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This lecture discusses about the various pathways leading to complement activation and 

coagulation pathways. 

1 Complement activation 
Complement is referred to a group of proteins that form part of the innate immune 

system, which does not change over the course of an individual’s lifetime due to 

environmental factors. The complement proteins are synthesized in the liver. Some of the 

complement proteins possess enzymatic activity but under normal conditions, they exist 

as zymogens. Zymogens require a trigger such as lysis of a polypeptide sequence to 

transform into an active enzyme. The introduction of a foreign body can trigger this 

transformation resulting in a cascade of events leading to enhanced phagocytosis, 

recruitment of other immune components and formation of a membrane attack complex 

(MAC) to destruct the foreign body. The activation of the complement system can occur 

in three different modes – classical pathway, alternative pathway and lectin pathway. All 

three pathways converge to a common pathway that results in formation of the membrane 

attack complex that alters the membrane permeability of a pathogen resulting in its death.  

 

The classical pathway for complement activation is initiated by the formation of an 

immune complex (antigen-antibody complex) involving the immunoglobulins IgM or 

IgG (antibodies). The immune complex binds to the complement protein complex C1. 

The C1 complex comprises one C1q, two C1r and two C1s. If the immune complex binds 

to C1q or if the C1q directly binds to the surface of the foreign body, a conformational 

change occurs in the C1 complex. This change activates the C1r sub-units. The C1r is a 

serine protease, i.e., it is an enzyme containing serine in its active site, and can cleave 

peptide linkages. The substrate of C1r is the C1s sub-unit, which on lysis gets activated. 

The C1s also is a serine protease. The C1 complex containing the active sub-units of C1r 

and C1s now act upon two other complement proteins C4 and C2 to form C2a, C2b, C4a 

and C4b fragments. The lysis of the proteins does not form symmetrical fragments (i.e., 

same sized fragments). The smaller fragment is denoted by the suffix ‘a’ and the larger 

fragment is denoted by the suffix ‘b’. The C4b and C2a fragments bind to form another 

enzyme known as the C3 convertase.  

Did you know? 

Paul Ehlrich first introduced the term ‘complement’ in the late 1890s. He found that 

the amboreceptors (modern terminology: antibodies) produced in an animal on 

introduction of an antigen (foreign body) also recognized a heat sensitive component 

in the blood that exhibited excellent anti-microbial activity. The heat sensitive 

component was named ‘complement’ as it complemented the functions of the cells of 

the immune system.  
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The C4b2a acts on the complement protein C3 to form C3a and C3b. The C3b fragment 

binds with the C42b complex to from yet another new enzyme C4b2a3b known as the C5 

convertase. The C5 convertase cleaves the complement protein C5 to form C5a and C5b. 

The C5b then associates with the complement proteins C6, C7, C8 and multiple C9 in a 

sequential manner to form the membrane attack complex (MAC). The MAC inserts into 

the microbial membrane to form a pore leading to drastic changes in the permeability 

resulting in the cell death. 

What is the fate of the smaller fragments C4a, C3 and C5a that are formed during the 

complement activation? These are anaphylatoxins that promote inflammatory reactions in 

the body. They stimulate the cells of the mononuclear phagocyte system (MPS) and the 

mast cells (cells with granules containing histamine, heparin, serine proteases, 

leukotrienes, prostaglandins, cytokines etc.; it is found in many tissues and is thought to 

play a key role in wound healing) to degranulate and release their contents that contain 

many lytic enzymes as well as chemokines and cytokines. The chemokines serve to 

attract the other components of the immune system from remote locations in the body to 

the site of release leading to an increase in the immune activity at the site of release. This 

migration of the immune components occurs towards increasing concentration 

gradientand is referred to as ‘chemotaxis’. Thus, the formation of the anaphylatoxins 

during the complement activation leads to an amplification of the immune response 

against the foreign body. It is interesting to note that the activation of one type of 

immune response also leads to the activation of other classes of immune response in the 

biological system! 

In the case of the alternative pathway, the activation involves the binding of the C3 

protein with the foreign body. The C3 protein under normal conditions undergoes 

spontaneous lysis to form a nascent active form denoted as C3b-like-C3 or C3b*. This 

fragment is unstable and is inactivated by hydrolysis under normal conditions. The C3b-

like-C3 contains a thioester group using which it can bind to surfaces containing 

nucleophilic groups (containing electron rich centres) such as amino group (-NH2) or 

hydroxyl group (-OH). Such binding is prevented in the normal cells due to the presence 

of inhibitory factors, namely Factor H and Factor I, on the cell surfaces. Such factors are 

however lacking in the foreign body and hence the binding of the C3b-like-C3 can occur 

on the foreign body. In the presence of a foreign body, the C3b-like-C3 binds to the 

surface by cleavage of the thioester link to form a covalent ester link with the surface of 

the foreign body. In the absence of reactive functional groups on the surface of the 

foreign body, this binding occurs through the opsonin proteins adsorbed on the surface of 

the foreign body. Figure 1 shows the reaction that occurs when C3b-like-C3 encounters a 

foreign body. 
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Fig. 1: Binding of C3b

Once bound to the surface, the Factors H and I cannot inhibit the C3b

In the presence of divalent magnesium ions, the 

cleavesthe protein Factor B to Ba and Bb fragments The C3b

larger Bb fragment to form the C3bBb complex. This complex is stabilized by the protein 

properidin (also known as Factor P).

convertase. It cleaves C3 to form C3a and C3b, which then associates with C3bBb to 

from the C5 convertase C3bBb3b. The C5 convertase cleaves C5 to C5a and C5b. The 

C5b associates with C6, C7, C8 and multiple C9 proteins to form the MAC. 
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Fig. 2: Summary of the events leading to complement activation through different pathways 
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It is evident that regardless of the route of activation, the activation of the complement 

protein C3 remains the vital step that can lead to enhanced phagocytosis and destruction 

of the foreign body. The most common pathway that gets activated in the presence of a 

nanocarrier is the alternative pathway. The high surface-to-volume ratio of the 

nanocarrier enables more effective adsorption of the opsonin proteins and complement 

leading to rapid activation of the complement as well as phagocytosis. In the case of non-

membranous carriers, the formation of MAC as a result of complement activation might 

not be effective in destruction of the carrier. But the generation of the anaphylatoxins and 

cytokines can aid in the recruitment of the MPS cells and the T-lymphocytes that can 

effectively destroy the carrier. Thus, the complement by itself is not effective in 

eliminating all foreign bodies, but it serves to alert and activate other powerful immune 

components that can eliminate the threat. Therefore suppression of opsonization might 

offer a good option to retard the complement activation and hence the immune 

recognition and response. 

2 Coagulation pathway 
The blood also contains components of the coagulation pathway. What factors activate 

the coagulation pathway? The activation of the coagulation cascade could occur either 

due to intrinsic (direct contact pathway) or extrinsic(tissue contact pathway) 

pathways.The extrinsic pathway is activated with the release of thrombogenic tissue 

factor from the tissues as well as exposure of collagen from the extracellular matrix of 

injured tissue. The activation of the intrinsic pathway requires activation of many 

proteins in a sequential manner. Co-factors such as vitamin K and calcium ions are 

essential for all the coagulation processes. Figure 3 depicts the various factors involved in 

the activation of the coagulation cascade by different types of nanoparticles.  
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Fig. 3: Different factors involved in the activation of the coagulation cascade by nnaoparticles (NP) 

The events leading to the activation of the coagulation cascade are sequential and involve 

the presence of vitamin K and calcium ions. The absence of any factor can inhibit the 

coagulation process! With the high surface-to-volume ratio of nanoparticles, they are 

expected to activate the coagulation cascade rapidly. However, in most cases, the 

coagulation process is not initiated on the surface of most nanoparticles. Why? The small 

radius of curvature of the nanoparticles may not be convenient for the enzyme active sites 

to be exposed and hence activation of the different factors involved in the coagulation 

pathway may be inhibited. The rate of opsonization and phagocytosis might be much 

faster than the coagulation pathways and hence they may take the precedence. However, 

some nanoparticles such as chitosan and collagen exhibit an inherent tendency to activate 

the coagulation cascade. This may be attributed to their preferential tendency to promote 

platelet adhesion on their surface, which leads to aggregation, degranulation and 

activation of the various factors involved in the coagulation cascade.  

Recently, it has been discovered that the size and the surface functionalities of the 

nanoparticles have a major influence on the coagulation pathway. Amine functionalized 

surfaces have a tendency to bind Factor VII, an intermediate in the extrinsic pathway, and 
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Factor IX, an intermediate in the intrinsic pathway leading to their activation. As the 

coagulation cascade involves a sequence of activation steps, the activation of an 

intermediate will result in rapid clot (thrombus) formation. This may be one of the factors 

that make chitosan and collagen thrombogenic (promoters of clot formation). Carboxyl 

functionalized surfaces have a tendency to bind to Factor XII that is part of the intrinsic 

pathway. As the activation of Factor XII occurs early in the coagulation cascade, the rate 

of clot formation is slower when compared to amine-functionalized surfaces.  

3 Reference 
Encyclopedia of Nanoscience& Nanotechnology, Volume 9. Edited by: H.S. Nalwa, 

American Scientific Publishers, 2005 

4 Additional Reading 
Smart Nanoparticles in Nanomedicine (The MML series, Vol. 8), Editors: Reza 

Arshady& Kenji Kono, Kentus Books, 2006  
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