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Supplementary Fig. 1 ﻿Selective ribosome profiling of SecA. ﻿Related to Fig. 1
a, Affinity purification of SecA-RNC complexes analyzed by western blot using antibodies against SecA and the ribosomal protein S13. b,c, Reproducibility of translatome and SecA interactome data sets from two biological replicates.
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Supplementary Fig. 2 ﻿Fractionation-coupled ribosome profiling. ﻿Related to Fig. 2
a, Upper panel, centrifugation of purified 70S ribosomes using TLA120.2 rotor at different speeds analyzed by silver stain. The purified 70S ribosomes pelleted at centrifugation speeds above 40K rpm. To avoid the pelleting of ribosomes in cytosolic fraction during cell fractionation, we used 30K rpm, 20 min. S, supernatant; P, pellet. Lower panel, the centrifugation condition we used in fractionation experiment is sufficient to separate cytosolic and membrane fractions as analyzed by western blot using antibodies against YidC (an IMP) and DnaK (a cytosolic protein). ﻿The asterisk denotes the YidC protein. T, total lysate; S, supernatant; P, pellet. b, The SRP interaction profile and ribosome localization profile of YeeF, an IMP whose first TMD was skipped by SRP4. Protein topology is shown above and colored as in Fig. 2b. Shaded areas show the variance between two independent biological replicates. c, Metagene ribosome localization profile of all cytoplasmic proteins aligned to the start codon. Shaded areas show the 95% CI. d, Representative ribosome localization profile of a cytosolic protein. Shaded areas show the variance between two independent biological replicates. e, Representative SecA interaction profile and ribosome localization profile of an IMP. Protein topology is shown above and colored as in Fig. 2b. Shaded areas show the variance between two independent biological replicates. 
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Supplementary Fig. 3 ﻿SecA interacts with IMPs containing large periplasmic loops. ﻿Related to Fig. 3
a-c, Representative SecA interaction profiles of IMPs with large periplasmic loops. Protein topology is shown above and colored as in Fig. 2b. Shaded areas show the variance between two independent biological replicates. d, SecA interaction profile of a detected SecA strong interactor lacking a periplasmic loop. Its detection is likely due to a higher baseline of SecA enrichment caused by the scanning mode. Protein topology is shown above and colored as in Fig. 2b. Shaded areas show the variance between two independent biological replicates. e, Metagene SecA interactome profile and ribosome localization profile of 58 SecA strong interactors aligned to the onset of SecA binding peaks (position 0). Shaded areas show the 95% CI.
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Supplementary Fig. 4 Temporal separation of SecA and TF binding on ribosomes translating  secretory proteins. ﻿Related to Fig. 4
a,b, Representative SecA and TF interaction profiles, and ribosome localization profiles of SecA-first substrates 2. Protein topology is shown above and colored as in Fig. 4c. Shaded areas show the variance between two independent biological replicates. c,d, Representative SecA and TF interaction profiles, and ribosome localization profiles of TF-first substrates 2. Protein topology is shown above and colored as in Fig. 4c. Shaded areas show the variance between two independent biological replicates. 
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Supplementary Fig. 5 ﻿TF deletion leads to earlier SecA engagement on nascent secretory  proteins and decreased SecA binding on IMPs. ﻿Related to Fig. 4
a-h, Representative SecA interaction profiles of SecA-first substrates (a,b), TF-first SecA substrates (c,d), and non-SecA substrates (e-h). Protein topology is shown above and colored as in Fig. 4c. Shaded areas show the variance between two independent biological replicates. I, Representative SecA and SRP interaction profile, and ribosome localization profile of a SecA-first substrate that recruit SRP cotranslationally4. Protein topology is shown above and colored as in Fig. 4c. Shaded areas show the variance between two independent biological replicates. j, ﻿Hydrophobicity of signal sequences of SecA-first, TF-first, and non-SecA substrates. ﻿**** P ≤ 0.0001, Wilcoxon rank-sum test. k, ﻿WebLogo representations of the amino acid compositions of signal sequences of non-SecA substrates aligned to the second amino acid. l, Metagene SecA enrichment of large periplasmic loops aligned to their N-terminus. The median values of SecA enrichment in WT strain and in ∆tig strain are compared. Shaded areas show the 95% CI. m, Representative SecA interaction profile of an IMP with a large periplasmic loop on which SecA binding is compromised upon TF deletion. Protein topology is shown above and colored as in Fig. 2b. Shaded areas show the variance between two independent biological replicates. n, Representative SDS-PAGE and autoradiograph of proteinase K digestion of secretory proteins. 12 SecA-first substrates and 9 TF-first substrates were randomly selected and translated in vitro, followed by digestion with proteinase K as described in Methods.
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Supplementary Fig. 6 Role of SecB in cotranslational SecA interactions. ﻿Related to Fig. 5
a,b, Metagene SecA interactome profile of SecA-first (a) and TF-first (b) substrates aligned to the N-terminus of signal sequences. Shaded areas show the 95% CI. c, Representative SecA interaction profile of a secretory protein on which the SecA binding peak showed modest changes upon SecB deletion. Protein topology is shown above and colored as in Fig. 4c. Shaded areas show the variance between two independent biological replicates. d,e, Representative SecA interaction profiles of secretory proteins on which SecA binding peaks are severely compromised by the SecB deletion or the SecA∆ZnBD mutation. The SecA interaction profile for YghJ from the ∆secB strain is noisy and therefore not shown in (e). Protein topology is shown above and colored as in Fig. 4c. Shaded areas show the variance between two independent biological replicates. f, Representative SecA interaction profile of an IMP on which SecA binding is compromised. Protein topology is shown above and colored as in Fig. 2b. Shaded areas show the variance between two independent biological replicates. g,h, Metagene SecA enrichment of SecA-first (g) and TF-first (h) substrates aligned to the N-terminus of signal sequences. The median values of SecA enrichment in WT strain and in ∆ZnBD strain are compared. Shaded areas show the 95% CI. 
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Supplementary Fig. 7 ﻿Loss of PMF leads to desregulated SecA binding. ﻿Related to Fig. 6
a, Topology of translated nascent chains of strong SecA interactors, aligned to their C-terminus (position 0, at PTC) at the onset of SecA binding. The residues to the left of the dashed line are exposed outside the ribosomal tunnel exit. b,c, Representative SecA interaction profile of an IMP with a large periplasmic loop (b) and a secretory protein (c) that showed persistent SecA association upon CCCP treatment. Protein topology is shown above and colored as in Fig. 2b and Fig. 4c. Shaded areas show the variance between two independent biological replicates. d, Representative SecA interaction profile of an IMP with a large periplasmic loop that showed significantly reduced SecA association upon CCCP treatment. Protein topology is shown above and colored as in Fig. 2b. Shaded areas show the variance between two independent biological replicates. e,f, Representative ribosome localization profiles of IMPs with a large periplasmic loop that showed significantly reduced SecA association upon CCCP treatment. Corresponding SecA interaction profiles shown in Fig. 6d and Supplementary Fig. 7d. Protein topology is shown above and colored as in Fig. 2b. Shaded areas show the variance between two independent biological replicates. g, Metagene ribosome localization profile of IMPs with no periplasmic loops larger than 45 amino acids, aligned to the N-terminus of their first TMD, in untreated and CCCP-treated cells. Shaded areas show the 95% CI. h, Representative ribosome localization profiles of an IMP without a large periplasmic loop in untreated and CCCP-treated cells. Corresponding SecA interaction profile shown in Fig. 6f. Protein topology is shown above and colored as in Fig. 2b. Shaded areas show the variance between two independent biological replicates. 
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