
3.7 Å PabRPA (PDB:8AAJ)

PabRpa1 N-terminal domains (PDB:8AA9)

PabRPA Tri-C/d20T (PDB: 8AAS)

1.8 Å

�-strands

OVERVIEW

OVERVIEW

SECONDARY STRUCTURES

SECONDARY STRUCTURES

IMPORTANT FEATURES

IMPORTANT FEATURES

OVERVIEW SECONDARY STRUCTURES IMPORTANT FEATURES

Rpa1 OB-2

Rpa2 OB-3

�-helix

�-strands

�-helix amino-acid

OB-1

AROD

ssDNA

3.2 Å
d20T+

�-strands

�-helix
Trimerization bundle

AROD/OB4
crystal contact

a

b

c

Supplementary figure 1: Electron density in representative regions of the PabRPA crystal structures. PabRPA (a), 
PabRPA Rpa1 N-terminal domains (b) and PabRPA Tri-C/20dT (c) crystal structures are shown in cartoon 
representations in the left panels. Right panels show close views of functionally important regions of PabRPA with side 
chains atoms represented as sticks. The gray mesh is the maximum likelihood 2mFo-DFc electron density map 
contoured at a level of 1 σ.
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Supplementary figure 3: Nucleic-acids binding properties of PabRPA. a. Electrophoretic mobility shift assay of 
ssDNA-24mer and dsDNA-24mer (2.5 pmol) in presence of decreasing concentrations of PabRPA (312, 62, 12, 2.5, 0.5, 
0.1 pmol). b. PabRPA binding specificity on nucleic acids. Specific binding of PabRPA heterotrimer (5, 2.5, 1.25, 0.63, 
0.32, 0.16 nM, n=2) on immobilized ssDNA-32mer (left), dsDNA-32mer (middle) and ssRNA-32mer measured by 
surface plasmon resonance (RU: resonance units). c. Role of PabRPA subunits on ssDNA binding. Specific binding of 
Rpa1 (1000, 500, 250, 125, 63, 31, 16 nM, n=2), Rpa2 (500, 250, 125, 63, 31, 16 nM, n=2), Rpa3 (1000, 500, 250 nM, 
n=2), or Rpa1/Rpa2 complex (1000, 500, 250, 125, 63, 31, 16 nM, n=2) on immobilized ssDNA-32mer measured by 
surface plasmon resonance. d. Kinetic rate constants (ka and kd) and equilibrium dissociation constants (KD) for the 
binding interactions of PabRPA constructs on ssDNA-32-mer. 
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Supplementary figure 5: Cryo-EM structure determination of PabRPA nucleofilaments. a. Size-exclusion 
chromatography (SEC) profile (left) and SDS-PAGE analysis (right) of PabRPA bound to a poly-dT100 ssDNA b. Data 
processing workflow (detailed in methods). Two independent cryo-EM datasets showing condensed (on top) and 
relaxed (on bottom) ssDNA/PabRPA complexes were collected. c. Resolution of final reconstructions determined by 
gold standard FSC at the 0.143 criterion. d. Local resolution evaluations of the final reconstructions (left) and Euler 
angle distributions of particles used for the final reconstructions (right).
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Supplementary figure 8: Archaeal RPA oligomerizes in solution. a. In solution study of PabRPA structure by SAXS. On 
top left, SAXS profile of PabRPA (in purple) with superimposition of fitted scattering pattern that allowed the generation 
of the distance distribution function P(r) (red dotted line). On right, distance distribution functions P(r) derived from the 
scattering patterns of PabRPA obtained using the program GNOM. On bottom left, dimensionless Kratky plot 
scattering. Scattering derived parameters are provided in the table. b. Characterization of PabRPA oligomeric states at 
different pH by mass photometry. Expected molecular weights for monomeric (M), dimeric (D) and tetrameric (T) 
PabRPA super-complexes are indicated with dotted lines c. PabRPA molecular mass (Green) and intrinsic viscosity 
(orange) measurements by SEC-SLS coupled with an inline viscometer. Measurements were performed at 20°C (higher 
panel) and 65°C (lower panel). d. Characterization of Thermococcus nautili’s RPA oligomeric states in solution. On left 
panel, SDS-PAGE analysis of the RPA heterotrimer from T. nautili. This analysis was repeated two times independently. 
On middle panel, oligomeric states at 100 µM characterized by mass photometry. On right panel, SEC-SLS 
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Supplementary figure 12: Comparison of genomic loci encoding Rpa1 genes in Archaea. Genomic organizations of the 
loci encoding Rpa1 genes are shown for representative species from each major archaeal phyla. Each locus is 
indicated with the UniProt accession number of the Rpa1 gene, followed by the species name. All loci are shown as -7 
and +7 genes around Rpa1 gene. Rpa1 genes are embedded within highly variable genomic neighborhoods, which 
typically vary even for relatively closely related organisms. Presence of the Archaea-specific AROD is indicated with 
white asterisks. Strikingly, AROD is present in all Rpa1 sequences, except for the 5 Thermoplasmatales members. It is 
noteworthy that Methanomassiliicoccales within Thermoplasmatota do contain AROD, suggesting that AROD was lost 
within Thermoplasmatales following their divergence from a common ancestor with Methanomassiliicoccales. 
Interestingly, Aciduliprofundum boonei which is even closer to the Thermoplasmatales also contain AROD. DNA 
metabolism proteins encoding genes are represented in color. 
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Supplementary figure 13: Sequence, structure and evolution of AROD a. Multiple sequence alignment of AROD from 
various archaeal species. Aspartates and glutamates are highlighted in red. b. Specific binding of PabRPA and ΔAROD 
mutant (5, 2.5, 1.25, 0.63, 0.31, 0.16 nM; n=2) to immobilized poly-dT35 ssDNA measured by biolayer interferometry. 
Steady-state analysis were performed using the average signal measured at the end of the association steps. Data are 
presented as mean values +/- standard deviations. c. 3.8 Å cryo-EM structure of the tetrameric PabRPA super-
structure showing contacts between the Rpa1 N-terminal domains (AROD -OB-1) and Rpa3. d. Comparison of P. 
abyssi Rpa1 AROD with the three-helices bundle hinge in human CTC1 and the OB-F/OB-A linker in human Rpa1.
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Supplementary figure 14: Directional resolution analysis using 3D Fourier shell correlation. 3D FSC curves were 
calculated in X, Y and Z directions. Average cosine phase and global FSC curves are also given for each volume. 



 

 
 

 PabRpa1 AROD-OB-1 
(8AA9) 

PabRPA 
(8AAJ) 

PabRPA Tri-C/d20T 
(8AAS) 

    
Data collection    
Space group P 21 C 2 2 21 P 32 2 1 
Cell dimensions    
a, b, c (Å) 52.75, 83.47, 56.19 116.53, 169.74, 201.86 75.23, 75.23, 215.49 
      () 90, 115.3, 90 90, 90, 90 90, 90, 120 
Wavelength (Å) 0.97857 0.97857 0.97856 

Resolution (Å) 50.0 - 1.8 
(1.85 - 1.8) 

49.4 - 3.70 
(3.80 - 3.70) 

48.26 - 3.2 
(3.28 - 3.2) 

Estimated resolution limit (Å)* 1.76, 1.76, 1.91 5.46, 4.21, 3.26 3.52, 3.52, 3.02 
Rpim 0.025 (0.986) 0.024 (20.52) 0.016 (2.752) 
Rmerge 0.061 (2.43) 0.123 (89.34) 0.080 (14.31) 
I / I 14.6 (0.8) 13.0 (0.1) 22.1 (0.3) 
CC1/2 0.999 (0.288) 1.000 (0.130) 0.999 (0.223) 
Completeness (%) 99.9 (99.5) 99.8 (99.8) 99.9 (99.9) 
Redundancy 7.0 (6.9) 28.2 (28.4) 27.1 (27.5) 
Rmerge* 0.054 (1) 0.082 (4.31) 0.067 (4.19) 
I / I* 14.6 (1.2) 21.4 (1.0) 27.1 (1.0) 
CC1/2* 0.999 (0.589) 1.000 (0.542) 1.000 (0.454) 
Completeness (%)* 86.9 (50.5) 60.1 (13.3) 80.7 (21.2) 
    
Refinement    

Resolution (Å) 32.25 - 1.80 
(1.85 - 1.80) 

49.4 - 3.70 
(3.80 - 3.70) 

44.84 - 3.2 
(3.28 - 3.2) 

No. reflections 37716 (1857) 13191 (1036) 37624 (753) 
Rwork / Rfree (%) 20.86/22.84 23.41/25.09 26.28/28.90 
No. atoms    
Protein 2860 5304 6372 
DNA - -  
Ligand/ion 2 56 258 
Water 290 - 335 
B-factors    
Protein 38.6 61.9 51.04 
Ligand/ion 76.1 44.13 40.68 
Water 50.8 39.49 51.69 
R.m.s. deviations    
Bond lengths (Å) 0.008 0.010 0.008 
Bond angles (°) 0.95 1.45 1.18 

Supplementary table 1: X-ray diffraction data collection and refinement statistics. Values in parentheses are for highest-
resolution shell.Dataset from single crystal used per structure. *Values calculated after truncation by STARANISO. 
Estimated resolution limits along the three crystallographic directions a*, b*, c*.
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(EMDB-16827) 
(PDB 8OEL) 

 
Relaxed 

ssDNA/PabRPA 
complex 

(EMDB-16826) 
(PDB 8OEJ) 
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PabRPA on 
ssDNA 

 
(EMDB-16448) 

 
PabRPA tetramer 

 
 

(EMDB-16444) 
(PDB 8C5Y) 

 
PabRPA tetramer 
with AROD-OB-1 

 
(EMDB-16445) 

(PDB 8C5Z) 
Data collection and 
processing  

     

Magnification     150000 150000 150000 150000 150000 
Voltage (kV)  200 200 200 300 300 
Electron exposure (e–/Å2)  40 40 40 40 40 
Defocus range (μm)  -0.8 to –2.8 -0.8 to –2.8 -0.8 to –2.8 -0.8 to –2.8 -0.8 to –2.8 
Pixel size (Å)  0.96 0.76 0.76 0.86 0.86 
Symmetry imposed  - - -  C2 - 
Initial particle images (no.)  847,605 2,403,256 2,403,256 1,761,244 1,761,244 
Final particle images (no.)  48,242 34,478 126,856 141,325 41,432 
Map resolution (Å) 8.2 8.0 3.9 3.4 3.8 
FSC threshold  0.143 0.143 0.143 0.143 0.143 
Map resolution range (Å)  7 - 12 7 - 12 3 - 5 3 - 5 3 - 7 
       
Refinement       
Initial model used (PDB) 8AA9, 8AAS 8AA9, 8AAS  8AAJ 8AA9, 8AAJ 
Model resolution (Å)  
    FSC threshold (0.143) 8.2 8.0  3.3 3.7 

Map sharpening B factor (Å2)  743 601  130.0 82.4 
Model composition  
    Non-hydrogen atoms  
    Protein residues  
    Nucleotides 
    Ligands  

 
10024 
9462 
560 

2 

 
10024 
9462 
560 

2 

 

 
15198 
1868 

 
4 

 
16616 
2044 

 
4 

Mean B factors (Å2)  
    Protein  
    Nucleotides 
    Ligand  

     

 
45.7 

 
107.3 

 
278.2 

 
291.1 

R.m.s. deviations  
    Bond lengths (Å)  
    Bond angles (°)  

 
0.004 
0.715 

 
0.004 
0.702 

 
 

0.004 
0.685 

 
0.004 
0.697 

 Validation  
    MolProbity score  
    Clashscore  
    Poor rotamers (%)     

 
2.10 
13.5 
2.24  

 
1.93 
12.0 
1.95  

 

 
1.66 
7.98 

0  

 
1.75 
11.3 

0 
 Ramachandran plot  
    Favored (%)  
    Allowed (%)  
    Disallowed (%)  

 
96.79 
2.99 
0.22  

 
97.40 
2.43 
0.17  

 

 
96.52 
3.26 
0.22  

 
96.92 

2.8 
0.20 

Supplementary table 2: Cryo-EM data collection, refinement and validation statistics


