Binding of undamaged double stranded DNA to Vaccinia Virus Uracil-DNA Glycosylase
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Table S1. Sequence alignment of six specific regions in UNG enzymes that include the motifs for DNA binding and catalysis.
      		        Region 1		 Region 2	      Region 3         Region 4
Human	143-GQDPYH-148	   165-PPPPS-169   201-LLLN-204   210-RAHQANS-216
E. coli	 62-GQDPYH-68	    84-AIPPS-88    120-LLLN-123   129-RAGQAHS-135
HSV-1	 86-GQDPYH-91	   108-PPPPS-112   143-LLLN-147   153-KRGAAAS-159
VACV		 66-GIDPYP-71	    84-FTKKS-88    117-IPWN-120   126-KLGETKS-132
VARV		 66-GIDPYP-71	    84-FTKKS-88    117-IPWN-120   126-KLGETKS-132
MPXV		 66-GIDPYP-71	    84-FTKKS-88    117-IPWN-120   126-KLGETKS-132
CPXV		 66-GIDPYP-71	    84-FTKKS-88    117-IPWN-120   126-KLGETKS-132
CMPV		 66-GIDPYP-71	    84-FTKKS-88    117-IPWN-120   126-KLGETKS-132
SPPV		 66-GIDPYP-71	    84-FSKKT-88    117-FPWN-120   126-KIGETKS-132
SWPV		 66-GIDPYP-71	    84-FSKKT-88    117-IPWN-120   126-KVGETKS-132
		  Region 5			Region 6
Human	245-WGSY-248		267--AHPSPLSVYR-276
E. coli	164-WGSH-167		186--PHPSPLSAHR-195
HSV-1	188-WGTH-191		208-FSHPSPLS--K-216
VACV		159-GKTD-162		180-Y-HPAAR--DR-187
VARV		159-GKTD-162		180-Y-HPAAR--DR-187
MPXV		159-GKTD-162		180-Y-HPAAR--DH-187
CPXV		159-GKTD-162		180-Y-HPAAR--DR-187
CMPV		159-GKTD-162		180-Y-HPAAR--DR-187
SPPV		159-GKTD-162		180-Y-HPAAR--DR-187
SWPV		159-GKTD-162		180-Y-HPAAR--DK-187
Highlighted in the VACV sequence (based on our D4-DNA structure) are:
a) DNA interface residues with hydrogen bonds (bold)
b) DNA interface residues with non-bonded contacts (shaded)
Motifs included in regions 1-6 are:
a) Region 1: Catalytic water-activating loop
b) Region 2: Pro-rich loop
c) Region 3: Uracil specificity -strand
d) Region 4: Extended DNA binding loop
e) Region 5: Gly-Ser loop
f) Region 6: Leu-intercalation loop
HSV-1: Herpes Simplex virus 1
VACV: Vaccinia virus
VARV: variola major virus
MPXV: monkeypox virus
CPXV: cowpox virus
CMPV: camelpox virus
SPPV: sheeppox virus
SWPV: swinepox virus

Table S2. Detailed hydrogen bonding information for DNA base pairing (w3DNA analysis) in 4QCB.
  1	A-----T		N1 – N3	2.85	N6 – O4	2.94
  2*	A-----T		N7 – N3	3.32	N6 – O2 	2.40 
  3	A-----T		N1 – N3	2.97	N6 – O4	2.71
  4	C-----G	N3 – N1	2.91	N4 – O6	3.03	O2 – N2 	2.69
  5	G-----C	N1 – N3	2.93	O6 – N4	3.48	N2 – O2 	2.35
  6	T-----A		N3 – N1	2.66	O4 – N6	2.72
  7	T-----A		N3 – N1	2.52	O4 – N6	2.41
  8	T-----A		N3 – N1	2.96	O4 – N6	2.81
  9	G-----C	N1 – N3	2.42	O6 – N4	2.52	N2 – O2 	2.41
10	C-----G	N3 – N1	3.14	N4 – O6	2.99	O2 – N2 	3.23
*Note: Base pair 2 (A---T) shows a non-Watson-Crick base pair.  Distances are in Å.

Table S3. Map correlation coefficients and average B values for protein interface residues and DNA nucleotides.
DNA interface nucleotides, chain C:
		1(DG)	2(DC)	3(DA)	4(DA)	5(DA)	6(DC)	7(DG)	8(DT)	9(DT)	10(DT)	 11(DG) 12(DC)
CC		0.65	0.67	0.79	0.81	0.93	0.96	0.96	0.92	0.87	0.86	 0.80	   0.79
Bfactor 		64.4	72.1	75.9	81.9	46.3	30.8	37.7	39.5	54.8	75.6	 71.9	   60.9
DNA interface nucleotides, chain D:
		21(DG)  22(DC)  23(DA)  24(DA)  25(DA)  26(DC)  27(DG)  28(DT)  29(DT)  30(DT)	
CC		0.78	  0.85	     0.93       0.96        0.96	0.93	  0.93	     0.86       0.83       0.78	 
Bfactor 		53.9	  70.0	    43.5	       34.4        30.5	38.3	  48.2	     76.5       74.3       63.6	

D4 interface residues, subunit A:	
I67	P71	G128	E129	T130	K131	G159	K160	T161	D162	Y180	H181	A183
CC	0.97	0.96	0.95	0.93	0.95	0.95	0.97	0.94	0.94	0.96	0.94	0.96	0.89	
Bfactor	23.2	23.7	26.8	29.7	26.2	24.1	28.4	28.4	25.6	25.1	34.6	31.5	38.7	
D4 interface residues, subunit B:	
I67	P71	G128	E129	T130	K131	G159	K160	T161	D162	Y180	H181	A183
CC	0.96	0.97	0.96	0.91	0.94	0.94	0.97	0.94	0.95	0.95	0.96	0.96	0.90	
Bfactor	23.0	22.9	30.3	37.4	30.0	31.1	28.4	29.6	27.4	24.8	27.0	30.5	39.3	
DNA interface nucleotides are highlighted by shading.

Table S4. Conformational sugar parameters in 4QCB (w3DNA analysis).
Strand I (chain C)					Strand II (chain D)
 Base	 ID	tm	P    	Puckering		Base	 ID	tm	P    	Puckering
    1 A  	 C3	24.7    179.0 	C2'-endo		  1 T  	 D30	32.7    144.4 	C2’-endo
    2 A  	 C4	45.7    137.5 	C1'-exo		  2 T  	 D29	37.3      71.9 	C4'-exo
    3 A   C5	36.3    163.4   	C2'-endo		  3 T   	 D28	37.8    180.3   	C3'-exo
    4 C   C6	32.5    156.5    C2'-endo		  4 G   	 D27	42.9    150.6    C2'-endo
    5 G   C7	33.9    175.1    C2'-endo		  5 C   	 D26	35.1    152.5    C2'-endo
    6 T	 C8	39.2    145.3    C2'-endo 		  6 A	 D25	30.8    173.9    C2'-endo
    7 T	 C9	35.1    138.2    C1'-exo 		  7 A	 D24	36.6    165.4    C2'-endo
    8 T	 C10	46.1    152.7    C2'-endo		  8 A	 D23	35.2    160.2    C2'-endo
    9 G	 C11	42.2    142.0    C1'-exo		  9 C	 D22	20.1    195.0    C3'-exo
  10 C 	 C12	31.5    127.3    C1'-exo 		10 G 	 D21	35.5    128.3    C1'-exo  
tm: amplitude of pseudorotation of the sugar ring 
P: phase angle of pseudorotation of the sugar ring
	

Table S5. Analysis of protein-protein, protein-DNA and DNA-DNA interfaces in 4QCB (PISA analysis).
							Interface residuesa 	Interface area [Å2]
A. DNA (*CSS 1.00; 26 H-bonds)			
DNA strand 1 (chain C)				11			490 (17% of total)	
DNA strand 2 (chain D)				10			475 (20% of total)	
B. D4-DNA (CSS 0.64; 6 H-bonds)	
D4 (chain A)					13b			271 (3% of total)	
DNA strand 2 (chain D)				4 [23-26]		314 (13% of total)
C. D4-DNA (CSS 0.85; 7 H-bonds)			
D4 (chain B)					13c			272 (3% of total)
DNA strand 1 (chain C)				4 [5-8]			319 (11% of total)
D. D4 (CSS 0.06; 2 H-bonds, 2 salt bridges)
D4 (chain A)					9d			308 (3% of total)
D4 (chain B)					8e			308 (3% of total)
 E.  D4-DNA (CSS 0.00; 1 H-bond)			
       D4 (chain A)					3f			110 (1% of total)
       DNA strand 1 (chain C)				4 [3-4, 11-12]		108 (4% of total)
 F.  D4-DNA (CSS 0.04; 0 H-bond)			
       D4 (chain B)					3g			101 (1% of total)
       DNA strand 1 (chain D)				4 [21-22, 29-30]	107 (5% of total)
*CSS stands for the Complexation Significance Score, which indicates how significant for assembly formation the interface is. 
aInterface residues are defined as residues that bury at least part of their solvent accessible surface upon binding.  
bProtein-DNA interface residues in A: Ile67, Pro71, Gly128, Glu129, Thr130, Lys131, Gly159, Lys160, Thr161, Asp162, Tyr180, His181, Ala183
cProtein-DNA interface residues in B: Ile67, Pro71, Gly128, Glu129, Thr130, Lys131, Gly159, Lys160, Thr161, Asp162, Tyr180, His181, Ala183
dProtein-protein interface residues in A: Glu32, Val33, Ser35, Trp36, Arg39, Ser132, Ile135, Tyr136, Lys139
eProtein-protein interface residues in B: Glu32, Val33, Trp36, Arg39, Ser132, Ile135, Tyr136, Lys139 
fProtein-DNA interface residues in A: Lys87, Asn165, Ala183
gProtein-DNA interface residues in B: Lys87, Asn165, Ala183
Listed in brackets are the interacting nucleotides.






Figure S1. SigmaA weighted 2mFo-DFc and mFo-DFc omit maps for DNA region.
A. DNA double helix with chains C and D
         [image: FigureS1A_new]
B. 2mFo-DFc map (contoured at 1.5σ level)  
              [image: FigureS1B_new]          
        
C. mFo-DFc omit map (contoured at 2.5σ level)         

[image: FigureS1C_new]   

D. 2mFo-DFc simulated annealing omit map (contoured at 1.0σ level)

[image: FigureS1D_new]

The 2mFo-DFc map (1.5σ contour level) is the sigma weighted map after final maximum likelihood refinement in REFMAC.  The mFo-DFc omit map (2.5σ contour level) is an unbiased map generated by maximum likelihood refinement in REFMAC after removal of the DNA coordinates from the coordinate file.  The 2mFo-DFc simulated annealing (SA) omit map (1.0σ contour level) is an unbiased composite map generated in PHENIX.  This SA omit map is composed of 24 omit regions that include all 22 nucleotides of the DNA helix.  DNA nucleotides are represented as stick models (chain C: C green, O red, N blue, P orange; chain D: C magenta, O red, N blue, P orange).  The view in A-C of Figure S1 is the same.  Termini (5’ and 3’) of DNA chains C and D and nucleotides in Figure S1A are labeled.  The arrows highlight nucleotides 5-8 in chain C and 23-26 in chain D. 


























Figure S2. SigmaA weighted 2mFo-DFc map for D4-DNA interfaces.
A. D4-DNA interface 1 (chains A and D).
                         [image: FigureS2A]
B. D4-DNA interface 1 (chains A and D).

             [image: FigureS2B_new]
C. D4-DNA interface 2 (chains B and C).
                         [image: FigureS2C]
D. D4-DNA interface 2 (chains B and C).
                     [image: FigureS2D_new]
The 2mFo-DFc map (1.5σ contour level) in aquamarine color (Fig. S2B and Fig. S2D) for the D4-DNA interfaces is the sigma weighted map after final maximum likelihood refinement in REFMAC.
Views in Fig S2A & S2B as well as S2C & S2D are the same.  Interacting DNA nucleotides (C green, O red, N blue, P orange) and D4 interface residues (C grey, O red, N blue) are shown as stick models. Figs. 2A & 2C show the labeling of nucleotides and D4 residues. 
Figure S3. Packing of D4-DNA complex.
               [image: FigureS2]

The figure highlights in the center the two D4 subunits in complex with the non-specific dsDNA construct.  Left and right are symmetry-mates (along a) to emphasize how the blunt-end DNA helix extends in the unit cell through non-covalent interactions at the 5’ and 3’ ends.  Protein and DNA are represented as cartoon drawings (symmetry-mates in chain color).  Protein subunits A and B and DNA chains C and D are shown in grey.  The 5’ end of each DNA strand is labeled.
The unit cell is outlined in black (origin O and direction of the unit cell parameters a, b and c are indicated)
                     
All three figures were generated in PyMOL [7].

Figure S4.	Electron density map.
[image: Suppl_S4A_K131A]


[image: Suupl_S4B_K131B]


Electron density maps represent screenshots from Coot [8] showing final model and 2Fo-Fc electron density map contoured at 1.0.  Amino acid residues are shown in stick model; Lys131 and Asp162 are labeled.
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