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Sequence search discovery evaluation and N1 follow up
Manuscript: AlphaFold 3 Guided Computational Design of Candidate Peptide Binders to VIM-2
This single supplement documents the corrected 1,004-evaluation AlphaFold 3 (AF3) search, selection and discovery evaluation of seven candidate peptides, and the separate 108-model N1 follow-up. N1 alone passed all stated discovery criteria and retained favorable prediction metrics in the fixed-sequence follow-up. The sections report completed calculations and distinguish sequence generation, exploratory selection and evaluation of fixed sequences. 
S1.1 Target identity and residue numbering
The prediction receptor is VIM-2 UniProt Q9K2N0 native residues 32–266 (235 residues; chain B); peptide chain A contains 25 residues. Native VIM-2 numbering equals construct position +31. This sequence has no substitutions relative to the specified UniProt segment. The six scoring positions are 83, 85, 87, 148, 167 and 209. They define a post-prediction score, not receptor-coordinate restraints during inference. Standard class B β-lactamase (BBL) numbers denote structural correspondence, not a common additive offset across enzymes1.
The earlier identification of PDB 5N5J as NDM-1 was incorrect; that entry is human MMP12. Recovered prediction inputs matched the VIM-2 segment specified above, with no MMP12 use found in those inputs. The original figure and alignment provenance remains unresolved, so the error cannot be certified as limited to a caption. The earlier 0.231 Å structural-agreement and 341 Å² claims are not retained. The results here use the corrected VIM-2 receptor-residue mask.
Table S1a. Experimental reference metadata
	Target / accession / PDB chain
	Deposited construct; observed / missing author residues
	Method; resolution; catalytic Zn occupancy

	VIM-2 / Q9K2N0 / 4NQ2 A
	native 1–261; observed 32–261; missing 1–31
	X-ray; 1.55 Å; A301/A302 each 1.00

	NDM-1 / C7C422 / 3SPU A
	native 27–270 + extension 271–291; observed 43–274; missing 27–42, 275–291
	X-ray; 2.10 Å; A301/A302 each 1.00

	IMP-1 / P52699 / 5EV6 A
	native 19–246 + GP at author −1/0; observed author 3–221; missing −1–2, 222–228
	X-ray; 1.984 Å; A301/A302 each 1.00


Table S1a uses author residue and chain identifiers. No engineered protein point mutations were reported for these reference chains. The observed native spans used for comparisons are VIM-2 32–261, NDM-1 43–270 and IMP-1 21–239; IMP-1 author numbers equal native numbers −18. The four observed NDM-1 extension residues 271–274 are excluded from the comparison. These reference constructs differ from the VIM-2 prediction construct.
Downloaded mmCIF files are preserved unchanged. The reference illustrations and coordinate comparisons retain protein chain A and catalytic Zn A301/A302, omit waters and other ligands, and exclude the additional noncatalytic VIM-2 Zn A305. Retained coordinates were not relaxed. The experimental structures2,3,4 provide reference comparisons; they were not supplied as AF3 templates and do not establish cross-target peptide activity.
For structural comparisons and figure preparation, each disordered atom was represented by the conformer selected by Biopython. The Cα atoms of VIM-2 Ser160 and Ser161 used alternate location A. Only the selected conformer was written to the display coordinates.
Table S1b. Correspondence of the six canonical zinc ligands
	Site
	BBL
	VIM native
	VIM AF index
	NDM native
	IMP native

	Zn1
	H116
	H114
	83
	H120
	H95

	Zn1
	H118
	H116
	85
	H122
	H97

	Zn2
	D120
	D118
	87
	D124
	D99

	Zn1
	H196
	H179
	148
	H189
	H157

	Zn2
	C221
	C198
	167
	C208
	C176

	Zn2
	H263
	H240
	209
	H250
	H215


VIM AF index is the one-based position in the 235-residue prediction receptor. Zn1 and Zn2 in Table S1b denote canonical BBL sites; predicted ion-chain labels alone do not validate biochemical site assignments.
S1.2 Executed objective and prediction settings
AF3 3.0.1 was run in the recorded Apptainer image with ten recycles and one diffusion sample per seed5. Both protein template lists and paired multiple sequence alignments (MSAs) were empty; the receptor used the same saved MSA and the peptide used a query-only MSA. Zn-present input specified one Chemical Component Dictionary (CCD) ZN entity in each of chains Z and Y during inference; Zn-free input omitted both entities. Zn coordinates were predicted, not appended afterward. Container, weights and receptor-MSA hashes are retained in the runtime records.
Let clip(x) = min(1, max(0, x)). WUV is the contact-weighted predicted aligned error (PAE) for rows in chain U and columns in chain V. Here A denotes the peptide, B the receptor, and Z and Y the two ion chains.


Only protein rows have valid local frames. PAE summaries and their weighted combination were rounded to four decimal places; the returned search loss was rounded to six. All 1,004 evaluations retained finite PAE summaries.
D is the solvent-accessible surface area (SASA) of atoms in the six specified receptor residues without the peptide minus their SASA in the complex (Å²). It uses protein atoms only and 1,000 surface points. For D > 0, the base loss is:

For D ≤ 0, Lbase = ∞. For ion j, Rj and Cj are its SASA in the receptor-plus-both-ions baseline and peptide-containing complex, respectively, at identical receptor and ion coordinates. For Rj > 10⁻⁶ Å², fj = max(Rj − Cj, 0)/Rj; otherwise fj = 0. Balanced two-ion burial and the search objective are:


The peptide predicted local distance difference test (pLDDT) score is a subsequent filtering quantity, not an explicit loss term. The loss scales are algorithmic choices and are not calibrated to affinity.
For fixed-sequence comparisons, the protein-only common loss excludes ion-pair PAE, the 0.65 prefactor and the zinc-burial term:


Lcommon is infinite for D ≤ 0 and is applied identically to both zinc conditions. Reconstructed fixed-sequence scores use rounded standard confidence JSON files and are approximate; they are not the recorded adaptive-search loss. Peptide pLDDT averages the 25 peptide Cα atoms. The protein-pair interface predicted template modeling (ipTM) score averages the A–B and B–A entries and excludes ion pairs.
S1.3 Search statistics and selection provenance
Each of four starts supplied one initial evaluation plus 250 stochastic single-residue proposals. The proposal alphabet contained 19 amino acids excluding cysteine; Arg, Lys and Gly were additionally excluded at the C terminus. Previously evaluated sequences were avoided. A proposal replaced the retained sequence only when its loss was strictly lower; worse moves had no probabilistic acceptance. The four search random number generator (RNG) bases were 20260915–20260918, with actual logged mutation/AF RNG seeds 3081045816, 3081046816, 3081047816 and 3081048816. Every evaluation's exact AF seed, input, structure, full confidence arrays and acceptance status was saved. A starting peptide, a mutation-search RNG and an AF prediction seed are different entities.
Table S2. Complete corrected trajectory statistics
	Start
	Initial loss
	Final = minimum
	Finite median / IQR
	Accepted / 250
	First minimum¹
	Infinite n

	1
	1.2644
	0.7789
	0.9115 / 0.2398
	12
	131
	2

	2
	0.8777
	0.7733
	0.9174 / 0.1180
	8
	122
	10

	3
	1.0912
	0.7879
	0.9020 / 0.0714
	6
	30
	2

	4
	0.8212
	0.6847
	0.7741 / 0.0841
	10
	249
	0


¹ First-minimum indices use zero-based proposal numbering. Each trajectory has 251 unique evaluations (1,004 overall), with 14 infinite losses across the four starts. Medians and interquartile ranges (IQRs) cover finite losses only. Strict improvement makes the final retained loss the minimum; its first occurrence defines the corresponding R candidate. Start 4 reached its minimum at the budget boundary, so convergence is not claimed.
All saved proposals, including rejected moves, entered exploratory post hoc selection. Mean peptide pLDDT ≥70 and protein-pair ipTM ≥0.6 retained 132 designs; removing peptide–receptor heavy-atom or peptide-heteroatom–Zn contacts below 1.8 Å left 109, all from start 4. The recorded provisional canonical-donor distance requirement (1.5–3.0 Å) and assignment-cost-gap requirement (≥0.5 Å) removed none of these 109; they do not establish chemically valid coordination. Pareto screening favored higher pLDDT/ipTM and lower recorded search loss/Na4vSS aggregation descriptor, retaining 14. Excluding R4, already represented among trajectory minima, left 13. N1, N2 and N3 were then selected sequentially by maximum pair ipTM, maximum pLDDT and minimum Na4vSS, excluding prior choices and breaking exact ties lexicographically by sequence.
Na4vSS is the AGGRESCAN-scale sum of sliding-window aggregation-propensity averages normalized to 100 residues, calculated locally6. Lower values were favored for relative prioritization; no exclusion threshold or measured-solubility interpretation was assigned. Section S1.8 reports the candidate descriptors.
N1 is the saved start-4 proposal at iteration 188, AF seed 1273989762, search loss 0.702749. It was not accepted into the greedy retained state. Thus N1 was generated by this design method and selected from its complete saved population. N1–N3 are 92% identical pairwise; they are related variants, not independent sequence families. Main Figure 4 displays the full design population, with nonfinite losses explicitly identified.
S1.4 Matched evaluation and retained failures
The discovery set contains seven candidates, seven exact-composition shuffles (one per candidate), four starting sequences and five random controls: 23 sequences × two zinc conditions × seeds 404/505/606 = 138 models, including 42 candidate models. Controls obeyed the same length, alphabet and terminal restrictions and were not optimized. All models in this subset of completed runs are retained, including unfavorable results. Table S3C reports all 46 sequence-condition summaries. The retained source records contain 207 pose comparisons: 138 within-condition seed-pair comparisons (23 sequences × two conditions × three pairs) and 69 matched-seed zinc-present versus zinc-free comparisons (23 sequences × three seeds).
Before this fixed evaluation, exploratory Zn-present criteria required median pLDDT ≥70, median pair ipTM ≥0.6, no sub-1.8 Å peptide–receptor or peptide-heteroatom–Zn contact in any seed, all three seed-pair peptide root-mean-square deviations (RMSDs) ≤3 Å, lower median Lcommon than the own shuffle and higher median pair ipTM than that shuffle. All 235 receptor Cα atoms were fitted; the same transform was applied to 100 peptide backbone atoms (N/Cα/C/O), with no independent peptide fit. Contacts use any heavy-atom separation ≤5 Å. These are technical confidence/geometry rules, not validated binding criteria or biological replicates.
Table S3A. Seven candidates and their failed discovery criteria
	ID
	Sequence
	Failed criteria (Zn-present)

	R1
	HKNTWQNDPAKWLRHGIAAWMLHEV
	pLDDT; ipTM; receptor contact

	R2
	FVNPRARWSWKINRNAEERPIENLM
	pLDDT; ipTM; receptor contact; pose RMSD; ipTM vs shuffle

	R3
	WLAGALETQMWHPDKTQWLSISIHH
	pLDDT; ipTM; pose RMSD; loss and ipTM vs shuffle

	R4
	LYLSMTIVSQIVEIVKNQTTHVHIY
	Receptor contact (minimum 1.693 Å)

	N1
	LYLSMTIVSQIVEIVKNQTTHVWTY
	None; prioritized

	N2
	LYLSMTIVSQIVEIVKNQTTKVWIY
	Pose RMSD (maximum 3.7729 Å)

	N3
	LYLSMTRVSQIVEIVKNQTTHVWIY
	Peptide–Zn contact (minimum 1.5256 Å)


N1 alone passed every stated criterion among these seven candidates. The no-Zn condition assesses prediction sensitivity, not measured biochemical zinc dependence. SASA is computed with a 1.4 Å probe and C/N/O/S/P/Se/Zn radii 1.70/1.55/1.52/1.80/1.80/1.90/1.39 Å; H/D are excluded7. Baseline, complex and complex-minus-baseline values are checked separately for each Zn and their sum at 1,000/15,360/61,440 points. Final-grid differences ≤0.1 Å² support display precision only. The 1,000-point receptor-burial objective term is not certified by this separate Zn convergence check. Static accessibility reduction does not establish inhibition. N1 follow-up SASA values and convergence are reported in Section S1.6, Tables S6A and S6B.
The discovery sequence list in Table S3B identifies every candidate and control. Table S3C reports each sequence under both zinc conditions, including unfavorable and nonfinite outcomes.
Table S3B. All discovery sequences
	ID
	Sequence
	Group

	Start 1
	HINTWQNRPMKWLVPGIYAHRLHHQ
	Unoptimized starting sequence

	Start 2
	FTNPRSGWSWKMNRNAEERPIEKPT
	Unoptimized starting sequence

	Start 3
	WIAGALETQMWHQDKMIWLSYSIQH
	Unoptimized starting sequence

	Start 4
	LGLLMTIVSQIVWGIKGQTTHVWMN
	Unoptimized starting sequence

	Random 1
	AEGINAYDNFGWKTKTSRDEQKEWM
	Random control

	Random 2
	HWEHYQLVHENSADTMDMARDQELH
	Random control

	Random 3
	EFHHSNFKNHGKMQVEKMGQWNLVV
	Random control

	Random 4
	GTSWNWQMAQYVTSYFTLQYTWAFH
	Random control

	Random 5
	REHSIFKYWWYKFPMRHDHVLVRSS
	Random control

	R1
	HKNTWQNDPAKWLRHGIAAWMLHEV
	Selected representative

	R2
	FVNPRARWSWKINRNAEERPIENLM
	Selected representative

	R3
	WLAGALETQMWHPDKTQWLSISIHH
	Selected representative

	R4
	LYLSMTIVSQIVEIVKNQTTHVHIY
	Selected representative

	R1 shuffle
	WHNAPKRTLMAVWGDKLHENIHQAW
	Composition-matched shuffle

	R2 shuffle
	NRVWWKERNLRFPIIANSREMAENP
	Composition-matched shuffle

	R3 shuffle
	LWTDLAGSWKWHMQSHIPQIELHTA
	Composition-matched shuffle

	R4 shuffle
	HVINQVSYHLTTYIIIVEMLTKQSV
	Composition-matched shuffle

	N1
	LYLSMTIVSQIVEIVKNQTTHVWTY
	Selected representative

	N2
	LYLSMTIVSQIVEIVKNQTTKVWIY
	Selected representative

	N3
	LYLSMTRVSQIVEIVKNQTTHVWIY
	Selected representative

	N1 shuffle
	NITTETIYYVHLQVWSQMKVTVLSI
	Composition-matched shuffle

	N2 shuffle
	TKTYMISLVEVTYIKINIVSLQQVW
	Composition-matched shuffle

	N3 shuffle
	VLQVEYIHVSQTKLNWMYRSTIVIT
	Composition-matched shuffle


Display labels R1–R4 correspond to corrected_start1_minimum–corrected_start4_minimum; their shuffles use the corresponding corrected_start1_shuffle–corrected_start4_shuffle records. Start 1–4 denote original_start1–original_start4. N1–N3 and their shuffles retain their source identifiers. Random 1–5 denote random1–random5.
Table S3C. All discovery sequence and condition summaries
	ID
	Zn
	pLDDT
	Pair
ipTM
	Common
loss
	∞
seeds
	Max pose
RMSD Å
	ΔSASA
Å²

	Start 1
	2
	36.68
	0.320
	1.40723
	0
	22.826
	−8.1

	Start 1
	0
	31.36
	0.180
	1.50711
	0
	10.409
	—

	Start 2
	2
	38.47
	0.340
	1.35700
	0
	7.026
	−11.1

	Start 2
	0
	31.10
	0.140
	∞
	2
	22.123
	—

	Start 3
	2
	47.83
	0.420
	1.32787
	0
	5.104
	−9.1

	Start 3
	0
	42.08
	0.170
	1.56297
	0
	12.724
	—

	Start 4
	2
	46.18
	0.340
	1.34739
	0
	14.271
	−10.6

	Start 4
	0
	44.36
	0.230
	1.51818
	1
	36.202
	—

	Random 1
	2
	38.91
	0.340
	1.38797
	0
	9.196
	−9.6

	Random 1
	0
	33.37
	0.180
	1.53845
	0
	11.011
	—

	Random 2
	2
	44.26
	0.350
	1.36442
	0
	5.287
	−11.7

	Random 2
	0
	44.72
	0.240
	1.44631
	0
	1.863
	—

	Random 3
	2
	36.51
	0.310
	1.39743
	0
	21.486
	−11.3

	Random 3
	0
	32.53
	0.230
	1.52319
	0
	12.210
	—

	Random 4
	2
	44.51
	0.320
	1.41603
	0
	30.361
	−7.9

	Random 4
	0
	32.87
	0.160
	1.57725
	0
	25.206
	—

	Random 5
	2
	35.95
	0.280
	1.46344
	0
	18.085
	−9.4

	Random 5
	0
	31.99
	0.200
	1.54992
	0
	21.972
	—

	R1
	2
	48.53
	0.470
	1.28579
	0
	1.816
	−9.7

	R1
	0
	44.44
	0.290
	1.45822
	0
	1.976
	—

	R2
	2
	48.47
	0.540
	1.27450
	0
	28.336
	−10.3

	R2
	0
	42.48
	0.370
	1.41865
	0
	8.443
	—

	R3
	2
	42.98
	0.390
	1.35618
	0
	19.955
	−12.3

	R3
	0
	33.07
	0.140
	1.59151
	1
	43.822
	—

	R4
	2
	80.67
	0.810
	1.09755
	0
	1.774
	−8.6

	R4
	0
	83.59
	0.830
	1.08648
	0
	2.907
	—

	R1 shuffle
	2
	46.02
	0.410
	1.35975
	0
	12.621
	−9.5

	R1 shuffle
	0
	50.77
	0.420
	1.31665
	0
	17.922
	—

	R2 shuffle
	2
	47.50
	0.560
	1.32572
	0
	29.798
	−9.6

	R2 shuffle
	0
	33.29
	0.180
	∞
	2
	37.146
	—

	R3 shuffle
	2
	47.02
	0.460
	1.27894
	0
	3.175
	−13.1

	R3 shuffle
	0
	39.47
	0.260
	1.44072
	0
	3.844
	—

	R4 shuffle
	2
	52.36
	0.520
	1.30764
	1
	5.121
	−9.7

	R4 shuffle
	0
	42.25
	0.180
	∞
	2
	30.347
	—

	N1
	2
	81.87
	0.830
	1.07894
	0
	1.805
	−8.9

	N1
	0
	80.84
	0.810
	1.09568
	0
	1.610
	—

	N2
	2
	82.51
	0.810
	1.08326
	0
	3.773
	−8.2

	N2
	0
	82.59
	0.820
	1.08684
	0
	1.633
	—

	N3
	2
	78.54
	0.800
	1.10111
	0
	1.348
	−9.2

	N3
	0
	80.45
	0.820
	1.09430
	0
	1.244
	—

	N1 shuffle
	2
	51.27
	0.460
	1.26692
	0
	9.332
	−10.0

	N1 shuffle
	0
	40.53
	0.170
	1.55880
	0
	25.378
	—

	N2 shuffle
	2
	44.37
	0.410
	1.35959
	0
	5.916
	−9.6

	N2 shuffle
	0
	39.02
	0.330
	1.42422
	0
	7.535
	—

	N3 shuffle
	2
	38.64
	0.360
	1.40888
	0
	22.996
	−6.2

	N3 shuffle
	0
	30.68
	0.120
	1.65206
	1
	49.492
	—


Each row summarizes seeds 404, 505 and 606. Confidence and common loss are three-seed medians; infinite losses remain included. The ∞ seeds column counts nonfinite losses among the three predictions. Maximum pose RMSD is the largest of the three stored within-condition seed-pair values after fitting all 235 receptor Cα atoms, without a peptide fit. ΔSASA is the median summed zinc value; a dash denotes the zinc-absent condition. These display summaries do not pool the discovery and follow-up stages.
S1.5 Fixed N1 follow up and control comparisons
The follow-up tested whether fixed N1 retained favorable scores and pose consistency with new prediction seeds and larger control sets. N1 was fixed after corrected-search discovery. The follow-up comprises N1, 20 random sequences, 10 N1 composition-preserving shuffles and four original starts: 35 unique 25-residue sequences, each predicted with two Zn ions at seeds 17001–17003, plus three matched N1 zinc-absent predictions (108 models). Each seed supplies one diffusion sample, with 10 recycles and explicit empty template lists5. VIM-2 is Q9K2N0 residues 32–266; peptide and receptor are chains A and B. This panel remains separate from the discovery subset (138 models; Section S1.4).
Three AF seeds are technical repeats of each sequence. Scores were reconstructed from rounded AF3 confidence output and are not raw-logit or affinity measurements. All 35 zinc-present sequence summaries are in Table S4B; the exact sequences and groups are in Table S4C. Complete 108-model and 111-pose-pair records, generation metadata and input/model/confidence hashes are retained locally.
Peptide confidence is the mean Cα pLDDT within each model; the reported sequence value is its three-seed median. Protein-pair ipTM averages A→B and B→A entries, excluding Zn chains. Common loss is the base objective recomputed with protein-only PAE (Section S1.2), allowing matched zinc-present/absent comparison. Zero target burial retains infinite loss.
Table S4A. Follow up group summaries
	Group
	n
	pLDDT
	Pair ipTM
	Common loss
	∞ loss

	N1
	1
	77.802
	0.730
	1.13615
	0

	Starting sequences
	4
	41.447
	0.365
	1.36690
	0

	Random controls
	20
	42.196
	0.355
	1.39242
	1

	N1 shuffles
	10
	47.219
	0.400
	1.42709
	4


Each group entry is the median of its sequence-level three-seed medians; infinities remain included. No model pooling or inferential p-value is used.
N1 ranks first for higher pLDDT, higher pair ipTM and lower common loss against random controls (1/21 including N1) and own shuffles (1/11). These are descriptive ranks in two fixed comparator sets, not independent validation or calibrated binding probabilities. Infinite sequence-median losses occur in random_new_18 and N1_shuffle_new_04, _05, _09 and _10.
Table S4B. All zinc present follow up sequence summaries
	ID
	pLDDT
	Pair ipTM
	Common loss
	Max pose
RMSD Å
	ΔSASA
Å²

	N1
	77.802
	0.730
	1.13615
	1.653
	−9.4

	Start 1
	35.341
	0.280
	1.40412
	13.517
	−10.2

	Start 2
	40.348
	0.390
	1.33443
	9.321
	−10.6

	Start 3
	42.546
	0.350
	1.39938
	25.091
	−9.4

	Start 4
	45.479
	0.380
	1.32725
	29.382
	−11.6

	Random 01
	43.724
	0.340
	1.37434
	21.220
	−4.0

	Random 02
	38.508
	0.330
	1.44717
	28.952
	−5.9

	Random 03
	36.931
	0.310
	1.45424
	36.480
	−10.7

	Random 04
	44.398
	0.410
	1.31651
	14.850
	−10.8

	Random 05
	41.769
	0.510
	1.39194
	40.883
	−10.1

	Random 06
	42.791
	0.430
	1.38210
	27.390
	−9.5

	Random 07
	42.623
	0.440
	1.36705
	26.981
	−9.3

	Random 08
	39.363
	0.270
	1.45522
	29.278
	−10.1

	Random 09
	38.258
	0.270
	1.46807
	32.556
	−5.7

	Random 10
	39.294
	0.370
	1.40750
	15.797
	−6.8

	Random 11
	53.015
	0.510
	1.25045
	15.986
	−9.8

	Random 12
	40.623
	0.340
	1.39290
	32.578
	−8.2

	Random 13
	43.242
	0.360
	1.37306
	21.210
	−10.9

	Random 14
	47.755
	0.450
	1.28813
	20.326
	−10.6

	Random 15
	43.252
	0.350
	1.44068
	33.325
	−10.0

	Random 16
	37.979
	0.310
	1.42854
	28.399
	−10.7

	Random 17
	41.176
	0.410
	1.36738
	16.573
	−8.0

	Random 18
	47.061
	0.300
	∞
	37.918
	0.0

	Random 19
	40.960
	0.340
	1.40205
	24.843
	−2.3

	Random 20
	50.115
	0.390
	1.36168
	23.249
	−8.5

	N1 shuffle 01
	47.698
	0.350
	1.38153
	32.020
	−11.0

	N1 shuffle 02
	54.302
	0.480
	1.36470
	8.504
	−6.6

	N1 shuffle 03
	37.754
	0.320
	1.47265
	39.413
	0.0

	N1 shuffle 04
	39.662
	0.350
	∞
	39.027
	0.0

	N1 shuffle 05
	49.016
	0.510
	∞
	27.993
	0.0

	N1 shuffle 06
	53.831
	0.630
	1.29882
	38.582
	−10.1

	N1 shuffle 07
	54.319
	0.430
	1.37499
	39.540
	−10.3

	N1 shuffle 08
	46.740
	0.560
	1.32329
	26.196
	−10.9

	N1 shuffle 09
	40.510
	0.370
	∞
	32.035
	0.0

	N1 shuffle 10
	41.970
	0.290
	∞
	44.828
	0.0


All rows use two Zn ions and seeds 17001–17003. Scores and summed ΔSASA are three-seed medians; maximum pose RMSD uses the three within-condition pairs. Infinite common-loss medians are retained. N1 zinc-absent model values are shown separately in Table S5A. Display labels Random 01–20 and N1 shuffle 01–10 map to random_new_01–20 and N1_shuffle_new_01–10, respectively.
Table S4C. Follow up sequences and control groups
	ID
	Sequence
	Group

	N1
	LYLSMTIVSQIVEIVKNQTTHVWTY
	Fixed N1 candidate

	Start 1
	HINTWQNRPMKWLVPGIYAHRLHHQ
	Unoptimized starting sequence

	Start 2
	FTNPRSGWSWKMNRNAEERPIEKPT
	Unoptimized starting sequence

	Start 3
	WIAGALETQMWHQDKMIWLSYSIQH
	Unoptimized starting sequence

	Start 4
	LGLLMTIVSQIVWGIKGQTTHVWMN
	Unoptimized starting sequence

	Random 01
	HGAAQKIVWMKHLAHRKKIRNMTGE
	Random control

	Random 02
	VGHFEWRRKRRGAISAVPRKLHEPH
	Random control

	Random 03
	TKMDMYVWPQAFIKNPEHVQWNYTH
	Random control

	Random 04
	RFTSWIQYHSTAFTRTIFQHAKMGT
	Random control

	Random 05
	MEGDQGFRDDVGTGKYEFTSRDFIF
	Random control

	Random 06
	HYHFNNGLHNDSRVHHHYHYPYYRP
	Random control

	Random 07
	FSSPNWMSQRHTQRGQWRSTQVQVT
	Random control

	Random 08
	GDNWYVSNVPYPLNWQNDMKTLDNM
	Random control

	Random 09
	QSEPAVPPAQMWITQMKWPRVNIGA
	Random control

	Random 10
	LNKWEMLFMPGQWMYVWPGYPTYFL
	Random control

	Random 11
	PLTWTADIGVYGALKFFMSAAEHRI
	Random control

	Random 12
	SVGASQIKDMYFFYSSWKPSIQLAN
	Random control

	Random 13
	ESGQAGEQSAWSILNGTYISLNMPY
	Random control

	Random 14
	HMAHFKMMVYIYNQMENAWPDWGVA
	Random control

	Random 15
	QLIPFPIDNQYYADATHEVIMRDQF
	Random control

	Random 16
	AYENLAALTAPPYGLVHPFMKYNAE
	Random control

	Random 17
	GYALLFGQGPQAGDVKSKFARFQKT
	Random control

	Random 18
	SWRKVKMDWITITGIQIGVSMWLWE
	Random control

	Random 19
	INDENAWYTHGAQVNPPVHVRLWAV
	Random control

	Random 20
	GKHSGPLNAMMKWLVYHMKRWGKIE
	Random control

	N1 shuffle 01
	VTQSTTYSLHIVTENYIKQVLIWMV
	Composition-matched N1 shuffle

	N1 shuffle 02
	YWLQKQEISVTTTYNHITISVMVVL
	Composition-matched N1 shuffle

	N1 shuffle 03
	HIWETYVSNQKIVTVSLLYTMQVIT
	Composition-matched N1 shuffle

	N1 shuffle 04
	VLVTNQQYIWHTVSKSLMEIYIVTT
	Composition-matched N1 shuffle

	N1 shuffle 05
	TILINYMEVVSYQWKSQTHTILVVT
	Composition-matched N1 shuffle

	N1 shuffle 06
	VWQTTITVSEYIYVVNSHLKLMTQI
	Composition-matched N1 shuffle

	N1 shuffle 07
	SVKTTMVLQIIYWETTQYVHSNLIV
	Composition-matched N1 shuffle

	N1 shuffle 08
	QHMSVINLWITYTITSVLVKYVQTE
	Composition-matched N1 shuffle

	N1 shuffle 09
	QVIYIEQSTTTKLVWHVLNVTMYIS
	Composition-matched N1 shuffle

	N1 shuffle 10
	SVLVQIIHMNTQVSKYTIVETWTYL
	Composition-matched N1 shuffle


N1 was frozen after discovery. Its ten shuffles preserve its exact amino-acid composition. The 20 new random controls and four original starts were not optimized during follow-up. Source generation metadata are retained in followup_sequences35.csv.
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Figure S1. All 35 sequence medians in each of three panels; each dot summarizes three AF seeds. Stars identify N1, horizontal bars show group medians, and five upward triangles in the infinity strip preserve nonfinite losses without assigning them finite values.
Table S5A. N1 seed level confidence and minimum distances
	Zn
input
	Seed
	pLDDT
	Pair ipTM
	Loss
	Min protein (Å)
	Min Zn (Å)

	2 Zn
	17001
	79.726
	0.760
	1.11884
	2.125
	2.137

	2 Zn
	17002
	77.284
	0.730
	1.14009
	2.694
	2.405

	2 Zn
	17003
	77.802
	0.730
	1.13615
	2.149
	2.529

	0 Zn
	17001
	79.630
	0.810
	1.10020
	2.194
	NA

	0 Zn
	17002
	76.538
	0.740
	1.13948
	2.373
	NA

	0 Zn
	17003
	76.918
	0.770
	1.12949
	2.133
	NA


Minimum distances use peptide–receptor heavy atoms and peptide heteroatom–Zn pairs, respectively; NA denotes no Zn. The 1.8 Å threshold was used as a computational exclusion criterion; it is not a validated test of chemical coordination or binding.
All 235 receptor Cα atoms were fitted; the peptide was not independently fitted. The 100 peptide backbone atoms give Zn-present seed-pair RMSDs of 1.653, 1.453, 1.196 Å (17001/17002, 17001/17003, 17002/17003). The maximum is 1.653 Å; the Zn-absent maximum is 1.695 Å. Table S5B reports all nine N1 comparisons, including 5 Å residue-contact Jaccard values. These comparisons share models and are not independent experimental replicates.
Table S5B. All N1 pose comparisons
	Seeds
moving / fixed
	Zn copies
moving / fixed
	Receptor
RMSD Å
	Peptide
RMSD Å
	Contact
Jaccard

	17001 / 17002
	2 / 2
	0.152
	1.653
	0.821

	17001 / 17003
	2 / 2
	0.164
	1.453
	0.732

	17002 / 17003
	2 / 2
	0.138
	1.196
	0.814

	17001 / 17002
	0 / 0
	0.158
	1.695
	0.809

	17001 / 17003
	0 / 0
	0.157
	1.421
	0.765

	17002 / 17003
	0 / 0
	0.151
	1.249
	0.812

	17001 / 17001
	2 / 0
	0.068
	0.172
	1.000

	17002 / 17002
	2 / 0
	0.103
	0.261
	0.954

	17003 / 17003
	2 / 0
	0.049
	0.298
	0.953


Each comparison fits 235 receptor Cα atoms and evaluates 100 peptide backbone atoms without independently fitting the peptide. Contact Jaccard is the intersection divided by the union of receptor–peptide residue-pair contacts at a 5 Å heavy-atom cutoff. The 2/0 rows compare matched seeds across zinc conditions; they are not included in within-condition maximum RMSDs.
S1.6 Zinc accessibility and numerical convergence
For each complex, deleting only peptide chain A defines the receptor-plus-both-Zn baseline without moving any remaining coordinate. ΔSASA = complex − baseline; negative values indicate reduced static accessibility. Shrake–Rupley/Fibonacci counting7 used a 1.4 Å probe, Zn radius 1.39 Å, excluded H/D, and 1,000/15,360/61,440 surface points. Other atom radii were C 1.70, N 1.55, O 1.52, S 1.80, P 1.80 and Se 1.90 Å. The analysis environment was Python 3.12.0, NumPy 2.2.6 and Biopython 1.81. Zn1 denotes input chain Z and Zn2 denotes input chain Y; their HHH/DCH assignments are provisional geometry mappings.
Table S6A. N1 per ion and summed SASA at 61440 points
	Seed
	Ion
	Baseline (Å²)
	Complex (Å²)
	ΔSASA (Å²)

	17001
	Zn1
	3.1
	0.0
	-3.1

	17001
	Zn2
	5.7
	0.5
	-5.2

	17001
	sum
	8.8
	0.5
	-8.3

	17002
	Zn1
	3.1
	0.0
	-3.1

	17002
	Zn2
	7.0
	0.4
	-6.6

	17002
	sum
	10.1
	0.4
	-9.7

	17003
	Zn1
	3.2
	0.0
	-3.2

	17003
	Zn2
	6.7
	0.5
	-6.2

	17003
	sum
	9.9
	0.5
	-9.4


Table S6B. Stored SASA grid convergence values
	Seed
	Ion
	Δ at 1,000
	Δ at 15,360
	Δ at 61,440
	Max final change

	17001
	Zn1
	-3.0324
	-3.0632
	-3.0680
	0.0048

	17001
	Zn2
	-5.3800
	-5.2093
	-5.1982
	0.0366

	17001
	sum
	-8.4123
	-8.2725
	-8.2661
	0.0318

	17002
	Zn1
	-3.2280
	-3.1205
	-3.0791
	0.0414

	17002
	Zn2
	-6.7494
	-6.5530
	-6.5992
	0.0557

	17002
	sum
	-9.9774
	-9.6735
	-9.6783
	0.0143

	17003
	Zn1
	-3.2280
	-3.1905
	-3.1826
	0.0080

	17003
	Zn2
	-6.1625
	-6.2792
	-6.2474
	0.0318

	17003
	sum
	-9.3905
	-9.4697
	-9.4299
	0.0398


The final column is the largest absolute 15,360→61,440 change among baseline, complex and difference for that ion or sum. All nine N1 rows satisfy ≤0.1 Å²; this supports the displayed precision, not a numerical error bound. The additional decimal places in Table S6B document convergence only. The full 945-row follow-up convergence record is retained locally. The 1,000-point receptor-burial term used during sequence search is a separate calculation and is not certified by the zinc-SASA grid check.
The median summed ΔSASA is −9.4 Å². Neither this static difference nor the zinc-absent comparison demonstrates inhibition, dynamic water exclusion or metal-dependent affinity.
S1.7 Reference conservation and its interpretation
Experimental chain-A references are VIM-2 4NQ2 (native 32–261), NDM-1 3SPU (43–270) and IMP-1 5EV6 (21–239)1,2,3,4. VIM-2 therefore has five fewer observed terminal positions than the prediction construct. Global BLOSUM62 alignment used gap opening −10 and extension −0.5, selecting the first optimum. Identity and positive-score similarity use all alignment columns, including gaps. Rigid Cα fitting retained all selected pairs without pruning.
Figure 2 uses four discontinuous VIM-2 native windows (112–120, 176–182, 195–201 and 237–243) extracted from those existing alignments. The three-row display combines the two VIM-2-anchored pairwise alignments; it is not an independently computed multiple alignment. The 32 columns comprise 30 VIM-2 positions and the retained IMP-1 K179/P180 insertion after VIM-2 position 200. Frequency-logo heights use a fixed denominator of three reference proteins, including gaps: each inserted residue has frequency 1/3 and a gap fraction of 2/3. Gaps are not renormalized away, and window breaks do not imply contiguous sequence. This describes Zn-coordination neighborhoods in these references, not a B1-family consensus or a peptide-binding motif. Source FASTA sequences, column mappings, frequencies and hashes are retained in the figure source records.
Sequence and structure accessions are VIM-2 Q9K2N0 / 4NQ2, NDM-1 C7C422 / 3SPU and IMP-1 P52699 / 5EV6. UniProt and PDB accession identifiers resolve the source records; the primary structural papers are cited in Section S1.1.
Table S7. Experimental reference comparisons
	Pair
	Identity/similarity (%)
	Global RMSD (n)
	Six-ligand RMSD
	8 Å identity (%)
	8 Å local RMSD (n)

	VIM-2/NDM-1
	36.6/51.7
	3.284 (220)
	0.236
	61.3
	1.320 (31)

	VIM-2/IMP-1
	31.7/51.7
	2.831 (209)
	0.271
	56.7
	1.163 (28)

	NDM-1/IMP-1
	32.3/52.2
	3.019 (215)
	0.281
	58.6
	1.967 (28)


RMSDs are Å; n is the fitted Cα count. The 8 Å neighborhood is the symmetric union of alignment columns whose residues have a protein heavy atom within 8 Å of either catalytic Zn in either structure. Extra noncatalytic Zn in 4NQ2 is excluded. Six-ligand fits use BBL His116, His118, Asp120, His196, Cys221 and His263, conserved in all three enzymes.
The 6/8/10 Å sensitivity CSV, full precursor comparisons, donor mappings and source hashes are retained with the analysis settings. Metal-ligand conservation supports a hypothesis of analogous engagement; surrounding differences prevent inferring peptide transferability. No NDM-1/IMP-1 peptide prediction, binding experiment, pocket-volume or electrostatic calculation is represented here.
S1.8 Sequence properties and liabilities
The following existing results are restricted to the seven corrected-search candidates. Free termini, Bjellqvist charge/pI and Kyte–Doolittle GRAVY were used. K/R positions are one-based cleavage-rule sites not followed by proline, not degradation rates. ToxinPred3 used its official hybrid model at threshold 0.388. The local published-scale aggregation descriptors reproduce the retained reference examples6; neither descriptor has a calibrated exclusion threshold here.
Table S8A. Candidate sequence properties and classifier outputs
	ID
	Charge pH 7.4
	pI
	GRAVY
	Na4vSS
	K/R sites
	ToxinPred3 class

	R1
	0.66
	8.61
	-0.848
	-19.27
	2,11,14
	Non-Toxin

	R2
	1.56
	10.67
	-1.076
	-32.43
	5,7,11,14
	Toxin

	R3
	-1.33
	6.26
	-0.372
	-4.41
	15
	Non-Toxin

	R4
	-0.38
	6.92
	0.548
	31.91
	16
	Non-Toxin

	N1
	-0.41
	6.75
	0.432
	33.85
	16
	Non-Toxin

	N2
	0.55
	8.43
	0.612
	40.60
	16,21
	Non-Toxin

	N3
	0.59
	8.50
	0.280
	27.95
	7,16
	Non-Toxin


Table S8B reports the stored aromatic and hydrophobic fractions, ToxinPred3 scores and a3vSA. N1 has Na4vSS 33.85 despite favorable structural prioritization. A Non-Toxin label is not demonstrated safety. Quantitative aqueous solubility, known membrane-active sequence searching, measured aggregation/stability, haemolysis and cell-specific cytotoxicity were not assessed. These missing endpoints limit interpretation.
Table S8B. Additional stored sequence descriptors
	ID
	Aromatic
fraction
	Hydrophobic
fraction
	a3vSA
	ToxinPred3
ML score
	ToxinPred3
hybrid score

	R1
	0.120
	0.440
	−0.16892
	0.270
	0.000

	R2
	0.120
	0.400
	−0.20052
	0.430
	0.430

	R3
	0.120
	0.440
	0.00872
	0.265
	0.000

	R4
	0.080
	0.440
	0.41656
	0.135
	0.000

	N1
	0.120
	0.440
	0.42012
	0.200
	0.000

	N2
	0.120
	0.480
	0.50344
	0.185
	0.000

	N3
	0.120
	0.440
	0.37688
	0.210
	0.210


a3vSA is the sequence average of the published residue aggregation-propensity scale. Na4vSS is defined in Section S1.3. Scores and class labels are computational descriptors; neither the toxicity classifier nor the aggregation descriptors establish experimental safety or aqueous solubility.
S1.9 Exploratory pose recovery benchmark
The existing explicit-template-excluded MDM2–p53 benchmark (PDB 1YCR9) used three technical seeds, 101/202/303, query-only MSAs for both proteins, empty template lists, ten recycles and one diffusion sample. Fitting 85 receptor Cα atoms and evaluating 52 peptide backbone atoms gave peptide RMSDs of 3.15, 15.98 and 6.25 Å. This variable single-system result does not validate VIM-2 poses; excluding explicit templates does not establish exclusion from model training data. Random/shuffle comparisons do not replace experimental pose validation. No binding, enzyme inhibition, micromolar affinity, Rosetta energy, quantitative solubility, haemolysis or cell-specific cytotoxicity result is claimed.
Table S9. Existing MDM2 p53 pose recovery benchmark
	Seed
	Receptor Cα
fit atoms
	Receptor
RMSD Å
	Peptide backbone
atoms / residues
	Peptide
RMSD Å

	101
	85
	0.632
	52 / 13
	3.152

	202
	85
	0.809
	52 / 13
	15.983

	303
	85
	0.832
	52 / 13
	6.254


The peptide RMSD uses the receptor-derived transform without an independent peptide fit. All three stored predictions are shown. The query-only receptor alignment differs from the fixed receptor MSA used for VIM-2, limiting direct comparison between systems.
S1.10 Source records and reproducibility
The core sequence summaries, N1 model-level metrics, pose comparisons, SASA convergence and descriptor results are presented in this single document. It was assembled from completed records without new AF3 inference, molecular scoring or sequence generation. Display rounding was applied only after retaining the stored values and nonfinite outcomes.
Complete 1,004-design records, discovery model and pose tables (138 models and 207 comparisons), follow-up records (108 models and 111 comparisons), source manifests, prediction inputs, structures, confidence files and analysis scripts are retained locally. The source filenames below identify provenance records and do not indicate additional files attached to this document. No public repository accession is available.
Table S10. Retained source records for the integrated results
	Results in this supplement
	Retained source records

	Search and selection
	corrected_all1004_designs.csv; corrected_trajectory_statistics4.csv; N1_N3_selection_provenance.csv

	Discovery sequences and summaries
	discovery_sequences23.csv; discovery_sequence_conditions46.csv; discovery_models138.csv; discovery_pose_comparisons207.csv

	Follow-up sequences and summaries
	followup_sequences35.csv; followup_sequence_conditions36.csv; Table_S4_followup_group_summary.csv

	N1 seed metrics and poses
	Table_S5_N1_seed_metrics.csv; followup_models108.csv; followup_pose_pairs111.csv

	Zinc accessibility and convergence
	Table_S6_N1_SASA_all_grids27.csv; followup_SASA_convergence945.csv; analysis_settings.json

	Reference comparisons
	Table_S7_reference_homology_summary.csv; homology_pairwise_Zn_neighborhood_sensitivity.csv; homology_analysis_settings.json

	Sequence properties and benchmark
	S2_5_seven_candidate_properties_and_liabilities.csv; 1YCR_existing_pose_benchmark3.csv

	Execution provenance
	source_manifest.json; runtime_fingerprint.json; corrected_search_artifact_hashes.csv


Figures 1 and 2 in the manuscript show experimental reference structures displayed with PyMOL 3.1.0; Tables S1a and S1b document their identities and residue correspondence. Figure 3 depicts the search workflow with a schematic complex icon. Figure 4 summarizes the corrected search population and discovery selection. Figure 5 shows saved AF3-predicted N1 complexes after receptor alignment; their Cα traces and zinc-position markers were rendered with Matplotlib 3.10.8. Supplementary Figure S1 displays the stored follow-up sequence medians. Source records distinguish experimental references, schematic representations and predictions.
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