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Introduction: 

The complement system is the humoral part of the innate immune response that serves 

both effector and regulatory functions. Normally it is present in an inactive state in body 

fluids, and is composed of activating factors, regulatory molecules and receptors. It has a 

crucial role in the identification and elimination of pathogens in the body, in the cleaning up 

of cells that underwent apoptosis, and the regulation of various inflammatory processes. The 

complement system can be activated via three routes: the classical, the lectin and the 

alternative pathways. The lectin-dependent activation is initiated by complexes formed 

between pattern recognition molecules (mannose-binding lectin (MBL), M-, L- and H-

ficolins), that binds to different carbohydrate residues, and the mannose-binding lectin 

associated serine proteases (MASPs). The recognition molecules are composed of globular 

head parts and long, collagen-like tail regions. The former contains the carbohydrate 

recognition domains (CRDs), and the latter binds the MASPs. Upon binding to foreign 

structures, the zymogen MASPs residing in the neck part of the tail region are activated and 

generate the C3-convertase complex (C4b2b, a common element with the classical pathway) 

by cleaving their substrates, C4 and C2. To our present knowledge, there are three MBL-

associated serine proteases, that – complexed with MBLs and ficolins – form the initiation 

complexes of the lectin pathway: MASP-1, MASP-2 and MASP-3. MASPs and MBL-

associated proteins (MAp19 and MAp44), that are devoid of serine protease activity, are the 

products of two genes. MASP-1, MASP-3 and MAp44 are alternative splice variants of the 

MASP1 gene, while MASP-2 and MAp19 are transcribed from the MASP2 gene. All MASPs 

contain five N-terminal regulatory domains (CUB1-EGF-CUB2-CCP1-CCP2) and a C-

terminal chymotrypsin-like serine protease (SP) domain (Figure 1). 

 

 

Figure 1. Schematic representation of the structure of MASP gene products 
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In the case of MASP-1 and MASP-3 the difference is restricted to the SP domain. 

However, MASP-2 harbors differences compared to MASP-1 and MASP-3 in all six of its 

domains. Dimerization and the binding to recognition molecules are mediated by the  CUB1-

EGF-CUB2 in a process that is Ca
2+

 dependent. Several observations support that the first 

step of the activation of the lectin pathways is the autoactivation of MASP-1, which then 

cleaves the zymogen MASP-2; however the detailed mechanism of these steps is yet unclear. 

The distribution of MASP dimers in the activating complex is unknown, similarly to the 

composition of the dimers themselves. Several hypothetical activation theories exist, that are 

not necessarily mutually exclusive. Theories can be split into two main groups: cis- and trans-

activation. In the cis case, activation occurs within one dimer, that can be both homo- or 

heterodimer (activation within the complex). During trans activation, activation happens 

between two dimers, that can also be both homo- or heterodimers. In this case dimers can 

bind to the same recognition molecule (activation within the complex) or to two recognition 

molecules positioned adjacent on the activating surface (activation between complexes). 

Although MAp19 and MAp44 lack the protease function, it is noteworthy that MAp19 

contains the first two domains of MASP-2 (CUB1 and EGF), while MAp44 contains the first 

four domains of MASP-1/3. Furthermore, both MAp19 and MAp44 contains short C-terminal 

regions (4 and 17 residues) that are not present in MASPs (Figure 1).  

For a long time, innate immune system was thought to have a limited function serving 

as a temporary, imperfect line of defense until adaptive immune response develops in higher 

order organisms. However, innate immunity has a central role in the initiation of adaptive 

response and the determination of the direction of effector functions. Pathogens enetring the 

body first come accross the complement system and cells of the innate immune system, such 

as monocytes, macrophages and dendritic cells. 
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Scientific Aims: 

 

The primary function of the complement system, which is the humoral part of the 

innate immune system, is the recognition and elimination of pathogens entering the body, the 

cleaning up of altered structures and the regulation of inflammatory response. The 

complement system can be activated via three different routes: the classical, the lectin and the 

alternative pathways. The focus of my research was the study of MASPs initiating the lectin 

pathway. My aim was to answer some questions concerning the processes of their activation, 

inhibition and their connection to the cells of the innate immune system. 

It is known that dimerization and association to recognition molecules of MASPs are 

mediated by their three N-terminal domains (CUB1-EGF-CUB2). However, there is no 

available information pertaining to whether, apart from homodimers, MASPs are able to form  

heterodimers as well.  

Since the complement system is activated through various signals and can be 

amplified at several points, it can rapidly become one of the most effective defense 

mechanisms. Its local behavior and selective natute is crucial in providing that it only attacks 

foreign structures/cells or own structures only in case they differ from their healthy state (eg. 

cells that underwent apoptosis). The regulated action of MASPs, that initiate the lectin 

pathway, is essential to the organism. This marks the importance of identifying novel, 

naturally occurring inhibitors of MASPs, in addition to the already known molecules. 

The complement system, including the lectin pathway not only serves to neutralize 

pathogens by forming the membrane attack complex, but also modulates the function of 

various immune cells. The known fact that MASP-1 is able to activate endothelial cells, raises 

the possibility of its ability to trigger other cell types as well. 

 

Based on these, my aims were the following: 

 

 the production of N-terminal CUB1-EGF-CUB2 fragments of MASP-1 and MASP-2  

and variants of these fragments marked with chitin binding domain (CBD) 

 assessment of the dissociation and re-association properties of MASP homodimers 

using the produced fragments 

 analysis of the formation of MASP heterodimers and the possible subunit exchange 

between the established dimers 
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 analysis of the lectin pathway-inhibitory potential of antithrombin (AT) and α2M, and 

the study of the inhibition-modulating capacity of heparin 

 study the effect of MASP-1 on the cells of innate immune response (monocytes, 

dendritic cells and macrophages) 

 

Applied methods: 

o recombinant DNA techniques: The cDNAs encoding the proteins (MASP-1 and 

MASP-2) were subcloned into pET bacterial vector. 

o recombinant protein expression: All recombinant proteins were produced using 

BL21(DE3)pLysS E. coli cells. 

o FPLC (Fast Protein Liquid Cromatography): Serum proteins and the renaturated 

recombinant fragments were purified using ion exchange chromatography and size 

exclusion chromatography. For the dissociation and re-association studies analytical 

size exclusion chromatography was used.  

o  ELISA (Enzyme Linked Immunosorbent Assay): The effect of inhibitors on the lectin 

pathway and the IC50 values were measured by C3 and C4 deposition assays in human 

serum. The cytokine production of human cells was tested by sandwich ELISA assay.   

o Human primary cell culture: humán primer sejtek tenyésztése: Buffy coat of healthy 

donors were used to isolate human immune cells. 

o The change in the intracellular Ca
2+

 levels of monocytes was determined using flow 

cytometry. 

o The study of the formation of MASP heterodimers and the subunit exchange between 

homodimers was conducted using native PAGE. 

o Second order association rate constants were determined using spectrophotometry. 
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Results and discussion: 

 

The main conclusions of the dissertation are the following: 

 

 I managed to produce the N-terminal recombinant fragments of MASP-1 and MASP-2 

consisting of the first 3 domains (CUB1-EGF-CUB2).  

 Measuring the kinetic parameters of the Ca
2+

 dependent dissociation and re-

association of the MASP fragments showed that these processes are more rapid in the 

case of MASP-1 as compared to MASP-2. This difference is probably based on the 

higher Ca
2+

 binding ability of MASP-2. 

 The N-terminal fragments of MASP-1 and MASP-2 form dimers just as effectively 

with each other as with themselves. In the heterodimer formation studies I found that – 

after EDTA treatment and re-calcification of the fragments (induction of dissociation 

and re-association) – the distribution of the newly formed MASP-1 homodimers, 

MASP-1 – MASP-2 heterodimers and MASP-2 homodimers is 1:2:1. This result 

indicates that heterodimer formation between MASP-1 and MASP-2 is theoretically 

possible in the human blood. 

 Without dissociation of MASP homodimers there is no subunit exchange between 

MASP-1 and MASP-2 homodimers or MASP-2 and MAp19 heterodimers. In contrast 

to this there is a considerable subunit exchange between MASP-1, MASP-3 and 

MAp44 homodimers. This result suggests that heterodimers containing MASP-1 and 

MASP-2 or MASP-2 and MAp19 can be formed only at the site of synthesis, whereas 

heterodimers containing MASP-1, MASP-3 and MAp44 can be formed, by means of 

subunit exchange, even after production of homodimers in the different body fluids. 

 Antithrombin (AT) is able to inhibit not only the proteolytic activity of MASP-1 but 

also MASP-2 in vitro and this effect is increased by heparin. Furthermore, this 

inhibitory effect can be measured in hundred-fold diluted normal human serum as 

well. Based on these results, I concluded that – beside the C1-inhibitor – AT is an also 

effective inhibitor of the lectin pathway via the inhibition of MASPs. 

 I observed that α2-macroglobulin (α2M) inhibits MASPs in vitro but is unable to 

inhibit the activation of the lectin pathway in human serum. This contradiction can be 
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resolved by two theories. One states that while α2M forms complex in vitro with only 

the proteolitically active MASP fragments, the serum contains full length MASPs 

complexed with recognition molecules and α2M cannot gain access to MASPs in these 

large molecule complexes. The other possible explanation is that the formation of 

α2M-MASP complexes is a slower process compared to the cleavage of C2 and C4 by 

MASPs. 

 Based on measuring the increase of intracellular Ca
2+

 release, I was able to show that 

MASP-1 is able to directly activate human monocytes. Furthermore, introducing 

MASP-1 to monocytes modulates their MCP-1 production in a concentration-

dependent manner; however it has no effect on their IL-10 or TNFα production or the 

MCP-1 production of dendritic cells or macrophages differentiated from monocytes. 

These results reveal a yet unknown connection between the molecular and cellular 

immune response. I demonstrated that MASP-1, an activator of the lectin pathway, has 

an effect on the cytokine production of monocytes as well. 

 

In the coming years, the above described production of N-terminal fragments, the 

measured kinetic parameters and the results pertaining to the heterodimerization of MASPs 

can pave the way to the successful purification of homogeneous MASP fractions from human 

plasma. My plans include further functional measurements in human systems, where the 

MASP-1 induced MCP-1 production can be assessed with a focus on the migration of 

monocytes, the permeability of endothelial cells and the functions of granulocytes. 
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