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Supplementary Fig. 1. IHF binding on C. crescentus chromosome is independent of RogA. a anti-
FLAG ChIP-seq profiles show the enrichment of FLAG-tagged IHFa and FLAG-tagged IHFB on the
chromosomes of either GTA-off WT or GTA-on ArogA C. crescentus cells in stationary phase. Profiles
were plotted with the x-axis representing genomic positions and the y-axis representing the number of
reads per kilobase pair per million mapped reads (RPKPM). ChIP-seq experiments were performed
twice using biological replicates, and a representative profile is shown. b The consensus IHF-binding
element (IHF), constructed from the hundred most enriched sites in anti-FLAG-IHF ChlP-seq datasets.
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Supplementary Fig. 2. Four IHF binding elements (IBE 2-3-4-5) play no or little role in the
transcriptional activation of the GTA main gene cluster. a anti-FLAG ChlIP-seq profiles show the
enrichment of FLAG-tagged IHFB in different genetic backgrounds. Profiles were plotted with the x-axis
representing genomic positions and the y-axis representing the number of reads per base pair per million
mapped reads (RPBPM). The positions and sequences of identified IHF-binding elements (IBE) are
shown beneath the schematic diagram of the GTA gene cluster. Note that the main GTA cluster is on
the minus strand, but was inverted to run from left to right for a presentation purpose only. ChIP-seq
experiments were performed twice using biological replicates, and a representative profile is shown.
MACS2-identified ChlP-seq peaks above IBE 1, 2, 3, and 6 have Poisson distribution -logio(p value)
and false discovery rate -logio(q value) > 1000 in both replicates. ChlP-seq peaks above IBE 4 and 5
were not reliably detected by MACS2 but have recognizable IHF-binding motif and were further
characterized here. b Total DNA extraction from indicated strains grown up to a stationary phase.
Experiments were performed at least twice, and a representative image is shown. ¢ Immunoblot of total
cell lysates of indicated strains using a polyclonal anti-GtaL (GTA head-tail connector protein) antibody.
A separate Coomassie-stained SDS-PAGE was loaded with the same volume of samples to serve as a
loading control. Immunoblots were performed at least twice, a representative image is shown. Source
data are provided as a Source Data file for (b-c).
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Supplementary Fig. 3. IHF binds to GafY-regulated promoters. anti-FLAG and anti-GafY ChlP-seq
profiles show the enrichment of FLAG-tagged IHF (red), GafY (orange), and a negative control (black),
respectively, at the ten most GafY-enriched regions. Profiles were plotted with the x-axis representing
genomic positions and the y-axis representing the number of reads per base pair per million mapped
reads (RPBPM). ChiIP-seq experiments were performed twice using biological replicates, and a
representative profile is shown.
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Supplementary Fig. 4. Substituting the -35 region of Pg.r by a near consensus -35 region from
Prsaa caused constitutive expression. (-galactosidase activity (in Miller units) of the indicated
promoter-lacZ reporter constructs in two C. crescentus genetic backgrounds (WT (grey) vs ArogA
(orange)). The upstream region of gtaT, from -153 to +229 relative to the +1 TSS, was fused to /acZ.
The -10 and -35 elements were mutated as indicated (red) on the schematic diagram. Cells containing
an empty (promoterless) lacZ reporter plasmid served as a negative control. Values and error bars
indicate mean % standard deviations from four replicates. Source data are provided as a Source Data
file.
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Supplementary Fig. 5. AlphaFold-2 predicted structures of GafY (left panel) and GafZ (right
panel). Predicted structures were colored according to their predicted local distance difference test
scores (pLDDT). Source data are provided as a Source Data file.



L
gtaT 1 1 gtaM  gtal gtaB

repeat 1 repeat 2 repeat 3

12000

repeat3 CCCGCAGCTAGGGCGT-TGAAGAGGCGCGTGATTTCTCCTCCCCCTCTGGGGGAGGGGGA 59
repeatl = = -—--------—-——————— GGGCGGCCGAAGTAACTCTCCTCCCCCTCTGGGGGAGGGGGA 42
repeat?2 CCCGCAGTTAGGGCGTTGAAGAGGCCGACTTATTTCTCCTCCCCCTCTGGGGGAGGGGGA 60
*  kk * KhA KA A A A A A A Ak hkkkkkkkkkkk
repeat3 CCAGCGAAGCTGGTGGAGGGGCCCGCTGCGGTGGCGCTACATCCTGTGGCCGGCCGATCC 119
repeatl CCAGCGAAGCTGGTGGAGGGGCCCGCTGCGGTGGCGCTACATCCTGTGGCCGGCGGATCA 102
repeat?2 CCAGCGAAGCTGGTGGAGGGGGCCTGTGCGGTGGCGTTACATCCTGTGGCCGGCGGATCA 120
khkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkhkhk,k* %% khkkkhkkhkkhkkhkkhkkhkk hhkhkhkhkhkhkhkhkhkhkhkkhkkhk k,k* **k*x%
repeat3 ACCGAGTTCTGAGATCGCCGGAGGGGCTATGCCGTTCGGCTGGCCCCTCCACCGGCGTTC 179
repeatl GCCGAGTTCTGAAATCGCCGGAGGGGCTATGCCGTTCGGCTGGCCCCTCCACCGCCGTTC 162
repeat?2 GCCGAGTTCTGAAATCGCCGGAGGGGCTATGCCGTTCGGCTGGCCCCTCCACCGGCGTTC 180
R b b b b ok ok S ik kb b e b b b b I I i S S S S S S S S S S S S S S
repeat3 GCCGGTCCCCCTCCCCCAGAGGGGGAGGAGAGGTGTTCGCCGGGGCAAATTTTCCGCAGT 239
repeatl GGCGGTCCCCCTCCCCCGATGGGGGAGGAGAGGTGTTCGCCGGGGGCAAATCT————-—-—— 215
repeat?2 GCCGGTCCCCCTCCCCCAGAGGGGGAGGAGAGGTGTTCGCCGGGGCAAAATCT-———-—-—— 233
* kkkkkkkkkkkkkkk *hkkhkkkkkkkhkkkkkkhkhkkhkkhkkhkkhkhkkk **x Kk ok
b B-galactosidase activity (Miller units)
0 2000 4000 6000 8000 10000
[y oy |y
T
o WT B WT (GafY- Gafz-)
T! [0 ArogA (GafY+ GafZ+)
terronly - ArogA [ ArogA AgafZ (GafY+ GafZ-)
ArogA AgafZ
P, (153 to +229) TSS wT
+1
153 YBE IBET  ZBE ™ " oo R
35 10 o9 ‘
ArogA AgafZ —
WT —’
P (-153 to +229) 220 ter,,
—_, = el |
ArogA AgafZ —'

Supplementary Fig. 6. GafYZ allows RNAP to bypass a putative transcription terminator (tercra)
or an E. coli rrnB T1 transcription terminator (terrs) located downstream of gtaT. a Sequence
alignment of three direct repeats (purple arrows) that constitute the putative terminator of the GTA
cluster (tercra). b B-galactosidase activity (in Miller units) of indicated promoter-lacZ reporter constructs
in three C. crescentus genetic backgrounds (WT (grey) vs ArogA (orange) vs. ArogAAgafZ (white)). The
upstream region of gtaT, from -153 to +229 relative to the +1 TSS, was fused to lacZ, with or without
the E. coli rrnB T1 transcription terminator (terrs, light brown hexagon). Cells containing an empty
(promoterless) lacZ reporter plasmid or plasmid with only terrs fused to lacZ served as negative controls.
Values and error bars indicate mean + standard deviations from four replicates. Source data are

TSS w
WT
+1
P [ [ [ [ [ [ [ [ [ [ 1
rsaA
3 0 [ oz > ArogA —
\ \ \ \ \ \ \ \ \ \
ArogA AgafZ — ?{p
WT
PrsaA tery,
ETIRT ArogA
ArogA AgafZ

provided as a Source Data file for (b).
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Supplementary Fig. 7. C. crescentus GafZ did not co-immunoprecipitate with C. crescentus RpoZ
(w subunit of RNA polymerase). a Immunoblots analysis of co-immunoprecipitation of FLAG-tagged
GafZ. The positions of bands corresponding to VSVG-tagged RpoZ and FLAG-tagged GafZ are
indicated with arrows. b Deletion of spoT did not eliminate GTA synthesis in C. crescentus. (top panel)
Total DNA extraction from indicated strains grown up to a stationary phase. Total DNA was purified and
separated by electrophoresis on a 1% agarose gel which was stained with ethidium bromide (EtBr) for
DNA. Experiments were performed at least twice, and a representative image is shown. (bottom panel)
Immunoblot of total cell lysates of indicated strains using a polyclonal anti-GtaL (GTA head-tail
connector protein) antibody. Immunoblots were performed at least twice, and a representative image is
shown. Source data are provided as a Source Data file for (a-b).
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Supplementary Fig. 8. Sequence alignment of R. capsulatus GafA to C. crescentus GafY and
GafZ. The N-terminal domain, the central domain, and the C-terminal domain of GafA are colored in
dark green, blue, and cyan, respectively. The sequence alignment shows poor amino acid similarity for
the central region of R. capsulatus GafA and the N-terminal side of C. crescentus GafZ (shaded box).



SUPPLEMENTARY METHODS

Construction of plasmids and strains

pNPTS138::gtaM-lacA

The left flanking region (~500bp) of the insertion site, lacA, and the right flanking region (~500bp) of the
insertion site were amplified by PCR using TLO3300+TLO3301, TLO3302+TLOO3303,
TLO3304+TLOO3305 respectively. PCR products were purified from gel and assembled to BamHI-
Hindlll-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The Gibson
reaction was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was
sequence verified by Sanger sequencing and used to transform AlacA competent cells to construct
NTS2261.

pNPTS138::flag-ihfA

The left and right flanking regions (~500bp) of the insertion site were amplified by PCR using oligo
NTO2830+NT0O2831, NTO2832+NT0O2833. PCR products were purified from gel and assembled to
BamHI-HindllI-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The
Gibson reaction was used to transform chemically competent E. coli DH5a cells. The resulting plasmid
was sequence verified by Sanger sequencing and used to transform C. crescentus CB15N to make
NTS2689.

pNPTS138::ihfB-flag

The left and right flanking regions (~500bp) of the insertion site were amplified by PCR using oligo using
oligo NTO2745+NT0O2746, NTO2747+NTO2748. PCR products were purified from gel and assembled
to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction.
The Gibson reaction was used to transform chemically competent E. coli DH5a cells. The resulting
plasmid was sequence verified by Sanger sequencing and used to (i) transform C. crescentus CB15N
to make NTS2632, (ii) transform NTS2724 to make NTS2745, and (iii) transform NTS2729 to make
NTS2747.

PNPTS138::AihfB

The left and right flanking regions (~500bp) of the deletion site were amplified by PCR using oligo
NTO2781+NTO2782, NTO2783+NTO2784. PCR products were purified from gel and assembled to
BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The

Gibson reaction was used to transform chemically competent E. coli DH5a cells. The resulting plasmid



was sequence verified by Sanger sequencing and used to transform C. crescentus CB15N to make
NTS2608.

PNPTS138::AihfA

The left and right flanking regions (~500bp) of the deletion site were amplified by PCR using oligo
NTO2799+NT0O2800, NTO2801+NTO2802. PCR products were purified from gel and assembled to
BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The
Gibson reaction was used to transform chemically competent E. coli DH5a cells. The resulting plasmid
was sequence verified by Sanger sequencing and used to transform C. crescentus CB15N to make
NTS2688.

pXYFPC-1::ihfA

ihfA orf was amplified by PCR from C. crescentus genomic DNA using NTO2845+NT0O2846. PCR
products were purified from gel and assembled to Ndel-Nhel-cut pXYFPC-1 using 2x Gibson mastermix
following the manufacturer’s instructions. The Gibson reaction was used to transform chemically
competent E. coli DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing and
used to transform NTS2692.

pXYFPC-1::ihfB

ihfB orf was amplified by PCR from C. crescentus genomic DNA using NTO2767+NT0O2768. PCR
products were purified from gel and assembled to Ndel-Nhel-cut pXYFPC-1 using 2x Gibson mastermix
following the manufacturer’s instructions. The Gibson reaction was used to transform chemically
competent E. coli DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing and
used to transform NTS2609.

PNPTS138::AgtaT IBE1

To delete of 51bp spanning IHF binding element located in the promoter region of gtaT (CCNA_02880),
the left and right flanking regions (~500bp) of the deletion site were amplified by PCR using oligo
NTO2230+NTO2753, NTO2754+NTO2755. PCR products were purified from gel and assembled to
BamHI-HindllI-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The
Gibson reaction was used to transform chemically competent E. coli DHSa cells. The resulting plasmid
was sequence verified by Sanger sequencing and used to transform C. crescentus CB15N to make
NTS2623.



pNPTS138::gtaT IBE1 (TT to GG)

To change IHF binding element (IBE) in the promoter region of gtaT from TT to GG, the left and right
flanking regions (~500bp) of the insertion site were amplified by PCR using oligo NTO2230+NTO2863,
NTO2864+NTO2755. PCR products were purified from gel and assembled to BamHI-Hindlll-cut
PNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The Gibson reaction
was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was sequence

verified by Sanger sequencing and used to transform NTS2623 to make NTS2724.

PNPTS138::AgafYZ IBE6

To delete 42-bp spanning IHF binding element located in the promoter region of gafY, the left and right
flanking regions (~500bp) of the deletion site were amplified by PCR using oligo NTO2749+NTO2750,
NTO2751+NTO2752. PCR products were purified from gel and assembled to BamHI-Hindlll-cut
pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The Gibson reaction
was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was sequence

verified by Sanger sequencing and used to transform C. crescentus CB15N to make NTS2626.

pNPTS138::gafYZ IBE6 (TT to GG)

To change IHF binding element in the promoter region of gafY from TT to GG, the flanking regions of
the insertion site were amplified by PCR using oligo 2749+2865, 2866+2752. PCR products were
purified from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following
the manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli
DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing and used to transform
NTS2626 to make NTS2729.

PNPTS138::Aihf500

To delete 500bp spanning 4 IHF binding elements (IBE2-3-4-5) located inside the phage cluster, the left
and right flanking regions (~500bp) of the deletion site were amplified by PCR using oligo
NTO2888+NT0O2889, NTO2890+NTO2891. PCR products were purified from gel and assembled to
BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The
Gibson reaction was used to transform chemically competent E. coli DHSa cells. The resulting plasmid

was sequence verified by Sanger sequencing and used to transform CB15N to make NTS2755.

pNPTS138::ihfall4dGG



To change 4 IHF binding elements inside the phage cluster, the flanking regions of the insertion site
were amplified by PCR using oligo NTO2888+NT0O2892, NTO2893+NT02929, NTO2932+NT02935,
NTO2934+NT0O2905, NTO2899+NTO2891. PCR products were purified from gel and assembled to
BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The
Gibson reaction was used to transform chemically competent E. coli DHSa cells. The resulting plasmid

was sequence verified by Plasmidsaurus and used to transform NTS2755 to make NTS2986.

pNPTS138::nusG-vsvg

To insert a VSVG tag at the C terminus of NusG, the flanking regions (~500bp) of the insertion site were
amplified by PCR using oligo NTO2923+NT0O2924, NTO2925+NT0O2926. PCR products were purified
from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli
DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing and used to transform
CB15N to make NTS2758, and NTS2481 to make NTS2759, respectively.

pPNPTS138::vsvg-nusA

To insert a VSVG tag at the N terminus of NusA, the flanking regions (~500bp) of the insertion site were
amplified by PCR using oligo NTO4041+NT0O4042, NTO4043+NTO4044. PCR products were purified
from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli
DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing and used to transform
CB15N to make NTS2897, and NTS2481 to make NTS2863, respectively.

pNPTS138::vsvg-nuskE

To insert a VSVG tag at the N terminus of NusE, the flanking regions (~500bp) of the insertion site were
amplified by PCR using oligo NTO4037+NTO4038, NTO4039+NT0O4040. PCR products were purified
from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli
DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing and used to transform
CB15N to make NTS2901, and NTS2481 to make NTS2857, respectively.

pNPTS138::vsvg-rpoZ
To insert a VSVG tag at the N-terminus of RpoZ, the flanking regions (~500bp) of the insertion site were
amplified by PCR using oligos NTO2785 and NTO2786, NTO2787 and NTO2788. PCR products were



purified from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following
the manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli
DHb5a cells. The resulting plasmid was sequence verified by Sanger sequencing and used to transform
CB15N to make NTS2662, and to transform NTS2489 to make NTS2681.

pNPTS138:: AspoT:: tetracyclineR

The left and right flanking regions (~500bp) of the deletion site were amplified by PCR using oligos
NTO2327 and NTO2328, NTO2329 and NTO2330, and the tetracycline resistance cassette was
amplified by PCR using oligos NTO2303 and NTO2304. PCR products were purified from gel and
assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s
instruction. The Gibson reaction was used to transform chemically competent E. coli DH5a cells. The
resulting plasmid was sequence verified by Sanger sequencing and used to transform C. crescentus
CB15N to make NTS2374

pNPTS138::flag-rpoD

To insert a FLAG tag at the N terminus of RpoD, the flanking regions (~500bp) of the insertion site were
amplified by PCR using oligo NTO4268+NT0O4269, NTO4270+NTO4271. PCR products were purified
from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli
DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing and used to transform
CB15N to make NTS4195.

pNTP2846

To remove 2 BamHI sites from pXYFPC-1, using pXYFPC-1 as template, DNA fragments were amplified
by PCR using NTO4188+NTO4191, NTO4189+NTO4190. PCR products were purified from gel and
assembled using 2x Gibson mastermix following the manufacturer’s instructions. The Gibson reaction
was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was sequence

verified by Sanger sequencing.

pNTP2864
To remove the Hindlll site from pNTP2846, using pNTP2846 as template, DNA fragments were
amplified by PCR using NTO4192+NTO4195, NTO4193+NT0O4194. PCR products were purified from

gel and assembled using 2x Gibson mastermix following the manufacturer’s instructions. The Gibson



reaction was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was

sequence verified by Sanger sequencing which is devoid of BamHI and Hindlll sites.

pRlacz290:: PgtaT (-153 to +229)

DNA fragment from —153 to +229 of GTA cluster promoter was amplified by PCR from genomic DNA
using NTO4085+NT0O4101. PCR products were purified from gel and assembled to EcoRI-Kpnl-cut
pRlacZ290 using 2x Gibson mastermix following the manufacturer’s instruction. The Gibson reaction
was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was sequence

verified by Sanger sequencing.

pNTP2864:: PgtaT (-153 to +229)

DNA fragment from —153 to +229 of GTA cluster promoter together with lacZ in pRlacZ290:: PgtaT (-
153 to +229) was amplified by PCR using NTO4196+NT0O4197. PCR products were purified from gel
and assembled to Ndel-Nhel-cut pNTP2864 using 2x Gibson mastermix following the manufacturer’s
instruction. The Gibson reaction was used to transform chemically competent E. coli DH5a cells. The

resulting plasmid was sequence verified by whole-plasmid sequencing (Plasmidsaurus).

pNPTS138:: PgtaT (-113 to +229)

DNA fragment from —113 to +229 of GTA cluster promoter was amplified by PCR from genomic DNA
using NTO4259+NT0O4185. PCR products were purified from gel and assembled to BamHI-Hindlll-cut
pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The Gibson reaction
was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was sequence

verified by Sanger sequencing.

pNTP2864:: PgtaT (-113 to +229)

DNA fragment from —113 to +229 of GTA cluster promoter was removed from pNPTS138:: PgtaT (-113
to +229) and ligated to EcoRI-Kpnl-cut pNTP2864:: PgtaT (-153 to +229). The ligation mixture was used
to transform chemically competent E. coli DH5a cells. The resulting plasmid was verified by restriction

digestion.

pNPTS138:: PgtaT (-56 to +229)
DNA fragment from —56 to +229 of GTA cluster promoter was amplified by PCR from genomic DNA
using NTO4369+NT0O4185. PCR products were purified from gel and assembled to BamHI-Hindlll-cut

pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The Gibson reaction



was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was sequence

verified by Sanger sequencing.

pNTP2864:: PgtaT (-56 to +229)

DNA fragment from —56 to +229 of GTA cluster promoter was removed from pNPTS138:: PgtaT (-56 to
+229) and ligated to EcoRI-Kpnl-cut pNTP2864:: PgtaT (-153 to +229). The ligation mixture was used
to transform chemically competent E. coli DH5a cells. The resulting plasmid was verified by restriction

digestion.

pNPTS138:: PgtaT (-143 to +229)

DNA fragment from —143 to +229 of GTA cluster promoter was amplified by PCR from genomic DNA
using NTO4256+NTO4185. PCR products were purified from gel and assembled to BamHI-HindllI-cut
pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The Gibson reaction
was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was sequence

verified by Sanger sequencing.

pNTP2864:: PgtaT (-143 to +229)

DNA fragment from —143 to +229 of GTA cluster promoter was removed from pNPTS138:: PgtaT (-143
to +229) and ligated to EcoRI-Kpnl-cut pNTP2864:: PgtaT (-153 to +229). The ligation mixture was used
to transform chemically competent E. coli DH5a cells. The resulting plasmid was verified by restriction

digestion.

pNPTS138:: PgtaT (-133 to +229)

DNA fragment from —133 to +229 of GTA cluster promoter was amplified by PCR from genomic DNA
using NTO4257+NTO4185. PCR products were purified from gel and assembled to BamHI-HindllI-cut
pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The Gibson reaction
was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was sequence

verified by Sanger sequencing.

pNTP2864:: PgtaT (-133 to +229)

DNA fragment from —133 to +229 of GTA cluster promoter was removed from pNPTS138:: PgtaT (-133
to +229) and ligated to EcoRI-Kpnl-cut pNTP2864:: PgtaT (-153 to +229). The ligation mixture was used
to transform chemically competent E. coli DH5a cells. The resulting plasmid was verified by restriction

digestion.



pNPTS138:: PgtaT (-123 to +229)

DNA fragment from —123 to +229 of GTA cluster promoter was amplified by PCR from genomic DNA
using NTO4258+NTO4185. PCR products were purified from gel and assembled to BamHI-Hindlll-cut
PNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The Gibson reaction
was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was sequence

verified by Sanger sequencing.

pNTP2864::PgtaT (-123 to +229)

DNA fragment from —123 to +229 of GTA cluster promoter was removed from pNPTS138:: PgtaT (-123
to +229) and ligated to EcoRI-Kpnl-cut pNTP2864:: PgtaT (-153 to +229). The ligation mixture was used
to transform chemically competent E. coli DH5a cells. The resulting plasmid was verified by restriction

digestion.

PNTPS138:: A125bp (+90 to +214)

To delete 125bp in gtaT to find the correct start codon, the flanking regions (~500bp) of the deletion site
were amplified by PCR using NTO2230+NTO2764, NTO2765+NT0O2766. PCR products were purified
from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli
DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing, and introduced into
CB15N to make NTS2653.

PNTPS138:: A144bp (+230 to 373)

To delete 144bp in gtaT to find the correct start codon, the flanking regions (~500bp) of the deletion site
were amplified by PCR using NTO2957+NT0O2958, NTO2960+NTO2961. PCR products were purified
from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli
DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing, and introduced into
CB15N to make NTS2792.

pNPTS138::gtaT (ATG1 to TGA)
To mutagenize the 1t ATG codon to TGA, the flanking regions (~500bp) of the insertion site were
amplified by PCR using NTO2957+NT0O2962, NTO2963+NT0O2961. PCR products were purified from

gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the



manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli
DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing, and introduced into
NTS2792 to make NTS2800.

pNPTS138:: gtaT (ATG2 to TGA)

To mutagenize the 2" ATG codon to TGA, the flanking regions (~500bp) of the insertion site were
amplified by PCR using NTO2957+NT02964, NTO2965+NT02961. PCR products were purified from
gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli
DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing, and introduced into
NTS2792 to make NTS2801.

pNPTS138:: gtaT (ATG3 to TGA)

To mutagenize the 3 ATG codon to TGA, the flanking regions (~500bp) of the insertion site were
amplified by PCR using NTO2957+NT0O2966, NTO2967+NT0O2961. PCR products were purified from
gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli
DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing, and introduced into
NTS2792 to make NTS2802.

PNPTS138::A336bp (-113 to +223)

To delete 336bp from the putative start codon TTG of gtaT to the putative RBS, the flanking regions
(~500bp) of the deletion site were amplified by PCR using NTO2230+NT0O2906, NTO2907+NTO2766.
PCR products were purified from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson
mastermix following the manufacturer’s instruction. The Gibson reaction was used to transform
chemically competent E. coli DH5a cells. The resulting plasmid was sequence verified by Sanger

sequencing, and introduced into CB15N to make NTS2757.

pNPTS138::gtaT (TTG to CTG)

To change the annotated start codon of gtaT from TTG to CTG, the flanking regions (~500bp) of the
insertion site were amplified by PCR using NTO2230+NT0O2908, NTO2909+NTO2766. PCR products
were purified from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix

following the manufacturer’s instruction. The Gibson reaction was used to transform chemically



competent E. coli DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing, and
introduced into NTS2757 to make NTS2767.

PNPTS138::AYBE

To delete GafY binding element (YBE) in GTA cluster promoter, the flanking regions (~500bp) of the
deletion site were amplified by PCR using NTO2230+NT02970, NTO2971+NTO2755. PCR products
were purified from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix
following the manufacturer’'s instruction. The Gibson reaction was used to transform chemically
competent E. coli DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing, and
introduced into CB15N to make NTS2799.

pNPTS138:: YBE* (ACTATG to TGACCC)

To change GafY binding element in GTA cluster promoter from ACTATGGGGA to tgacccGGGA, the
flanking regions (~500bp) of the insertion site were amplified by PCR using NTO2230+NTO4157,
NTO4158+NTO2755. PCR products were purified from gel and assembled to BamHI-Hindlll-cut
pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The Gibson reaction
was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was sequence

verified by Sanger sequencing, and introduced into NTS2799 to make NTS2940.

PNPTS138::AGTA core promoter

To delete the core promoter of GTA cluster, the flanking regions (~500bp) of the deletion site were
amplified by PCR using NTO2230+NTO2760, NTO2761+NT0O2755. PCR products were purified from
gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli
DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing, and introduced into
CB15N to make NTS2650.

pNPTS138::ZBE* (CTGGCGC to TTTTTTC)

To change GafZ binding element (ZBE) from GCGCCCGCTGGCGC to GCGCCCGTTTTTTC, the
flanking regions (~500bp) of the insertion site were amplified by PCR using NTO2230+NTO4090,
NTO4091+NTO2755. PCR products were purified from gel and assembled to BamHI-Hindlll-cut
pPNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The Gibson reaction

was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was sequence



verified by Sanger sequencing, and introduced into NTS2650 to make NTS2955. pNPTS138::flag-gafZ
was introduced into NTS2955 to make NTS3024.

pNPTS138::mut10-1

To change the -10 promoter sequence of GTA cluster promoter from TATCTTT to cccccce, PCR
amplifies fragments using NTO4184+NTO4174, NTO4175+NTO4185. PCR products were purified from
gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli

DHb5a cells. The resulting plasmid was sequence verified by Sanger sequencing.

pNTP2864::mutl0-1

GTA cluster promoter with the -10 sequence changed from TATCTTT to cccccce was removed from
PNPTS138::mut10-1 as EcoRI-Kpnl fragment and ligated to EcoRI-Kpnl-cut pNTP2864:: PgtaT (-153 to
+229) The ligation mixture was used to transform chemically competent E. coli DH5a cells. The resulting

plasmid was verified by restriction digestion.

PNPTS138::mutl0-2

To change the -10 promoter sequence of GTA cluster promoter from TATCTTTGT to TATCTcccc, PCR
amplifies fragments using NTO4184+NTO4176, NTO4177+NTO4185. PCR products were purified from
gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli

DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing.

pNTP2864::mutl10-2

GTA cluster promoter with -10 sequence changed from TATCTTTGT to TATCTcccc was removed from
pNPTS138::mutl10-2 as EcoRI-Kpnl fragment and ligated to EcoRI-Kpnl-cut pNTP2864:: PgtaT (-153 to
+229). The ligation mixture was used to transform chemically competent E. coli DH5a cells. The resulting
plasmid was verified by restriction digestion.

pNPTS138::mut35-1
To change the -35 promoter sequence of GTA cluster promoter from AATCAT to ccccce, PCR amplifies
fragments using NTO4184+NTO4242, NTO4243+NTO4185. PCR products were purified from gel and

assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’'s



instruction. The Gibson reaction was used to transform chemically competent E. coli DHS5a cells. The

resulting plasmid was sequence verified by Sanger sequencing.

pNTP2864::mut35-1

GTA cluster promoter with the -35 sequence changed from AATCAT to cccccc was removed from
pPNPTS138::mut35-1 as EcoRI-Kpnl fragment and ligated to EcoRI-Kpnl-cut pNTP2864:: PgtaT (-153 to
+229). The ligation mixture was used to transform chemically competent E. coli DH5a cells. The resulting

plasmid was sequence verified by Sanger sequencing.

pPNPTS138::mut35-2

To change the -35 promoter sequence of GTA cluster promoter from AATCAT to AAgggT, PCR amplifies
fragments using NTO4184+NTO4264, NTO4265+NT0O4185. PCR products were purified from gel and
assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s
instruction. The Gibson reaction was used to transform chemically competent E. coli DH5a cells. The

resulting plasmid was sequence verified by Sanger sequencing.

PNTP2864:.:mut35-2

GTA cluster promoter with the -35 sequence changed from AATCAT to AAgggT was removed from
pNPTS138::mut35-2 as EcoRI-Kpnl fragment and ligated to EcoRI-Kpnl-cut pNTP2864:: PgtaT (-153 to
+229). The ligation mixture was used to transform chemically competent E. coli DH5a cells. The resulting

plasmid was sequence verified by Sanger sequencing.

pNPTS138::mut35-3

To change the —35 promoter sequence of GTA cluster promoter from AATCATC to Attgtcg , PCR
amplifies fragments using NTO4184+NTO4504, NTO4185+NTO4505. PCR products were purified from
gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli

DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing.

pPNTP2864.:mut35-3

GTA cluster promoter with the —35 sequence changed from AATCATC to Attgtcg was removed
from pNPTS138::mut35-3 as EcoRI-Kpnl fragment and ligated to EcoRI-Kpnl-cut pNTP2864:: PgtaT (-
153 to +229). The ligation mixture was used to transform chemically competent E. coli DH5a cells. The

resulting plasmid was sequence verified by Sanger sequencing.



pNPTS138::PrsaA

PrsaA was amplified by PCR from C. crescentus genomic DNA using NTO4252+NTO4253. PCR
products were purified from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson
mastermix following the manufacturer’s instruction. The Gibson reaction was used to transform
chemically competent E. coli DH5a cells. The resulting plasmid was sequence verified by Sanger

sequencing.

pNTP2864:: PrsaA
PrsaA was removed from pNPTS138:: PrsaA as EcoRI-Kpnl fragment and ligated to EcoRI-Kpnl-cut
pNTP2864:: PgtaT (-153 to +229). The ligation mixture was used to transform chemically competent E.

coli DH5a cells. The resulting plasmid was verified by restriction digestion.

PNPTS138::terGTA

Using genomic DNA as template, DNA fragments were amplified by PCR using NTO4094+NTO2930,
NTO2931+NT0O2935, NTO2936+NTO4095. PCR products were purified from gel and assembled to
BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The
Gibson reaction was used to transform chemically competent E. coli DHSa cells. The resulting plasmid

was sequence verified by whole-plasmid sequencing (Plasmidsaurus).

pNTP2884:: terGTA
terGTAwas removed from pNPTS138::terGTA as BamHI-Hindlll fragment and ligated to BamHI-Hindlll
cut pNTP2884. The ligation mixture was used to transform chemically competent E. coli DH5a cells.

The resulting plasmid was verified by restriction digestion.

pNTP2864:: PgtaT (-153 to +229) + terGTA

terGTA was removed from pNPTS138::terGTA as a BamHI-Hindlll fragment and ligated to BamHI-
Hindlll cut pNTP2864:: PgtaT (-153 to +229). The ligation mixture was used to transform chemically
competent E. coli DHS5a cells. The resulting plasmid was verified by whole-plasmid sequencing

(Plasmidsaurus).

PNTP2864:.PrsaA + terGTA



PrsaA promoter was removed from pNPTS138:: PrsaA as an EcoRI-Kpnl fragment and ligated to EcoRI-
Kpnl-cut pNTP2864:: PgtaT (-153 to +229) + terGTA. The ligation mixture was used to transform

chemically competent E. coli DH5a cells. The resulting plasmid was verified by Plasmidsaurus.

pNTP2884

pNTP2864:: PgtaT (-153 to +229) was cut with EcoRI and Kpnl to remove the PgtaT-153 to +229,
blunted with DNA polymerase | (NEB) and re-ligated using T4 ligase (NEB). The ligation mixture was
used to transform chemically competent E. coli DH5a cells. The resulting plasmid was verified by Sanger

sequencing.

pCOLA-Duetl::6xhis gafZ

gafZ was amplified by PCR from genomic DNA using NTO2693+NT0O2694. PCR products were purified
from gel and assembled to EcoRI-Hindlll cut pCOLA-Duetl using 2x Gibson mastermix following the
manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli

DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing.

pCOLA-Duetl::6xhis gafZ gafY

gafY was amplified by PCR from genomic DNA using NTO2691+NT0O2692. PCR products were purified
from gel and assembled to Ndel-Kpnl cut pCOLA-Duetl::6xhis gafZ using 2x Gibson mastermix
following the manufacturer’s instruction. The Gibson reaction was used to transform chemically

competent E. coli DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing.

pCOLADuet-1::6xhis rpoD gafY

rpoD was amplified by PCR from genomic DNA using NTO4289+NT0O4290. PCR products were purified
from gel and assembled to EcoRI-Hindlll cut pPCOLA-Duetl::6xhis gafZ gafY using 2x Gibson mastermix
following the manufacturer’'s instruction. The Gibson reaction was used to transform chemically

competent E. coli DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing.

pCOLADuet-1::6xhis rpoD (domain 3+4)

pCOLADuet-1::6xhis rpoD gafY was cut with Ndel and Kpnl to remove the gafY insert. The backbone
containing 6xhis rpoD was treated with Klenow to blunt the ends and ligated using T4 ligase. The ligation
mixture was used to transform chemically competent E. coli DH5a cells. The resulting plasmid was
purified and verified by Sanger sequencing. The plasmid was subsequently cut with EcoRI-Hindlll to

remove the rpoD insert. The newly generated backbone was ligated to EcoRI-Hindlll cut rpoD3+4



fragment which was amplified by PCR using NTO4349+NTO4290. The ligation reaction was used to
transform chemically competent E. coli DH5a cells. The resulting plasmid was sequence verified by

Sanger sequencing.

pET15b::gafY

gafY orf was amplified by PCR using NTO4346 and NTO4347. PCR products were purified from gel
and assembled to Ncol-BamHI-cut pET15b using 2x Gibson mastermix following the manufacturer’'s
instruction. The Gibson reaction was used to transform chemically competent E. coli DH5a cells. The

resulting plasmid was sequence verified by Sanger sequencing.

pNPTS138:: AgafZ

To delete gafZ, the flanking regions (~500bp) of the deletion site were amplified by PCR using
NTO2634+NT0O2635, NTO2636+NT0O2637. PCR products were purified from gel and assembled to
BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The
Gibson reaction was used to transform chemically competent E. coli DH5a cells. The resulting plasmid

was sequence verified by Sanger sequencing, and introduced into AlacA cells to make NTS3086.

pPNPTS138::ArogA

To delete rogA, the flanking regions (~500bp) of the deletion site were amplified by PCR using
NTO2194+NT02195, NTO2196+NT02197. PCR products were purified from gel and assembled to
BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following the manufacturer’s instruction. The
Gibson reaction was used to transform chemically competent E. coli DH5a cells. The resulting plasmid
was sequence verified by Sanger sequencing, and introduced into AlacA cells to make NTS3011, into
NTS3086 to make NTS3124, and into C. crescentus CB15N to make NTS2240.

pNPTS138::terT1

terT1 was amplified by PCR from pBXMCS-2 using NTO4151 and NTO4152. PCR products were
purified from gel and assembled to BamHI-Hindlll-cut pNPTS138 using 2x Gibson mastermix following
the manufacturer’s instruction. The Gibson reaction was used to transform chemically competent E. coli

DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing.

pNTP2864:: PgtaT (-153 to +229) + terT1



terT1 was restricted out from pNPTS138::terT1 as a BamHI-Hindlll-cut fragment and ligated to BamHI-
Hindlll-cut pNTP2864::PgtaT (-153 to +229). The ligation reaction was used to transform chemically

competent E. coli DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing.

pNTP2884:: terT1

pNTP2864:: PgtaT (-153 to +229) + terT1 was cut with EcoRI-Kpnl to remove the PgtaT (-153 to +229),
blunted with DNA polymerase | (NEB) and re-ligated using T4 ligase (NEB). The ligation mixture was
used to transform chemically competent E. coli DH5a cells. The resulting plasmid was verified by Sanger

sequencing.

pNTP2864::PrsaA +terT1
PrsaA was removed from pNPTS138::PrsaA as an EcoRI-Kpnl fragment and ligated to EcoRI-Kpnl-cut
pNTP2864::PgtaT (-153 to +229) + terT1l. The ligation reaction was used to transform chemically

competent E. coli DH5a cells. The resulting plasmid was sequence verified by Sanger sequencing.

The rogA::tet® allele from NTS2275 was introduced by ®Cr30-mediated transduction to generate

ArogA::tetracyclineR containing mutants.

The spoT::tet? allele from NTS2374 was introduced by ®Cr30-mediated transduction into NTS2240 to
generate NTS2685
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