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Figure S1 

	

Figure S1. NMR backbone relaxation analysis. T1, T2 and 15N-{1H} NOE values were measured 
at 700MHz and 298 K for LARP4A La module (left), LaM (centre) and RRM1 (right). A plot of R2/R1 
values is also shown for the 3 proteins. 

	

	

	



	

	

Figure S2 

	

 

Figure S2. Analysis of LARP4A La module in liquid crystalline media. Overlay of 1H-15N HSQC 
spectra of LARP4A La module in buffer (red) and in the presence of 15 mg/mL Pf1 phages (black). 
The residues of the RRM1 either disappear or are significantly broadened. A closer view of the central 
part of the spectra is shown for clarity. 

	

	

	

	

	



	

Figure S3 

	

	

	

	

Figure S3. Electrostatic surface potential of LARP4A LaM and RRM1. LARP4A LaM (top) and 
RRM1 (bottom) are shown on the left in the same orientations than Figure 1b and c. Structures on 
the right show a 180° rotation. Red and Blue highlight acidic and basic regions, respectively. The 
figures were created using MOLMOL (1) (see Methods). 

	

	

	

	



	

Figure S4 

	

	

	

Figure S4. Structural comparison between the La module of human LARP4A and human La. 
Structural overlays of the LaM (top) and RRM1 (bottom) of human La and LARP4A proteins shown 
on the left in the same orientations than Figure 1b and c. The La proteins are in grey and LARP4A 
in orange (LaM) and green (RRM1). The N and C-termini, α-helices and β-strands are indicated. 
Figures were prepared with PyMOL (https://pymol.org/2/). 

 

 

 

 

 

  



Figure S5 

 

 

 

Figure S5. EMSA binding assays of LARP4A N-terminal domain (NTD), N-terminal region 
(NTR) and La module with 32P-oligoA15 in absence of competitor tRNA mix. a. 
Representative autoradiograms are shown for NTD (left, top), NTR (centre, top) and La module 
(right, top). For LARP4A NTD and NTR, protein concentrations of 0, 0.15, 0.3, 0.7, 1.3, 2.5, 5, 10 
and 20 µM were used; for the La module the concentrations were 0, 1.6, 3.1, 6.3, 12.5, 25, 50, 100 
and 200 µM. Bound and free RNA populations are labeled. b. Binding curves showing fractions of 
protein-bound RNA plotted as a function of protein concentration and the fitting of the data. 
Average values for KD (dissociation constant) and standard deviations reported were calculated 
from at least 3 biological repeats. The dissociation constants for LARP4A NTD and NTR were 2-3 
fold higher in presence of competitor tRNA (Figure 2), supporting overall binding specificity. The 
behaviour of the La module was also very similar in the two different conditions, but any 
quantification was hindered by the weak nature of the interaction.  



Figure S6 

 

 

 

Figure S6. Stoichiometry determination of LARP4A NTD-oligoA15 complex. Native MS was 
performed LARP4A NTD in a. the apo form and b. bound to oligoA15. The species at 24,318 Da in 
panel a correspond to a degradation product of the NTD generated during the experiment. 

 

  



Figure S7 

 

 

 

 

Figure S7. Mutations within the PAM2w motif affect LARP4A NTD-oligoA association. The 
interaction of LARP4A PAM2w mutants with oligoA15 was assessed by EMSA. L15A and W22A 
mutants were tested with 5’FAM oligoA20, whereas W22F and L15AW22A mutants were tested with

 

32P-oligoA15, as described in the Methods. Free and Bound RNA species are labelled. The 
experiments were conducted with protein concentrations of 0, 1.6, 3.1, 6.3, 12.5, 25, 50, 100 and 200 
µM. 

 
  



 
 

Figure S8 

 

 

 

 
Figure S8. The NTR is highly conserved in tetrapod LARP4A proteins. The sequence of 
human LARP4A NTR was aligned with proteins of different species using Clustal Omega in 
Uniprot website (http://www.uniprot.org/align/). The alignments were edited and analysed with 
Jalview software (2). Residues were coloured in a blue scale according to the extent of 
conservation. The species codes are: (Hs) Homo sapiens; (Ec) Equus caballus; (Cf) Canis 
familiaris; (Aim) Ailuropoda melanoleuca; (Mm) Mus musculus; (Rn) Rattus norvegicus; (Gg) 
Gallus gallus and (Xl) Xenopus laevis. 
 

  



Figure S9 

 

 
 
 

 
Figure S9. Secondary structure and disorder analysis for LARP4A NTD and mutants. 
Panel a reports secondary structure and disorder predictions for LARP4A NTR (residues 1-110), 
derived from web servers IUPred (3), FoldIndex (4), DISOPRED (5), JPred (6) and 
PredictProtein (7) (see Methods). Predicted ordered and disordered regions are showed in 
green and dark grey respectively. IUPred calculates a probability score which ranges from 0 
(maximum order) to 1 (maximum disorder), with scores above 0.5 ascribed to disorder. The 
Foldindex score indicates a propensity to fold, with values above 0 for folded regions and values 
below 0 for disordered regions. DISOPRED provides a probability of disorder ranging from 0 to 
1, where 1 indicates maximum disorder. Predicted secondary structures from JPred and 
PredictProtein are showed in blue in a schematic representation of protein sequence, and 
annotated with residue numbers. The remaining parts were predicted not to contain secondary 
structure elements. b. Estimated secondary structure content from circular dichroism (CD) data 
using BeStSel (8) (see Methods) for various LARP4A mutants. Percentage and corresponding 
residue length are given for each protein. 



Figure S10 

 
 
 

Figure S10. Amide signals of LARP4A La module experience minor chemical shift variations 
in the context the entire NTD. a Table showing an analysis of 15N and 1HN chemical shift 
perturbations of LARP4A La module residues in the context of the entire NTD. Δδavg was calculated 
as {0.5 [Δδ(1HN)2 + 0.2 Δδ(15N)]2}1/2. Chemical shift perturbations are clustered in groups according 
to the extent of the perturbation. b Plot of the chemical shift variations detailed in a. The thresholds 
represented with dotted lines in b correspond to the Δδavg group classification used in a. 



 
Figure S11 

 

  



Figure S11. CLEANEX experiments indicate transient contacts between LARP4A La module 
and NTR. CLEANEX-PM experiments (9) were conducted on LARP4A La module in isolation and 
in the context of NTD. A. Left, CLEANEX spectrum of the La module in isolation recorded with 100 
ms mixing time (in orange) overlaid over the control 1H-15N HSQC (in grey). Right, comparison of 
La module residues that are solvent-exposed in the La module in isolation but protected in the 
NTD. E indicates solved exchange, R indicates reduced solvent exchange rate and P indicates 
protection from exchange. Their chemical shift perturbations (CSP) in the context of the NTD are 
also reported, calculated as {0.5 [Δδ(1HN)2 + 0.2 Δδ(15N)]2}1/2. b. Left, CLEANEX spectrum of 
LARP4A NTD recorded with 100 ms mixing time (in orange) overlaid over the control 1H-15N HSQC 
(in grey). Right, list of non-assigned residues belonging to the NTR which are not exchanging with 
the solvent in the timescale of our experiments. The residues have been arbitrarily named as 
“NTR-letter” from A-N and labelled in the spectrum on the left.  
 



Figure S12 

 

 

Figure S12. NMR analysis of LARP4A NTD-oligoA interaction. a. 1H-15N HSQC 
spectra recorded at 800MHz and 25°C of LARP4A NTD in the absence and the presence 
of oligoA15 RNA (black and red respectively). Severe broadening is observed in the 
spectrum of the complex. b. Zoomed-in regions of the 1H-15N HSQC spectra recorded in 
the absence and the presence of oligoA15 for the LARP4A NTD  (top) and La module in 
isolation (bottom). Representative La module residues experiencing either chemical shift 
perturbation (CSP), line broadening and/or signal disappearance in both conditions are 
shown in the left and centre panels (e.g. W238, Y239, S236 and G282). Notably some 



signals that undergo modest broadening in the La module in isolation disappear in the 
spectra of the NTD, consistent with the shorter T2 values of the larger NTD protein and 
the severe signal-to-noise ratio in the latter conditions (see text and panel a.). The right 
panel shows LARP4A La module resonances that are unaffected in both conditions.  

 

  



Figure S13 

 

 
 

 

 

 

 

 

 

 

Figure S13. LARP4A mutations within the conserved six residues of the LaM do not 
affect LARP4A-oligoA interaction. The interaction of LARP4A La module C130YM160F 
mutant with 32P-oligoA15 was assessed by EMSA. Left, C130YM160F double mutant La 
module and right wild type La module. Free and bound oligoA15 are indicated. The 
experiments were conducted as described in the methods with protein concentrations 0, 1.6, 
3.1, 6.3, 12.5, 25, 50, 100 and 200 µM. 
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