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Table S1. Boundaries of U2AF65 constructs used for structural studies. 
Sample Technique Deposition ID  Reference Residue range  

(human U2AF65,  
Refseq NP_009210) 

U2AF651,2  SAXS BIOISIS ID 1U2FKP  1 148-336 
U2AF651,2FIR SAXS BIOISIS ID 2U2FKP this work 136-347 
dU2AF651,2 X-ray 

crystallography 
PDB ID 2G4B  2 148-336; internal deletion 

of residues 238-257 
‘open’ 
U2AF651,2  

NMR PDB ID 2YH1  3 148-342 

‘closed’ 
U2AF651,2 

NMR PDB ID 2YH0  3 148-342 

 
Table S2. Dimensions and discrepancy values derived from scattering data.a 

Sample RG (Å) Dmax (Å) χ2 
structure 

(U2AF65 1,2  / 
U2AF65 1,2FIR) 

q ≤ 0.20 Å-1 

χ2 
structure 

(U2AF65 1,2  / 
U2AF65 1,2FIR) 

q ≤ 0.30 Å-1 

χ2 
EOM 

(1-PDB /  
2-PDB /  
20-PDB) 

U2AF651,2 24.57± 0.03 80 ± 5 - - 2.34 / 0.94 / 0.91 
U2AF65 1,2FIR 25.61 ± 0.03 85 ± 5 - - 2.16 / 1.09 / 0.91 
dU2AF651,2  
PDB ID: 2G4B b 

23.6  
(20.5) 

70  
(65 ± 5) 2.9 / 2.5 3.5 / 3.4 - 

FIR1,2 
PDB ID: 2QFJ 19.6 58 19.3 / 25.7 22.1 / 23.4 - 

‘open’ U2AF651,2  
PDB ID: 2YH1 20.4 58 21.4 / 21.7 24.9 / 21.3 - 

‘closed’ U2AF651,2  
PDB ID: 2YH0 19.5 55 20.1 / 26.0 23.4 / 22.4 - 
a RG, radius of gyration value from P(r) analysis; Dmax, maximum intraparticle distance; χ2 

structure, 
discrepancy between experimental U2AF65 1,2 or U2AF65 1,2FIR SAXS data and the indicated structure 
calculated as described in Methods; χ2 

EOM,  discrepancy of ensemble fit to indicated SAXS data.  
b Experimentally-determined dU2AF651,2 dimensions based on previously reported SAXS data1 are 
given in parentheses for comparison.  



 
 
Figure S1. Quality of small-angle X-ray scattering data. (A) X-ray scattering profiles of the final 
merged U2AF651,2  (blue circles) and U2AF651,2FIR scattering data (green circles) compared with data 
calculated from the 2-PDB EOM model (black, solid lines). (B, C) Guinier plots of ln[I(q)] versus q2 in 
the range q*RG <1.3 respectively for U2AF651,2  (blue) and U2AF651,2FIR (green). 

 



Figure S2. Minimal Ensemble Search (MES)6 starting with the three known structures composed of 
tandem RRMs as the starting pool for selection of a mixture that best fits the scattering curve. (A) The 
selected percentages of each structure in the final mixture are given for the U2AF651,2  / U2AF651,2FIR 
SAXS data. (B) X-ray scattering profiles of the final merged U2AF651,2  (blue circles) and 
U2AF651,2FIR scattering data (green circles) compared with data calculated from the selected MES 
ensembles (black, solid lines). The χ2 values calculated using MES with default values for solvent 
density / atomic radii were 3.60 / 4.14 (against U2AF651,2 data ) or 5.17 / 5.20 (against U2AF651,2FIR 
data) respectively for the MES-selected ensembles composed of the indicated percentages of each 
structure versus the dU2AF651,2  crystal structure alone. 



Figure S3. Selection of solution ensembles to fit the U2AF651,2 (blue) or U2AF651,2FIR (green) SAXS 
data and a randomized starting pool composed of rigid body RRM1 and RRM2 connected in a variety 
of proximities by ab initio linkers. (A) Plot of χ2 values resulting from GAJOE selection5 versus 
number of PDB coordinate sets in the ensemble. Similar results were obtained using MES6 (χ2	  3.0 / 2.3 
for one PDB decreased to 1.4 / 1.7 for two or 1.1 / 1.1 for 20-PDB ensemble fits of U2AF651,2 / 
U2AF651,2FIR using an identical randomized input pool generated using RANCH). (B, C) The 2-PDB 
ensemble fits of (B) U2AF651,2 and (C) U2AF651,2FIR selected using GAJOE5. Representative selected 
structures with the given RG are inset. The radii of gyration (RG) of the structures are plotted on the x-
axis, against the frequency with which a structure of a given RG occurs in the selected ensemble on the 
y-axis. Gray dashed lines represent the randomized starting pool of structures. Solid lines plot the RG 
of the selected pool.  
 



Figure S4. SAXS data are consistent with monomeric protein samples. (A) Porod plots of I(q) * q4 
versus q in the Porod-Debye region (q <0.2) for U2AF651,2  (blue) and U2AF651,2FIR (green). (B) 
Molecular weights estimated from the Porod volumes (Vporod ≈ 1.5 * MWporod ) (purple) 7, 8 compared 
with molecular weights of the monomeric (blue) or dimeric (red) U2AF651,2  (filled) and U2AF651,2FIR 

(hatched) proteins. (C) Comparison of 20-PDB EOM fits of unmerged SAXS data demonstrates 
concentration-independent distributions. 

 



Supplementary	  Methods 
 
Protein Purification and RNA Preparation 
The boundaries of the U2AF65 constructs (NCBI Refseq NP_009210) used in this study include 
U2AF651,2 (residues 148-336), U2AF651,2FIR (residues 136-347) (Figure 1A and Table S1). All 
proteins were expressed and purified as glutathione-S-transferase (GST) fusion proteins from pGEX-
6p vectors followed by GST cleavage as previously described 9. The elution volumes in a final step of 
size exclusion chromatography (Superdex-75, GE Healthcare) and dynamic light scattering analyses 
were consistent with monodisperse monomeric proteins. Protein concentrations were estimated using 
the absorbance at 280 nm and calculated molar extinction coefficients 10. 
Fluorescence Anisotropy 
Fluorescence anisotropy changes were measured following the addition of U2AF651,2FIR protein to a 
solution of 30 nM 5’-fluorescein-labeled 20-uridine RNA in 100 mM NaCl, 25 mM Hepes, pH 6.8. 
Data were fit to obtain the apparent equilibrium dissociation constant (KD) as described 1. 
Small-Angle X-ray Scattering Data Collection and Analyses 
The SAXS data for U2AF651,2FIR were collected at the SIBYLS Beamline 12.3.1 of the Advanced 
Light Source (Lawrence Berkeley National Laboratory) by the same procedure as the U2AF651,2 
SAXS data described previously 1, 11. SAXS data were collected at two concentrations for 6- and 60-s 
exposures followed by a 6 s exposure to check for radiation damage. Buffer corrections used the size 
exclusion chromatography buffer, which was optimized to eliminate detectable sample aggregation. 
The sample buffers for U2AF651,2 and U2AF651,2FIR were respectively 100 mM NaCl, 15 mM HEPES 
pH 7.4, 0.2 mM TCEP and 250 mM NaCl, 15 mM HEPES pH 7.4, 3% v/v glycerol, 0.2 mM TCEP. 
The nearly identical results with the two samples indicate that the difference in salt concentration and 
addition of 150 mM NaCl had little effect on the conformational pool. Data from the low and high 
resolution ranges of the respective short and long exposures and the two different U2AF651,2FIR 
concentrations were scaled and merged using the Primus suite to obtain the final data files for each 
sample 12.  

Scattering data was calculated from PDB files using CRYSOL 4 using data in the indicated q 
range. For consistency, the B-factors of NMR PDB files were reset to 20 Å2 and explicit hydrogen 
atoms were excluded from the calculations. Only polypeptide coordinates were used in cases where 
coordinate files contained water molecules or ligands. In all cases, 3.2 Å maximum atomic radii, which 
correspond to the average radius of protein C, N or O atoms plus the radius of a water molecule (1.4 
Å), improved agreement between the calculated and experimental data as compared to the 1.8 Å 
default. For most cases, 0.38 e Å-3 solvent density improved agreement with the SAXS data compared 
with the default value (0.33 e Å-3 for pure water) or slightly higher density (0.42 e Å-3), consistent with 
the composition of the SAXS buffer solution. Exceptions were found for the NMR structures, for 
which the default solvent density of water (0.33 e Å-3) slightly improved the fits with q ≤ 0.3 Å-2 data. 
Setting the solvent density to 0.33 e Å-3 also slightly improved the q ≤ 0.2 Å-1 fit of ‘closed’ NMR 
structure (PDB ID 2YH0). 

Several observations ruled out the possibility that the poor fits of the SAXS data with the 
compact NMR models was produced by aggregates in the SAXS samples (Figure S1, S4): (i) plateau 
shapes of the scattering curves at low q values (Figure S1A); (ii) absence of concentration dependent 
differences in the Guinier radii of gyration (RG) (Figure S1B,C); (iii) Porod volumes consistent with 
monomeric proteins (Figure S4A,B); (iv) Concentration-independent EOM fits (Figure S4C). Ionic 
strengths also were unlikely to cause the large differences between the SAXS data and the PRE 



structures, since the U2AF651,2 and U2AF651,2FIR SAXS samples contained different salt 
concentrations due to lower solubility of the latter protein (Supporting Methods) yet produced 
comparable P(r) plots and discrepancies values (Figure 1C,D). 

For the input pool of know structures, the polypeptide coordinates of the ‘closed’, ‘open’ NMR 
structures and dU2AF651,2 crystal structure with B-factors reset to 20 Å2 were used in a minimal 
ensemble search (MES)6 that selects the fractional populations by the FoXS server 
(http://modbase.compbio.ucsf.edu/foxs/). To generate the randomized input ensembles, a pool of 
10,000 input conformations was generated using the RANCH component of EOM5. The separated 
RRM structures from PDB 2G4B (RRM1: residues 148:228; RRM2: residues 260:334) were 
connected in randomized configurations by ab initio linkers (for residues 229-259). When fitting the 
U2AF651,2 data, the C-terminal two residues (335 and 336) were assumed to be flexible in the absence 
of RNA and included in the ab initio portion of the models. When fitting U2AF651,2FIR data, the 
additional N- and C-terminal residues flanking the RRMs were included as ab initio models (residues 
136-147 and 335-347). Ensembles were fit against the entire q-range (0.01-0.32) of the final merged 
scattering data using either MES6 or the GAJOE component of EOM5 as indicated. The number of 
structures per ensemble was altered by systematically testing 1, 2, 3, 4, 5, 20, and 50 ‘number of curves 
per ensemble’ in GAJOE or ‘subset-size’ in MES. Default values were input with the exception that 
the number of fitting runs in MES was increased from the default of two to five as recommended6. 
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