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Methods

Protein expression and purification

CRIg-Fc fusion proteins were generated as described elsewhere 1. CRIg-LFH was generated by fusing the C-terminus of the extracellular domain of CRIg with a leucine zipper from S. Cerevisiae GCN4 gene, a FLAG and His6 tag. For crystallography and for generating mutant proteins, a DNA fragment encoding residues 1 to 119 of mature CRIg was cloned into the NdeI/BamHI sites of the pET28b expression vector (Novagen), creating a fusion with an N-terminal His-tag followed by a thrombin cleavage site. Mutants were generated using the QuikChange site-directed mutagenesis kit (Stratagene) and primers designed as per manufacturer’s instructions. The plasmids were transformed into BL21(DE3) cells (Stratagene), proteins were extracted from the inclusion bodies and purified using Ni-affinity chromatography. For verification of proper folding, CRIg and CRIg mutants were diluted into PBS to a final concentration of 0.2 mg/ml. Circular Dichroism (CD) spectra were obtained in the far UV range (190-250) using quartz cuvettes of 1 mm path length (Jasco Model J810 CD Spectrometer; Jasco Inc.).  Data were collected at 0.1 nm intervals with a bandwidth 1 nm and at 25ºC. For crystallography, the fusion protein was digested with thrombin and further purified using size exclusion chromatography. The final protein stock solution had a concentration of 20 mg/ml in 10 mM Hepes, 50 mM NaCl, pH 7.2. Purified CRIg was mixed at 5-fold molar excess of C3c or C3b and incubated on ice for 30 minutes. The samples were purified using size exclusion chromatography and concentrated to 10-20 mg/ml in 25 mM Hepes, 50 mM NaCl, pH 7.2. 

Preparation of complement proteins and binding assays
C3b was generated and purified as described elsewhere 1. C3c was generated by incubating C3b, factor I and factor H in 1:10:10 molar ratios at 37ºC for 1 hour. The reaction was stopped with a 0.05 x volume of 20 mM Tris pH 8.0 containing 5 mM EDTA and loaded onto a Mono Q (GE Healthcare) column equilibrated in the same buffer. Protein was eluted with a 0.0 - 0.5 M NaCl gradient.  The identity of C3c was confirmed by Edman degradation. (C3b)2  homodimers were prepared as described elsewhere 1. C3bC4b heterodimers were generated as described 2 with the following modifications. The C3bC4b was purified using a Superdex 200 (GE Healthcare) column. The C3b4b containing fractions were collected, diluted 1:20 into 20 mM Tris pH 8.0 with 5 mM EDTA and loaded onto a Mono Q (GE Healthcare) column. C3bC4b was eluted using a linear NaCl gradient (0.0 - 0.5 M). Identity of C3bC4b was confirmed by ELISA using capture and detection antibodies selective for C4b or C3b portions of the dimer. Binding of C5 to C3bC4b and (C3b)2 was evaluated by capturing the dimers in a microtiter plate coated with polyclonal anti C3 antibody (ICN) followed by incubation with C5 (400 nM) premixed with increasing concentrations of CRIg or a mutated version of CRIg. C5 binding was detected by anti-human C5 antibody (Quidel) and HRPO-conjugated goat anti-mouse antibody (Jackson ImmunoResearch). 

Crystallization, data collection, structure solution and refinement

All crystals were grown at 190C using hanging drop vapor-diffusion method.

CRIg was crystallized by mixing equal the protein solution with equal volumes of reservoir containing 30% PEG 4000, 0.1 M Sodium Acetate, and 0.2 M Ammonium Acetate.  Crystals formed after 3 days. Crystals of the C3c:CRIg complex were obtained by mixing the protein solution (20mg/ml) at a 1:1 ratio with reservoir solution containing 12% PEG 20000, 0.1 M MES, pH6.5. Crystals appeared after 2 weeks. Crystals of the C3b:CRIg complex were obtained by mixing the protein solution (10 mg/ml) with equal volume of reservoir solution containing 12% PEG 20000, 0.1 M MES, pH 6.0. Crystals formed after three weeks. For data collection crystals were dipped briefly into a solution containing reservoir with an addition of 20% glycerol and then flash-frozen in liquid nitrogen. Data were collected at ALS beamline 5.0.2 and processed using HKL2000 3. Crystals of uncomplexed CRIg diffracted to 1.2 Å resolution, belong to space group P212121 with cell parameters of a=30.2, b=50.7 and c=61.9 Å. The structure was solved using multiple anomalous dispersion and program auto-SHARP 4. Refinement using Refmac 5 and manual adjustments with program O 6 resulted in a model with an Rcryst of 14.9 % and Rfree of 17.7%. Crystals of C3c diffracted to 3.1 Å, belong to spacegroup C2 with cell parameters of a=382 Å, b=65.0 Å, c=147.2 Å and β = 102.7º and contain two complexes in the asymmetric unit.  The structure was solved using AMoRe 7 and models of unbound CRIg and C3c (pdb code 2A74). After refinement applying non-crystallographic symmetry restraints the final Rcryst and Rfree were 23.7% and 29.7%, respectively. Crystals of the C3b:CRIg complex diffracted to 4.1 Å resolution, belonged to space group C2221 with cell parameters of a=97.6 Å, b=255.7 Å and c=180.3 Å. After molecular replacement using the C3c:CRIg complex, models of the CUB domain (pdb code 2A73) and the TED domain (1C3D) were manually docked in the electron density map. After rigid body refinement, clear density appeared for the regions linking the TED and CUB domains and for two glycosylation and could be fitted. The final model includes a complex of CRIg and C3b without the C345C domain; the latter domain has very weak density and was included in the model with occupancies set to 0.0 to for Figure 1. The final Rcryst and Rfree were 25.2% and 33.3% respectively.

C3 convertase assay

The effect of CRIg on fluid phase C3 convertase activity was determined by incubating 0.4 M purified C3 with CRIg or factor H in GVB (20 l volume) at 37°C for 15 min. Thereafter, 0.4 M factor B and 0.04 M factor D were added in the presence of 33 mM MgEGTA in a total volume of 30 l to activate the pathway. After 10 min incubation at room temperature, C3a produced in the reaction mixtures was converted to the inactive C3a des Arg by addition of rabbit serum (25 l, diluted 1:2 with GVB). C3a des Arg was measured by ELISA in which anti-C3a/C3a des Arg (Abcam) was used as the capture antibody and biotinylated anti-C3a (Fitzgerald) was used as the detection antibody. For analysis of C3b fragments by gel-electrophoresis, the reaction mixtures were stopped after 30 min incubation at 37°C with 30 l Laemmli’s sample buffer (BioRad) containing 2-mercaptoethanol, boiled for 3 min, and electrophoresed on an 8% SDS-PAGE gel (Invitrogen). Proteins were visualized by staining the gel with SimplyBlue (Invitrogen). 

Hemolysis assays

For determining alternative pathway activity, rabbit erythrocytes (Er, Colorado Serum) were washed 3 x in GVB (0.1% gelatin in veronal buffer (BioWhittaker) and resuspended to 2 x 109/ml.  Inhibitors (50l) and 20l of Er suspension were mixed 1:1 with GVB/0.1M EGTA/0.1M MgCl2. Complement activation was initiated by the addition of C1q-depleted human serum (Quidel; 30 l diluted 1:3 in GVB). After a 30 minute incubation at room temperature, 200 l GVB/10 mM EDTA were added to stop the reaction and samples were centrifuged for 5 min at 500 g.  Hemolysis was determined in 200 l supernatant by measuring absorbance at 412 nm.  Data were expressed as % of hemolysis induced in the absence of the inhibitor. To determine the effect of CRIg on the classical pathway of complement, a similar procedure was followed except that Er were replaced with IgM-coated sheep erythrocytes (E-IgM, CompTech) and the assay was performed in factor B deficient human serum (CompTech) in GVB/1 mM MgCl2/0.15 mM CaCl2.

Decay acceleration and co-factor activity 
The microtiter plate assay for the alternative pathway decay accelerating activity was performed as described previously 8 with the following modifications. Microtiter plates were coated overnight with 3 µg/ml C3b in PBS. Plates were washed 2 times in PBST (PBS/0.1%-Tween) and blocked for 2 h at 37 °C with PBST containing 4% BSA.  Plates were incubated for 2 hrs at room temperature in veronal buffer containing 400 ng/ml of factor B, 25 ng/ml of factor D, and 2 mM NiCl2, 25 mM NaCl, 0.05% Tween 20 and 4% BSA followed by incubation for 15 min with factor H or CRIg in PBST.  Factor Bb was detected with sequential 1 hr incubations with 1:5,000 dilution of goat anti-human factor B polyclonal antibody (Kent) in PBST and 1:5,000 dilution of donkey anti-goat antibody conjugated to HRPO (Caltag) in PBST. Color was developed with TMB (KPL), stopped in 2N H2SO4 and absorbance read at 450 nm. Co-factor activity for factor I-mediated cleavage of C3b was measured by incubating 0.8 M C3b and 80 nM factor I with 80 nM factor H or varying concentrations of CRIg in 30 ml GVB. The mixture was incubated for 60 min at 37 °C and the samples analyzed by gel-electrophoresis as described for the C3 convertase assay.
Supplemental figure legends
Fig. S1. Differences in domain arrangement between C3 and C3b. Shown are the ribbon diagrams of the CUB-, TED-, and MG8-domain a, Superposition based on the CUB domain of C3 and C3b (both orange). This superposition shows the CUB domain in C3b translating in respect to the MG8 domain of C3 (shown in light violet), while the TED undergoes a large rotation upon C3 activation. b, Superposition based on the TED. C3b is shown in darker, C3 in lighter blue. Note the very compact domain arrangement in C3 and the open arrangement in C3b. The position of Cys988 is indicated with red spheres.

Fig S2. CRIg has similar affinities for C3b and C3c. Affinities were determined by incubating a fixed concentration of CRIg LFH with increasing concentrations of C3b or C3c in plates coated with C3b. CRIg-LFH binding was detected using an anti-FLAG antibody conjugated to HRPO and the absorbance of TNB reaction product measured at 450 nm.

Fig S3. a, Sequence alignment of CRIg from different species. Residues in contact with C3b are color coded according to Fig. 2a. Residue numbers refer to human CRIg after the signal sequence. Colored triangles below the sequence indicate altered residues in mutants A (E85A M86A D87A), B (H57A Q59A), C (V107S D109R I111E), D (L34S K36D L38H), and E (H91A T93Q E95A T97Q), Control mutant (P21A T23A D25A) in red, violet, orange, blue, green, and black respectively. b, Sequence alignment of human and mouse C3. Sequence numbers refer to the human sequence; secondary structure elements refer to the C3c:CRIg complex. Residues in grey are missing in the structure of C3c. All residues that have more than 5 Å2 buried in the interface with CRIg are boxed in yellow. Red boxed residues form the ‘warhead’ of C3.
Fig. S4. Local differences between C3 and C3b in the vicinity of the CRIg binding site. The superposition of the C3 and C3b is based on the Cα atoms of their MG6 domains. C3 is shown in white with the α’NT domain in blue. The C3b:CRIg complex is depicted in green (β-chain of C3b), violet (α-chain of C3b) and blue (α’NT). CRIg is shown in yellow. Large conformational changes occurring upon C3 activation are indicated with red arrows. Note the large movement of the α’NT domain. The rotation of MG3 in respect to MG6, and the movement of the helical segment (577:590) are required for CRIg binding to C3b and C3c.

Fig. S5. a, CRIg inhibits cleavage of C3 in a fluid-phase C3 convertase assay. Purified C3, factor B and D were incubated with various concentrations of CRIg or factor H at 37°C for 15 min. The reaction was stopped after 30 min incubation at 37°C and visualized by gel-electrophoresis. C3α and C3α’ indicate the α-chains of C3 and C3b, C3β indicates the β-chain of C3. Molecular weight standards are shown in the right lane. b, Inhibition of fluid-phase C3 convertase by various CRIg mutants. Data are expressed as % of C3a des Arg generation in the absence of inhibitor.
Fig. S6. a, CRIg does not accelerate decay of the C3 convertase. C3 convertase was formed by incubating C3b-coated microtiter plates with factor B and D. The plates were incubated with increasing concentration of CRIg, factor H or a combination of CRIg  (10 µM) and increasing concentrations of factor H. The remaining factor Bb bound was detected with anti-factor B antibody and HRPO-conjugated secondary antibody. The result shown is representative of 3 independent experiments. b, CRIg does not have co-factor activity for factor I-mediated cleavage of C3b. A fixed concentration of C3b was mixed with increasing concentrations of CRIg in the presence of factor I. Co-factor activity was monitored by visualizing the reaction product on a coomassie-stained SDS gel to distinguish C3b from iC3b. Molecular weight markers are shown on the right

Fig. S7. a, CRIg does not inhibit the CP convertase. IgM-coated sheep erythrocytes were incubated with factor B-depleted human serum and increasing concentrations of CRIg or C1INH. After 30 min incubation at room temperature, 200 l GVB containing 10 mM EDTA was added to stop the reaction and samples were centrifuged for 5 min at 500 x g.  Hemolysis was determined by absorbance of 200 l supernatant at 412 nm.  Data are expressed as % of hemolysis in the absence of inhibitor.
Supplemental Table I

Table 1:  Data Collection and Refinement Statistics

	Data collection
	CRIg
	C3c:CRIg
	C3b:CRIg

	Space group
	P212121
	C2
	C2221

	Cell parameters

(Å)
	a=30.3, b=50.8,c=62.0


	a=382.8, b=65.0

c=147.2

β=102.7º
	a=97.6, c=255.7

c=180.3

 

	Resolution (Å)
	50-1.2
	50-3.1
	50-4.1

	Rsymb
	0.031 (0.22)a
	0.097 (0.47) a
	0.083 (0.54) a

	Number of observations
	129096
	183543
	72321

	Unique reflections
	36270
	62367
	17385

	Completeness (%)
	99  (92.0) a
	95.8 (93.7) a
	96.1 (86.5) a

	
	
	
	

	Refinement
	
	
	

	Content of asymmetric unit
	1 molecule
	2 complexes
	1 complex

	Resolution (Å)
	20-1.2
	20-3.1
	30-4.1

	Number of reflections
	200469
	58910
	162329

	Final Rc, Rfree (F>0)
	0.149, 0.177
	0.238, 0.298
	0.252, 0.330

	Number of residues
	119
	2468
	1521

	Number of water molecules
	193
	0
	0

	Number of Ions
	0
	2 Ca-Ions
	1 Ca-Ion

	Number of non-H atoms
	1158
	19619
	12072

	Rmsd bonds (Å)
	0012
	0.009
	0.012

	Rmsd angles (°)
	1.59
	1.25
	1.36

	
	
	
	


a Numbers in parentheses refer to the highest resolution shell.

b Rsym = |I–<I>| /  I. <I> is the average intensity of symmetry related observations of a unique reflection.

c R =|Fo–Fc|  / Fo. Rfree is calculated as R, but for 5 % of the reflections excluded from all refinement.
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