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Supplementary Figure 1. Promoters bound by DriD. Shown are schematic diagrams 
of promoters (didA, driD and bapE) bound by DriD and utilized for cryo-EM structure 
determination in this study. Putative DriD target DNA binding sites are boxed and colored 
yellow with the sequence located beneath each. The transcription starts sites are indicated 
by ATG and the predicted -35 and other elements are indicated above each promoter.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Supplementary Figure 2. Cryo-EM data processing workflow of the DriD-ssDNA-RNAP-s73-
CCNA_03891/CCNA_01149 promoter and RNAP-s73-CCNA_03891/CCNA_01149 promoter 
structures. (a) Representative micrographs. (b) A subset of the 2D classes showing clear structural 
features. (c) Flow diagram of the data processing strategy. (d) Angular distribution maps of the final 
particle set used in the reconstruction of Cc-DriD-ssDNA-RNAP-σ73-CCNA_03891/CCNA_01149 (ccna) 
promoter complex. (e) Final map colored by local resolution of the Cc-DriD-ssDNA-RNAP-σ73- 
CCNA_03891/CCNA_01149 promoter complex between 2.9-7.9Å. (f) Masked and unmasked half-map 
and model FSC curves used to determine global resolution of the Cc-DriD-ssDNA-RNAP-σ73-
CCNA_03891/CCNA_01149 (ccna) promoter complex. (g) Angular distribution maps of the final particle 
set used in the reconstruction of the Cc-RNAP-σ73-CCNA promoter complex. (h) Final map colored by 
local resolution of the Cc-RNAP-σ73-CCNA_03891/CCNA_01149 promoter complex dataset between 
2.9-7.9Å. (i) Masked and unmasked half-map and model FSC curves used to determine global resolution 
of the Cc-RNAP-σ73-CCNA_03891/CCNA_01149 promoter complex. 
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Supplementary Figure 3. Domain organization and asymmetric binding of the DriD-
ssDNA dimer to the promoter. Right shows the overview of the DriD-ssDNA-RNAP-s73-
driD promoter complex. To the left is a close-up view showing just DriD-ssDNA with the 
domains colored as shown in the schematic below. Each domain is also labeled.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Supplementary Figure 4. Overlay of the DriD-ssDNA-target DNA crystal structure onto 
promoter-RNAP-bound DriD. In the overlay, the DriD-ssDNA-target DNA crystal structure is red 
and the cryo-EM DriD-ssDNA-RNAP-s73-promoter structure is colored yellow.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Supplementary Figure 5. FP binding isotherm showing binding of WT DriD (red circles) and 
DriD(G18K-A20K) (blue squares) in the presence of 100 µM ssDNA binding to target DNA. Three 
technical replicates were done for each. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Supplementary Figure 6. b-galactosidase assays of the PdidA-lacZ as a readout for DriD-
mediated transcription activation. Strains bearing a PdidA-lacZ, a driD deletion, and either no 
plasmid, an empty vector, a wild-type driD complementation or the mutant driD (G18K-A20K) 
were treated with zeocin to induce didA transcription activation. Mean and standard deviation 
of three biological replicates are shown.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Supplementary Figure 7. FP binding isotherm showing binding of aCTD to WT DriD-ssDNA-
target DNA (red circles) and to DriD(R121E-R122E-P125E-E128R)-ssDNA-target DNA (blue 
squares). Three technical replicates were done for each.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Supplementary Figure 8. Cryo-EM data processing workflow of the DriD-ssDNA-RNAP-s73-didA 
promoter structure. (a) A few representative micrographs. (b) A subset of the 2D classes showing clear 
structural features. (c) Flow diagram of the data processing strategy. (d) Angular distribution maps of the 
final particle set used in the reconstruction of Cc-DriD-ssDNA-RNAP-s73-didA promoter complex. (e) 
Final map colored by local resolution of Cc-DriD-ssDNA-RNAP-s73-didA promoter complex between 
3.3-8.1 Å. (f) Masked and unmasked half-map and model FSC curves used to determine global resolution. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Supplementary Figure 9. Cryo-EM data processing workflow of the DriD-ssDNA-
RNAP-s73-bapE promoter structure. (a) A few representative micrographs. (b) A subset 
of the 2D classes showing clear structural features. (c) Flow diagram of the data processing 
strategy. (d) Angular distribution maps of the final particle set used in the reconstruction of 
Cc-DriD-ssDNA-RNAP-s73-bapE promoter complex. (e) Final map colored by local 
resolution of Cc-DriD-ssDNA-RNAP-s73-bapE promoter complex between 3.3-8.1 Å. (f) 
Masked and unmasked half-map and model FSC curves used to determine global resolution. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supplementary Figure 10. Representative densities for the cryo-EM DriD-ssDNA-RNAP-s73-
CCNA_03891/CCNA_01149 promoter DNA complex. Shown is representative density for various 
regions of the structure, including the overall structure. (a) overall structure with the cryo-EM map 
included with the structural domains, DriD and DNA colored as in Figure 1 (map contour 1.7 s). 
(b) Close up of the DriD DNABD region around the DNA and the s4 domain. (c) Close up of the 
RNAP a subunit dimer region. (d) Desnity for the DNA open bubble and the b and b’ subunits. 
Map contour for the two lower figures is 2.4 s.  

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Supplementary Figure 11. Representative densities for the cryo-EM DriD-ssDNA-
RNAP-s73-bapE promoter DNA complex. Shown is representative density for various 
regions of the structure, including the overall structure. (a) Overall structure with the 
cryo-EM map included with the structural domains, DriD and DNA colored as in Figure 
4 (b). (b) Close up of the DriD DNABD region around the DNA and the s4 domain. The 
map contour is 4.7 s. (c) Close up of the RNAP a subunit dimer region. (d) Density for 
the DNA open bubble and the b and b’ subunits (map contour 5.2 s).  
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Supplementary Figure 12. Representative densities for the cryo-EM DriD-ssDNA-
RNAP-s73-didA promoter DNA complex. Shown is representative density for various 
regions of the structure, including the overall structure. (a) Overall structure with the cryo-
EM map included with the structural domains. (b) Close up of the DriD DNABD region 
around the DNA and the s4 domain. The map contour for the top panels is 4.3 s. (c) Close up 
of the RNAP a subunit dimer region. (d) Density for the DNA open bubble and the b and b’ 
subunits. Map contour of 5.3 s. 
 



 

 
 
 
 
 
 
 
 
 
 
 
 

Supplementary Figure 13.  Overlay of DriD-ssDNA promoter complexes. Colored in 
yellow, violet and light_blue are the DriD-ssDNA-RNAP-s73-CCNA_03891/CCNA_01149 
(ccna), DriD-ssDNA-RNAP-s73-bapE and DriD-ssDNA-RNAP-s73-didA promoter 
complexes, respectively.  The complex overlays with rmsds of less than 1.9 Å indicating they 
are essentially identical in their arrangements.  
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Supplementary Figure 14. The -35 promoter elements in DriD regulated promoters are 
located at the center of the DriD target DNA binding sites. Shown is a close-up of just the 
DriD DNABDs, colored blue and red and labeled, bound to the CCNA_03891/CCNA_01149 
promoter with the s4 domain, colored grey, included. Notably, the DriD DNABDs sandwich 
the bound s4 domain, which docks onto the -35 element.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Supplementary Table 2. Strains used in this study 
Strains Description Source 
ML76 CB15N wild-type 1 
ML77 CB15N rec526 2 
ML3757 CB15N ΔdriD::tetR 3 
ML3760 CB15N pRVMCS-2(kanR)::PdriD-driD; ΔdriD::tetR, ΔdidA, 

hfaB::PdidA-lacZ 
3 

KG570 CB15N ΔdriD::tetR, ΔdidA, hfaB::PdidA-lacZ 4 
ML2174 CB15N ΔdriD 5 
KG720 CB15N hfaB::PdidA-lacZ This study 
KG721 CB15N ΔdriD, hfaB::PdidA-lacZ This study 
KG722 CB15N ΔdriD, hfaB::PdidA-lacZ, pRVMCS-2 (empty) This study 
KG723 CB15N ΔdriD, hfaB::PdidA-lacZ, pRVMCS-2::PdriD-driD This study 
KG724 CB15N hfaB::P03891/01149-lacZ This study 
KG725 CB15N ΔdriD, hfaB::P03891/01149-lacZ This study 
KG726 CB15N ΔdriD, hfaB::P03891/01149-lacZ, pRVMCS-2 (empty) This study 
KG727 CB15N ΔdriD, hfaB::P03891/01149-lacZ, pRVMCS-2::PdriD-driD This study 
KG728 CB15N hfaB::PdriD-lacZ This study 
KG729 CB15N ΔdriD, hfaB::PdriD-lacZ This study 
KG730 CB15N ΔdriD, hfaB::PdriD-lacZ, pRVMCS-2 (empty) This study 
KG731 CB15N ΔdriD, hfaB::PdriD-lacZ, pRVMCS-2::PdriD-driD This study 
KG732 CB15N ΔdriD::tetR, ΔdidA, hfaB::PdidA-lacZ, pRVMCS-2::PdriD-

driD (G18K A20K) 
This study 

KG733 CB15N ΔdriD::tetR, ΔdidA, hfaB::PdidA-lacZ, pRVMCS-2::PdriD-
driD* 

This study 

 
  



Supplementary Table 3. Plasmids used in this study 
Plasmids Description Source 
pRVMCS-2 (empty) low-copy vector bearing inducible promoter and kanR 6 
pNPTS138 used to create genome modifications via homologous 

recombination  
6 

pNPTS138-hfaB::lacZ pNPTS138 bearing lacZ flanked by hfaB upstream and 
downstream homology regions 

This study 

pRVMCS-2:: PdriD-driD pRVMCS-2 with PdriD-driD at SacI/SacII 3 
pRVMCS-2:: PdriD-driD 
(G18K A20K) 

pRVMCS-2 with PdriD-driD (G18K A20K) at 
SacI/SacII 

This study 

pNPTS138-hfaB::PdidA-lacZ pNPTS138 bearing hfaB-PdidA-lacZ-hfaB This study 
pNPTS138-hfaB::PdriD-lacZ pNPTS138 bearing hfaB-PdriD-lacZ-hfaB This study 
pNPTS138-
hfaB::P03891/01149-lacZ 

pNPTS138 bearing hfaB-P03891/01149-lacZ-hfaB This study 

 
  



Supplementary Table 4. Oligonucleotides used in this study 
Oligonucleotides Sequence 
qRT-PCR of rpoA 
  
oKRG360 ACATCGTCTACATCGGCGAC 
oKRG361 GGCGAGCACTTCCTTGATCT 
qRT-PCR of driD 
  
oKRG322 ACCTGAAGGTGCTCGACAAG 
oKRG323 GTCGTGATAGATGCCGAAGC 
qRT-PCR of didA 
  
oKRG356 GCTCATGCTGTTCGTGGTC 
oKRG357 CTACCAGCCCCAGTGACG 
qRT-PCR of CCNA_03891 
  
oKRG723 CTTCGCCGACATCCATCGC 
oKRG724 GGTGACGCGGACGATCTG 
qRT-PCR of CCNA_01149 
  
oKRG717 CGGTCAGCAACGCCGTCAAC 
oKRG718 GAGGCCGTAACCGGTCAGG 
Cloning of hfaB UHR (627/628), DHR (629/630) and lacZ (802/803) into pNPTS138 to 
make pNPTS138-hfaB::lacZ 
oKRG627 cagcagCTTAAGTGTCCTGGTTCGACGTCACAGC 
oKRG628 cagcagGTCGACACACCGACGGCCTGAAGGG 
oKRG629 cagcagAAGCTTGGATGTTGTAGTTCAGCTCGGTGATGC 
oKRG630 cagcagACTAGTAACAATACCGTCATCGTCAATTCCAGCC 
oKRG802 gatcgtcgacATGACCATGATTACGGAT 
oKRG803 tactacAAGCTTTTATTTTTGACACCAGACCAACTG 
Cloning of didA promoter to make pNPTS138-hfaB::PdidA-lacZ 
oKRG783 cagcaggtcgacGGTGATCGTCTGGCCCATGG 
oKRG784 cagcagggatccTCTCCTTcCcctcatctgatggaagcgacc 
Cloning of driD promoter to make pNPTS138-hfaB::PdriD-lacZ 
oKRG785 cagcaggtcgacCGAAGGTCCTTGGGTTCTCCAG 
oKRG786 cagcagggatccTCTCCTTcTCATACGACCGTTTCTGTCGC 
Cloning of CCNA_03891/01149 promoter to make pNPTS138-hfaB::P03891/01149-lacZ 
oKRG799 cagcaggtcgacGccgcccgtcATACGACC 
oKRG800 cagcagggatccTCTCCTTcCttgggttctccAGGGGTGATG 
PCR of driD for fusion cloning 



  
oKRG316 GATCCCGCGGTTCATGCCCTGGCTCCTACCAC 
oKRG317 GATCGAGCTCGTCAGGCGCAGAGACGCAGGGGTTC 
Cloning of pRVMCS-2::PdriD-driD (G18K A20K) 
oKRG797 GCTGGCTAAGTCCAAAGAGGGGCTG 
oKRG798 CAGCCCCTCTTTGGACTTAGCCAGC 
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