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SUPPORTING FIGURES AND TABLE 

 

Figure S1.  Sequence alignments of  E. coli  ExoIX against other FENs 
(A) Alignment of ExoIX (XNI_ECO24) against the N-terminal domain of Thermus aquaticus DNA polymerase  
(DPO1n_THEA, N terminal domain of Uniprot DPO1_THEAQ), Bacteriophage T5 FEN (EXO5_BPT5), 
Bacteriophage T4 RNase H (RNH_BPT4) and human FEN-1 (FEN1_HUMAN). Black background indicates 
residues conserved across all these sequences, gray are partially conserved. Red boxes indicate Cat1 site 
residues, and blue boxes indicate the Cat2 site residues. 

(B) Alignment of ExoIX (XNI_ECO24) against the Xni proteins from Klebsiella pneumoniae (XNI_KLEP7), Yersinia 
pestis (XNI_YERPA), Vibrio cholerae (XNI_VIBC), B. subtilis, Staphylococcus aureus, the N-terminal domain of 
Thermus aquaticus DNA polymerase  (DPO1n_THEA) and bacteriophage T5 FEN (EXO5_BPT5). Black 
background indicates residues conserved across all these sequences, gray are partially conserved. The first four 
sequences are ExoIX-like Xni proteins as they lack the three Cat2 site aspartates (red letters in blue boxes). 
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Figure S2.  Oligonucleotide sequences and activity  
(A,B) Sequences of Dup1 and Dup2  used in fluorescence anisotropy studies, orange circle indicates position of 
fluorescein label. 

(C) Sequence of Flap1 used in fluorescence anisotropy studies and in initial co-crystallization study. Orange circle 
indicates position of fluorescein label. 

(D,E) Sequences of palindromic oligonucelotides 5ov4 and 5ov6, respectively, used in the later co-crystallization 
studies. The position of the twofold symmetry axis is indicated by a filled black ellipse. (F)  ExoIX displays nuclease 
activity on a flap substrate: fluorescently labelled Flap1 substrate (Figure S2C) was incubated with either T5 
exonuclease (T5), wild type ExoIX  (ExoIX WT) or ExoIX Lys67Ala mutant (ExoIX K67A) in the presence or 
absence of magnesium cofactor as indicated for 3hrs (left panel) or overnight (right panel). Substrate and product 
were analyzed by PAGE and visualized using a Fuji phosphorimager. 
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Figure S3.  Stereodiagrams of electron density maps. 
(A) View of the initial Fobs-Fcalc difference map for the ExoIX:Flap1 complex showing density (blue) for the DNA 
duplex bound to the ExoIX molecule. Only the protein had been built into the model at this stage. The map is 
contoured at 2.5 !. The ExoIX molecule is represented as a green cartoon with the H3tH motif highlighted in yellow 
and the beta sheet in orange. 
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(B)  Stereo version of Figure 2E. 2Fobs-Fcalc map (grey, contoured 1 !) at showing the electron density in the region 
of the K+ ion (purple sphere) and its coordinating main chain carbonyls and DNA phosphate group in the native 
ExoIX:5ov6 complex structure. A Fobs-Fcalc simulated annealing omit map (with K+ and DNA excluded from the 
refinement) contoured at 5 ! is shown in green. The protein carbon atoms are shown in green, the DNA carbons in 
yellow. Nitrogen, oxygen and phosphorus atoms are colored blue, red and orange. Metal - ligand interactions are 
shown as dotted lines. 

(C) Stereo version of Figure 4A. Fobs-Fcalc simulated annealing omit map (green positive, red negative density, 
contoured at 3 !; Mg2+ and nearby oxygens omitted from refinement) of the Cat1 site in the ExoIX:5ov4:Mg2+ 
complex showing the coordination of the two Mg2+ ions  (blue spheres). An 2Fobs-Fcalc map (grey, contoured at 1 !) 
is also shown. Other colors as Figure S3B. 

(D) 2Fobs-Fcalc map for the K+ site in the ExoIX:5ov4:Mg2+ complex (grey density, contoured at 1 !) and Fobs-Fcalc  
simulated annealing omit map in green (metal ions and nearby water molecules omitted, contoured at 5 !) . The K+ 
ion (0.4 occupancy, purple sphere) is partially displaced by the Mg2+ ion (0.6 occupancy, blue sphere).  

(E) 2Fobs-Fcalc map (grey. contoured at 1 !) and simulated annealing omit map (green, contoured at 5 !) for the K+ 
site for the ExoIX:5ov4:Ca2+ complex. The K+ ion (0.4 occupancy, purple sphere) is partially displaced by the Ca2+ 

ion (0.6 occupancy, green sphere).  
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Figure S4. Schematic diagram of the interactions between ExoIX and the 5ov6 substrate.  

Deoxyribose rings are represented as pentagons containing the residue number and the phosphodiester linkages 
as circles enclosing the letter P. Hydrogen bonds are shown as black (intra-DNA) or blue (protein-DNA) dotted 
lines. The crystallographic two-fold axis is represented by a filled black oval. The interactions between the reference 
ExoIX molecule and the DNA duplex are shown on the left, the identical ones from the other symmetry-related 
ExoIX molecule in the crystal are not shown.  

.
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