Supplementary Methods
S1. Representative paired-structure selection for CLade structural comparison
For CLade paired-structure analyses, a representative structural pair was selected from the available predicted antibody structures before downstream structural comparison. When paired AlphaFold2 (AF2) predictions were available1,2, PDB models from relaxed rank 1 through a user-defined maximum rank were collected for each variant. Each model pair was superposed using the six full complementarity-determining region (CDR) anchors, comprising the three framework residues and three CDR-terminal residues flanking each side of every CDR. Following anchor-based superposition, backbone root-mean-square deviation (RMSD) was calculated over each complete CDR, and the integrated CDR RMSD was defined as the arithmetic mean of the six CDR RMSDs. The model pair with the lowest integrated CDR RMSD was selected as the representative pair for downstream structural analysis. When integrated CDR RMSD values were identical, ties were resolved sequentially using lower global backbone RMSD, lower candidate-model rank and lower template-model rank.
S2. Classification of template–candidate interface differences
Interface residue pairs were classified according to residue identity and contact presence in the template and candidate as same, one_side_diff, both_diff, template_only or candidate_only. For one_side_diff interactions, only the residue that differed from the template in the candidate was designated as a refinement candidate. For both_diff interactions, both residues were designated as refinement candidates. For template_only or candidate_only interactions, which reflect structural differences in which the interface is observed in only one structure, residue presence at the corresponding position was checked before inclusion as a refinement candidate.
S3. AF2χ-based side-chain refinement
For each CDR residue, χ1 and χ2 angles were calculated and compared with residue-specific rotamer probability distributions predicted by AF2χ3. Distribution-supported rotamer states were defined using a predefined angular partition and occupancy criterion.3
When the template and candidate occupied different supported rotamer states, the corresponding residue was recorded as a side-chain refinement site. The candidate χ1 or χ2 angle was adjusted to the corresponding template orientation, after which the same six-anchor alignment and CDR-specific RMSD calculations were repeated.
S4. pLDDT outlier removal and residue-wise profile comparison
Mean predicted local distance difference test (pLDDT) was calculated for each CDR in each model1. Within the same CDR of a given candidate, models with a mean pLDDT at least 6 points below the model median were excluded as low-confidence outliers. Residue-wise median pLDDT profiles were then generated across the retained models for the template and candidate. Candidate and template profiles were compared at matched Kabat-numbered CDR positions. For each matched residue, the absolute pLDDT difference, , was calculated. In the first-stage profile filter, residues with an absolute difference of at least 15 points were flagged, and a candidate was excluded when any of the six CDRs contained two or more consecutive flagged residues. During final candidate sorting, an additional loop-level profile-agreement filter was applied to HCDR2, LCDR3 and HCDR3. For each of these loops, the mean absolute candidate–template pLDDT difference across matched residues was calculated and evaluated against a predefined loop-specific acceptance threshold. These thresholds were fixed before final candidate evaluation and were applied uniformly to all candidates.
S5. Calculation of SASA and buried/exposed hydrophobicity
From each predicted Fv, isolated VH and VL structures were generated while retaining the coordinates of the intact VH–VL complex. Residue-level solvent-accessible surface area (SASA) was calculated using the Shrake–Rupley algorithm with 80 sampling points per atomic sphere4.
Residue  SASA in the complex state was denoted , and SASA for the same residue in the isolated-chain state was denoted . The decrease in SASA upon complex formation was truncated at 0 to prevent negative values and was defined as follows.

A residue with  of  or greater was defined as an interface-buried residue, whereas a residue with complex-state SASA of  or greater was defined as surface exposed. The two states were represented using indicator functions as follows.


Hydrophobic contributions were calculated using Kyte–Doolittle hydropathy values5. For residue , let its amino-acid type be  and the corresponding Kyte–Doolittle value be . The positive hydropathy weight  was defined as follows.

Accordingly, residues with positive weights were I(4.5), V(4.2), L(3.8), F(2.8), C(2.5), M(1.9) and A(1.8), whereas hydrophobic contributions from all other residues were set to 0. For each interface-buried residue, the hydrophobic contribution  was calculated as the product of positive hydropathy weight and buried surface area. For each exposed non-interface residue, the contribution  was calculated as the product of positive hydropathy weight and complex-state SASA.

Total buried-interface hydrophobicity and exposed hydrophobicity of the Fv were obtained by summing their respective residue-level contributions.

The fraction of total buried and exposed hydrophobic contribution attributable to buried hydrophobicity was defined as the interface-buried fraction.

S6. Exposed hydrophobic patches and VH–VL interface contact density
Only residues with  were included in the exposed hydrophobic-patch analysis. The coordinate  of each residue was defined as the centroid of its side-chain heavy atoms, with the Cα coordinate used when no such atom was present. A graph edge was connected when the distance between residue centroids was  or less, and each connected component of the graph was defined as a spatial hydrophobic patch.

For each connected component (patch) , residue-level exposed hydrophobic contributions were summed to obtain the patch hydrophobicity magnitude . The fraction of total exposed hydrophobicity contributed by each patch was defined as .
The connected component with the largest hydrophobicity magnitude was selected as the largest patch.

For the three residues with the largest  values, the maximum number of residues contained within the same patch, , and the mean pairwise distance, , were calculated. Each metric was transformed to a robust z-score against the reference database, and the exposed patch-risk score was calculated as follows.

A high  was defined to indicate that exposed hydrophobicity was concentrated in a large patch and that major hydrophobic residues were spatially clustered.
A VH–VL interface contact was defined as a residue pair comprising VL residue  and VH residue  with a minimum non-hydrogen-atom distance of  or less. For residue , atom , and residue , atom , the corresponding coordinates were  and , respectively. The residue-pair minimum distance was calculated as follows.

The number of contacting VH–VL residue pairs was calculated as follows.

The number of interface-buried residues was defined as follows.

Contact density was calculated by dividing the number of contacting VH–VL residue pairs by the number of interface-buried residues.

S7. Reference-database calibration and expression-overlay filtering
Quantile thresholds for buried-interface hydrophobicity and exposed patch-risk score were obtained from the reference database. Candidate buried-interface hydrophobicity, exposed patch-risk score, number of contacting VH–VL residue pairs and contact density were denoted , ,  and , respectively. A candidate passed the base filter only when all four conditions below were satisfied.

Here,  denotes the 20th percentile of reference buried-interface hydrophobicity and  denotes the 80th percentile of the exposed patch-risk score.
Candidates for which only the exposed patch-risk score exceeded the 80th percentile were subjected to a patch-high rescue rule. Candidates were retained when buried-interface hydrophobicity was at or above the 70th percentile of the reference distribution or contact density was at least 1.1.

Conversely, candidates for which only buried-interface hydrophobicity was below the 20th percentile were subjected to a buried-only density rescue rule. In this case, candidates were retained when the exposed patch-risk score was at or below the 80th percentile, the number of contacting residue pairs was at least 40 and contact density was at least 1.5.

If strict filtering yielded no candidates, the same metrics were retained but the contact-density cutoff for the buried-only density rescue was relaxed to 1.2.

Pass/fail status for the base filter, patch-high rescue and applied buried-only density rescue was denoted ,  and , respectively. Candidates satisfying at least one of the three criteria were retained as passing the expression-overlay filter.

S8. Clinical-prior distribution, stage and pairing-enrichment analysis
V-germline usage and paired VH–VL frequencies in OAS6 and the clinical reference set7 were compared using the same IgBLAST-derived V-gene labels8. Clinical stages were canonicalized as Preclinical, Phase I, Phase II, Phase III and Approved, and cumulative stage pools were generated. For each VH–VL pair, the observed count  was compared with the independence expectation based on marginal frequencies, , to calculate the stabilized enrichment score . Kappa and lambda pairs were separated where appropriate, and stage-wise  distributions were compared using ECDFs.
S9. Local FR–CDR boundary-angle and structural comparison
For each antibody structure, Cα coordinates were extracted from four three-residue segments spanning each FR–CDR junction: the framework residues immediately preceding the CDR, the N-terminal three CDR residues, the C-terminal three CDR residues, and the framework residues immediately following the CDR. For each three-residue block , the local endpoint axis was defined as the unit vector from the first to the third Cα coordinate.

The N-terminal junction angle was calculated between the FR-before3 and CDR-start3 axes, and the C-terminal junction angle between the CDR-end3 and FR-after3 axes.


The dot product was normalized by the product of the two vector lengths to remove the effect of segment length and retain only the directional difference.
For structure pair , the N-terminal and C-terminal junction-angle changes were defined as the absolute differences between the corresponding angles in the two structures. The larger change was used as the primary junction-angle-change metric and assigned to one of four non-overlapping bins: ≤1°, >1° to ≤2°, >2° to ≤3°, or >3°.

Structural differences in the CDR loop itself were quantified as RMSD after an independent self-fit using only corresponding Cα atoms within each CDR.
S10. Junction-angle bin-purity analysis
Angle-state analysis was performed independently for the N-terminal and C-terminal junctions of each CDR. Anchor regions at each junction were defined according to the anchor regions described above, and absolute junction angles were assigned to non-overlapping 3° bins.
Framework-anchor groups were defined by CDR type and the framework-anchor sequence at the corresponding junction side. CDR length was not included in the grouping key. Groups containing at least three observations and at least two distinct CDR-side anchor sequences were retained for analysis. Within each framework-anchor group, purity was defined as the number of observations in the most populated 3° angle bin divided by the total number of observations in that group.
To assess whether CDR-side anchor identity further constrained junction geometry, each framework-anchor group was further stratified by CDR-side anchor sequence. Purity was calculated within each subgroup using the same procedure, and the CDR-anchor-stratified purity of the framework-anchor group was calculated as the subgroup-size-weighted mean of the subgroup purities. Framework-anchor-only purity and CDR-anchor-stratified purity were compared as paired values within the same framework-anchor group. CDR-anchor subgroups containing only one observation were excluded. Framework-anchor groups with fewer than two remaining subgroups were also excluded. 
To estimate the increase expected from group subdivision alone, CDR-anchor labels were shuffled 10,000 times within each retained framework-anchor group, preserving the angle bins and subgroup sizes. For each shuffle, CDR-anchor-stratified purity was calculated and averaged across framework-anchor groups. The mean of these shuffled purities served as the reference, and the central 95% of the permutation distribution was reported as its range.
S11. Sequence comparison of anchors and CDR loops
For two equal-length sequences  and , position-wise sequence identity and Hamming distance were calculated.
The anchor-excluded CDR core was defined by removing three residues from both the N- and C-terminal ends of the full CDR.
S12. CDR RMSD score and alignment error
For candidate , alignment method  and CDR , Cα RMSD was calculated after alignment as the root-mean-square distance across  corresponding Cα coordinates. The alignment score for each candidate was defined as the sum of CDR RMSDs and denoted .

Taking the CDR-supervised reference score as , for method , the signed error , absolute error  and relative error  were calculated as follows.



The set of top- candidates in the reference ranking was denoted , and the mean absolute error of each alignment method was calculated.

When the mean absolute error of global alignment was greater than 0, the relative noise reduction of anchor alignment was calculated as the percentage decrease in MAE relative to global alignment.

S13. Rank-preservation analysis
Candidates were ranked independently by CDR-supervised, anchor and global scores, with lower scores corresponding to higher ranks. Analysis cutoffs were  and 30.
Within the reference top- candidates, the reference rank was denoted  and the rank under alignment method  was denoted . Spearman rank correlation was calculated as the Pearson correlation between the two rank variables.

The mean absolute rank difference was calculated as the mean absolute difference between the two ranks for the same candidate.

S14. Rank-aware agreement and top-k recovery
Rank-aware agreement and the top-k recovery fraction were calculated to quantify how well top-k candidates from the reference ranking were preserved in an alignment-specific ranking. The candidate ranked i in the reference ranking was denoted ci and its rank under alignment method m was denoted rm(ci). The agreement score was set to 0 when the candidate was not included in the method-specific top-k set; otherwise, a score was assigned according to the difference between the reference rank and the method-specific rank.

Overall rank-aware agreement was calculated as the mean of the individual agreement scores for the reference top-k candidates.

The top-k recovery fraction was calculated from the overlap between the reference top-k set and the method-specific top-k set.
S15. Selected-pair anchor-window ablation and framework-context preservation analysis
To evaluate the effect of anchor-window size on CDR structural assessment and preservation of the CDR-proximal framework context, anchor-window ablation was performed. Symmetric full-anchor windows ranging from 1+1 to 5+5, containing equal numbers of framework and CDR-terminal residues on both sides of each CDR, were compared. The default CLade anchor was defined as the 3+3 window.
For each anchor window, the previously defined anchor-alignment procedure was applied to calculate a CDR RMSD score integrating the RMSDs of all six CDRs, and the proportion of CDR residues directly included in the alignment was quantified as direct CDR coverage. CDR structural-assessment accuracy was evaluated by the absolute error relative to the CDR-supervised reference, whereas preservation of the CDR-proximal framework context was quantified using the local framework anchor RMSD calculated from framework-anchor residues excluding CDR residues. These three metrics were jointly compared to assess the trade-off between CDR geometry evaluation and preservation of the surrounding framework context across anchor-window sizes.
S16. Statistical analysis of anchor-related comparisons
CDR-anchor generalization analyses were performed as descriptive analyses to characterize the distributional patterns between anchor sequence and structural preservation. By contrast, comparisons of anchor and global alignment performance used the antibody dataset, rather than the individual candidate, as the statistical unit. At each top-k cutoff, dataset-level mean absolute error, Spearman rank correlation and top-k recovery fraction obtained from the same dataset were treated as paired observations. Differences between anchor and global alignment were evaluated using two-sided Wilcoxon signed-rank tests, with P values across top-k cutoffs within each metric adjusted using the Holm method.
S17. Developability threshold definition and control calibration
Assay-specific developability thresholds were defined from control measurements independently of CLade candidate outcomes. For Tonset, Tm1, Tm2, PDI, AC-SINS and HIC, replicate measurements from the Twist assay-control panel were summarized as antibody-level medians. The exact non-parametric bootstrap distribution of the sample median was then calculated, and the 2.5th and 97.5th percentiles were used to define the 95% bootstrap confidence interval. For higher-is-favourable metrics, the upper and lower confidence-interval bounds were assigned as the Good and Intermediate/pass thresholds, respectively; for lower-is-favourable metrics, this assignment was reversed. The resulting control medians, 95% confidence intervals and operational thresholds are provided in Supplementary Table 2. 
Yield, SEC monomer content and polyreactivity were not represented in the Twist control panel. Therefore, pembrolizumab, trastuzumab and adalimumab were independently expressed and evaluated as reference antibodies, and the corresponding operational cutoffs were set using their measurements rather than bootstrap confidence intervals. Polyreactivity was assessed against dsDNA, insulin, cardiolipin and hemocyanin, with lower values considered favourable. Binding retention was evaluated separately and was considered preserved when candidate apparent EC50 remained within tenfold of the cognate template. The same assay-specific thresholds were applied across all antigen systems.
S18. Composite developability scoring and control-derived tolerance
Antigen-binding retention, recombinant expression yield and SEC monomer content were designated as mandatory gates, whereas thermal stability, PDI, AC-SINS and HIC were treated as non-mandatory supporting properties. Each metric was first evaluated against its assay-specific absolute threshold. In the developability-engineering arm, a supporting-property failure could be rescued when the candidate improved in the favourable direction relative to its matched template. Mandatory gates and the developability-grafting arm were not eligible for this rescue.
The four polyreactivity measurements were combined into a single polyreactivity metric, such that failure of any one assay contributed one failure. The permitted number of non-mandatory failures was calibrated from the Twist assay-control set using the 95% confidence-interval pass thresholds defined in Supplementary Table 2. The median number of failed evaluable supporting metrics was two per control antibody, as shown in Supplementary Table 3, and candidate-level tolerance was therefore set to a maximum of two non-mandatory failures. Missing measurements were treated as not evaluable and were not counted as failures. The resulting composite outcome is shown in Fig. 6i.
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 Supplementary Tables
Supplementary Table 1. Assay-level rescue status of developability-engineering clones.
	Candidate
	EC50 retention
	Yield
	SEC
	Tonset
	Tm1
	Tm2
	PDI
	AC-SINS
	HIC
	Poly
reactivity

	CD5 D.E
	-
	-
	-
	-
	-
	N/A
	-
	-
	-
	-

	FZD10 B CL1
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	FZD10 B CL2
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	LOX1 CL1
	N/A
	-
	-
	-
	-
	-
	-
	-
	-
	N/A

	MUC1 CL1
	-
	-
	-
	Rescued
	Rescued
	-
	-
	-
	-
	-

	EpCAM CL1
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	EpCAM CL2
	-
	-
	-
	Rescued
	Rescued
	-
	-
	-
	-
	-

	IL4 CL1
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-


Note. Rescued, a supporting metric that failed the absolute threshold but was counted as passing because it improved relative to the matched template; -, no rescue applied; N/A, not evaluable. A dash does not indicate that the absolute threshold was met.

Supplementary Table 2. Control-derived developability thresholds used for experimental scoring.
	Metric
	Direction
	n
	Median
	Median 95% CI
	Good cutoff
	Intermediate cutoff

	EC50 retention
	Lower
	-
	-
	-
	-
	≤10-fold

	Yield (mg/L)
	Higher
	3
	2,485
	-
	≥2,500 mg/L
	≥1,500 mg/L

	SEC monomer (%)
	Higher
	3
	100.00
	-
	≥98%
	≥95%

	Tonset (°C)
	Higher
	24
	58.1275
	56.9300–58.8250
	≥58.8250
	≥56.9300

	Tm1 (°C)
	Higher
	24
	68.4925
	66.3900–68.8100
	≥68.8100
	≥66.3900

	Tm2 (°C)
	Higher
	23
	81.3100
	80.5600–81.4900
	≥81.4900
	≥80.5600

	PDI
	Lower
	24
	0.3675
	0.2750–0.4900
	≤0.2750
	≤0.4900

	AC-SINS Δλmax (nm)
	Lower
	24
	6.5000
	2.2500–12.0000
	≤2.2500
	≤12.0000

	HIC (RFU)
	Higher
	24
	4.4115
	3.1355–9.6175
	≥9.6175
	≥3.1355

	Polyreactivity ELISA
	Lower
	3
	0.3766
	-
	-
	≤0.5



Supplementary Table 3. Twist control-derived calibration of the allowable number of supporting-metric failures.
	Allowed failures (≤k)
	Controls with k failures
	Exact-k proportion (%)
	Cumulative pass rate (%)

	0
	4/24
	16.7%
	16.7%

	1
	7/24
	29.2%
	45.8%

	2
	5/24
	20.8%
	66.7%

	3
	7/24
	29.2%
	95.8%

	4
	1/24
	4.2%
	100.0%



Supplementary Table 4. Candidate-level CDR1 structural deviations for CLade and CUMAb designs.
	CDR
	Candidate
	Heavy Chain RMSD (Å)
	Light Chain RMSD (Å)

	
	
	CLade
	CUMAb
	CLade
	CUMAb

	CDR1
	CD5 D.E
	0.138
	11.085
	1.296
	11.317

	
	CD40 CL1
	0.465
	0.460
	0.801
	0.310

	
	CD40 CL2
	0.510
	0.460
	0.946
	0.310

	
	CD32a CL1
	0.358
	0.288
	0.903
	0.418

	
	CD32a CL2
	0.349
	0.288
	0.873
	0.418

	
	MERTK CL1
	0.391
	0.718
	0.956
	0.993

	
	MERTK CL2
	0.251
	0.718
	0.635
	0.993

	
	FZD10 A CL1
	0.374
	0.248
	0.612
	0.368

	
	FZD10 B CL1
	0.574
	0.283
	0.456
	0.178

	
	FZD10 B CL2
	0.775
	0.283
	0.420
	0.178

	
	LOX1 CL1
	1.162
	0.465
	0.700
	0.264

	
	MUC1 CL1
	0.284
	0.251
	0.414
	0.229

	
	TAG72 CL1
	0.595
	0.746
	0.493
	0.582

	
	TAG72 CL2
	0.382
	0.746
	0.694
	0.582

	
	EpCAM CL1
	0.694
	0.173
	0.516
	1.283

	
	EpCAM CL2
	0.457
	0.173
	0.473
	1.283

	
	GD2 CL1
	0.964
	0.392
	0.710
	0.508

	
	B7H3 CL1
	0.187
	0.226
	0.672
	0.230

	
	IGF1R CL1
	0.392
	2.086
	0.964
	0.574

	
	MSTN CL1
	0.232
	0.080
	0.454
	0.569

	
	MSTN CL2
	0.211
	0.080
	0.879
	0.569

	
	IL18 CL1
	1.182
	1.053
	0.745
	0.884

	
	IL4 CL1
	0.266
	0.189
	0.962
	0.602


Note. D.E, developability-engineering clone.

Supplementary Table 5. Candidate-level CDR2 structural deviations for CLade and CUMAb designs.
	CDR
	Candidate
	Heavy Chain RMSD (Å)
	Light Chain RMSD (Å)

	
	
	CLade
	CUMAb
	CLade
	CUMAb

	CDR2
	CD5 D.E
	0.430
	13.878
	0.494
	13.894

	
	CD40 CL1
	0.749
	0.553
	0.676
	0.310

	
	CD40 CL2
	0.892
	0.553
	0.746
	0.310

	
	CD32a CL1
	0.823
	1.150
	0.298
	0.200

	
	CD32a CL2
	0.841
	1.150
	0.296
	0.200

	
	MERTK CL1
	0.620
	0.752
	0.291
	0.602

	
	MERTK CL2
	0.951
	0.752
	0.292
	0.602

	
	FZD10 A CL1
	0.882
	1.032
	0.624
	0.250

	
	FZD10 B CL1
	0.832
	1.121
	0.573
	0.528

	
	FZD10 B CL2
	0.949
	1.121
	0.560
	0.528

	
	LOX1 CL1
	1.276
	1.349
	0.812
	0.187

	
	MUC1 CL1
	0.765
	1.036
	0.576
	0.271

	
	TAG72 CL1
	1.080
	1.244
	0.571
	0.308

	
	TAG72 CL2
	1.394
	1.244
	0.660
	0.308

	
	EpCAM CL1
	0.657
	0.632
	0.793
	0.693

	
	EpCAM CL2
	0.745
	0.632
	0.389
	0.693

	
	GD2 CL1
	0.575
	0.950
	0.499
	0.389

	
	B7H3 CL1
	0.502
	0.812
	0.407
	0.514

	
	IGF1R CL1
	0.447
	0.432
	1.244
	0.686

	
	MSTN CL1
	0.586
	0.625
	0.323
	0.672

	
	MSTN CL2
	0.520
	0.625
	0.450
	0.672

	
	IL18 CL1
	1.352
	1.093
	0.730
	0.955

	
	IL4 CL1
	0.720
	0.660
	1.440
	1.101


Note. D.E, developability-engineering clone.

Supplementary Table 6. Candidate-level CDR3 structural deviations for CLade and CUMAb designs.
	CDR
	Candidate
	Heavy Chain RMSD (Å)
	Light Chain RMSD (Å)

	
	
	CLade
	CUMAb
	CLade
	CUMAb

	CDR3
	CD5 D.E
	0.399
	7.079
	0.661
	7.144

	
	CD40 CL1
	0.472
	3.915
	0.855
	0.433

	
	CD40 CL2
	0.337
	3.915
	0.896
	0.433

	
	CD32a CL1
	0.871
	2.138
	0.958
	0.540

	
	CD32a CL2
	0.906
	2.138
	0.773
	0.540

	
	MERTK CL1
	0.600
	3.484
	0.414
	0.467

	
	MERTK CL2
	0.593
	3.484
	0.516
	0.467

	
	FZD10 A CL1
	0.665
	0.315
	0.616
	1.032

	
	FZD10 B CL1
	0.586
	0.188
	0.810
	0.294

	
	FZD10 B CL2
	0.455
	0.188
	0.828
	0.294

	
	LOX1 CL1
	0.978
	1.236
	0.851
	0.325

	
	MUC1 CL1
	0.454
	0.364
	0.670
	0.238

	
	TAG72 CL1
	0.404
	0.563
	0.398
	0.272

	
	TAG72 CL2
	0.517
	0.563
	0.353
	0.272

	
	EpCAM CL1
	1.122
	0.782
	0.659
	0.472

	
	EpCAM CL2
	1.070
	0.782
	0.737
	0.472

	
	GD2 CL1
	1.153
	0.941
	0.797
	0.632

	
	B7H3 CL1
	0.402
	0.247
	0.850
	0.909

	
	IGF1R CL1
	1.441
	2.532
	0.647
	0.615

	
	MSTN CL1
	0.496
	0.569
	0.349
	0.181

	
	MSTN CL2
	0.669
	0.569
	0.425
	0.181

	
	IL18 CL1
	1.222
	1.206
	0.563
	0.389

	
	IL4 CL1
	0.712
	3.099
	0.721
	1.363


Note. D.E, developability-engineering clone.

Supplementary Table 7. Assay conditions for antigen-binding ELISA.
	Target
	Supplier
	Catalogue no.
	Coating
	Start (nM)
	Lowest (nM)
	Dilution

	CD5
	In-house
	N/A
	Antigen
	300
	0.0003
	10-fold

	CD40
	In-house
	N/A
	Antigen
	100
	0.0064
	5-fold

	CD32a
	In-house
	N/A
	Antibody
	400
	0.0051
	5-fold

	MERTK
	In-house
	N/A
	Antigen
	1000
	0.001
	10-fold

	LOX1
	Sino Biological
	10585-H07H
	Antigen
	1000
	0.001
	10-fold

	MUC1
	Sino Biological
	30117-H08H
	Antigen
	1000
	0.0128
	5-fold

	EpCAM
	In-house
	N/A
	Antigen
	1000
	0.001
	10-fold

	MSTN
	Sino Biological
	17722-H07H
	Antigen
	1000
	0.001
	10-fold

	IL18
	Sino Biological
	10119-HNCE
	Antigen
	1000
	0.001
	10-fold

	IL4
	Sino Biological
	11846-HNAE
	Antigen
	1000
	0.001
	10-fold



Supplementary Table 8. Assay conditions for cell-surface antigen-binding measurements.
	Target
	Cell line
	Cell input per sample
	Start (nM)
	Lowest (nM)
	Dilution

	TAG72
	Jurkat
	5 × 10⁴ cells / 50 µl
	1000
	0.064
	5-fold

	B7H3
	T98G
	5 × 10⁴ cells / 50 µl
	1000
	0.009
	7-fold

	GD2
	MG-63
	5 × 10⁴ cells / 50 µl
	1000
	0.064
	5-fold

	IGF1R
	PANC-1
	5 × 10⁴ cells / 50 µl
	1000
	0.009
	7-fold

	FZD10
	FZD10-OE HEK293T
	1 × 10⁵ cells / 50 µl
	100
	0.001
	10-fold
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