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Extended Data Fig. 5 | RapA†-PTC. a. Hypothesized mechanism for the 
disruption of the PTC by RapA, adapted from7. b. Cryo-EM processing pipeline 
for RapA†-PTC class. c. Gold standard FSC calculations for the cryo-EM density 
map (upper left), cryo-EM density map and cross section colored according to 
key (upper middle), cryo-EM density map colored according to local resolution 

(upper right)71, 3DFSC and sphericity of density map (lower)84. d. Range of RNAP 
clamp movement observed in the transition between RapA-PTC stand-in  
(PDB: 7M8E) and observed RapA†-PTC. Clamp opens approximately 24° upon 
RapA-PTC conformation change driven by ATP binding.
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Extended Data Fig. 6 | Details of RapA†-PTC structural rearrangements. 
a. The overall rotation of RapA† with respect to the RNAP (65°, see Fig. 2c) is 
accommodated by flexibility of the RNAP βflap-tip, which maintains its contacts 
with RapA but also rotates with respect to the rest of the RNAP. b. The RNAP cleft 
opens as the RNAP clamp is pulled open by the RapA† structural rearrangements 
(transition from left to middle panel; also see Fig. 2d). The RapA† spacer domain 
(cyan to dark blue transition) wedges into the open RNAP cleft (transition from 

middle to right panel). c. Results from single-molecule fluorescence microscopy. 
Plotted is the reciprocal of the RNAP dwell time on DNA [τ−1 (s−1), black scale on 
the left and black data points] and the reciprocal of the average RNAP dwell time 
on DNA [<τ>−1 (s−1), red scale on the right and red line representing mean values 
with error bars showing ±SEM] of surface-tethered rots formed with RNAP or a 
ΔZBD-RNAP mutant, by RapA plus ATP or in controls lacking RapA or lacking ATP. 
Number of complexes from left to right: N = 308, 184, 306, 122, 272, 130.
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Extended Data Fig. 7 | In vitro transcription reactions on pJB2. a. Plasmid map 
showing relevant features of pAR1707 (including annotated promoters). The 
region deleted to generate pJB2 is highlighted in red. b. Plasmid map showing 
relevant features of pJB2. c. Histogram plot showing the total amount of RNA 
produced from transcription reactions. The bars denote the average of three 
to six independent measurements (individual data points shown). Data are 
presented as mean values ± SEM. Statistical significance of differences between 

samples was determined using an unpaired, two-tailed t-test. d. Size distribution 
of transcripts resulting from two independent Eσ70 transcription reactions using 
pJB2 as a template (light shades) compared with the original size distribution of 
transcripts resulting from Eσ70 transcription from pAR1707 (hot pink, see Fig. 3c). 
e. Size distribution of transcripts resulting from core RNAP (E) reactions using 
pJB2 as a template (light shades) compared with the original size distribution of 
transcripts resulting from E transcription from pAR1707 (see Fig. 3d).
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Extended Data Fig. 8 | See next page for caption.

http://www.nature.com/nsmb


Nature Structural & Molecular Biology

Article https://doi.org/10.1038/s41594-024-01447-8

Extended Data Fig. 8 | Growth analysis of wt and ΔrapA Eco. a–c. Growth 
curves (OD600 nm). The solid lines plot the average of three replicates, the thin lines 
above and below show the 95% confidence limit. (top panel) Semi-log plots of the 
growth curves during log-phase growth. The thick, transparent lines show the 
exponential fit used to calculate the doubling time. (bottom panel) Linear scale 
showing the full growth curves. The thick arrows denote the t1/2.  
a. BCM = 0 and in the absence of arabinose [uninduced pBAD18 (empty vector) 
or pBAD18rnhA (RNase H)]. b. BCM = 0 but with arabinose induction (0.05% 
w/v) of pBAD18 (empty vector) or pBAD18rnhA (RNase H). c. BCM = 0.5X MIC 
(MIC = 37.5 mg/L) and with arabinose induction (0.05% w/v) of pBAD18 (empty 
vector) or pBAD18rnhA (RNase H). d.-e. Histograms showing growth parameters 
[double times (d) and t1/2 (e)) for wt and ΔrapA Eco cells carrying pBAD18 (empty 
vector)74 or pBAD18rnhA (RNase HI)51, all without BCM (BCM = 0). In d., combined 
is the average for all the measurements. Error bars denote standard error (N = 3 
independent growth curves for each condition). Statistical significance of 

differences between samples was determined using unpaired, two-tailed t-test. 
d. Doubling times (N = 3 independent growth curves for each condition). Data 
are presented as best fit values ± SEM (calculated from 95% confidence limits of 
best fit). e. t1/2 (N = 3 independent growth curves for each condition). Data are 
presented as best fit values ± SEM (calculated from 95% confidence limits of best 
fit). f.-g. Histograms showing growth parameters (doubling times and t1/2;) for 
wt and ΔrapA Eco cells carrying pBAD18 (empty vector)74 or pBAD18rnhA (RNase 
HI)51 without (BCM = 0) or with 0.5X MIC BCM (BCM = 0.5). Error bars denote 
standard error (N = 3 independent growth curves for each condition). Statistical 
significance of differences between samples was determined using an unpaired, 
two-tailed t-tests. f. Doubling times (N = 3 independent growth curves for each 
condition). Data are presented as best fit values ± SEM (calculated from 95% 
confidence limits of best fit). g. t1/2 (N = 3 independent growth curves for each 
condition). Data are presented as best fit values ± SEM (calculated from 95% 
confidence limits of best fit).
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Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection Leginon 3.6

Data analysis Structural biology software was accessed through the SBGrid consortium (ref. 72). MotionCor2 1.6.4. 
 
CryoSPARC v3.1.0 (ref. 80) 
RELION 3.1 (ref. 81)  
Bsoft package 2.1.3 (ref. 71)  
3DFSC package 3.0 (ref. 82) ChimeraX 1.4 (ref. 83)  
Phenix 1.21-5207 (ref. 84,85)  
COOT 0.9.8.92 (ref. 86)  
Thermo Xcalibur Qual Browser v.4.2.47 UniDec v.4.2.0 (ref. 75, 76)  
PyMOL v2.5.5 
GraphPad Prism 10.3.1

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

Data availability. The cryo-EM density maps and atomic coordinates have been deposited in the EMDataBank (https://www.ebi.ac.uk/emdb) and Protein Data Bank 
(https://www.rcsb.org) as follows: rPTCc (EMD-40930, PDB 8T00), rPTCi (EMD-40931, PDB 8T02), rPTCo (EMD-40922, PDB 8SZW), RapA†-PTC (EMD-40943, PDB 
80TL). The atomic models used for initial model building and analysis are available from the Protein Data Bank under the accession codes 6ALH, and 7M8E.

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender No research involving human participants is reported

Reporting on race, ethnicity, or 
other socially relevant 
groupings

No research involving human participants is reported

Population characteristics No research involving human participants is reported

Recruitment No research involving human participants is reported

Ethics oversight No research involving human participants is reported

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size The cryo-EM data collections resulted in 1,261,036 (rPTC) and 3,560,985 (RapA†-PTC )  particle images used for subsequent processing (see 
Extended Data Figures 1 and 5b). 
 
For biochemical experiments (Figures 2e, 3, 4, and, Extended Data Figure 6c), 7c, 8, sample size calculations were not performed. In general, 
experiments were replicated a minimum of three times.

Data exclusions Particle images were excluded according to critera encoded in cryoSPARC and Relion.

Replication The cryo-EM experiments were not replicated. The biochemical experiments were replicated a minimum of three times (Figs. 3b, 4, and 
Extended Data Figs. 7c-e, 8) or hundreds of times (Fig. 2e, Extended Data Fig. 6c)

Randomization The structural analysis was not randomized. Control of covariates is not applicable as all known parameters were controlled.

Blinding In the structural analysis, the classification of particles into structural classes was blinded to investigators.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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