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Methods

Modelling PafB and PafC helix-turn-helix motif

Structural models of the Msm PafB and PafC helix-turn-helix motifs were
generated using the SWISS-Model online server!, applying the Alignment Mode. The
transcriptional regulator TM1602 of Thermotoga maritima® was selected as the

modelling template.
Purification of PafB, PafC, and co-expressed PafB and PafC

Genes encoding PafB (MSMEG_3889), PafC (MSMEG_3888) and a fragment
encompassing the genomic arrangement PafB-PafC were amplified by PCR from
Msm SMR5 genomic DNA using the corresponding primers listed in table S2 and
were cloned into a modified pET28 vector. Constructs were expressed in E. coli
Rosetta with an N-terminal Hise-TEV tag (in case of the PafBC co-expression
construct, only PafB was tagged) at 18 °C overnight after induction with 0.5 mM
IPTG. Cells were harvested and pellets were used either directly or were once
resuspended in PBS, harvested again and stored at -20 °C until further processed.
Pellets were resuspended in 50 mM HEPES-NaOH, pH 7.8/4 °C, 300 mM NacCl.
Cells were subsequently lysed using a Microfluidizer M-110L instrument (11,000 psi
chamber pressure, 5 passages). Insoluble material was removed by centrifugation
(48,000 x g, 30min, 4 °C). DNase | (50 U/ml final) and imidazole (10 mM final) were
added to the cleared lysate and incubated for 30min on ice. Proteins were enriched
by passing the lysate through a 0.45 pm filter onto a nickel-charged resin (IMAC
Sepharose 6 Fast Flow, GE Healthcare Life Sciences) and eluting with increasing
imidazole concentrations. Protein-containing fractions were pooled, histidine-tagged
TEV protease was added to a molar ratio of 1:30 and the solution was dialyzed
overnight in 25 mM HEPES-NaOH, pH 7.8/4 °C, 50 mM NaCl, 1 mM DTT, 1 mM
EDTA at 4 °C in a 12-14 kDa cut-off membrane (SpectraPor). MgCl, was added to a
final concentration of 2 mM and TEV protease was removed by passing the solutions
over a nickel-charged resin. PafB and PafC proteins were desalted into 50 mM
HEPES-NaOH, pH 7.8/RT, 150 mM KCI, 0.5 mM TCEP, 5% v/v glycerol. Co-
expressed PafB and PafC were further purified by ion exchange chromatography on

a Source 30Q column (GE Healthcare Life Sciences; low salt buffer: 25 mM HEPES-
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NaOH pH 7.8/4 °C, 50 mM NacCl; high salt buffer: 25 mM HEPES-NaOH pH 7.8/4°C,
1M NaCl) followed by gel filtration on a Superose 12 prep grade column (GE
Healthcare Life Sciences; buffer: 10 mM HEPES-NaOH pH 7.9/4 °C, 50 mM NacCl,
0.5 mM TCEP). Proteins were concentrated using Amicon Ultra 10K centrifugal
filtration devices (Merck Millipore; 3500 x g, 10 min intervals, 4 °C). Protein
concentrations were determined spectrophotometrically using the calculated
extinction coefficients for the reduced proteins according to the Edelhoch method?®
with the values for Trp and Tyr determined by Pace et al.*

Assaying complex formation of PafB and PafC by gel filtration

Reactions containing 30 yM protein in 50 mM HEPES-KOH, pH7.8/RT, 500
mM NaCl, 5 mM DTT were incubated at 37 °C for 20 min prior to gel filtration on a
Superdex 200 10/300GL column (GE Healthcare Life Sciences) run at 1 ml/min at
room temperature in 50 mM HEPES-KOH, pH 7.8/RT, 500 mM NacCl. Peak fractions
were collected according to the Aggo signal and analyzed by SDS-PAGE. Molecular
weight standards (Ferritin 440 kDa, Aldolase 158 kDa, Conalbumin 75 KkDa,

Ovalbumin 44 kDa, RNase A 13.7 kDa) were run separately to calibrate the column.

Electrophoretic mobility shift assay

DNA fragments comprising the region 300 bp upstream of the start codon of
M. smegmatis recA (MSMEG_2723), pafA (MSMEG_3890), sucB (MSMEG_4283)
and groEL2 (MSMEG_1583) were amplified by PCR, respectively. Binding reactions
were performed by incubating increasing amounts of purified PafBC-Strep (0, 2.75,
5.5, 11 yM) with constant amounts of DNA (0.125 pM) in binding buffer (50 mM
HEPES-KOH pH 7.8, 175 mM NacCl, 50 mM KCI, 1 mM MgSO4, 1 mM K;HPO,, 10
mM imidazole, 1 uM ZnSQO,, 0.25 mM DTT) for 1.5 h at 25 °C. The samples were
mixed with 5x loading buffer (40% sucrose, 0.25% bromophenol blue) and analysed
by native PAGE. DNA and DNA/protein complexes were visualized by staining the

gels with ethidium bromide.



Fudrini Olivencia et al. Supplementary Information

Proteomic analysis by iTRAQ

Cell-free lysates of Msm SMR5 and Msm ApafBC grown to an ODgpo Of 2.5
were prepared. Subsequently, 100 ug of protein were denatured with 0.1% SDS and
reduced with 5 mM TCEP. 10 mM methyl methanethiosulfonate (MMTS) were used
as a cysteine blocking reagent. Protein samples were digested with trypsin
(Promega) for 2.5 h at 37 °C and subsequently labelled with 4plex-iTRAQ™ Reagent
for 1.5 h at room temperature. Phosphoric acid was added to stop the reaction.
Samples were combined and dissolved in 100 yl 8 mM KH,PO,4, 75% acetonitrile
(ACN), pH 4.5 by hydrophilic interaction liquid chromatography (HILIC)YMC-Pack
Polyamine 1l column (250 x 3 mm, 5 ym, YMC Europe GmbH) connected to an
analytical HPLC (LC1100, Agilent Technologies). Peptides were eluted with an
increasing gradient of solvent B (100 mM KH,PO4, 5% ACN, pH 4.5; 0 - 50% solvent
B in 30 min; 50-100% solvent B in 5 min) with a flow rate of 0.5 ml/min and collected
in fractions. Pooled fractions were vacuum concentrated, dissolved in 3% ACN, 0.1%
trifluoroacetic acid and desalted using ZipTips C18 (Millipore). After a further vacuum
concentration step, peptides were dissolved in 3% ACN, 0.1% formic acid. Dissolved
samples were injected into an Eksigent-nano-HPLC system (Eksigent Technologies)
by an autosampler and separated on a self-made reverse-phase column (75 pym X
160 mm) packed with C18 material (3 pm, 200 A, AQ, Bischoff GmbH). The column
was equilibrated with 98% solvent A (A: 0.1% formic acid in water) and 2% solvent B
(B: 0.1% formic acid in ACN). Peptides were eluted using the following gradient: O-
120 min; 2-38% B, 120-120 min; 38-98% B at a flow rate of 0.3 pL/min. High
accuracy mass spectra were acquired at an AB Sciex 5600 (AB Sciex) in the mass
range of 385-1250 m/z. Up to 36 data dependent MS/MS were recorded in high
sensitivity mode (mass range 100 m/z to 1800 m/z) of the most intense ions with
charge state 2+ to 5+ using collision induced dissociation. Target ions already
selected for MS/MS were dynamically excluded for 60 s after three accuracies. After
data collection, the peak lists were generated and analysed using Mascot 2.4 (Matrix
Science, Boston, MA, USA) and searched against a decoyed Mycobacterium
smegmatis database from UniProt (generated in January 2013) concatenated to 260
known mass spectrometry contaminants. Parameters: precursor ion mass tolerance
20 ppm, fragment ion mass tolerance of 0.1 Da, trypsin digestion, fixed modifications
of MMT-labeled cysteine, 4-plex iTRAQ modifications of free amines at the N-termini

and of lysine; and variable modification 4-plex iTRAQ of tyrosine and acetyl
-4-
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modification at the N-termini of proteins. Scaffold 4.1 (Proteome Software Inc.,
Portland, OR) was used to validate MS/MS-based peptide and protein identifications.
We identified 2554 proteins (protein prophet probability 95%, one peptide for
identification of protein and minimum Mascot ion score of 40). Differentially
expressed proteins were determined by setting a filter of +/- 0.5 fold change (log>

scale) and a p value < 0.05.
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Figure S1. PafB and PafC
feature an N-ternimal winged
helix-turn-helix domain (WHTH).
A. Protein sequences of PafB
and PafC  from  various
actinobacteria are aligned to
sequences of proteins known to
feature a wHTH domain:
TM1602 (PDB ID 1J5Y)% BirA
(PDB ID 1BIA) and ArgR (PDB
ID 3ERE) (full length
sequences were aligned using
ClustalOmega®; only the first
105 alignment positions are
shown). Residues are shaded

according to their percent
identity. Secondary structure
information from the crystal

structure models of the wHTH
proteins is shown below the
sequence. B. Homology models
for wHTH motifs of PafB and
PafC and schematic
representation of the binding of
a HTH motif to the major groove
of DNA. Helix a3, primarily
mediating DNA-binding and
recognition of HTH domains® is
shown in orange. Mtb,
Mycobacterium tuberculosis,
Msm, Mycobacterium
smegmatis, Rer, Rhodococcus
erythropolis, Sco, Streptomyces
coelicolor, Cdl,
Corynebacterium  glutamicum,
Str, Salinispora tropica, Ace,
Acidothermus cellulolyticus,
Tma, Thermotoga maritima,
Eco, Escherichia coli
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Figure S2. Growth curve for Mycobacterium smegmatis (Msm) wild type, Msm ApafBC and the
complemented strain Msm ApafBC-pafBC in 7H9 medium at 37°C. OD values are shown as mean
+SD and represent three independently grown cultures, respectively.
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Figure S3. Immunoblot analyses of cellular levels of components involved in the Pup-proteasome system in Msm wild type, Msm ApafBC and Msm ApafBC-
pafBC. Cells were grown in 7H9 medium. Cell-free lysates were analysed with antisera specific for Dop, the proteasomal chaperone Mpa and the proteasome’s o

and B subunits. RpoB served as the loading control.
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Figure S4. RecA levels in Msm are regulated by concomitant action of PafB and PafC. Cultures of
Msm ApafBC carrying a plasmid encoding either pafB, pafC or pafBC under the control of an
acetamide-inducible promoter were grown in LB-T in the presence of 0.4% acetamide to induce gene
expression. Cells were harvested and cell-free lysates were prepared. Lysates were analysed by
immunoblot using PafBC-specific and RecA-specific antibodies. RpoB served as the loading control.



Fudrini Olivencia et al.

A

éé)
]

recA

Supplementary Information

é)
> ) 3
R v 1)

-10-

sucB

Figure S5. PafBC  binds
unspecifically to DNA under in
vitro conditions. (A) The binding
of Msm PafBC to the recA
promoter region was investigated
by EMSA. A 300-bp-DNA
fragment of recA upstream
sequence encompassing the

promoter region (final
concentration 0.125 pM) was
incubated with increasing

amounts of Msm PafBC (as
indicated). As a control the assay
was performed with the promoter
regions of (B) sucB
(MSMEG_4283), (C) the pafABC
operon (MSMEG_3890/89/88)
and (D) groEL (MSMEG_1583).
Unbound DNA and DNA/protein
complexes were separated by
PAGE and were subsequently
stained with ethidiumbromide.
Black bars indicate DNA/PafBC
complexes.
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Figure S6. Full-length blots of immunoblots shown in Figure 2 C, Figure 3 A and Figure 4 in the main paper. The red frame marks the cropped area, respectively.
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Figure 5
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Figure S7. Full-length blots of immunoblots shown in Figure 5 in the main paper. The red frame marks the cropped area, respectively.
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Figure 7 A Figure 7 B

Figure S8. Full-length blots of immunoblots shown in Figure 7 A and Figure 7 B in the main paper. The red frame marks the cropped area, respectively.
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P1 promoter consenus sequence -tTGTCRgtg (8 nt) TannnT-

Gene Description®
MSMEG_0005 DNA gyrase subunit B
MSMEG_0224 O-methyltransferase
MSMEG_1252 (1251) Uncharacterized protein
MSMEG_1891 Uncharacterized protein

MSMEG_1941" DNA helicase
MSMEG_1943 (1941) DNA helicase
MSMEG_2679" Uncharacterized protein
MSMEG_2723 RecA
MSMEG_3908 (3907) Uncharacterized protein
MSMEG_4673 ClpP1
MSMEG_5002 (5004) Conserved hydrolase
MSMEG _5511" von Willebrand factor, type A
MSMEG_5680" Glyoxalase family protein
MSMEG_5827" Glyoxalase family protein
MSMEG 5935" RecQ

Table S1. PafBC might directly or indirectly regulate transcription of distinct genes via the LexA/RecA-
independent promoter P1. The consensus sequence for the P1 promoter is displayed on top of the
table®’. The table shows proteins exhibiting affected cellular levels in the iTRAQ analysis of Msm
ApafBC. The corresponding coding genes either display the P1 consensus motif in their upstream
region or are organized in an operon with genes (shown in brackets) harbouring the sequence in the
promoter region. a, descriptions according to the UniProt database; #, P1 motif in the upstream region
was identified in this study.

-14-
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Table S2. Oligonucleotides used in this study. Restriction sites are underlined. Overhangs for Gibson Assembly in lower case.

Name

Sequence 5’ — 3’

Purpose

Bgl5pafBCMsm_fw

GACTAGATCTGGCCAGTCGGAACCCGTCC

Cloning pMCSApafBC

EcoNde5pafBCMsrv

GCAATTCATATGGCAATTCCTTTTTTAGGGGCGATGACAAGGTTCATCAACCG

Eco3pafBCMsm_fw

GCAATTACCTAAAAAAGGCCGCCGAAGCCGCGTTGC

Nde3pafBCMsm_rv

CGTAATCATATGGGGGGTCTGCACAGGCTTGG

Amplification of probe for Southernblot

ProbeDpafBC_fw GCGGCGCAGGCAAGGTGC ;
analysis
ProbeDpafBC._ v CGTCGAGCTGGCGGCCE Amplification of probe_for Southernblot
analysis
recA fwd GGCACTGAAGTTCTACGCCT gRT-PCR analysis of M. smegmatis recA
recA rev CATGTCGATGAGCGAACCCT gRT-PCR analysis of M. smegmatis recA
pafA fwd TCAGCAGGTCTTCGAGAACG gRT-PCR analysis of M. smegmatis pafA
pafA rev AGGTTGCCCGCTATCTGTTC gRT-PCR analysis of M. smegmatis pafA
uvrB frd GCCGTCGAGTACTTCGTCTC gRT-PCR analysis of M. smegmatis uvrB
uvrB rev CTCCATGTTGTAGCGGTCCT gRT-PCR analysis of M. smegmatis uvrB
clgR fwd GCATCGAGCGAGCTTCTCAG gRT-PCR analysis of M. smegmatis clgR
clgR rev CTCACGGGCGTCGTGTTC gRT-PCR analysis of M. smegmatis clgR
16s fwd GCGTTGTTCGTGAAAACTCA GRT-PCR analysis of M. smegmatis
16srRNA gene
165 rev CCTCCTGATATCTGCGCATT qRT-PCR analysis of M. smegmatis
16srRNA gene
pafA_fw CCAGGCTCAGCGCACCGTG Analysis of pafABC co-transcrption

-15-
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pafB_rv GCCCGTCCCTCGTCGATCG
pafB_fw CGATCGACGAGGGACGGGC “
pafC_rv GGGTTGGCCTGGAAGTACGGG
Cloning of M. smegmatis pafB-Strep-
B_fwd ATTTACCATGGCGAGAATCTTTATTTTCAGGGCCTCAGCGCGGTCTCCAAAGTCGAGCGGTTG pafC-Strep in pMyC for protein
purification
B_rev AATAACCTAGGTCATCGTTCCCCTCCCGCG
C-fwd ATTTACCATGGCGAGAATCTTTATTTTCAGGGCCTCAGCAGTCAGGTGTCGACGCGAC “
C_rev AATAACCTAGGTCATACGCAACGGGCATAGGC
Prom_recA_fw GCTAAAGCTTGCTGTGCACGCGCCGTCC Amplification 300 bp of M.smegmatis

recA promoter region (EMSA)

Prom_recA_rv

TATCAAGCTTGATATCTTCCCATGGTGGTGCCTCTCCGAGTAGTC

Amplification 300 bp of M.smegmatis
recA promoter region (EMSA)

Prom_pafA_fw

GCTAAAGCTTCGACGTCGGTCAGCAGGGGG

Amplification 300 bp of M.smegmatis
pafABC promoter region (EMSA)

Prom_pafA_rv

GCTAAAGCTTATGCATCCATGGCATCGAGCTTACGGGTTGCTGCAC

Amplification 300 bp of M.smegmatis
pafABC promoter region (EMSA)

Prom_sucB_fw

ATGCAAGCTTCCACCCATCTCTGCATGTACTGG

Amplification 300 bp of M.smegmatis
sucB promoter region (EMSA)

Prom_sucB_rv

TATCAAGCTTATCGATTCCCATGGTGTGTTGACTCCCTCGGACGG

Amplification 300 bp of M.smegmatis
sucB promoter region (EMSA)

Prom_groEL_fw

GCTAAAGCTTCGCCGCGGAACATCTGACG

Amplification 300 bp of M.smegmatis
groEL promoter region (EMSA)

Prom_groEL_rv

GCTAAAGCTTATCGATGCCATGGCGAAGTGTTCCTCCGGATTGGG

Amplification 300 bp of M.smegmatis
groEL promoter region (EMSA)

Cloning of promoter recA promoter GFP

PrecAP1_rv ATGTAAGCTTATGCATGATATCGGCCTTTTCGCGATCTGGGG reporter
GFP_P1 fw ATCTGATATCTCAAAGGGCGAGGAGCTGTTCAC

Cloning of promoter recA P1-GFP and
GFP_rv GCTAATGCATTCACTTGTACAGCTCGTCCATGCCGT recA P2-GFP constructs in pMV361-hyg-

amp

-16-
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PrecAP2_fw ATCAAAGCTTGGCCGCAGTGCCCTCGG Cloning of promoter recA P2-GFP
construct in pMV361-hyg-amp

PrecAP2_rw AGA TAA GCT TAT GCATCC ATG GGT CCG GTC GAACTC TTC ACC AC

GFP_P2_fw CAATCTTICATGACTACTCGGAGAGGCACCACCATGGGGTCGAAGGGCGAGGAG

pMyNTint-lin_fw AAGCTTATCGATGTCGACGTAGTTAAC

pMyNTint-lin_rv TGAGACCGCGTCACTTCTTTATC

pRecA_fw gataaagaagtgacgcggtctcaGGCCGCAGTGCCCTCG

GFP_rv cgtcgacatcgataagcttTCACTTGTACAGCTCGTCCATG

P2h2a_rv tggaacacatcacttagctccatactgTGGACACGCCGAGCTG

P2h2a_fw gagctaagtgatgtgttccaGTGGTGAAGAGTTCGACCG

P1h2a_rv agctccatactgctgtagacctcGTCCGGTCGAACTCTTCAC

P1h2a_fw gtctacagcagtatggagct CACGGCCAACCGATCG

His6recA._fw ATCGCCATGGGAGCACAGCAGGCCCCAGATC Cloning of M. S“;‘,fﬂgy”éa“s recA-Hiss In

His6recA_rv TAATGATATCTCAGTGGTGGTGGTGGTGGTGGAAGTCAACCGGGGCTGGG

NcoPafBMsm_fw GACTCCATGGGGGCGGTCTCCAAAGTCGAGCGG Cloning of complementation plasmid
pMV361-pafBC

HindPafCMsm_rv GCTAAAGCTTTCATACGCAACGGGCATAGGCC Cloning of complementation plasmid
pMV361-pafBC

-17-
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