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Fig. S1.

(A) The acceptor stem-loop structure at the 3' end of E. coli tmRNA and the
tmRNAAU357 mutant. CP4-57 excision deletes the T357 residue of the ssr4 gene, which
forms a G- U wobble base pair in the acceptor stem in the tRNA-like domain.

(B) Inactivation of tmRNAH by prophage excision-introduced mutations in other
bacterial species. The E. coli AssrA strain harboring pMW 118 (vector control, lane 1) and
its derivatives, p-ssr4 (lane 2), p-ssrAA4 (induced by the excision of Ypel1X in Yersinia
pestis CO92, which deletes four nucleotides at the 3' end, lane 3), p-ss¥4AS5 (induced by
the excision of Stm27X in Salmonella enterica serovar Typhimurium LT2, Eco48X in
Escherichia coli RS218 and 01108 in Escherichia coli O157:H7 EDL933, which deletes
five nucleotides at the 3' end, lane 4), p-ssr4™* (lane 5), p-ssrA™A4 (lane 6) and p-
ssrAMSAS (lane 7) were grown in LB medium until mid-log phase. Cellular extracts were
fractionated by SDS-PAGE and analyzed by western blotting using an anti-Hise antibody.
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Fig. S2.

(A) Fold change values of the heat shock regulons (632) were extracted from the results
in , and represented as a boxplot.

(B) Two-dimensional plots of the fold change values in the E. coli BW25113 ACP4-57
(horizontal axis) and AintA-ypjF strains (vertical axis). The plot is represented with
Spearman's rho and P-values calculated by Spearman's rank correlation tests.

(C) Two-dimensional plots comparing the proteomic rearrangements in the BW25113
ACP4-57 and BW25113 AssrA strains in LB medium at the stationary growth phase (left)
or in MOPS minimal medium at the mid-log growth phase (right). Cells were grown at
37 °C in the indicated medium and then subjected to the SWATH-MS analysis, as shown
in . Each plot is represented with Spearman's rtho and P-values calculated by
Spearman's rank correlation tests.

(D) A volcano plot showing the poor proteomic change in the AssrA strain expressing
tmRNAAU357, compared to the AssrA strain harboring an empty vector. Fold change
and P-values of each protein are represented by dots and plotted according to its log> fold
change on the horizontal axis and P-value on the vertical axis. The lines indicate a P-
value of 0.05 and 2-fold change.

(E) Swimming motility of BW25113 wild-type strain and its derivatives, ACP4-57 and
Assr4 mutant. Colonies were inoculated onto semisolid agar plates and incubated at

30 °C for 20 hrs.

(F) Two-dimensional plots of the fold change values in the E. coli MG1655 mutant
indicated below and on the side of the graph. Each plot is represented with Spearman's
rho and P-values calculated by Spearman's rank correlation tests.
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Fig. S3.
(A) Proteomic rearrangements in proteolysis-deficient tmRNA-expressing strains. The

fold change relative to the wild-type tmRNA expressing strain and the P-value of each
protein in the AssrA4 strain harboring pMW 118 (panel 1) and its derivatives, p-ssrAPP
(panel 2) and p-ss7A™ (panel 3), are represented by volcano plots, as shown in Fig. 2.
(B) Fold change values of the heat shock regulons (632) were extracted from the results
in Fig. 3, and are represented by boxplots.
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TGTTGATTTTTTGCACTGGCAGGATTACACTCGCGCCGTTAAATAACCAACTGGAGTTTTTATGAGTCGA...

-35 -10 arfA start codon
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(A) Schematic representation of the mutations introduced into the zntR-arfA operon: WT
(wild-type), AATG (disruption of the initiation codon of arf4), Apromoter (disruption of
arfA promoter) and stem+ (insertion of an artificial stem-loop between zntR and arfA4,
indicated by arrows).

(B) Expression of HA-tagged ZntR from zntR-arfA lacking the arf4 promoter. BW25113
and the AssrA strain harboring pOHO020 (zntR-arfA Apromoter) were grown in LB until
the ODseo reached 0.2-0.3. IPTG (100 uM) was then added to induce the expression of



zntR, and cells were grown until the ODsso doubled. Cellular extracts were prepared and
analyzed as in

(C) Expression of HA-tagged ZntR from zntR-arf4 with the insertion of an artificial
stem-loop. BW25113 and the AssrA4 strain harboring pOHO021 (zntR-arfA stem+) were
grown and analyzed as in

(D) Expression levels of ZntR in tmRNA variant-expressing cells, extracted from the
SWATH-MS analyses in . The dashed line indicates a fold change value of 1.
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WP_000092696.1#1. | Escherichia coli MG1655 e - - 5 - 4

WP_094919586.1#44 | Enterobacter cloacae ———— —~—
WP_104949983.1#55 | Enterobacter sp SGAir0187 R ~
WP_023294702.1#56 | Enterobacter roggenkampii | ——— el 1
WP_111966064.1#60 | Enterobacter cloacae I G— — —~—
WP_133295235.1#67 | Enterobacter sp AD2 3 G E— E— ~
WP_063431796.1#74 | Enterobacter cloacae I G— —— —~—
WP_125915773.1#65 | Enterobacter huaxiensis —— el ~—
WP_131635921.1#34 | Enterobacter wuhouensis ———— —~—
WP_008503484.1#50 | Enterobacter cloacae complex sp S4 G — — 1
WP_182274583.1#84 | Enterobacter cloacae ———— —~—
WP_014885464.1#75 | Enterobacter kobei - | r—
WP_013099018.1#78 | Enterobacter cloacae s | — 1
WP_023333665.1#63 | Enterobacter asburiae - | ] a—
WP_032644529.1#66 | Enterobacter chengduensis 6 I | ]
WP_023309450.1#62 | Enterobacter asburiae e ) 1
WP_109846649.1#57 | Enterobacter cloacae complex sp P16RS2 e ———— 1
WP_126331251.1#77 | Enterobacter asburiae s ~
WP_006178910.1#94 | Enterobacter cancerogenus S 6 B —
WP_193055556.1#64 | Enterobacter cloacae complex sp P13B e —— el ]
WP_045630326.1#59 | Enterobacter bugandensis S8 1
WP_080330416.1#49 | Enterobacter chuandaensis - - (S

WP_063438076.1#76 | Enterobacter bugandensis e ———l ]
WP_155109942.1#87 | Intestinirhabdus alba [ ——— el 1
WP_152082489.1#54 | Enterobacter oligotrophicus e —— el ~EE—
WP_014171893.1#46 | Enterobacter ludwigii e —— e )
WP_148422740.1#31 | Enterobacter sp I4 e | ] ~E—
WP_193038314.1#36 | Enterobacter cloacae complex sp I2 e |l ]
WP_022649585.1#30 | Enterobacter hormaechei 6 | ] R —
WP_063450566.1#35 | Enterobacter genomosp S e s ~E—
WP_017383729.1#28 | Enterobacter sp MGH 6 e | e
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WP_074392011.1#99 | Buttiauxella gaviniae ATCC 51604 D ~E—
WP_131413686.1#88 | Kosakonia quasisacchari ———

WP_017460076.1#98 | Kosakonia sacchari e

WP_044183914.1#48 | Phytobacter massiliensis JC163 e —— e s —
WP_072171077.1#69 | Trabulsiella odontotermitis G- s —
WP_038158490.1#86 | Trabulsiella guamensis ATCC 49490 G ~E—
WP_108477150.1#40 | Pseudocitrobacter faecalis e [
WP_064541655.1#95 | Kluyvera georgiana - - | ~E—
WP_073971238.1#97 | Kluyvera intermedia — ~E
WP_064563305.1#91 | Kosakonia oryzae - - |

WP_007369828.1#92 | Kosakonia sp H7A - |l

WP_041142959.1#41 | Raoultella terrigena L= 3 | ~NE—
WP_131050670.1#42 | Raoultella sp Lac2 e - i
WP_004868338.1#47 | Raoultella ornithinolytica - —— e
WP_004106311.1#93 | Klebsiella oxytoca G —~
WP_112217272.1#100| Klebsiella huaxiensis e s
WP_138361775.1#83 | Klebsiella indica G- — —~E—
WP_032690484.1#52 | Raoultella planticola - — —~E—
WP_015703639.1#68 | Klebsiella aerogenes - —~E—
WP_004206797.1#70 | Klebsiella guasipneumoniae G e
WP_008807054.1#79 | Klebsiella variicola G —~E—
WP_071993293.1#80 | Klebsiella africana G —~E—
WP_075193694.1#58 | Cronobacter muytjensii G —~—
WP_071884405.1#81 | Cronobacter condimenti 1330 S 6 ]
WP_161591601.1#82 | Cronobacter dublinensis — 1
WP_166491613.1#61 | Cronobacter turicensis G- — 1
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WP_012135422.1#10 | Citrobacter koseri G- s
NP_462315.1#17. Salmonella enterica Typhimurium LT2 G- E—— ~EE—
WP_012908435.1#20 | Citrobacter rodentium NBRC 105723 DSM 16636  IEENGHNNNS- EERS WS- S5 W-<dm 1
WP_013364458.1#25 | Enterobacter lignolyticus SCF1 G- s
WP_042998373.1#5 Citrobacter amalonaticus G- — s
WP_200035346.1#15 | Citrobacter farmeri G- )
WP_152400208.1#9 Citrobacter telavivensis el ]
WP_102602910.1#7. | Citrobacter freundii complex sp CENIHZ Coe o s e 5 B 4 P
WP_000092705.1#8. | Escherichia sp KTE52 - - - s <

WP_000092708.1#6 | Escherichia fergusonii Ce s e T 5 B 4

WP_000092696.1#1. | Escherichia coli Ce e e e 5 B 4 i
WP_000092709.1#3. | Shigella boydii R

WP_059222260.1#4 | Escherichia albertii R

WP_048213520.1#11 | Citrobacter sp FDAARGOS 156 - ]
WP_048222833.1#19 | Citrobacter murliniae T —~aE—
WP_117344028.1#24 | Citrobacter freundii R P
WP_200009553.1#18 | Citrobacter werkmanii T - -5 e 4 1
WP_087856965.1#23 | Citrobacter cronae e - -5 e 4 ~
WP_125354997.1#26 | Scandinavium goeteborgense - »> 4 -~
WP_047408242.1#14 | Citrobacter freundii - B - S < 1
We_016157605.1#13 | Citrobacter braaki - - 1
WP_095283661.1#27 | Lelliottia aquatilis - - —~
WP_003828276.1#21 | Citrobacter freundii .- 1

Fig. S5.

The genetic structure of arf4-surrounding genes among enterobacteria described by
webFlaGs software (Saha et al., 2020). Arrow boxes from 1 to 8§ indicate the ORFs
homologous to 7poA (no.6), rplQ (no. 2), ydhN (no.7), zntR (no.5), mscL (no. 4), trkA (no.
3), rsmB (no. 1) and fmt (no.8), respectively. Colorless arrowed boxes without the
number indicates the ORFs that do not exist in E. coli MG1655 strain.



