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Extended Data Fig. 5| See next page for caption.
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Extended DataFig. 5| KorA interacts with KorB to promote the N-engagement
of KorB. a, SDS-PAGE analysis of BMOE crosslinking products of 8 uM of KorB
(S47C) dimer + 8 pM dimer concentration of KorA+1mM CTP +1uM24 bp DNA
containing both OB and OA sites (OB_OA) or both scrambled OB site and OA
(0B** 0A) or both OB and scrambled OA site (OB_OA*%). X indicates a crosslinked
form of KorB (S47C). Quantification of the crosslinked fraction is shown below
eachrepresentative image. Data are represented as mean values + SD from three
replicates. b, KorA can promote clamp-defective KorB (R117A) and KorB (N146A)
variants to N-engage. SDS-PAGE analysis of BMOE crosslinking products of

8 M of KorB (S47C R117A) dimer and KorB (S47C N146A) dimer + 8 pM of KorA
dimer +0.5 UM 24 bp OB/scrambled (SCR) OBDNA + 1 mM CTP. X indicates a
crosslinked form of KorB (S47C R117A) or KorB (S47C N146A). Quantification

of the crosslinked fraction is shown below each representative image. Data
arerepresented as mean values + SD from three replicates. ¢, Substitutions
Y84A on KorA or F249A on KorB eliminated KorA-KorB interaction. Analysis of
theinteraction of KorB (WT or variant) with KorA (WT or variant) by ITC. Each
experiment was duplicated. Regression curves were fitted, and binding affinities
(Kp) were shown.
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Extended Data Fig. 6 | Structure of the KorA-KorB-DNA ternary complex.
The crystal structure of the KorA-KorB-DNA complex was determined at 2.7 A
resolution. a, A series of omit difference maps were calculated by separately
removing parts of the final structure and re-refining to convergence at 2.7 A
resolution. Maps for KorB chain A (green), KorB chain B (red), the KorA dimer
(magenta) and the DNA duplex (orange) are displayed as semi-transparent
surfaces onacolor-coded backbone trace of the structure, contoured at2.0 o
and shown as orthogonal views. b, Close-up of a KorB-KorA interface with only
the side chains of key residues displayed. Also shown is omit difference density

(semi-transparent cyan surface, contoured at 2.0 o) calculated for the model
after the removal of these side chains and re-refining. ¢, Further detail on the
KorB-KorA interface with color-coded van der Waals dots illustrating intimate
contact. In addition to the hydrogen bonds highlighted in panel b, the aromatic
ring of Y84 in KorA makes pi-pi interactions with the E248-F249 peptide bond
of KorB, whichis reciprocated by the aromatic ring of F249 in KorB making pi-pi
interactions with the E80-H81 peptide bond of KorB. These interactions are
indicated by the pale yellow double-headed arrows.
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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7| KorA can block the diffusion of KorB on DNA, and KorB
increases the residence time of KorA at its operator OA. a, KorA can block the
diffusion of KorB on DNA. (left panel) Schematic of the C-trap optical tweezers
experiments where a DNA containing a cluster of 8xOB sites and 2xOA sites was
tethered between two beads and scanned with a confocal microscope using

488 nm and 635 nmillumination. (right panel) More representative kymographs
showing the distribution of AF647-KorA and AF488-KorB in the presence of CTP
along a DNA for the four cases described. The frequency of occurrence for each
caseisindicated (the total number of recorded events n = 182). Kymographs were
takeninabuffer-only channel to reduce fluorescence background, following a
60 sincubationin the protein channel. b, KorB increases the residence time of
KorA at OA. (left panel) Schematic of the C-trap optical tweezers experiments

where a DNA containing two clusters of 8xOBsites and 1xOA site were tethered
between two beads and scanned with a confocal microscope using 635 nm
illumination. (right panel) Representative kymograph showing the binding

of AF647-labeled KorA either alone or in the presence of unlabeled KorB, the
binding of AF647-KorA in the presence of unlabeled KorBand 2 mM CTP, the
binding of AF647-KorA (Y84A) in the presence of unlabeled KorBand 2 mM CTP,
and the binding of AF647-KorA in the presence of unlabeled KorB (F249A) and

2 mM CTP. Concentrations of proteins are shown above each representative
image. KorAresidence time experiments were performed in the protein channel
using unlabeled KorB and a lower concentration of AF-KorA to minimize
fluorescence background.
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Extended Data Fig. 8| KorA and KorB co-operatively heighten long-range
transcriptional repression. Promoter-xylE reporter assays were used to
measure promoter activities in the presence or absence of KorAB (WT or
variants) (see Fig. 4d for the schematic diagrams of promoter-xylE reporter
constructs). a, The copy number of plasmids used in promoter-xylE reporter
assays. lllumina whole-genome deep sequencing was employed to determine the
copy number (relative to the chromosome) for each of the three plasmids used
inthe promoter-xylE reporter assays. Data are represented as mean values + SD
from three replicates. There was not sufficient evidence of a difference in plasmid

17
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copy number under any tested conditions (one-way ANOVA statistical test with
the null hypothesis that there is no difference in plasmid copy number across all
four conditions, three replicates, P = 0.10 (left panel, not significant, ns), 0.39
(middle panel, ns), and 0.37 (right panel, ns)). b, Absolute values of XylE activities
from the same promoter-xylE reporter assay in Fig. 4d. Immunoblots (a-KorB
and a-KorA) and loading controls (Coomassie-stained SDS-PAGE) from lysates of
cellsused in the same experiments are also shown below. Data are represented as
mean values + SD from three replicates.
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Extended Data Fig. 9| KorA and KorB are transcriptional repressors that control as mean values + SEM. Eo”° + KorB condition has n =3 while the rest are
exclude E. coli RNAP from promoters. a, Representative urea-PAGE gel closeup n =4, and this remains valid as repression quantities are normalized to a E6”°-only
onthe abortive RNA product (5-ApUpG*-3’; *radiolabelled on guanosine control and background-corrected for each gel run, and SEMs are considered in
alpha-phosphate) transcribed inin vitro abortive initiation assays on WT PkorA statistical analysis. Pvalue was calculated by an unpaired Welch’s t-test; * p < 0.05,
and the PkorA:\P, discriminator mutant linear DNA scaffolds with different mixes **p < 0.01. The Pvalues are 0.1827 (KorA vs KorA + KorB), 0.0281 (KorA vs KorB),
of Eo”® and/or fivefold excess KorA, fivefold excess KorB and/or saturating CTP. and 0.0067 (KorB vs KorA + KorB). ¢, Deconvolved native mass spectra of E6”°
b, WT PkorAinvitro transcription repression of E. coli RNAP:670 holoenzyme (5 uM) with 2.5-fold excess KorA dimer electrospray ionized in buffer of 300 mM
(Eco Eq70) in the presence of fivefold excess KorA and/or KorB. Experiments or 150 mM ammonium acetate pH 8.0 and 0.01% Tween-20. No peak of Eo”%:KorA

were repeated at least three times. All values are normalized to holoenzyme only was observed.
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The crystallographic structures of KorBdeltaN30deltaCTD and KorBdeltaN30deltaCTD-KorA-OA have been deposited in the PDB with accession codes: 8QA8 and
8QA9, respectively. The crystallographic structure of KorA-DNA complex (PDB code: 2W7N) was also used in this study. Deep sequencing data generated in this
study have been deposited in the GEO database under the accession code GSE274567. All uncropped images and data presented in figures are available in Source
Data.
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Data exclusions No data were excluded from the analyses

Replication We routinely analyzed multiple independent strains, multiple different protein aliquots or purification to verify the phenotypes observed. All
experiments were performed at least twice or more to ensure reproducibility, and similar results were obtained throughout.

Randomization  Strains for different experiments were selected randomly for inoculation from plate. All strains were grown under similar conditions, hence
are equivalent at the start of the experiment. Observed differences are due to the difference in genotype of analyzed
strains in this study.

Blinding This was not necessary for in-bulk/population-averaged microbiology study. All strains were grown under similar conditions, hence are
equivalent at the start of the experiment. Observed differences are due to the difference in genotype of analyzed
strains in this study.
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Antibodies
Antibodies used polyclonal antibodies against KorB and KorA (custom synthesis, University of Birmingham, UK) (and further purified in the lab of Prof.
Chris Thomas, University of Birmingham, UK) and Goat Anti-Rabbit IgG H&L (HRP) secondary antibody (ABCAM, UK cat#AB6721)
Validation The specificity of primary antibodies against KorB and KorA used in this study was verified against lysates from deletion mutant
strains or non-tagged strains of E. coli. Both antibodies have been used and reported in previous publications (see publications PMID:
7473715 and PMID: 10564465) from Prof. Chris Thomas' group at the University of Birmingham, UK. Secondary antibody: Goat Anti-
Rabbit IgG H&L (HRP) secondary antibody is available commercially (ABCAM, UK cat#AB6721)
Plants
Seed stocks Not relevant

Novel plant genotypes  Not relevant
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