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Supplementary Figure 1 | Stereo view of electron density and modeling of a DNA substrate into the
crystal structure of Mtb DnaEl.

(a) Stereo view of a 2mFo-DFc electron density map contoured at 2.1 (b) Modeling of DNA binding. The
Geobacillus kaustophilis PoIC-DNA complex' and E. coli Polllla-DNA complex® were superimposed onto
the structure of Mtb DnaE1 using the palm and fingers domain (residues 307-933) as a guide. Next, a B-form
dsDNA model was manually aligned with the DNA from PolC and Polllla.



Mtb DnaE1

Supplementary Figure 2 | Conserved features of the PHP-exonuclease active site. (a) PHP active site of
Mtb DnaE1l. The metal binding residues shown in stick, and Zn ions in grey spheres (b) PHP active site of
Taq Pollllo’. Note that one of the metal ions is modeled as a water molecule (shown in red sphere). (¢) PHP
active site from Deinococcus radiodurans PolX* (d) PHP active site from E. coli Pollllo’. The five residues
that deviate from the consensus sequences are indicated with circles. Note that no metals are bound in the

active site.
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Supplementary Figure 3 | Sequence conservation of the long loop in the PHP-exonuclease. Alignment of
the long loop in the PHP-exonuclease, equivalent to glutamate 73 to histidine 107 from Mtb DnaE1 (see Sup.
Fig. 2). Blue arrows on top indicate the -strands flanking the loop. (a) 45 sequences from Actinobacteria (b)
45 sequences from d-proteobacteria and Firmicutes (¢) The equivalent sequence from E. coli Pollllo., which
is an inactive PHP-exonuclease.



Supplementary Figure 4 | Modeling of the DNA into the 2D cryo-EM class. Different DNA models were
fitted into the 2D cryo-EM class. (a) Model with the primer strand entering the PHP-exonuclease between
short B-hairpin and long loop in the PHP domain (see Fig. 3). (b) DNA modeled in the polymerase mode
(see Supplementary Fig. 1) (¢) Model with the primer strand entering the PHP-exonuclease via the narrow
groove between polymerase active site and exonuclease active site (see Fig. 2d).
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Supplementary Figure 5 | Real time polymerase assays on matched and mismatched DNA. Real-time
primer extension assay in which the intensity of a 5' placed fluorophore is quenched by the incorporation of
nucleotides in the bottom strand. (a) Primer extensions on a matched DNA substrate (b) Primer extension on
mismatched DNA substrate. A single exponential decay was fitted to three to five independently measured
experiments. Experimental curves in black, fitted curve in red.
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Supplementary Figure 6 | Exonuclease and polymerase inhibition by diverse metals. Different metals
inhibit the PHP-exonuclease and polymerase at mM concentrations (a) Exonuclease activity on a single
stranded DNA substrate (b) Polymerase activity on a matched substrate (¢) Polymerase activity on a
mismatched DNA substrate (d) Polymerase activity on a non-cleavable mismatched DNA substrate. Note
that MnCl, enables the polymerase to extend from a mismatch, but inhibits the exonuclease. All reactions
contained 2 mM Mg and increasing amounts of the indicated metal (0-20 mM). See main Fig. 4e-f for more
details. Uncropped gels are shown in Supplementary Fig. 8.
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Supplementary Figure 7 | DNA binding in the endonuclease/exonuclease pairs EndolV/PHP and
APE1/TDP2 (a) dsDNA with an abasic site bound by E. coli Endo IV'' (b) Modeling of ssDNA binding in
PHP domain of Mtb DnaE1l (¢) dsDNA with an abasic site bound by human APE1'" (d) ssDNA binding in
the zebrafish TDP2".
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Supplementary Figure 8 | Uncropped gels for Figures 3e-f and Supplementary Figure 6a
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Supplementary Figure 8 (continued) | Uncropped gels for Supplementary Figure 6b and 6d
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Supplementary Figure 8 (continued) | Uncropped gels for Supplementary Figure 6b-c



