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This will considerably drop off the price of the cleavage step since, in our hands TEV production is about 50 mg/L in a classical LB medium, which represents according to the price given by MilliporeSigma a production of 11250 euros.

Here is an example of the estimated cost for 10 productions (column lifetime):

A column of 100 ml = 1500 euros Technical support: half a day (4h) at around 80 euros/h *10 = 3200 LB and buffers = 1000 Total: around 6000 euros Each production is made from 6 L of bacterial culture, which gives a yield of 300 mg of TEV. Therefore, 10 productions will generate around 2000 to 3000 mg of TEV, if yields vary, for an estimated price of 2 to 3 euros/ mg of TEV.

In this case, the cleavage of 1 gm of protein would cost 20 to 30 euros rather than the 2000. Expression and purification of recombinant proteins remain a great challenge for various applications in life sciences. The purification step is often the rate-limiting and timeconsuming process, although it has been greatly facilitated by the development of affinity tags since decades [1,2]. Affinity tags are peptide sequences fused with a protein of interest (POI) that allow its purification from a crude biological extract using affinity chromatography methods.

The most commonly used affinity tags are His-tag, Glutathione S transferase (GST) and Maltose-binding protein (MBP) [3,4]. His-tagged proteins can be easily purified using the immobilized metal affinity chromatography, especially with chelated nickel, and the fused protein can be eluted with an imidazole containing buffer. However, His-tag can prevent the POIs to properly fold, especially those with solubility issues [5]. Furthermore, purification yields are poor from mammalian cell extracts and moderate from E. coli extracts [3], due to co-purification of bacterial proteins [6]. MBP and GST are larger tags that allow purification of fully folded proteins based on their affinities for amylose-and glutathione-resins, respectively. Those tags enhance expression, solubility and folding of the target protein [4,5] and may provide higher amounts of recombinant protein from E. coli than His-tag does [3]. However, high-level expression of MBP or GST fusion proteins in E. coli may result in accumulation of insoluble protein aggregates in inclusion bodies [7].

In addition, MBP steric hindrance may prevent the cleavage of the fused protein whereas GST forms dimers under oxidative conditions, which may also affect the structure and function of the POI [7]. Thus, if reducing conditions are not guaranteed, the fusion protein can undergo oxidative aggregation [8].

In the present study, we developed an easy, safe and low-cost protein purification method based on an engineered part of human galectin-3 carbohydrate recognition domain (CRD), namely CRDSAT, having an affinity for lactose. Lectins are identified as carbohydrate 

Materials and methods

Subcloning of 3 truncated galectin 3 (CRDs)

Truncated forms of Gal-3 (figure 1S) were obtained from the pTrcHisGal3 plasmid, which was previously used to produce recombinant human Gal-3 [9]. These CRDs were obtained by PCR using primers listed in Table 1S, then digested with NcoI and EcoRI and cloned into the same vector after deletion of the poly-histidine sequence. These forms namely CRDLITIL, CRDGVVP and CRDSAT, correspond to the amino acid sequence 131-250, 124-250 and 96-250 of whole Gal-3, respectively.

Production and purification of CRDLITIL, CRDGVVP and CRDSAT.

Each vector was introduced into Rosetta (DE3) E. coli strain and a positive clone was precultured overnight at 37°C in 3 mL of Luria Broth (LB) medium containing 50 µg/mL of ampicillin. Pre-culture was upscaled to 100 mL of LB medium and incubated at 37°C until the absorbance at 600 nm reached 0.6, then 1 mM isopropyl-D-thiogalactoside was added and the culture was pursued overnight at 37°C. After centrifugation (4000 g for 20 min) of culture, each bacterial pellet was suspended in 10 mL of lysis buffer. The slurry was sonicated at 4°C for 2 cycles of 1 min at 80 watts then, centrifuged at 20, 000 g for 30 min and the supernatant was filtered onto a 0.45 µm PVDF membrane. The filtrate was poured onto a 1 mL lactose-Sepharose column (Galab Laboratories, Hamburg, Germany) previously equilibrated. The column was washed with 10 column volumes (CV) and elution was obtained with 1 CV (see supplemental file for buffer composition).

Design of pCARGHO

pCARGHO (CArbohydrate Recognition domain of Galectin 3 from HOmo sapiens) derives from the pET20b(+) (Novagen, Lille, France) and contains additional sequences coding for the CRDSAT (242-736) and a TEV cleavage site (221-241), both located in 5' of the multiple cloning sites (159-215), where the POI sequence can be cloned (Figure 2A). Sequences dedicated to protein expression were optimized based on E. coli codon-usage table and the plasmid was synthesized by GeneArt Life Technologies SAS (Thermo Fisher Scientific, France).

Biochemical and biophysical characterization of CRDSAT

Native mass spectrometry

Purified CRDSAT was buffer-exchanged against 50 mM ammonium acetate buffer pH 6.8 using microcentrifuge gel filtration columns (Zeba 7 K MWCO, Thermo Scientific).

Electrospray ionization mass spectrometry (ESI-MS) measurements were performed in positive-ion mode on a MicrOTOF-Q instrument (Bruker Daltonics, France). Samples were injected in the mass spectrometer at a flow rate of 6 µL/min. For the native mass spectrometry, desalted sample was diluted in 50 mM ammonium acetate buffer pH 6.8 at a final concentration of 10 µM. The ESI needle voltage was set to 4.5 kV, nebulization gas 

Crystallization and 3D structure

Crystals of CRDSAT were grown by vapor diffusion in hanging drops at 293 K. Crystals were flash frozen in liquid nitrogen in the mother liquor containing 25% glycerol as cryoprotectant. A native data set was collected at 100 K on beamline PROXIMA-1 at the Synchrotron SOLEIL (Saclay, France), with incident radiation at a wavelength of 0.9786 Å and a crystal-to-detector distance of 296 mm. Diffraction spots were recorded on a Pilatus 6M detector (Dectris Ltd.) with a 0.2° oscillation per image. Data were indexed and scaled using XDS (Table 2S), and indexed intensities were converted to structure factors using TRUNCATE in the CCP4 suite [10] without any σ cut-off. The crystal structure of CRDSAT was solved by molecular replacement with the program PHASER [11] using the PDB entry 4R9B [12]. A single solution was obtained with LLG = 5668 and TFZ = 28.8. Building of the model was performed using Coot [13], and the crystal structure was refined in the range of 10-1.8 Å using REFMAC5 [14] and to the final Rfactor of 20.1% and Rfree of 23.8%.

Coordinates of the CRD SAT structure have been deposited in the Protein Data Bank (accession number 6H64).

Measurement of CRDSAT affinity for lactose

Affinity was measured by ITC and NMR (see supplemental file for details). 

Subcloning of sequences coding several proteins of interest into pCARGHO

Coding sequences of thioredoxin (Trx1), a bacterial enzyme whose activity is commonly measured in the laboratory [15], the catalytic domain of the human cell division cycle 25B (CDC25Bcd), a phosphatase [16], the human nuclear receptor estrogen related receptor alpha (ESRRA) [17], and the extracellular part of Triggering receptor expressed on myeloid cells 1 (TREM1) [18] were produced in shuttle plasmids (pMAt, GeneArt Life Technologies). Sequences were subcloned into pCARGHO using NcoI / XhoI sites and generated vectors used to produce fused recombinant proteins with the CRDSAT located at the N terminal position.

Production and purification of proteins of interest using pCARGHO

Ten mL of an overnight pre-culture of transformed C41 (DE3) E. coli strain were added to 1L of LB medium supplemented with 50 µg/mL of ampicillin, then incubated at 37°C and protein production was induced as described in section 2.2 at 37°C or 20°C. First purification step was performed as described for CRDSAT but with a column of 25 mL coupled to an ÄKTA Avant chromatographic device (GE Healthcare). Fusion proteins were cleaved overnight at 4°C using TEV S219V mutant protease produced in house (corresponding plasmid pRK793 was a gift from Dr. Nick Ramalanjaona, IMoPA lab) at a 1:100 w/w ratio. Fused POIs were separated from CRDSAT and TEV protease with an appropriate second step (see supplemental file for details). POI was then concentrated onto an Amicon-YM 10 kDa concentrator (Merck Millipore, Molsheim, France) until a final concentration of 2 to 7.5 mg/mL. The identity of the protein was confirmed by ESI-MS for TREM1, whereas other proteins were checked using SDS PAGE analysis. After CRDSAT removal, Trx1 activity was indirectly measured as follows. Saccharomyces cerevisiae Tsa peroxiredoxin activity was detected using 0.5 µM Tsa1, H2O2 (100 µM) as a substrate and a coupled system based on E.coli Trx1 (50 µM) / Thioredoxin reductase (1 µM) / NADPH (200 µM) and by monitoring the decrease of absorbance at 340 nm on a SAFAS UVmc2 spectrophotometer [15].

Human CDC25Bcd

CDC25Bcd activity was assayed without removing CRDSAT-tag in the presence of paranitrophenyl phosphate (pNPP). The hydrolysis of pNPP was followed at 30° in Tris-HCl 50 mM, glycerol 10%, NaCl 50 mM, pH 8.5 by measuring the absorbance at 405 nm of pnitrophenolate released during the reaction on a SAFAS UVmc2 spectrophotometer.

Corrections were made for spontaneous hydrolysis of the pNPP under the same experimental conditions. Concentrations used were: pNPP from 0 to 50 mM and 1 µM of CRDSAT-Cdc25Bcd. Experimental data were fitted to the Michaelis-Menten equation using least-squares regression analysis (SciDAVis 1.D013).

Results and discussion

Production of the truncated forms of Gal-3 and characterisation of their lectinic activity

We tested the length of the CRD required to produce a soluble form with lectinic capacity.

The maximum production was obtained for the CRDLITIL (figure 1, P1, see * at around 15 kDa) but it was neither recovered in the supernatant after centrifugation (S1) nor in the eluted fraction (lac1). This suggests that CRDLITIL is not soluble and remains in the Finally, CRDSAT (around 20 kDa) was recovered in the elution fraction (lac3), indicating a preservation of its solubility and lectinic activity. Therefore, CRDSAT was a suitable candidate for developing a new tag based on lactose-Sepharose purification. CRDs produced above derived from the human sequence of galectin-3 without any consideration for using codon bias between bacteria and human, explaining probably the weak production of CRDSAT. In order to optimize the use of CRD as a tag, a R224K mutation was introduced to reduce the 3D hindrance and to provide more flexibility between CRDSAT and the POI. The numbering refers to the whole human galectin 3 sequence. Finally the extra G at position 2 of CRDSAT (figure 1S) was removed. Considering these modifications for the construction of pCARGHO (figure 2A), it became possible to obtain 100 mg of soluble CRDSAT from 3 litres of culture (not shown). This significant yield allowed convenient downstream characterization experiments.

Biophysical and biochemical characterisation of CRDSAT

As expected from the deletion of the N-terminal non-lectin domain of Gal-3 [19,20],

CRDSAT was overwhelmingly detected in the monomeric state. Indeed, under nondenaturing conditions, the mass spectrum showed two narrow charge state distributions, one with a high abundant ion series (8+ to 10+), and one with a low abundant ion series (12+ to 14+) (figure 2B). Mass determination of the major ion series was 18684 Da, which is in agreement with the theoretical mass of the monomer of CRDSAT without its N-terminal Met. The low abundant ion series was identified to be the non-covalent dimer of CRDSAT with a determined mass of 37370 Da (Inset Figure 2B). The monomer state of CRDSAT was confirmed with gel filtration (not shown). The crystal structure of CRDSAT in complex with lactose was solved at 1.8 Å resolution. The asymmetric unit contained 6 monomers of First, the ITC data were efficiently fitted to a single-site model and led to a KD value of 135 µM. The 1:1 binding stoichiometry obtained was in agreement with the presence of one lactose molecule interacting with a single CRD domain (figure 2D). Second, several methyl groups of the CRDSAT were identified on a METHYL-SOFAST-HMQC spectrum (figure 2SA), as expected for a well-folded protein domain. Fortunately, 4 of these isolated methyl groups undergo 1 H chemical shift modifications upon lactose addition (figure 2SB), probably due to their spatial proximity with the ligand. The perturbation data were properly derived into a dissociation constant of 122 ± 6 µM, in very nice agreement with the ITC measurement (figure 2SC). This KD value in the range of that of Gal-3115-250 measured by Diehl et al [23] but lower than that of Gal-3107-250 form (KD = 1mM) [24].

Affinity purification of CRD fusion proteins, cleavage and isolation of the proteins of interest and biochemical characterisation

To validate the potency of CRDSAT as a tag favouring protein purification, pCARGHO was used to produce and purify four CRDSAT-fused proteins from bacterial (Trx1) or human (CDC25Bcd, ESRRA and TREM1) origin. After elution with lactose, only one or a major band was detected by SDS-PAGE corresponding to the CRDSAT fusion protein (figure 3A-D, Lac).

We firstly checked efficiency of TEV protease activity on one CRDSAT fusion protein.

Results indicated that the digestion of CRD-Trx was complete within 8 h at room temperature (figure 3SA) or overnight at 4°C (figure 3SB). Depending on the biochemical and biophysical properties of the protein various second step purification methods were employed. After cleavage with the TEV protease (TEV), Trx1 was segregated with a cation exchange chromatography. As an acidic protein, Trx1 did not bind to the column (figure 3A, SP1), whereas CRDSAT (SP2) and TEV (not detectable), which are basic proteins, did and were eluted in the presence of a high ionic strength buffer. We obtained pure and homogenous Trx1 with a yield of 50 mg per litre of culture. ESRRA, was purified using size exclusion chromatography (figure 3B) with a yield of 20 mg per litre of culture. TREM1 was separated from CRDSAT and TEV with a hydrophobic interaction chromatography (figure 3C), using an ammonium sulphate decreasing gradient that eluted TREM-1 prior to TEV or CRDSAT. Four mg per litre of culture were obtained. Finally, CDC25Bcd was obtained directly from the lactose-Sepharose column with a minor contaminant at around 65 kDa, eliminated with a SP-Sepharose (figure 3D). The yield was 2.5 mg of CRDSAT-CDC25Bcd per litre of culture. As expected, all fused proteins remained able to bind to the lactose Sepharose column and were obtained with no or a low level of contaminants. This single step procedure facilitated the process of the tag elimination through a single additional step, chosen among different available technics according to the biophysical or biochemical properties of POIs. Indeed, the affinity of CRDSAT for lactose was strong enough to allow the first step of purification in high saline buffers (300 to 500 mM), which prevented the non-specific binding of contaminant proteins to the resin. In addition, lactose is cheap and effluents of lactose chromatography are easily manageable. As the lectinic property of Gal-3 is divalent cation independent, the use of EDTA to prevent proteolysis was favoured. Reducing experimental conditions were also tested with success (not shown). CRDSAT tag promoted solubilization of POI as shown for TREM1 recovered in the soluble fraction after bacteria lysis in contrast to other published methods [25,26].

Moreover, TREM1 produced with our system was already used in another scientific study [18]. Other groups such as Tielker et al [27] used a bacterial lectin with affinity for fucose 13 and mannose, while Li et al [28] used a mushroom lectin with affinity for lactose. When we analysed the activity of Trx1 after CRD removal, the Trx1 steady state constant kobs value was 0.87 ± 0.07 s -1 , which is close to 0.94 ± 0.05 s -1 described previously, with another method of purification [START_REF] Olry | for purifications Lactose-Sepharose column Lysis buffer: Tris 20 mM pH 8, NaCl 300 mM, EDTA 2 mM containing 4 mM MgSO4 and 5 U/mL Benzonase ® (Merck, Darmstadt, Germany). Equilibration buffer: Tris 20 mM, pH 8 containing NaCl 300 mM, EDTA 2 mM. Washing buffer: Tris 20 mM, pH 8, NaCl 300 mM. Elution buffer: Tris 20 mM, pH 8 containing NaCl 300 mM and lactose 100 mM[END_REF]. As expected, CRDSAT-CDC25Bcd exhibited a classical Michaelis-Menten behavior with the following parameters: kcat = 0.109 ± 0.002 s -1 and KM = 4.9 ± 0.4 mM (figures 3E, F). These parameters are consistent with those already published (kcat ~ 0.3 s -1 and KM ~ 9 mM) [16, 30] for CDC25Bcd alone indicating that in this case, the presence of the CRDSAT domain did not modify the enzymatic activity. Preliminary data also demonstrate the potential usefulness of the CRDSAT system in eukaryotic cells via the polyribosomal machinery (figure 4SA). Moreover, the system was not sensitive to endogenous proteases during the purification (fractions S, Ft and lac in figure 4SB &C).

Concluding remarks

We engineered a novel protein purification single-step system, based on the lectinic property of CRDSAT, which extends the arsenal of affinity tag chromatographic methods. This tag can function under reducing conditions and in the presence of divalent cation chelators. It enables the segregation of the POIs thanks to its high specificity for lactose, a small compound easily removable and without biological toxicity. The size of CRDSAT does not prevent the cleavage of the fused protein by TEV. Finally, we showed that our innovative system is also appropriate for eukaryotic cells at least by using polyribosomes. When the CRDGGVVP was cloned an ATG codon was inserted whereas CRDLITIL and CRDSAT cloning introduced a supplementary codon between the ATG and the natural sequence of gal-3. This new codon codes for a glycine. Yellow highlighting: conserved Arg224 residue mutated into Lys. For NMR experiments, CRDSAT and lactose were placed into NaPi 50 mM, pH 6.4. All data were recorded at 298 K on a 600 MHz spectrometer equipped with a TCI-cryoprobe (Bruker). A METHYL-SOFAST-HMQC was recorded using the 13 C natural abundance of a 1 mM CRD sample. supplemented with 10% fetal bovine serum (FBS) and an antibiotic mixture (100 units/mL penicillin base, 100 µg/mL streptomycin base) at 37°C in a humidified atmosphere of 5% CO2/95% air. For transfection assays, wells of six well plates were seeded with 500,000 cells, which were left to recover overnight and then transfected with 1 µg of pEUCARGHO-CRD-GFP and 4 µl of DharmaFECT kb (Dharmacon), according to the manufacturer's instructions for 6 h. Then, medium was replaced with fresh complete DMEM and cells were harvested after 48 h. Cells were washed twice in PBS, scraped in PBS and centrifuged at 500 g for 10 min. Pellet was homogenized in PBS containing 300 mM NaCl and frozen in liquid nitrogen. After defrosting, the homogenate was sonicated at 4°C for 3 cycles of 1 min at 60 watts then, centrifuged at 20, 000 g for 1 h. The supernatant was incubated with 1 mL of lactose-Sepharose for overnight at 4°C. and purification was processed as for the prokaryotic production of the Gal-3 truncated forms. Elution was sequentially performed thrice with 1 mL of PBS containing 200 mM of lactose. Fraction from several steps of purification were analysed either by 4-12SDS-PAGE (A) or immunoblotting (B and C). Proteins were electrophoresed in 4-12% SDS-PAGE and transferred to nitrocellulose membranes using a semi dry supply (BioRad). After blotting, immunodetection was performed using a polyclonal anti-CRD antibody (dilution 1/10000) produced with our CRDSAT by Proteogenix or a polyclonal anti-GFP antibody (dilution 1/10000, Genetex). Revelation was done with an anti rabbit HRP-conjugated antibody (dilution 1/20000, Thermoscientific) and LumiGLO (Eurobio) as chemiluminescent substrate. 

Table 1S: PCR primers used for producing the 3 truncated forms of galectin-3.

  of enzymatic activity or immune recognition. This new tag has also been biophysically, biochemically and structurally characterized.
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 1814192 Figure 1: 4-20% SDS PAGE of the CRDs produced in bacteria and purified on lactose-Sepharose. MW: molecular weights; P1, P2, P3: resuspended pellet, S1, S2, S3: supernatant after bacterial lysis, lac1, lac2, lac3: lactose elution of CRDLITIL, CRDGGVVP and CRDSAT, respectively.
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 2034 Figure 3: 4-20% SDS PAGE analyses of CRDSAT fused protein and steady-state kinetic of CRDSAT-CDC25Bcd. A) Trx1, B) ESRRA, C) a truncated form of TREM1 (AA 21-136) and D) CDC25Bcd. Lac: lactose elution, TEV: fused protein and CRDSAT after TEV protease cleavage, SP1: flow through of the sulphopropyl-Sepharose column, SP2: peak at 1 M NaCl; GF1: first peak on Superdex 75, GF2: second peak; Phe1: flow through Phenyl-Sepharose, Phe2: peak at 300 mM ammonium sulfate; S1: supernatant CRDSAT-CDC25Bcd after bacterial lysis, Phe: peak at 275 mM KCl. E) Spontaneous pNPP hydrolysis was measured and then CRDSAT-CDC25Bcd (1 µM) was added to measure initial velocity. F) Experimental data (•), representative of three independent experiments, were fitted to the Michelis-Menten equation.
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 14 Figure legendsFigure 1: 4-20% SDS PAGE of the CRDs produced in bacteria and purified on lactose-Sepharose. MW: molecular weights; P1, P2, P3: resuspended pellet, S1, S2, S3: supernatant after bacterial lysis, lac1, lac2, lac3: lactose elution of CRDLITIL, CRDGGVVP and CRDSAT, respectively.

Figure 2 :

 2 Figure 2: pCARGHO vector and characterisation of CRDSAT. A) Map of the expression plasmid pCARGHO1. B) Native electrospray mass spectrum of CRD SAT . Charge states are indicated with the m/z values for each peak. The inset shows the corresponding deconvoluted mass spectrum with the experimental masses in Da. M=monomer without N-terminal Met; D=dimer. * indicates a minor species that could correspond to the monomer M without the N-terminal Ser amino acid. C) Ribbon representation of the crystal structure of CRDSAT. The lactose molecule is shown in red and green. D) ITC data characterizing complex formation between CRDSAT and lactose. Upper panel presents the experimental ITC data and lower panel the extracted heats of binding, ΔQ, as a function of added lactose together with the fitted binding curves.
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 34 Figure 3: 4-20% SDS PAGE analyses of CRDSAT fused protein and steady-state kinetic of CRDSAT-CDC25Bcd. A) Trx1, B) ESRRA, C) a truncated form of TREM1 (AA 21-136) and D) CDC25Bcd. Lac: lactose elution, TEV: fused protein and CRDSAT after TEV protease cleavage, SP1: flow through of the sulphopropyl-Sepharose column, SP2: peak at 1 M NaCl; GF1: first peak on Superdex 75, GF2: second peak; Phe1: flow through Phenyl-Sepharose, Phe2: peak at 300 mM ammonium sulfate; S1: supernatant CRDSAT-CDC25Bcd after bacterial lysis, Phe: peak at 275 mM KCl. E) Spontaneous pNPP hydrolysis was measured and then CRDSAT-CDC25Bcd (1 µM) was added to measure initial velocity. F) Experimental data (•), representative of three independent experiments, were fitted to the Michelis-Menten equation.

Figure 1S :

 1S Figure 1S: Optimization of the different forms of CRD obtained from human galectin 3 gene. Amino acid sequences.

  Underlined scripts are restriction sites for NcoI and EcoRI in sense or antisense primers, respectively.

Figure

  Figure 2D and 2S: ITC and NMR-derived KD calculation of CRD for lactose.Materials and methods:ITC was performed using a MicroCal iTC 200 (GE Healthcare, Velizy-Villacoublay, France) at 293 K. Two hundred µL of CRDSAT at 150 µM were placed in the calorimeter cell, and a lactose solution at 1.5 mM was added as follows: 0.4 µL for the first injection, then 19 injections of 2 µL over 4 s at 120 s intervals. The heat of reaction per injection was determined by integration of the peak areas using the Origin software (MicroCal), which provides the values for heat of binding (∆H), the stoichiometry of binding (n) and the dissociation constant (KD).

The 1 HFigure 3S: 4 -

 14 Figure 3S: 4-20% SDS-PAGE analysis of CRD-tag removal by TEV cleavage.

Figure 4S :

 4S Figure 4S: Production and purification of CRD-GFP in HEK293 cells. Materials and methods: pEUCARGHO derived from the pcDNA3.1-Flag was synthesized by GeneArt Life Technologies SAS (Thermo Fisher Scientific, France) and contains the following supplemental elements: CRDSAT (907-1414), a sequence coding a TEV cleavage site (1396-1414), both located in 5' of the multiple cloning sites (1414-1523) where GFP was cloned (see map below).

Figure 4SA: 4 -

 4 Figure 4SA: 4-20% SDS PAGE of the CRD-GFP produced in HEK cells and purified on lactose-Sepharose. MW: molecular weights, S1: supernatant after cell lysis, P: cell pellet after centrifugation at 20, 000 g. Ft: flow through of the lactose-Sepharose column, lac1, lac2, lac3: lactose elution (1mL for each fraction).

Figure 4SB :

 4SB Figure 4SB: Immunodetection of the CRD-GFP with anti CRD antibody. Fractions are described in legend of the figure 4SA.

Figure 4SC :

 4SC Figure 4SC: Immunodetection of the CRD-GFP with anti GFP antibody. Fractions are described in legend of the figure 4SA.

  

  

  

Table 2S : Crystallographic statistics

 2S 

	Data collection		
	Space group	P62	
	Cell parameters (Å) a= b=118.1, c=137.5
	Wavelength (Å)	0.9786	
	Resolution (Å)	50.0-1.8	
	Rsym (%) a,b	4.9 (27.4)	
	Completeness (%) a 99.9 ( 99.3)
	<I/σ(I)> a	33.3 (8.7)	
	Multiplicity a	10.3 (10.0)
	Refinement		
	Resolution (Å) No. reflections No. free reflections Rfactor(%) c	10.0-1.8 F 99705 1043 20.1 o r
	Rfree (%) r.m.s.d. Bonds (Å) r.m.s.d. Angles (°) <B-factors> (Å 2 ) all atoms	23.8 0.023 2.387 21.36	P e e r
	protein atoms 20.78 lactose 23.20 Sulfate ions 36.21 Water 32.92	R e v
			i
	a Number in parentheses corresponds to the last resolution shell 1.80-1.91 Å. e b Rsym = Σ|I-<I>|/ΣI c Rfactor = Σ||Fobs|-|Fcalc||/Σ|Fobs| w
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