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STRUCTURAL AND FUNCTIONAL STUDIES OF THE SHORT CONSENSUS 

IRIiPIi/LT'lS CNF THIiHUIvLfLN (ZCWS^PUZhdliNT RECIiFrrORTYPlS 1 

by Joanne Claire Robinson 

Complement Receptor Type 1 (CRl) is an integral membrane protein that consists of 30 
short consensus repeats (SCR). Its binds two activated components of the complement 
cascade, C3b and C4b, and by binding these proteins CRl plays an important role in the 
regulation of the complement cascade. 

A number of constructs coding for the SCRs of the N-temiinal region of CRl were 
constructed, and the recombinant proteins were refolded because they were expressed as 
inclusion bodies in co//. 

The refolded recombinant proteins showed functional activity in both the classical and 
alternative pathways by inhibiting the complement-mediated lysis of red blood cells. 
SCR 123 and SCR 12DNET3cys were significantly more effective at inhibiting 
complement-mediated lysis of the classical pathway than SCR 23, SCR23cys, SCR 122 
and SCR 2DNET3cys. In the alternative pathway, the IH50 value for SCR 123 was not 
significantly different compared to SCR 23, SCR23cys, SCR 122. However, the 
substitution of five amino acids from SCR 9 of LHR-B into SCR 12DNET3cys resulted 
in a 27-fold potency improvement in the alternative pathway compared to SCR 123. The 
same substitution of amino acids into SCR 2DNET3cys also significantly improved its 
potency compared to SCR 23. 

Fluorescence studies showed that the larger three-domain proteins had higher 
fluorescence intensities than the two-domain proteins because they contain more 
tryptophan residues. Fluorescence studies also allowed the conformational stability of 
each recombinant protein to be determined. SCR 123, SCR 12DNET3cys and SCR 122 
were the most stable with stability values of 21.4, 19.4 and 21.1 kJMol'^ respectively. 
SCR 23, SCR23cys and SCR2DNET3cys had stability values of 13.6, 13.9 and 
14.1 kJMol"', respectively. CD studies showed that the proteins had little classical 
secondary structure, consisting of P-sheet and coil, and were devoid of a-heUcal 
structure. 

The thermal denaturation of each recombinant protein was studied. Each of tlie 
proteins unfolded more quickly at higher temperatures. Van't Hoff plots were created 
from unfolding data at different temperatures to determine the standard enthalpy change 
for unfolding. A//, for each protein. In turn, these A// values were used to estimate heat 
capacity values for each protein. The heat capacity values were found to lie in the range 
of 4.0-5.6 klK'^Mol"', showing them all to be stable. 

Soluble SCR domains expressed in a bacterial system are stable and retain some of the 
inhibitory function of native CRl. Further study of these SCR domain constructs could 
lead to the development of a therapeutic agent that can inhibit detrimental complement 
activation. 
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Chapter 1 

Introduction 

1.1 The Complement System 

The complement system is a major defence and clearance system that removes foreign 

particles and immune complexes from the bloodstream (Miiller-Eberhard, 1988). It is 

activated by immunoglobulins when a foreign particle or organism is recognised by an 

antibody. Complement has a number of biological roles. It increases vascular 

permeability, contraction of smooth muscle, mast cell degranulation, neutrophil 

activation and chemotaxis, removal and clearance of immune complexes, opsonisation of 

foreign cells for phagocytosis and endocytosis, and the lysis of foreign and bacterial 

cells. Complement was first described in the 1890s as being a heat-labile bactericidal 

activity in serum that was triggered after a heat-stable antibody had recognised and 

bound to invading microorganisms (Bordet, 1896). 

There are two major pathways of complement activation: the 'classical' pathway and 

'alternative' pathway; and a third less well reported pathway: the 'lectin' pathway. The 

classical pathway is triggered immunologically by an antibody binding to an antigen. 

The alternative pathway is initiated when spontaneously activated components bind to 

the surface of a pathogen. The lectin pathway is initiated when the serum lectin 

(mamiose binding protein) binds to the mannose-containing proteins or carbohydrates on 

bacteria and viruses. The classical pathway is a part of the adaptive humoral immune 

response while the alternative and the lectin pathways are part of the innate immune 

response. Figure 1.1 shows the classical and alternative pathways leading to the 
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Membrane Attack Complex (MAC), which is responsible for creating small pores in 

bacterial and foreign cell membranes. It also shows how the lectin pathway leads into the 

classical pathway at the C3 convertase. 

1.1.1 Nomenclature of Complement Components 

Plasma proteins of the classical pathway and the membrane attack complex are defined 

as components, each of which is assigned a number prefaced with C (eg, C1-C9). Many 

of the proteins are zymogens, which require proteolytic cleavage to become active 

proteins. Cleavage products are designated by lower case letters, with the larger 

fragment being designated b, and the smaller fragment being designated a, except in the 

cleavage of C2. Proteins of the alternative pathway are designated as factors, and 

identified by a single uppercase letter, while their cleavage products are designated by 

the addition of a lower case letter. A stabilising protein of the alternative pathway is 

properdin, which is abbreviated to P. Two control proteins also are designated as factors, 

I and H, while other control proteins are referred to by their trivial names. The pathway 

is activated in vivo, primarily by the interaction of the Clq portion of the CI complex 

with immune complexes or aggregates of the antibodies IgG and IgM through the 

classical pathway. Activation can also be achieved by direct interaction with a variety of 

polyanions (LPS, DNA, RNA), certain small polysaccharides and viral membranes 

through the alternative pathway. 

1.1.2 Activation of the Classical Pathway 

Activation of the classical pathway is initiated when Clq binds to either of the 

complexed antibodies IgG or IgM. CI is a pentamolecular Ca^^ dependent complex 

consisting of a single Clq molecule, two Clr and two CI s molecules. The Clq molecule 

contains 18 polypeptide chains (six A, six B and six C). Figure 1.2 shows each of the 

three types of chains (A, B, and C) contains a region of 81 amino acids in a collagen-like 

(-Gly-Xaa-Yaa-)n repeating sequence at the N-terminal end. At the C-terminal end is a 

region of 136 amino acids in a non-collagen like globular portion. There are triple 

helical sections between the N-terminal collagen-like regions and the C-terminal 

globular heads, as shown in Figure 1.3. 
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Figure 1.1 The complement system and its regulators. 
The classical, the alternative and the lectin pathways all form their appropriate C3 and C5 convertases. These join to form the 
membrane attack complex (MAC), which creates pores in bacterial and foreign cells (modified from Makrides, 1998). Inhibitors 
of the pathway are shown in red and anaphylatoxins are shown in green. 
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Figure 1.2 Schematic diagram of the chain structure for two triplets of 
Clq. 
A Clq molecule consists of 18 polypeptide chains arranged into six 
triplets, each of which contains one A, one B and one C chain which 
are joined together by disulphide bonds. The N-terminal part of the 
molecule consists of a collagen-like domain and the C-terminal 
consist of the globular heads region. 

Activation of the CI complex is under the control of the CI-inhibitor. The amount of the 

CI-inhibitor exceeds the amount of CI complex sevenfold, and it interacts reversibly 

with the CI complex. The CI-inhibitor prevents spontaneous activation of the pro-

enzyme Clr, and it binds covalently with activated CIr and Cls (Ziccardi et al, 1979). 

collagen-like 
sequences 

Triple helical 
sections 

C-terminal 
globular heads 

Figure 1.3 Schematic diagram of the CI complex. 
Each subunit of Clq is Y shaped with each branch of the Y ending 
in a globular head. There are six polypeptide chains in each subunit, 
giving 18 in the whole complex. The receptors for the Fc regions of 
IgG molecules are in the globular heads, which form a ring in the 
Clq molecule. The Clr and Cls molecules lie across the molecule 
such that the catalytic sites of Clr are close to the centre. 
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As shown in Figure 1.4, an IgG molecule is composed of two defined regions: one 

fragment that binds antigen (Fab), and one crystalhsable fragment (Fc) that binds to Clq. 

The globular heads of Clq demonstrate weak binding to the Fc region of the monomeric 

IgG Ch2 domains. However, when immune complexes present multiple Fc sites of 

aggregated IgG, the binding strength of the globular heads to the Fc regions is greatly 

increased. Clq also binds to the Ch3 domains of a single IgM molecule if they have been 

modified from a planar conformation to a staple conformation by binding to an antigen. 

Clq is also able to bind to certain microorganisms, including mycoplasma and some 

retroviruses in an antibody-independent process. 

Antigen binding 

\ 

Light chain 

Heavy chain 

Figure 1.4 

Hinge region 

Antigen binding 

/ 

Fab region 

Fc region 

Schematic diagram of an IgG molecule. 
A schematic diagram of an IgG molecule, which is characterised by 
a sequence of variability (V) in the heavy and light chains, referred 
to as Vh and Vl, respectively. Antigen binds to the antibody in these 
variable domains. The remainder of the molecule has a relatively 
constant structure (C). The constant portions of the heavy chains are 
divided into ChI, Ch2 and Ch3. These regions are stabilised by 
intrachain disulphide bonds, are referred to as 'domains'. The hinge 
region is a segment of heavy chain between ChI and Ch2 domains. 
Flexibility in this region permits the two antigen-binding sites to 
operate independently. 

Interaction of two or more globular heads of the Clq molecule with a suitable activator 

leads to a conformational change. This may induce the release of the CI-inhibitor, 

allowing autoactivation of Clri, which in turn leads to the activation of Clrz to yield two 

active Clr enzymes. The production of the Clr enzymes is rapidly followed by 

activation of the proenzyme Cls (because of the close association within the Clq arms) 
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to generate an active serine protease. The CI complex may then bind complement 

component C4. This association may occur via the eight short consensus repeats (SCRs) 

present in the heavy chains of CIr and Cls of the CI complex. The C4 protein is then 

cleaved by Cls producing two fragments C4a, and C4b. C4b is the activated form of the 

C4 component. 

1.1.3 Activation of the Lectin Pathway 

Mannan-binding protein (MBP) is a member of the calcium-dependent lectins, known as 

collectins (collagenous lectins). In serum, MBP can bind to terminal mannose groups on 

the surface of bacteria, which allows it to interact with the serine proteinase, known as 

the mannose-binding protein-associated serine proteinase (MASP). MASP is 

homologous in structure to the CIr and Cls molecules of the classical pathway. The 

interaction between MBP and MASP is analogous to the interaction of Clq with CIr and 

Cls. The interaction of MBP and MASP leads to the activation of the complement 

protein C4. This results in the activation of the classical pathway in an antibody-

independent manner, and hence the lectin pathway leads into the classical patliway. 

1.1.4 Complement Component C4 

C4 is a three-chain molecule that contains an internal thioester bond with a sequence that 

is closely homologous to the thioester-containing sequence of C3. When the C4 

molecule binds to the Clq molecule, the C4 molecule is split by Cls at a single point in 

its a chain to generate two fragments: C4a, which is an anaphylatoxin, and C4b, which is 

a large unstable intermediate. Within a few milliseconds the C4b intermediate is attacked 

by nearby nucleophilic groups and may become surface bound to cells. However, the 

majority of the C4b is hydrolysed by water to form inactivated iC4b. If C4b becomes 

surface bound it can interact with the N-tenninal domain of C2, which is a Mg^ 

-dependent protein. If the C2 molecule binds to the C4 molecule close to the activated 

CI s, the C2 molecule is split at a single point to yield a non-catalytic C2b fragment, and 

a C-tenninal catalytic domain, C2a, which is required for catalytic activity in the C3 

convertase. This activation of the classical pathway is shown in Figure 1.5. The C3 

convertase cleaves the C3 molecule to yield C3b and C3a. 
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Figure 1.5 The activation of the classical pathway. 
The binding of Clq to immune complexes catalyses the 
autoactivation of Clr and Cls. Cls then cleaves C4 to generate C4a, 
leaving C4b, which binds to adjacent proteins or carbohydrates. 
Surface-bound C4b binds C2 in the presence of Mĝ "̂ . Cls cleaves 
C2b from the complex leaving C4b2a. C4b2a is the C3 convertase of 
the classical pathway. (Reproduced from Roitt etal, 1996). 

1.1.5 The Role of C3 in the Cascade 

C3 is key to the function of the complement cascade. It is the most abundant complement 

serum protein in blood. Both the classical pathway and alternative pathway merge at the 

C3 activation step, which lead to the formation of the MAC. C4b2a is the C3 convertase 

of the classical pathway, and C3Bb is the C3 convertase of the alternative pathway. The 

C3 convertase activates C3 by proteolytic cleavage, as shown in Figure 1.6, in a manner 

that is similar to the way that Cls activates C4. A conformational change in C3 leads to 

the exposure of an internal thioester, which is very reactive and is subjected to 

nucleophihc attack by water, amino and hydroxyl groups. It can also become surface 

bound to cells in the same way as C4b. The ability to bind to all foreign forms is a useful 

property, but binding to self cells must not take place. The reactive nature of the 

thioester has a limiting effect on the range of the C3b molecule, and in addition, water 

hydrolyses the thioester making the C3b inactive. 

C3b, the first cleavage product of C3, can interact simultaneously with various acceptors 

and Complement Receptor Type 1 (CRl). Further cleavage of covalently-bound C3b by 

serum enzymes releases smaller cleavage products that bind other complement receptors 

expressed on various cells. The other smaller cleavage product of C3, C3a, has 

anaphylatoxin activity. All of these products of C3 facilitate the co-operation of 

immunological cells, which results in a number of outcomes, including antigen 

processing, T-cell proliferation and differentiation, B-cell activation, cell-mediated 

killing and elimination of immune complexes (Erdei et al, 1991). 
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Figure 1.6 The formation of the thioester bond. 
The a chain of C3 contains a thioester bond formed between a 
cysteine and a glutamate residue. Following the cleavage of C3 into 
C3a and C3b, the bond becomes unstable and susceptible to 
nucleophilic attacic by electrons on the -OH and -NH groups, 
allowing C3b to form a covalent bond with proteins and 
carbohydrates. This is also true of the homologous C4 protein. 
(Reproduced from Roitt et al, 1996.) 

1.1.6 Activation of the Alternative Pathway 

The alternative pathway does not depend on antibodies recognising specific molecules. 

Instead, the different surface molecular structures of foreign cells are recognised by 

complement proteins, which become attached to the surface of the foreign cell. C3 is 

activated by serum proteins, small nucleophiles and water, which gain access to the 

internal thioester as illustrated in Figure 1.6. C3 is also activated continuously in the 

fluid phase at a slow rate. This is called 'tickover' and it is shown in Figure 1.7. Factor B 

forming C3iB that binds to activated C3b or C3i is cleaved by Factor D to produce a 

small fragment, Ba, and larger fragment, Bb, which remains bound to C3b in the C3bBb 

complex. This complex is the C3 convertase of the alternative pathway, which is 

structurally and functionally homologous to the C3 convertase (C4b2a) of the classical 

pathway. When C3 is hydrolysed without the loss of C3a, C3i is produced, which is also 

referred to as C3(H20). C3i has a molecular conformation that is similar to C3b, and is 

able to form the C3 convertase of the alternative pathway. This process acts at a very low 

level, but an amplification loop acts explosively if C3b or iC3 are deposited on a foreign 

cell surface. 
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Figure 1.7 The activation of the alternative pathway. 

The thioester bond of C3 becomes hydrolysed by water forming C3i 
(C3(H20)). This binds to Factor B in the presence of Mĝ "̂  following 
the cleavage of Factor B by Factor D. The C3iB complex forms a 
fluid phase C3 convertase, which can directly cleave C3 into C3a 
and C3b. C3i can be replaced throughout the schematic diagram by 
C3b. (Reproduced from Roitt etal, 1996.) 

1.1.7 The Positive Feedback Mechanism of the Alternative Pathway 

Surface bound C3b binds to Factor B to produce C3bB. This becomes a substrate for 

Factor D, which is a serine esterase that cleaves Factor B to release Ba leaving C3bBb 

bound to the surface. The C3bBb dissociates fairly rapidly, unless it is stabilised by 

properdin (P), to form the C3bBbP complex. This is the C3 convertase of the alternative 

pathway. The C3bBbP complex cleaves C3 molecules to produce more C3b. The 

proximity of the convertase means that the C3b that is generated will tend to bind to the 

nearby foreign surface rather than elsewhere. The amplification loop also works for C3b 

deposited on the cell surface as a result of the classical pathway, as shown in Figure 1.8. 

1.1.8 The Membrane Attack Complex (MAC) 

The activation of the classical pathway and the activation or the amphfication of the 

alternative pathway lead to the final phase of activation, which is the MAC. Figure 1.9 

shows the formation of the MAC, starting from the initial step of the cleavage of the C5 

molecule. The MAC is initiated when plasma protein C5 is cleaved enymatically by the 

C5 convertase. C5 is a homologue of C3 and C4, but it lacks the internal thioester bond. 

C5 must be bound to a C3b molecule before it can be cleaved by the C5 convertase. The 

C5 convertases that activate C5 are the C4b2a3b complex of the classical pathway, and 

the C3bBb3b complex of the alternative pathway. These are both C3 convertases, with 

an addition of a C3b molecule. 
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exogenous proteases 

activation 

amplification 

C3 convertase 

Figure 1.8 The amplification loop of C3 activation. 
C3b may be generated by either a classical pathway C3 convertase, 
or by an alternative pathway C3 convertase. C3b binds Factor B in a 
Mg '̂*' dependent complex before being acted on by Factor D. This 
releases Ba, and generates the alternative pathway C3 convertase, 
C3bBb. This, in turn, can act on more C3 to generate further C3b. 
(Reproduced from Roitt et al, 1996.) 

m m 

Figure The generation of the membrane attacli complex. 
C5 is cleaved by the C5 convertase to yield C5a and C5b. Activated 
C5b can then bind C6 and then C7 to produce C5b-7. This C5-7 
complex inserts into the target membrane providing a binding site 
for C8. Although the C5-8 forms a small pore in the membrane, it is 
the subsequent binding of multiple C9 monomers that create the 
MAC, leading to the destruction of the pathogen. (Reproduced from 
Roitt a/, 1996.) 

C5 is cleaved to generate C5b and C5a, which is a potent anaphylatoxin that mediates 

events in inflammation. Newly activated C5b can bind loosely to any C3b that is bound 

on the surface of a target cell. Once bound to C3b, the C5b can bind C6 to form the 
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C5b-C6 complex, which in turn can bind C7 to form the C5b-7 complex. The C5b-7 

complex has a transient binding site for membrane surfaces, and becomes dissociated 

from C3b and binds to the membrane directly (Preissner et al, 1985). If the C6 and C7 

surfaces of the C5b-7 complex fail to bind to the membrane, the C5b-7 complex 

becomes aggregated in the fluid phase and the cytolytic activity is lost. 

There are two final stages in the production of the MAC. The three-chain C8 molecule 

binds to the C5-7 complex. This bond takes place at a specific C5b recognition site on 

P-chain of the C8 molecule. After the C8 has bound, the C8 molecule a-chain directs the 

incorporation of C9. The C5b-8 complex is itself capable of slowly lysing cells, but its 

primary role is to act as a receptor for C9 and to catalyse the polymerisation of more C9 

molecules (Tschopp et al, 1982). This yields the C5b-9 complex, which is more effective 

than the C5b-8 complex at lysing cells. The resulting composition of the MAC is of a 

C5b-8 bonded to n C9 molecules, denoted C5b-8(C9)/7, where n lies in the range of 1 to 

18. The insertion of C9 monomers forms a membrane-spanning channel approximately 

100A in diameter that allows the passage of solutes and water across the lipid bilayer. 

This causes disruption of proton gradients across the membrane, which allows enzymes 

to penetrate the membrane leading to the eventual destruction of the pathogen (Hu et al, 

I981;Podackgfa/, 1982). 

1.1.9 Cont ro l of the Complement System 

Any cascade system that has a rapid internally-activated amplified response requires fine 

control at several levels of the cascade. For example, activation of one molecule of the 

CI complex by an antibody at the surface of a cell can result in the generation of several 

hundred C3b molecules, which can cover a relatively large area of the activating cell. 

The C3b molecules are also generated by the positive feedback mechanism of the 

alternative pathway. The cascade is controlled by the relatively rapid degradation of the 

C3 and C5 convertases. In addition, the activated components of both pathways are 

controlled by regulatory proteins. A diagram showing protein regulation is shown in 

Figure l.IO, where Factors H, Factor I and P are the regulatory proteins. If C3b binds on 

a self surface. Factor H can become bound to form C3bH. This complex is cleaved by 

Factor I, resulting in the release of Factor H and the inactivation of the C3b molecule to 

form iC3b. However, if C3b binds to a foreign surface. Factor B can bind to produce 
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C3bB. Properdin helps to stabilise the C3bB complex, while Factor D cleaves the C3bB 

to produce CSbBb. This is the C3 convertase that can, in turn, cleave more C3 

molecules. Membrane-bound and serum soluble proteins play a role in the control of the 

pathways (Mollnes and Lachmann, 1988). These proteins are summarised in Table 1.1. 

Self-surface Protected surface 

Figure 1.10 Regulation of the amplification loop. 
C3b that has bound to a foreign surface binds Factor B. This 
generates the alternative pathway C3 convertase, C3bBb, which 
drives the amplification loop. However, on self surfaces the binding 
of Factor H is favoured, and C3b becomes inactivated by Factor I. 
The binding of either Factor B or Factor H controls the development 
of alternative pathway mechanisms. (Reproduced from Roitt et al, 
199&) 

1.1.10 Evolution of the Regulators of Complement Activation (RCA) Region 

As shovra in Figure 1.11, the RCA region on Human Chromosome 1 contains a cluster 

of five genes that code for five regulatory proteins: C4b-binding protein (C4bp), decay-

accelerating factor (DAF), membrane cofactor protein (MCP) and complement receptors 

CRl and CR2 (Hourcade et al, 1989). Genetic analysis indicates that the RCA region 

also contains the Factor H gene, but although it is in the vicinity of the other genes, it is 

at least 1500 kb away. Each of these six genes encodes domains termed the short 

consensus repeats (SCRs), as do several other complement genes that have been mapped 

in the human genome. These include Factor B and C2, which are located on the short 

arm of Chromosome 6, and Clr and Cls, which lie on Chromosome 12. 
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Protein Location Ligands Function/Activity 

CI-inhibitor Plasma Clr, Cls Dissociates CI by binding to Clr and Cls, 
removing them from Clq 

Factor I Plasma C4b, C3b Cleaves and inactivates C4b and C3b using 
cofactors 

Factor H Plasma C3b Accelerates the decay of C3 convertases in the 
alternative pathway, dissociates B and Bb 
from C3b, cofactor for Factor I 

C4bp Membrane C4b 
(C3b) 

Accelerates the decay of C3 convertases in the 
classical pathway, dissociates C2 and C2a 
from C4b, cofactor for Factor I 

CR1(CD35) Membrane C4b, 
C3b, 
iC3b 

Accelerates the decay of C3 and C5 
convertases in both pathways, dissociates C2 
and C2a from C4b, dissociates B and Bb from 
C3b, cofactor for Factor I 

CR2 (CD21) Membrane iC3b, 
C3d& 
C3d 

B cell receptor for complexes having bound 
C3 fragments, cofactor for the cleavage of 
iC3b by Factor I, Epstein-Barr virus receptor 

MCP (CD46) Membrane C3b 
(C4b) 

Blocks the formation of C3 convertases in the 
classical and alternative pathways, cofactor 
for Factor I, receptor for the measles virus 

DAF (CD55) Membrane C4b, C3b Accelerates the decay of C3 convertases in 
both pathways, dissociates C2 and C2a from 
C4b, dissociates B and Bb from C3b 

CD59 Membrane C7,C8 Blocks the formation of MAC on host cells 

Vitronectin 
(S-protein) 

Plasma C5b^ Blocks the formation of fluid-phase MAC 

Clusterin 
(SP-40) 

Plasma C5b^ Blocks the formation of fluid-phase MAC 

Anaphylatoxin 
inhibitor 

Plasma C5a, 
C4a, C3a 

Cleaves terminal arginine residue and 
inactivates anaphylatoxins, carboxypeptidase 
N 

Properdin Plasma C3bBb Binds to and stabilises the C3 convertase in 
the alternative pathway 

Nephritic 
factors 

Plasma C3bBb. 
C4bC2a 

Binds to and stabilises the C3 convertase in 
the classical and alternative pathways, 
resulting in the cleavage of C3 

Table 1.1 Regulatory proteins of the complement cascade. 
The table shows the location, ligand and function or activity of each 
regulatory protein. These include proteins that regulate the classical 
and alternative pathways, and the MAC. The proteins are either 
membrane-bound and serum soluble, and either inhibit the pathway 
or help to stabilise activated complement components. 
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Figure 1.11 Physical map of the RCA region. 
The map shows genes for MCP, CRl, CR2, DAF and C4-bp, which 
are found within a region of 1000 kb. (Adapted from Hourcade et al, 
1989J 

Each of these six genes contains at least four SCRs. They have functional similarities, 

including cofactor activity for Factor I, decay-accelerating activity against the C3 

convertase, and overlapping binding sites for C3b. The mammalian genes for Factor H, 

MCP, C4bp, DAF, CRl and CR2 contain SCR sequences split between two exons at 

precisely the gly34 codon. These two exons have not been found in any sequence related 

non-RCA genes (Parries and Atkinson, 1991). Therefore, all RCA genes are probably 

derived from a common ancestor by gene duplication. SCRs are also found in a number 

of non-RCA complement components. These include units in Factor B that interact with 

C3b, units in C2 that interact with C4b, and units in C6 that probably interact with C5b 

(Reid et al, 1989). This functional similarity amongst RCA products also suggests that 

coding sequences share a common ancestor. 

1.1.11 Regulatory Proteins of the RCA Cluster 

Some RCA proteins inhibit the assembly of the C3 convertase causing it to release the 

enzymatically active component from the membrane-bound component. The RCA 

proteins that have this activity include MCP, C4bp, CRl , Factor H and DAF. In the 

classical pathway, three structurally different RCA proteins act in a similar way to 

prevent the assembly of the C3 convertase. These regulatory proteins are the 

C4b-binding protein, MCP and CRl . These regulatory proteins bind to C4b to prevent it 

associating with C2a. Once either C4bp, MCP or CRl is bound, Factor I can cleave C4b 

to produce C4d and C4c. In the alternative pathway CRl , MCP or Factor H bind to C3b 

to prevent it associating with Factor B. Again, once either C R l , MCP or Factor H is 

bound to C3b, Factor I can cleave C3b to iC3b, releasing C3c and C3dg as illustrated in 

Figure 1.12. 
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Figure 1.12 The cleavage of C3b by Factor I. 
Factor I cleaves C3b in three places to release C3c, leaving C3dg (a 
fragment of the a chain) still bound to the substrate. The first two 
cleavages are promoted by Factor H, MCP or CRl and produce an 
intermediate, iC3b. The third cleavage is promoted by CRl. C4b is 
cleaved in a similar way by Factor I to produce fragments C4c and 
C4d. (Reproduced from Roitt a/, 1996.) 

The proteins of the RCA family have very similar functions, which are shown in Table 

1.2. They either have decay-accelerating activity. Factor I cofactor activity, or both. CRl 

is the only protein that has decay-accelerating activity for both the C3 and C5 

convertases in both the classical and alternative pathways, as well as having Factor I 

cofactor activity for the degradation of both C4b and C3b (Fearon, 1991). Recent data 

have shown it also binds to Clq (Khckstein et al, 1997). 

Protein 

Decay-accelerating 
Activity 

Factor I Cofactor Activity 

Substrate Protein 

Classical Alternative C4b C3b 

Substrate 

CRl + + + + C3b/C4b 

CR2 - - - iC3b/C3dg 

DAF + + - - C3b/C4b 

MCP - - + + C3b/C4b 

C4b-bp + - + - C4b 

Factor H - + - + C3b 

Table 1.2 Functions of proteins in the RCA family. 
The proteins of the RCA family have decay-accelerating activity for 
the C3/C5 convertases. They also have Factor I cofactor activity. 
® CR2 possesses Factor I cofactor activity for iC3b. 
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1.2 The Complement Receptor Family 

Many complement protein fragments produced during activation bind to specific 

receptors on the surface of immune cells. This provides an important mechanism for 

mediating the physiological effects of complement. Table 1.3 shows the four members of 

the complement receptor family, and their ligands that are cleavage products of C3. 

Receptor Ligands Cell Distribution 

CRl 
(CDG5) 

C3b>iC3b 
C4b 

B cells, neutrophils, monocytes, 
macrophages, erythrocytes, follicular 
dendritic cells, glomerular epithelial cells 

CR2 
(CD21) 

iC3b, C3dg, Epstein-
Barr virus, interferon-a 

B cells, follicullar dendritic cells, 
epithelial cells of cervix and nasopharynx 

CR3 
(CD18/CDlIb) 

iC3b 
zymosan 
Factor-X 
ICAM-1 

monocytes, macrophages, neutrophils, 
NK cells, follicular dendritic cells 

CR4 
(pi 50-95) 

(CDlS/CDIlc) 

iC3b 
fibrinogen 

neutrophils, monocytes, tissue 
macrophages 

Table 1.3 Members of the complement receptor family. 
The complement receptor family ligands are all products of C3. CRl 
binds C3b more strongly than iC3b. These receptors allow cells to 
take up particles or immune complexes that bear the corresponding 
ligand. 

1.3 Complement Receptor Type 1 

The complete primary structure of CRl was derived f rom the cDNA sequence 

(Klickstein et al, 1987, 1988; Hourcade et al, 1988, 1989). There are four molecular 

weight allotypes that can bind C3b and C4b, which vary by 40-50 kDa. The most 

frequently occurring is the F allotype (also referred to as the A allotype), which has a 

molecular weight of 250 kDa. 

1.3.1 The Structure of Complement Receptor Type 1 

CRl is a Type 1 membrane glycoprotein composed of a single amino acid chain. It is 

present on erythrocytes, monocytes and macrophages, granulocytes, B cells, splenic 

follicular dendritic cells and glomerular podocytes. The most common allotype is 

comprised of 2039 amino acids. It has a 41 amino acid signal peptide, an extracellular 

domain of 1930 residues, a 25 amino acid transmembrane domain and a 43 amino acid 
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cytoplasmic domain. It is estimated to have between six and eight N-linked complex 

oligosaccharides with 0-l inked carbohydrates. As shown in Figure 1.13, the 

extracellular portion is comprised of 30 SCRs, which are also referred to as complement 

control proteins (CCP) (Aheam and Fearon, 1989). 

LHR-A LHR-B LHR-C LHR-D 

SCR 1-7 SCR 8-14 SCR 15-21 SCR 22-28 

o o ( x m m x x x x ) o o o o o o o o o o o o o o o o 
I I I I I I 
C4b C3b C3b cell 
binding binding binding membrane 

Figure 1.13 Schematic diagram of complement receptor Type 1. 
The most common allotype of CRl has 30 SCRs. The first 28 are 
arranged in four groups of long homologous repeats (LHR), with 
seven SCRs in each LHR. 

Each SCR contains between 60 and 70 highly conserved amino acids. Each SCR has 

four invariant cysteine residues, with a glycine after the second cysteine, and a single 

tryptophan residue. There are high contents of proline and glycine, as well as 

hydrophobic amino acids. A loop structure is maintained within each SCR by disulphide 

links between conserved cysteines - 1 and - 3 , and - 2 and - 4 (Aheam and Fearon, 

1989). Every eighth SCR is a highly homologous repeat with a sequence identity ranging 

from 60% to 100%, so that seven SCRs constitute a long homologous repeat (LHR), 

designated LHR-A, -B, -C and -D (Kickstein et al, 1987). Figure 1.14 shows the 

alignment of the 28 N-terminal SCRs of CRl arranged into seven LHRs. 

The LHR is unique to CRl , but the structural element SCR is found in other C3/C4 

binding proteins, such as Factor H, C4b-bp, DAF, and CR2 (Hourcade et al, 1989; 

Fearon and Adheam, 1990). SCR domaitis are also found in noncomplement proteins 

such as IL-2R and Factor Xlllb, which indicates that SCR forms a C3/C4 binding site 

even though it does not bind the ligands. RCA proteins, which are functionally related 

by the way they bind C3 and C4, contain between two and 20 SCR modules. CRl has a 

single binding site for C4b, which is situated in SCRs 123 of LHR-A. It also has two 

binding sites for C3b, one situated in SCRs 8-10 of LHR-B and one in a nearly identical 

region of SCRs 15-17 of LHR-C (Klickstein et al, 1987; KaUi et al, 1991). 


