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ABSTRACT 
 
Mast cells have been rightly regarded as the sentinels in the immune system owing to 
their strategic location and functions (both effective and regulatory functions) they 
mediate in the tissue microenvironment. The intracellular pathogens namely, 
Trichinella spiralis, Listeria monocytogenes and Toxoplasma gondii are known to 
have successfully evaded the immune system to subsequently colonize their 
respective hosts. Even though the role of mast cells in defensive responses against 
atleast one of the above mentioned pathogens is relatively known, the contribution of 
its major secretagogues, the mast cell proteases in defense remains less 
comprehensively available. The present study involved the investigation of three mast 
cell proteases in targeting the lysates from above mentioned antigens under in vitro 
conditions. The proteases, especially the chymase mouse mast cell protease 4 
(mMCP-4), either alone or in combination with carboxypeptidase A (CPA) were 
demonstrated biochemically to target quite a number of proteins from the cell lysate 
of both T. spiralis and L. monocytogenes that are thought to be essential for the 
survival of such pathogens in the host. Specifically, the mouse mast cell protease 4, 
(mMCP 4) targeted in vitro quite a number of proteins involved in parasite 
propagation and survival in the host tissue. In addition, cultured peritoneal mast cells 
degranulated in presence of listerial lysate and exhibited reduced survival levels at 
higher concentrations of the antigen. 
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SUMMARY 
 
Mast cells, the once relatively obscure cells of the immune system, have in recent 
times been receiving considerable attention for their plethora of activities ranging 
from allergic reactions, autoimmune diseases and cancer to defensive and beneficial 
responses against various pathogens like bacteria and parasites and wound healing. 
These cells are an important player in the innate response displayed by the immune 
system and also influence the adaptive capabilities of the host that manifests itself in 
the later stages of an infection. It is therefore imperative for such cells to be resident 
at the host- environment interface which includes the respiratory and the intestinal 
tracts. The mast cells effectively conduct a criss-cross communication between the 
various components of the immune system through a series of potent chemical 
mediators such as biological amines, cytokines, neutral proteases and proteoglycans. 
The aforementioned products of the mast cells are stored in tightly packed 
intracellular granules and released by de-granulation in response to infection.  
 
Numerous studies have been carried out to investigate the protective role of mast cell 
and its mediators on pathogenic micro organisms. This project involved the 
biochemical characterization of possible targets of mast cell proteases which have 
been derived from pathogens such as the intracellular parasites such as Trichinella 
spiralis and Toxoplasma gondii and the bacterium Listeria monocytogenes. Both 
Trichinella and Toxoplasma have established themselves as successful intracellular 
parasitic symbionts, capable of infecting almost all of the warm blooded animals. T. 
gondii in particular has been shown to have a worldwide distribution and is 
supposedly prevalent in one- third of the populace worldwide. L. monocytogenes is a 
gram positive bacterium that causes listeriosis that can manifest itself with major 
health complications such as meningitis, encephalitis, septic shock and abortions. It is 
therefore important to deal with such pathogens and understand immune mechanisms 
against them that encompass the development of strategies and designing of targets to 
counter such infective agents. The first approach in the biochemical characterization 
involved the study of various mast cell protease containing elutes from mouse ear 
extracts which demonstrated significant yet variable activities against lysates of the 
pathogens under study. This might well prove to be the initial step in identifying key 
proteins that can be targeted by mast cell proteases, a therapeutic approach in the 
elimination of such parasite mediated infections. The work also extended to 
stimulation experiments of the above mentioned antigen lysal extracts on both 
cultured bone marrow mast cells (BMMC’s) and the peritoneal mast cells followed by 
assays for mast cell degranulation, protease activities and cell viability. 
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INTRODUCTION 

Mast cell origins 

Coined from the German word ‘Mastzellen’ by Paul Ehrlich [1] (originally thought to 
be feeder cells due to their characteristic granules) mast cells have come a long way 
from obscurity to revel under the focus of modern research and have been rightly 
regarded as the sentinels of the immune system. These round to oval shaped cells are 
tissue dwelling and contain dense granules in their cytoplasm packed with pre-formed 
mediators such as neutral proteases, cytokines, histamine, proteoglycans as prominent 
examples. The origin and maturation of mast cells is quite intriguing. Basically 
derived from the bone marrow, the immature forms circulate through blood to reach 
their respective tissue sites and under specific environmental conditions, the cells 
mature into the types with characteristics that typically characterize the mast cells. 
While mouse mast cells have been found to originate from bone marrow stem cells, 
their human counterparts are derived from CD34+ progenitor cells [2] from the bone 
marrow as well. At locations of their final maturity, the stem cell factor (SCF, derived 
from fibroblasts, endothelial and stromal cells) is quintessential for terminal 
differentiation of mast cells [3], which is delivered to them by the c-kit receptor on 
the surface of these cells. In addition to SCF, the cytokines IL-3, 4 and 10 support the 
maturation and proliferation of mast cells [4]. The stem cell factor also preserves the 
viability by preventing apoptosis [5]. These cytokines influence the neighbouring 
vicinity of the maturing mast cells and also significantly contribute to the 
heterogeneity of such cells that are typically classified as the connective tissue 
(CTMC) or serosal and mucosal (MMC) mast cells in rodents.   

Classical subtyping 

The mucosal and connective tissue types correspond to the MCTC and MCT cell types 
in humans respectively. While the former cell type is localized in connective tissues 
such as the skin, peritoneum and sub mucosa, the latter mucosal types are confined 
majorly to the lamina propria of the lung and mucosal layer in intestine. In addition, 
the MMC/ MCT analogues express only one of the neutral proteases contained in 
them, the chymase and tryptase respectively, the connective tissue cell types express a 
variety of proteases, namely chymase, tryptase and the carboxypeptidase A (CPA).  

Characteristic attribute MMC’s CTMC’s 
Location Intestinal mucosal layer Peritoneal cavity, skin and 

intestinal sub mucosa. 
Appearance Smaller, of variable shape Larger, uniform shape 
Staining Alcian blue Safranin and Berberine 
Lifetime Shorter lifetime Longer lifespan 
Dependence T cell dependent T cell independent 
Proteoglycan Chondroitin Sulphate Heparin 
Protease storage mMCP- 1 and 2 mMCP- 4, 5, 6 and 7 
Histamine storage Low High 

Table 1: Differences between rodent mucosal and connective tissue mast cells. 

Further, MMC’s are comparatively smaller, contain relatively lesser amounts of 
histamine and packed with the Chondroitin Sulphate (CS) glycosaminoglycan (GAG) 
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chains connected to the serglycin core, while the CTMC’s contain denser granules 
with more histamine in them and are typically characterized by having heparin GAG 
chains linked to the protein moiety to form the characteristic proteogycan (PG). In 
addition, mast cells can be differentiated from other surrounding cells and among its 
subsets by metachromatic staining. Toluidine blue, a thiazine dye preferentially stains 
the cytoplasm containing the secretory granules purple in colour against a blue 
background owing to the reaction of the basic dye on the acidic proteoglycans. Mast 
cells can also be stained (histochemical or immunohistochemical methods) 
specifically for protease activity [6] (detection of chymase activity through 
chloroacetate esterase for example), cell surface receptor as in the case of CD117 
receptor etc. The serosal cells, unlike the mucosal types stain well with safranin and 
berberine [7] due to accumulation of heparin in their proteoglycan. The mucosal types 
stain blue with alcian blue due to presence of chondroitin sulphate in their PG’s. The 
classification into the mucosal and connective tissue types is based on yet another 
dissimilarity with the former being T cell dependent for its proliferation [8]. The 
connective tissue subset however is little influenced by T cells and has been proven to 
be present in sufficient numbers in athymic mice when compared with normal 
animals. It is also known that mucosal mast cells require IL-3 for their maturation 
whereas the serosal types are majorly dependent on the stem cell factor for the same. 
 

 

 
 

Figure 1: (from top left corner) a. Toluidine blue staining of peritoneal mast cells 
(PCMC’s) with dense granules in cytoplasm. b. Bone marrow derived (BMMC’s) 
wild type mast cells and c. BMMC’s Serglycin knock- out strain with less electron 

dense granules revealed by heterochromatic staining with Toluidine blue. d. Cultured 
BMMC’s at the end of 5 weeks, stained with May Grunwald/ Giemsa, adapted from 
Åbrink M.A. et.al, 2004. [11] e. Ultrastructure of peritoneal mast cell stained with 

safranin, modified from Nakano T. et al. 1985 [23] f. Intestinal mast cells stained with 
chloroacetate esterase after Trichinella infection (arrows indicate mast cells as brown 

spots after stain, Courtesy: Ananya Roy). 
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Intracellular packaging 

Mast cells store their proteases in fully active form (after pre-proenzyme processing) 
and in abundant numbers in their granules [9]. This highlights the functional 
importance of such mediators in inducing a rapid and effective immune response post 
degranulation. Proteases such as chymase, tryptase and carboxypeptidase A have 
been found in complex with heparin/ chondroitin sulphate proteoglycans inside the 
granules. Their average molecular weight range from about 27,000 to 36,000 kD 
though this can be variable depending on their aggregation to the proteoglycan or 
individual subunits. The serglycin proteoglycans in mast cells consist of a protein 
core (with serine and glycine repeats and therefore termed ‘serglycin’) attached to 
GAG (heparin/ chondroitin sulphate) chains. The chains attached to the serglycin core 
are usually found to be heavily sulphated to propel their net negative charge. On the 
other hand, mast cell proteases, specifically tryptase has been discovered to possess 
surface positively charged Histidine residues (at acidic pH) which enables the enzyme 
to remain bound to the heparin GAG chains within the granule to promote its storage 
and preserve activity [10, 11]. Tryptase, in its active state is predominantly in a 
tetrameric form though there have been a few studies [12] indicating that also 
individual monomers, upon dissociation from heparin, exhibited significant activity. 
Yet, it is speculated that a relatively shorter time period is required for the tryptase 
monomers to become inactivated by low molecular weight inhibitors that did not bind 
to the tetrameric enzyme. It is opined that mast cell mediators such as histamine, a 
positively charged amine interacts electrostatically with heparin to facilitate its 
encapsulation within the granules of cells [13]. Though chymase in its active 
monomeric state is not dependent on heparin for its activity, the latter modulates the 
activity of the former and prevents the enzyme from inhibition by macromolecular 
inhibitors [14]. Upon appropriate stimulation, the granules exocytose and release 
various mediators to exert their biological influence. Once activated, the mast cell 
proteases are released into the exterior apart from cytokines, histamine and 
proteoglycans to name a few.  
 
Exocytosis of mast cells leads to release of both pre- formed (immediate reaction, 
characterized as the acute event of de-granulation) and differential mediated release 
(through de- novo synthesis after activation). The release of mediators can be 
classified as: 
 
GRANULE ASSOCIATED MEDIATORS 
 

1. Biogenic amines (Histamine and Serotonin) 
2. Mast cell proteases (Chymase, Tryptase, CPA, MMP) 
3. Enzymes such as β- hexosaminidase, phospholipases etc. 
4. Proteoglycans (Chondroitin Sulphate and Heparin) 
5. Growth factors such as TNF- α and VEGF. 

 
LIPID DERIVED MEDIATORS (ecosanoids) 
 

1. Lipid derived: LTB4 and LTC4; PGD2 and PGE4. 
2. Platelet activation factor. 
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CYTOKINES 
 

1. Pro- inflammatory cytokines such as (Interleukin) IL-1 α, IL- 1β and TNF. 
2. Cytokines that induce a TH1 response: IFN- γ and IL- 12. 
3. IL- 3, 4, 5, 9, 13, 15 and 16 which generate a TH2 response. 

 
OTHER MEDIATORS 
 

1. Nitric Oxide 
2. Antimicrobial peptides such as Cathelicidins (bactericidal) [15] 
 

Serine proteinases 
 
The mouse mast cell proteases are classified, as mentioned previously, into chymases, 
tryptases and CPA. The mucosal types express two β chymases, mouse mast cell 
protease (mMCP) -1 and -2 [16]. The connective tissue types, on the other hand 
synthesize the predominant mMCP -4 and -5 (β and α chymases respectively) besides 
the mMCP-6 and 7 tryptases as well as the MC-CPA [11]. The chymase mMCP-4 is 
thought to be the functional homologue to human α chymase [17] and the major 
enzyme possessing chymotrypsin like activity in connective tissue and the peritoneum. 
The chymases from CTMC’s demonstrated potent activities against plasmin, 
thrombin, fibronectin etc. and are believed to be involved in tissue remodeling, in the 
activation of matrix metalloprotease 9 (MMP-9) for instance [18], regulate vascular 
permeability and cytokine activation. It was demonstrated [19] that the processing of 
MMP-9 was abrogated in NDST-2 (N-deacetylase/ N- sulphotransferase, an enzyme 
involved in mast cell heparin synthesis) knock out mice when compared to the wild 
type animals, an effect attributed to the reduced storage capabilities of the 
proteoglycan in absence of the enzyme. Further, the mMCP- 4 and 
carboxypeptidaseA have been reported to work in concert by Lundequist et al. [20] to 
cleave angiotensin and degrade lipoprotein. It is believed the cytokines for example, 
IL-13, 16, 1β precursor, TGF- β1 etc. secreted into the exterior following 
degranulation can be targets of the neutral proteases [9]. The targets for the mast cell 
CPA are relatively unknown in comparison with the other two proteases. However, 
the MC-CPA knock- out mice exhibited altered granular staining and defective 
mMCP-5 storage [21].  
 
It is in the multitude of potential substrates and a wide range of pathological 
conditions, for example in fibrosis, psoriasis, atopic eczema, congenital heart disease, 
airway inflammation, sepsis, joint inflammation, ulcerative colitis, multiple sclerosis, 
Duchenne muscular dystrophy etc. that the mast cells proteases are associated with 
which makes sense for such molecules to be strictly regulated upon their release. 
There are a few endogenous protease inhibitors, specifically belonging to the serpin 
class of inhibitors [9] such as α1-AC, the secretory leukocyte proteinase inhibitor 
(SLPI) etc. In addition, a number of low molecular weight inhibitors of synthetic 
origin against both chymase and tryptase are available that can be used in the near 
future as drugs to target proteases of mast cell origin to ameliorate certain 
pathological conditions caused by them.  
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Activation pathways 

Mast cells are capable of releasing both its preformed as well those synthesised (de-
novo route) post activation. The characteristic mechanism of mast cell activation is 
mediated by cross linking of its high affinity FcεRI receptor with the Fc portion of 
IgE bound to the antigen. Activation occurs also through complement system, the toll 
like receptors (functional TLR- 1, 2, 3, 4, 6, 7 and 9) and the FcγR that recognizes 
antigen bound to IgG [22]. The TLR present in mast cells can recognize microbial 
compounds for example, the bacterial peptidoglycan which can then signal activation 
[1]. Alternative pathways include but are not limited to for instance, the basic 
secretagogues, eosinophilic basic protein and non immunogenic substances such as 
Substance P, compound 48/80, neurotensin etc. [23]. The BMMC’s phenotypically 
mimic the mucosal mast cells when cultured in vitro in presence of IL-3 alone. 
However, the immature BMMC’s are also capable of switching over to the 
connective tissue types when cultured with a combination of SCF along with IL-3 or 
when such immature cells are injected into the peritoneum/ skin of mice [24].  
However, Miller et al. [25] observed that in addition to IL-3, the interleukins 4 and 10 
played an essential role in the BMMC’s cultured in vitro to fully adopt a mucosal 
mast cell like phenotype and express the MMC chymases such as mMCP-1. 
Irrespective of the kind of cytokine influence, the bone marrow mast cells cultured in 
vitro synthesized Chondriotin sulphate chains attached to the PG in both MMC like 
and CTMC like cells [26] with the connective tissue like types that expressed the core 
protein with higher charge density. 

 
Figure 2: Mast cell activation through cross linking high affinity FcεRI with IgE 

complexed with antigen/ allergen. 
 
Defensive responses against helminthic infection 
 
Mast cells are a crucial link between the innate and adaptive immune systems. This is 
well demonstrated with infections that involve helminthic parasites. Several studies 
have been carried out to elucidate the protective role of mast cell and its mediators 
against intracellular parasites Trichinella spiralis, Nippostrongylus brasiliensis, 
Heligmosomoides polygyrus, Toxoplama gondii etc. Upon infection, parasitic 
protozoans induce the development of a TH2 response [27] that activates CD4+ TH2 
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cells, eosinophils, mast cells and basophils. A TH1 response to helminthic infection 
for adult parasite clearance eventually is replaced by a TH2 response after egg 
deposition. The latter response is vital in controlling the inflammatory conditions 
brought about by the former. Primary infection is usually chronic with the sustenance 
of the adult worm but secondary infections are usually mounted with an effective 
response from the host due to a CD4+ TH2 memory response. Mast cells are a major 
source of type 2 cytokines such as IL- 4, 6, 10 and 13 and with a parasite infection, 
mast cells proliferate in high numbers especially in the intestine (mast cell 
hyperplasia) to increase the secretion of such soluble mediators in order to amplify a 
type 2 immune response. The de-granulated mast cells products apart from further 
downstream signaling have been shown to increase vascular permeability and gut 
contractility to facilitate the mobilization of infiltrating cells such as macrophages and 
neutrophils in proximity to the parasite [28]. 
 
Trichinella spiralis: transmission and disease 
 
It is essential to understand the life cycle of a parasite in its natural host to appreciate 
the guest- host response and the mechanisms involved in such an interaction. The 
intestinal nematode, Trichinella spiralis is a causative agent of trichinellosis in 
humans transmitted through consumption of contaminated meat. Trichinella 
outbreaks through commercial meat consumption, in recent years have been curtailed 
following strict guidelines though such an infection is still a cause of worry in 
communities that lack such knowledge and sophistication. The trichina worm is an 
intracellular parasite that resides in the skeletal muscle of mammals. The muscle 
stage larvae are released upon action of digestive enzymes on infected meat to release 
the muscle stage larvae (enteral phase of infection). The released larvae then travel 
through the intestinal lumen into the submucosa to molt atleast four times and mature 
as adult worms. In about 3-4 days, the adult worms migrate back to the lumen and 
mate to shred the new born larvae (NBL) from about 6-7 days [29] until the time they 
are cleared out of the intestinal tract by the host immune system. The juveniles are 
disseminated by the circulatory system which then subsequently invade the skeletal 
muscle tissue (the parenteral phase) where they begin the process of converting the 
host cell into a type that supports the parasite. The parasite-nurse cell complex is a 
characteristic feature that represents the chronic state of infection by T. spiralis and 
its related species. Nurse cell formation is usually completed by the end of fourth 
week [30] after which the muscle stage larvae remain dormant until the infected host 
is preyed upon by another animal. The mechanisms leading to transformation of 
muscle cell into a type that supports larval growth is relatively unknown. However, 
Despommier (1998) hypothesized the parakines, signaling molecules secreted by the 
L1 larvae and proteins derived from its stichocytes facilitate the entry of the parasite 
into muscle tissue and bring about a change in morphology. It was also suggested the 
possibility of such resident larvae to signal hypoxic conditions in the surrounding 
environment to upregulate the vascular endothelial growth factor (VEGF) which in 
turn promoted the formation of new blood vessels to enable the parasite carry out its 
metabolic activities. 
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Figure 3: Trichinella L1 larvae- muscle cell complex (nurse cell) with infiltrating 
immune cells of the host surrounding the worm. (Courtesy: Ananya Roy) 

 
Mast cell responses to Trichinella infection 
 
The enteral phase of trichinella infection occurs primarily in the intestine of the host. 
Mast cells have been found to play a major role in clearing the nematode through 
mechanisms such as adult worm rejection (mediated through rapid expulsion in rats 
during secondary infection), mucus larval entrapment and heightened intestinal 
permeability. This was confirmed through studies conducted on mice that either were 
either mast cell deficient [31] through mutation of c- kit receptor or by treatment of 
normal mice with antibodies against the receptor or its ligand, the SCF [32]. The adult 
trichina worm, in the gut, induces a potent TH2 response which stimulates the 
activation of MMC in an IL-4 dependent manner [27]. The activated mucosal mast 
cells then undergo proliferation and increase the intestinal permeability possibly by 
degrading the occludin proteins that form the tight junctions which function as 
mucosal barriers in the intestine [28]. This increased permeability is effected by 
mMCP-1, a MMC β chymase that facilitates the transport of antibodies, immune cells 
and other anti- nematode components to sites of parasite colonization. It has been 
specifically demonstrated that the lack of mMCP-1 (the corresponding chymase 
knock out in mice) resulted in a delayed expulsion of T. spiralis [33] in both primary 
and secondary infections. Friend et al. [34] reported the reversible expression of 
proteases by mast cells in the enteral phase of Trichinella infection. MC’s of such 
mice ceased expression of mMCP- 6 and 7 tryptases as they traversed from the 
submucosal region to the tip of villus and instead expressed mMCP- 9 and 
subsequently mMCP- 2 during the inductive phase of infection. In the recovery phase, 
the mast cells migrated back to the submucosa as they resumed expression of 
tryptases along with mMCP-9. The phenomenon of rapid expulsion is unique to rats 
in which the hosts expel the intestinal trichinella worms in a matter of few hours 
during a secondary infection. However, such an expulsion according to Blum et al. 
[35] occurred independent of RMCP II (rat mast cell protease II) release, an 
equivalent of mMCP- 1 in mice. This can possibly mean the variable mechanisms 
mediated by different hosts in eliciting immune responses to trichinella. 
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The trichinella parasite is well adapted to two different environments, namely the 
intestine and muscle tissue in the host. The intestinal/ enteric phase of infection 
signals the acute stage of infection and is a target of a diverse range of immune cells 
ranging from but not limited to mast cells, eosinophils, B cells and so forth. However, 
unlike the intestinal phase of infection, the immune response to the chronic, muscle 
stage is not yet fully understood and it is still unknown by which mechanisms the 
NBL successfully transforms the terminally differentiated muscle tissue of the host 
into a nurse cell type that provides a niche for the parasite to grow and remain 
dormant. Proteins from the muscle larvae, called the late stage, TSL- 1 antigens [36] 
are usually found on the surface of the parasite and in the excretory- secretory 
products (ESP). Such antigens are recognized through their carbohydrate moiety, 3,6-
dideoxy arabinohexose, tyvelose. This stage specific sugar molecule is not present in 
adult worms. It is believed the ESP likely initiates the muscle cell transformation. The 
products include functional proteins such as protease inhibitors, heat shock proteins, 
endonucleases, superoxide dismutases etc. [37]. The prominent ESP’s include the 43 
kD protein that might be attributed for capsule formation and interference with host 
muscle gene expression, the 53 kD protein in possibly altering the host immune 
response and finally the 45 kD protein that is thought to have a tryptic like serine 
protease activity. There have been a few studies, for instance the role of mMCP- 6, a 
mast cell tryptase in the recruitment of eosinophils at the sites of muscle larval 
infection [38]. The tryptase knock- out mice demonstrated an impaired ability in 
recruiting eosinophils that have been shown to possess a cytotoxic effect on the 
trichinella larvae. Another feature of muscle stage trichinella infection is the 
formation of granuloma structures around the larvae [26] that is strongly influenced 
by T cells. The immune response is thought to be a predominantly TH1 type reaction 
but secretion of a variety of cytokines such as IL- 5, 9, 13 and IFN- γ might suggest a 
mixed response [39]. Nevertheless, T cells along with B cells and macrophages are 
believed to play important roles in muscle stage infection, though further studies are 
required for a thorough investigation of the immune mechanisms involved. Fabre et al. 
[39] further explained the anti- inflammatory role of IL- 10 and TGF- β in chronic 
infection and their possible role in heightened larval survivability. 
 
Toxoplasma gondii:  life cycle, pathogenesis and defense mediation through mast 
cells 
 
Another intracellular parasite, Toxoplasma gondii, has also successfully parasitized 
almost all warm blooded animals. The current treatment strategies have also been 
found to cause adverse side effects in humans. Further, the coccidian parasite has also 
been known to cause life threatening disease conditions in immuno-compromised 
patients. The parasite has distinct sexual and asexual life cycles with the members of 
the feline family as the primary host [40]. It is in the primary host that the parasite 
undergoes sexual reproduction to form oocysts which are subsequently shed along 
with faeces. These oocysts, upon ingestion, can invade the intestinal epithelial cells of 
any mammal as sporozoites and divide asexually to from tachyzoites. The parasite is 
then disseminated throughout the body by infected macrophages. After being 
encountered by the immune system of the host, the tachyzoites form bradyzoites to 
deposit in tissues such as brain and muscle tissue and can remain dormant for long 
periods. Infection with the parasite stimulates the secretion of IL- 12 and IFN- γ by 
macrophages, T cells, neutrophils, dendritic cells as major contributors. This TH1 
response leads to production of Nitric Oxide (NO), and other anti- parasital molecules 
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which has been demonstrated to kill tachyzoites [41]. The down regulation of the TH1 
response is essential to limit inflammatory response and self damage by the host. 
Mast cells aid in controlling the TH1 response by releasing cytokines such as IL- 4, 10 
and 13 which are essentially involved in TH2 signaling [42] and also help in 
recuriting other cells of the immune system. Ferreira G.L.S. et. al, also reported an 
increase in influx of neutrophils by action of mast cells after 12 hours to the site of 
infection in T. gondii infected Calomys callosus, a rodent sharing similar features of 
mast cells to that of rat and humans. Henderson W.R. and Chi E.Y. [43] reported the 
cytotoxic effect of leukotriene, LTB4 in response to T. gondii infection by peritoneal 
mast cells.  
 
Listeria monocytogenes: Mast cell response to bacterial infection 

 
Listeria monocytogenes, a gram positive facultative anaerobic bacterium, is the 
causative agent of listeriosis, a primarily food borne disease. The bacterium invades 
the gastrointestinal tract and disseminates through a number of cells including 
phagocytic types as well. The consequences of such an infection can be life 
threatening and includes septic shock, listerial meningitis, pneumonia and is 
particularly deadly to pregnant mothers and their foetuses. As mentioned earlier, mast 
cells possess TLR on their surface which secretes cytokines [1] rather than undergo 
complete degranulation. These receptors specifically recognize bacterial DNA, 
peptidoglycan (PGN), lipopolysaccharide (LPS) etc. through subsets 9, 2 and 4 
respectively. BMMC’s with mutated TLR-4 witnessed an impaired ability to produce 
IL- 1β and 13 which failed to recruit neutrophils to the site of enterobacterial 
infection and such mice exhibited increased mortality [44]. 
 

 
 

Figure 4: Mast cells from the peritoneal cavity of Calomys callosus incubated with 
tachyzoite of T. gondii for 30 minutes. Adapted from Ferreira G.L.S. et. al, 2004. [41] 

 
 
Ronnberg et al. outlined the importance of BMMC’s in infection with another gram- 
positive bacterium, Streptococcus equi [45]. The cells secreted an assortment of 
cytokines/ chemokines in response to infection in both TLR 2 dependent and 
probably independent mechanisms. The α2β1 integrin receptor is expressed in a 
number of cells including the peritoneal mast cells. During peritonitis, an infection 
caused by the gram positive intracellular bacterium, L. monocytogenes the receptors 
trigger the activation of mast cells and induce them to signal an inflammatory 
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response through cytokine secretion [46]. The wild type and W/Wv mast cell deficient 
mice harboured similar listerial burdens when compared to α2β1 integrin deficient 
animals in liver and spleen 2 days post infection. The results attributed to the early 
mast cell responses to listerial infection and the lack of the α2β1 integrin receptor in 
some other cell type in the receptor knock out mice might have had contributed to the 
severity of such an infection. Marshall et al. [15] also mentioned the possibility of 
other molecules such as the PGN binding proteins in clearing gram-positive bacteria 
which contain peptidoglycan in their cell walls. Mast cells also de-granulated in 
presence of L. monocytogenes to secrete TNF α which mobilized neutrophils [47] to 
the site of infection. Gekara et al. further demonstrated the elevated expression of 
LAMP- 1 protein which is usually expressed on the cell surface upon degranulation. 
This indicated the activation and subsequent exocytosis of mast cells post an intra 
peritoneal injection with the bacterium after about 30 minutes.   
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MATERIALS AND METHODS 
 
Preparation of crude samples and elution from mouse ear extracts 
 
Mice of C57BL6 background, aged between 4-6 weeks were used in elution 
experiments from ear tissue, a rich and easily accessible source of connective tissue 
mast cells that expressed the major three proteases: tryptase, chymase and CPA. The 
wild type strain was characterized to contain all the three proteases whereas the 
mMCP-4, 6 and CPA knock outs, as the name indicated did not synthesize active 
amounts of chymase mMCP- 4, tryptase mMCP- 6 and carboxypeptidase A 
respectively. The CPA knock- out mice possessed the inactive gene that coded for 
mMCP- 5, in comparison to their CPA Inactive counterparts which probably 
synthesized the α chymase. 
 
Ears from euthanized mice (of WT, mMCP-4, 6, CPA and Serglycin knockouts) were 
frozen in liquid nitrogen and crushed immediately with mortar and pestle about 4-5 
times until powdery. The powdered tissue were suspended in 2M NaCl with 0.5% 
Trition X 100 and incubated at room temperature for about 30 minutes. The crude 
samples were then centrifuged at 13,000 rpm for about 20 minutes at 4°C and diluted 
with 1X concentration PBS until a final salt concentration of 0.2 M. The samples 
were now ready for elution. 
 
Sephacel columns (DEAE, a weak anion exchanger with beaded cellulose) were used 
for elutions with separation of mouse mast cell proteases based upon increasing salt 
concentrations of buffers used. 0.6 ml of Sephacel slurry (in ethanol) was packed in a 
column and run with 6 CV of water about 3-4 times to ensure removal of ethanol. The 
column was then washed with 1X PBS twice and checked for pH around 6. The crude 
extracts were then applied immediately after which they were collected at the other 
end and re-applied. 300 µl of each of buffers with increasing salt concentrations (0.5, 
1 and 2M) were used to elute the three different mouse mast cell proteases, mMCP-6, 
Carboxypeptidase A and mMCP-4 respectively. 
 
Assay for activity using Chromogenic substrates 
 
The chromogenic substrates S-2288, M-2245 and S-2586 were used to assay for 
tryptase, CPA and chymase activities respectively in the eluted fractions. About 10 µl 
of these eluted fractions were treated with 1.8 mM of 20 µl of each of the above 
mentioned substrates in distilled water and read at 405 nm at different time intervals. 
Prior to the assay, the pH of 0.5M eluted fraction that contained mouse mast cell 
tryptase was reduced to about 6. In addition, pre incubation studies with heparin (1 
mg/ml concentration) were carried out for both WT crude and 0.5M elutes at different 
time points, from about 30 minutes to 3 hours.  While tryptase readings were recorded 
until about one to one and a half hours, chymase and CPA readings were observed 
from the first hour and overnight readings. 
 
Preparation of Trichinella and Listeria lysates 
 
Muscle stage L1 trichinella larvae were harvested from infected mice by pepsin- HCl 
digestion. The larvae were then separated from muscle tissue and sonicated at low 
speed for about 4-5 times at 15 second intervals. The sonicated sample was 
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centrifuged at 13,000 rpm for about 15 min at 4 degrees celsius after 30 minutes 
incubation on ice. Bradford assay was done to determine the protein content in the 
final trichinella sample. 
 
The steps followed for preparation of listeria bacterial lysate were similar to those 
performed for trichinella muscle stage larvae lysate except for a reduction in number 
of times the listerial sample was sonicated (ie. about 2-3 times proved sufficient). The 
RIPA cell lysis buffer was used for both trichinella and listerial samples prior 
sonication. The soluble tachyzoite antigen (STAG’s) lysate from T. gondii was 
provided by Osama Sawesi. 
 
Biochemical targeting of prepared elutes on prepared lysates 
 
The prepared trichinella and listeria lysates were incubated with each of 0.5,1 and 2M 
fractions of eluted ear extracts from various genotyped mice for different time lengths 
(3, 6 an 12 hours) at 37 °C. After the elasped time, the samples were prepared for 
polyacrylamide gel electrophoresis under reducing conditions (SDS-PAGE). Such 
samples were boiled with 2XSB and 2% DTT and loaded onto either commercially 
available gradient gels (4-12% or 10-20% polyacrylamide from BioRad) or larger 8/ 
12/ 15% gels depending on the size of protein bands needed for band selection.  
Interesting bands were subsequently excised out of gels and submitted for Mass 
Spectrometric (MS) analysis. 
 
Western blotting 
 
The western blot procedure employed for detection of mMCP-4 and CPA protein 
bands in 1 and 2M elutions from the above mentioned three genotypes involved the 
following steps: 
 
200 µl of 2M elutions from WT, mMCP-4 and CPA knock outs were concentrated 
by TCA/ acetone precipitation, re-suspended in 35 µl double distilled water and 
prepared for electrophoresis in a 4-12% gradient gel. The samples post gel run were 
blotted for an hour at constant 135 mA on a nitrocellulose membrane followed by 
blocking in 10% milk  solution for an hour at room temperature. This was followed 
with incubation of two halves of the membrane separately with primary polyclonal 
antibodies (rabbit mMCP-4 and CPA antibodies at 1:500 dilutions) overnight at 4 
degrees celsius. This was followed with incubation of membrane with secondary, 
anti-rabbit IgG at 1:4000 dilutions for about an hour at room temperature. It should be 
noted that the intervening steps between the blocking, primary and secondary 
antibody incubations involved in thorough washing the membrane in 1X TBS with 
0.1% Tween. The final step was to incubate the membrane in ECL substrates for 
about 1-2 minutes followed by exposure to x-ray film and development. 
  
Cytospin staining of Mast Cells 
 
Mast cells were specifically stained with Toluidine blue since the normal granule 
components within such cells take up the stain to give a blue to purple colour. About 
100- 150 µl of cell suspension from peritoneal (WT, mMCP-4 and 6 knock outs) and 
bone-marrow derived (WT and Serglycin deficient) mast cells  were cytospun for 5 
minutes at 600 rpm and then dipped in Toluidine blue solution (freshly prepared in 
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1% NaCl solution, pH reduced to around 2) and then in water for about 5 minutes 
each. The slides were then air dried and observed under a microscope for appearance 
of the characteristic stain. 
 
In vitro studies of lysal extracts with cultured peritoneal and bone marrow derived 
mast cells 
 
Mast cells obtained from peritoneal lavage of both wild type and serglycin deficient 
C57BL6 mice (6 weeks old) were cultured in DMEM-Glutamax from Invitrogen, 
supplemented with 10% heat-inactivated FBS supplied by Gibco, 10% CHO-KL 
conditioned medium, 1mM MEM with 1mM Penicillin-Streptomycin. Cells were 
maintained at a concentration of 0.5x106 cells/ ml for 4 weeks until start of 
experiment. Immature cells directly harvested from the bone marrow of both wild 
type and serglycin knock out strains were cultured for about four weeks or so until 
maturity. Prior to stimulation with lysate of L. monocytogenes, the cells were 
centrifuged at 1600 rpm for five minutes and the pellets were re- suspended in 
Tyrode’s buffer and counted. Cells were then subsequently seeded in 24 well plates at 
a density of a million cells/ well followed by incubation with the bacterial lysate (at 
different concentrations and fixed time intervals). Treatment with Calcium Ionophore 
as a positive control (for time periods of 2 hours and less) for mast cell de- 
granulation was carried out at different time points until a maximum duration of two 
hours. The experiment was terminated at the elapsed time points and assaying for 
different mast cell characteristics were carried out such as the: 
 
1. Assessment for cell viability 
 
10 μl of cell fractions from controls and listerial lysate treated fractions were diluted 
with 0.1% trypan blue solution and viewed under a microscope. Live cells did not 
take up the stain in and appeared bright in contrast to dead cells which were stained 
dark blue to purple and thus were not counted for viability. The final values were 
expressed in values of million cells per ml. 
 
2. Release of β hexosaminidase post de- granulation 
 
β hexosaminidase is a dimeric, lysosomal enzyme that has been used as a marker for 
mast cell de- granulation. It is known to cleave N-acetyl glucosamine and N- acetyl 
galactosamine residues [48] from glycoconjugates. The enzyme is stored in mast cell 
granules and is released immediately through exocytosis of such granules. β 
hexosaminidase cleaves its substrate, N-acetyl β- D- glucosamine which can be read 
spectrophotometrically at 405 nm.  
 
The supernatant and pellet harvested from individual cell fractions were incubated 
with 1mM of the substrate (in 0.05M citrate buffer, pH 4.5), N-acetyl β- D- 
glucosamine for an hour at 37 °C followed by treatment with sodium carbonate buffer 
(pH 10) with absorbance measured at 405 nm. 
 
3. Mast cell protease activities 
 
As mentioned earlier, the chromogenic substrates S-2288, M-2245 and S-2586 were 
used to assay for tryptase, CPA and chymase activities respectively in both 
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supernatant and pelleted cell samples. About 10 µl of these eluted fractions were 
treated with 1.8 mM of 20 µl of each of the above mentioned substrates and read at 
405 nm at fixed time intervals. 
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RESULTS 
 
Activity assay with chromogenic substrates 
 
The activities of the 0.5, 1 and 2M elution fractions from different genotypes of mice 
on the three different chromogenic substrates are tabled below. The time taken for the 
assay was about 15 minutes for determination of Tryptase and Chymase activities and 
12 hour readings for CPA values. All experiments were done in triplicates and final 
activities were calculated after deductions with related blank readings. CPA values 
were recorded in negative due to decrease in absorbances. 
 

Genotype Chromogenic Substrate Salt concentration 
      Net protease activity 

    (Mean OD/ hours. gram tissue) 
WT Chymase 1M 0.21 
  2M 1.13 
  Crude  0.69 
 Tryptase 0,5M+ Hep (30 min) 0.6 
  0,5M  (30 min) 0.58 
    
  Crude + Hep (30 min) 1.3 
  Crude (30 min) 1.42 
    
  0,5M + Hep (3 h) 0.65 
  0,5M - Hep (3 h) 0.77 
 CPA 1M -0.01 
  2M -0.01 
  Crude -0.01 
M4-/- Chymase 1M Negligible 
  2M Negligible 
 CPA 1M -0.024 
  2M -0.024 
CPA-/- Chymase 1M Negligible 
  2M Negligible 
 CPA 1M Negligible 
  2M Negligible 
CPA Inactive Chymase 1M Negligible 
  2M Negligible 
 CPA 1M Negligible 
  2M Negligible 
Ser-/- Chymase 1M 0.03 
  2M 0.06 
  Crude 0.19 
 CPA 1M Negligible 
  2M Negligible 
  Crude Negligible 
 Tryptase 0,5 M 0.24 
  Crude 0.31 
  0,5M + Hep (3h) 0.2 
  Crude + Hep (3 h) 0.29 

 
Table 2: Assay for activities of mast cell proteases in mouse ear elutions with 

chromogenic substrates. 

18 
 



 
It is to be noted (from Table 2) that: 

 
1. The elution volume for WT and Serglycin knock-out (-/-) samples were 300 μl/ 

fraction of elute i.e., for each of 0.5M, 1M and 2M NaCl concentrations 
respectively. 500 μl of each of the three fractions were used for M4-/-, CPA-/- 
and CPA Inactive genotypes. 

2. All fractions were eluted at neutral pH barring the 0.5M fraction which 
corresponded to the tryptase fraction. pH was reduced to around 6 for this 
elution. 

3. Tryptase and chymase activities were measured at 15 minutes after start of 
incubation with chromogenic substrate whereas CPA activity was recorded 
after overnight incubation with its corresponding substrate. 

4. All absorbances were read at 405 nm.  
5. Tryptase activity was also measured after pre-incubation with heparin (1 

mg/ml) for both 0.5M WT and Crude extracts from 30 min to about 3 hours.   
 
SDS-PAGE analysis 
 
SDS- PAGE analysis of the three antigenic lysates with mast cell protease containing 
ear elutions at different concentrations and standard time intervals of incubation 
resulted in distinct and variable band patterns.  
 

T+ 1 M L Ctrl. L+ 0.5M   L+1M    L+2M      T Ctrl. T+2M   BRM
WT WT       WT         WT                          WT

↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

Figure 5: SDS-PAGE analysis of Tri chinella (T) & List eri a (L)
with 0.5M, 1 and 2M WT elutes at 12 h (15%gel)

200 KDa
116 KDa
97 KDa

66 KDa

45 KDa

31 KDa

21 KDa

14 KDa

 
 
Polyacrylamide gel electrophoresis of listerial lysate incubated with the three 
fractions, 0.5, 1 and 2M ear elutions of WT mice revealed different band patterns 
indicative of antigen degradation with the strongest proteolytic activity noted with the 
predominantly chymase containing elution, at 2M concentration. This was followed 
with both 1 and 2M ear elutions that had decreasing activities towards listerial lysal 
proteins after 12 hours incubation. The mMCP- 4 chymase, the major chymotryptic 
enzyme in mouse ear tissue predominant in the 2M elute demonstrated significant 
activity against trichinellal proteins as evidenced by marked degradation in antigen (T 
Ctrl.) control lane, shown in Figure 5. The antigen bands that were either fainter or 
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completely missing with the different ear elutions were excised and submitted for 
characterization by MS analysis. It should be noted that both 1 and 2M WT ear 
elutions did not exhibit significant activity against trichinella proteins (figure not 
shown). 

     ↓                  ↓                ↓               ↓                          ↓           ↓            ↓

Figure 6: 12% SDS gel- Trichinella (T) with 2M elutes (12 h)

    Ser -/-  CPA -/- M6 -/-   M4 -/-       WT       T Ctrl.       BRM

200 KDa

116 KDa

97 KDa

66 KDa

45 KDa

31 KDa

21 KDa

14 KDa

 
 

Elution samples (2M NaCl concentration) from ear extracts obtained from different 
genotypes of mice, namely, wild type. mMCP- 4, 6, CPA and Serglycin knock- outs 
were used in the incubation study with T. spiralis lysate for 12 hours. While both 
wild type and mMCP- 6-/- demonstrated comparable activities against the antigenic 
proteins, this proteolytic effect was virtually absent with the chymase-4 and CPA 
knock- outs (as in Figure 6). It should be noted that the WT 2M ear elution had a 
major proteolytic activity in degradation of trichinella proteins (Figure 5) when 
compared to the negligible effect with 1M WT elute. Such an activity mediated by 
mMCP-4 suggested the dominant effect of the protease in cleaving proteins obtained 
from T. spiralis but with a supporting role from CPA. The co- elution of both mMCP- 
4 and CPA in either of 1 and 2M elutions (Table 2) in variable yet significant levels 
hinted the interdependence of chymase on carboxypeptidaseA for its degradative 
activity though CPA alone was unable to cleave trichinella proteins as demonstrated 
by the ineffective nature of the enzyme when the chymase knock- out 2M ear fraction 
was incubated with the antigen (Figure 6). This variable protease activity profile 
against trichinella lysate by different knock out strains was instrumental in 
performing a Western blot for the mMCP- 4 and CPA proteases present in such ear 
elutions to confirm the physical presence of either proteases in the 2M ear elutions 
since we strongly speculated the synergistic effect of CPA on mMCP-4 in cleaving 
trichinella proteins. 
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Figure 7: 2D gel electrophoresis of Trichinella lysate 
(Fig. 7a, upper left) and Trichinella with 2M WT elute 

(Fig. 7b, bottom right) after 12 hours.

200 KDa
116 KDa

97 KDa

66 KDa

45 KDa

31 KDa

21 KDa

14 KDa

Arrows indicate spots given
for MS analysis

 
 
In addition to the conventional SDS-PAGE analysis, a 2D electrophoresis of 
trichinella lysate incubated with the 2M ear elution from WT mice was carried out to 
further analyze the antigen bands cleaved by mMCP-4 present in such an elute. A 
couple of spots(Figure 7, spots represented with arrows), observed to be either 
missing/ getting fainter after treatment with the enzyme elutions, were picked for 
target antigen characterization by MS analysis  
 

Figure 8: SDS-PAGE analysis of T.gondii (Tg) lysate
with 1 and 2M WT after 6h.

116 KDa
200 KDa

97 KDa

66 KDa

45 KDa

31 KDa

21 KDa

14 KDa

Tg+2M WT          Tg+1M WT                 Tg Ctrl.                   BRM
↓ ↓ ↓ ↓

 
 
The third of the antigens under study, T. gondii, was prepared as a lysate in suitable 
concentration and subjected to incubation studies with the three elutions from WT 
mice for different time intervals. At 6 hours time periods, there was no significant 
degradation of antigen bands (as shown in Figure 8) after incubation with the ear 
elutions containing mast cell proteases except for possibly a very few bands most of 
which where under a 20 kD size to possibly investigate for further studies. A 15 hour 
incubation experiment with similar fractions also did not indicate a significant 
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protease activity against toxoplasma (figure not shown) though further study is 
required before arriving with any definite conclusion. 
 
 
Molecular 
size (kD) 

Source 
organism 

Treatment 
with 

Condition after treatment Result from MS analysis 

23 Trichinella 2M WT Completely missing Small heat shock protein 

32 Trichinella 2M WT Fainter band & slightly lower Actin-5C isoform 

33 Trichinella 2M WT Single thick band in control 
lane completely missing with 

2M elution 

NADH- oxidoreductase 
chain 1 protein 

42 Trichinella 2M WT Thick band in control lane 
almost missing with 2M 

fraction 

Actin muscle protein 
(Pisaster ochraceus) 

48 Trichinella 2M WT Virtually disappearing spot 
after incubation with 2M elute 

Serine protease* 

49 Trichinella 2M WT A very faint band Heat shock protein 70 
 (T. nativa) 

70 Trichinella 2M WT Fainter spot Heat shock protein 70* 
 (T. nativa) 

50 Listeria 0.5, 1 and 
2M WT 

A doublet, slightly fainter on 
treatment with 0.5M elute but 
progressively fainter with 1 

and 2M fractions 

Elongation factor Ts/ 
Listeria surface antigen 

56 Listeria 0.5, 1 and 
2M WT 

Fainter doublet with 0.5 and 
1M fractions that completely 
dissapears with 2M elution 

Elongation factor Tu/ 
Enolase 

60 Listeria 0.5, 1 and 
2M WT 

Fainter double bands after 
treatment with 0.5 Melute that 
is virtually absent with both 1 

and 2M fractions 

Catalase/ Chaperonin 
GroEL 

80 Listeria 1 and 2M 
WT 

Complete disappearance of the 
triplet after incubation with 
2M fraction but only fainter 

with 1M elute 

Transketolase 

 
Table 3: Results from MS analysis (* indicates results from 2D gel with 

corresponding bands given for MS analysis) 
 
 
The bands/ spots excised from both the 1-dimensional and 2D SDS-PAGE gels were 
submitted for characterization through MS analysis. The bands of interest were taken 
out from the antigen control lane, i.e, the incubated T. spiralis muscle stage larval 
lysate. 
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Western blotting 
 

Figure 9b: Detection of Chymase (left) and CPA (right) in 
2M WT, M4-/- and CPA-/- eluted fractions.

Figure 9a : DOT BLOT for M4 Ab (2M elutes after 5 min exposure)

CPA ‐/‐

M4 ‐/‐

WT

BRM WT M4 ‐/‐ CPA ‐/‐ WT M4 ‐/‐ CPA ‐/‐

28 K Da
36 K Da

 
 
A dot blot analysis of WT, M4-/- and CPA-/- 2M ear elutes revealed a bright spot with 
the wild type sample for presence of mMCP-4, the major chymase in mouse ear tissue 
detected with corresponding primary polyclonal antibody (rabbit mMCP-4 at 1:500 
dilution) followed by incubation with secondary, anti-rabbit IgG at 1:4000 dilution 
(Figure 4a). A fainter spot was visible with the CPA-/- whereas the mMCP4 knock- 
out had a virtually disappearing spot. The three eluted ear extracts mentioned above 
were also western blotted to expose mMCP-4 bands in both WT and CPA-/- 2M 
(Figure 4b, left side) extracts ranging approximately 28 kD. In line with the dot blot 
experiment, a fainter chymase 4 band was observed in the carboxypeptidaseA 2M 
knock- out fraction and there was no clear band visible in the mMCP4-/- lane. The 
result with a correspondingly blotted membrane incubated with polyclonal CPA 
antibody in 1: 500 dilution followed with anti rabbit IgG revealed the absence of 
carboxypeptidaseA band in the 2M ear elute CPA-/- lane whereas visible bands were 
reported at an approximate 36 kD height with both WT and M4-/- 2M ear elutions that 
indicated the presence of corresponding protease under investigation (Figure 4b, right 
hand side).  
 
Cytospin staining 
 
The peritoneal mast cells from all the three genotypes, namely WT, mMCP-4 and 6 
knock-outs were round in shape. The tryptase knock-out cells resembled their WT 
counterparts both in respect to their clustered arrangement and the intensity of the 
stain whereas the chymase knock-out cells stained less significantly and appeared less 
clustered, similar to the CPA knock-out cells. The nucleus was prominent in the WT 
cells. The cytoplasm of BMMC derived WT cells stained much better than Serglycin 
deficient cells and both cells were found to be irregular in shape and had a tendency 
to remain clustered (Figure 1 a, b and c). 
 
In vitro experiments 
 
Peritoneal mast cells were incubated in vitro with different amounts (10, 20 and 30 
µg/ well) of lysates from the Gram positive bacterium, L. monocytogenes at different 
time periods. This was followed with assay for degranulation with control untreated 
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wells and those treated with Calcium ionophore (CaI, the positive control), a well 
known compound capable of inducing mast cell to release its mediators by exocytosis. 
Cell viability was checked for different time intervals at fixed lysal amounts to ensure 
optimal antigen dosage and yet effecting sufficient mast cell degranulation. 
Experiments involving stimulation studies on peritoneal mast cells were done in 
duplicates. 
 
The results comprising the de-granulation levels and cell viabilities are given below. 
 

Cell 
subtype 

Genotype Treatment with Time point % degranulation        Cell 
Viability 

(%) 
CTMC 

 
 
 
 
 

WT 
 

 
 
 
 

Control 
CaI 

Listeria (10 µg/well)  
 

Control 
CaI 

            Listeria  

10 minutes 

 
20 minutes 

 

61 
57 
53 

 
64 
61 
54 

     100 
 
 
 
 
 

 
CTMC 

 
 
 
 
 
 
 
 

WT 

 

Control 
CaI 

Listeria (10 µg/well) 
 

Control 
CaI 

Listeria  
 

Control 
CaI 

Listeria  

30 minutes 

 
1 hour 

 
2 hours 

 

65 
61 
58 

 
66 
61 
56 

 
65 
62 
53 

100 
 
 
 
 
 
 
 
 
 

 
CTMC 

 
 
 

 
 

 

WT 

 
 

Ser-/- 

 
 

 

Control 
Listeria (10 µg/well) 

 
Control 
Listeria 

 
Control 
Listeria  

 
Control 
Listeria  

3 hours 

 
5 hours 

 
3 hours 

5 hours 

60 
63 

 
59 
66 

 
50 
58 

 
52 
59 

100 
 
 
 
 
 
 
 

 

CTMC 
 

WT             Control 
              CaI 
Listeria (20 µg/well) 
 
           Control 
              CaI 
           Listeria 
 
Listeria (30 µg/well) 
Listeria (30 µg/well) 

   30 minutes 
 
 
 

  1 hour 
 
 
 

30 minutes 
1 hour 

          83 
            77 
            86 
 
            73 
            66 
            82     
 
            84 
            75       

100 
 

0.1 
 

100 
 

0.1 
 

0 
0 

 
Table 4: Degranulation/ Cell viability assay with Listeria lysate (10, 20 and 30 µg) 

and Calcium Ionophore (1 µl/ well) on cultured peritoneal mast cells at different time 
points. 
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The results tabulated above represent the β- hexosaminidase release and cell viability 
after treatment with 10 µg listeria/ well. With further increase in antigen amounts (20 
and 30 µg) viability dropped to less than 1% of control wells even after 30 minutes 
incubation. Stimulation of WT and Ser-/- BMMC’s with 20 µg listeria/ well resulted in 
low degranulation levels (about 20%) at both 30 minutes and 1 hour. However, a 
count of viable cells post treatment was not undertaken for the experiment.  
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DISCUSSION 
 
Mast cell derived proteases have been elaborately studied in terms of their structure, 
potential substrates, enzymatic activity and cleavage etc. But their physiological 
functions and their true biological targets have not yet been fully discovered. The 
relative amounts of such proteases stored in fully active forms at strategic locations 
throughout the body underlines their importance as the frontliners in innate defense 
against diverse external stimuli. Specifically, the involvement of the neutral proteases 
in eliminating enteral pathogens has been widely documented. The classical 
mechanisms involved the remodeling of tissue microenvironment in the vicinity of 
the parasite and/ or mobilization of other immune cells to the site of infection. 
However, an adequate response mediated by mast cell proteases in chronic phase of 
infection for example, in the muscle stage of L1 trichinella larvae has not seen results 
quite forthcoming. A recent study involving the 53 kD protein expressed by muscle 
stage larvae has been shown to be conserved in major strains of Trichinella and 
subsequently detected by Western blotting [49]. Such a major step in identifying ES 
proteins during the chronic stage of infection will prove to serve as a marker for 
identification of trichinellosis in the near future. The role of mast cells and its 
mediators in combating enteral bacterial infections such as in the case of listeriosis 
has also been under the scanner of researchers to both understand and develop 
therapeutic methods against such diseases. Most studies reported until now have been 
clinical observations and therefore necessitate extensive in vivo models of disease 
conditions before arriving at with any sort of conclusions. 
 
The following observations have been arrived at with the present study: 
 

1. The three mouse ear extract elutions containing either one or a combination of 
the three mast cell proteases demonstrated varying levels of activity against 
the antigenic lysates under investigation. 

2. A combination of Chymase and CPA in WT 2M ear fractions proved essential 
in degrading the lysate obtained from muscle stage L1 T. spiralis larvae after 
12 hours incubation. 

3. A Western blot performed to investigate the synergistic effect of both mMCP-
4 and carboxypeptidaseA revealed the presence of either enzymes in the 
corresponding elution. 

4. Pre- incubation of 0.5M fraction with heparin at varying time points did not 
result in any significant increase in tryptase activity. 

5. The chymase activity in CPA-/- 2M elution was negligible. However, there 
was significant CPA activity in 1M M4-/- fraction. This might suggest the 
dependence of CPA for activity of mMCP-4 chymase though the Western blot 
revealed the presence of either enzymes in the 2M WT elution. 

6. A number of in vitro targets targeted by the mast cell proteases included actin 
proteins, enzymes involved in metabolic pathways to detoxifying mechanisms 
and chaperon proteins of either T. spiralis or L. monocytogenes. 

7. Listerial load exceeding 10 µg/ well proved toxic to cultured peritoneal cells 
as assessed with trypan blue exclusion. 
 

The results obtained from MS analysis demonstrates the activity of mast cell 
proteases, especially mMCP 4 chymase in degrading a diverse range of proteins of 
both T. spiralis and L. monocytogenes. The ES proteins of the muscle stage larva of 
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the former parasite is critical in the investigation during the chronic phase of infection 
owing to the antigenic specificity and the importance of such proteins in host muscle 
cell transformation. The 48 and 70 kD proteins from the muscle stage T. spiralis and  
T. nativa, for example were predicted to be a serine protease and a heat shock protein 
respectively after they were found to be biochemical targets of the mast cell chymase 
from this study. Independent experiements from Fornelip A.C. et.al [50] and Martinez 
J. et.al, 2000 confirmed the presence of a 45 kD protein with serine protease activity 
and a 70 kD heat shock protein secreted as ES products by muscle stage T. spiralis 
larvae.  Nagano I. et.al, [37] predicted a 45 kD protein from the same organism and 
its related species, T. pseudospiralis to have a tryptic like serine protease activity. 
Such larval proteins are believed to have vital functions such as in larval migration, 
evasion of the host immune system, protection to the parasite against injury and 
intracellular survival. An approach to target such proteins specifically through 
mMCP-4 chymase can prove to be extremely beneficial in treatment of trichinella 
mediated chronic stage infection. Proteins from L. monocytogenes such as those 
invloved in bacterial metabolism such as transketolase, enolase for example, the 
transcriptional proteins such as elongation factors Tu and Ts, Catalase protein 
involved in detoxifying mechanisms and those involved in protein degradation such 
as the GroEL have been biochemical targets of a combination of mast cell proteases. 
This might very well underline the physiological relevance of the three neutral 
proteases derived from mast cells in immunity against pathogens.  
 
The reason behind Western blotting was to determine the synergy between CPA and 
Chymase in the 1 and 2M eluted fractions in WT, mMCP-4 and CPA knock-out mice. 
This was quite evident from the results obtained from both the Trichinella lysate 
treatlemt with different 2M elutions followed by SDS-PAGE gel analysis (Figure 6 in 
which the antigen bands were cleaved only in those 2M elutes that predominantly 
contained Chymase in additon to CPA in a supporting role for the activity of former 
protease) and the activity assay performed for different elution samples (Table 2 that 
detected measurable activities of both proteases in the 2M WT elution) that suggested 
some sort of association between the two proteases, namely Chymase and CPA, in 
their concerted action on trichinella lysate. It has already been demonstrated the co-
operation between chymase and CPA in degradation of angiotensin II by  Lundequist 
et. al. [20] and the proteolytic activity of the 2M WT elution in particular suggest the 
combined activity of either proteolytic enzymes derived from mast cells against the 
proteins of T. spiralis. 
 
The in vitro studies on effects of listerial lysate on cultured mast cells have been 
largely inadequate. For instance, the bone marrow derived mast cells exhibited high 
levels of β- hexosaminidase release (>85%) after stimulation with 50 µg of listeria/ 
well but since cell viabilities were not measured then, it is possible that such a high 
release might be a result of cells dying upon exposure to such high concentrations of 
the listerial antigen. Similar results were arrived at with the peritoneal mast cells with 
heightened degranulation levels and poor viabilities. The comparatively higher levels 
of β- hexosaminidase release even with control cells might indicate their state towards 
senescence and increased sensitivity of such cells to external influences such as 
centrifugation prior to the experiment. The assay for protease activity with 
chromogenic substrates was not performed due to aberrant degranulation observed 
even with control cells. 
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The findings from the present study have been limited and require further 
investigation before eventually reaching out to animal models as a definite means to 
showcase the effector and regulatory functions of mast cells in mediating disease and 
thus put in place atleast a few pieces in the jigsaw puzzle of host- pathogen 
interactions. 
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