Supplementary Figure S1

Supplementary Figure S1. Study design.

Input: 40 UniProt reference proteomes Input: structures
21 eukaryotes (7 supergroups), 11 bacteria, 8 archaea; AlphaFold DB models for all anchor-scored proteins; PDB
full-length Met-initiated canonical proteins; human entries via SIFTS (chain deposited from residue 1 or
restricted to Swiss-Prot exactly residue 2)
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Anchored design Anchor-free design
Reciprocal best hits (DIAMOND) from three anchors: human OrthoFinder orthogroups on 34 proteomes: 24,518
vs 39 species, E. coli vs 10 bacteria, H. volcanii vs 7 orthogroups; 4,845 with >= 3 N-terminally matched
archaea. N-termini length-matched (both local-alignment species, scored under cross-domain, eukaryote, bacterial
starts <= 50, difference <= max(2, 10%)) so that and archaeal criteria. 168 orthogroups add human
position two is comparable proteins the anchored design could not score
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Step 1: substitution test (Figure 1, Table I) Step 2: deeply conserved sets (Figure 2)
Among substitutions at position two, the fraction Class kept in >= 50% of orthologs in each of >= k
keeping the MetAP class is compared with a composition- lineage groups (k = 4 human, 6 E. coli, 4 H. volcanii)
matched expectation from positions 3 to 12 of the same and >= 80% agreement over all retained orthologs; the
ortholog pairs; z score, sign test over species, score is used for ranking only. Human 263 permissive /
Wilcoxon test over proteins; per-residue tests with Ala2 96 nonpermissive; E. coli 45 / 40; H. volcanii 46 / 53;
and Ser2 removed as starting residues anchor-free replication and 39 three-domain groups
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Step 3: correlates of conservation (Figure 3) Step 4: class-switch test (Figure 4)
Permissive side: translation-apparatus enrichment. Within human proteins: eukaryotic orthologs that
Nonpermissive side: Metl packed into the fold on switched class versus those that kept it, against
AlphaFold models (pLDDT at residue 2 >= 70 and >= 3 packing of the human Met1; switch rate per ortholog
long-range contacts), repeated with confidence controls, pair; paired contact counts in the seven fold-packed
and on deposited coordinates (same contact definition, proteins with models of both kinds of ortholog
no confidence term; symmetry-aware recount)
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Step 5: partition of the deeply conserved Step 6: the residual (Figure 6)
nonpermissive proteins (Figure 5) Mirror partition of non-deeply-conserved proteins as
96 human / 40 E. coli: fold-packed on experimental . control; strict identity at position two against the
coordinates (43 / 22; core 41 / 21 also pass the exposed-residue baseline; N-terminal segment
AlphaFold gates), interface-buried (18 / 5), predicted conservation and ordv_ar; three individual leads (ARFRP1,
packed only (11 / 9), residual (24 / 4); secondary RAD21, EFTUD2) with eEF2 as the structural contrast
structure at Metl and contact conservation in the core
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Outputs
Supplementary Tables S1 to S27 in one workbook (ranked sets, tests, per-protein structural scores, experimental-
structure entries, class-switch tables, partitions, identity baselines); 36-script pipeline, audit scripts and figure
script deposited on Zenodo. All P values two-sided; experimental contact counts from the corrected symmetry-aware
recount of 2 October 2026.




