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1. Supplemental Annex 1. PcrA depletion lethality is suppressed by recO or 
recA inactivation, but not by mfd inactivation 

The interplay of PcrA with Mfd, RecO and RecA is poorly understood, and its analysis should 
help us to understand the primary contribution of PcrA to cell viability (1). When the pcrAT (pcrA-
ssrA sspB) degron strain (see Material and methods) was grown in rich LB medium to OD560 = 0.4 
(∼5 x 107 CFUs/ml) and plated on plates containing IPTG, cell viability is reduced by >1000-fold 
when compared to the wt strain plated under similar conditions (Figure 1) (2, 3). Here, IPTG 
induces SspB expression. SspB bound to the SsrA moiety of PcrA-SsrA delivers the fused protein 
to the ClpXP protease for degradation (pcrAT strain), leading to PcrA depletion (2, 4, 5). Thus, as a 
first step to understand the primary cause of PcrA lethality, we re-analyzed the phenotype of PcrA 
depleted cells in the absence of RecO, RecA or Mfd, but a discrepancy with the previously 
reported results was observed. To unravel the unexpected discrepancies, the double (Dmfd pcrAT, 
recO16 pcrAT, DrecA pcrAT) mutant strains were reconstructed by mobilizing the Dmfd, recO16 or 
DrecA mutation into the pcrAT (BG1525 strain) by SPP1-mediated generalized transduction. The 
newly constructed strains and those strains listed in Table S1 (pcrAT [BG1525], recO16 [BG107-
1], DrecA [BG1873], Dmfd [BG1921], recO16 pcrAT [BG1715], DrecA pcrAT [BG1877] and Dmfd 
pcrAT [BG1875]) were grown in rich LB medium to OD560 = 0.4, and plated on plates containing 
500 µM IPTG. 

In the presence of IPTG, PcrA depletion lethality was suppressed by >1400-fold by recO or 
recA inactivation (Figure 1, yellow bars) as earlier described (1). Since the results with the newly 
constructed recO pcrAT or recA pcrAT were indistinguishable from the ones obtained with the 
recO16 pcrAT or DrecA pcrAT strains listed in Table S1, the data of the previously reported strains 
(BG1877 and BG1715) were plotted in Figure 1 (yellow bars). Unexpectedly, when the newly 
constructed Dmfd pcrAT (BG1923) strain and the old strain (BG1875) were analyzed, a different 
outcome was observed. PcrA depletion inviability did not require Mfd when the BG1923 strain 
was analyzed. The presence of the Dmdf mutation in the BG1923 strain was confirmed by 
nucleotide sequencing. This contradicts our previous report in which PcrA depletion lethality and 
sensitivity to H2O2 was suppressed by mfd inactivation (BG1875 strain). There, the resulting 
colonies were minute and with an area ∼19-fold smaller than in the absence of IPTG (1). 
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To understand this conflicting observation, we reconstructed again the strain by mobilizing 
the Dmfd mutation, or the pcrA-ssrA and sspB cassettes by SPP1-mediated generalized 
transduction and/or chromosomal transformation into the wt BG214 strain. First, mobilization of 
the Dmfd mutation on the wt strain revealed that the new Dmfd clones were moderately sensitive to 
4NQO, and as sensitive as the control Dmfd:Cm or Dmfd:Em strain (6, 7), independently of the 
mobilization route used. When the pcrA-ssrA or sspB cassettes were mobilized to obtain the pcrAT 
degron strain, upon addition of IPTG the cell viability was reduced by >1000-fold when compared 
to the wt strain plated under similar conditions. Finally, the Dmfd mutation was mobilized into the 
pcrAT background. Several random Dmfd pcrAT clones were selected for further analysis. PcrA 
depletion lethality between the different reconstituted Dmfd pcrAT strains was not significantly 
different from the Dmfd pcrAT (BG1923) strain, thus the information obtained with the BG1923 
strain was plotted in Figure 1 (yellow bar). It is known that Mfd may function as an anti-mutator in 
DNA damage-induced mutagenesis, and it appears to function as a mutator for spontaneous 
mutagenesis (8, 9). It is likely that unselected mutations accumulated in the former Dmfd pcrAT 
BG1875 strain (1), thus further work is required to understand the differences between the 
reported BG1875 and the newly constructed clones, represented by the BG1923 strain. 

2. Supplemental Annex 2. PcrA transiently interacts RecA 

Previously it has been shown that RecA, as well as the different subunits of RNAP, co-purifies 
with PcrA by Tap-tag experiments (10). To test whether PcrA physically interacts with RecA or 
such interaction is indirect, we analyzed the potential PcrA-RecA interaction by using immuno-dot 
blot assays (11). In short, increasing concentrations of PcrA (500 to 2000 ng) were applied to a 
pre-wetted nitrocellulose membrane as described in Materials and methods. In parallel, a similar 
concentration of BSA (as a negative) and RarA (as a positive control 12) were applied to the 
nitrocellulose membrane. The membrane was incubated with RecA (400 ng) and successively 
washed, then with polyclonal anti-RecA antibodies we highlight the presence of RecA. A 10-fold 
excess of PcrA retained RecA on the membrane (Figure S1A), and circa stoichiometric RarA 
concentrations were sufficient to retain RecA, but as expected even an excess of BSA was not 
sufficient to retain RecA under similar conditions (Figure S1A). It is likely that RecA physically 
interacts with PcrA, albeit such interaction may be weak. To confirm this result and to evaluate the 
strength of such protein-protein interactions, the retention of RecA by His-tagged PcrA bound in a 
Ni2+ matrix in the presence of increasing NaCl concentrations was tested as described (13). His-
tagged PcrA (1 µg) and native RecA (1 µg) in a buffer condition at which the ATP hydrolysis 
assays are performed (buffer A) were separately incubated with 50 µl of the Ni2+ matrix and the 
flow-through (FT) was collected. The Ni2+ matrix was washed four times with 500 µl of buffer A 
(the first [W1] and the last [W6]) were collected) containing 20 mM imidazole, and eluted (E) 
with Buffer A containing 1 M NaCl and 0.4 M imidazole (Figure S1B). His-tagged PcrA 
(predicted mass 83.5 kDa) was retained on the 50-µl Ni2+ matrix, and after several washes the 
protein was eluted (E), but RecA (predicted mass 38.0 kDa) was present in the FT. No RecA 
protein was detected upon elution when the collected protein fractions were separated by 12.5% 
(w/v) SDS-PAGE (Figure S1B, lanes 6 and 10). Unexpectedly, when both His-tagged PcrA and 
RecA were pre-incubated (5 min at 37 ºC) and loaded into the Ni2+ column, we observed that 
RecA was only present in the FT in the presence of 50 mM NaCl, but PcrA was eluted with buffer 
A containing 1 M NaCl and 0.4 M imidazole (Figure S1B, lanes 13 vs. 16). Since His-tagged PcrA 
binds to ssDNA in buffer A (50 mM NaCl) with similar efficiency than PcrA upon removal of the 
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His-tag (13), and the maximal ATP hydrolysis rate of PcrA and His-tagged PcrA are similar and 
not affected by marginally increasing the ionic strength (80 mM NaCl) (Figure 1), we assume that 
the PcrA interaction with RecA has to be transient and weak. 

3. Table S1. 

Strainsa  Relevant genotype Source/reference 
BG214 wild type Laboratory strain 
BG107-1 + recO16 (1) 
BG1873 + ∆recA (1) 
BG1887 + ∆mfd (1) 
BG339 + ∆mfd, cat (6) 
BG1921 + ∆mfd, ermC This work 
BG1525 + pcrA-ssrA sspB (3) 
BG1715 + pcrA-ssrA sspB recO16 (1) 
BG1877 + pcrA-ssrA sspB ∆recA (1) 
BG1875 + pcrA-ssrA sspB ∆mfd (1) 
BG1923 + pcrA-ssrA sspB ∆mfd This work 
Plasmid  Relevant genotype Source/reference 
pCB1229b AmpR, oriEco pcrA (13) 
pCB1230b AmpR, oriEco pcrA K37A (13) 
pCB722c AmpR, oriEco ssbA (14) 
pCB669c AmpR, oriEco recO (15) 
pCB1020c AmpR, oriEco radA (16) 
pCB1035c AmpR, oriEco radA C13A (16) 
pBT61d NnR, oriBsu recA (17) 
pGEM3Zf(+) AmpR, oriEco orif1 Promega Biotech Ibérica 

aAll strains are derivatives of B. subtilis BG214 (trpCE metA5 amyE1 ytsJ1 rsbV37 xre1 xkdA1 
attSPß attICEBs1) strain. bpCB1229 and pCB1230 were used to overexpress PcrA and PcrA K37A in 
the heterologous E. coli M15[pREP4] (QIAexpress) host. cpCB722, pBT669 and pCB1035 were 
used to overexpress SsbA, RecO and RadA/Sms C13A in the heterologous E. coli 
BL21(DE3)[pLysS] host. dpBT61 was used to overexpress RecA in the BG214 host. 
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Figure S1. PcrA transiently interacts with RecA. (A) Immuno-dot blot of the PcrA interaction 
with RecA. Increasing PcrA, RarA (positive) and BSA (negative control) concentrations (500 to 
2000 ng) were loaded onto a nitrocellulose membrane, RecA (400 ng) was incubated with the 
membrane, and subsequently washed. Polyclonal anti-RecA antibodies were used to highlight the 
protein-protein interactions, as described in Materials and Methods. Experiments were repeated 
three or more times with similar results, and a representative membrane is shown. (B) His-tagged 
PcrA (1 µg), RecA (1 µg) or His-tagged PcrA pre-incubated with RecA (5 min, 37 ºC) in buffer A 
(50 mM NaCl) were loaded onto a 50 µl Ni2+ matrix, and the FT was collected. The Ni2+ matrix 
was washed four times with 500 µl of buffer A containing 20 mM imidazole. Finally, bound His-
tagged PcrA was eluted (E) with Buffer A containing 1 M NaCl and 0.4 M imidazole. Experiments 
were repeated three or more times with similar results, and a representative gel is shown. 
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Figure S2. PcrA strips RecA·ATP filaments by loading onto ssDNA vacated by RecA·ADP. (A) 
PcrA (15 nM), RecA (3 µM) or both proteins was (were) incubated with cssDNA (10 µM in nts) 
in buffer A containing 5 mM ATP, and the ATPase activity was measured (30 min, 37 ºC). The 
broken lines denote the presence of only PcrA, at the indicated concentration. (B) PcrA K37A (15 
nM) was incubated or not with cssDNA. The cssDNA was pre-incubated with RecA (800 nM) (10 
min, 37 ºC) in buffer A containing 5 mM ATP, then PcrA K37A was added and the ATPase 
activity was measured (30 [or 20] min, 37 ºC). Buffer A contained the NADH enzyme mix. The 
gray line denotes the control reaction corresponding to the ATPase assay in the absence of any 
protein added (A-B). Representative graphs are shown here, and the determined Kcat is described 
in the text. 
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Figure S3. PcrA displaces RecA from HJ DNA with a longer nascent leading-strand. Cartoons 
illustrating substrate, intermediates and product upon incubation with PcrA or RadA/Sms are 
shown. The 3´-tail HJ DNA (0.5 nM in molecules) was incubated with increasing PcrA (0.35 to 12 
nM), increasing PcrA and fixed RecA (400 nM) or fixed RecA and RadA/Sms (20 nM) 
concentrations; and the helicase activity measured. Reactions were done in buffer A containing 5 
mM ATP (15 min, 30 ºC), and after deproteinization the substrate and products were separated by 
6% PAGE and visualized by phosphor imaging. The mean quantification values of unwound DNA 
from >3 independent experiments are documented. Abbreviations: C, control 3´-tail HJ DNA 
substrate in the absence of any protein; - and +, absence and presence of the indicated protein; * 
denotes the labelled strand. 
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Figure S4. PcrA ATPase activity on csDNA in the presence of RecO. The cssDNA (10 µM in nts) 
was incubated with PcrA (15 nM), RecO (100 nM) or increasing SsbA concentrations (150 - 300 
nM), or both fixed RecO and/or increasing SsbA concentrations was(were) pre-incubated with 
cssDNA (5 min, 37 ºC) in buffer A and then PcrA and 5 mM ATP and the NADH enzyme mix 
were added and the ATPase activity was measured (30 min, 37 ºC). The grey line denotes the 
control reaction corresponding to the ATPase assay in the absence of any protein added and the 
pink line in the presence of RecO. Representative graphs are shown here, and the determined Kcat 
is described in the text. 
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Figure S5. PcrA inhibits RecA-mediated DSE independently on the 3´®5´polarity. Cartoon of the 
reaction between csshom (empty square), ldshet (black square) and the ldshet-ins (black squares) 
substrates with internal heterologous regions towards the 3′ end (lanes 2-8) and the 3′ end and 5′-
end (lanes 11-17). The csshom DNA (10 μM in nt) was preincubated with SsbA (300 nM) and 
RecO (100 nM) (5 min, 37 °C) in buffer A. Then, increasing PcrA (3 - 100 nM), and fixed RecA 
(800 nM), ldshet (lanes 2 -8) or ldshet-ins (lanes 11-17) and ATP (5 mM) concentrations were added, 
and the reaction was incubated (60 min, 37ºC). The percentage of jm intermediates and prd 
products are shown beneath the gel as the percentage of total substrate added. Lane 1, the css and 
the ldshet or ldshet-ins substrates (termed C) are indicated and in lanes 9 and 18 nicked circular 3276-
bp pGEM het (lane 9) or 3353-bp pGEM3het-ins (lane 18) plasmid DNA was added as a mobility 
control of the nc product. The position of the bands and substrates are described in Figure 4. The 
results are the average value obtained from more than three independent experiments and a 
representative gel is shown here.  
 


