
Table 1. Crystallographic data collection, phasing and refinement statistics 
 

 

 Native Hg soaked Mn soaked 1 Mn soaked 2 

     

Data collection     

Space group P212121 P212121 P212121 P212121 

Cell dimensions      

    a, b, c (Å) 82.8, 87.9, 188.3 83.8, 88.5, 191.7 83.0, 88.1, 188.2 84.0   88.4  191.1 

 ( ) 90 90 90 90 

Wavelength 1.000 1.007 1.000 1.892 

Resolution (Å) 20-2.15 20-3.0 20-3.2 20-3.3 

Measured reflections 439006 209601 126133 79041 

Unique reflections 72855 54337 21005 37514 

 Rmeas (%)
a b 

8.0 (73.4) 6.5 (11.5) 12.0 (67.0) 11.9 (56.3) 

I / I 
a 11.5 ( 2.6) 17.3 ( 11.1) 14.0 (2.9) 8.03 (2.3) 

Completeness (%) 
a 

96.3 ( 91.1) 98.5 ( 98.2) 82.0 (88.6) 90.7 (82.0) 

Redundancy 
a 

6.0 (4.1) 3.9 (3.9) 6.0 (6.3) 2.1 (2.1) 

     

Phasing 
d
FOM  (acentric/centric) 

           before DM
e 

 0.193/0.122   

f
Phasing power (iso/ano)  0.468/0.838 

     

Refinement     

Resolution (Å) 20-2.15  44-3.2  

No. reflections 70771  19509  

Rwork
g
 / Rfree

h 
22.2 / 27.6  26.1 / 32.5  

No. atoms 7198  7206  

    Protein 7090  7090  

    Ion 6  11  

    Water 102  105  

B-factors     

    Protein 52.7  64.7  

    Ion 73.2  70.1  

    Water 54.7  42.7  

R.m.s deviations     

    Bond lengths (Å) 0.016  0.013  

    Bond angles ( ) 

Ramachandran plot  

    Favoured (%) 

    Allowed (%) 

    Outlier (%) 

1.671 

 

94.2                                       

99.1 

0.9 

 1.584 

 

95.4 

98.6 

1.4 

 

 

aThroughout the table, the values in parentheses are for the outermost resolution shell. 
b Rmeas = [ h (nh/[nh-1])½ i | Îh – Ih,i |] / h i Ih,i , where Îh = (1/nh) i Ih,i and nh is the number of times a reflection is 

measured. 
dFOM = | F (hkl)best | / | F (hkl) |, where F (hkl)best = ΣαP (α) F hkl(α) / ΣαP (α). 
eDM= density modification 
fPhasing power = |FH| /ε  where ε = (FH + FP) - (FPH) 
g Rwork= Σhkl | |Fobs| - k |Fcalc| | / Σhkl |Fobs| 
h Rfree = Σhkl T | |Fobs| - k |Fcalc| | / Σhkl T |Fobs| where T represents a test set comprising ~5% of all reflections excluded 

during refinement 
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SUPPLEMENTARY FIGURE LEGENDS 

 

Fig. S1: A) Identification of the UL89 soluble domain. Blot of colony-based protein 

expression screen of 18,432 random deletion constructs of ul89, each construct was 

arrayed twice. Clones were pre-selected for liquid expression trials based upon in vivo 

biotinylation efficiency of a C-terminal biotin acceptor peptide. Detection was 

performed by fluorescent streptavidin conjugate. The construct 48k22, corresponding to 

the N-terminal deletion, was finally selected after expression and purification trials and 

hereafter termed UL89-C. B) Representation of UL89 exons and UL89-C construct.   

 

Fig. S2: Sequence homology alignment of human herpesvirus UL89-C and secondary 

structure of HCMV UL89-C. Eight human herpesvirus UL89 homologs, HHV5 UL89, 

HHV1 UL15, HHV2 UL15, VZV 45/42, HHV4 BGRF1-BDRF1, HHV6 U66, HHV8 

ORF29 and HHV7 U60, were aligned using CLUSTALW (Blosum algorithm). Residue 

color is shown on the basis of conservation score: orange, more than 80 % similarity; 

green, full conservation. Yellow arrows indicate active site residues involved in metal
 

coordination. Cyan triangles indicate residues of 4 involved in the interaction with 

UL56. Blue triangles indicate the residues involved in protein dimerization. Brown lines 

indicate disordered non- modelled residues. 

 

Fig. S3. Active site details of HCMV UL89-C, RB49 gp17 (PDB code 3C6A), HIV 

integrase (PDB code 1BL3), human RNase H1 (PDB code 2QKB), E. coli RuvC (PDB 

code 1HJR) and Tn5 transposase (PDB code 1MM8). Metal ions are shown in yellow.  

Helix 6, although occupying an equivalent position, runs in the opposite direction in 

UL89, RB49 gp17 and RuvC with respect to the other two enzymes (small arrows). 
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Fig. S4: A) Anomalous difference Fourier map at the active site area obtained with the 

Mn
2+

-soaked crystal data, contoured at 3 . The peak at site A (right) is weaker than that 

at site B (left), thereby reflecting a lower occupancy of the metal ion at that site. B) A-

weighted 2Fo-Fc map of the same area calculated with phases from the refined Mn
2+

-

soaked structure, contoured at 1.5 . 

 

Fig. S5. In vitro nuclease activity of the UL89-C over a time course. Lane 1: linear 

(digested with HindIII) pUC18 plasmid in the absence of the nuclease. Lane 2: circular 

pUC18 plasmid in the absence of the nuclease. Lanes 3-9: Nuclease reaction at different 

times (0, 1, 5, 10, 20, 40 and 60 min). In the presence of UL89-C, supercoiled circular 

plasmid (sc) DNA was first converted to nicked open circular (ni-oc) DNA, 

subsequently to linear (li) DNA and finally it was completely degraded. 

 

Fig. S6: DNA-UL89-C complex model. Model of 20 bp standard ds straight B-DNA 

docked on the UL89-C X-ray structure. In the real complex the DNA would probably be 

distorted, allowing the sugar-phosphate backbone to reach deeper into the active site. 

Loops L 2- 3 and L 5- 3, which surround the active site cleft, penetrate the major 

groove of the DNA and contact the bases.  

 

Fig. S7: Ribbon representation of the UL89-C dimer (left) and detail (right box) of the 

dimerization surface. H-bonds are indicated with dashed lines. Metal ions are shown in 

yellow and an interface water molecule in blue. The respective β1 main chains of two 

protomers interact in an anti-parallel manner and, as a result, the central -sheet extends 

across the interacting molecules forms a continuous 16-stranded -sheet in the dimer. In 
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addition to the  interactions, helix α1 of one molecule contacts helix 310 1 of the 

other, and vice versa. Moreover, the side chains of Ile440 and Leu441 make 

hydrophobic interactions with the corresponding residues in the partner monomer, while 

the guanidinium groups of Arg442 from each monomer stack upon each other. The 

monomer-monomer interaction is further cemented by two metal cations that are 

coordinated by Asp439 and Glu618 of one monomer and the carbonyl oxygen of 

Asn447 of another. The contact surface between protomers is 844 Å
2
, with hydrophobic 

residues covering 18 % of the surface. The interaction surface is at the opposite face of 

the active site where the DNA is expected to bind and thus both protomer active sites 

are accessible and pointing in opposite directions in the complex formed upon this 

contact. 

 

Fig. S8: Representative portion of the A-weighted 2Fo-Fc electron density map of 

UL89-C contoured at the 1  level with residues Thr457-Asp463 ( 2), Thr475-Tyr483 

( 3) and Gln486-Phe496 ( 4) of the final model fitted into the density. 

 



 


























