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Supplementary Figure 1: DP1(144-622) possesses 3’-5’ exonuclease activity and DP2(1-
1061) is capable of 5°-3° DNA primer extension. Left panel shows the time-course of the 3’-
5’ digestion of mispaired nucleotides by DP1(144-622). A control experiment obtained in
absence of DP1 is also shown (left band). Right panel shows time-course of the 5°-3” primer-
elongation assays with the indicated increasing amounts of DP2(1-1061). A control
experiment was performed in absence of DP2 (right band). Details for the nuclease and
primer-extension activity assays are provided in Methods section.
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Supplementary Figure 2: Alignment of DP1 structure amino acid sequence with other
DP1 subunits. MultAlin' and ESPript’ 3.0 were used to generate an alignment with four
representative protein sequences whose sequence diversity was chosen to best illustrate the
sequence variability (GI accession number): Pyrococcus abyssi (499168969), Thermococcus
barophilus (948739970), Methanocadococcus jannaschii (2833545), Natronomonas
pharaonis (499641234), Nitrosoarchaeum limnia (329137458). Conserved residues are boxed
in red and highly conserved residues are coloured in red. Secondary structure elements and
phosphodiesterase conserved motifs observed in P. abyssi DP1 structure are also shown.
Metal-coordinating residues and proton donor residues are outlined by red and purple circles,
respectively.
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Supplementary Figure 3: DP1 contains a dinuclear Fe’*-Zn>" active site. Validation of
metal-ion binding sites by comparing anomalous maps calculated from datasets collected at
different energies. (A) Plots showing the anomalous scattering coefficients as a function of
energy around the iron (left) and zinc (right) K-edges. (B) Close-view of the dinuclear Fe’'-
Zn”" DP1 active site showing the anomalous maps calculated from datasets collected at the Fe
K-edge and below the Fe K-edge (left panel), and the anomalous maps calculated from
datasets collected at the Zn K-edge and below the Zn K-edge (right panel). Anomalous maps
calculated at K-edge and below K-edge are contoured at 5 ¢ and coloured in magenta and
blue, respectively. All anomalous maps were calculated using a resolution range of 3.5-30 A,
from a set of datasets collected on the same crystal. Iron and zinc ions are shown as spheres
coloured in red and grey, respectively.
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Supplementary Figure 4. Distances between metal ions, dAAMP and protein residues in
DP1 and Mrell PDE domains. (A) Catalytic residues are shown as sticks, red for the metal-
coordinating residues, purple for the proton-donnor. dAMP is shown in green. Catalytic
metals are shown as spheres. Distances are measured in A. (B) Same view for P. furiosus
Mrell.
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Supplementary Figure 5. Comparison of the DP1 and Mrell PDE domains. (A) Cross-
eye stereo-diagram of the N-terminal domain of the DP1 PDE domain superimposed on the
PDE domain of P. furiosus Mrell. DP1 is drawn as a thin tube in blue, Mrell in pink.
Dissimilar regions are coloured in grey. Catalytic metals are shown as van der Waals spheres
and dAMP as sticks. (B) Comparison of the DP1 and Mrell nuclease active sites. Catalytic
residues and dAMP are shown as sticks. For comparison, the corresponding residues and
dAMP-bound molecule of the P. furiosus Mrel 1> active site superimposed on DP1 are shown
in black and yellow, respectively.



Z score Entry rmsd lali nres %id Organism Description
33,1 3e0j-E 3,0 353 408 19 H. sapiens DNAP 4 B-subunit
25,4 4y97-G 3,5 354 436 15 H. sapiens DNAP « B-subunit
24,0 3flo-A 3,5 342 433 16 S. cerevisiae DNAP o B-subunit
14,8 1s3m-A 14,8 161 165 20 M. jananaschii Phosphodiesterase MJ0936
14,3 1wyd-A 14,3 117 428 16 S. tokodaii Aspartyl-tRNA synthetase
13,4 llow-A 13,4 120 580 19 T. thermophilus Aspartyl-tRNA synthetase
13,4 4wj3-M 10,4 117 589 19 P, aeruginosa Glutamyl-tRNA emidotransferase
13,4 legr-A 11,5 116 590 17 E. coli Aspartyl-tRNA synthetase
13,3 2xtiB 13,7 118 429 17 B. malayi Asparaginyl-tRNA synthetase
13,1 3tho-B 32 177 366 16 T. maritima Mrell
13,0 3av0-A 3,0 182 369 14 M. jananaschii Mrell
13,0 2a22-A 2,8 170 193 18 C. parvum Vacuolar Protein Sorting 29
13,0 4rmf-A 11,6 119 579 13 M. smegmatis Aspartyl-tRNA synthetase
13,0 4tug-A 3,1 186 317 13 M. jananaschii Mrell
13,0 1il2-B 11,4 117 585 16 S. cerevisiae Aspartyl-tRNA synthetase
12,9 1ii7-A 3,1 183 333 18 P. furiosus Mrell
12,9 3dsd-B 32 184 333 13 P. furiosus Mrell
12,8 3t1i-C 3,1 192 371 14 H. sapiens Mrell
12,8 4fbw-A 3,0 190 379 17 S. pombe Mrell
12,8 4hd0-A 3,1 185 332 18 P. furiosus Mrell
Z score Entry rmsd lali nres %id Organism Description
14,6 lwyd-A 1,6 85 428 20 S. tokodaii Aspartyl-tRNA synthetase
13,6 2xti-B 1,4 82 429 23 B. malayi Aspartyl-tRNA synthetase
13,4 110w-A 1,8 85 580 25 T. thermophilus Aspartyl-tRNA synthetase
13,3 4wj3-M 1,7 85 589 24 P. aeruginosa Glutamyl-tRNA synthetase
13,2 leqr-A 1,8 85 590 21 E. coli Aspartyl-tRNA synthetase
13,0 4wij4-A 1,7 85 586 24 P, aeruginosa Aspartyl-tRNA synthetase
12,9 1x54-A 1,6 84 435 18 P. horikoshii Aspartyl-tRNA synthetase
12,9 402d-A 1,7 83 581 18 M. smegmatis Aspartyl-tRNA synthetase
12,7 1il2-A 1,9 85 585 21 S. cerevisiae Aspartyl-tRNA synthetase
12,6 3nem-A 1,8 85 439 20 T. kodakarensis Aspartyl-tRNA synthetase
12,4 lefw-A 1,9 85 580 25 E. coli Aspartyl-tRNA synthetase
12,2 1e24-A 1,9 84 486 17 E. coli Lysyl-tRNA synthetase
12,1 3e9h-D 1,8 84 485 17 G. stearothermophilus Lysyl-tRNA synthetase
12,0 2z6k-B 1,8 77 126 22 H. sapiens Replication protein A
11,9 lupa-A 2,1 85 515 18 E. histolytica Lysyl-tRNA synthetase
11,9 3e0e-A 1,7 78 91 14 M. maripaludis Replication protein A
11,7 lqug-A 1,8 77 121 22 H. sapiens Replication protein A
11,7 3dm3-B 1,8 78 98 24 M. jannaschii Replication protein A
9,9 129f-A 1,6 72 89 14 T. maritima SSB protein
9,9 2dud-B 1,8 73 92 14 H. sapiens Mitochondrial SSB protein
7.8 3e0j-A 2,2 70 416 17 H. sapiens DNAP & B-subunit
4,9 4y97-A 2,0 70 442 21 H. sapiens DNAP a B-subunit
Z score Entry rmsd lali nres Yid Organism Description
25,8 3e0j-A 2,5 264 416 19 H. sapiens DNAP $ B-subunit
20,8 4y97-G 32 266 436 14 H. sapiens DNAP o B-subunit
19,4 3flo-A 3,0 252 433 16 S. cerevisiae DNAP o B-subunit
14,8 1s3m-B 2,5 161 165 20 M. jananaschii Phosphodiesterase MJ0936
13,1 3tho-B 32 179 366 16 T. maritima Mrell
13,0 2a22-A 2,8 170 193 18 C. parvum Vacuolar Protein Sorting 29
13,0 3av0-A 3,0 182 369 14 M. jananaschii Mrell
12,9 4tug-A 3,1 186 317 13 M. jananaschii Mrell
12,9 1ii7-A 3,1 183 333 18 P, furiosus Mrell
12,9 3dsd-B 3,1 183 333 13 P, furiosus Mrell
12,7 3t1i-C 3,1 191 377 14 H. sapiens Mrell
12,7 4fbw-A 3,0 190 379 17 S. pombe Mrell
12,6 4fbg-A 3,1 193 418 17 S. pombe Nbs1-Mrell complex
12,8 4hd0-A 3,1 185 332 18 P. furiosus Mrell
12,6 1s8e-B 32 184 333 17 P. furiosus Mrell-3
12,5 31h7-A 3,1 183 333 18 M. musculus Vacuolar Protein Sorting 29
12,3 1uf3-F 3,0 167 228 12 T. thermophilus TT1561
12,2 2209-C 3,1 177 271 15 E. aerogenes glycerophosphodiesterase
12,1 3ib7-A 3,6 178 296 17 M. tuberculosis Rv0805
12,1 4yke-A 3,0 191 404 16 C. thermophilum Mrell

Dali search of the
DP1 structure

Dali search of the
DP1 OB domain

Dali search of the
DP1 PDE domain

Supplementary Figure 6. Dali’ search of the DP1 structure against the Protein Data
Bank. Top twenty hits of DALI of the DP1 structure (top), DP1-OB domain (middle) and
DP1-PDE domain (bottom) against the Protein Data Bank. Chain A was used in the search but
comparable results were obtained with chain B. Eukaryotic DNA polymerases B-subunits are
coloured in blue.
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Supplementary Figure 7: Alignment of DP2 structure amino acid sequence with other
DP2 subunits. MultAlin' and ESPript® 3.0 were used to generate an alignment with the
following proteins (GI accession number): Pyrococcus abyssi (504648395), Thermococcus
nautili (757137858), Paleococcus pacificus (851300592), Haloferax volcanii (490144762),
Archaeoglobus profondus (502705717), Methanosarcina barkeri (851209399), Korarchaeum
cryptofilum (501267152). Conserved residues are boxed in red and highly conserved residues
are coloured in red. Secondary structure elements observed in P. abyssi DP2 structure are also
shown. The catalytic double-psi beta-barrel subdomains DPBB-1 and DPBB-2 are highlighted
with green and blue boxes, respectively. Dashed lines indicate regions of the protein, which
were not seen in the electron density and not included in the final model. A yellow arrow
shows the result of a secondary structure prediction’, which suggests the presence of a B-
strand in a disordered region of the protein; this B-strand might be part of the DPBB-1
subdomain. Catalytic aspartic residues are outlined by purple circles.



== On edge Below edge

Contoured at 3.0 o

Supplementary Figure 8: DP2 contains two zinc metal-ion binding motifs. Validation of
metal-binding sites by comparing anomalous maps calculated from datasets collected at
different energies. Close-view of zinc metal-ion binding motifs I and II. The anomalous maps
calculated from datasets collected at the Zn K-edge (9671 eV — 1.2820 A) and below the Zn
K-edge (9625 eV — 1.2882 A) are shown as mesh in magenta and blue, respectively.
Anomalous maps are calculated using a resolution range of 3.5-30 A and contoured at 3 &
(top panel) or 6 ¢ (bottom panel). DP2 is shown in ribbon, the cysteine ligands as sticks and

zinc ions as spheres.



Central domain: No hit with Z-score > 4,0

NTD
Zscore, Entry | rmsd | lali | nres | %id Organism Description
42,7 3059-X 0,5 241 | 244 94 P._horikoshii PolD NTD-DP2
Catalytic domain
Zscore, Entry | rmsd | lali | nres | %id Organism Description
6,0 4mex-J 5,1 126 | 1143 15 E. coli RNAP ' subunit
59 Sflm-A 5,1 135 1 1427 | 11 B. taurus RNAP II RPB1 subunit
59 4xsx-D 53 138 | 1166 | 14 E. coli RNAP B' subunit
5,8 4bbs-A 5,9 140 | 1419 10 S. cerevisiae RNAP II RPB1 subunit
5.8 4ylp-D 6,3 146 | 1362 | 13 E. coli RNAP B' subunit
5,7 3hox-A 4,7 134 | 1417 7 S. cerevisiae RNAP II RPB1 subunit
5,7 4yln-J 52 134 | 1362 | 14 E. coli RNAP B' subunit
5,7 4vin-A 5,5 139 | 1422 9 S. cerevisiae RNAP II RPB1 subunit
5,7 4ylp-J 6,3 148 | 1362 | 14 E. coli RNAP B' subunit
5,6 4¢3h-A 5,4 136 | 1523 10 S. cerevisiae RNAP I A190 subunit
5,6 1k83-A 4.6 124 | 1366 8 S. cerevisiae RNAP II RPB1 subunit
5,6 4yfk-D 49 | 135 | 1163 | 14 E. coli RNAP B' subunit
5,6 3mdo-A | 49 134 | 1395 7 S. cerevisiae RNAP II RPB1 subunit
5,6 4ylo-D 5.2 134 | 1362 | 14 E. coli RNAP B' subunit
5,6 2nvg-A 5,3 136 | 1405 | 10 S. cerevisiae RNAP II RPB1 subunit
5,6 3hkz-1 5,5 133 | 836 8 S. solfataricus RNAP RPOL subunit
5,6 4a3g-A 59 141 | 1422 9 S. cerevisiae RNAP II RPB1 subunit
55 4c2m-A 6,5 146 | 1521 10 S. cerevisiae RNAP I A190 subunit
5,5 3sln-A 4,9 133 | 1405 7 S. cerevisiae RNAP II RPB1 subunit
55 4yfn-D 5,1 130 | 1163 | 15 E. coli RNAP B' subunit
5,5 2yu9-A 53 136 | 1411 10 S. cerevisiae RNAP II RPB1 subunit
5,5 2a69-D 53 142 | 1392 13 T. thermophilus RNAP ' subunit
5,4 4c3i-A 5,8 142 | 1484 10 S. cerevisiae RNAP I A190 subunit
5,4 4qiw-A 4,2 116 | 863 8 T. kodakarensis RNAP RPOL subunit
5,4 Ttwf-A 4,7 135 | 1419 | 10 S. cerevisiae RNAP II RPB1 subunit
54 2pmz-Q 53 133 | 776 9 S. solfataricus RNAP RPOL subunit
5.4 4fer-B 32 94 207 6 B. subtilis Expansin
54 1r9s-A 4,9 135 | 1381 7 S. cerevisiae RNAP II RPB1 subunit
5,4 4blp-W 5,5 131 | 872 10 S. shibatae RNAP RPOL subunit
5.4 4s20-1 5.3 134 | 1160 | 13 E. coli RNAP ' subunit
5,4 2b63-A 5,5 137 | 1416 | 10 S. cerevisiae RNAP II RPBI subunit
5.4 2pmz-A | 5,3 132 | 776 8 S. solfataricus RNAP RPOL subunit
5.4 2cw0-D | 53 | 140 | 1392 | 13 T. thermophilus RNAP ' subunit
5.4 4by7-A 6,0 140 | 1426 10 S. cerevisiae RNAP II RPB1 subunit
5.4 4gzz-D 5,8 142 | 1358 | 13 T. thermophilus RNAP B' subunit
54 4x67-A 5,6 138 | 1394 9 S. cerevisiae RNAP II RPBI subunit
54 205i-N 5,0 139 | 1303 14 T. thermophilus RNAP B' subunit
54 3qc8-A 32 87 170 10 H. sapiens Trans. End. Ret. ATPase
54 4q4z-D 6,1 145 1 1494 | 13 T. thermophilus RNAP B' subunit
53 1r9t-A 4,9 134 | 1395 7 S. cerevisiae RNAP II RPB1 subunit
53 3d30-A 3,1 94 208 6 B. subtilis Expansin-like
53 4xsy-D 4,9 136 | 1166 | 14 E. coli RNAP B' subunit
53 3j0k-A 4,8 135 | 1426 7 H. sapiens RNAP II RPB1 subunit
53 1ynj-D 5,1 132 1 1238 | 14 T. aquaticus RNAP ' subunit
5,0 Inl10-A | 3,8 | 103 | 228 10 P, pratense Pollen allergen PHL P1

4,0 2j70-A 3,7 108 | 934 10 N. crassa RNAP QDE!-like

Supplementary Figure 9. Dali’ search of the NTD-, catalytic- and central- domains of
DP2 structure against the Protein Data Bank. The PolD double-psi beta-barrel (DPBB-2)
(black) is superimposed onto the double-psi beta-barrels (DPBB-A) of 11 representative RNA
polymerases structures identified from the Dali search (red): RNAP B’ subunit from E. coli
(4MEX®), RNAP II RPBI subunit from B. taurus (SFLM’), RNAP II RPBI subunit from S.
cerevisiae (4BBS®), RNAP I 4190 subunit from S. cerevisiae (4C3H’), RNAP RPOL subunit



from S. solfataricus (3HKZ'®), RNAP B’ subunit from 7. thermophilus (2A69'"), RNAP
RPOL subunit from T. kodakarensis (4QIW'?), RNAP RPOL subunit from S. shibatae
(4BLP"), RNAP II RPBI subunit from H. sapiens (3J0K’), RNAP B’ subunit from 7.
aquaticus (1YNJ') and RNAP QDEl-like from N. crassa (2170"). Ca of the catalytic
aspartic residues are shown as spheres (red for RNAPs, black for PolD).



Supplementary Figure 10. Illustration of the quality of the electron density. Stereo images of
a portion of the 2Fo-Fc electron density map contoured at 1.0 o for both DP1 (A) and DP2
(B) crystal structures.
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