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Supplementary Note 1. Finding the bS22 ribosomal protein in Borrelia (Borreliella)
burgdorferi (Bbu).

A small helical density in our Bbu 70S ribosome cryo-EM map corresponded to the
bS22 protein seen in mycobacterial'* and Bacteroidetes® ribosomal small subunit
structures, indicating that the bS22 protein is also present in Bbu. Since this protein is
not annotated in the Bbu genome, the mycobacterial bS22 sequence from
Mycobacterium smegmatis (Msm): MGSVIKKRRKRMSKKKHRKLLRRTRVQRRKLGK;
was used as a query sequence for a tblastn® search of the Bbu genome with a word
size of 2 and no low complexity filter. This yielded hits for a smaller fragment of the
guery sequence but no plausible Bbu bS22 protein with a size near 30 amino acid (aa)
residues upon translation of the genomic hits in 6 frames. The same search was then
attempted with the Bacteroidetes bS22 sequence from Flavobacterium johnsoniae (Fjo):
MPSGKKRKRHKVATHKRKKRARANRHKKKK. This search yielded one hit, which
when translated in the 6 frames, yielded the plausible bS22 sequence:
VPCGRKRKLKKISTHKRKKKRRKNRHKKKNK-, with an appropriately placed stop
codon “-“. The first valine residue is likely translated as a methionine residue since
substitution for Met (AUG) instead of Val (GUG) can occur due to the anticodon for
fMet-tRNA (CAU) pairing well enough with GUG on the mRNA through wobble pairing
between G and U. Such usage of GUG as a start codon in bacteria is known to occur at
an average of 12%"8. This sequence fits well into the bS22 sidechain cryo-EM
densities, allowing it to be identified as the correct Bbu bS22 sequence.

A Clustalw 2.1° pair-wise sequence alignment between Bbu and Fjo bS22 sequences
shows a 65% sequence identity, which explains why the Fjo query sequence tblastn
search was successful:

Bbu MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK

Fjo MPSGKKRKRHKVATHKRKKRARANRHKKKK -
**.*:*** :*::******: * ******:
A Clustalw 2.1° multiple sequence alignment between Bbu, Fjo, and Msm bS22

sequences shows that identity of residues between the three sequences drops to 19%,
which explains why the Msm query sequence tblastn search was unsuccessful:

Bbu MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK--
Fjo MPSGKKRKRHKVATHKRKKRARANRHKKKK---
Msm MGSVIKKRRKRMSKKKHRKLLRRTRVORRKLGK

* * . . e .k * * *

The genomic sequence identified for the Bbu B31 bS22 protein (Genbank ID:
AE000783.1, nucleotides 867605-867697, bb0822) is:



GTGCCTTGCGGAAGAAAAAGAAAATTAAAAAAAATTTCTACCCATAAAAGGAAGAAAAAAAGAA
GAAAAAATAGACATAAGAAAAAAAATAAG

Supplementary Note 2. Alignments of proteins that sequester Anti-Shine
Dalgarno (ASD) sequence.

bS6, Identity: 23/141 (16.3%), Similarity: 50/141 (35.5%)
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Bbu MIKRYEACFLFKS--EEIEYKGSLEEVKKSLEFFGATDVVSNFIGERALEYPIKKQARGRYEIIEEFS
Fjo -MNHYETVFILNPVLSEVQVKETVTKFEEFLTSRGAEMVSKEDWGLKKMAYEIQNKKSGFYHLFEFK
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Bbu MEGNNLKEFESRLKLIRNLLRYMILVKIVRKINTKKIKRRNFREFRDNIDKDSLKGASKVETPTGPE
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Bbu STDIQEK

bS18, Identity: 42/102 (41.2%), Similarity: 64/102 (62.7%)
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Bbu MYKDRDTNQRDSREFENQQD-GFKKNSNEFRFFK-RKSCKEFCDSG-KHPDYKDFDFLKKFITEQGKILP
Fjo --—--MSTIEQSAKGKKDGDIRYLTPLNIETNKTKKYCRFKKSGIKYIDYKDADFLLKFVNEQGKILP
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R O S TS R - T I B I R I o
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Bbu KRITGTSAKHQRRLALEIKRARYMALLPFVKK---
Fjo RRLTGTSLKYQRKVSVAVKRARHLALMPYVADLLK
64 70 80 90 98

ek ek hkhkkhk hkoehkkeoooo ohkkkhkkookkoeokok

bS21, Identity: 19/70 (27.1%), Similarity: 36/70 (51.4%)

1 10 20 30 40 50 60 68
Bbu MVTVTVDKNENLEKALKRFKRMIEKEAIIREWKRREYYEKPSTI-RVKKEKAFKRKQAKKVRKLKQKTNR
Fjo MLIIPIKDGENIDRALKRYKRKFDKTGTVRQLRARTAFIKPSVVKRAQIQKAAYIQTLKDSLES-—-—-——-—
1 10 20 30 40 50 60 64

* . . . hk e o o khkkhkk o kK . % ok . . * . * %k . * . . kK% . *

16S RNA 3’-end

Bbu UCGUAACAAGGUAGCCGUACUGGAAAGUGCGGCUGGAUCACCUCCUUU--



Fjo UCGUAACAAGGUAGCCGUACCGGAAGGUGCGGCUGGAACACCUCCUUUCU

khkrkhkkhkhkhkhkhkkhkhkhkhkrhkhkrhkkhkk dhhkhkkx (hkhkkhkrhkkhkrkhkhkx *hkkkhkkxkk*x

B Core ASD sequence

Supplementary Note 3. Comparison of Msm bL37 to the Bbu uL30 N-terminal
extension.

The Msm bL37 and Bbu uL30 N-terminal extension sequences align with a sequence
identity of 21% :

Msm bL37 MAKRGRKKRDRKHSKANHGKRPNA
Bbu uL30 MIKRKLRLOLKKARFNASRSRSKN

* k% * *

The Bbu uL30 protein gene is in operon 171 with 24 other ribosomal proteins as well as
other proteins. Bbu does not have a known bL37 protein sequence. The Msm uL30
protein gene is in operon 745 with 9 other ribosomal proteins and spans the nucleotides
1,565,535-1,565,720. The Msm bL37 protein gene is not in an operon with other genes
and spans the nucleotides 1,998,031-1,998,105 of the Msm genome (Genbank ID:
CP009494.1). It is not near the Msm uL30 protein gene and its neighboring protein
genes in the genome are an anti-sigma factor (CDS: AlU07137.1) and an acetyl-CoA
carboxylase (CDS: AlU07138.1).

Supplementary Note 4. Finding the bL38 ribosomal protein in Bbu.

A density in our Bbu 70S ribosome and 50S subunit cryo-EM maps was similar to the
bL38 protein previously discovered in the Bacteroidetes® ribosomal large subunit,
indicating that the bL38 protein is present in Bbu. There is no annotated bL38 protein
sequence in the Bbu genome, so we first attempted to use the Bacteroidetes bL38
sequence from Flavobacterium johnsoniae (Fjo):
MGSVIKKRRKRMSKKKHRKLLRRTRVQRRKLGK as a query sequence for a thlastn®
search of the Bbu genome with a word size of 2 and no low complexity filter. This did
not yield any plausible hits with a size near 50 aa residues upon translation of the
genomic hits in 6 frames. We then performed mass spectrometric analysis of the
proteins in our purified ribosomes. We identified all ribosomal proteins, including those
missing in the cryo-EM densities, such as uS1 and uS2. We also identified the Bbu HPF
protein and an uncharacterized protein in the 6 kDa range that was a promising
candidate for bL38. An examination of the predicted Alphafold structure of this protein
sequence showed a structure very similar to the C-a atom structure previously modeled
manually into the cryo-EM density. The sidechains in the sequence matched the cryo-
EM sidechain densities, thus confirming this to be the bL38 protein sequence.



A possible sequence alignment between Bbu and Fjo bL38 sequences shows only a
16.4% sequence identity, which explains why the Fjo query sequence tblastn search
was unsuccessful:

Bbu MAKTISKNAQRVGSKELISRWGGKI IMKSKFENGKIKHYAECQTSKNTARKPRDLF
Fjo MAKKTVASLQTSSKRLSKATIKMVKSPKTGAYIFVESIMAPELVDEFLKKK
* Kk ) *x kX * * *

The Bbu B31 bL38 protein is the previously uncharacterized gene bb0162 (Uniprot ID:
051184).



Supplementary Table 1. The resolved 58 components of the Bbu 70S ribosome

and 50S subunit.

Name 8FMW 8FN2 Size Modeled Accession | Comments
Chain (50S) (residues) | (residues) | ID*
ID Chain ID
23S RNA AA A 2933 4-2932 AE000783.1 Nucleotides: 438267-435336
5S RNA AB B 112 1-112 AE000783.1 Nucleotides: 435312-435201
uLl AC C 226 6-226 051353 Backbone model
uL2 AD D 277 1-277 P94270
uL3 AE E 206 1-206 P94267
uL4 AF F 209 1-209 P94268
uL5 AG G 182 1-182 051443
uL6 AH H 180 1-180 051446
bL9 Al I 173 1-148 051139 Partial backbone model (41-148)
uL10 Al J 162 1-162 051352
uL1l1l AK K 143 5-143 051354
uL13 AL L 146 2-146 051314
uL14 AM M 122 1-122 051441
uL15 AN N 145 1-145 051450
uL16 AO (@) 138 1-138 051438
bL17 AP P 123 1-121 051456
uL18 AQ Q 119 1-119 051447
bL19 AR R 121 1-117 051642
bL20 AS S 115 2-115 051206
bL21 AT T 103 1-103 051719
uL22 AU U 120 2-116 P94272
uL23 AV Vv 98 1-98 P94269
uL24 AW w 101 1-101 051442
bL25 AX X 182 2-182 051727
bL27 AY Y 81 8-81 051721
bL28 AZ Z 92 2-92 051325
ulL29 Aa a 65 1-65 051439
uL30 Ab b 101 2-101 051449 2 possible translation products
bL31 Ac c 81 1-81 051247
bL32 Ad d 60 2-60 051646 Znion
bL33 Ae e 59 9-59 051357
bL34 Af f 51 1-50 P29220
bL35 Ag g 66 1-66 051207
bL36 Ah h 37 1-37 051452 Znion
bL38 Ai i Not known 1-46 Unidentified = Backbone model
E-tRNA X - - Mixture of tRNA populations
16SRNA A - 1538 1-1529 AE000783.1 Nucleotides: 444581-446118
uS3 C - 293 6-226 P94273 67 C-terminal residues not seen
us4 D - 208 1-208 051560
uss E - 165 8-165 051448
bS6 F - 139 1-97 051142 42 C-terminal residues not seen
us7 G - 157 1-157 051347
uS8 H - 132 1-132 051445
us9 I - 136 6-136 051313
uSs10 J - 103 2-103 P94266
uS11 K - 130 14-130 051454 13 N-terminal residues not seen
usiz L - 124 1-124 051348
uS13 M - 125 1-114 051453 11 C-terminal residues not seen



uSi4
usis
bS16
usi7
bS18
us19
bS20
bS21
bS22
bbHPF
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=

61
88
86
84
96
92
85
69
31
97

2-61
1-88
1-83
3-84
34-96
2-85
1-85
1-69
2-28
1-97

051444 Znion

051744

051638

051440

051140 Zn ion, first 33 residues not seen
P94271

P49394

051271

AE000783.1 Nucleotides: 867605-867697
051405 non-ribosomal protein

*Accession IDs are Genbank for RNA and Uniprot for proteins (except for the unannotated 30S ribosomal
protein bS22). 30S ribosomal proteins uS1 and uS2 are present but uS1 is not resolved and uS2 is only
partially resolved at very low threshold and therefore is not modeled.



Supplementary Table 2. Details of bacterial HPF structures with resolutions better
than 3.5 A that were used for sequence and structural comparisons.

PDB Res. | Method | Year | Species Ref. | Component notes
ID (A (R, HPF)

4HEI 1.6  X-ray 2013 -, Vch 10 HPF alone, no ribosome

4Y40 2.3 X-ray 2015 Tth, Eco YfiA

6S0X 2.4 Cryo-EM 2019 Sau,Sau *? HPF, erythromycin

7TRQA 2.4  X-ray 2022 Tth, Eco YfiA, tRNA analogs

7TRQE 2.4  X-ray 2022 Tth, Eco YfiA, tRNA analogs, chloramphenicol
3TQM 25  X-ray 2015 -, Cbu 14 HPF alone, no ribosome

7RQB 25 X-ray 2022 Tth, Eco YfiA, tRNA analogs

7RQC 25 X-ray 2022 Tth, Eco YfiA, tRNA analogs

7RQD 25 X-ray 2022 Tth, Eco YfiA, tRNA analogs, chloramphenicol
2YWQ 2.6  X-ray 2008 -, Tth u HPF alone, no ribosome

6CFL 2.6  X-ray 2018 Tth, Eco YfiA, D-lysyl-CAM

6XHX 2.6  X-ray 2021 Tth, Eco ¢ YfiA, A2058 unmethylated, erythromycin
4V8I 2.7  X-ray 2011 Tth, Eco %/ YfiA

6CFK 2.7  X-ray 2018 Tth, Eco YfiA, D-histidyl-CAM

5FDV 2.8  X-ray 2016 Tth, Eco 18 YfiA, Pyrrhocoricin

7MD7 2.8 X-ray 2021 Tth, Eco *° YfiA, chloramphenicol

5FDU 2.9 X-ray 2016 Tth, Eco 18 YfiA, Metalnikowin |

5NGM 2.9 Cryo-EM 2017 Sau,Sau 2 HPF, 70S from 100S

6Y69 2.9 Cryo-EM 2020 Eco,Eco % HPF, TetracenomycinX

7M4Z 29 Cryo-EM 2021 Aba, Aba 2 HPF, eravacycline

6H4N 3.0 Cryo-EM 2018 Eco,Eco % HPF, 70S from 100S

4v8H 3.1 Cryo-EM 2012 Tth, Eco %/ HPF

6FKR 3.2  X-ray 2018  Tth,Eco #* YfiA, TurlA

5Vv8i 3.3 X-ray 2018 Tth,Eco P YfiA, no uS17

6GZQ 3.3 Cryo-EM 2018 Tth, Tth % HPF

5ZEP 3.4 Cryo-EM 2018 Msm, Msm * HPF

6Dzl 3.5 Cryo-EM 2018 Msm, Msm 2° HPF (MPY)

Res. — Resolution, Ref. — Reference number, np — no associated publication, Species (R, HPF)
refers to the species name abbreviation for ribosome (R) and HPF. Species name abbreviations
are as follows: Vch — Vibrio cholerae, Tth — Thermus thermophilus, Eco — Escherichia coli, Sau
— Staphylococcus aureus, Cbu — Coxiella burnetii, Aba — Acinetabacter baumannii, Msm —
Mycobacterium smegmatis.



Supplementary Table 3. Structure-based pair-wise sequence alignment with
bbHPF structure for known bacterial HPF structures.

ID Aligned sequence

B1 al B2 B3 B4 a2

bbb bbb aaaaaaaaaaaaa aaa bbbbbbb bbbbbbbb bbbbbbbb aaaaaaaaaaaaaaaaaaaaaaa

Bbu —-——-MEPKIQ-TVNYSLNENEKNFILKKLEKFDTHIKKHIDNLKITIKKEH----- ELFKLDAHIHFN-W-GKIIHIREDGKILLNLIDSAIARLYKTATKEKEKKNNK----—
Sau ————-IRFEIH-GDNLTITDAIRNYIEEKIGK-LERYFNDVPNAVAHVKVKTYSN--SATKIEVTIPLK---NVTLRAEERNDDLYAGIDLINNKLERQVRKYKTRINRKSRDR
Tth ——-MNIYKLI-GRNLEITDAIRDYVEKKLAR-LDRYQDGELMAKVVLSLAGSPHVEKKARAEIQVDLP---GGLVRVEEEDADLYAAIDRAVDRLETQVKRFRERRYVGKRHS
Ecol | —~———- TMNIT-SKOMEITPAIRQHVADRLAK-LEKWQTHLINPHIILSKEP-—--—— QGFVADATINTP---NGVLVASGKHEDMYTAINELINKLERQLNKLQHKGEARRAA-
Eco2 ———-MQLNIT-GNNVEITEALREFVTAKFAK-LEQYFDRINQVYVVLKVEK-—--—- VTHTSDATLHVN---GGEIHASAEGQODMYAAIDGLIDKLARQLTKHKDKLKQH---—
Cbu —-——--MHIQMT-GQGVDISPALRELTEKKLHR-IQPCRDEISNIHITIFHINK----— LKKIVDANVKLP---GSTINAQAESDDMYKTVDLLMHKLETQLSKYKAK-—-——————
Vch —-——-MQINIQ-GHHIDLTDSMQDYVHSKFDK-LERFFDHINHVQVILRVEK-—---— LROQIAEATLHVN---QAETIHAHADDENMYAAIDSLVDKLVRQLNKHKEKL--—-—-—-——
Msm ERPHAEVVVK-GRNVEVPDHFRTYVSEKLSR-LERFDKTIYLFDVELDHERNRRQ-RKNCQHVEITARGR-GPVVRGEACADSFYTAFESAVQKLEGRLRRAKDRRKI-—-—--—
Aba ———-MNIEIRTDKNIHNSERLITYVRAELTQEFQRHSERITHFSVHFSDENGDKG-GDKDIHCMIEARPSGLKPVAVHHKAGNIDASIHGAIEKLKRSLEHTFEKKE-———-——

. . . . . * .

Sequences aligned using structural alignment tool within UCSF Chimera. Bbu — Borreliella
burgdorferi (051405), Sau - Staphylococcus aureus (D22097), Tth — Thermus thermophilus
(Q5SI1S0), Ecol — Escherichia coli YfiA (POAD49), Eco2 — Escherichia coli HPF (POAFX0), Cbu
— Coxiella burnetii (Q83DI6), Vch — Vibrio cholerae (H9L4L9), Msm — Mycobacterium
smegmatis (AOQTK®6), Aba — Acinetabacter baumannii (V5V8V8). Uniprot IDs for proteins are in
parentheses after species name. Bbu HPF (bbHPF) numbered secondary structure elements
shown on top as a-helix (a) or B-strand (b). Bacterial HPF sequences are truncated within four
residues of the bbHPF sequence. This table is distinct from Table 1 in the main manuscript in
showing only residues that are resolved in the 3D structures of the HPFs in the alignment.



Supplementary Table 4. Predicted bS22 sequences in other Borrelia species.

Organism

Predicted bS22 protein sequence

Genome ID

Nucleotide
Range

Lyme borreliae

Borrelia burgdorferi
Borrelia afzelii
Borrelia garinii
Borrelia valaisiana
Borrelia mayonii
Borrelia maritima
Borrelia chilensis
Borrelia miyamotoi

Relapsing fever borreliae
Borrelia duttonii

Borrelia recurrentis
Borrelia coriaceae

Borrelia crocidurae
Borrelia hermsii

Borrelia parkeri

Borrelia venezuelensis
Borrelia turicatae

Reptile and echidna Borrelia
Candidatus Borrelia tachyglossi

MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLQKISTHKRKKKRRKNRHKKKNK

MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLQKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLQKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLQKISTHKRKKKRRKNRHKKKNK
MPCGRKRKLQKISTHKRKKKRRKNRHKKKNK

MPCGRKRKLKKISTHKRKKKRRKNRHKKKNK

hhkhkkhkhkhkhkk hhkkhkkkhkkhkhkhkhkkhkkhhkhkkkk

AE000783.1
CP042238.1
CP059009.1
CP009117.1
CP015780.1
CP044535.1
CP009910.1
CP036914.1

CP000976.1
CP000993.1
CP075076.1
CP003426.1
CP073148.1
CP073159.1
CP073220.1
CP073192.1

CP025785.1

867605-867697
39086-39178

871181-871273
867482-867574
868560-868652
865321-865413
864905-864997
39948-40040

890138-890230
891710-891802
876376-876468
876767-876859
879892-879984
878409-878501
878347-878439
877560-877652

894477-894569

All sequences identified through a tblastn® search using the Bbu bS22 sequence.



Supplementary Table 5. Bacterial 50S assembly intermediate structures compared to the Bbu
50S subunit structure.

EMDB ID ‘ Resolution (A) ‘ Threshold used ‘ Organism ‘ Description

8274 5.8 0.014 Bsu 44.5S YsxC class 177
8275 6.2 0.014 Bsu 44.5S YsxC class 11%7
8276 6.5 0.014 Bsu 45S YphC¥

8440 4.5 0.030 Eco Class B?®

8441 3.7 0.030 Eco Class C?®

8442 4.5 0.030 Eco Class C1%8

8443 4.6 0.030 Eco Class C2%8

8444 4.0 0.030 Eco Class C3%8

8445 4.0 0.030 Eco Class D*

8446 4.7 0.030 Eco Class D18

8447 4.9 0.030 Eco Class D228

8448 4.6 0.030 Eco Class D328

8449 4.7 0.030 Eco Class D48

8450 3.7 0.030 Eco Class E®

8451 4.3 0.030 Eco Class E1%8

8452 4.5 0.030 Eco Class E2%8

8453 5.0 0.030 Eco Class E3%8

8455 4.5 0.030 Eco Class E4%8

8456 4.9 0.030 Eco Class E5%

Bsu — Bacillus subtilis, Eco — Escherichia coli.



Supplementary Table 6. Structures of bacterial ribosomes with antibiotics that
were used to help generate Bbu 70S ribosome antibiotic bound models by
structural analogy.

PDB Res. | Method Year | Species | Ref. | Antibiotic, other notes

ID (A

5J5B 2.8  X-ray 2016 Eco % Tetracycline,

5J7L 3.0 X-ray 2016 Eco % Tetracycline, at 2 sites, U1052 mutation
4V9A 3.3  X-ray 2013 Tth % Tetracycline

IHNW 3.4  X-ray 2000 Tth 31 Tetracycline

1197 35 Xray 2001 Tth 32 Tetracycline

6502 2.3 Cryo-EM 2019 Sau 12 Erythromycin, AR88,AA89 uL22

6S0X 2.4 Cryo-EM 2029 Sau 12 Erythromycin, AR88,AA89 uL22

6XHX 2.6 X-ray 2021 Tth 16 Erythromycin, A2058 unmethylated, YfiA
Y12 27  X-ray 2005 Hma % Erythromycin, G2099A

6ND6 2.9 X-ray 2019 Tth 34 Erythromycin, A-, P-, E-tRNAs

7B5K 2.9 Cryo-EM 2021 Eco % Erythromycin, P-site tRNA nascent chain
7NSO 29 Cryo-EM 2021 Eco % Erythromycin, ErmDL

7Q4K 3.0 Cryo-EM 2022 Eco u Erythromycin, streptococcal MsrDL
4Vv7X 3.0 X-ray 2010 Tth 37 Erythromycin

4v7U 3.1  X-ray 2010 Eco 37 Erythromycin

AWFN 3.5 X-ray 2017 Dra % Erythromycin, uL22 3-residue insertion
1JzY 35 X-ray 2001 Dra ¥ Erythromycin

7NSP 3.5 Cryo-EM 2021 Eco 36 Erythromycin, ErmDL, A-, P-tRNA
5JTE 3.6 Cryo-EM 2016 Eco 40 Erythromycin, ErmBL, A-, P-, E-tRNA
5JU8 3.6 Cryo-EM 2016 Eco % Erythromycin, ErmBL, P-, E-tRNA
3J7Z 3.9 Cryo-EM 2014 Eco # Erythromycin, ErmCL

3J5L 6.6 Cryo-EM 2014 Eco # Erythromycin, ErmBL

5DOY 2.6 X-ray 2015 Tth 43 Hygromycin A, A-, P-, E-tRNA

5DM7 3.0 X-ray 2015 Dra 4 Hygromycin A

5DOX 3.1  X-ray 2015 Tth 44 Hygromycin A

Res. — Resolution, Ref. — Reference number, u - Unpublished structure, Species refers to the
species hame abbreviation for ribosome that are as follows: Eco — Escherichia coli, Tth —

Thermus thermophilus, Sau — Staphylococcus aureus, Hma — Haloarcula marismortui, Dra —
Deinococcus radiodurans.



Supplementary Table 7. Long-gradient LC-MS/MS analysis of proteins in the Bbu 70S

ribosome.
Protein | Percent | Pip Total Protein Percent | Pip Total
name coverage | (%) spectrum | Name coverage | (%) spectrum
count count
bS1 12 100 7 ulLl 82 100 135
uS2 90 100 128 ulL2 85 100 175
uS3 87 100 227 uL3 79 100 105
us4 90 100 148 uL4 68 100 30
uS5 85 100 94 uL5 76 100 98
bS6 83 100 106 uL6é 71 100 82
uS7 88 100 97 bL7/bL12 68 100 66
usS8 97 100 135 bL9 79 100 103
us9 81 100 92 uL10 90 100 54
uS10 100 100 65 uLll 94 100 82
uS11 77 100 54 uL13 90 100 41
uS12 74 100 56 uL14 99 100 81
uS13 79 100 101 uL15 85 100 96
uS14 56 100 15 uL16 80 100 141
uS15 76 100 104 bL17 83 100 46
bS16 85 100 50 uLl8 74 100 50
uS17 86 100 44 bL19 74 100 46
bS18 84 100 74 bL20 68 100 15
uS19 86 100 34 bL21 75 100 12
bS20 84 100 41 ulL22 84 100 30
bS21 43 100 32 ulL23 52 100 10
bS22 - - - uL24 75 100 61
HPF 67 100 29 bL25 93 100 117
bL27 56 100 52
bL28 89 100 86
uL29 92 100 39
uL30 75 100 41
bL31 91 100 56
bL32 53 100 39
bL33 61 100 34
bL34 47 100 10
bL35 52 100 23
bL36 54 100 11
bL38 56 100 15

Pip — Protein identification probability determined by Scaffold5.




Supplementary Table 8. Alphafold predicted Local Distance Difference Test (pLDDT)
score statistics for starting models for proteins included in the reported structures.

Protein | Average | Max. Min. Protein | Average | Max. Min.
name Name
uS3 82.13 97.12 39.72 uLl 85.25 93.79 44.93
us4 91.62 97.67 34.89 uL2 91.69 97.31 56.54
uS5 92.28 98.02 36.55 uL3 90.84 97.79 61.36
bS6 83.38 97.89 39.53 uL4 92.00 97.77 74.59
us7 92.13 97.58 49.85 uL5 89.74 97.34 48.42
usS8 93.28 98.20 40.16 uL6 89.91 96.25 50.30
us9 91.08 97.69 43.80 bL9 85.60 97.06 40.29
uS10 88.07 96.56 39.07 ulL10 74.00 85.29 43.38
usSll 89.27 97.14 50.76 ulL11l 78.05 88.51 37.14
usS12 94.26 98.22 79.90 ulL13 88.83 97.43 39.48
usS13 89.43 97.21 66.20 ulLl4 96.49 98.72 87.62
uSi4 91.59 95.23 74.95 ulL15 88.24 96.70 50.40
uS15 92.74 97.94 66.48 ulL16 93.52 98.03 52.53
bS16 88.75 97.21 40.51 bL17 92.57 98.35 41.20
uS17 90.47 96.75 45.62 uL18 90.38 95.03 62.67
bS18 79.41 96.67 42.18 bL19 84.67 97.33 34.56
uS19 87.53 96.85 46.03 bL20 91.77 97.19 59.31
bS20 93.33 97.68 56.78 bL21 91.13 96.63 63.77
bS21 90.36 97.13 63.82 uL22 89.99 97.13 32.21
bS22 89.38 55.01 97.69 uL23 92.97 97.95 77.31
HPF 89.82 95.81 53.19 uL24 90.30 95.37 73.41
bL25 92.57 97.18 37.76
bL27 91.97 98.40 60.98
bL28 89.60 94.99 59.27
ul29 83.18 93.34 53.46
uL30 95.24 98.18 70.65
bL31 62.42 79.34 49.20
bL32 88.74 97.46 54.50
bL33 79.94 92.45 44.28
bL34 92.63 98.35 73.06
bL35 91.53 95.86 66.98
bL36 92.38 96.52 59.86
bL38 74.16 88.94 42.44

Max. — maximum pLDDT score of any residue in protein, Min. — minimum pLDDT score of any
residue in protein. pLDDT scores range between 0 — 100, with 100 indicating the highest
confidence.



Supplementary Table 9. Details of RNA structure overlays for antibiotic-bound structures
reported.

PDB ID | Chain aligned \ Pruned equivalent atom pairs | RMSD (A) ‘ Antibiotic bound
6s0z A (23S RNA) 1964 1.032 ERY
6s0x A (23S RNA) 1252 1.034 ERY
6xhx 1A (23S RNA) 2063 1.035 ERY
6xhx 2A (23S RNA) 2094 1.035 ERY
lyi2 0 (23S RNA) 1416 1.170 ERY
6nd6 1A (23S RNA) 2075 1.064 ERY
6nd6 2A (23S RNA) 2092 1.062 ERY
7b5k A (23S RNA) 2127 0.974 ERY
7nso A (23S RNA) 2226 0.856 ERY
794k BA (23S RNA) 2177 0.934 ERY
av7x BA (23S RNA) 2081 1.027 ERY
av7x DA (23SRNA) 2078 1.024 ERY
4v7u BA (23S RNA) 2146 0.923 ERY
4v7u DA (23S RNA) 2109 0.984 ERY
4wfn X (23S RNA) 2077 0.967 ERY
1jzy A (23S RNA) 1963 1.109 ERY
7nsp A (23S RNA) 2194 0.874 ERY
5jte BA (23S RNA) 2161 0.894 ERY
5ju8 BA (23S RNA) 2158 0.898 ERY
3j7z A (23S RNA) 2132 0.984 ERY
35l A (23S RNA) 2145 0.924 ERY
5dm7 X (23S RNA) 2092 0.992 HGR
5dox 1A (23SRNA) 2054 1.058 HGR
5dox 2A (23SRNA) 2067 1.053 HGR
5doy 1A (23SRNA) 2017 1.155 HGR
5doy 2A (23SRNA) 2023 1.139 HGR
5j5b AA (165 RNA) 607 1.124 TAC
5j5b BA (165RNA) 904 1.022 TAC
5571 AA (16SRNA) 600 1.091 TAC
5j7! BA (165 RNA) 907 0.985 TAC
4v9a AA (16SRNA) 967 1.112 TAC
4v9a CA (16S RNA) 1101 1.167 TAC
1hnw A (165 RNA) 815 1.078 TAC
1i97 A (16S RNA) 751 1.207 TAC

All overlays done using Matchmaker in ChimeraX*®, ERY - erythromycin, HGR — hygromycin A,
TAC — Tetracycline.



Supplementary Table 10. Details of RNA structure overlays for HPF-bound structures.

Pruned equivalent
PDB ID Chain aligned (16S RNA) | atom pairs RMSD (A)
4Y40 1la 931 1.147
4Y40 2a 1135 1.159
6S0X a 478 1.329
7RQA 1la 934 1.153
7RQA 2a 1136 1.172
7RQE 1la 973 1.092
7RQE 2a 1159 1.149
7RQB la 958 1.115
7RQB 2a 1145 1.153
7RQC la 953 1.123
7RQC 2a 1146 1.162
7RQD 1a 972 1.115
7RQD 2a 1161 1.155
6CFL 1a 962 1.089
6CFL 2a 1167 1.129
6XHX 1a 950 1.115
6XHX 2a 1144 1.160
IAVE] AA 972 1.121
IAVE] CA 1118 1.131
6CFK 1la 958 1.096
6CFK 2a 1163 1.135
5FDV 1la 967 1.162
5FDV 2a 1134 1.157
7MD7 1la 955 1.097
7MD7 2a 1164 1.156
5FDU 1la 952 1.184
5FDU 2a 1125 1.180
5NGM Aa 802 1.096
6Y69 a 1237 0.983
7M4Z a 933 1.256
6ERI BA 1199 1.011
6H4N a 1249 0.967
4V8H AA 831 1.089
4V8H CA 894 1.069
6FKR 1a 973 1.179
6FKR 2a 1144 1.157
5Vvs8lI 1la 1014 1.080
5Vvs8lI 2a 1158 1.128
6GZQ A2 833 1.272
5MMM a 1195 0.995
5X8P a 1174 1.047
5ZEP a 1131 1.032
6DZI h 1110 1.171

All overlays done using Matchmaker in ChimeraX“®.



Supplementary Figure 1. Protein components of the hibernating Bbu 70S ribosome and
their labeled models fit in the cryo-EM density.
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Supplementary Figure 2. 23S RNA and 5S RNA secondary structure in the Bbu 70S
ribosome.
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Supplementary Figure 3. 16S RNA secondary structure in the Bbu 70S ribosome.
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Supplementary Figure 4. Variability in relative orientation of HPF protein and E-tRNA
bound to 70S ribosomes. (A) Bbu (this study); (B) Msm (PDB ID: 5ZEP); (C) Eco (PDB ID:
6H4N); (D) Eco (PDB ID: 6Y69); (E) Overlay of (A) and (B); (F) Overlay of (A) and (C); (G)
Overlay of (B) and (C); (H) Overlay of (A)-(D). Background transparent structure is the Bbu 70S
ribosome.



Supplementary Figure 5. Adjustment in positioning for both HPF and E-tRNA within their
binding sites reduces their overall variability with respect to the 70S ribosome. (A) Bbu
(this study); (B) Msm (PDB ID: 5ZEP); (C) Eco (PDB ID: 6H4N); (D) Eco (PDB ID: 6Y69); (E)
Overlay of (A) and (B); (F) Overlay of (A) and (C); (G) Overlay of (B) and (C); (H) Overlay of (A)-
(D). All structures overlaid using the 16S ribosomal RNA.
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Supplementary Figure 6. A binding pocket formed by bS6, bS18 and bS21 implicated in
Anti-Shine Dalgarno (ASD) sequence sequestration. (A) The binding pocket in Bbu (this
study). (B) The binding pocket in Fjo with the sequestered ASD (PDB ID: 7JIL®). (C) Overlay of
the Bbu and Fjo binding pockets. (D) Overlay of experimentally determined Fjo bS6 structure
(green) and full-length Bbu bS6 Alphafold-predicted structure (yellow) showing likely presence
of ASD interacting helix in Bbu. For Bbu, the 16S RNA minimal backbone -[O5'-C5'-C4'-C3'-O3'-
P]- is shown in orange spheres, bS6 is in yellow, bs18 is in pink, and bS21 is in cyan. For Fjo,
the 16S RNA minimal backbone is shown in red spheres, bS6 is in green, bs18 is in purple, and
bS21 is in blue.



bL37 uL3e

-MAELKITQVRST RTLGLKKI \QTRGLINTVHHL Mycolicibacterium smegmatis MKD8, 61 residues
MIKRKLRLQL F I VRSLIGKLNKKVKVLKALGLNKIGDKKVHFLNESTKGMLNETINMILLSEVM———m—m e e Borreliella burgdorferi, 101 residues
ITVTQ: VGLGLNKMYKTRTLEDT VKVEDAA Alphapr ia bacterium, 93 residues
TSSA TVRVTLVKSVIGTKASHRATVRGLGLRRIRHSVELEDT LLRVE Betapro(eobacterxa bacterium, 100 residues
\TPKT, KTAAKPEVKPTAKPATGKVSVTL IRSKHGRLASHKACVAGLGLRRMHQTVEVIOT LLNVKEA Gammapr a bacterium, 111 residues
MAEEEKTK TAKKVLAKKASGKTVRVTQTGSAIGRKPDQRATLIGLGLNKMHRTRELEDT VKVEDAA Zetapro(eobacterm bacterium, 11@ residues
MADEKEIK T Q \QKPAAKKTSSGKTVTVTQIGSPIGRKAYQRATLVGLGLNKMHRTRTLEDT VKVEDAA rillales bacterium, 135 residues
- TKESASKTAKVTAVKQDT VKSTVKVKQIASGAGRLKKQIATLKGLGLNKINREVELEDT IKVI ont of sp. UWCB, 117 residues
PHRK IKVTLVRSTNGRLASHKACVAGLGLRRMHQTVEVEDTPCTRGMISKVSYMVRIEEN-—~ Chromatiales bacterium, 96 residues
TKPAE’ VSVTLVKSFYGRLPKHRATVTGLGLKRINHTVVLEDT LLKVE! Candidatus Pseudothioglobus singularis, 104 residues
TVKKATAKK VSVTLVKSFFGRLPSHRATVTGLGLKRINHTVELVDT IAYLLS olus septemdieru symbiont, 88 residues
AGKTVTVTQ! (QPDQRKTLIGLGLNKLHRTRELEDTPSVRGMIEKVKHLVRVDEAA-~ Chloroflexi bacterium, 104 residues
TTE |KSTVSVTLVKSFYGRLPKHRATITGLGLKRINHTVVLEDTPEVRMINKVSVLLKVEG——— Thiotrichales bacterium, 109 residues
MGRLPPT PPAGKGWLRIKDVRSGSGHSARLKRTLVALGLKHHOAEVVNADHPAVWLQQVRHLVEVTADASPMl Gemmat. bacterium, 102 residues
TTIKKTQTSSKHNTVSVTLVKS FNGRLPSHRATIAGLGLKRINHIKELEDTPE. n.L VERLD phaseoliformis symbiont, 108 residues
IVKKVlVTKKF’TIKKAPVKMFKKEWWNATVIKKTOTSSKPNTVNITLVKSFHGRLPSNRATIVGLGLKHINNIKELIWIr' Ruthia magnifica, 106 residues
VKATRKAKTGP’TFWKOVRSOIGXHPKTKATMMLGLRKIGDWTLPDRPEIRGﬂARVPNl"“""" A Acidimicrobi bacterium, 98 residues
EE KAAAS GKTITVTQIG! LIGLGLNKRHRTSVLEDTPC Micavibrio aeruginosavorus, 95 residues
TTAKKTAP \KTPAGKTVTVTQIASP LTGLGLNKIGRTRVLEDT VQIVEDAA Pr ia bacterium, 103 residues
QVKL VTALGLRKLHQVVIHEDTPSIRGML LEESNAT? Armati bacterium, 109 residues
-MLPGRPSWPWPT IRALGFHRLNEVVEKEDTPVIRGMIVKVSHML Dehal a bacterium, 98 residues
MAVTK "TMVKATRKNMGPTVWKOVRSQIG!HPKTKATHRALGLRKIGDVNTLPDRPEIRMIARVPMI IKVNRKGA Acti ia bacterium, 103 residues
———— Q! DRRQRATLRGLGFRRL PAIRGMIFKVRHLVVVEET:- Deltapr ia bacterium, 105 residues

-MVLTSLWTSAKWRPTGARIKTRI
T UKAAEPR!PNGHLVKEAKAPL\’KVKNAKGDKPVOLSDKKIKVTLVKSTIGC LKVQQRTVEALGLKKIRSFKILNONDAVRGMIFRVKHLVTVEELK==mm

RITYSKSAIGYTVRQKATVKALGFKRLYETI EHEDSPS IRGM. INSISNLLWEEVETGKNRSGKVG-——-——-

MAI YVNGRYVVEKQLI KVTLVKSTAGSLKEHQATVAALGLTKVRTTNI! FKVKHLVTVEEVK:
G

Anaerolineae bacterium, 101 residues
Subdoligranulum sp. CAG:314, 103 residues
Corallococcus sp. CAG:1435, 102 residues
Completely conserved residues

Supplementary Figure 7. Long uL30 proteins identified in other bacterial species. Msm
ul30 and bL37 sequences are shown on top and the Bbu uL30 sequence is shown second for

reference.



Mycobacterium smegmatis MAE LKITOVRSTIGARWKURE S LRT LG LKKTROSVVREDNAQTRGLINTVHH LVEVEEVGK

Borrelia burgdorferi (this study)
Borrelia afzelii (ADATWSBYNG)

MIKRKLRLOLKKARFNASRSRSKNKCF IKRMENNRKI I SKNNINVOVF LVRS LIGKLNKRKVEVLEKA LG LNKIGDKRVHF LNE S IKGMLNETINMI LLSEVM- - -
MIKRKLRLOL I ITSKNNINVEVF LIRS LIGKLNKRKVKVLKALGLNKI GDKKVHF LNOS IKGMLNE TINMI LLSEVSNV -~

Borrelia anserina (W5STX35) MIKRKLRLOL ILAKSNITVKVE LRRSLIGKLDSKVKTLKALGLKRI GDKKVHI LNKS LOGMLS SVISMVLLSEVNND -
Borrelia bissettiae (AOA1LB8ZBOM) MIKRKLRLOL FI 1ISKNNINVOVF LVRS LIGKLNKKVKVLEALGLNKI GDKKVHF LNES TKGMLNE TINMI LI SEVM- -~
Borreul burqdor!erl (;\DA.DHBCO’IB) MIKRKLRLOL FI 1ISKNNINVOVF LVRS LIGKLNKKVKVLEKALGLNKIGDKKVHF LNESTKGMLNE TINMI LLSEVM- -~
Borrelia burgdorferi (051449) MENNRKT I SKNNINVOVF LVRS LIGKLNKKVEKVLEA LG LNKIGDKKVHF LNE S TKGMLNE TTNMI LLSEVM
Borreuelu cau!omlensls (ADATWIZJIFL) MIKRKLRLOL F1 1 ISKNNINVOVF LVRSLIGKLNKKVKVLKALGLNKIGDKKVHF LNE S TKGMLNETINMIVLSEVM--
Borreliella chilensis (AOAOATUW21) MIKRKLRLOL uﬂuﬂmﬂulsmlmllLVRSLIGKIMVKVWLGLNKI@MUIRSWUETIMLLS!VSW

Borrelia coriaceae (W5SVH1) MIKRKLRLOLKKIRFKASRSRFKNRAFIHKMEKNRE I LIKSDIKIEVE LKRS LI GKLEKKVKT LKA LG LKRIGDKRIHVLNKS IRGMLNSVINMVL LSEVEND -

Borrelia crocidurae (IOFCS6)
Borrelia duttonii (W6THVE)
Borreliella finlandensis (ADAB26GW71)
Borreliella garinii (B7XRP2)
Borraua hamil (muu.maa)

m (B2
BorrcLu japolu.ca (ADAIG‘PB)IS)
Borreliella lanei (ADATWIZBZ4)
Borrelia maritima (AOASJ6WC19)
Borreliella mayonii (AOA1L6VOY7)
Borrelia miyamotoi (AOA1DS8TDL2)
Borrelia parkeri (W5SQI2)
Borrelia recurrventis (BSRPKD)
Borrelia turcica (ADA386PKLS5)

MIKRKLRLOLRKIRFKAARSRFRNKAFIKRME YNREVIAMSDIKVEVE LRRS LIGKSDSKVKT LKALGLKRIGDKRIHI LNKS LOGMLNSVI SMVEISEVTDD -
MIKRKLRLOLKKTRFKAARSRFKNKAFTKRME Dzmlmsuatsnmvmmmmmmummsmulmwxmo
MIKRKLRLOL I 1ISKNNINVOVF LVRS LIGKLNKKVKVLKALGLNKI GDKKVHF LNESTKGMLNE TINMI LLSEVM--
)umwumnrnsnsnsmcrmmmuxsmnwwnvnsummvmnwummmsmmmrmnwmv
mmmwuznnmsnsnlomrlumum!uxsomvmumucstmmmmcommmwmmum
DRETHV! SMVILLSEVRNG
mwmmksksm?lmllsmeVﬂsLIWUMWMIWTMLMW—
MIKRKLRLOLKKAREFNASRSRSKNKCFIRRIENNRKI I SKNNINVOVF LVRS LIGKLNKKVKVLKALGLNKIGDKKVHF LNES IKGMULNE TINMI LLSEVM- -~
MIKRKLRLOLKKAREFNASRARSKNKCF IRRMEKNKEI I SKSNINVOVCLVRS LIGKLDKKVKVLEA LG LNKMGDKKVHF LNE S TKGMLNKS INMI LLSEVSRV~
MIKRKLRLOLKKARFNASRSRSKNKYFIRRMENNREI I SKNNINVOVCLVRS LI GKLNKKVKVLEA LG LNKI GDKKVHF LNE PIKGMLNE TINMI LLSEVSNV-
MIKRKLRLOLKKTREKASRSRHKNKVE IKKMKSNREI LVKSDIKVEVOLKRS LIGKLDSKVKT LKALGLKRIGDRKIHI LNKS IOGMLNSVI SMI LLSEVENNG
MIKRKLRLOLKKIRFKASRSRLENKAFTKKMKNNRE I LIKSDIKIEVE LKRS LIGKLDSKVKT LKA LG LKKI GDKKVHVLNKS LOGMLNSVI SMVLLSEVEND -
MIKRKLRLOLKKIRFKAARSRFENKAF IKRME YNREVIAKSD IKVEVE LRRS LIGKSDSKVKT LKA LGLEKRIGDKRIHI LNKS LOGMLNSVI SMVF I SEVTDD:
MIKRKLRLOLKKDRFKASRSRVKNKAFIKRME SNREI I SRGDIRVEVE LKRS LIGKLDNKVRTLRALGLKRIGDRRVET LDKSVOGMLHEVINMI LI SEVRND

Borrelia turicatae (AOA172XBFO) mmwumamsnsmnmnmmuLmsnmmumumsmmwmxmmuummmmmm

Borreliella valaisiana (D6RXY3) MIKRKLRIQL ITSENNINVOVF LVRS LIGKLNKKVKVLKALGLNKIGDKKVHF LNE S IKGMLNE TINMI LLREVSNV-

Borreliella yangtzensis (AOATW9SI11) mmmmsnsmmcnmnmmxsnmnwwnvnsummummmrumsxm(mrlanmwsw

Candidatus borrelia tachyglossi (AOA2S51LX45) uvmmwmmsnsnmm:mmszxsmmwmnsumsmmwmwmuxmzmmmm
Dri R RRARRE L RR R RRRRD DRE ok kDo RRR o ko

Supplementary Figure 8. Two types of longer uL30 proteins in Borreliella species. (A)
Alphafold structure predictions for longer Borreliella species uL30 proteins, Bbu uL30 is shown
in dark red; (B) Alphafold structure predictions for three shorter Borreliella species uL30
proteins; (C) Sequence alignment of Borreliella species uL30 proteins shown in A and B with
Msm uL30 and bL37 also aligned for reference. Colors are consistent between models shown in
A and B and sequences shown in C except the longer uL30 models shown in khaki color in A
are shown in black text for their sequence in C.



Supplementary Figure 9. The proximity of Bbu bL38 (dark green) to representative
GTPase domain protein interactions with the sarcin-ricin loop (SRL, red). (A) View with full
ribosome shown in transparent grey; (B) Zoomed in view for region near bL38 and the SRL. The
GTPase domain proteins shown are tetracycline resistance protein TetM (PDB ID: 3J9Y#¢) in
cyan, translation initiation factor IF-2 (PDB ID: 3JCJ*) in dark turquoise, elongation factor Tu 2
(PDB ID: 5AFI*8) in cadet blue, elongation factor 4 (PDB ID: 5J8B“°) in dark cyan,
selenocysteine-specific elongation factor (PDB ID: 5L.ZD*°) in pale turquoise, GTPase
ObgE/CgtA (PDB ID: 7BL4%) in light steel blue, peptide chain release factor 1 and peptide chain
release factor 3 (PDB ID: 7M5D) in steel blue, elongation factor G (PDB ID: 7N2V*?) in dodger
blue, and GTPase Hflx (PDB ID: 7YLA) in blue. All color descriptors are from ChimeraX“® and alll
overlays are done using the Matchmaker module in ChimeraX* for the 23S RNA.
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Supplementary Figure 10. The image processing and 3D classification flowchart of cryo-

EM particles for the Bbu ribosome. From the final set of 288,776 particles, the classes with

101,390 particles and 85,825 patrticles did not show any appreciable difference with each other

or for subclasses generated from them. The PDB IDs and EMD IDs for the two volumes and
corresponding models deposited are shown. All densities are shown at a common threshold

# of images

value of 0.18. The model-map FSC plot (black dots), the FSC plots with varied masking (colored

lines), and the distribution of image projection orientations are shown in proximity to the

respective deposited maps. Source data are provided as a Source Data file.



Supplementary Figure 11. Large subunit 50S structure for Bbu showing that its distinct
ribosomal protein components are present in the isolated large subunit and are not
specific to the 70S assembly. (A) The Bbu 50S density at 3.4 A resolution in transparent khaki
with its fitted model in opaque orange-red for RNA and in opaque blue for proteins; (B) The Bbu
50S model in transparent depiction except for uL30 and bL38 proteins shown in opaque blue;
(C) The Bbu 50S density in transparent khaki with uL30 and bL38 proteins shown in opaque
blue; (D) The model and excised 50S density for uL30; (E) The model and excised 50S density
for bL38.



Supplementary Figure 12. Disordering of 23S rRNA helices H68 and H69 in the Bbu large
subunit 50S density. (A) The Bbu 50S density at 3.4 A resolution in transparent khaki shown
at a threshold of 0.15 alone (left) and with the fitted 70S structure 23S rRNA model with
backbone atoms shown in red spheres (right) indicating disorder in specific 23S rRNA regions;
(B) The specific 70S model Bbu 23S rRNA regions shown in red ribbons (left) and with the
modeled backbone atoms in the 50S 23S rRNA structure overlaid as yellow spheres (right). The
helical regions not obscured by the yellow spheres are mostly disordered in the Bbu 50S

density, suggesting displacement or internal conformation change in 23S RNA helices H68 and
H69.
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Supplementary Figure 13. Comparison of 23S RNA helix 68 (H68) and helix 69 (H69) in
70S and 50S in (A) Bbu and (B) Staphylococcus aureus (Sau). In panel B, the overlaid Sau
structures for its 50S and 70S assemblies are shown for 3 durations of incubation at 37°C (in
the format: PDB ID for 50S, PDB ID for 70S) as follows: 0 min (6HMAS3, 5TCU%*), 30 min
(7TASM®3, 7ASO%%), 50 min (7ASN®3, 7ASP®%). H68 and H69 in the 50S and 70S structures are
shown in yellow and red, respectively.



Supplementary Figure 14. Comparison of Bbu 50S subunit structure with 50S assembly
intermediate structures from Bacillus subtilis (Bsu, in blue, B-D)?” and Eco (in teal, E-T)%.
(A) Bbu 50S subunit; Overlays of the Bbu 50S subunit with (B) 44.5S YsxC class [; (C) 44.5S
YsxC class II; (D) 45S YphC; (E) Class B; (F) Class C; (G) Class C1; (H) Class C2; (I) Class C3;
(J) Class D; (K) Class D1; (L) Class D2; (M) Class D3; (N) Class D4; (O) Class E; (P) Class E1;
(Q) Class E2; (R) Class ES3; (S) Class E4; (T) Class E5. Also see Supplementary Table 5.



Supplementary Figure 15. Antibiotic binding to the Bbu 70S ribosome predicted using
docking and structural analogy. (A) Doxycycline docked in the Bbu 70S ribosome (top),
zoomed in view of docked doxycycline (middle), zoomed in view of tetracycline obtained by
structural analogy (bottom, PDB ID: 5J5B2°); (B) Erythromycin docked in the Bbu 70S ribosome
(top), zoomed in view of docked erythromycin (middle), zoomed in view of erythromycin
obtained by structural analogy (bottom, PDB ID: 6S0Z?); (C) Hygromycin A docked in the Bbu
70S ribosome (top), zoomed in view of docked hygromycin A (middle), zoomed in view of
hygromycin A obtained by structural analogy (bottom, PDB ID: 5DM74%). Docking performed
using Quickvina® with a box centered around the expected binding site, exhaustiveness
parameter set to 32 and number of modes set to 100. Predicted Autodock Vina®® binding free
energies for the Bbu 70S ribosome docked positions of the antibiotics shown are as follows:
doxycycline -5.4 kcal/mol, erythromycin -6.2 kcal/mol, hygromycin A -7.3 kcal/mol.



Supplementary Figure 16. Multiplicity in antibiotic binding conformations predicted using
structural analogy. (A) Tetracycline in the small subunit decoding center; (B) Erythromycin
near the peptidyl transferase center (PTC); (C) Hygromycin A near the PTC. The antibiotic
structures are shown within the Bbu 70S ribosome. Structural analogy is obtained by a coarse
alignment of the structures with ribosomal subunit RNA and then a finer alignment with
neighboring residues within 10 A of predicted bound antibiotic. Details for structures used in
these overlays are in Table S4.
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Supplementary Figure 17. Comparison of hygromycin A (HGR) binding pocket in Bbu and
Tth ribosomes with and without bound HGR suggests that the empty Bbu HGR pocket
may be more open for HGR accommodation. (A) Predicted HGR (green spheres) structure
bound in the Bbu 50S subunit (left) with its distance from distinct proteins (blue ribbons)
indicated (right); (B) HGR structure with transparent green spheres overlaid on its atoms (top)
and its chemical structure (bottom); (C) HGR pocket 23S ribosomal RNA residues showing
substantial variability between Bbu (this study), Tth (PDB ID: 4Y40%!), and Tth with HGR bound
(PDB ID: 5DOX*3) structures with changes in Bbu seemingly making more space for
accommodation of HGR; (D) HGR pocket 23S ribosomal RNA residues showing substantial
overlap between Bbu, Tth, and Tth HGR-bound structures. Base carbon atoms in 23S ribosomal
RNA shown in cyan for Bbu, orange for Tth, and pink for Tth HGR-bound structures. Bbu
numbering shown for 23S ribosomal RNA residues with Tth numbering in parentheses.
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