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Applied Symmetry Operator 

(fold) 
Fourier Shell Correlation  

Resolution (Å) 

PaP3 TerS 1 57.9 

 
8 40.3 

 
9 33.3 

 
10 43.4 

NV1 TerS 1 56.7 

 
8 47.6 

 9 38.1 

 10 45.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Table S1. How the Fourier Shell Correlation (FSC) resolution of PaP3 
and NV1 SAXS maps varies by applying alternative symmetry operators.   
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Supplementary Figure 1. Sequence alignment of TerS from Pseudomonas phages 

PaP3, NV1, and LUZ24. The sequence alignment was done with ClustalW (1) and 

displayed using Esprit3 (2). 
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Supplementary Figure 2. Heparin purifications of LUZ24 and NV1 TerSs. (A) Heparin- 

affinity chromatography yields two species: peak 1 and peak 2 in the case of LUZ24 and 

predominantly peak 2 in the case of NV1 TerS. (B) SDS-PAGE of corresponding fractions 

from heparin purification. 
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Supplementary Figure 3. PaP3 TerS crystallizes as a nonameric assembly in the 

asymmetric unit. Self-rotation function computed using diffraction data between 12-3.5 Å 

with the k vector fixed at 180° (A) and 40° (B). The plots suggest the existence of nine 2-

fold rotation axes (in red) and one 9-fold rotation axis, which is consistent with a nonamer 

in the asymmetric unit. The self-rotation function was computed using GLRF (3). 

 

  



 

 

 

5 

 
 

 

 

 

 

 

 

 

 

 

Supplementary Figure 4. Phasing PaP3 TerS. (A) Oligomerization core of SF6 (PDB: 

3ZQP) used as a search model for Molecular Replacement (MR). (B) Experimental 2Fo-

Fc electron density map overlaid to the final atomic model (residues 95-106). (C) Ribbon 

diagram of the PaP3 TerS structure shown in scale with the search model in panel A. 
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Supplementary Figure 5. Crystal structure of NV1 TerS. (A) Superhelical packing of 

NV1 TerS in the elongated P1 unit cell. The numbers 1-9 indicate the nine TerS copies in 

the triclinic unit cell. The likely point group of the data is P321 but due to twinning and 

pseudo-translation, the structure was solved and refined in P1. (B) Ribbon diagram of the 

NV1 TerS nonamer that was refined to a Rwork/Rfree of 25.9/29.1% at 3.95 Å resolution 

(Table 2). (C) Refined 2Fo-Fc electron density maps contoured at 1.5 above background 

overlaid to the final model of NV1 TerS. 
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Supplementary Figure 6. Structural characterization of LUZ24 TerS by negative 

staining electron microscopy. (A) Electron micrograph of negatively stained LUZ24 

TerS at 67,000 X magnification. (B) 2D-class averages of 3,000 particles processed with 

RELION-3.1 (4). (C) C9 symmetrized 3D density maps of LUZ24 TerS displayed in three 

orientations and (D) overlaid with the PaP3 TerS, represented as ribbons, fitted manually 

using Chimera (5). The extra density projecting at the C-terminus of TerS likely 

corresponds to the nine tails (residues 123-153) invisible in the crystal structure. (E) 

Angular distribution plot of all LUZ24 TerS particles that contributed to the final map. (F) 

FSC curve of unmasked LUZ24 TerS maps. Resolution at cut-off 0.143 = 26 Å. 
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Supplementary Figure 7. Comparison of P22 versus PaP3 TerS. The solvent-

accessibly surface buried upon assembly formation is smaller in PaP3 than P22 (29,980 

Å2 versus ~ 34,900 Å2), underscoring a smaller protomer:protomer interface. Forty-three 

residues stabilize the interface between two protomers in PaP3 TerS versus 51 in P22, 

and both interfaces are dominated by hydrophobic contacts, as suggested by the negative 

solvation free energy gain upon the formation of the interface (ΔiG ~22 kcal/M). The free 

energy of assembly dissociation (ΔGdiss) calculated by PISA (6) is smaller for PaP3 TerS 

(95.8 kcal/mol) than P22 TerS (167.2 kcal/mol). 
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Supplementary Figure 8. PaP3 and NV1 SEC-SAXS analysis and agreement with 

crystallographic data. (A) Fitted Guinier plots of PaP3 and NV1 TerSs from Fig. 4B 

expanded to higher q values. Overlay of the experimental SEC-SAXS data (black circles) 

and scattering data (red line) calculated from the crystal structure of PaP3 TerS (B), NV1 

TerS (C), and the open conformation of PaP3 TerS shown in Fig. 5C (D). The 2 values 

were calculated using the FoXS server (7). 
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Supplementary Figure 9. SEC analysis of PaP3 TerS mutants in the DNA-binding 

domain (A) and C-terminal tail (B). Both Double Mutant (green) and Triple Mutant (red) 

migrated indistinguishably from the WT-TerS (black). In contrast, the polyAla mutant 

(dashed gray) was slightly shifted to the right, possibly consistent with a smaller oligomer. 

Likewise, C-TerS was also slightly smaller, in agreement with the loss of ~ 9 x 31 = 279 

residues. Arrows indicate the migration of molecular weight calibration markers. 
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Supplementary Figure 10. EMSA of WT-TerS and C-TerS. (A) DNA-binding assay on 

agarose gel as described for Figure 6. Increasing concentrations of C-TerS were 

incubated with 0.15 uM cos DNA and analyzed on a 1% agarose gel. Unfortunately, C-

TerS did not migrate well on agarose and barely moved upwards, toward the cathode. 

Nonetheless, at 12 M cos, almost all DNA was bound to the protein, suggesting C-TerS 

retains full binding to DNA. (B) WT- and C-TerS were incubated with cos or scr DNA at 

37ºC and analyzed on a 4-16% acrylamide gel. The intensity of the bands that represent 

DNA-bound proteins was quantified and plotted in panel (C). Compared to WT-TerS, C-

TerS showed comparable binding to cos DNA and stronger binding to scrambled DNA. 
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Supplementary Figure 11. PaP3 TerL and TerS do not stably associate when co-

expressed in bacteria. (A) Expression of PaP3 his-TerL alone (lanes 1-2) and co-

expression of his-TerL with GST-TerS (lanes 3-4) in E. coli LOBSTR cells. Purification of 

a bacterial lysate expressing his-TerL and GST-TerS over glutathione beads (B) and Ni-

NTA resin (C) yielded just TerS and TerL, respectively, but failed to isolate a complex of 

the two proteins.  
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Supplementary Figure 12. Structural similarity between phage  Cro repressor and 

PaP3 TerS HTHs. (A) Ribbon diagram of the heterodimeric phage  Cro repressor bound 

to DNA (PDB 6CRO). (B) Structural comparison of PaP3 TerS HTH (cyan) and phage  

Cro (red). Colored in yellow (PaP3) and green () are critical side chains involved in DNA 

binding.  
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