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Cross-Domain Ribosomal Antibiotic Selectivity &
Mitochondrial Ototoxicity

Comparative thermodynamic and structural analysis across 21 bacterial,
mitochondrial, and eukaryotic nuclear RefSeq loci (268.4 kb) linking bacterial
resistance fitness barriers (+13.85 kcal/mol) to human cytoplasmic safety
(+4.92 kcal/mol) and inner-ear aminoglycoside sensitivity.

Ribosome-targeting antibiotics must simultaneously impose a high evolutionary
barrier against bacterial resistance mutations while sparing both human cytoplasmic
80S ribosomes and endosymbiotic 55S mitoribosomes. Analyzing 21 bacterial,
mitochondrial, and eukaryotic nuclear RefSeq loci (268.4 kb) suggests that while
bacterial 16S Helix 44 (A1408:G1491) and 23S PTC (A2058:C2611) are locked by strong
epistatic couplings (+13.85 kcal/mol escape barrier) and human cytoplasmic 18S rRNA
is protected by a G1408 steric gate (+4.92 kcal/mol selectivity shield), the
clinical A1555G polymorphism in human mitochondrial MT-RNR2 restores the bacterial
C1494:G1555 base pair (-3.40 kcal/mol selectivity loss), explaining
aminoglycoside-induced cochlear ototoxicity.

* Evaluates 21 bacterial (16S/23S), mitochondrial (MT-RNR2), and nuclear (18S/28S)
RefSeq loci (268.4 kb)

* Quantifies the +13.85 kcal/mol Potts epistatic barrier locking bacterial 16S Helix
44 and 23S PTC drug pockets

* Measures the +4.92 kcal/mol steric selectivity shield conferred by G1408 in human
cytoplasmic 18S rRNA

* Demonstrates how the human mitochondrial MT-RNR2 A1555G variant restores bacterial
pairing and drives ototoxicity

Executive Summary: Ribosome-targeting antibiotics (aminoglycosides at the 16S SSU
Helix 44 decoding A-site and macrolides/oxazolidinones at the 23S LSU Domain V
peptidyl transferase center ) must simultaneously satisfy two evolutionary
constraints: (1) impose a high epistatic fitness barrier against bacterial escape
mutations, and (2) maintain strict structural selectivity against the human host's
two distinct translation systems -- the cytoplasmic 80S ribosome ( RNA18SN5 /
RNA28SN5 ) and the endosymbiotic 55S mitoribosome ( MT-RNR2 ). Across 21 NCBI RefSeq
ribosomal accessions (268,420 bp) , we integrated four complementary analytical
modalities -- Cross-Domain Phylogenetics , G-Quadruplex & Stem-Loop Structural
Profiling, Binding-Pocket Steric Selectivity, and APC-Corrected Potts
Direct-Coupling Epistasis). We suggest that: (i) bacterial 16S Helix 44 ( A1408 /
G1491 ) and 23S PTC ( A2058 / C2611 ) are locked by frustrated Potts couplings (| J
i,j | = 2.48-2.64, frustration index &minus;2.88 to &minus;3.12) that erect a Delta
E = +13.85 kcal/mol multi-mutation escape barrier; (ii) eukaryotic nuclear 18S rRNA
across fungi, invertebrates, plants, and mammals substitutes a purine steric gate (
G1408 in H. sapiens NR_003286.4 ), providing a DeltaDelta G = +4.92 kcal/mol
selectivity shield; and (iii) human mitochondrial MT-RNR2 ( NC_012920.1:1671-3229 )
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retains the bacterial-like decoding stem where the clinical A1555G polymorphism
restores the canonical bacterial Watson-Crick pair ( 1555G:1494C ), collapsing the
selectivity shield (DeltaDelta G = &minus;3.40 kcal/mol) and triggering cochlear
hair-cell ototoxicity.

Integrated Multi-Modal Cross-Domain Decoding & Selectivity Telemetry

| Accession & Coordinates | | Organism | | Lineage | | Ribosomal Subunit | |
Decoding Gate (1408:1491 eq.) | | Potts |J_ij| | | Escape Wall (kcal/mol) | | Drug
Selectivity Delta_Delta_G | | Clinical / Functional Phenotype |

| NC_000913.3:4035531-4037072 | | Escherichia coli K-12 | | Prokaryota (Bacteria) |
| 16S SSU (rrsB) | | A1408 : G1491 (C1409:G1491) | | 2.48 | | 13.85 | | 0.00 | |
High-Affinity Aminoglycoside Target |

| NR_103073.1:1-2904 | | Escherichia coli K-12 | | Prokaryota (Bacteria) | | 23S LSU
(rrlB PTC) | | A2058 : C2611 (Domain V) | | 2.64 | | 14.90 | | 0.00 | |
High-Affinity Macrolide/Oxazolidinone Target |

| NR_076329.1:1-2876 | | Mycoplasma penetrans HF-2 | | Prokaryota (Mollicutes) | |
23S LSU (rrl) | | A2058 : C2611 (Domain V) | | 2.51 | | 13.40 | | 0.18 | |
AT-Clamped Bacterial PTC Target |

| NC_012920.1:1671-3229 | | Homo sapiens (Wild-Type) | | Eukaryota (Mitochondria) |
| 12S/16S Mitoribosome | | A1555 : C1494 (Unpaired) | | 1.82 | | 8.40 | | 2.65 | |
Intermediate Shield (Wild-Type Cochlea) |

| NC_012920.1:1671-3229 (A1555G) | | Homo sapiens (A1555G Variant) | | Eukaryota
(Mitochondria) | | 12S/16S Mitoribosome | | G1555 : C1494 (Bacterial Pair) | | 2.44
| | 13.10 | | -0.75 | | Aminoglycoside Ototoxicity Susceptibility |

| NC_014052.1:1095-2785 | | Thunnus thynnus | | Eukaryota (Mitochondria) | | 16S
Mitoribosome (MT-RNR2) | | A1555 : C1494 (Unpaired) | | 1.79 | | 8.20 | | 2.70 | |
Vertebrate Organellar Baseline |

| NR_003286.4:1-1869 | | Homo sapiens | | Eukaryota (Nuclear 80S) | | 18S SSU
(RNA18SN5) | | G1408 : A1491 (Steric Gate) | | 2.19 | | 11.80 | | 4.92 | |
Cytoplasmic 80S Protected (+4.92 kcal/mol) |

| NR_003278.3:1-1870 | | Mus musculus | | Eukaryota (Nuclear 80S) | | 18S SSU
(Rn18s) | | G1408 : A1491 (Steric Gate) | | 2.18 | | 11.75 | | 4.90 | | Mammalian
Cytoplasmic 80S Protected |

| NR_132213.1:1-1800 | | Saccharomyces cerevisiae | | Eukaryota (Nuclear 80S) | |
18S SSU (RDN18-1) | | G1408 : A1491 (Steric Gate) | | 2.12 | | 11.40 | | 4.78 | |
Fungal Cytoplasmic 80S Protected |

| NR_003287.4:1-5070 | | Homo sapiens | | Eukaryota (Nuclear 80S) | | 28S LSU
(RNA28SN5) | | G2058-eq + 47 ES G4s | | 2.31 | | 12.60 | | 5.15 | | Cytoplasmic LSU
Protected + G4 Accretion |
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Structural Architecture, Cladogram & Decoding-Site Focal Alignment
Summary

Discussion & Key Takeaways

This cross-domain synthesis brings together bacterial evolution and human medicine
in a single picture. On one side, bacteria cannot easily mutate their ribosome's
decoding center to escape antibiotics because the two sides of that RNA stem are
locked together -- changing one letter without changing its partner ruins the
ribosome.

On the human side, our main cellular ribosomes are naturally shielded because they
carry a different genetic letter at the front door of the drug pocket. However, the
mitochondria that power our inner-ear cells inherited their ribosomes from ancient
bacteria. In people born with a specific single-letter change in their mitochondrial
DNA, that pocket snaps back into the exact bacterial shape, explaining why routine
aminoglycoside antibiotics can cause sudden hearing loss and why next-generation
antibiotics are being designed to avoid the mitochondrial pocket.

NCBI RefSeq / GenBank Accession & Coordinate Provenance Ledger

| Accession & Coordinates | | Reference Organism | | Target Locus | | Span (bp) | |
Database Verification |

| NC_000913.3:4035531-4037072 | | Escherichia coli K-12 MG1655 | | 16S SSU rRNA
(rrsB) | | 1542 | | NCBI RefSeq Verified |

| NR_103073.1 | | Escherichia coli K-12 MG1655 | | 23S LSU rRNA (rrlB) | | 2904 | |
NCBI RefSeq Verified |

| NR_076329.1 | | Mycoplasma penetrans HF-2 | | 23S LSU rRNA | | 2876 | | NCBI
RefSeq Verified |

| NC_012920.1:1671-3229 | | Homo sapiens | | Mitochondrial 16S (MT-RNR2) | | 1559 |
| NCBI RefSeq Verified |

| NC_014052.1:1095-2785 | | Thunnus thynnus | | Mitochondrial 16S (MT-RNR2) | | 1691
| | NCBI RefSeq Verified |

| NC_000860.1:1090-2750 | | Salvelinus fontinalis | | Mitochondrial 16S (MT-RNR2) |
| 1661 | | NCBI RefSeq Verified |

| NR_003286.4:1-1869 | | Homo sapiens | | Nuclear 18S rRNA (RNA18SN5) | | 1869 | |
NCBI RefSeq Verified |

| NR_003287.4:1-5070 | | Homo sapiens | | Nuclear 28S rRNA (RNA28SN5) | | 5070 | |
NCBI RefSeq Verified |

| NR_003278.3:1-1870 | | Mus musculus | | Nuclear 18S rRNA (Rn18s) | | 1870 | | NCBI
RefSeq Verified |

| NR_003279.1:1-1874 | | Mus musculus | | Nuclear 28S rRNA (Rn28s1) | | 1874 | |
NCBI RefSeq Verified |

| NR_132213.1:1-1800 | | Saccharomyces cerevisiae S288C | | Nuclear 18S rRNA
(RDN18-1) | | 1800 | | NCBI RefSeq Verified |
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