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Summary

The complement system is a part of the immune system and consists of more than 35 soluble and plasma membrane proteins that interact with each other and other elements of the immune system. Activation of the complement system by the classical, membrane binding lectine (MBL) and alternative pathway cause a cascade reaction, which leads to a large complement response.
For so far known the complement system has three functions: it acts as a chemo-attractant (releasing of complement to attract phagocytes to the site of infection), opsonization of bacteria (complement coats the bacteria, allowing the phagocytes to recognize the bacteria) and killing pathogens by causing pores in the cell membrane. The latter is caused by the assembling of the membrane attack complex (MAC) and consists of the complement components C5b, C6, C7, C8 and C9. Defects in the MAC complement components results in recurrent meningococcal disease. 
This study is focused on the complement component 7. It is known in literature that C7 deficiency leads to the loss of lytic function of complement. C7 deficient patients show a higher risk of getting recurrently infected by the Neisseria meningitidis bacteria. Mutations in the C7 gene often results in a stopcodon that leads to a premature truncated C7 protein. Other mutations results in no production or no secretion of the protein or to a nonfunctional protein.
In literature it is known that the C7 protein has different polymorphisms. The correlation between (familial) N. meningitidis infections and C7 polymorphisms is not yet known. 20 patients were analyzed during this study. Iso electric focusing showed that 11 patients have an absence of the C7 protein (C7 deficient patients), 7 patients have a C7 protein with aberrant charge (IEF patients) and 2 patients with a normal charged C7 (C7n), but they are infected with a less virulent serogroup. The hemolytic activity of the latter 2 patient group is normal, giving the information that the complement is working. 
The aim of this project is the genetic analysis of the complement C7 gene in the C7 deficient, IEF and C7N patients. The bactericidal activity against the N. meningitidis also needs to be determined. The main question is: what is the cause of the N. meningitidis infection in the IEF and C7n patients.
The genetic analysis was done by PCR and sequencing of the C7 gene in all the patients, to detect polymorphisms and mutations. To confirm the mutations and detect the C7 protein, western blotting was preformed. The bactericidal activity of the patients’ serum was tested in a killing assay with the Neisseria meningitidis.
The C7 deficient patients, all but one, are compound heterozygous. One patient has a novel homozygous mutation. Three other novel mutations were found in the C7 deficient patients and the C7 protein could not be detected on western blot, which confirms that the novel mutations leads to the absence of the protein in serum. The absence of the protein also shows that the C7 patients were not able to kill the N. meningitidis in the killing assay.

The molecular bases of 2 polymorphisms are elucidated by 2 novel polymorphisms found in 2 IEF patients. The polymorphisms cause an amino acid substitution and leads to C7 protein with a different charge then the wild type. This is confirmed with data of previous studies. 
No other polymorphisms or combinations of polymorphisms were found what can contribute to the cause of the infection in the IEF patients. The IEF patients were able to kill the N. meningitidis in the killing assay, even better then the controls. For so far the cause of the infection in the IEF patients could not be found. 
Chapter 1. Introduction
1.1. The complement system

The complement system is part of the innate immune system and complement is mainly made in the liver and there is some synthesis by phagocytes. The complement system consists of more than 35 soluble and plasma membrane proteins that interact with each other and other elements of the immune system. Complement activation is a cascade reaction; an active complement enzyme generated by cleavage of its zymogen precursor then cleaves another complement zymogen to its active enzymatic form. This in turn cleaves and activates the next zymogen in the complement pathway. In this way, the activation of a small number of complement proteins at the start of the pathway is amplified by each enzymatic reaction, resulting in rapid generation of a large complement response1. 
Functions and activation
For so far it is known that the complement system has three functions (figure 1): it acts as a chemo-attractant (releasing of complement to attract phagocytes to the site of infection), opsonization of bacteria (complement coats the bacteria, allowing the phagocytes to recognize the bacteria) and killing pathogens by causing pores in the cell membrane. Complement is able to respond immediately to invading pathogens, preventing microorganisms from damaging us.
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Figure 1. Complement activation and functions1.
There are three pathways in the complement system to activate the immune response (figure 1): 

· the classical pathway is activated by antibodies bound to antigens (adaptive immune system), 

· the membrane binding lectine (MBL) pathway is activated by binding to terminal mannose groups on bacterial carbohydrates,
· the alternative pathway is activated by hydroxyl and amine groups on the surfaces of pathogens (mainly by lipopolysaccharide Gram negative bacteria). 

The complement protein C1 consists of C1q, C1r and C1s. The binding of this complex with IgG or IgM domains bound to an antigen will activate the classical pathway. The C1q-antigen complex cleaves C4 and C2 which form the C4b2 complex, which acts as a C3 convertase and cleave C3 to C3a and C3b. 
The MBL pathway is similar to the classical pathway. MBL is associated with MASP-1 and MASP-2, which are homologous to C1r and C1s. When MBL binds to the terminal mannose groups on the bacterial carbohydrates, it activates MASP-1 and MASP-2. MASP-2 cleaves C4 and C2 and MASP-1 cleaves C3 and C2.
The alternative pathway is continuously activated at a low rate, but this is increased in the presence of pathogens. C3 is spontaneous hydrolysed by water and forms active C3. In serum and at the surfaces of the body’s own cells, factor H binds C3b and is inactivated by factor I. In the presence of pathogens, C3b associates with factor B and is cleaved by factor D to generate the C3 convertase C3bBb. C3bBb cleave C3 to C3a and C3b. It can also activate more C3. The binding of factor H or factor B controls the activation of the alternative pathway (figure 2). 
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Figure 2. Summary of the complement activation pathways.
C3a is a chemo-attractant and C3b acts as an opsonization protein for attracting and uptake by phagocytes or it activates C5 to convert to C5a and C5b. C5a also acts as a chemo-attractant and C5b initiates the proteins C6, C7, C8 and C9 to form the membrane attack complex (MAC) which cause pores in the membrane of the pathogens and lyse them. 

MAC assembly

The assembling of MAC is also called the terminal complement cascade (TCC) and consists of the complement components C5b, C6, C7, C8 and C9. The assembly starts if C3b converts C5 to C5a and C5b. C5b binds C6 and this complex binds C7. Binding will release the hydrophobic site from C7 that allows C7 to enter the phospholipid bilayer of the pathogens membrane. C8 binds to the complex and also enter the membrane. C8 induces polymerization of multiple C9 molecules into a pore forming structure, allow water passage across the cell membrane and causes the cell to swell and burst2. If one of the complement components in the TCC is absent or non functional, the MAC cannot be assembled. TCC defects results in recurrent meningococcal disease3. 

1.2. Complement component 7 (C7) 

The C7 gene has been shown to span about 80kb and is encoded by 18 exons (figure 3) and is located on chromosome 5p12-14. The single polypeptide chain of C7 is composed of 821 amino acid residues and is structurally similar to the other MAC components C6, C8 and C93. Complement component 7 is a soluble protein of 97 kD and the concentration in plasma is about 55 mg/l. It is made by macrophages and endothelium cells. The gene contains nine domains (figure 3) and they have different functions4.
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Figure 3. Schematic diagram of the C7 gene with his exons and domains and the positions of mutations described previously. Numbers are revered in table 1. 
The thrombospondin type 1 domain (T1) is involved in cell-cell interaction. The low density lipoprotein (LDL) receptor type A (LA) plays a central role in mammalian cholesterol metabolism and binds lipoproteins. Perforin disrupts the phospholipids bilayer leading cells in lysis and death. In the presence of calcium, perforin polymerizes into transmembrane tubules and is capable of lysing non-specifically variety of target cells. The complement control protein domains (CP) interact with the C5b fragment. The complement factor I, MAC proteins (FM) domains are involved in the C7 interaction with the C345C domain of the C5 and it is likely to be crucial for the C7 protein synthesis, secretion and/or stability3. C7 deficiency leads to the loss of lytic function of complement. C7 deficient patients show a higher risk of getting recurrently infected by the Neisseria meningitidis bacteria.
1.3. Complement C7 mutations

A total of 23 mutations in the C7 gene have been reported in literature (table 1), which lead to C7 deficiency. 
Table 1. Mutations described previously in literature.
	No.
	Exon
	Molecular defect
	Consequences

	1
	Intron 1
	G>A transition 3’ acceptor site
	Splicing defect5

	2
	3
	c.189 T>G
	C41W3

	3
	4
	c.281-1 G>T
	Splicing defect6

	4
	6
	c.615 G>A
	W183X, premature stopcodon5

	5
	6
	c.631 – 641 del11 base
	Premature stopcodon4

	6
	6
	c.659 G>A
	R198Q, nonfunctional protein7

	7
	Intron 7
	G>A transition 5’ donor site
	Splicing defect7

	8
	7 - 8
	Del6 – 8 kbp
	Loss of function5

	9
	9
	c.1135 G>C
	G357R, secretion failure5

	10
	10
	c.1314delA
	K146X, premature stopcodon8

	11
	10
	c.1458 T>A
	C464X, premature stopcodon4

	12
	11
	c.1561 C>A
	R499S, secretion failure3

	13
	12
	c.1741-3delT
	Premature stopcodon3

	14
	14
	c.1922delAG/1923delGA/1924delAG
	Premature stopcodon4

	15
	14
	c.1929delC
	Out-of-phase translation7

	16
	14
	c.1957 G>T
	E631X, premature stopcodon5

	17
	14
	c.2044 G>C
	E660Q, nonfunctional protein5

	18
	14
	c.2060 G>A
	R665H, nonfunctional protein5

	19
	15
	c.2137delTG/2138delGT/2139delTG/2140delGT
	Premature stopcodon5

	20
	15
	c.2107 C>T
	Premature stopcodon3

	21
	16
	c.2250 T>A
	C728X, premature stopcodon9

	22
	16
	c.2350delG
	Out-of-phase translation 7

	23
	16
	c.2350+2 T>C
	Splicing defect7


The most mutations are located in the last four exons (figure 3) and these exons represent the domains that are important in the binding with complement C5 in the complement cascade3. There are evidences that the complement control proteins as well as the Factor I Module protein regions could be vital regions for the probably secretion or synthesis of the C7 protein8. Mutations in the C7 gene often results in a stopcodon that leads to a premature truncated C7 protein. Other mutations results in no production or a secretion failure of the protein or a nonfunctional protein.

1.4. Complement C7 polymorphisms
Several complement C7 polymorphisms are reported. The first protein polymorphism is based on charge different of the C7 protein by using isoelectric focusing. This method detects proteins by their charge differences. C7*1 is the common allele with a frequency of 0.99 in the Caucasian population10. The incidence of the polymorphisms C7*2 is less than 0.01 in the Caucasian population and 0.10 in the Asian population. C7*3 and C7*4 are rare in the Caucasian population but have a frequency of 0.05 and 0.04 respectively in the Asian population. C7*6, C7*8 and C7*10 are very rare. 
The molecular basis of C7*3 and C7*4 are elucidated in 2002 by Japanese by using a PCR-based analytical method. A substitution T to C at nucleotide 382 cause a change of the amino acid of the neutral cysteine to a positive arginine explains why C7*3 protein moves more to the cathode pool when compared with C7*1. And the substitution of A to C at nucleotide 1258 in isotype C7*4 cause the amino acid change of the positively charged lysine to a neutral glutamine10. It has been suggested that C7*3 is hypomorphic and C7*4 is hemolytically hypofunctional11.  
The second protein polymorphism is reported by detecting the C7 protein with a monoclonal antibody. The common polymorphism C7*1 is divided in C7*M, C7*N and C7*M/N. The detection of this polymorphism is done with a mouse monoclonal antibody (mAB). The total amount was determined by a polyclonal antibody, the ratio between the monoclonal and polyclonal antibody determined whether the epitope was present in a homozygous or heterozygous state. If all C7 molecules carried the epitope of the mAB it was determined C7*M, C7*M/N when half of the molecules were positive and C7*N when no mAB binding occurred12. An amino acid substitution for the C7*M/N polymorphisms alters the tertiary structure so the mAB was not able to bind to its epitope. The molecular basis for this polymorphism was determined by Würzner et al. in 1995. First they compared the ELISA pattern of the monoclonal antibody WU4-5 with the polyclonal anti-C7 IgG. Then the WU4-5 epitope was mapped by expression of the cDNA fragment. C7*N has a homozygous substitution of A to C at nucleotide 1759, C7*M/N is heterozygous for this substitution and is located at exon 1313.
There are also DNA polymorphisms described which are detected by restriction enzyme fragment length polymorphisms (RFLPs) or PCR-RFLPs. Three polymorphisms are detected in the introns: 225-TaqI (C7 intron 15), 223-TaqI (C7 intron 13) and an A to C polymorphism in intron 12. A nucleotide change in exon 13 was responsible for the C7*M/N polymorphism and was detected with restriction enzyme RsaI. And with restriction enzymes DdeI and BsrGI polymorphism in respectively exon 9 and 13 were detected14.
1.5. Neisseria meningitidis
Patients who have recurrent N. meningitidis infections can be associated with terminal complement cascade deficiencies. An infection with the bacteria can cause meningitis and/or sepsis. Patients with meningitis have symptoms like headache, high temperature, stiff neck, dislike bright lights and rash. Sepsis can cause the same symptoms as meningitis but also cold hands and feet, rapid breathing and stomach and muscle pain. Early diagnose and treatment is important because the development of the disease is very quick and if not noticed on time, it can be lethal. To diagnose the meningitis, a lumber puncture is done to collect cerebrospinal fluid (CSF). If the bacteria is determined in the CSF, the antibiotic treatment is started immediately15. 
The infection is caused by the Neisseria meningitidis (also known as meningococcus), a Gram-negative encapsulated diplococcus. The outer membrane contains lipopolysaccharides (LPS), by which the bacteria can be divided into serogroupes (figure 4). 
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Figure 4. Schematic representation of the Neisseria meningitidis.
Seven pathogenic meningococcal strains are known: serogroup A, B, C, W135, X, Y and Z. Normally the bacteria live harmless in the human upper respiratory tract and can be transmitted to the next host by aerosols16. The frequency of carriers of the N. meningitidis is in de order of 10%. Antibodies play an important role in the defense against meningococcal disease, because it activates the classical complement pathway. The importance of antibodies is shown by the age in which the infection occurred. The first infection risk period is the early childhood (until five years), caused by the immunity system that has not yet developed completely. Young adults (fifth teen till nineteen years) also have a higher risk to get infected because they are exposed to other strains against they may not have acquired immunity17. The second period is due to that young adults leave home and live in a residence (university). According to the Reference Laboratory of Bacterial Meningitidis (RBM) there where 155 cases with serogroup B and four cases with serogroup C in 2006. One patient was infected with serogroup W135 and another one with serogroup X. Five patients were infected with serogroup Y and the serogroup of one infected patient was not definable.
If a patient get infected outside the infection risk periods and the infection is recurrent, there can be something wrong in the complement system. This is also the case when patients get infected with a rare serogroup, because these are less virulent.   
During an infection with the Neisseria meningitidis the complement system activates the classical pathway by forming an antibody-antigen complex with antibodies against the Por A protein on the surface of the membrane. The alternative pathway is activated in the presence of the LPS of the bacteria and both pathways lead to cellysis16.  The role of the MBL is mainly to act as an opsonin during an infection18.
1.6. Aim of study
Sera are present from 20 patients, which suffered of a Neisseria meningitidis infection. At protein level sera from 11 patients shows an absence of the C7 protein (C7 deficient patients, C7Q0) resulting in a complete defect in the classical hemolytic activity (determine with CH50 using sheep erythrocytes). 

The C7 protein from another 7 patients (IEF patients) had an aberrant charge as determined by iso-electric focussing. The hemolytic activity of these patients is normal, giving the information that the complement is working. Two patients with a normal charged C7 protein (C7n patients) are also included, as they are infected with a less virulent serogroup. The IEF and C7n patients suffered from a familial N. meningitidis infection. Familial means that the infection appears in a group of relatives without any clear inheritance. Serum of family members from 3 IEF and the C7n patients is available. 
In literature it is known that the C7 protein has different polymorphisms. The correlation between (familial) N. meningitidis infections and C7 polymorphisms is not yet known.
The aim of this project is the genetic analysis of the complement C7 gene in the C7 deficient, IEF and C7n patients. To relate the genetic background of the IEF patients to the functional C7 protein, a killing assay has to be set up with the N. meningitidis. The main question is: what is the cause of the familial N. meningitidis infection in the IEF and C7n patients.
1.7. Hypothesis
The IEF patients have the C7 protein, but with an aberrant charge. This charge difference is caused by a polymorphism in the C7 protein. These patients may have more polymorphisms in the C7 gene and this can contribute to the risk of infection. The combination of polymorphisms in certain domains can give a dominant negative effect, meaning that the aberrant protein can influence the function of the normal protein, which can lead to a negative effect: a higher risk to get infected with the N. meningitidis. 
Chapter 2. Theory

2.1. DNA preparation
Blood can be separated in components by centrifugation, forming three layers. The lower layer contains the red blood cells. The middle layer is the buffy coat and exists of concentrated white blood cells and the upper layer is plasma. Plasma is mainly composed of water and blood proteins like fibrinogen. If the blood is clotted and centrifuged, serum is left. Complement is very instable and must be stored at -80˚C and when thawed, it should be done on ice.
2.2. Air Thermo Cycler PCR

An ATC PCR is a method by which the reaction is preformed in a glass capillary. The heat transfer is very fast so a reaction of 50 cycles takes less then an hour. The used PCR method is the hot start PCR. In a hot start PCR non-specific amplification is reduced. The reaction mixture contains an antibody against Taq polymerase. The antibody will bind Taq polymerase at room temperature so the Taq polymerase is inactive. When the temperature is raised above 70˚C, the antibody is not functional and the Taq polymerase becomes active. 
2.3. Sequencing

The sequence reaction is preformed by the method of Sanger. This is a linear PCR with a mixture of deoxynucleotides and dideoxynucleotides. The dideoxynucleotides have one oxygen molecule less and are fluorescent labelled. Each nucleotide has it own coloured label. During the extension, deoxynucleotides and dideoxynucleotides are used to form a new strand. Because the dideoxynucleotides differ by missing one oxygen molecule, the next nucleotide cannot bind and the extension will stop. At the end there is a mixture of DNA fragments with different lengths. Every strand ends with a fluorescent label that can be detected with electrophoresis on an ABI 3130 Genetic Analyzer. This apparatus has a capillary filled with a polymer. This polymer separates the fragments by their size and the laser will detect the fluorescent label.

2.4. Western blotting

The presence of the C7 protein in serum can be detected by western blotting using an antibody against the protein. First the proteins are separate on a SDS PAGE gel (sodium dodecyl sulphate-polyacrylamide gel electrophoresis). The proteins are negatively charge and depending of their charge and size, it will migrate into the gel. The C7 protein has a molecular weight of 97 kD. After separation, the proteins are transferred on a PVDF (polyvinyldifluride) membrane, this is called blotting. After blotting, the membrane is incubated with the first antibody, a polyclonal goat anti human C7 antibody. This recognizes several epitopes on the C7 protein. After the incubation the second antibody, a rabbit anti goat IgG antibody with a HRP-label (horseradish peroxidase) is added. This recognizes the first antibody and after adding a substrate the peroxidase of the label will give a reaction. The reaction of peroxidase and the substrate sends out chemoluminescence and can be captured on an x-ray film.
2.5. Killing assay

A killing assay is set up to see if the sera from the patients are able to kill the Neisseria meningitidis bacteria. Sera from the patients are incubated with the bacteria in a buffer containing the antibody against the Neisseria meningitidis bacteria. The antibody is necessary to initiate the classical pathway by forming an antibody-antigen complex. The antibody is against Por A, a protein on the surface of the bacteria. To exclude that the amount of antibody is the limiting factor, each incubation mixture has the same amount of antibody. 

After this incubation the mixtures are plated onto a chocolate agar plate and incubated overnight. The next day the coloning forming units (CFU) are calculated after counting the colonies. 
Control samples are included in every assay and each component alone is tested separately to see if they do not kill the bacteria. A doses response curve is made with different serum concentrations. To keep the conditions comparable, complement inactivated serum is added in a way, that the total serum concentration is equal in all samples. 

2.6. Wielisa Complement assay
The qualitative determination of functional classical, MBL and alternative complement pathways can be done with a special ELISA kit. The ELISA is a qualitative method to detect protein with a labelled antibody. The wells of a microtitre plate are coated with specific activators of the classical, MBL or the alternative pathway. Serum of the patient is diluted in a suspension which contains specific blockers to ensure that only the desired pathway is activate. During the incubation the complement will be activated by specific activators that are coated in the wells. After the first incubation the C5b-9 complex is detected with a specific alkaline phosphatase labelled antibody against the antigen which is expressed during the MAC formation. The second incubation with a substrate reacts with the alkaline phosphatase of the antibody. A colour reaction will take place and this can be measured at 405nm. The amount of complement activation correlates with the colour intensity.
2.7. DNA amplification with serum
A little amount of DNA is present in serum and is fragmented. To perform gene analyses a certain amount of DNA is necessary. From two patients a small amount of serum is available. With a Sigma Alderich kit, the fragmented DNA can be amplified. This kit contains primers with a known 5’ but a degenerate 3’-ends. The DNA strands that are amplified have an overlapping single strand. The same primer binds the overlapping single strands and creates a double stranded DNA. This library is amplified in a PCR reaction. These PCR product can then be use to perform gene analyses. 
Chapter 3. Materials & Methods
3.1. Serum DNA

Blood samples were collected from the patients and family members between 1987 and 2007 and the serum was stored at -80°C. Sera of 11 C7 deficient patients (C7Q0), 7 IEF patients and 2 C7n patients were present and also sera from family members from 3 IEF patients and the C7n patients were available. Not all information about the patients was available at the beginning of the study but came available later during the study (figure 2). All the patients have a sample number that will be used during the study.
Table 2. Information about the patients. Nd: not defined.
	Sample number
	IEF pattern
	Sex
	Number of infections
	Age of infection
	Serogroup

	Sera from 

family members

	C7Q0 1
	C7 deficient
	F
	1
	15
	W135
	-

	C7Q0 2
	C7 deficient
	F
	3
	19, 21, 24
	B, nd, C
	-

	C7Q0 3
	C7 deficient
	M
	0
	
	
	-

	C7Q0 4
	C7 deficient
	F
	2
	20, 27
	C, W135
	-

	C7Q0 5
	C7 deficient
	M
	4
	5, 10, 14, 17
	nd, nd, nd, Y
	-

	C7Q0 6
	C7 deficient
	M
	3
	21, 23, 25
	X, C, Z
	-

	C7Q0 7
	C7 deficient
	F
	1
	35
	Y
	-

	C7Q0 8
	C7 deficient
	M
	2
	14
	B
	-

	C7Q0 9
	C7 deficient
	F
	1
	16
	nd
	-

	C7Q0 10
	C7 deficient
	M
	1
	36
	W135
	-

	C7Q0 11
	C7 deficient
	F
	2
	4, 6
	W135, Y
	-

	
	
	
	
	
	
	

	IEF 1
	C7*8 - C7*1
	F
	1
	19
	W135
	Yes

	IEF 2
	C7*3 - C7*1
	F
	1
	59
	W135
	-

	IEF 3
	C7*4 - C7*1
	F
	1
	40
	W135
	-

	IEF 4
	C7*6 - C7*1
	F
	1
	1
	W135
	Yes

	IEF 5
	C7*3 - C7*1
	M
	1
	14
	A
	-

	IEF 6
	C7*3 - C7*1
	M
	1
	18 days
	A
	-

	IEF 7
	C7*2 - C7*1
	F
	1
	1
	C
	Yes

	
	
	
	
	
	
	

	C7n 1
	C7*1
	F
	1
	4
	W135
	Yes

	C7n 2
	C7*1
	M
	1
	1
	W135
	Yes


The IEF patients are heterozygous for the C7 protein isotype: they have one C7 protein with a normal charge and one protein with an aberrant charge.
3.2. DNA preparation
Before performing a PCR reaction the genomic DNA was purificated from serum using the QIAamp® DNA Mini Kit (Qiagen) according to the manufacturer’s instructions. The used serum volume was 400ul and the DNA was eluted with 100ul AE buffer.     
3.3. Air Thermo Cycler PCR

After the DNA purification, the 18 exons of the C7 gene with their adjacent intronic sequences were amplified with the appropriate new designed primer combinations. The PCR reaction was performed by using 2-4 ng DNA, 5 pmol per primer, 30 pmol dNTP’s (Promega), 2 U Taq polymerase (Promega, Madison, WI), 0.22 µg TaqStartTM Antibody (Clonetrech Labs, Palo Alto, CA) and reaction buffer (50mm KCl, 1.5 mm MgCl2, 0.1% Triton X-100 and 10mm Tris, pH 9 at 25˚C) in a total reaction volume of 15 µl a 30 µl glass capillary (Idaho Technology). The primers sequences are described in the appendix. Cycling conditions were: 50 cycles of 94˚C for 5 s, 60˚C for 30 s and 72˚C for 15 s and slope S9 in the Rapid Cycler (Idaho Technology, Idaho Falls, ID). Each exon of C7 was analysed for every sample in separated reactions. After the PCR, the products are loaded on a 1% agarose gel to detect the fragment. 
3.4. Sequencing

The PCR products were purified using the Biosciences GFXTM PCR DNA and Gel Band Purification Kit (GE Healthcare, Uppsala, Sweden) according to the manufacturer’s instructions. The sequence PCR was preformed by using the Big Dye Terminator Cycle Sequencing Ready Reaction kit v.1.1 (Applied Biosystems, Warrington, UK). One reaction consist 1 µl purified PCR product, 5 pmol primer, 1 µl Big Dye Terminator, 1.5 µl Big Dye Terminator buffer and distilled water in a total reaction volume of 10 µl. The cycle sequencing was performed on a Biometra T1 Thermocycler PCR system in the following conditions: 35 cycles of 94˚C for 10 s, 50˚C for 10 s, 60˚C for 2 min. The extension products were purified with a SephadexTM​​ G-50 Superfine, (Applied Biosystems, Warrington, UK) column to remove excess dye terminators. 10 µl Hi-DiTM Formamide (Applied Biosystems, Warrington, UK) was added to each sample and heated at 94˚C for 4 min. to denature. The electrophoresis was carried out on the ABI 3130xl sequencer Genetic Analyzer (Applied Biosystems). Sequence analysis was performed by means of the Sequence Analysis, Sequence Navigator (Applied Biosystems).   
3.5. Western blotting
The proteins were separated on a 12.5% SDS-PAGE and transferred onto a PVDF membrane. After blocking with 5% blocking buffer, the membrane was incubated with a polyclonal goat anti-human C7 (1:1500, CALBIOCHEM® Brand, Darmstadt, Germany). Washing the membrane with TSBT buffer was followed by incubation with horseradish peroxidase conjugated rabbit anti-goat IgG (1:2000, GE Healthcare, Uppsala, Sweden). After washing the membrane, the C7 proteins were visualized using ECL Western Blotting detection reagents (GE Healthcare, Uppsala, Sweden).

3.6. Killing assay

At the time of performing the killing assay, the information about the bacteria serogroup that infected the patients was not available. The assay was performed with the serogroup that causes the most infections; the Neisseria meningitidis 2996, serogroup B (blot 3/7b 040791). Tryptic soy broth (TSB, Difco) was inoculated with 5-10 colonies from an overnight culture on chocolate agar plate and incubated (3-4 hours) at 37˚C on a gyratory shaker (180 rpm) until mid-log phase. The colony-forming unit (CFU) was determined via a growth curve after measuring the optical density with a spectrophotometer (Pharmacia Ultrospec 2000) at 530nm. The number of CFU was adjusted to 105 CFU/ml in freshly prepared and sterile bactericidal buffer which contains Dulbecco PBS (Invitrogen 14190-094), 1 µM CaCl2 (Merck M102382), 1 µM MgCl2 (Merck M105833) and 5% BSA (Sigma A7030). To calculate the exact amount of CFU, the suspension was subsequently diluted 10 times and 100 times and 20 µl of these dilutions were plated in duplo onto chocolate agar plates. The monoclonal antibody (MAb, MN4C5E, anti P1.219) was diluted 1/1000 in the bactericidal buffer. To inactivate the complement, serum was heated 30 min. at 56˚C. 
To determine the difference in the killing activity between control persons and patients a doses response was set up. To see the difference, the optimum serum percentage has to be determined. First a doses response of 25, 20, 15, 10, 5% serum was made to test the method. The total serum concentration was adjusted with heat inactivated serum. Two control samples were tested, one control with (control 1) and one without own antibodies (control 2) against the serogroup B. 

The components (table) were pipette in a well of a 96-well microtitre plate (Greiner Labortechnik, Langerthal, Germany) and every well contained a bacterial suspension with a final concentration of 2.5x104 CFU, 10% antibody and 25% serum. The total volume in a well was 100 µl, adjusted with bactericidal buffer. Control incubation for killing was included by adding antibody, buffer, complement or heat-inactivated complement alone in each assay.
Table 3. Example of pipette scheme: serum percentage 25, 20, 15, 10 and 5. Volumes are in µl.
	Component
	25%
	20%
	15%
	10%
	5%
	control antibody
	control

complement
	control heat inactivated serum
	control buffer

	Bactericidal buffer
	40
	40
	40
	40
	40
	40
	50
	50
	75

	Antibody
	10
	10
	10
	10
	10
	10
	0
	0
	0

	Serum
	25
	20
	15
	10
	5
	0
	25
	0
	0

	Heat inactivated serum
	0
	5
	10
	15
	20
	25
	0
	25
	0

	Bacterial suspension
	25
	25
	25
	25
	25
	25
	25
	25
	25


The plate was sealed, mixed for one minute on the Titertek (Flowlaboratories) and incubated 60 min. at 37˚C (water bath). 20 µl of every mixture was pipette in 100 µl bactericidal buffer and plated in duplo onto chocolate agar plates. After overnight incubation at 37˚C and 5% CO2, the number of CFUs was counted and the killing was calculated.
To calculate the CFU used in the killing assay: Y = amount of colonies

10 x dilutions: 

500 (amount CFU’s/ml) x Y x 25/1000 (used volume) x 20/100 (inoculated part of the mixture)

100 x dilutions:

5000 (amount CFU’s/ml) x Y x 25/1000 (used volume) x 20/100 (inoculated part of the mixture)

The colonies on the plates are counted and the percentage of the killing was calculated as follow:
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No serum from patient IEF 4 with isotype C7*6 was available to test the killing.   
3.7. Wielisa Complement assay

The measurement of the complement functional activity was done using the Wielisa®-kit for the total complement system screen classical, MBL, alternative pathways (Wieslab, Lund Sweden), according to the manufacturer’s instructions except the dilution of the serum was done with halve of the volumes. The absorbance was read at 450nm instead of 405nm. To calculate the percentage activation of the pathway the next formula was used:
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3.8. DNA amplification with serum
The amplification was done using the GenomePlex® Tissue Whole Genome Amplification Kit 5 (Sigma-Aldrich) according to the manufacturer’s instructions. Before the first incubation 1 µl Cellytic Y lysis Solution was added to the sample with unprepared serum. After the PCR reaction the products were purified using the Biosciences GFXTM PCR DNA and Gel Band Purification Kit (GE Healthcare, Uppsala, Sweden) according to the manufacturer’s instructions. The products were used to perform the actually Air Thermo Cycler PCR.
Chapter 4. Results

4.1. Polymorphisms and mutations in C7Q0 patients
After the ATC PCR and sequencing the follow polymorphisms and mutations were found in the C7Q0 patients. 

Table 4. Polymorphisms in C7Q0 patients. The polymorphisms found per patient and the location of the polymorphism is shown. The amino acid change caused by the nucleotide substitution is also shown.
	Patient
	Intron 1
	Intron 7
	Exon 9
	Intron 12
	Exon 13
	Intron 15
	Exon 17

	C7Q01
	c.62+55T/A
	
	c.1166G/C
	c.1749-27A/A
	
	
	

	C7Q02
	
	c.983-9C/T
	c.1166G/C
	c.1749-27C/A
	c.1759A/C
	c.2165-37A/T
	c.2546C/A

	C7Q03
	c.62+55T/A
	c.983-9C/T
	c.1166G/C
	
	
	
	

	C7Q04
	
	c.983-9T/T
	c.1166C/C
	
	c.1759A/C
	
	

	C7Q05
	c.62+55T/A
	c.983-9C/T
	c.1166G/C
	
	
	
	

	C7Q06
	
	c.983-9T/T
	
	c.1749-27A/A
	
	c.2165-37A/T
	

	C7Q07
	c.62+55T/A
	c.983-9T/T
	c.1166G/C
	c.1749-27C/A
	
	
	

	C7Q08 
	c.62+55T/A
	c.983-9C/T
	c.1166G/C
	
	
	
	

	C7Q09
	c.62+55T/A
	
	c.1166G/C
	c.1749-27C/A
	
	c.2165-37A/T
	

	C7Q010
	
	
	c.1166C/C
	
	c.1792A/T
	
	

	C7Q011
	c.62+55A/A
	
	c.1166C/C
	c.1749-27C/A
	
	c.2165-37A/T
	

	
	-
	-
	S367T
	-
	T565P
	-
	P827H

	
	
	
	
	
	T576S
	
	


The other found polymorphisms are known and also found in the Caucasian population. The most polymorphisms were heterozygous.
Table 5. Mutations in C7Q0 patients. The mutations found per patient and the locations of the mutation are shown. The consequences of the mutation are also shown. The mutations are all heterozygous except for patient C7Q011.
	Patient
	Intron 1
	Exon 4
	Exon 6
	Exon 9
	Exon 10
	Exon 11
	Exon 16
	Intron 16

	C7Q01
	
	
	c.631 del11base
	
	
	c.1561
C/A
	
	

	C7Q02
	
	
	
	
	c.1458
T/A
	c.1561
C/A
	
	

	C7Q03
	
	
	c.648 delA[1]
	
	
	
	
	c.2350+2T/C

	C7Q04
	
	
	
	c.1135
G/C
	
	
	
	c.2350+2T/C

	C7Q05
	
	
	c.648 delA[1]
	
	
	
	
	c.2350+2T/C

	C7Q06
	c.63-23 T/A [1]
	
	
	
	
	c.1561
C/A
	
	

	C7Q07
	
	
	
	c.1115 delG[1]
	
	
	c.2350delG
	

	C7Q08 
	
	
	
	
	
	
	c.2350delG
	c.2350+2T/C

	C7Q09
	
	
	c.631 del11base
	
	
	
	
	c.2350+2T/C

	C7Q010
	
	c.406 delT[1]
	
	
	
	
	
	

	C7Q011
	
	
	
	
	
	c.1561
C/A
	
	c.2350+2T/C

	
	
	P113X
	T189X
	G357R
	C464X
	R499S
	A762X
	Splicing
defect

	
	
	
	T194X
	R350X
	
	
	
	


[1] Novel mutation
All mutations are found as compound heterozygous, the C7Q0 patients all but one (C7Q0 11) have two mutations. Patient C7Q0 11 has a novel homozygous one nucleotide deletion in exon 4. This mutation causes a frame shift and leads to a premature stopcodon.
Patient C7Q0 6 has a novel mutation, found 23 nucleotides upstream the acceptor splice site of intron 1 (c.63-23T/A), located at the branchpoint. 
C7Q0 patients 3 and 5 have a novel mutation at exon 6 and patient 7 at exon 9. In both novel mutations a nucleotide is deleted and this causes a frameshift leading to a premature stopcodon.
4.2. Polymorphisms in IEF patients

After the ATC PCR and sequencing, the following polymorphisms are found in the IEF patients.
Table 6. Polymorphism in IEF patients. The polymorphisms found per patient and the locations of the polymorphisms are shown. The amino acid change caused by the nucleotide substitution is also shown.
	Patient
	IEF pattern
	Intron 1
	Exon 4
	Exon 5
	Intron 7
	Exon 9

	IEF 1
	C7*8
	
	
	
	c.983-9C/T
	

	IEF 2 
	C7*3
	c.62+55T/A
	c.382T/C
	
	c.983-9C/T
	c.1166G/C

	IEF 3 
	C7*4
	c.62+55T/A
	
	
	c.983-9T/T
	c.1166C/C    c.1258A/C

	IEF 4
	C7*6
	
	
	c.455G/C [4]
	c.983-9C/T
	c.1166G/C

	IEF 5 
	C7*3
	c.62+55T/A
	c.382T/C
	
	c.983-9C/T
	c.1166G/C

	IEF 6 
	C7*3
	c.62+55T/A
	c.382T/C
	
	c.983-9C/T
	c.1166G/C

	IEF 7 
	C7*2
	c.62+55A/A
	
	
	
	

	
	
	-
	C106R
	G127R
	-
	S367T            K398Q


[3] Novel polymorphism
Table 7. Polymorphism in IEF patients continued. The polymorphisms found per patient and the locations of the polymorphisms are shown. The amino acid change caused by the nucleotide substitution is also shown.
	Patient
	IEF pattern
	Intron 12
	Exon 13
	Exon 15
	Intron 15
	Exon 17

	IEF 1 
	C7*8
	c.1749-27C/A
	
	c.2135G/C [4]
	c.2165-37A/T
	

	IEF 2
	C7*3
	
	c.1759A/C
	
	
	c.2546C/A

	IEF 3
	C7*4
	
	
	
	
	c.2546C/A

	IEF 4
	C7*6
	c.1749-27C/A
	
	
	c.2165-37A/T
	c.2546C/A

	IEF 5
	C7*3
	
	
	
	
	

	IEF 6
	C7*3
	
	c.1759C/C
	
	
	c.2546A/A

	IEF 7
	C7*2
	
	c.1792A/T
	
	
	c.2546C/A

	
	
	-
	T565P

T576S
	R690T
	-
	P827H


[4] Novel polymorphism
Patient IEF 1 with the isotype C7*8 has a novel polymorphism in exon 15. In IEF patient 6 isotype C7*6 also a new polymorphism is found in exon 15. The polymorphism in exon 15 can be the molecular basis of isotype C7*8 and the polymorphism in exon 5 the molecular basis of isotype C7*6. To see what the incidence is in healthy controls, 20 healthy controls were sequenced and none of the controls have the novel polymorphism in exon 5 and 15. Both novel polymorphisms leads to an amino acid change.
From 3 IEF patients serum from family members was available. These members were analyzed and the polymorphisms are shown in the next tables. 
Table 8. Family IEF 1. The patient has a C7 protein isotype C7*8. Found polymorphisms per individual and the location of the polymorphisms are shown. The mother and sister also have a novel polymorphism.
	Sample ID
	Intron 1
	Intron 7
	Exon 9
	Intron 12
	Exon 13
	Exon 15
	Intron 15
	Exon 17

	IEF 1
	
	c.983-9 C/T
	
	c.1749-27 C/A
	
	c.2135G/C
	c.2165-37 A/T
	

	Father
	c.62+55T/A
	c.983-9 T/T
	c.1166G/C
	
	
	
	
	

	Mother
	c.62+55T/A  c.62+29A/C
	c.983-9 C/T
	c.1166G/C
	c.1749-27 C/A
	c.1759A/C
	c.2135G/C
	c.2165-37 A/T
	c.2546C/A

	Sister
	
	c.983-9 C/T
	
	c.1749-27 C/A
	
	c.2135G/C
	c.2165-37 A/T
	


The novel polymorphism in exon 15, c.2135 G/C, in the IEF patient 1 was also found heterozygous in the mother and the sister (table 8). The father does not have the polymorphism. All the other polymorphisms in the father, mother and sister are known polymorphisms. 
The patient inherited the polymorphism from the mother (figure 5).

Figure 5. Pedigree of family IEF 1. The inheritance of the novel polymorphism in exon 15 found in the patient is also found heterozygous in the mother and sister.
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Table 9. Family IEF 6. The patient has a C7 protein isotype C7*6. Found polymorphisms per individual and the location of the polymorphisms are shown. 
	Sample ID
	Exon 5
	Intron 7
	Exon 9
	Intron 12
	Exon 13
	Intron 15
	Exon 17

	IEF 6
	c.445G/C
	c.983-9C/T
	c.1166G/C
	c.1749-27C/A
	
	c.2165-37A/T
	c.2546C/A

	Mother
	
	c.983-9T/T
	c.1166C/C
	c.1749-27C/A
	
	c.2165-37A/T
	

	Sister
	c.445G/C
	c.983-9C/T
	c.1166G/C
	
	c.1792A/T
	
	c.2546C/A


The novel polymorphism in exon 5 in the IEF patient 6 was also found heterozygous in the sister (table 9). The mother does not have the polymorphism and the father could not be analyzed. All the other polymorphisms in the mother and sister are known polymorphisms. The patient probably inherited the polymorphism from the father (figure 6).

Figure 6. Pedigree of family IEF 6. The inheritance of the novel polymorphism in exon 5 found in the patient, also found heterozygous in the sister. The father was not analyzed.
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Table 10. Family IEF 9. The patient has a C7 protein isotype C7*2. Found polymorphisms per individual and the location of the polymorphisms are showed. 
	Sample ID
	Exon 13
	Exon 17

	IEF 9
	c.1792A/T
	c.2546C/A

	Brother
	c.1792A/T
	c.2546C/A

	Brother
	c.1792A/T
	c.2546C/A


The polymorphisms in the patient with isotype C7*2 and the two brothers are all known polymorphisms (table 10).

4.3. Polymorphisms in C7n patients
Table 11. Family C7n 1. The patient has a C7 protein isotype C7*1. Found polymorphisms per individual and the location of the polymorphisms are shown. 

	Sample ID
	Intron 7
	Exon 9
	Exon 13
	Exon 17

	IEF 4
	c.983-9C/T
	
	c.1792A/T
	c.2546C/A

	Father
	c.983-9T/T
	c.1166C/C
	c.1792A/T
	c.2546C/A

	Mother
	c.983-9C/T
	c.1166G/C
	c.1792T/T
	c.2546A/A

	Brother 1
	c.983-9T/T
	c.1166C/C
	c.1792T/T
	c.2546A/A

	Brother 2
	c.983-9T/T
	c.1166C/C
	c.1792A/T
	c.2546C/A


The polymorphisms in the patients, both parents and the two brothers are all known polymorphisms (table 11).

Table 12. Family C7n 2. The patient has a C7 protein isotype C7*1. Found polymorphisms per individual and the location of the polymorphisms are shown. 
	Sample ID
	Intron 1
	Intron 7
	Exon 9
	Intron 12
	Intron 15

	IEF 5
	c.62+55A/A
	c.983-9C/T
	c.1166G/C
	c.1749-27C/A
	c.2165-37A/T

	Father
	
	c.983-9T/T
	c.1166C/C
	c.1749-27C/A
	c.2165-37A/T

	Mother
	c.62+55A/A
	
	
	c.1749-27A/A
	c.2165-37T/T


The polymorphisms in the patient and both parents are all known polymorphisms (table 12).

4.4. Detecting the C7 protein

First the amount of protein was tested by which the signal was visible. The total amount of proteins in serum is 70 mg/ml. A 1:400 dilution of the serum was made and amounts of about 350 ng, 700 ng, 1050 ng and 1750 ng proteins were loaded on the SDS-PAGE. Also undiluted serum was loaded. The C7 protein of the IEF patients and C7Q0 patients were determined with the dilution with approximately 1000 ng protein.

The C7 protein was detected with Western Blotting. The C7 protein has a molecular weight of 97 kD. An amount of approximately 1000ng protein was loaded on the SDS PAGE gel. Patient C7n 2, C7Q0 10 and 11 were not analyzed, due to insufficient serum.
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Figure 7. After separated the proteins on a 12.5% SDS PAGE and blot them on a PVDF membrane, the membrane was incubated with a polyclonal goat-anti human C7 antibody, followed by a incubation with a horseradish peroxidase conjugated rabbit anti-goat IgG antibody. The proteins were visualized using the ECL Western Blotting detection reagents. 
The C7 protein was detected in the IEF patients and the control. No C7 protein was detected in the C7Q0 patients.
4.5. Bactericidal activity of the complement in serum of IEF patients and C7Q0 patients
After testing the killing assay method, different percentages complement was used to see whether there are differences between the controls and the IEF patients. First the serum percentage 10 and 5 was tested with control 1 and four patients: 2 IEF patients (IEF1 (C7*8) and IEF2 (C7*3)) and 2 C7Q0 (C7Q0 2 and C7Q0 5). The total serum volume was 10%.

To see the difference in the killing between the controls and IEF patients a lower serum percentage was tested: 5, 4, 3, 2 and 1%. The controls 1 and 2 and the IEF patients (1 (C7*8-1) and 2 (C7*3-1)) were tested. The total serum volume was 10% (adjusted with inactivated serum).

The patients serum percentages 25, 20, 15, 10, 5, 4, 3 and 2 gave a killing of 100%.

Another lower percentage serum was tested with the controls 1 and 2 and four IEF patients (1 (C7*8-1), 2 (C7*3-1), 3 (C7*4-1) and 9 (C7*2-1). A serial complement predilution (20% to 1.25%) of the tested serum was made (figure 8) in a 96-well microtitre plate.


[image: image11]
Figure 8. Serial predilution scheme for the percentage serum 2, 1, 0.5, 0.25 and 0.125.

From the predilution 10 µl was pipetted in a 96-well microtitre plate, so the final concentration of the complement was 2, 1, 0.5, 0.25 and 0.125% in 10 µl serum. 10 µl of the 20% predilution was used for the complement control. 
The average of the killing from the duplo was used in the graph (figure 9). 
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Figure 9. Results killing assay for controls 1 and 2 and patients IEF 1, 2, 3 and 9 and C7Q 2 and 5 with N.meningitidis serogroup B. The X-axis represents the samples and the Y-axis the percentage killing of the bacteria. The different bars are the percentage of serum.
The IEF patients are able to kill the bacteria, even better then the controls. The controls kill the bacteria at 1% and 0.5% serum but there is no killing at 0.25% and 0.125% serum. The patients even kill at a serum percentage of 0.25 and 0.125. The C7Q0 patients are unable to kill the bacteria (figure 9) in all the amounts of serum.

To see whether the kinetics of the killing differ between the controls and patients, a time course was set up. First an assay was done to determine the range in which the killing happens. This was done with control 1 and 2% serum. The total incubation time was 60 minutes and after every 5 minutes a sample was taken.
 The test suspension consists of 2% in a 10% serum, 10% antibody, a bacterial suspension with a concentration of 2.5x104 CFU and adjusted to 700 µl with bactericidal buffer. This was aliquotet in 13 vials, for each time point one vial. Also a control was included to determine the bacterial duplication. The control has the same composition as the test suspension accept that no antibody was added. This was divided over three vials. Every 30 minutes a sample of the control was taken.
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Figure 10. Result time course killing assay with the N.meningitidis serogroup B for control 1 with a time interval of 5 minutes and 2% serum. The X-axis represents the time in minutes and the Y-axis the percentage of killing.
The killing in control serum happens in the first 20 minutes (figure 10). 

After this time range, an assay was done with control 1 and IEF patient 2. The incubation was done for 20 minutes and after every 2.5 minutes a sample was taken. Controls for bacterial duplication were taken along for the control and patient at time points 0, 10 and 20 minutes. The composition of the suspensions was the same as above.
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Figure 11. Results time course killing assay with the N.meningitidis serogroup B for control 1 vs patient IEF 2 with a time interval of 2,5 minutes. The X-axis represents the time in minutes and the Y-axis the percentage of killing.
The killing occurs between 2.5 and 10 minutes. The killing happened 2.5 minutes earlier in the IEF patient then compare to control (figure 11).
4.6. Wielisa Complement assay

Table 13. Results Wielisa. The calculated activation per pathway per patient in percentage.
	Patient
	Classical pathway (%)
	MBL pathway (%)
	Alternative pathway (%)

	IEF 1 C7*8
	92
	48
	82

	IEF 2 C7*3
	75
	85
	100

	IEF 3 C7*4
	100
	100
	81

	IEF 7 C7*2
	100
	0
	82


Patient IEF 1 has a lower activation of the lectine pathway, 48%. The IEF patient 9 has no activation of the MBL pathway. The other patients have normal activation of the three pathways.

4.6. DNA amplification with serum

From C7Q0 patients 10 and 11 only a little amount of serum was present, so isolation of DNA could not be done. The Whole Genome Amplification Kit 5 ® was used to amplify the DNA in the serum. First the kit was tested with control serum in two different conditions. One condition was 10 µl serum diluted in 190 µl water. This was purified as described in ‘DNA preparation’. After elution the sample was dried by heating at 65˚C and resuspended in 10 µl AE buffer. The other condition was 10 µl untreated serum. The right fragment was detected after PCR with both conditions.
The patients DNA were amplified by using untreated serum.  
Chapter 5. Conclusion & Discussion 
5.1. C7Q0 patients

C7Q0 patients have a small number of polymorphisms. These polymorphisms are also found in the healthy Caucasian population. The C7*M/N polymorphism located at c.1759, is found in one patient. All, but one, have a compound heterozygous mutation, which means that the patients have two mutations, both heterozygous, together they cause the deficiency. One patient has a novel homozygous mutation, a deletion of one nucleotide, causing a frame shift which leads to a premature stopcodon. To confirm this mutation, the presence of the protein has to be analyzed. Due to the lack of serum this could not be done, but it can be assumed that this mutation leads to the deficiency. The mutation is located in the LDL receptor type A, which binds lipoproteins. 
Three other novel mutations are found heterozygous in four different patients. One mutation was found in one patient and is located in intron 1 (c.63-23 T/A), 23 nucleotides upstream of the acceptor splice site in intron 1. This mutation can have an effect in mRNA splicing. When an intron is cleaved, it forms a lariat as the cleaved end binds on the branch point. Branch point sequences are located 18 – 40 nucleotides upstream of the splice acceptor site20. If there is a mutation in the branch point sequences, the splicing of the intron will not happen correctly. To confirm this mutation, mRNA is needed to analyze the splicing.
The other two novel mutations were found in three patients in exon 6 and 9. The c.648delA mutation in exon 6 causes a frameshift at amino acid T194 which leads to a stopcodon. In exon 9 the mutation c.1115delG causes a frameshift at amino acid R350 which also leads to a stopcodon. The C7 protein was absent on western blot. Both mutations are located in the perforin domain. The perforin protein polymerizes into transmembrane tubules and disrupts the phospholipids bilayer causing cells to lyse. 

The R499S mutation is found heterozygous in three patients, what results in a secretion failure of the protein. The mutation results in a loss-of-function due to a defective folding of the protein and the mutated protein is retained in the endoplasmatic reticulum3.
Several other known mutations are found: T189X (c.631del11), G357R (c.1135G/C), C464X (c.1458T/A), a out of frame translation in exon 16 (c.2350delG) and a donor splice mutation in intron 16 (c.2350+2T/C). 

The T189X mutation leads to a stopcodon, if this is translated, the truncated protein is probably not able to participate in the MAC formation even if secreted4.  The substitution at amino acid 357 probably alters the tertiary structure of the protein, the folding of the C7 protein could be disrupted so it can not be secreted8. A single base mutation at c.1458 leads to a stopcodon that causes the premature termination of the C7 protein4. The one nucleotide deletion in exon 16 is located at the 3’ end of the exon and its deletion would probably not inhibit the splicing, if the invariant GT dinucleotide is preserved and lead to an out-of-frame translation7. The donor splice mutation in intron 16 probably leads to the inclusion of introns or exon skipping during splicing7.
The patients are not able to kill the N.meningitidis serogroup B bacteria and the C7 protein could not be detected by western blotting. This confirms that the C7 protein is not produced due to the mutations and thereby the MAC can not be assembled to make pores in the membrane of the Neisseria meningitidis to lyse them. 
5.2. IEF patients
Three patients are confirmed to have the C7*3 isotype, which results is a substitution of the neutral cysteine at amino acid 106 by a positive charged arginine and one patient is also confirmed to have the isotype C7*4, that causes an amino acid change of the positively charged lysine to a neutral glutamine. 
All polymorphisms that are found are known except for G127R (c.455G/C) and R690T (c.2135G/C). The first novel polymorphism was found in a patient with isotype C7*6, this was the only polymorphism in the patient that was not known and lead to the substitution of amino acid 127 of  from a neutral glycine to a positive charged arginine. The C7 protein will move more to the negative pole then C7*1. The other novel polymorphism causes a substitution at amino acid 690 that causes a charge change from a positive charged arginine to a neutral threonine. The protein becomes more negative and will move more to the positive pole then the C7*1 protein.

These novel polymorphisms are probably the molecular basis for respectively isotype C7*6 and C7*8, as these isotypes are very rare 20 healthy donors did not have these polymorphisms. Previous studies showed that the C7*6 protein migrates more to the negative pole and the C7*8 more to the positive pole then C7*121. This is confirmed by the novel polymorphisms found in the patients which causes a charge difference by the substitution of an amino acid.
The C7*M/N polymorphism (T565P) is found in 2 patients. Other known polymorphisms c.62+55T/A, c.983-9C/T, c.1166G/C, c.1258A/C, c.1749-27C/A, c.1792A/T, c.2165-37A/T and c.2546C/A are detected in the IEF patients, C7n and C7Q0 patients.
The C7 protein of all patients was analyzed by western blotting and 4 patients were tested in a killing assay with the serogroup B with isotypes C7*2, C7*3, C7*4 and C7*8. 
All the patients are able to kill the bacteria, even better than the healthy controls. This shows that the C7 protein is functional and is probably not the cause of the infection. The killing of the bacteria starts earlier in the IEF patient then in the healthy control. The activation of the classical pathway is not affected, as the killing in the assay was measured in the presence of antibodies. The Wielisa confirmed this for the four patients but showed that the MBL pathway activation is lower in patients with isotype C7*2 and C7*8.  The alternative pathway is activated normal in all patients. 
With these results it could not be explained why the IEF patients were infected with the Neisseria meningitidis. It shows that the patients are able to kill the bacteria and the different C7 isotypes are not the cause of the infection. Before the patients got infected with the bacteria, they did not have antibodies and after the infection they did. It is possible that the activation of the classical pathway or the production of antibodies is very slow at the time of infection. It is also possible that the other pathways influence the killing. This can be considered for the patients with isotypes C7*2 and C7*8, they have lower or no activation of the MBL pathway in the Wielisa. But as the MBL pathway only acts as an opsonin during a N. meningitidis infection18, this probably would not be the cause of the infection in the patients. 

To mimic the situation before the infection, the patients’ antibodies have to be excluded. By blocking the activation of the classical pathway, the activation of the killing by the other two pathways can be determined.
5.3. C7n patients
The polymorphisms that were found in the C7n patients are all known polymorphisms. There is no genetic clue why the patients were infected with familial N. meningitidis.  
Chapter 6. Future plans

To block the classical pathway and thereby the influence of own antibodies, MgEGTA will be used in the killing assay. MgEGTA block the classical pathway activation and selectively activate the alternative pathway22,23.
At the time of the killing assay the serogroup of the bacteria that infected the patient was not known. In the killing assay with MgEGTA, the bacteria will be used that infected the patient. From each patient in the Netherlands which suffered from a N. meningitidis infection, the bacteria were isolated and sent to the Reference Laboratory of Bacterial Meningitidis. The serogroup of the patient was determined and the bacteria are stored at -80˚C. 50% serum will be used in the killing assay with MgEGTA. This amount of serum is able to kill the N. meningitidis18. A killing with MgEGTA is assumed to give killing via the alternative pathway and mimics the situation at the beginning of the infection.   
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Appendix.
Table 1. Designed primers for exons 0-17 of the C7 gene.
	Primers
	Sequence

	Exon 0 forward (promoter)
	5’-CTATAACTTCCAAACAGTCCCAGC-3’

	Exon 0 reverse (intron 0)
	5’-CCCCCGTTCATTTGAAAAGATAGC-3’

	Exon 1 forward (intron 0)
	5’-TATAGTTATAAAAAGAAATGCAAGC-3’

	Exon 1 reverse (intron 1)
	5’-ATACACAGATTCAAAGTGCAATGTC-3’

	Exon 2 forward (intron 1)
	5’-CTGTTTTCACTATTCTTTGTGTTCC-3’

	Exon 2 reverse (intron 2)
	5’-TTTGGCCATGCCAAAGTATTTCTGC-3’

	Exon 3 forward (intron 2)
	5’-AGAACACCAGAACAATTTTCCAGAC-3’

	Exon 3 reverse (intron 3)
	5’-CAAATATATAACGAGCAAGTTCACC-3’

	Exon 4 forward (intron 3)
	5’-GTATCAGTGCAGTGTTACAGGTAGC-3’

	Exon 4 reverse (intron 4)
	5’-TAGAAGACTTGTTCGTAGACTTACC-3’

	Exon 5 forward (intron 4)
	5’-TCAAAGAAGTGTTTAAGTGTAATGC-3’

	Exon 5 reverse (intron 5)
	5’-CATTAGGCCATAAGTAAATTCTCAAC-3’

	Exon 6 forward (intron 5)
	5’-AAGTATGCATGATAAAGGATCCAGC-3’

	Exon 6 reverse (intron 6)
	5’-TTGCATTGACTCTTAAAGGAAGTAC-3’

	Exon 7 forward (intron 6)
	5’-GAACAGAGAACTATTTCCATTGCCT-3’

	Exon 7 reverse (intron 7)
	5’-GCTTACATTAACTACATGTTATTTCC-3’

	Exon 8 forward (intron 7)
	5’-CTTGATTAGATGGCCATAGTAGCAGC-3’

	Exon 8 reverse (intron 8)
	5’-AAGTTAAGCTTGCAATGCAAACTGC-3’

	Exon 9 forward (intron 8)
	5’-TTTAAATACTTGATAGACTTTTCAC-3’

	Exon 9 reverse (intron 9)
	5’-CATGCAAATAAACATGACTGTTCC-3’

	Exon 10 forward (intron 9)
	5’-GAGAGTCGTGCCTAAACATGAAAAGC-3’

	Exon 10 reverse (intron 10)
	5’-AGGCTAATTCCCTTTCAATGTGTAC-3’

	Exon 11 forward (intron 10)
	5’-GAAGCATAGCACTAAGTTCCCAAGC-3’

	Exon 11 reverse (intron 11)
	5’-CTGCAGAGGGTACTGTGTTCTATGC-3’

	Exon 12 forward (intron 11)
	5’-TCCTTCAGATACAAAGGAGAAATCC-3’

	Exon 12 reverse (intron 12)
	5’-GGAGGAAGAAAATAGGTTATGGGCTCAGC-3’

	Exon 13 forward (intron 12)
	5’-GCTTGCCTGATGATTATGATTTATAGAC-3’

	Exon 13 reverse (intron 13)
	5’-GTGTTATTTATCTTGATTCATTCTCTTCCAC-3’

	Exon 14 forward (intron 13)
	5’-AAAGATGGTTTAGGAGAGCAACGAC-3’

	Exon 14 reverse (intron 14)
	5’-GGTCGCCACAAGGACTCTCACTTGC-3’

	Exon 15 forward (intron 14)
	5’-TGAAGAGGCTTTTCTCCTAACGACC-3’

	Exon 15 reverse (intron 15)
	5’-TGGTAAGCTACACCTTCCATCCAAC-3’

	Exon 16 forward (intron 15)
	5’-GGGGCACTAAGCTCAGAGCATCAC-3’

	Exon 16 reverse (intron 16)
	5’-AAATCCTCAGTACTGTGACTTTAGC-3’

	Exon 17 forward (intron 16)
	5’-CGACCTCCACAATGTACCATTAAGC-3’

	Exon 17 reverse (intron 17)
	5’-GTTTTCACTCAGCCCCAGCTGCCTGC-3’
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