (empty vector plasmid containing). 
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4.1.11.  Sequencing of plasmid constructs 

Each construct used in this study was checked using Sanger sequencing. Sequenc-

ing service was purchased from Macrogen Inc, Korea.  

4.2.  Cloning strategies 

4.2.1.  pEGFP-C3-hASC plasmid 

In order to create a plasmid encoding a fusion protein of EGFP and ASC, cDNA of 

ASC was obtained by digesting pcDNA3-ASC plasmid with HindIII and EcoRI restriction 

enzymes. The empty vector pEGFP-C3 which encodes cDNA of EGFP and a C-terminal 

multiple cloning site, was digested with the same restriction enzyme pair. Vector and insert 

fragments were purified as in Section 4.1.5 and ligated as in Section 4.1.7. Colonies were 

screened via colony PCR using the GFP_F and SV40_pA_R primer pair as in Section 

4.1.9. Positive colonies were further analyzed using diagnostic digestion using the BamHI 

enzyme as in Section 4.1.10. Colonies were further checked using Sanger sequencing using 

CMV_F and SV40_pA_R primers.  

4.2.2.  Site-directed mutations on pEGFP-C3-ASC construct 

The desired mutations were introduced in pEGFP-C3-ASC plasmid using a PCR 

based site-directed mutation approach. Briefly, mutations were introduced on complemen-

tary primer pairs, annotated as ASC_mutation_F and ASC_mutation_R in Figure 4.1. In 

the first step of PCR, EGFP_F and ASC_mutation_R primer pair were used to amplifiy the 

left fragment of ASC and thereby introducing the mutation at the 3’ end. Simultaneously, 

in another tube ASC_mutation_F and SV40_pA_R were used to amplify the right framgent 

of ASC, introducing a mutation at the 5’ end. The left and right fragments were purified 

from the gel, mixed in an equal molar ratio and used as a template in the second step. 3’ 

and 5’ ends of the left and right fragments do share around 20-25 base pairs of identical 
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sequences, respectively. For this reason, when EGFP_F and SV40_pA_R primers were 

added into the PCR reaction, the left and right fragments annealed from their 3’ and 5’ 

ends respectively, and an overlapping DNA fragment encoding the mutated ASC cDNA 

was synthesized. The PCR product was purified using spin columns, then digested using 

HindIII and EcoRI enzmyes, and the desired fragment was extracted from the gel. The in-

sert encoding cDNA of mutant ASC was ligated into pEGFP-C3 vector as in Section 4.2.1 

 

 

 

 

 

 

 

Primers used for site-directed mutagenesis of ASC were listed in Table 3.14. Dou-

ble mutation carrying pEGFP-ASC constructs (K26A-R160A and L68A-R160A) were 

cloned sequentially, using pEGFP-ASC R160A as a template in the mutagenesis proce-

dure. All constructs were checked by Sanger sequencing in order to verify the presence of 

desired site-directed mutations and absence of unexpected mutatations.  

 

Figure 4.1. Site-directed mutagenesis strategy to clone EGFP-ASC mutants. 
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4.2.3.  pEGFP-PYD plasmid 

A fusion protein of only the PYD of ASC (amino acids between 1-90) and EGFP at 

its N-terminal was cloned. For this cloning, PYD encoding DNA was amplified via PCR 

using the EGFP-CF and PYD_EcoRI_R primer pair and pEGFP-C3-hASC as a template. 

The resulting band was cloned into the pEGFP-C3 vector between HindIII and EcoRI sites 

as described in Section 4.1. 

4.2.4.  pEGFP-PYD mutant constructs 

In total, 12 EGFP-PYD mutant encoding plasmids (E13A, E19A, K21A, L25A, 

K26A, R41A, D48A, D51A, E62A, E67A, L68A, L73A) were cloned as described in Sec-

tion 4.2.3 using pEGFP-C3-hASC mutant plasmids as templates. 

4.2.5.  pEGFP-C3-shortASC 

The short isoform of ASC (shortASC) encoding DNA fragment was obtained using 

overlap PCR as in Section 4.2.2. Briefly, an overlapping primer pair (shortASC_F and 

shortASC_R) pointing at inverse directions as described in Figure 4.1 was designed so that 

at the end of the two step overlap PCR procedure, the resulting DNA fragment encoded 

cDNA of short isoform of the ASC.  

4.2.6.  pmCherry-C3.1 

For mCherry labeled fusion proteins, firstly an empty vector with mCherry fol-

lowed by a multiple cloning site was cloned. This empty vector is referred as pmCherry-

C3.1. pmCherry-C3.1 vector was cloned via PCR amplification of mCherry encoding 

DNA with the NheI_mCherry_F and XhoI_mCherry _R primer pair using pcDNA3 IFP 

1.4 plasmid as a template. The resulting band was digested with NheI and XhoI enzymes 
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and swapped with the EGFP coding sequence (CDS) in the pEGFP-C3 plasmid. The re-

sulting plasmid, pmCherry-C3.1 has the same MCS as the pEGFP-C3 plasmid except for 

the BglII cutting site. 

4.2.7.  pmCherry-C3-hASC 

A fusion protein of mCherry and ASC encoding plasmid was cloned by digesting 

hASC encoding fragment from the pcDNA3-hASC plasmid using HindIII and EcoRI re-

striction enzymes and cloning into the MCS of pmCherry-C3.1 as described in Section 4.1. 

4.2.8.  pmCherry-C3-shortASC 

A fusion protein of mCherry and short isoform of ASC encoding plasmid was 

cloned by digesting out shortASC encoding fragment from the pEGFP-C3-shortASC 

plasmid using HindIII and EcoRI restriction enzymes and cloning into the MCS of 

pmCherry-C3.1 as described in Section 4.1. 

4.2.9.  pmCherry-C3-CARD 

A fusion protein of mCherry and CARD of ASC (amino acids between 111-195) 

encoding plasmid was cloned. For this purpose, CARD was amplified via PCR using the 

CARD_Hind_F and SV40-pArev primer pair and pEGFP-C3-hASC as a template. The re-

sulting band was digested using HindIII and EcoRI enzymes and cloned to pmCherry-C3.1 

vector as described in Section 4.1. 

4.2.10.  pmCherry-UBB 

A fusion protein of mCherry and 1X UBB (human ubiquitin B) encoding plasmid 

was cloned. For this purpose, 1X UBB was amplified with PCR using HindIII_Ubb_F and 
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EcoRI_NotI_Ubb_R primer pair and pCGN-HA-Ubiquitin plasmid as a template. The re-

sulting band was digested using HindIII and EcoRI enzymes and cloned into pmCherry-

C3.1 plasmid as in Section 4.1. 

4.2.11.  pEYFP-N1-CytOVA 

A fusion protein of cytoplasmic ovalbumin (CytOVA) and EYFP protein was 

cloned. For this cloning, the secretion signal sequence (first 48 amino acids) of ovalbumin 

was deleted during the PCR reaction. The CytOVA was amplified via PCR using the 

NheI_Kozak_CytOVA_F and BglII_Ova_R primer pair and pCI-neo-sOVA plasmid as a 

template. 

4.2.12.  pFliC-C3-hASC 

A fusion protein of flagellin and ASC protein was created. For this purpose, flagel-

lin encoding gene (FliC) was amplified from the genomic DNA of S. typhimurium using 

the FliC _NheI_F and FliC _BglII_R primer pair. The resulting band was digested using 

NheI and BglII enzymes and cloned into pEGFP-C3-hASC vector to replace EGFP as de-

scribed in Section 4.1. S. typhimurium was purchased from Refik Saydam Culture Collec-

tion (Ankara, Turkey). 

4.2.13.  pEGFP-peptide_1, pEGFP-peptide_2, pEGFP-peptide_3 

26 amino acids long short peptides from the ampicillin resistance gene peptide_1, 

peptide_2 and peptide_3 were cloned to the C-terminus of EGFP. For these clonings; the 

BglII_peptide_1_F and EcoRI_peptide_1_R, BglII_peptide_2_F and EcoRI_peptide_2_R, 

and BglII_peptide_3_F and EcoRI_peptide_3_R primer pairs were used to amplify pep-

tide_1, peptide_2 and peptide_3, respectively. Resulting bands were digested using BglII 

and EcoRI and cloned into pEGFP-C3 vector as described in Section 4.1.  
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4.2.14.  pEGFP-peptide_1_19aa, pEGFP-peptide_1_12aa, pEGFP-peptide_1_8aa, 

pEGFP-hydrophobic_1, pEGFP-hydrophobic_2, pEGFP-hydrophilic_1, pEGFP-

hydrophilic_2, pEGFP-C3_19aa 

EGFP protein CDS was fused with a series of short peptide CDS; peptide_1_19aa, 

peptide_1_12aa, peptide_1_8aa, hydrophobic_1, hydrophobic_2, hydrophilic_1 and hy-

drophilic_2. For these clonings, oligonucleotides listed in Table 3.13 were subjected to oli-

go-annealing procedure as described in Section 4.1.6. The resulting oligos were cloned into 

pEGFP-C3 vector as described in Section 4.1. A shorter version of C3 peptide was cloned 

by BglII and EcoRI digestion of pEGFP-C3 and re-ligation on itself.  

4.2.15.  pLenti-Ef1a-EGFP-hASC plasmid 

The lentiviral construct encoding the EGFP-ASC fusion protein was cloned into 

pLenti-Ef1a backbone. For this purpose, a modified version of the pLenti-Ef1a vector with 

a MCS with ClaI, NheI, HindIII, XbaI, EcoRI, NotI, EcoRV, NdeI cutting sites was cloned 

via oligo annealing as described in Section 4.1.6. The plasmid backbone was originally de-

rived from the pLenti-EF1a-hChR2(H134R)-EYFP-WPRE plasmid. EGFP-ASC encoding 

DNA was digested out from pEGFP-C3-hASC plasmid using NheI-NotI enzymes and 

cloned into pLenti-Ef1a vector as described in Section 4.1. Positive colonies were screened 

via colony PCR using the Ef1a_F and WPRE_R primers. 

4.2.16.  pEGFP alone and pmCherry alone plasmids 

pEGFP alone plasmids has the same vector backbone as pEGFP-C3 but lacks the 

short peptide encoded by the MCS. The plasmid was cloned by amplifying CDS of EGFP 

with CMV-F and EcoRI_EGFP_stop_R primer pair and pEGFP-C3 as a template. The 

PCR product was digested with NheI and EcoRI enzymes and cloned to pEGFP-C3 back-

bone between same restriction enzyme cutting sites. Similarly, pmCherry alone plasmid 

was obtained by amplifying CDS of mCherry from the pmCherry-C3 plasmid using CMV-
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F and EcoRI_EGFP_stop_R primer pair. The PCR product was digested similarly with 

NheI and EcoRI enzymes and cloned to pEGFP-C3 backbone between same restriction en-

zyme cutting sites as in Section 4.1. 

4.2.17.  pETM20-mCherry plasmid 

CDS of mCherry was cloned into pETM-20 vector for bacterial expression. Briefly, 

CDS of mCherry was obtained from the pmCherry plasmid by NcoI and BamHI (partial 

digestion) restriction enzyme digestion. The obtained DNA fragment was cloned into the 

pETM-20 vector having a modified MCS. 

4.3.  Western blotting analysis 

4.3.1.  Preperation of samples 

Cell culture samples were collected in lysis buffer (Table 3.9) using a scraper. Typ-

ically, 200 µl of lysis buffer was added on a well of 6-well plate (10
6
 cells) and cells were 

collected. Subsequently, samples were sonicated via executing the sonication program for 

3 times (5 seconds, 3 cycles, 50% power) on ice in 15 ml falcon tubes. Subsequently, tubes 

were briefly spinned down at low speed to collect droplets on the walls. Samples were 

transferred into 1.5 ml tubes and 40 µl 6X Laemli buffer (Table 3.9) was added. Samples 

were denaturated at 95 °C for 5 minutes, and stored at -20 °C until later use.  

4.3.2.  Preperation of SDS-PAGE gels 

For routine use, 0.75mm 15-well SDS-PAGE gels were casted. Briefly, liquid 15% 

gel solution (4 ml per gel) was mixed with 40 µl 10% APS and 4 µl TEMED (resolving 

gel). The gel solution was mixed thoroughly and put between casting glasses. The gel was 

immediately covered with n-butanol to ensure a flat surface. Once the resolving gel was 
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polymerized (around 30 minutes), n-butanol was drained off. Stacking gel mixture was 

prepared. 1 ml per gel 4% gel solution was mixed with 10 ul 10% APS and 1 µl TEMED. 

The mixture was added on top of the resolving gel and the comb was inserted. After 

polymerization was completed, the gel was wrapped with tissue paper and wetted with 

ddH20, put in a plastic bag and kept at 4 °C until later use, for no longer than 1 week.  

4.3.3.  Protein Gel Electrophoresis 

SDS-PAGE gels were run in vertical electrophoresis tanks in 1X TGS buffer. Prior 

to electrophoresis, samples were briefly incubated at 95 °C for 2 minutes and vortexed. 10 

µl of sample were loaded to each well in 0.75mm 15-well SDS-PAGE gels. Empty wells 

were loaded with blank sample (PBS mixed with 6X laemli) to avoid “smile effect”. Sam-

ples were run at 80 V until they enter resolving gel, then the voltage was increased to 130 

V. The gel electrophoresis was stopped as the dye front reached the end of gel.  

4.3.4.  Wet transfer 

Proteins in the SDS-PAGE gels were transferred onto nitrocellulose membranes us-

ing the wet transfer method. Briefly, a sandwich of fiber pad, 2 filter papers, SDS-PAGE 

gel, nitrocellulose membrane, 2 filter papers and a fiber pad was prepared in a tank filled 

with transfer buffer. Bubbles between sandwich layers were removed with a falcon tube 

used as a roller. The gel-membrane sandwich was inserted into the transfer apparatus with 

the correct orientation (the proteins run towards positive pole). Transfer was executed in 

the 4 °C room. Ice blocks at -80 ° were inserted into the transfer apparatus for cooling. The 

transfer was completed at 100 V for 1 h.   

4.3.5.  Membrane blocking 

The nitrocellulose membrane was taken into a plastic tank for subsequent incuba-

tions with the protein side facing upwards. The membrane was washed for 5 minutes with 
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TBS-T and blocked with 5% BSA for 1 h at RT. After blocking, the membrane was 

washed for 5 minutes with TBS-T.  

4.3.6.  Antibody incubations 

The membranes were incubated with the primary antibody solutions at 4 °C over-

night. Sodium azide was added into the primary antibody solution to inhibit microbial 

growth. When the incubation was finished, the primary antibody was stored at 4 °C for re-

peated usage. The membrane was washed 3 times after primary antibody incubation with 

TBS-T, then incubated with a secondary antibody solution at RT for 1 hour. Sodium azide 

was not included into secondary antibody solution, as it inhibits HRP on the secondary an-

tibody. The secondary antibody was chosen according to the animal in which primary anti-

body was raised (either mouse or rabbit in our study). After secordary antibody incubation, 

the membrane was washed 3 times with TBS-T.   

4.3.7.  Visualization of the membrane 

Color reagents were mixed with one-to-one ratio and added on the membrane 

which was placed on a glass slab (Lumi-Light Western Blotting Substrate, Roche, Switzer-

land). The surface of membrane was covered with transparent film and bubbles were re-

moved. Membrane was imaged using a digital visualization device (Stella, Raytest, Ger-

many). 

4.4.  Confocal analysis 

4.4.1.  Seeding cells on coverslips 

The confocal microscope used in this study is an upright microscope. Therefore, 

cells need to be plated onto coverslips and inverted by putting onto a glass slide. For this 
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purpose, glass coverslips were put on 6-well plates and treated under UV for at least 1 h. 

HEK293T or THP-1 cells were plated on coverglass containing wells afterwards.  

4.4.2.  PFA fixation, DAPI and lysotracker-red stainings 

Cells were fixed in 4% PFA solution at room temperature for 5 minutes. PFA was 

then removed and cells were kept in PBS and stored in dark at 4 °C until analysis. 1 mg/ml 

(200X) DAPI stock solution was aliquoted and stored in -20 °C. The stock solution was di-

luted in PBS to 1X concentration. 1X DAPI solution was added dropwise on fixed cells at-

tached to the coverslips. Cells were incubated at RT for at least 5 minutes. Subsequently, 

the wells were washed once with PBS. Cells were stained with 50nM lysotracker red con-

taining medium for 30 minutes at cell culture conditions and washed once with PBS.  

4.4.3.  Visualization by the confocal microscope 

Fluorochromes were excited using appropriate wavelengths and emitted photons 

were scanned using the ranges given in Table 4.4. Image acquisition was carried out using 

LAS AF software. Images were acquired using 20X (immersion in PBS) or 63X (immer-

sion in glycerol) lenses. 

Table 4.4. Excitation and emission wavelengths used in confocal microscopy analysis. 

Fluorochrome Laser Excitation (nm) Emission range (nm) 

DAPI Diode, 50 mW 405 410-450 

EGFP Ar, 65 mW 488 490-535 

EYFP Ar, 65 mW 514 520-560 

mCherry HeNe, 1 mW 543 570-680 

Lysotracker red HeNe, 1 mW 543 585-630 
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4.4.4.  Time-lapse imaging 

PMA differentiated THP-1 macrophage cells were observed by time-lapse confocal 

microscopy. Cells were imaged using in house produced growth chambers that keep cells 

viable for at least half an hour. Briefly, 60mm cell culture plates were filled with agarose 

and a rectangular piece of gel was carved. The whole plate was equilibriated at 37 °C and 

the space was filled with warm cell culture media. Cells plated on the glass coverslips were 

inversely placed on the growth chamber by removing the air bubbles between the glass 

slide and the chamber. 

4.5.  Cell culture 

4.5.1.  Maintainance of THP-1 cells 

THP-1 is an established monocytic cell line derived from a leukemia patient [89]. 

The cell line displays macrophage-like characteristics upon differentiation with PMA [90]. 

Undifferentiated THP-1 cells were cultured in suspension with RPMI supplemented with 

supplemented with 1x MEM Non-Essential Aminoacids, 2mM L-Glutamine, 100 U/ml 

penicilin, 100 µg/ml streptomycin and 10% FBS. THP-1 cells were not allowed to exceed 

the maximum confluency of 10
6
 per 1 ml. Freezing of THP-1 cells was carried out in 50% 

FBS and 5% DMSO containing full RPMI medium.  Aliquotes of THP-1 cells were stored 

at -150 °C indefinetely in the freezing media using cryotubes. Frozen vials were thawed 

using a water bath at 37 °C. Freezing media were changed with full RPMI medium suppel-

emented with 20% FBS. Cultures were maintained in 20% FBS containing RPMI until 

cells acquired their normal morphology.  

4.5.2.  PMA differentiation and MSU treatment of THP-1 cells 

5x10
6
 THP-1 cells were differentiated in 60 mm plates in 0.5 µM PMA containing 

RPMI for 3 h. Subsequently, cells were collected by scraping. Cells were incubated for 
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24 h in PMA-free RPMI. PMA differentiated THP-1 cells were treated with 150 µg/ml 

MSU crystals for 4 h. MSU crystals are water insoluble, so that stock solutions must be 

thoroughly mixed before pipetting.  

4.5.3.  Maintainance of HEK293T cells 

HEK293(F)T cells (Invitrogen, USA) are widely used for protein overexpression 

and lentiviral packaging purposes. These cells were derived from HEK293F cells which 

stably express the SV40 large T antigen from the pCMVSPORT6TAg.neo plasmid. 

HEK293T cells were cultured with high glucose DMEM supplemented with supplemented 

with 1x MEM Non-Essential Aminoacids, 2mM L-Glutamine, 100 U/ml penicilin, 100 

µg/ml streptomycin and 10% FBS.  

4.5.4.  Calcium Phosphate Transfection 

HEK293T cells were efficiently transfected via the calcium phosphate transfection 

method. This procedure produces insoluble precipitates of plasmid DNA and calcium 

phosphate, which are subsequently engulfed by HEK293T cells [91]. Briefly, plasmid 

DNA to be transfected were mixed with ddH20, 2M CaCl2 and 2X HBS solution in the 

given order, with the amounts indicated at Table 4.5. Incubation time after CaCl2 and 

2XHBS addition does change size of the calcium-phospate-DNA co-precipitates which af-

fects transfection efficiency. The incubation time is determined empirically as 5 minutes 

after addition of CaCl2 and 2XHBS. Vortexing the transfection mixture should be avoided 

as it decreases transfection efficiency.  

4.5.5.  Lentiviral Transduction 

Lentiviral transduction procedure was used to infect THP-1 monocytes which could 

not be easily transfected by transient transfection protocols such as calcium phosphate 

transfection. Also, stable HEK293T cells expressing EGFP-ASC or mCherry-ASC fusion 
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proteins were prepared using the same procedure. The advantage of lentiviral transduction 

is its ability to infect a broad range of cell types and stable integration of the gene of inter-

est into the genome of transduced cell.  

Table 4.5. Preperation of transfection reagents for calcium phosphate transfection method. 

 

 

Three plasmids, two of the plasmids encoding genes for lentiviral packaging 

(pCMVdeltaR8.74 and pMD2.G) and one encoding the desired construct of interest in 

pLenti-Ef1a vector backbone were co-transfected into HEK293T cells for producing lenti-

viral particles by calcium phosphate transfection method as in Section 4.4.5. Briefly, 5x10
6
 

cells were plated on 100mm dishes the evening before transfection. In the morning, cell 

culture media was carefully changed and 25 µl of 10mM chloroquine was added. Tranfec-

tion mixture was prepared using 4 µg of each three plasmids as in Section 4.4.5 and added 

dropwise on cells. Cells were incubated for 8 h, and the culture media was carefully re-

freshed. 2 days after transfection, cell culture media, which now contains lentiviral parti-

cles, was taken into a 10 ml syringe. 10 µl of 4mg/ml stock solution of polybrene was add-

ed into the tip of the syringe, sucked carefully into the syringe and a 0.45 µm syringe filter 

was inserted at the tip of the syringe. The syringe was mixed gently, and the lentiviral par-

ticles were added dropwise onto the cells. Cell culture media was changed 24 h after trans-

duction.   

4.6.  In vitro FRET experiment 

15x10
6 

cells per 150mm plate were transfected with 12 µg of pmCherry-PYD wt 

and either pEGFP alone, pEGFP-PYD wt, pEGFP-PYD  R41A and pEGFP-PYD D48A 

plasmids as in Section 4.5.5. Cells were collected by scraping in 3 ml PBS + PIC + 2mM 

  DNA ddH20 (add up to) 2M  CaCl2 2XHBS 

6-well plate 0.5-1 µg 219 µl 30.5 µl 250 µl 

100 mm dish 4  µg 439 µl 61 µl 500 µl 

150 mm dish 12  µg 1317 µl 183 µl 1500 µl 
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EDTA 24 h later and sonicated 3 times (5 seconds, 3 cycles, 50% power) on ice. Lysates 

were added inside a quartz cuvette and analyzed using a spectrofluorometer (Cary Eclipse, 

Agilent Technologies, USA). Samples were excited sequentially at 488 nm and 587 nm 

and fluorescence emission spectrum of each sample was measured for 2 times. The exper-

iment was done in duplicate. 

4.7.  Purification of ASC specks from HEK293T cells 

4.7.1.  Crude extraction 

Transfection of ASC encoding plasmids was carried out via calcium phosphate 

method as in Section 4.5.5. Cells were collected 24 h after transfection by scraping in 3 ml 

PBS for each 150mm dish. Cells were combined in 50 ml falcon tube and sonication pro-

gram was run for 5 times, 5 seconds 3x10%, 50% power program in ice. The lysate was 

centrifuged at 200 g at RT for 5 minutes in Beckmann falcon centrifuge. Due to microme-

ter size of the ASC specks, they were found in the low speed centrifugation pellet. Soluble 

proteins remained in the supernatant which was discarded. 

4.7.2.  High purity isolation of ASC specks 

Typical results of ASC speck purification procedure were shown in Appendix B 

(Figure B.1 and Figure B.2) .Transfection of ASC encoding plasmids was carried out via 

calcium phosphate method as in Section 4.5.5. Cells were collected 24 h after transfection 

by scraping in 3 ml PBS for each 150mm dish. Lysates of 3x150mm dishes were combined 

in a 50 ml falcon tube. Sonication program was run for 5 times, 5 seconds 3x10%, 50% 

power program in ice. The lysate was centrifuged at 2400 g for 5 minutes at RT in Beck-

mann falcon centrifuge. The pellet was resuspended by vigorous vortexing. After complete 

resuspension, lysates were left to sediment for 5 minutes. The first gravity sedimenting fil-

amentous pellet was observed to be rich in nucleic acids and granular proteins but deficient 

in ASC protein (See Appendix B, Figure B.3). Taking advantage of this observation, this 
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cycle was repeated until sufficient purity was achieved. Upon gravity sedimentation, the 

supernatant was transferred into a new falcon tube. The supernatant was centrifuged at 200 

g for 5 minutes at RT in Beckmann falcon centrifuge. The supernatant was discarded and 

pellet was resuspended in 10 ml PBS. The pellet was resuspended by vigorous vortexing. 

The lysate was left for gravitiy sedimentation for 5 minutes and the suparnatant was care-

fully saved. The supernatant was centrifuged for 60 minutes at 200 g at RT. The pellet was 

resuspended on 30 ml PBS. After sequential gravity sedimentation, granular particles 

smaller than ASC specks were removed by first passing the sample through a 5 µm syringe 

filter and then re-applying PBS in the opposite direction (reverse flow, see Appendix B, 

Figure B.4). By this method, not only ASC specks greater than 5 µm but smaller specks 

were recovered as well, possibly due to uneven size distribution of the filter. 30 ml sample 

was passed from the syringe filter in 6 cycles and at the end of each cycle reverse flow was 

applied. Sequential passing of the sample is necessary not to clog the filter. Finally, the 

sample was centrigufed at 2400 g for 60 minutes. The pellet was resuspended in 0.5 ml 

PBS. The typical yield of this method is around 100-200 µg of ASC specks per 5x10
7
 

HEK293T cells. It is important not to centrifuge ASC specks at high speed (ex. 20 000 g) 

as high speed centrifugation pellets could not be resuspended.  

4.8.  Intradermal injection of mCherry-ASC specks 

50 µg of mCherry-ASC specks and its fluorescence equivalent purified mCherry 

protein were injected intradermally, side-by-side to the back of 4 Balb/c mice. mCherry-

ASC specks were purified as in Section 4.6.2 and mCherry protein was purified from E. 

Coli as in Section 4.7.1. Mice were anesthetized during procedure with 100mg/kg keta-

mine and 10mg/kg xylasine mixture injected intraperitoneally. 

4.8.1.  Expression and purification of mCherry from E.Coli 

pETM-20 mCherry plasmid was transformed into Rosetta2 pLysS strain of E. Coli 

as in Section 4.1.8. Transformed bacteria were plated on ampicillin and chloroamphenicol 

containing LB-agar plates. A single colony was picked and cultured in ampicillin and chlo-
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roamphenicol containing 5 ml LB starter culture.  Next day, 0.5 ml of the starter culture 

was added on 100 ml ampicillin and chloroamphenicol terrific broth. The culture was 

shaked for 4 h and 50 min at 37 °C until the OD reached 0.85. At this time point, 40 µl of 1 

M IPTG (0.4 mM final concentration) was added on 100 ml culture and shaked overnight 

at 25 °C (cold IPTG induction). The next day, culture was splitted into 2x50 ml falcon 

tubes. The pellet was resuspended in 1 ml equilibriation buffer (PBS + 10mM imidazole) 

and sonicated thoroughly (run 15 times, 5 seconds each, 3 cycles, 50% power on ice). The 

Ni-NTA spin column was equilibriated with equilibriation buffer (700g, 2 min). The soni-

cated lysate was centrifuged for 15 min at 13000 rpm at 4 °C. The lysate was then applied 

to the column in 500 µl aliquotes (30 min each, RT on shaker). The spin column was cen-

trifuged for 5 min at 270 g. The column was washed for 3 times with wash buffer (PBS + 

25mM imidazole) and centrifuged for 2 min at 700 g. The column was eluted for 3 times 

with elution buffer (PBS + 250 mM imidazole). The sample was dialyzed against PBS at 4 

°C overnight. The purity of the sample was monitored by SDS-PAGE and Coomassie 

staining and the concentration was measured by Bradford assay.  

4.8.2.  Calculation of the relative fluorescence 

mCherry protein extracted from E. Coli and mCherry-ASC specks extracted from 

HEK293T cells had different purities (See Appendix B, Figure B.5). In order to normalize 

these two samples according to their fluorescence intensities, serial dilutions of samples 

were imaged under UV light (Gel Doc, Bio-Rad, USA). Triplicates of 5 µl serial dilutions 

of samples were dropped on a UV transparent tray. The image was quantified using ImageJ 

and a standard curve was plotted, which permitted the calculation of relative fluorescence 

intensities of both samples (See Appendix B, Figure B.5). 
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5.  RESULTS 

5.1.  THP-1 EGFP-ASC Stable Cell Line Does Form ASC Specks upon Stimulation 

with MSU Crystals 

In the absence of inflammasome stimulation, ASC protein displays a diffused ex-

pression throughout the cell. We have created a stable THP-1 cell line which expresses 

EGFP-ASC fusion protein. Upon PMA differentiation followed by treatment with MSU 

crystals, the ASC proteins in the cytosol and the nucleus change their cellular localization 

and form a micrometer sized structure next to the nucleus inside the cytosol, called the 

ASC speck (Figure 5.1).  

 

 

 

 

 

 

 

 

Figure 5.1. PMA differentiated THP-1 EGFP-ASC stable cells.  (A) PMA differ-

entiated THP-1 EGFP-ASC cells were treated with either mock or 150 ug/ml MSU for 4 

h. (B) Western blot analysis of THP-1 EGFP-ASC stable cells. Lane 1: wt THP-1. Lane 

2: EGFP-ASC stable THP-1. (C) Confocal micrograph of a THP-1 EGFP-ASC stable 

cell stimulated with MSU crystals. DAPI: Nucleus. BF: Bright field. 
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5.2.  Mutational Screen on the EGFP-ASC construct 

Upon establishing the participation of our EGFP-ASC fusion protein into the ASC 

speck following inflammasome stimulation, we performed a mutational screen by express-

ing mutant EGFP-ASC constructs in HEK293T cells. The EGFP-ASC fusion protein does 

form spontaneous ASC specks when expressed in HEK293T cells at 72.7 ± 2.37 % fre-

quency.  

The spontaneous ASC speck formation upon overexpression of ASC was reported 

before [54, 76, 92]. The probable reason of spontaneous ASC speck formation in 

HEK293T cells is the excess of critical ASC concentration by overexpression so that the 

ASC speck does form without the need for activation by inflammasome receptors (such as 

NLRP3, NLRC4 and AIM2). The ASC speck formation was described as a “low probabil-

ity event” before the start of speck nucleation, but later turns into a “high probability 

event” once the ASC speck starts to grow, and therefore only one ASC speck per cell is 

observed in an all-or-none fashion [76]. In our study, overexpression of the EGFP-ASC 

construct is probably resposible for increasing the likelihood of this “low probability 

event”. The cellular localization of ASC specks formed in THP-1 and HEK293T cells (per-

inuclear) as well as the shape of the ASC speck (compact, globular) were observed to be 

similar (Figure 5.2, 5.3).  

To understand which amino acids in the pyrin domain (PYD) and caspase recruit-

ment domain (CARD) of ASC are important for ASC speck formation, we generated a se-

ries of mutations. Overall, 23 amino acid residues were mutated into alanine. Cells were 

transfected with EGFP-ASC mutant encoding plasmids, observed under the confocal mi-

croscope and scored on the basis of the ASC speck formation. In total, 12 single amino ac-

id mutations on ASC protein were found to have no effect on ASC speck formation, 

whereas 11 single amino acid mutations disrupted the ASC speck formation (E13A, E19A, 

K21A, K26A, R41A, D48A, D51A, L68A, L73A, M159A and R160A, Figure 5.2, 5.3, 

Table 5.1). In these cells, filament structures were observed, which were similar to the 
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structures observed upon expression of single PYD or CARD alone or expression of the 

short isoform of the ASC (See Section 5.4).  

Interestingly, the L25A mutation showed a different phenotype displaying a shape 

in between ASC specks and filaments formed by other ASC mutants. The structure formed 

by the L25A mutation, referred in this thesis as Medusa’s head, is a perinuclear structure, 

similar to the size of the ASC speck but has characteristic radial filament extension point-

ing outwards from its center (Figure 5.3). Although ASC protein is conserved between 

human and mouse with 71.8% protein sequence identitiy, mouse ASC protein has a methi-

onine at this posititon. Since such kind of a structure has not been reported in previous 

studies using mouse cells, we hypothesized that a methionine residue at position 25 might 

substitute for a leucine residue present in the human ASC protein. Indeed, when EGFP-

ASC L25M mutant is expressed in HEK293T cells, a globular speck structure phenotype 

has been recovered (Figure 5.3). Phenotypes of the mutations were summarized in Table 

5.1. 
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Figure 5.2. General view of HEK293T cells transfected with either EGFP-ASC 

wt, R41A, D48A, L25A, L25M or short isform encoding plasmids. 
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Figure 5.3. R41A and D48A mutations disrupt the ASC speck whereas L25A 

mutant displays a novel phenotype.  Confocal micrographs of HEK293T cells transfect-

ed with either EGFP-ASC wt, R41A, D48A, L25A, L25M or short isoform encoding 

plasmids. DAPI: Nucleus. mCherry alone: Cytosol + Nucleus. 
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Table 5.1. Phenotypes of the mutations on the EGFP-ASC construct. 

ASC variant Phenotype Location 

wt  speck - 

E13A filament PYD 

E19A filament PYD 

K21A filament PYD 

L25A Medusa’s head PYD 

L25M speck PYD 

K26A filament PYD 

R41A filament PYD 

D48A filament PYD 

D51A filament PYD 

E62A speck PYD 

G65A speck PYD 

E67A speck PYD 

L68A filament PYD 

L73A filament PYD 

R74A speck PYD 

H90A speck PYD 

G101A speck linker 

P103A speck linker 

H113A speck CARD 

M159A filament CARD 

R160A filament CARD 

C173A speck CARD 

L181A speck CARD 

R182A speck CARD 

K26A-R160 soluble PYD + CARD 

L68A-R160 soluble PYD + CARD 

short isoform filament No linker 

5.2.1.  Western Blot Analysis of EGFP-ASC Mutants 

We have analyzed EGFP-ASC expressing cells by Western blotting to check 

whether mutations introduced in the construct alter the size of the protein product (Figure 

5.4). Since truncated domains of the ASC protein, namely PYD and CARD do form fila-
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ment structures instead of ASC specks, we wanted to rule out the possibility of protein 

shortening. We did not find any evidence of protein truncation due to mutations introduced 

into the constructs. All proteins synthesized by the constructs except for the short isoform 

of ASC have the same size. 

 

 

 

 

5.2.2.  Double mutations on the ASC protein completely inhibit the ASC speck and 

filament formation 

Since we observed that single mutations on PYD or CARD of full-length ASC pro-

tein resulted in filament formation instead of ASC speck formation, we hyphothesized that 

the remaining intact domain should be responsible for filament formation. To prove this 

idea, two combinations of double ASC mutants were cloned (K26A-R160A and L68A-

R160A). We observed that double mutant EGFP-ASC constructs failed to form the ASC 

speck or filament (Figure 5.5).  

5.3.  PYD and CARD isolated domains form mutually exclusive filaments 

We created fusion proteins of PYD and CARD of ASC with EGFP and mCherry 

fluorescent proteins, respectively. When HEK293T cells were co-transfected with these 

constructs, we observed mutually exclusive filaments of PYD and CARD, which shows 

that PYD-PYD and CARD-CARD interactions are highly specific (Figure 5.6). Further-

Figure 5.4. Western blot analysis of EGFP-ASC mutants.  Plasmids encoding the 

indicated constructs were co-transfected with mCherry (transfection contol).  
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more, we realized that L68A and R160A mutations destroyed filaments of PYD and 

CARD truncated proteins, respectively (Figure 5.6).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5. Double mutations on PYD and CARD disrupt speck and filament 

formation. (A) Confocal micrographs of wt, L68A, R160A and L68A-R160A mutant 

EGFP-ASC expressing HEK293T cells (upper lane) and locations of the mutation on the 

NMR model (lower lane). (B) General view of HEK293T cells transfected with wt, 

K26A, L68A, R160A, K26A-R160 and L68A-R160A EGFP-ASC encoding plasmids.  
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5.4.  The same set of mutations that destroy ASC specks formed by full-length ASC 

protein also inhibits filaments of PYD- or CARD-only truncated protein 

Based on the results in Section 5.5, we decided to run a parallel experiment on 

EGFP-PYD truncated protein using an overlapping set of mutations. All ASC speck dis-

rupting mutations and two non-disrupting mutations were re-created on the EGFP-PYD 

construct.  It was observed that every mutation tested that has disrupted the ASC speck on 

full-length ASC protein, also inhibited EGFP-PYD filaments and vice versa. The degree of 

inhibition was gradual, ranging from complete inhibition to reducing the frequency of fil-

ament formation by half (Figure 5.7, 5.8). The unique mutation L25A, which formed Me-

dusa’s head phenotype in full-length ASC protein, does not have an effect on EGFP-PYD 

filament formation, indicating that the effect of the mutation is not related to the disruption 

of the PYD-PYD interaction (Figure 5.7). 

Figure 5.6. PYD and CARD form mutually exclusive filaments which can be inhib-

ited by single mutations. (A) EGFP-PYD and mCherry-CARD filaments do not co-localize 

in HEK293T cells co-transfected both plasmids. EGFP-PYD (B) and mCherry-CARD (D) 

filaments are inhibited by L68A (C) and R160A (E) mutations. DAPI: Nucleus. 
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Figure 5.7. Representative mutations on EGFP-PYD construct. (A) General 

view of HEK293T cells transfected with EGFP PYD wt, R41A, D48A or EGFP only. 

Confocal micrographs of HEK293T cells expressing EGFP-PYD wt (B), L25A (C), 

R41A (D), D48A (E). DAPI: Nucleus. mCherry alone: Cytosol + Nucleus. 
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5.4.1.  Western blot analysis of EGFP-PYD mutant constructs 

To confirm proper expression of mutant EGFP-PYD constructs, we analyzed trans-

fected cells with western blot. We did not observe any changes in the size of the protein 

products as a result of the mutations (Figure 5.9). 

 

 

 

 

Figure 5.8. Mutations that disrupt ASC speck formation also inhibit PYD filament 

formation on EGFP-PYD construct. 

 

 

Figure 5.9. Western blot analysis of mutations created on EGFP-PYD construct. 

HEK293T cells transfected with either EGFP (neg) or indicated EGFP-PYD constructs 

were analyzed by western blotting. mCherry encoding plasmid was co-transfected as 

transfection control.  
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5.5.  PYD of ASC uses alternative interaction modes. 

R41A and D48A residues are present at the putative type I interaction surfaces of 

the PYD [59]. Upon observation of the complete loss of filament formation by R41A and 

D48A single mutations on EGFP-PYD construct, we designed an experiment to test 

whether type I interaction is the only interaction mode possible between PYDs of ASC 

protein. In this experimental setup, wt PYD labeled with a red fluorescent marker was co-

expressed with type I interaction mode mutant PYD labeled with a green fluorescent mark-

er. In such an experimental setup, there are three potential experimental outcomes (Figure 

5.10). In scenario number one, the mutant PYD is able to interact with wt PYD filaments 

using its intact surface but not the mutated surface. In such a case, we would expect to ob-

serve competition of mutant PYD with wt PYD and inhibition of filament formation. In 

case of number two, we would not observe inhibition of filament formation but co-

localization of mutant PYD on wt PYD filaments. Such an interaction can only be possible 

if mutant PYD is able to interact with alternative binding surfaces such as type II or type 

III interaction modes. In the third scenario, we would observe wt filament formation but no 

co-localization of mutant PYD on filaments. This scenario would imply that the mutation 

introduced in PYD did excert its effect not only on the surface it resides but on the other 

interaction surface(s) of PYD.  

 

 

 

 

 Figure 5.10. Schematic representation of potential experimental outcomes. 
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5.5.1.  Co-localization of mutant PYD with wt PYD filaments. 

To monitor the interaction of mutant PYD with wt PYD filaments or potential inhi-

bition of wt PYD filaments, we analyzed co-transfected cells with confocal microscopy. 

We observed the full co-localization EGFP-PYD D48A with mCherry-PYD wt filaments. 

Thus, it is clear that disruption of the type I interaction surface was not suffient to inhibit 

interaction of D48A mutant PYD with wt PYD filaments, suggesting the presence of alter-

native binding modes. We did not observe complete co-localization for EGFP-PYD R41A, 

although there was a weak co-localization at spots where mCherry-PYD wt filaments were 

dense (Figure 5.11).  
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Figure 5.11. Co-localization of type I interaction surface mutant EGFP-PYD 

with mCherry-PYD wt filaments. (A) Positive control. EGFP-PYD wt fully co-localizes 

with mCherry-PYD wt filaments (B) Negative control. EGFP alone does not co-localize 

with mCherry wt filaments. (C) EGFP-PYD R41A was observed to partially co-localize 

with mCherry-PYD wt filaments where filaments are dense. (D) EGFP-PYD D48A was 

observed to fully co-localize with mCherry-PYD wt filaments. DAPI: Nucleus. 
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5.5.2.  In vitro FRET experiment to analyze mutant PYD binding to wt PYD 

filaments. 

To quantitate the degree of co-localization, lysates of HEK293T cells co-

transfected with mutant and wt PYD encoding plasmids were analyzed using a spectrofluo-

rometer to run an intermolecular FRET experiment (Figure 5.12). Briefly, this experiment 

measures the relative proximity of fluorescent markers, as the FRET efficiency is inversely 

correlated with the distance between probes.  

 

 

 

 

 

 

 

 

 

Figure 5.12. Normalized emission spectra of mCherry-PYD and either EGFP, 

EGFP-PYD wt, R41A or D48A expressing HEK293T cell lysates upon excitation with 

488nm (EGFP) or 587nm (mCherry). The experiment measures intermolecular FRET 

between EGFP, EGFP-PYD wt, R41A or D48A and mCherry-PYD wt. Emission peaks 

were normalized to emission maximum of mCherry at 610nm. 
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We compared the FRET efficiencies of EGFP-PYD R41A and D48A constructs 

with the positive (EGFP-PYD wt) and negative (EGFP) controls, by taking the ratio of 

FRET acceptor vs donor emission peaks (Em 610/Em 509). While both R41A and D48A 

constructs’ relative FRET efficiencies were significantly higher than the negative control, 

relative FRET efficiency of D48A has been found to be closer to the positive control, in 

accordance with the full co-localization of D48A PYD on wt PYD filaments (Figure 5.13). 

The ability of type I interaction surface mutant PYD D48A to co-localize with wt PYD fil-

aments suggests that the PYD of ASC is able to use alternative interaction modes other 

than type I. Aliquotes of cell lysates were analyzed by Western blotting (Figure 5.14). 

 

 

 

 

 

 

 

 

 

Figure 5.13. Relative FRET efficiencies of mutant EGFP-PYD constructs 

with mCherry-PYD wt filaments.  

Figure 5.14. Western blot analysis of cell lysates used in the 

FRET experiment. n.s.: non-specific (loading control) 
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5.6.  Co-aggregation of cytosolic proteins on the ASC speck 

Accidentally, we observed that the ASC speck is capable of accumulating cytosolic 

proteins on its surface. The initial observation was done by co-transfecting HEK293T cells 

with plasmids encoding mCherry-ASC and EGFP-C3. EGFP-C3 is a fusion protein encod-

ed by the commercial plasmid pEGFP-C3 (Clontech, USA). C3 refers to the 26 amino acid 

long peptide encoded by the multiple cloning site at the C-terminus of EGFP. We observed 

the accumulation of EGFP-C3 on the mCherry-ASC speck in co-transfected cells, but 

EGFP alone failed to localize with mCherry-ASC specks (Figure 5.15).  

We found this unexpected co-localization of cytosolic proteins on the ASC speck 

very interesting, as aggregation of cytosolic proteins in APCs were previously shown to be 

important for antigen presentation. Given the importance of the ASC protein in the antigen 

presentation via inflammasome-dependent and -independent mechanisms, such an ag-

gresome-like property of the ASC specks might be the answer to the long-standing ques-

tion: what is the ASC speck good for?  

Later, we cloned a series of EGFP-peptide fusion constructs and performed the 

same experiment we had done for EGFP-C3 (Figure 5.15). Three fusion constructs, in 

which 26 amino acid long peptides chosen from the ampicillin resistance gene were cloned 

at the C-terminus of EGFP. When the same experiment was repeated with these constructs, 

one out of three constructs accumulated on the mCherry-ASC speck (EGFP-peptide_1). 

Next, we looked into the charge/hydrophobicity properties of peptides that were accumu-

lated on the ASC specks (Figure 5.16). While peptide_1 shows an obvious hydrophobic 

amino acids distribution, for C3 this was less apparent. We cloned 2 randomly generated 

hydrophobic and 2 hydrophilic peptides at the C-terminus of the EGFP, and observed that 

EGFP-hydrophobic peptides localized with the ASC speck but not EGFP-hydrophilic pep-

tides. We also generated shorter versions of C3 and peptide_1, as C3_19aa failed but pep-

tide_1_19aa succeeded to accumulate on mCherry-ASC specks.  Finally, we repeated the 

same experiment using the model antigen ovalbumin. We have deleted the N-terminal 48 

amino acid long secretion signal of the ovalbumin and fused EYFP to its C-terminal. This 
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construct, referred here as CytOVA-EYFP, accumulated on the mCherry-ASC speck but 

EYFP alone failed to localize on the mCherry-ASC speck.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.15. The co-aggregation panel of fluorescently labelled constructs on the 

mCherry-ASC speck. 
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5.6.1.  The accumulation of cytosolic proteins on the ASC specks is not due to 

interactions between fluorescent reporters 

To rule out the possibility that the accumulation of cytosolic proteins on ASC 

specks might be due to interactions between fluorescent reporters, we co-transfected 

HEK293T cells with or without non-labelled inflammasome components together with Cy-

tOVA-EYFP. We observed that when CytOVA-EYFP construct was transfected alone, it 

displayed a diffused distribution throughout the cell. However, when all inflammasome 

components were co-transfected along with the CytOVA-EYFP, speck-like aggregates of 

CytOVA-EYFP were observed nearly in every cell (Figure 5.17). Samples were also ana-

lyzed by Western blotting (Figure 5.18).  

Figure 5.16. Hydrophobicity plots of peptides fused to 

EGFP at C-terminal. 
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Figure 5.17. Tagging control. CytOVA-EYFP construct was transfected either 

alone or together with non-labelled inflammasome components procaspase-1, ASC and 

NLRP3. 

Figure 5.18. Western blot analysis of the transfection set in “tagging control” 

experiment 
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5.6.2.  The accumulation of cytosolic proteins on the ASC speck is not due to co-

existence in a membrane enclosed organelle 

The co-localization of the ASC speck and cytosolic proteins might be due to their 

co-existence at the same membrane enclosed organelle at the same time, such as the au-

tophagosome. To test this possibility, we extracted mCherry-ASC specks with EGFP-C3 

accumulated on its surface by extensive sonication and enrichment by low speed centrifu-

gation. We observed that EGFP-C3 remained on the mCherry-ASC specks even after ASC 

specks were extracted from HEK293T cells. Moreover, co-localization was preserved even 

after prolonged incubation of extracted specks at 37 °C for 4 weeks in PBS, which indi-

cates that cytosolic protein-ASC speck co-aggregates are remarkably stable (Figure 5.19).  

 

 

 

 

 

 

 

 

Figure 5.19. ASC speck co-aggregates are remarkably stable. EGFP-C3 proteins 

remained on the ASC speck after the purification step, which includes rigorous soni-

cation. ASC speck co-aggregates also survived prolonged incubation at 37 °C in PBS so-

lution for 30 days. The brightness of images is not proportional with actual signal inten-

sity. BF: Bright field. 
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Figure 5.20. Relative fluorescence intensity of constructs accumulating or not ac-

cumulating on the ASC speck. (A) EGFP-peptide constructs that do not accumulate on 

the ASC speck. (B) EGFP-peptide constructs that accumulate on the ASC speck. Expo-

sure times between images in (A) and (B) are equal. (C) Relative fluorescence of EYFP 

and CytOVA-EYFP constructs. Exposure times between images in (C) are equal. Each 

construct was co-transfected with mCherry as a control. 
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5.7.  Proteins that accumulated on the ASC speck are expressed poorly. 

Apart from the hyrophobicity of EGFP-peptide fusion constructs, another common 

property of all ASC speck accumulating fusion proteins is their relatively low expression 

level. We have first noticed this in the relative brightness of transfected cells and later con-

firmed our observation by Western blotting (Figure 5.20, 5.21). We hypothesized that con-

structs that accumulated on the ASC speck might be misfolded and/or ubiquitinated pro-

teins with a short lifespan in the cell. It was already shown that the ASC speck itself is 

ubiquitinated and shares a wide range of common properties with aggresomes and other 

aggresome-like structures as discussed in detail in Section 1.7.  

 

 

 

 

 

5.7.1.  The ASC specks are ubiquitinated 

We confirmed the ubiqutination of ASC specks using HEK293T cells stably ex-

pressing EGFP-ASC fusion protein. These cells express low levels of EGFP-ASC protein 

showing a diffused distribution throughout the cell. When EGFP-ASC stable HEK293T 

cells were transfected with NLRP3 encoding plasmid, 50% of cells display perinuclear 

ASC specks, whereas NLRP3 plasmid untransfected cells display less than 1% spontane-

ous ASC speck formation. We have shown that mCherry-UBB construct displayed near 

Figure 5.21. Western blot analysis of EGFP-peptide constructs. Constructs that 

accumulate on the ASC speck are marked with stars, and are characterized with poor 

expression levels. mCherry was used as transfection control. n.s.: non-specific (loading 

control). 
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complete co-localization with ASC specks in mCherry-UBB (+), ASC speck forming sta-

ble cells, whereas mCherry reporter alone failed to co-localize with the ASC speck (Figure 

5.22). Samples were further analyzed by Western blotting (Figure 5.23). Western blot 

analysis revealed a strong smear after mCherry-UBB, which is thought to be due to ubiqui-

tin conjugation. Also, co-transfection of NLRP3-FLAG with mCherry-UBB caused a 

higher molecular weight smear, which is thought to represent NLRP3-mCherry-UBB con-

jugates. Co-transfection of ASC with mCherry-UBB did not affect its molecular weight. 

 

 

 

 

 

 

 

 

 

 

Figure 5.22. The ASC speck is ubiquitinated. The ASC specks formed in EGFP-

ASC stable HEK293T cells upon NLRP3 overexpression co-localize with mCherry-UBB 

but not with mCherry alone. 
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Figure 5.23. Western blot analysis of the samples in the Figure 5.22. Strong 

smears after mCherry-UBB and NLRP3-FLAG bands were detected. No smear was 

detected after ASC. 
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5.7.2.  CytOVA-EYFP construct co-localizes with NLRP3 induced ASC specks 

formed in mCherry-ASC stable HEK293T cells 

We ran a similar experiment using NLRP3-induced ASC speck formation in 

mCherry-ASC stable HEK293T cells using the CytOVA-EYFP construct. Similar to Sec-

tion 5.11, mCherry-ASC stable HEK293T cells produce perinuclear ASC specks when 

transfected with NLRP3 encoding plasmid (Figure 5.24, 5.25). These ASC specks co-

localized with CytOVA-EYFP construct at 4.63 ± 0.83 % frequency, which increased to 

31.3 ± 4.4 % upon MG132 treatment (Figure 5.26). The cellular levels of CytOVA-EYFP 

construct upon MG132 treatment was also increased as shown by Western blot and in-

creased brightness in fluorescence microscopy (Figure 5.26, 5.27). MG132 treatment has 

no detectable effect on ASC speck formation frequency (mock: 363.8 ±32.3 versus 

MG132: 379.5 ± 27.8 per visual field) or protein levels of mCherry-ASC and NLRP-

FLAG in our experimental system (Figure  5.27). As a control, we showed that EYFP 

alone did not co-localize with the ASC speck in the presence or absence of MG132 treat-

ment (Figure 5.24, 5.25). Our results suggest that co-aggregation of cytosolic proteins on 

the ASC speck is enhanced by relative abundance of the co-aggregating protein and pro-

teasomal inhibition.  

 

 

 

 

 

Figure 5.24. CytOVA-EYFP construct co-localizes with the ASC speck in 

mCherry-ASC stable cells. Speck formation was induced in mCherry-ASC stable cells 

by NLRP3 overexpression. CytOVA-EYFP but not EYFP alone was observed to co-

localize with the ASC speck.  
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Figure 5.25. NLRP3 overexpression induced ASC speck formation in mCherry-

ASC stable HEK293T cells.  General view of mCherry-ASC stable HEK293T cells 

transfected with either empty plasmid pcDNA3 (A), NLRP3 encoding plasmid (B) or 

NLRP3 encoding plasmid + 10 µM MG132 treatment for 6 h, 24 h after transfection (C). 

Exposure times between images are equal. EYFP alone did not co-localize with the ASC 

speck in the presence or absence of MG132. 



73 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.26. Co-localization frequency of CytOVA-EYFP construct increases 

with MG132 treatment in mCherry-ASC stable cells. General view of mCherry-ASC sta-

ble HEK293T cells transfected with either empty plasmid pcDNA3 (A), NLRP3 encoding 

plasmid (B) or NLRP3 encoding plasmid + 10 µM MG132 treatment for 6 h, 24 h after 

transfection (C).  Exposure times between images in this figure are equal. Exposure times 

of EYFP channel in this figure are 5X higher compared to Figure 5.25. An obvious signal 

increase of CytOVA-EYFP construct upon MG132 treatment was observed. 
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5.8.  ASC specks are observed extracellularly when PMA differentiated EGFP-ASC 

stable THP-1 cells are treated with MSU cystals 

What happens after inflammasome activation is an ongoing debate. While a series 

of reports show that pyroptotic cell death is following inflammasome activation, it is evi-

dent that not every immune cell undergoes cell death upon inflammasome activation. In 

parallel with the pyroptosis model, when PMA differenctiated THP-1 EGFP-ASC stable 

cells were treated with MSU crystals for prolonged incubation (24 h), we observed free 

EGFP-ASC specks in the extracellular space (Figure 5.28).  

 

Figure 5.27. Western blot analysis of the samples in Figure 5.25 and Figure 

5.26. Exposure times of the rows with the stars are equal. Notice high intensity differ-

ence of CytOVA-EYFP and EYFP bands. 
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5.8.1.  PMA differentiated THP-1 cells are able to engulf extracellular ASC specks 

Upon observation of free ASC specks originating from MSU treated THP-1 cells 

and co-aggregation of cytosolic proteins on the ASC speck, we tested whether other THP-1 

cells are able to engulf extracellular ASC specks. Indeed, mCherry-ASC specks purified 

from HEK293T cells were engulfed by EGFP-ASC stable THP-1 macrophages. We ob-

served that engulfed mCherry-ASC specks and cytosolic EGFP-ASC pool did not co-

localize (Figure 5.29). 

 

 

 

 

Figure 5.28. Extracellular ASC specks were observed upon treatment of PMA 

differentiated THP-1 EGFP-ASC stable cells with MSU crystals. Extracellular EGFP-

ASC specks were detected 24 h after MSU treatment in cell culture. BF was converted 

into the red channel for the overlay image. BF: Bright field. 

Figure 5.29. THP-1 cells are able to engulf purified ASC specks. THP-1 EGFP-

ASC stable cells were incubated with purified mCherry-ASC specks for 3 h. Note the 

largely intact spherical mCherry-ASC speck and vesicles leaving the phagosome. The 

cellular pool of EGFP-ASC and engulfed mCherry-ASC specks were localized 

exclusively. 
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5.8.2.  Engulfed ASC specks are present in an acidic organelle 

By lysotracker red staining, we have shown that engulfed ASC specks are present 

in an acidic organelle. Given the size of the engulfed ASC speck, this organelle is likely to 

be the phagolysosome (Figure 5.30). 

 

 

 

 

 

5.8.3.  Time-lapse imaging of engulfed ASC specks in THP-1 cells reveal globular 

and tubular vesicles pinching-off from the phagosome  

The next question is the fate of the engulfed ASC specks inside the macrophage 

cells. We investigated mCherry-ASC specks engulfed by EGFP-ASC stable THP-1 cells 

using time-lapse confocal microscopy. We observed that the bulk of the engulfed ASC 

speck remained intact during the observation period, and globular and tubular vesicles con-

taining mCherry reporter coming from the engulfed ASC speck to be pinching-off from the 

phagosome (Figure 5.31). Our results suggest that engulfed ASC specks enter into endo-

somal trafficking pathway so that its cargo is likely to be presented to the plasma mem-

brane by MHC molecules. 

 

Figure 5.30. Engulfed ASC specks are present in an acidic organelle. PMA 

differentiatied THP-1 cells were incubated with purified EGFP-ASC specks and stained for 

acidic organelles using lysotracker red. 
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5.8.4.  Time-lapse imaging of the ASC speck engulfed by the THP-1 cell reveal 

controlled release of mCherry reporter 

When the same experiment in Section 5.8.3 was repeated without usage of growth 

chambers that maintain cell culture conditions during time lapse imaging, we observed that 

THP-1 cells underwent membrane blebbing. As the cell dies by apoptosis, the membrane 

surrounding the mCherry-ASC speck loosened and became visible. At this time point, the 

Figure 5.31. Time-lapse imaging of engulfed mCherry-ASC specks in THP-1 

EGFP-ASC stable cells. PMA differentiated THP-1 EGFP-stable cells were incubated 

with purified mCherry-ASC specks for 3 hours. Cells were subsequently imaged by 

confocal microscopy using an in-house produced growth chamber for 30 minutes. A 90 

second long section of the time-lapse movie is shown. Notice tubular vesicles pinching 

off from the phagosome. 
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space between the intact engulfed ASC speck and the phagosomal membrane became visi-

ble, which is filled with mCherry signal with a much lower fluorescence intensity com-

pared to the intact ASC speck (Figure 5.32). 

 

 

 

 

 

 

 

 

 

5.9.  Short isoform of ASC fails to co-localize with EGFP-C3 

We have observed that shortASC filaments are incapable of co-aggregating cyto-

solic proteins unlike the ASC speck formed by the longer isoform (Figure 5.33). Given the 

knowledge that shortASC can recruit procaspase-1 and contribute to cytokine processing 

Figure 5.32. Engulfed ASC specks are degraded gradually. PMA differentiated 

THP-1 EGFP-stable cells were incubated with purified mCherry-ASC specks for 3 

hours. Cells were subsequently imaged under a confocal microscope without a growth 

chamber for 30 minutes. Cells imaged without growth chamber died within this time 

interval. While cells were undergoing membrane blebbing, the space between the 

phagosomal membrane and engulfed ASC speck became visible, which was filled with 

mCherry signal. 
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but it is not the main isoform in humans [56], and that the compact shaped speck structures 

are observed physiologically unlike shortASC filaments in different organisms, we suggest 

that the evolutionarily preference of long isoform over short isoform might arise from its 

ability to accumulate cytosolic proteins, which are probably important in antigen presenta-

tion. 

 

 

 

 

 

 

 

 

5.9.1.  The abundance of the long isoform determines ultimate shape of the ASC 

speck 

 It has been reported that the long isoform is expressed at around 10 times higher 

levels compared to the short isoform [36, 56]. In HEK293T cells using different color la-

belled isoforms, we did co-transfection experiments in which either isoforms were trans-

Figure 5.33. Short isoform of ASC fails to co-aggregate EGFP-C3. HEK293T 

cells were co-transfected with mCherry-labeled long or short ASC isoforms together with 

EGFP-C3. EGFP-C3 accumulated on ASC specks (upper row). ShortASC filaments did 

not co-localize with EGFP-C3 yet (lower row). 



80 

 

fected 10 times more concentrated compared to the other. We observed that the ultimate 

shape is determined by the concentration of the more abundant isoform, and co-

localization of the 2 isoforms (Figure 5.34). So, the higher amount of the long isoform will 

favor the ASC speck formation, even in the presence of the short isoform. 

 

 

 

 

 

 

 

 

5.10.  ASC specks as particulate antigen delivery vehicles 

Targeting APCs with particulate antigen delivery vehicles decorated with adjuvant 

molecules is an active field of research as discussed in Section 1.6.2. Based on the obser-

vation that macrophage cells are able to engulf ASC specks and degrade gradually within 

the cell, we suggested that ASC specks can be used in antigen delivery applications. For 

the purpose of using the ASC speck as an antigen delivery vehicle, we filed a national pa-

Figure 5.34. Relative abundance of either isoform dictates the overall shape of 

the ASC speck. HEK293T cells were co-transfected with different color labeled short 

and long ASC isoforms at indicated concentrations. Notice the compact shape of ASC 

specks in the upper row and filamentous structures in the lower row. 
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tent application on 24.04.2012 with the reference number 32178-01 and a corresponding 

international application (PCT/IB2013/053079). 

5.10.1.  Intradermal injection of mCherry-ASC specks 

One advantage of particulate delivery systems is to prolong antigen stability within 

a system in order to increase the duration of antigen presentation. We designed an in vivo 

experiment in which we injected mCherry-labeled ASC specks intradermally at the dorsal 

right and mCherry alone at the dorsal left of the shaved balb/c mice. We observed fluores-

cence intensity of injected areas using a stereo fluorescent microscope. Injected areas were 

photographed at days 0, 1, 2, 7 and 15. We noticed that just after injection, ASC specks ac-

cumulated in a confined area unlike mCherry alone, which was dispersed in a larger area 

(Figure 5.35). The mCherry only signal vanished at day 2. On the other hand, the mCherry-

ASC signal was detectable at days 2 and 7, but was eliminated at day 15 (Figure 5.36). We 

concluded that coupling of mCherry to the ASC speck increases its persistence in the sys-

tem. 

 

 

 

 

5.10.2.  Flagellin-ASC specks activate NF-κB signaling 

 Particulate vaccines are often decorated with ligands that activate adjuvant path-

ways such as TLR ligands [68]. Flagellin is known to activate TLR5 and NF- κB pathway 

in the downstream signaling events [93]. We cloned flagellin encoding gene (FliC) from S. 

Figure 5.35. Intradermal localization of the injected sample. One mouse was 

sacrificed and opened-up after being injected with mCherry-ASC specks at dorsal right 

and with mCherry at dorsal left intradermally. 
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typhimurium and fused it to ASC. Then, we extracted FliC-ASC specks from HEK293T 

cells and incubated PMA differentiated THP-1 cells with FliC-ASC specks. FliC-ASC 

specks were observed to activate NF-κB pathway in THP-1 cells as reported by an increase 

in phospho I-kappa beta alpha levels over a period of 90 minutes and temporary 

degradation on I-kappa beta alpha in the first 30-60 minutes followed by an increase to 

normal levels (Figure 5.37). 

 

 

 

 

 

 

 

Figure 5.36. Intradermal injection of mCherry-ASC specks. Mice were 

photographed with a stereo fluorescent microscope at days 0, 1, 2, 7, 15. In order to 

monitor fluctuations in the fluorescence intensity of the light bulb, a reference of 

mCherry protein dropped on a filter paper was used.  

Figure 5.37. Flagellin-ASC specks activate NF-κBsignaling. ASC speck 

extraction procedure was applied to pcDNA3 (neg. control), EGFP-ASC and FliC-

ASC+EGFP-ASC transfected HEK293T cells. PMA differentiated purified specks were 

incubated with THP-1 cells and cells were analyzed by Western blot, to monitor NF-κB 

activation. Flagellin-loaded ASC specks were observed to induce I-kappa beta alpha 

phosphorylation from 0 to 90 minutes and degradation of I-kappa-beta-alpha from 0 to 

60 minutes which was recovered 90 minutes after induction. 
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6.  DISCUSSION 

The micrometer-sized structure formed by the ASC protein, namely the ASC speck 

was discovered before the function of ASC as an adaptor protein was assigned in different 

inflammasome pathways [54]. Later, the ASC speck was proposed to be the activation plat-

form for caspase-1-dependent cytokine processing [36]. The ASC speck is often referred to 

as an aggregate due to its compact shape and size. Indeed, the ASC speck shares similar 

properties with aggresome and other aggresome-like structures, as comparatively listed in 

Table 1.2. One important difference of the ASC speck compared to the aggresome is its 

rapid formation kinetics, as the redistribution of ASC monomers into a single focus takes 

only a few minutes compared to the formation of aggresome for hours.  The rapid for-

mation of the ASC speck can be explained by highly specific PYD-PYD (pyrin domain) 

and CARD-CARD (caspase recruitment domain) interactions, which consume the com-

plete pool of ASC monomers in an oligomerization cascade and form a single ASC speck 

per cell. In an immunological context, the rapid formation kinetics of the ASC speck is 

meaningful, as response times in other innate immune pathways, such as NF-κB, are 

measured in minutes to fulfill “the first line of the protection” duty.  

Due to similarities between the ASC speck, aggresome and other aggresome-like 

structures, it remained as an open question whether the ASC speck is formed by non-

specific interactions in the traditional way aggregate formation occurs (non-specific hy-

drophobic interactions) or via PYD- and CARD-dependent specific interactions. The muta-

tional screen we carried out on the full-length ASC protein points out the second option is 

a more likely scenario. We have shown that mutations inhibiting PYD-PYD and CARD-

CARD interactions also disrupt the ASC speck formation (Figure 5.3, 5.7, 5.8, Table 5.1). 

If it was the case that ASC specks were formed simply by aggregation of non-specific hy-

drophobic patches of ASC proteins, then the expectation would be that mutations im-

portant for PYD-PYD and CARD-CARD interactions should have little or no importance. 

Our observations point in the opposite direction.  
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In total, 11 out of 23 mutations we have created on the full length ASC protein dis-

rupted the ASC speck and instead, filament structures were observed. We hypothesized 

that these filaments formed by mutant full-length ASC proteins could arise due to the re-

maining intact domain. Indeed, two combinations of PYD-CARD double mutations 

(K26A-R160A and L68A-R160A) destroyed filaments completely (Figure 5.5). We ob-

served filaments formed by isolated wt PYD and wt CARD as well, which were inhibited 

in mutated PYD and CARD isolated domain constructs (Figure 5.6). 

Presently, there are two published mutational screens focusing on the PYD and one 

focusing on the CARD of ASC [59-61]. The comparative listing of results in our study and 

previous work focused on PYD of ASC were summarized in Table 6.1. We observed a dis-

crepancy between our work and a previous PYD filament formation study for mutations 

E13A, L25A, E62A, E67A and L73A [60]. Regardless, our mutational screen results in 

PYD isolated domain and full-length ASC, and the results from Co-IP/GST-pull down ex-

periments by another group are in agreement with each other [59].  

 

PYD mu-

tant 

Filament formation 

our study 

Filament formation 

previous study [60]  
Co-IP/GST pull-down  

previous study [59] 

wt + + + 

E13A - + - 

E19A - - N/A 

K21A - - - 

L25A + - + 

K26A - - - 

R41A - - - 

D48A - - - 

D51A - - - 

E62A + - N/A 

E67A + - + 

E68A - - N/A 

L73A - + N/A 

 

Table 6.1. Comparison of the results in our study and previous 

studies focused on PYD of ASC. 
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The mutational screen focused on the CARD of ASC has only one overlapping mu-

tation with our study, which is arginine residue at point 160 substituted with glutamic acid 

(charge swapping mutation) [61]. Independent of this study, we have identified M159A 

and R160A residues as CARD filament and ASC speck-disrupting mutations. We have ob-

served the disruption of the ASC speck in agreement with their work. However, in their 

sudy it has not been stated that ASC speck-disrupting mutations displayed filament struc-

tures, possibly due to low image magnification. 

Filaments formed by isolated PYD and CARD were proposed to arise due to spe-

cific PYD-PYD and CARD-CARD interactions. Indeed, the mutations that were observed 

to inhibit filament formation in our study (Figure 5.7, 5.8) were also reported to inhibit 

PYD-PYD interactions by Co-IP and GST-pull down experiments (and vice versa) by an-

other group [59]. The overlapping results of both studies strongly suggest that filament 

formation by isolated PYD is due to specific interactions between domains. Another evi-

dence of the filament formation specificity is the loss of co-localization of PYD and 

CARD filaments in co-transfected cells (Figure 5.6). In a previous study however, PYD 

and CARD filaments were shown to co-localize in COS-7 cells [94]. This co-localization 

could be due to a cell specific factor that could interact with both domains. It is generally 

accepted that PYD and CARD containing proteins associate via homotypic PYD-PYD and 

CARD-CARD interactions [95, 96]. Our results also suggest that the self association of 

ASC is due to homotypic interactions between domains rather than heterotypic interactions 

(Figure 5.6).  

PYD and CARD are members of the death-fold super family domains. Other mem-

bers of this family were shown to be able to establish at least three different interaction 

modes. Recently, it has been suggested that PYD filaments are formed as a result of type I 

interaction mode, which employs helices 1-4 on one surface and helices 2-3 on the other. 

PYD and CARD filaments observed in HEK293T cells extend through the cytosol and 

branch. The branches in filaments suggest that PYD might employ more than one interac-

tion surface. To further prove this idea, we exploited filament formation deficient PYD 

constructs mutated on the putative type I interaction surface. We observed the full co-

localization of D48A mutant PYD on wt PYD filaments, whereas R41A mutant PYD 
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showed only partial co-localization (Figure 5.11). We confirmed co-localization of D48A 

PYD on the wt PYD filaments by an in vitro FRET experiment which gave a very close 

relative FRET efficiency compared to the positive control (Figure 5.12, 5.13). In contrast, 

relative FRET efficiency of R41A PYD is closer to but still significantly higher than the 

negative control. Our results suggest that PYD of ASC is able to exploit alternative interac-

tion modes other than type I.  

 

 

 

 

 

 

Note that in a previous study, D48A PYD was reported to be unable to interact with 

wt PYD according to Co-IP and GST pull-down assays [59]. Both assays monitor interac-

tions between soluble proteins. In our results, we observe filament formation deficiency of 

D48A PYD by itself, yet it can interact with insoluble wt PYD filaments. The combinato-

rial results suggest that D48A PYD – wt PYD filament binding interface consists of more 

than one wt PYDs (Figure 6.1). A similar alignment was shown for FAS/FADD-DISC 

based on the crystal structure [31, 55]. 

Our results demonstrate that both domains of the ASC are indispensible for the 

ASC speck formation. In addition to that, the 23 amino acid long flexible linker between 

Figure 6.1. The proposed model for alternative interaction modes on the PYD fil-

aments. Red stands for type I whereas green and blue stand for alternative interaction 

surfaces. D48A mutation was indicated by a star on the type I interaction surface. This 

model explains: 1) Deficiency of D48A PYD to form filaments, 2) Co-localization of 

D48A on wt PYD filaments and 3) Absence of interaction in Co-IP and GST pull-down 

assays. 
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both domains is also crucial for the ASC speck. The NMR structure of ASC indicates that 

in solution, ASC is able to adopt a variety of conformations due to the flexibility of the 

linker [1]. Without the linker, as in the naturally occuring short isoform of the ASC [56], 

we observe filaments instead of the ASC speck (Figure 5.2, 5.3). One can suggest that the 

conformational flexibility ensured by the linker avoids sterical hinderance as ASC proteins 

self-associate. With increased conformational flexibility, PYD and CARD might have 

more freedom to establish homotypic interactions, which ultimately leads to the highly 

compact ASC speck. 

In one study, the ASC speck imaged under higher magnification was shown to dis-

play filamanet extrusions at the periphery of the ASC speck [92]. At least with our imaging 

setup, we did not observe such obvious filaments at the periphery of the wt ASC speck. 

However, L25A mutant full length ASC displayed a unique phenotype with short filaments 

radially pointing outwards from the center of an ASC speck sized structure as we called 

Medusa’s head in this study (Figure 5.3). L25 residue is not conserved between rodents 

and men, as methionine residue is present at position 25 in mouse and rat. Since papers us-

ing mouse cells reported compact shaped ASC specks, we cloned L25M EGFP-ASC con-

struct and observed similar ASC specks compared to wt EGFP-ASC. Note that the fila-

ment formation assay we carried out using EGFP-PYD L25A isolated domain and Co-

IP/GST pull-down assay in a previous work showed that L25A did not inhibit PYD-PYD 

interactions [59]. It appears that L25A mutant full length ASC undergoes a deficiency in 

the compaction of the ASC speck. The effect of L25A mutation and other mutations that 

disrupt the ASC speck (e.g. D48A on PYD and R160A on CARD) interfere with the dif-

ferent levels of compaction which further supports that the ASC speck is an organized 

structure. 

Collectively, our results demonstrate that the organized structure of the ASC speck 

depends on PYD and CARD capable of establishing homotypic interactions as well as 

presence of 23 amino acids long flexible linker. The compact shape of the ASC speck de-

pends on at least two levels of compaction, first the PYD-PYD and CARD-CARD homo-

typic interactions which are followed by a second compaction level that can be inhibited 

by the L25A mutation. Furthermore, homotypic PYD interactions are not limited to type I 



88 

 

mode. Ability of PYD (and probably CARD as well) to exploit several interaction modes 

might explain how PYD and CARD filaments stack into the compact ASC speck, as pro-

posed here by different levels of compaction. 

The aggresome-like properties and organized structure of the ASC speck raises the 

question whether the ASC speck structurally has any evolutionarily advantage against oth-

er oligomeric enzyme complexes. The apoptosome and DISC, which are formed by pro-

teins containing death-fold superfamily domains, are oligomeric structures [30-33]. Anoth-

er possibility is that the ASC speck might have an alternative function utilizing its ag-

gresome-like properties. The ASC speck has almost all the distinctive properties of the ag-

gresome as comperatively listed in Table 1.2. In aditition to these, we observed non-

specific co-aggregation of a set of cytoplasmic proteins on the ASC speck in HEK293T 

cells (Figure 5.15). Based on this initial observation, we hypothesized that co-aggreagation 

of cytosolic proteins originating from the pathogen on the ASC speck during the intracellu-

lar infection might be instrumental in antigen presentation. Inflammasomes are active in 

professional antigen presenting cells such as DCs and macrophages and also in other cell 

types that are frequently in contact with pathogens such as neutrophils and keratinocytes 

[70]. The ASC protein has already been implicated in antigen presentation via inflam-

masome dependent and independent mechanisms, most notably as an adaptor protein in the 

NLRP3 inflammasome for the adjuvant effect of alum. Aggregation of ubiquitinated pro-

teins upon LPS stimulation in dendritic cells, namely DALIS, has been implicated in anti-

gen presentation as well. According to our theory, the ASC speck is a novel member of the 

induced aggresome-like structures, similar to DALIS. Apart from its role in inflammasome 

activity, the ASC speck samples the cytosolic protein pool, preferrably defected and ubiq-

uitinated proteins, into an aggresome-like structure which might be important in antigen 

presentation.  

Our initial felicitous observation of non-specific co-aggregation of cytosolic pro-

teins on the ASC speck was detected upon co-transfection of mCherry-ASC fusion protein 

with EGFP-C3 construct into HEK293T cells. Later, the same experiment was repeated 

with different EGFP-peptide constructs, and the results suggest that the hydrophobicity of 

the peptide might contribute to co-aggregation onto the ASC speck (Figure 5.15). We ruled 
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out the possibility that co-aggregation might be a result of interactions between fluorescent 

reporters (Figure 5.17). Also, co-aggregation was observed after ASC specks were extract-

ed from the cell and remained after prolonged incubation in solution, indicating the stabil-

ity of co-aggregates (Figure 5.19). This observation also disproves the possibility that co-

localization might be a result of co-existance within the same membrane enclosed orga-

nelle rather than co-aggregation.  

We observed relatively low expression levels for ASC speck co-aggregating com-

pared to non-aggregating constructs (Figure 5.20, 5.21). This observation raises the possi-

bility that co-aggregating constructs have a relatively short life span, possibly due to mis-

folding and subsequent proteasomal clearance. Indeed, expression levels of CytOVA-

EYFP construct, which is also expressed at lower levels compared to control (EYFP) was 

increased upon proteasomal inhibition by MG132 treatment (Figure 5.24). Furthermore, 

co-localization frequency of CytOVA-EYFP on NLRP3-induced ASC specks increases 

upon MG132 treatment in mCherry-ASC stable HEK293T cells. It is known that MHC-I 

dependent presentation of the model antigen ovalbumin depends on ubiquitination and 

subsequent proteasomal processing. We have also confirmed that NLRP3-induced ASC 

specks are ubiquitinated in EGFP-ASC stable HEK293T cells. Collectively, our data sug-

gests that the ASC speck co-aggregates hydrophobic, probably misfolded and ubiquitinated 

proteins in a way similar to aggresomes.  

Previously, proteasomal inhibition has been shown to promote formation of ag-

gresome and aggresome-like strucures DALIS and JUNQ [77, 79, 81, 82]. Note that in our 

experimenal system, MG132 treatment did not alter ASC speck formation frequency or 

protein levels of ASC or NLRP3, but increased ovalbumin levels, suggesting that co-

localization increase is due to elevated levels of the co-aggregating protein. Furthermore, 

the lack of an increase in the ASC speck formation frequency upon MG132 treatment sug-

gests that ASC speck and aggresome formation events are based on different processes, the 

former depends on the specific homotypic interaction between PYD and CARD and the 

latter depends on aggregation of misfolded proteins. However, the ASC speck is capable of 

incorporating apparently misfolded and ubiquitinated proteins and this ability is increased 

by proteasomal inhibition. Viruses utilize various mechanisms to hijack the host translation 
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system and maximize viral protein production including shutting-off host protein transla-

tion system [97]. Defective ribosomal products (DRiP), which accounts for around 30% of 

newly synthesized proteins, are thought to be the major source of antigens to be presented 

by MHC-I [98, 99]. We suggest that these newly synthesized defective viral proteins are 

likely to be co-aggregated on the ASC speck similar to the ovalbumin construct in our ex-

perimental system.  

Thereby, we report here that the ASC speck forms stable co-aggregates with cyto-

plasmic proteins which might be important in antigen presentation. Although the ASC 

speck is a highly organized structure, co-aggregation of cytoplasmic proteins on the ASC 

speck is non-specific which suggest that it can accommodate a wide range of proteins. In 

case of an intracellular infection which can activate an ASC speck forming inflammasome 

such as NLRP3, NLRC4 and AIM2, we suggest that pathogenic proteins might co-

aggregate on the ASC speck as well. Particularly, this scenario is more likely for viral in-

fections triggering NLRP3 and AIM2 inflammasomes but may also be valid for pathogenic 

proteins escaping from the phagolysosome into the cytosol. Of note, phagolysosomal dam-

age is one of the proposed activation mechanisms of the NLRP3 inflammasome [100, 101]. 

The presence of the influenze nucleoprotein at DALIS has been shown in DCs before [86]. 

Since NLRP3 inflammasome can be activated by influenza virus A, it is an interesting 

question whether influenza nucleoprotein might also be present at the ASC speck upon in-

fection in DCs [18]. 

We list here three different routes where antigen co-aggregation on the ASC speck 

might be important in antigen presentation. In the first scenario, the ASC speck might 

function as a cytosolic storage for antigens thereby prolonging antigen presentation as re-

ported for DALIS [86]. The second scenario involves autophagy, as autophagic clearance 

of the ASC speck has been reported before [52]. The autopaghy pathway is important for 

the cross-presentation of cytosolic antigens via MHC-II molecule [67]. Interestingly, it has 

been reported that activation of the NLRP3 inflammasome is correlated with secretion of 

inflammasome components and MHC class II containing exosomes. The authors suggested 

a model in which IL-1β (and other inflammasome components) might be secreted via 

MHC class II containing exosomes [46, 47, 102]. This pathway was proposed for explain-
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ing the non-classical secretion of the IL-1β [45], although co-aggregation of antigen it the 

ASC speck, followed by autophagy and trafficing to MHC-II compartment might be rele-

vant to cross-presentation as well. 

 

 

 

 

 

 

The first two scenarios involve survival of the cell upon inflammasome activation. 

The autophagic clearance of the ASC speck has been suggested for the survival of the cell 

in order to avoid pyroptosis [52, 53]. The third scenario however, involves pyroptosis. In-

flammasome activation has been reported to be followed by a specific type of cell death 

via caspase-1, called pyroptosis [48]. The pyroptotic cell death shares similar features with 

necrosis such as extracellular release of cytoplasmic content. Indeed, when PMA differen-

tiated stable EGFP-ASC THP-1 cells were stimulated for NLRP3 inflammasome activation 

with MSU crystals, ASC specks have been observed in the extracellular space (Figure 

5.28). We hypothesized that extracellular antigen-ASC speck co-aggregates might be bet-

ter antigens compared to otherwise soluble, diffuse extracellular pathogenic proteins. 

There are numerous studies for different nano- or micrometer sized antigen delivery vehi-

cles (particulate adjuvants) which aim to target APCs and increase the stability of the anti-

gen, and thereby duration of antigen presentation [68, 69]. We have shown that purified 

Figure 6.2. Three potential routes for antigen-ASC speck co-aggregates to con-

tribute to antigen presentation. 
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ASC specks can be engulfed by THP-1 cells and localized in an acidic organelle upon en-

gulfment (Figure 5.29, 5.20). Furthermore using time-lapse microscopy, we have de-

mostrated dynamic tubular vesicles loaded with degradation products of ASC speck are 

pinching-off from the phagolysosome (Figure 5.31). These types of vesicles were previ-

ously attributed to MHC-II dependent presentation of extracellular antigens [63, 103-105]. 

We have also demonstrated that phagolysosome contains the large mass of intact ASC 

speck along with degradation products with a much less fluorescence intensity, suggesting 

the controlled release of the material in the ASC speck (Figure 5.32). Another interesting 

point with the extracellular route is that ligands activating AIM2 and NLRC4 inflam-

masomes, cytosolic DNA and flagellin, also activates TLR9 (unmethylated DNA) and 

TLR5, respectively [6, 64]. These TLRs are proven adjuvant pathways and their ligands are 

used as adjuvant molecules in present day vaccines [12]. It has been shown before that cy-

tosolic DNA co-localizes with the ASC speck upon stimulation of the AIM2 inflam-

masome [35]. Flagellin also physically interacts with NLRC4-NAIP5 hetero-oligomer [14], 

although for our knowledge co-localization of flagellin has not been reported on the ASC 

speck. Nevertheless, coupled ligand recognition of cytoplasmic AIM2 and NLRC4 in-

flammasomes and membrane bound TLR9 and TLR5 might provide additional adjuvanici-

ty to the ASC specks via the extracellular route. 

In conclusion, co-aggregation of cytosolic proteins on the ASC speck might be the 

underlying reason of the ASC speck formation. In that sense, the ASC speck should be 

classified as an induced aggresome-like structure. The co-aggregation of potential antigen-

ic proteins on the ASC speck has potential implications in antigen presentation and thus 

provides another link between innate and adaptive immunity.Our results have direct impli-

cations on the rational design of novel vaccines. In that sense, we have filed a patent appli-

cation on 24.04.2012 for using the ASC speck as an antigen delivery vehicle. We have car-

ried out preliminary experiments to show the increased stability of the mCherry on the 

ASC speck upon intradermal injection in mice (Figure 5.36). Furthermore, ASC specks 

made of flagellin-ASC fusion protein was shown to induce NF-κB signaling, which might 

further increase the adjuvanicity of the ASC speck (Figure 5.37). A comprehensive analy-

sis of ASC specks loaded with the model antigen ovalbumin on MHC-I and MHC-II de-

pendent antigen presentation and antibody production is necessary to evaluate the full po-

tential of ASC specks for vaccination applications.  
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7.  APPENDIX A: Plasmid Maps 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.1. Plasmid map of pEGFP-C3-hASC. All mutations created on the 

full length ASC protein were based on this construct. 
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Figure A.2. Plasmid map of pmCherry-C3-hASC. 
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Figure A.3. Plasmid map of pEGFP-C3-shortASC. 
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Figure A.4. Plasmid map of pmCherry-C3-shortASC. 
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Figure A.5. Plasmid map of pEGFP-C3-PYD 



98 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.6. Plasmid map of pmCherry-C3-CARD. 
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Figure A.7 Plasmid map of pLenti-Ef1a-EGFP-hASC. 
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Figure A.8. Plasmid map of peYFP-N1-CytOVA. 
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Figure A.9. Plasmid map of pmCherry-C3-UBB. 
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Figure A.10. Plasmid map of pFliC-C3-hASC. 
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8.  APPENDIX B: ASC speck purification from HEK293T cells 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.1. Typical results of the ASC speck purification 

from HEK293T cells. EGFP-ASC, mCherry-ASC and untagged 

ASC specks were purified as in Section 4.6.2. Purified specks were 

run side by side with BSA standards for concentration 

determination. Gels were stained with coomassie staining. 
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Figure B.2. Purified EGFP-ASC specks from HEK293T cells. (A) Concentration 

gradient of purified EGFP-ASC specks were run side-by-side with negative control (pcDNA3 

transfected HEK293T cells applied to same purification procedure).  While mostly one band was 

detected (apart from the unresolved lower band), high molecular weight smeary bands were also 

detected. These bands could be either purification impurities or ASC speck co-aggregates. (B) 

Confocal micrograph of purified EGFP-ASC specks. 
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Figure B.3. Gravity sedimenting pellet is rich in nucleic acids and proteins but 

enriched in ASC specks. (A) Visual appearance of gravity sedimenting pellet. (B) After 

serial runs of centrifugation and resuspension, gravitiy sedimenting pellets (g.s.) were 

saved and run with input (syringe filtration input) and RF (reverse flow, end product). 

Compare non-specific band in gravity sedimentation pellets and RF. (C) Gravity 

sedimenting pellets were run in agarose gel together with RF. These results indicate that 

depletion of gravity sedimentation pellet effectively contributes to ASC speck 

enrichment. 



106 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.4. Effectiveness of the syringe filtration & reverse flow on ASC speck en-

richment. The syringe filtration input is run as serial dilution, together with the output (RF, 

reverse flow). Compare non-specific bands in the lane for with RF. 
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Figure B.5. Relative intensity calculation for mCherry alone and mCherry-

ASC specks. (A) Triplicate serial dilutions of mCherry (purified from E. Coli) and 

mCherry-ASC (purified from HEK293T) were excited in a UV box and imaged. (B) 

A standard curve was plotted for the mCherry dilution and corresponding measured 

intensities. Measured intensity of mCherry-ASC is inserted in this equation for the 

unknown x in order to find relative fluorescence. (C) Serial dilutions of mCherry-

ASC and mCherry samples visualized by Coomassie staining. Arrows indicate protein 

of interest.  
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