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ABSTRACTS 

Human body is regularly under attack by various pathogens as it provides optimal environment 

for growth of pathogens. To defend against these pathogens and their toxic compounds, our 

immune system has developed an intricate method of recognition and responses. Recognition 

of antigens by T-cells requires uptake, processing and presentation of pathogen-derived 

antigens on MHC of APCs. While the pathways of antigen processing and presentation in APCs 

have been defined, not much is known about the molecular mechanisms and regulation of 

intracellular traffic involved in antigen processing and presentation pathways in response to 

pathogens.  SNAREs are the proteins that play crucial role in vesicle trafficking in cells and 

therefore in all immune processes involving exocytosis of inflammatory mediators and uptake 

and killing of pathogens, also in transport, expression and downregulation of various receptors. 

So the main aim of our research was to study the modulation of expression of SNARE proteins 

against LPS challenges. MH-S cell line was choosen as the model for our study as it is a 

macrophage cell line which is capable of phagocytois and antigen presentation of various 

pathogens as well as exocytosis of various cytokines produced against the pathogens. We 

standardize RT-PCR, real-time PCR in term of various parameters and using those standardized 

condition the modulation of the SNARE proteins was studied in presence of LPS. In order to 

study the modulation of expression of SNAREs at protein level, western blotting was done. We 

found that expression of the SNAREs proteins studied was not modulated by LPS treatment 

pointing to some other mode of regulation of SNARE mediated intracellular traffic in response 

to LPS challenge in macrophages. 

Key words: LPS, SNAREs, RT-PCR, Real-time PCR, Western blotting, MH-S cell lines 
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Chapter I 

INTRODUCTION 

Human body provides a perfect niche for the survival and growth of various pathogens 

due to a nutrient-rich, warm and moist environment, which remains at a uniform 

temperature and constantly renews itself. So, it is not surprising that many 

microorganisms like various bacteria, viruses and multicellular parasites have evolved 

the ability to survive and reproduce in this desirable niche. Pathogenic bacteria which 

can be gram positive or gram negative, gain entry into the body through various routes 

and cause disease. The ability of the bacteria to enter the human body and their 

potential to generate toxins (endotoxins and exotoxins) are the two basic factors 

determining the pathogenicity of the bacteria (Finlay and McFadden, 2006). Many gram 

negative bacteria like Vibrio cholera, Escherichia coli, Chlamydia trachomatis, Salmonella 

typhi and Pseudomonas aeruginosa have emerged as important pathogens causing a 

variety of human diseases. The pathogenic capability of gram-negative bacteria is often 

associated with certain components of gram-negative cell envelope, in particular, the 

lipopolysaccharide (LPS) layer. LPS, the main cell wall component can itself be 

responsible for a very severe systemic septic shock (Munford, 2008).  

To defend against these pathogens and their toxic components, an intricate method of 

recognition and response comprising our immune system has developed. The immune 

system controls the entry of these pathogens in the human body by destroying them 

directly or destroying the infected cells. Generally, it recognizes the pathogen as non-self 

and protects our body by killing the pathogen or by neutralizing their toxic effects. The 

innate immune system uses a variety of germline-encoded pattern-recognition receptors 

(PRRs) as Toll-like receptors (TLRs) that recognize conserved microbial structures or 

pathogen-associated molecular patterns (PAMS), such as those that occur in the 

bacterial cell wall components peptidoglycans and lipopolysaccharides and activate the 

defense system against them (Akira et al., 2001). The microbial infections are sensed by 

TLRs, which lead to activation of transcription factor NF-κB. Thus activated NF-κB 

induces the expression of inflammatory cytokines (Takeda and Akira, 2005). LPS 

recognition by TLR4 on innate immune cells is the main initial event starting a whole 

cascade of defined gene expression and a very specialized immune response to counter 

the onslaught of these gram negative bacteria.  

The recognition of pathogen by innate immune system also sets the stage for activation 

of the more specific adaptive immune system to tackle the pathogen in more definitive 

way. T lymphocytes of the adaptive immune system play an important role in this host 

defense either by providing help to other arms of immune system or by directly killing 
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the infected cells. The uptake, processing and presentation of antigens by antigen 

presenting cells (APCs) like macrophages and dendritic cells is a crucial step for 

activation of adaptive immune system. MHC and CD1 molecules on APCs are involved in 

presenting proteinaceous or lipid antigen to T cells, respectively.    

Macrophages and dendritic cells remove the microorganisms and other foreign particles 

by phagocytosis. During phagocytosis, microorganisms are taken up by immune cells 

into phagosomes. Through membrane-trafficking events mediated by SNARE proteins, 

phagosomes fuse with lysosomes, generating degradative phagolysosomes (Matheoud 

et al., 2013). TNFα and other cytokines that are produced in responses to the antigens 

are trafficked from the Golgi to the recycling endosome (RE), where R-SNARE-VAMP-3 

mediates its delivery to the cell surface after pairing with Q-SNARE (Syntaxin4-SNAP23) 

on plasma membrane at the site of phagocytic cup formation. The fusion of RE at the 

cup simultaneously allows rapid release of TNFα and expands the membrane for 

phagocytosis (Murray et al., 2005). In the same way SNARE proteins also play a crucial 

role for the maturation of the phagolysosome in which degradation of the antigens take 

place (Matheoud et al., 2013). The crucial role of SNARE proteins in membrane fusion 

and their presence in phagosomal membranes suggest that SNARE proteins have critical 

roles in phagosome biogenesis. SNAREs are therefore, also likely to be important for 

uptake and processing of antigens for presentation to T-cells. Hence, defective SNARE 

proteins may be responsible for deregulated phagocytosis and the resulting pathologies.  

SNARE proteins have also important role in exocytosis machinery inside cells for 

different molecules. SNAP23 is ubiquitously expressed and found to be important for 

exocytosis of mast cell granules (Puri et al., 2003). Syntaxin 4 are present in the plasma 

membrane as well as on intracellular vesicles in mammalian cells and has its role in the 

vasopressin-regulated trafficking of aquaporin-2 water channel vesicles to the apical 

plasma membrane of renal collecting duct cells (Mandon et al., 1996). During 

macrophage activation, Syntaxin 4 is regulated to function in membrane traffic and 

cytokine secretion (Pang et al., 2003). VAMP3 is ubiquitously expressed in all the cells 

and tissues and is involved in recycling of transferrin receptors to the plasma membrane 

(Galli et al., 1993), secretion of α-granules in platelates (Feng et al., 2002), recycling of T-

cell receptors to the immunological synapses (Das et al., 2004), and membrane 

trafficking during cell migration (Tayeb et al., 2005). Therefore, it is logical to presume 

that specific SNARE proteins must also be involved in delivery and presentation of MHC 

or CD1 and processed antigen to APC membranes for display. 
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Hypothesis 

While there are a lot of studies on the structure and interactions of SNARE proteins, 

there are hardly any studies on their role in antigen presentation pathway and on their 

regulation in response to pathogenic challenge. The main aim of present study was to 

study the modulation of expression of SNARE proteins (mainly SNAP 23, Syntaxin 4 and 

VAMP 3) in macrophages in response to LPS challenge. Transcriptional regulation of 

SNAREs was studied by quantitative RT-PCR and real time PCR and the protein levels 

were assayed by western blotting. These studies will reveal the specific SNARE proteins 

and the specific intracellular trafficking pathways involved in antigen uptake, processing 

and presentation and will also help in identifying how these pathways are regulated in 

response to gram negative pathogen challenges. 
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Research objectives 

General objectives: 

Study the modulation of SNARE machinery in macrophage in response to LPS. 

Specific objectives: 

1. Innoculation of LPS in MH-S cell line and culture of the cells. 

2. Total RNA isolation from the cultured cell line and cDNA synthesis. 

3. Designing of primer for the molecules involved in SNARE machinery. 

4. Amplification of cDNA using specific primer and quantification of band intensity. 

5. Standardization of the parameters like annealing temperature, number of thermocycles 

and amount of RNA for the molecules SNAP-23, Syntaxin 4 and VAMP 3. 

6. Expression analysis of SNAP-23, Syntaxin 4 and VAMP 3 on MH-S cell line using RT-PCR 

and Real time PCR. 

7. Preperation of cell lysates for SDS-PAGE. 

8. Expression analysis of SNAP-23 and Syntaxin 4 in protein level using western Blotting. 
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Research Plan 

The present work was planned as following: 

 

MH-S cell line 

                                          Culture to make confluent 

MH-S cell line + LPS 

                      mRNA                     Culture for 24 hours    Protein 

              

                     Total RNA Isolation                                                                 SDS-PAGE 

                    using Trizol Reagent 

                                                                                                    Staining with primary and  

                   cDNA synthesis                                                     secondary Ab for western 

                                                                                                      blotting 

 

Primer designing for                 Primer designing for               Quantification with an   

conventional PCR                      Real time PCR                          alpha Ease Fc software 

 

Amplification of cDNA            Amplification of cDNA  

using specific primers               using specific primers 

 

Quantification using BIO-RAD   Determination of RQ value 

Quantity one software                using 7500 fast software 
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Chapter II 

REVIEW OF LITERATURE 

2.1 The immune system 

The immune system is a defense system which defends the body against a wide variety 

of pathogenic infectious agents such as viruses, bacteria, fungi, protozoa, parasitic 

worms, etc. The complexity of this task requires a sophisticated repertoire of 

mechanisms for the recognition of, and defense of the body against, these pathogens. 

This is achieved by an array of cells (and molecules which they secrete) which are 

dispersed throughout the body and collectively constitute the immune system (Todd et 

al., 2001). 

2.2 Components of immune system 

The immune system of higher animals can be simplistically viewed as consisting of three 

levels: (a) anatomic and physiologic barriers; (b) innate immunity; and (c) adaptive 

immunity (Figure 2.1). Anatomical and physiological barriers provide the crucial first line 

of defense against pathogens. These barriers include intact skin, vigorous mucociliary 

clearance mechanisms, low stomach pH, and bacteriolytic lysozyme in tears, saliva, and 

other secretions (Turvey et al., 2009). Innate immunity augments the protection offered 

by anatomical and physiological barriers. The innate immune system defends against 

invading pathogens and is particularly important in warding off bacterial and viral 

infections presented at the mucosal cell surface (Levy, 2001). Humoral components that 

include well-characterized components, such as complement proteins, LPS binding 

protein, C-reactive protein and other, collectins, and antimicrobial peptides, including 

defensins contribute to the innate immune response (Turvey et al., 2009). The cellular 

elements of the innate immune system are neurophils, monocytes, macrophages, 

natural killer cells, dendritic cells and mast cells which provide immediate host defense. 

The highly conserved nature of the response, which is seen in even the less complex 

organisms, confirms its importance in fighting against many infections. Adaptive 

immunity is the hallmark of the immune system of higher animals. This response 

consists of antigen-specific reactions through T lymphocytes and B lymphocytes. The 

innate response is rapid but lacks specificity, the adaptive response is precise, but takes 

several days or weeks to develop. The adaptive response has memory, so that 

subsequent exposure leads to a more vigorous and rapid response, but this is not 

immediate (Parkins et al., 2001).  
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The characteristic of adaptive immunity is the use of antigen-specific receptors on T and 

B cells to drive targeted effector responses in two stages. First, the antigen is presented 

to and recognized by the antigen specific T or B cells leading to cell priming, activation 

and differentiation, which usually occurs within the specialized environment of lymphoid 

tissue. Second, the effector response take place, either due to the activated T cells 

leaving the lymphoid tissue and homing to the disease site, or due to the release of 

antibody from activated B (plasma cells ) into blood and tissue fluids, and hence to the 

infective focus (Parkin et al., 2001). 

The innate immune system uses a variety of germline-encoded pattern-recognition 

receptors (PRRs) as Toll-like receptors (TLRs) that recognize conserved microbial 

structures or pathogens-associated molecular patterns (PAMPs), such as those that 

occur in the bacterial cell wall components peptidoglycan and lipopolysaccharide (Akira 

et al., 2001). TLRs are type I transmembrane proteins with ectodomains containing an 

amino-terminal leucine-rich repeats (LRRs) that mediate the recognition of PAMPs; 

transmembrane domains; and a carboxy terminal intracellular Toll interleukin 1 (TIR) 

domains required for downstream signal transduction (Kawai et al., 2010). Regarding 

their role in pathogen recognition, TLR family members are expressed by cells involved 

in the first line of host defense, including neutrophils, macrophages, dendritic cells, 

dermal endothelial cells and mucosal epithelial cells. TLR2 and TLR4, which are the major 

receptors for bacterial lipoproteins and LPS, respectively, are also expressed on B and T 

cells (Armant et al., 2002). Although TLRs are essential for protective immunity against 

infection, inappropriate TLR responses due to endogenous molecules produced by dying 

cells, or in certain pathological conditions, contribute to acute and chronic inflammation, 

as well as to systemic autoimmune diseases (Kawai et al., 2010). 

Essential to the successful removal of pathogens is the early recognition of microbes by 

components of the innate immune system. These involve the complement system, 

specialized receptors expressed on cells of innate immune system like macrophages, 

dendritic cells, etc and the family of TLRs that are expressed on myeloid as well as 

lymphoid cells that recognize specific microbially derived molecular structures. The 

pathogens are processed and by the help of MHC I and MHC II molecules they are 

presented to T-cells for the activation of adaptive immune response (Vyas et al., 2008). 

Unlike membrane bound antibodies on B cells, which can recognize antigen alone, T-cell 

receptors can recognize only antigen that is bound to cell-membrane proteins called 

MHC molecules. There are well-defined subpopulations of T cells: T helper (TH) and T 

cytotoxic (Tc) cells. T helper and T cytotoxic cells can be distinguished from one-another 

by the presence of either CD4 or CD8 membrane glycoproteins on their cell surfaces. 

There is another subpopulation known as the regualtiory T cells (T regs). The Gram 

negative bacterial coat component lipopolysaccharide (LPS), the main culprit behind 



Chapter II  Review of literature 

9 
 

toxic shock syndrome and sepsis, is a highly potent trigger of cytokine secretion through 

TLR4. 

 

Figure 2.1: Integrated higher animal immune system. The defense system can be 

simplistically viewed as consisting of three levels: (a) anatomical and physiological barriers; (b) 

innate immunity; and (c) adaptive immunity. [Source: (Turvey et al., 2009)]. 

The cytokines made by the innate immune cells in response to TLR/PRR activation plays 

a major role in potentiation of adaptive responses (Lacy and Stow, 2011). Thus, a well 

orchestrated innate and adaptive immune response will lead to pathogen eradication 

and host immunity.  

2.3 Antigen processing and presentation 

Antigens in the peptide-binding groove of surface-expressed MHC class I and class II 

molecules are recognized by specific T-cell receptors that lead to T-cell activation. To 

fulfill this condition, the two different classes of MHC molecules first acquire peptide 

antigens from different sources. Endogenous peptides are generated in the cytoplasm 

through the action of proteasomes. The exogenous proteins are internalized into the 

endosomal pathway by a variety of mechanisms, and unfolding and fragmentation are 

catalyzed by the disulfide reductases and lysosomal proteases. This phenomenon is 

called as processing of the antigen (Jansen , 2007). MHC class I molecules sample the 

antigens from the viral infection events and intracellular bacteria and present these 

antigenic peptides to CD8+ T cells. For MHC class II molecules, the goal is to sample the 
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extracellular milieu and present antigens to CD4+ T cells for potential activation (Vyas et 

al., 2008). And the lipid antigens are presented by CD1d molecules especially to 

invariant natural killer T cells (Kunte et al., 2013). This process is called as presentation 

of antigen (Vyas et al., 2008). 

2.3.1 Professional antigen presenting cells 

The term professional antigen presenting cells (APCs) is used to define the bone 

marrow- derieved cells that have the capability to induce signal 1 and signal 2 for the 

activation of T-cell. Signal 1 is produced by ligation of the T-cell receptor (TCR)/CD3 

complex with antigenic peptides bound to the appropriate major histocompatibility 

complex (MHC) molecules. It is antigen specific. And signal 2, often termed the ‘co-

stimulatory’ signal is produced by interaction of CD28 on T-cells with one of its ligands, 

B7-1 or B7-2/B70, on professional APCs.     In addition to this inflammatory cytokines like 

TNF-α and IL-1 induces expression of CD40 on dendritic cells and CD40-dependent 

signaling can in turn increase B7 expression on APC. Hence, these cytokines have the 

ability to increase expression of co-stimulatory molecules on APC, thus enhancing the 

level of signal 2 available to the T cells (Curtsinger et al., 1999). It is not antigen specific 

(Nickoloff et al., 1994). There are three main types of professional antigen presenting 

cells, the macrophage, dendritic cells and B lymphocytes.  

2.3.1.1 Macrophages 

Monocytes and macrophages originate from a common myeloid precursor and play an 

important role in innate immune response against invading pathogens.  Normally, long 

lived macrophages in all the organs are formed  by the differentiation of short lived 

bloodstream circulating monocytes in response to differentiation factors or 

cytokines(M-CSF, GM-CSF, IL-3) (Parihar et al., 2010). Although all macrophages have the 

same origin, their function depends on the tissue in which they reside; in the 

erythroblast centers in bone marrow they transfer iron to erythroblasts; in spleen they 

phagocytose erythrocytes; in other tissues they phagocytose microorganisms, cells and 

residual products (Valledor et al., 1998). They are found in almost every organ and were 

historically given different names based on the tissue in which they reside (Figuer 2.2) 

(Parihar et al., 2010). Langerhans cells are present in the epidermis, osteoclasts in the 

bone, alveolar macrophages in the lung, microglia, perivascular, meningeal and choroid 

plexus macrophages in the central nervous system, marginal zone and metallophilic 

macrophages in spleen, kupffer cells in liver, inflammatory-monoyte-derived 

macrophages at the site of inflammatory lesion, etc (Gordon and Taypor ,2005). The 

macrophages constantly survey their surrounding environment for signs of foreign 

invading organisms or tissue damage and they stimulate lymphocytes and other immune 
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cells in response to the danger signals detected by cell surface receptors on 

macrophages.  

 

                                    

 

Figure 2.2: Macrophage populations. Macrophages can be subcategorized into specific 

populations on the basis of their anatomical location. Tissue-resident macrophages include 

alveolar macrophages (lungs), histiocytes (interstitial connective tissue), osteoclasts (bone), 

microglia (brain), intestinal macrophages, Kupffer cells (liver) and so on. Mononuclear phagocyte 

subpopulations in the circulation can also differentiate into tissue macrophages after entering 

different anatomical sites. [Source: (Galli et al., 2011)] 

(CMP: common myeloid progenitors; CFU-GM: colony forming unit granulocyte macrophages; 

CFU-M: colony forming unit macrophages) 
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Along with fighting infections, resident tissue macrophages are involved in maintaining 

healthy tissue by removing dead and dying cells and toxic materials. The alveolar 

macrophages facilitate the removal of allergens from the lung, the Kupffer cells in liver 

participate in the clearance of pathogens and toxins from the circulation. In a similar 

way tissue macrophages also suppress inflammation mediated by inflammatory 

monocytes, thereby ensuring that tissue homeostatis is restored following infection or 

injury (Murray et al., 2011). 

Macrophages have evolved a variety of strategies to internalize particles and solutes, 

including pinocytosis, receptor-mediated endocytosis, and phagocytosis. Pinocytosis 

usually refers to the uptake of fluid and solutes, and it is closely related to receptor-

mediated endocytosis, the specific process through which macromolecules, viruses, and 

small particles enter cells. Pinocytosis and receptor-mediated endocytosis share a 

clathrin-based mechanism and usually occur independently of actin polymerization. By 

contrast, phagocytosis, the uptake of large particles (>0.5µm) into cells, occurs by an 

actin-dependent mechanism and is usually independent of clathrin. Macrophages have 

been referred to as professional phagocytes and are very efficient at internalizing 

particles. Phagocytosis by macrophages is critical for the uptake and degradation of 

infectious agents and senescent cells, and it participates in development, tissue 

remodeling, the immune response, and inflammation (Aderem and Underhill, 1999).  

Alveolar macrophages (AMs) play numerous roles in immunity, inflammation, and tissue 

repair. They are crucial for the clearance and processing of microorganisms, dead cells, 

and environmental debris in the lung tissue via phagocytosis (Murphy et al., 2008). AMs 

contain toll-like receptor 4 (TLR4), a receptor for lipopolysaccharide (LPS), a cell wall 

protein on gram negative bacteria, for phagocytosis ((Wong et al., 2012). After 

phagocytosis and internalization of the particulate matter like LPS, the organic 

components are digested by the endosome into peptide fragments that combine with 

the MHC class II complex for presentation to CD4+T cells, which are pivotal steps in cell-

mediated and adaptive immunity (Alexis et al., 2006). The alveolar macrophages then 

produce the proinflammatory cytokines TNF-α, IL-6 and IL-1β in response to LPS 

stimulation (Wong et al., 2012).  

A continuous cell line of murine alveolar macrophage (AM), designated MH-S, has been 

established following transformation of cells obtained by bronchoalveolar lavage from 

BALB/cJ mice with simian virus 40 (SV40). MH-S cells are adherent, lacked contact 

inhibition, and are trypsin-sensitive. MH-S cell line expresses intacellular T-antigen and 

has a doubling time of approximately 48 hours.  MH-S exhibits typical macrophage 

morphology, showing more than 98% esterase-positivity, is negative for peroxidase, and 

expresses cell surface Ia and Mac-1 antigens. The cells are Fc receptor-positive as 
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demonstrated by rosette formation with, and phagocytosis of, antibody coated sheep 

erythrocytes (Mbawuike et al., 1989). This cell line is routinely used as model for 

alveolar macrophages. 

2.3.1.2 Dendritic cells 

Dendritic cells (DCs) are bone marrow derived professional antigen-presenting cells 

(APCs) which are widely distributed, as immature DCs, in both lymphoid and non 

lymphoid tissues. Immature DCs sample self and foreign antigen. When triggered by 

pathogens, the pattern-recognition receptors (PRRs) expressed by immature DCs cause 

them to transform into mature DCs. The expression of high amounts of cell surface 

major histocompatibility complexes (MHC) and co-stimulatory molecules by the mature  

DCs  initiate primary T cell- mediated immune response (Liu et al., 2001). When  tissue-

resident Dendritic cells (DCs) detect conserved pathogen derived molecules or 

inflammatory cytokines, they initiate an activation program and migrate to local lymph 

nodes, where they present antigen to  and activate naïve T cells (Hou et al., 2004). In 

addition to this DCs can also induce peripheral tolerance by presenting self- antigen and 

anergising auto-reactive T cells. Hence, DCs play a unique role in the initiation of the 

immune response and also as master regulators of the immune system (Gatti et al., 

2003). 

DCs are classified based on the precursor populations from which the various DC subsets 

originate as conventional DCs and non-conventional DCs. Those DCs which are derived 

from common DC progenitor and pre-DC populations are conventional DCs that include 

both migratory and lymphoid-resident DC subsets (Figure 2.3). And those which are 

derived from monocyte and plasmacytoid DCs are non-conventional DCs and are unique 

in their ability to secrete high amounts of IFN; this distinguishes them from conventional 

DCs ( Kushwah et al., 2011) . 

DCs are efficient stimulators of T lymphocytes. They capture and process both 

intracellular and extracellular antigens, and display large amounts of MHC-peptide 

complexes at their surface. The complex is then recognized by T-cell antigen receptors 

(TCRs) on T-cell due to which stimulation of T-cell occurs (Banchereau et al., 1998). 

Unlike most other cell types, DCs have the capacity to transfer exogenously derived 

fragments of peptides to the MHC class I molecules by a process referred to as cross-

presentation to activate naïve CD8+ T cells  by two mechanisms; one of them is 

Transporter associated with antigen processing (TAP) dependent and the other is TAP 

independent (Lizee et al., 2003).   DCs use distinct mechanisms for antigen capture. The 

first is a high level of fluid phase uptake via micropinocytosis and macropinocytosis. 

Micropinocytosis is the uptake of small vesicles (0.1µm) via clathrin-coated pits. 
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Macropinocytosis in DCs is constitutive and allows continuous internalization of large 

vesicles (0.5-3µm) mediated by membrane ruffling driven by the action of cytoskeleton.  

 

Figure 2.3: Classification of dendritic cell (DC) subsets as conventional and non-

conventional DCs. Conventional DCs are derived from common DC progenitor and pre-DC 

populations and are further divided into migratory and lymphoid DCs. Non-conventional DCs 

include plasmacytoid DCs, which are derived from the pre-DC population along with monocyte-

derived DC subsets, and are found in various peripheral organs. [Source: ( Kushwah et al., 2011)]. 

The second mechanism of capture is mediated via the mannose receptor (MR), which is 

expressed at high levels on DCs (Sallusto et al., 1995). DCs are present in all peripheral 

tissues and accumulate at the sites of pathogen entry. DCs express a large array of 

phagocytic receptors and efficiently phagocytose pathogens. DCs also express a variety 

of Toll-like receptors (TLRs) and other pattern recognition receptors (PRRs). Various PRRs 

are selectively expressed in particular DC subpopulations, which undergo particular 

maturation programs selectively in response to different pathogens, migrate to 
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lymphoid organs, and present antigen to T lymphocytes to initiate antigen-specific 

immune responses (Savina and Amigorena, 2007). 

For the detection of pathogens, DCs use a variety of receptors, including those of the 

Toll-like receptor (TLR) family, which reorganize pathogen-associated molecular patterns  

(PAMPs) such as  bacterial lipopolysaccharide (LPs), methylated olionucleotides (CpG) 

and viral double-stranded RNA (Wilson et al ., 2006). The stimulation of DCs occurs by 

the recognition of characteristic patterns of pathogens, inflammatory cytokines and 

necrotic cells. (Langenkamp et al., 2000). The main hallmark of DC maturation is expres-

sion of major histocompatibility complex molecules (MHC), T cell co-stimulatory 

molecules (CD40, CD80 or CD86) and cytokines (for example, interleukin 23; IL-23) in 

addition to a gene expression program of intracellular factors that enable effective 

antigen uptake, processing and presentation, and T cell activation (Shih et al., 2012). 

2.3.1.3 B cells 

B cells are the essential components of the humoral immune response. They are 

produced in the bone marrow and then migrate to the spleen and other secondary 

lymphoid tissues where they differentiate into mature naive B cells. The main goal of 

this development process is to generate a population of cells expressing a diverse 

repertoire of B-cell antigen receptors (BCRs), with different specificities that are capable 

of recognizing and responding to new and recurring pathogens (Panana et al., 2004). 

IgM, IgD, B220 (CD45R), CD19, CD21, CD23,   CD43, CD80 (B7-1), CD86, and MHC class II 

are the major molecules that are expressed on the membrane of mature B cells (Fairfax 

et al., 2008).  

 The B cells remain in peripheral tissues until they encounter an antigen and are 

activated. B cell activation requires two distinct signals, and result in B cell 

differentiation into memory B cells or plasma cells. The activation signal occurs upon 

antigen binding to B cell receptors (BCRs). Upon binding to the BCR, the antigen is 

internalized by receptor-mediated endocytosis, digested and complexed with MHC II 

molecules on the B cell surface. The second activation signal occurs via either a thymus-

dependent or a thymus-independent mechanism. Most B cell responses to antigen 

require the interaction of B cells with T helper cells (Thymus-dependent activation). 

Presentation of an antigen-class II MHC complex on a B cell enables it to act as the 

antigen presenting cell (APC) to T cells. T cell receptor (TCR) on T helper cells binds to 

the antigen-complexed class II MHC molecules on the B cells surface resulting in T cell 

activation. The activated T cell then provides a second activation signal to the B cell, 

which can occur through a variety of proteins. Alternatively, there are a few types of 

antigens that can directly provide the second B cell activation signal (thymus-

independent activation). These antigens include components of some bacterial cell wall 
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components (e.g., LPS) or other molecules (e.g., bacterial flagellin). Upon activation, B 

cells proliferate and form germinal centers where they differentiate into memory B cells 

or plasma cells. Following differentiation into plasma cells, additional signals initiate 

plasma cell antibody class switching and regulate antibody secretion. The primary 

function of plasma cells is the secretion of B cell clone-specific antibodies. Each plasma 

cell secretes antibodies containing a clonally-unique antigen-binding region joined to a 

constant immunoglobulin (Ig) isotype-defining region (Maddaly et al., 2010). 

B cells encounter antigen (Ag) within specialized tissues, such as the spleen or lymph 

nodes, known as secondary lymphoid organs. B cells recognize and respond to Ag 

through surface B cell receptors (BCRs) that possess a remarkably wide range of 

potential affinities. The BCR is a heterotirmeric complex containing a membrane 

immunoglobulin (Ig) responsible for extracellular Ag binding, together with an Igα/β 

sheath required for mediating intracellular signaling through its immunoreceptor 

tyrosine-based activation motifs (ITAMs). Engagement of the BCR by specific Ag induces 

signaling that results in a variety of cellular processes including the internalization of 

accumulated Ag. In addition to the BCR, B cells express germline encoded Toll-like 

receptors (TLRs) more usually associated with innate immune cell function. The 

specificity of TLRs for pathogen associated ligands is dependent on either the restricted 

expression of the ligand within bacteria or viruses, or the atypical cellular location of 

more universally expressed ligands (Dorna and Batista, 2009). 

2.3.2 Non professional antigen presenting cells 

Non professional antigen presenting cells are those cells  that do not constitutively 

express MHC class II molecules, but in some cases initiate primary and secondary 

immune responses after induction of MHC class II antigen by proinflammatory cytokines 

(e.g. IFN-γ). Fibroblasts, Hepatocytes, Astrocytes, Epithelial cells, Smooth muscle cells, 

Myocytes, Chondrocytes, Keratinocytes, Neural cells, etc are some of the examples of 

non professional antigen presenting cells (Sundstrom et al., 1995). Astrocytes, the most 

abundant glial cells in the central nervous system (CNS), express cell surface MHC class II 

molecules only upon exposure to the cytokine IFN-γ. Thus activated astrocytes 

participate in antigen presentation and activation of CD4 helper T-cells in immune-

mediated CNS disorders such as multiple sclerosis (Vardjan et al., 2012). 

MHC class II expression can be induced by the bacterial cell products and inflammatory 

cytokines on different types of epithelial cells at environmental interfaces including 

intestinal and skin epithelium. The expression of MHC class II molecules on these non 

professional APC has been implicated in immune mediated inflammation and 

progression of or resistance to autoimmunity. In addition lysosomal cysteine protease 

cathepsin S (Cat S) is a key enzyme regulating MHC class II presentation to CD4 T cells in 
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intestinal epithelial cells (IECs). Hence, Cat S expression is essential for efficient 

presentation of endogenous peptides to CD4 T cells by non professional APC in vivo 

(Beers et al., 2005). It has been described previously that alveolar type II epithelial cells 

(AECIIs) show constitutive major histocompatibility complex (MHC) class II surface 

expression. More recently, Debbabi and colleagues have shown that, upon microbial 

stimulation, AECIIs become activated, up-regulate expression of MHC class II. This was 

accompanied with MHC class II presentation of pathogen-derived antigen and activation 

of antimicrobial T-cell response. Therefore, not only can AECIIs contribute to pulmonary 

immunity by secreting chemokines that recruit inflammatory cells to the lung, but they 

can also serve as antigen presenting cells (APCs), suggesting a novel role for AECIIs in the 

immunological response to respiratory pathogens (Gereke et al., 2009). 

2.4 Pathways involved in processing and presentation of antigen 

Classical studies showed that antigens processing and presentation occurs by two major 

pathways, MHC class I and II pathways. MHC class I present endogenous peptide antigen 

to CD8+ T-cells that activate cytotoxicity response to kill infected cells. Whereas MHC 

class II present exogenous peptides captured from the environment and activate CD4+ 

helper T lymphocytes to perform their roles in controlling humoral, CTL-mediated and 

inflammatory immune responses (Sandberg and Glas, 2001). In addition to classical 

pathway of antigen presentation, there are also non-classical pathways named: cross 

presentation of antigen and lipid antigen presentation by which processing and 

presentation of antigens occur. In cross presentation of antigen, presentation of 

exogenous Ag on MHC class I takes place to stimulate CD8+ T-cells and endogenous Ags 

are presented on MHC class II to stimulated CD4+ T-cells (Merzougui et al., 2011). And 

the non peptide particles like lipids and glycolipids are presented via CD1 pathway 

(Sugita et al., 1998). Through many years of research the intracellular pathways and 

various molecules involved in processing and presentation of antigen on MHC I and MHC 

II have been elucidated in great detail. 

2.4.1 MHC class I antigen presentation 

MHC class I molecules are expressed by all nucleated cells and present protein 

fragments of cytosolic and nuclear origin at the cell surface (Neefjes et al., 2011).  Newly 

synthesized MHC class I heavy chain associates with binding immunoglobulin protein 

(BiP) and calnexin (Cxn). Subsequently, assembly with soluble β2-microglobulin (β2m) 

and exchange of calnexin with calreticulin (Crt) take place. Lectin domain of Crt binds to 

N-core mono glycosylation at N86 of the heavy chain. This preassembled MHC I sub 

complex docks to the transporter associated with antigen presentation/ Tapasin and 

Endoplasmic Reticulum oxidoreductase 57 (TAP/Tsn-ERp57) complex forming a fully 
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assembled Peptide Loading Complex (PLC). Here, Crt interacts with the b domain of 

ERp57 via the tip of its P domain, a b-strand hairpin domain. ERp57 and Crt seem to 

stabilize and support the function of the PLC (Hulpke et al., 2013).  For the generation of 

MHC class I peptides, first of all, antigens are degraded by the cytosolic and nuclear 

proteasomes (Neefjes et al., 2011). The polyubiquitinylated endogenous proteins and 

defective ribosomal products (DRiPs) are degraded into peptide fragments of 8-10 

amino acids in length by the 20S proteasome, which is the catalytic core of the 26S 

proteasome. This 26S proteasome preferentially cleave at the carboxy-terminus after 

hydrophobic or basic residues thereby generating the C-terminal anchor residue of MHC 

class I epitopes. And 26S proteasome is built by the association of the 20S core complex 

with two 19S regulator complexes that are responsible for the activation of the 20S core 

as well as for the binding and unfolding of ubiqutylated substrates (Sijts et al., 2011). 

Proteases usually cleave off protein fragments, but they can also ligate two peptides, as 

in the case of protein splicing by the 20S core of the proteasome (Neefjes et al., 2011). 

The resulting peptides are then further degraded by other aminopeptidases in the 

cytosol. Tripeptidyl-peptidase II (TPP II) is the exopeptidase that helps to remove the 

tripeptides from a free N-terminal end of longer peptides of  4-41 amino acids in length 

at neutral pH (Eklund et al., 2012). Another cytosolic peptidase is Thimet 

oligoendopeptidase (TOP)  that  can degrade several MHC class I epitopes released from 

protesome cleavage  by endoproteolytic cleavage and its  preferred substrates are 6-17 

residues in length . This makes TOP  a significant enzyme in limiting the extent of antigen 

presentation (Saric et al., 2001). 

The antigenic peptides thus generated are transported by the transporter associated 

with antigen presentation (TAP) complex from the cytosol into the endoplasmic 

reticulum (ER) (Reits et al., 2000). The central translocation complex, TAP assembles a 

maximum of two Tapasin and Endoplasmic Reticulum oxidoreductase 57 (Tsn-ERp57) 

conjugates via its two transmembrane domain (TMDo) interaction hubs. Tsn is 

covalently linked to the ERp57 by a mixed, intermolecular disulfide bridge between 

Cys95 of Tsn and Cys57 of ERp57 that form a functional unit (Hulpke et al., 2013). The 

ER-associated aminopeptidases (ERAAP) might transiently interact with the PLC. ERAAP 

catalyzes the sequential removal of diverse NH2-terminal residues from NH2-extended 

antigenic peptides in order to generate the MHC class I specific epitope. ERAAP thus 

appears to have evolved to generate peptides of eight or nine residues from longer 

precursors (York et al., 2002). Within this multitasking assembly, core TAP acts as the 

peptide supplier, wheras the TMDo of each subunit is essential in recruiting Tsn, and  

thus provides proximity between the peptide translocation pore core TAP and the 

peptide acceptor MHC I, which seems to be important for optimal peptide loading.  
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Figure 2.4: MHC class I antigen presentation pathway. Defective ribosomal products 

(DRiPs) and endogenous proteins are degraded by the proteasome. The proteasome also 

generate a new peptide by ligation. These peptides are further trimmed and destroyed by 

thimet oligopeptides (TOP) and tripeptidyl peptidase II (TPPII) and translocate into the 

endoplasmic reticulum (ER). In ER peptides may further trimmed by ER aminopeptidase 

associated with antigen processing (ERAAP). Peptide-MHC class I complexs are then transported 

to the plasma membrane for antigen presentation to CD8+ T cells. Peptides and MHC class I 

molecules that fail to meet each other are transported back into the cytosol by the ER-

associated protein degradation (ERAD) system. A fraction of peptides can enter the MHC class I 

pathway in neighbouring cells following translocation through gap junctions. Surface MHC class I 

molecules can be ubiquitylated by MARCH family proteins to promote their internalization and 

lysosomal degradation. A fraction of endocytosed MHC class I molecules is recycled after peptide 

exchange with endosomal pepties. APC,antigen-presenting cell. [Source: (Neefjes et al., 2011)]. 

Also, Tsn affinity proof reads peptide-MHC I complexes, and therby catalyzes peptide 

exchange in favor of petides with very slow dissociation rates (Hulpke et al., 2013). 
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Peptides and MHC I molecules that fail to meet each other are transported back into the 

cytosol by the translocons called as Sec61p (Koopmann et al., 2000) and degraded in 

cytosol by a process known as ER-associated protein degradation (ERAD) system (Lord et 

al., 2000). Here, they are further trimmed or destroyed by peptidases and the 

proteasome (Sijts et al., 20011). The stable peptide-MHC I complexes are released from 

the PLC. At last peptide-MHC class I complexes leave the ER for the presentation of 

peptide at the cell surface to CD8+ T cells (Figure 2.4) (Hulpke et al., 2013). 

Membrane-associated RING-CH (MARCH) proteins are a novel family of transmembrane 

ubiquitin ligases that seems to target glycoproteins for lysosomal destruction via 

ubiqutination of the cytoplasmic tail. These proteins require lysines in the cytoplasmic 

tail of their target molecules for downregulation. In the presence of MARCH-IV or 

MARCH-IX, surface MHC-I are ubiqutinated and rapidly internalized by endocytosis, 

whereas MHC-I molecules lacking lysines in their cytoplasmic tail are resistant to 

downregulation (Bartee et al., 2003).  

When MHC class I molecules are internalized into endosomes, they enter the classical 

MHC class II presentation pathway. Subsequent acidification promotes the release of the 

associated peptides, which can be exchanged for new peptides generated by the 

endocytic pathway. A fraction of MHC class I molecules is recycled, along with MHC class 

II molecules, to the cell surface for the presentation of endosomal antigen fragments 

(Neefjes et al., 2011). 

2.4.2 MHC class II antigen presentation 

MHC class II molecules are primarily expressed by professional antigen presenting cells 

(APCs), such as dendritic cells (DCs), macrophage cells and B cells. However, MHC class II 

expression can be induced by IFN gamma and other stimuli in non-APCs like 

mesenchymal stromal cells (Mourez et al., 2007). The transcription of the MHC class II 

locus is controlled by the master regulator named as MHC class II transactivator (CIITA), 

which in turn is regulated by the combined activity of transforming growth factors β 

(TGF-β) signaling and chromatin modification (Paul et al., 2011). After the translation of 

α and β chains of MHC class II, the association with a third glycoprotein named as 

Invariant chain (Ii) takes place in ER (Anderson et al., 1991).  The MHC class II- peptide 

interactions are inefficient at the neutral pH of the ER and Golgi, requiring more acidic 

conditions of the endosomes. In addition to this, the efficient loading of class II 

molecules in the ER and Golgi is prevented by the invariant chain (Ii). The invariant chain 

is a transmembrane protein that targets class II molecules to endosomes. Hence, Ii 

molecule blocks the presentation of a range of endogenously synthesized epitopes 

(Bodmer et al., 1994).  
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MHC class II molecules are directed by Ii to the endosomal compartments directly from 

the trans-Golgi network or indirectly via the plasma membrane (PM). The cytoplasmic 

tail of Ii contains two leucine based sorting motifs which are recognized by the µ-chain 

of sorting adaptor complexes AP1 and AP2. AP1 is a trans-Golgi network adaptor 

whereas AP2 is a plasma membrane adaptor (Hofmann et al., 1999). Ii chain cleavage is 

a prerequisite for peptide binding and presentation by MHC class II. The initial stages of 

Ii chain processing occur in an acidic dense endosomal compartment, an environment 

favoring aspartic proteinases such as cathepsins D and E. In contrast cysteine proteinase 

cathepsin B are functional at neutral and acidic pH that catalyzes the final breakdown of 

Ii chain (Maric et al., 1993). In addition to this the cysteinal lysosomal proteases, 

cathepsin L (CL) and cathepsin S (CS), degrade the Ii until only the fragment called class 

II-associated leupeptin-induced peptide (CLIP) remains associated with class II. CS and CL 

proteases also degrade internalized and endogenous proteins that are present in the 

endosomal compartment (Hsieh et al., 2002). 

In the endosome membrane, the ubiquitylated MHC class II molecule and HLA-DM are 

captured by the endosomal sorting complex for transport (ESCRT) machinery. This 

conserved machinery then transports these molecules to the internal structure of the 

MIIC (Raiborg et al.,2009) (Figure 2.5). Whether ‘retrofusion’ of internal HLA-DM and 

MHC class II molecules to the outer membrane of the MIIC occurs is still unknown 

(Neefjes et al., 2011). Human leukocyte antigen DM (HLA-DM) molecules are structurally 

related to classical MHC class II molecules that are present in MIIC. HLA-DM (H2-DM in 

mice) is a dedicated chaperone that catalyzes the dissociation of CLIP from MHC class II-

CLIP complexes and facilitates the binding of antigenic peptides in MIIC (Denzin et al., 

1995). In B cells, dendritic cells and thymic epithelial cells, the peptide loading of class II 

molecules by HLA-DM is modified by the expression of the non- classical class II 

molecule, HLA-DO (H-2O in mice). Collectively, studied to date support that DO/H-2O 

expression inhibits the presentation of antigens acquired by cells via fluid phase 

endocytosis. However, in B cells, the expression of H-2O promotes the presentation of 

antigens internalized by the B-cell receptor (Denzin et al., 2005). 

The MIIC or its tubular extensions are transported fast towards the cell membrane by 

the microtubule-based motor proteins dyenin (for inward transport) and kinesin (for 

outward transport). These proteins have MIIC-localized receptors, such as RAB7-

interacting lysosomal protein (RILP) that control  the dynein motor. RILP in turn is then 

controlled by the cholesterol sensor oxysterol-binding protein (OSBP)-related protein 1L 

(ORP1L) and the ER-resident protein VAMP-associated protein A (VAPA) ( Rocha et al., 

2009). MHC class II transport was also controlled by the GTPase ADP-ribosylation factor-

like protein 14 (ARL14).  
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Figure 2.5: Complexity of the MHC class II antigen presentation pathway. Transcription 

of the MHC class II genes is controlled by the master regulator MHC class II transactvator (CIITA). 

The adaptor protein AP2 drives the internalization of Ii-MHC class II complexes into clathrin-

coated vesicles at the plasma membrane for transport to the MHC class II compartment (MIIC). 

In the MIIC, Ii is degraded and MHC class II molecules interact with HLA-DM. The MIIC or its 

tubular extensions are transported to the cell membrane by the microtubule-based motor 

proteins dynein and kinesin. The final step involves actin-based myosin motors that interact with 

the MIIC either via Ii or via the GTPase ADP-ribosylation factor-like protein 14 (ARL14). In 

immature DCs, internalization of MHC class II molecules from the plasma membrane may 

require the ubiquitin ligase MARCH1, which is controlled by interleukin-10 (IL-10). CD83 on 

mature DCs prevents this ubiquitylation of MHC class II molecules and thus stabilizes MHC class 

II molecules on the cell surface. TCR; T cell receptor. [Source: (Neefjes et al., 2011)]. 

And the ARL14 recruits the motor myosin 1E via an effector protein ARF7EP. This 

complex controls movement of MHC class II vesicles along the actin cytoskeleton in 

human immature dendritic cells (DCs) (Paul et al., 2011). Lastly, MHC class II molecules 

are transported to the plasma membrane to present antigenic peptides to CD4+T cells. 
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In immature dendritic cells, Interleukin-10 (IL-10) leads to an accumulation of 

internalized MHC class II complexes in intracellular vesicles and prevents MHC class II 

molecules from reaching the plasma membrane. Hence, IL-10 affects antigen 

presentation by regulating MHC exocytosis and recycling (Koppelman et al., 1997). CD83 

is an immunoglobulin family protein expressed on the surface of mature DCs, that 

promotes MHC class II and CD86 expression by blocking MHC class II association with the 

ubiquitin ligase MARCH1. The transmembrane region of CD83 blocks interleukin 10-

driven, MARCH1-dependent ubiquitination and degradation of MHC class II and CD86 in 

DCs (Tze et al., 2011). 

 2.4.3 Cross-presentation of antigen 

Presentation of exogenous antigen (Ag) on major histocompatibility complex (MHC) 

class I molecules by professional antigen presenting cells (APCs) to stimulate CD8+ T-cell 

against a variety of pathogens, tumors and viral infections is termed cross-presentation 

(Merzougui et al., 2011). ‘Cytosolic’ and ‘vaculor’ pathways are the two main 

intracellular pathways that have been reported for the cross-presentation of exogenous 

antigens (Figure 2.6) (Joffre et al., 2012). In cytosolic pathway, the antigen is transferred 

from the phagosome into cytosol, where it is hydrolyzed by proteasomes into 

oligopeptides that are then transported by the transporter associated with antigen 

processing (TAP) to MHC class I molecules in the endoplasmic reticulum or phagosomes. 

The presentation by this pathway is sensitive to proteasome inhibitors and is TAP 

dependent. The particulate antigens must be transported from phagosome to cytosol, 

but the mechanism is not known. It is found that a subset of phagosome acquires TAP, 

MHC class I, Tapasin, and SEC61 from the ER. It has been suggested that this is a 

consequence of membrane from the ER fusing with the phagosome during phagocytosis. 

SEC61  is involved in the import and export of proteins from the ER. Therefore, SEC61 

has been suggested as a possible mechamism by which proteins are transported out of 

the pagosome to cytosol (Rock et al., 2005).  

It is also found that SEC22 B, ER-resident SNARE, is required for the antigen transfer 

from phagosomes to cytosol. And antigen cross-presentation is inhibited in SEC22 B-

deficient cells (Joffre et al., 2012). In a vaculor pathway, the antigen is cleaved into 

peptides by endosomal proteases, particularly cathepsin S, and bound by class I 

molecules probably in the endocytic compartment itself. The presentation by this 

pathway is resistant to proteasome inhibitors and generally independent of TAP, but is 

sensitive to cathepsin S inhibitors (Rock et al., 2005). 

Antigens for cross presentation can be acquired by phagocytosis (>1µm particulate 

antigens) and fluid-phase macropinocytosis (<1 µm small particles and fluids). But 
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antigens in particulate forms are much more efficient in stimulating CTL immunity than 

soluble antigens. 

 

 

 

Figure 2.6: Intracellular pathways for cross-presentation in dendritic cells. After 

phagocytosis, exogenous antigens can be exported into the cytosol, while they are processed by 

the proteasome. The processed antigens can then be loaded on MHC class I molecules in the 

endoplasmic reticulum(ER) (the cytosolic pathway with ER loading) or re-imported into the 

phagosome to be loaded on MHC class I molecules (the cytosolic pathway with phagosomal 

loading). The SNARE SEC22B, which localizes in the ER-Golgi intermediate compartment (ERGIC) 

and interacts with syntaxin 4 on phagosomes, mediates the recruitment of a subset of ER 

components, including transporter associated with antigen processing (TAP), to phagosomes. 

Alternatively, exogenenous antigens can be degraded into peptides in the phagosome, where 

they are then loaded on MHC class I molecules (the vaculor pathway). [Source: (Joffre et al., 

2012)]. 

CTL responses have also been implicated to destroy the intracellular pathogens such as 

viruses and some bacteria and in the elimination of cells that have undergone malignant 
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transformation (Brode and Macary, 2004). To initiate a protective CTL response, the 

antigens derived from pathogens like Leishmania (Matheoud et al., 20013) and 

transformed cells must be processed and presented on professional antigen-presenting 

cells (APC) in the context of MHC class I molecules. Only professional APC such as 

dendritic cells (DC) and possibly some macrophages express a combination of co-

receptors and MHC-class I molecules at levels high enough to stimulate naive CD8+ T 

cells (Brode and Macary, 2004).  

 2.4.3.1 Potential use of cross-presentation for therapy 

One of the most efficacious and cost-effective therapies for the prevention of many 

infectious diseases, such as smallpox and polio, has been the stimulation of specific 

immune responses through vaccination. However, there remain a number of infectious 

diseases for which vaccines are unavailable or only stimulate suboptimal immunity. 

Moreover, there are noninfectious indications, such as cancer, that could be potentially 

treated with vaccines. 

Most current vaccines consist of non-living components of pathogens. Such killed or 

subunit vaccines are considered safer than ones using live organisms. However, one of 

the limitations of subunit vaccines is that they generally fail to elicit CD8+ T-cell 

immunity. This limitation would preclude the use of subunit vaccines for protection 

against diseases where immunity is mediated by CTLs, e.g. certain viral infections or 

cancer. It is known that subunit vaccines fail to stimulate CTL immunity, because the 

antigens in these preparations do not get presented on the MHC class I molecules of the 

professional APCs. If, however, these antigens were introduced in ways that led to their 

being cross-presented, then CTL immunity could be generated. One way in which this 

can be achieved is to generate particulate forms of antigen. Such preparations are taken 

up efficiently by APCs and presented on both MHC class I and class II molecules. When 

such particulate preparations are injected into animals, they stimulate both CTL and 

CD4+ T-cell responses. A single injection subcutaneously could stimulate protective 

immunity. These responses are sufficiently strong to protect animals against challenge 

with aggressive tumors. Moreover, it is possible to make particle preparations from 

biocompatible and biodegradable materials such as polylactide-coglycolide. Therefore, 

particulate antigens can be used to target antigens into DCs in vivo in ways that elicit 

both CD4+ and CD8+ T-cell immunity. It is similarly possible to introduce antigens into the 

cross-presentation pathways of DCs ex vivo and to then inject these APCs back in vivo as 

a cellular vaccine (Rock and Shen, 2005). 
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2.4.4 Lipid antigen presentation 

Besides MHC class I and II molecules, a third lineage of antigen-presenting molecule that 

bind lipid and glycolipid antigens rather than peptides exists and is mediated by the 

family of Cluster of Differentation 1 (CD1)  proteins (Sugita et al., 1998). The CD1 family 

comprises type I integral membrane proteins that structurally resemble MHC class I 

molecules along with the presence of a shared subunit, β2-microglobulin (β2m). Based 

on amino acid sequence homology, the CD1 molecules are divided into two groups: 

group 1, compromising CD1a, b and c, group II comprising CD1d. A third CD1 species, 

CD1e, is intermediate between the two groups. Among these groups the only isoform 

that is  present in mice and rats is CD1d. CD1 is expressed on most of the APCs ( e.g. 

macrophages, DCs, etc) and its expression can be regulated through different pathways 

like Toll like receptors (TLRs) ligands or cytokines or viral infection mediated mechanisms 

(Paduraru et al., 2010). 

Natural killer T (NKT) cells specifically recognize self lipid-based or foreign lipid-based 

antigens bound to the CD1 antigen presenting molecules. NKT cells are divided into two 

broad classes: type I or semi-invariant (iNKT) cells and type II or non-invariant NKT cells. 

iNKT cells are defined by expression of an invariant T cell antigen receptor (TCR) 

consisting of  α-chain (α-chain variable region 24-α chain joining region 18 (Vα24- Jα18) 

in human; Vα14-Jα18 in mice) paired with a limited repertoire of TCR β chains ( V β11 in 

humans; Vβ8, Vβ7 and Vβ2 in mice) and by their ability to recognize the non-self 

glycolipid antigen-α galactosylceramide (α- GalCer). In contrast, type II NKT cells express 

a different and more diverse TCR repertoire (Patel et al., 2012). 

Glycolipids from lipopolysaccharide of gram negative bacteria such as Borrelia are the 

lipid antigens that can directly activate iNKT cells. In the same way enhanced secretion 

of interleukin 12 (IL-12) and upregualtion of endogenous lipids by APCs may also activate 

iNKT cells in CD1d-dependent manner or CD1d-independent manner (Barral et al., 

2010). Also α -linked sphingolipids, diacylglycerols, lipophosphoglycans from various 

microorganisms and protozoans were found to bind CD1d and stimulate iNKT cells in 

vitro (Barral et al., 2007).  Activated iNKT cells rapidly secrete large quantities of 

cytokines, such as interferon-γ (IFN-γ) and IL-4, and induce downstream activation of 

variety of other cell types, including DCs, NK cells, B cells and classical T cells. Hence, 

iNKT cells have a significant role in coordinating both innate and adaptive immune 

responses (Barral et al., 2010). 

CD1d is synthesized in the ER and interacts with calnexin, calreticulin and ERp57. After 

the heavy chain exits the chaperone cycle it interacts with β2m and possibly acquires 

self-lipids with the help of microsomal triglyceride transfer protein (MTP). MTP was 

shown to transfer a phospholipid (phosphatidylethanolamine) to mouse CD1 in vitro, 
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and  therefore could have a role in the loading of CD1 with endogenous lipids, that are 

important both for NKT-cell selection in the thymus and antigen presentation by APCs in 

the periphery. CD1 molecules then follow the secretory route along with MHC class I and 

MHC class II through the Golgi apparatus to the plasma membrane (Paduraru et al., 

2010).  

From plasma membrane, CD1 molecules are internalized via clathrin-coated pits by the 

interaction of the adaptor complex AP2 with tyrosine-based sorting motifs present in the 

cytoplasmic tails of the CD1 (Figure 2.7).  

 

Figure 2.7: Intracellular trafficking of CD1 molecules. (a) CD1 heavy chains are assembled 

in the endoplasmic reticulum (ER), where they bind the chaperones calnexin, calreticulin and 

ERp57. They also bind β2-microglobulin (β2m) non-covalently in the ER. (b) CD1 molecules then 

follow the secretory route through the Golgi apparatus to the plasma membrane (c) CD1 

molecules are internalized in clathrin-coated pits via the interaction of the adaptor complex AP2. 

(d) CD1 molecules follow the slow recycling pathway, back to the plasma membrane, through 

the endocytic compartments. (e) CD1 molecules traffic to late endosomal and lysosomal 

compartments via the interaction of AP3 (f) CD1 and MHC class II molecules recycle form 

lysosomal compartments to the plasma membrane. [Source: (Barral et al., 2007)]. 
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 From the sorting endosome, CD1 molecules can follow two main routes. CD1 molecules 

such as CD1a and CD1c can follow the slow recycling pathway back to the plasma 

membrane, through the endocytic recycling compartment. CD1 molecules such as CD1b 

and mouse CD1d can traffic to late endosomal and lysososmal compartments via the 

interaction of AP3 also with tyrosine based motifs contained in the cytoplasmic tails of 

these CD1 molecules. In the case of mouse CD1d, AP3-deficient mice show a defect in 

CD1d localization to lysosomes and CD1d-mediated antigen presentation, which is 

reflected by a significant reduction in the number of NKT cells in these mice (Barral et 

al., 2007). 

Within the endocytic pathway the lipid from the binding site can be exchanged with a 

self or non-self one with the help of lipid transfer proteins such as saposins. In the case 

of sapsoin B, the protein probably binds lipids, extracts them from membranes and 

transfers them onto CD1d molecules. The antigen-CD1d- β2m complex traffics to the 

plasma membrane where it can undergo recycling in the endocytic pathway or 

recognition by the TCR of the NKT cells (Paduraru et al., 2010). 

There are four mechanisms by which foreign lipids antigens can be taken up: (a) clathrin-

dependent internalization of apolipoprotein E (apoE)- lipid complexes bind to the low-

density lipoprotein receptor (LDLR), (b) phagocytosis or particulate material or whole 

pathogens internalization, (c) c-type lectins, which can bind mannose residues or 

glycolipids, and (d) internalization through scavenger receptor, which can bind modified 

forms of LDL and apoptotic cells (Barral et al., 2007).  

 2.5 Membrane fusion and vesicular trafficking  

Membrane fusion is one of the most fundamental processes in life that occurs when two 

separate lipid membranes merge into a single continuous bilayer. It is essential for 

communication between membrane-delineated compartments in all eukaryotic cells. 

Exocytosis is one of the best-studied processes involving membrane fusion, whereby 

vesicles fuse with the limiting membrane of a cell in order to release their contents (for 

example, hormones or neurotransmitters) into the extracellular milieu (Martens et al., 

2008). The fusion reactions share common features, but are catalyzed by diverse 

proteins. Fusion of lipid bilayers in an aqueous environment is a two-step process. First, 

the membranes are brought into close proximity where counteracting electrostatic 

forces need to be overcome before the lipids of the proximal leaflets can interact. 

Second, the boundary between the hydrophilic and hydrophobic portion of the bilayer is 

destabilized. Non-bilayer transition states are generated that culminate in the formation 

of an aqueous fusion pore. According to the stalk hypothesis, fusion proceeds by an 

ordered sequence of steps that include the merging of the proximal monolayers, stalk 
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formation, generations of hemifusion, intermediates and fusion pore opening 

(Chernomordik et al., 1987). 

Membrane fusion can be distinguished into following three types: (1) Extra- and 

intracellular fusion of pathogens with host cells. Of these, fusion of enveloped viruses in 

which the entire reaction is carried out by a single protein is best characterized. (2) 

Extracellular fusion of eukaryotic cells. Example is fusion of sperm with oocyte cell. (3) 

Intracellular fusion of organelles. These reactions are mediated by the dynamic 

supramolecular assemblies involving conserved protein families (Jahn et al., 2003).  

The fusion between vesicles or the plasma membrane is not a spontaneous event. Since 

the late 1980s, when Soluble NSF attachment protein receptor where NSF stands for N-

ethyl-maleimide sensitive fusion protein (SNAREs) were characterized, rapid progress 

has identified SNAREs as key elements of membrane fusion, one of the basic reactions of 

the intracellular trafficking, and now they appear to be implicated in all of the trafficking 

steps of the secretory pathway (Wilson et al., 1989). SNAREs are a superfamily of small 

proteins with more than 38 known members in mammals (Stow et al., 2006). These 

proteins have been implicated as central in most, if not all, intracellular membrane 

trafficking events so far. The synaptic SNARE proteins synaptobrevin1/VAMP 1 (on the 

vesicle) and syntaxin 1; and SNAP-25 (on plasma membrane) were the first SNAREs to be 

discovered (Chen et al., 2001). Both syntaxin and VAMP are anchored to the membrane 

by a carboxy-terminal transmembrane domain, whereas SNAP-25 is peripherally 

attached to the membrane by palmitoylation of four cysteine residues in the central 

region of the protein (Sollner et al., 1993). 

Eukaryotic cells contain a variety of membrane enclosed organelles that communicate 

with each other, i.e. they exchange proteins and lipids via directed trafficking. This 

membrane trafficking is a basic requirement in order to maintain the identity of the 

different cell compartments and the inner organization of the cell. For instance, proteins 

destined for secretion are synthesized at the endoplasmic reticulum (ER), travel through 

the cis-, medial- and trans- Golgi compartment, before being further sorted and 

transported via vesicle transport to the plasma membrane where excretion occurs ( 

Tokarev etl al., 2009). 

Each organelle has a defined localization and function that demands a specific 

membrane composition of lipids and proteins. During trafficking, a carrier vesicle 

pinches off from the donor compartment, is transported; and finally fuses with its 

acceptor compartment. A prerequisite for correct targeting is that the donor and 

acceptor membranes recognize each other (tethering and docking) before the lipid 

bilayer fuse. All these processes are mediated by specific soluble and membrane 

resident proteins and are subject to high degree of regulation. 
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Figure 2.8: Intracellular Transport Pathways in Eukaryotes. The compartments of the 

secretory, lysosomal/vacuolar, and endocytic pathways are shown. The transport steps are 

indicated by arrows. [Source: (Bonifacino and Glick, 2004)].  
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Each vesicle transport reaction can be divided into four steps that include vesicle 

budding, transport, tethering, and fusion (Bonifacino et al., 2004). These steps are tightly 

regulated to ensure that vesicles generated from a donor compartment are delivered to 

their correct acceptor compartment. Vesicle budding is mediated by protein coats 

(McMahon et al., 2004). Coats deform flat membranes into rounds buds, which lead to 

the release of coated vesicles. Coats proteins also participate in cargo selection through 

the recognition of sorting signals present in the cytoplasmic domain of transmembrane 

cargo proteins. Clathrin was the first coat to be identified (Pearse, 1975).  

Clathrin-coated vesicles are mainly derived from the plasma membrane or the trans-

Golgi network (TGN) and are transported to endosomes (Owen et al., 2004). Subsequent 

studies identified two non-clathrin coats, COPI (coat protein complex I) and COPII (coat 

protein complex II), that mediate vesicle transport in the early secretory pathway. COPI 

primarily acts from the Golgi to the endoplasmic reticulum (ER) and between Golgi 

cisternae (Figure 2.8), while COPII mediates traffic from the ER to the Golgi (Barlowe et 

al., 1994; Letourneur et al., 1994; Waters et al., 1991). After budding, vesicles are 

transported to their final destination by diffusion or by motor-mediated transport along 

a cytoskeletal track. The molecular motors kinesin, dynein, and myosin have all been 

implicated in this process (Hammer et al., 2002; Matanis et al., 2002; Short et al., 2002). 

The next step in vesicle-mediated membrane traffic is tethering. Tethering is a term 

used to describe the initial interaction between a vesicle and its target membrane. It 

precedes the pairing of transmembrane SNAREs on opposing membrane, which leads to 

membrane fusion (Sollner et al., 1993). The last step in vesicle-mediated transport is the 

fusion of the vesicle with its target membrane. Fusion is thought to occur by the pairing 

of SNAREs (Rothman, 1994; Sollner et al., 1993). 

2.6 Classification of SNARE proteins  

SNAREs were originally classified as v-(vesicle-associated) or t- (target-membrane) 

SNAREs, on the basis of their locations and functional roles in a typical trafficking 

(Sollner et al., 1993). Subsequently, the involvement of SNARE proteins in many other 

membrane fusion events was discovered. The v/t classification was found to be 

confusing for symmetric fusion events such as the homotypic fusion of yeast vacuoles or 

the fusion of late endosome and lysosome etc. Hence, SNAREs had to be re-classified 

into a more comprehendible form (Fasshauer et al., 1998).  

 The presence of one Arginine (R) and three Glutamine (G) residues in the 0th ionic layer 

of the core of the SNARE complex was a highly conserved feature of the core complexes 

(Sutton et al., 1998). Therefore, it served as a basis of reclassification of SNARE proteins 

into Q SNAREs and R SNAREs depending on the amino acid residue they contribute to 

the 0th layer of the core (Fasshauer et al., 1998).  Further, the three Glutamine 
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contributing SNAREs were sub classified into Qa, Qb and Qc. In reference to the 

neuronal SNARE complex, Qa SNAREs are located at the position of syntaxin1 of the 

neuronal complex and Qb and Qc occupy the position of N- and C-terminal motifs of the 

SNAP25 (Sutton et al., 1998). So far, most of the known v-SNAREs can be placed in the R 

SNARE family while most of the t-SNAREs are placed under the Q-SNARE family. There 

are a few exceptions such as the yeast Bet1p which is a Q SNARE and contributes a 

serine; and Leech synaptorevin (R SNARE) contributes a lysine to the 0th layer (Fasshauer 

et al., 1998). However, both functional classifications into v/t SNAREs as well as 

structural classifications into R/Q SNAREs are widely used. 

 2.7 Structure of SNARE complex 

 All the members of the SNARE family have a characteristic ‘SNARE motif’ which is a 

stretch of about 60 amino acid residues, located close to the trans-membrane domain. 

This domain has a highly conserved heptad repeat pattern which forms an α helical coil 

(Weimbs et al., 1997; Jahn et al., 2003). SNAREs like syntaxin and VAMP are anchored to 

the membrane by a carboxy-terminal transmembrane domain, whereas SNAP-25 is 

peripherally attached to the membrane by palmitoylation of four cysteine residues in 

the central region of the protein (Chen et al., 2001). The SNARE motifs are unstructured 

when the SNAREs are free in solution. However, when the proteins on opposing 

membranes interact, their SNARE motifs undergo spontaneous restructuring into a 

highly stable, elongated four helical colied coil structure called the ‘core complex’ 

(Hanson et al., 1997; Lin et al., 2000). 

For the first time in 1998, Sutton and co-workers crystallized the core complex of the 

synaptic SNARE complex comprising of syntaxin 1A, synaptovrevin-II and SNAP 25B at 

2.4 Aº resolution (Sutton et al., 1998). They observed a highly twisted and parallel 

bundle of four helices, two contributed by SNAP25 and one each by syntaxin 1 and 

synaptobrevin. The core bundle could be divided into 16 backbone layers numbered -7 

to +8 as shown in figure 2.9. The ionic layer at the 0th position of the complex comprised 

an Arginine residue contributed by VAMP and three Glutamine residues, two from SNAP 

25 and one from syntaxin 1 (Sutton et al., 1998).  

The positively charged guanidino groups of the arginine residue interact with carboxyl 

groups from each of the three glutamine residues. The flanking leucine-zipper layers act 

as a water tight seal to shield the ionic interactions from the surrounding solvent. This 

seal may further stabilize the four-helical oligomeric state and register of the complex by 

decreasing the local dielectric, thereby enhancing electrostatic interaction within the 

ionic layer (Sutton et al., 1998). 
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Figure 2.9: Structure of SNARE core complex: (A) 16 layers of the synaptic core complex 

with 0th ionic layer in red (B) Arginine 56 from synaptobrevin-II, Glutamine 226 from syntaxin1A 

and Glutamine 53 and Glutamine 174 from the two SNARE motifs of SNA25B form the 0th layer 

of the core (C) Hypothetical model of the synaptic fusion complex as it joins two membranes, 

and location of neurotoxin-mediated cleavage sites. [Source: (Sutton et al., 1998)]. 

2.8 SNARE complex formation 

SNAREs are the central components of membrane fusion but they are not sufficient on 

their own to complete the fusion process. There is an ordered process that takes place 

between several proteins that leads to membrane fusion. Some of these proteins and 

their functions are discussed below. 

2.8.1 Rab proteins: 

Rabs are small GTPases of the Ras superfamily that continuously cycle between the 

cytosol and membranes. Membrane bound Rab with GTP is the active form of Rab 

where as the GDP bound form is the inactive form (Rybin et al., 1996). About 11 Rab 

proteins have been identified in yeast, and more than 60 in mammalian cells till now 

(Lazar et al., 1997; Pferrer, 2001). The best understood function of Rab proteins is 

probably their role in vesicle tethering. Rabs in their GTP-bound form appear to facilitate 
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the recruitment of tethers to specific locations thereby bridging the two membranes 

(Munson and Novick., 2006). Finally, the GTP is cleaved by GTPase Activating protein 

(GAP) and the inactivated Rab protein is removed from the membrane by GDP 

dissociation inhibitor protein (GDI) (Jahn et al., 2003).   

2.8.2 Tethering and docking factors: 

The donor membrane recognizes the correct acceptor membrane in a process called as 

docking or tethering. Different tethering and docking proteins have been identified. 

p115 is one of the well studied tethering factor in mammalian cells (Pfeffer, 1999). 

Proteins as tethers include Uso1p, the exocyst, the HOPS complex and EEA1 (Zerial and 

McBride, 2001). 

2.8.3 The SNARE cycle: 

Once the membranes are held together by the docking and tethering factors SNAREs can 

mediate the actual fusion event. nSec1 is the polypeptide that is present on the surface 

of the Syntaxin-1. Generally, nSec1 binds to the full length of the Syntaxin-1 in its closed 

conformation whereas binding of SNAP-25 and VAMP, requires only the H3 domain of 

syntaxin-1 (Misura et al., 2000). So, removal of nSec1 from the surface of syntaxin is 

required in order to form the SNAREs complex.  The action of Rab then causes the 

conformational change in nSec1, leading to destabilization of syntaxin’s linker region 

between the Hc and H3 helices. This conformational change in syntaxin allows 

nucleation of the ternary complex (Misura et al., 2000). The SNAREs on the opposite 

membranes ‘zip up’ together from the distal N terminal to the membrane proximal C 

terminal forming the core complex as shown in the figure 2.10. The orientation of the 

trans-SNARE complex pulls the two membrane close together (Hanson et al., 1997). The 

force generated in the process overcomes the energy barrier for facilitation fusion 

(Hanson et al., 1997).  

The irreversible assembly of SNARE core complex is dependent on Ca2+. The binding of 

calcium to the phosphate head groups of the apposing bilayers displaces the loosely 

coordinated water at the PO-lipid head groups, resulting in the dehydration, leading to 

destabilization of the lipid bilayers and membrane fusion (Potoff et al., 2008). After the 

membranes fuse, all the SNAREs are present on acceptor membrane in a so called cis-

complex. This complex is dissociated by the chaperone ATPase NSF with SNAP as a co-

factor thereby freeing the SNARE proteins for another round of membrane fusion as 

shown in the figure 2.10 (Jahn et al., 2003). 
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Figure 2.10: Cycle of assembly and disassembly of the SNARE complex in synaptic 

vesicle exocytosis: Showing the assembly of SNARE complex leading to fusion of membranes 

and eventual dissociation of the complex by ATPase NSF and SNAP. (NSF; N-ethyl-maleimide-

sensitive fusion protein; SNAP-25, 25 kDa synaptosome-associated protein; SNARE, soluble NSF 

attachment protein receptor, VAMP, vesicle-associated membrane protein).[Source (Chen et al., 

2001)]. 

2.9 SNAP-25 family 

SNAP-25 is the first member of the synaptosomal associated protein family having the 

molecular weight of 25kD (Hence, the name SNAP25). For the first time, this protein was 

identified in mouse hippocampus (Oyler et al., 1989). It contributes two SNARE motifs 

Qb and Qc to the neuronal exocytic SNARE complex (Sollner et al., 1993). Though 

SNAP25 lacks a transmembrane domain, it is attached to the membrane by 

palmitoylation of the cysteine residues in the spacer region between the two SNARE 

motifs (Chen et al., 2001; Jan et al., 2003).  

There are three more members in the SNAP-25 family, namely SNAP-23, SNAP-29 and 

SNAP-47. SNAP-47 is ubiquitously distributed on intracellular membrane and most of the 

tissues with high levels in nervous tissue. The 47kD protein, SNAP-47 was purified from 

the rat brain synaptic vesicles for the first time. For SNAP-47, SNAP-29 is found to be the 

closest mammalian homologue protein in which both the SNARE proteins contain two 

SNARE motifs connected by a linker. Unlike SNAP-25 and SNAP-23, SNAP-47 lacks a 
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conserved stretch of cysteine residues in the linker region connecting the two SNARE 

motifs (Holt et al., 2006). 

SNAP-23 is a 23kD protein with 211 amino acid residues that was identified from the 

human B lymphocytes. It is homolog of SNAP-25 and bear 59% identity with SNAP-25 

(Ravichandran et al., 1996). It is ubiquitously expressed and is involved mostly in 

exocytosis. In the similar way, SNAP-23 was found to be important for excytosis of mast 

cell granules (Puri et al., 2003). Two isoforms of SNAP-23 named as SNAP-23A and SNAP-

23B have been identified in human neutrophils.  SNAP-23A which is similar to the 

recently cloned SNAP-23, and a novel isoform, termed SNAP23B. SNAP23B results from a 

deletion of 159 bp from SNAP-23A cDNA, encoding a protein of approximately 17.8kD. 

SNAP-23B is identical to SNAP-23A, but lacks fifty three amino acid residues, from 90 to 

142. This region of SNAP-23A has a target sequence for post translation fatty acid 

acylation, suggesting that the two isoforms can differ in their capacity to interact with 

membranes (Mollinedo et al., 1997).  

2.10 Syntaxin family 

Syntaxins are about 35kD t-SNARE components expressed at the cytoplasmic surface of 

certain membrane domains that participate in the formation of the SNARE complex, 

which mediates the docking and/ or fusion of intracellular vesicles to target membranes 

(Hagiwara et al., 2013). There are 15 members of the syntaxin family in the human 

genome and 7 syntaxin-like genes in the yeast Saccharomyces cerevisiae (Teng et al., 

2001). All the mammalian syntaxins, with the exception of syntaxin 11, are 

transmembrane proteins anchored by their carboxy-terminal with a type II orientation 

(that is, with amino terminus and the bulk of polypeptide facing the cytoplasm). The 

membrane proximal coiled-coil domain is the SNARE domain (H3 domain) that is 

characteristic of and conserved in all syntaxins which is reqired for binding of both 

VAMP and SNAP-25. The N-terminal regulatory region Habc domain is also the 

characteristic feature of syntaxin (Fernandez et al., 1998). 

Syntaxin1 is distributed in neuronal and secretory cell which is localized in the 

presynaptic plasma membrane. Generally, it is involved in neuronal exocytosis (Solimena 

et al., 1995). Syntaxin2 and Syntaxin3 are ubiquitously distributed and are localized in 

the plasma membrane. And they are also involved in exocytosis (Quinones et al., 1999; 

Low et al., 2006). The most distant member of the family, Syntaxin5, has been found in 

the Golgi region and has significant homology (35% identity) with Sed5p, an essential 

protein in yeast which is required for vesicular transport from the endoplasmic 

reticulum (ER) to the Golgi stack (Dascher et al., 1994). Syntaxin6 is one of the important 

members of the syntaxin family, whose constituents are required components of several 

vesiclular trafficking pathway. Syntaxin6 is located in the trans-Golgi network (TGN), 
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where it partially colocalizes with the TGN adapter protein AP-1 on clathrin-coated 

membranes. Syntaxin6 mediates a TGN trafficking event, perhaps targeting to 

endosomes in mammalian cells (Bock et al., 1997). Syntaxin7 is mainly localized to 

vacuolar early endosomes (EEs) and may be involved in protein trafficking from plasma 

membrane to the EE as well as in homotypic fusion of endocytic organelles. In contrast, 

Syntaxin8 is likely to function in clathrin-independent vesicular transport and membrane 

fusion events necessary for protein transport form EEs to LEs (Prekeris et al., 1999). 

Syntaxin10 is localized to the TGN and ubiquitously expressed protein. Syntaxin10 

making pair with VAMP3 helps in the transportation of Mannose 6-phosphate receptors 

(MPRs) from endosomes to the Golgi complex (Ganley et al., 2008). Syntaxin11 is 287-

amino acid SNARE protein that does not have transmembrane domain present in it. 

Syntaxin11 is predominantly membrane associated and colocalizes with the mannose 6-

phosphate receptor on late endosomes and the trans-Golgi network. Syntaxin11 acts to 

regulate protein transport between late endosomes and the trans-Golgi network in 

mammalian cells (Valdez et al., 1999). Syntaxin12 is 272-amino acid long and is localized 

in the Enodosome (Tang et al., 1997) whereas Syntaxin13 is found in tubular early and 

recycling endsosomes, where it colocalizes with transferrin receptor. It has the role in 

endocytosis-mediated recycling of plasma membrane (Prekeris et al., 1998). Syntaxin16 

is present in TGN-Golgi and is required for efficient retrograde transport of several 

exogenous and endogenous cargo proteins (Amessou et al., 2007). Syntaxin17 is 

abundantly expressed in steroidogenic cell types and specifically localizes to smooth 

membranes of the ER. It has the function in a vesicle-trafficking step to the smooth-

surfaced tubular ER membranes that are abundant in steroidogenic cells (Steegmaier et 

al., 2000). Syntaxin18 is the ER localized SNARE protein that has the role in ER-mediated 

phagocytosis (Hatsuzawa et al., 2006) 

Syntaxin4 is present in the plasma membrane as well as on intracellular vesicles in the 

mammalian cells and have the role in phagosomal maturation (Hackam et al., 1996). 

Syntaxin4 and VAMP3 function as target membrane and vesicles SNAP receptors, 

respectively, for insulin-responsive GLUT4 transloacation to the plasma membrane 

(Olson et al., 1997). In addition to this, Syntaxin4 has its role in the vasopressin-

regulated trafficking of aquaporin-2 water channel vesicles to the apical plasma 

membrane of renal collecting duct cells (Mandon et al., 1996). Acid sphingomyelinase 

(A-SMase) is activated through translocation from intracellular compartments to the 

plasma membrane in an exocytic pathway requiring the t-SNARE proteins syntaxin4 

(Perrotta et al., 2010). During macrophage activation, Syntaxin4 is regulated to function 

in membrane traffic and cytokine secretion (Pagan et al., 2003). 
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2.11 VAMP family  

Vesicle Associated Membrane Proteins (VAMPs) are classified as R SNAREs since they 

contribute an Arginine residue to the 0th layer of the core complex (Sutton et al., 1998). 

Around 7 mammalian VAMPs have been identified till date and are named VAMP 1-5, 7 

and 8 (Stow et al., 2006). The first member of the R-SNARE VAMP family to be known 

was a 120 amino acid longer membrane protein, isolated from the synaptic vesicles of 

Torpedo californica (Trimble et al., 1988). Using cDNA clone of this VAMP, two genes 

named VAMP1 and VAMP2 were identified in rat brain (Elferink et al., 1989). VAMP1 

and VAMP2 are called synaptobrevin1 and 2 respectively and are highly expressed in 

neuron and endocrine cells. Synaptobrevins are involved in exocytosis of synaptic 

vesicles (Jahn et al., 1994). 

VAMP4 has a broad tissue expression profile. It is localized to the Golgi-TGN in the NRK 

(Normal Rat Kidney) cells (Advani et al., 1998) and tubular and vesicular membranes of 

the TGN in PC12 cells. PC12 is a cell line derived from a pheochromocytoma of the rat 

adrenal medulla (Steegmaier et al., 1999). VAMP4 was shown to function in the SNARE 

complex that mediates retrograde trafficking from early endosomes to TGF 

(Kreykenbohm et al., 2002). VAMP5 is found associated with plasma membrane and 

intracellular vesicular structures in myotubes (Zeng et al., 1998). VAMP7 also called toxin 

insensitive VAMP (TI-VAMP) was identified in EST database search (Advani et al., 1998). 

It was found to be abundant on the membranes of the trans golgi network and the late 

endosomes (Advani et al., 1999) and mediates vesicular transport from the late 

endosome to the lysosomes (Advani et al., 1999; Ward et al., 2000). VAMP7 was shown 

to play a critical role in the onset of phagocytosis in macrophages (Braun et al., 2004). 

VAMP8 is a 15kD, found to be present on early endosomes. The amino acid sequence of 

VAMP8 is found to be 32% identical to VAMP1, 33% identical to VAMP2 and had 31% 

identity to VAMP3. Since, it does not contain the conserved toxin cleavage site it is 

insensitive to tetanus toxin and botulinum toxin (Wong et al., 1998). 

VAMP3 is also called the cellubrevin as it is found ubiquitously expressed in all the cells 

and tissues. It is the non neuronal homologue of the synaptobrevins. VAMP3 is present 

in recycling endosomes and endosome-derived vesicles (McMahon et al., 1993). It 

colocalizes with endocytosed transferring receptors (McMahon et al., 1993) and the 

glucose transporter GLUT4 in adipocytes (Volchuk et al., 1995), and is also present in α-

granules in platelates (Feng et al., 2002). Different studies have shown the physiological 

role of VAMP3. VAMP3 has been involved in recycling of transferring receptors to the 

plasma membrane (Galli et al., 1993), secretion of α- granules in platelets (Feng et al., 

2002), recycling of T-cell receptors to the immunological synapses (Das et al., 2004), and 

membrane trafficking during cell migration (Tayeb et al., 2005). Like VAMP2, it can also 
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be cleaved by tetanus toxin, a metalloendoprotease which blocks synaptic exocytosis 

(McMahon et al., 1993). Biochemical studies show that VAMP3 forms ternary complexes 

with syntaxin4/SNAP25 (Polgar et al., 2002) and syntaxin4/SNAP23 (Flaumenhaft et al., 

1999). 

2.12 SNARE proteins in antigen presenting cells 

Cells of the innate immune system like macrophages remove invading micro organisms 

and other foreign particles by phagocytosis. During phagocytosis, microorganisms are 

taken up by immune cells into phagosomes. Through membrane-trafficking events 

mediated by SNARE proteins, phagosomes fuse with lysososmes, generating degradative 

phagolysosomes. Phagolysosmes contributes to host immunity by linking microbial 

killing within these organelles with antigen processing for presentation on MHC- class I 

or II molecules to T cells (Matheoud et al., 2013).  

It is known that various microorganisms and exogenous agents like LPS lead to the 

activation of the macrophages (one of the most potent phagocytic cells of the immune 

system). Membrane traffic in activated macrophages is required for two critical events in 

innate immunity: proinflammatory cytokine secretion and phagocytosis of pathogens. It 

is found that there is joint trafficking pathway linking both actions, which may 

economize membrane transport and increase the immune response. TNFα, the earliest 

and most potent proinflammatory cytokine released, has an essential role in immunity. 

SNARE-mediated fusion of vesicular carriers is a requirement of this and other trafficking 

pathways. TNFα is trafficked from the Golgi to the recycling endosome (RE), where 

VAMP-3 mediates its delivery to the cell surface at the site of phagocytic cup formation. 

In macrophages, endogenous VAMP3 is located on vesicular membranes and plasma 

membrane and plasma membrane ruffles R-SNARE-VAMP3 on the RE, and then VAMP3 

pairs with the Q-SNARE (Syntaxin4-SNAP23) on the plasma membrane. Activated 

macrophages increase their cell surface area for phagocytosis by using extra membrane 

from endoplasmic reticulum (ER), lysosomes and endosomes in SNARE mediated fusion 

events. Thus, TNFα and VAMP3 containing RE membranes translocate to the nascent 

phagocytic cup for SNARE-mediated fusion during the initial stages of phagocytosis. 

Fusion of the RE at the cup simultaneously allows rapid release of TNFα and expands the 

membrane for phagocytosis (Murray et al., 2005). 

 The processing of antigens for cross-presentation in phagosomes is also tightly 

controlled by the oxidation level generated through the NADPH oxidase activity. In 

macrophages, SNAP-23 is a major Qbc-SNARE protein located on the plasma membrane 

that regulates the entire process of phagocytosis through enhanced ROS production and 

acidification within phagosome in macrophages (Sakurai et al., 2012). It is reported that 
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VAMP3 is also a major candidate to regulate the phagocytosis oxidative activity which is 

responsible for the degradation of antigen in macrophages (Matheoud et al., 2013). 
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CHAPTER III 

MATERIALS AND METHODS 

3.1 Reagents 

All cell culture reagents including Roswell Park Memorial Institute (RPMI) media, Fetal 

Bovine Serum (FBS) along with other reagents including Chloroform, isopropanol, 

ethanol, Ethylene Diamine Tetra Acetic acid (EDTA), trizol (TRI reagent), trypsin, boric 

acid, Tween-20, Tris, sodium acetate, Diethyl pyro carbonate (DEPC), agarose, primers 

were purchased from SIGMA chemicals (St. Lous, MO, USA). RNase inhibitor, Oligo(dt)-

18, dNTPs mix, M-MulV reverse transcriptase enzyme and its buffer and DNA loading 

dye were from Fermentas (Lithuania). Taq polymerase and its buffer, ssRNA ladder and 

DNA ladder (100bp) were purchased from NEB (UK). Syber Green was from G 

Biosciences. Skim milk powder was purched from Titan. SDS and Glycine were from High 

media. Sequi blot PVDF membrane and Low Range Protein Marker were purched from 

Biorad whereas Immobilon Chemiluminiscent substance was from Milipore. X-ray films 

were purched from Kodak. Anti-SNAP 23 C-terminus primary antibody and anti-Syntaxin 

4 primary antibody were gifted from Dr. Paul A. Roche, NIH (USA), anti-β-actin 

(Chemicon), Anti mouse secondary antibody conjugated to HRP were purchased from 

Southern Biotechnology. 

3.2 Cell culture and activation of cell line in vitro 

MHS cell line was a kind gift from Prof. R. K Saxena and were maintained in RPMI 1640 

media, supplemented with 10% heat inactivated FBS, 300 μg/ml L-glutamine and 60 

μg/ml gentamicin at 37°C in a 5% CO2 incubator. For harvesting the cells, culture media 

was removed and collected; the culture was further washed with phosphate buffered 

saline and was collected. Finally 0.25% w/v trypsin in EDTA was added to detach the 

monolayer. The harvested cells were collected and pelleted down by centrifugation at 

1500 rpm for 5 minutes at 4°C. The pelleted cells were then suspended in 1 ml media, 

counted by haemocytometer using trypan blue exclusion dye and 0.5 million cells 

seeded in 6 well plate/ 3ml media and cultured overnight. Cells were grown further in 

presence or absence of lipopolysaccaride (50 μg/ml) for 24 hours. The cells were then 

harvested, washed, counted and further used for experiments.  

3.3 Isolation of RNA 

During RNA isolation it is important to maintain a Ribonucleases (RNases) free 

environment. All plastic wares or glasswares were first treated with DEPC 

(Diethylpyrocarbonate) water to inactivate RNases. As well as all instruments and 

working area were wiped with DEPC to inhibit RNase that might be present. 
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RNA from the cell line was isolated using Trizol (TRI) reagent. 5 million cells were 

suspended in 1 ml TRI reagent by vigorously vortexing, 0.2 ml chloroform per ml of TRI 

reagent was then added mixed/ vortexed vigorously for 10 sec. The resulting mixture 

was allowed to stand at room temperature for 15 min and then centrifugation at 

12,000g for 15 min at 4°C.  

As a result the solution got separated into 3 distinct phases: a lower phenol-chloroform 

phase, interphase and the colorless upper aqueous phase. The aqueous phase was 

carefully transferred to a fresh tube and 0.5ml of isopropanol was added to precipitate 

RNA. The contents were mixed well and incubated at room temperature for 15 min 

followed by centrifugation at 12,000g for 10 min at 4°C. The RNA precipitates as a white 

gel like pellet at the bottom of the tube. The supernatant was discarded and the RNA 

pellet was washed twice with 75% ethanol and pelleted down by centrifugation at 7500g 

for 5 min at 4°C. Ethanol was removed by air drying the RNA pellet for 30 min at room 

temperature.   

RNA pellet was then suspended in Tris/ borate/ EDTA (TBE) buffer by mixing the solution 

properly and incubating for 10 min at 70°C. RNase Inhibitor (20U) was then added in 

each RNA sample at -80°C until use for RT-PCR.   

3.4 Determination of yield and quality of RNA 

Nanodrop ND3000 spectrophotometer, is used to estimate the concentration and purity 

of RNA samples. After setting a reference blank by TBE buffer, concentration and purity 

ratio measurement of RNA were obtained. The ratio of absorbance at 260/280 and 

260/230 provides an estimate of the purity of RNA (260/280 ratio around 2.0 and 

260/230 greater than 1.8 denotes RNA purity). 

3.5 Electrophoresis of total RNA (Formaldehyde Agarose gel) 

RNA was run on 1.2% formaldehyde agarose gel. The gel was prepared by dissolving 1.2 

gram agarose in 100ml agarose gel running buffer containing 1X formaldehyde along 

with 2.0μl of EtBr (Ethedium bromide) (added after cooling to 40-50 °C). Gel was 

properly polymerized at room temperature. Then it was put into the gel tank containing 

1X formaldehyde agarose gel running buffer. RNA samples mixed with RNA loading dye 

were then loaded along with the ssRNA ladder. The gel electrophoresis was carried out 

at 60 V, for 3 hours and the bands were visualized under UV light using BIO-RAD gel 

documentation system.   

 3.6 Reverse transcription-Polymerase Chain Reaction (RT-PCR) 

Reverse transcription was performed using Moloney Murine Leukemia Virus (M-MulV) 

Reverse Transcriptase and oligo (dT) 18 primer in a total reaction mixture of 20μl (Table 
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3.1). The amount of RNA template used was determined on the basis of different 

standardization conditions. 1μg of RNA was used for making cDNA for Real Time PCR. 

Table 3.1: Reaction mixture for RT-PCR 

Components 20μl Reaction Final Concentration 

Nuclease free H2O Calculated accordingly (to 

20μl) 

- 

RNA Template Variable Variable 

Oligo (dT)-18 1.0μl  

(Heated for 10 min at 65°C and thereafter kept at room temperature for 2 mins) 

5X M-MulV RT Buffer 4.5μl 1.125X 

dNTPs mix (10 mM) 2.0μl 1 mM 

M-Mul V RT Enzyme (200 U/μl) 1.0μl 20 U/ μl 

 

The sample was incubated in a thermal cycler at 37 °C for 60 min. The reaction was 

terminated by heating at 94 °C for 2 min. Finally, the reaction product was held at -20 °C 

till further use.  

3.7 Agarose gel electrophoresis of cDNA  

1.8% agarose gel was prepared by melting 1.8 gram agarose powder in 100 ml of 0.5X 

agarose gel running (Tris-Borate-EDTA (TBE)) buffer and adding 2 µl of EtBr after it cools 

down to 40-50 °C. Thereafter the gel was cast and transferred into gel tank containing 

0.5X agarose gel running buffer. cDNA samples mixed with DNA loading dye (1 volume 

6X DNA loading dye + 5 volume of cDNA), were loaded on the agarose gel. The gel 

electrophoresis was carried out at 90 V, for 1.5 hours and the gel was visualized in BIO-

RAD gel documentation System.  

3.8 Primer designing for conventional PCR 

Primers were designed for the molecules for various SNAREs proteins using Primer-

BLAST. PCR product size was choosen to be between 250-500 bp, primers melting 

tempreture (Tm) were calculated according to nucleotide content of the primers. 

Primers were 18-22 bases long with GC contents 45-55%. Bioinformatics tools such as 

“Oligo Calc” was used to calculate oligonucleotide properties. It detects the possible 

formation of internal hairpin loop within primers and also with each other and check for 

3´ and 5´ complementarity of primers. 
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Table 3.2: Bioinformatics tools and their link: 

 

S.N 

 

 

Bioinformatics 

Tools 

URL Link 

 

1. 

 

Oligo Calc 

 

 

 

http://www.basic.northwestern.edu/biotools/OligoCalc.html 

 

2. 

 

Primer-BLAST 

 

 

 

http://www.ncbi.nlm.nih.gov/tools/primer-blast/) 

 

3. 

 

MultaAlin 

 

 

 

http://multalin.toulouse.inra.fr/multalin/) 

 

4. 

 

Sequence editor 

 

 

 

http://www.fr33.net/seqedit.php) 

 

 

“Primer-BLAST” is a NCBI based tool which is used to design primers specific to the PCR 

template sequence from Consensus coding sequences (CCDS) of molecules that offers a 

level of sensitivity and usability not found in other tools. The input can be a Genbank 

accession, a FASTA file, or even primers from another source. The blast results are 

automatically analyzed to avoid primer pairs (all combinations including forward reverse 

primer pair, forward-forward as well as reverse-reverse pairs) that can cause 

amplification of targets other than the input template. Finally, it displays alignments 

between primers and targets found, allowing the user to make a decision on whether or 



Chapter III  Materials and methods 

45 
 

not to use the primer pairs when potentially unintended targets exist. The above table 

shows bioinformatics tools used with their links. “MultAlin” (Multiple sequence 

alignment by Florence Corp) is a tool to check alignment of two sequences, so the 

alignment of primers and their position was determined by using this tool. “Sequence 

editor”, convert DNA and RNA sequences and also generate antiparallel, complement 

and inverse sequence. 

3.9 Amplification of cDNA with conventional PCR 

The first strand cDNA obtained after RT-PCR was amplified by conventional Polymerase 

chain reaction (PCR) using different primers (Table 4.1) for different molecules in 

individual reaction mixture of 25µl (Table 3.3). 

Table 3.3: Reaction mixture for conventional PCR 

Components 25µl Reaction Final Concentration 

Nuclease free H2O Calculated accordingly (to 25 

µl) 

- 

Taq Buffer (10X) 2.5 µl 1X 

dNTPs mix (10 mM) 0.5 µl 200 µM 

Forward Primer (10 µM) 0.5 µl 0.2 µM 

Reverse Primer (10 µM) 0.5 µl 0.2 µM 

Template (cDNA) 3.0 µl - 

Taq. Polymerase (150 U/ ml) 0.125 µl 0.75 U/ ml 

 

The samples were put in thermocycler for PCR amplification. The reaction starts with 

initial denaturation step by heating the sample to 94 °C for 30 sec, followed by repeated 

cyles of denaturation at 94 °C for 30 sec, annealing for 1 min at different temperatures, 

and extension for 45 sec at 68 °C. The last cycle was followed by an additional extension 

for 5 min at 68 °C and final hold at 4 °C.    

3.10 Agarose gel electrophoresis of amplified cDNA 

1.8% agarose gel was prepared by melting 1.8 gram agarose powder in 100 ml of 0.5X 

agarose gel running (Tris-Borate-EDTA (TBE)) buffer and adding 2 µl of EtBr after it cools 

down to 40-50 °C. Thereafter the gel was cast and transferred into gel tank containing 

0.5X agarose gel running buffer. Amplified cDNA samples mixed with DNA loading dye 

(25 µl sample + 5 µl 6X gel loading dye), were loaded on the agarose gel. DNA ladder was 

prepared by mixing 4 µl gel running buffer, 1 µl DNA ladder (100 bp) (500 µg/ ml) and 1 
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µl 6X gel loading dye. The ladder was then loaded on the agarose gel. The gel 

electrophoresis was carried out at 90 V, 2 hours and the gel was visualized in BIO-RAD 

gel documentation System. 

3.11 Quantitation of band intensity 

Band intensity of PCR- products were measured by using QUANTITY ONE software (BIO-

RAD), as band intensity is directly proportional to amount of DNA present in gel. 

3.12 Primer designing for Real Time PCR 

Real time PCR primers for quantifying selected genes were designed using Primer-BLAST. 

PCR product size was chosen between 80-100 bp. Primers were 18-22 bases long with 

GC contents 45-55%. The primers that produced more than one melting peak were 

discarded. 

3.13 Amplification of cDNA with Real time PCR 

The first strand cDNA obtained after RT-PCR was amplified by Real time Polymerase 

chain reaction (PCR) using different sets of primers (Table 4.2) for different molecules in 

individual reaction mixture of 10 μl (Table 3.4) 

Table 3.4: Reaction mixture for real time PCR 

Components 10µl Reaction Final 

Concentration 

Syber Green (2X) 5 μl 1X 

Template (cDNA) (1:4 dil) 4 µl - 

Forward Primer (10μM) 0.5 µl 500 nM 

Reverse Primer (10μM) 0.5 µl 500 nM 

 

The samples were put in 96 well RT plate sealed with optically active adhesion cover and 

the plate was put in the 7500 Fast Real Time-PCR for amplification. The reaction starts 

with initial denaturation step by heating the sample to 95 °C for 15 minutes, followed by 

repeated cyles of denaturation at 95 °C for 30 sec, annealing for 30 sec at 55 °C, and 

extension for 45 sec at 72 °C, final extension for 7 min at 72°C and hold at 4°C. 

3.14 Preparation of cell lysates 

About 1 x 107 cells in the culture dish were washed with 1X PBS and were detached after 

incubating for 5 min at 37°C by 0.25% w/v trypsin and collected. The cells were 

subjected for centrifugation at 1500 rpm at 4°C for 5 min. The supernatant was removed 

and cells were dissolved in 1 ml cell lysis buffer in ice with continuous stirring for 30 min.  
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Protein samples (e.g. cell lysates) were mixed with 2X Sample Buffer to make a final 

concentration of 1X. Thus prepared samples were heated at 95°C for 5 min prior to 

loading onto SDS-PAGE gels.  

3.15 SDS polyacrylamide gel separation of proteins 

Gel assembly was prepared by aligning two glass plates with spacers in between them. 

Freshly prepared separating gel was poured between the two plates. The gel was 

layered with 1 ml of water and allowed to set for around 30 minutes at room 

temperature. Later water was removed and stacking gel solution was poured and the 

comb was fitted in between the plates. The gel was left undisturbed till the stacking gel 

was set. Then, 45 µl of samples prepared were loaded in the wells on the gel. 20 µl Low 

Range Protein Marker was loaded in the first well. The gel was run at at 80 V in stacking 

and at 120 V in resolving gel till the dye front reaches the end in 1X SDS PAGE running 

buffer.  

3.16 Western Blotting 

Stacking portion of the gel was cut and removed. The separating portion of the gel was 

transferred to prechilled transfer buffer in glass tray for equilibration. PVDF membrane 

and blot filter paper were cut to the dimension of the gel. The PVDF membrane was wet 

in methanol for 2 min and then transferred to 1X Transfer buffer. The Blot filter paper 

and fiber sponge were also transferred to Transfer buffer for equilibration. The gel, 

membrane, filter paper and fiber sponge were maintained in the required orientation. 

The assembly was closed and it was subjected to the 1X Transfer Buffer at 250 mA for 90 

min at RT. PVDF membrane was removed and was then blocked overnight in Phosphate 

Buffer Saline/ Tween-20/ Milk (PBS/T/M) (20 ml) at 4°C. The PBS/T/M was removed and 

the membrane was washed twice with 20 ml PBS/T at RT (15 min each). One hour 

incubation with primary antibody with the dilution of 2000 in PBS/T (2.5 µl in 5 ml) was 

done. Then, the PVDF membrane was blocked twice with 20 ml PBS/T/M for 20 min 

each at RT. Then, 30 min incubation with HRP-Tagged secondary antibody in the dilution 

of 5000 in PBS/T/M (i.e 2.0 µl in 10 ml) was done at RT. The membrane was blocked 

three times with 20 ml PBS/T/M for 20 min each. Again the membrane was washed two 

times with 20 ml PBS/T for 20 min each.  

3.17 Detection of the Blots: 

ECL reagents were cooled down to room temperature before use. In the dark room with 

red light, two ECL reagents (H2O2 + Lumiol) were mixed 0.5 ml each in an eppendroff. 

The ECL mix was then spread on a membrane with pipette. X-ray films were given 

multiple exposures on the membrane at different time interval. The X- ray films were 

developed in the developer. The films were rinsed in water for sometimes and the bands 
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thus developed were fixed in the fixer. The film were again rinsed in water and dried 

after that (Puri and Roche, 2006). The quantitation of the X-ray film blots was done on 

alpha Ease Fc software. 

 

 



 

49 
 

CHAPTER IV 

RESULTS 

MH-S is a macrophage cell line which is capable of both phagocytosis, and antigen 

presentation of the invading pathogens. It also helps in the exocytosis of various 

cytokines which are produced in response to different foreign invaders. In this study we 

used MH-S cells as a model cell line as it responds to the surrounding challenges and 

plays an important role in immune response. It is also self-renewing, immortalized cell 

line that grows easily in culture. MH-S cells are adherent, lacked contact inhibition, and 

are trypsin-sensitive. Since MH-S cells are professional antigen presenting cells and are 

easy to isolate and handle they are quite appropriate for large scale screening process in 

a biotechnology setting. The main aim of the present study is to study the modulation of 

expression of SNARE machinery in presence of pathogenic challenges; we first set out to 

isolate the RNA from the cell line in presence or absence of LPS treatment. LPS being a 

constituent of Gram-negative bacteria acts as an endotoxin.  

4.1 Isolation of RNA from untreated and treated cell line 

RNA was isolated from the cell line using the Trizol reagent, which permits the complex 

dissociation of nucleoprotein complex. The concentration of RNA was measured by 

using the Nanodrop Spectophotometer at 260 nm. The impurities of protein and organic 

content were checked at 230 nm and 280 nm. There was little or no impurity found in 

the RNA preparation. The amount of RNA isolated from 10 million Control and LPS 

treated MH-S cells was comparable (Figure-4.1). 

4.2 RNA and cDNA gel 

RNA isolated from the cell line (treated and untreated) was run on a 1.2% agarose 

formaldehyde gel (Figure 4.2A). The appearance of two distinct bands of rRNA i.e. 28S 

and 18S confirmed the integrity of RNA. The RNA preparation was used to synthesize the 

first strand of cDNA and the product was run on 1.5% agarose gel. The appearance of a 

cDNA smear and the disappearance of RNA bands confirm the perfect preparation of 

cDNA (Figure 4.2B). 
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Figure 4.1: The amount of RNA isolated from Control and LPS treated MH-S cells.

RNA was isolated from 10 million untreated and LPS treated MH-S cells using Trizol reagent

and its yield and purity was determined using Nanodrop (ND-3000) Spectrophotometer. The

amount of RNA thus obtained was then plotted as Bar Graph as shown in the figure.
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Figure 4.2: Agarose gel electrophoresis of RNA and cDNA isolated from MH-S cell

lines. A) 3 μg of RNA isolated from untreated and treated MH-S cells were run on 1.2%

formaldehyde agarose gel, visualized under UV in Gel Doc System (BIORAD) in which there was

presence of two distinct bands of 28s and 18s rRNA, which confirm the integrity of RNA. B)

cDNA was synthesized by reverse transcription of RNA using oligo dT primer. 10μl of cDNA was

run on 1.5% agarose gel along with 100 bp DNA ladder and visualized under UV in Gel Doc

System (BIORAD).
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4.3 Standardization of quantitative RT-PCR for studying 

modulation of expression of SNAREs  

Reverse transcription polymerase chain reaction (RT-PCR) is one of the easiest 

approaches of RNA detection. This technique is commonly used in molecular biology to 

detect RNA expression levels. RT-PCR is used to qualitatively detect gene expression 

through creation of complementary DNA (cDNA) from RNA through the use of reverse 

transcriptase enzyme. Subsequently, the newly synthesized cDNA is then used as a 

template for exponential amplification using PCR. The use of RT-PCR for the detection of 

RNA transcript has revolutionalized the study of gene expression. Its potential for high-

throughputs, more reliable instrumentation and improved protocols, has also made this 

a method of choice in the research field. Qunatitative RT-PCR is characterized by the 

linear phase during the thermocycle reaction when a PCR product is amplified. In order 

to quantitate the levels of specific mRNAs transcripts and to compare the level of 

expression of molecules under different experimental conditions, standardization of 

quantitative RT-PCR in terms of its parameters such as annealing temperature, number 

of amplification cycles in PCR, and the amount of RNA template used for RT-PCR was 

performed. Annealing temperature is the one at which the primers anneal to the 

templates in PCR reaction, generally this is taken to be 4-5˚C less than the melting 

temperature of that primer template pair. As said above for low copy number of nucleic 

acid, higher number of thermocycles (30-40) is required, whereas for high copy number, 

a lower number of thermocycles (15-25) are sufficient for amplification. Ultimately 

conditions were standardized to get a broad linear range of mRNA detection. 

  

4.3.1 Designation of RT-PCR primers 

Primers were designed for the molecules for various SNAREs proteins using Primer-

BLAST, Oligo Calc, MultAlign and Sequence editor tools. The list of primers along with 

their melting temperature (Tm), GC content and amplicon size are shown in the table 

4.1. 
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Table 4.1: List of Primers for conventional PCR 

S.N  Name of 

molecule

s  

Primers  

Forward primer (FP)  

Reverse primer (RP)  

Primer 

length 

(bp)  

Melting  

Tempre

ature  

Tm°C  

GC 

conte

nt  

Produ

ct  

length  

(bp)  

1.  SNAP-23  FP:5’-CCTGGGTTTAGCCATTGAGTCT-3’  

RP:5’-GAGCCATGTTCTTTAGGTTGCC-3’  

22  

22  

60 °C  

59 °C  

50  

50  

461  

2.  VAMP3  FP:5’-AATCGAAGACTCCAGCAGACAC-3’  

RP:5’-GAGACACACCACACGATGATGA-3’  

22  

22  

60 °C  

60 °C  

50  

50  

263  

3.  Syntaxin

4  

FP:5’-GAGAGAAGAATGTGGAGCGGAT-3’  

RP: 5’-GCCAATGATGACAGCCAAGATG-3’  

22  

22  

59 °C  

60 °C  

50  

50  

431  

4.  GAPDH  FP: 5’-GTCGGTGTGAACGGATTTGG-3’  

RP: 5’-CTAAGCAGTT GGTGGTGCAG-3’  

20  

20  

60 °C  

60 °C  

55  

55  

457  

5.  MHC II  FP: 5’-TTCCAACAACACTCCAGATGCC-3’  

RP: 5’-TCTCTTCAAACTCCCAGGTCTT-3’  

22 

22 

58 °C  

58 °C  

55  

55  

540 
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4.3.2 Standardization of Quantitative RT-PCR for SNAP23 molecule 

A quantitative RT-PCR method was standardized for studying the mRNA expression level 

of SNAP-23 in MH-S cells. A range of annealing temperatures, number of thermocycles 

and amount of template RNA were tried in order to standardize conditions for obtaining 

a broad linear range of quantitaion. The PCR products were then run on 1.8% agarose 

gel and the bands were quantified using BIO-RAD Quantity One Software. After 

quantification, the optimum conditions were found to be 55˚C as the annealing 

temperature (Figure-4.3), 25 numbers of thermo cycles (Figure-4.4) and 0.5µg -1.5µg as 

the RNA template amount (Figure-4.5). 

4.3.3 Standardization of Quantitative RT-PCR for Syntaxin4 molecule 

A quantitative RT-PCR method was standardized for studying the mRNA expression level 

of Syntaxin4 in MH-S cells. A range of annealing temperatures, number of thermocycles 

and amount of template RNA were tried in order to standardize conditions for obtaining 

a broad linear range of quantitaion. The PCR products were then run on 1.8% agarose 

gel and the bands were quantified using BIO-RAD Quantity One Software. After 

quantification, the optimum conditions were found to be 55˚C as the annealing 

temperature (Figure-4.6), 20 numbers of thermo cycles (Figure-4.7) and 0.75µg -1.5µg as 

the RNA template amount (Figure-4.8). 

4.3.4 Standardization of Quantitative RT-PCR for VAMP3 molecule 

A quantitative RT-PCR method was standardized for studying the mRNA expression level 

of VAMP3 in MH-S cells. A range of annealing temperatures, number of thermocycles 

and amount of template RNA were tried in order to standardize conditions for obtaining 

a broad linear range of quantitaion. The PCR products were then run on 1.8% agarose 

gel and the bands were quantified using BIO-RAD Quantity One Software. After 

quantification, the optimum conditions were found to be 55˚C as the annealing 

temperature (Figure-4.9), 25 numbers of thermo cycles (Figure-4.10) and 0.5µg -1.5µg as 

the RNA template amount (Figure-4.11). 
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Figure 4.3: Standardization for annealing temperature for SNAP23. 3μg of RNA

isolated from MH-S cell lines was converted to cDNA and used for the standardization of RT-

PCR reaction for annealing tempreature for SNAP23 molecule using 25 cycles within a gradient

of 53-57˚C. The PCR products were then run on 1.8% agarose gel, visualized under UV in

GelDoc system (BIORAD) as shown in figure A. The bands thus obtained were quantitated by

using the Quantity One software (BIORAD) and intensity plotted as Bar Graph as shown in

figure B.
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Figure 4.4: Standardization of number of thermocycles for SNAP23. 3μg of RNA

isolated from MH-S cell lines was converted to cDNA and used for the standardization of RT-

PCR reaction for number of thermocycles for SNAP23 molecule at 55˚C. The PCR products

were then run on 1.8% agarose gel, visualized under UV in GelDoc system (BIORAD) as shown

in figure A. The bands thus obtained were quantitated by using the Quantity One software

(BIORAD) and intensity plotted as Bar Graph as shown in figure B.
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Figure 4.5: Standardization for amount of RNA template for SNAP23 molecule.

Different amounts of RNA isolated from MH-S cell line was used for the RT-PCR reaction for 25

number of cycles at 55˚C. The PCR products were then run on 1.8% agarose gel, visualized

under UV in GelDoc system (BIORAD) as shown in figure A. The bands thus obtained were

quantitated by using the Quantity One software (BIORAD) and intensity plotted as LineGraph

as shown in figure B
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Figure 4.6: Standardization for annealing temperature for Syntaxin4. 3μg of RNA

isolated from MH-S cell lines was converted to cDNA and used for the standardization of RT-PCR

reaction for annealing tempreature for Syntaxin4 molecule using 20 cycles within a gradient of

53-57˚C. The PCR products were then run on 1.8% agarose gel, visualized under UV in GelDoc

system (BIORAD) as shown in figure A. The bands thus obtained were quantitated by using the

Quantity One software (BIORAD) and intensity plotted as Bar Graph as shown in figure B.
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Figure 4.7: Standardization for number of thermocycles for Syntaxin4. 3μg of RNA

isolated from MH-S cell lines was converted to cDNA and used for the standardization of RT-

PCR reaction for number of thermocycles for Syntaxin4 molecule at 55˚C. The PCR products

were then run on 1.8% agarose gel, visualized under UV in GelDoc system (BIORAD) as shown

in figure A. The bands thus obtained were quantitated by using the Quantity One software

(BIORAD) and intensity plotted as Bar Graph as shown in figure B.
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Figure 4.8: Standardization for amount of RNA template for Syntaxin4 molecule.

Different amounts of RNA isolated from MH-S cell line was used for the RT-PCR reaction for

20 number of cycles at 55˚C. The PCR products were then run on 1.8% agarose gel, visualized

under UV in GelDoc system (BIORAD) as shown in figure A. The bands thus obtained were

quantitated by using the Quantity One software (BIORAD) and intensity plotted as Line Graph

as shown in figure B.
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Figure 4.9: Standardization for annealing temperature for VAMP3. 3μg of RNA

isolated from MH-S cell lines was converted to cDNA and used for the standardization of RT-

PCR reaction for annealing tempreature for VAMP3 molecule using 25 cycles within a gradient

of 53-57˚C. The PCR products were then run on 1.8% agarose gel, visualized under UV in

GelDoc system (BIORAD) as shown in figure A. The bands thus obtained were quantitated by

using the Quantity One software (BIORAD) and intensity plotted as Bar Graph as shown in

figure B.
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Figure 4.10: Standardization for number of thermocycles for VAMP3. 3μg of RNA

isolated from MH-S cell lines was converted to cDNA and used for the standardization of RT-

PCR reaction for number of thermocycles for VAMP3 molecule at 55˚C. The PCR products

were then run on 1.8% agarose gel, visualized under UV in GelDoc system (BIORAD) as shown

in figure A. The bands thus obtained were quantitated by using the Quantity One software

(BIORAD) and intensity plotted as Bar Graph as shown in figure B.
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Figure 4.11: Standardization for amount of RNA template for VAMP3 molecule.

Different amounts of RNA isolated from MH-S cell line was used for the RT-PCR reaction for 25

number of cycles at 55˚C. The PCR products were then run on 1.8% agarose gel, visualized

under UV in GelDoc system (BIORAD) as shown in figure A. The bands thus obtained were

quantitated by using the Quantity One software (BIORAD) and intensity plotted as Line Graph

as shown in figure B.
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4.3.5 Studies on the modulation of SNAREs expression on MH-S cell 

line in presence of LPS 

After standardization of parameters for qRT-PCR for the molecules of SNARE machinery, 

the optimal conditions for SNAP-23, Syntaxin4 and VAMP3 molecules were used to study 

the effect of LPS on expression level of mRNA for SNAREs in MH-S cell lines. It was 

observed that there was very marginal or no modulation in the expression of all these 

SNAREs (Figure-4.12, 4.13, 4.14). MHC II was used as the positive control which showed 

a significant upregulation in LPS treated condition with comparison to that of untreated 

one (Figure-4.16). GAPDH was used as an endogenous control which showed no 

modulation in expression upon LPS treatment (Figure-4.15). The use of positive control 

validates the results of other molecules studied by this method. The intensity plotted as 

bar graph showing the expression of these molecules. 
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Figure 4.12 : Effect of LPS treatment on the expression of SNAP-23 molecule in MH-

S cells. cDNA was prepared by reverse transcribing 1.5μg of RNA isolated from untreated

and LPS treated MH-S cell lines and amplified for 25 number of cycles at 55°C. The PCR

products were then run on 1.8% agarose gel, visualized under UV in Gel DOC System

(BIORAD) as shown in figure A. The bands thus obtained were quantitated by using the

Quantity One Software (BIORAD) and intensity plotted as Bar Graph as shown in figure B.
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Figure 4.13 : Effect of LPS treatment on the expression of Syntaxin4 molecule in

MH-S cells. cDNA was prepared by reverse transcribing 1.5μg of RNA isolated from

untreated and LPS treated MH-S cell lines and amplified for 20 number of cycles at 55°C.

The PCR products were then run on 1.8% agarose gel, visualized under UV in Gel DOC

System (BIORAD) as shown in figure A. The bands thus obtained were quantitated by using

the Quantity One Software (BIORAD) and intensity plotted as Bar Graph as shown in figure

B.
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Figure 4.14 : Effect of LPS treatment on the expression of VAMP3 molecule in MH-

S cells. cDNA was prepared by reverse transcribing 1.5μg of RNA isolated from untreated

and LPS treated MH-S cell lines and amplified for for 25 number of cycles at 55°C. The PCR

products were then run on 1.8% agarose gel, visualized under UV in Gel DOC System

(BIORAD) as shown in figure A. The bands thus obtained were quantitated by using the

Quantity One Software (BIORAD) and intensity plotted as Bar Graph as shown in figure B.
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Figure 4.15: Effect of LPS treatment on the expression of GAPDH molecule in MH-

S cells. cDNA was prepared by reverse transcribing 1.5μg of RNA isolated from untreated

and LPS treated MH-S cell lines and amplified for 20 number of cycles at 55°C. The PCR

products were then run on 1.8% agarose gel, visualized under UV in Gel DOC System

(BIORAD) as shown in figure A. The bands thus obtained were quantitated by using the

Quantity One Software (BIORAD) and intensity plotted as Bar Graph as shown in figure B.
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Figure 4.16 : Effect of LPS treatment on the expression of MHC II molecule in MH-S

cells. cDNA was prepared byreverse transcribing 2μg of RNA isolated from untreated and LPS

treated MH-S cell lines and amplified for 30 number of cycles at 53°C. The PCR products were

then run on 1.8% agarose gel, visualized under UV in Gel DOC System (BIORAD) as shown in

figure A. The bands thus obtained were quantitated by using the Quantity One Software

(BIORAD) and intensity plotted as Bar Graph as shown in figure B.
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4.4 Standardization of real time PCR for studying modulation of 

expression of SNAREs 

Real-time polymerase chain reaction (PCR) is a powerful tool to quantitate gene 

expression which is now routinely used in molecular biology to study low abundance 

gene expression. It offers high sensitivity, good reproducibility and wide quantification 

range. Real-time PCR is easy to perform, provides the necessary accuracy and produces 

reliable as well as rapid quantification results. Real-time PCR has found immense 

application in studying relative gene expression, where the expression of a target gene is 

normalized by a non-regulated reference gene (endogenous control). In order to 

quantitate the levels of specific mRNAs transcripts and to compare the level of 

expression of the same gene under different experimental conditions, standardization of 

real time PCR is necessary. Dilution of cDNA defines one of the important parameter to 

be standardized as the Cycle-Threshold (CT) value of individual molecule depends on it. 

The CT is the numeric value for the number of cycle at which the product fluorescence 

crosses the threshold. Ideally this CT value should be within the range of 10 and 30 

cycles. Molecule with lower CT values indicates abundance of mRNA of that gene and 

vice versa. In order to obtain the CT within this range standardization for the 

concentration of cDNA was done. In order to check the efficiency of the primers, melting 

curve analysis of primers was performed. 
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4.4.1 Designation of Real Time PCR primers 

Primers were designed for the molecules for various SNAREs proteins using Primer-

BLAST, Oligo Calc, MultAlign and Sequence editor tools. The list of primers along with 

their melting temperature (Tm), GC content and amplicon size are shown in the table4.2. 

Table 4.2: List of Primers for Real Time PCR 

S.N Name of 

molecules 

Primers 

Forward primer (FP) 

Reverse primer (RP) 

Primer 

length 

(bp) 

Melting 

Tempreature 

Tm°C 

GC 

content 

Product 

length 

(bp) 

1. SNAP-23 FP: 5’-TCAGGATGCAGGAATCAAGACC-3’ 

RP: 5’-TGGTCCATGCCTTCTTCTATGC-3’ 

22 

22 

60 °C 

60°C 

50 

50 

81 

2. VAMP3 FP: 5’-GGTGGAAGAACTGCAAGATGTG-3’ 

RP: 5’-AGAGACACACCACACGATGATG-3’ 

22 

22 

59 °C 

60°C 

50 

50 

83 

3. Syntaxin4 FP: 5’-AATGCAGTCCGAATACCGAGAG-3’ 

RP: 5’-GTCAGACACCATTCCAGCATTG-3’ 

22 

22 

60 °C 

59°C 

50 

50 

82 

4. GAPDH FP: 5’-TCTTCCAGGTATCCTCTCTTGTC-3’ 

RP: 5’-CCTGAATGGA GAGATCTCTG C-3’ 

23 

21 

60 °C 

60°C 

55 

55 

82 

5. MHC II FP: 5’-CTTGAACAGCCCAATGTCGTCA-3’ 

RP:5’-CTGAGCAGACCAGAGTGTTGT-3’ 

22 

21 

60 °C 

60 °C 

55 

55 

82 
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4.4.2 Confirmation of primer specificity  

Melting curve analysis was performed which resulted in a single and product specific 

melting temperature. No primer-dimers as well as non-specific products were generated 

during the real-time PCR amplification cycles (Figure-4.17). 

4.4.3 Standardization of amount of cDNA 

The conc. of cDNA used while performing real time PCR is a crucial parameter. In order 

to get the optimal conc. of cDNA, its standardization was done by diluting the amount of 

cDNA. Prior to each quantitative Real Time-PCR, cDNA was prepared using 1μg of RNA. 

Thus obtained cDNA was diluted and tested for optimal CT value. After performing 

various dilutions, 1:4 dilution of cDNA was found to be the optimal for all the molecules 

studied. And, this dilution of the cDNA was further used to do quantitative real time PCR 

of LPS treated and untreated MH-S cell lines. 

4.4.4 Real Time Polymerase Chain Reaction and RQ value 

cDNA gererated were utilized for performing Real Time-PCR with gene specific primer 

(given in table no.4.2) in 7500 Fast Real Time PCR System using SYBR green universal PCR 

master mixture from G Biosciences as per the instructions of the supplier. Prior to each 

quantitative Real Time-PCR, cDNA was prepared using 1μg of RNA. Thus obtained cDNA 

was diluted in 1:4 ratios. For all experiments, cDNA of the untreated cells and treated 

cells assayed for the expression of GAPDH, which showed no modulation in the 

expression in the two samples. The expression of other molecules i.e. SNAP-23, 

Syntaxin4 and VAMP3 was normalized using this endogenous control (GAPDH) and the 

RQ (Relative Quantification) value was generated by the software (7500 fast) against a 

scale of 1 taken for the untreated expression. Expression of MHC class II molecule in 

presence of LPS was taken as the positive control. 

4.4.5 Studies on the modulation of SNAREs expression on MH-S cell 

line in presence of LPS 

 After standardization of the concentration of cDNA for the molecules involved in SNARE 

machinery, the optimal conditions for SNAP-23, Syntaxin4 and VAMP3 molecules were 

used to study the effect of LPS on mRNA level expression in MH-S cell lines. As seen with 

RT-PCR method, real-time PCR also revealed little or no modulation of SNAP-23, 

Syntaxin4 and VAMP3 (Figure-4.20, 4.21, 4.22). MHC II was used as the positive control 

which showed the upregulation on treatment with LPS (Figure-4.23B) whereas GAPDH 

was a endogenous control whose level remained the same (Figure-4.23A). 
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Figure 4.17: Melting curve analysis to check the specificity of the primers in MH-

S cells. 1µg of RNA was converted into cDNA from control and LPS-treated MH-S cells.

Thus obtained cDNA was diluted in 1:4 dilution and the 4 µl of cDNA and 0.5µl of

forward primer and 0.5µl of reverse primer was used to perform the Real-time PCR . The

melting curve was then obtained in 7500 Fast Real-time PCR system as shown in the

figure above.
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Figure 4.18: Amplification plot showing the corresponding CT values of SNAP-23,

Syntaxin4 and VAMP3 in Control and LPS-treated MH-S cells. 1µg of RNA was

converted into cDNA from control and LPS-treated MH-S cells. Thus obtained cDNA was

diluted in 1:4 dilution and the 4 µl of cDNA was used to perform the Real-time PCR . The

amplification plot was then obtained in 7500 Fast Real-time PCR system as shown in the

figure above.
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Figure 4.19: Amplification plot showing the corresponding CT values of GAPDH and MHC

II in Control and LPS-treated MH-S cells. 1µg of RNA was converted into cDNA from control and

LPS-treated MH-S cells. Thus obtained cDNA was diluted in 1:4 dilution and the 4 µl of cDNA was

used to perform the Real-time PCR . The amplification plot was then obtained in 7500 Fast Real-

time PCR system as shown in the figure above.
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Figure 4.20 : RQ value of SNAP-23 molecule in presence of LPS in MH-S cell lines.

cDNA was prepared from 1μg of RNA from untreated and LPS treated MH-S cell lines. Real-

time PCR was carried out for this molecule using 1:4 diluted cDNA with SYBR green reaction

mixture in 96 well real-time PCR plates and analyzed using 7500 fast software. The RQ value

obtained was plotted as Bar Graph as shown in the figure above.

0

0.2

0.4

0.6

0.8

1

Control LPS- treated

1

0.8

76

Chapter IV Results



R
Q

 v
al

u
e

Figure 4.21 : RQ value of Syntaxin4 molecules in presence of LPS in MH-S cell lines.

cDNA was prepared from 1μg of RNA from untreated and LPS treated MH-S cell lines. Real-

time PCR was carried out for this molecule using 1:4 diluted cDNA with SYBR green reaction

mixture in 96 well real-time PCR plates and analyzed using 7500 fast software. The RQ value

obtained was plotted as Bar Graph as shown in the figure above.
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Figure 4.22: RQ value of VAMP3 molecule in presence of LPS in MH-S cell lines.

cDNA was prepared from 1μg of RNA from untreated and LPS treated MH-S cell lines. Real-

time PCR was carried out for this molecule using 1:4 diluted cDNA with SYBR green reaction

mixture in 96 well real-time PCR plates and analyzed using 7500 fast software. The RQ value

obtained was plotted as Bar Graph as shown in the figure above.
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Figure 4.23 : RQ value of GAPDH and MHC II molecules in presence of LPS in MH-S

cell lines. cDNA was prepared from 1μg of RNA from untreated and LPS treated MH-S cell

lines. Real-time PCR was carried out for individual molecules using 1:4 diluted cDNA with

SYBR green reaction mixture in 96 well real-time PCR plates and analyzed using 7500 fast

software. The RQ value obtained was plotted as Bar Graph as shown in the figure above.
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4.5 Studies on modulation of expression of SNAREs on MH-S by 

Western Blotting 

Western blotting is an analytical method wherein a protein sample is electrophoresed 

on an SDS-PAGE and electrotransferred onto PVDF membrane. The transferred protein is 

detected using specific primary antibody and secondary enzyme labeled antibody and 

substrate. Thus the amount and modulation in expression of the desired protein can be 

characterized from a complex mixture (e.g. cell lysates) of proteins by western blotting 

followed by densitometric quantitation of specific bands. 

Expression of SNAREs (SNAP-23 and Syntaxin4) was studied on MH-S cell lines by 

western blotting. Figure-4.24 shows the expression of SNAP23 and figure-4.25 shows the 

expression of Syntaxin4 on both untreated MH-S cells as well as LPS treated MH-S cells. 

MH-S cells were cultured overnight in RPMI media constituted with 10% FBS in 5% CO2 

incubator. Cells were then cultured for next 24 hrs with or without LPS. Thereafter cells 

were harvested and cell lysates were prepared and the expression of the selected 

protein was done by western blotting. There was no change in the expression of both 

SNAP-23 and Syntaxin4 in LPS treated condition with respect to that of untreated 

conditions. β - actin acts as the endogenous control in the experiment. It was shown that 

there was no change in its expression in untreated and LPS treated condition as shown 

in the figure 4.26. 
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Figure 4.24: Western blotting to show the regulation of SNAP-23 in presence of

LPS in MH-S. Cell lysates were run on SDS-PAGE. The bands were transferred on PVDF

membrane and labelled with primary and secondary antibody and finally luminiscence were

captured on X-ray film. The X-ray film were then analyzed in GelDOC system (BIORAD) as

shown in figure A. The quantitation results were plotted as Bar Graph as shown in figure B.
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Figure 4.25 : Western blotting to show the regulation of Syntaxin4 in presence of

LPS in MH-S. Cell lysates were run on SDS-PAGE. The bands were transferred on PVDF

membrane and labelled with primary and secondary antibody and finally luminiscence

were captured on X-ray film. The X-ray film were then analyzed in GelDOC system (BIORAD)

as shown in figure A. The quantitation results were plotted as Bar Graph as shown in figure

B.
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Figure 4.26 : Western blotting to show the regulation of β-actin in presence of LPS

in MH-S. Cell lysates were run on SDS-PAGE. The bands were transferred on PVDF

membrane and labelled with primary and secondary antibody and finally luminiscence were

captured on X-ray film. The X-ray film were then analyzed in GelDOC system (BIORAD) as

shown in figure A. The quantitation results were plotted as Bar as shown in figure B.
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CHAPTER V 

DISCUSSION 

Various bacteria have the ability to enter the human body by different routes and cause 

diseases. This ability of the bacteria to cause the diseases can be called its pathogenicity. To 

defend against these pathogens and their toxicity, an intricate method of recognition and 

response has been developed. Our innate immune system uses TLRs that recognize conserved 

microbial structures or PAMPS and activate the defense system against them (Akira et al., 

2001). These events lead to the activation of transcription factor NF-κB. Thus activated NF-κB 

induces the expression of inflammatory cytokines and many other genes leading to an effective 

immune response (Takeda and Akira, 2005). TLR4 on innate immune cells recognizes LPS of 

gram negative bacteria and then starts a whole cascade of induced gene expression and a very 

specialized immune response to counter the onslaught of these gram negative bacteria.  

Antigen processing and presentation by APCs have fundamental role in host immune response. 

Most of the recent studies involving antigen presentations have been done on dendritic cells, a 

well known APC. Macrophages in comparision to DCs are numerous, easy to handle and do not 

have an immature-mature phase to deal with like that DCs. Macrophages cells have important 

role in antigen processing and presentation to T cells. Macrophages remove microorganisms 

and other foreign particles by phagocytosis. Phagosomes and lysosomes are the important 

compartments whose fusion is necessary to form the phagolysosomes. Through membrane-

trafficking events mediated by SNARE proteins, phagosomes fuse with lysosomes to form 

degradative phagolysosome (Matheoud et al., 2013). SNARE protein like VAMP3 mediates the 

delivery of TNF-α and other cytokines at the site of phagocytic cup formation by making the 

complex with SNAP-23 and Syntaxin4 which are present on plasma membrane. These events 

show the importance of SNARE proteins in phagolysosome maturation as well as exocytosis of 

the cytokines which indicate their role in antigen processing and presentation. So, it is 

presumed that specific SNARE proteins must also be involved in delivery and presentation of 

MHC or CD1 and processed antigen to APC membrane for display. 

In order to better understand the regulation of SNARE proteins during pathogenic challenges 

especially gram negative bacterial LPS, we exploited quantitative RT-PCR, Real-time PCR 

method and western blotting as the tool for our study. The RT-PCR method can be used not 

only to detect specific mRNA but also to quantitate their level. This can be done by quantitating 

the mRNA level of gene of interest against an endogenous control, housekeeping gene such as 

GAPDH and β-actin. Transcription of housekeeping gene is believed to be unaffected by almost 
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all experimental conditions. By including an endogenous control in the assay, reliability of any 

RT-PCR experiment can be certified. The signals produced are sensitive in determining the 

relative expression of the gene in every cycle. The main advantage of using the real time PCR 

over RT-PCR is that it is more sensitive and can detect the gene at low expression also and the 

PCR provides the result of every cycle when the reaction is on the process.  

Three molecules i.e. SNAP-23, Syntaxin4 and VAMP3 which are crucial for SNARE machinery for 

antigen presentation were identified by literature mining. A quantitative RT-PCR based method 

was standardized for different parameters like annealing temperature, number of cycles and 

amount of RNA. After standardization of these parameters, the modulation of the expression of 

these SNARE proteins were checked in LPS treated and untreated MH-S cell lines. Little or no 

modulation of the expression of these SNAREs was observed in LPS treated condition in 

comparision with that of non treated conditions. In order to validate the result obtained from 

RT-PCR, Real-time PCR was performed for all these molecules. For this, standardization of Real- 

time PCR was performed in term of concentration of cDNA.  Thereafter the real-time PCR 

results showed little or no modulation in the expression in all the molecules expression level in 

LPS treated cells in comparision with non treated MH-S cells. MHC class II was used as the 

positive control for this study. It was found that there was significant upregulation in expression 

of MHC class II at mRNA level in presence of LPS in MH-S cells by using both RT-PCR and Real-

time PCR (as expected) which validates the results of other molecules studied by this method.  

In order to study the expression of SNAP-23 and Syntaxin4 at protein level, western blotting 

was done. β-actin molecule was used as the endogenous control. At protein level also SNAP-23 

and Syntaxin4 showed very marginal or no modulation in presence of LPS in MHS cell lines. 

It was observed that at mRNA level as well as at protein level, there was no modulation in the 

expression of these SNAREs. This is similar to the previous observation of expression analysis of 

Syntaxi4 (Pagan et al., 2003) in which expression of Syntaxin4 was unchanged after 24 hrs of 

LPS treatment. It might be due to the reason that LPS might not be playing any significant role 

in the regulation pathway of these proteins. It can also be said that in these cells, SNAREs are 

present in the abundance level, so in presence of LPS they do not show any significant effect in 

their expression though they have role in the delivery of cytokines and TNF-α to the cell surface 

which are produced against pathogens. 

Though expression levels may not change- activation status may change, for example, many 

SNAREs are activated by post-translational modifications like phosphorylation or they may be 

activated by removal of inhibitory proteins. Also many times they may be recruited to the right 

subcellular compartment or membrane microdomain. Therefore, change in expression level 
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doesn’t mean that these SNAREs do not have a role. It may be also possible that other SNAREs 

may be involved for the expression or other mechanism of activation may be involved. 

More studied are required to answer these questions. But atleast we have standardize a 

reliable method to study up/down regulation of SNAREs in macrophages during Ag challenge 

and can be utilized to study the details of intracellular molecular mechanisms of Ag processing 

and presentation in APCs. 
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CHAPTER VI 

CONCLUSION 

Cellular immunity depends on the interaction of T-lymphocytes with APCs. Recognition of 

antigens by T-cells requires uptake, processing and presentation of pathogen-derived antigens 

on MHC of APCs. While the pathways of antigen processing and presentation in APCs have been 

defined, not much is known about the molecular mechanisms and regulation of intracellular 

traffic involved in antigen processing and presentation pathways in response to pathogens. 

SNAREs are the proteins that play crucial role in vesicle trafficking in cells and therefore in all 

immune process involving exocytosis of inflammatory mediatiors and uptake and killing of 

pathogens, also in transport, expression and downregulation of various receptors. In order to 

understand the regulation of SNARE proteins during pathogenic challenges especially gram 

negative bacterial LPS, we exploited quantitative RT-PCR, Real time PCR method and Western 

blotting as the tool for our study. The RT-PCR method can be used not only to detect specific 

mRNA but also to quantities their level. Real-time polymerase chain reaction (PCR) is a powerful 

tool to quantitate gene expression which is now routinely used in molecular biology to study 

low abundance gene expression. It offers high sensitivity, good reproducibility and wide 

quantification range.  Thus, one can compare levels of transcript in different samples. 

Molecules that are crucial for SNARE machinery of antigen processing and presentation were 

identified by literature mining as SNAP23, Syntaxin4 and VAMP3 and a quantitative RT-PCR 

based method was standardized in terms of annealing temperature, number of thermocylces 

and amount of RNA. In the same way Real time PCR method was standardized in term of 

concentration of cDNA. After standardization of parameters for PCR for molecules involved in 

antigen presentation by SNARE machinery were used to study the expression level. MHC-II was 

used as the positive control and GAPDH was used as the endogenous control. 

The expression of protein level was observed by performing western blotting. SNAP23 and 

Syntaxin4 were the molecules whose protein level of expression was observed. β-actin was 

choosen as the molecules for endogenous control.  

It was observed that mRNA level as well as protein level, there was no modulation in the 

expression of these SNAREs by LPS treatment pointing to some other mode of regulation of 

SNARE mediated intracellular traffic in response to LPS challenge in macrophages. 

This is the preliminary study for the modulation of these SNARE molecules. In order to know 

their complete regulation and modulation, more studied are required about other SNARE 
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molecules too which might play the important role for vaccine development process. But 

atleast we have standardize a reliable method to study up/down regulation of SNAREs in 

macrophages during Ag challenge and can be utilized to study the details of intracellular 

molecular mechanisms of Ag processing and presentation in APCs. 
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APPENDICES 

 5X TBE Buffer 

Tris Base          54g                                                             

Boric acid         27.5g                                                            

0.5 M EDTA (pH 8.0)        20ml                                          

Make final volume upto one litre final pH 8. 

 

 RPMI complete medium (1 litre) 

25 mM HEPES; with 10% FBS       2.5g                              

1 × 105 U/l gentamicine       120g                                      

2 mM L-glutamine        0.3g                                               

10 μM 2-mercaptoethanol       2ml                                  

Glucose         1g                                                                

RPMI          10.4g                                                                    

Sodium bicarbonate        2.6g                                            

 

 6X Gel loading dye 

10 mM Tris pH 8 

0.03% bromophenol blue 

60% Glycerol 

60 mM EDTA 

 

 5X RNA loading buffer 

Saturated aqueous bromophenol blue solution    16μl    

500 mM EDTA, pH8        80μl                                                     

37% 12.3 M formaldehyde       720μl                                     

Glycerol         12ml                                                                   

Formamide         3084μl                                                             

10x formaldehyde Agrose gel buffer      4ml                     

Final volume adjusted to 10 ml by adding RNase free water 

 

 Phosphate buffer saline (1 litre) 

Nacl          8g                                                                         

Na2HPO4.2H2O        1.44g                                                      

KCl          0.2g                                                                           

KH2PO4         0.2g                                                                 

pH was maintained to 7.3 to 7.4 with HCl 
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 TRIZOL Reagent 

 4M Guanidine thiocyanate Phenol 

            0.8 M Sodium citrate 

            0.5% N-laurosyl-5-acrosine 

            0.1 M B-mercaptoethanol 

 10X formaldehyde Agarose gel buffer 

            200mM MOPS 

            50 mM sodium acetate 

            10 mM EDTA 

             pH adjusted to 7 by NaoH 

 1X formaldehyde Agarose running buffer (1 litre) 

            10X formaldehyde Agarose gel buffer      100ml            

             37% (12.3M) formaldehyde       20ml                           

              Rnase free water        880ml                                            

        Western Blot and SDS-PAGE Solutions: 

Use autoclaved MQ to prepare all solutions. 

 2X sample Buffer:(A. take glycerol and water, boil then add SDS and upper gel 

buffer. B. Prepare 2% PBS in water (0.2g/10ml) 

20ml glycerol 

25ml upper gel buffer 4X 

4 gram SDS 

200ul of 2% Bromophenol Blue 

Make upto 100ml with MQ, then add 2% final working conc. β-ME as needed 

while making 1X.(store at RT) 

 

 4X lower gel buffer                               4X upper Gel buffer 

90.8g Tris                                                               30.3g Tris 

2g SDS                                                                    2g SDS 

Make 500ml. pH-8.8 with HCL                          Make 500ml. pH -6.8 with HCL 

 30% acrylamide: 

29 gram acrylamide 

1g bis-acrylamide 
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Dissolve un 100ml MQ  in dark. Filter with Whatman filter paper, Cover with foil 

and store at 4c. 

 APS: 

10% (100mg in 1 ml) 

Aliquet 200ul/vial 

Store at -20c. 

 

 10X Gel Running Buffer (single use): 

          For 1lit:                                                                      

0.25M Tris        30.25g Tris                                                     

1.92 M Glycine       144g Glycine                                            

1%SDS         10g SDS                                                           

            pH-8.3 

 

 Transfer Buffer (Single Use):     

           For 1 liter                                                                                    

10X Gel Running buffer      100ml                                           

Methanol        200ml                                                                   

MQ          700ml                                                                             

# prepare 1 to 1.5ml for 1 tank a day before use and store in cold room . Store 

the leftover at 4°c if required . 

 

 Cell lysis buffer 

          50 mM Tris-HCl, pH 7.4        50 ml                             

          150 mM NaCl        8.76 g                                               

          1% Triton X-100        10 ml                                        

          0.5% Sodium deoxylcholate      5 g                       

         0.1% SDS         1 g                                                

        1 mM EDTA        2 ml                                              

        10 mM NaF        0.42 g                                                    

Add ddH2O to make final volume of 1000 ml 

Add PMSF to a final concentration of 1 mM and any other protease inhibitors                                                                     

immediately before use. 


