Chapter 4


4.1 Introduction
H-ficolin was first observed in 1978 as a precipitation line between two SLE patients’ sera in a double immunodiffusion experiment. The phenomenon is due to H-ficolin in some SLE patients becoming an autoantigen, leading to the generation of specific antibodies. This observation led to the discovery of H-ficolin (also known as thermolabile β-2 macroglobulin and the Hakata antigen) and further characterization followed in 1991 (Yae et al., 1991). 

H-Ficolin is mainly found in the blood where it circulates as a multimeric protein complex composed of up to 6 subunits (Yae et al., 1991). Each subunit is a homotrimer of 35 kDa polypeptide chains. In the blood it is found in complex with  MASP1, 2 and 3 as well as MAp19, and is believed to function as a pattern recognition molecule homing the proteolytic activity of the MASPs to the surface of its targets (Matsushita et al., 2002). H-ficolin protein has also been found in the lungs and in bile ducts, but the significance of these observations is still unknown (Akaiwa et al., 1999).  In serum it is found at relatively high concentrations compared to         L-ficolin and MBL, the two other lectin pathway activators, since in both Caucasian and Japanese populations it has an average concentration of 20 μg/ml (Krarup et al., 2005; Yae et al., 1991). Despite this being the most abundant carrier protein for the MASPs very little is known about its actual function. A few studies have been done with whole bacteria but only some species of the opportunistic pathogen A. viridans have been shown to be capable of binding it (Krarup et al., 2005; Tsujimura et al., 2002). Studies with microbially-derived ligands have shown H-ficolin capable of binding only to LPS of S. typhimurium and S. minnesota (Sugimoto et al., 1998). These results indicate that H-ficolin is involved in the recognition of pathogens but it has also been shown to be capable of binding to necrotic and apoptotic cells indicating a functional aspect in the removal of cellular debris (Honore et al., 2007; Kuraya et al., 2005). Since neither function excludes the other H-ficolin is most likely involved in both processes. When the actual ligand specificity of H-ficolin has been investigated, it has been possible to inhibit its binding to LPS from S. minnesota by  N-acetylated monosaccharides like GlcNAc and GalNAc indicating possible lectin activity (Sugimoto et al., 1998). Unfortunately when these compounds have been used as ligands for H-ficolin it fails to bind them directly, indicating a more complex binding motif (Matsushita et al., 2002; Sugimoto et al., 1998; Yae et al., 1991). The binding domain of H-ficolin has been crystallized and the binding site investigated by co-crystallization and soaking of the crystals (Garlatti et al., 2007). These experiments showed that each H-ficolin polypeptide chain only has one binding site and that      co-crystallization could only occur with galactose and D-fucose but none of the previously reported N-acetylated inhibitors (Sugimoto et al., 1998).   
One of the main reasons for the limited amount of work done in the past 30 years on characterization of H-ficolin is due to difficulty in purification. So far no purification procedure that does not require an antibody dependent purification step is in use. This has made the further characterization of plasma derived H-ficolin difficult and forced people to produce it by recombinant methods. Due to these difficulties I wanted to produce recombinant H-ficolin to be able to shed some light on the discrepancies in regards to the ligand specificity. I wanted to express H-ficolin in two expression systems: one mammalian to get functional protein and in E. coli to get protein for raising an anti-H-ficolin antiserum. This was necessary since the only commercially available antibody is a monoclonal (4H5, Hycult Biotechnology, Uden, NL) that only recognizes native protein and therefore would be of little use in many applications and expensive to use in assays.
4.2 Materials and Methods

4.2.1 Amplification of H-ficolin cDNA

The H-ficolin variant 1 cDNA (SWISS-Prot entry: O75636) was acquired from M. Matsushita (Department of Applied Biochemistry, Tokai University, Kanagawa, Japan) and sequenced before use with the 5’end and 3’end sequencing primers (for primer sequences see table 1), to confirm it being full-length H-ficolin without any mutations. These primers were also used for sequencing of the inserts in the vectors. The DNA sequencing was carried out by the DNA Sequencing Facility (Department of Biochemistry, University of Oxford, Oxford, UK). All primers were synthesized by Eurogentec Ltd. (Southampton, UK). 
Polymerase chain-reaction (PCR) was used for amplification and addition of the     His-tag and the restriction sites that would enable the H-ficolin cDNA to be inserted into the different vectors used. The PCR reaction was carried out in a Techne Endurance TC-512 Gradient Thermal Cycler (Global Medical Instrumentation, Ramsey, MN) using Pwo DNA polymerase (Roche, Basel, Switzerland) with a cycling programme designed as described by the supplier. Up- and down-stream primers were added to the reaction mixture at a final concentration of 1 μM and dNTP (Roche) was added at a final concentration of 200 μM. The samples were mixed      6:1 (v/v) with 0.25% (v/v) Bromophenol Blue in 30% (v/v) glycerol and run on agarose gels cast by melting 1% (w/v) agarose in 40 mM TRIS-base, 20 mM acetic acid, 2 mM EDTA, pH 8.0 with 0.5 μg/ml ethidium bromide. The DNA was subsequently visualized using a transilluminator and to allow for approximate size estimation of the DNA fragments a 1 kb DNA ladder (size range 10 kb – 0.5 kb) (NEB, New England Biolabs Inc., Herts, UK) was included on every gel. 

4.2.2 Cloning of vectors for expression of H-ficolin

For expression in E. coli the vector pET-17b (EMB Biosciences, Inc) was selected while two vectors pcDNA3.1 (+) (Invitrogen) and pED4 (Kaufman et al., 1991) kindly supplied by Dr. Russell Wallis (Department of Infection, Immunity and Inflammation, University of Leicester, UK) were used to generate stable mammalian cell lines for production of recombinant H-ficolin (rH-ficolin). The media used for all work with cloning and transfection with E. coli was sterilized Luria-Bertani medium (LB-medium), which was made with 10 g/l tryptone, 5 g/l yeast extract, 10 g/l NaCl and sterilized by autoclaving. To make agar plates 15 g/l agar was added as well. Since all the vectors used contain an ampicillin resistance gene, 50 μg/ml ampicillin (Sigma-Aldrich) was used for positive selection in both liquid and solid media throughout. Media with ampicillin is referred to as selective medium. All incubations were carried out at 37oC in an incubator unless otherwise stated. The vectors were cloned by transfecting One shot® Top10 chemically competent cells (Invitrogen) by heat shock. This was done by adding 0.3 μg vector to 1 vial of competent cells, and incubating them on ice for 30 minutes followed by 30 seconds at 42oC. After the heat shock incubation the vials were transferred back onto ice. SOC medium (250 μl) (Invitrogen) was added and each vial was incubated for 1 hour, plated out on a selective agar plate and incubated for 16 hours. Colonies were transferred to 5 ml selective LB-medium (starter culture) and incubated for 16 hours. Starter culture       (1 ml) was then transferred to 100 ml of selective LB-medium and incubated for       16 hours. After the final incubation the plasmids were purified using a Maxiprep kit (Qiagen, Crawley, UK) by following the manufacturers’ protocol. To confirm identity of the plasmids restriction analysis was performed and the sizes of the DNA fragments were compared with restriction maps of each of the vectors.   
4.2.3 Cloning and the making of pET-17b E. coli vector construct
Since H-ficolin is a very complex protein with both intra- and inter-chain disulphide bonds expression in E. coli would most likely not yield any active protein. Therefore a truncated version of the protein would be just as useful as the full-length protein for the purpose of raising antibodies. Because of this primers amplifying only the fbg domain of H-ficolin were used for generating the insert for the vector. For amplification the H-ficolin template described in section 4.2.1 was used and the primers were pET-17b 5’end primer with a HindIII restriction site and the pET-17b 3’end primer with additional 6 histidine residues (His-tag) inserted and an EcoRV restriction site (table 1). The PCR yielded a product of 686 bp corresponding to the fibrinogen-like (fbg) domain including restriction sites and the His-tag. The PCR product was purified using a PCR cleanup kit (Qiagen). The insert (650 ng) and the pET-17b vector (5 μg) were incubated with 1 U EcoRV (NEB) and 1 U HindIII (NEB) restriction enzyme overnight at 37oC to enable ligation of the two. To the vector restriction mixture was subsequently added 10 U alkaline phosphatase (NEB) followed by incubation for 2 hours at 37oC. This treatment removes the 5’ and 3’ phosphate groups from the ends of the linearized vector preventing ligation without insert. The digested vector and insert were run on an agarose gel, excised and purified using the Gel extraction kit (Qiagen). For the ligation T4 ligase (NEB) was used and the ligation reaction of the vector and insert was carried out as described by the manufacturer (NEB) using an insert to vector molar ratio of 5:1. After the ligation 10% (1 μl) of the ligation reaction was added to 1 vial of One shot® Top10 chemically competent cells and transfected as described in section 4.2.2. The bacteria were plated out on a selective LB-agar plate and incubated overnight. Twelve colonies were selected and they were each transferred to 5 ml of selective LB-medium and incubated at 37oC for 16 hours. Plasmid DNA from 1 ml of each culture was purified using a miniprep kit (Qiagen), incubated with 1 U of EcoRV and HindIII for 1 hour at 37oC and run on an agarose gel to determine if the ligation had been successful. If DNA fragments the size of the insert could be observed the plasmid was sequenced to make sure no mutations had occurred during the PCR reaction. After confirmation of the sequence 1 ml of the miniprep culture was transferred to 100 ml selective         LB-medium and the plasmid was purified using a maxiprep kit. 
4.2.4 Expression and purification of H-ficolin construct in E. coli
For expression one vial of BL21 (DE3) competent cells (Invitrogen) had 0.3 μg    pET-17b construct added and the cells were transfected by heat shock as described in section 4.2.2. Subsequently the bacteria were plated out on selective LB-agar plates and incubated overnight at 37oC. Colonies were selected and transferred to 5 ml starter cultures of which, after 16 hours of incubation, 1 ml was transferred to 100 ml medium and grown to OD600=1.0. Isopropyl β-D-1-thiogalactopyranoside (IPTG)   (0.4 mM final concentration) was added to the culture to induce expression of the   His-tagged fbg domain of H-ficolin (from here on referred to as the fbg construct) and further incubated 3 hours. After incubation the cells were centrifuged at 15000g and twice the cell pellet was washed with 6 volumes BugBusterTM Protein extraction reagent (Merck, Nottingham, UK) with 1 mM Pefabloc SC (Pentapharm, Basel, Switzerland) per unit weight of cell pellet to purify the inclusion bodies. The inclusion body preparation was solubilized in 20 mM HEPES, 6 M Guanidine-HCl, pH 7.4 (solubilization buffer), loaded onto a 1 ml HisTrap FF column (GE Healthcare) and washed until AB280< 0.05 was reached. An additional wash step with solubilization buffer with 35 mM imidazole was included to remove weakly interacting proteins. The bound protein was eluted with solubilization buffer with 500 mM imidazole and dialyzed into 20 mM HEPES, 140 mM NaCl, 0.5 mM EDTA, pH 7.4 (HEPES buffer) overnight at 4oC. Some of the purified fbg construct was used for immunization as described in section 2.6 yielding an antiserum referred to as the anti-fbg construct antiserum.
4.2.5 Western blot of fbg-construct
Fbg-construct, BSA and ovalbumin (Sigma-Aldrich) (100 ng of each) were run on SDS-PAGE and blotted. The membrane was cut into strips and 2 strips were developed. The procedure was carried out as described in section 2.3 using 1/500  anti-fbg construct antiserum only to probe one of the strips while both were developed with 1/1000 HRP-conjugated pig anti-rabbit IgG antibodies (Dako Denmark A/S, Glostrup, DK).

4.2.6 Sodium sulphate precipitation of antibodies

Sodium sulphate was added to 5 ml of anti-fbg construct antiserum to a final concentration of 1 M and incubated for 40 minutes at 37oC. The sample was centrifuged at 2500g for 15 minutes at room temperature and the pellet was redissolved in 2.5 ml water. To this sodium sulphate was added to a final concentration of 0.5 M and incubated and centrifuged as before. The pellet was resuspended in HEPES buffer.
4.2.7 Affinity purification of H-ficolin from serum
CNBr-activated Sepharose 4 Fast flow beads (Amersham) (3 ml) were washed with 100 ml 1 mM HCl followed by an additional wash with 100 ml 20 mM HEPES,     140 mM NaCl, pH 7.4. The sodium sulphate-precipitated antibodies (40 mg) from section 4.2.6 were diluted to a total volume of 20 ml in 20 mM HEPES, 140 mM NaCl, pH 7.4, added to the beads and incubated for 2 hours at room temperature on a rotary stirrer. Following this the beads were washed with 20 column volumes 2 M NaCl and remaining active sites were blocked by overnight incubation at 4oC with   20 ml 0.1 M ethanolamine-HCl, 140 mM NaCl, pH 8.5. Normal human serum (NHS) (10 ml) was diluted 1:10 with 20 mM HEPES, 140 mM NaCl, 0.1% (v/v) emulphogene, 0.5 mM EDTA, pH 7.4 and incubated with 20 ml of non-immune rabbit IgG-Sepharose beads (20 mg IgG/ml Sepharose) for 2 hours at room temperature. The unbound proteins were incubated with 3 ml of anti-fbg construct IgG-derivatized beads overnight at 4oC. The beads, both anti-fbg construct IgG and non-immune rabbit IgG were washed in binding buffer until AB280< 0.05 and then with 3 column volumes of water. Bound protein was eluted with 3 M MgCl2 and protein-containing fractions were pooled, and after dialysis against HEPES buffer, analyzed on            SDS-PAGE.
4.2.8 Expression of His-tagged H-ficolin in CHO-K1 cells
The Chinese hamster ovary (CHO) cell line K1 was chosen for the setup of a            H-ficolin stable cell line because it previously had been used to express L-ficolin (Hummelshoj et al., 2007), and therefore most likely would be suitable for expressing H-ficolin. The transformation vector used was pcDNA3.1 (+) since it previously had been used with success to express M-ficolin in 293F cells (a human kidney derived cell line) (Frederiksen et al., 2005). 
4.2.9 Cloning and the making of pcDNA3.1 vector with His-tagged H-ficolin insert
The H-ficolin cDNA template (described in section 4.2.1) was reused to make a full-length H-ficolin construct that could be inserted into the pcDNA3.1 (+) vector. This was done using the pcDNA3.1 5’end primer and pcDNA3.1 3’end primer (table 1). These primers allowed me to insert a 5’end AflII restriction site and a 3’end XbaI site as well as adding a His-tag to the 3’end yielding a PCR product of 941 bp. The PCR product was purified as in section 4.2.3. The insert (1 μg) and the pcDNA3.1(+) vector (3 μg) were digested overnight at 37oC with 1 U of AflII (NEB) and XbaI (NEB) and the vector was dephosphorylated as well. After incubation the linearized vector and the insert were gel purified and ligated as described in section 4.2.3. The ligation reaction was used to transform One shot® Top10 chemically competent cells by heat shock and 12 viable colonies from selective agar plates were selected for restriction analysis. Clones in which the plasmid was found to contain the insert were sequenced to eliminate the possibility of point mutations in the vector construct. This construct was cloned and purified using a Maxiprep kit as described in section 4.2.3. 
4.2.10 Transformation of CHO-K1 cells with pcDNA3.1 construct

For the transformation the following solutions were prepared: 42 mM HEPES,       280 mM NaCl, pH 7.11 (2x HEPES buffer) and 35 mM Na2HPO4, 35 mM NaH2PO4 (100x phosphate buffer). The two buffers were sterilized by autoclaving. A 2 M CaCl2 solution was also prepared and sterilized by filtering through a 0.45 μm syringe filter (Millipore). The DNA that was to be used for transformation was sterilized as follows. The construct (15 μg) was diluted in 100 μl sterilized water. CH3COOK was added from a 5 M stock solution to the DNA to a final concentration of 0.5 M CH3COOK. To that 220 μl of ethanol cooled in dry ice was added, mixed and incubated on dry ice for 15 minutes. After incubation the sample was centrifuged at 10000g for 5 minutes and the supernatant was removed. The pellet and the tube were sterilized with 500 μl 70% (v/v) ethanol, centrifuged as before and after removal of the supernatant the pellet was allowed to air-dry for 60 minutes under sterile conditions. After drying the DNA was resuspended in 100 μl sterile water. For the transformation 1 ml 2xHEPES buffer was mixed with 40 μl 100x phosphate buffer (solution A) in one tube while 900 μl water, the sterilized DNA and 120 μl 2 M CaCl2 (solution B) was mixed in another. Then solution B was added drop wise to solution A and left at room temperature for 30 minutes to allow for formation of a precipitate. For the transformation CHO-K1 cells had been grown to 75% confluence in two 25 cm2 tissue culture flasks (Nunc) with 5 ml of Ham’s F-12 medium with L-glutamine (Cambrex, Charles City, IA),   10% (v/v) heat inactivated foetal calf serum (Biosera, Ringmer, UK) 100 units/ml penicillin (Lonza, Verviers, Belgium) and 100 μg/ml streptomycin (Lonza) (Ham’s F12 medium). The cells and all other mammalian cells were grown in a tissue culture incubator at 37oC and with 5% CO2. Just prior to the transformation fresh medium was added to the cells and 1 ml of the transformation mixture was dispersed over the cells so that most cells came in contact with the formed precipitate. On day 1 after the transformation the culture medium was replaced with 5 ml of fresh Ham’s F12 medium. On day 2 the cells were washed twice with 1 ml of sterile 1.5 mM KH2PO4, 8.1 mM Na2HPO4, 140 mM NaCl, 2.7 mM KCl, pH 7.4 (PBS) (Cambrex) and the cells were digested off the flask by adding 200 μl of a 200 mg/l EDTA and 300 μg/ml trypsin solution (Cambrex) to the monolayer of cells. The cells (10%) were diluted in 60 ml Ham’s F12 medium with 0.5 mg/ml G-418 disulphate (Melford Laboratories Ltd.) and distributed in 200 μl aliquots into 3 sterile 96-well tissue culture microculture plates (Nunc). The G-418 was added to all media from this point forward to maintain selective pressure on the cells. The medium was changed every 5 days for 16 days.
4.2.11 Selection of transfected clones for production of His-tagged rH-ficolin
At day 16 after the transformation, the culture supernatant from wells with viable colonies was assessed for the expression levels of rH-ficolin by dot-blot analysis. It was performed with a Bio-Dot™ Apparatus (Bio-Rad Laboratories, Hemel Hempstead, UK) with a methanol-activated Immobilon-P transfer membrane (Millipore). The culture supernatant (200 μl) was loaded in the apparatus and sucked through the membrane using a pump. Two additional samples were included: one with fresh medium (negative control) and one with fresh medium containing                     E. coli-expressed fbg construct (positive control). Non-bound material was removed by three washes with 200 μl PBS and the whole membrane was blocked overnight at room temperature with 20 mM TRIS-HCl, 140 mM NaCl, 0.5 mM EDTA,           0.1% Tween20, 1 mg/ml BSA, pH 7.4 (western blocking buffer). Subsequently the membrane was incubated with 1 μg/ml HRP-conjugated 6x His tag® antibody (Abcam plc, Cambridge, UK) in western blocking buffer for 4 hours at room temperature and subsequently developed as a described in section 2.3. Five colonies were selected and digested off the microtitre plate and transferred to 25 cm2 tissue culture flasks. The cells were grown to >90% confluence and the medium changed to CHO-S-SFM II (Invitrogen) with 0.5 mg/ml G-418, 100 units/ml penicillin,             100 μg/ml streptomycin and 50mM HEPES, pH 7.4 (serum-free medium). To determine which clone produced the most H-ficolin, 10 ml of serum-free culture supernatant was diluted 1:1 (v/v) with 20 mM HEPES, 1 M NaCl, pH 7.4 and spun at 10000g for 30 minutes to remove cellular debris and to increase the ionic strength. The centrifuged culture supernatants were loaded onto a 1 ml HisTrap FF column and washed with 20 mM HEPES, 1 M NaCl, pH 7.4 until AB280 < 0.05. An additional wash with 20 mM HEPES, 1 M NaCl, 35 mM imidazole, pH 7.4 was included to remove loosely bound proteins. The bound proteins were eluted with 20 mM HEPES, 1 M NaCl, 500 mM imidazole, pH 7.4. For detection of protein 1 ml of the culture supernatant, 0.75 ml of the pooled 35 mM imidazole wash fractions and l.5 ml of eluate containing fractions were concentrated with StrataClean® resin as described in section 2.10 and run reduced on a SDS-PAGE gel. The gel was blotted and the membrane was blocked with western blocking buffer. The Membrane was at first developed 1/500 diluted anti-fbg construct antiserum as primary antibody and a 1/1000 dilution of a HRP-conjugated pig anti-rabbit IgG as secondary antibody. Subsequently the membrane was stripped and developed with 1 μg/ml                  HRP-conjugated 6x His tag® antibody as described in section 2.3.
4.2.12 Purification of His-tagged rH-ficolin

The clone 1A4 was grown to >90% confluence in a triple layered tissue culture flask (Nunc) in Ham’s F12 medium.  The cells were washed with 20 ml PBS and 100 ml of serum-free medium was added. The medium was harvested and replaced with fresh medium each day for 7 days. The cell number gradually diminished during the production due to the lack of serum components in the medium and 7 days was the maximum time period for harvesting the culture supernatant. The harvested medium was mixed 1:1 (v/v) with 20 mM HEPES, 1 M NaCl, pH 7.4 and spun at 10000g for 30 minutes. For purification of the His-tagged rH-ficolin, 2 ml chelating Sepharose fast flow (GE healthcare) was washed with 10 ml water. After the initial wash step the column material was loaded with 2 ml 0.1 M NiSO4, washed with water until no more Ni2+ ions leached off and equilibrated in 20 mM HEPES, 1 M NaCl, pH 7.4. The centrifuged culture supernatant was loaded onto the column at 1 ml/minute and was washed with 20 mM HEPES, 1 M NaCl, pH 7.4 until AB280 < 0.05. An additional wash with 20 mM HEPES, 1 M NaCl, 35 mM imidazole, pH 7.4 was included as well. Bound protein was eluted using 20 mM HEPES, 1 M NaCl, 500 mM imidazole, pH 7.4 and 1 ml fractions were collected. The rH-ficolin containing-fractions were found by reducing SDS-PAGE and dialyzed against HEPES buffer. 

4.2.13 H-ficolin assay development
Polyclonal antibodies raised using the His-tagged rH-ficolin were purified on a   protein G column and biotinylated to enable easy detection of bound antigen as described in sections 2.6, 2.7 and 2.8, respectively. The purified IgG from the        anti-H-ficolin antiserum will be referred to as anti-H-ficolin antibodies. Wells coated with N-acetyl BSA as described in section 2.9, were incubated overnight at 4oC with a 3-fold dilution series of serum with a starting dilution of 1/10 (v/v) in 20 mM HEPES, 140 mM NaCl, 5 mM CaCl2, Tween20, pH 7.4 (activation buffer). The wells were subsequently washed three times with 200 μl activation buffer and incubated for         4 hours at room temperature with 100 μl activation buffer with 0.5, 1, 2 or 4 μg/ml biotinylated anti-H-ficolin antibodies. The amount of bound antibody in each well was quantified as described in section 2.9. 
4.2.14 Cross-reactivity of anti-H-ficolin antibodies on L-ficolin
A 4-fold dilution series of His-tagged rH-ficolin (section 4.2.12) and purified L-ficolin (section 3.2.1) starting at 1 μg/ml in 100 μl 0.1 M NaHCO3, pH 9.6 was incubated overnight at 4oC in microtitre plate wells. The wells were blocked for 1 hour at room temperature with 200 μl of 1 mg/ml BSA in PBS and subsequently washed three times with 200 μl activation buffer. To each well was 100 μl activation buffer with     1 μg/ml biotinylated anti-H-ficolin antibodies added and incubated at room temperature for 4 hours. The amount of bound antibody was quantified as described in section 2.9. 
4.2.15 Expression of rH-ficolin in CHO DXB11 cell line
Since the expression with pcDNA3.1 (see section 4.2.9-12) gave very low yields i.e. less than 0.2 µg/ml culture supernatant and, since the product also appeared to have an impaired binding activity another expression system was selected for the expression of non-His-tagged H-ficolin. The pED4 vector system differs from the pcDNA3.1 system used with the CHO-K1 cell line since it utilizes two selection steps compared to one with the pcDNA3.1. The CHO cell line DXB11 is incapable of synthesizing nucleosides and the pED4 vector restores that ability enabling selection of transformed cells by growing the cells in medium without nucleosides. The vector also contains a methotrexate resistance gene and by increasing the amount of methotrexate in the medium the colonies, which have taken up multiple copies of the vector can be selected. The DXB11 cell line was kindly supplied by Dr. Russell Wallis.
4.2.16 Cloning and making the pED4 vector construct
The same cDNA template was used for the cloning step as in section 4.2.3 and for amplification of the H-ficolin gene the pED4 3’end and pED4 5’end primers (table 1) enabling insertion of 5’end XbaI and a 3’end XmaI restriction sites. Following gel purification of the insert 1 μg insert and 4 μg of the pED4 vector was incubated overnight at 37oC with 1 U of XbaI and XmaI (NEB) restriction nucleases enabling the ligation of the two. The plasmid was subsequently dephosphorylated as well. The plasmid and insert were gel purified and ligated as described in section 4.2.3. Twelve colonies were selected for restriction analysis and any plasmids with the insert present were sequenced. Following the confirmation that no point mutations had occurred during the PCR amplification step the vector construct was cloned by performing a Maxiprep.
4.2.17 Transformation and selection of transformed DXB11 cells
The cells were grown to 75% confluence in MEM-α medium with 40 mg/l ribonucleosides and 41 mg/l deoxynucleosides (Invitrogen) with 10% (v/v) dialyzed and heat inactivated foetal calf serum (Invitrogen), 100 units penicillin/ml and        100 μg/ml streptomycin (MEM-α+ medium) added in 25 cm2 tissue culture flasks. The transformation was carried out as described in section 4.2.10 with MEM-α+ medium instead of Ham’s-F12. The day after the transformation fresh medium was added to the cells and left overnight in the incubator. The following day the cells were digested off the plates and 10% were resuspended in 40 ml of MEM-α medium without ribonucleosides and deoxynucleosides (Invitrogen) with 10% (v/v) dialyzed and heat inactivated foetal calf serum (Invitrogen), 100 units/ml penicillin and 100 μg/ml streptomycin     (MEM-α-medium) and distributed in 200 μl aliquots in two 96-well tissue culture microplates and incubated for 14 days in tissue culture incubator. After         14 days of incubation 6 clones (1D4, 1E10, 1F7, 2B6, 2E8 and 2H1) had reached confluence. These were transferred into 6-well tissue culture plates (Nunc) and grown to confluence in 3 ml MEM-α - medium. When confluent, 10% was transferred to a new well in a 6 well plate and grown until confluent again. At confluence 10% was again transferred to another well and grown in MEM-α- with 0.02 μM methotrexate (Sigma-Aldrich) and grown until confluent. This was repeated and then repeated twice with a methotrexate concentration of 0.1 μM and twice with 0.5 μM methotrexate. After the last incubation with 0.5 μM methotrexate in the wells the cells were transferred to 25 cm2 tissue culture flasks.  
4.2.18 Detection of rH-ficolin in culture supernatants
During the 2nd selection phase with 0.1 μM methotrexate 1 ml of medium was harvested from the remaining cell lines 2B6, 1E10 and 2H1. Of this 10 μl was run on SDS-PAGE and blotted as described in section 2.3. The membrane was probed with 1/500 diluted anti-fbg construct antiserum (see section 4.2.4) and developed with 1/1000 diluted HRP-conjugated pig anti-rabbit IgG antibodies. To investigate the functional state of any rH-ficolin in these culture supernatants it was also added to   N-acetyl BSA coated wells (see section 2.9) diluted in activation buffer to the following dilutions 1/5, 1/50 and 1/500 and incubated overnight at 4oC. As controls fresh medium and serum was also included. The wells were developed as described in 4.2.14. 
4.2.19 Purification of rH-ficolin from serum-free medium
For large scale production the 2H1 clone was transferred to a triple layered flask and grown in 100 ml MEM-α - medium with 0.5 μM methotrexate. When confluent the cells were washed with sterile PBS and 100 ml CHO-S-SFM II without hypoxanthine and thymidine (Invitrogen) with 100 units/ml penicillin, 100 μg/ml streptomycin,     50 mM HEPES, pH 7.4 and 0.5 μM methotrexate was added. The medium was harvested and replaced with fresh medium every day for 5 days. To purify the         rH-ficolin from the serum-free culture supernatant, CNBr activated Sepharose beads were derivatized with BSA as described in section 4.2.7 (using BSA instead of IgG). Subsequently the beads were resuspended and incubated for 1 hour at room temperature on a rotary stirrer in 50 ml methanol, 0.1% (v/v) acetic anhydride. After incubation the beads were washed and stored in HEPES buffer. The resulting N-acetyl BSA resin (2 ml) was packed into a column and equilibrated with activation buffer. Serum-free culture supernatant (300 ml) was spun at 10000g for 30 minutes to remove cellular debris and passed over the column with a flow rate < 1 ml/minute. The column was washed with activation buffer until AB280 <0.05. To elute the bound protein activation buffer with 200 mM GlcNAc (Sigma-Aldrich) was passed over the column and 1.5 ml fractions were collected. The protein-containing fractions were found by measuring the AB280 and these were dialyzed overnight at 4oC against HEPES buffer.
4.2.20 Characterization of rH-ficolin
The purified rH-ficolin (3 μg) was run reduced and non-reduced on SDS-PAGE and subsequently silver stained. To determine the approximate size of the rH-ficolin complexes 50 μg was analyzed by gel filtration chromatography. A Superose 6 column was equilibrated with activation buffer and run at 0.5 ml/minute.
4.2.21 Binding potential of rH-ficolin
N-acetyl BSA-coated microtitre wells prepared as in section 2.9 were incubated overnight at 4oC with 100 μl of a 3-fold dilution series in activation buffer with serum or with serum + 20 μg/ml rH-ficolin with a starting dilution of 1/10 (v/v). The amount of bound protein in each of the wells was quantified as described in section 4.2.14. 
4.3 Results
Before the expression of H-ficolin could be done I needed to obtain H-ficolin         variant 1 cDNA. It is found as two variants of which variant 1 is the full-length cDNA and variant 2 is a truncated version of variant 1 in which 33 basepairs have been deleted. I was fortunate to acquire the variant 1 from a longtime collaborator of the MRC Immunochemistry Unit, Professor M. Matsushita. Figure 4.1 shows the variant 1 cDNA sequence and the amino acid sequence of H-ficolin. The sequence in red is lost in variant 2. After confirming the sequence by sequencing the full-length variant 1 cDNA, it was used as template DNA in all H-ficolin PCRs. All the primers used for PCR amplification are shown in table 1. The three different vectors used for expression are shown in figure 4.2.
Since H-ficolin is a complex protein with different domains it would be unlikely that E. coli expressed protein would fold up correctly even if refolding was attempted. Therefore the protein expressed in E. coli was solely to be used for generating an antiserum towards H-ficolin. To do this a truncated H-ficolin insert, of only the        H-ficolin fbg domain, with the collagen domain removed and a C-terminal His-tag added, was created. This construct would yield a final protein product of 24.5 kDa. This protein construct will be referred to as the fbg construct. In figure 4.3 the whole DNA construct that was inserted in the pET-17b vector is shown with the protein sequence as well. The actual annealing point of the pET-17b 5’end primer in the      H-ficolin sequence is shown in blue in figure 4.1. For the expression the pET-17b expression system was used. The expression system uses a T7 RNA polymerase for transcription of the target gene but since the promoter and the polymerase are very powerful when fully functional it would kill the cells if active all the time. Therefore it is under the regulation of a lac operon which enables activation of the T7 RNA polymerase by adding an inducer like IPTG.

The transfected E. coli were grown in two separate cultures to OD600=1.0 upon which to one was added IPTG to induce the expression of protein. Samples were taken just before induction (0) and at 1, 2 and 3 hours of incubation. The inclusion bodies were purified, run on SDS-PAGE and stained with a His-tag stain (figure 4.4A) and normal Coomassie blue stain (figure 4.4B). In the IPTG-induced samples (+) one band around 22 kDa increases in intensity in a time-dependent manner. The same band can also be detected in the non-induced samples (-) but here no increase in intensity was detected. When stained for total protein (figure 4.4B) it was confirmed that only the 22 kDa band differs in intensity between the induced and non-induced samples. The inducible band is the fbg construct since it roughly migrates as predicted i.e. 22 kDa compared to 24.4 kDa and has a His-tag. Therefore larger scale production of the protein was set up. From 100 ml of LB-medium the bacteria were induced as before and the inclusion bodies were purified. The inclusion body pellet was solubilized in 6 M guanidine and the fbg construct was purified on a Ni-Sepharose column. Figure 4.5A shows a typical chromatogram from the purification with the fraction number along the X-axis and the AB280 on the Y-axis. Peak (1) is the flowthrough from the column, (2) the elution of loosely bound proteins with buffer containing 35 mM imidazole and (3) the protein eluted from the column using buffer with 500 mM imidazole. The flow-through fraction 1-3, the 35 mM wash fraction and the eluate were dialyzed to allow for    SDS-PAGE analysis. Since the eluate after dialysis contained a lot of precipitate a sample of it was run both with and without the insoluble protein. In figure 4.5B and 4.5C a SDS-PAGE gel stained for His-tagged proteins and total protein can be seen. Both of these show that no fbg construct can be found in the flow through or the       35 mM imidazole wash fractions but only in the eluate. It can also be observed that there is a big difference between the content of the fbg construct in the eluate with or without the aggregated protein showing that the majority of fbg construct is found in an insoluble form.

The fbg construct was used as immunogen for raising of a polyclonal antiserum but due to the aggregated and misfolded state of it, the antiserum would most likely not be capable of recognizing native antigens. However it would still prove a useful tool for detection of H-ficolin in its denatured state i.e. western blots. In figure 4.6 two strips from a western blot membrane with BSA, ovalbumin and fbg construct at roughly equal amounts are shown. One is probed with and the other without the raised anti-fbg construct antiserum and both were subsequently developed with a secondary antibody. On the strip developed with the antiserum a band about 28 kDa is detected while neither ovalbumin (45 kDa) nor BSA (66 kDa) is detected showing that the antiserum recognizes the 28 kDa band in a specific manner. Since a different set of markers was used for the blot compared to figure 4.5 the identity of the 28 kDa is believed to be the fbg construct. On the strip developed without the antiserum only one weak band at   28 kDa was detected and is probably due to non-specific binding of the secondary antibody. This shows that the raised antiserum is capable of recognizing H-ficolin under denaturing conditions.
Although it is unlikely, the anti-fbg construct antiserum may also recognize native H-ficolin to an extent that would make it useful for assays and affinity purification. To investigate this CNBr-activated Sepharose beads were derivatized with sodium sulphate-precipitated antibodies from the anti-fbg construct antiserum as well as with non-immune rabbit IgG. Serum was incubated with the non-immune rabbit IgG resin first and subsequently with the anti-fbg construct IgG resin. Both resins were packed into columns, washed and bound protein was eluted with 3 M MgCl2 and the eluates were analyzed reduced and non-reduced on SDS-PAGE. Since H-ficolin is a homomultimeric protein composed of several 35 kDa polypeptide chains, purified     H-ficolin would be easier to detect in the reduced sample than in the non-reduced. As can be seen in figure 4.7 only one band stands out at the 30-40 kDa size range when compared to the non-immune IgG lane and the anti-fbg construct IgG lane (marked by an arrow). When the size is estimated on the gel it has an approximate size of 30 kDa and therefore appears to be too small to be H-ficolin but this difference could be due to the markers. To investigate this further an ELISA in which the wells had been coated with His-tagged rH-ficolin produced in CHO cells (see below) and developed using the anti-fbg construct antiserum showed little or no difference between a      non-immune rabbit serum and the anti-fbg construct antiserum in recognizing the   rH-ficolin (not shown). This observation confirmed that the band observed in figure 4.7 most likely is not H-ficolin, showing that the anti-fbg construct antiserum is incapable or almost incapable of recognizing native H-ficolin.
For the functional characterization of H-ficolin the prokaryote-expressed material could not be used since H-ficolin structurally is a very complicated protein. It would have required extensive refolding experiments and would most likely not have yielded any active protein. To get functionally active H-ficolin, and protein for raising another antiserum capable of recognizing native H-ficolin, expression of full-length H-ficolin was set up in a mammalian system using the pcDNA3.1 vector system to transform CHO-K1 cells. The vector contains a neomycin resistance gene enabling selection of transformed cells by the addition of neomycin (G418) to the growth medium. For selection and purification purposes a His-tag was inserted in the C-terminus of the construct. The construct that was inserted in the vector can be seen in figure 4.8 and is referred to as His-tagged rH-ficolin. After transformation the cells were plated out in three 96-well microculture plates and grown in selective medium. During this step all non-transfected cells would die due to the neomycin and only transformed cells would continue to grow. After 16 days of incubation the culture supernatant from the wells with viable colonies were subjected to dot-blot analysis. Included as well were a negative control (-) with fresh medium and a positive control (+) with fresh medium and fbg construct added. For the detection of H-ficolin production the membrane was blotted with a HRP-conjugated anti-His-tag antibody. The dot-blot membrane is shown in figure 4.9. Compared to the negative control where medium was passed through the membrane, all the clones seems to express H-ficolin to some extent but none of the colonies stood out as being high producers. Despite this 5 clones were selected (1A4, 1E8, 1E10, 2D5 and 3D3) and transferred to culture flasks. 3H9 was not selected despite it giving a relatively strong signal since the signal was found in patches rather than homogenously distributed over the whole dot. This indicated that it probably was more like non-specific binding of the antibody than actual recognition of His-tagged rH-ficolin.

For selecting which of the 5 clones had the highest yield, the cells were grown in serum-containing selection medium until confluent and then the medium was substituted with serum-free medium. This was done to limit the amount of protein present in the culture supernatants to make the purification of His-tagged rH-ficolin easier. The serum-free culture supernatants were harvested every day and the recombinant His-tagged H-ficolin was purified on a Ni-Sepharose column. This was done by diluting the supernatant with buffer containing 1 M NaCl to diminish       non-specific interactions with the column material as well as including a wash step with a low concentration of imidazole (35 mM) to remove protein that weakly interacts with the Ni2+ ions. The bound protein was eluted with buffer with 500 mM imidazole. Each of the eluates were run reduced on SDS-PAGE along with serum-free culture supernatant and the 35 mM imidazole wash fraction and blotted with anti-fbg construct antiserum and anti-His-tag antibodies (figure 4.10A and 4.10B, respectively). Since the samples were run reduced specific signals in the 30-40 kDa range were soughtr. When blotted with anti-fbg construct antiserum the background is high especially in the lanes with culture supernatant but in the lane containing eluted protein from 1A4 a band within the size range is detected (indicated by the red circle). When developed with the anti-His-tag antibody two bands at approximately the same size are detected in the samples containing the eluates of 1A4 and 1E10. This shows that H-ficolin is expressed in both clones and that 1A4 is a more productive clone. Due to these observations large scale production was based on the 1A4 clone. 

The His-tagged rH-ficolin from 500 ml of serum-free medium (1A4 clone) was purified on Ni2+-Sepharose and run reduced and non-reduced on SDS-PAGE. In figure 4.11 the gel is shown. In the reduced lane a single band of 35 kDa and two much bigger proteins (>212 kDa) can be observed. In the non-reduced gel the 35 kDa band has disappeared and instead a ladder of bands ranging in size from 50 kDa to more than 212 kDa is observed. This pattern is characteristic for homomultimeric proteins with incomplete disulphide cross-linking like the ficolins. This further confirms that the expressed protein resembles that of native protein, since a similar band pattern is observed when serum derived H-ficolin is analyzed by SDS-PAGE (apart from the two top bands in the reduced lane) (Yae et al., 1991). The total protein yield was estimated by AB280 and determined as 0.2 μg/ml serum-free culture supernatant. AB280 is not a precise measure for the H-ficolin concentration since it measures H-ficolin and contaminants alike. Therefore the preparation was sent off to the laboratory of Professor Jens Christian Jensenius for quantification. They have     H-ficolin assays set up enabling them to quantify the functional concentration of      H-ficolin based on its ability to bind to a surface with N-acetylated human serum albumin (HSA). Figure 4.12 shows the data that I received from the Aarhus lab. The concentration in the His-tagged rH-ficolin sample was estimated using a purified      H-ficolin preparation as standard. As can be observed, the signals from the samples with purified or His-tagged rH-ficolin are not of the same magnitude compared to native material at the same concentrations. Additionally the His-tagged rH-ficolin is at the highest concentration (1 μg/ml) only just above the background level. When the signals are compared between the two preparations it appears that the concentration in the His-tagged rH-ficolin preparation is more than 50 times lower than the AB280 indicated. This cannot be explained by the presence of the impurities and implies that the His-tagged rH-ficolin does not bind as well to the surface as serum-derived          H-ficolin. This lack of activity could be due to the presence of the His-tag, but since C-terminal His-tagging of H-ficolin has been used previously without any mention of loss of activity it seems unlikely (Honore et al., 2007).
Despite this, one of the goals for the expression of the protein in the mammalian cell line was to produce protein which could be used for immunization. When analyzed on SDS-PAGE it does appear to be capable of forming larger order complexes (figure 4.11) and thus suitable as an immunogen. A rabbit antiserum against the recombinant protein was raised, and an assay was developed using N-acetylated BSA as ligand and serum as the source of H-ficolin. Antibodies from the antiserum (referred to as the anti-H-ficolin antiserum) using the His-tagged rH-ficolin as immunogen were purified on a protein G column and biotinylated. To determine the amount of biotinylated antibody needed for detection of bound H-ficolin, wells coated with N-acetylated BSA that had been incubated with a dilution series of serum were developed with    100 μl of 0.5, 1, 2 and 4 μg/ml biotinylated anti-H-ficolin antibodies. During the incubation with the substrate a measurement was done every 30 seconds and the incubation time (22, 18, 8 and 8 minutes, respectively) was selected based on where the biggest dynamic range for each of the antibody concentrations could be observed. This cross-comparison is possible since the goal was not to get the strongest signal but rather to determine the concentration of antibody that gives the biggest dynamic range. As can be observed in figure 4.13 an approximately 9-fold dynamic range can be observed (1/90-1/810) when incubated with 0.5 μg/ml antibody while the remaining three concentrations all have dynamic ranges of 27-fold. Thus 1 μg/ml concentration was chosen since additional antibody did not improve the dynamic range and to save reagents. Similar experiments were carried out determining the optimal incubation time with the biotinylated anti-H-ficolin antibodies and the time and amount of streptavidin conjugated with alkaline phosphatase (AP). These experiments resulted in a 4 hour incubation with 1 μg/ml biotinylated anti-H-ficolin antibodies and 0.5 μg/ml of streptavidin-AP for 30 minutes (Not shown). 
H-ficolin and L-ficolin have a high degree of sequence similarity (see figure 1.8) and since both L-ficolin and H-ficolin bind to N-acetyl BSA the possible cross-reactivity of the anti-H-ficolin antiserum had to be addressed. Therefore L-ficolin and            His-tagged rH-ficolin were coated in microtitre wells at decreasing concentrations and the wells were probed with biotinylated anti-H-ficolin antibodies. In figure 4.14 it can be observed that the anti-H-ficolin antibodies do have 10-20% L-ficolin                cross-reactivity. This makes it less suitable for quantification of H-ficolin serum levels but since H-ficolin is the more abundant protein in serum this effect may not affect the measurements to a high degree. 

For the functional characterization of the H-ficolin the His-tagged rH-ficolin would not be useful since it appears to have impaired functionality (figure 4.12). Therefore expression of non-His-tagged rH-ficolin was initiated (see section 4.2.15). Because the expression yields were very low with the pcDNA3.1 system, another system was selected for that task. The selected system is based on the pED4 vector and DXB11 cell line and differs from the pcDNA3.1 system by having two selection criteria: one in which the non-transfected cells are eliminated and another in which cells with multiple copies of the vector can be selected. This system has also recently been used for production of rat ficolin A  (Girija et al., 2007).
After the transformation and elimination of non-transfected cells, 6 colonies (1D4, 1E10, 1F7, 2B6, 2E8 and 2H1) were selected and transferred to 6-well culture plates and subjected to methotrexate selection. Three of these (1E10, 2B6 and 2H1) survived the initial selection steps and at the 2nd selection step with 0.1 µM methotrexate, culture supernatant was removed for detection of rH-ficolin. In figure 4.15A culture supernatant from each of the clones was blotted and developed with the anti-fbg construct antiserum. Included as well was fresh medium and His-tagged rH-ficolin as negative and positive controls, respectively. In all the lanes containing tissue culture supernatant as well as in the positive control a band around 39 kDa was detected while no protein bands were recognized in the fresh medium. This shows that           H-ficolin is produced by all three clones and at similar concentrations. To investigate whether this rH-ficolin was functionally active it was added to N-acetyl BSA coated wells at different dilutions and the bound protein quantified. Serum and fresh medium were included as positive and negative controls, respectively. As can be observed in figure 4.15B all the clones display a dose dependent signal indicating that the           rH-ficolin produced is functional. Unfortunately only one clone 1H2 survived the selection process and therefore it was used for the large scale production. The clone was grown to confluence in triple flasks and the medium was removed and substituted with serum-free medium. This was harvested each day for 5 days and 200 ml serum-free culture supernatant was used for purification. The culture supernatant was passed over a N-acetylated BSA derivatized Sepharose column and the bound protein was eluted with GlcNAc (see section 4.2.19). 
To characterize the purified rH-ficolin it was analyzed by SDS-PAGE as well as by size exclusion chromatography. In figure 4.16A the rH-ficolin can be seen when run on reduced and non-reduced SDS-PAGE. As previously shown with the His-tag      rH-ficolin (figure 4.11) all the protein is found as a 35 kDa monomer when run reduced, while the characteristic ladder of bands can be observed when run            non-reduced. The difference to the His-tagged rH-ficolin preparation is that a larger proportion of the rH-ficolin seems to be lower order oligomers when judged on     non-reduced SDS-PAGE. Therefore the preparation was also analyzed by size exclusion chromatography. When doing so (figure 4.16B) only one peak can be observed showing the vast majority of the rH-ficolin is in one oligomeric form. The peak is not completely symmetrical indicating that more than one oligomeric form might be present. Both in the His-tagged rH-ficolin preparation and the rH-ficolin preparation oligomerization does occur but due to the lack of the higher order complexes when run non-reduced on SDS-PAGE, this indicates that the rH-ficolin preparation has a less complete disulphide cross-linking. This does not seem to affect the ability of the protein to assemble the hexamerix complex, which is the size of the H-ficolin complex in serum as previously reported by  Yae et al., (1991). To test the rH-ficolin for biological activity and the H-ficolin assay for specificity an experiment was set up where two 3-fold dilution series of serum were added to a N-acetyl BSA coated microtitre wells. One of the dilution series was spiked with rH-ficolin. The results can be observed in figure 4.17. The signal from the dilution series with serum only is approximately 3-9-fold lower than the spiked serum which makes up the difference in concentration since the serum concentration is 7 μg/ml and it is spiked with 20 μg/ml rH-ficolin. This shows two things. Firstly it shows that the assay does measure H-ficolin and secondly that the rH-ficolin is biologically active after purification.

4.4 Discussion
In this chapter I have attempted to produce recombinant H-ficolin as well as raising a polyclonal antiserum against it. Two different antisera were generated. One was raised with the fbg-construct as immunogen and was capable of recognizing H-ficolin under denaturing conditions on SDS-PAGE (figure 4.10 and figure 4.15). The antiserum which was raised using the functionally impaired His-tagged rH-ficolin was also capable of recognizing H-ficolin under denaturing conditions (not shown) but more importantly it could also recognize the native H-ficolin (figure 4.15 and figure 4.17). The initial steps to set up an assay enabling me to quantify H-ficolin in serum (figure 4.17) have been done but reproducibility issues have to be addressed before large scale quantification can be attempted.  

In the case of production of rH-ficolin, a stable cell line was created and the rH-ficolin appears to be highly oligomerized (figure 4.16) and biologically active (figure 4.17). Unfortunately due to difficulties in obtaining the H-ficolin variant 1 cDNA and the low expression yields using the pcDNA3.1 system, the process of getting rH-ficolin took longer than expected. Therefore I have only been able to do the initial characterizations of the protein regarding size and biological activity (figure 4.16 and figure 4.17).

I am working on getting access to the glycan array chip to make an analysis of the glycan binding motifs as described for L-ficolin in section 3.2.12. Since the process can be lengthy it is impossible to predict when it may happen. This would result in novel data that might tie the existing data regarding H-ficolin carbohydrate specificity together and enable me to identify specific groups or carbohydrate conformations that mediate H-ficolin binding (Garlatti et al., 2007; Sugimoto et al., 1998). 
Recently a collaboration was set up with Dr. T. P. Hickling (Institute of Infection, Immunity and Inflammation, School of Molecular Medical Sciences, University of Nottingham, UK), to investigate direct binding of rH-ficolin to hepatitis virus C proteins. 
Dr. S. Schelenz and Dr. D. Sexton (Institute of Biomedical & Clinical Sciences, School of Medicine, Health Policy & Practice, Faculty of Health, University of East Anglia) also requested some rH-ficolin to test if it binds to mainly pathogenic fungi like Cryptococcus neoformans that enter the body through the airways. This will hopefully yield valuable information regarding the significance and the importance of the H-ficolin which is expressed in the lungs as described by Akaiwa et al., (1999). 
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