Supplementary methods
SAXS data collection
The protein sample was express and purified as described above. The SAXS data were recorded at the European Synchrotron Radiation Facility (ESRF), Grenoble, Beamline BM29 (1) using the standard procedures for exposure, 10 frames each 2 seconds long (20 seconds total acquisition time) with an X-ray energy of 12.5 keV. The R2-3-4h and R3-4h proteins were measured at three separate solute concentrations (5 mg/ml, 2.5 mg/ml, and 1.25 mg/ml for R2-3-4h and 1 mg/ml, 0.5 mg/ml, and 0.25 mg/ml for R3-4h) in the buffer containing 20mM HEPES buffer pH 7.5, 150mM NaCl, 5 mM Magnesium Chloride, 5% Glycerol and 1mM β-mercaptoethanol. The buffer alone was also measured before and after every protein sample to ensure no cross contamination. Both buffer runs (before and after) were averaged and used for the background subtraction using the beamlines standard automatic processing tools. The solute concentration was verified with a NanoDrop 1000 instrument (Thermo Scientific) immediately prior to the data collection and this value was used for the concentration normalisation of the SAXS data. The individual concentrations were compared and found to have minimal concentration dependant effects and the idealized scattering was obtained. The resulting scattering data were then used for the standard ATSAS ab-initio modelling approach using DAMMIF (2) to create 40 individual models and DAMAVER (3) to compare them. The experimental data were also compared to the theoretical scattering of our crystallographic model of SHARP-RRM using CRYSOL (4).

Circular dichroism (CD) spectroscopy
Far ultraviolet (UV) CD spectra were recorded on a Jasco J-810 spectropolarimeter at 20 °C and points were measured between 200 nm and 260 nm. We used a quartz cell with 1.0 mm path. The protein samples (R2-3-4h, R2-3, R3mut and R3) were dialyzed against 10 mM TRIS pH 7.5, 50 mM NaF. Protein concentrations for the R2-3-4h, R2-3 and R3mut constructs were equal to 5 µM. Protein concentration for R3 was 12.5 µM. Raw data were converted to molar ellipticity. The CD absorption coefficients were calculated on a mean residue weight (mrw) basis. CD spectra were normalized for direct secondary structure content comparison.

UV-crosslink between SHARP R3-4h and the SRA RNA
We performed the UV crosslink with an extended version of the SRA RNA having the following sequence: 5‘-gggAGCAGGUAUGUGAUGACAUCAGCCGACGCCUGGCACUGC
UGCAGGAACAGUGGGCUGGAGGAAAGUUGUCAAUACCUGUAagagaccgaauucacuggccgucguuuuacaacgucgugacugggaaaac-3‘. Sequence in upper letter correspond to the SRA RNA H12-H13 and lower case letters are the 5' nucleotide added by the T7 polymerase and the 3' extension used as primer for the reverse transcription. We used three protein constructs: R3-4h which was purified as described for the R2-3-4h construct. The GST-His-R3-4h was similarly purified but we did not cleave off the tag. Briefly, the fractions eluting from the HiTrap FF crude column which contained the GST-His-R3-4h protein were directly loaded onto the gel filtration Superdex 75 column. The peak corresponding to the The GST-His was collected during the purification of the R3-4h construct. After the TEV cleavage, the GST-His was collected from the second affinity purification on the HiTrap FF crude column and further cleaned using the same gel filtration column. 
We mixed 1 µM of RNA with 30 µM of GST-His-R3-4h or 33 µM of R3-4h or 20 µM of GST-His protein in a total volume of 30 µl of buffer containing 20mM Tris-HCl (pH 7.5), 150mM NaCl, 2.5mM MgCl2, 0.05mM EDTA, 5% glycerol, 20U RNAsin (Promega). After 30 min incubation at room temperature, the sample were UV-irradiated with doses varying from 0 to 600 mJ as indicated while being kept on ice. After UV-irradiation, 40 µl of denaturing buffer (4% SDS, 100mM Tris-HCl, pH7.5, 20% glycerol, 50mM DTT) was added and the samples were incubated 10 min at 60°C. To facilitate the complex disassembly of RNA-protein, additional 30mM DTT was added and the samples were incubated for 10 min at 60°C. These cycles were repeated 4 times. 1 ml of binding buffer (8 M Urea, 20mM Tris-HCl, pH 7.5, 500mM NaCl, 10mM Imidazole, 1% Tween 20) was then added and the samples were incubated with 100 µl Ni-NTA Sepharose (GE Healthcare) for 2 hours at room temperature with intensive agitation (Thermomixer-Eppendorf). After incubation, the samples were transferred in a micro Bio-Spin column (Bio-Rad) and the resin was washed 2 times with 1 ml of binding buffer, 3 times with 1 ml of TNE buffer (50mM Tris-HCl, pH7.5, 50mM NaCl, 5mM EDTA) and 1 time with 1 ml of Proteinase K buffer (50mM Tris-HCl, pH7.5, 50mM NaCl, 5mM EDTA, 1% SDS, 0.1% NP40, 5mM β-mercaptoethanol). 5 µl of Proteinase K(10mg/ml) and 200 µl of Proteinase K buffer were added to the Bio-Spin column and incubated during 30 min at 37°C with intensive agitation (Thermomixer-Eppendorf). The flow-trough containing the crosslinked RNA with the polypeptide fragments was recovered, phenol-ChCl3 extracted and precipitated with 0.3M NaAcetate pH 5.2 and 3 volume of ice cold ETOH. The RNA was recovered by centrifugation at 14000rpm during 30 min at 4°C. The pellets were washed with 75% ice cold ETOH. Then, pellets were resuspended in 11 µl of H2O. The RT primer (5‘-GTTTTCCCAGTCACGACG-3‘) was labelled using standard procedure with PolyNucleotide Kinase reaction in presence of γ-ATP 32P. 2 pmol of labelled RT primer was added to the resuspended pellet and erverse transcription performed with the SuperScript III enzyme and according to the manufacturer instruction (Invitrogen). Samples were then phenol-ChCl3 extracted and precipitated. The cDNA samples were finally analysed on a sequencing gel with 6% Acrylamide 19/1 and 7M Urea. Markers were made by sequencing the plasmid H12-H13 in pUC19 with the primer RT, following the protocol of the Sequencing Kit of the SEQUENASE (USB). Gel was pre-run and migration done at 100 W. Gel was subsequently fixed with 15% methanol and 5% Acetic Acid, dried and exposed.


Supplementary Table 1
List of the primer sequences used in this study.
	Truncations
	Primers (5’ - 3’)

	fwR3 (436-512)
	CTGCCATGGCCACTCGCACCCTGTTTATTG

	revR3 (436-512)
	TTACTCGAGTTAGCTTTTACCAAAACC

	fwR2-3 (336-513)
	CTGCCATGGGCAAATCCTTCGGC

	revR2-3 (336-513)
	TTACTCGAGTTAGCTTTTACCAAAACC

	fwR3-4h (436-620)
	CTGCCATGGCCACTCGCACCCTGTTTATTG

	revR3-4h (436-620)
	TCCGCTCGAGTTAAGATGCGCGACG

	Point mutations
	

	RRM2 mutations
	

	K338A
	CCTTCGGCATCgcAGTTCAGAACCTGCC

	Q369A-H371A
	GTGACCAGCGTCgcGATTgcTGGTACCTCTGAAG

	E376A-L380A-F382A
	GGTACCTCTGAAgcGCGTTACGGCgcGGTTgcCTTTCGTCAGCAGG

	RRM3 mutations
	

	F441A
	GCCACTCGCACCCTGgcTATTGGCAACCTGG

	K470A
	GTCGATATCGACATCgcAAAAGTGAACGGTG

	Y478A-F480A
	CGGTGTTCCGCAGgcCGCGgcTCTGCAGTATTGCG

	K512A
	CTCGGTTTTGGTgcAAGCATGCCGACCAACTGCG



The R3mut construct contains 5 mutations in the RRM3 as indicated above. The R2mut-R3mut construct was built sequentially by combining the RRM2 and the RRM3 mutations. 

Supplementary figure 1
Organization of the RRM domains found in the N-terminal region of representative SPEN family members.
Predicted RRM domains present in the N-terminal region of representative members from the eukaryotic SPEN family. Individual RRMs are colored as in figure 1 and extremities indicated. Importantly, the short length of the amino acid spacer between RRM3 and RRM4 is always conserved in all SPEN proteins. Uniprot proteins numbers are the following: Homo sapiens SHARP: Q96T58; Mus musculus MINT: Q62504; Drosphila melanogaster SPEN: Q8SX83; Homo sapiens OTT3: Q8NDT2; Homo sapiens OTT1: Q96T37; Arabidopsis thaliana FPA: Q8LPQ9.

Supplementary figure 2
Multiple sequence alignment of the RRM3 and RRM4 region from representative eukaryotic species.
The secondary structures of SHARP RRM3 and RRM4 are indicated above the alignment (α-helices are shown as open rectangles and β-sheets as black arrows). The conserved residues found at the interface between the two RRMs of the human SHARP protein are labelled and indicated by black stars. Sequences are as follow: Homo sapiens SHARP: Q96T58; Callithrix jacchus SPEN: F6ZBE2; Anolis carolinensis SPEN: H9GKA7; Latimeria chalumnae SPEN: H3A1Y6; Xenopus tropicalis SPEN: F7AVN0; Gasterosteus aculeatus SPEN: G3NPO6; Tetraodon nigroviridis SPEN: H3DB02; Xiphophorus maculatus SPEN: M4AQP7; Danio rerio SPEN: F1QMN6; Mus musculus MINT: Q62504; Rhipicephalus pulchellus SPEN: L7MK88; Ixodes scapularis SPEN: B7Q3Y1; Solenopsis invicta SPEN: E9ITW8; Drosphila melanogaster SPEN: Q8SX83; Arabidopsis thaliana FPA: Q8LPQ9.

Supplementary figure 3
Superposition of the SHARP RRM3/RRM4 onto the atomic models of other proteins containing multiple RRMs. 
(A) The RRM3 of SHARP was superimposed onto the first RBD of the PUF60 protein (PDB code 2KXF). (B) The RRM3 of SHARP is superimposed onto the RBD1 of the splicing factor PRP24 (PDB code 2GHP). (C) The RRM3 of SHARP is superimposed onto the RBD3 of the human PTB protein (PDB code 2ADC). All proteins are shown using cartoon representation. PUF60, PRP24 and PTB have their superimposed RRM colored in dark blue and the other RRMs in cyan. SHARP RRM3 and RRM4 are colored in orange and red respectively. 

Supplementary figure 4
Small Angle X-ray Scattering (SAXS) analysis of the SHARP-RRM fragment.
SAXS data for the R2-3-4h or the R3-4h constructs were measured using the BM29 beam line at the synchrotron ESRF. (A) The scattered intensities of the R2-3-4h sample were fitted using either a rigid body strategy starting from our crystallographic model of SHARP-RRM (Χ=0.92, shown as a red line) or ab initio (Χ=1.029, shown as a cyan-colored line). The data for the R3-4h sample were also fitted using either a model corresponding to the residues 438 to 621 of our crystallographic structure (X=0.83, shown as an orange pale line) or ab initio (X=0.89, shown as red line). (B) SAXS-based envelope calculated from the measured R2-3-4h data (shown as pale cyan colored surface) superimposed onto the rigid body model used for fitting. The rigid body model was made of two parts: one part corresponds to res.335 to res.412. The second part contains res.438 to res.621 of our crystallographic structure. The two are attached by a 25 residues long flexible linker. (C) SAXS-based envelope of R3-4h data (shown as orange pale colored surface) superimposed onto the R3-4h model used for fitting. Each RRM is colored as in figure 1. 

with the SHARP-RRM structure is shown. The dashed line indicates the empty density, potentially corresponding to another position of the RRM2. 

Supplementary figure 5
Electrostatic representation of the SHARP-RRM atomic model.
Electrostatic view of the SHARP-RRM model calculated using the APBS plugging available in the program Pymol (with default parameters). The surface of the protein is colored according to its electrostatic charge: positive in bleu and negative in red. The protein is shown in the same orientation than in Figure 1B.

Supplementary figure 6
Size-exclusion chromatography of various SHARP-RRM constructs.
The constructs R2-3-4h, R3mut, R2-3 and R3 have elution patterns corresponding to monomeric well folded protein fragments. The R2-3-4h construct is shown as a purple line. The construct R3mut is shown as blue line. The R2-3 construct elutes with a lower molecular weight as RRM4 is removed (green curve). The isolated RRM3 also elutes as a monomer (red curve).

Supplementary figure 7
Circular Dichroism (CD) experiments of different SHARP-RRM constructs.
The CD spectra of R2-3-4h (purple), R3mut (blue) and R2-3 (green) show no significant differences in their secondary structure content, indicating that each of these fragments are similarly folded.

Supplementary figure 8
SHARP-RRM binds the osteocalcin promoter DNA.
(A) EMSA obtained with the protein construct R2-3-4h and the ssDNA sequence at position -162 to -132 of the human osteocalcin (OC) promoter, a sequence which corresponds to the rat OC fibroblast growth factor response element (OCFRE). We used the 31nt long sequence as single stranded sequence (lanes 1-11) and together with its reverse complement sequence (dsDNA shown in lanes 12-22). (B) Competition assays performed with the ssDNA and dsDNA molecules showing that none of the DNA sequences displaced the preformed protein/RNA complex. The free probe is shown in lane 1. The preformed R2-3-4h/H12-H13 complex is shown in lane 2. Competition assays were performed with H12-H13 RNA as positive control (lane 3-6), ssDNA (lane 7-10), dsDNA (lane 11-14) and (A)15 RNA as negative control (lane 15-18). Cold DNAs and RNAs were added in 1, 10, 30 and 100-fold molar excess compared to the H12-H13 RNA probe.

Supplementary figure 9
Mapping of the interaction site between the R3-4h construct and the H12-H13 RNA element.
(A) The SRA RNA can be crosslinked to R3-4h. Three protein samples, i.e. GST-His-R3-4h, R3-4h and GST-His, were incubated with the H12-H13 and subjected to the indicated UV-irradiation doses. Multiple radioactive bands appear only when the R3-4h polypeptide is present (labelled crosslinked RNA, lanes 2-4 and 6-8). The UV-irradiated RNA without protein is also shown (lane 13). (B) The UV-irradiated material is subjected to Ni-NTA purification. The above samples were loaded on Ni-NTA beads and the flow-through collected. The beads were washed extensively and each of these fractions loaded on a SDS-PAGE gel and labelled: T, total sample; F, flow-through after the Ni-NTA purification; W, washes; B, proteins bound to the Ni-NTA beads. Additional radioactive bands are detected in the eluted fraction if the R3-4h protein is tagged (lane 4). These radioactive bands stay in the flow-through if R3-4h is not tagged (lane 6) or disappear if the R3-4h is absent (lane 9-10). (C) Results from the primer extension analysis of the H12-H13 RNA crosslinked to the GST-His-R3-4h construct. Primer extension reactions from UV-treated deproteinated RNAs as described in the Supplementary methods section were loaded on a sequencing gel (lanes 3-7) together with a SRA RNA sequence ladder (lanes 8-11). The boxed region indicates the location of the major crosslink site between the SRA RNA and the GST-His-R3-4h protein. SRA RNA without added proteins was also extended as controls (lanes 1-2).
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